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80186/80188 
HIGH-INTEGRATION 16-BIT MICROPROCESSORS 

Integrated Feature Set • Direct Addressing Capability to 1 Mbyte 
- Enhanced 8086-2 CPU of Memory and 64 Kbyte I/O 
- Clock Generator • Completely Object Code Compatible 
- 2 Independent DMA Channels with All Existing 8086, 8088 Software 
- Programmable Interrupt Controller -10 New Instruction Types 
- 3 Programmable 16-bit Timers 
- Programmable Memory and • Numerics Coprocessing Capability 

Peripheral Chip-Select Logic Through 8087 Interface 
- Programmable Wait State Generator • Available in 68 Pin: 
- Local Bus Controller - Plastic Leaded Chip Carrier (PLCC) 
Available in 10 MHz and 8 MHz - Ceramic Pin Grid Array (PGA) 
Versions - Ceramic Leadless Chip Carrier (LCC) 

High-Performance Processor • Available in EXPRESS 
- 4 Mbyte/Sec Bus Bandwidth - Standard Temperature with Burn-In 

Interface @ 8 MHz (80186) - Extended Temperature Range 
- 5 Mbyte/Sec Bus Bandwidth ( - 40°C to + 85°C) 

Interface @ 10 MHz (80186) 
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Figure 2. Ceramic Leadless Chip Carrier (JEDEC Type A) 
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Pin names in parentheses apply to the 80188. 
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Pin names in parentheses apply to the 80188. 
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80186/80188 

Table 1. Pin Descriptions 

Symbol 
Pin 

Type Name and Function 
No. 

Vee 9 I SYSTEM POWER: + 5 volt power supply. 
43 

VSS 26 I System Ground. 
60 

RESET 57 0 Reset Output indicates that the CPU is being reset, and can be used as a system 
reset. It is active HIGH, synchronized with the processor clock, and lasts an 
integer number of clock periods corresponding to the length of the RES signal. 

X1 59 I Crystal Inputs X1 and X2 provide external connections for a fundamental mode 
X2 58 0 parallel resonant crystal for the internal oscillator. Instead of using a crystal, an 

external clock may be applied to X1 while minimizing stray capacitance on X2. 
The input or oscillator frequency is internally divided by two to generate the 
clock signal (CLKOUT). 

CLKOUT 56 0 Clock Output provides the system with a 50% duty cycle waveform. All device 
pin timings are specified relative to CLKOUT. 

RES 24 I An active RES causes the processor to immediately terminate its present 
activity, clear the internal logic, and enter a dormant state. This signal may be 
asynchronous to the processor clock. The processor begins fetching 
instructions approximately 6% clock cycles after RES is returned HIGH. For 
proper initialization, Vee must be within speCifications and the clock signal must 
be stable for more than 4 clocks with RES held LOW. RES is internally 
synchronized. This input is provided with a Schmitt-trigger to facilitate power-on 
RES generation via an RC network. 

TEST 47 1/0 TEST is examined by the WAIT instruction. If the TEST input is HIGH when 
"WAIT" execution begins, instruction execution will suspend. TEST will be 
resampled until it goes LOW, at which time execution will resume. If interrupts 
are enabled while the processor is waiting for TEST, interrupts will be serviced. 
During power-up, active RES is required to configure TEST as an input. This pin 
is synchronized internally. 

TMRINO 20 I Timer Inputs are used either as clock or control signals, depending upon the 
TMR IN 1 21 I programmed timer mode. These inputs are active HIGH (or LOW-to-HIGH 

transitions are counted) and internally synchronized. 

TMROUTO 22 0 Timer outputs are used to provide single pulse or continous waveform 
TMR OUT 1 23 0 generation, depending upon the timer mode selected. 

DRQO 18 I DMA Request is asserted HIGH by an external device when it is ready for DMA 
DRQ1 19 I Channel 0 or 1 to perform a transfer. These signals are level-triggered and 

internally synchronized. 

NMI 46 I The Non-Maskable Interrupt input causes a Type 2 interrupt. An NMI transition 
from LOW to HIGH is latched and synchronized -internally, and initiates the 
interrupt at the next instruction boundary. NMI must be asserted for at least one 
clock. The Non-Maskable Interrupt cannot be avoided by programming. 

INTO 45 I Maskable Interrupt Requests can be requested by activating one of these pins. 
INT1/SELECT 44 I When configured as inputs, these pins are active HIGH. Interrupt Requests are 

INT2/1NTAO 42 1/0 synchronized internally. INT2 and INT3 may be configured to provide active-

INT311NTA1/1RQ 41 1/0 LOW interrupt-acknowledge output signals. All interrupt inputs may be 
configured to be either edge- or level-triggered. To ensure recognition, all 
interrupt requests must remain active until the interrupt is acknowledged. When 
Slave Mode is selected, the function of these pins changes (see Interrupt 
Controller section of this data sheet). 

NOTE: 
Pin names in parentheses apply to the 80188. 
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80186/80188 

Table 1. Pin Descriptions (Continued) 

Symbol 
Pin 

Type Name and Function 
No. 

A19/S6 65 0 Address Bus Outputs (16-19) and Bus Cycle Status (3-6) indicate the four most 
A18/S5 66 0 significant address bits during T1. These signals are active HIGH. During T 2, T3, TW, 
A17/S4 67 0 and T 4, the S6 pin is LOW to indicate a CPU-initiated bus cycle or HIGH to indicate a 

A16/S3 68 0 DMA-initiated bus cycle. During the same T-states, S3, S4, and.S5 are always LOW. 
The status pins float during bus HOLD or RESET. 

AD15 (A15) 1 I/O Address/Data Bus signals constitute the time multiplexed memory or I/O address (T1) 
AD14 (A14) 3 I/O and data (T 2, T 3, T W, and T 4) bus. The bus is active HIGH. Ao is analogous to BHE for 
AD13 (A13) 5 110 the lower byte of the data bus, pins 07 through Do. It is LOW during T 1 when a byte is 

AD12 (A12) 7 I/O to be transferred onto the lower portion of the bus in memory or 1/0 operations. BHE 

AD11 (A11) 10 110 does not exist on the 80188, as the data bus is only 8 bits wide. 

AD10 (A10) 12 . I/O 
AD9(A9) 14 110 
AD8(A8) . 16 110 
AD7 2 110 
AD6 4 I/O 
AD5 6 I/O 
AD4 8 110 
AD3 11 I/O 
AD2 13 I/O 
AD1 15 110 
ADO 17 110 

BHE/S7 64 0 . During T 1 the Bus High Enable signal should be used to determine if data is to be 
(57) enabled onto the most significant half of the data bus; pins 015-08. BHE is LOW 

during T 1 for read, write, and interrupt acknowledge cycles when a byte is to be 
transferred on the higher half of the bus. The S7 status information is available during 
T 2, T 3, and T 4. S7 is logically equivalent to BHE. BHE/S7 floats during HOLD. On the 
80188, S7 is high during normal operation. 

BHE and AO Encodlngs (80186 Only) 

BHE AO Function 
Value Value 

0 0 Word Transfer 
0 1 Byte Transfer on upper half of data bus (015-08) 
1 0 Byte Transfer on lower half of data bus (07-00) 
1 1 Reserved 

ALE/QSO 61 0 Address Latch Enable/Queue Status 0 is provided by the processor to latch the 
address. ALE is active HIGH. Addresses are guaranteed to be valid on the trailing 
edge of ALE. The ALE rising edge is generated off the rising edge of the CLKOUT 
immediately preceding T 1 of the associated bus cycle, effectively one-half clock cycle 
earlier than in the 8086. The trailing edge is generated off the CLKOUT rising edge in 
T 1 as in the 8086. Note that ALE is never floated. 

WR/QS1 63 a Write Strobe/Queue Status 1 indicates that the data on the bus is to be written into a 
memory or an 110 device. WR is active for 'T 2, T 3, and T w of any write cycle. It is active 
LOW, and floats during HOLD. When the processor is in queue status mode, the ALE/ 
QSO and WR/Q51 pins provide information about processorlinstruction queue 
interaction. 

QS1 QSO Queue Operation 

0 0 No queue operation 
0 1 First opcode byte fetched from the queue 
1 1 Subsequent byte fetched from the queue 
1 0 Empty the queue 

NOTE: 
Pin names in parentheses apply to the 80188. 

1-6 I 



80186/80188 

Table 1. Pin Descriptions (Continued) 

Symbol 
Pin 

Type Name and Function 
No. 

RD/QSMD 62 110 Read ~trobe is an active LOW signal which indicates that the processor is 
performing a memory or 1/0 read cycle. It is guaranteed not to go LOW 
before the AID bus is floated. An internal pull-up ensures that RD is HIGH 
during RESET. Following RESET the pin is sampled to determine whether 
the processor is to provide ALE,BQ, and WR, or queue status information. 
To enable Queue Status Mode, RD must be connected to GND. RD will 
float during bus HOLD. 

ARDY 55 I Asynchronous Ready informs the processor that the addressed memory 
space or 1/0 device will complete a data transfer. The ARDY pin accepts a 
rising edge that is asynchronous to CLKOUT, and is active HIGH. The 
falling edge of ARDY must be synchronized to the processor clock. 
Connecting ARDY HIGH will always assert the ready condition to the CPU. 
If this line is unused, it should be tied LOW to yield control to the SRDY pin. 

SRDY 49 I Synchronous Ready informs the processor that the addressed memory 
space or 1/0 device will complete a data transfer. The SRDY pin accepts an 
active-HIGH input synchronized to CLKOUT. The use of SRDY allows a 
relaxed system timing over ARDY. This is accomplished by elimination of 
the one-half clock cycle required to internally synchronize the ARDY input 
signal. Connecting SRDY high will always assert the ready condition to the 
CPU. If this line is unused, it should be tied LOW to yield control to the 
ARDYpin. 

LOCK 48 0 LOCK output indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK signal is 
requested by the LOCK prefix instruction and is activated at the beginning 
of the first data cycle associated with the instruction following the LOCK 
prefix. It remains active until the completion of that instruction. No 
instruction prefetching will occur while LOCK is asserted. When executing 
more than one LOCK instruction, always make sure there are 6 bytes of 
code between the end of the first LOCK instruction and the start of the 
second LOCK instruction. LOCK is driven HIGH for one clock during RESET 
and then floated. 

SO 52 0 Bus cycle status SO-S2 are encoded to provide bus-transaction 
S1 53 0 information: 

S2 54 0 Bus Cycle Status Information 

S2 S1 SO Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write I/O 
0 1 1 Halt 
1 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

The status pins float during HOLD. 
52 may be used as a logical MilO indicator, and S1 as a DT /Fi indicator. 

NOTE: 
Pin names in parentheses apply to the 80188. 
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Table 1. Pin Descriptions (Continued) 

Pin 
, 

Symbol 
No. 

Type Name and Function 

HOLD 50 I HOLD indicates that another bus master is requesting the local bus. The 
HLDA 51 a HOLD input is active HIGH. HOLD may be asynchronous with respect to the 

processor clock. The processor will issue a HLDA (HIGH) in response to a 
HOLD request at the end of T 4 or Ti: Simultaneous with the issuance of 
HLDA, the processor will float the local bus and control lines. After HOLD is 
detected as being LOW, the processor will lower HLDA When the processor 
needs to run another bus cycle, it will again drive the local bus and control 
lines. 

UCS 34 a Upper Memory Chip Select is an active LOW output whenever a memory 
reference is made to the defined upper portion (1 K-256K block) of memory. 
This line is not floated during bus HOLD. The address range activating UCS is 
software programmable. 

LCS 33 a Lower Memory Chip Select is active LOW whenever a memory reference is 
made to the defined lower portion (1 K-256K) of memory. This line is not 
floated during bus HOLD. The address range activating LCS is software 
programmable. 

MCSO 38 a Mid-Range Memory Chip Select signals are active LOW when a memory 
MCS1 37 a reference is made to the defined mid-range portion of memory (8K-512K). 
MCS2 36 a These lines are not floated during bus HOLD. The address ranges activating 

MCS3 35 a MCSO-3 are software programmable. ' , 

PCSO 25 a Peripheral Chip Select signals 0-4 are active LOW when a reference is made 
PCS1 27 a to the defined peripheral area (64 Kbyte 1/0 space). These lines are not 
PCS2 28 a floated during bus HOLD. The address ranges activating PCSO-4 are 

PCS3 29 a software programmable. 

PCS4 30 a 
PCS5/A1 31 a Peripheral Chip Select 5 or Latched A 1 may be programmed to provide a 

sixth peripheral chip select, or to provide an internally latched A 1 signal. The 
address range activating PCS5 is software-programmable. PCS51 A 1 does 
not float during bus HOLD. When programmed to provide latched A 1, this pin 
will retain the previously latched value during HOLD. 

PCS6/A2 32 a Peripheral Chip Select 6 or Latched A2 may be programmed to provide a 
seventh peripheral chip select, or to provide an internally latched A2 Signal. 
The address range activating PCS6 is software programmable. PCS61 A2 
does not float during bus HOLD. When programmed to provide latched A2, 
this pin will retain the previously latched value-during HOLD. 

DTIR 40 a Data TransmitlRe,ceive controls the direction of data flow through an 
external data bus transceiver. When LOW, data is transferred to the 
processsor. When HIGH, the processor places write data on the data bus. 

DEN 39 a Data Enable is provided as a data bus transceiver output enable. DEN is 
active LOW during each memory and 1/0 access. DEN is HIGH whenever 
DT /Fi changes state. During RESET, DEN is driven HIGH for one clock, then 
floated. DEN also floats during HOLD. 

NOTE: 
Pin names in parentheses apply to the 80188. 
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FUNCTIONAL DESCRIPTION 

Introduction 

The following Functional Description describes the 
base architecture of the 80186. The 80186 is a very 
high integration 16-bit microprocessor. It combines 
15-20 of the most common microprocessor system 
components onto one chip while providing twice the 
performance of the standard 8086. The 80186 is ob
ject code compatible with the 8086/8088 microproc
essors and adds 10 new instruction types to the 
8086/8088 instruction set. 

For more detailed information on the architecture, 
please refer to the 80C186XL/80C188XL User's 
Manual. The 80186 and the 80186XL devices are 
functionally and register compatible. . 

CLOCK GENERATOR 

The processor provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 

Oscillator 

The oscillator circuit is designed to be used with a 
parallel resonant fundamental mode crystal. This is 
used as the time base for the processor. The crystal 
frequency selected will be double the CPU clock fre
quency. Use of an LC or RC circuit is not recom
mended with this oscillator. If an external oscillator is 
used, it can be connected directly to the input pin X1 
in lieu of a crystal. The output of the oscillator is not 
directly available outside the processor. The recom
mended crystal configuration is shown in Figure 5. 

80188 

I 

X,I-------; 
c::J • MHzCRYSTAL 

x,I--------1 T 20pF 

272430-5 

x 
60166-10 (10 MHz) 20 

60166 (6 MHz) 16 

Figure 5. Recommended 
Crystal Configuration 

80186/80188 

Intel recommends the following values for crystal se
lection parameters: 

Temperature Range: 
ESR (Equivalent Series Resistance): 
Co (Shunt Capacitance of Crystal): 
C1 (Load Capacitance): 
Drive Level: 

Clock Generator 

o to 70·C 
30n max 

7.0 pf max 
20pf±2pf 

1 mWmax 

The clock generator provides the 50% duty cycle 
processor clock for the processor. It does this by 
dividing the oscillator output by 2 forming the sym
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the fail
ing edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
the device. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 

READY Synchronization 

The processor provides both synchronous and asyn
chronous ready inputs. In addition, the processor, as 
part of the integrated chip-select logic, has the capa
bility to program WAIT states for memory and 
peripheral blocks. 

RESET Logic' 

The processor provides both a RES input pin and a 
synchronized RESET output pin for use with other 
system components. The RES input pin is provided 
with hysteresis in order to facilitate power-on Reset 
generation via an RC network. RESET output is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. 

LOCAL BUS CONTROLLER 

The processor provides a local bus controller to 
generate the local bus control signals. In addition, it 
employs a HOLD/HLDA protocol for relinquishing 
the local bus to other bus masters. It also provides 
outputs that can be used to enable external buffers 
and to direct the flow of data on and off the local 
bus. 
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Memory/Peripheral Control 

The processor provides ALE, RD, and WR bus con
trol signals. The RD and WR ,signals are used to 
strobe data from memory o~ 1/0 to the processor or 
to strobe data from the processpr to memory or 1/0. 
The ALE line provides a strobe to latch the address 
when it is valid. The local bus controller does not 
provide a memorylllO signal. If this is required, use 
the 52 signal (which will require external latching), 
make the memory and 1/0 spaces nonoverlapping, 
or use only the integrated chip-select circuitry. 

Local Bus Arbitration 

The processor uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchronous bus 
exchange mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The processor provides a single 
HOLD/HLDA pair through which all other bus mas
ters may gain control of the local bus. External cir
cuitry must arbitrate which external device will gain 
control of the bus when there is more than one alter
nate local bus master. When the processor relin
quishes control of the local bus, it floats DEN, RD, . 
WR, SO-52, LOCK, ADO-AD15 (ADO-AD7), 
A16-A19 (A8-A19), SHE (57), and DT/R to allow 
another master to drive these lines directly. 

Local Bus Controller and Reset 

During RESET the local bus controller will perform 
the following action: 

• Drive DEN,.RD, and WR HIGH for one clock cy
cle, then float. 

NOTE: 
RD is also provided with an internal pull-up de
vice to prevent the processor from inadvertently 
entering Queue Status Mode during RESET. 

• Drive SO-52 to the inactive state (all HIGH) and 
then float. 

• Drive LOCK HIGH and then float. 

• Float ADO-15 (ADO-AD7), A16-19 (A8-A19), 
SHE (57), DT IR. 

• Drive ALE LOW (ALE is never floated). 

• Drive HLDA LOW. 

PERIPHERAL ARCHITECTURE 

'AII of the integrated peripherals are controlled by 
16-bit registers contained within an internal 256-byte 
control block. The control block may be mapped into 
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either memory or 1/0 space. Internal logic will recog
nize control block addresses and respond to bus cy
cles. During bus cycles to internal registers, the bus 
controller will signal the operation externally (Le., the 
RD, WR, status, address, data, etc., lines will be driv
en as in a normal bus cycle), but D15-0 (D7-0), 
5RDY, and ARDY will be ignored. The base address 
of the control block must be on an even 256-byte 
boundary (Le., the lower 8 bits of the base address 
are all zeros). 

The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block. It provides the upper 12 bits of the 
base address of the control block. 

In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the intermpt controller into Slave Mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. 

Chip-Select/Ready Generation Logic 

The processor contains logic which provides 
programmable chip-select generation for both mem
ories and peripherals. In addition, it can be pro
grammed to provide READY (or WAIT state) genera
tion. It can also provide latched address bits A 1 and 
A2. The chip-select lines are active for all memory 
and 1/0 cycles in their programmed areas, whether 
they be generated by the CPU or by the integrated 
DMA unit. 

MEMORY CHIP SELECTS 

The processor provides 6, memory. chip select out~ 
puts for 3 address areas; upper memory, lower 
memory, and midrange memory. One each is provid
ed for upper memory and lower memory, while four 
are provided for midrange memory. 

UPPER MEMORY CS 

The processor provides a chip select, called UC5, 
for the top of memory. The top of memory is usually 
used as the system memory because after reset the 
processor begins executing at memory location 
FFFFOH. 

LOWER MEMORY CS 

The processor provides a chip select for low memo
ry called LC5. The bottom of memory contains the 
interrupt vector table, starting at location OOOOOH. 
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The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is defined. 

MID-RANGE MEMORY CS 

The processor provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located within the 1-Mbyte memory ad
dress space exclusive of the areas defined by UCS 
and LCS. Both the base address and size of this 
memory block are programmable. 

PERIPHERAL CHIP SELECTS 

The processor can generate chip selects for up to 
seven peripheral devices. These chip selects are ac
tive for seven contiguous blocks of 128 bytes above 
a programmable base address. The base address 
may be located in either memory or 1/0 space. Sev
en CS lines called PCSO-6 are generated by the 
processor. PCS5 and PCS6 can also be pro
grammed to provide latched address bits A 1 and A2. 
If so programmed, they cannot be used as peripher
al selects. These outputs can be connected directly 
to the AO and A 1 pins used for selecting internal 
registers of 8-bit peripheral chips. 

READY GENERATION LOGIC 

The processor can generate a READY signal inter
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for 
which the chip select is active. In addition, the proc
essor may be programmed to either ignore external 
READY for each chip-select range individually or to 
factor external READY with the integrated ready 
generator. ' 

CHIP SELECT IREADY LOGIC AND RESET 

Upon RESET, the Chip-Select/Ready Logic will per
form the following actions: 

• All chip-select outputs will be driven HIGH. 

I 
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• Upon leaving RESET, the UCS line will be pro
grammed to provide chip selects to a 1 K block 
with the accompanying READY control bits set at 
011 to insert 3 wait states in conjunction with ex
ternal READY (i.e., UMCS resets to FFFBH). 

• No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 

DMA Channels 

The DMA controller provides two independent DMA 
channels. Data transfers can occur between memo
ry and 1/0 spaces (e.g., Memory to 1/0) or within the 
same space (e.g., Memory to Memory or 1/0 to 1/0). 
Data can be transferred either in bytes or in words 
(80186 only) to or from even or odd addresses. 
Each DMA channel maintains both a 20-bit source 
and destination pointer which can be optionally in
cremented or decremented after each data transfer 
(by one or two depending on byte or word transfers). 
Each data transfer consumes 2 bus cycles (a mini
mum of 8 clocks), one cycle to fetch data and the 
other to store data. This provides a maximum data 
transfer rate of 1.25 Mword/sec or 2.5 Mbytes/sec 
at 10 MHz (half of this rate for the 80188). 

DMA CHANNELS AND RESET 

Upon RESET, the DMA channels will perform the 
following actions: 

• The StartlStop bit for each channel will be reset 
to STOP. 

• Any transfer in progress is aborted. 

Timers 

The processor provides three internal 16-bit pro
grammable timers. Two of these are highly flexible 
and are connected to four external pins (2 per timer). 
They can be used to count external events, time ex
ternal events, generate nonrepetitive waveforms, 
etc. The third timer is not connected to any external 
pins, and is useful for real-time coding and time de
lay applications. In addition, the third timer can be 
used as a prescaler to the other two, or as a DMA 
request source. 
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TIMERS AND RESET 

Upon RESET, the Timers will perform the following 
actions: . 

• All EN (Enable) bits are reset preventing timer 
counting. 

• For Timers 0 and 1, the RIU bits are reset to zero 
and the AL T bits are set to one. This results in the 
Timer Out pins going high. 

Interrupt Controller 

The processor can receive interrupts from a number 
of sources, both internal and external. The internal 
interrupt controller serve-s'to merge these requests 
on a priority basis, for individual service by the CPU. 

Internal interrupt sources (Timers and DMA chan
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
interrupt controller has its own control register that 
sets the mode of operation for the controller. 

1-12 

INTERRUPT CONTROLLER AND RESET 

Upon RESET, the interrupt controller will perform 
the following actions: 

• All SFNM bits reset to 0, implying Fully Nested 
Mode . 

• A)I PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
111 ). 

• All L TM bits reset to 0, resulting in edge-sense 
mode. 

• All Interrupt Service bits reset to O. 

• All Interrupt Request bits reset to O. 

• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to 0 (non-Cascade). 

• All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 

• Initialized to Master Mode. 
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Figure 6. Typical 80186/80188 Computer 
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(1) SHE does not exist on the 80188, this is only required for a 16-bit data bus. 

Figure 7. Typical 80186/80188 Multi-Master Bus Interface 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature under Bias ...... o·c to 70·C 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on any Pin with 
Respect to Ground .............. -1.0V to + 7V 

Power Dissipation ........................... 3W 

80186/80188 

NOTICE: This is a production data sheet. The specifi
cations are subject to change without notice. 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

D.C. CHARACTERISTICS (TA = O·Cto +70·C, Vee = 5V ±10%) 
Applicable to 8 MHz and 10 MHz devices. 

Symbol Parameter Min Max Units Test Conditions 

VIL Input Low Voltage -0.5 +0.8 V 

VIH Input High Voltage 2.0 Vee + 0.5 V 
(All except X1 and (RES) 

VIH1 Input High Voltage (RES) 3.0 Vee + 0.5 V 

VOL Output Low Voltage 0.45 V la = 2.5 mA for SO-S2 
la = 2.0 mA for all other Outputs 

VOH Output High Voltage 2.4 V loa = -400 IJ-A 

lee Power Supply Current 600' mA TA = -40·C 

550 mA TA = O·C 

415 mA TA = +70·C 

III Input Leakage Current ±10 IJ-A OV < VIN < Vee 

ILO Output Leakage Current ±10 IJ-A 0.45V < VOUT < Vee 

VeLO Clock Output Low 0.6 V la = 4.0 mA 

VeHO Clock Output High 4.0 V loa = -200 IJ-A 

VeLi Clock Input Low Voltage -0.5 0.6 V 

VeHI Clock Input High Voltage 3.9 Vee + 1.0 V 

CIN Input Capacitance 10 pF 

CIO I/O Capacitance 20 pF 
'For extended temperature parts only. 
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A.C. CHARACTERISTICS (TA = O·Cto +70·C, vcc = 5V ±10%) 
Timing Requirements All Timings Measured At 1.5V Unless Otherwise Noted. 

8MHz 10MHz 
Symbol Parameter 

Min Max Min Max 

TDVCL Data in Setup (AID) 20 15 

TCLDX Data in Hold (AID) 10 8 

TAI;lYHCH Asynchronous Ready 20 15 
(ARDY) Active Setup 
Time(1) 

TARYLCL ARDY Inactive Setup Time 35 25 

TCLARX ARDY Hold Time 15 15 

TARYCHL Asynchronous Ready 15 15 
Inactive Hold Time 

TSRYCL Synchronous Ready (SRDY) 20 20 
Transition Setup Time(2) 

TCLSRY SRDY Transition Hold 15 15 
Time(2) 

THVCL HOLD Setup(1) 25 20 

TINVCH INTR, NMI, TEST, TIM IN, 25 25 
Setup(1) 

TINVCL DRQO, DRQ1, Setup(1) 25 20 

Master Interface Timing Responses 

TCLAV Address Valid Delay 5 55 5 44 

TCLAX Address Hold 10 10 

TCLAZ Address Float Delay TCLAX 35 TCLAX 30 

TCHCZ Command Lines Float Delay 45 40 

TCHCV Command Lines Valid Delay 55 45 
(after Float) 

TLHLL ALE Width TCLCL -35 TCLCL -30 

TCHLH ALE Active Delay 35 30 

TCHLL ALE Inactive Delay .35 30 

TLLAX Address Hold from ALE TCHCL -25 TCHCL -20 
Inactive 

TCLDV Data Valid Delay 10 44 10 40 

TCLDOX Data Hold Time 10 10 

TWHDX Data Hold after WR TCLCL -40 TCLCL -34 

TCVCTV Control Active Delay 1 5 50 5 40 

TCHCTV Control Active Delay 2 10 55 10 44 

TCVCTX Control Inactive Delay 5 55 5 44 

TCVDEX DEN Inactive Delay 10 70 10 56 
(Non-Write Cycle) 

.. 
1. To guarantee recognition at next clock . 
2. To guarantee proper operation. 
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A.C. CHARACTERISTICS (T A = O·C to + 70·C, VCC = 5V ± 10%) (Continued) 
Master Interface Timing Responses (Continued) 

8 MHz 10MHz 
Symbol Parameter 

Min Max Min 

TAZRL Address Float to RD Active 0 0 

TCLRL RD Active Delay 10 70 10 

TCLRH RD Inactive Delay 10 55 10 

TRHAV RD Inactive to Address TCLCL -40 TCLCL -40 
Active 

TCLHAV HlDA Valid Delay 5 50 5 

TRLRH RDWidth 2TCLCL -50 2TCLCL -46 

TWLWH WRWidth 2TCLCL -40 2TCLCL -34 

TAVLL Address Valid to ALE low TCLCH-25 TCLCH-19 

TCHSV Status Active Delay 10 55 10 

TCLSH Status Inactive Delay 10 65 10 

TCLTMV Timer Output Delay 60 

TCLRO Reset Delay 60 

TCHQSV Queue Status Delay 35 

TCHDX Status Hold Time 10 10 

TAVCH Address Valid to Clock High 10 10 

TCLLV lOCK Valid/Invalid Delay 5 65 5 

Chip-Select Timing Responses 

TCLCSV Chip-Select Active Delay 66 

Tcxcsx Chip-Select Hold from 35 35 
Command Inactive 

TCHCSX Chip-Select Inactive Delay 5 35 5 

ClKIN Requirements 

TCKIN ClKIN Period 62.5 250 50 

TCKHL ClKIN Fall Time 10 

TCKLH ClKIN Rise Time 10 

TCLCK ClKIN low Time 25 20 

TCHCK ClKIN High Time 25 20 

CLKOUT Timing (200 pF load) 

TCICO ClKIN to ClKOUT Skew 50 

TCLCL ClKOUT Period 125 500 100 

TCLCH ClKOUT low Time % TCLCL -7.5 % TCLCL -6.0 

TCHCL ClKOUT High Time % TCLCL -7.5 % TCLCL -6.0 

TCH1CH2 ClKOUT Rise Time 15 

TCL2CL1 ClKOUT Fall Time 15 

I 

80186/80188 

Test 
Units 

Conditions Max 

ns 

56 ns 

44 ns 

ns 

40 ns 

ns 

ns 

ns 

45 ns 

50 ns 

48 ns 100 pF max 
@8&10MHz 

48 ns 

28 ns 

ns 

ns 

60 ns 

45 ns 

ns 

32 ns 

250 ns 

10 ns 3.5 to 1.0V 

10 ns 1.0to 3.5V 

ns 1.5V 

ns 1.5V 

25 liS 

500 ns 

ns 1.5V 

ns 1.5V 

12 ns 1.0to 3.5V 

12 ns 3.5 to 1.0V 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has from 5 to 7 characters. The 
first character is always a "T" (stands for time). The 
other characters, depending on their positions, 
stand for the name of a signal or the logical status of 
that signal. The following is a list of all the charac
ters and what they stand for. 

A: Address 
ARY: Asynchronous Ready Input 
C: Clock Output 
CK: Clock Input 
CS: Chip Select . 
CT: 'Control (DT IR, DEN, ... ) 
D: Data Input 
DE: DEN 
H: Logic Level High 

1-18 

IN: Input (DROO, TIMO, ... ) 
L: Logic Level Low or ALE 
0: Output 
OS: Oueue Status (OS1, OS2) 
R: RD signal, RESET signal 
S: Status (SO, S1, S2) 
SRY: Synchronous Ready Input 
V: Valid 
W: WR Signal 
X: No Longer a Valid Logic Level 
Z: 'Float 

Examples: 
TCLAV - Time from Clock low to Address valid 
T CHlH - Time from Clock high to ALE high 
T ClCSV - Time from Clock low to Chip Select valid 

I 
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WAVEFORMS 

MAJOR CYCLE TIMING 

T, 

-TClCl-- ----

~ ,.., Jo---"i ,---"\. 
ClK OUT 

'~""'.-i Cb 
---J TCHSV ~ TCHCl f\---o (NOTE 2) ~ "-
Vel ~ .,. TClCH 

WRITE CYCLE 

RD,INTA, 

DT/R=VOH 

BHE/S7 (S7)' 

A'9 /S6 -A, 6 /S3 

(A 15-AB) 

ALE 

AD15+0 
A~-ADo 

TCHlH 

\ 
TClAV l- I:: TClAX 

S7,A19-A16 

TClAV 1-

TlHll TllAX 

I TAVll I\:. 

P ... i-TCHll 
TClAV 1- ~ TClAX 

ADDR. 

TAVCH l- I-f---
TCVCTV ::1 , 

TCVCTV 

\ 

~TClAZ 

FLOAT 

TClSH --

IXI//////II , 
' .. .. -

TClDV 
TCHDX ----

57_53 

A15-AB (FLOAT DURING INTA) 

... ----, 
' ... -----

TCiDV 
TClDOX -,.. 

DATA OUT \.. 
TllAX TWHDX 

TCVCTX I-y-----
TWlWH 

TCVCTX ..... 
TClDX ..... 

TDVClt=:: 

POINTER 
FLOAT 

INTA CYCLE TCHCTV !:::::1 /f 1\ h TCHCTV 

DT/R 

RD,WR,=VOH 

DEN 

SOFTWARE HAlT-DT /R=VOl' 

Ro, WR,INTA,DEN=VOH 

PCS, 

MCS 
lCS, 

UCS 
(NOTE 3) 

\ 
TCVCTV 

~ 
./ 

(NOTE 1) 

TCVCTV-P 
>K INVALID ADDRESS 

TClAV::j ::::::J TClCSV 

\ 

I 
~ 

~I/ 
TCVDEX ..... 

~ 
: : 

~TCHCSX 
TCXCSX 

r--
272430-8 

NOTE: 
Pin names in parentheses apply to the 80188. 
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WAVEFORMS (Continued) 

MAJOR CYCLE TIMING (Continued) 

SZ·U --~~--~----~~--~-----4----~-4,,"~~~------+-----~-----

iiHi/S7 (S71,A19/S8 - A18/S3 

ALE 

AD15-0 

(AD? - ADol ----t----t--': '--t----+_~ 
READ CYCLE 

TCLRL j+---+t ..... --+--TIILRIH-------:---+j--+j 

NOTES: 272430-9 
1. INTA occurs one clock later in slave mode. 
2. Status inactive just prior to T 4. 
3. If latched Aland A2 are selected instead of PCS5 and PCS6, only T CLCSV is applicable. 
4. Pin names in parentheses apply to the 80188. 
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WAVEFORMS (Continued) 

I 

CLKOUT 

CLKOUT 

NMI, 

TEST, 
INTO-3 

TIMERIN ______ _ 

CLKOUT 

QSO,QSl 

80186/80188 

272430-10 

272430-11 

272430-12 
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WAVEFORMS (Continued) 

1-22 

ClKOUT 

ClKOUT 

~ 
INTO·3 

nMERIN 

- TCLLV-

272430-13 

272430-14 

I 



WAVEFORMS (Continued) 

READY TIMING 

T, 

CLKOUT 

ARDY 

ARDY 

CLKOUT 

I 

80186/80188 

TJ T, 

TARYLCL_ 

272430-15 
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WAVEFORMS (Continued) 

HOLD/HLDA TIMING (Entering Hold) 

CLKOUT 

HOLD 

T""'~~ ____ ~~ ______ -r ____ t-______________________ __ 

HLDA 

AD15-ADO 
(A15-AB, 

AD7-ADO), 
DEN 

Al91S8 - Al61S3, 
_ RD,WR, 
BHE/S7 (57), 
DTtR,S2-iiii, 

LOCK 

HOLD/HLDA TIMING (Leaving Hold) 

CLKOUT 

HOLD 

HLDA 

AD15-ADO 
(A15-A8, 

AD7-ADO), 
DEN 

Al91S8 - A16JS3, 
_ RD,WR, 
BHE/S7 (57), 
DTiii, S2 -SO, 

LOCK 

NOTE: 
. Pin names in parentheses apply to the 80188. 
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T CHCZ 

f 

272430-16 
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WAVEFORMS (Continued) 

ClKIN 

(XI) 

ClKOUT 

~-----------TC~l------------~ 

TIMERIN 

I 
---' 

TINVCH 

~~ 
TIMEROUT 1------------------2Y. to 6'10 CLOCKS 11 

------------------------~/I 

EXPRESS 

The Intel EXPRESS system offers enhancements to 
the operational specifications of the microprocessor. 
EXPRESS products are designed to meet the needs 
of those applications whose operating requirements 
exceed commercial standards. 

The EXPRESS program includes the commercial 
standard temperature range with burn-in and an ex
tended temperature range without burn-in. 

With the commercial standard temperature range 
operational characteristics are guaranteed over the 
temperature range of O·C to + 70·C. With the ex
tended temperature range option, operational char
acteristics are guaranteed over the range of -40·C 
to + 85·C. 

The optional burn-in is dynamic, for a minimum time 
of 160 hours at + 125°C with Vee = 5.5V ±0.25V, 
following guidelines in MIL-STD-883, Method 1015. 

I 

272430-17 

Package types and EXPRESS versions are identified 
by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 2. All A.C. and D.C. speci
fications not mentioned in this section are the same 
for both commercial and EXPRESS parts. 

Table 2. Prefix Identification 

Prefix 
Package Temperature 

Burn-In 
Type Range 

A PGA Commercial No 

N PLCC Commercial No 

R LCC Commercial No 

TA PGA Extended No 

OA PGA Commercial Yes 

OR LCC Commercial Yes 

NOTE: 
Not all package/temperature range/speed combinations 
are available. 
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EXECUTION TIMINGS 

A determination of program execution timing must 
consider the bus cycles necessary to prefetch in
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol
lowing instruction timings represent the minimum ex
ecution time in clock cycles for each instruction. The 
timings given are based on the following assump
tions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed .. 

• No wait states or bus HOLDS occur. 

• All word-data is located on even-address bound
aries. 

1-26 

All instructions which involve memory,accesses can 
also require one or two additional clocks above the 
minimum timings shown due to the asynchronous 
handshake between the bus interface unit (BIU) and 
execution unit. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

The 80186 has sufficient bus performance to ensure 
that an adequate number of prefetched bytes will 
reside in the queue (6 bytes) most of the time. 
Therefore, actual program execution time will not be 
substantially greater than that derived from adding 
the instruction timings shown: 

The 80188 is noticeably limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time may be substantially greater 
than that derived from adding the instruction timings 
shown. 

I 



80186/80188 

INSTRUCTION SET SUMMARY 
80186 80188 

Function Format Clock Clock Comments 
Cycles Cycles 

DATA TRANSFER 
MOV ~ Move: 

Register to Register/Memory tOO0100w mod reg rIm 2/12 2/12' 

Register/memory to register 1000101w mod reg rim 2/9 2/9' 

Immediate to register/memory 1100011 w madOOD rIm data I dataifw=1 I 12/13 12/13 B/16·bit 

Immediate to register 1011 w reg data dataifw~1 I 3/4 3/4 8/1S-bit 

Memory to accumulator 1010000w addr·low addr·high I 8 8' 

Accumulator to memory 1010001w addr·low addr·high I 9 9' 

Register/memory to segment register I 10001110 mod 0 reg rim 2/9 2/13 

Segment register to register/memory I 10001100 mod 0 reg rim 2/11 2/15 

PUSH ~ Push: 

Memory I 11111111 mod 11 0 rim I 16 20 

Register I 01010reg 10 14 

Segment register I 000regl10 9 13 

Immediate 011010s0 data I datah~O I 10 14 

PUSHA. '" Push All 01100000 36 6$ 

POP ~ Pop: 

Memory 10001111 modOOO rim I 20 24 

Register 01011 reg 10 14 

Segment register OOOregl 1 1 (reg"'OI) 8 12 

I>OPA ~ Pop All 01100001 51 B3 

XCHG ~ Exchange: 

Register/memory with register I 1000011w I mad rag rim I 4117 4/17' 

Register with accumulator I 10010reg I 3 3 

IN ~ Inpull,om: 

Fixed port 1110010w port I 10 10' 

Variable port 1110110w 8 8' 

OUT ~ Outputto: 

Fixed port 1110011 w port I 9 9' 

Variable port 1110111w 7 7' 

XLAT ~ Translate byte to AL 11010111 11 15 

LEA ~ Load EA to register 10001101 mad rag rIm I 6 6 

LOS ~ Load pointer to OS 11000101 mod reg rIm I (mod""!) 18 26 

LES ~ Load painter to ES 11000100 mod reg rim I (mod""1) 18 26 

LAHF ~ Load AH with flags 10011111 2 2 

SAHF ~ Store AH into flags 10011110 3 3 

PUSHF ~ Push flags 10011100 9 13 

POPF ~ Pop flags 10011101 8 12 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

NOTE: 
·Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for each memory transfer. 
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INSTRUCTION SET SUMMARY (Continued) 

FuncHon Format 

DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 

CS I 00tOlll0 I 
SS I 00110110 I 
DS I 00111110 I 
ES I 00100110 I 
ARITHMETIC 
ADD = Add: 

Reg/memory with register to either I OOOOOOdw I mod reg rIm I 
Immediate to register/memory I 100000sw I modOOO rIm I data I 
Immediate to accumulator I 0000010w I data I datailw=1 I 
ADC = Add with carry: 

Reglmemory with register to either I 000100dw I mod rag rIm I 
Immediate to registerlmemory I 100000sw I modOl0 rIm I data I 
Immediate to accumulator I 0001010w I data I datailw=1 I 
INC = Increment: 

Registerlmemory I lllllllw I modOOO rIm I 
Register I 01000reg I 
SUB = Subtract: 

Reg/memory and register to either I 001010dw I mod reg rIm I 
Immediate from register/memory I 100000sw I mod 1 0 1 rIm I data I 
Immediate Irom accumulator I 0010110w I data I data Hw=1 I 
SBB = Subtract with borrow: 

Reg/memory and register to either I 000110dw mod reg rIm I 
Immediate from register/memory I 100000sw modO 11 rIm I data I 
Immediate from accumulator I 0001110w data I datailw=1 I 
DEC = Decrement 

Register/memory I l111111w modOOl rIm I 
Register I 01001 rag 

CMP = Compare: 

Register/memory with register I 0011101 w mod reg rIm I 
Register with register/memory I 0011100w modreg rIm I 
Immediate with register/memory I 100000sw modl11 rIm I data I 
Immediate with accumulator I 0011110w data I dataifw=1 I 
NEG = Change sign register/memory I 1111011w modOl1 rIm I 
AAA = ASCII adjust lor add I 00110111 

DAA = Decimal adiust for add I 00100111 

AAS = ASCII adiust lor subtract I 00111111 

DAS = Decimal adiust for subtract I 00101111 

MUL = Multiply (unsigned): I 1111011w mod 100 rIm I 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

Shaded areas indicate Instructions not available in 8086. 8088 mlcrosystems_ 

NOTE: 

80186 80188 
Clock Clock 
Cycle. Cycles 

2 2 

2 2 

2 2 

2 2 

3/10 3/10' 

datailsw=OI I 4/16 4/16' 

3/4 3/4 

3/10 3/10' 

datailsw=OI I 4/16 4/16' 

3/4 3/4 

3/15 3/15' 

3 3 

3/10 3/10' 

data il s "=01 I 4/16 4/16' 

3/4 3/4 

3/10 3/10' 

data ifsw=OI I 4/16 4/16' 

3/4 3/4 

3/15 3/15' 

3 3 

3/10 3/10' 

3/10 3/10' 

datailsw=OI I 3/10 3/10' 

3/4 3/4 

3/10 3/10' 

8 8 

4 4 

7 7 

4 4 

26-28 26-28 
35-37 35-37 
32-34 32-34 
41-43 41'-43' 

'Clock cycles shown for byte transfers. for word operations. add 4 clock cycles for each memory transfer_ 
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Comments 

8/11l-bit 

8/16-bH 

B/16-bit 

8/16-bH 

B/16-bit 

I 
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INSTRUCTION SET SUMMARY (Continued) 

80186 80188 
Function Format Clock Clock Comments 

Cycles Cycles 

ARITHMETIC (Continued) 

IMUL = Integer multiply (signed): I 1111011w I modl0l rim I 
Register-Byte 25-2B 25-2B 
Register-Word 34-37 34-37 
Memory-Byte 31-34 31-34 
Memory-Word 40-43 40-43' 

~ .. I~ 1!I!I'IllIdialemulllt>l\l I 0110 10s 1 I modreg rIm I data I datail&=O I 22-2&1 22-2&1 
" gned) 29-32 29-32 

DIY = Divide (unsigned): I 1111011w I mod 110 rIm I 
Register-Byte 29 29 
Register-Word 3B 3B 
Memory-Byte 35 35 
Memory-Word 44 44' 

IDlY = Integer divide (Signed): I 1111011w I mod 111 rIm I 
Register-Byte 44-52 44-52 
Register-Word 53-61 53-61 
Memory-Byte 50-5B 50-5B 
Memory-Word 59-67 59-67' 

AAM = ASCII adjust lor multiply I 11010100 I 00001010 I 19 19 

AAD = ASCII adjust lor divide I 11010101 I 00001010 I 15 15 

CBW = Convert byte to word I 10011000 I 2 2 

CWO = Convert word 10 double word I 10011001 I 4 4 

LOGIC 
Shift/Rotate Instrucllons: 

Register/Memory by 1 I 1101000w I mod TTI r/m I 2/15 2/15 

Register/Memory by CL I 1101001 w I mod TTI r/m I 5+n/17+n 5+n/17+n 

~1MemoIy byCouot I 1100000. I mod TTI rIm I count I Hnl17+n 5+nll7+n 

TIT InstrucUon 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 

AND = And: 

Reg/memory and regisler to eilher I 001000dw I mod reg rIm I 3/10 3110' 

Immediate to register/memory I 1000000w I mod 100 rIm I dala I datailw=1 I 4/16 4/16' 

Immediate to accumulator I 0010010w I data I datailw=1 I 3/4 3/4 B/16-bit 

TEST=And function to flags, no result: 

Register/memory and register I 1000010w I mod reg rIm I 3/10 3/10' 

Immedlale data and register/memory I 1111011w I modOOO rIm I data I datailw=1 I 4/10 4/10' 

Immediale data and accumulator I 1010100w I data I datailw=1 I 3/4 3/4 B/16-bit 

OR=Or: 

Reglmemory and register to either I 000010dw I modreg rIm I 3/10 3/10' 

Immediate 10 register/memory I 1000000w I modOOl rIm I data I dataHw=1 I 4/16 4/16' 

Immediate to accumulator I 0000110w I data I datailw= 1 I 3/4 3/4 B/16-bit 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

NOTE: 
'Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for each memory transfer. 
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INSTRUCTION' SET SUMMARY (Continued) 

80186 80188 
Functton Format Clock Clock Comments 

Cycles Cycles 

LOGIC (Continued) 
XOR = Exclusive or: 

Reglmemory and register to either I 001100dw mod reg rim I 3/10 3/10' 

Immediate to register/memory 1000000w mod 110 rim I data I datailw=1 I 4/16 4/16' 

Immediate to accumulator 0011010w data I dataifw=1 I 3/4 3/4 8/16-bit 

NOT = Invert registerlmemory 1111011w modO 1 0 rim I 3/10 3/10' 

STRING MANIPULATION 

MOVS = Move bytelword 1010010w 14 14' 

CMPS = Compare byte/word 1010011w 22 22' 

SCAS = Scan byte/word 1010111 w 15 15' 

LOOS = Load byte/wd 10 ALI AX 1010110w 12 12' 

STOS = Store byte/Wd from ALI AX 1010101w 10 10' 

jIN8 .. Input byt$Iwd from OX rUt I 0110110w I 14 14 

iOUTS .. 0uIpuI~ ~OX port I 0110111w I 14 14 

Repeated by count in CX (REP IREPE/REPZ/REPNE/REPNZ) 

MOVS = Move string I 11110010 1010010w 8+8n 8+8n* 

CMPS = Compare string I 1111001 z 1010011w 5+22n 5+22n' 

SCAS = Scan siring I 1111001z 1010111 w 5+15n 5+15n' 

LaDS = Load siring I 11110010 1010110w 6+11n 6+11n* 

STOS = Store string I 11110010 1010101w 6+9n 6+9n* 

jIN8 -Input $I""" I 11110010 '0110110w 8+8n 8+8n' 

OUTS = Output Ii""" I 11110010 0110111w I 8+8n IH8n" 

CONTROL TRANSFER 

CALL = call: 

Direct w~hin segment I 11101000 I disp.low I disp-high I 15 19 

Register/memory I 11111111 I modOl0 rim I 13/19 17127 
indirect within segment 

Direct Intersegment I 10011010 I segment offset I 23 31 

I segment selector I 
Indirect intersegment I l11111tl I modO 11 rim I (mod .. 11) 38 54 

JMP = Unconditional lump: 

Shortllong I 111 Ot 01 t I disp-Iow I 14 14 

Direct within segment I 11101001 I disp.low I disp-hlgh I 14 14 

Register/memory I 11111111 I modl00 rlin I 11/17 11/21 
indirect wtthin segment 

Direct Intersegment I 11101010 I segment offset I 14 14 

I segment selector I 
Indirect intersegment I 11111111 I mod 1 0 1 rim I (mod .. 11) 26 34 

Shaded areas indicate instructions not available In 8086, 8088 I1)lcrosystems. 

NOTE: 
'Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for each memory transfer. 
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INSTRUCTION SET SUMMARY (Continued) 
80186 80168 

Function Fonnal Clock Clock Comments 
Cycle. Cycle. 

CONTROL TRANSFER (Continued) 
RET ~ Return from CALL: 

!Within segment 11000011 16 20 

/Nithin seg adding immed to SP 11000010 data-low I data-high I 18 22 

Intersegment 11001011 22 30 

Intersegment adding immediate to SP 11001010 data-low data-high I 25 33 

JE/JZ ~ Jump on equallzero 01110100 disp 4113 4/13 JMPnot 

JL/JNGE ~ Jump on lesslnot greater or equal 01111100 disp 4/13 4113 
taken/JMP 

taken 

JLE/JNG ~ Jump on less or equallnot greater 01111110 disp 4/13 4113 

JB/JNAE ~ Jump on below/not above or equal 01110010 disp 4/13 4/13 

JBE/JNA ~ Jump on below or equallnotabove 01110110 disp 4/13 4/13 

, JP/JPE ~ Jump on parity/parity even 01111010 disp 4/13 4/13 

JO ~ Jump on overflow 01110000 disp 4/13 4/13 

JS ~ Jump on sign 0-1111000 I disp 4/13 4/13 

JNEI JNZ ~ Jump on not equallnot zero 01110101 disp 4/13 4/13 

JNLI JGE ~ Jump on not less/greater or equal 01111101 disp 4/13 4/13 

JNLE/JG ~ Jump on not less or equallgreater 01111111 disp 4/13 4113 

JNB/JAE ~ Jump on not belowlabove or equal 01110011 disp I 4/13 4/13 

JNBElJA ~ Jump on not below or equallabove 101110111 disp I 4/13 4113 

JNP/JPO ~ Jumponnotpar/parodd 01111011 I disp 4/13 4113 

JNO ~ Jump on not overflow 01110001 disp 4/13 4/13 

JNS ~ Jump on not sign 01111001 disp 4/13 4/13 

JCXZ ~ Jump on CX zero 11100011 disp 5/15 5/15 

LOOP ~ Loop CX times 11100010 disp 6/16 8/16 LOOP not 

LOOPZlLOOPE ~ Loop while zerolequal 11100001 disp 6/18 6/16 
taken/Loop 

taken 

LOOPNZ/LOOPNE ~ Loop while not zerol equal 11100000 disp 6116 6/16 

ENTER - Enter f'rocedur. 111001000 data-Iow daIa-h!f! I L I 
-0 15 t. 
-1 25 29 
>1 "t+~-I) 26+-2Il(n-l) 

LEAVE -I.AIavltProoedure 111001001 I 8 8 

INT ~ Inlerrupt: 

Type specilied 111001101 I type I 47 47 

Type 3 111001100 I 45 45 if INT_ takenl 

INTO ~ Interrupt on overflow 1110011101 48/4 4814 
II INT. not 

taken 

IRET ~ Interrupt retum I 11001111 I 28 28 

ja,OUND ," Detect value out of r&rIglI 101100010 I modr.g rim I ' ~ 3$-$S 

Shaded areas Indicate Instructions not available In 8086, 8088 mlcrosystems. 

NOTE: 
·Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for each memory transfer. 
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INSTRUCTION SET SUMMARY (Continued) 

80186 80188 
Function Format Clock Clock Comments 

Cycle. Cycle. 

PROCESSOR CONTROL 

CLC = Clear carry I 11111000 2 2 

CMC = Complement carry I 11110101 2 2 

JTC = Set carry I 11111001 2 2 

CLD = Clear direction I 11111100 2 2 

STD = Set direction I 11111101 2 2 

CLI = Clear interrupt I 11111010 2 2 

STI = Set interrupt I 11111011 2 2 

HLT = Halt I 11110100 2 2 

WAIT = WaH I 10011011 6 6 if 'fEST = 0 

LOCK = Bus lock prefix I 11110000 2 3 

ESC = Processor Extension Es~ape I 11011TTT mod LLL rIm I 6 6 

(TIT LlL are opcode 10 processor extension) 

NOP = No Operation I 10010000 I 3 3 

Shaded areas Indicate instructions not available In 8086, 8088 mlcrosystems. 

NOTE: .' 
'Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for each memory transfer. 

FOOTNOTES 

The Effective Address (EA) of the memory operand 
. is computed according to the mod and rIm fields: 
if mod = 11 then rIm is treated as REG field 
if mod = 00 then DISP = 0', disp·low and disp.high are absent 
If mod = 01 then DISP = dis~"'ow sign·extended to 16-bits, disp·high 
is absent 
if mod = 10 then DISP = disp·high: disp-Iow 
if rIm = 000 then EA = (BX) + (Sl) + DISP 
if rIm = 001 then EA = (BX) + (01) + DISP 
if rIm = 010 then EA = (BP) + (Sl) + DISP 
if rIm = all then EA = (BP) + (01) + DISP 
if rIm = 100 then EA = (Sl) + DISP 
If rIm = 101 then EA = (01) + DISP 
if rIm = 110 then EA = (BP) + DISP' 
if rIm = 111 then EA = (BX) + DISP 

OISP follows 2nd byte of instruction (before data if 
required) 

'except if mod = 00. and rIm = 110 then EA =; 

disp-high: disp-Iow. 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

Segment Override Prefix 

o o 1 reg 1 o 

1-32 

reg is assigned according to the following: 

reg 
Segment 
Register 

00 ES 
01 CS 
10 SS 
11 OS 

REG is assigned according to the following table: 

16-Blt (w =1) 
000 AX 
001 CX 
010 OX 
011 BX 
100SP 
101 BP 
110 SI 
111 01 

8-Blt(w = 0) 
OOOAl 
001 Cl 
0100l 
011 Bl 
100AH 
101 CH 
1100H 
111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the 01 register) are computed 
using the ES segment, which may not be overridden. 

I 



REVISION HISTORY 

This data sheet replaces the following data sheets: 

210706·011 80188 

210451·011 80186 

I 

80186/80188 
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80C186XL/80C188XL 
16-BIT HIGH-INTEGRATION EMBEDDED PROCESSORS 

• Low Power, Fully Static Versions of 
80C186/80C188 

• Operation Modes: 
- Enhanced Mode 

- DRAM Refresh Control Unit 
- Power-Save Mode 
- Direct Interface to 80C187 

(80C186XL Only) 
- Compatible Mode 

- NMOS 80186/80188 Pin-for-Pin 
Replacement for Non-Numerics 
Applications 

• Integrated Feature Set 
- Static, Modular CPU 
- Clock Generator 
- 2 Independent DMA Channels 
- Programmable Interrupt Controller 
- 3 Programmable 16-Bit Timers 
- Dynamic RAM Refresh Control Unit 
- Programmable Memory and 

Peripheral Chip Select Logic 
- Programmable Wait State Generator 
- Local Bus Controller 
- Power-Save Mode 
- System-Level Testing Support (High 

Impedance Test Mode) 

• Completely Object Code Compatible 
with Existing 8086/8088 Software and 
Has 10 Additional Instructions over 
8086/8088 

• Speed Versions Available 
-25 MHz (80C186XL25/80C188XL25) 
-20 MHz (80C186XL20/80C188XL20) 
-12 MHz (80C186XL 12/80C188XL 12) 

• Direct Addressing Capability to 
1 MByte Memory and 64 Kbyte I/O 

• Available in 68-Pin: 
- Plastic Leaded Chip Carrier (PLCC) 
- Ceramic Pin Grid Array (PGA) 
- Ceramic Leadless Chip Carrier 

(JEDEC A Package) 

• Available in 80-Pin: 
- Quad Flat Pack (EIAJ) 
- Shrink Quad Flat Pack (SGFP) 

• Available in Extended Temperature 
Range (- 40°C to + 85°C) 

The Intel BOC186XL is a Modular Core re-implementation of the 80C186 microprocessor. It offers higher speed 
and lower power consumption than the standard 80C186 .but maintains 100% clock-for-clock functional com
patibility. Packaging and pinout are also identical. 
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80C186XL/80C188XL 

20 pF E: ~""''' 
Xl I External Clock Source ~ Xl 

N.C. X2 X2 

80C186XL! ,;~, J 80Cl86XL! 

80C188XL 80Cl88XL -= Note 1 

(2a) 
272431-3 

..:r:. 200 pF 

--
272431-4 

(2b) 

Note 1: 
XT AL Frequency L1 Value 

20 MHz 12.0 ",H ±20% 
25 MHz 8.2",H ±20% 
32 MHz 4.7",H ±20% 
40 MHz 3.0",H ±20% 

LC network is only required when using a third 
overtone crystal. 

Figure 2. Oscillator Configurations (see text) 

INTRODUCTION 

Unless specifically noted, all references to the 
80C186XL apply to the 80C188XL. References to 
pins that differ between the 80C186XL and the 
80C188XL are given in parentheses. 

The following Functional Description describes the 
base architecture of the 80C186XL. The 80C186XL 
is a very high integration 16-bit microprocessor. It 
combines 15-20 of the most common microproces
sor system components onto one chip. The 
80C186XL is object code compatible with the 
8086/8088 microprocessors and adds 10 new in
struction types to the 8086/8088 instruction set. 

The 80C186XL has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C186XL is completely compatible with NMOS 
80186, with the exception of 8087 support. The En
hanced mode adds three new features to the system 
design. These are Power-Save control, Dynamic 
RAM refresh, and an asynchronous Numerics Co
processor interface (80C186XL only). 

80C186XL CORE ARCHITECTURE 

80C186XL Clock Generator 

The 80C186XL provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 

The 80C186XL oscillator circuit is designed to be 
used either with a parallel resonant fundamental or 
third-overtone mode crystal, depending upon the 
frequency range of the application. This is used as 
the time base for the 80C186XL. 

The output of the oscillator is not directly available 
outside the 80C186XL. The recommended crystal 
configuration is shown in Figure 2b. When used in 
third-overtone mode, the tank circuit is recommend
ed for stable operation. Alternately, the oscillator 
may be driven from an external source as shown in 
Figure 2a. 

The crystal or clock frequency chosen must be twice 
the required· processor operating frequency due to 
the internal divide by two counter. This counter is 
used to drive all internal phase clocks and the exter
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys
tem components. All AC Timings are referenced to 
CLKOUT. 

Intel recommends the following values for crystal se
lection parameters. 

Temperature Range: Application Specific 

ESR (Equivalent Series Resistance): 60n max 

Co (Shunt CapaCitance of Crystal): 7.0 pF max 

Cl (Load Capacitance): 

Drive,Level: 

20pF ±2pF 

2mWmax 
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, Bus Interface Unit 

The 80C186XL provides a local bus controller to 
generate the local bus control signals. In addition, it 
employs a HOLD/HLDA protocol for relinquishing 
the local bus to other bus masters. It also provides 
outputs that ,can be used to enable external buffers 
and to direct the flow of data on and off the lOCAl 
bus. 

The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information and data (for write operations) in
formation. It is also responsible for reading data 
from the local bus during a read operation. Synchro~ 
nous and asynchronous ready input pins are provid
ed to extend a bus cycle beyond the minimum four 
states (clocks). 

The 80C186XL bus controller also generates two 
control signals (DEN and DT /Fi) when interfacing to 
external transceiver chips. This capability allows the 
addition of transceivers for siniple buffering of the 
multiplexed address/data bus. 

During RESET the local bus controller will perform 
the following action: 

• Drive DEN, RD and WR HIGH for one clock cy
cle, then float them. 

• Drive SO-S2 to the inactive state (all HIGH) and . 
then float. 

• -Drive LOCK HIGH and then float. 

• Float ADO-15 (ADO-8), A16-19 (A9-A19), BHE 
(RFSH), DT /A", 

• Drive ALE LOW 

• Drive HLDA LOW. 

RD/QSMD, UCS, LCS, MCSO/PEREQ, MCS1/ 
ERROR and TEST/BUSY pins have internal pullup 
devices which are active while RES is applied. Ex
cessive loading or grounding certain of these pins 
causes the 80C186XL to enter an alternative mode 
of operation: 

• I1D/QSMD low results in Queue Status Mode. 

• UCS and LCS low results in ONCE Mode. 
• TEST/BUSY low (and high later) results in En

hanced Mode. 

80C186XL PERIPHERAL 
ARCHITECTURE 

All the 80C186XL integrated peripherals are con
trolled by 16-bit registers contained within an inter
nal 256-byte control block. The control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize control block addresses and re-
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spond to bus cycles. An offset map of the 256-byte 
control register block is shown in Figure 3. 

Chip-Select/Ready Generation Logic 

The 80C186XL contains logic which provides 
programmable chip-select generation for both mem
ories and peripherals. In addition, it can be 
programmed to provide READY (or WAIT state) gen
eration. It can also provide latched address bits A 1 
and A2. The chip-select lines are active for all mem
ory and I/O cycles in their programmed areas, 
whether they be generated by the CPU or by the 
integrated DMA unit. 

The' 80C186XL provides 6 memory chip select out
puts for 3 address areas; upper memory, lower 
memory, and midrange memory. One each is provid
ed for upper memory and lower memory, while four 
are provided for midrange memory. 

Relocation Register 

DMA DeSCriptors Channel 1 

DMA Descriptors Channel 0 

Chip·Select Control Registers 

Time 2 Control Registers 

Time 1 Control Registers 

Time 0 Control Registers 

Interrupt Controller Registers 

OFFSET 

FEH 

DAH 

DOH 

CAH 

COH 

ASH 

_AOH 

66H 

SOH 
5EH 

58H 

56H 

'50H 

3EH 

20H 

Figure 3. Internal Register Map 

The 80C186XL provides a chip select, caliedUCS, 
for the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80C186XL begins executing at memory location 
FFFFOH. 



The 80C186XL provides a chip select for low memo
ry called LCS. The bottom of memory contains the 
interrupt vector table, starting at location OOOOOH. 

The 80C186XL provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located within the 80C186XL 1 Mbyte 
memory address space exclusive of the areas de
fined by UCS and LCS. Both the base address and 
size of this memory block are programmable. 

The 80C186XL can generate chip selects for up to 
seven peripheral devices. These chip selects are ac
tive for seven contiguous blocks of 128 bytes above 
a programmable base address. The base address 
may be located in either memory or liD space. 

The 80C186XL can generate a READY signal inter
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each. 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for 
which the chip select is active. In addition, the 
80C186XL may be programmed to either ignore ex
ternal READY for each chip-select range individually 
or to factor external READY with the integrated 
ready generator. 

Upon RESET, the Chip-Select/Ready Logic will per
form the following actions: 

• All chip-select outputs will be driven HIGH. 

• Upon leaving RESET, the UCS line will be pro
grammed to provide chip selects to a 1 K block 
with the accompanying READY control bits set at 
011 to insert 3 wait states in conjunction with ex
ternal READY (Le., UMCS resets to FFFBH). 

• No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. 

DMA Unit 

The 80C186XL DMA controller provides two inde
pendent high-speed DMA channels. Data transfers 
can occur between memory and liD spaces (e.g., 
Memory to liD) or within the same space (e.g., 
Memory to Memory or liD to liD). Data can be 
transferred either in bytes (8 bits) or in words (16 
bits) to or from even or odd addresses. 

NOTE: 
Only byte transfers are possible on the 80C188XL. 

Each DMA channel maintains both a 20-bit source 
and destination pointer which can be optionally in
cremented or decremented after each data transfer 
(by one or two depending on byte or word transfers). 
Each data transfer consumes 2 bus cycles (a mini-

80C186XL/80C188XL 

mum of 8 clocks), one cycle to fetch data and the 
other to store data. 

Timer/Counter Unit 

The 80C186XL provides three internal 16-bit pro
grammable timers. Two of these are highly flexible 
and are connected to four external pins (2 per timer). 
They can be used to count external events, time ex
ternal events, generate non repetitive waveforms, 
etc. The third timer is not connected to any external 
pins, and is useful for real-time coding and time de
lay applications. In addition, the third timer can be 
used as a pres caler to the other two, or as a DMA 
request source. 

Interrupt Control Unit 

The 80C186XL can receive interrupts from a number 
of sources, both internal and external. The 
80C186XL has 5 external and 2 internal interrupt 
sources (Timer/Couners and DMA). The internal in
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 

Enhanced Mode Operation 

In Compatible Mode the 80C186XL operates with all 
the features of the NMOS 80186, with the exception 
of 8087 support (Le. no math coprocessing is possi
ble in Compatible Mode). Queue-Status information 
is still available for design purposes other than 8087 
support. 

All the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid data. 

In Enhanced Mode, the 80C186XL will operate with 
Power-Save, DRAM refresh, and numerics coproc
essor support (80C186XL only) in addition to all the 
Compatible Mode features. 

If connected to a math coprocessor (80C186XL 
only), this mode will be invoked automatically. With
out an NPX, this mode can be entered by tying the 
RESET output signal from the 80C186XL to the 
TEST IBUSY input. 

Queue-Status Mode 

The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C186XL will reconfigure the ALE and WR pins 
to be QSO and QS1 respectively. This mode is avail
able on the 80C186XL in both Compatible and En
hanced Modes. 
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DRAM Refresh Control Unit 

The Refresh Control Unit (RCU) automatically gen
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri
od of time, the RCU generates a memory read re
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be acti
vated when the BIU executes the. refresh bus cycle. 

Power-Save Control 

The 80C186XL, when in Enhanced Mode, can enter 
a power saving state by internally dividing the proc
essor clock frequency by a programmable factor. 
This divided frequency is also available at the 
CLKOUT pin. 

All internal logic, including the Refresh Control Unit 
and the timers, have their clocks slowed down by 
the division factor. To maintain a real time count or a 
fixed DRAM refresh rate, these peripherals must be 
re-programmed when entering and leaving the pow
er-save mode. 

Interface for 80C187 Math 
Coprocessor (80C186XL Only) 

In Enhanced Mode, three.of the mid-range memory 
chip selects are redefined according to Table 1 for 
use with the 80C187. The fourth chip select, MCS2 

1-40 

functions as in' compatible mode, and may be pro
grammed for activity with ready logic and wait states 
accordingly. As in Compatible Mode, MCS2 will func
tion for one-fourth a programmed block size. 

Table 1. MCS Assignments 

Compatible 
Enhanced Mode 

Mode 

MCSO PEREa Processor Extension Request 
MCS1 ERROR NPX Error 
MCS2 MCS2 Mid-Range Chip Select 
MCS3 NPS Numeric Processor Select 

ONCE Test Mode 

To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186XL has a test 
mode available which allows all pins to be placed in 
a high-impedance state. ONCE stands for "ON Cir
cuit Emulation". When placed in this mode, the 
80C186XL will put all pins in the high-impedance 
state until RESET. 

The ONCE mode is selected by tying the UCS and 
the LCS LOW during RESET. These pins are sam
pled on the low-to-high transition of the RES pin. 
The UCS and the LCS pins have weak internal pull
up resistors similar to the RD and TEST IBUSY pins 
to guarantee ONCE Mode is not entered inadver
tently during normal operation. LCS and UCS must 
be held low at least one clock after RES goes high 
to guarantee entrance into ONCE Mode. 



PACKAGE INFORMATION 

This section describes the pin functions, pinout and 
thermal characteristics for the 80C186XL in the 
Quad Flat Pack (QFP), Plastic Leaded Chip Carrier 
(PLCG), Leadless Chip Carrier (LCG) and the Shrink 
Quad Flat Pack (SQFP). For complete package 
specifications and information, see the Intel Packag
ing Outlines and Dimensions Guide (Order Number: 
231369). 

Pin Descriptions 

Each pin or logical set of pins is described in Table 
3. There are four columns for each entry in the Pin 
Description Table. The following sections describe 
each column. 

Column 1: Pin Name 

In this column is a mnemonic that de
scribes the pin function. Negation of the 
signal name (i.e., RESIN) implies that 
the signal is active low. 

Column 2: Pin Type 

A pin may be either power (P), ground 
(G), input only (I), output only (0) or in
put/output (1/0). Please note that some 
pins have more than one function. 

Column 3: Input Type (for I and I/O types only) 

These are two different types of input 
pins on the 80C186XL: asynchronous 
and synchronous. Asynchronous pins 
require that setup and hold times be met 
only to guarantee recognition. Synchro
nous input pins require that the setup 
and hold times be met to guarantee 

80C186XL/80C188XL 

proper operation. Stated simply, missing 
a setup or hold on an asynchronous pin 
will result in something minor (i.e., a tim
er count will be missed) whereas miss
ing a setup or hold on a synchronous pin 
result in system failure (the system will 
"lock up"). 

An input pin may also be edge or level 
sensitive. 

Column 4: Output States (for 0 and I/O types 
only) 

The state of an output or 1/0 pin is de
pendent on the operating mode of the 
device. There are four modes of opera
tion that are different from normal active 
mode: Bus Hold, Reset, Idle Mode, Pow
erdown Mode. This column describes 
the output pin state. in each of these 
modes. 

The legend for interpreting the information in the Pin 
Descriptions is shown in Table 2. 

As an example, please refer to the table entry for 
AD7:0. The "1/0" signifies that the pins are bidirec
tional (i.e., have both an input and output function). 
The "S" indicates that, as an input the signal must 
be synchronized to CLKOUT for proper operation. 
The "H(Z)" indicates that these pins will float while 
the processor is in the Hold Acknowledge state. 
R(Z) indicates that these pins will float while RESIN 
is low. 

All pins float while the processor is in the ONCE 
Mode (with the exception of X2). 
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Table 2. Pin Description Nomenclature 

Symbol Description 

P Power Pin (apply + Vee voltage) 
G Ground (connect to Vss) 
I Input only pin 
'0 'Output only pin 
1/'0 Input/'Output pin 

S(E) Synchronous, edge sensitive 
S(L) Synchronous, level sensitive 
A(E) Asynchronous, edge sensitive 
A(L) 'Asynchronous, level sensitive 

H(1) 'Output driven to Vee during bus hold 
H(O) 'Output driven to Vss during bus hold 
H(Z) 'Output floats during bus hold 
H(Q) 'Output remains active during bus hold 
H(X) 'Output retains current state during bus hold 

R(WH) 'Output weakly held at Vee during reset 
R(1) 'Output driven to Vee during reset 
R(O) 'Output driven to Vss during reset 
R(Z) 'Output floats during reset 
R(Q) 'Output·remains active during reset 
R(X) 'Output retains current state during reset 
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Table 3. Pin Descriptions 

Pin Pin Input Output 
Pin Description 

Name Type Type States 

Vee P System Power: + 5 volt power supply. 

Vss G System Ground. 

RESET 0 H(O) RESET Output indicates that the CPU is being reset, and can 
R(1) be used as a system reset. It is active HIGH, synchronized 

with the processor clock, and lasts an integer number of 
clock periods corresponding to the length of the RES signal. 
Reset goes inactive 2 clockout periods after RES goes 
inactive. When tied to the TEST/BUSY pin, RESET forces 
the processor into enhanced mode. RESET is not floated 
during bus hold. 

X1 I A(E) Crystal Inputs X1 and X2 provide external connections for a 

X2 0 H(Q) fundamental mode or third overtone parallel resonant crystal 
for the internal oscillator. X1 can connect to an external 

R(Q) clock instead of a crystal. In this case, minimize the 
capacitance on X2. The input or oscillator frequency is 
internally divided by two to generate the clock signal 
(CLKOUT). 

CLKOUT 0 H(Q) Clock Output provides the system with a 50% duty cycle 
R(Q) waveform. All device pin timings are specified relative to 

CLKOUT. CLKOUT is active during reset and bus hold. 

RES I A(L) An active RES causes the processor to immediately 
terminate its present activity, clear the internal logic, and 
enter a dormant state. This signal may be asynchronous to 
the clock. The processor begins fetching instructions 
approximately 6% clock cycles after RES is returned HIGH. 
For proper initialization, Vee must be within specifications 
and the clock signal must be stable for more than 4 clocks 
with RES held LOW. RES is internally synchronized. This 
input is provided with a Schmitt-trigger to facilitate power-on 
RES generation via an RC network. 

TEST/BUSY I A(E) The TEST pin is sampled during and after reset to determine 
(TEST) whether the processor is to enter Compatible or Enhanced 

Mode. Enhanced Mode requires TEST to be HIGH on the 
rising edge of RES and LOW four CLKOUT cycles later. Any 
other combination will place the processor in Compatible 
Mode. During power-up, active RES is required to configure 
TEST/BUSY as an input. A weak internal pullup ensures a 
HIGH state when the input is not externally driven. 

TEST -In Compatible Mode this pin is configured to operate 
as TEST. This pin is examined by the WAIT instruction. If the 
TEST input is HIGH when WAIT execution begins, instruction 
execution will suspend. TEST will be resampled every five 
clocks until it goes LOW, at which time execution will 
resume. If interrupts are enabled while the processor is 
waiting for TEST, interrupts will be serviced. 

BUSY (80C186XL Only)-In Enhanced Mode, this pin is 
configured to operate as BUSY. The BUSY input is used to 
notify the 80C186XL of Math Coprocessor activity. Floating 
point instructions executing in the 80C186XL sample the 
BUSY pin to determine when the Math Coprocessor is ready 
to accept a new command. BUSY is active HIGH. 

NOTE: 
Pin names in parentheses apply to the BOet BBXL. 
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Table 3. Pin Descriptions (Continued) 

Pin Pin Input Output 
Pin Description 

Name Type Type States 

TMR INO I A(L) Timer Inputs are used either as clock or control signals" 
TMR IN 1 A(E) depending upon the programmed timer mode. These 

inputs are active HIGH (or LOW-to-HIGH transitions are 
counted) and internally synchronized. Timer Inputs must 
be tied HIGH when not being used as clock or retrigger 
inputs. 

TMROUTO 0 H(Q) Timer outputs are used to provide single pulse or 
TMROUT1 R(1) continuous waveform generation, depending upon the 

timer mode selected. These outputs are not floated 
during a bus hold. 

DRQO I A(L) DMA Request is asserted HIGH by an external device 
DRQ1 when it is ready for DMA Channel 0 or 1 to perform a 

transfer. These signals are level-triggered and internally 
synchronized. 

NMI I A(E) The Non-Maskable Interrupt input causes a Type 2 
interrupt. An NMI transition from LOW to HIGH is 
latched and synchronized internally, and initiates the 
interrupt at the next instruction boundary. NMI must be 
asserted for at least one CLKOUT period. The Non-
Maskable Interrupt cannot be avoided by programming. 

INTO I A(E) Maskable Interrupt Requests can be requested by 
INT1/SELECT A(L) activating one of these pins. When configured as inputs, 

INT2/1NTAO I/O A(E) H(1) 
these pins are active HIGH. Interrupt Requests are 
synchronized internally. INT2 and INT3 may be 

INT3/1NTA1/1RQ A(L) R(Z) configured to provide active-LOW interrupt-
acknowledge output signals. All interrupt inputs may be 
configured to be either edge- or level-triggered. To 
ensure recognition, all interrupt requests must remain 
active until the interrupt is acknowledged. When Slave 
Mode is selected, the function of these pins changes 
(see Interrupt Controller section of this data sheet). 

A19/56 0 H(Z) Address Bus Outputs and Bus Cycle Status (3-6) 
A18/55 R(Z) indicate the four most significant address bits during T 1. 
A17/54, These Signals are active HIGH. 

A16/53 During T 2, T 3, T wand T 4, the 56 pin is LOW to indicate 
(A8-A15) a CPU-initiated bus cycle or HIGH to indicate a DMA-

initiated or refresh bus cycle. During the same T-states, 
53,54 and S5 are always LOW. On the 80C188XL, 
A 15-A8 provide valid address information for the entire 
bus cycle. 

ADO-AD15 I/O 5(L) H(Z) Address/Data Bus signals constitute the time 
(ADO-AD7) R(Z) multiplexed memory or I/O address (T1) and data (T 2, 

T 3, T wand T 4) bus. The bus is active HIGH. For the 
80C186XL, Ao is analogous to BHE for the lower byte of 
the data bus, pins 07 through Do. It is LOW during T 1 
when a byte is to be transferred onto the lower portion 
of the bus in memory or I/O operations. 

NOTE: 
Pin names in parentheses apply to the 80C188XL. 
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Table 3. Pin Descriptions (Continued) 

Pin Pin Input Output 
Pin Description 

Name Type Type States 

BHE a H(Z) The BHE (Bus High Enable) signal is analogous to AO in that it is 
(RFSH) R(Z) used to enable data on to the most significant half of the data bus, 

pins 015-08. BHE will be LOW during T 1 when the upper byte is 
transferred and will remain LOW through T 3 and T w. BHE does not 
need to be latched. On the 80C188XL, RFSH is asserted LOW to 
indicate a refresh bus cycle. 

In Enhanced Mode, BHE (RFSH) will also be used to signify ORAM 
refresh cycles. A refresh cycle is indicated by both BHE (RFSH) and 
AO being HIGH. 

80C186XL BHE and AO Encodings 

BHE AO 
Function 

Value Value 

0 0 Word Transfer 
0 1 Byte Transfer on upper half of data bus 

(015-08) 
1 0 Byte Transfer on lower half of data bus (07-00) 
1 1 Refresh 

ALE/QSO a H(O) Address Latch Enable/Queue Status 0 is provided by the processor 
R(O) to latch the address. ALE is active HIGH, with addresses guaranteed 

valid on the trailing edge. 

WR/QS1 a H(Z) Write Strobe/Queue Status 1 indicates that the data on the bus is to 
R(Z) be written into a memory or an 1/0 device. It is active LOW. When 

the processor is in Queue Status Mode, the ALE/QSO and WR/QS1 
pins provide information about processor/instruction queue 
interaction. 

QS1 QSO Queue Operation 

0 0 No queue operation 
0 1 First opcode byte fetched from the queue 
1 1 Subsequent byte fetched from the queue 
1 0 Empty the queue 

RO/QSMO a H(Z) Read Strobe is an active LOW signal which indicates that the 
R(1) processor is performing a memory or I/O read cycle. It is guaranteed 

not to go LOW before the AlO bus is floated. An internal pull·up 
ensures that RO/QSMO is HIGH during RESET. Following RESET 
the pin is sampled to determine whether the processor is to provide 
ALE, RO, and WR, or queue status information. To enable Queue 
Status Mode, RO must be connected to GNO. 

AROY I A(L) Asynchronous Ready informs the processor that the addressed 
S(L) memory space or I/O device will complete a data transfer. The 

AROY pin accepts a rising edge that is asynchronous to CLKOUT 
and is active HIGH. The falling edge of AROY must be synchronized 
to the processor clock. Connecting AROY HIGH will always assert 
the ready condition to the CPU. If this line is unused, it should be tied 
LOW to yield control to the SROY pin. 

NOTE: 
Pin names in parentheses apply to the 80C188XL. 
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Table 3. Pin Descriptions (Continued) 

Pin Pin Input Output 
Pin Description 

Name Type Type States 

SRDY I . S(L) - Synchronous Ready informs the processor that the addressed 
memory space or 1/0 device will complete a data transfer. The 
SRDY pin accepts an active-HIGH input synchronized to CLKOUT. 
The use of SRDY allows a relaxed system timing over ARDY. This 
is accomplished by elimination of the one-half clock cycle required 
to internally synchonize the ARDY input signal. Connecting SRDY 
high will always assert the ready condition to the CPU. If this line is 
unused, it should be tied LOW to yield control to the ARDY pin. 

LOCK 0 - H(Z) LOCK output indicates that other system bus masters are not to 
R(Z) gain control of the system bus. LOCK is active LOW. The LOCK 

signal is requested by the LOCK prefix instruction and is activated 
at the beginning of the first data cycle associated with the 
instruction immediately following the LOCK prefix. It remains active 
until the completion of that instruction. No instruction prefetching 
will occur while LOCK is asserted. 

SO 0 - H(Z) Bus cycle status SO-S2 are encooed to provide bus-transaction 
S1 R(1) information: 
S2 Bus Cycle Status Information 

S2 S1 SO Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Halt 
1 0 0 Instruction Fetch 
1 0 1 . Read Data from Memory 
1 1 0 Write Data to Memory 
1 .1 1 Passive (no bus cycle) 

S2may be used as a logical MilO indicator, and S1 as a DT/R 
indicator. 

HOLD I A(L) - HOLD indicates that another bus master is requesting the local bus. 

HLDA ,0 - H(1) 
The HOLD input is active HIGH. The processor generates HLDA 
(HIGH) in response to a HOLD request. Simultaneous with the 

R(O) issuance of HLDA, the processor will float the local bus and control 
lines. After HOLD is detected as being LOW, the processor will 
10werHLDA. When the processor needs to run another bus cycle, it 
will again drive the local bus and control lines. 

In Enhanced Mode, HLDA will go low when a DRAM refresh cycle 
is pending in the processor and an external bus master has control 
of the bus. It will be up to the external master to relinquish the bus 
by lowering HOLD so that the processor may execute the refresh 
cycle. 

NOTE: 
Pin names in parentheses apply to the 80C188XL. 
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Table 3. Pin Descriptions (Continued) 

Pin Pin Input Output 
Pin Description 

Name Type Type States 

UCS I/O A(L) H(l) Upper Memory Chip Select is an active LOW output 
R(WH) whenever a memory reference is made to the defined 

upper portion (1 K-256K block) of memory. T~e 
address range activating UCS is software 
programmable. 

UCS and LCS are sampled upon the rising edge of 
RES. If both pins are held low, the processor will enter 
ONCE Mode. In ONCE Mode all pins assume a high 
impedance state and remain so until a subsequent 
RESET. UCS has a weak internal pullup that is active 
during RESET to ensure that the processor does not 
enter ONCE Mode inadvertently. 

LCS I/O A(L) H(l) Lower Memory Chip Select is active LOW whenever a 
R(WH) memory reference is made to the defined lower portion 

(1 K-256K) of memory. The address range activating 
LCS is software programmable. 

UCS and LCS are sampled upon the rising edge of 
RES. If both pins are held low, the processor will enter 
ONCE Mode. In ONCE Mode all pins assume a high 
impedance state and remain so until a subsequent 
RESET. LCS has a weak internal pullup that is active 
only during RESET to ensure that the processor does 
not enter ONCE mode inadvertently. 

MCSO/PEREQ I/O A(L) H(l) Mid-Range Memory Chip Select signals are active LOW 
MCS1/ERROR R(WH) when a memory reference is made to the defined mid-

MCS2 0 H(l) 
range portion of memory (8K-512K). The address 
ranges activating MCSO-3 are software programmable. 

MCS3/NPS R(l) 
On the 80C186XL, in Enhanced Mode, MCSO becomes 
a PEREQ input (Processor Extension Request). When 
connected to the Math Coprocessor, this input is used 
to signal the 80C186XL when to make numeric data 
transfers to and from the coprocessor. MCS3 becomes 
NPS (Numeric Processor Select) which may only be 
activated by communication to the 80C187. MCSl 
becomes ERROR in Enhanced Mode and is used to 
signal numerics coprocessor errors. 

PCSO 0 H(l) Peripheral Chip Select signals 0-4 are active LOW 
PCS1 R(l) when a reference is made to the defined peripheral 

PCS2 area (64 Kbyte I/O or 1 MByte memory space). The 

PCS3 address ranges activating PCSO-4 are software 

PCS4 programmable. 

PCS5/Al 0 H(l)/H(X) Peripheral Chip Select 5 or Latched A 1 may be 
R(l) programmed to provide a sixth peripheral chip select, or 

to provide an internally latched A 1 signal. The address 
range activating PCS5 is software-programmable. 
PCS5/ A 1 does not float during bus HOLD. When 
programmed to provide latched A 1, this pin will retain 
the previously latched value during HOLD. 

NOTE: 
Pin names in parentheses apply to the BOCl BBXL. 
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Table 3. Pin Descriptions (Continued) 

Pin Pin Input Output 
Pin Description 

Name Type Type States 

PCS6/A2 0 - H(1)/H(X) Peripheral Chip Select 6 or Latched A2 may be programmed 
R(1) to provide a seventh peripheral chip select, or to provide an 

internally latched A2 signal. The address range activating 
PCS6 is software-programmable. PCS61 A2 does not float 
during bus HOLD. When programmed to provide latched A2, 
this pin will retain the previously latched value during HOLD. 

DT/R 0 - H(Z) Data Transmit/Receive controls the direction of data flow 
R(Z) through an external data bus transceiver. When LOW, data is 

transferred to the procesor. When HIGH the processor 
places write data on the data bus. 

DEN 0 - H(Z) Data Enable is provided as a data bus transceiver output 
R(1,Z) enable. DEN is active LOW during each memory and 1/0 

acc~s (including 80C187 access). DEN is HIGH whenever 
DT IR changes state. During RESET, DEN is driven HIGH for 
one clock, then floated. 

N.C. - - - Not connected. To maintain compatibility with future 
products, do not connect to these pins. 

NOTE: 
Pin names in parentheses apply to the 80C188XL. 
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Ceramic Leadless Chip Carrier (JEDEC Type A) 
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Figure 4. 80C186XL/80C188XL Pinout Diagrams 
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Shrink Quad Flat Pack 

---
272431-22 

NOTE: 
XXXXXXXXC indicates the Intel FPO number. 

Figure 4. 80C186XL/80C188XL Pinout Diagrams (Continued) 
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Plastic Leaded Chip Carrier 
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XXXXXXXXA indicates the Intel FPO number. 

Figure 4. SOC1S6XL/80C288XL Pinout Diagrams (Continued) 
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Table 4. LCC/PLCC Pin Functions with Location 

AD Bus Bus Control Processor Control I/O 

ADO 17 ALE/QSO 61 RES 24 UCS 34 
AD1 15 BHE(RFSH) 64 RESET 57 LCS 33 
AD2 13 SO 52 X1 59 
AD3 11 S1 53 X2 58 MCSO/PEREQ 38 
AD4 8 S2 54 CLKOUT 56 MCS1/ERROR 37 
AD5 6 RD/QSMD 62 TEST/BUSY 47 MCS2 36 
AD6 4 WR/QS1 63 NMI 46 MCS3/NP5 35 
AD7 2 ARDY 55 INTO 45 
AD8 (A8) 16 SRDY 49 INT1/SELECT 44 PCSO 25 
AD9 (A9) 14 DEN 39 INT2/INTAO 42 PCS1 27 
AD10 (A10) 12 DT/R 40 INT3/INTA1 41 PCS2 28 
AD11 (A11) 10 LOCK 48 PCS3 29 
AD12 (A12) 7 
AD13 (A13) 5 

HOLD 50 
HLDA 51 Power and Ground 

PCS4 30 
PCS5/A1 31 

AD14 (A14) 3 Vee 9 PCS6/A2 32 
AD15 (,11.15) 1 Vee 43 
A16/S3 68 VSS 26 TMR INO 20 
A17/S4 67 VSS 60 TMR IN 1 21 
A18/S5 66 TMROUTO 22 
A19/S6 65 TMROUT1 23 

DRQO 18 
DRQ1 19 

NOTE: 
Pin names in parentheses apply to the 80e188XL. 

Table 5. LCC/PGA/PLCC Pin Locations with Pin Names 

1 AD15 (A15) 18 DRQO 35 MCS3/NPS 52 SO 
2 AD7 19 DRQ1 36 MCS2 53 S1 
3 AD14 (A14) 20 TMR IN 0 37 MCS1/ERROR 54 52 
4 AD6 21 TMR IN 1 38 MCSO/PEREQ 55 ARDY 
5 AD13 (A13) 22 TMROUTO 39 DEN 56 CLKOUT 
6 AD5 23 TMR OUT 1 40 DT/R 57 RESET 
7 AD12 (A12) 24 RES 41 INT3/II'IiTA1 58 X2 
8 AD4 25 PCSO 42 I NT211NTAO 59 X1 
9 Vee 26 VSS 43 Vee 60 VSS 

10 AD11 (A11) 27 PCS1 44 INT1/SELECT 61 ALE/QSO 
11 AD3 28 PCS2 45 INTO 62 RD/QSMD 
12 AD10 (A10) 29 PCS3 46 NMI 63 WR/QS1 
13 AD2 30 PCS4 47 TEST/BUSY 64 BHE (RFSH) 
14 AD9 (A9) 31 PCS5/A1 48 LOCK 65 A19/S2 
15 AD1 32 PCS6/A2 49 SRDY 66 A18/S3 
16 AD8 (A8) 33 LCS 50 HOLD 67 A17/S4 
17 ADO 34 UCS 51 HLDA 68 A16/S3 

NOTE: 
Pin names in parentheses apply to the 80e188XL. 
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Table 6. QFP Pin Functions with Location 

AD Bus Bus Control Processor Control 1/0 

ADO 64 ALE/OSO 10 RES 55 UCS 45 
AD1 66 BHE (RFSH) 7 RESET 18 LCS 46 
AD2 68 SO 23 X1 16 
AD3 70 S1 22 X2 17 MCSO/PEREO 39 
AD4 74 S2 21 CLKOUT 19 MCS1/ERROR 40 
AD5 76 RD/OSMD 9 TEST/BUSY 29 MCS2 41 
AD6 78 WR/OS1 8 NMI 30 MCS3/NPS 42 
AD7 ·80 ARDY 20 INTO 31 
AD8 (A8) 65 SRDY , 27 INT1/SELECT 32 PCSO 54 
AD9 (A9) 67 DEN 38 INT2/1NTAO 35 PCS1 52 
AD10 (A10) 69 DT/R 37 INT311NTA1 36 PCS2 51 
AD11 (A11) 71 LOCK 28 PCS3 50 
AD12 (A12) 75 
AD13 (A13) 77 

HOLD 26 
HLDA 25 Power and Ground 

PCS4 49 
PCS5/A1 48 

AD14 (A14) 79 Vee 33 PCS6/A2 47 
AD15 (A15) 1 
A16/S3 3 No Connection 

Vee 34 

Vee 72 TMR IN 0 59 
A17/S4 4 N.C. 2 Vee 73 TMR IN 1 58 
A18/S5 5 N.C. 11 Vss 12 TMROUTO 57 
A19/S6 6 N.C. 14 Vss 13 TMR OUT 1 56 

N.C. 15 Vss 53 
N.C. 24 DROO 61 
N.C. 43 DR01 60 
N.C. 44 
N.C. 62 
N.C. 63 

NOTE: 
Pin names in parentheses apply to the 80e188XL. 

Table 7. QFP Pin Locations with Pin Names 

1 AD15 (A15) 21 S2 41 MCS2 61 DROO 
2 N.C. 22 S1 42 MCS3INPS 62 N.C. 
3 A16/S3 23 SO 43 N.C. 63 N.C. 
4 A17/S4 24 N.C. 44 N.C. 64 ADO 
5 A18/S5 25 HLDA 45 UCS 65 AD8 (A8) 
6 A19/S6 26 HOLD 46 LCS 66 AD1 
7 BHE/(RFSH) 27 SRDY 47 PCS6/A2 67 AD9 (A9) 
8 WR/OS1 28 LOCK 48 PCS5/A1 68 AD2 
9 RD/OSMD 29 TEST/BUSY 49 PCS4 69 AD10 (A10) 

10 ALE/OSO 30 NMI 50 PCS3 70 AD3 
11 N.C. 31 INTO 51 PCS2 71 AD11 (A11) 
12 Vss 32 INT1/SELECT 52 PCS1 72 Vee 
13 Vss 33 Vee 53 VSS 73 Vee 
14 N.C. 34 Vee 54 PCSO 74 AD4 
15 N.C. 35 INT2/1NTAO 55 RES 75 AD12 (A12) 
16 X1 36 INT311NTA1 56 TMR OUT 1 76 AD5 
17 X2 37 DT/R 57 TMR aUTO 77 AD13 (A13) 
18 RESET 38 DEN 58 TMR IN 1 78 AD6 
19 CLKOUT 39 MCSO/PEREO 59 TMR IN 0 79 AD14 (A14) 
20 ARDY 40 MCS1/ERROR 60 DR01 80 AD7 

NOTE: 
Pin names in parentheses apply to the 80e188XL. 
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Table 8. SQFP Pin Functions with Location 

AD Bus Bus Control Processor Control I/O 

ADO 1 ALE/QSO 29 RES 73 UCS 62 
AD1 3 BHE (RFSH) 26 RESET 34 LCS 63 
AD2 6 SO 40 X1 32 
AD3 8 S1 39 X2 33 MCSO/PEREQ 57 
AD4 12 S2 38 CLKOUT 36 MCS1/ERROR 58 
AD5 14 RD/QSMD 28 TEST/BUSY 46 MCS2 59 
AD6 16 WR/QS1 27 NMI 47 MCS3/NPS 60 
AD7 18 ARDY 37 INTO 48 
AD8 (A8) '2 SRDY 44 INT1/SELECT 49 PCSO 71 
AD9 (A9) 5 DEN 56 INT2/INTAO 52 PCS1 69 
AD10 (A10) 7 DT/R 54 INT3/INTA1 53 PCS2 68 
AD11 (A11) 9 LOCK 45 PCS3 67 
AD12 (A12) 13 
AD13 (A13) 15 

HOLD 43 
HLDA 42 Power and Ground 

PCS4 66 
PCS5/A1 65 

AD14 (A14) 17 Vee 10 PCS6/A2 64 
AD15 (A15) 19 
A16/S3 21 No Connection 

Vee 11 
Vee 20 TMR IN 0 77 

A17/S4 22 N.C. 4 Vee 50 TMR IN 1 76 
A18/S5 23 N,C. 25 Vee 51 TMR OUTO 75 
A19/S6 24 N.C. 35 Vee 61 TMROUT1 74 

N.C. 55 VSS 30 
N.C. 72 VSS 31 DRQO 79 

VSS 41 DRQ1 78 
VSS 70 
VSS 80 

NOTE: 
Pin names in parentheses apply to the 80e188XL. 

Table 9. SQFP Pin Locations with Pin Names 

1 ADO 21 A16/S3 41 VSS 61 Vee 
2 AD8 (A8) 22 A17/S4 42 HLDA 62 UCS 
3 AD1 23 , A18/S5 43 HOLD 63 LCS 
4 N.C. 24 A19/S6 44 SRDY 64 PCS6/A2 
5 AD9(A9) 25 N.C. 45 LOCK 65 PCS5/A1 
6 AD2 26 BHE (RFSH) 46 TEST/BUSY 66 PCS4 
7 AD10 (A10) 27 WR/QS1 47 NMI 67 PCS3 
8 AD3 28 RD/QSMD 48 INTO 68 PCS2 
9 AD11 (A11) 29 ALE/QSO 49 INT1/SELECT 69 PCS1 

10 Vee 30 VSS 50 Vee 70 VSS 
11 Vee 31 VSS 51 Vee 71 PCSO 
12 AD4 32 X1 52 INT2/INTAO 72 N.C. 
13 AD12 (A12) 33 X2 53 INT3/INTA1 73 RES 
14 AD5 34 RESET 54 DT/R 74 TMROUT 1 
15 AD13 (A13) 35 N.C. 55 N.C. 75 TMROUTO 
16 AD6 36 CLKOUT 56 DEN 76 TMR IN 1 
17 AD14 (A14) 37 ARDY 57 MCSO/PEREQ 77 TMR IN 0 
18 AD7 38 S2 58 MCS1/ERROR 78 DRQ1 
19 AD15 (A15) 39 S1 59 MCS2 79 DRQO 
20 Vee 40 SO 60 MCS3/NPS 80 VSS 

NOTE: 
Pin names in parentheses apply to the 80e188XL. 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings* 

Ambient Temperature under Bias .... O°C to + 70°C 

Storage Temperature .......... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground ............ -1.0V to + 7.0V 

Package Power Dissipation ................... 1W 
Not to exceed the maximum allowable die tempera
ture based on thermal resistance of the package. 

80C186XL/80C188XL 

NOTICE: This data sheet contains preliminary infor
mation on new products in production. The specifica
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

NOTICE: The specifications are subject to change 
without notice. 

DC SPECIFICATIONS TA = O°Cto + 70°C, Vee = 5V ±10% 

Symbol Parameter Min Max Units Test Conditions 

Vil Input Low Voltage -0.5 0.2 Vee - 0.3 V 
(ExceptX1) 

Vill Clock Input Low -0.5 0.6 V 
Voltage (X1) 

VIH Input High Voltage 0.2 Vee + 0.9 Vee + 0.5 V 
(All except X1 and RES) 

VIHl Input High Voltage (RES) 3.0 Vee + 0.5 V 

VIH2 Clock Input High 3.9 Vee + 0.5 V 
Voltage (X1) 

VOL Output Low Voltage 0.45 V IOl = 2.5 mA (SO, 1, 2) 
IOl = 2.0 mA (others) 

VOH Output High Voltage 2.4 Vee V IOH = - 2.4 mA @ 2.4V (4) 

Vee - 0.5 Vee V IOH = -200 /LA @Vee -0.5(4) 

lee Power Supply Current 100 mA @ 25 MHz, O°C 
Vee = 5.5V(3) 

90 mA @ 20 MHz, O°C 
Vee = 5.5V(3) 

62.5 mA @ 12 MHz, O°C 
Vee = 5.5V (3) 

100 p.A @ DCO°C 
Vee = 5.5V 

III Input Leakage Current ±10· p.A @0.5MHz, 
0.45V s: VIN s: Vee 

ILO Output Leakage Current ±10 p.A @0.5MHz, 
0.45V s: Your s: Vec!l) 

Velo Clock Output Low 0.45 V lelO = 4.6mA 
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DC SPECIFICATIONS (Continued) TA "" O·Cto +70·C, Vcc = 5V ±10% 

Symbol Parameter Min Max Units Test Conditions 

VCHO Clock Output High Vcc - 0.5 V ICHO = - 500 poA 

CIN Input Capacitance 10 pF @ 1 MHz(2) 

CIO Output or I/O Capacitance 20 pF @ 1 MHz(2) 

NOTES: 
1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) VIN at + 5.0V or 0.45V. This 
parameter is not tested. 
3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open. 
4. RD/QSMD, UCS, LCS, MCSO/PEREQ, MCS1/ERROR and TEST/BUSY pins have internal pullup devices. Loading some 
of these pins above IOH = - 200 ",A can cause the processor to go into alternative modes of operation. See the section on 
Local Bus Controller and Reset for details. . 

Power Supply Current 

Current is linearly proportional to clock frequency 
and is measured with the device in RESET with X1 
and X2 driven and a" other non-power pins open. 

Maximum current is given by Icc = 5 rnA x freq. 
(MHz) + IQL. 

IQL is the quiescent leakage current when the clock 
is static. IQL is typically less than 100 poA. 
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80C186XL/80C188XL 

AC SPECIFICATIONS 

MAJOR CYCLE TIMINGS (READ CYCLE) 
TA = O·Cto +70·C, Vcc = 5V ±10% 
All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input VIL = 0.45V and VIH = 2.4V except at X1 where VIH = VCC- 0.5V. 

Values 

Symbol Parameter 80C186XL25 80C186XL20 80C186XL 12 

Min Max Min Max Min Max 

80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

TOVCL Data in Setup (AID) B 10 15 

TCLOX Data in Hold (AID) 3 3 3 

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TCHSV Status Active Delay 3 20 3 25 3 35 

TCLSH Status Inactive Delay 3 20 3 25 3 35 

TCLAV Address Valid Delay 3 20 3 27 3 36 

TCLAX Address Hold 0 0 0 

TCLOV Data Valid Delay 3 20 3 27 3 36 

TCHOX Status Hold Time 10 10 10 

TCHLH ALE Active Delay 20 20 25 

hHLL ALE Width TCLCL - 15 TCLCL - 15 TCLCL - 15 

TCHLL ALE Inactive Delay 20 20 25 

TAVLL Address Valid to ALE Low TCLCH - 10 TCLCH - 10 TCLCH - 15 

TLLAX Address Hold from ALE TCHCL - B TCHCL - 10 TCHCL - 15 
Inactive 

TAVCH Address Valid to Clock High 0 0 0 

TCLAZ Address Float Delay TCLAX 20 TCLAX 20 TCLAX 25 

TCLCSV Chip-Select Active Delay 3 20 3 25 3 33 

Tcxcsx Chip-Select Hold from TCLCH - 10 TCLCH - 10 TCLCH - 10 
Command Inactive 

TCHCSX Chip-Select Inactive Delay 3 17 3 20 3 30 

TOXOL DEN Inactive to DT fR Low 0 0 0 

TcVCTV Control Active Delay 1 3 17 3 22 3 37 

TCVOEX DEN Inactive Delay 3 17 3 22 3 37 

TCHCTV Control Active Delay 2 3 20 3 22 3 37 

TCLLV LOCK Validllnvalid Delay 3 17 3 22 3 37 

Unit 
Test 

Conditions 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns Equal 
Loading 

ns Equal 
Loading 

ns 

ns 

ns 

ns Equal 
Loading 

ns 

ns Equal 
Loading 

ns 

ns 

ns 

ns 
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80C186XL/80C188XL 

AC SPECIFICATIONS (Continued) 

MAJOR CYCLE TIMINGS (READ CYCLE) (Continued) 
TA = O·C to +70·C, Vcc = 5V ±10% 
All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input VIL = 0.45V and VIH = 2.4V except at X1 where VIH = VCC - 0.5V. 

Values 

Symbol Parameter 80C186XL25 80C186XL20 80C186XL12 

Min Max Min Max Min Max 

80C18EiXL TIMING RESPONSES (Read Cycle) 

TAZRL Address Float 0 0 0 
to RDActive 

TCLRL RD Active Delay 3 20 3. 27 3 37 

TRLRH RD Pulse Width 2TcLCL - 15 2TCLCL -:- 20 2TCLCL - 25 

TCLRH RD Inactive Delay 3 20 3 27 3 37 

TRHLH RD Inactive TCLCH - 14 TCLCH - 14 TCLCH - 14 
to ALE High 

TRHAV RD Inactive to TCLCL - 15 TCLCL - 15 TCLCL - 15 
Address Active 
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Unit 
Test 

Conditions 

ns 

ns 

ns 

ns 

ns Equal 
Loading 

ns Equal 
Loading 



80C186XL/80C188XL 

AC SPECIFICATIONS (Continued) 

MAJOR CYCLE TIMINGS (WRITE CYCLE) 
TA = O·C to +70·C, VCC = 5V ±10% 
All timings are measured at 1.5V and 50pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input VIL = 0.45V and VIH = 2.4V except at X1 where VIH = VCC - 0.5V. 

Values 

Symbol Parameter 80C186XL25 80C186XL20 80C186XL12 

Min Max Min Max Min Max 

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TCHSV Status Active Delay 3 20 3 25 3 35 

TCLSH Status Inactive Delay 3 20 3 25 3 35 

TCLAV Address Valid Delay 3 20 3 27 3 36 

TCLAX Address Hold 0 0 0 

TCLDV Data Valid Delay 3 20 3 27 3 36 

TCHDX Status Hold Time 10 10 10 

TCHLH ALE Active Delay 20 20 25 

TLHLL ALE Width TCLCL - 15 TCLCL - 15 TCLCL - 15 

TCHLL ALE Inactive Delay 20 20 25 

TAVLL Address Valid to ALE Low TCLCH - 10 TCLCH - 10 TCLCH - 15 

TLLAX Address Hold from ALE TCHCL - 10 TCHCL - 10 TCHCL - 15 
Inactive 

TAVCH Address Valid to Clock High 0 0 0 

TCLDOX Data Hold Time 3 3 3 

TcVCTV Control Active Delay 1 3 20 3 ?5 3 37 

TCVCTX Control Inactive Delay 3 17 3 25 3 37 

TCLCSV Chip-Select Active Delay 3 20 3 25 3 33 

Tcxcsx Chip-Select Hold from TCLCH - 10 TCLCH - 10 TCLCH - 10 
Command Inactive 

TCHCSX Chip-Select Inactive Delay 3 17 3 20 .. 3 30 

TDXDL DEN Inactive to DT /R Low 0 0 0 

TCLLV LOCK Valid/Invalid Delay 3 17 3 22 3 37 

80C186XL TIMING RESPONSES (Write Cycle) 

TWLWH WR Pulse Width 2TCLCL - 15 2TCLCL - 20 2TCLCL - 25 

TWHLH WR Inactive to ALE High TCLCH - 14 TCLCH - 14 TCLCH - 14 

TWHDX Data Hold after WR TCLCL - 10 TCLCL - 15 TCLCL - 20 

TWHDEX WR Inactive to DEN Inactive TCLCH - 10 TCLCH - 10 TCLCH - 10 

Unit 
Test . 

Conditions 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns Equal 
Loading 

ns Equal 
Loading 

ns 

ns 

ns 

ns 

ns 

ns Equal 
Loading 

ns 

ns Equal 
Loading 

ns 

ns 

ns Equal 
Loading 

ns Equal 
Loading 

ns Equal 
Loading 
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80C186XL/80C188XL 

AC SPECIFICATIONS (Continued) 

MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE) 
TA = O·C to +70·C, VCC = 5V ±10% 
All timings are measured 'at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input VIL = 0.45V and VIH = 2.4V except at X1 where VIH = VCC - 0.5V. 

Values 

Symbol Parameter 80C186XL25 80C186XL20 80C186XL12 

Min Max Min Max Min Max 

80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

TDVCL Data in Setup (AID) 8 10 15 

TCLDX Data in Hold (AID) 3 3 3 

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TCHSV Status Active Delay 3 20 3 25 3 35 

TCLSH Status Inactive Delay 3 20 3 25 3 35 

TCLAV Address Valid Delay 3 20 3 27 3 36 

TAVCH Address Valid to Clock High 0 0 0 

TCLAX Address Hold 0 0 0 

TCLDV Data Valid Delay 3 20 3 27 3 36 

TCHDX Status Hold Time 10 10 10 

TCHLH ALE Active Delay 20 20 25 

TLHLL ALE Width TCLCL - 15 TCLCL - 15 TCLCL - 15 

TCHLL ALE Inactive Delay 20 20 25 

TAVLL Address Valid to ALE Low TCLCH - 10 TCLCH - 10 TCLCH - 15 

TLLAX Address Hold to ALE TCHCL - 10 TCHCL -10 TCHCl- 15 
Inactive 

TCLAZ Address Float Delay TCLAX 20 TCLAX 20 TCLAX 25 

TcVCTV Control Active Delay 1 3 17 3 25 3 37 

TCVCTX Control Inactive Delay 3 17 3 25 3' 37 

TDXDL DEN Inactive to DT IA Low 0 0 0 

TCHCTV Control Active Delay 2 3 20 3 22 3 37 

TCVDEX DEN Inactive Delay 3 17 3 22 3 37 
(Non-Write Cycles) 

TCLLV LOCK Valid/!nvalid Delay 3 17 3 22 3 37 
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Unit 
Test 

Conditions 

ns 

ns 

ns 

·ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns Equal 
Loading 

ns Equal 
Loading 

ns 

ns 

ns 

ns Equal 
Loading 

ns 

ns 

ns 



80C186XL/80C188XL 

AC SPECIFICATIONS (Continued) 

SOFTWARE HALT CYCLE TIMINGS 
TA = O·Cto +70·C, VCC = 5V ±10% 
All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input VIL = 0.45V and VIH = 2.4V except at X1 where VIH = VCC - 0.5V. 

Values 

Symbol Parameter 80C186XL25 80C186XL20 80C186XL12 

Min Max Min Max Min Max 

80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

TCHSV Status Active Delay 3 20 3 25 3 35 

TCLSH Status Inactive Delay .3 20 3 25 3 35 

TCLAV Address Valid Delay 3 20 3 27 3 36 

TCHLH ALE Active Delay 20 20 25 

TLHLL ALE Width TCLCL - 15 TCLCL - 15 TCLCL - 15 

TCHLL ALE Inactive Delay 20 20 25 

TOXOL DEN Inactive to DT fR Low 0 0 0 

TCHCTV Control Active Delay 2 3 20 3 22 3 37 

Unit 
Test 

Conditions 

ns 

ns 

ns 

ns 

ns 

ns 

ns Equal 
Loading 

ns 
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80C186XL/80C188XL 

AC SPECIFICATIONS (Continued) 

CLOCK TIMINGS 
TA = O·C to +70·C, VCC = 5V ±1Q% 
All timings are measured at 1.5V and 50 pF loading on ClKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input VIL = 0.45V and VIH = 2.4V except at X1 where VIH = Vcc - 0.5V. 

Values 

Symbol Parameter 80C186Xl25 80C186Xl20 80C186Xl12 Unit 

Min Max Min Max Min Max 

80C186Xl ClKIN REQUIREMENTS(1) 

TCKIN ClKIN Period 20 00 25 00 40 00 ns 

TCLCK ClKIN low Time 8 00 10 00 16 00 ns 

TCHCK ClKIN High Time 8 00 10 00 16 00 ns 

TCKHL ClKIN Fall Time 5 5 5 ns 

TCKLH ClKIN Rise Time 5 5 5 ns 

80C186Xl ClKOUT TIMING 

TCICO ClKINto 17 17 21 ns 
ClKOUTSkew 

TCLCL ClKOUT Period 40 00 50 80 00 ns 

TCLCH ClKOUT 0.5 TCLCL - 5 0.5 TCLCL - 5 0.5 TCLCL - 5 ns 
low Time 

TCHCL ClKOUT 0.5 TCLCL - 5 0.5 TCLCL - 5 0.5 TCLCL - 5 ns 
High Time 

TCH1CH2 ClKOUT 6 8 10 ns 
Rise Time 

TCL2CL1 ClKOUT 6 8 10 ns 
Fall Time 

NOTES: 
1. External clock applied to X1 and X2 not connected. 
2. T CLCK and T CHCK (CLKIN Low and High times) should not have a duration less than 40% of T CKIN. 
3. Tested under worst case conditions: VCC = 5.5V. T A = 70·C. 
4. Tested under worst case conditions: Vee = 4.5V. T A = O·C. 
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Test 
Conditions 

1.5V(2) 

1.5V(2) 

3.5 to 1.0V 

1.0 to 3.5V 

CL = 100 pF(3) 

CL = 100 pF(4) 

1.0 to 3.5V 

3.5 to 1.0V 



80C186XL/80C188XL 

AC SPECIFICATIONS (Continued) 

READY, PERIPHERAL AND QUEUE STATUS TIMINGS 
TA = O°C to + 70°C, VCC = 5V ±10% 
All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input VIL = 0.45V and VIH = 2.4V except at X1 where VIH = VCC - 0.5V. 

Values 

Symbol Parameter 80C186XL25 80C186XL20 80C186XL12 

Min Max Min Max Min Max 

Unit 

80C186XL READY AND PERIPHERAL TIMING REQUIREMENTS (Listed More Than Once) 

TSRYCL Synchronous Ready (SRDY) 8 10 15 ns 
Transition Setup Time(1) 

TCLSRY SRDY Transition Hold Time(1) 8 10 15 ns 

TARYCH ARDY Resolution Transition 8 10 15 ns 
Setup Time(2) 

TCLARX ARDY Active Hold Time(1) 8 10 15 ns 

TARYCHL ARDY Inactive HoldingTime 8 10 15 ns 

TARYLCL Asynchronous Ready 10 15 25 ns 
(ARDY) Setup Time(1) 

TINVCH INTx, NMI, TEST/BUSY, 8 10 15 ns 
TMR IN Setup Time(2) 

TINVCL DRQO, DRQ1 Setup Time(2) 8 10 15 ns 

80C186XL PERIPHERAL AND QUEUE STATUS TIMING RESPONSES 

TCLTMV Timer Output Delay 17 22 33 ns 

TCHQSV Queue Status Delay 22 27 32 ns 

NOTES: 
1. To guarantee proper operation. 
2. To guarantee recognition at clock edge. 

Test 
Conditions 
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80C186XL/80C188XL 

AC SPECIFICATIONS (Continued) 

RESET AND HOLD/HLDA TIMINGS 
TA = O·C to +70·C, VCC = 5V ±10% 
All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with Cl = 50 pF. 
For AC tests, input Vil = 0.45V and VIH = 2.4V except at X1 where VIH = VCC - 0.5V. 

Values 

Symbol Parameter 80C186XL25 80C186XL20 80C186XL12 

Min Max Min Max Min Max 

80C186XL RESET AND HOLD/HLDA TIMING REQUIREMENTS 

TRESIN RES Setup . 15 15 15 

THVCl HOLD Setup(l) 8 10 15 

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TCLAZ Address Float Delay TCLAX 20 TCLAX 20 TCLAX 25 

TCLAV Address Valid Delay 3 20 3 22 3 36 

80C186XL RESET AND HOLD/HLDA TIMING RESPONSES 

TClRO Reset Delay 17 22 33 

TClHAV HLDA Valid Delay 3 17 3 22 3 33 

TCHCZ Command Lines Float Delay 22 25 33 

TCHCV Command Lines Valid Delay 20 26 36 
(after Float) 

NOTE: 
1. To guarantee recognition at next clock. 
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Unit 
Test 

Conditions 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



AC SPECIFICATIONS (Continued) 

CLKOUT v-- V-- V--
~ f\....--.J '----.J 

52-SO 

SHE (RFSH), 
A19/S6 - A16/S3 

(A19 - AS) 

ALE 

TC 

AD15 -ADO 
(AD7 - ADO) 

RD 

LCS, MCS, UCS, 

PCS, NPS(Note 2) 

DEN 

DT/R 

LOCK 

NOTES: 

-+ I+- TCHSV -+ 

l-. STATUS 

TClAV....j I+- .:!I ~:ClDV 
~TClAX 

SHE, A19-A16 

I+-- r-TLHlL ~ .. ... TJx 

1 

HlH-+ ~ 1-+ .... TCHLL J 
TAVLl I+-~ ...... ~TCLAZ . 

A15-AO 

TAVCH-+ I+- f+ ~ TAZRL 

TCLCSV-+ 
I+- TCLRL 

TCVCTV ...... .... 
A 

,~ +-:r DXDL (Note 3) 

'I 

-+I + TCHCTV 

TCLLV -+ ~ 

I 

1. Status inactive in state preceding T 4. 

80C186XL/80C188XL 

~~ 
Ir----' 

'--

IIIII J \ 
I I 

TCHDX -+ .... 
SHE,S6-S3 

y 

T DVCL ...... ;::! ~T 
~LDX Ir" 

DATA 

~:.:.l/ TRHLH ,~ 

+-TRHAV-~ 
I 

TRLRH 
TCLRH-+ .... 

Tcxcsx 

TCVDEX -+ ~ I .... TCHCSX 

I 

T CHCTV (Note 5) -+ I:j 
TCllV (Note 4) ~ 

I 
~.' 

272431-10 

2. If latched A1 and A2 are selected instead of PCSS and PCS6, only T ClCSV is applicable. 
3. For write cycle followed by read cycle. 
4. T 1 of next bus cycle. 
5. Changes in T-state preceding next bus cycle if followed by write. 
Pin names in parentheses apply to the 80C188XL. 

Figure 6. Read Cycle Waveforms 
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80C186XL/80C188XL 

AC SPECIFICATIONS (Continued) 

CLKOUT 

52-SO 

ALE 

AD15-ADO ----~--~~I~~~~~L~----------------~~~~--~,Ir

(/lD7 - ADO) --..---.....,.-JI'".....,...--t--JI'----------,---r--r--,----r--'I'-

WR 

LCS, MCS, UCS, --
PCS, NPS(Note 2) , 

DEN 

DT/R 

NOTES: 
1. Status inactive in state preceding T 4. 
2. If latched A1 and A2 are selected instead of PCS5 and PCSS, only T CLCSV is applicable. 
3. For write cycle followed by read cycle. 
4. T 1 of next bus cycle. 
5. Changes in T-state preceding next bus cycle if followed by read, INTA, or halt. 
Pin names in parentheses apply to the 80C188XL. 

Figure 7. Write Cycle Waveforms 
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80C186XL/80C188XL 

AC SPECIFICATIONS (Continued) 

T 
3 Tw 

CLKOUT 

52·50 

BHE (RFSH). --..I..----L ____ �,..."~,...,,,:~""'\I.,~=:.:...........,,=_==----I.---'-""'Ir---
A19/56· A16/53 BHE (RFSH). 56·53 

(A19 - AS) --r---.-..JI'""""T'--~I'---,----";""---'---r--~I'----

ALE 

AD15·ADO 
(AD7 • ADO) ---.-----r.....J 

DEN 

T CVCTV (Note 3) 

TCVCTV 

272431-12 

NOTE5: 
1. Status inactive in state preceding T 4. 
2. The data hold time lasts only untillNTA goes inactive. even if the INTA transition occurs prior to TCLDX (min). 
3. INTA occurs one clock later in Slave Mode. 
4. For write cycle followed by interrupt acknowledge cycle. 
5. LOCK is active upon T 1 of the first interrupt acknowledge cycle and inactive upon T 2 of the second interrupt acknowl· 
edge cycle. ' 
6. Changes in T·state preceding next bus cycle if followed by write. 
Pin names in parentheses apply to the 80C188XL. 

Figure 8. Interrupt Acknowledge Cycle Waveforms 
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80C186XL/80C188XL 

AC SPECIFICATIONS (Continued) 

CLKOUT 

A19/S6·A16/S3 (A19 - AS), 
AD15·ADO (AD7 • ADO) 

ALE 

DT/R 

NOTE: 
1. For write cycle followed by halt cycle. 

DXDL<Note 1) 

Pin names in parentheses apply to the 80C188XL. 

INVALID ADDRESS 

Figure 9. Software Halt Cycle Waveforms 
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80C186XL/80C188XL 

WAVEFORMS 

CLKOUT 

272431-14 

Figure 10. Clock Waveforms 

CLKOUT 

RESET 
------------------------~JI 

272431-15 

Figure 11. Reset Waveforms 

CLKOUT 

SRDY 

272431-16 

Figure 12. Synchronous Ready (SRDY) Waveforms 
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80C186XL/80C188XL 

AC CHARACTERISTICS· 

CLKOUT 

ARDY 
(Normally Not 
Ready System) 

(Normally Ready 
ARDY { 

System) --------------:"""'\.I 

Figure 13. Asynchronous Ready (ARDY) Waveforms 

272431-23 

CLKOUT~~ 
TES~";:;:"~~ ~~ 

DRQO,DRQ1 . . T"=~ ~ ::l-'---I ---,--I _. _ 

TCLTMV 
----------------~---;l~~I~~--------------

TIMEROUT 
l 

QSO,QS1 

272431-17 

Figure 14. Peripheral and Queue Status Waveforms 
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80C186XL/80C188XL 

AC CHARACTERISTICS (Continued) 

Ti Ti 

CLKOUT 

HOLD 

HLDA 

AD15 - ADO (AD7 -ADO),--------Ir-------"----l-""'\ 
DEN r--------~---

A19/56 - A16/53 (A19 - AS), 
RD, WR, BHE (RFSH),-....;.,:.------~ 

DTiR,52 - SO, )--__ ----,---J 
T CHCZ 

LOCK 
272431-24 

Figure 15. HOLDAlHLDA Waveforms (Entering Hold) 

CLKOUT 

HOLD 

HLDA 

AD15-ADO (AD7 -ADO), -------------jr------+---+--{ DEN ,'--____ _ 
TCHCV 1+-.-

A19/56 - A16/53 (A19-AS), 

RD, WR, BHE (RFSH),---------------411t----r-{V 
DTiFi,52 - SO, ~'----------

LOCK 

272431-18 

Figure 16. HOLD/HLDA Waveforms (Leaving Hold) 
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80C186XL/80C188XL 

EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has from 5 to 7 characters. The first character is always a 'T' (stands for time). The other 
characters, depending on their positions,. stand for the name of a signal or the logical status of that signal. The 
following is a list of all the characters and what they stand for. 

A: Address 

ARY: Asynchronous Ready Input 

C: Clock Output 

CK: Clock Input 

CS: Chip Select 

CT: Control (DT IR, DEN, ... ) 

0: Data Input 

DE: DEN 

H: Logic Level High 

OUT: Input (DROO, TIMO, ... ) 

L: Logic Level Low or ALE 

0: Output 

OS: Oueue Status (OS1, OS2) 

R: RD Signal, RESET Signal 

S: Status (SO, S1, S2) 

SRY: Synchronous Ready Input 

V: Valid 

W: WR Signal 

X: No Longer a Valid Logic Level 

Z: Float 

Examples: 

TCLAV - Time from Clock low to Address valid 

T CHlH - Time from Clock high to ALE high 

T ClCSV - Time from Clock low to Chip Select valid 
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80C186XL/80C188XL 

DERATING CURVES 

Typical Output Delay Capacitive Derating 

on 

B 

7 

6 

5 

..5 4 

3 

2 

o 

x = h:9h-t~-IOW 
r- 0 = low-to-high 

/. 
// 

/~ 
~ 

50 75 100 125 150 175 

Capacitive Load (pF) 

Figure 17. Capacitive Derating Curve 

272431-19 

Typical Rise and Fall Times for TTL Voltage Levels 

on 

B 

7 

6 

5 

..5 4 

3 

2 

o 

_ X= iv to ~.BV 
0= O.BV to 2V 

..,.....-4 

/ 
.,...,..-' ---: ~ ~ 

a-
~ 
~ 

.-

50 75 100 125 150 175 

Capacitive Load (pFl 
272431-20 

Figure 18. TTL Level Rise and Fall Times for Output Buffers 

Typical Rise and Fall Times for CMOS Voltage Levels 

on 

16 

14 

12 

10 

..5 B 

6 

4 

2 

o 

V 
./ ~ 

./ ".. ~ 

V ,-l ........ 
V 

x = 3.5V to 0.4V 
0= 0.4V to 3.5V 

I I· I 

50 75 100 ·125 150 175 

Capacitive Load (pF) 
272431-21 

Figure 19. CMOS Level Rise and Fall Times for Output Buffers 
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80C186XL/80C188XL 

80C186XL/80C188XL EXPRESS 

The Intel EXPRESS system offers enhancements to 
the operational specifications of the 80C18SXL mi
croprocessor. EXPRESS products are designed to 
meet the needs of those applications whose operat
ing requirements exceed commercial standards. 

\ 

The 80C18SXL EXPRESS program includes an' ex
tended temperature range. With the commercial 
standard temperature .range, operational character
istics are guaranteed over the temperature range of 
O·C to + 70·C. With the extended temperature range 
option, operational characteristics are guaranteed 
over the range of -40·C to + 8S·C. 

Package types and EXPRESS versions are identified 
by a one or two-letter prefix to the part number. The 
prefixes are listed in Table 10. All AC and DC specifi
cations not mentioned in this section are the same 
for both commercial and EXPRESS parts. 

Table 10. Prefix Identification 

Prefix 
Package Temperature 

Type Range 

A PGA Commercial 

N PLCC Commercial 

R LCC Commercial 

S OFP Commercial 

SB SOFP Commercial 

TA PGA Extended 

'TN PLCC Extended 

TR LCC Extended 

TS OFP Extended 
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80C186XL/80C188XL EXECUTION 
TIMINGS 

A determination of program execution timing must 
consider the bus cycles necessary to prefetch in
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol
lowing instruction timings represent the minimum ex
ecution time in clock cycles for each instruction. The 
timings given are based on the following assump
tions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

• All word-data is located on even-address bound
aries (80C18SXL only). 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (BIU) and exe
cution unit. 

With a 1S-bit BIU, the 80C18SXL has sufficient bus 
performance to ensure that an adequate number of 
prefetched bytes will reside in the queue (S bytes) 
most of the time. Therefore, actual program execu
tion time will not be substantially greater than that 
derived from adding the instruction timings shown. 

The 80C188XL 8-bit BIU is limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time will be substantially greater 
than that derived from adding the instruction timings 
shown. 



80C186XL/80C188XL 

INSTRUCTION SET SUMMARY 
80C186XL 80C188XL 

Function Format Clock Clock Comments 
Cycles Cycles 

DATA TRANSFER 
MOV ~ Move: 

Register to Register/Memory 1000100w mad rag rIm 2/12 2/12' 

Register/memory to register 1000101w mad rag rIm 2/9 2/9' 

Immediate to register Imemory 1100011 w mad 000 rIm data I datalfw~1 I 12/13 12/13 al16·bit 

Immediate to register 1011 w reg data dataifw~1 I 3/4 3/4 a/16·bit 

Memory to accumulator 1010000w addr·low addr·high I a 8' 

Accumulator to memory 1010001w addr·low addr·high I 9 9' 

Register/memory to segment register 10001110 modO reg rIm 2/9 2/13 

Segment register ~o register/memory 10001100 modO reg rIm 2/11 2/15 

PUSH ~ Push: 

Memory I 11111111 modll0 rIm I 16 20 

Register I 01010 reg 10 14 

Segment register I 000regll0 9 13 

Immedial$ I ()11010$O data I data if $=0 I 10 14 

PUSHA .. I'u$h AD 01100DOO 36 6$ 

POP ~ Pop: 

Memory 10001111 modOOO rIm I 20 24 

Register 01011 reg 10 14 

Segment register OOOreglll (reg""OI) 8 12 

POPA =PopAti I 01100DOI 51 83 

XCHG ~ Exchange: 

Register/memory with register I 1000011w I mad rag rim I 4/17 4/17' 

Register with accumUlator I 10010reg I 3 3 

IN ~ Inpulfrom: 

Fixed port 1110010w port I 10 10' 

Variable port 1110110w 8 8' 

OUT ~ Output to: 

Fixed port 1110011 w port I 9 9' 

Variable port 1110111w 7 7' 

XLAT ~ Translate byte to AL 11010111 11 15 

LEA ~ Load EA to register 10001101 mod reg rIm I 6 6 

LOS ~ Load painter to OS 11000101 mad rag rIm I (mod""11) 18 26 

LES ~ Load painter to ES 11000100 mad rag rIm I (mod""ll) 18 26 

LAHF ~ Load AH with flags 10011111 2 2 

SAHF ~ Store AH into flags 10011110 3 3 

PUSHF ~ Push flags 10011100 9 13 

POPF ~ Pop flags 10011101 8 12 

Shaded areas indicate instructions not availabl in 8086/8088 microsystems. 

NOTE: 
·Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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80C186XL/80C188XL 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 

DATA TRANSFER (Continued) 
SEGMENT ~ Segment Override: 

CS I 00101110 I 
SS I 00110110 I 
DS I 00111110 I 
ES I 00100110 I 
ARITHMETIC 
ADD ~ Add: 

Reg/memory with register to either I OOOOOOdw I mod reg rIm I 
Immediate to registerlmemory I 100000sw I modOOO rIm [ data I 
Immediate to accumulator I 0000010w I data I dataHw~l I 
ADC ~ Add with carry: 

i Reg/memory with register to either I 000100dw modreg rIm I 
Im,mediate to register/memory I 100000sw I modO 1 0 rIm I data [ 
Immediate to accumulator I 0001010w [ data I dataifw~l I 
INC ~ Increment 

Register/memory I lll1111w [ modOOO rIm I 
Register I 01000reg I 
SUB ~ Subtrect 

Reglmemory and register to either I 001010dw [ mod reg rIm I 
Immediate from register Imemory I 100000sw [ mod 101 rIm [ data [ 
Immediate from accumulator I 0010110w I data I dataifw~l I 
SBS ~ Subtract with borrow: 

Reg/memory and register to either I oooliodw mod reg rim I 
Immediate from register/memory I 100000sw modO 11 rim [ data [ 
Immediate from accumulator I 0001110w data I dataifw~l I 
DEC ~ Decrement 

Register/memory I tll1111w modOOl rim I 
Register I 01001 reg 

CMP ~ Compare: 

Register/memory with register 0011101w mod reg rim I 
Register with register/memo;y 0011100w mod reg rim I 
Immediate with registerlmemory 100000sw modlll rim I data I 
Immediate with accumulator 0011110w data I dataifw~l I 
NEG,~ Change sign registerlmemory 1111011w modO 11 rIm I 
AAA ~ ASCII adjuslfor add 00110111 

DAA ~ Decimal adjust for add 00100111 

AAS ~ ASCII adjust for subtract 00111111 

DAS ~ Decimal adjust for subtract 00101111 

MUL ~ Multiply (unsigned): 1111011w mod 100 rim I 
Register·Byte 
Register·Word 
Memory·Byte 
Memory·Word 

Shaded areas indicate instructions not availabl.e in 8086/8088 microsystems. 

NOTE: 

BOCl86XL 80C188XL 
Clock Clock 
Cycles Cycles 

2 2 

2 2 

2 2 

2 2 

3/10 3/10' 

dataifsw~Ol I 4/16 4/16' 

3/4 3/4 

3110 3/10' 

dataHsw~Ol I 4/16 4/16' 

3/4 3/4 

3/15 3/15' 

3 3 

3/10 3/10' 

dataifsw~Ol I 4/16 4/16' 

3/4 3/4 

3/10 3/10' 

dataHsw~Ol I 4/16 4/16' 

3/4 3/4' 

3/15 3/15' 

3 3 

3/10 3/10' 

3/10 3/10' 

dataifsw~Ol I 3/10 3/10' 

3/4 3/4 

3/10 3/10' 

8 8 

4 4 

7 7 

4 4 

26-28 26-28 
35-37 35-37 
32-34 32-34 
41-43 41-43' 

'Clock cy~les shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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intel® 80C186XL/80C188XL 

INSTRUCTION SET SUMMARY (Continued) 

8OC186XL BOCI88XL 
, Function Format Clock Clock Comments 

Cycles Cycles 

ARITHMETIC (Continued) 

IMUL ~ Integer multiply (Signed): I 1 t 11 011w I mod 1 01 rIm I 
Register-Byte 25-28 25-28 
Register-Word 34-37 34-37 
Memory-Byte 31-34 32-34 
Memory-Word 40-43 40-43' 

IMUl. = Inttlger Immediate mUltiply I 011010$1 I mOcirtlg rIm I dsta I dateh-O I 22-2!$/ 22-25/ 
(sIgned) 29-32 29-32 

DIV ~ Divide (unsigned): I 1111011 w I mod 11 0 rIm I 
Register-Byte 29 29 
Register-Word 38 38 
Memory-Byte 35 35 
Memory-Word 44 44' 

IDIV ~ Integer divide (signed): I 1111011w I mod 111 rIm I 
Register-Byte 44-52 44-52 
Register-Word 53-61 53-61 
Memory-Byte 50-58 50-58 
Memory-Word 59-67 59-67' 

AAM ~ ASCII adjust for multiply I 11010100 I 00001010 I 19 19 

AAD ~ ASCII adjust for divide I 11010101 I 00001010 I 15 15 

CBW ~ Convert byte to word I 10011000 I 2 2 

CWD ~ Convert word to double word I 10011001 I 4 4 

LOGIC 
Shill/Rotate InstrucHon&: 

Register/Memory by 1 I 1101000w I mod TTT rIm I 2/15 2/15 

RegisterlMemory by CL I 1101001 w I modTTTr/m I 5+n/17+n 5+n/17+n 

I'I$gIater/Memory by Count I 1100000w I inodTTTrlm I COunt I 6+nl17+0 6+n/17+n 

TTT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 

AND ~ And: 

Reg/memory and register to either I 001000dw I mod reg rIm I 3/10 3/10' 

Immediate to register/memory I 1000000w I mod 100 rIm I data I dataifw~1 I 4/16 4/16' 

Immediate to accumulator I 0010010w I data I dataifw~1 I 3/4 3/4' 8/16-bit 

TEST ~ And function to flags, no result: 

Registerlmemory and register I 1000010w I mod reg rIm I 3/10 3/10' 

Immediate data and registerlmemory I 1111011w I modOOO rIm I data I dataifw~1 I 4/10 4/10' 

Immediate data and aCCllmulator I 1010100w I data I dataifw~1 I 3/4 3/4 8/16-bit 

OR~Or: 

Reg/memory and register to either I 000010dw I mod reg rIm I _3110 3/10' 

Immediate to register/memory I 1000000w I modOOl rIm I data I dataifw~1 I 4/16 4/16' 

Immediate to accumulator I 0000110w I data I dataifw~1 I 3/4 3/4' 8/16-bit 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 
'Clock cycles shown for byte transfers'. For word operations, add 4 clock cycles for all memory transfers. 
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80C186XL/80C188XL 

INSTRUCTION SET SUMMARY (Continued) 

80C186XL 80C188XL 
Function Format Clock Clock Comments 

Cycles Cycles 

LOGIC (Continued) 
XOR ~ Exclusive or: , 

Reg/memory and register to either I 001100dw mod reg rIm I 3/10 3/10' 

Immediate to register/memory I tOOOOOOw mod t 10 rIm I data I dataifw~1 I 4/16 4/16' 

Immediate to accumulator I 0011010w data I dataifw=1 I 3/4 3/4 8116-bit 

NOT = Invert register/memory I 1111011 w modOl0 rIm I 3/10 3/10' 

STRING MANIPULATION 

MOVS ~ Move byte/word I 1010010w 14 14' 

CMPS ~ Compare byte/word I 1010011 w 22 22' 

SCAS ~ Scan byte/word I 1010111 w 15 IS' 

LODS ~ Load byte/wd to ALI AX I 1010110w 12 12' 

STOS ~ Store byte/wd from ALI AX I 1010101 w 10 10' 

INS = Input byte/wd from OX pori I 0110110w 14 14 

OUTS ~ Output bytelwd to OX pori I 0110111w 14 14 

Repeated by count in CX (REP/REPE/REPZ/REPNE/REP Z) 

MOVS ~ Move string I 11110010 I 1010010w I 8+8n 8+8n· 

CMPS ~ Compare string I 1111001z I 1010011w I 5+22n 5+22n* 

SCAS ~ Scan string I 1111001z I 1010111w I 5+15n 5+15n· 

LODS ~ Load string I 11110010 I 1010110w I 6+11n 6+ l1n' 

STOS ~ Store string I 11110010 I 1010101 w I 6+9n 6+9n* 

INs = Input $tling I 11110010 I 0110110w I 6+81\ 8+8n' 

OUTS ~ Output strtng I ,,110010 I 0110111w I 8+8n 6+8n' 

CONTROL TRANSFER 

CALL ~ Call: 

Direct within segment I 11101000 I disp-Iow I disp-high I 15 19 

Register/memory I 11111111 I mod 0 10 rim I 13/19 17127 
indirect within segment 

Direct intersegment I 10011010 I segment offset I 23 31 

I segment selector I 
Indirect intersegment I 11111111 I modOl1 rim I (mod oF 11) 38 54 

JMP ~ Unconditional Jump: 

Short/long I 11101011 I disp-Iow I 14 14 

Direct within segment I 11101001 I disp-Iow I disp-high I 14 14 

Register/memory I 11111111 I modl00 rim I 11/17 11/21 
indirect within segment 

Direct intersegment I 11101010 I segment offset I 14 14 

I segment selector I 
Indirect intersegment I 11111111 I mod 101 rim I (mod oF 11) 26 34 

Shaded areas indicate instructions not available in 8086/8088 microsystems, 

NOTE: 
'Clock cycles shown for byte transfers. For word operations. add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 

CONTROL TRANSFER (Continued) 
RET = Return from CALL: 

Within segment 11000011 

Within seg adding immed to SP 11000010 data·low I data-high 

Intersegment 11001011 

Intersegment adding immediate to SP 11001010 data·low data-high 

JE/JZ = Jump on equal/zero 01110100 disp 

JLlJNGE = Jump on lesslnot greater or equal 01111100 disp 

JLE/JNG = Jump on less or equallnot greater 01111110 disp 

JB/JNAE = Jump on belowlnot above or equal 01110010 disp 

JBE/JNA = Jump on below or equallnot above 01110110 disp 

JP/JPE = Jump on parity/parity even I 01111010 disp 

JO = Jump on overflow 01110000 disp 

JS = Jump on sign 01111000 disp 

JNE/JNZ = Jump on not equallnot zero 01110101 disp 

JNL/JGE = Jump on notless/greater or equal 01111101 disp 

JNLE/JG = Jump on not less or equal/greater 01111111 disp 

JNB/JAE = Jump on not below/above or equal 01110011 disp 

JNBE/JA = Jump on not below or equal/above 01110111 disp 

JNP/JPO = Jump on not parlpar odd 01111011 disp 

JNO = Jump on not overflow 01110001 disp 

JNS = Jump on not sign 01111001 disp 

JCXZ = Jump on CX zero 11100011 dlsp 

LOOP = Loop CX times 11100010 disp 

LOOPZ/LOOPE = Loop while zerol equal 11100001 disp 

LOOPNZlLOOPNE = Loop while not zerol equal 11100000 disp 

~ .. EnlerPr'l)C8dur& 11001000 data-4ow eIata-hiil! 
·-0 

-1 
>t 
~ve .. ~ Procedure I 11001001 I 
tNT = Interrupt: 

Type specified I 11001101 I type I 
Type 3 I 11001100 I 
INTO = Interrupt on overflow I 11001110 I 

IRET = Interrupt return I 11001111 I 
~ .. o.teetvalue OUIofrange I 01100010 I modreg rim I . 
~haded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 

80C186XL/80C188XL 

8OC186XL 80C188XL 
Clock Clock Comments 
Cycle. Cycle. 

16 20 

I 18 22 

22 30 

I 25 33 

4/13 4/13 JMPnot 

taken/JMP 
4/13 4/13 

taken 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

5/15 5/15 

6/16 6/16 LOOP not 

taken/LOOP 
6116 6/16 

taken 

6/16 6/16 

I L I 
15 19 
25 29 

22+18(n-l) 26+20{n-1) 

8 8 

47 47 

45 45 iliNT. takenl 

48/4 48/4 
if INT. not 

taken , 

28 28 

$3-36 33-36 

·Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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80C186XL/80C188XL intel~ 
INSTRUCTION SET SUMMARY (Continued) 

aoC188XL 8OC188XL 
Function Format Clock Clock Comments 

Cycle. Cycles 

PROCESSOR CONTROL 

CLC = Clear carry 11111000 2 2 

CMC = Ccmplemenl carry 11110101 2 2 

STC = Sel carry 11111001 2 2 

CLD = Clear direction 11111100 2 2 

STO = Set direction 11111101 2 2 

CLI =, Clear interrupt 11111010 2 2 

STI = Set interrupt 11111011 2 2 

HLT = Halt 11110100 2 2 

WAIT = Wait 10011011 6 6 H'fEST = 0 I 

LOCK = Bus lock prefix 11'110000 2 2 

NOP = No Operation 10010000 3 3 

(TIT LLL are opco e to processor extension) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: , 
'Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 
if mod 11 then rim is treated as a REG field 
if mod 00 then OISP = 0·, disp-Iow and disp

if mod 

if mod 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 

high are absent 
01 then OISP = disp-Iow sign-ex
tended to 16-bits, disp-high is absent 
10 then OISP = disp-high: disp-Iow 
000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 
011 then EA = (BP) + (01) + OISP 
100 then EA = (SI) + OISP 
101 then EA= (01) + OISP 
110 thenEA = (BP) + OISP' 
111 then EA = (BX) + OISP 

OISP foHows 2nd byte of instruction (before data if 
required) 

'except if mod = 00 and rim = 110 then EA = 
disp-high: disp-Iow. 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 
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Segment Override Prefix 

1001reg101 

reg is assigned according to the following: 

Segment 
reg Register 
00 ES 
01 C5 
10 55 
11 OS 

REG is assigned according to the following table: 
16-Bit (w = 1) 8-Blt (w = 0) 

000 AX OOOAL 
001 CX 001 CL 
010 OX 0100L 
011 BX 011 BL 
1005P 100AH 
101 BP 101 CH 
11051 1100H 
111 01 111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the 55 seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the 01 register) are computed 
using the E5 segment, which may not be overridden. 



REVISION HISTORY 

This data sheet replaces the following data sheets: 
• 272031-002 80C186XL 
• 270975-002 80C188XL 
• 272309-001 S880C186XL 
• 272310-001 S880C188XL 

ERRATA 

An A or 8 step 80C186XL/80C188XL has the follow
ing errata. The A or 8· step 80C186XLl80C188XL 
can be identified by the presence of an "A" or "8" 
alpha character, respectively, next to the FPO num
ber. The FPO number location is shown in Figure 4. 

80C186XL/80C188XL 

1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistently, it is dependent on in
terrupt timing. 

The C step 80C186XL/80C188XL has no known er
rata. The C step can be identified by the presence of 
a "C" or "0" alpha character next to the FPO num
ber. The FPO number location is shown in Figure 4. 

PRODUCT IDENTIFICATION 

Intel80C186XL devices are marked with a 9-charac
ter alphanumeric Intel FPO number underneath the 
product number. This data sheet (272431-001) is 
valid for devices with an "A", "8", "C", or "0" as 
the ninth character in the FPO number, as illustrated 
in Figure 4. 
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80C186EA/80C188EA AND 80L 186EA/80L 188EA 
16-BIT HIGH-INTEGRATION EMBEDDED PROCESSORS 

• 80C186 Upgrade for Power Critical Applications 

• Fully Static Operation 
• True CMOS Inputs and Outputs 

• Integrated Feature Set 
-Static 186 CPU Core 
- Power Save, Idle and Powerdown 

Modes 
- Clock Generator 
- 2 Independent DMA Channels 
- 3 Programmable 16-Bit Timers 
- Dynamic RAM Refr~sh Cpntrol Unit 
- Programmable Memory and 

Peripheral Chip Select Logic 
- Programmable Wait State Generator 
- Local Bus Controller 
- System-Level Testing Support 

(High Impedance Test Mode) 

• Speed Versions Available (5V): 
- 25 MHz (80C186EA25/80C188EA25) 
- 20 MHz (80C186EA20/80C188EA20) 
-13 MHz (80C186EA13/80C188EA13) 

• Speed Versions Available (3V): 
-13 MHz (80L 186EA 13/80L 188EA 13) 

. -8 MHz (80L 186EA8/80L 188EA8) 

• Direct Addressing Capability to 
1 Mbyte Memory and 64 Kbyte 1/0 

• Supports 80C187 Numeric Coprocessor 
Interface (80C186EA only) 

• Available in the Following Packages: 
- 68-Pin Plastic Leaded Chip Carrier 

(PLCC) 
- 80-Pin EIAJ Quad Flat Pack (QFP) 
- 80-Pin Shrink Quad Flat Pack (SQFP) 

• Available in Extended Temperature 
Range (- 40°C to + 85°C) 

The 80C186EA is a CHMOS high integration embedded microprocessor. The 80C186EA includes all of the 
features of an "Enhanced Mode" 80C186 while adding the additional capabilities of Idle and Powerdown 
Modes. In Numerics Mode, the 80C186EA interfaces directly with an 80C187 Numerics Coprocessor. 
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80C186EA/80C188EA,80L186EA/80L188EA 

80C186EA/80C188EA AND 80L 186EA/80L 188EA 
16-Bit High Integration Embedded Processor 
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intel® 
INTRODUCTION 

Unless specifically noted, all references to the 
80C186EA apply to the 80C188EA, 80L 186EA, and 
80L 188EA. References to pins that differ between 
the 80C186EAl80L 186EA and the 80C188EAI 
80L 188EA are given in parentheses. The "L" in the 
part number denotes low voltage operation. Physi
cally and functionally, the "C" and "L" devices are 
identical. 

The 80C186EA is the second product in a new gen
eration of low-power, high-integration microproces
sors. It enhances the existing 80C186XL family by 
offering new features and operating modes. The 
80C186EA is object code compatible with the 
80C186XL embedded processor. 

The 80L186EA is the 3V version of the 80C186EA. 
The 80L 186EA is functionally identical to the 
80C186EA embedded processor. Current 
80C186EA customers can easily upgrade their de
signs to use the 80L 186EA and benefit from the re
duced power consumption .inherent in 3V operation. 

The feature set of the 80C186EA/80L 186EA meets 
the needs of low-power, space-critical applications. 
Low-power applications benefit from the static de
sign of the CPU core and the integrated peripherals 
as well as low voltage operation. Minimum current 
consumption is achieved by providing a Powerdown 
Mode that. halts operation of the device, and freezes 
the clock circuits. Peripheral design enhancements 
ensure that non-initialized peripherals consume little 
current. 

Space-critical applications benefit from the inte
gration of commonly used system peripherals. Two 
flexible DMA channels perform CPU-independent 
data transfers. A flexible chip select unit simplifies 
memory and peripheral interfacing. The interrupt unit 
provides sources for up to .128 external interrupts 
and will prioritize these interrupts with those generat
ed from the on-chip peripherals. Three general pur
pose timer/counters round out the feature set of the 
80C186EA .. 

Figure 1 shows a block diagram of the 80C186EAI 
80C188EA. The Execution Unit (EU) is an enhanced 
8086 CPU core that includes: dedicated hardware to 
speed up effective address calculations, enhance 
execution speed for multiple-bit shift and rotate in
structions and for multiply and divide instructions, 
string move instructions that operate at full bus 
bandwidth, ten new instructions, and static opera
tion. The Buslnterface Unit (BIU) is the same as that 
found on the original 80C186 family products. An 
independent internal bus is used to allow communi
cation between the BIU and internal peripherals. 
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80C186EA CORE ARCHITECTURE 

Bus Interface Unit 

The 80C186EA core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 

The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information and data (for write operations) in
formation. It is also responsible for reading data off 
the local bus during a read operation. SRDY and 
ARDY input pins are provided to extend a bus cycle 
beyond the minimum four states (clocks). 

The local bus controller also generates two control 
signals (DEN and DT /R) when interfacing to exter
nal transceiver chips. This capability allows the addi
tion of transceivers for simple buffering of the mulit
plexed address/data bus. 

Clock Generator 

The processor provides an on-chip plock generator 
for both internal and extemal. clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, and two low-power operating 
modes. 

The oscillator circuit is designed to be used with ei
ther a parallel resonant fundamental or third-over
tone mode crystal network. Alternatively, the oscilla
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the oscillator circuit. 

The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys
tem components. All AC timings are referenced to 
CLKOUT. 

The following parameters are recommended when 
choosing a crystal: . 

Temperature Range: Application Specific 
ESR (Equivalent Series Resistance): 60n max 
CO (Shunt Capacitance of Crystal): 7.0 pF max 
CL (Load Capacitance): 20 pF ± 2 pF 
Drive Level: 2 mW max 
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ClKIN 

CRYSTAL + ~~ I External Clock Source ClKIN 

1 ~~ 
OSCOUT 

II ~ ~ 80CI86EA 
N.C.- OSCOUT 

See Note] 80C186EA 

elf 272432-4 

--
272432-3 

(A) Crystal Connection (8) Clock Connection 

NOTE: 
The Llel network is only required when using a third-overtone crystal. 

Figure 2. Clock Configurations 

80C186EA PERIPHERAL 
ARCHITECTURE 

The 80C186EA has integrated several common sys
tem peripherals with a CPU core to create a com
pact, yet powerful system. The integrated peripher
als are designed to be flexible and provide logical 
interconnections between supporting units (e.g., the 
interrupt control unit supports interrupt requests 
from the timer/counters or DMA channels). 

The list of integrated peripherals include: 

• 4-lnput Interrupt Control Unit 

• 3-Channel Timer/Counter Unit 

• 2-Channel DMA Unit 

• 13-0utput Chip-Select Unit 

• Refresh Control Unit 

• Power Management logic 

The registers associated with each integrated peri
heral are contained within a 128 x 16 register file 
called the Peripheral Control Block (PCB). The PCB 
can be located in either memory or I/O space on 
any 256 byte address boundary. 

Figure 3 provides a list of the registers associated 
with the PCB when the processor's Interrupt Control 
Unit is in Master Mode. In Slave Mode, the defini
tions of some registers change. Figure 4 provides 
register definitions specific to Slave Mode. 
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Interrupt Control Unit 

The 80C186EA can receive interrupts from a num
ber of sources, both internal and external. The Inter
rupt Control Unit (ICU) serves to merge these re
quests on a priority basis, for individual service by 
the CPU. Each interrupt source can be independent
ly masked by the Interrupt Control Unit or all inter
rupts can be globally masked by the CPU. 

Internal interrupt sources include the Timers and 
DMA channels. External interrupt sources come 
from the four input pins INT3:0. The NMI interrupt 
pin is not controlled by the ICU and is passed direct
ly to the CPU. Although the timers only have one 
request input to the ICU, separate vector types are 
generated to service individual interrupts within the 
Timer Unit. . 

Timer/Counter Unit 

The 80C186EA Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
control or clocking. A third timer is not connected to 
any external pins and can only be clocked internally. 
However, it can be used to clock the other two timer 
channels. The TCU can be used to count external 
events, time external events, generate non-repeti
tive waveforms, generate timed interrupts, etc. 
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PCB 
Function 

Offset 
PCB 

Function 
Offset 

PCB 
Function 

Offset 
PCB 

Function 
Offset 

OOH Reserved 40H Reserved 80H Reserved COH DMAOSrc. Lo 

02H Reserved 42H Reserved 82H Reserved C2H DMAOSrc. Hi 

04H Reserved 44H Reserved 84H Reserved C4H DMAO Dest. Lo 

06H Reserved 46H Reserved 86H Reserved C6H DMAO Dest. Hi 

08H Reserved 48H Reserved 88H Reserved C8H DMAOCount 

OAH Reserved 

OCH Reserved 

OEH Reserved 

4AH Reserved 

4CH Reserved 

4EH Reserved 

8AH Reserved 

8CH Reserved 

8EH Reserved 

CAH DMAO Control 

• CCH Reserved 

CEH Reserved 

10H Reserved 50H Timer 0 Count 90H Reserved DOH DMA1 Src. Lo 

12H Reserved 52H Timer 0 Compare A 92H Reserved D2H DMA1 Src. Hi 

14H Reserved 54H Timer 0 Compare B 94H Reserved D4H DMA1 Dest. Lo 

16H Reserved 56H Timer 0 Control 96H Reserved D6H DMA1 Dest. Hi 

18H Reserved 58H Timer 1 Count 98H Reserved D8H DMA1 Count 

1AH Reserved 5AH Timer 1 Compare A 9AH Reserved DAH DMA 1 Control 

1CH Reserved 5CH Timer 1 Compare B 9CH Reserved DCH Reserved 

1EH Reserved 5EH Timer 1 Control 9EH Reserved DEH Reserved 

20H Reserved 60H Timer 2 Count AOH UMCS EOH Refresh Base 

22H End of Interrupt 62H Timer 2. Compare A2H LMCS E2H Refresh Time 

24H Poll 64H Reserved A4H PACS E4H Refresh Control 

26H Poll Status 66H Timer 2 Control A6H MMCS E6H Reserved 

28H Interrupt Mask 68H Reserved A8H MPCS E8H Reserved 

2AH Priority Mask 6AH Reserved AAH Reserved EAH Reserved 

2CH In-Service 6CH Reserved ACH Reserved ECH Reserved 

2EH Interrupt Request 6EH Reserved AEH Reserved EEH Reserved 

30H Interrupt Status 70H Reserved BOH Reserved FOH Power-Save 

32H Timer Control 72H Reserved B2H Reserved F2H Power Control 

34H DMAO Int. Control 74H Reserved B4H Reserved F4H Reserved 

··36H DMA 1 Int. Control 76H Reserved B6H Reserved F6H Step 10 

38H INTO Control 78H Reserved B8H Reserved F8H Reserved 

3AH INT1 Control 7AH Reserved BAH Reserved FAH . Reserved 

3CH INT2 Control ;'CH Reserved BCH Reserved FCH Reserved 

3EH INT3 Control 7EH Reserved BEH Reserved FEH Relocation 

Figure 3. Peripheral Control Bloclt Registers 
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PCB 
Function 

Offset 

20H I nterrupt Vector 

22H Specific EOI 

24H Reserved 

26H Reserved 

28H Interrupt Mask 

2AH Priority Mask 

2C In-Service 

2E. I nterrupt Request 

30 I nterrupt Status 

32 TMRO Interrupt Control 

34 DMAO Interrupt Control 

36 DMA 1 Interrupt Control 

38 TMR1 Interrupt Control 

3A TMR2 Interrupt Control 

3C Reserved 

3E Reserved 

Figure 4. 80C186EA Slave Mode Peripheral 
Control Block Registers 

DMA Control Unit 

The 80C186EA DMA Contol Unit provides two inde
pendent high-speed DMA channels. Data transfers 
can occur between memory and 1/0 space in any 
combination: memory to memory, memory to lID, 
lID to 1/0 or lID to memory. Data can be trans
ferred either in bytes or words. Transfers may pro
ceed to or from either even or odd addresses, but 
even-aligned word transfers proceed at a faster rate. 
Each data transfer consumes two bus cycles (a mini
mum of eight clocks), one cycle to fetch data and 
the other to store data. The chip-selectlreadylogic 
may be programmed to point to the memory or 1/0 
space subject to DMA transfers in order to provide 
hardware chip select lines. DMA cycles run at higher 
priority than general processor execution cycles. 
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Chip-Select Unit 

The 80C186EA Chip-Select Unit integrates logic 
which provides up to 13 programmable chip-selects 
to access both memories and peripherals. In addi
tion, each chip-select can be programmed to auto
matically terminate a bus cycle independent of the 
condition of the SRDY and ARDY input pins. The 
chip-select lines are available for all memory and 
1/0 bus cycles, whether they are generated by the 
CPU, the DMA unit, or the Refresh Control Unit. 

Refresh Control Unit 

The Refresh Control Unit (RCU) automatically gen
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re
fresh requests. 

A 9-bit address generator is maintained by the RCU 
with the address presented on the A9:1 address 
lines during the refresh bus cycle .. Address bits 
A19:13 are programmable to allow the refresh ad
dress block to be located on any 8 Kbyte boundary. 

Power Management 

The 80C186EA has three operational modes to con
trol the power consumption of the device. They are 
Power Save Mode, Idle Mode, and Powerdown 
Mode. 

Power Save Mode divides the processor clock by a 
programmable value to take advantage of the fact 
that current is linearly proportional to frequency. An 
unmasked interrupt, NMI, or reset will cause the 
80C186EA to exit Power Save Mode. 

Idle Mode freezes the clocks' of the Execution Unit 
and the Bus Interface Unit at a logic zero state while 
all peripherals operate normally. 

Powerdown Mode freezes all internal clocks at a 
logic zero level and disables the crystal oscillator. All 
internal registers hold their values provided Vee is 
maintained. Current consumption is reduced to tran
sistor leakage only. 



80C187 Interface (80C186EA Only) 

The 80C187 Numerics Coprocessor may be used to 
.extend the 80C186EA instruction set to include 
floating point and advanced integer instructions. 
Connecting the 80C186EA RESOUT and TEST I 
BUSY pins to the 80C187 enables Numerics Mode 
operation. In Numerics Mode, three of the four Mid
Range Chip Select (MCS) pins become handshaking 
pins for the interface. The exchange of data and 
control information proceeds through four dedicated 
I/O ports. 

If an 80C187 is not present, the 80C186EA config
ures itself for regular operation at reset. 

NOTE: 
. The 80C187 is not specified for 3V operation and 

therefore does not interface directly to the 
80L186EA. 

ONCE Test Mode 

To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EA has a test 
mode available which forces all output and input! 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". The 
ONCE mode is selected by forcing the UCS and LCS 
pins LOW (0) during a processor reset (these pins 
are weakly held to a HIGH (1) level) while RESIN is 
active. 

DIFFERENCES BETWEEN THE 
80C186XL AND THE 80C186EA 

The 80C186EA is intended as a direct functional up
grade for 80C186XL designs. In many cases, it will 
be possible to replace an existing 80C186XL with 
little or no hardware redesign. The following sections 
describe differences in pinout, operating modes, and 
AC and DC specifications to keep in mind. 

Pinout Compatibility 

The 80C186EA requires a PDTMR pin to time the 
processor's exit from Powerdown Mode. The original 
pin arrangement for the 80C186XL in the PLCC 
package did not have any spare leads to use for 
PDTMR, so the DT iF! pin was sacrificed. The ar
rangement of all the other leads in the 68-lead PLCC 
is identical between the 80C186XL and the 
80C.!!!6EA. DT IR may be synthesized by latching 
the Sl status output. Therefore, upgrading a PLCC 
80C186XL to PLCC 80C186EA is straightforward. 
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The 80-lead QFP (EIAJ) pinouts are different be
tween the 80C186XL and the 80C186EA. In addition 
to the PDTMR pin, the 80C186EA has more power 
and ground pins and the overall arrangement of pins 
was shifted. A new circuit board layout for the 
80C186EA is required. 

Operating Modes 

The 80C186XL has two operating modes, Compati
ble and Enhanced. Compatible Mode is a pin-to-pin 
replacement for the NMOS 80186, except for nu
merics co processing. In Enhanced Mode, the proc
essor has a Refresh Control Unit, the Power-Save 
feature and an interface to the 80C187 Numerics 
Coprocessor. The MCSO, MCS1, and MCS3 pins 
change their functions to constitute handshaking 
pins for the 80C187. 

The 80C186EA allows all non-80C187 users to use 
all the MCS pins for chip-selects. In regular opera
tion, all 80C186EA features (including those of the 
Enhanced Mode 80C186) are present except for the 
interface to the 80C187. Numerics Mode disables 
the three chip-select pins and reconfigures them for 
connection to the 80C187. 

TTL vs CMOS Inputs 

The inputs of the 80C186EA are rated for CMOS 
switching levels for improved noise immunity, but the 
80C186XL inputs are rated for TTL switching levels. 
In particular, the 80C186EA requires a minimum VIH 
of 3.5V to recognize a logic one while the 80C186XL 
requires a minimum VIH of only 1.9V (assuming 5.0V 
operation). The solution is to drive the 80C186EA 
with true CMOS devices, such as those from the HC 
and AC logic families, or to use pullup resistors 
where the added current draw is not a problem. 

Timing Specifications 

80C186EA timing relationships are expressed in a 
simplified format over the 80C186XL. The AC per
formance of an 80C186EA at a specified frequency 
will be very close to that of an 80C186XL at the 
same frequency. Check the timings applicable to 
your design prior to replacing the 80C186XL. 
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PACKAGE INFORMATION 

This section describes the pins, pinouts, and thermal 
characteristics for the 80C186EA in the Plastic 
Leaded Chip Carrier (PLCC) package, Shrink Quad 
Flat Pack (SQFP), and Quad Flat Pack (QFP) pack
age. For complete package specifications and infor
mation, see the Intel Packaging Outlines and Dimen
sions Guide (Order Number: 231369). 

With the extended temperature range operational 
characteristics are guaranteed over a temperature 
range corresponding to - 40·C to + 8S·C ambient. 
Package types are identified by a two-I,etter prefix to 
the part number. The prefixes are listed in Table 1. 

Table 1. Prefix Identification 

Prefix Note 
Package Temp~rature 

Type Range 

TN PLCC Extended 

TS QFP (EIAJ) Extended 

S8 1 SQFP Extended/Commercial 

N 1 PLCC Commercial 

S 1 QFP (EIAJ) Commercial 

NOTE: 
1. The 25 MHz version is only available in commercial tem

perature range corresponding to O'G to + 70'e ambient. 

Pin Descriptions 

Each pin or logical set of pins is described in Table 
3. There are three columns for each entry in the Pin 
Description Table. 

The Pin Name column contains a mnemonic that 
describes the pin function. Negation of the signal 
name (for example, RESIN) denotes a signal that is 
active low. -

The Pin Type column contains two -kinds of informa
tion. The first symbol indicates whether a pin is pow
er (P), ground (G), input only (I), output only (0) or 
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input/output (I/O). Some pins have multiplexed 
functions (for example, A 19/56). Additional symbols 
indicate additional characteristics for each pin. Table 
3 lists all the possible symbols for this column. 

The Input Type column indicates the type of input 
(asynchronous or synchronous). 

Asyn'chronous pins require that setup and hold times 
be met only in order to guarantee recognition at a 
particular clock edge. Synchronous pins require that 
setup and hold times be met to guarantee proper 
operation. For example, missing the setup or hold 
time for the SRDY pin (a synchronous input) will re
sult in a system failure or lockup. Input pins may also 
be edge- or level-sensitive. The possible character
istics for input pins are S(E),S(L), A(E) and A(L). 

The Output States column indicates the output 
state as a function of the device operating mode. 
Output states are dependent upon the current activi
ty of the processor. There are four operational 
states that are different from regular operation: bus 
hold, reset, Idle Mode and PoWerdown Mode. Ap
propriate characteristics for these states are also in
dicated in this column, with the legend for all possi
ble characteristics in Table 2. 

The Pin Description column contains a text de
scription of each pin. 

As an example, consider AD1S:0. I/O signifies the 
pins are bidirectional. S(L) signifies that the input 
function is synchronous and level-sensitive. H(Z) 
signifies that, as outputs, the pins are high-imped
ance upon acknowledgement of bus hold. R(Z) sig
nifies that the pins float during reset. P(X) signifies 
that the pins retain their states during Powerdown 
Mode. 
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Table 2. Pin Description Nomenclature 

Symbol Description 

P Power Pin (Apply + Vee Voltage) 
G Ground (Connect to Vss) 
I Input Only Pin 
0 Output Only Pin 
110 Input/Output Pin 

S(E) Synchronous. Edge Sensitive 
Sell Synchronous, level Sensitive 
A(E) Asynchronous, Edge Sensitive 
A(l) Asynchronous, level Sensitive 

H(1) Output Driven to Vee during Bus Hold 
H(O) Output Driven to VSS during Bus Hold 
H(Z) Output Floats during Bus Hold 
H(Q) Output Remains Active during Bus Hold 
H(X) Output Retains Current State during Bus Hold 

R(WH) Output Weakly Held at Vee during Reset 
R(1) Output Driven to Vee during Reset 
R(O) Output Driven to VSS during Reset 
R(Z) Output Floats during Reset 
R(Q) Output Remains Active during Reset 
R(X) Output Retains Current State during Reset 

1(1) Output Driven to Vee during Idle Mode 
1(0) Output Driven to VSS during Idle Mode 
I(Z) Output Floats during Idle Mode 
I(Q) Output Remains Active during Idle Mode 
I (X) Output Retains Current State during Idle Mode 

P(1) Output Driven to Vee during Powerdown Mode 
P(O) Output Driven to Vss during Powerdown Mode 
P(Z) Output Floats during Powerdown Mode 
P(Q) Output Remains Active during Powerdown Mode 
P(X) Output Retains Current State during Powerdown Mode 
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Table 3. Pin Descriptions 

Pin Pin Input Output 
Description 

Name Type Type States 

Vee P POWER connections consist of six pins which must be shorted 
externally to a Vee board plane. 

Vss G GROUND connections consist of five pins which must be shorted 
externally to a Vss board plane. 

CLKIN I A(E) CLocK INput is an input for an external clock. An external 
oscillator operating at two times the required processor operating 
frequency. can be connected to CLKIN. For crystal operation, 
CLKIN (along with OSCOUT) are the crystal connections to an 
internal Pierce oscillator. 

OSCOUT 0 H(Q) OSCillator OUTput is only used when using a crystal to generate 
R(Q) the external clocK. OSCOUT (along with CLKIN) are the crystal 
P(Q) connections to an internal Pierce oscillator. This pin is not to be 

used as 2X clock output for non-crystal applications (i.e., this pin is 
N.C. for non-crystal applications). OSCOUT does not float in 

·ONCEmode. 

CLKOUT 0 H(Q) CLocK OUTput provides a timing reference for inputs and outputs 
R(Q) of the processor, and is one-half the input clock (CLKIN) 
P(Q) frequency. CLKOUT has a 50% duty cycle and transistions every 

falling edge of CLKIN. 

RESIN I A(L) RESet IN causes the processor to immediately terminate any bus 
cycle in progress and assume an initialized state. All pins will be 
driven to a known state, and RESOUT will also be driven active. 
The rising edge (Iow-to-high) transition synchronizes CLKOUT with 
CLKIN before the processor begins fetching opcodes at memory 
location OFFFFOH. 

RESOUT 0 H(O) RESet OUTput that indicates the processor is currently in the 
R(1) reset state. RESOUT will remain active as long as RESIN remains 
P(O) active. When tied to the TEST/BUSY pin, RESOUT forces the 

80C186EA into Numerics Mode. 

PDTMR 110 A(L) H(WH) Power-Down TiMeR pin (normally connected to an external 
R(Z) capacitor) that determines the amount of time the processor waits 
P(1) after an exit from power down before resuming normal operation. 

The duration of time required will depend on the startup 
characteristics of the crystal oscillator. 

NMI I A(E) Non-Maskable Interrupt input causes a Type 2 interrupt to be 
serviced by the CPU. NMI is latched internally. 

TEST/BUSY I A(E) TEST/BUSY is sampled upon reset to determine whether the 
(TEST) 80C186EA is to enter Numerics Mode. In regular operation, the pin 

is TEST. TEST is used during the execution of the WAIT 
instruction to suspend CPU operation until the pin is sampled 
active (low). In Numerics Mode, the pin is BUSY. BUSY notifies the 
80C186EA of 80C187 Numerics Coprocessor activity. 

AD15:0 110 S(L) H(Z) These pins provide a multiplexed Address and Data bus. During 
(AD7:0) R(Z) the address phase of the bus cycle, address bits 0 through 15 (0 

P(X) through 7 on the 8-bit bus versions) are presented on the bus and 
can be latched using ALE. 8- or 16-bit data information is 
transferred during the data phase of the bus cycle. 

NOTE: 
Pin names in parentheses apply to the 80e188EA and 80L 188EA. 
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Table 3. Pin Descriptions (90ntinued) 

Pin Pin Input Output 
Description 

Name Type Type . States 

A18:16 0 H(Z) These pins provide multiplexed Address during the address 
A19/56-A16 R(Z) phase of the bus cycle. Address bits 16 through 19 are 

(A19-A8) P(X) presented on these pins and can be latched using ALE. 
A18:16 are driven to a logic 0 during the data phase of the bus 
cycle. On the 8-bit bus versions, A 15-A8 provide valid address 
information for the entire bus cycle. Also during the data 
phase, 56 is driven to a logic 0 to indicate a CPU-initiated bus 
cycle or logic 1 to indicate a DMA-initiated bus cycle or a 
refresh cycle. 

52:0 0 H(Z) Bus cycle Status are encoded on these pins to provide bus 
R(Z) transaction information. S2:0 are encoded as follows: 
P(1) 

S2 S1 SO Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read I/O 
0 1 0 Write I/O 
0 1 1 Processor HALT 
1 0 0 Queue Instruction Fetch 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive (no bus activity) 

ALE/QSO 0 H(O) Address Latch Enable output is used to strobe address 
R(O) information into a transparent type latch during the address 
P(O) phase of the bus cycle. In Queue Status Mode, QSO provides 

, queue status information along with QS 1. 

BHE 0 H(Z) Byte High Enable output to indicate that the bus cycle in 
(RFSH) R(Z) progress is transferring data over the upper half of the data 

P(X) bus. BHE and AO have the following logical encoding: 

AO BHE Encoding (For 80C186EA/80L 186EA Only) 

0 0 Word Transfer 
0 1 Even Byte Transfer 
1 0 Odd Byte Transfer 
1 1 Refresh Operation 

On the 80C188EAl80L 188EA, RFSH is asserted low to 
indicate a Refresh bus cycle. 

RD/QSMD 0 H(Z) ReaD output signals that the accessed memory or I/O device 
R(WH) must drive data information onto the data bus. Upon reset, this 

P(1) pin has an alternate function. As QSMD, it enables Queue 
Status Mode when grounded. In Queue Status Mode, the 
ALE/Q50 and WR/QS1 pins provide the following information 
about processor/instruction queue interaction: 

QS1 Q50 Queue Operation 

0 0 No Queue Operation 
0 1 First Opcode Byte Fetched from the Queue 
1 1 Subsequent Byte Fetched from the Queue 
1 0 Empty the Queue 

NOTE: 
Pin names in parentheses apply to the BOC1BBEA and BOl1B8EA. 
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Table 3: Pin Descriptions (Continued) 

Pin Pin Input Output Description 
Name Type Type States 

WR/QS1 0 H(Z) WRite output signals that data available on the data bus are to be 
R(Z) written into the accessed memory or 1/0 device. In Queue Status 
P(1) Mode, QS1 provides queue status information along with QSO. 

ARDY I A(L) Asychronous ReaDY is an input to signal for the end of a bus cycle. 
S(L) ARDY is asynchronous on rising CLKOUT and synchronous 0" falling 

CLKOUT. ARDY or SRDY must be active to terminate any processor 
bus cycle, unless they are ignored due to correct programming of the 
Chip Select Unit. 

SRDY I S(L) Synchronous ReaDY is an input to signal for the end of a bus cycle. 
ARDY or SRDY must be active to terminate any processor bus cycle, 
unless they are ignored due to correct programming of the Chip Select 
Unit. 

DEN 0 H(Z) Data ENable output to control the enable of bidirectional transceivers 
R(Z) when buffering a system. DEN is active only when data is to be 
P(1) transferred on the bus. 

DT/R 0 H(Z) Data Transmit/Receive output controls the direction of a bi-
R(Z) directional buffer in a buffered system. DT fA is only available on the 
P(X) QFP (EIAJ) package and the SQFP package. 

LOCK 0 H(Z) LOCK output indicates that the bus cycle in progress is not to be 
R(WH) interrupted. The processor will not service o~her bus requests (such 

P(1) as HOLD) while LOCK is active .. This pin is configured as a weakly 
held high input while RESIN is active and must not be driven low. 

HOLD I A(L) HOLD request input to signal that an external bus master wishes to 
gain control of the local bus. The processor will relinquish control of 
the local bus between instruction boundaries not conditioned by a 
LOCK prefix . 

HLDA 0 H(1) . HoLD Acknowledge output to indicate that the processor has 
R(O) relinquished control of the local bus. When HLDA is asserted, the 
P(O) processor will (or has) floated its data bus and control signals allowing 

another bus master to drive the signals directly. 

UCS 0 H(1) Upper Chip Select will go active whenever the address of a memory 
R(1) or 1/0 bus cycle is within the address limitations programmed by the 
P(1) user. After reset, UCS is configured to be active for memory accesses 

between OFFCOOH and OFFFFFH. During a processor reset, UCS and 
LCS are used to enable ONCE Mode. 

LCS a H(1) Lower Chip Select will go active whenever the address of a memory 
R(1) bus cycle is wit~in the address limitations programmed by the user. 
P·(1) LCS is inactive after a reset. During a processor reset, UCS and LCS 

are used to enable ONCE Mode. 

NOTE: 
Pin names in parentheses apply to the BOC1 BBEA and BOl1 BBEA. 
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Table 3. Pin Descriptions (Continued) . 

Pin Pin Input Output 
Description 

Name Type Type States 

MCSO/PEREQ 1/0 A(L) H(1) These pins provide a multiplexed function. If enabled, 
MCS1/ERROR R(1) these pins normally comprise a block of Mid-Range Chip 
MCS2 P(1) Select outputs which will go active whenever the address 

MCS3/NCS of a merT;lory bus cycle is within the address limitations 
programmed by the user. In Numerics Mode (80C186EA 
only), three of the pins become handshaking pins for the 
80C187. The CoProcessor REQuest input signals that a 
data transfer is pending. ERROR is an input which 
indicates that the previous numerics coprocessor 
operation resulted in an exception condition. An interrupt 
Type 16 is generated when ERROR is sampled active at 
the beginning of a numerics operation. Numerics 
Coprocessor Select is an output signal generated when 
the processor accesses the 80C187. 

PCS4:0 0 H(1) Peripheral Chip Selects go active whenever the address 
R(1) of a memory or 1/0 bus cycle is within the address 
P(1) limitations programmed by the user. 

PCS5/A1 0 H(1)/H(X) These pins provide a multiplexed function. As additional 
PCS6/A2 R(1) Peripheral Chip Selects, they go active whenever the 

P(1) address of a memory or 110 bus cycle is within the 
address limitations by the user. They may also be 
programmed to provide latched Address A2:1 signals. 

TOOUT 0 H(Q) Timer OUTput pins can be programmed to provide a 
T10UT R(1) single clock or continuous waveform generation, 

P(Q) depending on the timer mode selected. 

TOIN I A(l) Timer INput is used either as clock or control signals, 
T11N A(E) depending on the timer mode selected. 

DRQO I A(L) DMA ReQuest is asserted by an external request when it 
DRQ1 is prepared for a DMA transfer. 

INTO I A(E,L) Maskable INTerrupt input will cause a vector to a specific 
INT1/SELECT Type interrupt routine. To allow interrupt expansion, INTO 

and lor INT1 can be used with INTAO and INTA1 to 
interface with an external slave controller. INT1 becomes 
SELECT when the ICU is configured for Slave Mode. 

INT211NTAO 1/0 A(E,L) H(1) These pins provide multiplexed functions. As inputs, they 
INT3/1NTA 1/1RQ R(Z) provide a maskable INTerrupt that will cause the CPU to 

P(1) vector to a specific Type interrupt routine. As outputs, 
each is programmatically controlled to provide an 
INTerrupt Acknowledge handshake signal to allow 
interrupt expansion. INT3/1NTA1 becomes IRQ when the 
ICU is configured for Slave Mode. 

N.C. No Connect. For compatibility with future products, do not 
connect to these pins. 

NOTE: 
Pin names in parentheses apply to the 80C188EA and 80L188EA. 
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80C186EA PINOUT 

Tables 4 and 5 list the 80C186EA pin names with 
package location for the 68-pin Plastic Leaded Chip 
Carrier (PLCC) component. Figure 9 depicts the 
complete 80C186EAl80L 186EA pinout (PLCC pack~ 
age) as. viewed from the top side of the component 
(i.e., contacts facing down). 

Tables 6 and 7 list the 80C186EA pin names with 
package locatiori· for the 80-pin Quad Flat Pack 
(EIAJ) component. Figure 6 depicts the complete 

80C186EAl80C188EA (EIAJ OFP package) as 
viewed from the top side of the component (Le., con
tacts facing down). 

Tables 8 and 9 list the 80C186EAl80C188EA pin 
names with package location for the 80-pin Shrink 
Quad Flat ·Pack (SOFP) component. Figure 7 depicts 
the complete 80C186EA/80C188EA (SQFP) as 
viewed from the top side of the componenf (Le., con
~acts facing down). 

Table 4_ PLCC Pin Names with Package Location 

Address/Data Bus Bus Control Processor Control I/O 

Name Location Name Location Name Location Name Location 

ADO 17 ALE/QSO 61 RESIN 24 UCS 34 
AD1 15 BHE (RFSH) 64 RESOUT 57 lCS 33 
AD2 13 SO 52 ClKIN 59 MCSO/PEREa 38 
AD3 11 S1 53 OSCOUT 58 MCS1/ERROR 37 
AD4 8 S2 54 ClKOUT 56 MCS2 36 
AD5 8 
AD6 4 
AD7 2 
AD8 (A8) 16 
AD9(A9) 14 

RD/QSMD· 62 
WR/QS1 63 

ARDY 55 
SRDY 49 

TEST/BUSY 47 

PDTMR 40 

. NMI 46 
INTO 45 

MCS3/NCS 35 

PCSO· 25 
PCS1 27 
PCS2 28 
PCS3 29 

AD10 (A10) 12 DEN 39 INT1/SElECT 44 PCS4 30 
AD11 (A11) 10 lOCK 48 INT211NTAO 42 PCS5/A1 31 
AD12 (A12) 7 HOLD 50 INT311NT A 1/ 41 PCS6/A2 32 
AD13 (A13) 5 HlDA 51 IRQ· 

TOOUT 22 
AD14 (A14) 3 TOIN 20 
AD15 (A15) 1 Power T10UT 23 
A16 68 Name Location T11N 21 
A17 67 
A18 66 
A19/S6 65 

Vss 26,60 

Vee. 9,43 

DRao 18 
DRa1 19 

NOTE: _ 
Pin names in parentheses apply to the BOC1 BBEA/BOl 1 BBEA. 
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Table 5. PLCC Package Location with Pin Names 

Location Name Location Name Location Name Location Name 

1 AD15 (A15) 18 DRao 35 MCS3/NCS 52 SO 
2 AD7 19 DRa1 36 MCS2 53 Sl 
3 AD14 (A14) 20 TOIN 37 MCS1/ERROR 54 S2 
4 AD6 21 T1IN 38 MCSO/PEREa 55 ARDY 
5 AD13 (A13) 22 TOOUT 39 DEN 56 ClKOUT 
6 AD5 23 T10UT 40 PDTMR 57 RESOUT 
7 AD12 (A12) 24 RESIN 41 INT3/INTA1/ 58 OSCOUT 
8 AD4 25 PCSO IRQ 59 ClKIN 
9 Vee 26 Vss 42 INT2/INTAO 60 Vss 

10 AD11 (All) 27 PCSl 43 Vee 61 AlE/QSO 
11 AD3 28 PCS2 44 INT1/SElECT 62 RD/QSMD 
12 AD10 (Al0) 29 PCS3 45 INTO 63 WR/QS1 
13 AD2 30 PCS4 46 NMI 64 BHE(RFSH) 
14 AD9 (A9) 31 PCS5/Al .47 TEST/BUSY 65 A19/S6 
15 ADl 32 PCS6/A2 48 lOCK 66 A18 
16 AD8 (A8) 33 lCS 49 SRDY 67 A17 
17 ADO 34 UCS 50 HOLD 68 A16 

51 HlDA 

NOTE: 
Pin names in parentheses apply to the 80Cl 86EAl80L 188EA. 

~ III 0 0 
cc La.. .- l::f Vl .... .... .... VI a::: (I) (I) 0 

Z :> :> :> ...... 00 ...... 0 0 0 >-
'" ... ., 

en 11.&.1 ...... ........ ..... V> ;;: U ~ '" 0 

< < < - :J: I'" 10 -' V> -' III -' ~ I~ I;;; 151 <: Ql ~ a::: <C > u 0 '" u 

HLDA 

AD? HOLD 

(A14) AD14 SRDY 

AD6 LOCK 

(A13) AD13 TEST/BUSY 

ADS NMI 

(A12) AD12 INTO 

AD4 • N80C186EA20 
INT 1 /SELECT 

Vee 

I XXXXXXXXD (See Note) Vee 
(Al1)ADll INT2/INTAO 

AD3 INT3/INTA1/IRQ 

(A10) AD10 PDTMR 

AD2 
(TOP) 

DEN 

(A9) AD9 MCSO/PEREO 

ADl MCS1/ERROR 

(A8) AD8 MCS2 

ADO MCS3(NcS 

8 ~ ~ ~ ~ 5 I~ 151 >~I;;;u I~ I~ I~ ~ -~ I~ I~ a::: ~ ~ ~ 0 0 ..... 0 ~ u u u '...... ~ ~ 
c - 0 .- a::: ~ ~ ~ ~ I~ I'" 1-1- Vlcn 

U u 
NOTES: .. .. 272432-5 
1. The nine-character alphanumeric code (XXXXXXXXD) underneath the product number is the Intel FPO number. 
2. Pin names in parentheses apply to the 80C186EAl80L 188EA. 

Figure 5. 68-Lead PLCC Pinout Diagram 
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Table 6. QFP (EIAJ) Pin Names with Package Location 

Address/Data Bus Bus Control Processor Control I/O. 

Name Location Name Location Name Location Name Location 

ADO 64 AlE/aSO 10 RESIN 55 UCS 45 
AD1 66 BHE(RFSH) 7 RESOUT 18 lCS 46 
AD2 68 SO 23 ClKIN 16 MCSO/PEREQ 40 
AD3 70 S1 22 OSCOUT 17 MCS1/ERROR 41 
AD4 74 S2 21 ClKOUT 19 MCS2 42 
AD5 76 RD/QSliAD 9 TEST/BUSY 29 MCS3/NCS 43 
AD6 78 WR/QS1 8 PDTMR 38 PCSO 54 
AD7 80 ARDY 20 NMI 30 PCS1 52 
AD8(A8) 65 SRDY 27 INTO 31 PCS2 51 
AD9 (A9) 67 DT/R 37 INT1/SElECT 32 PCS3 50 
AD10 (A10) 69 DEN 39 INT2/INTAO 35 PCS4 49 
AD11 (A11) 71 LOCK 28 INT3/INTA1/ 36 PCS5/A1 48 
AD12 (A12) 75 HOLD 26 IRQ PCS6/A2 47 
AD13 (A13) 77 HlDA 25 N.C. 11,14, TOOUT 57 
AD14 (A14) 79 15,63 TOIN 59 
AD15 (A15) 1 nOUT 56 
A16 3 TlIN 58 
A17 4 Power DRQO 61 
A18 5 Name Location DRQ1 60 
A19/S6 6 

Vss 12,13,24, 
53,62 

Vee 2,33,34, 
44, 72, 73 

NOTE: 
Pin names in parentheses apply to the 80C186EAl80l188EA. 
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Table 7. QFP (EIAJ) Package Location with Pin Names 

Location Name Location Name Location Name 

1 AD15 (A15) 21 S2 41 MCS1/ERROR 
2 Vee 22 S1 42 MCS2 
3 A16 23 SO 43 MCS3/NCS 
4 A17 24 Vss 44 Vee 
5 A18 25 HlDA 45 UCS 
6 A19/S6 26 HOLD 46 lCS 
7 BHE(RFSH) 27 SRDY 47 PCS6/A2 
8 WR/QS1 28 . lOCK 48 PCS5/A1 
9 RD/QSMD 29 TEST/BUSY 49 PCS4 

10 ALE/QSO 30 NMI 50 PCS3 
11 N.C. 31 INTO 51 PCS2 
12 Vss 32 INT1/SElECT 52 PCS1 
13 Vss 33 Vee 53 Vss 
14 N.C. 34 Vee 54 PCSO 
15 N.C. 35 INT2/INTAO 55 RESIN 
16 ClKIN 36 INT3/1NTA1/ 56 T10UT 
17 OSCOUT IRQ 57 TOOUT 
18 RESOUT 37 DT/R 58 T11N 
19 ClKOUT 38 PDTMR 59 TOIN 
20 ARDY 39 DEN 60 DRQ1 

40 MCSO/PEREQ 

NOTE: 
Pin names in parentheses apply to the 80C186EAl80L 188EA. 

(AB) ADB 

ADI 

(A9) AD9 

AD2 

(AID) ADIO 

AD3 

(All) ADII 

Vee 

Vee 
AD' 

(AI2)·ADI2 

ADS 

(AI3) ADI3 

ADS 

(A14) AD,. 

AD7 

'" ~ 
'" 3-

u '" ... .. '" r -1 0 
u _ 

:; :; tIJ :::t: U) 2 > .. ....... r:Il 0 VI 

~ 'i' I';;; ~ 
< (! :r: I~ 

• S80C 186EA20 
I XXXXXXXXD (See No\e) 

(TOP) 

0 u >~ >t'l ~ u z ~ ~ ~ >- I~ Iv; I:;: ~ 

'" ~ => => => 0 >~ 
0 Z Z 0 

~ ~ ~ ::: " l;l 
;;i 0 " 

Location 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

MCSO/PEREQ 

DEN 

PDTMR 

DT/R 

-

INT3/INTA I/IRQ . 

INT2/INTAO 

Vee 

Vee 
INT 1 /SELECT 

INTO 

NMI 

TEST/BUSY 

LOCK 

SRDY 

HOLD 

HLDA 

Name 

DRQO 

Vss 
N.C. 
ADO 
AD8 (A8) 
AD1 
AD9 (A9) 
AD2 
AD10 (A10) 
AD3 
AD11 (A11) 

Vee 
Vee 
AD4 
AD12 (A12) 
AD5 
AD13 (A13) 
AD6 
AD14 (A14) 
AD7 

NOTES: 272432-6 
1. The nine-character alphanumeric code (XXXXXXXXD) underneath the product number is the Intel FPO number. 
2. Pin names in parentheses apply to the 80C186EAl80L 188EA. 

Figure 6. Quad Flat Pack (EIAJ) Pinout Diagram 
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Table 8. SQFP Pin Functions with Package Location 

AD Bus 

ADO 1 
AD1 3 
AD2 6 
AD3 8 
AD4 12 
AD5 14 
AD6 16 
AD7 18 
ADB (AB) 2 
AD9(A9) 5 
AD10 (A10) 7 
AD11 (A11) 9 
AD12 (A12) 13 
AD13 (A13) 15 
AD14 (A14) 17 
AD15 (A15) 19 
A16/S3 21 
A17/S4 22 
A1B/S5 23 
A19/S6 24 

NOTE: 

Bus Control 

AlE/QSO 29 
BHE/(RFSH) 26 
SO 40 
S1 39 
S2 38 
RD/QSMD 2B 
WR/QS1 27 
ARDY 37 
SRDY 44 
DEN 56 
DT/R 54 
lOCK 45 
HOLD 43 
HLDA 42 

No Connection 

N.C. 
N.C. 
N.C. 
N.C. 

4 
25 
35 
72 

Pin names in parentheses apply to the 80e186EAlBOl188EA. 

Processor Control 

RESIN 73 
RESOUT 34 
ClKIN 32 
OSCOUT 33 
ClKOUT 36 
TEST/BUSY 46 
NMI 47 
INTO 4B 
INT1/SElECT 49 
INT2/INTAO 52 
INT3/INTA1 53 
PDTMR 55 

Power and Ground 

Vee 10 
Vee 11 
Vee 20 
Vee 50 
Vee 51 
Vee 61 
Vss 30 
Vss 31 
Vss 41 
Vss 70 
Vss 80 

Table 9. SQFP Pin Locations with Pin Names 

1 ADO 21 A16/S3 41 Vss 
2 AD8 (A8) 22 A17/54 42 HLDA 
3 AD1 23 A18/S5 43 HOLD 
4 N.C. 24 A19/S6 44 SRDY 
5 AD9(A9) 25 N.C. 45 LOCK 
6 AD2 26 BHE/(RFSH) 46 TEST/BUSY 
7 AD10 (A10) 27 WR/QS1 47 NMI 
B AD3 28 RD/QSMD 48 INTO 
9 AD11 (A11) 29 AlE/QSO 49 INT1/SELECT 
10 Vee 30 Vss 50 Vee 
11 Vee 31 Vss 51 Vee 
12 AD4 32 X1 52 INT2/INTAO 
13 AD12 (A12) 33 X2 53 INT3/INTA1 
14 AD5 34 RESET 54 DT/R 
15 AD13 (A13) 35 N.C. 55 PDTMR 
16 AD6 36 ClKOUT 56 DEN 
17 AD14 (A14) 37 ARDY 57 MCSO/PEREa 
18 AD7 38 S2 58 MCS1/ERROR 
19 AD15 (A15) 39 S1 59 MCS2 
20 Vee 40 SO 60 MCS3/NPS 

NOTE: 
Pin names in parentheses apply to the BOe1 86EAl80l 188EA. 
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I/O 

UCS 62 
LCS 63 

MCSO/PEREa 57 
MCS1/ERROR 58 
MCS2 59 
MCS3/NPS 60 

PCSO 71 
PCS1 69 
PCS2 68 
PCS3 67 
PCS4 66 
PCS5/A1 65 
PCS6/A2 64 

TMR INO 77 
TMR IN 1 76 
TMROUTO 75 
TMROUT1 74 

DRao 79 
DRa1 78 

61 Vee 
62 UCS 
63 LCS 
64 PCS6/A2 
65 PCS5/A1 
66 PCS4 
67 PCS3 
68 PCS2 
69 PCS1 
70 Vss 
71 PCSO 
72 N.C. 
73 RES 
74 TMROUT 1 
75 TMROUTO 
76 TMRIN 1 
77 TMR INO 
78 DRa1 
79 DRao 
80 Vss 



Vss 
HLDA 

HOLD 

SRDY 

LOCK 

TEST/BUSY 

N~I 

INTO 

INTI /SELECT 

I:;: I;;; I:;: 

80C186EA/80C188EA,80L186EA/80L188EA 

Vee 
ADIS (AIS) 

AD7 

AD14 (A 14) 

AD6 

ADI3 (AI3) 

ADS 

ADI2 (AI2) 

AD' 

Vee 

Vee 
9 ADII (All) 

Vee 

INT2/1NTAo 

INT3/INTA I/IRQ 

DT/R --- S AD3 

ADID (Ala) 

PDTMR 

DEN 

MCSO/PEREQ 

MCSI/ERROR 

MCS2 

MCS3/NCS 

3 ADI 

ADS (AS) 

ADO 

272432-7 

Figure 7. Shrink Quad Flat Pack (SQFP) Pinout Diagram 

NOTES: 
1. XXXXXXXXD indicates the Intel FPO number. 
2. Pin names in parentheses apply to the 80C188EA. 

PACKAGE THERMAL 
SPECIFICATIONS 

The 80C186EAl80L 186EA is specified for operation 
when T C (the case temperature) is within the range 
of O°C to 85°C (PLCC package) or O°C to 106°C 
(QFP-EIAJ) package. T C may be measured in any 
environment to determine whether the processor is 
within the specified operating range. The case tem
perature must be measured at the center of the top 
surface. 

T A (the ambient temperature) can be calculated 
from 8CA (thermal resistance from the case to ambi
ent) with the following equation: 

Typical values for 8CA at various airflows are given 
in Table 10. 

P (the maximum power consumption, specified in 
watts) is calculated by using the maximum ICC as 
tabulated in the DC specifications and Vcc of 5.5V. 

Table 10. Thermal Resistance (8CA) at Various Airflows (In °C/Watt) 

Airflow Linear ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

8CA (PLCC) 29 25 21 19 17 16.5 

8CA (QFP) 66 63 60.5 59 58 57 

8CA(SQFP) 70 

1-101 



80C186EA/80C188EA, 80L 186EA/80L 188EA 

ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings* 

Storage Temperature .... ' ...... - 65·C to + 150·C 

Case Temperature under Bias ... - 65·C to + 150·C 

Supply Voltage with Respect 
to Vss ....................... - O.5V to + 6.5V 

Voltage on Other Pins with Respect 
to Vss .................. -0.5V to Vee + 0.5V 

Recommended Connections 

Power and ground connections must be made to 
multiple Vee and Vss pins. Every 80C186EA based 
circuit board should contain separate power (Vee) 
and ground (Vssl planes. All Vee and Vss pins must 
be connected to the appropriate plane. Pins identi
fied as "N.C." must not be connected in the system. 
Oecoupling capacitors should be placed near the 
processor. The value and type of decoupling capac-
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NOTICE: This data sheet contains preliminary infor
mation on new products in production. It is valid for 
the devices indicated in the revision history. The 
specifications are subject to change without notice . 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

itors is application and board layout'dependent. The 
processor can cause transient power surges when 
its output buffers transition, particularly when con
nected to large capacitive loads. 

Always connect any unused input pins to an appro
priate signal level. In particular, unused interrupt pins 
(NMI, INT3:0) should be connected to Vss to avoid 
unwanted interrupts. Leave any unused output pin 
or any "N.C." pin unconnected. 
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DC SPECIFICATIONS (80C186EA/80C188EA) 
Symbol Parameter " Min Max Units Conditions 

Vcc Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage for All Pins -0.5 0.3 VCC V 

VIH Input High Voltage for All Pins 0.7Vcc VCC + 0.5 V 

VOL Output Low Voltage 0.45 V IOL = 3 mA (min) 

VOH Output High Voltage VCC - 0.5 V IOH = - 2 rnA (min) 

VHYR Input Hysterisis on RESIN 0.30 V 

IILI Input Leakage Current (except ±10 /LA OV $; VIN $; Vcc 
RD/OSMD, UCS, LCS, MCSO/PEREO, 
MCS1/ERROR, LOCK and TEST/BUSY) 

IIL2 Input Leakage Current -275 /LA VIN = 0.7Vcc 
(RD/OSMD, UCS, LCS, MCSO/PEREO, (Note 1) 
MCS1, ERROR, LOCK and TEST/BUSY 

IOL Output Leakage Current 
±10 /LA 

0.45 ::;; VOUT ::;; Vcc 
(Note 2) 

Icc Supply Current Cold (RESET) 
80C186EA25/80C188EA25 105 rnA (Notes 3,5) 
80C186EA20/80C188EA20 90 rnA 
80C186EA13/80C188EA13 65 rnA 

liD Supply Current In Idle Mode 
80C186EA25/80C188EA25 90 rnA (Note 5) 
80C186EA20/80C188EA20 70 mA 
80C186EA13/80C188EA13 46 rnA 

IpD Supply Current In Powerdown Mode 
80C186EA25/80C188EA25 100 /LA (Note 5) 
80C186EA20/80C188EA20 100 /LA 
80C186EA13/80C188EA13 100 /LA 

COUT Output Pin Capacitance 0 15 pF T F = 1 MHz (Note 4) 

CIN Input Pin Capacitance 0 15 pF TF;= 1 MHz 

NOTES: 
1. RD/QSMD, UCS, LCS, MCSO/PEREQ, MCSI/ERROR, LOCK and TEST/BUSY have internal pull ups that are only actio 
vated during RESET. Loading these pins above IOL = -275 /J-A will cause the processor to enter alternate modes of 
operation. 
2. Output pins are floated using HOLD or ONCE Mode. 
3. Measured at worst case temperature and Vee with all outputs loaded as specified in the AC Test Conditions, and with the 
device in RESET (RESIN held low), RESET is worst case for Icc. 
4. Output capacitance is the capacitive load of a floating output pin. 
5. Operating conditions for 25 MHz are O'C to +70'C, Vee = 5.0V ±10%. 
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DC SPECIFICATIONS (80L 186EA/80L 188EA) 

Symbol Parameter ' Min Max Units Conditions 

Vee Supply Voltage 2.7 5.5 V 

VIL Input Low Voltage for All Pins -0.5 0.3 Vee V 

VIH Input High Voltage for All Pins 0.7Vcc Vee + 0.5 V 

VOL Output Low Voltage 0.45 V IOL =, 1.6 rnA (min) 

VOH Output High Voltage Vee - 0.5 V IOH = -1 rnA (min), 

VHYR Input Hysterisis on RESIN 0.30 V 

IlL 1 Input Leakage Currenf(except ±10 ,...A OV ~ VIN ~ Vce 
RD/QSMD, UCS, LCS, MCSO/PEREQ, 
MCS1, LOCK and TEST) 

11L2 Input Leakage Current -275 ,...A VIN = 0.7Vcc 
(RD/QSMD, UCS, LCS, MCSO, (Note 1) 
MCS1, LOCK and TEST) 

IOL Output Leakage Current 
±10 ,...A 

0.45 ~ VOUT ~ VCC 
(Note 2) 

ICC5 Supply Current (RESET, 5.5V) 
SOL 1S6EA-13 65 rnA (Note 3) 
SOL1S6EA-S 40 ,rnA (Note 3) 

ICC3 Supply Current (RESET, 2.7V) 
SOL 1S6EA-13 34 rnA (Note 3) 
SOL1S6EA-S 20 rnA (Note 3) 

lIDS Supply Current Idle (5.5V) 
SOL 1S6EA-13 46 rnA 
SOL1S6EA-S 2S rnA 

1105 Supply Current Idle (2.7V) , 
SOL1S6EA-13 24 rnA 
SOL1S6EA~S 14 rnA 

Ip05 Supply Current Powerdown (5.5V) 
S'OL 1S6EA-13 100 ,...A 
SOL1S6EA-S 100 ,...A 

Ip03 Supply Current Powerdown (2.7V) 
SOL 1S6EA-13 50 ,...A 
SOL1S6EA-S 50 ,...A 

COUT Output Pin Capacitance 0 15 pF T F = 1 MHz (Note 4) 

CIN , Input Pin Capacitance 0 15 pF TF = 1 MHz 

NOTES: 
1. RD/QSMD, ~, LCS, MCSO, MCS1, LOCK and TEST have internal pullups that are only activated during RESET. 
Loading these pins above IOL = -275 /LA will cause the processor to enter alternate modes of operation. 
2. Output pins are floated using HOLD or ONCE Mode. 
3. Measured at worst case temperature and Vcc with all outputs loaded as specified in the AC Test Conditions. and with the 
device in RESET (RESIN held low). 
4. Output capacitance is the capacitive load of a floating output pin. 
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ICC VERSUS FREQUENCY AND VOLTAGE 

The current (Icc> consumption of the processor is 
essentially composed of two components; Ipo and 
Iccs· 

IpO is the quiescent current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or Vcc (no clock applied to 
the device). Ipo is equal to the Powerdown current 
and is typically less than 50 ,""A. 

ICCS is the switching current used to charge and 
discharge parasitic device capacitance when chang
ing logic levels. Since Iccs is typically much greater 
than Ipo, Ipo can often be ignored when calculating 
Icc· 

IccS is related to the voltage and frequency at which 
the device is operating. It is given by the formula: 

Power = V x I = V2 X COEV X f 

:. I = Icc = Iccs = V X COEV X f 
Where: V = Device operating voltage (VcC> 

COEV = Device capacitance 

f = Device operating frequency 

Iccs = Icc = Device current 

Measuring COEV on a device like the 80C186EA 
would be difficult. Instead, COEV is calculated using 
the above formula by measuring Icc at a known Vcc 
and frequency (see Table 11). Using this COEV val
ue, Icc can be calculated at any voltage and fre
quency within the specified operating range. 

EXAMPLE: Calculate the typical Icc when operating 
at 20 MHz, 4.8V. 

Icc = Iccs = 4.8 x 0.515 x 20 z 49 rnA 

80C186EA/80C188EA,80L186EA/80L188EA 

PDTMR PIN DELAY CALCULATION 

. The PDTMR pin provides a delay between the as
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 

NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e., a device reset during Pow
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabi
lized). 

To calculate the value of capacitor required to pro
vide a desired delay, use the equation: 

440 x t = Cpo (5V, 25'C) 

Where: t = desired delay in seconds 

Cpo = capacitive load on PDTMR in mi
crofarads 

EXAMPLE: To get a delay of 300 ,""S, a capacitor 
value of Cpo = 440 x (300 x 10-6) = 0.132 Jl-F is 
required. Round up to standard (available) capaci
tive values. 

NOTE: 
The above equation applies to delay times greater 
than 10 ,""S and will compute the TYPICAL capaci
tance needed to achieve the desired delay. A delay 
variance of +50% or -25% can occur due to 
temperature, voltage, and device process ex
tremes. In general, higher Vcc and/or lower tem
perature will decrease delay time, while lower Vcc 
and/or higher temperature will increase delay time. 

Table 11. COEV Values 

Parameter Typ Max Units f,lotes 

CoEV (Device in Reset) 0.515 0.905 mAIV"MHz 1,2 

CoEV (Device in Idle) 0.391 0.635 mAIV*MHz 1,2 

1. Max COEV IS calculated at -40"C, all floating outputs dnven to Vee or GNo, and all 
outputs loaded to 50 pF (including CLKOUT and OSCOUn. 
2. Typical COEV is calculated at 25'C with all outputs loaded to 50 pF except CLKOUT and 
OSCOUT, which are not loaded. 
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AC SPECIFICATIONS 

AC Characteristics-80C 186EA25/80C 186EA20/80C 186EA 13 
Symbol Parameter Min' Max Min Max Min Max Units Notes 

INPUT CLOCK 25 MHz(12) 20 MHz 13MHz 

TF ClKIN Frequency 0 50 0 40 0 26 MHz 1 
Tc ClKIN Period 20 00 25 00 38.5 00 ns 1 
TCH ClKIN High Time 10 00 10 00 12 00 ns 1,2 
TCl ClKIN low Time 10 00 10 00 12 00 ns 1,2 
TCR ClKIN Rise Time 1 8 1 8 1 8 ns 1,3 
TCF ClKIN Fall Time 1 8 1 B 1 8 ns 1,3 

OUTPUT CLOCK 

TCD ClKIN to ClKOUT Delay 0 15 0 17 0 23 ns 1,4 
T ClKOUT Period 2Tc 2*Tc 2*Tc ns 1 
TpH ClKOUT High Time (T/2)-5 (T/2) - 5 (T/2) - 5 ns 1 
Tpl ClKOUT low Time (T/2) -:- 5 (T/2) - 5 (T/2) - 5 ns 1 
TpR ClKOUT Rise Time 1 .6 1 6 1 6 ns 1,5 
TpF ClKOUT Fall Time 1 6 1 6 1 6 ns 1,5 

OUTPUT DELAYS 

TCHOV1 ALE, S2:0, DEN, DT IR, 3 20 3 22 3 25 ns 1,4,6,7 
SHE, (RFSH), lOCK, A19:16 

TCHOV2 MCS3:0, lCS, UCS, PCS6:0, 3, 25 3 27 3 30 ns 1,4,6,8 
NCS, RD, WR 

TClOV1 SHE (RFSH), DEN, LOCK, 3 20 3 22 3 25 ns 1,4,6 
RESOUT, HlDA, 
TOOUT, T10UT, A19:16 

TClOV2 RD, WR, MCS3:0, lCS, 3 25 3 27 3 30 ns 1,4,6 
UCS, PCS6:0, AD15:0 
(A 15:8, AD7:0), 
NCS,INTA1:0, S2:0 

TCHOF RD, WR, SHE (RFSH), DT IR, 0 25 0 25 0 25 ns 1 
lOCK, S2:0, A19:16 

TClOF DEN, AD15:0 (A 15:8, AD7:0) 0 25 0 25 0 25 ns 1 
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AC SPECIFICATIONS (Continued) 

AC Characteristics-80C 186EA25/80C 186EA20/80C 186EA 13 
Symbol Parameter Min Max Min Max 

SYNCHRONOUS INPUTS 25 MHz(12) 20 MHz 

TCHIS TEST, NMI, INT3:0, 8 10 
T1 :OIN, ARDY 

TCHIH TEST, NMI, INT3:0, 3 3 
T1 :OIN, ARDY 

TCLIS AD15:0 (AD7:0), ARDY, 10 10 
SRDY, DR01:0 

TCLIH AD15:0 (AD7:0), ARDY, 3 3 
SRDY, DR01:0 

TCLIS HOlD,PEREO, ERROR 10 10 
(80C186EA Only) 

TCLIH HOlD,PEREO, ERROR 3 3 
(80C186EA Only) 

TCLIS RESIN (to ClKIN) 10 10 

TCLIH RESIN (from ClKIN) 3 3 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at VIH for high time, VIL for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by T c, T CH and T CL. 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. TCHOV1 applies to SHE (RFSH), LOCK and A19:16 only after a HOLD release. 
B. T CHOV2 applies to RD and WR only after a HOLD release. . 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 
11. TCHOVS applies to SHE (RFSH) and A 19:16 only after a HOLD release. 
12. Operating conditions for 25 MHz are O·C to + 7a-C, VCC = 5.0V ± 10%. 
Pin names in parentheses apply to the BOC1 BBEAlBOL 1 BBEA. 

Min Max 

13MHz 

10 

3 

10 

3 

10 

3 

10 

3 

Units Notes 

ns 1,9 

ns 1,9 

ns 1,10 

ns 1,10 

ns 1,9 

ns 1,9 

ns 1,9 

ns 1,9 
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AC SPECIFICATIONS. 

AC Characteristic ..... aoL 186EA 13/80L 186EA8 
Symbol Parameter MIn Max Min Max Units Notes 

INPUT CLOCK 13 MHz 8MHz 

TF ClKIN Frequency 0 26 0 16 MHz 1 
Tc ClKIN Period 38.5 00 62.5 00 ns· 1 
TCH ClKIN High Time 12 00 12 00 ns 1,2 
TCL ClKIN low Time 12 00 12 00 ns 1,2 
TCR ClKIN Aise Time 1 8 1 8 ns \ 1,3 
TCF ClKIN Fall Time 1 8 1 8 ns 1,3 

OUTPUT CLOCK 

TCD ClKIN to ClKOUT Delay 0 45 0 95 ns 1,4 
T ClKOUT Period 2*Tc 2*Tc ns 1 
TpH ClKOUT Hig~ Time (T/2) - 5 (T/2) - 5 ns 1 
TpL ClKOUT low Time (T/2) - 5 (T/2) - 5 ns 1 
TpR ClKOUT Aise Time 1 12 1 12 ns 1,5 
TpF ClKOUT Fall Time 1 12 1 12 ns 1,5 

OUTPUT DELAYS 

TCHOV1 ALE, lOCK 3 27 3 27 ns 1,4,6,7 

TCHOV2 MC53:0, lC5, UC5, 3 32 3 32 ns 1,4, 
PC56:0, AD, WR 6,8 

TCHOV3 52:0 (DEN), DT lA, 3 30 3 30 ns 1 
SHE (AF5H), A19:16 

TCLOV1 lOCK, AESQUT, HlDA, 3 27 3 27 ns 1,4,6 
TOOUT, T10Ur 

TCLOV2 AD, WA, MC53:0; lC5, 3 32 3 35 ns 1,4,6 
UC5, PC56:0,.lNTA1:0 

TCLOV3 SHE (AF5H), DEN, A19:16 3 30 3 30 ns 1,4,6 

TCLOV4 .A.D15:0 (A 15:8, AD7:0) 3 34 3 35 ns 1,4,6 

TCLOVS 52:0 3 38 3 40 ns 1,4,6 

TCHOF AD, WA, SHE (AF5H), 0 27 0 27 ns 1 
DT/R, lOCK, 
52:0, A19:16 

TCLOF DEN, AD15:0 
(A 15:8, AD7:0) 0 27 0 27 ns 1 

NOTES: . . 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at VIH for high time, Vil for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by T C, TCH and TCl. 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. . 
7. TCHOV1 applies to BHE (RFSH), LOCK and A19:16 only after a HOLD release. 
8. TCHOV2 applies to RD and WR only after a HOLDreiease. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 
11. TCHOVS applies to BHE (RFSH) and A19:16 only after a HOLD release. 
12. Pin names in parentheses apply to the 80C188EAl80L188EA. 
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AC SPECIFICATIONS 

AC Characteristics-80L 186EA 13/80L 186EA8 
Symbol Parameter Min Max Min Max Units Notes 

SYNCHRONOUS INPUTS 13 MHz 8 MHz 

TCHIS TEST, NMI, INT3:0, T1 :OIN, ARDY 22 22 ns 1,9 

TCHIH TEST, NMI, INT3:0, T1 :OIN, ARDY 3 3 ns 1,9 

TCLIS AD15:0 (AD7:0), ARDY, SRDY, DR01:0 22 22 ns 1,10 

TCLIH AD15:0 (AD7:0), ARDY, SRDY, DR01:0 3 3 ns 1,1.0 

TCLIS HOLD 22 22 ns 1,9 

TCLIH HOLD 3 3 ns 1,9 

TCLIs RESIN (to ClKIN) 22 22 ns 1,9 

TCLIH RESIN (from ClKIN) 3 3 ns 1,9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at VIH for high time, VIL for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by T C, T CH and T CL. 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. TCHOV1 applies to SHE (AFSH), LOCK and A19:16 only after a HOLD release. 
8. TCHOV2 applies to AD and WA only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 
11. T CHOVS applies to SHE (AFSH) and A 19: 16 only after a HOLD release. 
12. Pin names in parentheses apply to the 80C188EAl80L 188EA. 
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AC SPECIFICATIONS (Continued) 

Relative Timings (80C 186EA25/20/13, 80L 186EA 13/8) 

Symbol Parameter Min Max Unit Notes 

-RELATIVE TIMINGS 

TtHLL ALE Rising to ALE Falling T - 15 ns 

TAVLL Address Valid to ALE Falling %T -10 ns 

TpLLL Chip Selects Valid to ALE Falling %T -10 ns 1 

TLLAX 'Address Hold from ALE Falling %T -10 ns 

TLLWL ALE Falling to WR Falling %T - 15 ns 1 

TLLRL ALE Falling to RD Falling %T - 15 ns 1 

TRHLH RD Rising to ALE Rising %T -10 ns 1 

TWHLH WR Rising to ALE Rising %T -10 ns 1 

TAFRL Address Float to RD Falling 0 ns 

TRLRH RD Falling to RD Rising (2·T) - 5 ns 2 

TWLWH WR Falling to WR Rising (2·T) - 5 ns 2 

TRHAV RD Rising to Address Active T - 15 ns 

TWHDX Output Data Hold after WR Rising T - 15 ns 

TWHDEX WR Rising to DEN Rising %T -10 ns 1 

TWHPH WR Rising to Chip Select Rising %T - 10 ns 1,4 

TRHPH RD Rising to Chip Select Rising '%T - 10 ns 1,4 

TpHPL CS Inactive to CS Active %T -10 ns 1 

TDXDL DEN Inactiye to DT fR Low 0 ns 5 

TOVRH ONCE (UCS, LCS) Active to RESIN Rising T ns 3 

TRHOX ONCE (UCS, LCS) to RESIN Rising T ns 3 

. NOTES: 
1. Assumes equal loading on both pins. 

, 2. Can be extended using wait states. 
3. Not tested. 
4. Not applicable to latched A2:1. These signals change only on falling T1. 
5. For write cycle followed by read cycle. 
6. Operating conditions for 25 MHz are O'C to + 70'C, Vce = 5.0V ± 10%. 
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AC TEST CONDITIONS 

The AC specifications are tested with the 50 pF load 
shown in Figure 8. See the Derating Curves section 
to see how timings vary with load capacitance. 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, for AC specification definitions, test 
pins, and illustrations. 

AC TIMING WAVEFORMS 

ClKIN 

CLKOUT 

80C186EA/80C188EA,80L186EA/80L188EA 

OUTPUT 
PIN 

Cl ,= 50 pF for all signals. 
272432-8 

Figure 8. AC Test Load 

.••••. Vee 

--_······OV 

······OV 

272432-9 

Figure,g. Input and Output Clock Waveform 
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OV i---------.j MAX 

VALID 

OV--------~~~~~~~~---------

VALID 

OV--------~~--~J 

NOTE: 
20% Vee < Float < 80% Vee 

Figure 10. Output Delay and Float Waveform 

Vee 

g 
MIN 

9 
MIN 

Vee 
VIH VIH 

VALID 
VIL V1L 

~~~~----------~~~- OV 
272432-11 

NOTE: 
RESIN measured to ClKIN, not ClKOUT 

Figure 11. Input Setup and Hold 
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CLKOUT 

ALE 

OV 

gQ7---~ 
Vee 

ADO: 15 (ADO:7), 
A19:16 (A19:a) 

---i---r-

50% 
OV __________ ~ ______ +_----J 

Vee 

RD or WR 

OV -------- Q------------- ----- ---------'-----------------------.1 
r.;--.., ~ <B---~ 
~ ~ ,..----

50% 50% 

50% 

Vee ----------------------- ------------------ ---- ---- ------ ----_-------------------------------

RESIN 50% 

OV 

272432-12 

NOTES: 
1. T DXDL for write cycle followed by read cycle. 
2. Pin names in parentheses apply to !the 80C188EA. 

Figure 12. Relative Signal Waveform 
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DERATING CURVES 

> on 
N 

NOM+ 6 

@) NOM+3 

" .5 
j ... 
c 
>
::> 
0-
>
::> 
o 

NOM + 1 

NOM 

NOM - 1 

50 100 

c;. (pF) 

Vee = SV 
TANB = 25°C 

150 

272432-13 

Figure 13. Typical Output Delay Variations 
Versus Load Capacitance 

RESET 

The processor performs a reset operation any time 
the RESIN pin is active. The RESIN pin is actually 
synchronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, RESIN 
must be held active (low) in order to guarantee cor
rect initialization of the processor. Failure to pro
vide RESIN while the device is powering up will 
result in unspecified operation of the device. 

Figure 15 shows the correct reset sequence when 
first applying power to the processor. An external 
clock connected to ClKIN must not exceed the Vee 
threshold being applied to the processor. This is nor
mally not a problem· if the clock driver is supplied 
with the same Vee that supplies the processor. 
When attaching a crystal to the device, RESIN must 
remain active until both Vee and ClKOUT are stable 
(the length of time is application specific and de
pends on the startup characteristics of the crystal 
circuit). The RESIN pin is designed to operate cor
rectly using an RC reset circuit, but the designer 
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" .5 
>- 6 
-< 
..J ... 
c 

4 

Vee = sv 
2 TAMB = 25°C 

50 100 150 

272432-14 

Figure 14. Typical Rise and Fall Variations 
Versus Load Capacitance 

must ensure that the ramp time for Vee is not so 
long that RESIN is never really sampled at a logic 
low level when Vee reaches minimum operating 
conditions. 

Figure 16 shows the timing sequence when RESIN 
is applied after Vee is stable and the device has 
been operating. Note that a reset will terminate all 
activity and return the processor to a known operat
ing state. Any bus operation that is in progress at the 
time RESIN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 

While RESIN is active, signals RD/QSMD, UCS, 
lCS, MCSO/PEREQ, MCS1/ERROR, LOCK, and 
TEST/BUSY are configured as inputs and weakly 
held ~ by internal pullup transistors. Forcing UCS 
and LCS low selects ONCE Mode. Forcing QSMD 
low selects Queue Status Mode. Forcing TEST/ 
BUSY high at reset and low four clocks later enables 
Numerics Mode. Forcing lOCK low is prohibited and 

, results in unspecified operation. 
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NOTES: 
1. ClKOUT synchronization occurs approximately 1% ClKIN periods after RESIN is sampled low. 
2. Pin names in parentheses apply to the 80C188EA. 
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1. ClKOUT resynchronization occurs approximately 1% ClKIN periods after RESIN is sampled low. If RESIN is sampled low while ClKOUT is transitioning high, 
then ClKOUT will remain high for two ClKIN periods. If RESIN is sampled low while ClKOUT is transitioning high. then ClKOUT will not be affected, 
2. Pin names in parentheses apply to the 80C188EA. ' 
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BUS CYCLE WAVEFORMS 

Figures 17 through 23 present the various bus cycles that are generated by the processor. What is shown in 
the figure is the relationship of the various bus signals to CLKOUT. These figures along with the information 
present in AC Specifications allow the user to determine all the critical timing analysis needed for a given 
application. 

CLKOUT 

52:0 '\ VALID 7 \ 
ALE ~ \ / 

A 19: 16 
,(SEE NOTE): 

BHE (RF5H) X (A15:8) 
VALID X 

AD15:0 
(AD7:0) 

J MC53:0, '\ PC56:0, 

LC5, UC5 

RD 

DT/R 

DEN 

272432·17 

NOTES: 
1. During the data phase of the bus cycle, A19/S6 is driven high for a DMA or refresh cycle. 
2. Pin names in parentheses apply to the 80C188EA. 

Figure 17. Read, Fetch and Refresh Cycle Waveform 
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CLKOUT 

ALE 

A 19, 16 
A19:16 (SEE NOTE) 

VALID 

X X SHE (RFSH) 

(A15:8) VALID 

, 

'X ' '''" 'X 
, 

:x AD15:0 015,0 VALID 

(AD7:0) 
(A7,0) 

(07,0) VALID 

MCS3:0, 

PCS6:0, 

LCS,UCS 

DT/R 

272432-18 

NOTES: 
1. During the data phase of the bus cycle, A19/S6 is driven high for a DMA cycle. 
2. Pin names in parentheses apply to the 80C188EA. 

Figure 18. Write Cycle Waveform 
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CLKOUT ~
TI' ,T1 , , , 

, , , 
, , , 
, , , 

ALE -1 
II 

S2:0 \1---_011 ---17 
A 19: 16 
(A 15;8) ------'-X~_INVAl_ID --,--(NOT-,-----oE) \~\ ~x 
AD15:0 
(AD1:0) ------'-X~_INVAl_ID --,--(NOT-,-----oE) \\~~X 

272432-19 

NOTES: 
1. The processor drives these pins to 0 during Idle and Powerdown Modes. 
2. Pin names in parentheses apply to the 80C188EA. 

Figure 19. Halt Cycle Waveform 
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NOTES: 

CLKOUT 

ALE 

A19:16 

(A15:S) 

AD15:0 
(AD7:0) 

Ro,WR 

DT!R 

'. 

1. INTA occurs one clock later in Slave Mode. 
2. Pin names in parentheses apply to the 80C188EA. 

Figure 20. INTA Cycle Waveform 
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1. Pin names in parentheses apply to the 80C188EA. 

Figure 21. HOLD/HLDA Waveform 
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NOTE: 
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1. Pin names in parentheses apply to the 80C188EA. 

Figure 22. DRAM Refresh Cycle During Hold Acknowledge 
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CLKOUT 

VALID VALID 

ALE 

At 9: t 6 

SHE (RFSH) X VALID X 
LOCK 

____ ~~ ____________________ ~U-______ __ 

ADt5:0 ___ ~( ADO ))---= ____ V:.:;A:::;LlD=---______ ---c( ADO ))-___ _ 

(A t 5:8, AD7:0) <D 
----~--~~------------------~~------

ARDY 

0 

SROY <D 

MCS3:0, :1\ PCS6:0, VALID 

UCS, LCS 
I I I 

I I : 

r\ 
~------------------------------~ I ~------------

RD, WR 

DT/R ~<D 
OEN 

272432-23 

NOTES: 
1. Generalized diagram for READ or WRITE. 
2. ARDY low by either edge causes a wait state. Only rising ARDY is fully synchronized. 
3. SRDY low causes a wait state. SRDY must meet setup and hold times to ensure correct device operation. 
4. Either ARDY or SRDY active high will terminate a bus cycle. . 
5. Pin names in parentheses apply to the 80C188EA. 

Figure 23. Ready Waveform 
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80C186EA/80C188EA EXECUTION' 
TIMINGS 

A determination of program exeuction timing must 
consider the bus cycles necessary to prefetch in
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol
lowing instruction timings represent the minimum 
execution time in clock cycle for each instruction. 
The timings given are, based on the following as
sumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

• All word-data is located on even-address bound
aries. (80C186EA only) 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 
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All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (B!U) and exe
cution unit. 

With a 16-bit BIU, the 80C186EA has sufficient bus 
performance to endure that an adequate number of 
prefetched bytes will reside in the queue (6 bytes) 
most of, the time. Therefore, actual program exeuc
tion time will not be substanially greater than that 
derived from adding the instruction timings shown. 

The 80C188EA 8-bit BIU is limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time will be substantially greater 
than that derived from adding the instruction timings 
shown. 



intel® 80C186EA/80C188EA,80L186EA/80L188EA 

INSTRUCTION SET SUMMARY 
80C186EA 80C188EA 

Function Format Clock Clock Comments 

Cycles Cycles 

DATA TRANSFER 
MOV~ Move: 

Register to Register/Memory 1000100w mod reg rIm 2/12 2/12' 

Register/memory to register 1000101w mod reg rIm 2/9 2/9 

Immediate to register/memory 1100011 w modOOO rIm data dataifw~1 12-13 12-13 8/16-bit 

Immediate to register 1011 w reg data dataifw~1 3-4 3-4 8116-bit 

Memory to accumulator 1010000w addr-Iow addr-high 8' 

1010001w addr-Iow addr-high 9' 

10001110 mod o rag rIm 2/9 2/13 

10001100 mod 0 rag rIm 2/11 2/15 

11111111 mod 110 rIm 16 20 

01010reg 10 14 

000regl10 13 

01101080 data datah~O 1(1 104 

A" PUehAil 01100000 36 68 
pop ~ Pop: 

Memory 10001111 modOOO rIm 20 24 

Register 01011 reg 10 14 

Segment register 000regll1 (reg"'OI) 12 

PA" !'opAl! 01100001 61 $3 

XCHG ~ Exchange: 

Register/memory with register 1000011w mod reg rIm 4117 4/17' 

Register with accumulator 10010 reg 3 

IN ~ Inputlrom: 

Fixed port 1110010w port 10 10' 

1110110w 8 7' 

1110011 w port 9 9' 

1110111w 7 7' 

XLA T ~ Translate byte to AL 11010111 11 15 

LEA = Load EA to register 10001101 mod reg rIm 6 6 

LDS ~ Load pointer to OS 11000101 mod reg rIm (mod"'II) 18 26 

LES ~ Load pOinter to ES 11000100 mod reg rIm (mod"'II) 18 26 

LAHF ~ Load AH with flags 10011111 2 

AHF ~ Store AH into flags 10011110 3 

PUSHF ~ Push flags 10011100 9 13 

POPF ~ Pop flags 10011101 8 12 

Shaded areas indicate instructions not available in 8086/8088 microsystems_ 

NOTE: 
• Clock cycles shown for byte transfers_ For word operations, add 4 clock cycles for all memory transfers_ 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 

DATA TRANSFER (Continued) 
SEGMENT ~ Segment Override: 

FS I 00101110 I 
SS I 00110110 I 
OS I 00111110 I 
ES I 00100110 I 
~RITHMETIC 
ADD ~ Add: 

Reg/memory with register to either I OOOOOOdw I mod reg rIm I 
Immediate to register/memory I 100000sw I modOOO rim I data I 
Immediate to accumulator I OOOOOIOw I data I dataifw=l I 
ADC ~ Add with carry: 

Reg/memory with register to either I OOOIOOdw I mod reg rIm I 
Immediate to register/memory I 100000sw I modOIO rim I data I 
Immediate to accumulator I 0001010w I data I dataifw~1 I 
INC ~ Increment: 

Register/memory I lllllllw I modOOO rim I 
Register I 01000reg I 
SUB ~ Subtract: 

Reg/memory and register to either I 001010dw I mod reg rIm I 
Immediate from register/memory I 100000sw I mod 1 01 rIm I data I 
Immediate from accumulator I OOIOllOw I data I dataifw~1 I 
SBB ~ Subtract with borrow: 

Reg/memory and register to either I 000110dw mod reg rIm I 
Immediate from register/memory I 100000sw modO 11 rim I data I 
Immediate from accumulator I 0001110w data I dataifw=1 I 
DEC ~ Decrement 

Register/memory I l111111w modOO 1 rim I 
Register I 01001 reg 

¢MP ~ Compare: 

Register/memory with register 0011101 w mod reg rIm I 
Register with register Imemory 0011100w mod reg rIm I 
Immediate with register/memory 100000sw mod 111 rim I data I 
Immediate with accumulator 0011110w data I dataifw=1 I 
NEG = Change sign register/memory 11110 II w modOll rim I 
~AA ~ ASCII adjust for add 00110111 

DAA ~ Decimal adjust for add 00100111 

~AS ~ ASCII adjustfor subtract 00111111 

CAS = Decimal adjust for subtract 00101111 

MUL ~ Multiply (unsigned): 11110 II w mod 100 rIm I 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

Shaded areas jndlcate jnstructlons not avajlable In 8086/8088 mlcrosystems. 

NOTE: 

80C186EA 80C188EA 
Clock Clock 
Cycles Cycles 

,2 2 

2 2 

2 2 

2 2 

3/10 3/10' 

data ifsw~OI I 4/16 4/16' 

3/4 3/4 

3/10 3/10' 

data if s w~OI I 4/16 4/16' 

3/4 3/4 

3/15 3/15' 

3 3 

3/10 3/10' 

data if sw=01 I 4/16 4/16' 

3/4 3/4 

3/10 3/10' 

dataifsw=Ol I 4/16 4/16' 

3/4 3/4' 

3/15 3/15' 

3 3 

3/10 3/10' 

3/10 3/10' 

data if s w=01 I 3/10 3/10' 

3/4 3/4 

3/10' 3/10' 

B B 

4 4 

7 7 

4 4 

26-2B 26-2B 
35-37 35-37 
32-34 32-34 
41-43 41-4B' 

'Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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Comments 

B/16-bit 

B/16-bit 

B/16-bit 

B/16-bit 

B/16-bit 

I 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 

ARITHMETIC (Continued) 

IMUL ~ Integer multiply (signed): I ttl tOil w I mod 101 rIm I 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

MUL = Intager Immediate multiply I 011010s1 I moctrag rim I dalll I (signed) 

DIY ~ Divide (unsigned): I 1111011 w I mod 110 rIm I 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IDlY ~ Integer divide (Signed): I 1111011 w I madill rIm I 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

~AM ~ ASCII adjust for multiply I 11010100 I 00001010 I 
~AD ~ ASCII adjust for divide I 11010101 I 00001010 I 
!cew = Convert byte to word I 10011000 I 
CWO = Convert word to double word I 10011001 I 
LOGIC 
Shlft/Rolale Inslructions: 

Register/Memory by 1 I 1101000w I mod TTT rIm I 
Register/Memory by CL I 1101001 w I mod TTT r/m I 
~egister/Memory by Count I 1100000w I modTTIr/m I count I 

TTT Inslructlon 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 

AND ~ And: 

Reg/memorY and register to either I 001000dw I mod reg rIm I 
Immediate to registe:r/memory I 1000000w I modi 00 rIm I data I 
Immediate to accumulator I 0010010w I data I dataifw~1 I 

EST = And function to flags, no result: 

Register/memory and register I 1000010w I mod reg rIm I 
Immediate data and register/memory I 1111011w I modOOO rIm I data I 
Immediate data and accumulator I 1010100w I data I dataifw=1 I 
OR~Or: 

Reg/memory and register to either I 000010dw I mod reg rIm I 
Immediate to register/memory I 1000000w I modOOI rIm I data I 
Immediate to accumulator I 0000110w I data I dataifw~1 I 
Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 

80C186EA 80C188EA 
Clock Clock 
Cycles Cycles 

25-28 25-28 
34-37 34-37 
31-34 32-34 
40-43 40-43' 

dalllih=O I 22-25 22·25 
29-32 29-32 

29 29 
38 38 
35 35 
44 44' 

44-52 44-52 
53-61 53-61 
50-58 50-58 
59-67 59-67' 

19 19 

15 15 

2 2 

4 4 

2/15 2/15 

5+n/17+n 5+n/17+n 

5+0/17+n 5+0/17+n 

3/10 3/10' 

dataifw=1 I 4/16 4/16' 

3/4 3/4' 

3/10 3/10' 

dataifw~1 I 4/10 4/10' 

3/4 3/4 

3/10 3/10' 

dataifw=1 I 4/16 4/16' 

3/4 3/4' 

'Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 

I 

Comments 

B/16-bit 

B/16-bit 

8/16-bit 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 

LOGIC (Continued) 
XOR ~ Exclusive or: 

Reg/memory and register to either 001100dw mod reg rim I 
mmediate to register/memory 1000000w mod 110 rim I data I 

Immediate to accumulator 0011010w data I dataifw=1 I 
NOT ~ Invert register/memory I 

, 
1111011w modOl0 rim 

STRING MANIPULATION 

MOVS ~ Move byte/word 1010010w 

CMPS ~ Compare byte/word 1010011w 

SCAS ~ Scen byte/word 1010111 w 

LODS ~ Load byte/wd to ALI AX 1010110w 

STOS ~ Store byte/wd from ALI AX 1010101w 

INS .. InpUt bytelwdfro!'ll OX port 01111110 ... 

OUTS = Output bytaIwd 10 OX port 0110111.,. I 
Repeated by count in CX (REP/REPE/REPZ/REPNE/REPNZ) 

MOVS ~ Move string 11110010 1010010w 

CMPS ~ Compare string 1111001% 1010011 w 

SCAS ~ Scan string 1111001% 1010111w 

LODS ~ Load string 11110010 1010110w 

STOS ~ Store siring 11110010 1010101w 

INS .. Input string I 1111 0010 0110110.,. 

OUTS = Output string I 11110010 0110111w I 
CONTROL TRANSFER 

CALL ~ Call: 

Direct within segment I 11101000 I disp-Iow I disp-high I 
Register/memory I 11111111 I modO 1 0 rim I 
ndirect within segment 

Direct intersegment I 10011010 I segment offset I 
I segment selector I 

Indirect intersegment I 11111111 I modO 11 rim I (mod", 11) 

JMP = UncondHlonal lump: 

Shortllong I 11101011 I disp-Iow I 
Direct within segment I 11101001 I disp-Iow I disp-high I 
~egister/memory I 11111111 I mod 100 rim I 
ndirect within segment 

pirect Intersegment I 11101010 I segment offset I 
I segment selector I 

Iindirect inter5egment I 11111111 I mod 101 rim I (mod'" 11) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 

80C186EA 80C188EA 
Clock Clock 
Cycles Cycles 

3/10 3/10' 

datalfw~l I 4/16 4/16' 

3/4 3/4 

3/10 3/10' 

14 14' 

22 22' 

15 15' 

12 12' 

10 10' 

14 14 

14 14 

8+8n 8'+8n' 

5+22n 5+22n 

5+15n 5+15n· 

6+11n 6+11~' 

6+9n 6+9n' 

8+11n $+81\" 

8+11n 8+1In" 

15 19 

13/19 17127 

23 31 

38 54 

14 14 

14 14 

I 11/17 11/21 

14 14 

26 34 

'Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 

CONTROL TRANSFER (Continued) 
RET ~ Return from CALL: 

Within segment 11000011 

Within seg adding immed to SP 11000010 data-low I data-high 

Intersegment 11001011 

Intersegment adding immediate to SP 11001010 data-low data-high 

JE/JZ ~ Jump on equal/zero 01110100 disp 

JLlJNGE ~ Jump on less/not greater or equal 01111100 disp 

JLE/JNG ~ Jump on less or equal/not greater 01111110 disp 

JB/JNAE ~ Jump on belowlnot above or equal 01110010 disp 

JBE/JNA ~ Jump on below or equal/not above 01110110 disp 

JP/JPE ~ Jump on paritylparity even 01111010 disp 

JO ~ Jump on overflow 01110000 disp 

JS ~ Jump on sign 01111000 disp 

JNE/JNZ ~ Jump on not equal/not zero 01110101 disp 

JNLlJGE ~ Jump on not less/greater or equal 01111101 disp 

JNLE/JG ~ Jump on not less or equal/greater 01111111 disp 

JNB/JAE ~ Jump on not belowlabove or equal 01110011 disp 

JNBE/JA ~ Jump on not below or equal/above 01110111 disp 

JNP/JPO ~ Jump on not parlpar odd 01111011 disp 

JNO ~ Jump on not overflow 01110001 disp 

JNS ~ Jump on not sign 01111001 disp 

JCXZ ~ Jump on CX zero 11100011 disp 

LOOP ~ loop CX times 11100010 disp 

LOOPZ/LOOPE ~ loop while zerol equal 11100001 disp 

lOOPNZ/lOOPNE ~ loop while not zero/equal 11100000 disp 

MER - Enter Procedure 11001000 dala-low elata-high 

=0 
-1 
>,1 

LEAVE" LeeveProcedure I 11001001 I 
INT ~ Interrupt: 

Type specified I 11001101 I type I 
Type 3 I 11001100 I 
INTO ~ Interrupt on overflow I 11001110 I 

IRET ~ Interrupt return I 11001111 I 
8OUNO .. ElOlect value out of range I 01100010 I rnodreg rim I 
Shaded areas indicate instructions not available in 8086/8088 microsystems_ 

NOTE: 

80C186EA 80C188EA 
Clock Clock 
Cycles Cycles 

16 20 

I 18 22 

22 30 

I 25 33 

4/13 4/13 

4/13 4113 

4/13 4/13 

4113 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

4/13 4/13 

5/15 5/15 

6/16 6/16 

6/16 6/16 

6/16 6/16 

I l I 
15 19 
25 29 

22+ 16(n-l) 26+20{n-l) 

8 8 

47 47 

45 45 

48/4 48/4 

28 28 

33-35 33-35 

·Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers_ 

Comments 

JMPnot 

takenlJMP 

taken 

lOOP not 

taken/lOOP 

taken 

if INT. takenl 

if INT. not 
taken 
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INSTRUCTION SET SUMMARY (Continued) , 

80C186EA 80C188EA 
Function Format Clock Clock Comments 

Cycles Cycles 

PROCESSOR CONTROL 

FLC ~ Clear carry 11111000 I 2 2 

FMC ~ Complement carry 11110101 I 2 2 

STC ~ Set carry 11111001 2 2 

LD ~ Clear direction 11111100 2 2 

STD ~ Set direction 11111101 2 2 

LI ~ Clear interrupt 11111010 2 2 

STI ~ Set interrupt 11111011 2 2 

HLT ~ Hall 11110100 2 2 

WAIT ~ Wail 10011011 6 6 i!TEST ~ 0 

LOCK ~ Bus lock prefix 11110000 I 2 2 

NOP ~ No Operallon 10010000 I 3 3 

(TIT LLL are opcode to processor extension) 

Shad!'ld areas Indicate Instructions not available In 8086/8088 mlcrosystems. 

NOTE: 
·Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 
if mod 11 then rim is treated as a REG field 
if mod 00 then OISP = 0', disp-Iow and disp

if mod 

if mod 
if rim 
if rim 
if rim 
ifr/m 
if rim 
if rim 
if rIm 
if rim 

high are absent 
01 then OISP = disp-Iow sign-ex
tended to 16-bits, disp-high is absent 
10 then OISP = disp-high: disp-Iow 
000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 
011 then EA = (SP) + (01) + OISP 
100 then EA = (SI) + OISP 
101 then EA = (01) + OISP 
110 then EA = (BP) + OISP* 
111 then EA = (BX) + OISP 

OISP follows 2nd byte of instruction (before data if 
required) 

*except if mod = 00 and rim 
disp-high: disp-Iow. 

110 then EA = 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

Segment Override Prefix 

I 0 0 1 reg 1 0 I 
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reg is assigned according to the following: 
Segment 

reg Register 
00 ES 
01 CS 
10 5S 
11 OS 

REG is assigned according to the following table: 
16-Bit (w = 1) 8-Bit (w = 0) 

000 AX OOOAL 
001 CX 001 CL 
010 OX 0100L 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 1100H 
111 01 111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the 01 register) are computed 
using the ES segment, which may not be overridden. 



REVISION HISTORY 

Intel 80C186EAl80L 186EA devices are marked with 
a 9-character alphanumeric Intel FPO number un
derneath the product number. This data sheet up
date is valid for devices with an "A", "B", "C", "0", 
or "E" as the ninth character in the FPO number, as 
illustrated in Figure 5 for the 68-lead PLCC package, 
Figure 6 for the 84-lead QFP (EIAJ) package, and 
Figure 7 for the 80-lead SQFP device. Such devices 
may also be identified by reading a value of 01 H, 
02H, OSH from the STEPIO register. 

This data sheet replaces the following data sheets: 

272019-002-80C186EA 
272020-002-80C188EA 
272021-002-80L186EA 
272022-002-80L 188EA 
272S07-001-5B80C186EAlSB80L 186EA 
272S08-001-SB80C188EAlSB80L 188EA 

80C186EA/80C188EA,80L186EA/80L188EA 

ERRATA 

An 80C186EAl80L 186EA with a STEPIO value of 
01 H or 02H has the following known errata. A device 
with a STEPIO of 01 H or 02H can be visually identi
fied by noting the presence of an "A", "B", or "C" 
alpha character, next to the FPO number. The FPO 
number location is shown in Figures 5, 6, and 7. 

1. An internal condition lNith the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistantly, it is dependent on in
terrupt timing. 

An 80C186EAl80L 186EA with a STEPIO value of 
OSH has no known errata. A device with a STEPIO of 
OSH can be visually identified by noting the presence 
of a "0" or "E" alpha character next to the FPO 
number. The FPO number location is shown in Fig
ures 5, 6, and 7. 

1-1S~ 



intel® 
80C186EB/80C188EB AND 80L 186EB/80L 188EB 

16-BIT HIGH-INTEGRATION EMBEDDED PROCESSORS 
• Full Static Operation 

• True CMOS Inputs and Outputs 

• Integrated Feature Set 
...... Low-Power Static CPU Core 
- Two Independent UARTs each with 

an Integral Baud Rate Generator 
- Two .8-Bit Multiplexed I/O Ports 
- Programmable Interrupt Controller 
- Three Programmable 16-Bit 

Timer/Counters 
- Clock Generator 
- Ten Programmable Chip Selects with 

Integral Wait-State Generator 
- Memory Refresh Control Unit 
- System Level Testing Support (ONCE 

Mode) 

• Direct Addressing Capability to 1 Mbyte 
M~mory and 64 Kbyte I/O 

• Speed Versions Available (5V): 
- 25 MHz (80C186EB25/80C188EB25) 
- 20 MHz (80C186EB20/80C188EB20) 
-13 MHz (80C186EB13/80C188EB13) 

• Available in Extended Temperature 
Range (-40°C to +85°C) 

• Speed Versions Available (3V): 
-16 MHz (80L 186EB16/80L 188EB16) 
-13 MHz (80L 186EB13/80L188EB13) 
- .8 MHz (80L 186EB8/80L 188EB8) 

• Low-Power Operating Modes: 
-Idle Mode Freezes CPU Clocks but 

keeps Peripherals Active 
- Powerdown Mode Freezes All 

Internal Clocks 

• Supports 80C187 NumeriC Coprocessor 
Interface (80C186EB PLCC Only) 

• Available In: 
- 80-Pin Quad Flat Pack (QFP) 
- 84-Pin Plastic Leaded Chip Carrier 

(PLCC) 
- 80-Pin Shrink Quad Flat Pack (SQFP) 

The 80C186EB is a second generation CHMOS High-Integration microprocessor. It has features that are new 
to the 80C186 family and include a STATIC CPU core, an enhanced Chip Select decode unit, two independent 
Serial Channels, liD ports, and the capability of Idle or Powerdown low power modes. 

" • '. " .', ~ .......... ," ....... ; ..... • j '.' • ....' 

• t • •••• , ••• ' ••••••• '" ••• + •• 
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16-Bit High-Integration Embedded Processors 
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INTRODUCTION 

Unless specifically noted, all references to the 
80C186EB apply to the 80C188EB, 80L 186EB, and 
80L 188EB. References to pins that differ between 
the 80C186EB/80L 186EB and the 80C188EBI 
80L 188EB are given in parentheses. The "L" in the 
part number denotes low voltage operation. Physi
cally and functionally, the "C" and "L" devices are 
identical. 

The 80C186EB is the first product in a new genera
tion of low-power, high-integration microprocessors. 
It enhances the existing 186 family by offering new 
features and new operating modes. The 80C186EB 
is object code compatible with the 80C186XLI 
80C188XL microprocessors. 

The 80L 186EB is the 3V version of the 80C186EB. 
The 80L 186EB is functionally identical to the 
80C186EB embedded processor. Current 
80C186EB users can easily upgrade their 'designs to 
use the 80L 186EB and benefit from the reduced 
power consumption inherent in 3V operation. 

The feature set of the 80C186EB meets the needs 
of low power, space critical applications. Low-Power 
applications benefit from the static design of the 
CPU core and the integrated peripherals as well as 
low voltage operation. Minimum current consump

'tion is achieved by providing a Powerdown ,mode 
that halts operation of the device, and freezes the 
clock circuits, Peripheral design enhancements en
sure that non-initialized peripherals consume 'little 
current. 

Space critical applications benefit from the inte
gration of commonly used system peripherals. Two 
serial channels are provided for services such as 
diagnostics, inter-processor communication modem 
interface, terminal display interface, and m'any oth
ers, A flexible chip select unit simplifies memory and 
peripheral interfacing. The interrupt unit provides 
sources for up to 129 external interrupts and will pri
oritize these interrupts with those generated from 
the on-chip peripherals. Three general purpose tim
er/counters and sixteen multiplexed 110 port pins 
round out the feature set of the 80C186EB. 

Figure 1 shows a block diagram of the 80C186EBI 
80C188EB. The Execution Unit (EU) is an enhanced 
8086 CPU core that includes: dedicated hardware to 
speed up effective address calculations, enhance 
execution speed for multiple-bit shift and rotate in
structions and for multiply and divide instructions 
string move' instructions that operate at full bu~ 
b~ndwidth, ten new instruction, and fully static oper
ation. The Bus Interface Unit (BIU) is the same as 
that found on the original 186 family products, ex-

80C186EB/80C188EB,80L186EB/80L188EB 

cept the queue status mode has been deleted and 
buffer interface control has been changed to ease 
system design timings. An independent internal bus 
is used to allow communication between the BIU 
and internal peripherals, 

CORE ARCHITECTURE 

Bus Interface Unit 

The 80C186EB core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 

T,he bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information, and data (for write operations) in
formation, It is also responsible for reading data off 
the local bus during a read operation. A READY in
put pin is provided to extend a bus cycle beyond the 
minimum four states (clocks). 

The local bus controller also generates two control 
signals (DEN and DT /R) when interfacing to exter
nal transceiver chips. (Both DEN and DT /Fi are 
available on the PLCC devices, only DEN is avail
able on the QFP and SQFP devices.) This capability 
allows the addition of transceivers for simple buffer
ing of the multiplexed address/data bus. 

Clock Generator 

The processor provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, and two low-power operating 
modes. 

The oscillator circuit is designed to be used with ei
ther a parallel resonant fundamental or third-over
tone mode crystal network, Alternatively, the oscilla
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the oscillator circuit. 

The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys
tem components, All AC timings are referenced to 
CLKOUT. 
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.--..... --1 CLKIN 

.... -.---IOSCOUT 

80CI86EB 
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(A) Crystal Connection 

NOTE: 
The L1C1 network is only required when using a third
overtone crystal. 

I[!E~X\!er:n~al~C~IO~Ck~so:u~rc!.)_---~ CLKIN 

N.C. - OSCOUT 

80C186EB 

272433-4 

(8) Clock Connection 

Figure 2_ Clock Configurations 

The following parameters are recommended when 
choosing a crystal: 

Temperature Range: Application Specific 
ESR (Equivalent Series Resistance): 40.0 max 
CO (Shunt Capacitance of Crystal): 7.0 pF max 
CL (Load Capacitance): 20 pF ± 2 pF 
Drive Level: 1 mW max 

80C186EB PERIPHERAL 
ARCHITECTURE 

The 80C186EB has integrated several common sys
tem peripherals with a CPU core to create a com
pact, yet powerful system. The integrated peripher
als are designed to be flexible and provide logical 
interconnections between supporting units (e.g., the 
interrupt control unit supports interrupt requests 
from the timer/counters or serial channels). 

The list of integrated peripherals includes: 

• 7-lnput Interrupt Control Unit 

• 3-Channel Timer/Counter Unit 

• 2-Channel Serial Communications Unit 

• 10-0utput Chip-Select Unit 

• I/O Port Unit 
• Refresh Control Unit 

• Power Management Unit 

The registers associated with each integrated peri
heral are contained within a 128 x 16 register file 
called the Peripheral Control Block (PCB). The PCB 
can be located in either memory or I/O space on 
any 256 Byte address boundary. 
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Figure 3 provides a list of the registers associated 
with the PCB. The Register Bit Summary at the end 
of this specification individually lists all of the regis
ters and identifies each of their programming attri
butes. 

Interrupt Control Unit 

The 80C186EB can receive interrupts from a num
ber of sources, both internal and external. The inter
rupt control unit serves to merge these requests on 
a priority basis, for individual service by the CPU. 
Each interrupt source can be independently masked 
by the Interrupt Control Unit (ICU) or all interrupts 
can be globally masked by the CPU. 

Internal interrupt sources include the Timers and Se
rial ch~nnel o. External interrupt sources come from 
the five input pins INT4:0. The NMI interrupt pin is 
not controlled by the ICU and is passed directly to 
the CPU. Although the Timer and Serial channel 
each have only one request input to the ICU, sepa
rate vector types are generated to service individual 
interrupts within the Timer and Serial channel units. 

Timer/Counter Unit 

The 80C186EB Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
control or clocking. A third timer is not connected to 
any external pins and can only be clocked internally. 
However, it can be used to clock the other two timer 
channels. The TCU can be used to count external 
events, time external events, generate non-repeti
tive waveforms, generate. timed interrupts. etc. 
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PCB 
Function 

Offset 
PCB 

Function 
Offset 

PCB 
Function 

Offset 
PCB 

Function 
Offset 

OOH Reserved 40H Timer2 Count 80H GCSOStart COH Reserved 

02H End Of Interrupt 42H Timer2 Compare 82H GCSO Stop C2H Reserved 

04H Poll 441-j Reserved 84H GCS1 Start C4H Reserved 

06H Poll Status 46H Timer2 Control 86H GCS1 Stop C6H Reserved 

08H Interrupt Mask 48H Reserved 88H GCS2Start C8H Reserved 

OAH Priority Mask 4AH Reserved 8AH GCS2Stop CAH Reserved 

OCH In-Service 4CH Reserved 8CH GCS3Start CCH Reserved 

OEH Interrupt Request 4EH Reserved 8EH GCS3Stop CEH Reserved 

10H Interrupt Status 50H Port 1 Direction 90H GCS4Start DOH Reserved 

12H Timer Control 52H Port 1 Pin 92H GCS4Stop D2H Reserved 

14H Serial Control 54H Port 1 Control 94H GCS5 Start D4H Reserved 

16H INT4 Control 56H Port 1 Latch 96H GCS5 Stop D6H Reserved 

18H INTO Control 58H Port 2 Direction 98H GCS6Start. D8H Reserved 

1AH INT1 Control 5AH Port 2 Pin 9AH GCS6 Stop DAH Reserved 

1CH INT2 Control 5CH Port 2 Control 9CH GCS7 Start DCH Reserved 

1EH INT3 Control 5EH Port 2 Latch 9EH GCS7 Stop DEH Reserved 

20H Reserved 60H SerialO Baud AOH LCS Start EOH Reserved 

22H Reserved 62H SerialO Count A2H LCSStop E2H Reserved 

24H Reserved 64H SerialO Control A4H UCS Start E4H Reserved 

26H Reserved 66H SerialO Status A6H UCSStop E6H Reserved 

28H Reserved 68H SerialO RBUF A8H Relocation E8H Reserved 

2AH Reserved 6AH SerialO TBUF AAH Reserved EAH Reserved 

2CH Reserved 6CH Reserved ACH Reserved ECH Reserved 

2EH Reserved 6EH Reserved AEH Reserved EEH Reserved 

30H TimerO Count 70H Serial1 Baud BOH Refresh Base FOH Reserved 

32H TimerO Compare A 72H Serial1 Count B2H Refresh Time F2H Reserved 

34H TimerO Compare B 74H Serial1 Control B4H Refresh Control F4H Reserved 

36H TimerO Control 76H Serial1 Status B6H Reserved F6H Reserved 

38H Timer1 Count 78H Serial1 RBUF B8H Power Control F8H Reserved 

3AH Timer1 Compare A 7AH Serial1 TBUF BAH Reserved FAH Reserved 

3CH Timer1 Compare B 7CH Reserved BCH Step ID FCH Reserved 

3EH Timer1 Control 7EH Reserved BEH Reserved FEH Reserved 

Figure 3_ Peripheral Control Block Registers 
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Serial Communications Unit 

The Serial Control Unit (SCU) of the 80C186EB con
tains two independent channels. Each channel is 
identical in operation except that only channel 0 is 
supported by the integrated interrupt controller 
(channel 1 has an external interrupt pin). Each 
channel has its own baud rate generator that is in
dependent of the Timer/Counter Unit, and can be 
internally or externally clocked at up to one half the 
80C186EB operating frequency. 

Independent baud rate generators are provided for 
each of the serial channels. For the asynchronous 
modes, the generator supplies an 8x baud clock to 
both the receive and transmit register logic. A 1x 
baud clock is provided in the synchronous mode. 

Chip-Select Unit 

The 80C186EB Chip-Select Unit (CSU) integrates 
logic which provides up to ten programmable chip
selects to access both memories and peripherals. In 
addition, each chip-select can be programmed to 
automatically insert additional clocks (wait-states) 
into the current bus cycle and automatically termi
nate a bus cycle independent of the condition of the 
READY input pin. 

I/O Port Unit 

The 110 Port Unit (IPU) on the 80C186EB supports 
two 8-bit channels of input, output, or input! output 
operation. Port 1 is multiplexed with the chip select 
pins and is output only. Most of Port 2 is multiplexed 
with the serial channel pins. Port 2 pins are limited to 
either an output or input function depending on the 
operation of the serial pin it is multiplexed with. 

Refresh Control Unit 

The Refresh Control Unit (RCU) automatically gen
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re
fresh requests. 
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A 12-bit address generator is maintained by the RCU 
and is presented on the A 12:1 address lines during 
the refresh bus cycle. Address bits A 19: 13 are pro
grammable to allow the refresh address block to be 
located on any 8 Kbyte boundary. 

Power Management Unit 

The 80C186EB Power Management Unit (PMU) is 
provided to control the power consumption of the 
device. The PMU provides three power modes: Ac
tive, Idle, and Powerdown. 

Active Mode indicates that all units on the 
80C186EB are functional and the device consumes 
maximum power (depending on the level of periph
eral operation). Idle Mode freezes the clocks of the 
Execution and Bus units at a logic zero state (all 
peripherals continue to operate normally). 

The Powerdown mode freezes all internal clocks at 
a logic zero level and disables the crystal oscillator. 
All internal registers hold their values provided Vee 
is maintained. Current consumption is reduced to 
just transistor junction leakage. 

80C187 Interface (80C186EB Only) 

The 80C186EB (PLCC package only) supports the 
direct connection of the 80C187 Numerics Coproc
essor. 

ONCE Test Mode 

To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EB has a test 
mode available which forces all output and input! 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit EmUlation". The 
ONCE mode is selected by forcing the A19/0NCE 
pin LOW (0) during a processor reset (this pin is 
weakly held to a HIGH (1) level) while RESIN is ac
tive. 



PACKAGE INFORMATION 

This section describes the pins, pinouts, and thermal 
characteristics for the 80C186EB in the Plastic 
Leaded Chip Carrier (PLCC) package, Shrink Quad 
Flat Pack (SQFP), and Quad Flat Pack (QFP) pack
age. For complete package specifications and infor
mation, see the Intel Packaging Outlines and Dimen
sions Guide (Order Number: 231369). 

Prefix Identification 

With the extended temperature range, operational 
characteristics are guaranteed over the temperature 
range corresponding to - 40·C to + 8S·C ambient. 
Package types are identified by a two-letter prefix to 
the part number. The prefixes are listed in Table 1. 

Table 1. Prefix Identification 

Prefix Note 
Package Temperature 

Type Type 

TN PLCC Extended 

TS QFP (EIAJ) Extended 

SB 1 SQFP Extended/Commercial 

N 1 PLCC Commercial 

S 1 QFP (EIAJ) Commercial 

NOTE: 
1. The 5V 25 MHz and 3V 16 MHz versions are only avail

able in commercial temperature range corresponding to 
O·C to + 70·C ambient. 

Pin Descriptions 

Each pin or logical set of pins is described in Table 
3. There are three columns for each entry in the Pin 
Description Table. 

The Pin Name column contains a mnemonic that 
describes the pin function. Negation of the signal 
name (for example, RESIN) denotes a signal that is 
active low. 

80C186EB/80C188EB,80L186EB/80L188EB 

The Pin Type column contains two kinds of informa
tion. The first symbol indicates whether a pin is pow
er (P), ground (G), input only (I), output only (0) or 
input/output (I/O). Some pins have multiplexed 
functions (for example, A 19/56). Additional symbols 
indicate additional characteristics for each pin. Table 
2 lists all the possible symbols for this column. 

The Input Type column indicates the type of input 
(Asynchronous or Synchronous). 

Asynchronous pins require that setup and hold times 
be met only in order to guarantee recognition at a 
particular clock edge. Synchronous pins require that 
setup and hold times be met to guarantee proper 
operation. For example, missing the setup or hold 
time for the SRDY pin (a synchronous input) will re
sult in a system failure or lockup. Input pins may also 
be edge- or level-sensitive. The possible character
istics for input pins are S(E), S(L), A(E) and A(L). 

The Output States column indicates the output 
state as a function of the device operating mode. 
Output states are dependent upon the current activi
ty of the processor. There are four operational 
states that are different from regular operation: bus 
hold, reset, Idle Mode and Powerdown Mode. Ap
propriate characteristics for these states are also in
dicated in this column, with the legend for all possi
ble characteristics in Table 2. 

The Pin Description column contains a text de
scription of each pin. 

As an example, consider AD1S:0. I/O signifies the 
pins are bidirectional. S(L) signifies that the input 
function is synchronous and level-sensitive. H(Z) 
signifies that, as outputs, the pins are high-imped
ance upon acknowledgement of bus hold. R(Z) sig
nifies that the pins float during reset. P(X) signifies 
that the pins retain their states during Powerdown 
Mode. 
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Table 2. Pin Description Nomenclature 

Symbol Description 

P Power Pin (Apply + Vee Voltage) 
G Ground (Connect to Vss) 
I Input Only Pin 
0 Output Only Pin 
1/0 Input/Output Pin 

S(E) Synchronous, Edge Sensitive 
S(L) Synchronous, Level Sensitive 
A(E) Asynchronous, Edge Sensitive 
A(L) Asynchronous, Level Sensitive 

H(1) Output Driven to Vee during Bus Hold 
H(O) Output Driven to Vss during Bus Hold 
H(Z) Output Floats during Bus Hold 
H(O) Output Remains Active during Bus Hold 
H(X) Output Retains Current State during Bus Hold 

R(WH) Output Weakly Held at Vee during Reset 
R(1) Output Driven to Vee during Reset 
R(O) Output Driven to Vss during Reset 
R(Z) Output Floats during Reset 
R(O) Output Remains Active during Reset 
R(X) Output Retains Current State during Reset 

1(1) Output Driven to Vee during,ldle Mode 
1(0) Output Driven to Vss during Idle Mode 
I(Z) Output Floats during Idle Mode 
1(0) Output Remains Active during Idle Mode 
I(X) Output Retains Current $tate during Idle Mode 

P(1) Output Driven to Vee during Powerdown Mode 
P(O) Output Driven to Vss during Powerdown Mode 

, P(Z) Output Floats during Powerdown Mode 
P(O) Output Remains Active during Powerdown Mode ' 
P(X) Output Retains Current State during Powerdown Mode 
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Table 3. Pin Descriptions 

Pin Pin Input Output 
Description 

Name Type Type States 

Vee P - - POWER connections consist of four pins which must be 
shorted externally to a Vee board plane. 

Vss G - - GROUND connections consist of six pins which must be 
shorted externally to a Vss board plane. 

ClKIN I A(E) - CLocK INput is an input for an external clock. An external 
oscillator operating at two times the required processor 
operating frequency can be connected to ClKIN. For crystal 
operation, ClKIN (along with OSCOUT) are the crystal 
connections to an internal Pierce oscillator. 

OSCOUT 0 - H(Q) OSCillator OUTput is only used when using a crystal to 
R(Q) generate the external clock. OSCOUT (along with ClKIN) 

P(Q) are the crystal connections to an internal Pierce oscillator. 
This pin is not to be used as 2X clock output for non-crystal 
applications (Le., this pin is N.C. for non-crystal applications). 
OSCOUT does not float in ONCE mode. 

ClKOUT 0 - H(Q) CLocK OUTput provides a timing reference for inputs and 
R(Q) outputs of the processor, and is one-half the input clock 
P(Q) (ClKIN) frequency. ClKOUT has a 50% duty cycle and 

transistions every falling edge of ClKIN. 

RESIN I A(l) - RESet IN causes the processor to immediately terminate 
any bus cycle in progress and assume an initialized state. All 
pins will be driven to a known state, and RESOUT will also 
be driven active. The rising edge (Iow-to-high) transition 
synchronizes ClKOUT with ClKIN before the processor 
begins fetching opcodes at memory location OFFFFOH. 

RESOUT 0 - H(O) RESet OUTput that indicates the processor is currently in 
R(1) the reset state. RESOUT will remain active as long as RESIN 
P(O) remains active. 

PDTMR 1/0 A(l) H(WH) Power-Down TiMeR pin (normally connected to an external 
R(Z) capacitor) that determines the amount of time the processor 

P(1) waits after an exit from power down before resuming normal 
operation. The duration of time required will depend on the 
startup characteristics of the crystal oscillator. 

NMI I A(E) - Non-Maskable Interrupt input causes a TYPE-2 interrupt to 
be serviced by the CPU. NMI is latched internally. 

TEST/BUSY I A(E) - TEST is used during the execution of the WAIT instruction to 
(TEST) suspend CPU operation until the pin is sampled active 

(LOW). TEST is alternately known as BUSY when interfacing 
with an 80C187 numerics coprocessor (80C186EB only). 

AD15:0 1/0 S(l) H(Z) These pins provide a multiplexed Address and Data bus. 
(AD7:0) R(Z) During the address phase of the bus cycle, address bits 0 

P(X) through 15 (0 through 7 on the 80C188EB) are presented on 
the bus and can be latched using ALE. 8- or 16-bit data 
information is transferred during the data phase of the bus 
cycle. 

NOTE: 
Pin names in parentheses apply to the 80e188EB/80L 188EB. 
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Table 3. Pin Descriptions (Continued) 

Pin Pin Input Output 
Description 

Name Type Type States 

A18:16 1/0 A(L) H(Z) These pins provide multiplexed Address during the address 
A19/0NCE R(WH) phase of the bus cycle. Address bits 16 through 19 are presented 
(A15:A8) P(X) on these pins and can be latched using ALE. These pins are 

(A18:16) driven to a logic 0 during the data phase of the bus cycle. On the 

(A19/0NCE) 80C188EB, A 15-A8 provide valid address information for the 
entire bus cycle. During a processor reset (RESIN active), A191 
ONCE is used to enable ONCE mode. A 18: 16 must not be driven 
low during reset or improper operation may result. 

82:0 0 - H(Z) Bus cycle Status are encoded on these pins to provide bus 
R(Z) transaction information. S2:0 are encoded as follows: 
P(1) 

S2 S1 SO Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Processor HALT 
1 0 0 Queue Instruction Fetch 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 . Passive (no bus activity) 

ALE 0 - H(O) Address Latch Enable output is used to strobe address 
R(O) information into a transparent type latch during the address phase 
P(O) of the bus cycle. 

BHE 0 - H(Z) Byte High Enable output to indicate that the bus cycle in progress 
(RFSH) R(Z) is transferring data over the upper half of the data bus. BHE and 

P(X) AO have the following logical encoding 

AO BHE Encoding (for the 80C186EB/80L 186EB only) 

0 0 Word Transfer 
0 1 Even Byte Transfer 
1 0 Odd Byte Transfer 
1 1 Refresh Operation 

On the 80C188EB/80L 188EB, RFSH is asserted low to indicate a 
refresh bus cycle. 

RD 0 - H(Z) ReaD output signals that the accessed memory or 1/0 device 
R(Z) must drive data information onto the data bus. 

P(1) 

WR 0 - H(Z) WRite output signals that data available on the data bus are to be 
R(Z) written into the accessed memory or 1/0 device .. 

P(1) 

READY I A(L) - READY input to signal the completion of a bus cycle. READY 
S(L) must be active to terminate any bus cycle, unless it is ignored by 

correctly programming the Chip-Select Unit. 

DEN 0 - H(Z) Data ENable output to control the enable of bi-directional 
R(Z) transceivers in a buffered system. DEN is active only when data is 

~ P(1) to be transferred on the bus. 

NOTE: 
Pin names in parentheses apply to the 80C188EB/80L 188EB. 
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Table 3. Pin Descriptions (Continued) 

Pin Pin Input Output 
Description 

Name Type Type States 

DT/R 0 - H(Z) Data Transmit/Receive output controls the direction of a 
R(Z) bi·directional buffer in a buffered system. DT IR is only 
P(X) available for the PLCC package. 

LOCK 0 - H(Z) LOCK output indicates that the bus cycle in progress is not 
R(WH) to be interrupted. The processor will not service other bus 

P(1) requests (such as HOLD) while LOCK is active. This pin is 
configured as a weakly held high input while RESIN is 
active and must not be driven low. 

HOLD I A(L) - HOLD request input to signal that an external bus master 
wishes to gain control of the local bus. The processor will 
relinquish control of the local bus between instruction 
boundaries not conditioned by a LOCK prefix. 

HLDA 0 - H(1) HoLD Acknowledge output to indicate that the processor 
R(O) has relinquished control of the local bus. When HLDA is 
P(O) asserted, the processor will (or has) floated its data bus 

and control signals allowing another bus master to drive the 
signals directly. 

NCS 0 - H(1) Numerics Coprocessor Select output is generated when 
(N.C.) R(1) accessing a numerics coprocessor. NCS is not provided on 

P(1) the OFP or SOFP packages. This signal does not exist on 
the 80C188EB/80L 188EB. 

ER"RC)"R I A(L) - ERROR input that indicates the last numerics coprocessor 
(N.C.) operation resulted in an exception condition. An interrupt 

TYPE 16 is generated if ERROR is sampled active at the 
beginning of a numerics operation. ERROR is not provided 
on the OFP or SOFP packages. This signal does not exist 
on the 80C188EB/80L 188EB. 

PEREO I A(L) - CoProcessor REQuest signals that a data transfer 
(N.C.) between an External Numerics Coprocessor and Memory is 

pending. PEREO is not provided on the OFP or SOFP 
packages. This signal does not exist on the 80C188EBI 
80L188EB. 

UCS 0 - H(1) Upper Chip Select will go active whenever the address of 
R(1) a memory or I/O bus cycle is within the address limitations 

P(1) programmed by the user. After reset, UCS is configured to 
be active for memory accesses between OFFCOOH and 
OFFFFFH. 

LCS 0 - H(1) Lower Chip Select will go active whenever the address of 
R(1) a memory bus cycle is within the address limitations 

P(1) programmed by the user. LCS is inactive after a reset. 

P1.0/GCSO 0 - H(X)/H(1) These pins provide a multiplexed function. If enabled, each 
P1.1/GCS1 R(1) pin can provide a Generic Chip Select output which will go 

P1.2/GCS2 P(X)/P(1) active whenever the address of a memory or I/O bus cycle 

P1.3/GCS3 is within the address limitations programmed by the user. 

P1.4/GCS4 When not programmed as a Chip-Select, each pin may be 

P1.5/GCS5 
used as a general purpose output Port. As an output port 

P1.6/GCS6 
pin, the value of the pin can be read internally. 

P1.7/GCS7 

NOTE: 
Pin names in parentheses apply to the BOC1 BBES/BOL 1 BBES. 
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Table 3. Pin Descriptions (Continued) 

Pin Pin Input Output 
Description 

Name Type Type States 

TOOUT. 0 - H(Q) Timer OUTput pins can be programmed to provide a 
T10UT R(1) single clock or continuous waveform generation, 

P(Q) depending on the timer mode selected. 

TOIN I A(L) - Timer INput is used either as clock or control signals, 
T1IN A(E) depending on the timer mode selected. 

INTO I A(E,L) - Maskable INTerrupt input will cause a vector to a 
INT1 specific Type interrupt routine. To allow interrupt 
INT4 expansion,lNTO andlor INT1 can be used with 

INTAO and INTA 1 to interface with an external slave 
controller. 

INT2/1NTAO 1/0 A(E,L) H(1) These pins provide a multiplexed function. As inputs, 
INT3/1NTA1 R(Z) they provide a maskable INTerrupt that will cause 

P(1) the CPU to vector to a specific Type interrupt routine. 
As outputs, each is programmatically controlled to 
provide an INTERRUPT ACKNOWLEDGE 
handshake signal to allow interrupt expansion. 

P2.7 1/0 A(L) H(X) BI-DIRECTIONAL, open-drain Port pins. 
P2.6 R(Z) 

P(X) 

CTSO I A(L) - Clear-To-Send input is used to prevent the 
P2.4/CTS1 transmission of serial data on their respective TXD 

signal pin. CTS1 is multiplexed with an input only port 
function. 

TXDO 0 - H(X)/H(Q) Transmit Data output provides serial data 
P2.1/TXD1 R(1) information. TXD1 is multiplexed with an output only 

P(X)/P(Q) Port function. During synchronous serial 
communications, TXD will function as a clock output. 

RXDO 1/0 A(L) R(Z) Receive Data input accepts serial data information. 
P2.0/RXD1 H(Q) . RXD1 is multiplexed with an input only Port function. 

P(X) During synchronous serial communications, RXD is 
bi-directional and will become an output for 
transmission or data (TXD becomes the clock). 

P2.5/BCLKO I A(L)/A(E) - Baud CLocK input can be used as an alternate clock 
P2.2/BCLK1 source for each of the integrated serial channels. 

BCLKx is multiplexed with an input only Port function, 
and cannot exceed a clock rate greater than one-half 
the operating frequency of the processor. 

P2.3/SINT1 0 - H(X)/H(Q) Serial INTerrupt output will go active to indicate 
R(O) serial channel 1 requires service. SINT1 is 

P(X)/P(X) multiplexed with an output only Port function. 

NOTE: 
Pin names in parentheses apply to the 80C188EB/80L 188EB. 
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80C186EB PINOUT 

Tables 4 and 5 list the 80C186EB/80C188EB pin 
names with package location for the 84-pin Plastic 
Leaded Chip Carrier (PLCC) component. Figure 5 
depicts the complete 80C186EB/80C188EB pinout 
(PLCC package) as viewed from the top side of the 
component (Le., contacts facing down). 

80C186EB/80C188EB,80L186EB/80L188EB 

Tables 6 and 7 list the 80C186EB/80C188EB pin 
names with package location for the 80-pin Quad 
Flat Pack (QFP) component. Figure 6 depicts the 
complete 80C186EB/80C188EB (QFP package) as 
viewed from the top side of the component (Le., con
tacts facing down). 

Tables 8 and 9 list the 80186EB/80188EB pin 
names with package location for the 80-pin Shrink 
Quad Flat Pack (SQFP) component. Figure 7 depicts 
the complete 80C186EB/80C188EB (SQFP pack
age) as viewed from the top side of the component 
(Le., contacts facing down). 

Table 4. PLCC Pin Names with Package Location 

Address/Data Bus Bus Control Processor Control 1/0 

Name Location Name Location Name Location Name. Location 

ADO 61 ALE 6 RESIN 37 UCS 30 
AD1 66 BHE (RFSH) 7 RESOUT 38 LCS 29 
AD2 68 SO 10 ClKIN 41 P1.0/GCSO 28 
AD3 70 S1 9 OSCOUT 40 P1.1/GCS1 27 
AD4 72 S2 8 CLKOUT 44 P1.2/GCS2 26 
AD5 74 RD 4 TEST/BUSY 14 P1.3/GCS3 25 
AD6 76 
AD7 78 
AD8(A8) 62 
AD9(A9) 67 
AD10 (A10) 69 

WR 5 

READY 18 

DEN 11 
DT/A 16 

NCS(N.C.) 60 
PEREQ (N.C.) 39 
ERROR (N.C.) 3 

PDTMR 36 

P1.4/GCS4 24 
P1.5/GCS5 21 
P1.6/GCS6 20 
P1.7/GCS7 19 

TOOUT 45 
AD11 (A11) 71 LOCK 15 NMI 17 TOIN 46 
AD12 (A12) 73 HOLD 13 INTO 31 T10UT 47 
AD13 (A13) 75 HLDA 12 INT1 32 T11N 48 
AD14 (A14) 77 INT211NTAO 33 RXDO 53 
AD15 (A15) 79 
A16 80 
A17 81 
A18 82 
A19/0NCE 83 

Power 

Name Location 

Vss 2,22,43 
63,65;84 

INT3/INTA1 34 
INT4 35 

TXDO 52 
P2.5/BCLKO 54 
CTSO 51 

P2.0/RXD1 57 
P2.1/TXD1 58 

Vee 1,23 P2.2/BClK1 59 
42,64 P2.3/SINT1 55 

P2.4/CTS1 56 

P2.6 50 
P2.7 49 

NOTE: 
Pin names in parentheses apply to the 80Ct 88EB/80l 188EB. 
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Table 5. PLCC Package Locations with Pin Name 

Location Name Location Name Location Name Location Name ; 

1 Vee 22 Vss 43 Vss 64 Vee 
2 VSS 23 Vee 44 ClKOUT 65 VSS 
3 ERROR (N.C.) 24 P1.4/GCS4 45 rOOUT 66 AD1 
4 RD 25 P1.3/GCS3 46 TOIN 67 AD9(A9) 
5 WR 26 P1.2/GCS2 47 T10UT 68 AD2 
6 ALE 27 P1.1/GCS1 48 T11N 69 AD10 (A10) 
7 BHE (RFSH) 28 P1.0/GCSO 49 P2.7 70 AD3 
8 S2 29 lCS 50 P2.6 71 AD11 (A11) 
9 S1 30 UCS 51 CTSO 72 AD4 

10 SO 31 INTO 52 TXDO 73 AD12 (A12) 
11 DEN 32 INT1 53 RXDO 74 AD5 
12 HlDA 33 INT2/INTAO 54 P2.5/BClKO 75 AD13 (A13) 
13 HOLD 34 INT3/INTA1 55 P2.3/SINT1 76 AD6 
14 TEST/BUSY 35 INT4 56 P2.4/CTS1 77 AD14 (A14) 
15 lOCK 36 PDTMR 57 P2.0/RXD1 78 AD7 
16 DT/R 37 .RESIN 58 P2.1/TXD1 79 AD15 (A15) 
17 NMI 38 RESOUT 59 P2.2/BClK1 80 A16 
18 READY 39 PEREQ (N.C.) 60 NCS(N.C.) 81 A17 
19 P1.7/GCS7 40 OSCOUT 61 ADO 82 A18 
20 P1.6/GCS6 41 ClKIN 62 AD8(A8) 83 A19/0NCE 
21 P1.5/GCS5 42 Vee 63 Vss 84 VSS 

NOTE: 
Pin names in parentheses apply to the 80C188EB/80L 188EB. 
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NOTE: 
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Pin names in parentheses apply to the 80C188EB/80L la8EB. 
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Figure 4. 84-Pin Plastic Leaded Chip Carrier Pinout Diagram 
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Table 6. QFP Pin Name with Package Location 

Address/Data Bus Bus Control Processor Control I/O 

Name Location Name Location Name Location Name Location 

ADO 10 ALE 38 RESiN 68 UCS 61 
AD1 15 SHE (RFSH) 39 RESOUT 69 lCS 60 
AD2 17 SO 42 ClKIN 71 P1.0/GCSO 59 
AD3 19 S1 41 OSCOUT 70 P1.1/GCS1 58 
AD4 21 S2 40 ClKOUT 74 P1.2/GCS2 57 
AD5 23 RD 36 TEST 46 P1.3/GCS3 56 
AD6 25 WR 37 PDTMR 67 P1.4/GCS4 55 
AD7 27 READY 49 NMI 48 P1.5/GCS5 52 
AD8 (A8) 11 
AD9 (A9) 16 DEN 43 

INTO 62 
INT1 63 

P1.6/GCS6 51 
P1.7/GCS7 50 

AD10 (A10) 18 lOCK 47 iNT2/INTAO 64 TOOUT 75 
AD11 (A11) 20 HOLD 45 INT3/INTA1 65 TOIN 76 
AD12 (A12) 22 HlDA 44 INT4 66 T10UT 77 
AD13 (A13) 24 T11N 78 
AD14 (A14) 26 Power RXDO 3 
AD15 (A15) 28 
A16 29 

Name Location 
TXDO 2 
P2.5/BClKO 4 

A17 30 Vss 12,14,33 CTSO 1 
A18 31 35,53,73 P2.0/RXD1 7 
A19/0NCE 32 Vee 13,34 P2.1/TXD1 8 

54, 72 P2.2/BClK1 9 
P2.3/SINT1 5 
P2.4/CTS1 6 

P2.6 80 
P2.7 79 

NOTE: 
Pin names in parentheses apply to the BOC1 BBES/BOl 1 BBES. 

1·148 



80C186EB/80C188EB,80L186EB/80L188EB 

Table 7. QFP Package Location with Pin Names 

Location Name Location Name Location Name Location Name 

1 CTSO 21 AD4 41 S1 61 UCS 
2 TXDO 22 AD12 (A12) 42 SO 62 INTO 
3 RXDO 23 AD5 43 DEN 63 INT1 
4 P2.5/BClKO 24 AD13 (A13) 44 HlDA 64 INT2/INTAO 
5 P2.3/SINT1 25 AD6 45 HOLD 65 INT3/INTA1 
6 P2.4/CTS1 26 AD14 (A14) 46 TEST 66 INT4 
7 P2.0/RXD1 27 AD7 47 lOCK 67 PDTMR 
8 P2.1/TXD1 28 AD15 (A15) 48 NMI 68 RESIN 
9 P2.2/BClK1 29 A16 49 READY 69 RESOUT 

10 ADO 30 A17 50 P1.71GCS7 70 OSCOUT 
11 AD8(A8) 31 A18 51 P1.6/GCS6 71 ClKIN 
12 VSS 32 A19/0NCE 52 P1.5/GCS5 72 Vee 
13 Vee 33 Vss 53 Vss 73 Vss 
14 VSS 34 Vee 54 Vee 74 ClKOUT 
15 AD1 35 Vss 55 P1.4/GCS4 75 TOOUT 
16 AD9(A9) 36 RD 56 P1.3/GCS3 76 TOIN 
17 AD2 37 WR 57 P1.2/GCS2 77 T10UT 
18 AD10 (A10) 38 ALE 58 P1.1/GCS1 78 T1IN 
19 AD3 39 BHE(RFSH) 59 P1.0/GCSO 79 P2.7 
20 AD11 (A11) 40 S2 60 lCS 80 P2.6 

NOTE: 
Pin names in parentheses apply to the 80C188EB/80l188EB. 
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Table 8. SQFP Pin Functions with Location 

AD Bus Bus Control Processor Control I/O 

ADO 47 ALE 75 RESIN# 25 UCS# 18 
ADl 52 BHE# (RFSH#) 76 RESOUT 26 LCS# 17 
AD2 54 SO# 79 CLKIN 28 
AD3 56 Sl# 78 OSCOUT 27 Pl.0/GCSO# 16 
AD4 58 S2# 77 CLKOUT 31 Pl.l/GCSl # 15 
AD5 60 RD# 73 TEST#/BUSY 3 Pl.2/GCS2# 14 
AD6 62 WR# 74 NMI 5 Pl.3/GCS3# 13 
AD7 64 READY 6 INTO 19 Pl.4/GCS4# 12 
AD8 (A8) 48 DEN# 80 INTl 20 Pl.5/GCS5# 9 
AD9 (A9) 53 LOCK# 4 INT2I1NTAO# 21 Pl.6/GCS6# 8 
AD10 (Al0) 55 HOLD 2 INT3/INTAl # 22 Pl.7/GCS7# 7 
ADll (All) 57 HLDA 1 INT4 23 
AD12 (A12) 59 PDTMR 24 P2.0/RXDl 44 
AD13 (A13) 61 P2.1/TXDl 45 
AD14 (A14) 63 
AD15 (A15) 65 Power and Ground 

P2.2/BCLKl 46 
P2.3/SINTl 42 

A16 66 Vee 11 P2.4/CTSl # 43 
A17 67 Vee 29 P2.5/BCLKO 41 
A18 68 Vee 50 P2.6 37 
A19/0NCE 69 Vee 71 P2.7 36 

Vss 10 
Vss 30 CTSO# 38 
Vss 49 TXDO 39 
Vss 51 RXDO 40 
Vss 70 
Vss 72 TOIN 33 

TllN 35 
TOOUT 32 
Tl0UT 34 

Table 9. SQFP Pin Locations with Pin Names 

1 HLDA 21 INT1/INTAO# 41 P2.5/BCLKO 61 AD13 (A13) 
2 HOLD 22 INT3/INTAl # 42 P2.3/SINTl 62 AD6 
3 TEST# 23 INT4 43 P2.4/CTSl # 63 AD14 (A14) 
4 LOCK# 24 PDTMR 44 P2.0/RXDl 64 AD7 
5 NMI 25 RESIN# 45 P2.1/TXDl 65 AD15 (A15) 
6 READY 26 RESOUT . 46 P2.2/BCLKl 66 A16 
7 Pl.7/GCS7# 27 OSCOUT 47 ADO 67 A17 
8 Pl.6/GCS6# 28 CLKIN 48 AD8 (A8) 68 A18 
9 Pl.5/GCS5# 29 Vee 49 Vss 69 A19/0NCE 

10 VSS 30 Vss 50 Vee 70 VSS 
11 Vee 31 CLKOUT 51 Vss 71 Vee 
12 Pl.4/GCS4# 32 TOOUT 52 ADl 72 Vss 
13 Pl.3/GCS3# 33 TOIN 53 AD9 (A9) 73 RD# 
14 Pl.2/GCS2# 34 Tl0UT 54 AD2 74 WR# 
15 Pl.l/GCSl # 35 TllN 55 AD10 (Al0) 75 ALE 
16 Pl.0/GCSO# 36 P2.7 56 AD3 76 BHE# (RFSH#) 
17 LCS# 37 P2.6 57 ADll (All) 77 S2# 
18 UCS# 38 CTSO# 58 AD4 78 Sl# 
19 INTO 39 TXDO 59 AD12 (A12) 79 SO# 
20 INTl 40 RXDO 60 AD5 80 DEN# 

NOTE: 
Pin names in parentheses appiy to the BOel BBES/SOL 1 BBES. 
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NOTE: 
XXXXXXXXC indicates Intel FPO number. 
Pin names in parentheses apply to the BOC1 BBES/BOL 1 BBES. 

Figure 6. SQFP Package 
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PACKAGE THERMAL 
SPECIFICATIONS 

The 80C186EB/80L 186EB is specified for operation 
when T C (the case temperature) is within the range 
of -40·C to + 100·C (PLCC package) or -40·C to 
+ 114·C (QFP package). T C may be measured in 
any environment to determine whether the proces
sor is within the specified operating range. The case 
temperature must be measured at the center of the 
top surface. 

80C186EB/80C188EB,80L186EB/80L188EB 

T A (the ambient temperature) can be calculated 
from (JCA (thermal resistance from the case to ambi
ent) with the following equation: 

Typical values for (JCA at various airflows are given 
in Table 10. P (the maximum power consumption, 
specified in watts) is calculated by using the maxi
mum ICC as tabulated in the DC specifications and 
VCC of 5.5V. 

Table 10. Thermal Resistance «(JCA) at Various Airflows (in ·C/Watt) 

Airflow Linear ftlmin (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

(JCA(PLCC) 30 24 21 19 17 16.5 

(JCA(QFP) 58 47 43 40 38 36 

(JcA(SQFP) 70 TBD TBD TBD TBD TBD 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

Storage Temperature .......... - 65·C to + 150·C 

Case TE~mp under Bias ......... - 65·C to + 120·C 

Supply Voltage 
with Respect toVss ........... -0.5V to + 6.5V 

Voltage on other Pins 
with Respect to Vss ...... -0.5V to Vee + 0.5V 

Recommended Connections 

Power and ground connections must be made 'to 
multiple Vee and Vss pins. Every 80C186EB-based 
circuit board should include separate power (Vecl 
and ground (Vss) planes. Every Vee pin must be 
connected to the power plane, and every Vss pin 
must be connected to the ground plane. Pins identi
fied as "NC" must not be connected in the system. 
Liberal decoupling capacitance should be placed 
near the processor. The processor can cause tran
sient power surges when its output buffers tran
sition, particularly when connected to large capaci
tive loads. 

1-154 

NOTICE: This data sheet contains preliminary infor
mation on new products in production. It is valid for 
the devices indicated in the revision history. The 
specifications are subject to change without notice. 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per
formance. Inductance is reduced by placing the de
coupling capacitors as close as possible to the proc
essor Vee and Vss package pins. 

Always connect any unused input to an appropriate 
signal level. In particular, unused interrupt inputs 
(INTO:4) should be connected to Vee through a pull
up resistor (in the range of 50 KO). Leave any un
used output pin or any NC pin unconnected. 
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DC SPECIFICATIONS (80C186EB/80C188EB) 
Symbol Parameter Min Max Units Notes 

Vcc Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage -0.5 0.3 Vcc V 

VIH Input High Voltage 0.7 Vee Vee + 0.5 V 

VOL Output Low Voltage 0.45 V IOL = 3 mA (Min) 

VOH Output High Voltage Vce - 0.5 V IOH = -2 mA (Min) 

VHYR Input Hysterisis on RESIN 0.50 V 

IU1 Input Leakage Current for Pins: ±15 /-LA OV s VIN s Vee 
AD15:0 (AD7:0), READY, HOLD, 
RESIN, CLKIN, TEST, NMI, INT4:0, 
TOIN, T1IN, RXDO, BCLKO;CTSO, 
RXD1, BCLK1, CTS1, P2.6, P2.7 

IU2 Input Leakage Current for Pins: ±0.275 ±7 mA OV s VIN < Vee 
ERROR, PEREQ 

IU3 Input Leakage Current for Pins: -0.275 -5.0 mA VIN = 0.7 Vec (Note 1) 
A19/0NCE,A18:16, LOCK 

ILO Output Leakage Current ±15 /-LA 0.45 s VOUT s Vee 
(Note 2) 

ICC Supply Current Cold (RESET) 
80C186EB25 115 mA (Notes 3, 7) 

80C186EB20 108 mA (Note 3) 

80C186EB13 73 mA (Note 3) 

liD Supply Current Idle 
80C186EB25 91 mA (Notes 4,7) 

80C186EB20 76 mA (Note 4) 

80C186EB13 48 mA (Note 4) 

IpD Supply Current Powerdown 
80C186EB25 100 /-LA (Notes 5,7) 

80C186EB20 100 /-LA (Note 5) 

80C186EB13 100 /-LA (Note 5) 

CIN Input Pin Capacitance 0 15 pF TF = 1 MHz 

COUT Output Pin Capacitance 0 15 pF T F = 1 MHz (Note 6) 

NOTES: 
1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
2. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
3. Measured with the device in RESET and at worst case frequency, Vee, and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
4. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vee, and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
5. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Vee, and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
6. Output Capacitance is the capacitive load of a floating output pin. 
7. Operating temperature for 25 MHz is O°C to 70°C, Vee = 5.0 ±10%. 
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DC SPECIFICATIONS (80L 186EB 16) (operating temperature, ODC to 70DC) 

Symbol Parameter Min Max Units Notes 

VCC Supply Voltage 3.0 5.5 V 

VIL Input Low Voltage -0.5 0.3 Vcc V 

VIH Input High Voltage 0.7 VCC VCC + 0.5 V 

VOL Output Low Voltage 0.45 V IOL = 1.6 mA (Min) : '\I ate 1) 

VOH Output High Voltage VCC - 0.5 V IOH = -1 mA (Min) (Note 1) 

VHYR Input Hysterisis on RESIN 0.50 V 

IU1 Input Leakage Current for pins: ±15 /LA OV:;; VIN :;; VCC 
AD15:0 (AD7:0), READY, HOLD, 
RESIN, CLKIN, TEST, NMI, 
INT4:0, TOIN, T1IN, RXDO, 
BCLKO, CTSO, RXD1, BCLK1, 
CTS1, SINT1, P2.6, P2.7 

IU2 Input Leakage Current for Pins: -0.275 -2 mA VIN = 0.7 VCC (Note 2) 
A19/0NCE, A18:16, LOCK 

ILO Output Leakage Current ±15 /LA 0.45:;; VOUT :;; VCC (Note 3) 

ICC3 Supply Current (RESET, 3.3V) 
80L186EB16 54 mA (Note 4) 

IID3 Supply Current Idle (3.3V) 
80L186EB16 38 mA (Note 5) 

IpD3 Supply Current Powerdown (3.3V) 
80L 186EB16 40 /LA (Note 6) 

CIN Input Pin Capacitance 0 15 pF TF = 1 MHz 

COUT Output Pin Capacitance 0 15 pF T F = 1 MHz (Note 7) 

NOTES: 
1. IOL and IOH measured at Vee = 3.0V. 
2. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
3. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
4. Measured with the device in RESET and at worst case frequency, Vee, and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
5. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vee, and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
6. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Vee, and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
7. Output Capacitance is the capacitive load of a floating output pin. 
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DC SPECIFICATIONS (80L 186EB13/80L 1S8EB13, SOL 186EBS/SOL 1S8EBS) 

Symbol Parameter Min Max Units Notes 

Vcc Supply Voltage 2.7 5.5 V 

VIL Input Low Voltage -0.5 0.3 VCC V 

VIH Input High Voltage 0.7Vcc VCC + 0.5 V 

VOL Output Low Voltage 0.45 V IOL = 1.6 rnA (Min) (Note 1) 

VOH Output High Voltage VCC - 0.5 V IOH = -1 rnA (Min) (Note 1) 

VHYR Input Hysterisis on RESIN 0.50 V 

IU1 Input Leakage Current for pins: ±15 p.A OV"; VIN ,,; VCC 
AD15:0 (AD7:0), READY, HOLD, 
RESIN, CLKIN, TEST, NMI, 
INT4:0, TOIN, T1IN, RXDO, 
BCLKO, CTSO, RXD1, BCLK1, 
CTS1, SINT1, P2.6, P2.7 

IU2 Input Leakage Current for Pins: -0.275 -2 rnA VIN = 0.7 VCC (Note 2) 
A19/0NCE, A18:16, LOCK 

ILO Output Leakage Current ±15 p.A 0.45 ,,; VOUT ,,; VCC (Note 3) 

ICC5 Supply Current (RESET, 5.5V) 
80L186EB13 73 rnA (Note 4) 
80L186EB8 45 rnA (Note 4) 

ICC3 Supply Current (RESET, 2.7V) 
80L186EB13 36 rnA (Note 4) 
80L186EB8 22 rnA (Note 4) 

11D5 Supply Current Idle (5.5V) 
80L186EB13 48 rnA (Note 5) 
80L186EB8 31 rnA (Note 5) 

1103 Supply Current Idle (2.7V) 
80L186EB13 24 rnA (Note 5) 
80L186EB8 15 rnA (Note 5) 

IpD5 Supply Current Powerdown (5.5V) 
80L186EB13 100 p.A (Note 6) 
80L186EB8 100 p.A (Note 6) 

IpD3 Supply Current Powerdown (2.7V) 
80L186EB13 30 p.A (Note 6) 
80L186EB8 30 p.A (Note 6) 

CIN Input Pin Capacitance 0 15 pF TF = 1 MHz 

COUT Output Pin Capacitance 0 15 pF TF = 1 MHz (Note 7) 

NOTES: 
1. IOL and IOH measured at Vee = 2.7V. 
2. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
3. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
4. Measured with the device in RESET and at worst case frequency, Vee, and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
5. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vee, and temperature with ALL 
outputs loaded as specified in AC Test Conditions, ancl all floating outputs driven to Vee or GND. 
6. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Vee, and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
7. Output Capacitance is the capacitive load of a floating output pin. 
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ICC VERSUS FREQUENCY AND VOLTAGE 

The current (IcC> consumption of the processor is 
essentially composed of two components; IpD and 
Iccs· 

IpO is the quiescent current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or Vcc (no clock applied to 
the device). IpD is equal to the Powerdown current 
and is typically less than 50 p.A. 

Iccs is the switching current used to charge and 
discharge parasitic device capacitance when chang
ing logic levels. Since Iccs is typically much greater 
than IpD, IpD can often be ignored when calculating 
Icc· 

ICCS is related to the voltage and frequency at which 
the device is operating. It is given by the formula: 

Power = V x I = V2 X COEV x f 

:. I = Icc = Ices = V X COEV X f 

Where: V = Device operating voltage (VcC> 

COEV = Device capacitance 

f = Device operatir)g frequency 

Ices = Icc = Device current 

Measuring CDEV on a device like the 8QC186EB 
would be difficult. Instead, CDEV is calculated using 
the above formula by measuring Icc at a known Vcc 
and frequency (see Table 11). Using this CDEV val
ue, Icc can be calculated at any voltage and fre
quency within the specified operating range. 

EXAMPLE: Calculate the typical Icc when operating 
at 10 MHz, 4.8V. 

ICC = Ices = 4.8 x 0.583 x 10 "" 28 rnA 

PDTMR PIN DELAY CALCULATION 

The PDTMR pin provides a delay between the as
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 

NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e., a device reset during Pow
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabi
lized). 

To calculate the value of capacitor required to pro
vide a desired delay, use the equation: 

440 x. t = CPO .55V, 25·C) 

Where: t = desired delay in seconds 

CPD = capacitive load on PDTMR in mi
crofarads 

EXAMPLE: To get a delay of 300 p.s, a capacitor 
valueofCPD = 440 x (300 x 10-6) = 0.132p.Fis 
required. Round up to standard (available) capaci
tive values. 

NOTE: 
The above equation applies to delay times greater 
than 10 p.s and will compute the TYPICAL capaci
tance needed to achieve the desired delay. A delay 
variance of + 50% or - 25% can occur due to 
temperature, voltage, and device process ex
tremes. In general, higher Vcc and/or lower tem
perature will decrease delay time, while lower Vcc 
and/or higher temperature will increase delay time. 

Table 11. Device CapaCitance (COEV) Values 
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Parameter Typ Max Units Notes 

COEV (Device in Reset) 0.583 1.02 mAIV'MHz 1,2 

CDEV (Device in Idle) 0.408 0.682 mAIV'MHz 1,2 

1. Max COEV IS calculated at -40·C, all floating outputs driven to Vee or GND, and all 
outputs loaded to 50 pF (including CLKOUT and OSCOUT). 
2. Typical COEV is calculated at 25·C with all outputs loaded to 50 pF except CLKOUT and 
OSCOUT, which are not loaded. 
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AC SPECIFICATIONS 

AC Characteristics-80C186EB25 
25 MHz 

Symbol Parameter Units Notes 
Min Max 

INPUT CLOCK 

TF ClKIN Frequency 0 50 MHz 1 
Tc ClKIN Period 20 00 ns 1 
TCH ClKIN High Time 8 00 ns 1,2 
TCL ClKIN low Time 8 00 ns 1,2 
TCR ClKIN Rise Time 1 7 ns 1,3 
TCF ClKIN Fall Time 1 7 ns 1,3 

OUTPUT CLOCK 

TCD ClKIN to ClKOUT Delay 0 16 ns 1,4 
T ClKOUT Period 2*Tc ns 1 
TpH ClKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL ClKOUT low Time (T/2) - 5 (T/2) + 5 ns 1 
TpR ClKOUT Rise Time 1 ·6 ns 1,5 
TpF ClKOUT Fall Time 1 6 ns 1,5 

OUTPUT DELAYS 

TCHOV1 ALE, 82:0, DEN, DT/R, BHE (RF8H), lOCK, A19:16 3 17 ns 1,4,6,7 

TCHOV2 GC80:7, le8, UC8, NC8, RD, WR 3 20 ns 1,4,6,8 

TCLOV1 BHE (RF8H), DEN, lOCK, RE80UT, HlDA, TOOUT, 3 17 ns 1,4,6 
T10UT, A19:16 

TCLOV2 RD, WR, GC87:0, lC8, UC8, AD15:0 (AD7:0, A15:8), 3 20 ns 1,4,6 
NC8,INTA1:0, 82:0 

TCHOF RD, WR, BHE (RF8H), DT/R, lOCK, 82:0, A19:16 0 20 ns 1 

TCLOF DEN, AD15:0 (AD7:0, A15:8) 0 20 ns 1 
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AC SPECIFICATIONS 

AC Characteristics-80C186EB25 (Continued) 

Symbol Parameter 

SYNCHRONOUS INPUTS 

TCHIS TEST, NMI,INT4:0, BCLK1:0,T1:0IN, READY, CTS1:0, P2.6, P2.7 

TCHIH TEST, NMI,INT4:0, BCLK1:0, T1:01N, READY, CTS1:0 

TCLIS AD15:0 (AD7:0), READY 

TCLIH READY, AD1.5:0 (AD7:0) 

TCLIS HOLD, PEREQ, ERROR 

TCLIH HOLD, PEREQ, ERROR 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at VIH for high time, VIL for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by Tc, T CH and T CL. 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. TCHOV1 applies to BHE (RFSH), LOCK /1.nd A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 
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25 MHz 
Units Notes 

Min Max 

10 ns 1,9 

3 ns 1,9 

10 ns 1,10 

3 . ns 1,10 

10 ns 1,9 

3 ns 1,9 
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AC SPECIFICATIONS 

AC Characteristics-80C 186EB20/80C 186EB 13 
20 MHz 13MHz 

Symbol Parameter Units Notes 
Min Max Min Max 

INPUT CLOCK 

TF ClKIN Frequency 0 40 0 26 MHz 1 
Tc ClKIN Period 25 00 38.5 00 ns 1 
TCH ClKIN High Time 10 00 12 00 ns 1,2 
TCl ClKIN low Time 10 00 12 00 ns 1,2 
TCR ClKIN Rise Time 1 8 1 8 ns 1,3 
TCF ClKIN Fall Time 1 8 1 8 ns 1,3 

OUTPUT CLOCK 

TCD ClKIN to ClKOUT Delay 0 17 0 23 ns 1,4 
T ClKOUT Period 2*Tc 2*Tc ns 1 
TpH ClKOUT High Time (T/2) - 5 (T/2) + 5 (T/2) - 5 (T/2) + 5 ns 1 
TpL ClKOUT low Time (T/2)-5 (T/2) + 5 (T/2) - 5 (T/2) + 5 ns 1 
TpR ClKOUT Rise Time 1 6 1 6 ns 1,5 
TpF ClKOUT Fall Time 1 6 1 6 ns 1,5 

OUTPUT DELAYS 

TCHOV1 ALE, S2:0, DEN, DT IR, 3 22 3 25 ns 1,4,6,7 
SHE (RFSH), LOCK, : 

A19:16 

TCHOV2 GCSO:7, lCS, UCS, NCS, 3 27 3 30 ns 1,4,6,8 
RD,WR 

TClOV1 SHE (RFSH), DEN, lOCK, 3 22 3 25 ns 1,4,6 
RESOUT, HlDA, TOOUT, 
T10UT, A19:16 

TClOV2 RD, WR, GCS7:0, lCS, 3 27 3 30 ns 1,4,6 
UCS, AD15:0 (AD7:0, 
A15:8), NCS,INTA1:0, S2:0 

TCHOF RD, WR, SHE (RFSH), 
DT/R", lOCK, S2:0, A19:16 

0 25 0 25 ns 1 

TCLOF DEN, AD15:0 (AD7:0, 0 25 0 25 ns 1 
A15:8) 
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AC SPECIFICATIONS 

AC Characteristics-80C186EB20/80C186EB13 (Continued) 

Parameter 
20 MHz 

Symbol 
Min -Max 

SYNCHRONOUS INPUTS 

TCHIS TEST, NMI,INT4:0, BCLK1:0, T1:01N, 10 
READY, CTS1:0, P2.6, P2.7 

TCHIH TEST, NMI,INT4:0, BCLK1:0, T1:01N, 3 
READY, CTS1:0 

TCllS AD15:0 (AD7:0), READY 10 

TCLIH READY, AD15:0 (AD7:0) 3 

TCLIS HOLD, PEREO, ERROR 10 

TCLIH HOLD, PER EO, ERROR 3 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at VIH for high time, VIL for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by T c, T CH and T CL. 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6, See Figure 14 for rise and fall times. 
7. TCHOV1 applies to SHE (RFSH), lOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 
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13 MHz 
Units Notes 

Min Max 

10 ns 1,9 

3 ns 1,9 

10 ns 1,10 

3 ns 1,10 

10 ns 1,9 

3 ns 1,9 
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AC SPECIFICATIONS 

AC Characteristics-80l186EB16 
16 MHz 

Symbol Parameter Units Notes 
Min Max 

INPUT CLOCK 

TF ClKIN Frequency 0 32 MHz 1 
Tc ClKIN Period 31.25 00 ns 1 
TCH ClKIN High Time 13 00 ns 1,2 
TCl ClKIN low Time 13 00 ns 1,2 
TCA ClKIN Rise Time 1 8 ns 1,3 
TCF ClKIN Fall Time 1 8 ns 1,3 

OUTPUT CLOCK 

TCD ClKIN to ClKOUT Delay 0 30 ns 1,4 
T ClKOUT Period 2'Tc ns 1 
TpH ClKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
Tpl ClKOUT low Time (T/2) - 5 (T/2) + 5 ns 1 
TpA ClKOUT Rise Time 1 9 ns 1,5 
TpF ClKOUT Fall Time 1 9 ns 1,5 

OUTPUT DELAYS 

TCHOV1 DT/R, lOCK, A19:16, RFSH 3 22 ns 1,4,6,7 

TCHOV2 GCSO:7, lCS, UCS, NeS, RD, WR 3 27 ns 1,4,6,8 

TCHOV3 BHE, DEN 3 25 ns 1,4 

TCHOV4 ALE 3 30 ns 1,4 

TCHOV5 S2:0 3 33 ns 1,4 

TClOV1 lOCK, RESOUT, HlDA, TOOUT, T10UT, A19:16 3 22 ns 1,4,6 

TClOV2 RD, WR, GCS7:0, lCS, UCS, NCS, INTA1:0, AD15:0 3 27 ns 1,4,6 
(AD7:0, A 15:8) 

TCHOF RD, WR, BHE (RFSH), DT/R, lOCK, S2:0, A19:16 0 25 ns 1· 

TClOF DEN, AD15:0 (AD7:0, A 15:8) 0 25 ns 1 

TClOV3 BHE, DEN 3 25 ns 1,4,6 

TClOV5 52:0 3 33 ns 1,4,6 
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AC SPECIFICATIONS 

AC Characteristics-80L 186EB16 (Continued) 

Symbol Parameter 

SYNCHRONOUS INPUTS 

TCHIS TEST, NMI, INT4:0, BCLK1:0, T1:0IN, READY, CTS1:0, P2.6, P2.7 

TCHIH TEST, NMI, INT4:0, T1:0IN, BCLK1:0, READY, CTS1:0 

TCLIS AD15:0 (AD7:0), READY 

TCLIH READY, AD15:0 (AD7:0) 

TCLIS HOLD 

TCtlH HOLD 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at VIH for high time, VIL for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by T c, T CH and T CL. 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall limes. , 
7. TCHOV1 applies to SHE (RFSH), LOCK and A19:16 only after a HOLD release .. 
8. T CHOV2 applies to RD and WR only after a HOLD release. ' 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 
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16 MHz 
Units Notes 

Min Max 

15 ns 1,9 

3 ns 1,9 

15 ns 1,10 

3 ns 1,10 

15 ns 1,9 

3 ns 1,9 
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AC SPECIFICATIONS 

AC Characteristics-80L 186EB 13/80L 186EB8 

Symbol Parameter 13 MHz 8 MHz Units Notes 
Min Max Min Max 

INPUT CLOCK 

Tr ClKIN Frequency 0 26 0 16 MHz 1 
Tc CLKIN Period 38.5 00 62.5 00 ns 1 
TCH CLKIN High Time 15 00 15 00 ns 1,2 
TCl CLKIN Low Time 15 00 15 00 ns 1,2 
TCA CLKIN Rise Time 1 8 1 8 ns 1,3 
TCF CLKIN Fall Time 1 8 1 8 ns 1,3 

OUTPUT CLOCK 

TCD CLKIN to CLKOUT Delay 0 10 0 50 ns 1,4 
T CLKOUT Period 2·Tc 2·Tc ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2) +5 (T/2) - 5 (T/2) +5 ns 1 
Tpl CLKOUT Low Time (T/2) - 5 (T/2) + 5 (T/2) - 5 (T/2) + 5 ns 1 
TpA ClKOUT Rise Time 1 10 1 15 ns 1,5 
TpF CLKOUT Fall Time 1 10 1 15 ns 1,5 

OUTPUT DELAYS 

TCHOV1 ALE, S2-0, DEN, DT IR, 3 25 3 30 ns 1,4,6,7 
SHE (RFSH), LOCK, 
A19:16 

TCHOV2 GCSO:7, LCS, UCS, 3 30 3 35 ns 1,4,6,8 
NCS,RD,WR 

TClOV1 SHE (RFSH), DEN, 3 25 3 30 ns 1,4,6 
LOCK, RESOUT, HLDA, 
TOOUT, T10UT, A19:16 

TClOV2 S2:0, RD, WR, GCS7:0, 3 30 3 35 ns 1,4,6 
LCS, UCS, NCS, 
INTA1:0, AD15:0 (AD7:0, 
A15:8) 

TCHOF RD, WR, SHE (RFSH), 0 30 0 30 ns 1 
DT IR, lOCK, S2:0, 
A19:16 

TClOF DEN, AD15:0 0 30 0 35 ns 1 
(AD7:0, A 15:8) 
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AC SPECIFICATIONS 

AC Characteristics-80L 186EB13/80L 186EB8 (Continued) 

Symbol Parameter 
13 MHz 8 MHz 

Min Max Min Max 

SYNCHRONOUS INPUTS 

TCHIS TEST, NMI, INT4:0, 20 25 
BCLK1 :0, T1 :OIN, READY 
CTS1:0, P2.6, P2.7 

TCHIH TEST, NMI, INT4:0, T1:0IN, 3 3 
BCLK1 :0, READY, CTS1 :0 

TCLIS AD15:0 (AD7:0), READY 20 25 

TCLIH READY, AD15:0 (AD7:0) 3 3 

TCLIS HOLD 20 25 

TCLIH HOLD· 3 3 

NOTES: 
1. See AC Timing Waveforms. for waveforms and definition. 
2. Measured at VIH for high time. Vil for low time. 
3. Only required to guarantee IcC. Maximum limits are bounded by Tc. TCH and TCl. 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load. see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. TCHOV1 applies to SHE (RFSH). LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 
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Units Notes 

ns 1,9 

ns 1,9 

ns 1,10 

ns 1,10 

ns 1,9 

ns 1,9 
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AC SPECIFICATIONS (Continued) 

Relative Timings (80C186EB25, 20, 13/80L 186EB16, 13, 8) 

Symbol Parameter Min Max Units Notes 

RELATIVE TIMINGS 

TLHLL ALE Rising to ALE Falling T - 15 ns 

TAVLL Address Valid to ALE Falling %T - 10 ns 

TpLLL Chip Selects Valid to ALE Falling %T -10 ns 1 

TLLAX Address Hold from ALE Falling %T - 10 ns 

TLLWL ALE Falling to WR Falling %T - 15 ns 1 

hLAL ALE Falling to RD Falling %T -15 ns 1 

TWHLH WR Rising to ALE Rising %T - 10 ns 1 

TAFAL Address Float to RD Falling 0 ns 

TALAH RD Falling to RD Rising (2*T) - 5 ns 2 

TWLWH WR Falling to WR Rising (2*T) - 5 ns 2 

TAHAV RD Rising to Address Active T - 15 ns 

TWHDX Output Data Hold after WR Rising T - 15 ns 

TWHPH WR Rising to·Chip Select Rising %T - 10 ns 1 

TAHPH RD RiSing to Chip Select Rising %T - 10 ns 1 

TpHPL CS Inactive to CS Active %T -10 ns 1 

TOVAH ONCE Active to RESIN Rising T ns 3 

TAHOX ONCE Hold from RESIN Rising T ns 3 

NOTES: 
1. Assumes equal loading on both pins. 
2. Can be extended using wait states. 
3. Not tested 

1-167 



80C186EB/80C188EB,80L186EB/80L188EB 

AC SPECIFICATIONS (Continued) 

Serial Port Mode 0 Timings (80C186EB25, 20, 13/80L186EB16,13, 8) 

Symbol Parameter Min Max Unit Notes 

TXlXl TXD Clock Period T(n + 1) ns 1,2 

TXlXH TXD Clock Low to Clock High (n > 1) 2T - 35 2T + 35 ns 1 

TXLXH TXD Clock Low to Clock High (n = 1) T - 35 T + 35 ns 1 

TXHXl TXD Clock High to Clock Low (n > 1) (n -1)T - 35 (n - 1)T + 35 ns 1,2 

TXHXl TXD Clock High to Clock Low (n = 1) T - 35 T + 35 ns 1 

TOVXH RXD Output Data Setup to TXD Clock High (n > 1) (n - 1) T - 35 ns 1,2 

TOVXH RXD Output Data Setup to TXD Clock High (n = 1) T -35 ns 1 

TXHOX RXD Output Data Hold after TXD Clock High (n > 1) 2T - 35 ns 1 

TXHOX RXD Output Data Hold after TXD Clock High (n = 1) T - 35 ns 1 

TXHOZ RXD Output Data Float after Last TXD Clock High T + 20 ns 1 

TOVXH RXD Input Data Setup to TXD Clock High T + 20 ns 1 

TXHOX RXD Input Data Hold after TXD Clock High 0 ns 1 

NOTES: 
1. See Figure 12 for waveforms. 
2. n is the value of the BxCMP register ignoring the IClK Bit (i.e., IClK = 0). 
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AC TEST CONDITIONS 

The AC specifications are tested with the 50 pF load 
shown in Figure 7. See the Derating Curves section 
to see how timings vary with load capacitance. 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, for AC specification definitions, test 
pins, and illustrations. 

AC TIMING WAVEFORMS 

CLKIN 

CLKOUT 

80C186EB/80C188EB,80L186EB/80L188EB 

OUTPUT 
PIN 

CL = 50 pF for all signals. 
272433-8 

Figure 7. AC Test Load 

.••••. Vee 

'----······OV 

······OV 

272433-9 

Figure 8. Input and Output Clock Waveform 
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Vee .......... _-----------------t. 

OV 
9 

I--------~ MAX 

9 Vee-----~~~~~~~~-------
I--------~ MAX 

VALID 50% VALID 

OV----__ --~~~~~~~-------

VALID 50% VALID 

--------~~~~~~~~-------OV 

1----------1 MAX 

Vee----~-~~-, 

VALID 

OV-------~--~~-J 

NOTE: 
20% Vee < Float < 80% Vee 

FLOAT (NOTE) 1----------1 MAX 

Vee--------~--~~~ 

VALID 

OV--------~~--~J 

Figure 9. Output Delay and Float Waveform 

OV 9 
MIN 

MIN 

Vee 
VALID 

I-----+f MIN 

V1L • V1H V1L • V1H MIN 

OV 

Figure 10. Input Setup and Hold 

1-170 

FLOAT (NOTE) 

272433-10 

272433-11 



CLKOUT 

Vee 

ALE 

OV 

Vee 

ADO: 15 (AD7:0), 

A19:16 (AI9:8) 
OV 

Vee 

RD or WR 

OV 

Vee 

GCS7:0 

LCS, UCS 
OV 

50% 

~<17----+~ 

80C186EB/80C188EB,80L186EB/80L188EB 

gffi----I 
------..,~ 

50% 

~ ffi---~ 
~---

50% 

50% 

OV -----------------------------------' 

}--t-----{ T RHOX 

AI9/0NCE 50% 

272433-12 

NOTE: 
Pin names in parentheses apply to 80C188EB/80L 188EB 

Figure 11. Relative Signal Waveform 

TXLXH TXLXL 

TXD 

RXD (out) =)==~~==)(==:b~i~t ~7==}-----
TDVXH TXHDX RXD (in) --G:)-

272433-13 

Figure 12. Serial Port Mode 0 Waveform 
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DERATING CURVES 

TYPICAL OUTPUT DELAY VARIATIONS VERSUS LOAD CAPACITANCE 

> 
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NOM + 6 

@) NOM+3 
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.5 
~ 
...J .., 
C ... 
:> 
II. ... 
:> 
o 

NOM+ 1 

NOM 

NOM-1 

50 100 150 

c;. (pF) 

Figure 13 

TYPICAL RISE AND FALL VARIATIONS VERSUS LOAD CAPACITANCE 

8 .. 
.5 
>- 6 
j .., 
c 

4 

2 
Vee = 5V 
TAMS = 25°C 

50 100 150 

272433-14 

c;. (pF) 
272433-15 

Figure 14 
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RESET 

The processor will perform a reset operation any 
time the RESIN pin active. The RESIN pin is actually 
synchronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, RESIN 
must be held active (low) in order to guarantee cor
rect initialization of the processor. Failure to pro
vide RESIN while the device is powering up will 
result in unspecified operation of the device_ 

Figure 14 shows the correct reset sequence when 
first applying power to the processor. An external 
clock connected to ClKIN must not exceed the Vee 
threshold being applied to the processor. This is nor
mally not a problem if the clock driver is supplied 
with the same Vee that supplies the processor. 
When attaching a crystal to the device, RESIN must 
remain active until both Vee and ClKOUT are stable 
(the length of time is application specific and de-

. pends on the startup characteristics of the crystal 

80C186EB/80C188EB, 80L 186EB/80L 188EB 

circuit). The RESIN pin is designed to operate cor
rectly using an RC reset circuit, but the designer 
must ensure that the ramp time for Vee is not so 
long that RESIN is never really sampled at a logic 
low level when Vee reaches minimum operating 
conditions. 

Figure 16 shows the timing sequence when RESIN 
is applied after Vee is stable and the device has 
been operating. Note that a reset will terminate all 
activity and return the processor to a known operat
ing state. Any bus operation that is in progress at the 
time RESIN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 

While RESIN is active, bus signals lOCK, A191 
ONCE, and A1B:16 are configured as inputs and 
weakly held high by internal pullup transistors. Only 

. 19/0NCE can be overdriven to a low and is used to 
enable ONCE Mode. Forcing lOCK or A 1 B: 16 low at 
any time while RESIN is low is prohibited and will 
cause unspecified device operation. 
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CLKOUT synchronization occurs on the rising edge of RESIN, If RESIN is sampled high while CLKOUT is high (solid line), then CLKOUT will remain 
low for two CLKIN periods. If RESIN is sampled high while CLKOUT is low (dashed line), then CLKOUT will not be affected, 
Pin names in parentheses apply to 80C188EB/80l188EB 
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ClKOUT synchronization occurs on the rising edge of RESIN. If RESIN is sampled high while ClKOUT is high (solid line), then ClKOUT will remain 
low for two ClKIN periods. If RESIN is sampled high while ClKOUT is low (dashed line), then ClKOUT will not be affected. 
Pin names in parentheses apply to 80C188EB/80l188EB 
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BUS CYCLE WAVEFORMS 

Figures 17 through 23 present the various bus cy
cles that are generated by the processor. What is 
shown in the figure is the relationship of the various 

CLKOUT 

S2:0 !\ VALID 

ALE j) \ 
A19/0NCE. 

:L A 19:16 ~ VALID 
A18:16 

SHE (RFSH) X (A15:8) 

:x ~DDRESS ) AD15:0 
(AD7:0) VALID 

GC7:0 

LCS, UCS 

Ro .' , 

DT!R 

NOTE: 
Pin names in parentheses apply to 80C188EB/80L188EB 

bus signals to CLKOUT. These figures along with 
the information present in AC Specifications allow 
the user to determine all the critical timing analysis 
needed for a given application. 

7 \ 
,/ 

r 
VALID X 
a C 

272433-18 

Figure 17. Read, Fetch, and Refresh Cycle Waveforms 
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CLKOUT 

ALE 

A19/0NCE. 

A1B:16 

BHE (RFSH) 
(A15:B) 

AD15:0 
(AD7:0) 

DT/ii 

NOTE: 

A 19:16 

VALID 

80C186EB/80C188EB,80L186EB/80L188EB 

X VALID X 
__ L....a--___ __ 

---'-': X_: ::--.-1--10: : X_' _015:0 VA_LID -----.-IX 

272433-19 

Pin names in parentheses apply to BOC1BBEB/B0L1BBEB 

Figure 18. Write Cycle Waveforms 
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CLKOUT 

ALE 

52:0 

A19:16 
(A15:S) 

AD15:0 
(AD7:0) 

NOTE: 

\~~011 ~7 

intet~ 

lILT!, ,T1 
I I I 

I I 
I I 

I 

j§ 

272433-20 

The address driven is typically the location of the next instruction prefetch. Under a majority of instruction sequences the 
AD15:0 (AD7:0) bus will float, while the A19:16 (A19:8) bus remains driven and all bus control signals are driven to their 
inactive state. 
Pin names in parentheses apply to 80C188EB/80L 188EB 

Figure 19. Halt Cycle Waveforms 
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CLKOUT 

ALE 

A 19/0NCE, 

A18:16 

AD7:0 

Ro,WR 

DT!R 

272433-21 

NOTE: 
Pin names in parentheses apply to 80C188EB/80L 188EB 

Figure 20. Interrupt Acknowledge Cycle Waveform 
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CLKOUT 

HOLD 

HLDA 

ALE 

A 19/0NCE, 

A18:16 

AD15:0 
(A 15:8, AD7:0) 

NOTE: 

GCS7:0, 

UCS, LCS 

Ril,WR 

DT!R 

, 

I I I I I I I I I I I : i----~-,.-;--;--;-.,--:--, /~ 
--~--~--~~--~, , 

'\: : : : : : : : : {' 

: : : :: :: 10.. ~ __ -:-__ ~-:-__ _ 

, " 

I I I ' 
j- ,--i-i--,--,--

, 

I , I 1 I I I I I 'x' '}: : : : :: :: {: 'x' 
~ - -:- - ~ - ~ - ~ - -:- - ~ - ~ - -:- - I , 

__ .,.., --u.,......,--"'T'--,......,--~---r-'. : : : : : : I I : : 10. • ..".L--.a.,--...,..--.,..-
, 

X 'x }: : : : : : : : : :cr' , , I I I I I I ; I I I 

:-- ~ - ~--:-- ~_..I. -:--t-~--: 
I I I 1 I I I I I __ -,.tu. __ .&.l .... --__ --.... --.... --,...I I I I I I I I I 

_1 __ ~_~ __ ~_~ __ ~_~ __ ~_~ __ 

, , 
" 

I I I I I I I 

} ' , , , , ',' , , :/r..;,'::,\~.,,;,-..,,;,-..:....-I I I I I I I I I ~ 

-:- -t - -:- -t - ~- -to -~- - t- - ~ --, 
I I I I I I I I I I 

__________________________ -' I I I I I I I I I I 

I I I I I I I I I t I , 
__ .... __ .... -' ......... __ .... __ ......... __ ...,. I I I I I I I I I I ~""T--......... --..... --

} 

J I I I I I I I I I 
I I I I 1 I 1 I I I 

~--~-~--;-~--~-~--~-~--I 
--...,..--~...,...,...,..--~--:-..".---:,"'. ~ : : : : : : : : : 

272433-22 

Pin names in parentheses apply to 80C188EB/80L 188EB 

Figure 21. HOLD/HLDA Waveforms 
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CLKOUT 
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NOTES: 
1. READY must be low by either edge to cause a wait state. 
2. Lighter lines indicate READ cycles, darker lines indicate WRITE cycles. 
Pin names in parentheses apply to 80C188EB/80L 188EB 

Figure 22. Refresh during Hold Acknowledge 
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·CLKOUT 

ALE 

A19/0NCE, 

A 18:16 

VALID VALID 

SHE (RFSH) 'X VALID 'X 
LOCK 

------~~----------------------------~------------
AD15:0 ___ ~( ADD } ... -:=:--____ V;.;.A=LlD=--_______ -{( ADD } ... ___ _ 

(A 1 5:8, AD7:0) _-:--_:_~-~---:l--~0;;;,2 -:---:" __ :___:___:_-:---:---:--_:_-:-~-.l-:__~-r....:___:___:__ 

READY 

GCS7:0, 

I, I I I 
I 

VALID 

UCS, LCS ~:\ /!\ ~ ________________________________ __J,. ~. ____________ __ 

RD,WR 

I I 

DT/ii ~ :\0 
I • 

DEN 

NOTES: 
1. READY must be low by either edge to cause a wait state. 
2. Lighter lines Indicate READ cycles, darker lines indicate WRITE cycles. 
Pin names in parentheses apply to 80C188EB/80L 188EB 

Figure 23. Ready Waveforms 
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EXECUTION TIMINGS 

A determination of program execution timing must 
consider the bus cycles necessary to prefetch in
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol
lowing instruction timings represent the minimum 
execution time in clock cycles for each instruction. 
The timings given are based on the following as
sumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

• All word-data is located on even-address bound
aries (80C186EB only). 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

80C186EB/80C188EB, 80L 186EB/80L 188EB 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (BIU) and exe
cution unit. 

With a 16-bit BIU, the 80C186EB has sufficient bus 
performance to ensure that an adequate number of 
prefetched bytes will reside in the queue (6 bytes) 
most of the time. Therefore, actual program execu
tion time will not be substantially greater than that 
derived from adding the instruction timings shown. 

The 80C188EB 8-bit BIU is limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time will be substantially greater 
than that derived from adding the instruction timings 
shown. 
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INSTRUCTION SET SUMMARY 

Function Formal 

DATA TRANSFER 
MOV= Move: 

Register to ReglsterlMemory 1000100w modreg rIm 

Registerlmemory to register 1000101w mod reg rIm 

Immediate to register/memory 1100011w modOOO rIm data I 
Immediate to register 1011 w reg data dataifw=1 1 

Memory to accumulator 1010000w addr-Iow addr-high 1 

Accumulator to memory 1010001w addr-Iow addr-hlgh 1 

Registerlmemory to segment register 10001110 mod 0 reg rIm 

Segment register to register/memory 10001100 mod o leg rIm 

PUSH = Push: 

Memory I 11111111 modl10 rIm 1 

Register I 01010 reg 

Segment register I 000regll0 

tnun.diate I 011 01 0$0 data I datah .. O I 
PU$IfA .. ~AlI I 01100000 

POP = Pop: 

Memory I 10001111 modOOO rIm 1 

Register I 01011 reg 1 

Segment register I 000regll1 1 (reg,.OI) 

POPA'; PQpAU I I 
, 

01100001 

XCHG = Exchange: 

Register/memory with register I 1000011w 1 mod reg rIm 1 

Register with accumulator 1 10010 reg 1>-
IN = Inpulf,om: 

Fixed port 1110010w port 1 

Variable port 1110110w 

OUT = Outpullo: 

Fixed port 1110011w port 1 

Variable port 1110111 w 

XLAT = Translate byte to AL 11010111 

LEA = Load EA to register 10001101 mod reg rIm 1 

LOS = Load pointer to OS 11000101 modreg rIm 1 (mod,.,,) 

LES = Load pointer to ES 11000100 mod reg rIm I (mod,.11) 

LAHF = Load AH with flags 10011111 

SAHF = Store AH Into flags 10011110 

PUSHF = Push flags 10011100 

POPF = Pop flags 10011101 

Shaded areas indicate instructions not available in 8086/8088 microsystems_ 

NOTE: 

8OCI86EB &OC188EB 
Clock Clock 
Cycles Cycles 

2112 2112' 

2/9 2/9' 

datalfw=1 1 12/13 12/13 

3/4 3/4 

8 8' 

9 9' 

2/9 2/13 

2/11 2/15 

16 20 

10 14 

9 13 

10 14 

IICI Il8 

20 24 

10 14 

8 12 

51 B3 

4/17 4117' 

3 3 

10 10' 

8 8' 

9 9' 

7 7' 

11 15 

6 6 

18 26 

18 26 

2 2 

3 3 

9 13 

8 12 

·Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 

DATA TRANSFER (Continued) 
SEGMENT ~ Segment Override: 

CS I 00101110 I 
SS I 00110110 I 
DS I 00111110 I 
ES I 00100110 I 
ARITHMETIC 
ADD ~ Add: 

Reg/memory with register to either I OOOOOOdw I mod reg rIm I 
Immediate to register/memory I 100000sw I mcdDDD rim I data I 
Immediate to accumulator I 0000010w I data I dataifw=1 I 
ADC ~ Add with carry: 

Reg/memory with register to either I 000100dw I mod reg rIm I 
Immediate to register/memory I 100000sw I modOl0 rim I data I 
Immediate to accumulator I 0001010w I data I data ifw= 1 I 
INC = Increment: 

Register/memory I l111111w I modOOO rim I 
Register I 01000 reg I 
SUB ~ Subtract: 

Reg/memory and register to either I 001010dw I mod reg rim I 
Immediate from register/memory I 100000sw I mod 1 01 rim I data I 
Immediate from accumulator I 0010110w I data I dataifw=1 I 
SBB ~ Subtract with borrow: 

Reg/memory and register to either 000110dw mod reg rim I 
Immediate from register/memory 100000sw modOll rim I data I 
Immediate from accumulator 0OO1110w data I dataifw~1 I 
DEC = Decrement 

Register/memory lllllllw modOO 1 rim I 
Register 01001 reg 

CMP ~ Compare: 

Register Imemory with register I 0011101 w mod reg rim I 
Register with register/memory I 0011100w mod reg rim I 
Immediate with register/memory 100000sw mod 111 rim I data I 
Immediate with accumulator 0011110w data I dataifw~1 I 
NEG = Change sign register/memory 1111011w modO 11 rim I 
AAA ~ ASCII adjust for add 00110111 

DAA ~ Decimal adjust for add 00100111 I 
AAS ~ ASCII adjust for subtract 00111111 I 
DAS = Decimal adjust for subtract 00101111 I 
MUL ~ Multiply (unsigned): 1111011 w I mod 100 rim I 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

Shaded areas Indicate instructions not available in 8086/8088 microsystems_ 

NOTE: 

80C186EB 80C188EB 
Clock Clock 
Cycles Cycles 

2 2 

2 2 

2 2 

2 2 

3/10 3/10' 

data if 5 w~OI I 4/16 4/16' 

3/4 3/4 

3/10 3/10' 

data if s w=Q1 I 4/16 4/16' 

3/4 3/4 

3/15 3/15' 

3 3 

3/10 3/10' 

data if s w=01 I 4/16 4/16' 

3/4 3/4 

3/10 3/10' 

dataifsw=01 I 4/16 4/16' 

3/4 3/4' 

3/15 3/15' 

3 3 

3/10 3/10' 

3/10 3/10' 

dataifsw~OI I 3/10 3/10' 

3/4 3/4 

3/10 3/10· 

8 8 

4 4 

7 7 

4 4 

26-28 26-28 
35-37 35-37 
32-34 32-34 
41-43 41-43' 

'Clock cycles shown for byte transfers_ For word operations, add 4 clock cycles for all memory transfers_ 

I 

Comments 

8/16-bit 

8/16-bit 

8/16-bit 

8/16-bit 

8/16-bit 

1-185 



80C186EB/80C188EB,80L186EB/80L188EB 

INSTRUCTION SET SUMMARY (Continued) 

80C186EB 80C188EB 
Function Format Clock Clock Comments 

Cycl.s Cycl.s 

ARITHMETIC (Continued) 

IMUL ~ Integer multiply (signed): I 1111011 w I mod 1 01 rim I 
Register·Byte 25-28 25-28 
Register-Word 34-37 34-37 
Memory·Byte 31-34 31-34 
Memory-Word 40-43 40-43' 

WI. .. Integer Immediate multiply I 011010.1 I modreg rIm I data I dataifs=O I 22-251 22-251 
(signed) 29-32 29-32 

DIV ~ Divide (unsigned): I 1111011 w I mod 11 0 rim I 
Register.Byte 29 29 
Register·Word 38 38 
Memory·Byte 35 35 
Memory·Word 44 44' 

IDIV ~ Integer divide (signed): I 1111011 w I modl11 rim I 
Register.Byte 44-52 44-52 
Register·Word 53-61 53-61 
Memory·Byte 50-58 50-58 
Memory-Word 59-67 59-67' 

AAM ~ ASCII adjust for multiply I 11010100 I 00001010 I 19 19 

AAD ~ ASCII adjust for divide I 11010101 I 00001010 I 15 15 

CBW ~ Convert byte to word I 10011000 I 2 2 

CWD ~ Convert word to double word I 10011001 I 4 4 

LOGIC 
Shlft/Rotat. Instructions: 

Register/Memory by 1 I 1101000w I mod TTT rIm I 2/15 2/15 

Register/Memory by CL I 1101001 w I mod TTT rim I 5+n/17+n 5+n/17+n 

Reg'lSler/Memory by COunt I 1100000w I mod TiT rIm I count I 5+nI17+n 5+1lI17+n 

TTl Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHLISAL 
101 SHR 
111 SAR 

AND ~ And: 

Reg/memory and register to either I 001000dw I mod reg rim I 3/10 3/10' 

Immediate to register/memory I 1000000w I modi 00 rim I data I dataifw~1 I 4/16 4/16' 

Immediate to accumulator I 0010010w I data I dataifw~1 I 3/4 3/4· 8/16·bit 

TEST = And function to flags, no result: 

Register/memory and register I 1000010w I mod reg rim I 3/10 3/10' 

Immediate data and register/memory I 1111011 w I modOOO rim I data I dataifw=1 I 4/10 4/10' 

Immediate data and accumulator I 1010100w I data I dataifw~1 I 3/4 3/4 8/16·bit 

OR~Or: 

Reg! memory and register to either I 000010dw I mod reg rIm I 3/10 3/10' 

Immediate to register/memory I 1000000w I modOOI rim I data I dataifw=1 I 4/16 4/16' 

Immediate to accumulator I 0000110w I data I dataifw~1 I 3/4 3/4' B/16·bit 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 
'Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 

80CI86EB 80CI88EB 
Function Formal Clock Clock Comments 

Cycles Cycl.s 

LOGIC (Continued) 
XOR ~ Exclusive or: 

Reg/memory and register to either I OOllOOdw I mad rag rIm I 3/10 3/10' 

Immediate to register/memory I 1000000w I mod II 0 rIm I data I datailw~1 I 4/16 4/16' 

Immediate to accumulator I 0011010w I data I dataifw~1 I 3/4 3/4 B/16·blt 

NOT ~ Invert register/memory I 1111011w I modO 10 rIm I 3/10 3/10' 

ST,RING MANIPULATION 

MOVS ~ Move byte/word 1010010w 14 14' 

CMPS ~ Compare byte/word 1010011w 22 22' 

SCAS ~ Scan byte/word 101 Dill w IS IS' 

LODS ~ Load byte/wd to ALI AX 1010110w 12 12' 

STOS ~ Store byte/wd from ALI AX 101010lw 10 10' 

INS - Input byt(l/wd from OX port 0110110w 14 14 

OUTS - Output byt(j/wd to OX port 0110111w 14 14 

Repeated by count in CX (REP/REPE/REPZ/REPNE/REP Z) 

MOVS ~ Move string 11110010 1010010w 8+8n 8+8n-

CMPS ~ Compare string 1111001 z 1010011 w 5+22n 5+22n' 

SCAS ~ Scan string 1111001 z 101 Dill w 5+15n 5+15n' 

LODS ~ Load string 11110010 1010110w 6+11n 6+11n' 

STOS ~ Store string 11110010 1010101w 6+9n 6+9n-

NS - Input $Iring I 11110010 0110110w $+8n 8+8"" 

OUTS = Output string I 11110010 0110111w 8+8" 8+81'1" 
CONTROL TRANSFER 

CALL ~ Call: 

Direct within segment I 11101000 I disp·low I disp·high I 15 19 

Register/memory I 11111111 I modO 10 rIm I 13/19 17127 
indirect within segment 

Direct intersegment I 10011010 I segment offset I 23 31 

I segment selector I 
Indirect intersegment I 11111111 I modO 11 rIm I (mod.p 11) 38 54 

JMP ~ Uncondilionallump: 

Short/long I 11101011 I disp·low I 14 14 

Direct within segment I 11101001 I disp·low I disp·high I 14 14 

Register/memory I 11111111 I mod 1 00 rIm I 11/17 11/21 
indirect within segment 

Direct intersegment I 11101010 I segment offset I 14 14 

I segment selector I 
Indirect intersegment I 11111111 I mod 1 0 I rIm I (mod.p II) 26 34 

Shaded areas Indicate Instructions not available in BOBS/BOBB mlcrosystems. 

NOTE: 
'Clock cycles shown for byte transfers. For word operations. add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 

80CI86EB 8OCI88EB 
Function Format Clock Clock Comments 

Cycles Cycles 

CONTROL TRANSFER (Continued) 
RET - Return from CALL: 

Within segment 11000011 16 20 

Within seg adding immed to SP 11000010 data-low I data-high I 18 22 

Intersegment 11001011 22 30 

Intersegment adding immediate to SP 11001010 data-low data-high I 25 33 

JE/JZ - Jump on equal/zero 01110100 disp 4113 4113 JMPnot 

JL/JNGE - Jump on less/not greater or equal 01111100 disp 4113 4113 
taken/JMP 

taken 

JLE/JNG - Jump on less or equal/not greater 01111110 disp 4/13 4113 

JB/JNAE - Jump on below/not above or equal 01110010 disp 4113 4113 

JBE/JNA - Jump on below or equal/not above 01110110 disp 4113 4113 

JP/JPE - Jump on parity/parity even 01111010 disp 4113 4113 

JO - Jump on overflow 01110000 disp 4113 4113 

JS - Jump on sign 01111000 disp 4113 4113 

JNE/JNZ - Jump on not equal/not zero 01110101 disp 4113 4113 

JNL/JGE - Jump on noUess/greater or equal 01111101 disp 4/13 4113 

JNLE/JG - Jump on not less or equal/greater 01111111 disp 4113 4113 

JNB/JAE - Jump on not below/above or equal 01110011 disp 4113 4113 

JNBE/JA - Jump on not below or equal/above 01110111 disp 4/13 4113 

JNP/JPO - Jump on not par/par odd 01111011 disp 4113 4113 

JNO - Jump on not overflow 01110001 disp 4113 4113 

JNS - Jump on not sign 0111100·1 disp 4113 4113 

JCXZ - Jump on ex zero 11100011 disp 5115 5115 

LOOP - Loop ex times 11100010 disp , 6116 6116 LOOP not 

LOOPZ/LOOPE - Loop while zero/equal 11100001 disp 6116 6116 
taken/LOOP 

taken 

LOOPNZ/LC)OPNE - Loop while not zero/equal 11100000 disp 6116 6116 

INTER - EnIaf Pt'rx;Qdure 11001000 dafa.IOw I <faIa..high I L .j 
L=D , 15 19 
L=1 25 29 

>1 22+16(11-1) 26+2O{rI-l) 

LEAVE = Leave PlOCedure I 11001001 I 8 8 

INT - Interrupt: 

Type specified I 11001101 I type I 47 47 

Type 3 I 11001100 I 45 45 if INT. taken/ 

INTO = Inlerrupt on overflow I 11001110 I 48/4 48/4 
if INT. not 

taken 

IRET - Interrupl return I 11001111 I 28 28 

~ND - o.teeI VU out of I'IInQ$ I 01100010 I mod!!!l rim I S3-$S $3-95 

Shaded areas Indicate instructions not available In 8086/8088 mlcrosystems. 

NOTE: 
'Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 
80C1B6EB 80C188EB 

Function Format Clock Clock Comments 
Cycles Cycles 

PROCESSOR CONTROL 

CLC ~ Clear cany 11111000 2 2 

CMC ~ Complemenl carT)' 11110101 2 2 

STC ~ Sel cany 11111001 2 2 

CLD ~ Clear direction 11111100 2 2-

STD ~ Sel direction 11111101 2 2 

CLI ~ Clear Inlerrupt 11111010 2 2 

STI ~ Set interrupt 11111011 2 2 

HLT ~ Halt 11110100 2 2 

WAIT~ Wait 10011011 6 6 if TEST ~ 0 

LOCK = Bus lock prefix 11110000 2 2 

NOP ~ No Operation 10010000 3 3 

(TIT LLL are opcode to processor extension) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 
'Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 

FOOTNOTES 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rIm fields: 
if mod 11 then rIm is treated as a REG field 
if mod 00 then OISP = 0', disp-Iow and disp

if mod 

if mod 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 

high are absent 
01 then OISP = disp-Iow sign-ex
tended to 16-bits, disp-high is absent 
10 then OISP = disp-high: disp-Iow 
000 then EA = (SX) + (SI) + OISP 
001 then EA = (SX) + (01) + OISP 
010 then EA = (SP) + (SI) + OISP 
011 then EA = (SP) + (01) + OISP 
100 then EA = (SI) + OISP 
101 then EA = (01) + OISP 
110 then EA = (SP) + OISP' 
111 then EA = (SX) + OISP 

OISP follows 2nd byte of instruction (before data if 
required) 

'except if mod = 00 and rIm = 110 then EA = 
disp-high: disp-Iow. 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

Segment Override Prefix 

1001reg101 

reg is assigned according to the following: 
Segment 

reg Register 
00 ES 
01 CS 
10 SS 
11 OS 

REG is assigned according to the following table: 
16-Bit (w = 1) 8-Blt (w = 0) 

000 AX OOOAL 
001 CX 001 CL 
010 OX 0100L 
011 SX 011 SL 
100 SP 100 AH 
101 SP 101 CH 
110S1 1100H 
111 DI 111 SH 

The physical addresses of all operands addressed 
by the SP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the 01 register) are computed 
using the ES segment, which may not be overridden. 
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ERRATA 

An 80C186EB/80l186EB with a STEPID value of 
0001H has the following known errata. A device with 
a STEPID of 0001 H can be visually identified by the 
presence of an "An alpha character next to the 
FPO number. The FPO number location is shown in 
Figures 4, 5 and 6. 

1. A 19/0NCE is not latched by the rising edge of 
RESIN. A19/0NCE must remain active (lOW) at 
all times to remain in the ONCE Mode. Removing 
A 19/0NCE after RESIN is high will return all out
put pins to a driving state, however, the 
80C186EB will remain in a reset state. 

2. During interrupt acknowledge (INTA) bus cycles, 
the bus controller will ignore the state of the 
READY pin if the previous bus cycle ignored the 
state. of the READY pin. This errata can only oc
cur if the Chip-Select Unit is being used. All active 
chip-selects must be programmed to use READY 
(ROY bit must be programmed to a 1) if wait
states are required for INTA bus cycles. 

3. ClKOUT will transition off the rising edge of 
ClKIN rather than the falling edge of ClKIN. This 
does not affect any bus timings other than T CD. 

4. RESIN has a hysterisis of only 130 mV. It is rec
ommended that RESIN be driven by a Schmitt 
triggered device to avoid processor lockup during 
reset using an RC circuit. 
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5. SINT1 will only go active for one clock period 
. when a receive or transmit interrupt is pending 

(i.e., it does not remain active until the S1STS 
register is read). If SINT1 is to be connected to 
any of the processor interrupt lines (INTO-INT4), 
then it must be latched by user logic. 

An 80C186EB/80l186EB with a STEPID value of 
0001 H or 0002H has the following known. errata. A 
device with a STEPID of 0002H can be visually iden
tified by noting the presence of a "B", "C", "0", or 
"E" alpha character next to the FPO number. The 
FPO number location is shown in Figures 4, 5 and 6. 

1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistantly, it is dependent on in
terrupt timing. 

REVISION HISTORY 

This data sheet replaces the following data sheets: 
270803-004· 80C186EB 
270885-003 80C188EB 
270921-003 80L186EB 
270920-003 80L188EB 
272311-001 SB80C188EB/SB80l188EB 
272312-001 SB80C186EB/SB80l186EB 



80C186EC/80C188EC AND 80L 186EC/80L 188EC 
16-BIT HIGH-INTEGRATION EMBEDDED PROCESSORS 

• Fully Static Operation 

• True CMOS Inputs and Outputs 

• Integrated Feature Set: 
- Low-Power, Static, Enhanced 8086 

CPU Core 
~ Two Independent DMA Supported 

UARTs, ,ach with an Integral Baud 
Rate Generator 

- Four Independent DMA Channels 
- 22 Multiplexed I/O Port Pins 
- Two 8259A Compatible 

Programmable Interrupt Controllers 
- Three Programmable 16-Bit Timerl 

Counters 
- 32-Bit Watchdog Timer 
- Ten Programmable Chip Selects with 

Integral Wait-State Generator 
- Memory Refresh Control Unit 
- Power Management Unit 
- On-Chip Oscillator 
- System Level Testing Support 

(ONCE Mode) 

• Direct Addressing Capability to 1 Mbyte 
Memory and 64 Kbyte 1/0 . 

• Low-Power Operating Modes: 
....,..Idle Mode Freezes CPU Clocks but 

Keeps Peripherals Active 
- Powerdown Mode Freezes All 

Internal Clocks 
- Powersave Mode Divides All Clocks 

by Programmable Prescalar 

• Available in Extended Temperature 
Range (- 40·C to + 85·C) 

• Supports 80C187 Numerics Processor 
Extension (80C186EC only) 

• Package Types: 
-100-Pin EIAJ Quad Flat Pack (QFP) 
-100-Pin Plastic Quad Flat Pack 

(PQFP) 
-100-Pin Shrink Quad Flat Pack 

(SQFP) 

• Speed Versions Available (5V): 
- 25 MHz (80C186EC25/80C188EC25) 
- 20 MHz (80C186EC20/80C188EC20) 
-13 MHz (80C186EC13/80C188EC13) 

• Speed Version Available (3V): 
-13 MHz (80L 186EC13/80L 188EC13) 
- 8 MHz (80L 186EC8/80L 188EC8) 

The 80C186EC is a member of the 186 Integrated Processor Family. The 186 Integrated Processor Family 
incorporates several different VLSI devices all of which share a common CPU architecture: the 8086/8088. 
The 80C186EC uses the latest high density CHMOS technology to integrate several of the most common 
system peripherals with an enhanced 8086 CPU core to create a powerful system on a single monolithic 
silicon die. 

January 1995 
Order Number: 272434-003 1-191 
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16-Bit High-Integration Embedded Processor· 
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Figure 1. 80C186EC/80L 186EC Block Diagram 
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INTRODUCTION 

Unless specifically noted, all references to the 
80C186EC apply to the 80C188EC, 80L 186EC, and 
80L 188EC. References to pins that differ between 
the 80C186EC/80L186EC and the 80C188EC/ 
80L 188EC are given in parentheses. The "L" in the 
part number denotes low voltage operation. Physi
cally and functionally, the "C" and "L" devices are 
identical. 

The 80C186EC is one of the highest integration 
members of the 186 Integrated Processor Family. 
Two serial ports are provided for services such as 
interprocessor communication, diagnostics and mo
dem interfacing. Four DMA channels allow for high. 
speed data movement as well as support of the on
board serial ports. A flexible chip select unit simpli
fies memory and peripheral interfacing. The three 
general purpose timer/counters can be used for a 
variety of time measurement and waveform genera
tion tasks. A watchdog timer is provided to insure 
system integrity even in the most hostile of environ
ments., Two 8259A compatible interrupt controllers 
handle internal interrupts, and, up to 57 external in
terrupt requests. A DRAM refresh unit and 24 multi
plexed I/O ports round out the feature set of the 
80C186EC. 

The future set of the 80C186EC meets the needs of 
low-power, space-critical applications. Low-power 
applications benefit from the static design of the 
CPU and the integrated peripherals as well as low 
voltage operation. Minimum current consumption is 
achieved by providing a powerdown mode that halts 
operaton of the device and freezes the clock cir
cuits. Peripheral design enhancements ensure that 
non-initialized peripherals consume little current. 

The 80L186EC is the 3V version of the 80C186EC. 
The 80L 186EC is functionally identical to the 
80C186EC embedded processor.' Current 
80C186EC users can ,easily upgrade their designs to 
use the 80L 186EC and benefit from the reduced 
power consumption inherent in 3V operation. 

Figure 1 shows ablock diagram of the 80C186EC/ 
80C188EC. The execution unit (EU) is an enhanced 
8086 CPU core that includes: dedicated hardware to 
speed up effective address calculations, enhanced 
execution speed for multiple-bit shift and rotate in
structions and for multiply and divide instructions, 
string move instructions that operate at full bus 
bandwidth, ten new instructions and fully static oper
ation. The bus interface unit (BIU) is the same as 
that found on the original 186 family products, ex
cept the queue-status mode has been deleted and 
buffer interface control has been changed to ease 
system design timings. An independent internal bus 
is used for communication between the BIU and on
chip peripherals. 
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80C186EC CORE ARCHITECTURE 

Bus Interface Unit 

The 80C186EC core incorporates a bus controller 
that generates local bus control Signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 

The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information and data (for write operations) in
formation. It is also responsible for reading data 
from the local bus during a read operation. A ready 
input pin is provided to extend a bus cycle beyond 
the minimum four states (clocks). 

The bus controller ~so generates two control sig
nals (DEN and DT /R) when interfacing to external 
transceiver chips. This capability allows the addition 
of transceivers for simple buffering of the multi
plexed address/data bus. 

Clock Generator 

The 80C186EC provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter and three low-power operating 
modes. 

The oscillator circuit is designed to be used with ei
ther a parallel resonant fundamental or third-over
tone mode crystal network. Alternatively, the oscilla
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the oscillator circuit. 

The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys-

. tem components. All AC timings are referenced to 
CLKOUT .. 

The following parameters are recommended when 
choosing a crystal: 

Temperature Range: 

ESR (Equivalent Series Res.): 

Application Specific 

400. max 

CO (Shunt Capacitance of Crystal): 7.0 pFmax 

20 pF ±2 pF 

1 mW(max) 

CL (Load Capacitance): 

Drive Level: 
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EXTERNAL CLOCK~ 
CRYSTA~ ~~ 

CLKIN CLKIN 

'i OSCOUT NOT CONNECTED - OSCOUT 

~ ~~ L, ~ 
NOTE1 ) 

~Cl 
(A) CRYSTAL CONNECTION (8) CLOCK CONNECTION 

272434-2 

NOTE: 
1. The LC network is only required when using a third overtone crystal. 

Figure 2. 80C186EC Clock Connections 

80C186EC PERIPHERAL 
ARCHITECTURE 

The 80C186EC integrates several common system 
peripherals with a CPU core to create a compact, yet 
powerful system. The integrated peripherals are de
signed to be flexbile and provide logical interconnec
tions between supporting units (e.g., the DMA unit 
can accept requests from the Serial Communica
tions Unit). 

The list of integrated peripherals includes: 

- Two cascaded, 8259A compatible, Programma-
ble Interrupt Controllers 

- 3-Channel Timer/Counter Unit 

- 2-Channel Serial Communications Unit 

- 4-Channel DMA Unit 

- 10-0utput Chip-Select Unit 

- 32-bit Watchdog Timer Unit 

- I/O Port Unit 

- Refresh Control Unit 

- Power Management Unit 

The registers associated with each integrated pe
ripheral are contained within a 128 x 16-bit register 
file called the Peripheral Control Block (PCB). The 
base address of the PCB is programmable and can 
be located on any 256 byte address boundary in ei
ther memory or I/O space. 

Figure 3 provides a list of the registers associated 
with the PCB. The Register Bit Summary individually 
lists all of the registers and identifies each of their 
programming attributes. 
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PCB 

Function 
Offset 

PCB 
Function 

Offset 
PCB 

Function 
Offset 

PCB 
Function 

Offset 

OOH Master PIC Port 0 40H T2 Count 80H GCSOStart COH DMA 0 Source Low 

02H Master PIC Port 1 42H T2Compare 82H GCSOStop C2H DMA 0 Source High 

04H Slave PIC Port 0 44H Reserved 84H GCS1 Start C4H DMA 0 Dest. Low 

06H Slave PIC Port 1 46H T2Controi 86H GCS1 Stop C6H DMA 0 Dest: High 

08H Reserved 48H Port 3 Direction 88H GCS2Start C8H DMA 0 Count 

OAH SCU Int. Req. Ltch. 4AH Port 3 Pin State 8AH GCS2Stop CAH DMA 0 Control 

OCH DMA Int. Req. Ltch. 4CH Port 3 Mux Control 8CH GCS3 Start CCH DMA Module Pri. 

OEH TCU Int. Req. Ltch. 4EH Port 3 Data Latch 8EH GCS3Stop CEH DMAHalt 

10H Reserved 50H Port 1 Direction 90H GCS4Start DOH DMA 1 Source Low 

12H Reserved 52H Port 1 Pin State 92H GCS4Stop D2H DMA 1 Source High 

14H Reserved 54H Port 1 Mux Control 94H GCS5Start D4H DMA 1 Dest. Low 

16H Reserved 56H Port 1 Data Latch 96H GCS5Stop D6H DMA 1 best. High 

18H Reserved 58H Port 2 Direction 98H GCS6Start D8H DMA 1 Count 

1AH Reserved 5AH Port 2 Pin State 9AH GCS6Stop DAH DMA 1 Control 

1CH Reserved 5CH Port 2 Mux Control 9CH GCS7 Start DCH Reserved 

1EH Reserved 5EH Port 2 Data Latch 9EH GCS7Stop DEH Reserved 

20H WDT Reload High 60H SCUO Baud AOH LCS Start EOH DMA 2 Source Low 

22H WDT Reload Low 62H SCU 0 Count A2H LCSStop E2H DMA 2 Source High 

24H WDT Count High 64H SCU 0 Control A4H UCSStart E4H. DMA 2 Dest. Low 

26H WDT Count Low 66H SCU o Status A6H UCSStop E6H DMA 2 Dest. High 

28H WDTClear 68H SCU0 RBUF A8H Relocation Register E8H DMA 2 Count 

2AH WDTDisable 6AH SCUOTBUF AAH Reserved EAH DMA 2 Control 

2CH Reserved 6CH Reserved ACH Reserved ECH Reserved 

2EH Reserved 6EH Reserved AEH Reserved EEH Reserved 

30H TO Count 70H SCU 1 Baud BOH Refresh Base Addr. FOH DMA 3 Source Low 

32H TO Compare A 72H SCU 1 Count B2H Refresh Time F2H DMA 3 Source High 

34H TO Compare B 74H SCU 1 Control B4H Refresh Control F4H DMA 3 Dest. Low 

46H TO Control 76H SCU 1 Status B6H Refresh Address F6H DMA 3 Dest. High 

38H T1 Count 78H SCU 1 RBUF B8H Power Control F8H DMA 3 Count 

3AH T1 Compare A 7AH SCU 1 TBUF BAH Reserved FAH DMA 3 Control 

3CH T1 CompareB 7CH Reserved BCH Step 10 FCH Reserved 

3EH T1 Control 7EH Reserved SEH Powersave FEH Reserved 

Figure 3. Peripheral Control Block Registers 
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Programmable Interrupt Controllers 

The 80C186EC utilizes two 8259A compatible Pro
grammable Interrupt Controllers (PIC) to manage 
both internal and external interrupts. The 8259A 
modules are configured in a master/slave arrange
ment. 

Seven of the external interrupt pins, INTO through 
INT6, are connected to the master 8259A module. 
The eighth external interrupt pin, INT7, is connected 
to the slave 8259A module. 

There are a total of 11 internal interrupt sources 
from the integrated peripherals: 4 Serial, 4 DMA and 
3 Timer/Counter. 

Timer/Counter Unit 

The 80C186EC Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
external control or clocking. The third timer is not 
connected to any external pins and can only be 
clocked internally. However, it can be used to clock 
the other two timer channels. The TCU can be used 
to count external events, time external events, gen
erate non-repetitive waveforms or generate timed in
terrupts. 

Serial Communications Unit 

The 80C186EC Serial Communications Unit (SCU) 
contains two independent channels. Each channel is 
identical in operation except that only channel 0 is 
directly supported by the integrated interrupt control
ler (the channel 1 interrupts are routed to external 
interrupt pins). Each channel has its own baud rate 
generator and can be internally or externally clocked 
up to one half the processor operating frequency. 
Both serial channels can request service from the 
DMA unit thus providing block reception and trans
mission without CPU intervention. 

Independent baud rate generators are provided for 
each of the serial channels. For the asynchronous 
modes, the generator supplies an 8x baud clock to 
both the receive and transmit shifting register logic. 
A 1 x baud clock is provided in the synchronous 
mode. 

DMAUnit 

The four channel Direct Memory Access (DMA) Unit 
is comprised of two modules with two channels 
each. All four channels are identical in operation. 
DMA transfers can take place from memory to mem
ory, 110 to memory, memory to I/O or I/O to I/O. 

80C186EC/188EC,80L186EC/188EC 

DMA requests can be external (on the DRO pins), 
internal (from Timer 2 or a serial channel) or soft
ware initiated. 

The DMA Unit transfers data as bytes only. Each 
data transfer requires at least two bus cycles, one to 
fetch data and one to deposit. The minimum clock 
count for each transfer is 8, but this will vary depend
ing on synchronization and wait states. 

Chip-Select Unit 

The 80C186EC Chip-Select Unit (CSU) integrates 
logic which provides up to ten programmable chip
selects to access both memories and peripherals. In 
addition, each chip-select can be programmed to 
automatically insert additional clocks (wait states) 
into the current bus cycle, and lor automatically ter
minate a bus cycle independent of the condition of 
the READY input pin. 

I/O Port Unit 

The I/O Port Unit on the 80C186EC supports two 
8-bit channels and one 6-bit channel of input, output 
or input/ output operation. Port 1 is multiplexed with 
the chip select pins and is output only. Port 2 is mUl
tiplexed with the pins for serial channels 1 and 2. All 
Port 2 pins are input/output. Port 3 has a total of 6 
pins: four that are multiplexed with DMA and serial 
port interrupts and two that are non-multiplexed, 
open drain I/O. . 

Refresh Control Unit 

The Refresh Control Unit (RCU) automatically gen
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re
fresh requests. 

A 12-bit address generator is maintained by the RCU 
and is presented on the A12:1 address lines during 
the refresh bus cycle. Address bits A19:13 are pro
grammable to allow the refresh address block to be 
loca~ed on any 8 Kbyte boundary. 

Watchdog Timer Unit 

The Watchdog Timer Unit (WDT) allows for graceful 
recovery from unexpected hardware and software 
upsets. The WDT consists of a 32-bit counter that 
decrements every clock cycle. If the counter reach
es zero before being reset, the WDTOUT pin is 
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pulled low for four clock cycles. logically ANDing 
the WDTOUT pin with the power-on reset signal al
lows the WDT to reset the device in the event of a 
WDT timeout. If a less drastic method of recovery is 
desired, WDTOUT can be connected directly to NMI 
or one of the INT input pins. The WDT may also be 
used as a general purpose timer. 

Power Management Unit 

The 80C18SEC Power Management Unit (PMU) is 
provided to control the power consumption of the 
device. The PMU provides ,four power management 
modes: Active, Powersave, Idle and Powerdown. 

Active Mode indicates that all units on the 
80C18SEC are operating at % the ClKIN frequency. 

Idle Mode freezes the clocks of the Execution and 
Bus units at a logic zero state (all peripherals contin
ue to operate normally). 

The Powerdown Mode freezes all internal clocks at 
a logic zero level and disables the crystal oscillator. 

In Powersave .Mode, all internal clock signals are di
vided by a programmable prescalar (up to 1164 the 
normal frequef)cy). Powersave Mode can be used 
with Idle Mode as well as during normal (Active 
Mode) operation. 

80C187 Interface (80C186EC only) 

The 80C186EC supports the direct connection of 
the 80C187 Numerics Processor Extension., The 
80C187 can dramatically improve the performance 
of calculation intensive applications. 

ONCE 'rest Mode 

To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EC has a test 
mode available which forces all output and input/ 
output pins to be' piaced in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". 
The ONCE mode is selected by forcing the 
A19/SS/0NCE pin low during a processor reset 
(this pin is weakly held high during reset to prevent 
inadvertant entrance into ONCE Mode). 

PACKAGE INFORMATION 

This section describes the pin functions, pinout and 
thermal characteristics for the 80C18SEC in the 
Plastic Quad Flat PaCk (JEDEC PQFP), the EIAJ 
Quad Flat Pack (QFP) and the Shrink Quad Flat 
Pack (SQFP). For complete package specifications 
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intel~ 
and information, see the Intel Packaging Outlines 
and Dimensions Guide (Order Number: 2313S9). 

Prefix Identification 

Table 1 lists the prefix identifications. 
Table 1. Prefix Identification 

Prefix Note 
Package Temperature 

Type Range 

TS QFP(EIAJ) Extended 

KU 1 PQFP Extended/Commercial 

SB 1 SQFP Extended/Commercial 

S 1 QFP (EIAJ) Commercial 

NOTE: 
1. The 5V 25 MHz version is only available in commercial 

temperature range corresponding to O·C to + 70"C am
bient. 

Pin Descriptions 

Each pin or logical set of pins is described in Table 
2. There are four columns for each entry in the Pin 
Description Table. The following sections describe 
each column. 

Column 1: Pin Name 
In this column is a mnemonic that de
scribes the pin function. Negation of the 
signal name (i.e. RESIN) implies that the 
signal is active low. 

Column 2: Pin Type 
A pin may be either power (P), ground 
(G), input only (I), output only (0) or in
put/output (I/O). Please note that sO(T1e 
pins have more than 1 function. 
A 19/5S/ONCE, for example, is normally 
an output but functions as an input dur
ing reset. For this reason 
A 19/5S/ONCE is classified as an input/ 
putput pin. 

Column 3: Input Type (for I and I/O types only) 
There are two different types of input 
pins on the 80C18SEC: asynchronous 
and synchronous. Asynchronous pins 
require that setup and hold times be met 
only to guarantee recognition. Synchro~ 
nous input pins require that the setup 
and hold times be met to guarantee 
proper operation. Stated simply, missing 
a setup or hold on an asynchronous pin 
will result in something minor (i.e. a timer 
count will be missed) whereas missing a 
setup or hold on a synchronous pin will 
result in system failure (the system will 
"lock' up"). 

An input pin may also be edge or level 
sensitive. 
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Column 4: Output States (for 0 and I/O types 
only) 

the processor is in the Hold Acknowledge state. 
R(Z) indicates that these pins will float while RESIN 
is low. P(O) and 1(0) indicate that these pins will drive 
o when the device is in either Powerdown or Idle 
Mode. 

The state of an output or 1/0 pin is de
pendent on the operating mode of the 
device. There are four modes of opera
tion that are different from normal active 
mode: Bus Hold, Reset, Idle Mode, Pow
erdown Mode. This column describes 
the output pin state in each of these 
modes. 

The legend for interpreting the information in the Pin 
Descriptions is shown in Table 1. 

As an example, please refer to the table entry for 
AD12:0. The "1/0" signifies that the pins are bidirec
tional (Le. have both an input and output function). 
The "S" indicates that, as an input the signal must 
be synchronized to CLKOUT for proper operation. 
The "H(Z)" indicates that these pins will float while 

Some pins, the 1/0 Ports for example, can be pro
grammed to perform more than one function. Multi
function pins have a "I" in their signal name be
tween the different functions (Le. P3.0/RXI1). If the 
input pin type or output pin state differ between func
tions, then that will be indicated by separating the 
state (or type) with a "I" (Le. H(X)/H(Q». In this 
example when the pin is configured as P3.0 then its 
hold output state is H(X); when configured as RXI1 
its output state .is H(Q). 

Symbol 

P 
G 
I 
0 
1/0 

S(E) 
S(L) 
A(E) 
A(L) 

H(1) 
H(O) 
H(Z) 
H(Q) 
H(X) 

R(WH) 
R(1) 
R(O) 
R(Z) 
R(Q) 
R(X) 

1(1 ) 
1(0) 
I(Z) 
I(Q) 
I(X) 

P(1) 
P(O) 
P(Z) 
P(Q) 
P(X) 

All pins float while the processor is in the ONCE 
Mode (with the exception of OSCOUT). 

Table 1. Pin Description Nomenclature 

Description 

Power Pin (apply +" Vee voltage) 
Ground (connect to Vss) 
Input only pin 
Output only pin 
Input/Output pin 

Synchronous, edge sensitive 
Synchronous, level sensitive 
Asynchronous, edge sensitive 
Asynchronous, level sensitive 

Output driven to Vee during bus hold 
Output driven to Vss during bus hold 
Output floats during bus hold 
Output remains active during bus hold 
Output retains current state during bus hold 

Output weakly held at Vee during reset 
Output driven to Vee during reset 
Output driven to Vss during reset 
Output floats during reset 
Output remains active during reset 
Output retains current state during reset 

Output driven to Vee during Idle Mode 
Output driven to Vss during Idle Mode 
Output floats during Idle Mode 
Output remains active during Idle Mode 
Output retains current state during Idle Mode 

Output driven to Vee during Powerdown Mode 
Output driven to VSS during Powerdown Mode 
Output floats during Powerdown Mode 
Output remains active during Powerdown Mode 
Output retains current state during Powerdown Mode 
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Table 2. Pin Descriptions 

Pin Name . 
Pin Input Output 

Pin Descrip~ion 
Type Type States 

Vcc P - - POWER + 5V ± 10% power supply connection 

Vss G - - GROUND 

ClKIN I A(E) - CLocK INput is the external clock input. An external 
oscillator operating at two times the required processor 
operating frequency can be connected to ClKIN. For 
crystal operation, ClKIN (along with OSCOUT) are the 
crystal connections to an internal Pierce oscillator. . 

OSCOUT 0 - H(Q) OSCillator OUTput is only used when using a crystal to 
R(Q) generate the internal clock. OSCOUT (along with ClKIN) 
I(Q) are the crystal connections to an internal Pierce oscillator. 
P(X) This pin can not be used as 2X clock output for non-

crystal applications (i.e. this pin is not connected for non-
crystal applications). 

ClKOUT 0 - H(Q) CLocK OUTput provides a timing reference for inputs and 
R(Q) outputs of the processor, and is one-half the input clock 
I(Q) (ClKIN) frequency. ClKOUT has a 50% duty cycle and 
P(X) transitions every falling edge of ClKIN. 

RESIN I A(l) - RESet IN causes the processor to immediately terminate 
any bus cycle in progress and assume an initialized state. 
All pins will be driven to a known state, and RESOUT will 
also be drivel) active. The rising edge (Iow-to-high) 
transition synchronizes ClKOUT with ClKIN before the 
processor begins fetching opcodes at memory location 
OFFFFOH. 

RESOUT 0 - H(O) RESet OUTput that indicates the processor is currently in 
R(1) the reset state. RESOUT will remain active as long as 
1(0) RESIN remains active. 
P(O) 

PDTMR 110 A(l) H(WH) Power-Down TiMeR pin (normally connected to an 
R(Z) external capacitor) that determines the amount of time the 

P(WH) processors waits after an exit from Powerdown before 
I(WH) resuming normal operation. The duration of time required 

will depend on the startup characteristics of the crystal 
oscillator. 

NMI I A(E) - Non-Maskable Interrupt input causes a TYPE-2 interrupt 
to be serviced by the CPU. NMI is latched internally. 

TEST/BUSY I A(E) - TEST is used during the execution of the WAIT instruction 
(TEST) to suspend CPU operation until the pin is sampled active 

(lOW). TEST is alternately known as BUSY when 
interfacing with an 80C187 numerics coprocessor 
(80C186EC only). 

A19/S6/0NCE 110 A(l) H(Z) This pin drives address bit 19 during the address phase of 
R(WH) the bus cycle. During T2 and T3 this pin functions as 

1(0) , status bit 6. S6 is low to indicate CPU bus cycles and high 
P(O) to indicate DMA or refresh bus cycles. During a processor 

reset (RESIN active) this pin becomes the ONCE input 
pin. Holding this pin low during reset will force the part into 
ONCE Mode. 

NOTE: 
Pin names in parentheses apply to the 80C188EC/80L 188EC. 
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Table 2. Pin Descriptions (Continued) 

Pin Name 
Pin Input Output 

Pin Description 
Type Type States 

A18/S5 I/O A(L) H(Z) These pins drive address information during the address 
A17/S4 R(WH) phase of the bus cycle. During T2 and T3 these pins drive 

A16/S3 1(0) status information (which is always 0 on the 80C186EC). 

(A15:8) P(O) These pins are used as inputs during factory test; driving 
these pins low during reset will cause unspecified operation. 
On the 80C188EC, A 15:8 provide valid address information 
for the entire bus cycle. 

AD15/CAS2 1/0 S(L) H(Z) These pins are part of the multiplexed ADDRESS and DATA 
AD14/CAS1 R(Z) bus. During the address phase of the bus cycle, address bits 

AD13/CASO 1(0) 15 through 13 are presented on these pins and can be 

P(O) latched using ALE. Data information is transferred during the 
data phase of the bus cycle. Pins AD15:13/CAS2:0 drive the 
82C59 slave address information during interrupt· 

. acknowledge cycles. 

AD12:0 1/0 S(L) H(Z) These pins provide a multiplexed ADDRESS and DATA bus. 
(AD7:0) R(Z) During the address phase of the bus cycle, address bits 0 

1(0) through 12 (0 through 7 on the 80C188EC) are presented on 

P(O) the bus and can be latched using ALE. Data information is 
transferred during the data phase of the bus cycle. 

82:0 0 - H(Z) Bus cycle Status are encoded on these pins to provide bus 
R(1) transaction information. S2:0 are encoded as follows: 
1(1) 
P(1) S2 S1 SO Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Processor HALT 
1 0 0 Instruction Queue Fetch 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive (No bus activity) 

ALE 0 - H(O) Address Latch Enable output is used to strobe address 
R(O) information into a transparent type latch during the address 
1(0) phase of the bus cycle. 

P(O) 

BHE 0 - H(Z) Byte High Enable output to indicate that the bus cycle in 
(RFSH) . R(Z) progress is transferring data over the upper half of the data 

1(1) bus. BHE and AO have the following logical encoding: 

P(1) 

AO BHE 
Encoding (for 80C186ECI 

80L 186EC only) 

0 0 Word transfer 
O' 1 Even Byte transfer 
1 0 Odd Byte transfer 
1 1 Refresh operation 

On the 80C188EC/80L 188EC, RFSH is asserted low to 
indicate a refresh bus cycle. 

NOTE: 
Pin names in parentheses apply to the 80C188EC/80L l88EC. I ~OO~Ib~IMI~OO~OOW 1-201 
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Table 2. Pin Descriptions (Continued) 

Pin Name 
Pin Input Output 

Pin Description 
Type Type States 

RD 0 - H(Z) ReaD output signals that the accessed memory or I/O 
R(Z) device should drive data information onto the data bus. 
1(1) 
P(1) 

WR 0 - H(Z) WRite output signals that data available on the data bus are 
R(Z) to be written into the accessed memory or I/O device. 
1(1) 
P(1) 

READY I A(L) - READY input to signal the completion of a bus cycle. READY 
S(L) must be active to terminate any 80C186EC bus cycle, unless 

(Note 1) it is ignored by correctly programming the Chip-Select unit. 

DEN 0 - H(Z) Data ENable output to control the enable of bi-directional 
R(Z) transceivers in a buffered system. DEN is active only when 
1(1 ) data is to be transferred on the bus. 

P(1) 

DT/R' 0 - H(Z) Data Transmit/Receive output controls the direction of a bi-
R(Z) directional buffer in a buffered system. 
I (X) 
P(X) 

LOCK I/O A(L) H(Z) LOCK output indicates that the bus cycle in progress is not 
R(Z) interruptable. The processor will not service other bus 
I(X) requests (such as HOLD) while LOCK is active. This pin is 

P(X) configured as a weakly held high input while RESIN is active 
and must not be driven low. 

HOLD I A(L) - HOLD request input to signal that an external bus master 
wishes to gain control of the local bus. The processor will 
relinquish control, of the local bus between instruction 
boundaries that are not LOCKed. 

HLDA 0 - H(1) HoLD Acknowledge output to indicate that the processor 
R(O) has relinquished control of the local bus. When HLDA is 

1(0) asserted, the processor will (or has) floated its data bus and 

P(O) control signals allowing another bus master to drive the 
signals directly. 

NCS 0 - H(1) Numerics Coprocessor Select output is generated when 
R(1) acessing a numerics coprocessor. This Signal does not exist 
1(1 ) on the 80C188EC/80L 188EC. 

P(1) 

ERROR I A(L) - ERROR input that indicates the last numerics processor 
extension operation resulted in an exception condition. An 
interrupt TYPE 16 is generated if ERROR is sampled active 
at the beginning of a numerics operation. Systems not using 
an 80C187 must tie ERROR to VCC. This signal does not 
exist on the 80C188EC/80L 188EC. 

NOTE: 
Pin names in parentheses apply to the 80C188EC/80L 188EC. 
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Table 2. Pin Descriptions (Continued) 

Pin Name 
Pin Input Output 

Pin Description 
Type Type States 

PEREO I A(l) - Processor Extension REQuest signals that a data 
transfer between an BOC1 B7 Numerics Processor 
Extension and Memory is pending. Systems not using an 
BOC1 B7 must tie this pin to Vss. This signal does not exist 
on the BOC1 BBEC/BOl 1 BBEC. 

UCS 0 - H(1) Upper Chip Select will go active whenever the address of 
R(1) a memory or I/O bus cycle is within the address range 
1(1) programmed by the user. After reset, UCS is configured to 

P(1) be active for memory accesses between OFFCOOH and 
OFFFFFH. 

LCS 0 - H(1) Lower Chip Select will go active whenever the address of 
R(1) a memory or I/O bus cycle is within the address range 
1(1 ) programmed by the user. lCS is inactive after a reset. 

P(1) 

P1.0/GCSO 0 - H(X)/H(1) These pins provide a multiplexed function. If enabled, 
P1.1/GCS1 R(1) each pin can provide a General purpose Chip Select 

P1.2/GCS2 I(X)/1(1) output which will go active whenever the address of a 

P1.3/GCS3 P(X)/P(1) memory or I/O bus cycle is within the address limitations 

P1.4/GCS4 programmed by the user. When not programmed as a 

P1.5/GCS5 
Chip-Select, each pin may be used as a general purpose 

P1.6/GCS6 
output port. 

P1.7/GCS7 

TOOUT 0' - H(O) Timer OUTput pins can be programmed to provide single 
T10UT R(1) clock or continuous waveform generation, depending on 

1(0) the timer mode selected. 

P(X) 

TOIN I A(l) - Timer INput is used either as clock or control signals, 
T11N A(E) depending on the timer mode selected. This pin may be 

either level or edge sensitive depending on the 
programming mode. 

INT7:0 I A(l) - Maskable INTerrupt input will cause a vector to a specific 
A(E) Type interrupt routine. The INT6:0 pins can be used as 

cascade inputs from slave B259A devices. The INT pins 
can be configured as level or edge sensitive. 

INTA 0 - H(1) INTerrupt Acknowledge output is a handshaking signal 
R(1) used by external B2C59A Programmable Interrupt 
1(1) Controllers. 

P(1) 

P3.5 I/O A(l) H(X) Bidirectional, open-drain port pins. 
P3.4 R(Z) 

I(X) 
H(X) 

P3.3/DMAI1 0 - H(X) DMA Interrupt output goes active to indicate that the 
P3.2/DMAI0 R(O) channel has completed a transfer. DMAI1 and DMAIO are 

1(0) multiplexed with output only port functions. 

P(X) 

NOTE: 
Pin names in parentheses apply to the 80C188EC/80L 188EC. 
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Table 2. Pin Descriptions (Continued) 

Pin Name 
Pin Input Output 

Pin Description 
Type Type States 

P3.1/TXI1 0 - H(X)/H(Q) Transmit Interrupt output goes active to indicate that 
R(O) serial channel 1 has completed a transfer. TXI1 is 
I(Q) multiplexed with an output only Port function. 

P(X) 

P3.0/RXI1 0 - H(X)/H(Q) Receive Interrupt output goes active to indicate that 
R(O) serial channel 1 has completed a reception. RXI1 is 
I(Q) multiplexed with an output only port function. 

P(X) 

WDTOUT 0 - H(Q) WatchDog Timer OUTput is driven low for four clock 
R(1) cycles when the watchdog timer reaches zero. WDTOUT 
I(Q) may be ANDed with the power-on reset signal to reset the 

P(X) processor when the watchdog timer is not properly reset. 

P2.7/CTS1 I/O A(L) H(X) Clear-To-Send input is used to prevent the transmission 
P2.3/CTSO R(Z) of serial data on the TXD signal pin. CTS1 and CTSO are 

I(X) multiplexed with an I/O Port function. 

P(X) 

P2.6/BCLK1 I/O A(L)/ H(X) Baud CLocK input can be used as an alternate clock 
P2.2/BCLKO A(E) R(Z) source for each of the integrated serial channels. The 

I (X) BCLK inputs are multiplexed with I/O Port functions. The 

P(X) BCLK input frequency cannot exceed % the operating 
frequency of the processor. 

P2.5/TXD1 I/O A(L) H(Q) Transmit Data output provides serial data information. 
P2.1/TXDO R(Z) The TXD outputs are multiplexed with I/O Port functions. 

I(X)/I(Q) During synchronous serial communications,TXD will 

P(X) function as a clock output. 

P2.4/RXD1 I/O A(L) H(X)/H(Q) Receive Data input accepts serial data information. The 
P2.0/RXDO R(Z) RXD pins are multiplexed with I/O Port functions. During 

I(X)/I(Q) synchronous serial communications, RXD is bi-directional 

P(X) and will become an output for transmission of data (TXD 
becomes the clock). 

DRQ3:0 I A(L) - DMA ReQuest input pins are used to request a DMA 
transfer. The timing of the request is dependent on the 
programmed synchronization mode. 

NOTES: 
1. READY is A(E) for the rising edge of CLKOUT, S(E) for the falling edge of CLKOUT. 
2. Pin names in parentheses apply to the 80C188EC/80L 188EC. 
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Pinout 

Tables 3 and 4 list the pin names with package loca
tion for the 100-pin Plastic Quad Flat Pack (PQFP) 
component. Figure 4 depicts the PQFP package as 
viewed from the top side of the component (i.e. con
tacts facing down). 

Tables 5 and 6 list the pin names with package loca
tion for the 100-pin EIAJ Quad Flat Pack (QFP) com
ponent. Figure 5 depicts the QFP package as viewed 

80C186EC/188EC,80L186EC/188EC 

from the top side of the component (i.e. contacts 
facing down). 

Tables 7 and 8 list the pin names with package loca
tion for the 100-pin Shrink Quad Flat Pack (SQFP) 
component. Figure 6 depicts the SQFP package as 
viewed from the top side of the component (i.e., con
tacts facing down). 

Table 3. PQFP Pin Functions with Location 

AD Bus Bus Control Processor Control 1/0 

Name Pin Name Pin Name Pin Name Pin 

ADO 73 ALE 52 RESIN 8 UCS 88 
AD1 72 BHE (RFSH) 51 RESOUT 7 lCS 89 
AD2 71 SO 78 ClKIN 10 
AD3 70 S1 79 OSCOUT 11 P1.7/GCS7 90 
AD4 66 S2 80 ClKOUT 6 P1.6/GCS6 91 
AD5 65 RD 50 TEST/BUSY 83 P1.5/GCS5 92 
AD6 64 WR 49 (TEST) P1.4/GCS4 93 
AD7 63 READY 85 PEREQ (VSS) 81 P1.3/GCS3 94 
AD8 (A8) 60 DEN 47 NCS(N.C.) 35 P1.2/GCS2 95 
AD9 (A9) 59 DTiR 46 ERROR (Ved 84 P1.1/GCS1 96 
AD10 (A10) 58 lOCK 48 PDTMR 9 P1.0/GCSO 97 
AD11 (A11) 57 HOLD 44 NMI 82 
AD12 (A12) 56 HlDA 45 INTO 30 P2.7/CTS1 23 
AD13/CASO 55 INTA 34 INT1 31 P2.6/BClK1 22 
(A13/CASO) INT2 32 P2.5/TXD1 21 
AD14/CAS1 54 
(A14/CAS1) Power and Ground 

INT3 33 
INT4 40 

P2.4/RXD1 20 
P2.3/CTSO 19 

AD15/CAS2 53 Name Pin INT5 41 P2.2/BClKO 18 
(A15/CAS2) 
A16/S3 77 
A17/S4 76 
A18/S5 75 
A 19/56/0NCE 74 

Vee 13 
Vee 14 
Vee 38 
Vee 62 
Vee 67 
Vee 69 
Vee 86 
VSS 12 
Vss 15 

INT6 42 
INT7 43 

P2.1/TXDO 17 
P2.0/RXDO 16 

P3.5 29 
P3.4 28 
P3.3/DMAI1 27 
P3.2/DMAI0 26 
P3.1/TX11 25 
P3.0/RX11 24 

VSS 37 
VSS 39 
VSS 61 
VSS 68 
VSS 87 

TOIN 3 
TOOUT 2 
T11N 5 
T10UT 4 

DRQG 98 
DRQ1 99 
DRQ2 100 
DRQ3 1 

WDTOUT 36 
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Table 4. PQFP Pin locations with Pin Name 

Pin Name Pin Name Pin Name Pin Name 

1 DRQ3 26 DMAIO/P3.2 51 BHE(RFSH) 76 A17/S4 
2 TOOUT 27 DMAI1/P3.3 52 ALE 77 A16/S3 
3 TOIN 28 P3.4 53 AD15 (A15) 78 SO 
4 T10UT 29 P3.5 54 AD14 (A14) 79 S1 
5 T11N 30 INTO 55 AD13 (A13) 80 S2 
6 ClKOUT 31 INT1 56 AD12 (A12) 81 PEREQ (Vss) 
7 RESOUT 32 INT2 57 AD11 (A11) 82 NMI 
8 RESIN 33 INT3 58 AD10 (A10) 83 TEST 
9 PDTMR 34 INTA 59 AD9 (A9) 84 ERROR (Ved 

10 ClKIN . 35 NCS (N.C.) 60 AD8 (A8) 85 READY 
11 OSCOUT 36 WDTOUT 61 Vss 86 Vee 
12 Vss 37 Vss 62 Vee 87 Vss 
13 Vee 38 Vee 63 AD7 88 UCS 
14 Vee 39 Vss 64 AD6 89 lCS 
15 Vss 40 INT4 65 AD5 90 P1.7/GCS7 
16 P2.0/RXDO 41 INT5 66 AD4 91 P1.6/GCS6 
17 P2.1/TXDO 42 INT6 67 Vee 92 P1.5/GCS5 
18 P2.2/BClKO 43 INT7 68 Vss 93 P1.4/GCS4 
19 P2.3/CTSO 44 HOLD 69 Vee 94 P1.3/GCS3 
20 P2.4/RXD1 45 HlDA 70 AD3 95 P1.2/GCS2 
21 P2.5/TXD1 46 DT/R 71 AD2 96 P1.1/GCS1 
22 P2.6/BClK1 47 DEN 72 AD1 97 P1.0/GCSO· 
23 P2.7/CTS1 48 lOCK 73 ADO 98 DRQO 
24 P3.0/RX11 49 WR 74 A 19/56/0NCE 99 DRQ1 
25 P3.1/TX11 50 RD 75 A18/S5 100 DRQ2 
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DRQ3 
TOOUT 

TOIN 
Tl0UT 

T1IN 
CLKOUT 
RESOUT 

,RESIN 
PDTMR 
CLKIN 

OSCOUT 

Vss 
Vee 
Vee 
Vss 

P2.0/RXDO 
P2.l/TXDO 

P2.2/BCLKO 
P2.3/CTSO 
P2.4/RXDl 
P2.S/TXDl 

P2.6/BCLKl 
P2.7/CTSl 
P3.0/RXll 
P3.l/TXll 

NOTE: 

KU80C186EC20 
xxxxxxxxxA (SEE NOTE) 

TOP VIEW 

This is the FPO number location (indicated by X's). 

Figure 4. 100-Pin Plastic Quad Flat Pack Package (PQFP) 

A1S/SS 
A19/S6/0NCE 
ADO 
ADl 
AD2 
AD3 
Vee 
Vss 
Vee 
AD4 
ADS 
AD6 
AD7. 
Vee 
Vss 
ADS (AS) 
AD9 (A9) 
AD10 (Al0) 
ADll (All) 
AD12 (A12) 
AD13/CASO (A13/CASO) 
AD14/CASl (A14/CASl) 
AD lS/CAS2 (A lS/CAS2) 
ALE 
BHE (RFSH) 

272434-3 
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Table 5. QFP Pin Names with Package Location 

AD Bus Bus Control Processor Control I/O 

Name Pin Name Pin Name Pin Name Pin 

ADO 76 ALE 55 RESIN 11 UCS 91 
AD1 75 BHE (RFSH) 54 RESOUT 10 .lCS 92 
AD2 74 SO 81 ClKIN 13 
AD3 73 S1 82 OSCOUT 14 P1.7/GCS7 93 
AD4 69 S2 83 ClKOUT 9 P1.6/GCS6 94 
AD5 68 RD 53 TEST/BUSY 86 P1.5/GCS5 95 
AD6 67 WR 52 (TEST) P1.4/GCS4 96 
AD7 66 READY 88 PEREQ (Vss) 84 P1.3/GCS3 97 
AD8 (A8) 63 DEN 50 NCS (N.C.) 38 P1.2/GCS2 98 
AD9 (A9) 62 DT/R 49 ERROR (Ved 87 P1.1/GCS1 99 
AD10 (A10) 61 lOCK 51 PDTMR 12 P1.0/GCSO 100 
AD11 (A11) 60 HOLD 47 NMI 85 
AD12 (A12) 59 HlDA 48 INTO 33 P2.7/CTS1 26 
AD13/CASO 58 INTA 37 INT1 34 P2.6/BClK1 25 
(A13/CASO) IrilT2 35 P2:5/TXD1 24 
AD14/CAS1 57 
(A14/CAS1) Power and Ground 

INT3 36 
INT4 43 

P2.4/RXD1 23 
P2.3/CTSO 22 

AD15/CAS2 56 Name Pin INT5 44 P2.2(BClKO 21 
(A15/CAS2) 
A16/S3 80 
A17/S4 79 
A18/S5 78 
A19/S6/0NCE 77 

Vee 16 
Vee 17 
Vee 41 
Vee 65 
Vee 70 
Vee 72 
Vee 89 
Vss 15 
Vss 18 

INT6 45 
INT7 46 

P2.1/TXDO 20 
P2.0/RXDO 19 

P3.5 32 
P3.4 31 
P3.3/DMAI1 30 
P3.2/DMAI0 29 
P3.1/TXI1 28 
P3.0/RXI1 27 

Vss 40 
Vss 42 
Vss 64 
Vss 71 
Vss 90 

TOIN 6 
TOOUT 5 
T11N 8 
T10UT 7 

DRQO 1 
DRQ1 2 
DRQ2 3 
DRQ3 4 

WDTOUT 39 
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Table 6. QFP Package Location with Pin Names 

Pin Name Pin Name Pin Name Pin Name 

1 DRQO 26 P2.71CTS1 51 lOCK 76 ADO 
2 DRQ1 27 P3.0/RXI1 52 WR 77 A 19/56/0NCE 
3 DRQ2 2B P3.1/TX11 53 RD 78 A18/S5 
4 DRQ3 29 DMAI0/P3.2 54 SHE (RFSH) 79 A17/S4 
5 TOOUT 30 DMAI1/P3.3 55 ALE 80 A16/S3 
6 TOIN 31 P3.4 56 AD15 (A15) 81 SO 
7 T10UT 32 P3.5 57 AD14 (A14) 82 S1 
8 T11N 33 INTO 58 AD13 (A13) 83 S2 
9 ClKOUT 34 INT1 59 AD12 (A12) 84 PEREQ (Vss) 

10 RESOUT· 35 INT2 60 AD11 (A11) 85 NMI 
11 RESIN 36 INT3 61 AD10 (A10) 86 TEST 
12 PDTMR 37 INTA 62 AD9 (A9) 87 ERROR (Vee> 
13 ClKIN 38 NCS (N.C.) 63 AD8 (AB) BB READY 
14 OSCOUT 39 WDTOUT 64 Vss 89 Vee 
15 Vss 40 Vss 65 Vee 90 Vss 
16 Vee 41 Vee 66 AD7 91 UCS 
17 Vee 42 Vss 67 AD6 92 LCS 
18 Vss 43 INT4 68 AD5 93 P1.7/GCS7 
19 P2.0/RXDO 44 INT5 69 AD4 94 P1.6/GCS6 
20 P2.1/TXDO 45 INT6 70 Vee 95 P1.5/GCS5 
21 P2.2/SClKO 46 INT7 71 Vss 96 P1.4/GCS4 
22 P2.3/CTSO 47 HOLD 72 Vee 97 P1.3/GCS3 
23 P2.4/RXD1 48 HlDA 73 AD3 98 P1.2/GCS2 
24 P2.5/TXD1 49 DTIR 74 AD2 99 P1.1/GCS1 
25 P2.6/SClK1 50 DEN 75 AD1 100 P1.0/GCSO 
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Table 7. SQFP Pin Functions with Location 

AD Bus Bus Control Processor Control I/O 

ADO 73 ALE 52 RESIN 8 UCS 88 
AD1 72 BHE (RFSH) 51 RESOUT 7 lCS 89 
AD2 71 SO 78 ClKIN 10 
AD3 70 S1 79 OSCOUT 11 P1.0/GCSO 97 
AD4 66 S2 80 ClKOUT 6 P1.1/GCS1 96 
AD5 65 RD 50 TEST/BUSY 83 P1.2/GCS2 95 
AD6 64 WR 49 NMI 82 P1.3/GCS3 94 
AD7 63 READY 85 INTO 30 P1.4/GCS4 93 
AD8 (A8) 60 DT/R 46 INT1 31 P1.5/GCS5 92 
AD9 (A9) 59 DEN 47 INT2 32 P1.6/GCS6 91 
AD10 (A10) 58 lOCK 48 INT3 33 P1.7/GCS7 90 
AD11 (A11) 57 HOLD 44 INT4 40 
AD12 (A12) 56 HlDA 45 INT5 41 P2.0/RXDO 16 
AD13 (A13) 55 INT6 42 P2.1/TXDO 17 
AD14 (A14) 54 INT7 43 P2.2/BClKO 18 
AD15 (A15) 53 INTA 34 P2.3/CTSO 19 
A16 77 PEREQ (Vss) 81 P2.4/RXD1 20 
A17 76 ERROR (Ved 84 P2.5/TXD1 21 
A18 75 NCS(N.C.) 35 P2.6/BClK1 22 
A19/0NCE 74 PDTMR 9 P2.7/CTS1 2S 

PS.0/RXI1 24 
Power and Ground PS.1/TXI1 25 

Vee 13 PS.2/DMAI0 26 

Vee 14 PS.S/DMAI1 27 

Vee 38 PS.4 28 

Vee 62 PS.5 29 

Vee 67 
Vee 69 DRQO 98 

Vee 86 DRQ1 99 

Vss 12 DRQ2 100 

Vss 15 DRQS 1 

Vss 37 
Vss 39 TOIN S 

Vss 61 TOOUT 2 

Vss 68 T11N 5 

Vss 87 T10UT 4 
WDTOUT 36 
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Table 8. SQFP Pin Locations with Pin Names 

Pin Name Pin Name Pin Name Pin Name 

1 DRQ3 26 P3.2/DMAI0 51 BHE (RFSH) 76 A17 
2 TOOUT 27 P3.3/DMAI1 52 ALE 77 A16 

3 TOIN 28 P3.4 53 AD15 (A15) 78 SO 

4 T10UT 29 P3.5 54 AD14 (A14) 79 S1 

5 T11N 
6 ClKOUT 
7 RESOUT 
8 RESIN 
9 PDTMR 

10 ClKIN 
11 OSCOUT 
12 Vss 
13 Vee 
14 Vee 
15 Vss 

30 INTO 
31 INT1 
32 INT2 
33 INT3 
34 INTA 
35 NSC(N.C.) 
36 WDTOUT 
37 Vss 
38 Vee 
39 Vss 
40 INT4 

55 AD13 (A13) 
56 AD12 (A12) 
57 AD11 (A11) 
58 AD10 (A10) 
59 AD9(A9) 
60 AD8(A8) 
61 Vss 
62 Vee 
63 AD7(A7) 
64 AD6(A6) 
65 AD5 

80 S2 
81 PEREQ(Vss) 
82 MNI 
83 TEST/BUSY 

(TEST) 
84 ERROR (Vee> 
85 READY 
86 Vee 
87 Vss 
88 UCS 
89 lCS 
90 P1.7/GCS7 

16 P2.0/RXDO 41 INT5 66 AD4 91 P1.6/GS6 
17 P2.1/TXDO 42 INT6 67 Vee 92 P1.5/GCS5 
18 P2.2/BClKO 43 INT7 68 Vss 93 P1.4/GCS4 
19 P2.3/CTSO 44 HOLD 69 Vee 94 P1.3/GCS3 
20 P2.4/RXD1 45 HlDA 70 AD3 95 P1.2/GCS2 
21 P2.5/TXD1 46 DT/R 71 AD2 96 P1.1/GCS1 
22 P2.6/BClK1 47 DEN 72 AD1 97 p1.0/GCSO 
23 P2.7/CTS1 48 lOCK 73 ADO 98 DRQO 
24 P3.0/RXI1 49 WR 74 A19/0NCE 99 DRQ1 
25 P3.1/TXI1 50 RD 75 AD18 100 DRQ2 
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DRQ3 
TOOUT 

TOIN 
Tl0UT 

TllN 
ClKOUt 
RESOUT 

RESIN 
PDTMR 
ClKIN 

OSCOUT 
Vss 
Vee 
Vee 
Vss 

P2.0/RXDO 
P2.1/TXDO 

P2.2/BClKO 
P2.3/CTSO 
P2.4/RXDl 
P2.5/TXDl 

P2.6/BClKl 
P2.7 /CTSl 
P3.0/RXll 
P3.1/TXll 

NOTE: 

0 
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SB80C186EC20 
xxxxxxxxxA (SEE NOTE) 

TOP VIEW 

61 

A1B/S5 
A19/S6/0NCE 
ADO 
ADl 
AD2 
AD3 
Vee 
Vss 
Vee 
AD4 
AD5 
AD6 
AD7 
Vee 
Vss 
ADB (AB) 
AD9 (A9) 
AD10 (A 10) 
ADll (All) 
AD12 (A12) 
AD13/CASO (A13) 
AD14/CASl (A14) 
AD15/CAS2 (A 15) 
ALE 
BHE 

272434-5 

This is the FPO number location (indicated by X's) 

Figure 6. 100-Pln Shrink Quad Flat Pack Package (SQFP) 
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Package Thermal Specifications 

The 80C186EC/80L 186EC is specified for operation 
when T c (the case temperature) is within the range 
of - 40·C to + 100·C. T c may be measured in any 
environment to determine whether the processor is 
within the specified operating range. The case tem
perature must be measured at the center of the top 
surtace. . 

T A (the ambient temperature) can be calculated 
from 8CA (thermal resistance from the case to ambi
ent) with the following .equation: 

TA = Tc - P' 8CA 

Typical values for 8CA at various airtlows are given 
in Table 9. P (the maximum power consumption
specified in Watts) is calculated by using the maxi
mum Icc and Vcc of 5.5V. 

Table 9. Thermal Resistance (8CA) at Various Airflows (In ·C/Watt) 

Airflow In ft/mln (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

8CA (PQFP) 27.0 22.0 18.0 15.0 14.0 13.5 

8CA (QFP) 64.5 55.5 51.0 TBD TBD TBD 

8CA(SQFP) 62.0 TBD TBD TBD TBD TBD 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

Storage Temperature .......... - 6S·C to + 1S0·C 

Case Temperature Under Bias ... -6S·C to + 100·C 

Supply Voltage 
with Respect to Vss ........... -O.SV to + 6.SV 

Voltage on Other Pins 
with Respect to Vss ...... -O.SV to Vee + O.SV 

Recommended Connections 

Power and ground connections must be made to 
multiple Vee and Vss pins. Every 80C186EC-based 
circuit board should include separate power (Vecl 
and ground (Vss) planes. Every Vee pin must be 
connected to the power plane, and every Vss pin 
must be connected to the ground plane. Liberal de
coupling capacitance should be placed near the 
processor. The processor can cause transient pow
er surges when its output buffers transition, particu
larly when connected to large capacitive loads. 

80C186EC/188EC, 80L 186EC/188EC 

NOTICE: This data sheet contains preliminary infor
mation on new products in production. The specifica
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per
formance. Inductance is reduced by placing the de
coupling capacitors'as close as possible to the proc
essor Vee and Vss package pins. 

Always connect any unused input to an appropriate 
signal level. In particular, unused interrupt inputs 
(NMI, INTO:?) should be connected to Vss through a 
pull-down resistor. Leave any unused output pin un
connected. 
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DC SPECIFICATIONS (80C186EC/80C188EC) 
Symbol Parameter Min Max Units Notes 

Vee Supply Voltage 4.5 5.5 V 

VIL Input low Voltage -0.5 0.3Vcc V 

VIH Input High Voltage 0.7 Vee VCC + 0.5 V 

VOL Output low Voltage 0.45 V IOL = 3 mA (Min) 

VOH Output High Voltage Vcc - 0.5 V IOH = - 2 mA (Min) 

VHYR Input Hysteresis on RESIN 0.5 V 

III . Input leakage 'Current for Pins: ±15 j.tA 0::::: VIN::::: VCC 
AD15:0 (AD7:0, A 15:8), READY, 
HOLD, RESIN, 
ClKIN, TEST/BUSY, NMI, INT7:0, 
TOIN, T1IN, P2.7-P2.0, P3.5-P3.0, 
DRQ3:0, PEREQ, ERROR 

ILiU Inpu~ leakage for Pins with Pullups -0.275 -5 mA VIN = 0.7Vcc 
Active During Reset: (Note 1) 
A19:16, lOCK 

ILO Output leakage for Floated Output ±15 j.tA 0.45 ::::: VOUT ::::: VCC 
Pins (Note 2) 

Icc Supply Current Cold (in RESET) 
BOC186EC25 125 mA (Notes 3, 7) 
BOC186EC20 100 mA (Note 3) 
BOC186EC13 70 mA (Note 3) 

110 Supply Current in Idle Mode 
BOC186EC25 92 mA (Notes 4, 7) 
BOC186EC20 76 mA (Note 4) 
80C186EC13 50 mA (Note 4) 

IpD Supply Current in Powerdown Mode 
80C186EC25 100 j.tA (Notes 5,7) 
BOC186EC20 100 j.tA (Note 5) 
80C186EC13 100 j.tA (Note 5) 

CIN Input Pin Capacitance 0 15 pF TF = 1 MHz 

COUT Output Pin Capacitance 0 15 pF TF = 1 MHz (Note 6) 

NOTES: 
1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
2. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
3. Measured with the device in RESET and at worst case frequency, Vee, and temperature with ALL outputs loaded as 
specified in AC Test Conditions. and all floating outputs driven to Vee or GND. 
4. Measured with the device in HALT (IDLE Mode active) and at worst case frequency. Vee. and temperature with ALL 
outputs loaded as specified in AC Test Conditions. and all floating outputs driven to Vee or GND. 
5. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency. Vee. 'and temperature with 
ALL outputs loaded as specified in AC Test Conditions. and all floating outputs driven to Vee or GND. 
6. Output Capacitance is the capacitive load of a floating output pin. 
7. Operating conditions for 25 MHz is O'C to +70'C. Vee = 5.0 ±10%. 
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DC SPECIFICATIONS (80L 186EC/80L 188EC) 
Symbol Parameter Min Max Units Notes· 

Vcc Supply Voltage 2.7 5.5 V 

VIL Input Low Voltage -0.5 0.3 VCC V 

VIH Input High Voltage 0.7Vcc VCC + 0.5 V 

VOL Output Low Voltage 0.45 V IOL = 3 rnA (Min) 

VOH Output High Voltage VCC - 0.5 V IOH = - 2 rnA (Min) 

VHYR Input Hysteresis on RESIN 0.5 V 

III Input Leakage Current for Pins: ±15 poA 0::;: VIN::;: VCC 
AD15:0 (AD7:0, A 15:8), READY, 
HOLD, RESIN, CLKIN, 
TEST/BUSY, NMI, INT7:0, 
TOIN, T1IN, P2.7-P2.0, P3.5-P3.0, 
DRQ3:0, PEREQ, ERROR 

ILiU Input Leakage for Pins with Pullups -0.275 -5 rnA VIN = 0.7Vcc 
Active During Reset: (Note 1) 
A19:16, LOCK 

ILO Output Leakage for Floated Output ±15 poA 0.45::;: VOUT::;: VCC 
Pins (Note 2) 

Icc Supply Current Cold (in RESET) (Note 3) 
80L186EC-13 36 rnA 

110 Supply Current in Idle Mode (Note 4) 
80L186EC-13 24 rnA 

Ipo Supply Current in Powerdown Mode (Note 5) 
80L 186EC-13 30 poA 

CIN Input Pin Capacitance 
.. 

0 15 pF TF = 1 MHz 

COUT Output Pin Capacitance 0 15 pF TF = 1 MHz (Note 6) 

NOTES: 
1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
2. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
S. Measured with the device in RESET and at worst case frequency, Vee, and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vee or GNO. 
4. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vee, and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GNO. 
5. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Vee, and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GNO. 
6. Output CapaCitance is the capacitive load of a floating output pin. 
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ICC versus Frequency and Voltage 

The Icc consumed by the processor is composed of 
two components: 

1. Ipo-The quiescent current that represents inter
nal device leakage. Measured with all inputs at 
either Vcc or ground and no clock applied. 

2. Iccs-The switching current used to charge and 
discharge internal parasitic capacitance when 
changing logic levels. Iccs is related to both the 
frequency of ope"ration and the device supply 
voltage (VcC>. Iccs is given by the formula: 

Power = V • I = V2 • COEV • f 

:. Iccs = V • COEV • f 

Where: 

V = Supply Voltage (VcC> 

COEV = Device Capacitance 

f = Operating Frequency 

Measuring CPO on a device like the BOC1 B6EC 
would be difficult. Instead, Cpo is calculated using 
the above formula with Icc values measured at 
known Vcc and frequency. Using the CPO value, the 
user can calculate Icc at any voltage and frequency 
within the specified operating range. 

Example. Calculate typical Icc at 14 MHz, 5.2V Vcc. 

ICC = Ipo + Ices 

= 0.1 mA + 5.2V· 0.77 • 14 MHz 

= 56.2 mA 

Parameter Typical 

CPD 0.77 

CPD (Idle Mode) 0.55 

PDTMR Pin Delay Calculation 

. The PDTMR pin provides a delay between the as
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown Mode. A delay is 
required only when using the on chip oscillator to 
allow the crystal or resonator circuit to stabilize. 

NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e. a device reset while in Pow
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabilized. 

To calculate the value of capacitor to use to provide 
a desired delay, use the equation: ." 

440 x t = CPO (5V, 25'C) 

Where: 

t = desired delay in seconds 
Cpo = capacitive load on PDTMR in microfarads 

Example. For a delay of 300 ,...s, a capacitor value of 
CPO = 440 x (300 x 10-6 = 0.132,...F is required. 
Round up to a standard (available) capacitor value. 

NOTE: 
The above equation applies to delay time longer 
than 10 ,...s and will compute the TYPICAL capaci
tance needed to achieve the desired delay. A delay 
variance of + 50% to - 25% can occur due to 
temperature, voltage, and device process ex
tremes. In general, higher Vcc and/or lower tem
peratures will decrease delay time, while lower Vcc 
and/ or higher temperature will increase delay time. 

Max Units Notes 

1.37 mAN·MHz 1,2 

0.96 mAN·MHz 1,2 

NOTES:" " 
1. Maximum CpO is measured at -40'C with all outputs loaded as specified in the AC test conditions and the device in reset 
(or Idle Mode). Due to tester limitations, CLKOUT and OSCOUT also have 50 pF loads that increase Icc by V·C·F. 
2. Typical CPO is calculated at 25'C assuming no loads on CLKOUT or OSCOUT and the device in reset (or Idle Mode). 
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80C186EC/188EC, 80L 186EC/188EC 

AC SPECIFICATIONS 

AC Characteristics-80C 186EC25 
25 MHz 

Symbol Parameter Units Notes 
Min Max 

INPUT~LOCK 

TF ClKIN Frequency 0 50 MHz 1 
TC ClKIN Period 20 00 ns 1 
TCH ClKIN High Time 8 00 ns 1,2 
TCL ClKIN low Time 8 00 ns 1,2 
TCR ClKIN Rise Time 1 10 ns 1,3 
TCF ClKIN Fall Time 1 10 ns 1,3 

OUTPUT CLOCK 

TCD ClKIN to ClKOUT Delay 0 17 ns 1,4 
T ClKOUT Period 2*Tc ns 1 
TpH ClKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL ClKOUT low Time (T/2)-5 (T/2) + 5 ns 1 
TpR ClKOUT Rise Time 1 6 ns 1,5 
TpF ClKOUT Fall Time 1 6 ns 1,5 

OUTPUT DELAYS 

TCHOV1 ALE, S2:0, DEN, DT IR, 3 17 ns 1,4,6,7 
SHE (RFSH), lOCK, A19:16 

TCHOV2 GCSO:7, lCS, UCS, NCS, RD, WR 3 20 ns 1,4,6,8 

TCLOV1 SHE (RFSH), DEN, lOCK, RESOUT, 3 17 ns 1,4,6 
HlDA, TOOUT, T10UT, A19:16 

TCLOV2 RD, WR, GCS7:0, lCS, UCS, AD15:0 3 20 ns 1,4,6 
(AD7:0, A15:8), NCS, INTA1:0, S2:0 

TCHOF RD, WR, SHE (RFSH), DT IR, 0 20 ns 1 
lOCK, S2:0, A19:16 

TCLOF DEN, AD15:0 (AD7:0, A 15:8) 0 20 ns 1 
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AC SPECIFICATIONS· 

AC Characteristics-80C186EC25 (Continued) 

Symbol Parameter 

SYNCHRONOUS INPUTS 

TCHIS TEST, NMI,INT4:0, BCLK1:0, T1:01N, READY, CTS1:0, 
P2.6, P2.7 

TCHIH TEST, NMI,INT4:0, BCLK1:0, T1:01N, READY, CTS1:0 

TCLIS AD15:0 (AD7:0), READY 

TCLIH READY, AD15:0 (AD7:0) 

TCLIS HOLD,PEREO,ERROR 

TCLIH HOLD, PER EO, ERROR 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at VIH for high time, VIL for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by Tc, T CH and TCL. 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. TCHOVl applies to SHE (RFSH), LOCK and A19:16 only after a HOLD release. 
e. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 
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25 MHz 
Units Notes 

Min Max 

10 ns 1,9 

3 ns 1,9 

10 ns 1,10 

3 ns 1,10 

10 ns 1,9 

3 . ns 1,9 



80C186EC/188EC, 80L 186EC/188EC 

AC SPECIFICATIONS 

AC Characteristics-80C186EC-20/80C186EC-13 
Symbol Parameter Min Max Min Max 

INPUT CLOCK 20 MHz 13MHz 

TF I ~lKIN Frequency 0 40 0 26 
TC ClKIN Period 25 00 38.5 00 

TcH ClKIN High Time 10 00 12 00 

TCl ClKIN low Time 10 00 12 00 

TCA ClKIN Aise Time 1 10 1 10 
TCF ClKIN Fall Time 1 10 1 10 

OUTPUT CLOCK 

TCD ClKIN to ClKOUT Delay 0 17 0 23 
T ClKOUT Period 2 *TC 2' TC 
TpH ClKOUT High Time (T/2) - 5 (T/2) + 5 (T/2) - 5 (T/2) + 5 
TpL ClKOUT low Time (T/2) - 5 (T/2) + 5 (T/2) - 5 (T/2) + 5 
TpR ClKOUT Aise Time 1 6 1 6 
TpF ClKOUT Fall Time 1 6 1 6 

OUTPUT DELAYS 

TCHOV1 ALE, S2:0, DEN, DT lA, 3 20 3 25 
SHE (AFSH), lOCK, A19:16 

TCHOV2 GCS7:0, lCS, UCS, 3 23 3 30 
AD, WA, NCS, WDTOUT 

TCLOV1 SHE (RFSH), DEN, lOCK, RESOUT, 3 20 3 25 
HlDA, TOOUT, T10UT 

TCLOV2 RD, WR, GSC7:0, lCS, UCS, AD15:0 3 23 3 30 
(AD7:0, A15:8), NCS, INTA, S2:0, A19:16 

TCHOF RD, WR, SHE (RFSH), DT/R, lOCK, 0 25 0 30 
S2:0, A19:16 

TCLOF DEN, AD15:0 (AD7:0, A15:8) 0 25 0 30 

INPUT REQUIREMENTS 

TCHIS· TEST, NMI, T11N, TOIN, READY, 10 10 
CTS1:0, SClK1:0, P3.4, P3.5 

TCHIH TEST, NMI, T11N, TOIN, READY, 3 3 
CTS1 :0, SClK1 :0, P3.4, P3.5 

TCLIS AD15:0 (AD7:0), READY 10 10 

TCLIH AD15:0 (AD7:0), READY 3 3 

TCLIS HOLD, RESIN, PEREQ, ERROR, DRQ3:0 10 10 

TCLIH HOLD, RESIN, REAEQ, ERROR, DRQ3:0 3 3 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at VIH for high time, VIL for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by T C' T CH and T CL. 
4. Specified for a 50 pF load, see Figure 14 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 15 for rise and fall times outside 50 pF. 
6. See Figure 15 for rise and fall times. 
7. TCHOV1 applies to SHE (RFSH), LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release: 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 

Unit Notes 

MHz 1 
ns 1 
ns 1,2 
ns 1,2 
ns 1,3 
ns 1,3 

ns 1,4 
ns 1 
ns 1 
ns 1 
ns 1,5 
ns 1,5 

ns 1,4,6,7 

ns 1,4,6,8 

ns 1,4,6 

ns 1,4,6 

ns 1 

ns 1 

ns 1,9 

ns 1,9 

ns 1,10 

ns 1,10 

ns 1,9 

ns 1,9 
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AC Characteristics-80L 186EC13 
Symbol Parameter Min Max Unit Notes 

INPUT CLOCK 13 MHz 

TF ClKIN Frequency 0 26 MHz 1 
TC ClKIN Period 38.5 00 ns 1 
TCH ClKIN High Time 15 00 ns 1,2 
TCl ClKIN low Time 15 00 ns 1,2: 
TCR ClKIN Rise Time 1 10 ns 1,3' ; 
TCF ClKIN Fall Time 1 10 ns 1,3 

OUTPUT CLOCK 

TCD ClKIN to ClKOUT Delay - 0 20 ns 1,4 
T ClKOUT Period '2' TC ns 1 
TpH ClKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL ClKOUT low Time (T/2) - 5 (T/2) + 5 ns 1 
TpR ClKOUT Rise Time 1 10 ns 1,5 ' 
TpF ClKOUT Fall Time 1 10 ns 1,5 

OUTPUT DELAYS 

TCHOV1 S2:0, DT IR, BHE, lOCK 3 28 ns 1,4,6,7 

TCHOV2 lCS, UCS, DEN, A19:16, RD, WR, NCS, 3 32 ns 1,4,6,8 
WDTOUT,AlE 

TCHOV3, GCS7:0 3 34 ns 1,4,6 

TCLOV1 lOCK, RESOUT, HlDA, TOOUT, T1 OUT 3 28 ns 1,4,6 

TCLOV2 RD, WR, AD15:0 (AD7:0, A15:8), BHE 3 32 ns, 1,4,6 
(RFSH), NCS,INTA, DEN 

TCLOV3 GSC7:0, lCS, UCS 3 34 ns 1,4,6 

TCLOV4 S2:0, A19:16 3 37 ns 1,4,6 

TCHOF RD, WR, BHE (RFSH), DT IR, lOCK, 0 30 ns 1 
S2:0, A19:16 

TCLOF DEN, AD15:0 (AD7:0, A 15:8) 0 35 ns 1 

INPUT REQUIREMENTS 

TCHIS TEST, NMI, T11N, TOIN, READY, 20 ns 1,9 
CTS1 :0, BClK1 :0, P3.4, P3.5 

TCHIH TEST, NMI, T11N, TOIN, READY, 3 ns 1,9 
CTS1 :0, BClK1 :0, P3.4, P3.5 

TCLIS AD15:0 (AD7:0), READY 20 ns 1,10 

TCLIH AD15:0 (AD7:0), READY 3 ns 1,10 

TCLIS HOLD, RESIN, PER EO, ERROR, DR03:0 20 ns 1,9 

TCLIH HOLD, RESIN, REREO, ERROR, DR03:0 3 ns 1,9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at VIH for high time, Vil for low time. 
3. Only required to guarantee Icc. Maximum limits are' bounded by T C' TCH and TCl. 
4. Specified for a 50 pF load, see Figure 14 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 15 for rise and fall times outside 50 pF. 

1-222 



80C186EC/188EC, 80L 186EC/188EC 

AC Characteristics-80L 186EC (Continued) 

. NOTES: 
6. See Figura 15 for rise and fall times. 
7. TCHOV1 applies to SHE (RFSH), LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper operation. 

Relative Timings (80C186EC-25/20/13, 80L 186EC13) 
Symbol Parameter Min 

RELATIVE TIMINGS 

TLHLL ALE Active Pulse Width T - 15 

TAVLL AD Valid Setup before ALE Falls %T -10 

TpLLL Chip Select Valid before ALE Falls %T -10 

TLLAX AD Hold after ALE Falls %T -10 

TLLWL ALE Falling to WR Falling %T-15 

hLRL ALE Falling to RD Falling %T -15 

TWHLH WR Rising to Next ALE Rising %T -10 

TAFRL AD Float to RD Falling 0 

TRLRH RD Active Pulse Width 2T - 5 

TWLWH WR Active Pulse Width 2T - 5 

TRHAX RD Rising to Next Address Active T - 15 

TWHDX Output Data Hold after WR Rising T - 15 

TWHPH WR Rise to Chip Select Rise %T -10 

TRHPH RD Rise to Chip Select Rise %T -10 

TPHPL Chip Select Inactive to Next Chip %T -10 
Select Active 

TOVRH ONCE Active Setup to RESIN Rising T 

TRHOX ONCE Hold after RESIN Rise T 

TIHIL INTA High to Next INTA Low 4T - 5 
during INTA Cycle 

TILIH INT A Active Pulse Width 2T - 5 

TCVIL CAS2:0 Setup before 2nd INT A aT 
Pulse Low 

Max Unit Notes 

ns 

ns 

ns 1 

ns 

ns 1 

ns 1 

ns 1 

ns 

ns 2 

ns 2 

ns 

ns 

ns 1 

ns 1 

ns 1 

ns 

ns 

ns 4 

ns 2,4 

ns 2,4 
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Relative Timings (80C186EC-25/20/13, 80L 186EC13) (Continued) 

Symbol Parameter Min Max Unit Notes 

RELATIVE TIMINGS 

TllCX CAS2:0 Hold after 2nd INTA Pulse Low 4T ns 2,4. 

TIRES Interrupt Resolution Time 150 ns 3 

TIRlH IR Low Time to Reset Edge Detector 50 ns 

TIRHIF IR Hold Time after 1st INTA Falling 25 ns 4,5 

NOTES: 
1. Assumes equal loading on both pins. 
2. Can be extended using wait states. . 
3. Interrupt resolution time is the delay between an unmasked interrupt request going active and the interrupt output 'of the 
8259A module gOing active. This is not directly measureable by the user. For interrupt pin INT7 the delay from an active 
signal to an active input to the CPU would actually be twice the TIRES value since the signal must pass through two 8259A 
modules. 
4. See INTA Cycle Waveforms for definition. 
5. To guarantee interrupt is not spurious .. 

Serial Port Mode 0 Timings (80C186EC-25/20/13, 80L 186EC13) 

Symbol Parameter Min Max· Unit Notes· 

RELATIVE TIMINGS 

TXLXl TXD Clock Period T (n + 1) ns 1,2 

TXLXH TXD Clock Low to Clock High (N > 1) 2T - 35 2T + 35 ns ' 1 

TXLXH TXD Clock Low to Clock High (N = 1) T - 35 T + 35 ns '1 

TXHXl TXD Clock High to Clock Low (N > 1) (n - 1)1 - 35 (n - 1)T + 35 ns 1,2 

TXHXl TXD Clock High to Clock Low (N = 1) T - 35 T + 35 ns 1 

TOVXH RXD Output Data Setup to TXD (n - 1)T - 35 ns 1,2 
Clock High (N > 1) 

TOVXH RXD Output Data Setup to TXD T - 35 ns 1 
Clock High (N = 1) 

TXHOX RXD Output Data Hold after TXD 2T - 35 ns 1 
Clock High (N > 1) 

TXHOX RXD Output Data Hold after TXD T - 35 ns 1 
Clock High (N = 1) 

TXHOZ RXD Output Data Float after Last T + 20 ns 1 
TXD Clock High 

TOVXH RXD Input Data Setup to TXD T + 20 ns 1 
Clock High 

TXHOX RXD Input Data Setup after TXD 0 ns 1 
Clock High 

NOTES: 
1. See Figure 13 for Waveforms. 
2. n is the value in the BxCMP register ignoring the IClK bit. 
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AC TEST CONDITIONS 

The AC specifications are tested with the 50 pF load 
shown in Figure 7. See the Derating Curves section 
to see how timings vary with load capacitance. 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforrls for AC specification definitions, test pins 
and illustrations. 

AC TIMING WAVEFORMS 

ClKIN 

ClKOUT 

80C186EC/188EC,80L186EC/188EC 

OUTPUT 
PIN 

Cl = 50 pF for all signals 
272434-6 

Figure 7. AC Test Load 

.•.. -. Vee 

'---·----·OV 

·--·-·OV 

272434-7 

Figure 8. Input and Output Clock Waveforms 

1-225 



80C186EC/188EC, 80L 186EC/188EC 

OV I--------~ MAX 

50% VALID VALID 

OV----~--~~~~~~~-------

50% CLKOUT 

I--------~ MAX 

VALID 50% VALID 

-------~~~~~~~~-------OV 

1-------1 MAX 

Vee -------_--!""""-r-""""\ 
VALID FLOAT (NOTE) 1-------1 MAX 

OV---------L-=b-~-J 
20%Vcc < FLOAT < 80%Vcc 

VCC-----------!""""~~ 

Vee 

OV 

1-226 

OV 

VALID 

OV------~~~~-J 

FLOAT (NOTE) 
ZO%Vcc < FLOAT < 80%Vcc 

272434-8 

. Figure 9. Output Delay and Float Waveforms 

MIN 

MIN 

f---+-J MIN 
VALID 

VIL • VIH VIL • VIH MIN 

""T"~nlT""-----""'I"'for""T""- Vee 

....I. ......... ___________ ..0110. .... ~ ... OV 

272434-9 

Figure 10. Input Setup and Hold 

-o"_IRLH----l8'_IRHIF __ 

------------------~ / 
INT. 

272434-10 

Figure 11. Relative Interrupt Signal Timings 



CLKOUT 

ALE 

OV 

Vee 

ADO: 15 (ADO:7), 
A19:16 (AI9:8) 

OV 

Vee 

Ro or WR 

OV 

Vee 

GCS7:0 

LCS,UCS 
OV 

OV 

AI9/0NCE 

80C186EC/188EC,80L186EC/188EC 

50% 

9<9----1 
-----r--

50% 

-Q 
~ Gr--~ ,..----

50% 50% 

272434-11 

Figure 12. Relative Signal Waveform 

TXLXH 

TXD 

RXD (out) :)t:::!!!!:~::)(::!!!2:::}----

RXD(in) 
272434-12 

Figure 13. Serial Port Mode 0 Waveform 
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DERATING CURVES 

> 
"' '" 

NOM+ 6 

@J NOM+3 

>- NOM + 1 « 
-' ... 
c ... 
::::> 
0-... 
::::> 
o 

NOM 

NOM - 1 

50 100 150 

<;. (pF) 
272':" 4-13 

Figure 14. Typical Output Delay Variations versus Load Ca acltance 

" -5 
>« 
-' ... 
c 

50 100 150 

<;. (pF) 
272434-14 

Figure 15. Typical Rise and Fall Variations versus Load Capacitance 

RESET 

The processor will perform a reset operation any 
time the RESIN pin is active. The RESIN pin is syn
chronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, RESIN 
must be held active (low) in order to guarantee cor
rect initialization of the processor. Failure to pro
vide RESIN while the device Is powering up will 
result in unspecified operation of the device. 

Figure 16 shows the correct reset sequence when 
first applying power to the processor. An external 
clock connected to ClKIN must not exceed the Vee 
threshold being applied to the processor. This is nor
mally not a problem if the clock driver is supplied 
with the" same Vee that supplies the processor. 
When attaching a crystal to the device, RESIN must 
remain active until both Vee and ClKOUT are stable 
(the length of time is application specific and de
pends on the startup characteristics of the crystal 
circuit). The RESIN pin is designed to operate cor-
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rectly using a RC reset circuit, but the designer must 
ensure that the ramp time for Vee is not so long that 
RESIN is never sampled at a logic low level when 
Vee reaches minimum operating conditions. 

Figure 17 shows the timing sequence when RESIN 
is applied after Vee is stable and the device has 
been operating. Note that a reset will terminate all 
activity and return the processor to a known operat
ing state. Any bus operation that is in progress at the 
time RESIN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 

While RESIN is active, bus signals lOCK, 
A19/S16/0NCE and A18:16 are configured as in-

. puts and weakly held high by internal pullup transis
tors. Only A19/0NCE can be overdriven to a low 
and is used to enable the ONCE Mode. Forcing 
lOCK or AHl:16 low at any time while RESIN is low 
is prohibited and will cause unspecified device oper
ation. 
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ClKOUT synchronization occurs on the rising edge of RESIN. If RESIN is sampled high while ClKOUT is high (solid line), then ClKOUT will remain low for two ClKIN 
periods. If RESIN is sampled high while ClKOUT is low (dashed line), then ClKOUT will not be affected. 
Pin names in parentheses apply to 80C188EC/80L 188EC. 

--
€: 

@) 

(XI 
C) 

o .... 
(XI 
Q) 

m o ..... .... 
(XI 
(XI 

m 
s> 
(XI 
C) 
r-.... 
(XI 
Q) 

m 
o ..... .... 
(XI 
(XI 

m o 



ro 
c.:> 
o 

~ 
:w 
!iiiiI 
F 

~ 
~ 
~ 
2m 
~ -

"TI 
~' 
C .. 
111 ... 
~ 

:E 
I» .. 
3 
::D 
m 
tA 
m 
-I 

:E 
~ 
111 -0 .. 
3 
III 

ClKIN 

ClKOUT 

UCS, lCS, 
GCS7:0, 

TOUT, TIOUT, 
TXDI:O, NCS, 

WDTOUT 

HlDA, ALE 

A19:16 

AD 15:0 (AD7:0, 
A 15:8), 52:0, 

RD,WR, 
DT/R, DEN, 

LOCi< 

RESIN 

RESQUT 

NOTE: 

.1':· 
1 j jL 

~.~~~~~~~~~~~~~~~~~~~~~~~~~,~~ : : : . 
II 

. .. , . 
, " . , 

............ """"""""""""""""""""""""""""""======*~..;.....,\: : : :: c:: 
--'~----"'!-----:-----!"----ir---- ---: : 

, , , , , 
, , , " " . , . " ,. 
I , • " " 

, ":,, : ill: , I'''' ~:~' I '~s I , 

~'.4.!' , ~: : ' 
, , , r1' j\: 

------------------------~-.... , :: : L--.il-I --:...---:..----: 

Minimum RESIN Low Time 
4 CLKOUT Periods 

Resets High to First Bus Activity. 7 CLKOUT periods 

272434-16 

CLKOUT synchronization occurs on the rising edge of RESIN. If RESIN is sampled high while CLKOUT is high (solid line), then CLKOUT will remain low for two CLKIN 
periods. If RESIN is sampled high while CLKOUT is low (dashed line), then CLKOUT will not be affected. 
Pin names in parentheses apply to 80C188EC/80L 188EC. 
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BUS CYCLE WAVEFORMS 

Figures 18 through 24 present the various bus cy
cles that are generated by the processor. What is 
shown in the figure is the relationship of the various 

CLKOUT 

S2:0 :\ VALID 

ALE ~ \ 
, 

A 19/0NCE. :/ A19: 16 \ VALID 
A18:16 

SHE (RFSH) X (A15:8) 

:X 
AD15:0 AODRESS ) (AD7:0) VALID 

:; i\ GC7:0 

LCS, UCS 

RD :\ 
DT/il 

DEN 7 
Pin names in parentheses apply to BOCt 88EC/BOL 18BEC. 

80C186EC/188EC, 80L 186EC/188EC 

bus signals to CLKOUT. These figures along with 
the information present in AC Specifications allow 
the user to determine all the critical timing analysis 
needed for a given application. 

7 i\ 

i/ 
, 

:[ 

VALID X 
B C 

:/ \ 
'/ 
i 

!\ / 
272434-17 

Figure 18. Memory Read,l/O Read, Instruction Fetch and Refresh Waveforms 
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CLKOUT 

,\~ __ ~ __ ~ ___ VA_L_'D~ __ ~ ______ ~j1· 

ALE 

A19/0NCE. A19:16 

A18:16 VALID 

X· ~ BHE (RFSH) 
VALID 

(A15:8) 

I I 

AD15:0 

, 

'X : .. ~'~ :X 
, 

"":,~'" 
, , 

:x (AD7:0) VALID 

GC7:0 

LCS. UCS 

WR 

DT/ll 

272434-18 
Pin names in parentheses apply to 80C188EC/80L 188EC. 

Figure 19. Memory Write and 1/0 Write Cycle Waveforms 
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ALE 

7 011 
S2:0 '\~ __ ~ ____ ~ ______ ~ 

A19:16 
(A 15:8) 

AD15:0 
(AD7:0) 

NOTES: 

X NOTE 2 

X 

80C186EC/188EC, 80L186EC/188EC 

Lr'(TI , ,Tl 
I I I 

I I I 

I I I 
I I I 

55 

\ 
II X 

NOTES 1,2 II X 
272434-19 

1, Address information is invalid, If previous bus cycle was a read, then the AD15:0 (AD7:0) lines will float during T1, 
Otherwise, the AD15:0 (AD7:0) lines will continue to drive during T1 (data is invalid), All other control lines are in their 
inactive state. 
2. All address lines drive zeros while in Powerdown or Idle Mode, 
Pin names in parentheses apply to BOCl BBEC/BOL 1 BBEC. 

Figure 20. Halt Cycle Waveforms 
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80C186EC/188EC, SOL 186EC/188EC 

T4 TI T2 T3 Ti Ti Ti TI T2 

CLKOUT 

ALE 

52:0 

INTA 

!--_---t---t--+--{TCVIL}---i---t--+---r_-{ 

ADI5: 13 
(AI5:13)/ 

CA52:0 

AD7:0 

LOCK 

DT/il 

DEN 

A 19: 16, 
AD 12:8 (A 12:8) 

RD, WR 

CAS (SLAVE 10) VALID 

, A 12:8 ARE UNKNbwN ' 
, A \ 9: 16, ARE,DRIV,EN LPW 

Pin names in parentheses apply to 80C188EC/80Lt88EC. 

Figure 21. Interrupt Acknowledge Cycle Waveforms 
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80C186EC1188EC, 80L 186EC/188EC 

CLKOUT 

HOLD 

HLDA 

, 
I I I I r ...... - .... -"'-..... --_ ..... _ ..... _ ........... _ ..... /..,. ... :,:-..... _'"" \:: :.: 

S2:0 .: ~ - -:- - r- - ~ - ~ - -

_~_~_~~ __ ,J , 

, 

I I I '{ I I I I -,.- .. --:--: 
, , '-~----...,.-..,...-

ALE' 

A 19/0NCE, 

A18:16 

AD15:0 

(A 15:8, AD7:0) 

GCS7:0, 

UCS, LCS 

iID,WR 

DEN 

DT/R 

, 

___ ~ ______ ~-"""-",,,,"-....o ___ ~ 

, 'r-".,..-.., 
--:--fo-+- :--:--:---:--i--{ X \ 

I I I I I 1\,._ .. _.1-___ .1-..... __ 
, , , 

'x' '} : : : : : : : : {' 'x' I I I I I I I I I 

~--:--~-~-~--:--~-~--:--I , 
--,",-1..1..,--..... ...,.--...-.,.......,--,1. I I I I I I I I I I \'. ~ .. -.a.,-..,.-..,...--

, 
I I I I I I I I I I I I I I 

XX }"""""CI L I I I I I I I I I :--: _ .. --'- _ .. _ .. --:- _ .. _ .. --: 
_~_I..I.~_~_~~ ____ -._~_~-.-J. , " 

} 

I I I I I I I I I :1 '::,\ I I I I I I I I ,I i 
-:- - t - -:- - t - -:- - r - -: --r-~ --, 

I I I I I I I t I I _____________ ....1 I I I I I I I I I I '-____ _ 

_ ..... _ .... _ ........... _ ..... _"'-..... _....,. I I I I I I I I I 1,...""1'---..... - ..... -

} 

I I I I I t I I I I 

I I I I, I I I I J I 

-; i -; ;. i ·i i, ;- -; I 

-~-~---~-..,...-.,...---~. : : : : : : : : : : 
272434-21 

Pin names in parentheses apply to BOCIBBEC/BOL lBBEC. 

Figure 22. HOLD/HLDA Cycle Waveforms 
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80C186EC/188EC,80L186EC/188EC 

CLKOUT 

HOLD 

HLDA 

I I I I I I I I 

--~--~-~--~-~--~-~--~-~--~-~--

ALE 

A19/0NCE, I I I: 1 I 

--~--~-~--~-~--~-~--~-T--I--T--
A18:16 

, 
I I I I I I I I I I I I 

I I I I I I I I I I I '} I 
SHE (RfSH) I I I I I I I' I I I I I - _____ - _ •• _. '" _._ - _ •• 1 __ " _ .1 __ .. __ I 

WR, LOCK 
, , , 

" I 

AD15:0 __ , __ f--,- -f- -,- -!- -,- -!- --:-
(A 15:8, AD7:0) "'0 ' , , 

I 'I I --I--i--I , , , 

GCS7:0, 

UCS, LCS 

, 

, , , , , , , , , 

~ ._~ __ ~_~ __ ~_~ __ ~_~ __ ~_~ ____ ~ __ t 

I I I I 1 I I I I I I I 

, 
DT/R 

I I I I I I I I I I 1 I 

·-~--~-~--~-~--~-~--~-~--~-~--I I I I I I I I I I I I I 

I I I I 
I I 

, , 
.-~--~-~--~-~--"'-~--~-~-_~_" __ I 

I I I I 1 I I I r I I I 

Pin names in parentheses apply to 80C188EC/80L l88EC; 

Figure 23. Refresh during HLDA Waveforms 
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80C186EC/188EC, 80L 186EC/188EC 

CLKOUT 

ALE 

A 19/0NCE, 

A1B:16 

BHE (RFSH) 

LOCK 

AD15:0 
(A 15:8, AD7:0) 

READY 

VALID VALID 

I r I J 
I I 

GCS7:D, ~i\ UCS,LCS ~~ ___________ VA_Ll_D __________ --J/i\~ __________ _ 
Ri),WR 

I I 

DT/R ~' i\® 
DEN 

NOTES: 
1. READY must be low by either edge to cause a wait state. 
2. Lighter lines indicate READ cycles, darker lines indicate WRITE cycles. 
Pin names in parentheses apply to 80C188EC/B0118BEC. 

Figure 24. READY Cycle Waveforms 

272434-23 
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80C186EC/188EC,80L186EC/188EC 

80C186EC/80C188EC EXECUTION 
TIMINGS 

A determination of program execution timing must 
consider the bus cycles necessary to prefetch in
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol
lowing instruction timings represent the minimum 
execution time in clock cycles for each instruction. 
The timings given are based on the following as
sumptions: 

• The opcode, along iNith any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

• All word-data is located on even-address bound
aries (BOC1 B6EC only) .. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

1-23B 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (BIU) and exe
cution unit. 

With a 16-bit BIU, the 80C1B6EC has sufficient bus 
performance to ensure that an adequate number of 
prefetched bytes will reside in the queue (6 bytes) 
most of the time. Therefore, actual program execu
tion time will not be substantially greater than that 
derived from adding the instruction timings shown. 

The BOC188EC B-bit BIU is limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time will be substantially greater 
than that derived from adding the instruction timings 
shown. ' 



80C186EC/188EC,80L186EC/188EC 

INSTRUCTION SET SUMMARY 
80C186EC 80C188EC 

Function Format Clock Clock Comments 
Cycles Cycles 

DATA TRANSFER 
MOV ~ Move: 

Register to RegisterlMemory 1000100w mod reg rIm 2/12 2/12' 

Registerlmemory to register 1000101w rl)odreg rIm 2/9 2/9' 

Immediate to register/memory 1100011 w modOOO rIm data I dataifw~1 I 12/13 12/13 B/16-bit 

Immediate to register 1011 w reg data dataifw~1 I 3/4 3/4 e/16-bit 

Memory to accumulator 1010000w addr-Iow addr-high I 8 8' 

Accumulator to memory 1010001w addr-Iow addr-high I 9 9', 

Register/memoryto segment register 10001110 mod 0 reg rIm 2/9 2/13 

Segment register to register/memory 10001100 modO reg rIm 2/11 2/15 

PUSH ~ Push: 

Memory I 11111111 mod 110 rIm I 16 20 

Register I 01010 reg 10 14 

Segment register I 000rogll0 9 13 

rnmsdle1e I 011010.0 data I dalah-O I 10 14 

PUSIIA .. Pueh All 01100000 36 68 

POP ~ Pop: 

Memory 10001111 modOOO rIm I 20 24 

Register 01011 reg 10 14 

Segment register OOOreglll (reg"'OI) 8 12 

POPA .. Pop AU I 01100001 51 83 

XCHG ~ Exchange: 

Register/memory with register I 1000011w I mod reg rIm I 4/17 4/17' 

Register with accumulator I 10010 reg I 3 3 

IN ~ Inputlrom: 

Fixed port 1110010w port I 10 10' 

Variable port 1110110w e e' 

OUT ~ Oulpullo: 

Fixed port 1110011 w port I 9 9' 

Variable port 1110111 w 7 7' 

XLAT ~ Translate byte to AL 11010111 11 15 

LEA ~ Load EA to register 10001101 mod reg rIm I 6 6 

LOS ~ Load pointer 10 OS 11000101 mod reg rIm I (mod"'ll) 18 26 

ES ~ Load pOinter to ES 11000100 mod reg rim I (mod"'ll) 18 26 

LAHF ~ Load AH with flags 10011111 2 2 

SAHF ~ Store AH inlo flags I 10011110 3 3 

PUSHF ~ Push flags I 10011100 9 13 

POPF ~ Pop flags I 10011101 8 12 

Shaded areas Indicate instructions not available In 8086/8088 mlcrosystems. 

NOTE: 
·Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for all memory transfers_ 
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80C186EC/188EC,80L186EC/188EC 

INSTRUCTION SET SUMMARY (Continued) 
80CI86EC 80C188EC 

Function Format Clock Clock Comments 
Cycle. Cycle. 

DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 

CS I 00101110 I 2 2 

SS I 00 110110 I 2 2 

OS I 00111110 I 2 2 

ES I 00100110 I 2 2 

ARITHMETIC 
ADD = Add: 

Reg/memory with register to either I OOOOOOdw I mod reg rIm I 3/10 3/10' 

Immediate to register/memory I 100000sw I modOOO rIm I data I data ils w = 01 I 4/16 4/16' 

Immediate to accumulator I 0000010w I data I data ilw=1 I 3/4 3/4 8/16-1>H 

JADC = Add with canry: 

Reg/memory with register to either I OOOIOOdw I mod reg rIm I 3/10 3/10' 

Immediate to register/memory I 100000sw I modO 10 rIm I data I datallsw=OI I 4/16 4/16' 

Immediate to accumulator I OOOIOIOw I data I datailw=1 I 3/4 3/4 B/16-bit 

INC = Increment: 

Register/memory I 1I11111w I modOOO rIm I 3/15 3/15' 

Register I 01000 reg I 3 3 

~UB = Subtract: 

Reg/memory and register to either I 001010dw I mod reg rIm I 3/10 3/10' 

Immediate from register/memory I 100000sw I mod I 0 I rIm I data I dataifsw-Ol I 4/16 4/16' 

Immediate from accumulator I OOIOllOw I data I dataifw=1 I 3/4 3/4' B/16-bit 

~BB = Subtract with borrow: 

Reg/memory and register to either I OOOllOdw mod reg rIm I 3/10 3/10' 

Immediate from register/memory I 100000sw modO II rIm I data I data il s w=OI I 4/16 4/16' 

Immediate from accumulator I OOOlllOw data I datailw=1 I 3/4 3/4' 8/1S-bit 

DEC = Decrement 

Register/memory I 1IIIIIIw modOOI rIm I 3/15 3/15' 

Register I 01001 reg 3 3 

FMP = Compare: 

Register/memorywith register I OOlllOlw mod reg rIm I 3/10 3/10' 

Register with register/memory OOlllOOw mod reg rIm I 3/10 3/10' 

Immediate with register/memory 100000sw mod III rIm I data I datallsw=OI I 3/10 3110' 

Immediate with accumulator OOllllOw data I dataifw=1 I 3/4 3/4 B/I6-bH 

NEG = Change sign register/memory 1III01lw modO II rIm I 3/10 3/10' 

iAAA = ASCII adjust lor add 00110111 B B 

DAA = DeCimal adjust lor add I 00100111 4 4 

!'-AS = ASCII adjust lor subtr~ct I 00111111 7 7 

!;lAS = Decimal adjust for subtract I 00101111 4 4 

MUL = Multiply (unsigned): I 1III01lw mod 100 rIm I 
Register-Byte 26-2B 26-2B 
Register-Word 35-37 35-37 
Memory-Byte 32-34 32-34 
Memory-Word 41-43 41-43' 

Shaded areas Indicate Instructions not available In 8086/8088 mlcrosystems_ 
NOTE: . . 
'Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for all memory transfers. 
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80C186EC/188EC, 80L 186EC/188EC 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 

ARITHMETIC (Continued) 

IMUL = Integer multiply (signed): I 1111011 w I mod 101 rim I 
Register·Byte 
Register·Word 
Memory·Byte 
Memory·Word 

MIlL - Integer Immediate multiply 
(Signed) I 011010s1 I modreg rim I data I 

DIV = Divide (unsigned): I tlll011w I mod 110 rim I 
Register·Byte 
Register-Word 
Memory·Byte 
Memory·Word 

IDIV = Integer divide (Signed): I 1111011w I mod 111 rim I 
Register·Byte 
Register·Word 
Memory·Byte 
Memory-Word 

f'AM = ASCII adjust lor multiply I 11010100 I 00001010 I 
iAAD = ASCII adjust lor divide I 11010101 I 00001010 I 
CBW = Convert byte to word. I 10011000 I 
FWD = Convert word to double word I 10011001 I 
LOGIC 
~hllt/Rotate Instructions: 

RegisterlMemory by 1 I 110l000w I modTTTr/m I 
RegisterlMemory by CL I 1101001w I modTTTr/m I 
~t$I"M$n\OIy by Count I 1100000w I modTTTrtm I ¢OIl'" I 

TTl Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 

iAND = And: 

Reg/memory and register to either I 001000dw I modreg rim I 
Immediate to ~egister/memory I 1000000w I mod 100 rim I data I 
Immediate to accumulator I 0010010w I data I dataifw=1 I 
~EST = And function to flags, no result: 

Register/memory and register I 1000010w I mod reg rim I 
Immediate dats and register/memory I 1111011w I modOOO rim I data I 
Immediate data and accumulator I 1010l00w I data I datailw=1 I 
pR=Or: 

Reglmemory and register to either I 000010dw I mod reg rim I 
Immediate to register/memory I 1000000w I modOOl rim I data I 
Immediate to accumulator I 0OOO110w I data I datailw=1 I 
Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 

8OC186EC 80C188EC 
Clock Clock 
Cycles Cycles 

25-26 25-26 
34-37 34-37 
31-34 32-34 
40-43 40-43' 

datail$~O I 22-2!J1 22-251 
29-32 29-32 

29 29 
36 38 
35 35 
44 44' 

44-52 44-52 
53-61 53-61 
50-58 50-58 
59-67 59-67' 

19 19 

15 15 

2 2 

, 4 4 

2115 2/15 

5+nI17+n 5+nI17+n 

5+n/l1+n 5+ "'17+n 

3/10 3/10' 

datailw=1 I 4/16 4116' 

3/4 3/4' 

3110 3110 

datailw=1 I 4110 4110' 

3/4 3/4 

3110 3110' 

dataHw=1 I 4116 4116' 

3/4 3/4' 

'Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for all memory transfers. 

Comments 

8118-bit 

8116-bit 

8116-bit 
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80C186EC/188EC,80L186EC/188EC 

INSTRUCTION SET SUMMARY (Continued) 

aoC186EC 80C188EC 
Function Format Clock Clock Commenta 

Cycles Cycles 

LOGIC (Continued) 
XOR ~ Exclusive or: 

Reg/memory and register to either I 001100dw mod reg rim I 3/10 3/10' 

Immediate to register/memory I 1000000w mod 110 rim I data I dataifw~l I 4/16 4/16' 

Immediate to accumulator I 0011010w data I dataHw~1 I 3/4 3/4 B/16·bit 

NOT ~ Invert register/memory 1111011 w modO 10 rim I 3/10 3/10' 

~TRING MANIPULATION 

~OVS ~ Move byte/word 1010010w 14 : 14' 

MPS ~ Compare byte/word 1010011 w 22 22' 

~CAS ~ Scan byte/word 1010111 w 15 15' 

LODS ~ Load byte/wd to ALI AX 1010110w 12 12' 

~TOS ~ Store byte/wd from ALI AX 1010101w 10 10' 

~ .. Input byIeIwdfrom OX port 011Qf10w 14 14 

~ M Outp\lt bylelwd 10 OX port 0110111w I 14 14 

Repeated by count in CX (REP/REPE/REPZ/REPNE/REPNZ) 

MOVS ~ Move string 11110010 1010010w 8+8n 8+8n' 

FMPS ~ Compare string 1111001z 1010011w 5+22n 5+22n' 

SCAS ~ Scan string 1111001 z 1010111 w 5+15n 5+15n' 

LODS ~ Load string 11110010 1010110w 6+11n 6+11n' 

~TOS ~ Store string 11110010 1010101w 6+9n 6+9n' 

lIS ;. Input $iring I 1 I 11 0010 I 011Ql10W 8+811 8+811' 

~ = 0utp\It $iring I '1110010 I 011011iw 1l+8n 8+811' 

FONTROL TRANSFER 

FALL ~ Call: 

Direct within segment I 11101000 I disp·low I disp.high I 15 19 

Register/memory I 1111111'1 I modOl0 rim I 13/19 17127 
ndirect within segment 

Direct intersegment I 10011010 I segment ollsat I 23 31 

I I 
, 

segment selector 

Indirect intersegment I 11111111 I modO 11 rim I (mod * 11) 38 54 

~MP ~ Uncondlllonallump: 

~hortllong I 11101011 I disp-Iow I 14 14 

pirect within segment I 11101001 I disp·low I disp·high I 14 14 

Register/memory I 11111111 I mod 100 rim I 11/17 11/21 
indirect within segment 

Direct intersegment I 11101010 I segment offset I 14 14 

I segment selector I 
Indirect intersegment I 11111111 I mod 1 0 1 rim I (mod * 11) 26 34 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 
'Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for all memory transfers. 
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80C186EC/188EC, 80L 186EC/188EC 

INSTRUCTION SET SUMMARY (Continued) 

80CI86EC 80CI86EC 
FuncHon Format Clock Clock Commenta 

Cycles Cycles 

CONTROL TRANSFER (Continued) 
RET = Return from CALL: 

Within segment 11000011 16 20 

Within seg adding immed to SP 11000010 data-low I data-high I 18 22 

Intersegmeni 11001011 22 30 

Intersegment adding immediate to SP 11001010 data-low data-high I 25 33 

JE/JZ = Jump on equal/zero 01110100 disp 4/13 4/13 JMPnot 

JLlJNGE = Jump on lesslnot greater or equal 01111100 disp 4/13 4/13 
taken/JMP 

taken 

JLE/JNG = Jump on less or equal/not greater 01111110 disp 4/13 4/13 

JB/JNAE = Jump on belowlnot above or equal 01110010 disp 4/13 4/13 

JBE/JNA = Jump on below or equal/not above 01110110 disp 4/13 4113 

JP/JPE = Jump on parily/parily even 01111010 disp 4/13 4/13 

JO = Jump on overflow 01110000 disp 4/13 4/13 

JS = Jump on sign 01111000 . disp 4/13 4/13 

JNE/JNZ = Jump on not equallnot zero 01110101 disp 4/13 4/13 

JNLlJGE = Jump on not less/greater or equal 01111101 disp 4/13 4/13 

JNLE/JG = Jump on not less or equal/greater 01111111 disp 4/13 4/13 

JNB/JAE = Jump on not belowlabove or equal 01110011 disp 4/13 4/13 

JNBElJA = Jump on not below or equal/above 01110111 disp 4/13 4/13 

JNP/JPO = Jumponnotpar/parodd 01111011 disp 4/13 4/13 

JNO = Jump on not overflow 01110001 disp 4/13 4/13 

JNS = Jump on not sign 01111001 disp 4/13 4/13 

JCXZ = Jump on CX zero 11100011 disp 5/15 5/15 

LOOP = Loop CX times 11100010 disp 6/16 6/16 LOOP not 

taken/LOOP 
LooPZ/LOOPE = Loop while zerol equal 11100001 disp 6/16 6/16 

taken 

LOOPNZ/LOOPNE = Loop while not zerolequal 11100000 disp 6/16 6/16 

INTIFI .. EnItIr Pro<:tIdur& 11001000 C1ata-low dalBrhigh I L I 
L-O 15 19 
1..=1 2S 29 
L>1 22+ 16(n-l) 26+2O(n-l) 

LEAvE - !-eavePl'acedure I 11001001 I 8 8 

INT = Inlerrupt: 

Type specified I 11001101 I lype I 47 47 

Type 3 I 11001100 I 45 45 if INT. takenl 

I I 48/4 
itlNT.not 

INTO = Interrupt on overflow 11001110 48/4 taken 

IRET = Interrupt return I 11001111 I 28 28 

~ .. 0etecIva1ue out ~ ranQe I 01100010 I mod!!i tIm I 3$-$5 $3-36 

Shaded areas Indicate Instructions not available In BOB6/B08B mlcrosystems_ 

NOTE: 
'Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for all memory transfers. 
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80C186EC/188EC,80L186EC/188EC 

INSTRUCTION SET SUMMARY (Continued) 
80C186EC 8OC188EC 

Function Format Clock Clock Comments 
Cycle. Cycle. 

PROCESSOR CONTROL 

LC = Clear cany 11111000 2 2 

CMC = Complement cany 11110101 2 2 

STC = Set cany 11111001 2 2 

CLD = Clear direction 11111100 2 2 

STD = Set direction 11111101 2 2 

CLI = Clear interrupt 11111010 2 2 

STt = Set interrupt 11111011 2 2 

HLT= Halt 11110100 2 2 

WAIT = Wait 10011011 6 6 if 'fEST = 0 

LOCK = Bus lock prefix 11110000 2 2 

NOP = No Operation 10010000 3 3 

(TIT LLL are opcode to processor extension) 

Shaded areas Indicate Instructions not available In 8086/8088 mlcrosystems. 

NOTE: 
·Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for all memory transfers. 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rIm fields: 
if mod 11 then rIm is treated as a REG field 
if mod 00 then OISP = 0·, disp-Iow and disp

if mod 

if mod 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 

high are absent 
01 then OISP = disp-Iow sign-extended 
to 16-bits, disp-high is absent 
10 then OISP = disp-high: disp-Iow 
000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 
011 then EA = (BP) + (01) + OISP 
100 then EA = (SI) + OISP 
101 then EA = (01) + OISP 
110 then EA = (BP) + DISp· 
111 then EA = (BX) + OISP 

OISP follows 2nd byte of instruction (before data if 
required) 

·except if mod = 00 and rIm = 110 then EA = 
disp-high: disp-Iow. 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 
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Segment Override Prefix 

1 0 0 1 reg 1 1 0 I' 

reg is assigned according to the following: 
Segment 

reg Register 
00 ES 
01 CS 
10 SS 
11 OS 

REG is assigned according to the following table: 
16-Blt (w = 1) 8-Blt (w = 0) 

000 AX OOOAL 
001 CX 001 CL 
010 OX 0100L 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 1100H 
111 01 111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the 01 register) are computed 
using the ES segment, which may not be overridden. 



ERRATA 

An 80C186EC/80L 186EC with a STEPID value of 
0002H has no known errata. A device with a STEPID 
of 0002H can be visually identified by noting the 
presence of an "A" or "B" alpha character next to 
the FPO number or the absence of any alpha char
acter. The FPO number location is shown in Figures 
4,5 and 6. 

80C186EC/188EC, 80L 186EC/188EC 

REVISION HISTORY 

This data sheet replaces the following data sheets: 

272072-003 80C186EC 

272076-003 80C188EC 

272332-001 80L 186EC 

272333-001 80L 188EC 

272373-001 SB80C188EC/SB80L 188EC 

272372-001 SB80C186EC/SB80L 186EC 

1-245 



80C187 
80-BIT MATH COPROCESSOR 

• High Performance SO-Bit Internal • Expands SOC1S6's Data Types to 
Architecture Include 32~, 64-, 80-Bit Floating-Point, 

• Implements ANSIIIEEE Standard 754- 32-, 64-Bit Integers and 18-Digit BCD 

1985 for Binary Floating-Point Operands 

Arithmetic • Directly Extends 80C186's Instruction 

• Upward Object-Code Compatible from Set to Trigonometric, Logarithmic, 

8087 Exponential, and Arithmetic 
Instructions for All Data Types 

• Fully Compatible with 387DX and 387SX 
Full-Range Transcendental Operations Math Coprocessors. Implements all 387 • 

Architectural Enhancements over 8087 for SINE, COSINE, TANGENT, 
ARCTANGENT, and LOGARITHM 

• Directly Interfaces with 80C186 CPU 
Built-In Exception Handling • • SOC186/S0C187 Provide a Softwarel 
Eight 80-Bit Numeric Registers, Usable Binary Compatible Upgrade from • 

S0186/82188/8087 Systems as Individually Addressable General 
Registers or as a Register Stack 

• Available in 40-Pin CERDIP and 44-Pin 
PLCC Package 
(See Packaging Outlines and Dimensions, Order #231369) 

The Intel 80C187 is a high-performance math coprocessor that extends the architecture of the 80C186 with 
floating-point, extended integer, and BCD data types. A computing system that includes the 80C187 fully 
conforms to the IEEE Floating-Point Standard. The 80C187 adds over seventy mnemonics to the instruction 
set of the 80C186, including support for arithmetic, logarithmic, exponential, and trigonometric mathematical 
operations. The 80C187 is implemented with 1.5 micron, high-speed CHMOS III technology and packaged in 
both a 40-pin CERDIP and a 44-pin PLCC package. The 80C187 is upward object-code compatible from the 
8087 math coprocessor and will execut~ code written for the 80387DX and 80387SX math coprocessors. 
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79 78 64 
80C187 Data Registers 
63 o 

RO SIGN EXPONENT 
R1 
R2 
R3 
R4 
R5 
R6 
R7 

15 0 
CONTROL REGISTER 
STATUS REGISTER 

TAG WORD 

SIGNIFICAND 

15 0 
INSTRUCTION POINTER 

DATA POINTER 

Figure 2. Register Set 

FUNCTIONAL DESCRIPTION 

The 80C187 Math Coprocessor provides arithmetic 
instructions for a variety of numeric data types. It 
also executes numerous built-in transcendental 
functions (e.g. tangent, sine, cosine, and log func
tions). The 80C187 effectively extends the register 
and instruction set of the 80C186 CPU for existing 
data types and adds several new data types as well. 
Figure 2 shows the additional registers visible to pro
grams in a system that includes the 80C187. Essen
tially, the 80C187 can be treated as an additional 
resource or an extension to the CPU. The 80C186 
CPU together with an 80C187 can be used as a sin
gle unified system. 

A 80C186 system that includes the 80C187 is com
pletely upward compatible with software for the 
8086/8087. 

The 80C187 interfaces only with the 80C186 CPU. 
The interface hardware for the 80C187 is not imple
mented on the 80C188. 

PROGRAMMING INTERFACE 

The 80C187 adds to the CPU additional data types, 
registers, instructions, and interrupts specifically de
signed to facilitate high-speed numerics processing. 
All new instructions and data types are directly sup
ported by the assembler and compilers for high-level 
languages. The 80C187 also supports the full 
80387DX instruction set. 

All communication between the CPU and the 
80C187 is transparent to applications software. The 

1-248 

CPU automatically controls the 80C187 whenever a 
numerics instruction is executed. All physical memo
ry and virtual memory of the CPU are available for 
storage of the instructions and operands of pro
grams that use the 80C187. All memory addressing 
modes are available for addressing numerics oper
ands. 

The end of this data sheet lists by class the instruc
tions that the 80C187 adds to the instruction set. 

NOTE: 
The 80C187 Math Coprocessor is also referred to 
as a Numeric Processor Extension (NPX) in this 
document. 

Data Types 

Table 1 lists the seven data types that the 80C187 
supports and presents the format for each type. Op
erands are stored in memory with the least signifi
cant digit at the lowest memory address. Programs 
retrieve these values by generating the lowest ad
dress. For maximum system performance, all oper
ands should start at even physical-memory address
es; operands may begin at odd addresses, but will 
require extra memory cycles to access the entire op
erand. 

Internally, the 80C187 holds all numbers in the ex
tended-precision real format. Instructions that load 
operands from memory automatically convert oper
ands represented in memory as 16-, 32-, or 64-bit 
integers, 32- or 64-bit floating-point numbers, or 18-
digit packed BCD numbers into extended-precision 
real format. Instructions that store operands in mem
ory perform the inverse type conversion. 

I 
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Numeric Operands Register Set 

A typical NPX instruction accepts one or two oper
ands and produces one (or sometimes two) results. 
In two-operand instructions, one operand is the con
tents of an NPX register, while the other may be a 
memory location. The operands of some instructions 
are predefined; for example, FSQRT always takes 
the square root of the number in the top stack ele
ment (refer to the section on Data Registers). 

Figure 2 shows the 80C187 register set. When an 
80C187 is present in a system, programmers may 
use these registers in addition to the registers nor
mally available on the CPU. 

I 

DATA REGISTERS 

80C187 computations use the extended-precision 
real data type. 

Table 1. Data Type Representation in Memory 

Most Significant Byte HIGHEST ADDRESSED BYTE 
Data 

Range Precision 

01 7 017 017 017 017 OJ7 OJ7 Formets 7 
Word Integer ±104 16 Bits I (TWO S 

COMPLEMENT} 

15 0 

Short Integer ±109 32 Bits I !TWO 5 
COMPLEMENT. 

31 0 

Long Integer ±1018 64 Bits 

63 

Packed BCD ±1018 18 Digits sl x I d,t dIll d" d'J d'J d1.l d l1 
MAGNITUDE 

d\U d~ d, d, d, 

79 72 

Single Precision ± 10±38 24 Bits sl BIASED I S EXPONENT SIGNIFICAND I 
31 23'- 0 

" 
Double Precision ±10±308 53 Bits sl BIASED J SIGNIFICAND EXPONENT 

63 52'-,.& 

Extended ± 10±4932 64 Bits st BIASED ttl SIGNIFICAND EXPONENT Precision 
79 64 63' 

NOTES: 
1. S = Sign bit (0 = Positive, 1 = Negative) 
2. dn = Decimal digit (two per byte) 
3. X = Bits have no significance; 80C187 ignores when loading, zeros when storing 
4 ... = Position of implicit binary point 
5. I = Integer bit of significand; stored in temporary real, implicit in single and double precision 
6. Exponent Bias (normalized values): 

Single: 127 (7FH) 
Double: 1023 (3FFH) 
Extended Real: 16383 (3FFFH) 

7. Packed BCD: (-l)S (017 ... Do) 
8. Real: (-l)S (2E.BIAS) (Fo, F1 ... ) 

d, 

OJ7 01 7 01 

JITWOS 
COMPLEMENT, 

0 

d, d, d, d, d,J 

0 

I 
0 

I 
0 
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The 80C187 register set can be accessed either as 
a stack, with instructions operating on the top one or 
two stack elements, or as individually addressable 

, registers. The TOP field in the status word identifies 
the current top-of-stack register. A "push" operation 
decrements TOP by one and loads a value into the 
new top register. A "pop" operation stores the value 
from the current top register and then increments 
TOP by one. The 80C187 register stack grows 
"down" toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc
tions ,implicitly address the register at which TOP 
points. Other instructions allow the programmer to 
explicitly specify which register to use. This explicit 
addressing is also relative to TOP. 

TAG WORD 

The tag word marks the content of each numeric 
data register, as Figure 3 shows. Each two-bit tag 
represents one of the eight data registers. The prin
cipal function of the tag word is to optimize the 
NPX's performance and stack handling by making it 
possible to distinguish between empty and nonemp
ty register locations. It also enables exception han
dlers to identify special values (e.g. NaNs or denor
mals) in the contents of a stack location without the 
need to perform complex decoding of the actual 
data. 

STATUS WORD 

The 16-bit status word (in the status register) shown 
in Figure 4 reflects the overall state of the 80C187. It 
may be read and inspected by programs. 

15 

TAG (7) TAG (6) TAG (5) TAG (4) 

NOTE: 

Bit 15, the B-bit (busy bit) is included for 8087 com
patibility only. It always has the same value as the 
ES bit (bit 7 of the status word); it does not indicate 
the status of the BUSY output of 80C187. 

Bits 13-11 (TOP) point to the 80C187 register that 
is the current top-of-stack. 

The four numeric condition code bits (Ca-Co) are 
similar to the flags in a CPU; instructions that per
form arithmetic operations update these bits to re
flect the outcome. The effects of these instructions 
on the condition code are summarized in Tables 2 
through 5. 

Bit 7 is the error summary (ES) status bit. This bit is 
set if any unmasked exception bit is set; it is clear 
otherwise. If this,bit is set, the ERROR signal is as
serted. 

Bit 6 is the stack flag (SF). This bit is used to distin
guish invalid operations due to stack overflow or un
derflow from other kinds of invalid operations. When 
SF is set, bit 9 (C1) distinguishes between stack 
overflow (C1 = 1) and underflow (C1 = 0). 

Figure 4 shows the six exception flags in bits 5-0 of 
the status word: Bits 5-0 are set to indicate that the 
80C187 has detected an exception while executing 
an instruction. A later section entitled "Exception 
Handling" explains how they are set and used. 

Note that when a new value is loaded into the status 
word by the FLDENV 'or FRSTOR instruction, the 
value of ES (bit 7) and its reflection in the B-bit (bit 
15) are not derived from the values loaded from 
memory but rather are dependent upon the values of 
the exception flags (bits 5-0) in the status word and 
their corresponding ma$ks in the control word. If ES 
is set in such a case, the ERROR output of the 
80C187 is activated immediately. . 

o 
TAG (3) 'I TAG (2) TAG (1) TAG (0) 

The index i of tag (i) is not top-relative. A program typically uses the "top" field of Status Word to determine 
which tag (i) field refers to logical top of stack. 
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TAG VALUES: 
00 = Valid 
01 = Zero 
10 = QNaN, SNaN, Infinity, Denormal and Unsupported Formats 
11 = Empty , 

Figure 3_ Tag Word 

I 
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r---------------------------------BUSy 

EXCEPTION FLAGS: 
PRECISION 
UNDERFLOW --------..1 
OVERFLOW -------------------' 
ZERO DIVIDE ------------------..1 
DENORMALIZED OPERAND ---------' 
INVALID OPERATION _______________ ...J 

ES is set if any unmasked exception bit is set; cleared otherwise. 
See Table 2 for interpretation of condition code. 
TOP values: 

000 = Register 0 is Top of Stack 
001 = Register 1 is Top of Stack 

111 = Register 7 is Top of Stack 
For definitions of exceptions, refer to the section entitled, 
"Exception Handling" 

Figure 4. Status Word 

80C187 
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CONTROL WORD 

The NPX provides several processing options that are selected by loading a control word from memory into 
the control register. Figure 5 shows the format and encoding of fields in the control word. 

Table 2. Condition Code Interpretation 

Instruction CO(S) I C3(Z) C1(A) C2(C) 

FPREM, FPREM1 Three Least Significant Reduction 
(See Table 3) Bits of Quotient 0= Complete 

Q2 QO Q1 1 = Incomplete 
orO/U 

FCOM, FCOMP, 
FCOMPP, FTsT Result of Comparison Zero or Operand is not 
FUCOM, FUCOMP, (See Table 4) DIU Comparable (Table 4) 
FUCOMPP, FICOM, 
FICOMP 

FXAM Operand Class Sign Operand Class 
(See Table 5) orO/U (Table 5) 

FCHs, FABs, FXCH, 
FINCsTP, FDECsTP, 
Constant Loads, 

UNDEFINED 
Zero 

>. UNDEFINED 
FXTRACT, FLD, orO/U 
FILD, FBLD, 
FSTP (Ext Real) > 

FIST, FBsTP, 
FRNDINT, FsT, 
FSTP, FADD, FMUL, 

UNDEFINED Roundup UNDEFINED 
FDIV, FDIVR, orO/U 
FsUB, FsUBR, 
FSCALE, FsQRT, 
FPATAN, F2XM1, 
FYL2X, FYL2XP1 

FPTAN, FslN, 
UNDEFINED 

Roundup Reduction 
FCOs, FslNCOs or O/U, 0= Complete 

Undefined 1 = Incomplete 
ifC2 = 1 

FLDENV, FRsTOR Each Bit Loaded from Memory 

FLDCW, FsTENV, 
FsTCW, FsTsW, 

UNDEFINED 
FCLEX, FIN IT, 
FSAVE 

O/U When both IE and SF bits of status word are set, indicating a stack exception, this bit distinguishes between 
stack overflow (C1 = 1) and underflow (C1 = 0). 

Reduction If FPREM or FPREM1 produces a remainder that is less than the modulus, reduction is complete. When 
reduction is incomplete the value at the top of the stack is a partial remainder, which can be used as input to 
further reduction. For FPTAN, FSIN, FCOS, and FSINCOS, the reduction bit is set if the operand at the top of 
the stack is too large. In this case the original operand remains at the top of the stack. 

Roundup When the PE bit of the status word is set, this bit indicates whether one was added to the least significant bit of 
the result during the last rounding. 

UNDEFINED Do not rely on finding any specific value in these bits. 
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The low-order byte of this control word configures 
exception masking. Bits 5-0 of the control word 
contain individual masks for each of the six excep
tions that the 80C187 recognizes. 

The high-order byte of the control word configures 
the 80C187 operating mode, including precision, 
rounding, and infinity control. . 

• The ""lfinity control bit" (bit 12) is not meaningful 
to the 80C187, and programs must ignore its val
ue. To maintain compatibility with the 8087, this 
bit can be programmed; however, regardless of 
its value, the 80C187 always treats infinity in the 
affine sense (- 00 < + 00). This bit is initialized 
to zero both after a hardware reset and after the 
FINIT instruction. 

• The rounding control (RC) bits (bits 11 -10) pro
vide for directed rounding and true chop, as well 

80C187 

as the unbiased round to nearest even mode 
specified in the IEEE standard. Rounding control 
affects only those instructions that perform 
rounding at the end of the operation (and thus 
can generate a precision exception); namely, 
FST, FSTP, FIST, all arithmetic instructions (ex
cept FPREM, FPREM1, FXTRACT, FABS, and 
FCHS), and all transcendental instructions. 

• The precision control (PC) bits (bits 9-8) can be 
used to set the 80C187 internal operating preci
sion of the significand at less than the default of 
64 bits (extended precision). This can be useful in 
providing compatibility with early generation arith
metic processors of smaller precision. PC affects 
only the instructions ADD, SUB, DIV, MUL, and 
SQRT. For all other instructions, either the preci
sion is determined by the opcode or extended 
precision is used. 

Table 3, Condition Code Interpretation after FPREM and FPREM11nstructions 

Condition Code Interpretation after 

C2 C3 C1 CO FPREM and FPREM1 

Incomplete Reduction: 
1 X X X Further Iteration Required 

for Complete Reduction 

Q1 QO Q2 QMOD8 

0 0 0 0 
0 1 0 1 Complete Reduction: 

0 
1 0 0 2 CO, C3, C1 Contain Three Least 
1 1 0 3 Significant Bits of Quotient 
0 0 1 4 
0 1 1 5 
1 0 1 6 
1 1 1 7 

Table 4. Condition Code Resulting from Comparison 

Order C3 C2 CO 

TOP> Operand 0 0 0 
TOP < Operand 0 0 1 
TOP = Operand 1 0 0 
Unordered 1 1 1 
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Table 5. Condition Code Defining Operand Class 

C3 C2 C1 

0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 ,0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 1 

INSTRUCTION AND DATA POINTERS 

Because the NPX operates in parallel with the CPU, 
any exceptions detected by the NPX may be report
ed after the CPU has executed the ESC instruction 
which caused it. To allow identification of the failing 
numerics instruction, the 80C187 contains registers 
that aid in diagnosis. These registers supply the op
code of the failing numerics instruction, the address 
of the instruction, and the address of its numerics 
memory operand (if appropriate). 

The instruction and data pointers are provided for 
user-written exception handlers. Whenever the 
80C187 executes a new ESC instruction, it saves 
the address of the instruction (including any prefixes 
that may be present), the address of the operand (if 
present), and the opcode. 

The instruction and data pointers appear in the for
mat shown by Figure 6. The ESC instruction 
FLDENV, FSTENV, FSAVE and FRSTOR are used 
to transfer these values between the registers and 
memory. Note that the value of the data pointer is 
undefined if the prior ESC instruction did not have a 
memory operand. 

Interrupt Description 

CPU interrupt 16 is used to report exceptional condi
tions while executing numeric programs. Interrupt 16 
indicates that the previous numerics instruction 
caused an unmasked exception. The address of the 
faulty instruction and the address of its operand are 
stored in the instruction pointer and data pointer reg
isters. Only ESC instructions can cause this inter-
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CO Value at TOP 

0 + Unsupported 
1 + NaN 
0 - Unsupported 
1 - NaN 
0 + Normal 
1 + Infinity 
0 -,Normal 
1 - Infinity 
0 +0 
1 + Empty 
0 -0 
1 - Empty 
0 + Denormal 
1 - Denormal 

rupt. The CPU return address pushed onto the stack 
of the exception handler points to an ESC instruction 
(including prefixes). This instruction can be restarted 
after clearing the exception condition in the NPX. 
FNINIT, FNCLEX, FNSTSW, FNSTENV, and 
FNSAVE cannot cause this interrupt. 

Exception Handling 

The 80C187 detects six different exception condi
tions that can occur during instruction execution. Ta
ble 6 lists the exception conditions in order of prece
dence, showing for each the cause and the default 
action taken by, the '80C187 if the exception is 
masked by its corresponding mask bit in the control 
word. 

Any exception that is not masked by the control 
word sets the corresponding exception flag of the 
status word, sets the ES bit of the status word, and 
asserts the ERROR signal. When the CPU attempts 
to execute another ESC instruction, interrupt 16 oc
curs. The exception condition must be resolved via 
an interrupt service routine. The return address 
pushed onto the CPU stack upon entry to the serv
ice routine does not, necessarily point to the failing 
instruction nor to the following instruction. The 
80C187 saves the address of the floating-point in
struction that caused the exception and the address 
of any memory operand required by that instruction. 

If error trapping is required at the end of a series of 
numerics instructions (specifically, when the last 
ESC instruction modifies memory data and th~t data 
is used in subsequent nonnumerics instructions), it is 
necessary to insert the FNOP instruction-to force the 
'80C187 to check its ERROR input. 
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I""T""T'"------------- RESERVED 
1"'--------- (INFINITY CONTROL) • 

llr-!T"l;r;:.:.:.:.:.:.:.------- ~~~~~:~~ gg~~~g~ 

15 7 0 

IX X Xlx/RCIPCIX XI:I~I~I~I~I~I 

RESERVED 

EXCEPTION MARKS: 
PRECISION --------' 
UNDERFLOW ---------' 
OVERFLOW -----------1 
ZERO DIVIDE -------....;.---1 
DENORMALIZED OPERAND --------1 
INVALID OPERATION ---------' 

Precision Control Rounding Control 
00- 24 Bits (Single Precision) 00- Round to Nearest or Even 
01- (Reserved) 01- Round Down (toward - co) 
10- 53 Bits (Double Precision) 10- Round Up (toward + co) 
11- 64 Bits (Extended Precision) 11- Chop (Truncate toward Zero) 

80C187 
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"The "infinity control" bit is not meaningful to the 80C187. To maintain compatibility with the 8087, this bit can be 
programmed; however, regardless of its value, the 80C187 treats infinity in the affine sense (- 00 < + 00). 

Figure 5. Control Word 

15 o 

CONTROL WORD +0 

STATUS WORD +2 

TAG WORD +4 

INSTRUCTION POINTER15 .. 0 +6 

IP19 .. 16 I 0 I OPCODE1O..o +8 

OPERAND POINTER15 .. 0 +A 

OP19 .. 16 101 0 0 0 0 0 0 0 0 0 0 0 +C 

Figure 6. Instruction and Data Pointer Image in Memory 
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Table 6. Exceptions 

Exception Cause 
Default Action 

(If Exception 'Is Masked) 

Invalid Operation on, a signalling NaN, Result is a quiet NaN, 
Operation unsupported format, indeterminate integer indefinite, or 

form (0' 00, 0/0), (+ 00) BCD indefinite 
+ (- 00), etc.), or stack 
overflow/underflow (SF is also set) 

Denormalized At least one of the operands is The operand is normalized, 
Operand denormalized, i.e. it has the smallest and normal processing 

exponent but a nonzero significand continues 

Zero Divisor The divisor is zero while the dividend Result is 00 
is a noninfinite, nonzero number 

Overflow The result is too large in magnitude Result is largest finite 
to fit in the specified format value or 00 

Underflow The true result is nonzero but too small Result is denormalized 
to be represented in the specified format, and, or zero 
if underflow exception is masked, denormalization 
causes loss of accuracy 

Inexact The true result is not exactly representable Normal processing 
Result in the specified format (e.g. 1/3); continues 
(Precision) the result is rounded according to the 

rounding mode 

Initialization 

After FNINIT or RESET, the control word contains 
the value 037FH (all exceptions masked, precision 
control 64 bits, rounding to nearest) the same values 
as in an 8087 after RESET. For compatibility with the 
8087, the bit that used to indicate infinity control (bit 
12) is set to zero; however, regardless of its setting, 
infinity is treated in the affine sense. After FNINIT or 
RESET, the status word is initialized as follows: 

• All exceptions are set to zero. 

• Stack TOP is zero, so that after the first push the 
stack top will be register seven (111 B). 

• The condition code C3-CO is undefined. 

• The B-bit is zero. 

The tag word contains FFFFH (all stack locations 
are empty). 

80C186/80C187 initialization software should exe
cute an FNINIT instruction (i.e. an FINIT without a 
preceding WAIT) after RESET. The FNINIT is not 
strictly required for 80C187 software, but Intel' 
recommends its use to help ensure upward compati
bility with other processors. 
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8087 Compatibility 

This section summarizes the differences between 
the 80C187 and the 8087. Many changes have been 
designed into the 80C187 to directly support the 
IEEE standard in hardware. These changes result in 
increased performance by elminating the need for 
software that supports the standard. 

GENERAL DIFFERENCES 

The 8087 instructions FENI/FNENI and FDISI/ 
FNDISI perform no useful function in the 80C187 
Numeric Processor Extension. They do not alter the 
state of the 80C187 Numeric Processor Extension. 
(They are treated similarly to FNOP, except that 
ERROR is not checked.) While 8086/8087 code 
containing these instructions can be executed on 
the 80C186/80C187, it is unlikely that the exception
handling routines containing these instructions will 
be completely portable to the 80C187 Numeric Proc
essor Extension. 

The 80C187 differs from the 8087 with respect to 
instruction, data, and exception synchronization. Ex
cept for the processor control instructions, all of the 
80C187 numeric instructions are automatically syn
chronized by the 80C186 CPU. When necessary, the 

I 



80C186 automatically tests the BUSY line from the 
80C187 Numeric Processor Extension to ensure that 
the 80C187 Numeric Processor Extension has com
pleted its previous instruction before executing the 
next ESC instruction. No explicit WAIT instructions 
'are required to assure this synchronization. For the 
8087 used with 8086 and 8088 CPUs, explicit WAITs 
are required before each numeric instruction to en
sure . sy"'chronization. Although 8086/8087 pro
grams having explicit WAIT instructions will execute 
on the 80C186/80C187, these WAIT instructions 
are unnecessary. 

The 80C187 supports only affine closure for infinity 
arithmetic, not projective closure. 

Operands for FsCALE and FPATAN are no longer 
restricted in range (except for ± 00); F2XM1 and 
FPT AN accept a wider range of operands. 

Rounding control is in effect for FLO constant. 

Software cannot change entries of the tag word to 
values (other than empty) that differ from actual reg
ister contents. 

After reset, FINIT, and incomplete FPREM, the 
80C187 resets to zero the condition code bits C3-
Co of the status word. 

In conformance with the IEEE standard, the 80C187 
does not support the special data formats 
pseudozero, pseudo-NaN, pseudoinfinity, and un
normal. 

The denormal exception has a different purpose on 
the 80C187. A system that uses the denormal-ex
ception handler solely to normalize the denormal op
erands, would better mask the denormal exception 
on the 80C187. The 80C187 automatically normal
izes denormal operands when the denormal excep
tion is masked. 

EXCEPTIONS 

A number of differences exist due to changes in the 
IEEE standard and to functional improvements to 
the architecture of the 80C186/80C187: 

1. The 80C186/80C187 traps exceptions only on 
the next ESC instruction; i.e. the 80C186 does not 
notice unmasked 80C187 exceptions on the 
80C186 ERROR input line until a later numerics 
instruction is executed. Because the 80C186 
does not sample ERROR on WAIT and FWAIT 
instructions, programmers should place an FNOP 
instruction at the end of a sequence of numerics 
instructions to force the 80C186 to sample its 
ERROR input. 
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2. The 80C187 Numeric Processor Extension sig
nals exceptions through a dedicated ERROR line 
to the CPU. The 80C187 error signal does not 
pass through an interrupt controller (the 8087 INT 
signal does). Therefore, any interrupt-controller
oriented instructions in numerics exception han
dlers for the 8086/8087 should be deleted. 

3. Interrupt vector 16 must point to the numerics ex
ception handling routine. 

4. The ESC instruction address saved in the 80C187 
Numeric Processor Extension includes any lead
ing prefixes before the ESC opcode. The corre
sponding address saved in the 8087 does not 
include leading prefixes. 

5. When the overflow or underflow exception is 
masked, the 80C187 differs from the 8087 in 
rounding when overflow or underflow occurs. The 
80C187 produces results that are consistent with 
the rounding mode. 

6. When the underflow exception is masked, the 
80C187 sets its underflow flag only if there is also 
a loss of accuracy during denormalization. 

7. Fewer invalid~operation exceptions due to denor
mal operands, because the instructions FSQRT, 
FOIV, FPREM, and conversions to BCD or to inte
ger normalize denormal operands before pro
ceeding. 

8. The FsQRT, FBsTP, and FPREM instructions 
may cause underflow, because they support de
normal operands. 

9. The denormal exception can occur during the 
transcendental instructions and the FXTRACT in
struction. 

10. The denormal exception no longer takes prece
dence over all other exceptions. 

11. When the denormal exception is masked, the 
80C187 automatically normalizes denormal op
erands. The 8087 performs unnormal arithmetic, 
which might produce an unnormal result. 

12. When the operand is zero, the FXTRACT in
struction reports a zero-divide exception and 
leaves - 00 in sT(1). 

13. The status word has a new bit (SF) that signals 
when invalid-operation exceptions are due to 
stack underflow or overflow. 

14. FLO extended precision no longer reports denor
mal exceptions, because the instruction is not 
numeric. 

15. FLO single/double precision when the operand 
is denormal converts the number to extended 
precision and signals the denormalized oper-
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and exception. When loading a signalling NaN, 
FLD single/double precision signals an invalid
operand exception. 

16. The 80C187 only generates quiet NaNs (as on 
the 8087); however, the 80C187 distinguishes 
between quiet NaNs and signalling NaNs. Sig
nalling NaNs trigger exceptions when they are 
used as operands; quiet NaNs do not (except for 
FCOM, FIST, and FBSTP which also raise IE for 
quiet NaNs). 

17. When stack overflow occurs during FPTAN and 
overflow is masked, both ST(O) and ST(1) con
tain quiet NaNs. The 8087 leaves the original 
operand in ST(1) intact. 

18. When the scaling factor is ± 00, the FSCALE 
(ST(O), ST(1) instruction behaves as follows 

(ST(O) and ST(1) contain the scaled and scaling 
operands respectively): 

• FSCALE (0, 00) generates the invalid opera
tion exception. 

• FSCALE (finite, - 00) generates zero with the 
same sign as the scaled operand. 

• FSCALE (finite, + 00) generates 00 with the 
same sign as the scaled operand. 

The 8087 returns zero in the first case and rais
es the invalid-operation exception in the other 
cases. 

19. The 80C187 returns signed infinity/zero as the 
unmasked response to massive overflow/under
flow. The 8087 supports a limited range for the 
scaling factor; within this range either massive 
overflow/underflow do not occur or undefined 
results are produced. 

Table 7. Pin Summary 

Pin 
Function 

Active Inputl 
Name State Output 

ClK CLocK I 
CKM ClocKing Mode I 
RESET System reset High I 

PEREQ Processor Extension High 0 
REQuest 

BUSY Busy status High 0 
ERROR Error status Low 0 

D15-DO Data pins High I/O 
NPRD Numeric Processor ReaD Low I 
NPWR Numeric Processor WRite Low I 

NPS1 NPX select # 1 Low I 
NPS2 NPX select #2 High I 
CMDO CoMmanDO High. I 
CMD1 CoMmanD 1 High , I 

Vee System power I 
Vss System ground I 
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HARDWARE INTERFACE 
In the following description of hardware interface, an 
overbar above a signal name indicates, that the ac
tive or asserted state occurs when the signal is at a 
low voltage. When no overbar is present above the 
signal name, the signal is asserted when at the high 
voltage level. 

Signal Description 

In the following signal descriptions, the 80C187 pins 
are grouped by function as follows: 

1. Execution Control- ClK, CKM, RESET 

2. NPX Handshake- PEREa, BUSY, ERROR 

3. Bus Interface Pins- DI5-DO, NPWR, NPRD 

4. Chip/Port Select- NPS1, NPS2, CMDO, CMD1 

5. Power Supplies- Vee, Vss 

Table 7 lists every pin by its identifier, gives a brief 
description of its function, and lists some of its char
acteristics. Figure 7 shows the locations of pins on 
the CERDIP package, while Figure 8 shows the loca
tions of pins on the PlCC package. Table 8 helps to 
locate pin identifiers in Figures 7 and 8. 

Clock (ClK) 

This input provides the basic timing for internal oper
ation. This pin does not require MOS-Ievel input; it 
will operate at either TTL or MOS levels up to the 
maximum allowed frequency. A minimum frequency 
must be provided to keep the internal logic properly 
functioning. Depending on the signal on CKM, the 
signal on ClK can be divided by two to produce the 
internal clock signal (in which case ClK may be up 
to 32 MHz in frequency), or can be used directly (in 
which case ClK may be up to 12.5 MHz). 

Clocking Mode, (CKM) 

This pin is a strapping option. When it is strapped to 
VCC (HIGH), the ClK input is used directly; when 
strapped to Vss (lOW), the ClK input is divided by 
two to produce the internal clock Signal. During the 
RESET sequence, this input must be stable at least 
four internal clock cycles (Le. ClK clocks when CKM 
is HIGH; 2 x ClK clocks when CKM is lOW) before 
RESET goes lOW. ' 

I 

80C187 

Vss Vcc 

N.C.· CKM 

Vee vss 

Vss Vcc 

o,s vss 

°'4 
RESET 

0 13 NPSI 

0 12 NPS2 

Vee ClK 

vss CMOI 

° 1, VSS 

010 CMOO 

Vce NPWR 

°9 NPRO 

08 ERROR 

07 BUSY 

06 PEREQ 

Os °0 

°4 0 1 

03 O2 

270640-5 
·N.C. = Pin Nol Connected 

Figure 7. CERDIP Pin Configuration 

° 14 RESET 

013 NPSI 

012 NPS2 

vee ClK 

N.C.· eMO' 

Vss 80C187 Vss 

° 1, TOP VIEW·· N.C.· 

0'0 CMOO 

Vee NPWR 

09 NPRO 

Os ERROR 

c!'cfc!'~crdr£4cd'~~ 
z ~ CD 

270640-6 
·N.C. = Pin Not Connected 
•• .. Top View" means as the package is seen from the 

component side of the board. 

Figure 8. PlCC Pin Configuration 
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Table 8. PLCC Pin Cross-Reference 

Pin Name CERDIP Package PLCC Package 

BUSY 25 28 
CKM 39 44 
ClK 32 36 
CMOO 29 32 
CM01 31 35 
00 23 26 
01 22 25 

.02 21 24 
03 20 22 
04 19 21 
05 18 20 
06 17 19 
07 16 18 
08 15 17 
09 14 16 
010 12 14 
011 11 13 
012 8 9 
013 7 8 
014 6 7 
015 5 5 
ERROR 26 29 
No Connect 2 6,11,23,33,40 
NPRO 27 30 
NPS1 34 38 
NPS2 33 37 
NPWR 28 31 
PEREQ 24 27 
RESET 35 39 
Vee 3,9,13,37,40 1,3,10,15,42 
Vss 1,4,10,30,36,38 2,4,12,34,41,43 

System Reset (RESET) Table 9. Output Pin Status during Reset 

Output Value 
Pin Name during Reset 

BUSY HIGH 

ERROR HIGH 

PEREQ lOW 

D15-00 TRI-STATE OFF 

Processor Extension Request (PEREQ) 

A lOW to HIGH transition on this pin causes the 
80C187 to terminate its present activity and to enter 
a dormant state. RESET must remain active (HIGH) 
for at least four internal clock periods. (The relation 
of the internal clock period to ClK depends on 
ClKM; the internal clock may be different from that 
of the CPU.) Note that the 80C187 is active internal
ly for 25 clock periods after the termination of the 
RESET signal (the HIGH to lOW transition of RE
SET); therefore, the first instruction should not be 
written to the 80C187 until 25 internal clocks after 
the falling edge of RESET. Table 9 shows the status 
of the output pins during the reset sequence. After a 
reset, all output pins return to their inactive states. 

When active, this pin signals to the CPU that the 
80C187 is ready for data transfer to/from its data 
FIFO. When there are more than five data transfers, 
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PEREQ is deactivated after the first three transfers 
and subsequently after every four transfers. This sig
nal always goes inactive before BUSY goes inactive. 

Busy Status (BUSY) 

When active, this pin signals to the CPU that the 
80C187 is currently executing an instruction. This 
pin is active HIGH. It should be connected to the 
80C186's TESTIBUSY pin. During the RESET se
quence this pin is HIGH. The 80C186 uses this 
HIGH state to detect the presence of an 80C187. 

Error Status (ERROR) 

This pin reflects the ES bit of the status register. 
When active, it indicates that an unmasked excep
tion has occurred.' This signal can be changed to 
inactive state only by the following. instructions (with
out a preceding WAin: FNINIT, FNClEX, 
FNSTENV, FNSAVE, FlDCW, FlDENV, and 
FRSTOR. This pin should be connected to the 
ERROR pin of the CPU. ERROR can change state 

. only when BUSY is active. 

Data Pins (015-00) 

These bidirectional pins are used to transfer data 
and opcodes between the CPU and 80C187. They 
are normally connected directly to the correspond
ingCPU data pins. Other buffersldrivers driving the 
local data bus must be disabled when the CPU 
reads from the NPX. High state indicates a value of 
one. Do is the least significant data bit. 

Numeric Processor Write (NPWR) 

A signal on this pin enables transfers of data from 
the CPU to the NPX. This input is valid only when 
NPS1 and NPS2 are both active. 

Numeric Processor Read (NPRO) 

A signal on this pin enables transfers of data from 
the NPX to the CPU. This input is valid only when 
NPS1 and NPS2 are both active. 

Numeric Processor Selects (NPS1 and NPS2) 

Concurrent assertion of these signals indicates that 
the CPU is performing an escape instruction and en
ables the 80C187 to execute that instruction. No 

I 

80C187 

data transfer involving the 80C187 occurs 'unless the 
device is selected by these lines. 

Command Selects (CMOO and CM01) 

These pins along with the select pins allow the CPU 
to direct the operation of the 80C187. 

System Power (Vee) 

System power provides the + 5V ± 10% DC supply 
input. All Vee pins should be tied together on the 
circuit board and local decoupling capacitors should 
be used between Vee and Vss. 

System Ground (Vss) 

All Vss pins should be tied together on the circuit 
board and local decoupling capacitors should be 
used between Vee and V ss. 

Processor Architecture 

As shown by the block diagram (Figure 1), the 
80C187 NPX is internally divided into three sections: 
the bus control logic (BCl), the data interface and 
control unit, and the floating-point unit (FPU). The 
FPU (with the support of the control unit which con
tains the sequencer and other support units) exe
cutes all numerics instructions. The data interface 
and control unit is responsible for the data flow to 
and from the FPU and the control registers, for re
ceiving the instructions, decoding them, and se
quencing the microinstructions, and for handling 
some of the administrative instructions. The BCl is 
responsible for CPU bus tracking and interface. 

BUS CONTROL LOGIC 

The BCl communicates solely with the CPU using 
1/0 bus cycles. The BCl appears to the CPU as a 
special peripheral device. It is special in two re
spects: the CPU initiates 1/0 automatically when it 
encounters ESC instructions, and the CPU uses re
served 1/0 addresses to communicate with the BCL. 
The BCl does not communicate directly with memo
ry. The CPU performs all memory access, transfer
ring input operands from memory to the 80C187 and 
transferring outputs from the 80C187 to memory. A 
dedicated communication protocol makes possible 
high-speed transfer of opcodes and operands be
tween the CPU and 80C187. 
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Table 10. Bus Cycles Definition 

NPS1 NPS2 CMDO CMD1 NPRD NPWR Bus Cycle Type 

x 0 x. x 
1 x x x 
0 1 0 0 
0 1 0 0 
0 1 1 0 
0 1 1 0 
0 1 0 1 
0 1 0 1 
0 1 1 1 
0 1 1 1 

DATA INTERFACE AND CONTROL UNIT 

The data interface and control unit latches the data 
and, subject to BCl control, directs the data to the 
FIFO or the instruction decoder. The instruction de
coder decodes the ESC instructions sent to it by the 
CPU and generates controls that direct the data flow 
in the FIFO. It also triggers the microinstruction se
quencer that controls execution of each instruction. 
If the ESC instruction 'is FINIT, FClEX, FSTSW, 
FSTSW AX, FSTCW, FSETPM, or FRSTPM, the 
control executes it independently of the FPU and the 
sequencer. The data interface and control unit is the 
one that generates the BUSY, PEREa, and ERROR 
signals that synchronize 80C1B7 activities with the 
CPU. . 

FLOATING·POINT UNIT 

The FPU executes all instructions that involve the 
register stack, including arithmetic, logical, transcen
dental, constant, and data transfer instructions. The 

x 
x 
1 
0 
0 
1 
1 
0 
0 
1 

x 80C187 Not Selected 
.x 80C1B7 Not Selected 
0 Opcode Write to BOC1 'P7 
1 CW or SW Read from BOC187 
1 Read Data from 80C187 
0 Write Data to BOC187 
0 Write Exception ,Pointers 
1 Reserved 
1 Read Opcode Status 
0 Reserved 

data path in the FPU is 84 bits wide (68 significant 
bits, 15 exponent bits, and a sign bit) which allows 
internal operand transfers to be performed at very 
high speeds. 

Bus Cycles 

The pins NPS1, NPS2, CMDO, CMD1, NPRD and 
NPWR identify bus cycles for the NPX. Table 10 de
fines the types of BOC187 bus cycles. 

80C187 ADDRESSING 

The NPS1, NPS2, CMDO, and CMD1 signals allow 
the NPX to identify which bus cycles are intended for 
the NPX. The NPX responds to I/O cycles when the 
I/O address is 00F8H, OOFAH, OOFCH, or OOFEH. 
The correspondence betwen I/O addresses and 
control signals is defined by Table 11. To guarantee 
correct operation of the NPX, programs must not 
perform any I/O operations to these reserved port 
addresses. 

Table 11.1/0 Address Decoding 

I/O Address 
80C187 Select and Command Inputs 

(Hex;adecimal) NPS2 NPS1 CMD1 CMDO 

00F8 1 0 0 0 
OOFA 1 0 0 1 
OOFC 1 0 1 0 
OOFE 1 0 1 1 
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CPU/NPX SYNCHRONIZATION 

The pins BUSY, PEREa, and ERROR are used for 
various aspects of synchronization between the 
CPU and the NPX. 

BUSY is used to synchronize instruction transfer 
from the CPU to the 80C187. When the 80C187 rec
ognizes an ESC instruction, it asserts BUSY. For 
most ESC instructions, the CPU waits for the 
80C187 to deassert BUSY before sending the new 
opcode. 

The NPX uses the PEREa pin of the CPU to signal 
that the NPX is ready for data transfer to or from its 
data FIFO. The NPX does not directly access mem
ory; rather, the CPU provides memory access serv
ices for the NPX. 

Once the CPU initiates an 80C187 instruction that 
has operands, the CPU waits for PEREa signals that 
indicate when the 80C187 is ready for operand 
transfer. Once all operands have been transferred 
(or if the instruction has no operands) the CPU con
tinues program execution while the 80C187 exe
cutes the ESC instruction. 

In 8086/8087 systems, WAIT instructions are re
quired to achieve synchronization of both com
mands and operands. The 80C187, however, does 
not require WAIT instructions. The WAIT or FWAIT 
instruction commonly inserted by high-level compil
ers and assembly-language programmers for excep
tion synchronization is not treated as an instruction 
by the 80C186 and does not provide exception trap
ping. (Refer to the section "System Configuration for 
8087-Compatible Exception Trapping".) 

Once it has started to execute a numerics instruction 
and has transferred the operands from the CPU, the 
80C187 can process the instruction in parallel with 
and independent of the host CPU. When the NPX 
detects an exception, it asserts the ERROR signal, 
which causes a CPU interrupt. 
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OPCODE INTERPRETATION 

The CPU and the NPX use a bus protocol that 
adapts to the numerics opcode being executed. 
Only the NPX directly interprets the opcode. Some 
of the results of this interpretation are relevant to the 
CPU. The NPX records these results (opcode status 
informatiori) in an internal 16-bit register. The 
80C186 accesses this register only via reads from 
NPX port OOFEH. Tables 10 and 11 define the signal 
combinations that correspond to each- of the follow
ing steps. 

1. The CPU writes the opcode to NPX port 00F8H. 
This write can occur even when the NPX is busy 
or is Signalling an exception. The NPX does not 
necessarily begin executing the opcode immedi
ately. 

2. The CPU reads the opcode status information 
from NPX port OOFEH. 

3. The CPU initiates subsequent bus cycles accord
ing to the opcode status information. The opcode 
status information specifies whether to wait until 
the NPX is not busy, when to transfer exception 
pointers to port OOFCH, when to read or write op
erands and results at port OOFAH, etc. 

For most instructions, the NPX does not start exe
cuting the previously transferred opcode until the 
CPU (guided by the opcode status information) first 
writes exception pointer information to port OOFCH 
of the NPX. This protocol is completely transparent 
to programmers. 

Bus Operation 

With respect to bus interface, the 80C187 is fully 
asynchronous with the CPU, even when it operates 
from the same clock source as the CPU. The CPU 
initiates a bus cycle for the NPX by activating both 
NPS1 and NPS2, the NPX select signals. During the 
ClK period in which NPS1 and NPS2 are activated, 
the 80C187 also examines the NPRD and NPRW 
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input signals to determine whether the cycle is a 
read or a write cycle and examines the CMDO and 
CMD1 inputs to determine whether an opcode, oper
and, or controll status register transfer is to occur. 
The 80C187 activates its BUSY output some time 
after the leading edge of the NPRD or NPRW signal. 
Input and ouput data are referenced to the trailing 
edges of the NPRD and NPRW signals. 

The 80C187 activates the PEREQ signal when it is 
ready for data transfer. The 80C187 deactivates 
PEREQ automatically. 

System Configuration 

The 80C187 can be connected to the 80C186 CPU 
as .shown by Figure 9. (Refer to the 80C186 Data 
Sheet for an explanation of the 80C186's Signals.) 
This interface has the following characteristics: 

• The BOC187's NPS1, ERROR, PEREQ, and 
BUSY pins are connected directly to the corre
sponding pins of the 80C186. 

LATCH 

...c; 

AD 15:0 
... 
P' 

ALE 
EN -

80C186 

RESET 

WR 

iffi 

MCS3/NPS 

TEST/BUSY 

MCSI/ERROR 

MCSO/PEREQ 

CLKOUT 
I" 

I 

-I' 

• The 80C186 pin MCS3/NPS is connected to 
NPS1; NPS2 is connected to Vee. Note that if the 
BOC186 CPU's DEN signal is used to gate exter
nal data buffers, it must be combined with the 
NPS signal to insure numeric accesses will not 
activate these buffers. 

• The NPRD and NPRW pins are connected to the 
RD and WR pins of the 80C186. 

• CMD1 and CMDO come from the latched A2 and 
Al of the 80C186, respectively. 

• The 80C187 BUSY output connects to the 
80C186 TEST IBUSY input. During RESET, the 
signal at the 80C187 BUSY output automatically 
programs the BOC186 to use the 80C187. 

• The 80C187 can use the ClKOUT signal of the 
80C186 to conserve board space when operating 
at 12.5 MHz or less. In this case, the 80C187 
CKM input must be pulled HIGH. For operation in 
excess of 12.5 MHz, a double-frequency external 
oscillator for ClK input is needed. In this case, 
CKM must be pulled lOW. 

ADDRESS 15:0 

Al! A2! 

CMDO CMDI 

80C187 

RESET 

NPWR 
CKM 

NPRD 

NPSI 

BUSY 

ERROR 

PEREQ 
NPS2 

CLK 
DIS-DO 

... 
r 

U 
--

U 

CLOCK INPUT 
UNDIVIDED 

CLOCK INPUT 
DIVIDED BY 2 

I EXTERNAL 
OSCILLATOR I DATA 15:0 t .. 
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Figure 9. 80C186/80C187 System Configuration 
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System Configuration for 801861 
. 80187-Compatible Exception Trapping 

When the 80C187 ERROR output signal is connect
ed directly to the 80C186 ERROR input, floating
point exceptions cause interrupt # 16. However, ex
isting software may be programmed to expect float
ing-point exceptions to be signalled over an external 
interrupt pin via an interrupt controller. 

MCSI/ERROR 

80C187 

For exception handling compatible .with the 801861 
82188/8087, the 80C186 can be wired to recognize 
exceptions through an external interrupt pin, as Fig
ure 10 shows. (Refer to the 80C186 Data Sheet for 
an explanation of the 80C186's signals.) With this 
arrangement, a flip-flop is needed to latch BUSY 
upon assertion of ERROR. The latch can then be 
cleared during the exception-handler routine by forc
ing a PCS pin active. The latch must also be cleared 
at RESET in order for the 80C186 to work with the 
80C187. 

RESET t----t----------. 

I 

80C186 PCSx 
INTx 1+-----. 

TEST/BUSY 

MCS3/PEREO I+---++----I---a-;..a-;.. ... 
MCS3/NPS 

RD 

WR 

ClKOUT 

DATA 15-0 

• ClK 
A2 

19-01-~;""'-+I CMDI 

AI 
1-"':":;:""--+1 CMDO NPRD 

80C187_ 
NPSI 

CKM • PEREa I---..J 

~1----1D 

NPS2 

BUSY t----"'" 
ERROR 

RESET 

"For input clocking options, refer to Figure 9. 

Figure 10. System Configuration for 8087-Compatible Exception Trapping 

270640-8 
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ELECTRICAL DATA 

Absolute Maximum Ratings* 

Case Temperature Under Bias {T c> ... O·C to + 85·C 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on Any Pin 
with Respect to Ground .... -0.5V to Vcc +0.5V 

Power Dissipation .......................... 1.5W 

Power and Frequency Requirements 

The typical relationship between Icc and the fre
quency of operation F is as follows: 

ICCtyp = 55+ 5· F rnA where F is in MHz. 

When the frequency is reduced below the minimum 
operating frequency specified in the AC Characteris
tics table, the internal states of the 80C187 may be
come indeterminate. The 80C187 clock cannot be 
stopped; otherwise, Icc would increase significantly 
beyond what the equation above indicates. 

NOTICE: This is a production data sheet. The specifi
cations are subject to change without notice. 

• WARNING: Stressing the device beyond the "Absolute 
Maximum· Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

DC Characteristics Tc = O·Cto + 85·C, vcc = +5V ±10% 

Symbol Parameter Min . Max Units Test Conditions 

VIL Input LOW Voltage -0.5 +0.8 V 

VIH Input HIGH Voltage 2.0 Vcc +0.5 V 

VICL Clock Input LOW Voltage -0.5 +0.8 V 

VICH Clock Input HIGH Voltage 2.0 Vce +0.5 V 

VOL Output LOW Voltage 0.45 V IOL = 3.0mA 

VOH Output HIGH Voltage 2.4 V IOH = -0.4 mA 

Ice Power Supply Current 156 mA 16 MHz 
135 mA 12.5 MHz 

III Input Leakage Current ±10 /LA OV ~ VIN ~ Vce 

ILO 1/0 Leakage Current ±10 /LA 0.45V ~ VOUT ~ Vce - 0.45V 

CIN Input Capacitance 10 pF Fe = 1 MHz 

Co 1/0 or Output Capacitance 12 pF Fc = 1 MHz 

CeLK Clock Capacitance 20 . pF Fc = 1 MHz 
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AC Characteristics 
Te = O°C to +85°C, vee = 5V ±10% 
All timings are measured at 1.5V unless otherwise specified 

12.5 MHz 16MHz 
Test 

Symbol Parameter, Min Max Min Max Conditions 
(ns) (ns) (ns) (ns) 

Tdvwh (t6) Data Setup to NPWR 43 33 
Twhdx (t7) Data Hold from NPWR 14 14 

Trlrh (t8) NPRD Active Time 59 54 
Twlwh (t9) NPWR Active Time 59 54 

Tavwl (t10) Command Valid to NPWR 0 0 
Tavrl (t11) Command Valid to NPRD 0 0 

T mhrdt12) Min Delay from PEREQ Active 40 30 
to NPRD Active 

Twhax (t18) Command Hold from NPWR 12 8 
Trhax (t19) Command Hold from NPRD 12 8 

Tivcl (t20) NPRD, NPWR, RESET to 46 38 Note 1 
ClK Setup Time 

Tclih (t21) NPRD, NPWR, RESET from 26 18 Note 1 
ClK Hold Time 

Trscl (t24) RESET to ClK Setup 21 19 Note 1 
Tclrs (t25) RESET from ClK Hold 14 9 Note 1 

TCmdi (t26) Command Inactive Time 
Write to Write 69 59 
Read to Read 69 59 
Read to Write 69 59 
Write to Read 69 59 

NOTE: 
1. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific elK 
edge. 
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Timing Responses 
All timings are measured at 1.5V unless otherwise specified 

12.SMHz 16 MHz 

Symbol Parameter Min Max Min Max 
(ns) (ns) (ns) (ns) 

Trhqz (t27) NPRD Inactive to Data Float· 18 18 
Trlqv (t28) NPRD Active to Data Valid 50 45 

Tilbh (t29) ERROR Active to Busy Inactive 104 104 

Twlbv (t30) NPWR Active to Busy Active 80 60 

TklmiCt31) NPRD or NPWR Active 80 60 
to PEREQ Inactive 

Trhqh (t32) Data Hold from NPRD Inactive 2 2 

Trlbh (t33) RESET Inactive to BUSY Inactive 80 60 

NOTES: 
"The data float delay is not tested. 
2. The float condition occurs when the measured output current is less than IOL on 015-00. 
3. 015-00 loading: CL = 100 pF. 
4. BUSY loading: CL = 100 pF. 
5. On last data transfer of numeric instruction. 

Clock Timings 
12.SMHz 

Symbol Parameter Min Max 
(ns) (ns) 

Tclcl (t1a) ClK Period CKM = 1 80 250 
(t1B) CKM = 0 40 125 

Tclch (t2a) ClKlowTime CKM = 1 35 
(t2b) CKM = 0 9 

Tchcl (t3a) ClK High Time CKM = 1 35 
(t3b) CKM = 0 13 

T ch2ch1 (t4) 10 

T ch1 ch2(t5) 10 

NOTES: 
"16 MHz operation is available only in divide-by-2 mode (CKM strapped LOW). 
6. At 1.5V 
7. At O.BV 
B. At 2.0V 
9. CKM = 1: 3.7V to O.BV at 16 MHz, 3.5V to 1.0V at 12.5 MHz 
10. CKM = 1: O.BV to 3.7V at 16 MHz, 1.0V to 3.5V at 12.5 MHz 
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16 MHz· 

Min Max 
(ns) (ns) 

N/A N/A 
31.25 125 

N/A 
7 

N/A 
9 

S 

S 

Test 
Conditions 

Note 2 
Note 3 

Note 4 

Note 4 

Note 5 

Note 3 

Test 
Conditions 

Note 6 
Note 6 

Note 6 
Note 7 

Note 6 
NoteS 

Note 9 

Note 10 
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AC DRIVE AND MEASUREMENT 
POINTS-CLK INPUT 

AC SETUP, HOLD, AND DELAY TIME 
MEASUREMENTs-GENERAL 

ClK 
INPUT 

OTHER 
DEVICE 
INPUT 

270640-9 DEVICE 
OUTPUT 

AC TEST LOADING ON OUTPUTS 

DEVICE 

OUTPUT~ 

rCL 

270640-11 

DATA TRANSFER TIMING (INITIATED BY CPU) 

CMDO,CMDI 
NPS1,NPS2 t-

I+-t11 --

I- t10 

VALID 

-t8 t 19 

I+-- t27 ----
-t28 .... I+-- t32----

I DATA OUT 
\ VALID 

t9 t 18 

, 
I--t6--~t7-

t-

DATA MAY CHANGE DATA IN DATA MAY CHANGE VALID 

t30'" 

BUSY 1 --~~'-----

I 

) ~" TRANSF 
FROM 8 

DATA 
TRANSF 
TO 80C 

ER 
OC186 

ER 
187 

80C187 

270640-10 

270640-12 
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DATA CHANNEL TIMING (INITIATED BY 80C187) 

CMD1.CMDl ---I~ =r NPSI. NPS2 ---I ~--t-t~O-I_--l-I------VA-L-ID-__ ----- .... -----

NPRD. NPWR P ~ ~---------~r--::~--t26-----j}-
'" '''--1 __ _ PEREQ ! ----------....,~+-. ---------------

270640-13 

ERROR OUTPUT TIMING 

BUSY 

-t-."J 
270640-14 

ClK, RESET TIMING (CKM = 1) 

1/>1 I 1/>2 

I CLK 
(IF CKM = 1)''---..1 

_________ 4_'t_211 ~-t2-0-----
RESET ~ 

270640-15 
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ClK, NPRD, NPWR TIMING (CKM = 1) 

CLK 
(IF CKM = 1 ), ___ .1 

NPRD 
NPWR 

ClK, RESET TIMING (CKM = 0) 

PHASE INDETERMINATE 

RESET 

"'2 

RESET must meet timing shown to guarantee known phase of internal divide by 2 circuits. 

NOTE: 

80C187 

270640-16 

270640-17 

RESET, NPWR, NPRD inputs are asynchronous to ClK. Timing requirements are given for testing purposes only, to assure 
recognition at a specific ClK edge. 

ClK, NPRD, NPWR TIMING (CKM = 0) 

\\\\\ 
270640-18 

RESET, BUSY TIMING 

270640-19 

RESET 

____ t_t33=L 
BUSY 
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80C187 EXTENSIONS TO THE CPU's 
INSTRUCTION SET . 

Instructions for the 80C187 assume one of the five 
forms shown in Table 12. In all cases, instructions 
are at least two bytes long and begin with the bit 
pattern 11011 S, which identifies the ESCAPE class 
of instruction. Instructions that refer to memory oper
ands specify addresses using the CPU's addressing 
modes. . 

MOD (Mode field) and RIM (Register/Memory spec
ifier) have the same interpretation as the corre
sponding fields of CPU instructions (refer to Pro
grammer's Reference Manual for the CPU). The 

DISP (displacement) is optionally present in instruc
tions that have MOD and RIM fields. Its presence 
depends on the values of MOD and RIM, as for in
structions of the CPU. 

The instruction summaries that follow assume that 
the instruction has been prefetched, decoded, and is 
ready for execution; that bus cycles do not require 
wait states; that there are no local bus HOLD re
quests delaying processor access to the bus; and 
that no exceptions are detected during instruction 
execution. Timings are given in internal 80C187 
clocks and include. the time for opcode and data 
transfer between the CPU and the NPX. If the in
struction has MOD and RIM fields that call for both 
base and index registers, add one clock. 

Table 12. Instruction Formats 

Instruction 
Optional 

First Byte Second Byte Field 

1 11011 OPA 1 MOD 1 I OPS RIM DISP 

2 11011 MF OPA MOD OPS • RIM DISP 

3 11011 d P OPA 1 1 OPS • ST (i) 

4 11011 0 0 1 1 1 1 I OP 

5 11011 0 1 1 1 1 1 I OP 

15-11 10 . 9 8 7 6 5 4 3 210 

NOTES: 
OP = Instruction opcode, possibly split into two fields OPA and OPB 

MF = MemorY Format d = Destination 
00- 32-Bit Real 0- Destination is ST(O) 
01- 32-Bit Integer 0- Destination is ST(i) 
10- 64-Bit Real R XOR d = 0- Destination (op) Source 
11-16-Bit Integer R XOR d = 1- Source (op) Destination 

·In FSUB and FDIV, the low-order bit of OPB is the R (reversed) bit 

P = PQP ST(i) = Register Stack Element i 
0- Do not pop stack 000 = Stack Top 
1- Pop stack after operation 001 = Second Stack Element 

ESC = 11011 : 

• 
111 = Eighth Stack Element 
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80C187 Extensions to the 80C186'lnstruction Set 

I Encoding Clock Count Range 
Instruction I Byte I Byte I Optional 32-Blt I 32-Blt I 64-Blt I 16-Blt 

0 1 Bytes 2-3 Real Integer Real Integer 
DATA TRANSFER 

FLO = Load" 
Integer/real memory to ST(O) I ESCMFI I MOD 000 R/M I DISP 40 65-72 59 67-71 

Long integer memory to ST(O) I ESClll I MOD 101 R/M I DISP 90-101 

Extended real memory to ST(O) I ESCOll I MOD 101 R/M I DISP 74 

BCD memory to ST(O) I ESC111 I MOD 100 R/M I DISP 296-305 

ST(i) to ST(O) I ESC 001 I 11000ST(i) I 16 

FST = Store 

ST(O) to integer/real memory I ESCMFI I MOD010R/M I DISP 58 93-107 73 80-93 

ST(O) to ST(i) I ESC 101 I 11010ST(i) I 13 

FSTP = Store and Pop 

ST(O) to integer/real memory I ESCMFI I MODOll R/M I DISP 58 93-107 73 80-93 

ST(O) to long integer memory I ESClll I MOD 111 R/M I DlSP 116-133 

ST(O) to extended real I ESCOll I MOD 111 R/M I DISP 83 

ST(O) to BCD memory I ESClll I MOD110R/M I DISP 542-564 

ST(O) to ST(i) I ESC 101 I 11001 ST (i) I 14 

FXCH = Exchange 

ST(i) and ST(O) I ESC 001 I 11001ST(i) I 20 

COMPARISON 

FCOM = Compare 

Integer/real memory to ST(O) I ESCMFO I MOD010 R/M I DISP 48 78-85 67 77-81 

ST(i) to ST(O) I ESC 000 I 11010ST(i) I 26 

FCOMP = Compare and pop 

Integer/real memory to ST I ESCMFO I MODOll R/M I DISP 48 78-85 67 77-81 

ST(i) to ST(O) I ESC 000 I 11011ST(i) I 28 

FCOMPP = Compare and pop twice 

ST(I) to ST(O) I ESC110 I 11011001 I 28 

FlST = Test ST(O) I ESC 001 I 11100100 I 30 

FUCOM = Unordered_pare I ESC 101 I l1100sr!!i I 26 

FUCOMP = Unordered compare 
and pop I ESC 101 I 11101 ST~ I 26 

FUCOMPP· .. Unordered _pare , 
and pop twice I ESC010 I 11101001 I 28 

FXAM = Examine ST(O) I ESC 001 I 11100101 I 32-40 

CONSTANTS 

FLOZ = Load + 0.0 into ST(O) I ESC 001 I 11101110 I 22 

FLOl = Load + 1.0 into ST(O) I ESC 001 I 11101000 I 26 

FLOPI = Load pi into ST(O) I ESC 001 I 11101011 I 42 

FLOL2T = Load log2(10) into ST(O) I ESC 001 I 11101001 I 42 

Shaded areas indicate instructions not available in 8087. 

NOTE: 
a. When loading single- or double-precision zero from memory. add 5 clocks. 
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80C187 Extensions to the 80C186 Instruction Set (Continued) 

I Encoding 

Instruction I Byte I Byte I' 0 1 

CONSTANTS (Conlinued) 

FLDL2E = Load log2(e) into ST(O) I ESC 001 i 11101010 I 
FLDLG2 = Load log,o(2) into ST(O) I ESC 001 I 11101100 I 
FLDLN2 = Load loge(2) into ST(O) I ESC 001 I 11101101 I 
ARITHMETIC 

FADD = Add 

Integer/real memory with ST(O) I ESCMFO I MOD 000 R/M I 
ST(i) and ST(O) I ESCdPO I 11000ST(i) I 

FSUB = Subtract 

Integer/real memory with ST(O) I ESCMFO I MOD10RR/M I 
ST(i) and ST(O) I ESCdPO I 1110RR/M I 

FMUL = Multiply 

Integer/real memory with ST(O) I ESCMFO I MOD 001 R/M I 
ST(i) and ST(O) I ESCdPO I 11001 R/M I 

FDIV = Divide 

Integer/real memory with ST(O) I ESCMFO I MODll RR/M I 
ST(i) and ST(O) I ESCdPO I 1III'RR/M I 

FSQRTI = Square root I ESC 001 I 11111010 I 
FSCALE = Scale ST(O) by ST(I) I ESC 001 I 11111101 I 
FPREM = Partial remainder of 

ST(O) "'" ST(I) I ESC 001 I 11111000 I 
FPREM1 .. Partial remalndet 

(IEEE) I ESC 001 I 11110101 I 
FRNOINT .. Round ST(O) 

tolfrteger I ESC 001 I 11111100 I 
FXTRACT = Extract components 

ofST(O) I ESC 001 I 11110100 I 
- FABS = Absolute value of ST(O) I ESC 001 I 11100001 I 

FCHS = Change sign of ST(O) I ESC 001 I 11100000 I 
Shaded areas indicate instructions not available in BOB7. 

NOTES: 
b. Add 3 clocks to the range when d = 1. 
C. Add 1 clock to each range when R = 1. 
d. Add 3 clocks to the range when d = O. 
e. typical = 54 (When d = 0, 4B-56, typical = 51). 
t. Add 1 clock to the range when R = 1. 
g. 153-159 when R = 1. 
h. Add 3 clocks to the range when d = 1. 
i. -0 ~ ST(O) ~ + 00. 
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Clock Count Range 

Optional 32·Blt I 32·Blt I 64·Blt I 16-Blt 
Bytes 2-3 Real Integer Real Integer 

42 

43 

43 

DISP 44-52 77-92 65-73 77-91 

25-33b 

DISP 44-52 77-92 65.:.73 77-91c 

28-36d 

DISP 47-57 81-102 68-93 82-93 

31-5ge 

DISP 108 140-147' 128 142-1469 

90h 

124-131 

69-88 

76-157 

91-167 

68-82 

72-78 

24 

26-27 

I 
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SOCi87 Extensions to the BOC1B61nstruction Set (Continued) 

I Encoding 
Instruction 

I 
Byte 

I 
Byte 

I 
Optional Clock Count Range 

0 1 Bytes 2-3 

TRANSCENDENTAL 

FCOS = Cosine of ST(O) I ESC 001 11111111 I 125-7741 

PPTANk = Partial tangent of ST(O) ESC 001 11110010 I 193-4991 

FPATAM = Partlaillfctanoent ESC 001 11110011 I 316-489 

PSI .. = Sine of ST(O) ESCOO! 11111110 I 124-7731 

FSIMCOS = Sine and cosine of ST(Ol ESC 001 11111011 I 196-8111 

F2XMli = 2ST(O) - 1 ESC 001 11110000 I 213-478 

FYL2Xm = ST(ll '1092(ST(0)) ESC 001 11110001 I 122-540 

FYL2XPIn = ST(I) , 1092(ST(0) + 1.0) ESC 001 11111001 I 259-549 

PROCESSOR CONTROL 

FINIT = Initialize NPX I ESCOll I 11100011 I 35 

FSTSW AX = Store status word I ESC111 I 1.1100000 I 17 

FLDCW = Load control word I ESC 001 I MOD 101 RIM I DISP 23 

FSTCW = Store control word I ESC 001 I MaDill RIM I DISP 21 

FSTSW = Store status word I ESC 101 I MaDill RIM I DISP 21 

FCLEX = Clear exceptions I ESC 011 I 11100010 I 13 

FSTENV = Store environment I ESC 001 I MOD110R/M I DISP 146 

FLDENV = Load environment I ESC 001 I MOD 100 RIM I DISP 113 

FSAVE = Save state I ESC 101 I MOD110R/M I DISP 550 

FRSTOR = Restore state I ESC 101 I MOD 100 RIM I DISP 482 

FINCSTP = Increment stack pointer ESC 001 I 11110111 I 23 

FDECSTP = Decrement stack pointer ESC 001 I 11110110 I 24 

FFREE = Free STeil ESC 101 I 11000ST(i) I 20 

FNOP = No operations ESCODI I 11010000 I 14 

Shaded areas indicate instructions no available in BOB7. 

NOTES: 
j. These timings hold for operands in the range Ixl < "IT 14. For operands not in this range, up to 78 clocks may be needed to 
reduce the operand. 
k. 0 ,;: I ST(O) I < 263. 
I. -1.0 ,;: ST(O) ,;: 1.0. 
m.O ,;: ST(O) < 00, - 00 < ST(l) < + 00. 

n.O ,;: IST(O)I < (2 - Y(2»/2, - 00 < ST(l) < + 00. 

DATA SHEET REVISION REVIEW 

The following list represents the key differences between the -002 and the -001 version of the BOC1 B7 data 
sheet. Please review this summary carefully. 

1. Figure 10, titled "System Configuration for BOB7-Compatible Exception Trapping", was replaced with a 
revised schematic. The previous configuration was faulty. Updated timing diagrams on Data Transfer Tim
ing, Error Output, and RESET IBUSY. 
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376™ HIGH PERFORMANCE 
32-BIT EMBEDDED PROCESSOR 

Full 32-Blt Internal Architecture • Complete Intel Development Support 
- a-, 16-, 32-Bit Data Types - C, PL/M, Assembler 
- a General Purpose 32-Bit Registers -ICETM-376, In-Circuit Emulator 
- Extensive 32-Bit Instruction Set - iRMK Real Time Kernel 

High Performance 16-Bit Data Bus - iSDM Debug Monitor 

- 16 or 20 MHz CPU Clock - DOS Based Debug 

- Two-Clock Bus Cycles • Extensive Third-Party Support: 
-16 Mbytes/Se~ Bus Bandwidth - Languages: C, Pascal, FORTRAN, 

BASIC and ADA' • 16 Mbyte Physical Memory Size 
-Hosts: VMS', UNIX', MS-DOS', and 

High Speed Numerics Support with the • Others 
a03a7SX - Real-Time Kernels 

• Low System Cost with the a2370 • High Speed CHMOS IV Technology 
Integrated System Peripheral • Available in 100 Pin Plastic Quad Flat-

• On-Chip Debugging Support Including Pack Package and aa-Pin Pin Grid Array 
Break Point Registers (See Packaging Outlines and Dimensions #231369) 

INTRODUCTION 

The 376 32-bit embedded processor is designed for high performance embedded systems. It provides the 
performance benefits of a highly pipelined 32-bit internal architecture with the low system cost associated with 
16-bit hardware systems. The 80376 processor is based on the 80386 and offers a high degree of compatibil
ity with the 80386. All 80386 32-bit programs not dependent on paging can be executed on the 80376 and all 
80376 programs can be executed on the 80386. All 32-bit 80386 language translators can be used for 
software development. With proper support software, any 80386-based computer can be used to develop and 
test 80376 programs. In addition, any 80386-based PC-AT' compatible computer can.be used for hardware 
prototyping for designs based on the 80376 and its companion product the 82370. 

Execution Unit t.4t.4U 

32-81t R.glst .... ProtectIon 

64-8lt Barrel Segment 
Shifter Registers 

Multipiy/Olvlde 
Segment 
Translator -. ALU -, 

I : 
I. I Bus Interface 

32-81t Dota Path Unit 

I I 
Decoder ~ 

Pref.tch 
Queue-

- Instruction Prafatcher 
Queue 

Prefetch Unit 

80376 Microarchltecture 

Intel, iRMK, ICE, 376, 386, Inte1386, iSDM, Intel1376 are trademarks of Intel Corp. 
'UNIX is a registered trademark of AT&T. 
ADA is a registered trademark of the U.S. Government, Ada Joint Program Office. 
PC-AT is a registered trademark of IBM Corporation. 
VMS is a trademark of Digital Equipment Corporation. 
MS-DOS is a trademark of MicroSoft Corporation. 

December 1990 
Order Number: 240182-1104 

Control 

T 
P¥-

240182-48 
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376 EMBEDDED PROCESSOR 

1.0 PIN DESCRIPTION 

DO 
VSS 

HlDA 
HOLD 

VSS 
NA 

READY 
Vee 
Vee 
Vee 
VSS 
VSS 
VSS 
VSS 

ClK2 
ADS 
BlE 

Al 
BHE 

NC 
Vee 
VSS 

M/iO 
D/e 
W/R 

Figure 1.1.80376 100-Pin Quad Flat-Pack Pin Out (Top View) 

Table 1.1. 100-Pin Plastic Quad Flat-Pack Pin Assignments 

Address Data Control N/C 

Al 18 Do 1 ADS 16 20 
A2 51 01 100 BHE 19 27 
A3 52 02 99 BLE 17 
A4 53 03 96 BUSY 34 29 
A5 54 04 95 CLK2 15 30 
Ae 55 05 94 DIG 24 31 
A7 56 De 93 ERROR 36 43 
As 58 07 92 FLT 28 44 
A9 59 08 90 HLOA 3 45 
AlO 60 09 89 HOLD 4 46 
A11 61 010 88 INTR 40 47 
A12 62 011 87 LOCK 26 
A13 64 012 86 MIlO 23 
A14 65 013 83 NA 6 
A15 66 014 82 NMI 38 
Ale 70 015 81 PEREa 37 
A17 72 READY 7 
A1S 73 RESET 33 
A19 74 W/R 25 
A20 75 
A21 76 
A22 79 
A23 80 
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A20 
A19 
AlB 
A17 
Vee 
A16 
Vee 
VSS 
VSS 
A15 
A14 
A13 
VSS 
A12 
All 
AID 
A9 
AB 
Vee 
A7 
A6 
A5 
A4 
A3 
A2 

240182-52 

Vee 
8 
9 
10 
21 
32 
39 
42 
48 
57 
69 
71 
84 
91 
97 

Vss 
2 
5 

11 
12 
13 
14 
22 
35 
41 
49 
50 
63 
67 
68 
77 
78 
85 
98 



376 EMBEDDED PROCESSOR 

Top View 
(Component Side) 

G A 

o 0 0 0 0 0 0 0 0 0 0 0 0 
Vee Vss Nle At ADS READY HOLD DO 02 Vss Vee Vss Vee 

o 0 0 0 0 0 0 0 0 0 0 0 0 
Vss Vee "ViC SHE BIE CLK2 NA HLOA 01 03 Vss Vee Vss 

o 0 0 0 
Vee D/e 
o 0 
Vss W/R 

o 0 
Vee LOCK 

o 0 
Vss RESET 

o 0 
PEREQ BUSY 

o 0 
ERROR NMI 

o 0 
Vss INTR 

10 0 0 
Vee A2 

11 0 0 
Vss A3 

04 Vee 

o 0 
06 05 
o 0 
07 D8 

o 0 
09 010 
o 0 
011 012 
o 0 
013 014 
o 0 
0.5 A23 
o 0 10 
A21 A22 
o 0 11 

Vss Vee 
12 0 0 0 0 0 0 0 0 0 0 0 0 0 12 

Vss A4 AS A7 A8 Al0 A13 A15 A17 A18 A20 Vee Vss 

13 0 0 0 0 0 0 0 0 0 0 0 0 O' 13 
Vee Vss Vee A6 A9 A11 A12 A14 "'16 A19 Vee Vss Vee 

N K 

A 

G 

Bottom View . 
(Pin Side) 

A 

~ 000 0 0 0 0 0 0 0 0 0 0 ~ 
vee Vss vee vss 02 Do HOLD READY ADS A, Nle Vss Vee 

02000000000000002 
Vss Vee Vss 03 0, HLOA NA CLK2 m SHE M/iO Vee Vss 

03 0 0 

04 0 0 

05 0 0 
o. ~ 

06 0 0 

07 0 0 

08 0 0 

09 0 0 
A23 0 ,5 

10 0 0 

11 0 0 

o 0 03 
o/e Vee 

o 0 04 
W/R Vss 

o 0 OS 
LOCK Vee 

o 0 06 
RESET Vss 

o 0 07 
BUSY PEREQ 

o 0 o. 
NM. ERROR 

o 0 09 
INTR Vss 

o 0 10 

o O' 11 

12 0 0 0 0 0 0 0 0 0 0 0 0 0 12 
Vss Vee A20 A18 A17 A'5 A'3 A,a As A7 As A", Vss 

13 0 0 0 0 0 0 0 0 0 0 0 0 0 13 
Vee Vss Vee ""9 A'6 Au. A'2 Au At As Vee Vss Vee 

A G 

Figure 1.2. S0376 SS-Pin Grid Array Pin Out 

240182-49 

240182-2 
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376 EMBEDDED PROCESSOR 

Table 1.2. SS-Pin Grid Array Pin Assignments 
Pin Label Pin Label Pin Label Pin Label 
2H CLK2 12D A1B 2L MIlO 11A Vee 
98 D15 12E A17 5M LOCK 13A Vee 
8A D14 13E A16 1J ADS 13C Vee 
88 D13 12F A15 1H READY 13L Vee 
7A D12 13F A14 2G NA 1N Vee 
78 D11 12G A13 1G HOLD 13N Vee 
6A DlO 13G A12 2F HLDA 118 Vss 
68 D9 13H A11 7N PEREO 2C Vss 
5A DB 12H AlO 7M 8USY 10 Vss 
58 D7 13J A9 8N ERROR 1M Vss 
48 D6 12J AB 9M INTR 4N Vss 
4A D5 12K A7 8M NMI 9N Vss 
38 D4 13K A6 6M RESET 11N Vss 
2D D3 12L A5 28 Vee 2A Vss 
1E D2 12M A4 128 Vee 12A Vss 
2E D1 11M A3 1C Vee 18 Vss 
1F Do 10M A2 2M Vee 138 Vss 
9A A23 1K A1 3N Vee 13M Vss 
10A A22 2J 8LE 5N Vee 2N Vss 
108 A21 2K 8HE 10N Vee 6N Vss 
12C A20 4M W/R 1A Vee 12N Vss 
13D A19 3M D/C 3A Vee 1L N/C 
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376 EMBEDDED PROCESSOR 

The following table lists a brief description of each pin on the 80376. The following definitions are used in 
these descriptions: 

The named signal is active LOW. 
I Input signal. 
o Output signal. 
I/O Input and Output signal. 

No electrical connection. 

Symbol Type Name and Function 

CLK2 I CLK2 provides the fundamental timing for the 80376. For additional 
information see Clock in Section 4.1. 

RESET I RESET suspends any operation in progress and places the 80376 in a 
known reset state. See Interrupt Signals in Section 4.1 for additional 
information. 

015-00 I/O DATA BUS inputs data during memory, I/O and interrupt acknowledge 
read cycles and outputs data during memory and I/O write cycles. See 
Data Bus in Section 4.1 for additional information. 

A23-A1 0 ADDRESS BUS outputs physical memory or port I/O addresses. See 
Address Bus in Section 4.1 for additional information. 

W/R 0 WRITE/READ is a bus cycle definition pin that distinguishes write 
cycles from read cycles. See Bus Cycle Definition Signals in Section 
4.1 for additional information. 

D/C 0 DATA/CONTROL is a bus cycle definition pin that distinguishes data 
cycles, either memory or I/O, from control cycles which are: interrupt 
acknowledge, halt, and instruction fetching. See Bus Cycle Definition 
Signals in Section 4.1 for additional information. 

MilO 0 MEMORY I/O is a bus cycle definition pin that distinguishes memory 
cycles from input/output cycles. See Bus Cycle Definition Signals in 
Section 4.1 for additional information. 

LOCK 0 BUS LOCK is a bus cycle definition pin that indicates that other 
system bus masters are denied access to the system bus while it is 
active. See Bus Cycle Definition Signals in Section 4.1 for additional 
information. 

ADS 0 ADDRESS STATUS indicates that a valid bus cycle definition and 
address (W/Fi., D/G, MilO, SHE, SLE and A23-A1) are being driven at 
the 80376 pins. See Bus Control Signals in Section 4.1 for additional 
information. 

NA I NEXT ADDRESS is used to request address pipelining. See Bus 
Control Signals in Section 4.1 for additional information. 

READY I BUS READY terminates the bus cycle. See Bus Control Signals in 
Section 4.1 for additional information. 

SHE, SLE 0 BYTE ENABLES indicate which data bytes of the data bus take part in 
a bus cycle. See Address Bus in Section '4.1 for additional 
information. 

HOLD I BUS HOLD REQUEST input allows another bus master to request 
control of the local bus. See Bus Arbitration Signals in Section 4.1 
for additional information. 
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376 EMBEDDED PROCESSOR 

Symbol Type Name and Function 
HLDA 0 BUS HOLD ACKNOWLEDGE output indicates that the 80376 has 

surrendered control of its local bus to another bus master. See Bus 
Arbitration Signals in Section 4.1 for additional information. 

INTR I INTERRUPT REQUEST is a maskable input that signals the 80376 to 
suspend execution of the current program and execute an interrupt 
acknowledge function. See Interrupt Signals in Section 4.1 for 
additional information. 

NMI I NON-MASKABLE INTERRUPT REQUEST is a non-maskable input 
that signals the 80376 to suspend execution of the current program 
and execute an interrupt acknowledge function. See Interrupt Signals 
in Section 4.1 for additional information. 

BUSY I BUSY signals a busy condition from a processor extension. See 
Coprocessor Interface Signals in Section 4.1 for additional 
information. 

ERROR I ERROR signals an error condition from a processor extension. See 
Coprocessor Interface Signals in Section 4.1 for additional 
information. 

PEREQ I PROCESSOR EXTENSION REQUEST indicates that the processor 
extension has data to be transferred by the 80376. See Coprocessor 
Interface Signals in Section 4.1 for additional information. 

FLT I FLOAT, when active, forces all bidirectional and output signals, 
including HLDA, to the float condition. FLOAT is not available on the 
PGA package. See Float for additional information. 

N/C - NO CONNECT should always remain unconnected. Connection of a 
N/C pin may cause the processor to malfunction or be incompatible 
with future steppings of the 80376. 

Vee I SYSTEM POWER provides the + 5V nominal D.C. supply input. 

Vss I SYSTEM GROUND provides OV connection from which all inputs and 
outputs are measured. 

2.0 ARCHITECTURE OVERVIEW sists of the execution unit and instruction unit. The 
execution unit contains the eight 32-bit general reg
isters which are used for both address calculation 
and data operations and a 64-bit barrel shifter used 
to speed shift, rotate, multiply, and divide operations. 
The instruction unit decodes the instruction opcodes 
and stores them in the deboded instruction queue 
for immediate use by the execution unit. 

The 80376 supports the protection mechanisms 
needed by sophisticated multitasking embedded 
systems and real-time operating· systems. The use 
of these protection mechanisms is completely op
tional. For embedded applications not needing pro
tection, the 80376 can easily be configured to pro
vide a 16 Mbyte physical address spa~e. 

Instruction pipelining, high bus bandwidth,. and a 
very high performance ALU ensure short average 
instruction execution times and high system 
throughput. The 80376 is capable of execution at 
sustained rates of 2.5-3.q million instructions per 
second. 

The 80376 offers on-chip testability and debugging 
features. Four break point registers allow conditional 
or unconditional break point traps on code execution 
or data acce,sses for powerful debugging of even 
ROM based systems. Other testability features in
clude self-test and tri-stating of output buffers during 
RESET. 

The Intel 80376 embedded processor consists of a 
central processing unit, a memory management unit 
and a bus interface. The central processing unit con-
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The Memory Management Unit (MMU) consists of a 
segmentation and protection unit. Segmentation al
lows the managing of the logical address space by 
providing an extra addressing component, one that 
allows easy code and data relocatability, and effi
cient sharing. 

The protection unit provides four levels of protection 
for isolating and protecting applications and the op
erating system from each other. The hardware en
forced protection allows the design of systems with 
a high degree of integrity and simplifies debugging. 

, Finally, to facilitate high performance system hard
ware designs, the 80376 bus interface offers ad
dress pipelinirig and direct Byte Enable signals for 
each byte of the data bus. 
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2.1 Register Set 

The 80376 has twenty-nine registers as shown in Figure 2.1. These registers are grouped into the following six 
categories: 

31 16 15 87 

AH AX AL 

BH BX BL 

CH CX CL 

DH OX DL 

SI 

01 

BP 

SP 

15 0 

31 0 

I 
31 0 

I 
47 16 15 0 

63 
48 .... 1--------li------I 
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31 
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LINEAR BREAKPOINT ADDRESS 1 
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EAX 

EBX 

ECX 

EDX 

ESI 

EDI 

ESP 

ESP 

CS 

55 

OS 

ES 

FS 

GS 

EFLAGS 

EIP 

CRO 

GDTR 

IDTR 

LDTR 

TR 

ORO 

DRI 

DR2 

DR3 

DR4 

DRS 

DR6 

DR7 

] 
::J 

] 

Figure 2.1. 80376 Base Architecture Registers 
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General Registers: The eight 32-bit general pur
pose registers are used to contain arithmetic and 
logical operands. Four of these (EAX, EBX, ECX and 
EDX) can be used either in their entirety as 32-bit 
registers, as 16-bit registers, or split into pairs of 
separate 8-bit registers. 

Segment Registers: Six 16-bit special purpose reg
isters select, at any given time, the segments of 
memory that are immediately addressable for code, 
stack, and data. . 

Flags and Instruction Pointer Registers: These 
two 32-bit special purpose registers in Figure 2.1 
record or control certain aspects of the 80376 proc
essor state. The EFLAGS register includes status 
and control bits that are used to reflect the outcome 
of many instructions and modify the semantics of 
some instructions. The Instruction Pointer, called 
EIP, is 32 bits wide. The Instruction Pointer controls 
instruction fetching and the processor automatically 
increments it after executing an instruction. 

Control Register: The 32-bit control register, CRO, 
is used to control Coprocessor Emulation. 

SPECIAL FIELDS: 

System Address Registers: These four special 
registers reference the tables or segments support
ed by the 80376/80386 protection model. These ta
bles Qr segments are: 

GDTR (Global Descriptor Table Register), 
IDTR (Interrupt Descriptor Table Register), 
LDTR (Local Descriptor Table Register), 
TR (Task State Segment Register). 

Debug Registers: The six programmer accessible 
debug registers provide on-chip support for debug
ging. The use of the debug registers is described in 
Section 2.11 Debugging Support. 

EFLAGS REGISTER 

The flag Register is a 32-bit register named 
EFLAGS. The defined bits and bit fields within 
EFLAGS, shown in Figure 2.2, control certain opera
tions and indicate the status of the 80376 processor. 
The function of the flag bits is given in Table 2.1: 

STATUS FLAGS: 

,--------------OVERFLOW 

,---------SIGH 

...-------ZERO 

,------AUX CARRY 

,----PARITY 

CONTROL FLAGS 

L..----TRAP 

L..-----INTERRUPT 

'-------DIREcnOH 

CARRY 

'-------------RESUIotE 
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Figure 2.2. Status and Control Register Bit Functions 
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Table 2.1. Flag Definitions 

Bit Position Name Function 
0 . CF Carry Flag-Set on high·order bit carry or borrow; cleared otherwise. 
2 PF Parity Flag-Set if low-order 8 bits of result contain an even number 

of .1-bits; cleared otherwise. 
4 AF Auxiliary Carry Flag-Set on carry from or borrow to the low order 

four bits of AL; cleared otherwise. 
6 ZF Zero Flag-Set if result is zero; cleared otherwise. 
7 SF Sign Flag-Set equal to high-order bit of result (0 if positive, 

negative). 
1 if 

8 TF Single Step Flag-Once set, a single step interrupt occurs after the 
next instruction executes. TF is cleared by the single step interrupt. 

9 IF Interrupt-Enable Flag-When set, external interrupts signaled on the 
INTR pin will cause the CPU to transfer control to an interrupt vector 
specified location. . 

10 OF Direction Flag-Causes string instructions to auto-increment (default) 
the appropriate index registers when cleared. Setting OF causes auto-
decrement. 

11 OF Overflow Flag-Set if the operation resulted in a carry/borrow into 
the sign bit (high-order bit) of the result but did not result in a 
carry/borrow out of the high-order bit or vice-versa. 

12,13 10PL 1/0 Privilege Level-Indicates the maximum CPL. permitted to 
execute I/O instructions without generating an exception 13 fault or 
consulting the I/O permission bit map. It also indicates the maximum 
CPL value allowing alteration of the IF bit. 

14 NT Nested Task-Indicates that the execution of the current task is 
nested within another task (see Task Switching). 

16 RF Resume Flag-Used in conjunction with debug register breakpoints. It 
is checked at instruction boundaries before breakpoint processing. If 
set, any debug fault is ignored on the next instruction. It is reset at the 
successful completion of any instruction except IRET, POPF, and 
those instructions causing task switches. 

CONTROL REGISTER 

The 80376 has a 32~bit control register called CRO that is used to control coprocessor emulation. This register 
is shown in Figures, 2.1 and 2.2. The defined CRO bits are described in Table 2.2. Bits 0, 4 and 31 of CRO have 
fixed values in the 80376. These values cannot be changed. Programs that load CRO should always load bits 
0,4 and 31 with values previously there to be compatible with the 80386. 

Table 2.2. CRO Definitions 

Bit Position Name Function 
1 MP Monitor Coprocessor Extension-Allows WAIT instructions to cause 

a processor extension not present exception (number 7). 
2 EM Emulate Processor Extension-When set, this bit causes a 

processor extension not present exception (number 7) on ESC 
instructions to allow processor extension emulation. 

3 TS Task Switched-When set, this bit indicates the next instruction using 
a processor extension will cause exception 7, allowing software to test 
whether the current processor extension context belongs to the 
current task (see Task Switching). 
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2.2 Instruction Set 

The instruction set is divided into nine categories of 
operations: 

Data Transfer 
Arithmetic 
Shift/Rotate 
String Manipulation 
Bit Manipulation 
Control Transfer 
High Level Language Support 
Operating System SLipport 
Processor Control 

These B0376 processor instructions are listed in Ta
ble B.1 80376 Instruction Set and Clock Count 
Summary. 

All B0376 processor instructions operate on either 0, 
1, 2 or 3 operands; an operand resides in a register, 
in the instruction itself, or in memory. Most zero op
erand instructions (e.g. CLI, STI) take only one byte. 
One operand instructions generally are two bytes 
long. The average ins~ruction is 3.2 bytes long. 
Since the B0376 has a 16-byte prefetch instruction 
queue an average of 5 instructions can be pre
fetched. The use of two oper,ands permits the follow
ing ~pes of common instructions: 

Register to Register 
Memory to Register 
Immediate to Register 
Memory to MemorY 
Register to Memory 
Immediate to Memory 

The operands are either B-, 16- or 32-bit long. 
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. 2.3 Memory Organization 

Memory on the B0376 is divided into' B:bit quantities 
(bytes), 16~bit quantities (words), and 32-bit quanti
ties (dwords). Words are stored in two consecutive 
bytes in memory with the low-order.byte at the low
est address. Dwords are stored in four consecutive 
bytes in memory with the low-order byte at the low
est address. The address of a word or Dword is the 
byte address of the low-order byte. For maximum 
performance word and dword values should be at 
even phy~ical addresses. 

In addition to these basic data ~pes the B0376 proc
. essor supports segments. Memory can be divided 
up into .one or more variable length segments, which 
can be shared between programs. 

ADDRESS SPACES 

The B0376 has three ~pes of address spaces: logi· 
cal, linear, and physical. A logical address (also 
known as a virtual address) consists of a selector 
and an offset. A selector is the contents of a seg
ment register. An offset is formed by summing all of 
the addressing components (BASE, INDEX, and 
DISPLACEMENT), discussed in Section 2.4 Ad· 
dressing Modes, into an effective address. 

Every selector has a logical base address associat
ed with it that can be up to 32 bits in length. This 32-
bit logical base address is added to either a 32-bit 
offset address or a 16-bit offset address (by using 
the address length prefix )to form a final 32-bit lin
ear address. This final linear address is then trun
cated so that only the lower 24 bits of this address 
are used to address the 16 Mbytes physical memory 
address space. The logical base address is stored 
in one of two operating system tables (i.e. the Local 
Descriptor Table or Global Descriptor Table). 

Figure 2.3 shows the relationship between the vari-
ous address spaces. ' 
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EffECTIVE ADDRESS CALCULATION 
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I _·rt -----------------------. 16 Mbyte 
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Figure 2.3. Address Translation 

SEGMENT REGISTER USAGE 

The main data structure used to organize memory is 
the segment. On the 80376, segments are variable 
sized blocks of linear addresses which have certain 
attributes associated with them. There are two main 
types of segments, code and data. The simplest use 
of segments is to have one code and data segment. 
Each segment is 16 Mbytes in size overlapping each 
other. This allows code and data to be directly ad
dressed by the same offset. 

In order to provide compact instruction encoding 
and increase processor performance, instructions 
do not need to explicitly specify which segment reg-

ister is used. The segment register is automatically 
chosen according to the rules of Table 2.3 (Segment 
Register Selection Rules). In general, data refer
ences use the selector contained in the OS register, 
stack references use the SS register and instruction 
fetches use the CS register. The contents of the In
struction Pointer provide the offset. Special segment 
override prefixes allow the explicit use of a given 
segment register, and override the implicit rules list
ed in Table 2.3. The override prefixes also allow the 
use of the ES, FS and GS segm~nt registers. 

There are no restrictions regarding the overlapping 
of the base addresses of any segments. Thus, all 6 
segments could have the base address set to zero. 
Further details of segmentation are discussed in 
Section 3.0 Architecture. 
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Table 2.3. Segment Register Selection Rules 

Type of 
Memory Reference 

Code Fetch 

Destination of PUSH, PUSHF, INT, 
CALL, PUSHA Instructions 

Source of POP, POPA, POPF, IRET, 
RET Instructions 

Destination of STOS, 
MOVS, REP STOS, 
REP MOVS Instructions 
(DI is Base Register) 

Other Data References, 
with Effective Address 
Using Base Register of: 

[EAX] 
[EBX] 
[ECX] 
[EDX] 
[ESI] 
[EDI] 
[EBP] 
[ESP] 

2.4 Addressing Modes 

The 80376 provides a total of 8 addressing modes 
for instructions to specify operands. The addressing 
modes are optimized to allow the efficient execution 
of high level languages such as C and FORTRAN, 
and they cover the vast majority of data references 
needed by high-level languages. 

Two of the addressing modes proVide for instruc
tions that operate on register or' immediate oper
ands: 

Register Operand Mode: The operand is located in 
one of the 8-, 16- or 32-bit general registers. 

Immediate Operand Mode: The operand is includ
ed in the instruction as part of the opcode. 

The remaining 6 modes provide a mechanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the seg-
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Implied (Default) Segment Override 
Segment Use Prefixes Possible 

CS None 

SS None· 

SS None 

ES None 

DS CS, SS, ES, FS, GS 
DS CS, SS, ES, FS, GS 
DS CS, SS, ES, FS, GS 
DS CS, SS, ES, FS, GS 
DS CS, SS, ES, FS, GS 
DS CS, SS, ES, FS, GS 
SS CS, SS, ES, FS, GS 
SS CS, SS, ES, FS, GS 

ment base address and an effective address.' The 
effective address is calculated . by summing any 
combination of the fcillowing three address elements 
(see Figure 2.3): 

DISPLACEMENT: an 8-, 16- or 32-bit immediate val
ue following the instruction. ' 

BASE: The contents of any general purpose regis
ter. The base registers are generally used by compil
ers to point to the start of the local variable area. 
Note that ifthe Address Length Prefix is used, only 
BX and BP can be used as a BASE register. 

INDEX: The contents of any general purpose regis
ter except for ESP. The index registers are used to 
access the elements of an array, or a string of char
acters. The index register's value can be multiplied 
by a scale factor, either 1, 2, 4 or 8. The scaled index 
is especially useful for accessing arrays or struc
tures. Note that if the Address Length Prefix is 
used, no Scaling is available and only the registers 
SI and DI can be used to INDEX. 



Combinations of these 3 components make up the 6 
additional addressing modes. There is no perform
ance penalty for using any of these addressing com
binations, since the effective address calculation is 
pipe lined with the execution of other instructions. 
The one exception is the simultaneous use of BASE 
and INDEX components which requires one addi
tional clock. 

As shown in Figure 2.4, the effective address (EA) of 
an operand is calculated according to the following 
formula: 

EA = BASE Register + (INDEXRegisterXscaling) + 
DISPLACEMENT 

1. Direct Mode: The operand's offset is contained 
as part of the instruction as an 8-, 16- or 32-bit 
DISPLACEMENT. 

SEGMENT REGISTER 

SS 
GS 

FS 
ES 

OS 
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2. Register Indirect Mode: A BASE register con
tains the address of the operand. 

3. Based Mode: A BASE register's contents is add
ed to a DISPLACEMENT to form the operand's 
offset. . 

4. Scaled Indele Mode: An INDEX register's con
tents is multiplied by a SCALING factor which is 
added to a DISPLACEMENT to form the oper
and's offset. 

5. Based Scaled Index Mode: The contents of an 
INDEX register is multiplied by a SCALING factor 
and the result is added to the contents of a BASE 
register to obtain the operand's offset. 

. 6. Based Scaled Index Mode with Displacement: 
The contents of an INDEX register are multiplied 
by a SCALING factor, and the result is added to 
the contents of a BASE register and a DISPLACE
MENT to form the operand's offset. 

--»------1\ 

DESCRIPTOR REGISTERS 

SS 
GS 

FS 
ES 

OS 
ACCESS RIGHTS CS 

LIMIT 

EfFECTIVE 
ADDRESS 

LINEAR 8 ADDRESS 
+ :> 
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TARGET ADDRESS 

SEGMENT BASE ADDRESS 

Figure 2.4. Addressing Mode Calculations 
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SELECTED 
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GENERATING 16-BIT ADDRESSES biers. The Operand Length and Address Length Pre
fixes can be applied separately or in combination to 
any instruction. The 80376 executes code with a default length for 

operands and addresses of 32 bits. The 80376 is 
also able to execute operands and addresses of 16 
bits. This is specified through the use of override 
prefixes. Two prefixes, the Operand Length Prefix 
and the Address Length Prefix, override the de
fault 32-bit length on an individual instruction basis. 
These prefixes are automatically added by assem-

The 80376 normally executes 32-bit code and uses 
either 8- or 32-bit displacements, and any register 
can be used as based or index registers. When exe
cuting 16-bit code (by prefix overrides), the displace
ments are either 8 or 16 bits, and the base and index 
register conform to the 16-bit model. Table 2.4 illus
trates the differences. 

Table 2.4. BASE and INDEX Registers for 16- and 32-Bit Addresses 

16-Bit Addressing 32-Bit Addressing 

BASE REGISTER BX,BP Any 32-Bit GP Register 

INDEX REGISTER SI,DI Any 32-Bit GP Register 
except ESP 

SCALE FACTOR None 1,2,4,8 

DISPLACMENT 0,8,16 Bits 0,8,32 Bits 

2.5 Data Types 

The 80376 supports all of the data types commonly used in high level languages: 

Bit: 

Bit Field: 

Bit String: 

Byte: 

Unsigned Byte: 

Integer (Word): 

Long Integer (Double Word): 

Unsigned Integer (Word): 

Unsigned Long Integer 
(Double Word): 

Signed Quad Word: 

Unsigned Quad Word: 

Pointer: 

Long Pointer: 

Char: 

String: 

BCD: 

Packed BCD: 
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A single bit quantity. 

A group of up to 32 contiguous bits, which spans a maximum of four 
bytes. 

A set of contiguous bits, on the 80376 bit strings can be up to 16 Mbits 
long. 

A signed 8-bit quantity. 

An unsigned 8-bit quantity. 

A signed 16-bit quantity. 

A signed 32-bit quantity. All operations assume a 2's complement 
representation. 

An unsigned 16-bit quantity. 

An unsigned 32-bit quantity. 

A signed 64-bit quantity. 

An unsigned 64-bit quantity. 

A 16- or 32-bit offset only quantity which indirectly references another 
memory location. 

A full pointer which consists of a 16-bit segment selector and either a 
16- or 32-bit offset. ' 

A byte representation of an ASCII Alphanumeric or control character. 

A contiguous sequence of bytes, words or dwords. A string may 
contain between 1 byte and 16 Mbytes. 

A byte (unpacked) representation of decimal digits 0-9. 

A byte (packed) representation of two decimal digits 0-9 storing one 
digit in each nibble. 
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When the 80376 is coupled with a numerics Coprocessor such as the 80387SX then the following 
common Floating Point types are supported. 

Floating Point: A signed 32-, 64- or aO-bit real number representation. Floating point 
numbers are supported by the 80387SX numerics coprocessor. 

Figure 2.5 illustrates the data types supported by the 80376 processor and the 80387SX coprocessor. 
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Figure 2.5. 80376 Supported Data Types 
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2.6 1/0 Space 

The 80376 has two distinct physical address 
spaces: physical memory and I/O.' Generally, pe
ripherals are placed in I/O space although the 
80376 also supports memory-mapped peripherals. 
The I/O space consists of 64 Kbytes which can be 
divided into 64K 8~bit ports, 32K 16-bit ports, or any 
combination of ports which add to no more than 64 
Kbytes. The M/IO pin acts as an additional address 
line, thus allowing the system designer to easily de
termine which address space the processor is ac
cessing. Note that the I/O address refers to a physi
cal address. 

The I/O ports are accessed by the IN and OUT in
structions, with the port address supplied as an im
mediate 8-bit constant in the instruction or in the OX 
register. All 8-bit and 16-bit port addresses are zero 
extended on the upper address lines. The I/O in
structions cause the M/IO pin to be driven LOW. I/O 
port addresses 00F8H through OOFFH are reserved 
for use by, Intel. 

2.7 Interrupts and Exceptions 

Interrupts and exceptions alter the normal program 
flow in order to handle external events, report errors 
or exceptional conditons. The difference between in
terrupts and exceptions is that interrupts are used to 
handle asynchronous external events while excep
tions handle instruction faults. Although a program 
can generate a software interrupt via an INT N in
struction, the processor treats software interrupts as 
exceptions. 

Hardware interrupts' occur as the result of an exter
nal event and are classified into two types: maskable 
or non-maskable. Interrupts are serviced after the 
execution of the current instruction. After the inter
rupt handler is finished servicing the interrupt, exe
cution proceeds with the instruction immediately af· 
ter the interrupted instruction. 

Exceptions are classified as faults, traps, or aborts 
depending on the way they are reported, and wheth
er or not restart of the instruction causing the excep
tion is suported. Faults are exceptions that are de
tected and serviced before the execution of the 
faulting instruction. Traps are exceptions that are 
reported immediately after the execution of the in
struction which caused the problem. Aborts are ex
ceptions which do not permit the precise location of 
the instruction causing the exception to be deter
mined. Thus, when an interrupt service routine has 
been completed, execution proceeds from the in-
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struction immediately following the interrupted in
struction. On the other hand the return address from 
an exception/fault routine will always point at the 
instruction causing the exception and' include any 
leading instruction prefixes. Table 2.5 summarizes 
the possible interrupts for the 80376 and shows 
where the return address points to. 

The 80376 has the ability to handle up to 256 differ
ent interrupts/exceptions. In order to service the in
terrupts, a table with up to 256 interrupt vectors 
must be defined. The 'interrupt vectors are simply 
pointers to the appropriate interrupt service routine. 
The interrupt vectors are 8-byte quantities, which are 
put in an Interrupt Descriptor Table. Of the 256 pos
sible interrupts, 32 are reserved for use by Intel and 
the remaining 224 are free to be used by the system 
designer. 

INTERRUPT PROCESSING 

When an interrupt occurs the following actions hap
pen. First, the current program address and the 
Flags are saved on the stack to allow resumption of 
the interrupted program. i\lext, an 8-bit vector is sup
plied to the 80376 which identifies the appropriate 
entry in the interrupt table. The table contains either 
an Interrupt Gate, a Trap Gate or a Task Gate that 
will point to an interrupt procedure or task. The user 
supplied interrupt service routine is executed. Final
ly, when an IRET instruction is executed the old 
processor state is restored and program execution 
resumes at the appropriate instruction. 

The 8-bit interrupt vector is supplied to the 80376 in 
several different ways: exceptions supply the interc 

rupt vector internally; software INT instructions con
tain or imply the vector; maskable' hardware inter
rupts supply the 8-bit vector via the interrupt ac
knowledge bus sequence. Non-Maskable hardware 
interrupts are assigned to interrupt vector 2. 

Maskable Interrupt 

Maskable interrupts are the most common way to 
respond to asynchronous external hardware events. 
A hardware interrupt occurs when the INTR is pulled 
HIGH and the Interrupt Flag bit (IF) is enabled. The 

, processor only responds to interrupts between in
structions (string instructions have an "interrupt win
dow" between memory moves which allows inter
rupts during long string moves). When an interrupt 
occurs the processor reads an 8-bit vector supplied 
by the hardware which identifies the source of the 
interrupt (one of 224 user defined interrupts). 
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Table 2.5. Interrupt Vector Assignments 

Instruction Which 
Return Address 

Interrupt Points to 
Function Can Cause Type Number 

Exception 
Faulting 

Instruction 

Divide Error 0 DIV,IDIV Yes FAULT 

Debug Exception 1 Any Instruction Yes TRAP' 

NMllnterrupt 2 INT20rNMI No NMI 

One· Byte Interrupt 3 INT No TRAP 

Interrupt on Overflow 4 INTO No TRAP 

Array Bounds Check 5 BOUND Yes FAULT 

Invalid OP-Code 6 Any Illegal Instruction Yes FAULT 

Device Not Available 7 ESC, WAIT Yes FAULT 

Double Fault 
8 

Any Instruction That Can ABORT 
Generate an Exception 

Coprocessor Segment Overrun 9 ESC No ABORT 

InvalidTSS 10 JMP, CALL, IRET, INT Yes FAULT 

Segment Not Present 11 Segment Register Instructions Yes FAULT 

Stack Fault 12 Stack References Yes FAULT 

General Protection Fault 13 Any Memory Reference Yes FAULT 

Intel Reserved 14-15 - - -
Coprocessor Error 16 ESC, WAIT Yes FAULT 

Intel Reserved 17-32 

Two-Byte Interrupt 0-255 INTn No TRAP 
'Some debug exceptions may report both traps on the prevIous instruction, and faults on the next Instruction. 

Interrupts through Interrupt Gates automatically re
set IF, disabling INTR requests. Interrupts through 
Trap Gates leave the state of the IF bit unchanged. 
Interrupts through a Task Gate change the IF bit ac
cording to the image of the EFLAGs register in the 
task's Task State Segment (TSS). When an IRET 
instruction is executed, the original state of the IF bit 
is restored. 

Non-Maskable Interrupt 

Non-maskable interrupts provide a method of servic
ing very high priority interrupts. When the NMI input 
is pulled HIGH it causes an interrupt with an internal
ly supplied vector value of 2. Unlike a normal hard
ware interrupt no interrupt acknowledgement se
quence is performed for an NMI. 

While executing the NMI servicing procedure, the 
80376 will not service any further NMI request, or 
INT requests, until an interrupt return (IRET) instruc-

tion is executed or the processor is reset. If NMI 
occurs while currently servicing an NMI, its presence 
will be saved for servicing after executing the first 
IRET instruction. The disabling of INTR requests de
pends on the gate in IDT location 2. 

Software Interrupts 

A third type of interrupt/exception for the 80376 is 
the software interrupt. An INT n instruction causes 
the processor to execute the interrupt service rou
tine pointed to by the nth vector in the interrupt table. 

A special case of the two byte software interrupt 
INT n is the one byte INT 3, or breakpoint interrupt. 
By inserting this one byte instruction in a program, 
the user can set breakpoints in his program as a 
debugging tool. 
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A final type of software interrupt, is the single step 
interrupt. It is discussed in Single-Step Trap (page 
22). 

INTERRUPT AND EXCEPTION PRIORITIES 

Interrupts are externally-generated events. Maska
ble Interrupts (on the INTR input) and Non-Maskable 
Interrupts (on the NMI input) .are recognized at in
struction boundaries. When NMI and maskable 
INTR are both recognized at the same instruction 
boundary, the 8037.6 invokes the NMI service rou
tine first. If, after the NMI serVice routine has been 
invoked, maskable interrupts are still enabled, then 
the 80376 will invoke the appropriate interrupt serv
ice routine. 

As the 80376 executes instructions, it follows a con
sistent cycle in checking for exceptions, as shown in 
Table 2.6. This cycle is repeated as each instruction 
is executed, and occurs in parallel with instruction 
decoding and execution. 

INSTRUCTION RESTART 

The 80376 fully supports restarting all instructions 
after faults. If an exception is detected in the instruc
tion to be executed (exception categories 4 through 
9 in Table 2.6), the 80376 device invokes the appro
priate exception service routine. The 80376 is in a 
state that permits restart of the instruction. 

DOUBLE FAULT 

A Double fault (exception 8) results when the proc
essor attempts to invoke an exception service rou
tine for the segment exceptions (10, 11, 12 or 13), 
but in the process of doing so, detects an exception. 

2.8 Reset and Initialization 

When the processor is Reset the registers have the 
values shown in Table 2.7. The 80376 will then start 
executing instructions near the top of physical mem
ory, at location OFFFFFOH. A short JMP should be 
executed within the segment defined for power-up 
(see Table 2.7). The GDT should then be initialized 
for a start-up data and code segment followed by a 
far JMP that will load the segment descriptor cache 
with the new descriptor values. The IDT table, after 
reset, is located at physical address OH, with a limit 
of 256 entries. 

RESET forces the 80376 to terminate all execution 
and local bus activity. No instruction execution or 
bus activity will occur as long as Reset is active. 
Between 350 and 450 CLK2 periods after Reset be
comes inactive, the 80376 will start executing in
structions at the top of physical memory. 

Table 2.6. Sequence of Exception Checking 

Consider the case of the 80376 having just completed an instruction. It then performs the following checks 
before reaching the point where the next instruction is completed: 

1. Check for Exception 1 Traps from the instruction just completed (single-step via Trap Flag, or Data 
Breakpoints set in the Debug Registers). 

2. Check for external NMI and INTR, 

3. Check for Exception 1 Faults in the next instruction (Instruction Execution Breakpoint set in the 
Debug Registers for the next instruction). 

4. Check for Segmentation Faults that prevented fetching the entire next instruction (exceptions 11 or 
13). 

5. Check for Faults decoding the next instruction (exception 6 if illegal opcode; or exception 13 if 
instruction is longer than 15 bytes, or privilege violation (Le. not at IOPL or at CPL = 0). 

6. If WAIT opcode, check if TS = 1 and MP = 1 (exception 7 if both are 1). 

7. If ESCape opcode for numeric coprocessor, check if EM = 1 or TS = 1 (exception 7 if either are 1). 

8. If WAIT opcode or ESCape opcode for numeric coprocessor, check ERROR input Signal (exception 
16 if ERROR input is asserted). 

9. Check for Segmentation Faults that prevent transferring the entire memory quantity (exceptions 11, 
12,13). 
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Table 2.7. Register Values after Reset 

Flag Word (EFLAGS) uuuuOO02H (Note 1) 

Machine Status Word (CRO) uuuuuuu1H (Note 2) 

Instruction Pointer (EIP) OOOOFFFOH 

Code Segment (CS) FOOOH (Note 3) 

Oata Segment (OS) OOOOH (Note 4) 

Stack Segment (SS) OOOOH 

Extra Segment (ES) OOOOH (Note 4) 

Extra Segment (FS) OOOOH 

Extra Segment (GS) OOOOH 

EAX Register OOOOH (Note 5) 

EOX Register Component and Stepping 10 (Note 6) 

All Other Registers Undefined (Note 7) 

NOTES: 
1. EFLAG Register. The upper 14 bits of the EFLAGS register are undefined, all defined 
flag bits are zero. . 
2. CRO: The defined 4 bits in the CRO is equal to 1 H. 
3. The Code Segment Register (CS) will have its Base Address set to OFFFFOOOOH and 
Limit set to OFFFFH. 
4. The Data and Extra Segment Registers (OS and ES) will have their Base Address set 
to OOOOOOOOOH and Limit set to OFFFFH. 
5. If self-test is selected, the. EAX should contain a 0 value. If a value of 0 is not found 
the self-test has detected a flaw in the part. 
6. EDX register always holds component and stepping identifier. 
7. All unidentified bits are Intel Reserved and should not be used. 

2.9 Initialization 

Because the 80376 processor starts executing in protected mode, certain precautions need be taken during 
initialization. Before any far jumps can take place the GOT and/or LOT tables need to be setup and their 
respective registers loaded. Before interrupts can be initialized the lOT table must be setup and the 10TR must 
be loaded. The example code is shown below: 

**************************************************************** 

This is an example of startup code to put either an 80376, 
80386SX or 80386 into flat mode. All of memory is treated as 
simple linear RAM. There are no interrupt routines. The 
Builder creates the GOT-alias and lOT-alias and'places them, 
by default, in GOT[l] and GOT[2]. Other entries in the GOT 
are specified in the Build file. After initialization it jumps 
to a C startup routine. To use this template, change this jmp 
address to that of your code, or make the label of your code 
"c_startup" • 

This code was assembled and built using version 1.2 of the 
Intel RLL utilities and Intel 386ASM assembler. 

*** This code was tested *** 

**************************************************************** 
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NAME FLAT ; name of. the object module 

EXTRN c_startup :near ;. this is the label jmped to after ini t 

pe_flag 
data_selc 

equ 1 
equ 20h ; assume code is GDT[3], data GDT[4] 

SEGMENT.ER PUBLIC USE32 ; Segment base at Offffff80h 

PUBLIC GDT_DESC 

gdLdesc dq ? 

PUBLIC START 

start: 
cld 
smsw bx 
test bl,l 
jnz pestart 

realstart 
db 66h 
mov eax,offset gdt_desc 
xor ebx,ebx 
mov bh,ah 
move bl,al 
db 67h 
db 66h 
19dt cs: [ebx] 
smsw ax 
or al,pe_flag 
lmsw ax 
jmp next 

pestart: 
mov ebx,offset gdt_desc 
xor eax,eax 
mov aX,bx 
19dt cs: [eax] 
xor ebx,ebx 
mov bl,data_selc 
mov dS,bx 
mov ss,bx 
mov es,bx 
mov fs,bx 
mov gS,bx 
jmp pejump 

next: 
xor ebx,ebx 
mov bl,data_selc 
mov ds,bx 
mov ss,bx 
mov es,bx 
mov fs,bx 
mov gs,bx 
db 66h 

pejump: 
jmp far ptr c_startup 

org 70h 
jmp short start 

INIT_CODE ENDS 
END 
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·clear direction flag 
check for processor (80376) at reset 
use SMSW rather than MOV for speed 

is an 80386 and in real mode 
force the next operand into 32-bit mode. 
move address of the GDT descriptor into eax 
clear ebx 
load 8 bits of address into bh 
load 8 bits of address into bl 

use the 32-bit form of LGDT to load 
the 32-bits of address into the GDTR 
go into protected mode (set PE bit) 

flush pre fetch queue 

lower portion of address only 

initiali~e data selectors 
. GDT[3] 

initialize data selectors 
GDT[3] 

for the 80386. need to make a 32-bit jump 

but the 80376 is already 32-bit. 

only if segment base is at Offffff80h 
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This code should be linked into your application for boot loadable code. The following build file illustrates how 
this'is accomplished. 

FLAT; -- build program id 

SEGMENT 
Give all user segments a DPL of O. 
These two segments are created by 

*segments (dpl=O), 
_phantom_code_ (dpl=O), 
_phantom_data_ (dpl=O), 
init_code (base=Offffff80h); 

the builder when the FLAT control is used. 
Put startup code at the reset vector area. 

GATE 
g13 (entry:13, dpl=O, trap), 
i32 (entry=32, dpl=O, interrupt), 

TABLE 
create GDT 

GDT (LOCATION = GDT_DESC, 

ENTRY = (3:_phantom_code_, 
4:_phantom_data_, 
5:code32, 

) ; 
TASK 

MAIN_TASK 
( 

6:data, 
7:init_code) 

DPL = 0, 
DATA = DATA, 

CODE = main, 

STACKS = (DATA), 

NO INTENABLED, 
PRESENT 

) ; 

MEMORY 

trap gate disables interrupts 
interrupt gates doesn't 

In a buffer starting at GDT_DESC, 
BLD386 places the GDT base and 
GDT limit values. Buffer must be 
6 bytes long. The base and limit 
values are places in this buffer 
as two bytes of limit plus 
four bytes of base in the format 
required for use by the LGDT 
instruction. 

Explicitly place segment 
-- entries into the GDT. 

Task privilege level is O. 
Points to a segment that 
indicates initial DS value. 
Entry point is main, which 
must be a public id. 

Segment id points to stack 
segment. Sets the initial SS:ESP. 
Disable interrupts. 
Present bit in TSS set to 1. 

(RANGE = (EPROM = ROM(Offff8000h •• Offffffffh), 
DRAM = RAM(O •• Offffh», 

ALLOCATE = (EPROM = (MAIN_TASK»); 

END 

asm386 flatsim.a38 debug 
asm386 application.a38 debug 
bnd386 application.obj,flatsim.obj nolo debug oj (application.bnd) 
bld386 application.bnd bf (flatsim.bld) bl flat 

Commands to assemble and build aboot-Ioadable application named "application.a3S". The initialization code 
is called "flatsim.a38", and build file is called "application. bid". 
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2.10 Self-Test 

The 80376 has the capability to perform a self-test. 
The self-test checks the function of all of the Control 
ROM and most of the non-random logic of the part. 
Approximately one-half of the 80376 can be tested 
during self-test. 

Self-Test is initiated on the 80376 when the RESET 
pin transitions from HIGH to LOW; and the BUSY pin 
is LOW. The self-test takes about 220 clocks, or ap
proximately 33 ms with a 16 MHz 80376 processor. 
At the completion of self-test the processor per
forms reset and begins normal operation. The part 
has successfully passed self-test if the contents of 
the EAX register is zero. If the EAX register is not 
zero then the self-test has detected a flaw in the 
part. If self-test is not selected after reset, EAX may 
be non-zero after reset. 

DEBUG REGISTERS 

2.11 Debugging Support 

The 80376 provides several features which simplify 
the debugging process. The three categories of on
chip debugging aids are: 

1. The code execution breakpoint opcode (OCCH). 

2. The single-step capability provided by the TF bit 
, in the flag register, and 

3. The code and data breakpoint capability provided 
by the Debug Registers DRO-3, DR6, and DR7. ' 

BREAKPOINT INSTRUCTION 

A single-byte software interrupt (Int 3) breakpoint in
struction is available for use by software debuggers. 
The breakpoint opcode is OCCh, and generates an 
exception 3 trap when executed. 

BREAKPOINT 0 DEBUG FAULT/TRAP --------------------. 

BREAKPOINT I DEBUG FAULT/TRAP -----------------., 

BREAKPOINT 2 DEBUG FAULT/TRAP -----------------, 

BREAKPOINT 3 DEBUG FAULT/TRAP ----------------, 
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REGISTER ACCESS FAULT ------, 

Gtl~tg~t ::~~g:~~ ~~::t~: 1-----...,...------.., 
LOCAL EXACT BREAKPOINT MATCH --------, 

GLOBAL EXACT BREAKPOINT MATCH -------, 

GLOBAL DEBUG REGISTER ACCESS DETECT 

6' 

240182:-9 

BREAKPOINT 
.--___ "--____ ..., CONTROL 

[ LENI: BREAKPOINT LENGTH I '-------------1 RWI: MEMORY ACCESS QUAUFIER I 

~ , - INTEL RESERVED DO NOT USE 
240182-5 

Figure 2.6. Debug Registers 

DR7 

240182-10 



SINGLE-STEP TRAP 

If the single-step flag (TF, bit 8) in the EFLAG regis
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex
ception is auto vectored to exception number 1. 

The Debug Registers are an advanced debugging 
feature of the 80376. They allow data access break
points as well as code execution breakpoints. Since 
the breakpoints are indicated by on-chip registers, 
an instruction execution breakpoint can be placed in 
ROM code or in code shared by several tasks, nei
ther of which can be supported by the INT 3 break
point opcode. 

The 80376 contains six Debug Registers, consisting 
of four breakpoint address registers and two break
point control registers. Initially after reset, break
points are in the disabled state; therefote, no break
points will occur unless the debug registers are 
programmed. Breakpoints set up in the Debug 
Registers are auto-vectored to exception 1. 
Figure 2.6 shows the breakpoint status and control 
registers. 

48/32 BIT POINTER 
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3.0 ARCHITECTURE 

The Intel 80376 Embedded Processor has a physi
cal address space of 16 Mbytes (224 bytes) and al
lows the running of virtual memory programs of al
most unlimited size (16 Kbytes x 16 Mbytes or 
256 Gbytes (238 bytes». In addition the 80376 pro
vides a sophisticated memory management and a 
hardware-assisted protection mechanism. 

3.1 Addressing Mechanism 

The 80376 uses two components to form the logical 
address, a 16-bit selector which determines the lin
ear base address of a segment, and a 32-bit effec
tive address. The selector is used to specify an 
index into an operating system defined table (see 
Figure 3.1). The table contains the 32-bit base ad
dress of a given segment. The linear address is 
formed by adding the base address obtained from 
the table to the 32-bit effective address. This value 
is truncated to 24 bits to form the physical address, 
which is then placed on the address bus. 

SEGMENT LIMIT 

~ MEMORY OPERAND 

16 

ACCESS RIGHTS 

LIMIT 

BASE ADDRESS 

SEGMENT 
DESCRIPTOR 

32 

SEGMENT BASE 
ADDRESS 

Figure 3.1. Address Calculation 

SELECTED 
SEGMENT 

240182-1 I 
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3.2 Segmentation 

Segmentation is one method of memory manage
ment and provides the basis for protection in the 
80376. Segments are used to encapsulate regions' 
of memory which have common attributes. For ex
ample,all of the code of a given program could be 
contained in a segment, or an operating system ta
ble may reside in a segment. All information about 
each segment, is stored in an B-byte data structure 
called a descriptor. All of the descriptors in a system 
are contained in tables recognized by hardware. 

TERMINOLOGY 

The following terms are used throughout the discus
sion of descriptors, privilege levels and protection: 

PL: Privilege Level-One of the four hierarchical 
privilege levels. Level 0 is the most privileged 
level and level 3 is the least privileged. 

RPL: Requestor Privilege Level-The privilege 
level of the original supplier of the selector. 
RPL is determined by the least two significant 
bits of a selector. 

DPL: Descriptor Privilege Level-This is the least 
privileged level at which a task may access 
that descriptor (and the segment associated 
with that descriptor). Descriptor Privilege Lev
el is determined by bits 6:5 in the Access 
Right Byte of a descriptor. 

CPL: Current Privilege Level-The privilege level 
at which a task is currently executing, which 
equals the privilege level of the code seg
ment being executed. CPL can also be deter
mined by examining the lowest 2 bits of the 
CS register, except for conforming code seg
ments. 

EPL: Effective Privilege Level-The effective 
privilege level is the least privileged of the 
RPL and the DPL. EPL is the numerical maxi
mum of RPL and DPL. 

Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 

DESCRIPTOR TABLES 

The descriptor tables define all of the segments 
which are used in an B0376 system. There are three 
types of tables on the B0376 which hold descriptors: 
the Global Descriptor Table, Local Descriptor Table, 
and the Interrupt Decriptor Table. All of the tables 
are variable length memory arrays, they can range in 
size between 8 bytes and 64 Kbytes. Each table can 
hold up to 8192 B-byte descriptors. The upper 13 
bits of a selector are used as an index into the de
scriptor table. The tables have registers associated 
with them which hold the 32-bit linear base address, 
and the 16-bit limit of each table. 
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Each of the tables have a register associated with it: 
GDTR, LDTR and IDTR; see Figure 3.2. The LGDT, 
LLDT and LlDT instructions load the base and limi.t 
of the Global, Local and Interrupt Descriptor Tables 
into the appropriate register. The SGDT, SLDT and 
SIDT store these base and limit values. These are 
privileged instructions. 

LDTR 

0 
32 

lOT LIMIT PROGRAM INVISIBLE 
AUTOMATICALLY LOADED I 
FROM LOT DESCRIPTOR I 

IDTR ------------_ .. 
0 

0 

GOT LIMIT 

GDTR 

240182-12 

Figure 3:2. Descriptor Table Registers 

Global Descriptor Table 

The Global Descriptor Table (GDT) contains de
scriptors which are possibly available to all of the 
tasks in a system. The GDT can contain any type of 
segment descriptor except for interrupt and trap de
scriptors. Every 80376 system contains a GDT. A 
simple 80376 system contains only 2 entries in the 
GDT; a code and a data descriptor. For maximum 
performance, descriptor tables should begin on 
even addresses. 

The first slot of the Global Descriptor Table corre
sponds to the null selector and is not used. The null 
selector defines a null pointer value. 

Local Descriptor Table 

LDTs contain descriptors which are associated with 
a given task. Generally, operating systems are de
signed so that each task has a separate LDT. The 
LDT may contain only code, data, stack, task gate, 
and call gate descriptors. LDTs provide a mecha
nism for isolating a given task's code and data seg
ments from the rest of the operating system, while 
the GDT contains descriptors for segments which 
are common to all tasks. A segment cannot be ac
cessed by a task if its segment descriptor does not 
exist in either the current LDT or the GDT. This pro-



vides both isolation and protection for a task's seg
ments, while still allowing global data to be shared 
among tasks. ' 

Unlike the 6-byte GDT or IDT register,s which contain 
a base address and limit, the visible portion of the 
LDT register contains only a 16-bit selector. This se
lector refers to a Local Descriptor Table descriptor in 
the GDT (see Figure 2.1). 

INTERRUPT DESCRIPTOR TABLE 

The third table needed for 80376 systems is the In
terrupt Descriptor Table. The IDT contains the de
scriptors which point to the location of up to 256 
interrupt service routines. The IDT may contain only 
task gates, interrupt gates and trap gates. The IDT 
should be at least 256 bytes in size in order to hold 
the descriptors for the 32 Intel Reserved Interrupts. 
Every interrupt used by a system must have an entry 
in the IDT. The IDT entries are referenced by INT 
instructions, external interrupt vectors, and excep
tions. 

DESCRIPTORS 

The object to which the segment selector points to 
is called a descriptor. Descriptors are eight-pyte 
quantities which contain attributes about a given 
region of linear address space. These attributes in
clude the 32-bit logical base address of the seg-

31 
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ment, the 20-bit length and granularity of the seg
ment, the protection level, read, write, or execute 
privileges, and the type of segment. All of the attri
bute information about a segment is contained in 12 
bits in the segment descriptor. Figure 3.3 shows the 
general format of a descriptor. All segments on the 
the 80376 have three attribute fields in common: the 
Present bit (P), the Descriptor Privilege Level bits 
(DPL) and the Segment bit (S). P= 1 if the segment 
is loaded in physical memory, if P = 0 then any 
attempt to access the segment causes a not present 
exception (exception 11). The DPL is a two-bit field 
which specifies the protection level, 0-3, associated 
with a segment. 

The 80376 has two main categories of segments: 
system segmen~s, and non-system segments (for 
code and data). The segment bit, S, determines if a 
given segment is a system segment, a code seg
ment or a data segment. If the S bit is 1 then the 
segment is either a code or data segment, if it is 0 
then the segment is a system segment. 

Note that although the 80376 is limited to a 
16-Mbyte Physical address space (224), its base ad
dress allows a segment to be placed anywhere in a' 
4-GbYte linear address space. When writing code for 
the 80376, users should keep code portability to an 
80386 processor (or other processors with a larger 
physical address space) in mind. A segment base 
address can be placed anywhere in this 4-Gbyte lin
ear address space, but a physical address will be 

o BYTE 
ADDRESS 

SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 o 

BASE, A 
BASE 

G 1 0 V LIMIT P DPL S TYPE A 31 ... 24 L 19 ... 16 23 ... 16 
I I I 

+4 

BASE Base Address of the segment 
LIMIT The length of, the segment , 
P Present Bit 1 = Present 0 = Not Present 
OPL Descriptor Privilege Level 0-3 
S Segment Descriptor: 0 = System Descriptor. 1 = Code or Data Descriptor 
TYPE Type of Segment 
A Accessed Bit 
G Granularity Bit 1 = Segment length is 4 Kbyte Granular 

o = Segment length is byte granular 
o Bit must be zero (0) for compatibility with future processors 
AVL Available field for user or as 

Figure 3.3. Segment Descriptors 

31 o 
SEGMENT BASE'15 ... 0 SEGMENT LIMIT 15 ... 0 o 

BASE A LIMIT 
ACCESS 

BASE 
31 ... 24 G 1 0 V 

19 ... 16 
RIGHTS 23 ... 16 

L BYTE 
+4 

G Granularity Bit 1 = Segment length IS 4 Kbyte granular 
o = Segment length is byte granular 

o Bit must he zero (0) for compatibility with future processors 
AVL Available field for user or as 

Figure 3.4. Code and Data Descriptors 
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Table 3.1. Access Rights Byte Definition for Code and Data Descriptors 

Bit 
Name Function 

Position 

7 Present (P) P = 1 Segment is mapped into, physical memory. 
P=O No mapping to physical,memory exits ' 

6-5 Descriptor Privilege Segment privilege attribute used in privilege tests. 
Level (DPL) 

4 Segment S=1 Code or Data (includes stacks) segment descriptor 
Descriptor (S) S=O System Segment Descriptor or Gate Descriptor 

3 Executable (E) E=O Descriptor type is data segment: 

} 
If 

2 Expansion ED = 0 Expand up segment, offsets must be :<;; limit. Data 
Direction (ED) ED = 1 Expand down segment, offsets must be > limit. Segment 

1 Writable (W) W = 0 Data segment may not be written into. (S = 1, 
W= 1 Data segment may be written into. ,E = 0) 

3 Executable (E) E=1 Descriptor type is code segment: 

} 
If 

2 Conforming (C) C=1 Code segment may only be executed when Code 
CPL ~ DPL and CPL remains unchanged. Segment 

1 Readable (R) R=O Code segment may not be read. (S = 1, 
R=1 Code segment may be read. E = 1) 

0 Accessed (A) A=O Segment has not been accessed. 
A=1 Segment selector has been loaded into segment register 

or used by selector test instructions. 

generated that is a truncated version of this linear, 
address. Truncation will be to the maximum number 
of address bits. It is recommended to place EPROM, 
at thE! highest physical address and DRAM at the 
lowest physical addresses. 

Code and Data Descriptors (S= 1) 

Figure 3.4 shows the general format of a code and 
data descriptor and Table 3.1 illustrates how the bits 
in the Access Right Byte are interpreted. 

Code and data segments have several descriptor 
fields in common. The accessed bit, A, is set when
ever the processor accesses a descriptor. The gran
ularity bit, G, specifies if a segment length is 1-byte
granular or 4-Kbyte-granular. Base address bits 
31-24, which are normally found in 80386 descrip
tors, are not made externally available on the 80376. 
They do not affect the operation of the 80376. The 
A31-A24 field should be set to allow an 80386 to 
correctly execute with EPROM at the upper 4096 
Mbytes of physical memory. 

System Descriptor Formats (S = 0) 

System segments describe information about oper
ating system tables, tasks, and gates. Figure 3.5 
shows the general format of system segment de
scriptors, and the 'various types of system segments. 
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80376 system descriptors (which are the same as 
80386 descriptor types 2, 5, 9, B, C, E and F) contain 
a 32-bit logical base address and a 20-bit segment 
limit. 

Selector Fields 

A selector has three fields: Local or Global Descrip
tor Table Indicator (TI), Descriptor Entry Index (In
dex), and Requestor ( the selector's) Privilege Level 
(RPL) as shown in Figure 3.6. The TI bit selects ei
ther the Global Descriptor Table or the Local De
scriptor Table. The Index selects one of 8K descrip
tors in the appropriate descriptor table. The RPL bits 
allow high speed testing of the selector's privilege 
attributes. 

Segment Descriptor Cache 

In addition to the selector value, every segment reg
ister has a segment descriptor cache register asso
ciated with it. Whenever a segment register's con
tents arE! changed, the 8-byte descriptor associated 
with that selector is automatically loaded (cached) 
on the chip. Once loaded, all references to that seg
ment ·use the cached descriptor information instead 
of reaccessing the descriptor. The contents of the 
descriptor cache are not visible to the programmer. 
Since descriptor caches only change when a seg
ment register is changed, programs which modify 
the descriptor tables must reload the appropriate 
segment registers after changing a descriptor's 
value. 
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31 16 o 
SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 o 

BASE 
23 ... 16 +4 

Type Defines Type Defines 
a Invalid 8 Invalid 
1 Reserved 9 Available 80376/80386 TSS 
2 LOT A Undefined (Intel Reserved) 
3 Reserved B. Busy 80376/80386 TSS 
4 Reserved C 80376/80386 Call Gate 
5 Task Gate (80376/80386 Task) 0 Undefined (Intel Reserved) 
6 Reserved E 80376180386 Interrupt Gate 
7 Reserved F 80376/80386 Trap Gate 

SEGMENT 
REGISTER 

Figure 3.5. System Descriptors 

SELECTOR 

15 

1010 ---- 010 . 
INDEX 

N 

6 

5 

4 

~ 
2 

1 

a 

43210 

11 ;I~II R~Ll . 
TABLE 
INDICATOR 

TI=1 

o¢sCRIP.TOR . 

LOCAL 
DESCRIPTOR 

TABLE 
(LOT) 

DESCRIPTOR 
NUMBER 

N 

6 

5 

4 

3 

2 

1 

a 

TI=O! 

• 

NULL 

GLOBAL 
DESCRIPTOR 

TABLE 
(GOT) 

Figure 3.6. Example Descriptor Selection 
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3.3 Protection -Data stored in a segment with privilege level p 

The 80376 offers extensive protection features. 
These protection features are particularly useful in 
sophisticated embedded applications which use 
multitasking real-time operating systems. For sim
pler embedded applications these protection capa
bilities can be easily bypassed by making all applica
tions run at privilege level (PL) O. 

RULES OF PRIVILEGE 

The 80376 controls access to both data and proce
dures between levels of a task, according to the fol
lowing rules. 

can be accessed only by code executing at a 
privilege level at least as privileged as p. 

-A code segment/procedure with privilege level p 
can only be called by a task executing at the 
same or a lesser privilege level than p. 

PRIVILEGE LEVELS 

At any point in time, a task on the 80376 always 
executes at one of the four privilege levels. The Cur
rent Privilege Level (CPL) specifies what the task's 
privilege level is. A task's CPL may only be changed 
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by control transfers through gate descriptors to a 
code segment with a different privilege level. Thus, 
an application program running at PL = 3 may call an 
operating system routine at'PL= 1 (via a gate) which 
would cause the task's CPL to be set to 1 until the 
operating system routine was finished. 

Selector Privilege (RPL) 

The privilege level of a selector is specified by the 
RPL field. The selector's RPL is only used to estab
lish a less trusted privilege level than the current 
privilege level of the task for the use of a segment 
This level is called the task's effective privilege level 
(EPL). The EPL is defined as being the least privi
leged (numerically larger) level of a task's CPL and a 
selector's RPL The RPL is most commonly used to 
verify that pointers passed to an operating system 
procedure do not access data that is of higher privi
lege than the procedure that originated the pointer. 
Since the originator of a selector can specify any 
RPL value, the Adjust RPL (ARPL) instruction is pro
vided to force the RPL bits to the originator's CPL 

110 Privilege 

The 1/0 privilege levE'li (IOPL) lets the operating sys
tem code executing at CPL = 0 define the least privi
leged level at which 1/0 instructions can be used. An 
exception 13 (General Protection Violation) is gener
ated if an I/O instruction is attempted when the CPL 
of the task is less privileged than the 10PL The 
10PL is stored in bits 13 and 14 of the EFLAGS reg
ister. The following instructions cause an exception 
13 if the CPL is greater than 10PL: IN, INS, OUT, 
OUTS, STI, CLI and LOCK prefix. 

Descriptor Access 

There are basically two types of segment acces
sess: those involving code segments such as con
trol transfers, and those involving data accesses. 
Determining the ability of a task to access a seg
ment involves the type of segment to be accessed 
the instruction used, the type of descriptor used and 
CPL, RPL, and DPL as described above. . 
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Any time an instruction loads a data segment regis
ter (OS, ES, FS, GS) the 80376 makes protection 
validation checks. Selectors loaded in the OS, ES, 
FS, GS registers must refer only to data segment or 
readable code segments. . 

Finally the privilege validation checks are·performed. 
The CPL is compared to the EPL and if the EPL is 
more privileged than the CPL, an exception 13 (gen

. eral protection fault) is generated. 

The rules regarding the stack segment are slightly 
different than those involving data segments. In
structions that load selectors into SS must refer to 
data segment descriptors for writeable data seg
ments. The DPL and RPL must equal the CPL of all 
other descriptor types or a privilege level violation 
will cause an exception 13. A stack not present fault 
causes an exception 12. 

PRIVILEGE LEVEL TRANSFERS 

Inter-segment control transfers occur when a selec
tor is loaded in the CS register. For a typical system 
most of these transfers are simply the result of a call 
or a jump to another routine. There are five types of 
control transfers which are summarized in Table 3.2. 
Many of these transfers result in a privilege level 
transfer. Changing privilege levels is done only by 
control transfers, using gates, task switches, and in
terrupt or trap gates. 

Control transfers can only occur if the operation 
which loaded the selector references the correct de
scriptor type. Any violation of these descriptor usage 
rules will cause an exception 13. 

CALL GATES 

Gates provide protected indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege transfers within a task. Since the operating 
system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trust
ed procedures; 
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Table 3.2. Descriptor Types Used for Control Transfer 

Control Transfer Types 

Intersegment within the same privilege level 

Intersegment to the same or higher privilege level 
Interrupt within task may change CPL 

Intersegment to a lower privilege level 
(changes task CPL) 

Task Switch 

'NT (Nested Task bit of flag register) ~ 0 
"NT (Nested Task bit of flag register) ~ 1 

Operation Types 

JMP, CALL, RET, IREP 

CALL 

Interrupt Instruction, 
Exception, External 
Interrupt 

RET,IREP 

CALL, JMP 

CALL,JMP 

IRET'· 
Interrupt Instruction, 
Exception, External 
Interrupt 

Descriptor Descriptor 
Referenced Table 

Code Segment GOT/LOT 

Call Gate GOT/LOT 

Trap or lOT 
Interrupt 
Gate 

Code Segment GOT/LOT 

Task State GOT 
Segment 

Task Gate GOT/LOT 

Task Gate lOT 
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Figure 3.7. 80376 TSS And TSS Registers 



TASK SWITCHING 

A very important attribute of any multi-tasking oper
ating system is its ability to rapidly switch between 
tasks or processes. The 80376 directly supports this 
operation by providing a task switch instruction in 
hardware. The 80376 task switch operation saves 
the entire state of the machine (all of the registers, 
address space, and a link to the previous task), 
loads a new execution state, performs protection 
checks, and com.mences execution in the new task. 
Like transfer of control by gates, the task switch op
eration is invoked by executing an inter-segment 
JMP or CALL instruction which refers to a Task 
State Segment (TSS) , or a task gate descriptor in 
the GDT or LDT. An INT n instruction, exception, 
trap or external interrupt may also invoke the task 
switch operation if there is a task gate descriptor in 
the associated IDT descriptor slot. For simple appli
cations, the TSS and task switching may not be 
used. The TSS or task switch will not be used or 
occur if no task gates are present in the GDT, LDT 
or IDT. 

The TSS descriptor points to a segment (see Figure 
3.7) containing the entire· 80376 execution state. A 
task gate descriptor contains a TSS selector. The 
limit of an 80376 TSS must be greater than 64H, and 
can be as large as 16 Mbytes. In the additional TSS 
space, the operating system is free to store addition
al information as the reason the task is inactive, the 
time the task has spent running, and open files be
longing to the task. For maximum performance, TSS 
should start on an even address. 

Each Task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
80376 called the Task State Segment Register (TR). 
This register contains a selector referring to the task 
state segment descriptor that defines the current 
TSS. A hidden base and limit register associated 
with the TSS descriptor is loaded whenever TR is 
loaded with a new selector. Returning from a task is 
accomplished by the IRET instruction. When IRET is 
executed, control is returned to the task which was 
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interrupted. The current executing task's state is 
saved in the TSS and the old task state is restored 
from its TSS. 

Several bits in the flag register and CRO register give 
information about the state of a task which is useful 
to the operating system. The Nested Task bit, NT, 
controls the function of the IRET instruction. If NT = 
o the IRET instruction performs the regular return. If 
NT = 1, IRET performs a task switch operation 
back to the previous task. The NT bit is set or reset 
in the following fashion: 

When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and 
the back link field of the new TSS set to the old 
TSS selector. The NT bit of the new task is set 
by CALL or INT initiated task switches. An inter
rupt that does not cause a task switch will clear 
NT (The NT bit will be restored after execution 
of the interrupt handler). NT may also be set or 
cleared by POPF or IRET instructions. 

The 80376 task 'state segment is marked busy by 
changing the descriptor type field from TYPE 9 to 
TYPE OBH. Use of a selector that references a busy 
task state segment causes an exception 13. 

The coprocessor's state is not automatically saved 
when a task switch occurs. The Task Switched Bit, 
TS, in the CRO register helps deal with the coproces
sor's state in a multi-tasking environment. Whenever 
the 80376 switches tasks, it sets the TS bit. The 
80376 detects the first use of a processor extension 
instruction after a task switch and causes the proc
essor extension not available exception 7. The ex
ception handler for exception 7 may then decide 
whether to save the state of the coprocessor. 

The T bit in the 80376 TSS indicates that the proc
essor should generate a debug exception when 
switching to a task. If T = 1 then upon entry to a 
new task a debug exception 1 will be generated. 
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Figure 3.S. Sample 1/0 Permission Bit Map 
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PROTECTION AND 1/0 PERMISSION BIT MAP 

The 1/0 instructions that directly refer to addresses 
in the processor's I/O space are IN, INS, OUT and 
,OUTS. The 80376 has the ability to selectively trap 
references to specific I/O addresses. The structure 
that enables selective trapping is the //0 PermIs
sion Bit Map in the TSS segment (see Figures 3.7 
and 3.8). The I/O permission map is a bit vector. 
The size of the map and its location in the TSS seg
ment are variable. The processor locates the I/O 
permission map by means of the 1/0 map base field 
in the fixed portion of the TSS. The 1/0 map base . 
field is 16 bits wide and contains the offset of the 
beginning of the I/O permission map. 

If an I/O instruction (IN, INS, OUT or OUTS) is en
countered, the processor first checks whether 
CPL :;:; 10PL. If this condition is true, the I/O opera
tion may proceed. If not true, the processor checks 
the I/O permission map. 

Each bit in the map corresponds to an I/O port byte 
address; for example, the bit for port 41 is found at 
1/0 map base + 5 linearly, (5 x 8 = 40), bit offset 
1. The processor tests all the bits that correspond to 
the I/O addresses spann~d by an I/O operation; for 
example, a double word operation tests four bits cor
responding to four adjacent byte addresses. If any 
tested bit is set, the processor signals a general pro
tection exception. If all the tested bits are zero, the 
1/0 operations may proceed. 
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It is not necessary for the 1/0 permission map to 
represent all the I/O addresses. I/O addresses not 
spanned by .the map are treated as if they had one
bits in the map. The 110 map base should be at 
least one byte less than the TSS limit and the last 
byte beyond the I/O mapping information must con
tain all1's. 

Because the I/O permission map is in the TSS seg
ment, different tasks can have different maps. Thus, 
the operating system can allocate ports to a task by 
changing the I/O permission map in the task's TSS. 

IMPORTANT IMPLEMENTATION NOTE: 
Beyond the last byte of I/O mapping information in 
the I/O permission bit map must be a byte contain
ing all 1's. The byte of all 1's must be within the 
limit of the 80376's TSS segment (see Figure 3.7). 

4.0 FUNCTIONAL DATA 
. , 

The Intel 80376 embedded processor features a 
straightforward functional interface to the external 
hardware. The 80376 has separate parallel buses 
for data and address. The data bus is 16 bits in 
width, and bidirectional. The address bus outputs 
24-bit address values using 23 address lines and 
two-byte enable signals. 

The 80376 has two selectable address bus cycles: 
pipelined and non-pipelined. The pipelining option 
allows as much time as possible for data access by 
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Figure 4.1. Functional Signal Groups 
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starting the pending bus cycle before the present 
bus cycle is finished. A non-pipe lined bus cycle 
gives thl;'! highest bus performance by executing ev
ery bus' cycle in two processor clock cycles. For 
maximum design flexibility, the address pipelining 
option is selectable on a cycle-by-cycle basis. 

The processor's bus cycle is the basic mechanism 
for information transfer, either from system to proc
essor, or from processor to system. 80376 bus cy
cles perform data transfer in a minimum of only two 
clock periods. On a 16-bit data bus, the maximum 
80376 transfer bandwidth at 16 MHz is therefore 
16 Mbytes/sec. However, any bus cycle will be ex
tended for more than two clock periods if external 
hardware withholds acknowledgement of the cycle. 

The 80376 can relinquish control of its local buses 
to allow mastership by other devices, such as direct 
memory access (OMA) channels. When relin
quished, HLOA is the only output pin driven by the 
80376, providing near-complete isolation of the 
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processor from its system (all other output pins are 
in a float condition). 

4.1 Signal Description Overview 

Ahead is a brief description of the 80376 input and 
output signals arranged by functional groups. 

The signal descriptions sometimes refer to A.C. tim
ing parameters, such as "t25 Reset Setup Time" and 
"t26 Reset Hold Time." The values of these parame
ters can be found in Tables 6.4 and 6.5. 

CLOCK (CLK2) 

CLK2 provides the fundamental timing for the 
80376. It is divided by two internally to generate the 
internal processor clock used for instruction execu
tion. The internal clock is comprised of two 

PROCESSOR CLOCK 
PERIOD 

PROCESSOR CLOCK 
PERIOD 

CLK2[ 2V 

INTERNAL [ 
PROCESSOR CLOCK 

CLK2 PERIOD CLK2 PERIOD CLK2 PERIOD CLK2 PERIOD 
111 112 111 112 

62.5 NS MIN. 
(16 MHz MAX) 

Figure 4.2. CLK2 Signal and Internal Processor Clock 

240182-17 

2-33 



376 EMBEDDED PROCESSOR 

phases, "phase one" and "phase two". Each CLK2 
period is a phase of the internal clock. Figure 4.2 
illustrates the relationship. If desired, the phase of 
the internal processor clock can be synchronized to 
a known phase by ensuring the falling edge of the 
RESET signal meets the applicable setup and hold 
times t25 and t26' 

DATA BUS (015-00) 

These three-state bidirectional signals provide the 
general purpose data path between the 80376 and 
other devices. The data bus outputs are active HIGH 
and will float during bus hold acknowledge. Data bus 
reads require that read-data setup and hold times 
t21 and t22 be met relative to CLK2 for correct oper
ation. 

ADDRESS BUS (BHE, BlE, A23-A1) 

These three-state outputs provide physical memory 
addresses or 1/0 port addresses. A23-A16 are LOW 
during 1/0 transfers except for 1/0 transfers auto
matically generated by coprocessor instructions. 

During coprocessor I/O transfers, A22-A16 are driv
en LOW, and A23 is driven HIGH so that this ad
dress line can be used by external logic to generate 
the coprocessor select signal. Thus, the I/O address 
driven by the 80376 for coprocessor commands is 
8000F8H, and the I/O address driven by the 80376 
processor for coprocessor data is 8000FCH or 
8000FEH. 

The address bus is capable of addressing 16 Mbytes 
of physical memory space (OOOOOOH through 
OFFFFFFH), and 64 Kbytes of 1/0 address space 
(OOOOOOH through OOFFFFH) for programmed 1/0. 
The address bus is active HIGH and will float during 
bus hold acknowledge. ' 

The Byte Enable outputs BHE and BLE directly indi
cate which bytes of the 16-bit data bus are involved 
with the current transfer. BHE applies to ~-Oa 
and BLE applies to 07-00. If both BHE and BLE are 
asserted, then 16 bits of data are being transferred. 
See Table 4.1 for a complete decoding of these sig
nals. The byte enables are active LOW and will float 
during bus hold acknowledge. . 

Table 4.1. Byte Enable Definitions 

BHE BlE Function 

0 0 Word Transfer 

0 1 Byte Transfer on Upper Byte of the Data Bus, 015-0a 

1 0 Byte Transfer on Lower Byte of the Data Bus, 07-00 

1 1 Never Occurs 
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BUS CYCLE DEFINITION SIGNALS 
(W/R, DIe, MIlO, LOCK) 

These three-state outputs define the type of bus cy
cle being performed: WI?' distinguishes between 
write and read cycles, DIG distinguishes between 
data and control cycles, MilO distinguishes between 
memory and 110 cycles, and LOCK distinguishes be
tween locked and unlocked bus cycles. All of these 
signals are active LOW and will float during bus ac
knowledge. 

The primary bus cycle definition signals are W IR, 
DIG and MilO, since these are the signals driven 
valid as ADS (Address Status output) becomes ac
tive. The LOCK signal is driven valid at the same 
time the bus cycle begins, which due to address 
pipelining, could be after ADS becomes active. Ex
act bus cycle definitions, as a function of W/R, DIG 
and MilO are given in Table 4.2. 

LOCK indicates that other system bus masters are 
not to gain control of the system bus while it is ac
~ive. LOCK is activated on the CLK2 edge that be
gins the first locked bus cycle (Le., it is not active at 
the same time as the other bus cycle definition pins) 
and is deactivated when ready is returned to the end 
of the last bus cycle which is to be locked. The be
ginning of a bus cycle is determined when READY is 
returned in a previous bus cycle and another is 
pending (ADS is active) or the clock in which ADS is 
driven active if the bus was idle. This means that it 
follows more closely with the write data rules when it 
is valid, but may cause the bus to be locked longer 
than desired. The LOCK signal may be explicitly acti
vated by the LOCK prefix on certain instructions. 
LOCK is always asserted when executing the XCHG 
instruction, during descriptor updates, and during the 
interrupt acknowledge sequence. 
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BUS CONTROL SIGNALS 
(ADS, READY, NA) 

The following signals allow the processor to indicate 
when a bus cycle has begun, and allow other system 
hardware to control address pipelining and bus cycle 
termination. 

Address Status (ADS) 

This three-state output indicates that a valid bus cy
cle definition and address (W/R, DIG, MilO, SHE, 
SLE and A23-A1) are being driven at the 80376 
pins. ADS is an active LOW output. Once ADS is 
driven active, valid address, byte enables, and defi
nition signals will not change. In addition, ADS will 
remain active until its associated bus cycle begins 
(when READY is returned for the previous bus cycle 
when running pipelined bus cycles). ADS will float 
during bus hold acknowledge. See sections Non
Pipelined Bus Cycles and Pipelined Bus Cycles 
for additional information on how ADS is asserted 
for different bus states. 

Transfer Acknowledge (READY) 

This input indicates the current bus cycle is com
plete, and the active bytes indicated by SHE and 
SLE are accepted or provided. When READY is 
sampled active during a read cycle or interrupt ac
knowledge cycle, the 80376 latches the input data 
and terminates the cycle. When READY is sampled 
active during a write cycle, the processor terminates 
the bus cycle. 

Table 4.2. Bus Cycle Definition 

MIlO DIC W/R Bus Cycle Type Locked? 

0 0 0 INTERRUPT ACKNOWLEDGE Yes 

0 0 1 Does Not Occur -
0 1 0 1/0 DATA READ No 

0 1 1 1/0 DATA WRITE No 

1 0 0 MEMORY CODE READ No 

1 0 1 HALT: SHUTDOWN: No 
Address = 2 Address = 0 
SHE = 1 SHE = 1 
--
SLE = 0 SLE = 0 

1 1 0 MEMORY DATA READ Some Cycles 

1 1 1 MEMORY DATA WRITE Some Cycles 

2-35 



376 EMBEDDED PROCESSOR 

READY is ignored on the first bus state of all bus 
cycles, and sampled each bus state thereafter until 
asserted. READY must eventually be asserted to ac
knowledge every bus cycle, including Halt Indication 
and Shutdown Indication bus cycles. When being 
sampled, READY must always meet setup and hold 
times t19 and t20 for correct operation. 

Next Address Request (NA) 

This is used to request pipelining. This input indi
cates the system is prepared to accept new values 
of BHE, BLE, A23-A1, W/R, DIG and MIlO from the 
80376 even. if the end of the current cycle is not 
being acknowledged on READY. If this input is ac
tive when sampled, the next bus cycle's address and 
status signals are driven onto the bus, provided the 
next bus request is already pending internally. NA is 
ignored in clock cycles in which ADS or READY is 
activated. This signal is active LOW and must satisfy 
setup and hold times t15 and t16 for correct opera
tion. See Plpellned Bus Cycles and Read and 
Write Cycles for additional information. 

BUS ARBITRATION SIGNALS (HOLD, HLDA) 

This section describes the mechanism by which the 
processor relinquishes control of its local buses 
when requested by another bus master device. See 
Entering and Exiting Hold Acknowledge for addi
tional information. 

Bus Hold Request (HOLD) 

This input indicates some device other than the 
80376 requires bus mastership. When control is 
granted, the 80376 floats A23-A1, BHE, BLE, 
015-00, LOCK, MilO, DIG, W/R and ADS, and 
then activates HLDA, thus entering the bus hold ac
knowledge state. The local bus will remain granted 
to the requesting master until HOLD becomes inac
tive. When HOLD becomes inactive, the 80376 will 
deactivate HLDA and drive the local bus (at the 
same time), thus terminating the hoid acknowledge 
condition. 

HOLD must remain asserted as long as any other 
device is a local bus master. External pull-up resis
tors may be required when in the hold acknowledge 
state since none of the 80376 floated outputs have 
internal pull-up resistors. See Resistor Recommen
dations for additional information. HOLD is not rec
ognized while RESET is active but is recognized dur
ing the time between the high-to-Iow transistion of 
RESET and the first instruction fetch. If RESET is 
asserted while HOLD is asserted, RESET has priori
ty and places the bus into an idle state, rather than 
the hold acknowledge (high-impedance) state. 
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HOLD is a level-sensitive, active HIGH, synchronous 
input. HOLD signals must always meet setup and 
hold times t23 and t24 for correct operation. 

Bus Hold Acknowledge (HLDA) 

When active (HIGH), this output indicates the 80376 
has relinquished control of its local bus in response 
to an asserted HOLD signal, and is in the bus Hold 
Acknowledge state. 

The Bus Hold Acknowledge state offers near-com
plete Signal isolation. In the Hold Acknowledge 
state, HLDA is the only signal being driven by the 
80376. The other output signals or. bi~ecti.2.nal ~
nals (D15-D~HE, BLE, A23-A1, WIR, DIC, MilO, 
LOCK and ADS) are in a high-impedance state so 
the requesting bus master may control them. These 
pins remain OFF throughout the time that HLDA re
mains active (see Table 4.3). Pull-up resistors may 
be desired on several Signals to avoid spurious ac
tivity when no bus master is driving them. See Re
sistor Recommendations for additional informa
tion. 

When the HOLD signal is made inactive, the 80376 
will deactivate HLDA and drive the bus. One rising 
edge on the NMI input is remembered for processing 
after the HOLD input is negated. 

Table 4.3. Output Pin State during HOLD 

Pin Value Pin Names 

1 HLDA 
Float LOCK, MIlO, DIG, W/R, 

ADS, A23-A1, BHE, BLE, 
015-00 

Hold Latencies 

The maximum possible HOLD latency depends on 
the software being executed. The actual HOLD la
tency at any time depends on the current bus activi
ty, the state of the LOCK signal (internal to the CPU) 
activated by the LOCK prefix, and interrupts. The 
80376 will not honor a HOLD request until the cur
rent bus operation is complete. 

The 80376 breaks 32-bit data or I/O accesses into 2 
internally locked 16-bit bus cycles; the LOCK signal 
is not asserted. The 80376 breaks unaligned . 16-bit 
or 32-bit data or I/O accesses into 2 or 3 internally 
locked 16-bit bus cycles. Again the LOCK Signal is 
not asserted but a HOLD request will not be recog
nized until the end of the entire transfer. 



Wait states affect HOLD latency. The 80376 will not 
honor a HOLD request until the end of the current 
bus operation, no matter how many wait states are 
required. Systems with DMA where data transfer is 
critical must insure that READY returns sufficiently 
soon. 

COPROc..ESSOR INTERFACE SIGNALS 
(PEREQ, BUSY, ERROR) 

In the following sections are descriptions of signals 
dedicated to the numeric coprocessor interface. In 
addition to the data bus, address bus, and bus cycle 
definition signals, these following signals control 
communication between the 80376 and the 
80387SX processor extension. 

Coprocessor Request (PEREQ) 

When asserted (HIGH), this input signal indicates a 
coprocessor request for a data operand to be trans
ferred to/from memory by the 80376. In response, 
the 80376 transfers information between the co
processor and memory. Because the 80376 has in
ternally stored the coprocessor opcode being exe
cuted, it performs the requested data transfer with 
the correct direction and memory address. 

PEREQ is a level-sensitive active HIGH asynchro
nous signal. Setup and hold times, t29 and t30, rela
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This signal is 
provided with a weak internal pull-down resistor of 
around 20 Kn to ground so that it will not float active 
when left unconnected. 

Coprocessor Busy (BUSY) 

When asserted (LOW), this input indicates the co
processor is still executing an instruction, and is not 
yet able to accept another. When the 80376 en
counters any coprocessor instruction which oper
ates on the numerics stack (e.g. load, pop, or arith
metic operation), or the WAIT instruction, this input 
is first automatically sampled until it is seen to be 
inactive. This sampling of the BUSY input prevents 
overrunning the execution of a previous coprocessor 
instruction. 
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The F(N)INIT, F(N)CLEX coprocessor instructions 
are allowed to execute even if BUSY is active, since 
these instructions are used for coprocessor initializa
tion and exception-clearing. 

BUSY is an active LOW, level-sensitive. asynchro
nous signal. Setup and hold times, t29 and t30, rela
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This'pin is pro
vided with a weak internal pull-up resistor of around 
20 Kn to Vee so that it will not float active when left 
unconnected. 

BUSY serves an additional function. If BUSY is sam
pled LOW at the falling edge of RESET, the 80376 
processor performs an internal self-test (see Bus 
Activity During and Following Reset. If BUSY is 
sampled HIGH, no self-test is performed. 

Coprocess~)f Error (ERROR) 

When asserted (LOW), this input signal indicates 
that the previous coprocessor instruction generated 
a coprocessor error of a type not masked by the 
coprocessor's control register. This input is automat
ically sampled by the 80376 when a coprocessor 
instruction is encountered, and if active, the 80376 
generates exception 16 to access the error-handling 
software. ' 

Several coprocessor instructions, generally those 
which clear the numeric error flags in the coproces
sor or save coprocessor state, do execute without 
the 80376 generating exception 16 even if 
ERROR is active. These instructions are FNINIT, 
FNCLEX, FNSTSW, FNSTSWAX, FNSTCW, 
FNSTENV and FNSAVE. 

ERROR is an active LOW, level-sensitive asynchro
nous signal. Setup and hold times t29 and t30, rela- . 
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This pin is pro
vided with a weak internal pull-up resistor of around 
20 Kn to Vee so that it will not float active when left 
unconnected. 
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INTERRUPT SIGNALS (INTR, NMI, RESET) 

The following descriptions cover inputs that can in
terrupt or suspend execution of the processor's cur
rent instruction stream. 

Maskable Interrupt Request (INTR) 

When asserted, this input indicates a request for in
terrupt service, which can be masked by the 80376 
Flag Register IF bit. When the 80376 responds to 
the INTR input, it performs two interrupt acknowl
edge bus cycles and, at the end of the second, 
latches an 8-bit interrupt vector on DrDo to identify 
the source of the interrupt. 

INTR is an active HIGH, level-sensitive asynchro
nous signal. Setup and hold times, t27 and t28, rela
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. To assure rec
ognition of an INTR request, INTR should remain 
active until the first interrupt acknowledge bus cycle 
begins. INTR is sampled at the beginning of every 
instruction. In order to be recognized at a particular 
instruction boundary, INTR must be active at least 
eight CLK2 clock periods before the beginning of the 
execution of the instruction. If recognized, the 80376 
will begin execution of the interrupt. 

Non-Maskable Interrupt Request (NMI) 

This input indicates a request for interrupt service 
which cannot be masked by software. The non
maskable interrupt request is always processed ac
cording to the pointer or gate in slot 2 of the interrupt 
table. Because of the fixed NMI slot assignment, no 
interrupt acknowledge cycles are performed when 
processing NMI. 

NMI is an active HIGH, rising edge-sensitive asyn
chronous signal. Setup and hold times, t27 and t28, 
relative to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. To assure rec
ognition of NMI, it must be inactive for at least eight 
CLK2 periods, and then be active for at least eight 
CLK2 periods before the beginning of the execution 
of an instruction. 

Once NMI processing has begun, no additional 
NMI's are processed until after the next IRET in
struction, which is typically the end of the NMI serv
ice routine. If NMI is re-asserted prior to that time, 
however, one rising edge on NMI will be remem
bered for processing after executing the next IRET 
instruction. . 
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,Interrupt Latency 

The time that elapses before an interrupt request is 
serviced (interrupt latency) varies according to sev
eral factors. This delay must be taken into account 
by the interrupt source. Any of the following factors 
can affect interrupt latency: 

1. If interrupts are masked, and INTR request will 
not be recognized until interrupts are reenabled. 

2. If an NMI is currently being serviced, an incoming 
NMI request will not be recognized until the 80376 
encounters the IRET instruction. 

3. An interrupt request is recognized only on an in
struction boundary of the 80376 Execution Unit 
except for the following cases: 

- Repeat string instructions can be interrupted 
after each iteration. 

- If the instruction loads the Stack Segment reg-
• ister, an interrupt is not processed until after 

the following instruction, which should be an 
ESP load. This allows the entire stack pointer 
to be loaded without interruption. 

- If an instruction sets the interrupt flag (enabling 
interrupts), an interrupt is not processed until 
after the next instruction. 

The longest latency occurs when the interrupt re
quest arrives while the 80376 processor is exe
cuting a long instruction such as multiplication, di
vision or a task-switch. 

4. Saving the Flags register and CS:EIP registers. 

5. If interrupt service routine requires a task switch, 
time must be allowed for the task switch. 

6. If the interrupt service routine saves registers that 
are not automatically saved by the 80376. 

RESET 

This input signal suspends any operation in progress 
and places the 80376 in a known reset state. The 
80376 is reset by asserting RESET for 15 or more 
CLK2 periods (80 or more CLK2 periods before re
questing self-test). When RESET is active, all other 
input pins except FL T are ignored, and all other bus 
pins are driven to an idle bus state as shown in Ta
ble 4.4. If RESET and HOLD are both active at a 
point in time, RESET takes priority even if the 80376 
was in a Hold Acknowledge state prior to RESET 
active. 

RESET is an active HIGH, level-sensitive synchro
nous signal. Setup and hold times, t25 and t26, must 
be met in order to assure proper operation of the 
80376. 



Table 4.4. Pin State (Bus Idle) during RESET 

Pin Name Signal Level during RESET 

AOS 1 

015- 0 0 Float 

BHE, BLE 0 

A23- '\1 1 

W/R 0 

O/C 1 

MilO 0 

LOCK 1 

HLOA 0 

4.2 Bus Transfer Mechanism 

All data transfers occur "as a result of one or more 
bus cycles. Logical data operands of byte and word 
lengths may be transferred without restrictions on 
physical address alignment. Any byte boundary may 
be used, although two physical bus cycles are per
formed as required for unaligned operand transfers. 

The 80376 processor address signals are designed 
to simplify external system hardware. BHE and BLE 
provide linear selects for the two bytes of the 16-bit 
data bus. 

Byte Enable outputs BHE and BLE are asserted 
when their associated data bus bytes are involved 
with the present bus cycle, as listed in Table 4.5. 

Table 4.5. Byte Enables and Associated 
Data and Operand Bytes 

Byte Enable Associated Data Bus Signals 

BHE 015-0S (Byte 1-Most Significant) 
BLE 07-00 (Byte O-Least Significant) 
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Each bus cycle is composed of at least two bus 
states. Each bus state requires one processor clock 
period. Additional bus states added to a single bus 
cycle are called wait states. See Bus Functional 
Description for additional information. 

4.3 Memory and 1/0 Spaces 

Bus cycles may access physical memory space or 
liD space. Peripheral devices in the system may ei
ther be memory-mapped, or 1/0·mapped, or both. 
As shown in Figure 4.3, physical memory addresses 
range from OOOOOOH to OFFFFFFH (16 Mbytes) and 
liD addresses from OOOOOOH to OOFFFFH 
(64 Kbytes). Note the liD addresses used by the 
automatic liD cycles for coprocessor communica
tion are 8000F8H to 8000FFH, beyond the address 
range of programmed liD, to allow easy generation 
of a coprocessor chip select signal using the A23 
and MilO signals. 

OPERAND ALIGNMENT 

With the flexibility of memory addressing on the 
80376, it is possible to transfer a logical operand 
that spans more than one physical Oword or word of 
memory or liD. Examples are 32-bit Oword or 16-bit 
word operands beginning at addresses not evenly 
divisible by 2. 

Operand alignment and size dictate when multiple 
bus cycles are required. Table 4.6 describes the 
transfer cycles generated for all combinations of log
ical operand lengths and alignment. 

Table 4.6. Transfer Bus Cycles 
for Bytes, Words and Dwords 

Byte-Length of Logical Operand 

1 

Physical By1e 
Address in xx 00 
Memory 
(Low-Order 
Bits) 

Transfer b w 
Cycles 

Key: b = byte transfer 
w = word transfer 

01 

Ib, 
hb 

I = low-order portion 
m = mid-order portion 
x = don't care 
h = high-order portion 

2 4 

10 11 00 01 10 

w hb, Iw, hb, hw, 
I,b hw Ib, Iw 

mw 

11 

mw, 
hb, 
Ib 
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Since A23 is HIGH during automatic communication with coprocessor, A23 HIGH and M/io LOW can be used to easily 
generate a coprocessor select signal. 

Figure 4.3. Physical Memory and 1/0 Spaces 

4.4 Bus Functional Description 

The 80376 has separate, parallel buses for data and 
address. The data bus is 16 bits in width, and bidi· 
rectional. The address bus provides a 24·bit value 
using 23 signals for the 23 upper-order address bits 
and 2 Byte Enable signals to directly indicate the 
active bytes. These buses are interpreted and con
trolled by several definition signals. 

The definition of each bus cycle is given by three 
signals: MIlO, W/R and DIG. At the same time, a 
valid address is present on the byte enable signals, 
BHE and BlE, and the other address signals 
A23-At. A status signal, ADS, indicates when the 
80376 issues a new bus cycle definition and ad
dress. 

Collectively, the address bus, data bus and all asso
ciated control signals are referred to simply as "the 
bus". When active, the bus performs one of the bus 
cycles below: 

1. Read from memory space 

2. locked read from memory space 

3. Write to memory space 

"4. locked write to memory space 
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5. Read from 110 space (or coprocessor) 

6. Write to 1/0 space (or coprocessor) 

7. Interrupt acknowledge (always locked) 

8. Indicate halt, or indicate shutdown 

Table 4.2 shows the encoding of the bus cycle defi
nition signals for each bus cycle. See Bus Cycle 
Definition Signals for additonal information. 

When the 80376 bus is not performing one of the 
activities listed above, it is either Idle or in the Hold 
Acknowledge state, which may be detected by ex
ternal circuitry. The idle state can be identified by the 
80376 giving no further assertions on its address 
strobe output (ADS) since the beginning of its most 
recent bus cycle, and the most recent bus cycle hav
ing been terminated. The hold acknowledge state is 
identified by the 80376 asserting its hold acknowl
edge (HlDA) output. 

The shortest time unit of bus activity is a bus state. A 
bus state is one processor clock period (two ClK2 
periods) in duration. A complete data transfer occurs 
during a bus cycle, composed of two or more bus 
states. . 



CYCLE 1 
NON-PIPELINED 

(READ) 

CYCLE 2 
NON-PIPELINED 

(READ) 
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CYCLE 3 
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Figure 4.4. Fastest Read Cycles with Non-Pipelined Timing 

The fastest 80376 bus cycle requires only two bus 
states. For example, three consecutive bus read cy
cles, each consisting of two bus states, are shown 
by Figure 4.4. The bus states in each cycle are 
named T1 and T2. Any memory or 1/0 address may 
be accessed by such a two-state bus cycle, if the 
external hardware is fast enough. 

Every bus cycle continues until it is acknowledged 
by the external system hardware, using the 80376 
READY input. Acknowledging the bus cycle at the 
end of the first T2 results in the shortest bus cycle, 
requiring only T1 and T2. If READY is not immedi
ately asserted however, T2 states are repeated in
definitely until the READY input is sampled active. 

The pipelining option provides a choice of bus cycle 
timings. Pipe lined or non-pipe lined cycles are 

selectable on a cycle-by-cycle basis with the Next 
Address (NA) input. 

When pipelining is selected the address (SHE, SLE 
and A23-Al) and definition (W/R, DIG, MIlO and 
LOCK) of the next cycle are available before the end 
of the current cycle. To signal their availability. the 
80376 address status output (ADS) is asserted. Fig
ure 4.5 illustrates the fastest read cycles with pipe
lined timing. 

Note from Figure 4.5 the fastest bus cycles using 
pipelining require only two bus states, named T1P 
and T2P. Therefore pipelined cycles allow the same 
data bandwidth as non-pipe lined cycles, but ad
dress-to-data access time is increased by one 
T-state time compared to that of a non-pipelined cy
cle. 
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Figure 4.5. Fastest Read Cycles with Pipelined Timing 

READ AND WRITE CYCLES 

Data transfers occur as a result of bus cycles, classi· 
fied as read or write cycles. During read cycles, data 
is transferred from an external device to the proces· 
sor. During write cycles, data is transferred from the 

, processor to an external device. 

Two choices of bus cycle timing are dynamically se· 
lectable: non'pipelined or pipelined. After an idle bus 
state, the processor always uses non·pipelined tim
ing. However the NA (Next Address) input may be 
asserted to select pipelined timing for the next bus 
cycle. When pipelining is selected and the 80376 
has a bus request pending internally, the address 
and definition of the next cycle is made available 
even before 'the current bus cycle is acknowledged 
by READY. 

Terminating a read or write cycle, like any bus cycle; 
requires acknowledging the cycle, by asserting the 
READY input. Until acknowledged, the processor in
serts wait states into the bus cycle, to allow adjust-

ment for the speed of any external device. External 
hardware, which has decoded the address and bus 
cycle type, asserts the READY input at the appropri
ate time. 

At the end of the second bus state within the bus 
cycle, READY is sampled. At that time, if external 
hardware acknowledges the bus cycle by asserting 
READY, the bus cycle terminates as shown in Figure 
4.6. If READY is negated as in Figure 4.7, the 80376 
executes another bus state (a wait state) and 
READY is sampled again at the end of that state. 
This continues indefinitely until the cycle is acknowl
edged by READY asserted. 

When the current cycle is acknowledged, the 80376 
terminates it. When a read cycle is acknowledged, 
the 80376 latches the information present at its data 
pins. When a write cycle is acknowledged, the write 
data of the 80376 remains valid throughout phase 
one of the next bus state, to provide write data hold 
time. 
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Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus 
cycle can immediately follow the write cycle. 

Figure 4.6. Various Non-Pipelined Bus Cycles (Zero Wait States) 

Non-Pipelined Bus Cycles 

Any bus cycle may be performed with non-pipe lined 
timing. For example, Figure 4.6 shows a mixture of 
non-pipelined read and write cycles. Figure 4.6 
shows that the fastest possible non-pipelined cycles 
have two bus states per bus cycle. The states are 
named T1 and T2. In phase one of T1, the address 
signals and bus cycle definition signals are driven 
valid and, to signal their availability, address strobe 
(ADS) is simultaneously asserted. 

During read or write cycles, the data bus behaves as 
follows. If the cycle is a read, the 80376 floats its 
data signals to allow driving by the external device 
being addressed. The 80376 requires that all data 
bus pins be at a valid logic state (HIGH or LOW) 

. at the end of each read cycle, when READY Is 
asserted. The system MUST be designed to 
meet this requirement. If the cycle is a write, data 
signals are driven by the 80376 beginning in phase 
two of T1 until phase one of the bus state following 
cycle acknowledgement. 
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Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus 
cycle can immediately follow the write cycle. 

Figure 4.7. Various Non-Pipelined Bus Cycles (Various Number of Wait States) 

Figure 4.7 illustrates non-pipelined bus cycles with 
one wait state added to Cycles 2 and 3. READY is 
sampled inactive at the end of the first T2 in Cycles 
2 and 3. Therefore Cycles 2 and 3 have T2 repeated 
again. At the end of the second T2, READY is sam
pled active. 

When address pipelining is not used, the address 
and bus cycle definition remain valid during all wait 
states. When wait states are added and it is desir
able to maintain non-pipelined timing, it is necessary 
to negate NA during each T2 state except the 

2-44 

last one, as shown in Figure 4.7, Cycles 2 and 3. If 
NA is sampled active during a T2 other than the last 
one, the next state would be T21 or T2P instead of 
another T2. 

When address pipelining is not used, the bus states 
and transitions are completely illustrated by Figure 
4.8. The bus transitions between four possible 
states, T1, T2, Ti, and T h. Bus cycles consist of T1 
and T2, with T2 being repeated for wait states. Oth
erwise the bus may be idle, Ti, or in the hold ac
knowledge state T h. 
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Bus States: 
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T1-first clock of a non-pipelined bus cycle (80376 drives new address and asserts ADS). 
T2-subsequent clocks of a bus cycle when NA has not been sampled asserted in the current bus cycle. 
Ti-idle state. 
Th-hold acknowledge state (80376 asserts HLPA). 
The fastest bus cycle consists of two states: T1 and T2. 
Four basic bus states describe bus operation when not using pipe lined address. 

Figure 4_8. 80376 Bus States (Not Using Pipelined Address) 

Bus cycles always begin with T1. T1 always leads to 
T2. If a bus cycle is not acknowledged during T2 and 
NA is inactive, T2 is repeated. When a cycle is ac
knowledged during T2, the following state will be T1 
of the next bus cycle if a bus request is pending 
internally, or Ti if there is no bus request pending, or 
T h if the HOLD input is being asserted. 

Use of pipelining allows the 80376 to enter three 
additional bus states not shown in Figure 4.8. Figure 
4.12 is the complete bus state diagram, including 
pipelined cycles. 

Pipe lined Bus Cycles 

Pipelining is the option of requesting the address 
and the bus cycle definition of the next inter-

nally pending bus cycle before the current bus cycle 
is acknowledged with READY asserted. ADS is as
serted by the 80376 when the next address is is
sued. The pipelining option is controlled on a cycle
by-cycle basis with the NA input signal. 

Once a bus cycle is in progress and the current ad
dress has been valid for at least one entire bus 
state, the NA input is sampled at the end of every 
phase one until the bus cycle is acknowledged. Dur
ing non-pipelined bus cycles NA is sampled at the 
end of phase one in every T2. An example is Cycle 2 
in Figure 4.9, during which NA is sampled at the end 
of phase one of every T2 (it was asserted once dur
ing the first T2 and has no further effect during that 
bus cycle). 
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Following any idle bus state (Ti), bus cycles are non-pipelined. Within non-pipelined bus cycles, NA is only sampled 
during wait states. Therefore, to begin pipelining during a group of non-pipelined bus cycles requires a non-pipelined 
cycle with at least one wait state (Cylcle 2 above). 

Figure 4.9_ Transitlonlng to Pipelinlng during Burst of Bus Cycles 

If NA is sampled active, the 80376 is free to drive the 
address and bus cycle definition of the next bus cy
cle, and assert ADS, as soon as it has a bus request 
internally pending. It may drive the next address as 
early as the next bus state, whether the current bus 
cycle is acknowledged at that time or not. 

Regarding the details of pipelining, the 80376 has 
the following characteristics: 

1. The next address and status may appear as early 
as the bus state after NA was sampled active (see 
Figures 4.9 or 4.10). In that case, state T2P is 
entered immediately. However, when there is not 
an internal bus request already pending, the next 
address and status will not be available immedi
ately after NA is asserted and T21 is entered in
stead of T2P (see Figure 4.11 Cycle 3). Provided 
the current bus cycle isn't yet acknow-
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ledged by READY asserted, T2P will be entered 
as soon as the 80376 does drive the next address 
and status. External hardware should therefore 
observe the ADS output as confirmation the next 
address and status are actually being driven on 
the bus. 

2. Any address and status which are validated by a 
pulse on the 80376 ADS output will remain stable 
on the address pins for at least two processor 
clock periods. The 80376 'cannot produce a new 
address and status more frequently than every 
two processor clock periods (see Figures 4.9, 
4.10 and 4.11). ' 

3. Only the address and bus cycle definition of the 
very next bus cycle is available. The pipelining ca
pability cannot look further than one bus cycle 
ahead (see Figure 4.11, Cycle 1). 
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Following any idle bus state (Ti) the bus cycle is always non-pipelined and NA is only sampled during wait states. To 
start, address pipelining after an idle state requires a non-pipelined cycle with at least one wait state (cycle 1 above). 
The pipe lined cycles (2, 3, 4 above) are shown with various numbers of wait states. 

Figure 4.10. Fastest Transition to Pipelined Bus Cycle Following Idle Bus State 

The complete bus state transition diagram, including 
pipelining is given by Figure 4.12. Note it is a super
set of the diagram for non-pipelined only, and the 

, three additional bus states for pipelining are drawn 
in bold. 

The fastest bus cycle with pipe lining consists of just 
two bus states, T1 P and T2P (recall for non-pipe
lined it is T1 and T2). T1 P is the first bus state of a 
pipelined cycle. 

Initiating and Maintaining Pipelined Bus Cycles 

Using the state diagram Figure 4.12, observe the 
transitions from an idle state, Ti, to the beginning of 

a pipelined bus cycle T1 P. From an idle state, Ti, the 
first bus cycle must begin with T1, and is therefore a 
non-pipelined bus cycle. The next bus cycle will be 
pipelined, however, provided NA is asserted and the 
first bus cycle ends in a T2P state (the address and 
status for the next bus cycle is driven during T2P). 
The fastest path from an idle state to a pipelined bus 
cycle is shown in bold below: 

idle non-pipelined 
states cycle 

T1P-T2P, 

pipelined 
cycle 
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Figure' 4.11. Details of Address Pipelining during Cycles with Wait States 

T1-T2-T2P are the states of the bus cycle that es
tablishes address pipelining for the next bus cycle, 
which begins with T1 P. The same is true after a bus 
hold state, shown below: 

T1-T2-T2P, 

hold aknowledge non-pipelined 
states cycle 
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T1P-T2P, 

pipelined 
cycle 

The transition to pipe lined address is shown func
tionally by Figure 4.10, Cycle 1. Note that Cycle 1 is 
used to transition into pipelined address timing for 
the subsequent Cycles 2, 3 and 4, which are pipe
lined. The NA input is asserted at the appropriate 
time to select address pipelining for Cycles 2, 3 and 
4. ' 

Once a bus cycle is in progress and the current ad
dress and status has been valid for one entire bus 
state, the NA input is sampled at the end of every 
phase one until the bus cycle is acknowledged. 
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Bus States: 

HOLD ASSERTED 

READY ASSERTED • 
HOLD NEGATED' 

NO REQUEST 

READY NEGATED 

T1-first clock of a non·pipelined bus cycle (80376 drives new address, status and asserts ADS). 

I~ 
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T2-subsequent clocks of a bus cycle when NA has not been sampled asserted in the current bus cycle. 
T21-subsequent clocks of a bus cycle when NA has been sampled asserted in the current bus cycle but there is not yet 
an internal bus request pending (80376 will not drive new address, status or assert ADS). 
T2P-subsequent clocks of a bus cycle when NA has been sampled asserted in the current bus cycle and there is an 
internal bus request pending (80376 drives new address, status and asserts ADS). 
T1 P-first clock of a pipelined bus cycle. 
Ti-idle state. 
Th-hold acknowledge state (80376 asserts HLDA). 
Asserting NA for pipelined bus cycles gives access to three more bus states: T21, T2P and T1 P. 
Using pipelining the fastest bus cycle consists of T1 P and T2P. 

Figure 4.12. 80376 Processor Complete Bus States (Including Pipelinlng) 
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Samp!!!!g begins in T2 during Cycle 1 in Figure 4.10. 
Once NA is sampled active during the current cycle, 
the 80376 is free to drive a new address and bus 
cycle definition on the bus as early as the next bus 
state. In Figure 4.10, Cycle 1 for example, the next 
address and status is driven during state T2P. Thus 
Cycle 1 makes the transition to pipelined timing, 
since it begins with T1 but ends with T2P. Because 
the address for Cycle 2 is available before Cycle 2 
begins, Cycle 2 is called a pipelined bus cycle, and it 
begins with T1 P. Cycle 2 begins as soon as READY 
asserted terminates Cycle 1. 

Examples of transition bus cycles are Figure 4.10, 
Cycle 1 and Figure 4.9, Cycle 2. Figure 4.10 shows 
transition during the very first cycle after an idle bus 
state, which is the fastest possible transition into ad
dress pipelining. Figure 4.9, Cycle 2 shows atran
sition cycle occurring during a burst of bus cycles. In 
any case, a transition cycle is the same whenever it . 
occurs: it consists at least of T1, T2 (NA is asserted 
at that time), and T2P (provided the 80376 has an 
internal bus request already pending, which it almost 
always has). T2P states are· repeated if wait states 
are added to the cycle. 

Note that only three states (T1, T2 and T2P) are 
required in a bus cycle performing a transition from 
non-pipe lined into pipe lined timing, for example Fig
ure 4.10, Cycle 1. Figure 4.10, Cycles 2, 3 and 4 
show that pipelining can be maintained with two
state bus cycles consisting only of T1 P and T2P. 

Once a pipelined bus cycle is in progress, pipelined 
timing is maintained for the next cycle by asserting 
NA and detecting that the 80376 enters T2P during 
the current bus cycle. The current bus cycle must 
end in state T2P for pipelining to be maintained in 
the next cycle. T2P is identified by the assertion of 
ADS. Figures 4.9 and 4.10 however, each show 
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pipelining ending after Cycle 4 because Cycle 4 
ends in T21. This indicates the 80376 didn't have an 
internal bus request prior to the acknowledgement 
of Cycle 4. If a cycle ends with a T2 or T21, the next 
cycle will not be pipelined. 

Realistically, pipelining is almost always maintained 
as long as NA is sampled asserted. This is so be
cause in the absence of any other request, a code 
prefetch request is always internally pending until 
the instruction decoder and code prefetch queue are 
completely full. Therefore pipe lining is maintained 
for long bursts of bus cycles, if the bus is available 
(I.e., HOLD inactive) and NA is sampled active in 
each of the bus cycles. 

INTERRUPT ACKNOWLEDGE (INTA) CYCLES 

In repsonse to an interrupt request on the INTR in
put when interrupts are enabled, the 80376 performs 
two interrupt acknowledge cycles. These bus cycles 
are similar to read cycles in that bus definition sig
nals define the type of bus activity taking place, and 
each cycle continues until acknowleqged by READY 
sampled active. 

The state of A2 distinguishes the first and second 
interrupt acknowledge cycles. The byte address 
driven during the first interrupt acknowledge cycle is 
4 (A2a-Aa, A1, BLE LOW, A2 and BHE HIGH). The 
byte address driven during the second interrupt ac
knowledge cycle is 0 (A2a-A1' BLE LOW and BHE 
HIGH). 

The LOCK output is asserted from the beginning of 
the first interrupt acknowledge cycle until the end of 
the second interrupt acknowledge cycle. Four idle 
bus states, Tj, are inserted by the 80376 between 
the two interrupt acknowledge cycles for compatibil
ity with the interrupt specification T RHRL of the 
8259A Interrupt Controller and the 82370 Integrated 
Peripheral. 
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Interrupt Vector (0-255) is read on 00-07 at end of second Interrupt Acknowledge bus cycle. 
Because each Interrupt Acknowledge bus cycle is followed by idle bus states, asserting NA has no practical effect. 
Choose the approach which is simplest for your system hardware design. 

Figure 4.13. Interrupt Acknowledge Cycles 

During both interrupt acknowledge cycles, D15-DO 
float. No data is read at the end of the first interrupt 
acknowledge cycle. At the end of the second inter
rupt acknowledge cycle, the 80376 will read an ex
ternal interrupt vector from D7-DO of the data bus. 
The vector indicates the specific interrupt number 
(from 0-255) requiring service. 

HALT INDICATION CYCLE 

The 80376 execution unit halts as a result of execut
ing a HL T instruction. Signaling its entrance into the 
halt state, a halt indication cycle is performed. The 
halt indication cycle is identified by the state of the 
bus definition signals and a byte address of 2. See 
the Bus Cycle Definition Signals section. The halt 
indication cycle must be acknowledged by READY 
asserted. A halted 80376 resumes execution when 
INTR (if interrupts are enabled), NMI or RESET is 
asserted. 
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Figure 4.14. Example Halt Indication Cycle from Non-Plpelined Cycle 

SHUTDOWN INDICATION CYCLE 

The 80376 shuts down as a result of a protection 
fault while attempting to process a double fault. Sig
naling its entrance into the shutdown state, a shut
down indication cycle is performed. The shutdown 
indication cycle is identified by the state of the bus 
definition signals shown in Bus Cycle Definition 
Signals and a byte address of O. The shutdown indi
cation cycle must be acknowledged by READY as
serted. A shutdown 80376 resumes execution when 
NMI or RESET is asserted. 
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ENTERING AND EXITING HOLD 
ACKNOWLEDGE 

The bus hold acknowledge state, T h, is entered in 
response to the HOLD input being asserted. In the 
bus hold acknowledge state, the 80376 floats all 
outputs or bidirectional signals, except for HLDA. 
HLDA is asserted as long as the 80376 remains in 
the bus hold acknowledge state. In the bus hold ac
knowledge state, all inputs except HOLD and RE
SET are ignored. 
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Figure 4.15. Example Shutdown Indication Cycle from Non-Plpellned Cycle 

T h may be entered from a bus idle state as in Figure 
4.16 or after the acknowledgement of the current 
physical bus cycle if the LOCK signal is not asserted, 
as in Figures 4.17 and 4.18. 

This exited in response to the HOLD input being 
negated. The following state will be Tj as in Figure 
4.16 if no bus request is pending. The following bus 

state will be T1 if a bus request is internally pending, 
as in Figures 4.17 and 4.18. This exited in response 
to RESET being asserted. 

If a rising edge occurs on the edge-triggered NMI 
input while in T h' the event is remembered as a non
maskable interrupt 2 and is serviced when This exit
ed unless the 80376 is reset before This e,xited. 
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NOTE: 
For maximum des~exibility the B0376 has no internal pull-up resistors on its outputs. Your design may require an 
external pullup on ADS and other 80376 outputs to keep them negated during float periods. 

Figure 4.16. Requesting Hold from Idle Bus 

RESET DURING HOLD ACKNOWLEDGE 

RESET being asserted takes priority over HOLD be
ing asserted. If RESET is asserted while HOLD re
mains asserted, the 80376 drives its pins to defined 
states during reset, as in Table 4,5, Pin State Dur
ing Reset; and performs internal reset activity as 
usual. 

If HOLD remains asserted when RESET is inactive, 
the 80376 enters the hold acknowledge state before 
performing its first bus cycle, provided HOLD is still 
asserted when the 80376 processor would other
wise perform its first bus cycle. If HOLD remains as
serted when RESET is inactive, the BUSY input is 
still sampled as usual to determine whether a self 
test is being requested. 

FLOAT 

Activating the FL T input floats all 80376 bidirectional 
and output signals, including HLDA. Asserting FL T 
isolates the 80376 from the surrounding circuitry .. 
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When an 80376 in a PQFP suiiace-mount package 
is used without a socket, it cannot be removed from 
the printed circuit board. The FL T input allows the 
80376 to be electrically isolated to allow testing of 
external circuitry. This technique is known as ONCE 
for "ON-Circuit Emulation". 

ENTERING AND EXITING FLOAT 

FL T is an asynchronous, active-low input. It is recog
nized on the rising edge of CLK2. When recognized, 
it aborts the current bus cycle and floats the outputs 
of the 80376 (Figure 4.20). FL T must be held low for 
a minimum of 16 CLK2 cycles. Reset should be as
serted and held asserted until after FL T is deassert
ed. This will ensure that the 80376 will exit float in a 
valid state. 

Asserting the FL T input unconditionally aborts the 
current bus cycle and forces the 80376 into the 
FLOAT mode. Since activating FL T unconditionally 
forces the 80376 into FLOAT mode, the 80376 is not 
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HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require
ments are met. This waveform is useful for determining Hold Acknowledge latency. 

Figure 4.17_ Requesting Hold from Active Bus (NA Inactive) 

guaranteed to enter FLOAT in a valid state. After 
deactivating FL T, the 80376 is not guaranteed to 
exit FLOAT mode in a valid state. This is not a prob
lem as the FL T pin is meant to be used only during 
ONCE. After exiting FLOAT, the 80376 must be re
set to return it to a valid state. Reset should be as
serted before FL T is deasserted. This will ensure 
that the 80376 will exit float in a valid state. 

FL T has an internal pull-up resistor, and if it is not 
used it should be unconnected. 

BUS ACTIVITY DURING AND FOLLOWING 
RESET 

RESET is the highest priority input signal, capable of 
interrupting any processor activity when it is assert-

ed. A bus cycle in progress can be aborted at any 
stage, or idle states or bus hold acknowledge states 
discontinued so that the reset state" is established. 

RESET should remain asserted for at least 15 CLK2 
periods to ensure it is recognized throughout the 
80376, and at least 80 CLK2 periods if a 80376 self
test is going to be requested at the falling edge. RE
SET asserted pulses less than 15 CLK2 periods may 
not be recognized. RESET pulses less than 80 CLK2 
periods followed by a self-test may cause the self
test to report a failure when no true failure exists. 

Provided the RESET falling edge meets setup and 
hold times t25 and t26, the internal processor clock 
phase is defined at that time as illustrated by Figure 
4.19 and Figure 6.7. 
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NOTE: 
HOLD is a synchronous input and can be asserted at any CLK2 edge. provided setup and hold (t23 and t24) require
ments are met. This waveform is useful for determining Hold Acknowledge latency .. 

Figure 4.18. Requesting Hold from Idle Bus (NA Active) 

An 80376 self-test may be requested at the time RE
SET goes inactive by having the BUSY input at a 
LOW level as shown in Figure 4.19. The self-test 
requires (220 + approximately 60) CLK2 periods to 
complete. The self-test duration is not affected by 
the test results. Even if the self-test indicates a 
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problem. the 80376 attempts to proceed with the 
reset sequence afterwards. 

After the RESET falling edge (and after the self-test 
if it was requested) the 80376 performs an internal 
initialization sequence for approximately 350 to 450 
CLK2 periods. 
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NOTES: 
1. BUSY should be held stable for 8 ClK2 periods before and after the ClK2 period in which RESET falling edge 
occurs. 
2. If self-test is requested. the 80376 outputs remain in their reset state as shown here. 

Figure 4.19. Bus Activity from Reset until First Code Fetch 
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Figure 4.20. Entering and Exiting FLOAT 
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4.5 Self-Test Signature 

Upon completion of self·test (if self-test was re
quested by driving BUSY LOW at the falling edge of 
RESET) the EAX register will contain a signature of 
OOOOOOOOH indicating the S0376 passed its self-test 
of microcode and major PLA contents with no prob
lems detected. The passing signature in EAX, 
OOOOOOOOH, applies to all S0376 revision levels. Any 
non-zero signature indicates the S0376 unit is faulty. 

4.6 Component and Revision 
Identifiers 

To assist S0376 users, the S0376 after reset holds a 
component identifier and revision identifier in its OX 
register. The upper S bits .of OX hold 33H as identifi
cation of the S0376 component. (The lower nibble, 
03H, refers to the Intel3S6™ architecture. The up
per nibble" 30H, refers to the third member of the 
Intel3S6 family). The lower S bits of OX hold an 
S-bit unsigned binary number related to the compo
nent revision level. The revision identifier will, in gen
eral, chronologically track those component step
pings which are intended to have certain improve
ments or distinction from previous steppings. The 
S0376 revision identifier will track that of the S03S6 
where possible. 

The revision identifier is intended to assist S0376 
users to a practical extent. However, the revision 
identifier value is not guaranteed to 'change with ev
ery stepping revision, or to follow a completely uni
form numerical sequence, depending on the type or 
intention of revision, or ~anufacturing materials re
quired to ,be changed. Intel has sole discretion over 
these characteristics of the component. 

Table 4.7. Component and 
Revision Identifier History 

80376 Stepping Name Revision Identifier 

AO 05H 

B OSH 

4.7 Coprocessor Interfacing 

The S0376 provides an automatic interface for the 
Intel S03S7SX numeric floating-point coprocessor. 
The S03S7SX coprocessor uses an 110 mapped in
terface driven automatically by the S0376 and as
sisted by three dedicated signals: BUSY, ERROR 
and PEREQ. 
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As the S0376 begins supporting a coprocessor in
struction, it tests the BUSY and ERROR signals to 
determine if the coprocessor can accept its next in
struction. Thus, the BUSY and ERROR inputs elimi
nate the need for any "preamble" bus cycles for 
communication between processor and coproces
sor. The S03S7SX can be given its command op
code immediately. The dedicated signals provide 
instruction synchronization, and eliminate the need 
of using the S0376 WAIT opcode (9BH) for S03S7SX 
instruction synchronization (the WAIT opcode was 
required when the SOS6 or SOSS was used with the 
SOS7 coprocessor). 

Custom coprocessors can be included in S0376 
based systems by memory-mapped or 1I0-mapped 
interfaces. Such coprocessor interfaces allow a 
completely custom protocol, and are not limited to a 
set of coprocessor protocol "primitives". Instead, 
memory-mapped or 1I0-mapped interfaces may use 
all applicable S0376 instructions for high-speed co
processor communication. The BUSY and ERROR 
inputs of the S0376 may also be used for the custom 
coprocessor interface, if such hardware assist is de
sired. These signals can be tested by the S0376 
WAIT opcode (9BH). The WAIT instruction will wait 
until the BUSY input is inactive (interruptable by an 
NMI or enabled INTR input), but generates an ex
ception 16 fault if the ERROR pin is active when the 
BUSY goes (or is) inactive. If the custom coproces
sor interface is memory-mapped, protection of the 
addresses used for the interface can be provided 
with the segmentation mechanism of the S0376. If 
the custom interface is 1I0-mapped, protection of 
the interface can be provided with the S0376 10PL 
(110 Privilege Level) mechanism. 

The S03S7SX numeric coprocessor interface is 110 
mapped as shown in Table 4.S. Note that the 
S03S7SX coprocessor interface addresses are be
yond the OH-OFFFFH range for programmed 110. 
When the S0376 supports the S03S7SX coproces
sor, the S0376 automatically generates bus cycles to 
the coprocessor interface addresses .. 

Table 4.8 Numeric Coprocessor Port Addresses 

Address In 80376 80387SX 
110 Space Coprocessor Register 

SOOOFSH Opcode Register 
SOOOFCH Operand Register 
SOOOFEH Operand Register 



SOFTWARE TESTING FOR COPROCESSOR 
PRESENCE 

When software is used to test coprocessor 
(B03B7SX) presence, it should use only the following 
coprocessor opcodes: FNINIT, FNSTCW and 
FNSTSW. To use other coprocessor opcodes when 
a coprocessor is known to be not present, first set 
EM = 1 in the B0376 CRO register. 

5.0 PACKAGE THERMAL 
SPECIFICATIONS 

The Intel B0376 embedded processor is specified 
for operation when case temperature is within the 
range of 0·C-115·C for both the ceramic BB'pin 
PGA package and the plastic 100-pin PQFP pack
age. The case temperature may be measured in any 
environment, to determine whether the B0376 is 
within specified operating range. The case tempera
ture should be measured at the center of the top 
surface. 

The ambient temperature is guaranteed as long as 
T c is not violated. The ambient temperature can be 
calculated from the 0jc and 0ja from the following 
equations: 

TJ = To + P'Oio 

TA = Ti - P'Oia 

Tc = Ta + P*[Oia - 0id 

Values for 0ja and 0jc are given in Table 5.1 for the 
100-lead fine pitch. 0ja is given at various airflows. 
Table 5.2 shows the maximum T a allowable (without 
exceeding T cl at various airflows. Note that T a can 
be improved further by attaching "fins" or a "heat 
sink" to the package. P is calculated using the maxi
mum cold Icc of 305 mA and the maximum Vee of 
5.5V for both packages. 

Table 5.1. 80376 Package Thermal 
Characteristics Thermal Resistances 

("C/Watt) 0je and 0ja 

0la Versus Airflow-ft/min (m/sec) 

Package Ole 0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

100-Lead 7.5 34.5 29.5 25.5 22.5 21.5 21.0 
Fine Pitch 

BB-Pin 2.5 29.0 22.5 17.0 14.5 12.5 12.0 
PGA 
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Table 5.2. 80376 
Maximum Allowable Ambient 

Temperature at Various Airflows 

T A("C) vs Airflow-ft/min (m/sec) 

Package Ole 0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (S.07) 

100-Lead 7.5 70 7B B5 90 92 93 
Fine Pitch 

BB-Pin 2.5 70 B1 90 95 9B 99 
PGA 

6.0 ELECTRICAL SPECIFICATIONS 

The following sections describe recommended elec
trical connections for the B0376, and its electrical 
specifications. 

6.1 Power and Grounding 

The B0376 is implemented in CHMOS IV technology 
and has modest power requirements. However, its 
high clock frequency and 47 output buffers (address, 
data, control, and HLDA) can cause power surges 
as multiple output buffers drive new signal levels 
simultaneously. For clean on-chip power distribution 
at high frequency, 14 Vee and 1 B Vss pins separate
ly feed functional units of the B0376. 

Power and ground connections must be made to all 
external Vee and GND pins of the B0376. On the 
circuit board, all Vee pins should be connected on a 
Vee plane and all Vss pins should be connected on 
a GND plane. 

POWER DECOUPLING RECOMMENDATIONS 

Liberal decoupling capacitors should be placed near 
the B0376. The B0376 driving its 24-bit address bus 
and 16-bit data bus at high frequencies can cause 
transient power surges, particularly when driving 
large capacitive loads. Low inductance capacitors 
and interconnects are recommended for best high 
frequency electrical performance. Inductance can 
be reduced by shortening circuit board traces be
tween the B0376 and decoupling capacitors as 
much as possible. 

RESISTOR RECOMMENDATIONS 

The ERROR, FL T and BUSY inputs have internal 
pull-up resistors of approximately 20 KO and the 
PEREQ input has an internal pull-down resistor of 
approximately 20 KO built into the B0376 to keep 
these signals inactive when the B03B7SX is not 
present in the system (or temporarily removed from 
its socket). 
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In typical designs, the external pull-up resistors 
shown in Table 6.1 are recommended. However, a 
particular design may have reason to adjust the re
sistor values recommended here, or alter the use of 
pull-up resistors in other ways. 

Pin Signal 

16 ADS 

26 LOCK 

Table 6.1. Recommended 
Resistor Pull-Ups to Vee 

Pull-Up Value Purpose 

20 Kfl. ± 10% Lightly Pull ADS 
Inactive during 80376 
Hold Acknowledge 
States 

20Kfl. ± 10% Lightly Pull LOCK 
Inactive during 80376 
Hold Acknowledge 
States 

OTHER CONNECTION RECOMMENDATIONS 

For reliable operation, always connect unused in
puts to an appropriate signal level. N/C pins should 
always remain unconnected. Connection of N/C 
pins to, Vee or Vss will result in incompatibility 
with future steppings of the 80376. 

Particularly when not using interrupts or bus hold (as 
when first prototyping), prevent any chance of spuri
, ous activity by connecting these associated inputs to 
GND: 

-INTR 
-NMI 
-HOLD 
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If not using address pipelining connect the NA pin to 
a pull-up resistor in the range of 20 Kfl. to Vee. 

6.2 Absolute Maximum Ratings 
Table 6.2. Maximum Ratings 

Parameter Maximum Rating 

Storage Temperature - 65·C to + 150·C 

Case Temperature - 65·C to + 120·C 
under Bias 

Supply Voltage with - 0.5V to + 6.5V 
Respect to Vss 

Voltage on Other Pins -0.5V to (Vee + 0.5)V 

Table 6.2 gives a stress ratings only, and functional 
operation at the maximums is not guaranteed. Func
tional operating conditions are given in Section 6.3, 
D.C. Specifications, and Section' 6.4, A.C. Specifi
cations. 

Extended exposure to the Maximum Ratings may af
fect device reliability. Furthermore, although the 
80376 contains protective circuitry to resist damage 
from static electric discharge, always take precau
tions to avoid high static voltages or electric fields. 
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6.3 D.C. Specifications 

ADVANCE INFORMATION SUBJECT· TO CHANGE 
Table 6.3: 80376 D.C. Characteristics 

Functional Operating Range: V cc = 5V ± 10 %; T CASE = O°C to 115°C for 88-pin PGA or 1 OO-pin paFP 

Symbol Parameter Min Max Unit 

. VIL Input LOW Voltage -0.3 +0.8 V(1) 

VIH Input HIGH Voltage 2.0 Vcc +0.3 V(1) 

VILC CLK2 Input LOW Voltage -0.3 +0.8 V(1) 

VIHC CLK2 Input HIGH Voltage Vcc - 0.8 Vcc + 0.3 V(1) 

VOL Output LOW Voltage 

IOL = 4 rnA: A23-A1,015-0 0 0.45 V(1) 

IOL = 5 rnA: BHE, BLE, WIR, 0.45 V(1) 

DIG, MilO, LOCK, 
ADS, HLOA 

VOH Output High Voltage 

IOH = -1 rnA: A23-A1,015-00 2.4 V(1) 

IOH = - 0.2 rnA: Vcc - 0.5 V(1) 

A23-A1,015-00 

IOH = - 0.9 rnA: BHE, BLE, WIR, 2.4 V(1) 

DIG, MilO, LOCK, 
AOS,HLOA 

IOH = -0.18 rnA: BHE, BLE, WIR, Vcc - 0.5 V(1) 

DIG, MilO, LOCK 
AOS,HLOA 

III Input Leakage Current ±15 /tA,OV ::;: VIN ::;: Vcc(1) 
(For All Pins except 
PEREa, BUSY, FL T and ERROR) 

IIH Input Leakage Current 200 /tA, VIH = 2.4V(1, 2) 
(PEREa Pin) 

IlL Input Leakage Current -400 /tA, VIL = 0.45V(3) 
(BUSY and ERROR Pins) 

ILO Output Leakage Current ±15 /tA, 0.45V ::;: VOUT ::;: VCc!1) 

Icc Supply Current 
CLK2 = 32 MHz 275 rnA, Icc typ = 175 rnA(4) 
CLK2 = 40 MHz 305 rnA, Icc typ = 200 rnA(4) 

CIN Input Capacitance 10 pF, Fc = 1 MHz(5) 

COUT Output or 1/0 Capacitance 12 pF, Fc = 1 MHz(5) 

CCLK CLK2 Capacitance 20 pF, Fc = 1 MHz(5) 

NOTES: 
1. Tested at the minimum operating frequency of the device. 
2. PEREQ input has an internal pull-down resistor. 
3. BUSY, FLT and ERROR inputs each have an internal pull-up resistor. 
4. Ice max measurement at worse case load, Vee and temperature (O·C). 
5. Not 100% tested. 
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The A.C. specifications given in Table 6.4 consist of 
output delays, input setup requirements and input 
hold requirements. All A.C. specifications are rela
tive to the ClK2 rising edge crossing the 2.0V level. 

A.C. specification measurement is defined by Figure 
6.1. Inputs must be driven to the voltage levels indi
cated by Figure 6.1 when A.C. specifications are 
measured. 80376 output delays are specified with 
minimum and maximum limits measured as shown. 
The minimum 80376 delay times are hold times pro
vided to external circuitry. 80376 input setup and 
hold times are specified as minimums, defining the 

III 

CLK2[ 

NOTE 2 

O~:.!"~~ n I.SV 

smallest acceptable sampling window. Within the 
sampling window, a synchronous input signal must 
be stable for correct 80376 processor operation. 

Outputs NA, W/R, DIG, MilO, lOCK, BHE, BlE, 
A23-A1 and HlDA only change at the beginni!1g of 
phase one. D15-DO (write cycles) only change at the 
beginning of phase two. The READY, HOLD, BUSY, 
ERROR, PEREa and D15-DO (read cycles) inputs 
are sampled at the beginning of phase one. The NA, 
INTR and NMI inputs are sampled at the beginning 
of phase two. 

Il2 

OUTPUTS 
(Al-A23,BHE,BLE, [ 

ADS,I.I/iO,D/C, 
W/R,LOCK,HLDA) ----...... ~::.....:. .... ::.....:. .... ~--..,..-

OUTPUTS [ 
(DO-DIS) 

INPUTS [ 
(NA,INTR,NMI) 

INPUTS 
(READY,HOLD, [ 
ERROR,BUSY, 

PEREQ,DO-D1S) 

LEGEND: 
A-Maximum Output Delay Spec. 
B-Minimum Output Delay Spec. 
C-Mlnimum Input Setup Spec. 
D-Minimum Input Hold Spec. 

~----~Ar-----~ 

© NOTE 1 

3.0V ,.....,~"""-----""'"'Ir+-~ 
I.SV VALID 

INPUT 
I.SV 

OV----~-----~~~ 

© NOTE 1 

I.SV VALID 
INPUT 

I.SV 

® 

OV----~-----~~~ 

240182-35 

Figure 6.1. Drive Levels and Measurement Points for A.C. Specifications 
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6.4 A~C. Specifications 
Table 6.4. 80376 A.C. Characteristics at 16 MHz 

Functional Operating Range: Vee = 5V ± 10%; TeASE = O·C to 115·C for SS-pin PGA or 100-pin PQFP 

Symbol Parameter Min Max Unit Figure Notes 

Operating Frequency 4 16 MHz Half CLK2 Freq 

t1 CLK2 Period 31 125 ns 6.3 

t2a CLK2 HIGH Time 9 ns 6.3 At 2(3) 

t2b CLK2 HIGH Time 5 ns 6.3 At (Vee - 0.8)V(3) 

t3a CLK2 LOW Time 9 ns 6.3 At2V(3) 

t3b CLK2 LOW Time 7 ns 6.3 AtO.8V(3) 

4 CLK2 Fall Time S ns 6.3 (Vee-O.S)V to 0.8V(3) 

t5 CLK2 Rise Time S ns 6.3 O.SV to (Vee-0.8)(3) 

ta A23-A1 Valid Delay 4 36 ns 6.5 CL = 120 pF(4) 

t7 A23-A1 Float Delay 4 40 ns 6.6 (1) 

ta SHE, SLE, LOCK 4 36 ns 6.5 CL = 75 pF(4) 
Valid Delay 

tg SHE, SLE, LOCK 4 40 ns 6.6 (1) 

Float Delay 

t10 WIR, MilO, D/C, 6 33 ns 6.5 CL = 75 pF(4) 
ADS Valid Delay 

t11 WIR, MilO, D/C, 6 35 ns 6.6 (1) 

ADS Float Delay 

t12 015-00 Write Data 4 40 ns 6.5 CL = 120 pF(4) 
Valid Delay 

t13 015-00 Write Data 4 35 ns 6.6 (1) 

Float Delay -

t14 HLDA Valid Delay 4 33 ns 6.6 CL = 75 pF(4) 

t15 NA Setup Time 5 ns 6.4 

t16 NAHoldTime 21 ns 6.6 

t19 READY Setup Time 19 ns 6.4 

t20 READY Hold Time 4 ns 6.4 

t21 Setup Time 015-00 Read Data 9 ns 6.4 

t22 Hold Time 015-00 Read Data 6 ns 6.4 

t23 HOLD Setup Time 26 ns 6.4 

t24 HOLD Hold Time 5 ns' 6.4 

t25 RESET Setup Time 13 ns 6.7 

, t26 RESET Hold Time 4 ns 6.7 
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Table 6.4. 80376 A.C. Characteristics at 16 MHz (Continued) 
Functional Operating Range: V cc = 5V ± 1 0%; T CASE = O"C to 115°C for 88-pin PGA or 100-pin POFP 

Symbol Parameter Min Max Unit Figure Notes 

t27 NMI, INTR Setup Time 16 ns 6.4 (2) 

t28 NMI, INTR Hold Time 16 ns 6.4 (2) 

t29 PER EO, ERROR, BUSY, FL T 16 ns 6.4 (2) 

Setup Time 

tso PEREO, ERROR, BUSY, FLT 5 ns 6.4 (2) 

Hold Time 

NOTES: 
1. Float condition occurs when maximum output current .becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
3. These are not tested. They are guaranteed by design characterization. 
4. Tested with CL set to 50 pF and derated to support the indicated distributed capacitive load. See Figures 6.8 through 6.10 
for capacitive derating curves. 
5. The 80S76 does not have t17 or t18 timing specifications. 

Table 6.5. 80376 A.C. Characteristics at 20 MHz 
Functional Operating Range: VCC = 5V ± 10%; TCASE = O°C to 115°C for 88-pin PGA or 100-pin POFP 

Symbol Parameter Min Max Unit Figure Notes 

Operating Frequency 4 20 MHz Half CLK2 Frequency 

t1 CLK2 Period 25 125 ns 6.3 

t2a CLK2 HIGH Time 8 ns ,6.3 At2V(3) 

t2b CLK2 HIGH Time 5 ns 6.3 At (VCC - 0.8)V(S) 

taa CLK2 LOW Time 8 ns 6.3 At2V(3) 

tSb CLK2 LOW Time 6 ns 6.3 AtO.8V(S) 

~ CLK2 Fall Time 8 ns 6.3 (Vcc-0.8V) to 0.8V(3) 

t5 CLK2 Rise Time 8 ns 6.3 0.8V to (Vcc-0.8)(3) 

ta A2S-A1 Valid Delay 4 30 ns 6.5 CL = 120 pF(4) 

t7 A2S-A1 Float Delay 4 ns 6.6 (1) 

te BHE, BLE, LOCK 4 30 ns 6.5 CL = 75pF(4) 
Valid Delay 

t9 BHE, BLE, LOCK 4 32 ns 6.6 (1) 

Float Delay 

tlOa MIlO, D/C 6 28 ns 6.5 CL = 75pF(4) 
Valid Delay 

t10b W/R,ADS 6 26 ns 6.5 . CL = 75 pF(4) 
Valid Delay 

t11 WIR, MIlO, D/C, 6 30 ns 6.6 (1) 

ADS Float Delay 

t12 D15-DO Write Data 4 38 ns 6.5 CL = 120pF 
Valid Delay 

t13 D15-DO Write Data 4 27 ns 6.6 (1) 

Float Delay·· 
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Table 6.5. 80376 A.C. Characteristics at 20 MHz (Continued) 
Functional Operating Range: Vcc = 5V ±10%; TCASE = O·C to 115·C for 88-pin PGA or 100-pin PQFP 

Symbol Parameter Min Max Unit Figure Notes 

t14 HLDA Valid Delay 4 28 ns 6.5 CL = 75 pF(4) 

t15 NA Setup Time 5 ns 6.4 

t16 NAHoldTime 12 ns 6.4 

t19 READY Setup Time 12 ns 6.4 

t20 READY Hold Time 4 ns 6.4 

t21 015-00 Read Data Setup Time 9 ns 6.4 

t22 015-00 Read Data Hold Time 6 ns 6.4 

t23 HOLD Setup Time 17 ns 6.4 

t24 HOLD Hold Time 5 ns 6.4 

t25 RESET Setup Time 12 ns 6.7 

t26 RESET Hold Time 4 ns 6.7 

t27 NMI, INTR Setup Time 16 ns 6.4 (2) 

t28 NMI, INTR Hold Time 16 ns 6.4 (2) 

t29 PEREQ, ERROR, BUSY, FL T 14 ns 6.4 (2) 

Setup Time 

t30 PEREQ, ERROR, BUSY, FL T 5 ns 6.4 (2) 

Hold Time 

NOTES: 
1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. , 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
3. These are not tested. They are guaranteed by design characterization. 
4. Tested with CL set to 50 pF and derated to support the indicated distributed capacitive load. See Figures 6.8 through 6.10 
for capacitive derating curves. 
5. The 80376 does not have t17 or t18 timing specifications. 

A.C. TEST LOADS A.C. TIMING WAVEFORMS 

80376~. 
OUTPUT ..L' 

JCL=sopr 

240182-36 

240182-37 

Figure 6.2. A.C. Test Loads Figure 6.3. CLK2 Waveform 
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Tx 
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HOLD [~~-' __ + __ ..ml~ 

00-015 [ 
(INPUT) ~~-' __ + __ ..ml~ 

BUSY. [ ~~:ir-"';;"'-+"""";;;""'''m
ERROR 
PEREQ 

tlA[ 

INTR. [ 
NMI 

Tx 

240182-38 

Figure 6.4. A.C. Timing Waveforms-Input Setup and Hold Timing 
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ClK2 [ 

BHE. BlE, [ lOCK 

w/R.t.l/iO. [ D/C,ADS 

Al-A23 [ 

00-015 [ 
(OUTPUT) 

HlDA [ 

Tx 

Figure 6.5. A.C. Timing Waveforms-Output Valid Delay Timing 
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CLK2 [ 

BHE, BLE, [ 
LOCK 

w/R,t.l/iO, [ 
D/e, ADS 

Al-A23 [ 

00-015 [ 

HLDA [ 

Th nOR Tl 

--I--+"----+-+t.l:~IGH~~ ~ 1t.l~ ___ ]t.lAX 

@ALSO APPLIES TO DATA FLOAT WHEN WRITE 
CYCLE IS FOLLOWED BY READ OR IDLE 

240182-40 

Figure 6.6. A.C. Timing Waveforms-Output Float Delay and HLDA Valid Delay Timing 

-RESET-I .... ~---INITIALIZATION SEQUENCE ----

</12 OR 1/11 </12 OR </11 </12 

CLK2 [ 

RESET [ 

240182-41 
The second internal processor phase following RESET high-to-Iow transition (provided t25 and t26 are met) is <1>2. 

Figure 6.7. A.C. Timing Waveforms-RESET Setup and Hold Timing, and Internal Phase 
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Figure 6.8. Typical Output Valid Delay versus 
Load Capacitance at Maximum Operating 

Temperature (CL = 120 pF) 

Figure 6.9. Typical Output Valid Delay versus 
Load Capacitance at Maximum Operating 

Temperature (CL = 75 pF) 
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Figure 6.10. Typical Output Rise 
Time versus Load Capacitance at 
Maximum Operating Temperature 
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6.5 Designing for the ICETM·376 
Emulator 

The 376 embedded processor in-circuit emulator 
product is the ICE-376 emulator. Use of the emula
tor requires the target system to provide a socket 
that is compatible with the ICE-376 emulator. The 
80376 offers two different probes for emulating user 
systems: an 88-pin PGA probe and a 100-pin fine 
pitch flat-pack probe. The 100-pin fine pitch flat
pack probe requires a socket, called the 100-pin 
PQFP, which is available from 3-M Textool (part 
number 2-0100-07243-000). The ICE-376 emulator 
probe attaches to the target system via an adapter 
which replaces the 80376 component in the target 
system. Because of the high operating frequency of 
80376 systems and of the ICE-376 emulator, there is 
no buffering between the 80376 emulation proces
sor in the ICE-376 emulator probe and the target 
system. A direct result of the non-buffered intercon
nect is that the ICE-376 emulator shares the ad
dress and data bus with the user's system, and the 
RESET signal is intercepted by the ICE emulator 
hardware. In order for the ICE-376 emulator to be 
functional in the user's system without the Optional 
Isolation Board (OIB) the designer must be aware of 
the following conditions: 

1. The bus controller must only enable data trans
ceivers onto the data bus during valid read cycles 
of the 80376, other local devices or other bus 
masters. 

2. Before another bus master drives the local proc
essor address bus, the other master must gain 
control of the address bus by asserting HOLD and 
receiving the HLDA response. 
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3. The emulation processor receives the RESET sig
nal 2 or 4 CLK2 cycles later than an 80376 would, 
and responds to RESET later. Correct phase of 
the response is guaranteed. 

In addition to the above considerations, the ICE-376 
emulator processor module has several electrical 
and mechanical characteristics that should be taken 
into consideration when designing the 80376 sys
tem. 

Capacitive Loading: ICE-376 adds up to 27 pF to 
each 80376 signal. 

Drive Requirements: ICE-376 adds one FAST TIL 
load on the CLK2, control, address, and data lines. 
These loads are within the processor module and 
are driven by the 80376 emulation processor, which 
has standard drive and loading capability listed in 
Tables 6.3 and 6.4. 

Power Requirements: For noise immunity and 
CMOS latch-up protection the ICE-376 emulator 
processor module is powered by the user system. 
The circuitry on the processor module draws up to 
1.4A including the maximum 80376 Icc from the 
user 80376 socket. 

80376 Location and Orientation: The ICE-376 em
ulator processor module may require lateral clear
ance; Figure 6.12 shows the clearance requirements 
of the iMP adapter and Figure 6.13 shows the clear
ance requirements of the 88-pin PGA adapter. The 

J.I .-------17.5" --------1. I 
1-.,....-------1 

4.0" Do 

00 ~ ................................ ~ 

- . =-=--=-=--
FLEXIBLE - -=:- -----:-....:....:...-FLEXIBLE 

~~E3=========~HF====26=.75="~~~~6~=-=tit==~-I----~·1 
r===; .u::::u, 1.25" 240182-46 

Figure 6.12. Preliminary ICETM-376 Emulator User Cable with PQFP Adapter 
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1 
~ 
Iikdil 

240162-50 

Figure 6.13. ICETM·376 Emulator User Cable with SS-Pin PGA Adapter 

optional isolation board (OIB), which provides extra 
electrical buffering and has the same lateral clear
ance requirements as Figures 6.12 and 6.13, adds 
an additional 0.5 inches to the vertical clearance re
quirement. This is illustrated in Figure 6.14. 

Optional Isolation Board (OIB) and the CLK2 
speed reduction: Due to the unbuffered probe de
sign, the ICE-376 emulator is susceptible to errors 

on the user's bus. The OIB allows the ICE-376 emu
lator to function in user systems with faults (shorted 
signals, etc.). After electrical verification the OIB 
may be removed. When the OIB is installed, the user 
system must have a maximum CLK2 frequency of 20 
MHz. 

1-01·--------12.75"---------1 

DI-_-_·~~~_-=·_F-~_---~X~=-l_B--~-L_~--=_-_. __ .... 

------ -FL.EX- . 
FLEXIBLE IBLE 

. t 
PIN 1 

1-----------------22.0"-----------------1 

240162-51 

Figure 6.14.ICETM-376 Emulator User Cable with OIB and PQFP Adapter 

2-70 



intel® 
7.0 DIFFERENCES BETWEEN THE 

80376 AND THE 80386 

The following are the major differences between the 
80376 and the 80386. 

1. The 80376 generates byte selects on BHE and 
BLE (like the 8086 and 80286 microprocessors) 
to distinguish the upper and lower bytes on its 
16-bit data bus. The 80386 uses four-byte selects, 
BEO-BE3, to distinguish between the different 
bytes on its 32-bit bus. 

2. The 80376 has no bus sizing option. The 80386 
can select between either a 32-bit bus or a 16-bit 
bus by use of the BS16 input. The 80376 has a 
16-bit bus size. 

3. The NA pin operation in the 80376 is identical to 
that of the NA pin on the 80386 with one excep
tion: the NA pin of the 80386 cannot be activated 
on 16-bit bus cycles (where BS16 is LOW in the 
80386 case), whereas NA can be activated on 
any 80376 bus cycle. 

4. The contents of all 80376 registers at reset are 
identical to the contents of the 80386 registers at 
reset, except the OX register. The OX register 
contains a component-stepping identifier at reset, 
i.e. 

in 80386, after reset OH = 03H indicates 80386 
OL = revision number; 

in 80376, after reset OH = 33H indicates 80376 
OL = revision number. 

5. The 80386 uses A31 and MilO as a select for 
numerics cQErocessor. The 80376 uses the 
A23 and MilO to select its numerics coproces
sor. 

6. The 80386 prefetch unit fetches code in four
byte units. The 80376 prefetch unit reads two 
bytes as one unit (like the 80286 microproces
sor). In BS16 mode, the 80386 takes two con
secutive bus cycles to complete a prefetch re
quest. If there is a data read or write request 
after the prefetch starts, the 80386 will fetch 
all four bytes before addressing the new re
quest. 
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7. The 80376 has no paging mechanism. 

8. The 80376 starts executing code in what corre
sponds to the 80386 protected mode. The 80386 
starts execution in real mode, which is then used 
to enter protected mode. 

9. The 80386 has a virtual-86 mode that allows the 
execution of a real mode 8086 program as a task 
in protected mode. The 80376 has no virtual-86 
mode. 

10. The 80386 maps a 48-bit logical address into a 
32-bit physical address by segmentation and 
paging. The 80376 maps its 48-bit logical ad
dress into a 24-bit physical address by segmen
tation only. 

11. The 80376 uses the 80387SX numerics coproc
essor for floating point operations, while the 
80386 uses the 80387 coprocessor. 

12. The 80386 can execute from 16-bit code seg
ments. The 80376 can only execute from 32-bit 
code Segments. 

13. The 80376 has an input called FL T which three
states all bidirectional and output pins, including 
HLOA, when asserted. It is used with ON Circuit 
Emulation (ONCE). 

8.0 INSTRUCTION SET 

This section describes the 376 embedded processor 
instruction set. Table 8.1 lists all instructions along 
with instruction encoding diagrams and clock 
counts. Further details of the instruction encoding 
are then provided in the following sections, which 
completely describe the encoding structure and the 
definition of all fields occurring within 80376 instruc
tions. 

8.1 80376 Instruction Encoding and 
Clock Count Summary 

To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 8.1 be
low, by the processor clock period (e.g. 50 ns for an 
80376 operating at 20 MHz). The actual clock count 
of an 80376 program will average 10% more 
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than the calculated clock count due to instruction 
sequences which execute faster than· they can be 
fetched from memory. ' 

Instruction Clock Count Assumptions: 

1. The instruct!on has been prefetched, decoded, 
and is ready for execution. 

2. Bus cycles do not require wait states. 

3. There are no local bus HOLD requests delaying 
processor acess to the bus. ' 

4. No exceptions are detected during instruction ex-
ecution. . 

5. II an effective address is calculated, it. does not 
use two general register components. One regis
ter, scaling and displacement can be used within 
the clock counts showns. However, if the effec
tive address calculation uses two general register 
components, add 1 clock to the clock count 
shown. ' 

6. Memory relerence instruction accesses byte or. 
aligned 16~bit operands. 

Instruction Clock Count Notation 

- If two clock counts are given, the smaller refers to 
a register operand and the larger refers to a 
memory operand. 
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-n = number of times repeated. 

-m = number of components in the next instruc-
tion executed, where the entire displacement (if 
any) counts as one component, the entire im
mediate data (if any) counts as one component, 
and all other bytes of the instruction and pre
lix(es) each count as one component. 

Misaligned or 32-Blt Operand Accesses: 

- If instructions accesses a misaligned 16-bit oper
and or 32-bit operand on even address add: 

2· clocks for read or write. 

4 •• clocks for read and write. 

- If instructions accesses a 32-bit operand on odd 
address add: 

4· clocks for read or write. S·· ·clocks for read and write. 

Walt States: 

Wait states add 1 clock per wait state to. instruction 
execution for each data access. 
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Table 8.1. 80376 Instruction Set Clock Count Summary 

Clock Number 
Instruction Format Counts 

01 Dala Nole. 
Cycle. 

GENERAL DATA TRANSFER 

MOV= Move: 

Register to RegisterlMemory 1000100w mod reg rIm 1 2/2' OIl' a 

Register IMemory to Register 1000101w mod reg rIm 1 2/4' OIl' a 

Immediate 10 RegisterlMemory 1100011 w modOOO rIm 1 immediate data 2/2' OIl' a 

Immediate to Register (Short Form) 1011 vi reg immediate data 2 2 

Memory to Accumulator (Short Form) 1010000w full displacement 4' I' a 

Accumulator to Memory (Short Form) 1010001w full displacement 2' I' a 

Register IMemory to Segment Register 10001110 modsreg3 rIm 1 22/23' 0/6' a.b,c 

Segment Register to ReglsterlMemory 10001100 modsreg3 rIm 1 2/2' OIl' a 

MOVSX = Move wllh Sign Extension 

Register from RegisterlMemory I 00001111 1 1011111w 1 mod reg rIm 1 3/6' OIl' a 

MOVZX = Move with Zero Extension 

Register from Register/Memory 00001111 1011011 w I mod reg rIm 1 3/6' OIl' a 

PUSH = Push: 

RegisterlMemory 11111111 modll0 rIm 1 719' 2/4' a 

Register (Short Form) 01010 reg 4 2 a 

Segment Register (ES, es, SS or OS) 000sreg2110 4 2 a 

Segment Register (FS or GS) 00001111 10sreg3000 1 4 2 a 

Immediate 011010s0 immediate data 4 2 a 

PUSHA = Push All I 01100000 34 16 a 

POP = Pop 

Register/Memory 10001111 1 modOOO rIm 1 7/9' 2/4' a 

Register (Short Form)· 01011 reg 1 6 2 a 

Segment Register (ES, SS or OS) 000sreg21111 25 6 a,b,c 

Segment Register (FS or GS) 00001111 1 10sreg3001 1 25 6 a, b,c 

POPA = Pop AI! 01100001 1 40 16 a 

XCHG = Exchange 

Register IMemory with Register 1 1000011w 1 mod reg rIm 1 3/5" 0/2·· a,m 

Register with Accumulator (Short Form) 110010 reg 1 3 0 

IN = Inpullrom: 

Fixed Port I 1110010w 1 port number 1 6' I' I,k 

26' I' f,l 

Variable Port I 1110110w 1 7' I' f,k 

27' I' f,l 

OUT = Oulput 10: 

Fixed Port I 1110011 w I ' port number 1 4' I' f,k 

24' I' f,l 

Variable Port I 1110111 w 1 5' I' f,k 

26' I' f,l 

LEA = Load EA to Register I 10001101 I mod reg rIm 1 2 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Inllructlon Format Counts olDats Notes 

Cycles 

SEGMENT CONTROL 

LDS = Load Pointer to DS 11000101 mod reg rIm 26' 6' a,b,c 

LES = Load Pointer to, ES 11000100 mod reg rIm 26' 6' 8, b,c 

LFS = Load Pointer to FS 00001111 10110100 mod reg rIm' 29' 6~ a,b,c 

LGS = Load Polntsr to as 00001111 10110101 mod reg rIm' 29' 6' a,b,c 

LSS = Load Pointer to SS 00001111 10110010 mod reg rIm' 26' 6' a,b,c 

FLAG CONTROL 

CLC = Clear Carry Flag 11111000 2 

CLD = Clear Direction Flag 11111100 2 

CLI = Clear Interrupt Enable Flag 11111010 B I 

CL TS = Clear Task Switched Flag 00001111 00000110 
, 

5 e 

CMC = Complement carry Flag 11110101 2 

LAHF = Load AH Into Flag 10011111 2 

POPF = Pop Flags 10011101 7 a,g 

PUSHF = Push Flags 10011100 4 a 

SAHF = Store AH Into Flags 10011110 3 

STC = Set Carry Flag 11111001 2 

STD = Set Direction Flag 11111101 2 

STI = Set Interrupt Enable Flag 11111011 8 I 

ARITHMETIC 
ADD = Add 

Register to Register OOOOOOdw mod reg rIm' 2 

Register to Memory OOOOOOOw mod reg rIm' 7" 2" a 

Memory to R'egister 0000001w mod reg rIm' 6' I' a 

Immediate to RegisterlMemory 100000sw modOOO rim' immediate data 217" 0/2" a 

Immediate to Accumulator (Short Form) 0000010w immediate data 2 

ADC = Add with Carry 

Register to Register 000100dw mod reg rIm' 2 

Register to Memory 0001000w mod reg rIm' 7" 2" a 

Memory to Register 0001001w mod reg rIm' 6' I' a 

Immediate to Register IMemory 100000sw modO 10 rIm' immediate data 217" 0/2" a 

Immediate to Accumulator (Short Form) 0001010w immediate data 2 

INC = Increment 

ReglsterlMemory I lllllllw , modOOO rIm' 2/6" 0/2" a 

Register (Short Form) 101000 reg 1 2 

SUB = Subtract 

Register from Register 1 001010dw I mod reg rIm' 2 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Formal Coun .. 01 Data Not •• 

Cycles 

ARITHMETIC (Conlinued) 

Register from Memory I 0010100w Imodreg r/ml 7" 2" a 

Memory from Register I 0010101w ImOdreg r/ml 6' 1 a 

Immediate frnm RegisterlMemory I 100000sw Imodl0l r/ml immediate data 217·· 0/1" a 

Immediate from Accumulator (Short Form) 10010110wl Immediate data 2 

SBB = Subtract with Borrow 

Regisler from Regisler 000110dw I mod reg r/ml 2 

Regisler from Memory 0001100w ImOdreg r/ml 7" 2" a 

Memory from Register 0001101 w I mod reg r/ml 6' I' a 

Immediale from RegisterlMemory 1 OOOOOsw ImodOll r/ml immediate data 217" 0/2" a 

Immediate from Accumulator (Short Form) 0001110W! immediate data 2 

DEC = Decrement 

RegisterlMemory I lllllllWlregOOl rIm! 2/6" 0/2" a 

Register (Short Form) 101001 regl 2 

CMP = Compare 

Register with Register I 00111 Odw I mod reg rIm! 2 

Memory with Register I 00111 OOw Imodreg rIm! 5' I' a 

Register with Memory I 0011101w ImOdreg r/ml 6" 2" a 

Immediate with RegisterlMemory I 1 OOOOOsw Imodlll rIm! immediate data 2/5' OIl' a 

Immediate with Accumulator (Short Form) 1001111 ow! immediate data 2 

NEG = Change Sign I 1111011w ImodOll rIm! 2/6' 0/2' a 

AAA = ASCII Adjust lor Add I 00110111 ! 4 

AAS = ASCII Adjust lor Subtract I 00111111 I 4 

DAA = Decimal Adjust lor Add I 00100111 I 4 

DAS = Decimal Adjust for Subtract I 00101111 ! 4 

MUL = Multiply (UnSigned) 

Accumulator with RegisterlMemory I 1111011w Imodl00 rIm! 
Multiplier-Byte 12-17/15-20 011 a,n 

-Word 12-25/15-28' 011' a,n 
-Doubleword 12-41/17-46' 0/2' a,n 

IMUL = Integer Multiply (Signed) 

Accumulator with ReglsterlMemory I 1111011 w I mod 101 rIm! 
Multiplier-Byte 12-17115-20 011 a,n 

-Word 12-25115-28' 011' a,n 
-Doubleword 12-41117-46' 0/2' a,n 

Register with RegisterlMemory I 00001111 I 10101111 ! mod reg rIm! 
Multiplier-Byte 12-17115-20 011 a,n 

-Word 12-25115-28' 011' a,n 
-Doubleword 12-41117-46' 0/2' a,n 

Register/Memory with Immediate to Register I 011010s1 I mod reg rIm! immediate data 

-Word 13-26114-27' 011' a,n 
-Doubleword 13-42116-45' 0/2' a,n 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clack Number 
InstructIon Format 

Counts 
OIData Nates 
Cycles 

ARITHMETIC (Continued) 
DIY ~ DIvIde (UnsIgned) 

Accumulator by RegisterlMemory 11111011 w I mod 110 rlml 

Divisor-Byte 14/17 011 a,O 
-Word 22/25' Oil' a,o 
-Doubleword 38/43' 012' a,o 

IDlY ~ Integer DIvIde (SIgned) 
i 

Accumulator by RegisterlMemory 111 11 01 t w Imod 1 11 rlml 

Divisor-Byte 19/22 011 a,o 
-Word 27130' 011 a,o 
-Doubleword 43/48' 0/2· a,o 

AAD ~ ASCII Adjust lor DIvIde I 11010101 100001010 I 19 

AAM ~ ASCII Adjust lor MultIply 111010100 I 00001010 I 17 

CBW ~ Convert Byte to Ward 1100110001 3 

CWD ~ Convert Ward to Double Ward I 10011001 I 2 

LOGIC 

Shift Rotate Instructions 
Not Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR) 

RegisterlMemory by 1 11101 OOOw ImodTTT rlml 317" 0/2'- a 

RegisterlMemory by CL 11101001'w ImodTTT rlml 317" 0/2" a 

Register IMemory by Immediate Count 11 1 0 0 0 0 0 w I mod TTT r/mhmmed a-bit data 317" 0/2" a 

Through Carry (RCL and RCR) 

ReglsterlMemory by 1 I 1101000wimodTTT rlml 9/10" 0/2" a 

ReglsterlMemory by CL 11101001W ImodTTT rlml 9/10" 10/2" a 

Register/MemorybylmmedlateCaunt 111 OOOOOw ImodTTT r/mlimmed a-bit data 9/10" 0/2" a 

TTT InstructIon 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 

SHLD ~ Shllt Left Double 

RegisterlMemory by Immediate I 00001111 I 10100100 I mod reg r/ml immed a-bit data 317" 0/2'" 

RegisterlMemory by CL I 00001111 I 10100101 I mod reg r/ml 3/7" 0/2'· 

SHRD ~ ShIft Right Double 

RegisterlMemory by Immediate I 00001111 I 10101100 I mod reg rlml immed 8-bit data 317" 0/2" 

RegisterlMemory by CL I 00001111 I 10101101 I mod reg rlml 317" 0/2'" 

AND ~ And 

Register to Register 1001 OOOdw I mod reg rlml 2 
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Table 8,1, 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format Counts olData Notes 

Cycles 

LOGIC (Continued) 

Register to Memory I 001 OOOOw ImOdreg rIm! 7" 2" a 

Memory to Register I OOtOOOlw ImOdreg r/ml 6' I' a 

Immediate to Register/Memory I 1 OOOOOOw Imodl 00 rIm/ immediate data 2/7" 0/2 .... a 

Immediate to Accumulator (Short Form) I 001001 Ow ! immediate data 2 

TEST ~ And Function to Flags, No Result 

RegisterlMemory and Register I 1000010w I mod reg r/ml 2/5' OIl' a 

Immediate Data and RegisterlMemory I 1111011w ImodOOO r/ml immediate data 2/5' OIl' a 

Immediate Data and Accumulator 
(Short Form) I 1 0 1 0 1 0 0 w ! immediate data 2 

OR~ Or 

Register to Register 00001 Odw I mod reg rIm! 2 

Register to Memory 00001 OOw I mod reg r/ml 7" 2" a 

Memory to Register 0000101w I mod reg r/ml 6' I' a 

Immediate to RegisterlMemory 1 OOOOOOw ImodOOl rIm I immediate data 217" 0/2" a 

Immediate 10 Accumulator (Short Form) 000011 Ow I immediate data 2 

XOR ~ Exclusive Or 

Register to Register 0011 OOdw I mod reg r/ml 2 

Register to Memory 0011 OOOw I mod reg r/ml 7" 2" a 

Memory to Register 0011001 w I mod reg r/ml 6' I' a 

Immediate to RegisterlMemory 1 OOOOOOw Imodll 0 rIm I immediate data 2/7" 0/2" a 

Immediate to Accumulator (Short Form) o 0 1 1 0 lOw I immediate data 2 

NOT ~ Invert Register/Memory I 1111011w ImodOl0 r/ml 2/6" 0/2" a 

STRING MANIPULATION 

CMPS ~ Compare Byte Word I 1010011 wi 10' 2' a 

INS ~ Input Byte/Word Irom OX Port I 011011 Ow I 
9" I" a,l,k 

29010$ I" a,I,1 

LODS ~ Load Byte/Word to ALI AX/EAX I 101011 Ow I s' I' a 

MOVS ~ Move Byte Word 1'0'00'0W I 7" 2" a 

OUTS ~ Output BytelWord to OX Port I 0110111 wi 
8" I" a,l,k 
28" I" a,I,1 

SCAS ~ Scan Byte Word I 1010111WI 7' I' a 

STOS ~ Store Byte/Word Irom 

AL/AX/EX I 1010101 wi 4' I' a 

XLAT ~ Translate String I 11010111 I 5' I' a 

REPEATED STRING MANIPULATION 
Repeated by Count in CX or ECX 

REPE CMPS ~ Compare Siring 

(Find Non-Match) I 11110011 I 1010011w I 5 +,90" 20 .... a 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock 
Number 

Instruction Format Counts 
01 Data Notes 
Cycles 

REPEATED STRING MANIPULATION (Continued) 

REPNE CMPS ~ Compare String 

(Rnd Match) 11110010 I 1010011w 5 + 9n" 2n" a 

REP INS ~ Input String 11110011 I 0110110w 
7 + 6n' In' a,f,k 
27 + 6n' In' a,f,l 

REP LODS ~ Load String 11110011 I 1010110w 5 + 6n' In' a 

REP MOVS ~ Move String 11110011 I 1010010w 7 + 4n" 2n'" a 

REP OUTS ~ Output String 11110011 I 0110111 w 
6 + 5n' In' a,f,k 
26 + 5n' In' a,f,l 

REPE SCAS ~ Scan String 

(Find Non·ALI AX/EAX) I 11110011 I 1010111 wi 5 + Sn' In' a 

REPNE SCAS ~ Scan String 

(Find AL/AX/EAX) I 11110010 11010111 wi 5 + 8n' In' a 

REP STOS ~ Store String I 11110011 11010101 wi 5 + 5n' In' a 

BIT MANIPULATION 

BSF ~ Scan Bit Forward I 00001111 I 10111100 I mod reg r/ml 10 + 3n" 2n" a 

BSR ~ Scan Bit Reverse I 00001111 I 10111101 I mod reg r/ml 10 + 3n" 2n" a 

BT~ Test Bit 

Register/Memory, Immediate I 00001111 I 10111010 Imodl00 rIm Ilmmed S·bit data I 3/6' 0/1' a 

Register/Memory, Register I 00001111 I 10100011 I mod reg r/ml 3/12' 0/1' a 

BTC ~ Test Bit and Complement 

Register/Memory, Immediate I 00001111 I 10111010 Imodlll rIm I immed S·bit data I 6/S' 0/2' a 

Register/Memory, Register I 00001111 I 10111011 I mod reg r/ml 6/13' 0/2' a 

BTR ~ Test Bit and Reset 

Register/Memory, Immediate I 00001111 I 10111010 I mod 1·1 0 rIm I immed S·bH data I 6/S' 0/2' a 

Register/Memory, Register I 00001111 I 10110011 I mod reg r/ml 6/13' 0/2' a 

BTS ~ Test Bit and Set 

Register/Memory, Immediate I 00001111 I 10111010 Imodl0l r/ml immed S.bitdatal 6/S' 0/2' a 

Register/Memory, Register I 00001111 I 10101011 I mod rag r/ml 6/13' 0/2' a 

CONTROL TRANSFER 

CALL ~ Coil 

Direct within Segment I 11101000 I full displacement 9 + m' 2 I 

Register/Memory 

Indirect within Segment I 11111111 ImodOl0 r/ml 9 + m/12 + m 2/3 a,l 

Direct Intersegment I 10011010 I unsigned full offset, selector 42 + m 9 c,d,l 

2-78 



376 EMBEDDED PROCESSOR 

Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock 
Number 

Instruction Format Count. 
01 Oats . Notes 
Cycl •• 

CONTROL TRANSFER (Continued) 
(Direct Intersegment) 

Via Call Gate to Same Privilege Level 64+ m 13 a,c,d,l 
Via Call Gate to Different Privilege Level, 

(No Parameters) 9S+ m 13 a,c,d,l 
Via Call Gate to Different Privilege Level, 

(x Parameters) 106 + 8x + m 13 + 4x B,c,d,l 

From 386 Task to 386 TSS 392 124 a,c,d,l 

Indirect Intersegment I 11111111 ImodOll rim I 46+ m 10 B,c,d,l 

Via Call Gate to Same Privilege Level 6S+ m 14 B,c,d,l 
Via Call Gate to Different Privilege Level, 

(No Parameters) 102+ m 14 a,c,d,l 
Via Call Gate to Dillerent Privilege Level, 

(x Parameters) 110+8x+m 14 + 4x a,c,d,l 

From 386 Task to 386 TSS 399 130 a,c,d,1 

JMP = Unconditional Jump 

Short, I 11101011 IS-bit displacement I 7 + m I 

Direct within Segment I 11101001 I full displacement 7+m I 

Register/Memory Indirect within Segment I 11111111 I mod 100 rIm I 9 + m/14 + m 2/4 a,l 

Direct Intersegment I 11101010 I unsigned full offset, selector 37 + m 5 c,d,l 

Via Call Gate to Same Privilege Level 53 + m 9 a,c,dj 

From 386 Task to 386 TSS 395 124 a,c,d,l 

Indirect Intersegment I 11111111 Imodl01 rim I 37 + m 9 a,c,d,l 

Via Call Gate to Same Privilege Level 59+ m 13 a,c,dj 

From 386 Task to 386 TSS 401 124 a,c,d,l 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Inslructlon Format 

Counts 
olData Notea 
Cycles 

CONTROL TRANSFER (Continued) 
RET = Return Irom CALL: 

Within Segment I 11000011 I 12+ m 2 a,l,p 

Within Segment Adding Immediate to SP I 11000010 I 16-bit displ I 12+ m 2 a,l,p 

Intersegment I 11001011 I 36 + m 4 a,c,d,l,p 

Intersegment Adding Immediate to SP I 11001010 I 16-bit displ I 36+ m 4 a,c,d,l,p 

to Different Privilege Level 
Intersegment 80 4 c,d,l,p 
Intersegment Adding Immediate to SP 80 4 c,d,l,p 

CONDITIONAL JUMPS 
NOTE: Times Are Jump "Taken or Not Taken" 
JO = Jump on Overflow 

8-Bit Displacement I 01110000 I 8-bitdispl I 7 + mor3 I 

Full Displacement I 00001111 I 10000000 I full displacement 7 + mor3 I 

JNO = Jump on Not Overflow 

8-Bit Displacement I 01110001 I 8-bitdispl I 7 + mor3 i 

F~II Displacement I 00001111 I 10000001 I full displacement 7 + mor3 I 

JB/JNAE = Jump on BelowlNot Above or Equal 

8-8~ Displacement I 01110010 I 8-bitdispl I 7+mor3 I 

Full Displacement I 00001111 I 1 0 0 0 0 0 1 Ii I full displacement 7+mor3 I 

JNB/JAE = Jump on Not Below/AboveorEqual 

8-8~ Displacement I 01110011 I 8-b~displ I 7+mor3 j 

Full Displacement I 00001111 I 10000011 I full displacement 7 + mor3 j 

JE/JZ = Jump on Equal/Zero 

8-8it Displacement I 01110100 I 8-b~displ I 7 + mor3 I 

Full Displacement I 00001111 I 10000100 I full displacement 7+mor3 I 

JNE/JNZ = Jump on Not Equal/Not Zero 

8-8it Displacement I 01110101 I 8-bitdispl I 7+mor3 I 

Full Displacement I 00001111 I 10000101 I full displacement 7 + mor3 j 

JBE/JNA = Jump on Below or Equal/Not Above 

8-8it Displacement I 01110110 I 8-bitdispl I 7 + mor3 I 

Full Displacement I 00001111 I 10000110 I full displacement 7 + mor3 j 

JNBEI JA = Jump on Not Below or Equal/Above 

8-8it Displacement I 01110111 I 8-bitdispl I 7+mor3 j 

Full Displacement I 00001111 I 10000111 I full displacement 7 + mor3 j 

JS = Jump on Sign 

8-8it Displacement I 01111000 I 8-bitdispl I 7+mor3 I 

Full Displacement I 00001111 I 10001000 I full displacement 7+mor3 I 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format 

Counts 
01 Data Notes 
Cycles 

CONDITIONAL JUMPS (Continued) 

JNS = Jump on Not Sign 

a-Bit Displacement I 01111001 I 8-bit displ I 7 + mora i 

Full Displacement I 00001111 I 10001001 I full displacement 7 + mor3 i 

JP/JPE = Jump on Parity/Parity Even 

8-Bit Displacement I 01111010 I 8-bitdispl I 7 + mor3 i 

Full Displacement I 00001111 I 10001010 I full displacement 7 + mor3 i 

JNP/JPO = Jump on Not Parity/Parity Odd 

a-Bit Displacement I 01111011 I 8-bitdispl I 7 + mor3 i 

Full Displacement I 00001111 I 10001011 I lull displacement 7+mor3 I 

JL/JNGE = Jump on Less/Not Greater or Equal 

a-Bit Displacement I 01111100 I 8-bitdispl I 7+mor3 i 

Full Displacement I 00001111 I 10001100 I full displacement 7 + mor3 i 

JNLlJGE = Jump on NOI Less/Grealer or Equal 

a-Bit Displacement I 01111101 I 8-bitdispl I 7+mor3 i 

Full Oisplacemen.t I 00001111 I 10001101 I full displacement 7 + mor3 i 

JLE/JNG = Jump on Less or EqualINot Greater 

8-Bit Displacement I 01111110 I 8-bitdispl I 7 + mor3 i 

Full Displacement I 00001111 I 10001110 I full displacement 7 + mor3 i 

JNLE/JG = Jump on Nol Less or Equal/Greater 

8-Bit Displacement I 01111111 I 8-bitdispl I 7+mor3 i 

Full Displacement I 00001111 I 10001111 I full displacement 7+mor3 i 

JECXZ = Jump on ECX Zero I 11100011 I 8-bitdispl I 9+mor5 I 

(Address Size Prefix Differentiates JCXZ from JECXZ) 

LOOP = Loop ECX Times I 11100010 I 8-bitdispl I 11 + m i 

LOOPZlLOOPE = Loop with 
Zero/Equal I 11100001 I 8-bitdispl I 11 + m i 

LOOPNZ/LOOPNE = Loop While 
Not Zero I 11100000 I 8-bitdispl I 11 + m i 

CONDITIONAL BYTE SET 

NOTE: Times Are Register/Memory 

SETO = Set Byte on Overflow 

To Register/Memory I 00001111 I 10010000 I modOOO rIm I 4/5' 0/1' a 

SETNO = Set Byte on Not Overflow 

To Register/Memory I 00001111 I 10010001 I modOOO rIm I 4/5' Oil' a 

SETB/SETNAE = Set Byte on BelowlNot Above or Equal 

To RegisterlMemory I 00001111 I 10010010 I modOOO rim I 4/5' Oil' a 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format 

Counts 
olDala Notes 
Cycle. 

CONDITIONAL BYTE SET (Continued) 

SETNB ~ Set Byte on Not Below I Above or Equal 

To Register/Memory I 00001111 I 10010011 I modOOO r/mj 4/5* 0/1' a 

SETE/SETZ ~ Set Byte on Equal/Zero 

To Register/Memory I 00001111 I 10010100 I modOOO rIm I 4/5' 0/1' a 

SETNE/SETNZ ~ Set Byte on Not EquallNot Zero 

To Register/Memory I 00001111 I 10010101 I modOOO rIm I 4/5* 0/1' a 

SETBE/SETNA ~ Set Byte on Below or EquallNot Above 

To Register/Memory I 00001111 I 10010110 I modOOO rim I 4/5' 0/1' a 

SETNBE/SETA ~ Set Byte on Not Below or Equal/Above 

To Register/Memory I 00001111 I 10010111 I modOOO rIm I 4/5' 0/1' a 

SETS ~ Set Byte on Sign 

To Register/Memory I 00001111 I 10011000 I modOOO rIm I 4/5' 0/1' a 

SETNS ~ Set Byte on Not Sign 

To Register/Memory I 00001111 I 10011001 I modOOO rim I 4/5· 0/1' a 

SETP/SETPE ~ Set Byte on Parity/Parity Even 

To Register/Memory I 00001111 I 10011010 I modOOO rim I 4/5' 0/1' a 

SETNP/SETPO ~ Set Byte on Not Parity/Parity Odd 

To Register/Memory I 00001111 I 10011011 I modOOO rIm I 4/5' 0/1' a 

SETL/SETNGE ~ Set Byte on LesslNot Greater or Equal 

To Register/Memory I 00001111 I 10011100 I modOOO rim I 4/5* 0/1' a 

SETNLlSETGE ~ Set Byte on Not Less/Greater or Equal 

To Register/Memory I 00001111 I 01111101 I modOOO rim I 4/5' 0/1' a 

SETLE/SETNG ~ Set Byte on Less or EquallNot Greater 

To Register/Memory I 00001111 I 10011110 I modOOO rIm I 4/5' 0/1' a 

SETNLE/SETG ~ Set Byte on Not Less or Equal/Greater 

To Register/Memory I 00001111 I 10011111 I modOOO rIm I 4/5' 0/1' a 

ENTER ~ Enter Procedure I 1 1 001 000 I 16-bit displacement, 8-bit level I 
L~O 10 a 
L ~ 1 14 1 a 
L> 1 17 +8(n - 1) 4(n -1) a 

LEAVE ~ Leave Procedure I 11001001 I 6 a 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock 
Number 

Instruction Format 
Counts 

01 Data Notes 
Cycles 

INTERRUPT INSTRUCTIONS 

INT = Interrupt: 

Type Specified I 11001101 I type I 
Via Interrupt or Trap Gate 

to Same Privilege Level 71 14 c,d,j,p 

Via Interrupt or Trap Gate 

to Different Privilege Level 111 14 c,d,j,p 

From 386 Task to 386 TSS via Task Gate 467 140 c,d,j,p 

Type 3 I 11001100 I 
Via Interrupt or Trap Gate 

to Same Privilege Level 71 14 c,d,j,p 

Via Interrupt or Trap Gate 

to Different Privilege Level 111 14 c,d,j,p II 
From 386 Task to 386 TSS via Task Gate 308 138 c,d,j,p 

INTO = Intenrupt 4 II Overflow Flag Set I 11001110 I 
If OF = 1: 3 
IIOF = 0 

Via Interrupt or Trap Gate 

to Same Privilege Level 71 14 c,d,j,p 

Via Interrupt or Trap Gate 

to Different Privilege Level 111 14 c,d,j,p 

From 386 Task to 386 TSS via Task Gate 413 138 c,d,j,p 

2·83 



376 EMBEDDED PROCESSOR 

Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format Counts 01 Dats, Notes 

Cycles 

INTERRUPT INSTRUCTIONS (Continued) 

Bound = Out 01 Range I 01100010 I mod reg rIm I 
Interrupt 511 Detect Value 

Ilin Range 10 0 a,c,d,l,o,p 

II Out 01 Range: 
Via Interrupt or Trap Gate 

to Same Privilege Level 71 14 c,d,l,p 
Via Interrupt or Trap Gate 

to Different Privilege Level 111 14 c,d,l,p 

From 386 Task to 386 TSS via Task Gate 398 138 c,d,l,p 

INTERRUPT RETURN 

IRET = Interrupt Return I 11001111 I 
To the Same Privilege Level (within Task) 42 5 a,c,d,l,p 
To Different Privilege Level (within Task) 86 5 a,c,d,l,p 

From 386 Task to 386 TSS 328 138 c,d,l,p 

PROCESSOR CONTROL 

HLT = HALT I 11110100 I 5 ,b 

MOV = Move to and Irom ControllDebu ITeat Reglaters 

CRO from register 00001111 00100010 11 eBe reg 10 b 

Register from CRO 00001111 00100000 11 eee reg 6 b 

DRO-31rom Register 00001111 00100011 11 eee reg 22 b 

DR6-7 from Register 00001111 00100011 11 eeereg 16 b 

Register from DR6-7 00001111 00100001 11 eeereg 14 b 

Register from DRO-3 I 00001111 00100001 11 eeereg 22 b 

NOP = No Operation I 10010000 3 

WAIT = Walt until BUSY Pin la Negated I 10011011 6 
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Table 8,1, 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format Counts 01 Data Notes 

Cycl.s 

PROCESSOR EXTENSION INSTRUCTIONS 

Processor Extension Escape I 11011TTT I modlll rim I See B03B7SX Data Sheet a 

TIT and III bits are opcode 
information for coprocessor. 

PREFIX BYTES 

Addres. Size Prefix I 01100111 I 0 

LOCK = Bus Lock Prefix I 11110000 I ,0 f 

Operand Siz. Prefix I 01100110 I 0 

Segment Override Prefix 

cs: 00101110 0 

DS: 00111110 0 

ES: 00100110 0 

FS: 01100100 0 

G5: 01100101 0 

ss: 00110110 0 

PROTECTION CONTROL 

ARPL = AdJusi Requested Privilege Level 

From RegisterlMemory I 01100011, I mod reg r/ml 20/21" 2" a 

LAR= load Acce .. Rights 

From RegisterlMemory I 00001111 I 00000010 I mod reg rim I 17/18' l' a,c,i,p 

LGDT = load Global Descriptor 

Table Register I 00001111 I 00000001 I mod01 0 rim I 13" 3' a,e 

LIDT= Load Interrupt Descriptor 

Table Register I 00001111 I 00000001 I mod011 rim I 13·· 3' a,e 

LlDT = load Local Descriptor 

Table Register to 
RegisterlMemory I 00001111 I 00000000 I mod01 0 rim I 24/28' 5' a,C,a,P 

lMSW =Load Machine Statu. Word 

From RegisterlMemory I 00001111 I 00000001 I mod11 0 rim I 10/13' l' a,e 

lSL = Load Segment limit 

From RegisterlMemory I 00001111 I 00000011 I mod reg rim I 

Byte-Granular Umit 24/27' 2' a,c,i,p 
Page-Granular Limit 29/32' 2' a,c,i,p 

lTR = Load Ta.k Regl.ter 

From RegisterlMemory I 00001111 I 00000000 Imod001 rim I 27131' 4' a,c,s,P 

SGDT = Store Global Descriptor 

Table Register I 00001111 I 00000001 I modOOO r/ml 11' 3' a 

SIDT= Store Interrupt Descriptor 

Table Register I 00001111 I 00000001 Imod001 rim I 11' 3' a 

SLDT = Store Local Descriptor Table Register 

To RegisterlMemory I 00001111 I 00000000 I modOOO r/ml 2/2' 4' a 
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Table 8.1. 80376 InstructIon Set Clock Count Summary (Continued) 

Clock Number 
Inslructlon Formst Counts ofDsta Notes 

Cycl •• 

PROTECTION CONTROL (Conlinued) 

SMSW. ~ store Machine 
Status Word I 00001111 I 00000001 Imod100 rIm I 2/2' l' a,c 

STR ~ Store Task Register 

To RegisterlMemory I 00001111 I 00000000 I mod001 rIm I 2/2' l' a 

VERR ~ Verily Read Accesss 

RegisterlMemory I 00001111 I 00000000 Imod100 rIm I 10/11" 2" a,c,i,p 

VERW ~ Verily Write Accesss I 00001111 I 00000000 I mod 1 01 rIm I 15/16" 2" a,c,i,p 

NOTES: 
a. Exception 13 fault (general violation) will occur if the memory operand in CS, OS, ES, FS or. GS cannot be used due to 
either a segment limit violation or access rights violation. If a stack limit is violated, and exception 12 (stack segment limit 
violation or not present) occurs. 
b. For segment load operations,.the CPL, RPL and OPL must agree with the privilege rules to avoid an exception 13 fault 
(general protection violation). The segments's descriptor must indicate "present" or exception 11 (CS, OS, ES, FS, GS not 
present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit 
violation or not present occurs). 
c. All segment descriptor accesses in the GOT or LOT made by this instruction will automatically assert LOCK to maintain 
descriptor integrity in multiprocessor systemlil. 
d. JMP, CALL, INT, RET and IRET instructions referring to another code segment will cause an exception 13 (general 
protection violation) if an applicable privilege rule is volated. 
e. An exception 13 fault occurs if CPL is greater than O. 
f. An exception 13 fault occurs if CPL is greater than IOPL. 
g. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL field of the flag register is updated only 
if CPL = O. 
h. Any violation of privelege rules as applied to the selector operand does not cause a protection exception; rather, the zero 
flag is cleared. ' 
i. If the coprocessor's memory operand violates a segment limit or segment access rights, an exception 13 fault (general 
protection exception) will occur before the ESC instruction is executed. An exception 12 fault (stack segment limit violation 
or no present) will occur if the stack limit is violated by the operand's starting address. 
j. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13 faul,t 
(general protection violation) will occur. 
k. If CPL :s: IOPL 
I. If CPL > IOPL 
m. LOCK is automatically asserted, regardless of the presence or absence of the LOCK' prefix. 
n. The 80376 uses an early·out multiply algorithm. The actual number of clocks depends on the position of the most signifi· 
cant bit in the operand (multiplier). Clock counts given are minimum to maximum. To calculate actual clocks use the follow· 
ing formula: , 

Actual Clock = if m < > 0 then max ([Iog21ml1, 3) + 9 clocks: 
if m = 0 then 12 clocks (where m is the multiplier) 

o. An exception may occur, depending on the value of the operand. 
p. LOCK is asserted during descriptor table accesses. 
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8.2 INSTRUCTION ENCODING 

Overview 

All instruction encodings are subsets of the general 
instruction format shown in Figure B.1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod rim" 
byte and "scaled index" byte, a displacement if re
quired, and an immediate data field if required. 

Within the primary opcode or opcodes, smaller en
coding fields may be defined. These fields vary ac
cording to the class of operation. The fields define 
such information as direction of the operation, size 
of the displacements, register encoding, or sign ex
tension. 

Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte(s). This byte, the mod rim 
byte, specifies the address mode to be used. Certain 
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encodings of the mod rim byte indicate a second 
addressing byte, the scale-index-base byte, follows 
the mod rim byte to fully specify the addressing 
mode. 

Addressing modes can include a displacement im
mediately following the mod rim byte, or scaled in
dex byte. If a displacement is present, the possible 
sizes are B, 16 or 32 bits. 

If the instruction specifies. an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 

Figure B.1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the rim field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc
tions, sometimes within the opcode bytes them
selves. Table B.2 is a complete list of all fields ap
pearing in the B0376 instruction set. Further ahead, 
following Table B.2, are detailed tables for each 
field. 

ITTTTTTTT I TTTTTTTT I rTlOd TTT rim I ss index base Id32i16iBi none data32i16iBi none 

? 07 0)\765320)\765320)\ )\ ) 
'-------v-------" T T '---~---" ..... ----.,----

opcode 
(one or two bytes) 
(T represents an 

opcode bit.) 

"mod rim" "s-i-b" 
byte byte 

~ ..... ----~-----~) 
register and address 

mode specifier 

address 
displacement 
(4, 2, 1 bytes 

or none) 

Figure 8.1. General Instruction Format 

Table 8.2. Fields within 80376 Instructions 

Field Name Description 

w Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 
.d Specifies Direction of Data Operation 
s Specifies if an Immediate Data Field Must be Sign-Extended 
reg General Register Specifier 
mod rim Address Mode Specifier (Effective Address can be a General Register) 

ss Scale Factor for Scaled Index Address Mode 
index General Register to be used as Index Register 
base General Register to be used as Base Register 
sreg2 Segment Register Specifier for CS, SS, OS, ES 
sreg3 Segment Register Specifier for CS, SS, OS, ES, FS, GS 
tttn For Conditional Instructions, Specifies a Condition Asserted 

or a Condition Negated 

Note: Table 8.1 shows encoding of individual instructions. 

immediate 
data 

(4, 2, 1 bytes 
or none) 

Number of Bits 

1 
1 
1 
3 

2 for mod; 
3 for rim 

2 
3 
3 
2 
3 

4 
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16-Bit Extensions of the 
Instruction Set 

Two prefixes, the operand size prefix (66H) and the 
effective address size prefix (67H), allow overriding 
individually the default selection of operand size and 
effective address size. These prefixes may precede 
any opcode bytes and affect only the instruction 
they precede. If necessary, one or both of the prefix
es may be placed before the opcode bytes. The 
presence of the operand size prefix (66H) and the 
effective address prefix will allow 16-bit data opera
tion and 16-bit effective address calculations. 

For instructions with more than one prefix, the order 
of prefixes is unimportant. 

Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 

Encoding of Instruction Fields 

Within the instruction are several fields indicating 
register selection, addressing mode and so on. 

ENCODING OF OPERAND LENGTH (w) FIELD 

For any given instruction performing a data opera
tion, the instruction will execute as a 32-bit opera
tion. Within the constraints of the operation size, the 
w field encodes the operand size as either one byte 
or the full operation size, as shown in the table be
low. 

wField 
Operand Size 

with 66H Prefix 

0 8 Bits 
1 16 Bits 

ENCODING OF THE GENERAL' 
REGISTER (reg) FIELD 

Normal 
Operand Size 

8 Bits 
32 Bits 

The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rim" byte, or as the rim 
field of the "mod rim" byte. 

2-88 

Encoding of reg Field When w Field 
is not Present in Instruction 

Register Selected 
Register Selected 

reg Field 
with 66H Prefix 

During 32-Bit 

000 
001 
010 
011 
100 
101 
110 
111 

reg 

000 
001 
010 
011 
100 
101 
110 
111 

reg 

000 
001 
010 
011 
100 
101 
110 
111 

Data Operations 

AX EAX 
CX ECX 
OX EOX 
BX EBX 
SP ESP 
BP EBP 
SI ESI 
01 EOI 

Encoding of reg Field When w Field 
is Present in Instruction 

Register Specified by reg Field 
with 66H Prefix 

Function of w Field 

(when w = 0) (when w = 1) 

AL AX 
CL CX 
OL OX 
BL BX 
AH SP 
CH BP 
OH SI 
BH 01 

Register Specified by reg Field 
without 66H Prefix 

Function of w Field 

(whenw = 0) (when w = 1) 

AL EAX 
CL ECX 
OL EOX 
BL EBX 
AH ESP 
CH EBP 
OH ESI 
BH EOI 



ENCODING OF THE SEGMENT 
REGISTER (sreg) FIELD 

The sreg field in certain instructions is a 2-bit field 
allowing one of the es, OS, ES or SS segment regis
ters to be specified. The sreg field in other instruc
tions is a 3-bit field, allowing the FS and GS segment 
registers to be specified also. 

2-Bit sreg2 Field 

2-Blt 
Segment 

sreg2Fieid 
Register 
Selected 

00 ES 
01 es 
10 SS 
11 OS 

3-Bit sreg3 Field 

3-Bit 
Segment 

sreg3 Field 
Register 
Selected 

000 ES 
001 es 
010 SS 
011 OS 
100 FS 
101 GS 
110 do not use 
111 do not use 
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ENCODING OF ADDRESS MODE 

Except for special instructions, such as PUSH or 
POP, where the addressing mode is pre-determined, 
the addressing mode for the current instruction is 
specified by addressing bytes following the primary· 
opcode. The primary addressing byte is the "mod 
rIm" byte, and a second byte of addressing informa
tion, the "s-i-b" (scale-index-base) byte, can be 
specified. 

The s-i-b byte (scale-index-base byte) is specified 
when using 32-bit addressing mode and the "mod 
rIm" byte has rIm = 100 and mod = 00,01 or 10. 
When the sib byte is present, the 32-bit addressing 
mode is a function of the mod, ss, index, and base 
fields. 

The primary addressing byte, the "mod rIm" byte, 
also contains three bits (shown as TTT in Figure B.1) 
sometimes used as an extension of the primary op
code. The three bits, however, may also be used as 
a register field (reg).· 

When calculating an effective address, either 16-bit 
addressing or 32-bit addressing is used. 16-bit ad
dressing uses 16-bit address components to calcu
late the effective address while 32-bit addressing 
uses 32-bit address components to calculate the ef
fective address. When 16·bit addressing is used, the 
"mod rIm" byte is interpreted as a 16-bit addressing 
mode specifier. When 32-bit addressing is used, the 
"mod rIm" byte is interpreted as a 32-bit addressing 
mode specifier. 

Tables on the following three pages define all en
codings of all 16·bit addressing modes and 32-bit 
addressing modes. 
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Encoding of Normal Address Mode with "mod rIm" byte (no "s-I-b" byte present): 

mod rIm Effective Address mod rIm Effective Address 

00000 DS:[EAX] 10000 'DS:[EAX + d32) 
00001 DS:[ECX) 10001 DS:[ECX + d32) 
00010 DS:[EDX) 10010 DS: [EDX + d32) 
00011 ' DS:[EBX) 10011 DS:[EBX + d32) 
00100 s-i-b is present 10100 s-i-b is present 
00101 DS:d32 10101 SS:[EBP+ d32) 
00110 DS:[ESI) 10,110 DS:[ESI + d32) 
00111 DS:[EDI) 10111 DS:(EDI+ d32) 

01000 DS:[EAX+d8) 11000 register-see below 
01001 DS:[ECX+d8) 11001 register-see below 
01010 DS: [EDX + d8) 11010 register-see below 
01011 D$:[EBX+d8) 11 011 register-see below 
01100 s-i-b is present 11100 register-see below 
01101 SS:[EBP+d8) 11 101 register:-see below 
01110 DS: [ESI + d8) 11 110 register-see below 
01 111 DS: [ED I + d8) , 11 111 register-see below 

Register Specified by reg or rIm 
during Normal Data Operations: 

mod rIm 
function of w field 

(whenw=O) (whenw=1) 

11000 AL EAX 
11001 CL ECX 
11010 DL EDX 
11 011 BL EBX 
11100 AH ESP 
11 101 CH EBP 
11 110 DH ESI 
11 111 BH EDI 

Register Specified by reg or rIm 
during 16-8it Data Operations: (66H Prefix) 

mod rIm 
function of w field 

(whenw=O) (whenw=1) 

11000 AL AX 
11001 CL CX 
11010 DL DX 
11 011 BL BX 
11100 AH SP 
11 101 CH BP 
11110 DH SI 
11 111 BH DI 
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Encoding of 16-bit Address Mode with "mod rIm" Byte Using 67H Prefix 

mod rIm Effective Address mod rIm Effective Address 

00000 OS:[BX+SI] 10000 OS:[BX+SI +d16) 
00001 OS:[BX+OI] 10001 OS:[BX+01+d16) 
00010 SS:[BP+SI) 10010 SS:[BP+SI+d16) 
00011 SS:[BP+OI) 10011 SS:[BP+01+d16) 
00100 OS:[SI] 10100 OS:[SI+d16) 
00101 OS: [01] 10101 OS:[01+d16) 
00110 OS:d16 10110 SS:[BP+d16) 
00111 OS: [BX) 10111 OS:[BX+d16) 

01000 OS: [BX + SI + dB) 11000 register-see below 
01 001 OS: [BX + 01 + d8) 11001 register-see below 
01 010 SS: [BP + SI + d8) . 11 010 register-see below 
01011 SS:[BP+01+d8) 11 011 register-see below . 
01100 OS:[SI+dB) 11100 register-see below 
01 101 OS:[01+d8) 11101 register-see below 
01110 SS:[BP+d8) 11 110 register-see below 
01 111 OS:[BX+dB) 11 111 register-see below 
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Encoding of 32-bit Address Mode ("mod rIm" byte and "s-I-b" byte present): 

mod base Effective Address 

00000 OS: [EAX + (scaled index)] 
00001 OS: [ECX + (scaled index)] 
00010 OS: [EOX + (scaled index)] 
00011 OS: [EBX + (scaled index)] 
00100 SS: [ESP + (scaled index)] 
00101 OS: [d32 + (scaled index)] 
00110 OS: [ESI + (scaled index)] 
00111 OS: [EOI + (scaled index)] 

01000 OS: [EAX + (scaled index) + dB] 
01001 OS: [ECX + (scaled index) + dB] 
01010 OS: [EOX + (scaled index) + dB] 
01011 OS: [EBX + (scaled index) + dB] 
01100 SS: [ESP + (scaled index) + dB] 
01101 SS: [ESP + (scaled index) + dB] 
01110 OS: [ESI + (scaled index) + dB] 
01 111 OS: [EOI + (scaled index) + dB] 

10000 OS: [EAX + (scaled index) + d32] 
10001 OS: [ECX + (scaled index) + d32] 
10010 OS: [EOX + (scaled index) + d32] 
10011 OS: [EBX + (scaled index) + d32] 
10100 SS: [ESP + (scaled index) + d;32] 
10101 SS: [EBP + (scaled index) + d32] 
10110 OS: [ESI + (scaled index) + d32] 
10111 OS: [EOI + (scaled index) + d32] 

NOTE: 
Mod field in "mod rim" byte; ss, index, base fields in 
"s-i-b" byte. 
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ss Scale Factor 

00 x1 
01 x2 
10 x4 
11 xB 

index Index Register 

000 EAX 
001 ECX 
010 EOX 
011 EBX 
100 no index reg·' 
101 EBP 
110 ESI 
111 EOI 

·'IMPORTANT NOTE: 
When index field is 100, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 



ENCODING OF OPERATION 
DIRECTION (d) FIELD 

In many two-operand instructions the d field is pres
ent to indicate which operand is considered the 
source and which is the destination. 

d Direction of Operation 

0 Register/Memory <- - Register 
"reg" Field Indicates Source Operand; 
"mod rim" or "mod ss index base" Indicates 
Destination Operand 

1 Register <- - Register/Memory 
"reg" Field Indicates Destination Operand; 
"mod rim" or "mod ss index base" Indicates 
Source Operand 

ENCODING OF SIGN-EXTEND (s) FIELD 

The s field occurs primarily to instructions with im
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 1S-bit or 32-bit destination. 

Effect on Effect on 
s 

Immediate Data8 Immediate Data 16132 

None 

1 Sign-Extend Data8 to Fill 
1S-Bit or 32-Bit Destination 

ENCODING OF CONDITIONAL 
TEST (tttn) FIELD 

None 

None 

For the conditional instructions (conditional jumps 
and set on condition), tttn is encoded with n indicat
ing to use the condition (n = 0) or its negation (n = 1), 
and ttt giving the condition to test. 
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Mnemonic Condition 

0 Overflow 
NO No Overflow 
B/NAE Below/Not Above or Equal 
NB/AE Not Belowl Above or Equal 
E/Z Equal/Zero 
NE/NZ Not Equal/Not Zero 
BE/NA Below or Equal/Not Above 
NBE/A Not Below or Equall Above 
S Sign 
NS Not Sign 
PIPE Parity/Parity Even 
NP/PO Not Parity/Parity Odd 
L/NGE Less Than/Not Greater or Equal 
NL/GE Not Less Than/Greater or Equal 
LEING Less Than or Equal/Greater Than 
NLE/G Not Less or Equal/Greater Than 

ENCODING OF CONTROL OR DEBUG 
REGISTER, (eee) FIELD 

tttn 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

For the loading and storing of the Control and Debug 
registers. ' 

When Interpreted as Control Register Field 

eeeCode Reg Name 

000 CRO 
010 Reserved 
011 Reserved 

Do not use any other encoding 

When Interpreted as Debug Register Field 

eeeCode Reg Name 

000 DRO 
001 DR1 
010 DR2 
011 DR3 
110 DRS 
111 DR7 

Do not use any other encoding 
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9.0 REVISION HISTORY 

The sections significantly revised since version -003 are: 

Section 1.0 Added FL T pin. 

Section 4.4 

Section 4.6 

Section 5.0 

Section 6.3 

Section 6.4 

Added description of FLOAT operation and ONCE Mode. Figure 4.20 is new. 

Added revision identifier information for change to CHMOS IV manufacturing process. 

Both packages now specified for 0°C-115°C case temperature operation. Thermal resist
ance values changed. 

Icc Max. specifications changed from 400 mA (cold) and 360 mA (hot) to 275 mA (cold, 16 
MHz) and 305 mA (cold, 20 MHz). 

HLDA Valid Delay, t14, min. changed from 6 ns to 4 ns. Added 20 MHz A.C. specifications in 
Table 6 .. 5. Replaced Capacitive Derating Curves in Figures 6.8-6~ 1 0 to reflect new manufac-
turing process. Replaced Icc vs. Frequency data (Figure 6.11) to reflect new specifications. 

The sections significantly. revised since version -002 are: 

Section 1.0. Modified table 1.1. to list pins in alphabetical order. 

The sections significantly revised since version -001 are: 

Section 2.0 Figure 2.0 was Ilpdated to show the 16-bit registers 51,01, BP and SP. 

Section 2.1 

Section 2.1 

Section 2.3 

Section 2.6 

Section 2.8 

Section 2.10 

Section 3.0 

Section 3.2 

Section 3.2 

Section 3.3 

Section 4.1 

Section 4.1 

Section 4.2 
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Figure 2.2 was updated to show the correct bit polarity.for bit 4 in the CRO register. 

Tables 2.1. and 2.2 were updated to include additional information on the EFLAGs and CRO 
registers. 

Figure 2.3 was updated to more accurately reflect the addressing mechanism of the 80376. 

In the subsection Maskable Interrupt a paragraph was add.ed to describe the effect of 
interrupt gates on t1J9 IF EFLAGs bit. 

Table 2.7 was updated to reflect the correct power up condition of the CRO register. 

Figure 2.6 was updated to show the correct bit positions of the· BT, BS and BD bits in the 
DR6 register. 

Figure 3.1 was updated to clearly show the address calculation process. 

The supsection DESCRIPTORS was elaborated upon to clearly define the relationship be
tween the linear address space and physical address space of the 80376. 

Figures 3.3 and 3.4 were updated to show the A \l.L bit field. 

The last sentence in the first paragraph of subsection PROTECTION AND I/O PERMIS
SION BIT MAP was deleted. This was an incorrect statement. 

In the Subsection ADDRESS BUS (BHE, BlE, A23-A1 last sentence in the first paragraph 
was updated to reflect the numerics operand addresses as 8000FCH and 8000FEH. Be
cause the 80376 sometimes does a double word I/O access a second access to 8000FEH 
can be seen. 

The Subsection Hold Lantencies was updated to describe how 32-bit and unaligned ac
cesses are internally locked but do not assert the LOCK signal. 

Table 4.6 was updated to show the correct active data bits during a BLE assertion. 
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9.0 REVISION HISTORY (Continued) 
Section 4.4 This section was updated to correctly reflect the pipelining of the address and status of the 

80376 as opposed to "Address Pipelining" which occurs on processors such as the 80286. 

Section 4.6 

Section 4.7 

Section 5.0 

Section 6.2 

Section 6.4 

Section 6.4 

Section 8.1 

Section 8.2 

Table 4.7 was updated to show the correct Revision number, 05H. 

Table 4.8 was updated to show the numerics operand register 8000FEH. This address is 
seen when the 80376 does a DWORD operation to the port address 8000FCH. 

In the first paragraph the case temperatures were updated to reflect the O·C-115·C for the 
ceramic package and O·C-11 O·C for the plastic package. 

Table 6.2 was updated to reflect the Case Temperature under Bias specification of -65·C-
120·C. 

Figure 6.8 vertical axis was updated to reflect "Output Valid Delay (ns)". 

Figure 6.11 was updated to show typical Icc vs Frequency for the 80376. 

The clock counts and opcodes for various instructions were updated to their correct values. 

The section INSTRUCTION ENCODING was appended to the data sheet. 
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Intel387™ SX 
MATH COPROCESSOR 

• New Automatic Power Management • Compatible with the Intel386TM SX 
- Low Power Consumption Microprocessor 
-Typically 100 mA in Dynamic Mode, - Extends CPU Instruction Set to 

and 4 mA in Idle Mode Include Trigonometric, Logarithmic, 

• Socket Compatible with Intel387 Family and Exponential 

of Math CoProcessors • High Performance 80-Bit Internal 
- Hardware and Software Compatible Architecture 
-Supported by Over 2100 Commercial • Implements ANSI/IEEE Standard 

Software Packages 754-1985 for Binary Floating-Point 
-10% to 15% Performance Increase Arithmetic 

on Whetstone and Livermore 
Benchmarks • Available ina 68-Pin PLCC Package 

See Intel Packaging Specification, Order #231369 

The Intel387TM SX Math CoProcessor is an extension to the Intel386™ SX microprocessor architecture. The 
combination of the Intel387TM SX with the Intel386TM SX microprocessor dramatically increases the process
ing speed of computer application software that utilizes high performance floating-point operations. An internal 
Power Management Unit enables the Intel387™ SX to perform these floating-point operations while maintain
ing very low power consumption for portable and desktop applications. The internal Power Management Unit 
effectively reduces power consumption by 95% when the device is idle. 

The Inte138'7TM SX Math CoProcessor is available in a 68-pin PLCC package, and is manufactured on Intel's 
advanced 1.0 micron CHMOS IV technology. 

240225-22 

Intel386 and Intel387 are trademarks of Intel Corporation. 

The complete document for this product is available from Intel's Literature Center at 1-800-548-4725. 
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82355 
BUS MASTER INTERFACE CONTROLLER 

(BMIC) 
Designed for use in 32-Bit EISA Bus Ell Supports Automatic Handling of 
Master Expansion Board Designs Complete EISA Bus Master Protocol 
-Integrates Three Interfaces - EISA Arbitration/Preemption 

(EISA, Local CPU, and Transfer - Cycle Timing and Execution 
Buffer) - Byte Alignment 

Supports 16- and 32-Bit Burst Transfers - 1 K Boundary Detection 

- 33 Mbytes/Sec Maximum Data III Supports Local Data Transfer Protocol 
Transfers Similar to Traditional DMA 

Supports 32-Bit Non-Burst and II Supports a General Purpose Command 
Mismatched Data Size Transfers and Status Interface 

Supports 32-Bit EISA Addressability - Local and EISA System Interrupt 
Support (4 Gigabyte) 

- General Purpose Information 
Two independent Data Transfer Transfers 
Channels with 24-Byte FIFOs - Set-and-Test-Functions in I/O Space 
- Expansion Board Timing and EISA 

Timing Operate Asynchronously 
(Semaphore Function) 

- Supports the EISA Expansion Board 
Supports Peek/Poke Operation with the ID Function 
Ability to Access Individual Locations 0 Supports Decode of Slot Specific and 
in EISA Memory or I/O space General I/O Addresses 
Automatically Handles Misaligned D 132-Pin JEDEC PQFP Package 
Doubleword Data Transfers with No (See Packaging Specification Order #240800, 
Performance Penalty Package Type NG) 

82355 Internal Block Diagram 
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The complete document for this product is available from Intel's Literature Center at 1-800-548-4725. 
December 1995 
Order Number: 290255-008 2-97 



82596DX AND 82596SX 
HIGH-PERfORMANCE 32-BIT LOCAL 

AREA NETWORK COPROCESSOR 

• Performs Complete CSMA/CD Medium 
Access Control (MAC) Functions
Independently of CPU 
-IEEE 802.3 (EOC) Frame Delimiting 

• Supports Industry Standard LANs 
-IEEE TYPE 10BASE-T (TPE), 

IEEE TYPE 10BASE5 (Ethernet*), 
IEEE TYPE 10BASE2 (Cheapernet), 
IEEE TYPE 1BASE5 (StarLAN), 
and the Proposed Standard 
TYPE 10BASE-F 

- Proprietary CSMA/CD Networks Up 
to 20 Mb/s 

• On-Chip Memory Management 
- Automatic Buffer Chaining 
- Buffer Reclamation after Receipt of 

Bad Frames; Optional Save Bad 
Frames 

- 32-Bit Segmented or Linear (Flat) 
, Memory Addressing Formats 

• 82586 Software Compatible 

• Optimized CPU Interface 
- 82596DX Bus Interface Optimized to 

Intel's 32-Bit i386TMDX 
- 82596SX Bus Interface Optimized to 

Intel's 16-Bit i386TMS}( 
- Supports Big Endian and Little 

Endian Byte Ordering 

iii! High-Performance 16-/32-Bit Bus 
Master Interface 
- 66-MB/s Bus Bandwidth 
- 33-MHz Clock, Two Clocks Per 

Transfer 
- Bus Throttle Timers 
- Transfers Data at 100% of Serial 

Bandwidth 
-128-Byte Receive FIFO, 64-Byte 

Transmit FIFO 

m Network Management and Diagnostics 
- Monitor Mode 
- 32-Bit Statistical Counters 

l!:l Self-Test Diagnostics 

o Configurable Initialization Root for Data 
Structures 

;) High-Speed, 5-V, CHMOS** IV 
Technology 

Ii 132-Pin Plastic Quad Flat Pack (PQFP) 
and PGA Package 
(See Packaging Specifications Order Number: 240800·001, 
Package Type KU and A) 

i386TM is a trademark of Intel Corporation 
'Ethernet is a registered trademark of Xerox Corporation, 

• 'CHMOS is a patented process of Intel Corporation, 

r---------------------, ,.-------"1 ,.-------------"1 
I Serial FIFO Parallel I 
1 Subsystem Subsystem Subsystem I 

LPBK I I 

RTS I 
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Figure 1. 82596DX/SX Block Diagram 
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The complete document for this product is available from Intel's Literature Center at 1-800-548-4725. 

November 1995 
2-98 Order Number: 290219-006 



][nte1386TM AND Inte1486TM F AMIL Y 
DEVELOPMENT SUPPORT 

280808-1 

COMPREHENSIVE DEVELOPMENT SUPPORT FOR THE 
Intel386™ AND Intel486™ FAMILIES OF MICROPROCESSORS 
The perfect complement to the Intel386TM and i486TM microprocessor family is a 
comprehensive development solution. Intel provides a complete, synergistic hardware 
and software development toolset, that delivers full access to the power of the Intel386 
an,d i486 microprocessor family architectures. . 

Intel development tools are easy to use, yet powerful, with an up-date user interface and 
productivity boosting features such as symbolic debugging. Each tool is designed to help 
move your application from the lab to the market. 

If what interests you is getting the best product to market in as little time as possible, 
Intel is the c!:lOice. 

August 1992 
Order Number: 280808·007 2-99 
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FEATURES 

• Comprehensive support for the full 32 bit 
Intel386 and Intel486 microprocessor 
architectures-includes protected mode, 4 
gigabyte physical memory addressing, and 
Intel486 microprocessor on-chip cache and 
numerics ' 

• In-circuit emulators provide a standard 
windowed interface that is common across 
Intel debug tools and architectures 

• Emulators also feature a source line display 
and symbolics to allow debugging in the 
context of the original program 

• Intel high-level languages provide 
architectural extensions for manipulating 
hardware directly without assembly 
language routines 

• Languages provide a common object code 
format (Intel OMF386) that supports 
symbolic debug and permits the intermixing 
of modules written in various languages 

• ROM-able code is output directly from the 
language tools, significantly reducing the 
effort necessary to integrate software into 
the final target system 

• Extensive support for the Intel family of 
math coprocessors 

• Operation in DOS IBM PC AT and ,PS/2 
Model 60 and 80, running DOS. 

280808-2 

Figure 1: Intel Microprocessor Development Environment 
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ASM-386/486 MACRO 
ASSEMBLER 
Intel's ASM 386 macro assembler for the 
Intel386 and Intel486 Families offers many 
features normally found only in high-level 
languages. The macro facility in ASM 386 
saves development time by allowirig common 
program sequences to be coded only once. The 
assembly language is strongly typed, 
performing extensive checks on the usage of 
variables and labels. 

Other Intel ASM 386 features include: 
• "High-level" assembler mnemonics to 

simplify the language 
• Structures and records for data 

representation 
• Support for Intel's standard object code 

format for source-level symbolic debug, and 
for linking object modules from other 
Intel386 and Intel486 microprocessor 
languages 

• Full support for processor and math 
coprocessor instruction sets 

• A "MOD486" switch for support of the i486 
microprocessor instructions 

• 16 bit or 32 bit address overrides 
• Supports development for Virtual 86, Real, 

286 Protected, and 386 Protected modes 

iC386/486 COMPILER 
Intel's iC-386 compiler combines the power of C 
programming language with special features 
for architectural support and code efficiency. 
The compiler produces code for Intel386 and 
Intel486 processors from C source files, and 
conforms to the 1989 ANSI standard (ANS 
X3.159-1989) for the C programming language. 

Key Intel iC-386 features include: 
• Controls to tailor the compilation for each 

step of your application development process 
• In-line versions of many ANSI-standard 

library functions 
• Expanded memory support (LIM Version 3.0 

and higher) for large applications 
• Object code (including supplied run-time 

libraries) suitable for ROM 
• Three different levels of optimization 
• A choice ofthree segmentation memory 

models (small, compact, and flat) to create 
compact and efficient code 

• In-line processor-specific functions and time
saving macros that provide access to the 
special features of the Intel386 and Intel486 
processors 

• In-line floating-point instructions for the 
Intel387™ numerics coprocessor and 
Intel486 processor floating-point unit 

• Time-saving macros and functions to help 
assembly language routines interface with 
Intel's high-level programming languages 

• The standard C run-time library plus 
libraries for floating-point support and the 
iRMX® III C interface library 

• An easy interface to Intel's non-C 
programming languages 

• Support for source-level debugging 
• Programming with subsystems, allowing 

mixed segmentation memory models 
• Extensions to the 1989 ANSI C standard for 

compatibility with previous versions Intel C 
• Fast and efficient functions for common 

programming tasks 

PL/M-386/486 COMPILER 
Intel's PL/M-386 is a structured high-level 
system implementation language for the 
Intel386 and Intel486 Families. PL/M-386 
supports the implementation of protected 
operating system software by providing built
in procedures and variables to access the 
Intel386 and Intel486 architectures. For 
efficient code generation, PL/M-386 features 
four levels of optimization, a virtual symbol 
table, and four models of program size and 
memory usage. 

2-101 
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Other Intel PL/M-386 features include: 
• The ability to derme a procedure as an 

interrupt handler as well as facilities for 
generating interrupts 

• Direct support of input and output from 
microprocessor ports 

• Upward compatibility with Intel PL/M-86 . 
and PL/M-286 source code 

• A "MOD486" compiler switch for Intel486 
microprocessor instruction generation 

PL/M-386 combines the benefits of a high-level 
language with the ability to access the Intel386 
and Intel486 architectures. For the 
development of systems software, PL/M -386 is 
a costeffective alternative to assembly 
language programming. 

FORTRAN-386/486 COMPILER 
Intel's FORTRAN-386 compiler is a cross
compiler that supports the entire Intel386 
family of components and Intel486 
microprocessors (when operating in the 386 
chip mode) microprocessors. 

FORTRAN-386 features high-level support for 
floating-point calculations, transcendentals, 
interrupt procedures, and run-time exception 
handling. FORTRAN-386 meets the ANSI 
FORTRAN-77 language subset specification 
and supports extensions endorsed by the 
Department of Defense (DOO), extensions that 
support programs written for the ANSI 
FORTRAN 66 standard, and extensions that 
support the Intel386 microprocessor and 
related numerics coprocessors. 

To aid in the development and debugging 
process, the compiler generates warning and 
error messages and an optional listing file. The 
listing file can include symbol cross-reference 
tables and a listing of the generated Intel386 
microprocessor assembly-language 
instructions. Library routines are reentrant 
and ROMable. 

Other Intel FORTRAN-386 compiler features 
include: 
• Object code can be configured to reside in 

either RAM or ROM 
• The program code can be optimized for 

execution speed or memory size 
• Source-level debugging is' supported via the 

rich symbolics provided in the object ~odule 
format (Intel OMF386) 

• Support for the proposed REALMATH IEEE 
floating point standard 

RLL-386/486 RELOCATION, 
LINKAGE, AND LIBRARY 
TOOLS 
The RLL 386 relocation, linkage, and library 
tools feature comprehensive support ofth~ full 
Intel386 and Intel486 architectures. The tools 
link separate modules, build object libraries, 
link in Intel387 support, build tasks to execute 

. under protected mode, or multitasking, 
memory protected software. RLL-386 supports 
loadable, linkable, and bootloadable Intel 
object module formats; and supports all 
segmentation models. RLL-386 consists of the 
following: 

Binder - for linking multiple object 
modules into a single program 
and resolving references between 
modules. 

Builder - for producing absolute object 
modules, assigning addresses, and 
creating protected mode data 
structures. 

Librarian - for creating and maintaining 
libraries of object modules. 

EMUL-387, NUM-387 NUMERICS 
SUPPORT LIBRARIES 
Intel's EMUL-387 and NUM-387 Numerics 
Libraries fully support the Inte1387™, Intel 
387 DX, Intel 387 SX math coprocessors and 
the Intel486 internal numerics unit-whether 
an actual math coprocessor is used in the final 
system or not. 

For Intel386 microprocessor based applications 
without a math coprocessor, EMUL-387, a 
numerics software emulator, will execute 
instructions as though the coprocessor were 
present. Its functionality isjdentical to that of 
the math coprocessor. It is ideal for 
prototyping arid debugging floating-point 
application software independent of hardware. 
Further, this permits portability of application 
code regardless of the presence of math 
coprocessor hardware in target systems. 

For applications with a math coprocessor, 
NUM-387 numerics support library provides 
Intel's ASM 386, C-386, PL/M-386, and 
FORTRAN-386 language users with enhanced 
numeric data processing capability. With the 
library, it is easy for programs to do floating 
point arithmetic. Programmers can bind in 
library modules to do trigonometric, 
logarithmic and other numeric functions. 
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The user is guaranteed accurate, reliable 
results for all appropriate inputs. 
Intel's NUM-387 support library is a collection 
of four functionally distinct libraries: 
o Common elementary function library 

routines perform algebraic, logarithmic, 
exponential, trigonometric, and hyperbolic 
operations on real and complex numbers, as 
well as real-to-integer conversions; the 
routines extend the ranges of the coprocessor 
instructions 

• Initialization library routines set up the 
numerics processing environment for the 
Intel386 family of processors with an 
Intel387, DX, or SX or true software 
emulator 

o Decimal conversion library routines convert 
floating-point numbers from one Intel387, 
DX, or SX binary storage format to another, 
or from ASCII decimal strings to Intel387, 
DX, or SX binary floating-point format and 
vice versa 

• Exception handling library routines make 
writing numerics exception handlers easier 

All support library modules are in Intel386 
microprocessor object module format (Intel 
OMF-386) so they can be linked with the object 
output of any Intel language. All routines are 
reentrant and ROMable. 
By using Intel's NUM-387, the user is 
guaranteed that the numeric software meets 
industry standard (ANSI/IEEE standard for 
binary floating point arithmetic, 754-1985) and 
is portable, thus maintaining software 
investment. 

DB-386 Software Debugger 
Intel's DB-386 is a PC-based software 
development environment with source-level 
symbolic debug capabilities for object modules 
produced by Intel's assembler and high-level 
language compilers. This software debug 
environment allows Intel386 microprocessor 
code to be executed and debugged directly on a 
Intel386 DX or Intel386 SX microprocessor 
based PC, without any additional target 
hardware required. With Intel's standard 
windowed human interface, users can focus 
their efforts on finding bugs rather than 
spending time learning and manipulating the 
debug environment. 
Other Intel DB-386 features include: 
• A run-time interface allows protected-mode 

Intel386 microprocessor programs to be 
executed directly on a Intel386 DX or 
Intel386 SX microprocessor based PC 

o Drop-down menus make the tool easy to 
learn for new or casual users. A command 
line interface is also provided for more 
complex problems 

o Watch windows (which display user-specified 
variables), trace points, and breakpoints 
(including fixed, temporary, and conditional) 
can be set and modified as needed 

o The user can browse source and callstacks, 
observe processor registers, and access watch 
window variables by either pull down menus 
or by a single keystroke, using function keys 

o The user need not know whether a variable 
is an unsigned integer, a real, or a 
structure-the debugger uses the wealth of 
typing information available in Intel 
languages to display program variables in 
their respective type formats 

o DB-386 supports the Intel486 microprocessor 
when operated in theIntel386 
microprocessor mode 

Inte1386 and Inte1486 Family 
In-Circuit Tools 
Intel in-circuit emulators are used in many 
different debug environments including the 
design and test of: PC BIOS software and 
motherboard hardware, Intel386 and Intel486 
based single board computers, and application 
and operating system software for DOS-based, 
ROM-based, and UNIX-based systems. 

The Intel386 and Intel486 In-Circuit 
Emulators (ICETM) take advantage of exclusive 
Intel technology to provide accurate emulation 
for Intel's 80386 SX, 80386 DX, 80376, and 
80486 microprocessors. Special access to 
internal processor states provides information 
not available to emulators which simply 
monitor the external buses. Emulators which 
do not have access to the internal processor 
conditions cannot guarantee accurate display 
of instructions executed by the microprocessor. 
With an Intel In-circuit Emulator you can be 
certain that the emulator is displaying 
accurate execution history, even when 
executing code from the on-chip cache memory , 
ofthe Intel486. 

The DOS hosted Intel386 DX and Intel386 SX 
emulators feature a windowed, menu-driven, 
human interface which provides easy access to 
the powerful features of these emulators. This 
makes it easy for novice or infrequent users to 
get the most out of every debug session. This 
interface features multiple windows which 
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allow you to simultaneously view source code, 
assembly code, memory, trace, variables, and 
registers. This interface is fully symbolic when 
used with Intel languages. 

All of the emulators feature a combination of 
powerful and flexible breakpoints. The 
products use a combination of software 
breakpoints, hardware breakpoints, and on- . 
chip debug registers to provide a rich set of 
recognition logic. Flexible breakpoints make it 
possible to set breakpoints on instruction 
execution and/or any possible bus event. 

Trace filtering provides the ability to select the 
information captured in the trace buffer. 
ICE-386 SX allows capture of solely bus cycle 
information or both bus cycle and execution 
information. In addition, the ICE-386 DX can 
filter wait-state information from the trace 
buffer. ICE-486 provides the most flexible trace 
collection by allowing capture of information 
by any combination of bus cycle type including 
filtering of wait states, by instructions only, or 
by both bus cycles and instructions. 

Other features ofIntel emulators include: 
• Unparalleled support of the Intel386 and 

Intel486 architectures, notably the native 
protected mode 

• Emulation at clock speeds to 33 MHz, and 
full featured trigger and trace capabilities 

• The Intel386 family emulators are 
convertible using removable probes to 
support' the 80386 DX and 80386 SX 
microprocessors. The Intel486 processor is 
also supported via a product upgrade. 

Relocatable Expanded Memory 
Designed to enhance your existing ICE-486 and 
the ICD-486 debugger (REM486 is included 
with ICE-486 and an option for ICD-486). This 
optional relocatable expansion memory board 
adds·2 Mbyte of memory which the ICE or ICD 
can use in place of memory on the user target 
board. 
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ONCE-386 and Transmuter 
Adapters 
If you have a surface mount Intel386 SX 
microprocessor design using lOO-pin PQFP 
parts, Intel ICE emulators have on-circuit 
emulation (ONCE) capability. With surface 
mounted components, the ICE-386 SX 
emulator cabling clamps over the part, tri
stating the component, and allowing the 
emulator to operate. This allows you to debug 
manufactured boards without resoldering. For 
early target load development, a transmuter 
adapter can be used. The transmuter provides 
a better connection technique for debugging 
systems where the adapter cable will have to 
be attached and removed many times (like in 
prototype development). 

ICD-486 In-Circuit Debugger 
The ICD-486 In-circuit Debugger provides a 
low-cost alternative for full speed in-target 
Intel486 development. ICD-486 implements a 
subset ofICE functionality including: symbolic 
debugging, debug of high-speed cached 
applications, software and debug register 
breakpoints, and in-circuit operation. 

Worldwide Service, Support, and 
Training 
To augment its developing tools, Intel offers 
field application engineering expertise, hotline 
technical support, and on-site service. 

Intel also offers Software Support which 
includes technical software information, 
automatic distributions of software and 
documentation updates, iCOMMENTS 
publication, remote diagnostic software, and 
development tools troubleshooting guide. 

Intel's 90-day Hardware Support package 
includes technical hardware information, 
telephone support, warranty on parts, labor, 
material, and on-site hardware support. 

Intel Development Tools also offers a 3D-day, 
money-back guarantee to customers who are 
not satisfied after purchasing any Intel 
development tool. 
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PRODUCT SUPPORT MATRIX 

Component Host 
Product i486 386 386 DOS 

DX SX 3.xand5.0 

ASM-386 Macro Assembler J;# J;# J;# J;# 

iC-386 Compiler J;# J;# J;# J;# 

PL/M-386 Compiler J;# J;# J;# J;# 

FORTRAN-386 Compiler J;# J;# J;# J;# 

RLL-386 Relocation, J;# J;# J;# J;# 

Linkage, Library, Support 
Tools 

NUM-387 Libraries J;# J;# J;# J;# 

EMUL-387 Libraries NA J;# J;# J;# 

In-Circuit Emulators J;# J;# J;# J;# 

In-Circuit <Debugger J;# J;# 

DB-386 Software Debugger J;# J;# J;# J;# 

ORDERING INFORMATION 

386/i486™ FAMILY DOS 
HOSTED DEVELOPMENT KIT 
ORDER CODES 
Software Order Codes 

All software supports 386 and 486 
microprocessor families except where 
indicated. 

DKIT386C Compiler Software 
Development Kit (See 
following content list). 

D86ASM386NL ASM macro assembler for 
PC-DOS systems. 

D86C386NL DOS resident, ANSI standard 
(ANS X3.159-1989) C 
compiler. 

D86PLM386NL DOS resident PL/M compiler. 

D86FOR386NL DOS resident Fortan 
Compiler. 

D86RLL386NL DOS resident software 
development package. 
Contains Binder (for linking 
separately compiled modules), 
a Builder (for confIguring 
protected multi-tasking 
systems), a cross reference 
Mapper, and a Librarian. Use 
this tool in conjunction with 
Intel's 80386 compilers and 
macro assembler. 

DB386 DOS S/W debugger. 

The Intel Basic Software Development Kit for 
the DOS hosted environment includes: 

iC386 compiler 
ASM386 assembler 
RLL386 relocation linker and locator 
NUM387 numerics library 
EMUL387 math coprocessor emulator 
library 
DB386 software debugger I 
OMF386LOAD loader development object 
module format documentation 
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IN-CIRCUIT TOOL ORDER 
CODES 
All In-circuit emulator codes include: control 
unit, power supply, processor module, Stand
Alone Self Test board, bus Isolation Board, and 
DOS host software and serial interface cable. 

ICE386SX25V ICE-386 SX In-circuit 
emulator for the Intel386 
SX component to 25 MHz. 

pICE386SX20D ICE-386 SX In-circuit 
emulator for the 80386 SX 
component to 20 MHz. 

pICE386DX25DZ ICE-386 DX In-circuit 
emulator for the 80386 DX 
component to 25 MHz. 

ICE386DX33D ICE-386 DX In-circuit 
emulator for the 80386 DX 
component to 33 MHz. 

ICD48650D In-circuit debugger for the 
80486 microprocessor to 
50 MHz. 

pICE48633DZ ICE-486 In-circuit emulator 
for the 80486 component to 
33 MHz. 

ICE CONVERSION KITS 
KBASECONC 

KBASECONV 

2-106 

Converts ICE-486 to ICE-
376, ICE-386 SX, or ICE-386 
DX. 

Converts ICE-386 SX or 
ICE-386 DX to ICE-486. 

TOICE386SX20D Converts ICE-386 DX to 
ICE-386 SX 20 MHz. 

TOICE386DX25D Converts ICE-386 SX to 
ICE-386 DX 20 MHz. 

TOICE48633D Converts ICE-386 SX o. 
ICE-386 DX to ICE-486 33 
MHz. 

ADDITIONAL TOOL ORDER· 
CODES 
386SXONCE 
Kit 

REM486A 

100 pin PQFP to 132 pin 
PGA adaptor kit. 

2 Mbyte relocatable 
expansion memory option 
for ICD-486 (included with 
ICE-486). 

To order your Intel Development Tool product, 
for more information, or for the number of 
your nearest sales office or distributor, call 
800-874-6835 (North America). For literature 
on other Intel products callB00-548-4725 
(North America). Outside of North America, 
please contact your local Intel sales office or 
distributor for more information. 



TRANS 186 ~ 376 ASSEMBLY CODE 
TRANSLATOR 

270919-1 

To Order TRANS 186 ---+ 376 
Software, contact your 
local Intel sales office 

TRANS 186 ---+ 376 PRESERVES YOUR PROGRAMMING 
INVESTMENT 
When your embedded application outgrows the 80C186 family, TRANS 186 ---+ 376 is 
ready to help you upgrade to the 376 Embedded Processor. TRANS 186 ---+ 376 is a DOS
based tool to automate the translation of Intel ASM86 source code to ASM386 source 
code. This program can actually help protect the man-years of investment in your 
original 86 software. 

TRANS 186 ---+ 376 LOWERS THE 32-BIT BARRIER 
TRANS 186 ---+ 376 accepts 16-bit source code written for any member of the 8086/8088 
and 80C186/80C188 families. The output source code, with its 32-bit offsets, is suitable for 
Protected Mode execution on the 376 Embedded Processor or any 386, 386SX, or 486 
microprocessor. The time you save by recycling your software can be applied toward 
system enhancements. 

You control TRANS 186 ---+ 376 operation from either the DOS command line or a 
control file. Major control switches cover: 

• Choice of FLAT model or LARGE16 memory environment 
• Redefmition of segments 
• Optional 32-bit data declaration 

T~ANS 186 ---+ 376 translates your routines on a line-by-line basis, converting as much 
code as possible. Whenever the tool does not have enough information to make 
conversions, it highlights the code section with messages, alerting you to edit by hand. 
TRANS 186 ---+ 376 can write the ASM86 source code as comments in the ASM386 source 
file for side-by-side comparison . 

• PC AT and PC-DOS are trademarks of IBM. 
··MS-DOS is a trademark of Microsoft Corporation. 

November 1990 
Order Number: 270919-001 2-107 
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TRANS 186 --+ 376 ASSEMBLY CODE TRANSLATOR 

TRANS 186 ..... 376 COMPLEMENTS OTHER DEVELOPMENT TOOLS 
Upon request, TRANS 186 -+ 376 generates a build file for the Intel System Builder, BLD386. 
This allows you to get your software running with only minimal BLD386 experience. A 72-page 
manual accompanies the TRANS 186 -+ 376 tool. The manual coverage includes: 
• Practical tips on the overall conversion process 
• Initializing the CPU and generating Protected Mode data structures 
• Producing code for emulators and debuggers 

Your 80C186 experience can release the power of the 376 Embedded Processor with the TRANS 
186 -+ 376 Assembly Language Translator as your partner. 

System requirements: PC AT' or compatible computer with PC-DOS' or'MS-DOS" operating 
system version 3.0 or later, hard disk, and 512K RAM. 
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Intel386™ CXSA EMBEDDED MICROPROCESSOR 

• Static Intel386TM CPU Core • High-Performance 16-bit Data Bus 
- Low Power Consumption - Two-Clock Bus Cycles 
- Operating Power Supply - Address Pipellning Allows Use of 

4.5V to 5.5V-25 MHz and 33 MHz Slower, Inexpensive Memories 
4.75V to 5.25V-40 MHz • Integrated Memory Management Unit 

- Operating Frequency (MMU) 
SA-40 = 40 MHz - Virtual Memory Support 
SA-33 = 33 MHz - Optional On-Chip Paging 
SA-25 = 25 MHz - 4 Levels of Hardware-Enforced 

• Transparent Power-Management Protection 
System Architecture - MMU Fully Compatible with Those of 
-Intel System Management Mode the 80286 and Intel386 OX 

Architecture Extension for Truly Processors 
Compatible Systems • Virtual 8086 Mode Allows Execution of 

- Power Management Transparent to 8086 Software in a Protected and 
Operating Systems and Application Paged System 
Programs 

- Programmable Power-Management • Large, Uniform Address Space 
Modes - 64 Megabyte Physical 

• Clock Freeze Mode Allows Clock 
- 64 Terabyte Virtual 

Stopping at Any Time· 
- 4 Gigabyte Maximum Segment Size 

Full 32-blt Internal Architecture • Numerics Support with Intel387TM SX • and Intel387 SL Math Coprocessors 
-8-,16-, 32-bit Data Types 
- 8 General Purpose 32-blt Registers • On-Chip Debugging Support Including 

• Runs Intel386 Architecture Software in 
Breakpoint Registers 

a Cost-Effective, 16-bit Hardware • Complete System Development 
Environment Support 
- Runs Same Applications and • High-Speed CHMOS Technology 

Operating Systems as the • 100-pin Plastic Quad Flatpack Package . Intel386 SX and Intel386 OX 
Processors 

- Object Code Compatible with 8086, 
80186,80286, and Intel38E$ 
Processors 

The Intel386TM CXSA embedded microprocessor is a 5-volt, 32-bit, fully static CPU with a 16-bit external data 
bus, a 26-bit external address bus, and Intel's System Management Mode (SMM). The Intel386 CXSA CPU 
brings the vast software library of the Intel386 architecture to embedded systems. It provides the performance 
benefits of 32-bit programming with the cost savings associated with 16-bit hardware systems. 

The Intel386 CXSA microprocessor is manufactured on Intel's O.8-micron CHMOS V process. This process 
provides high performance and low power consumption for power-sensitive applications. Figure 3 and Figure 4 
illustrate the flexibility of low power devices with respect to temperature and frequency relationships. 

December 1994 
Order Number: 272418-003 3-1 
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Figure 1_ Intel386TM CXSA Microprocessor Block Diagram 



Intel386TM CXSA EMBEDDED MICROPROCESSOR 

1.0 PIN ASSIGNMENT 

omOO~~~~MN~omOO~~~~MN~omoo~~ 
ommmmmmmmmmoooooooooooooooooooo~~~~ 

DO 1 0 75 A20 
Vss 2 74 A19 

HLDA 3 73 A18 
HOLD 4 72 A17 

Vss 5 71 Vee 
NA# 6 70 A16 

READY# 7 69 Vee 
Vee 8 68 Vss 
Vee 9 67 Vss 
Vee 10 66 A15 
Vss 11 65 A14 
Vss 12 TOP VIEW 64 A13 
Vss 13 63 Vss 
Vss 14 62 A12 

CLK2 15 61 A11 
ADS# 16 60 A10 
BLE# 17 59 A9 

A1 18 58 A8 
BHE# 19 57 Vee 

NC 20 56 A7 
Vee 21 . 55 A6 
Vss 22 54 A5 

Mil 0# 23 53 A4 
D/C# 24 52 A3 

W/R# 25 51 A2 
~~oomO~NM~~~~oomO~NM~~~~oomo 
NNNNMMMMMMMMMM~~~~~~~~~~~ 

272418-2 

NOTE: 
NC = No Connection 

Figure 2. Intel386™ CXSA Microprocessor Pin Assignment (PQFP) 
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Table 1. Pin Assignment 

Pin Symbol Pin Symbol Pin Symbol Pin Symbol 

1 DO 26 LOCK# 51 A2 76 A21 

2 VSS 27 NC 52 A3 77 VSS 
3 HLOA 28 FLT# 53 A4 78 VSS 
4 HOLD 29 NC 54 A5 79 A22 

5 VSS 30 NC 55 A6 80 A23 

6 NA# 31 NC 56 A7 81 015 

7 READY # 32 Vee 57 Vee 82 014 

8 Vee 33 RESET 58 A8 83 013 

9 Vee 34 BUSY# 59 A9 84 Vee 
10 Vee 35 VSS 60 A10 85 VSS 
11 VSS 36 ERROR# 61 A11 86 012 

12 VSS 37 PEREQ 62 A12 87 011 

13 VSS' 38 NMI 63 VSS 88 , 010 

14 VSS 39 Vee 64 A13 89 09 

15 CLK2 40 INTR 65 A14 90 08 

16 AOS# 41 Vss 66 A15 91 Vee 
17 BLE# 42 Vee 67 Vss 92 07 

18 A1 43 SMIACT# 68 VSS 93 06 

19 BHE# 44 SMI# 69 Vee 94 05 

20 NC 45 A20M# 70 A16 99 04 

21 Vee 46 A24 71 Vee 96 03 

22 VSS 47 A25 72 A17 97 Vee 
23 M/IO# 48 Vee 73/ 

I 
A18 98 VSS 

24 O/C# 49 VSS 74 A19 99 02 

25 W/R# 50 VSS 75 A20 100 01 



Intel386™ CXSA EMBEDDED MICROPROCESSOR 

2.0 PIN DESCRIPTIONS 

Table 2 lists the Intel386 CXSA microprocessor pin descriptions. The following definitions are used in the pin 
descriptions: 

# The named signal is active low. 

I Input signal. 

o Output signal. 

I/O Input and output signal. 

P Power pin. 

G Ground pin. 
Table 2. Pin Descriptions 

Symbol Type Pin Name and Function 

A20M# I 45 ADDRESS 20 MASK controls the A20 address signal. When 
(Note 1) A20M # is low, the CPU masks off (forces low) the internal A20 

physical address signal. This enables the CPU to run software that 
was developed using the 8086 address "wraparound" techniques. 
When A20M # is high, A20 is available on the address bus. While the 
bus is floating, A20M # has no effect on the A20 address signal. 
A20M # should be deasserted during SMM if the SMM handler 
accesses more than 1 Mbyte of memory. 

A25:1 0 47-46,80-79, ADDRESS BUS outputs physical memory or port I/O addresses. 
(Note 2) 76-72,70, 

66-64,62-58, 
56-51,18 

ADS# 0 16 ADDRESS STATUS indicates that the processor is driving a valid 
bus-cycle definition and address onto its pins (W/R#, D/C#, M/ 
10#, BHE#, BLE#, and A25:1). 

BHE# 0 19 BYTE HIGH ENABLE indicates that the processor is transferring a 
high data byte. 

BLE# 0 17 BYTE LOW ENABLE indicates that the processor is transferring a 
low data byte. 

BUSY# I 34 BUSY indicates that the math coprocessor is busy. 

CLK2 I 15 CLK2 provides the fundamental timing for the device. 

D/C# 0 24 DATAICONTROL indicates whether the current bus cycle is a data 
cycle (memory or I/O) or a control cycle (interrupt acknowledge, 
halt, or code fetch). When D/C# is high, the bus cycle is a data 
cycle; when D/C# is low, the bus cycle is a control cycle. 

D15:0 1/0 81-83,86-90, DATA BUS inputs data during memory read, 1/0 read, and interrupt 
92-96,99-100, acknowledge cycles and outputs data during memory and I/O write 
1 cycles. 

ERROR# I 36 ERROR indicates that the math coprocessor has an error condition. 

NOTES: 
1. This pin supports the additional features of the Intel386 CXSA microprocessor; it is not present on the Intel386 SXSA 
microprocessor. 
2. The A25:24 pins support the additional features of the Intel386 CXSA microprocessor; they are not present on the In
tel386 SXSA microprocessor. 
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Intel386TM CXSA EMBEDDED MICROPROCESSOR intel~ 
Table 2. Pin Descriptions (Continued) 

Symbol Type Pin Name and Function 

FLT# I 28 FLOAT forces all bidirectional and output signals, including HLDA, to a 
high-impedance state. 

HLDA 0 3 BUS HOLD ACKNOWLEDGE indicates that the CPU has surrendered 
control of its local bus to another bus master. 

HOLD I 4 BUS HOLD REQUEST allows another bus master to request control of 
the local bus. 

INTR I 40 INTERRUPT REQUEST is a maskable input that causes the CPU to 
suspend execution of the current program and then execute an 
interrupt acknowledge cycle. 

LOCK# 0 26 BUS LOCK prevents other system bus masters from gaining control of 
the system bus while it is active (low). 

M/IO# 0 23 MEMORY 110 indicates whether the current bus cycle is a memory 
cycle or an input/output cycle. When MIIO# is high, the bus cycle is a 
memory cycle; when MIIO# is low, the bus cycle is an I/O cycle. 

NA# I 6 NEXT ADDRESS requests address pipelining. ' 

NC 20,27,29-31 NO CONNECTION should always be left unconnected. Connecting a 
NC pin may cause the processor to malfunction or cause your 
application to be incompatibll:j with future steppings of the device. 

NMI I 38 NONMASKABLE INTERRUPT REQUEST is a nonmaskable input that 
. causes the CPU to suspend execution of the current program and 
execute an interrupt acknowledge function. 

PEREQ I 37 PROCESSOR EXTENSION REQUEST indicates that the math 
coprocessor has data to transfer to the processor. 

READY # I 7 BUS READY indicates that the current bus cycle is finished and the 
external device is ready to accept more data from the processor. 

RESET I 33 RESET suspends any operation in progress and places the processor 
into a known reset state. 

SMI# I 44 SYSTEM MANAGEMENT INTERRUPT invokes System Management 
(Note 1) Mode (SMM). SMI # is the highest priority interrupt. It is latched on its 

falling edge and it forces the CPU into SMM upon completion of the 
current instruction. SMI# is recognized on an instruction boundary and 
at each iteration for repeat string instructions. SM I # cannot interrupt 
LOCKed bus cycles or a currently executing SMM. If the processor 
receives a second SMI # while it is in SMM, it will latch the second 
SMI # on the SMI # falling edge. However, the processor must exit 
SMM by executing a Resume instruction (RSM) before it can service 
the second SMI#. 

NOTES: 
1. This pin supports the additional features of the Intel386 CXSA microprocessor; it is not present on the Intel386 SXSA 
microprocessor. . 
2. The A25:24 pins support the additional features of the Intel386 CXSA microprocessor; they are not present on the In
tel386 SXSA microprocessor. 
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Table 2. Pin Descriptions (Continued) 

Symbol Type Pin Name and Function 

SMIACT# 0 43 SYSTEM MANAGEMENT INTERRUPT ACTIVE indicates that the 
(Note 1) processor is operating in System Management Mode (SMM). It is 

asserted when the processor initiates an SMM sequence and 
remains asserted (low) until the processor executes the Resume 
instruction (RSM). 

W/R# 0 25 WRITE/READ indicates whether the current bus cycle is a write 
cycle or a read cycle. When W/R# is high, the bus cycle is a write 
cycle; when W/R # is low, it is a read cycle. 

Vee P 8-10,21,32, SYSTEM POWER provides the nominal DC supply input. 
39, 42, 48, 57, 
69, 71, 84, 91, 
97 

VSS G 2,5,11-14,22, SYSTEM GROUND provides the OV connection from which all inputs 
35,41,49-50, and outputs are measured. 
63,67-68, 
77 -78, 85, 98 

NOTES: 
1. This pin supports the additional features of the Intel386 eXSA microprocessor; it is not present on the Intel386 SXSA 
microprocessor. 
2. The A25:24 pins support the additional features of the Intel386 eXSA microprocessor; they are not present on the In· 
tel386 SXSA microprocessor. 
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3.0 DESIGN CONSIDERATIONS 

This section describes the Intel386 CXSA micro
processor instruction set, component and revision 
identifier, and package thermal specifications. 

3.1 Instruction Set 

The Intel386 CXSA microprocessor uses the same 
instruction set as the Intel386 SX microprocessor 
with the following exceptions. 

The Intel386 CXSA microprocessor has one new in
struction (RSM). This Resume instruction causes the 
processor to exit System Management Mode 
(SMM). RSM requires 338 clocks for execution. 

The Intel386 CXSA microprocessor requires more 
clock cycles than the Intel386 SX microprocessor to 
execute some instructions. Table 4 lists these in
structions and the Intel386 CXSA microprocessor 
execution times. For the equivalent Intel386 SX 
microprocessor execution times, refer to the "In
struction Set Clock Count Summary" table in the /n
fe/386 TM SX Microprocessor datasheet (order num
ber 240187). 

3.2 Component and Revision Identifier 

To assist users, the microprocessor holds a compo
nent identifier and revision identifier in its DX register 
after reset. The upper 8 bits of DX hold the compo
nent identifier, 23H. (The lower nibble, 3H, identifies 
the Intel386 architecture, while the upper nibble, 2H, 
identifies the second member of the Intel386 micro
processor family.) 

The lower 8 bits of DX hold the revision level identifi
er. The revision identifier will, in general, chronologi
cally track those component steppings that are in
tended to have certain improvements or distinction 
from previous steppings. The revision identifier will 
track that of the Intel386 CPU whenever possible. 
However, the revision identifier value is not guaran
teed to change with every stepping revision or to 
follow a completely uniform numerical sequence, de
pending on the type or intent of the revision or the 
manufacturing materials required to be changed. 

3-8 

Intel has sole discretion over these characteristics of 
the component. The initial revision identifier for the 
Intel386 CXSA microprocessor is 09H. 

3.3 Package Thermal Specifications 

The Intel386 CXSA microprocessor is specified for 
operation with case temperature (T CASE) as speci
fied in the "DC SPECIFICATIONS" on page 10. The 
case temperature can be measured in any environ
ment to determine whether the microprocessor is 
within the specified operating range. The case tem
perature should be measured at the center of the 
top surface opposite the pins. 

An increase in the ambient temperature (T A) causes 
a proportional increase in the case temperature 
(T CASE) and the junction temperature (T J). See Fig
ure 3 and Figure 4 for case and ambient tempera
ture relationships to frequency. A packaged device 
produces thermal resistance between junction and 
case temperatures (OJc) and between junction and 
ambient temperatures (OJA)' The relationships be
tween the temperature and thermal resistance pa
rameters are expressed by these equations (P 
power dissipated as heat = VCC x Icc): 

1. TJ = TeASE + P x OJC 
2. TA = TJ - P X OJA 

3. TCASE = TA + P X [OJ A - OJcl 

A safe operating temperature can be calculated 
from equation 1 by using the maximum safe T J of 
115°C, the maximum power drawn by the chip in the 
specific design, and the 0JC value from Table 3. The 
OJA value depends on the airflow (measured at the 
top of the chip) provided by the system ventilation. 
The OJA values are given for reference only and are 
not guaranteed. 

Table 3. Thermal Resistances (O°C/W) 0JA. OJC 

Pkg OJC 
OJA vs Airflow (ft/min) 

0 I 100 I 200 

100 PQFP 5.1 46.0 I 44.8 I 41.2 
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Table 4. Intel386™ CXSA Microprocessor Instruction Execution Times (in Clock Counts) 

Clock Count 

Instruction Virtual 8086 Mode Real Address Mode 
Protected Virtual 

(Note 1) or Virtual 8086 Mode 
Address Mode 

(Note 3) 

POPA 28 35 

IN: 
Fixed Port 27 14 7/29 
Variable Port 28 15 8/29 

OUT: 
Fixed Port 27 14 7/29 
Variable Port 28 15 9/29 

INS 30 17 9/32 

OUTS 31 18 10/33 

REP INS 31 + 6n (Note 2) 17+ 6n (Note 2) 10 + 6n/32 + 6n (Note 2) 

REP OUTS 30 + 8n (Note 2) 16+ 8n (Note 2) 10+8n/31 + 8n (Note 2) 

HLT 7 7 

MOVCO, reg 10 10 

NOTES: 
1. The clock count values in this column apply if 1/0 permission allows 1/0 to the port in virtual 8086 mode. If the 1/0 bit 
map denies permission, exception fault 13 occurs; see clock counts for the INT 3 instruction in the "Instruction Set Clock 
Count Summary" table in the Intel386™ SX Microprocessordatasheet (order number 240187). 
2. n = the number of times repeated. . 
3. When two clock counts are listed, the smaller value refers to a register operand and the larger value refers to a memory 
operand. 
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4.0 DC SPECIFICATIONS 

ABSOLUTE .MAXIMUM RATINGS* 

Storage TemperatL!re .......... - 65°C to + 150°C 

Case Temperature under Bias ... -65°C to + 112°C 

Supply Voltage 
with Respect to VSS ........... -0.5V to +6.5V 

Voltage on Other Pins ....... - 0.5V to Vee + 0.5V 

OPERATING CONDITIONS* 

Vee (Digital Supply Voltage-

25 MHz and 33 MHz) .............. 4.5V to 5.5V 

Vee (Digital Supply Voltage-

40 MHz) ....................... 4. 75V to 5.25V 

TeASE Minimum (Case Temperature 
under Bias) .......•...................... O°C 

TeASE Maximum .................... see Figure 4 

Operating Frequency ............ O MI-Jz to 40 MHz 

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. Verify with your local Intel 
Sales office that you have the latest data sheet be-
fore finalizing a design. ' 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Table 5. DC Characteristics 

Symbol Parameter Min. Max. Unit Test Condition 

VIL Input Low Voltage -0.3 +0.8 V 

VIH Input High Voltage 2.0 Vee + 0.3 V 

VILe CLK2 Input Low Voltage -0.3 +0.8 V 

VIHe CLK2 Input High Voltage Vee- 0.8 Vee + 0.3 V 

VOL Output Low Voltage 0.45 V IOL = 5mA 

VOH Output High Voltage 2.4 V IOH= -1 mA 
Vee- 0.5 · V IOH= -0.2 rnA 

III Input Leakage Current ±15 p..A OS: VINS: Vee 
(for all pins except PEREQ, 
BUSY#, FLT#, ERROR#, 
A20M#, SMI#) 

IIH Input Leakage Current 150 p..A VIH = 2.4V (Note 1) 
(PEREQ) 

IlL Input Leakage Current -120 p..A VIL = 0.45V (Note 2) 
(BUSY #, FL T#, ERROR #, 
A20M#, and SMI#) 

ILO Output Leakage Current ±15 p..A 0.45VS: VOUTS: Vee 

NOTES: 
1. PEREa input has an internal weak pull-down resistor. 
2. BUSY#, FLT#, SMI#, A20M# and ERROR# inputs each have an internal weak pull-up resistor. 
3. Icc max measurement at worst-case frequency, Vcc, and temperature with reset active. 
4. Icc typical and ICCF typical are measured at nominal Vec and are not fully tested. 
5. Not fully tested. 
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Table 5. DC Characteristics (Continued) 

Symbol Parameter Min. Max. Unit Test Condition 

Icc Supply Current (Notes 3, 4) 
CLK2= 80 MHz, CLK= 40 MHz 275 rnA Typical = 200 rnA 
CLK2= 66 MHz, CLK= 33 MHz 225 rnA Typical= 175 rnA 
CLK2= 50 MHz, CLK= 25 MHz 175 rnA Typical= 140 rnA 

ICCF Standby Current (Freeze Mode) 150 ,..,A Typical = 1O,..,A (Notes 3,4) 

CIN Input Capacitance 10 pF Fc= 1 MHz (Note 5) 

COUT Output or I/O Capacitance 12 pF Fc= 1 MHz (Note 5) 

CCLK CLK2 Capacitance 20 pF Fc= 1 MHz (Note 5) 

NOTES: 
1. PEREQ input has an internal weak pull·down resistor. 
2. BUSY#, FLT#, SMI#, A20M# and ERROR# inputs each have an internal weak pull-up resistor. 
3. Icc max measurement at worst-case frequency, Vcc, and temperature with reset active. 
4. Icc typical and ICCF typical are measured at nominal Vcc and are not fully tested. 
5. Not fully tested. 

100 90 

75 

50 

25 

12 16 20 25 33 40 

Operating Frequency (MHz) 
272418-3 

Figure 3. Ambient Temperature VS. Frequency at Zero Air Flow and TJ = 115°C 
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115 

112 

105 

12 16 20 25 33 40 

Operating Frequency (MHz) 
272418-4 

Figure 4. Case Temperature vs. Frequency at T J = 115°C 
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5.0 AC SPECIFICATIONS 

Table 6 lists output delays, input setup requirements, 
and input hold requirements. All AC specifications 
are relative to the CLK2 rising edge crossing the 
2.0V level. 

Figure 5 shows the measurement points for AC 
specifications. Inputs must be driven to the indicated 
voltage levels when AC specifications are mea
sured. Output delays are specified with minimum 
and maximum limits measured as shown. The mini
mum delay times are hold times provided to external 
circuitry. Input setup and hold times are specified as 
minimums, defining the smallest acceptable sam-

piing window. Within the sampling window, a syn
chronous input signal must be stable for correct op
eration. 

Outputs AOS#, W/R#, O/C#, MI/O#, LOCK#, 
BHE#, BLE#, A25:1, SMIACT# and HLOA change 
only at the beginning of phase one. 015:0 (write cy
cles) change only at the beginning of phase two. 

The REAOY#, HOLD, BUSY#, ERROR#, PEREa, 
FL T #, A20M # and 015:0 (read cycles) inputs are 
sampled at the beginning of phase one. The NA # , 
INTR, SMI# and NMI inputs are sampled at the be
ginning of phase two. 

3-13 



Intel386TM CXSA EMBEDDED MICROPROCESSOR 

CLK2 

OUTPUTS 
(A25:1,BHE# 

BLE#,AOS#,M/IO# 
O/C#W/R#,LOCK# 
HLOA, SMIACT#) 

OUTPUTS 
(015:0) 

INPUTS 
(N/A#,INTR 
NMI,SMI#) 

INPUTS 
(REAOY#,HOLO 

FL T#,ERROR# 
BUSY#,PEREQ 

015:0,A20M#) 

LEGEND 
a -1.5V 
b -2.0V 
A - Maximum Output Delay Spec 
B - Minimum Output Delay Spec 
C - Minimum Input Setup Spec 
D - Minimum Input Hold Spec 

PH1 Tx PH2. 

Figure 5. Drive Levels and Measurement Points for AC Specifications 
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Table 6. AC Characteristics 

40 MHz 33 MHz 25 MHz 

Symbol Parameter Min Max Min Max Min Max Test Condition 

(ns) (ns) (ns) (ns) (ns) (n5) 

Operating Frequency 0 40 0 33 0 25 MHz (Note 1) 

t1 CLK2 Period 12.5 15 20 

t2a CLK2 High Time 4.5 6.25 7 (Note 2) 

t2b CLK2 High Time 3.5 4 4 (Note 2) 

t3a CLK2 Low Time 4.5 6.25 7 (Note 2) 

t3b CLK2 Low Time 3.5 4.5 5 (Note 2) 

t4· CLK2 Fail Time 4 4 7 (Note 2) 

t5 CLK2 Rise Time 4 4 7 (Note 2) 

t6 A25:1 Valid Delay 4 13 4 15 4 17 CL = 50 pF 

t7 A25:1 Float Delay 4 20 4 20 4 30 (Note 3) 

t8 BHE#, BLE#, LOCK# 4 13 4 15 4 17 CL = 50 pF 
Valid Delay 

t8a SMIACT # Valid Delay 4 13 4 15 4 17 CL = 50pF 

t9 BHE#, BLE#, LOCK# 4 20 4 20 4 30 (Note 3) 
Float Delay 

t10 W/R#, MIIO#, D/C#, 4 13 4 15 4 17 CL = 50 pF 
ADS# Valid Delay 

t11 W/R#, MIIO#, D/C#, 4 20 4 20 4 30 (Note 3) 
ADS # Float Delay 

t12 015:0 Write Data 7 18 7 23 7 23 CL = 50 pF 
Valid Delay 

t12a 015:0 Write Data 2 2 2 CL = 50 pF 
Hold Time 

t13 015:0 Write Data 4 17 ; 4 17 4 22 (Note 3) 
Float Delay 

t14 HLDA Valid Delay 4 17 4 20 4 22 CL = 50 pF 

t15 NA # Setup Time 5 5 5 

t16 NA # Hold Time 2 2 3 

t19 READY#, A20M# 7 7 9 
Setup Time 

NOTES: 
1. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
2. These are not tested. They are guaranteed by characterization. 
3. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
4. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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Table 6. AC Characteristics (Continued) 

40 MHz 33 MHz 25 MHz 

Symbol Parameter Min Max Min Max Min Max Test Condition 

(ns) (ns) (ns) (ns) (ns) (ns) 

t20 READY #, A20M # 4 4 4 
Hold Time 

t21 015:0 Read Setup 4 5 7 
Time 

t22 015:0 Read Hold 3 3 5 
Time 

t23 . HOLD Setup Time 4 9 9 

t24 HOLD Hold Time 2 2 3 

t25 RESET Setup Time 4 5 8 

t26 RESET Hold Time 2 2 3 

t27 NMI, INTR Setup 5 5 6 (Note 4) 
Time 

t27a SMI # Setup Time 5 5 6 (Note 4) 

t28 NMI, INTR Hold 5 5 6 (Note 4) 
Time 

t28a SMI # Hold Time 5 5 6 (Note 4) 

t29 PEREa, ERROR #, 5 5 6 (Note 4) 
BUSY #, FL T # Setup 
Time 

t30 PEREa, ERROR #, 4 4 5 . (Note 4) 
BUSY#, FLT# Hold 
Time 

NOTES: 
1. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
2. These are not tested. They are guaranteed by characterization. 
3. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
4. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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CLK2 

A = Vee - 0.8 
B = 2.0V 
C = 0.8V 

Intel386TM CXSA EMBEDDED MICROPROCESSOR 

CPU Output 01----1' 
~ C

L 

272418-6 

Figure 6. AC Test Loads 

272418-7 

Figure 7. CLK2 Waveform 
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CLK2 

REAOY# 
A20M# 

HOLD 

015:0 
(Input) 

BUSY# 
ERROR# 

PEREQ 
FLT# 

NA# 

INTR 
NMI 

SMI# 

TX PH2 PH1 TX PH2 PH1 

Figure 8. AC Timing Waveforms-Input Setup and Hold Timing 

TX 
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TX PH2 PH1 TX PH2 PH1 TX 

ClK2 

BHE#, BlE# 
lOCK# 

SMIACT# 

W/R#, M/IO# 
D/C#,ADS# 

A25:1 

D15:0 
(Output) 

HlDA 

272418-9 

Figure 9. AC Timing Waveforms-Output Valid Delay Timing 
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CLK2 

BHE#, BLE# 
LOCK# 

W/R#, M/IO# 
D/C#, ADS# 

A25:1 

015:0 

HLDA 

PH2 

~ 
t9 

t11 

t7 

t14 

Th TlorT1 

PH1 PH2 PH1 PH2 

~~ ~rv 
ta 

Min Max Min Max 

---- - ------ -- ---------
(High Z) 

Min Max t10 
Min Max 

---- - ------ -- ----- f----
(High Z) 

Min Max 
t6 

Min Max 

---- - ------
(HighZ) -- ----- f----

t13 Min Max 
t12 Min Max 

----- - ------ -- -------
(High Z) 

t13 Also applies to data float when write 
cycle is followed by read or idle. 

Min Max t14 Min Max 

WI///////A ~ 
272418-10 

Figure 10. AC Timing Waveforms-Output Float Delay and HLDA Valid Delay Timing 
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- Reset --... ---- Initialization Sequence • 
PH2or PH1 PH20rPH1 PH2 PH1 

CLK2 

RESET 

272418-11 

Figure 11. AC Timing Waveforms-RESET Setup and Hold Timing and Internal Phase 

6.0 REVISION HISTORY 

This -003 data sheet contains the following changes from the -002 version. 

• Changed Vee at 40 MHz to 4.75V to 5.25V (Pages 1 and 10) 

• Renamed "Powerdown Mode" to "Clock Freeze Mode" on page 1. 

• Added Clarifications to Figure 1. 

• Corrected pin numbering for A25:1 in Table 2. 
• Changed section 3.3 first sentence from " ... on page 12" to " ... on page 10". 

• I Changed note 2 on page 10 to reflect A20M # 

• Changed first sentence on page 13 from "Table 7 lists ... " to "Table 6 lists ... ". 

• Added INTR and A20M# to Figure 8 and removed 888#. 
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SmartDie Product Specification 

• Static Intel386™ CPU Core • High Performance 16-Bit Data Bus 
- Low Power Consumption -33 MHz Clock 
- Operating Power Supply 4.5V to 5.5V - Two-Clock Bus Cycles 
- Operating Frequency 33 MHz - Address Pipelining Allows Use of 

• Transparent Power-Management Slower,lnexpensive Memories 

System Architecture • Virtual 8086 Mode Allows Execution of 
-Intel System Management Mode 8086 Software in a Protected and 

(SMM) Architecture Extension for Paged System, 
Truly Compatible Systems • Large Uniform Address Space 

- Power Management Transparent to - 64 Megabyte Physical 
Operating System and Application -- 64 Terabyte Virtual 
Programs - 4 Gigabyte Maximum Segment Size 

- Programmable Power Management 
Modes • On-Chip Debugging Support Including 

• Clock Freeze Mode Allows Clock 
Breakpoint Registers 

Stopping at Any Time • Complete System Development 

• Full 32-Bit Internal Architecture 
Support 

- 8-, 16-, 32-Bit Data Types • High-Speed CHMOS Technology 
- 8 General-Purpose 32-Bit Registers • Integrated Memory Management Unit 

• Runs Intel386 Architecture Software in (MMU) 
a Cost Effective 16-Bit Hardware - Virtual Memory Support 
Environment - Optional On-Chip Paging 
- Runs Same Applications and - Four' Levels of Hardware-Enforced 

Operating Systems as the Protection 
Intel386 SX and Intel386 DX - MMU fully compatible with those of 
Processors the 80286 and Intel386 DX 

- Object Code Compatible with 8086, Processors 
80186,80286 and Intel386 • Intel SmartDie Product 
Processors - Full AC/DC Testing at Die Level 

- + 25·C-80·C (Junction) Temperature 
Range 

NOTICE: This document contains information on products in the sampling and initial production phases of 
development. The specifications are subject to change without notice. Verify with your local Intel sales office 
that you have the latest SmartDie Product Specification before finalizing a design. 

REFERENCE INFORMATION: The information in this document is provided as a supplement to the Standard 
Package Data Sheet on a specific product. Please reference the Standard Package Data Sheet (Order No. 
272418) for additional product information and specifications not found in this document. 

·Other brands and names are the property of their respective owners. 

The complete document for this product is available from Intel's Literature Center at 1-800-548-4725. 
December 1994 

3-22 Order N~mber: 271290-001 
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• Static Intel386TM CPU Core • Hi'gh-performance 16-bit Data Bus 
-:-Low Power Consumption - Two-Clock Bus Cycles 
-Operating Power Supply 2.7V to 3.6V - Address Pipelining Allows Use of 
- Operating Frequency Slower, Inexpensive Memories 

25 MHz at 3.3V ± 0.3V • Integrated Memory Management Unit 
16 MHz at 3.0V ± 0.3V (MMU) 

• Transparent Power-Management - Virtual Memory Support 
System Architecture - Optional On-Chip Paging 
-Intel System Management Mode - 4 Levels of Hardware-Enforced 

Architecture Extension for Truly Protection 
Compatible Systems - MMU Fully Compatible with Those of 

- Power Management Transparent to the 80286 and Intel386 DX 
Operating Systems and Application Processors 
Programs II Virtual 8086 Mode Allows Execution of 

- Programmable Power-Management 8086 Software in a Protected and 
Modes Paged System 

• Clock Freeze Mode Allows Clock 
III Large, Uniform Address Space 

Stopping at Any Time - 64 Megabyte Physical 

• Full 32-bit Internal Architecture - 64 Terabyte Virtual 
- 8-, 16-, 32-bit Data Types . ....;. 4 Gigabyte Maximum Segment Size 
- 8 General Purpose 32-bit Registers 1'1 Numerics Support withintel387TM SX 

• Runs Intel386 Architecture Software in and Intel387TM SL Math Coprocessors 
a Cost-Effective, 16-bit Hardware !ill On-Chip Debugging Support Including 
Environment Breakpoint Registers 
- Runs Same Applications and 

Operating Systems as the III Complete System Development 
Intel386 SX and Intel386 DX Support 
Processors III High-Speed CHMOS Technology 

- Object Code Compatible with 8086, 
fa 100-pin Plastic Qua~ Flatpack Package 80186,80286, and Intel386 

Processors 

The Intel386TM CXSB embedded microprocessor is a low-voltage, 32-bit, fully static CPU with a 16-bit external 
data bus, a 26-bit external address bus, and Intel's System Management Mode (SMM). The Intel386 CXSB 
CPU brings the vast software library of the Intel386 architecture to embedded systems. It provides the per
formance benefits of 32-bit programming with the cost savings associated with 16-bit hardware systems. 

The Intel386 CXSB microprocessor is manufactured on Intel's O.8-micron CHMOS V process. This process 
provides high performance and low power consumption for power-sensitive applications. 

February 1995 
Order Number: 272552-003 3-23 
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Figure 1. Intel386TM CXSB Microprocessor Block Diagram 



1.0 PIN ASSIGNMENT 

NOTE: 

DO 
Vss 

HLDA 
HOLD 

Vss 
NA# 

READY# 
Vee 
Vee 
Vee 
Vss 
Vss 
Vss 
Vss 

CLK2 
ADS# 
BLE# 

A1 
BHE# 

NC 
Vee 
Vss 

M/IO# 
D/C# 

W/R# 

NC = No Connection 

Intel386™ CXSB EMBEDDED MICROPROCESSOR 

TOP VIEW 

A20 
A19 
A18 
A17 
Vee 
A16 
Vee 
Vss 
Vss 
A15 
A14 
A13 
Vss 
A12 
A11 
A10 
A9 
A8 
Vee 
A7 
A6 
A5 
A4 
A3 
A2 

272552-2 

Figure 2. Intel386™ CXSB Microprocessor Pin Assignment (PQFP) 
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Table 1. Pin Assignment 

Pin Symbol Pin Symbol Pin Symbol Pin Symbol 

1 00 26 LOCK# 51 A2 76 A21 

2 VSS 27 NC 52 A3 77 VSS 
3 HLOA 28 FLT# 53 A4 78 VSS 
4 HOLO 29 NC 54 A5 79 ,\22 

5 VSS 30 NC 55 A6 80 A23 

6 NA# 31 NC 56 A7 81 015 

7 REAOY# 32 Vee 57 Vee 82 014 

8 Vee 33 RESET 58 A8 83 013 

9 Vee 34 BUSY# 59 A9 84 Vee 
10 Vee 35 VSS 60 A10 85 Vss 
11 VSS 36 ERROR# 61 A11 86 012 

12 VSS 37 PEREQ 62 A12 87 011 

13 VSS 38 NMI 63 VSS 88 010 

14 VSS 39 Vee 64 A13 89 09 

15 CLK2 40 INTR 65 A14 90 08 

16 AOS# 41 VSS 66 A15 91 Vee 
17 BLE# 42 Vee 67 VSS 92 07 

18 A1 43 SMIACT# 68 VSS 93 06 

19 BHE# 44 SMI# 69 Vee 94 05 

20 NC 45 A20M# 70 A16 95 04 

21 Vee 46 A24 71 Vee 96 03 

22 VSS 47 A25 72 A17 97 Vee 
23 M/IO# 48 Vee 73 A18 98 VSS 
24 O/C# 49 VSS 74 A19 99 02 

25 W/R# 50 VSS 75 A20 100 01 
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2.0 PIN DESCRIPTIONS 

Table 2 lists the Intel386 CXSB microprocessor pin descriptions. The following definitions are used in the pin 
descriptions: 

# The named signal is active low. 

I Input signal. 

o Output signal. 

1/0 Input and output signal. 

P Power pin. 

G Ground pin. 

Table 2. Pin Descriptions 

Symbol Type Pin Name and Function 

A20M# Address 20 Mask controls the A20 address signal. When A20M# 
(Note 1) I 45 is low, the CPU masks off (forces low) the internal A20 physical 

address signal. This enables the CPU to run software that was 
developed using the 8086 address "wraparound" techniques. 
When A20M # is high, A20 is available on the address bus. While 
the bus is floating, A20M # has no effect on the A20 address 
signal. A20M# should be deasserted during SMM if the SMM 
handler accesses more than 1 Mbyte of memory. 

A25:1 0 47-46,80-79, Address Bus outputs physical memory or port 1/0 addresses. 
(Note 2) 76-72,70, 

66-64, 62-58, 
56-51,18 

ADS# 0 16 Address Status indicates that the processor is driving a valid bus-
cycle definition and address onto its pins (W/R#, D/C#, M/IO#, 
BHE#, BLE#, and A25:1). 

BHE# 0 19 Byte High Enable indicates that the processor is transferring a 
high data byte. 

BLE# 0 17 Byte Low Enable indicates that the processor is transferring a low 
data byte. 

BUSY# I 34 Busy indicates that the math coprocessor is busy. 

CLK2 I 15 CLK2 provides the fundamental timing for the device. 

D/C# 0 24 Data/Control indicates whether the current bus cycle is a data 
cycle (memory or 1/0) or a control cycle (interrupt acknowledge, 
halt, or code fetch). When D/C# is high, the bus cycle is a data 
cycle; when D/C# is low, the bus cycle is a control cycle. 

D15:0 1/0 81-83,86-90, Data Bus inputs data during memory read, 1/0 read, and interrupt 
92-96,99-100,1 acknowledge cycles and outputs data during memory and 1/0 

write cycles. 

ERROR# I 36 Error indicates that the math coprocessor has an error condition. 

NOTES: 
1. This pin supports the additional features of the Intel386 CXSB microprocessor; it is not present on the Intel386 SX 
microprocessor. 
2. The A25:24 pins support the additional features of the Intel386 CXSB microprocessor; they are not present on the 
Intel386 SX microprocessor. 
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Table 2. Pin Descriptions (Continued) 

Symbol Type Pin Name and Function 

FLT# I 28 Float forces all bidirectional and output signals, including HLDA, to a 
high-impedance state. 

HLDA 0 3 Bus Hold Acknowledge indicates that the CPU has surrendered 
control of its local bus to another bus master. 

HOLD I 4 Bus Hold Request allows another bus master to request control of the 
local bus. 

INTR I 40 Interrupt Request is a maskable input that causes the CPU to 
suspend execution of the current program and then execute an 
interrupt acknowledge cycle. 

LOCK# 0 26 Bus Lock prevents other system bus masters from gaining control of 
the system bus while it is active (low). 

MlIO# 0 23 Memory 110 indicates whether the current bus cycle is a memory cycle 
or an input/output cycle. When M/IO# is high, the bus cycle is a 
memory cycle; when M/IO# is low, the bus cycle is an 1/0 cycle. 

NA# I 6 Next Address requests address pipelining. 

NC 20,27,29-31 No Connection should always be left unconnected. Connecting a NC 
pin may cause the processor to malfunction or cause your application 
to be incompatible with future steppings of the device. 

NMI I 38 Nonmaskable Interrupt Request is a nonmaskable input that causes 
the CPU to suspend execution of the current program and execute an 
interrupt acknowledge function. 

PEREQ I 37 Processor Extension Request indicates that the math coprocessor 
has data to transfer to the processor. 

READY# I 7 Bus Ready indicates that the current bus cycle is finished and the 
external device is ready to accept more data from the processor. 

RESET I 33 Reset suspends any operation in progress and places the processor 
into a known reset state. 

SMI# I 44 System Management Interrupt invokes System Management Mode 
(Note 1) (SMM). SMI # is the highest priority interrupt. It is latched on its falling 

edge and it forces the CPU into SMM upon completion of the current 
instruction. SMI# is recognized on an instruction boundary and at each 
iteration for repeat string instructions. SMI # cannot interrupt LOCKed 
bus cycles or a currently executing SMM. If the processor receives a 
second SM I # while it is in SM M, it will latch the second SM I # on the 
SMI # falling edge. However, the processor must exit SMM by 
executing a Resume instruction (RSM) before it can service the second 
SMI#. 

NOTES: 
1. This pin supports the additional features of the Intel386 CXSB microprocessor; it is not present on the Intel386 SX 
microprocessor. 
2. The A25:24 pins support the additional features of the Intel386 CXSB microprocessor; they are not present on the 
Intel386 SX microprocessor. 
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Table 2. Pin Descriptions (Continued) 

Symbol Type Pin Name and Function 

SMIACT# 0 43 System Management Interrupt Active indicates that the 
(Note 1) processor is operating in System Management Mode (SMM). It is 

asserted when the processor initiates an SMM sequence and 
remains asserted (low) until the processor executes the Resume 
instruction (RSM). 

W/R# 0 25 Write/Read indicates whether the current bus cycle is a write cycle 
or a read cycle. When W/R# is high, the bus cycle is a write cycle; 
when W/R# is low, it is a read cycle. 

Vee P 8-10,21,32,39, System Power provides the nominal DC supply input. 
42,48, 57, 69, 
71,84,91,97 

VSS G 2,5,11-14,22 System Ground provides the OV connection from which all inputs 
35, 41, 49-50, and outputs are measured. 
63,67-68, 
77-78,85,98 

NOTES: 
1. This pin supports the additional features of the Intel386 eXSB microprocessor; it is not present on the Intel386 SX 
microprocessor. 
2. The A25:24 pins support the additional features of the Intel386 eXSB microprocessor; they are not present on the 
Intel386 SX microprocessor. 
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3.0 DESIGN CONSIDERATIONS 

This section describes the Intel386 CXSB micro
processor instruction set, component and revision 
identifier, and paqkage thermal specifications. 

3.1 Instruction Set 

The Intel386 CXSB microprocessor uses the same 
instruction set as the Intel386 SX microprocessor 
with the following exceptions. 

The Intel386 CXSB microprocessor has one new in
struction (RSM). This Resume instruction causes the 
processor to exit System Management Mode 
(SMM). RSM requires 338 clocks for execution. 

The Intel386 cxsa microprocessor requires more 
clock cycles than the Intel386 SX microprocessor to 
execute some instructions. Table 4 lists these in
structions and the Intel386 CXSB microprocessor 
execution times. For the equivalent Intel386 SX mi
croprocessor execution times, refer to the "Instruc
tion Set Clock Count Summary" table in the 
Intel386 SX Microprocessor data sheet (order num
ber 240187). 

3.2 Component and Revision Identifier 

To assist users, the microprocessor holds a compo
nent identifier and revision identifier in its OX register 
after reset. The upper 8 bits of OX hold the compo
nent identifier, 23H. (The lower nibble, 03H, identi
fies the Intel386 architecture, while the upper nibble, 
02H, identifies the second member of the Intel386 
microprocessor family.) 

The lower 8 bits of OX hold the revision level identifi
er. The revision identifier will, in general, chronologi
cally track those component steppings that are 
intended to have certain improvements or distinction 
from previous steppings. The revision identifier will 
track that of the Intel386 CPU whenever possible. 
However, the revision identifier value is not guaran
teed to change with every stepping revision or to 
follow a completely uniform numerical sequence, de
pending on the type or intent of the revision or the 
manufacturing materials required to be changed. 
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Intel has sole discretion over'these characteristics of 
the component. The initial revision identifier for the 
Intel386 CXSB microprocessor is OSH. 

3.3 Package Thermal Specifications ' 

The Intel386 CXSB microprocessor is specified for 
operation with case temperature (T d \',ithin the 
range of 0·C-1 OO·C. The case temperature can be 
measured in any environment to determine whether 
the microprocessor is within the specified operating 
range. The case temperature should be measured at 
the center of the top surface opposite the pins. 

An increase in the ambient temperature (T A) causes 
a proportional increase in the case temperature (T cl 
and the junction temperature (TJ). A packaged de
vice produces thermal resistance between junction 
and case temperatures (8Jd and between junction 
and ambient temperatures (8JAl. The relationships 
between the temperature and thermal resistance pa
rameters are expressed by these equations 
(P = power dissipated as heat = Vcc x Icd: 

1.TJ = Tc + P8JC 

2. TA = TJ - P 8 JA 

3. Tc = TA + P X [8JA - 8Jcl 

A safe operating temperature can be calculated 
from the above equations by using the maximum 
safe Tc (100·C), the maximum power drawn by the 
chip in the specific deSign, and the 8JA and 8JC val
ues from Table 3. The 8JA value depends on the 
airflow (measured at the top of the chip) provided by 
the system ventilation. 

Table 3. Thermal Resistances (O·C/W) 8JA. 8JC 

Pkg 8JC 
8JA versus Airflow (ft/min) 

0 100 200 

100 POFP 5.1 46.0 44.8 41.2 

100S0FP 14 63 N/A N/A 
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Table 4. Intel386™ CXSB Microprocessor Instruction Execution Times (in Clock Counts) 

Clock Count 

Instruction Virtual 8086 Mode Real Address Mode Protected Virtual 

(Note 1) or Virtual 8086 Mode 
Address Mode 

(Note 3) 

paPA 28 35 

IN: 
Fixed Port 27 14 7/29 
Variable Port 28 15 8/29 

OUT: 
Fixed Port 27 14 7/29 
Variable Port 28 15 9/29 

INS 30 17 9/32 

OUTS 31 '18 10/33 

REP INS 31 + 6n (Note 2) 17 +6n (Note 2) 10 + 6n/32 + 6n (Note 2) 

REP OUTS 30 + 8n (Note 2) 16 + 8n (Note 2) 10 +8n/31 +8n (Note 2) 

HLT 7 I 7 

MOVeD, reg 10 10 

NOTES: 
1. The clock count values in this column apply if 1/0 permission allows 1/0 to the port in virtual 8086 mode. If the 1/0 bit 
map denies permission, exception fault 13 occurs; see clock counts for the INT 3 instruction in the "Instruction Set Clock 
Count Summary" table in the Intel386 SX Microprocessor data sheet (order number 240187). 
2. n = the number of times repeated. 
3. When two clock counts are listed, the smaller value refers to a register operand and the larger value refers to a memory 
operand. 
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4.0 DC SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 

Storage Temperature .......... - 65°C to + 150°C 

Case Temperature Under Bias ... -65°C to + 110°C 

Supply Voltage with Respect to V ss .. - 0.5V to 6.5\1 

Voltage on Other Pins ....... -·0.5V to VCC + 0.5V 

OPERATING CONDITIONS* 

VCc(Digital Supply Voltage) .......... 2.7V to 3.6V 

T CASE (Case Temperature Under Bias) O°C to 100°C 

Fosc (Operating Frequency) .. .' .. 0 MHz to 25 MHz 

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. Verify with your local Intel 
Sales office that you have the latest data sheet be
fore finalizing a design. 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Table 5. DC Characteristics 

Symbol Parameter Min. Max. Unit Test Condition 

VIL Input Low Voltage -0.3 0.3Vcc V 

VIH Input High Voltage 0.7Vcc Vcc + 0.3 V 

VILC CLK2 Input Low Voltage -0.3 +0.8 V 

VIHC CLK2 Input High Voltage Vcc -0.6 Vcc + 0.3 V 

VOL Output Low Voltage 0.4 
V 

IOL = 2mA 
0.2 IOL = 0.5mA 

VOH Output High Voltage Vcc - 0.4 V IOH = -0.5mA 
Vcc - 0.2 V IOH = -0.1 mA 

III Input Leakage Current ±15 /LA 0::;; VIN::;; VCC 
(For All Pins except PEREQ, BUSY #, 
FLT#, ERROR#, A20M#, SMI#) 

IIH Input Leakage Current (PEREQ) 150 /LA VIH = 2.2V (Note 1) 

IlL Input Leakage Current -120 /LA VIL = 0.45V (Note 2) 
(BUSY#, FLT#, ERROR#, A20M#, 
and SMI#) 

ILO Output Leakage Current ±15 /LA 0.45V ::;; VOUT ::;; Vcc 

ICC Supply Current (Notes 3, 4) 
CLK2 = 50 MHz, CLK = 25 MHz 115 rnA Typical = 80 mA 
CLK2 = 32 MHz, CLK = 16 MHz 85 rnA Typical = 50 mA 

ICCF Standby Current (Freeze Mode) 150 /LA Typical = 10 /LA (Notes 3, 4) 

CIN Input Capacitance 10 pF Fc = 1 MHz (Note 5) 

COUT Output or I/O Capacitance 12 pF Fc = 1 MHz (Note 5) 

CCLK CLK2 Capacitance 20 pF Fc = 1 MHz (Note 5) 

NOTES: 
1. PEREQ input has an internal weak pull-down resistor. 
2. BUSY#, FLT#, SMI#, A20M# and ERROR# inputs each have an internal weak pull-up resistor. 
3. Icc max measurement at worst-case frequency. Vcc. and temperature with re'set active. 
4. Icc typical and ICCF typical are measured at nominal Vcc and are not fully tested. 
5. Not fully tested. 
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5.0 AC SPECIFICATIONS 

Table 6 lists output delays, input setup requirements, 
and input hold requirements. All AC specifications 
are relative to the CLK2 rising edge crossing the 
Vcc/2 level. 

Figure 3 shows the measurement points for AC 
specifications. Inputs must be driven to the indicated 
voltage levels when AC specifications are mea
sured. Output delays are specified with minimum 
and maximum limits measured as shown. The mini
mum delay times are hold times provided to external 
circuitry. Input setup and hold times are specified as 
minimums, defining the smallest acceptable sam-

piing window. Within the sampling window, a syn~ 
chronous input signal must be stable for correct op
eration. 

Outputs ADS#, W/R#, D/C#, MI/O#, LOCK#, 
BHE#, BLE#, A25:1, SMIACT# and HLDA change 
only at the beginning of phase one. D15:0 (write cy
cles) change only at the beginning of phase two. 

The READY #, HOLD, BUSY #, ERROR #, PEREa, 
FL T #, A20M # and D15:0 (read cycles) inputs are 
sampled at the beginning of phase one. The NA#, 
INTR, SMI# and NMI inputs are sampled at the be
ginning of phase two. 
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CLK2 

OUTPUTS 
(A2p:1,BHE# 

BLE#,ADS#,MIIO# 
D/C#W/R#,LOCK# 
HLDA, SMIACT#) 

OUTPUTS 
(015:0) 

INPUTS 
(N/A#,INTR 
NMI,SMI#) 

INPUTS 
(READY#,HOLD 

FL T#,ERROR# 
BUSY#,PEREQ 

D15:0,A20M#) 

LEGEND 
a- Vcd2 

PH1 

A - Maximum Output Delay Spec 
B - Minimum Output Delay Spec 
C - Minimum Input Setup Spec 
o -Minimum Input Hold Spec 

LEGEND 
a-Vcc/2 
A-Maximum Output Delay Spec 
8-Minimum Output Delay Spec 
C-Minimum Input Setup Spec 
D-Minimum Input Hold Spec 

Tx PH2 . 

Figure 3. Drive Levels and Measurement Points for AC SpeCifications 
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Table 6. AC Characteristics 

25Ml-lz 16 MHz 
3.0V-3.SV 2.7V-3.3V 

Symbol Parameter Test Condition 
Min. "'lalC. Min. MalC. 
(ns) (ns) (ns) (ns) 

Operating Frequency 0 25 0 16 MHz (Note 1) 

t1 CLK2 Period 20 31 

t2a CLK2 High Time 7 9 (Note 2) 

t2b CLK2 High Time 4 5 (Note 2) 

t3a CLK2 Low Time 7 9 (Note 2) 

t3b CLK2 Low Time 5 7 (Note 2) 

t4 CLK2 Fall Time 7 8 (Note 2) 

t5 CLK2 Rise Time 7 8 (Note 2) 

t6 A25:1 Valid Delay 4 17 4 36 CL = 50 pF 

t7 A25:1 Float Delay 4 30 4 40 (Note 3) 

t8 BHE #, BLE #, LOCK # Valid Delay 4 17 4 36 CL = 50 pF 

t8a SMIACT# Valid Delay 4 "17 4 36 CL = 50 pF 

t9 BHE#, BLE#, LOCK# Float Delay 4 30 4 40 (Note 3) 

t10 . W/R#, M/IO#, D/C#, ADS# Valid Delay 4 17 4 33 CL = 50 pF 

t11 W/R#, M/IO#, D/C#, ADS# Float Delay 4 30 4 35 (Note 3) 

t12 015:0 Write Data Valid Delay 7 23 4 40 CL = 50 pF 

t12a 015:0 Write Data Hold Time 2 - CL = 50 pF 

t13 015:0 Write Data Float Delay 4 22 4 35 (Note 3) 

t14 HLDA Valid Delay 4 22 4 33 CL = 50 pF 

t15 NA# Setup Time 5 5 

t16 NA # Hold Time 3 21 

t19 READY #, A20M # Setup Time 9 19 

t20 READY #, A20M # Hold Time 4 4 

t21 015:0 Read Setup Time 7 9 

t22 015:0 Read Hold Time 5 6 

t23 HOLD Setup Time 9 26 

t24 HOLD Hold Time 3 5 

t25 RESET Setup Time 8 13 

t26 RESET Hold Time 3 4 

t27 NMI, INTR Setup Time 6 16 (Note 4) 

t27a SMI# Setup Time 6 16 (Note 4) 

NOTES: 
1. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
2. These are not tested. They are guaranteed by characterization. 
3. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
4. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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Table 6. AC Characteristics (Continued) 

25 MHz 16MHz 
3.0V-3.6V 2.7V-3.3V 

Symbol Parameter Test Condition 
Min. Max. Min. Max. 
(ns) (ns) (ns) (ns) 

t28 NMI, INTR Hold Time 6 16 (Note 4) 

t28a 8MI # Hold Time 6 16 (Note 4) 

t29 PEREQ, ERROR#, BU8Y#, FLT# 6 16 (Note 4) 
8etupTime 

t30 PEREQ, ERROR#, BU8Y#, FLT# 5 5 (Note 4) 
Hold Time 

NOTES: 
1. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
2. These are not tested. They are guaranteed by characterization. 
3. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
4. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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B = Vee/2 
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L 

272552-4 

Figure 4. AC Test Loads 
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Figure 5. CLK2 Waveform 
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READY# . 
A20M# 

HOLD 

015:0 
(Input) 

BUSY# 
ERROR# 

PEREQ 
FLT# 

NA# 

INTR 
NMI 

SMI# 

TX PH2 PH1 TX PH2 PH1 

Figure 6. AC Timing Waveforms-Input Setup and Hold Timing 
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272552-7 

Figure 7. AC Timing Waveforms-Output Valid Delay Timing 
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CLK2 
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Figure 8. AC Timing Waveforms-Output Float Delay and HLDA Valid Delay Timing 
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- Reset --~---- Initialization Sequence .. 
PH2 or PH1 PH2 or PH1 PH2 PH1 

CLK2 

RESET 

272552-9 

Figure 9. AC Timing Waveforms-RESET Setup and Hold Timing and Internal Phase 

6.0 REVISION HISTORY 

This -003 datasheet contains the following changes from the -002 version. 

• Added thermal resistance data for 100 lead SQFP package. 

• Updated dynamic Icc values in DC Characteristics Table. 
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~1iIl~@~3$STM IE}{ 
[EMI8l!E[Q)lD)lEfiJ M~C~O~~OCIESSOR 

Static Intel386™ CPU Core El Integrated Memory Management Unit 
- Low Power Consumpi:ion - Virtual Memory Support 
- Operating Power Supply - Optional On-chip Paging 

2.7V to 5.5V - 4 Levels of Hardware-enforced 
- Operating Frequency Protection 

16 MHz at 2.7V to 3.3V; - MMU Fully Compatible with Those of 
20 MHz at 3.0V to 3.6V; the 80286 and Intel386 DX 
25 MHz at 4.5V to 5.5V Processors 

Transparent Power-management 0 Virtual 8086 Mode Allows Execution of 
System Architecture 8086 Software in a Protected and 
-Intel System Management Mode Paged System 

Architecture Elttension ror Truly 
0 Large Uniform Address Space 

Compatible Systems - 64 Megabyte Physical 
- Power Management Transparent to - 64 Terabyte Virtual 

Operating Systems and Application - 4 Gigabyte Maximum Segment Size 
Programs 

- Programmable Power-management 0 Numerics Support with Intel387™ SX 
Modes and Intel387 SL Math Coprocessors 

Powerdown Mode 0 On-chip Debugging Support Including 
- Clock Stopping at Any Time Breakpoint Registers 
- Only 10-20 p.A Typical CPU Sinl( 0 Complete System Development 

Current Support 
Full 32-bit Internal Architecture 0 High Speed CHMOS Technology 
- 8-, 16-, 32-bjt Data Types 

0 Two Pacl(age Types - 8 General Purpose 32-bit Registers 
- 132-pin Plastic Quad Flatpack 

Runs Intel386 Architecture Soi'tware in - 144-pin Thin Quad Flatpack 
a Cost-effective 16-bit Hardware 
Environment 0 Integrated Peripheral Functions 

- Runs Same Applications and - Clocl( and Power Management Unit 

Operating - Chip-select Unit 

Systems as the Intel386 S}( and -Interrupt Control Unit. 

Intel386 DX Processors - Timer Control Unit 

- Object Code Compatible with 8086, - Watchdog Timer Unit 

80186,80286, and Intel386 - Asynchronous Serial I/O Unit 

Processors - Synchronous Serial I/O Unit 
- Parallel I/O Unit 

High-performance 16-bit Data Bus - DMA and Bus Arbiter Unit 
- Two-clocl( Bus Cycles - Refresh Control Unit 
- Address Pipelining Allows Use of - JTAG-compliant Test-logic Unit 

Slower, Inexpensive Memories 

The Intel386™ EX Embedded Microprocessor is a highly integrated, 32·bit, fully static CPU optimized for 
embedded control applications. With a 16·bit external data bus, a 26·bit external address bus, and Intel's 
System Management Mode (SMM), the Intel386 EX microprocessor brings the vast software library of Intel386 
architecture to embedded systems. It provides the performance benefits of 32·bit programming with the cost 
savings associated with 16·bit hardware systems. 
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Figure 1.lnte1386TM EX Microprocessor Block Diagram 
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1.0 PIN ASSIGNMENT 

UCS# 
CS6#IREFRESH# 

vss 
LBA# 

DO 
01 
02 
03 

VCC 
04 
05 
06 
07 
08 

VCC 
09 

VSS 
010 
011 
012 
013 
014 
015 

TOO 
TOI 

TMS 
MIIO# 
VCC 
O/C# 

WIR# 
VSS 

REAOY# 
BS8# 

Intel386™ EX EMBEDDED MICROPROCESSOR 

TOP VIEW 

FLU 
OSR111/STXCLK 
VSS 
INT7fTMRGATEl 
INT6fTMRCLKl 
INT5fTMRGATEO 
INT4fTMRCLKO 
BUSYllfTMRGATE2 
ERRORllfTMROUT2 
NMI 
PEREOITMRCLK2 
VCC 
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P3.61PWROOWN 
P3.51INT3 
P3.41INT2 
VSS 
P3.3IINTt 
VCC 
P3.2IINTO 
RTS111/SSIOTX 
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TCK 
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272420-2 

Figure 2.lnte1386™ EX Microprocessor 132·Pin PQFP Pin Assignment 
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Table 1. 132-Pin PQFP Pin Assignment 

Pin Symbol Pin Symbol Pin Symbol Pin Symbol 

1 UCS# 34 RO# 67 A22 100 Vss 
2 CS6#/REFRESH# 35 WR# 68 A23 101 P1.0/0COO# 

3 Vss 36 Vss 69 Vss 102 P1.1/RTSO# 

4 LBA# 37 BLE# . 70 A24 103 NC 

5 00 38 Vee 71 Vee 104 P1.2/0TRO# 

6 01 39 BHE# .72 A25 105 P1.3/0SRO# 
, 

7 02 40 AOS# 73 SMI# 106 P1.4/RI0# 

8 03 41 NA# 74 P3.0/TMROUTO 107 P1.5/LOCK# 

9 Vee 42 A1 75 P3.1/TMROUT1 108 P1.6/HOLO 

10 04 43 A2 76 TCK 109 Vee 
11 05 44 A3 77 OTR1#/SRXCLK 110 RESET 

12 06 45 A4 78 RI1 # ISSIORX 111 P1.7/HLOA 

13 07 46 Vss 79 RTS1 # ISSIOTX 112 OACK1#/TX01 

14 08 47 Vee 80 P3.2/INTO 113 EOP#/CTS1# 

15 Vee ' 48 A5 81 Vee 114 WOTOUT 

16 09 49 A6 82 P3.3/1NT1 115 CLK2 

17 Vss 50 A7 83 Vss 116 Vss 
18 010· 51 A8 84 P3.4/INT2 117 OROO/OC01 #, 

19 011 52 A9 85 P3.5/1NT3 118 OR01/RX01 

20 012 53 A10 86 P3.6/PWROOWN 119 TRST# 

21 013 54 A11 87 P3.7/COMCLK 120 SMIACT# 

22 014 55 A12 88 Vee 121 Vee 
23 015 56 A13 89 PEREO/TMRCLK2 122 P2.0/CSO# 

24 TOO 57 A14 90 NMI 123 P2.1/CS1 # 

25 TOI 58 A15 91 ERROR # ITMROUT2 124 P2.2/CS2# 

26 TMS 59 A16/CASO 92 BUSY#/TMRGATE2 125 P2.3/CS3# 

27 M/IO# 60 Vee 93 INT4/TMRCLKO 126 P2.4/CS4# 

28 Vee 61 A17/CAS1 94 INT5/TMRGATEO 127 Vee 
29 O/C# 62 A18/CAS2 95 INT6/TMRCLK1 128 OACKO# ICS5 # 

30 W/R# 63 A19 96 INT7/TMRGATE1 129 P2.5/RXOO 

31 Vss 64 Vss 97 Vss 130 Vss 
32 REAOY# 65 A20 98 OSR1#/STXCLK 131 P2.6/TXOO 

33 BS8# 66 A21 99 FLT# 132 P2.7/CTSO# 
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TOP VIEW 

272420-3 

Figure 3.lnte1386TM EX Microprocessor 144·Pin TQFP Pin Assignment 
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Table 2. 144 Pin TQFP Pin Assignment 

Pin Symbol Pin Symbol Pin Symbol Pin Symbol 

1 UCS# 37 RO# 73 A22 109 Vss 
2 CS6#/REFRESH# 38 WR# 74 A23 110 P1.0/0COO# 

3 Vss 39 Vss 75 Vss 111 P1.1/RTSO# 

4 LBA# 40 BLE# 76 A24 112 NC 

5 00 41 Vee 77 Vee 113 P1.2/0TRO# 

6 01 42 BHE# 78 A25 114 P1.3/0SRO# 

7 02 43 AOS# 79 SMI# 115 P1.4/RI0# 

8 03 44 NA# 80 P3.0/TMROUTO 116 P1.5iLOCK# 

9 Vee 45 A1 81 P3.1/TMROUT1 117 P1.6/HOLO 

10 04 46 A2 82 TCK 118 Vee 
11 Vss 47 Vss 83 Vss 119 RESET 

12 05 48 A3 84 OTR1#/SRXCLK 120 Vss 
13 06 49 A4 85 RI1 # ISSIORX 121 P1.7IHLOA 

14 07 50 Vss 86 RTS1 # ISSIOTX 122 OACK1#/TX01 

15 08 51 Vee 87 P3.2I1NTO 123 EOP#/CTS1# 

16 Vee 52 A5 88 Vee 124 WOTOUT 

17 09 53 A6 89 P3.3/1NT1 125 CLK2 

18 Vss 54 A7 90 Vss 126 Vss 
19 010 55 A8 91 P3.4/INT2 127 ORQO/OC01# 

20 011 56 A9 92 P3.5/1NT3 128 ORQ1/RX01 

21 012 57 A10 93 P3.6/PWROOWN 129 TRST# 

22 013 58 A11 94 P3.7/COMCLK 130 SMIACT# 

23 014 59 A12 95 Vee 131 Vee 
24 Vss 60 Vss 96 PEREQ/TMRCLK2 132 Vss 
25 015 61 A13 97 Vss 133 P2.0/CSO# 

26 TOO 62 A14 98 NMI 134 P2.1/CS1# 

27 TOI 63 A15 99 ERROR # ITMROUT2 135 P2.2/CS2# 

28 TMS 64 A16/CASO 100 BUSY # ITMRGATE2 136 P2.3/CS3# 

29 M/IO# 65 Vee 101 INT4/TMRCLKO 137 P2.4/CS4# 

30 Vee 66 A17/CAS1 102 INT5/TMRGATEO 138 Vee 
31 O/C# 67 A18/CAS2 103 INT6/TMRCLK1 139 OACKO#/CS5# 

32 W/R# 68 A19 104 INT7/TMRGATE1 140 P2.5/RXOO 

33 Vss 69 Vss 105 Vss 141 Vss 
34 REAOY# 70 A20 106 OSR1#/STXCLK 142 P2.6/TXOO 

35 BS8# 71 A21 107 FLT# 143 P2.7/CTSO# 

36 Vss 72 Vss 108 Vss 144 Vss 
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2.0 PIN DESCRIPTIONS 

Table 3 lists the Intel386 EX microprocessor pin descriptions. The following definitions are used in the pin 
descriptions: 

# The named signal is active low. 

I Standard CMOS input signal. 

o Standard CMOS output signal. 

1/0 Input and output signal. 

I/OD Input and open-drain output signal. 

ST Schmitt-triggered input signal. 

P Power pin. 

G Ground pin. 
Table 3. Intel386™ EX Microprocessor Pin Descriptions 

Symbol Type Name and Function 

A25:1 0 Address Bus outputs physical memory or port I/O addresses. These signals are valid 
when ADS # is active and remain valid until the next T1, T2P, or Ti. During HOLD cycles 
they are driven to a high-impedance state. A 18:16 are multiplexed with CAS2:0. 

ADS# 0 Address Status indicates that the processor is driving a valid bus-cycle definition and 
address (W/R#, D/C#, M/IO#, A25:1, BHE#, BLE#) onto its pins. 

BHE# 0 Byte High Enable indicates that the processor is transferring a high data byte. 

BLE# 0 Byte Low Enable indicates that the processor is transferring a low data byte. 

BS8# I Bus Size indicates that an 8-bit device is currently being addressed. 

BUSY# I Busy indicates that the math coprocessor is busy. If BUSY # is sampled low at the 
falling edge of RESET, the processor performs an internal self test. BUSY # is 
multiplexed with TMRGATE2. 

CAS2:0 0 Cascade Address carries the slave address information from the 8259A master 
interrupt module during interrupt acknowledge bus cycles. CAS2:0 are multiplexed Vl(ith 
A18:16. 

CLK2 ST Clock Input is connected to an external clock that provides the fundamental timing for 
the device. 

COMCLK I Serial Communications Baud Clock is an alternate clock source for the asynchronous 
serial ports. COMCLK is multiplexed with P3.7. 

CS6:0# 0 Chip-selects (lower) are activated when the address of a memory or I/O bus cycle is 
within the address region programmed by the user. They are multiplexed as follows: 
CS6# with REFRESH#, CS5# with DACKO#, and CS4:0# with P2.4:0. 

CTS1:0# I Clear to Send SI01 and SIOO prevent the transmission of data to the asynchronous 
serial port's RXD1 and RXDO pins, respectively. CTS1 # is multiplexed with EOP#, and 
CTSO# is multiplexed with P2.7. CTS1 # requires an external pull-up resistor. 

D15:0 I/O Data Bus inputs data during memory read, I/O read, and interrupt acknowledge cycles 
and outputs data during memory and I/O write cycles. During writes, this bus is driven 
during phase 2 of T1 and remains active until phase 2 of the next T1, T1 P, or Ti. During 
reads, data is latched on the falling edge of phase 2. 
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Table 3. Intel386TM EX Microprocessor Pin Descriptions (Continued) 

Symbol Type Name and Function 

DACK1:0# 0 DMA Acknowledge 1 and 0 signal to an external device that the processor has 
acknowledged the corresponding DMA request and is· relinquishing the bus. DACK1 # 
is multiplexed with TXD1, and DACKO # is multiplexed with CS5 #. 

D/C# 0 DatalControl indicates whether the current bus 9ycle is a data cycle (memory or 1/0 
read or write) or a control cycle (interrupt acknowledge, halt, or code fetch). 

DCD1:0# I Data Carrier Detect SI01 and SIOO indicate that the modem or data set has 
detected the corresponding asynchronous serial channel's data carrier. DCD1 # is 
multiplexed with DRQO, and DCDO # is multiplexed with P1.0. 

DRQ1:0 I DMA External Request 1 and 0 indicate that a peripheral requires DMA service. 
DRQ1 is multiplexed with RXD1, and DRQO is multiplexed with DCD1 #. 

DSR1:0# I Data Set Ready SI01 and SIOO indicate that the modem or data set is ready to 
establish a communication link with the corresponding asynchronous serial channel. 
DSR 1 # is multiplexed with STXCLK, and DSRO # is multiplexed with P1.3. 

DTR1:0# 0 Data Terminal Ready SI01 and SIOO indicate that the corresponding asynchronous 
serial channel is ready to establish a communication link with the modem or data set. 
DTR 1 # is multiplexed with SRXCLK, and DTRO # is multiplexed with P1.2. 

EOP# 1/00 End of Process indicates that the processor has reached terminal count during a 
DMA transfer. An external device can also pull this pin low. EOP# ismultiplexed with 
CTS1#. 

ERROR# I Error indicates that the math coprocessor has an error condition. ERROR # is 
multiplexed with TMROUT2. 

FLT# I Float forces all bidirectional and output signals except TOO to a high-impedance 
state. 

HLDA 0 Bus Hold Acknowledge indicates that the processor has surrendered control of its 
local bus to another bus master. HLDA is multiplexed with P1.7. 

HOLD I Bus Hold Request allows another bus master to request control 6f the local bus. 
HLDA active indicates that bus control has been granted. HOLD is multiplexed with 
P1.S. 

INT7:0 I Interrupt Requests are maskable inputs that cause the CPU to suspend execution of 
the current program and then execute an interrupt acknowledge cycle. They are 
multiplexed as follows: INT7 with TMRGATE1, INTS with TMRCLK1, INT5 with 
TMRGATEO, INT4 with TMRCLKO, and INT3:0 with P3.5:2. 

LBA# 0 Local Bus Access is asserted whenever the processor provides the READY # signal 
to terminate a bus transaction. This occurs when an internal peripheral address is 
accessed or when the chip-select unit provides the READY # signal. LOCK # 0 Bus 
Loc;:k prevents other bus masters from gaining control of the system bus. LOCK # is 
multiplexed with P1.5. 

M/IO# 0 Memory/lO Indicates whether the current bus cycle is a memory cycle or an 1/0 
cycle. When M/IO# is high, the bus cycle is a memory cycle; when M/IO# is low, the 
bus cycle is an 1/0 cycle. . 

NA# I Next Address requests address pipelining. 
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Table 3. Intel386TM EX Microprocessor Pin Descriptions (Continued) 

Symbol Type Name and Function 

NMI ST Nonmaskable Interrupt Request is a non-maskable input that causes the CPU to 
suspend execution of the current program and execute an interrupt acknowledge 
cycle. 

PEREQ I Processor Extension Request indicates that the math coprocessor has data to 
transfer to the processor. PEREQ is multiplexed with TMRCLK2. 

P1.7:0 1/0 Port 1, Pins 7:0 are mUltipurpose bidirectional port pins. They are multiplexed as 
follows: P1.7 with HLDA, P1.6 with HOLD, P1.5 with LOCK#, P1.4 with RIO#, P1.3 
with DSRO#, P1.2 with DTRO#, P1.1 with RTSO#, and P1.0 with DCDO#. 

P2.7:0 1/0 Port 2, Pins 7:0 are mUltipurpose bidirectional port pins. They are multiplexed as 
follows: P2.7 with CTSO#, P2.6 with TXDO, P2.5 with RXDO, and P2.4:0 with CS4:0#. 

P3.7:0 1/0 Port 3, Pins 7:0 are mUltipurpose bidirectional port pins. They are multiplexed as 
follows: P3.7 with COMCLK, P3.6 with PWRDOWN, P3.5:2 with INT3:0, and P3.1:0 
with TMROUT1 :0. 

PWRDOWN 0 Powerdown indicates that the processor is in powerdown mode. PWRDOWN is 
multiplexed with P3.6. 

RD# 0 Read Enable indicates that the current bus cycle is a read cycle. 

READY# 1/0 Ready indicates that the current bus transaction has completed. An external device 
or an internal Signal can drive READY #. Internally, the chip-select wait-state logic 
can generate the ready signal and drive the READY # pin active. 

RESET ST Reset suspends any operation in progress and places the processor into a known 
reset state. 

REFRESH# 0 Refresh indicates that the current bus cycle is a refresh cycle. REFRESH # is 
multiplexed with CS6#. 

RI1:0# I Ring Indicator SI01 and SIOO indicate that the modem or data set has received a 
telephone ringing Signal. RI1 # is multiplexed with SSIORX, and RIO# is multiplexed 
with P1.4. 

RTS1:0# 0 Request-to-send SI01 and SIOO.indicate that corresponding asynchronous serial 
channel is ready to exchange data with the modem or data set. RTS1 # is 
multiplexed with SSIOTX, and RTSO# is multiplexed with P1.1. 

RXD1:0 I Receive Data SI01 and SIOO accept serial data from the modem or data set to the 
corresponding asynchronous serial channel. RXD1 is multiplexed with DRQ1. and 
RXDO is multiplexed with P2.5. 

SMI# ST System Management Interrupt invokes System Management Mode (SMM). SMI # 
is the highest priority external interrupt. It is latched on its falling edge and it forces 
the CPU into SMM upon completion of the current instruction. SMI # is recognized on 
an instruction boundary and at each iteration for repeat string instructions. SMI # 
cannot interrupt LOCKed bus cycles or a currently executing SMM. If the processor 
receives a second SMI # while it is. in SMM, it will latch the second SMI # on the 
SMI# falling edge. However, the processor must exit SMM by executing a resume 
instruction (RSM) before it can service the second SM 1# . 

SMIACT# 0 System Management Interrupt Active indicates that the processor is operating in 
System Management Mode (SMM). It is asserted when the processor initiates an 
SMM sequence and remains asserted (low) until ttie processor executes the resume 
instruction (RSM). 
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Table 3. Intel386TM EX Microprocessor Pin Descriptions (Continued) 

Symbol Type Name and Function 

SRXCLK I/O SSIO Receive Clock synchronizes data being accepted by the synchronous serial 
port. SRXCLK is multiplexed with DTR 1 # . 

SSIORX I SSIO Receive Serial Data accepts serial data (most-significant bit first) being sent 
to the synchronous serial port. SSIORX is multiplexed with RI1 #. 

SSIOTX 0 SSIO Transmit Serial Data sends serial data (most-significant bit first) from the 
synchronous serial port. SSIOTX is multiplexed with RTS 1 # . 

STXCLK I/O SSIO Transmit Clock synchronizes data being sent by the synchronous serial port. 
STXCLK is multiplexed with DSR1. 

TCK I TAP (Test Access Port) Controller Clock provides the clock input for the JTAG 
, logic. 

TDI I TAP (Test Access Port) Controller Data Input is the serial input for test 
instructions and data. 

TDO 0 TAP (Test Access Port) Controller Data Output is the serial output for test 
instructions and data. 

TMRCLK2:0 I Timer/Counter Clock Inputs can serve as external clock inputs for the 
corresponding timer/counters. (The timer/counters can also be clocked internally.) 
They are multiplexed as follows: TMRCLK2 with PEREQ, TMRCLK1 with INT6, and 
TMRCLKO with INT4. 

TMRGATE2:0 I Timer/Counter Gate Inputs can control the corresponding timer/counter's 
counting (enable, disable, or trigger, depending on the programmed mode). They 
are multiplexed as follows: TMRGATE2 with BUSY#, TMRGATE1 with INT7, and 
TMRGATEO with INT5. 

TMROUT2:0 0 Timer/Counter Outputs provide the output of the corresponding timer/counter. 
The form of the output depends on the programmed mode. They are multiplexed as 
follows: TMROUT2 with ERROR #, TMROUT1 with P3.1, and TMROUTO with P3.0. 

TMS I TAP (Test Access Port) Controller Mode Select controls the sequence of the 
TAP controller's states. 

TRST# ST TAP (Test Access Port) Controller Reset resets the TAP controller at power-up 
and each time it is activated. 

TXD1:0 0 Transmit Data SI01 and SIOO transmit serial data from the individual serial 
channels. TXD1 is multiplexed with DACK1 #, and TXDO is multiplexed with P2.6. 

UCS# 0 Upper Chip-select is activated when the address of a memory or 110 bus cycle is 
within the address region programmed by the user. 

Vee P System Power provides the nominal DC supply input. Connected externally to a 
Vee board plane. 

Vss G System Ground provides the OV connection from which all inputs and outputs are 
measured. Connected externally to a ground board plane. 

WDTOUT 0 Watchdog Timer Output indicates that the watchdog timer has expired. 

W/R# 0 Write/Read indicates whether the current bus cycle is a write cycle or a read cycle. 
When W /R # is high, the bus cycle is a write cycle; when W /R # is low, the bus 
cycle is a read cycle. 

WR# 0 Write Enable indicates that the current bus cycle is a write cycle. 
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3.0 FUNCTIONAL DESCRIPTION 

The Intel386 EX microprocessor is a fully static, 32-
bit processor optimized for embedded applications. 
It features low power and low voltage capabilities, 
integration of many commonly used DOS-type pe
ripherals, and a 32-bit programming architecture 
compatible with the large software base of Intel386 
processors. The following sections provide an over
view of the integrated peripherals. 

3.1 Clock Generation and Power 
Management Unit 

The clock generation circuit includes a divide-by-two 
counter, a programmable divider for gerierating a 
prescaled clock (PSCLK), a divide-by-two counter 
for generating baud-rate clock inputs, anc~ Reset cir
cuitry. The CLK2 input provides the fundamental tim
ing for the chip. It is divided by two internally to gen
erate a 50% duty cycle Phase1 (PH1) and Phase 2 
(PH2) for the core and integrated peripherals. For 
power manage-ment, separate clocks are routed to 
the core (PH1C/PH2C) and the peripheral modules 
(PH1 P/PH2P). 

Two Power Management modes are provided for 
flexible power-saving options. During Idle mode, the 
clocks to the CPU core are frozen in a known state 
(PH1 C low and PH2C high), while the clocks to the 
peripherals continue to toggle. In Powerdown mode, 
the clocks to both core and peripherals are frozen in 
a known state (PH1C low and PH2C high). The Bus 
Interface Unit will not honor any DMA, DRAM re
fresh, or HOLD requests in Powerdown mode be
cause the clocks to the entire device are frozen. 

3.2 Chip-select Unit 

The Chip-select Unit (CSU) decodes bus cycle ad
dress and status information and enables the appro
priate chip-selects. The individual chip-selects be
come valid in the same bus state as the address and 
become inactive when either a new address is se
lected or the current bus cycle is complete. 

The CSU is divided into eight separate chip-select 
regions, each of which can enable one of the eight 
chip-select pins. Each chip-select region can be 
mapped into memory or I/O space. A memory-

Intel386™ EX EMBEDDED MICROPROCESSOR 

mapped chip-select region can start on any 2(n + 1) 
Kbyte address location (where n = 0-15, depend
ing upon the mask register). An I/O-mapped chip
select region can start on any 2(n + 1) byte address 
location (where n = 0-15, depending upon the 
mask register). The size of the region is also depen
dent upon the mask used. 

3.3 Interrupt Control Unit 

The Intel386 EX microprocessor's Interrupt Control 
Unit (ICU) contains two 8259A modules connected 
in a cascade mode. The 8259A modules make up 
the heart of the ICU. These modules are similar to 
the industry-standard 8259A architecture. 

The Interrupt Control Unit directly supports up to 
eight external (INT7:0) and up to eight internal inter
rupt request signals. Pending interrupt requests are 
posted in the Interrupt Request Register, which con
tains one bit for each interrupt request signal. When 
an interrupt request is asserted, the corresponding 
Interrupt Request Register bit is set. The 8259A 
module can be programmed to recognize either an 
active-high level or a positive transition on the inter
rupt request lines. An internal Priority Resolver de
cides which pending interrupt request (if more than 
one exists) is the highest priority, based on the pro
grammed operating mode. The Priority Resolver 
controls the single interrupt request line to the CPU. 
The Priority Resolver's default priority scheme 
places the master interrupt controller's IRO as the 
highest priority and the master's IR7 as the lowest. 
The priority can be modified through software. 

Besides the eight interrupt request inputs available 
to the Intel386 EX microprocessor, additional inter
rupts can be supported by cascaded external 8259A 
modules. Up to four external 8259A units can be 
cascaded to the master through connections to the 
INT3:0 pins. In this configuration, the interrupt ac
knowledge (INTA#) signal can be decoded exter
nally using the ADS#, D/C#, W/R#, and M/IO# 
Signals. 

3.4 Timer Control Unit 

The Timer Control Unit (TCU) on the Intel386 EX 
microprocessor has the same basic functionality as 
the industry-standard 82C54 counter/timer. The 
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TCU provides three independent 16-bit counters, 
each capable of handling clock inputs up to 8 MHz. 
This maximum frequency must be considered when 
programming the input clocks for the counters. Six 
programmable timer modes allow the counters to be 
used as event counters, elapsed-time indicators, 
programmable one-shots, and in many other appli
cations. All modes are software programmable. 

3.5 Watchdog Timer Unit 

The Watchdog Timer (WDT) unit consists of a 32-bit 
down-counter that decrements every PH 1 P cycle, al
lowing up to 4.3 billion count intervals. The 
WDTOUT pin is driven high for sixteen CLK2 cycles 
when the down-counter reaches zero (the WDT 
times out). The WDTOUT signal can be used to re
set the chip, to request an interrupt, or to indicate to 
the user that a ready-hang situation has occurred. 
The down-counter can also be updated with a user
defined 32-bit reload value under certain conditions. 
Alternatively, the WDT unit can be used as a bus 
monitor or as a general-purpose timer. 

3.6 Asynchronous Serial 1/0 Unit 

The Intel386 EX microprocessor's asynchronous 
Serial I/O (SIO) unit is a Universal Asynchronous 
Receiver/ Transmitter (UART). Functionally, it is 
equivalent to the National Semiconductor NS 16450 
and INS8250. The Intel386 EX microprocessor con
tains two full-duplex, asynchronous serial channels. 

The SIO unit converts serial data characters re
ceived from a peripheral device or modem to parallel 
data and converts parallel data characters received 
from the CPU to serial data. The CPU can read the 
status of the serial port at any time during its opera
tion. The status information includes the type and 
condition of the transfer operations being performed 
and any errors (parity, framing, overrun, or break in
terrupt). 

Each asynchronous serial channel includes full mo
dem control support (CTS #, RTS #, DSR #, DTR # , 
RI#, and DCD#) and is completely programmable. 
The programmable options include character length 
(5, 6, 7, or 8 bits), stop bits (1, 1.5, or 2), and parity 
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(even, odd, forced, or none). In addition, it contains a 
programmable baud-rate generator capable of clock 
rates from 0 to 512 Kbaud. 

3.7 Synchronous Serial 1/0 Unit 

The Synchronous Serial I/O (SSIO) unit provides for 
simultaneous, bidirectional communications. It con
sists of a transmit channel, a receive channel, and a 
dedicated baud-rate generator. The transmit and re
ceive channels can be operated independently (with 
different clocks) to provide non-lockstep, full-duplex 
communications; either channel. can originate the 
clocking signal (Master Mode) or receive an exter
nally generated clocking signal (Slave Mode). 

The SSIO provides numerous features for ease and 
flexibility of operation. With a maximum clock input 
of 12.5 MHz to the baud-rate generator, the SSIO 
can deliver a baud rate of 5 Mbits per second. Each 
channel is double buffered. The two channels share 
the baud-rate generator and a multiply-by-two trans
mit and receive clock. The SSIO supports 16-bit seri
al communications with independently enabled 
transmit and receive functions and gated interrupt 
outputs to the interrupt controller. 

3.8 Parallel 110 Unit 

The Intel386 EX microprocessor has three 8-bit, 
general-purpose I/O ports. All port pins are bidirec
tional, with CMOS-level input and outputs. All pins 
have both a standard operating mode and a periph
eral mode (a multiplexed function), and all have simi
lar sets of control registers located in I/O address 
space. Ports 1 and 2 provide 8 mA of drive capabili
ty, while port 3 provides 16 mA. 

3.9 DMA and Bus Arbiter Unit 

The Intel386 EX microprocessor's DMA controller is 
a two-channel DMA; each channel operates inde
pendently of the other. Within the operation of the 
individual channels, several different data transfer 
modes are available. These modes can be com
bined in various configurations to provide a very ver
satile DMA controller. Its feature set has enhance
ments beyond the 8237 DMA family; however, it can 
be configured such that it can be used in an 8237-



like mode. Each channel can transfer data between 
any combination of memory and liD with any combi
nation (8 or 16 bits) of data path widths. An internal 
temporary register that can disassemble or assem
ble data to or from either an aligned or a nonaligned 
destination or source optimizes bus bandwidth. 

The bus arbiter, a part of the DMA controller, works 
much like the priority resolving circuitry of a DMA. It 
receives service requests from the two DMA chan
nels, the external bus master, and the DRAM Re
fresh controller. The bus arbiter requests bus owner
ship from the core and resolves priority issues 
among all active requests when bus mastership is 
granted. 

Each DMA channel consists of three major compo
nents: the Requestor, the Target, and the Byte 
Count. These components are identified by the con
tents of programmable registers that define the 
memory or liD device being serviced by the DMA. 
The Requestor. is the device that requires and re
quests service from the DMA controller. Only the 
Requestor is considered capable of initializing or ter
minating a DMA process. The Target is the device 
with which the Requestor wishes to communicate. 
The DMA process considers the Target a slave that 
is incapable of controlling the process. The Byte 
Count dictates the amount of data that must be 
transferred. 

3.10 Refresh Control Unit 

The Refresh Control Unit (RCU) simplifies dynamic 
memory controller design with its integrated address 
and clock counters. Integrating the RCU into the 
processor allows an external DRAM controller to 
use chip-selects, wait state logic, and status lines. 

The Intel386 EX microprocessor's RClJ consists of 
four basic functions. First, it provides a programma
ble-interval timer that keeps track of time. Second, it 
provides the bus arbitration logic to gain control of 
the bus to run refresh cycles. Third, it contains the 
logic to generate row addresses to refresh DRAM 
rows individually. And fourth, it contains the logic to 
signal the start of a refresh cycle. 
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Additionally, it contains a 13-bit address counter that 
forms the refresh address, supporting DRAMs with 
up to 13 rows of memory cells (13 refresh address 
bits). This includes all practical DRAM sizes for the 
Intel386 EX microprocessor's 64 Mbyte address 
space. 

3.11 JTAG Test-logic Unit 

The JTAG Test-logic Unit provides access to the de
vice pins and to a number of other testable areas on 
the device. It is fully compliant with the IEEE 1149.1 
standard and thus interfaces with five dedicated 
pins: TRST #, TCK, TMS, TDI, and TDO. It contains 
the Test Access Port (TAP) finite-state machine, a 4-
bit instruction register, a 32-bit identification register, 
and a single-bit bypass register. The test-logic unit 
also contains the necessary logic to generate clock 
and control signals for the Boundary Scan chain. 

Since the test-logic unit has its own clock and reset 
signals, it can operate autonomously. Thus, while 
the rest of the microprocessor is in Reset or Power
down, the JTAG unit can read or write various regis
ter chains. 

4.0 DESIGN CONSIDERATIONS 

This section describes the Intel386 EX microproces
sor's instruction set and its component and revision 
identifiers. 

4.1 Instruction Set 

The Intel386 EX microprocessor uses the same in
struction set as the Intel386 SX microprocessor with 
the following exceptions. 

The Intel386 EX microprocessor has one new in
struction (RSM). This Resume instruction causes the 
processor to exit System Management Mode 
(SMM). RSM requires 338 clocks per instruction 
(CPI). 

The Intel386 EX microprocessor requires more clock 
cycles than the Intel386 SX microprocessor to exe
cute some instructions. Table 5 lists these instruc
tions and the Intel386 EX microprocessor CPI. For 
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the equivalent Intel386 SX microprocessor CPI, refer 
to the "Instruction Set Clock Count Summary" table 
in the Intel386TM SX Microprocessor data sheet (or
der number 240187). 

4.2 Component and Revision 
Identifiers 

To assist users, the microprocessor holds a compo
nent identifier and revision identifier in its OX register 
after reset. The upper 8 bits of OX hold the compo
nent identifier, 23H. (The lower nibble, 3H, identifies 
the Intel386 architecture, while the upper nibble, 2H, 
identifies the second member of the Intel386 micro
processor family.) 

The lower 8 bits of OX hold the revision level identifi
er. The revision identifier will, in general, chronologi
cally track those component steppings that are in
tended to have certain improvements or distinction 
from previous steppings. The revision identifier will 
track that of the Intel386 CPU whenever possible. 
However, the revision identifier value is not guaran
teed to change with every stepping revision or to 
follow a completely uniform numerical sequence, de
pending on the type or intent of the revision or the 
manufacturing materials required to be changed. In
tel has sole discretion over these characteristics of 
the component. The initial revision identifier for the 
Intel386 EX microprocessor is aSH. 

4.3 Package Thermal Specifications 

The Intel386 EX microprocessor is specified for op
eration with case temperature (T CASE) within the 
range of O·C to 100·C. The case temperature can be 
measured in any environment to determine whether 
the microprocessor is within the specified operating 
range. The Case temperature should be measured at 
the center of the top surface opposite the pins. 

An increase in the ambient temperature (TAl causes 
a proportional increase in the case temperature 
(TCASE) and the junction temperature (TJ). A pack-
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aged device produces thermal resistance between 
junction and case temperatures (9JC> and between 
junction and ambient temperatures (9JA)' The rela
tionships between the temperature and thermal re
sistance parameters are expressed by these equa
tions (P = power dissipated as heat = VCC x IcC>: 

1. TJ = TCASE + P X 9JC 

2. TA = TJ - P X 9JA 

3. TCASE = TA + P X [9JA - 9Jcl 

A safe operating temperature can be calculated 
from equation 1 by using the maximum safe T C of 
100·C, the maximum power drawn by the chip in the 
specific design, and the 9JC value from Table 4. The 
9JA value depends on the airflow (measured at the 
top of the chip) provided by the system ventilation. 
The 9JA values are given for reference only and are 
not guaranteed. 

Table 4. Thermal Resistances (O"C/W) 9JA. 9JC 

Pkg 9JC 
9JA versus Airflow (ft/min) 

0 100 200 

132 POFP 6 41 36 32 

144 TOFP 5 36 31 27 

Figure 4 and Figure 5 provide examples of ambient 
temperature performance as a function of frequen
cy. Each graph indicates a low, typical, and high 
power case for each package type. The high power 
case reflects high current consumption - i.e. many 
active peripherals, heavily loaded outputs, etc. The 
low power case reflects a condition similar to what 
would be seen with the device held in reset. 

It should be noted that these graphs are only exam
ples of thermal performance and not guaranteed 
values. Actual thermal performance may vary based 
on system design and should be calculated using 
actual power dissipation and the thermal resistance 
values given in Table 4. 
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Table 5. Intel386™ EX Microprocessor Clocks Per Instruction 

Clock Count 

Instruction Virtual 8086 Mode Real Address Mode Protected Virtual Address Mode 
(Note 1) or Virtual 8086 Mode (Note 3) 

POPA 28 35 

IN: 
Fixed Port 27 14 7/29 
Variable Port 28 15 8/29 

OUT: 
Fixed Port 27 14 7/29 
Variable Port 28 15 9/29 

INS 30 17 %2 
OUTS 31 18 10/33 

REP INS 31 + 6n (Note 2) 17 + 6n (Note 2) 10 + 6n\32 + 6n (Note 2) 

REP OUTS 30 + 8n (Note 2) 16 + 8n (Note 2) 10 + 8n\31 + 8n (Note 2) 

HLT 7 7 

MOV CO, reg 10 10 

NOTES: 
1. The clock count values in this column apply if liD permission allows liD to the port in virtual 8086 mode. If the liD bit 
map denies permission, exception fault 13 occurs; see clock counts for the INT 3 instruction in the "Instruction Set Clock 
Count Summary" table in the Intel386™ SX Microprocessor data sheet (order number 240187). 
2. n = the number of times repeated. 
3. When two clock counts are listed, the smaller value refers to a register operand and the larger value refers to a memory 
operand. 

3·57 



Intel386™ EX EMBEDDED MICROPROCESSOR 

3·58 

132-lead PQFP 

80 80 

70 

60 

50 

16 20 25 

Operating Frequency (MHz) 

Low Power (Active) 

Typ Power (Active) 

High Power (Active) 

272420-4 

Figure 4. Ambient Temperature vs. Frequency for High, Low, and Typical Power Values 
(132-lead PQFP, Vee = 5.0V nominal) 
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Figure 5. Ambient Temperature vs. Frequency for High, Low, and Typical Power Values 
(144-lead TQFP, Vee = 5.0V nominal) 



5.0 DC SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 

Storage Temperature .......... -65°C to + 150°C 

Case Temperature Under Bias ... -65°C to + 110°C 

Supply Voltage with 
Respect to Vss ................. -0.5V to 6.5V 

Voltage on Other Pins ....... -0.5V to Vee + 0.5V 

OPERATING CONDITIONS* 

Vee (Digital Supply Voltage) .......... 2.7V to 5.5 V 

TeASE (Case Temperature 
Under Bias) ...................... O°C to 100°C 

Fose (Operating Frequency) ..... 0 MHz to 25 MHz 
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NOTICE: This document contains information on 
products in the sampling and initial production 
phases of development. The specifications are , 
subject to change without notice. Verify with your' 
local Intel Sales office that you .have the latest 
data sheet before finalizing a design. 

*WARNING: Stressing the device beyond the '~b
solute Maximum Ratings" may cause permanent 
damage. These are stress ratings only. Operation 
beyond the "Operating Conditions" is not recom
mended and extended exposure beyond the "Oper
ating Conditions" may affect device reliability. 

Table 6. DC Characteristics 

Symbol Parameter Min. Max. Unit Test Condition 

VIL Input Low Voltage -0.5 0.3 Vee V 

VIH Input High Voltage 0.7 Vee Vee + 0.5 V 

VOL Output Low Voltage Vee = 4.5V to 5.5V 
All pins except Port 3 0.40 V IOL = SmA 
Port 3 0.40 V IOL = 16 mA 

VOL1 Output Low Voltage Vee = 2.7V to 3.6V 
All pins except Port 3 0.40 V IOL = 4mA 
Port 3 0.40 V IOL = SmA 

. VOH Output High Voltage Vee = 4.5V to 5.5V 
All pins except Port 3 Vee - O.S V IOH = -SmA 
Port 3 Vee - O.S V IOH = -16mA 

VOH1 Output High Voltage Vee = 2.7V to 3.6V 
All pins except Port 3 Vee - 0.6 V IOH = -4mA 
Port 3 Vee - 0.6 V IOH = -SmA 

III Input Leakage Current ±15 /LA Os VIN s Vee 

ILO Output Leakage Current ±15 /LA 0.45V s VOUT s Vee 

lee Supply Current 100 mA 16 MHz, 3.3V 
130 mA 20 MHz, 3.6V 
250 mA 25 MHz, 5.5V 

I IDLE Idle Mode Current 35 mA 16 MHz, 3.3V 
45 mA 20 MHz, 3.6V 
S5 mA 25 MHz, 5.5V 

IpD Powerdown Current 100 /LA 

Cs Pin Capacitance (any pin to Vss) 10 pF. 
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6.0·AC SPECIFICATIONS 

Table 7 lists output delays, input setup requirements, 
and input hold requirements. All AC specifications 
are relative to the CLK2 rising edge crossing the 
Vcc/2 level. 

Figure 6 shows the measurement pOints for AC 
specifications. Inputs must be driven to the indicated 
voltage levels when AC specifications are mea
sured. Output delays are specified with minimum 
and maximum limits measured as shown. The mini
mum delay times are hold times provided to external 
circuitry. Input setup and hold times are specified as 
minimums, defining the smallest acceptable sam
pling window. Within the sampling window, a syn
chronous input signal must be stable for correct op
eration. 
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Outputs AOS#, W/R#, CS5:0#, UCS#, O/C#, MI 
10#, LOCK#, BHE#, BLE#, REFRESH #lCS6# , 
REAOY#, LBA#, A25:1, HLOA and SMIACT# 
change only at the beginning of phase one. 015:0 
(write cycles) and PWROOWN change only at the 
beginning of phase two. RO# and WR# change to 
their active states at the beginning of phase two, 
and to their inactive states (end of cycle) at the be
ginning of phase one. 

The READY #, HOLD, BUSY #, ERROR #, PEREQ, 
BS8#, and 015:0 (read cycles) inputs are sampled 
at the beginning of phase one. The NA#, SMI #, and 
NMI inputs are sampled at the beginning of phase 
two. 



CLK2 

OUTPUTS 
(A25:1, BHE#, 

BLE#, ADS#, M/IO#, 
D/C#, W/R#, LOCK#, 

HLOA, SMIACT#, 
REFRESH#, READY#, 
LBA#, CS6:0#, UCS#) 

OUTPUTS 
(015:0, RO#, 

WR#, PWROOWN) 

INPUTS 
(NA#, NMI, SMI#) 

INPUTS 
(REAOY#, HOLD, 

ERROR#, BUSY#, 
PEREQ, BS8#, 015:0) 

LEGEND 
a-Vcc/2 
A-Maximum Output Delay Spec 
B-Minimum Output Delay Spec 
C-Minimum Input Setup Spec 
D-Minimum Input Hold Spec 
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PH1 Tx PH2 

272420-6 

Figure 6. Drive Levels and Measurement Points for AC Specifications 
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Table 7. AC Characteristics 

25 MHz 20 MHz 16 MHz 
4.5Vto5.5V 3.0Vto 3.6V 2.7Vto 3.3V Test Condition 

Symbol Parameter 
(Note 1) Min. Max. Min. Max. Min. Max. 

(ns) (ns) (ns) (ns) (ns) (ns) 

Operating Frequency 0 25 0 20 0 16 one-half CLK2 
frequency in '~Hz 
(Note 2) 

t1 CLK2 Period 20 25 3'1 

t2a CLK2 High Time 7 8 9 at Vcc/2 (Note 3) 

t2b CLK2 High Time 4 5 5 at Vcc - 0.8V for 
HV, 
at Vcc - 0.6V for LV 
(Note 3) 

t3a CLK2 Low Time 7 8 9 at Vcc/2 (Note 3) 

t3b CLK2 Low Time 5 6 7 at 0.8V (Note 3) 

t4 CLK2 Fall Time 7 8 8 Vcc - 0.8V to 0.8V 
for HV, 
Vcc - 0.6V to 0.8V , 
for LV 
(Note 3) 

t5 CLK2 Rise Time 7 8 8 O.8V to Vcc - 0.8V 
forHV, 
0.8V to Vcc - 0.6V 
for LV 
(Note 3) 

t6 A25:1 Valid Delay 4 29 4 38 4 42 CL = 50pF 
(Note 4) 

t7 A25:1 Float Delay 4 36 4 38 4 46 (Note 5) 

t8 BHE#, BLE#, LOCK¥! 4 29 4 36 4 42 CL = 50 pF 
Valid Delay (Note 4) 

NOTES: 
1. Throughout this table, HV refers to devices operating with Vee = 4.5V to 5.5V. LV refers to devices operating with Vee 
= 2.7V to 3.6V. 
2, Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
3. These are not tested, They are guaranteed by characterization. 
4. Tested with CL set at 50 pF. For LV devices, the t6 and t12 timings are guaranteed by design characterization with CL set 
at 120 pF and all other Note 4 timings are guaranteed with CL set at 75 pF. 
5. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2, The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
7. These specifications are for information only and are not tested. They are intended to assist the designer in selecting 
memory speeds. For each wait state in the design add two CLK2 cycles to the speCification. 
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Table 7. AC Characteristics (Continued) 

25 MHz 20 MHz 16 MHz 
4.5Vto 5.5V 3.0Vto3.6V 2.7Vto 3.3V Test Condition 

Symbol Parameter 
(Note 1) Min. Max. Min. Max. Min. Max. 

(ns) (ns) (ns) (ns) (ns) (ns) 

t8a SMIACT # Valid Delay 4 29 4 36 4 44 CL = 50 pF 
(Note 4) 

t9 BHE#, BLE#, LOCK# 4 0 4 32 4 40 (Note 5) 
Float Delay 

t10 M/IO#, D/C#, W/R#, 4 29 4 36 4 42 CL = 50 pF 
ADS#, REFRESH# Valid (Note 4) 
Delay 

t10a RD#, WR# Valid Delay 4 29 4 36 4 42 

t11 M/IO#, D/C#, W/R#, 4 39 4 39 4 44 (Note 5) 
REFRESH #, ADS # Float 
Delay 

t12 D15:0 Write Data Valid 4 31 4 40 4 44 CL = 50pF 
Delay (Note 4) 

t13 D15:0 Write Data Float 4 24 4 29 4 37 (Note 5) 
delay 

t14 HLDA Valid Delay 4 27 4 36 4 41 CL = 50 pF 
(Note 4) 

t15 NA# Setup Time 5 7 9 

t16 NA# Hold Time 10 13 15 

t19 READY # Setup Time 9 12 19 

t19a BS8 # Setup Time 11 17 19 

t20 READY#, 8S8# Hold 4 4 4 
Time 

t21 D15:0 Read Setup Time 7 9 9 

t22 D15:0 Read Hold Time 5 6 6 

NOTES: 
1. Throughout this table, HV refers to devices operating with Vee = 4.SV to S.SV. LV refers to devices operating with Vee 
= 2.7V to 3.SV. 
2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
3. These are not tested. They are guaranteed by characterization. 
4. Tested with CL set at SO pF. For LV devices, the tS and t12 timings are guaranteed by design characterization with CL set 
at 120 pF and all other Note 4 timings are guaranteed with CL set at 75 pF. 
5. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. . 
7. These specifications are for information only and are not tested. They are intended to assist the designer in selecting 
memory speeds. For each wait state in the design add two CLK2 cycles to the specification. 
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Table 7. AC Characteristics (Continued) 

25 MHz 20 MHz 16 MHz 
4.5Vto5.5V 3.0Vto3.6V 2.7Vto3.3V Test Condition 

Symbol Parameter 
(Note 1) Min. Max. Min. Max. Min. Max. 

(ns) (ns) (ns) (ns) (ns) (ns) 

t23 HOLD Setup Time 9 17 26 

t24 HOLD Hold Time 3 5 5 

t25 RESET Setup Time 8 12 13 

t26 RESET Hold Time 4 4 4 

t27 NMI Setup Time 12 16 18 (Note 6) 

t27a SMI# Setup Time 12 16 18 (Note 6) 

t28 NMI Hold'Time 6 16 16 (Note 6) 

t28a SMI# Hold Time 6 16 16 (Note 6) 

t29 PEREQ, ERROR #, 6 14 16 (Note 6) 
BUSY # Setup Time 

t30 PEREQ, ERROR#, 5 5 5 (Note 6) 
BUSY # Hold Time 

t31 READY # Valid Delay 4 36 4 44 4 52 

t32 READY # Float Delay 4 34 4 42 4 50 

t33 LBA# Valid Delay 4 32 4 40 4 48 

t34 CS6:0#, UCS# Valid 4 39 4 48 4 54 
Delay 

t41 A25:1, BHE#, BLE# Valid 0 0 0 
toWR# Low 

t41a UCS#, CS6:0# Valid to 0 0 0 
WR# Low 

t42 A25:1, BHE#, BLE# Hold 5 5 5 
After WR # High 

NOTES: 
1. Throughout this table, HV refers to devices operating with Vee = 4.5V to 5.5V. LV refers to devices operating with Vee 
= 2.7V to 3.SV. 
2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
3. These are not tested. They are guaranteed by characterization. 
4. Tested with CL set at 50 pF. For LV devices, the tS and t12 timings are guaranteed by design characterization with CL set 
at 120 pF and all other Note 4 timings are guaranteed with CL set at 75 pF. 
5. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
S. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
7. These specifications are for information only and are not tested. They are intended to assist the designer in selecting 
memory speeds. For each wait state in the design add two CLK2 cycles to the specification. 
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Table 7. AC Characteristics (Continued) 

25 MHz 20 MHz 16MHz 
4.5Vto 5.5V 3.0Vto3.6V 2.7Vto 3.3V Test Condition 

Symbol Parameter 
(Note 1) Min. Max. Min. Max. Min. Max. 

(n5) (n5) (n5) (n5) (n5) (n5) 

t42a UCS #, CS6:0 # Hold after 5 5 5 
WR# High 

t43 015:0 Output Valid to 3CLK2 3CLK2 3CLK2 (Note 7) 
WR# High -27 -36 -40 

t44 015:0 Output Hold After CLK2 CLK2 CLK2 
WR# High -10 -10 -10 

t45 WR# High to 015:0 Float CLK2 CLK2 CLK2 (Note 5) 
+10 +10 +10 

t46 WR # Pulse Width 3CLK2 3CLK2 3CLK2 
-15 -15 -15 

t47 A25:1, BHE#, BLE# Valid 4CLK2 4CLK2 4CLK2 (Note 7) 
to 015:0 Valid -36 -47 -51 

t47a UCS#, CS6:0# Valid to 4CLK2 4CLK2 4CLK2 (Note 7) 
015-00 Valid -46 -57 -61 

t48 RO # Low to 015:0 Input 3CLK2 3CLK2 3CLK2 (Note 7) 
Valid -36 -45 -51 

t49 015:0 Hold After RO# 2 2 2 
High 

t50 RO# High to 015:0 Float 10 15 18 (Note 5) 

t51 A25:1, BHE#, BLE# Hold 0 0 0 
After RO# High 

t51a UCS #, CS6:0 # Hold 0 0 0 
after RO# High 

t52 RO# Pulse Width 3CLK2 3CLK2 3CLK2 
-15 -15 -15 

NOTES: 
1. Throughout this table, HV refers to devices operating with Vee = 4.5V to 5.5V. LV refers to devices operating with Vee 
= 2.7V to 3.6V. 
2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
3. These are not tested. They are guaranteed by characterization. 
4. Tested with CL set at 50 pF. For LV devices, the t6 and t12 timings are guaranteed by design characterization with CL set 
at 120 pF and all other Note 4 timings are guaranteed with CL set at 75 pF. 
5. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
7. These specifications are for information only and are not tested. They are intended to assist the designer in selecting 
memory speeds. For each wait state in the design add two CLK2 cycles to the specification. 
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Table 7. AC Characteristics (Continued) 

2SMHz 20 MHz 16 MHz 
4.SVtoS.SV 3.0Vto3.6V 2.7Vto3.3V Test Condition 

Symbol Parameter 
(Note 1) Min. Max. Min. Max. Min. Max. 

(ns) (ns) , (ns) (ns) (ns) (ns) 

Synchronous Serial 110 (5510) Unit 

tl00 STXCLK, SRXCLK CLK21 CLK21 CLK21 (Unit is MHz) 
Frequency (Master 8 8 8 
Mode) 

t101 STXCLK,SRXCLK CLK21 CLK21 CLK21 (Unit is MHz; 
Frequency (Slave Mode) 4 4 4 CLK2/4 or 6.25 

MHZ, whichever is 
lesser) 

t102 STXCLK, SRXCLK Low 3CLK2/2 3CLK2/2 3CLK2/2 
Time 

t103 STXCLK, SRXCLK High 3CLK2/2 3CLK2/2 3CLK2/2 
Time 

t104 STXCLK Low to SSIOTX 10 15 18 
Delay 

tl05 SSIORX to SRXCLK 10 15 18 
High Setup Time 

t106 SSIORX from SRXCLK 10 15 18 
Hold Time 

Timer Control Unit (TCU) Inputs 

t107 TMRCLKn Frequency 8 8 '8 (Unit is MHz) 

t108 TMRCLKnLow 60 60 60 
, 

tl09 TMRCLKn High 60 60 60 

tl10 TMRGATEn High Width 50 50 60 

tlll TMRGATEn Low Width 50 50 60 

NOTES: 
1. Throughout this table, HV refers to devices operating with Vee = 4.5V to 5.5V. LV refers to devices operating with Vee 
.= 2.7V to 3.SV. 
2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
3. These are not tested. They are guaranteed by characterization. 
4. Tested with CL set at 50 pF. For LV devices, the tS and t12 timings are guaranteed by design characterization with CL set 
at 120 pF and all other Note 4 timings are guaranteed with CL set at 75 pF. 
5. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
S. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
7. These specifications are for information only and are not tested. They are intended to assist the designer in selecting 
memory speeds. For each wait state in the design add two CLK2 cycles to the specification. . 
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Table 7. AC Characteristics (Continued) 

25 MHz 20 MHz 16MHz 
4.5Vto5.5V 3.0Vto 3.6V 2.7Vto3.3V Test Condition 

Symbol Parameter 
(Note 1) Min. Max. Min. Max. Min. Max. 

(ns) (ns) (ns) (ns) (ns) (ns) 

t112 TMRGATEn to TMRCLK 10 15 18 
Setup Time (external 
TMRCLK only) 

Timer Control Unit (TCU) Outputs 

t113 TMRGATEn Low to 36 48 52 
TMROUTValid 

t114 TMRCLKn Low to 36 48 52 
TMROUTValid 

Interrupt Control Unit (ICU) Inputs 

t115 07:0 Setup Time 7 9 9 
(INTA# Cycle 2) . 

t116 07:0 Hold Time 5 6 6 
(INTA# Cycle 2) 

Interrupt Control Unit (ICU) Outputs 

t117 CLK2 High to CAS2:0 34 48 54 
Valid 

DMA Unit Inputs 

t118 OREQ Setup Time 17 19 21 
(Sync Mode) 

t119 OREQ Hold Time 4 4 4 
(Sync Mode) 

t120 OREQ Setup Time 10 11 11 
(Async Mode) 

t121 OREQ Hold Time 10 11 11 
(Async Mode) 

NOTES: 
1. Throughout this table, HV refers to devices operating with Vee = 4.5V to 5.5V. LV refers to devices operating with Vee 
= 2.7V to 3.6V. 
2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
3. These are not tested. They are guaranteed by characterization. 
4. Tested with CL set at 50 pF. For LV devices, the t6 and t12 timings are guaranteed by design characterization with CL set 
at 120 pF and all other Note 4 timings are guaranteed with CL set at 75 pF. 
5. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
7. These specifications are for information only and are not tested. They are intended to assist the designer in selecting 
memory speeds. For each wait state in the design add two CLK2 cycles to the specification. 
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Table 7. AC Characteristics (Continued) 

2SMHz 20 MHz 16 MHz 
4.SVtoS.SV 3.0Vto3.6V 2.7Vto3.3V Test Condition 

Symbol Parameter 
(Note 1) Min. Max. Min. Max. Min. Max. 

(ns) (ns) (ns) (ns) (ns) (ns) 

t122 EOP# Setup Time 13 17 21 
(Sync Mode) 

t123 EOP# Hold Time 4 4 4 
(Sync Mode) 

t124 EOP# Setup Time 10 11 11 
(Async Mode) 

t125 EOP# Hold Time 11 11 11 
(Async Mode) 

DMA Unit Outputs 

t126 DACK# Output Valid 4 29 4 36 4 42 
Delay 

t127 EOP # Active Delay 4 30 4 40 4 46 

t128 EOP # Float Delay 4 33 4 41 4 49 (Note 5) 

JTAG Test-logic Unit 

t129 TCK Frequency 10 10 10 (Unit is MHz) 

NOTES: 
1. Throughout this table, HV refers to devices operating with Vee = 4.5V to 5.5V. LV refers to devices operating with Vee 
= 2.7V to 3.6V. 
2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
3. These are not tested. They are guaranteed by characterization. 
4. Tested with CL set at 50 pF. For LV devices, the t6 and t12 timings are guaranteed by design characterization with CL set 
at 120 pF and all other Note 4 timings are guaranteed with CL set at 75 pF. 
5. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold speCifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
7. These specifications are for information only and are not tested. They are intended to assist the designer in selecting 
memory speeds. For each wait state in the design add two CLK2 cycles to the specification. 
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Figure 14. AC Timing Waveforms-SSIO Timing 

3-73 



Intel386TM EX EMBEDDED MICROPROCESSOR 

I: t109 
t107 

t108 :1 ~I'" 
TMRCLK 

y"12~ 
\ .; moE .( 

I \... 

~t111 
TMRGATE , I 

~t113 t114 
TMROUT x x 

272420-15 

Figure 15. AC Timing Waveforms-Timer/Counter Timing 

3·74 



Intel386™ EX EMBEDDED MICROPROCESSOR 

7.0 BUS CYCLE WAVEFORMS 

Figures 16 through 24 present various bus cycles 
that are generated by the processor. What is shown 
in the figure is the relationship of the various bus 

signals to CLK2, These figures along with the infor
mation present in AC Specifications allow the user 
to determine critical timing analysis for a given appli
cation 
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Figure 16. Local Bus Read and Write Cycles (Zero Wait States) 
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Figure 18. Pipelined Local Bus Read and Write Cycles (With Wait Stafes) 
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Figure 22. Local Bus Interrupt Acknowledge Cycle (External Cascade) 
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Figure 23. Local Bus Nonpipelined Refresh Cycle 
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8.0 REVISION HISTORY 

This data sheet (272420-004) is valid for devices marked with a "B" at the end of the top side tracking number. 
Data sheets are changed as new device information becomes available. Verify with your local Intel sales office 
that you have the latest version before finalizing a design or ordering devices. 

This -004 data sheet contains the following changes from the -003 v~rsion. 

• The -003 data sheet was valid for devices marked with an "Au at t~e end of the top side tracking number 

• A significant number of pinout assignments have changed in the 144 pin TQFP package (Figure 3 and 
Table 2) 

• Section 4.3 "Package Thermal Characteristics" has been added 

• The separate Vil1 and Vil1 specs were removed 

• Some corrections were added to the text describing RD#, WR#, READY# (out), and BS8# phase rela
tionships in section 6.0 

• Correction made to BS8# input in the "Drive Levels and Measurement Points for AC Specifications" figure. 
Also, drive levels for inputs were changed to Vee and Vss in this figure 

• The following AC Timings were updated in Table 7: 
t6, t8a, t12, t14, t15, t34, t43, t44, t45, t46, t47, t48, t52, t115, t116, t127, t128 

• The following new AC Timings were added to Table 7: 
t10a, t19a, t41a, t42a, t47a, t51a, t112, t113, t114, t118, t119, t120, t121, t122, t123, t124, t125, t126 

• The following AC Timing Waveforms were updated: 
Input Setup and Hold Timing 
Output Valid Delay Timing 
Output Float Delay and HLDA Valid Delay Timing 

• The following new AC Timing Waveforms were added: 
Relative Signal Timing 
SSIO Timing 
Timer/Counter Timing 

• Section 7 - Bus Cycle Waveforms has been added 

• This revision history has been added 
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• Static Intel386TM CPU Core • Integrated Memory Management Unit 
- Low Power Consumption (MMU) 
- Operating Power Supply - Virtual Memory Support 

4.5V to 5.5V-25 MHz and 33 MHz - Optional On-Chip Paging 
4.75V to 5.25V-40 MHz - 4 Levels of Hardware-Enforced 

- Operating Frequency Protection 
SA-40 = 40 MHz - MMU Fully Compatible with Those of 
SA-33 = 33 MHz the 80286 and Intel386 DX 
SA-25 = 25 MHz Processors 

• Clock Freeze Mode Allows Clock • Virtual 8086 Mode Allows Execution of 
Stopping at Any Time 8086 Software in a Protected and 

• Full 32-bit Internal Architecture Paged System 

- 8-, 16-, 32-bit Data Types • Large, Uniform Address Space 
- 8 General Purpose 32-bit Registers - 16 Megabyte Physical 

• Runs Intel386 Architecture Software in - 64 Terabyte Virtual 

a Cost-Effective, 16-bit Hardware - 4 Gigabyte Maximum Segment Size 

Environment • Numerics Support with Intel387™ SX 
- Runs Same Applications and and Intel387 SL Math Coprocessors 

Operating Systems as the • On-Chip Debugging Support Including 
Intel386 SX and Intel386 DX Breakpoint Registers 
Processors 

- Object Code Compatible with 8086, • Complete System Development 
80186,80286, and Intel386 Support 
Processors • High-Speed CHMOS Technology 

• TTL-Compatible Inputs • 100-pin Plastic Quad Flatpack Package 

• High-Performance 16-bit Data Bus 
- Two-Clock Bus Cycles 
- Address Pipelining Allows Use of 

Slower, Inexpensive Memories 

The Intel386TM SXSA embedded microprocessor is a 5-volt, 32-bit, fully static CPU with a 16-bit external data 
bus and a 24-bit external address bus. The Intel386 SXSA CPU brings the vast software library of the Intel386 
architecture to embedded systems. It provides the performance benefits of 32-bit programming with the cost 
savings associated with 16-bit hardware systems. 

The Intel386 SXSA microprocessor is manufactured on Intel's D.8-micron CHMOS V process. This process 
provides high performance and low power'consumption for power-sensitive applications. Figure 3 and Figure 4 
illustrate the flexibility of low power devices with respect to temperature and frequency relationships. 

December 1994 
Order Number: 272419-003 3-85 
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1.0 PIN ASSIGNMENT 

NOTE: 

DO 
Vss 

HLDA 
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NA# 

READY# 
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Vee 
Vee 
Vss 
Vss 
Vss 
Vss 
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A1 
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NC 
Vee 
Vss 

M/IO# 
D/C# 

W/R# 
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Figure 2. Intel386TM SXSA Microprocessor Pin Assignment (PQFP) 
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Table 1. Pin Assignment 

Pin Symbol Pin Symbol Pin Symbol Pin Symbol 

1 DO 26 LOCK# 51 A2 76 A21 

2 VSS 27 NC 52 A3 77 VSS 
3 HLOA 28 FLT# 53 A4 78 VSS 
4 HOLD 29 NC 54 A5 79 ,\22 

5 VSS 30 NC 55 A6 80 A23 

6 NA# 31 NC 56 A7 81 015 

7 REAOY# 32 Vee 57 Vee 82 014 

8 Vee 33 RESET 58 A8 83 013 

9 Vee 34 BUSY# 59 A9 84 Vee 
10 Vee 35 Vss 60 A10 85 VSS 
11 VSS 36 ERROR# 61 A11 86 012 

12 VSS 37 PEREO 62 A12 87 011 

13 Vss 38 NMI 63 Vss 88 010 

14 VSS 39 Vee 64 A13 89 09 

15 CLK2 40 INTR 65 A14 90 08 

16 AOS# 41 VSS 66 A15 91 Vee 
17 BLE# 42 Vee 67 VSS 92 07 

18 A1 43 NC 68 VSS 93 06 

19 BHE# 44 NC 69 Vee 94 05 

20 NC 45 NC 70 A16 95 04 

21 Vee 46 NC 71 Vee 96 03 

22 VSS 47 NC 72 A17 97 Vee 
23 M/IO# 48 Vee 73 A18 98 Vss 
24 O/C# 49 VSS 74 A19 99 02 

25 W/R# 50 VSS 75 A20 100 01 
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2.0 PIN DESCRIPTIONS 

Table 2 lists the Intel386 SXSA microprocessor pin descriptions. The following definitions are used in the pin 
descriptions: 

# The named signal is active low. 
I Input signal. 
o Output signal. 
1/0 Input and output signal. 
P Power pin. 
G Ground pin. 

Table 2. Pin Descriptions 

Symbol Type Pin Name and Function 

A23:1 0 80.,. 79, 76-72, ADDRESS BUS outputs physical memory or port 1/0 
70,66-64, addresses. 
62-58, 56-51, 18 

ADS# 0 16 ADDRESS STATUS indicates that the processor is driving a 
valid bus-cycle definition and address onto its pins (W IR #, 
D/C#, M/IO#, BHE#, BLE#, and A23:1). 

BHE# 0 19 BYTE HIGH ENABLE indicates that the processor is 
transferring a high data byte. 

BLE# 0 17 BYTE LOW ENABLE indicates that the processor is 
transferring a low data byte. 

BUSY# I 34 BUSY indicates that the math coprocessor is busy. 

CLK2 I 15 CLK2 provides the fundamental timing for the device. 

D/C# 0 24 DATA/CONTROL indicates whether the current bus cycle is 
a data cycle (memory or I/O) or a control cycle (interrupt 
acknowledge, halt, or code fetch). When D/C# is high, the 
bus cycle is a data cycle; when D/C# is low, the bus cycle is 
a control cycle. 

D15:0 I/O 81-83,86-90, DATA BUS inputs data during memory read, 1/0 read, and 
92-96,99-100,1 interrupt acknowledge cycles and outputs data during 

memory and I/O write cycles. 

ERROR# I 36 ERROR indicates that the math coprocessor has an error 
condition. 

FLT# I 28 FLOAT forces all bidirectional and output signals, including 
HLDA, to a high-impedance state. 

HLDA 0 3 BUS HOLD ACKNOWLEDGE indicates that the CPU has 
surrendered control of its local bus to another bus master. 

HOLD I 4 BUS HOLD REQUEST allows another bus master to request 
control of the local bus. 

INTR I 40 INTERRUPT REQUEST is a maskable input that causes the 
CPU to suspend execution of the current program and then 
execute an interrupt acknowledge cycle. 

LOCK# 0 26 BUS LOCK prevents other system bus masters from gaining 
control of the system bus while it is active (low). 
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Table 2. Pin Descriptions (Continued) 

Symbol Type Pin Name and Function 

MIIO# 0 23 MEMORY /10 indicates whether the current bus cycle is a 
memory cycle or an input/output cycle. When M/IO# is high, 
the bus cycle is a memory cycle; when M/IO# is low, the bus 
cycle is an 1/0 cycle. 

NA# I 6 NEXT ADDRESS requests address pipe lining. 

NC 20,27, 29-31, NO CONNECTION should always be left unconnected. 
43-47 Connecting a NC pin may cause the processor to malfunction 

or cause your application to be incompatible with future 
steppings of the device. 

NMI I 38 NONMASKABLE INTERRUPT REQUEST is a nonmaskable 
input that causes the CPU to suspend execution of the current 
program and execute an interrupt acknowledge function. 

PEREQ I 37 PROCESSOR EXTENSION REQUEST indicates that the math 
coprocessor has data to transfer to the processor. 

READY# I 7 BUS READY indicates that the current bus cycle is finished and 
the external device is ready to accept more data from the 
processor. 

RESET I 33 RESET suspends any operation in progress and places the 
processor into a known reset state. 

W/R# 0 25 WRITE/READ indicates whether the current bus cycle is a 
write cycle or a read cycle. When W/R# is high, the bus cycle 
is a write cycle; when W IR # is low, it is a read cycle. 

Vee P 8-10,21,32, SYSTEM POWER provides the nominal DC supply input. 
39,42,48,57, 
69,71,84,91,97 

Vss G 2,5,11-14,22, SYSTEM GROUND provides the OV connection from which all 
35,41,49-50, inputs and outputs are measured. 

63,67-68, 
77 -78, 85, 98 
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3.0 DESIGN CONSIDERATIONS 

This section describes the Static Intel386 SXSA mi
croprocessor instruction set, component and revi
sion identifier, and package thermal specifications. 

3.1 Instruction Set 

The Static Intel386 SXSA microprocessor uses the 
same instruction set as the dynamic Intel386 SX mi
croprocessor. However, the Static Intel386 SXSA 
microprocessor requires more clock cycles than the 
dynamic Intel386 SX microprocessor to execute 
some instructions. Table 4 lists these instructions 
and the Static Intel386 SXSA microprocessor execu
tion times. For the equivalent dynamic Intel386 SX 
microprocessor execution times, refer to the "In
struction Set Clock Count Summary" table in the In
te138(JrM SX Microprocessor data sheet (order num
ber 240187). 

3.2 Component and Revision Identifier 

To assist users, the microprocessor holds a compo
nent identifier and revision identifier in its DX register 
after reset. The upper 8 bits of DX hold the compo
nent identifier, 23H. (The lower nibble, 3H, identifies 
the Intel386 architecture, while the upper nibble, 2H, 
identifies the second member of the Intel386 micro
processor family.) 

The lower 8 bits of DX hold the revision level identifi
er. The revision identifier will, in general, chronologi
cally track those component steppings that are in
tended to have certain improvements or distinction 
from previous steppings. The revision' identifier will 
track that of the Intel386 CPU whenever possible. 
However, the revision identifier value is not guaran
teed to change with every stepping revision or to 
follow a completely uniform numerical sequence, de
pending on the type or intent of the revision or the 
manufacturing materials required to be changed. In
tel has sole discretion over these characteristics of 
the component. The initial revision identifier for the 
Static Intel386 SXSA microprocessor is 09H. 

3.3 Package Thermal Specifications 

Static Intel386 SXSA microprocessor is specified for 
operation with case temperature (T CASE) as speci
fied in the "DC SPECIFICATIONS" on page 9. The 
case temperature can be measured in any environ
ment to determine whether the microprocessor is 
within the specified operating range. The case tem
perature should be measured at the center of the 
top surface opposite the pins. 

An increase in the ambient temperature (T A) causes 
a proportional increase in the case temperature 
(T CASE) and the junction temperature (T J). See Fig
ure 3 and Figure 4 for case and ambient tempera
ture relationships to frequency. A packaged device 
produces thermal resistance between junction and 
case temperatures (8Jel and between junction and 
ambient temperatures (8JA)' The relationships be
tween the temperature and thermal resistance pa
rameters are expressed by these equations (P 
power dissipated as heat = Vcc x Icel: 

1. TJ = TCASE + P X 8JC 

2. TA = TJ - P X 8JA 

3. TCASE = TA + P>< [8JA - 8Jcl 

A safe operating temperature can be calculated 
from equation 1 by using the maximum safe T J of 
115·C, the maximum power drawn by the chip in the 
specific design, and the 8JC value from Table 3. The 
6JA value depends on the airflow (measured at the 
top of the chip) provided by the system ventilation. 
The 6JA values are given for reference only and are 
not guaranteed. 

Table 3. Thermal Resistances 
(O·C/W) 8JA. 8JC 

Pkg 8JC 
8JA vs Airflow (ft/min) 

0 I 100 I 200 

100 PQFP 5.1 46.0 I 44.8 J 41.2 
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Table 4. Intel386™ SXSA Microprocessor Instruction Execution Times (In Clock Counts) 

Clock Count 
Instruction Protected Virtual Virtual 8086 Mode Real Address Mode 

Address Mode (Note 1) or Virtual 8086 Mode 
(Note 3) 

POPA 28 35 

IN: 
Fixed Port 27 14 7129 
Variable Port 28 15 8/29 

OUT: 
Fixed Port 27 14 7/29 
Variable Port 28 15 9/29 

INS 30 17 9/32 

OUTS 31 18 10/33 

REP INS 31 + 6n (Note 2) 17 + 6n (Note 2) 10 + 6n/32 + 6n (Note 2) 

REP OUTS 30 + 8n (Note 2) 16 + 8n (Note 2) 10 + 8n/31 + 8n (Note 2) 

HLT 7 7 

MOVeO, reg 10 10 

NOTES: 
1. The clock count values in this column apply if 1/0 permission allows 1/0 to the port in virtual 8086 mode. If the 1/0 bit 
map denies permission, exception fault 13 occurs; see clock counts for the INT 3 instruction in the "Instruction Set Clock 
Count Summary" table in the Intel386 TM SX Microprocessor data sheet (order number 240187). 
2. n = the number of times repeated. 
3. When two clock counts are listed, the smaller value refers to a register operand and the larger value refers to a memory 
operand. . 
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4.0 DC SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 

Storage Temperature .......... -65°C to + 150°C 

Case Temperature under Bias ... - 65°C to + 112°C 

Supply Voltage 
with Respect to Vss ........... - 0.5V to + 6.5V 

Voltage on Other Pins ....... -0.5V to Vee + 0.5V 

OPERATING CONDITIONS* 

Vee (Digital Supply Voltage-
25 MHz and 33 MHz) ............. .4.5V to 5.5V 

Vee (Digital Supply Voltage-
40 MHz) ...................... .4.75V to 5.25V 

TeAsE Minimum (Case Temperature 
under Bias) .............................. DoC 

TeASE Maximum .................... see Figure 4 

Operating Frequency ............ 0 MHz to 40 MHz 

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. Verify with your local Intel 
Sales office that you have the latest data sheet be
fore finalizing a design. 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Table 5. DC Characteristics 

Symbol Parameter Min Max Unit Test Condition 

VIL Input Low Voltage -0.3 +0.8 V 

VIH Input High Voltage 2.0 Vee + 0.3 V 

VILe CLK2 Input Low Voltage -0.3 +0.8 V 

VI He CLK2 Input High Voltage Vee - 0.8 Vee + 0.3 V 

VOL Output Low Voltage 0.45 V IOL = 5mA 

VOH Output High Voltage 2.4 V IOH = -1 mA 
Vee - 0.5 V IOH = -0.2 mA 

III Input Leakage Current ±15 p,A o ~ VIN ~ Vee 
(for all pins except PER EO, 
BUSY#, FLT#, ERROR#) 

IIH Input Leakage Current (PER EO) 150 p,A VIH = 2.4V (Note 1) 

IlL Input Leakage Current -120 p,A VIL = 0.45V (Note 2) 
(BUSY#, FLT#, ERROR#) 

ILO Output Leakage Current ±15 p,A 0.45V ~ VOUT ~ Vee 

NOTES: 
1. PEREO input has an internal weak pull-down resistor. 
2. BUSY#, FLT# and ERROR# inputs each have an internal weak pull-up resistor. 
3. Icc max measurement at worst-case frequency, Vcc. and temperature with reset active. 
4. Icc typical and ICCF typical are measured at nominal Vcc and are not fully tested. 
5. Not fully tested. 
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Table 5. DC Characteristics (Continued) 

Symbol Parameter Min Max Unit Test Condition 

Icc Supply Current (Notes 3, 4) 
ClK2 = 80 MHz, ClK = 40 MHz 275 rnA Typical = 200 rnA 
ClK2 = 66 MHz, ClK = 33 MHz 225 rnA Typical = 175 rnA 
ClK2 = 50 MHz, ClK = 25 MHz 175 rnA Typical = 140 rnA 

ICCF Standby Current (Freeze Mode) 150 /A-A Typical = 10 /A-A (No,~s 3, 4) 

CIN Input Capacitance 10 pF Fc = 1 MHz (Note 5) 

COUT Output or 1/0 Capacitance 12 pF Fc = 1 MHz (Note 5) 

CCLK ClK2 Capacitance 20 pF Fc = 1 MHz (Note 5) 

NOTES: 
1. PEREQ input has an internal weak pull-down resistor. 
2. BUSY #, FL T # and ERROR # inputs each have an internal weak pull-up resistor. 
3. Icc max measurement at worst-case frequency, Vcc, and temperature with reset active. 
4. Icc typical and ICCF typical are measured at nominal Vcc and are not fully tested. 
5. Not fully tested. 
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272419-3 

Figure 3. Ambient Temperature vs Frequency at Zero Air Flow and T J = 115°C 
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Figure 4. Case Temperature vs Frequency at T J = 115°C 

3-95 



Intel386TM SXSA EMBEDDED MICROPROCESSOR 

5.0 AC SPECIFICATIONS 

Table 6 lists output delays, input setup requirements, 
and input hold requirements. All AC specifications 
are relative to the CLK2 rising edge crossing the 
2.0V level. 

Figure 5 shows the measurement points for AC 
specifications. Inputs must be driven to the indicated 
voltage. levels when AC specifications are mea
sured. Output delays are specified with minimum 
and maximum limits measured as shown. The mini
mum delay times are hold times provided to external 
circuitry. Input setup and hold times are specified as 
minimums, defining the smallest acceptable sam-

3-96 

piing window. Within the sampling window, a syn
chronous input signal must be stable for correct op
eration. 

Outputs AOS#, W/R#, O/C#, MI/O#, LOCK#, 
BHE#, BLE#, A23:1 and HLOA change only at the 
beginning of phase one. 015:0 (write cycles) change 
only at the beginning of phase two. 

The REAOY#, HOLD, BUSY#, ERROR#, PEREa, 
FL T # and 015:0 (read cycles) inputs are sampled at 
the beginning of phase one. The NA#, INTR and 
NMI inputs are sampled at the beginning of phase 
two. 



CLK2 

OUTPUTS 
(A23:1,BHE# 

BLE#,AOS#,MIIO# 
O/C#W/R#,LOCK# 

HLOA) 

OUTPUTS 
(015:0) 

INPUTS 
(N/A#,INTR 

NMI) 

INPUTS 
(REAOY#,HOLO 

FL T#,ERROR# 
BUSY#,PEREQ 

015:0) 

LEGEND 
a - 1.5V 
b - 2.0V 
A - Maximum Output Delay Spec 
B - Minimum Output Delay Spec 
C - Minimum Input Setup Spec 
D - Minimum Input Hold Spec 

Intel386TM SXSA EMBEDDED MICROPROCESSOR 

PH1 Tx PH2 

272419-5 

Figure 5. Drive Levels and Measurement Points for AC Specifications 

3-97 



Intel386TM SXSA EMBEDDED MICROPROCESSOR 

Table 6. AC Characteristics 

40 MHz 33 MHz 25 MHz 

Symbol Parameter Min Max Min Max Min Max Test Condition 

(ns) (ns) (ns) (ns) (ns) (ns) 

Operating Frequency 0 40 0 33 0 25 MHz (Note 1) 

t1 CLK2 Period 12.5 15 20 

t2a CLK2 High Time 4.5 6.25 7 (Note 2) 

t2b CLK2 High Time 3.5 4 4 (Note 2) 

t3a CLK2 Low Time 4.5 6.25 7 (Note 2) 

t3b CLK2 Low Time 3.5 4.5 5 (Note 2) 

t4 CLK2 Fall Time 4 4 7 (Note 2) 

t5 CLK2 Rise Time 4 4 7 (Note 2) 

ts A23:1 Valid Delay 4 13 4 15 4 17 CL = 50 pF 

t7 A23:1 Float Delay 4 20 4 20 4 30 (Note 3) 

ts BHE#, BLE#, LOCK# Valid Delay 4 13 4 15 4 17. CL = 50 pF 

t9 BHE#, BLE#, LOCK# Float Delay 4 20 4 20 4 30 (Note 3) 

tlO W/R#, MIIO#, D/C#, ADS# 4 13 4 15 4 17 CL = 50pF 
Valid Delay 

t11 W/R#, M/IO#, D/C#, ADS# 4 20 4 20 4 30 (Note 3) 
Float Delay 

t12 D15:0 Write Data Valid Delay 7 18 7 23 7 23 CL = 50 pF 

t12a D15:0 Write Data Hold Time 2 2 2 CL = 50pF 

t13 D15:0 Write Data Float Delay 4 17 4 17 4 22 (Note 3) 

t14 HLDA Valid Delay 4 17 4 20 4 22 CL = 50 pF 

t15 NA# Setup Time 5 5 5 

t1s NA # Hold Time 2 2 3 

t19 READY # Setup Time 7 7 9 

t20 READY # Hold Time 4 4 4 

t21 D15:0 Read Setup Time 4 5 7 

t22 D15:0 Read Hold Time 3 3 5 

NOTES: 
1. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
2. These are not tested. They are guaranteed by characterization. 
3. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
4. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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Table 6. AC Characteristics (Continued) 

40 MHz 33MHz 25 MHz 

Symbol Parameter Min Max Min Max Min Max Test Condition 

(ns) (ns) (ns) (ns) (ns) (ns) 

t23 HOLD Setup Time 4 9 9 

t24 HOLD Hold Time 2 2 3 

t25 RESET Setup Time 4 5 8 

t26 RESET Hold Time 2 2 3 

t27 NMI, INTR Setup Time 5 5 6 (Note 4) 

t28 NMI, INTR Hold Time 5 5 6 (Note 4) 

t29 PEREQ, ERROR#, BUSY#, FLT# 5 5 6 (Note 4) 
Setup Time 

t30 PEREQ, ERROR#, BUSY#, FLT# 4 4 5 (Note 4) 
Hold Time 

NOTES: 
1. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
2. These are not tested. They are guaranteed by characterization. 
3. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not fully tested. 
4. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 

recognition within a specific CLK2 period. 
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Figure 7. CLK2 Waveform 
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Figure 8. AC Timing Waveforms-Input Setup and Hold Timing 
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Th TlorT1 

PH1 PH2 PH1 PH2 

ruru ru~ 
t8 

L 

Min Max Min Max 
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(HighZ) 

Min Max 
tlO 

Min Max 

---- - ------ -- ---------
(High Z) 

Min Max 
t6 

Min Max 

---- - ------ -- -----~---
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t13 Min Max 
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t13 Also applies to data float when write 
cycle is followed by read or idle. 
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t14 
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~ a~ 
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Figure 10. AC Timing Waveforms-Output Float Delay and HLDA Valid Delay Timing 
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- Reset --~---- Initialization Sequence • 
PH2 or PH1 PH2 or PH1 PH2 PH1 

CLK2 

RESET 

272419-11 

Figure 11. AC Timing Waveforms-RESET Setup and Hold Timing and Internal Phase 

6.0 REVISION HISTORY 

This -003 data sheet contains the following changes from the -002 version. 

• Changed Vee at 40 MHz to 4.75V to 5.25V (Pages 1 and 9) 

• Renamed "Powerdown Mode" to "Clock Freeze Mode" on page 1. 

• Added Clarifications to Figure 1. 

• Corrected pin numbering for A23:1 in Table 2. 

• Changed Section 3.3 first sentence from " ... on page 12" to " ... on page 9". 

• Changed first sentence on page 12 from "Table 7 lists ... " to "Table 6 lists ... ". Also changed fourth 
paragraph, first sentence on page 12 from " ... A25:1" to " ... A23:1". 
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32-81T CHMOS MICROPROCESSOR 

WITH INTEGRATED MEMORY MANAGEMENT 
• Flexible 32-Bit Microprocessor 

-8, 16, 32-Bit Data Types 
• Optimized for System Performance 

- Pipe lined Instruction Execution 
- 8 General Purpose 32-Bit Registers - On-Chip Address Translation Caches 

• Very Large Address Space 
- 4 Gigabyte Physical 
- 64 Terabyte Virtual 
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• Integrated Memory Management Unit 
- Virtual Memory Support 
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- 4 Levels of Protection 
- Fully Compatible with 80286 

• Object Code Compatible with All 8086 
Family Microprocessors 

• Virtual 8086 Mode Allows Running of 
8086 Software in a Protected and 
Paged System 

• Hardware Debugging Support 
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• Numerics Support via Intel387TM DX 
Math Coprocessor 

• Complete System Development 
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System Generation Tools 
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Ii!I High Speed CHMOS IV Technology 

!Ill 132 Pin Grid Array Package 

II 132 Pin Plastic Quad Flat Package 
(See Packaging Specification. Order # 231369) 

The Intel386 DX Microprocessor is an entry-level 32-bit microprocessor designed for single-user applications 
and operating systems such as MS-DOS and Windows. The 32-bit registers and data paths support 32-bit 
addresses and data types. The processor addresses up to four gigabytes of physical memory and 64 terabytes 
(2"46) of virtual memory. The integrated memory management and protection architecture includes address 
translation registers, multitasking hardware and a protection mechanism to support operating systems. Instruc
tion pipelining, on-chip address translation, ensure short average instruction execution times and maximum 
system throughput. 

The Intel386 DX CPU offers new testability and debugging features. Testability features include a self-test and 
direct access to the page translation cache. Four new breakpoint registers provide breakpoint traps on code 
execution or data accesses, for powerful debugging of even ROM-based systems. 

Object-code compatibility with all 8086 family members (8086, 8088, 80186, 80188, 80286) means the 
Intel386 DX offers immediate access to the world's largest microprocessor software base. 

SEGtdENTATION UNIT PAGING UNIT BUS CONTROL 

Intel386TM DX Pipelined 32-Bit Microarchitecture 

Intel386TM DX and Intel387™ DX are Trademarks of Intel Corporation. 
MS-DOS and Windows are Trademarks of MICROSOFT Corporation. 

December 1994 
Order Number: 231630-011 
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1. PIN ASSIGNMENT 

The Intel386 OX pinout as viewed from the top side 
of the component is shown by Figure 1-1. Its pinout 
as viewed from the Pin side of the component is 
Figure 1-2. 

P N " l K J H G , [ • c , A 

1.30 '" 1.2.6 '" ;;, '" 1.17 A10 A1i5 A14 All A. vSs vee 

vee ;:;, A29 ;;, A21 .s. 1.18 VCc YS' A'i3 A10 
., AS .s, 

'30 YS' vee Al. '" \ISS 1.19 vee YS' 1.12 A. A. M Ai 

". vee vss ;; Nt Nt 

026 027 03, VCc .s, VCc 

YS' 02. ". Nt NO .s, 
02' VCc vee Nt ,m vee 

VCc 023 vSs PER£Q MWI ERROR, 

02' 021 02' ROO BUSY, \ISS ,. 
017 .s, LOCK, WIR' vCc 

,. 
'19 

11 
018 015 vSs D/c, 11 

'16 YS' 

'2 ~ ~ ~ ~ 

" 01' 012 010 vee 07 .s, 00 vcc eLK21EO' vee VCc Nt ... iio, 
13 

011 vee " D5 .s, 0; ROOt-, Nc He B£l1 Be, eD, 13 
'13 HAl ,. ..... ,... ....... 14 ,.s, 0; HLOA ,. .. " " vee .s, ADS, HOLDeS!', vSs VCc 

P N " l K J H G , [ • c , A 

231630-33 

VCC and GNO connections must be made to multi
ple Vcc and Vss (GNO) pins. Each Vcc and Vss 
must be connected to the appropriate voltage level. 
The circuit board should include Vcc and GNO 
planes for power distribution and all Vcc and Vss 
pins must be connected to the appropriate plane. 

NOTE: 
Pins identified as uN.C." should remain completely 
unconnected. 

A , c • [ , G H J K l " N P 

I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 
vee YS' AS AU AI< AI5 A10 A17 '" '" '" A26 "7 A30 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
YS' AS A7 A10 A13 vss vee A10 YSS A22 ". A2I Al, vee 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
Al A4 A8 AI A12 YS' vee A19 YS' A25 A28 vee YSS '30 · 0 0 0 0 0 0 • NO NO " YS' vee 02. 

5 0 0 0 0 0 0 • vee YS' vee 
"[TAL UD 

'31 027 ". • 0 0 0 0 0 0 • YSS NO NC '26 02. VSS 

7 0 0 0 0 0 0 7 
vee INTI! NO vee vee '24 

8 0 0 0 0 0 0 8 
ERROR' HMI PERtO YS. 02. vee 

• 0 0 0 0 0 0 • VSS BUSy,RESET 02' 02' 02' 
I. 0 0 0 0 0 0 I. 

vee W/RI LOCKf YS. 017 .19 

" 0 0 0 0 0 0 " D!eI VSS YSS .IS '16 01' 

" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 " tI/'IJi Ne vee vee BEO, a.K2 vee .. YSS D7 vee 01' 01' 014 

13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 
BO, 8£218[1, HAl He NCRtAD'I'I01 YS' " DB vee Oil 013 

14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I. 
vee VSS 8518, HOlD ADS, vss vee 02 Dl .. .. .lOA DO vss 

A , C , [ , G H J K l " N p 

231630-34 

Figure 1-1. Intel386TM OX PGA Figure 1-2. Intel386TM OX PGA 
Pinout-View from Top Side Pinout-View from !'in Side 

Table 1-1. Intel386TM OX PGA Pinout-Functional Grouping 

Signal/Pin Signal/Pin Signal/Pin Signal/Pin Signal/Pin Signal/Pin 
A2 C4 A24 L2 06 L14 02B M6 Vee C12 Vss F2 
A3 .A3 A25 K3 07 K12 029 P4 012 F3 
A4 83 A26 M1 OB L13 030 P3 G2 F14 
A5 82 A';.7 N1 09 N14 031 M5 G3 J2 
A6 C3 A2B L3 010 M12 O/C# A11 G12 J3 
A7 C2 A29 M2 011 N13 ERROR# AB G14 J12 
AB C1 A30 P1 012 N12 HLOA M14 L12 J13 
A9 03 A31 N2 013 P13 HOLO 014 M3 M4 
A10 02 AOS# E14 014 P12 INTR 87 M7 MB 
A11 01 8EO# E12 015 M11 LOCK# C10 M13 M10 
A12 E3 8E1# C13 016 N11 M/IO# A12 N4 N3 
A13 E2 8E2# 813 017 N10 NA# 013 N7 P6 
A14 E1 8E3# A13 01B P11 NMI 8B P2 P14 
A15 F1 8S16# C14 019 P10 PEREQ CB PB W/R# 810 
A16 G1 8USY# 89 020 M9 REAOY# G13 Vss A2 N.C. A4 
A17 H1 CLK2 F12 021 N9 RESET C9 A6 84 
A1B H2 00 H12 022 P9 Vee A1 A9 86 
A19 H3 01 H13 023 NB A5 81 812 
A20 J1 02 H14 024 P7 A7 85 C6 
A21 K1 03 J14 025 N6 A10 811 C7 
A22 K2 04 K14 026 P5 A14 814 E13 
A23 L1 05 K13 027 N5 C5 C11 F13 
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1.1 PIN DESCRIPTION TABLE 

The following table lists a brief description of each pin on the Intel386 DX. The following definitions are used in 
these descriptions: 

# The named signal is active LOW. 
I Input signal. 
o Output signal. 
110 Input and Output signal. 

Np electrical connection. 

For a more complete description refer to Section 5.2 Signal Description. 

Symbol Type Name and Function 

CLK2 I CLK2 provides the fundamental timing for the Intel386 DX. 

D31-DO 1/0 DATA BUS inputs data during memory, I/O and interrupt acknowledge 
read cycles and outputs data during memory and 1/0 write cycles. 

A31-A2 0 ADDRESS BUS outputs physical memory or port 1/0 addresses. 

BEO#-BE3# 0 BYTE ENABLES indicate which .data bytes of the data bus take part in 
a bus cycle. 

W/R# 0 WRITEIREAD is a bus cycle definition pin that distinguishes write 
cycles from read cycles. 

D/C# 0 DATA/CONTROL is a bus cycle definition pin that distinguishes data 
cycles, either memory or I/O, from control cycles which are: interrupt 
acknowledge, halt, and instruction fetching. 

M/IO# 0 MEMORY 1/0 is a bus cycle definition pin that distinguishes memory 
cycles from input/output cycles. 

LOCK# 0 BUS LOCK is a bus cycle definition pin that indicates that other 
system bus masters are denied access to the system bus while it is 
active. 

ADS# 0 ADDRESS STATUS indicates that a valid bus cycle definition and 
address (W/R#, D/C#, M/IO#, BEO#, BE1#, BE2#, BE3# and 
A31-A2) are being driven at the Intel386 DX pins. 

NA# I NEXT ADDRESS is used to request address pipelining. 

READY# I BUS READY terminates the bus cycle. 

BS16# I BU~ SIZE 16 input allows direct connection of 32-bit and 16-bit data 
buses. 

HOLD I BUS HOLD REQUEST input allows another bus master to request 
control of the local bus. 
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1.1 PIN DESCRIPTION TABLE (Continued) 

Symbol Type Name and Function 

HLOA 0 BUS HOLD ACKNOWLEDGE output indicates that the Intel386 OX 
has surrendered control of its local bus to another bus master. 

BUSY# I BUSY signals a busy condition from a processor extension. 

ERROR# I ERROR signals an error condition from a processor extension. 

PEREa I PROCESSOR EXTENSION REQUEST indicates that the processor 
extension has data to be transferred by the Intel386 OX. 

INTR I INTERRUPT REQUEST is a maskable input that signals the Intel386 
OX to suspend execution of the current program and execute an 
interrupt acknowledge function. 

NMI I NON·MASKABLE INTERRUPT REQUEST is a non-maskable input 
that signals the Intel386 OX to suspend execution of the current 
program and execute an interrupt acknowledge function. 

RESET I RESET suspends any operation in progress and places the Intel386 
OX in a known reset state. See Interrupt Signals for additional 
information. 

N/C - NO CONNECT should always remain unconnected. Connection of a 
N/C pin.may cause the processor to malfunction or be incompatible 
with future steppings of the Intel386 OX. 

Vee I SYSTEM POWER provides the + 5V nominal O.C. supply input. 

Vss I SYSTEM GROUND provides OV connection from which all inputs and 
outputs are measured. 
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2. BASE ARCHITECTURE 

2.1 INTRODUCTION 

The Intel386 DX consists of a central processing 
unit, a memory management unit and a bus inter
face. 

The central processing unit consists of the execu
tion unit and instruction unit. The execution unit con
tains the eight 32-bit general purpose registers 
which are used for both address calculation, data 
operations and a 64-bit barrel shifter used to speed 
shift, rotate, multiply, and divide operations. The 
multiply and divide logic uses a 1-bit per cycle algo
rithm. The multiply algorithm stops the iteration 
when the most significant bits of the multiplier are all 
zero. This allows typical 32-bit multiplies to be exe
cuted in under one microsecond. The instruction unit 
decodes the instruction opcodes and stores them in 
the decoded instruction queue for immediate use by 
the execution unit. 

The memory management unit (MMU) consists of a 
segmentation unit and a paging unit. Segmentation 
allows the managing of the logical address space by 
providing an extra addressing component, one that 
allows easy code and data relocatability, and effi
cient sharing. The paging mechanism operates be
neath and is transparent to the segmentation pro
cess, to allow management of the physical address 
space. Each segment is divided into one or more 4K 
byte pages. To implement a virtual memory system, 
the Intel386 DX supports full restartability for. all 
page and segment faults. 

Memory is organized into one or more variable 
length segments, each up to four gigabytes in size. A 
given region of the linear address space, a segment, 
can have attributes associated with it. These attri
butes include its location, size, type (Le. stack, code 
or data), and protection characteristics. Each task 
on an Intel386 DX can have a maximum of 16,381 
segments of up to four gigabytes each, thus provid
ing 64 terabytes (trillion bytes) of virtual memory to 
each task. 

The segmentation unit provides four-levels of pro
tection for isolating and protecting applications and 
the operating system from each other. The hardware 
enforced protection allows the design of systems 
with a high degree of integrity. 

The Intel386 DX has two modes of operation: Real 
Address Mode (Real Mode), and Protected Virtual 
Address Mode (Protected Mode). In Real Mode the 
Intel386 DX operates as a very fast 8086, but with 
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32-bit extensions if desired. Real Mode is required 
primarily to setup the processor for Protected Mode 
operation. Protected Mode provides access to the 
sophisticated memory management, paging and 
privilege capabilities of the processor. 

Within Protected Mode, software can perform a task 
switch to enter into tasks designated as Virtual 8086 
Mode tasks. Each such task behaves with 8086 se
mantics, thus allowing 8086 software (an application 
program, or an entire operating system) to execute. 
The Virtual 8086 tasks can be isolated and protect
ed from one another and the host Intel386 DX oper
ating system, by the use of paging, and the 1/0 Per
mission Bitmap. 

Finally, to facilitate high performance system hard
ware designs, the Intel386 DX bus interface offers 
address pipe lining, dynamic data bus sizing, and di
rect Byte Enable signals for each byte of the data 
bus. These hardware features are described fully be
ginning in Section 5. 

2.2 REGISTER OVERVIEW 

The Intel386 DX has 32 register resources in the 
following categories: 

• General Purpose Registers 

• Segment Registers 
• Instruction Pointer and Flags 

• Control Registers 

• System Address Registers 

• Debug Registers 

• Test Registers. 

The registers are a superset of the 8086, 80186 and 
80286 registers, so all 16-bit 8086, 80186 and 
80286 registers are contained within the 32-bit In
tel386 DX. 

Figure 2-1 shows all of Intel386 DX base architec
ture registers, which include the general address 
and data registers, the instruction pointer, and the 
flags register. The contents of these registers are 
task-specific, so these registers are automatically 
loaded with a new conteXt upon a task switch opera
tion. 

The base architecture also includes six directly ac
cessible segments, each up to 4 Gbytes in size. The 
segments are indicated by the selector values 
placed in Intel386 DX segment registers ·of Figure 
2-1. Various selector values can be loaded as a pro
gram executes, if desired. 
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GENERAL DATA AND ADDRESS REGISTERS 
31 16 15 0 

AX EAX 

BX EBX 

CX ECX 

DX EDX 

SI ESI 

DI EDI 

BP EBP 

SP ESP 

SEGMENT SELECTOR REGISTERS 
15 0 

CS CODE 

SS STACK 

DS 

} DATA 
ES 

FS 

GS 

INSTRUCTION POINTER 
AND FLAGS REGISTER 
31 16 15 0 

I I 
IP I EIP 

FLAGS : EFLAGS 

Figure 2-1.lnteI386™ OX Base 
Architecture Registers 

The selectors are also task·specific, so the segment 
registers are automatically loaded with new context 
upon a task switch operation. 

The other types of registers, Control, System Ad
dress, Debug, and Test, are primarily used by sys
tem software. 

2.3 REGISTER DESCRIPTIONS 

2.3.1 General Purpose Registers 

General Purpose Registers: The eight general pur
pose registers of 32 bits hold data or address quanti
ties. The general registers, Figure 2-2, support data 
operands of 1, 8, 16, 32 and 64 bits, and bit fields of 
1 to 32 bits. They support address operands of 16 
and 32 bits. The 32-bit registers are named EAX, 
EBX, ECX, EDX, ESI, EDI, EBP, and ESP. 

The least significant 16 bits of the registers can be 
accessed separately. This is done by using the 16-
bit names of the registers AX, BX, CX, DX, SI, DI, 
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BP, and SP. When accessed as a 16-bit operand, 
the upper 16 bits of the register are neither used nor 
changed. 

Finally 8-bit operations can individually access the 
lowest byte (bits 0-7) and the higher byte (bits 8-
15) of general purpose registers AX, BX, CX and DX. 
The lowest bytes are named AL, BL, CL and DL, 
respectively. The higher bytes are _ named AH, BH, 
CH and DH, respectively. The individual byte acces
sibility offers additional flexibility for data operations, 
but is not used for effective address calculation.' 

31 

31 

I 

16 15 . 8 7 0 

AH AX AL 

BH BX BL 

CH CX CL 

DH DX DL 

SI 

DI 

BP 

SP 

16 15 0 

I -, 
\. I • 

IP 

Figure 2-2. General Registers 
and Instruction Pointer, 

2.3.2 Instruction Pointer 

EAX 

EBX 

ECX 

EDX 

ESI 

EDI 

EBP 

ESP. 

EIP 

The instruction pointer, Figure 2-2, is a 32-bit regis
ter named EIP. EIP holds the offset of the next in
struction to be executed. The offset is always'rela
tive to the base of the code segment (CS). The low
er 16 bits (bits 0-15) of EIP contain the 16-bit in
struction pointer named IP, which is used by 16-bit 
addressing. 

2.3.3 Flags Register 

The Flags Register is a 32~bit register named 
EFLAGS. The defined bits and bit fields within 
EFLAGS, shown in Figure 2-3, control certain opera~ 
tions and indicate status of the Intel386 DX. The 
lower 16 bits (bit 0:"15) of EFLAGS contain the 
16-bit flag register named FLAGS, which is most 
useful when executing 8086 and 80286 code. 
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EFLAGS 

NOTE: 
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FLAGS 

3 3 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 
1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 0 9 8 7 6 5 4 3 2 1 0 

RESERVED FOR IMTEI. . 

VIRTUAL MODE:-=======:::J 
RESUME FLAG-

NESTED TASK FLAG-:=======:::..J I/o PRIVILEGE LEVEL 

OVERFLOW~~~============~ DIRECTION FLAG 
INTERRUPT ENABLE 

CARRY FLAG 
'----PARITY FLAG 

L-----AUXILIARY CARRY 
L------ZERO FLAG 

L-------SIGN FLAG 
L--------TRAPFLAG 

231630-50 

o indicates Intel reserved: do not define; see section 2.3.1 D. 

Figure 2-3. Flags Register 

VM (Virtual BOB6 Mode, bit 17) instruction can pop an EFLAG image having 
the RF bit set and resume the program's exe
cution at the breakpoint address without gen
erating another breakpoint fault on the same 
location. 

The VM bit provides Virtual BOB6 Mode within 
Protected Mode. If set while the Intel386 DX 
is in Protected Mode, the Intel3B6 DX will 
switch to Virtual 80B6 operation, handling 
segment loads as the B086 does, but gener
ating exception 13 faults on privileged op
codes. The VM bit can be set only in Protect
ed Mode, by the IRET instruction (if current 
privilege level = 0) and by task switches at 
any privilege level. The VM bit is unaffected 
by POPF. PUSHF always pushes a a in this 
bit, even if executing in virtual B086 Mode. 
The EFLAGS image pushed during interrupt 
processing or saved during task switches will 
contain a 1 in this bit if the interrupted code 
was executing as a Virtual BOB6 Task. 

RF (Resume Flag, bit 16) 

I 

The RF flag is used in conjunction with the 
debug register breakpoints. It is checked at 
instruction boundaries before breakpoint pro
cessing. When RF is set, it causes any debug 
fault to be ignored on the next instruction. RF 
is then automatically reset at the successful 
completion of every instruction (no faults are 
signalled) except the IRET instruction, the 
POPF instruction, (and JMP, CALL, and INT 
instructions causing a task switch). These in
structions set RF to the value specified by the 
memory image. For example, at the end of 
the breakpoint service routine, the IRET 

NT (Nested Task, bit 14) 

This flag applies to Protected Mode. NT is set 
to indicate that the execution of this task is 
nested within another task. If set, it indicates 
that the current nested task's Task State 
Segment (TSS) has a valid back link to the 
previous task's TSS. This bit is set or reset by 
control transfers to other tasks. The value of 
NT in EFLAGS is tested by the IRET instruc
tion to determine whether to do an inter-task 
return or an intra-task return. A POPF or an 
IRET instruction will affect the setting of this 
bit according to the image' popped, at any 
privilege level. 

10PL (Input/Output Privilege Level, bits 12-13) 

This two-bit field applies to Protected Mode. 
10PL indicates the numerically maximum CPL 
(current privilege level) value permitted to ex
ecute 1/0 instructions without generating an 
exception 13 fault or consulting the 1/0 Per
mission Bitmap. It also indicates the maxi
mum CPL value allowing alteration of the IF 
(INTR Enable Flag) bit when 'new values are 
popped into the EFLAG register. POPF and 
IRET instruction can alter the 10PL field when 
executed at CPL = O. Task switches can al
ways alter the 10PL field, when the new flag 
image is loaded from the incoming task's 
TSS. 
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OF (Overflow Flag, bit 11) 

OF is set if the operation resulted in a signed 
overflow. Signed overflow occurs when the 
operation resulted in carry/borrow into the 
sign bit (high-order bit) of the result but did 
not result in a carry/borrow out of the high
order bit, or vice-versa. For 8/16/32 bit oper
ations, OF is set a~cording to overflow at bit 
7/15/31, respectively. 

OF (Direction Flag, bit 10) 

OF defines whether ESI and/or EDI registers 
postdecrement or postincrement during the 
string instructions. Postincrement occurs if 
OF is reset. Postdecrement occurs if OF is 
set. 

IF (INTR Enable Flag, bit 9) 

The IF flag, when set, allows recognition of 
external interrupts signalled on the INTR pin. 
When IF is reset, external interrupts signalled 
on the INTR are not recognized. IOPL indi
cates the maximum CPL value allowing alter
ation of the IF bit when new values are 
popped into EFLAGS or FLAGS. 

TF (Trap Enable Flag, bit 8) 

TF controls the generation of exception 1 
trap when single-stepping through code. 
When TF is set, the Intel386 OX generates an 
exception 1 trap after the next instruction is 
executed. When If is reset, exception 1 
traps occur only as a function of the break
point addresses loaded into debug registers 
DRO-DR3. . 

SF (Sign Flag, bit 7) 

SF is set if the high-order bit of the result is 
set, it is reset otherwise. For 8-, 16-, 32-bit 
operations, SF reflects the state of bit 7, 15, 
31 respectively. 

SEGMENT 

ZF (Zero Flag, bit 6) 

ZF is set if all bits of the result are O. Other
wise it is reset. 

AF (Auxiliary Carry Flag, bit 4) 

The Auxiliary Flag is used to simplify the addi
tion and subtraction of packed BCD quanti
ties. AF is set if the operation resulted in a 
carry out of bit 3 (addition) or a borrow into bit 
3 (subtraction). Otherwise AF is reset. AF is 
affected by carry out of, or borrow into bit 3 
only, regardless of overall operand length: 8, 
16 or 32 bits. 

PF (Parity Flags, bit 2) 

PF is set if the low-order eight bits of the op
eration contains an even number of "1's" 
(even parity). PF is reset if the low-order eight 
bits have odd parity. PF is a function of only 
the low-order eight bits, regardless of oper
and size. 

CF (Carry Flag, bit 0) 

CF is set if .the operation resulted in a carry 
out of (addition), or a borrow into (subtraction) 
the high-order bit. Otherwise CF is reset. For 
8-, 16- or 32-bit operations, CF is set accord
ing to carry/borrow at bit 7, 15 or 31, respec
tively. 

Note in these descriptions, "set" means "set to 1," 
and "reset" mean·s "reset to 0." 

2.3.4 Segment Registers 

Six 16-bit segment registers hold segment selector 
values identifying the currently addressable memory 
segments. Segment registers are shown in Figure 2-
4. In Protected Mode, each segment may range in 
size from one byte up to the entire linear and physi-

REGISTERS DESCRIPTOR REGISTERS (LOADED AUTOMATICALLY) 
~ ~ 

I \ I Other \ 

Segment 
15 0 Physical Base Address Segment Limit Attributes from Descriptor 

Selector CS- -
Selector SS- - -
Selector DS- - - -
Selector ES- - - -
Selector FS- - - -
Selector GS- - - -

Figure 2-4. Intel386TM OX Segment Registers, and Associated Descriptor Registers 

3-114 I 



cal space of the machine, 4 Gbytes (232 bytes). If a 
maximum sized segment is used (limit 
FFFFFFFFH) it should be Oword aligned (Le., the 
least two significant bits of the segment base should 
be zero). This will avoid a segment limit violation (ex
ception 13) caused by the wrap around. In Real Ad
dress Mode, the maximum segment size is fixed at 
64 Kbytes (216 bytes). 

The six segments addressable at any given moment 
are defined by the segment registers CS, SS, OS, 
ES, FS and GS. The selector in CS indicates the 
current code segment; the selector in SS indicates 
the current stack segment; the selectors in OS, ES, 
FS and GS indicate the current data segments. 

2.3.5 Segment Descriptor Registers 

The segment descriptor registers are not program
mer visible, yet it is very useful to understand their 
content. Inside the Intel386 OX, a descriptor register 
(programmer invisible) is associated with each pro
grammer-visible segment register, as shown by Fig
ure 2-4. Each descriptor register holds a 32-bit seg
ment base address, a 32-bit segment limit, and the 
other necessary segment attributes. 

When a selector value is loaded into a segment reg
ister, the associated descriptor register is automati
cally updated with the correct information. In Real 
Address Mode, only the base address is updated 
directly (by shifting the selector value four bits to the 
left), since the segment maximum limit and attributes 
are fixed in Real Mode. In Protected Mode, the base 
address, the limit, and the attributes are all updated 
per the contents of the segment descriptor indexed 
by the selector. 

Whenever a memory reference occurs, the se.gment 
descriptor register associated with the segment be
ing used is automatically involved with the memory 
reference. The 32-bit segment base address be
comes a component of the linear address calcula-
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tion, the 32-bit limit is used for the limit-check opera
tion, and the attributes are checked against the type 
of memory reference requested. 

2.3.6 Control Registers 

The Intel386 OX has three control registers of 32 
bits, CRO, CR2 and CR3, to hold machine state of a 
global nature (not specific to an individual task). 
These registers, along with System Address Regis
ters described in the next section, hold machine 
state that affects all tasks in the system. To access 
the Control Registers, load and store instructions 
are defined. 

CRO: Machine Control Register (includes 80286 
Machine Status Word) 

CRO, shown in Figure 2-5, contains 6 defined bits for 
control and status purposes. The low-order 16 bits 
of CRO are also known as the Machine Status Word, 
MSW, for compatibility with 80286 Protected Mode. 
LMSW and SMSW instructions are taken as special 
aliases of the load and store CRO operations, where 
only the low-order 16 bits of CRO are involved. For 
compatibility with. 80286 operating systems tho In· 
tel386 OX LMSW instructions work in an identical 
fashion to the LMSW instruction on the 80286. (Le. It 
only operates on the low-order 16-bits of CRO and it 
ignores the new bits in CRO.) New Intel386 OX oper
ating systems should use the MOV CRO, Reg in
struction. 

The defined CRO bits are described below. 

PG (Paging Enable, bit 31) 

the PG bit is set to enable the on-chip paging 
unit. It is reset to disable the on-chip paging 
unit. 

R (reserved, bit 4) 

This bit is reserved by Intel. When loading CRO 
care should be taken to not alter the value of 
this bit. 

) 

MSW 

NOTE: 0indicates Intel reserved: 00 not define; SEE SECTION 2.3.10 

Figure 2-5. Control Register 0 
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TS (Task Switched, bit 3) 

TS is automatically set whenever a task switch 
operation is performed. If TS is set, a coproces
sor ESCape opcode will cause a Coprocessor 
Not Available trap (exception 7). The trap han
dier typically saves the Intel387 OX coproces
sor context belonging to a previous task, loads 
the Intel387 OX coprocessor state belonging to 
the current task, and clears the TS bit before 
returning to the faulting coprocessor opcode. 

EM (Emulate Coprocessor, bit 2) 

The EMulate coprocessor bit is set to cause all 
coprocessor opcodes to generate a Coproces
sor Not Available fault (exception 7). It is reset 
to allow coprocessor opcodes to be executed 
on an actual Intel387 OX coprocessor (this is 
the default case after reset). Note that the 
WAIT opcode is not affected by the EM bit set
ting. 

MP (Monitor Coprocessor, bit 1) 

The MP bit is used in conjunction with the TS 
bit to determine if the WAIT opcode will gener
ate a Coprocessor Not Available fault (excep
tion 7) when TS = 1. When both MP = 1 and 
TS = 1, the WAIT opcode generates a trap. 
Otherwise, the WAIT opcode does not gener
ate a trap. Note that TS is automatically set 
whenever a. task switch operation is performed. 

PE (Protection Enable, bit 0) 

The PE bit is set to enable the Protected Mode. 
If PE is reset, the processor operates again in 
Real Mode. PE may be set by loading MSW or 
CRO. PE can be reset only by a load into CRO. 
Resetting the PE bit is typically part of a longer 
instruction sequence needed for proper tran
sition from Protected Mode to Real Mode. Note 
that for strict 80286 compatibility, PE cannot be 
reset by the LMSW instruction. 

CR1: reserved 

CR1 is reserved for use in future Intel processors. 

CR2: Page Fault Linear Address 

CR2, shown in Figure 2-6, holds the 32-bit linear ad
dress that caused the last page fault detected. The 

31 24 

error code pushed onto the page fault handler's 
stack when it is invoked provides additional status 
information on this page fault. 

CR3: Page Directory Base Address 

CR3, shown in Figure 2-6, contains the physical 
base address of the page directory table. The In
tel386 OX page directory table is always page
aligned (4 Kbyte-aligned). Therefore the lowest 
twelve bits of CR3 are ignored when written and 
they store as undefined. ' 

A task switch through a TSS which changes the 
value in CR3, or an explicit load into CR3 with any 
value, will invalidate all cached page table entries in 
the paging unit cache. Note that if the value in CR3 
does not change during the task switch, the cached 
page table entries are not flushed. 

2.3.7 System Address Registers 

Four special registers are defined to reference the 
tables or segments supported by the 80286 CPU 
and Intel386 OX protection model. These tables or 
segments are: 

GOT (Global Descriptor Table), 

lOT (Interrupt Descriptor Table), 

LOT (Local Descriptor Table), 

TSS (Task State Segment). 

The addresses of these tables and segments are 
stored in special registers, the System Address and 

, System Segment Registers illustrated in Figure 2-7. 

15 

These registers are named GOTR, 10TR, LOTR and 
TR, respectively. Section 4 Protected Mode Archi
tecture describes the use of these registers. 

GDTR and IDTR 

These registers hold the 32-bit linear base address 
and 16-bit limit of the GOT and lOT, respectively. 

The GOT and lOT segments, since they are global to 
all tasks in the system, are defined by 32-bit linear 
addresses (subject to page translation if paging is 
enabled) and 16-bit limit values. 

8 7 o 
CR2 

r--------------------------------------,~_.~~_r,_,_~~~~ 
CR3 

NOTE: 0 indicates Intel reserved: Do not define; SEE SECTION 2.3.10 

Figure 2-6. Control Registers 2 and 3 

3-116 I 



Intel386TM OX MICROPROCESSOR 

SYSTEM ADDRESS REGISTERS 
47 32-BIT LINEAR BASE ADDRESS 16 15 LIMIT o 

~~~:I I 
SYSTEM SEGMENT 

REGISTERS DESCRIPTOR REGISTERS (AUTOMATICALLY LOADED) 

~5 ( 32-BIT LINEAR BASE ADDRESS 32-BIT SEGMENT LIMIT ATTRIBUTES' 

TR I--_S:..:E:..:L=EC.:..T:..:O:..:.R-'----l 

LDTR . ,--_S_E_L_EC_T_O_R_-, II " 
Figure 2-7. System Address and System Segment Registers 

LOTR and TR 

These registers hold the 16-bit selector for the LDT 
descriptor and the TSS descriptor, respectively. 

The LDT and TSS segments, since they are task
specific segments, are defined by selector values 
stored in the system segment registers. Note that a 
segment descriptor register (programmer-invisible) 
is associate9 with each system segment register. 

2.3.8 Debug and Test Registers 

Debug Registers: The six programmer accessible 
debug registers provide on-chip support for debug
ging. Debug Registers DRO-3 specify the four linear 
breakpoints. The Debug Control Register DR7 is 
used to set the breakpoints and the Debug Status 
Register DR6, displays the current state of the 
breakpoints. The use of the debug registers is de
scribed in section 2.12. Debugging support. 

I 

DEBUG REGISTERS 
31 o 
LINEAR BREAKPOINT ADDRESS 0 

LINEAR BREAKPOINT ADDRESS 1 . 

LINEAR BREAKPOINT ADDRESS 2 

LINEAR BREAKPOINT ADDRESS 3 

Intel reserved. Do not define. 

Intel reserved. Do not define. 

BREAKPOINT STATUS 

BREAKPOINT CONTROL 

TEST REGISTERS (FOR PAGE CACHE) 
31 0 

I TEST CONTROL 
TEST STATUS 

DRO 

DR1 

DR2 

DR3 

DR4 

DRS 

DR6 

DR7 

TR6 

TR7 

Figure 2-8. Debug and Test Registers 

Test Registers: Two registers are used to control 
the testing of the RAM/CAM (Content Addressable 
Memories) in the Translation Lookaside Buffer por
tion of the Intel386 DX. TR6 is the command test 
register, and TR7 is the data register which contains 
the data of the Translation Lookaside buffer test. 
Their use is discussed in section 2.11 Testability. 

Figure 2-8 shows the Debug and Test registers. 

2.3.9 Register Accessibility 

There are a few differences regarding the accessibil
ity of the registers in Real and Protected Mode. Ta
ble 2-1 summarizes these differences. See Section 
4 Protected Mode Architecture for further details. 

2.3.10 Compatibility 

VERY IMPORTANT NOTE: 
COMPATIBILITY WITH FUTURE PROCESSORS 

In the preceding register descriptions, note cer
tain Intel386 DX register bits are Intel reserved. 
When reserved bits are called out, treat them as 
fully undefined. This is essential for your soft
ware compatibility with future processors\ Fol-
low the guidelines below: .. 

1) Do not depend on the states of any unde
fined bits when testing the values of defined 
register bits. Mask them out when testing. 

2) Do not depend on the states of any unde
fined bits when storing them to memory or 
another register. 

3) Do not depend on the ability to retain infor
mation written into any undefined bits. 

4) When loading registers always load the unde
fined bits as zeros. 
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Table 2-1. Register Usage 

Use in Use in Use in 

Register 
Real Mode Protected Mode Virtual 8086 Mode 

Load Store Load Store Load Store 

General Registers Yes Yes Yes Yes Yes Yes 

Segment Registers Yes Yes Yes Yes Yes Yes 

Flag Register Yes Yes Yes Yes IOPL' IOPL' 

Control Registers Yes Yes PL = 0 PL = 0 No Yes 

GDTR Yes Yes PL = 0 Yes No Yes 

IDTR Yes Yes PL = 0 Yes No Yes 

LDTR No No PL = 0 Yes No No 

TR No No PL = 0 Yes No No 

Debug Control Yes Yes PL = 0 PL = 0 No No 

Test Registers Yes Yes PL = 0 PL = 0 No No 

NOTES: 
PL = 0: The registers can be accessed only when the current privilege level is zero. 
*IOPL: The PUSHF and POPF instructions are made lID Privilege Level sensitive in Virtual 8086 Mode. 

5) However, registers which have been previ
ously stored may be reloaded without mask
ing. 

Depending upon the values of undefined regis
ter bits will make your software dependent upon 
the unspecified Intel386 DX handling of these 
bits. Depending on undefined values risks mak
ing your software incompatible with future proc
essors that define usages for the Intel386 DX
undefined bits. AVOID ANY SOFTWARE DEPEN
DENCE UPON THE STATE OF UNDEFINED In
tel386 DX REGISTER BITS. 

2.4 INSTRUCTION SET 

2.4.1 Instruction Set Overview 

The instruction set is divided into nine categories of 
operations: 

Data Transfer 

Arithmetic 

Shift/Rotate 

String Manipulation 

Bit Manipulation 

Control Transfer 

High Level Language Support 

Operating System Support 

Processor Control 

3-118 

These Intel386 DX instructions are listed in Table 
2-2. 

All Intel386 DX instructions operate on either 0, 1, 2, 
or 3 operands; where an operand resides in a regis
ter, in the instruction itself, or in memory. Most zero 
operand instructions (e.g. CLI, STI) take only one 
byte. One operand instructions generally are two 
bytes long. The average instruction is 3.2 bytes long. 
Since the Intel386 DX has a 16-byte instruction 
queue, an average of 5 instructions will be pre
fetched. The use of two operands permits the follow
ing types of common instructions: 

Register to Register 

Memory to Register 

Immediate to Register 

Register to Memory 

Immediate to Memory. 

The operands can be either 8, 16, or 32 bits long. As 
. a general rule, when executing code written for the 
Intel386 DX (32-bit code), operands are 8 or 32 bits; 
when executing existing 80286 or 8086 code (16-bit 
code), operands are 8 or 16 bits. Prefixes can be 
added to all instructions which override the default 
length of the operands, (Le. use 32-bit operands for 
16-bit code, or 16-bit operands for 32-bit code). 

For a more elaborate description of the instruction 
set, refer to the Intel386 DX Programmer's Refer
ence Manual. 
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2.4.2 Intel386™ OX Instructions 
Table 2·2a. Data Transfer 

GENERAL PURPOSE 

MOV Move operand 

PUSH Push operand onto stack 

POP Pop operand off stack 

PUSHA Push all registers on stack 

POPA Pop all registers off stack 

XCHG Exchange Operand, Register 

XLAT Translate 

CONVERSION 

MOVZX Move byte or Word, Dword, with zero 
extension 

MOVSX Move byte or Word, Dword, sign 
extended 

CBW Convert byte to Word, or Word to Dword 

CWD Convert Word to DWORD 

CWDE Convert Word to DWORD extended 

CDa Convert DWORD to aWORD 

INPUT IOUTPUT 

IN Input operand from I/O space 

OUT Output operand to I/O space 

ADDRESS OBJECT 

LEA Load effective address 

LDS Load pointer into D segment register 

LES Load pointer into E segment register 

LFS Load pointer into F segment register 

LGS Load pointer into G segment register 

LSS Load pointer into S (Stack) segment 
register 

FLAG MANIPULATION 

LAHF Load A register from Flags 

SAHF Store A register in Flags 

PUSHF Push flags onto stack . 

POPF Pop flags off stack 

PUSHFD Push EFlags onto stack 

POPFD Pop EFlags off stack 

CLC Clear Carry Flag 

CLD Clear Direction Flag 

CMC Complement Carry Flag 

STC Set Carry Flag 

STD Set Direction Flag 

Intel386TM OX MICROPROCESSOR 

Table 2·2b Arithmetic Instructions 

ADDITION 

ADD Add operands 

ADC Add with carry 

INC Increment operand by 1 

AAA ASCII adjust for addition 

DM Decimal adjust for addition 

SUBTRACTION 

SUB Subtract operands 
SBB· Subtract with borrow 

DEC Decrement operand by 1 

NEG Negate operand 

CMP Compare operands 

DAS Decimal adjust for subtraction 

AAS ASCII Adjust for Subtraction 

MULTIPLICATION 

MUL Multiply Double/Single Precision 

IMUL Integer multiply 

AAM ASCII adjust after multiply 

DIVISION 

DIV Divide unsigned 

IDIV Integer Divide 

MD ASCII adjust before division 

Table 2·2c String Instructions 

MOVS Move byte or Word, Dword string 

INS Input string from I/O space 

OUTS Output string to I/O space 

CMPS Compare byte or Word, Dword string 

SCAS Scan Byte or Word, Dword string 

LODS Load byte or Word, Dword string 

STOS Store byte or Word, Dword string 

REP Repeat 

REPE/ 
REPZ Repeat while equal/zero 

RENE/ 
REPNZ Repeat while not equal/not zero 

Table 2·2d Logicallnstructions 

LOGICALS 

NOT "NOT" operands 

AND "AND" operands 

OR "Inclusive OR" operands 

XOR "Exclusive OR" operands 

TEST "Test" operands 
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Table 2-2d Logical Instructions (Continued) Table 2-2f. Program Control Instructions 

SHIFTS (Continued) 

SHL/SHR Shift logical left or right UNCONDITIONAL TRANSFERS 

SAL/SAR Shift arithmetic left or right CALL Call procedure/task 

SHLD/ RET Return from procedure 
SHRD Double shift left or right JMP Jump 

ROTATES ITERATION CONTROLS 
ROL/ROR Rotate left/right LOOP Loop 
RCL/RCR Rotate through carry left/right LOOPE/ 

Table 2-2e Bit Manipulation Instructions LOOPZ Loop if equal/zero 

SINGLE BIT INSTRUCTIONS 

BT Bit Test 

BTS Bit Test and Set 

LOOPNE/ 
LOOPNZ Loop if not equal/not zero 

JCXZ JUMP if register CX= 0 

BTR Bit Test and Reset 

BTC Bit Test and Complement 

BSF Bit Scan Forward 

BSR Bit Scan Reverse 

Table 2-2f Program Control Instructions 

CONDITIONAL TRANSFERS 

SETCC Set byte equal to condition code 

JA/JNBE Jump if above/not below nor equal 

JAE/JNB Jump if above or equal/not below 

INTERRUPTS 

INT Interrupt 

INTO Interrupt if overflow 

IRET Return from Interrupt/Task' 

CLI Clear interrupt Enable 

STI Set Interrupt Enable 

Table 2 2g High Level Language Instructions -
BOUND Check Array Bounds 

ENTER Setup Parameter Block for Entering 
Procedure 

JB/JNAE Jump if below/not above nor equal LEAVE Leave Procedure 
JBE/JNA Jump if below or equal/not above Table 2-2h Protection Model 
JC Jump if carry 

JE/JZ Jump if equal/zero 

JG/JNLE Jump if greater/not less nor equal 

JGE/JNL Jump if greater or equal/not less 

JL/JNGE Jump if lesslnot greater nor equal 

SGDT Store Global Descriptor Table 

SIDT Store Interrupt Descriptor Table 

STR Store Task Register 

SLDT Store Local Descriptor Table 

LGDT Load Global Descriptor Table 
JLE/JNG Jump if less or equal/not greater 

JNC Jump if not carry 

JNE/JNZ Jump if not equal/not zero 

JNO Jump if not overflow 

JNP/JPO Jump if not parity/parity odd 

JNS Jump if not sign 

JO Jump if overflow 

L1DT Load Interrupt Descriptor Table 

LTR Load Task Register 

LLDT Load Local Descriptor Table 

ARPL Adjust Requested Privilege Level 

LAR Load Access Rights 

LSL Load Segment Limit 

VERR/ 
JP/JPE Jump if parity/parity even VERW Verify Segment for Reading or Writing 
JS Jump if Sign LMSW Load Machine Status Word (lower 

16 bits of CRO) 

SMSW Store Machine Status Word 

Table 2-21 Processor Control Instructions 

HLT Halt 

WAIT Wait until BUSY # negated 

ESC Escape 

LOCK Lock Bus 
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2.5 ADDRESSING MODES 

2.5.1 Addressing Modes Overview 

The Intel386 OX provides a total of 11 addressing 
modes for instructions to specify operands. The ad
dressing modes are optimized to allow the efficient 
execution of high level languages such as C and 
FORTRAN, and they cover the vast majority of data 
references needed by high-level languages. 

2.5.2 Register and Immediate Modes 

Two of the addressing modes provide for instruc
tions that operate on register or immediate oper
ands: 

Register Operand Mode: The operand is located 
in one of the 8-, 16- or 32-bit general registers. 

Immediate Operand Mode: The operand is in
cluded in the instruction as part of the opcode. 

2.5.3 32-Bit Memory Addressing 
Modes 

The remaining 9 modes provide a mechanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the seg
ment base address and an effective address. The 
effective address is calculated by using combina
tions of the following four address elements: 

DISPLACEMENT: An 8-, or 32-bit immediate value, 
following the instruction. 

BASE: The contents of any general purpose regis
ter. The base registers are generally used by compil
ers to point to the start of the local variable area. 

INDEX: The contents of any general purpose regis
ter except for ESP. The index registers are used to 
access the elements of an array, or a string of char
acters. 

SCALE: The index register's value can be multiplied 
by a scale factor, either 1, 2, 4 or 8. Scaled index 
mode is especially useful for accessing arrays or 
structures. 

Combinations of these 4 components make up the 9 
additional addressing modes. There is no perform
ance penalty for using any of these addressing com
binations, since the effective address calculation is 
pipelined with the execution of other instructions. 
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The one exception is the simultaneous use of Base 
and Index components which requires one addition
al clock. 

As shown in Figure 2-9, the effective address (EA) of 
an operand is calculated according to the following 
formula. 

EA = Base Reg + (Index Reg' Scaling) + Displacement 

Direct Mode: The operand's offset is contained as 
part of the instruction as an 8-, 16- or 32-bit dis
placement. 
EXAMPLE: INC Word PTR [500] 

Register Indirect Mode: A BASE register contains 
the address of the operand. 
EXAMPLE: MOV [ECX], EDX 

Based Mode: A BASE register's contents is added 
to a DISPLACEMENT to form the operands offset. 
EXAMPLE: MOV ECX, [EAX + 24] 

Index Mode: An INDEX register's contents is added 
to a DISPLACEMENT to form the operands offset. 
EXAMPLE: ADD EAX, TABLE[ESII 

Scaled Index Mode: An INDEX register's contents is 
multiplied by a scaling factor which is added to a 
DISPLACEMENT to form the operands offset. 
EXAMPLE: IMUL EBX, TABLE[ESI*4],7 

Based Index Mode: The contents of a BASE register 
is added to the contents of an INDEX register to 
form the effective address of an operand. 
EXAMPLE: MOV EAX, [ESII [EBX] 

Based Scaled Index Mode: The contents of an IN
DEX register is multiplied by a SCALING factor and 
the result is added to the contents of a BASE regis
ter to obtain the operands offset. 
EXAMPLE: MOV ECX, [EDX*S] [EAX] 

Based Index Mode with Displacement: The contents 
of an INDEX Register and a BASE register's con
tents and a DISPLACEMENT are all summed to
gether to form the operand offset. 
EXAMPLE: ADD EDX, [ESI] [EBP + OOFFFFFOH] 

Based Scaled Index Mode with Displacement: The 
contents of an INDEX register are multiplied by a 
SCALING factor, the result is added to the contents 
of a BASE register and a DISPLACEMENT to form 
the operand's offset. 
EXAMPLE: MOV EAX, LOCALTABLE[EDI*4] 
[EBP+SO] 
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Figure 2-9. Addressing Mode Calculations 

2.5.4 Differences Between 16 and 32 
Bit Addresses 

In order to provide software compatibility with the 
80286 and the 8086, the Intel386 DX can execute 
16·bit instructions in Real and Protected Modes. The 
processor determines the size of the instructions it is 
executing by examining the D bit in the CS segment 
Descriptor. If the D bit is 0 then all operand lengths 
and effective addresses are assumed to be 16 bits 
long. If the D,bit is 1 then the default length for oper· 
ands and addresses is 32 bits. In Real Mode the 
default size for operands and addresses is 16-bits. 

Regardless of the default precision of the operands 
or addresses, the Intel386 DX is able to execute ei
ther 16 or 32-bit instructions. This is specified via the 
use of override prefixes. Two prefixes, the Operand 
Size Prefix and the Address Length Prefix, over
ride the value of the D bit on an individual instruction 
basis. These prefixes are automatically added by In
tel assemblers. 
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Example: The processor is executing in Real Mode 
and the programmer needs to access the EAX regis
ters. The assembler code for this might be MOV 
EAX, 32-bit MEMORYOP, ASM386 Macro Assem
bler automatically determines that an Operand Size 
Prefix is needed and generates it. 

Example: The D bit is 0, and the programmer wishes 
to use Scaled Index addressing mode to access an 
array. The Address Length Prefix allows the use of 
MOV DX, TABLE[ESI*2]. The assembler uses an 
Address Length Prefix since, with D = 0, the default 
addressing mode is 16-bits. 

Example: The D bit is 1, and the program wants to 
store a 16-bit quantity. The Operand Length Prefix is 
used to specify only a 16-bit value; MOV MEM16, 
DX. 
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Table 2-3. BASE and INDEX Registers for 16- and 32-Bit Addresses 

16-Bit Addressing 32-Bit Addressing 

BASE REGISTER BX,BP 
INDEX REGISTER SI,DI 

SCALE FACTOR none 
DISPLACEMENT 0,8,16 bits 

The OPERAND LENGTH and Address Length Pre
fixes can be applied separately or in combination to 
any instruction. The Address Length Prefix does not 
allow addresses over 64K bytes to be accessed in 
Real Mode. A memory address which exceeds 
FFFFH will result in a General Protection Fault. An 
Address Length Prefix only allows the use of the ad
ditional Intel386 DX addressing modes. 

When executing 32-bit code, the Intel386 DX uses 
either 8-, or 32-bit displacements, and any register 
can be used as base or .index registers. When exe
cuting 16-bit code, the displacements are either 8, or 
16 bits, and the base and index register conform to 
the 80286 model. Table 2-3 illustrates the differenc
es. 

2.6 DATA TYPES 

The Intel386 DX supports all of the data types com
monly used in high level languages: 

I 

Bit: A single bit quantity. 

Bit Field: A group of up to 32 contiguous bits, 
which spans a maximum of four bytes. 

Bit String: A set of contiguous bits, on the Intel386 
DX bit strings can be up to 4 gigabits long. 

Byte: A signed 8-bit quantity. 

Unsigned Byte: An unsigned 8-bit quantIty. 

Integer (Word): A signed 16-bit quantity. 

Long Integer (Double Word): A signed 32-bit quan
tity. All operations assume a 2's complement rep
resentation. 

Unsigned Integer (Word): An unsigned 16-bit 
quantity. 

Any 32-bit GP Register 
Any 32-bit GP Register 
Except ESP 
1,2,4,8 
0,8,32 bits 

Unsigned Long Integer (Double Word): An un
signed 32-bit quantity. 

Signed Quad Word: A signed 64-bit quantity. 

Unsigned Quad Word: An unsigned 64-bit quanti
. ty. 

Offset: A 16- or 32-bit offset only quantity which 
indirectly references another memory location. 

Pointer: A full pointer which consists of a 16-bit 
segment selector and either a 16- or 32-bit offset. 

Char: A byte representation of an ASCII Alphanu
meric or control character. 

String: A contiguous sequence of bytes, words or 
dwords. A string may contain between 1 byte and 
4 Gbytes. 

BCD: A byte (unpacked) representation of decimal 
digits 0-9. 

Packed BCD: A byte (packed) representation of 
two decimal digits 0-9 storing one digit in each 
nibble. 

When the Intel386 DX is coupled with an Intel387 
DX Numerics Coprocessor then the following com
mon Floating Point types are supported. 

Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. Floating point numbers 
are supported by the Intel387 DX numerics co
processor. 

Figure 2-10 illustrates the data types supported by 
the Intel386 DX and the Intel387 DX numerics co
processor. 
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2.7 MEMORY ORGANIZATION 

2.7.1 Introduction 
Memory on the Intel386 DX is divided up into 8-bit 
quantities (bytes), 16-bit quantities (words), and 
32-bit quantities (dwords). Words are stored in two 
consecutive bytes in memory with the low-order byte 
at the lowest address, the high order byte at the high 
address. Dwords are stored in four consecutive 
bytes in memory with the low-order byte at the low
est address, the high-order byte at the highest ad
dress. The address of a word or dword is the byte 
address of the low-order byte. 

In addition to these basic data types, the Intel386 
DX supports two larger units of memory: pages and 
segments. Memory can be divided up into one or 
more variable length segments, which can be 
swapped to disk or shared between programs. Mem
ory can also be organized into one or more 4K byte 
pages. Finally, both segmentation and paging can 
be combined, gaining the advantages of both sys
tems. The Intel386 DX supports both pages and 
segments in order to provide maximum flexibility to 
the system designer. Segmentation and paging are 
complementary. Segmentation is useful for·organiz
ing memory in logical modules, and as such is a tool 
for the application programmer, while pages are use
ful for the system programmer for managing the 
physical memory of a system. 

2.7.2 Address Spaces 
The Intel386 DX has three distinct address spaces: 
logical, linear, and physical. A logical address 
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(also known as a virtual address) consists of a se
lector and an offset. A selector is the contents of a 
segment register. An offset is formed by summing all 
of the addressing components (BASE, INDEX, DIS
PLACEMENT) discussed in section 2.5.3 Memory 
Addressing Modes into an effective address. Since 
each task on Intel386 DX has a maximum of 16K 
(214 -1) selectors, and offsets can be 4 gigabytes, 
(232 bits) this gives a total of 246 bits or 64 terabytes 
of logical address space per task. The programmer 
sees this virtual address space. 

The segmentation unit translates the logical ad
dress space into a 32-bit linear address space. If the 
paging unit is not enabled then the 32-bit linear ad
dress corresponds to the physical address. The 
paging unit translates the linear address space into 
the physical address space. The physical address 
is what appears on the address pins. . 

The primary difference between Real Mode and Pro
tected Mode is how the segmentation unit performs 
the translation of the logical address into the linear 
address. In .Real Mode, the segmentation unit shifts 
the selector left four bits and adds the result to the 
offset to form the linear address. While in Protected 
Mode every selector has a linear base address as
sociated with it. The linear base address is stored in 
one of two operating system tables (i.e. the Local 
Descriptor Table or Global Descriptor Table). The 
selector's linear base address is added to the offset 
to form the final linear address. 

Figure 2-11 shows the relationship between the vari
ous address spaces. 
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MEMORY 
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Figure 2-11. Address Translation 
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2.7.3, Segment Register Usage 

The main data structure used to organize memory is 
the segment. On the Intel386 OX, segments are vari
able sized blocks of linear addresses which have 
certain attributes associated with them. There are 
two main types of segments: code and data, the 
segments are of variable size and can be as small 
as 1 byte or as large as 4 gigabytes (232 bytes). 

In order to provide compact instruction encoding, 
and increase processor performance, instructions 
do not need to explicitly specify which segment reg
ister is used. A default segment register is automati
cally chosen according to the rules of Table 2-4 
(Segment Register Selection Rules). In general, data 
references use the selector contained in the OS reg
ister; Stack references use the SS register and In
struction fetches use the CS register. The contents 
of the Instruction Pointer provides the offset. Special 
segment override prefixes allow the explicit use of a 
given segment register, and override the implicit 
rules listed in Table 2-4. The override prefixes also 
allow the use of the ES, FS and GS segment regis-
ters. ' 

There are no restrictions regarding the overlapping 
of the base addresses of any segments. Thus, all 6 
segments could have the base address set to zero 
and create a system with a four gigabyte linear ad
dress space. This creates a system where the virtual 
address space is the same as the linear address 
space. Further details of segmentation are dis
cussed in section 4.1. 

2.8 1/0 SPACE 

The Intel386 OX has two distinct physical address 
spaces: Memory and I/O. Generally, peripherals are 
placed in I/O space although the Intel386 OX also 
supports memory-mapped peripherals. The liD 
space consists of 64K bytes, it can be divided into 
64K 8-bit ports, 32K 16-bit ports, or 16K 32-bit ports, 
or any combination of ports which add up to less 
than 64K bytes. The 64K liD address space refers 
to physical memory rather than linear address since 
liD instructions do not go through the segmentation 
or paging hardware. The M/IO# pin acts as an addi
tional address line thus allowing the system designer 
to ea!lily determine which address space the proces
sor is accessing. 

Table 2·4. Segment Register Selection Rules 

Type of Implied (Default) Segment Override 
Memory Reference Segment Use Prefixes Possible 

Code Fetch CS None 

Destination of PUSH, PUSHF, INT, SS None 
CALL, PUSHA Instructions 

Source of POP, POPA, POPF, SS None 
IRET, RET instructions 

Destination of STOS, MOVS, REP ES None 
STOS, REP MOVS Instructions 
(01 is Base Register) 

Other Data References, with 
Effective Address Using Base 
Register of: 

[EAX] OS DS,CS,SS,ES,FS,GS 
[EBX] OS DS,CS,SS,ES,FS,GS 
[ECX] OS DS,CS,SS,ES,FS,GS 
[EDX] OS DS,CS,SS,ES,FS,GS 
[ESI] OS DS,CS,SS,ES,FS,GS 
[ED!] mf DS,CS,SS,ES,FS,GS 
[EBP] SS DS,CS,SS,ES,FS,GS 
[ESP] SS DS,CS,SS,ES,FS,GS 
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The 1/0 ports are accessed via the IN and OUT 1/0 
instructions, with the port address supplied as an 
immediate 8-bit constant in the instruction or in the 
OX register. All 8- and 16-bit port addresses are zero 
extended on the upper address lines. The 1/0 in
structions cause the M/IO# pin to be driven low. 

1/0 port addresses OOF8H through OOFFH are re
served for use by Intel. 

2.9 INTERRUPTS 

2.9.1 Interrupts and Exceptions 

Interrupts and exceptions alter the normal program 
flow, in order to handle external events, to report 
errors or exceptional conditions. The difference be-, 
tween interrupts and exceptions is that interrupts are 
used to handle asynchronous external events while 
exceptions handle instruction faults. Although a pro
gram can, generate a software interrupt via an INT N 
instruction, the processor treats software interrupts 
as exceptions. 

Hardware interrupts occur as the result of an exter
nal event and are classified into two types: maskable 
or nori-maskable. Interrupts are serviced after the 
'execution of the current instruction. After the inter
rupt handler is finished servicing the interrupt, exe
cution proceeds with the instruction immediately af
ter the interrupted instruction. Sections 2.9.3 and 
2.9.4 discuss the differences between Maskable and 
Non-Maskable interrupts. 

Exceptions are classified as faults, traps, or aborts 
depending on the way they are reported, and wheth
er or not restart of the instruction causing the excep
tion is supported. Faults are exceptions that are de
tected and serviced before the execution of the 
faulting instruction. A fault would occur in a virtual 
memory system, when the processor referenced a 
page or a segment which was not present. The oper
ating system would fetch the page or segment from 
disk, and then the Intel386 OX would restart the in
struction. Traps are exceptions that are reported im
mediately after the execution of the instruction 
which caused the problem. User defined interrupts 
are examples of traps. Aborts are exceptions which 
do not permit the precise location of the instruction 
causing the exception to be determined. Aborts are 
used to report severe errors, such as a hardware 
error, or illegal values in system tables. 

Thus, when an interrupt service routine has been 
completed, execution proceeds from the instruction 
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immediately following the interrupted instruction. On 
the other hand, the return address from an excep
tion fault routine will always point at the instruction 
causing the exception and include any leading in
struction prefixes. Table 2-5 summarizes the possi
ble interrupts for the Intel386 OX and shows where 
the return address points. 

The Intel386 OX has the ability to handle up to 256 
different interrupts/exceptions. In order to service 
the interrupts, a table with up to 256 interrupt vec
tors must be defined. The interrupt vectors are sim
ply pointers to the appropriate interrupt service rou
tine. In Real Mode (see section 3.1), the vectors are 
4 byte quantities, a Code Segment plus a 16-bit off
set; in Protected Mode, the interrupt vectors are 8 
byte quantities, which are put in an Interrupt Descrip
tor Table (see section 4.1). Of the 256 possible inter
rupts, 32 are reserved for use by Intel, 'the remaining 
224 are free to be used by the system designer. 

2.9.2 Interrupt Processing 

When an interrupt occurs the following actions hap-
,pen. First, the current program address and the 
Flags are saved on the stack to allow resumption of 
the interrupted program. Next, an 8-bit vector is sup
plied to the Intel386 OX which identifies the appro
priate entry in the interrupt table. The table contains 
the starting address of the interrupt service routine. 
Then, the user supplied interrupt service routine is 
executed. Finally, when an IRET instruction is exe
cuted the old processor state is restored and pro
gram execution resumes at the appropriate instruc
tion. 

The 8-bit interrupt vector is supplied to the Intel386 
OX in several different ways: exceptions supply the 
interrupt vector internally; software INT instructions 
contain or imply the vector; maskable hardware in
terrupts supply the 8-bit vector via the interrupt ac
knowledge bus sequence. Non-Maskable hardware 
interrupts are assigned to interrupt vector 2. 

2.9.3 Maskable Interrupt 

Maskable interrupts are the most common way used 
by the Intel386 OX to respond to asynchronous ex
ternal hardware events. A hardware interrupt occurs 
when the INTR is pulled high and the Interrupt Flag 
bit (IF) is enabled. The processor only responds to 
interr!lpts between instructions, (REPeat String in
structions, have an "interrupt window", between 
memory moves, which allows interrupts during long 
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Table 2-5. Interrupt Vector Assignments 

Instruction Which 
Return Address 

Interrupt Points to . 
Function Can Cause Type 

Number Faulting 
Exception 

Instruction. 

Divide Error 0 DIV,IDIV YES FAULT 

Debug Exception 1 any instruction YES TRAp· 

NMllnterrupt 2 INT20rNMI NO NMI 

One Byte Interrupt 3 INT NO TRAP 

Interrupt on Overflow 4 INTO NO TRAP 

Array Bounds Check 5 .BOUND YES FAULT 

Invalid OP·Code· 6 Any Illegal Instruction YES FAULT 

Device Not Available 7 ESC,WAIT YES FAULT 

Double Fault 8 Any Instruction That Can ABORT 
Generate an Exceptiori 

Coprocessor Segment Overrun 9 ESC NO ABORT 

InvalidTSS 10 JMP, CALL, IRET, INT YES FAULT 

Segment Not Present 11 Segment Register Instructions YES FAULT 

Stack Fault 12 Stack References YES FAULT 

General Protection Fault 13 Any Memory Reference YES' FAULT 

Intel Reserved 15 

Page Fault 14 Any Memory Access or Code Fetch YES FAULT 

Coprocessor Error 16 ESC,WAIT YES FAULT 

Intel Reserved 17-31 

Two Byte Interrupt 0-255 INTn NO TRAP 
• Some debug exceptions may report both traps on the prevIous InstructIOn, a~d faults on the next Instruction. . 

string moves). When an interrupt occurs the proces· 
sor reads an 8·bit vector supplied by the hardware 
which identifies the source of the interrupt, (one of 
224 user defined interrupts). The exact nature of the 
interrupt sequence is discussed in section 5. 

The IF bit in the EFLAG registers is reset when an 
interrupt is being serviced. This effectively disables 
servicing additional interrupts during an· interrupt 
service routine. However, the IF may be set explicitly 
by the interrupt handler, to allow the nesting of inter· 
rupts. When an IRET instruction is executed the 
original ~tate of the IF is restored. 

2.9.4 Non-Maskable Interrupt 

Non·maskable interrupts provide a method of servic· 
ing very high priority interrupts. A common example 
of the use of a non·maskable interrupt (NMI) would 
be to activate a power failure routine. When the NMI 
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input is pulled high it causes an interrupt with an 
internally supplied vector value of 2. Unlike a normal 
hardware interrupt, no interrupt acknowledgment se· 
quence is performed for an NMI. 

While executing the NMI servicing procedure, the In
tel386 DX will not service further NMI requests, until 
an interrupt return (IRET) instruction is executed or 
the processor is reset. If NMI occurs while currently 
servicing an NMI, its presence will be saved for servo 
icing after executing the first IRET instruction. The IF 
bit is cleared at the beginning of. an NMI interrupt to 
inhibit further INTR interrupts. 

2.9.5 Software Interrupts 

A third type of interrupt/exception for the .lntel386 
DX is the software interrupt. An INT n instruction 
causes the processor to execute the interrupt servo 
ice routine pointed to by the nth vector in the inter· 
rupt table. 
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A special case of the two byte software interrupt INT 
n is the one byte INT 3, or breakpoint interrupt. By 
inserting this one byte instruction in a program, the 
user can set breakpoints in his program as a debug
ging tool. 

A final type of software interrupt, is the single step 
interrupt. It is discussed in section 2.12. 

2.9.6 Interrupt and Exception 
Priorities 

Interrupts are externally-generated events. Maska
ble Interrupts (on the INTR input) and Non-Maskable 
Interrupts (on the NMI input) are recognized at in
struction boundaries. When NMI and maskable 
INTR are both recognized at the same instruction 
boundary, the Intel386 DX invokes the NMI service 
routine first. If, after the NMI service routine has 
been invoked, maskable interrupts are still enabled, 
then the Intel386 DX will invoke the appropriate in
terrupt service routine. 

Table 2-6a. Intel386TM OX Priority for 
Invoking Service Routines in Case of 

Simultaneous External Interrupts 

1.NMI 

2.INTR 

Exceptions are internally-generated events. Excep
tions are detected by the Intel386 DX if, in the 
course of executing an instruction, the Intel386 DX 
detects a problematic condition. The Intel386 DX 
then immediately invokes the appropriate exception 
service routine. The state of the Intel386 DX is such 
that the instruction causing the exception can be re
started. If the exception service routine has taken 
care of the problematic condition, the instruction will 
execute without causing the same exception. 

It is possible for a single instruction to generate sev
eral exceptions (for example, transferring a single 
operand could generate two page faults if the oper
and location spans two "not present" pages). How
ever, only one exception is generated upon each at
tempt to execute the instruction. Each exception 
service routine should correct its corresponding ex
ception, and restart the instruction. In this manner, 
exceptions are serviced until the instruction exe
cutes successfully. 

As the Intel386 DX executes instructions, it follows a 
consistent cycle in checking for exceptions, as 
shown in Table 2-6b. This cycle is repeated 
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as each instruction is executed, and occurs in paral
lel with instruction decoding and execution. 

Table 2-6b. Sequence of Exception Checking 

Consider the case of the Intel386 DX having just 
completed an instruction. It then performs the 
following checks before reaching the point where 
the next instruction is completed: 

1. Check for Exception 1 Traps from the instruc
tion just completed (single-step via Trap Flag, 
or Data Breakpoints set in the Debug Regis
ters). 

2. Check for Exception 1 Faults in the next in
struction (Instruction Execution Breakpoint set 
in the Debug Registers for the next instruc
tion). 

3. Check for external NMI and INTR. 

4. Check-for Segmentation Faults that prevented 
fetching the entire next instruction (exceptions 
11 or 13). 

5. Check for Page Faults that prevented fetching 
the entire next instruction (exception 14). 

6. Check for Faults decoding the next instruction 
(exception 6 if illegal opcode; exception 6 if in 
Real Mode or in Virtual 8086 Mode and at
tempting to execute an (nstruction for Protect
ed Mode only (see 4.6.4); or exception 13 if 
instruction is longer than 15 bytes, or privilege 
violation in Protected Mode (Le. not at IOPL or 
at CPL=O). 

7. If WAIT opcode, check if TS= 1 and MP=.1 
(exception 7 if both are 1). 

8. If ESCAPE opcode for numeric coprocessor, 
check if EM = 1 or TS = 1 (exception 7 if either 
are 1). 

9. If WAIT opcode or ESCAPE opcode for nu
meric coprocessor, check ERROR # input sig
nal (exception 16 if ERROR# input is assert
ed). 

10. Check in the following order for each memo
ry reference required by the instruction: 

a. Check for Segmentation Faults that pre
vent transferring the entire memory quanti
ty (exceptions 11, 12, 13). 

b. Check for Page Faults that prevent trans
ferring the entire memory quantity (excep-
tion 14). . 

Note that the order stated supports the concept 
of the paging mechanism being "underneath" 
the segmentation mechanism. Therefore, for any 
given code or data reference in memory, seg
mentation exceptions are generated before pag
ing exceptions are generated. 
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2.9.7 Instruction Restart 

The Intel386 DX fully supports restarting all instruc
tions after faults. If an exception is detected in the 
instruction to be executed (exception categories 4 
through 10 in Table 2-6b), the Intel386 DX invokes 
the appropriate exception service routine. The In
tel386 DX is in a state that permits restart of the 
instruction, for all cases but those in Table 2-6c. 
Note that all such cases are easily avoided by prop
er design of the operating system. 

Table 2-6c. Conditions Preventing 
Instruction Restart 

A. An instruction causes 'a' task switch to a task 
whose Task State Segment is partially "not 
present". (An entirely "not present" TSS is re
startable.) Partially present TSS's can be 
avoided either by keeping the TSS's of such 
tasks present in memory, or by aligning TSS 
segments to reside entirely within a singl.e 4K 
page (for TSS segments of 4K bytes or less). 

B. A coprocessor operand wraps around the top 
of a 64K-byte segment or a 4G-byte .segment, 
and spans three pages, and the page holding 
the middle portion of the operand is "not pres
ent." This condition can be avoided by starting 
at a page boundary any segments containing 
coprocessor operands if the segments are ap
proximately 64K-200 bytes or larger (i.e. large 
enough for wraparound of the coprocessor 
operand to possibly occur). 

Note that these conditions are avoided by using 
the operating system designs mentioned in this 
table. . 

2.9.8 Double Fault 

A Double Fault (exception 8) results when the proc
essor attempts to invoke an exception service rou
tine for the segment exceptions (10, 11, 12 or 13), 
but in the process of doing so, detects an exception 
other than a Page Fault (exception 14). 

A Double Fault (exception 8) will also be generated 
when the processor attempts to invoke the Page 
Fault (exception 14) service routine, and detects an 
exception other than a second Page Fault. In any 
functional system, the entire Page Fault service rou
tine must remain "present" in memory. 

Double page faults however do not raise the double 
fault exception. If a second page fault occurs while 
the processor is attempting to enter the service rou
tine for the first time, then the processor will invoke 
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the page fault (exception 14) handler a second time, 
rather than the double fault (exception 8) handler. A 
subsequent fault, though, will lead to shutdown. 

When a Double Fault occurs, the Intel386 DX in
vokes the exception service routine for exception 8. 

2.10 RESET AND INITIALIZATION 

When the processor is initialized or Reset the regis
ters have the values shown in Table 2-7. The In
tel386 DX will then start executing instructions near 
the top of physical memory, at location FFFFFFFOH. 
When the first InterSegment Jump or Call is execut
ed, address lines A20-31 will drop low for CS-rela
tive memory cycles, and the Intel386 DX will only 
execute instructions in the lower one megabyte of 
physical memory. This allows the system designer to 
use a ROM at the top of physical memory to initialize 
the system and take care of Resets. 

RESET forces the Intel386 DX to terminate all exe
cution and local bus activity. No instruction execu
tion or bus activity will occur as long as Reset is 
active. Between 350 and 450 CLK2 periods after 
Reset becomes inactive the Intel386 DX will start 
executing instructions at the top of physical memory. 

Table 2-7. Register Values after Reset 

Flag Word UUUU0002H Note 1 
Machine Status Word (CRO) UUUUUUUOH Note 2 
Instruction Pointer OOOOFFFOH 
Code Segment FOOOH Note 3 
Data Segment OOOOH 
Stack Segment OOOOH 
Extra Segment"{ES) OOOOH 
Extra Segment (FS) OOOOH 
Extra Segment (GS) OOOOH 
DX register component and 

stepping ID Note 5 
All other registers undefined Note 4 

NOTES: 
1. EFLAG Register. The upper 14 bits of the EFLAGS reg
ister are undefined, VM (Bit 17) and RF (Bin 16 are 0 as 
are ali other defined flag bits. 
2. GRO: (Machine Status Word). Ali of the defined· fields in 
the GRO are 0 (PG Bit 31, TS Bit 3, EM Bit 2, MP Bit 1, and 
PE Bit 0). 
3. The Code Segment Register (GS) will have its Base Ad
dress set to FFFFOOOOH and Limit set to OFFFFH. 
4. All undefined bits are Intel Reserved and should not be 
used. 
5. DX register always holds component and stepping iden
tifier (see 5.7). EAX register holds self-test signature if self
test was requested (see 5.6). 
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2.11 TESTABILITY 

2.11.1 Self-Test 

The Intel386 OX has the capability to perform a self
test. The self-test checks the function of all of the 
Control ROM and most of the non-random logic of 
the pan. Approximately one-half of the Intel386 OX 
can be tested during self-test. 

Self-Test is initiated on the Intel386 OX when the 
RESET pin transitions from HIGH to LOW, and the 
BUSY# pin is low. The self-test takes about 2"1'9 
clocks, or approximately 26 milliseconds with a 
20 MHz Intel386 OX. At the completion of self-test 
the processor performs reset and begins normal op
eration. The part has successfully passed self-test if 
the contents of the EAX register are zero (0). If the 
results of EAX are not zero then the self-test has 
detected a flaw in the part. 

2.11.2 TLB Testing 

The Intel386 OX provides a mechanism for testing 
the Translation Lookaside Buffer (TLB) if desired. 
This particular mechanism is unique to the Intel386 
OX and may not be continued in the same way in 
future processors. When testing the TLB paging 
must be turned off (PG = 0 in CRO) to enable the 
TLB testing hardware and avoid interference with 
the test data being written to the TLB. 

There are two TLB testing operations: 1) write en
tries into the TLB, and, 2) perform TLB lookups. Two 
Test Registers, shown in Figure 2-12, are provided 
for the purpose of testing. TR6 is the "test command 
register", and TR7 is the "test data register". The 
fields within these registers are defined below. 

C: This is the command bit. For a write into TR6 to 
cause an immediate write into the TLB entry, write a 
o to this bit. For a write into TR6 to cause an immedi
ate TL,B lookup, write a 1 to this bit. 

Linear Address: This is the tag field of the TLB. On 
a TLB write, a TLB entry is allocated to this linear 
address and the rest of that TLB entry is set per the 
value of TR7 and the value just written into TR6. On 
a TLB lookup, the TLB is interrogated per this value 
and if one and only one TLB entry matches, the rest 
of the fields of TR6 and TR7 are set from the match
ing TLB entry. 

Physical Address: This is the data field of the TLB. 
On a write to the TLB, the TLB entry allocated to the 
linear address in TR6 is set to this value. On a TLB 
lookup, the data field (physical address) from the 
TLB is read out to here. ' 
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PL: On a TLB write, PL= 1 causes the REP field of 
TR7 to select which of four associative blocks of the 
TLB is to be written, but PL = 0 allows the internal 
pointer in the paging unit to select which TLB block 
is written. On a TLB lookup, the PL bit indicates 
whether the lookup was a hit (PL gets set to 1) or a 
miss (PL gets reset to 0). 

V: The valid bit for this TLB entry. All valid bits can 
also be cleared by writing to CR3. 

D, D#: The dirty bit for/from the TLB entry. 

U, U#: The user bit for/from the TLB entry. 

W, W#: The writable bit for/from the TLB entry. 

For 0, U and W, both the attribute and its comple
ment are provided as tag bits, to permit the option of 
a "don't care" on TLB lookups. The meaning of 
these pairs of bits is given in the following table: 

X X# 
Effect During Value of Bit 
TLB Lookup X after TLB Write 

0 0 Miss All Bit X Becomes Undefined 
0 1 Match if X = 0 Bit X Becomes 0 
1 0 Match if X = 1 Bit X Becomes 1 
1 1 Match all Bit X Becomes Undefined 

For writing a TLB entry: 

1. Write TR7 for the desired physical address, PL 
and REP values. 

2. Write TR6 with the appropriate linear address, 
etc. (be sure to write C = 0 for "write" com
mand). 

For looking up (reading) a TLB entry: 

1. Write TR6 with the appropriate linear address (be 
sure to write C = 1 for "lookup" command). 

2. Read TR7 and TR6. If the PL bit in TR7 indicates 
a hit, then the other values reveal the TLB con
tents. If PL indicates a miss, then the other values 
in TR7 and TR6 are indeterminate. 

2.12 DEBUGGING SUPPORT 

The Intel386 OX provides several features which 
simplify the debugging process. The three catego
ries of on-chip debugging aids are: 

1) the code execution breakpoint opcode (OCCH), 

2) the single-step capability provided by the TF bit in 
the flag register, and 

3) the code and data breakpoint capability provided 
by the Debug Registers DRO-3, DR6, and DR7. 
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31 12 11 0 

LINEAR ADDRESS 
V D D U U W W o. 01 0 0 C 

# # # 
TR6 

PHYSICAL ADDRESS 0 0 0 0 () 0 0 
P 

REP 0 0 L 
TR7 

NOTE: IT] indicates Intel reserved: Do not define; SEE SECTION 2.3.10 
.. , 

Figure 2-12. Test Registers 

2.12.1 Breakpoint Instruction 

A single-byte-opcode breakpoint instruction is avail
able for use by software debuggers. The breakpoint 
opcode is OCCh, and generates an exception 3 trap 
when executed. In typical use, a debugger program 
can "plant" the breakpoint instruction at all desired 
pode execution breakpoints. The single-byte break
point opcode is an alias for the two-byte general 
software interrupt instruction, INT n, where n = 3. 
The only difference between INT 3 (OCCh) and INT n 
is that INT 3 is never IOPL-sensitive butlNT n is 
IOPL-sensitive in Protected Mode and Virtual 8086 
Mode. 

2.12.2 Single-Step Trap 

If the single-step flag (TF, bit 8) in the EFLAG regis
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex
ception is auto vectored to exception number 1. Pre
cisely, exception 1 occurs as a trap after the instruc
tion following the instruction which set TF. In typical 
practice, a debugger sets the TF bit of a flag register 
image on the debugger's stack. It then typically 
transfers control to the user program and loads the 
flag image with a signal instruction, the IRET instruc
tion. The single-step trap occurs after executing one 
instruction of the user program. 

Since the exception 1 occurs as a trap (that is, it 
occurs after the instruction has already executed), 
~he CS:EIP pushed onto the debugger's stack points 
to the next unexecuted instruction of the program 
being debugged. An exception 1 handler, merely by 
ending with an IRET instruction, can therefore effi~ 
ciently support single-stepping through a user pro
gram. 

2.12.3 Debug Registers 

The Debug Registers are an advanced debugging 
feature of the Intel386 DX. They allow data access 
breakpoints as well as code execution breakpoints. 
Since the breakpoints a~e indicated by on-chip regis
ters, an instruction execution breakpoint can be 
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placed in ROM code or in code shared by several 
tasks, neither of which can be supported by the INT3 
breakpoint opcode. 

The Intel386 DX contains six Debug Registers, pro
viding the ability to specify up to four distinct break
points addresses, breakpoint control options, and 
read breakpoint status. Initially after reset, break
points are in the disabled state. Therefore, no break
pOints will occur unless the debug registers are pro
grammed. Breakpoints set up in the Debug Regis
ters are autovectored to exception number 1. 

2.12.3.1 LINEAR ADDRESS BREAKPOINT 
REGISTERS (DRO-DR3) 

Up to four breakpoint addresses can be specified by 
writing into Debug Registers DRO-DR3, shown in 
Figure 2-13. The breakpoint addresses specified are 
32-bit linear addresses. Intel386 DX hardware con
tinuously compares the linear breakpoint addresses 
in DRO-DR3 with the linear addresses generated by 
executing software (a linear address is the result of 
computing the effective address and adding the 
32-bit segment base address). No,te that if paging ,is 
not enabled the linear address equals the physical 
address. If paging is enabled, the linear address is 
translated to a physical 32-bit address by the on
chip paging unit. Regardless of whether paging is 
enabled or not, however, the breakpoint registers 
hold linear addresses. 

2.12.3.2 DEBUG CONTROL REGISTER (DR7) 

A Debug Control Register, DR7 shown in Figure 
2-13, allows several debug control functions such as 
enabling the breakpoints and setting up' other con
trol options for the breakpoints. The fields within the 
Debug Control Register, DR7, are as follows: 

LENi (breakpoint length specification bits) 

A 2-bit LEN field exists for each of the four break
points. LEN specifies the length of the associated 
breakpoint field, The choices for data breakpoints 
are: 1 byte, 2 bytes, and 4 bytes. Instruction execu-
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31 16 15 0 

BREAKPOINT 0 LINEAR ADDRESS ORO 

BREAKPOINT 1 LINEAR ADDRESS DR1 

BREAKPOINT 2 LINEAR ADDRESS DR2 

BREAKPOINT 3 LINEAR ADDRESS DR3 

Intel reserved. Do not define. DR4 

Intel reserved. Do not define. DR5 

0 B B B o 0 000 0 ~ o B B B B DR6 
T S 0 3 2 1 0 r-

LEN !R[W! LEN !R!W!LEN !R!W! LEN I~I W 0 o G 00 o G L G L G L G L G L DR? 
333222111000 0 E E 3 3 2 2 1 1 0 0 

31 16 15 0 

NOTE: ~ indicates Intel reserved: Do not define; SEE SECTION 2.3.10 

Figure 2-13. Debug Registers 

tion breakpoints must have a length of 1 (LENi = 
00). Encoding of the LENi field is as follows: 

Usage of Least 
LENi Breakpoint Significant Bits in 

Encoding Field Width Breakpoint Address 
Register i, (i=0-3) 

00 1 byte All 32-bits used to 
specify a single-byte 
breakpoint field. 

01 2 bytes A 1-A31 used to 
specify a two-byte, 
word-aligned 
breakpoint field. AO in 
Breakpoint Address 
Register is not used. 

10 Undefined-
do not use 

this encoding 

11 4 bytes A2-A31 used to 
specify a four-byte, 
dword-aligned 
breakpoint field. AO 
and A 1 in Breakpoint 
Address Register are 
not used. 

The LENi field controls the size of breakpoint field i 
by controlling whether all low-order linear address 
bi,ts in the breakpoint address register are used to 
detect the breakpoint event. Therefore, all break
point fields are aligned; 2-byte breakpoint fields be
gin on Word boundaries, and 4-byte breakpoint 
fields begin on Dword boundaries. 

I 

The following is an example of various size break
point fields. Assume the breakpoint linear address in 
DR2 is 00000005H. In that situation, the following 
illustration indicates the region of the breakpoint 
field for lengths of 1, 2, or 4 bytes. 

DR2 = 00000005H; LEN2 = OOB 
31 0 

I I Ib~ fI~1 I~~:~:: 
DR2 = 00000005H; 
31 

LEN2 = 01B 

I 
o 

I 00000008H 
r------r----+-----L---~ 

- bkpt fld2 - 00000004H 

I OOOOOOOOH L-____ ~ ____ L-____ L_ __ ~ 

DR2 = 00000005H; LEN2 = 11B 
31 

I I I 
0 

I 00000008H - bkpt fld2 - 00000004H 

I OOOOOOOOH 
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RWi (memory access qualifier bits) 

A 2-bit RW field exists for each of the four break
points. The 2-bit RW field specifies the type of usage 
which must occur in order to activate the associated 
breakpoint. 

RW Usage 
Encoding Causing Breakpoint 

00 Instruction execution only 
01 Data writes only 
10 Undefined-do not use this encoding 
11 Data reads and writes only 

RW encoding 00 is used to set up an instruction 
execution breakpoint. RW encodings 01 or 11 are 
used to set up write-only or read/write data break
points. 

Note that instruction execution breakpoints are 
taken as faults (i.e. before the instruction exe
cutes), but data breakpoints are taken as traps 
(i.e. after the data transfer takes place). 

Using LENi and RWi to Set Data Breakpoint i 

A data breakpoint can be set up by writing the linear 
address into DRi (i = 0-3). For data breakpoints, 
RWi can = 01 (write-only) or 11 (write/read). LEN 
can = 00,01, or 11. 

If a data access entirely or partly falls within the data 
breakpoint field, the data breakpoint condition has 
occurred, and if the breakpoint is enabled, an excep
tion 1 trap will occur. 

Using LENi and RWi to Set Instruction Execution 
Breakpoint i 

An instruction execution breakpoint can be set up by 
writing address of the beginning of the instruction 
(including prefixes if any) into DRi (i = 0-3). RWi 
must = 00 and LEN must = 00 for instruction exe
cution breakpoints. 

If the instruction beginning at the breakpoint address 
is about to be executed, the instruction execution 
breakpoint condition has occurred, and if the break
point is enabled, an exception 1 fault will occur be
fore the instruction is executed. 

Note that an instruction execution breakpoint ad
dress must be equal to the beginning byte address 
of an instruction (including prefixes) in order for the 
instruction execution breakppint to occur. 

GD (Global Debug Register access detect) 

The Debug Registers can only be accessed in Real 
Mode or at privilege level 0 in Protected Mode. The 
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GD bit, when set, provides extra protection against 
any Debug Register access even in Real Mode or at 
privilege level 0 in Protected Mode. This additional 
protection feature is provided to guarantee that a 
software debugger (or ICETM-386) can have full con
trol over the Debug Register resources when re
quired. The GD bit, when set, causes an exception 1 
fault if an instruction attempts to read or write any 
Debug Register. The GD bit is then automatically 
cleared when the exception 1 handler is invoked, 
allowing the exception 1 handler free access to the 
debug registers. 

GE and LE (Exact data breakpoint match, global and 
local) 

If either GE or LE is set, any data breakpoint trap will 
be reported exactly after completion of the instruc
tion that caused the operand transfer.· Exact report
ing is provided by forcing the Intel386 DX execution 
unit to wait for completion of data operand transfers 
before beginning execution of the next instruction. 

If exact data breakpoint match is not selected, data 
breakpoints may not be reported until several in
structions later or may not be reported at all. When 
enabling a data breakpoint, it is therefore recom
mended to enable the exact data breakpoint match. 

When the Intel386 DX performs a task switch, the 
LE bit is cleared. Thus, the LE bit supports fast task 
switching out of tasks, that have enabled the exact 
data breakpoint match for their task-local break
points. The LE bit is cleared by the processor during 
a task switch, to avoid having exact data breakpoint 
match enabled in the new task. Note that exact data 
breakpoint match must be re-enabled under soft
ware control. 

The Intel386 OX GE bit is unaffected during a task 
switch. The GE bit supports exact data breakpoint 
match that is to remain enabled during all tasks exe
cuting in the system. 

Note that instruction execution breakpoints are al
ways reported exactly, whether or not exact data 
breakpoint match is selected. 

Gi and li (breakpoint enable, global and local) 

If either Gi or li is set then the associated breakpoint 
(as defined by the linear address in DRi, the length 
in LENi and the usage criteria in RWi) is enabled. If 
either Gi or li is set, and the Intel386 DX detects the 
ith breakpoint condition, then the exception 1 han
dier is invoked. 

When the Intel386 DX performs a task switch to a 
new Task State Segment (TSS), all li bits are 
cleared. Thus, the li bits support fast task switching 
out of tasks that use some task-local breakpoint 
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registers. The Li bits are cleared by the processor 
during a task switch, to avoid spurious exceptions in 
the new task. Note that the breakpoints must be re
enabled under software control. 

All Intel386 DX Gi bits are unaffected during a task 
switch. The Gi bits support breakpoints that are ac
tive in all tasks executing in the system. 

2.12.3.3 DEBUG STATUS REGISTER (DR6) 

A Debug Status Register, DR6 shown in Figure 2-13, 
allows the exception 1 handler to easily determine 
why it was invoked. Note the exception 1 handler 
can be invoked as a result of one of several events: 

1) DRO Breakpoint fault/trap. 

2) DR1 Breakpoint fault/trap. 

3) DR2 Breakpoint fault/trap. 

4) DR3 Breakpoint fault/trap. 

5) Single-step (TF) trap. 

6) Task switch trap. 

7) Fault due to attempted debug register access 
when GD=1. 

The Debug Status Register contains single-bit flags 
for each of the possible events invoking exception 1. 
Note below that some of these events are faults (ex
ception taken before the instruction is executed), 
while other events are traps (exception taken after 
the debug events occurred). 

The flags in DR6 are set by the hardware but never 
cleared by hardware. Exception 1 handler software 
should clear DR6 before returning to the user pro
gram to avoid future confusion in identifying the 
source of exception 1. 

The fields within the Debug Status Register, DR6, 
are as follows: 

Bi (debug fault/trap due to breakpoint 0-3) 

Four breakpoint indicator flags, BO-B3, correspond 
one-to-one with the breakpoint registers in DRO
DR3. A flag Bi is set when the condition described 
by DRi, LENi, and RWi occurs. 

If Gi or Li is set, and if the ·ith breakpoint is detected, 
the processor will invoke the exception 1 handler. 
The exception is handled as a fault if an instruction 
execution breakpoint occurred, or as a trap if a data 
breakpoint occurred. .. 

. IMPORTANT NOTE: A flag Bi is set whenever the 
hardware detects a match condition on enabled 
breakpoint i. Whenever a match is detected on at 
least one enabled breakpoint i, the hardware imme-
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diately sets all Bi bits corresponding to breakpoint 
conditions matching at that instant, whether enabled 
or not. Therefore, the exception 1 handler may see 
that multiple Bi bits are set, but only set Bi bits corre
sponding to enabled breakpoints (Li or Gi set) are 
true indications of why the exception 1 handler was 
invoked. 

BD (debug fault due to attempted register access 
when GD bit set) 

This bit is set if the exception 1 handler was invoked 
due to an instruction attempting to read or write to 
the debug registers when GD bit was set. If such an 
event occurs, then the GD bit is automatically 
cleared when the exception 1 handler is invoked, 
allowing handler access to the debug registers. 

BS (debug trap due to single-step) 

This bit is set if the exception 1 handler was invoked 
due to the TF bit in the flag register being set (for 
single-stepping). See section 2.12.2. 

BT (debug trap due to task switch) 

This bit is set if the exception 1 handler was invoked 
due to a task switch occurring to a task having an 
Intel386 DX TSS with the T bit set. (See Figure 
4-15a). Note the task switch into the new task oc
curs normally, but before the first instruction of the 
task is executed, the exception 1 handler is invoked. 
With respect to the task switch operation, the opera
tion is considered to be a trap. 

2.12.3.4 USE OF RESUME FLAG (RF) IN FLAG 
REGISTER 

The Resume Flag (RF) in the flag word can sup
press an instruction execution breakpoint when the 
exception 1 handler returns to a user program at a 
user address which is also an instruction execution 
breakpoint. See section 2.3.3. 

3. REAL MODE ARCHITECTURE 

3.1 REAL M()DE INTRODUCTION 

When the processor is reset or powered up it is ini
tialized in Real Mode. Real Mode has the same base 
architecture as the 8086, but allows access to the 
32-bit register set of the Intel386 DX. The address
ing mechanism, memory size, interrupt handling, are 
all identical to the Real Mode on the 80286 . 
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MAX LIMIT 
,IXED AT 64K IN 
REAL MODE 

MEMORY OPERAND 

SELECTED 
SEGMENT 

L..-_---1_ - - -~I-----f.---
SEGMENT BASE 

231630-54 

Figure 3-1. Real Address Mode Addressing 

All of the Intel386 DX instructions are available in 
Real Mode (except those instructions listed in 4.6.4). 
The default operand size in Real Mode is 16-bits, 
just like the 8086. lri order to use the 32-bit registers 
and addressing modes, override prefixes must be 
used. In addition, the segment size on the Intel386 
DX in Real Mode is 64K bytes so 32-bit effective 
addresses must have a value less the OOOOFFFFH. 

, The primary purpose of Real Mode is to set up the 
processor for Protected MO,de Operation. 

The LOCK prefix on the Intel386 DX, even in Real 
Mode, is more restrictive than on the 80286. This is 
due to the addition of paging on the Intel386 DX in 
Protected Mode and Virtual 8086 Mode. Paging 
makes it impossible to guarantee that repeated 
string instructions can be LOCKed. The Intel386 DX 
can't require that all pages holding the string be 
physically present in memory. Hence, a Page Fault 
(exception 14) might have to be taken during the 
repeated string instruction. Ther.afore the LOCK pre
fix can't be supported during repeated string instruc
tions. 

These are the only instruction forms where the 
LOCK prefix is legal on the Intel386 DX: 

Opcode 
Operands 

(Dest, Source) 

BIT Test and Mem, Reg/immed 
SET/RESET/COMPLEMENT 

XCHG Reg, Mem 
XCHG Mem, Reg 
ADD, OR, ADC, SBB, Mem, Reg/immed 

AND, SUB, XOR 
NOT, NEG, INC, DEC Mem 

An exception 6 will be generated if a LOCK prefix is 
placed before any instruction form or opcode not 
listed above. The LOCK prefix allows indivisible 
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read/modify/write operations on memory operands 
using the instructions above. For example, even the 
ADD Reg, Mem is not LOCKable, because the Mem 
operand is not the destination (and therefore n'o 
memory read/modify/operation is being performed). 

Since, on the Intel386 DX, repeated string instruc
tions are not LOCKable, it is not possible to LOCK 
the bus for a long period of time. Therefore, the 
LOCK prefix is, not IOPL-sensitive on the Intel386 
DX. The LOCK prefix can be used at any privilege 
level, but only on the instruction forms listed above. 

3.2 MEMORY ADDRESSING' 

In Real Mode the maximum memory size is limited to 
1 megabyte. Thus, only address lines A2-A19 are 
active. (Exception, the high address lines A20-A31 
are high during CS-relative memory cycles until an 
intersegment jump or call is executed (see section 
2.10». 

Since paging is not allowed in Real Mode the linear 
addresses are ,the same as physical addresses. 
Physical addresses are formed in Real Mode by 
adding the contents of the appropriate segment reg
ister which is shifted left by four bits to an effective 
address. This addition results in a physical address 
from OOOOOOOOH to 0010FFEFH. This is compatible 
with 80286 Real Mode. Since segment registers are 
shifted left by 4 bits this implies that Real Mode seg
mentsalways start on 16 byte boundaries. 

All segments in Real Mode are exactly 64K bytes 
long, and may be read, written, or executed. The 
Intel386 DX will generate an exception 13 if a data 
operand or instruction fetch occurs past the end of a 
segment. (Le. if an operand has an offset greater 
than FFFFH, for example a word with a low byte at 
FFFFH and the high byte at OOOOH.) 
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Segments may be overlapped in Real Mode. Thus, if 
a particular segment does not use all- 64K bytes an
other segment can be overlayed on top of the un
used portion of the previous segment. This allows 
the programmer to minimize the amount of physical 
memory needed for a program. 

3.3 RESERVED LOCATIONS 

There are two fixed areas in memory which are re
served in Real address mode: system initialization 
area and the interrupt table area. Locations OOOOOH 
through 003FFH are reserved for interrupt vectors. 
Each one of the 256 possible interrupts has a 4-byte 
jump vector reserved for it. Locations FFFFFFFOH 
through FFFFFFFFH are reserved for system initiali
zation. 

3.4 INTERRUPTS 

Many of the exceptions shown in Table 2-5 and dis
cussed in section 2.9 are not applicable to Real 
Mode operation, in particular exceptions 10, 11, 14, 
will not happen in Real Mode. Other exceptions 
have slightly different meanings in Real Mode; Table 
3-1 identifies these exceptions. 

3.5 SHUTDOWN AND HALT 

The HL T instruction stops program execution and 
prevents the processor from using the local bus until 
restarted. Either NMI, INTR with interrupts enabled 
(IF= 1), or RESET will force the Intel386 DX out of 
halt. If interrupted, the saved CS:IP will point to the 
next instruction after the HL T. -

Shutdown will occur when a severe error is detected 
that prevents further processing. In Real Mode, 
shutdown can occur under two conditions: 

An interrupt or an exception occur (Exceptions 8 
or 13) and the interrupt vector is larger than the 
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Interrupt Descriptor Table (Le. There is not an in
terrupt handler for the interrupt). 

A CALL, INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even. 
(e.g. pushing a value on the stack when SP = 
0001 resulting in a stack segment greater than 
FFFFH) 

An NMI input can bring the processor out of shut
down if the Interrupt Descriptor Table limit is large 
enough to contain the NMI interrupt vector (at least 
0017H) and the stack has enough room to contain 
the vector and flag information (Le. SP is greater 
than 0005H). Otherwise shutdown can only be exit
ed via the RESET input. 

4. PROTECTED MODE 
ARCHITECTURE 

4.1 INTRODUCTION 

The complete capabilities of the Intel386 DX are un
locked when the processor operates in Protected 
Virtual Address Mode (Protected Mode). Protected 
Mode vastly increases the linear address space to 
four gigabytes (232 bytes) and allows the running of 
virtual memory programs of almost unlimited size 
(64 terabytes or 246 bytes). In addition Protected 
Mode allows the Intel386 DX to run all of the existing 
8086 and 80286 software, while providing a sophisti
cated memory management and a hardware-assist
ed protection "mechanism. Protected Mode allows 
the use of additional instructions especially opti
mized for supporting multitasking operating systems. 
The base architecture of the Intel386 DX remains 
the same, the registers, instructions, and addressing 
modes described in the previous sections are re
tained. The main difference between Protected 
Mode, and Real Mode from a programmer's view is 
the increased address space, and a different ad
dressing mechanism. 

Table 3-1 

Interrupt Related Return 
Function 

Number Instructions Address Location 

Interrupt table limit too small 8 INT Vector is not Before 
within table limit Instruction 

CS, DS, ES, FS, GS 13 Word memory reference Before 
Segment overrun exception beyond offset = FFFFH. Instruction 

An attempt to execute 
past the end of CS segment. 

SS Segment overrun exception 12 Stack Reference Before 
beyond offset = FFFFH Instruction 
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4.2 ADDRESSING MECHANISM 

Like Real Mode, Protected Mode uses two compo
nents to, form the logical address, a, 16-bit selector is 
used to determine the linear base address of a seg
ment, the base address is added to a 32-bit effective 
address to form a 32-bit linear address. The linear 
address is then either used as the 32-bit physical 
address, or if paging is enabled the paging mecha
nism maps the 32-bit linear address into a 32-bit 
physical address. 

The difference between the two modes lies in calcu
lating the base address. In Protected Mode the se
lector is used to specify an index into an operating 

48/32 BIT POINTER 

system defined table (see Figure 4-1). The table 
contains the 32-qit base address of a given seg
ment. The physical address is formed by adding the 
base address obtained from the table to the offset. 

Paging provides an additional memory management 
mechanism which operates only in Protected Mode. 
Paging provides a means of managing the very large 
segments of the Intel386 OX. As,such, paging oper
ates beneath segmentation. The paging mechanism 
translates the protected linear address which comes 
from the segmentation unit into a physical address. 
Figure 4-2 shows the complete Intel386 OX address
ing mechanism with paging enabled. 

SEGMENT LIMIT 

'0------+ MEMORY OPERAND 

ACCESS RIGHTS 

LIMIT 

BASE ADDRESS 

SEGMENT 
DESCRIPTOR 

SEGMENT BASE 
ADDRESS 

SELECTED 
SEGMENT 

231630-55 

Figure 4-1. Protected Mode Addressing 
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\ 
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ACCESS RIGHTS DX CPU PAGING 
MECHANISM PHYSICAL 

LIMIT ~ ~ ADDRESS 

~ ~LINEAR~ BASE ADDRESS PAGE FRAME 

SEGMENT ADDRESS ADDRESS 
DESCRIPTOR 

Figure 4-2. Paging and Segmentation 

3-138 

PHYSICAL ADDRESS 

MEMORY OPERAND 

4KBYTES 

4KBYTES 

4KlIYTES 

PHYSICAL PAGE: 
4KBYTES 

4KBYTES 

4KBYTES 

4KBYTES 

231630-56 

I 



4.3 SEGMENTATION 

4.3.1 Segmentation Introduction 

Segmentation is one method of memory manage
ment. Segmentation provides the basis for protec
tion. Segments are used to encapsulate regions of 
memory which have common attributes. For exam
ple, all of the code of a given program could be con
tained in a segment, or an operating system table 
may reside in a segment. All information about a 
segment is stored in an 8 byte data structure called 
a descriptor. All of the descriptors in a system are 
contained in tables recognized by hardware. 

4.3.2 Terminology 

The following terms are used throughout the discus
sion of descriptors, privilege levels and protection: 

PL: Privilege Level-One of the four hierarchical 
privilege levels. Level 0 is the most privileged level 
and level 3 is the least privileged. More privileged 
levels are numerically smaller than less privileged 
levels. 

RPL: Requestor Privilege Level-The privilege level 
of the original supplier of the selector. RPL is deter
mined by the least two significant bits of a selector. 

DPL: Descriptor Privilege Level-This is the least 
privileged level at which a task may access that de
scriptor (and the segment associated with that de
scriptor). Descriptor Privilege Level is determined by 
bits 6:5 in the Access Right Byte of a descriptor. 

CPL: Current Privilege Level-The privilege level at 
which a task is currently executing, which equals the 
privilege level of the code segment being executed. 
CPL can also be determined by examining the low
est 2 bits of the CS register, except for conforming 
code segments. 

EPL: Effective Privilege Level-The effective privi
lege level is the least privileged of the RPL and DPL. 
Since smaller privilege level values indicate greater 
privilege, EPL is the numerical maximum of RPL and 
DPL. 

Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 

I 
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4.3.3 Descriptor Tables 

4_3.3.1 DESCRIPTOR TABLES INTRODUCTION 

The descriptor tables define all of the segments 
which are used in an Intel386 OX system. There are 
three types of tables on the Intel386 OX which hold 
descriptors: the Global Descriptor Table, Local De
scriptor Table, and the Interrupt Descriptor Table. All 
of the tables are variable length memory arrays. 
They can range in size between 8 bytes and 64K 
bytes. Each table can hold up to 8192 8 byte de
scriptors. The upper 13 bits of a selector are used as 
an index into the descriptor table. The tables have 
registers associated with them which hold the 32-bit 
linear base address, and the 16-bit limit of each ta
ble. 

Each of the tables has a register associated with it 
the GDTR, LDTR, and the IDTR (see Figure 4-3). 
The LGDT, LLDT, and LlDT instructions, load the 
base and limit of the Global, Local, and Interrupt De
scriptor Tables, respectively, into the appropriate 
register. The SGDT, SLOT, and SIDT instructions 
store the base and limit values. These tables are 
manipulated by the operating system. Therefore, the 
load descriptor table instructions are privileged in-
structions. . 

4.3.3.2 GLOBAL DESCRIPTOR TABLE 

The Global Descriptor Table (GOT) contains de
scriptors which are possibly available to all of the 
tasks in a system. The GOT can contain any type of 
segment descriptor except for descriptors which are 
used for servicing interrupts (Le. interrupt and trap 
descriptors). Every Intel386 DX system contains a 

LDTR 

IDTR 

GDTR 

15 0 

LDT LIMIT 

32 
PROGRAM INVISIBLE 
AUTOMATICALLY LOADED 
fROM LDT DESCRIPTOR 

231630-57 

Figure 4·3. Descriptor Table Registers 
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GOT. Generally the GOT contains code and data 
segments used by the operating systems and task 
state segments, and descriptors for the LOTs in a 
system. 

The first slot of the Global Oescriptor Table corre
sponds to the null selector and is not used. The null 
selector defines a null pointer value. 

4.3.3.3 LOCAL DESCRIPTOR TABLE 

LOTs contain descriptors which are associated with 
a given task. Generally, operating systems are de
signed so that each task has a separate LOT. The 
LOT may contain only code, data, stack, task gate, 
and call gate descriptors. LOTs provide a mecha
nism for isolating a given task's code and data seg
ments from the rest of the operating system, while 
the GOT contains descriptors for segments which 
are common to all tasks. A segment cannot be ac
cessed by a task if its segment descriptor does not 
exist in either the current LOT or the GOT. This pro
vides both isolation and protection for a task's seg
ments, while still allowing global data to be shared 
among tasks. 

Unlike the 6 byte GOT or lOT registers which contain 
a ba~e address and limit, the visible portion of the 
LOT register contains only a 16-bit selector. This se
lector refers to a Local Oescriptor Table descriptor in 
the GOT. 

4.3.3.4 INTERRUPT DESCRIPTOR TABLE 

The third table needed for Intel386 OX systems is 
the Interrupt Oescriptor Table. (See Figure 4-4.) The 
lOT contains the descriptors which point to the loca
tion of up to 256 interrupt service routines. The lOT 

31 

may contailJ only task gates, interrupt gates, and 
trap gates. The lOT should be at least 256 bytes in 
size in order to hold the descriptors for the 32 Intel 
Reserved Interrupts. Every interrupt used by a sys
tem must have an entry in the lOT. The lOT entries 
are referenced via INT instructions, external inter
rupt vectors, and exceptions. (See 2.9 Interrupts). 

I 
" 
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INTERRUPT #n 

GATE FOR 
INTERRUPT # ... 1 

· · · GATE FOR 
INTERRUPT #1 

GATE FOR 
INTERRUPT #0 

~ ~ 

INTERRUPT 
DESCRIPTOR 
TABLE 
(lOT) 
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Figure 4-4. Interrupt Descriptor 
Table Register Use 

4.3.4 Descriptors 

4.3.4.1 DESCRIPTOR ATTRIBUTE BITS 

The object to which the segment selector points to 
is called a descriptor. Oescriptors are eight byte 
quantities which contain attributes about a given re
gion of linear address space (Le. a segment). These 
attributes include the 32-bit base linear address of 
the segment, the 20-bit length and granularity of the 
segment, the protection level, read, write or execute 
privileges, the default size of the operands (16-bit or 

o BYTE 
, ADDRESS 

SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 0' 

BASE 31 ... 24 G D 0 AVL 
LIMIT 

P DPL S TYPE A 
BASE 

19 ... 16 
I I I 

23 ... 16 
+4 

BASE Base Address of the segment 
LIMIT The length of the segment 
P Present Bit 1 = Present 0 = Not Present 
DPL DeSCriptor Privilege Level 0-3 
S Segment Descriptor 0 = System DeSCriptor 1 = Code or Data Segment Descriptor 
TYPE Type of Segment 
A Accessed Bit 
G Granularity Bit 1 = Segment length is page granular 0 = Segment length is byte granular 
D Default Operation Size (recognized in code segment descriptors only) 1 = 32-bit segment 0 = 16·bit segment 
o Bit must be zero (0) for compatibility with future processors 
AVL Available field for user or OS 

NOTE: 
In a maximum-size segment (ie. a segment with G = 1 and segment limit 19 ... 0 = FFFFFH), the lowest 12 bits of the 
segment base should be zero (ie. segment base 11 ... 000 = OOOH). 

, Figure 4-5. Segment Descriptors 
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32-bit), and the type of segment. All of the attribute 
information about a segment is contained in 12 bits 
in the segment descriptor. Figure 4-5 shows the gen
eral format of a descriptor. All segments on the In
tel386 DX have three attribute fields in common: the 
P bit, the DPL bit, and the S bit. The Present P bit is 
1 if the segment is loaded in physical memory, if 
P = 0 then any attempt to access this segment caus
es a not present exception (exception 11). The De
scriptor Privilege Level DPL is a two-bit field which 
specifies the protection level 0-3 associated with a 
segment. 

(for code and data). The segment S bit in the seg
ment descriptor determines if a given segment is a 
system segment or a code or data segment. If the S 
bit is 1 then the segment is either a code or data 
segment, if it is 0 then the segment is a system seg
ment. 

4.3.4.2 Intel386TM DX CODE, DATA 
DESCRIPTORS.(S= 1) 

The Intel386 DX has two main categories of seg
ments system segments and non-system segments 

Figure 4-6 shows the general format of a code and 
data descriptor and Table 4-1 illustrates how the bits 
in the Access Rights Byte are interpreted. 

31 0 

SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 0 

LIMIT 
ACCESS BASE 

BASE 31 ... 24 G DIB 0 AVL RIGHTS +4 
19 ... 16 

BYTE 
23 ... 16 

DIB 1 = Default Instructions Attributes are 32·Bi15 G Granularity Bit 1 = Segment length is page granular 
0= Default Instruction Attributes are l6·Bits 0= Segment length is byte granular 

AVL Available field for user or OS 0 Bit must be· zero (0) for compatibility with future processors 

NOTE: 
In a maximum-size segment (ie. a segment with G = 1 and segment limit 19 ... 0 = FFFFFH), the lowest 12 bits of the 
segment base should be zero (ie. segment base 11 ... 000 = OOOH). 

Figure 4-6. Segment Descriptors 

Table 4-1. Access Rights Byte Definition for Code and Data Descriptions 

Bit 
Name Function 

Position 

7 Present (P) P=1 Segment is mapped into physical memory. 
P=O No mapping to physical memory exits, base and limit are not 

used. 
6-5 Descriptor Privilege Segment privilege attribute used in privilege tests. 

Level (DPL) 
4 Segment Descrip- S=1 Code or Data (includes stacks) segment descriptor 

tor (S) S=O System Segment Descriptor or Gate Descriptor 

3 Executable (E) E=O Descriptor type is data segment: If 
2 Expansion Direc- EDO Expand up segment, offsets must be ,;;: limit. Data 

tion (ED) ED = 1 Expand down segment, offsets must be > limit. Segment 
1 Writeable (W) W= 0 Data segment may not be written into. (S = 1, 

Type 
Field 
Definition 

3 
2 

Executable (E) 
Conforming (C) 

W = 1 

E = 1 
C=1 

Data segment may be written into. 
} 

E = 0) 

Descriptor type is code segment: 

} 
If 

Code segment may only be executed when Code 
CPL ~ DPL and CPL remains unchanged. Segment 

1 Readable (R) R=O Code segment may not be read. (S = 1, 
R=1 Code segment may be read. E = 1) 

0 Accessed (A) A=O Segment has not been accessed. 
A=1 Segment selector has been loaded into segment register or 

used by selector test instructions. 
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Code and data segments have several descriptor 
fields in common. The accessed A bit is set whenev
er the processor accesses a descriptor. The A bit is 
used by operating systems to keep usage statistics 
on, a given segment. The G bit, or granularity bit, 
specifies if a segment length is byte-granular or 
page-granular. Intel386 DX segments can be one 
megabyte long with byte, granularity (G = 0) or four 
gigabytes with page granularity (G = 1), (i.e., 220 
pages each page is 4K bytes in length). The granu
larity is totally unrelated to paging. An Inte1386, DX 
system can consist of segments with byte granulari
ty, "and page granularity, whether or not paging is 
enabled. 

The executable E bit tells if a segment is a code or 
data segment. A code segment (E = 1, S = 1) may be 
execute-only or execute/read as determined by the 
Read R bit. Code segments are execute only if 
R = 0, and execute/read if R = 1. Code segments 
may never be written into. 

NOTE:, 
Code segments may be modi.fied via aliases. Alias
es are writeable data segments which occupy the 
same range of linear address space as the code 
segment. 

The D bit indicates the default length for operands 
and effective addresses. If D= 1 then 32-bit oper
ands and 32-bit addressing modes are assumed. If 
D = 0 then 16-bit operands and 16-bit addressing 
modes are assumed. Therefore all existing 80286 
code segments will execute on the Intel386 DX as
suming the D bit is set o. 

Another attribute of code segments is determined by 
the conforming C bit. Conforming segments, C = 1, 
can be executed and shared by programs at differ
ent privilege levels. (See section 4.4 Protection.) 

31 16 

SEGMENT BASE 15 ... 0 

BASE 31 ... 24 1 G I 0 I 0 I 0 11!~-~~~~6 
Type Defines 

0 Invalid 
1 Available 80286 TSS 
2 LOT 
3 Busy 80286 TSS 
4 80286 Call Gale 
5 Task Gale (for 80286 or Inlel386TM OX Task) 
6 80286 Inlerrupl Gale 
7 60266 Trap Gale 

NOTE: 

Segments identified as data segments (E = 0, S = 1) 
are used for two types of Intel386 DX segments: 
stack and data segments. The expansion direction 
(ED) bit specifies if a segment expands downward 
(stack) or upward (data). If a segment is a stack seg
ment all offsets must be greater than the segment 
limit. On a data segment all offsets must be less 
than or equal to the limit. In other words, stack seg
ments start at the base linear address plus the maxi
mum segment limit and grow down to the base linear 
address plus the limit. On the other hand, data seg
ments start at the base linear address and expand to 
the base linear address plus limit. 

The write W bit controls the ability to write into a 
segment. Data segments are read-only if W = O. The 
stack segment must have W = 1. 

The B bit controls the size of the stack pointer regis
ter. If B'= 1, then PUSHes, POPs, and CALLs all use 
the 32-bit ESP register for stack references and as
sume an upper limit of FFFFFFFFH. If B = 0, stack 
instructions all use the 16-bit SP register and as
sume an upper limit of FFFFH. 

4.3.4.3 SYSTEM DESCRIPTOR FORMATS 

System segments describe information about oper
ating system tables, tasks, and gates. Figure 4-7 
shows the general format of system segment de
scriptors, and the various types of system segments. 
Intel386 DX system descriptors contain a 32-bit 
base linear address and a 20-bit segment limit. 
80286 system descriptors have a 24-bit base ad
dress and a 16-bit segment limit. 80286, system de
scriptors are identified by the upper 16 bits being all 
zero. 

0 

SEGMENT LIMIT 15 ... 0 0 

pi DPL I 0 I TYPE I BASE 
23 ... ,16 +4 

Type Defines 

8 Invalid 
9 Available Inlel386TM OX TSS 
A Undefined (Inlel Reserved) 
B Busy Inlel386TM' OX TSS 
C Inlel386TM OX Call Gale 
0 Undefined (lnlel Reserved) 
E Inlel386TM OX Inlerrupl Gale 
F Intel386™ ox Trap Gale 

In a maximum-size segment (ie. a segment with G = 1 and segment limit 19 ... 0 = FFFFFH), the lowest 12 bits of the 
segment base should be zero (ie,'segment base 11 ... 000=000H). 

Figure 4-7. System Segments Descriptors 
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4.3.4.4 LDT DESCRIPTORS (S = 0, TYPE = 2) 

LDT descriptors (S = 0 TYPE = 2) contain informa
tion about Local Descriptor Tables. LDTs contain a 
table of segment descriptors, unique to a particular 
task. Since the instruction to load the LDTR is only 
available at privilege level 0, the DPL field is ignored. 
LDT descriptors are only allowed in the Global De
scriptor Table (GDT). 

4.3.4.5 TSS DESCRIPTORS (S=O, 
TYPE = 1,3,9,8) 

A Task State Segment (TSS) descriptor contains in
formation about the location, size, and privilege level 
of a Task State Segment (TSS). A TSS in turn is a 
special fixed format segment which contains all the 
state information for a task and a linkage field to 
permit nesting tasks. The TYPE field is used to indi
cate whether the task is currently BUSY (Le. on a 
chain of active tasks) or the TSS is available. The 
TYPE field also indicates if the segment contains a 
80286 or an Intel386 DX TSS. The Task Register 
(TR) contains the selector which points to the cur
rent Task State Segment. 

4.3.4.6 GATE DESCRIPTORS (S=O, 
TYPE = 4-7, C, F) 

Gates are used to control access to entry points 
within the target code segment. The various types of 
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gate descriptors are call gates, task gates, inter
rupt gates, and trap gates. Gates provide a level of 
indirection between the source and destination of 
the control transfer. This indirection allows the proc
essor to automatically perform protection checks. It 
also allows system designers to control entry points 
to the operating system. Call gates are used to 
change privilege levels (see section 4.4 Protection), 
task gates are used to perform a task switch, and 
interrupt and trap gates are used to specify interrupt 
service routines. 

Figure 4-8 shows the format of the four types of gate 
descriptors. Call gates are primarily used to transfer 
program control to a more privileged level. The call 
gate descriptor consists of three fields: the access 
byte, a long pointer (selector and offset) which 
points to the start of a routine and a word count 
which specifies how many parameters are to be cop
ied from the caller's stack to the stack of the called 
routine. The word count field is only used by call 
gates when there is a change in the privilege level, 
other types of gates ignore the word count field. 

Interrupt and trap gates use the destination selector 
and destination offset fields of the gate descriptor as 
a pointer to the start of the interrupt or trap handler 
routines. The difference between interrupt gates and 
trap gates is that the interrupt gate disables inter
rupts (resets the IF bit) while the trap gate does not. 

8 5 0 

SELECTOR OFFSET 15 ... 0 0 

WORD 
OFFSET 31 ... 16 P DPL 0 TYPE 0 0 0 COUNT +4 

4 ... 0 

Gate Descriptor Fields 
Name Value Description 
Type 4 80286 call gate 

5 Task gate (for 80286 or Intel386TM DX task) 
6 80286 interrupt gate 
7 80286 trap gate 
C Intel3B6TM DX call gate 
E Intel386TM DX interrupt gate 
F Intel3B6TM DX trap gate 

P 0 Descriptor contents are not valid 
1 Descriptor contents are valid 

DPL-Ieast privileged level at which a task may access the gate. WORD COUNT 0-31-the number of parameters to copy from caller's stack 
to the called procedure's stack. The parameters are 32·bit quantities for Intel386TM DX gates, and 16·bit quantities for 80286 gates. 

DESTINATION 16·bit Selector to the target code segment 
SELECTOR selector or 

Selector to the target task state segment for task gate 

DESTINATION offset Entry point within the target code segment 
OFFSET 16·bit 80286 

32·bit Intel386™ DX 

Figure 4-8. Gate Descriptor Formats 
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Task gates are used to switch tasks. Task gates 
may only refer to a task state segment (see section 
4.4.6 Task Switching) therefore only the destination 
selector portion of a task gate descriptor is used, 
and the destination offset is ignored. 

Exception 13 is generated when a destination selec
tor does not refer to a correct descriptor type, i.e., a 
code segment for an interrupt, trap or call gate, a 
TSS for a task gate. 

The access byte format is the same for all gate de
scriptors. P= 1 indicates that the gate contents are 
valid. P=O indicates the contents. are not valid and· 
causes exception 11 if referenced. DPL is the de
scriptor privilege level and specifies when this de
scriptor may be used by a task (see section 4.4 Pro
tection). The S field, bit 4 of the access rights byte, 
must be 0 to indicate a system control descriptor. 
The(type field specifies the descriptor type as indi
cated in Figure 4-8. 

4.3.4.7 DIFFERENCES BETWEEN Intel386TM DX 
AND 80286 DESCRIPTORS 

In order to provide operating system compatibility 
between the 80286 and Intel386 DX, the Intel386 
DX supports all of the 80286' segment descriptors. 
Figure 4-9 shows the general format of an 80286 
system segment descriptor. The only differences be
tween 80286 and Intel386 DX descriptor formats are 
that the values of the type fields, and the limit and 
base address fields have been expanded for the In
tel386 DX. The 80286 system segment descriptors 
contained a 24-bit base address and 16-bit limit, 
while the Intel386 DX system segment descriptors 
have a 32-bit base address, a 20-bit limit field, and a 
granularity bit. 

By supporting 80286 system segments the Intel386 
DX is able to execute 80286 application programs 
on an Intel386 DX operating system. This is possible 
because the processor automatically understands 
which descriptors are 80286-style descriptors and 
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which.descriptors are Intel386 DX-style descriptors. 
In particular, if the upper word of a descriptor is zero, 
then that descriptor is a 80286-style descriptor. 

The only other differences between 80286-style de
scriptors and Intel386 DX descriptors is the interpre
tation of the word count field of call gates and the B 
bit. The word' count field specifies the number of 
16-bit quantities to copy for 80286 call gates and 
32-bit quantities for Intel386 DX call gates. The B bit 
controls the size of PUSHes when using a call gate; 
if B = 0 PUSHes are 16 bits, if B = 1 PUSHes are 32 
bits. 

4.3.4.8 SELECTOR FIELDS 

A selector in Protected Mode has three fields: Local 
or Global Descriptor Table Indicator (TI), Descriptor 
Entry Index (Index), and Requestor (the selector's) 
Privilege Level (RPL) as shown in Figure 4-10. The 
TI bits select one of two memory-based tables of 
descriptors (the Global Descriptor Table or the Local 
Descriptor Table). The Index selects one of 8K de
scriptors in the appropriate descriptor table. The 
RPL bits allow high speed testing of the selector's 
privilege attributes. 

4.3.4.9 SEGMENT DESCRIPTOR CACHE 

In addition to the selector value, every segment reg
ister has a segment descriptor cache register asso
ciated with it. Whenever a segment register's con
tents are changed, the 8-byte descriptor associated 
with that selector is automatically loaded (cached) 
on the chip. Once loaded, aU references to that seg
ment use the cached descriptor information instead 
of reaccessing the descriptor. The contents of the 
descriptor cache are not visible to the programmer. 
Since descriptor caches only change when a seg
ment register is changed, programs which modify 
the descriptor tables must reload the appropriate 
segment registers after changing a descriptor's 
value. 

0 

SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 0 

Intel Reserved 
P I DPL lsi TYPE I BASE +4 

Set to 0 23 ... 16 
BASE Base Address of the segment DPL Descriptor Privilege Level 0-3 
LIMIT The length of the segment S System Descriptor O=System t = User 
P Present Bit 1 = Present 0= Not Present TYPE Type of Segment 

Figure 4-9. 80286 Code and Data Segment Descriptors 
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Figure 4-10. Example Descriptor Selection 
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4.3.4.10 SEGMENT DESCRIPTOR. REGISTER 
SETTINGS 

The contents of the segment descriptor cache vary 
depending on the mode the Intel386 OX is operating 
in. When operating in Real Address Mode, the seg
ment base, limit, and other attributes within the seg; 
ment cache registers are defined as shown in Figure 
4-11. 

For compatiblity with the 8086 architecture, the base 
is set to sixteen times the current selector value, the 
limit is fixed at OOOOFFFFH, and the attributes are 
fixed so as to indicate the segment is present and 
fully usable. In Real Address Mode, the internal 
"privilege level" is always fixed to the highest level, 
level 0, so 1/0 and other privileged opcodes may be 
executed. 

SEGMENT DESCRIPTOR CACHE· REGISTER CONTENTS 

32-81T 8ASE 

(UPDATED DURING SELECTOR 
LOAD INTO SEGMENT REGISTER) 

32 - 81T LIMIT 

(FIXED) 

OTHER ATIRI8UTES 

(FIXED) 

CONFORMING PRIVILEGE-------------------~ 
STACK SIZE-----------------------, 
EXECUTA8LE----------.,.....----------...., 
WRITEA8LE---------------------., 
READA8LE--------------------., 
EXPANSION DIRECTION 

GRANULARITY 1 
ACCESSED 1 
~m~~al 
~R~~E~~ _______ ~A~~ ___________ !:I~~ ___ t _ ~ _ _ _ __ 
CS 16X CURRENT CS SELECTOR' OOOOFFFFH Y 0 Y 8 U Y Y Y - N 

SS 16X CURRENT SS SELECTOR OOOOFFFFH Y 0 Y 8 U Y Y N W -
OS 16X CURRENT OS SELECTOR OOOOFFFFH Y 0 Y 8 U Y Y N - -
ES 16X CURRENT ES SELECTOR OOOOFFFFH Y 0 Y 8 U Y Y N - -
FS 16X CURRENT FS SELECTOR OOOOFFFFH Y 0 Y 8 U Y Y N - -
GS 16X CURRENT GS SELECTOR ODOOFFFFH Y 0 Y 8 U Y Y N - -

231630-60 

'Except the 32-bit CS base is initialized to FFFFFOOOH after reset until first intersegment control transfer (e.g. intersegment CALL. or 
intersegment JMP. or INn. (See Figure 4-13 Example.) 

Key: Y = yes 
N = no 
o = privilege level 0 
1 = privilege level 1 
2 = privilege level 2 
3 = privilege level 3 
U = expand up 

D = expand down 
8 = byte granularity 
P = page granularity 
W = push/pop 16-bit words 
F = push/pop 32-bit dwords 
- = does not apply to that segment cache register 

Figure 4-11. Segment Descriptor Caches for Real Address Mode 
(Segment Limit and Attributes are Fixed) 
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When operating in Protected Mode, the segment 
base, ,limit, and other attributes within the segment 
cache registers are defined as shown in Figure 4-12. 
In Protected Mode, each of these fields are defined 

according to the contents of the segment descriptor 
indexed by the selector value loaded into the seg
ment register. 

I 

SEGMENT DESCRIPTOR CACHE REGISTER CONTENTS 

32- BIT BASE 

(UPDATED DURING 
SELECTOR LOAD INTO 
SEGMENT REGISTER) 

32 - BIT LIMIT 

(UPDATED DURING 
SELECTOR LOAD INTO 

SEGMENT REGISTER) 

OTHER ATTRIBUTES 

(UPDATED DURING 
SELECTOR LOAD INTO 

SEGMENT REGISTER) 

CONfORMING PRIVILEGE--------------------, 
STACK SIZE------------------------, 
EXECUTABLE-----------------------, 
WRITEABLE ----------------------, 
READABLE--------------------.., 
EXPANSION DIRECTION 

GRANULARITY 1 
ACCESSED 1 
~:!~~~~E_L:~E~ ~~S! ___________ ~I~~ ______ ~J 1 ___ 
CS BASE PER SEG DESCR LIMIT PER SEG DESCR P d d d d d N 

SS BASE PER SEG DESCR LIMIT PER SEG DESCR P d d d d r w 

OS 

ES 

fS 

GS 

Key: Y = fixed yes 
N = fixed no 

BASE PER SEG DESCR 

BASE PER SEG DESCR 

BASE PER SEG DESCR 

BASE PER SEG DESCR 

d = per segment descriptor 

LIMIT PER SEG DESCR P d d 

LIMIT PER SEG DESCR P d d 

LIMIT PER SEG DESCR P d d 

LIMIT PER SEG OEseR p d d 

p = per segment descriptor, descriptor must indicate "present .. to avoid exception 11 
(exception 12 in case of SS) 

d 

d 

d 

d 

r ,= per segment descriptor, but descliptor must indicate "readable" 10 avoid exception 13 
(special case for SS) 

w = per segment descriptor, but descriptor must indicate "writable" to avoid exception 13 
(special case for SS) 

- = does not apply to that segment cache register 

d d d 
d d d 
d d d 

d d d 

Y - d 

N d -
N - -
N - -
N - -
N - -

231630-61 

Figure 4-12. Segment Descriptor Caches for Protected Mode (Loaded per Descriptor) 
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When operating in a Virtual BOB6 Mode within the 
Protected Mode, the segment base, limit, and other 
attributes within the segment cache registers are de
fined as shown in Figure 4-13. For compatibility with 
the BOB6 architecture, the base is set to sixteen 
times the current selector value, the limit is fixed at 

OOOOFFFFH, and the attributes are fixed so as to 
indicate the segment is present and fully usable. The 
virtual program executes at lowest privilege level, 
. level 3, to allow trapping of all IOPL-sensitive in
structions and level-O-only instructions. 

SEGMENT DESCRIPTOR CACHE REGISTER CONTENTS 

32-BIT BASE 

(UPDATED DURING SELECTOR 
LOAD INTO SEGMENT REGISTER) 

32- BIT LIMIT 

(FIXED) 

OTHER ATTRIBUTES 

(FIXED) 

CONFORMING PRIVILEGE--------------------., 
STACK SIZE-----------------------.. 
EXECUTABLE---------------------, 
WRITEABLE----------------------, 
READABLE---------------------, 
EXPANSION DIRECTION 

GRANULARITY 1 
ACCESSED 1 ' 
PRIVILEGE LEVEL ! 
~R~~E~~ _______ B~~E ____________ ~I~I! ___ } _ i _ _ _ __ 
CS 1 6X CURRENT CS SELECTOR OOOOFFFFH Y,3 Y B U Y Y Y - N 
SS 16X CURRENT SS SELECTOR OOOOFFFFH Y 3 Y B U Y Y N W -
OS 1 6X CURRENT OS SELECTOR OOOOFFFF"H Y 3 Y B U Y Y N - -
ES 16X CURRENT ES SELECTOR OOOOF"F"F"F"H Y 3 Y B U Y Y N - -
FS 1 6X CURRENT FS SELECTOR OOOOFFFF"H Y 3 Y B U Y Y N - -
GS 1 6X CURRENT GS SELECTOR OOOOFFFF"H Y 3 Y B U Y Y N - -

231630-62 

Key: Y = yes 
N = no 

o = expand down 
B = by1e granularity 
P = page granularity 
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o = privilege level 0 
1 = privilege level I 
2 = privilege level 2 
3 = privilege level 3 
U = expand up 

W = push/pop 16·bit words 
F = push/pop 32·bit dwords 
- = does not apply to that segment cache register 

Figure 4-13. Segment Descriptor Caches for Virtual 8086 Mode within Protected Mode 
(Segment Limit and Attributes are Fixed) 
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4.4 PROTECTION 

4.4.1 Protection Concepts 

CPU 
ENFORCED 
SOFTWARE 
INTERFACES 

HIGH SPEED 
OPERATING 
SYSTEM 
INTERFACE 

231630-63 

Figure 4-14. Four-!.:evel Hierachical Protection 

The Intel386 OX has four levels of protection which 
are optimized to support the needs of a multi-tasking 
operating system to isolate and protect user pro
grams from each other and the operating system. 
The privilege levels control the use of privileged in
structions, I/O instructions, and access to segments 
and segment descriptors. Unlike traditional micro
processor-based systems where this protection is 
achieved only through the use of complex external 
hardware and software the Intel386 OX provides the 
protection as part of its integrated Memory Manage
ment Unit. The Intel386 OX offers an additional type 
of protection on a page basis, when paging is en
abled (See section 4.5.3 Page Level Protection). 

The four-level hierarchical privilege system is illus
trated in Figure 4-14. It is an extension of the user/ 
supervisor privilege mode commonly used by mini
computers and, in fact, the user/supervisor mode is 
fully supported by the Intel386 OX paging mecha
nism. The privilege levels (PL) are numbered 0 
through 3. Level 0 is the most privileged or trusted 

. level. 

4.4.2 Rules of Privilege 

The Intel386 OX controls access to both data and 
procedures between levels of a task, according to 
the following rules. 

• Data stored in a segment with privilege level p can 
be accessed only by code executing at a privilege 
level at least as privileged as p . 

• A code segment/procedure with privilege level p 
can only be called by a task executing at the same 
or a lesser privilege level than p. 
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4.4.3 Privilege Levels 

4.4.3.1 TASK PRIVILEGE 

At any point in time, a task on the Intel386 OX al
ways executes at one of the four privilege levels. 
The Current Privilege Level (CPL) specifies the 
task's privilege level. A task's CPL may only be 
changed by control transfers through gate descrip
tors to a code segment with a different privilege lev
el. (See section 4.4.4 Privilege Level Transfers) 
Thus, an application program running at PL = 3 may 
call an operating system routine at PL = 1 (via a 
gate) which would cause the task's CPL to be set to 
1 until the operating system routine was finished. 

4.4.3.2 SELECTOR PRIVILEGE (RPL) 

The privilege level. of a selector is specified by the 
RPL field. The RPL is the two least significant bits of 
the selector. The selector's RPL is only used to es
tablish a less trusted privilege level than the current 
privilege level for the use of a segment. This level is 
called the task's effective privilege level (EPL). The 
EPL is defined as being the least privileged (i.e. nu
merically larger) level of a task's CP.L and a selec
tor's RPL. Thus, if selector's RPL = 0 then the CPL 
always specifies the privilege level for making an ac
cess using the selector. On the other hand if RPL = 
3 then a selector can only access segments at level 
3 regardless of the task's CPL. The RPL is most 
commonly used to verify that pointers passed to an 
operating system procedure do not access data that 
is of higher privilege than the procedure that origi
nated the pointer. Since the originator of a selector 
can specify any RPL value, the Adjust RPL (ARPL) 
instruction is provided to force the RPL bits to the 
originator's CPL. 

4.4.3.3 I/O PRIVILEGE AND I/O PERMISSION 
BITMAP 

The I/O privilege level (IOPL, a 2-bit field in the 
EFLAG register) defin~s the least privileged level at 
which I/O instructions can be unconditionally per
formed. I/O instructions can be unConditionally per
formed when CPL ~ 10PL. (The I/O instructions are 
IN, OUT, INS, OUTS, REP INS, and REP OUTS.) 
When CPL > 10PL, and the current task is associat
ed with a 286 TSS, attempted I/O instructions cause 
an exception 13 fault. When CPL > 10PL, and the 
current task is associated with an Intel386 OX TSS, 
the I/O Permission Bitmap (part of an Intel386 OX 
TSS) is consulted on whether I/O to the port is al
lowed, or an exception 13 fault is to be generated 

3-149 



Intel386™ DX MICROPROCESSOR 

instead. For diagrams of the 1/0 Permission Bitmap, 
refer to Figures 4-15a and 4-15b. For further infor
mation on how the 1/0 Permission Bitmap is used in 
Protected Mode or in Virtual 8086 Mode, refer to 
section 4.6.4 Protectio~ and 1/0 Permission Bitmap. 

The 1/0 privilege level (IOPL) also affects whether 
several other instructions can be executed or cause 
an exception 13 fault instead. These instructions are 
called "IOPL-sensitive" instructions and they are 
CLI and STI. (Note that the LOCK prefix is not 10PL
sensitive on the Intel386 OX.) 

The 10PL also affects whether the IF (interrupts en
able flag) bit can be changed by loading a value into 
the EFLAGS register. When CPL ~ 10PL, then the 
IF bit can be changed by loading a new value into 
the EFLAGS register. When CPL > 10PL, the IF bit 
cannot ,be changed by a new value POP'ed into (or 
otherwise loaded into) the EFLAGS register; the IF 
bit me~ely remains unchanged and no exception is 
generated. 

Table 4-2. Pointer Test Instructions 

Instruction Operands Function 

ARPL Selector, Adjust Requested Privi-
Register lege Level: adjusts the 

RPL of the selector to the 
numeric maximum of 
current selector RPL value 
and the RPL value in the 
register. Set zero flag if 
selector RPL was 
changed. 

VERR Selector VERify for Read: sets the 
zero flag if the segment 
referred to by the selector 
can be read. 

VERW Selector VERify for Write: sets the 
zero flag if the segment 
referred to by the selector 
can be written. 

LSL Register, Load Segment Limit: reads 
Selector the segment limit into the 

register if privilege rules 
and descriptor type allow. 
Set zero flag if successful. 

LAR Register, Load Access Rights: reads 
Selector the descriptor access 

rights byte into the register 
if privilege rules allow. Set 
zero flag if successful. 
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4.4.3.4 PRIVILEGE VALIDATION 

The Intel386 OX provides several instructions to 
speed pointer testing and help maintain system in
tegrity by verifying that the selector value refers to 
an appropriate segment. Table 4-2 summarizes the 
selector validation procedures available for the In
tel386 Ox. 

This pointer verification prevents the common prob
lem of an application at PL = 3 calling a operating 
systems routine at PL = 0 and passing the operat
ing system routine a "bad" pointer which corrupts a 
data structure belonging to the operating system. If 
the operating system routine uses the ARPL instruc
tion to ensure that the RPL of the selector has no 
greater privilege than that of the caller, then this 
problem can be avoided. 

4.4.3.5 DESCRIPTOR ACCESS 

There are basically two types of segment accesses: 
those involving code segments such as control 
transfers, and those involving data accesses. Oeter
mining the ability of a task to access a segment in
volve~ the type of segment to be accessed, the in
struction used, the type of descriptor used and CPL, 
RPL, and OPL as described above. 

Any time an instruction loads data segment registers 
(OS, ES, FS, GS) the Intel386 OX makes protection 
validation checks. Selectors loaded in the OS, ES, 
FS, GS registers must refer only to data segments or 
readable code segments. The data access rules are 
specified in section 4.2.2 Rules of Privilege. The 
only exception to those rules is readable conforming 
code segments which can be accessed at any privi
lege level. 

Finally the privilege validation checks are performed. 
The CPL is compared to the EPL and if the EPL is 
more privileged than the CPL an exception 13 (gen
eral protection fault) is generated. 

The rules regarding the stack segment are slightly 
different than those involving data segments. In
structions that load selectors into SS must refer to 
data segment descriptors for writeable data seg
ments. The OPL and RPL must equal the CPL. All 
other descriptor types or a privilege level violation 
will cause exception 13. A stack not present fault 
causes exception 12. Note that an exception 11 is 
used for a not-present code or data segment. 

4.4.4 Privilege Level Transfers 

Inter-segment control transfers occur when a selec
tor is loaded in the CS register. For a typical system 
most of these transfers are simply the result of a call 
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Table 4-3. Descriptor Types Used for Control Transfer 

Control Transfer Types 

Intersegment within the same privilege level 

Intersegment to the same or higher privilege level 
Interrupt within task may change CPL 

Intersegment to a lower privilege level 
(changes task CPL) 

Task Switch 

'NT (Nested Task bit of flag regIster) = 0 
"NT (Nested Task bit of flag register) = 1 

or a jump to another routine. There are five types of 
control transfers which are summarized in Table 4-3. 
Many of these transfers result in a privilege level 
transfer. Changing privilege levels is done only via 
control transfers, by using gates, task switches, and 
interrupt or trap gates. 

Control transfers can only occur if the operation 
which loaded the selector references the correct de
scriptor type. Any violation of these descriptor usage 
rules will cause an exception 13 (e.g. JMP through a 
call gate, or IRET from a normal subroutine call). 

In order to provide further system security, all control 
transfers are also subject to the privilege rules. 

The privilege rules require that: 

- Privilege level transitions can only occur via 
gates. 

- JMPs can be made to a non·conforming code 
segment with the same privilege or to a conform
ing code segment with greater or equal privilege. 

- CALLs can be made to a non-conforming code 
segment with the same privilege or via a gate to a 
more privileged level. 

- Interrupts handled within the task obey the same 
privilege rules as CALLs. 

- Conforming Code segments are accessible by 
privilege levels which' are the same or less privi
leged than the conforming-code segment's DPL. 

- Both the requested privilege level (RPL) in the 
selector pointing to the gate and the task's CPL 

I 

Operation Types 
Descriptor Descriptor 
Referenced Table 

JMP, CALL, RET, IRET" Code Segment GOT/LOT 

CALL Call Gate GOT/LOT 

Interrupt Instruction, Trap or lOT 
Exception, External Interrupt 
Interrupt Gate 

RET,IREP Code Segment GOT/LOT 

CALL,JMP Task State GOT 
Segment 

CALL, JMP Task Gate GOT/LOT 

IRET" Task Gate lOT 
Interrupt Instruction, 
Exception, External 
Interrupt 

must be of equal or greater privilege than the 
gate's OPL. 

- The code segment selected in the gate must be 
the same or more privileged than the task's CPL. 

- Return instructions that do not switch tasks can 
only return control to a code segment with same 
or less privilege. 

- Task switches can be performed by a CALL, 
JMP, or INT which references either a task gate 
or task state segment who's OPL is less privi
leged or the same privilege as the old task's CPL. 

Any control transfer that changes CPL within a task 
causes a change of stacks as 'a result of the privi
lege level change. The initial values of SS:ESP for 
privilege levels 0, 1, and 2 are retained in the task 
state segment (see section 4.4.6 Task Switching). 
Ouring a JMP or CALL control transfer, the new 
stack pointer is loaded into the SS and ESP regis
ters and the previous stack pointer is pushed onto 
the new stack. 

When RETurning to the original privilege level, use 
of the lower-privileged stack is restored as part of 
the RET or IRET instruction operation. For subrou
tine calls that pass parameters on the stack and 
cross privilege levels, a fixed number of words (as 
specified in the gate's word count field) are copied 
from the previous stack to the current stack. The 
inter-segment RET instruction with a stack adjust
ment value will correctly restore the previous stack 
pointer upon return. 
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NOTE: 
BIT _MAP_OFFSET 
must be ,; OFFFH .----------_ ... - .. : I ACCESS I TSS H 

: RIGHTS UMIT I 

II BASE H 
: 31 PROGRAM D: 

~ __ .. _~~I!I!I;.E ............ ! 
TASK REGISTER 

TRI SELECTOR ,~ ,. • 

Type = 9: Available Intel386TM OX TSS, 
Type = B: Busy Intel386TM OX TSS 

t-

31 

51 ,. 
" 

0000000000000000 BACK LINK 

ESPO 

0000000000000000 I SSO 

ESPI 

0000000000000000 SSI 

ESP. 

0000000000000000 I SS' 

CR3 

EIP 

[FLAGS 

EAX 

ECX 

EDX 

EOX 

ESP 

EOP 

ESI 

EDI 

0000000000000000 ES 

0000000000000000 cs 
OOOOOOOOOOOOOODO SS 

0000000000000000 DS 

0000000000000000 FS 

0000000000000000 os 
0000000000000000 LOT 
BIT_NAP _OFFSET( 15:0) 0000000000000000 IT 
AVAILABLE -SYSTEM STATUS, ETC. 

IN Intel3asTA! ox CPU TSS 

31 •• 23 ,. 15 • 7 0 

U •• •• •• 47 .0 39 3. 

.5 •• .7 • 0 7 • 72 71 O. 

•• 

I/O PERW'SSION BITWAP 

65"07 (ONE BIT PER BYTE I/O 
PORT. BITMAP WAY BE 651U9 

TRUNCATED USING TSS LlNIT.) 
15471 

65503 85472 

65535 I 6550-4 

"FFH" 

00 .J TSS BASE 

• 
• 
C 

10 
STACKS 
FOR 
CPL 0,1,2 ,. ,. 

lC , 

'0 

•• 
2. 
'C 

30 .. .. 
3C 

.0 .. CURRENT 
TASK 
STATE 

•• 
'C 

50 

5. 

•• 
SC 

00 .. 
~ 

DEBUG 
TRAP BIT 

Bil-MA 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OF'fSET 

+ C 

+ 10 

+ lrEC; 

+ lrro 

+ lrr" 

+ Irra 

+ lFrc 
+ 200Q 

,. TSS LIMIT = or rSET + ZOOOH 
Int81316TIoI OX CPU TSS DESCRIPTOR (IN GDT) • 

SEGMEt4T BASE 15 ••• 0 SEGMENT LlNIT 15 •• 0 I 
BASE 31 •• 2" loI110101,L~~~~ P I D~L!oI TYPE, I BASE I 23 •• 16 

Figure 4-1,5a. Intel386TM OX TSS and TSS Registers 
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3130292827262524232221201918171615141312111098765 432 1 0 

1 1 1 1 '0 1 1 0 0 0 o 0 1 1 1 1 0 1 0 0 1 1 0 0 o 0 0 0 o 0 1 1 

o 0 1 0 0 0 1 1 1 1 o 0 1 0 1 0 1 1 1 1 1 1 0 0 1 1 1 1 1 o 0 1 
l' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

o 0 0 0 o 0 000 0 0 o 0 0 0 0 0 o 0 0 0 0 0 o 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 

,:., etc. 'to 
I/O Ports Accessible: 2 -+ 9, 12, 13, IS, 20 -+ 24, 27, 33, 34, 40, 41, 48, 50, 52, 53, 58 -+ 60, 62, 63, 96 -+ 127 231630-71 

Figure 4·15b. Sample I/O Permission Bit Map 

4.4.5 Call Gates 

Gates provide protected, indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege transfers within a task. Since the operating 
system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trust
ed procedures (such as those which allocate memo
ry, or perform 110). 

Gate descriptors follow the data access rules of priv
ilege; that is, gates can be accessed by a task if the 
EPL, is equal to or more privileged than the gate 
descriptor's OPL. Gates follow the control transfer 
rules of privilege and therefore may only transfer 
control to a more privileged level. 

Call Gates are accessed via a CALL instruction and 
are syntactically identical to calling a normal subrou
tine. When an inter-level Intel386 OX call gate is ac
tivated, the following actions occur. 

1. Load CS:EIP from gate check for validity 

2. SS is pushed zero-extended to 32 bits 

3. ESP is pushed 

4. Copy Word Count 32-bit parameters from the 
old stack to the new stack 

5. Push Return address on stack 

The procedure is identical for 80286 Call gates, ex
cept that 16-bit parameters are copied and 16-bit 
registers are pushed. 

Interrupt Gates and Trap gates work in a similar 
fashion as the call gates, except there is no copying 
of parameters. The only difference between Trap 
and Interrupt gates is that control transfers through 
an Interrupt gate disable further interrupts (I.e. the IF 
bit is set to 0), and Trap gates leave the interrupt 
status unchanged. 

4.4.6 Task Switching 

A very important attribute of any multi-tasking/multi
user operating systems is its ability to rapidly switch 
between tasks or processes. The Intel386 OX direct
ly supports this operation by providing a task switch 
instruction in hardware. The Intel386 OX task switch 
operation saves the entire state of the machine 

I 

(all of the registers, address space, and a link to the 
previous task), loads a new execution state, per
forms protection checks, and commences execution 
in the new task, in about 17 microseconds. Like 
transfer of control via gates, the task switch opera
tion is invoked by executing an inter-segment JMP 
or CALL instruction which refers to a Task State 
Segment (TSS), or a task gate descriptor in the GOT 
or LOT. An INT n instruction, exception, trap, or ex
ternal interrupt may also invoke the task switch op
eration if there is a task gate descriptor in the asso
ciated lOT descriptor slot. 

The TSS descriptor points to a segment (see Figure 
4-15) containing the entire Intel386 OX execution 
state while a task gate descriptor contains a TSS 
selector. The Intel386 OX supports both 80286 and 
Intel386 OX style TSSs. Figure 4-16 shows a 80286 
TSS. The limit of an Intel386 OX TSS must be great
er than 0064H (002BH for a 80286 TSS), and can be 
as large as 4 Gigabytes. In the additional TSS 
space, the operating system is free to store addition
al information such as the reason the task is inac
tive, time the task has spent running, and open files 
belong to the task. 

Each task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
Intel386 OX called the Task State Segment Register 
(TR). This register contains a selector referring to 
the task state segment descriptor that defines the 
current TSS. A hidden base and limit register associ
ated with TR are loaded whenever TR is loaded with 
a new selector. Returning from a task is accom
plished by the IRET instruction. When IRET is exe
cuted, control is returned to the task which was in
terrupted. The current executing task's state is 
saved in the TSS and the old task state is restored 
from its TSS. 

Several bits in the flag register and machine status 
word (CRO) give information about the state of a 
task which are useful to the operating system. The 
Nested Task (NT) (bit 14 in EFLAGS) controls the 
function of the IRET instruction. If NT = 0, the IRET 
instruction performs the regular return; when NT = 
1, IRET performs a task switch operation back to the 
previous task. The NT bit is set or reset in the follow
ing fashion: 
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Figure 4-16. 80286 TSS 

When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and the 
back link field of the new TSS set to the old TSS 
selector. The NT bit of the new task is set by CALL 
or INT initiated task switches. An interrupt that does 
not cause a task switch will clear NT. (The NT bit will 
be restored after execution of the interrupt handler) 
NT may also be set or cleared by POPF or IRET 
instructions. 

The Intel386 OX task state segment is marked busy 
by changing the descriptor type field from TYPE 9H 
to TYPE BH. An 80286 TSS is marked busy by 
changing the descriptor type field from TYPE 1 to 
TYPE 3. Use of a selector that references a busy 
task state segment causes an exception 13. 

The Virtual Mode (VM) bit 17 is used to indicate if a 
task, is a virtual 8086 task. If VM = 1, then the tasks 
will use the Real Mode addressing mechanism. The 
virtual 8086 environment is only entered and exited 
via a task switch (see section 4.6 Virtual Mode). 

The coprocessor's state is not automatically saved 
when a task switch occurs, because the incoming 
task may not use the coprocessor. The Task 
Switched (TS) Bit (bit 3 in the,CRO) helps deal with 
the coprocessor's state in a multi-tasking environ-
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ment. Whenever the Intel386 OX switches tasks, it 
sets the TS bit. The Intel386 OX detects the first use 
of a processor extension instruction after a task 
switch and causes the processor extensio.n not 
available exception 7. The exception handler for ex
ception 7 may then decide whether to save the state 
of the coprocessor. A processor extension not pres
ent exception (7) will occur when attempting to exe
cute an ESC or WAIT instruction if 'he Task 
Switched and Monitor coprocesso.r extension bits 
are both set (i.e. TS = 1 and MP = 1). 

The T bit in the Intel386 OX TSS indicates that the 
pro.cessor should generate a debug exception when 
switching to a task. If T = 1 then upo.n entry to a 
.new task a debug exception 1 will be generated. 

4.4.7 Initialization and Transition to 
Protected Mode 

Since the Intel386 OX begins executing in Real 
Mode il)1mediately after RESET it is necessary to 
initialize the system tables and registers with the ap
propriate values. 

The GOT and lOT registers must refer to. a valid GOT 
and lOT. The lOT sho.uld be at least 256 bytes long, 
and GOT must contain descriptors for the initial 
code, and data segments: Figure 4-17 shows the 
tables and Figure 4-,18 the descriptors needed for a 
simple Protected Mode Intel386 OX system. It has a 
single co.de and single data/stack segment each 
four gigabytes long and a single privilege level PL = 
O. ' 

The actual method of enabling Protected Mo.de is to. 
load CRO with the PE bit set, via the MOV CRO, R/M 
instruction. This puts the Intel386 OX in Protected 
Mode. 

After enabling Protected Mode, the next instruction 
should execute an intersegment JMP to load the CS , 
register and flush the instruction decode queu~. The 
final step is to load all of the data segment registers 
with the initial selector values. 

An alternate approach to entering Protecte,d Mo.de 
which is especially appropriate fo.rmulti-tasking op
erating systems, is to use the built in task-switch to 
load all o.f the. registers. In this case the GOT.would 
contain two TSS descriptors in addition to. the code 
and data descriptors needed for the first task. The 
first JMP instruction in Protected Mode would jump 
to the TSS causing a task switch and loading all of 
the registers with the values stored in the TSS. The 
Task State Segment Register should be initialized to 
point to' a valid TSS descripto.r' since a task switch 
saves the state of the current task in a task state 
segment. 
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Figure 4-17. Simple Protected System 
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Figure 4-18. GDT Descriptors for Simple System 

4.4.8 Tools for Building Protected 
Systems 

In order to simplify the design of a protected multi
tasking system, Intel provides a tool which allows 
the system designer an easy method of constructing 
the data structures needed for a Protected Mode 
Intel386 DX system. This tool is the builder BLD-386. 
BLD-386 lets the operating system writer specify all 
of the segment descriptors discussed in the previous 
sections (LDTs, IDTs, GDTs, Gates, and TSSs) in a 
high-level language. 

I 

4.5 PAGING 

4.5.1 Paging Concepts 

Paging is another type of memory management use
ful for virtual memory multitasking operating sys
tems. Unlike segmentation which modularizes pro
grams and data into variable length segments, 
paging divides programs into multiple uniform size 
pages. Pages bear no direct relation to the logical 

3-155 



Intel386TM OX MICROPROCESSOR 

structure of a program. While segment selectors can 
be considered the logical "name" of a program 
module or data structure, a page most likely corre
sponds to only a portion of a module or data struc
ture. 

By taking advantage of the locality of reference dis
played by most programs, only a small number of 
pages from each active task need be in memory at 
anyone moment. 

4.5.2 Paging Organization 

4.5.2.1 PAGE MECHANISM 

The Intel386 OX uses two levels of tables to trans
late the linear address (from the segmentation unit) 
into a physical address. There are three compo
nents to the paging mechanism of the Intel386 OX: 
the page directory, the page tables, and the page 
itself (page frame). All memory-resident elements of 
the Intel386 OX paging mechanism are the same 
size, namely, 4K bytes. A uniform size for all of the 
elements simplifies memory allocation and realloca
tion schemes, since there is no problem with memo
ry fragmentation. Figure 4-19 shows how the paging 
mechanism works. 

4.5.2.2 PAGE DESCRIPTOR BASE REGISTER 

CR2 is the Page Fault Linear Address register. It 
holds the 32-bit linear address which caused the last 
page fault detected. 

CR3 is the Page Directory Physical Base Address 
Register. It contains the physical starting address of 
the Page Directory. The lower 12 bits Of CR3 are 
always zero to ensure that the Page Directory is al
ways page aligned. Loading it via a MOV CR3, reg 
instruction causes the Page Table Entry cache to be 
flushed, as will a task switch through a TSS which 
changes the value of CRO. (See 4.5.4 Translation 
Lookaside Buffer). 

4.5.2.3 PAGE DIRECTORY 

The Page Directory is 4K bytes long and allows up to 
1024 Page Directory Entries. Each Page Directory 
Entry contains the address of the next level of ta
bles, the Page Tables and information about the 
page table. The contents of a Page Directory Entry 
are shown in Figure 4-20. The upper 10 bits of the 
linear address (A22-A31) are used as an index to 
select the correct Page Directory Entry. 

TWO LEVEL PAGING SCHEME 

31 22 12 0 

_, DIRECTORY I TABLE J OFFSET I USER 
LINEAR 

10} 
I 

MEMORY 
ADDRESS 12/ 

10 

'r 31 
ADDRESS 

Inlel386™ OX CPU 
31 't 31 0 

CRO I 

t -+ CRI 
PAGE TABLE 

CR2 

CR3 ROOT 
DIRECTORY 

CONTROL REGISTERS 
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Figure 4·19. Paging Mechanism 
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Figure 4·20. Page Directory Entry (Points to Page Table) 
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31 12 11 10 9 8 7 6 5 4 3 2 1 0 

OS U R 
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S W 

Figure 4-21. Page Table Entry (Points to Page) 

4.5.2.4 PAGE TABLES 

Each Page Table is 4K bytes and holds up to 1024 
Page Table Entries. Page Table Entries contain the 
starting address of the page frame and statistical 
information about the page (see Figure 4-21). Ad
dress bits A12-A21 are used as an index to select 
one of the 1024 Page Table Entries. The 20 upper
bit page frame address is concatenated with the 
lower 12 bits of the linear address to form the physi
cal address. Page tables can be shared between 
tasks and swapped to disks. 

4.5.2.5 PAGE DIRECTORY/TABLE ENTRIES 

The lower 12 bits of the Page Table Entries and 
Page Directory Entries contain statistical information 
about pages and page tables respectively. The P 
(Present) bit 0 indicates if a Page Directory or Page 
Table entry can be used in address translation. If 
P = 1 the entry can be used for address translation· 
if P = 0 the entry can not be used for translation: 
Note that the present bit of the page table entry that 
points to the page where code is currently being ex
ecuted should always be set. Code that marks its 
own page not present should not be written. All of 
the other bits are available for use by the software. 
For example the remaining 31 bits could be used to 
indicate where on the disk the page is stored. 

The A (Accessed) bit 5, is set by the Intel386 DX for 
both types of entries before a read or write access 
occurs to an address covered by the entry. The D 
(Dirty) bit 6 is set to 1 before a write to an address 
covered by that page table entry occurs. The D bit is 
undefined for Page Directory Entries. When the P, A 
and D bits are updated by the Intel386 DX, the proc
essor generates a Read-Modify-Write cycle which 
locks the bus and prevents conflicts with other proc
essors or perpherials. Software which modifies 
these bits should use the LOCK prefix to ensure the 
integrity of the page tables in multi-master systems. 

The 3 bits marked OS Reserved in Figure 4-20 and 
Figure 4·21 (bits 9-11) are software definable. OSs 
are free to use these bits for whatever purpose they 
wish. An example use of the OS Reserved bits 
woul~ be to store information about page aging. By 
keeping track of how long a page has been in mem
ory since being accessed, an operating system can 
implement a page replacement algorithm like Least 
Recently Used. 
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The (User/Supervisor) U/S bit 2 and the (Read/ 
Write) R/W bit 1 are used to provide protection attri
butes for individual pages. 

4.5.3 Page Level Protection 
(R/W, U/S Bits)-

The Intel386 DX provides a set of protection attri
butes for paging systems. The paging mechanism 
distinguishes between two levels of protection: User 
which corresponds to level 3 of the segmentation 
based protection, and supervisor which encompass
es all of the other protection levels (0, 1, 2). Pro
grams ~xecuting at Level 0, 1 or 2 bypass the page 
protectton, although segmentation based protection 
is still enforced by the hardware. 

The U/S and R/W bits are used to provide 
User/Supervisor and Read/Write protection for indi
vidual pages or for all pages covered by a Page Ta
ble Directory Entry. The U/S and R/W bits in the first 
level Page Directory Table apply to all pages de
scribed by the page table pointed to by that directory 
entry. The U/S and R/W bits in the second level 
Page Table Entry apply only to the page described 
by that entry. The U/S and R/W bits for a given 
page are obtained by taking the most restrictive of 
the U/S and R/W from the Page Directory Table 
Entries and the Page Table Entries and using these 
bits to address the page. 

Example: If the U/S and R/W bits for .the Page Di· 
rectory entry were 10 and the U/S and R/W bits for 
the Page Table Entry were 01, the access rights for 
the page would be 01, the numerically smaller of the 
two. Table 4-4 shows the affect of the U/S and R/W 
bits on accessing memory. 

Table 4-4. Protection Provided by R/W and U/S 

U/S R/W 
Permitted Permitted Access 

Level 3 Levels 0,1, or 2 

0 0 None Read/Write 
0 1 None Read/Write 
1 0 Read-Only Read/Write 
1 1 Read/Write Read/Write 

However a given segment can be easily made read
only for level 0, 1, or 2 via the use of segmented 
protection mechanisms. (Section 4.4 Protection). 
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4.5.4 Translation Lookaside Buffer 

The Intel386 OX paging hardware is designed to 
support demand paged virtual memory systems. 
However, performance would degrade substantially 
if the processor was required to access two levels of 
tables for every memory reference. To solve this 
problem, the Intel386 OX keeps a cache of the most 
recently accessed pages, this cache is called the 
Translation Lookaside Buffer (TLB). The TLB is a 
four-way set associative 32-entry page table cache. 
It automatically keeps the most commonly used 
Page Table Entries in the processor. The 32-entry 
TLB coupled with a 4K page size, results in cover- , 
age of 128K bytes of memory addresses, For many 
common multi-tasking systems, the TLB will have a 
hit rate of about 98%. This means that the proces
sor will only have to access the two-level page struc
ture on 2% of all memory references. Figure 4-22 
illustrates how the TLB complements the Intel386 
OX's paging mechanism. 

4.5.5 Paging Operation 

32 ENTRIES 
PHYSICAL 
WEWORY 

A~~S--+-
TRANSLATION 

LOOKASIDE 
BurrER HIT 

WISS 

31 0 

Y I--

4 

PAGE PAGE' 
DIRECTORY TABLE 

.98% HIT RATE 

231630-68 

Figure 4-22. Translaticm Lookaside Buffer 

The paging hardware operates in the following fash
ion. The paging unit hardware receives a 32-bit lin
ear address from the segmentation unit. The upper 
20 linear address bits are compared with all 32 en
tries in the TLB to determine if there is a match. If 
there is a match (i.e. a TLB hitl, then the 32-bit phys
ical address is calculated and will be placed on the 
address bus. 

However, if the page table entry is not in the TLB, 
the Intel386 OX will read the appropriate Page Direc
tory Entry. If P = 1 on the Page Directory Entry indi
cating that the page table is in memory, then the 
Intel386 OX will read the appropriate Page Table En-
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try and set the Access bit. If P = 1 on the Page 
Table Entry indicating that the page is in memory, 
the Intel386 OX will update the Access and Dirty bits 
as needed and fetch the operand. The upper 20 bits 
of the linear address, read from the page table, will 
be stored in the TLB for future accesses. However, if 
P = 0 for either the Page Directory Entry or the 
Page Table Entry, then the processor will generate a 
page fault, an Exception 14. 

The processor will also generate an exception 14, 
page fault, if the memory reference violated the 
page protection attributes (i.e. U/S or R/W) (e.g.try
ing to write to a read-only page). CR2 will hold the 
linear address which caused 'the page fault. If a sec
ond page fault occurs, while the processor is at
tempting to enter the service routine for the first, 
then the processor will invoke the page fault (excep
tion 14) handler a second time, rather than the dou
ble fault (exception 8) handler. Since Exception 14 is 
classified as a fault, CS: EIP will point to the instruc
tion causing the page fault. The 16-bit error code 
pushed as part ofthe page fault.handler will contain 
status bits which indicate the cause of the page 
fault. 

The 16-bit error code is used by the operating sys
tem to determine how to handle the page fault Fig
ure 4-23A shows the format of the page-fault error 
code and the interpretation of the bits. 

NOTE: 
Even though the bits in the error code (U/S, W/R, 
and P) have similar names as the bits in the Page 
Directory/Table Entries, the interpretation of the er
ror code bits is different. Figure 4-23B indicates 
what type of access caused the page fault. 

15, 3 2 1 0 

H+H+H+I+H+I~I~H 
Figure 4·23A. Page Fault Error Code Format 

U/S: The UlS bit indicates whether the access 
causing the fault occurred when the processor was 
executing in User Mode (U/S = 1) or in Supervisor 
mode (U/S = 0) 

W/R: The W/R bit indicates wheth~r the access 
causing the fault was a Read (W/R ;= 0) or a Write 
(W/R = 1) 

P: The P bit indicates whether a page fault was, 
caused by a not-present page (P = 0), or by a page 
level protection violati,on (P = 1) 

U: UNDEFINED 
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U/S W/R Access Type 

0 0 Supervisor' Read 
0 1 Supervisor Write 
1 0 User Read 
1 1 User Write 

'Oescriptor table access Will fault with U/S = 0, even If the program 
is executing at level 3, 

Figure 4-238. Type of Access 
Causing Page Fault 

4.5.6 Operating System 
Responsibilities 

The Intel386 DX takes care, of the page address 
translation process, relieving the burden from an op
erating system in a demand-paged system. The op
erating system is responsible for setting up the initial 
page tables, and handling any page faults. The oper
ating system also is required to invalidate (Le. flush) 
the TLB when any changes are made to any of the 
page table entries. The operating system must re
load eR3 to cause the TLB to be flushed. 

Setting up the tables is simply a matter of loading 
eR3 with the address of the Page Directory, and 
allocating space for the Page Directory and the 
Page Tables. The primary responsibility of the oper
ating system is to implement a swapping policy and 
handle all of the page faults. 

A final concern of the operating system is to ensure 
that the TLB cache matches the information in the 
paging tables. In particular, any time the operating 
system sets the P present bit of page table entry to 
zero, the TLB must be flushed. Operating syste~s 
may want to take advantage of the fact that eR3 IS 

stored as part of a TSS, to give every task or group 
of tasks its own set of page tables. 

4.6 VIRTUAL 8086 ENVIRONMENT 

4.6.1 Executing 8086 Programs 

The Intel386 DX allows the execution of 8086 appli
cation programs in both Real Mode and in the Virtual 
8086 Mode (Virtual Mode). Of the two methods, Vir
tual 8086 Mode offers the system designer the most 
flexibility. The Virtual 8086 Mode allows the execu
tion of 8086 applications, while still allowing the sys
tem designer to take full advantage of the Intel386 
DX protection mechanism. In particular, the Intel386 
DX allows the simultaneous execution of 8086 oper
ating systems and its applications, and an Intel386 
DX operating system and both 80286 and Intel386 
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DX applications. Thus, in a multi-user Intel386 DX 
computer, one person could be running an MS-DOS 
spreadsheet, another person using MS-DOS, and a 
third person could be running multiple Unix utilities 
and applications. Each person in this scenario would 
believe that he had the computer completely to him
self. Figure 4-24 illustrates this concept. 

4.6.2 Virtual 8086 Mode Addressing 
Mechanism 

One of the major differences between Intel386 DX 
Real and Protected modes is how the segment se
lectors are interpreted. When the processor is exe
cuting in Virtual 8086 Mode the segment registers 
are used in an identical fashion to Real Mode. The 
contents of the segment register is shifted left 4 bits 
and added to the offset to form the segment base 
linear address. 

The Intel386 DX allows the operating system to 
specify which programs use the 8086 style address 
mechanism, and which programs use Protected 
Mode addressing, on a per task basis. Through the 
use of paging, the one megabyte address space of 
the Virtual Mode task can be mapped to anywhere in 
the 4 gigabyte linear address space of the Intel386 
DX. Like Real Mode, Virtual Mode effective address
es (Le., segment offsets) that exceed 64K byte will 
cause an exception 13. However, these restrictions 
should not prove to be important, because most 
tasks running in Virtual 8086 Mode will simply be 
existing 8086 application programs. 

4.6.3 Paging In Virtual Mode 

The paging hardware allows the concurrent running 
of multiple Virtual Mode tasks, and provides protec
tion and operating system isolation. Although it is 
not strictly necessary to have the paging hardware 
enabled to run Virtual Mode tasks, it is needed in 
order to run multiple Virtual Mode tasks or to relo
cate the address space of a Virtual Mode task to 
physical address space greater than one megabyte. 

The paging hardware allows the 20-bit linear ad
dress produced by a Virtual Mode program to be 
divided into up to 256 pages. Each one of the pages 
can be located anywhere within the maximum 4 giga
byte physical address space of the Intel386 DX. In 
addition, since eR3 (the Page Directory Base Regis
ter) is loaded by a task switch, each Virtual Mode 
task can use a different mapping scheme to map 
pages to different physical locations. Finally, the 
paging hardWare allows the sharing of the 8086 op-
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Figure 4·24. Virtual 8086 Environment Memory Management 

erating system code between multiple 8086 applica
tions. Figure 4-24 shows how the Intel386 OX paging 
hardware enables multiple 8086 programs to run un
der a virtual memory demand paged system. 

4.6.4 Protection and I/O Permission 
Bitmap 

All Virtual 8086 Mode programs execute at privilege 
level 3, the level of least privilege. As such, Virtual 
8086 Mode programs are subject to all of the protec
tion checks defined in Protected Mode. (This is dif
ferent from Real Mode which implicitly is executing 
at privilege level 0, the level of greatest privilege.) 
Thus, an attempt to execute a privileged instruction 
when in Virtual 8086 Mode will cause an exception 
13 fault. 

The following are privileged instructions, which may 
be executed only at Privilege Level o. Therefore, at
tempting to execute these instructions in Virtual 
8086 Mode (or anytime CPL > 0) causes an excep
tion 13 fault: 

LIDT; 
LGDT: 

3-160 

MOV DRn,reg; 
MOV TRn,reg: 

MOV reg,DRn; 
MOV reg, TRn : 

LMSW: MOV CRn,reg: MOV reg,CRn. 
CLTS: 
HLT: 

Several instructions, particularly those applying. to 
the multitasking model and protection model, are 
available only in Protected Mode. Therefore, at
tempting to execute the following instructions in 
Real Mode or in Virtual 8086 Mode generates an 
exception 6 fault: 

LTR: 
LLDT; 
LA;R ; 
LSL: 
ARPL. 

STR; 
SLDT: 
VERR; 
VERW: 

The instructions which are IOPL-sensitive in Protect
ed Mode are: 

IN: STI: 
OUT; CLI 
INS: 
OUTS; 
REP INS: 
REP OUTS; 
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In Virtual 8086 Mode, a slightly different set of in
structions are made 10Pl-sensitive. The following in
structions are 10Pl-sensitive in Virtual 8086 Mode: 

INT n; STI; 
PUSHF; eLI; 
POPF; IRET 

The PUSHF, POPF, and IRET instructions are 10Pl
sensitive in Virtual 8086 Mode only. This provision 
allows the IF flag (interrupt enable flag) to be virtual
ized to the Virtual 8086 Mode program. The INT n 
software interrupt instruction is also 10Pl-sensitive 
in Virtual 8086 Mode. Note, however, that the INT 3 
(opcode OCCH), INTO, and BOUNO instructions are 
not 10Pl-sensitive in Virtual 8086 mode (they aren't 
10Pl sensitive in Protected Mode either). 

Note that the I/O instructions (IN, OUT, INS, OUTS, 
REP INS, and REP OUTS) are not 10Pl-sensitive in 
Virtual 8086 mode. Rather, the I/O instructions be
come automatically sensitive to the I/O Permission 
Bitmap contained in the Intel386 OX Task State 
Segment. The I/O Permission Bitmap, automatically 
used by the Intel386 OX in Virtual 8086 Mode, is 
illustrated by Figures 4.15a and 4-15b. 

The I/O Permission Bitmap can be viewed as a 0-
64 Kbit bit string, which begins in memory at offset 
BiLMap_Offset in the current TSS. BiLMap_ 
Offset must be :s: OFFFH so the entire bit map and 
the byte FFH which follows the bit map are all at 
offsets :s: FFFFH from the TSS base. The 16-bit 
pointer BiLMap_Offset (15:0) is found in the word 
beginning at offset 66H (102 decimal) from the TSS 
base, as shown in Figure 4-15a. 

Each bit in the I/O Permission Bitmap corresponds 
to a single byte-wide I/O port, as illustrated in Figure 
4-15a. If a bit is 0, 110 to the corresponding byte
wide port can occur without generating an excep
tion. Otherwise the 110 instruction causes an excep
tion 13 fault. Since every byte-wide I/O port must be 
protectable, all bits corresponding to a word-wide or 
dword-wide port must be 0 for the word-wide or 
dword-wide I/O to be permitted. If all the referenced 
bits are 0, the I/O will be allowed. If any referenced 
bits are 1, the attempted I/O will cause an exception 
13 fault. 

Oue to the use of a pointer to the base of the 110 
Permission Bitmap, the bitmap may be located any
where within the TSS, or may be ignored completely 
by pointing the BiLMap_Offset (15:0) beyond the 
limit of th6 TSS segment. In the same manner, only 
a small portion of the 64K I/O space need have an 
associated map bit, by adjusting the TSS limit to 
truncate the bitmap. This eliminates the commitment 
of 8K of fTlemory when a complete bitmap is not 
required, while allowing the fully general case if 
desired. 
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EXAMPLE OF BITMAP FOR I/O PORTS 0-255: 
Setting the TSS limit to {biLMap_Offset + 31 
+ 1**) [** see note bel owl will allow a 32-byte bit
map for the 110 ports #0-255, plus a terminator 
byte of all 1 's [* * see note belowl. This allows the 
I/O bitmap to control I/O Permission to I/O port 0-
255 while causing an exception 13 fault on attempt
ed I/O to any I/O port 80256 through 65,565. 

*'IMPORTANT IMPLEMENTATION NOTE: Beyond 
the last byte of I/O mapping information in the I/O 
Permission Bitmap must be a byte containing all 1 'so 
The byte of all 1 's must be within the limit of the 
Intel386 OX TSS segment (see Figure 4-15a). 

4.6.5 Interrupt Handling 

In order to fully support the emulation of an 8086 
machine, interrupts in Virtual 8086 Mode are han
dled in a unique fashion. When running in Virtual 
Mode all interrupts and exceptions involve a privi
lege change back to the host Intel386 OX operating 
system. The Intel386 OX operating system deter
mines if the interrupt comes from a Protected Mode 
application or from a Virtual Mode program by exam
ining the VM bit in the EFlAGS image stored on the 
stack. 

When a Virtual Mode program is interrupted and ex
ecution passes to the interrupt routine at level 0, the 
VM bit is cleared. However, the VM bit is still set in 
the EFLAG image on the stack. 

The Intel386 OX operating system in turn handles 
the exception or interrupt and then returns control to 
the 8086 program. The Intel386 OX operating sys
tem may choose to let the 8086 operating system 
handle the interrupt or it may emulate the function of 
the interrupt handler. For example, many 8086 oper
ating system calls are accessed by PUSHing param
eters on the stack, and then executing an INT n in
struction. If the 10Pl is set to 0 then alllNT n instruc
tions will be intercepted by the Intel386 OX Micro
processor operating system. The Intel386 OX oper
ating system could emulate the 8086 operating sys
tem's call. Figure 4-25 shows how the Intel386 OX 
operating system could intercept an 8086 operating 
system's call to "Open a File". 

An Intel386 OX operating system can provide a Vir
tual 8086 Environment which is totally transparent to 
the application software via intercepting and then 
emulating 8086 operating system's calls, and inter
cepting IN and OUT instructions. 
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4.6.6 Entering and Leaving Virtual 
.8086 Mode 

I Virtual 8086 mode is entered by executing an IRET 
instruction (at CPL = 0), or Task Switch (at any CPL) 
to an Intel386 OX task whose Intel386 OX TSS has a 
F~GS image containing a 1 in the VM bit position 
while the processor is executing in Protected Mode. 
That is, one way to enter Virtual 8086 mode is to 
switch to a task with an Intel386 OX TSS that has a 
1 in the VM bit in the EFLAGS image. The other way 
is to execute a 32-bit IRET instruction at privilege 
level 0, where the stack has a 1 in the VM bit in the 
EFLAGS image. POPF does not affect the VM bit, 
even if the processor is in Protected Mode or level 0 
and so cannot be used to enter Virtual 8086 Mode: 
PUSHF always pushes a 0 in the VM bit, even if the 
processor is in Virtual 8086 Mode, so that a program 
cannot tell if it is executing in REAL mode, or in Vir
tual 8086 mode. 

The VM bit can be set by executing an IRET instruc
tion only at privilege level 0, or by any instruction or 
Interrupt which causes a task switch in Protected 
Mode (with VM = 1 in the new FLAGS image), and 
c~n be cleared only by an interrupt or exception in 
Virtual 8086 Mode. IRET and POPF instructions exe
cuted in REAL mode or Virtual 8086 mode will not 
change the value in the VM bit. 

The transition out of virtual 8086 mode to Intel386 
OX protected mode occurs only on receipt of an in
terrupt or exception (such as due to a sensitive in
struction). In Virtual 8086 mode, all interrupts and 
exceptions ve.ctor through the protected mode lOT, 
and enter an Interrupt handler· in protected Intel386 
OX mode. That is, as part of interrupt processing, 
the VM bit is cleared. 

Because the matching IRET must occur from level 0 
if an Interrupt or Trap Gate is used to field an inter~ 
rupt or exception out of Virtual 8086 mode, the Gate 
must perform an inter-level interrupt only to level o. 
Interrupt or Trap Gates through conforming seg
ments, or through segments with OPL> 0, will raise a 
GP fault with the CS selector as the error code. 

4.6.6.1 TASK SWITCHES TO/FROM VIRTUAL 
8086 MODE 

Tasks which can execute in virtual 8086 mode must 
be described by a ·TSS with the new Intel386 OX 
format (TYPE 9 or 11 descriptor). 

A task switch out of virtual 8086 mode will operate 
exactly the same as any other task switch out of a 
task with an Intel386 OX TSS. All of the programmer 
visible state, including the FLAGS register with the 
VM bit set to 1, is stored in the TSS. The segment 
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registers in the TSS will contain 8086 segment base 
values rather than selectors. . 

A task switch into a task described by an Intel386 
OX TSS will have an additional check to determine if 
the incoming task should be resumed in virtual 8086 
mode. Tasks described by 80286 format TSSs can
not be resumed in virtual 8086 mode, so no check is 
required there (the FLAGS· image in 80286 format 
TSS has only the low order 16 FLAGS bits). Before 
loading the segment register images from an In
tel386 OX TSS, the FLAGS image is loaded, so that 
the segment registers are loaded from the TSS im
age as 8086 segment base values. The task is now 
ready to resume in virtual 8086 execution mode. 

4.6.6.2 TRANSITIONS THROUGH TRAP AND 
INTERRUPT GATES, AND IRET 

A task switch ·is one way to enter or exit virtual: 8086 
mode. The other method is to exit through a Trap or 
Interrupt gate, as part of handling an interrupt, and 
to enter as part of executing an IRET instruction. 
The transition out must use an Intel386 OX Trap 
Gate (Type 14), or Intel386 OX Interrupt Gate (Type 
15), which must point to a non-conforming level 0 
segment (OPL = 0) in order to permit the trap han
dier to IRET back to the Virtual 8086 program. The 
Gate must point to a non-conforming level 0 seg
l1'}ent to perform a level switch to level 0 so that the 
matching IRET can change the, VM bit. Intel386 OX 
gates must be used, since 80286 gates save only 
the low 16 bits of the FLAGS register, so that the VM 
bit will not be saved on transitions through the 
80286 gates. Also, the 16-bit IRET (presumably) 
used to terminate the 80286 interrupt handler will 
pop only the lower 16 bits from FLAGS, and will not 
affect the VM bit. The action taken for an Intel386 
OX Trap or Interrupt gate if an interrupt occurs while 
the task is executing in virtual 8086 mode is given by 
the following sequence. 

(1) Save the FLAGS register in a temp to push later. 
Turn off the VM and TF bits, and if the interrupt is 
serviced by an Interrupt Gate, turn off IF also. 

(2) Interrupt and Trap gates. must perform a level 
switch from 3 (where the VM86 program exe
cutes) to level 0 (so IRET can return). This pro
cess involves a stack switch to the stack given in 
the TSS for privilege level o. Save the Virtual 
8086 Mode SS and ESP registers to push in a 
later step. The segment register load of SS will 
be done as a Protected Mode segment load, 
since the VM bit was turned off above. . 

(3) Push the 8086 segment register values onto the 
new stack, in the order: GS, FS, OS, ES. These 
are pushed as 32-bit quantities, with undefined 
values in the upper 16 bits. Then load these 4 
registers with null selectors (0). 
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Figure 4-25. Virtual 8086 Environment Interrupt and Call Handling 

(4) Push the old 8086 stack pointer onto the new 
stack by pushing the SS register (as 32-bits, high 
bits undefined), then pushing the 32-bit ESP reg
ister saved above. 

(5) Push the 32-bit FLAGS register saved in step 1. 

(6) Push the old 8086 instruction pointer onto the 
new stack by pushing the CS register (as 32-bits, 
high bits undefined), then pushing the 32-bit EIP 
register. . 

(7) Load up the new CS:EIP value from the interrupt 
gate, and begin execution of the interrupt routine 
in protected Intel386 OX mode. 

The transition out of virtual 8086 mode performs a 
level change and stack switch, in addition to chang
ing back to protected mode. In addition, all of the 
8086 segment register images are stored on the 
stack (behind the SS:ESP image), and then loaded 
with null (0) selectors before entering the interrupt 
handler. This will permit the handler to safely save 
and restore the OS, ES, FS, and GS registers as 
80286 selectors. This is needed so that interrupt 
handlers which don't care about the mode of the 
interrupted· program can use the same prolog and 
epilog code for state saving (i.e. push all registers in 
prolog, pop all in epilog) regardless of whether or not 
a "native" mode or Virtual 8086 mode program was 
interrupted. Restoring null selectors to these regis
ters before executing the IRET will not cause a trap 
in the interrupt handler. Interrupt routines which ex
pect values in the segment registers, or return val
ues in segment registers will have to obtain/return 
values from the 8086 register images pushed onto 
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the new stack. They will need to know the mode of 
the interrupted program in order to know where to 
find/return segment registers, and also to know how 
to interpret segment register values. 

The IRET instruction will perform the inverse of the 
above sequence. Only the extended Intel386 OXs 
IRET instruction (operand size=32) can be used, 
and must be executed at level 0 to change the VM 
bit to 1. 

(1) If the NT bit in the FLAGs register is on, an inter
task return is performed. The current state is 
stored in the current TSS, and the link field in the 
current TSS is used to locate the TSS for the 
interrupted task which is to be resumed. 

Otherwise, continue with the following sequence. 

(2) Read the FLAGS image from SS:8[ESP] into the 
FLAGS register. This will set VM to the value ac
tive in the interrupted routine. 

(3) Pop off the instruction pointer CS:EIP. EIP is 
popped first, then a 32-bit word is popped which 
contains the CS value in the lower 16 bits. If 
VM = 0, this CS load is done as a protected 
mode segment load. If VM = 1, this will be done 

"as an 8086 segment load. 

(4) Increment the ESP register by 4 to bypass the 
FLAGS image which was "popped" in step 1. 

(5) If VM = 1, load segment registers ES, OS, FS, 
. and GS from memory locations SS: [ESP + 8], 

SS: [ESP + 12], SS: [ESP + 16], and 
SS: [ESP + 20], respectively, where the new val-
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ue of ESP stored in step 4 is used. Since VM = 1 , 
these are done as 8086 segment register loads. 

Else if VM = 0, check that the selectors in ES, 
OS, FS, and GS are valid in the interrupted rou
tine. Null out invalid selectors to trap if an at
tempt is made to access through them. 

(6) If (RPL(CS) > CPL), pop the stack pointer 
SS:ESP from the stack. The ESP register;s 
popped first, followed by 32-bits containing SS in 
the lower 16 bits. If VM = 0, SS is loaded as a 
protected mode segment register load. If VM = 1, 
an 8086 segment register load is used. 

(7) Resume execution of the interrupted routine. The 
VM bit in the FLAGS register (restored from the 
interrupt routine's stack image in step 1) deter
mines whether the processor resumes the inter
rupted routine in Protected mode of Virtual 8086 
mode. 

5. FUNCTIONAL DATA 

5.1 INTRODUCTION 
The Intel386 OX features a straightforward function
al interface to the external hardware. The Intel386 
OX has separate, parallel buses for data and ad
dress. The data bus is 32-bits in width, and bidirec
tional. The address bus outputs 32-bit address val
ues in the most directly usable form for the high
speed local bus: 4 individual byte enable signals, 
and the 30 upper-order bits as a binary value. The 
data and address buses are interpreted and con
trolled with their associated control Signals. 

A dynamiC data bus sizing feature allows the proc
essor to handle a mix of 32- and 16-bit external bus
es on a cycle-by-cycle basis (see ,5.3.4 Data Bus 
Sizing). If 16-bit bus size .is selected, the Intel386 
OX automatically makes any adjustment needed, 
even performing another 16-bit bus cycle to com
plete the transfer if that is necessary. 8-bit peripheral 
devices may be connected to 32-bit or 16-bit buses 
with no loss of performance. A new address pipe
lining option is provided and applies to 32-bit and 
16-bit buses for substantially improved memory utili
zation, especially for the most heavily used memory 
resources. 

The address pipelining option, when selected, typ
ically allows a given memory interface to operate 
with one less wait state than would otherwise be 
required (see 5.4.2 Address Pipelining). The pipe
lined bus is also well suited to interleaved memory 
designs. When address pipelining is requested by 
the external hardware, the Intel386 OX will output 
the address and bus cycle definition of the next bus 
cycle (if it is internally available) even while waiting 
for the current cycle to be acknowledged. 
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Non-pipelined address timing, however, is ideal for 
external cache designs, since the cache memory will 
typically be fast enough to allow non-pipelined cy
cles. For maximum design flexibility, the address 
pipelining option is selectable on a bycle-by-cycle 
basis. 

The processor's bus cycle is the basic mechanism 
for information transfer, either from system to proc
essor, or from processor to system. Intel386 OX bus 

. cycles perform data transfer in a minimum of only 
two clock periods. On a 32-bit data bus, the maxi
mum Intel386 OX transfer bandwidth at 20 MHz is 
therefore 40 MBytes/sec, at 25 MHz bandwidth, is 
50 Mbytes/sec, and at 33 MHz bandwidth, is 
66 Mbytes/sec. Any bus cycle will be' extended for 
more than two clock periods, however, if external 
hardware withholds acknowledgement of the cycle. 
At the appropriate time, acknowledgement is sig
nalled by asserting the Intel386 OX READY # input. 

The Intel386 OX .can relinquish control of its local 
buses to allow mastership by other devices, such as 
direct memory access channels. When relinquished, 
HLOA is the only output pin driven by the Intel386 
OX providing near-complete isolation of the proces
sor from its system. The near-complete isolation 
characteristic is ideal when driving the' system from 
test equipment, and in fault-tolerant applications. 

Functional data covered in this chapter describes 
the processor's hardware interface. First, the set of 
signals available at the processor pins is described 
(see 5.2 Signal Description). Following that are the 
signal waveforms occurring during bus cycles (see 
5.3 Bus Transfer Mechanism, 5.4 Bus Functional 
Description and 5.5 Other Functional Descrip
tions). 

5.2 SIGNAL DESCRIPTION 

5.2.1 Introduction 

Ahead is a brief description of the Intel,386 OX input 
and output' signals arranged' by functional groups. 
Note the # symbol at the end of a sigl'lal name indi
cates the active, or asserted, state occurs when the 
signal is at a low Voltage. When no # is present after 
the signal name, the signal is asserted when at the 
high voltage level. 

Example signal: M/IO# - High voltage indicates 
Memory sel,ected 

- Low voltage indicates 
I/O selected 
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Figure 5-2. CLK2 Signal and Internal Processor Clock 

The signal descriptions sometimes refer to AC tim
ing parameters, such as "t25 Reset Setup Time" and 
"t26 Reset Hold Time." The values of these parame
ters can be found in Tables 7-4 and 7-5. 

5.2.2 Clock (CLK2) 

CLK2 provides the fundamental timing for the In
tel386 Ox. It is divided by two internally to generate 
the internal processor clock used for instruction exe
cution. The internal clock is comprised of two phas
es, "phase one" and "phase two." Each,CLK2 peri
od is, a phase of the internal clock. Figure 5-2 illus
trates the relationship. If desired, the phase of the 
internal processor clock can be synchronized to a 
known phase by ensuring the RESET signal falling 
edge meets its applicable setup and hold times, t25 
and t26' 

5.2.3 Data Bus (DO through 031) 

These three-state bidirectional signals provide the 
general purpose data path between the Intel386 OX 

I 

and other devices. Data bus inputs and outputs indi
cate "1" when HIGH. The data bus can transfer data 
on 32- and 16-bit buses using a data bus sizing fea
ture controlled by the 8S16# input. See section 
5.2.6 Bus Contol. Data bus reads require that read 
data setup and hold times t21 and t22 be met for 
correct operation. In addition, the Intel386 OX re
quires that all data bus pins be at a valid logic state 
(high or low) at the end of each read cycle, when 
READY # is asserted. During any write operation 
(and during halt cycles and shutdown cycles), the 
Intel386 OX always drives all 32 signals of the data 
bus even if the current bus size is 16-bits. 

5.2.4 Address Bus (BEO # through 
BE3#, A2 through A31) 

These three-state outputs provide physical memory 
addresses or 110 port addresses. The address bus 
is capable of addressing 4 gigabytes of physical 
memory space (OOOOOOOOH through FFFFFFFFH), 
and 64 kilobytes of 110 address space (OOOOOOOOH 
through OOOOFFFFH) for programmed I/O. I/O 
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transfers automatically generated for Intel386 OX-to
coprocessor communication use 1/0 addresses 
800000F8H through 800000FFH, so A31 HIGH in 
conjunction with M/IO# LOW allows simple genera
tion of the coprocessor select signal. 

The Byte Enable outputs, BEO # - BE3 #, directly in
dicate which bytes of the 32-bit data bus are in
volved with the current transfer. This is most conve
nient for external hardware. 

BEO# applies to 00-07 
BE1 # applies to 08-015 
BE2# applies to 016-023 
BE3# applies to 024-031 

The number of Byte Enables asserted indicates the 
physical size of the operand being transferred (1, 2, 
3, or 4 bytes). Refer to section 5.3_6 Operand Align
ment. 

When a memory write cycle or 1/0 write cycle is in 
progress, and the operand being transferred occu
pies only the upper 16 bits of the data bus (016-
031), duplicate data is simultaneously presented on 
the corresponding lower 16-bits of the data bus 
(00- 015). This duplication is performed for optimum 
write performance on 16-bit buses. The pattern of 
write data duplication is a function of the Byte En
ables asserted during the write cycle. Table 5-1 lists 
the write data present on 00-031, as a function of 
the .asserted Byte Enable outputs BEO#-BE3#. 

5.2.5 Bus Cycle Definition Signals 
(W/R#, D/C#, MIIO#, LOCK#) 

These three-state outputs define the type of bus cy
cle being performed. W/R# distinguishes between 
write and read cycles. O/C# distinguishes between 
data and control cycles. M/IO# distinguishes be
tween memory and 1/0 cycles. LOCK # distin
guishes between locked and unlocked bus cycles. 

The primary bus cycle definition signals are W IR #, 
O/C# and M/IO#, since these are the signals driv
en valid as the ADS # (Address Status output) is 
driven asserted. The LOCK # is driven valid at the 
same time as the first locked bus cycle begins, 
which due to address pipelining, could be later than 
ADS # is driven asserted. See 5.4.3.4 Pipelined Ad
dress. The LOCK# is negated when the REAOY# 
input terminates the last bus cycle which was 
locked. 

Exact bus cycle definitions, as a function of W/R#, 
O/C#, and M/IO#, are given in Table 5-2. Note one 
combination of W/R#, O/C# and M/IO# is never 
given when AOS# is asserted (however, that combi
nation, which is listed as "does not occur," may oc
cur during idle bus states when AOS# is not assert
ed). If M/IO#, O/C#, and W/R# are qualified by 
ADS# asserted, then a decoding scheme may be 
simplified by using this definition of the "does not 
occur" combination. 

Table 5-1 Write Oata Ouplication as a Function of BEO#-BE3# 

Intel386™ OX Byte Enables Intel386™ OX Write Oata Automatic 

BE3# BE2# BE 1# BEO# 024-031 016-023 08-015 00-07 Ouplication? 

High High High Low undef undef undef A No 
High High Low High undef undef B undef No 
High Low High High undef C undef C Yes 
Low High High High 0 undef D undef Yes 

High High Low Low undef undef B A No 
High Low Low High undef C B undef No 
Low Low High High 0 C 0 C Yes 

High Low Low Low undef C B A No 
Low Low Low High 0 C B undef No 

Low Low Low Low 0 C B A No 

Key: 
D = logical write data d24-d31 
C = logical write data d16-d23 
B = logical write data d8-d15 
A = logical write data dO-d7. 
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Table 5-2 Bus Cycle Definition 

MIIO# D/C# W/R# Bus Cycle Type Locked? 

Low Low Low INTERRUPT ACKNOWLEDGE Yes 

Low Low High does not occur 

Low High Low I/O DATA READ No 

Low High High I/O DATA WRITE No 

High Low Low MEMORY CODE READ No 

High Low High HALT: SHUTDOWN: No 
Address = 2 Address = 0 

(BEO# High (BEO# Low 
BE1 # High BE1 # High 
BE2# Low BE2# High 
BE3# High BE3# High 
A2-A31 Low) A2 A31 Low) 

High High Low MEMORY DATA READ Some Cycles 

High High High MEMORY DATA WRITE Some Cycles 

5.2.6 Bus Control Signals (ADS #, 
READV#, NA#, BS16#) 

5.2.6.1 INTRODUCTION 

The following signals allow the processor to indicate 
when a bus cycle has begun, and allow other system 
h~rdware to control address pipelining, data bus 
width and bus cycle termination. 

5.2:6.2 ADDRESS STATUS (ADS#) 

This three-state output indicates that a valid bus cy
cle definition, and address (W/R#, D/C#, M/IO#, 
BEO#-BE3#, and A2-A31) is being driven at the 
Intel386 DX pins. It is asserted during T1 and T2P 
bus states (see 5.4.3.2 Non-pipellned Address and 
5.4.3.4 Pipellned Address for additional information 
on bus states). 

5.2.6.3 TRANSFER ACKNOWLEDGE (READY #) 

This input indicates the current bus cycle is com
plete, and the active bytes indicated by BEO # -
BE3# and 8S16# are accepted or provided. When 
READY # is sampled asserted during a read cycle or 
interrupt acknowledge cycle, the Intel386 DX latches 
the input data and terminates the cycle. When 
READY # is sampl~d asserted during a write cycle, 
the processor terminates the bus cycle. 

READY # is ignored on the first bus state of all bus 
cycles, and sampled each bus state thereafter until 
asserted. READY # must eventually be asserted to 
~cknowledge every bus cycle, including Halt Indica
tion and Shutdown Indication bus cycles. When be
ing sampled, READY must always meet setup and 
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hold. times t19 and t20 for correct operation. See all 
sections of 5.4 Bus Functional Description. 

5.2.6.4 NEXT ADDRESS REQUEST (NA#) 

!hi~ is used to request address pipelining. This input 
indicates the system is prepared to accept new val
ues of BEO#-BE3#, A2-A31, W/R#, D/C# and 
M/IO# from the Intel386 OX even if the end of the 
current cycle is not being acknowledged on 
READY #. If this input is asserted when sampled, 
the next address is driven onto the bus, provided the 
next bus request is already pending internally. See 
5.4.2 Address Pipelining and 5.4.3 Read and 
Write. Cycles. NA# must always meet setup and 
hold times, t15 and t16, for correct operation. 

5.2.6.5 BUS SIZE 16 (BS16#) 

The 8S16# feature allows the Intel386 DX to direct
ly connect to 32-bit and 16-bit data buses. Asserting 
this input constrains the current bus cycle to use 
only the lower-order half (DO-D15) of the data bus 
corresponding to BEO # and BE1 #. Asserting 
8S16# has no additional effect if only 8EO# and/or 
BE1 # are asserted in the current cycle. However, 
during bus cycles asserting BE2# or BE3# assert
ing 8S16# will automatically cause the Intei386 DX 
to make adjustments for correct transfer of the up
per bytes(s) using only physical data signals DO
D15. 

If the operand spans both halves of the data bus 
and BS16# is asserted, the Intel386 OX will auto
matically perform another 16-bit bus cycle. BS16# 
must always meet setup and hold times t17 and t18 
for correct operation. 
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Intel386 DX 1/0 cycles are automatically generated 
for coprocessor communication. Since the Intel386 
DX must transfer 32-bit quantities between itself and 
the Intel38? DX, 8S16# must not be asserted dur
ing Intel38? DX communication cycles. 

5.2.7 Bus Arbitration Signals 
(HOLD, HLDA) 

5.2.?1 INTRODUCTION 

This section describes the mechanism by which the 
processor relinquishes control of its local buses 
when requested by another bus master device. See 
5.5.1 Entering and Exiting Hold Acknowledge for 
additional information. 

5.2.7.2 BUS HOLD REQUEST (HOLD) 

This input indicates some device other than the In
tel386 DX requires bus mastership. 

HOLD must remain asserted as long as any other 
device is a local bus master. HOLD is not recognized 
while RESET is asserted. If RESET is asserted while 
HOLD is asserted, RESET has priority and places 
the bus into an idle state, rather than the hola ac
knowledge (high impedance) state. 

HOLD is level-sensitive and is a synchronous input. 
HOLD signals must always meet setup and hold 
times t23 and t24 for correct operation. 

5.2.7.3 BUS HOLD ACKNOWLEDGE (HLDA) 

Assertion of this output indicates the Intel386 DX 
has relinquished control of its local bus in response 
to HOLD asserted, and is in the bus Hold Acknowl
edge state. 

The Hold Acknowledge state offers near-complete 
signal isolation. In the Hold Acknowledge state, 
HLDA is the only signal being driven by the Intel386 
DX. The other output signals or bidirectional signals 
(DO-D31, BEO#-BE3#, A2-A31, W/R#, D/C#, 
MIIO#, LOCK# and ADS#) are in a high-imped
ance state so the requesting bus master may control 
them. Pullup resistors may be desirec,l on several sig
nals to avoid spurious activity when no bus master is 
driving them. See 7.2.3 Resistor Recommenda
tions. Also, one rising edge occuring on the NMI 
input during Hold Acknowledge is remembered, for 
processing after the HOLD input is negated. 

In addition to the normal usage of Hold Acknowl
edge with DMA controllers or master peripherals, 
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the near-complete isolation has 'particular attractive
ness during system test when test equipment drives 
the system, and in hardware-fault-tolerant applica
tions. 

5.2.8 Coprocessor Interface Signals 
(PEREQ,BUSY #, ERROR #) 

5.2.8.1 INTRODUCTION 

In the following sections are descriptions of signals 
dedicated to the numeric coprocessor interface. In 
addition to the data bus, address bus, and bus cycle 
definition signals, these following Signals control 
communication between the Intel386 DX and its In
te138? DX processor extension. 

5.2.8.2 COPROCESSOR REQUEST (PEREQ) 

When asserted, this input signal indicates a coproc
essor request for a data operand to be transferred 
to/from memory by the Intel386 DX. In response, 
the Intel386 DX transfers information between the 
coprocessor and memory. Because the Intel386 DX 
has internally stored the coprocessor opcode being 
executed, it performs the requested data transfer 
with the correct direction and memory address. 

PEREa is level-sensitive and is allowed to be asyn
chronous to the CLK2 signal. 

5.2.8.3 COPROCESSOR BUSY (BUSY #) 

When asserted, this input indicates the coprocessor 
is still executing an instruction, and is not yet able to 
accept another. When the Intel386 DX encounters 
any coprocessor instruction which operates on the 
numeric stack (e.g. load, pop, or arithmetic opera
tion), or the WAIT instruction, this input is first auto
matically sampled until it is seen to be negated. This 
sampling of the BUSY # input prevents overrunning 
the execution of a previous coprocessor instruction. 

The FNINIT and FNCLEX coprocessor instructions 
are allowed to execute even if BUSY # is asserted, 
since these instructions are used for coprocessor 
initialization and exception-clearing. 

BUSY # is level-sensitive and is allowed to be asyn-
chronous to the CLK2 signal. . 

BUSY # serves an additional function. If BUSY # is 
sampled LOW at the falling edge of RESET, the In
tel386 DX performs an internal self-test (see 5.5.3 
Bus Activity During and Following Reset). If 
BUSY # is sampled HIGH, no self-test is performed. 
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5.2.8.4 COPROCESSOR ERROR (ERROR #) 

This input signal indicates that the previous coproc
essor instruction generated a coprocessor error of a 
type not masked by the coprocessor's control regis
ter. This input is automatically sampled by the In
tel386 OX when a coprocessor instruction is en
countered, and if asserted, the Intel386 OX gener
ates exception 16 to access the error-handling soft
ware. 

Several coprocessor instructions, generally those 
which clear the numeric error flags in the coproces
sor or save lcoprocessor state, do execute without 
the Intel386 OX generating exception 16 even if ER- ' 
ROR# is asserted. These instructions are FNINIT, 
FNCLEX, FSTSW, FSTSWAX, FSTCW, FSTENV, 
FSAVE, FESTENV and FESAVE. 

ERROR # is level-sensitive and is allowed to be 
asynchronous to the CLK2 signal. 

5.2.9 Interrupt Signals (INTR, NMI, 
. RESET) 

5.2.9.1 INTRODUCTION 

The following descriptions cover inputs that can in
terrupt or suspend execution of the processor's cur
rent instruction stream. 

5.2.9.2 MA~KABLE INTERRUPT REQUEST (INTR) 

When asserted, this input indicates a request for in
terrupt service, which can be masked by the Intel386 
OX Flag Register IF bit. When the Intel386 OX re
sponds to the INTR input', it performs two interrupt 
acknowledge bus cycles, and at the end of the sec- ' 
ond, latches an 8·bit interrupt vector on 00-07 to 
identify the source of the interrupt. ' 

INTR is level-sensitive and is allowed to be asyn
chronous to the CLK2 signal. To assure recognition 
of an INTR request, INTR should remain asserted 
until the first interrupt acknowledge bus cycle be-
gins. I 

5.2.9.3 NON-MASKABLE INTERRUPT REQUEST 
(NMI) 

This input indicates a request for interrupt service, 
which cannot be masked by software. The non-

I 
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maskable interrupt request is always processed ac
cording to the pointer or gate in slot 2 of the interrupt 
table. Because of the fixed NMI slot assignment, no 
interrupt acknowledge cycles are perfomed when 
processing NMI. 

NMI is rising edge-sensitive and is allowed to be 
asynchronous to the CLK2 signal. To assure recog
nition of NMI, it must be negated for at least eight 
CLK2 periods, and then be asserted for at least 
eight CLK2 periods. 

Once NMI processing has begun, no additional 
NMI's are processed until after the next IRET in
struction, which is typically the end of the NMI serv
ice routine. If NMI is re-asserted prior to that time, 
however, one rising edge on NMI will be remem
bered for processing after executing the next IRET 
instruction. 

5.2.9.4 RESET (RESET) 

This input signal suspends any operation in progress 
and places the Intel386 OX in a known reset state . 
The Intel386 OX is reset by asserting RESET for 15 
or more CLK2 periods (80 or more CLK2 periods 
before requesting self test). When RESET is assert
ed, all other input pins are ignored, and all other bus 
pins are driven'to an idle bus state as shown in Ta
ble 5-3. If RESET and HOLD are both asserted at a 
pOint in time, RESET takes priority even if the In
tel386 OX was in a Hold Acknowledge state prior to 
RESET asserted. 

RESET is level-sensitive and must be synchronous 
to the CLK2 Signal. If desired, the phase of the inter
nal processor clock, and the entire Intel386 OX state 
can be completely synchronized to external circuitry 
by ensuring the RESET signal falling edge meets its 
applicable setup and hold times, t25 and t26. 

Table 5-3 Pin State (Bus Idle) During Reset 
Pin Name Signal Level During Reset 

AOS# High 
00-031 High Impedance 
BEO#-BE3# Low 
A2-A31 High 
W/R# Low 
O/C# High 
MIIO# Low 
LOCK# High 
HLOA Low 
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5.2.10 Signal Summary 

Table 5-4 summarizes the characteristics of all Intel386 OX signals. 

Table 5-4.lnteI386™ OX Signal Summary' 

Signal Name Signal Function 

CLK2 Clock 

DO-D31 Data Bus 

BEO#-BE3# Byte Enables 

A2-A31 Address Bus 

W/R# Write·Read Indication 

D/C# Data-Control Indication 

M/IO# Memory-I/O Indication 

LOCK# Bus Lock Indication 

AOS# ' Address Status 

NA# Next Address Request 

BS16# Bus Size 16 

READY# Transfer Acknowledge 

HOLD .. Bus Hold Request 

HLDA Bus Hold Acknowledge 

PEREQ Coprocessor Request 

BUSY# Coprocessor Busy 

ERROR# Coprocessor Error 

INTR Maskable Interrupt Request 

NMI Non-Maskable Intrpt Request 

RESET Reset 

5.3 BUS TRANSFER MECHANISM 

5.3.1 Introduction 

All data transfers occur as a result of one or more 
bus cycles. Logical data operands of byte, word and 
double-word lengths may be transferred without re
strictions on physical address alignment. Any byte 
boundary may be used, although two or even three 
physical bus cycles are performed as required for 
unaligned operand transfers. See 5.3.4 Dynamic 
Data Bus Sizing and 5.3.6 Operand Alignment. 
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Input 
Output 

Active Inputl Synchor 
High Impedance 

State Output Asynch 
During HLDA? 

toCLK2 

- I - -
High 1/0 S Yes 

Low 0 - Yes 

High 0 - Yes 

High 0 - Yes 

High 0 - Yes 

High 0 - Yes 

Low 0 - Yes 

Low 0 - Yes 

Low I S -
Low I S -
Low I S -
High I S -
High 0 - No 

High I A -
Low I A -
Low I A -
High I A 0" -
High I A -
High I S -

The Intel386 OX address signals are designed to 
simplify external system hardware. Higher-order ad
dress bits are provided by A2-A31. Lower-order ad
dress in the form of BEO#-BE3# directly provides 
linear selects for the four bytes of the 32-bit data 
bus. Physical operand size information is thereby im
plicitly provided each bus cycle in the most usable 
form. 

Byte Enable outputs BEO#-BE3# are asserted 
when their associated data bus bytes are involved 
with the present bus cycle, as listed in Table 5-5. 
During a bus cycle, any possible pattern of contigu
ous, asserted Byte Enable outputs can occur, but 
never patterns having a negated Byte Enable sepa
rating two or three asserted Enables. 

I 



Address bits AO and A 1 of the physical operand's 
base address can be created when necessary (for 
instance, for MUL TIBUS I or MUL TIBUS II interface), 
as a function of the lowest-order asserted Byte En
able. This is shown by Table 5-6. Logic to generate 
AO and A 1 is given by Figure 5-3. 

Table 5-5. Byte Enables and Associated 
Data and Operand Bytes 

Byte Enable Signal Associated Data Bus Signals 

BEO# 00-07 (byte O-Ieast significant) 

BE1# 08-015 (byte 1) 

BE2# 016-023 (byte 2) 

BE3# 024-031 (byte 3-most significant) 

BEO# 
L H 

L x Ii L L 
L 

L x Ii L 

A31 

A31 

A31 

A31 

A31 

A31 

BEO# 
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Table 5-6. Generating AO-A31 from 
BEO#-BE3# and A2-A31 

Intel386TM OX Address Signals 

......... A2 BE3# BE2# BE1# 

Physical Base 
Address 

......... A2 A1 AO 

......... A2 0 0 X X X 

......... A2 0 1 X X Low 

......... A2 1 0 X Low High 

......... A2 1 1 Low High High 

BEO# 

Low 

High 

High 

High 

BE2# H 
L L ·X L 

[~Al 
BE3# BE1# 

H 
x x Ii 

L H 

BE1# 

K • Map for Al Signal 

BEO# 
L 

L x L 
L 

L x L 

L L X 
H 

BE2# 

x x H 

L H 

BE1# 

K - Map for AO Signal 

H 

H 

H 

.Ii 
x 

L 

--1.-_ 
x L 

L 

231630-3 

L 

H BE3# 

L 

231630-4 

Figure 5-3. Logic to Generate AO, A1 from BEO#-BE3# 

Each bus cycle is composed of at least two bus 
states. Each bus state requires one processor clock 
period. Additional bus states added to a single bus 
cycle are called wait states. See 5.4 Bus Functional 
Description. 

Since a bus cycle requires a minimum of two bus 
states (equal to two processor clock periods), data 
can be transferred between external devices and 
the Intel386 OX at a maximum rate of one 4-byte 
Oword every two processor clock periods, for a max
imum bus bandwidth of 66 megabytes/second (In
tel386 OX operating at 33 MHz processor clock 
rate). 

I 

5.3.2 Memory and I/O Spaces 

Bus cycles may access physical memory space or 
110 space. Peripheral devices in the system may ei
ther be memory-mapped, or I/O-mapped, or both. 
As shown in Figure 5-4, physical memory addresses 
range from OOOOOOOOH to FFFFFFFFH (4 gigabytes) 
and I/O addresses from OOOOOOOOH to OOOOFFFFH 
(64 kilobytes) for programmed 110. Note the I/O ad
dresses used by the automatic 110 cycles for co
processor communication are 800000F8H to 
800000FFH, beyond the address range of pro
grammed 110, to allow easy generation of a coproc
essor chip select signal using the A31 and MIIO# 
signals. 
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FFFFFFFFH _--.. 

~ ~~ 

~ PHYSICAL 
MEMORY 800000FFH j =-+COPROCESSOR 

1:'::,~'" ~ ..... ,N"" 4GBYTE 

~~0. 

~ :~ 
OOOOFFFFH B} ACCESSIBLE 

64 kBYTE PROGRAMMED 
OOOOOOOOH "----' OOOOOOOOH I/O SPACE 

231630-5 
Physical Memory Space 110 Space 

NOTE: 
Since A31 is HIGH during automatic communication with coprocessor, A31 HIGH and M/IO# LOW can be used to 
easily generate a coprocessor select signal. 

Figure 5-4. Physical Memory and 1/0 Spaces 

5.3.3 Memory and 1/0 Organization 

The Intel386 OX datapath to memory and 1/0 
spaces can be 32 bits wide or 16 bits wide. When 
32-bits wide, memory and 1/0 spaces are organized 
naturally as arrays of physical 32-bit Owords. Each 
memory or 1/0 Oword has four individually address
able bytes at consecutive byte addresses. The low
est-addressed byte is associated with data signals 
00-07; the highest-addressed byte with 024-031. 

The Intel386 OX includes a bus control input, 
B5 16 #, that also allows direct connection to 16-bit 
memory or 1/0 spaces organized as a sequence of 
16-bit words. Cycles to 32-bit and 16-bit memory or 
1/0 devices may occur in any sequence, since the 
B516# control is sampled during each bus cycle. 
5ee 5.3.4 Dynamic Data Bus Sizing. The Byte En
able signals, BEO#-BE3#, allow byte granularity 
when addressing any memory or 1/0 structure, 
whether 32 or 16 bits. wide. 

5.3.4 Dynamic qata Bus Sizing 

Dynamic data bus sizing is a feature allowing direct 
processor connection to 32-bit or 16-bit data buses 
for memory or 1/0. A single processor may connect 
to both size buses. Transfers to or from 32- or 16-bit 
ports are supported by dynamically determining the 
bus width during each bus cycle. During each bus 
cycle an address decoding circuit or the slave de-
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vice itself may assert B516# for 16-bit ports, or ne
gate B516# for 32-bit ports. 

With B516# asserted, the processor automatically 
converts operand transfers larger than 16 bits, or 
misaligned 16-bit transfers, into two or three trans
fers as required. All operand transfers physically oc
cur on 00-015 when B516# is asserted. There
fore, 16-bit memories or 1/0 devices only connect 
on data signals 00-015. No extra transceivers are 
required. 

Asserting B516# only affects the processor when 
BE2# andlor BE3# are asserted during the current 
cycle. If only 00-015 are involved with the transfer, 
asserting B516# has no affect since the transfer 
can proceed normally over a 16-bit bus whether 
B516# is asserted or not. In other words, asserting 
B5 16 # has no effect when only the ·Iower half of the 
bus is involved with the current cycle. 

There are two types of situations where the proces
sor is affected by asserting B5 16 #, depending on 
which Byte Enables are asserted during the current 
bus c:ycle: 

Upper Half Only: 
Only BE2# andlor BE3# asserted. 

Upper and Lower Half: : 
At least BE1 #, BE2 # asserted (and perhaps 
also BEO# and/or BE3#). . 

I 
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Effect of asserting 8S16# during "upper half only" 
read cycles: 

Effect of asserting 8S16# during "upper and lower 
half" write cycles: 

Asserting BS16# during "upper half only" reads 
causes the Intel386 OX to read data on the lower 
16 bits of the data bus and ignore data on the 
upper 16 bits of the data bus. Oata that would 
have been read from 016-031 (as indicated by 
BE2# and 8E3#) will instead be read from 00-
015 respectively. 

Effect of asserting 8S16# during "upper half only" 
write cycles: 

Asserting 8S16# during "upper and lower half" 
writes causes the Intel386 OX to perform two 
16-bit write cycles for complete physical operand 
transfer. All bytes are available the first write cycle 
allowing external hardware to receive 8ytes 0 and 
1 (as indicated by BEO# and BE1 #) using 00-
015. On the second cycle the Intel386 OX dupli
cates 8ytes 2 and 3 on 00-015 and Bytes 2 and 
3 (as indicated by 8E2# and BE3#) are written 
using 00-015. BEO# and BE1 # are always neg
ated during the second 16-bit cycle. 8S16# must 
be asserted during the second 16-bit cycle. See 
Figure 5-14, cycles 1 and 1a. 

Asserting BS16# during "upper half only" writes 
does not affect the Intel386 OX. When only BE2# 
and/or BE3# are asserted during a write cycle 
the Intel386 OX always duplicates data signals 
016-031 onto 00-015 (see Table 5-1). There
fore, no further Intel386 OX action is required to 
perform these writes on 32-bit or 16-bit buses. 

5.3.5 Interfacing with 32- and 16-Bit 
Memories 

Effect of asserting BS16# during "upper and lower 
half" read cycles: 

In 32-bit-wide physical memories such as Figure 5-5, 
each physical Oword begins at a byte address that is 
a multiple of 4. A2-A31 are directly used as a Oword 
select and 8EO#-BE3# as byte selects. 8S16# is 
negated for all bus cycles involving the 32-bit array. 

I 

Asserting BS16# during "upper and lower half" 
reads causes the processor to perform two 16-bit 
read cycles for complete physical operand trans
fer. Bytes 0 and 1 (as. indicated by BEO # and 
8E1 #) are read on the first cycle using 00-015. 
8ytes 2 and 3 (as indicated by BE2# and BE3#) 
are read during the second cycle, again using 
00-015.016-031 are ignored during both 16-bit 
cycles. 8EO# and BE1 # are always negated dur
ing the second 16-bitcycle (See Figure 5-14, cy
cles 2 and 2a). 

When 16-bit-wide physical arrays are included in the 
system, as in Figure 5-6, each 16-bit physical word 
begins at a address that is a multiple of 2. Note the 
address is decoded, to assert 8S16# only during 
bus cycles involving the '16-bit array. '(If desiring to 

32 DATA BUS (00-031) 

l"to1386TII 32-BIT 
ox CPU ADDRESS BUS (BEO#-BE3#,A2-A31) MEMORY 

fBSI6# 

"HIGH" 
231630-6 

Figure 5-5. Intel386TM OX with 32-Bit Memory 

32 DATA BUS (00-031) 

l"to1386TII , 32-BIT 
OX CPU ADDRESS BUS MEMORY 

_~S16# j\ 
(BEO#-BE3#,A2-A31) 

I ADDRESS I \. 16 DATA BUS (00-015) 
DECODER 

\. ADDRESS BUS (A2-A31) 16-BIT 

'\. (BEOII-BE311)ru;;;';Cl (BHEII, BLEil, AI) MEMORY 

231630-7 

Figure 5-S.lnteI38S™ OX with 32-Bit and 16-Bit Memory 
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use pipelined address with 16-bit memories then 
BEO#-BE3# and W/R# are also decoded to de
termine when BS16# should be asserted. See 
5.4.3.6 Pipellned Address with Dynamic Data Bus 
Sizing.) 

A2-A31 are directly usable for addressing 32-bit 
and 16-bit devices. To address 16-bit devices, A1 
and two byte enable signals are also needed. 

To generate an A1 signal and two Byte Enable sig
nals for 16-bit access, BEO#-BE3# should be de
coded as in Table 5-7. Note certain combinations of 
BEO#-BE3# are never generated by the Intel386 
OX, leading to "don't care" conditions in the decod
er. Any BEO#-BE3# decoder, such as Figure 5-7, 
may use the non-occurring BEO#-BE3# combina
tions to its best advantage. 

5.3.6 Operand Alignment 

With the flexibility of memory addressing on the In
tel386 OX, it is possible to transfer a logical operand 
that spans more than one physical Dword or word of 
memory or 110. Examples are 32-bit Oword 

operands beginning at addresses not evenly divisi
ble by 4, or a 16-bit word operand split between two 
physical Owords of the memory array. 

Operand alignment and data bus size dictate when 
multiple bus cycles are required. Table 5-8 describes 
the transfer cycles generated for all combinations of 
logical operand lengths, alignment, and data bus siz
ing. When multiple bus cycles are required to trans
fer a multi-byte logical operand, the highest-order 
bytes are transferred first (but if BS16# asserted 
requires two 16-bit cycles be performed, that part of 
the transfer is low-order first). 

5.4 BUS FUNCTIONAL DESCRIPTION 

5.4.1 Introduction 

The Intel386 OX has separate, parallel buses for 
data and address. The data bus is 32-bits in width, 
and bidirectional. The address bus provides a 32-bit 
value using 30 signals for the 30 upper-order ad
dress bits and 4 Byte Enable signals to directly indi
cate the active bytes. These buses are interpreted 
and controlled via several associated definition' or 
control signals. 

Table 5-7. Generating A1, BHE# and BLE# for Addressing 16-Blt Devices 

Intel386TM OX Signals 16-Bit Bus Signals Comments 
BE3# 'BE2# BE 1# BEO# A1 BHE# BLE# (AO) 

H* H* H* H* x x x x-no active bytes 
H H H L L H L 
H H L H L L H 
H H L L L L L 
H L H H H H L 
H* L* H* L* x x x x-not contiguous bytes 
H L L H L L H 
H L L L L L L 
L H H H H L H 
L* H* H* L* x x x x-not contiguous bytes 
L* H*' l* H* x, x x x-not contiguous byteS 
L* H* L* L* x x x x-not contiguous bytes 
L L H H H L L 
L* L* H* L* x x x x-not continguous bytes 
L L L H L L H 
L L L L L L L 

BLE# asserted when 00-07 of 16-bit bus is active. 
BHE # asserted when 08-015 of 16-bit bus is active. 
A 1 low for all even words; A 1 high for all odd words. 

Key: 
x = don't care 

I H = high voltage leve'l 
L = low voltage level 
* = anon-occurring pattern of Byte Enables; either none are asserted, 

or the pattern has Byt~ Enables asserted for non-contiguous bytes 
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BEO# 

L H 

L x H L L 

BE2# 

L 
fi: L x L 

:~: 
H 

L L L 
H 

H x x x L 

[~Al 
BE3# BE1# 

--'L-~ 

BEO# 

L H L 

BE1# 
231630-8 

K·map for A 1 signal (same as Figure 5-3) 

BEO# 

L H 

L x L L L 

BE2# 

L .x: L ·H L 
H 

L R :i) L 
H 

[~BHE 
BE3# BE3# 

--'L-~ 

BE1# 

x x L x L 

L H L 

BE1# 
231630-9 

K·map for 16-bit BHElI' signal 

BEO# 

L H 

L x L H L 

L L x L .~: 
BE2# L L~::H H BE3# 

H x x ·H: ··x· L =.Il....---f""","",\ 

L H L 

BE1# 
231630-10 

K·map for 16-bit BlE # signal (same as AO signal in Figure 5-3) 

Figure 5-7. Logic to Generate A1, BHE# and BLE# for 16-Blt Buses 

Table 5-8. Transfer Bus Cycles for Bytes, Words and Dwords 

Byte-Length of Logical Operand 

1 2 4 

Physical Byte Address xx 00 01 10 11 00 01 10 11 
in Memory (low-order bits) 

Transfer Cycles over b w w w hb,· d hb hw, h3, 
32-Bit Data Bus Ib 13 Iw Ib 

Transfer Cycles over b w II>, w hb, Iw, hb, hw, mw, 
16-Bit Data Bus hb Ib hW Ib, Iw hb, 

f---
mw Ib 

Key:. b = byte transfer 3 = 3-byte transfer 
w = word transfer d = Dword transfer 
I = low-order portion h = high-order portion 
m = mid-order portion 
x = don't care 

'= B816# asserted causes second bus cycle 
·For this case, 8086, 8088, 80186, 80188, 80286 transfer Ib first, then hb. 
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The definition of each bus cycle is given by three 
definition signals: M/IO#, W/R# and O/C#. At the 
same time, a valid address is present on the byte 
enable signals BEO#-BE3# and other address sig
nals A2-A31. A status signal, AOS#, indicates 
when the Intel386 OX issues a new bus cycle defini
tion and address. 

Collectively, the address bus, data bus and all asso
ciated control signals are referred to simply as "the 
bus". 

When active, the bus performs one of the bus cycles 
below: 

1) read from memory space 

2) locked read from memory space 

3) write to memory space 

4) locked write to memory space 

5) read from 1/0 space (or coprocessor) 

6) write to 1/0 space (or coprocessor) 

7) interrupt acknowledge 

8) indicate halt, or indicate shutdown 

CYCLE 1 
NON-PIPELINED 

(READ) 

Table 5-2 shows the encoding of the bus cycle defi~ 
nition signals for each bus cycle. See section 5.2.5 
Bus Cycle Definition. 

The data bus has a dynamic sizing feature support
ing 32- and 16-bit bus size. Data bus size is indicated 
to the Intel386 OX using its Bus Size 16 (BS16#) 
input. All bus functions can be performed with either 
data bus size. 

When the Intel386 OX bus is not performing one of 
the activities listed above; it is either Idle or in the 
Hold Acknowledge state, which may be detected by 
external circuitry. The idle state can be identified by 
the Intel386 OX giving no further assertions on its 
address strobe output (AOS#) since the beginning 
of its most recent bus cycle, and the most recent 
bus cyCle has been terminated. The hold acknowl
edge state is identified by the Intel386 OX asserting 
its hold acknowledge (HLOA) output. 

The shortest time unit of bus activity is a bus state. A 
bus state is one processor clock period (two CLK2 
periods) in duration. A complete data transfer occurs 
during a bus cycle, composed of two or more bus 
states. 

CYCLE 2 
NON-PIPELINED 

(READ) 

CYCLE 3 
NON-PIPELINED 

(READ) 

Tl T2 Tl T2 Tl T2 
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CLK2[ 
(INPUT) 

BEOH-BE3#.A2-A31, [ 
M/IO#. D/C#. W IR# 

(OUTPUTS) 

ADS#[ 
(OUTPUT) 

NA#[ , 
(INPUT) 

READY# [ 
(INPUT) 

LOCK#[ 
(OUTPUT) 

DO-D31 [ 
(INPUT DURING READ) 

.11.2 .11.2 .11.2 .11.2 .11.2 .11.2 .1 

Fastest non-pipelined bus cycles consist 01 T1 and T2 

Figure 5-8. Fastest Read Cycles with Non-Pipelined Address Timing 

231630-11 
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The fastest Intel386 OX bus cycle requires only two 
bus states. For example, three consecutive bus read 
cycles, each consisting of two bus states, are shown 
by Figure 5-8. The bus states in each cycle are 
named T1 and T2. Any memory or lID address may 
be accessed by such a two-state bus cycle, if the 
external hardware is fast enough. The high-band
width, two-clock bus cycle realizes the full potential 
of fast main memory, or cache memory. 

Every bus cycle continues until it is acknowledged 
by the external system hardware, using the Intel386 
OX READY # input. Acknowledging the bus cycle at 
the end of the first T2 results in the shortest bus 
cycle, requiring only T1 and T2. If READY # is not 
immediately asserted, however, T2 states are re
peated indefinitely until the READY # input is sam
pled asserted. 

5.4.2 Address Pipelining 

The address pipelining option provides a choice of 
bus cycle timings. Pipelined or non-pipelined ad
dress timing is selectable on a cycle-by-cycle basis 
with the Next Address (NA #) input. 

CYCLE 1 
PIPELINED 

(READ) 

Intel386™ OX MICROPROCESSOR 

When address pipe lining is not selected, the current 
address and bus cycle definition remain stable 
throughout the bus cycle. 

When address pipelining is selected, the address 
(BEO#-BE3#, A2-A31) and definition (W/R#, 
D/C# and M/IO#) of the next cycle are available 
before the end of the current cycle. To signal their 
availability, the Intel386 OX address status output 
(ADS#) is also asserted. Figure 5-9 illustrates the 
fastest read cycles with pipe lined address timing. 

Note from Figure 5-9 the fastest bus cycles using 
pipelined address require only two bus states, 
named T1P and T2P. Therefore cycles with pipe
lined address timing allow the same data bandwidth 
as non-pipelined cycles, but address-to-data access 
time is increased compared to that of a non-pipe
lined cycle. 

By increasing the address-to-data access time, pipe
lined address timing reduces wait state require
ments. For example, if one wait state is required with 
non-pipelined address timing, no wait states would 
be required with pipe lined address. 

CYCLE 2 
PIPELINED 

(READ) 

CYCLE 3 
PIPELINED 

(READ) 

T1P T2P T1P T2P T1P T2P 

I 

CLK2[ 
(INPUT) 

,11,2 ,11,2 ,11,2 ,11,2 ,11,2 ,11,2 

9EO#-9E3#. A2-A31. [ 

11./10#. D/C#. W/R# -+---,l~--+--~p.-"""'"i"--~"--t-(OUTPUTS) 

ADS#[ 
(OUTPUT) 

NA#[ 
(INPUT) 

READY# [ 
(INPUT) 

LOCK# [ 
(OUTPUT) """'---+---i'-I--"""--ofoI---I---I'--

00-031 [ 
(INPUT DURING READ) 

Fastest pipelined bus cycles consist of T1 P and T2P 

Figure 5·9. Fastest Read Cycles with Pipelined Address Timing 

231630-12 
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Pipe lined address timing is useful in typical systems 
having address latches. In those systems, once an 
address has been latched, pipelined availability of 
the next address allows decoding circuitry to gener
ate chip selects (and other necessary select signals) 
in advance, so selected devices are accessed im
mediately when the next cycle begins. In other 
words, the decode time for the next cycle can be 
overlapped with the end of the current cycle. 

If a system contains a memory structure of two or 
more interleaved memory banks, pipelined address 
timing potentially allows even more overlap of activi· 
ty. This is true when the interleaved memory control
ler is designed to allow the next memory operation 

TWO-BANK INTERLEAVED MEMORY 

a) Address signal A2 selects bank 

b) 32-bit datapath to each bank 

FOUR-BANK INTERLEAVED MEMORY 

a) Address signals A3 and A2 select bank 

b) 32·bit datapath to each bank 

to begin in one memory bank while the current bus 
cycle is still activating another memory bank. Figure 
5-10 shows the general structure of the Intel386 OX 
with 2-bank and 4-bank interleaved memory. Note 
each memory bank of the interleaved memory has 
full data bus width (32-bit data width typically, unless 
16-bit bus size is selected). 

Further details of pipelined address timing are given 
in 5.4.3.4 Plpelined Address, 5.4.3.5 Initiating and 
Maintaining Pipelined Address, 5.4.3.6 Plpelined 
Address with DynamiC Bus Sizing, and 5.4.3.7 
Maximum Plpellned Address Usage with 16-Bit 
Bus Size. 

231630-13 

231630-14 

Figure 5-10. 2-Bank and 4-Bank Interleaved Memory Structure 
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5.4.3 Read and Write Cycles 

5.4.3.1 INTRODUCTION 

Data transfers occur as a result of bus cycles, classi
fied as read or write cycles. During read cycles, data 
is transferred from an external device to the proces
sor. During write cycles data is transferred in the oth
er direction, from the processor to an external de
vice. 

Two choices of address timing are dynamically se
lectable: non-pipe lined, .or pipelined. After a bus idle 
state, the processor always uses non-pipelined ~d
dress timing. However, the NA# (Next Address) in

put may be asserted to select pipelined address 
timing for the next bus cycle. When pipelining is se
lected and the Intel386 OX has a bus request pend
ing internally, the address and definition of the next 
cycle is made available even before the current bus 
cycle is acknowledged by READY #. Generally, the 
NA# input is sampled each bus cycle to select the 
desired address timing for the next bus cycle. 

Intel386TrA OX MICROPROCESSOR 

Two choices of physical data bus width are dynami
cally selectable: 32 bits, or 16 bits. Generally, the 
BS16# (Bus Size 16) input is sampled near the end 
of the bus cycle to confirm the physical data bus size 
applicable to the current cycle. Negation of BS16# 
indicates a 32-bit size, and assertion indicates a 
16-bit bus size. 

If 16-bit bus size is indicated, the Intel386 OX auto
matically responds as required to complete the 
transfer on a 16-bit data bus. Depending on the size 
and alignment of the operand, another 16-bit bus 
cycle may be required. Table 5-7 provides all details. 
When necessary, the Intel386 OX performs an addi
tional 16-bit bus cycle, using 00-015 in place of 
016-031. 

Terminating a read cycle or write cycle, IiIte any bus 
cycle, requires aclmowledging the cycle by asserting 
the READY # input. Until aclmowledged, the proces
sor inserts wait states into the bus cycle, to allow 
adjustment for the speed of any external device. Ex
ternal hardware, which has decoded the address 
and bus cycle type asserts the READY # input at the 
appropriate time. 

CYCLE 2 I CYCLE 3 I IDLE I CYCLE 4 I IDLE I 
NON-PIPELINED NON-PIPELINED NON-PIPELINED 

(READ) (WRITE) (READ) 

IDLE 

I CYCLE 1 I 
NON-PIPELINED 

(WRITE) 

I 

n Tl T2 Tl T2 T1 T2 TI T1 T2 TI 

CLK2 [ 

(CLK) [ 

BED #-BE3 # [ tt:7rn:7dtT"-::7.~-V---;:±;-:;---k(v.;;li'n"3-.lrRm 
A2-A31, 

M/IO#,D/C# 

W /R # [ &:f:.loO.L~ 

ADS# [ 

NA#[~~~~~~~~~~~~~~~~~~~~~I 

BSI6# [ 

LOCK # [ 

DO-D31 [ 

231630-15 
Idle states are shown here for diagram variety only. Write cycles are nol always fallowed by an idle state, An active bus cycle can immediately 
fallow the write cycle. 

Figure 5-11. Various Bus Cycles and Idle States with Non-Pipelined Address (zero wait states) 
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At the end of the second bus state within the bus 
cycle, READY # is sampled. At that time, if external 
hardware acknowledges the bus cycle by asserting 
READY #, the bus cycle terminates as shown in Fig
ure 5-11. If READY # is negated as in Figure 5-12, 
the cycle continues another bus state (a wait state) 
and READY # is sampled again at the end of that 
state. This continues indefinitely until the cycle is ac
knowledged by READY # asserted. 

When the current cycle is acknowledged, the In
tel386 OX terminates it. When a read cycle is ac
knowledged, the Intel386 OX latches the information 
present at its data pins. When a write cycle is ac
knowledged, the Intel386 OX write data remains val
id throughout phase one of the next bus state, to 
provide write data hold time. 

5.4.3.2 NON·PIPELINED ADDRESS 

Any bus cycle may be performed with non-pipelined 
address timing. For example, Figure 5-11 shows a . 
mixture of read and write cycles with non-pipelined 
address timing. Figure 5-11 shows the fastest possi-

ble cycles with non-pipe lined address have two bus 
states per bus cycle. The states are named T1 and 
T2. In phase one of the T1, the address signals and 
bus cycle definition signals are driven valid, and to 
signal their availability, addres!i status (ADS#) is 
simultaneously asserted. 

During read or write cycles, the data bus behaves as 
follows. If the cycle is a read, the Intel386 OX floats 
its data signals to allow driving by the external de
vice being addressed. The Intel386 DX requires 
that all data bus pins be at a valid logic state 
(high or low) at the end of each read cycle, when 
READY # Is asserted, even if all byte enables are 
not asserted. The system MUST be designed to 
meet this requirement. If the cycle is a write, data 
signals are driven by the Intel386 OX beginning in 
phase two of T1 until phase one of the bus state 
following cycle acknowledgment. 

Figure 5-12 illustrates non-pipelined bus cycles with 
one wait added to cycles 2 and 3. READY # is sam
pled negated at the end of the first T2 in cycles 2 
and 3. Therefore cycles 2 and 3 have T2 repeated. 
At the end of the second T2, READY # is sampled 
asserted. 

231630-16 
Idle states are shown here for diagram variety only. WrRe cycles are not always followed by an idle state. An active bus cycle can immediately 
follow the write cycle. 
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Figure 5·12. Various Bus Cycles and Idle States with Non·Pipelined Address 
(various number of walt states) 
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HOLD ASSERTED 

Bus States: 

REQUEST PENDING· 
HOLD NEGATED 

HOLD NEGATED- ~~O)
REQUEST PENDING '<(): -1.s: 

S':~S':~ 
~.f>):'P~ 

~() a. 

ALWAYS 

READY# ASSERTED
HOlO NEGATED

REQUE~T PENDING 

READY# NEGATED
NA# NEGATED 

T1-first clock of a non-pipelined bus cycle (Inte1386 DX drives new address and asserts ADS#) 
T2-subsequent clocks of a bus cycle when NA # has not been sampled asserted in the current bus cycle 

231630-17 

Ti- idle state 
Th-hold acknowledge state (Inte1386 DX asserts HlDA) 
The fastest bus cycle consists of two states: T1 and T2. 
Four basic bus states describe bus operation when not using pipelined address. These states do include 8S16 # usage for 32-bit and 16-bit 
bus size. If asserting 8S16 # requires a second 16-bit bus cycle to be performed, it is performed before HOLD asserted is acknowledged. 

Figure 5-13. Intel386TM OX Bus States (not using pipelined address) 

When address pipelining is not used, the address 
and bus cycle definition remain valid during all wait 
states. When wait states are added and you desire 
to maintain non-pipelined address timing, it is neces
sary to negate NA It during each T2 state except the 
last one, as shown in Figure 5-12 cycles 2 and 3. If 
NA# is sampled asserted during a T2 other than the 
last one, the next state would be T21 (for pipelined 
address) or T2P (for pipe lined address) instead of 
another T2 (for non-pipe lined address). 

When address pipelining is not used, the bus states 
and transitions are completely illustrated by Figure 
5-13. The bus transitions between four possible 
states: T1, T2, Ti, and Th. Bus. cycles consist of T1 
and T2, with T2 being repeated for wait states. Oth
erwise, the bus may be idle, in the Ti state, or in hold 
acknowledge, the Th state. 

When address pipelining is not used, the bus state 
diagram is as shown in Figure 5-13. When the bus is 

idle it is in state Ti. Bus cycles always begin with T1. 
T1 always leads to T2. If a bus cycle is not acknowl
edged during T2 and NA# is negated, T2 is repeat
ed. When a cycle is acknowledged during T2, the 
following state will be T1 of the next bus cycle if a 
bus request is pending internally, or Ti if there is no 
bus request pending, or Th if the HOLD input is be
ing asserted. 

The bus state diagram in Figure 5-13 also applies to 
the use of B816#. If the Intel386 OX makes internal 
adjustments for 16-bit bus size, the adjustments do 
not affect the external bus states. If an additional 
16-bit bus cycle is required to complete a transfer on 
a 16-bit bus, it also follows the state transitions 
shown in Figure 5-13. 

Use. of pipe lined address allows the Intel386 OX to 
enter three additional bus states not shown in Figure 
5-13. Figure 5-20 in 5.4.3.4 Pipelined Address is 
the complete bus state diagram, including pipe lined 
address cycles. . 
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5.4.3.3 NON-PIPELINED ADDRESS WITH 
DYNAMIC DATA BUS SIZING 

The physical data bus width for any non-pipelined 
bus cycle can be either 32·bits or 16·bits. At the 
beginning of the bus cycle, the processor behaves 
as if the dala bus is 32-bits wide. When the bus cy
cle is acknowledged, by asserting READY # at the 
end of a T2 state, the most recent sampling of 
8S16# determines the data bus size for the cycle 
being acknowledged. If 8S16# was most recently 
negated, the physical data bus size is defined as 

32 bits. If 8S16# was most recently asserted, the 
size is defined as 16 bits. 

When 8S16# is asserted and two 16-bit bus cycles 
are required to complete the transfer, 8S16# must 
be asserted during the second cycle; 16-bit bus size 
is not assumed. Like any bus cycle, the second 
16-bit cycle must be acknowledged by asserting 
READY#. 

When a second 16-bit bus cycle is required to com
plete the transfer over a 16-bit bus, the addresses 

A TRANSFER REQUIRING TWO 
CYCLES ON 16-BIT DATA BUS 

A TRANSFER REQUIRING TWO 
CYCLES ON 16-BIT DATA BUS 

CLK2 [ 

(CLK) [ 

BEO#,BEI # [ 

BE2#,BE3# 
A2-A31, 

M/IO#.D/C# 
[ 

W/R# [ 

ADS# [ 

NA# [ 

BSI6# [ 

READY # [ 
LOCK # [ 

00- 015 [ 

016-031 [ 

Key: On = physical data pin n 
dn = logical data bit n 

IDLE CYCLE 1 ~CYCLE lA CYCLE 2 fCYCLE 2A 
NON-PIPELINED NON-PIPELINED NON-PIPELINED NON-PIPELINED 

(WRITE WRITE) (READ READ) 
PART ONE PART TWO PART ONE PART TWO 

n n n n n. n n n n 

Figure 5-14. Asserting BS16# (zero wait states, non-plpellned address) 
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NA# [~ 
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IDLE 

T' I 

n.n.. 
'if 
XXX 

XXX 

~ 

A TRANSFER REQUIRING TWO 
CYCLES ON 16-~IT DATA BUS 

CYCLE 1 CYCLE I A 
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(READ ---+-_. READ) 
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V V V V V V 
X VALID 1 I NEGATED DURING 
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X VALID 1 

'-I '--V 
NOTE: NA# t.lUST BE NEGATED 

HERE TO ALLOW RECOGNITION 
OF ASSERTE~BS16# IN FINAL T2 

XXXX XXW ~ON'TX CARE XXXXIY '< ~~~~'l, 

CYCLE 2 
NON-PIPELINED 

(WRITE) 

I T2 T2 

rtJl nn ill 
~ V V 
~ VALID 2 

I 

X VALID 2 

i/ 

IL-I 

lXJ\XX IY \~ ('" ." .. '"" "' "'~, '""''' 2 THIS TIt.lE (DEFINED BY T17 AND T18, 
BS 16 # SETUP AND HOLD TIt.lINGS) 

BUS StE 
~ 1 

S16# [>XXX ~X ~ ~ XX )( ~ " lXXX, X X Y '\ 

RE ADY# L~ 

LO CK# [X 

DO -015 [-

016 - 031 [~ 

Key: On = physical data pin n 
dn = logical data bit n 

XXX XXX XY 

XXXX X 

---- ---- ---
---- ---- ---

116!BIT 16-BIT 
BUS SIZE BUS SIZE 

~Iro 'Y.Y ~IAX 'XI ~ 
VALID 1 X VALID 2 

dO-d15 d16-d31 dO-d15 

--0-- --- --0< OUT 

IGNORED IGNORED d 16-d31 

--0-- --- --0<· OUT 

I I I 
231630-19 

Figure 5-15. Asserting 8516# (one wait state, non-pipelined address) 

generated for the two 16-bit bus cycles are closely 
related to each other. The addresses are the same 
except BEO# and BE1 # are always negated for the 
second cycle. This is because data on 00-015 was 
already transferred during the first 16-bit cycle. 

cycle during which B516# is asserted, note that 
NA # must be negated in the T2 state(s) prior to the 
last T2 state. This is to allow the recognition of 
B516# asserted in the final T2 state. Also note that 
during this state B516# must be stable (defined by 
t17 and t18, 8516# setup and hold timings), in order 
to prevent potential data corruption during split cycle 
reads. The logic state of B516# during this time is 
not important. The relation of.NA# and B516# is 
given fully in 5.4.3.4 Pipe lined Address, but Figure 
5-15 illustrates these precautions you need to know 
when using 8516# with non-pipelined address. 

Figures 5-14 and 5-15 show cases where assertion 
of B516# requires a second 16-bit cycle for com
plete operand transfer. Figure 5-14 illustrates cycles 
without wait states. Figure 5-15 illustrates cycles 
with one wait state. In Figure 5-15 cycle 1, the bus 
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5.4.3.4 PIPELINED ADDRESS 

Address pipelining is the option of requesting the 
address and the bus cycle definition of the next, in
ternally pending bus cycle before the current bus 
cycle is acknowledged with READY # asserted. 
AD5# is asserted by the Intel386 DX when the next 
address is issued. The address pipelining option is 
controlled on a cycle-by-cycle basis with the NA# 
input signal. 

Once a bus cycle is in progress and the current ad
dress has been valid for at least one entire bus 
state, the NA # input is sampled at the end of every 
phase one until the bus cycle is acknowledged. Dur
ing non-pipelined bus cycles, therefore, NA# is 
sampled at the end of phase one in every T2. An 
example is Cycle 2 in Figure 5-16, during which NA # 
is sampled at the end of phase one of every T2 (it 
was asserted once during the first T2 and has no 
further effect during that bus cycle). 

If NA# is sampled asserted, the Intel386 DX is free 
to drive the address and bus cycle definition of the 
next bus cycle, and assert AD5#, as soon as it has 
a bus request internally pending. It may drive the 
next address as early as the next bus state, whether 
the current bus cycle is acknowledged at that time or 
not. 

Regarding the details of address pipelinirJ, the In
tel386 DX has the following characteristics: 

1) For NA# to be sampled asserted, 8516# must 
be negated at that sampling window (see Figure 
5-16 Cycles 2 through 4, and Figure 5-17 Cycles 1 
through 4). If NA# and 8516# are both sampled 
asserted during the last T2 period of a bus cycle, 
8516# asserted has priority. Therefore, if both 
are asserted, the current bus size is taken to be 
16 bits and the next address is not pipelined. 

IDLE CYCLE 1 
NON-PIPELINED 

CYCLE 2 
NON-PIPELINED 

CYCLE 3 
PIPELINED 

(WRITE) 

CYCLE 4 
PIPELINED 

IDLE 

CLK2 [ 

(CLK) [ 

T1 

(WRITE) 

Tl T2 T1 

(READ) (READ) 

T2 T2P T1 P T2P Tl P T21 T1 

BEO # - BE3 # [ ~'J'V~W"7.'::7.:::--1\ 
A2-A31. 

M/IO#. D/C# '-~--{}-...;;.;;;,;;..;"".n--';';';;';;;;"';"-()Ll<~lLlLlLlI 

W/R# [ 

ADS# [ 

B516# [ ~~~~QC~~~C:£~ 

READY# [ ~~~¥l~~t:It.~~~:p~ 

LOCK # [ .,Cf:~~"--=':=":"-.. I"'-+-~-~ '--:----{ '-~---f 
00-031 [ 

231630-20 
Following any idle bus state (Ti), addresses are non-pipelined. W~hin non-pipelined bus cycles, NAil' is only sampled during wait states. 
Therefore, to begin address pipelining during a group of non-pipelined bus cycles requires a non-pipelined cycle with at least one wa~ state 
(Cycle 2 above). . 

Figure 5 .. 16. Transltioning to Pipelined Address During Burst of Bus Cycles 
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CYCLE 3 
PIPELINED 
(WRITE) 

CYCLE 4 
PIPELINED 

(READ) 

IDLE 

TI T1 T2 T2P TIP T2P T1 P T2P TIP T21 T21 TI 

CLK2 [ 

(CLK) [ 

BEO#- BE3#. [ 
A2-A3t. 

M/IO#.D/C# 

W/R# [~~':Jf 

ADS# [ 

BSI6#[ Q~~~~~ 

READY# [ Q~~~~~~ 

LOCK # [ oC:+OC'l:Jt.lp ...... -+.....:..:;=,;..--I'~~~:..--I'l ..... ....:;:=-:::-.p.-+.;.;.;;:;;..,;:..--p:.lQ:lI 

00- 031 [ 

231630-21 
Following any idle bus slate (Ti) the address is always non-pipelined and NA # is only sampled during wait states. To start address pipelining 
after an idle state requires a non-pipelined cycle with at least one wait state (cycle 1 above). 
The pipelined cycles (2. 3. 4 above) are shown with various numbers of wait slates. 

Figure 5-17. Fastest Transition to Pipelined Address Following Idle Bus State 

2) The next address may appear as early as the bus 
state after NA# was sampled asserted (see Fig
ures 5-16 or 5-17). In that case. state T2P is en
tered immediately. However, when there is not an 
internal bus request already pending, the next ad
dress will not be available immediately after NA # 
is asserted and T21 is entered instead of T2P (see 
Figure 5-19 Cycle 3). Provided the current bus cy
cle isn't yet acknowledged by READY # asserted, 
T2P will be entered as soon as the Intel386 DX 
does drive the next address. External hardware 
should therefore observe the ADS # output as 
confirmation the next address is actually being 
driven on the bus. 

3) Once NA# is sampled asserted, the Intel386 DX 
commits itself to the highest priority bus request 
that is pending internally. It can no longer perform 
another 16·bit transfer to the same address should 
8516# be asserted externally, so thereafter 

I 

must assume the current bus size is 32 bits. 
Therefore if NA # is sampled asserted within a 
bus cycle, 8516# must be negated thereafter in 
that bus cycle (see Figures 5-16, 5-17, 5-19). 
Consequently, do not assert NA# during bus cy
cles which must have 8516# driven asserted .. 
See 5.4.3.6 Dynamic Bus Sizing with Pipellned 
Address. 

4) Any address which is validated by a pulse on the 
Intel386 DX ADS# output will remain stable on 
the address pins for at least two processor clock 
periods. The Intel386 DX cannot produce a new 
address more frequently than every two proces
sor clock periods (see Figures 5-16,5-17,5-19). 

5) Only the address and bus cycle definition of the 
very next bus cycle is available. The pipelining ca
pability cannot look further than one bus cycle 
ahead (see Figure 5-19 Cycle 1). 
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The complete bus state transition diagram, including 
operation with pipelined address is given by 5-20. 
Note it is a superset of the diagram for non-pipelined 
address only, and the three additional bus states for 
pipelined address are drawn in' bold. 

The fastest bus cycle with pipe lined address con
sists of just two bus states, T1 P and T2P (recall for 
non-pipe lined address it is T1 and T2). T1 P is the 
first bus state of a pipelined cycle. 

5.4.3.5 INITIATING AND MAINTAINING 
PIPELINED ADDRESS 

Using the state diagram Figure 5-20, observe the 
transitions from an idle state, Ti, to the beginning of 
a pipelined bus cycle, T1 P. From an idle state Ti, the 
first bus cycle must begin with T1, and is therefore a 
non-pipe lined bus cycle. The next bus cycle will be 
pipelined, however, provided NA# is asserted and 
the first bus cycle ends in a T2P state (the address 
for the next bus cycle is driven during T2P). The fast
est path from an idle state to a bus cycle with pipe
lined address is shown in bold below: 

~ ,T1-T~-T2P,) ,T1P~T2P;) 

idle non-pipelined pipelined 
states cycle cycle 

T1-T2-T2P are the states of the bus cycle that es
tablishes address pipelining for the next bus cycle, 
which begins with T1 P. The same is true after a bus 
hold state, shown below: 

,Th, Th, Th:;\T1 - T2 - T2P:; ,T1 P - T2P,) 
T T T 

hold non-pipelined 
acknowledge cycle 

states 

pipelined 
cycle 

The transition to pipelined address is shown func
tionally by Figure 5-17 Cycle 1. Note that Cycle 1 is 
used to transition into pipelined address timing for 
the subsequent Cycles 2, 3 and 4, which are pipe
lined. The NA # input is asserted at the appropriate 
time to select address pipelining for Cycles 2, 3 
and 4. 
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Once a bus cycle is in progress and the current ad
dress has become valid, the NA# input is sampled 
at the end of every phase one, beginning with the 
next bus state', until the bus cycle is acknowledged. 
During Figure 5-17 Cycle 1 therefore, sampling be
gins in T2. Once NA# is sampled asserted during 
the current cycle, the Intel386 DX is free to drive a 
new address and bus cycle definition on the bus as 
early as the next bus state. In Figure 5-16 C'ycle 1 for 
example, the next address is driven during state 
T2P. Thus Cycle 1 makes the transition to pipelined 
address timing, since it begins with T1 but ends with 
T2P. Because the address for Cycle 2 is available 
before Cycle 2 begins, Cycle 2 is called a pipelined 
bus cycle, and it begins with T1 P. Cycle 2 begins as 
soon as READY # asserted terminates Cycle 1. 

Example transition bus cycles are Figure 5-17 Cycle 
1 and Figure 5-16 Cycle 2. Figure 5-17 shows tran
sition during the very first cycle after an idle bus 
state, which is the fastest possible transition into ad
dress pipelining. Figure 5-16 Cycle 2 shows a tran
sition cycle occurring during a burst of bus cycles. In 
any case, a transition cycle is the same whenever it 
occurs: it consists at least of T1, T2 (you assert 
NA# at that time), and T2P (provided the Intel386 
DX has an internal bus request already pending, 
which it almost always has). T2P states are repeated 
if wait states are added to the cycle. 

Note three states (T1, T2 and T2P) are only required 
in a bus cycle performing a transition from non
pipelined address into pipelined address timing, for 
example Figure 5-17 Cycle 1. Figure 5-17 Cycles 2, 
3 and 4 show that address pipelining can be main
tained with two-state bus cycles consisting only of 
T1P and T2P. 

Once a pipelined bus cycle is in progress, pipelined 
timing is maintained for the next cycle by asserting 
NA# and detecting that the Intel386 DX enters T2P 
during the current bus cycle. The current bus cycle 
must en«:l in state T2P for pipelining to be maintained 
in the next cycle. T2P is identified by the assertion of 
ADS#. Figures 5-16 and 5-1.7 however, each show 
pipelining ending after Cycle 4 because Cycle 4 
ends in T21. This indicates the Intel386 DX didn't 
have an internal bus request prior to the acknowl
edgement of Cycle 4. If a cycle ends with a T2 or 
T21, the next cycle will not be pipelined. 
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Figure 5-19. Details of Address Pipelining During Cycles with Wait States 
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HOLD ASSERTED 

READY, ASSERTED' 
HOLD NEGAltD' 

Bus States: NO REQUEST 

Tf-first clock of a non-pipelined bus cycle (Inte1386 OX drives new ad
dross and asserts AOSII'). 
T2-subsequent clocks of a bus cycle when NA # has not been sampled 
assorted in the current bus cycle. 
T21-subsequent clocks of a bus cycle when NAil' has been sampled as
sorted in the current bus cycle but there is not yet an internal bus request 
pending (lnte1386 OX will not drive new address or assert AOS#). 
T2P-subsequent clocks of a bus cycle when NA # has been sampled 
asserted in the current bus cycle and there is an internal bus request pend
ing (Inte1386 OX drives new address and asserts AOS #). 
T1 P-first clock of a pipelined bus cycle. 
Ti-idle state. 
Til-hold acknowledge state (Inte1386 OX asserts HLDA). 
Asserting NA # for pipelined address gives access to three more bus 
states: T21, T2P and T1 P. 
USing pipelined address, the fastest bus cycle consists of T1 P and T2P. 
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Figure 5-20. Intel386TM DX Complete Bus States (including plpelined address) 
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Realistically, address pipelining is almost always 
maintained as long as NA # is sampled asserted. 
This is so because in the absence of any other re
quest, a code prefetch request is always internally 
pending until the instruction decoder and code pre
fetch queue are completely full. Therefore address 
pipelining is maintained for long bursts of bus cycles, 
if the bus is available (i.e., HOLO negated) and NA# 
is sampled asserted in each of the bus cycles. 

interface hardware performs appropriate action to 
make the transfer using a 16-bit data bus connected 
on 00-015. 

5.4.3.6 PIPELINED ADDRESS WITH DYNAMIC 
DATA BUS SIZING 

The BS16# feature allows easy interface to 16-bit 
data buses. When asserted, the Intel386 OX bus 
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There is a degree of interaction, however, between 
the use of Address Pipelining and the use of Bus 
Size 16. The interaction results from the multiple bus 
cycles required when transferring 32-bit operands 
over a 16-bit bus. If the operand requires both 16-bit 
halves of the 32-bit bus, the appropriate Intel386 OX 
action is a second bus cycle to complete the oper
and's transfer. It is this necessity that conflicts with 
NA# usage. 

When NA# is sampled asserted, the Intel386 OX 
commits itself to perform the next inter-

I 
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nally pending bus request, and is allowed to' drive 
the next internally pending address onto the bus. As
serting NA# therefore makes it impossible for the 
next bus cycle to again access the current address 
on A2-A31, such as may be required when 8516# 
is asserted by the external hardware. 

sampled asserted in the current cycle. If NA# is 
, sampled asserted, the current data bus size is as
sumed to be 32 bits. 

2) To also avoid conflict, if NA# and 8516# are 
both asserted during the same sampling window, 
8516# asserted has priority and the Intel386 OX 
acts as if NA# was negated at that time. Internal 
Intel386 OX circuitry, shown conceptually in Fig
ure 5-18, assures that 8516# is sampled assert
ed and NA# is sampled negated if both inputs 
are externally asserted at the same sampling win
dow. 

To avoid conflict, the Intel386 OX is designed with 
following two provisions: 

1) To avoid conflict, 8516# must be negated in the 
current bus cycle if NA # has already been 

A TRANSfER REQUIRING TWO 
CYCLES ON 16-BIT BUS 

PREVIOUS 
CYCLE PIPELINEO NON-PIPELINED 

CYCLE '~YCLE IA 

CLK2 [ 

(CL.K) [ 

BEO#, BE1# [ 

BE2#, BE3#, [ 
A2, A31, 

11/10#, D/C# 

W/R# [ 

-
-
----

--

T2P 

n.n 
V 
IX 

I)( 

V 

(WRITE WRITE) 
PART ONE PART TWO 

TIP T2 T2 T1 T2 T2 

n.n n.n n.n n.n n.n n.n 
V V V V V Kf 

ALWAYS 

VALID I I/NEGATED DURING 
PART TWO 

VALID I 

CYCLE 2 
NON-PIPELINED 

(READ) 

TI T2 T2P 

n.n n.n n.n 
V V V 
r< VALID 2 IX VALID 3 

VALID 2 IX VALID 3 

1\ 

AOS#[ ~ 1/ 1\-...-11 r\......I ~ A NOTE: NA# ~BE NEGATED IN THESE T'S TO ALLOW 
RECOGNITION Of ASSERTED BSI6# IN fiNAL T2' •• 

NA#[ I IXXX)(IY ~ V ~ IX DON'T CAR(Q ~ ~ I.J(.;C gttr ~M(;Q ~ ) IX)OOI 
32-BIT 

BUS f'ZE 
BSI6# [ XIXXX)( IXXXX IX XX) "" ~ IXXXX X X Xil. A :XXX W' ~ 

16-BIT 16-BIT 

READY# [ 

BUS SIZE BUS SIZE 

X ~ '(XX IXXY ~ '(XX rx.xT ~ '(X)( IXXI '&.... 
LOCK# [ VALID I VALID 2 

dO-dl5 dO-dl5 dt6-d3t dO-dl 

00-015 [ -----@-< OUT X OUT )- ---- --€l 
5 

d16-d31 d16-d31 dl6-d 31 

016-031 [ -----q:>-< OUT - ---- --~ 
Key: On = physical data pin n 231630-25 

I 

dn = logical data bit n 
Cycle 1 is pipelined, Cycle 1 a cannot be pipelined. but its address can be inferred from that of Cycle I, to extemally simulate address pipelining 
during Cycle 1 a. 

Figure 5-21. Using NA# and 8516# 
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Certain types of 16-bit or 8-bit operands require no 
adjustment for correct transfer on a 16-bit bus. 
Those are read or write operands using only the low
er half of the data bus, and write operands using 
only the upper half of the bus since the Intel386 OX 
simultaneously duplicates the write data on the,low
er half of the data bus. For these patterns of 8yte, 
Enables and the R/W# signals, 8516# need not be 
asserted at the Intel386 OX allowing NA# to be as
serted during the bus cycle if desired. 

5.4.4 Interrupt Acknowledge (INT A) 
Cycles 

In response to an interrupt request on the INTR in
put when interrupts are enabled, the Intel386 OX 

IDLE 

Ti 

INTERRUPT 
ACKNOWLEDGE 

CYCLE I 

TI T2 Ti 

performs two interrupt acknowledge cycles. These 
bus cycles are similar to read cycles in that bus defi
nition signals define the type of bus activity taking 
place, and each cycle continues until acknowledged 
by REAOY # sampled asserted. 

The state of A2 distinguishes the first and second 
interrupt acknowledge cycles. The byte address 
driven during the first interrupt acknowledc~ cycle is 
4 (A31-A3 low, A2 high, BE3 # -BE1 # high, and 
BEO# low). The address driven during the second 
interrupt acknowledge cycle is 0 (A31-A2 low, 
BE3#-BE1 # high, BEO# low). 
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(4 BUS STATES) 
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Ti 
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-V lr 
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XXXXXIY 
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~ 
xx IXXX 

XXXXX IXXX 

)(X"XX")( XXX 

. ---- ----

. ---- ----

V V V 
'{XX 

~ 
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,(Xx 

V 

I 

X XX 

X IGNORED XX 

,Xy ~\ .<x 
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----- --0--
IGNORED 
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lr V lr 
IXXX x X,X 

x x x 

xx x x 

XX XX IXXX 

XXX XX XX 

XX XX XX 

---- ----------
---- ----- .----

Interrupt Vector (0-255) is read on DO-D7 at end of second Interrupt Acknowledge bus cycle. 

lr V lr V 
~ I'{XX ,xx 

r 
I.(XX ,xxx 

V 
~XXX XXXX 

V 
~ 

'--1I 
xX)(~ IXXX XX 

XX ,~ 

,XXX Xy ~ OJ. 
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231630-26 

Because each Interrupt Acknowledge bus cycle Is followed by idle bus states, asserting NA# has no practical effect. Choose the approach 
which is simplest for your system hardware design. 

Figure 5·22. Interrupt Acknowledge Cycles 
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CYCLE 1 
NON-PIPELINED 

(WRITE) 

CYCLE 2 
NON-PIPELINED 

(HALT) 

I IDLE 

T1 T2 T1 T2 TI Ti TI TI 

CLK2{ 

(CLK) [ 

BEO#, BE1#, BE3#,[ -Il7" ............. ~--+.,..-+--'*'~~bm:mt-1386TM OX CPU REMAINS HALTED 
M/IO#, W/R# '~~~~WlI- UNTIL INTR, NMI OR 

RESET IS ASSERTED. 

BE2#, A2-A31, [ I I 
D/c# -I~""";'~;"';'_-I-:..;:;::..:.:~....;;.;.;;;;;.p~~~~~1-1386TM OX CPU RESPONDS TO 

ADS#[ 
,_--1----+---+ HOLD INPUT WHILE IN 

THE HALT STATE. 

BS16# [ ...., ..... ~"Jf 

- (FLOATING) - - --

I I 
231630-27 

Figure 5-23. Halt Indication Cycle 

The LOCK # output is asserted from the beginning 
of the first interrupt acknowledge cyclE! until the end 
of the second interrupt acknowledge cycle. Four idle 
bus states, Ti, are inserted by the Intel386 OX be
tween the two interrupt acknowledge cycles, allow· 
ing for compatibility with spec TRHRL of the 8259A 
Interrupt Controller. 

Ouring both interrupt acknowledge cycles, 00-031 
float. No data is read at the end of the first interrupt 
acknowledge cycle. At the end of the second inter· 
rupt acknowledge cycle, the Intel386 OX will read an 
external interrupt vector. from 00-07 of the data 
bus. The vector indicates the specific interrupt num· 
ber (from 0-255) requiring service. 

I 

5.4.5 Halt Indication Cycle 

The Intel386 OX halts as a result of executing a 
HALT instruction. Signaling its entrance into the halt 
state, a halt indication cycle is performed. The halt 
indication cyCle is identified by the state of the bus 
definition signals shown in 5.2.5 Bus Cycle Defini
tion and a byte address of 2. BEO # and BE2 # are 
the only signals distinguishing halt indication from 
shutdown indication, which drives an address of O. 
Ouring the halt cycle undefined data is driven on 
00-031. The halt indication cycle must be acknowl· 
edged by REAOY # asserted. 

A halted Intel386 OX resumes execution when INTR 
(if interrupts are enabled) or NMI or RESET is as· 
serted. 
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5.4.6 Shutdown Indication Cycle 

The Intel386 OX shuts down as a result of a protec
tion fault while attempting to process a double fault. 
Signaling its entrance into the shutdown state, a 
shutdown indication cycle is performed. The shut
down indication cycle is identified by the state of the 
bus definition signals shown in 5.2.5 Bus Cycle Def
Inition and a byte address of O. BEO'# and BE2 '# 

CYCLE 1 
PIPELINED 

(READ) 

CYCLE 2 
PIPELINED 

(SHUTDOWN) 

are the only signals distinguishing shutdown indica
tion from halt indication, which drives an address of 
2. Ouring the shutdown cycle undefined data is driv
en on 00-031. The shutdown indication cycle must 
be acknowledged by REAOY'# asserted. 

A shutdown Intel38S OX resumes execution when 
NMI or RESET is asserted. 

TIP T2P TIP 

I IDLE 

T21 TI TI TI TI 

ClK2 [ 

I 
I (ClK) [ 

BE1#, BE2#, BE3#,[ ""~':"::~T--+---I::~m:*,~~Ibm:~r-1386TM DX CPU REMAINS SHUTDOWN 
101/10#, W/Rfl . 'QI,~~~~~~~ UNTil NIoCI OR RESET 

IS ASSERTED. 

BED., A2-A31, [ I I 
. D/efl -I";';;;;;;...:.j.._-I-__ ~~Qoi:~"Qj~~Qoi::W~ 1386TIot ox CPU RESPONDS TO 

ADS. [ 

,-_+ __ -+-__ +-__ +- HOLD INPUT WHilE IN 
THE SHUTDOWN STATE. 

8S16# [ 

lOCK#[ ~~~~~_~ 

DO-D31 [ 

231630-28 

Figure 5-24. Shutdown Indication Cycle . 
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5.5 OTHER FUNCTIONAL 
DESCRIPTIONS 

5.5.1 Entering and Exiting Hold 
Acknowledge 

The bus hold acknowledge state, Th, is entered in 
response to the HOLD input being asserted. In the 
bus hold acknowledge state, the Intel386 OX floats 
all output or bidirectional signals, except for HLDA. 
HLDA is asserted as long as the Intel386 OX re
mains in the bus hold acknowledge state. In the bus 
hold acknowledge state, all inputs except HOLD, 
RESET, BUSY#, ERROR#, and PEREQ are ig
nored (also up to one rising edge on NMI is remem
bered for processing when HOLD is no longer as
serted). 

IDLE r ACK~gWl.EDGE~ IDLE 

TI Th Th Th TI 

HLDA[ +--r 

8EO#-8E3# [ 
A2-A31. M/IO# L¥'~=r 

D/CN. W/R# -

NOTE: 

ADS#[ ... - - - - (FLOATING) ----

NAN [ .ap.Q,e.~~~~~~j0600j 

8516'[ ~~~~~t~~~~~~ 
READY#[ oOj'l.&J,£.~~~~~o.o.t:::.&l~~ 

LOCKI[ ~~=r -••• (FLOATING)-··· 

I 
(FLOATING) ----,.----

231630-29 

For maximum design flexibility the Intel386 OX has no 
internal pullup resistors on its outputs. Your design may 
require an external pullup on AOS# and other Intel386 
DX outputs to keep them negated during float periods. 

Figure 5-25. RequestIng Hold from Idle Bus 

Th may be entered from a bus idle state as in Figure 
5-25 or after the acknowledgement of the current· 
physical bus cycle if the LOCK # signal is not assert
ed, as in Figures 5-26 and 5-27. If HOLD is asserted 
during a locked bus cycle, the Intel386 OX may exe-
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cute one unlocked bus cycle before acknowledging 
HOLD. If asserting BS 16 # requires a second 16-bit 
bus cycle to complete a physical operand transfer, it 
is performed before HOLD is acknowledged, al
though the bus state diagrams in Figures 5-13 and 
5-20 do not indicate that detail. 

Th is exited in response to the HOLD input being . 
negated. The following state will be Ti as in Figure 
5-25 if no bus request is pending. The following bus 
state will be T1 if a bus request is internally pending, 
as in Figures 5-26 and 5-27. 

Th is also exited in response to RESET being assert
ed. 

If a rising edge occurs on the edge-triggered NMI 
input while in Th, the event is remembered as a non
maskable interrupt 2 and is serviced when Th is exit
ed, unless of course, the Intel386 OX is reset before 
Th is exited. 

5.5.2 Reset During Hold Acknowledge 

RESET being asserted takes priority over HOLD be
ing asserted. Therefore, Th is exited in reponse to 
the RESET input being asserted. If RESET is assert
ed while HOLD remains asserted, the Intel386 OX 
drives its pins to defined states during reset, as in 
Table 5-3 Pin State During Reset, and performs 
internal reset activity as usual. 

If HOLD remains asserted when RESET is negated, 
the Intel386 OX enters the hold acknowledge state 
before performing its first bus cycle, provided HOLD 
is still asserted when the Intel386 OX would other
wise perform its first bus cycle. If HOLD remains as
serted when RESET is negated, the BUSY # input is 
still sampled as usual to determine whether a self 
test is being requested, and ERROR# is still sam
pled as usual to determine whether a Intel387 OX 
coprocessor vs. an 80287 (or none) is present. 

5.5.3 Bus Activity During and 
Following Reset 

RESET is the highest priority input signal, capable of 
interrupting any processor activity when it is assert
ed. A bus cycle in progress can be aborted at any 
stage, or idle states or bus hold acknowledge states 
discontinued so that the reset state is established. 

RESET should remain asserted for at least 15 CLK2 
periods to ensure it is recognized throughout the In
tel386 OX, and at least 80 CLK2 periods if Intel386 
OX self-test is going to be requested at the falling 
edge. RESET asserted pulses less than 15 CLK2 
periods may not be recognized. RESET pulses less 
than 80 CLK2 periods followed by a self-test may 
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NOTE: 

CLK2[ 

HOLD [ 

HLDA [ 

8E06-8E36.A2-A31. [ 
M/IOH. D/CH. W/RH 

T1 

CYCLE 1 
NON-PIPELINED 

(READ) 

T2 T2 

HOLD CYCLE 2 
ACKNOWLEDGE NON-l'IPELINED 

(WRITE) 

Th Th Tl T2 

231630-30 

HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require
ments are met. This waveform is useful for determining Hold Acknowledge latency. 

Figure 5-26; Requesting Hold from Active Bus (NA # negated) 

cause the self-test to report a failure when no true 
failure exists. The additional RESET pulse width is 
required to clear additional state prior to a valid self-
test.· . 

Provided the RESET falling edge meets setup and 
hold times t25 and t26, the internal processor clock 
phase is defined at that time, as illustrated by Figure 
5-28 and Figure 7-7. 

A Intel386 OX self-test may be requested at the time 
RESET is negated by having the BUSY # input at a 
LOW level, as shown in Figure 5-28. The self-test 
requires (220) + approximately 60 CLK2 periods to 
complete. The self-test duration is not affected by 
the test results. Even if the self-test indicates a prob
lem,· the Intel386 OX attempts to proceed with the 
reset sequence afterwards. 
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After the RESET falling edge (and after the self-test 
if it was requested) the Intel386 OX performs an in
ternal initialization sequence for approximately 350 
to 450 CLK2 periods. 

The Intel386 OX samples its ERROR # input some 
time after the falling edge of RESET and before exe
cuting the first ESC instruction. Ouring this sampling 
period BUSY# must be HIGH. If ERROR# was 
sampled active, the Intel386 OX employs the 32-bit 
protocol of the Intel387 OX. Even though this proto
col was selected, it is still necessary to use a soft
ware recognition test to determine the presence or 
identity of the coprocessor and to assure compatibil
ity with future processors. (See Chapter 11 of the 
Intel386 OX Programmer's Reference Manual, Order 
# 230985-002). 
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HOLD CYCLE 2 
ACKNOWLEDGE NON-PIPELINED 

(READ) 

Th Th T1 T2 

HLDA [ -+-+--+--+--.1( 
8ED#-8E3#,A2-A31,[ 

M/IO#, D/c#, W/R# -io...;;".p.;...~IIIUO~~~~ 

ADS#[ 

NA#[ ~~~~~~~~~~~~~~~ 
8S16#[ 
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NOTE: 
HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require
ments are met. This waveform is useful for determining Hold Acknowledge latency. 

Figure 5·27. Requesting Hold from Active Bus (NA# asserted) 

5.6 SELF-TEST SIGNATURE 

Upon. completion cif self-test, (if self-test was re
quested by holding BUSY # LOW at least eight 
CLK2 periods before and after the falling edge of 
RESET), the EAX register will contain a signature of 
OOOOOOOOh indicating the Intel386 OX passed its 
self-test of microcode and major PLA contents with 
no problems detected. The passing signature in 
EAX, OOOOOOOOh, applies to all Intel386 OX revision 
levels. Any non-zero signature indicates the Intel386 
OX unit is faulty. 

5.7 COMPONENT AND REVISION 
IDENTIFIERS 

To assist Intel386 OX users, the Intel386 OX after 
reset holds a component identifier and a revision 

I 

identifier in its OX register. The upper 8 bits of OX 
hold 03h as identification of the Intel386 OX compo
nent. The lower 8 bits of OX hold an 8-bit unsigned 
binary number related to the component revision , 
level. The revision identifier begins chronologically 
with a value zero and is subject to change (typically 
it will be incremented) with component steppings in
tended to have certain improvements or distinctions 
from previous steppings. . 

These features are intended to assist Intel386 OX 
users to a practical extent. However, the revision 
identifier'value is not guaranteed to change with ev
ery stepping revision, or to follow a completely uni
form numerical sequence, depending on the type or 
intention of revision, or manufacturing materials re
quired to be changed. Intel has sale discretion over 
these characteristics of the component. 
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1. BUSY", should be held stable for 8 CLK2 periods before and after the CLK2 period in which RESET falling edge 
occurs. 
2. If self-test is requested, the Intel386 DX outputs remain in their reset state as shown here and in Table 5-3. 

Figure 5·28. Bus Activity from Reset Until First Code Fetch 

Table 5-10. Component and Revision Identifier History 

Intel386TM OX 
Component Revision 

Intel386OX 
Component Revision 

Stepping " Stepping 
Name 

Identifier Identifier 
Name 

Identifier Identifier 

BO 03 03 00 03 05 
B1 03 ,03 01 03 08 
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5.8 COPROCESSOR INTERFACING 

The Intel386 OX provides an automatic interface for 
the Intel Intel387 OX numeric floating-point coproc
essor. The Intel387 OX coprocessor uses an 1/0-
mapped interface driven automatically by the In
tel386 OX and assisted by three dedicated signals: 
BUSY #, ERROR #, and PEREa. 

As the Intel386 OX begins supporting a coprocessor 
instruction, it tests the BUSY # and EFjROR # sig
nals to determine if the coprocessor can accept its 
next instruction. Thus, the BUSY # and ERROR # 
inputs eliminate the need for any "preamble" bus 
cycles for communication between processor and 
coprocessor. The Intel387 OX can be given its com
mand opcode immediately. The dedicated signals 
provide instruction synchronization, and eliminate 
the need of using the Intel386 OX WAIT opcode 
(9Bh) for Intel387 OX coprocessor instruction syn
chronization (the WAIT opcode was required when 
8086 or 8088 was used with the 8087 coprocessor). 

Custom coprocessors can be included in Intel386 
OX-based systems, via memory-mapped or 1/0-
mapped interfaces. Such coprocessor interfaces al
Iowa completely custom protocol, and are not limit
ed to a set of coprocessor protocol "primitives". In
stead, memory-mapped or I/O-mapped interfaces 
may use all applicable Intel386 OX instructions for 
high-speed coprocessor communication. The 
BUSY# and ERROR# inputs of the Intel386 OX 
may also be used for the custom coprocessor inter
face, if such hardware assist is desired. These sig
nals can be tested by the Intel386 OX WAIT opcode 
(9Bh). The WAIT instruction will wait until the 
BUSY # input is negated (interruptable by an NMI or 
enabled INTR input), but generates an exception 16 
fault if the ERROR # pin is in the asserted state 
when the BUSY # goes (or is) negated. If the custom 
coprocessor interface is memory-mapped, protec
tion of the addresses used for the interface can be 
provided with the Intel386 OX on-chip paging or 
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segmentation mechanisms. If the custom interface 
is I/O-mapped, protection of the interface can be 
provided with the Intel386 OX IOPL (1/0 Privilege 
Level) mechanism. 

The Intel387 OX numeric coprocessor interface is 
1/0 mapped as shown in Table 5-11. Note that the 
Intel387 OX coprocessor interface addresses are 
beyond the Oh-FFFFh range for programmed 1/0. 
When the Intel386 OX supports the Intel387 OX co
processor, the Intel386 OX automatically generates 
bus cycles to the coprocessor interface addresses. 

Table 5·11. Numeric Coprocessor 
Port Addresses 

Address in Intel387TM OX 
Intel386TM OX Coprocessor 

I/O Space Register 

800000F8h Opcode Register 
(32-bit port) 

800000FCh Operand Register 
(32-bit port) 

To correctly map the Intel387 OX coprocessor regis
ters to the appropriate 1/0 addresses, connect the 
Intel387 OX coprocessor CMOO# pin directly to the 
A2 output of the Intel386 OX. 

5.8.1 Software Testing for 
Coprocessor Presence 

When software is used to test for coprocessor (In
tel387 OX) presence, it should use only the following 
coprocessor opcodes: FIN IT, FNINIT, FSTCW mem, 
FSTSW mem, FSTSW AX. To use other coproces
sor opcodes when a coprocessor is known to be not 
present, first set EM = 1 in Intel386 OX CRO. 
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6. INSTRUCTION SET 

This section describes the Intel386 OX instruction 
set. Atable lists all instructions along with instruction 
encoding diagrams and clock counts. Further details 
of the instruction encoding are then provided in the 
following sections, which completely describe the 
encoding structure and the definition of all fields oc
curring within Intel386 OX instructions. 

6.1 Intel386™ DX INSTRUCTION 
ENCODING AND CLOCK 'COUNT 
SUMMARY 

To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 6-1 
below, by the processor clock period (e.g. 50 ns for 
a 20 MHz Intel386 OX, 40 ns for a 25 MHz Intel386 
OX, and 30 ns for a 33 MHz Intel386 OX). 

For more detailed information on the encodings of 
instructions refer to section 6.2 Instruction Encod
ings. Section 6.2 explains the general structure of 
instruction encodings, and defines exactly the en
codings of all fields contained within the instruction. 

Instruction Clock Count Assumptions 

1. The instruction has been prefetched, decoded, 
and is ready for execution. 
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2. Bus cycles do not require wait states. 

3. There are no local bus HOLO requests delaying 
processor access to the bus. 

4. No exceptions are detected during instruction ex
ecution. 

5. If an effective address is calculated, it does not 
use two general register components. One regis
ter, scaling and displacement can be used within 
the clock counts shown. However, if the effective 
address calculation uses two general register 
components, add 1 clock to the clock count 
shown. 

Instruction Clock Count Notation 

1. If two clock counts are given, the smaller refers to 
a register operand and the larger refers to a mem
ory operand. 

2. n. = number of times repeated. 

3. m = number of components in the next instruc
tion executed, where the entire displacement (if 
any) counts as one component, the entire imme
diate data (if any) counts as one component, and 
each of the other bytes of the instruction and pre
fix(es) each count as one component. 

Wait States 

Add 1 clock per wait state to instruction execution 
for each data access. 
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Intel386™ OX MICROPROCESSOR 

Table 6-1. Intel386TM DX Instruction Set Clock Count Summary 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

GENERAL DATA TRANSFER 

MOV ~ Move: 

Register to Register/Memory 1000100w I mod reg rim I 2/2 2/2 b h 

Register/Memory to Register 1000101w I mod reg rim I 2/4 2/4 b h 

Immediate to Register/Memory 1100011 w ImodOOO rim I immediate data 2/2 2/2 b h 

Immediate to Register (short form) 1011 w reg immediate data 2 2 

Memory to Accumulator (short form) 1010000w full displacement 4 4 b h 

Accumulator to Memory (short form) 1010001w full displacement 2 2 b h 

Register Memory to Segment Register 10001110 mod sreg3 rim I 215 18/19 b h,i,j 

Segment Register to Register/Memory 10001100 modsreg3 rim I 2/2 2/2 b h 

MOVSX ~ Move With Sign Extension 

Register From Register/Memory I 00001111 I 1011111 w I mod reg r/ml 3/6 3/6 b h 

MOVZX ~ Move With Zero Extension 

Register From Register/Memory 00001111 I 1011011 w I mod reg r/ml 3/6 3/6 b h 

PUSH ~ Push: 

Register/Memory 11111111 I modll 0 r/ml 5 5 b h 

Register (short form) 01010 reg 2 2 b h 

Segment Register (ES, CS, SS or OS) 000sreg2110 2 2 b h 

Segment Register (FS or GS) 00001111 10sreg3000 I 2 2 b h 

Immediate 011010s0 immediate data 2 2 b h 

PUSHA ~ Push All 01100000 18 18 b h 

POP ~ Pop 

Register/Memory 10001111 I modOOO rim I 5 5 b h 

Register (short form) 01011 reg I 4 4 b h 

Segment Register (ES, SS or OS) 000Sreg21111 7 21 b h,l,l 

Segment Register (FS or GS) 00001111 I 10sreg3001 I 7 21 b h,i,j 

POPA ~ Pop All 01100001 I 24 24 b h 

XCHG ~ Exchange 

Register/Memory With Register I 1000011w I mod reg rim I 3/5 3/5 b,f f,h 

Register With Accumulator (short form) 110010 reg I ClkCount 3 3 

Virtual 
IN ~ Inputlrom: 

8086_ 
Fixed Port I 1110010w I port number t26 12 6*/26·· m 

Variable Port I 1110110w I t27 13 7*/27'" m 

OUT ~ Outputlo: 

Fixed Port I 1110011w I port number t24 10 4*/24·· m 

Variable Port I 1110111 w I t25 11 5*/25·· m 

LEA ~ Load EA to Register I 10001101 I mod reg r/ml 2 2 

• If CPL :s: IOPL •• If CPL > IOPL 
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Table 6-1.lnteI386TM DX Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre •• Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

SEGMENT CONTROL 

LOS ~ Load Pointer to DS 11000101 mod reg rIm 7 22 b h,i,j 

LES ~ Load Pointer to ES 11000100 mod reg rIm 7 22 b h,i,j 

LFS ~ Load Pointer to FS 00001111 10110100 mod reg rIm 1 7 25 b h,i,j 

LGS ~ Load Pointer to GS 00001111 10110101 mod reg rIm 1 7 25 b h,i,j 

LSS ~ Load Pointer to SS 00001111 10110010 mod reg rIm 1 7 22 b h,i,j 

FLAG CONTROL 

CLC ~ Clear Carry Flag 11111000 2 2 

CLD ~ Clear Direction Flag 11111100 2 2 

CLI ~ Clear Interrupt Enable Flag 11111010 B B m 

CL TS ~ Clear Task Switched Flag 00001111 00000110 1 6 6 'c I 

CMC ~ Complement Carry Flag 11110101 2 2 

LAHF ~ Load AH Into Flag 10011111 2 2 

POPF ~ Pop Flags 10011101 5 5 b h, n 

PUSHF ~ Push Flags 10011100 4 4 b h 

SAHF ~ Store AH Into Flags 10011110 3 3 

STC ~ Set Carry Flag 11111001 2' 2 

STD ~ Set Direction Flag 11111101 2 2 

STl ~ Set Interrupt Enable Flag 11111011 B B m 

ARITHMETIC 
ADD ~ Add 

Register to Register OOOOOO'dw mod reg rIm 1 2 2 

Register to Memory OOOOOOOw mod reg rIm 1 7 7 b h 

Memory to Register 0000001w mod reg rIm 1 6 6 b h 

Immediate to Register/Memory 100000sw modOOO rIm 1 immediate data 217 2/7 b h 

Immediate to Accumulator (short form) 0000010w immediate data 2 2 

ADC ~ Add WIth Carry 

Register to Register I 000100dw mod reg rIm 1 2 2 

Register to Memory 1 0001000w mod reg rIm 1 7 7 b h 

Memory to Register 1 0001001w mod reg rIm 1 6 6 b h 

Immediate to RegisterlMemory 1 100000sw mod010 rIm 1 immediate data 217 217 b h 

Immediate to Accumulator (short form) 1 0001010w immediate data 2 2 

INC ~ Increment 

RegisterlMemory I 1111111w 1 modOOO rIm 1 2/6 2/6 b h 

Register (short form) 101000 reg 1 2 2 

SUB ~ Subtract 

Register from Register 1 001010dw I mod reg rIm 1 2' 2 
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Table 6-1. Intel386™ OX Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Addresa Virtual Addresa 
8086 Mode 8086 Mode 
Mode Mode 

ARITHMETIC (Continued) 

Register from Memory I 00tOl00w ImOdreg r/ml 7 7 b h 

Memory from Register I 0010101w ImOdreg r/ml 6 6 b h 

Immediate from RegisterlMemory 11 OOOOOsw I mod 1 01 r/ml immediate data 2/7 2/7 b h 

Immediate from Accumulator (short form) 10010110wl immediate data 2 2 

SBB ~ Subtract with Borrow 

Register from Register 00011 Odw ImOdreg r/ml 2 2 

Register from Memory 0001100w ImOdreg r/ml 7 7 b h 

Memory from Register 0001101 w ImOdreg r/ml 6 6 b h 

Immediate from RegisterlMemory 1 OOOOOsw ImodOll r/ml immediate data 2/7 217 b h 

Immediate from Accumulator (short form) 0001110wl immediate data 2 2 

DEC ~ Decrement 

RegisterlMemory I lllllllw Iregool r/ml 2/6 2/6 b h 

Register (short form) 101001 regl 2 2 

CMP ~ Compare 

Register with Register 00111 Odw ImOdreg r/ml 2 2 

Memory with Register 00111 OOw ImOdreg r/ml 5 5 b h 

Register with Memory 0011101wlmOdreg r/ml 6 6 b h 

Immediate with RegisterlMemory 1 OOOOOsw Imodlll r/ml immediate data 2/5 2/5 b h 

Immediate with Accumulator (short form) 001111 Ow I immediate data 2 2 

NEG ~ Change Sign I 1111011w ImodOl1 r/ml 2/6 2/6 b h 

AAA ~ ASCII AdJust lor Add I 00110111 I 4 4 

AAS ~ ASCII Adjust lor Subtract I 00111111 I 4 4 

DAA ~ Decimal Adjust lor Add I 00100111 I 4 4 

DAS ~ Decimal Adjust lor Subtract I 00101111 I 4 4 

MUL ~ Multiply (unsigned) 

Accumulator with ReglsterlMemory I 1111011wlmodl00 r/ml 

Muttiplier-Byte 12-17/15-20 12-17/15-20 b,d d, h 
-Word 12-25/15-28 12-25/15-28 b,d d,h 
-Doubleword 12-41/15-44 12-41/15-44 b,d d, h 

IMUL ~ Integer Multiply (signed) 

Accumulatorwith Register/Memory I 1111011w Imodl0l r/ml 

Multiplier-Byte 12-17/15-20 12-17/15-20 b,d d,h 

-Word 12-25/15-28 12-25/15-28 b,d d,h 

-Doubleword 12-41/15-44 12-41/15-44 b,d d, h 

Register with RegislerlMemory I 00001111 I 10101111 I mod reg r/ml 
Multiplier-Byte 12-17/15-20 12-17/15-20 b,d d,h 

-Word 12-25/15-28 12-25/15-28 b,d d, h 

-Doubleword 12-41/15-44 12-41/15-44 b,d d,h 

RegisterlMemory with Immediate to Register I 011010s1 Imod reg r/ml immediate data 

-Word 13-26114-27 13-26/14-27 b,d d,h 

-Doubleword 13-42/14-43 13-42/14-43 b,d d,h 
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Table 6-1.lnteI386™OX Instruction Set Clock Count Summary (Continued) 

CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

ARITHMETIC (Continued) 
DIV ~ Divide (Unsigned) 

Accumulator by Register/Memory 11111011 w ImOd 110 rim! 
Divisor-Byte 14/17 14/17 b,e, e,h 

-Word 22/25 22/25 b,e e,h 
-Doubleword 38/41 38/41 b,e e,h 

IDIV ~ Integer Divide (Signed) 

Accumulator By Register/Memory I 1111011 w I mod 111 rim! 
Divisor-Byte 19/22 19/22 b,e e,h 

-Word 27/30 27/30 b,e e,h 
-Doubleword 43/46 43/46 b,e e,h 

AAD ~ ASCII AdJuslfor Divide I 11010101 I 00001010 I 19 19 

AAM ~ ASCII Adjust lor Multiply I 11010100 I 000010101 17 17 

CBW ~ Convert Byte to Word 1 100110001 3 3 

CWO ~ Convert Word to Double Word I 100110011 2 2 

LOGIC 

Shift Rotate Instructions 
Not Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR) 

RegisterlMemory by 1 11101 OOOw ImOdTTT r/ml 317 317 b h 

RegisterlMemory by CL I 1101001w ImOdTTT rim! 317 317 b h 

Register/Memory by Immediate Count I 11 OOOOOw ImOdTTT r/mlimmed a-bit data 317 317 b h 

Through Carry (RCL and RCR) 

RegisterlMemory by 1 I 1101 OOOw ImOdTTT rim! 9110 9110 b h 

Register/Memory by CL I 1101001 w ImOdTTT rim! 9/10 9/10 b h 

Register/Memory by Immediate Count I 11 OOOOOw ImOdTTT r/m!immed a-bit data 9110 9110 b h 

TTT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHLISAL 
101 SHR 
111 SAR 

SHLD ~ Shill Lell Double 

Register/Memory by Immediate I 00001111 I 10100100 I mod reg r Iml immed B-bit data 317 3/7 

Register/Memory by CL I 00001111 I 101001011mOdreg rim! 3/7 317 

SHRD ~ Shill Right Double 

Register/Memory by Immediate I 00001111 I 10101100 ImOd reg r/mlimmed a-bit data 317 317 

Register/Memory by CL I 00001111 I 10101101 ImOd reg rIm! 3/7 317 

AND ~ And 

Register to Register I 001000dw I mod reg r/ml 2 2 
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Table 6-1.lnteI386™ OX Instruction Set Clock Count Summary (Continued) 

CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or VIrtual Mode or VIrtual 
VIrtual Address VIrtual Address 
8086 Mode 8086 Mode 
Mode Mode 

LOGIC (Continued) 

Register to Memory I o010000w ImOdreg r/ml 7 7 b h 

Memory to Register I 0010001 w ImOdreg r/ml 6 6 b h 

Immediate to Register/Memory I 1 OOOOOsw I mod 100 rim I immediate data 217 217 b h 

Immediate to Accumulator (Short Form) I o 0 1 a 0 1 0 w I immediate data 2 2 

TEST ~ And Function to Flags, No Result 

Register/Memory and Register I 100001 Ow I mod reg r/mJ 2/5 2/5 b h 

Immediate Data and Register/Memory I 1111011w ImOdOOO rim I immediate data 2/5 2/5 b h 

Immediate Data and Accumulator 
(Short Form) I 1 0 1 0 1 0 0 w I immediate data 2 2 

OR ~Or 

Register to Register 00001 Odw I mod reg r/ml 2 2 

Register to Memory 0000100w ImOdreg r/ml 7 7 b h 

Memory to Register 0000101 w I mod reg r/ml 6 6 b h 

Immediate to Register/Memory 1 OOOOOsw ImOdOO 1 rim I immediate data 2/7 217 b h 

Immediate to Accumulator (Short Form) 0000110 w I immedlaledata 2 2 

XOR ~ Exclusive Or 

Register to Register I 0011 OOdw I mod reg r/ml 2 2 

Register to Memory I 0011000w ImOdreg r/ml 7 7 b h 

Memory to Register I 0011001w I mod reg r/ml . 
6 6 b h 

Immediate to Register/Memory I 1 OOOOOsw I mod 11 0 r/ml immediate data 217 217 b h 

Immediate to Accumulator (Short Form) I o 0 1 1 0 1 0 w I immediate data 2 2 

NOT ~ Invert Register/Memory I 1111011w ImOd010 r/ml 2/6 2/6 b h 
Clk 

STRING MANIPULATION Count 
Virtual 

CMPS ~ Compare Byte Word I 1010011 w 
8086 

10 10 b h Mode 

INS ~ Input Byte/Word from OX Port I 0110110w I t29 15 9·/29" b h,m 

LODS ~ Load Byte/Word to AL/ AX/EAX I 1010110w 5 5 b h 

MOVS ~ Move Byte Word I 1010010w 8 8 b h 

OUTS ~ Output Byte/Word to OX Port I 0110111 w I t28 14 8·/28·· b h,m 

SCAS ~ Scan Byte Word I 1010111 w 8 8 b h 

STOS ~ Store Byte/Word from 

AL/AX/EX I 1010101 wi 5 5 b h 

XLA T ~ Translate String I 11010111 J 5 5 h 

REPEATED STRING MANIPULATION 
Repeated by Count in CX or ECX 

REPE CMPS ~ Compare String 

(Find Non-Match) I 11110011 I 1010011 wi 5+9n 5+9n b h 

• If CPL ~ IOPL •• If CPL > IOPL 
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Table 6-1. Intel386TM OX Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real ; Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Addre.s Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

REPEATEO STRING MANIPULATION (Continued) 

REPNE CMPS ~ Compare String ClkCount 

(RndMatch) 11110010 1010011 wi 
Virtual 

5+9n 5+9n b h 8086 Mode 

REP INS ~ Input String 11110010 011011 Ow I I t28+6n 14+6n 8+6n·/28+6n" b h,m 

REP LOOS ~ Load String 11110010 1010110wl 5+6" 5+6n b h 

REP MOVS ~ Move String 11110010 1010010wl 8+4n 8+4n b h 

REP OUTS ~ Output String 11110010 0110111 wi I t26+5n 12+5n 6+5n"/26+50"'· b h,m 

REPE SCAS ~ Scan String 

(Find Non·ALI AX/EAX) 11111001111010111Wl 5+8n 5+8n b h 

REPNE SCAS ~ Scan String 

(Find AL/AX/EAX) 11111001011010111Wl 5+8n 5+8n b h 

REP STOS ~ Store String 11111001011010101Wl 5+5n 5+5n b h 

BIT MANIPULATION 

BSF ~ Scan Bit Forward I 00001111 1101111 00 Imod reg r/ml 11+3n 11+3n b h 

BSR ~ Scan Bit Reverse I 00001111 11 0111101 ImOd reg r/ml 9+3n 9+3n b h 

BT ~ Test Bit 

Register/Memory, Immediate 100001111110111010lmOdl00 rlmlimmed 8·bit datal 3/6 3/6 b h 

Register/Memory, Register 100001111 110100011 Imodreg r/ml 3/12 3/12 b h 

BTC ~ Test Bit and Complement 

Register/Memory, Immediate I 00001 111' 11 0111010 Imod 111 r/mllmmed 8·bit datal 6/8 6/8 b h 

Register/Memory, Register 100001111 1101110 11 Imodreg r/ml • 6/13 6/13 b h 

BTR ~ Test Bit and Reset 

RegisterlMemory, Immediate I 00001 11 1 110111 010 Imod 11 0 rlmllmmed 8·blt datal 6/8 6/8 b h 

RegisterlMemory, Register 1000011111101100111modreg r/ml 6/13 6/13 b h 

BTS ~ Test Bit and Set 

RegisterlMemory, Immediate I 0000111 1 11 0111 01 0 Imod 1 01 rlmlimmed 8·bit datal 6/8 6/8 b h 

RegisterlMemory, Register I 0000111 1 11 0101 011 Imod reg r/ml 6/13 6/13 b h 

CONTROL TRANSFER 

CALL ~ Call 

Direct Within Segment 11 1 1 0 1 0 0 0 I full displacement 7+m 7+m b r 

RegisterlMemory 

Indirect Within Segment 'll11111111modOl0 r/ml 
7+ml 7+ml b h, r 10+m 10+m 

Direct Intersegment 11 00 1 1 0 1 0 IUnSigned full offset, selector 17+m 34+m b i,k,r 

NOTES: 
t Clock count shown applies If I/O permission allows I/O to the port in virtual 8086 mode. If I/O bit map denies permission 
exception 13 fault occurs; refer to clock counts for INT 3 instruction . 
• If CPL ::;;: 10PL •• If CPL > 10PL 
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Table 6·1. Intel386TM DX Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protecled Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Addres. 
8086 Mode 8086 Mode 
Mode Mode 

CONTROL TRANSFER (Continued) 

Protected Mode Only (Direct Intersegment) 

Via Call Gate to Same Privilege Level 52+m h,j,k,r 

Via Call Gate to Different Privilege Level, 

(No Parameters) 86+m h,j,k,r 

Via Call Gate to Different Privilege Level, 

(x Parameters) 94+4x+m h,j,k,r 

From 80286 Task to 80286 TSS 273 h,j,k,r 

From 80286 Task to Intel386 OX TSS 298 h,j,k,r 

From 80286 Task to Virtual 8086 Task (Inte1386 OX TSS) 218 h,j,k,r 

From Intel386 OX Task to 80286 TSS 273 h,j,k,r 

From Intel386 OX Task to Intel386 OX TSS 300 h,j,k,r 

From Intel386 OX Task to Virtual 8086 Task (Inte1386 OX TSS) 218 h,j,k,r 

Indirect Intersegment I 11111111 ImodOll r/ml 22+m 38+m b h,j,k,r 

Protected Mode Only (Indirect Intersegment) 

Via Call Gate to Same Privilege Level 56+m h,j,k,r 

Via Call Gate to Different Privilege Level, 

(No Parameters) 90+m h,j,k,r 

Via Call Gale 10 Different Privilege Level, 

(x Paramelers) 98+4x+m h,j,k,r 

From 80286 Task 10 80286 TSS 278 h,j,k,r 

From 80286 Task 10 Inlel386 OX TSS 303 h,j,k,r 

From 80286 Task 10 Virtual 8086 Task (Inle1386 OX TSS) 222 h,j,k,r 

From Inlel386 OX Task 10 80286 TSS 278 h,j,k,r 

From Intel3B6 OX Task 10 Inlel3B6 OX TSS 305 h,j,k,r 

From Intel386 OX Task 10 Virtual 8086 Task (Inle1386 OX TSS) 222 ~,j,k,r 

JMP = Unconditional Jump 

Short I 11101011 18-bit disPlacemenl1 7+m 7+m r 

Direcl wilhin Segmenl I 11101001 l full displacemenl 7+m 7+m r 

RegisterlMemory Indirect within Segmenl 11111 111 1 Imod 1 0'0 r/ml 7+ml 7+ml 
b h,r 10+m 10+m 

Direcllnlersegmenl I 1 1 1 0 1 0 1 0 IUnSigned full offset selector 12+m 27+m j,k,r 

Prolected Mode Only (Direcl Intersegment) 

Via Call Gale 10 Same Privilege Level 45+m h,j,k,r 

From 80286 Task 10 80286 TSS 274 h,j,k,r 

From 80286 Task to Intel386 OX TSS 301 h,j,k,r 

From 802B6 Task to Virtual B086 Task (Inlel3B6 OX TSS) 219 h,j,k,r 

From Inlel386 OX Task 10 80286 TSS 270 h,j,k,r 

From Inlel386 OX Task 10 Inlel386 DXTSS 303 h,j,k,r 

From Inlel386 OX Task 10 Virtual 8086 Task (Inle1386 OX TSS) 221 h,j,k,r 

Indirect Intersegment I 11111111 Imodl0l r/ml 17+m 31+m b h,j,k,r 

Prolected Mode Only (Indirect Inlersegmenl) 

Via Gall Gate to Same Privilege Level 49+m h,j,k,r 

From 802B6 Task to B0286 TSS 279 h,j,k,r 

From 802B6 Task to Inlel386 OX TSS 306 h,j,k,r 

From 802B6 Task 10 Virtual80es Task (Intel3B6 OX TSS) 223 h,j,k,r 

From Inlel3B6 OX Task 10 80286 TSS 275 h,j,k,r 

From Inlel388 OX Task to Intel386 OX TSS 308 Ii,j,k,r 

From Intel386 OX Task to Virtual B086 Task (Inle1386 OX TSS) 225 h,j,k,r 
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Table 6-1. Intel386TM OX Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Acldress Protected Add ..... Protected 

Mode or Virtual Modeor Virtual 
Virtual Address Virtual Add .... 
8086 Mode 8086 Mods 
Mode Mode 

CONTROL TRANSFER (Continued) 
RET ~ Return from CALL: 

Within Segment I 11000011 I 10 + m 10+ m b g,h,r 

Within Segment Adding Immediate to SP I 11000010 I 16·bit displ I 10+ m 10 + m b g, h,r 

Intersegment I 11001011 I 18 + m 32+m b g, h,i,k,r 

Intersegment Adding Immediate to SP I 11001010 I 16·blt displ I 18+ m 32+m b g,h,i,k,r 

Protected Mode Only (RET): 
to Different Privilege Level 

Int~rsegment 69 h,i,k,r 
Intersegment Adding Immediate to SP 69 h,i, k,r 

CONDITIONAL JUMPS 
NOTE: TImes Are Jump "Taken or Not Taken" 
JO - Jump on OVerflow 

8·Bit Displacement I 01110000 I 8·bitdispl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000000 I full displacement 7 + mor3 7+mor3 r 

JNO ~ Jump on Not OVerflow 

8-Blt Displacement I 01110001 I 8·bndispl I 7 + mor3 7+mor3 r 

Full Displacement I 00001111 I 10000001 I full displacement 7 + mor3 7+mor3 r 

JB/JNAE ~ Jump on Below/Not Above or Equal 

8-B" Displacement 1 01110010 1 8·bitdispl 1 7+mor3 7 + mor3 r 

Full Displacement 100001111 1 10000010 1 full displacement 7+mor3 7 + mor3 r 

JNB/JAE ~ Jump on Not Below/Abov. or Equal 

8·B" Displacement I 01110011 I 8·bitdispl I 7+mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000011 I full displacement 7 + mor3 7+mor3 r 

JE/JZ ~ Jump on EquallZero 

8·Bit Displacement I 01110100 I 8·b"displ I 7 + mor3 7+moi3 r 

Full Displacement I 00001111 I 10000100 I full displacement 7 + mor3 7 + mor3 r 

JNE/JNZ ~ Jump on Not EquallNot Zero 

8·Bit Displacement I 01110101 I 8·bndispl I 7 + mor3 7 + mor3 r 

Full Displacement I '00001111 I 10000101 I full displacement 7 + mor3 7+mor3 r 

JBE/JNA ~ Jump on Below or EquallNot Above 

8·Bit Displacement , I 01110110 I 8·bltdispl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000110 I full displacement 7 + mor3 7 + mor3 r 

JNBE/JA ~ Jump on Not Below or EquallAbove 

8·B" Displacement I 01110111 I 8·bHdispl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10000111 I full displacement 7 + mor3 7 + mor3, r 

JS ~ Jump on Sign 

8·Bit Displacement I 01111000 I 8·bndlspl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10001000 I full displacement 7 + mor3 7 + mor3 r 
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Table 6·1. Intel386™ OX Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

CONDITIONAL JUMPS (Continued) 

JNS ~ Jump on Not Sign 

a-Bit Displacement I 01111001 I B·bit displ I 7 + mor3 7+mor3 r 

Full Displacement I 00001111 I 10001001 I full displacement 7 + mor3 7+mor3 r 

JP/JPE ~ Jump on Parity/Parity Even 

8-Bit Displacement I 01111010 I B·bit displ I 7 + mor3 7+mor3 r 

Full Displacement I 00001111 I 10001010 I full displacement 7 + mor3 7+mor3 r 

JNP/JPO ~ Jump on Not Parity/Parity Odd 

8-Bit Displacement I 01111011 I B·bit displ I 7 + m or3 7+mor3 r 

Full Displacement I 00001111 I 10001011 I full displacement 7 + m or3 7 + mor3 r 

i 
JL/JNGE ~ Jump on LesslNot Greater or Equal 

8-Bit Displacement I 01111100 I a-bit displ I 7 + m or3 7 + mor3 r 

Full Displa~ement I 00001111 I 10001100 I full displacement 7 + m or3 7 + mor3 r 

JNL/JGE ~ Jump on Not Less/Greater or Equal 

8-Bit Displacement I 01111101 I B·bit displ I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10001101 I full displacement 7+mor3 7 + mor3 r 

JLE/JNG ~ Jump on Less or Equal/Not Greater 

8-Bit Displacement I 01111110 I B·bit displ I 7 + m or3 7 + mor3 r 

Full Displacement I 00001111 I 10001110 I full displacement 7 + mor3 7 + mor3 r 

JNLE/JG ~ Jump on Not Les. or Equal/Greater 

8-Bit Displacement I 01111111 I B·bit displ I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10001111 I full displacement 7 + mor3 7 + mor3 r 

JCXZ ~ Jump on CX Zero I 11100011 I B·bitdispl I 9 + morS 9 + mor5 r 

JECXZ ~ Jump on ECX Zero I 11100011 I B·bitdispl I 9 + mor5 9 + mor5 r 

(Address Size Prefix Differentiates JCXZ from JECXZ) 

LOOP ~ Loop CX Times I 11100010 I B·bitdispl I l1+m l1+m r 

LOOPZ/LOOPE ~ Loop with 
Zero/Equal I 11100001 I B·bildispl I l1+m l1+m r 

LOOPNZ/LOOPNE ~ Loop While 
Not Zero I 11100000 I B·bit displ I l1+m l1+m r 

CONDITIONAL BYTE SET 

NOTE: Times Are Register/Memory 

SETO ~ Set Byte on Overflow 

To Register/Memory I 0000 1111 I 10010000 I modOOO rIm I 4/5 4/5 h 

SETNO ~ Set Byte on Not Overflow 

To Register/Memory I 00001111 I 10010001 I modOOO rIm I 4/5 4/5 h 

SETB/SETNAE ~ Set Byte on BelowlNot Above or Equal 

To Register/Memory I 00001111 I 10010010 I modOOO rIm I 4/5 4/5 h 
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Table 6·1. Intel386TM DX Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre .. , Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Addre •• Virtual Address 
-8088 Mode 8086 Mode 
Mode Mode 

CONDITIONAL BYTE SET (Continued) 

SETNB = Set Byte on Not Below/Above or Equal 

To Register/Memory I 00001111 I 10010011 I madOOO rim I 4/5 4/5 h 

SETE/SETZ = Set Byte on Equal/Zero 

To Regis1er/Memory I 00001111 I 10010100 I madOOO rim I 4/5 4/5 h 

SETNE/SETNZ = Set Byte on Not Equal/Not Zero 

To Register/Memory I 0000 1 1 1 1 I 10010101 I modOOO rIm I 4/5 4/5 h 

SETBE/SETNA = Set Byte on Below or Equal/Not Above 

To Register/Memory I 0000 1 1 1 1 I 10010110 I modOOO rIm I 4/5 415 h 

SETNBE/SETA = Set Byte on Not Below or Equal/Above 

To RegisterlMemory I 0000 1 1 1 1 I 10010111 I mOdOOO rIm I 4/5 4/5 h 

SETS = Set Byte on Sign 

To Regis1er/Memory I 00001111 I 10011000 I modOOO rIm I 4/5 415 h 

SETNS = Set Byte on Not Sign 

To RegisterlMemory I 00001111 I 10011001 I modOOO rIm I 4/5 4/5 h 

SETP/SETPE = Set Byte on ParitylParity Even 

To Register/Memory I 00001111 I 10011010 ImodOOO rim I 4/5 4/5 h 

SETNP/SETPO = Set Byte on Not Parity/Parity Odd 

To Register/Memory I 0000 1 1 1 1 I 10011011 I modOOO ,rIm I 4/5 4/5 h 

SETL/SETNGE = Set Byte on Less/Not Greater or Equal 

To Regis1er/Memory I 00001 1 1 1 I 10011100 I modOOO rIm I 4/5 4/5 h 

SETNLlSETGE = Set Byte on Not Less/Greater or Equal 

To Register/Memory I 00001111 I 01111101 ImodOOO rIm I 4/5 4/5 h 

SETLE/SETNG = Set Byte on Less or Equal/Not Greater 

ToRegister/Memory I 00001111 I 10011110 I modOOO rIm I 4/5 4/5 h 

SETNLE/SETG = Set Byte on Not Less or EquallGreater 

ToRegister/Memory I 00001111 I 10011111 I modOOO rIm I 4/5 4/5 h 

ENTER = Enter Procedure I 1 1 0 0 1 0 0 0 I 16·bit displacement, B·bit level I 
L=O 10 10 b h 
L=1 12 12 b h 
L> 1 15 + 15 + b h 

4(n -1) 4(n -1) 

LEAVE = Leave Procedure I 11001001 I 4 4 b h 

3·208 I 



Intel386TM OX MICROPROCESSOR 

Table 6-1. Intel386TM DX Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Addres. Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

INTERRUPT INSTRUCTIONS 

INT = Interrupt: 

Type Specified I 11001101 I type I 37 b 

Type 3 I 11001100 I 33 b 

INTO = Interrupt 411 Overflow Flag Set I 11001110 I 
IIOF= 1 35 b,e 

IIOF= 0 3 3 b,e 

Bound = Interrupt 5 II Detect Value I 01100010 I mod reg rim I 
Out 01 Range 

II Out 01 Range 44 b,e e,g,h,l,k, r 

II In Range 10 10 b, e e,g,h,l,k, r 

Protected Mode Only (INn • INT: Type Specilled 

Via Interrupt or Trap Gate 
to Same Privilege Level 59 g,l, k,r 

Via Inlerrupl or Trap Gate 

10 Different Privilege Level 99 g,l, k,r 

From 80286 Task to 80286 TSS via Task Gale 282 g,l, k,r 

From 80286 Task 10 Inlel386 DX TSS via Task Gale 309 g,l, k,r 
From 80286 Task 10 vir! 8086 md via Task Gate 226 g,l, k,r 

From Intel386 DX Task to 80286 TSS via Task Gate 284 g,l, k, r 

From Intel386 DX Task to Inlel386 DX TSS via Task Gate 311· g,l,k,r 

From Inlel386 DX Task to vir! 8086 md via Task Gate 228 g,l,k,r 

From vir! 80B6 md to 80286 TSS via Task Gate 2B9 g,l,k,r 

From vir! 8086 md to Inlel3B6 DX TSS via Task Gate 316 g,l, k, r 

From vir! 8086 md to priv level 0 via Trap Gate or Interrupl Gale 119 

INT:TYPE3 

Via Interrupt or Trap Gate 

to Same Privilege Level 59 g,l, k, r 

Via Inlerrupl or Trap Gale 

to Different Privilege Level 99 g,l,k,r 

From 80286 Task 10 80286 TSS via TaSk Gale 278 g,l,k,r 

From 80286 Task to Inlel386 OX TSS via Task Gale 305 g,l,k, r 

From B0286 Task 10 Vir! 8086 md via Task Gate 222 g,l, k,r 

From Inlel386 OX Task to 80286 TSS via Task Gale 2BO g,l, k,r 

From Intel386 OX Task 10 Inlel386 OX TSS via Task Gale 307 g,l, k,r 

From Inlel386 OX Task to Vir! 8086 md via Task Gale 224 g,l, k,r 

From vir! B086 md 10 80286 TSS via Task Gale 2B5 g,l, k,r 

From vir! BOB6 md 10 Inlel386 OX TSS via Task Gale 312 g,l, k,r 

From vir! BOB6 md 10 priv level 0 via Trap Gale or Inlerrupl Gale 119 

INTO: 

Via Inlerrupl or Trap Grate 

10 Same Privilege Level 59 g,l, k,r 

Via Inlerrupl or Trap Gale 

to Different Privilege Level 99 g,l, k,r 

From B0286 Task to 802B6 TSS via Task Gate 2BO g,l, k,r 

From 80286 Task to Inlel386 OX TSS via Task Gale 307 g,l, k,r 

From 80286 Task to vir! 80B6 md via Task Gale 224 g,l, k,r 

From Intel3B6 OX Task 10 80286 TSS via Task Gale 2B2 g,l, k,r 

From Inlel3B6 OX Task to Inlel386 OX TSS via Task Gale 309 g,l, k,r 

From Inlel386 OX Gale 225 g,l, k,r 

From vir! 8086 md 10 80286 TSS via Task Gale 2B7 g,l, k,r 

From vir! 80B6 md 10 Intel386 DX TSS via Task Gate 314 g,l, k,r 

From vir! 8086 md 10 priv level 0 via Trap Gale or Inlerrupt Gale 119 
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Table 6·1. Intel386TM OX Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Add .... Protected Addre .. Protected 

Mode or Virtual Mode or Virtual 
Virtual Add,... Virtual Add,... 
8086 Mode 8088 Mode 
Mode Mode 

INTERRUPT INSTRUCTIONS (Continued) 

BOUND: 

Via Interrupt or Trap Gate 
to Same Privilege Level 59 g,l,k,r 

Via Interrupt or Trap Gate 

to Different Privilege Level 99 g,l,k,r 
From 80286 Task to 80286 TSS via Task Gate 254 g,l, k,r 
From 80286 Task to Intel386 DXTSS via Task Gate 284 g,l, k,r 
From 80268 Task to virt 8086 Mode via Task Gate 231 g,l, k,r 
From Inlel386 OX Task to 80286 TSS via Task Gate 284 g,l, k,r 
From Inlel386 OX Task to Intel386 OX TSS via Task Gate 294 g,l, k,r 
From 80368 T!'8k to virt 8086 Mode via Task Gate 243 g,l,k,r, 
From virt 8086 Mode to 80286 TSS via Task Gate 264 g,l, k,r 
From virt 8086 Mode to Intel386 OX TSS via Task Gate 294 g,l, k,r 
From virt 8086 md to priv level 0 via Trap Gate or Inlerrupt Gate 119 

INTERRUPT RETURN 

IRET ~ Interrupt Return I 11001111 I 22 g,h,l,k,r 

Protected Mode Only (IRET) 

To the Same Privilege Level (within task) 38 g,h,l,k,r 
To Different Privilege Level (within task) 82 g,h,l,k,r 
From 80286 Task to 80286 TSS 232 h,l, k,r 
From 80286 Task to Intel386 OX TSS 265 h,l, k,r 
From 80286 Task to Virtual 8086 Task 213 h,l,k,r 
From 80286 Task to Virtual 8086 Mode (within task) 80 
From Intel386 OX Task to 80286 TSS 271 h,l,k,r 
From Intel386 OX Task to Intel386 OX TSS 275 h,I,k,r. 
From Intel386 OX Task to Virtual 8086 Task 223 h,l,k,r 
From Intel386 OX Task to Virtual 8086 Mode (within task) 80 

PROCESSOR CONTROL 

HLT ~ HALT I 11110100 I 5 5 I 

MOV ~ Move to and From Control/DebuglTest Register 

CRO/CR2/CR3 from register 00001111 00100010 11 eeereg 11/4/5 11/4/5 I 

Register From CRO-3 00001111 00100000 11 eeereg 6 6 I 

DRO-3 From Register 00001111 00100011 11 see reg 22 22 I 

DR6-7 From Register 00001111 00100011 11 eeereg 16 16 , I 

Register from OR6-7 00001111 00100001 11 eeereg. 14 14 I 

Register from DRO-3 00001111 00100001 11 eserag 22 22 I 

TR6-7 from Register 00001111 00100110 11 eeerag 12 12 I 

Register from TR6-7 00001111 00100100 11 see rag 12 12 I 

NOP ~ No Operation 10010000 3 3 

WAIT~ Walt until BUSY # pin Is negated 10011011 7 7 
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Table 6-1. Intel386™ OX Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

PROCESSOR EXTENSION INSTRUCTiONS 

Processor Extension Escape I 11011TTT Imodlll rIm I See h 

TIT and III bits are opcode B02B7IBOInteI3B7 

information for coprocessor. data sheets for 
clock counts 

PREFIX BYTES 

Address Size Prefix I 01100111 I 0 0 

LOCK ~ Bus Lock Prefix I 11110000 I 0 0 m 

Operand Size Prefix I 01100110 I 0 0 

Segment Override Prefix 

CS: 00101110 I 0 0 

DS: 00111110 I 0 0 

ES: 00100110 I 0 0 

FS: 01100100 I 0 0 

GS: 01100101 I 0 0 

SS: 00 i 10110 I 0 0 

PROTECTION CONTROL 

ARPL ~ Adjust Requested Privilege Level 

From Register/Memory I 01100011 I mod reg rIm I N/A 20/21 a h 

LAR ~ load Access Rights 

From RegisterlMemory I 00001111 I 00000010 I mod reg rIm I N/A 15/16 a 9,h,J, p 

lGDT ~ load Global Descriptor 

Table Register I 00001111 I 00000001 ImodOl0 rIm I 11 11 b,c h,l 

LIDT ~ Load Interrupt Descriptor 

Table Register I 00001111 I 00000001 ImodOll r/ml 11 11 b,c h,l 

llDT ~ load Local Descriptor 

Table Register to 
RegisterlMemory I 00001111 I 00000000 ImodOl0 r/ml N/A 20/24 a g, h,i,l 

lMSW ~ Load Machine Status Word 

From RegisterlMemory I 00001111 I 00000001 I mod 11 0 rIm I 11/14 11/14 b,c h,l 

LSL ~ Load Segment Limit 

From Register/Memory I 00001111 I 00000011 I mod reg rIm I 
Byte-Granular Limit N/A 21/22 a g,h,l, p 
Page.Granular Limit N/A 25/26 a 9,h,i, p 

LTR ~ Load Task Register 

From RegisterlMemory I 00001111 I 00000000 I modOll rIm I N/A 23/27 a g,h,i,l 

SGDT = Store Global Descriptor 

Table R'eglster I 00001111 I 00000001 I modOOO rIm I 9 9 b,c h 

SIDT ~ Store Interrupt Descriptor 

Table Register . I 00001111 I 00000001 ImodOOI rIm I 9 9 b,c h 

SLDT ~ Store Local Descriptor Table Register 

To Register/Memory I 00001111 I 00000000 I modOOO rIm I N/A 2/2 a h 
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Table 6-1. Intel386TM OX Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Re" 
INSTRUCTION FORMAT Acldra .. Protected Acid .... Protected 

Mode or Virtual Modeor Virtual 
Virtual Add .... Virtual Addra .. 
8088 Mode 8086 Mode 
Mode Mode 

SMSW = Stora Machine 
StatuI Word I 00001111 I 00000001 Imod100 rIm I 2/2 2/2 b,c h,l 

STR = Stora Talk Register 

To Regis1er/Memory I 00001111 I 00000000 Imod001 rIm I N/A 2/2 a h 

VERR = Verily Read Ace ... 1 

Regis1er/Memory I 000~1111 I 00000000 Imod100 rIm I N/A 10/11 a g,h,j,p 

VERW = Verily Write Acce ... I 00001111 I 00000000 I mod 1 01 rIm I N/A 15/16 a g,li,j,p 

INSTRUCTION NOTES FOR TABLE 6-1 

Notes a through c apply to Intel386 OX Real Address Mode only: 
a, This is a Protected Mode instruction. Attempted execution in ReaJ' Mode will result in exception 6 (invalid opcode). 
b. Exception 13 fault (general protection) will occur in Real Mode if an operand reference is made that partially or fully 
extends beyond the maximum CS, OS, ES, FS or GS limit, FFFFH. Exception 12 fault (stack segment limit violation or not 
present) will occur in Real Mode if an operand reference is made that partially or fully extends beyond the maximum SS limit. 
c. This instruction may be executed in Real Mode. In Real Mode, its purpose is primarily to initialize the CPU for Protected 
Mode. 

Notes d through g apply to Intel386 OX Real Address Mode and Intel386 OX Protected Virtual Address Mode: 
d. The Intel386 OX uses an early-out multiply algorithm. The actual number of clocks depends on the position of the most 
significant bit in the operand (multiplier). 

Clock counts given are minimum to maximum. To calculate actual clocks use the follOwing formula: 
Actual Clock = if m < > 0 then max ([Iog21mll, 3) + b'clocks: 

if m = 0 then 3+b clocks 
In this formula, m is the multiplier, and 
b = 9 for register to register, 
b = 12 for memory to register, 
b = 10 for register with immediate to register, 
b = 11 for memory with immediate to register. 

e. An exception may occur, depending on the value of the operand. 
I. LOCK'" is automatically asserted, regardless of the presence or absence of the LOCK'" prefix. 
g. LOCK'" is asserted during descriptor table accesses. 

Notes h through r apply to Intel386 OX Protected Virtual Address Mode only: 
h. Exception 13 fault (general protection violation) will occur if the memory operand in CS, OS, ES, FS or GS cannot be used 
due to either a segment limit violation or access rights violation. If a stack limit is violated, an exception 12 (stack segment 
limit violation or not present) occurs. 
i. For segment load operations, the CPL, ~PL, and OPL must agree with the privilege rules to avoid an exception 13 fault 
(general protection violation). The segment's deSCriptor must indicate "present" or exception 11 (CS, OS, ES, FS, GS not 
present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit 
violation or not present) occurs. 
j. All segment descriptor accesses in the GOT or LOT made by this instruction will automatically assert LOCK'" to maintain 
deSCriptor integrity in multiprocessor systems. 
k. JMP, CALL, INT, RET and IRET instructions referring to another code segment will cause an exception 13 (general 
protection violation) if an applicable privilege rule is violated. 
I. An exception 13 fault occurs if CPL is greater than 0 (0 is the most privileged level). 
m. An exception 13 fault occurs if CPL is greater than IOPL. 
n. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL and VM fields of the flag register are 
updated only if CPL = O. ' 
o. The PE bit of the MSW (CRO) cannot be reset by this instruction. Use MOV into CRO if deSiring to reset the PE bit. 
p. Any violation of privilege rules as applied to the selector operand does not cause a protection exception; rather, the zero 
flag is cleared. 
q. If the coprocessor's memory operand violates a segment limit or segment access rights, an exception 13 fault (general 
protection exception) will occur before the ESC instruction is executed. An 'exception 12 fault (stack segment limit violation 
or not present) will occur if the stack limit is violated by the operand's starting address. 
r. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13 fault 
(general protection violation) will occur. 
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6.2 INSTRUCTION ENCODING 

6.2.1 Overview 

All instruction encodings are subsets of the general 
instruction format shown in Figure 6-1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod rim" 
byte and "scaled index" byte, a displacement if re
quired, and an immediate data field if required. 

Within the primary opcode or opcodes, smaller en
coding fields may be defined. These fields vary ac
cording to the class of operation. The fields define 
such information as direction of the operation, size 
of the displacements, register encoding, or sign ex
tension. 

Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte(s). This byte, the mod rim 
byte, specifies the address mode to be used. Certain 

Intel386TM OX MICROPROCESSOR 

encodings of the mod rim byte indicate a second 
addressing byte, the scale-index-base byte, follows 
the mod rim byte to fully specify the addressing 
mode. 

Addressing modes can include a displacement im
mediately following the mod rim byte, or scaled in
dex byte. If a displacement is present, the possible 
sizes are 8, 16 or 32 bits. 

If the instruction specifies an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 

Figure 6-1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the rim field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc
tions, sometimes within the opcode bytes them
selves. Table 6-2 is a complete list of all fields ap
pearing in the Intel386 OX instruction set. Further 
ahead, following Table 6-2,· are detailed tables for 
each field. 

ITT T T T T TTl T T T T T T TTl mod T T T rim I ss index base I d32 116 1 8 1 none data32 116 1 8 1 none 

z 0 7 0/ \ 7 6 5 3 2 0 / \7 6 5 3 2 0 A I \ I 
~--------v---------~ T T ~--~---- ~----~--~ 

opcode 
(one or two bytes) 
(T represents an 

opcode bit.) 

"mod rim" "s-i-b" 

'--_byt __ e' __ -v ____ b_yt_e __ ~1 

register and address 
mode specifier 

address 
displacement 
(4, 2, 1 bytes 

or none) 

Figure 6-1. General Instruction Format 

Table 6-2. Fields within Intel386TM DX Instructions 

Field Name Description 

w Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 
d Specifies Direction of Data Operation 
s Specifies if an Immediate Data Field Must be Sign-Extended 
reg General Register Specifier 
mod rim Address Mode SpeCifier (Effective Address can be a General Register) 

ss Scale Factor for Scaled Index Address Mode 
index General Register to be used as Index Register 
base General Register to be used as Base Register 
sreg2 Segment Register Specifier for CS, SS, OS, ES 
sreg3 Segment Register Specifier for CS, SS, OS, ES, FS, GS 
mn For Conditional Instructions, Specifies a Condition Asserted 

or a Condition Negated 

immediate 
data 

(4, 2, 1 bytes 
or none) 

Number of Bits 

1 
1 
1 
3 

? for mod; 
3 for rim 

2 
3 
3 
2 
3 

4 

Note: Table 6-1 shows encoding of individual instructions. 
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6.2.2 32-Bit Extensions of the 
Instruction Set 

With the Intel386 DX, the 8086/80186/80286 in
struction set is extended in two orthogonal direc
tions: 32-bit forms of all 16-bit instructions are added 
to support the 32-bit data types, and 32-bit address
ing modes are made available for all instructions ref
erencing memory. This orthogonal instruction set ex
tension is accomplished having a Default (D) bit in 
the code segment descriptor, and by having 2 prefix
es to the instruction set. 

Whether the instruction defaults to operations of 16 
bits or 32 bits depends on the setting of the D bit in 
the code !?egment descriptor, which gives the de
fault length (either 32 bits or 16 bits) for both oper
ands and effective addresses when executing that 
code segment. In the Real Address Mode or Virtual 
8086 Mode, no code segment descriptors are used, 
but a D value of 0 is assumed internally by the In-. 
tel386 DX when operating in those modes (for 16-bit 
default sizes compatible with the 8086/801861 
80286). 

Two prefixes, the Operand Size Prefix and the Effec
tive Address Size Prefix, allow overriding individually 
the Default selection of operand size and effective 
address size. These prefixes may precede any op
code bytes and affect only the instruction they pre
cede. If necessary, one or both of the prefixes may 
be placed before the opcode bytes. The presence of 
the Operand Size Prefix and the Effective Address 
Prefix will toggle the operand size or the effective 
address size, respectively, to the value "opposite" 
from the Default setting. For example, if the default 
operand size is for 32-bit data operations, then pres
ence of the Operand Size Prefix toggles the instruc
tion to 16-bit data operation. As another example, if 
the default effective address size is 16 bits, pres
ence of the Effective Address Size prefix toggles the 
instruction to use 32-bit effective address computa
tions. 

These 32-bit extensions are available in all Intel386 
DX modes, including the Real Address Mode or the 
Virtual 8086 Mode. In these modes the default is 
always 16 bits, so prefixes are needed to specify 
32-bit operands or addresses. For instructions with 
more than one prefix, the order of prefixes is unim
portant. 

Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 

6.2.3 Encoding of Instruction Fields 
Within the instruction are several fields indicating 
register selection, addressing mode and so on. The 
exact encodings of these fields are defined immedi
ately ahead. 
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6.2.3.1 ENCODING OF OPERAND LENGTH (w) 
FIELD 

For any given instruction performing a data opera
tion, the instruction is executing as a 32-bit operation 
or a 16-bit operation. Within the constraints of the 
operation size, the w field encodes the operand size 
as either one byte or the full operation size, as 
shown in the table below. 

Operand Size Operand Size 
wFleld During 16-81t During 32-81t 

Data Operations Data Operations 

0 8 Bits 8 Bits 
1 16 Bits 32 Bits 

6.2.3.2 ENCODING OF THE GENERAL 
REGISTER (reg) FIELD 

The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rIm" byte, or as the rIm 
field of the "mod rIm" byte. 

Encoding of r.eg Field When w Field 
Is not Present in Instruction 

Register Selected Register Selected 
reg Field During 16-81t During 32-8it 

000 
001 
010 
011 
100 
101 
110 
111 

reg 

000 
001 
010 
011 
100 
101 
110 
111 

Data Operations Data Operations 

AX EAX 
CX ECX 
DX EDX 
BX EBX 
SP ESP 
BP EBP 
SI ESI 
DI EDI 

Encoding of reg Field When w Field 
is Present i"lnstruction 

Register Specified by reg Field 
During 16-81t Data Operations: 

Function of w Field 

(whenw = 0) (whenw = 1) 

AL AX 
CL CX 
DL DX 
BL BX 
AH SP 
CH BP 
DH SI 
BH DI 
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Register Specified by reg Field 
During 32-Bit Data Operations 

reg 
Function of w Field 

(whenw = 0) (whenw = 1) 

000 AL EAX 
001 CL ECX 
010 OL EOX 
011 BL EBX 
100 AH ESP 
101 CH EBP 
110 OH ESI 
111 BH EOI 

6.2.3.3 ENCODING OF THE SEGMENT 
REGISTER (sreg) FIELD 

The sreg field in certain instructions is a 2·bit field 
allowing one of the four 80286 segment registers to 
be specified. The sreg field in other instructions is a 
3·bit field, allowing the Intel386 OX FS and GS seg· 
ment registers to be specified. 

2-Bit sreg2 Field 

2-Bit 
Segment 

sreg2 Field 
Register 
Selected 

00 ES 
01 CS 
10 SS 
11 OS 

3-Bit sreg3 Field 

3-Bit 
Segment 

sreg3 Field 
Register 
Selected 

000 ES 
001 CS 
010 SS 
011 OS 
100 FS 
101 GS 
110 do not use 
111 do not use 
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6.2.3.4 ENCODING OF ADDRESS MODE 

Except for special instructions, such as PUSH or 
POP, where the addressing mode is pre-determined, 
the addressing mode for the current instruction is 
specified by addressing bytes following the primary 
opcode. The primary addressing byte is the "mod 
rIm" byte, and a second byte of addressing informa
tion, the "s-i-b" (scale-index-base) byte, can be 
specified. 

The s-i-b byte (scale-index-base byte) is specified 
when using 32-bit addressing mode and the "mod 
rIm" byte has rIm = 100 and mod = 00,01 or 10. 
When the sib byte is present, the 32-bit addressing 
mode is a function of the mod, ss, index, and base 
fields. 

The primary addressing byte, the "mod rIm" byte, 
also contains three bits (shown as TTT in Figure 6-1) 
sometimes used as an extension of the primary op
code. The three bits, however, may also be used as 
a register field (reg). 

When calculating an effective address, either 16-bit 
addressing or 32-bit addressing is used. 16-bit ad
dressing uses 16-bit address components to calcu
late the effective address while 32-bit addressing 
uses 32-bit address components to calculate the ef
fective address. When 16-bit addressing is used, the 
"mod rIm" byte is interpreted as a 16-bit addressing 
mode specifier. When 32-bit addressing is used, the 
"mod rIm" byte is interpreted as a 32-bit addressing 
mode specifier. 

Tables on the following three pages define all en
codings of all 16-bit addressing modes and 32-bit 
addressing modes. 
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Encoding of 16·bit Address Mode with "mod rIm" Byte 

mod rIm Effective Address mod rIm Effective Address 

00000 OS:[BX+SI] 10000 OS: [BX + SI + d16] 
00001 OS:[BX+OI] 10 001 OS: [BX + 01 + d16] 
00010 SS:[BP+SI] 10 010 SS:[BP+SI+d16] 
00 011 SS:[BP+OI] 10 011 SS: [BP + 01 + d16] 
00 100 OS:[Si] 10 100 OS: [SI + d16] 
00 101 OS:[OI] 10 101 OS: [01 + d16] 
00 110 OS:d16 10 110 SS:[BP+d16] 
00 111 OS: [BX] 10 111 OS: [BX + d16] 

01000 OS: [BX + SI + d8] 11000 register-see below 
01001 OS: [BX + 01 + d8] 11001 register-see below 
01010 SS: [BP + SI + d8] 11010 register-see below 
01011 SS: [BP + 01 + d8] 11 011 register-see below 
01100 OS:[SI+d8] 11100 register-see below 
01101 OS:[01+d8] 11 101 register-see below 
01110 SS:[BP+d8] 11 110 register-see below 
01 111 OS:[BX+d8] 11 111 register-see below 

Register Specified by rIm 
During 16·Bit Data Operations 

mod rIm 
Function of w Field 

(when w=O) (when w = 1) 

11000 AL AX 
11001 CL CX 
11010 OL OX 
11 011 BL BX 
11 100 AH SP 
11 101 CH BP 
11 110 OH SI 
11 111 BH 01 

Register Specified by rIm 
During 32·Bit Data Operations 

mod rIm 
Function of w Field 

(whenw=O) (whenw =1) 

11000 AL EAX 
11001 CL ECX 
11 010 OL EOX 
11 011 BL EBX 
11 100 AH ESP 
11 101 CH EBP 
11 110 OH ESI 
11 111 BH EOI 
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Encoding of 32-blt Address Mode with "mod rIm" byte (no "s-i-b" byte present): 

mod rIm Effective Address mod rIm Effective Address 

00000 OS: [EAX] 10000 OS: [EAX + d32] 
00001 OS: [ECX] 10001 OS: [ECX + d32] 
00010 OS: [EDX] 10010 DS:[EDX+d32] 
00011 DS:[EBX] 10011 OS: [EBX + d32] 
00100 s-i-b is present 10100 s-i-b is present 
00101 DS:d32 10101 SS: [EBP + d32] 
00110 DS:[ESI] 10110 DS:[ESI+d32] 
00111 OS: [EDI] 10111 OS: [EDI + d32] 

01000 DS:[EAX+d8] 11 000 register-see below 
01 001 DS:[ECX+d8] 11001 register-see below 
01 010 DS:[EDX+d8] 11 010 register-see below 
01011 OS: [EBX + d8] 11 011 register-see below 
01100 s-i-b is present 11100 register-see below 
01101 SS:[EBP+d8] 11 101 register-see below 
01 110 OS: [ESI + d8] 11 110 register-see below 
01 111 DS:[EDI+d8] 11 111 register-see below 

Register Specified by reg or rIm 
during 16-Bit Data Operations: 

mod rIm 
function of w field 

(whenw=O) (whenw= 1) 

11000 AL AX 
11001 CL CX 
11010 DL OX 
11 011 BL BX 
11 100 AH SP 
11 101 CH BP 
11 110 OH SI 
11 111 BH 01 

Register Specified by reg or rIm 
during 32-Bit Data Operations: 

mod rIm 
function of w field 

(whenw=O) (whenw=1) 

11000 AL EAX 
11001 CL ECX 
11 010 DL EDX 
11 011 BL EBX 
11 100 AH ESP 
11 101 CH EBP 
11 110 OH ESI 
11 111 BH EOI 
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Encoding of 32-bit Address Mode ("mod rIm" byte and "s-i-b" byte present): 

mod base Effective Address 

00000 DS: [EAX + (scaled index)] 
00001 DS: [ECX + (scaled index)] 
00010 DS:[EDX + (scaled index)] 
00011 DS:[EBX + (scaled index)] 
00100 SS:[ESP + (scaled index)] 
00101 DS:[d32 + (scaled index)] 
00110 DS:[ESI + (scaled index)] 
00111 DS:[EDI + (scaled index)] 

01000 DS:[EAX + (scaled index) + dB] 
01001 DS:[ECX + (scaled index) + dB] 
01010 DS:[EDX + (scaled index) + dB] 
01011 DS: [EBX + (scaled index) + dB] 
01100 SS:[ESP + (scaled index) + dB] 
01101 SS:[EBP + (scaled index) + dB] 
01 110 DS:[ESI + (scaled index) + dB] 
01 111 DS:[EDI + (scaled index) + dB] 

10000 DS:[EAX + (scaled index) + d32] 
10001 DS:[ECX + (scaled index) + d32] 
10010 DS: [EDX + (scaled index) + d32] 
10011 DS:[EBX + (scaled index) + d32] 
10100 SS:[ESP + (scaled index) + d32] 
10101 SS:[EBP + (scaled index) + d32] 
10110 DS:[ESI + (scaled index) + d32] 
10 111 DS:[EDI + (scaled index) + d32] 

NOTE: 
Mod field in "mod rIm" byte; ss, index, base fields in 
"s-i-b" byte. 
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ss Scale Factor 

00 x1 
01 x2 
10 x4 
11 xB 

index Index Register 

000 EAX 
001 ECX 
010 EDX 
011 EBX 
100 no index reg" 
101 EBP 
110 ESI 
111 EDI 

"IMPORTANT NOTE: 
When index field is 1 ~O, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal ~O, the effective address is undefined. 
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6.2.3.5 ENCODING OF OPERATION DIRECTION 
(d) FIELD 

In many two-operand instructions the d field is pres
ent to indicate which operand is considered the 
source and which is the destination. 

d Direction of Operation 

0 Register/Memory <- - Register 
"reg" Field Indicates Source Operand; 
"mod r/m" or "mod ss index base" Indicates 
Destination Operand 

1 Register <- - Register/Memory 
"reg" Field Indicates Destination Operand; 
"mod r/m" or "mod ss index base" Indicates 
Source Operand 

6.2.3.6 ENCODING OF SIGN-EXTEND (s) FIELD 

The s field occurs primarily to instructions with im
mediate data fields. The s field has an effect only if 
the size of the immediate data is S bits and is being 
placed in a 16-bit or 32-bit destination. 

Is Effect on Effect on 
Immediate Data& Immediate Data 16132 

o None None 

1 Sign-Extend DataS to Fill None 
16-Bit or 32-Bit Destination 

6.2.3.7 ENCODING OF CONDITIONAL TEST 
(tttn) FIELD 

For the conditional instructions (conditional jumps 
and set on condition), tttn is encoded with n indicat
ing to use the condition (n = 0) or its negation (n = 1 ), 
and ttt giving the condition to test. 

I 
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Mnemonic Condition tttn 

0 Overflow 0000 
NO No Overflow 0001 
B/NAE Below/Not Above or Equal 0010 
NB/AE Not Below/ Above or Equal 0011 
E/Z Equal/Zero 0100 
NEINZ Not Equal/Not Zero 0101 
BEINA Below or Equal/Not Above 0110 
NBE/A Not Below or Equal/ Above 0111 
S Sign 1000 
NS Not Sign 1001 
PIPE Parity/Parity Even 1010 
NP/PO Not Parity/Parity Odd 1011 
L/NGE Less ThanlNot Greater or Equal 1100 
NL/GE Not Less Than/Greater or Equal 1101 
LE/NG Less Than or Equal/Greater Than 1110 
NLE/G Not Less or Equal/Greater Than 1111 

6.2.3.& ENCODING OF CONTROL OR DEBUG 
OR TEST REGISTER (eee) FIELD 

For the loading and storing of the Control, Debug 
and Test registers. 

When Interpreted as Control Register Field 

eeeCode Reg Name 

000 CRO 
010 CR2 
011 CR3 

Do not use any other encoding 

When Interpreted as Debug Register Field 

eeeCode Reg Name 

000 ORO 
001 DR1 
010 DR2 
011 DR3 
110 DR6 
111 DR7 

Do not use any other encoding 

When Interpreted as Test Register Field 

eeeCode Reg Name 

110 TR6 
111 TR7 

Do not use any other encoding 
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1+1'--4_5"--+1'1 

1-15" j +-,0.25" 
, 0--- . -------------- : ~: I I 

I I 
4.0" PIN 1 -------------- I I ._--_ . 

..l _-======={b;;;::::::;;;;;;;:J10.B5" 

231630-84 

Figure 7-1. Processor Module Dimensions 

7. DESIGNING FOR ICETM-lnteI386 
DX EMULATOR USE 

The Intel386 DX in-circuit emulator products are 
ICE-lntel386, DX 25 MHz or 33 MHz (both referred to 
as ICE-lntel386 DX emulator). The ICE-lntel386 DX 
emulator probe module has several electrical and 
mechanical characteristics that should be taken into 
consideration when designing the hardware. 

Capacitive loading: The ICE-lntel386 DX emulator 
adds up to 25 pF to each line. 

Drive requirement: The ICE-lntel386 DXemulator 
adds one standard TTL load on the CLK2 line, up to 
one advanced low-power Schottky TTL load per 
control signal line, and one advanced low-power 
Schottky TTL load per address, byte enable, and 
data line. These loads are within the probe module 
and are driven by the probe's Intel386 DX compo
nent, which has standard drive and loading capabili
ty listed in the A.C. and D.C. Specificl:\tion Tables in 
Sections 9.4 and 9.5. 

Power requirement: For noise immunity the ICE-In
tel386 DX emulator probe is powered by the user 
system. This high-speed probe circuitry draws up to 
1.5A plus the maximum Icc from the user Intel386 
DX component socket. 
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Intel386 DX location and orientation: The ICE-In
tel386 DX processor module, target-adaptor cable 
(which does not exist for, the ICE-lntel386 DX 
33 MHz emulator), and the isolation.board used for 
extra electrical buffering of the emulator. initially, re
quire clearance as illustrated in Figures 7-1 and 7-2. 

Interface Board and CLK2 speed reduction: 
When the ICE-lntel386 DX emulator probe is first 
attached to an unverified user system, the interface 
board helps the ICE-lntel386 DX emulator function 
in user systems. with bus faults (shorted signals, 
etc.). After electrical verification it may be removed. 
Only when the interface board is installed, the user . 
system must have a. reduced CLK2 frequency of 
25 MHz maximum. 

Cache coherence: The ICE-lntel386 DX emulator 
loads user memory by performing Intel386 DX com
ponent write cycles. Note that if the user system is 
not designed to update or invalidate its cache (if it 
has a cache) upon processor writes to memory, the 
cache could contain stale instruction code and/or 
data. For best use of the ICE-lntel386 DX emulator, 
the user should consider designing the cache (if any) 
to update itself automatically when processor writes 
occur, or find another method of maintaining cache 
data coherence with main user memory. 
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PIN 1 
1-------- 17.5" --------'~I'---4.5" 'I' 3.6" 

i------...... 

----

1:::2.2"-1 
D~--=--------~=------.I---~---

~I,----------------27.1" ---,---------------1 

~~~======~HF======~~L~j±~~~ 
1.25" 

1--------12.75"--------1 

PIN 1 

D~---=--~--~~~----~--- ---- ---- ---

1-----------------23.4"------------------+1 

231630-85 

Figure 7-2. Processor Module, Target-Adapter Cable, and Isolation Board Dimensions 
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8. MECHANICAL DATA 8.2 PACKAGE DIMENSIONS AND 

MOUNTING 

8.1 INTRODUCTION The initial Intel386 OX package is a 132-pin ceramic 
pin grid array (PGA). Pins of this package are ar
ranged 0.100 inch (2.S4mm) center-to-center, in a 
14 x 14 matrix, three rows around. 

In this section, the physical packaging and its con
nections are described in detail. 

A wide variety of available sockets allow :JW inser
,tion force or zero insertion force mountings, and a 
choice of terminals such as soldertail, surface 
mount, or wire wrap. Several applicable sockets are 
listed in Table 8.1 . 

2 

3 

·@@@@@@'I@@@@@@@ 
@@@@@@@@@@@@@@ 
@@<i>@@@@i@@@@<i>@@ 

4 @@@Q I @@@ 
@@@ ! @@@ 5 

6 @@@ I @@@ 

7 _@ @ ~-r---+ ---r-~ @~ 
8 @@@ @@@ 
9 @@@ I @@@ 

10 @@@ i @@@ 
11 @@@ @@@ 
12 @@<i>@@@@!@@@@ @@ 
13 @@@@@@@I@@@@@@@ 
14 @@@@@@@,@@@@@@@ 

C D E F" G HJ K L M N PI, 
.020(0.508) .020 -I 
MIN TYP (0.508) 
.070(1.777) DIA 
TYP BRAZE PAD 

1------1.450(36.802) • 

. 725 (18.401) 

.650 (16.497) 

.550 (13.959) 

.450 (11.421) 

.350 (8.883) 

.250 (6.345) 

.150 (3.807) 

.050 (1.269) 
o 

SWEDGE PIN 
STANDOF"F" 
(4) PLACES 

.001 (0.025) R 
MIN TYP 

Figure 8_1_ 132-Pin Ce,ramlc PGA Package Dimensions 
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Table 8.1. Several Socket Options for 132·Pln PGA 

• Low insertion force (LlF) sOldertail 
55274-1 

• Amp tests indicate 50% reduction in insertion 
force compared to machined sockets 

Other socket options 
• Zero insertion force' (ZIF) soldertail 

55583-1 
• Zero insertion force (ZIF) Burn-in version 

55573-2 

Amp Incorporated 
(Harrisburg, PA 17105 U,S,A, 
Phone 717-564-0100) 

231630-45 
Cam handle locks in low profile position when substrate is installed (handle UP for 
open and DOWN for closed positions) 

Peel-A-Way Mylar and Kapton 
Socket Terminal Carriers 

• Low .insertion force surface 
. mount CS132-37TG 

• Low insertion force soldertail 
CS132-01TG 

• Low insertion force wire-wrap 
CS132-02TG (two level) 
CS132-03TG (three-level) 

• Low insertion force press-fit 
CS132-05TG 

Advanced Interconnections 
(5 Division Street 
Warwick, RI 02818 U,S,A, 
Phone 401-885-0485) 

Peel-A-Way Carrier No, 132: 
Kapton Carrier is KS132 
Mylar Carrier is M~132 

Molded Plastic Body KS132 
is shown below: 

FOOT PRINT NO, 132 

141 141 3 AOWS 

231630-46 

II 

courtesy Amp Incorporated 

SOLDER TAIL'" LOW PROFILE -eM PRESS FIT-OS 

l ' B. I' I UI . ..t. ". :iii ,'II 

-i ---1' 
-I-1.7. .1,. 
~ ~.~::. DIA, 

:: DlA. 
~A. - !!!:m: ..... ., .... --- ............. 

WIRE WRAP -021-03 SOLDER TAIL-33 SURFACE MOUNTINQ -37 

~"1 
PEEL-A-WAY IT ". .·cr H. -N 

"Tti' 

".iii 2LEYEL E" , .!d! ~ !!!! -03 ,'II 

.- 3LEYEL ~ 

.: !-=-~ DlA. 

231630-47 
courtesy Advanced Interconnections 

(Peel-A-Way Terminal Carriers 
U,S, Patent No, 4442938) 
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Table 8.1. Several Socket Options for 132-Pin PGA (Continued) 

PIN GRID ARRAY 
DECOUPLING SOCKETS 

• Low insertion force soldertall 
0.125 length PGD·005·1Al 
Finish: Term/Contact Tin· 
Lead/Gold 

• Low insertion force soldertail 
0.180 length PGD-005·1Bl 
Finish: Term/Contact: Tin· 
Lead/Gold 

• Low insertion 3 level Wire/ 
Wrap PGD·005·1Cl Finish: 
Term/Contact Tin·Lead/Gold 

Includes 0.10 ,.F & 1.0 ,.F 
Decoupling Capacitors 

AUGATINC. 

VisinPak Kapton Carrier 

PKC Series 

Pin Grid Array 

PGM (Plastic) or PPS 
(Glass Epoxy) Series 

33 Perry Ave .• P.O. Box 779 Attleboro. MA 02703 
TECHNICAL INFORMATION: (508) 222·2202 
CUSTOMER SERVICE: (508) 699·9800 ' 

• Low insertion force socket soldertail 
(for production use) 
2XX·6576·00·3308 (new style) 
2XX-6003·00·3302 (older style) 

• Zero insertion force soldertail 
(for test and burn·in use) 
2XX·6568·00·3302 

Texlool Products 
ElectronIc Products DIvisIon/3M 

(1410 West Pioneer Drive 
lIVing. Texas 75601 U.S.A. 
Phone 214·259·2676) 
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1-0.020 

C: Soldartoll 

"I 
0.193 

r 
0.510 

L 
:j !-0.2SSQ. 

•• - .- .. -e. 0 n-----.. ~, ~ 
:: II", 
II :: 
:: !i~ 
II "U c 
! ...... _-. ..,..U 
'--e__------- •• 

II.. II 

~Soldarton 

0.166 

r 
0.180 

L 
--11-0.020 

~ 1.450:1:0.020 ---I 
I (SQUARE) I 

-11-- 0.1 00 TYP. 

231630-86 

I 

~ 
'L 

courtesy Textool products/3~ 231630-48 
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8.3 PACKAGE THERMAL 
SPECIFICATION 

The PGA case temperature should be measured at 
the center of the top surface opposite the pins, as in 
Figure 8.2. 

The Intel386 OX is specified for operation when 
case temperature is within the range of O·C-85·C. 
The case temperature may be measured in any envi
ronment, to determine whether the Intel386 OX is 
within specified operating range. 

MEASURE PGA CASE TEMPERATURE 
AT CENTER Of TOP SURfACE 

231630-36 

I 

Parameter 

8 Junction-to-Case 
(case measured 
as Fig. 8-2) 

8 Case·to-Ambient 
(no heatsink) 

8 Case·Ia-Ambient 
(with omnidirectional 
heatsink) 

8 Case·to-Ambient 
(with unidirectional 
heatsink) 

NOTES: 

Figure 8.2. Measuring Intel386TM DX PGA Case Temperature 

Table 8.2. Intel386TM DX PGA Package Thermal Characteristics 

Thermal Resistance - 'C/Watt 

Airflow -It./mln (m/sec) 

0 50 100 200 400 600 BOO 
(0) (0.25) (0.50) (1.01) (2.03) (3.04) (4.06) 

2 2 2 2 2 2 2 

8
JPI"R 

19 18 17 15 12 10 9 

16 15 14 12 9 7 6 UUI 
15 14 13 11 8 6 5 

1. Table 8.2 applies to Intel386TM OX PGA 3. 8J.cAP ~ 4'C/w (approx.) 
plugged into socket or soldered directly 8J.PIN ~ 4'C/w (inner pins) (approx.) 
into board. 8J.PIN ~ 8'C/w (outer pins) (approx.) 
2. 8JA ~ 8JC + 8CA· 4. T A ~ T C - P • 8CA (ambient temperature) 

8Ja 

8Jc 

8J cap I 
UUU 

231630-72 
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9. ELECTRICAL DATA 

9.1 INTRODUCTION 

The following sections describe recommended elec
trical connections for the Intel386 DX, and its electri
cal specifications. 

~2 POWERANDGROUNrnNG 

9.2.1 Power Connections 

The Intel386 DX is implemented in CHMOS III and 
CHMOS IV technology and has modest power re
quirements. However, its high clock frequency and 
72 output buffers (address, data, control, and HLDA) 
can cause power surges as multiple output buffers 
drive new signal levels simultaneously. For clean on
chip power distribution at high frequency, 20 Vee 
and 21 Vss pins separately feed functional units of 
the Intel386 DX. 

Power and ground connections must be made to all 
external Vee and GND pins of the Intel386 DX. On 
the circuit board, all Vee pins must be connected on 
a Vee plane. All Vss pins must be likewise connect
ed on a GND plane. 

9.2.2 Power Decoupling 
Recommendations 

Liberal decoupling capacitance should be placed 
near the Intel386 DX. The Intel386 DX driving its 
32-bit parallel address and data buses at high fre
quencies can cause transient power surges, particu
larly when driving large capacitive loads. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per
formance. Inductance can be reduced by shortening 
circuit board traces between the Intel386 DX and 

decoupling capacitors as much as possible. Capaci
tors specifically for PGA packages are also commer
cially available, for the lowest possible inductance. 

9.2.3 Resistor Recommendations 

The ERROR # and BUSY # inputs have r~sistor pull
ups of approximately 20 KO built-in to the Intel386 
DX to keep these signals negated when no Intel387 
DX coprocessor is present in the system (or tempo
rarily removed from its socket). The BS16# input 
also has an internal pullup resistor of approximately 
20 KO, and the PEREa input has an internal pull
down resistor of approximately 20 KO. 

In typical designs, the external pullup resistors 
shown in Table 9-1 are recommended. However, a 
particular design may have reason to adjust the re
sistor values recommended here, or alter the use of 
pullup resistors in other ways. 

9.2.4 Other Connection 
Recommendations 

For reliable operation, always connect unused in
puts to an appropriate signal level. N.C. pins should 
always remain unconnected. 

Particularly when not using interrupts or bus hold, 
(as when first prototyping, perhaps) prevent any 
chance of spurious activity by connecting these as
sociated inputs to GND: 

Pin Signal 

B7 INTR 
B8 NMI 
D14 HOLD 

If not using address pipelining, pullup D13 NA # to 
Vee· . 

If not using 16-bit bus size, pullup C14 BS16# to 
Vee· 

Pull ups in the range of 20 KO are recommended. 

Table 9-1. Recommended Resistor Pull ups to Vee 

Pin and Signal PullupValue Purpose 

E14 ADS# 20 KO ±10% Lightly Pull ADS # Negated 
During Intel386 DX Hold 
Acknowledge States 

C10 LOCK# 20KO ±10% Lightly Pull LOCK # Negated 
During Intel386 DX Hold 
Acknowledge States 
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9.3 MAXIMUM RATINGS 

Table 9-2. Maximum Ratings 

Intel386TM ox 
Parameter 20, 25, 33 MHz 

Maximum Rating 

Storage Temperature -65'C to + 150'C 
Case Temperature Under Bias -65'C to + 110'C 
Supply Voltage with Respect to Vss -0.5V to +6.5V 
Voltage on Other Pins -0.5V to Vcc + 0.5V 

9.4 D.C. SPECIFICATIONS 

Intel386TM OX MICROPROCESSOR 

Table 9·2 is a stress rating only, and functional oper· 
ation at the maximums is not guaranteed. Functional 
operating conditions are given in 9.4 D.C. Specifica
tions and 9.5 A.C. Specifications. 

Extended exposure to the Maximum Ratings may af
fect device reliability. Furthermore, although the in· 
tel386 OX contains protective circuitry to resist dam
age from static electric discharge, always take pre· 
cautions to avoid high static voltages or electric 
fields. 

Functional Operating Range: Vcc = 5V ±5%; TCASE = O'C to 85'C 

Table 9-3. Intel386™ DX D.C. Characteristics 

Intel386™ DX 

Symbol Parameter 
20 MHz, 25 MHz, 

Unit Test 
33 MHz Conditions 

Min Max 

VIL Input Low Voltage -0.3 0.8 V (Note 1) 

VIH Input High Voltage 2.0 Vcc + 0.3 V 

VILC CLK2 Input Low Voltage -0.3 0.8 V (Note 1) 

VIHC CLK2 Input High Voltage 
20 MHz Vcc - 0.8 Vcc + 0.3 V 
25 MHz and 33 MHz 3.7 Vcc + 0.3 V 

VOL Output Low'Voltage 
IOL = 4 rnA: A2-A31, 00-031 0.45 V 
IOL = 5 rnA: BEO#-BE3#, W/R#, 0.45 V 

O/C#, M/IO#, LOCK#, AOS#, HLOA 

VOH Output High Voltage . 
IOH = 1 rnA: A2-A31, 00-031 2.4 V 
IOH = 0.9 rnA: BEO#-BE3#, W/R#, 2.4 V 

O/C#, MIIO#, LOCK#, AOS#, HLOA 

III Input Leakage Current ±15 /LA OV::;; VIN::;; Vcc 
(For All Pins except BS16 #, PEREQ, BUSY #, 
and ERROR#) 

IIH Input Leakage Current 200 /LA VIH = 2.4V (Note 2) 
(PEREQPin) 

IlL Input Leakage Current -400 /LA VIL = 0.45 (Note 3) 
(BS16#, BUSY#, and ERROR# Pins) 

ILO Output Leakage Current ±15 /LA 0.45V ::;; VOUT ::;; Vce 

Icc Supply Current (Note 4) 
CLK2 = 40 MHz: with 20 MHz Intel386TM OX 260 rnA Icc Typ. = 200 rnA 
CLK2 = 50 MHz: with 25 MHz Intel386TM OX 320 rnA Icc Typ. = 240 rnA 
CLK2 = 66 MHz: with 33 MHz Intel386TM OX 390 rnA Icc Typ. = 300 rnA 

CIN Input or 1/0 Capacitance 10 pF Fc = 1 MHz 

COUT Output Capacitance 12 pF Fc = 1 MHz 

CCLK CLK2 Capacitance 20 pF Fc = 1 MHz 

NOTES: 
1. The min value, -0.3, is not 100% tested. 
2. PEREa input has an internal pulldown resistor. 
3. BSI6#, BUSY# and ERROR# inputs each have an internal pullup resistor. 
4. CHMOS IV Technology (CHMOS III Max Icc at 20 MHz, 25 MHz = 500 rnA, 550 rnA). 
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9.5 A.C. SPECIFICATIONS 

9.5.1 A.C. Spec Definitions 

The A.C. specifications"given in Tables 9-4, 9-5; and 
9-6, consist of output delays, input setup require
ments and input hold requirements. All A.C. specifi
cations are relative to the CLK2 rising edge crossing 
the 2.0V level., 

A.C. spec measurement is defined by Figure 9-1. In
puts must be driven to the voltage levels indicated 
by Figure 9-1 when A.C. specifications are mea
sured. Intel386 OX output delays are specified with 
minimum and maximum limits, measured as shown. 
The minimum Intel386 OX delay times are hold times 

provided to external circuitry. Intel386 OX input set
up and hold times are specified as minimums, defin
ing the smallest acceptable sampling window. Within 
the sampling window, a synchronous input signal 
must be stable for correct Intel386 OX operation. 

Outputs NA#, W/R#, O/C#,M/IO#, LOCK#, 
BEO#-BE3#, A2-A31 and HLOA only change at 
the beginning of phase one. 00-031 (write cycles) 
only change at the beginning of' phase two. The 
REAOY #, HOLO, BUSY #, ERROR #, PEREQ and 
00-031 (read cycles) inputs are sampled at the be
ginning of phase one. The NA#, BS16#, INTR and 
NMI inputs are sampled at the beginning of phase 
two. 

Tx 
tl2 

CLKZ [J~~2~~:~;::lZV~~ 
, OUTPUTS 

(A2-A31.D/C#.BEO#-BE3#. [ 1.5V VALID OUTPUT "+1 

'------'I ZV 

ADS#.M/IO#.W/R#.LOCK#.HLDA) ~~:..u...._~~~~==J~~~~~:~L.~_L __ 
OUTPUTS [ 
(DO-~31) 

INPUTS 
(NA#. BS16#. [ 

INTR.NMI) 

INPUTS 
(READY#. HOLD. BUSY#. [ 

ERROR#. PEREO. DO-D31) 
VALID INPUT 1.5V 

NOTES: 

LEGEND: 

@-MAXIMUM OUTPUT DELAY SPEC. 

@-MINIMUM OUTPUT DELAY SPEC. 

©- MINIMUM INPUT SETUP SPEC. 

@-MINIMUM INPUT HOLD SPEC. 

1. Input waveforms have tr :s; 2.0 ns from 0.8V to 2.0V. 
2. See section 9.5.8 for typical output rise time versus load capacitance. 

Figure 9·1. Drive Levels and Measurement Points for A.C. Specifications 
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9.5.2 A.C. Specification Tables 
Functional Operating Range: Vee = 5V ±5%; TeAsE = O·C to +85·C 

Table 9-4. 33 MHz Intel386™ OX A.C. Characteristics 

33 MHz 
Ref. 

Symbol Parameter Intel386TM OX Unit 
Fig. 

Notes 

Min Max 

Operating Frequency 8 33.3 MHz Half of CLK2 Frequency 

t1 CLK2 Period 15.0 62.5 ns 9·3 

t2a CLK2 High Time 6.25 ns 9·3 at2V 

t2b CLK2 High Time 4.5 ns 9·3 at 3.7V 

t3a CLK2 Low Time 6.25 ns 9·3 at2V 

t3b CLK2 Low Time 4.5 ns 9·3 at 0.8V 

t4 CLK2 Fall Time 4 ns 9·3 3.7V to 0.8V (Note 3) 

t5 CLK2 Rise Time 4 ns 9·3 0.8V to 3.7V (Note 3) 

t6 A2-A31 Valid Delay 4 15 ns 9-5 CL = 50 pF 

t7 A2-A31 Float Delay 4 20 ns 9-6 (Note 1) 

t8 BEO#-BE3#, LOCK# Valid Delay 4 15 ns 9-5 CL = 50 pF 

t9 BEO#-BE3#, LOCK# Float Delay 4 20 ns 9-6 (Note 1) 

t10 W/R#, MIIO#, D/C#, Valid Delay 4 15 ns 9-5 CL = 50 pF 

t10a ADS# Valid Delay 4 14.5 ns 9-5 CL = 50 pF 

t11 W/R#, MIIO#, D/C#, ADS# Float Delay 4 20 ns 9-6 (Note 1) 

t12 DO-D31 Write Data Valid Delay 7 24 ns 9·5a CL = 50 pF, (Note 4) 

t12a DO-D31 Write Data Hold Time 2 9-5b CL = 50 pF 

t13 DO-D31 Float Delay 4 17 ns 9-6 (Note 1) 

t14 HLDA Valid Delay 4 20 ns 9-6 CL = 50 pF 

t15 NA# Setup Time 5 ns 9-4 

t16 NA# Hold Time 2 ns 9-4 

t17 BS 16 # Setup Time 5 ns 9-4 

t18 BS16# Hold Time 2 ns 9-4 

t19 READY # Setup Time 7 ns 9-4 

t20 READY # Hold Time 4 ns 9-4 
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9.5.2 A.C. Specification Tables (Continued) 
Functional Operating Range: Vcc = 5V ±5%; TCASE = O·C to +85·C 

Table 9-4. 33 MHz Intel386TM'OX A.C. Characteristics (Continued) 

33 MHz 
Ref. 

Symbol Parameter Intel386TM OX Unit 
Fig. 

Notes 

Min Max 

t21 00-031 Read Setup Time 5 ns 9-4 

t22 00-031 Read Hold Time 3 ns 9-4 

t23 HOLO Setup Time 11 ns 9-4 

t24 HOLO Hold Time 2 ns 9-4 

t25 RESET Setup Time 5 ns 9-7 

t26 RESET Hold Time 2 ns 9-7 

t27 NMI, INTR Setup Time 5 ns 9-4 (Note 2) 

t28 NMI, INTR Hold Time 5 ns 9-4 (Note 2) 

t29 PEREa, ERROR #, BUSY # Setup Time 5 ns 9-4 (Note 2) 

t30 PEREa, ERROR#, BUSY# Hold Time 4 ns 9-4 (Note 2) 

NOTES: 

1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. ' ' 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
S. Rise and fall times are not tested. 
4. Min. time not 100% tested. 
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9.5.2 A.C. Specification Tables (Continued) 
Functional Operating Range: Vee = 5V ±5%; TeASE = O·C to +85·C 

Table 9-5. 25 MHz Intel386™ OX A.C. Characteristics 

25 MHz 
Ref. 

Symbol Parameter Intel386TM OX Unit 
Fig. 

Notes 

Min Max 

Operating Frequency 4 25 MHz Half of CLK2 Frequency 

t1 CLK2 Period 20 125 ns 9-3 

t2a CLK2 High Time 7 ns 9-3 at2V 

t2b CLK2 High Time 4 ns 9-3 at3.7V 

t3a CLK2 Low Time 7 ns 9-3 at2V 

t3b CLK2 Low Time 5 ns 9-3 atO.8V 

t4 CLK2 Fall Time 7 ns 9-3 3.7Vto O.SV 

t5 CLK2 Rise Time 7 ns 9-3 O.SVto 3.7V 

• t6 A2-A31 Valid Delay 4 21 ns 9-5 CL = 50 pF 

t7 A2-A31 Float Delay 4 30 ns 9-6 (Note 1) 

tS BEO#-BE3# Valid Delay 4 24 ns 9-5 CL = 50 pF 

tSa LOCK# Valid Delay 4 21 ns 9-5 CL = 50 pF 

t9 BEO#-BE3#, LOCK# Float Delay 4 30 ns 9-6 (Note 1) 

t10 W/R#, M/IO#, D/C#, ADS# Valid Delay 4 21 ns 9-5 CL = 50 pF 

t11 W/R#, M/IO#, D/C#, ADS# Float Delay 4 30 ns 9-6 (Note 1) 

t12 DO-D31 Write Data Valid Delay 7 27 ns 9-5a CL = 50 pF 

t12a OO-D31 Write Data Hold Time 2 9-5b CL = 50 pF 

t13 DO-D31 Float Delay 4 22 ns 9-6 (Note 1) 

t14 HLDA Valid Delay 4 22 ns 9-6 CL = 50 pF 

t15 NA # Setup Time 7 ns 9-4 

t16 NA# Hold Time 3· ns 9-4 

t17 BS16# Setup Time 7 ns 9-4 

t1S BS16# Hold Time 3 ns 9-4 

t19 READY # Setup Time 9 ns 9-4 

t20 READY # Hold Time 4 ns 9-4 
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9.5.2 A.C. Specification Tables (Continued) 
Functional Operating Range: Vcc = 5V ±5%; TCASE = O'C to +85'C 

Table 9-5. 25 MHz Intel386TM DX A.C. Characteristics (Continued) 

25 MHz 
Ref. 

Symbol Parameter Intel386™ DX Unit 
Fig. Notes 

Min Max 

t21 00-031 Read Setup Time 7 ns 9-4 

t22 00-031 Read Hold Time 5 ns 9-4 

t23 HOLO Setup Time 15 ns 9-4 

t24 HOLD Hold Time 3 ns 9-4 

t25 RESET Setup Time 10 ns 9-7 

t26 RESET Hold Time 3 ns 9-7 

t27 NMI, INTR Setup Time 6 ns 9-4 (Note 2) 

t28 NMI, INTR Hold Time 6 ns 9-4 (Note 2) 

t29 PEREQ, ERROR"', BUSY"," Setup Time 6 ns 9-4 (Note 2) 

t30 PEREQ, ERROR"', BUSY", Hold Time 5 ns 9-4 (Notes 2,3) 

NOTES: 

1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
3. Symbol Parameter Min 

Tc = O'C t30 PEREQ, ERROR#, BUSY# Hold Time 4 
T C = + 85'C t30 PEREQ, ERROR #, BUSY # Hold Time 5 
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9.5.2 A.C. Specification Tables (Continued) 
Functional Operating Range: Vee = 5V ±5%; TeAsE = O°C to +85°C 

Table 9.6. 20 MHz Intel386TM OX A.C. Characteristics 

20 MHz 
Ref. 

Symbol Parameter Intel386TM OX Unit 
Fig. 

Notes 

Min Max 

Operating Frequency 4 20 MHz Half of CLK2 
Frequency 

t1 CLK2 Period 25 125 ns 9-3 

t2a CLK2 High Time 8 ns 9-3 at2V 

t2b CLK2 High Time 5 ns 9-3 at (Vee - 0.8V) 

t3a CLK2 Low Time 8 ns 9-3 at2V 

t3b CLK2 Low Time 6 ns 9-3 atO.8V 

t: CLK2 Fall Time 8 ns 9-3 (Vee - 0.8V) to 0.8V 

t5 CLK2 Rise Time 8 ns 9-3 0.8V to (Vee - 0.8V) 

t6 A2-A31 Valid Delay 4 30 ns 9-5 CL = 120pF 

t7 A2-A31 Float Delay 4 32 ns 9-6 (Note 1) 

t8 BEO#-BE3#, LOCK# 4 30 ns 9-5 CL = 75 pF 
Valid Delay 

t9 BEO#-BE3#, LOCK# 4 32 ns 9-6 (Note 1) 
Float Delay 

tlO W/R#, MIIO#, D/C#, 6 28 ns 9-5 CL = 75 pF 
ADS# Valid Delay 

t11 W/R#, MIIO#, D/C#, 6 30 ns 9-6 (Note 1) 
ADS # Float Delay 

t12 DO-D31 Write Data 4 38 ns 9-5c CL = 120pF 
Valid Delay 

t13 DO-D31 Float Delay 4 27 ns 9-6 (Note 1) 

t14 HLDA Valid Delay 6 28 ns 9-6 CL = 75 pF 

t15 NA# Setup Time 9 ns 9-4 

t16 NA# Hold Time 14 ns 9-4 

t17 BS16# Setup Time 13 ns 9-4 

t18 BS16# Hold Time 21 ns 9-4 

t19 READY # Setup Time 12 ns 9-4 

t20 READY # Hold Time 4 ns 9-4 

t21 DO-D31 Read 11 ns 9-4 
Setup Time 

t22 DO-D31 Read 6 ns 9-4 
Hold Time 

t23 HOLD Setup Time 17 ns 9-4 

t24 HOLD Hold Time 5 ns 9-4 

t25 RESET Setup Time 12 ns 9-7 
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9.5.2 A.C. Specification Tables (Continued) 
Functional Operating Range: Vcc = 5V ±5%; TCASE = O·C to +85°C 

Table 9-6. 20 MHz Intel386TM OX A.C. Characteristics (Continued) 

20 MHz 
Ref. 

Symbol Parameter Intel386TM OX Unit 
Fig. 

Notes 

Min Max 

t26 RESET Hold Time 4 ns 9·7 

t27 NMI, INTR Setup Time 16 ns 9-4 (Note 2) 

t28 NMI, INTR Hold Time 16 ns 9-4 (Note 2) 

t29 PEREO, ERROR #, BUSY # 14 ns 9-4 (Note 2) 
Setup Time 

tao PER EO, ERROR#, BUSY# 5 ns 9-4 (Note 2) 
. Hold Time 

NOTES: 
1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. . 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2. period. 
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9.5.3 A.C. Test Loads 

Intel3B6 ox CPu ~ 
OUTPUT ..L 

~~ 
231630-38 

CL = 120 pF on A2-A31 , 00-031 
CL = 75 pF on BEO#-BE3#, W/R#, M/IO#, O/C#, AOS#, 
LOCK#,HLDA 
CL includes ali parasitic capacitances. 

Figure 9-2. A.C. Test Load 

Tx 
';2 

CLK2 [ 

REAOY# [ 

HOLD [ 

00-031 [ (INPUT) 

BU5Y#, 
[ ERROR# 

PEREQ 

NA# [ 

B516# [ 

INTR. [ NMI 

Intel386™ OX MICROPROCESSOR 

9.5.4 A.C. Timing Waveforms 

Figure 9-3. CLK2 Timing 

Tx Tx 

231630-40 

Figure 9-4. Input Setup and Hold Timing 
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CLK2[ 

CLK2 [ 

BEOH-BE3H. [ 
LOCKH 

W/RH. M/IOH. [ 
D/CH.ADSH 

A2-A31 [ 

HLDA [ 

.T1 : .1 

Tx 

Figure 9-5. Output Valid Delay Timing 

CLK2[ 

W/RH[ 

231630-79 

231630-41 

231630-80 

Figure 9-5a. Write Data Valid Delay Timing 
(25 MHz, 33 MHz) 

Figure 9-5b. Write Data Hold Timing 
. (25 MHz, 33 MHz) 

CLK2[ 

OO-D31 [ 

231630-81 

Figure 9-5c. Write Data Valid Delay Timing (20 MHz) 
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9.5.5 Typical Output Valid Delay Versus Load Capacitance 
at Maximum Operating Temperature (CL = 120 pF) 

nom+6 

'iii' nom+3 

-=->-
:3 .... c nom 

c 
:::; 
~ nom-3 ... 
::::> 
11-... 
::::> 
0 nom-6 

nom-9~--~--~----~--~ 

50 75 100 25 150 

CL (picofarads) 

NOTE: 
This graph will not be linear outside of the CL range shown. 

9.5.6 Typical Output Valid Delay Versus Load Capacitance 
at Maximum Operating Temperature (CL = 75 pF) 

nom+9 

'iii' nom+6 

-=-j 
.... 

nom+3 c 
c 
:::; 
~ ... nom 
::::> 
11-... 
::::> 
0 

nom-3 

nom-6 75 100 125 150 

CL (picofarads) 

NOTE: 
This graph will not be linear outside of the CL range shown. 

I 

231630-77 

231630-82 
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9.5.7 Typical Output Valid Delay Versus Load Capacitance 
at Maximum Operating Temperature (CL = 50 pF) 

nom +9 .... 
-5. 
S ... 
Q 

Q 
:::; 
<C 
> ... 
::> 
"-... 
::> 
0 

nom-3 

50 75 100 125 150 

CL(plcofarads) 

NOTE: 
This graph will not be linear outside of the CL range shown. . 

9.5.8 Typical Output Rise Time Versus Load Capacitance 
at Maximum Operating Temperature 

Br---~--~--'---~ 

> 
C! 
N 6 I ;;, 
ci 
.... " 5 
'" 2 
F 2 
'" II) 

iii: 

8~--~--~--~--~ 
50 75 100 125 150 

231630-83 

CL (picofarads) 
231630-78 

NOTE: 
This graph will not be linear outside of the CL range shown. 
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Th nOR T1 
.2 .1 .2 .1 .2 

CLK2 [ 

BEO#-BE3#. [ LOCK# 

W /R#.I.I/IO#. [ O/C#.AOS# 

A2-A31 [ 

00-031 [ 

HLOA [ 

231630-42 

Figure 9-6. Output Float Delay and HLDA Valid Delay Timing 

-RESET-I~'----

CLK2 [ 

RESET [ 

231630-43 
The second internal processor phase following RESET high·to·low transition (provided t25 and t26 are met) is cf>2. 

Figure 9-7. RESET Setup and Hold Timing, and Internal Phase 
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10. REVISION HISTORY 

This Intel386 DX data sheet, version -005, contains updates and improvements to previous versions. A revi
sion summary is listed here for your convenience. 

The sections significantly revised since version -001 are: 
2.9.6 Sequence of exception checking table added. 

2.9.7 

2.11.2 

2.12 

3.1 

4.4.3.3 

Figures 4-15a, 4-15b 

4.6.4 

Instruction restart revised. 

TLB testing revised. 

Debugging support revised. 

LOCK prefix restricted to certain instructions. 

I/O privilege level and I/O permission bitmap added. 

I/O permission bitmap added. 

Protection and I/O permission bitmap revised. 

4.6.6 Entering and leaving virtual 8086 mode through task switches, trap and interrupt 
gates, and IRET explained. 

5.6 

5.8 

5.8.1 

Table 6-3 

7. 
Figures 7-8, 7-9, 7-10 

6.2.3.4 

Self-test signature stored in EAX. 

Coprocessor interface description added. 

Software testing for coprocessor presence added. 

PGA package thermal characteristics added. 

Designing for ICE-lntel386 revised. 

ICE-lntel386 clearance requirements added. 

Encoding of 32-bit address mode with no "sib" byte corrected. 

The sections significantly revised since version -002 are: 
Table 2-5 Interrupt vector assignments updated. 

Figure 4-15a BiLmap_offset must be less than or equal to DFFFH. 

Figure 5-28 

5.7 

9.4 

9.5 

Table 6-1 

Intel386 DX outputs remain in their reset state during self-test. 

Component and revision identifier history updated. 

20 MHz D.C. specifications added. 

16 MHz A.C. specifications updated. 20 MHz A.C. specifications added. 

Clock counts updated. 

The sections significantly revised since version -003 are: 
Table 2-6b Interrupt priorities 2 and 3 interchanged. 

2.9.8 Double page faults do not raise double fault exception. 

Figure 4-5 

5.4.3.4 
Figures 5-16, 5-17, 

5-19,5-22 

Maximum-sized segments must have segments Base11 .. 0 = o. 
BS16# timing corrected. 

BS16# timing corrected. BS16# must not be asserted once NA# has been 

sampled asserted in the current bus cycle. 

9.5 16 MHz and 20 MHz A.C. specifications revised. All timing parameters are now 
guaranteed at 1.5V test levels. The timing parameters have been adjusted to 
remain compatible with previous 0.8V/2.0V specifications. 
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The sections significantly revised since version -004 are: 
Chapter 4 25 MHz Clock data included. 

Table 2-4 Segment Register Selection Rules updated. 
5.4.4 Interrupt Acknowledge Cycles discussion corrected. 

Table 5-10 Additional Stepping Information added. 

Icc values updated. Table 9-3 

9.5.2 Table for 25 MHz AC. Characteristics added. A.C. Characteristics tables reor
dered. 

Figure 9-5 Output Valid Delay Timing Figure r~configured. Partial data now provided in addi
tional Figures 9-5a and 9-5b. 

Table 6-1 Clock counts updated and formats corrected. 

The sections significantly revised since version -005 are: 
·Table of Contents Simplified. 
Chapter 1 Pin Assignment. 

2.3.6 Control Register O. 

Table 2-4 

Figure 4-6 
Figure 4-7 

5.2.3 

5.2.8.4 

5.5.3 
Figure 5-28 
Chapter 6 

Chapter 7 

Chapter 8 

Table 9-3 
Table 9-3 

Table 9-4 
Figure 9-5 

Figure 9-5c 

9.5.6 
9.5.7 

Figure 9.6 

Segment override prefixes possible. 
Note added. 

Note added. 
Data bus state at end of cycle. 

Coprocessor error. 

Bus activity during and following reset. 
ERROR#. 

Moved forward in datasheet. 

Moved forward in datasheet. 
Upgraded to chapter. 

25 MHz Icc Typ. value corrected. 
33 MHz D.C. Specifications added. 

33 MHz AC. Specifications added. 

t8a and t10a added. 

Added. 

Added derating for CL = 75 pF. 
Added derating for CL = 50 pF. 

t8a and t10a added. 

The sections significantly revised since version -006 are: 
2.3.4 Alignment of maximum sized segments. 

2.9.8 Double page faults do not raise double fault exception. 

5.5.3 ERROR# and BUSY# sampling after RESET. 

Figure 5-21 

Figure 5-26 
Figure 5-28 

6.2.3.1 

Chapter 7 
9.5.2 

9.5.2 

I 

BS16# timing altered. 

READY # timing altered. 
ERROR# timing corrected. 

Corrected Encoding of Register Field Chart. 

Updated ICE-lntel386 DX information. 

Remove preliminary stamp on 25 MHz A.C. Specifications. 

Remove preliminary stamp on 33 MHz AC. Specifications. 
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The sections significantly revised since version -007 are: 
Table of Contents Page numbers revised. 

Figure 5-15 8816 # timing altered. 

Figure 5-22 

6.1 

Table 6-1 

Table 6-1 

Table 8-2 

Table 8-2 

Previous cycle, T2 changed to Idle cycle, Ti. 

Note about wait states added. 

Opcodes for AND, OR, and XOR instructions corrected. 

Bits 3, 4, and 5 of the "mod rim" byte corrected for the L TR instruction. 

Reference to Figure 6-4 should be reference Figure 8-2. 

Note #4 added. 

The sections significantly revised since version -008 are: 
Table 9-3 20, 25, 33 MHz Icc specifications updated. 
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[POO~[bO~OIN'JA\OOW 

Intel386™ OX MICROPROCESSOR 
32-BIT CHMOS MICROPROCESSOR WITH 

INTEGRATED MEMORY MANAGEMENT 
(PQFP SUPPLEMENT) 

• Flexible 32-Bit Microprocessor 
- 8, 16, 32-Bit Data Types 
- 8 General Purpose 32-Bit Registers 

• Very Large Address Space 
- 4 Gigabyte Physical 
- 64 Terabyte Virtual 
- 4 Gigabyte Maximum Segment Size 

• Integrated Memory Management Unit 
- Virtual Memory Support 
- Optional On-Chip Paging 
- 4 Levels of Protection 
- Fully Compatible with 80286 

• Object Code Compatible with All 8086 
Family Microprocessors 

• Virtual 8086 Mode Allows Running of 
8086 Software in a Protected and 
Paged System 

• Hardware Debugging Support 

III Optimized for System Performance 
- Pipelined Instruction Execution 
- On-Chip Address Translation Caches 
- 20, 25 and 33 MHz Clock 
- 40, 50 and 66 Megabytes/Sec Bus 

Bandwidth 

• Numerics Support via Intel387TM DX 
Math Coprocessor 

III Complete System Development 
Support 
- Software: C, PL/M, Assembler 

System Generation Tools 
- Debuggers: PSCOPE, ICETM-386 

Sl High Speed CHMOS IV Technology 

i'i'.I 132 Pin PQFP Package 
(See Packaging Specification, Order # 231369) 

The Intel386 OX Microprocessor is an entry-level 32-bit microprocessor designed for single-user applications 
and operating systems such as MS-DOS and Windows. The 32-bit registers and data paths support 32-bit 
addresses and data types. The processor addresses up to four gigabytes of physical memory and 64 terabytes 
(2"46) of virtual memory. The integrated memory management and protection architecture includes address 
translation registers, multitasking hardware and a protection mechanism to support operating systems. Instruc
tion pipelining; on-chip address translation, ensure short average instruction execution times and maximum 
system throughput. . 

The Intel386 OX CPU offers new testability and debugging features. Testability features include a self-test and 
direct access to the page translation cache. Four new breakpoint registers provide breakpoint traps on code 
execution or data accesses, for powerful debugging of even ROM-based systems. 

Object-code compatibility with all 8086 family members (8086, 8088, 80186, 80188, 80286) means the 
Intel386 OX offers immediate access to the world's largest microprocessor software base. 

lNST~UCTlON INSTRUCTION 
PREOECOOE PREHTCH 

Intel386™ OX Pipelined 32-Bit Microarchitecture 

Intel386™ DX and Intel387TM DX are Trademarks of Intel Corporation. 
MS-DOS and Windows are Trademarks of MICROSOFT Corporation. 

January 1994 
Order Number: 241267-003 

HOLD,INTR,NWI 
[RROR,S"UsY 
RESET,HLDA 

8EO"-8[3 I1O , 
A2-All 

"'/IO·,O/c". 
W/A".LOCK", 
ADS",N"''', 
BS16 A1 ,READY. 

241267-1 
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Intel386™ OX Microprocessor High-Performance 32-Bit 
CHMOS Microprocessor with Integrated Memory 

Management (PQFP Supplement) 
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This document should be used. in conjunction 
with the Intel386TM OX Microprocessor data 
sheet (order number 231630-011, October 1993). 

1.0 PIN ASSIGNMENT 

The Intel386 OX pinout as viewed from the top side 
of the component is shown by Figure 1-1. 

Vee and GNO connections must be made to multi
ple Vee and Vss (GNO) pins. Each Vee and Vss 
must be connected to the appropriate voltage level. 

Intel386™ DX PQFP MICROPROCESSOR 

The circuit board shoold include Vee and GNO 
planes for power distribution and all Vee and Vss 
pins must be connected to the appropriate plane. 

NOTE: 
Pins identified as "N.C." should remain completely 
unconnected. 

(1)""'11)(0""" uCOatO Ull)-N~'" UIt')ID VJ ..... CO VJ(,)OlO..- (.)CI) .... OCJICO ...... 
(1) .......... -- U--N UCl)C"<4Nt"oI('I uNN. UlN.N VI (,JNtf')1'I) UCl)~I'I")NNN > eccc> cco» ccco> co> co» ceo» «<t<C<C 

Vss 
Vee 
013 
012 
011 
010 

09 
HLOA 

OB 
Vss 
Vss 

07 
06 
05 
04 

Vee 
03 
02 
01 
00 

Vss 
Vee 
Vss 

CLK2 
Vss 

REAOY# 
AOS# 
HOLO 

8516# 
NA# 

8EO# 
8El# 
8E2# 

Intel386™ OX Microprocessor 
Top Side View 

Figure 1-1. Intel386TM OX PQFP Pinout-View from Top Side 

Vee 
A26 
A25 
A24 
A23 
A22 
A21 
vss 
vss 
vss 
A20 
A19 
AlB 
A17 
Vee 
A16 
Vss 
A15 
A14 
Vss 
A13 
A12 
All 
Al0 
A9 
AB 
Vee 
A7 
A6 
A5 
A4 
A3 
A2 

241267-2 
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Table 1-1. Intel386TM DX PQFP Pinout-Functional Grouping 

Address Data ~ Control N/C Vss Vee 
A2 67 DO 20 AOS# 27 36 1 2 
A3 68 01 19 BEO# 31 37 10 16 
A4 69 02 18 BE1# 32 39 11 22 
A5 70 03 ' 17 BEU 33 . 59 21 34 
A6 71 04 15 BE3# 38 60 23 49 
A7 72 05 14 BS16# 29 61 25 56 
A8 74 06 13 BUSY# 46 62 35 58 
A9 75 07 12 CLK2 24 63 44 73 
A10 76 08 9 O/C# 41 48 85 
A11 77 09 7 ERROR#, 47 51 99 
A12 78 010 6 FLT# 54 55 106 
A13 79 011 5 HLOA 8 57 110 
A14 81 012 4 HOLD 28 64 117 
A15 82 013 3 INTR 53 65 123 
A16 84 014 131 LOCK # 42 66 127 
A17 86 015 130 M/IO# 40 80 
A18 87 016 129 NA# 30 83 
A19 88 017 128 NMI 52 90 
A20 89 018 126 PEREQ 50 91 
A21 93 019 125 READY # 26 92 
A22 94 020 124 RESET 45 105 
A23 95 021 121 W/R# 43 111 
A24 96 022 120 114 
A25 97 023 119 122 
A26 98 024 118 132 
A27 100 025 116 
A28 101 . 026 115 
A29 102 027 113 
A30 103 028 112 
A31 104 029 109 

030 108 
031 107 
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1.1 Pin Description Table 

The following table lists a brief description of each pin on the Intel3S6 OX. The. following definitions are used in 
these descriptions: 

# The named signal is active LOW. 

I Input signal. 

o Output signal. 

I/O Input and Output signal. 

No electrical connection. 

Symbol Type Name and Function 

CLK2 I CLK2 provides the fundamental timing for the Intel3S6 OX. 

031-00 I/O DATA BUS inputs data during memory, I/O and interrupt acknowledge read 
. cycles and outputs data during memory and I/O write cycles. 

A31-A2 0 ADDRESS BUS outputs physical memory or port I/O addresses. 

BEO#-BE3# 0 BYTE ENABLES indicate which data bytes of the data bus take part in a bus 
cycle. 

W/R# 0 WRITE/READ is a bus cycle definition pin that distinguishes write cycles from 
read cycles. 

O/C# 0 DATA/CONTROL is a bus cycle definition pin that distinguishes data cycles, 
either memory or I/O, from control cycles which are: interrupt acknowledge, 
halt, and instruction fetching. 

M/IO# 0 MEMORY I/O is a bus cycle definition pin that distinguishes memory cycles 
from input/output cycles. . 

LOCK# 0 BUS LOCK is a bus cycle definition p·in that indicates that other system bus 
masters are denied access to the system bus while it is active. 

AOS# 0 ADDRESS STATUS indicates that a valid bus cycle definition and address 
(W/R#, O/C#, MIIO#, BEO#, BE1#, BE2#, BE3# and A31-A2) are being 
driven at the Intel3S6 OX pins. 

NA# I NEXT ADDRESS is used to request address pipelining. 

REAOY# I BUS READY terminates the bus cycle. 

B516# I BUS SIZE 16 input allows direct connection of 32-bit and 16-bit data buses. 

HOLD I BUS HOLD REQUEST input allows another bus master to request control of the 
local bus. 
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1.1 Pin Description Table (Continued) 

Symbol Type Name and Function 

HLOA 0 BUS HOLD ACKNOWLEDGE output indicates that the Intel386 OX has 
surrendered control of its local bus to another bus master. 

BUSY# I BUSY signals a busy condition from a processor extension. 

ERROR# I ERROR signals an error condition from a processor extension. 

PEREQ· I PROCESSOR EXTENSION REQUEST indicates that the processor extension has 
data to be transferred by the Intel386 OX. 

FLT# I FLOAT is an input which forces all bidirectional and output signals, including HLOA, 
to the tri-state condition. This allows the electrically isolated 386 OX PQFP to use 
On-Circuit Emulation (ONCE) directly on the motherboard. The FL T # pin has an 
internal pull-up resistor; if the FL T # pin is not used, it should not be connected. 

INTR I INTERRUPT REQUEST is a maskable input that signals the Intel386 OX to suspend 
execution of the current program and execute an interrupt acknowledge function. 

NMI I NON-MASKABLE INTERRUPT REQUEST is a non-maskable input that signals the 
Intel386 OX to suspend execution of the current program and execute an interrupt 
acknowledge function. 

RESET I RESET suspends any operation in progress and places the Intel386 OX in a known 
reset state. See Interrupt Signals for additional information. 

N/C - NO CONNECT should always remain unconnected. Connection of a N/C pin may 
cause the processor to malfunction or be incompatible with future steppings of the 
Intel386 OX. 

Vee I SYSTEM POWER provides the + 5V nominal O.C. supply input. 

Vss I SYSTEM GROUND provides OV connection from which all inputs and outputs are 
measured. 
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1.2 Float Pin Description 

Activating the FL T # input floats all Intel386 OX bidi
rectional and output signals, including HLOA. Assert
ing FL T # isolates the Intel386 OX microprocessor 
from the surrounding circuitry. 

Packaged in a surface mount PQFP, it cannot be 
removed from the motherboard when In-Circuit Em
ulation (ICE) is needed., The FL T # input allows the 
Intel386 CPU to be electrically isolated from the sur
rounding circuitry. This allows connection of an emu
lator to the processor without removing it from the 
PCB. This method of emulation is referred to as ON
Circuit Emulation (ONCE). 

ENTERING AND EXITING FLOAT 

FL T # is an asynchronous, active-low input. It is rec
ognized on the rising edge of CLK2. When recog-

CK2 

rLT# 

Intel386™ DX PQFP MICROPROCESSOR 

nized, it aborts the current bus cycle and floats the 
outputs of the processor (Figure 1-2). FL T # must be 
held low for a minimum of 16 CLK2 cycles. Reset 
should be asserted and held asserted until after 
FL T # is deasserted. This will ensure that the In
tel386 OX CPU will exit float in a valid state. 

Asserting the FL T # input unconditionally aborts the 
current bus cycle and forces the processor into the 
FLOAT mode, and is therefore not guaranteed to 
enter FLOAT in a valid state. After deactivating 
FL T #, the processor is not guaranteed to exit 
FLOAT mode in a valid state. This is not a problem 
as the FL T # pin is meant to be used only during 
ONCE. After exiting FLOAT, the processor must be 
reset to return it to a valid state. Reset should be 
asserted before FL T # is deasserted. This will en
sure that the processor will exit float in a valid state. 

FL T # has an internal pull-up resistor, and if it is not 
u!led it should be unconnected. 

CTRL:::::)( VALID }----------------------.:-----------<C=====JxC==== 
DATA ·--0--< VALID }---------------------------------<C=====c::= 
ADDR ::::J[C==:::!VA~Lm:ID===::J}----------------------------------c:::::::x==== 

RESET I 
241267-22 

Figure 1-2. Entering and Exiting, FL T # 
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2.0 MECHANICAL DATA 

2.1 Package Dimensions 

The Intel386 DX is available in a 132 lead -plastic quad flat pack (PQFP) package. Table 2.1 and Figures 
2.1-2.5 show the physical dimensions of this package. 

Table 2.1. Intel Case Outline Dimensions for 132 Lead Plastic Quad Flat Pack 0.025 Inch f:tch 

Symbol Description 
Inch mm 

Min Max Min Max 

A Package Height 0.160 0.170 4.06. 4.32 

A1 Standoff 0.020 0.030 0.51 0.76 

D,E Terminal Dimension 1.075 1.085 27.31 27.56 

D1, E1 Package Body 0.947 0.953 24.05 24.21 

D2,E2 Bumper Distance 1.097 1.103 27.86 28.02 

D3,E3 Lead Dimension 0.800 REF 20.32 REF 

L1 Foot Length 0.020 0.030 0.51 0.76 

Issue IWS Preliminary 1/15/87 

Symbol List 

Letter. or Symbol Description of Dimensions 

A Package Height: Distance from Seating Plane to Highest Point of Body 

A1 Standoff: Distance from Seating Plane to Base Plane 

DIE Overall Package Dimension: Lead Tip to Lead Tip 

D1/E1 Plastic Body Dimension 

D2/E2 Bumper Distance 

D3/E3 Footprint 

L1 Foot Length 

NOTES: 
1. All dimensions and tolerances conform to ANSI Y14.5M-1982. 
2. Datum plane H located at the mold parting line and coincident with the bottom of the lead where lead exits plastic body. 
3. Datums A Band D to be determined where center leads exit plastic body at datum plane H. 
4. Controlling Dimension, Inch. 
5. Dimensions D1, D2, E1, and E2 are measured at the mold parting line and do not include mold protrusion. Allowable mold 
protrusion is 0.18 mm (0.007 in) per side. 
6. Pin 1 identifier is located within one of the two zones indicated. 
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Intel386™ OX PQFP MICROPROCESSOR 

PLANE 

~ S.2S LBB8)@ c A®-B® O® 

Figure 2.1. Principal Dimensions and Datums 

02 
~ S.25 (.BIB)@ C A®-B® o®lA 

1..1.. .BB2 MM/MM <IN/IN) A-B 

o®lA 01 
~ B.25 LBIB)@) C A®-B® 

1..1..1 .SB2 MM/MM (IN/IN) A-B 

I 
3.81 L151!J) MAX TYP , 

i "..-SEE DETAIL M 

) 
'-' - -1. 'ill LS75) MAX TYP 

~ B.25 (.SlB)@ C A®-B® O® 
..1.. .S1!J2 MM/MM (IN/IN) 101 

~IB.25 LSIB)@ C A®-B® 0®1A 
..1.. .S1!J2 MM/MM (IN/IN) D 

Figure 2.2. Molded Details 

-1I-IS.b35 (s.s25)1 

Lb" '-+'--+--SEE OETAIL J 

I--03/E3 ----I 
O/E-----i 

241267-3 

241267-4 

241267-5 

Figure 2.3. Terminal Details 
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1-$-llI.13 <.lIlI5)@ 1 c 1 A®-B® 1 o® L&>, 

®::~i ~::i~~ mw....)==*"*"=~ 
, lI.2l1 (.lIlIS) 

-11"_"f"rll. 14 (.lIlI5) 

mm (inch) 

t 

lI.31 (.lI12) -I t
lI.2l1 (.lIlIS) 

1-$-IB.2B <.lIBs)@lcIA®-B®lo®1& 

DetailJ 

Figure 2.4. Typical Lead 

1.32 (.B52) 
1.22 (.B4S) ~ 

lI. '1B (.B35) MIN. 

2.B3 (.BSlI) 
1.'13 ('lI71.) 

----02---1 
mm (inch) 

Figure 2.5. Detail M 
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2.2 Package Thermal Specifications 

The Intel386 OX Microprocessor is specified for op· 
eration when case temperature is within the range of 
0'C-100'C. The case temperature may be mea
sured in any environment, to determine whether the 
Intel386 OX Microprocessor is within specified oper
ating range. The case temperature should be mea
sured at the center of the top surface. 

The ambient temperature is guaranteed as long as . 
T c is not violated. The ambient temperature can be 
calculated from the 8jc and 8ja from the following 
equations: 

Intel386TM OX PQFP MICROPROCESSOR 

Ta = Tj - P09ja 

Tc = Ta + PO[9ja - 9jcl 

Values for 8ja and 8jc are given in Table 2.2 for the 
100 lead fine pjtch. 8ja is given at various airflows. 
Table 2.3 shows the maximum T a allowable (without 
exceeding T cl at various airflows. 

Table 2.2. Thermal Resistances ("C/Watt) 81C and 81a 

81a versus Airflow - ft/mln (m/sec) 
Package 8jc 0 200 400 600 800 1000 

(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

132 Lead 
9.0 31.0 24.5 21.5 19.0 17.0 16.0 

PQFP 

Table 2.3. Maximum T a at various airflows 

T A("C) versus Airflow - ft/mln (m/sec) 
Package Frequency 0 200 400 600 800 1000 

(O) (1.01) (2.03) (3.04) (4.06) . (5.07) 

132 Lead 20 MHz 71 79 83 87 89 90 
PQFP 25 MHz 65 75 80 84 87 89 

33 MHz 60 72 78 82 85 87 

NOTE: 
The numbers in Table 2.3 were calculated using worst case Icc at Tc = 100'C with the outputs unloaded. 
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3.0 D.C'! A.C. SPECIFICATIONS 

Table 3-1. Maximum Ratings 

Intel386TM OX 
Parameter 20, 25, 33 MHz 

Maximum Rating 

Storage Temperature - 65·C to + 150·C 
Case Temperature Under Bias -65·Cto +110·C 
Supply Voltage with Respect to Vss -O.5Vto +6.5V 
Voltage on Other Pins -O.5V to Vee + O.5V 

3.1 D.C. Specifications 

Table 3-1 is a stress rating only, and functional oper
ation at the maximums is not guafanteed. Functional 
operating conditions are given in 3.1 D.C. Specifica
tions and 3.2 A.C. Specifications., 

Extended exposure to the Maximum .Ratings may af
fect device reliability. Furthermore, although the In
tel386 OX contains protective circuitry to resist dam
age from static electric discharge, always take pre
cautions to avoid high static voltages or electric 
fields. 

Functional Operating Range: Vcc = 5V ± 5%; TCASE = O·C to + 100·C 

Table 3-2. Intel386™ DX D.C. Characteristics 

Intel386TM DX 

Symbol Parameter 20 MHz, 25 MHz, 
Unit 

Test 
33 MHz Conditions 

Min Max 

VIL Input Low Voltage -0.3 0.8 V (Note 1) 

VIH Input High Voltage 2.0 VCC + 0.3 V 

VILC CLK2 Input Low Voltage -0.3 0.8 V (Note 1) 

VIHC CLK2 Input High Voltage 
20 MHz Vee - 0.8 Vee + 0.3 ' V 
25 MHz and 33 MHz 3.7 VCC + 0.3 V 

VOL Output Low Voltage 
IOL = 4 rnA: A2-A31, 00-031 0.45 V 
IOL = 5 rnA: BEO#-BE3#, W/R#, 0.45 V 

O/C#, M/IO#, LOCK#, AOS#, HLOA 

VOH Output High Voltage 
IOH = 1 rnA: A2-A31, 00-031 2.4 V 
IOH = 0.9 rnA: BEO#-BE3#, W/R#, 2.4 V 

O/C#, M/IO#, LOCK#, AOS#, HLOA 

III Input Leakage Current ±15 p.A OV ::;;VIN::;; VCC 
(For All Pins except BS16#, PEREa, BUSY #, 
and ERROR#) 

IIH Input Leakage Current 200 p.A VIH = 2.4V (Note 2) 
(PEREa Pin) 

IlL Input Leakage Current -400 p.A VIL = 0.45 (Note 3) 
(BS16#, BUSY#, and ERROR# Pins) 

ILO Output Leakage Current ±15 p.A 0.45V ::;; VOUT ::;; Vee 

Icc Supply Current (Note 4) 
CLK2 = 40 MHz: with 20 MHz Intel386™ OX 260 rnA Icc Typ. = 200 rnA 
CLK2 = 50 MHz: with 25 MHz Intel386™ OX 320 rnA Icc Typ. = 240 rnA 
CLK2 = 66 MHz: with 33 MHz Intel386TM OX 390 rnA Icc Typ. = 300 rnA 

CIN Input or 1/0 Capacitance 10 pF Fc = 1 MHz 

COUT Output Capacitance 12 pF Fc = ,1 MHz 

CCLK CLK2 Capacitance 20 pF Fc = 1 MHz 

NOTES: 
1. The min value, -0.3, is not 100% tested. 
2. PEREa input has an internal pulldown resistor. 
3. BS16#, BUSY# and ERROR# inputs each have an internal pullup resistor. 
4. CHMOS IV Technology. 
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3.2 A.C. SPECIFICATIONS 

3.2.1 A.C. Spec Definitions 

The AG. specifications, given in Tables 3-3, 3-4, and 
3-5, consist of output delays, input setup require
ments and input hold requirements. All AG. specifi
cations are relative to the GLK2 rising edge crossing 
the 2.0V level. 

AG. spec measurement is defined by Figure 3-1. In
puts must be driven to the voltage levels indicated 
by Figure 3-1 when AG. specifications are mea
sured. Intel386 DX output delays are specified with 
minimum and maximum limits, measured as shown. 

.p, 

CLK2 [I 2V \. 
'" 

. OUTPUTS MIN. IMAX. 

Intel386TM OX PQFP MICROPROCESSOR 

The minimum Intel386 DX delay times are hold times 
provided to external circuitry. Intel386 DX input set
up and hold times are specified as minimums, defin
ing the smallest acceptable sampling window. Within 
the sampling window, a synchronous input signal 
must be stable for correct Intel386 DX operation. 

Outputs NA#, W/R#, D/G#, M/IO#, LOGK#, 
BEO#-BE3#, A2-A31 and HLDA only change at 
the beginning of phase one. DO-031 (write cycles) 
only change at the beginning of phase two. The 
READY #, HOLD, BUSY #, ERROR #, PEREQ and 
00-031 (read cycles) inputs are sampled at the be
ginning of phase one. The NA#, 8516#, INTR and 
NMI inputs are sampled at the beginning of phase 
two. 

Tx 
<1>2 

2V \. 2V 

(A2-A31, D/C#, BEO#-BE3#, [ VALID 1.5Vl\\\\\\\1.,.5V VALID OUTPUT n+1 OUTPUT n 
ADS#, 101/10#, W/R#, LOCK#, HLDA) 

MIN. IMAx. 
OUTPUTS [ 

(00-031) 
VALID OUTPUT n 1.5VJ;.\\\\\\\'(1.5V VALID OUTPUT n+1 

r~ ""-
INPUTS 3.0V NOTE 1 I ~ I 

(NA#, BSI6#, [ ~\\\\\\\\l.1.5V VALID INPUT 1.5Vl\\\\\\\W 
INTR, NMI) DV 

1:' "" INPUTS 
3.0V ~ I 

(READY#, HOLD, BUSY#, [ 
. ~\\\\\\\\1.1.5V VALID INPUT 1.5VJ;.\\\\\\\\~ ERROR#, PEREQ, 00-031) OV 

FLT# I 
LEGEND: 

@- MAXIMUM OUTPUT DELAY SPEC. 

@-MINIMUM OUTPUT DELAY SPEC. 

@-MINIMUM INPUT SETUP SPEC. 

@- MINIMUM INPUT HOLD SPEC. 

241267-7 

NOTES: 
1. Input waveforms have tr ,;; 2.0 ns from 0.8V to 2.0V. 
2. See section 9.5.8 for typical output rise time versus load capacitance. 

Figure 3·1. Drive Levels and Measurement Points for A.C. Specifications 
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3.2.2 A.C. SPECIFICATION TABLES 
Functional Operating Range: Vcc = 5V ± 5%; T CASE = O°C to + 100°C 

Table 3-3. 33 MHz Intel386™ DX A.C. Characteristics 

33 MHz 
Ref. 

Symbol Parameter Intel386TM DX Unit 
Fig. 

Notes 

Min Max 

Operating Frequency 8 33.3 MHz Half of CLK2 Frequency 

t1 CLK2 Period 15.0 62.5 ns 3·3 

t2a CLK2 High Time 6.25 ns 3·3 at2V 

t2b CLK2 High Time 4.5 ns 3·3 at 3.7V 

t3a CLK2 Low Time 6.25 ns 3·3 at2V 

t3b CLK2 Low Time 4.5 ns 3-3 atO.8V 

t4 CLK2 Fall Time 4 ns 3-3 3.7V to O.BV (Note 3) 

t5 CLK2 Rise Time 4 ns 3-3 0.8V to 3.7V (Note 3) 

t6 A2-A31 Valid Delay 4 15 ns 3-5 CL = 50 pF 

t7 A2-A31 Float Delay 4 20 ns 3-6 (Note 1) 

t8 BEO#-BE3#, LOCK# Valid Delay 4 15 ns 3-5 CL = 50 pF 

t9 BEO # -BE3 #, LOCK # Float Delay 4 20 ns 3-6 (Note 1) 

t10 W/R#, M/IO#, D/C#, Valid Delay 4 15 ns 3-5 CL = 50 pF 

t10a ADS# Valid Delay 4 14.5 ns 3-5 CL = 50 pF 

t11 W/R#, M/IO#, D/C#, ADS# Float Delay 4 20 ns 3-6 (Note 1) 

t12 00-031 Write Data Valid Delay 7 24 ns 3-5a CL = 50 pF, (Note 4) 

t12a 00-031 Write Data Hold Time 2 3-5b CL = 50 pF 

t13 00-031 Float Delay 4 17 ns 3-6 (Note 1) 

t14 HLDA Valid Delay 4 20 ns 3-6 CL =50 pF 

t15 NA# Setup Time 5 ns 3-4 

t16 NA# Hold Time 2 ns 3-4 

t17 BS16# Setup Time 5 ns 3-4 

t18 BS16# Hold Time 2 ns 3-4 

t19 READY # Setup Time 7 ns 3-4 

t20 READY # Hold Time 4 ns 3-4 
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3.2.2 A.C. SPECIFICATION TABLES (Continued) 
Functional Operating Range: V CC = 5V ± 5 %; T CASE = O·C to + 100·C 

Table 3·3. 33 MHz Intel386TM OX A.C. Characteristics (Continued) 

33 MHz 
Ref. 

Symbol Parameter Intel386TM OX Unit 
Fig. 

Notes 

Min Max 

t21 00-031 Read Setup Time 5 ns 3-4 

t22 00-031 Read Hold Time 3 ns 3·4 

t23 HOLO Setup Time 11 ns 3-4 

t24 HOLO Hold Time 2 ns 3-4 

t25 RESET Setup Time 5 ns 3·7 

t26 RESET Hold Time 2 ns 3-7 

t27 NMI, INTR Setup Time 5 ns 3-4 (Note 2) 

t28 NMI, INTR Hold Time 5 . ns 3-4 (Note 2) 

t29 PEREQ, ERROR#, FLT#, BUSY# Setup Time 5 ns 3-4 (Note 2) 

t30 PEREQ, ERROR #, FL T #, BUSY # Hold Time 4 ns 3-4 (Note 2) 

NOTES:' 

1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
3. Rise and fall times are not tested. 
4. Min. time not 100% tested. 
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3.2.2 A.C. SPECIFICATION TABLES (Continued) 
Functional Operating Range: Vee = 5V ± 5%; TeASE = O·C to + 100·C 

Table 3·4. 25 MHz Intel386™ DX A.C. Characteristics 

25 MHz 
Ref. 

Symbol Parameter Intel386™ DX Unit 
Fig. 

Notes 

Min Max 

Operating Frequency 4 25 MHz Half of CLK2 Frequency 

t1 CLK2 Period 20 125 ns 3-3 

t2a CLK2 High Time 7 ns 3-3 at2V 

t2b CLK2 High Time 4 ns 3-3 at3.7V 

t3a CLK2 Low Time 7 ns. 3-3 at2V 

t3b CLK2 Low Time 5 ns 3-3 atO.BV 

t4 CLK2 Fa!! Time 7 ns 3-3 3.7VtoO.BV 

t5 CLK2 Rise Time , 7 ns 3-3 O.BVto 3.7V 

t6 A2-A31 Valid Delay 4 21 ns 3·5 CL = 50 pF 

t7 A2-A31 Float Delay 4 30 ns 3-6 (Note 1) 

tB BEO#-BE3# Valid Delay 4 24 ns 3-5 CL = 50pF 

tBa LOCK# Valid Delay 4 21 ns 3-5 CL = 50pF 

t9 BEO#-BE3#, LOCK# Float Delay 4 30 ns 3-6 (Note 1) 

t10 W/R#, M/IO#, D/C#, ADS# Valid Delay 4 21 ns 3·5 CL = 50 pF 

t11 W/R#, M/IO#, D/C#, ADS# Float Delay 4 30 ns 3-6 (Note 1) 

t12 00-031. Write Data Valid Delay 7 27 ns 3-5a CL = 50 pF 

t12a 00-031 Write Data Hold Time 2 3-5b CL = 50 pF 

t13 00-031 Float Delay 4 22 ns 3-6 (Note 1) 

t14 HLDA Valid Delay 4 22 ns 3-6 CL = 50 pF 

t15 NA # Setup Time 7 ns 3·4 

t16 NA # Hold Time 3 ns 3-4 

t17 BS16# Setup Time 7 ns 3-4 

t1B BS16# Hold Time 3 ns 3-4 

t19 READY # Setup Time 9 ns 3-4 

t20 READY # Hold Time 4 ns 3-4 
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3.2.2 A.C. SPECIFICATION TABLES (Continued) 
. Functional Operating Range: Vcc = 5V ± 5%; T CASE = O°C to + 100°C 

Table 3-4. 25 MHz Intel386™ OX A.C. Characteristics (Continued) 

25 MHz 
Ref. 

Symbol Parameter Intel386™ OX Unit 
Fig. 

Notes 

Min Max 

t21 00-031 Read Setup Time 7 ns 3·4 

t22 00-031 Read Hold Time 5 ns 3·4 

t23 HOLO Setup Time 15 ns 3·4 

t24 HOLO Hold Time 3 ns 3·4 

t25 RESET Setup Time 10 ns 3·7 

t26 RESET Hold Time 3 ns 3·7 

t27 NMI, INTR Setup Time 6 ns 3·4 (Note 2) 

t28 NMI, INTR Hold Time 6 ·ns 3·4 (Note 2) 

t29 PEREa, ERROR #, FL T #, BUSY # Setup Time 6 ns 3·4 (Note 2) 

t30 PEREa, ERROR #, FL T #, BUSY # Hold Time 5 ns 3·4 (Notes 2, 3) 

NOTES: 

1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
3. Symbol Parameter Min 

T C = O'C t30 PEREQ, ERROR #, FL T #, BUSY # Hold Time 4 
Tc= +100'C t30 PEREQ,ERROR#,FLT#,BUSY#HoldTime 5 
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3.2.2 A.C. SPECIFICATION TABLES (Continued) 
Functional Operating Range: Vee = 5V ±5%; TeASE = O·C to +100·C 

Table 3-5. 20 MHz Intel386™ DX A.C. Characteristics 

20 MHz 
, 

Symbol Parameter Intel386TM DX Unit 
Ref. 

Notes 
Fig. 

Min Max 

Operating .Frequency 4 20 MHz HalfofCLK2 
Frequency 

tl CLK2 Period 25 125 ns 3-3 

t28 ' CLK2 High Time B ns 3-3 at2V 

t2b CLK2 High Time 5 ns 3-3 at(Vee - O.BV) 

t38 CLK2 Low Time 8 ns 3-3 at2V 

t3b CLK2 Low Time 6 ns 3-3 atO.8V 

4 CLK2 Fall Time 8 ns 3-3 (Vcc - 0.8V) to 0.8V 

t5 CLK2 Rise Time 8 ns 3-3 0.8V to (Vee - 0.8V) 

t6 A2-A31 Valid Delay 4 30 ns 3-5 CL = 120 pF 

t7 A2-A31 Float Delay 4 32 ns 3-6 (Note 1) 

t8 BEO#-BE3#, LOCK# 4 30 ns 3-5 CL = 75pF 
Valid Delay 

t9 BEO#-BE3#, LOCK# 4 32 ns 3-6 (Note 1) 
Float Delay 

tlO W/R#, MIIO#, D/C#, 6 28 ns 3-5 CL = 75 pF 
ADS# Valid Delay 

tll W/R#, MIIO#, D/C#, 6 30 ns 3-6 (Note 1) 
ADS# Float Delay 

t12 00-031 Write Data 4 38 ns 3-5c CL = 120pF 
. Valid Delay 

t13 00-031 Float Delay 4 27 ns 3-6 (Note 1) 

t14 HLDA Valid Delay 6 28 ns 3-6 CL = 75 pF 

t15 NA# Setup Time 9 ns 3-4 

t16 NA# Hold Time 14 ns 3-4 . 

t17 BS16# Setup Time 13 ns 3-4 

t18 BS16# Hold Time 21 ns 3-4 

t19 READY # Setup Time 12 ns 3-4 

t20 READY # Hold Time 4 ns 3-4 

t21 00-031 Read 11 ns 3-4 
Setup Time 

t22 00-031 Read 6 ns 3-4 
Hold Time 

t23 HOLD Setup Time 17 ns 3,-4 

t24 HOLD Hold Time 5 ns 3-4 

t25 RESET Setup Time 12 ns 3-7 
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3.2.2 A.C. SPECIFICATION TABLES (Continued) 
Functional Operating Range:Vcc = 5V ±5%;TCASE = O·Cto +100·C 

Table 3·5. 20 MHz Intel386TM OX A.C. Characteristics (Continued) 

20 MHz 
Ref. 

Symbol Parameter Intel386TM OX Unit 
Fig. 

Notes 

Min Max 

t26 RESET Hold Time 4 ns 3-7 

t27 NMI, INTR Setup Time 16 ns 3-4 (Note 2) 

t28 NMI, INTR Hold Time 16 ns 3-4 (Note 2) 

t29 PER EO, ERROR#, FLT#, 14 ns 3-4 (Note 2) 
BUSY # Setup Time 

tao PEREO, ERROR#, FLT#, 5 ns 3-4 (Note 2) 
BUSY # Hold Time 

NOTES: 
1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
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3.2.3 A.C. TEST LOADS 

OUTPUT' , 
Intel386 ox CPu ~ 

, G. 

, ,~ 
241267-8 

CL = 120 pF on A2-A31 , 00-031 
CL = 75 pF on BEO#-BE3#, W/R#, MIlOII', D/C#, ADS#, 
LOCK#, HLDA 
CL includes all parasitic capacitances. 

Figure 3-2. A.C. Test Load 

Tx 
<1>2 

CLK2 [ 

READY# [ 

HOLD [ 

00-031 [ (INPUT) 

BU5Y#, 
ERROR# [ PEREQ 

FLT# 

NA# [ 

B516# [ 

INTR, [ NMI 

3.2.4 A.C. TIMING WAVEFORMS, 

Figure 3-3. CLK2 Timing 

Tx Tx 

241267-10 

Figure 3-4. Input Setup and Hold Timing 
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Tx 
4>2 4>1 4>2 4>1 

CLK2 [ 

8EO#-8E3#, [ LOCK# 

W/R#, t.t/IO#, [ O/C#,AOS# 

A2-A31 [ 

HLOA [ 
241267-11 

Figure 3-5, Output Valid Delay Timing 

CLK2 [ 

00-031 [ 

241267-12 

Figure 3-5a. Write Data Valid Delay Timing 
(25 MHz, 33 MHz) 

CLK2 [ 

00-031 [ 

CLK2 [ 

W/R# [ 

00-031 [ 

.' 
, . e I mon. 

'~"'''": • 
241267-13 

Figure 3-5b. Write Data Hold Timing 
(25 MHz, 33 MHz) 

241267-14 

Figure 3-5c. Write Data Valid Delay Timing (20 MHz) 
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3.2.5 TYPICAL OUTPUT VALID DELAY VERSUS LOAD CAPACITANCE 
AT MAXIMUM OPERATING TEMPERATURE (CL = 120 pF) 

nom +6 

nom+3 
~ .. 
.s 
>-
<C ... nom ... 
0 
0 
::; 
<C 

nom-3 > .... 
::> 
D.. .... 
::> 
0 nom-6 

nom -9 '--_-'-__ '----0-'-_--' 
50 75 100 25 150 

G. (picofarads) 

NOTE: 
This graph will not be linear outside of the CL range shown. 

3.2.6 TYPICAL OUTPUT VALID DELAY VERSUS LOAD CAPACITANCE 
AT MAXIMUM OPERATING TEMPERATURE (CL = 75 pF) 

nom +9 

"Oi' nom +6 
.s 
>-
~ ... nom +3 0 
0 
::; 
~ .... nom 
::> 
D.. .... 
::> 
0 

nom-3 

nom-6 
75 100 125 150 

G. (picofarads) 

NOTE: 
This graph will not be linear outside of the Ct.: range shown. 
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3.2.7 TYPICAL OUTPUT VALID DELAY VERSUS LOAD CAPACITANCE 
AT MAXIMUM OPERATING TEMPERATURE (CL = 50 pF) 

";;' 
-5 
>-... 
..J 

"" C 

C 
:::; ... 
> 
I-
::> 
Il.. 
I-
::> 
0 

NOTE: 

nom +9 

nom +6 

nom +3 

nom 

nom-3 
~--~--~--~--~ 

50 75 100 125 150 

Ct (picofarads) 

This graph will not be linear outside of the CL range shown. 

3.2.8 TYPICAL OUTPUT RISE TIME VERSUS LOAD CAPACITANCE 
AT MAXIMUM OPERATING TEMPERATURE 

8 

> 
0 

'" 6 
I 
> co 
0 
";;' 4 
-5 

"" ::E 
>= 2 
"" VI « 

8~--~--~----~--~ 
50 75' 100 125 150 

Ct (picofarads) 

NOTE: 
This graph will not be linear outside of the CL range shown. 

241267-17 

241267-18 
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Th Ti OR T1 
<1>2 

CLK2 [ 

BEOII-BE3I1, [ LOCKII 

W/RII,M/IOII, [ D/CII,ADSII 

A2-A31 [ 

00-031 [ 

HLDA [ 

(HIGH Z) 

@ ALSO APPLIES TO DATA FLOAT WHEN WRITE 
CYCLE IS FOLLOWED BY READ OR IDLE 

Figure 3-6. Output Float Delay and HLDA Valid Delay Timing 

-RESET ---I~----INITIALIZATION SEQUENCE 

CLK2 [ 

RESET [ 

The second internal processor phase following RESET high·to·low transition (provided t25 and t26 are met) is 4>2. 

Figure 3-7. RESET Setup and Hold Timing, and Internal Phase 
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Intel387TM OX 
MATH COPROCESSOR 

High Performance SO-Bit Internal • Upward Object-Code Compatible from 
Architecture SOS7 and S0287 

Implements ANSI/IEEE Standard 754- • Full-Range Transcendental Operations 
1985 for Binary Floating-Point for SINE, COSINE, TANGENT, 
Arithmetic ARCTANGENT and LOGARITHM 

Expands Intel3S6™ OX CPU Data • Built-In Exception Handling 
Types to Include 32-, 64-, 80-Bit • Operates Independently of Real, 
Floating Point, 32-, 64-Bit Integers and Protected and Virtual-80S6 Modes of 
18-Digit BCD Operands the Intel386TM OX Microprocessor 
Directly Extends Intel386TM OX CPU • Eight 80-Bit Numeric Registers, Usable 
Instruction Set to Include as Individually Addressable General 
Trigonometric, Logarithmic, Registers or as a Register Stack 
Exponential and Arithmetic Instructions 
for All Data Types • Available in 6S-Pin PGA Package 

• One Version Supports 16 MHz-33 MHz 
Speeds 
(See Packaging Spec: Order # 231369) 

The Intel387TM DX Math CoProcessor (MCP) is an extension of theintel386TM microprocessor architecture. 
The combination of the Intel387 DX MCP with the Intel386™ DX Microprocessor dramatically increases the 
processing speed of computer application software which utilize mathematical operations. This makes an ideal 
computer workstation platform for applications such as financial modeling and spreadsheets, CAD/CAM, or 
graphics. 

The Intel387 DX Math CoProcessor adds over seventy mnemonics to the Intel386 DX Microprocessor instruc
tion set. Specific Intel387 DX MCP math operations include logarithmic, arithmetic, exponential, and trigono~ 
metric functions. The Intel387 DX MCP supports integer, extended integer, floating point and BCD data 
formats, and fully conforms to the ANSI/IEEE floating point standard. 

The Intel387 DX Math CoProcessor is object code compatible with the Intel387 SX MCP, and upward object 
code compatible from the 80287 and 8087 math coprocessors. Object code for Intel386 DX/lntel387 DX is 
also compatible with the Intel486™ microprocessor. The Intel387 DX MCP is manufactured on 1 micron, 
CHMOS IV technology and packaged in a 68-pin PGA package. 

I . 
BUS CONTROL LOCJC 

I DATA. INTERFACE AND CONlR(OL:U:Hrr~I~ __ oooojc;;Fl.;OA~:n~H~. PO~'~HT~UN;rr;J 

March 1992 
Order Number: 240448.005 

32 DBUSIHTERF.ACE 

r....,~E~~~~INT£RNAL I ""''' '"' 

DATA ALlGHIIIEtfT AND OPERAND CHECIONG 

'0' 

Figure 0.1. Intel387TM DX Math CoProcessor Block Diagram 
240446-1 

3-267 



Intel387TM OX Math CoProcessor 

CONTENTS PAGE 

1.0 FUNCTIONAL DESCRIPTION ........................................................ 3-271 

2.0 PROGRAMMING INTERFACE .: ...................................................... 3-272 

2.1 Data Types .................................................................. : ...... 3-272 

2.2 Numeric Operands ................................................................. 3-272 

2.3 Register Set ........................................................................ 3-274 

2.3.1 Data Registers ................................................................. 3-274 

2.3.2 Tag Word ...................................................................... 3-274 

2.3.3 Status Word ..................................................... ~ .............. 3-275 

2.3.4 Instruction and Data Pointers ............................... : .................. 3-278 

2.3.5 Control Word .................................................................. 3-280 

2.4 Interrupt Description ................................................................ 3-280 

2.5 Exception Handling ................................................................. 3-281 

2.6 Initialization ......................................... : .............................. 3-281 

2.7 8087 and 80287 Compatibility ....................................................... 3-282 

2.7.1 General Differences ...................•....................................... 3-282 

2.7.2 Exceptions .................................................................... 3-283 

3.0 HARDWARE INTERFACE ............................................................ 3-283 

3.1 Signal Description .................................................................. 3-283 

3.1.1 Intel386TM OX CPU Clock 2 (CPUCLK2) ........................................ 3-286 

3.1.2 Intel387TM OX MCP Clock 2 (NUMCLK2) ....................................... 3-286 

3.1.3 Intel387™ OX MCP Clocking Mode (CKM) ..................... , ............... 3-286 

3.1.4 System Reset (RESETIN) ...................................................... 3-287 

3.1.5 Processor Extension Request (PEREQ) ........................................ 3-287 

3.1.6 Busy Status (BUSY #) ......................................................... 3-287 

3.1.7 Error Status (ERROR #) .............................................. ~ ........ 3-287 

3.1.8 Data Pins (031-00) ........................................................... 3-287 

3.1.9 Write/Read Bus Cycle (W/R#) ................................................ 3-287 

3.1.10 Address Strobe (ADS #) ...................................................... 3-287 

3.1.11 Bus Ready Input (READY #) .................................................. 3-288 

3.1.12 Ready Output (READYO#) .................................................... 3-288 

3.1.13 Status Enable (STEN) ........................................................ 3-288 

3.1.14 MCP Select #1 (NPS1 #) ................. : ................................... 3-288 

3.1.15 MCP Select # 2 (NPS2) ....................................................... 3-288 

3.1.16 Command (CMDO#) ......................................................... 3-288 

3-268 I 



CONTENTS PAGE 

3.2 Processor Architecture ............................................................. 3-288 

3.2.1 Bus Control Logic .............................................................. 3-289 

3.2.2 Data Interface and Control Unit ................................................ 3-289 

3.2.3 Floating Point Unit ............................................................. 3-289 

3.3 System Configuration ............................................................... 3-289 

3.3.1 Bus Cycle Tracking ............................................................ 3-290 

3.3.2 MCP Addressing ............................................................... 3-290 

3.3.3 Function Select ................................................................ 3-290 

3.3.4 CPU/MCP Synchronization .................................................... 3-290 

3.3.5 Synchronous or Asynchronous Modes ......................................... 3-291 

3.3.6 Automatic Bus Cycle Termination .............................................. 3-291 

3.4 Bus Operation ...................................................................... 3-291 

3.4.1 Nonpipelined Bus Cycles ...................................................... 3-292 

3.4.1.1 Write Cycle ............................................................... 3-292 

3.4.1..2 Read Cycle ............................................................... 3-292 

3.4.2 Pipelined Bus Cycles .......................................................... 3-293 

3.4.3 Bus Cycles of Mixed Type ...................................................... 3-294 

3.4.4 BUSY # and PEREQ Timing Relationship ...................................... 3-294 

4.0 ELECTRICAL DATA .................................................................. 3~296 

4.1 Absolute Maximum Ratings ......................................................... 3-296 

4.2 DC Characteristics .................................................................. 3-296 

4.3 AC Characteristics .................................................................. 3-297 

5.0 Intel387™ DX MCP EXTENSIONS TO THE Intel386TM DX CPU INSTRUCTION 
SET .................................................................................... 3-302 

APPENDIX A-COMPATIBILITY BETWEEN THE 80287 MCP AND THE 8087 ........... 3-306 

FIGURES 

Figure 0.1 Intel387™ DX Math Coprocessor Block Diagram ............................... 3-267 

Figure 1.1 Intel386TM DX Microprocessor and Intel387TM DX Math Coprocessor Register 
Set ............................................................................ 3-271 

Figure 2.1 Intel387TM DX MCP Tag Word .................................................. 3-274 

Figure 2.2 MCP Status Word ................ ~ ............................................. 3-275 

Figure 2.3 Protected Mode Intel387TM DX MCP Instruction and Data Pointer Image in 
Memory, 32-Bit Format ............. : ........................................... 3-278 

Figure 2.4 Real Mode Intel387TM DX MCP Instruction and Data Pointer Image in Memory, 32-
Bit Format ..................................................................... 3-279 

Figure 2.5 Protected Mode Intel387™ DX MCP Instruction and Data Pointer Image in 
Memory. 16-Bit Format ......................................................... 3-279 

Figure 2.6 Real Mode Intel387TM DX MCP Instruction and Data Pointer Image in Memory. 16-
Bit Format ..................................................................... 3-279 

Figure 2.7 Intel387TM DX MCP Control Word .............................................. 3-280 

Figure 3.1 Intel387™ DX MCP Pin Configuration .......................................... 3-285 

I 3-269 



CONTENTS PAGE 

FIGURES (Continued) 

Figure 3.2 Asynchronous Operation ...................................................... 3-286 

Figure 3.3 Intel386TM DX Microprocessor and Intel387™ DX MCP Coprocessor System 
Configuration ................................................................. 3-289 

Figure 3.4 Bus State Diagram ............................................................ 3-291 

Figure 3.5 Nonpipelined Read and Write Cycles .......................................... 3-293 

Figure 3.6 Fastest Transitions to and from Pipelined Cycles .............................. 3-294 

Figure 3.7 Pipelined Cycles with Wait States ............................................. 3-295 

Figure 3.8 STEN, BUSY # and PEREQ Timing Relationship .............................. 3-295 

Figure 4.0a Typical Output Valid Delay vs Load Capacitance at Max Operating 
Temperature ............................... ~ .................................. 3-298 

Figure 4.0b Typical Output Rise Time vs Load Capacitance at Max Operating 
Temperature .................................................................. 3-298 

Figure 4.1 CPUCLK2/NUMCLK2 Waveform and Measurement Points for Input/Output A.C. 
Specifications ................................................................ 3-299 

Figure 4.2 Output Signals ................................................................ 3-299 

Figure 4.3 Input and I/O Signals ................................................. : ........ 3-300 

Figure 4.4 RESET Signal ................................................................ 3-300 

Figure 4.5 Float from STEN .............................................................. 3-300 

Figure 4.6 Other Parameters ............................................................. 3-301 

TABLES 
Table 2.1 Intel387TM DX MCP Data Type Representation in Memory ...................... 3-273 

Table 2.2 Condition Code Interpretation .................................................. 3-276 

Table 2.3 Condition Code Interpretation after FPREM and FPREM1 Instructions .......... 3-277 

Table 2.4 Condition Code Resulting from Comparison .................................... 3-277 

Table 2.5 Condition Code Defining Operand Class ....................................... 3-277 

Table 2.6 ·lntel386TM DX Microprocessor Interrupt Vectors Reserved for MCP ............ 3-281 

Table 2.7 Exceptions ........... : .......................... ; ............................. 3-282 

Table 3.1 Intel387TM DX MCP Pin Summary .............................................. 3-284 

Table 3.2 Intel387TM DX MCP Pin Cross-Reference ...................... ; ............... 3-284 

Table 3:3 Output Pin Status after Reset .................................................. 3-287 

Table 3.4 Bus Cycles Definition ........................... , ............................... 3-290 

Table 4.1 DC Specifications ............................................................. 3-296 

Table 4.2a Combinations of Bus Interface and Execution Speeds ...... : ................... 3~297 

Table 4.2b Timing Requirements of the Execution Unit .................................... 3-297 

Table 4.2c Timing Requirements of the Bus Interface Unit ................................. 3-297 

Table 4.3 Other Parameters ............................................ : ................ 3-301 

3-270 I 



intel~ Intel387TM OX MATH COPROCESSOR 

Intel386™ OX Microprocessor Registers I Intel387TM OX MCP Data Reglster~ 
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Figure 1.1. Intel386TM OX Microprocessor and Intel387TM OX Math Coprocessor Register Set 

1.0 FUNCTIONAL DESCRIPTION 

The Intel387TM OX Math Coprocessor provides 
arithmetic instructions for a variety of numeric data 
types in Intel386™ OX Microprocessor systems. It 
also executes numerous built-in transcendental 
functions (e.g. tangent, sine, cosine, and log func
tions). The Intel387 OX MCP effectively extends the 
register and instruction set of a Intel386 OX Micro
processor system for existing data types and adds 
several new data types as well. Figure 1.,1 shows the 
model of registers visible to programs. Essentially, 
the Intel387 OX MCP can be treated as an additional 
resource or an extension to the Intel386 OX Micro
processor. The Intel386 OX Microprocessor togeth
er with a Intel387 OX MCP can be used as a single 
unified system. 

The Intel387 OX MCP works the same whether the 
Intel386 OX Microprocessor is executing in real-ad
dress mode, protected mode, or virtual-8086 mode. 
All memory access is handled by the Intel386 OX 
Microprocessor; the Intel387 OX MCP merely oper
ates on instructions and values passed to it by the 
Intel386 OX Microprocessor. Therefore, the Intel387 
OX MCP is not sensitive to the processing mode of 
the Intel386 OX Microprocessor. 

I 

In real-address mode and virtual-8086 mode, the In
tel386 OX Microprocessor and Intel387 OX MCP are 
completely upward compatible with software for 
8086/8087, 80286/80287 real-address mode, and 
Intel386 OX Microprocessor and 80287 Coproces
sor real-address mode systems. 

In protected mode, the Intel386 OX Microprocessor 
and Intel387 OX MCP are completely upward com
patible with software for 80286/80287 protected 
mode, and Intel386 OX Microprocessor and 80287 
Coprocessor protected mode systems. 

The only differences of operation that may appear 
when 8086/8087 programs are ported to a protect
ed-mode Intel386 OX Microprocessor and Intel387 
OX MCP system (not using virtual-8086 mode), is in 
the format of operands for the administrative instruc
tions FLOENV, FSTENV, FRSTOR and FSAVE. 
These instructions are normally used only by excep
tion handlers and operating systems, not by applica
tions programs. 

The Intel387 OX MCP contains three functional units 
that can operate in parallel to increase system per
formance. The Intel386 OX Microprocessor can be 
transferring commands and data to the MCP bus 
contro/logic for the next instruction while the MCP 
floating-point unit is performing the current numeric 
instruction. 
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2.0 PROGRAMMING INTERFACE 

The MCP adds to the Intel386 OX Microprocessor 
system additional data types, registers, instructions, 
and interrupts specifically designed to facilitate high
speed numerics processing. To use the MCP re
quires no special programming tools, because all 
new instructions and data types are directly support
ed by the Intel386 OX CPU assembler and compilers 
for high-level languages. All 8086/8088 develop
ment tools that support the 8087 can also be used 
to develop software for the Intel386 OX Microproc
essor and Intel387 OX Math Coprocessor in real-ad
dress mode or virtual-8086 mode. All 80286 devel
opment tools that support the 80287 can also be 
used to develop software for the Intel386 OX Micro
processor and Intel387 OX Math Coprocessor. 

All communication between the Intel386 OX Micro
processor and the. MCP is transparent to applica
tions software. The CPU automatically controls the 
MCP whenever a numerics instruction is executed. 
All physical memory and virtual memory of the CPU 
are available for storage of the instructions and op
erands of programs that use the MCP. All memory 
addressing modes, including use of displacement, 
base register, index register, and scaling,.are avail
able for addressing numerics operands. 

Section 6 at the end of .this data sheet lists by class 
the instructions that the MCP adds to the instruction 
set of the Intel386 OX Microprocessor system. 
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2.1 Data Types 

Table 2.1 lists the seven data types that the Intel387 
OX MCP supports and presents the format for each 
type. Operands are stored in memory with the least 
significant digit at the lowest memory address. Pro
grams retrieve these values by generating the low
est address. For maximum system performance, all 
operands should start at physical-memory address
es evenly divisible by four (doubleword boundaries); 
operands may begin at any other addresses, but will 
require extra memory cycles to access the entire op
erand. 

Internally, the Intel387 OX MCP holds all numbers in 
the extended-precision real format. Instructions that 
load operands from memory automatically convert 
operands represented in memory as 16-, 32-, or 64-
bit integers, 32- or 64-bit ,floating-point numbers, or 
18-digit packed BCO numbers into extended-preci
sion real format. Instructions that store operands in 
memory perform the inverse type conversion. 

2.2 Numeric Operands 

A typical MCP instruction accepts one or two oper
ands and produces a single result. In two-operand 
instructions, one operand is the contents of an MCP 
register, while the other may be a memory location. 
The operands of some instructions are predefined; 
for example FSQRT always takes the square root of 
the number in the top stack element. 

I 
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Table 2.1. Intel387TM DX MCP Data Type Representation in Memory 

Data 
Most Slgnlllcant Byt. = Highest Add ...... d Byt. 

Rang. Preclalon 

017 017 017 017 017 01 7 017 Formata 7 
Word Integer ±1()4 16 Bits IITWO S 

COMPLEMENT, ,. 0 

Short Integer ±109 32 Bits 'ITWO'S 
COMPLEMENT! 

31 0 

Long Integer ±10l8 64 Bits 
63 

Packed BCD ±10:!:18 18 Digits sl X Idl1 d't> dl~ d,.a dlJ d,.l d n 

MAGNITUDE 
diu d, d. d, -, d •. 

79 72 

Single Preclaion ±10:!:38 24 Bits .1 BIASED I S EXPONENT SIGNIFICAND I 
31 23'- 1& 0 

Double Precision ±10±308 53 Bits 1 BIASEO I SIGNtFICANO EXPONENT 

~3 52\.... t. 

Extended f!: 10±4932 64 Bits 1 BIASEG r" StGNIFICAND EXPONENT Precision 
9 

NOTES: 
(1) S = Sign bit (0 = positive, 1 = negative) 
(2) dn = Decimal digit (two per byte) 

64 63' 

(3) X = Bits have no significance; Intel387TM OX MCP ignores when loading, zeros when storing 
(4). = Position of implicit binary point 
(5) I = Integer bit of significand; stored in temporary real, implicit in single and double precision 
(6) Exponent Bias (normalized values): 

Single: 127 (7FH) 
Double: 1023 (3FFH) 
Extended Real: 16383 (3FFFH) 

(7) Packed BCD: (-1)5 (017 ... 00) 
(8) Real: (-1)5 (2E-SIAS) (Fo Fl"') 

OJ7 017 01 

_IITWOS COMPlEMENTI 

0 

dl d~ d, d. d I 
0 

J 
0 

I 
0 
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15 o 
TAG (7) TAG (6) TAG (5) TAG (4) TAG (3) TAG (2) TAG (1) TAG (0) 

NOTE: 
The index i of tag (i) is not top-relative. A program typically uses the "top" field of Status Word to determine which tag (i) 
field refers to logical top of stack. 
TAG VALUES: 

00 = Valid 
01 = Zero 
10 = QNaN, SNaN, Infinity, Denormal and Unsupported Formats 
11 = Empty 

Figure 2_1_ Intel387TM DX MCP Tag Word 

2.3 Register Set 

Figure 1.1 shows the Intel387 OX MCP register set. 
When an MCP is present in a system, programmers 
may use these registers in addition to the registers 
normally available on the Intel386 OX CPU. 

2_3_1 DATA REGISTERS 

Intel387 OX MCP computations use the MCP's data 
registers. These eight 80-bit registers provide the 
equivalent capacity' of twenty 32-bit registers. Each 
of the eight data registers in the MCP is 80 bits wide 
and is divided into "fields" corresponding to the 
MCPs extended-precision real data type. 

The Intel387 OX MCP register set can be accessed 
either as a stack, with instructions operating on the 
top one or two stack elements, or as a fixed register 
set, with instructions operating on explicitly designat
ed registers. The TOP field in the status word identi
fies the currenttop-of-stack register. A "push" oper
ation decrements TOP by one and loads a value into 
the new top register. A "pop" operation stores the 
value from the current top register and then incre-
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ments TOP by one. Like the Intel386 OX Microproc
,essor stacks in memory, the MCP register stack 
gro~s "down" toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc
tions implicitly address the register at which TOP 
points. Other instructions allow the programmer to 
explicitly specify which register to user. This explicit 
register addressing is also relative to TOP. 

2.3_2 TAG WORD 

The tag word marks the content of each numeric 
data register, as Figure 2.1 shows. Each two-bit tag 
represents one of the eight numerics registers. The 
principal function of the tag word is to optimize the 
MCPs performance and stack handling by making it 
possible to distinguish between empty and nonemp
ty register locations. It also enables exception han
dlers to check the contents of a stack location with
out the need to perform complex decoding of the 
actual data. 

I 
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.-------------------------------------MCPBUSY 

.--.-,----------------------------- TOP OF STACK POINTER 

.-+-+-+-r-.--.-------------------- CONDITION CODE 

ERROR SUMMARY STATUS 

STACK FLAG ---------------' 

EXCEPTION FLAGS: 

PRECISION 

UNDERFLOW 

OVERFLOW 

ZERO DIVIDE -------------------------' 

DENORMALIZED OPERAND 

INVALID OPERATION 
240448-3 

ES is set if any unmasked exception bit is set; cleared otherwise. 
See Table 2.2 for interpretation of condition code. 
TOP values: 

000 ~ Register 0 is Top of Stack 
001 ~ Register 1 is Top of Stack . 
111 ~ Register 7 is Top of Stack 

For definitions of exceptions, refer to the section entitled 
"Exception Handling" 

Figure 2.2. MCP Status Word 

2.3.3 STATUS WORD 

The 16·bit status word (in the status register) shown 
in Figure 2.2 reflects the overall state of the MCP. It 
may be read and inspected by CPU code. 

Bit 15, the B·bit (busy bit) is included for 8087 com
patibility only. It reflects the contents of the ES bit 
(bit 7 of the status word), not the status of the 
BUSY# output of the Intel387 OX MCP. 

Bits 13-11 (TOP) point to the Intel387 OX MCP reg
ister that is the current top-of-stack. 

The four numeric condition code bits (Cs-Co) are 
similar to the flags in a CPU; instructions that per
form arithmetic operations update these bits to re
flect the outcome. The effects of these instructions 
on the condition code are summarized in Tables 2.2 
through 2.5. 

Bit 7 is the error summary (ES) status bit. This bit is 
set if any unmasked exception bit is set; it is clear 
otherwise. If this bit is set, the ERROR # signal is 
asserted. 

I 

Bit 6 is the stack flag (SF), This bit is used ,to distin· 
guish invalid operations due to stack overflow or un· 
derflow from other kinds of invalid operations. When 
SF is set, bit 9 (C1) distinguishes between stack 
overflow (C1 = 1) and underflow (C1 = 0). 

Figure 2.2 shows the six exception flags in bits 5-0 
of the status word. Bits 5-0 are set to indicate that 
the MCP has detected an exception while executing 
an instruction. A later section entitled "Exception 
Handling" explains how they are set and used. 

Note that when a new value is loaded into the status 
word by the FLOENV or FRSTOR instruction, the 
value of ES (bit 7) and its reflection in the B-bit (bit 
15) are not derived from the values loaded from 
memory but rather are dependent upon the values of 
the exception flags (bits 5-0) in the status word and 
their corresponding masks in the control word. If ES 
is set in such a case, the ERROR # output of the 
MCP is activated immediately. 
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Table 2.2. Condition Code Interpretation 

Instruction CO(S) I C3(Z) C1 (A) C2(C) 

FPREM, FPREM1 Three least significant bi,ts 
Reduction 

(see Table 2.3) of quotient 
0= complete 

02 00 01 
orO/U#, 1 = incomplete 

FCOM, FCOMP, 
FCOMPP, FTST, Result of comparison 

Zero 
Operand is not 

FUCOM, FUCOMP, (see Table 2.4) 
orO/U# 

comparable 
FUCOMPP, FICOM, (Table 2.4) 
FICOMP 

FXAM Operand class Sign Operand class 
(see Table 2.5) orO/U# (Table 2.5) 

FCHS, FABS, FXCH, 
FINCSTP, FDECSTP, 

Zero 
Constant loads, UNDEFINED 

orO/U# 
UNDEFINED 

FXTRACT, FLO, 
FILD, FBLD, 
FSTP (ext real) 

FIST, FBSTP, 
FRNDINT, FST, 
FSTP, FADD, FMUL, 

Roundup 
FDIV, FDIVR, UNDEFINED UNDEFINED 
FSUB, FSUBR, or OtLl# 

FSCALE, FSORT, 
FPATAN, F2XM1, 
FYL2X, FYL2XP1 

FPTAN, FSIN Roundup Reduction 
FCOS, FSINCOS UNDEFINED orO/U#, 0= complete 

undefined 1 = incomplete 
ifC2 = 1 

FLDENV, FRSTOR Each bit loaded from memory 

FLDCW, FSTENV, 
FSTCW, FSTSW, UNDEFINED 
FCLEX, FINIT, 
FSAVE 

O/U# When both IE and SF bits of status word are set, indicating a stack exception, this bit 
distinguishes between stack overflow (C1 = 1) and underflow (C1 = 0). 

Reduction If FPREM or FPREM1 produces a remainder that is less than the modulus, reduction is 
complete. When reduction .is incomplete the value at the top of the stack is a partial 
remainder, which can be used as input to further reduction. For FPTAN, FSIN, FCOS, and 
FSINCOS, the reduction bit is set if the operand at the top of the stack is too large. In this 
case the original operand remains at the top of the stack. 

Roundup When the PE bit of the status word is set, this bit indicates whether the last rounding in the 
instruction was upward. 

UNDEFINED Do not rely on finding any specific value in these bits. 
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Table 2.3. Condition Code Interpretation after FPREM and FPREM11nstructions 

Condition Code 
Interpretation after FPREM and FPREM1 

C2 C3 C1 'CO 

Incomplete Reduction: 
1 X X X further interation required 

for complete reduction 

01 00 02 o MODB 

0 0 0 0 
0 1 0 1 

Complete Reduction: 
1 0 0 2 

0 
1 1 0 3 

CO, C3, C1 contain three least 

0 0 1 4 
significant bits of quotient 

0 1 1 5 
1 0 1 6 
1 1 1 7 

Table 2.4. Condition Code Resulting from Comparison 

Order C3 C2 CO 

TOP> Operand 0 0 0 
TOP < Operand 0 0 1 
TOP = Operand 1 0 O· 
Unordered 1 1 1 

Table 2.5. Condition Code Defining Operand Class 

C3 C2 C1 CO Value at TOP 

0 0 0 0 + UnsiJpported 
0 0 0 1 + NaN 
0 0 1 0 - Unsupported 
0 0 1 1 - NaN 
0 1 0 0 + Normal 
0 1 0 1 + Infinity 
0 1 1 0 - Normal 
0 1 1 1 - Infinity 
1 0 0 0 +0 
1 0 0 1 + Empty 
1 0 1 0 -0 
1 0 1 1 - Empty 
1 1 0 0 + Denormal 
1 1 1 0 - Denormal 
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2.3.4 INSTRUCTION AND DATA POINTERS 

Because the MCP operates in parallel with the CPU, 
any errors detected by the MCP may be· reported 
after the CPU has executed the ESC instruction 
which caused it. To allow identification of the failing 
numeric instruction, the Intel386 DX. Microprocessor 
and Intel387 DX Math CoProcessor contains two 
pointer registers that supply the address of the fail
ing numeric instruction and the address of its numer
ic memory operand (if appropriate). 

The instruction and data pointers are provided for 
user-written error handlers. These registers are ac
tually located in the Intel386 DX CPU, but appear to 
be located in the MCP because they are accessed 
by the ESC instructions FLDENV, FSTENV, FSAVE, 
and FRSTOR. (In the 8086/8087 and 80286/80287, 
these registers are located in the MCP.) Whenever 

the Intel386 DX CPU decodes a new ESC instruc
tion, it saves the address of the instruction (including 
any prefixes that may be present), the address of 
the operand (if present), and the opcode. 

The instruction and data pointers appear in one of 
four formats depending on the operating mode of 
the Intel386 DX Microprocessor (protected mode or 
real-address mode)· and depending on the operand
size attribute in effect (32-bit operal")d or 16-bit oper
and). When the Intel386 DX Microprocessor is in vir
tual-8086 mode, the real-address mode formats are 
used. (See Figures 2.3 through· 2.6.) The ESC in
structions FLDENV, FSTENV, FSAVE, and FRSTOR 
are used to transfer these values between the In
tel386 DX Microprocessor registers and memory. 
Note that the value of the data pointer is undefined if 
the prior ESC instruction did not have a memory op-
erand. . 

31 23 
32-BIT PROTECTED MODE FORMAT 

15 7 o 

00000 I 
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RESERVED CONTROL'WORD 

RESERVED STATUS WORD 

RESERVED TAG WORD 

IPOFFSET 

OPCODE 10 .. 0 CSSELECTOR 

DATA OPERAND OFFSET 

RESERVED OPERAND SELECTOR 

Figure 2.3. Protected Mode Intel387TM DX MCP Instruction and 
Data Pointer Image in Memory, 32-Bit Format 
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4 

8 

C 

10 

14 

18 
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32-BIT REAL-ADDRESS MODE FORMAT 
31 23 15 7 o 

RESERVED CONTROL WORD o 

RESERVED STATUS WORD 4 

RESERVED TAG WORD a 

RESERVED INSTRUCTION POINTER 15 .. 0 C 

0000 I INSTRUCTION POINTER 31 .. 16 I 0 I OPCODE 10 .. 0 10 

RESERVED OPERAND POINTER 15 .. 0 14 

0000 I OPERAND POINTER 31 .. 16 I 0000 00000000 1a 

Figure 2.4. Real Mode Intel387TM DX MCP Instruction and Data Pointer Image in Memory; 32-8it Format 

'I 

16-BIT PROTECTED MODE FORMAT 
15 7 0 

CONTROL WORD o 

STATUS WORD 2 

TAG WORD 4 

IPOFFSET 6 

CSSELECTOR a 

OPERAND OFFSET A 

OPERAND SELECTOR C 

Figure 2.5. Protected Mode Intel387TM DX MCP 
Instruction and Data Pointer 

Image In Memory, 16-81t Format 

15 

16-BIT REAL-ADDRESS MODE AND 
VIRTUAL-aOa6 MODE FORMAT 

7 

CONTROL WORD 

STATUS WORD 

TAG WORD 

INSTRUCTION POINTER 15 .. 0 

IP19.16 ioI OPCODE10 .. 0 

OPERAND POINTER 15 .. 0 

o 

DP19.16! 0 ! 0 0 0 0 0 0 0 0 0 o 0 

o 

2 

4 

6 

a 

A 

C 

Figure 2.6. Real Mode Intel387TM DX MCP 
Instruction and Data Pointer 

Image in Memory" 16-81t Format 
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5 1 17 0 

RESERVED 

RESERVED· 
ROUNDING CONTROL 
PRECISION CONTROL 

IX;X:~IXI ~C I + IX;XI:I~I~I~I~I~1 
RESERVED 

EXC EPTION MASKS: 

PRECISION 

U NDERFLOW 
OVERFLOW 
ERO DIVIDE 
D OPERAND 

Z 
DENORMALIZE 

INVALID OPERATION 

Precision Control 
00-24 bits (single precision) 
Ol-(reserved) 
10-53 bits (double precision) 
11-64 bits (extended precision) 

• "0" AFTER RESET OR FIN IT; 
CHANGEABLE UPON LOADING THE 
CONTROL WORD (CW). PROG~AMS 
MUST IGNORE THIS BIT. 

Rounding Control 
OO-Round to nearest or even 
o I-Round down (toward - 00) 
10-Round up (toward + 00) 
11-Chop (truncate toward zero) 

240448-4 

Figure 2.7.lnteI387TM DX MCP Control Word 

2.3.5 CONTROL WORD 

The MCP provides several processing options that 
are selected by loading a control word from memory 
into the control register. Figure 2.7 shows the format 
and encoding of fields in the control word. 

The low-order byte of this control word configures 
the MCP error and exception masking. Bits 5-:0 of 
the control word contain individual masks for each of 
the six exceptions that the MCP recognizes. 

The high-order byte of the control word configures 
the MCP operating mode, including precision and 
rounding. 

• Bit 12 no longer defines infinity control and is a 
reserved bit. Only affine closure Is supported for 
infinity arithmetic. The bit is initialized to zero after 
RESET or FINIT and is changeable upon loading 
the CWo Programs must ignore this bit. 

• The rounding control (RC) bits (bits 11-10) pro
vide for directed rounding and true chop, as well 
as the unbiased round to nearest even mode 
specified in the IEEE standard. Rounding control 
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affects only those instructions that perform 
rounding at the end of the operation (and thus 
can generate a precision exception); namely, 
FST, FSTP, FIST, all arithmetic instructions (ex
cept FPREM, FPREM1, FXTRACT, FABS, and 
FCHS), and all transcendental instructions. 

• The precision control (PC) bits (bits 9-8) can be 
used to set the MCP internal operating preCision 
of the significand at less than the default of· 64 
bits (extended precision). This can be useful in 
providing compatibility with early generation arith
metic processors of smaller precision. PC affects 
only the instructions ADD, SUB, DIV, MUL, and 
SQRT. For all other instructions, either the preci
sion is determined by the opcode or extended 
precision is used. 

2.4 Interrupt Description 

Several interrupts of the Intel386 OX CPU are used 
to report exceptional conditions while executing nu
meric programs in either real or protected mode. Ta
ble 2.6 shows these interrupts and their causes. 

I 
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Table 2.6. Intel386™ DX Microprocessor Interrupt Vectors Reserved for MCP 

Interrupt 
Cause of Interrupt 

Number 

7 An ESC instruction was encountered when EM or TS of the Intel386TM OX CPU control 
register zero (CRO) was set. EM = 1 indicates that software emulation of the instruction is 
required. When TS is set, either an ESC or WAIT instruction causes interrupt 7. This 
indicates that the current MCP context may not belong to the current task. 

9 An operand of a coprocessor instruction wrapped around an addressing limit (OFFFFH for 
small segments, OFFFFFFFFH for big segments, zero for expand-down segments) and 
spanned inaccessible addresses(1). The failing numerics instruction is not restartable. The 
address of the failing numerics instruction and data operand may be lost; an FSTENV does 
not return reliable addresses. As with the 80286/80287, the segment overrun exception 
should be handled by executing an FNINIT instruction (Le. an FINIT without a preceding 
WAIT). The return address on the stack does not necessarily point to the failing instruction 
nor to the following instruction. The interrupt can be avoided by never allowing numeric 
data to start within 108 bytes of the end of a segment. 

13 The first word or doubleword of a numeric operand is not entirely within the limit of its 
segment. The return address pushed onto the stack of the exception handler points at the 
ESC instruction that caused the exception, including any prefixes. The Intel387TM OX MCP 
has not executed this instruction; the instruction pOinter and data pointer register refer to a 
previous, correctly executed instruction. 

16 The previous numerics instruction caused an unmasked exception. The address of the 
faulty instruction and the address of its operand are stored in the instruction pointer and 
data pointer registers. Only ESC and WAIT instructions can cause this interrupt. The 
Intel386TM OX CPU return address pushed onto the stack of the exception handler points 
to a WAIT or ESC instruction (including prefixes). This instruction can be restarted after 
clearing the exception condition in the MCP. FNINIT, FNCLEX, FNSTSW, FNSTENV, and 
FNSAVE cannot cause this interrupt. 

. . . .. .. 1. An operand may wrap around an addreSSIng hmlt when the segment hmlt IS near an addreSSIng hmlt and the operand IS near the largest vahd 
address in the segment. Because of the wrap·around, the beginning and ending addresses of such an operand will be at opposite ends of the 
segment. There are two ways that such an operand may also span inaccessible addresses: 1) if the segment limit is not equal to the addressing 
limit (e.g. addressing limit is FFFFH and segment limit is FFFDH) the operand will span addresses that are not within the segment (e.g. an B-byte 
operand that starts at valid offset FFFC will span addresses FFFC-FFFF and 0000·0003; however addresses FFFE and FFFF are not valid, 
because they exceed the limit); 2) if the operand begins and ends in present and accessible pages but intermediate bytes of the operand fall in a 
not-present page or a page to which the procedure does not have access rights. 

2.5 Exception Handling 

The Intel387 OX MCP detects six different exception 
conditions that can occur during instruction execu
tion. Table 2.7 lists the exception conditions in order 
of precedence, showing for each the cause and the 
default action taken by the MCP if the exception is 
masked by its corresponding mask bit in the control 
word. 

Any exception that is not masked by the control 
word sets the corresponding exception flag of the 
status word, sets the ES bit of the status word, and 
asserts the ERROR# signal. When the CPU at
tempts to execute another ESC instruction or WAIT, 
exception 7 occurs. The exception condition must 
be resolved via an interrupt service routine. The In
tel386 OX Microprocessor saves the address of the 
floating-point instruction that caused the excep-

I 

tion and the address of any memory operand re
quired by that instruction. 

2.6 Initialization 

Intel387 ox MCP initialization software must exe
cute an FNINIT instruction (i.e. an FINIT without a 
preceding WAIT) to clear ERROR #, After a hardware 
RESET, the ERROR# output is asserted to indicate 
that a Intel387 OX MCP is present. To accomplish 
this, the IE and ES bits of the status word are set, 
and the 1M bit in the control word is reset. After 
FNINIT, the status word and the control word have 
the same values as in an 80287 after RESET. 
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2.78087 and 80287 Compatibility 

This section summarizes the differences between 
the Intel387 OX MCP and the 80287. Any migration 
from the 8087 directly to the Intel387 OX MCP must 
also take into account the differences between the 
8087 and the 80287 as listed in· Appendix A. 

Many changes have been designed into the Intel387 
OX MCP to directly support the IEEE standard in 
hardware. These changes result in· increased per
formance by eliminating the need for· software that 
supports the standard. 

2_7.1 GENERAL DIFFERENCES 

The Intel387 OX MCP supports only affine closure 
for infinity arithmetic, not projective closure. Bit 12 of 
the Control Word (CW) no longer defines infinity 
control. It is a reserved bit; but it is initialized to zero 
after RESET or FINITand is changeable upon load
ing the CWo Programs must ignore this bit. 

Operands for FSCALE and FPATAN are no longer 
restricted in range (except for ± 00); F2XM1 and 
FPT AN accept a wider range of operands. 

The results of transcendental operations may be 
slightly different from those computed by 80287. 

In the case of FPTAN, ·the Intel387 OX MCP supplies 
a true tangent result in ST(1), and (always) '3. floating 
point 1 in ST. 

Rounding control is in effect for FLO constant. 

Software cannot change entries of the tag word to 
values (other than empty) that do not reflect the ac
tual register contents. 

After reset, FINIT, and incomplete FPREM, the In
tel387 OX MCP resets to zero the condition code 
bits C3-CO of the status word. 

In conformance with the IEEE standard, the Intel387 
OX MCP does not support the special data formats: 
pseudozero, pseudo-NaN, pseudoinfinity, and un
normal. 

Table.2.7. Exceptions 

Exception Cause 
Default Action 

(if exception is masked) 

Invalid Operation on a Signaling NaN, unsupported format, Result is a quiet NaN, integer 
Operation indeterminate form (0' 00, 0/0, (+ oo) + '( - 00), etc.), or indefinite, or BCD indefinite 

stack overflow/underflow (SF is also set). 

Denormalized At least one of the operands is denormalized, i.e. it has Normal proceSSing 
Operand the smallest exponent but a nonzero significand. continues 

Zero Divisor The divisor is zero while the dividend is a noninfinite, Result is 00 
nonzero number. 

Overflow The result is too large in magnitude to fit in the specified Result is largest finite value 
format. or 00 

Underflow The true result is nonzero but too small to be Result is denormalized or 
represented in the specified format, and, if underflow zero 
exception is masked, denormalization causes loss of 
accuracy. 

Inexact The true result is not exactly representable in the Normal processing 
ResiJlt specified format (e.g. 1/3); the result is rounded continues 
(Precision) according to the rounding mode. 
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2.7.2 EXCEPTIONS 

A number of differences exist due to changes in the 
IEEE standard and to functional improvements to 
the architecture of the Intel387 OX MCP: 

1. When the overflow or underflow exception is 
masked, the Intel387 OX MCP differs from the 
80287 in rounding when overflow or underflow 
occurs. The Intel387 OX MCP produces results 
that are consistent with the rounding mode. 

2. When the underflow exception is masked, the 
Intel387 OX MCP sets its underflow flag only if 
there is also a loss of accuracy during denormali
zation. 

3. Fewer invalid-operation exceptions due to de
normal operands, because the instructions 
FSQRT, FOIV, FPREM, and conversions to BCD 
or to integer normalize denormal operands be
fore proceeding. 

4. The FSQRT, FBSTP, and FPREM instructions 
may cause underflow, because they support de
normal operands. 

5. The denormal exception can occur during the 
transcendental instructions and the FXTRACT 
instruction. 

6. The denormal exception no longer takes prece
dence over all other exceptions. 

7. When the denormal exception is masked, the In
tel387 OX MCP automatically normalizes denor
mal operands. The 8087/80287 performs unnor
mal arithmetic, which might produce an unnor
mal result. 

8. When the operand is zero, the FXTRACT in
struction reports a zero-divide exception and 
leaves - 00 in ST(1). 

9. The status word has a new bit (SF) that signals 
when invalid-operation exceptions are due to 
stack underflow or overflow. 

10. FLO extended precision no longer reports denor
mal exceptions, because the instruction is not 
numeric. 

11. FLO single/double precision when the operand 
is denormal converts the number to extended 
precision and signals the denormalized operand 
exception. When loading a signaling NaN, FLO 
single/double precision signals an invalid-oper
and exception. 

12. The Intel387 OX MCP only generates quiet 
NaNs (as on the 80287); however, the Intel387 
OX MCP distinguishes between quiet NaNs and 
Signaling NaNs. Signaling NaNs trigger excep
tions when they are used as operands; quiet 
NaN~ do not (except for FCOM, FIST, and 
FBSTP which also raise IE for quiet NaNs). 

13. When stack overflow occurs during FPT AN and 
overflow is masked, both ST(O) and ST(1) con
tain quiet NaNs. The 80287/8087 leaves the 
original operand in ST(1) intact. 
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14. When the scaling factor is ± 00, the FSCALE 
(ST(O), ST(1» instruction behaves as follows 
(ST(O) and ST(1) contain the scaled and scaling 
operands respectively): 

• FSCALE(O,oo) generates the invalid operation 
exception. 

• FSCALE(finite, - 00) generates zero with. the 
same sign as the scaled operand. 

• FSCALE(finite, + 00) generates 00 with the 
same sign as the scaled operand. 

The 8087/80287 returns zero in the first case 
and raises the invalid-operation exception in the 
other cases. 

15. The Intel387 OX MCP returns signed infinity/ 
zero as the unmasked response to massive 
overflow/underflow. The 8087 and 80287 sup
port a limited range for the scaling factor; within 
this range either massive overflow/underflow do 
not occur or undefined results are produced. 

3.0 HARDWARE INTERFACE 

In the following description of hardware interface, 
the # symbol at the end of a signal name indicates 
that the active or asserted state occurs when the 
signal is at a low voltage. When no # is present after 
the signal name, the signal is asserted when at the 
high voltage level. 

3.1 Signal Description 

In the following signal descriptions, the Intel387 OX 
Math Coprocessor pins are grouped by function as 
follows: 

1. Execution control-CPUCLK2, NUMCLK2, CKM, 
RESETIN 

2. MCP handshake-PEREQ, BUSY #, ERROR # 

3. Bus interface pins-031-00, W/R#, AOS#, 
REAOY#, READYO# 

4. Chip/Port Select-STEN, NPS1 #, NPS2, 
CMOO# 

5. Power supplies-Vee, Vss 

Table 3.1 lists every pin by its identifier, gives a brief 
description of its function, and lists some of its char
acteristics. All output signals are tristate; they leave 
floating state only when STEN is active. The output 
buffers of the bidirectional data pins D31-00 are 
also tristate; they leave floating state only in read 
cycles when the MCP is selected (Le. when STEN, 
NPS1 #, and NPS2 are all active). 

Figure 3.1 and Table 3.2 together show the location 
of every pin in the pin grid array. 
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Table 3.1. Intel387™ DX MCP Pin Summary 

Pin 
Function 

Active Inputl Referenced 
Name State Output To 

CPUCLK2 Intel3B6TM OX CPU CLocK 2 I 
NUMCLK2 Intel3B7TM OX MCP CLocK 2 I 
CKM Intel3B7™ OX MCP CLocKing Mode I 
RESETIN System reset High I CPUCLK2 

PEREQ Processor Extension High 0 CPUCLK2/STEN 
REQuest 

BUSY# Busy status Low 0 CPUCLK2/STEN 
ERROR# Error status Low 0 NUMCLK2/STEN 

031-00 Data pins High 1/0 CPUCLK2 
W/R# Write/Read bus cycle Hillo I CPUCLK2 
AOS# ADdress Strobe Low I CPUCLK2 
READY # Bus ready input Low I CPUCLK2 
REAOYO# Ready output Low 0 CPUCLK2/STEN 

STEN STatus ENable High I CPUCLK2 
NPS1# MCP select # 1 Low I CPUCLK2 
NPS2 MCP select # 2 High I CPUCLK2 
CMOO# CoMmanD Low I CPUCLK2 

Vee I 
Vss I 

NOTE: 
STEN is referenced to only when getting the output pins into or out of tristate mode. 

Table 3.2. Intel387™ DX MCP Pin Cross-Reference 

AOS# - K7 01B - AB STEN - L4 
BUSY# - K2 019 - B9 W/R# - K4 

CKM - J11 020 - B10 
CPUCLK24 - K10 021 - A10 Vee - A6,A9, B4, 

CMOO# - L8 022 - B11 E1,F1, F10, 
DO - H2 023 - C10 J2, K5, 
01 - H1 024 - 010 L7 
02 - G2 025 - 011 
03 - G1 026 - E10 VSS - B2, B7, C11, 
04 - 02 027 - E11 E2, F2, F11, 
05 - 01 028 - G10 J1,J10,L5 
06 - C2 029 - G11 
07 - C1 030 - H10 NO CONNECT - K9 
08 - 81 031 - H11 TIE HIGH -' K3,L9* 
09 - A2 ERROR# - L2 
010 - B3 NPS1# - L6 
011 - A3 NPS2 - K6 
012 - A4 NUMCLK2 - K11 
013 - 85 PEREQ - K1 
014 - A5 READY # - KB 
015 - 86 REAOYO# - L3 
016 - A7 RESETIN - L10 
017 - B8 

'T,e hIgh pIns may eIther be tIed hIgh wnh a pullup resIstor or connected to Vee. 
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A B C 0 E F G H K L 

08 07 OS Vee Vee 03 01 Vss PEREa 

"* 
D' Vss OS 04 Vss Vss 02 DO Vee BUSY* ERROR* 

2 

011 010 TIE HIGH READYO# 
3 

012 Vee ,W/R# STEN 
4 

01. 013 Vee vss 
5 

DIS 
PIN SIDE VIEW 

NPS2 HPSI* vee 
6 (BOTTOM) 

DIS Vss ADS# Vee 
7 

018 017 READY* eMDO* 
8 

vee 01. N/e TIE HIGH 
9 

021 020 023 02. D2S Vee 028 030 Vss CPUCLK2 RESrTlH 
10 

022 Vss 025 027 Vss 02. 031 eKM NUMeLK2 
11 

240448-5 
'Pin 1 

L K H G F E 0 C B A 

PEREa vss 01 03 Vee Vee OS 07 08 

"* [RROR# BUSY# Vee 00 02 Vss Vss 04 OS Vss d. 
2 

READYO* TIE HIGH 010 011 
3 

STEN 
4 

W/R" vee 012 
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Figure 3.1.lnteI387TM OX MCP Pin Configuration 
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3.1.1 Intel386™ DX CPU CLOCK 2 (CPUCLK2) 

This input uses the Intel386 OX CPU ClK2 signal to 
time the bus control logic. Several other MCP sig
nals are referenced to the rising edge of this signal. 
When CKM = 1 (synchronous mode) this pin also 
clocks the data interface and control unit and the 
floating-point unit of the MCP. This pin requires 
MOS-Ievel input. The signal on this pin is divided by 
two to produce the internal clock signal ClK. 

3.1.2 Intel387™ DX MCP CLOCK 2 (NUMCLK2) 

When CKM = 0 (asynchronous mode) this pin pro
vides the clock for the data interface and control unit 
and the floating-point unit of the MCP. In this case. 
the ratio of the frequency of NUMClK2 to the fre-

CPUCLK2 ... ~ 

Intal386™OX CPU 

quency of CPUClK2 must lie within the range 10:16 
to 14:10. When CKM = 1 (synchronous mode) this 
pin is ignored; CPUClK2 is used instead for the data 
interface and control unit and the floating-point unit. 
This pin requires TTL-level input. 

3.1.3 Intel387TM DX MCP CLOCKING MODE 
(CKM) 

This pin is a strapping option. When it is strapped to 
Vee. the MCP operates in synchronous mode; when 
strapped to Vss. the MCP operates in asynchronous 
mode. These modes relate to clocking of the data 

. interface and control unit and the floating· point unit 
. only; the bus control logic always operates synchro

nously with respect to the Intel386 OX Microproces
sor. 

! 
CKM=riJ 

'---+ 
INTERFACE S YNCHRONOUS 

BUS ----------
NUMERIC A 

CORE 
SYNCHRONOUS 

r Intal387™OX MCP 

NUMCLK2 
240448-7 

Figure 3.2. Asynchronous Operation 
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3.1.4 SYSTEM RESET (RESETIN) 

A LOW to HIGH transition on this pin causes the 
MCP to terminate its present activity and to enter a 
dormant state. RESETIN must remain HIGH for at 
least 40 NUMCLK2 periods. The HIGH to LOW tran
sitions of RESETIN must be synchronous with 
CPUCLK2, so that the phase of the internal clock of 
the bus control logic (which is the CPUCLK2 divided 
by 2) is the same as the phase of the internal clock 
of the Intel386 OX CPU. After RESETIN goes LOW, 
at least 50 NUMCLK2 periods must pass before the 
first MCP instruction is written into the Intel387 OX 
MCP. This pin should be connected to the Intel386 
OX CPU RESET pin. Table 3.3 shows the status of 
other pins after a reset. 

Table 3.3. OutpulPin Status During Reset 

Pin Value Pin Name 

HIGH REAOYO#, BUSY# 

LOW PEREa, ERROR # 

Tri-State OFF 031-00 

3:1.5 PROCESSOR EXTENSION REQUEST 
(PEREQ) 

When active, this pin signals to the Intel386 OX CPU 
that the MCP is ready for data transfer to/from its 
data FIFO. When all data is written to or read from 
the data FIFO, PEREa is deactivated. This signal 
always goes inactive before BUSY # goes inactive. 
This signal is referenced to CPUCLK2. It sliould be 
connected to the Intel386 OX CPU PEREa input. 

3.1.6 BUSY STATUS (BUSY#) 

When active, this pin signals to the Intel386 OX CPU 
, that the MCP is currently executing an instruction. 
This signal is referenced to CPUCLK2. It should be 
connected to the Intel386 OX CPU BUSY# pin. 
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3.1.7 ERROR STATUS (ERROR#) 

This pin reflects the ES bits of the status register. 
When active, it indicates that an unmasked excep
tion has occurred (except that, immediately after a 
reset, it indicates to the Intel386 OX Microprocessor 
that a Intel387 OX MCP is present in the system). 
This Signal can be changed to inactive state only by 
the following instructions (without a preceding 
WAIT): FNINIT, FNCLEX, FNSTENV, and FNSAVE. 
This signal is referenced to NUMCLK2. It should be 
connected to the Intel386 OX CPU ERROR # pin. 

3.1.8 DATA PINS (D31-DQ) 

These bidirectional pins are used to transfer data 
and opcodes between the Intel386 OX CPU and In
tel387 OX MCP. They are normally connected direct
ly to the corresponding Intel386 OX CPU data pins. 
HIGH state indicates a value of one. 00 is the least 
significant data bit. Timings are referenced to 
CPUCLK2. 

3.1.9 WRITE/READ BUS CYCLE (W/R#) 

This Signal indicates to the MCP whether the In
tel386 OX CPU bus cycle in progress is a read or a 
write cycle. This pin should be' connected directly to 
the Intel386 OX CPU W/R# pin. HIGH indicates a 
write cycle; LOW, a read cycle. This input is ignored 
if any of the signals STEN, NPS1 #, or NPS2 is inac
tive. Setup and hold times are referenced to 
CPUCLK2. 

3.1.10 ADDRESS STROBE (ADS#) 

This input, in conjunction with the REAOY # input 
indicates when the MCP bus-control logic may sam
ple W/R# and the chip-select 'signals. Setup and 
hold times are referenced to CPUCLK2. This pin 
should be connected to the Intel386 OX CPU AOS# 
pin. 
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3.1.11 BUS READY INPUT (READY#) 

This input indicates to the MCP when a Intel386 DX 
CPU bus cycle is to be terminated. It is used by the 
bus·control logic to trace bus activities. Bus cycles 
can be extended indefinitely until terminated by 
READY #. This input should be connected to the 
same signal that -drives the Intel386 DX CPU 
READY # input. Setup and hold times are refer
enced to CPUClK2. 

3.1.12 READY OUTPUT (READYO#) 

This pin is activated at such a time that write cycles 
are terminated after two clocks (except FlDENV 
and FRSTOR) and read cycles after three clocks. In 
configurations where no extra wait states are re
quired, this pin must directly or indirectly drive the 
Intel386 DX CPU READY # input. Refer to section 
3.4 "Bus Operation" for details. This pin is activated 
only during bus cycles that select the MCP. This sig
nal is referenced to CPUClK2. 

3.1.13 STATUS ENABLE (STEN) 

This pin serves, as a chip select for the MCP. When 
inactive, this pin forces BUSY #, PEREQ, ERROR #, 
and READYO# outputs into floating state. D31-DO 
are normally floating, and leave floating state only if 
STEN is active and additional conditions are met. 
STEN also causes the chip to recognize its other 
chip-select inputs. STEN makes it easier to do on
board testing (using the, overdrive method) of other 
chips in systems containing the MCP. STEN should 
be pulled up with a resistor so that it can be pulled 
down when testing. In boards that do not use' on
board testing, STEN should be connected to Vee. 
Setup and hold times are relative to CPUClK2. Note 
that STEN must maintain the same setup and hold 
times as NPS1 #, NPS2, and CMDO# (Le. if STEN 
changes state during a Intel387 DX MCP bus cycle, 
it should change state during the same ClK period 
as the NPS1 #, NPS2, and CMDO# signals). 

3.1.14 MCP Select #1 (NPS1#) 

When active (along with STEN and NPS2) in the first 
period of a Intel386 DX CPU bus cycle, this signal 
indicates that the purpose of the bus cycle is to com-
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municate with the MCP. This pin should be connect
ed directly to the Intel386 DX CPU M/IO# pin, so 
that the MCP is selected only when the Intel386 DX 
CPU performs 1/0 cycles. Setup and hold times are 
referenced to CPUClK2. 

3.1.15 MCP SELECT #2 (NPS2) 

When active (along With STEN and NPS1 #) in the 
first period of an Intel386 DX CPU bus cycle, this 
signal indicates that the purpose of the bus cycle is 
to communicate with the MCP. This pin should be 
connected directly to the Intel386 DX CPU A31 pin, 
so that the MCP is selected only when the Intel3B6 
DX CPU uses one of the 1/0 addresses reserved for 
the MCP (BOOOOOFB or BOOOOOFC). Setup and hold 
times are referenced to CPUClK2. 

3.1.16 COMMAND (CMDO#) 

During a write cycle, this signal indicates whether an 
opcode (CMDO# active) or data (CMDO# inactive) 
is being sent to the MCP. During a read cycle, it 
indicates whether the control or status register 
(CMDO# active) or a data register (CMDO# inactive) 
is being read., CMDO# should be connected directly 
to the A2 output of the Intel3B6 DX Microprocessor. 
Setup and hold times are referenced to CPUClK2. 

3.2 Processor Architecture 

As shown by the block diagram on the front page, 
th~ MCP is internally divided into three sections: the 
bus control logic (BCl), the data interface and con
trol unit, and the floating point unit (FPU). The FPU 
(with the support of the control unit which contains 
the sequencer and other support units) executes all 
numerics instructions. The data interface and control 
unit is responsible for the data flow to and from the 
FPU and the control registers, for receiving the in
structions, decoding them, and sequencing the mi
croinstructions, and for handling some of the admin
istrative instructions. The BCl is responsible for the 
Intel3B6 DX CPU bus tracking and interface. The 
BCl is the only unit in the Intel3B7 DX MCP that 
must run synchronously with the Intel3B6 DX CPU; 
the rest of the MCP can run asynchronously with 
respect to the Intel3B6 DX Microprocessor. 
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3.2.1 BUS CONTROL LOGIC 

The BCl communicates solely with the CPU using 
1/0 bus cycles. The BCl appears to the CPU as a 
special peripheral device. It is special in two re
spects: the CPU initiates 1/0 automatically when it 
encounters ESC instructions, and the CPU uses re
served 1/0 addresses to communicate with the BCL. 
The BCl does not communicate directly with memo
ry. The CPU performs all memory access, transfer
ring input operands from memory to the MCP and 
transferring outputs from the MCP to memory. 

3.2.2 DATA INTERFACE AND CONTROL UNIT 

The data interface and control unit latches the data 
and, subject to BCl control, directs the data to the' 
FIFO or the instruction decoder. The instruction de
coder decodes the ESC instructions sent to it by the 
CPU and generates controls that direct the data flow 
in the FIFO. It also triggers the microinstruction se
quencer that controls execution of each instruction. 
If the ESC instruction is FIN IT, FClEX, FSTSW, 
FSTSW AX, or FSTCW, the control executes it inde-
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pendently of the FPU and the sequencer. The data 
interface and control unit is the one that generates 
the BUSY #, PEREa and ERROR # signals that syn
chronize Intel387 OX MCP activities with the In
tel386 OX CPU. It also supports the FPU in all opera
tions that it cannot perform alone (e.g. exceptions 
handling, transcendental operations, etc.). 

3.2.3 FLOATING POINT UNIT 

The FPU executes all instructions that involve the 
register stack, including arithmetic, logical, transcen
dental, constant, and data transfer instructions. The 
data path in the FPU is 84 bits wide (68 significant 
bits, 15 exponent bits, and a sign bit) which allows 
internal operand transfers to be performed at very 
high speeds. 

3.3 System Configuration 

As an extension to the Intel386 OX Microprocessor, 
the Intel387 OX Math Coprocessor can be connect
ed to the CPU as shown by Figure 3.3. A dedicated 

FROIII OTHER PERIPHERALS ,.. . ;.....-. CKIII , 
CLOCK 1'387TN DX IIICP CLOCK I 

GENERATOR NUNClK2 
GENERATOR (OPTIONAL) I 

CLK2 

ClK r--+ I CPUCLK2 

RESET RESETIN 

t 
READY# 

I WAIT STATE I!-
GENERATOR 

t (OPTIONAL) I READYO# 

HlDA i387TN DX NCP 

-+ RESET D/C# f+ 
~ READY# lOCK# f+ 

CLK2 BE3#-BEO# r+ 
-+ 8516# 111/10# NPS1# 

-+ NA# A31 NPS2 

-+ HOLD A30-A3 f+ 

J -+ INT# 1386™DX A2 CIIIDO# 

-+ NMI CPU W/R# W/R# 

, ADS# ADS# STEN 

031-00 
32 ' 

031-00 

BUSY# BUSY# 

ERROR# ERROR# 

PEREQ PEREQ 
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Figure 3.3. Intel386TM DX Microprocessor and Intel387TM DX Math Coprocessor System Configuration 
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Table 3.4. Bus Cycles Definition 

STEN NPS1# NPS2 CMDO# 

0 x x x 

1 1 x x 
1 x 0 x 
1 0 1 0 
1 0 1 0 
1 0 1 1 
1 0 1 1 

communication protocol makes possible high-speed 
transfer of opcodes and operands between the In
tel386 DX CPU and Intel387 DX MCP. The Intel387 
DX· MCP is designed so fhat no additional compo
nents are required for interface with the Intel386 DX 
CPU. The Intel387 DX MCP shares the 32-bit wide 
local bus of the Intel386 DX CPU and most control 
pins of the Intel387 DX MCP are connected directly 
to pins of the Intel386 DX Microprocessor. 

3.3.1 BUS CYCLE TRACKING 

The ADS# and READY # signals allow the MCP to 
track the beginning and end of the Iritel386 DX CPU 
bus cycles, respectively. When ADS# is asserted at 
the same time as the MCP chip-select inputs, the 
bus cycle is intended for the MCP. To signal the end 
of a bus cycle for the MCP, READY # may be assert
ed directly or indirectly by the MCP or by other bus
control logic. Refer to Table 3.4 for definition of the 
types of MCP bus cycles. 

3.3.2 MCP ADDRESSING 

The NPS1 #, NPS2 and STEN signals allow the 
MCP to identify which bus cycles are intended for 
the MCP. The MCP responds only to 1/0 cycles 
when bit 31 of the 1/0 address is set. In other words, 
the MCP acts as an 1/0 device in a reserved I/O 
address space. 

Because A31 is used to select the MCP for data 
transfers, it is not possible for a program running on 
the Intel386 DX CPU to address the MCP with an II 
o instruction. Only ESC instructions cause the In
tel386 DX Microprocessor to communicate with the 
MCP. The Intel386 DX CPU BS16# input must be 
inactive during 1/0 cycles when A31 is active. 

3.3.3 FUNCTION SELECT 

The CMDO# and W/R# signals identify the four 
kinds of bus cycle: control or status register read, 
data read, opcode. write, data write. 
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W/R# Bus Cycle Type 

x . MCP not selected and all 
outputs in floating state 

x MCP not selected 
x MCP not selected 
0 CW .or SW read from MCP 
1 Opcode write to MCP 
0 Data read from MCP 
1 Data write to MCP 

3.3.4 CPU/MCP Synchronization 

The pin pairs BUSV#, PEREa, and ERROR# are 
used for various aspects of synchronization between 
the CPU and the MCP. 

BUSY # is used to synchronize instruction transfer 
from the Intel386 DX CPU to the MCP. When the 
MCP recognizes an ESC instruction, it asserts 
BUSY #. For most ESC instructions, the Intel386 DX 
CPU waits for the MCP to deassert BUSY # before 
sending the new opcode. 

The MCP uses the PEREa pin of the Intel386 DX 
CPU to signal that the MCP is ready for data transfer 
to or from its data FIFO. The MCP does not directly 
access memory; rather, the I ntel386 DX Microproc
essor provides memory access services for the 
MCP. Thus, memory access on behalf of the MCP 
always obeys the rules applicable to the mode of the 
Intel386 DX CPU, whether the Intel386 DX CPU be 
in real-address mode or protected mode. 

Once the Intel386 DX CPU initiates an MCP instruc
tion that has operands, the Intel386 DX CPU waits 
for PEREa signals that indicate when the MCP is 
ready for operand transfer. Once all operands have 
been transferred (or if the instruction has no oper
ands) the Intel386 DX CPU continues program exe
cution while the MCP executes the ESC instruction. 

In 8086/8087 systems, WAIT instructions may be 
required to achieve synchronization of both com
mands and operands. In 80286/80287, Intel386 DX 

. Microprocessor and Intel387 DX Math Coprocessor 
systems, WAIT instructions are required only for op
erand synchronization; namely, after MCP stores to 
memory (except FSTSW and FSTCW) or loads from 
memory. Used this way, WAIT ensures that the val
ue has already been written or read by the MCP be
fore the CPU reads or changes the value. 
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Once it has started to execute a numerics instruction 
and has transferred the operands from the Intel386 
DX CPU, the MCP can process the instruction in par
allel with and independent of the host CPU. When 
the MCP detects an exception, it asserts the ER
ROR # signal, which causes a Intel386 DX CPU in
terrupt. 

3.3.5 SYNCHRONOUS OR ASYNCHRONOUS 
MODES 

The internal logic of the Intel38? DX MCP (the FPU) 
can either operate directly from the CPU clock (syn
chronous mode) or from a separate clock (asynchro
nous mode). The two configurations are distin
guished by the CKM pin. In either case, the bus con
trol logic (BCl) of the MCP is synchronized with the 
CPU clock. Use of asynchronous mode allows the 
Intel386 DX CPU and the FPU section of the MCP to 
run at different speeds. In this case, the ratio of the 
frequency of NUMClK2 to the frequency of 
CPUClK2 must lie within the range 10:16 to 14:10. 
Use of synchronous mode eliminates one clock gen
erator from the board design. 

3.3.6 AUTOMATIC BUS CYCLE TERMINATION 

In configurations where no extra wait states are re
quired, READYO# can be used to drive the Intel386 
DX CPU READY # input. If this pin is used, it should 
be connected to the logic that ORs all READY out
puts from peripherals on the Intel386 DX CPU bus. 
READYO# is asserted by the MCP only during I/O 
cycles that select the MCP. Refer to section 3.4 
"Bus Operation" for details. 

3.4 Bus Operation 

With respect to the bus interface, the Intel38? DX 
MCP is fully synchronous with the Intel386 OX Mi
croprocessor. Both operate at the same rate, be
cause each generates its internal ClK signal by di
viding CPUClK2 by two. 

The Intel386 DX CPU initiates a new bus cycle by 
activating ADS#. The MCP recognizes a bus cycle, 
if, during the cycle in which ADS# is activated, 
STEN, NPS1 #, and NPS2 are all activated. Proper 
operation is achieved if NPS1 # is connected to the 
M/IO# output of the Intel386 DX CPU, and NPS2 to 
the A31 output. The Intel386 DX CPU's A31 output 
is guaranteed to be inactive in all bus cycles that do 
not address the MCP (Le. I/O cycles to other devic
es, interrupt acknowledge, and reserved types of 
bus cycles). System logic must not signal a 16-bit 
bus cycle via the Intel386 DX CPU BS16# input dur
ing I/O cycles when A31 is active. 
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During the ClK period in which ADS# is activated, 
the MCP also examines the W/R# input Signal to 
determine whether the cycle is a read or a write cy
cle and examines the CMDO# input to determine 
whether an opcode, operand, or control/status reg
ister transfer is to occur. 

The Intel38? DX MCP supports both pipelined and 
nonpipelined bus cycles. A nonpipelined cycle is one 
for which the Intel386 DX CPU asserts ADS# when 
no other MCP bus cycle is in progress. A pipelined 
bus cycle is one for which the Intel386 DX CPU as
serts ADS# and provides valid next-address and 
control signals as soon as in the second ClK period 
after the ADS# assertion for the previous Intel386 
DX CPU bus cycle. Pipelining increases the availabil
ity of the bus by at least one ClK perio,d. The MCP 
supports pipelined bus cycles in order to optimize 
address pipelining by the Intel386 DX CPU for mem
ory cycles. 

Bus operation is described in terms of an abstract 
state machine. Figure 3.4 illustrates the states and 
state transitions for MCP bus cycles: 

• TI is the idle state. This is the state of the bus 
logic after RESET, the state to which bus logic 
returns after evey nonpipelined bus cycle, and 
the state to which bus logic returns after a series 
of pipelined cycles. 

• T RS is the READY # sensitive state. Different 
types of bus cycle may require a minimum of one 
or two .successive T RS states. The bus logic re
mains in T RS state until READY # is sensed, at 
which point the bus cycle terminates. Any number 
of wait states may be implemented by delaying 
READY #, thereby causing additional successive 
TRS states. 

• T p is the first state for every pipelined bus cycle. 

ADS# 

READY# 

240448-9 

Figure 3.4. Bus State Diagram 
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The READYO# output of the Intel387 DX MCP indi
cates when a bus cycle for the MCP may be termi
nated if no extra wait states are required. For all 
write cycles (except those for the instructions 
FlDENV and FRSTOR), READYO# is always as
serted in the first T RS state, regardless of the num
ber of wait states. For all read cycles and write cy
cles for FlDENV and FRSTOR, READYO# is al
ways asserted in the second T RS state, regardless 
of the number of wait states. These rules apply to 
both pipelined and nonpipelined cycles. Systems de
signers must use READYO# in one of the following 
ways: 

1. Connect it (directly or through logic that ORs 
READY signals from other devices) to the 
READY # inputs of the Intel386 DX CPU and In
tel387 DX MCP. 

2. Use ,it as one input to a wait-state generator. 

The following sections illustrate different types of 
MC~ bus cycles. 

Because different instructions have different 
amounts of overhead before, between, and after op
erand transfer cycles, it is not possible to represent 
in a few diagrams all of the combinations of succes
sive operand transfer cycles. The following bus-cy
cle diagrams show memory cycles between MCP 
operand-transfer cycles. Note however that, during 
the instructions FlDENV, FSTENV, FSAVE, and 
'FRSTOR, some consecutive accesses to the MCP 
do not have intervening memory accesses. For the 
timing relationship between operand transfer cycles 
and opcode write or other overhead activities, see 
Figure 3.8. 

3.4.1 NONPIPELINED BUS CYCLES 

Figure 3.5 illustrates bus activity for consecutive 
nonpipelined bus cycles. 

3.4.1.1 Write Cycle 

At the second clock of the bus cycle, the Intel387 
DX MCP enters the TRS (READY#-sensitive) state. 
During this state, the Intel387 DX MCP samples the 
READY # input and stays in this state as long as 
READY # is inactive. 
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In write cycles, the MCP drives the READYO# sig
nal for one ClK period beginning with the second 
ClK of the bus cycle; therefore, the fastest write 
cycle takes two ClK cycles (see cycle 2 of Figure 
3.5). For the instructions FlDENV and FRSTOR, 
however, the MCP forces a wait state by delaying 
the activation of READYO# to the second T RS cy
cle (not shown in Figure 3.5). 

When READY # is asserted the MCP returns to the 
idle state, in which ADS# could be asserted again 
by the Intel386 DX Microprocessor for the next cy
cle. 

3.4.1.2 Read Cycle 

At the second clock of the bus cycle, the MCP en
ters the T RS state. See Figure 3.5. In this state, the 
MCP samples the READY # input and stays in this 
state as long as READY # is inactive. 

At the rising edge of ClK in the second clock period 
of the cycle, the MCP starts to drive the D31-DO 
outputs and continues to drive them as long as it 
stays in T RS state. 

In read cycles that address the MCP, at least one 
wait state must be inserted to insure that the In
tel386 DX CPU latches, the correct data. Since the 
MCP starts driving the system data bus only at the 
rising edge of ClK in the second clock period of the 
bus cycle, not enough time is left for the data signals 
to propagate and be latched by the Intel386 DX CPU 
at the falling edge of the same clock period. The 
MCP drives the READYO# signal for one ClK peri
od in the third ClK of the bus cycle. Therefore, if the 
READYO# output is used to drive the Intel386 DX 
CPU READY # input, one wait state is inserted auto
matically. 

Because one wait state is required for MCP reads, 
the minimum is three ClK cycles per read, as cycle 
3 of Figure 3.5 s.hows. 

When READY # is asserted the MCP returns to the 
idle state, in which ADS# could be asserted again 
by the Intel386 DX CPU for the next cycle. The tran
sition from T RS state to idle state.causes the MCP to 
put the tristate D31-DO outputs into the floating 
state, allowing another device to drive the system 
data bus. 
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Cycles 1 . & 2 represent part of the operand transfer cycle for instructions involving either 4-byte or a-byte operand loads. 
Cycles 3 & 4 represent part of the operand transfer cycle for a store operation. 
·Cycles 1 & 2 could repeat here or T, states for various non-operand transfer cycles and overhead. 

Figure 3.5. Nonplpelined Read and Write Cycles 

3.4.2 PIPELINED BUS CYCLES 

Because all the activities of the Intel387 DX MCP 
bus interface occur either during the T RS state 'or 
during the transitions to or from that state, the only 
difference between a pipelined and a nonpipelined 
cycle is the manner of changing from one state to 
another. The exact activities in each state are de
tailed in the previous section "Nonpipelined Bus Cy
cles". 

When the Intel386 DX CPU asserts ADS# before 
the end of a bus cycle, both ADS# and READY# 
are active during a T RS state. This condition causes 
the MCP to change to a different state named T p. 
The MCP activities in the transition from a T RS state 
to a T p state are exactly the same as those in the 
transition from a T RS state to a TI state in nonpipe
lined cycles. 

I 

T p state is metastable; therefore, one clock period 
later the MCP returns to T RS state. In consecutive 
pipelined cycles, the MCP bus logic uses only T RS 
and T p states. 

Figure 3.6 shows .. the fastest transition into and out 
of the pipelined tlus cycles. Cycle 1 in this figure 
represents a nonpipelined cycle. (Nonpipelined write 
cycles with only one T RS state (i.e. no wait states) 
are always followed by another nonpipelined cycle, 
because READY # is asserted before the earliest 
possible assertion of ADS# for the next cycle.) 

Figure 3.7 shows the pipelined write and read cycles 
with one additional T RS states beyond the minimum 
required. To delay the assertion of READY# re
quires external logic. 
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3.4.3 BUS CYCLES OF MIXED TYPE 

. When the Intel387 DX MCR bus logic is in the T RS 
state, it distinguishes between nonpipelined and 
pipelined cycles according to the behavior of ADS# 
and READY #. In a nonpipelined cycle, only 
READY # is activated, and the transition is from T RS 
to idle state. In a pipelined cycle, both READY # and 
ADS# are active and the transition is first from T RS 
state to T p state then, after one clock period, back 
to T RS state. 

3.4.4 BUSY # AND PEREQ TIMING 
RELATIONSHIP 

Figure 3.8 shows the activation of BUSY # at the 
beginning of instruction execution and its deactiva-

CPUClK2 

(ClK) 

CYCLE 1 
NON-PIPELINED 
MEMORY READ 

CYCLE 2 
PIPELINED 

MCP WRITE 

tion after execution of the instruction is complete. 
When possible, the Intel387 DX MCP may deacti
vate BUSY # prior to the completion of the current 
instruction allowing the CPU to transfer the next in
struction's opcode and operands. PEREa is activat
ed in this interval. If ERROR# (not shown in the 
diagram) is ever asserted, it would occur. at least six 
CPUCLK2 periods after the deactivation of PEREa 
and at least six CPUCLK2 periods before the deacti
vation of BUSY #. Figure 3.8 shows also that STEN 
is activated at the beginning of a bus cycle. 

CYCLE 3 
PIPELINED 

MEMORY ~EAD 

CYCLE 4 
NON-PIPELINED 

MCP WRITE 

NPS2, ~--~----~~---+-----rP---~----+---~~----~--~~--~ 
NPS1#, 
CMDII# 

W/R# 

ADS# 

READYO# 

00-031 

240448-11 

Cycle 1-Cycle 4 represent the operand transfer cycle for an instruction irlVolving a transfer of ~o 32-bit loads in total .. 
The opcode write cycles and other overhead are not shown. . . . .. . 
Note that the next cycle will ,be a pipelined cycle if both READY#, and ADS# are sampled active at the end of a TRS 
state of the current cycle. . 

Figure 3.6. Fastest Transitions to and from Plpellned Cycles 
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NOTE: 

CYCLE 1 
. PIPELINEO WRITE 

CPUCLK2 

(eLK) 

NOTE 1 CYCLE 2 
PIPELINED READ 

NPS2. ~---+----Tr---*~--+-~~~--4_--~~--~----~--_+--~ 
NPS1". 

"/10# 1'l----+----.p.---f.l....--+-~1_f~--4_--~~--~----p..--_+--~ 

w/R# 

ADS. 

REAOYO# 

1. Cycles between operand write to the MCP and storing result. 

NOTES: 
1. Instruction dependent. 

OPCODE 
WRITE 

Figure 3.7. Pipelined Cycles with Wait States 

NOTE 4 

NOTE 1 NOTE 2 

1ST OPERAND 
WRITE 

NOTE 3 NOTE 1 

240448-12 

240448-13 

2. PEREQ is an asynchronous input to the Intel386TM DX Microprocessor; it may not be asserted (instruction depen-
dent). . 
3. More operand transfers. 
4. Memory read (operand) cycle is not shown. 

Figure 3.8. STEN, BUSY # and PEREQ Timing Relationship 

3-295 



Intel387TM OX MATH COPROCESSOR 

4.0 ELECTRICAL DATA 

4.1 Absolute Maximum Ratings* 

Case Temperature T c 
Under Bias ................. - 65·C to + 11 O·C 

Storage Temperature .•...• ' .... - 65·C to + 150·C 

Voltage on Any Pin wit~ 
Respect to Ground ......... - 0.5 to V cc + 0.5V 

Power Dissipation ......•....••.....•..•.... 1.5W 

4.2 DC Characteristics 

NOTICE: This is a production data sheet. The specifi· 
cations are subject to change without notice. ' 

• WARtyING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Table 4.1. DC Specifications Tc = O· to 85·C, Vcc = 5V ± 5% 

Symbol Parameter Min Max Units Test Conditions 

V,l Input LO Voltage -0.3 +0.8 V (Note 1) 

V,H Input HI Voltage 2.0 Vcc + 0.3 V (Note 1) 

VCl CPUCLK2 Input LO Voltage -0.3 +0.8 V 

VCH CPUCLK2 Input HI Voltage 3.7 Vcc +0.3 V 

VOL Output LO Voltage 0.45 V (Note 2) 

VOH Output HI Voltage 2.4 V (Note 3) 

Icc Supply Current 
NUMCLK2 = 32 MHz(4) 160 mA Icc typo = 95 mA 
NUMCLK2 = 40 MHz(4) 180 inA Icc typo = 105 mA 
NUMCLK2 = 50 MHz(4) 210 mA Icc typo = 125 mA 
NUMCLK2 = 66.6 MHz(4) 250 mA Icc typo = 150 mA 

III Input Leakage Current ±15 /LA OV:<;:; V,N:<;:; Vcc 
IlO I/O Leakage Current ±15 /LA 0.45V :<;:; Vo :<;:; Vcc 
C,N Input Capacitance 10 pF fc = 1 MHz 
Co 1/0 or Output Capacitance 12 pF fc = 1 MHz 

CClK Clock Capacitance' 15 pF fc = 1 MHz 

NOTES: 
1. This parameter is for all inputs, including NUMClK2 but excluding CPUClK2. 
2. This parameter is measured at IOL as follows: 

data = 4.0 mA ' 
READYO# = 2.5 mA 
ERROR#, BUSY#, PEREa = 2.5 mA 

3. This parameter is measured at IOH as follows: 
data = 1.0 mA ' 
READYO# = 0.6 mA 
ERROR #, BUSY #, PEREa = 0.6 mA , 

'4. Icc is measured at steady state, maximum capacitive'loading on the outputs, CPUClK2 at the same frequency as 
NUMClK2. ' 
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4.3 AC Characteristics 

Pin 

NUMCLK2 
NUMCLK2 
NUMCLK2 
NUMCLK2 
NUMCLK2 
NUMCLK2 
NUMCLK2 

Pin 

CPUCLK2 
CPUCLK2 
CPUCLK2 
CPUCLK2 
CPUCLK2 
CPUCLK2 
CPUCLK2 

NUMCLK21 
CPUCLK2 

REAOYO# 
REAOYO#(1) 
PEREQ 
BUsy# 
BUsy#(1) 
ERROR# 

031-00 
D31-00 
031-00 
031-00(2) 

I 

Table 4.2a. i387 OX/i386 OX Interface and Execution Frequencies 

i387 OX 16-33 
i386 OX System Execution Frequency (MHz) 

Frequency (MHz) 
Min Max 

16MHz 10.0 MHz 22.4 MHz 
20 MHz 12.5 MHz 2B.0 MHz 
25 MHz 15.6 MHz 33.0 MHz 
33 MHz 20.6 MHz 33.0 MHz 

NOTE: 
The external clock frequencies for the i387 DX and i386 DX are 
equal to twice the interface and execution frequencies show 
above. 

Table 4.2b. Timing Requirements of the Execution Unit 
Te = o·e to + 85·e, Vee = 5V ±5% 

16 MHz-33 MHz Test Symbol Parameter 
Min (ns) Max (ns) Conditions 

t1 Period 15 125 2.0V 
t2a High Time 6.25 2.0V 
t2b High Time 4.5 3.7V 
t3a Low Time 6.25 2.0V 
t3b Low Time 4.5 O.BV 
t4 Fail Time 6 3.7Vto O.BV 
t5 Rise Time 6 0.BVto2.7V 

Table 4.2c. Timing Requirements of the Bus Interface Unit 
Te = o·eto + 85·e, Vee = 5V ±5% 

(All measurements made at 1.5V and 50 pF unless otherwise specified) 

16 MHz-33 MHz Test Symbol Parameter 
Min (ns) Max (ns) Conditions 

t1 Period 15 125 2.0V 
t2a High Time 6.25 2.0V 
t2b High Time 4.5 3.7V 
t3a Low Time 6.25 2.0V 
t3b Low Time 4.5 O.BV 
t4 Fail Time 6 3.7Vto O.BV 
t5 Rise Time 6 0.BVto3.7V 

Ratio 10/16 14/10 

t7 OutOeiay 4 17 
t7 OutOeiay 4 15 CL = 25pF 
t7 OutOeiay 4 25 
t7 OutOeiay 4 21 
t7 OutOelay 4 19 CL = 25 pF 
t7 OutOelay 4 25 

tB OutOelay 0 37 
t10 Setup Time B 
t11 Hold Time B 
t12 Float Time 3 19 

Figure 
Reference 

4.1 

Figure 
Reference 

4.1 
. 

4.2 

4.3 
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Table 4.2c. Timing Requirements of the Bus Interface Unit (Continued) 
Te = O°Cto + 85°C, Vee = 5V ±5% 

(All measurements made at 1.5V and 50 pF unless otherwise specified) 

16 MHz-33 MHz Test Figure Pin Parameter Symbol 
Min (ns) Max (ns) Conditions Reference 

PEREQ(2) t13 Float Time 1 30 4.5 
BUSy#(2) t13 Float Time 1 30 
ERROR # (2) t13 Float Time 1 30 
READYO#(2) t13 Float Time 1 30 

ADS# t14 Setup Time 13 4.3 
ADS# t15 Hold Time 4 
W/R# t14 Setup Time 13 
W/R# t15 Hold Time 4 

READY # t16 Setup Time 7 
READY # t17 Hold Time 4 
CMDO# t16 Setup Time 13 
CMDO# t17 Hold Time 2 
NPS1# t16 Setup Time 13 
NPS2 
NPS1# t17 Hold Time 2 
NPS2 
STEN t16 Setup Time 13 
STEN t17 Hold Time 2 

RESETIN t18 Setup Time 5 4.4 
RESETIN t19 Hold Time 3 

NOTES: 
1. Not tested at 25 pF. 
2. Float delay is not tested. Float condition occurs when maximum output current becomes less than ILO in magnitude. 

NOIol+& r-----,----~--__r--____, 

NOtol+3 f----f----+----:::"""""""'--::>"'""'--l 

Nmt f----:::-"'=---+----..A----j 

NOt.l-J f----f----::7"+----+----j 

NOIol-6 1-----,,4---+----+------1 

NOW-9 f----t---+----+----f 

N0t.4-12 '--__ ~ ___ .L-__ --J... __ __' 

50 75 

*nom - nominal value 

NOTE: 

10. 
p' 

125 150 

240448-14 

This graph will not be linear outside of the CL range 
shown. 

Figure 4.0a. Typical Output Valid Delay vs Load 
Capacitance at Max Operating Temperature 

3·298 

240448-15. 

NOTE: 
This graph will not be linear outside of the CL range 
shown. 

Figure 4.0b. Typical Output Rise Time vs Load 
Capacitance at Max Operating Temperature 
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CPUCLK2/NUMCLK2 

r:'~i" 
1.~"---_}- 3.0V 

INPUTS . OV 

Figure 4.1. CPUCLK2INUMCLK2 Waveform and Measurement Points for 
Input/Output A.C. Specifications 

(CLK) (PH2) \\. __ CP_H_1 )_---11 <'"'l 

CPUCLK2 

(OUTPUTS) 

240448-16 

(ERROR# REFERENCED TO NUMCLK2) 
240448-17 

Figure 4.2. Output Signals 
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NOTE: 

(CLK)\ (PHI) / (PH2) \ (PHI) /. (PH2) '--

NPSI #. NPS2. 
STEN. 

CMOO# 

REAOY# 

00-031 
(INPUT) 

00-031 
(OUTPUT) 

Figure 4.3. Input and 1/0 Signals 

(CLK) / (PHI or PH2) \ (PHI or PH2) ~ 

CPUCLK2 

RESET 

The second internal processor phase following RESET high to low transition is PH2. 

3-300 

STEN 

00-031. PEREQ 
BUSYH. ERRORH. REAOYOH 

Figure 4.4. RESET Signal 

Figure 4.5. Float from STEN 

240448-18 

240448-19 

240448-20 
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Pin 

RESETIN 

RESETIN 

BUSY# 

BUSY #, ERROR # 

PEREa, ERROR # 

READY #, BUSY # 

READY # 

READY# 

Intel387™ OX MATH COPROCESSOR 

Table 4.3. Other Parameters 

Symbol Parameter Min Max 

t30 Duration 40 

t31 RESETIN Inactive to 1 st Opcode Write 50 

t32 Duration 6 

t33 ERROR # (In) Active to BUSY # Inactive 6 

t34 PEREa Inactive to ERROR # Active 6 

t35 READY # Active to BUSY # Active 4 4 

t36 Minimum Time from Opcode Write to 6 
Opcode/Operand Write 

t37 Minimum Time from Operand Write to 8 
Operand Write 

•• 
1ST OPCODE 

WRITE NOTE 1 
1 ST OPERAND 2ND OPERAND 

WRITE WRITE (NOTE 1 ) 

(4---I---'f- t36 -+--+---(+--

Units 

NUMCLK2 

NUMCLK2 

CPUCLK2 

CPUCLK2 

CPUCLK2 

CPUCLK2 

CPUCLK2 

CPUCLK2 

~I~~--~~~~--~--~~~--~~~~--~ 

ADS# 

READY# 

BUSY# 

PEREQ 

ERROR# 

• In NUMCLK2's 
•• or last operand 

NOTE: 

I-+--+-~~ 

~H---~~~~--~~+-~~~~ 

~~---+~~----+---~~ 

t3S--I---l---f---+-t32--l----J-----iI----+l 

I 
240448-21 

1. Memory read (operand) cycle is not shown. 

Figure 4.6. Other Parameters 
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Instruction 

1 

2 

3 

4 

5 

11011 

11011 

11011 

11011 

11011 

15-11 

First Byte 

OPA 

MF 

d P 

0 0 

0 1 

10 9 

1 MOD 

OPA MOD 

OPA 1 

1 1 

1 1 

8 7 

5.0 Intel387TM OX MCP EXTENSIONS 
TO THE Intel386™ OX CPU 
INSTRUCTION SET 

Instructions for the Intel387 DX MCP assume one of 
the five forms shown in the following table. In all 
cases, instructions are at least two bytes long and 
begin with the bit pattern 11011 B, which identifies 
the ESCAPE class of instruction. Instructions that 
refer to memory operands specify addresses using 
the Intel386 DX CPU addressing modes. 

OP = Instruction opcode, possible split into two 
fields OPA and OPB ' 

MF = Memory Format 
00-32-bit real 
01-32-bit integer 
10-64-bit real 
11-16-bit integer 

P = Pop 
O-Do not pop stack 
1-Pop stack after operation 

ESC = 11011 

d = Destination 
O-Destination is ST(O) 
1-Destination is STeil 

R XOR d = O-Destination (op) Source 
R XOR d = 1-Source (op) Destination 

3-302 

Optional 

Second Byte Fields 

1 I OPB RIM SIB I DISP 

OPB RIM SIB I DISP 

1 OPB STeil 

1 1 I OP 

1 1 1 OP 

6 5 43210 

STeil = Register stack element i 
000 = Stack top 
001 = Second stack element 

• 
• 
• 

111 = Eighth stack element 

MOD (Mode field) and RIM (Register/Memory spec
ifier) have the same interpretation as "the corre
sponding fields of the Intel386 DX Microprocessor 
instructions (refer to Intel386fM DX Microprocessor 
Programmer's Reference Manual). 

SIB (Scale Index Base) byte and DISP (displace
ment) are optionally present in instructions that have 
MOD and RIM fields. Their presence depends on 
the values of MOD and RIM, as for Intel386 DX Mi
croprocessor instructions. 

The instruction summaries that follow assume that 
the instruction has been prefetched, decoded, and is 
ready for execution; that bus cycles do not require 
wait states; that there are no local bus HOLD re
quest delaying processor access to the bus; and 
that no exceptions are detected during instruction 
execution. If the instruction has MOD and RIM fields 
that call for both base and index registers, add one 
clock,. 
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Intel387TM OX MCP Extensions to the Intel386™ OX CPU Instruction Set 

I Encoding Clock Count Range 
Instruction I Byte I Byte I Optional 32-Blt I 32-Blt I 64-Blt I 16-Blt 

0 1 Bytes 2-6 Real Integer Real Integer 
OATA TRANSFER 

FLO = Load" 
Integer/real memory to ST(O) I ESCMFI I MOD 000 RIM I SIB/DISP 9-18 26-42 16-23 42-53 

Long integer memory to ST(O) I ESClll I MOD 101 RIM I SIB/DISP 26-54 

Extended real memory to ST(O) L ESCOll I MOD 101 RIM I SIB/DISP 12-43 

BCD memory to ST(O) I ESClll I MOD 100 RIM I SIB/DISP 45-97 

STeil to ST(O) I ESC 001 I 11000ST(i) I 7-12 

FST = Store 

ST(O) to integer/real memory I ESCMFI I MOD 010 RIM I SIB/DISP 25-43 57-76 32-44 58-76 

ST(O) to STeil I ESC 101 I 11010ST(i) I 7-11 

FSTP = Store and Pop 

ST(O) to integer/real memory I ESCMFI I MODOll RIM I SIB/DISP 25-43 57-76 32-44 58-76 

ST(O) to long integer memory L ESClll J MODlll RIM I SIB/DISP 60-82 

ST(O) to extended real L ESC 011 ~ MOD 111 R/M-' SIB/DISP 46-52 

ST(O) to BCD memory I ESC111 I MODll0R/M I SIB/DISP 112-190 

ST(O) to STeil I ESC 101 I 1101IST(i) I 7-11 

FXCH = Exchange 

STeil and ST(O) I ESC 001 I 11001 STeil I 10-17 

COMPARISON 

FCOM = Compare 

Integer/real memory to ST(O) I ESCMFO I MOD 010 RIM I SIB/DISP 13-25 34-52 14-27 39-62 

STeil to ST(O) I ESC 000 I 11010ST(i) I 13-21 

FCOMP = Compare and pop 

Integer/real memory to ST I ESCMFO I MODOll RIM I SIB/DISP 13-25 34-52 14-27 39-62 

STeil to ST(O) I ESC 000 I 11011 STeil I 13-21 

FCOMPP = Compare and pop twice 

ST(I) to ST(O) I ESC110 I 11011001 I 13-21 

FTST = Test ST(O) I ESC 001 I 11100100 I 17-25 

FUCOM = Unordered compare I ESC 101 I 11100ST(i! I 13-21 

FUCOMP = Unordered compare 
and pop I ESC 101 I 11101 SlO) I 18-21 

FUCOMPP .. Unordered compare 
and pop twice , I ESC 010 I 11101001 I 13~21 

FXAM = Examine ST(O) I ESC 001 I 11100101 I 24-37 

CONSTANTS 

FLOZ = Load + 0.0 into ST(O) I ESC 001 I 11101110 I 10-17 

FLOI = Load +1.0intoST(0) I ESC 001 I 11101000 I 15-22 

FLOPI = Load pi into ST(O) I ESC 001 I 11101011 I 26-36 

FLOL2T = Load 1092(10) into ST(O) I ESC 001 I 11101001 I 26-36 

Shaded areas indicate instructions not available in 8087/80287. 

NOTE: 
a. When loading single- or double-precision zero from'memory, add 5 clocks. 
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Intel387TM OX MCP Extensions to the Intel386TM OX CPU Instruction Set (Continued) 

I Encoding Clock Count Range 

Instruction I Byte I Byt. I Optional 32-Blt I 32-Blt I 64-Blt I 16-Blt 
0 1 Bytes 2-6 Real Integer Real Integer 

CONSTANTS (Continued) 

FLDL2E = Load log2(e) into ST(O) I ESC 001 I 11101010 I 26-36 

FLDLG2 = Load loglO(2) into ST(O) I ESC 001 I 11101100 I 25-35 

FLDLN2 = Load log.(2) Into ST(O) I ESC 001 I 11101101 I 26-38 

ARITHMETIC 

FADD = Add 

Integer/real memory with ST(O) I ESCMFO I MOD 000 R/M ' I SIB/DISP 12-29 34-58 15-34 38-64 

ST(i) and ST(O) I ESCd PO I 11000ST(i) I 12-26b 

FSUB = Subtract 

Integer/real mem0'X with ST(O) I ESCMFO I MOD10RR/M I SIB/DISP 12-29 34-56 15-34 38-64c 

ST(i) and ST(O) I ESCdPO I 1110 R R/M I 12-26d 

FMUL = Multiply 

Integer/real memory with ST(O) I ESCMFO I MOD 001 R/M I SIB/DISP 19-32 43-71 23-53 46-74 

ST(i) and ST(O) I ESCdPO I 11001 R/M I 17-50· 

FDIV = Divide , 

Integer/real memory with ST(O) I ESCMFO I MOD 11 R R/M I SIB/DISP 77-85 101-114f 81-91 105-1249 

STO) and ST(O) I ESCdPO I 1111 RR/M I 77·80h 

FSQRTi = Square root I ESC 001 I 11111010 I 97-111 

~SCALE = Scale ST(O) by ST(I) I ESC 001 I 11111101 I 44-82 

FPREM = Partial remainder I ESC 001 I 11111000 I 56-140 
.' 

FPMUI = Partial remainder 
(IEee) I. ESCOOt I 11110101 I 81-168 

FRNDINT = Round ST(O) I ESC 001 I 11111100 I 41-62 
to integer 

FXTRACT = Extract components 
oISl(O) I ESC 001 I 11110100 I 42-63 

FABS = Absolute value 01 Sl(O) I ESC 001 I 11100001 I 14-21 

FCHS = Change sign 01 Sl(O) I ESC 001 I 11100000' I 17-24 

Shaded areas indicate instructions not available in 8087/80287. 

NOTES: 
b. Add 3 clocks to the range when d = 1. 
c. Add 1 clock to each range when R = 1. 
d. Add 3 clocks to the range when d = O. 
e. typical = 52 (When d = 0, 46-54, typical = 49). 
f. Add 1 clock to the range when R = 1. 
g. 135-141 when R = 1. 
h. Add 3 clocks to the range when d = 1. 
i. -0 ,;:; ST(O) ,;:; + 00. 
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Intel387TM OX MCP Extensions to the Intel386™ OX CPU Instruction Set (Continued) 

I Encoding 
Instruction 

I Byte I Byte I Optional Clock Count Range 

0 1 Bytes 2-6 

TRANSCENDENTAL 

FCOSk Cosine of ST(O) ESC 001 I 1111 1111 I 122-660 

FPTANk ~ Partial tangent of ST(O) ESC 001 I 11110010 I 162-430i 

FPATAN ~ Partial arctangent ESC 001 I 11110011 . I 250-420 

FSINk = Sine of ST(Ol ESC 001 I 11111110 I 121-660 

F$INCOSk = Sine and cosine of ST(O) ESC 001 I 11111011 I 150-650 

F2XMli ~ 2ST(0) - 1 ESC 001 I 11110000 I 167-410 

FYL2Xm ~ ST(l) • I092(ST(0» ESC 001 I 11110001 I 99-436 

FYL2XP1" ~ ST(l)" I092(ST(0) + 1,0) ESC 001 I 11111001 I 210-447 

PROCESSOR CONTROL 

FINIT ~ Initialize MCP I ESCOll I 11100011 I 33 

FSTSW AX ~ Store status word I ESC111 I 11100000 I 13 

FLDCW ~ Load control word I ESC 001 I MOD 101 RIM I SIB/DISP 19 

FSTCW ~ Store control word I ESC 101 I MOD 111 RIM I SIB/DISP 15 

FSTSW ~ Store status word I ESC 101 I MOD 111 RIM J SIB/DISP 15 

FCLEX ~ Clear exceptions I ESCOll I 11100010 I 11 

FSTENV ~ Store environment I ESC 001 I MODll0R/M I SIB/DISP 103-104 

FLDENV ~ Load environment I ESC 001 I MOD 100 RIM I SIB/DISP 71 

FSA VE ~ Save state I ESC 101 I MOD 110 RIM I SIB/DISP 375-376 

FRSTOR ~ Restore state I ESC 101 I MOD 100 RIM I SIB/DISP 308 

FINCSTP ~ Increment stack painter I ESC 001 I 11110111 I 21 

FDECSTP ~ Decrement stack pointer I ESC 001 I 11110110 I 22 

FFREE ~ Free STeil I ESC 101 I 11000 STeil I 18 

FNOP ~ No operations I ESC 001 I 11010000 I 12 

Shaded areas indicate instructions not available in 8087/80287. 

NOTES: 
j. These timings hold for operands in the range Ixl < 7T 1 4. For operands not in this range, up to 76 additional clocks may be 
needed to reduce the operand. 
k. 0 ,;; I ST(O) I < 263. 
I. -1.0 ,;; ST(O) ,;; 1.0. 
m,O ,;; ST(O) < 00, - 00 < ST(l) < + 00, 

n.O ,;; ISJ(O)I < (2 - SQRT(2))/2, - 00 < ST(l) < + 00. 
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APPENDIX A 
COMPATIBILITY BETWEEN 
THE 80287 AND THE 8087 

The 80286/80287 operating in Real-Address mode 
will execute 808618087 programs without major 
modification. However, because of differences in the 
handling of numeric exceptions by the 80287 MCP 
and the 8087 MCP, exception-handling routines may 
need to be changed. 

This appendix summarizes the differences between 
the 80287 MCP and the 8087 MCP, and provides 
details showing how 8086/8087 programs can be 
ported to the 80286/80287. 

1. The MCP signals exceptions through a dedicated 
ERROR # line to the 80286. The MCP error signal 
does not pass through an interrupt controller (the 
8087 INT signal does). Therefore, any interrupt
controller-oriented instructions in numeric excep
tion handlers for the 8086/8087 should be delet
ed. 

2. The 8087 instructions FENIIFNENI and FDISII 
FNDISI perform no useful function in the 80287. If 
the 80287 encounters one of these opcodes in its 
instruction stream, the instruction will effectively 
be ignored-none of the 80287 internal states will 
be updated. While 8086/8087 containing these 
instructions may be executed on the 
80286/80287, it is unlikely that the exception
handling routines containing these instructions 
will be completely portable to the 80287. 

3. Interrupt vector 16 must point to the numeric ex
ception handling routine. 

4. The ESC instruction address saved in the 80287 
includes any leading prefixes before the ESC op
code. The corresponding address saved in the 
8087 does not include leading prefixes. 

5. In Protected-Address mode, the format of the 
80287's saved instruction and address pointers is 
different than for the 8087. The instruction op
code is not saved in Protected mode-exception 
handlers will have to retrieve the opcode from 
memory if needed. 

6. Interrupt 7 will occur in the 80286 when executing 
ESC instructions with either TS (task switched) or 
EM (emulation) of the 80286 MSW set (TS = 1 or 
EM = 1). If TS is set, then a WAIT instruction will 
also cause interrupt 7. An exception handler 
should be included in 80286/80287 code to han
dle these situations. 
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7. Interrupt 9 will occur if the second or subsequent 
words of a floating-point operand fall outside a 
segment's size. Interrupt 13 will occur if the start
ing address of a numeric operand falls outside a 
segment's size. An exception handler should be 
included in 80286/80287 code to report these 
programming errors. 

8. Except for the processor control instructions, all 
of <the 80287 numeric instructions are automati
cally synchronized by the 80286 CPU-the 80286 
automatically tests the BUSY # line from the 
80287 to ensure that the 80287 has completed its 
previous instruction before executing the next 
ESC instruction. No explicit WAIT instructions are 
required to assure this synchronization. For the 
8087 used with 8086 and 8088 processors, ex
plicit WAITs are required before each numeric in
struction to ensure synchronization. Although 
8086/8087 programs having explicit WAIT in
structions will execute perfectly on the 
80286/80287 without reassembly, these WAIT in
structions are unnecessary. 

9. Since the 80287 does not require WAIT instruc
tions before each numeric instruction, the 
ASM286 assembler does not automatically gener
ate these WAIT instructions. The ASM86 assem
bler, however, automatically precedes every ESC 
instruction with a WAIT instruction. Although nu
meric routines generated using the ASM86 as
sembler will generally execute correctly on the 
80286/80287, reassembly using ASM286 may re
sult in a more compact code image. 

The processor control instructions for the 80287 
may be coded using either a WAIT or No-WAIT 
form of mnemonic. The WAIT forms of these in~ 
structions cause ASM286 to precede the ESC in
struction with a CPU WAIT instruction, in the iden
tical manner as does ASM86. 

DATA SHEET REVISION REVIEW 

The following list represents the key differences be
tween this and the -003 versions of the Intel387™ 
Math Coprocessor Data Sheet. Please review this 
summary carefully. 

1. Corrected typographical errors. 

2. Corrected clock ratio "PIN" name on Table 4.2c 
to NUMCLK/CPUCLK. 
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• Full 32-Bit Internal Architecture • Large Uniform Address Space 
- 8-, 16-, 32-Bit Data Types -16 Megabyte Physical 
- 8 General Purpose 32-Bit Registers - 64 Terabyte Virtual 

• Runs Intel386™ Software in a Cost - 4 Gigabyte Maximum Segment Size 

Effective 16-Bit Hardware Environment • Numerics Support with the Intel387TM 
- Runs Same Applications and O.S.'s SX Math CoProcessor 

as the Intel386TM OX Processor • On-Chip Debugging Support Including 
- Object Code Compatible with 8086, Breakpoint Registers 

80186,80286, and Intel386™ 
Processors • Complete System Development 

• High Performance 16-Bit Data Bus 
Support 
- Software: C, PLIM, Assembler 

- 16, 20, 25 and 33 MHz Clock - Debuggers: PMON-386 OX, 
- Two-Clock Bus Cycles ICETM-386 SX 
- Address Pipelining Allows Use of 

SlowerlCheaper Memories • High Speed CHMOS IV Technology 

• Integrated Memory Management Unit • Operating Frequency: 
- Virtual Memory Support -Standard 
- Optional On-Chip Paging (Inte1386 SX -33, -25, -20, -16) 
- 4 Levels of Hardware Enforced MinIMax Frequency 

Protection (4/33, 4125, 4/20, 4/16) MHz 
- MMU Fully Compatible with Those of -Low Power 

the 80286 and Intel386 OX CPUs (Inte1386 SX -33, -25, -20, -16, -12) 

• Virtual 8086 Mode Allows Execution of 
MinIMax Frequency 

8086 Software in a Protected and 
(2/33,2/25,2/20,2/16,2/12) MHz 

Paged System • 100-Pin Plastic Quad Flatpack Package 
(See Packaging Outlines and Dimensions #231369) 

The Intel386TM SX Microprocessor is an entry·level 32·bit CPU with a 16·bit external data bus and a 24-bit 
external address bus. The Intel386 SX CPU brings the vast software library of the Intel386TM Architecture to 
entry-level systems. It provides the performance benefits of a 32·bit programming architecture with the cost 
savings associated with 16-bit hardware systems. 
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1.0 PIN DESCRIPTION 

NOTE: 
NC = No Connect 

DO 
VSS 
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HOLD 

VSS 
HA# 

READY# 
Vee 
Vee 
Vee 
Vss 
Vss 
Vss 
Vss 
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ADS# 
BLE# 
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BHE# 

He 
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VSS 

M/IO# 
D/e# 
W/R# 
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Figure 1.1. Intel386TM SX Microprocessor Pin out Top View 

Table 1.1. Alphabetical Pin Assignments 

Address Data Control N/C Vee Vss 

Al 18 00 1 AOS# 16 20 8 2 
A2 51 01 100 BHE# 19 27 9 5 
A3 52 02 99 BLE# 17 29 10 11 
~ 53 03 96 BUSY# 34 30 21 12 
A5 54 04 95 CLK2 15 31 32 13 
Ae 55 05 94 O/C# 24 43 39 14 
A7 56 Oe 93 ERROR# 36 44 42 22 
As 58 07 92 FLT# 28 45 48 35 
A9 59 Os 90 HLOA 3 46 57 41 
Al0 60 09 89 HOLO 4 47 69 49 
A11 61 010 88 INTR 40 71 50 
A12 62 0 11 87 LOCK# 26 84 63 
A13 64 012 86 M/IO# 23 91 67 
A14 65 013 83 NA# 6 97 68 
A15 66 014 82 NMI 38 77 
Ale 70 015 81 PEREa 37 78 
A17 72 REAOY# 7 85 
A1S 73 RESET 33 98 
A19 74 W/R# 25 
A20 75 
A21 76 
A22 79 
A23 80 
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1.0 PIN DESCRIPTION (Continued) 

The following are the Intel386TM SX Microprocessor pin descriptions. The following definitions are used in the. 
pin descriptions: 

# 
I 

The named signal is active LOW. 
Input signal. 

o 
I/O 

Output signal. 
Input and Output signal. 
No electrical connection. 

Symbol Type Pin 

CLK2 I 15 

RESET I 33 

015-0 0 I/O 81-83,86-90, 
92-96,99-100,1 

A23-A1 0 80-79,76-72,70, 
66-64,62-58, 
56-51,18 

W/R# 0 25 

O/C# 0 24 

MIIO# 0 23 

LOCK# 0 26 

AOS# 0 16 

NA# I 6 

REAOY# I 7 

BHE#, BLE# 0 19,17 
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Name and Function 

CLK2 provides the fundamental timing for the Intel386 SX 
Microprocessor. For additional information see Clock. 

RESET suspends any operation in progress and places the 
Intel386 SX Microprocessor in a known reset state. See 
Interrupt Signals for additional information. 

Data Bus inputs data during memory, I/O and interrupt 
acknowledge read cycles and outputs data during memory and 
I/O write cycles. See Data Bus for additional information. 

Address Bus outputs physical memory or port I/O addresses. 
See Address Bus for additional information. 

Write/Read is a bus cycle definition pin that distinguishes write 
cycles from read cycles. See Bus Cycle Definition Signals for 
additional information. 

Data/Control is a bus cycle definition pin that distinguishes data 
cycles, either memory or I/O, from control cycles which are: 
interrupt acknowledge, halt, and code fetch. See Bus Cycle 
Definition Signals for additional information. 

Memory/lO is a bus cycle definition pin that distinguishes 
memory cycles from input/output cycles. See Bus Cycle 
Definition Signals for additional information. 

Bus Lock is a bus cycle definition pin that indicates that other 
system bus masters are not to gain control of the system bus 
while it is active. See Bus Cycle Definition Signals for 
additional information. 

Address Status indicates that a valid bus cycle definition and 
address (W/R#, O/C#, MIIO#, BHE#, BLE# and A23-A1 are 
being driven at the Intel386 SX Microprocessor pins. See Bus 
Control Signals for additional information. 

Next Address is used to request addre~s pipelining. See Bus 
Control Signals for additional information. 

Bus Ready terminates the bus cycle. See Bus Control Signals 
for additional information. 

Byte Enables indicate which data bytes of the data bus take part 
in a bus cycle. See Address Bus for additional information. 

I 
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1.0 PIN DESCRIPTION (Continued) 

Symbol Type Pin Name and Function 

HOLD I 4 Bus Hold Request input allows another bus master to request 
control of the local bus. See Bus Arbitration Signals for 
additional information. 

HLDA a 3 Bus Hold Acknowledge output indicates that the Intel386 SX 
Microprocessor has surrendered control of its local bus to 
another bus master. See Bus Arbitration Signals for additional 
information. 

INTR I 40 Interrupt Request is a maskable input that signals the Intel386 
SX Microprocessor to suspend execution of the current program 
and execute an interrupt acknowledge function. See Interrupt 
Signals for additional information. 

NMI I 38 Non-Maskable Interrupt Request is a non-maskable input that 
signals the Intel386 SX Microprocessor to suspend execution of 
the current program and execute an interrupt acknowledge 
function. See Interrupt Signals for additional information. 

BUSY# I 34 Busy signals a busy condition from a processor extension. See 
Coprocessor Interface Signals for additional information. 

ERROR# I 36 Error signals an error condition from a processor extension. See 
Coprocessor Interface Signals for additional information. 

PEREQ I 37 Processor Extension Request indicates that the processor has 
data to be transferred by the Intel386 SX Microprocessor. See 
Coprocessor Interface Signals for additional information. 

FLT# I 28 Float is an input which forces all bidirectional and output signals, 
including HLDA, to the tri-state condition. This allows the 
electrically isolated Intel386SX PQFP to use ONCE (On-Circuit 
Emulation) method without removing it from the PCB. See Float 
for additional information. 

N/C - 20,27,29-31,43-47 No Connects should always be left unconnected. Connection of 
a N/C pin may cause the processor to malfunction or be 
incompatible with future steppings of the Intel386 SX 
Microprocessor. 

Vee I 8-10,21,32,39 System Power provides the + 5V nominal DC supply input. 
42,48,57,69, 
71,84,91,97 

Vss I 2,5,11-14,22 System Ground provides the OV connection from which all 
35,41,49-50, inputs and outputs are measured. 
63,67-68, 
77-78,85,98 
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INTRODUCTION 

The Intel386 SX Microprocessor is 100% object 
code compatible with the Intel386 OX, 286 and 8086 
microprocessors. Systems based on the Intel386 SX 
CPU can access the world's largest existing micro
computer software base, including the growing 32-
bit software base. 

Instruction pipelining and a high performance ALU 
ensure short average instruction execution times 
and high system throughput. 

The integrated memory management unit (MMU) in
cludes an address translation cache, multi-tasking 
hardware, and a four-level hardware-enforced pro
tection mechanism to support operating systems. 
The virtual machine capability of the Intel386 SX 
CPU allows simultaneous execution of applications 
from multiple operating systems. 

The Intel386 SX CPU offers on-chip testability and 
debugging features. Four breakpoint registers allow 
conditional or unconditional breakpoint traps on 
code execution or data accesses for powerful de
bugging of even ROM-based systems. Other testa
bility features include self-test, tri-state of output 
buffers, and direct access to the page translation 
cache. 

The Low Power Intel386 SX CPU brings the benefits 
of the Intel386 Microprocessor 32-bit architecture to 
Laptop and Notebook personal computer applica
tions. With its power saving 2 MHz sleep-mode and 
extended functional temperature range of O·C to 
100·C T CASE, the Lower Power Intel386 SX CPU 
specifically satisfies the power consumption and 
heat dissipation requirements of today's small form 
factor computers. 

2.0 BASE ARCHITECTURE 

The Intel386 SX Microprocessor consists of a cen
tral processing unit, a memory management unit and 
a bus interface. 

The central processing unit consists of the execu
tion unit and the instruction unit. The execution unit 
contains the eight 32-bit general purpose registers 
which are used for both address calculation and 
data operations and a 64-bit barrel shifter used to 
speed shift, rotate, multiply, and divide operations. 
The instruction unit decodes the instruction opcodes 

3-312 

and stores them in the decoded instruction queue 
for immediate use by the execution unit. 

The memory management unit (MMU) consists of a. 
segmentation unit and a paging unit. Segmentation 
allows the managing of the logical address space by 
providing an extra addressing component, one that 
allows easy coqe and data relocatability, and effi
cient sharing. The paging mechanism opr'ates be
neath and is transparent to the segmentation pro
cess, to allow management of the physical address 
space. 

The segmentation unit provides four levels of pro
tection for isolating and protecting applications and 
the operating system from each other. The hardware 
enforced protection allows the design of systems 
with a high degree of integrity. 

The Intel386 SX Microprocessor has two modes of 
operation: Real Address Mode (Real Mode), and 
Protected Virtual Address Mode (Protected Mode). 
In Real Mode the Intel386 SX Microprocessor oper
ates as a very fast 8086, but with 32-bit extensions if 
desired. Real Mode is required primarily to set up the 
processor for Protected Mode operation. 

Within Protected Mode, software can perform a task 
switch to enter into tasks designated as Virtual 8086 
Mode tasks. Each such task behaves with 8086 se
mantics, thus allowing 8086 software (an application 
program or an entire operating system) to execute. 
The Virtual 8086 tasks can be isolated and protect
ed from one another and the host Intel386 SX Micro
processor operating system by use of paging. 

Finally, to facilitate system hardware deSigns, the 
Intel386 SX Microprocessor bus interface offers ad
dress pipelining and direct Byte Enable signals for 
each byte of the data bus. 

2.1 Register Set 

The Intel386 SX Microprocessor has thirty-four reg
isters as shown in Figure 2-1. These registers are 
grouped into the following seven categories: 

General Purpose Registers: The eight 32-bit gen
eral purpose registers are used to contain arithmetic 
and logical operands. Four of these (EAX, EBX, 
ECX, and EOX) can be used either in their entirety as 
32-bit registers, as 16-bit registers, or split into pairs 
of separate a-bit registers. 
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Figure 2.1. Intel386™ SX Microprocessor Registers 
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Segment Registers: Six 16-bit special purpose reg
isters select, at any given time, the segments of 
memory that are immediately addressable for code, 
stack, and data. 

Flags and Instruction Pointer Registers: The two 
32-bit special purpose registers in figure 2.1 record 
or control certain aspects of the Intel386 SX Micro
processor state. The EFLAGS register includes 
status and control bits that are used to reflect the 
outcome of many instructions and modify the se
mantics of some instructions. The Instruction Point
er, called EIP, is 32 bits wide. The Instruction Pointer 
controls instruction fetching and the processor auto
matically increments it after executing an instruction. 

Control Registers: The four 32-bit control register 
are used to control the global nature of the Intel386 
SX Microprocessor. The CRO register contains bits 
that set the different processor modes (Protected, 
Real, Paging and Coprocessor Emulation). CR2 and 
CR3 registers are used in the paging operation. 

SPECIAL FIELDS: 

System Address Registers: These four special 
registers reference the tables or segments support
ed by the 80286/lnte1386 SX/lntel386 DX CPU's 
protection model. These tables or segments are: 

GDTR (Global Descriptor Table Register), 
IDTR.(lnterrupt Descriptor Table Register), 
LDTR (Local Descriptor Table Register), 
TR (Task State Segment Register). 

Debug Registers: The six programmer accessible 
debug registers provide on-chip support for debug
ging. The use of the debug registers is described in 
Section 2.10 Debugging Support. 

Test Registers: Two registers are used to control 
the testing of the RAM/CAM (Content Addressable 
Memories) in the Translation Lookaside Buffer por
tion of the Intel386 SX Microprocessor. Their use is 
discussed in Testability. 

STATUS fLAGS: 

.---------------OVERFLOW 

;---------- SIGN 

.---------- ZERO 

,------AUX CARRY 

I/o PRIVILEGE LEVEL -----------., 

NESTED TASK ----.,.-----., 

,---- PARITY 

CARRY 

.-------- PAGING ENABLE 

CONTROL FLAGS 

L----TRAP 

'------INTERRUPT 

'------- DIRECTION 
L-__________ ---,_ RESUME 

L-_____________ VIRTUAL 8086 MODE 

PROTECTION ENABLE --------., 

MONITOR COPROCESSOR -------, 

Figure 2.2. Status and Control Register Bit Functions 
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EFLAGS REGISTER CONTROL REGISTERS 

The flag register is a 32-bit register named EFLAGS. 
The defined bits and bit fields within EFLAGS, 
shown in Figure 2.2, control certain operations and 
indicate the status of the Intel386 SX Microproces
sor. The lower 16 bits (bits 0-15) of EFLAGS con
tain the 16-bit flag register named FLAGS. This is 
the default flag register used when executing 8086, 
80286, or real mode code. The functions of the flag 
bits are given in Table 2.1. 

The Intel386 SX Microprocessor has three control 
registers of 32 bits, CRO, CR2 and CR3, to hold the 
machine state of a global nature. These registers 
are shown in Figures 2.1 and 2.2. The defined CRO 
bits are described in Table 2.2. 

Table 2.1. Flag Definitions 

Bit Position Name Function " 

0 CF Carry Flag-Set on high-order bit carry or borrow; cleared 
otherwise. 

2 PF Parity Flag-Set if low-order 8 bits of result contain an even 
number of 1-bits; cleared otherwise. 

4 AF Auxiliary Carry Flag-Set on carry from or borrow to the low 
order four bits of AL; cleared otherwise. 

6 ZF Zero Flag-Set if result is zero; cleared otherwise. 

7 SF Sign Flag-Set equal to high-order bit of result (0 if positive, 1 if 
negative). 

8 TF Single Step Flag-Once set, a single step interrupt occurs after 
the next instruction executes. TF is cleared by the single step 
interrupt. 

9 IF Interrupt-Enable Flag-When set, maskable interrupts will cause 
the CPU to transfer control to an interrupt vector specified 
location. 

10 DF Direction Flag-Causes string instructions to auto-increment 
(default) the appropriate index registers when cleared. Setting 
DF causes auto-decrement. 

11 OF Overflow Flag-Set if the operation resulted in a carry/borrow 
into the sign bit (high-order bit) of the result but did not result in a 
carry/borrow out of the high-order bit or vice-versa. 

12,13 10PL I/O Privilege Level-Indicates the maximum Current Privilege 
Level (CPL) permitted to execute I/O instructions without 
generating an exception 13 fault or consulting the I/O permission 
bit map while executing in protected mode. For virtual 86 mode it 
indicates the maximum CPL allowing alteration of the IF bit. See 
Section 4.2 for a further discussion and definitions on various 
privilege levels. 

14 NT Nested Task-Set if the execution of the current task is nested 
within another task. Cleared otherwise. 

16 RF Resume Flag-Used in conjunction with debug register 
breakpoints. It is checked at instruction boundaries before 
breakpoint processing. If set, any debug fault is ignored on the 
next instruction. 

17 VM Virtual 8086 Mode-If set while in protected mode, the Intel386 
SX Microprocessor will switch to virtual 8086 operation, handling 
segment loads as the 8086 does, but generating exception 13 
faults on privileged opcodes. 
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Table 2.2. CRO Definitions 

Bit Position Name Function 

0 PE Protection mode enable-places the Intel386 SX Microprocessor 
into protected mode. If PE is reset, the processor operates again 
in Real Mode. PE may be set by loading MSW or CRO. PE can be 
reset only by loading CRO, it cannot be reset by the LMSW 
instruction. 

1 MP Monitor coprocessor extension-allows WAIT.instructions to 
cause a processor extension not present exception (number 7) .. 

2 EM E;mulate processor extension-causes a processor extension 
not present exception (number 7) on ESC instructions to allow 
emulating a processor extension. 

3 TS Task switched-indicates the next instruction using a processor 
extension will cause exception 7, allowing software to test 
whether the current processor extension context belongs to the 
current task. 

31 PG Paging enable bit-is set to enable the on-chip paging unit. It is 
reset to disable the on-chip paging unit. 

2.2 Instruction Set 

The instruction set is divided into nine categories of 
operations: 

are two bYtes long. The average instruction is 3.2 
bytes long. Since the Intel386 SX Microprocessor 
has a 16 byte prefetch instruction queue, an average 
of 5 instructions will be prefetched. The use of two 
operands permits the following types of common in
structions: Data Transfer 

Arithmetic 
Shift/Rotate 
String Manipulation 
Bit Manipulation 
Control Transfer 
High Level Language Support 
Operating System Support 
Processor Control 

These instructions are listed in Table 9.1 Instruc· 
tlon Set Clock Count Summary. 

All Intel386 SX Microprocessor instructions operate 
on either 0, 1, 2 or 3 operands; an operand resides 
in a register, in the instruction itself, or in memory. 
Most zero operand instructions (e.g CLI, STI) take 
only one byte. One operand instructions generally 
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Register to Register 
Memory to Register 
Immediate to Register 
Memory to Memory 
Register to Memory 
Immediate to Memory. 

The operands can be either 8, 16, or 32 bits long. As 
. a general rule, when executing code written for the 
Intel386 SX Microprocessor (32-bit code), operands 
are 8 or 32 bits; when executing existing 8086 or 
80286 code (16-bit code), operands are 8 or 16 bits. 
Prefixes can be added to all instructions which over
ride the default length of the operands (I.e. use 
32-bit operands for 16-bit code, or 16-bit operands 
for 32-bit code). 
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2.3 Memory Organization 

Memory on the Intel386 SX Microprocessor is divid
ed into 8-bit quantities (bytes), 16-bit quantities 
(words), and 32-bit quantities (dwords). Words are 
stored in two consecutive bytes in memory with the 
low-order byte at the lowest address. Dwords are 
stored in four consecutive bytes in memory with the 
low-order byte at the lowest address. The address of 
a word or dword is the byte address of the low-order 
byte. 

In addition to these basic data types, the Intel386 SX 
Microprocessor supports two larger units of memory: 
pages and segments. Memory can be divided up' 
into one or more variable length segments, which 
can be swapped to disk or shared between pro
grams. Memory can also be organized into one or 
more 4K byte pages. Finally, both segmentation and 
paging can be combined, gaining the advantages of 
both systems. The Intel386 SX Microprocessor sup
ports both pages and segmentation in order to pro
vide maximum flexibility to the system designer. 
Segmentation and paging are complementary. Seg
mentation is useful for organizing memory in logical 
modules, and as such is a tool for the application 
programmer, while pages are useful to the system 
programmer for managing the physical memory of a 
system. 

ADDRESS SPACES 

The Intel386 SX Microprocessor has three types of 
address spaces: logical, linear, and physical. A 
logical address (also known as a virtual address) 
consists of a selector and an offset. A selector is the 
contents of a segment register. An offset is formed 
by summing all of the addressing components 
(BASE, INDEX, DISPLACEMENT), discussed in sec
tion 2.4 Addressing Modes, into an effective ad
dress. This effective address along with the selector 
is known as the logical address. Since each task on 
the Intel386 SX Microprocessor has a maximum of 
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16K (214 -1) selectors, and offsets can be 4 giga
bytes (with paging enabled) this gives a total of 246 

bits, or 64 terabytes, of logical address space per 
task. The programmer sees the logical address 
space. 

The segmentation unit translates the logical ad
dress space into a 32-bit linear address space. If the 
paging unit is not enabled then the 32-bit linear ad
dress is truncated into a 24-bit physical address. 
The physical address is what appears on the ad
dress pins. 

The primary differences between Real Mode and 
Protected Mode are how the segmentation unit per
forms the translation of the logical address into the 
linear address, size of the address space, and pag
ing capability. In Real Mode, the segmentation unit 
shifts the selector left four bits and adds the result to 
the effective address to form the linear address. 
This linear address is limited to 1 megabyte. In addi
tion, real mode has no paging capability. 

Protected Mode will see one of two different ad
dress spaces, depending on whether or not paging 
is enabled. Every selector has a logical base ad
dress associated with it that can be up to 32 bits in 
length. This 32-bit logical base address is added to 
the effective address to form a final 32-bit linear 
address. If paging is disabled this final linear ad
dress reflects physical memory and is truncated so 
that only the lower 24 bits of this address are used 
to address the 16 megabyte memory address space. 
If paging is enabled this final linear address reflects 
a 32-bit address that is translated through the pag
ing unit to form a 16-megabyte physical address. 
The logical base address is stored in one of two 
operating system tables (Le. the Local Descriptor 
Table or Global Descriptor Table). 

Figure 2.3 shows the relationship between the vari
ous address spaces. 
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Figure 2.3. Address Translation 

SEGMENT REGISTER USAGE 

The main data structure used to organize memory is 
the segment. On the Intel386 SX Microprocessor, 
segments are variable sized blocks of linear ad
dresses which have certain attributes associated 
with them. There are two main types of segments, 
code and data. The segments are of variable size 
and can be as small as 1 byte or as large as 4 giga
bytes (232 bits). 

In order to provide compact instruction encoding 
and increase processor performance, instructions 
do not need to explicitly specify which segment reg
ister is used. The segment register is automatically 
chosen according to the rules of Table 2.3 (Segment 
Register Selection Rules). In general, data refer
ences use the selector contained in the OS register, 
stack references use the SS register and instruction 
fetches use the CS register. The contents of the In
struction Pointer provide the offset. Special segment 
override prefixes allow the explicit use of a given 
segment register, and override the impliCit rules list
ed in Table 2.3. The override prefixes also allow the 
use of the ES, FS and GS segment registers. 

There are no restrictions regarding the overlapping 
of the base addresses of any segments. Thus, all 6 
segments could have the base address set to zero 
and create a system with a four gigabyte linear ad-
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dress space. This creates a system where the virtual 
address space is the same as the linear address 
space. Further details of segmentation are dis-' 
cussed in chapter 4 PROTECTED MODE ARCHI
TECTURE. 

2.4 Addressing Modes 

The Intel386 SX Microprocessor provides a total of 8 
addressing modes for instructions to specify oper
ands. The addressing modes are optimized to allow 
the efficient execution of high level languages such 
as C and FORTRAN, and they cover the vast majori
ty of data references needed by high-level lan
guages. 

REGISTER AND IMMEDIATE MODES 

Two of the addressing modes provide for instruc~ 
tions that operate on register or immediate oper
ands: 

Register Operand Mode: The operand is located in 
one of the 8, 16 or 32-bit general registers. 

Immediate Operand Mode: The operand is includ
ed in the instruction as part of the opcode. 

I 
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Table 2.3. Segment Register Selection Rules 

Type of 
Memory Reference 

Code Fetch 

Destination of PUSH, PUSHF, INT, 
CALL, PUSHA Instructons 

Source of POP, POPA, POPF, IRET, 
RET Instructions 

Destination of STOS, MOVE, REP STOS, 
and REP MOVS instructioris 

Other data references, with effective 
address using base register of: 

[EAX] 
[EBX] 
[ECX] 
[EDX] 
[ESI] 
[EDI] 
[EBP] 
[ESP] 

32-BIT MEMORY ADDRESSING MODES 

The remaining 6 modes provide a mechanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the seg
ment base address and an effective address. The 
effective address is calculated by summing any 
combination of the following three address elements 
(see Figure 2.3): 

DISPLACEMENT: an 8, 16 or 32-bit immediate val
ue, following the instruction. 

BASE: The contents of any general purpose regis
ter. The base registers are generally used by compil
ers to point to the start of the local variable area. 

INDEX: The contents of any general purpose regis
ter except for ESP. The index registers are used to 
access the elements of an array, or a string of char
acters. The index register's value can be multiplied 
by a scale factor, either 1 , 2, 4 or 8. The scaled index 
is especially useful for accessing arrays or struc
tures. 

Combinations of these 3 components make up the 6 
additional addressing modes. There is no perform
ance penalty for using any of these addressing com
binations, since the effective address calculation is 
pipe lined with the execution of other instructions. 
The one exception is the simultaneous use of Base 
and Index components which requires one addition
al clock. 

I 

Implied (Default) Segment Override 
Segment Use Prefixes Possible 

CS None 

SS None 

SS None 

ES None 

DS CS,SS,ES,FS,GS 
DS CS,SS,ES,FS,GS 
DS CS,SS,ES,FS,GS 
DS CS,SS,ES,FS,GS 
DS CS,SS,ES,FS,GS 
DS CS,SS,ES,FS,GS 
SS CS,DS,ES,FS,GS 
SS CS,DS,ES,FS,GS 

As shown in Figure 2.4, the effective address (EA) of 
an operand is calculated according to the following 
formula: 

EA = BaSeRegister + (IndeXRegister·scaling) 

+ Displacement 

1. Direct Mode: The operand's offset is contained 
as part of the instruction as an 8, 16 or 32-bit 
displacement. . 

2. Register Indirect Mode: A BASE register con
tains the address of the operand. 

3. Based Mode: A BASE register's contents are 
added to a DISPLACEMENT to form the oper
and's offset. 

4. Scaled Index Mode: An INDEX register's con
tents are multiplied by a SCALING factor, and the 
result is added to a DISPLACEMENT to form the 
operand's offset. 

5. Based Scaled Index Mode: The contents of an 
INDEX register are multiplied by a SCALING fac
tor, and the result is added to the contents of a 
BASE register to obtain the operand's offset. 

6. Based Scaled Index Mode with Displacement: 
The contents of an INDEX register are multiplied 
by a SCALING factor, and the result is added to 
the contents of a BASE register an~ a DISPLACE
MENT to form the operand's offset. 
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Figure 2.4. Addressing Mode Calculations 

DIFFERENCES BETWEEN 16 AND 32 BIT 
ADDRESSES 

In order to provide software compatibility with the 
8086 and the 80286, the Intel386 SX Microproces· 
sor can execute 16·bit instructions in Real and Pro· 
tected Modes. The processor determines the size of 
the instructions it is executing by examining the D bit 
in a Segment Descriptor. If the D bit is 0 then all 
operand lengths and effective addresses are as
sumed to be 16 bits long. If the D bit is 1 then the 
default length for operands and addresses is 32 bits. 
In Real Mode the default size for operands and ad
dresses is 16 bits .. 

Regardless of the default precision of the operands 
or addresses, the Intel386 SX Microprocessor is 
able to execute either 16 or 32-bit instructions. This 
is specified through the use of override prefixes. 
Two prefixes, the Operand Length Prefix and the 
Address Length Prefix, override the value of the D 
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bit on an individual instruction basis. These prefixes 
are automatically added by assemblers. 

The Operand Length and Address Length Prefixes 
can be applied separately or in combination to any 
instruction. The Address Length Prefix do~s not al
low addresses over 64K bytes to be accessed in 
Real Mode: A memory address which exceeds 
OFFFFH will result in a General Protection Fault. An 
Address Length Prefix only allows the use of the ad
ditional Intel386 SX Microprocessor addressing 
modes. 

When executing 32-bit code, the Intel386 SX Micro
processor uses either 8 or 32-bit displacements, and 
any register can be used as base or index registers. 
When executing 16·bit code, the displacements are 
either 8 or 16-bits, and the base and index register 
conform to the 80286 model. Table 2.4 illustrates 
the differences. . 
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Table 2.4. BASE and INDEX Registers for 16- and 32-Bit Addresses 

16-Bit Addressing 32-Bit Addressing 

BASE REGISTER BX,BP 
INDEX REGISTER SI,DI 

SCALE. FACTOR None 
DISPLACEMENT 0, 8, 16·bits 

2.5 Data Types 

The Intel386 SX Microprocessor supports all of the 
data types commonly used in high level languages: 

Bit: A single bit quantity. 

Bit Field: A group of up to 32 contiguous bits, which 
spans a maximum of four bytes. 

Bit String: A set of contiguous bits; on the Iritel386 
SX Microprocessor, bit strings can be up to 4 giga
bits long. 

Byte: A signed 8-bit quantity. 

Unsigned Byte: An unsigned 8-bit quantity. 

Integer (Word): A signed 16-bit quantity. 

Long Integer (Double Word): A signed 32-bit quan
tity. All operations assume a 2's complement repre
sentation. 

Unsigned Integer (Word): An unsigned 16-bit 
quantity. 

Unsigned Long Integer (Double Word): An un
signed 32-bit quantity. 

Signed Quad Word: A signed 64-bit quantity. 

Unsigned Quad Word: An unsigned 64-bit quantity. 

Pointer: A 16 or 32-bit offset-only quantity which in
directly references another memory location. 

Long Pointer: A full pointer which consists of a 16-
bit segment selector and either a 16 or 32-bit offset. 

Char: A byte representation of an ASCII Alphanu
meric or control character. 

String: A contiguous sequence of bytes, words or 
dwords. A string may contain between 1 byte and 4 
gigabytes. 

I 

Any 32-bit GPRegister 
Any 32-bit GP Register 
Except ESP 
1,2,4,8 
0, 8, 32-bits 

BCD: A byte (unpacked) representation of decimal 
digits 0-9. 

Packed BCD: A byte (packed) representation of two 
decimal digits 0-9 storing one digit in each nibble. 

When the Intel386 SX Mic'roprocessor is coupled 
with its numerics coprocessor, the Intel387 SX, then 
the following common floating point types are sup
ported: 

Floating Point: A signed 32, 64, or 80-bit real num
ber representation. Floating point numbers are sup
ported by the Intel387 SX numerics coprocessor. 

Figure 2.5 illustrates the data types supported by the 
Intel386 SX Microprocessor and the Intel387 SX. 

2.6 1/0 Space 

The Intel386 SX Microprocessor has two distinct 
physical address spaces: physical memory and 1/0. 
Generally, peripherals are placed, in 1/0 space al
though the Intel386 SX Microprocessor also sup
ports memory-mapped peripherals. The 1/0 space 
consists of 64K bytes which can be divided into 64K 
8-bit ports or 32K 16-bit ports, or any combination of 
ports which add up to no more than 64K bytes. The, 
64K 1/0 address space 'refers to physical addresses 
rather than linear addresses since 1/0 instructions 
do not go through the segmentation or paging hard
ware. The M/IO# pin acts as an additional address 
line, thus allowing the system designer to easily de
termine which address space the processor is ac
cessing. 

The 1/0 ports are accessed by the IN and OUT in-: 
structions, with the port address supplied as an im
mediate 8-bit constant in the instruction or in the OX 
register. All 8-bit and 16-bit port addresses are zero 
extended on the upper address lines. The 1/0 in
structions cause the M/IO# pin to be driven LOW. 
1/0 port addresses 00F8H through OOFFH are re
served for use by Intel. 
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Figure 2.5. Intel386TM SX Microprocessor Supported Data Types 
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2.7 Interrupts and Exceptions 

Interrupts and exceptions alter the normal program 
flow in order to handle external events, report errors 
or exceptional conditions. The difference between 
interrupts and exceptions is that interrupts are used 
to handle asynchronous external events while ex
ceptions handle instruction faults. Although a pro
gram can generate a software interrupt via an INT N 
instruction, the processor treats software interrupts 
as exceptions. 

Hardware interrupts occur as the result of an exter
nal event and are classified into two types: maskable 
or non-maskable. Interrupts are serviced after the 
execution of the current instruction. After the inter
rupt handler is finished servicing the interrupt, exe
cution proceeds with the instruction immediately 
after the interrupted instruction. 

Intel386™ SX MICROPROCESSOR 

Exceptions are classified as faults, traps, or aborts, 
depending on the way they are reported and wheth
er or not restart of. the instruction causing the excep
tion is supported. Faults are exceptions that are de
tected and serviced before the execution of the 
faulting instruction. Traps are exceptions that are 
reported immediately after the execution of the in
struction which caused the problem. Aborts are ex
ceptions which do not permit the precise location of 
the instruction causing the exception to be deter
mined. 

Thus, when an interrupt service routine has been 
completed, execution proceeds from the instruction 
immediately following the interrupted instruction. On 
the other hand, the return address from an excep
tion fault routine will always point to the instruction 
causing the exception and will include any leading 
instruction prefixes. Table 2.5 summarizes the possi
ble interrupts for the Intel386 SX Microprocessor 
and shows where the return address points to. 

Table 2.5. Interrupt Vector Assignments, 

Instruction Which 
Return Address 

Interrupt Points to 
Function Number Can Cause Faulting Type 

Exception Instruction 

Divide Error 0 DIV,IDIV YES FAULT 

Debug Exception 1 any instruction YES TRAp· 

NMllnterrupt 2 INT20rNMI NO NMI 

One Byte Interrupt 3 INT NO TRAP 

Interrupt on Overflow 4 INTO NO TRAP 

Array Bounds Check 5 BOUND YES FAULT 

Invalid OP-Code 6 Any illegal instruction YES FAULT 

Device Not Available 7 ESC,WAIT YES FAULT 

Double Fault 8 
Any instruction that can 

ABORT 
generate an exception 

Coprocessor Segment Overrun 9 ESC NO ABORT 

InvalidTSS 10 JMP, CALL, IRET, INT YES FAULT 

Segment Not Present 11 Segment Register Instructions YES FAULT 

Stack Fault 12 Stack References YES FAULT 

General Protection Fault 13 Any Memory Reference YES FAULT 

Page Fault 14 Any Memory Access or Code Fetch YES FAULT 

Coprocessor Error 16 ESC, WAIT YES FAULT 

Intel Reserved 17-32 

Two Byte Interrupt 33-255 INTn NO TRAP 

·Some debug exceptions may report both traps on the previous instruction and faults on the next instruction. 
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The Intel386 SX Microprocessor has the ability to 
handle up to 256 different interrupts/exceptions. In 
order to service the interrupts, a table with up to 256 
interrupt vectors must be defined. The interrupt vec
tors are simply pointers to the appropriate interrupt 
service routine. In Real Mode, the vectors are 4-byte 
quantities, a Code Segment plus a 16-bit offset; in 
Protected Mode, the interrupt vectors are 8 byte 
quantities, which are put in an Interrupt Descriptor 
Table. Of the 256 possible interrupts, 32 are re
served for use by Intel and the remaining 224 are 
free to be used by the system designer. 

INTERRUPT PROCESSING 

When an interrupt occurs, the following actions hap
pen. First, the current program address and Flags 
are saved on the stack to allow resumption of the 
interrupted program. Next, an 8-bit vector is supplied 
to the Intel386 SX, Microprocessor which identifies 
the appropriate entry in the interrupt table. The table 
contains the starting address of the interrupt service 
routine. Then, the user supplied interrupt service 
routine is executed. Finally, when an IRET instruc
tion is executed the old processor state is restored 
and program execution resumes at the appropriate 
instruction. 

The 8-bit interrupt vector is supplied to the Intel386 
SX Microprocessor in several different ways: excep
tions supply the interrupt vector internally; software 
INT instructions contain or imply the vector; maska
ble hardware interrupts supply the 8-bit vector via 
the interrupt acknowledge bus sequence. Non
MasK able hardware interrupts are assigned to inter
rupt vector 2. 

Maskable Interrupt 

Maskable interrupts are the most common way to 
respond to asynchronous external hardware events. 
A hardware interrupt occurs when the INTR is pulled 
HIGH and the Interrupt Flag bit (IF) is enabled. The 
processor only responds to interrupts between in
structions (string instructions have an 'interrupt win
dow' between memory moves which allows inter
rupts during long string moves). When an interrupt 
occurs the processor reads an 8-bit vector supplied 
by the hardware which identifies the source of the 
interrupt (one of 224 user defined interrupts). 
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Interrupts through interrupt gates automatically reset 
IF, disabling INTR requests. Interrupts through Trap 
Gates leave the state of the IF bit unchanged. Inter
rupts through a Task Gate change the IF bit accord
ing to the image of the EFLAGs register in the task's 
Task State Segment (TSS). When an IRET instruc
tion is executed, the original state of the IF bit is 
restored. 

Non-Maskable Interrupt 

Non-maskable interrupts provide a method of servic
ing very high-priority interrupts. When the NMI input 
is pulled HIGH it causes an interrupt with an internal
ly supplied vector value of 2. Unlike a normal hard
ware interrupt, no interrupt acknowledgment se
quence is performed for an NMI. 

While executing the NMI servicing procedure, the In
tel386 SX Microprocessor will not service any further 
NMI request or INT requests until an interrupt return 
(IRET) instruction is executed or the processor is 
reset. If NMI occurs while currently servicing an NMI, 
its presence will be saved for servicing after execut
ing the first IRET instruction. The IF bit is cleared at 
the beginning of an NMI interrupt to inhibit further 
INTR interrupts. 

Software Interrupts , 
A third type of interrupt/exception for the Intel386 
SX Microprocessor is the software interrupt. An INT 
n instruction causes the processor to execute the 
interrupt service routine pointed to by the nth vector 
in the interrupt table. 

A special case of the two byte software interrupt INT 
n is the one byte INT 3, or breakp~int interrupt. By 
inserting this one byte instruction in a program, the 
user can set breakpoints in his program as a debug

. ging tool. 

A final type of software interrupt is the single step 
interrupt. It is discussed in Single Step Trap. 
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INTERRUPT AND EXCEPTION PRIORITIES peated as each instruction is executed, and occurs 
in parallel with instruction decoding and execution. 

Interrupts are externally generated events. Maska
ble Interrupts (on the INTR input) and Non-Maskable 
Interrupts (on the NMI input) are recognized at in
struction boundaries. When NMI and maskable 
INTR are both recognized at the same instruction 
boundary, the Intel386 SX Microprocessor invokes 
the NMI service routine first. If maskable interrupts 
are still enabled after the NMI service routine has 
been invoked, then the Intel386 SX Microprocessor 
will invoke the appropriate interrupt service routine. 

INSTRUCTION RESTART 

The Intel386 SX Microprocessor fully supports re
starting all instructions after Faults. If an exception is 
detected in the instruction to be executed (exception 
categories 4 through 10 in Table 2.6), the Intel386 
SX Microprocessor invokes the appropriate excep
tion servi.ce routine. The Intel386 SX Microprocessor 
is in a state that permits restart of the instruction, for 
all cases but those given in Table 2.7. Note that all 
such cases will be avoided by a properly designed 
operating system. 

As the Intel386 SX Microprocessor executes instruc
tions, it follows a consistent cycle in checking for 
exceptions, as shown in Table 2.6. This cycle is re-

Table 2.6. Sequence of Exception Checking 

Consider the case of the Intel386 SX Microprocessor having just completed an instruction. It then performs 
the following checks before reaching the point where the next instruction is completed: 

1. Check for Exception 1 Traps from the instruction just completed (single-step via Trap Flag, or Data 
Breakpoints set in the Debug Registers). 

2. Check for external NMI and INTR. 

3. Check for Exception 1 Faults in the next instruction (Instruction Execution Breakpoint set in the Debug 
Registers for the next instruction). 

4. Check for Segmentation Faults that prevented fetching the entire next instruction (exceptions 11 or 13). 

5. Check for Page Faults that· prevented fetching the entire next instruction (exception 14). 

6. Check for Faults decoding the next instruction (exception 6 if illegal opcode; exception 6 if in Real Mode 
or in Virtual 8086 Mode and attempting to execute an instruction for Protected Mode only; or exception 
13 if instruction is longer than 15 bytes, or privilege violation in Protected Mode (i.e. not at IOPL or at 
CPL=O). . 

7. If WAIT opcode, check if TS= 1 and MP= 1 (exception 7 if both are 1). 

8. If ESCape opcode for numeric coprocessor, check if EM = 1 or TS = 1 (exception 7 if either are 1). 

9. If WAIT opcode or ESCape opcode for numeric coprocessor, check ERROR # input signal (exception 16 
if ERROR # input is asserted). 

10. Check in the following order for each memory reference required by the instruction: 

a. Check for Segmentation Faults that prevent transferring the entire memory quantity (exceptions 11, 
12, 13). 

b. Check for Page Faults that prevent transferring the entire memory quantity (exception 14). 

NOT~ 
Segmentation exceptions are generated before paging exceptions. 

Table 2.7. Conditions Preventing Instruction Restart 

1. An instruction causes a task switch to a task whose Task State Segment is partially 'not present' (An 
entirely 'not present' TSS is restartable). Partially present TSS's can be avoided either by keeping the 
TSS's of such tasks present in memory, or by aligning TSS segments to reside entirely within a single 4K 
page (for TSS segments of 4K bytes or less). . 

2. A coprocessor operand wraps around the top of a 64K-byte segment or a 4G-byte segment, and spans 
three pages, and the page holding the middle portion of the operand is 'not present'. This condition can 
be avoided by starting at a page boundary any segments containing coprocessor operands if the 
segments are approximately 64K-200 bytes or larger (i.e. large enough for wraparound of the coproces
sor operand to possibly occur). 

Note that these conditions are avoided by using the operating system designs mentioned in this table. 

I 3-325 



Intel386TM SX MICROPROCESSOR intelQP 
Table 2.8. Register Values after Reset 

Flag Word (EFLAGS) uuuuOO02H Note 1 
Machine Status Word (CRO) uuuuuu10H 
Instruction Pointer (EIP) OOOOFFFOH 
Code Segment (Csj FOOOH Note 2 
Data Segment (OS) OOaOH Note 3 
Stack Segment (SS) OOOOH 
Extra Segment (ES) OOOOH Note 3 
Extra Segment (FS) OOOOH 
Extra Segment (GS) OOOOH 
EAX register OOOOH Note 4 
EDX register component and stepping 10 Note 5 
All other registers undefined Note 6 

NOTES: 
1. EFLAG Register. The upper 14 bits of the EFLAGS register are undefined, all defined flag bits are zero. 
2. The Code Segment Register (CS) will have its Base Address set to OFFFFOOOOH and Limit set to OFFFFH. 
3. i,The Data and Extra Segment Registers (OS, ES) will have their Base Address set to OOOOOOOOOH and Limit set to 
OFFFFH. . 
4. If self-test is selected, the EAX register should contain a 0 value. ,If a value of 0 is not found then the· self-test has 
detected a flaw in the part. 
5. EDX register always holds component and stepping identifier. 
6. All undefined bits are Intel Reserved and should not be used. 

DOUBLE FAULT 

A Double Fault (exception 8) results when the proc
essor attempts to invoke an exception service rou
tine for the segment exceptions (10, 11, 12 or 13), 
but in the process of doing so detects an exception 
other than a Page Fault (exception 14). 

One other cause of generating a Double Fault is the 
Intel386 SX Microprocessor detecting any other ex
ception when it is attempting to invoke the· Page 
Fault (exception 14) service routine (for example, if a 
Page Fault is detected V)lhen the Intel386 SX Micro
processor attempts to invoke the Page Fault service 
routine). Of course, in any functional system, not 

- only in Intel386 SX Microprocessor-based systems, 
the entire page fault service routine must remain 
'present' in memory. 

2.8 Reset and Initialization 

When the processor is initialized or Reset the regis
ters have the values shown in Table 2.8. The In
tel386 SX Microprocessor will then start executing 
instructions near the top of physical memory, at lo
cation OFFFFFOH. When the first Intersegment 
Jump or Call is executed, address lines A20-A23 will 
drop LOW for CS-relative memory cycles, and the 
Intel386 SX Microprocessor will only execute in
structions in the lower one megabyte of physical 
memory. This allows the system deSigner to use a 
shadow ROM at the top of physical memory to ini
tialize the system and take care of Resets. 
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RESET forces the Intel386 SX Microprocessor to 
terminate all execution and local bus activity. No in
struction execution or bus activity will occur as long 
as Reset is active. Between 350 and 450 CLK2 peri
ods after Reset becomes inactive, the Intel386 SX 
Microprocessor will start executing instructions at 
the top of physical memory. ' 

2.9 Testability 

The Intel386 SX Microprocessor, like the Intel386 
Microprocessor,· offers testability features which in
cludea self-test and direct access to the page trans
lation cache. 

SELF-TEST 

The Intel386 SX Microprocessor has the ,capability 
to perform a self-test. The self-test checks the func
tion of all of the Control ROM and most of the non
random logic of the part. Approximately one-half of 

. the Intel386 SX Microprocessor can be tested during 
self-test. 

Self-Test is initiated on the Intel386 SX Microproces
sor when the RESET pin transitions from HIGH to 
LOW, and the BUSY# pin is LOW. The self-test 
takes about 220 clocks, or. approximately 33 millisec
onds with a 16 MHz Intel386 SX CPU. At the com
pletion of self-test the processor performs reset and 
begins normal operation. The· part has successfully 
passed self-test if the contents of the EAX are zero. 
If the results of the EAX are not zero then the self
test has detected a flaw in the part. 
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TLB TESTING 

The Intel386 SX Microprocessor also provides a 
mechanism for testing the Translation Lookaside 
Buffer (TLB) if desired. This particular mechanism 
may not be continued in the same way in future 
processors. 

There are two TLB testing operations: 1) writing en
tries into the TLB, and, 2) performing TLB lookups. 
Two Test Registers, shown in Figure 2.6, are provid
ed for the purpose of testing. TR6 is the "test com
mand register", and TR7 is the "test data register". 
For a more detailed explanation of testing the TLB, 
see the Intel386™ SX Microprocessor Program
mer's Reference Manual. 

2.10 Debugging Support 

The Intel386 SX Microprocessor provides several 
features which simplify the debugging process. The 
three categories of on-chip debugging aids are: 

1. The code execution breakpoint opcode (OCCH). 

2. The single-step capability provided by the TF bit 
in the flag register. 

3. The code and data breakpoint capability provided 
by the Debug Registers DRO-3, DR6, and DR7. 

BREAKPOINT INSTRUCTION 

A single-byte software interrupt (Int 3) breakpoint in
struction is available for use by software debuggers. 

Intel386™ SX MICROPROCESSOR 

The breakpoint opcode is OCCh, and generates an 
exception 3 trap when executed. 

SINGLE·STEP TRAP 

If the single-step flag (TF, bit 8) in the EFLAG regis
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex
ception is auto vectored to exception number 1. 

DEBUG REGISTERS 

The Debug Registers are an advanced debugging 
feature of the Intel386 SX Microprocessor. They al
low data access breakpoints as well as code execu
tion breakpoints. Since the breakpoints are indicated 
by on-chip registers, an instruction execution break
point can be placed in ROM code or in code shared 
by several tasks, neither of which can be supported 
by the INT 3 breakpoint opcode. 

The Intel386 SX Microprocessor contains six Debug 
Registers, consisting of four breakpoint address reg
isters and two breakpoint control registers. Initially 
after reset, breakpoints are in the disabled state; 
therefore, no breakpoints will occur unless the de
bug registers are programmed. Breakpoints set up in 
the Debug Registers are auto-vectored to exception 
1. Figure 2.7 shows the breakpoint status and con
trol registers. 

COMMAND ---------------------,-------, 

31 

31 

1::'21 - INTEL RESERVED DO NOT USE 

I 

WRITABLE -------------------. 

USER -----------------, 

DIRTY ----------------, 

VALlD-------------, 

LINEAR ADDRESS 

TEST 
STATUS 

PHYSICAL ADDRESS ~PLI+~TR7 
12 4 3 2 

240187-7 

Figure 2.6. Test Registers 
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BREAKPOINT 0 DEBUG FAULT/TRAP -------------------, 

BREAKPOINT f DEBUG FAULT/TRAP ------'-----'---------, 

BREAKPOINT 2 DEBUG FAULT/TRAP -------------..,----, 

BREAKPOINT 3 DEBUG FAULT/TRAP' ----------------, 
DEBUG 
STATUS 
REGISTER 

REGISTER ACCESS FAULT ------, 

6 

G~I~~g~:~ ::~~~g:~~ ~~::~~: t------------, 
LOCAL EXACT BREAKPOINT MATCH --------, 

GLOBAL EXACT BREAKPOINT MATCH -------, 

GLOBAL DEBUG REGISTER ACCESS O"'ECT'--~ 

BREAKPOIN,T .-___ ..L....,... __ , CONTROL 

DR? 

L __________ --1[ LENI: BREAKPOINT LENGTH I 
RWI: MEMORY ACCESS QUALIFIER 1 

IZ1.I - INTEL RESERVED DO NOT USE 

240187-8 

Figure 2.7. Debug Registers 

3.0 REAL MODE ARCHITECTURE 

When the processor is reset or powered up it is ini
tialized in Real Mode. Real Mode has the same base 
architecture as the 8086, but allows access to the 
32-bit register set of the Intel386 SX Microproces
sor. The addressing mechanism, memory size, and 
interrupt handling are all identical to the Real Mode 
on the 80286. . 

The default operand size in Real Mode is 16 bits, as 
in the 8086. In order to use the 32-bit registers and 
addressing modes, override prefixes must be used. 
In addition, the segment size on the Intel386 SX Mi
croprocessor in Real Mode is 64K bytes so 32-bit 
addresses must have a value less then OOOOFFFFH. 
The primary purpose of Real Mode is to set up the 
processor for Protected Mode operation. 
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3.1 Memory Addressing 

In Real Mode the linear addresses are the same as 
physical addresses (paging is not allowed). Physical 
addresses are formed in Real Mode by adding the 
contents of the appropriate segment register which 
is shifted left by four bits to an effective address. 
This addition results in a 20-bit physical address or a 
1 megabyte address space. Since segment registers 
are shifted left by 4 bits, Real Mode segments al
ways start on 16-byte boundaries. 

All segments in Real Mode are exactly 64K bytes 
long, and may be read, written, or executed. The 
Intel386 SX Microprocessor will generate an excep
tion 13 if a data operand or instruction fetch occurs 
past the end of a segment. 
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Table 3.1. Exceptions in Real Mode 

Function 
Interrupt 
Number 

Interrupt table limit 8 
too small 

CS, OS, ES, FS, GS 13 
Segment overrun exception 

SS Segment overrun 12 
exception 

3.2 Reserved Locations 

There are two fixed areas in memory which are re
served in Real address mode: the system initializa
tion area and the interrupt table area. Locations 
OOOOOH through 003FFH are reserved for interrupt 
vectors. Each one of the 256 possible interrupts has 
a 4-byte jump vector reserved for it. Locations 
OFFFFFOH through OFFFFFFH are reserved for sys
tem initialization. 

3.3 Interrupts 

Many of the exceptions discussed in section 2.7 are 
not applicable to Real Mode operation; in particular, 
exceptions 10, 11 and 14 do not occur in Real 
Mode. Other exceptions have slightly different 
meanings in Real Mode; Table 3.1 identifies these 
exceptions. 

3.4 Shutdown and Halt 

The HL T instruction stops program execution and 
prevents the processor from using the local bus until 
restarted. Either NMI, FLT#, INTR with interrupts 
enabled (IF= 1), or RESET will force the Intel386 SX 
Microprocessor out of halt. If interrupted, the saved 
CS:IP will point to the next instruction after the HL T. 

Shutdown will occur when a severe error is detected 
that prevents further processing. In Real Mode, 
shutdown can occur under two conditions: 

1. An interrupt or an exception occurs (Exceptions 8 
or 13) and the interrupt vector is larger than .the 
Interrupt Descriptor Table. 

2. A CALL, INT or PUSH instruction attempts to 
wrap around the stack segment when SP is not 
even. 

An NMI input can bring the processor out of shut
down if the . Interrupt Descriptor Table limit is large 
enough to contain the NMI interrupt vector (at least 
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Related Return 
Instructions Address Location 

INT vector is not Before 
within table limit Instruction 

Word memory reference Before 
with offset = OFFFFH. Instruction 
an attempt to execute 
past the end of CS segment. 

Stack Reference Before 
beyond offset = OFFFFH . Instruction 

OOOFH) and the stack has enough room to contain 
the vector and flag information (i.e. SP is greater that 
0005H). Otherwise, shutdown can only be exited by 
a processor reset. 

3.5 LOCK Operation 

The LOCK prefix on the Intel386 SX Microprocessor, 
even in Real Mode, is more restrictive than on the 
80286. This is due to the addition of paging on the 
Intel386 SX Microprocessor in Protected Mode and 
Virtual 8086 Mode. The LOCK prefix is not support" 
ed during repeat string instructions. 

The only instruction forms where the LOCK prefix is 
legal on the Intel386 SX Microprocessor are shown 
in Table 3.2. 

Table 3.2. Legal Instructions for the LOCK Prefix 

Opcode 
Operands 

(Oest, Source) 

BIT Test and 
SET/RESET Mem, Reg/Immediate 
/COMPLEMENT 

XCHG Reg, Mem 

XCHG Mem, Reg 

ADD, OR, ADC, SBB, 
AND, SUB, XOR Mem, Reg/Immediate 

NOT, NEG, INC, DEC Mem 

An exception 6 will be generated if a LOCK prefix is 
placed before any instruction form or opcode not 
listed above. The LOCK prefix allows indivisible 
read/modify/write operations on memory operands 
using the instructions above. 

The LOCK prefix is not IOPL-sensitive on the 
Intel386 SX Microprocessor. The LOCK prefix can 
be used at any privilege level, but only on the in
struction forms listed in Table 3.2. 
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4;0 PROTECTED MODE 
ARCHITECTURE 

The complete capabilities of the Intel386 SX Micro
processor are unlocked when the processor oper
ates in Protected Virtual Address Mode (Protected 
'Mode). Protected Mode vastly increases the linear 
address space to four gigabytes (232 bytes) and al
lows the running of virtual memory programs of al
'most unlimited size (64 terabytes (246 bytes». In ad
dition, Protected Mode allows the Intel386 SX Micro
processor to run all of the existing Intel386 DX CPU 
(using only 16 megabytes of physical memory), 
80286 and 8086 CPU's software, while providing 'a 
sophisticated memory management and a hard
ware-assisted protection mechanism. Protected 
Mode allows ,the use of additional instructions spe
cially optimized for supporting multitasking operating 
systemS. The base architecture of the Intel386 SX 
Microprocessor remains the same; the registers, in
structions, and addressing modes described in the 
previous sections are retained. The main difference 
between Protected Mode and Real Mode from a 
programmer's viewpoint is the increased address 
space and a different addressing mechanism. 

4.1 Addressing Mechanism 

Like Real Mode, Protected Mode uses two compo
nents to form the logical address; a 16-bit selector is 
used to determine the linear base address of a seg
ment, the base address is added to a 32-bit effective 
address to form a 32-bit linear address. The linear 
address is then either used as a 24-bit physical ad
dress, or if paging is enabled the paging mechanism 
maps the 32-bit linear address into a 24-bit physical 
address. 

The difference between the two modes lies in calcu
laiing the base address. In Protected Mode, the se
lector is used to specify an index into an operating 
system defined table (see Figure 4.1). The table 
contains the 32-bit base address of a given seg
ment. The physical address is formed by adding the 
base address obtained from the table to the offset. 

Paging provides an additional memory management 
mechanism which operates only in Protected Mode. 
Paging provides a means of managing the very large 
segments of the Intel386 SX Microprocessor, as 
paging operaies beneath segmentation. The page 
mechanism translates the protected linear address 
which comes from the segmentation unit into a 
physical address. Figure 4.2 shows the complete In
tel386 SX Microprocessor addressing mechanism 
with paging enabled. 
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4.2 Segmentation 

Segmentation is one method of memory manage
ment. Segmentation provides the basis for protec
tion. Segments are used to encapsulate regions of 
memory which have common attributes. For exam
ple, all of the code of a given program could be con
tained in a segment, or an operating system table 
may reside in a segment. All information about each 
segment is stored in an 8 byte data structure called 
a descriptor. All of the descriptors in a system are 
contained in descriptor tables which are recognized 
by hardware. 

TERMINOLOGY 

The following terms are used throughout the discus
sion of descriptors, privilege levels and protection: 

PL: Privilege Level-One of the four hierarchical 
privilege levels. Level 0 is the most privileged 
level and level 3 is the least privileged. 

RPL: Requestor Privilege Level-The privilege level 
of the original supplier of the selector. RPL is 
determined by the least two significant bits of 
a selector. ' 

DPL: Descriptor Privilege Level-This is the least 
privileged level at which a task may access 
that descriptor (and the segment associated 
with that descriptor). Descriptor Privilege Lev
el is determined by bits 6:5 in the Access 
Right Byte of a descriptor. 

CPL: Current Privilege Level-The privilege levsl at 
which a task is currently executing, which 
equals the privilege level of the code segment 
being executed. CPL can also be determined 
by examining the lowest 2 bits of the CS regis
ter, except for conforming code segments. 

EPL: Effective Privilege Level-The ,effective privi
lege level is the least privileged of the RPL 
and the DPL. EPL is the numerical maximum 
of RPL and DPL. 

Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 

DESCRIPTOR TABLES 

The descriptor tables define all of the segments 
which are used in a Intel386 SX Microprocessor sys
tem. There are three types of tables which hold de
scriptors: the Global DescriptOr Table, Local De
scriptor Table, and the Interrupt Descriptor Table. All 
of the tables are variable length memory arrays and 
can vary in size from 8 bytes to 64K bytes. Each 
table can hold up to 8192 8-byte descriptors. the 
upper 13 bits of a selector are used as an index into 
the descriptor table. The tables have registers asso
ciated with them which hold the 32-bit linear base 
address and the 16-bit limit of each table. ' 
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LIMIT 

BASE ADDRESS 

SEGMENT 
DESCRIPTOR 
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SEGMENT LIMIT 

SELECTED 
SEGMENT 
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Figure 4.1. Protected Mode Addressing 
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Figure 4.2. Paging and Segmentation 
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Figure 4.3. Descriptor :rab1e Registers 
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Each of the tables has a register associated with it: 
GDTR, LDTR, and IDTR; see Figure 2.1. The LGOT, 
LLDT, and L10T instructions load the base and limit 
of the Global, Local, and Interrupt Descriptor Tables 
into the appropriate register. The SGDT, SLOT, and 
SIDT store the base and limit values. These are priv
ileged instructions. 

Global Descriptor Table 

The Global Descriptor Table (GOT) contains de
scriptors which are available to all of the tasks in a 
system. The GOT can contain any type of segment 
descriptor except for interrupt and trap descriptors. 
Every Intel386 SX CPU system contains a GOT. 

The first slot of the Global Descriptor Table corre
sponds to the null selector and is not used. The null 
selector defines a null pointer value. 

Local Descriptor Table 

LDTs contain descriptors which are associated with 
a given task. 'Generally~ operating systems are de
signed so that each task has a separate LDT. The, 
LDT may contain only code, data, stack, task gate,' 
and call, gate descriptors. LOTs provide a, mecha
nism for isolating a given task's code and data seg
ments from the rest of the operating system, while 
the GOT contains descriptors for segments which 
are common to all tasks. A segment cannot be ac
cessed by a task if its segment descriptor does not 
exist in either the current LOT or the GOT. This pro
vides both isolation and protection for a task's seg
ments while still allowing global data to be shared 
among tasks. 

31 

intel® 
Unlike the 6-byte GOT or lOT registers which contain 
a base address and limit, the visible portion of the 
LOT register contains only a 16-bit selector. This se
lector refers to a Local Descriptor Table descriptor in 
the GOT (see figure 2.1). 

Interrupt DescrIptor Table 

The third table needed for Intel386 SX Microproces
sor systems is the Interrupt Descriptor Table. The 
lOT contains the descriptors which point to the loca
tion of the up to 256 interrupt service routines. The 
lOT may contain only task gates, interrupt gates, and 
trap gates. The lOT should be at least 256 bytes in 
size in order to hold the descriptors for the 32 Intel 
Reserved Interrupts. Every interrupt used by a sys
tem must have an entry in the lOT. The lOT entries 
are referenced by INT instructions, external interrupt 
vectors, and exceptions. 

DESCRIPTORS 

The object to which the segment selector points to 
is called a descriptor. Descriptors are eight byte 
quantities which contain attributes about a given re
gion of linear address space. These attributes in-

, clude the 32-bit base linear address of the segment, 
the 20-bit length and granularity of the segment, the 
protection level, read, write or execute privileges, 
the default size of the operands (16-bit or 32-bit), 
and the type of segment. All of the attribute informa
tion about a segment is contained in 12 bits in the 
segment descriptor. Figure 4.4 shows the general 
format of a descriptor. All segments on the Intel386 
SX Microprocessor have three attribute fields in 
common: the P bit, the OPL bit, and the S bit. The P 

o BYTE 
ADDRESS 

SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 o 

BASE 31 ... 24 G 0 0 ~VL 
LIMIT 

P OPL S TYPE A 
BASE 

19 .. ,. 16 
I I I 

23 ... 16 
+4 

BASE Base Address of the segment 
LIMIT The length of the segment 
P Present Bit 1 = Present 0 = Not Present 
DPL Descriptor Privilege Level 0-3 
S Segment Descriptor 0 = System Descrip!or 1 = Code ,or Data Segment Descriptor 
TYPE Type of Segment 
A Accessed Bit 
G Granularity Bit 1 = Segment length is page granular 0 = Segment length is byte granular 
o Default Operation Size (recognized in code segment descriptors only) 1 = 32·bit segment 0 = 16·bit segment 
o Bit must be zero (0) for compatibility with future processors 
AVL Available field for user or OS 

Figure 4.4. Segment Descriptors 
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(Present) Bit is 1 if the segment is loaded in physical 
memory. If P = 0 then any attempt to access this 
segment causes a not present exception (exception 
11). The Descriptor Privilege Level, DPL, is a two bit 
field which specifies the protection level, 0-3, asso
ciated with a segment. 

ment or a code or data segment. If the S bit is 1 then 
the segment is either a code or data segment; if it is 
o then the segment is a system segment. 

Code and Data Descriptors (5 = 1) 

The Intel386 SX Microprocessor has two main cate
gories of segments: system segments and non-sys
tem segments (for code and data). The segment bit, 
S, determines if a given segment is a system seg-

Figure 4.5 shows the general format of a code and 
data descriptor and Table 4.1 illustrates how the bits 
in the Access Right By1e are interpreted. 

31 0 

SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 . ~ . 0 0 

LIMIT 
ACCESS BASE 

BASE 31 ... 24 G D 0 AVL 
19 ... 16 

RIGHTS 
23 ... 16 

+4 
BYTE 

DIB 1 = Default Instructions Attributes are 32-Bits G Granularity Bit 1 = Segment length is page granular 
0= Default Instruction Attributes are IS-Bits 0= Segment length is byte granular 

AVL Available field for user or OS 0 Bit must be zero (0) for compatibility with future processors 

Figure 4.5. Code and Data Descriptors 

Table 4.1. Access Rights Byte Definition for Code and Data Descriptors 

Bit 
Name Function 

,Position 

7 Present (P) P=1 Segment is mapped into physical memory. 
p=o No mapping to physical memory exists, base and limt are 

not used. 
6-5 Descriptor Privilege Segment privilege attribute used in privilege tests. 

Level (DPL) 
4 Segment Descrip- S = 1 Code or Data (includes stacks) segment descriptor 

tor (S) S=O System Segment Descriptor or Gate Descriptor 

3 Executable (E) E=O Descriptor type is data segment: r 2 Expansion Direc- ED = 0 Expand up segment, offsets must be :s; limit. Data 
tion (ED) ED = 1 Expand down segment, offsets must be > limit. Segment 

1 Writeable (W) W = 0 Data segment may not be written into. (S = 1, 
W = 1 Data segment may be written into. E = 0) 

3 Executable (E) E = 1 Descriptor type is code segment: If 
2 Conforming (C) C=1 Code segment may only be executed rd. · when CPL ~ DPL and CPL Segment 

remains unchanged. (S = 1, 
1 Readable (R) R=O Code segment may not be read. E = 1) 

R=1 Code segment may be read. 

0 Accessed (A) A=O Segment has not been accessed. 
A=1 Segment selector has been loaded into segment register 

or used by selector test instructions. 
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31 16 0 

SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 0 

BASE 31 ... 24 I G I 0 I 0 I 0 11 i~~~~ 6 pi DPL I 0 I TYPE I BASE 
23 ... 16 +4 

Type Defines Type Dellnes 

0 Invalid 8 Invalid 
1 Available 80286 TSS 9 Available Intel386TM SX Microprocessor TSS 
2 LOT A Undefined (Intel Reserved) 
3 Busy 80286 TSS B Busy Intel386™ SX Microprocessor TSS 
4 80286 can Gate C Intel386™ SX Microprocessor can Gate 
5 Task Gate (for 80286 or Intel386TM ·SX 0 Undefined (Intel Reserved) 

Microprocessor Task) E Intel386TM SX Microprocessor Interrupt Gate 
6 80286 Interrupt Gate F Intel386TM SX Microprocessor Trap Gate 
7 80286 Trap Gate 

Figure 4.6. System Descriptors 

Code and data segments have several descriptor 
fields in common. The accessed bit, A, is set when· 
ever the processor accesses a descriptor. The gran
ularity bit, G, specifies if a segment length is byte
granular or page-granular. 

System Descriptor Formats (S = 0) . 

System segments describe information about oper
ating system tables, tasks, and gates. Figure 4.6 
shows the general format of system segment de
scriptors, and the various types of system segments. 
Intel386 SX system descriptors (which are the same 
as Intel386 OX CPU system descriptors) contain a 
32-bit base linear address and a 20-bit segment lim
it. 80286 system descriptors have a 24-bit base ad
dress and a 16-bit segment limit. 80286 system de
scriptors are identified by the upper 16 bits being all 
zero. 

Differences Between Intel386™ SX 
Microprocessor and 80286 Descriptors 

In order to provide operating system compatibility 
with the 80286 the Intel386 SX CPU supports all of 
the 80286 segment descriptor!!. The 80286 system 
segment descriptors contain a 24-bit base· address 
and 16-bit limit, while the Intel386 SX CPU system 
segment descriptors have a 32-bit base address, a 
20-bit limit field, and a granularity bit. The word count 
field specifies the number of 16-bit quantities to copy 
for 80286 call· gates and 32-bit quantities for 
Intel386 SX CPU call gates. 
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Selector Fields 

A selector in Protected Mode has three fields: Local 
or Global Descriptor Table indicator (TI), Descriptor 
Entry Index (Index), and Requestor (the selector's) 
Privilege Level (RPL) as shown in Figure 4.7. The TI 
bit selects either the Global Descriptor Table or the 
Local Descriptor Table. The Index selects one of 8k 
descriptors in the appropriate descriptor table. The 
RPL bits allow high speed testing of the selector's 
privilege attributes. 

Segment Descriptor Cache 

In addition to the selector value, every segment reg
ister has a segment descriptor cache register asso
ciated with it. Whenever a segment register's con
tents are changed, the 8-byte descriptor associated 
with that selector is automatically loaded (cached) 
on the chip. Once loaded, all references to that seg
ment use the cached descriptor information instead 
of reaccessing the descriptor. The contents of the 
descriptor cache are not visible to the programmer. 
Since descriptor caches only change when a seg
ment register is changed, programs which modify 
the descriptor tables must reload the appropriate 
segment registers after changing a descriptor's val
ue. 
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SELECTOR 

15 43210 

SEGMENT 
REGISTER 1010 ---- 010 1 11 I~II R~L 1 . . 

TABLE INDEX 
INDICATOR 

N 

6 

5 

4 

-l 
2 

1 

0 

TI-1 

DESCRIPTOR 

LOCAL 
DESCRIPTOR 

TABLE 

DESCRIPTOR 
NUMBER 

N 

6 

5 

4 

3 

2 

1 

0 

TI=O! 

. . 

NULL 

GLOBAL 
DESCRIPTOR 

TABLE 
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Figure 4.7. Example Descriptor Selection 

4.3 Protection 

The Intel386 SX Microprocessor has four levels of 
protection which are optimized to support Ii multi
tasking operating system and to isolate and protect 
user programs from each other and the operating 
system. The privilege levels control the use of privi
leged instructions, I/O instructions, and access to 
segments and segment descriptors. The Intel386 SX 
Microprocessor also offers an additional type of pro
tection on a page basis when paging is enabled. 

The four-level hierarchical privilege system is an ex
tension of the user/supervisor privilege mode com
monly used by minicomputers. The user/supervisor 
mode is fully supported by the Intel386 SX Micro
processor paging mechanism. The privilege levels 
(PL) are numbered 0 through 3. Level 0 is the most 
privileged level. 

RULES OF PRIVILEGE 

The Intel386 SX Microprocessor controls access to 
both data and procedures between levels of a task, 
according to the following rules. 

- Data stored in a segment with privilege level p 
can be accessed only by code executing at a 
privilege level at least as privileged as p. 

- A code segment/procedure with privilege level p 
can only be called by a task executing at the 
same or a lesser privilege level than p. 
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PRIVILEGE LEVELS 

At any point in time, a task on the Intel386 SX Micro
processor always executes at one of the four privi
lege levels. The Current Privilege Level (CPL) speci
fies what the task's privilege level is. A task's CPL 
may only be changed by control transfers through 
gate descriptors to a code segment with a different 
privilege level. Thus, an application program running 
at PL = 3 may call an operating system routine at 
PL= 1 (via a gate) which would cause the task's CPL 
to be set to 1 until the operating system routine was 
finished. 

Selector Privilege (RPL) 

The privilege level of a selector is specified by the 
RPL field. The selector's RPL is only used to estab
lish a less trusted privilege level than the current 
privilege level of the task for the use of a segment. 
This level is called the task's effective privilege level 
(EPL). The EPL is defined as being the least privi
leged (numerically larger) level of a task's CPL and a 
selector's RPL. The RPL is most commonly used to 
verify that pointers passed to an operating system 
procedure do not access data that is of higher privi
lege than the procedure that originated the pointer. 
Since the originator of a selector can specify any 
RPL value, the Adjust RPL (ARPL) instruction is pro
vided to force the RPL bits to the originator's CPL. 
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Table 4.2. Descriptor Types Used for Control Transfer 

Control Transfer Types 

Intersegment within the same privilege level 

Intersegment to the same or higher privilege level 
Interrupt within task may change CPL 

Intersegment to a lower privilege level 
(changes task CPL) 

Task Switch 

·NT (Nested Task bit of flag register) = 0 
··NT (Nested Task bit of flag register) = 1 

I/O Privilege 

The I/O privilege level (IOPL) lets the operating sys
tem code executing at CPL = 0 define the least privi
leged level at whid~ I/O instructions can be used. An 
exception 13 (General Protection Violation) is gener
ated if an I/O instruction is attempted when the CPL 
of the task is less privileged then the 10PL. The 
10PL is stored in bits 13 and .14 of the EFLAGS reg
ister. The following instructions cause an exception 
13 if the CPL is greater than 10PL: IN, INS, OUT, 
OUTS, STI, CLI, LOCK prefix. 

Qescriptor Access 

There are basically two types of segment accesses: 
those involving code segments such as control 
transfers, and those involving data accesses. Oeter
mining the ability of a task to access a segment in
volves the type of. segment to be accessed, the in
struction used, the type of descriptor used and CPL, 
RPL, and OPL as described above. 

Any.time an instruction loads a data segment regis
ter (OS, ES, FS, GS) the Intel386 SX Microprocessor. 
makes protection validation checks. Selectors load
ed in the OS, ES, FS, GS registers must refer only to 
data segment or readable code segments. 
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Operation Types 
Descriptor Descriptor 

Referenced Table 

JMP, CALL RET, IRET" Code Segment GOT/LOT 

CALL Call Gate GOT/LOT 

Interrupt instruction Trap or lOT 
Exception External Interrupt 
Interrupt Gate 

RET,IRET" Code Segment GOT/LOT 

CALL,JMP Task State GOT 
Segment 

CALL,JMP Task Gate GOT/LOT 

IRET·· Task Gate lOT 
Interrupt instruction, 
Exception, External 
Interrupt 

Finally the privilege validation checks are performed. 
The CPL is compared to the EPL and if the EPL is 
more privileged than the CPL, an exception 13 (gen
eral protection fault) is generated. 

The rules regarding the stack segment are slightly 
different than those involving data segments. In
structions that load selectors into SS must refer to 
data segment descriptors for writeable data seg
ments. The OPL and RPL must equal the CPL of all 
other descriptor types or a privilege .Ievel violation 
will cause an exception 13. A stack not present fault 
causes an exception 12. 

PRIVILEGE LEVEL TRANSFERS 

Inter-segment control·transfers occur when a selec
tor is loaded in the CS register. For a typical system 
most of these transfers are simply the result of a call 
or a jump to another routine. There are five types of 
control transfers which are summarized in Table 4.2. 
Many of these transfers result in a privilege 'Ievel 
transfer. Changing privilege levels is done only by 
. control transfers, using gates, task switches, and in
terrupt or trap gates. 

Control transfers can only occur if the operation 
which loaded the selector references the correct de
scriptor type. Any violation of these descriptor usage 
rules will caase an exception 13. 
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Figure 4.9. Sample 1/0 Permission Bit Map 

CALL GATES 
Gates provide protected indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege transfers within a task. Since the operating' 
system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trust
ed procedures. 

TASK SWITCHING 
A very important attribute of any,multi-tasking/multi
user operating system is its ability to rapidly switch 
between tasks or processes. The Intel386 SX Micro
processor directly supports this operation by provid
ing a task switch instruction in hardware. The task 
switch operation saves the entire state of the ma
chine (all of the registers, address space, and a link 
to the previous task), loads a new execution state, ' 
performs protection checks, and commences execu
tion in the new task. Like transfer of control by 
gates, the task switch operation is invoked by exe
cuting an inter-segment JMP or CALL instruction 
which refers to a Task State Segment (TSS) , or a 
task gate descriptor in the GOT or LOT. An INT n 
instruction, exception, trap, or external interrupt may 
also invoke the task switch operation if there is a 
task gate descriptor in the associated lOT descriptor 
slot. 

The TSS descriptor points to a segment (see Figure 
4.8) containing the entire execution state. A task 
gate descriptor contains a TSS selector. The 
Intel386 SX Microprocessor supports both the 
80286 and Intel386 SX CPU TSSs. The limit of a 
Intel386 SX Microprocessor TSS must be greater 
than 64H (2BH for an 80286 TSS), and can be as 
large as 16 megabytes. In the additional TSS space, 
the operating system is free to store additional infor
mation such as the reason the task is inactive, time 
the task has spent running, or open files belonging 
to the task. 

Each task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
Intel386 SX Microprocessor called the Task State 
Segment Register (TR). This register contains a se
lector referring to the task state segment descriptor 
that defines the current TSS. A hidden base and limit 
register associated with TSS descriptor are loaded 
whenever TR is loaded with a new selector. Return-, 
ing from a task is accomplished by the IRET instruc
tion. When IRET is executed, control is returned to 
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the task which was interrupted. The currently exe
cuting task's state is saved in the TSS and the old 
task state is restored from its TSS. 

Several bits in the flag register and machine status 
word (CRO) give information about the state of a 
task which is useful to the operating system. The 
Nested Task bit, NT, controls the function of the 
IRET instruction. If NT= 0 the IRET instruction per
forms the regular return. If NT= 1 IRET performs a 
task switch operation back to the previous task. The 
NT bit is set or reset in the following fashion: 

When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and 
the back link field of the new TSS set to the old 
TSS selector. The NT bit of the new task is set 
by CALL or INT initiated task switches. An in
terrupt that does not cause a task switch will 
clear NT (The NT bit will be restored after exe
cution of the interrupt handler). NT may also be 
set or cleared by POPF or IRET instructions. 

The Intel386 SX Microprocessor task state segment 
is marked busy by changing the descriptor type field 
from TYPE 9 to TYPE OBH. An 80286 TSS is 
marked busy by changing the descriptor type field 
from TYPE 1 to TYPE 3. Use of a selector that refer
ences a busy task state segment causeS an excep
tion 13. 

The VM (Virtual Mode) bit is used to indicate if a task 
is a Virtual 8086 task. If VM = 1 then the tasks will 
use the Real Mode addressing mechanism. The vir
tual 8086 environment is only entered and exited by 
a task switch. , 

The coprocessor's state is not automatically saved 
when a task switch occurs. The Task Switched Bit, 
TS, in the C~O register helps deal with the coproces
sor's state in a multi-tasking environment. Whenever 
the Intel386 SX Microprocessor switches task, it 
sets the TS bit. The Intel386 SX Microprocessor de
tects the first use of a processor extension instruc
tion after a task switch and causes the processor 
extension not available exception 7. The exception 
handler for exception 7 may then decide whether to 
save the state of the coprocessor. 

The T bit in the Intel386 SX Microprocessor TSS 
indicates that the processor should generate a de
bug exception when switching to a task. If T = 1 then 
upon entry to a new task a debug exception 1 will be 
generated. 
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INITIALIZATION AND TRANSITION TO 
PROTECTED MODE 

Since the Intel386 SX Microprocessor begins exe
cuting in Real Mode immediately after RESET it is 
necessary to initialize the system tables and regis
ters with the appropriate values. The GDT and IDT 
registers must refer to, a valid GDT and IDT. The IDT 
should be at least 256 bytes long, and the GDT must 
contain descriptors for the initial code and data seg
ments. 

Protected Mode is enabled by loading CRO with PE 
bit set. This can be accomplished by using the MOV 
CRO, RIM instruction. After enabling Protected 
Mode, the next instruction should execute an inter
segment JMP to load the CS register and flush the 
instruction decode queue. The final step is to load all 
of the data segment registers with the initial selector 
values. 

An alternate approach to entering Protected Mode is 
to use the built in task-switch to load all of the regis
ters., In this case the GDT would contain two TSS 
descriptors in addition to the code and data descrip
tors needed for the first task. The first JMP instruc
tion in Protected Mode would jump to the TSS caus
ing a task switch and loading all of the registers with 
the values stored in the TSS. The Task State Seg
ment Register should be initialized to point to a valid 
TSS descriptor. 
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4.4 Paging 

Paging is another type of memory management use
ful for virtual memory multi-tasking operating sys
tems. Unlike segmentation, which modularizes pro
grams and data into variable length segments, pag
ing divides programs into multiple uniform size 
pages. Pages bear no direct relation to the logical 
structure of a program. While segment selectors can 
be considered the logical 'name' of a program mod
ule or data structure, a page most likely corresponds 
to only a portion of a module or data structure. 

PAGE ORGANIZATION 

The Intel386 SX Microprocessor uses two levels of 
tables to translate the linear address (from the seg
mentation unit) into a physical address. There are 
three components to the paging mechanism of the 
Intel386 SX Microprocessor: the page directory, the 
page tables, and the page itself (page frame). All 
memory-resident elements of the Intel386 SX Micro
processor paging mechanism are the same size, 
namely 4K bytes. A uniform size for all of the ele
ments simplifies memory allocation and reallocation 
schemes, since there is no problem with memory 
fragmentation. Figure 4.10 shows how the paging 
mechanism works. 

TWO LEVEL PAGING SCHEME 

31 22 12 0 

~ DIRECTORY I TABLE I OFFSET I USER 
LINEAR 

lOt I 
MEMORY 

ADDRESS 12 
10 

OFFFFFFH 

31 
ADDRESS 'f 31 'f 31 0 

CRO I 

t f-+ CRI 

o 

PAGE TABLE 
CR2 

CR3 ROOT 
DIRECTORY 

CONTROL REGISTERS 

240187-15 

Figure 4.10. Paging Mechanism 

31 12 11 10 9 8 7 6 5 4 3 2 1 0 

System U R 
PAGE TABLE ADDRESS 31 .. 12 Software 0 0 D A 0 0 - - P 

Defineable S W 

Figure 4.11. Page Directory Entry (Points to Page Table) 
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31 12 11 10 9 8 7 6 5 4 3 2 1 0 

System U R 
PAGE FRAME ADDRESS 31..12 Software 0 0 0 A 0 0 - - P 

Defineable S W 

Figure 4.12. Page Table Entry (Points to Page) 

Page Fault Register 

CR2 is the Page Fault Linear Address register. It 
holds the 32-bit linear address which caused the last 
Page Fault detected. 

Page Descriptor Base Register 

CR3 is the Page Directory Physical Base Address 
Register. It contains the physical starting address of 
the Page Directory (this value is truncated to a 24-bit 
value associated with the Intel386 SX CPU's 16 
IT,Iegabyte physical memory limitation). The lower 12 
bi~s of CR~ are !\Iways zero to ensure that the Page 
Directory IS always page aligned. Loading it with a 
MOV eR3, reg instruction causes the page table en
try cache to be flushed, as will a task switch through 
a TSS which changes the value of CRO. 

Page Directory 

The Page Directory is 4k bytes long and allows up to 
1024 page directory entries. Each page directory en
try contains information about the page table and 
the address of the next level of tables, the Page 
Tables. The contents of a Page Directory Entry are 
shown in figure 4.11. The upper 10 bits of the linear 
address (A31-A22) are used as an index to select 
the correct Page Directory Entry. 

The page table address contains the upper 20 bits 
of a 32-bit physical address that is used as the base 
address for the next set of tables, the page tables. 
The lower 12 bits of the page table address are zero 
so that the page table addresses appear on 4 kbyte 
boundaries. For a Intel386 DX CPU system the up
per 20 bits will select one of 220 page tables, but for 
a Intel386 SX Microprocessor system the upper 20 
bits only select one of 212 page tables. Again, this is 
because the Intel386 SX Microprocessor is limited to 
a 24-bit physical address and the upper 8 bits (A24-
A31) are truncated when the address is output on its 
24 address pins. 

Page Tables 

Each Page Table is 4K bytes long and allows up to 
1024 Page table Entries. Each page table entry con
tains information about the Page Frame and its ad-
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dress .. Th~ contents of a Page Table Entry are 
shown In figure 4.12. The middle 10 bits of the linear 
address (A21-A12) are used as an index to select 
the correct Page Table Entry. 

The Page Frame Address contains the upper 20 bits 
of a 32-bit physical address that is used as the base 
address for the Page Frame. The lower 12 bits of the 
Page Frame Address are zero so that the Page 
Frame addresses appear on 4 kbyte boundaries. For 
an Intel386 DX CPU system the upper 20 bits will 
select one of 220 Page Frames, but for an 
Intel386 SX Microprocessor system the upper 20 
~its only select one of 212 Page Frames. Again, this 
IS because the Intel386 SX Microprocessor is limited 
to a 24-bit physical address space and the upper 8 
bits (A24-A31) are truncated when the address is 
output on its 24 address pins. 

Page Directory/Table Entries 

The lower 12 bits of the Page Table Entries and 
Page Directory Entries contain statistical information 
about pages and page tables respectively. The P 
(Present) bit indicates if a Page Directory or Page 
Table entry can be used in address translation. If 
P = 1, the entry can be used for address translation. 
If P = 0, the entry cannot be used for translation. All 
of the other bits are available for use by the soft
ware. For example, the remaining 31 bits could be 
used to indicate where on disk the page is stored. 

The A (Accessed) bit is set by the Intel386 SX CPU 
for both types of entries before a read or write ac
cess occurs to an address covered by the entry. The 
D (Dirty) bit is set to 1 before a write to an address 
covered by that page table entry occurs. The D bit is 
undefined for Pag€! Directory Entries. When the P, A 
and D bits are updated by the Intel386 SX CPU, the 
pr~cessor generates a Read- Modify-Write cycle 
which locks the bus and prevents conflicts with oth
er processors or peripherals. Software which modi
fies these bits should use the LOCK prefix to ensure 
the integrity of the page tables in multi-master sys
tems. 

The 3 bits marked system software definable in Fig
ures 4.11 and Figure 4.12 are software definable. 
System software writers are free to use these bits 
for whatever purpose they wish. 
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PAGE LEVEL PROTECTION (R/W, U/S BITS) 

The Intel3B6 SX Microprocessor provides a set of 
protection attributes for paging systems. The paging 
mechanism distinguishes between two levels of pro
tection: User, which corresponds to level 3 of the 
segmentation based protection, and supervisor 
which encompasses all of the other protection levels 
(0, 1, 2). Programs executing at Level 0, 1 or 2 by
pass the page protection, although segmentation
based protection is still enforced by the hardware. 

The U/S and R/W bits are used to provide User/Su
pervisor and Read/Write protection for individual 
pages or for all pages covered by a Page Table Di
rectory Entry. The U/S and R/W bits in the second 
level Page Table Entry apply only to the page de
scribed by that entry. While the U/S and R/W bits in 
the first level Page Directory Table apply to all pages 
described by the page table pointed to by that direc
tory entry. The U/S and R/W bits for a given page 
are obtained by taking the most restrictive of the 
U/S and R/W from the Page Directory Table Entries 
and using these bits to address the page. 

TRANSLATION LOOKASIDE BUFFER 

The Intel3B6 SX Microprocessor paging hardware is 
designed to support demand paged virtual memory 
systems. However, performance would degrade 
substantially if the processor was required to access 
two levels of tables for every memory reference. To 
solve this problem, the Intel386 SX Microprocessor 
keeps a cache of the most recently accessed pages, 
this cache is called the Translation Lookaside Buffer 
(TLB). The TLB is a four-way set associative 32-en
try page table cache. It automatically keeps the most 
commonly used page table entries in the processor. 
The 32-entry TLB coupled with a 4K page size re
sults in coverage of 12BK bytes of memory address
es. For many common m'ulti-tasking systems, 'the 
TLB will have a hit rate of greater than 9B%. This 
means, that the processor will only have to access 
the two-level page structure for less than 2% of all 
memory references. , 

PAGING OPERATION, 

The paging hardware operates in the following fash
ion. The paging unit hardware receives a 32-bit lin
ear address from the segmentation unit. The upper 
20 linear address bits are compared with all 32 en
tries in the TLB to determine if there is a match. If 
there is a match (Le. a TLB hit), then the 24-bit phys
ical address is calculated and is placed on the ad
dress bus. 

If the page table entry is not in the TLB, the Intel3B6 
SX Microprocessor will read the appropriate Page 
Directory Entry. If P = 1 on the Page Directory Entry, 
indicating that the page table is in memory, then the 
Intel386 SX Microprocessor will read the appropriate 
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Page Table Entry and set the Access bit. If P= 1 on 
the Page Table Entry, indicating that the page is in 
memory, the Intel3B6 SX Microprocessor will update 
the Access and Dirty bits as needed and fetch the 
operand. The upper 20 bits of the linear address, 
read from the page table, will be stored in the TLB 
for future accesses. If P = 0 for either the Page Di
rectory Entry or the Page Table Entry, then the proc
essor will generate a page fault Exception 14. 

The processor will also generate a Page Fault (Ex
ception 14) if the memory reference violated the 
page protection attributes. CR2 will hold the linear 
address which caused the page fault. Since Excep
tion 14 is classified as a fault, CS:EIP will point to the 
instruction causing the page-fault. The 16-bit error 
code pushed as part of the page fault handler will 
contain status bits which indicate the cause of the 
page fault. ' 

The 16-bit error code is used by the operating sys
tem to determine how to handle the Page Fault. Fig
ure 4.13 shows the format of the Page Fault error 
code and the interpretation of the bits. Even though 
the bits in the error code (U/S, W/R, and P) have 
similar names as the bits in the Page Directory/Ta
ble Entries, the interpretation of the error code bits is 
different. Figure 4.14 indicates what type of access 
caused the page fault. 

15 3 2 1 0 

I+I+I+H+H+I+I~I~H 
Figure 4.13. Page Fault Error Code Format 

U/S: The U/S bit indicates whether the access 
causing the fault occurred when the processor was 
executing in User Mode (U/S = 1) or in Supervisor 
mode (U/S = 0) 

W/R: The W/R bit indicates whether the access 
causing the fault was a Read (W/R = 0) or a Write 
(W/R = 1) 

P: The P bit indicates whether a page fault was 
caused by a not-present page (P = 0), or by a page 
level protection violation (P = 1) 

U = Undefined 

U/S W/R Access Type 

0 0 Supervisor" Read 
0 1 Supervisor Write 
1 0 User Read 
1 1 User Write 

'DeSCriptor table access will fault with U/S = 0, even If 
the program is executing at level 3. 
Figure 4.14. Type of Access Causing Page Fault 
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OPERATING SYSTEM RESPONSIBILITIES 

When the operating system enters or exits paging 
mode (by setting or resetting bit 31 in the CRO regis
ter) a short JMP must be executed to flush the In
tel386 SX Microprocessor's. prefetch queue. This 
ensures that all instructions executed after the ad
dress mode change will generate correct addresses. 

The Intel386 SX Microprocessor takes care of the 
page address translation process, relieving the bur
den from an operating system in a demand-paged 
system. The operating system is responsible for set
ting up the initial page tables and handling any page 
faults. The operating system also is required to inval
idate (Le. flush) the TLB when any changes are 
made to any of the page table entries. The operating 
system must reload CR3 to cause the TLB to be 
flushed. 

Setting up the tables is simply a matter of loading 
CR3 with the address of the Page Directory, and 
allocating space for the Page Directory and the 
Page Tables. The primary responsibility of the oper
ating system is to implement a swapping policy and 
handle all of the page faults. 

A final concern of the operating system is to ensure 
that the TLB cache matches the information in the 
paging tables. In particular, any time the operating 
systems sets the P (Present) bit of page table entry 
to zero. The TLB must be flushed by reloading CR3. 
Operating systems may want to take advantage of 
the fact that CR3 is stored as part of a TSS, to give 
every task or group of tasks its own set of page 
tables. 

4.5 Virtual 8086 Environment 

The Intel386 SX Microprocessor allows the execu
tion of 8086 application programs in both Real Mode 
and in the Virtual 8086 Mode. The Virtual 8086 
Mode allows the execution of 8086 applications, 
while still allowing the system designer to take full 
advantage of the Intel386 SX CPU's protection 
mechanism. 

VIRTUAL 8086 ADDRESSING MECHANISM 

One of the major differences between Intel386 SX 
CPU Real and Protected modes is how the segment 
selectors are interpreted. When the processor is ex
ecuting in Virtual 8086 Mode, the segment registers 
are used in a fashion identical to Real Mode. The 
contents of the segment register are shifted left 4 
bits and added to the offset to form the segment 
base linear address. 

The Intel386 SX Microprocessor allows the operat
ing system to specify which programs use the 8086 
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address mechanism and which programs use Pro
tected Mode addressing on a per task basis. 
Through the use of paging, the one megabyte ad
dress space of the Virtual Mode task can be mapped 
to anywhere in the 4 gigabyte linear address space 
of the Intel386 SX Microprocessor. Like Real Mode, 
Virtual Mode addresses that exceed one megabyte 
will cause an exception 13. However, these restric
tions should not prove to be important, because 
most tasks running in Virtual 8086 Mode will simply 
be existing 8086 application programs. 

PAGING IN VIRTUAL MODE 

The paging hardware allows the concurrent running 
of multiple Virtual Mode tasks, and provides protec
tion and operating system isolation. Although it is 
not strictly necessary to have the paging hardware 
enabled to run Virtual Mode tasks, it is needed in 
order to run multiple Virtual Mode tasks or to relo
cate the address space of a Virtual Mode task to 
physical address space greater than one megabyte. 

The paging hardware allows the 20-bit linear ad
dress produced by a Virtual Mode program to be 
divided into as many as 256 pages. Each one of the 
pages can be located anywhere within the maximum 
16 megabyte physical address space of the Intel386 
SX Microprocessor. In addition, since CR3 (the Page 
Directory Base Register) is loaded by a task switch, 
each Virtual Mode task can use a different mapping 
scheme to map pages to different physical, locations. 
Finally, the pagi~g hardware allows the sharin~ of 
the 8086 operating system code between multiple 
8086 applications. 

PROTECTION AND 110 PERMISSION BIT MAP 

All Virtual Mode programs execute at privilege level 
3. As such, Virtual Mode programs are subject to all 
of the protection checks defined in Protected Mode., 
This is different than Real Mode, which implicitly is 
executing at privilege level O. Thus, an attempt t.o 
execute a privileged instruction in Virtual Mode will 
cause an exception 13 fault. 

The following are privileged instructions, which may 
be executed only at Privilege Level O. Attempting to 
execute these instructions in Virtual 8086 Mode (or 
anytime CPL~O) causes an exception 13 fault: 

LlDT; MOV DRn,REG; MOV reg,DRn; 
LGDT; MOV TRn,reg; MOV reg,TRn; 
LMSW; MOV CRn,reg; MOV reg,CRn; 

CLTS; 
HLT; 
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Several instructions, particularly those applying to 
the multitasking and the protection model, are avail
able only in Protected Mode. Therefore, attempting 
to execute the following instructions in Real Mode or 
in Virtual 8086 Mode generates an exception 6 fault: 

LTR; 
LLDT; 
LAR; 
LSL; 
ARPL; 

STR; 
SLOT; 
VERR; 
VERW; 

The instructions which are 10PL sensitive in Protect
ed Mode are: 

IN; STI; 
OUT; CLI 
INS; 
OUTS; 
REP INS; 
REP OUTS; 

In Virtual 8086 Mode the following instructions are 
10PL-sensitive: 

INTn; STI; 
PUSHF; CLI; 
POPF; IRET; 

The PUSHF, POPF, and IRET instructions are 10PL
sensitive in Virtual 8086 Mode only. This provision 
allows the IF flag to be virtualized to the virtual 8086 
Mode program. The INT n software interrupt instruc
tion is also 10PL-sensitive in Virtual 8086 mode. 
Note that the INT 3, INTO, and BOUND instructions 
are not 10PL-sensitive in Virtual 8086 Mode. 

The I/O instructions that directly refer to addresses 
in the processor's I/O space are IN, INS, OUT, and 
OUTS. The Intel386 SX Microprocessor has the abil
ity to selectively trap references to specific I/O ad
dresses. The structure that enables selective trap
ping is the 110 Permission Bit Map in the TSS seg
ment (see Figures 4.8 and 4.9). The I/O permission 
map is a bit vector. The size of the map and its loca
tion in the TSS segment are variable. The processor 
locates the I/O permission map by means of the I/O 
map base field in the fixed portion of the TSS. The 
I/O map base field is 16 bits wide and contains the 
offset of the beginning of the I/O permission map. 

In protected mode when an I/O instruction (IN, INS, 
OUT or OUTS) is encountered, the processor first 
checks whether CPL s; 10PL. If this condition is true, 
the I/O operation may proceed. If not true, the proc
essor checks the I/O permission map (in Virtual 
8086 Mode, the processor consults the map without 
regard for the 10PL). 
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Each bit in the map corresponds to an I/O port byte 
address; for example, the bit for port 41 is found at 
I/O map base + 5, bit offset 1. The processor tests 
all the bits that correspond to the I/O addresses 
spanned by an I/O operation; for example, a double 
word operation tests four bits corresponding to four 
adjacent byte addresses. If any tested bit is set, the 
processor signals a general protection exception. If 
all the tested bits are zero, the I/O operations may 
proceed. 

. It is not necessary for the I/O permission map to 
represent all the I/O addresses. I/O addresses not 
spanned by the map are treated as if they had one
bits in the map. The I/O map base should be at 
least one byte' less than the TSS limit, the last byte 
beyond the I/O mapping information must contain 
all 1's. 

Because the I/O permission map is in the TSS seg
ment, different tasks can have different maps. Thus, 
the operating system can allocate ports to a task by 
changing the I/O permission map in the task's TSS. 

IMPORTANT IMPLEMENTATION NOTE: Beyond 
the last byte of I/O mapping information in the I/O 
permission bit map must be a byte containing all 1's. 
The byte of all 1's must be within the limit of the 
Intel386 SX CPU TSS segment (see Figure 4.8). 

Interrupt Handling 

In order to fully support the emulation of an 8086 
machine, interrupts in Virtual 8086 Mode are han
dled in a unique fashion. When running in Virtual 
Mode all interrupts and exceptions involve a privi
lege change back to the host Intel386 SX Microproc
essor operating system. The Intel386 SX Microproc
essor operating system determines if the interrupt 
comes from a Protected Mode application or from a 
Virtual Mode program by examining the VM bit in the 
EFLAGS image stored on the stack. 

When a Virtual Mode program is interrupted and ex
ecution passes to the interrupt routine at level 0, the 
VM bit is cleared. However, the VM bit is still set in 
the EFLAG image on the stack. 

The Intel386 SX Microprocessor operating system in 
turn handles the exception or interrupt and then re
turns control to the 8086 program. The Intel386 SX 
Microprocessor operating system may choose to let 
the 8086 operating system handle the interrupt or it 
may emulate the function of the interrupt handler. 
For example, many 8086 operating system calls are 
accessed by PUSHing parameters on the stack, and 
then executing an INT n instruction. If the 10PL is set 
to a then all INT n instructions will be intercepted by 
the Intel386 SX Microprocessor operating system. 
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An Intel38S SX Microprocessor operating system 
can provide a Virtual 808S Environment which is to
tally transparent to the application software by inter
cepting and then emulating 808S operating system's 
calls, and intercepting .IN and OUT instructions. 

Entering and Leaving Virtual 8086 Mode 

Virtual 808S mode is entered by executing a 32-bit 
IRET instruction at CPL=O where the stack has a 1 
in the VM bit of its EFLAGS image, or a Task Switch 
(at any CPL) to a Intel38S SX Microprocessor task 
whose Intel38S SX CPU TSS has a EFLAGS image 
containing a 1 in the VM bit position while the proc
essor is executing in the Protected Mode. POPF 
does not affect the VM bit but a PUSHF always 
pushes a 0 in the VM bit. ' 

The transition out of Virtual 808S mode to protected 
mode occurs only on receipt of an interrupt or ex
ception. In Virtual 808S mode, all interrupts and ex
ceptions vector through the protected mode lOT, 
and enter an interrupt handler in protected mode. As 
part of the interrupt processing the VM bit is cleared. 

Because the matching IRET must occur from level 0, 
Interrupt or Trap Gates used to field an interrupt or 
exception out of Virtual 808S mode must perform an 
inter-level interrupt only to level O. Interrupt or Trap 
Gates through conforming segments, or through 
segments with OPL> 0, will raise a GP fault with the 
CS selector as the error code. 

Task Switches To/From Virtual 8086 Mode 

Tasks which can execute in Virtual 808S mode must 
be described by a TSS with the Intel38S SX CPU 
format (type 9 or 11 descriptor). A task switch out of 
virtual 808S mode will operate exactly the same as 
any other task switch out of a task with a Intel38S SX 
CPU TSS. All of the programmer visible state, includ
ing the EFLAGS register with the VM bit set to 1, is 
'stored in the TSS. The segment registers in the TSS 
will contain 808S segment base values rather than 
s,electors. 

A task switch into a task described by a Intel38S SX 
CPU TSS will have an additional check to determine 
if the incoming task should be resumed i~' Virtual 
808S mode. Tasks described by 28S format TSSs 
cannot be resumed in Virtual 808S mode, so no 
check is required there (the FLAGS image in 28S 
format TSS has only the low order 1S FLAGS bits). 
Before loading the segment register images from a 
Intel38S SX CPU TSS, the FLAGS image is loaded, 
so that' the segment registers' are loaded from the 
TSS image as 808S segment base values. The task 
is now ready to resume in Virtual 808S mode. 
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Transitions Through Trap and Interrupt ~ates,' 
andlRET ' 

A task switch is one way to enter or exit Virtual 808S 
mode. The other method is to exit through a Trap or 
Interrupt gate, as part of handling an interrupt, and 
to enter as part of executing an IRET instruction. 
The transition out must use a Intel38S SX CPU Trap 
Gate (Type 14), or Intel38S SX CPU Inter"upt Gate 
(Type 15), which must point to a non-conforming lev
el 0 segment (OPL = 0) in order to permit the trap 
handler to IRET back to the Virtual 808S program. 
The Gate must point to a non-conforming level 0 
segment to perform a level switch to level 0 so that 
the matching IRET can change the VM bit. Intel38S 
SX CPU gates must be used since 28S gates save 
only the low 1S bits of the EFLAGS register (the VM 
bit will not be saved). Also, the 1S-bit IRET used to 
terminate the 28S interrupt handler will pop only the 
lower 1S bits from FLAGS, and will not affect the VM 
bit. The action taken for a Intel38S SX CPU Trap or 
Interrupt gate if an interrupt occurs while the task is 
executing in virtual 808S mode is given by the follow
ing sequence: 

1. Save the FLAGS register in a temp to push later. 
Turn off the VM, TF, and IF bits. 

2. Interrupt and Trap gates must perform a level 
switch from 3 (where the Virtual 808S Mode pro
gram executes) to level 0 (s,o IRET can return). 

3. Push the 808S segment register values onto the 
new stack, in this order: GS, FS, OS, ES. These 
are pushed as 32-bit quantities. Then load these 4 
registers with null selectors (0). 

4. Push the old 808S stack pointer onto the new 
stack by pushing the SS register (as 32-bits), then 
pushing the 32-bit ESP register saved above. 

5. Push the 32-bit EFLAGS register saved in step 1. 

S. Push the old 808S instruction onto the new stack 
by pushing the CS register (as 32-bits), then push-
ing the 32-bit EIP register. ' 

7. Load up the new CS:EIPvalue from the interr~pt 
gate, and begin execution'of the interrupt routine 
in protected mode. 

The transition out of V8S mode performs a level 
change and stack switch, in addition to changing 
back to protected mode. Also all of the 808S seg
ment register images are stored 'on the stack (be
hind the SS:ESP image), and then loaded with null 
(0) 'selectors before entering the interrupt handler. 
This will permit the handler to safely save and re
store the OS, ES, FS, and GS registers as 28S selec
tors. This is needed so that interrupt handlers which 
don't care about the mode of the interrupted pro
gram can use the same prologue and epilogue code 
for state saving regardless of whether or not a 'na
tive' mode or Virtual 808S Mode program was inter-
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rupted. Restoring null selectors to these registers 
before executing the IRET will cause a trap in the 
interrupt handler. Interrupt routines which expect or 
return values in the segment registers will have to 
obtain/return values from the 8086 register images 
pushed onto the new stack. They will need to know 
the mode of the interrupted program in order to 
know where to find/return segment registers, and 
also to know how to interpret segment register val
ues. 

The IRET instruction will perform the inverse of the 
above sequence. Only the extended IRET instruc
tion (operand size = 32) can be used and must be 
executed at level 0 to change the VM bit to 1. 

1. If the NT bit in the FLAGS register is on, an inter
task return is performed. The current state is 
stored in the current TSS, and the link field in the 
current TSS is used to locate the TSS for the in
terrupted task which is to be resumed. Otherwise, 
continue with the following sequence: 

2. Read the FLAGS image from SS:8[ESP1 into the 
FLAGS register. This will set VM to the value ac
tive in the interrupted routine. 

3. Pop off the instruction pointer CS:EIP. EIP is 
popped first, then a 32-bit word is popped which 
contains the CS value in the lower 16 bits. If 
VM = 0, this CS load is done as a protected mode 
segment load. If VM = 1, this will be done as an 
8086 segment load. 

4. Increment the ESP register by 4 to bypass the 
FLAGS image which was 'popped' in step 1. 

5. If VM = 1, load segment registers ES, OS, FS, and 
GS from memory locations SS:[ESP+8], 
SS: [ESP + 12], SS: [ESP + 16], and 
SS: [ESP = 201, respectively, where the new value 
of ESP stored in step 4 is used. Since VM = 1 , 
these are done as 8086 segment register loads. 

Else if VM = 0, check that the selectors in ES, OS, 
FS, and GS are valid in the interrupted routine. 
Null out invalid selectors to trap if an attempt is 
made to access through them. 

6. If RPl(CS»CPl, pop the stack pointer SS:ESP 
from the stack. The ESP register is popped first, 
followed by 32-bits containing SS in the lower 16 
bits. If VM = 0, SS is loaded as a protected mode 
segment register load. If VM = 1, an 8086 seg
ment register load is used. 

7. Resume execution of the interrupted routine. The 
VM bit in the FLAGS register (restored from the 
interrupt routine's stack image in step 1) deter
mines whether the processor resumes the inter
rupted routine in Protected mode or Virtual 8086 
Mode. 
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5.0 FUNCTIONAL DATA 

The Inte13,86 SX Microprocessor features a straight
forward functional interface to the external hard
ware. The Intel386 SX Microprocessor has separate 
parallel buses for data and address. The data bus is 
16-bits in width, and bi-directional. The address bus 
outputs 24-bit address values using 23 address lines 
and two byte enable signals. 

The Intel386 SX Microprocessor has two selectable 
address bus cycles: address pipelined and non-ad
dress pipelined. The address pipelining option al
lows as much time as possible for data access by 
starting the pending bus cycle before the present 
bus cycle is finished. A non-pipe lined bus cycle 
gives the highest bus performance by executing ev
ery bus cycle in two processor ClK cycles. For maxi
mum design flexibility, the address pipelining option 
is selectable on a cycle-by-cycle basis. 

The processor's bus cycle is the basic mechanism 
for information transfer, either from system to proc
essor, or from processor to system. Intel386 SX Mi
croprocessor bus cycles perform data transfer in a 
minimum of only two clock periods. The maximum 
transfer bandwidth at 16 MHz is therefore 16 
Mbytes/sec. However, any bus cycle will be extend
ed for more than two clock periods if external hard
ware withholds acknowledgement of the cycle. 

The Intel386 SX Microprocessor can relinquish con
trol of its local buses to allow mastership by other 
devices, such as direct memory access (OMA) chan
nels. When relinquished, HlDA is the only output pin 
driven by the Intel386 SX Microprocessor, providing 
near-complete isolation of the processor from its 
system (all other output pins are in a float condition). 

5.1 Signal Description Overview 

Ahead is a brief description of the Intel386 SX Micro
processor input and output signals arranged by func
tional groups. Note the # symbol at the end of a 
signal name indicates the active, or asserted, state 
occurs when the signal is at a lOW voltage. When 
no # is present after the signal name, the signal is 
asserted when at the HIGH voltage level. 

Example signal: MIIO#, - HIGH voltage indicates 
Memory selected 

- lOW voltage indicates 
110 selected 

The signal descriptions sometimes refer to AC tim
ing parameters, such as 't25 Reset Setup Time' and 
't26 Reset Hold Time.' The values of these parame
ters can be found in Table 7.4. 
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CLOCK (CLK2) DATA BUS (015-00) 

CLK2 provides the fundamental timing for the 
Intel386 SX Microprocessor. It is divided by two in
ternally to generate the internal processor clock 
used for instruction execution. The internal clock is 
comprised of two phases, 'phase one' and 'phase 
two'. Each CLK2 period is a phase of ·the internal 
clock. Figure 5.2 illustrates the relationship. If de
sired, the phase of the internal processor clock can 
be synchronized to a known phase by ensuring the 
falling edge of the RESET signal meets the applica
ble setup and hold times t25 and t26' 

, These three-state bidirectional signals provide the 
general purpose data path between the Intel386 SX 
Microprocessor and other devices. The data bus 
outputs are active HIGH and will float during bus 
hold acknowledge. Data bus reads require that read
data setup and hold times t21 and t22 be met relative 
to CLK2 for correct operation. 
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ADDRESS BUS (A23-Alo BHE#, BLE#) 

These three-state outputs provide physical memory 
addresses or 1/0 port addresses. A23-A16 are LOW 
during 1/0 transfers except for 1/0 transfers auto
matically generated by coprocessor instructions. 
During coprocessor 1/0 transfers, A22-A16 are driv
en LOW, and A23 is driven HIGH so that this ad
dress line can be used by external logic to generate 
the coprocessor select signal. Thus, the 1/0 address 
driven by the Intel386 SX Microprocessor for co
processor commands is 8000F8H, the 1/0 address
es driven by the Intel386 SX Microp~ocessor for co
processor data are 8000FCH or 8000FEH for cycles 
to the Intel387TM SX. 

The address bus is capable of addressing 16 mega
bytes of physical memory space (OOOOOOH through 
FFFFFFH), and 64 kilobytes of 1/0 address space 
(OOOOOOH through OOFFFFH) for programmed 1/0. 
The address bus is active HIGH and will float during 
bus hold acknowledge. 

The Byte Enable outputs, BHE# and BLE#, directly 
indicate which bytes of the 16-bit data bus are in
volved with the current transfer. BHE# applies to 
015-08 and BLE# applies to DrDo. If both BHE# 
and BLE# are asserted, then 16 bits of data are 
being transferred. See Table 5.1 for a complete de
coding of these signals. The byte enables are active 
LOW and will float during bus hold acknowledge. 

BUS CYCLE DEFINITION SIGNALS 
(W/R#, D/C#, M/IO#, LOCK#) 

These three-state outputs define the type of bus cy
cle being performed: W/R# distinguishes between 

Intel386™ SX MICROPROCESSOR 

write and read cycles, D/C# distinguishes between 
data and control cycles, M/IO# distinguishes be
tween memory and 1/0 cycles, and LOCK# distin
guishes between locked and unlocked bus cycles. 
All of these signals are active LOW and will float 
during bus acknowledge. 

The primary bus cycle definition signals are W/R#, 
D/C# and M/IO#, since these are the signals driv
en valid as ADS# (Address Status output) becomes 
active. The LOCK# is driven valid at the same time 
the bus cycle begins, which due to address pipelin
ing, could be after ADS # becomes active. Exact bus 
cycle definitions, as a function of W/R#, D/C#, and 
M/IO# are given in Table 5.2. 

LOCK # indicates that other system bus masters are 
not to gain control of the system bus while it is ac
tive. LOCK # is activated on the CLK2 edge that be
gins the first locked bus cycle (Le., it is not active at 
the same time as the other bus cycle definition pins) 
and is deactivated when ready is returned at the end 
of the last bus cycle which is to be locked. The be
ginning of a bus cycle is determined when READY # 
is returned in a previous bus cycle and another is 
pending (ADS# is active) or by the clock edge in 
which ADS# is driven active if the bus was idle. This 
means that it follows more closely with the write 
data rules when it is valid, but may cause the bus to 
be locked longer than desired. The LOCK # signal 
may be explicitly activated by the LOCK prefix on 
certain instructions. LOCK # is always asserted 
when executing the XCHG instruction, during de
scriptor updates, and during the interrupt acknowl
edge sequence. 

Table 51_ Byte Enable Definitions 

BHE# BLE# Function 

0 0 Word Transfer 
0 1 Byte transfer on upper byte of the data bus, 015-08 
1 0 Byte transfer on lower byte of the data bus, 07-00 
1 1 Never occurs 

Table 5.2. Bus Cycle Definition . 

M/IO# D/C# W/R# Bus Cycle Type Locked? 

0 0 '0 Interrupt Acknowledge Yes 
0 0 1 does not occur -
0 1 0 1/0 Data Read No 
0 1 1 1/0 Data Write No 
1 0 0 Memory Code Read No 
1 0 1 Halt: Shutdown: No 

Address = 2 Address = 0 
BHE# = 1 BHE# = 1 

'BLE# = 0 BLE# = 0 
1 1 0 Memory Data Read Some Cycles 
1 1 1 Memory Data Write Some Cycles 
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BUS CONTROL SIGNALS 
(ADS#, READY#, NA#) 

The following signals allow the processor to indicate 
when a bus cycle has begun, and allow other system 
hardware to control address pipelining and bus cycle 
termination. 

Address Status (ADS#) 

This three-state output indicates that a valid bus cy
cle definition and address (W/R#, D/C#, MIIO#, 
BHE#, BLE# and A23-A1) are being driven at the 
Intel386 SX Microprocessor pins. ADS# is an active 
LOW output. Once ADS# is driven active, valid ad
dress, byte enables, and definition signals will not 
change. In addition, ADS# will remain active until its 
associated bus cycle begins (when READY #' is re
turned for the previous bus cycle when running pipe
lined bus cycles). When address pipelining is uti
lized, maximum throughput is achieved by initiating 
bus cycles when ADS# and READY# are active in 
the same clock cycle. ADS# will float during bus 
hold, acknowledge. See sections Non-Pipelined Ad
dress and Pipelined Address for additional infor
mation on how ADS# is asserted for different bus 
states. 

Transfer Acknowledge (READY#) 

This input indicates the current bus cycle is com
plete, and the active bytes indicated by BHE# and 
BLE# are accepted or provided. When READY# is 
sampled active during a read cycle or interrupt ac
knowledge cycle, the Intel386 SX Microprocessor 
latches the input data and terminates the cycle. 
When READY # is sampled active during a write cy
cle, the processor terminates the bus cycle. 

READY # is ignored on the first bus state of all bus 
cycles, and sampled each bus state thereafter until 
asserted. READY# ,must eventually be asserted to 
acknowledge every bus cycle, including Halt Indica
tion and Shutdown Indication bus cycles. When be
ing sampled, READY # must always meet setup and 
hold times t19 and t20 for correct operation. 

Next Address Request (NA #) 

This is used to request address pipelining. This input 
indicates the system is prepared to accept new val
ues of BHE#, BLE#, A23-A1, W/R#, D/C# and 
MIIO# from the Intel386 SX Microprocessor even if 
the end of the current cycle is not being acknowl
edged on READY #. If this input is active when sam
pled, the next address is driven onto the bus, provid
ed the next bus request is already pending internally. 
NA# is ignored in CLK cycles in which ADS# or 
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READY # is activated. This signal is active LOW and 
must satisfy setup and hold times t15 and t16 for 
correct operation. See Pipelined Address and 
Read and Write Cycles for additional i,nformation. 

BUS ARBITRATION SIGNALS (HOLD, HLDA) 

This section describes the mechanism by which the 
processor relinquishes control of its 10(,.11 buses 
when requested by another bus master, device. See 
Entering and Exiting Hold Acknowledge for addi
tional information. 

Bus Hold Request (HOLD) 

This input indicates some device other than the 
Intel386 SX Microprocessor requires bus master
ship. When control is granted, the Intel386 SX Mi
croprocessor floats A23-A1,' BHE#, BLE#, D15-
Do, LOCK#, MIIO#, D/C#, W/R# and ADS#, and 
then activates HLDA, thus entering the bus hold ac
knowledge state. The local bus will remain granted 
to the requesting master until HOLD becomes inac
tive. When HOLD becomes inactive, the Intel386 SX 
Microprocessor will deactivate HLDA and drive the 
local bus (at the same time), thus terminating the 
hold acknowledge condition. 

HOLD must remain asserted as long as any other 
device is a local bus master. External pull-up resis
tors may be required when in the hold acknowledge 
state since none of the Intel386 SX Microprocessor 
floated outputs have internal pull-up resistors. See 
Resistor Recommendations for additional informa
tion. HOLD is not recognized while RESET is active. 
If RESET is asserted while HOLD is asserted, RE
SET has priority and places the bus into an idle 
state, rather than the hold acknowledge (high-im
pedance) state. 

HOLD is a level-sensitive, active HIGH, synchronous 
input. HOLD Signals must always meet setup and 
hold times t23 and t24 for correct operation. 

Bus Hold Acknowledge (HLDA) 

When active (HIGH), this output indicates the 
Intel386 SX Microprocessor has relinquished control 
of its local bus in response to an asserted HOLD 
signal, and is in the bus Hold Acknowledge state. 

The Bus Hold Acknowledge state offers near-com
plete signal isolation. In the Hold Acknowledge 
state, HLDA is the only signal being driven by the 
Intel386 SX Microprocessor. The other output sig
nals or bidirectional Signals (D15-DO, BHE#, BLE#, 
A23-A1, W/R#, D/C#, MIIO#; LOCK# and 
ADS#) are in a high-impedance state so the re-
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questing bus master may control them. These pins 
remain OFF throughout the time that HLDA remains 
active (see Table 5.3)). Pull-up resistors may be de
sired on several signals to avoid spurious activity 
when no bus master is driving them. See Resistor 
Recommendations for additional information. 

When the HOLD signal is made' inactive, the 
Intel386 SX Microprocessor will deactivate HLDA 
and drive the bus. One rising edge on the NMI input 
is remembered for processing after the HOLD input 
is negated. 

Table 5.3. Output pin State During HOLD 

Pin Value Pin Names 

1 HLDA 
Float LOCK#, M/IO#, D/C#, W/R#, 

ADS#, A2S-A1, BHE#, BLE#, 015-00 

In addition to the normal usage of Hold Acknowl
edge with DMA controllers or master peripherals, 
the near-complete isolation has particular attractive
ness during system test when test equipment drives 
the system, and in hardware fault-tolerant applica
tions. 

HOLD Latencies 

The maximum possible HOLD latency depends on 
the software being executed. The actual HOLD la
tency at any time depends on the current bus activi
ty, the state of the LOCK# signal (internal to the 
CPU) activated by the LOCK # prefix, and interrupts. 
The Intel386 SX Microprocessor will not honor a 
HOLD request until the current bus operation is 
complete. 

The Intel386 SX Microprocessor breaks 32-bit data 
or 1/0 accesses into 2 internally locked 16-bit bus 
cycles; the LOCK# signal is not asserted. The 
Intel386 SX Microprocessor breaks unaligned 16-bit 
or 32-bit data or 1/0 accesses into 2 or 3 internally 
locked 16-bit bus cycles. Again, the LOCK # signal is 
not asserted but a HOLD request will not be recog
nized until the end of the entire transfer. 

Wait states affect HOLD latency. The Intel386 SX 
Microprocessor will not honor a HOLD request llntil 
the end of the current bus operation, no matter how 
many wait states are required. Systems with DMA 
where data transfer is critical must insure that 
READY # returns sufficiently soon. 

I 

Intel386TM SX MICROPROCESSOR 

COPROCESSOR INTERFACE SIGNALS 
(PEREQ, BUSY #, ERROR #) 

In the following sections are descriptions of signals 
dedicated to the numeric coprocessor interface. In 
addition to the data bus, address bus, and bus cycle 
definition signals, these following signals control 
communication between the Intel386 SX Microproc
essor and its Intel387™ SX processor extension. 

Coprocessor Request (PEREQ) 

When asserted (HIGH), this input signal indicates a 
coprocessor request for a data operand to be trans
ferred to/from memory by the Intel386 SX Micro
processor. In response, the Intel386 SX Microproc
essor transfers information between the coproces
sor and memory. Because the Intel386 SX Micro
processor has' internally stored the coprocessor op
code being executed, it performs the requested data 
transfer with the correct direction and memory ad
dress. 

PEREO is a level-sensitive active HIGH asynchro
nous signal. Setup and hold times, t29 and tso, rela
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This signal is 
provided with a weak internal pull-down resistor of 
around 20 K-ohms to ground so that it will not float 
active when left unconnected. 

Coprocessor Busy, (BUSY #) 

When asserted (LOW), this input indicates the co
processor is still executing an instruction, and is not 
yet able to accept another. When the Intel386 SX 
Microprocessor encounters any coprocessor in
struction which operates on the numerics stack (e.g. 
load, pop, or arithmetic operation), or the WAIT in
struction, this input is first automatically sampled un
til it is seen to be inactive. This sampling of the 
BUSY # input prevents overrunning the execution of 
a previous coprocessor instruction. 

The FNINIT, FNSTENV, FNSAVE, FNSTSW, 
FNSTCW and FNCLEX coprocessor instructions are 
allowed to execute even if BUSY # is active, since 
these instructions are used for coprocessor initializa
tion and exception-clearing. 

BUSY# is an active LOW, level-sensitive asynchro
nous signal. Setup and hold times, t29 and tso, rela-
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tive to the CLK2 signal must be met, to guarantee 
recognition at a particular clock edge. This pin is pro
vided with a weak internal pull-up resistor of around 
20 K-ohms to Vcc so that it will not float active when 
left unconnected. 

BUSY # serves an additional function. If BUSY # is 
sampled LOW at the falling edge ,of RESET, the 
Intel386 SX Microprocessor performs an internal 
self-test (see Bus Activity During and Following 
Reset. If BUSY # is sampled HIGH, no self-test is 
performed. 

Coprocessor Error (ERROR#) 

When asserted (LOW), this 'input signal indicates 
that the previous coprocessor instruction generated 
a coprocessor error of a type not masked by the 
coprocessor's control register. This input is automat
ically sampled by the Intel386 SX Microprocessor 
when a coprocessor instruction is encountered, and 
if active, the Intel386 SX Microprocessor generates 
exception 16 to access the error-handling software. 

Several coprocessor instructions, generally those 
which clear the numeric error flags in the coproces
sor or save coprocessor state, do execute without 
the Intel386 SX Microprocessor generating excep
tion 16 even if ERROR# is active. These instruc
tions are FNINIT, FNCLEX, FNSTSW, FNSTSWAX, 
FNSTCW, FNSTENV and FNSAVE. 

ERROR# is an active LOW, level-sensitive asyn
chronous signal. Setup and hold times, t29 and tao, 
relative to the CLK2 signal must ,be met to guarantee 
recognition at a particular clock edge. This pin is pro
vided with a weak internal pull-up resistor of around 
20 K-ohms to Vcc so that it will not float active when 
left unconnected. 

INTERRUPT SIGNALS (INTR, NMI, RESET) 

The following descriptions cover inputs that can in
terrupt or suspend execution of the processor's cur-
rent instruction stream. ' 

Maskable Interrupt Request (INTR) , 

When asserted, this input indicates a request for in
terrupt service, which can be masked by the Intel386 
SX CPU Flag Register IF bit. When the Intel386 SX 
Microprocessor responds to the INTR input, it per
forms two interrupt acknowledge bus cycles and, at 
the end of the second, latches an 8-bit interrupt vec
tor on 07-00 to identify the source of the interrupt. 

INTR is an active HIGH, level-sensitive asynchro
nous signal. Setup and hold times, t27 and t28, rela
tive to the CLK2 signal must be met to guarantee 
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recognition at a particular clock edge. To assure rec
ognition of an INTR request, INTR should remain 
active until the first interrupt acknowledge bus cycle 
begins. INTR is sampled at the beginning of every 
instruction in the Intel386 SX Microprocessor's Exe
cution Unit. In order to be recognized at a particular 
instruction boundary, INTR must be active at least 
eight CLK2 clock periods before the beginning of the 
instruction. If recognized, the Intel386 SX ~~icroproc
essor will begin execution of the interrupt. 

Non-Maskable Interrupt Request (NMI» 

This input indicates a request for interrupt service 
Which cannot be masked by software. The, non
maskable interrupt request is always processed ac
cording to the pointer or gate in slot 2 of the interrupt 
table. Because of the fixed NMI slot assignment, no 
interrupt acknowledge cycles are performed when 
processing NMI. 

NMI is an active HIGH, rising edge-sensitive, asyn
chronous signal. Setup and hold times, t27 and t28, 
relative to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. To assure rec
ognition of NMI, it must be inactive for at least eight 
CLK2 periods, and then be active for at least eight 
CLK2 periods before the beginning of the instruction 
boundary in the Intel386 SX Microprocessor's Exe
cution Unit. 

Once NMI processing has begun, no additional 
NMl's are processed until after the next IRET in
struction, which is typically the end of the NMI serv
ice routine. If NMI is re-asserted prior to that time, 
however, one rising edge on NMI will be remem
bered for processing after executing the next IRET 
instruction. 

Interrupt Latency 

The time that elapses before an interrupt request is 
serviced (interrupt latency) varies according to sev
eral factors. This delay must be taken into account 
by the interrupt source. Any of the following factors 
can affect interrupt latency: 

1. If interrupts are masked, an INTR request will not 
be recognized until interrupts are reenabled. 

2. If an NMI is currently being serviced, an incoming 
NMI request will not be recognized until the 
Intel386 SX Microprocessor encounters the IRET 
instruction. 

3. An interrupt request is recognized only on an in
struction boundary of the Intel386 SX Microproc
essor's Execution Unit except for the following 
cases: 

- Repeat string instructions can be interrupted 
after each iteration. 
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- If the instruction loads the Stack Segment reg
ister, an interrupt is not processed until after 
the following instruction, which should be an 
ESP. This allows the entire stack pointer to be 
loaded without interruption. 

- If an instruction sets the interrupt flag (enabling 
interrupts), an interrupt is not processed until 
after the next instruction. 

The longest latency occurs when the interrupt re
quest arrives while the Intel386 SX Microproces
sor is executing a long instruction such as multipli
cation, division, or a task-switch in the protected 
mode. 

4. Saving the Flags register and CS:EIP regist~rs: 

5. If interrupt service routine requires a task switch, 
time must be allowed for the task switch. 

6. If the interrupt service routine saves registers that 
are not automatically saved by the Intel386 SX 
Microprocessor. 

RESET 

This input signal suspends any operation in progress 
and places the Intel386 SX Microprocessor in a 
known reset state. The Intel386 SX Microprocessor 
is reset by asserting RESET for 15 or more CLK2 
periods (80 or more CLK2 periods before requesting 
self-test). When RESET is active, all other input pins, 
except FL T #, are ignored, and all other bus pins are 
driven to an idle bus state as shown in Table 5.5. If 
RESET and HOLO are both active at a point in time, 
RESET takes priority even if the Intel386 SX Micro
processor was in a Hold Acknowledge state prior to 
RESET active. 

RESET is an active HIGH, level-sensitive synchro-. 
nous signal. Setup and hold times, t25 and t26, must 
be met in order to assure proper operation of the 
Intel386 SX Microprocessor. 

Table 5.5. Pin State (Bus Idle) During Reset 

Pin Name Signal Level During Reset 

AOS# 1 
015-00 Float 
BHE#, BLE# 0 
A23-A1 1 
W/R# 0 
O/C# 1 
M/IO# 0 
LOCK# 1 . 

HLOA 0 

5.2 Bus Transfer Mechanism 
All data transfers occur as a result of one or more 
bus cycles. Logical data operands of byte and word 
lengths may be transferred without restrictions on 
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physical address alignment Any byte boundary may 
be used, although two physical bus cycles are per
formed as required for unaligned operand transfers. 

The Intel386 SX Microprocessor address signals are 
designed to simplify external system hardware. 
Higher-order address bits are provided by A23-A1. 
BHE# and BLE# provide linear selects for the two 
bytes of the 16-bit data bus. 

Byte Enable outputs BHE# and BLE# are asserted 
when their associated data bus bytes are involved 
with the present bus cycle, as listed in Table 5.6. 

Table 5.S. Byte Enables and Associated Data 
and Operand Bytes 

Byte Enable 
Associated Data Bus Signals 

Signal 

BLE# OrOo I (byte 0 -least significant) 
BHE# 015-08 (byte 1 - most significant) 

Each bus cycle is composed of at least two bus 
states. Each bus state requires one processor clock 
period. Additional bus states added to a single bus 
cycle are called wait states. See section 5.4 Bus 
Functional Description. 

5.3 Memory and 1/0 Spaces 

Bus cycles may access physical memory space or 
1/0 space. Peripheral devices in the system may ei
ther be memory-mapped, or I/O-mapped, or both. 
As shown in Figure 5.3, physical memory addresses 
range from OOOOOOH to OFFFFFFH (16 megabytes) 
and 1/0 addresses from OOOOOOH to OOFFFFH 
(64 kilobytes). Note the 1/0 addresses used by the 
automatic 1/0 cycles for coprocessor communica
tion are 8000F8H to 8000FFH, beyond the address 
range of programmed 1/0, to allow easy generation 
of a coprocessor chip select signal using the A23 
and M/IO# signals. 

5.4 Bus Functional Description 
The Intel386 SX Microprocessor has separate, par
allel buses for data and address. The data bus is 16-
bits in width, and bidirectional. The address bus pro
vides a 24-bit value using 23 signals for the 23 up
per-order address bits and 2 Byte Enable signals to 
directly indicate the active bytes. These buses are 
interpreted and controlled by several definition sig
nals. 

The definition of each bus cycle is given by three 
signals: MIIO#, W/R# and O/C#. At the same 
time, a valid address is present on the byte enable 
signals, BHE# and BLE#, and the other address 
signals A23-A1. A status signal, AOS#, indicates 
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f"f"f"f"f"f"H ..... --...., 

PHYSICAL 
MEMORY 

16-MBYlE 

, , , , 
: NOT , 
ACCESSIBLE, , , , , , , 

8000f"f"H ..... --;;:+--., COPROCESSOR 8000f"8H '_ ____ .1 

(NOTE) : , , , 
NOT : 

,ACCESSIBLE, , , , , , , , , , , 

64 kBYlE PROGRAMMED 
OOf"f"f"f"H B' '} ACCESSIBLE 

OOOOOOH OOOOOOH I/O SPACE 

NOTE: PHYSICAL MEMORY SPACE I/O SPACE 240187-18 

Since A23 is HIGH during automatic communication with coprocessor. A23 HIGH and MIIO# LOW can be used to 
easily generate a coprocessor select signal. 
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Figure 5.3. Physical Memory and 1/0 Spaces 
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Fastest non·pipelined bus cycles consist of T1 and T2 

Figure 5.4. Fastest Read Cycles with Non-pipelined Address Timing 
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when the Intel386 SX Microprocessor issues a new 
bus cycle definition and address. 

Collectively, the address bus, data bus and all asso
ciated control signals are referred to simply as 'the 
bus'. When active, the bus performs one of the bus 
cycles below: . 

1. Read from memory space 

2. Locked read from memory space 

3. Write to memory space 

4. Locked write to memory space 

5. Read from liD space (or coprocessor) 

6. Write to liD space (or coprocessor) 

7. Interrupt acknowledge (always locked) 

8. Indicate halt, or indicate shutdown 

Table 5.2 shows the encoding of the bus cycle defi
nition signals for each bus cycle. See Bus Cycle 
Definition Signals for additional information. 

CYCLE 1 
PIPELINED 

(READ) 

Intel386TM SX MICROPROCESSOR 

When the Intel386 SX Microprocessor bus is not 
performing one of the activities listed above, it is ei
ther Idle or in the Hold Acknowledge state, which 
may be detected externally. The idle state can be 
identified by the Intel386 SX Microprocessor giving 
no further assertions on its address strobe output 
(ADS#) since the beginning of its most recent bus 
cycle, and the most recent bus cycle having been 
terminated. The hold acknowledge state is identified 
by the Intel386 SX Microprocessor asserting its hold 
acknowledge (HLDA) output. 

The shortest time unit of bus activity is a bus state. A 
bus state is one processor clock period (two CLK2 
periods) in duration. A complete data transfer occurs 
during a bus cycle, composed of two or more bus 
states. 

The fastest Intel386 SX Microprocessor bus cycle 
requires only two bus states. For example, three 
consecutive bus read cycles, each consisting of two 
bus states, are shown by Figure 5.4. The bus states 
in each cycle are named T1 and T2. Any memory or 
liD address may be accessed by such a two-state 
bus cycle, if the external hardware is fast enough. 

CYCLE 2 
PIPELINED 

(READ) 

CYCLE 3 
PIPELINED 

(READ) 
np np np np np np 

4>114>2 4>114>2 4>114>2 4>114>2 4>114>2 4>114>2 

I 

CLK2[ 
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BHE#.BLE#.A 1-A23. [ 

M/IO#. D/C#, W/R# -+';';"';~~""";-t--....,.p.--+--....,p---+
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ADS#[ 
(OUTPUT) 

NA#[ 
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READY# [ 
(INPUT) 

LOCK#[ 
(OUTPUT) 

DO-D1S[ 
(INPUT DURING READ) 

Fastest pipelined bus cycles consist of T1 P and T2P 

Figure 5.5. Fastest Read Cycles with Pipelined Address Timing 
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Every bus cycle continues until it is acknowledged 
by the external system hardware, using the Intel386 
SX Microprocessor READY # input. Acknowledging 
the bus cycle at the end of the first T2 results in the 
shortest bus cycle, requiring only T1 and T2. If 
READY # is not immediately asserted however, T2 
states are repeated indefinitely until the READY # 
input is sampled active. 

The address pipelining option provides a choice of 
bus cycle timings. Pipe lined or non-pipe lined ad
dress timing is selectable on a cycle-by-cycle basis 
with the Next Address (NA #) input. 

When address pipelining is selected the address 
(BHE#, BLE# and A23-At) and definition (W/R#, 
D/C#, MIIO# and LOCK#) of the next cycle are 
available before the end of the current cycle. To sig
nal their availability, the Intel386 SX Microprocessor' 

address status output (ADS#) is asserted. Figure 
5.5 illustrates the fastest read cycles with pipelined 
address timing. 

Note from Figure 5.5 the fastest bus cycles using 
pipelined address require only two bus states, 
named T1P and T2P. Therefore cycles with pipe
lined address timing allow the same data bandwidth 
as non-pipelined cycles, but address-to-data access 
time is increased by one T-state'time compared to 
that of a non-pipelined cycle. 

READ AND WRITE CYCLES 

Data transfers occur as a result of bus cycles, classi
fied as read or write cycles. During read cycles, data 
is transferred from an external device to the proces
sor. During write cycles, data is transferred from the 
processc;>r to an external device. 

IDLE 

I 
CYCLE 1 

NON-PIPELINED 
(WRITE) 

CYCLE 2 I 
NON-PIPELINED 

(READ) 

CYCLE 3 I 
NON-PIPELINED 

(WRITE) 

IDLE I 
TI 

CYCLE 4 I 
NON-PIPELINED 

(READ) 

IDLE I 

n 

CLK2 [ 

PROCESSOR CLK [ 

BHE#,BLE#, [ 
Al-A23, 

IA/IO#,D/C# 

W/R# [ 

ADS# [ 

NA#[ 

READY# [ 

LOCK# [ 

DO-D1S[ • 

n Tl T2 T1 T2 T1 T2 T1 T2 
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Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus 
cycle can immediately follow the write cycle. 

Figure 5.6. Various Bus Cycles with Non-Pipellned Address (zero wait states) 
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Two choices of address timing are dynamically se
lectable: non-pipe lined or pipelined. After an idle bus 
state, the processor always uses non-pipelined ad
dress timing. However the NA# (Next Address) in
put may be asserted to select pipelined address tim
ing for the next bus cycle. When pipelining is select
ed and the Intel386 SX Microprocessor has a bus 
request pending internally, the address and defini
tion of the next cycle is made available even before 
the current bus cycle is acknowledged by READY #. 

Terminating a read or write cycle, like any bus cycle, 
requires acknowledging the cycle by asserting the 
READY # input. Until acknowledged, the processor 
inserts wait states into the bus cycle, to allow adjust
ment for the speed of any external device. External 
hardware, which has decoded the address and bus 
cycle type, asserts the READY # input at the appro
priate time. 

Intel386™ SX MICROPROCESSOR 

At the end of the second bus state within the bus 
cycle, READY # is sampled. At that time, if external 
hardware acknowledges the bus cycle by asserting 
READY #, the bus cycle terminates as shown in Fig
ure 5.6. If READY# is negated as in Figure 5.7, the 
Intel386 SX Microprocessor executes another bus 
state (a wait state) and READY # is sampled again 
at the end of that state. This continues indefinitely 
until the cycle is acknowledged by READY # assert
ed. 

When the current cycle is acknowledged, the 
Intel386 SX Microprocessor terminates it. When a 
read cycle is acknowledged, the Intel386 SX Micro
processor latches the information present at its data 
pins. When a write cycle is acknowledged, the 
Intel386 SX CPU's write data remains valid through
out phase one of the next bus state, to provide write 
data hold time. 

IDLE I CYCLE 1 
NON-PIPELINED 

(READ) 

CYCLE 2 
NON-PIPELINED 

(WRITE) 

IDLE I 
TI 

CYCLE 3 
NON-PIPELINED 

(READ) 

IDLE I 

TI 

I 

CLK2 [ 

PROCESSOR CLK [ 

BHE#,BLE#, [ 
Al-A23, 

MjIO#,D/C# 

W/R# [ 

ADS# [ 

READY# [ 

LOCK # [ 

DO-D15[ -

Ti T1 T2 T1 T2 T2 T1 T2 T2 
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Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus 
cycle can immediately follow the write cycle. 

Figure 5.7. Various Bus Cycles with Non-Pipelined Address (various number of wait states) 
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Non-Pipellned Address 

Any bus cycle may be performed with non-pipelined 
address timing. For example, Figure 5.6 shows a 
mixture of read and write cycles with non-pipelined 
address timing. Figure 5.6 shows that the fastest 
possible cycles with non-pipelined address have two 
bus states per bus cycle. The states are named T1 
and T2. In phase one of T1, 'the address signals and 
bus cycle definition signals are driven valid and, ,to 
signal their availability, address strobe (ADS#) is 
simultaneously asserted. 

During read or write cycles, the data bus behaves as 
follows. If the cycle is a read, the Intel386 SX Micro
processor floats its data signals to allow driving by 
the external device being addressed. The Intel386 
SX Microprocessor requires that all data bus 
pins be at a valid logic state (HIGH or LOW) at 
the end of each read cycle, when READY # is 
asserted. The system MUST be designed to 
meet this requirement. If the cycle is a write, data 
signals are driven by the Intel386 SX Microproces
sor beginning in phase two of T1 until phase one of 
the bus state following cycle acknowledgment. 

Bus States: 

Figure 5.7 illustrates non-pipelined bus cycles with 
one wait state added to Cycles 2 and 3. READY # is 
sampled inactive at the end 6f the first T2 in Cycles 
2 and 3. Therefore Cycles 2 and 3 have T2 repeated 
again. At the end of the second T2, READY # is 
sampled active. 

When address pipelining is not used, the address 
'and bus cycle definition remain valid during all wait 
states. When wait states are added and it is desir
able to maintain non-pipelined address timing, it is 
necessary to negate NA # during each T2 state ex
cept the last one, as shown in Figure 5.7 Cycles 2 
and 3. If NA# is sampled active during a T2 other 
than the last one, the next state would be T21 or T2P 
instead of another T2. 

When address pipelining is not used, the bus states 
and transitions are completely illustrated by Figure 
5.8. The bus transitions between four possible 
states, T1, T2, Ti, and T h. Bus cycles consist of T1 
and T2, with T2 being repeated for wait states. Oth
erwise the bus may be idle, Ti, or in the hold ac
knowledge state T h. 

HOLD ASSERTED 

ALWAYS 

READY# ASSERTED. 
HOLD NEGATED. 

REQUEST PENDING 

READY# NEGATED· 
NA# 'NEGATED 

240187-23 

T1-first clock of a non-pipelined bus cycle (Inte1386™ SX CPU drives new address and asserts ADS#). 
T2-subsequent clocks of a bus cycle when NA# has not been sampled asserted in the current bus cycle. 
Ti-idle state. 
Th-hold acknowledge state (lnte1386 SX CPU asserts HLDA). 
The fastest bus cycle consists of two states T1 and T2. 
Four basic bus states describe bus operation when not using pipelined address. 

Figure 5.S. Bus States (not using plpelined address) 
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Bus cycles always begin with T1. T1 always leads to 
T2. If a bus cycle is not acknowledged during T2 and 
NA # is inactive, T2 is repeated. When a cycle is 
acknowledged during T2, the following state will be 
T1 of the next bus cycle if a bus request is pending 
internally, or Ti if there is no bus request pending, or 
T h if the HOLD input is being asserted. 

Use of pipe lined address allows the Intel386 SX Mi
croprocessor to enter three additional bus states not 
shown in Figure 5.8. Figure 5.12 is the complete bus 
state diagram, including pipelined address cycles. 

Pipelined Address 

Address pipelining is the option of requesting the 
address and the bus cycle definition of the next in-

Intel386TM SX MICROPROCESSOR 

ternally pending bus cycle before the current bus 
cycle is acknowledged with READY # asserted. 
ADS# is asserted by the Intel386 SX Microproces
sor when the next address is issued. The address 
pipelining option is controlled on a cycle-by-cycle 
basis with the NA# input signal. 

Once a bus cycle is in progress and the current ad
dress has been valid for at least one entire bus 
state, the NA # input is sampled at the end of every 
phase one until the bus cycle is acknowledged. Dur
ing non-pipelined bus cycles NA # is sampled at the 
end of phase one in every T2. An example is Cycle 2 
in Figure 5.9, ~uring which NA # is sampled at the 
end of phase one of every T2 (it was asserted once 
during the first T2 and has no further effect during 
that bus cycle). 
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PIPELINED 

IDLE 

I 

ClK2 [ 

PROCESSOR ClK [ 

BHE#,BlE#, [ 
Al - A23, 

M/IO#,D/C# 
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lOCK# [ 

00-015 [ 

n 

(WRITE) 

T1 T2 T1 

(READ) (WRITE) (READ) 

T2 T2P T1P T2P T1P T21 Ti 

240187-24 
Following any idle bus state (Ti), addresses are non-pipelined. Within non-pipelined bus cycles, NA# is only sampled 
during wait states. Therefore, to begin address pipelining during a group of non-pipelined bus cycles requires a non-pipe-, 
lined cycle with at least one wait state (Cycle 2 above). 

Figure 5.9. Transitioning to Pipelineci Address During Burst of Bus Cycles 
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If NA# is sampled active, the Intel386 SX Micro
processor is free to drive the address and bus cycle· 
definition of the next bus cycle, .and assert ADS#, 
as soon. as it has a bus request internally pending. It 
may drive .the next address as early as the next bus 
state, whether the current bus cycle is acknowl
edged at that time or not. 

Regarding the, details of address ,pipelining, the 
Intel386 SX Microprocessor, has the following char
acteristics: 

1. The 'next address may appear as early as the bus 
state after NA# was sampled active (see Figures 

, 5.9 or 5.10). In that case, state T2P is entered 
, immediately. However, when there is not an inter
,nal bus request already pending, the next address 
will not be available immediately after NA # is as
serted and T21 is entered instead of T2P (see Fig-

IDLE CYCLE 1 
NON-PIPELINED 

(WRITE) 

ure 5.11 Cycle 3). Provided the current bus cycle 
isn't yet acknowledged by READY # asserted, 
T2P will be entered as soon as the Intel386 SX 
Microprocessor does drive the next address. Ex
, ternal hardware should therefore observe, the 
ADS# output as confirmation the next address is 
actually being driven on the bus. 

2. Any address which is validated by a pulse on the 
ADS# output will remain stable on the address 
pins for at least two.processor clock periods.'The 
Intel386 SX Microprocessor cannot produce a 
new address more frequently than every two 
processor clock periods (see Figures 5.9, 5.10, 
and 5.11). 

3. Only the address and bus cycle definition of the 
very next bus cycle is available. The pipelinin'g ca
pability cannot look further than one bus cycle 
ahead (see Figure 5.11 Cycle 1). 
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Following any bus state·(Ti) the address is always non-pipelined and NA# is only sampled during wait states, To start 
address pipelining after an idle state requires a non-pipelined cycle with at least one wait state (cycle 1 above) 
The pipelined cycles (2, 3: 4 above) are shown with various numbers of wait states, . 

Figure 5.10. Fastest Transition to Pipellned Address Following Idle Bus State 
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The complete bus state transition diagram, including 
operation with pipelined address is given by Figure 
5.12. Note it is a superset of the diagram for non
pipelined address only, and the three additional bus 
states for pipelined address are drawn in bold. 

The fastest bus cycle with pipelined address con
sists of just two bus states, T1 P and T2P (recall for 
non-pipe lined address it is T1 and T2). T1 P is the 
first bus state of a pipe lined cycle. 
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ADDITIONAL EFFECTS 

TIP 

CYCLE 2 
PIPELINED 

(READ) 

T2 T2P TIP 

NA# COULD HAVE 
BEEN ASSERTED 

IN TI P IF DESIRED. 
ASSERTION NOW IS 

THE LATEST TIME 
POSSIBLE TO ALLOW 

THE CPU TO ENTER T2P 
STATE TO MAINTAIN 

PIPELINING IN CYCLE 3 

CYCLE 3 
PIPELINED 

(WRITE) 

T21 T2P TIP 

Figure 5.11. Details of Address Pipelining During Cycles with Wait States 
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,HOLD ASSERTED 

Bus States: 

READY# ASSERTED. 
HOLD NEGATED· 

NO REQUEST 

T1-first clock of a non-pipelined bus cycle (lnte1386™ SX CPU 
drives new address and asserts ADS#). 
T2-subsequent clocks of a bus cycle when NA# has not been 
sampled asserted in the current bus cycle. 
T21-subsequent clocks of a bus cycle when NA # has been 
sampled asserted in the current bus cycle but there is not yet 
an internal bus request pending (Inte1386 SX CPU will not drive 
new address or assert ADS#). 
T2P-subsequent clocks of a bus cycle when NA # has been 
sampled assel;ted in the current bus cycle and there is an inter
nal bus request pending (lnte1386 SX CPU drives new address 
and asserts ADS#). 
T1 P-first clock of a pipelined bus cycle. 
Ti-idle state. ' 
Th-hold acknowledge state (Inte1386 SX CPU asserts HLDA). 
Asserting NAil! for pipelined address gives access to three 
more bus states: T21, T2P and T1 P. 
Using pipelined ,address, the fastest bus cycle consists of T1 P 
and T2P. 

READY# NEGATED 

Figure 5.12. Complete Bus States (including pipelined address) 
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Initiating and Maintaining Pipelined Address 

Using the state diagram Figure 5.12, observe the 
transitions from an idle state, Tj, to the beginning of 
a pipelined bus cycle TiP. From an idle state, Tj, the 
first bus cycle must begin with T1, and is therefore a 
non-pipelined bus cycle. The next bus cycle will be 
pipelined, however, provided NA # is asserted and 
the first bus cycle ends in a T2P state (the address 
for the next bus cycle is driven during T2P). The fast
est path from an idle state to a bus cycle with pipe
lined address is shown in bold below: . 

Tb Tb Tb T1- T2 - T2P, T1P - T2P, 
idle non-pipelined pipelined 
states cycle cycle 

T1-T2-T2P are the states of the bus cycle that es
tablish address pipelining for the next bus cycle, 
which begins with T1 P. The same is true after a bus 
hold state, shown below: 

Th, Th, Th, T1-T2-T2P, T1P-T2P, 
hold acknowledge non-pipe lined pipelined 

states cycle cycle 

The transition to pipelined address is shown func
tionally by Figure 5.10 Cycle 1. Note that Cycle 1 is 
used to transition into pipe lined address timing for 
the subsequent Cycles 2, 3 and 4, which are pipe
lined. The NA # input is asserted at the appropriate 
time to select address pipelining for Cycles 2, 3 and 
4. 

Once a bus cycle is in progress and the current ad
dress has been valid for one entire bus state, the 
NA# input is sampled at the end of every phase one 
until the bus cycle is acknowledged. Sampling be
gins in T2 during Cycle 1 in Figure 5.10. Once NA # 
is sampled active during the current cycle, the 
Intel386 SX Microprocessor is free to drive a new 
address and bus cycle definition on the bus as early 
as the next bus state. In Figure 5.10 Cycle 1 for 
example, the next address is driven during state 
T2P. Thus Cycle 1 makes the transition to pipelined 
address timing, since it begins with T1 but ends with· 
T2P. Because the address for Cycle 2 is available 
before Cycle 2 begins, Cycle 2 is called a pipe lined 

I 
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bus cycle, and it begins with T1 P. Cycle 2 begins as 
soon as READY # asserted terminates Cycle 1. 

Examples of transition bus cycles are Figure 5.10 
Cycle 1 and Figure 5.9 Cycle 2. Figure 5.10 shows 
transition during the very first cycle after an idle bus 
state, which is the fastest possible transition into ad
dress pipelining. Figure 5.9 Cycle 2 shows a tran
sition cycle occurring during a burst of bus cycles. In 
any case, a transition cycle is the same whenever it 
occurs: it consists at least of T1, T2 (NA # is assert
ed at that time), and T2P (provided the Intel386 SX 
MicroprocElssor has an internal bus request already 
pending, which it almost always has). T2P states are 
repeated if wait states are added to the cycle. 

Note that only three states (T1, T2 and T2P) are 
required in a bus cycle performing a transition from 
non-pipelined address into pipelined address timing, 
for example Figure 5.10 Cycle 1. Figure 5.10 Cycles 
2, 3 and 4 show that address pipelining can be main
tained with two-state bus cycles consisting only of 
TiP and T2P. 

Once a pipelined bus cycle is in progress, pipe lined 
timing is maintained for the next cycle by asserting 
NA# and detecting that the Intel386 SX Microproc
essor enters T2P during the current bus cycle. The 
current bus cycle must end in state T2P for pipelin
ing to be maintained in the next cycle. T2P is identi
fied by the assertion of ADS #. Figures 5.9 and 5.10 
however, each show pipelining ending after Cycle 4 
because Cycle 4 ends in T21. This indicates the 
Intel386 SX Microprocessor didn't have an internal 
bus request prior to the acknowledgement of Cycle 
4. If a cycle ends with a T2 or T21, the next cycle will 
not be pipelined. 

Realistically, address pipelining is almost always 
maintained as long as NA# is sampled asserted. 
This is so because in the absence of any other re
quest, a code prefetch request is always internally 
pending until the instruction decoder and code pre
fetch queue are completely full. Therefore, address 
pipelining is maintained for long bursts of bus cycles, 
if the bus is available (i.e., HOLD inactive) and NA# 
is sampled active in each of the bus cycles. 
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INTERRUPT ACKNQWLEDGE (INTA) CYCLES 

In response to an interrupt request on the INTR in
put when interrupts are enabled. the Intel386 SX Mi
croprocessor performs two interrupt acknowledge 
cycles. These bus cycles are similar to read cycles 
in that bus definition signals define the type of bus 
activity taking place. and each cycle continues until 
acknowledged by READY # sampled active. 

The state of A2 distinguishes the first and second 
interrupt acknowledge cycl~s. The byte address 
driven during the first interrupt acknowledge cycle is 
4 (A23-A3. A1. BLE# LOW. A2 and BHE# HIGH). 
The byte address driven during the' second interrupt 
acknowledge cycle is 0 (A23-A1. BLE# LOW. and 
BHE# HIGH). 

PREVIOUS I 
CYCLE 

T2 TI 

INTERRUPT 
ACKNOWLEDGE 

CYCLE 1 

T2 T2 n 

The LOCK # output is asserted from the beginning 
of the first interrupt acknowledge cycle until the end 
of the second interrupt acknowledge cycle. Four idle 
bus states. Tj, are inserted by the Intel386 SX Micro
processor between the two interrupt acknowledge 
cycles for compatibility with spec TRHRL of the 
8259A Interrupt Controller. 

During both interrupt acknowledge cycles. 015-00 
float. No data is read at the end of the first interrupt 
acknowledge cycle. At the end of the second inter
rupt acknowledge cycle. the Intel386 SX Microproc
essor will read an external interrupt vector from 07-
Do of the data bus. The vector indicates the specific 
interrupt number (from 0-255) requiring service. 

IDLE 
(4 BUS STATES) 

n n n 

INTERRUPT 
ACKNOWLEDGE 

'CYCLE 2 

T1 T2 T21 

IDLE 

n 

CLK2[ -rm rm rm rm rLfL rLfL rm rm rm rLfL rm rm 
PROCESSOR CLK [ 

BLE#.A I.A3-A23. [ 
Iol/IO#. D/C#. W/R# 

LOCK#[ 

ADS#[ 

NA#[ 

READY#[ 

, DO-D7[ 

-~ ~ ~ 
X IY 

IXXX Ilt. 

IXXX IY 

XIXXXXl\. 

'--1 

XlXxx xxX Y 

XIXXXX XXXX XXY 

- ---- ----- -----

- ---- ----- -----

~ \.f 
X 
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x 

~\ ~ 
IGNORED 

---@--
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~--ep--

V ~ ~ V \.f ~ ~ 
XX X X X x 

r 
XX IXXX IXXX I.<XX XX 

V 
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V 
..<500( 

'---I 
x XXX XXX x ~XXX XX 

xx XX XXX XXX IXXY ~ m. 
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240187-28 

Interrupt Vector (0-255) is read on 00-07 at end of second interrupt Acknowledge bus cycle. 
Because 'each Interrupt Acknowledge bus cycle is followed by idle bus states. asserting NA # has no practical effect. 
Choose the approach which is simplest for your system hardware design. 

Figure 5.13. Interrupt Acknowle~ge Cycles 
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HALT INDICATION CYCLE definition signals shown on page 40, Bus Cycle 
Definition Signals, and an address of 2. The halt 
indication cycle must be acknowledged by READY # 
asserted. A halted Intel386 SX Microprocessor re
sumes execution when INTR (if interrupts are en
abled), NMI or RESET is asserted. 

The execution unit halts as a result of executing a 
HL T instruction. Signaling its entrance into the halt 
state, a halt indication cycle is performed. The halt 
indication cycle is identified by the state of the bus 

CLK2 [ 

PROCESSOR CLK [ 

CYCLE 1 
NON-PIPELINED 

(WRITE) 

T1 T2 

CYCLE 2 
NON-PIPELINED 

(HALT) 

T1 T2 

I IDLE 

TI TI Ti Ti 

BHE#, Al,[ 
Id/IO#, W/R# 

-I{7"-..... ~--t-r--t---tr7{'~~r7{'~~-lnt.1386 ™ SX CPU REMAINS 

A2-A23, [ 
BLE#, D/C# 

ADS#[ 

NA#[ 

READY# [ 

LOCK# [ 

00-0 [ 

,,~:W~~Iq_HALTED UNTIL INTR. Nidi OR 
RESET IS ASSERTED. 

I I 
~~"';~;"';_-I~_-I __ -I~~~~~~_lnt.1386TM SX CPU RESPONDS 

, __ +-__ +-__ 1- TO HOLD INPUT WHILE IN 
THE HALT STATE. 

240187-29 

Figure 5.14. Example Halt Indication Cycle from Non-Pipelined Cycle 
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SHUTDOWN INDICATION CYCLE 

The Intel386 SX Microprocessor shuts down as a 
result of a protection fault while attempting to pro
cess a double fault. Signaling its entrance into the 
shutdown state, a shutdown indication cycle is per
formed. The shutdown indication cycle is identified 
by the state of the bus definition signals shown in 
Bus Cycle Definition Signals and an address of o. 
The shutdown indication cycle must be acknowl
edged by READY# asserted. A shutdown Intel386 
SX Microprocessor resumes execution when NMI or 
RESET is asserted. 

CYCLE 1 
PIPELINED 

(READ) 

CYCLE 2 
PIPEllNED 

(SHUTDOWN) 

ENTERING AND EXITING HOLD 
ACKNOWLEDGE . 

The bus hold acknowledge state, T h' is entered in 
response to the HOLD input being asserted. In the 
bus hold acknowledge state, the Intel386 SX Micro
processor floats all outputs or bidirectional signals, 
except for HLDA. HLDA is asserted as long as the 
Intel386 SX Microprocessor remains in the bus hold 
acknowledge state. In the bus hold acknowledge 
state, all inputs except HOLD, FL T # and RESET are 
ignored. . 

T1P T2P T1P 

I IDLE 

T21 TI TI TI TI 
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1.1/10#, W/R# 

BLE#,Al-A23 [ 
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lOCK# [ 

DO-DI5[ 

-+~~-+.,..-+---r,~~Ib~~~~~ Intel386™sx CPU REMAINS 
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I I 
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THE SHUTDOWN STATE. 
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'-+---+--' I I 
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Figure 5.15. Example Shutdown Indication Cycle from Non-Pipellned Cycle 
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T h may be entered from a bus idle state as in Figure 
5.16 or after the acknowledgement of the current 
physical bus cycle if the LOCK # signal is not assert
ed, as in Figures 5.17 and 5.18. 

This exited in response to the HOLD input being 
negated. The following state will be Ti as in Figure 
5.16 if no bus request is pending. The following bus 
state will be T1 if a bus request is internally pending, 
as in Figures 5.17 and 5.18. This exited in response 
to RESET being asserted. 

If a rising edge occurs on the edge-triggered NMI 
input while in T h' the event is remembered as a non
maskable interrupt 2 and is serviced when This exit
ed unless the Intel386 SX Microprocessor is reset 
before This exited. 

Intel386™ SX MICROPROCESSOR 

RESET DURING HOLD ACKNOWLEDGE 

RESET being asserted takes priority over HOLD be
ing asserted. If RESET is asserted. while HOLD re
mains asserted, the Intel386 SX Microprocessor 
drives its pins to defined states during reset, as in 
Table 5.5 Pin State During Reset, and performs 
internal reset activity as usual. 

If HOLD remains asserted when RESET is inactive, 
the Intel386 SX Microprocessor enters the hold ac
knowledge state before performing its first bus cy
cle, provided HOLD is still asserted when the 
Intel386 SX Microprocessor would otherwise per
form its first bus cycle. 

IDLE 

n 

I-- HOLD ----I I _ ACKNOWLEDGE _ I 
Th Th Th 

IDLE 

n 

ClK2[ 

PROCESSOR ClK [ 

HlDA[ ~---f 

BHE#,BlE#. [ 
A1-A23, M/IO# ~~~".Jf 

D/C#, W/R# -

AOS#[ 

NA#[ ~~~~~~~~~~~ 

I 

lOCK#[ "'~QL' ---- (FlOATljG).--- r ............. 

00-015 [ • 
(FLOATING) 

---------------~---- 240187-31 

NOTE: 
For maximum design flexibility the Intel386™ SX CPU has no internal pullup resistors on its outputs. Your design may 
require an external pullup on ADS'" and other outputs to keep them negated during float periods. 

Figure 5.16. Requesting Hold from Idle Bus 
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FLOAT 

Activating the FL T # input floats all Intel386 SX bidi
rectional and output Signals, including HLDA. Assert
ing FL T # isolates the Intel386 SX from the sur
rounding circuitry. 

As the Intel386 SX is packaged in a surface mount 
POFP, it cannot be removed from the motherboard 
when In-Circuit Emulation (ICE) is needed. The 
FLT# input allows the Intel386 SX to be electrically 
isolated from the surrounding circuitry. This allows 
connection of an emulator to the Intel386 SX POFP 
without removing· it from the PCB. This method of 
emulation is referred to as ON-Circuit Emulation 
(ONCE). 

ENTERING AND EXITING FLOAT 

FL T # is an asynchronous, active-low input. It is rec
ognized on the rising edge of CLK2. When recog
nized, it aborts the current bus cycle and floats the 
outputs of the Intel386 SX (Figure 5.20). FL T # must 
be held low for a minimum of 16 CLK2 cycles. Reset 
should be asserted and held asserted until after 
FL T # is deasserted. This will ensure that the 
Intel386 SX will exit float in a valid state. 

CLK2[ 

PROCESSOR CLK[ 

HOLD [ 

11 

CYCLE 1 
NON-PIPELINED 

(READ) 

T2 

Asserting the FL T # input unconditionally aborts the 
current bus cycle and forces the Intel386 SX into the 
FLOAT mode. Since activating FL T # unconditional
ly forces the Intel386 SX into FLOAT mode, the 
Intel386 SX is not guaranteed to enter FLOAT in a 
valid state. After deactivating FL T #, the Intel386 SX 
is not guaranteed to exit FLOAT mode in a valid 
state. This is not a problem as the FL T # pin is 
meant to be used only during ONCE. After exiting 
FLOAT, the Intel386 SX must be reset to return it to 
a valid state. Reset should be asserted before FL T # 
is deasserted. This will ensure that the Intel386 SX 
will exit float in a valid state. 

FL T # has an internal pull-up resistor, and if it is not 
used it should be unconnected. 

BUS ACTIVITY DURING AND FOLLOWING 
RESET 

RESET is the highest priority input Signal, capable of 
interrupting any processor activity when it is assert
ed. A bus cycle in progress can be aborted at any 
stage, or idle states or bus hold acknowledge states 
discontinued so that the reset state is established. 

HOLD CYCLE 2 
ACKNOWLEDGE NON-PIPELINED 

(WRITE) 

T2 Th Th T1 T2 

HLDA [ -+--+---+--+-f 
BHE#.BLE#.A 1-A23. [ 
11./10#. D/C#. W/R# ~--+---+--+-f 

"DS#[ 

NA# [ .QjQoc.c.J.~ 

240187-32 

NOTE: 
HOLD is a synchronous input and can be asserted at any CLK2 edge. provided setup and hold (t23 and t24) require
ments are met. This waveform is useful for determining Hold Acknowledge latency. 

Figure 5.17. Requesting Hold from Active Bus (NA# Inactive) 
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RESET should remain asserted for at least 15 CLK2 
periods to ensure it is recognized throughout the 
Intel386 SX Microprocessor, and at least 80 CLK2 
periods if self-test is going to be requested at the 
falling edge. RESET asserted pulses less than 15 
CLK2 periods may not be recognized. RESET puls
es less than 80 CLK2 periods followed by a self-test 
may cause the self-test to report a failure when no 
true failure exists. 

Provided the RESET falling edge meets setup and 
hold times t25 and t26, the internal processor clock 
phase is defined at that time as illustrated by Figure 
5.19 and Figure 7.7. 

CLK2[ 

PROCESSOR CLK[ 

HOLD [ 

HLDA [ 

BHE#,BLE#.A 1-A23, [ 
M/IO#, D/C#, W/R# 

ADS#[ 

TIP 

CYCLE 1 
PIPELINEO 

(WRITE) 

T21 

Intel386TM SX MICROPROCESSOR 

A self-test may be requested at the time RESET 
goes inactive by having the BUSY # input at a LOW 
level as shown in Figure 5.19. The self-test requires 
approximately (220 + 60) CLK2 periods to com
plete. The self-test duration is not affected by the 
test results. Even if the self-test indicates a problem, 
the Intel386 SX Microprocessor attempts to proceed 
with the reset sequence afterwards. 

After the RESET falling edge (and after the self-test 
if it was requested) the Intel386 SX Microprocessor 
performs an internal initialization sequence for ap
proximately 350 to 450 CLK2 periods. 

HOLD CYCLE 2 
ACKNOWLEDGE NON-PIPELINED 

(READ) 

T21 Th Th TI T2 

NA# [ ~~.Qj'l~~~~~~~~~QjQ~~ 

I 

240187-33 

NOTE: 
HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require
ments are met. This waveform is useful for determining Hold Acknowledge latency. 

Figure 5.18. Requesting Hold from Idle Bus (NA # active) 
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NOTES: 
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1. BUSY;!! should be held stable for B CLK2 periods before and after the CLK2 period in which RESET falling edge 
occurs. 
2. If self-test is requested the outputs remain in their reset state as shown here. 

Figure 5_19_ Bus Activity from Reset Until First Code Fetch 
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CTRL :::::x VALID =::E:lC::J}----------------------------------<c===::x::x === 
DATA ·--0--< VALID c:::::~::J}---------------------------------<c::::::::::::::~ 
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RESET I 

240187-51 

Figure 5.20. Entering and Exiting, FL T # 
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5.5 Self-test Signature 
Upon completion of self-test (if self-test was re
quested by driving BUSY # LOW at the falling edge 
of RESET) the EAX register will contain a signature 
of OOOOOOOOH indicating the Intel386 SX Microproc
essor passed its self-test of microcode and major 
PLA contents with no problems detected. The pass
ing signature in EAX, OOOOOOOOH, applies to all revi
sion levels. Any non-zero signature indicates the unit 
is faulty. 

5.6 Component and Revision 
Identifiers 

To assist users, the Intel386 SX Microprocessor af
ter reset holds a component identifier and revision 
identifier in its DX register. The upper 8 bits of DX 
hold 23H as identification of the Intel386 SX Micro
processor (the lower nibble, 03H, refers to the 
Intel386 DX Architecture. The upper nibble, 02H, re
fers to the second member of the Intel386 DX Fami
ly). The lower 8 bits of DX hold an 8-bit unsigned 
binary number related to the component revision 
level. The revision identifier will, in general, chrono
logically track those component steppings which are 
intended to have certain improvements or distinction 
from previous step pings. The Intel386 SX Microproc
essor revision identifier will track that of the Intel386 
DX CPU where possible. 

The revision identifier is intended to assist users to a 
practical extent. However, the revision identifier val
ue is not guaranteed to change with every stepping 
revision, or to follow a completely uniform numerical 
sequence, depending on the type or intention of re
vision, or manufacturing materials required to be 
changed. Intel has sole discretion over these char
acteristics of the component. 

Table 5.7. Component and 
Revision Identifier History 

Stepping Revision Identifier 

AO 04H 
B 05H 
C 08H 
D 08H 
E 08H 

5.7 Coprocessor Interfacing 
The Intel386 SX Microprocessor provides an auto
matic interface for the Intel Intel387 SX numeric 
floating-point coprocessor. The Intel387 SX coproc
essor uses an 1/0 mapped interface driven automat
ically by the Intel386 SX Microprocessor and assist
ed by three dedicated Signals: BUSY#, ERROR# 
and PER EO. 

As the Intel386 SX Microprocessor begins support
ing a coprocessor instruction, it tests the BUSY # 
and ERROR # signals to determine if the coproces-

I 
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sor can accept its next instruction. Thus, the 
BUSY # and ERROR # inputs eliminate the need for 
any 'preamble' bus cycles for communication be
tween processor and coprocessor. The Intel387 SX 
can be given its command opcode immediately. The 
dedicated signals provide instruction synchroniza
tion, and eliminate the need of using the WAIT op
code (9BH) for Intel387 SX instruction synchroniza
tion (the WAIT opcode was required when the 8086 
or 8088 was used with the 8087 coprocessor). 

Custom coprocessors can be included in Intel386 
SX Microprocessor based systems by memory
mapped or I/O-mapped interfaces. Such coproces
sor interfaces allow a completely custom protocol, 
and are not limited to a set of coprocessor protocol 
'primitives'. Instead, memory-mapped or 1/0-
mapped interfaces may use all applicable instruc
tions for high-speed coprocessor communication. 
The BUSY# and ERROR# inputs of the Intel386 
SX Microprocessor may also be used for the custom 
coprocessor interface, if such hardware assist is de
sired. These Signals can be tested by the WAIT op
code (9BH). The WAIT instruction will wait until the 
BUSY # input is inactive (interruptable by an NMI or 
enabled INTR input), but generates an exception 16 
fault if the ERROR# pin is active when the BUSY# 
goes (or is) inactive. If the custom coprocessor inter
face is memory-mapped, protection of the address
es used for the interface can be provided with the 
Intel386 SX CPU's on-chip paging or segmentation 
mechanisms. If the custom interface is I/O-mapped, 
protection of the interface can be provided with the 
10PL (1/0 Privilege Level) mechanism. 

The Intel387 SX numeric coprocessor interface is 
I/O mapped as shown in Table 5.8. Note that the 
Intel387 SX coprocessor interface addresses are 
beyond the OH-OFFFFH range for programmed 1/0. 
When the Intel386 SX Microprocessor supports the 
Intel387 SX coprocessor, the Intel386 SX Micro
processor automatically generates bus cycles to the 
coprocessor interface addresses. 
Table 5.8. Numeric Coprocessor Port Addresses 

Address in Intel386 SX Intel387SX 
CPU I/O Space Coprocessor Register 

8000F8H Opcode Register 
8000FCH/8000FEH* Operand Register 

'Generated as 2nd bus cycle during Dword transfer. 

To correctly map the Intel387 SX registers to the 
appropriate 1/0 addresses, connect the CMDO and 
CMD1 lines of the Intel387 SX as listed in Table 5.9. 

Table 5.9. Connections for CMDO 
and CMD1 Inputs for the Intel387 SX 

Signal Connection 

CMDO Connect directly 
to Intel386 SX CPU A2 signal 

CMD1 Connect to ground. 
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Software Testing for Coprocessor Presence 

When software is used to test for coprocessor 
(Intel387 SX) presence, it should use only the follow
ing COPrOcessor opcodes: FINIT, FNINIT, FS;rCW 
mem, FSTSW mem and FSTSW AX. To use other 
coprocessor opcodes when a coprocessor is known 
to be not present, first set EM = 1 in the Intel386 SX 
CPU's CRO register. 

6.0 PACKAGE THERMAL 
SPECIFICATIONS 

The Intel386 SX Microprocessor is specified for op
eration when case temperature (T c> is within the 
range of 0·C-1 OO·C. The case temperature may be 
measured in any environment, to determine whether 
the Intel386 SX Microprocessor is within specified 
operating range. The case temperature should be 
measured at the center of the top surface opposite 
the pins. 

The ambient temperature (T a> is related to T e and 
the thermal conductivity parameters 6ja and 6je from 
the following equations (eqn. 3 is derived by elimi
nating the junction temperature (Tj) between eqns. 
1 and 2): 

1) Tj = Te + P*6je 

2) Ta = Tj - P*6ja 

3) Te = Ta + P*[6ja - Bje] 

Values for Bja and 6je are given in Table 6.1 for the 
100 lead fine pitch. Bja is given at various airflows. 
The power (P) dissipated by the chip as heat is 
Vcc·lcc. A guaranteed maximum safe T a can be cal
culated from eqn. 3 by using the maximum safe T e of 
100·C, along with the maximum power drawn by the 
chip in the given design, and 6je and 6ja values from 
Table 6.1. (The 6ja value depends on the airflow, 
measured at the top of. the chip, provided by the 
system ventilation.) 

7.0 ELECTRICAL SPECIFICATIONS 

The following sections describe recommended elec
trical connections for the Intel386 SX Microproces
sor, and its electrical specifications. 

7.1 Power and Grounding 

The Intel386 SX Microprocessor is implemented in 
CHMOS IV technology and has modest power re
quirements. However, its high clock frequency and 
47 output buffers (address, data, control, and HLDA) 
can cause power surges as multiple output buffers 
drive new signal levels simultaneously. For clean on
chip power distribution at high frequency, 14 Vcc 
and 18 Vss pins separately feed functional units of 
the Intel386 SX Microprocessor. 

Power and ground connections must be made to all 
external Vcc and Vsspins of the Intel386 SX Micro
processor. On the circuit board, all Vcc pins should 
be connected on a Vcc plane and all Vss pins 
should be connected. on a GND plan~. 

POWER DECOUPLING RECOMMENDATIONS 

Liberal decoupling capacitors should be placed near 
the Intel386 SX Microprocessor. The Intel386 SX Mi
croprocessor driving its 24-bit address bus and 
16-bit data bus at high frequencies can cause tran
sient power surges, particularly when driving large 
capacitive loads. Low inductance capacitors and in
terconnects are recommended for best high fre
quency electrical performance. Inductance can be 
reduced by shortening circuit board traces between 
the Intel386 SX Microprocessor and decoupling ca
pacitors as much as possible. 

Table 6.1. Thermal Resistances ("C/Watt) Ble and 61a' 

61a versus Airflow - ft/mln (m/sec) 
Package 61e 0 200 400 600 800 1000 

(0) (1.01) (2.03) (3.04) (4.06) (S.07) 

100 Lead 
7.5 34.5 29.5 25.5 22.5 21.5 21 

Fine Pitch 
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Table 7 1 Recommended Resistor Pull-ups to Vcc 

Pin Signal Pull-up Value 

16 ADS# 20 K.!1 ±10% 

26 LOCK# 20 K.!1 ±10% 

RESI$TOR RECOMMENDATIONS 

The ERROR #, FL T # and BUSY # inputs have inter
nal pull-up resistors of approximately 20 K.!1 and the ' 
PEREQ input has an internal pull-down resistor of 
approximately 20 K.!1 built into the Intel386 SX Mi
croprocessor to keep these signals inactive when 
the Intel387 SX is not present in the system (or tem
porarily removed from its socket). 

In typical designs, the external pull-up resistors 
shown in Table 7.1 are recommended. However, a 
particular design may have reason to adjust the re
sistor values recommended here, or alter the use of 
pull-up resistors in other ways. 

OTHER CONNECTION RECOMMENDATIONS 

For reliable operation, always connect unused in
puts to an appropriate signal level. N/C pins should 
always remain unconnected_ Connection of N/C 
pins to Vcc or Vss will result in component mal
function or incompatibility with future steppings 
of the Intel386 SX Microprocessor. 

Particularly when not using interrupts or bus hold (as 
when first prototyping), prevent any chance of spuri
ous activity by connecting these associated inputs to 
GND: 

I 

Pin 
40 
38 
4 

Signal 
INTR 
NMI 
HOLD 

Purpose 

Lightly pull ADS# inactive during 
Intel386™ SX CPU hold acknowledge 
states 

Lightly pull LOCK # inactive during 
Intel386TM SX CPU hold acknowledge 
states 

If not using address pipelining, connect pin 6, NA#, 
through a pull-up in the range of 20 K.!1 to Vec. 

7.2 Maximum Ratings 

Table 7.2. Maximum Ratings 

Parameter Maximum Rating 

Storage temperature - 65 ·C to 150 ·C 
Case temperature under bias - 65 ·C to 110 ·C 
Supply voltage with respect 

toVss -.5Vt06.5V 
Voltage on other pins - .5V to (Vcc + .5)V 

Table 7.2 gives stress ratings only, and functional 
operation at the maximums is not guaranteed. Func
tional operating conditions are given in section 7.3, 
D.C. Specificatic;ms, and section 7.4, A.C. Specifi
cations. 

Extended exposure to the Maximum Ratings may af
fect device reliability. Furthermore, although the 
Intel386 SX Microprocessor contains protective cir
cuitry to resist damage from static electric discharge, 
always take precautions to avoid high static voltages 
or electric fields. 
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7.3 D.C. Specifications. 
Functional operating range: Vcc = 5V ±10%; TCASE = O·C to 100·C 

Table 7.3. Intel386TM SX Microprocessor D.C. Characterlstlcs-33 MHz, 25 MHz, 20 MHz and 16 MHz 

Symbol Parameter Min Max Unit 

VIL Input LOW Voltage -0.3 +O.B V 

VIH Input HIGH Voltage 2.0 Vcc+ 0.3 V 

VILC CLK2 Input LOW Voltage -0.3 +O.B V 

VIHC CLK2 Input HIGH Voltage Vcc-O.B Vcc+ 0.3 V 

VOL Output LOW Voltage 
IOL =4mA: A23-A1,D1S-DO 0.45 ·V 

IOL =5 rnA: BHE#,BLE#,W/R#,D/C#, 0.45 V 
MIIO#,LOCK#,ADS#,HLDA 

VOH Output HIGH Voltage 
IOH= -1 mA: A23-A1,D1S-DO 2.4 V 
IOH= -0.2 rnA: A23-A1,D1S-DO Vcc- 0.5 V 
IOH = - 0.9 rnA: BHE#,BLE#,W/R#, 2.4 V 

D/C# ,M/IO# ,LOCK #, 
ADS#,HLDA 

IOH= -0.1B rnA: BHE#,BLE#,W/R#, Vcc- 0.5 V 
D/C#,M/IO#,LOCK#, 

ADS#,HLDA 

III Input Leakage Current ±15 p.A 
(for aU pins except PEREa, BUSY #, FL T # 
and ERROR#) 

IIH Input Leakage Current 200 p.A 
(PEREa pin) 

IlL Input Leakage Current -400 p.A 
(BUSY #, ERROR # and FL T # pins) 

ILO Output Leakage Current ±15 p.A 

Icc Supply Current 
CLK2 = 32 MHz: with 16 MHz Intel3B6 SX CPU 220 mA 
CLK2=40 MHz: with 20 MHz Intel3B6 SX CPU 250 mA 
CLK2 = 50 MHz: with 25 MHz Intel3B6 SX CPU 280 rnA 
CLK2=66 MHz: with 33 MHz Intel386 SX CPU 380 rnA 

CIN Input Capacitance 10 pF 

CaUT Output or 1/0 Capacitance 12 pF 

CCLK CLK2 Capacitance 20 pF 
. . All values except Icc tested at the minimum operating frequency of the part (CLK2 = 8 MHz) . 

NOTES: 
1. PEREa input has an internal pull-down resistor. 
2. BUSY#, FLT# and ERROR# inputs each have an internal pull-up resistor. 
3. IcC max measurement at worst case frequency, Vee and temperature, with 50 pF output load. 
4. Not 100% tested. 
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Test Condition 

OV::>:VIN::>:VCC 

VIH = 2.4V, Note 1 

VIL =0.45V, Note 2 

0.45V::>:VOUT::>:VCC 

(See Note 3) 
Icc typ = 150 rnA 
Icc typ= 180 rnA 
Icctyp=210 rnA 
Icc typ = 290 rnA 

Fc= 1 MHz, Note 4 

Fc= 1 MHz, Note 4 

Fc= 1 MHz, Note 4 
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Functional operating range: Vcc = 5V ±10%; TCASE = O·C to 100·C 

Table 7.4. Low Power (LP) Intel386TM SX Microprocessor 
D.C. Characteristics-33 MHz, 25 MHz, 20 MHz, 16 MHz, and 12 MHz 

Symbol Parameter Min Max Unit 

VIL Input LOW Voltage -0.3 +0.8 V 

VIH .Input HIGH Voltage 2.0 Vcc+ 0.3 V 

VILC CLK2 Input LOW Voltage -0.3 +0.8 V 

VIHC CLK2 Input HIGH Voltage Vcc- 0.8 Vcc+ 0.3 V 

VOL Output LOW Voltage 
IOL =4 rnA: A23-A1,D15-DO 0.45 V 
IOL =5 rnA: BHE#,BLE#,W/R#,D/C#, 0.45 V 

M/IO# ,LOCK# ,ADS# ,HLDA 

VOH Output HIGH Voltage 
IOH= -1 rnA: A23-A1,D15-DO 2.4 V 
IOH= -0.2 rnA: A23-A1,D15-DO Vcc- 0.5 V 
IOH= -0.9 rnA: BHE#,BLE#,W/R#, 2.4 V 

D/C#,MIIO#,LOCK#, 
ADS#,HLDA 

IOH= -0.18 rnA: BHE#,BLE#,W/R#, Vcc- 0.5 V 
D/C# ,MIIO# ,LOCK # , 

ADS#,HLDA 

III Input Leakage Current ±15 p..A 
(for all pins except PEREQ, BUSY #, FL T # 
and ERROR#) 

IIH Input Leakage Current 200 p..A 
(PEREQ pin) 

IlL Input Leakage Current -400 p..A 
(BUSY#, ERROR# and FLT# pins) 

ILO Output Leakage Current ±15 p..A 

Icc Supply Current 
CLK2=4MHz 100 rnA 
CLK2 = 24 MHz: with 12 MHz Intel386 SX CPU 190 rnA 
CLK2 = 32 MHz: with 16 MHz Intel386 SX CPU 220 rnA 
CLK2 = 40 MHz: with 20 MHz Intel386 SX CPU 250 rnA 
CLK2 = 50 MHz: with 25 MHz Intel386 SX CPU 280 rnA 
CLK2 = 66 MHz: with 33 MHz Intel386 SX CPU 380 rnA 

CIN Input Capacitance 10 pF 

COUT Output or 1/0 Capacitance 12 pF 

CCLK CLK2 Capacitance 20 pF 

All values except Icc tested at the minimum operating frequency of the part (CLK2 = 4 MHz). 

NOTES: 
1. PEREa input has an internal pull-down resistor. 
2. BUSY#, FLT# and ERROR# inputs each have an internal pull-up resistor. 
3. Icc max measurement at worst case frequency, Vcc and temperature, with 50 pF output load. 
4. Not 100% tested. 

I 

Test Condition 

OV:5:VIN:5:VCC 

VIH=2.4V, Note 1 

VIL = 0.45V, Note 2 

0.45V:5:VOUT:5:VCC 

(See Note 3) 
Icc typ = 50 rnA 
Icc typ= 120 rnA 
ICC typ= 150 rnA 
Icctyp= 180 rnA 
IcC typ=210 rnA 
Icc typ = 290 rnA 

Fc= 1 MHz, Note 4 

Fc= 1 MHz, Note 4 

Fc= 1 MHz, Note 4 
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7.4 A.C. Specifications 

The A.C. specifications given in Tables 7.5 through ' 
7.8 consist of output delays, input setup require
ments and input hold requirements. All AC. specifi
cations are relative to the CLK2 rising edge crossing 
the 2.0V level. 

AC. spec measurement is defined by Figure 7.1. In
puts must be driven to-. the voltage levels indicated 
by Figure 7.1 when AC. specifications are mea
sured. Output delays are specified with minimum 
and maximum limits measured as shown. The mini
mum delay times are hold times provided to external 
circuitry. Input setup and hold times are specified 

.1 

C~K2[ 

as minimums, defining the smallest acceptable sam
pling window. Within the sampling window, a syn
chronous input signal must be stable for correct op
eration. 

Outputs ADS#, W/R#, D/C#, M/IO#, LOCK#, 
BHE#, BLE#, A23-A1 and HLDA only change at 
the beginning of phase one. 015-00 (write cycles) 
only change at the beginning of phase two. The 
READY#, HOLD, BUSY#, ERROR#, PEREQ, 
FLT# and 015-00 (read cycles) inputs are sampled 
at the beginning of phase one. The NA#, INTR and 

, NMI inputs are sampled at the beginning of phase 
two. 

• .2 

OUTPUTS 
(A l-A23.BHE#.B~EH, [ . VA~ID . 

ADSH,IA/IOH,D/CH, 1.5V OUTPUT n+l 
W/RH,~OCKH,H~DA) ____ ...... :..;:,...;"..;"...;:..;"..;,,~;:\r... __ ..... _ 

OUTPUTS [ 
(DO-DIS) 

INPUTS [ 
(N/A#,INTR,NIAI) 

INPUTS 
, (READY#,HO~D, [ 

FLT#,ERROR#,BUSYH, 
PEREQ,DO-DI5) 

LEGEND 
A - Maximum Output Delay Spec 
B - Minimum Output Delay Spec 
C - Minimum Input Setup Spec 
D - Minimum Input Hold Spec 

3.0V .,..,"':"'I~--"";'--~~~ 

3.0V .,..,~~---..;.---.,..p. ..... -

OV~~~-----"""~~~ 

2401B7-35 

Figure 7_1. Drive Levels and Measurement Points for A.C. Specifications 
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A.C. SPECIFICATIONS 
Functional operating range: Vee = 5V ± 10%; TeASE = O·C to 100·C 

Table 7.5. Intel386TM SX Microprocessor A.C. Characteristics-33 MHz and 25 MHz 

33 MHz 25 MHz 

Symbol Parameter Intel386SX Intel386SX Unit Figure Notes 

Min Max Min Max 

Operating Frequency 4 33 4 25 MHz Half CLK2 Frequency 

t1 CLK2 Period 15 125 20 125 ns 7.3 

t2a CLK2 HIGH Time 6.25 7 ns 7.3 at2V(3) 

t2b CLK2 HIGH Time 4.0 4 ns 7.3 at (Vee - 0.8)V(3); Note 3 

t3a CLK2 LOW Time 6.25 7 ns 7.3 at2V(3) 

t3b CLK2 LOW Time 4.5 5 ns 7.3 at 0.8V(3) 

t4 CLK2 Fall Time 4 7 ns 7.3 (Vee - O.S)V to 0.SV(3) 

t5 CLK2 Rise Time 4 7 ns 7.3 O.SV to (Vee - 0.8)V(3) 

ta A23-A1 Valid Delay 4 15 4 17 ns 7.5 CL = 50pF(4) 

t7 A23-A1 Float Delay 4 20 4 30 ns 7.6 (Note 1) 

ta BHE#, BLE#, LOCK# 4 15 4 17 ns 7.5 CL = 50 pF(4) 
Valid Delay 

t9 BHE#, BLE#, LOCK# 4 20 4 30 ns 7.6 (Note 1) 
Float Delay 

t10 W/R#, MIIO#, D/C#, 4 15 4 17 ns 7.5 CL =·50 pF(4) 
ADS# Valid Delay 

t11 W/R#, MIIO#, D/C#, 4 20 4 30 ns 7.6 (Note 1) 
ADS# Float Delay 

t12 015-00 Write Data 7 23 7 23 ns 7.5 CL = 50 pF(4, 5) 
Valid Delay 

t12a 015-00 Write Data 2 2 ns CL = 50 pF(4) 
Hold Time 

t13 015-00 Write Data 4 17 4 22 ns 7.6 (Note 1) 
Float Delay 

t14 HLDA Valid Delay 4 20 4 22 ns 7.6 CL = 75 pF(4) 

t15 NA # Setup Time 5 5 ns 7.4 

t1a NA# Hold Time 2 3 ns 7.4 

t19 READY # Setup Time 7 9 ns 7.4 

t20 READY # Hold Time 4 4 ns 7.4 

t21 015-00 Read Data 5 7 ns 7.4 
Setup Time 

t22 015-00 Read Data 3 5 ns 7.4 
Hold Time 
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Functional operating range: Vcc = 5V ± 10%; T CASE = O°C to 100°C 

Table 7.5.lnteI386TM SX Microprocessor A.C. Characteristlcs-33 MHz and 25 MHz (Continued) 

33 MHz '25'MHz 

Symbol Parameter Intel386SX Intel386SX Unit Figure Notes 

Min Max Min Max 

t23 " HOLD Setup Time 9 9 ns 7.4 

t24 HOLD Hold Time 2 3 ns 7.4 

t25 RESET Setup Time 5 8 ns 7.7 

t26 RESET Hold Time 2 3 ns 7.7 

t27 NMI, INTR Setup Time 5 6 ns .7.4 (Note 2) 

t28 NMI, INTR Hold Time 5 6 ns 7.4 (Note 2) 

t29 PEREa, ERROR #, BUSY #, 5 6 ns 7.4 (Note 2) 
FL T # Setup Time 

t30 PEREa, ERROR #, BUSY #, 4 5 ns 7.4 (Note 2) 
,FL T # Hold Time 

NOTES: 
1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
2, These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes 
to assure recognition within a specific CLK2 period. 
3. These are not tested, They are guaranteed by design characterization. 
4. Tested with CL set at 50 pF. See Figures 7 and 8 for load capacitance derating curve, 
5. Minimum time not 100% tested, 

Table 7.6. Low Power (LP) Intel386™ SX Microprocessor A.C. Characterlstic&-33 MHz and 25 MHz 

33 MHz 25 MHz 

Symbol Parameter Intel386SX Intel386SX Unit Figure Notes 

Min Max Min Max 

Operating Frequency 2 33 2 25 MHz Half CLK2 Frequency 

t1 CLK2 Period 15 250 20 250 ns 7.3 

t2a CLK2 HIGH Time 6.25 7 ns 7,3 at 2V(3) 

t2b CLK2 HIGH Time 4.0 4 ns 7.3 at(Vcc-0.8)V(3); Note 3 

t3a CLK2 LOW Time 6.25 7 ns 7.3 at2V(3) 

t3b CLK2 LOW Time 4.5 5 ns 7.3 atO.8V(3) 

t4 CLK2 Fall Time 4 7 ns 7,3 (Vcc-0.8)V to 0.8V(3) 

t5 CLK2 Rise Time 4 7 ns 7.3 0.8V to (Vcc-0.8)V(3) 

ta A23-A1 Valid Delay 4 15 4 17 ns 7.5 CL = 50pF(4) 

t7 A23-A1 Float Delay 4 20 4 30 ns 7.6 (Note 1) 

t8 BHE#, BLE#, LOCK# 4 15 4 17 ns 7.5 CL = 50 pF(4) 
Valid Delay 

t9 BHE#, BLE#, LOCK# 4 20 4 30 ns 7.6 (Note 1) 
Float Delay 
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Functional operating range: Vcc = 5V ±10%; TCASE = O°C to 100°C 

Symbol 

t10 

t11 

t12 

t12a 

t13 

t14 

t15 

t16 

t19 

t20 

t21 

t22 

t23 

t24 

t25 

t26 

t27. 

t28 

t29 

t30 

NOTES: 

Table 7.6. Low Power (LP) Intel386TM SX Microprocessor 
A.C. Characteristics-33 MHz and 25 MHz (Continued) 

33 MHz 25 MHz 

Parameter Intel386SX Intel386SX Unit Figure 

Min Max Min Max 

W/R#, M/IO#, D/C#, 4 15 4 17 ns 7.5 
ADS# Valid Delay 

W/R#, MlIO#, D/C#, 4 20 4 30 ns 7.6 
ADS # Float Delay 

015-00 Write Data 7 23 7 23 ns 7.5 
Valid Delay 

015-00 Write Data 2 2 ns 
Hold Time 

015-00 Write Data 4 17 4 22 ns 7.6 
Float Delay 

HLDA Valid Delay 4 20 4 22 ns 7.6 

NA # Setup Time 5 5 ns 7.4 

NA # Hold Time 2 3 ns 7.4 

READY # Setup Time 7 9 ns 7.4 

READY # Hold Time 4 4 ns 7.4 

015-00 Read Data 5 7 ns 7.4 
Setup Time 

015-00 Read Data 3 5 ns 7.4 
Hold Time 

HOLD Setup Time 9 9 ns 7.4 

HOLD Hold Time 2 3 ns 7.4 

RESET Setup Time 5 8 ns 7.7 

RESET Hold Time 2 3 ns 7.7 

NMI, INTR Setup Time 5 6 ns 7.4 

NMI, INTR Hold Time 5 6 ns 7.4 

PEREQ, ERROR#, BUSY#, 5 6 ns 7.4 
FL T # Setup Time 

PEREQ, ERROR #, BUSY #, 4 5 ns 7.4 
FL T # Hold Time 

Notes 

CL = 50pF(4) 

(Note 1) 

CL = 50 pF(4, 5) 

CL = 50 pF(4) 

(Note 1) 

CL = 50 pF(4) 

(Note 2) 

(Note 2) 

(Note 2) 

(Note 2) 

1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes 
to assure recognition within a specific CLK2 period. 
3. These are not tested. They are guaranteed by design characterization. 
4. Tested with CL set at 50 pF. See Figures 7 and 8 for load capacitance derating curve. 
5. Minimum time not 100% tested. 

I 3-377 



Intel386TM SX MICROPROCESSOR 

Functional operating range: Vee = 5V ± 10%; TeASE = O°C to 100°C 

Table 7.7. Intel386TM SX A.C. Characterlstlcs-20 MHz and 16 MHz 

20 MHz 16 MHz 

Symbol Parameter Intel386SX Intel386SX Unit Figure Notes 

Min Max Min Max 

Operating Frequency 4 20 4 16 MHz Half CLK2 Frequency 

t1 CLK2 Period 25 125 31 125 ns 7.3 

t2a CLK2 HIGH Time B 9 ns 7.3 at2V(3) 

t2b CLK2 HIGH Time 5 5 ns 7.3 at (Vee-0.B)V(3) 

t3a CLK2 LOW Time B 9 ns 7.3 at2V(3) 

t3b CLK2 LOW Time 6 7 ns 7.3 at 0.BV(3) 

t4 CLK2 Fall Time B B ns 7.3 (Vee-O.B)V to 0.BV(3) 

t5 CLK2 Rise Time B B ns 7.3 O.BVto (Vee-0.B)V(3) 

t6 A23-A1 Valid Delay 4 30 4 36 ns 7.5 CL = 120 pF(4) 

t7 A23-A1 Float Delay 4 32 4 40 ns 7.6. (Note 1) 

ts BHE#, BLE#, LOCK# 4 30 4 36 ns 7.5 CL = 75 pF(4) 
Valid Delay 

t9 BHE#, BLE#, LOCK# 4 32 4 40 ns 7.6 (Note 1) 
Float Delay , 

t10a M/IO# D/C# Valid Delay 6 2B 6 33 ns 7.5 CL = 75 pF(4) 

t10b W/R#, ADS# Valid Delay 26 

t11 W/R#,M/IO#, D/C#, 6 30 6 35 ns 7.6 (Note 1) 
ADS# Float Delay 

t12 D15-DO Write Data 4 3B 4 40 ns 7.5 CL = 120 pF(4) 
Valid Delay 

t13 D15-DO Write Data 4 27 4 35 ns 7.6 (Note 1) 
Float Delay 

t14 HLDA Valid Delay 4 2B 4 33 ns 7.5 CL = 75pF(4) 

t15 NA # Setup Time 5 5 ns 7.4 

t16 NA# Hold Time 12 21 ns 7.4 

t19 READY # Setup Time 12 19 ns 7.4 

t20 READY # Hold Time 4 4 ns 7.4 

t21 D15-DO Read Data 9 9 ns 7.4 
Setup Time 

t22 D15-DO Read Data 6 6 ns 7.4 
Hold Time 

t23 HOLD Setup Time 17 26 ns 7.4 

t24 HOLD Hold Time 5 5 ns 7.4 

t25 RESET Setup Time 12 13 ns 7.7 

t26 RESET Hold Time 4 4 ns 7.7 
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Functional operating range: Vee = 5V ±10%; TeAsE = O°C to 100°C 

Table 7.7.lnteI386TM SX A.C. Characteristics-20 MHz and 16 MHz (Continued) 

20 MHz 16MHz 

Symbol Parameter Intel386 SX Intel386SX Unit Figure Notes 

Min· Max Min Max 

t27 NMI, INTR Setup Time 16 16 ns 7.4 (Note 2) 

t2B NMI, INTR Hold Time 16 16 ns 7.4 (Note 2) 

t29 PEREQ, ERROR#, BUSY#, 14 16 ns 7.4 (Note 2) 
FL T # Setup Time 

t30 PEREQ, ERROR#, BUSY#, 5 5 ns 7.4 (Note 2) 
FL T # Hold Time 

Table 7.8. Low Power (LP) Intel386TM SX A.C. Characteristics-20 MHz, 16 MHz and 12 MHz 

20 MHz 16 MHz 12 MHz 

Symbol Parameter Intel386SX Intel386 SX Intel386SX Unit Figure Notes 

Min Max Min Max Min Max 

Operating Frequency 2 20 2 16 2 12.5 MHz Half CLK2 Frequency 

t1 CLK2 Period 25 250 31 250 40 250 ns 7.3 

t2a CLK2 HIGH Time 8 9 11 ns 7.3 at 2V (Note 3) 

t2b CLK2 HIGH Time 5 5 7 ns 7.3 at (Vee - 0.aV)(3) 

t3a CLK2 LOW Time a 9 11 ns 7.3 at2V(3) 

t3b CLK2 LOW Time 6 7 9 ns 7.3 atO.aV(3) 

~ CLK2 Fall Time 8 8 8 ns 7.3 (Vee - o.aV) to 0.8V(3) 

t5 CLK2 Rise Time 8 8 8 ns 7.3 o.av to (Vee - 0.8V)(3) 

is A23-A1 Valid Delay 4 30 4 36 4 42 ns 7.5 CL = 120 pF(4) 

t7 A23-A1 Float Delay 4 32 4 40 4 45 ns 7.6 (Note 1) 

ta BHE#, BLE#, LOCK# 4 30 4 36 4 36 ns 7.5 CL = 75pF 
. Valid Delay 

t9 BHE#, BLE#, LOCK# 4 32 4 40 4 40 ns 7.6 (Note 1) 
Float Delay 

t10 M/IO#, D/C#, W/R#, 6 28 6 33 4 33 ns 7.5 CL = 75pF 
ADS# Valid Delay 

t11 M/IO#, D/C#, W/R#, 6 30 6 35 4 35 ns 7.6 (Note 1) 
ADS # Float Delay 

t12 015-00 Write 4 38· 4 40 4 50 ns 7.5 CL = 120 pF(4) 
Data Valid Delay 

t13 015-00 Write 4 27 4 35 4 40 ns 7.6 (Note 1) 
Data Float Delay 

t14 HLDA Valid Delay 4 28 6 33 4 33 ns 7.5 CL = 75 pF(4) 

t15 NA # Setup Time 5 5 7 ns 7.4 

t16 NA# Hold Time 12 21 21 ns 7.4 
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Functional operating range: Vcc = 5V±10%; TCASE = O°C to 100°C 

Table 7.8. Low Power (LP) Intel386TM SX 
A.C. Characteristlcs-20 MHz, 16 MHz and 12 MHz (Continued) 

20 MHz 16 MHz 12MHz 

Symbol Parameter . Intel386 SX Intel386SX Intel386SX Unit Figure Notes 

Min Max Min Max Min Max 

t19 READY # Setup Time 12 19 19 ns 7.4 

t20 READY # Hold Time 4 4 4 nS 7.4 

t21 015-00 Read Data 9 9 9 ns 7.4 
Setup Time 

t22 015-00 Read Data 6 6 6 ns 7.4 
Hold Time 

t23 HOLD Setup Time 17 26 26 ns 7.4 

t24 HOLD Hold Time 5 5 7 ns 7.4 

t25 RESET Setup Time 12 13 15 ns 7.7 

t26 RESET Hold Time 4 4 6 ns 7.7 

t27 NMI, INTR Setup Time 16 16 16 'ns 7.4 (Note 2) 

t28 NMI, INTR Hold Time 16 16 16 ns 7.4 (Note 2) 

t29 PEREQ, ERROR #, BUSY #, 14 16 16 ns 7.4 (Note 2) 
FL T # Setup Time 

t30 PEREQ, ERROR #, BUSY #, 5 5 5 ns 7.4 (Note 2) 
FL T # Mold Time 

NOTES: 
1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. ' 
2: These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
3: These are not tested. They are guaranteed by design characterization. 
4: Tested with CL set at 50 pf and derated to support the indicated distributed capacitive load. See Figures 7.8 though 7.10 

, for the capacitive derating curve. . 

A.C. TEST LOADS A.C. TIMING WAVEFORMS 

Intel386™ SX CPU 0----, 
OUTPUT ..L 

~Ct 
240187-36 

240187-37 

Figure 7.2. A.C. Test Loads Figure 7.3. CLK2 Waveform 
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Tx Tx .2 .1 
CLK2 [ 

READY# [ .I.lt.l~~a.... __ + __ .....A~~ 

HOLD [ .I.lt.l~~a.... __ + __ .....A~~ 
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(INPUT) ~~.IiIUo __ -+ ___ ~~ 

BUSY#. 
ERROR# [ 

PEREO .I.lt.l~~a.... __ + __ .....A~~ 
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Figure 7.4. A.C. Timing Waveforms-Input Setup and Hold Timing 
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W/R#. M/IO#. [ 
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Figure 7.5. A.C. Timing Waveforms-Output Valid Delay Timing 
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CLK2 [ 

BHE#.BLE#. [ 
LOCK# 

W/R#.M/IO#. [ 
D/C#.ADS# 

Al-A23 [ 

00-015 [ 

HLDA [ 

Th nOR T1 

(HIGH Z) 

@ALSO APPLIES TO DATA FLOAT WHEN WRITE 
CYCLE IS FOLLOWED BY READ OR IDLE 

MAX 

240187-40 

Figure 7.6. A.C. Timing Waveforms-output Float Delay and HLDA Valid Delay Timing 

-RESET--1----INITIALIZATION SEQUENCE ----
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240187-41 

Figure 7.7. A.C. Timing Waveforms-RESET Setup and Hold Timing and Internal Phase 
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Figure 7.S. Typical Output Valid Delay versus 
Load Capacitance at Maximum Operating 

Temperature (Cl = 120 pF) 

Figure 7.9. Typical Output Valid Delay versus 
Load Capacitance at Maximum Operating 

Temperature (Cl = 75 pF) 
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Figure 7.10. Typical Output Rise Time versus 
Load Capacitance at Maximum Operating 

Temperature 
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Figure 7.11. Typical Icc vs Frequency 
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Figure 7.12. Preliminary ICETM·lnteI386TM SX Emulator User Cable with PQFP Adapter 

1----------12.7S"'--------~'1 

01--. _--_---_F-~_~~X-l~B---L_=--=_-_-__ ..I 

------
FLEXIBLE 

681--1' -----22.0"-------11 1 

f6i kl E! 
240187-49 

Figure 7.13. Preliminary ICETM·lnteI386TM SX Emulator User Cable with OIB and PQFP Adapter 

7.5 Designing for the 
ICE™·lnteI386TM SX Emulator 

ICE-lntel386 SX is the in-circuit emulator for the In
tel386TM SX CPU. The ICE~386 SX emulator pro
vides a 100-pin fine pitch flat-pack probe for connec
tion to a socket located on the target system. 

Sockets that accept this probe are available from 
3M (part #2-0100-07243-000) or from AMP (part 
#821959-1 and part #821949-4). The ICE-386 SX 
emulator probe attaches to the target system via an 
adapter that replaces the Intel386 SX component in 
the target system. 
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Due to the high operating frequency of Intel386 SX 
CPU based systems, there is no buffering between 
the Intel386 SX emulation.processor (on the emula
tor probe) and the target system. A direct result of 
the non-buffered interconnect is that the ICE
Intel386 SX emulator shares the address and data 

. busses with the target system. 

In order to avoid problems with the shared bus and 
maintain signal integrity, the system designer must 
adhere to the following guidelines: 

1. The bus controller must only enable data trans
ceivers onto the data bus during valid read cycles 
(initiated by assertion of ADS#) of the Intel386 
SX CPU, other local devices or other bus mas
ters. 

2. Before another bus master drives the local proc
. essor address bus, the other master must gain 
control of the address bus by asserting HOLD 
and receiving the HLDA response. 

3. The emulation processor receives the RESET 
signal 2 or 4 CLK2 cycles later than an Intel386 
SX CPU would, and responds to RESET later. 
Correct phase of the response is guaranteed. 

In order to avoid problems that might arise due to 
the shared busses, an Optional use Isolation Board 
(OIB) is included with the emulator hardware. The 
OIB may be used to provide buffering between the 
emulation processor and the target system, but in
serts a delay of approximately 10 ns in signal path. 

In addition to the above considerations, the 
ICE-386 SX emulator processor module has several 
electrical and mechanical characteristics that should 
be taken into consideration when designing the 
Intel386 SX CPU system. . 

Capacitive Loading: ICE-lntel386 SX adds up to 27 
pF to each Intel386 SX CPU Signal. 

Drive Requirements: ICE-lntel386 SX adds one 
FAST TTL load on the CLK2, control, address, and 
data lines. These loads are within the processor 
module and are driven by the Intel386 SX CPU emu
lation processor, which has standard drive and load
ing capability listed in Tables 7.3 and 7.4. 

Power Requirements: For noise immunity and 
CMOS latch-up protection the ICE-lntel386 SX emu
lator processor module is powered by the user sys
tem. 

The circuitry on the processor module draws up to 
1.4A including the maximum Intel386 SX CPU Icc 
from the user Intel386 SX CPU socket. 
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Intel386 SX CPU Location and Orientation: The 
ICE-lntel386 SX emulator processor module may re
quire lateral clearance. Figure 7.12 shows the clear
ance requirements of the iMP adapter. The optional 
isolation board (OIB), which provides extra electrical 
buffering and has the same lateral clearance re
quirements as Figure 7.12, adds an additional 0.5 
inches to the vertical clearance requirement. This is 
illustrated in Figure 7.13. 

Optional Isolation Board (OIB) and the CLK2 
speed reduction: Due to the unbuffered probe de
sign, the ICE-lntel386 SX emulator is susceptible to 
errors on the user's bus. The OIB allows the ICE
Intel386 SX emulator to function in user systems 
with faults (shorted signals, etc.). After electrical ver
ification the OIB may be removed. When the OIB is 
installed, the user system must have a maximum 
CLK2 frequency of 20 MHz. 

8.0 DIFFERENCES BETWEEN THE 
Intel386™ SX CPU AND THE 
Intel386™ OX CPU 

The following are the major differences betWeen the 
Intel386 SX CPU and the Intel386 DX CPU: 

1. The Intel386 SX CPU generates byte selects on 
BHE# and BLE# (like the 8086 and 80286) to 
distinguish the upper and lower bytes on its 16-bit 
data bus. The Intel386 DX CPU uses four byte 
selects, BEO # -BE3 #, to distinguish between the 
different bytes on its 32-bit bus. 

2. The Intel386 SX CPU has no bus sizing option. 
The Intel386 DX CPU can select between either 
a 32-bit bus or a 16-bit bus by use of the BS16# 
input. The Intel386 SX CPU has a 16-bit bus size. 

3. The NA# pin operation in the Intel386 SX CPU is 
identical to that of the NA# pin on the Intel386 
DX CPU with one exception: the Intel386 DX CPU 
NA # pin cannot be activated on 16-bit bus cy
cles (where BS16# is LOW in the Intel386 DX 
CPU case), whereas NA# can be activated on 
any Intel386 SX CPU bus cycle. 

4. The contents of all Intel386 SX CPU registers at 
reset are identical to the contents of the Intel386 
DX CPU registers at reset, except the DX regis
ter. The DX register contains a component-step
ping identifier at reset, i.e. 

in Intel386 DX CPU, DH = 3 indicates Intel386 
DX CPU after reset 

DL = revision number; 

in Intel386 SX CPU, DH = 23H indicates 
Intel386 SX CPU after reset 

DL = revision number. 
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5. The Intel386 OX CPU uses A31 and M/IO# as 
selects. for the numerics coprocessor. The 
Intel386 SX CPU uses A23 and M/IO# as selects. 

6. The Intel386 OX CPU prefetch unit fetches code 
in four-byte units. The Intel386 SX CPU prefetcih 
unit reads two bytes as one unit (like the 80286). 
In BS16 mode, the Intel386 OX CPU takes two 
consecutive bus cycles to complete a prefetch re
quest. If there is a data read or write request after 
the prefetch starts, the Intel386 OX CPU will fetch 
all four bytes before addressing the new request. 

7. Both Intel386 OX CPU and Intel386 SX CPU have 
the same logical address space. The. only differ
ence is that the Intel386 OX CPU has a 32-bit 
physical address space and the Intel386 SX CPU 
has a 24-bit physical address space. The Intel386 
SX CPU has a physical memory address space of 
up to 16 megabytes instead' of the 4 gigabytes 
available to the Intel386 OX CPU. Therefore, in 
Intel386 SX CPU systems, the operating system 
must be aware of this physical memory limit and 
should allocate memory for· applications programs 
within this limit. If a Intel386 OX CPU system uses 
only the lower 16 megabytes of physical address, 
then there will be no extra effort required to mi
grate Intel386 OX CPU software to the Intel386 
SX CPU. Any application which uses more than 
16 megabytes of memory can run on the Intel386 
SX CPU if the operating system utilizes the 
Intel386 SX CPU's paging mechanism. In spite of 
this difference in physical address space, the' 
Intel386 SX CPU and Intel386 OX CPU can run 
the same operating I systems and applications 
within their respective physical memory con
straints .. 

8. The Intel386 SX has an input called FL T # which 
tri-states all bidirectional and output pins, includ
ing HLDA#, when asserted. It is used with ON 
Circuit Emulation (ONCE). In the Intel386 OX 
CPU, FL T # is found only on the plastiC quad flat 
package version and not on the ceramic pin grid 
array version. For a more detailed explanation of 
FL T # and testability, please refer to section 5.4: 

9.0 INSTRUCTION SET 
This section describes the instruction set. Table 9.1 
lists all instructions along with instruction encoding 
diagrams and clock counts. Further 'details of the 
instruction encoding are then provided in the follow
ing sections, which completely describe the encod
ing structure and the definition of all fields occurring 
within instructions. 

9.1 Intel386TM SX CPU Instruction 
Encoding and Clock Count 
Summary 

To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 9.1 be-
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low, by the processor clock period (e.g. 62.5 ns 
for an Intel386 SX Microprocessor operating at 
16.MHz). The actual clock count of an Intel386 SX 
Microprocessor program will average 5% more than 
the calculated clock count due to instruction se
quences which execute faster than they can be 
fetched from memory. 

Instruction Clock Count Assumptions 

1. The instruction has been prefetched, decoded, 
and is ready for execution. 

2. Bus cycles do not require wait states. 

3. There are no local bus HOLD requests delaying 
processor access to the bus. 

4. No exceptions are detected during instruction ex
ecution. 

5. If an effective address is calculated, it does not 
use two general register components. One regis
ter, scaling and displacement can be used within 
the clock counts shown. However, if the effective 
address calculation uses two general register 
components, . add 1 clock to the clock count 
shown. 

Instruction Clock Count Notation 

1. If two clock counts are given, the smaller refers to 
a register operand and the larger refers to a mem
ory operand. 

2. n = number of times repeated. 

3. m = number of components in the next instruc
tion executed, where the entire displacement (if 
any) counts as one component, the entire imme
diate data (if any) counts as one component, and 
all other bytes of the instruction and prefix(es) 
each count as one component. 

Misaligned or 32-Bit Operand Accesses 

- If instructions accesses a misaligned 16-bit oper-, 
and or 32-bit operand on even address add: 
2* clocks for read or write 
4 *. clocks for read and write 

- If instructions accesses a 32-bit operand on odd 
address add:' . 
4 • clocks for read or write 
8** clocks for read and write 

Wait States 

Wait states add 1 clock per wait state to instruction 
execution for each data access. 
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Table 9-1. Instruction Set Clock Count Summary 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode Dr Virtual Mode Dr Virtual 
Virtual Address Virtual Addresa 
SOS6 Mode SOS6 Mode 
Mode Mode 

GENERAL DATA TRANSFER 
MOV = Move: 

Register to Regisler/Memory 1000100w mod reg rIm I 2/2 2/2' b h 

Register/Memoryto Register 1000101w mad rag rIm I 2/4 2/4' b h 

Immediate to RegisterlMemory 1100011 w modOOO rIm I immediate data 2/2 2/2' b h 

Immediate to Register (Shorl.form) 1011 w reg immediate data 2 2 

Memory to Accumulator (shorl form) 1010000w full displacement 4' 4' b h 

Accumulator to Memory (short form) 1010001w full displacement 2' 2' b h 

Register Memory to Segment Register 10001110 modsreg3 rIm I 2/5 22/23 b h,i,j 

Segment Register to Register IMemory 10001100 modsreg3 rIm I 2/2 2/2 b h 

MOVSX = Move With Sign Extension 

Register From Register/Memory I 00001111 I 1011111 w I mod reg rIm I 3/6' 3/6' b h 

MOVZX = Move With Zero Extension 

Register From RegisterlMemory I 00001111 I 1011011w I mad rag rIm I 3/6' 3/6' b h 

PUSH = Puah: 

RegisterlMemory I 11111111 I modll 0 rIm I 517' 7/9' b h 

Register (short form) 01010 reg 2 4 b h 

Segment Register (ES, es, ss or OS) 000sreg2110 2 4 b h (shorlform) 
Segment Register (ES, es, SS, OS, 00001111 10sreg3000 I 2 4 b h FSorGS) 

Immediate 011010s0 immediate data 2 4 b h 

PUSHA = Push All 01100000 18 34 b h 

POP.= Pop 

RegisterlMemory 10001111 modOOO rIm I 517 7/9 b h 

Register (shorl form) 01011 reg 6 6 b h 

Segment Regisler (ES, CS, SS or OS) 000sreg2111 7 25 b h,i,j (shorlform) 
Segment Register (ES, CS, SS or OS), 00001111 10sreg3001 I 7 25 b h,i,j FSorGS 

POPA = Pop All 01100001 24 40 b h 

XCHG = Exchange 

Register/Memory With Register I 1000011w I mod reg rIm I 3/5" 3/5" b,f f, h 

Register With Accumulator (shorl form) 110010 re91 ClkCount 3 3 

Virtual 
IN = Input from: SOS6Mode 

Fixed Pori I 1110010w I port number t26 12' 6'/26' slt,m 

Variable Pori I 1110110w I t27 13' 7'/27' slt,m 

OUT = Output to: 

Fixed Pori I 1110011 w I port number t24 10' 4'/24' slt,m 

Variable Pori I 1110111 w I t25 II' 5'/25' sll,m 

LEA = Load EA to Reglater I 10001101 I mod reg rIm I 2 2 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 

CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Modeor Virtual 
Virtual Addre .. Virtual Addre .. 
8086 Mode 8086 Mode 
Mode Mode 

SEGMENT CONTROL 

LDS = Load Pointer to DS I 11000101 mod reg !1m] 7' 2S'/28' b h,i,; 

LES = Load Pointer to ES' I 11000100 mod reg rIm 1 7' 26·/28- b h,i,; 

LFS = Load Polnler to FS I 00001111 10110100 I mod reg rIm 1 7' 29'/31' b h,i,; 

LGS = Load Pointer to GS I 00001111 10110101 1 modreg rIm 1 7' 26*/28* b h,I,; 

LSS = Load Pointer to 55 1 00001111 10110010 I mod reg rIm 1 7' 26*/28" b h,i,; 

FLAG CONTROL 

CLC = Clear Carry Flag I 11111000 2 2 

CLD = Clear Direction Fleg I 11111100 2 2 

CU = Clear Interrupt Enable Flag I 11111010 8 8 m 

CLTS = Clear Task Switched Flag 00001111 00000110 1 5 5 c I 

CMC = Complemenl Csrry Flag 11110101 2 2 

LAHF = Load AH Into Flag 10011111 2 2 

POPF = Pop Flags 10011101 5 5 b h,n 

PUSHF = Push Flags 10011100 I 4 4 b h 

SAHF = Store AH Into Flags 10011,110 1 3 3 

STC = Set Carry Flag 11111001 1 2 2 

STD = Set DlrecUon Flag 11111101 1 

STI = Sat Interrupt Enable Flag 11111011 1 8 8 m 

ARITHMETIC 
ADD = Add 

Register to Register OOOOOOdw mod reg rIm I. 2 2 

Register to Memory OOOOOOOw mod reg rIm 1 7" 7" b h 

Memory to Register 0000001w mod reg rIm 1 8' 6' b h 

Immediate to RegisterlMemory 100000sw modOOO rIm 1 immediate data 217" 217·· b h 

Immediate to Accumulator (short form) 0000010w immediate data 2 2 

ADC = Add With Csrry 

Register to Register I 000100dw I mod reg rIm 1 2 2 

Register to M~mory I 0001000w I mod reg rIm 1 7" 7" b h 

Memory to Register I 0001001w I mod reg rIm 1 S' S' b h 

Immediate to Register/Me~ory I 100000sw ImodOl0 rIm 1 Immediate data 2/7·· 217" b h 

Immediate to Accumulator (short form) I 0001010w 1 immediate data 2 2 

INC = Increment 

RegisterlMemory I lllllllw I modOOO rIm 1 2/S·· 2/S·· b h 

Register (short form) 101000 reg 1 2 2 

SUB = Subtract 

Register from Register I 001010dw I mod reg rIm 1 2 2 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

~RITHMETIC (Continued) 

~egister from Memory 100101 OOw ImOdreg r/ml 7" 7" b h 

~emory from Register I 00 1 0 1 0 1 w ImOd reg r/ml 6' 6' b h 

mmediate from Register/Memory 11 OOOOOsw Imod1 01 r/ml immediate data 2/7" 217" b h 

mmediate from Accumulator (short form) 10010110wl I immediate data 2 2 

~BB = Subtract with Borrow 

Register from Register 100011 Odw ImOdreg r/ml 2 2 

~egister from Memory I 0001100w ImOdreg r/ml 7" 7" b h 

~emory from Register 1 0001 101 w ImOd reg r/ml 6' 6' b h· 

Immediate from Register/Memory 11 OOOOOsw ImOd011 r/ml immediate data 2/7" 2/7" b h 

mmediate from Accumulator (short form) 10001110wl immediate data 2 2 

~EC = Decrement 

~egister/Memory 1111 111 1 w Ireg 001 r/ml 2/6 2/6 b h 

~egister (short form) 101001 regl 2 2 

MP = Compare 

~egister with Register 100111 Odw ImOdreg r/ml 2 2 

~emory with Register 100111 OOw Imodreg rtd 5' 5' b h 

~egister with Memory I 001 1101 w Imod reg r/ml 6' 6' b h 

Immediate with RegisterlMemory 11 OOOOOsw ImOd111 r/ml immediate data 2/5' 2/5' b h 

Immediate with AccumUlator (short form) 1001111 Ow 1 immediate data 2 2 

~EG = Change Sign 11111011 w ImodO 11 r/ml 2/6' 2/6' b h 

~AA = ASCII Adjust lor Add 100110111 1 4 4 

~S = ASCII Adjust lor Subtract 100111111 I 4 4 

pAA = Decimal Adjust lor Add I 00100111 I 4 4 

pAS = Decimal Adjust lor Subtract I 00101111 1 4 4 

~UL = Multiply (unsigned) 

~ccumulatorwith RegisterlMemory 11 1 1 1 0 1 1 w Imod 1 00 r/ml 
Multiplier.Byte 12-17/15-20' 12-17/15-20' b,d d, h 

-Word 12-25/15-28' 12-25/15-28' b,d d,h 
-Doubleword 12-41/17-46' 12-41/17-46' b,d d,h 

IMUL = Integer Multiply (signed) 

~ccumulatorwith Register/Memory 11 1 1 1 0 1 1 w Imod 1 0 1 r/ml 

Multiplier-Byte 12-17115-20' 12-17115-20' b,d d,h 

-Word 12-25/15-28' 12-25/15-28' b,d d, h 
-Doubleword 12-41/17-46' 12-41/17-46' b,d d, h 

~egister with RegisterlMemory 100001111 1 10101111 Imadrag r/ml 
Multiplier-Byte 12-17/15-20' 12-17115-20' b,d d, h 

-Word 12-25/15-28' 12-25/15-28' b,d d, h 

-Doubleword 12-41/17-46' 12-41/17-46' b,d d, h 

~egister/MemOry with Immediate to Register! 0 1 1 0 1 0 s 1 Imodreg r/ml immediate data 

-Word 13-26 13-26/14-27 b,d d,h 

-Doubleword 13-42 13-42/16-45 b,d d, h 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 

CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Add ... s Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

ARITHMETIC (Continued) 
DIV = Divide (Unsigned) 

Accumulator by Register/Memory 111 11 011 w Imod 11 0 r/ml 
Divisor-Byte 14/17 14/17 b,e e,h 

-Word 22/25 22/25 b,e e,h 
-Doubleword 38/43 38/43 b,e e,h 

IDIV = Integer Divide (Signed) 

Accumulator By RegisterlMemory 11111011 w Imod 111 r/ml 
Divisor-Byte 19/22 19/22 b,e e,h 

-Word 27/30 27/30 b,e e,h 
-Ooubleword 43/48 43/48 b,e e,h 

AAD = ASCII AdJust lor Divide 1110101011000010101 19 19 

AAM = ASCII AdJust lor Multiply 111010100 I 00001010 1 17 17 

CBW = Convert Byte to Word 110011000 ! 3 3 

CWD = Convert Word to Double Word 11 0 0 1 1 0 0 1 ! 2 2 

LOGIC 

ShiH Rotate Instructions 
Not Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR) 

Register/Memory by 1 11101 OOOw ImodTTT rIm! 3/7" 3/7" b h 

Register/Memory by CL 11101001W ImodTTT rIm! 317' 317' b h 

Register/Memory by Immediate Count 11 100000 w Imod TTT r/m!lmmed 8-bit data 317' 317' b h 

Through Carry (RCL and RCR) 

Register/Memory by 1 11101000w ImodTTT rIm! 9/10' 9/10' b h 

Register/Memory by CL I 1101001wlmodTTT r/ml 9/10' 9/10' b h 

RegisterlMemory by Il)1mediate Count 11100000 w Imod TTT r/m!immed 8·bit data 9/10' 9(10' b h 

TTT Instruction 
000 RO~ 

001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 BAR 

SHLD = ShiH Left Double 

Register/Memory by Immediate I 00001111 1 10100100 !modreg rIm! immed 8·bit data 317" 317" 

Register/Memory by CL I 00001111 I 10100101 !modreg rIm! 3/7" 3/7" 

SHRD = ShiH Right Double 

Register/Memory by Immediate I 00001111 I 10101100 I mod reg r/m!immed B-bit data 3/7" 3/7" 

RegisterlMemory by CL 100001111 I 10101101 ImOdreg r/ml 3/7" 3/7" 

AND = And 

Register to Register 1001 OOOdw Imodreg r/ml 2 2 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT. Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

LOGIC (Continued) 

Register to Memory I 0010000w ImOdreg r/ml 7" 7" b h 

Memory to Register I 0010001w ImOdreg r/ml s· s· b h 

Immediate to RegisterlMemory I 1 OOOOOOw I mod 100 r/ml immediate data 217' 2/7" b h 

Immediate to Accumulator (Short Form) I 001001 Ow I immediate data 2 2 

TEST = And Function to Flags, No Result 

Register/Memory and Register I 100001 Ow I mod reg r/ml 2/5' 2/5' b h 

Immediate Data and Re~ister/Memory I 1111011w ImodOOO r/ml immediate data 2/5' 2/5' b h 

Immediate Data and Accumulator 
(Short Form) I 1 0 1 0 1 0 0 w I immediate data 2 2 

OR= Or 

Register to Register I 000010dw Imadreg r/ml 2 2 

Register to Memory I 0000100w Imadreg r/ml 7" 7" b h 

Memory to Register I 0000101w Imadreg r/ml 6' 6' b h 

Immediate to RegisterlMemory 11 OOOOOOw Imadoo 1 r/ml immediate data 2/7" 2/7" b h 

Immediate to Accumulator (Short Form) 000011 Ow I immediate data 2 2 

XOR = Exclusive Or 

Register to Register 001100dw Imadreg r/ml 2 2 

Register to Memory 0011000w ImOdreg r/ml 7" 7" b h 

Memory to Register 0011001w I mad reg r/ml 6' 6' b h 

Immediate to RegisterlMemory 1000000w Imodll0 r/ml immediate data 2/7" 217" b h 

Immediate to Accumulator (Short Form) 001101 Ow I immediate data 2 2 

NOT = Invert ReglsterlMemory 1111011w ImodOl0 r/ml 2/6" 2/6" b h 
Clk 

STRING MANIPULATION Count 
Virtual 

CMPS = Compare Byte Word I 1010011w 
8086 

10' 10' b h Mode 

INS = Input Byte/Word from DX Port I 0110110w I t29 15 9·/29" b s/t,h,m 

LODS = Load BytelWord to ALI AX/EAX 11 0 1 0 1 lOw 5 5' b h 

MOVS = Move Byte Word 11010010W 7 7" b h 

OUTS = Output BytelWord to DX Port I 0110111 w I t28 14 8'/28' b s/t,h,m 

SCAS = Scan Byte Word I 1010111 w 7' 7' b h 

STOS = Store BytelWord from 

ALIAX/EX I 1010101 wi 4' 4' b h 

XLAT = Translate String I 11010111 I 5' 5' h 

REPEATED STRING MANIPULATION 
Repeated by Count in CX or ECX 

REPE CMPS = Compare String 

(Find Non-Match) I 11110011 I 1010011 wi 5 + 9nu 5 + 9n" b h 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre.8 Protected Addre •• Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

REPEATED STRING MANIPULATION (Continued) 

REPNE CMPS ~ Compare String ClkCount 

11111001011010011Wl (Find Match) 
Virtual 5+9n" 5+9n" b h 8086 Mode 

REP INS ~ Input String 11111001010110110wI I t 13+Sn' 7+Sn'/ b s/t,h,m 
27+Sn' 

REP LODS ~ Load String 11111001011010110wl 5+6n'" 5+6n· b h 

REP MOVS ~ Move String 11111001011010010wl 7+4n'" 7+4n'" b h 

REP OUTS ~ Output String 11111001010110111Wl I t 12+5n' S+5n'/ b sit, h, m 
2S+5n' 

REPE SCAS ~ SCan String 

(Find Non-AL/ AX/EAX) 11111001111010111Wl 5+8n· 5+8n· b h 

REPNE SCAS ~ Scan String 

(Find ALI AX/EAX) 1111100101101 0111w I 5+8n'" 5+8n- b h 

REP STOS ~ Store String 11111001011010101Wl 5+5n· 5+5n· b h 

BIT MANIPULATION 

BSF ~ SCan Bit Forward I 00001 11 t 11011 t 1 00 Imod reg r/ml 10+3"' 10+3n'" b h 

BSR ~ Scan Bit Reveras 1000011111101111011mOdreg r/ml 10+3n· 10+3n·· b h 

BT~T .. tBlt 

Register/Memory, Immediate I 0000 1 1 1 1 11 0 1 1 1 0 1 0 Imod 1 00 r/mhmmed S-bit dat~ 3/S' 3/S' b h 

Register/Memory, Register 1000011111101000111mOdreg r/ml 3/12' 3/12' b h 

BYC - Test Bit and Complement 

Register/Memory, Immediate I 00001111 1101 11 01 0 Imod 1 1 1 r/mlimmed S-bit dat~ S/S' S/S' b h 

Register/Memory, Register 1000011111101110111modreg r/ml S/13' 6/13' b h 

BTR ~ Te.t Bit and Re.et 

Register/Memory, Immediate 100001111110111010lmodll0 r/mlimmed S-bit da~ 6/S' S/S' b h 

Register/Memory, Register 1000011111101100111modreg r/ml S/13' S/13' b h 

BTS ~ Te.t Bit and Set 

Register/Memory, Immediate I 00001111 11 011 1 01 0 Imod 1 01 r/mlimmed a-bit dat~ 6/S' S/S' b h 

Register/Memory, Register 1000011111101010111mOdreg r/~ 6/13' 6/13' b h 

CONTROL TRANSFER 

CALL ~ Call 

Direct Within Segment 11 1 1 0 1 0 0 0 I full displacement 7+m'" 9+m'" b r 

Register/Memory 

Indirect WHhin Segment 111111111 ImOdO 10 r/ml 7+m'/10+m' 9+m/ b h,r 
12+m'" 

Direct Intersegment 11 0 0 1 1 0 1 0 IUnSigned full offset, selector 17+m'" 42+m' b (,k,r 

NOTE: 
t Clock count shown applies if 110 permission allows 110 to the port in virtual 8086 mode. If 110 bit map denies permission 
exception 13 fault occurs; refer to clock counts for INT 3 instruction. 
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Table 9·1. Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre .. Protected Addre .. Protected 

Modeor VIrtual Mode or VIrtual 
Virtual Address VIrtual Addre .. 
8086 Mode 8086 Mode 
Mode Mode 

CONTROL TRANSFER (Continued) 

Protected Mode Only (Direct Intersegment) 

Via Call Gate to Same Privilege level 64+m h,i,k,r 

Via Call Gate to Dillerent Privilege level, 

(No Parameters) 98+m h,l,k,r 

Via Call Gate to Dillerent Privilege lavel, 

(x Parameters) 106+8x+m h,l,k,r 

From 286 Task to 286 TSS 285 h,i,k,r 

From 286 Task to Intel386TM SX CPU TSS 310 h,i,k,r 

From 286 Task to Virtual 8086 Task (Inte1386 SX CPU TSS) 229 h,i,k,r 

From Intel386 SX CPU Task to 286 TSS 285 hJ,k,r 

From Intel386 SX CPU Task to Intel386 SX CPU TSS 392 h,i,k,r 

From Intel386 SX CPU Task to Virtual 8086 Task (Inte1386 SX CPU TSS) 309 h,i,k,r 

ndirect Intersegment 11 t 111111 Imodoll rId 30+m 46+m b h,i,k,r 

Protected Mode Only (Indirect Intersegmen,t) 

Via Call Gate to Same Privilege lavel , 68+m h,i,k,r 

Via Call Gate to Different Privilege level, 

(No Parameters) 102+m hJ,k,r 

VIS Call Gate to Dillerent Privilege level, 

(x Parameters) tl0+8x+m h,i,k,r 

From 286 Task to 286 TSS h,i,k,r 

From 286 Task to Intel386 SX CPU TSS h,l,k,r 

From 286 Task to Virtual 8086 Task (Inte1386 SX CPU TSS) h,i,k,r 

From Inlel386 SX CPU Task to 286 TSS h,i,k,r 

From Intel386 SX CPU Task to Intel386 SX CPU TSS 399 hJ,k,r 

From Intel386 SX CPU Task to Virtual 8086 Task (Inte1386 SX CPU TSS) h,i,k,r 

~MP ~ UncondItional Jump 

~hort 111101011 la-bit diSPlacemen~ 7+m 7+m r 

Direct within Segment 111101001 I full displacement 7+m 7+m r 

RegisterlMemory Indirecl 
111111111 Imod 100 rlml 9+m/14+m 9+m/14+m b h,r 

within Segment 

11 1 1 0 1 0 1 0 lunsigned full ollset, selector Direct Intersegment 16+m 31+m i,k,r 

Prolected Mode Only (Direct Inlersegmenl) 

Via Call Gale to Same Privilege level 53+m 'h,i,k,r 

From 286 Task to 286 TSS h,l,k,r 

From 266 Task to Intel386 SX CPU TSS h,I,k.r 

From 286 Task to Virtual 8086 Task (Inte1386 SX CPU TSS) h,i,k,r 

From Intel386 SX CPU Task to 286 TSS hJ,k,r 

From Intel386 SX CPU Task to Intel386 SX CPU TSS h,i,k,r 

From Intel386 SX CPU Task to Virtual 8086 Task (Inte1386 SX CPU TSS) 395 h,l,k,r 

ndirect Intersegment 111111111 Imodl 01 rlml 17+m 31+m b h,l,k,r 

Protected Mode Only (Indirect intersegment) 

Via Call Gale to Same Privilege level 49+m h,i,k,r 

From 266 Task 10 286 TSS h,i,k,r 

From 286 Task to Intel386 SX CPU TSS h,l,k,r 

From 286 Task to Virtual 8086 Task (Inte1386 SX CPU TSS) h,l,k,r 

From Intel386 SX CPU Task to 286 TSS h,i,k,r 

From Intel386 SX CPU Task to Intel386 SX CPU TSS 328 hJ,k,r 

From Intel386 SX CPU Task to Virtual 8086 Task (Inte1386 SX CPU TSS) h,l,k,r 
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Table 9-1.lnstruction Set Clock Count Summary (Continued) 

CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Addresa Virtual Addresa 
8086 Mode 80'86 Mode 
Mode Mode 

CONTROL TRANSFER (Continued) 
RET = Return trom CALL: 

Wnhin Segment I 11000011 I 12+m b g.h.r 

Within Segment Adding Immediate to SP I 11000010 I IS-bit dispi I 12+m b g.h. , 

Intersegment I 11001011 I 36+m b g.h.i. k., 

Intersegment Adding Immediate to SP I 11001010 I 16·bit dispi I 36+m b g. h.i. k.' 

P'otected Mode Only (RET): 
to Different Privilege Level' 

Intersegment 72 h.i.k. , 
Intersegment Adding Immediate to SP 72 h.i. k., 

CONDITIONAL JUMPS 
NOTE: Times A,e Jump "Taken 0' Not Taken" 
JO = Jump on Overtlow 

8·Btt Displacement I 01110000' I 8·bitdispl I 7+mo,3 7+mo,3 , 
Full Displacement I 0'0'0'01111 I 100'0'0'0'00' I full displacement 7+mo,3 7+mo,3 , 

JNO := Jump on Not Overflow 

S-Bit Displacement I 01110'00'1 I 8·bitdispl I 7+mo,3 7+mo,3 r 

Full Displacement I 00'0'0'1111 I 10'0'0'0'0'0'1 I full displacement 7+mo,3 7+mo,3 , 
JB/JNAE = Jump on Below/Not Above or Equal 

S-Bit Displacement I 0' 111 0'0 1 0' I 8·bitdispl I 7+mor3 7+mor3 , 
Full Displacement I 0'0001111 I 1 0 0' 0 0 0 1 0' I full displacement 7+mo,3 7+mor3 , 

JNB/JAE = Jump on Not Below/Above or Equal 

8·Bit Displacement I 0'1110'011 I 8-bitdispl I 7+mo,3 7+mor3 r 

Full Displacement I 0000'1111 I 1000'0011 I full displaceme~t 7+mo,3 7+mor3 r 

JE/JZ = Jump on Equal/Zero 

8·Bit Displacement I 0111010'0' I 8·bttdispl I 7+mo,3 7:+-mor3 r 

Full Displacement I 00'00'1111 I 1000'0100 I full disPlacement 7+mor3 7+mor3 , 
JNE/JNZ = Jump on Not Equal/Not Zero 

I I I -
8·Bit Displacement o tIl 01 0' 1 B·bltdispl 7+mor3 7+mor3 r 

Full Displacement I 0000'1111 I 10'000'10'1 I full displacement 7+mo,3 7+mor3 r 

JBE/JNA = Jump on Below or Equal/Not Above 

8·Bit Displacement I 01110110 I 8·bitdispl I 7+mo,3 7+mor3 r 

Full Displacement I 0'00'0'1111 I 10'00'0'110 I full displacement 7+mo,3 7+mor3 , 
JNBE/ JA = Jump on Not Below or Equal/Above 

8·Bit Displacement I 01110111 I 8·bitdispl I 7+mo,3 7+mor3 r 

Full Displacement I 00'0'0'1111 I 10'0'00'111 I full displacement 7+mo,3 7+mor3 r 

js = Jump on Sign 

8·Bit Displacement I 0'1111000' I 8·bitdispl I 7+mor3 7+mor3 r 

Full Displacement I 0'0'00'1111 I 100'0100'0 I full displacement 7+mo,3 7+mor3 r 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 

CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Addreas Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

CONDITIONAL JUMPS (Conlinued) 

JNS = Jump on Not Sign 

8-Bit Displacement 1 01111001 I 8-bitdispl I 7+mor3 7+mor3 r 

Full Displacement 1 00001111 I 10001001 I full displacement 7+mor3 7+mor3 r 

JP/JPE = Jump on Parity/Parity Even 

8-Bit Displacement 1 01111010 I 8-bildispl I 7+mor3 7+mor3 r 

Full Displacement I 00001111 I 10001010 I full displacemenl 7+mor3 7+mor3 r 

JNP/JPO = Jump on Not Parity/Parity Odd 

8-Bit Displacement 1 01111011 I 8-bitdispl I 7+mor3 7+mor3 r 

Full Displacement 1 00001111 I 10001011 I full displacement 7+mor3 7+mor3 r 

JLlJNGE = Jump on Less/Not Greater or Equal 

8-Bit Displacement 1 01111100 I 8-bitdispl I 7+mor3 7+mor3 r 

Full Displacement 1 00001111 I 10001100 I full displacement 7+mor3 7+mor3 r 

JNLI JGE = Jump on Not Less/Greater or Equal 

8-Bit Displacement 1 01111101 I 8-bitdispl I 7+mor3 7+mor3 r 

Full Displacement 1 00001111 I 10001101 I full displacement 7+mor3 7+mor3 r 

JLE/JNG = Jump on Less or Equal/Not Greater 

8-Bit Displacement 1 01111110 I 8-bitdispl I 7+mor3 7+mor3 r 

Full Displacement 1 00001111 I 10001110 I full displacement 7+mor3 7+mor3 r 

JNLE/ JG = Jump on Not Less or Equal/Greater 

8-Bit Displacement 1 01111111 I 8-bitdispl I 7+mor3 7+mor3 r 

Full Displacement 1 00001111 I 10001111 I full displacement 7+mor3 7+mor3 r 

JCXZ = Jump on CX Zero 1 11100011 I 8-bitdispl I 9+mor5 9+mor5 r 

JECXZ = Jump on ECX Zero 1 11100011 I 8-bitdispl I 9+mor5 9+mor5 r 

(Address Size Prefix Differentiates JCXZ from JECXZ) 

LOOP = Loop CX Times 1 11,100010 I 8-bitdispl I II+m II+m r 

LOOPZlLOOPE = Loop with 
Zero/Equal 1 11100001 I 8-bitdispl I II+m 11+m r 

LOOPNZ/LOOPNE = Loop While 
Not Zero 1 11100000 I 8-bitdispl I II+m 11+m r 

CONDITIONAL BYTE SET 
NOTE: Times Are Register/Memory 

SETO = Set Byte on Overflow 

To Register/Memory 'I 00001111 I 10010000 I modeleD rim I 4/5' 4/5' h 

SETNO = Set Byte on Not Overflow 

To Register/Memory 1 00001111 I 10010001 ImodOOO r/ml 4/5' 4/5' h 

SETB/SETNAE = Set Byte on Below/Not Above or Equal 

To Register/Memory 1 00001111 I 10010010 I modOOO rim I 4/5' 4/5' h 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 

CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protectad 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

CONDITIONAL BYTE SET, (Continued) 

SETNB ~ Set Byte on Not Below/Above or Equal 

To Register/Memory 100001111 I 10010011 I modOOO rIm I 4/5' 4/5' h 

SETE/SETZ = Set Byte on Equal/Zero 

To Register/Memory I 00001111 I 10010100 I modOOO rIm I 415' 4/5' h 

SETNE/SETNZ = Set Byte on Not Equal/Not Zero I 

To Register/Memory I 0000 1 1 1 1 I 10010101 I modOOO rIm I 4/5· 4/5· h 

SETBE/SETNA = Set Byte on Below or Equal/Not Above 

To Register/Memory I 00001 1 1 1 I 10010110 I modOOO rIm I 4/5' 4/5' h 

SETNBE/SETA ~ Set Byte on Not Below or Equal/Above 

To Register/Memory I 0000 1 1 1 1 I 10010111 I modOOO rIm I 4/5' 4/5' h 

SETS = Set Byte on Sign 

To Register/Memory I 00001111 I 10011000 I modOOO rIm I 4/5· 4/5' h 

SETNS = Set Byte on Not Sign 

To Register/Memory I 00001111 I 10011001 I modOOO rIm I 4/5' 4/5' h 

SETP/SETPE = Set Byte on Parity/Parlty Even 

To Register/Memory I 00001111 I 10011010 I modOOO rIm I 4/5' 4/5' h 

SETNP/SETPO = Set Byte on Not Parity/Parity Odd 

To Register/Memory I 00001111 I 10011011 I modOOO rIm I 4/5' 4/5' h 

SETLfSETNGE = Set Byte on Less/Not Greater or Equal 

To Register/Memory I 00001111 I 10011100 I modOOO rIm I 4/5' 4/5' h 

SETNL/SETGE = Set Byte on Not Less/Greater or Equal 

To Register/Memory " 00001111 I 01111101 I modOOO rIm I 4/5' 415' h 

SETLE/SETNG = Set Byte on Less or Equal/Not Greater 

To RegisterlMemory I 0000 1 1 1 1 I 10011110 I modOOO rIm I 4/5' 4/5' h 

SETNLE/SETG = Set Byte on Not Less or Equal/Greater 

To Register/Memory I 00001111 I 10011111 I modOOO rIm I 4/5' 4/5' h 

ENTER = Enter Procedure I 11001000 lIS-bit displacement, 8·bit level I 
L~O 10 10 b h 
L = 1 14 14 b h 
L> 1 17 + 17+ b h 

8(n -1) 8(n - 1) 

LEAVE = Leave Procedure I 11001001 I 4 4 b h 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Addre.s 
BOB6 Mode BOB6 Mode 
Mode Mode 

INTERRUPT INSTRUCTIONS 

INT ~ Interrupt: 

Type Specified I 11001101 I type I 37 b 

Type 3 I 1100 11 00 I 33 b 

INTO ~ Interrupt 4 If Overflow Flag Set I 1100 1110 I 
If OF ~ 1 35 b,e 

IfOF~ a 3 3 b,e 

Bound = Interrupt Sif Detect Value I 01100010 I mod reg rIm I 
Out of Range 

If Out of Range 44 b,e e, g, h, i, k, r 

If In Range 10 10 b, e e, g, h, i, k, r 

Protected Mode Only (INT) 

INT: Type Specified 

Via Interrupt or Trap Gate 
Via Interrupt or Trap Gate 

to Same Privilege Level 71 0, J, k, r 

to Different Privilege Level 111 0, J, k, r 

From 286 Task to 286 TSS via Task Gate 438 g, J, k, r 

From 286 Task to Intel386TM SX CPU TSS via Task Gale 465 g, J, k, r 

From 286 Task to virt 8086 md via Task Gate 382 g, i, k, r 

From Intel386TM SX CPU Task 10 286 TSS via Task Gate 440 g,i,k, r 

From Inlel366TM SX CPU Task to Intel386TM SX CPU TSS via Task Gate 467 g, i, k, r 

From Inlel366TM SX CPU Task to vir! 6086 md via Task Gate 384 g, i, k, r 

From vir! 8086 md 10 286 TSS via Task Gate 445 g, i, k, r 

From vir! 8086 md to Intel366™ SX CPU TSS via Task Gate 472 g, i, k, r 

From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 275 

INT:TVPE 3 

Via Interrupt or Trap Gate 
to Same Privilege Level 71 g, i, k, r 

Via Interrupt or Trap Gate 
to Different Privilege Level 111 g, i, k, r 

From 286 Task 10 286 TSS via Task Gate 382 g,i, k, r 

From 286 Task to Intel386™ SX CPU TSS via Task Gate 409 g,i, k, r 

From 286 Task to Vir! 8086 md via Task Gate 326 g,i, k,r 

From Inlel386TM SX CPU Task to 286 TSS via Task Gale 384 g,i, k, r 

From Intel386TM SX CPU Task to Intel386TM SX CPU TSS via Task Gate 411 g,i, k, r 

From Inlel386TM SX CPU Task to Vir! 8086 md via Task Gate 328 g,i, k, r 

From vir! 8086 md to 286 TSS via Task Gate 389 g,i, k, r 

From vir! 6066 md to Intel366TM SX CPU TSS via Task Gate 416 g,i, k,r 

From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 223 

INTO: 

Via Interrupt or Trap Grate 
to Same Privilege Level 71 g, i, k, r 

Via I nterrupt or Trap Gate 
to Different Privilege Level 111 g, i, k, r 

From 286 Task to 266 TSS via Task Gate 384 g, i, k, r 

From 286 Task to Intel386TM SX CPU TSS via Task Gate 411 g,i, k, r 

From 286 Task to vir! 8066 md via Task Gate 328 g, i, k, r 

From Intel366TM SX CPU Task to 286 TSS via Task Gate Intel386 OX g, i, k, r 

From Intel366TM SX CPU Task to Intel366TM SX CPU TSS via Task Gate 413 g, i, k, r 

From Intel366TM SX CPU Task to vir! 6066 md via Task Gate 329 g, i, k, r 

From vir! 6066 md to 286 TSS via Task Gate 391 g, i, k, r 

From vir! 6066 md to Intel386TM SX CPU TSS via Task Gate 416 g, i, k, r 

From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 223 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 

CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Acldress Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Addreas Virtual Acldress 
8086 Mode 8088 Mode 
Mode Mode 

INTERRUPT INSTRUCTIONS (Continued) 

BOUND: 

Via Interrupt or Trap Gate 
to Same Privilege Level 71 g,i, k,r 

Via Interrupt or Trap Gate 
to Different Privilege Level 111 g,l, k, r 

From 286 Task to 286 TSS via Task Gate 356 g,i, k,r 
From 286 Task to Intel386TM SX CPU TSS via Task Gate 366 g,i, k,r 
From 268 Task 10 virl6086 Mode via Task Gale 335 g,l,k,r 
From Inlel386 SX CPU Task 10 286 TSS via Task Gate 368 g,l,k,r 
From Intel366 5X CPU Task to Intel386 SX CPU TSS via Task Gate 396 g,i, k, r 
From Intel366 SX CPU Task 10 virl8088 Mode via Task Gate 347 g,i, k,r, 
From virl8086 Mode to 286 TSS via Task Gate 368 g,l, k,r 
From virl8086 Mode to Intel386 SX CPU TSS via Task Gate 398 g,l,k,r 
From virl8086 md to priv level 0 via Trap Gate or Interrupt Gate 223 

INTERRUPT RETURN 

IRET ~ Interrupt Return I 11001111 I 24 g,h,i,k,r 

Protected Mode Only (IRET) 

To Ihe Same Privilege Level (within task) 42 g,h,i,k,r 
To Differant Privilege Level (within task) 86 g,h,l,k,r 
From 286 Task to 286 TSS 285 h,l,k,r 
From 286 Task to Intel386 SX CPU TSS 318 h,i, k,r 
From 286 Task to Virtual 8086 Task 267 h,i,k,r 
From 286 Task to Virtual 8086 Mode (within task) 113 
From Intel386 SX CPU Task to 286 TSS 324 h,l,k,r 
From Intel386 SX CPU Task to Intel386 SX CPU TSS 328 h,i,k,r 
From Intel386 SX CPU Task to Virlual8086 Task 3n h,i,k,r 
From Inlel386 SX CPU Task to Vlrlual8086 Mode (within task) 113 

PROCESSOR CONTROL 

HLT ~ HALT I 11110100 I 5 5 I 

MOV ~ Move to and From Control/Deb gITest Reglstars 

CRO/CR2/CR3 from ragister 00001111 00100010 11 eeereg 10/4/5 10/4/5 I 

Register From CRO-3 00001111 00100000 11 eeereg 6 6 I 

DRO-3 From Register 00001111 00100011 11 eee reg 22 22 I 

DR6-7 From Register 00001111 00100011 11 eeereg 16 16 I 

Register from DR6-7 00001111 00100001 11 eeereg 14 14 I 

Register from DRO-3 00001111 00100001 11 eeereg I 22 22 I 
, 

I I TR6-7 from Register 00001111 00100110 11 eeereg 12 12 I 

Register from TR6-7 I 00001111 00100100 11 eeereg I 12 12 I 

NOP ~ No Operation I 10010000 3 3 

WAIT~W.ltuntIIBUSV# plnlanagated I 10011011 6 6 

3·398 I 



Intel386TM SX MICROPROCESSOR 

Table 9-1, Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addreaa Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

PROCESSOR EXTENSION INSTRUCTIONS 

Processor Extension Escape I 11011TTT ImadLLL rIm I See h 

TIT and LLL bits are opcode Intel387SX 

information for coprocessor. data sheet lor 
clock counts 

PREFIX BYTES 

Address Size Prefix I 01100111 I 0 0 

LOCK ~ Bus Lock Prellx I 11110000 I 0 0 m 

Operand Size Prellx I 01100110 I 0 0 

Segment Override Prefix 

CS: 00101110 0 0 

OS: 00111110 0 0 

ES: 00100110 0 0 

FS: 01100100 0 0 

GS: 01100101 0 0 

SS: 00110110 0 0 

PROTECTION CONTROL 

ARPL ~ Adjust Requested Prlvllage Level 

From RegisterlMemory I 01100011 I mod reg rIm I N/A 20/21" a h 

LAR ~ Load Acceaa Rights 

From RegisterlMemory I 00001111 I 00000010 I mod reg rIm I N/A 15116' a g,h,i, p 

LGOT ~ Load Global Descriptor 

Table Register I 00001111 I 00000001 ImodOl0 rIm I .11' II' b,c h,l 

LIDT ~ Load Interrupt Descriptor 

Table Register I 00001111 I 00000001 I modOll rIm I 11' II' b,c h,l 

LLDT ~ Load Local Descriptor 

Table Register to 
RegisterlMemory I 00001111 I 00000000 ImodOl0 rIm I N/A 20/24' a g, h,l,l 

LMSW ~ Load Machine Status Word 

From RegisterlMemory I 00001111 I 00000001 I modl1 0 rIm I 10113 10113' b,c h,l 

LSL ~ Load Sagment Limit 

From RegisterlMemory I 00001111 I 00000011 I mod reg rIm I 

Byfe-Granular Umit N/A 20/21' a g,h,i,p 
Page-Granular Limit N/A 25/26' a g,h,i, p 

LTR ~ Load Taek Raglster 

From RegisterlMemory I 00001111 I 00000000 ImodOOI rIm I N/A 23/27' a g, h,i,l 

SGDT ~ Stora Global Descriptor 

Table Register I 00001111 I 00000001 I modOOO rIm I 9' 9' b,c h 

SlOT ~ Stora Intarrupt Dascrlptor 

Table Raglster I 00001111 I 00000001 I madOOl rIm I 9' g' b,c h 

SLOT ~ Stora Local Deacrlptor Table Register 

To Register/Memory I 00001111 I 00000000 I madOOO rIm I N/A 2/2* a h 
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Table 9-1.lnstructlon Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8088 Mode 
Mode Mode 

PROTECTION CONTROL (Continued) 

SMSW = Store Machine 
Status Word I 00001.111 I 00000001 Imodl00 r/ml 2/2' 2/2' b.c h.1 

STR = Store Task Register 

To Register/Memory I 00001111 I 00000000 ImodOOl r/ml N/A 2/2' a h 

VERR = Verify Read Access 

Register/Memory I 00001111 I 00000000 Imodl00 r/ml N/A 10/11' a g. h.].p 

VERW = Verify Write Access I 00001111 I 00000000 I mod 1 01 r/ml N/A 15/16' a g. h.J.p 

INSTRUCTION NOTES FOR TABLE 9-1 

Notes a through C apply to Real Address Mode only: 
a. This is a Protected Mode instruction. Attempted execution in Real Mode will result in exception 6 (invalid opcode). 
b. Exception 13 fault (general protection) will occur ,in Real Mode if an operand reference is made that partially or fully 
extends beyond the maximum CS, OS, ES, FS or GS limit, FFFFH. Exception 12 fault (stack segment limit violation or not 
present) will occur in Real Mode if an operand reference is made that partially or fully extends beyond the maximum SS limit. 
c. This instruction may be executed in Real Mode. In Real Mode, its purpose is primarily to initialize the CPU for Protected' 
Mode. . 

Notes d through g apply to Real Address Mode and Protected Virtual Address Mode: 
d. The Intel386 SX CPU uses an early-out multiply algorithm. The actual number of clocks depends on the position of the 
most significant bit in the operand (multiplier). 

Clock counts given are minimum to maximum. To calculate actual clocks use the following formula: 
Actual Clock = if m < > 0 then max ([Iog21mll. 3) + b clocks: 

if m = 0 then 3+b clocks . 
In this formula, m is the multiplier, and 
b = 9 for register to register, 
b = 12 for memory to register, 
b = 10 for register with immediate to register, 
b = 11 for memory with immediate to register. 

e. An exception may occur, depending on the value of the operand. 
f. LOCK# is automatically asserted, regardless of the presence or absence of the LOCK# prefix. 
g. LOCK# is asserted during descriptor table accesses. 

'Notes h through sIt apply to Protected Virtual Address Mode only: 
h. Exception 13 fault (general protection violation) will occur if the memory operand in CS, OS, ES, FS or GS cannot be used 
due to either a segment limit violation or access rights violation. If a stack limit is violated, an exception 12 (slack segment 
limi! violation or not present}. occurs. 
i. For segment load operations, the CPL, RPL, and OPL must agree with the privilege rules to avoid an exception 13 fault 
(general protection violation). The segment's descriptor must indicate "present" or exception 11 (CS, OS, ES, FS, GS not 
present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit 
violation or not present) occurs. . 
j. All segment descriptor accesses in the GOT or LOT made by this instruction will automatically assert LOCK# to maintain 
descriptor integrity in multiprocessor systems. 
k. JMP, CALL, INT, RET and IRET instructions referring to another code segment will cause an exception 13 (general 
protection violation) if an applicable privilege rule is violated. 
I. An exception 13 fault occurs if CPL is greater than 0 (0 is the most privileged level). 
m. An exception 13 fault occurs if CPL is greater than IOPL. 
n. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL and VM fields of the flag register are 
updated only if CPL = O. 
o. The PE bit of the MSW (CRO) cannot be reset by this instruction. Use MOV into CRO if deSiring to reset the PE bit. 
p. Any violation of privilege rules as applied to the selector operand does not cause a protection exception; rather, the zero 
flag is cleared. 
q. If the coprocessor's memory operand violates a segment limit or segment access rights, an exception 13 fault (general 
protection exception) will occur before the ESC instruction is executed. An exception 12 fault (stack segment limit violation 
or not present) will occur if the stack limit is violated by the operand's starting address: 
r. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13 fault 
(general protection violation) will occur. . . 
sIt. The instruction will execute in s clocks if CPL s: IOPL. If CPL > IOPL, the instruction will take t clocks. 
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9.2 INSTRUCTION ENCODING 

9.2.1 Overview 

All instruction encodings are subsets of the general 
instruction format shown in Figure S-1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod rIm" 
byte and "scaled index" byte, a displacement if re
quired, and an immed,iate data field if required. 

Within the primary opcode or opcodes, smaller en
coding fields may be defined. These fields vary ac
cording to the class of operation. The fields define 
such information as direction of the operation, size 
of the displacements, register encoding, or sign ex
tension. 

Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte(s). This byte, the mod rIm 
byte, specifies the address mode to be used. Certain 

Intel386TM SX MICROPROCESSOR 

encodings of the mod rIm byte indicate a second 
addressing byte, the scale-index-base byte, follows 
the mod rIm byte to fully specify the addressing 
mode. 

Addressing modes can include a displacement im
mediately following the mod rIm byte, or scaled in
dex byte. If a displacement is present, the possible 
sizes are S, 16 or 32 bits. 

If the instruction specifies an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 

Figure 9-1 illustrates several of the' fields that can 
appear in an instruction, such as the mod field and 
the rIm field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc
tions, sometimes within the opcode bytes them
selves. Table 9-2 is a complete list 'of all fields ap
pearing in the, instruction set. Further ahead, follow
ing Table 9-2, are detailed tables for each field. 

ITTTTTTTTI TTTTTTTTI modTTTr/m I ssindexbase Id321161s1 nonedata32 I 161s1 none 

Z'-_____ 0...,-7 ____ -"0) \ 7 6 5.3 2 ° ) \ 7 6 5 T 3 2 ° A .... __ ..--_____ ) ""'----v---...... I 
opcode 

(one or two bytes) 
(T represents an 

opcode bit.) 

\ 

, "mod rIm" "s ... j-b" 
byte byte 

register and address 
mode specifier, 

I 

address 
displacement 
(4, 2, 1 bytes 

or none), 

Figure 9-1. General Instruction Format 

Table 9-2. Fields within Instructions 

Field Name Description 

w Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 
d Specifies Direction of Data Operation 
s Specifies if an Immediate Data Field Must be Sign-Extended 
reg General Register 'Specifier 
mod rIm Address Mode Specifier (Effective Address can be a General Register) 

ss Scale Factor for Scaled Index Address Mode 
index General Register to be used as Index Register 
base General Register to be used as Base Register 
sreg2 Segment Register Specifier for CS, SS, OS, ES 
sreg3 Segment Register Specifier for CS, SS, OS, ES, FS, GS 
tttn For Conditional Instructions, Specifies a Condition Asserted 

or a Condition Negated 

Note: Table 9-1 shows encoding of individual Instructions. 

I 

immediate 
, data 

(4, 2, 1 bytes 
or none) 

Number of Bits 

1 
1 
1 
3 

2 for mod; 
3 for rIm 

2 
3 
3 
2 
3, 

4 
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9.2.2 32·8it Extensions of the 
Instruction Set 

With the Intel386 SX CPU, the 8086/80186/80286 
instruction set is extended in two orthogonal direc
tions: 32-bit forms of all 16-bit instructions.are added 
to support the 32-bit data types, and 32-bit address
ing modes are made availal;lle for all instructions ref
erencing memory. This orthogonal instruction set ex
tension is accomplished having a Default (D) bit in 
the code segment descriptor, and by having 2 prefix
es to the instruction set. 

Whether the instruction defaults to operations of 
16 bits or 32 bits depends on the setting of the D bit 
in the code segment descriptor, which gives the de
fault length (either 32 bits or 16 bits) for both oper
ands and effective addresses when executing that 
code segment. In the Real Address Mode or Virtual 
8086 Mode, no code segment descriptors are used, 
but a D value of 0 is assumed internally by the 
Intel386 SX CPU when operating in those modes 
(for 16-bit default sizes compatible with the 80861 
80186/80286). 

Two prefixes, the Operand Size Prefix and the Effec
tive Address Size Prefix, allow overriding individually 
the Default selection of operand size and effective 
address size. These prefixes may precede any op
code bytes and affect only the instruction they pre
cede. If necessary, one or both of the prefixes may 
be placed before the opcode bytes. The presence of 
the Operand Size Prefix and the Effective Address 
Prefix will toggle the operand size or the effective 
address size, respectively, to the value "opposite" 
from the Default setting. For example, if the default 
operand size is for 32-bit data operations, then pres
ence of the Operand Size Prefix toggles the instruc
tion to 16-bit data operation. As another example, if 
the default effective address size is 16 bits, pres
ence of the Effective Address Size prefix toggles the 
instruction to use 32-bit effective address computa
tions. 

These 32-bit extensions are available in all modes, 
including the Real Address Mode or the Virtual 8086 
Mode. In these modes the default is always 16 bits, 
so prefixes are needed to specify 32-bit operands or 
addresses. For instructions with more than one pre
fix, the order of prefixes is ·unimportant. 

Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 

9.2.3 Encoding of Instruction Fields 
Within the instruction are several fields indicating 
register selection, addressing mode and so on. The 
exact encodings of these fields are defined immedi
ately ahead. 
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9.2.3.1 ENCODING OF OPERAND LENGTH (w) 

FIELD 

For any given instruction performing a data opera
tion, the instruction is executing as a 32-bit operation 
or a 16-bit operation. Within the constraints of the 
operation size, the w field encodes the operand size 
as either one byte or the full operation size, as 
shown in the table below. 

Operand Size Operand Size 
wFleld During 16-8it During 32-81t 

Data Operations Data Operations 

0 8 Bits 8 Bits 
1 16 Bits 32 Bits 

9.2.3.2 ENCODING OF THE GENERAL 
REGISTER (reg) FIELD 

The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rIm" byte, or as the rIm 

. field of the "mod rIm" byte. 

Encoding of reg Field When w Field 
Is not Present In Instruction 

Register Selected Register Selected 
reg Field During 16-8it During 32-81t 

000 
001 
010 
011 
100 
101 
101 
101 

reg 

000 
001 
010 
011 
100 
101 
110 
111 

Data Operations Data Operations 

AX EAX 
CX ECX 
DX EDX 
BX EBX 
SP ESP 
BP EBP 
SI ESI 
DI EDI 

Encoding of reg Field When w Field 
Is Present In Instruction 

Register Specified by reg Field 
During 16-81t Data Operations: 

Function of w Field 

(whenw = 0) (whenw = 1) 

AL AX 
CL CX 
DL DX 
BL BX 
AH SP 
CH BP 
DH SI 
BH DI 



Register Specified by reg Field 
During 32-Bit Data Operations 

Function of w Field 
reg 

(whenw = 0) (whenw = 1) 

000 AL EAX 
001 CL ECX 
010 DL EDX 
011 SL ESX 
100 AH ESP 
101 Crt ESP 
110 DH ESI 
111 SH EDI 

9.2.3.3 ENCODING OF THE SEGMENT 
REGISTER (sreg) FIELD 

The sreg field in certain instructions is a 2-bit field 
allowing one of the four 80286 segment registers to 
be specified. The sreg field in other instructions is a 
3-bit field, allowing the Intel386 SX CPU FS and GS 
segment registers to be specified. 

2-Bit sreg2 Field 

2-Bit 
Segment 

sreg2 Field 
Register 
Selected 

00 ES 
01 CS 
10 SS 
11 DS 

3-Bit sreg3 Field 

3-Bit 
Segment 

sreg3 Field 
Register 
Selected 

000 ES 
001 CS 
010 SS 
011 DS 
100 FS 
101 GS 
110 do not use 
111 do not use 

I 

Intel386TM SX MICROPROCESSOR 

9.2.3.4 ENCODING OF ADDRESS MODE 

Except for special instructions, such as PUSH or 
POP, where the addressing mode is pre-determined, 
the addressing mode for the current instruction is 
specified by addressing bytes following the primary 
opcode. The primary addressing byte is the "mod 
rIm" byte, and a second byte of addressing informa
tion, the "s-i·b" (scale·index-base) byte, can be 
specified. 

The s-i-b byte (scale-index-base byte) is specified 
when using 32·bit addressing mode and the "mod 
rIm" byte has rIm = 100 and mod = 00,01 or 10. 
When the sib byte is present, the 32-bit addressing 
mode is a function of the mod, ss, index, and base 
fields. 

The primary addressing byte, the "mod rIm" byte, 
also contains three bits (shown as TTT in Figure 8-1) 
sometimes used as an extension of the primary op
code. The three bits, however, may also be used as 
a register field (reg). . 

When calculating an effective address, either 16-bit 
addressing or 32-bit addressing is used. 16-bit ad
dressing uses 16-bit address components to calcu
late the effective address while 32-bit addressing 
uses 32-bit address components to calculate the ef
fective address. When 16-bit addressing is used, the 
"mod rIm" byte is interpreted as a 16-bit addressing 
mode specifier. When 32-bit addressing is used, the 
"mod rIm" byte is interpreted as a 32-bit addressing 
mode specifier. 

Tables on the following three pages define all en
codings of all 16-bit addressing modes and 32-bit 
addressing modes. 
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Encoding of· 16·bit Address Mode with "mod rim" Byte 

mod rim Effective Address mod rim Effective Address 

00000 DS:[BX+SI] 10000 DS:[BX+SI+d16] 
00001 DS:[BX+DI] 10001 DS:[BX+DI+d16] 
00010 SS:[BP+SI] 10010 SS:[BP+SI+d16] 
00011 SS:[BPt-DI] 10011 SS:[BP+DI+d16] 
00100 DS:[SI] 10100 DS:[SI+d16] 
00101 DS:[DI] 10101 DS:[DI+d16] 
00110 DS:d16 10110 SS:[BP+d16] 
00111 DS:[BX] 10111 DS:[BX+d16] 

01000 DS: [BX + SI + d8] 11000 register-see below 
01001 DS:[BX+DI+d8] 11001 register-see below 
01010 SS:[BP+SI+d8] 11010 register-see below 
01011 SS: [BP + DI + d8] 11 011 register-see below 
01100 DS:[SI+d8] 11 100 register-see below 
01101 DS:[DI+d8] 11 101 register-see below 
01110 SS:[BP+d8] 11 110 register-see below 
01 111 DS:[BX+d8] 11 111 register-see below 

Register Specified by rim 
During 16·Bit Data Operations 

mod rim 
Function of w Field 

(when w=O) (whenw =1) 

11000 AL AX 
11001 CL CX 
11010 DL DX 
11 011 BL BX 
11100 AH SP 
11 101 CH BP 
11 110 DH SI 
11 111 BH DI 

Register Specified by rim 
During 32·Bit Data Operations 

mod rim 
Function of w Field 

(whenw=O) (whenw =1) 

11000 AL EAX 
11001 CL ECX 
11010 DL EDX 
11 011 BL EBX 
11100 AH ESP 
11 101 CH EBP 
11 110 DH ESI 
11 111 BH EDI 
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Encoding of 32-blt Address Mode with "mod rIm" byte (no "s-I-b" byte present): 

mod rIm Effective Address mod rIm Effective Address 

00000 OS: [EAX] 10000 OS: [EAX + d32] 
00001 OS: [ECX] 10001 OS: [ECX + d32] 
00010 OS: [EOX] 10010 OS: [EOX + d32] 
00011 OS: [EBX] 10011 OS: [EBX + d32] 
00100 s-i-b is present 10100 s-i-b is present 
00101 OS:d32 10 101 . SS:[EBP + d32] 
00110 OS: [ESIl 10110 OS:[ESI +d32] 
00111 OS: [EOIl 10111 OS: [EOI + d32] 

01000 OS: [EAX + dB] 11000 register-see below 
01001 OS: [ECX + dB] 11001 register:""see below 
01010 OS: [EOX + dB] 11010 register-see below 
01011 OS:[EBX+dB] 11 011 register-see below 
01100 s-i-b is present 11100 register-see below 
01101 SS:[EBP+dB] 11 101 register-see below 
01110 OS:[ESI+dB] 11 110 register-see below 
01111 OS:[EOI+dB] 11 111 register-see below 

Register Specified by reg or rIm 
during 16-81t Data Operations: 

mod rIm 
function of w field 

(whenw=O) (when w=1) 

11000 AL AX 
11001 CL CX 
11010 OL OX 
11 011 BL BX 
11100 AH SP 
11 101 CH BP 
11110 OH SI 
11 111 BH 01 

Register Specified by reg or rIm 
during 32-8it Data Operations: 

mod rIm 
function of w field 

(when w=O) (whenw=1) 

11000 AL EAX 
11001 CL ECX 
11010 OL EOX 
11 011 BL EBX 
11100 AH ESP 
11101 CH EBP 
11 110 OH ESI 
11 111 BH EOI 
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. Encoding of 32-bit Address Mode ("mod rIm" byte and "s-I-b" byte present): 

mod base Effective Address 

00000 OS: [EAX + (scaled index)] 
00001 OS: [ECX + (scaled index)] 
00010 OS: [EOX + (scaled index)] 
00011 OS: [EBX + (scaled index)] 
00100 SS: [ESP + (scaled index)] 
00101 OS: [d32 + (scaled index)] 
00110 OS: [ESI + (scaled index)] 
00111 OS: [ED I + (scaled index)] 

01000 OS: [EAX + (scaled index) + dB] 
01001 OS: [ECX + (scaled index) + dB] 
01010 OS: [EOX + (scaled index) + dB] 
01011 OS: [EBX + (scaled index) + dB] 
01100 SS: [ESP + (scaled indexH- dB] 
01101 SS: [EBP + (scaled index) + dB] 
01110 OS: [ESI + (scaled index) + dB] 
01111 OS: [EOI + (scaled index) + dB] 

10000 OS: [EAX + (scaled index) + d32] 
10001 OS: [ECX + (scaled index) + d32] 
10010 OS: [EOX + (scaled inqex) + d32] 
10011 OS: [EBX + (scaled index) + d32] 
10100 SS: [ESP + (scaled index) + d32] 
10101 SS: [EBP + (scaled index) + d32j 
10110 OS: [ESI + (scaled index) + d32] 
10111 OS: [EOI + (scaled index) + d32] 

NOTE: 
Mod field in "mod rIm" byte; ss,' index, base fields in 
"s-i-b" byte. 
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ss Scale Factor 

00 x1 
01 x2 
10 x4 
11 xB 

Index Index Register 

000 EAX 
001 ECX 
010 EOX 
011 EBX 
100 no index reg> > 
101 EBP 
110 ESI 
111 EOI 

"IMPORTANT NOTE: 
When index field is 100, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 
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9.2.3.5 ENCODING OF OPERATION DIRECTION 
(d) FIELD 

In many two-operand instructions the d field is pres
ent to indicate which operand is considered the 
source and which is the destination. 

d Direction of Operation 

0 Register/Memory <- - Register 
"reg" Field Indicates Source Operand; 
"mod r/m" or "mod ss index base" Indicates 
Destination Operand 

1 Register <- - Register/Memory 
"reg" Field Indicates Destination Operand; 
"mod r/m" or "mod ss index base" Indicates 
Source Operand 

9.2.3.6 ENCODING OF SIGN-EXTEND (8) FIELI) 

The s field occurs primarily to instructions with im
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 1S-bit or 32-bit destination. 

Effect on Effect on 
s Immediate Data& Immediate Data 16132 

0 None None 

1 Sign-Extend Data8 None 
to Fill 1S-Bit or 32-Bit 
Destination 

9.2.3.7 ENCODING OF CONDITIONAL TEST 
(tttn) FIELD 

For the conditional instructions (conditional jumps 
and set on condition), tttn is encoded with n indicat
ing to use the condition (n = 0) or its negation (n = 1), 
and ttt giving the condition to test. 

I 
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Mnemonic Condition tttn 

0 Overflow 0000 
NO No Overflow 0001 
B/NAE Below/Not Above or Equal 0010 
NB/AE Not Below/Above or Equal 0011 
E/Z Equal/Zero 0100 
NE/NZ Not Equal/Not Zero 0101 
BE/NA Below or Equal/Not Above 0110 
NBE/A Not Below or Equal! Above 0111 
S Sign 1000 
NS Not Sign 1001 
PIPE Parity/Parity Even 1010 
NP/PO Not Parity/Parity Odd 1011 
L/NGE Less Than/Not Greater or Equal 1100 
NLIGE Not Less Than/Greater or Equal 1101 
LE/NG Less Than or Equal/Greater Than 1110 
NLE/G Not Less or Equal/Greater Than 1111 

9.2.3.& ENCODING OF CONTROL OR DEBUG 
OR TEST REGISTER (eee) FIELD 

For the loading and storing of the Control, Debug 
and Test registers. 

When Interpreted as Control Register Field 

eeeCode Reg Name 

000 CRO 
010 CR2 
011 CR3 

Do not use any other encoding 

When Interpreted as Debug Register Field 

eeeCode Reg Name 

000 DRO 
001 DR1 
010 DR2 
011 DR3 
110 DRS 
111 DR7 

Do not use any other encoding 

When Interpreted as Test Register Field 

eeeCode Reg Name 

110 TRS 
111 TR7 

Do not use any other encoding 
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DATA SHEET REVISION REVIEW 

The following list represents key differences between this data sheet and the -007 version of the Intel386TM 
SX microprocessor data sheet. Please review the summary carefully. 

1. Table 5.7, E-Step revision identifier is added., 

2. Table 7.3, Icc supply current for CLK2 = 40 MHz with 20 MHz Intel386 SX has a typical Icc of 180 mA. 

3. Table 7.5, t4 CLK2 fall time and t5 CLK2 rise time have no minimum time for all speeds but maximum time 
for all speeds is 8 ns. ' 

4. Figure 7.11, CHMOS III characteristics for typical Icc has been taken out. 
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Intel387™ SX 
MATH COPROCESSOR 

• New Automatic Power Management 
- Low Power Consumption 
- Typically 100 mA in Dynamic Mode, 

and 4 mA in Idle Mode 

• Socket Compatible with Intel387 Family 
of Math CoProcessors 
- Hardware and Software Compatible 
- Supported by Over 2100 Commercial 

Software Packages 
-10% to 15% Performance Increase 

on Whetstone and Livermore 
Benchmarks 

• Compatible with the Intel386TM SX 
Microprocessor 
- Extends CPU Instruction Set to 

Include Trigonometric, Logarithmic, 
and Exponential 

• High Performance 80-Blt Internal 
Architecture 

• Implements ANSI/IEEE Standard 
754-1985 for Binary Floating-Point 
Arithmetic 

• Available in a 68-Pin PLCC Package 
See Intel Packaging Specification. Order .. 231369 

The Intel387™ SX Math CoProcessor is an extension to the Intel386™ SX microprocessor architecture. The 
combination of the Intel387™ SX with the Intel386™ SX microprocessor dramatically increases the process
ing speed of computer application software that utilizes high performance floating-point operations. An internal 
Power Management Unit enables the Intel387TM SX to perform these floating-point operations while maintain
ing very low power consumption for portable and desktop applications. The internal Power Management Unit 
effectively reduces power consumption by 95% when the device is idle. 

The Intel387TM SX Math CoProcessor is available in a 68-pin PLCC package, and is manufactured on Intel's 
advanced 1.0 micron CHMOS IV technology. 

240225-22 

Intel386 and Intel387 are trademarks of Intel Corporation. 

January 1994 
Order Number: 240225-009 3-409 
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Intel387TM SX MATH COPROCESSOR 

1.0 PIN ASSIGNMENT include Vee and Vss planes for power distribution 
and all Vee and Vss pins must be connected to the 
appropriate plane. 

NOTE: 

The Intel387 SX Math CoProcessor pinout as 
viewed from the top side of the component is shown 
in Figure 1-1. Vee and Vss (GNO) connections must 
be made to multiple pins. The circuit board should Pins identified as N.C. should remain completely 

unconnected. 

BUSY# 36 
PEREa 56 
ERROR# 35 

AOS# 47 
CMOO# 48 
NPS1# 44 
NPS2 45 
STEN 40 
W/R# 41 

REAOY# 49 
REAOYO# 57 

CKM 59 
CPUCLK2 54 
NUMCLK2 53 

RESETIN 51 

I 

014 

Vee 
Vss 
013 

012 

N.C. 

<i <3 
:i % 

o 

# N 
0 :s >- s '" u 

,:. <3 U I/) U UI on:O u< 
~ on" 

:i >0 >VI >0 >CI'I >VI t3 >0 ~ >VI ~ 

Intel3 8 7™ SX Math CoProcessor 

(top view) 

N 

:s u 
:0 <3 
" :i % 

uo- rnUNCiO UJocncno- UUJUIn 
.00 U'lUoo UJUUJo __ UU')UII'I 

Z C Q > > Q 0 > > > C Q 0 > > > > 

RESETIN 

vee 
REAOY# 

CMOO# 

AOS# 

vee 
NPS2 

NPS1# 

vee 
vss 
W/R# 

STEN 

vee 
vss 
vee 
eusy# 
ERROR# 

Figure 1-1.lnteI387™ SX Math CoProcessor Pinout 

Table 1-1. Pin Cross Reference-Functional Grouping 

000 19 Vee 4 Vss 5 
001 20 9 14 
002 23 13 21 
003 8 22 25 
004 7 26 27 
005 6 31 32 
006 3 33 34 
007 2 37 38 
008 24 39 42 
009 28 43 55 
010 29 46 60 
011 30 50 61 
012 16 58 63 
013 15 62 66 
014 12 64 
015 11 

240225-1 

N.C. 1 
10 
17 
18 
52 
65 
67 
68 
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1.1 Pin Description Table 

The following table lists a brief description of each 
pin on the Intel387 SX Math CoProcessor. For a 
more complete description refer to Section 4.1 Sig
nal Description. The following definitions are used in 
these descriptions: 

# The signal is active LOW. 

I Input Signal 

o Output Signal 

I/O Input and Output Signal 

Symbol Type Name and Function 

ADS# I ADDRESS STROBE indicates that the address and bus cycle definition is valid. 

BUSY# 0 BUSY i'ndicates that the Math CoProcessor is currently executing an instruction. 

CKM I CLOCKING MODE is used to select synchronous or asynchronous clock modes. 

CMDO I COMMAND determines whether an opcode or operand are being sent to the Math 
CoPro.cessor. During a read cycle it indicates whicb register group is being read. 

CPUCLK2 I CPU CLOCK input provides the timing for the bus interface unit and the execution 
unit in synchronous mode. 

015-00 1/0 DATA BUS is used to transfer instructions and data between the Math 
CoProcessor and CPU. 

ERROR# 0 ERROR signals that an unmasked exception has occurred. 

NC - NO CONNECT should always remain unconnected. Connection of a N.C. pin may 
cause the Math CoProcessor to malfunction or be incompatible with future 
steppings. 

NPS1# I NPX SELECT 1 is used to select the Math CoProcessor. 

NPS2 I NPX SELECT 2 is used to select the Math CoProcessor. 

NUMCLK2 I NUMERICS CLOCK is used in asynchronous mode to drive the Floating Point 
Execution Unit. 

PEREQ 0 PROCESSOR EXTENSION REQUEST signals the CPU that the Math 
CoProcessor is ready for data transfer to/from its FIFO. 

REAOY# I READY indicates that the bus cycle is being terminated. 

REAOYO# 0 READY OUT signals the CPU that the Math CoProcessor is terminating the bus 
cycle. 

RESETIN I SYSTEM RESET terminates any operation in progress and forces the Math 
CoProcessor to enter a dormant state. 

STEN I STATUS ENABLE serves as a master chip select for the Math CoProcessor. 
When inactive, this pin forces all outputs and bi-directional pins into a floating 
state. 

W/R# I WRITE/READ indicates whether the CPU bus cycle in progress is a read or a write 
cycle. 

Vee I SYSTEM POWER provides the + 5V nominal D.C. supply input. 

Vss I SYSTEM GROUND provides the OV connection from which all inputs and outputs 
are measured. 
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2.0 FUNCTIONAL DESCRIPTION 

The Intel387 SX Math CoProcessor is designed to 
support the Intel386 SX Microprocessor and effec
tively extend the CPU architecture by providing fast 
execution of arithmetic instructions and transcen
dental functions. This component contains internal 
power management circuitry for reduced active pow
er dissipation and an automatic idle mode. 

2.1 Feature List 

• New power saving design provides low power 
dissipation in active and idle modes. 

• Higher Performance, 10%-25% higher bench
mark performance than the original Intel387 SX 
Math CoProcessor. 

• High Performance B4-bit Internal Architecture 

• Eight 80-bit Numeric Registers, usable as individ
ually addressable general registers or as a regis
ter stack. 

• Full-range transcendental operations for SINE, 
COSINE, TANGENT, ARCTANGENT, and LOG
ARITHM. 

• Programmable rounding modes and notification 
of rounding effects. 

• Exception reporting either by software polling or 
hardware interrupts. 

• Fully compatible with the SX Microprocessors. 

I 
BUS CONTROL LOGIC OATA INTERFACE AND CONTROL UNIT 

I 

" 
_...,!"'--!-::S::TA:::TUS:-:W:::;OR;..D -t....-,-,",,-,-IINTERHAL I 

L.;oo;;;;",:;;;;,,;;.., WO;;.;;';;..D ..rr:-r-,... ~~~A 

015-00 

CPUClK2 NUlolCllC2. 

Intel387TM SX MATH COPROCESSOR 

• Expands Intel386 SX CPU data types to include 
32-bit, 64-bit, and 80-bit Floating Point; 32-bit and 
64-bit Integers; and 18 Digit BCD Operands. 

• Directly extends the Intel386 SX CPU Instruction 
Set to trigonometric, logarithmic, exponential, 
and arithmetic functions for all data types. 

• Operates independently of Real, Protected, and 
Virtual-86 Modes of the Intel386 SX Microproces
sors. 

• Fully compatible with the Intel387 SL Mobile and 
DX Math CoProcessors. Implements all Intel387 
Math CoProcessor architectural enhancements 
over 8087 and 80287. 

• Implements ANSI/IEEE Standard 754-1985 for 
binary floating point arithmetic. 

• Upward Object Code compatible from 8087 and 
80287. 

2.2 Math CoProcessor Architecture 

As shown in Figure 2-1, the Intel387 SX Math Co
Processor is internally divided into four sections; the 
Bus Control Logic, the Data Interface and Control 
Logic, the Floating Point Unit, and the Power Man
agement Unit. The Bus Control Logic is responsible 
for the CPU bus tracking and interface. The Data 
Interface and Control Unit latches data and decodes 
instructions. The Floating Point Unit executes the 
mathematical instructions. The Power Management 
Unit is new to the Intel3B7 family and is the nucleus 

FLOATING POINT UNIT 

DBUSINTERF.t.CE 
DATA. AUGNWENT AND OPERAND CHECKING 

(D) 

240225-2 

Figure 2·1.lnteI387TM SX Math CoProcessor Block Diagram 
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of the static architecture. It is responsible for shut
ting down idle sections of the device to save power. 

Microprocessor/Math CoProcessor Interface 
The Intel386 CPU interprets the pattern 11011 B in 
most significant five bits of an instruction as an op
code intended for a math coprocessor. Instructions 
thus marked are called ESCAPE or ESC instruc
tions: Upon decoding the instruction as an ESC in
struction, the Intel386 CPU transfers the opcode to 
the math coprocessor through an 110 write cycle at 
a dedicated address (8000F8H) outside the normal 
programmed 110 address range. The math coproc
essor has dedicated output signals for controlling 
the data transfer and notifying the CPU if the Math 
CoProcessor is busy or that a floating point error has 
occurred. 

2.3 Power Management 

The Intel387' SX Math CoProcessor offers two 
modes of power management; dynamic and idle. 

2.3.1 DYNAMIC MODE 

Dynamic Mode, is whim. the device is executing an 
instruction. Using Intel's CHMOS IV technology, the 
Intel387 SX Math CoProcessor draws considerably 
less power than its predecessor. The active power 
supply current is reduced to approximately 100 mA 
at 20 MHz an~ provides low case temperatures. 

2.3.2 IDLE MODE 

When an instruction is not being executed, the 
Intel387 SX Math CoProcessor will automatically 
change to Idle Mode. Three clocks after completion 
of the previous instruction, the internal power man
ager shuts down the floating point execution unit 
and all non,essential circuitry. Only portions of the 
Bus Interface Unit remain active to monitor the CPU 
bus activity and to accept the next instruction when 
it is transferred. When the CPU transfers the next 
instruction to the Math CoProcessor, the Intel387 SX 
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Math CoProcessor accepts the instruction and 
ramps the internal core within one clock so there is 
no impact to performance or throughput. In idle 
mode, the Intel387 SX Math CoProcessor draws typ
ically 4 mA of current and reduces case temperature 
to near ambient. 

NOTE: 
In asynchronous clock mode (CKM = 0), the inter
nal idle mode is disabled. 

2.4 Compatibility 

The Intel387 SX Math CoProcessor is compatible 
with the Intel387 SL Mobile Math CoProcessor .. Due 
to the increased performance and internal pipelining 
effects, diagnostic programs should never use in
struction execution time for test purposes. 

2.5 Performance 

The increased performance of floating point calcula
tions can be attributed to the 84-bit architecture and 
floating point processor. For the CPU to execute 
floating point calculations requires very long soft
ware emulation methods with reduced resolution 
and accuracy. The performance of the Intel387 SX 
Math CoProcessor has been further enhanced 
through improvements in the internal microcode and 
through internal architectural changes. These refine
ments will increase Whetstone benchmarks by ap
proximately 10% to 25% over the original Intel387 
SX Math CoProcessor. 

Real performance, however, should be measured 
with application software. Depending upon software 
coding, system overhead, and percentage' of floating 
point instructions, performance can vary significant
ly. 
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3.0 PROGRAMMING INTERFACE 

The Intel387 SX Math CoProcessor effectively ex
tends to an Intel386 Microprocessor system addi
tional instructions, registers, data types, and inter
rupts specifically designed to facilitate high-speed 
floating point processing. All communication be
tween the CPU and the Math CoProcessor is trans
parent to applications software. The CPU automati
cally controls the Math CoProcessor whenever a 
numerics instruction is executed. All physical memo
ry and virtual memory of the CPU are available for 
storage of the instructions and operands of pro
grams that use the Math CoProcessor. All memory 
addressing modes, including use of displacement, 
base register, index register, and scaling are avail
able for addressing numerical operands. 

The Intel387 SX Math CoProcessor is software com
patible with the Intel387 DX Math CoProcessors and 
supports all applications written for the Intel386 CPU 
and Intel387 Math CoProcessors. 

3.1 . Instruction Set 

The Intel386 CPU interprets the pattern 11011 B in 
most significant five bits of an instruction as an op
code intended for a math coprocessor. Instructions 
thus marked are called ESCAPE or ESC instruction. 

The typical Math CoProcessor instruction accepts 
one or two operands and produces one or some
times two results. In two-operand instructions, one 
operand is the contents of the Math CoProcessor 
register, while the other may be a memory location. 
The operands of some instructions are predefined; 
for example, FSQRT always takes the square root of 
the number in the top stack element. 

The Intel387 SX Math CoProcessor instruction set 
can be divided into six groups. The following sec
tions gives a brief description of each instruction. 
Section 8.0 defines the instruction format and byte 
fields. Further details can be obtained from the 
Intel387 User's Manual, Programmer's Reference, 
Order #231917. 

3.1.1 DATA TRANSFER INSTRUCTIONS 

The class includes the operations that load, store, 
and convert operands of any support data types. 

Real Transfers 

I 

FLD Load Real (single, double, extended) 

FST Store Real (single, double) 

FSTP Store Real and pop (single, double, ex
tended) 

FXCH Exchange registers 

Intel387TM SX MATH COPROCESSOR 

Integer Transfers 

FILD Load (convert from) Integer (word, short, 
long) 

FIST Store (convert to) Integer (word, short) 

FISTP Store (convert to) Integer and pop (word, 
short, long) 

Packed Decimal Transfers 

FBLD Load (convert from) packed decimal 

FBSTP Store packed decimal and pop 

3.1.2 ARITHMETIC INSTRUCTIONS 

This class of instructions provide variations on the 
basic add, subtract, multiply, and divide operations 
and a number of other basic arithmetic operations. 
Operands may reside in registers or one operand 
may reside in memory. 

Addition 

FADD Add Real 

FADDP Add Real and pop 

FIADD Add Integer 

Subtraction 

FSUB Subtract Real 

FSUBP Subtract Real and pop 

FISUB Subtract Integer 

FSUBR Subtract Real reversed 

FSUBRP Subtract Real reversed and pop 

FISUBR Subtract Integer reversed 

Multiplication 

FMUL M\.!ltiply Real 

FMULP 

FIMUL 

Division 

FDIV 

FDIVP 

FIDIV 

FDIVR 

FDIVRP 

FIDIVR 

Multiply Real and pop 

Multiply Integer 

Divide Real 

Divide Real and pop 

Divide Integer 

Divide Real reversed 

Divide Real reversed and pop 

Divide Integer reversed 
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Other Operations 

FSQRT Square Root 

FSCALE Scale 
FPREM Partial Remainder 

FPREM1 IEEE standard partial remainder 
FRNDINT Round to Integer 

FXTRACT Extract Exponent and Significand 

FABS Absolute Value 
FCHS Change sign 

3.1.3 COMPARISON INSTRUCTION 

Instructions of this class allow comparison of num
bers of all supported real and integer data types. 
Each of these instructions analyzes the top stack 
element often in relationship to another operand and 
reports the result as a condition c;ode in the status 
word. 

FCOM Compare Real 
FCOMP Compare Real and pop 

. FCOMPP Compare Real and pop twice 

FUCOM Unordered compare Real 

FUCOMP Unordered compare Real and pop , 
FUCOMPP Unordered compare Real and pop 

twice 

FICOM Compare Integer 
FICOMP Compare Integer and pop 

FTST 

FXAM 
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Test 

Examine 

3.1.4 TRANSCENDENTAL INSTRUCTIONS 

This gro!lP of the Intel387 operations includes trigo
nometric, inverse trigonometric,logarithmic and ex
ponential functions. The transcendental operate on 
the top one or two stack elements. and they return 
their results to the stack. The trigonometric opera
tions assume their arguments are expressed in radi
ans. The logarithmic and exponential operations 
work in base 2. 

FSIN Sine 

FCOS Cosine 
FSINCOS Sine and cosine 
FPTAN· Tangent 

FPATAN Arctangent of ST(1)/ST 
F2XM1 2x-1 

FYL2X Y • log2X 
FYL2XP1 Y· log2(X + 1) 

3.1.5 LOAD CONSTANT INSTRUCTIONS 

Each of these instructions loads (pushes) a com
monly used constant onto the stack. The constants 
have extended real values nearest to the infinitely 
precise numbers. The only error that can be gener
ated is.an Invalid Exception if a stack overflow oc
curs. 

FLDZ Load + 0.0 

FLD1 Load + 1.0 

FLDPI Load'1t' 
FLDl2T Load log2 10 

FLDL2E Load log2e 

FLDLG2 Load log102 
FLDLN2 Loadloge2 
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3.1.6 PROCESSOR INSTRUCTIONS 
(ADMINISTRATIVE) , 

FINIT 

FLDCW 

FSTCW 

FLDCW 

FSTSW 

Initialize Math CoProcessor 

Load Control Word 

Store Control Word 

Load Status Word 

Store Status Word 

FSTSW AX Store Status Word to AX register 

FCLEX Clear Exceptions 

FSTENV Store Environment 

FLDENV Load Environment 

FSAVE Save State 

i386TM Microprocessor Registers 

GENERAL REGISTERS 
31 16 15 0 SEGMENT REGISTERS 

15 0 
EAX AX 

I AH I AL CS 

EBX 
BX 

I BH I BL 

SS 

DS 

ECX CX 

, CH , CL 

EDX DX 
, DH -, DL 

ES 

FS 

GS 

ESI , SI 
o 

EDI 

I 
DI 

EBP 

I 
BP 

ESP , SP 

Intel387TM SX MATH COPROCESSOR 

FRSTOR Restore State 

FINCSTP Increment Stack pointer 

FDECSTP Decrement Stack pointer 

Free Register 

No Operation 

FFREE 

FNOP 

FWAIT Report Math CoProcessor Error 

3.2 Register Set 

Figure 3·1 shows the Intel387 SX Math CoProcessor 
register set. When a Math CoProcessor is present in 
a system, programmers may use these registers in 
addition to the registers normally available on the 
cpu. 

i387TM Math CoProcessor Data Registers 

Tag 
Field 

79 78 64 63 0 1 0 

RO Sign Exponent Significand 

R1 

R2 

R3 

R4 

R5 

R6 

'R7 

15 0 

Control Register 

Status Register 

Tag Word 

47 0 

Instruction Pointer (in CPU) 

Data Pointer (in CPU) 

Figure 3-1. Intel386™ CPU and Intel387TM Math CoProcessor Register Set 
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3.2.1 STATUS WORD (SW) REGISTER 

The 16-bit status word (in the status register) shown 
in Figure 3-2 reflects the overall state of the Math 
CoProcessor. It can be read and inspected by pro
grams using the FSTSW memory or FSTSW AX in
structions. 

Bit 15, the Busy bit (B) is included for 8087 compati
bility only. It always has the same value as the Error 
Summary bit (ES, bit 7 of status word); it does not 
indicate the status of the BUSY # output of the Math 
CoProcessor. 

Bits 13-1.1 (TOP) serves as the pointer to the Math 
CoProcessor data register that is the current Top-Of
Stack. The significance of the stack top is described 
in Section 3.2.5 Data Registers. 

The four numeric condition code bits (C3-CO, Bit 14, 
10-8) are similar to the flags in a CPU; instructio~s 
that perform arithmetic operations update these bits 
to reflect the outcome. The effects of the instruc
tions on the condition code are summarized in Ta
bles 3-1 through 3-4. These condition code bits are 
used principally for conditional branching. The 
FSTSW AX instructions stores the Math CoProces
sor status word directly to the CPU AX register, al
lowing the condition codes to be inspected efficient
ly by Intel386 CPU code. The Intel386 CPU SAHF. 
instruction can copy C3-CO directly to the flag bits to 
simplify conditional branching. Table 3-5 shows !he 
mapping of these bits to the Intel386 CPU flag bits. 

Bit 7 is the error summary (ES) status bit. This bit is 
set if any unmasked exception bit is set; it is clear 
otherwise. If this bit is set, the ERROR # signal is 
asserted. 

Bit 6 is the stack flag (SF). This bit is used to distin
guish invalid operations due to stack overflow or un
derflow from other kinds of invalid operations. When 
SF is set, bit 9 (C1) distinguishes between stack 
overflow (C1 = 1) or underflow (C1 = 0). 

Bit 5-0 are the six exception flags of the status word 
and are set to indicate that during an instruction exe
cution the Math CoProcessor has detected one of 
six possible exception conditions since these status 
bits were last cleared or reset. Section 3.5 entitled 
Exception Handling explains how they are set and 
used. 

The exception flags are "sticky" bits and can only 
be cleared by the instructions FINIT, FCLEX, 
FLDENV, FSAVE, and FRSTOR. Note that when a 
new value is loaded into the status word by the 
FLDENV or FRSTOR instruction, the value of ES (bit 
7) and B (bit 15) are not derived from the values 
loaded from memory but rather are dependent upon 
the values of the exception flags (bits 5-0) in the 
status word and their corresponding masks in the 
control word. If ES is set in such a case, the 
ERROR # output of the Math CoProcessor is acti
vated immediately. 

r--------'--------BUSY 

,--,...,---------- TOP or STACK POINTER 

r-IH-+-.-r .... ------- CONDITION CODE 

ERROR SUMMARY STATUS -----~ 
STACK rlAG ______ ....J 

EXCEPTION rlAGS: 

PRECISION --------' 

UNDERrlOW ---------' 

OVERrlOW ----------' 

ZERO DIVIDE ---------~ 

DENORWALIZED OPERAND 

INVALID OPERATION 240225-3 

ES is set if any unmasked exception bit is set; ~Ieared otherwise. See Table 2-2 for interpretation of condition code. 
TOP values: 

000 = Register 0 is Top of Stack 
001 = Register 1 is Top of Stack 

111 = Register 7 is Top of Stack . ... . . " 
For definitions of exceptions, refer to the section entitled Exception Handling 

Figure 3-2. Status Word 
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Table 3·1. Condition Code Interpretation 

Instruction CO(S) I C3(Z) C1 (A) C2(C) 

FPREM, FPREM1 Three least significant bits 
Reduction 

(see Table 3-2) of quotient 
0= complete 

02 00 01 
orO/U# 1 = incomplete 

FCOM, FCOMP, 
FCOMPP, FTST, Result of comparison 

Zero 
Operand is not 

FUCOM, FUCOMP, (see Table 3-3) 
orO/U# 

comparable 
FUCOMPP, FICOM, (Table 3-3) 
FICOMP 

FXAM Operand class Sign Operand class 
(see Table 3-4) orO/U# (Table 3-4) 

FCHS, FABS, FXCH, 
FINCSTP, FDECSTP, 

Zero 
Constant loads, UNDEFINED UNDEFINED 
FXTRACT, FLD, orO/U# 

FILD, FBLD, 
FSTP (ext real) 

FIST, FBSTP, 
FRNDINT, FST, 
FSTP, FADD, FMUL, 

Roundup 
FDIV, FDIVR, UNDEFINED UNDEFINED 
FSUB, FSUBR, orO/U# 

FSCALE, FSORT, 
FPATAN, F2XM1, 
FYL2X, FYL2XPl 

FPTAN, FSIN Roundup Reduction 
FCOS, FSINCOS UNDEFINED orO/U#, 0= complete 

undefined 1 = incomplete 
ifC2 = 1 

FLDENV, FRSTOR Each bit loaded from memory 

FLDCW, FSTENV, 
FSTCW, FSTSW, UNDEFINED 
FCLEX, FINIT, 
FSAVE 

O/U# When both IE and SF bits of status word are set, indicating a stack exception, this bit 
distinguishes between stack overflow (C1 = 1) and underflow (C1 = 0). 

Reduction If FPREM or FPREM1 produces a remainder that is less than the modulus, reduction is 
complete. When reduction is incomplete the value at the top of the stack is a partial 
remainder, which can be used as input to further reduction. For FPTAN, FSIN, FCOS, and 
FSINCOS, the reduction bit is set if the operand at the top of the stack is too large. In this 
case the original operand remains at the top of the stack. 

Roundup When the PE bit of the status word is set, this bit indicates whether the last rounding in the 
instruction was upward. 

UNDEFINED Do not rely on finding any specific value in these bits. 
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Table 3·2. Condition Code Interpretation after FPREM and FPREM1 Instructions 

Condition Code 
Interpretation after FPREM and FPREM1 

C2 C3 C1 CO 

Incomplete Reduction: 
1 X X X further interation required 

for complete reduction 

01 00 02 o MOD8 

0 0 0 0 
0 1 0 1 

Complete Reduction: 
1 0 0 2 

0 
1 1 0 3 

CO, C3, C1 contain three least 

0 0 1 4. 
significant bits of quotient 

0 1 1 5 
1 0 1 6 

. 1 1 1 7 

Table 3·3. Condition Code Resulting from Comparison 

Order C3 C2 CO 

TOP> Operand 0 0 0 
TOP < Operand 0 0 1 
TOP = Operand 1 0 0 
Unordered 1 1 1 

Table 3·4. Condition Code Defining Operand Class 

C3 C2 C1 CO Value at TOP 

0 0 0 0 + Unsupported 
0 0 0 1 + NaN 
0 0 1 0 - Unsupported 
0 0 1 1 - NaN 
0 1 0 0 + Normal 
0 1 0 1 + Infinity 
0 1 1 0 - Normal 
0 1 1 1 - Infinity 
1 0 0 0 +0 
1 0 0 1 + Empty 
1 0 1 0 -0 
1 0 1 1 - Empty 
1 1 0 0 + Denormal 
1 1 1 0 - Denormal 

Table 3·5 Mapping Condition Codes to Intel386™ CPU Flag Bits 

;387 SX Math 
CoProcessor STATUS WORD ....... L...f''--''--'---'''''f-'-r'-T-' 

;386 CPU FLAG 
L......IL.;;",I--L-.L--L.....L.-&..;...I 

240225-4 
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3.2.2 CONTROL WORD (CW) REGISTER 

The Math CoProcessor provides the programmer 
with several processing options that are selected by 
loading a control word from memory into the control 
register. Figure 3-3 show the format and encoding of 
fields in the control word. 

The low-order byte of the control word register is 
used to configure the exception masking. Bits 5-0 
of the control word contain individual masks for each 
of the six exceptions that the Math CoProcessor rec
ognizes. See Section 3.5, Exception Handling, for 
further explanation on the exception control and def
inition. 

The high-order byte of the control word is used to 
configure the Math CoProcessor operating mode, in
cluding precision, rounding and infinity control. 

• The rounding control (RC) field (bits 11-10) pro
vide for directed rounding and true chop, as well 
as the unbiased round to nearest even mode 
specified in the IEEE standard. Rounding control 
affects only those instructions that perform 
rounding at the end of the operation (and thus 
can generate a precision exception); namely, 
FST, FSTP, FIST, all arithmetic instructions (ex
cept FPREM, FPREM1, FXTRACT, FABS, and 
FCHS) and all transcendental instructions. 

5 1 1 7 
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• The precision control (PC) field (bits 9-8) can be 
used to set the Math CoProcessor internal oper
ating precision of the significand at less than the 
default of 64 bits (extended precision). This can 
be useful in providing compatibility with early gen
eration arithmetic processors of smaller preci
sion. PC affects only the instructions FADD, 
FSUB(R), FMUL, FDIV(R), and FSQRT. For all 
other instructions, either the precision is deter
mined by the opcode or extended precision is 
used. 

• The "infinity control bit" (bit 12) is not meaningful 
to the Intel387 SX Math CoProcessor and pro
grams must ignore its value. To maintain compat
ibility with the 8087 and 80287 (non-387 core), 
this bit' can be programmed, however, regardless 
of its value the Intel387 SX Math CoProcessor 
always treats infinity in the affine sense (- 00 < 
+ 00). This bit is initialized to zero both after a 
hardware reset and after FINIT instruction. 

All other bits are reserved and should not be pro
grammed, to assure compatibility with future proces
sors. 

0 

RESERVED 

RESERVED* 

ROUNDING CONTROL 

PRECISION CONTROL 

Ix~x ;x/xl + I .+ /x:xl:1~/~I~I~I~1 

I 

RESERVED 

EXC EPTION MASKS: 

PRECISION 

U NDERfLOW 

Z 
DENORMALIZED 

INVALID 

Precision Control 

OVERfLOW 

ERO DIVIDE 
OPERAND 

OPERATION 

00-24 bits (Single preCision) 
01-(reserved) 
10-53 bits (double precision) 

. 11-64 bits (extended precision) 

* "0" AfTER RESET OR fiN IT; 
CHANGEABLE UPON LOADING THE 
CONTROL WORD (CW). PROGRAMS 
MUST IGNORE THIS BIT. 

240225-5 

Rounding Control 
OO-Round to nearest or even 
01-Round down (toward -00) 
10-Round up (toward + 00) 
11-Chop (truncate toward zero) 

Figure 3-3. Control Word 
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3.2.3 DATA REGISTER 

Intel387 SX Math CoProcessor data register set 
consists of eight registers (RO-R7) which are treat· 
ed as both a stack and a general register file. Each 
of these data registers in the Math CoProcessor is 
80 bits wide and is divided into fields corresponding 
to the Math CoProcessor's extended-precision real 
data type, which is used for internal calculations. 

The Math CoProcessor register set can be accessed 
either as a stack, with instructions operating on the 
top one or two stack elements, or as individually ad
dressable registers. The TOP field in the status word 
identifiel! the current top-of-stack register. A "push" 
operation decrements TOP by one and loads a value 
into the new top register. A "store and pop" opera
tion stores the value from the current top register 
into memory and then increments TOP by one. The 
Math CoProcessor register stack grows "down" 
toward lower-addressed registers. 

Most of the Intel387 SX Math CoProcessor opera
tions use the register stack as the operand(s) and/or 
as a place to store the result. Instructions may ad
dress the data register either implicitly or explicitly. 
Many instructions operate on the register at the top 
of the stack. These instructions implicitly address 
the register at which TOP points. Other instructions 
allow the programmer to explicitly specify which reg
ister to use. Explicit register addressing is also rela
tive to TOP (where ST denotes the current stack top 
and ST(i) refers to the i'th register from the ST in the 
stack so the real register address in computed as 
ST+i). 

3.2.4 TAG WORD (TW) REGISTER 

The tag word marks the content of each numeric 
data register, as Figure 3-4 shows. Each two-bit tag 
represents one of the eight data register. The princi-

15 

TAG (7) TAG (6) TAG (5) TAG (4) 

NOTE: 

pal function of the tag word is to optimize the Math 
CoProcessor's performance and stack handling by 
making it possible to distinguish between empty and 
non-empty register locations. It also enables excep
tion handlers to identify special values (e.g. NaNs or 
denormals) in the contents of a stack location with
out the need to perform complex decoding of the 
actual data. 

3.2.5 INSTRUCTION AND DATA POINTERS 

Because the Math CoProcessor operates in parallel 
with the CPU, any exceptions detected by the Math 
CoProcessor may be reported after the CPU has ex
ecuted the ESC instruction which caused it. To allow 
identification of the numeric instruction which 
caused the exception, the Intel386 Microprocessor 
contains registers that aid in diagnosis. These regis
ters supply the address of the failing instruction and 
the address of its numeric memory operand (if ap-
propriate). . 

The instruction and data pointers are provided for 
user-written exception handlers. These registers are 
located in the CPU, but appear to be located in the 
Math CoProcessor because they are accessed by 
the ESC instructions FLDENV, FSTENV, FSAVE, 
and FRSTOR; which transfer the values between 
the registers and memory. Whenever the CPU exe
cutes a new ESC instruction (except administrative 
instructions), it saves the address of the instruction 
(including any prefixes that may be present), the ad
dress of the operand (if present) and the opcode. 

The instruction and. data pointers appear in one of 
four formats depending on the. operating mode of 
the CPU (protected mode or real-address mode) 
and depending on the operand size attribute in ef
fect (32-bit operand or 16-bit operand). (See Figures 
3-5, 3-6, 3-7, and 3-8.) Note that the value of the 
data pointer is undefined if the prior ESC instruction 
did not have a memory operand. 

o 
TAG (3) TAG (2) TAG (1) TAG (0) 

The index i of tag(i) is not top-relative. A program typically uses the "top" field of Status Word to determine which tag(i) 
field refers to logical top of stack. 
TAG VALUES: 

3-424 

00 = Valid 
01 = Zero 
10 = QNaN, SNaN, Infinity, Denormal and Unsupported Formats 
11 = Empty 

Figure 3-4. Tag Word Register 
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23 

RESERVED 

RESERVED 

RESERVED 

00000 I OPCODE 10 .. 0 

RESERVED 

32-BIT PROTECTED MODE FORMAT 

15 

IPOFFSET 

DATA OPERAND OFFSET 

7 

CONTROL WORD 

STATUS WORD 

TAG WORD 

CSSELECTOR 

OPERAND SELECTOR 

Figure 3-S.lnstruction and Data Pointer Image in Memory, 32-Bit Protected-Mode Format 

15 
16-BIT PROTECTED MODE FORMAT 

7 

CONTROL WORD 

STATUS WORD 

TAG WORD 

IPOFFSET 

CSSELECTOR 

OPERAND OFFSET 

OPERAND SELECTOR 

o 

o 

2 

4 

6 

8 

A 

C 

Figure 3-6. Instruction and Data Pointer Image in Memory, 16-Bit Protected-Mode Format 

0000 I 

0000 I 

23 
32-BIT REAL-ADDRESS MODE FORMAT 

15 7 

RESERVED CONTROL WORD 

RESERVED STATUS WORD 

RESERVED TAG WORD 

RESERVED INSTRUCTION POINTER 15 .. 0 

INSTRUCTION POINTER 31 .. 16 I o I OPCODE10 .. 0 

RESERVED OPERAND POINTER 15 .. 0 

OPERAND POINTER 31 .. 16 I 0000 00000000 

Figure 3-7. Instruction and Data Pointer Image In Memory, 32-Bit Real-Mode Format 

o 

o 

o 

4 

6 

C 

10 

14 

18 

o 
4 

6 

C 

10· 

14 

16 
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16·BIT REAL·ADDRESS MODE AND VIRTUAL 8086 MODE FORMAT 

15 7 o 

CONTROL WORD o 

STATUS WORD 2 

TAG WORD 4 

INSTRUCTION POINTER 15 .. 0 6 

IP19.16 101 OPCODE10 .. 0 8 

OPERAND POINTER 15 .. 0 A 

DP 19.16 1010 0 0, 0 0 0 0 0 0 0 0 C 

Figure 3-8. Instruction and Data Pointer Image in Memory, 16-Bit Real-Mode Format 

3.3 Data Types 

Table 3-6 lists the seven data types that the Math 
CoProcessor supports and presents the format for 
each type. Operands are stored in memory with the 
least significant digit at the lowest memory address. 
Programs retrieve these values by generating the 
lowest address. For maximum system performance, 
all operands should start at physical-memory ad
dresses that correspond to the word size of the 
CPU; operands may begin at any other addresses, 
but will require extra memory cycles to access the 
entire operand. 

The data type formats can be divided into three 
classes: binary integer, decimal integer, and binary 
real. These formats, however, exist in memory only. 
Internally, the Math CoProcessor holds all numbers 
in the extended-precision real format. Instructions 
that load operands from memory automatically con
vert operands represented in memory as 16, 32, or 
64-bit integers, 32 or 64-bit floating point numbers, 
or 18 digit packed BCD numbers into extended-pre
cision real format. Instructions that store operands in 
memory perform the inverse type conversion. 

In addition to the typical real and integer data values, 
the Intel387 SX Math CoProcessor data formats en
compass encodings for a variety of special values. 
These special values have significance and can ex
press relevant information about the computations 
or operations that produced them. The various types 
of special values are denormal real numbers, zeros, 
positive and negative infinity, NaNs (Not-a-Number), 
Indefinite, and unsupported formats. For further in
formation on data types and formats, see the In
tel387 Programmer's Reference ManuaL 
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3.4 'Interrupt Description 
CPU interrupts are used to report errors or excep
tional conditions while executing numeric programs 
in either real or protected mode. Table 3-7 shows 
these interrupts and their functions. 

3.5 Exception Handling 

The Math CoProcessor detects six different excep
tion conditions that occur during instruction execu
tion. Table 3-8 lists the exception conditions in order 
of precedence, showing for each the cause and the 
default I!-ction taken by the Math CoProcessor if the 

. exception is masked by its corresponding mask bit in 
the control word. 

Any exception that is not masked by the control 
word sets the corresponding exception flag of the 
status word, sets the ES bit of the status word, and 
asserts the ERROR # signal. When the CPU at
tempts to execute another ESC instruction or WAIT, 
exception 16 occurs. The exception condition must 
be resolved via an interrupt service routine. The re
turn address pushed onto the CPU stack.upon entry 
to the service routine does not necessarily point to 
the failing instruction nor to the following instruction. 
The CPU saves the address of the floating-point in
struction that caused the exception and the address 
of any memory operand required by that instruction. 

I 
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Table 3-6. Intel387TM SX Math CoProcessor Data Type Representation In Memory 

Dsta 
Most Slgnlflcsnt Byte = HIGHEST ADDRESSED BYTE 

Rsnge Precision 
017 017 017 017 017 017 0/7 Formsts 7 

Word Integer ±104 16 Bits IITWO 5 
COMPLEMENT> 

15 0 

Short Integer ±109 32 Bits I ,TWO 5 
COMPLEMENT, 

31 0 

Long Integer ±1018 64 Bits 
63 

Packed BCD ±1018 18 Digits 51 x Id l1 d lo dl!l dlol dl] dll d n 
MAGNITUDE 

dIU d, d, d, d. d, 

79 72 

Single Precision ±10±38 24 Bits _I BIASED I 5 EXPONENT slGNIFICAND I 
31 23'- 0 

to 

Double Precision ±10±308 53 Bits 51 BIASED 
I SIGNIFICAND EXPONENT 

63 52'- I. 

Extended ±10±4932 64 Bits sl BIASED hl SIONIFICAND EXPONENT Precision 
79 64 63" 

NOTES: 
1. S = Sign bit (0 = positive, 1 = negative) 
2. dn = Decimal digit (two per byte) 
3. X = Bits have no significance; Math CoProcessor ignores when loading, zeros when storing 
4. ... = Position of implicit binary point 
5. I = Integer bit of significand; stored in temporary real, implicit in single and double preCision 
6. Exponent Bias (normalized values): 

Single: 127 (7FH) 
Double: 1023 (3FFH) 
Extended REal: 16383 (3FFFH) 

7. Packed BCD: (-1)5 (017 .. 00) 
8. Real: (-1)5 (2E·BIA5) (Fo Fl ... ) 

I 

017 017 01 

J ITWO's 
COMPLEMENT> 

0 

d l d J d, d, do, I 
0 

I 
0 

I 
0 

240225-23 
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Table'3-7. CPU Interrupt Vectors Reserved for Math CoProcessor 

Interrupt 
Cause of Interrupt 

Number 

7 An ESC instruction was encountered when EM or TS of CPU control register zero (CRO) was 
set. EM = 1 indicates that software emulation of the instruction is required. When TS is set, 
either an ESC or WAIT instruction causes interrupt 7. This indicates that the current Math 
CoProcessor context may not belong to the current task. 

9 In a protected-mode system, an operand of a coprocessor instruction wrapped around an 
addressing limit (OFFFFH for expand-Up segments, zero for expand-down segments) and 
spanned inaccessible addresses(1). The failing numerics instruction is not restartable. The 
address of the failing numerics instruction and data operand may be lost; an FSTENV does not 
return reliable addresses. The segment overrun exception should be handled by executing an 
FNINIT instruction (Le., an FINIT without a preceding WAIT). The exception can be avoided by 
never allowing'numerics operands to cross the end of a segment. 

13 In a protected-mode system, the first word of a numeric operand is not entirely within the limit of 
its segment. The return address pushed onto the stack of the exception handler points at the 
ESC instruction that caused the exception, including any prefixes. The Math CoProcessor has 
not executed this instruction; the instruction pointer and data pointer register refer to a previous, 
correctly executed instruction. 

16 The previous numerics instruction caused an unmasked exception. The address of the faulty 
instruction and the address of its operand are stored in the instruction pointer and data pointer 
registers. Only ESC and WAIT instructions can cause this interrupt. The CPU return address 
pushed onto the stack of the exception handler points to a WAIT or ESC instruction (including 
prefixes). This instruction can be restarted alter clearing the exception condition in the Math 
CoProcessor. FNINIT, FNCLEX, FNSTSW, FNSTENV, ,and FNSAVEcannot cause this interrupt. 

NOTE:, 
1. An operand may wrap around an addressing limit when the segment limit is near. an addressing limit and the operand is 
near the largest valid address in the segment. Because of the wrap-around. the beginning and ending addresses'of such an 
operand will be at opposite ends of the segment. There are two ways that such an operand may also span inaccessible 
addresses: 1) if the segment limit is not equal to the addressing limit (e.g. addressing limit is FFFFH and segment limit is 
FFFDH) the operand will span addresses that are not within the segment (e.g. an a-byte operand that starts at valid offset 
FFFCH will span addresses FFFC-FFFFH and 0000-0003H; however addresses FFFEH and FFFFH are not valid. because 
they exceed the limit); 2) if the operand begins and ends in present and accessible segments but intermediate bytes of the 
operand fall in a not-present pag~ or in a segment or page to which th!3 procedure does not have access rights. 

Table 3-8. Intel387TM SX Math CoProcessor Exceptions 

Exception Cause 
Default Action 

(if exception is masked) 

Invalid Operation on a signalling NaN, unsupported format, Result is a quiet NaN, 
Operation indeterminate for (0-00 , 0/0, (+ 00) + (- 00), etc.), or stack integer indefinite, or 

overflowlunderflow (SF is also set). BCD indefinte 

Denormalized At least one of the operands is denormalized, Le., it has the Normal processing 
Operand smallest exponent but a nonzero significand. continues 

Zero Divisor The divisor is zero while the dividend is a noninfinite, nonzero Result is 00 

number. 

Overflow The result is too large in magnitude to fit in the specified format. Result is largest finite 
I value or 00 

Underflow The true result is nonzero but too small to be represented in the Result is denormalized 
specified format, and, if underflow exception is masked, or zero 
denormalization causes the loss of accuracy. 

Inexact Result The true result is not exactly representable in the specified Normal processing 
(Precision) format (e.g. 1/3); the result is rounded according to the rounding continues 

mode. 
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3.6 Initialization 

After FNINIT or RESET, the control word contains 
the value 037FH (all exceptions masked, precision 
control 64 bits, rounding to nearest) the same values 
as in an Intel287 after RESET. For compatibility with 
the 8087 and Inte1287, the bit that used to indicate 
infinity control (bit 12) is set to zero; however, re
gardless of its setting, infinity is treated in the affine 
sense. After FNINIT or RESET, the status word is 
initialized as follows: 

• All exceptions are set to zero. 

• Stack TOP is zero, so that after the first push the 
stack top will be register seven (1118). 

• The condition code C3-CO is undefined. 

• The 8-bit is zero. 

The tag word contains FFFFH (all stack locations 
are empty). 

The Intel386 Microprocessor and Intel387 Math Co
Processor initialization software must execute a 
FNINIT instruction (i.e., FINIT without a preceding 
WAIT) after RESET. The FNINIT is not strictly re
quired for the Intel386 software, but Intel re?~r:n
mends its use to help ensure upware compatibility 
with other processors. After a hardware RESET, the 
ERROR # output is asserted to indicate that an In
tel387 Math CoProcessor is present. To accomplish 
this the IE (Invalid Exception) and ES (Error Sum
ma~) bits of the status word are set, and the 1M ~it 
(Invalid Exception Mask) in the control word IS 
cleared. After FNINIT, the status word and the con
trol word have the same values as in an Intel287 
Math CoProcessor after RESET. 

3.7 Processing Modes 

The Intel387 SX Math CoProcessor works the same 
whether the CPU is executing in real-addressing 
mode, protected mode, or virtual-8086 mode. All ref
erences to memory for numerics data or status infor
mation are performed by the CPU, and therefore 
obey the memory-management and protection rules 
of the CPU mode currently in effect. The Intel387 SX 
Math CoProcessor merely operates on instruc-· 
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tions and values passed to it by the CPU and there
fore is not sensitive to the processing mode of the 
CPU. 

The real-addre~s mode and virtual-8086 mode, the 
Intel387 SX Math CoProcessor is completely upward 
compatible with software. for the 8086/8087 and 
80286/80287 real-address mode systems. 

In protected mode, the Intel387 SX Math CoProces
sor is completely upward compatible with software 
for the 80286/80287 protected mode system. 

The only differences of operation that may appear 
when 808618087 programs are ported to the pro
tected mode (not using virtual-8086 mode) is in the 
format of operands for the administrative instruc
tions FLDENV, FSTENV, FRSTOR, and FSAVE. 

3.8 Programming Support 

Using the Intel387 SX Math CoProcessor requir~s 
no special programming tools, because all new In
structions and data types are directly supported by 
the assembler and compilers for high-level lan
guages. All Intel386 Microprocessor development 
tools that support Intel387 Math CoProcessor pro
grams can also be used to develop software for the 
Intel386 SX Microprocessors and Intel387 SX Math 
CoProcessors. All 8086/8088 development tools 
that support the 8087 can also be used to develop 
software for the CPU and Math CoProcessor in real
address mode or virtual-8086 mode. All 80286 de
velopment tools that support the Intel287 Math Co
Processor can also be used to develop software for 
the Intel386 CPU and Intel387 Math CoProcessor. 

4.0 HARDWARE SYSTEM 
INTERFACE 

In the following description of hardware interface, 
the # symbol at the end of a signal name indicates 
that the active or asserted state occurs when the 
signal is at a low Voltage. When no # is present after 
the signal name, the signal is asserted when at the 
high voltage level. 
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4.1 Signal Description 

In the following signal descriptions, the Intel387 SX 
Math CoProcessor pins are grouped by function as 
shown by Table 4-1. Table 4-1 lists every pin by its 
identifier, gives a brief description and lists some of 
its characteristics (Refer to Figure 1-1 and Table 1-1 
for pin configuration). 

All output signals can be tri-stated by driving STEN 
inactive. The output buffers of the bi-directional data 
pins 015-00 are also tri-state; they only leave the 
floating state during read cycles when the Math Co
Processor is selected. 

4.1.1 Intel386 CPU CLOCK 2 (CPUClK2) 

This input uses the ClK2 signal of the CPU to time· 
the bus control logic. Several other Math CoProces
sor signals are referenced to the rising edge of this 
signal. When CKM = 1 (synchronous mode) this pin 

also clqcks the data interface and control unit and 
the floating point unit of the Math CoProcessor. This 
pin requires CMOS-level input. The signal on this pin 
is divided by two to produce the internal clock signal 
ClK. 

4.1.2 Intel387 MATH COPROCESSOR CLOCK 2 
(NUMClK2) 

When CKM = 0 (asynchronous mode), this pin pro
vides the clock for the data interface and control unit 
and the floating point unit of the Math CoProcessor. 
In this case, the ratio of the frequency of NUMCLK2 
to the frequency of CPUCLK2 must lie within the 
range 10:16 to 14:10 and the maximum frequency 
must not exceed the device specifications. When 
CKM = 1 (synchronous mode), signals on this pin 
are ignored: CPUCLK2 is used instead for the data 
interface and control unit and the floating point unit. 
This pin requires CMOS level input and should be 
tied low if not used. 

Table 4-1 Pin Summary 

Pin Name Function Active State 
Input! Referenced 
Output To ••• 

Execution Control 

CPUCLK2 Microprocessor Clock2 I 
NUMCLK2 Math CoProcessor Clock2 I 
CKM Math CoProcessor Clock Mode I 
RESETIN System Reset High I CPUCLK2 

Math CoProcessor Handshake 

PEREQ Processor Request High 0 CPUCLK2 
BUSY# Busy Status Low 0 CPUCLK2 
ERROR# Error Status Low 0 NUMCLK2 

Bus Interface 

015-00 Oata Pins I/O CPUCLK2 
W/R# Write/Read Bus Cycle High/Low I CPUCLK2 
AOS# Address Strobe Low I CPUCLK2 
REAOY# Bus Ready Input Low I CPUCLK2 
REAOYO# Ready Output Low 0 CPUCLK2 

Chip/Port Select 

STEN Status Enable High I CPUCLK2 
NPS1# Numerics Select # 1 Low I CPUCLK2 
NPS2 Numerics Select #2 High I CPUCLK2 
CMOO# Command Low I CPUCLK2 

Power and Ground 

Vee System Power 
Vss System Ground 
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4.1.3 CLOCKING MODE (CKM) 

This pin is strapping option. When it is strapped to 
Vee (HIGH), the Math CoProcessor operates in syn
chronous mode; when strapped to VSS (LOW), the 
Math CoProcessor operates in asynchronous mode. 
These modes relate to clocking of the internal data 
interface and control unit and the floating point unit 
only; the bus control logic always operates synchro
nously with respect to the CPU. 

Synchronous mode requires the use of only one 
clock, the CPU's CLK2. Use of synchronous mode 
eliminates one clock generator from the board 
design and is recommended for all designs. Syn
chronous mode also allows the internal Power Man
agement Unit to enable the idle and standby power 
saving modes. 

Asynchronous mode can provide higher perform
ance of the floating point unit by running a faster 
clock on NUMCLK2. (The CPU's CLK2 must still be 
connected to CPUCLK2 input.) This allows the float
ing point unit to run up to 40% faster than in syn
chronous mode. Internal power management is dis
abled in asynchronous mode. 

4.1.4 SYSTEM RESET (RESETIN) 

A LOW to HIGH transition on this pin causes the 
Math CoProcessor to terminate its present activity 
and to enter a dormant state. RESETIN must remain 
active (HIGH) for at least 40 CPUCLK2 (NUMCLK2 if 
CKM = 0) periods. 

The HIGH to LOW transitions of RESETIN must be 
synchronous with CPUCLK2, so that the phase of 
the internal clock 6f the bus control logic (which is 
the CPUCLK2 divided by two) is the same as 
the phase of the internal clock of the CPU. After 
RESETIN goes LOW, at least 50 CPUCLK2 
(NUMCLK2 if CKM = 0) periods must pass before 
the first Math CoProcessor instruction is written into 
the Math CoProcessor. This pin should be connect
ed to the CPU RESET pin. Table 4-2 shows the 
status of the output pins during the reset sequence. 
After a reset, all output pins return to their inactive 
state except for ERROR# which remains active (for 
CPU recognition) until cleared. 

Table 4-2. Output Pin Status during Reset 

Pin Value Pin Name 

HIGH READYO#, BUSY # 
LOW PEREa, ERROR # 
Tri-State OFF D15-DO 
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4.1.5 PROCESSOR REQUEST (PEREQ) 

When active, this pin signals to the CPU that the 
Math CoProcessor is ready for data transfer to/from 
its data FIFO. When all data is written to or read 
from the data FIFO, PEREa is deactivated. This sig
nal always goes inactive before BUSY # goes inac
tive. This signal is reference to CPUCLK2. It should 
be connected to the CPU PEREa input pin. 

4.1.6 BUSY STATUS (BUSY#) 

When active, this pin signals to the CPU that the 
Math CoProcessor is currently executing an instruc
tion. This signal is referenced to CPUCLK2. It should 
be connected to the CPU BUSY # input pin. 

4.1.7 ERROR STATUS (ERROR#) 

This pin reflects the ES bit of the status register. 
When active, it indicates that an unmasked excep
tion has occurred. This signal can be changed to the 
inactive state only by the following instructions (with
out a preceding WAIT); FNINIT, FNCLEX, 
FNSTENV, FNSAVE, FLDCW, FLDENV, and 
FRSTOR. ERROR # is driven active during RESET 
to indicate to the CPU that the Math CoProcessor is 
present. This pin is referenced to NUMCLK2 (or 
CPUCLK2 if CKM = 1). It should be connected to 
the ERROR# pin of the CPU. 

4.1.8 DATA PINS (D15-DO) 

These bi-directional pins are used to transfer data 
and opcodes between the CPU and Math CoProces
sor. They are normally connected directly to the cor
responding CPU data pins. HIGH state indicates a 
value of one. DO is the least significant data bit. Tim
ings are referenced to rising edge of CPUCLK2. 

4.1.9 WRITE/READ BUS CYCLE (W/R#) 

This signal indicates to the Math CoProcessor 
whether the CPU bus cycle in progress is a read or a 
write cycle. This pin should be connected directly to 
the CPU's W/R# pin. HIGH indicates a write cycle 
to the Math CoProcessor; LOW a read cycle from 
the Math CoProcessor. This input is ignored if any of 
the signals STEN, NPS1 #, or NPS2 are inactive. 
Setup and hold times are referenced to CPUCLK2. 

4.1.10 ADDRESS STROBE (ADS#) 

This input, in conjunction with the READY # input, 
indicates when the Math CoProcessor bus control 
logic may sample W /R # and the chip select signals. 
Setup and hold times are referenced to CPUCLK2. 
This pin should be connected to the ADS# pin of 
the CPU. 
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4.1.11 BUS READY INPUT (READY#) 

This input indicates to the Math CoProcessor when 
a CPU bus cycle is to be terminated. It is used by the 
bus control logic to trace bus activities. Bus cycles 
can be extended indefinitely until terminated by 
READY #. This input shduld be connected to the 
same Signal that drives the CPU's READY # input. 
Setup and hold times are referenced to CPUClK2. 

4.1.12 READY OUTPUT (READYO#) 

This pin is activated at such a time that write cycles 
are terminated after two clocks (except FlDENV 
and FRSTOR) and read cycles after three clocks. In 
configurations where no extra wait states are re
quired, this pin must directly or indirectly drive the 
READY # input of the CPU. Refer to the section enti
tled "BUS OPERATION" for details. This pin is acti
vated· only during bus cycles that select the Math 
CoProcessor. This Signal is referenced to CPUClK2. 

(FlDENV and FRSTOR require data transfers larger 
than the FIFO. Therefore, PEREQ is activated for 
the duration of transferring 2 words of 32 bits and 
then deactivated until the FIFO is ready to accept 
two additional words .. The length of the write cycles 
of the last qperand word in each transfer as well as 
the first operand word transfer of the entire instruc
tion is 3 clocks instead of 2 clocks. This is done to 
give the Intel386 CPU enough time to sample 
PEREO and to notice that the Intel387 is not ready 
for additional transfers.) 

4.1.13 STATUS ENABLE (STEN) 

This pin serves as a chip select· for the Math Co
Processor. When inactive, this pin forces BUSY # , 
PEREO, ERROR# and READYO# ,outputs into a 
floating state. 015-00 are normally floating and will 
leave the floating state only if STEN is active and 
additional conditions are met (read cycle). STEN 
also causes the chip to recognize its other chip se
lectinputs. STEN makes, it easier to do on-board 
testing (using the overdrive method) of other chips in 
systems containing the Math CoProcessor. STEN 
should be pulled upwitlJ a resistor so that it can be 
pulled down when testing. In boards that do not use 
on-board testing STEN should be connected to Vee. 
Setup and hold times are relative to CPUCLK2. Note 
that STEN must maintain the same setup and hold 
times as NPS1 #, NPS2, and CMDO# (Le., if STEN 
changes state during a Math CoProcessor bus cycle, 
it must change state during the same ClK period as 
the NPS1 #, NPS2, and CMDO # signals). 
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4.1.14 MATH COPROCESSOR SELECT 1 
(NPS1#) 

When active (along with STEN and NPS2) in the first 
period of a CPU bus cycle, this signal indicates that 
the purpose of the bus cycle is to communicate with 
the Math CoProcessor. This pin should be connect
ed directly to the MIIO# pin of the CPU, so that the 
Math CoProcessor is selected only when the CPU 
performs 1/0 cycles. Setup and hold times are refer
enced to the rising edge of CPUClK2. 

4.1.15 MATH COPROCESSOR SELECT 2 
(NPS2) 

When active (along with STEN and NP,S1 #) in the 
first period of a CPU bus cycle, this signal indicates 
that the purpose of the bus cycle is to communicate 
with the Math CoProcessor. This pin should be con
nected directly to the A23 pin of the CPU, so that the 
Math CoProcessor is selected only when the CPU 
issues one of the 1/0 addresses reserved for the 
Math CoProcessor (8000F8h, 8000FCh, or 8000FEh 
which is treated as 8000FCh by the Math CoProces~ 
sor). Setup 'and hold til"fles are referenced to the ris
ing edge of CPUClK2: 

4.1.16 COMMAND (CMDO#) 

During a write cycle, this signal indicates whether an 
opcode (CMQO# active low) or data (CMDO# inac
tive high) is being sent to the Math CoProcessor. 
Durihg a read cycle, it indicates whether the control 
or status register (CMDO# active) or a data register 
(CMDO#) is being read. CMDO# should be connect
ed directly to the A2 output of the CPU. Setup and 
hold times are referenced to the rising edge of 
CpUClK2 at the end of PH2. 

4.1:17 SYSTEM POWER (Vee) 

System power provides the + 5V DC supply input. 
All Vee pins should be tied together on the circuit 
board and local decoupling capacitors should be 
used between Vee and Vss. 

4.1.18 SYSTEM GROUND (Vss) 

System ground provides the OV connection from 
which all inputs and outputs are measured. All Vss 
pins should be tied together on the circuit board and 
local decoupling capacitors should be used between 
Vee and Vss· 
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4.2 System Configuration 

The Intel387 SX Math CoProcessor is designed to 
interface with the Intel386 SX Microprocessor as 
shown by Figure 4-1. A dedicated communication 
protocol makes possible high-speed transfer of op
codes and operands between the CPU and Math 
CoProcessor. The Intel387 SX Math CoProcessor is 
designed so that no additional components are re
quired for interface with the CPU. Most control pins 
of the Math CoProcessor are connected directly to 
pins of the CPU. 

The interface between the Math CoProcessor and 
the CPU has these characteristics: 

• The Math CoProcessor shares the local bus of 
the Intel386 SX Microprocessor. 

Intel387TM SX MATH COPROCESSOR 

• The CPU and Math CoProcessor share the same 
reset signals. They may also share the same 
clock input; however, for greatest performance, 
an external oscillator may be needed. 

• The corresponding Busy#, ERROR#, and 
PEREa pins are connected together. 

• The Math CoProcessor NPS1 # and NPS2 inputs 
are connected to the latched CPU M/IO# and 
A23 outputs respectively. For Math CoProcessor 
cycles, M/IO# is always LOW and A23 always 
HIGH. 

• The Math CoProcessor input CMDO is connected 
to the latched A2 output. The Intel386 SX Micro
processor generates address 8000F8H when 
writing a commarid and address 8000FCH or 
8000FEH (treated as 8000FCH by the Intel387 
SX Math CoProcessor) when writing or reading 
data. It does not generate any other addresses 
during Math CoProcessor bus cycles. 
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T , 
~-+ CKt.t 

i CLOCK Intel387™ sx t.tCP CLOCK I 
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GENERATOR GENERATOR 
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READY# 
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015-00 
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Figure 4-1. Intel386TM SX CPU and Intel387TM SX Math CoProcessor System Configuration 
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4.3 Math CoProcessor Architecture 

As shown in Figure 2-1 Block Diagram, the Intel387 
SX Math CoProcessor is internally divided Into four, 
sections; the Bus Control logic (BCl), the Data In
terface and Control logic, the Floating Point Unit 
(FPU), and the Power Management 'Unit (PMU). The 
Bus Control logic is responsible for the, CPU bus 
tracking and interface. The BCl is the only unit in 
the Math CoProcessor that must run synchronously 
with the CPU; the rest of the Math CoProcessor can 
run asynchronously with respect to the CPU. The 
Data Interface and Control Unit is responsible for the 
data flow to and from the FPU and the control regis
ters, for receiving the instructions, decoding them, 
sequencing the microinstructions, and for handling 
some of the administrative instructions. The Floating 
Point Unit (with the support of the control unit which 
contains the sequencer and other support units) ex
ecutes the 'mathematical instructions. The Power 
Manager is new to the Intel387 family. It is responsi-

, ble for shutting down idle sections of the device to 
save power. 

4.3.1 BUS CONTROL LOGIC 

The BCl communicates solely with the CPU using 
I/Q bus cycles. The BCl appears to the CPU as a 
special peripheral device. It is special in two re
spects: the CPU initiates 110 automatically when it 
encounters ESC instructions, and the CPU uses re
served 110 addresses to communicate with the BCL. 
The BCl does not communicate directly with memo
ry. The CPU performs all memory access, transfer
ring input operands from the memory to the Math 
CoProcessor and transferring outputs from the Math 
CoProcessor to memory. 

4.3.2 DATA INTERFACE AND CONTROL UNIT 

The data interface and control unit latches the data 
and, subject to BCl control, directs the data to the 

infel~ 
FIFO or the instructlon decoder. The instruction de
coder decodes the ESC instructions sent to it by the 
CPU and generates controls that direct the data flow 
in the FIFO. It also triggers the microinstruction'se, 
quencer that controls execution of each instruction. 
If the ESC instruction is FINIT, FClEX, FSTSW, 
FSTSW AX, FSTCW, FSETPM, or FRSTPM, the 
control, unit executes it independently of the FPU 
and ,the sequencer. The data interface and control 
unit is the unit that generates the BUSY #, PEREQ, 
and ERROR # signals that synchronize the Math 
CoProcessor activities with the CPU. 

4.3.3 FLOATING POINT UNIT 

The FPU executes all instructions that involve the 
register stack, including arithmetic, logical, transcen
dental, constant, and data transfer instructions. The 
data path in the FPU is 84 bits wide (68 significant 
bits, 15 exponent bits, and a sign bit) which allows 
internal operand transfers to be performed at very 
high speeds. 

4.3.4 POWER MANAGEMENT UNIT 

The Power Management Unit (PMU) controls all in
ternal power savings circuits. When the Math Co
Processor is not executing an instruction, the PMU 
disables the internal clock to the FPU, Control Unit" 
and Data Interface within three clocks. The Bus 
Control logic remains enabled to accept the next 
instruction. Upon decode of a valid Math CoProces
sor bus cycle, the PMU enables the internal clock to 
all circuits. No loss in performance occurs. 

4.4 Bus Cycles 

All bus cycles are initiated by the CPU. The pins 
STEN, NPSa, NPS2, CMDO, and W/R# identify 
bus cycles for the Math CoProcessor. Table 4-3 de
fines the types of Math CoProcessor bus cycles. ' 

Table 4-3. Bus Cycle Definition 

STEN NPS1# NPS2 CMDO# W/R# Bus Cycle Type 

0 X X X X Math CoProcessor not selected and all outputs in floating state 
1 1 X X X Math CoProcessor not selected 
1 X 0 X X Math CoProcessor not selected 
1 0 1 0 0 CW or SW read from Math CoProcessor 
1 0 1 0 1 Opcode write to Math CoProcessor 
1 0 1 1 0 Data read from Math CoProcessor 
1 0 1 1 1 Data write to Math CoProcessor 
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4.4.1 INTEL387 SX MATH COPROCESSOR 
ADDRESSING 

The NPS1 #, NPS2, and CMDO signals allow the 
Math CoProcessor to identify which bus cycles are 
intended for the Math CoProcessor. The Math Co
Processor responds to 1/0 cycles when the 1/0 ad' 
dress is 8000F8h, 8000FCh, and 8000FEh (treated 
as 8000FCh). The Math CoProcessor responds to 
1/0 cycles when bit 23 of the 1/0 address is set. In 
other words, the Math CoProcessor acts as an 1/0 
device in a reserved 110 address space. 

Because A23 is used to select the Intel387 SX Math 
CoProcessor for data transfers, it is not possible for 
a program running on the CPU to address the Math 
CoProcessor with an 1/0 instruction. Only ESC in
structions cause the CPU to communicate with the 
Math CoProcessor. 

4.4.2. CPU/MATH COPROCESSOR 
SYNCHRONIZATION 

The pins BUSY #, PEREa, and ERROR # are used 
for various aspects of synchronization between the 
CPU and the Math CoProcessor. 

BUSY # is used to synchronize instruction transfer 
from the CPU to the Math CoProcessor. When the 
Math CoProcessor recognizes an ESC instruction it 
asserts BUSY #. For most ESC instructions, the 
CPU waits for the Math CoProcessor to deassert 
BUSY # before sending the new opcode. 

The Math CoProcessor uses the PEREa pin of the 
CPU to signal that the Math CoProcessor is ready 
for data transfer to or from its data FIFO. The Math 
CoProcessor does not directly access memory; rath
er, the CPU provides memory access services for 
the Math CoProcessor. (For this reason, memory ac
cess on behalf of the Math CoProcessor always 
obeys the protection rules applicable to the current 
CPU mode.) Once the CPU initiates an Math Co
Processor instruction that has operands, the CPU 
waits for PEREa signals that indicate when the Math 
CoProcessor is ready for operand transfer. Once all 
operands have been transferred (or if the instruction 
has no operands) the CPU continues program exe
cution while the Math CoProcessor executes the 
ESC instruction. 

In 8087/8087 systems, WAIT instructions may be 
required to achieve synchronization of both com
mands and operands. In the Intel386 Micropro
cessor and Intel387 Math CoProcessor systems, 
however, WAIT instructions are required only for op
erand synchronization; namely, after Math CoProc
essor stores to memory (except FSTSW and 
FSTCW) or load from memory. (In 80286/80287 
systems, WAIT is required before FlDENV and 
FRSTOR.) Used this way, WAIT ensures that the 
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value has already been written or read by the Math 
CoProcessor before the CPU reads or changes the 
value. 

Once it has started to execute a numerics instruction 
and has transferred and operands from the CPU, the 
Math CoProcessor can process the instruction in 
parallel with and independent of the host CPU. 
When the Math CoProcessor detects an exception, 
it asserts the ERROR # signal, which causes a CPU 
interrupt. 

4.4.3 SYNCHRONOUS/ASYNCHRONOUS 
MODES 

The internal logic of the Math CoProcessor can op
erate· either directly from the CPU clock (synchro
nous mode) or from a separate clock (asynchronous 
mode). The two configurations are distinguished by 
the CKM pin. In either case, the bus control logic 
(BCl) of the Math CoProcessor is synchronized with 
the CPU clock. Use of asynchronous mode allows 
the BCl and the FPU section of the Math CoProces· 
sor to run at different speeds. In this case, the ratio 
of the frequency of NUMClK2 to the frequency of 
CPUClK2 must lie within the range 10:16 to 14:10. 
Use of synchronous mode eliminates one clock gen
erator from the board design. The internal Power 
Management Unit of the Intel387 SX Math CoProc
essor is disabled in asynchronous mode. 

4.4.4 AUTOMATIC BUS CYCLE TERMINATION 

In configurations where no extra wait states are re
quired, READYO# can drive the CPU's READY# 
input and the Math CoProcessors READY # input. If 
wait states are required, this pin should be connect
ed to the logic that ORs all READY outputs from 
peripheral devices on. the CPU bus. READYO# is 
asserted by the Math CoProcessor only during 1/0 
cycles that select the Math CoProcessor. Refer to 
Section 5.0 Bus Operation for details. 

5.0 BUS OPERATION 
With respect to bus interface, the Intel387 SX Math 
CoProcessor is fully synchronous with the CPU. 
Both operate at the same rate because each gener
ates its internal ClK signal by dividing CPUClK2 by 
two. Furthermore, both internal ClK signals are in 
phase, because they are synchronized by the same 
RESETIN signal. 

A bus cycle for the Math CoProcessor starts when 
the CPU activates ADS # and drives new values on 
the address and cycle definition lines (W/R#, 
MIIO#, etc.). The Math CoProcessor examines the 
address and cycle definition lines in the same ClK 
period during which ADS# is activated. This ClK 
period is considered the first ClK of the bus cycle. 
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During this first CLK period, the Math CoProcessor 
also examines the W/R# input signal to determine 
whether the cycle is a read or a write cycle and ex
amines the CMDO# input to determine whether an 
opcode, operand, or control/status register transfer 
is to occur. 

The Intel387 SX Math CoProcessor supports both 
pipelined (i.e., overlapped) and non-pipelined bus 
cycles. A non-pipelined cycle is one for which the 
CPU asserts ADS# when no other bus cycle is in 
progress. A pipelined bus cycle is one for which the 
CPU asserts ADS # and provides valid next address 
and control signals before the prior Math CoProces
sor cycle terminates. The CPU may do this as early 
as the second CLK period after asserting ADS# for 
the prior cycle. Pipelining increases the availability of 
the bus by at least one CLK period. The Intel387 SX 
Math CoProcessor supports pipelined bus cycles in 
order to optimize address pipelining by the CPU for 
memory cycles. 

Bus operation is described in terms of an abstract 
state machine. Figure 5-1 illustrates the states and 
state transitions for Math CoProcessor bus cycles: 

• TI is the idle state. This is the state of the bus 
logic after RESET, the state to which bus logic 
returns after every, non-pipe lined bus cycle, and 
the state to which bus logic returns after a series 
of pipelined cycles. 

• T RS is the READY # sensitive state. Different 
types of bus cycles may require a minimum of 
one or two successive T RS states. The bus logic 
remains in T RS state until READY # is sensed, at 
which pOint the bus cycle terminates. Any number 
of wait states may be implemented by delaying 
READY #, thereby causing additional successive 
TRS states. 

• T p is the first state for every pipelined bus cycle. 
This state is not used by non-pipelined cycles. 

Note that the bus logic tracks bus state regardless 
of the values on the chip/port select pins. The 

ADS# 
INACTIVE 

3-436 

READY# INACTIVE 
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Figure 5-1. Bus State Diagram 

READYO# output of the Math CoProcessor indi
cates when a Math CoProcessor bus cycle may be 
terminated if no extra wait states are required. For all 
write cycles (except those for the instructions 
FLDENVand FRSTOR), READYO# is always as
serted during the first T RS state, regardless of the 
number of wait states. For all read cycles (and write 
cycles for FLDENV and FRSTOR), READY # is al
ways asserted in the second T RS state, regardless 
of the number of wait states. These rules apply to 
both pipe lined and non-pipe lined cycles. Systems 
deSigners may use READYO# in one of the follow
ing ways: 

1. Connect it (directly or through logic that ORs 
READY #, signals from other devices) to the 
READY # inputs of the CPU and Math CoProces
sor. 

2. Use it as one input to a wait-state generator. 

The following sections illustrate different types of 
Intel387 SX Math CoProcessor bus cycles. Because 
different instructions have different amounts of over
head before, between, and after operand transfer 
cycles, it is not possible to represent in a few dia
grams all of the combinations of successive operand 
transfer cycles. The following bus cycle diagrams 
show memory cycles between Math CoProcessor 
operand transfer cycles. Note however that, during 
FRSTOR, some consecutive accesses to the Math 
CoProcessor do not have intervening memory ac
cesses. For the timing relationship between operand 
transfer cycles and opcode write or other overhead 
activities, see Figure 7-7 "Other Parameters". 

5.1 Non-Pipelined Bus Cycles 
Figure 5-2 illustrates bus activity for consecutive 
non-pipe lined bus cycles. 

At the second clock of the bus cycle, the Math Co
Processor enters the T RS state. During this state, it 
samples the READY # input and stays in this state 
as long as READY # is inactive. 

5.1.1 WRITE CYCLE 

In write cycles, the Math CoProcessor drives the 
READYO# signal for one CLK period during the 
second CLK period of the cycle (i.e., the first T RS 
state); therefore, the fastest write cycle takes two 
CLK periods (see cycle 2 of Figure 5-2). For the in
stnictions FLDENV and FRSTOR, however, the 
Math CoProcessor forces wait state by delaying the 
activation of READYO# to the second TRS state 
(not shown in Figure 5-2). 

The Math CoProcessor samples the D15-DO inputs 
into data latches at the falling edge of CLK as long 
as it stays in T RS state. 
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ADS# 

READYO# 
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Cycles 1 & 2 represent part of the operand transfer cycle for instructions involving either 4-byte or a-byte operand loads. 
Cycles 3 & 4 represent part of the operand transfer cycle for a store operation. " 
'Cycles 1 & 2 could repeat here or T, states for various non-operand tran~fer cycles and overhead. 

Figure 5-2. Non-Pipellned Read and Write Cycles 

When REAOY # is asserted, the Math CoProcessor 
returns to the idle state. Simultaneously with the 
Math CoProcessor entering the idle state, the CPU 
may assert AOS # again, signaling the beginning of 
yet another cycle. 

5.1.2 READ CYCLE 

At the rising edge of ClK in the second ClK period 
of the cycle (Le., the first T RS state), the Math Co
Processor starts to drive the 015-00 outputs and 
continues to drive them as long as it stays in T RS 
state. 

At least one wait state must be inserted to ensure 
that the CPU latches the correct data. Because the 
Math CoProcessor starts driving the data bus only at 
the rising edge of ClK in the second clock period of 
the bus cycle, not enough time is left for the data 
signals to propagate and be latched by the CPU be
fore the next falling edge of ClK. Therefore, the 
Math CoProcessor does not drive the REAOYO# 

I 

signal until the third ClK period of the cycle. Thus, if 
the REAOYO# output drives the CPU's REAOY# 
input, one wait state is automatically inserted. 

Because one wait state is required for Math CoProc
essor reads, the minimum length of a Math CoProc
essor read cycle is three ClK periods, as cycle 3 of 
Figure 5-2 shows. 

When REAOY # is asserted, the Math CoProcessor 
returns to the idle state. Simultaneously with the 
Math Co!,rocessor's entering the idle state, the CPU 
may assert AOS# again, signaling the beginning of 
yet another cycle. The transition from T RS state to 
idle state causes the Math CoProcessor to put the 
015-00 outputs into the floating state, allowing an
other device to drive the data bus. 

5.2 Pipel"ined Bus Cycles 

Because all the activities of the Math CoProcessor 
bus interface occur either during the T RS state or 
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during the transitions to or from that state, the only 
difference between a pipelined and a non-pipelined 
cycle is the manner of changing from one state to 
another. The exact activities during each state are 
detailed in the previous section "Non-pipelined Bus 
Cycles". 

When the CPU asserts ADS # before the end of a 
bus cycle, both ADS# and READY# are active dur
ing a T RS state. This condition causes the Math Co
Processor to change to a different state named T p. 
One clock period after a T p state, the Math CoProc
essor always returns to the T RS state. In consecu
tive pipelined cycles, the Math CoProcessor bus log
ic uses only the T RS and T p states. 

Figure 5-3 shows the fastest transitions into and out 
of the pipelined bus cycles. Cycle 1 in the figure rep
resents a non-pipe lined cycle. (Non-pipe lined write 
are always followed by another non-pipelined cycle, 

CYCLE 1 CYCLE 2 
NON-PIPElINEO PIPELINED 

because READY # is asserted before the earliest 
possible assertion of ADS# for the next cycle.) 

Figure 5-4 shows pipelined write and read cycles 
with one additional T RS state beyond the minimum 
required. To delay the assertion of READY # re
quires external logic. 

5.3 Mixed Bus Cycles 

When the Math CoProcessor bus logic is in the T RS 
state, it distinguishes between non-pipelined and 
pipelined cycles according to the behavior of ADS# 
and READY #. In a non-pipe lined cycle, only 
READY # is activated, and the transition is from the 
T RS state to the idle state. In a pipelined cycle, both 
READY# and ADS# are active, and the transition is 
first from T RS state to T p state, then, after one clock 
period, back to T RS state. 

CYCLE 3 CYCLE" 
PIPELINEO NON-PIPElINEO 

MEMORY READ Math CoProcessor MEMORY READ Math CoProcessor 
WRITE WRITE 

TI TRS TRS Tp TRS Tp TRS . T, TRS T, 

CPUClK2 

(ClK) 

NPS2. ~--~~--~~---+----~~--~----~----~----+-----~--~ 
NPS1#, 

CMO~# ~--~~--~~---+-----f~--~----~----~----+-----~--~ 

W/R# 

ADS# 

REAOYO# 

015-00 
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Cycle 1-Cycle 4 represent the operand transfer cycle for an instruction involving a transfer of two 32-bit loads in total. 
The opcode write cycles and other overhead are not shown. 
Note that the next cycle will be a pipe lined cycle if both READY;!! and ADS;!! are sampled active at the end of a TRS 
state of the current cycle. 

Figure 5-3. Fastest Transitions to and from Pipellned Cycles 
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CMOII# 

W/R# 

AOS# 

READYO# 

REAOY# 

015-00 MEMORY 

NOTE: 

CYCLE 1 
PIPELINEO WRITE 

CPU 

NOTE 1 

Intel387TM SX MA T.H COPROCESSOR 

CYCLE 2 
PIPELINED READ 

240225-10 

1. Cycles between operand write to the Math CoProcessor and storing result. 

Figure 5-4. Plpelined Cycles with Wait States 
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5.4 BUSY # and PEREQ Timing 
Relationship 

Figure 5-5 shows the activation of BUSY # at the 
beginning of instruction execution and its deactiva-

OPCODE 
WRITE NOTE 4 

tion upon completion of the instruction. PEREa is 
activated within this interval. If ERROR# is ever as
serted, it would be asserted at least six CPUCLK2 
periods after the deactivation of PEREa and would 
be deasserted at least six CPUCLK2 periods before 
the deactivation of BUSY # . 

1ST OPERAND 
WRITE 

NOTE 1 NOTE 2 NOTE 3 NOTE 1 

NOTES: 240225-11 

1. Instruction dependent. 
2. PEREQ is an asynchronous input to the Intel386TM Microprocessor; it may not be asserted (instruction dependent). 
3. More operand transfers. , 
4. Memory read (operand) cycle is not shown. 

Figure 5-5. STEN, BUSY #, and PEREQ Timing Relationships 
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6.0 PACKAGE SPECIFICATIONS 

6.1 Mechanical Specifications 

The Intel387 SX Math CoProcessor is packaged in a 
68-pin PLCC package. Detailed mechanical specifi
cations can be found in the Intel Packaging Specifi
cation, Order Number 231369. 

6.2 Thermal Specifications 

The Intel387 SX Math CoProcessor is specified for 
operation when the case temperature is within the 
range of O·C to 100·C. The case temperature (T cl 
may be measured in any environment to determine 
whether the Intel387 SX Math CoProcessor is within 
the specified operating range. The case temperature 
should be measured at the center of the top surface. 

Intel387™ SX MATH COPROCESSOR 

The ambient temperature (T A> is guaranteed as long 
as T c is not violated. The ambient temperature can 
be calculated from the 8JC (thermal resistance con
stant from the transistor junction to the case) and 
8JA (thermal resistance from junction to ambient) 
from the following calculations: 

Junction Temperature TJ = Tc + P'8Je 

Ambient Temperature T A = T J - p. 8 JA 

Case Temperature T e = TA + p. (8JA - 8Jcl 

Values for 8JA and 8JC are given in Table 6-1 for the 
68 pin PLCC package. 8JC is given at various air
flows. Table 6-2 shows the maximum T A allowable 
without exceeding T c at various airflows. Note that 
T A can be improved further by attaching a heat sink 
to the package. P is calculated by using the maxi
mum hot Icc and maximum Vce. 

Table 6-1. Thermal Resistances ("C/Watt) 8JC and 8JA 

8JA versus Airflow - ft/min (m/sec) 

Package 8JC 0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

68-Pin PLCC 8 30 25 20 15.5 13 12 

Table 6-2. Maximum T A at Various Airflows 

T A ("C) versus Airflow - ft/min (m/sec) 

Package 0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5_07) 

68-Pin PLCC 84.9 88.3 91.8 94.8 96.6 97.2 

Maximum T A is calculated at maximum Vee and maximum Icc. 

7.0 ELECTRICAL CHARACTERISTICS 

The following specifications represent the targets of the design effort. They are subject to change without 
notice. Contact your Intel representative to get the most up-to-date values. 

7.1 Absolute Maximum Ratings* 

Case Temperature T c Under Bias ... O·C to + 100·C 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on Any Pin 
with Respect to Ground ....... -0.5 to Vce+ 0.5 

Power Dissipation .......................... 0.8W 

I 

NOTICE: This is a production data sheet. The specifi
cations are subject to change without notice. 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 
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7.2 D.C. Characteristics 

Table 7-1. D.C. Specifications T c = O·C to + 1 OO·C, Vcc = 5V ± 10% 

Symbol Parameter . Min 

Vil Input LO Voltage -0.3 

VIH Input HI Voltage 2.0 
VCl CPUCLK2 and NUMCLK2 

Input LO Voltage -0.3 

VCH CPUCLK2 and NUMCLK2 
Input HI Voltage Vcc- 0.8 

VOL Output LO Voltage 
VOH Output HI Voltage 2.4 

VOH Output HI Voltage Vcc- 0.8 

Icc Power Supply Current 
Dynamic Mode 

Freq. = 33 MHz(5) 
Freq. = 25 MHz(5) 
Freq. = 20 MHz(5) 
Freq. = 16 MHz(5) 
Freq. = 

Idle Mode(S) 
1 MHz(5) 

III Input Leakage Current 

IlO 1/0 Leakage Current' 

CIN Input Capacitance 7 
Co 1/0 Capacitance 7 
CClK Clock Capacitance 7 

NOTES: 
1. This parameter is for all inputs, excluding the clock inputs. 
2. This parameter is measured at IOL as follows: 

Data = 4.0 mA 
READYO#, ERROR#, BUSY#, PEREa = 25 mA 

3. This parameter is measured at IOH as follows: 
Data = 1.0 mA 
READYO#, ERROR#, BUSY#, PEREa = O.S mA 

4. This parameter is measured at IOH as follows: 
Data = 0.2 mA 
READYO#, ERROR#, BUSY#PEREa = 0.12 mA 

Max Units Test Conditions 

+0.8 V (Note 1) 
Vcc+ 0.3 V (Note 1) 

+0.8 V 

Vcc+ 0.8 V 
0.45 V (Note 2) 

V (Note 3) 
V (Note 4) 

150 mA Icc typo = 135 mA 
150 mA Icc typo = 130 mA 
125 mA Icc typo = 110 mA 
100 mA Icc typo = 90 mA 
20 mA Icc typo = 5 mA 
7 mA Icc typo = 4 mA 

±15 p.A OV::;; VIN ::;; Vcc 
±15 p.A 0.45V::;; Vo::;; Vce 

10 pF fc = 1 MHz 
12 pF fc = 1 MHz 
20 pF fc = 1 MHz 

5. Synchronous Clock Mode (CKM = 1). Icc is measured at steady state, maximum capacitive loading on the outputs, and 
worst-case D.C. level at the inputs. 

S. Intel3B7 SX Math CoProcessor Internal Idle Mode .. Synchronous clock mode, clock and control inputs are active but the 
Math CoProcessor is not executing an instruction. Outputs driving CMOS inputs. 
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7.3 A.C. Characteristics 

Table 7-2a. Timing Requirements of the Bus Interface Unit 
Te = O°C to + 100·C, Vee = 5V ± 10% (All measurements made at 1.5V unless otherwise specified) 

16 MHz-
33 MHz 

25 MHz Test Refer to 
Pin Symbol Parameter 

Conditions Figure Min Max Min Max 
(ns) (ns) (ns) (ns) 

CPUCLK2 t1 Period 20 OC 15 OC 2.0V 7.2 
CPUCLK2 t2a High Time 6 6.25 2.0V 
CPUCLK2 t2b High Time 3 4.5 Vee- 0.8V 
CPUCLK2 t3a Low Time 6 6.25 2.0V 
CPUCLK2 t3b Low Time 4 4.5 0.8V 
CPUCLK2 t4 Fall Time 7 4 From Vee-0.8V to 0.8V 
CPUCLK2 t5 Rise Time 7 4 From 0.8V to Vee-0.8V 

REAOYO# t7a Out Oelay 4 25 4 17 CL = 50pF 7.3 
PEREQ t7b OutOelay 4 23 4 21 CL = 50 pF 
BUsy# t7c Out Oelay 4 23 4 21 CL = 50pF 
ERROR# t7d OutOelay 4 23 4 23 CL = 50 pF 

015-00 t8 OutOelay 1 45 0 37 CL = 50 pF 7.4 
015-00 t10 Setup Time 11 8 
015-00 t11 Hold Time 11 8 
015-00 t12· Float Time 6 24 6 19 

REAOYO# t13a· Float Time 1 40 1 30 7.6 
PEREQ t13b· Float Time 1 40 1 30 
BUsy# t13c· Float Time 1 40 1 30 
ERROR# t13d* Float Time 1 40 1 30 

AOs# t14a Setup Time 15 13 7.4 
AOs# t15a Hold Time 4 4 
W/R# t14b Setup Time 15 13 
W/R# t15b Hold Time 4 4 

REAOY# t16a Setup Time 9 7 7.4 
REAOY# t17a Hold Time 4 4 
CMOO# t16b Setup Time 16 13. 
CMOO# t17b Hold Time 2 2 
NPs1#,NPs2 t16c Setup Time 16 13 
NPs1#,NPS2 t17c Hold Time 2 2 
STEN t16d Setup Time 15 13 
STEN t17d Hold Time 2 2 

REsETIN t18 Setup Time 8 5 7.5 
REsETIN t19 Hold Time 3 2 

NOTE: 
·Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not tested. 
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Table 7-2b. Timing Requirements of the Execution Unit (Asynchronous Mode CKM = 0) 

. 16 MHz-
33 MHz 

Pin Symbol Parameter 
25MH:z; Test Refer to 

Min Max Min Max Conditions Figure 

(ns) (ns) (ns) (ns) 

NUMCLK2 t1 Period 20 500 15 500 2.0V 7.2 
NUMCLK2 t2a High Time 6 6.25 2.0V 
NUMCLK2 t2b High Time 3 4.5 Vcc-0.8V 
NUMCLK2 t3a Low Time 6 6.25 2.0V 
NUMCLK2 t3b Low Time 4 4.5 0.8V 
NUMCLK2 t4 Fall Time 7 6 From Vcc-0.8V to 0.8V 
NUMCLK2 t5 Rise Time . 7 6 From 0.8V to Vcc-0.8V 

NUMCLK2/ Ratio 10/16 14/10 10/16 14/10 
CPUCLK2 

NOTE: 
If not used (CKM = 1) tie NUMCLK2 low. 

Table 7-2c. Other A.C. Parameters 

Pin Symbol Parameter Min Max Units 

RESETIN t30 Duration 40 NUMCLK2 

RESETIN t31 RESETIN Inactive to 1 st 50 NUMCLK2 
Opcode Write 

BUSY# t32 Duration 6 CPUCLK2 

BUSY#, ERROR# t33 ERROR # (In)Active to 6 CPUCLK2 
BUSY # Inactive 

PEREQ, ERROR # t34 PEREQ Inactive to 6 CPUCLK2 
ERROR # Active 

READY #, BUSY # t35 READY # Active to BUSY # 0 4 CPUCLK2 
Active 

READY# t36 Minimum Time from 4 CPUCLK2 
Opcode Write to 
Opcode/Operand Write 

READY# t37 Minimum Time from 4 CPUCLK2. 
Operand Write to Operand 
Write 
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Figure 7-1a. Typical Output Valid Delay vs Load Capacitance at Max Operating Temperature 
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Figure 7-1b. Typical Output Slew Time vs Load Capacitance at Max Operating Temperature 

150 

'<' 
-S 100 

0 
_0 

::e 
=> ::e 
x 50 .. ::e 

5 10 15 20 25 

FREQUENCY (MHz) 
240225-15 

Figure 7-1c_ Maximum Icc vs Frequency 

3-445 



Intel387TM SX MATH COPROCESSOR 

CPUClK2/NUI.tClK2 

r::~ 
1.~"--~--"5= 3.0V 

INPUTS .' ." .• : OV 

240225-16 

Figure 7-2. CPUCLK2INUMCLK2 Waveform and Measurement Points for Input/Output 
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{ERROR# REfERENCED TO NUMClK2} 
240225-17 

Figure 7-3. Output Signals 
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NOTE: 

(ClK) \ (PHI) / (PH2) \ (PHI) / (PH2) '--

CPUClK2 

W/R# 

NPS 1 #, NPS2, 
STEN, 

CMOO# 

REAOY# 

015-00 
(INPUT) 

015-00 
(OUTPUT) 

Figure 7-4. Input and 1/0 Signals 
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The second internal processor phase following RESET high to low transition is PH2. 

Figure 7-5. RESET Signal 
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READY# 

BUSY# 

PEREQ 

ERROR# 

STEN 

PEREa 
BUSY#,ERROR#,READYO# 

1ST OPCODE 
WRITE 

Figure 7-6. Float f~om STE~ 

.. 
1 ST OPERAND 2ND OPERAND 

WRITE WRITE (NOTE 1) NOTE 1 

H 

I 
H 

240225-20 

t35 --i---t---I---t- t32 _f---+--+----J 
I 

240225-21 

·'n NUMCLK2's 
• ·or last operand 

. NOTE: 
1. Memory read (operand) cycle is not shown. 

Figure 7-7. Other Parameters 
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8.0 INTEL387 SX MATH 
COPROCESSOR INSTRUCTION 
SET 

Instructions for the Intel387 SX Math CoProcessor 
assume one of the five forms shown in Table 8-1. In 
all cases, instructions are at least two bytes long and 
begin with the bit pattern 11011 S, which identifies 
the ESCAPE class of instruction. Instructions that 
refer to memory operands specify addresses using 
the CPU's addressing modes. 

MOD (Mode field) and RIM (Register/Memory spec
ifier) have the same interpretation as the corre
sponding fields of CPU instructions (refer to Pro-

Intel387TM SX MATH COPROCESSOR 

grammer's Reference Manual for the CPU). SIS 
(Scale Index Sase) byte and DISP (displacement) 
are optionally present in instructions that have MOD 
and RIM fields. Their presence depends on the val
ues of MOD and RIM, as for instructions of the CPU. 

The instruction summaries that follow in Table 8-2 
assume that the instruction has been prefetched, 
decoded, and is ready for execution; that bus cycles 
do not require wait states; that there are no local bus 
HOLD requests delaying processor access to the 
bus; and that no exceptions are detected during in
struction execution. If the instruction has MOD and 
RIM fields that call for both base and index regis
ters, add one clock. 

Table 8-1. Instruction Formats 

2 

3 

4 

5 

11011 

11011 

11011 

11011 

11011 

15-11 

First Byte 

OPA 

MF 

d P 

0 0 

0 1 

10 9 

Instruction 

1 MOD 

OPA MOD 

OPA 1 

1 1 

1 1 

8 7 

OP = Instruction opcode, possibly split into two fields OPA and OPS 
MF = Memory Format 

00 - 32·bit real 
01 • 32·bit integer 
10 • 64·bit real 
11 - 16·bit integer 

d = Destination 
o -Destination is ST(O) 
1 - Destination is ST(i) 

R XOR d = O· Destination (op) Source 
R XOR d = 1 - Source (op) Destination 
'In FSUS and FDIV, the low·order bit of OPS is the R (reversed) bit 
P = POP 

o • Do not pop stack 
1 - Pop stack aller operation 

ESC = 11011 
ST(i) = Register stack element i 

000 = Stack top 
001 = Second stack element 

111 = Eighth stack element 

I 

Optional 

Second Byte Fields 

1 1 OPS RIM SIS I DISP 

OPS' RIM SIS I DISP 

1 OPS' ST(i) 

1 1 I OP 

1 1 1 OP 

6 5 43210 
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I Encoding I Clock Count Range 
Inltl:uctlon I Byte 0 I Byte 1 I Optional I 32-Blt I 32-BII I 6 .... Blt I 18-BIt 

Byle.2-6 Real Inleger Real Inlager 
DATA TRANSFER 

FLD = LoadB 

Inleger/real memory to ST(O) 1 ESCMFI I MODOOOR/M I SIB/DISP I 11-20 28-44' 20-27 ' 42-53 

Long integer memory to ST(O) 1 ESCIII I MOD 101 R/M I SIB/DISP I ' 30-58 

, Extended real memory to ST(O) 1 ESCOII I MOD 101 R/M I SIB/DISP I 18-47 

BCD memory 10 ST(O) I ESCIII I MODIOOR/M I SIB/DISP I 49-101 

ST(I) 10 ST(O) 1 ESC 001 I IIOQOST(i) I ' 7-12 

FST = Siore 

ST(O) 10 inleger/real memory ,I ESCMFI I MODOIOR/M I SIB/DISP I 27-45 59-78 59, 58-76 

ST(O) 10 STO) I ESC 101 I 11010ST(i) I 7-11 

FSTP = Siore and Pop 

ST(O) 10 inleger/real memory 1 ESCMFI I MODOl18/M I SIB/DISP I 27-45 59-78 59 58-76 

ST(O) 10 long inleger memory 1 ESCIII I MaDIll RIM I SIB/DISP I 64-86 

ST(O) to extended real memory I ESCOII I MaDIll RIM I SIB/DISP I 50-56 

ST(O) 10 BCD memory 1 ESCIII I MODIIOR/M I SIB/DISP I 116-194 

ST(O) 10 ST(1l 1 ' ESC 101 I 11011 STO) I 7-11 

FXCH = Exchange 

STeil and ST(O) I ESC 001 I 11001 STeil I 10-17 

COMPARISON 

FCOM = Compare 

Inleger/real memory to ST(O) I ESCMFO I MOD 010 RIM I SIB/DISP I 15-27 36-54 18-31 39-62 

ST(i) to ST(O) I ESC 000 I 11010ST(1l I 13-21 

FCOMP = Compare and pop 

Inleger/real memory to ST(O) I ESCMFO I MODOII RIM I SIB/DISP I 15-27 36-54 18-31 39-62 

ST(i) to ST(O) I ESC 000 I 11011 ST(1l I 13-21 

FCOMPP = Compare and pop twice 

ST(I)10 ST(O) I ESC 110 I 11011001 I 13-21 

FTST = TesIST(O) I ESC 001 I 11100100 I 17-25 

~':"~~' 
, I ' I 'I 

. " 
. ESC 101 . 11100 ST(i) . ,13-21 , 

." 
FUCOMP .. ~~. , , ,". 

and.PIlP I ESCl01 : .. J 11101 !':1!! I ,. 1:4-%1'· , '. , 
fUCOIipp "Uno!dereIi~ . 

"- ,. 
" 

I 
, 

I I " and pop twlce ESScO'lO 11101001 1S-~. 
/., , . , 

FXAM = Examine ST(O) I ESC 001 I 111001'01 I . 24-37 

Shaded areas indicate instructions not available in 8087/80287. 

NOTE: 
a. When loading single or double precision zero from memory. add 5 clocks. 
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I Encoding I Clock Counl Range 

Instrucllon I Byte 0 I Byte 1 I Opllonal I 32-BII I 32-BII, I 64-BII I 16-BII 
Bytes 2-6 Real Inleger Raal Inleger 

ARITHMETIC 

FADD = Add 

Integer/real memory to ST(O) I ESCMFO I MOD 000 R/M I SIB/DISP I 14-31 36-58 19-38 38-64 

ST(i) and ST(O) I ESCd PO I 11000ST(i) I SIB/DISP I 12-26b 

FSUB = Subtract 

Integer/real memorywnh ST(O) I ESCMFO I MOD10RR/M I SIB/DISP I 14-31 36-58 19-38 38-64c 

ST(i) to ST(O) I ESCdPO I 1110RR/M I 12-26d 

FMUL = Multiply 

Integer/real memory with ST(O) I ESCMFO I MOD 001 R/M I SIB/DISP I 21-33 45-73 27-57 46-74 

ST(i) and ST(O) I ESCdPO I 11001 R/M I 17-50· 

FDIV = Divide 

Integer/real memory with ST(O) I ESCMFO MODll RR/M SIB/DISP I 79-87 103-1161 85-95 105-1249 

ST(i) and ST(O) I ESCd PO 1111 RR/M 77-80h 

FSQRT I = Square root I ESC 001 11111010 97-111 

FSCALE = Scale ST(O) byST(l) I ESC 001 '11111101 44-82 

FPREM = Partial remainder I ESC 001 11111000 56-140 

FPREMl = Partial remainder (IEEE) I ESC 001 11110101 81-168 

FRNDINT = Round ST(O) to integer I ESC 001 11111100 41-62 

FXTRACT = Extract components 
ofST(O) I ESC 001 I 11110100 I 42-63 

FABS = Absolute value of ST(O) I ESC 001 I 11100001 I 14-21 

FCHS = Change sign of ST(O) I ESC 001 I 11100000 I 17-24 

TRANSCENDENTAL 

FCOSk = Coslne of $T(O) I ESC 001 1111 1111 I 122-~ 

FPTANk = Partial tangent of ST(O) I ESC 001 11110010 I 162-4301 

FPATAN = Partial arctangent of ST(O) I ESC 001 11110011 I 250-420 

FSlNk = sma of $T(O) I ESC 001 tH1tll0 I 121-680, 

I'$INCO$k .. sma and cosine of ST(O) I ESC 001 11111011 I 160-6&0 

F2XM1' = 2ST(O) - 1 I ESC 001 11110000 I 167-410 

FYL2xm = ST(l) • log2ST(0) I ESC 001 11110001 I 99-436 

FYL2XPln = ST(l) • log2[ST(0) + 1.0] I ESC 001 11111001 I 210-447 

Shaded areas indicate Instructions not avaIlable in 8087/80287. 

NOTES: 
b. Add 3 clocks to the range when d = 1. 
c. Add 1 clock to each range when R = 1. 
d. Add 3 clocks to the range when d = O. 
e. typical = 52 (When d = 0, 46-54, typical = 49). 
f. Add 1 clock to the range when R = 1. 
g. 135-141 when R = 1. 
h. Add 3 clocks to the range when d = 1. 
i. -0 ~ ST(O) ~ + 00. ' 

j. These timings hold for operands in the range Ixl < 1T. For operands not in this range, up to 76 additional clocks may be 
needed to reduce the operand. 

k. 0 ~ ST(O) < 263. 
I. -1.0 ~ ST(O) ~ 1.0. 
m. 0 ~ ST(O) < 00, - 00 < ST(l) < + 00. 

n. 0 ~ IST(O)I < [2-SQRT(2)l/2, - 00 <ST(l) < + 00. 
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L Encoding 1 Clock Count Range 

Instruction 1 Byte 0 I Byte 1 I Optional J 32-Blt I 32-Blt I 64-8lt I 16-Bit 
Bytes 2-6 Real Integer Real Integer 

CONSTANTS 

FLDZ = Load + 0.0 to ST(O) ESC 001 11101110 I. 10-17 

FLD1 = Load + 1.0 to ST(O) ESC 001 11101000 15-22 

FLDPI = Load 1T to ST(O) ESC 001 11101011 26-36 

FLDL2T = Load 1092(10) to ST(O) ESC 001 11101001 26-36 

FLDL2E = Load 1092(e) to ST(O) ESC 001 11101010 26-36 

FLDLG2 = Load logI0(2) to ST(O) ESC 001 11101100 25-35 

FLDLN2 = Load log.(2) to ST(O) ESC 001 11101101 26-38 

PROCESSOR CONTROL 

FINIT = Initialize Math CoProcessor I ESC 011 I 11100011 I 33 

FLDCW = Load control word from memory I ESC 001 I MOD 101 RIM I SIB/DISP I 19 

FSTCW = Store control word to memory I ESC 001 I MOD 111 RIM I SIB/DISP I 15 

FSTSW = Store status word to memory ESC 101 MODlll RIM I SIB/DISP I 15 

FSTSW AX = Store status word to AX ESCll1 11100000 I 13 

FCLEX = Clear exceptions ESC011 11100010 11 

FSTENV = Store environment ESC 001 MOD110R/M SIB/DISP I 117-118 

FLDENV = Load environment ESC 001 MOD 100 RIM SIB/DISP I 85 

FSAVE = Save state ESC 101 MOD110R/M SIB/DISP I 402-403 

FRSTOR = Restore state ESC 101 MOD 100 RIM SIB/DISP I 415 

FINCSTP = Increment stack pointer ESC 001 11110111 21 

FDECSTP = Decrement stack pointer ESC 001 11110110 22 

FFREE = Free ST(;) ESC 101 11000 ST(;) 18 

FNOP = .No operations ESC 001 11010000 12 
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APPENDIX A 
INTEL387 SX MATH COPROCESSOR 

COMPATIBILITY 

A.1 8087/80287 Compatibility 

This section summarizes the differences between the Intel387 SX Math CoProcessor and the 80287 Math 
CoProcessor. Any migration from the 8087 directly to the Intel387 SX Math CoProcessor must also take into 
account the differences between the 8087 and the 80287 Math CoProcessor as listed in Appendix B. 

Many changes have been designed into the Intel387 SX Math CoProcessor to directly support the IEEE 
standard in hardware. These changes result in increased performance by eliminating the need for software 
that supports the standard. 

A.1.1 GENERAL DIFFERENCES 

The Intel387 SX Math CoProcessor supports only affine closure for infinity arithmetic, not projective closure. 

Operands for FSCALE and FPATAN are no longer restricted in range (except for ± 00); F2XM1 and FPTAN 
accept a wider range of operands. 

Rounding control is in effect for FLO constant. 

Software cannot change entries of the tag word to values (other than empty) that differ from actual register 
contents. 

After reset, FINIT, and incomplete FPREM, the Int61387 SX Math CoProcessor resets to zero the condition 
code bits C3-CO of the status word. 

In conformance with the IEEE standard, the Intel387 SX Math CoProcessor does not support the special data 
formats pseudo-zero, pseudo-NaN, pseudo-infinity, and unnormal. 

The denormal exception has a different purpose on the Intel387 SX Math CoProcessor. A system that uses the 
denormal exception handler solely to normalize the denormal operands, would better mask the denormal 
exception on the Intel387 SX Math CoProcessor. The Intel387 SX Math CoProcessor automatically normalizes 
denormal operands when the denormal exception is masked. 
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A.1.2 EXCEPTIONS 

A number of differences exist due to changes in the IEEE standard and to functional improvements to the 
architecture of the Intel387 SX Math CoProcessor: 

1. When the overflow or underflow exception is masked, the Intel387 SX Math CoProcessor differs from the 
80287 in rounding when overflow or underflow occurs. The Intel387 SX Math CoProcessor produces 
results that are consistent with the rounding mode. 

2. When the underflow exception is masked, the Intel387 SX Math CoProcessor sets its underflow flag only if 
there is also a loss of accuracy during denormalization. 

3. Fewer invalid-operations exceptions due to denormal operand, because the instructions FSQRT, FOIV, 
FPREM, and conversions to BCD or to integer normalize denormal operands before proceeding. 

4. The FSQRT, FBSTP, and FPREM instructions may cause underflow, because they support denormal 
operands. . 

5. The denormal exception can occur during the transcendental instruction and the FXTRACT instruction. 

6. The denormal exception no longer takes precedence over all other exbeptions. 

7. When the denormal exception is masked, the Intel387 SX Math CoProcessor automatically normalizes 
denormal operands. The 8087/80287 performs un normal arithmetic, which might produce an unnormal 
result. 

8. When the operand is zero,. the FX,TRACT instruction reports a zero-divide exception and leaves - 00 in 
ST(1). . 

9. The status word has a new bit (SF) that signals when invalid-operation exceptions are due to stack 
underflow or overflow. 

10. FLO extended precision no longer reports denormal exceptions, because the instruction is not numeric. 

11. FLO single/double precision when the operand is denor'mal converts the number to extended precision 
and signals the denorl1)al operand exception. When loading a signaling NaN, FLO single/double precision 
signals an invalid-operation exception. . 

12. The Intel387 SX Math CoProcessor only generates quiet NaNs (as on the 80287); however, the Intel387 
SX Math CoProcessor distinguishes between quiet NaNs and signaling NaNs. Signaling NaNs trigger 
exceptions when they are used as operands; quiet NaNs do not (except for FCOM, FIST, and FBSTP 
which also raise IE for quiet NaNs). 

13. When stack overflow occurs during FPTAN and overflow is masked, both ST(O) and ST(1) contain quiet 
NaNs. The 80287/8087 leaves the original operand in ST(1) intact. 

14. When the scaling factor is ± 00, the FSCALE instruction behaves as follows: 

• FSCALE (0, 00) generates the invalid operation exception. 

• FSCALE (finite, - 00) generates zero with the same sign as the scaled operand. 

• FSCALE (finite, + 00) generates 00 with the same sign as the scaled operand. 

The 8087/80287 returns zero in the first case and raises the invalid-operation exception in the other 
cases. 

15. The Intel387 SX Math CoProcessor returns signed infinitylzero as the unmasked response to massive 
overflow/underflow. The 8087 and 80287 support a limited range for the scaling factor; within this range 
either massive overflowlunderflow do not occur or undefined results are produced. 
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APPENDIX B 
COMPATIBILITY BETWEEN THE 80287 

AND 8087 MATH COPROCESSOR 

The 80286/80287 operating in Real Address mode will execute 808618087 programs without major modifica
tion. However, because of differences in the handling of numeric exceptions by the 80287 Math CoProcessor 
and the 8087 Math CoProcessor, exception handling routines may need to be changed. This appendix summa
rizes the differences between the 80287 Math CoProcessor and the 8087 Math CoProcessor, and provides 
details showing how 8087/8087 programs can be ported to the 80286/80287. 

1. The Math CoProcessor signals exceptions through a dedicated ERROR # line to the 80286. The Math 
CoProcessor error signal does not pass through an interrupt controller (the 8087 INT signal does). There
fore, any interrupt controller oriented instructions in numeric exception handlers for the 8086/8087 should 
be deleted. 

2. The 8087 instructions FENI and FDISI perform no useful function in the 80287. If the 80287 encounters one 
of these opcodes in its instruction stream, the instruction will effectively be ignored; none of the 80287 
internal states will be updated. While 8086/8087 programs containing the instruction may be executed on 
the 80286/80287, it is unlikely that the exception handling routines containing these instructions will be 
completely portable to the 80287. 

3. Interrupt vector 16 must point to the numeric exception handling routine. 

4. The ESC instruction address saved in the 80287 includes any leading prefixes before the ESC opcode. The 
corresponding address saved in the 8087 does not include leading prefixes. 

5. In Protected Address mode, the format of the 80287's saved instruction and address pOinters is different 
than for the 8087. The instruction opcode is not saved in Protected mode; exception handlers will have to 
retrieve the opcode from memory if needed. 

6. Interrupt 7 will occur in the 80286 when executing ESC instructions with either TS (task switched) or EM 
(emulation) of the 80286 MSW set (TS = 1 or EM = 1). It TS is set, then a WAIT instruction will also cause 
interrupt 7. An exception handler should be included in 80286/80287 code to handle these situations. 

7. Interrupt 9 will occur if the second or subsequent words of a floating point operand fall outside a segment's 
size. Interrupt 13 will occur if the starting address of a numeric operand falls outside a segment's size. An 
exception handler should be included in 80286/80287 code to report these programming errors. 

8. Except for the processor control instructions, all of the 80287 numeric instructions are automatically syn
chronized by the 80286 CPU; the 80286 CPU automatically tests the BUSY # line from the 80287 to ensure 
that the 80287 has completed its previous instruction before executing the next ESC instruction. No explicit 
WAIT instructions are required to assure this synchronization. For the 8087 used witth 8086 and 8088 
processors, explicit WAITs are required before each numeric instruction to ensure synchronization. Al
though 808618087 programs having explicit WAIT instructions will execute perfectly on the 80286/80287 
without reassembly, these WAIT instructions are unnecessary. 

9. Since the 80287 does not require WAIT instructions before each numeric instruction, the ASM286 assem
bler does not automatically generate these WAIT instuctions. The ASM86 assembler, however, automati
cally precedes every ESC instruction with a WAIT instruction. Although numeric routines generated using 
the ASM86 assembler will generally execute correctly on the 80286/80287, reassembly using ASM286 
may result in a more compact code image. 

The processor control instructions for the 80287 may be coded using either a WAIT or No-WAIT form of 
mnemonic. The WAIT forms of these instructions cause ASM286 to precede the ESC instructions with a CPU 
WAIT instruction, in the identical manner as does ASM86. 
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INTEGRATED SYSTEM PERIPHERAL 

• High Performance 32-Bit DMA • Programmable Wait State Generator 
Controller for 16-Bit Bus - 0 to 15 Wait States Pipelined 
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Transfer Rate at 16 MHz III DRAM Refresh Controller 
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data storage register for handling non-aligned data without the need for external alignment logic. 
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1.0 INTRODUCTION 

This data sheet des'cribes the embedded Ultra-Low 
Power (ULP) Intel486TM GX processor. It is intended 
for embedded battery-operated and hand-held appli
cations. The embedded ULP Intel486 GX processor 
provides all of the features of the Intel486 SX proc
essor except for the 8-bit bus sizing logic and the 
processor-upgrade pin. The processor typically uses 
20% to 50% less power than the Intel486 SX proc
essor. Additionally, the embedded ULP Intel486 GX 
processor external data bus and parity signals have 
level-keeper circuitry and a fast-recovery core clock 
which are vital for ultra-low-power system designs. 
The processor is available in a Thin Quad Flat Pack
age (TQFP) enabling low-profile component imple
mentation. 

The embedded ULP Intel486 GX processor consists 
of a 32-bit integer processing unit, an on-chip cache, 
and a memory management unit. The design en
sures full instruction-set compatibility with the 8086, 
8088, 80186, 80286, Intel386™ SX, Intel386 OX, 
and all versions of Intel486 processors. 

1.1 Features 

The embedded ULP Intel486 GX processor offers 
these features of the Intel486 SX processor: 

• 32-bit RISC-Technology Core-The embedded 
ULP Intel486 GX processor performs a complete 
set of arithmetic and logical operations on 8-, 16-, 
and 32-bit data types using a full-width ALU and 
eight general purpose registers. 

• Single Cycle Execution-Many instructions exe
cute in a single clock cycle. 

o Instruction Pipelining-Overlapped instruction 
fetching, decoding, address translation and exe
cution. 

• On-Chip Cache with Cache Consistency Sup
port-An 8-Kbyte, write-through, internal cache 
is used for both data and instructions. Cache hits 
provide zero wait-state access times for data 
within the cache. Bus activity is tracked to detect 
alterations in the memory represented by the in
ternal cache. The internal cache can be invalidat
ed or flushed so that an external cache controller 
can maintain cache consistency. 

• External Cache Control-Write-back and flush 
controls for an external cache are provided so 
the processor can maintain cache consistency. 

• On-Chip Memory Management Unit-Address 
management and memory space protection 
mechanisms maintain the integrity of memory in a 
multitasking and virtual memory environment. 
Both segmentation and paging are supported. 

• Burst Cycles-Burst transfers allow a new 16-bit 
data word to be read from memory on each bus 
clock cycle. This capability is especially useful for 
instruction prefetch and for filling the internal 
cache. Burst transfers also occur on some mem
ory write and some 1/0 data transfers. 

• Write Buffers-The processor contains four 
write buffers to enhance the performance of con
secutive writes to memory. The processor can 
continue internal operations after a write to these 
buffers, without w~iting for the write to be com
pleted on the external bus . 

• Bus Backoff-When another bus master needs 
control of the bus during a processor initiated bus 
cycle, the embedded ULP Intel486 GX processor 
floats its bus signals, then restarts the cycle when 
the bus becomes available again . 

o Instruction Restart-Programs can continue ex
ecution following an exception generated by an 
unsuccessful attempt to access memory. This 
feature is important for supporting demand-paged 
virtual memory applications. 

• Boundary Scan (JTAG)-Boundary Scan pro
vides in-circuit testing of components on printed 
circuit boards. The Intel Boundary Scan imple
mentation conforms with the IEEE Standard Test 
Access Port and Boundary Scan Architecture. 
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• Intel System Management Mode (SMM)-A 
unique Intel architecture operating mode pro
vides a dedicated special purpose interrupt and 
address space that can be used to implement in
telligent power management and other enhanced 
functions in a manner that is completely transpar
ent to the operating system and applications soft
ware. 

• I/O Restart-An liD instruction interrupted by a 
System Management Interrupt (SMI#) can auto
matically be restarted following the execution of 
the RSM instruction. 

• Stop Clock-The embedded ULP Intel486 GX 
processor has a stop clock control mechanism 
that provides two low-power states: a Stop Grant 
state (40-85 mW typical, depending on input 
clock frequency) and a Stop Clock state 
(- 60 p.W typical, with input clock frequency of 
o MHz). 

e Auto HALT Power Down-After the execution 
of a HALT instruction, the embedded ULP 
Intel486 GX processor issues a normal Halt bus 
cycle and the clock input to the processor core is 
automatically stopped, causing the processor to 
enter the Auto HALT Power Down state 
(40-85 mW typical, depending on input clock fre
quency). 

The embedded ULP Intel486GX processor differs 
from the Intel486 SX processor in the following ar
eas: 

• 16-Bit External Data Bus-The embedded ULP 
Intel486 GX processor is designed for 16-bit em
bedded systems, yet internally provides the 32-bit 
architecture of the Intel486 processor family. Two 
data parity bits are provided. 

• Processor Upgrade Removed-The UP# sig
nal is not provided. 

• Dynamic Bus-Sizing Removed-The 8S8# sig
nal is not provided. 
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• Separate Processor-Core Power-While the 
embedded ULP Intel486 GX processor requires a 
supply voltage of 3.3V, the processor core has 
dedicated Vee pins and operates with a supply 
voltage as low as 2.0V. 

• Small, Low-Profile Package-The 176-Lead 
Thin Quad Flat Pack (TQFP) package is approxi
mately 26mm square and only 1.5mm in height. 
This is approximately the diameter and thickness 
of a U.S. quarter. The embedded ULP Intel486 
GX processor is ideal for embedded hand-held 
and battery-powered applications. 

• Level Keeper Circuits-The embedded ULP 
Intel486 GX processor has level-keeper circuits 
for its 16-bit external data bus and parity signals. 
They retain valid high and low logic voltage levels 
when the processor is in the Stop Grant and Stop 
Clock states. The level-keeper circuits for the 
parity signals are always enabled. This is a pow
er-saving improvement from the floating data bus 
of the Intel486 SX processor. 

• Auto Clock Freeze-The embedded ULP 
Intel486 GX processor monitors bus events and 
internal activity. The Auto Clock Freeze feature 
automatically controls internal clock distribution, 
turning off clocks to internal units when they are 
idle. This power-saving function is transparent to 
the embedded system. 

• Fast Clock Restart-The embedded ULP 
Intel486 GX processor requires only eight clock 
periods to synchronize its internal clock with the 
CLK input signal. This provides for faster tran
sition from the Stop Clock State to the Normal 
State. For 33-MHz operation, this synchronization 
time is only 240 ns compared with 1 ms (PLL 
startup latency) for the Intel486 processor. 
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1.2 Family Members 

Table 1 shows the embedded ULP Intel486 GX processor and briefly describes its characteristics. 

Table 1. The Embedded Ultra-Low Power Intel486™ GX Processor 

Supply 
Processor 

Processor 
Product Voltage Core Supply Frequency Package 

(Veep) 
Voltage (MHz) 

(Vecl 

2.0Vto 3.3V 16 

2.2Vto 3.3V 20 176-Lead 
FA80486GXSF-33 3.3V 

2.4Vto 3.3V 25 TQFP 

2.7Vto 3.3V 33 

2.0 HOW TO USE THIS DOCUMENT 

Even though it has a 16-bit external data bus, the 
embedded ULP Intel486 GX processor has charac
teristics similar to the 32-bit Intel486 SX processor. 
This document describes the new features of the 
embedded ULP Intel486 GX processor. Some 
Intel486 SX processor information is also included to 
minimize the dependence on the reference docu-
ments. . 

For a complete set of documentation related to the 
embedded ULP Intel486 GX processor, use this doc
ument in conjunction with the following reference 
documents: 

• Intel486TM Processor Family datasheet-Order 
No. 242202 

• Intel486 Microprocessor Family Programmer's 
Reference Manual-Order No. 240486 

• Intel Application Note AP-485-lntel Processor 
Identification with the CPUlO Instruction,-
Order No. 241618 

3.0 PIN DESCRIPTIONS 

3.1 Pin Assignments 

The following figures and tables show the pin as
signments for the 176-pin Thin Quad Flat Pack 
(TQFP) package of the embedded ULP Intel486 GX 
processor. Included are: 

• ,Figure 2, Package Diagram for 176-Lead TQFP 
Package Embedded ULP Intel486TM GX Proces
sor 

• Table 2, Pin Assignment for 176-Lead TQFP 
Package Embedded ULP Intel486TM GX Proces
sor 

• Table 3, Pin Cross Reference for 176-Lead TQFP 
Package Embedded ULP Intel486™ GX Proces
sor 

• Table 4, Embedded ULP Intel486TM GX Proces-
sor Pin Descriptions 

• Table. 5, Output Pins 

• Table 6, Input/Output Pins 

• Table 7, Test Pins 

• Table 8, Input Pins 

The tables and figures show "no-connects" as 
"N/C." These pins should always remain uncon
nected. Connecting N/C pins to Vee, Veep, Vss, or 
any other signal pin can result in component mal
function or incompatibility with future steppings of 
the embedded ULP Intel486 GX processor. 
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Figure 2. Package Diagram for 176-Lead TQFP Package Embedded ULP Intel486™ GX Processor 
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Pin # Description 

1 BLAST# 

2 Vee 
3 PlOCK# 

4 lOCK# 

5 Vss 
6 Veep 
7 N/C 

8 PCHK# 

9 BROY# 

10 BOFF# 

11 Vee 
12 Vss 
13 N/C 

14 ROY# 

15 KEN# 

16 Vee 
17 Vss 
18 HOLD 

19 AHOlO' 

20 TCK 

21 Vee 
22 Vee 
23 Vss 
24 Vee 
25 Vee 
26 ClK 

27 HlOA 

28 W/R# 

29 Vss 
30 Veep 

Embedded Ultra-Low Power Intel486TM GX Processor 

Table 2. Pin Assignment for 176-Lead TQFP Package 
Embedded ULP Intel486™ GX Processor 

Pin # Description Pin # Description 

31 BREQ 61 Vss 
32 BEO# 62 Veep 
33 BE1# 63 N/C 

34 BE2# 64 N/C 

35 BE3# 65 SMI# 

36 Vee 66 N/C 

37 Vss 67 TOO 

38 M/IO# 68 Vee 
39 O/C# 69 N/C 

40 PWT 70 N/C 

41 PCO 71 STPClK# 

42 Veep 72 Vss 
43 Vss 73 Vee 
44 Vee 74 Vss 
45 , EAOS# 75 Veep 
46 A20M# 76 Vss 
47 RESET 77 Veep 
48 N/C 78 Vss 
49 N/C 79 Veep 
50 N/C ·80 N/C 

51 FlUSH# 81 Vss 
52 INTR 82 Vee 
53 NMI 83 N/C 

54 Vss 84 Vss 
55 Vss, 85 Vss 
56 Vss 86 Veep 
57 Vss 87 Vss 
58 SRESET 88 Vss 
59 SMIACT# 89 015 

60 Vee 90 014 

Pin # Description 

91 Veep 
92 Vss 
93 013 

94 012 

95 011 

96 010 

97 Vee 
98 Vss 
99 09 

100 08 

101 OP1 

102 07 

103 N/C 

104 Veep 
105 06 

106 05 

107 Veep 
108 Vss 
109 Vee 
110 Vee 
111 Vss 
112 Vee 
113 Vee 
114 Vss 
115 Vee 
116 04 

117 03 

118 02 

119 01 

120 DO 
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Embedded Ultra-Low Power Intel486TM GX Processor 

Pin # 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134, 

Address 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

A11 

A12 

A13 

4-10 

Table 2. Pin Assignment for 176-Lead TOFP Package 
Embedded ULP Intel486TM GX Processor (Continued) 

Description Pin # Description Pin # Description Pin # 

OPO 

A31 

A30 

A29 

Veep 

A28 

A27 

A26 

A25 

Veep 

Vss 

Vss 
A24 

A23 

Pin # 

175 

169 

168 

167 

165 ' 

164 

163 

160 

159 

,155 

154 

152 

135 A22 149 Vss 163 

136 A21 150 Veep 164 

137 Veep 151 A14 165 

138 Vccp 152 A13 166 

139 A20 153 Vee 167 

140 A19 154 A12 168 

141 A18 155 A11 169 

142 TMS 156 Vee 170 

143 TOI 157 Vss 171 

144 Veep 158 ' Veep 172 

145 Vss 159 A10 173 

146 A17 160 A9 174 

147 A16 161 Vee 175 

148 A15 162 Vss 176 

Table 3. Pin Cross Reference for 176-Lead TOFP Package 
Embedded ULP Intel486TM GX Processor 

Data Pin # Control Pin # N/C Vccp 

00 120 A20M# 46 7 6 

01 119 AOS# 176 13 30 

02 118 AHOlO 19 48 42 

03 117 BEO# 32 49 62 

04 116 BE1# 33 50 75 

05 106 BE2# 34 63 77 

06 105 BE3# 35 64 79 

07 102 BLAST # 1 66 86 

08 100 BOFF# 10 69 91 

09 99 BROY# 9 70 104 

010 96 BREQ 31 80 107 

011 95 ClK 26 83 125 

infel~ 

Description 

A8 

A7 

A6 

RESERVEO 

A5 

A4 

A3 

Veep 

Vss 

Vss 

Veep 

Vss 
A2 

AOS# 

Vee Vss 
2 5 

11 12 

16 17 

21 23 

22 29 

24 37 

25 43 

36 54 

44 55 

60 56 

68 57 

73 61 



Address Pin # 

A14 151 

A15 148 

A16 147 . 

A17 146 

A18 141 

A19 140 

A20 139 

A21 136 

A22 135 

A23 134 

A24 133 

A25 129 

A26 128 

A27 127 

A28 126 

A29 124 

A30 123 

A31 122 

Embedded Ultra-Low Power Intel486™ GX Processor 

Table 3. Pin Cross Reference for 176-Lead TQFP Package 
Embedded ULP Intel486TM GX Processor (Continued) 

Data Pin # Control Pin # N/C Vcep 

D12 94 D/C# 39 103 130 

D13 93 DPO 121 137 

D14 90 DP1 101 138 

D15 89 EADS# 45 144 

FLUSH# 51 150 

HLDA 27 158 

HOLD 18 170 

INTR 52 173 

KEN# 15 

LOCK# 4 

M/IO# 38 

NMI 53 

PCD 41 

PCHK# 8 

PLOCK# 3 

PWT 40 

RDY# 14 

RESERVED 166 

RESET 47 

SMI# 65 

SMIACT# 59 

SRESET 58 

STPCLK# 71 

TCK 20 

TDI 143 

TDO 67 

TMS 142 

W/R# 28 

Vee Vss 

82 72 

97 74 

109 76 

110 78 

112 81 

113 84 

115 85 

153 87 

156 88 

161 92 

98 

108 

111 

114 

131 

132 

145 

149 

157 

162 

171 

172 

174 
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Embedded Ultra-Low Power Intel486™ GX Processor 

3.2 Pin Quick Reference 

The following is a brief pin description. For detailed signal descriptions refer to "Signal Oescription" in 
section 9 of the Intel48(JrM Processor Family datasheet. 

Table 4. Embedded UlP Intel486TM GX Processor Pin Descriptions (Sheet 1 of 6) 

Symbol Type Name and Function 

ClK I Clock provides the fundamental timing and internal operating frequency for the 
embedded UlP Intel486 GX processor. All external timing parameters are specified with 
respect to the rising edge of elK. 

ADDRESS BUS 

A31-A4 1/0 Address Lines A31-A2, together with the byte enable signals, BE3 # -BEO #, define the 
A3-A2 0 physical area of memory or input/output space accessed. Address lines A31-A4 are 

used to drive addresses into the embedded UlP Intel486 GX processor to perform cache 
line invalidation. Input signals must meet setup and hold times t22.and t23' A31-A2 are 
not driven during bus or address hold. -

BE3# 0 Byte Enable signals indicate active bytes during read and write cycles. Ouring the first 
BE2# 0 cycle of a cache fill, the external system should assume that all byte enables are active. 

BE 1# 0 BE3#-BEO# are active LOW and are not driven during bus hold. 

BEO# 0 . BE3 # applies to processor data bits 031-024 
BE2# applies to processor data bits 023-016 
BE1 # applies to processor data bits 015-08 
BEO # applies to processor data bits 07 - 00 

The byte enables can be used by the external system to generate address bits A 1 and 
AO, as well as byte-high (015-08) and byte-low (07-00) enables. These are needed to 
interpret the 16-bit external data bus. 

DATA BUS 

015-00 1/0 Data lines. 07 -00 define the least significant byte of the data bus; 015-08 define the 
most significant byte of the data bus. These signals must meet setup and hold times t22 
and t23 for proper operation on reads. These pins are driven during the second and 
subsequent clocks of write cycles. 

DP1 1/0 There is one Data Parity pin for each byte of the data bus. Oata parity is generated on all 
: 

write data cycles with the same timing as the data driven by the embedded UlP Intel486 DPO 
GX processor. Even parity information must be driven back into the processor on the 
data pai-ity pins with the same timing as read information to. ensure that the correct parity 
check status is indicated by the processor. The signals read on these pins do not affect 
program execution. 

Input signals must meet setup and hold times t22 and t23' OP1 and OPO must be 
connected to Vccp through a pull-up resistor in systems that do not use parity. OP1 and 
OPO are active HIGH and are driven during the second and subsequent clocks of write 
cycles. 
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Table 4. Embedded ULP Intel486TM GX Processor Pin Descriptions (Sheet 2 of 6) 

Symbol Type Name and Function 

PCHK# 0 Parity Status is driven on the PCHK# pin the clock after ready for read operations. The 
parity status is for data sampled at the end of the previous clock. A parity error is 
indicated by PCHK# being LOW. Parity status is only checked for enabled bytes as 
indicated by the byte enable signals. PCHK# is valid only in the clock immediately after 
read data is returned to the processor. At all other times PCHK# is inactive (HIGH). 
PCHK # is never floated. 

BUS CYCLE DEFINITION 

M/IO# 0 Memory/Input-Output, Data/Control and Write/Read lines are the primary bus 
D/C# 0 definition signals. These signals are driven valid as the AOS# signal is asserted. 
W/R# 0 M/IO# D/C# W/R# Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 HALT ISpecial Cycle (see details below) 
0 1 0 110 Read 
0 1 1 1/0 Write 
1 0 0 Code Read 
1 0 1 Reserved 
1 1 0 Memory Read 
1 1 1 Memory Write 

HALT/Special Cycle 

Cycle Name BE3#-BEO# A4-A2 
Shutdown 1110 000 
HALT 1011 . 000 
Stop Grant bus cycle 1011 100 

LOCK# 0 Bus Lock indicates that the current bus cycle is locked. The embedded ULP Intel486 
GX processor does not allow a bus hold when LOCK # is asserted (address holds are 
allowed). LOCK # goes active in the first clock of the first locked bus cycle and goes 
inactive after the last clock of the last locked bus cycle. The last locked cycle ends 
when Ready is returned. LOCK # is active LOW and not driven during bus hold. Locked 
read cycles are not transformed into cache fill cycles when KEN # is returned active. 

PLOCK # 0 Pseudo-Lock indicates that the current bus transaction requires more than one bus 
cycle to complete. For the embedded ULP Intel486 GX processor, examples of such 
operations are segment table descriptor reads (64 bits) and cache line fills (128 bits). 

The embedded ULP Intel486 GX processor drives PLOCK# active until the addresses 
for the last bus cycle of the transaction are driven, regardless of whether ROY # or 
BRDY # have been returned. 

PLOCK# should be sampled only in the clock in which Ready is returned. PLOCK# is 
active LOW and is not driven during bus hold. 

BUS CONTROL 

ADS# 0 ~ddress Status output indicates that a valid bus cycle definition and address are 
available on the cycle definition lines and address bus. AOS# is driven active in the 
same clock in which the addresses are driven. AOS# is active LOW and not driven 
during bus hold. 
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Embedded Ultra-Low Power Intel486TM GX Processor intel® 
Table 4. Embedded ULP Intel486™ GX Processor Pin Descriptions (Sheet 3 of 6) 

Symbol Type Name and Function 

RDY# I Non-burst Ready input indicates that the current bus cycle is complete. RDY # 
indicates that the external system has presented valid data on the data pins in response 
to a read or that the external system has accepted data from the embedded UlP 
Intel486 GX processor in response to a write. RDY.# is ignored when the bus is idle and 
at the end of the first clock of the bus cycle. 

RDY # is active during address hold. Data can be returned to the embedded ,UlP 
Intel486 GX processor while AHOlD is active. 

'I RDY # is active lOW and is not provided with an internal pull-up re!1istor. RDY # must 
satisfy setup and hold times t16 and t17 for proper chip operation. 

BURST CONTROL 

BRDY# I Burst Ready input performs the same function during ~ burst cycle that RDY # 
performs during a non·burst cycle. BRDY # indicates that the external system has 
presented valid data in response to a read or that the external system has accepted 
data in response to a write. BRDY # is ignored when the bus is idle and at the end of the 
first clock in a bus cycle. 

BRDY # is sampled in the second and subsequent clocks of a burst cycle. Data 
presented on the data bus is strobed into the embedded UlP Intel486 GX processor 
when BRDY # is sampled active. If RDY # is returned simultaneously with BRDY #, 
BRDY # is ignored and the burst cycle is prematurely aborted. 

BRDY # is active lOW and is provided with a small pull-up resistor. BRDY # must satisfy 
the setup and hold times t16 and t17. 

BLAST # a Burst Last signal indicates that the next time BRDY # is returned, the burst bus cycle is 
complete. BLAST# is active for both burst and non-burst bus cycles~ BLAST# is active 
lOW and is not driven during bus hold. 

INTERRUPTS 

RESET I Reset input forces the embedded UlP Intel486 GX processor to begin execution at a 
known state. The processor cannot begin executing instructions until at least 1 ms after 
Vee, Veep, and ClK have reached their proper DC and AC specifications. The RESET 
pin must remain active during this time to ensure proper processor operation. However, 
for warm resets, RESET should remain active for at least 15 ClK periods. RESET is 
active HIGH. RESET is asynchronous but must meet setup and hold times t20 and t21 
for recognition in any specific clock. 

INTR I Maskable Interrupt indicates that an external interrupt has been generated. When the 
internal interrupt flag is set in EFlAGS, active interrupt processing is initiated. The 
embedded UlP Intel486 GX processor generates two locked interrupt acknowledge bus 
cycles in response to the INTR pin going active. INTR must remain active until the 
interrupt acknowledges have been performed to ensure, processor recognition of the 
interrupt. " ' . 

INTR is active HIGH and is not provided with an internal pull-down resistor. INTR is 
asynchronous, but must meet setup and hold times t20 and t21 for recognition in any 
specific clock. 
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Table 4. Embedded ULP Intel486™ GX Processor Pin Descriptions (Sheet 4 of 6) 

Symbol Type Name and Function 

NMI I Non-Maskable Interrupt request signal indicates that an external non-maskable 
interrupt has been generated. NMI is rising-edge sensitive and must be held LOW for 
at least four ClK periods before this rising edge. NMI is not provided with an internal 
pull-down resistor. NMI is asynchronous, but must meet setup and hold times t20 and 
t21 for recognition in any specific clock. 

SRESET I Soft Reset pin duplicates all functionality of the RESET pin except that the 5MBASE 
register retains its previous value. For soft resets, SRESET must remain active for at 
least 15 ClK periods. SRESET is active HIGH. SRESET is asynchronous but must 
meet setup and hold times t20 and t21 for recognition in any specific clock. 

SMI# I System Management Interrupt input invokes System Management Mode (SMM). 
SMI # is a falling-edge triggered signal which forces the embedded UlP Intel486 GX 
processor into SMM at the completion of the current instruction. SMI # is recognized 
on an instruction boundary and at each iteration for repeat string instructions. SMI # 
does not break lOCKed bus cycles and cannot interrupt a currently executing SMM. 
The embedded UlP Intel486 GX processor latches the falling edge of one pending 
SMI# signal while it is executing an existing SMI#. The nested SMI# is not 
recognized until after the execution of a Resume (RSM) instruction. 

SMIACT# 0 System Management Interrupt Active, an active lOW output, indicates that the 
embedded UlP Intel486 GX processor is operating in SMM. It is asserted when the 
processor begins to execute the SMI # state save sequence and remains active lOW 
until the processor executes the last state restore cycle out of SMRAM. 

STPCLK# I Stop Clock Request input signal indicates a request was made to turn off or change 
the ClK input frequency. When the embedded UlP Intel486 GX processor recognizes 
a STPClK #, it stops execution on the next instruction boundary (unless superseded 
by a higher priority interrupt), empties all internal pipelines and write buffers, and 
generates a Stop Grant bus cycle. STPClK# is active lOW. STPCLK# is an 
asynchronous signal, but must remain active until the embedded ULP Intel486 
GX processor issues the Stop Grant bus cycle. STPCLK # may be de-asserted at 
any time after the processor has issued the Stop Grant bus cycle. 

BUS ARBITRATION 

BREQ 0 Bus Request signal indicates that the embedded UlP Intel486 GX processor has 
internally generated a bus request. BREQ is generated whether or not the processor is 
driving the bus. BREQ is active HIGH and is never floated. 

HOLD I Bus Hold Request allows another bus master complete control of the embedded UlP 
Intel486 GX processor bus. In response to HOLD going active, the processor floats 
most of its output and input/output pins. HlDA is asserted after completing the current 
bus cycle, burst cycle or sequence of locked cycles. The embedded UlP Intel486 GX 
processor remains in this state until HOLD is de-asserted. HOLD is active HIGH and is 
not provided with an internal pull-down resistor. HOLD must satisfy setup and hold 
times t18 and t19 for proper operation. 
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Table 4. Embedded ULP Intel486™ GX Processor Pin Descriptions (Sheet 5 of 6) 

Symbol Type Name and Function 

HLDA 0 Hold Acknowledge goes active in response to a hold request presented on the HOLD 
pin. HLDA indicates that the embedded ULP Intel486 GX processor has given the bus to 
another local bus master. HLDA is driven active in the same clock that the processor 
floats its bus. HLDA is driven inactive when leaving bus hold. HLDA is active HIGH and 
remains driven during bus hold. . 

BOFF# I Backoff input forces the embedded ULP Intel486 GX processor to float its bus in the 
next clock. The processor floats all pins normally floated during bus hold but HLDA is 
not asserted in response to BOFF #. BOFF # has higher priority than RDY # or BRDY #; 
if both are returned in the same clock, BOFF# takes effect. The embedded ULP 
Intel486 GX processor remains in bus hold until BOFF# is negated. If a bus cycle is in 
progress when BOFF # is asserted the cycle is restarted. BOFF # is active LOW and 
musf meet setup and hold times t18 and t19 for proper operation. 

CACHE INVALIDATION 

AHOLD I Address Hold request allows' another bus master access to the embedded ULP 
Intel486 GX processor's address bus for a cache invalidation cycle. The processor 
stops driving its address bus in the clock following AHOLD going active. Only the 
address bus is floated during address hold, the remainder of the bus remains active. 
AHOLD is active HIGH and is provided with a small internal pull-down resistor. For 
proper operation, AHOLD must meet setup and hold times t18 and t19. 

EADS# I ExternalAddress, - This signal indicates that a valid external address has been driven 
onto the embedded ULP Intel486 GX processor address pins. This address is used to 
perform an internal cache invalidation cycle. EADS# is active LOW and is provided with 
an internal pull-up resistor. EADS# must satisfy setup and hold times t12 and t13 for 
proper operation. 

CACHE CONTROL 

KEN# I Cache Enable pin is used to determine whether the current cycle is cacheable. When 
the embedded ULP Intel486 GX processor generates a cycle that can be cached and 
KEN # is active one clock before RDY # or BRDY # during the first transfer of the cycle, 
the cycle becomes a cache line fill cycle. Returning KEN # active one clock before 
RDY # during the last read in the cache line fill causes the line to be placed in the on-
chip cache. KEN# is active LOW and is provided with a small internal pull-up resistor. 
KEN# must satisfy setup and hold times t14 and t15 for proper operation. 

FLUSH# I Cache Flush input forces the embedded ULP Intel486 GX processor to flush its entire 
internal cache. FLUSH # is active LOW and need only be asserted for one clock .. 
FLUSH # is asynchronous but setup and hold times t20 and t21 must be met for 
recognition in any specific clock. 
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Table 4. Embedded ULP Intel486™ GX Processor Pin Descriptions (Sheet 6 of 6) 

Symbol Type Name and Function 

PAGE CACHEABILITY 

PWT 0 Page Write-Through and Page Cache Disable pins reflect the state of the page 
PCD 0 attribute bits, PWT and PCO, in the page table entry, page directory entry or control 

register 3 (CR3) when paging is enabled. When paging is disabled, the embedded 
ULP Intel486 GX processor ignores the PCO and PWT bits and assumes they are 
zero for the purpose of caching and driving PCO and PWT pins. PWT and PCO have 
the same timing as the cycle definition pins (M/IO#, O/C#, and W/R#). PWT and 
PCO are active HIGH and are not driven during bus hold. PCO is masked by the 
cache disable bit (CD) in Control Register o. 

ADDRESS MASK 

A20M# I Address Bit 20 Mask pin, when asserted, causes the embedded ULP Intel486 GX 
processor to mask physical address bit 20 (A20) before performing a lookup to the 
internal cache or driving a memory cycle on the bus. A20M # emulates the address 
wraparound at 1 Mbyte, which occurs on the 8086 processor. A20M # is active LOW 
and should be asserted only when the embedded ULP Intel486 GX processor is in 
real mode. This pin is asynchronous but should meet setup and hold times t20 and t21 
for recognition in any specific clock. For proper operation, A20M # should be 
sampled HIGH at the falling edge of RESET. 

TEST ACCESS PORT 

TCK I Test Clock, an input to the embedded ULP Intel486 GX processor, provides the 
clocking function required by the JT AG Boundary scan feature. TCK is used to clock 
state information (via TMS) and data (via TOI) into the component on the rising edge 
of TCK. Data is clocked out of the component (via TOO) on the falling edge of TCK. 
TCK is provided with an internal pull-up resistor. 

TDI I Test Data Input is the serial input used to shift JTAG instructions and data into the 
processor. TOI is Sampled on the rising edge of TCK, during the SHIFT-IR and 
SHIFT-DR TAP controller states. During all other Test Access Port (TAP) controller 
states, TOI is a "don't care." TOI is provided with an internal pull-up resistor. 

TDO 0 Test Data Output is the serial output used to shift JTAG instructions and data out of 
the component. TOO is driven on the falling edge of TCK during the SHIFT-IR and 
SHIFT-DR TAP controller states. At all other times TOO is driven to the high 
impedance state. 

TMS I Test Mode Select is decoded by the JTAG TAP to select test logic operation. TMS is 
sampled on the rising edge of TCK. To guarantee deterministic behavior of the TAp· 
controller, TMS is provided with an internal pull-up resistor. 

RESERVED PINS 

RESERVED I Reserved is reserved for future use. This pin MUST be connected to an external pull-
up resistor ci/:cuit. The recommended resistor value is 10 Kn. 
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Table 5. Output Pins 

Output Signal 

Name Active Level Floated During Floated During During Stop Grant and 
Address Hold Bus Hold Stop Clock States(1) 

BREQ' HIGH Previous State 

HLDA HIGH Asper HOLD 

BE3#-BEO# LOW • Previous State 

PWT,PCD HIGH • Previous State 

W/R#, M/IO#, D/C# HIGH/LOW • Previous State 

LOCK# LOW • HIGH (inactive) 

PLOCK# LOW • HIGH (inactive) 

ADS# LOW • HIGH (inactive) 

BLAST # LOW • Previous State 

PCHK# LOW Previous State 

A3-A2 HIGH • • Previous State 

SMIACT# LOW Previous State 

NOTE: 
1. The term "Previous State" means that the processor maintains the logic level applied to the signal pin just before the 

processor entered the Stop Grant state. This conserves power by preventing. the signal.pin from floating. 

Table 6. Input/Output Pins 

Output Signal 

Name Active Level Floated During Floated During During Stop Grant and 
Address Hold Bus Hold Stop Clock States(1,2) 

015-00 HIGH • Level-Keeper 

DP1,DPO HIGH • Level-Keeper 

A31-A4 HIGH • • Previous State 

NOTE: 
1. The term "Level-Keeper" means that the processor maintains the most recent logic level applied to the signal pin. This 

conserves power by preventing the Signal pin from floiiting. If a system component, other than the processor, temporarily 
drives these signal pins and then floats them, the processor forces and maintains the most recent logic levels that were 
applied by the system component. The level keepers for DP1 and DPO are always enabled. 

2. The term "Previous State" means that the processor maintains the logic level applied to the signal pin just before the 
processor entered the Stop Grant state. This conserves power by preventing the Signal pin from floating. 

Table 7. Test Pins 

Name Input or Output Sampledl Driven On 

TCK Input N/A 

TOI Input Rising Edge of TCK 

TOO Output Failing Edge of TCK 

TMS Input Rising Edge of TCK 
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Table 8. Input Pins 

Name Active level 

ClK 

RESET HIGH 

SRESET HIGH 

HOLD HIGH 

AHOlD HIGH 

EADS# LOW 

BOFF# Low 
FlUSH# LOW 

A20M# LOW 

KEN# LOW 

RDY# LOW 

BRDY# LOW 

INTR HIGH 

NMI HIGH 

RESERVED 

SMI# LOW 

STPClK# LOW 

TCK HIGH 

TDI, HIGH 

TMS HIGH 

4.0 ARCHITECTURAL AND 
FUNCTIONAL OVERVIEW 

The embedded ULP Intel486 GX processor architec
ture is essentially the same as the 3.3V Intel486 SX 
processor with a 1 X clock (CLK) input. Refer to the 
Intel486fM Processor Family datasheet (242202) for 
a description of the Intel486 SX processor. With 
some minor exceptions, the following datasheet sec
tions apply to the embedded ULP Intel486 GX proc
essor: 

• Architectural Overview 

• Real Mode Architecture 

• Protected Mode Architecture 

• On-Chip Cache 

• System Management Mode (SMM) Architectures 

• Hardware Interface 

• Bus Operation 

Synchronousl Internal Pull-Upl 
Asynchronous Pull-Down 

Asynchronous 

Asynchronous Pull-Down 

Synchronous 

Synchronous . Pull-Down 

Synchronous Pull-Up 

Synchronous Pull-Up 

Asynchronous Pull-Up 

Asynchronous Pull-Up 

Synchronous Pull-Up 

Synchronous 

Synchronous Pull-Up 

Asynchronous 

Asynchronous 

Asynchronous Pull-Up 

Asynchronous Pull-Up 

Pull-Up 

Pull-Up 

Pull-Up 

• Testability 

• Debugging Support 

• Instruction Set.Summary 

• Differences Between Intel486 Processors and 
Intel386TM Processors 

Exceptions to these sections of the datasheet are: 

• The embedded ULP Intel486 GX processor has a 
16-bit external data bus and two data parity sig
nals. While it has four byte-enable signals 
(BE3# -BEO#), the external system must gener
ate address bits A 1, AO as well as enables for 
each byte of the 16-bit external data bus. More 
information about byte enables is provided in this 
datasheet. 

• The information pertaining to dynamic bus sizing 
of the external data bus does not apply. The em
bedded ULP Intel486 GX processor does not 
have the BS8# signal pin. 

4-19 



Embedded Ultra-Low Power Intel486™ GX Processor 

• The embedded ULP Intel486 GX processor 
bursts data cycles similar to an Intel486 SX proc
essor with bus-sizing 8516# active. 

• References to the Upgrade Power Down Mode 
do not apply. The embedded ULP Intel486 GX 
processor does not have the UP# signal pin and 
does, not support the Intel OverDrive® processor. 

• References to "Vee" are called "Veep" by the 
embedded ULP Intel486 GX processor when the 
supply voltage pertains to the processor's exter
nal interface drivers and receivers. The term 
"Vee" pertains only to the processor core supply 
voltage of the embedded ULP Intel486 GX proc
essor. Information about the split-supply voltage 
is provided in this datasheet. 

• The Phase-Locked Loop (PLL) circuit of the 1 X 
clock (CLK) input has been replaced by a proprie
tary Differential Delay Line (DDL) circuit that has 
a faster recovery time. Datasheet references to 
the PLL and its 1 ms recovery time are replaced 
with the DDL circuit and its eight-CLK recovery 
time. Information about the DDL circuit and re
covery time is provided in this datasheet. 

• The embedded ULP Intel486 GX processor has 
level-keeper circuits for its external 16-bit data 
bus (D15-DO) and data parity (DP1, DPO) signals. 
The Intel486 SX processor floats these signals 
instead. More information about the level-keeper 
circuitry is provided in this datasheet. 

• The datasheet describes the processor supply
current consumption for the Auto HALT Power 
Down, Stop Grant, and Stop Clock states. This 
supply-current consumption for the embedded 
ULP Intel486 GX processor is much less than 
that of the Intel486 SX processor. Information 
about power consumption and these states is 
provided in this datasheet. 

• The CPU ID, Boundary-Scan (JTAG) ID, and 
boundary-scan register bits for the embedded 
ULP Intel486 GX processor are in this datasheet. 

• The embedded ULP Intel486 GX processor has 
one pin reserved for possible future use., This pin 
is an input signal, pin 166. It is called RESERVED 
and must be connected to a 10-KO pull-up resis
tor. 
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4.1 Separate Supply Voltages 

The embedded ULP Intel486 GX processor has sep
arate voltage-supply planes for its internal core
processor circuits and its external driver/receiver 
circuits. The supply voltage for the internal core 
processor is named Vee and the supply voltage for 
the external circuits is named Veep. ' 

For a single-supply voltage deSign, the embedded 
ULP Intel486GX processor is functional at 3.3V ± 
0.3V. In this type of system design, the processor's 
Vee and Veep pins must be tied to the same power 
plane. 

Even though Veep must be 3.3V ± 0.3V, the proc
essor's external-output circuits can drive TTL-com
patible components. However, the processor's ex
ternal-input circuits do not allow connection to TTL
compatible components. Section 5.2, DC Specifi
cations contains the DC specifications for the proc
essor's input and output signals. 

For lower-power operation, a separate, lower volt
age for Vee can be chosen, but Veep must be 3.3V 
± 0.3V: Any voltage value between 2.0V and 3.3V 
can be chosen for Vee for guaranteed processor op
eration up to 16 MHz. The embedded ULP Intel486 
GX processor can also operate at 33 MHz, provided 
the Vee value chosen is between 2.7V and 3.3V. 
Section 5.2, DC Specifications defines supply volt
age specifications. 

In systems with separate Vee and Veep power 
planes, the processor-core voltage supply must al
ways be less than or equal to the processor's exter
nal-interface voltage supply; e.g., the system design 
must guarantee: 

Vee::;; Veep 

Violating this relationship causes excessive power 
consumption. Limited testing has shown no compo~ 
nent damage when this relationship is violated. How
ever, prolonged violation is not recommended and 
component integrity is not guaranteed. 

The Vee::;; Veep relationship must also be guaran
teed by the system, design during power-up and 
power-down sequences. Refer to Figure 3. 

Even though Vee must be less than or equal to 
Veep, it is recommended that the system's power
on sequence allows Vee to quickly achieve its op-
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erational level once Veep achieves its operational 
level. Similarly, the power-down sequence should al
low Veep to power down quickly after Vee is below 
the operational voltage level. These recommenda
tions are given to keep power consumption at a min-

Vee and Vecp 
(V) 

Veep min 

Vee min 

OV 

I 
POWER ON 

Vecp 

imum. Deviating from the recommendations does 
not create a component reliability problem, but pow
er consumption of the processor's external interface 
circuits increases beyond normal operating values. 

I 
POWER OFF 

TIME 
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Figure 3. Example of Supply Voltage Power Sequence 

4.2 Fast Clock Restart 

The embedded UlP Intel486 GX processor has an 
integrated proprietary differential delay line (DOL) 
circuit for internal clock generation. The DOL is driv
en by the C~K input signal provided by the external 
system. During normal operation, the external sys
tem must guarantee that the ClK signal maintains 
its frequency so that the clock period deviates no 
more than 250 ps/ClK. This state, called the Nor-
mal State, is shown in Figure 4. ' 

To increase or decrease the ClK frequency more 
quickly than this, the system must interrupt the proc
essor with the STPClK # signaL, Once the processor 
indicates that it is in the Stop Grant State, the sys
tem can adjust the ClK signal to the new frequency, 
wait a minimum of eight ClK periods, then force the 
processor to return to the normal operational state 
by deactivating the STPClK # interrupt. 

This wait of eight ClK periods is much faster than 
the 1 ms wait required by earlier Intel486 SX proces
sor products. 

While in the Stop Grant State, the external system 
may deactivate the ClK signal to the processor. 
This forces the processor to the Stop Clock State
the state in which the processor consumes the least 
power. Once the system reactivates the ClK signal, 
the processor transitions to the Stop Grant State 
within eight ClK periods. 

Normal operation can be resumed' by deactivating 
the STPClK # interrupt signal. Here again, the em
bedded UlP Intel486 GX processor recovers from 
the Stop Clock State much faster than the 1 ms PlL 
recovery of earlier, Intel486 SX processors. 

4-21 



Embedded Ultra-Low Power Intel486TM GX Processor 
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ClK Stopped 
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Figure 4. Stop Clock State Diagram with Typlca! Power Consumption Values 

4.3 Level-Keeper Circuits 
. . 

To obtain the lowest possible power consumption 
during the Stop Grant and Stop Clock states, sysJem 
designers must ensure that: 

• input signals with pull-up resistors are not driven 
lOW 

• input signals with pull-down resistors are not driv
en HIGH. 

See Table B, Input Pins for the list of signals with· 
internal pull-up and pull-down resistors. . 

All other input pins except A31-A4, 015-00, OP1, 
and OPO must be driven to the power supply rails to 
ensure lowest possible current consumption. 
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During the Stop Grant and Stop Clock states, most 
processor output Signals maintain their previous 
condition, which is the level they held w~en entering 
the Stop Grant state. In response to HOLD driven 
active during the Stop Grant state when the. ClK 
input is running, the embedded UlP Intel4BS GX 
processor generates HlOA and floats all output and 
input/output signals which are floated during the 
HOlO/HlOA state. When HOLD is deasserted, 
processor signals which maintain their previous 
state return to the state they were in prior to the 
HOlO/HlOA sequence. . 

The data I:!us (015-:00) and parity bits also maintain 
their previous states during the Stop Grant and Stop 
Clock states, but do so differently, as described in. 
the following paragraphs. 
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The embedded ULP Intel486 GX processor's data 
bus pins (015-00) and data parity pins have level 
keepers which maintain their previous states while in 
the Stop Grant and Stop Clock states. In response 
to HOLD driven active during the Stop Grant state 
when the CLK input is running, the embedded ULP 
Intel486 GX processor generates HLOA and floats 
015-00, OP1 and OPO throughout the HOLO/HLOA 
cycles. When HOLD is deasserted, the processor's 
015-00, OP1 and OPO signals return to the states 
they were in prior to the HOLO/HLOA sequence. 

At all other times during the Stop Grant and Stop 
Clock states, the processor maintains the logic lev
els of 015-00, OP1 and OPO. When the external 
system circuitry drives 015-00, OP1 and OPO to dif
ferent logic levels, the processor flips its 015-00, 
OP1 and OPO logic levels to match the ones driven 
by the external system. The processor maintains 
(keeps) these new levels even after the external cir
cuitry stops driving 015-00, OP1 and OPO. 

For some system deSigns, external resistors may 
not.be required on 015-00, OP1 and OPO (they are 
required on previous Intel486 SX processor de
signs). System designs that never request Bus Hold 
during the Stop Grant 'and Stop Clock states might 
not require external resistors. If the system design 
uses Bus Hold during these states, the processor' 
disables the level-keepers and floats the data bus. 
This type of design would require some kind of data 
bus termination to minimize power consumption. It is 
strongly recommended that the 015-00, OP1 and 
OPO pins do not have network resistors connected. 
External resistors used in the system design must be 
of a sufficient resistance value to "flip" the level
keeper Circuitry and eliminate potential DC paths. 

The level-keeper circuits for OP1 and OPO are al
ways enabled, while the level-keeper circuits for 
015-00 are enabled only during the Stop Grant and 
Stop Clock states. 

The level-keeper circuit is designed to allow an ex
ternal 27-KO pull-up resistor to switch the 015-00, 
OP1 and OPO circuits to a logic-HIGH level even 
though the level-keeper attempts to keep a logic
LOW level. In general, pull-up resistors smaller than 
27 KO can be used as well as those greater than or 
equal to 1 MO. Pull-down resistors, when connected 
to 015-00, OP1 and OPO, should be least 800 KO. 

4.4 Low-Power Features 

As with other Intel486 processors, the embedded 
ULP Intel486 GX processor minimizes power con
sumption by providing the Auto HALT Power Down, 
Stop Grant, and Stop Clock states (see Figure 4). 
The embedded ULP Intel486 GX processor has an 
Auto Clock Freeze feature that further conserves 
power by judiciously deactivating its internal clocks 
while in the Normal Execution Mode. The power
conserving mechanism is designed such that it does 
not degrade processor performance or require 
changes to AC timing specifications. 

4.4.1 Auto Clock Freeze 

To reduce power consumption, during the following 
bus cycles-under certain conditions-the proces
sor slows-up or freezes some internal clocks: 

• Data-Read Wait Cycles (Memory, 1/0 and Inter-
rupt Acknowledge) 

• Data-Write Wait Cycles (Memory, 1/0) 

• HOLO/HLOA Cycles 

• AHOLO Cycles 

• BOFF Cycles 

Power is conserved during the wait periods in these 
cycles until the appropriate external-system signals 
are sent to the processor. These signals include: 

• READY 
• NMI, SMI#, INTR, and RESET 

• BOFF# 

• FLUSH# 

• EAOS# 
• KEN # transitions 

The embedded ULP Intel486 GX processor also re
duces power consumption by temporarily freezing 
the clocks of its internal logic blocks. When a logic 
block is idle or in a wait state, its clock is frozen. 
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4.5 Bus Interface and Operation 

4.5.1 16-Bit Data Bus 

The bi·directionallines, 015-00, form the data bus 
for the embedded UlP Intel486 GX processor. 
07 -00 define the least·significant byte and 015-:08 
the most-significant byte. Oata transfers are possible 
only to 16-bit devices. Bus-sizing for 8-bit devices 
(BS8# signal pin) is not supported by the processor. 
In some cases, external circuitry is needed for the 
processor to interface with 8-bit devices. An exam
ple of when external circuitry is not needed is an 
8-bit liD port that is mapped to a byte address. Here 
only part of the 16-bit data word is meant for the 
device and BS8 # is not needed. 

015-00 are active HIGH. For reads, 015-00 must 
meet the setup and hold times, t22 and t23. 015-00 
are not driven during read cycles and bus hold. 

4.5.2 Parity . 

Parity operation is the same as it is for the rest of the 
Intel486 processor family, with these exceptions: 

• OPO and OP1 are the data parity pins for the 
processor .. There is one parity signal for each 
byte of the external data bus. Input signals on 

BEO# 

BE1# 

BE1# 

BE3# 

BEO# -----------1 

BE1# 

OPO and OP1 must meet the setup and hold 
times, t22 and t23. In systems not using .parity, 
OPO and OP1 must be connected to Vccp 
through a pull-up resistor. 

• The data parity pins have level-keeper circuits 
which are described later. 

4.5.3 Data Transfer Mechanism 

Data transfers operate in a manner similar to data 
transfers on the 32-bit data bus members of the 
Intel486 processor family with the BS16# pin driven 
active. For 32-bit data-bus family members, such 
16-bit data transfers involve all 32 bits of their exter
nal data busses and all four parity bits. Since the 
embedded UlP Intel486 GX processor has a 16-bit 
external data bus, all data transfers occur on the low 
order data bits, 00 through 015. Parity is generated 
and checked. on OPO and OP1. Dynamic Oata Bus 
Sizing (BS16#:and BS8#) is not supported. All ad
dress bits (A31-A2) and byte enables (BEO#, 
BE1 #, BE2#, and BE3#) are supported. Address 
bits A 1 and AO can be generated from the byte-en
able signals in the same manner as the. other 
Intel486 processors. Typically in 16-bit data bus de
signs, A 1, byte-low enable (BlE), and byte-high en
able (BHE) are needed and can be generated from 
the four byte-enable signals. Figure 5 shows the log
ic that can be used to generate A 1, BHE #, and 
BlE#. 

X)--Al 

Xl--BHE# 

BLE# (orAO) 
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Figure 5. logic to Generate A 1, BHE # and BlE # 
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Table 9 contains the list of valid byte· enable combinations and how the 16·bit external data bus is interpreted. 

Table 9. Valid Byte-Enable Cycles 

Byte Enables 
From External Circuitry External Oata 

(Note 1) Bus 
Case 

BE3# BE2# BE1# BEO# A1 AO BHE# 
BLE# 015- 07-00 
(AO) 08,OP1 OPO 

1 1 1 1 0 0 0 1 0 . valid 

2 1 1 0 0 0 0 0 0 valid valid 

3 1 0 0 0 0 0 0 0 valid valid 

4 0 0 0 0 0 0 0 0 valid valid 

5 1 1 0 1 0 1 0 1 valid · 
6 1 0 0 1 0 1 0 1 valid · 
7 0 0 0 1 0 1 0 1 valid · 
8 1 0 1 1 1 0 1 0 . valid 

9 0 0 1 1 1 0 0 0 valid valid 

10 0 1 1 1 1 1 0 1 valid · 
NOTE: 
1. If the external system indicates to the processor that a read is cacheable, the processor initiates a cache·line 

fill. In this case, the external system should ignore BE3#, BE2#, BE1#, and BEO# and force A1, AO, and 
BHE # to a low logic level (0) for the first cycle of the transfer. This forces a memory read to start from a data 
address having its least significant digit 0, 4, 8, or C (hex). The byte·enable decodes for subsequent cycles of 
the line fill follow the table information as listed. 

Except for the initial transfer of a cache·line fill, the 
Byte Enables BE3 #, BE2 #, BE1 #, and BEO # for 
cases 1, 2, 5, 8, 9, and 10 indicate either a one·, or 
two· byte data transfer that can be accomplished in 
one 16·bit data cycle. 

Except for the initial transfer of a cache·line fill, the 
Byte Enables BE3#, BE2#, BEl #, and BEO# for 
cases' 3, 4, 6, and 7 indicate the transfer of two, 
three, or four data bytes that cannot be accom· 
plished in one 16·bit data cycle. In these cases, the 
processor attempts to complete the partial transfer 
using an additional data cycle. The additional cycle 
could be burst by the processor (processor could 
respond with BLAST# unasserted for case 3, 4, 6, 
or 7). This is true for both memory and 110 reads 
and writes. There is more information about bursting 
in later sections. 

During write cycles, valid data is only driven onto the 
external data bus pins corresponding to active byte 
enables. Other pins of the data bus are driven but do 
not contain valid data. 

NOTE: 
Unlike the Intel386™ processor, the embed· 
ded ULP Intel486 GX processor does not 
duplicate write data onto the parts of the 
data bus for which the corresponding byte 
enable is inactive. 

4.5.3.1 Multiple and Burst Cycle Bus Transfers 

The embedded ULP Intel486 GX processor, like all 
other Intel486 processors, requires more than one 
data cycle to read or write data having bit widths 
greater than 32. Examples of this data are cache 
lines (128 bits) and instruction prefetches (128 bits). 
In addition, the embedded ULP Intel486 GX proces· 
sor requires multiple data cycles to transfer data 
having bit widths greater than 16. An example is a 
doubleword operand (32 bits). Transferring mis· 
aligned 16·bit words also requires multiple data cy· 
cles. 
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If a multiple data cycle is a memory-read or I/O-read 
data transfer, the processor could use burst cycles 
to perform the transfer. The processor could also 
burst misaligned .16-bit and 32-bit memory-write or 
I/O-write data transfers. 

In designing a memory and 110 port controller for 
the embedded ULP Intel486 GX processor, knowl
edge of the address sequence for burst cycles can 
be used to provide high-speed data access (minimal 
number of wait states). The following sections de
scribe this sequence. 

4.5.3.2 Cacheable Cycles 

The embedded ULP Intel486 GX proces!?or uses 
burst cycles to perform a cache line fiJI. Because of 
its 16-bit external data bus, the processor bursts 
eight data cycles to read a 128-bit (16-byte) cache 
line from system. memory. During the first cycle of 
the cache line transfer, the external system must ig
nore BE3#, BE2#, BE1#, and BEO# presented by 
the processor and proceed as if A1, AD, and BHE# 
were logic-low levels (0). This forces the memory 
read to start from a data address having its least 
significant ·hexadecimal digit 0, 4, 8, or C. The byte 
enables pr~sented by the processor for subsequent 
cycles are decoded in the usual way by the external 
system. The sequences of data addresses are 
shown in Table 10. Like the rest of the Intel486 proc
essor famiJy, the initial value of A31-A4, M/IO#, 
W/R#, and D/C# are presented by the processor 
throughout the cache line fiJI. Also, the burst se
quence can be terminated by the processor at any 
time by with an active BLAST# Signal. 
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Table 10. Address Sequence for Cache Line Transfers and Instruction Prefetches 

Signals from the Processor Address of 
Starting Address Data 

Expected Read Data 
(Least significant Cycle Byte A3-AO 015-08, 07-00, hexadecimal digit) A3 A2 Enables (Hex) BLAST # OP1 OPO BE3#-BEO# 

1 00 0000 a 1 1 a 
2 00 a 011 2 1 3 2 

3 01 0000 4 1 5 4 

0,1,2,3 
4 01 a 011 6 1 7 6 

5 10 0000 a 1 9 a 

6 10 a 011 A 1 B A 

7 1 1 . 0000 C 1 D C 
a 1 1 0011 E a F E 
1 01 0000 4 1 5 4 

2 01 a 011 6 1 7 6 

3 01 0000 a 1 1 a 

4,5,6,7 
4 00 001 1 2 1 3 2 

5 1 1 0000. C 1 D C 
6 1 1 0011 E 1 F E 
7 10 0000 a 1 9 a 

a 10 a 011 A a B A 

1 10 0000. a 1 9 a 

2 10 a 011 A 1 B A 

3 1 1 0000 C 1 D C 

a,9,A,B 
4 1 1 a a 11 E 1 F E 
5 00 0000 a 1 1 a 
6 00 0011 2 1 3 2 

7 01 0000 4 1 5 4 

a 01 0011 6 a 7 6 

1 1 1 0000 C 1 D C 
2 1 1 a 01 1 E 1 F E 
3 10 0000 a 1 9 a 

C,D,E,F 
4 10 a 011 A 1 B A 

5 01 0000 4 1 5 4 

6 01 a 011 6 1 7 6 
7 00 0000 a 1 1 a 
a 00 a 011 2 a 3 2 
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Whenever its cache circuitry is not busy, the proces
sor uses this same bursting mechanism for prefetch
ing instructions (128 bits, 16 bytes), even if the 
instructions are not indicated as cacheable by the 
external system. Instruction prefetches can occur' 
that use the address sequencing shown in Table 10. 
The initial value of A31-A4, M/IO#, W/R#, and 
D/C# are presented by the processor throughout 
the 128-bit prefetch burst. It is possible for the proc
essor to prefetch instructions not needed. The burst 
sequence can be terminated by the processor at any 
time with an active BLAST # signal. 

4.5.3.3 Non-Cacheable Cycles 

For memory and lID data transfers, the embedded 
ULP Intel486 GX processor determines how many 
data cycles are required for the transfer based on its 
internal information. This information includes the 
byte-length of the data, the transfer's starting data 
address, and data alignment. For memory reads, the 
processor resorts to the 128-bit cache-line address 

sequence described above if the external system in
dicates the data is' cacheable. Otherwise, the proc
·essor uses its internal information to determine 
whether to burst the data cycles of a multiple-cycle 
transfer. In some cases, the transfer can be' per
formed 'entirely by burst cycles. In other cases, a 
combination of burst cycles and single cycles are 
required to perform the data transfer. There are also 
cases for which burst cycles cannot be used and the 
transfer consists of multiple cycles, each beginning 
with the ADS # signal. 

1/0 Writes, 1/0 Reads, and Memory Writes 

If the'processor initiates bursting (BLAST# inactive) 
during an lID Write, lID Read or Memory Write, the 
duration of the burst is a maximum of four bytes (32 
bits). All of the possible burst situations are listed in 
Table 11. In all cases, the burst is two data cycles. 
The control signals M/IO#, D/C#, W/R#, address 
bits A31-A4 as well as A3 and A2 remain constant 
throughout each two-cycle burst. 

Table 11. Valid Burst Cycle Sequences~I/O Reads and All Writes 
c Address of 

Starting Address 
Signals from the Processor 

Expected Read Oata 
Oata 

(Least significant 
Cycle Byte A3-AO 015-08, 07-00, hexadecimal digit) A3 A2 Enables BLAST# 

BE3#-BEO# 
(Hex) OP1 OPO 

1 A3A2 0000 0,4,8,C 1 2nd 1st 
0,4,8,C 

2 A3A2 001 1 2,6,A,E 0 4th. 3rd 

1 A3A2 0001 1,5,9, D 1 1st -
1,5,9, D 

2 A3A2 0011 2;6,A,E 0 3rd 2nd 

1 A3A2 1001 1,5,9, D 1 1st -
1,5,9, D 

2,6,A,E 2 A3A2 1 01 1 0 - 2nd 

1 A3A2 1000 0,4,8,C 1 2nd 1st 
2,6,A,E 

2 A3A2 1 01 1 2,6,A,E 0 - 3rd 
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Non-Cacheable Memory Reads 

When the processor initiates bursting, the duration 
of the burst is a maximum of 16 bytes (128 bits). 

Non-cacheable instruction prefetches can be 16 
bytes in duration. The possible burst sequences are 
the same as for cache-line transfers listed in Table 
11. The burst sequence can be terminated at any 
time with an active BLAST # signal. 

The length of a burst transfer can be 16, eight, or 
fewer than eight bytes. 

For burst lengths of eight or less, the entire burst 
transfer is confined to a quad-word (eight-byte) data 
boundary of system memory. A31-A3 remain con
stant throughout this type of burst transfer. 

4.5.3.4 Burst Transfer Address Prediction 

The processor provides the data address (A31-A2) 
and byte enables (BE3#-BEO#) for the first data 
cycle while ADS# is inactive. The initial values for 
A1, BHE# and BLE# (AO) can be derived from the 
byte enables. If bursting is anticipated, the next data 
address can be predicted at this time and can be 
used by the memory controller to perform burst data 
transfers with minimal wait states. Rather than list all 
of the burst mode address combinations, a general 
algorithm is provided in Figure 6. This algorithm 
holds true for all burst transfers including cache-line 
fills, instruction prefetches, lID and memory-write 
data transfers described in earlier sections. 
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Figure 6. Address Prediction for Burst Transfers (1 of 3) 
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Continued from previous figure 

Data e 

ala 

ata 

Data 

Next Transfer 
MA3=LA3 

MA2=NolIL.A2I 
MA1=1 

Next Transfer 
MA3=NollLA3] 

MA2=L.A2 
MAl=!) 

Next Transfer 
M~NollLA3] 

MA2=L.A2 
MAl=l 

Next Transfer 
MA3=Nol (LA3] 
MA2=Nol [lA2] 

MAl=!) 

Continued 

No 

No 

272755-7 

Figure 7. Address Prediction for Burst Transfers (2 of 3) 
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Continued from previous figure 
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MA1=1 

This Is the last transfer. There Is 
no need to predict the next 

address 

272755-8 

Figure 8. Addr.ess Prediction for Burst Transfers (3 of 3) 

In the figure, MA3, MA2, and MA 1 are memory ad
dress bits. LA3 and LA2 are the saved, initial values 
of A3 and A2 respectively. The term "MA2 = NOT 
[LA2j" means that MA2 is the opposite logic state 
as the saved initial A2 value. MA31-MA4 are de
rived directly from A31-A4, which remain constant 
throughout the burst transfer. MIIO#, W/R#, and 
O/C# also remain constant. BLE# (AO) is not 
shown, but is always active (LOW) throughout the 
transfer. BHE#, also not shown, cannot be predict
ed for the last data cycle of a burst transfer and 
must be decoded from the byte enable bits for the 
last burst cycle (follows BLAST # = 0). Otherwise 
BHE# is always active (LOW) throughout the burst. 
The processor defines "cacheable data" as the 
case where PCO is inactive (LOW) and LOCK # is 
inactive (HIGH) and KEN # is active (LOW). 

4.6 CPUID Instruction 

The embedded ULP Intel486 GX processor supports 
the CPUIO instruction (see Table 12). Because not 
all Intel processors support the CPUIO instruction, a 
simple test can determine if the instruction is sup-
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ported. The test involves the. processor's 10 Flag, 
which is bit 21 of the EFLAGS register. If software 
can change the value of this flag, the CPUIO instruc
tion is available. The actual state of the 10 Flag bit is 
irrelevant and provides no significance to the hard
ware. This bit is cleared (reset to zero) upon device 
reset (RESET or SRESET) for compatibility with In
tel486 processor designs that do not support the 
CPUIO instruction. 

CPUIO-instruction details are provided here for the 
embedded ULP Intel486 GX processor. Refer to In
tel Application Note AP-485 Intel Processor Identifi~ 
cation with the CPUID Instruction (Order No. 
241618) for a description that covers all aspects of 
the CPUIO instruction and how it pertains to other 
Intel processors. 

4.6.1 Operation of the CPUID Instruction 

The CPLIIO instruction requires the software devel
oper to pass an input parameter to the processor in 
the EAX register. The processor response is re
turned in registers EAX, EBX, EOX, and ECX. 
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Table 12. CPUID Instruction Description 

Parameter passed in Processor OPCODE Instruction Core Clocks EAX Description' 
(Input Value) 

OFA2 CPUIO 9 0 Vendor (Intel) 10 String 

14 1 Processor Identification 

9 > 1 Undefined (00 Not Use) 

Vendor ID String-When the parameter passed in EAX is 0 (zero), the register values returned upon instruc
tion execution are shown in the following table. 

31 - - - - - - 24 23 - - - - - - 16 15 - - - - - - 8 7 - - - - - - 0 

High Value (= 1) EAX .... 1 __ 0_0_0_0 __ ..... 1 __ 0_0_0_0 __ ..... 1 __ 0_0_0_0 __ -'-1 __ 0_0_0_1 _---'I 

Vendor 10 String EBX u (75) n (6E) e (65) G (47) 

(ASCII EDX 1(49) e (65) n (6E) i (69) 

Characters) ECX I (6C) e (65) t (74) n (6E) 

The values in EBX, EOX and ECX indicate an Intel processor. When taken in the proper order, they decode to 
the string "Genuinelntel." 

Processor Identification-When the parameter passed to EAX is 1 (one), the register values returned upon 
instruction execution are: 

31 - - - - 14 13, 12 11 - - - 8 7---4 3---0 

Processor EAX (Do Not Use) 00 0100 0010 XXXX 
Signature Intel Reserved Processor Family Model Stepping 

Type 

(Intel releases information about stepping numbers as needed) 

31 ------------------------------ 0 

Intel Reserved EBX Intel Reserved 

(00 Not Use) ECX Intel Reserved 

31 --------------- 2 0 

Feature Flags EDX 0 0 1 0 
VME FPU 

4.7 Identification After Reset 

Processor Identification-Upon reset, the EDX register contains the processor signature: 

31 - - - - 14 13,12 11---8 7---4 3---0 

Processor EDX (Do Not Use) 00 0100 0010 XXXX 
Signature Intel Reserved Processor Family Model Stepping 

Type 

(Intel releases information about stepping numbers as needed) 
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i 

4.8 Boundary Scan (JTAG) 

4.8.1 Device Identification 

Table 13 shows the 32-bit code for the embedded ULP Intel486 GX processor which is loaded into the Device, 
Identification Register . 

. Table 13. Boundary Scan Component Identification Code 

Part Number 

Model 

Version Vee Intel Family 00100 = 
0=5V Architecture 0100 = Intel486 embedded ULP 

1 =3.3V Type CPU Family Intel486 SX 
processor 

31 - - - 28 27 26::- - - - - 21 20----17 16 - - - - - 12 

XXXX 1 000001 0100 00010 

(Intel releases information about version numbers as needed) 
Boundary Scan Component Identification Code = x828 4013 (Hex) 

MfglD 
1 

009H = Intel 

11-----1 0 

00000001001 1 

4.8.2 Boundary Scan Register Bits and Bit 
Order 

ed if the pins are three-state, or selected as input if 
they are bidirectional. 

The boundary scan register contains a cell for each 
pin as well as cells for control of bidirectional and 
three-state pins. There are "Reserved" bits which 
correspond to no-connect (N/C) signals of the em
bedded ULP Intel486 GX processor. Control regis
ters WRCTL, ABUSCTL, BUSCTL, and MISCCTL 
are used to select the direction of bidirectional or 
three-state output signal pins. A "1" in these cells 
designates that the associated bus or bits are float-

• WRCTL controls D15-DO, DP1 and DPO 

• ABUSCTL controls A31-A2 ' 

• BUSCTL controls ADS#, BLAST # , PLOCK#, 
LOCK#, W/R#, BEO#, BE1 #, BE2#, BE3#, 
M/IO#, D/C#, PWT, and PCD 

• MISCCTL controls PCHK#, HLDA, and BREQ 

The following is the bit order of the embedded ULP 
Intel486 GX processor boundary scan register: 

TDO +- A2, A3, A4, A5, RESERVED, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, 
A18,A19,A20, A21,A22,A23,A24,A25, A26, A27,A28,A29,A30,A31, DPO, DO, D1, 
D2, D3, D4, D5, D6, D7, DP1, D8, D9, D10, D11, D12, D13, D14, D15, Reserved, Re
served, Reserved, Reserved, Reserved, Reserved, Reserved, Reserved, Reserved, Re
served, Reserved, Reserved, Reserved, Reserved, Reserved, Reserved, Reserved, Re
served, STPCLK#, Reserved, Reserved, SMI#, SMIACT#, SRESET, NMI, INTR, 
FLUSH#, RESET, A20M#, EADS#, PCD, PWT, D/C#, M/IO#, BE3#, BE2#, BE1 #, 
BEO#, BREQ, W/R#, HLDA, CLK, Reserved, AHOLD, HOLD, KEN#,.RDY#, Reserved, 
Reserved, BOFF#, BRDY#, PCHK#, LOCK#, PLOCK#, BLAST#, ADS#, MISCCTL, 
BUSCTL, ABUSCTL, WRCTL +- TDI 
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5.0 ELECTRICAL SPECIFICATIONS 

5.1 Maximum Ratings 

Table 14 is a stress rating only. Extended exposure 
to the Maximum Ratings may affect device reliability. 

Furthermore, although the embedded ULP Intel486 
GX processor contains protective circuitry to resist 
damage from electrostatic discharge, always take 
precautions to avoid high static voltages or electric 
fields. 

Functional operating conditions are given in Section 
5.2, DC Specifications and Section 5.3, AC Speci
fications. 

Table 14. Absolute Maximum Ratings 

Case Temperature -65°C to + 110°C 
under Bias 

Storage Temperature - 65°C to + 150°C 

DC Voltage on Any Pin -0.5V to Veep + 0.5V 
with Respect to Ground 

Supply Voltage Vee with - 0.5V to + 4.6V 
Respect to VSS 

Supply Voltage Veep - 0.5V to + 4.6V 
with Respect to Vss 

5.2 DC Specifications 

The following tables show the operating supply volt· 
ages, DC 1/0 specifications, and component power 
consumption for the embedded ULP Intel486 GX 
processor. 

Table 15. Operating Supply Voltages 

Product Veep Range(1) 
Max.ClK Vee Range(2) Vee Fluctuation 
Frequency 

16 
2.0Vmin 
3.3V max 

20 
2.2Vmin 
3.3Vmax ±0.2V. at 2.0V ~ Vee ~ 2.7V 

FA80486GXSF·33 3.3V ± 0.3V +0.3V/-0.2Vat2.7V < Vee < 3.0V 

25 
2AVmin ±0.3V at 3.0V ~ Vee ~ 3.3V 
3.3Vmax 

33 
2.7V min 
3.3Vmax 

NOTES: 
1. In all cases, VccP must be ;;: vee. 
2. vee may be set to any voltage within the Vce Range. The setting determines the allowed Vee Fluctuation. 
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Symbol 

Vil 

VIH 

VIHC 

VOL 

VOH 

III 

IIH 

III 

ILO 

CIN 

COUT 

CCLK 

NOTES: 

Table 16. DC Specifications 

T CASE = O·C to + 85·C 

Parameter Min. Max. 

Input lOW Voltage -0.3 +0.8 

Input HIGH Voltage 2.0 Vccp +0.3 

Input HIGH Voltage of ClK Vccp ~0.6 Vccp +0.3 

Output lOW Voltage 
IOL = 2.0mA 0.4 
IOL = 100 fJ-A 0.2 

Output HIGH Voltage 
IOH = -2.0 mA 2.4 
IOH = -100 fJ-A Vccp -0.2 

Input leakage Current ±15 

Input leakage Current 200 

Input leakage Current -400 

Output leakage Current ±15 

Input Capacitance 10 

1/0 or Output Capacitance 10 

ClK Capacitance 6 

1. All inputs except ClK. 
2. This parameter is for inputs without pull-up or pull-down resistors and OV ,;;; VIN ,;;; Vccp. 

Unit 

V 

V 

V 

V 
V 

V 
V 

fJ-A 

fJ-A 

fJ-A 

fJ-A 

pF 

pF 

pF 

3. This parameter is for inputs with pull-down resistors and VIH = 2.4V, and for level-keeper pins at V = O.4V. 
4. This parameter is for inputs with pull-up resistors and VIL = 0.4V, and for level-keeper pins at V = 2.4V. 
5. Fe = 1 MHz. Not 100% tested. 
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Symbol Parameter 

iCC Active 
ICC1 (Vcc pins) 

ICC Active 
ICC2 (Vccp pins) 

NOTE: 

Table 17. Active Icc Values 

T CASE = O°C to + 85°C 

Frequency Supply Voltage 

16 MHz Vcc = 2.0 ± 0.2V 

Vcc = 3.3 ± 0.3V 

20 MHz . Vcc = 2.2 ± 0.2V 

Vcc = 3.3±0.3V 

25 MHz Vcc = 2.4 ± 0.2V 

Vcc = 3.3 ± 0.3V 

33 MHz VCC = 2.7 ± 0.2V 

Vcc = 3.3 ± 0.3V 

16MHz Vccp = 3.3 ± 0.3V 

20 MHz Vecp = 3.3 ± 0.3V 

25 MHz Vecp = 3.3 ± 0.3V 

33 MHz Vccp = 3.3± 0.3V 

1. These parameters are for CL = 50 pF 

Typical Icc Max. Icc Notes 

65mA 105mA 

105mA 170 mA 

85mA 140mA 

130mA 210mA 

120mA 195 mA 

165mA 260mA 

180mA 2BOmA 

220mA 345mA 

5mA 16mA 1 

6mA 20mA 1 

7mA 25mA 1 

9mA 32mA 1 
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Symbol 

Iccso 

ICCS2 

IceS1 

ICCS3 

NOTE: 

Table 18. Clock Stop, Stop Grant; and Auto HALT Power Down Icc Values 

T CASE = O°C to + 85°C 

Parameter Frequency Supply Voltage Typical Icc Max. Icc 

Vcc = 2.0 ± 0.2V 3,..,A 105,..,A 

Vcc = 2.2 ± 0.2V 3,..,A 110,..,A 
Icc Stop Clock o MHz Vcc = 2.4 ± 0.2V 4,..,A 120,..,A 

(Vcc pins) 
Vce = 2.7 ± 0.2V 4,..,A 130,..,A 

Vcc = 3.3 ± 0.3V 5,..,A 150,..,A 

ICC Stop Clock OMHz Vccp = 3.3 ± 0.3V 3,..,A 80,..,A 
. (Vecp pins) 

16 MHz Vcc = 2.0 ± 0.2V 8mA 15mA 

Vce = 3.3 ± 0.3V 12 mA 20mA 

Icc Stop Grant, 
20 MHz Vcc = 2.2 ± 0.2V 10mA 20mA 

Auto HALT Vce = 3.3 ± 0.3V 15 mA 25mA 

Power Down 25 MHz Vcc = 2.4 ± 0.2V 14 mA 25mA 
(Vee pins) 

Vcc = 3.3 ± 0.3V 20mA 30mA 

33 MHz Vcc = 2.7 ± 0.2V 20mA 30mA 

Vcc = 3.3 ± 0.3V 25mA 35mA 

Icc Stop Grant, 
16MHz Veep = 3.3 ± 0.3V 270,..,A 1.0mA 

Auto HALT 20 MHz Vecp = 3.3 ± 0.3V 340,..,A 1.2mA 

Power Down 25 MHz Vccp = 3.3 ± 0.3V 425,..,A 1.5mA 
(Vccp pins) 

33 MHz Vccp = 3.3 ± 0.3V 610,..,A 2.0mA 

Notes 

Note 1 

1. The Icc Stop Clock specification refers to the Icc value once the processor enters the Stop Clock state. For all input 
signals, the VIH and VIL levels must be equal to Vccp and OV, respectively, to meet the Icc Stop Clock specifications. 
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5.3 AC Specifications 

The AC specifications for the embedded ULP Intel486 GX processor are given in this section. 

Table 19. AC Characteristics (Sheet 1 of 2) 

valid over the operating supply voltages listed in Table 15, Operating Supply Voltages. 
T CASE = O·C to + 85·C; CL = 50 pF 

Symbol Parameter 
2.0V,; Vee < 2.2V 2.2V ,; Vee < 2.4V 2.4V ,; Vee < 2.7V 2.7V ,; Vee'; 3.3V 

Unit Notes 
Min Max Min Max Min Max Min !/lax 

Frequency 0 16 0 20 0 25 0 33 MHz (Note 1) 

tl ClK Period 62.5 50 40 30 ns (Note 1) 

tl. ClK Period Stability 250 250 250 250 ps/ClK (Note 2) 

t2 ClK High Time 23 18 14 11 ns at2V 

t3 ClKlowTime 23 18 14 11 ns a10.8V 

14 ClK Fall Time 4 4 4 3 ns 2Vto 0.8V 
(Note 3) 

15 ClK Rise Time 4 4 4 3 ns 0.8Vto2V 
(Note 3) 

t6 A2-A31, PWT, PCD, 3 30 3 24 3 19 3 16 ns 
BEO#-BE3#, M/IO#, 
D/C#, W/R#, ADS#, 
lOCK#, BREQ, HlDA, 
SMIACT# Valid Delay 

t7 A2-A31, PWT, PCD, 36 30 28 20 -ns (Nole3) • BEO#-BE3#, M/IO#, 
D/C#, W/R#, ADS#, 
lOCK#, BREQ, 
Float Delay 

ts PCHK# Valid Delay 3 34 3 29 3 24 3 22 ns 

tea BLAST#, PLOCK # 3 34 3 29 3 24 3 20 ns 
Valid Delay 

19 BLAST # , PLOCK# 36 30 28 20 ns (Nole3) 
Float Delay 

tl0 DO-D15, DPO, DPl 3 31 3- 26 3 20 3 19 ns 
Write Delay 

tIl DO-D15, DPO, DPl 36 30 28 20 ns (Note 3) 
Float Delay 

t12 EADS# Setup Time 13 11 8 6 ns 

t13 EADS# Hold Time 4 4 3 3 ns 

t14 KEN# Setup Time 13 11 8 6 ns 

t15 KEN # Hold Time 4 4 3 3 ns 

t16 RDY#,BRDY# 13 11 8 6 ns 
SelupTime 

t17 RDY#,BRDY# 4 4 3 3 ns 
Hold Time 

tIS HOLD,AHOLD 15 13 10 6 ns 
Setup Time 
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Table 19. AC Characteristics (Sheet 2 of 2) 

valid over the operating supply voltages listed in Table 15, Operating Supply Voltages. 
T CASE = DoC to + 85°C; Cl = 50 pF (Continued) 

Symbol Parameter 
2.0V s; Vee < 2.2V 2.2V s; Vee < 2.4V 2.4V s; Vee < 2.7V 2.7V s; Vee s; 3.3V 

Unit Notes 
Min Max Min Max Min Max Min Max 

118a BOFF# Selup Time 15 13 10 9 ns 

119 HOLO. AHOLO. BOFF# 4 4 3 3 ns 
Hold Time 

120 FLUSH #. A20M # • NMI. 15 13 10 6 ns 
INTR, SMI#, STPCLK#, 
SRESET, RESET 
SelupTime 

121 FLUSH#, A20M#, NMI, 4 4 3 3 ns 
INTR, SMI#, STPCLK#, 
SRESET, RESET 
Hold Time 

122 00-015, OPO, OP1, 11 B 6 6 ns 
A4-A31 Read 
SelupTime 

123 00-015, OPO, OP1, 4 4 3 3 ns 
A4-A31 Read 
Hold Time 

NOTES: 
1.0 Hz operation is tested and guaranteed by the STPClK# and Stop Grant bus cycle protocol. 0 Hz < ClK < 8 MHz 

operation is confirmed by design characterization, but not 100% tested in production. 
2. Specification t1a is available only when ClK frequency is changed without STPClK#/STOP GRANT bus cycle protocol. 
3. Not 100% tested, guaranteed by design characterization. 
4. ClK reference voltage for timing measurement is 1.5V except t2 through t5' Other signals are measured at 1.5V. 
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Table 20. AC Specifications for the Test Access Port 

Symbol Parameter 
1.8V s: Vee < 3.0V Vee = 3.3 ± 0.3V 

Unit Figure Notes 
Min Max Min Max 

t24 TCK Frequency 5 8 MHz 15 

t25 TCK Period 200 125 ns 15 Note 1 

t26 TCK High Time 65 40 ns 15 @2.0V 

t27 TCKLowTime 65 40 ns 15 @0.8V 

t28 TCK Rise Time 15 8 ns 15 Note 2 

t29 TCK Fall Time 15 8 ns 15 Note 2 

t30 TOI, TMS Setup Time 16 8 ns 16 Note 3 

t31 TDI, TMS Hold Time 20 10 ns 16 Note 3 

t32 TOO Valid Oelay 3 46 3 30 ns 16 Note 3 

t33 TOO Float Oelay 52 36 ns 16 Notes 3, 4 

t34 All Outputs (except TOO) 3 80 3 30 ns 16 Note 3 
Valid Oelay 

t35 All Outputs (except TOO) 88 36 ns 16 Notes 3, 4 
Float Oelay 

t36 All Inputs (except TOI, 16 8 ns 16 Note 3 
TMS, TCK) Setup Time 

t37 All Inputs (except TOI, 35 15 ns 16 Note 3 
TMS, TCK) Hold Time 

NOTES: 
1. TCK period ;:0: ClK period. 
2. Rise/Fall Times are measured between 0.8V and 2.0V. Rise/Fall times can be relaxed by 1 ns per 10 ns increase in TCK 

period. 
3. Parameter measured from TCK. 
4. Not 100% tested, guaranteed by design characterization. 
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ClK 

2.0 V - - -

1.5 V 

0.8 V - - -

1+------ t1 

tx = input setup times 
ty = input hold times, output float, valid and hold times, 

Figure 9. ClK Waveform 

ClK [ 

EADS# [ 

KEN# [ 

BOFF#, AHOlD, HOLD [ 

RESET, FLUSH#, 
[ A20M#, INTR, NMI, 

SMI#, STPClK#, SRESET 

M-A31 [ (READ) 

Figure 10. Input Setup and Hold Timing 
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ClK [ 

ROY#, BROY# [. 

015-00, OPO, OP1 [ 

Figure 11. Input Setup and Hold Timing 

ClK [ 

A2-A31 , PWT, PCO, 
BEO-3#, M/lo#, [ 

O/C#, W/R#, AOS#, 
lOCK#, BREO, HlOA, 

SMIACT# 

015-00, OPO, OP1 [ 

BLAST#, [ 
PlOCK# 

VAllO n 

VAllO n+1 

VALID n+1 

Figure 12. Output Valid Delay Timing 
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4-43 



Embedded Ultra-Low Power Intel486TM GX Processor 

4-44 

ClK [ 

ROY#, BROY# [ 

00-015 [ OPO,OP1 

PCHK# [. 

Figure 13_ PCHK # Valid Delay Timing 

ClK [ 

A2-A31 , PWT, PCO, 
BEO-3#, MIIO#, [ 

O/C#, W/R#, AOS#, 
lOCK#, BAEQ 

015-00, OPO, OP1 [ 

Ia. I*-Jo+--~ '9 
BLAST#, [ VALID 
PlOCK# __ -.-L.\-"'JJ.J.1J.U/' 

Figure 14. Maximum Float Delay Timing 
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O.BV-

125 

Figure 15. TCK Waveform 

TCK 

TMS 
TOI 

~~'" 
--I"',rr- ~.,,~ 
~ VALID -.JI------

--I"': ~ ~ .. ::::I 
OUTPUT [ _. ____ -'~ VALID X VALID ---.Ar-----

TOO [ 

INPUT [----~ ~:o~..-----------
Figure 16. Test Signal Timing Diagram 

272755-1 

272755-16 
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5.4 Capacitive Derating Curves 

The following graphs are the capacitive derating curves for the embedded ULP Intel4B6 GX processor. 

NOTE: 

'Ui' 

nom+7 

nom+6 

nom+5 

nom+4 

.s.. nom+3 

l' .! nom+2 

nom+1 

nom 

V 
nom-1 

nom-2 
25 

~ 
/" 

50 

~ 
~ 

........ V 

/" 
/ r-, 

75 100 125 

Capacitive Load (pF) 

This graph will not be linear outside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 

NOTE: 

Figure 17. Typical Loading Delay versus Load Capacitance under 
Worst-Case Conditions for a Low-to-Hlgh Transition 

nom+5 

nom+4 
'Ui' 
.s.. nom+3 
>-
.!!! .! nom+2 

nom+1 

nom 

nom-1 

nom-2 
25 

--------
50 

............ ~ 
~, 

~ 

75 100 125 
Capacitive Load (PF) 

This graph will not be linear outside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 
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Figure 18. Typical Loading Delay versus Load Capacitance under 
Worst-Case Conditions for a High-to-Low Transition 
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6.0 MECHANICAL DATA 

This section describes the packaging dimensions and thermal specifications for the embedded ULP Intel486 
GX processor. 

6.1 Package Dimensions 

26.0:1:0.40 

44 89 

45 88 

NOTE: 
Height Measurements same as width Measurements 

O'Mln rfo.10:l:0.10 

f 10' Max -*-
'" -. 

0.60 :I: 0.20 ~ 0.50 :t 0.10 

~0.10 
LUW--J~ 1.50 

0.20 

J 1- 0.16 Min 
-J~ O.2BMax 

272755-19 

Units:mm 

Figure 19. Package Mechanical Specifications for the 176 Lead TQFP Package 
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6.2 Package Thermal Specifications 

The embedded ULP Intel486 GX processor is speci
fied for operation when the case temperature (T c) is 
within the range of O°C to 8S"C. T c may be mea
sured in any environment to determine whether the 
processor is within the specified operating range. 

The ambient temperature (T A) can be calculated 
from OJC and OJA from the following equations: 

TJ=TC+P*OJC' 
TA = TJ-P • OJA 
Tc = TA + P' [OJA-OJcl 
TA = Tc-P ' [OJA-OJcl 

Where T J, T A, T c equals Junction, Ambi,ent and 
Case Temperature respectively. OJC, OJA equals 
Junction-to-Case· and Junction-to-Ambient thermal 
Resistance, respectively. Maximum Power Con
sumption (P) is defined as 

P = V (typ) • Icc (max) 
P = [Vcc (typ) • ICCl (max)] + 

[Vccp (typ) • ICC2 (max)] 

where: ICCl is the VCC supply current 
ICC2 is the Vccp supply current 

Values for OJA and OJC are given in the following 
tables for each product at its maximum operating 
frequencies. 

Table 21. Thermal Resistance 

("C/W) 0 JC and 0 JA for the 176-Lead TOFP Package 

OJA ("C/W) with no airflow 

4.3 33.6 

The following table shows maximum ambient temperatures of the embedded ULP Intel486 GX processor for 
each product and maximum operating frequencies. These temperatures are calculated using ICCl and ICCl 
values measured during component-validation testing using VCCP = 3.6V and worst-case Vcc values. 

Frequency. 

16 MHz 

20 MHz 

25 MHz 

33 MHz 
, 
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Table 22. Maximum Ambient Temperature (T A) 

176-Lead TOFP Package 

Vee T A ("C) with no airflow 

2.0V 83 

3.3V 73 

2.2V 80 

3.3V 70 

2.4V 77 

3.3V 66 

2.7V 70 

3.3V 60 



EMBEDDED ULTRA-LOW POWER 
Intel486TM SX PROCESSOR. 

• Ultra-Low Power Version of the 
Intel486 SX Processor 
- 32-Bit RISC Technology Core 
- 8-Kbyte Write-Through Cache 
- Four Internal Write Buffers 
- Burst Bus Cycles 
- Dynamic Bus Sizing for 8- and 16-bit 

Data Bus Devices 
- Intel System Management Mode 

(SMM) 
- Boundary Scan (JTAG) 

64-Bi1lnterunil 
Transfer Bus 

Barrel 
Shifter 

Register 
File 

AlU 

32-Bil Data Bus 

Segmentalioo 
Unit 

Descriptor 
Registers 

Umltand 
Allrlbute 

PLA 

Paging 
Unit 

Translation 
Lookaside 

Buifer 

Displacement Bus 
Micro

Ins ruction 

Control and 
Protection ~==:::j 
Test Unit tr 
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Embedded Ultra-Low Power Intel486™ SX Processor 

1.0 INTRODUCTION 

This data sheet describes the embedded Ultra-Low 
Power (ULP) Intel486™ SX processor. It is intended 
for embedded battery-operated and hand-held appli
cations. The embedded ULP Intel486 SX processor 
provides all of the features of the Intel486 SX proc
essor except for the external data-bus parity logic 
and the processor-upgrade pin. The processor typi
cally uses 20% to 50% less power than the Intel486 
SX processor. Additionally, the embedded ULP In
tel486 SX processor external data bus has level
keeper circuitry and a fast-recovery core 'clock which 
are vital for ultra-low-power system designs. The 
processor is available in a Thin Quad Flat Package 
(TQFP) enabling low-profile component implementa
tion. 

The embedded ULP Intel486 SX processor consists 
of a 32-bit integer processing unit, an on-chip cache, 
and a memory management unit. The design en
sures full instruction-set compatibility with the 8086, 
8088, 80186, 80286, Intel386TM SX, I'ntel386 OX, 
and all versions of Intel486 processors. 

1.1 Features 

The embedded ULP Intel486 SX processor offers 
these features of the Intel486 SX processor: 

• 32-bit RISC-Technology Core-The embedded 
ULP Intel486 SX processor performs a complete 
set of arithmetic and logical operations on 8-, 16-, 
and 32-bit data types using a full-width ALU and 
eight general purpose registers. 

• Single Cycle Execution-Many instructions exe
cute in a single clock cycle. 

• Instruction Pipelining-Overlapped instruction 
fetching, decoding, address translation and exe
cution. 

• On-Chip Cache with Cache Consistency Sup
port-An 8-Kbyte, write-through, internal cache 
is used for both data and instructions. Cache hits 
provide' zero wait-state access times for data 
within the cache. Bus activity is tracked to detect 
alterations in the memory represented by the in
ternal cache. The internal cache can be invalidat
ed or flushed so that an external cache controller 
can maintain cache consistency. 

• External Cache Control-Write-back and flush 
controls for an external cache are provided so 
the processor can maintain cache consistency. 

• On-Chip Memory Management Unit-Address 
manag~ment and memory space protection 
mechanisms maintain the integrity of memory in a 
multitasking and virtual memory environment. 
Both segmentation and paging are supported. 

• Burst Cycles-Burst transfers allow a new dou
ble word to be read from memory on each bus 
clock cycle. This capability is especially useful for 
instruction prefetch and for filling the internal 
cache. 

• Write Buffers-The processor contains four 
write buffers to enhance the performance of con
secutive writes to memory. The processor can 
continue internal operations after a write to these 
buffers, without waiting for the write to be com
pleted on the external bus. 

• Bus Backoff-When another bus master needs 
control of the bus during a processor initiated bus 
cycle, the embedded ULP Intel486 SX processor 
floats its bus signals, then restarts the cycle when 
the bus becomes available again. 

• Instruction Restart-Programs can continue ex
ecution following an exception generated by an 
unsuccessful attempt to -access memory. This 
feature is important for supporting demand-paged 
virtual memory applications. 

• Dynamic Bus Sizing-External controllers can 
dynamically alter the effective width of the data 
bus. Bus widths of 8, 16, or 32 bits can be used. 

• Boundary Scan (JT AG)-Boundary Scan pro
vides in-circuit testing of components on printed 
circuit boards. The Intel Boundary Scan imple
mentation conforms with the IEEE Standard Test 
Access Port and Boundary Scan Architecture. 

• Intel System Management Mode (SMM)-A 
unique Intel architecture operating mode pro
vides a dedicated special purpose interrupt and 
address space that can be used to implement in
telligent power management and other enhanced 
functions in a manner that is completely transpar
ent to the operating system and applications soft
ware. 

• I/O Restart-An I/O instruction interrupted by a 
System Management Interrupt (SMI#) can auto
matically be restarted following the execution of 
the RSM instruction. 

4-53 



Embedded Ultra-Low Power Intel486™ SX Processor 

• Stop Clock-The embedded ULP Intel486 SX 
processor has a stop clock control mechanism 
that provides two low-power states: a Stop Grant 
state (40-85 mW typical, depending 01') input 
clock frequency) and a Stop Clock state (- 60 
/LW typical, with input clock frequency of 0 MHz). 

• Auto HALT Power Down-After the execution 
of a HALT instruction, the embedded ULP 
Intel486 SX processor issues a normal Halt bus 
cycle and the clock input to the processor core is 
automatically stopped, causing the processor to 
enter the Auto HALT Power Down state (40-
85 mW typical, depending on input clock frequen
cy). 

The embedded ULP Intel486 SX processor differs 
from the Intel486 SX processor in the following ar-
eas: . 

• Processor Upgrade Removed-The UP# sig
nal is not provided. 

• Parity Signals Removed-The DP3-DPO and 
PCHK# signals are not provided. 

• Separate Processor-Core Power-While the 
embedded ULP Intel486 SX processor requires a 
supply voltage of 3.3V, the processor core has 
dedicated Vee pins and operates with a supply 
voltage as low as 2.4V. 

• Small. Low-Profile Package--The 176-Lead 
Thin Quad Flat Pack (TQFP) package. is approxi
mately 26 mm square and only 1.5 mm in height. 
This is approximately the diameter and thickness 
of a U.S. quarter. The embedded ULP Intel486 
SX processor is ideal for embedded hand-held 
and battery-powered applications. 

• Level Keeper CircuIts-The embedded ULP 
Intel486 SX processor has level-keeper circuits 
for its 32-bit external data bus signals. They re
tain valid high and low logic voltage levels when 
the processor is in the Stop Grant and Stop Clock 
states. This is a power-saving improvement from 
the floating data bus of the Intel486 SX.proces
sor. 

• Auto Clock Freeze--The embedded ULP 
Intel486 SX processor monitors bus events and 
internal activity. The Auto Clock Freeze feature 
automatically controls internal clock distribution, 
turning off clocks to internal units when they are 
idle. This power-saving function is transparent to 
the embedded system: 

• Fast Clock Restart-The embedded ULP 
Intel486 SX processor requires only eight clock 
periods to synchronize its internal clock with the 
CLK input Signal. This provides for faster tran
sition from the Stop Clock State to the Normal 
State. For 33-MHz operation, this synchronization 
time is only 240 ns compared with 1 ms (PLL 
startup latency) for the'Intel486 processor. 

1.2 Family Members 

Table 1 shows the embedded ULP Intel486 SX proc
essor and briefly describes its characteristics. 

Table 1. The Embedded Ultra-Low Power Intel486™ SX Processor 

Supply Processor Processor 
.'Product Voltage Core Supply Frequency Package 

(Vccp) 
Voltage (MHz) 
(Vee) 

FA80486SXSF-33 3.3V 2.4V to 3.3V 25 176-Lead 

2.7V to 3.3 33 TQFP 
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2.0 HOW TO USE THIS DOCUMENT 

The embedded ULP Intel486 SX processor has 
characteristics similar to the Intel486 SX processor. 
This document describes the new features of the 
embedded ULP Intel486 SX processor. Some 
Intel486 SX processor information is also included to 
minimize the dependence on the reference docu
ments. 

For a complete set of documentation related to the 
embedded ULP Intel486 SX processor, use this doc
ument in conjunction with the following reference 
documents: 

• Intel486fM Processor Family datasheet-Order 
No. 242202 

• Intel486 Microprocessor Family Programmer's 
Reference Manual-Order No. 240486 

• Intel Application Note AP-485-lntel Processor 
Identification with the CPUlD Instruction-Order 
No. 241618 

3.0 PIN DESCRIPTIONS 

3.1 Pin Assignments 

The following figures and tables show the pin as
signments for the 176-pin Thin Quad Flat Pack 
(TQFP) package of the embedded ULP Intel486 SX 
processor. Included are: 

• Figure 2, Package Diagram for 176-Lead TQFP 
Package Embedded ULP Intel486™ SX Proces
sor (pg. 4) 

• Table 2, Pin Assignment for 176-Lead TQFP 
Package Embedded ULP Intel486™ SX Proces
sor (pg. 5) 

• Table 3, Pin Cross Reference for 176-Lead TQFP 
Package Embedded ULP Intel486™ SX Proces
sor (pg. 6) 

• Table 4, Embedded ULP Intel486™ SX Proces-
sor Pin Descriptions (pg. 7) 

• Table 5, Output Pins (pg. 13) 

• Table 6, Input/Output Pins (pg. 13) 

• Table 7, Test Pins (pg. 13) 

• Table 8, Input Pins (pg. 14) 

The tables and figures show "no-connects" as 
"N/C." These pins should always remain uncon
nected. Connecting N/C pins to Vee, Veep, Vss, or 
any other signal pin can result in component mal
function or incompatibility with future steppings of 
the embedded ULP Intel486 SX processor. 
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Figure 2. Package Diagram for 176-Lead TQFP Package Embedded ULP Intel486TM SX Processor 
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Pin # Description 

1 BLAST# 

2 Vee 

3 PLOCK # 

4 lOCK # 

5 Vss 

6 Veep 

7 N/C 

8 BROY# 

9 BOFF# 

10 BS16# 

11 BS8# 

12 Vee 

13 N/C 

14 ROY# 

15 KEN# 

16 Vee 

17 Vss 

18 HOLD 

19 AHOlO 

20 TCK 

21 Vee 

22 Vee 

23 Vss 

24 Vee 

25 Vee 

26 VSS 

27 elK 

28 HlOA 

29 W/R# 

30 VSS 

31 Veep 

32 BREQ 

Embedded Ultra-Low Power Intel486TM SX Processor 

Table 2. Pin Assignment for 176-Lead TQFP Package 
Embedded ULP Intel486™ SX Processor 

Pin # Description Pin # Description 

45 EAOS# 89 015 

46 A20M# 90 014 

47 RESET 91 Veep 

48 Vss 92 Vss 

49 FlUSH# 93 013 

50 INTR 94 012 

51 NMI 95 011 

52 SRESET 96 010 

53 SMIACT# 97 Vee 

54 Vee 98 VSS 

55 VSS 99 09 

56 Veep 100 08 

57 SMI# 101 VSS 

58 TOO 102 07 

59 Vee 103 N/C 

60 STPClK# 104 Veep 

61 031 105 06 

62 030 106 05 

63 029 107 Veep 

64 028 108 Vss 

65 Vee 109 Vee 

66 Veep 110 Vee 

67 VSS 111 VSS 

68 027 112 Vee 

69 026 113 Vee 

70 025 114 VSS 

71 024 115 Vee 

72 Veep 116 04 

73 VSS 117 03 

74 023 118 02 

75 022 119 01 

76 021 120 00 

Pin # Description 

133 A24 

134 A23 

135 A22 

136 A21 

137 Veep 

138 Veep 

139 A20 

140 A19 

141 A18 

142 TMS 

143. TOI 

144 Veep 

145 Vss 

146 A17 

147 A16 

148 A15 

149 VSS 

150 Veep 

151 A14 

152 A13 

153 VCC 

154 A12 

155 A11 

156 VCC 

157 VSS 

158 Veep 

159 A10 

160 A9 

161 VCC 

162 VSS 

163 A8 

164 A7 
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Pin # Description 

33 BEO# 

34 BEH 

35 BE2# 

36 BE3# 

37 Vee 
38 MIIO# 

39 D/C# 

40 PWT 

41 PCD 

42 Veep 
43 Vss 
44 Vee 
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Table 2. Pin Assignment for 176-Lead TQFP Package 
Embedded ULP Intel486TM SX Processor (Continued) 

Pin # Description Pin # Description 

77 Veep 121 Vss 
78 Vss 122 A31 

79 020. 123 A30 

80 019 124 A29 

81 018 125 Veep 

82 Vee 126 A28 

83 017 127 A27 

84 Vss 128 A26 

85 Vss 129 A25· 

86 Veep 130 Veep 

87 016 131 Vss 
88 Vss 132 Vss 

Pin # Description 

165 A6 

166 RESERVED 

167 A5 

168 A4 

169 A3 

170 Veep 

171 Vss 
172 Vss 
173 Veep 
174 Vss 
175 A2 

176 ADS# 



Address Pin # 

A2 175 

A3 169 

A4 168 

A5 167 

A6 165 

A7 164 

A8 163 

A9 160 

A10 159 

A11 155 

A12 154 

A13 152 

A14 151 

A15 148 

A16 147 

A17 146 

A18 141 

A19 140 

A20 139 

A21 136 

A22 135 

A23 134 

A24 133 

A25 129 

Embedded Ultra-Low Power Intel486™ SX Processor 

Table 3. Pin Cross Reference for 176-Lead TQFP Package 
Embedded ULP Intel486™ SX Processor 

Data Pin # Control Pin # N/C Veep 
00 120 AHOlO 19 7 6 

01 119 BEO# 33 13 31 

02 118 BE1# 34 103 42 

03 117 BE2# 35 56 

04 116 BE3# 36 66 

05 106 BLAST# 1 72 

06 105 BOFF# 9 77 

07 102 BROY# 8 86 

08 100 BREQ 32 91 

09 99 BS16# 10 104 

010 96 BS8# 11 107 

011 95 ClK 27 125 

012 94 O/C# 39 130 

013 93 HlOA 28 137 

014 90 HOlO 18 138 

015 89 KEN# 15 144 

016 87 lOCK# 4 150 

017 83 MIIO# 38 158 

018 81 PCO 41 170 

019 .80 PLOCK # 3 173 

020 79 PWT 40 

021 76 RESERVEO 166 

022 75 ROY# 14 

023 74 TCK 20 

Vee Vss 
2 5 

12 17 

16 23 

21 26 

22 30 

24 43 

25 48 

37 55 

44 67 

54 73 

59 78 

65 84 

82 85 

97 88 

109 92 

110 98 

112 101 

113 108 

115 111 

153 114 

156 121 

161 131 

132 

145 
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Address Pin # 

A26 128 

A27 127 

A28 126 

A29 124 

A30 123 

A31 122 
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Table 3. Pin Cross Reference for 176-Lead TQFP Package 
Embedded ULP Intel486TM SX Processor (Continued) 

Data Pin # Control Pin # N/C Veep 
024 71 W/R# 29 

025 70 A20M# 46 

026 69 EAOS# 45 

027 68 FLUSH # 49 

028 64 INTR 50 

029 63 NMI 51 

030 62 RESET 47 

031 61 SMI# 57 

SMIACT# 53 

SRESET 52 

STPCLK# 60 

TOO 58 

AOS# 176 

TOI 143 

TMS 142 

W/R# 29 

Vee Vss 
149 

157 

162 

171 

172 

·174 
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3.2 Pin Quick Reference 

The following is a brief pin description. For detailed signal descriptions refer to "Signal Description" in Section 
9 of the Intel486 Processor Family datasheet. 

Table 4. Embedded ULP Intel486TM SX Processor Pin Descriptions (Sheet 1 of 6) 

Symbol Type Name and Function 

ClK I Clock provides the fundamental timing and internal operating frequency for the 
embedded UlP Intel486 SX processor. All external timing parameters are specified with 
respect to the rising edge of ClK. 

ADDRESS BUS 

A31-A4 I/O Address Lines A31-A2, together with the byte enable signals, BE3# -BEO#, define the 
A3-A2 0 physical area of memory or input/output space accessed. Address lines A31-A4 are 

used to drive addresses into the embedded UlP Intel486 SX processor to perform cache 
line invalidation. Input signals must meet setup and hold times t22 and t23' A31-A2 are 
not driven during bus or address hold. 

BE3# 0 Byte Enable signals indicate active bytes during read and write cycles. During the first 
BE2# 0 cycle of a cache fill, the external system should assume that all byte enables are active.· 
BE1# 0 BE3 # - BEO # are active lOW and are not driven during bus hold. 

BEO# 0 BE3# applies to 031-024 
BE2# applies to 023-016 
BE1 # applies to 015-08 
BEO# applies to 07-00 

DATA BUS 

D31-DO I/O Data Lines. 07-00 define the least significant byte of the data bus; 031-024 define the 
most significant byte of the data bus. These signals must meet setup and hold times t22 
and t23 for proper operation on reads. These pins are driven during the second and 
subsequent clocks of write cycles. 

BUS CYCLE Definition 

M/IO# 0 Memoryllnput-Output, Data/Control and Write/Read lines are the primary bus 
D/C# 0 definition signals. These signals are driven valid as the AOS# signal is asserted. 
W/R# 0 M/IO# D/C# W/R# Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 HALT/Special Cycle (see details below) 
0 1 0 I/O Read 
0 1 1 I/O Write 
1 0 0 Code Read 
1 0 1 Reserved 
1 1 0 Memory Read 
1 1 1 Memory Write 

HALT/Special Cycle 

Cycle Name BE3#-BEO# A4-A2 
Shutdown 1110 000 
HALT 1011 000 
Stop Grant bus cycle 1011 100 
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Table 4. Embedded ULP Intel486TM SX Processor Pin Descriptions (Sheet 2 of 6) 

Symbol Type Name and Function 

LOCK# 0 Bus Lock indicates that the current bus cycle is locked. The embedded ULP Intel486 
SX processor does not allow a bus hold when LOCK # is asserted (address holds are 
allowed). LOCK # goes active in the first clock of the first locked bus cycle and goes 
inactive after the last clock of the last locked bus cycle. The last locked cycle ends 
when Ready is returned. LOCK# is active LOW and not driven during bus hold. Locked 
read cycles are not transformed into cache fill cycles when KEN# is returned active. 

PLOCK # 0 Pseudo-Lock indicates that the current bus transaction requires more than one bus 
cycle to complete. For the embedded ULP Intel486 SX processor, examples of such 
operations are segment table descriptor reads (64 bits) and cache line fills (128 bits). 

The embedded ULP Intel486 SX processor drives PLOCK# active until the addresses 
for the last bus cycle of the transaction are driven, regardless of whether ROY # or 
BROY # have been returned. 

PLOCK# is a function of the BS8#, BS16# and KEN# inputs. PLOCK# should be 
sampled only in the clock in which Ready is returned. PLOCK# is active LOW and is not 
driven during bus hold. 

BUS CONTROL 

ADS# 0 Address Status output indicates that a valid bus cycle definition and address are 
available on the cycle definition lines and address bus. AOS # is driven' active in the 
same clock in which the addresses are driven. AOS# is active LOW and not driven 
during bus hold. 

RDY# I Non-burst Ready input indicates that the current bus cycle is complete. ROY # 
indicates that the external system has presented valid data on the data pins in response 
to a read or that the external system has accepted data from the embedded ULP 
Intel486 SX processor in response to a write. ROY # is ignor~d when the bus is idle and 
at the end of the first clock of the bus cycle. 

ROY # is active during address hold. Oata can be returned to the embedded ULP 
Intel486 SX processor while AHOLO is active. 

ROY # is active'LOW and is not provided with an internal pull-up resistor. ROY # must 
satisfy setup and hold times t16 and t17 for proper chip operation. 
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Table 4. Embedded ULP Intel486™ SX Processor Pin Descriptions (Sheet 3 of 6) 

Symbol Type Name and Function 

BURST CONTROL 

BRDY# I Burst Ready input performs the same function during a burst cycle that ROY # 
performs during a non-burst cycle. BRDY # indicates that the external system has 
presented valid data in response to a read or that the external system has accepted 
data in response to a write. BRDY # ,is ignored when the bus is idle and at the end of the 
first clock in a bus cycle. 

BRDY # is sampled in the second and subsequent clocks of a burst cycle. Data 
presented on the data bus is strobed into the embedded UlP Intel486 SX processor 
when BRDY # is sampled active. If ROY # is returned simultaneously with BRDY #, 
BRDY # is ignored and the burst cycle is prematurely aborted. 

BRDY # is active lOW and is provided with a small pull-up resistor. BRDY # must satisfy 
the setup and hold times t16 and t17' 

BLAST # 0 Burst Last signal indicates that the next time BRDY # is returned, the burst bus cycle is 
complete. BLAST # is active for both burst and non-burst bus cycles. BLAST # is active 
lOW and is not driven during bus hold. 

INTERRUPTS 

RESET I Reset input forces the embedded UlP Intel486 SX processor to begin execution at a 
known state. The processor cannot begin executing instructions until at least 1 ms after 
Vee, Veep, and ClK have reached their proper DC and AC specifications. The RESET 
pin must remain active during this time to ensure proper processor operation. However, 

• for warm resets, RESET should remain active for at least 15 ClK periods. RESET is 
active HIGH. RESET is asynchronous but must meet setup and hold times t20 and t21 
for recognition in any specific clock. 

INTR I Maskable Interrupt indicates that an external interrupt has i:)een generated. When the 
internal interrupt flag is set in EFLAGS, active interrupt processing is initiated. The 
embedded UlP Intel486 SX processor generates two locked interrupt acknowledge bus 
cycles in response to the INTR pin going active. INTR must remain active until the 
interrupt acknowledges have been performed to ensure processor recognition of the 
interrupt. 

INTR is active HIGH and is not provided with an internal pull-down resistor. INTR is 
asynchronous, but must meet setup and hold times t20 and t21 for recognition in any 
specific clock. 

NMI I Non-Maskable Interrupt request signal indicates that an external non-maskable 
interrupt has been generated. NMI is rising-edge sensitive and must be held lOW for at 
least four ClK periods before this rising edge. NMI is not provided with an internal pull-
down resistor. NMI is asynchronous, but must meet setup and hold times t20 and t21 for 
recognition in any specific clock. 

SRESET I Soft Reset pin duplicates all functionality of the RESET pin except that the 5MBASE 
register retains its previous value. For soft resets, SRESET must remain active for at 
least.15 ClK periods. SRESET is active HIGH. SRESET is asynchronous but must meet 
setup and hold times t20 and t21 for recognition in any specific clock. 
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Table 4. Embedded ULP Intel486™ SX Processor Pin Descriptions (Sheet 4 of 6) 

Symbol Type Name and Function 

SMI# I System Management Interrupt input invokes System Management Mode (SMM). 
SMI# is a falling-edge triggered signal which forces the embedded ULP Intel486 SX 
processor into SMM at the completion of the current instruction. SMI # is recognized 
on an instruction boundary and at each iteration for repeat string instructions. SMI # 
does not break LOCKed bus cycles and cannot interrupt a currently executing SMM. 
The embedded ULP Intel486 SX processor latches the falling edge of one pending 
SMI # signal while it is executing an existing SMI #. The nested SMI # is not 
recognized until after the execution of a Resume (RSM) instruction.' 

SMIACT# a System Management Interrupt Active, an active LOW output, indicates that the 
embedded ULP Intel486 SX processor is operating in SMM. It is asserted when the 
processor begins to execute the SMI # state save sequence and remains active LOW 
until the processor executes the last state restore cycle out of SMRAM. 

STPCLK# I Stop Clock Request input signal indicates a request was made to turn off or change 
the CLK input frequency. When the embedded ULP Intel486 SX processor recognizes 
a STPCLK #, it stops execution on the next instruction boundary (unless superseded 
by a higher priority interrupt), empties all internal pipelines and write buffers, and 
generates a Stop Grant bus cycle. STPCLK # is active LOW.STPCLK # is an 
asynchronous signal, but must remain active until the embedded ULP Intel486 
SX processor issues the Stop Grant bus cycle. STPCLK # may be de-asserted at 
any time after the processor has issued the Stop Grant bus cycle. 

BUS ARBITRATION 

BREQ a Bus Request signal indicates that the embedded ULP Intel486 SX processor has 
internally generated a bus request. BREO is generated whether or not the processor is 
driving the bus. BREO is active HIGH and .is never floated. 

HOLD I Bus Hold Request allows another bus master complete control of the embedded ULp 
Intel486 SX processor bus. In response to HOLD going active, the processor floats 
most of its output and input/output pins. HLDA is asserted after completing the current 
bus cycle, burst cycle or sequence of locked cycles. The embedded ULP Intel486 SX 
processor remains in this state until HOLD is de-asserted. HOLD is active HIGH and is 
not provided with an internal pull-down resistor. HOLD must satisfy setup and hold 
times t18 and t19 for proper operation. 

HLDA a Hold Acknowledge goes active in response to a hold request presented on the HOLD 
pin. HLDA indicates that the embedded ULP Intel486 SX processor has given the bus 
to another local bus master. HLDA is driven active in the same clock that the 
processor floats its bus. HLDA is driven inactive when leaving bus hold. HLDA is active 
HIGH and remains driven during bus hold. 

BOFF# I Backott input forces the embedded ULP Intel486 SX processor to float its bus in the 
next clock. The processor floats all pins normally floated during bus hold but HLDA is 
not asserted in response to BOFF #. BOFF # has higher priority than RDY # or 
BRDY #;.if both are returned in the same clock, BOFF# takes effect. The embedded 
ULP Intel486 SX processor remains in bus hold until BOFF# is negated. If a bus cycle 
is in progress when BOFF # is asserted the cycle is restarted. BOFF # is active LOW 
and must meet setup and hold times t18 and t19 for proper operation. 
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Table 4. Embedded ULP Intel486TM SX Processor Pin Descriptions (Sheet 5 of 6) 

Symbol Type Name and Function 

CACHE INVALIDATION 

AHOLD I Address Hold request allows another bus master access to the embedded ULP 
Intel486 SX processor's address bus for a cache invalidation cycle. The processor stops 
driving its address bus in the clock following AHOLD going active. Only the address bus 
is floated during address hold, the remainder of the bus remains active. AHOLD is active 
HIGH and is provided with a small internal pull-down resistor. For proper operation, , 
AHOLD must meet setup and hold times t18 and t19' 

EADS# I External Address-This signal indicates that a valid external address has been driven 
onto the embedded ULP Intel486 SX processor address pins. This address is used to 
perform an internal cache invalidation cycle. EADS# is active LOW and is provided with 
an internal pull-up resistor. EADS# must satisfy setup and hold times t12 and t13 for 
proper operation. 

CACHE CONTROL 

KEN# I Cache Enable pin is used to determine whether the current cycle is cacheable. When 
the embedded ULP Intel486 SX processor generates a cycle that can be cached and 
KEN # is active one clock before ROY # or BRDY # during the first transfer of the cycle, 
the cycle becomes a cache line fill cycle. Returning KEN # active one clock before 
ROY # during the last read in the cache line fill causes the line to,be placed in the on-
chip cache. KEN # is active LOW and is provided with a small internal pull-up resistor. 
KEN# must satisfy setup and hold times t14 and t15 for proper operation. 

FLUSH # I Cache Flush input forces the embedded ULP Intel486 SX processor to flush its entire 
internal cache. FLUSH # is active LOW and need only be asserted for one clock. 
FLUSH # is asynchronous but setup and hold times t20 and t21 must be met for 
recognition in any specific clock. 

PAGE CACHEABILITY 

PWT 0 Page Write-Through and Page Cache Disable pins reflect the state of the page 
PCD 0 attribute bits, PWT and PCD, in the page table entry, page directory entry or control 

register 3 (CR3) when paging is enabled. When paging is disabled, the embedded ULP 
Inte1486,SX processor ignores the PCD and PWT bits and assumes they are zero for the 
purpose of caching and driving PCD and PWT pins. PWT and PCD have the same timing 
as the cycle definition pins (M/IO#, D/C#, and W/R#). PWT and PCD are active HIGH 
and are not driven during bus hold. PCD is masked by the cache disable bit (CD) in 
Control Register O. 

BUS SIZE CONTROL 

BS16# I Bus Size 16 and Bus Size 8 pins (bus sizing pins) cause the embedded ULP Intel486 
BS8# I SX processor to run multiple bus cycles to complete a request from devices that cannot 

provide or accept 32 bits of data in a single cycle. The bus sizing pins are sampled every 
clock. The processor uses the state of these pins in the clock before Ready to 
determine bus size. These signals are active LOW and are provided with internal pull-up 
resistors. These inputs must satisfy setup and hold times t14 and t15 for proper 
operation. 
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Table 4. Embedded ULP Intel486TM SX Processor Pin Descriptions (Sheet 6 of 6) 

Symbol Type Name and Function 

ADDRESS MASK 

A20M# I Address Bit 20 Mask pin, when asserted, causes the embedded ULP Intel486 SX 
processor to mask physical address bit 20 (A20) before performing a lookup to the 
internal cache or driving a memory cycle on the bus. A20M # emulates the address 
wraparound at 1 Mbyte, which occurs on the 8086 processor. A20M # is active LOW 
and should be asserted only when the 'embedded ULP Intel486 SX processor is in 
real mode. This pin is asynchronous but should meet setup and hold times t20 and t21 
for recognition in any specific clock. For proper operation, A20M # should be 
sampled HIGH at the falling edge of RESET. 

TEST ACCESS PORT , 

TCK I Test Clock, an input to the embedded ULP Inte1486, SX processor, provides the 
clocking function required by the JT AG Boundary scan feature. TCK is used to clock 
state information (via TMS) and data (via TOI) into the component on the rising edge 
of TCK. Oata is clocked out of the component (via TOO) on the falling edge of TCK. 
TCK is provided with an internal pull-up resistor. 

TDI I Test Data Input is the serial input used to shift JTAG instructions and data into the 
processor. TOI is sampled on the rising edge of TCK, during the SHIFT-IR and 
SHIFT-OR TAP controller states. Ouring all other Test Access Port (TAP) controller 
states, TOI is a "don't care." TOI is provided with an internal pull-up resistor. 

TOO 0 Test Data Output is the serial output used to shift JT AG instructions and data out of 
the component. TOO is driven on the falling edge of TCK during the SHIFT-IR and 
SHIFT-OR TAP controller states; At all other times TOO is driven to the high 
'impedance state. , 

TMS I Test Mode Select is decoded by the JTAG TAP to select test logic operation. TMS is 
sampled on the rising edge of TCK. To guarantee deterministic behavior of the TAP 
controller, TMS is provided with an internal pull-up resistor. 

RESERVED PINS 

RESERVED I Reserved is reserved for future use. This pin MUST be connected to an external pull-
up resistor circuit. The recommended resistor value,is 10 kfi.' 
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Table 5. Output Pins 

Output Signal 
Name Active Level Floated During Floated During . During Stop Grant and 

Address Hold Bus Hold Stop Clock States(1) 

BREQ HIGH Previous State 

HLDA HIGH As per HOLD 

BE3#-BEO# LOW • Previous State 

PWT,PCD HIGH • Previous State 

W/R#, M/IO#, D/C# HIGH/LOW • Previous State 

LOCK# LOW • HIGH (inactive) 

PLOCK # LOW • HIGH (inactive) 

ADS# LOW • HIGH (inactive) 

BLAST # LOW • Previous State 

A3-A2 HIGH • • Previous State 

SMIACT# LOW Previous State 

.NOTE: 
1. The term "Previous State" means that the processor maintains the logic level applied to the signal pin just before the 

processor entered the Stop Grant state. This conserves power by preventing the signal pin from floating. 

Table 6. Input/Output Pins 

Output Signal 
Name Active Level Floated During Floated During During Stop Grant and 

Address Hold Bus Hold Stop Clock States(1, 2) 

D31-DO HIGH • Level-Keeper 

A31-A4 HIGH • • Previous State 

NOTES: 
1. The term "Level-Keeper" means that the processor maintains the most recent logic level applied to the signal pin. This 

conserves powe·r by preventing the signal pin from floating. If a system component, other than the processor, temporarily 
drives these signal pins and then floats them, the processor forces and maintains the most recent logic levels that were 
applied by the system component. 

2. The term "Previous State" means that the processor maintains the logic level applied to the signal pin just before the 
processor entered the Stop Grant state. This conserves power by preventing the signal pin from floating. 

Table 7. Test Pins 

Name Input or Output Sampled/Driven On 

TCK Input N/A 

TDI Input Rising Edge of TCK 

TDO Output Failing Edge of TCK 

TMS Input Rising Edge of TCK 
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Table 8. Input Pins 

Name Active level 

ClK 

RESET HIGH 

SRESET HIGH 

HOLD HIGH 

AHOlD HIGH 

EADS# LOW 

BOFF# LOW 

FLUSH # LOW 

A20M# LOW 

BS16#, BS8# LOW 

KEN# LOW 

RDY# LOW 

BRDY# LOW 

INTR HIGH 

NMI HIGH 

RESERVED 

SMI# LOW 

STPClK# LOW 

TCK HIGH 

TDI HIGH 

TMS HIGH 

4.0 ARCHITECTURAL AND 
FUNCTIONAL OVERVIEW 

The embedded ULP Intel486 SX processor architec
ture is essentially the same as the 3.3V Intel486 SX 
processor with a 1 X clock (CLK) input. Refer to the 
Intel486TM Processor Family datasheet (242202) for 
a description of the Intel486 SX processor. With 
some minor exceptions, the following datasheet sec
tions apply to the embedded ULP Intel486 SX proc
essor: 

• Architectural Overview 

• Real Mode Architecture 

• Protected Mode Architecture 

• On-Chip Cache 

4-68 

Synchronousl Internal Pu"-Upl 
Asynchronous Pull-Down 

Asynchronous 

Asynchronous Pull-Down 
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Synchronous Pull-Up 
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Synchronous Pull-Up 
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Asynchronous 
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Asynchronous Pull-Up 

Asynchronous Pull-Up 

Pull-Up 

Pull-Up 

Pull-Up 

• System Management Mode (SMM) Architectures 

• Hardware Interface 

• Bus Operation 

• Testability 

• Debugging Support 

• Instruction Set Summary 

• Differences Between Intel486 Processors and 
Intel386 Processors 

Exceptions to these sections of the datasheet are: 

• The information pertaining to parity signals for the 
external data bus does not apply. The embedded 
ULP Intel486 SX processor does not have DPO#, 
DP1 #, DP2 #, DP3 # and PCHK # signal pins. 
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• References to the Upgrade Power Down Mode 
do not apply. The embedded ULP Intel486 SX 
processor does not have the UP# signal pin and 
does not support the Intel OverDrive® processor. 

• References to "VCC" are called "Veep" by the 
embedded ULP Intel486 SX processor when the 
supply voltage pertains to the processor's exter
nal interface drivers and receivers. The term 
"Vee" pertains only to the processor core supply 
voltage of the embedded ULP Intel486 SX proc
essor. Information about the split-supply voltage 
is provided in this datasheet. 

• The Phase-Locked Loop (PLL) circuit of the 1 X 
clock (CLK) input has been replaced by a proprie
tary Differential Delay Line (DDL) circuit that has 
a faster recovery time. Datasheet references to 
the PLL and its 1 ms recovery time are replaced 
with the DDL circuit and its eight-CLK recovery 
time. Information about the DOL circuit and re
covery time is provided in this datasheet. 

• The embedded ULP Intel486 SX processor has 
level-keeper circuits for its external 32-bit data 
bus signals (031-00). The Intel486 SX proces
sor floats its data bus instead. More information 
about the level-keeper circuitry is provided in this 
datasheet. 

• The datasheet describes the processor supply
current consumption for the Auto HALT Power 
Down, Stop Grant, and Stop Clock states. This 
supply-current consumption for the embedded 
ULP Intel486 SX processor is much less than that 
of the Intel486 SX processor. Information about 
power consumption and these states is provided 
in this datasheet. 

• The CPU 10, Boundary-Scan (JTAG) ID, and 
boundary-scan register bits for the embedded 
ULP Intel486 SX processor are in this datasheet. 

• The embedded ULP Intel486 SX processor has 
one pin reserved for possible future use. This pin 
is an input signal, pin 166. It is called RESERVED 
and must be connected to a 10 K!1 pull-up resis
tor. 

4.1 Separate Supply Voltages 

The embedded ULP Intel486 SX processor has sep
arate voltage-supply planes for its internal core
processor circuits and its external driver/receiver 
circuits. The supply voltage for the internal core 
processor is named Vee and the supply voltage for 
the external. circuits is named Veep. 

For a single-supply voltage design, the embedded 
ULP Intel486 SX processor is functional at 3.3V ± 
0.3V. In this type of system design, the processor's 
Vee and Veep pins must be tied to the same power 
plane. 

Even. though Veep must be 3.3V ± 0.3V, the proc
essor's external-output circuits can drive TIL-com
patible components. However, the processor's 
external-input circuits do not allow connection to 
TIL-compatible components. Section 5.2, DC 
Specifications (pg. 22) contains the DC specifica
tions for the processor's input and output signals. 

For lower-power operation, a separate, lower volt
age for Vee can be chosen, but Veep must be 3.3V 
± 0.3V. Any voltage value between 2.4V and 3.3V 
can be chosen for Vee for guaranteed processor op
eration up to 25 MHz. The embedded ULP Intel486 
SX processor can also operate at 33 MHz, provided 
the Vee value chosen is between 2.7V and 3.3V. 
Section 5.2, DC Specifications (pg. 22) defines 
supply voltage specifications. 

In systems with separate Vee and Veep power 
planes, the processor-core voltage supply must al
ways be less than or equal to the processor's exter
nal-interface voltage supply; e.g., the system design 
must guarantee: 

Vee :5: Veep 

Violating this relationship causes excessive power 
consumption. Limited testing has shown no compo
nent damage when this relationship is violated. How
ever, prolonged violation is ·not recommended and 
component integrity is not guaranteed. 

The Vee :5: Veep relationship must also be guaran
teed by the system design during power-up and 
power-down sequences. Refer to Figure 3. 

Even though Vee must be less than or equal to 
Veep, it is recommended that the system's power
on sequence allows Vee to quickly achieve its oper
ationallevel once Veep achieves its operational lev
el. Similarly, the power-down sequence should allow 
Veep to power down quickly after Vee is below the 
operational voltage level. These recommendations 
are given to keep power consumption at a minimum. 
Deviating from the recommendations does not cre
ate a component reliability problem, but power con
sumption of the processor's external interface cir
cuits increases beyond normal operating values. 
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Vcc and Vccp 
(V) 
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POWER ON 

I 
POWER OFF 

TIME 
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Figure 3. Example of Supply Voltage Power Sequence 

4.2 Fast Clock Restart 

The embedded ULP Intel486 SX processor has an 
integrated proprietary differential delay line (DOL) 

. circuit for ·internal clock generation. The DOL is driv
en by the CLK input signal provided by the external 
system. During normal operation, the external sys
tem must guarantee that the CLK signal maintains 
its frequency so that the clock period deviates no 
more than 250 ps/CLK. This state, called the Nor
mal State, is shown in Figure 4. 

To increase or decrease the CLK frequency more 
quickly than this, the system must interrupt the proc

. essor with the STPCLK # signal. Once the processor 
indicates that it is in the Stop Grant State, the sys
tem can adjust the CLK signal to the new frequency, 
wait a minimum of eight CLK periods, then force the 
processor to return to the normal operational state 
by deactivating the STPCLK # interrupt. 
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This wait of eight CLK periods is much faster than 
the 1 ms wait required by earlier Intel486 SX proces
sor products. 

While in the Stop Grant State, the external system 
may deactivate the CLK signal to the processor. 
This forces the processor to the Stop Clock State
the state in which the processor consumes the least 
power. Once the system reactivates the CLK signal, 
the processor transitions to the Stop Grant State 
within eight CLK periods. 

Normal operation can be resumed by deactivating 
the STPCLK# interrupt signal. Here again, the em
bedded ULP Intel486 SX processor recovers from 
the Stop Clock State much faster than the 1 ms PLL 
recovery of earlier Intel486 SX processors. 
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Figure 4. Stop Clock State Diagram with Typical Power Consumption Values 

4.3 Level-Keeper Circuits 

To obtain the lowest possible power consumption 
during the Stop Grant and Stop Clock states, system 
designers must ensure that: 

• input signals with pull-up resistors are not driven 
LOW 

• input signals with pull-down resistors are not driv
en HIGH 

See Table 8, Input Pins (pg. 14) for the list of signals 
with internal pull-up and pull-down resistors. 

All other input pins except A31-A4 and D31-DO must 
be driven to the power supply rails to ensure lowest 
possible current consumption. 

During the Stop Grant and Stop Clock states, most 
processor output signals maintain their previous 
condition, which is the level they held when entering 
the Stop Grant state. In response to HOLD driven 
active during the Stop Grant state when the ClK 
input is running, the embedded UlP Intel486 SX 
processor generates HLDA and floats all output and 
input/output signals which are floated during the 
HOlD/HlDA state. When HOLD is deasserted, 
processor signals which maintain their previous 
state return to the state they were in prior to the 
HOlD/HlDA sequence. ' 

The data bus (D31-DO) also maintains its previous 
state during the Stop Grant and Stop Clock states, 
but does so differently, as described in the following 
paragraphs. 
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The embedded ULP Intel486 SX processor's data 
bus pins (031-00) have level keepers which main
tain their previous states while in the Stop Grant and 
'Stop Clock states. In response to HOLO driven ac
tive during the Stop Grant state when the CLK input 
is running, the embedded ULP Intel486 SX proces
sor generates HLOA and floats 031-00 throughout 
the HOLO/HLOA cycles. When HOLO is deasserted, 
the processor's 031-00 signals return to the states 
they were in prior to the HOLO/HLOA sequence. 

At all other times during the Stop Grant and Stop 
Clock states, the processor maintains the logic lev
els of 031-00. When the external system circuitry 
drives 031-00 to different logic levels, the proces
sor flips its 031-00 logic levels to match the ones 
driven by the external system. The processor main
tains (keeps) these new levels even after the exter
nal circuitry stops driving 031-00. 

For some system designs, external resistors may 
not be required on 031-00 (they are required on 
previous Intel486 SX processor designs). System 
designs that never request Bus Hold during the Stop 
Grant and Stop Clock states might not require exter
nal resistors. If the system design uses Bus Hold 
during these states, the processor disables the lev
el-keepers and floats the data bus. This type of de
sign would require some kind of data bus termination 
to minimize power consumption. It is strongly recom
mended that the 031-00 pins do not have network 
resistors connected. External resistors used in the 
system design must be of a sufficient resistance val
ue to "flip" the level-keeper circuitry and eliminate 
potential OC paths. 

The level-keeper circuit is designed to allow an ex
ternal 27-Kn pull-up resistor to switch the 031-00 
circuits to a logic-HIGH level even though the level
keeper attempts to keep a logic-LOW level. In gen-

" eral, pull-up resistors smaller than 27 Kn can be 
used as well as those greater than or equal to 1 MO.. 
Pull-down resistors, when connected to 031-00, 
should be least 800 Kn. 
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4.4 Low-Power Features 

As with other Intel486 processors, the embedded 
ULP Intel486 SX proc!,!ssor minimizes power con
sumption by providing the Auto HALT Power Oown, 
Stop Grant, and Stop Clock states (see Figure 4). 
The embedded ULP Intel486SX processor has an 
Auto Clock Freeze feature that further conserves 
power by judiciously deactivating its internal clocks 
while in the Normal Execution Mode. The power
conserving mechanism is designed such that it does 
not degrade processor performance or require 
changes to AC timing specifications. 

4.4.1 Auto Clock Freeze 

To reduce power consumption, during the following 
bus cycles-under certain conditions-the proces
sor slows-up or freezes some internal clocks: 

• Oata-Read Wait Cycles (Memory, 1/0 and Inter-
rupt Acknowledge) 

• Oata-Write Wait Cycles (Memory, 1/0) 

• HOLO/HLOA Cycles 

• AHOLO Cycles 

• BOFF Cycles 

Power is conserved during the wait periods in these 
cycles until the appropriate external-system signals 
are sent to the processor. These signals include: 

• REAOY 
• NMI, SMI #, INTR, and RESET 

• BOFF# 

• FLUSH# 

• EAOS# 
• BS8#, BS16# and KEN# transitions 

The embedded ULP Intel486 SX processor also re
duces power consumption by temporarily freezing 
the clocks of its internal logic blocks. When a logic 
block is idle or in a wait state, its clock is frozen. 
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4.5 CPUID Instruction 

The embedded ULP Intel486 SX processor supports 
the CPUID instruction (see Table 9). Because not all 
Intel processors support the CPUID instruction, a 
simple test can determine if the instruction is sup
ported. The test involves the processor's ID Flag, 
which is bit 21 of the EFLAGS register. If software 
can change the value of this flag, the CPUID instruc
tion is available. The actual state of the ID Flag bit is 
irrelevant and provides no significance to the hard
ware. This bit is cleared (reset to zero) upon device 
reset (RESET or SRESET) for compatibility with 
Intel486 processor designs that do not support the 
CPUID instruction. . 

CPUID-instruction details are provided here for the 
embedded ULP Intel486 SX processor. Refer to Intel 
Application Note AP-485 Intel Processor Identifica
tion with the CPUlD Instruction (Order No. 241618) 
for a description that covers all aspects of the 
CPUID instruction and how it pertains to other Intel 
processors. 

4.5.1 Operation of the CPUID Instruction 

The CPUID instruction requires the software devel
oper to pass an input parameter to the processor in 
the EAX register. The processor response is re
turned in registers EAX, EBX, EDX, and ECX. 

Table 9. CPUID Instruction Description 

Processor 
Parameter passed in 

OPCODE Instruction 
Core Clocks 

EAX Description 
(Input Value) 

OFA2 CPUID 9 ° Vendor (Intel) ID String 

14 1 Processor Identification 

9 > 1 Undefined (Do Not Use) 

Vendor ID String-When the parameter passed in EAX is ° (zero), the register values returned upon instruc
tion execution are shown in the following table. 

31 - - - - -- 24 23 16 15 - - - - - - 8 7 ° 
High Value (= 1) EAX LI _' __ o_o_o_o __ .L.-__ o_o_o_o __ -L-__ O_o_o_o __ -'---__ O_O_O_1 __ --' 

Vendor ID String EBX u (75) n (6E) e (65) G (47) 

(ASCII EDX 1(49) e (65) n (6E) i (69) 

Characters) ECX 1(6C) e (65) t(74) n (6E) 

The values in EBX, EDX and ECX indicate an Intel processor. When taken in the proper order, they decode to 
the string "Genuinelntel." 

4-73 



Embedded Ultra-Low Power Intel486™ SX Processor 

Processor Identification-When the parameter passed to EAX is 1 (one), the register values returned upon 
instruction execution are: 

31 - - - - 14 13, 12 11---8 7---4 3---0 

Processor EAX (Do Not Use) 00 0100 0010 XXXX 
Signature Intel Reserved Processor Family Model Stepping 

Type 

(Intel releases information about stepping numbers as needed) 

Intel Reserved 

(Do Not Use) 

Feature Flags 

EBX 

ECX 

EDX 

31 

31 

o 

4.6 Identification After Reset 

Intel Reserved 

Intel Reserved 

2 

o 1 
VME 

Processor Identification-Upon reset, the EOX register contains the processor signature: 

31 - - - - 14 13,12 11---8 7---4 

Processor EDX (Do Not Use) 00 0100 0010 
Signature Intel Reserved Processor Family MOdel 

Type 

o 
o 

FPU 

o 

3---0 

XXXX 
Stepping 

(Intel releases information about stepping numbers as needed) 
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4.7 Boundary Scan (JTAG) 

4.7.1 Oevice Identification 

Table 10 shows the 327bit code for the embedded ULP Intel486 SX processor which is loaded into the Oevice 
Identification Register. 

Table 10. Boundary Scan Component Identification Code 

Part Number 

Version Vee Intel family 
0=5V Architecture 0100 = Intel486 

1=3.3V Type CPU Family 

31 - - - 28 27 26 - - - - - 21 20----17 

XXXX 1 000001 0100 

(Intel releases information about version numbers as needed) 

Boundary Scan Component Identification Code = x828 2013 (Hex) 

4.7.2 Boundary Scan Register Bits and Bit .Order 

Model 
00010 = 

embedded ULP 
Intel486 SX 
processor 

16 - - - - - 12 

00010 

MfglO 
1 

009H = Intel 

11-----1 0 

00000001001 1 

The boundary scan register contains a cell for each pin as well as cells for control of bidirectional and three
state pins. There are "Reserved" bits which correspond to no-connect (N/C) signals of the embedded ULP 
Intel486 SX processor. Control registers WRCTL, ABUSCTL, BUSCTL, and MISCCTL are used to select the 
direction of bidirectional or three-state output signal pins. A "1" in these cells designates that the associated 
bus or bits are floated if the pins are three-state, or selected as input if they are bidirectional. 

• WRCTL controls 031-00 

• ABUSCTL controls A31-A2 

• BUSCTL controls AOS#, BLAST # , PLOCK#, LOCK#, W/R#, BEO#, BE1#, BE2#, BE3#, M/IO#, 
O/C#, PWT, and PCO 

• MISCCTL controls HLOA, and BREQ 

The following is the bit order of the embedded ULP Intel486 SX processor boundary scan register: 

TOO - A2, A3, A4, A5, RESERVEO, A6, A7, A8, A9, A10, A11, A12: A13, A14, A15, A16, A17, A18, A19, 
A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, Reserved,DO, 01, 02, 03, 04, 05, 
06,07, Reserved, 08, 09, 010, 011, 012, 013, 014, 015, Reserved, 016, 017, 018, 019, 020, 
021,022,023, Reserved, 024, 025, 026,'027, 028, 029, 030, 031, STPCLK#, Reserved, Re
served, SMI#, SMIACT#, SRESET, NMI, INTR, FLUSH#, RESET, A20M#, EAOS#, PCO, PWT, 
O/C#, MIIO#, BE3#, BE2#, BE1#, BEO#, BREQ, W/R#, HLOA, CLK, Reserved, AHOLO, 
HOLO, KEN#, ROY#, BS8#, BS16#, BOFF#, BROY#, Reserved, LOCK#, PLOCK#, BLAST#, 
AOS#, MISCCTL, BUSCTL, ABUSCTL, WRCTL - TOI 
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5.0 ELECTRICAL SPECIFICATIONS 

5.1 Maximum Ratings 

Table 11 is a stress rating only. Extended exposure 
to the Maximum Ratings may affect device reliability. 

Furthermore, although the embedded ULP Intel486 
SX processor contains protective circuitry to resist 
damage from electrostatic discharge, always take 
precautions to avoid high static voltages or electric 
fields. 

Functional operating conditions are given in Section 
5.2, DC Specifications and Section 5.3, AC Speci· 
ficatlons. 

Table 11. Absolute Maximum Ratings 

Case Temperature -65°C to + 110°C 
under Bias 

Storage Temperature - 65°C to + 150°C 

DC Voltage on Any Pin -O.5V to Veep + O.5V 
with Respect to Ground 

Supply Voltage Vee with -O.5Vto +4.6V 
Respect to Vss 

Supply Voltage Veep -O.5Vto +4.6V 
with Respect to Vss 

5.2 DC Specifications 

The following tables show the operating supply volt
ages, DC I/O specifications, and component power 
consumption for the embedded ULP Intel486 SX 
processor. 

Table 12. Operating Supply Voltages 

Product Veep Range(1) Max.ClK Vee Range(2) Vee Fluctuation 
Frequency 

25 2.4Vmin 
3.3Vmax ±O.2V at 2.4V :<;;; Vee :<;;; 2.7V 

FA80486SXSF-33 3.3V ± O.3V ±O.3V/ -O.2V at 2.7V :<;;; Vee :<;;; 3.0V 
33 c 2.7 Vmin ±O.3V at 3.0V :<;;; Vee :<;;; 3.3V 

3.3Vmax 

NOTES: 
1. In all cases, Veep must be ~ Vcc. 
2. Vee may be set to any voltage within the Vee Range. The setti~g determines the allowed Vee Fluctuation. 
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Symbol 

Vil 

VIH 

VIHC 

VOL 

VOH 

III 

IIH 

III 

ILO 

CIN 

COUT 

CClK 

NOTES: 

Table 13. DC Specifications 

T CASE = O·C to + 85·C 

Parameter Min. Max. 

Input LOW Voltage -0.3 +0.8 

Input HIGH Voltage 2.0 VCCP +0.3 

Input HIGH Voltage of ClK VCCP -0.6 Vccp +0.3 

Output lOW Voltage 
IOl = 2.0 rnA 0.4 
IOl = 100 /J-A 0.2 

Output HIGH Voltage 
IOH = -2.0 rnA 2.4 
IOH = -100/J-A VCCP -0.2 

Input Leakage Current ±15 

Input Leakage Current 200 

Input Leakage Current -400 

Output Leakage Current ±15 

Input Capacitance 10 

1/0 or Output Capacitance 10 

ClK Capacitance 6 

1. All inputs except ClK. 
2. This parameter is for inputs without pull·up or pull-down resistors and OV ,;; VIN ,;; Veep. 

Unit 

V 

V 

V 

V 
V 

V 
V 

/J-A 

/J-A 

/J-A 

/J-A 

pF 

pF 

pF 

3. This parameter is for inputs with pull-down resistors and VIH = 2.4V, anp for level-keeper pins at V = 0.4V. 
4. This parameter is for inputs with pull-up resistors and VIL = 0.4V, and for level-keeper pins at V = 2.4V. 
5. Fe = 1 MHz. Not 100% tested. 

Notes 

(Note 1) 

(Note 2) 

(Note 3) 

(Note 4) 

(Note 5) 

(Note 5) 

(Note 5) 
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Symbol Parameter 

ICC1 ICC Active 
(Vccpins) 

ICC2 ICC Active 
(Vccppins) 

NOTE: 

Table 14. Active Icc Values 

T CASE = O·C to + 8S·C 

Frequency Supply Voltage 

2SMHz Vce = 2.4 + 0.2V 

Vcc = 3.3 ± 0.3V 

33 MHz Vcc = 2.7 ± 0.2V 

Vcc = 3.3 ± 0.3V 

2SMHz Vccp = 3.3 ± 0.3V 

33 MHz Vccp = 3.3 ± 0.3V 

1. These parameters are for CL = 50 pF 

Typical Icc Max. Icc 

120 rnA 19SmA 

16SmA 260 rnA 

180 rnA ·280 rnA 

220 rnA 34SmA 

7mA 2SmA 

9mA 32 rnA 

Table 15. Clock Stop, Stop Grant, and Auto HALT Power Down Icc Values 

T CASE = O·C to + 8S·C 

Symbol Parameter Frequency Supply Voltage Typical Icc Max. Icc 

Iccso Icc Stop Clock OMHz Vcc = 2.4 ± 0.2V 4,..,A 120,..,A 

VCC pins) VCC = 2.7 ± 0.2V 4,..,A 130,..,A 

VCC = 3.3 ± 0.3V S,..,A 1S0 ,..,A 

ICCS2 Icc Stop Clock OMHz Vccp = 3.3 ± 0.3V 3,..,A 80,..,A 
(Vccp pins) 

ICCS1 IcC Stop Grant, 2SMHz Vcc = 2.4 ± 0.2V 14mA 2S·mA 

Auto HALT 
: 

Vcc = 3.3 ± 0.3V 20 rnA 30 rnA 

Power Down 33 MHz VCC = 2.7 ± 0.2V 20 rnA 30 rnA 

(Vcc pins) VCC = 3.3 ± 0.3V 2SmA 3SmA 

IceS3 ICC Stop Grant, 2SMHz Vccp = 3.3 ± 0.3V 42S,..,A 1.SmA 

Auto HALT 33 MHz Vccp = 3.3 ± 0.3V 610,..,A 2.0 rnA 
Power Down 
(Vccp pins) 

NOTE: 

Notes 

1 

1 

Notes 

(Note 1) 

1. The Icc Stop Clock specification refers to the Icc value once the processor enters the Stop Clock state. For all input 
signals, the VIH and VIL levels must be equal to Vccp and OV, respectively, to meet the Icc Stop Clock specifications. 
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5.3 AC Specifications 

The AC specifications for the embedded UlP Intel486 SX processor are given in this section. 

Table 16. AC Characteristics (Sheet 1 of 2) 

valid over the operating supply voltages listed in Table 12, Operating Supply Voltages (pg. 22). 
T CASE = O·C to + B5·C; CL = 50 pF 

Symbol Parameter 
2.4V :;;; Vee < 2.7V 2.7V :;;; Vee:;;; 3.3V 

Unit Notes 
Min Max Min Max 

Frequency 0 25 0 33 MHz (Note 1) 

tl ClK Period 40 30 ns (Note 1) 

tla ClK Period Stability 250 250 ps/ClK (Note 2) 

t2 ClK High Time 14 11 ns at2V 

t3 ClK low Time 14 11 ns atO.BV 

~ ClKFaliTime 4 3 ns 2Vto 0.8\1 
(Note 3) 

t5 ClK Rise Time 4 3 ns 0.8Vto 2V 
(Note 3) 

ts A2-A31, PWT, PCD, BEO#-BE3#, 3 19 3 16 ns 
M/IO#, D/C#, W/R#, ADS#, 
lOCK#, BREQ, HlDA, SMIACT# 
Valid Delay 

t7 A2-A31, PWT, PCD, BEO#-BE3#, 28 20 ns (Note 3) 
M/IO#, D/C#, W/R#, ADS#, 
lOCK#, BREQ, Float Delay 

tea BlAST#, PlOCK# Valid Delay 3 24 3 20 ns 

tg BLAST #, PLOCK # Float Delay 28 20 ns (Note 3) 

tl0 00-031 Write Delay 3 20 3 19 ns 

tll 00-031 Float Delay 2B 20 ns (Note 3) 

t12 EADS# Setup Time 8 6 ns 

t13 EADS # Hold Time 3 3 ns 

t14 BS16#, BS8#, KEN# Setup Time 8 6 ns 

t15 BS16#, BS8#, KEN# Hold Time 3 3 ns 

tlS ROY #, BRDY # Setup Time 8 6 ns 

t17 ROY #, BRDY # Hold Time 3 3 ns 

tle HOLD, AHOlD Setup Time 10 6 ns 

t18a BOFF # Setup Time 10 9 ns 

t19 HOLD, AHOlD, BOFF# Hold Time 3 3 ns 
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Table 16. AC Characteristics (Sheet 2 of 2) 

valid over the operating supply voltages listed in Table 12, Operating Supply Voltages (pg. 22). 
T CASE = O·C to + 85·C; Cl = 50 pF 

Symbol Parameter 
2.4V ~ Vee < 2.7V 2.7V ~ Vee ~ 3.3V 

Unit Notes 
Min Max Min Max 

t20 FLUSH#, A20M#, NMI, INTR, 10 6 ns 
SMI#, STPCLK#, SRESET" 
RESET Setup Time 

t21 FLUSH #, A20M #, NMI, INTR, 3 3 ns 
SMI#, STPCLK#, SRESET, 
RESET Hold Time 

t22 00-031, A4-A31 Read Setup Time 6 6 ns 

t23 00-031, A4-A31 Read Hold Time 3 3 ns 

NOTES: 
1. 0 Hz operation is tested ,and guaranteed by the STPClK# and Stop Grant bus cycle protocol. 0 Hz < ClK < 8 MHz 

operation is confirmed by design characterization, but not 100% tested in production. 
2. Specification t1a is available only when ClK frequency is changed without STPClK#/STOP GRANT bus cycle protocol .. 
3. Not 100% tested. guaranteed by design characterization. 
4. ClK reference voltage for timing measurement is 1.5V except t2 through ts. Other signals are measured at 1.5V. 
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Table 17. AC Specifications for the Test Access Port 

Symbol Parameter 
2.2V ::;; Vee < 3.0V Vee = 3.3V ± O.3V 

Unit Figure Notes 
Min Max Min Max 

t24 TCK Frequency 5 8 MHz 10 

t25 TCK Period 200 125 ns 10 (Note 1) 

t26 TCK High Time 65 40 ns 10 @2.0V 

t27 TCKLowTime 65 40 ns 10 @0.8V 

t28 TCK Rise Time 15 8 ns 10 (Note 2) 

t29 TCK Fall TIme 15 8 ns 10 (Note 2) 

t30 TOI, TMS Setup Time 16 8 ns 11 (Note 3) 

t31 TOI, TMS Hold Time 20 10 ns 11 (Note 3) 

t32 TOO Valid Delay 3 46 3 30 ns 11 (Note 3) 

t33 TOO Float Delay 52 36 ns 11 (Notes 3, 4) 

t34 All Outputs (except TOO) 3 80 3 30 ns 11 (Note 3) 
Valid_Delay 

t35 All Outputs (except TOO) 88 36 ns 11 (Notes 3, 4) 
Float Delay 

t36 All Inputs (except TOI, TMS, 16 8 ns 11 (Note 3) 
TCK) Setup Time 

t37 All Inputs (except TOI, TMS, 35 15 ns 11 (Note 3) 
TCK) Hold Time 

NOTES: 
1. TCK period ClK period. 
2. Rise/Fall Times are measured between 0.8V and 2.0V. Rise/Fall times can be relaxed by 1 ns per 10 ns increase in TCK 

period. 
3. Parameter measured from TCK. 
4. Not 100% tested, guaranteed by design characterization. 
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2.0V - - - -2.0V 

ClK - - 1.5 V 

- - 0.8 V 

272731-5 
tx = input setup times 
ty = input hold times, output float, valid and hold times 

Figure 5. ClK Waveform 

CLK [ 

EADS# [ 

B88#, BS16#, KEN# [ 

BOFF#, AHOLD, HOLD [ 

RESET, FLUSH#, 
[ A20M#, INTR, NMI, 

SMI#, STPCLK#, SRESET 

A4-A31 [ (READ) 

272731-6 

Figure 6. Input Setup and Hold Timing 
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ClK L 

ROY#, BROY# [ 

00-031 [ 

Figure 7. Input Setup and Hold Timing 

ClK [ 

A2-A31, PWT; PCO, 
BEO-3#, MlIO#, [ 

O/C#, W/R#, AOS#, 
lOCK#, BREQ, HlOA, 

SMIACT# 

00-031 [ 

BLAST#, [ 
PlOCK# 

VAllOn 

VALIOn+1 

VALID n+1 

Figure 8. Output Valid Delay Timing 

272731-7 

272731-8 
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TCK 

4-84 

ClK [ 

A2-A31, PWT, PCO, 
BEO-3#, MIlO#, [ 

O/C#, W/R#, AOS#, 
lOCK#,BREO 

0.8V-

031-00 [ 

BLAST#, [ 
PlOCK# 

Figure 9. Maximum Float Delay Timing 

Figure 10. TCK Waveform 
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'" 

~~~'" 
lDO [ ~ "'f VA":--" ]1-----

-J 134, ~ ~135 ~ 
OUTPUT [=========:~ VALID X VALI~f-----

INPUT [ ____ ~ :.;,"'% ________ _ 
272731-11 

Figure 11. Test Signal Timing Diagram 
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5.4 Capacitive Derating Curves 

The following graphs are the capacitive derating curves for the embedded ULP Intel486 SX processor. 

NOTE: 

nom+7 

nom+6 

nom+5 

nom+4 
'ij 
.5. nom+3 

~ .! nom+2 

nom+1 

nom 

V 
nom-1 

nom-2 
25 

./ 
/ 

50 

~ 
/' 

......... V 
/ 

/ ..... 

75 100 125 

Capacitive Load (pF) 

This graph will not be linear outside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 

NOTE: 

Figure 12. Typical Loading Delay versus Load CapaCitance under 
Worst~Case Conditions for a Low-ta-Hlgh Transition 

nom+5 

nom+4 
'ij 
.5. nom+3 

~ .! nom+2 

nom+1 

nom 

nom-1 

nom-2 
25 

--------
50 

-~ V--
~ 

75 100 125 
Capacitive Load (pF) 

This graph will not be linear outside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 
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Worst-Case Conditions for a High-to-Low Transition 

/ 

150 

272731-12 

~ 

150 

272731-13 



. Embedded Ultra-Low Power Intel486TM SX Processor 

6.0 MECHANICAL DATA 

This section describes the packaging dimensions and thermal specifications for the embedded ULP Intel486 
SX processor. 

6.1 Package Dimensions 

26.0 :1:0.40 

O'Min ~0.10:l:0.10 
/ 10'Max -.l 

" ---.-
0.60 :I: 0.20 --.j 4-- ----..\ ~ 0.50:1: 0.10 

89 

? ~ t 
~

0.10:l:0.10 I 
1.50~0.20 

. . t 
t 

J 1- 0.16 Min 
--J r 0.28 Max 44 

45 88 

272731-14 

NOTE: 
Height Measurements same as Width Measurements 

Figure 14. Package Mechanical Specifications for the 176 Lead TQFP Package 
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6.2 Package Thermal Specifications 

The embedded ULP Intel486 SX processor is speci
fied for operation when the case temperature (T c> is 
within the range of O·C to 85·C. Tc may be mea
sured in any environment to determine whether the 
processor is within the specified operating range. 

The ambient temperature (T A) can be calculated 
from 6JC and 6JA from the following equations: 

TJ = TC + P • 6JC 
TA=TJ-P*6JA 
Tc = TA + P' [6JA-6Jcl 
TA = Tc - P' [6JA-6Jcl 

Where T J, T A, T c equals Junction, Ambient .and 
Case Temperature respectively. 6JC, 6JAequais 
Junction-to-Case and Junction-to-Ambient thermal 
Resistance, respectively. Maximum Power Con
sumption (P) is defined as 

P = V (typ) • Icc (max) 
. P = [Vcc (typ) • ICC1 (max)l +. 

[Vccp (typ) • ICC2 (max)l 
where: ICC1 is the Vcc supply current 

ICC2 is the Vccp supply current 

Values for 6JA· and 6JC are given in the following 
tables for each product at its maximum operating 
frequencies. 

Table 18. Thermal Resistance 

("C/W) 6JC and 6JA for the 176-Lead TQFP Package 

. 6JC ("e/W) 6JA ("e/W) with no airflow 

4.3 33.6 

The following table shows maximum ambient temperatures of the embedded ULP Intel486 SX processor for 
each product and maximum operating frequencies. These temperatures are calculated using ICC1 and ICC2 
values measured during component-validation testing using Vccp = 3.6V and worst-case Vcc values. 

Frequency 

25 MHz 

33 MHz 

4-88 

Table 19. Maximum Ambient Temperature (T A) 

176-Lead TQFP Package 

Vee T A ("e) with no airflow 

2.4V 76 

3.3V 65 

2.7V 69 

3.3V 59 
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• 32-Bit RISC Technology Core 

• 8-Kbyte Write-Through Cache 

• Four Internal Write Buffers 

• Burst Bus Cycles 

• Dynamic Bus Sizing for 8- and 16-bit 
Data Bus Devices 

• SL Technology 

• Data Bus Parity Generation and 
Checking 

Barrel Segmantatio 
Shifter Unit Paging 

Unft 

Register Descriptor 
File Registers 

Umftand Translation 
ALU Attribute Lookaside 

PLA Buffer 

Olsplaoement Bus 
Micro-

Instruction 

Control and 
Protection 
Test Unit 

Decoded 

Control 
Instruction 

ROM 
Path 

32 

32 

32 

• 
• 

• 

• 

Boundary Scan (JTAG) 

3.3-Volt Processor 
- 208-Lead Shrink Quad Flat Pack 

(SQFP) 

5-Volt Processor 
- 196-Lead Plastic Quad Flat Pack 

(PQFP) 

Binary Compatible with Large Software 
Base 

CLl( 

------------- 031-00 
OataBus .......... 
Trans- ,.......,. 

32 oeivers 

AOS# WIR. DlC# MIIO# PCO 
PWT ROY' LOCK' PLOCK' 
BOFF' A20Ml BREa HOLD 
HLDA RESET SRESET INTR 
NMI SM" SMIACn STPCLl(1/ 

32 Byte 
Code 

Queue 

2X16 
Bytes 

Burst Bus 
Control 

Bus Size 
Control 

Cache 
Control 
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Scan 

Control 

BROYII 
BLASTII 

BSI611 
BS6I# 

KENIIFLUSHI/ 
AHOLDEAOS# 

TCKTMS 
TDITDO 

272769-1 

Figure 1. Embedded Intel486™ SX Processor Block Diagram 

December 1995 
Order Number: 272769-001 4-89 



EMBEDDED Intel486™ SX PROCESSOR 

CONTENTS PAGE 

1.0 INTRODUCTION ....................................................................... 4-93 
1.1 Features ............................................................................ 4-93 
1.2 Family Members ... " ................................................................. 4-94 

2.0 HOW TO USE THIS DOCUMENT ...................................................... 4-95 

3.0 PIN DESCRIPTIONS ................................................................... 4-95 
3.1 Pin Assignments ..................................................................... 4-95 
3.2 Pin Quick Reference ................................................................ 4-107 

4.0 ARCHITECTURAL AND FUNCTIONAL OVERViEW .................................. 4-114 
4.1 CPUID Instruction .................................................................. 4-115 

4.1.1 Operation of the CPUID Instruction ............................................. 4-115 
4.2 Identification After Reset ........................................................... 4-116 
4.3 Boundary Scan (JT AG) ......................... : ................................... 4-116 

4.3.1 Device Identification ........................................................... 4-116 
4.3.2 Boundary Scan Register Bits and Bit Order ..................................... 4-117 

5.0 ELECTRICAL SPECIFICATIONS ..................................................... 4-118 
5.1 Maximum Ratings .................................................................. 4-1,18 
5.2 DC Specifications .............. : ................................................... 4-118 
5.3 AC Specifications ................................................................... 4-123 
5.4 Capacitive Derating Curves ......................................................... 4-130 

6.0 MECHANICAL DATA ................................................................. 4-132 
6.1 Package Dimensions ............................................................... 4-132 
6.2 Package Thermal Specifications ....................................... , ............ 4-135 

4-90 I 



CONTENTS PAGE 

FIGURES 
Figure 1. Embedded Intel486TM SX Processor Block Diagram ............................. 4-89 

Figure 2. Package Diagram for 208-Lead SQFP Embedded Intel486TM SX Processor ...... 4-96 

Figure 3. Package Diagram for 196-Lead PQFP Embedded Intel486TM SX Processor ..... 4-102 

Figure 4. CLK Waveform ................................................................. 4-125 

Figure 5. Input Setup and Hold Timing ................................................... 4-126 

Figure 6. Input Setup and Hold Timing ................................................... 4-126 

Figure 7. PCHK# Valid Delay Timing ..................................................... 4-127 

Figure 8. Output Valid Delay Timing ...................................................... 4-127 

Figure 9. Maximum Float Delay Timing ................................................... 4-128 

Figure 10. TCK Waveform ................................................................ 4-128 

Figure 11. Test Signal Timing Diagram .................................................... 4-129 

Figure 1.2. Typical Loading Delay versus Load Capacitance under Worst-Case Conditions for 
a Low-to-High Transition, 3.3V Processor ....................................... 4-130 

Figure 13. Typical Loading Delay versus Load Capacitance under Worst-Case Conditions for 
a High-to-Low Transition, 3.3V Processor ....................................... 4-130 

Figure 14. Typical Loading Delay versus Load Capacitance under Worst-Case Conditions for 
a Low-to-High Transition, 5V Processor ......................................... 4-131 

Figure 15. Typical Loading Delay versus Load Capacitance under Worst-Case Conditions for 
a High-to-Low Transition, 5V Processor ........................................ ".4-131 

Figure 16. 208-Lead SQFP Package Dimensions .......................................... 4-132 

Figure 17. Principal Dimensions and Data for 196-Lead Plastic Quad Flat Pack Package ... 4-133 

Figure 18. Typical Lead for 196-Lead PQFP Package ...................................... 4-134 

I 4-91 



CONTENTS PAGE 

TABLES 
Table 1. Tne Embedded Intel486TM SX Processor Family .................................. 4-94 

Table 2. Pinout Differences for 208·Lead SQFP Package ..................... , ............. 4-97 

Table 3. Pin Assignment for 208·Lead SQFP Package ..................................... 4·98 

Table 4. ,Pin Cross Reference for 208·Lead SQFP Package ............................... 4·100 

Table 5. Pin Assignment for 196·Lead PQFP Package ...... ; ............................. 4·103 

Table 6. Pin Cross Reference for 196·Lead PQFP Package ............................... 4-105 

Table 7. Embedded Intel486TM SX Processor Pin Descriptions ........................... 4-107 

Table 8. Output Pins .•................................................................... 4-113 

Table 9. Input/Output Pins ............................................................... 4-113 

Table 10. Test Pins .•...........................•......................................... 4-113 

Table 11. Input Pins .................. ; .............. , ....... , ............................. 4-114 

Table 12. CPUID Instruction, Description ................................................... 4-115 

Table 13. Boundary Scan Component Identification Code (3.3 Volt Processor) ............. 4-116 

Table 14. Boundary Scan Component Identification Code (5 Volt Processor) ............... 4-117 

Table 15. Absolute Maximum Ratings ..................................................... 4-118 

Table 16. Operating Supply Voltages ............................ ,. ......................... 4-118 

Table 17 .. 3.3V DC Specifications ...... , ................................................... 4-119 

Table 18. 3.3V Icc Values ........................................... : ..................... 4·120 

Table 19. 5V DC Specifications ........................................................... 4-121 

Table 20. 5V Icc Values ...................................................... , ............. 4-122 

Table 21. AC Characteristics .................................................. : ........... 4-123 

Table 22. AC Specifications for the Test Access Port ...................................... 4-125 

Table 23. Symbol List and Dimensions for 196·Lead PQFP Package ....................... 4-133 

Table 24. Thermal Resistance, (JJA (OC/W) ................................................ 4-135 

Table 25. Thermal Resistance, (JJC ("C/W) ................................................ 4-135 

Table 26. Maximum T ambient. T A max (0C) ............................................. ',' .. 4-135 

4·92 I 



1.0 INTRODUCTION 

The embedded Intel486TM SX processor provides 
high performance to 32-bit, embedded applications. 
Designed for applications that do not need a float
ing-point unit, the processor is ideal for embedded 
designs running DOS·, Microsoft" Windows·, 
OS/2", or UNIX· applications written for the Intel 
architecture. Projects can be completed quickly by 
utilizing the wide range of software tools, utilities, 
assemblers and compilers that are available for 
desktop computer systems. Also, developers can 
find advantages in using existing chipsets and pe
ripheral components in the.ir embedded designs. 

The embedded Intel486 SX processor is binary com
patible with the Intel386™ and earlier Intel proces
sors. Compared with the Intel386 processor, it pro
vides faster execution of many commonly-used in
structions. It also provides the benefits of an inte
grated, 8-Kbyte, write-through cache for code and 
data. Its data bus can operate in burst mode which 
prOvides up to 106-Mbyte-per-second transfers for 
cache-line fills and· instruction prefetches. 

Intel's SL technology is incorporated in the embed
ded IIltel486 SX processor. Utilizing Intel's System 
Management Mode (SMM), it enables designers to 
develop energy-efficient systems. 

Two component packages are available. A 196-lead 
Plastic Quad Flat Pack (PQFP) is available for 5-Volt 
designs and a 208-lead Shrink Quad Flat Pack 
(SQFP) is available for 3.3-Volt designs. Both prod
ucts operate at CLK frequencies up to 33 MHz. 

1.1 Features 

The embedded Intel486 SX processor offers these 
features: 

• 32-bit RISC-Technology Core-The embedded 
Intel486 SX processor performs a complete set 
of arithmetic and logical operations on 8-, 16-, 
and 32-bit data types using a full-width ALU and 
eight general purpose registers. 

• Single Cycle Execution-Many instructions exe
cute in a single clock cycle. 
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• Instruction Pipelining-Overlapped instruction 
fetching, decoding, address translation and exe-
cution. . 

• On-Chip Cache with Cache Consistency Sup
port-An 8-Kbyte, write-through, internal cache 
is used for both data and instructions. Cache hits 
provide zero wait-state access times for data 
within the cache. Bus activity is tracked to detect 
alterations in the memory represented by the in
ternal cache. The internal cache can be invalidat
ed or flushed so that an external cache controller 
can maintain cache consistency. 

• External Cache Control-Write-back and flush 
controls for an external cache are provided so 
the processor can maintain cache consistency. 

• On-Chip Memory Management Unit-Address 
management and memory space protection 
mechanisms maintain the integrity of memory in a 
multitasking and virtual memory environment. 
Both memory segmentation and paging are sup
ported. 

• Burst Cycles-Burst transfers allow a new dou
ble-word to be read from memory on each bus 
clock cycle. This capability is especially useful for 
instruction prefetch and for filling the internal 
cache. 

• Write Buffers-The processor contains four 
write buffers to enhance the performance of con
secutive writes to memory. The processor can 
continue internal operations after a write to these 
buffers, without waiting for the write to be com
pleted on the external bus. 

• Bus Backoff-When another bus master needs 
control of the bus during a processor initiated bus 
cycle, the embedded Intel486 SX processor 
floats its bus signals, then restarts the cycle when 
the bus becomes available again. 

• Instruction Restart-Programs can continue ex
ecution following an exception generated by an 
unsuccessful attempt to access memory. This 
feature is important for supporting demand-paged 
virtual memory applications. 

• DynamiC Bus Sizing-External controllers can 
dynamically alter the effective width of the data 
bus. Bus widths of 8, 16, or 32 bits can be used. 

• Boundary Scan (JT AG)-Boundary Scan pro
vides in-circuit testing of components on printed 
circuit boards. The Intel Boundary Scan imple
mentation conforms with the IEEE Standard Test 
Access Port and Boundary Scan Architecture. 
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Intel's SL technology provides these features: 

• Intel system Management Mode (SMM)-A 
unique Intel architecture operating mode pro
vides a dedicated special purpose interrupt and 
address space that can be used to implement in
telligent power management and other enhanced 
functions in a manner that is completely transpar
ent to the operating system and applications soft
ware. 

• I/O Restart-An I/O instruction interrupted by a 
System Management Interrupt (SMI#) can auto
matically be restarted following the ellecution of 
the RSM instruction. 

• Stop Clock-The embedded Intel486 SX proc
essor has a stqp clock control mechanism that 
provides two low-power states: a Stop Grant 
state (20-40 rnA typical, depending on input 
clock frequency) . and a Stop Clock state 
(-100-200 rnA typical, with input clock frequen
cy of 0 MHz). 

• Auto HALT Power Down-After the execution 
of a HALT instruction, the embedded Intel486 SX 
processor issues a normal Halt bus cycle and the 
clock input to the prqcessor core is automatically 
stopped, causing the processor to enter the Auto 
HALT Power Down state (20-40 rnA typical, de
pending on input clock frequency). 

1.2 Family Members 

Table 1 shows the embedded Intel486 SX proces
sors and briefly describes their characteristics. 

Table 1. The Embedded Intel486TMSX Processor Family 

Product 
Supply Voltage Maximum Processor Package 

Vee Frequency 

SB80486SXSC33 3.3V 33 MHz 208-Lead SQFP 

KU80486SXSA33 5.0V 33 MHz 196-Lead PQFP 
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2.0 HOW TO USE THIS DOCUMENT 

For a complete set of documentation related to the 
embedded Intel486 SX processor, use this docu
ment in conjunction with the following reference 
documents: 

• Intel486fM Processor Family datasheet-Order 
No. 242202 

• Intel486fM Microprocessor Family Programmer's 
Reference Manual-Order No. 240486 

• Intel Application Note AP-485-lntel Processor 
Identification with the CPUID Instruction-
Order No. 241618 

The information in the reference documents for the 
Intel486 SX processor, 1X Clock (CLK), applies to 
the embedded Intel486 SX processor. Some of the 
Intel486 SX processor information is duplicated in 
this document to minimize the dependence on the 
reference documents. 
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3.0 PIN DESCRIPTIONS 

3.1 Pin Assignments 

The following. figures and tables show the pin as
signments of each package type for the embedded 
Intel486 SX processor. Tables are provided showing 
the pin differences between the embedded Intel486 
SX processor and other embedded Intel486 proces
sor products. 

208-Lead SQFP - Quad Flat Pack 

• Figure 2, Package Diagram for 208-Lead SQFP 
Embedded Intel486TM SX Processor (pg. 4) 

• Table 2, Pinout Differences for 208-Lead SQFP 
Package (pg. 5) 

• Table 3, Pin Assignment for 208-Lead SQFP 
Package (pg. 6) 

• Table 4, Pin Cross Reference for 208-Lead SQFP 
Package (pg. 8) 

196-Lead PQFP - Plastic Quad Flat Pack 

• Figure 3, Package Diagram for 196-Lead PQFP 
Embedded Intel486TM SX Processor (pg. 10) 

• Table 5, Pin Assignment for 196-Lead PQFP 
Package (pg. 11) 

• Table 6, Pin Cross Reference for 196-Lead PQFP 
Package (pg. 13) 
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-Figure 2. Package Diagram for 208-Lead SQFP Embedded Intel486™ SX Processor 
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Table 2. Pinout Differences for 208-Lead SQFP Package 

Embedded Embedded Embedded Write-Back 
Pin # Intel486™ SX IntelDX2TM Enhanced IntelDX4TM 

Processor Processor Processor 

3 VCc1 VCC VCC5 

11 INC2 INC CLKMUL 

63 INC INC HITM# 

64 INC INC WB/WT# 

66 INC FERR# FERR# 

70 INC INC CACHE # 

71 INC INC INV 

72 INC IGNNE# IGNNE# 

NOTES: 
1. This pin location is for the Vee5 pin on the embedded IntelDX4 processor. For compatibility with 3.3V processors that 

have 5V-tolerant input buffers (i.e., embedded IntelDX4 processors), this pin should be connected to a Vee trace, not to 
the Vee plane. 

2. INC. Internal No Connect. These pins are not connected to any internal pad in the embedded Intel486 SX processor. 

I 

However, new Signals are defined for the location of the INC pins in the embedded IntelDX2 and IntelDX4 processors. 
One system design can accommodate anyone of these processors provided the purpose of each INC pin is understood 
before it is used. 
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Table 3. Pin Assignment for 208-Lead SQFP Package (Sheet 1 of 2) 

Pin# Description Pln# Description Pin# Description Pin# Description 

1 Vss 53 Vss 105 Vss 157 Vss 
2 Vee 54 Vee 106 Vee 158 A24 

3 Vee1 55 Vss 107 Vss 159 A23 

4 PCHK# 56 Vee 108 016 160 A22 

5 BROY# 57 Vss 109 OP2 161 A21 

6 BOFF# 58 SRESET 110 Vss 162 Vee 
7 BS16# 59 SMIACT# 111 Vee 163 Vee 
8 BS8# 60 Vee 112 015 164 A20 

9 Vee 61 Vss 113 014 165 A19 

10 Vss 62 Vee 114 Vee 166 A18 

11 INC2 63 INC2 115 Vss 167 TMS 

12 ROY# 64 INC2 116 013 168 TOI 

13 KEN# 65 SMI# 117 012 169 Vee 
14 Vee 66 INC2 118 011 170 Vss 
15 Vss 67 NC3 119 010 171 A17 

16 HOlO 68 TOO 120 Vss 172 Vee 
17 AHOlO 69 Vee 121 Vee 173 A16 

18 TCK 70 INC2 122 Vss 174 A15 

19 Vee 71 INC2 123 09 175 Vss 
20 Vee 72 INC2 124 08 176 Vee 
21 Vss 73 STPClK# 125 OP1 177 A14 

22 Vee 74 031 126 07 178 A13 

23 Vee 75 030 127 NC3 179 Vee 
24 ClK 76 Vss 128 Vee 180 A12 

25 Vee 77 Vee 129 06 181 Vss 
26 HlOA 78 029 130 05 182 A11 

27 W/R# 79 028 131 Vee 183 Vee 
28 Vss 80 Vee 132 Vss 184 Vss 
29 Vee 81 Vss 133 Vee 185 Vee 
30 BREQ 82 Vee 134 Vee 186 A10 

31 BEO# 83 027 135 Vss 187 A9 

32 BE1# 84 026 136 Vee 188 Vee 
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Table 3. Pin Assignment for 208-Lead SQFP Package (Sheet 2 of 2) 

Pln# Description Pin# Description Pln# Description Pin# Description 

33 BE2# 85 025 137 Vee 189 Vss 
34 BE3# 86 Vee 138 Vss 190 A8 

35 Vee 87 024 139 Vee 191 Vee 
36 Vss 88 Vss 140 04 192 A7 

37 M/IO# 89 Vee 141 03 193 A6 

38 Vee 90 OP3 142 02 194 RESERVED 

39 O/C# 91 ., 023 143 01 195 A5 

40 PWT 92 022 144 DO 196 A4 

41 PCO 93 021 145 OPO 197 A3 

42 Vee 94 Vss 146 Vss 198 Vee 
43 Vss 95 Vee 147 A31 199 Vss 
44 Vee 96 NC3 148 A30 200 Vee 
45 Vee 97 Vss 149 A29 201 Vss 
46 EAOS# 98 Vee 150 Vee 202 A2 

47 A20M# 99 020 151 A28 203 AOS# 

48 RESET 100 019 152 A27 204 BLAST # 

49 FLUSH # 101 018 153 A26 205 Vee 
50 INTR 102 Vee 154 A25 206 PLOCK# 

51 NMI 103 017 155 Vee 207 LOCK# 

52 Vss 104 Vss 156 Vss 208 Vss 

NOTES: 
1. This pin location is for the VCC5 pin on the embedded IntelDX4 processor. For compatibility with 3.3V processors that 

have 5V-tolerant input buffers (i.e .• embedded IntelDX4 processors). this pin should be connected to a Vee trace. not to 
the Vee plane. 

2. INe. Internal No Connect. These pins are not connected to any internal pad in the embedded Intel486 SX processors. 
However. signals are defined for the location of the INe pins in the embedded IntelDX2 and IntelDX4 processors. One 
system design can accommodate anyone 'of these processors provided the purpose of each INe pin is understood 
before it is used. 

3. Ne. Do Not Connect. These pins should always remain unconnected. Connection of Ne pins to Vee. or Vss or to any 
other signal can result in component malfunction or incompatibility with future steppings of the Intel486 processors. 
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Table 4 Pin Cross Reference for 208-Lead SQFP Package (Sheet 1 of 2) 
Address Pin # Data Pin # Control Pin # NC INC Vee Vss 

A2 202 DO 144 A20M# 47 67 11 2 1 
A3 197 01 143 AOS# 203 96 63 3 c_ 10 
A4 196 02 142 AHOlO 17 127 64 9 15 
A5 195 03 14.1 BEO# 31 66 14 21 
A6 193 04 140 BE1# 32 70 19 28 
A7 192 05 130 BE2# 33 71 20 36 
A8 190 06 129 BE3# 34 72 22 43 
A9 187 07 126 BLAST # 204 23 52 

A10 186 08 124 BOFF# 6 25 53 
A11 182 09 123 BROY# 5 29 55 
A12 180 010 119 BREQ 30 35 57 
A13 178 011 118 BS16# 7 38 61 
A14 177 012 117 BS8# 8 42 76 
A15 174 013 116 ClK 24 44 81 
A16 173 014 113 O/C# 39 45 88 
A17 171 015 112 OPO 145 54 94 
A18 166 016 108 OP1 125 56 97 
A19 165 017 103 OP2 109 60 104 
A20 164 018 101 OP3 90 62 105 
A21 161 019 100 EAOS# 46 69 107 
A22 160 020 . 99 FLUSH # 49 77 110 
A23 159 021 . 93 HlOA 26 80 115 
A24 158 022 92 HOLD 16 82 120 
A25 154 023 91 INTR 50 86 122 
A26 153 024 87 KEN# 13 89 132 
A27 152 025 85 lOCK# 207 95 135 
A28 151 026 84 M/IO# 37 98 138 
A29 149 027 83 NMI 51 102 146 
A30 148 028 79 PCO 41 106 156 
A31 147 029 78 PCHK# 4 111 157 

030 75 PlOCK# 206 114 170 
031 74 PWT 40 121 175 

ROY# 12 128 181 
RESERVED 194 131 184 

RESET 48 133 189 
SMI# 65 134 199 

SMIACT# 59 136 201 
SRESET 58 137 208 

STPClK# 73 139 
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Table 4. Pin Cross Reference for 208-Lead SQFP Package (Sheet 2 of 2) 

Address Pin # Data Pin # Control Pin # NC INC Vee Vss 
TCK 18 150 

TOI 168 155 

TOO 68 162 

TMS 167 163 

W/R# 27 169 

172 

176 

179 

183 

185 

188 

191 

198 

200 

205 
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Figure 3. Package Diagram for 196-Lead PQFP Embedded Intel486™ SX Processor 
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Table 5. Pin Assignment for 196·Lead PQFP Package (Sheet 1 of 2) 

Pin# Description Pin# Description Pin# Description Pin# Description 

1 Vss 50 Vss 99 Vss 148 Vss 
2 A21 51 021 100 NMI 149 NC1 

3 A22 52 NC1 101 INTR 150 A3 

4 A23 53 022 102 FlUSH# 151 NC1 

5 A24 54 Vee 103 RESET 152 A4 

6 Vee 55 023 104 A20M# 153 NC1 

7 A25 56 NC1 105 EAOS# 154 A5 

8 A26 57 OP3 106 PCO 155 NC1 

9 A27 58 Vss 107 Vee 156 RESERVEO 

10 A28 59 024 108 PWT 157 NC1 

11 Vss 60 NC1 109 Vss 158 A6 

12 A29 61 025 110 O/C# 159 A7 

13 A30 62 Vee 111 MIIO# 160 NC1 

14 A31 63 026 112 Vee 161 A8 

15 NC1 64 NC1 113 BE3# 162 NC1 

16 OPO 65 027 114 Vss 163 A9 

17 00 66 Vss 115 BE2# 164 Vee 

18 01 67' 028 116 BE1# 165 A10 

19 Vee 68 NC1 117 BEO# 166 NC1 

20 02 69 029 118 BREQ 167 Vss 
21 Vss 70 Vee 119 Vee 168 Vss 

22 Vss 71 030 120 W/R# 169 NC1 

23 03 72 NC1 121 Vss 170 Vee 

24 Vee 73 NC1 122 HlOA 171 NC1 

25 04 74 031 123 ClK 172 A11 

26 05 75 STPClK# 124 NC1 173 NC1 

27 06 76 NC1 125 Vee 174 A12 

28 Vee 77 INC2 126 Vss 175 Vee 
29 07 78 NC1 127 NC1 176 A13 

30 OP1 79 NC1 128 TCK 177 Vss 

31 08 80 TOO 129 AHOlO 178 A14 

32 09 81 INC2 130 HOlO 179 Vee 
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Table 5. Pin Assignment for 196-Lead PQFP Package (Sheet 2 of 2) 

Pin# Description Pin# Description Pin# Description Pin# Description 

33 Vss 82 NC1 131 Vcc 180 A15 

34 NC1 83 NC1 132 KEN# 181 A16 

35 010- 84 Vcc 133 ROY# 182 Vss 
36 Vcc 85 SMI# 134 NC1 183 A17 

37 011 86 Vss 135 BS8# 184 Vcc 
38 012 87 NC1 136 BS16# 185 TOI 

39 013 88 NC1 137 BOFF# 186 NC1 

40 Vss 89 NC1 138 BROY# 187 TMS 

41 014 90 NC1 139 PCHK# 188 NC1 

42 015 91 NC1 140 NC1 189 A18 

43 OP2 92 SMIACT# 141 Vss 190 NC1 

44 016 93 Vcc 142 LOCK# 191 A19 

45 017 94 SRESET 143 PLOCK# 192 NC1 

46 018 95 Vss 144 BLAST # 193 A20 

47 019 96 : Vss 145 AOS# 194 Vss 
48 020 97 NC1 146 A2 195 NC1 

49 VCC 98 Vcc 147 Vcc 196 Vcc 

NOTES: 
1. NC. Do Not Connect. These pins should always remain unconnected. Connection of NC pins to Vee. or VSS or to any 

other signal can result in component malfunction or incompatibility with fl!ture steppings of the Intel486 processors. 
2. INC. Internal No Connect. These pins are not connected to any internal pad in the embedded Intel486 SX processors. 
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Table 6 Pin Cross Reference for 196·Lead PQFP Package (Sheet 1 of 2) 

Address Pin # Data Pin # Control Pin # NC INC Vee Vss 
A2 146 DO 17 A20M# 104 15 77 6 1 
A3 150 01 18 AOS# 145 34 81 19 11 
A4 152 02 20 AHOlO 129 52 24 21 
A5 154 03 23 BEO# 117 56 28 22 
A6 158 04 25 BE1# 116 60 36 33 
A7 159 05 26 BE2# 115 64 49 40 
A8 161 06 27 BE3# 113 68 54 50 
A9. 163 07 29 BLAST # 144- 72 62 58 

A10 165 08 31 BOFF# 137 73 70 66 
A11 172 09 32 BROY# 138 76 84 86 
A12 174 010 35 BREQ 118 78 93 95 
A13 176 011 37 BS16# 136 79 98 96 
A14 178 012 38 BS8# 135 82 107 99 
A15 180 013 39 ClK 123 83 112 109 
A16 181 014 41 O/C# 110 87 119 114 
A17 183 015 42 OPO 16 88 125 121 
A18 189 016 44 OP1 30 89 131 126 
A19 191 017 45 OP2 43 90 147 141 
A20 193 018 46 OP3 57 91 164 148 
A21 2 019 47 EAOS# 105 97 170 167 
A22 3 020 48 FlUSH# 102 124 175 168 
A23 4 021 51 HlOA 122 127 179 177 
A24 5 022 53 HOLD 130 134 184 182 
A25 7 023 55 INTR 101 140 196 194 
A26 8 024 59 KEN# 132 149 
A27 9 025 61 lOCK# 142 151 
A28 10 026 63 MIIO# 111 153 
A29 12 027 65 NMI 100 155 
A30 13 028 67 PCO 106 157 
A31 14 029 69 PCHK# 139 160 

030 71 PlOCK# 143 162 
031 74 PWT 108 166 

ROY# 133 169 
RESERVED 156 171 

RESET 103 173 
SMI# 85 186 

SMIACT# 92 188 
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Table 6. Pin Cross Reference for 196·Lead PQFP Package (Sheet 2 of 2) 

Address Pin # Data Pin # Control Pin # NC iNC Vee Vss 
SRESET 94 190 

STPCLK# 75 192 

TCK 128 195 

TOI 185 

TOO 80 

TMS 187 

W/R# 120 
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3.2 Pin Quick Reference 

The following is a brief pin description. For detailed signal descriptions refer to "Signal Oescription" in section 
9 of the /nte/4S(JrM Processor Family datasheet. 

Table 7. Embedded Intel486™ SX Processor Pin Descriptions (Sheet 1 of 6) 

Symbol Type Name and Function 

ClK I Clock provides the fundamental timing and internal operating frequency for the 
embedded Intel466 SX processor. All external timing parameters are specified with 
respect to the rising edge of ClK. 

ADDRESS BUS 

A31-A4 1/0 Address lines A31-A2, together with the byte enable signals, BE3 # -BEO #, define 
A3-A2 0 the physical area of memory or input/output space accessed. Address lines A31-A4 

are used to drive addresses into the embedded Intel466 SX processor to perform 
cache line invalidation. Input signals must meet setup and hold times t22 and t23. A31-
A2 are not driven during bus or address hold. 

BE3# 0 Byte Enable signals indicate active bytes during read and write cycles. Ouring the first 
BE2# 0 cycle of a cache fill, the external system should assume that all byte enables are active. 
BE1# 0 BE3#-BEO# are active lOW and are not driven during bus hold. 

BEO# 0 BE3# applies to 031-024 
BE2# applies to 023-016 
BE1 # applies to 015-06 
BEO# applies to 07-00 

DATA BUS 

031-00 1/0 Data lines. 07 -00 define the least significant byte of the data bus; 031-024 define 
the most significant byte of the data bus. These signals must meet setup and hold 
times t22 and t23 for proper operation on reads. These pins are driven during the 
second and subsequent clocks of write cycles. 

DATA PARITY 

DP3-DPO 1/0 There is one Data Parity pin for each byte of the data bus. Oata parity is generated on 
all write data cycles with the same timing as the data driven by the embedded Intel466 
SX processor. Even parity information must be driven back into the processor on the 
data parity pins with the same timing as read information to ensure that the correct 
parity check status is indicl!lted by the embedded Intel466 SX processor. The Signals 
read on these pins do not affect program execution. 

Input signals must meet setup and hold times t22 and t23. OP3-0PO must be 
connected to Vee through a pull-up resistor in systems that do not use parity. OP3-
OPO are active HIGH and are driven during the second and subsequent clocks of write 
cycles. 

PCHK# 0 Parity Status is driven on the PCHK # pin the clock after ready for read operations. 
The parity status is for data sampled at the end of the previous clock. A parity error is 
indicated by PCHK# being lOW. Parity status is only checked for enabled bytes as 
indicated by the byte enable and bus size signals. PCHK # is valid only in the clock 
immediately after read data is returned to the processor. At all other times PCHK# is 
inactive (HIGH). PCHK# is never floated. 
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Table 7. Embedded Intel486TM SX Processor Pin Descriptions (Sheet 2 of 6) 

Symbol Type Name and Function 

BUS CYCLE DEFINITION 

M/IO# 0 Memoryllnput-Output, Data/Control and Write/Read lines are the primary bus 
D/C# 0 definition signals. These signals are driven valid as the ADS# signal is asserted. 
W/R# 0 M/IO# D/C# W/R# Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 HALT ISpecial Cycle (see details below) 
0 1 0 1/0 Read 
0 1 1 I/O Write 
1 0 0 Code Read 
1 0 1 Reserved 
1 1 0 Memory Read 
1 1 1 Memory Write 

HALT/Special Cycle 

Cycle Name BE3#-BEO# A4-A2 
Shutdown 1110 000 
HALT 1011 000 
Stop Grant bus cycle 1011 100 

LOCK# 0 Bus Lock indicates that the current bus cycle is locked. The embedded Intel486 SX 
processor does not allow a bus hold when LOCK # is asserted (address holds are 
allowed). LOCK # goes active in the first clock of the first locked bus cycle and goes 
inactive after the last clock of the last locked bus cycle. The last locked cycle ends 
when Ready is returned. LOCK# is active LOW and not driven during bus hold. Locked 
read cycles are not transformed into cache fill cycles when KEN # is returned active. 

PLOCK# 0 Pseudo-Lock indicates that the current bus transaction requires more than one bus 
cycle to complete. For the embedded Intel486 SX processor, examples of such 
operations are segment table descriptor reads (64 bits) and cache line fills (128 bits). 

The embedded Intel4B6 SX processor drives PLOCK# active until the addresses for 
. the last bus cycle of the transaction are driven, regardless of whether RDY # or BRby # 
have been returned. 

PLOCK # is a function of the BSB #, B516 # and KEN # inputs. PLOCK # should be 
sampled only in the clock in which Ready is returned. PLOCK # is active LOW and is not 
driven during bus hold. 

BUS CONTROL 

ADS# 0 Address Status output indicates that a valid bus cycle definition and address are 
, available on the cycle definition lines and address bus. ADS# is driven active in the 

same clock in which the addresses are driven. ADS# is active LOW and not driven 
during bus hold. 
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Table 7. Embedded Intel486TM SX Processor Pin Descriptions (Sheet 3 of 6) 

Symbol Type Name and Function 

RDY# I Non-burst Ready input indicates that the current bus cycle is complete. ROY # 
indicates that the external system has presented valid data on the data pins in response 
to a read or that the external system has accepted data from the embedded Intel486 SX 
processor in response to a write. ROY # is ignored when the bus is idle and at the end of 
the first clock of the bus cycle. 

ROY # is active during address hold. Oata can be returned to the embedded Intel486 SX 
processor while AHOlO is active. 

ROY # is active lOW and is not provided with an internal pull-up resistor. ROY # must 
satisfy setup and hold times t16 and t17 for proper chip operation. 

BURST CONTROL 

BRDY# I Burst Ready input performs the same fUl")ction during a burst cycle that ROY # 
performs during a non-burst cycle. BROY # indicates that the external system has 
presented valid data in response to a read or that the external system has accepted 
data in response to a write. BROY # is ignored when the bus is idle and at the end of the 
first clock in a bus cycle. 

BRDY # is sampled in the second and subsequent clocks of a burst cycle. Oata 
presented on the data bus is strobed into the embedded Intel486 SX processor when 
BROY # is sampled active. If ROY # is returned simultaneously with BROY #, BROY # is 
ignored and the burst cycle is prematurely aborted. 

BROY # is active lOW and is provided with a small pull-up resistor. BROY # must satisfy 
the setup and hold times t16 and t17. 

BLAST # 0 Burst Last signal indicates that the next time BROY # is returned, the burst bus cycle is 
complete. BLAST# is active for both burst and non-burst bus cycles. BLAST# is active 
lOW and is not driven during bus hold. 

INTERRUPTS 

RESET I Reset input forces the embedded Intel486 SX processor to begin execution at a known 
state. The processor cannot begin executing instructions until at least 1 ms after Vee, 
and ClK have reached their proper OC and AC specifications. The RESET pin must 
remain active during this time to ensure proper processor operation. However, for warm 
resets, RESET should remain active for at least 15 ClK periods. RESET is active HIGH. 
RESET is asynchronous but must meet setup and hold times t20 and t21 for recognition 
in any specific clock. 

INTR I Maskable Interrupt indicates that an external interrupt has been generated. When the 
internal interrupt flag is set in EFlAGS, active interrupt processing is initiated. The 
embedded Intel486 SX processor generates two locked interrupt acknowledge bus 
cycles in response to the INTR pin going active. INTR must remain active until the 
interrupt acknowledges have been performed to ensure processor recognition of the 
interrupt. 

INTR is active HIGH and is not provided with an internal pull-down resistor. INTR is 
asynchronous, but must meet setup and hold times t20 and t21 for recognition in any 
specific clock. 
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Table 7_ Embedded Intel486™ SX Processor Pin Descriptions (Sheet 4 of 6) 

Symbol Type Name and Function 

NMI I Non-Maskable Interrupt request signal indicates that an external non-maskable 
interrupt has been generated_ NMI is rising-edge sensitive and must be held lOW for 
at least four ClK periods before this rising edge. NMI is not provided with an internal 
pull-down resistor. NMI is asynchronous, but must meet setup and hold times t20 and , 
t21 for recognition in any specific clock. 

SRESET I Soft Reset pin duplicates all functionality of the RESET pin except that the 5MBASE 
register retains its previous value. For soft resets, SRESET must remain active for at 
least 15 ClK periods. SRESET is active HIGH. SRESET is asynchronous but must 
meet setup and hold times t20 and t21 for recognition in any specific clock. 

SMI# I System Management Interrupt input invokes System Management Mode (SMM). 
SMI # is a falling-edge triggered signal which forces the embedded Intel486 SX 
processor into SMM at the completion of the current instruction. SMI # is recognized 
on an instruction boundary and at each iteration for repeat string instructions. SMI # 
does not break lOCKed bus cycles and cannot interrupt a currently executing SMM. 
The embedded Intel486 SX processor latches the falling edge of one pending SMI # 
signal while it is executing an existing SMI #. The nested SMI # is not recognized until 
after the execution of a Resume (RSM) instruction. 

SMIACT# 0 System Management Interrupt Active, an active lOW output, indicates that the 
embedded Intel486 SX processor is operating in SMM. It is asserted when the 
processor begins to execute the SMI # state save sequence and remains active lOW 
until the processor executes the last state restore cycle out of SMRAM. 

STPCLK# I Stop Clock Request input signal indicates a request was made to turn off or change 
the ClK input frequency. When the embedded Intel486 SX processor recognizes a 
STPClK#, it stops execution on the next instruction boundary (uri less superseded by 
a higher priority interrupt), empties all internal pipelines and write buffers, and 
generates a Stop Grant bus cycle. STPClK# is active lOW. STPCLK# is an 
asynchronous signal, but must remain active until the embedded Intel486 SX 
processor issues the Stop Grant bus cycle_ STPClK# may be de-asserted at 
any time after the processor has issued the Stop Grant bus cycle_ 

BUS ARBITRATION 

BREQ 0 Bus Request signal indicates that the embedded Intel486 SX processor has internally 
generated a bus request. BREQ is generated whether or not the processor is driving 
the bus. BREQ is active HIGH and is never floated. 

HOLD I Bus Hold Request allows another bus master complete control of the embedded 
Intel486 SX processor bus. In response to HOLD going active, the processor floats 
most of its output and input/output pins. HlDA is asserted after completing the current 
bus cycle, burst cycle or sequence of locked cycles. The embedded Intel486 SX 
processor remains in this state until HOLD is de-asserted. HOLD is active HIGH and is 
not provided with an internal pull-down resistor. HOLD must satisfy setup and hold 
times t18 and t19 for proper operation. 
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Table 7. Embeddedintel486TM SX Processor Pin Descriptions (Sheet 5 of 6) 

Symbol Type Name and Function 

HLDA 0 Hold Acknowledge goes active in response to a hold request presented on the HOLD 
pin. HLDA indicates that the embedded Intel486 SX processor has given the bus to 
another local bus master. HLDA is driven active in the same clock that the processor 
floats its bus. HLDA is driven inactive when leaving bus hold. HLDA is active HIGH and 
remains driven during bus hold. 

BOFF# I Backoff input forces the embedded Intel486 SX processor to float its bus in the next 
clock. The processor floats all pins normally floated during bus hold but HLDA is not 
asserted in response to BOFF #. BOFF # has higher priority than RDY # or BRDY #; if 
both are returned in the same clock, BOFF # takes effect. The embedded Intel486 SX 
processor remains in bus hold until BOFF # is negated. If a bus cycle is in progress 
when BOFF # is asserted the cycle is restarted. BOFF # is active LOW and must meet 
setup and hold times t18 and t19 for proper operation. 

CACHE INVALIDATION 

AHOLD I Address Hold request allows another bus master access to the embedded Intel486 SX 
processor's address bus for a cache invalidation cycle. The processor stops driving its 
address bus in the clock following AHOLD going active. Only the address bus is floated 
during address hold, the remainder of the bus remains active. AHOLD is active HIGH 
and is provided with a small internal pull-down resistor. For proper operation, AHOLD 
must meet setup and hold times t18 and t19' 

EADS# I External Address-This signal indicates that a valid external address has been driven 
onto the embedded Intel486 SX processor address pins. This address is used to 
perform an internal cache invalidation cycle. EADS# is active LOW and is provided with 
an internal pull-up resistor. EADS# must satisfy setup and hold times t12 and t13 for 
proper operation. 

CACHE CONTROL 

KEN# I Cache Enable pin is used to determine whether the current cycle is cacheable. When 
the embedded Intel486 SX processor generates a cycle that can be cached and KEN# 
is active one clogk before RDY # or BRDY # during the first transfer of the cycle, the 
cycle becomes a cache line fill cycle. Returning KEN # active one clock before RDY # 
during the last read in the cache line fill causes the line to be placed in the on-chip 
cache. KEN # is active LOW and is provided with a small internal pull-up resistor. KEN # 
must satisfy setup and hold times t14 and t15 for proper operation. 

FLUSH # I Cache Flush input forces the embedded Intel486 SX processor to flush its entire 
internal cache. FLUSH # is active LOW and need only be asserted for one clock. 
FLUSH # is asynchronous but setup and hold times t20 and t21 must be met for 
recognition in any specific clock. 

PAGE CACHEABILlTV 

PWT 0 Page Write-Through and Page Cache Disable pins reflect the state of the page 
PCD 0 attribute bits, PWT and PCD, in the page table entry, page directory entry or control 

register 3 (CR3) when paging is enabled. When paging is disabled, the embedded 
Intel486 SX processor ignores the PCD and PWT bits and assumes they are zero for the 
purpose of caching and driving PCD and PWT pins. PWT and PCD have the same timing 
as the cycle definition pins (M/IO#, D/C#, and W/R#). PWT and PCD are active HIGH 
and are not driven during bus hold. PCD is masked by the cache disable bit (CD) in 
Control Register O. 
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Table 7. Embedded Intel486TM SX Processor Pin Descriptions (Sheet 6 of 6) 

Symbol Type Name and Function 

BUS SIZE CONTROL 

BS16# I Bus Size 16 and Bus Size 8 pins (bus sizing pins) cause the embedded Intel486 SX 
BS8# I processor to run multiple bus cycles to complete a request from devices that cannot 

provide or accept 32 bits of data in a single cycle. The bus sizing pins are sampled 
every clock. The processor uses the state of these pins in the clock before Ready to 
determine bus size. These signals are active LOW and are provided with internal pull-
up resistors. These inputs must satisfy setup and hold times t14 and t15 for proper 
operation. 

ADDRESS MASK 

A20M# I Address Bit 20 Mask pin, when asserted, causes the embedded Intel486 SX 
processor to mask physical address bit 20 (A20) before performing a lookup to the 
internal cache or driving a memory cycle on the bus. A20M # emUlates the address 
wraparound at 1 Mbyte, which occurs on the 8086 processor. A20M# is active LOW 
and should be asserted only when the embedded Intel486 SX processor is in real 
mode. This pin is asynchronous but should meet setup and hold times t20 and t21 for 
recognition in any specific clock. For proper operation, A20M # should be sampled 
HIGH at the falling edge of RESET. 

TEST ACCESS PORT 

TCK I Test Clock, an input to the embedded Intel486 SX processor, provides the clocking 
function required by the JTAG Boundary scan feature. TCK is used to clock state 
information (via TMS) and data (via TDI) into the component on the riSing edge of 
TCK. Data is clocked out of the component (via TDO) on the falling edge of TCK. 
TCK is provided with an internal pull-up resistor. 

TDI I Test Data Input is the serial input used to shift JT AG instructions and data into the 
processor. TDI is sampled on the rising edge of TCK, during the SHIFT-IR and . 
SHIFT-DR Test Access Port (TAP) controller states. During all other TAP controller 
states, TDI is a "don't care." TDI is provided with an internal pull-up resistor. 

TDO 0 Test Data Output is the serial output used to. shift JTAG instructions and data out of 
the component. TDO is driven on the falling edge of TCK during the SHIFT-IR and 
SHIFT -DR TAP controller states. At all other times TDO is driven to the high 
impedance state. 

TMS I Test Mode Select is decoded by the JT AG TAP to select test logic operation. TMS is 
sampled on the rising edge of TCK. To guarantee deterministic behavior of the TAP 
controller, TMS is provided with an internal pull-up resistor. 

RESERVED PINS 

RESERVED I Reserved is reserved for future use. This pin MUST be connected to an external pull-
up resistor circuit. The recommended resistor value is 10 kOhms. The pull-up resistor 
must be connected only to the RESERVED pin. Do not share this resistor with 
other pins requiring pull-ups. 
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Table 8. Output Pins 

Output Signal 
Name Active Level Floated During Floated During During Stop Grant and 

Address Hold Bus Hold Stop Clock States 

BREQ HIGH Previous State 

HLDA HIGH As per HOLD 

BE3#-BEO# LOW • Previous State 

PWT,PCD HIGH • Previous State 

W/R#, M/IO#, D/C# HIGH/LOW • Previous State 

LOCK# LOW • HIGH (inactive) 

PLOCK # LOW • HIGH (inactive) 

ADS# LOW • HIGH (inactive) 

BLAST# LOW • Previous State 

PCHK# LOW Previous State 

A3-A2 HIGH • • Previous State 

SMIACT# LOW Previous State 

NOTE: 
The term "Previous State" means that the processor maintains the logic level applied to the signal pin just before the 
processor entered the Stop Grant state. This conserves power by preventing the signal pin from floating. 

Table 9. Input/Output Pins 

Output Signal 

Name Active Level Floated During Floated During During Stop Grant and 
Address Hold Bus Hold Stop Clock States 

D31-DO HIGH • Floated 

DP3-DPO HIGH • Floated 

A31-A4 HIGH • • Previous State 

NOTE: 
The term "Previous State" means that the processor maintains the logic level applied to the signal pin just before the 
processor entered the Stop Grant state. This conserves power by preventing the signal pin from floating. 

Table 10. Test Pins 

Name Input or Output Sampledl Driven On 

TCK Input N/A 

TDI Input Rising Edge of TCK 

TDO Output Failing Edge of TCK 

TMS Input Rising Edge of TCK 

I 4-113 



EMBEDDED Intel486TM SX PROCESSOR 

Table 11. Input Pins 

Name Active level Synchronous/ Internal Pull-Up/ 
- Asynchron~us Pull-Down 

ClK 

RESET HIGH Asynchronous 

SRESET HIGH Asynchronous Pull·Down 

HOLD HIGH Synchronous 

AHOlD HIGH Synchronous Pull·Down 

EADS# LOW Synchronous Pull-Up 

BOFF# LOW Synchronous Pull-Up 

FLUSH # LOW Asynchronous Pull-Up 

A20M# LOW Asynchronous Pull-Up 

BS16#,BS8# LOW Synchronous Pull-Up 

KEN# LOW Synchronous Pull-Up 

RDY# LOW Synchronous 

BRDY# LOW Synchronous Pull-Up 

INTR HIGH Asynchronous 

NMI HIGH Asynchronous 

RESERVED 

SMI# LOW Asynchronous Pull-Up 

STPClK# LOW Asynchronous Pull-Up1 

TCK HIGH Pull-Up 

TDI HIGH Pull-Up 

TMS HIGH Pull-Up 

NOTE: 
1. Though STPCLK # has an internal pull·up resistor, an external 1 Q·KO pull-up resistor is needed if the STPCLK # pin is not 

used. 

4.0 ARCHITECTURAL AND 
FUNCTIONAL OVERVIEW 

The embedded Intel486 SX processor architecture 
is essentially the same as the Intel486 SX processor 
with a 1 X clock (CLK) input. Refer to the Intel48(ffM 
Processor Family datasheet (242202) for a descrip
tion of the Intel486 SX processor. With some minor 
exceptions, the following datasheet sections apply 
to the embedded Intel486 SX processor: 

• Architectural Overview 

• Real Mode Architecture 

• Protected Mode Architecture 

• On-Chip Cache 

• System Management Mode (SMM) Architectures 
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• Hardware Interface 

• Bus Operation 

• Testability 

• Debugging Support 

• Instruction Set Summary 

• Differences Between-lntel486 Processors and 
Intel386™ Processors 

Exceptions to these sections of the datasheet are: 

• References to the Upgrade Power Down Mode 
do not apply. The embedded Intel486 SX proces
sor does not have the UP # signal pin and does 
not support the Intel OverDrive® processor. 
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• The embedded Intel486 SX processor has one 
pin reserved for possible future use. This pin, an 
input signal, is called RESERVED and must be 
connected to a 10-Kn pull-up resistor. The pull
up resistor must be connected only to the 
RESERVED pin. Do not share this resistor with 
other pins requiring pull-ups. 

4.1 CPUID Instruction 

The embedded Intel486 SX processor supports the 
CPUID instruction (see Table 12). Because not all 
Intel processors support the CPUID instruction, a 
simple test can determine if the instruction is sup
ported. The test involves the processor's ID Flag, 
which is bit 21 of the EFLAGS register. If software 
can change the value of this flag, the CPUID instruc
tion is available. The actual state of the ID Flag bit is 
irrelevant and provides no significance to the hard
ware. 

EMBEDDED Intel486TM SX PROCESSOR 

This bit is cleared (reset to zero) upon device reset 
(RESET or SRESET) for compatibility with Intel486 
processor designs that do not support the CPUID 
instruction. 

CPUID-instruction details are provided here for the 
embedded Intel486 SX processor. Refer to Intel Ap
plication Note AP-485 Intel Processor Identification 
with the CPUID Instruction (Order No. 241618) for a 
description that covers all aspects of the CPUID in
struction and how it pertains to other Intel proces
sors. 

4.1.1 Operation of the CPUID 
Instruction 

The CPUID instruction requires the software devel
oper to pass an input parameter to the processor in 
the EAX register. The processor response is re
turned in registers EAX, EBX, EDX, and ECX. 

Table 12. CPUID Instruction Description 

Processor Parameter passed in 
OPCODE Instruction 

Core Clocks 
EAX Description 

(Input Value) 

OFA2 CPUID 9 0 Vendor (Intel) ID String 

14 1 Processor Identification 

9 > 1 Undefined (Do Not Use) 

Vendor ID String-When the parameter passed in EAX is 0 (zero), the register values returned upon instruc
tion execution are shown in the following table. 

31 - - - - - - 24 23 - - - - - - 16 15 - - - - - - 8 7 - - - - - - 0 

HighValue(= 1) EAX I 0000 0000 0000 .0001 

Vendor ID String EBX u (75) n (SE) e (65) G (47) 

(ASCII EDX I (49) e (65) n (6E) i (69) 

Characters) ECX 1 (SC) e (65) t (74) n (6E) 

The values in EBX, EDX and ECX indicate an Intel processor. When taken in the proper order, they decode to 
the string hGenuinelntel. n 
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Processor Identification-When the paramete(passed to EAX is 1 (one), the register values returned upon 
instruction execution are: 

31 - - - - - - - - 14 13,12 11---8 7---4 3---0 

Processor EAX (Do Not Use) 00 0100 0010 XXXX 
Signature Intel Reserved Processor Family Model Stepping 

Type 

(Intel releases information about stepping numbers as needed) 

Intel Reserved EBX 

(Do Not Use) ECX 

Feature Flags EDX 

~--------------------~-O 
Intel Reserved 

Intel Reserved 

31--------------------2 

31--------------------0 1 
VME 

4.2 Identification After Reset 

Processor Identification-Upon reset, the EOX register contains the processor signature: 

o 
o 

FPU 

31---------14 13,12 11----87----43----0 

Processor EDX (Do Not Use) 00 0100 0010 XXXX 
Signature Intel Reserved Processor Family Model Stepping 

Type 

(Intel releases information about stepping numbers as needed) 

4.3 Boundary Scan (JTAG) 

4.3.1 Device Identification 

Tables 13 and 14 show the 32-bit code for the embedded Intel486 SX processor. This code is loaded into the 
Device Identification Register. 

Table 13. Boundary Scan Component Identification Code (3.3 Volt Processor) 

Version Part Number , 

Vee Intel Family 
0=5V Architecture 0100 = Intel486 

1 =3.3V Type CPU Family 

31 - - - 28 27 26 - - - - 21 20----17 

XXXX 1 000001 0100 
(I ntel releases Information about verSion numbers as needed) 
Boundary Scan Component Identification Code = x828 2013 (Hex) 

4-116 

MfglD 

Model 009H = Intel 
00010 = 

embedded Intel486 SX 
processor 

16----12 11----1 

00010 00000001001 

1 

0 

1 
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Table 14. Boundary Scan Component Identification Code (5 Volt Processor) 

Version Part Number 

Vcc Intel Family 
0=5V Architecture 010·0 = Intel486 

1 =3.3V Type CPU Family 

31 - - - 28 27 26 - - - - 21 20----17 

XXXX 0 000001 0100 

(Intel releases Informallon about version numbers as needed) 
Boundary Scan Component Identification Code = x028 2013 (Hex) 

Model 
00010 = 

embedded Intel486 SX 
processor 

16 - - - -12 

00010 

4.3.2 Boundary Scan Register Bits and Bit Order 

MfglO 

OOSH = Intel 

11----1 

00000001001 

1 

0 

1 

The boundary scan register contains a cell for each pin as well as cells for control of bidirectional and three
state pins. There are "Reserved" bits which correspond to no-connect (N/C) signals of the embedded In
tel486 SX processor. Control registers WRCTL, ABUSCTL, BUSCTL, and MISCCTL are used to select the 
direction of bidirectional or three-state output signal pins. A "1" in these cells designates that the associated 
bus or bits are floated if the pins are three-state, or selected as input if they are bidirectional. 

• WRCTL controls 031-00 and DP3-DPO 

• ABUSCTL controls A31-A2 

• BUSCTL controls ADS#, BLAST # , PLOCK#, LOCK#, W/R#, BEO#, BE1 #, BEU, BE3#, MIIO#, 
D/C#, PWT, and PCD 

• MISCCTL controls PCHK#, HLDA, and BREQ 

The following is the bit order of the embedded Intel486 SX processor boundary scan register: 

TOO +-- A2, A3, A4, A5, RESERVED, A6, A7, A8, AS, A10, A11, A12, A13, A14, A15, A16, A17, 
A 18, A 1S, A20, A21, A22, A23, A24, A2S, A26, A27, A28, A2S, A30, A31, DPO, DO, 01, 
D2,D3,D4,DS,D6,D7,DP1,D8,DS,D10,D11,D12,D13,D14,D1S,DP2,D16,D17, 
D1B,D1S, 020, D21,D22,D23,DP3,D24,D2S, D26,D27,D28,D2S, D3 0,031, 
STPCLK#, Reserved, Reserved, SMI#, SMIACT#, SRESET, NMI,INTR, FLUSH#, 
RESET, A20M#, EADS#, PCD, PWT, D/C#, MIIO#, BE3#, BEU, BE1 #, BEO#, 
BREQ, W/R#, HLDA, CLK, Reserved, AHOLD, HOLD, KEN#, RDY#, BS8#, BS16#, 
BOFF #, BRDY #, PCHK #, LOCK #, PLOCK #, BLAST #, ADS #, MISCCTL, BUSCTL, 
ABUSCTL, WRCTL +-- TOI 

I 4-117 



EMBEDDED Intel486TM SX PROCESSOR 

5.0 ELECTRICAL SPECIFICATIONS 

5.1 Maximum Ratings 

Table 15 is a stress rating only. Extended exposure 
to the Maximum Ratings may affect device reliability. 

Furthermore, although the embedded Intel486 SX 
processor contains protective circuitry to resist dam
age from electrostatic discharge, always take pre
cautions to avoid high static voltages or electric 
fields. 

Functional operating conditions are given in Section 
5.2, DC Specifications and Section 5.3, AC Speci
fications. 

Table 15. Absolute Maximum Ratings 

Case Temperature -65°C to + 110°C 
under Bias 

Storage Temperature - 65°C to + 150°C 

DC Voltage on Any Pin -O.5V to Vee + O.5V 
with Respect to Ground 

Supply Voltage Vee -O.5V to + 6.5V 
with Respect to Vss 
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5.2 DC Specifications 

The following tables show the operating supply volt
ages, DC 1/0 specifications, and component power 
consumption for the' embedded Intel486 SX proces
sor. 

Table 16. Operating Supply Voltages 

Product Vee 

SB80486SXSC33 3.3V ± O.3V 

KU80486SXSA33 5.0V ± O.25V 
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Table 17. 3.3V DC Specifications 

Functional Operating Range: Vee = 3.3V ± 0.3V, TeASE = O°C to + 85°C 

Symbol Parameter Min Max Unit Notes 

Vil Input lOW Voltage -0.3 +0.8 V 

VIH Input HIGH Voltage 2.0 Vee +0.3 V Note 1 

VIHe Input HIGH Voltage of ClK Vee -0.6 Vee +0.3 V 

VOL Output lOW Voltage 
IOl = 2.0 rnA 0.4 V 
IOl = 100 p.A 0.2 V 

VOH Output HIGH Voltage 
IOH = -2.0 rnA 2.4 V 
IOH = -100 p.A Vee -0.2 V 

III Input leakage Current ±15 p.A Note 2 

IIH Input leakage Current 200 p.A Note 3 
SRESET 300 p.A Note 3 

III Input leakage Current -400 p.A Note 4 

ILO Output leakage Current ±15 p.A 

CIN Input Capacitance 10 pF Note 5 

COUT I/O or Output Capacitance 10 pF Note,5 

CClK ClK Capacitance 6 pF Note 5 

NOTES: 
1. All inputs except ClK. 
2. This parameter is for inputs without pull-up or pull-down resistors and OV :s; VIN :s; Vee. 
3. This parameter is for inputs with pull-down resistors and VIH = 2.4V. 
4. This parameter is for inputs with pull-up resistors and VIL = O.4V. 
5. Fc = 1 MHz. Not 100% tested. 
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Table 18. 3.3V Icc Values 

Functional Operating Range: V cc = 3.3V ± 0.3V; T CASE = O·C to + 8SoC 

Parameter Operating Frequency Typ Maximum Notes 

ICC Active 2SMHz 31SmA Note 1 
(Power Supply) 33 MHz 41SmA 

ICC Active 2SMHz 220mA 292mA Notes 2, 3, 4 
(Thermal Design) 33 MHz 289mA 3S6mA 

Icc Stop Grant 2SMHz 20mA 40mA NoteS 
33 MHz 2SmA SOmA 

Icc Stop Clock OMHz 100/LA 1 mA Note 6 

NOTES: 
1. This parameter is for proper power supply selection. It is measured using the worst case instruction mix at Vee = 3.6V. 
2. The maximum current column is for thermal design power dissipation. It is measured using the worst case instruction mix 

at Vee = 3.3V. " 
3. The typical current column is Ihe typical operating current in a system. This value is measured in a system using a typical 

device at Vee = 3.3V, running Microsoft Windows 3.1 at an idle condition. This tYpical value is dependent upon the 
specific system configuration. 

4. Typical values are not 100% tesled. 
5. The Icc Slop Grant specification refers to the Icc value once the embedded Inlel486 SX processor enters the Slop Grant 

or Aulo HALT Power Down state. 
6. The Icc Stop Clock specification refers to Ihe Icc value once the embedded Inlel486 SX processor enters the Stop Clock 

state. The VIH and VIL levels must be equal to Vee and OV, respectively, in order 10 meet Ihe Icc Stop Clock specifica· 
~~ . 
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Table 19. 5V DC Specifications 

Functional operating range: VCC = 5V ± 0.25V; T CASE = ODC to + 85DC 

Symbol Parameter 

VIL Input lOW Voltage 

VIH Input HIGH Voltage 

VOL Output lOW Voltage 

VOH Output HIGH Voltage 

III Input leakage Current 

IIH Input leakage Current 
SRESET 

IlL Input leakage Current 

ILO Output leakage Current 

CIN Input Capacitance 

COUT Output or 110 Capacitance 

CCLK ClK Capacitance 

NOTES: 
1. This parameter is measured at: 

Address, Data, BEn 4.0 mA 
Definition, Control 5.0 mA 

2. This parameter is measured at: 
Address, Data, BEn -1.0 mA 
Definition, Control -0.9 mA 

Min Max 

-0.3 +0.8 

2.0 VCC +0.3 

0.45 

2.4 

±15 

200 
300 

-400 

±15 

20 

20 

20 

3. This parameter is for inputs without pull·ups or pull·downs and OV :;;; VIN :;;; Vee. 
4. This parameter is for inputs with pull·downs and VIH = 2.4V. 
5. This parameter is for inputs with pull·ups and VIL = 0.45V. 
6. Fe = 1 MHz; Not 100% tested. 

I 

Unit 

V 

V 

V 

V 

/lA 
/lA 
p.A 

/lA 
/lA 
pF 

pF 

pF 

Notes 

Note 1 

Note 2 

Note 3 

Note 4 
Note 4 

Note 5 

Note 6 

Note 6 

Note 6 
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Table 20. 5V Icc Values 

Functional Operating Range: V cc = 5V ± 0.2SV; T CASE = O·C to + 8S·C 

Parameter Operating Frequency Typ Maximum. Notes 

ICC Active 25 MHz S60mA Note 1 
(Power Supply) 33 MHz 68SmA 

ICC Active 2SMHz 378mA 53SmA Notes 2, 3, 4 
(Thermal Design) 33 MHz 497mA 6S4mA 

Icc Stop Grant 25 MHz 35mA 6SmA NoteS 
33 MHz 40mA 80 rnA 

Icc Stop Clock OMHz 200 !LA 2mA Note 6 

NOTES: 
1. This parameter is for proper power supply selection. It is measured using the worst case instruction mix at Vee = 5.25V. 
2. The maximum current column is for thermal design power dissipation. It is measured using the worst case instruction mix 

at Vee = 5V. 
3. The typical current column is the typical operating current in a system. This value is measured in a system using a typical 

device at Vee· = 5V, running Microsoft Windows 3.1 at an idle condition. This typical value is dependent upon the specific 
system configuration. . 

4. Typical values are not 100% tested. 
5. The Icc Stop Grant specification refers to the Icc value once the embedded Intel486 SX processor enters the Stop Grant 

or Auto HALT Power Down state. 
6. The Icc Stop Clock specification refers to the Icc value once the processor enters the Stop Clock state. The V'H and V'L 

levels must be equal to Vee and OV, respectively, in order to meet the Icc Stop Clock specifications: 
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5.3 AC Specifications 

The AC specifications for the embedded Intel486 SX processor are given in this section. 

Table 21. AC Characteristics 

T CASE = O·C to + 85·C; CL = 50 pF, unless otherwise specified. (Sheet 1 of 2) 

Vee (Package) 

3.3V 5V 
Symbol Parameter (20a-Lead (196-Lead 

SQFP) PQFP) 

Min Max Min Max Unit Figure Notes 

ClK Frequency 8 33 8 33 MHz Note 1 

t1 ClK Period 30 125 30 125 ns 4 

tla ClK Period Stability ±250 ±250 ps 4 Adjacent 
clocks 

t2 ClK High Time 11 11 ns 4 at2V 

t3 ClK low Time 11 11 ns 4 atO.8V 

t4 ClKFaliTime 3 3 ns 4 2Vto 0.8V 

ts ClK Rise Time 3 3 ns 4 0.8Vto 2V 

ts A31-A2, PWT, PCD, BE3-BEO#, 3 16 3 16 ns 8 
MIIO#, D/C#, W/R#, ADS#, lOCK#, 
BREQ, HlDA, SMIACT# Valid Delay 

t7 A31-A2, PWT, PCD, BE3-BEO#, 20 20 ns 9 Note 2 
M/IO#, D/C#, W/R#, ADS#, lOCK#, 
BREQ, HlDA Float Delay 

te PCHK# Valid Delay 3 22 3 22 ns 7 

tea BLAST#, PLOCK#Valid Delay 3 20 3 20 ns 8 

tg BLAST#, PlOCK# Float Delay 20 20 ns 9 Note 2 

tl0 D31-DO, DP3-DPO Write Data Valid 3 19 3 18 ns 8 
Delay 

tll D31-DO, DP3-DPO Write Data Float 20 20 ns 9 Note 2 
Delay 

t12 EADS# Setup Time 6 5 ns 5 

t13 EADS # Hold Time 3 3 ns 5 

t14 KEN#, BS16#, BS8# Setup Time 6 5 ns 5 

tlS KEN#, BS16#, BS8# Hold Time 3 3 ns 5 

tlS RDY #, BRDY # Setup Time 6 5 ns 6 

t17 RDY #, BRDY # Hold Time 3 3 ns 6 
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Table 21. AC Characteristics 

T CASE = O·C to + 85·C; Cl = 50 pF, unless otherwise specified. (Sheet 2 of 2) 

Vee (Package) 

3.3V 5V 
Symbol Parameter (208-Lead (196-Lead 

SQFP) PQFP) 

Min Max Min Max Unit Figure Notes 

t18 HOLD, AHOLD Setup Time 6 6 ns 5 

t18a BOFF # Setup Time 9 8 ns 5 

t19 HOLD, AHOLD, BOFF# Hold Time 3 3 ns 5 

t20 FLUSH#, A20M#, NMI.,INTR, SMI#, 6 5 ns 5 Note 3 
STPCLK#, SRESET, RESET Setup 
Time 

t21 FLUSH#, A20M#, NMI,INTR, SMI#, 3 3 ns 5 Note 3 
STPCLK#, SRESET, RESET Hold 
Time 

t22 D31-DO, DP3-DPO, 6 5 ns 6 
A31-A4 Read Setup Time 5 

t23 D31-DO, DP3-DPO, 3 3 ns 6 
A31-A4 Read Hold Time 5 

NOTES: 
1. O·MHz operation is guaranteed when the STPClK# and Stop Grant bus cycle protocol is used. 
2. Not 100% tested, guaranteed by design characterization. 
3. A reset pulse width of 15 ClK cycles is required for warm resets (RESET or SRESEn. Power-up resets (cold resets) 

require RESET to be asserted for at least 1 ms after Vee and ClK are stable. 
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Symbol 

t24 

t25 

t26 

t27 

t2B 

t29 

tao 

tal 

ta2 

taa 

ta4 

ta5 

ta6 

ta7 

NOTES: 

Table 22. AC Specifications for the Test Access Port 

(Both S.SV SOFP and 5V POFP Processors) 
T CASE = O·C to + 85·C; Cl = 50 pF 

Parameter Min Max Unit 

TCK Frequency 8 MHz 

TCK Period 125 ns 

TCK High Time 40 ns 

TCKLowTime 40 ns 

TCK Rise Time 8 ns 

TCKFaliTime 8 ns 

TOI, TMS Setup Time 8 ns 

TOI, TMS Hold Time 10 ns· 

TOO Valid Oelay S SO ns 

TOO Float Oelay S6 ns 

All Outputs (except TOO) Valid Oelay S SO ns 

All Outputs (except TOO) Float Oelay S6 ns 

All Inputs (except TOI, TMS, TCK) Setup Time 8 ns 

All Inputs (except TOI, TMS, TCK) Hold Time 10 ns 

1. TCK period 5: ClK period. 

Figure Notes 

Note 1 

10 

10 @2.0V 

10 @0.8V 

10 Note 2 

10 Note 2 

11 NoteS 

11 NoteS 

11 NoteS 

11 NoteS 

11 NoteS 

11 NoteS 

11 NoteS 

11 NoteS 

2. Rise/Fall times are measured between O.SV and 2.0V. Rise/Fall times can be relaxed by 1 ns per 10-ns increase in TCK 
period. 

a. Parameters t30-t37 are measured from TCK. 

2.0 V - - - - 2.0 V 

ClK - - 1.5 V 

- - 0.8 V 

1+------ tl 

272769-4 
tx = input setup times 
ty = input hold times, output float, valid and hold times 

Figure 4. ClK Waveform 
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~® 

CLK [ 

EAOS# [ 

BS8#, BS16#, KEN# [ 

BOFF#,AHOLO, HOLD [ 

RESET, FLUSH#, 

[ A20M#, INTR, NMI, 
SMI#, STPCLK#, SRESET 

A31-A4 [ (READ) 

272769,.5 

Figure 5. Input Setup and Hold Timing 

ROY#, BROY# [ 

031-00,OP3-0PO [ 

272769-6 

Figure 6. Input Setup and Hold Timing 
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ClK [ 

Ron, BROY# [ 

031-00 [ 
OP3-0PO 

PCHK# [ 

Figure 7. PCHK# Valid Delay Timing 

CLK 

A2-A31 , PWT, PCO, 
BEO-3#, MlIO#, [ 

O/C#, W/R#, AOS#, 
LOCK#, BREQ, HLOA, 

SMIACT# 

031-00, OP3-0PO [ 

BLAST#, [ 
PlOCK# 

VALID n . 

VALIOn+1 

VALID n+1 

Figure 8. Output Valid Delay Timing 

272769-7 

272769-8 
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TCK 

4-128 

ClK 

A2-A31, PWT, PCD, 
BEO-3#, MlIO#, [ 

D/C#, W/R#, ADS#, 
lOCK#, BREa, HlDA 

031-00, DP3-DPO [. 

O.BV-

BLAST#, [ 
PlOCK# 

Figure 9. Maximum Float Delay Timing 

Figure 10. TCK Waveform 

272769-9 

272769-10 

I 



I 

EMBEDDED Intel486™ SX PROCESSOR 

TCK 

TMS 
TDI 

~~'" 
rno [ ~"f ___ VA_Ll_:-_t33_9~}-__ _ 

------'-"-'.~ ". ~ ~,~ =1 
OUTPUT [ ~ VALID X VALID ~f-. ----

INPUT [ ____ ~ ':AU:·"~ _________ _ 

Figure 11. Test Signal Timing Diagram 
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5.4 Capacitive Derating Curves 

The following graphs are the capacitive derating curves for the embedded Intel486 SX processor. 

nom+7 

nom+6 

nom+5 

nom+4 
'ii 
.s. nom+3 

f nom+2 

nom+1 

nom 

V 
nom-1 

,nom-2 
25 

/ 

...... V 
~ 

/ ...... 

.,/ 

50 75 100 

Capacitive Load (PF) 

NOTE: 
This graph will not be linear outside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 

,/" 
/ 

~ 

125 150 

272769-12 

Figure 12. Typical Loading Delay versus Load Capacitance under Worst-Case Conditions 
for a Low-to-High Transition, 3.3V Processor 

NOTE: 

nom+5 

nom+4 
'ii 
.s. nom+3 

f nom+2 

nom+1 

nom 

nom-1 

nom-2 
25 

----
V--

~ ----
50 75 100 

CapaclUve Load (pF) 

This graph will not be linear outside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 

~ 

~ V--

125 150 

272769-13 

Figure 13. Typical Loading Delay versus Load Capacitance under Worst-Case Conditions 
for a High-to-Low Transition, 3.3V Processor 
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nom+5 
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50 
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This graph will not be linear outside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 
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Figure 14. Typical Loading Delay versus Load Capacitance under 
Worst-Case Conditions for a Low-to-High Transition, 5V Processor 
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nom = nominal value from the AC Characteristics table. 

Figure 15. Typical Loading Delay versus Load Capacitance under 
Worst-Case Conditions for a Hlgh-to-Low Transition, 5V Processor 
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6.0 MECHANICAL DATA 

This section describes the packaging dimensions and thermal specifications for the embedded Intel486 SX 
processor. 

6.1 Package Dimensions 

1.14 
(reI) 

52 

~------- 30.6:t 0.25 -------~ 

F28.0:t0.10~ 
25.50 (ref) -, 

208 157 

1 

o 

NOTE: Length measurements same as width measurements 

156 

05 

.40 Min 

O·Min 

[ 7· Max 

~3.37tO.08 f 
3.70 Max 

t 
_ II ... 0.13 Min 
~ 0.25 Max 

r-----------------, ---1...1.76 Max 

J6Di------m 
I I Tolerance Window for 
I I Lead Skew from theoretical 
L I True PosHlon 

... 0.10 Max 

Units: mm 
272769-16 

Figure 16. 208·Lead SQ'FP Package Dimensions 
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, 
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I D.IIII' 81c IA(i)-lmllt(!)1 
I , 

" Ff.- '=4 .1·N'Ij)' ·cD-·cD 'cD l+ll.OOIIiJ c .Ci)-If!) 'Ill I 

1---------·- r A 

OJ Or 
~ 

_ .. J '--

-~c ·L_ 
" 1.1· ... ·Ql)I,I·cD-·II>I·1I>1 
" 

272769-17 

NOTE: 
Interpret dimensions and tolerances in accordance with ANSI Y14.5M-1962. 

Figure 17. Principal Dimensions and Data for .196-Lead Plastic Quad Flat Pack Package 

Table 23. Symbol LIst and Dimensions for 196-Lead PQFP Package 

Symbol Description of Dimensions Min Max 

A Package Height: Distance from the seating plane to the highest point of body. 0.160 0.175 

A1 Standoff: The distance from the seating plane to the base plane. 0.020 0.035 

D,E Overall Package Dimension: Lead tip to lead tip. 1.470 1.485 

D1, E1 Plastic Body Dimension 1.347 1.353 

D2, E2 Bumper Distance 
Without FLASH 1.497 1.503 
With FLASH· 1.497 1.510 

CP Seating Plane Coplanarity 0.000 0.004 

NOTES: 
1. All dimensions and tolerances conform to ANSI Y14.5M-1962. 
2. Dimensions are in inches. 

I 4-133 



EMBEDDED Intel486TM SX PROCESSOR 
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Figure 18. Typical Lead for 196-Lead PQFP Package 
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6.2 Package Thermal Specifications 

The embedded Intel486 SX processor is specified 
for operation when the case temperature {T cl is 
within the range of OC to 85C. T c may be measured 
in any environment to determine whether the proc
essor is within the specified operating range. 

The ambient temperature (T A) can be calculated 
from 6JC and 6JA from the following equations: 

TJ=Tc+ P *6JC 
TA=TJ-P*6JA 
Tc = TA + P * [6JA-6Jcl 
TA = Tc - P' [6JA-6Jcl 

EMBEDDED Intel486TM SX PROCESSOR 

Where TJ, TA, Tc equals Junction, Ambient and 
Case Temperature respectively. 6JC, 6JA equals 
Junction-to-Case and Junction-to-Ambient thermal 
Resistance, respectively. P is defined as Maximum 
Power Consumption. 

Values for (JJA and 6JC are given in the following 
tables for each product operating at 33 MHz. Maxi
mum TA is shown for each product operating at 
25 MHz and 33 MHz. 

Table 24_ Thermal Resistance, 6JA ("e/W) 

(JJA vs. Airflow-ft/min. (m/sec) 

0 200 400 600 
(0) (1.01) (2.03) (3.04) 

208-Lead SQFP (3.3V) - Without Heat Sink 36.0 27.5 25.0 22.5 

196-Lead PQFP (5V) - Without Heat Sink 20.5 16.5 14.0 12.5 

196-Lead PQFP (5V) - With Heat Sink' 17.0 10.5 8.5 8.0 
.. 

'0.350" high ommdlrectlonal heat sink. 

Table 25. Thermal Resistance, 6JC ("e/W) 

6JC vs. Airflow-ft/min. (m/sec) 

0 200 400 600 
(0) (1.01) (2.03) (3.04) 

0 200 400 600 

I 208-Lead SQFP (3.3V) 4.0 7.5 8.0 8.5 

I 196-Lead PQFP (5V) 3.5 - - -
Table 26. Maximum T ambient. T A max ("e) 

Alrflow-fllmln. (m/sec) 

Freq. 0 200 400 600 
(MHz) (0) (1.01) (2.03) (3.04) 

208-Lead SQFP (3.3V) 25 54 66 69 72 

Without Heat Sink 33 47 62 65 69 

196-Lead PQFP (5V) 25 40 50 57 61 

Without Heat Sink 33 29 42 51 56 

196-Lead PQFP (5V) 25 49 66 72 73 

With Heat Sink 33 41 62 69 70 
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Figure 1. Embedded IntelDX2TM Processor Block Diagram 
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1.0 INTRODUCTION 

The embedded IntelDX2TM processor provides high 
performance to 32-bit, embedded applications. De
signed for applications that need a floating-point 
unit, the processor is ideal for embedded designs 
running DOS', Microsoft' Windows', OS/2', or 
UNIX' applications written for the Intel architecture. 
Projects ~an be completed quickly by utilizing the 
wide range of software tools, utilities, assemblers 
and compilers that are available for desktop comput
er systems. Also, developers can find advantages in 
using existing chipsets and peripheral components 
in their embedded designs. 

The embedded IntelDX2 processor is binary com
patible with the Intel386TM and earlier Intel proces
sors. Compared with the Intel386 processor, it 
provides faster execution of many commonly-used 
instructions. It also provides the benefits of an 
integrated, 8-Kbyte, write-through cache for code 
and data. Its data bus can operate in burst mode 
which provides up to 106-Mbyte-per-second trans
fers for cache-line fills and instruction prefetches. 

Intel's Sl technology is incorporated in the embed
ded IntelDX2 processor. Utilizing Intel's System 

. Management Mode (SMM), it enables designers to 
develop energy-efficient systems. 

Two component packages are available. A 168-pin 
Pin Grid Array (PGA) is available for 5V designs and 
a 208-lead Shrink Quad Flat Pack (SQFP) is avail
able for 3.3V designs. 

The processor operates ·at twice the external-bus 
frequency. The 5V processor operates up to 66 MHz 
(33 MHz ClK). The 3.3V processor operates up to 
50 MHz (25 MHz ClK). 

1.1 Features 

The embedded IntelDX2 processor offers these fea
tures: 

• 32-bit RISC-Technology Core-The embedded 
IntelDX2 processor performs a complete set of 
arithmetic and logical operations on 8-, 16-, and 
32-bit data types using a full-width AlU and eight 
general purpose registers. 

I 

EMBEDDED IntelDX2™ PROCESSOR 

• Single Cycle Execution-Many instructions exe
cute in a single clock cycle. 

• Instruction Pipelining-Overlapped instruction 
fetching, decoding, address translation and exe
cution. 

• On-Chip Floating-Point Unit-lntel486TM proc
essors support the 32-, 64-, and 80-bit formats 
specified in IEEE standard 754. The unit is binary 
compatible with the 8087, Inte1287™, Intel387TM 
coprocessors, and Intel OverDrive® processor. 

• On-Chip Cache with Cache Consistency Sup
port-An 8-Kbyte, write-through, internal cache 
is used for both data and instructions. Cache hits 
provide zero wait-state access times for data 
within the cache. Bus activity is tracked to detect 
alterations in the memory represented by the in
ternal cache. The internal cache can be invalidat
ed or flushed so that an external cache controller 
can maintain cache consistency. 

• External Cache Control-Write-back and flush 
controls for an external cache are provided so 
the processor can maintain cache consistency. 

• On·Chip Memory Management Unit-Address 
management and memory space protection 
mechanisms maintain the integrity of memory in a 
multitasking and virtual memory environment. 
Both memory segmentation and paging are sup
ported. 

• Burst Cycles-Burst transfers allow a new dou
ble-word to be read from memory on each bus 
clock cycle. This capability is especially useful for 
instruction prefetch and for filling the internal 
cache. 

• Write Buffers-The processor contains four 
write buffers to enhance the performance of con
secutive writes to memory. The processor can 
continue internal operations after a write to these 
buffers, without waiting for the write to be com
pleted on the external bus. 

• Bus Backoff-When another bus master needs 
control of the bus during a processor initiated bus 
cycle, the embedded IntelDX2 processor floats 
its bus signals, then restarts the cycle when the 
bus becomes available again. 

• Instruction Restart-Programs can continue ex
ecution following an exception generated by an 
unsuccessful attempt to access memory. This 
feature is important for supporting demand-paged 
virtual memory applications. 
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• Dynamic Bus Sizing-External controllers can 
dynamically alter the effective width of the data 
bus. Bus widths of 8, 16, or 32 bits can be used. 

• Boundary Scan {JTAG)-Boundary Scan pro
vides in-circuit testing of components on printed 
circuit boards. The Intel Boundary Scan imple
mentation conforms with the IEEE Standard Test 
Access Port and Boundary Scan Architecture. 

Intel's SL technology provides these features: 

• Intel System Management Mode {SMM)-A 
unique Intel architecture operating mode pro
vides a dedicated special purpose interrupt and 
address space that can be used to implement in
telligent power management and other enhanced 
functions in a manner that is completely transpar
ent to the operating system and applications soft
ware. 

• 1/0 Restart-An 110 instruction interrupted by a 
System Management Interrupt (SMI#) can auto
matically be restarted following the execution of 
the RSM instruction. 

• Stop Clock-The embedded IntelDX2 processor 
has a stop clock control mechanism that provides 
two low-power states: a Stop Grant state 
(20 mA-A5 rnA typical, depending on input clock 
frequency) and a Stop Clock state (- 100 JLA-
200 JLA typical, with input clock frequency of 0 
MHz). 

• Auto HALT Power Down-After the execution 
of a HALT instruction, the embedded IntelDX2 
processor issues a normal Halt bus cycle and the 
clock input to the processor core is automatically 
stopped, causing the processor to enter the Auto 
HALT Power Down state (20 mA-45 mA typical, 
depending on input clock frequency). 

• Auto Idle Power Down-This function allows 
the processor to reduce the core frequency to the 
bus frequency when both the core and bus are 
idle. Auto Idle Power Down is software transpar
ent and does not affect processor performance. 
Auto Idle Power Down provides an average pow
er savings of 10% and is only applicable to clock 
multiplied processors. 

1.2 Family Members 

Table 1 shows the embedded IntelDX2 processors 
and briefly describes their characteristics. 

Table 1. The Embedded IntelDX2™ Processor Family 

Supply Voltage 
Maximum Maximum 

Product Processor External Bus Package 
Vee Frequency Frequency 

SB80486DX2SC50 3.3V 50 MHz 25 MHz 208-Lead SQFP 

A80486DX2SA66 5.0V 66 MHz 33 MHz 168-Pin PGA 
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2.0 HOW TO USE THIS DOCUMENT 

For a complete set of documentation related to the 
embedded IntelDX2 processor, use this document in 
conjunction with the following reference documents: 

• Intel48(JrM Processor Family datasheet-Order 
No. 242202 . 

• Intel486 Microprocessor Family Programmer's 
Reference Manual-Order No. 240486 

• Intel Application Note AP-485-lntel Processor 
Identification with the CPUlD Instruction-Order 
No. 241618 

The information in the reference documents for the 
IntelDX2 processor applies to the embedded 
IntelDX2 processor. Some of the IntelDX2 processor 
information is duplicated in this document to mini
mize the dependence on the reference documents. 
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3.0 PIN DESCRIPTIONS 

3.1 Pin Assignments 

The following figures and tables show the pin as
signments of each package type for the embedded 
IntelDX2 processor. Tables are provided showing 
the pin differences between the embedded IntelDX2 
processor and other embedded Intel486 processor 
products. 

208-Lead SOFP-Ouad Flat Pack 

• Figure 2, Package Diagram for 208-Lead SOFP 
Embedded ,lnte1DX2™ Processor (pg. 4) 

• Table 2, Pinout Differences for 208-Lead SOFP 
Package (pg. 5) 

• Table 3, Pin Assignment for 208-Lead SOFP 
Package (pg. 6) 

• Table 4, Pin Cross Reference for 208-Lead SOFP 
Package (pg. 8) 

168-Pin PGA - Pin Grid Array 

• Figure 3, Package Diagram for 168-Pin PGA Em
bedded IntelDX2TM Processor (pg. 10) 

" Table 5, Pinout Differences for 168-Pin PGA 
Package (pg. 11) 

• Table 6, Pin Assignment for 168-Pin PGA Pack
age (pg. 12) 

• Table 7, Pin Cross Reference for 168-Pin PGA 
Package (pg. 14) 
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Figure 2. Package Diagram for 208-Lead SQFP Embedded IntelDX2TM Processor 
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Table 2. Pinout Differences for 208-Lead SQFP Package 

Embedded Embedded Embedded Write-Back 
Pin # Intel486TM SX IntelDX2TM Enhanced IntelDX4TM 

Processor Processor Processor 

3, VCC1 VCC VCC5 

11 INC2 INC CLKMUL 

&03 INC INC HITM# 

64 INC INC WB/WT# 

66 INC FERR# FERR# 

70 INC INC CACHE# 

71 INC INC INV 

72 INC IGNNE# IGNNE# 

NOTES: 
1. This pin location is for the VCC5 pin on the embedded IntelDX4 processor. For compatibility with 3.3V processors that 

have 5V·tolerant input buffers (i.e., embedded IntelDX4 processors), this pin should be connected to a VCC trace, not to 
the Vee plane. 

2. INC. Internal No Connect These pins are not connected to any internal pad in the embedded IntelDX2 processor, How· 
ever, new signals are defined for the location of the INC pins in the embedded IntelDX4 processor. One system design 
can accommodate anyone of these processors provided the purpose of each INC pin is understood before it is used. 
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Table 3. Pin Assignment for 208-Lead SQFP Package (Sheet 1 of 2) 
Pin# . Description Pin# Description Pin# Description Pin# .Descrlption 

1 Vss. 53 Vss 105 Vss 157 Vss 
2 Vee 54 Vee 106 Vee 158 A24 

3 Vee1 55 Vss 107 Vss 159 A23 

4 PCHK# 56 Vee 108 016 160 A22 

. 5 BAOY.# 57 Vss 109 OP2 161 A21 

6 BOFF# 58 SAESET 110 Vss 162 Vee 
7 BS16# 59 SMIACH 111 Vee 163 Vee 
8 . BS8# 60 Vee 112 015 164 A20 

9 Vee 61 Vss 113 014 165 A19 

10 Vss 62 Vee 114 Vee 166 A18 

11 1NC2 63 1NC2 115 Vss 167 TMS 

12 AOY# 64 1NC2 116 . ·013 168 TOI 

13 KEN# 65 SMI# 117 012 169 Vee 
14 Vee ,. 66 FEAA# 

, 
118 . 011 170 Vss 

15 Vss 67 NC3 119 010 171 A17 

16 HOlO 68 TOO 120 VSS 172 Vee 
17 AHOlO 69 Vee 121 Vee 173 A16 

18 TCK 70 1NC2 122 Vss 174 - A15 

19 Vee 71 1NC2 123 09 175 Vss 
20 Vee 72 IGNNE# 124 08 176 Vee 
21 Vss 73 STPClK# 125 OP1 177 A14 

22 Vee 74 031 126 07 178 A13 

23 Vee 75 030 127 NC3 179 Vee 
24 ClK 76 Vss 128 Vee 180 A12 

25 Vee 77 Vee 129 06 181 Vss 
26 HlOA 78 029 130 05 182 A11 

27 W/A# 79 028 131 Vee 183 Vee 
28 Vss 80 Vee 132 Vss 184 Vss 
29 Vee 81 Vss 133 Vee 185 Vee 
30 BAEQ 82 Vee 134 Vee 186 A10 

31 BEO# 83 027 135 Vss 187 A9 

32 BE1# 84 026 136 Vee 188 Vee 
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Table 3. Pin Assignment for 208-Lead SQFP Package (Sheet 2 of 2) 

Pin# Description Pin# Description Pln# Description Pin# Description 

33 BE2# 85 025 137 Vee 189 Vss 
34 BE3# 86 Vec 138 Vss 190 A8 

35 Vee 87 024 139 Vcc 191 Vcc 
36 Vss 88 Vss 140 04 192 A7 

37 M/IO# 89 Vec 141 03 193 A6 

38 Vee 90 OP3 142 02 194 RESERVED 

39 O/C# 91 023 143 01 195 A5 

40 PWT 92 022 144 DO 196 A4 

41 PCO 93 021 145 OPO 197 A3 

42 Vee 94 Vss 146 Vss 198 Vec 
43 Vss 95 Vcc 147 A31 199 Vss 
44 Vec 96 NC3 148 A30 200 Vec 
45 Vee 97 Vss 149 A29 201 Vss 
46 EAOS# 98 Vcc 150 Vec 202 A2 

47 A20M# 99 020 151 A28 203 AOS# 

48 RESET 100 019 152 A27 204 BLAST # 

49 FLUSH# 101 018 153 A26 205 Vcc 
50 INTR 102 Vcc 154 A25 206 PLOCK# 

51 NMI 103 017 155 Vec 207 LOCK# 

52 Vss 104 Vss 156 Vss 208 Vss 

NOTES: 
1. This pin location is for the Vee5 pin on the embedded IntelDX4 processor. For compatibility with 3.3V processors that 

have 5V·tolerant input buffers (i.e .• embedded IntelDX4 processors). this pin should be connected to a Vee trace. not to 
the Vee plane. . 

2. INC. Internal No Connect. These pins are not connected to any internal pad in the embedded IntelDX2 processors. 
However. signals are defined for the location of the INC pins in the IntelDX4 processor. One system design can accom· 
modate anyone of these processors provided the purpose of each INC pin is understood before it is used. 

3. NC. Do Not Connect. These pins should always remain unconnected. Connection of NC pins to Vee. or Vss or to any 
other signal can result in component malfunction or incompatibility with future steppings of the Intel486 processors. 
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Table 4. Pin Cross Reference for 208-Lead SQFP Package (Sheet 1 of 2) 

Address Pin # Data Pin # Control Pin # NC INC Vee Vss 
A2 202 DO 144 A20M# 47 67 11 2 1 
A3 197 01 143 AOS# 203 96 :63 3 10 
A4 196 02 142 AHOLO 17 127 64 9 15 
A5 195 03 141 BEO# 31 70 14 21 
A6 193 04 140 BEa 32 71 19 28 
A7 192 05 130 EiE2# 33 20 36 
A8 190 06 129 BE3# 34 22 43 
A9 187 07 126 BLAST # ·204 23 52 
A10 186 08 124 BOFF# 6 25 53 
A11 182 09 123 BROY# 5 29 55 
A12 180 010 119 BREQ 30 35 57 
A13 178 011 118 BS16# 7 38 61 
A14 177 012 117 BS8# 8 42 76 
A15 174 013 116 CLK 24 44 81 
A16 173 014 113 O/C# 39 45 88 
A17 171 015 112 OPO 145 54 94 
A18 166 016 108 OP1 125 56 97 
A19 165 017 103 OP2 109 60 104 
A20 164 018 101 OP3 90 62 105 
A21 161 019 100 EAOS# 46 69 107 
A22 160 020 99 FERR# 66 77 110 
A23 159 021 93 FLUSH# 49 80 115 
A24 158 022 92 HLOA 26 82 120 
A25 154 023 91 HOLD 16 86 122 
A26 153 024 87 IGNNE# 72 89 132 
A27 152 025 85 INTR 50 95 135 
A28 151 026 84 KEN# 13 98 138 
A29 149 027 83 LOCK # 207 102 146 
A30 ·148 028· 79 MIIO# 37 106 156 
A31 147 029 78 NMI 51 111 157 

030 75 PCO 41 114 170 
031 74 PCHK# 4 121 175 

PLOCK# 206 128 181 
PWT 40 131 184 
ROY# 12 133 189 
RESERVED 194 134 199 
RESET 48 136 201 
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Table 4. Pin Cross Reference for 20B-Lead SQFP Package (Sheet 2 of 2) 

Address Pin # Data Pin # Control Pin # NC INC Vee Vss 
SMI# 65 137 208 

SMIACT# 59 139 

SRESET 58 150 

STPCLK# 73 155 

TCK 18 162 

TDI 168 163 

TOO 68 169 

TMS 167 172 

W/R# 27 176 

179 

183 

185 

188 

191 

198 

200 

205 
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A B C 0 E F G H J K L M N P Q R S 

", 
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D20 019 011 DB V •• OPI V .. V .. Vee V .. V .. V .. 02 DO ' ASI A2B A27 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 022 021 01B 013 Vee DB Vee 03 05 Vee DB Vee 01 A29 VIS ,A25 A2B 2 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 TCK V .. CLK 017 010 015 012 0P2 016 014 07 D4 OPO A30 A17 Vee A23 3 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 D23 V .. Vee All Vss NC 4 

0 0'0 0 0 0 
5 0P3 V .. Vee A21 AlB A14 5 

0 0 0 0 0 0 
6 024 D25 027 A24 Vee V .. 

6 

0 0 0 0 0 0 
7 V .. Vee 026 A22 A15 A12 7 

0 0 0 168-Pln PGA 0 0 0 
D29 031 D2B Embedded IntelDX2TM Processor A20 Vee V .. B 8 
0 0·0 0 0 0 
v •• Vee 030 A16 Vee v .. 9 9 0 0 0 0 0 0 
INC SMII SRESET A13 Vee VIS 10 10 
0 0 0 Pin Side View 0 0 0 
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0 0 0 0 0 0 
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0 0 0 0 0 0 
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15 
IGNNE. NMI FLUSH. A2QM. HOLD KEN. STPCLK. BROYI BE2. BEat PWT DIC. LOCK. HLOA BREQ AS AS 

15 
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Figure 3. Package Diagram for 168-Pin PGA Embedded IntelDX2TM Processor 
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Table 5. Pinout Differences for 168-Pin PGA Package 

Pin # Embedded IntelDX2TM Processor 
Embedded Write-Back Enhanced 

IntelDX4TM Processor 

A10 INC INV 

A12 INC HITM# 

B12 INC CACHE# 

B13 INC WB/WT# 

J1 Vce VCC5 

R17 INC CLKMUL 

84 NC VOLDET 
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Table 6. Pin Assignment for 16S·Pin PGA Package (Sheet 1 of 2) 

Pin # Description Pin # Description Pin # Description 

A1 020 017 BOFF# P2 A29 

A2 022 E1 Vss P3 A30 

A3 TCK E2 Vee P15 HLOA 

A4 023 E3 010 P16 Vee 
A5 OP3 E15 .HOLO P17 Vss 
A6 024 E16 Vee 01 A31 

A7 Vss E17 Vss 02 Vss 
A8 029 F1 OP1 03 A17 

A9 Vss F2 08 04 A19 

A10 INC1 F3 015 05 A21 

A11 Vss F15 KEN# 06 A24 

A12 INC1 F16 ROY# 07 A22 

A13 INC1 F17 BE3# 08 A20 

A14 TOI G1 Vss ,09 A16 

A15 IGNNE# G2 Vee 010 A13 

A16 INTR G3 012 011 A9 

A17 AHOLO G15 STPCLK# 012 A5 

B1 019 G16 Vee 013 A7 

B2 021 G17 Vss 014 A2 

B3 Vss H1 Vss 015 BREO 

B4 Vss H2 03 016 PLOCK# 

B5 Vss H3 OP2 017 PCHK# 

B6 025 H15 BROY# R1 A28 

B7 Vee H16 Vee R2 A25 

B8 031 H17 Vss R3 Vee 
B9 Vee J1 Vee R4 Vss 
B10 SMI# J2 05 R5 A18 

B11 Vee J3 016 R6 Vee 
B12 1NC1 J15 BE2# R7 A15 

B13 1NC1 J16 BE1# R8 Vee 
B14 TMS J17 PCO R9 Vee 
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Table 6. Pin Assignment for 168·Pin PGA Package (Sheet 2 of 2) 

Pin # Description Pin # Description Pin # Description 

815 NMI K1 Vss R10 Vee 

816 TOO K2 Vcc R11 Vec 

817 EA08# K3 014 R12 A11 

C1 011 K15 8EO# R13 A8 

C2 018 K16 Vee R14 Vee 

C3 ClK K17 Vss R15 A3 

C4 VCC l1 Vss R16 8lA8T# 

C5 VCC l2 06 R17 INC1 

C6 027 l3 07 81 A27 

C7 026 l15 PWT 82 A26 

C8 028 l16 Vce 83 A23 

C9 030 l17 Vss 84 NC2 

C10 8RE8ET M1 Vss 85 A14 

C11 RE8ERVEO M2 Vce 86 Vss 

C12 8MIACT# M3 04 87 A12 

C13 NC2 M15 O/C# 88 Vss 

C14 FERR# M16 Vee 89 Vss 

C15 FlU8H# M17 Vss 810 Vss 

C16 RE8ET N1 02 811 Vss 

C17 8816# N2 01 812 Vss 

01 09 N3 OPO 813 A10 

02 013 N15 lOCK# 814 Vss 

03 017 N16 MIIO# 815 A6 

015 A20M# N17 W/R# 816 A4 

016 888# P1 00 817 A08# 

NOTES: 
1. INC. Internal No Connect. These pins are not connected to any internal pad in the embedded IntelDX2 processors. 

However. signals are defined for the location of the INC pins in the IntelDX4 processor. One system design can accom
modate anyone of these processors provided the purpose of each INC pin is understood before itis used. 

2. NC. Do Not Connect. These pins should always remain unconnected. Connection of NC pins to Vee. or Vss or to .any 
other signal can result in component malfunction or incompatibility with future steppings of the Intel486 processors. 
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Table 7. Pin Cross Reference for 168-Pin PGA Package (Sheet 1 of 2) 
Address Pin # Data Pin # Control Pin # NC .INC Vee Vss 

A2 014 DO P1 A20M# 015 C13 A10 87 A7 
A3 R15 01 N2 A08# 817 84 A12 89 A9 
A4 816 02 N1 AHOLO A17 A13 811 A11 
A5 012 03 H2 8EO# K15 812 C4 83 
A6 815 04 M3 8E1# J16 813 C5 84 
A7 013 05 J2 8E2# J15 R17 E2 85 
A8 R13 06 L2 8E3# F17· E16 E1 
A9 011 07 8LA8T# R16L3 G2 E17 
A10 813 08 F2 80FF# 017 G16 G1 
A11 R12 09 01 8ROY# H15 H16 G17 
A12 87 010 E3 8REO 015 J1 H1 
A13 010 011 C1 8816# C17 K2 H17 
A14 85 012 G3 888# 016 K16 K1 
A15 R7 013 02 CLK C3 L16 K17 
A16 09 014 K3 O/C# M15 M2 L1 
A17 03 015 F3 OPO N3 M16 L17 
A18 R5 016 J3 OP1 F1 P16 M1 
A19 04 017 03 OP2 H3 R3 M17 
A20 08 018 C2 OP3 A5 R6 P17 
A21 05 019 81 EA08# 817 . R8 02 
A22 07 020 A1 FERR# C14 R9 R4 
A23 83 021 82 FLU8H# C15 R10 86 
A24 06 022 A2 HLOA P15 R11 88 
A25 R2 023 A4 HOLD E15 R14 89 
A26 82 024 A6 iGNNE# A15 810 
A27 81 025 86 INTR A16 811 
A28 R1 026 C7 KEN# F15 812 
A29 P2 027 C6 LOCK# N15 814 
A30 P3 028 C8 M/IO# N16 
A31 01 029 A8 NMI 815 

030 C9 PCO J17 
031 88 PCHK# 017 

PLOCK# 016 
PWT L15 
ROY# F16 
RE8ERVEO C11 
RE8ET C16 
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Table 7. Pin Cross Reference for 168·Pin PGA Package (Sheet 2 of 2) 

Address Pin # Data Pin # Control Pin # NC INC Vee Vss 
SMI# 810 

SMIACT# C12 

SRESET C10 

STPCLK# G15 

TCK A3 

TDI A14 

TOO 816 

TMS 814 

W/R# N17 

.. 
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3.2 Pin Quick Reference 

The following is a brief pin description. For detailed signal descriptions refer to "Signal Oescription" in section 
9 of the Intel486TM Processor Family datasheet. 

Table 8. Embedded IntelDX2TM Processor Pin Descriptions (Sheet 1 of 7) 

Symbol Type Name and Function 

ClK I Clock provides the fundamental timing and internal operating frequency for the 
embedded IntelOX2 processor. All external timing parameters are specified with 
respect to the rising edge of CLK. 

ADDRESS BUS 

A31-A4 1/0 Address lines A31-A2, together with the byte enable signals, BE3 # -BEO #, 
A3-A2 0 define the physical area of memory or input/output space accessed. Address lines 

A31-A4 are used to drive addresses into the embedded IntelOX2 processor to 
perform cache line invalidation. Input signals must meet setup and hold times t22 
and t23. A31-A2 are not driven during bus or address hold. 

BE3# 0 Byte Enable signals indicate active bytes during read and write cycles. Ouring the 
BE2# 0 first cycle of a cache fill, the external system should assume that all byte enables 
BE1# 0 are active. BE3 # - BEO # are active LOW and are not driven during bus hold. 

BEO# 0 BE3# applies to 031-024 
BE2# applies to 023-016 
BE1 # applies to 015-08 
BEO# applies to 07-00 

DATA BUS 

D31-DO 1/0 Data lines. 07 -00 define the least significant byte of the data bus; 031-024 
define the most significant byte of the data bus. These signals must meet setup and 
hold times t22 and t23 for proper operation on reads. These pins are driven during 
the second and subsequent clocks of write cycles. 

DATA PARITY 

DP3-DPO 1/0 There is one Data Parity pin for each byte of the data bus. Oata parity is generated 
on all write data cycles with the same timing as the data driven by the embedded 
IntelOX2 processor. Even parity information must be driven back into the processor 
on the data parity pins with the same timing as read information to ensure that the 
correct parity check status is indicated by the embedded IntelOX2 processor. The 
signals read on these pins do not affect program execution. 

Input signals must meet setup and hold times t22 and t23. OP3-DPO must be 
connected to Vee through a pull-up resistor in systems that do not use parity. OP3- , 
OPO are active HIGH and are driven during the second and subsequent clocks of 
write cycles. 

PCHK# 0 Parity Status is driven on the PCHK# pin the clock after ready for read operations. 
The parity status is for data sampled at the end of the previous clock. A parity error 
is indicated by PCHK# being LOW. Parity status is only checked for enabled bytes 
as indicated by the byte enable and bus size signals. PCHK # is valid only in the 
clock immediately after read data is returned to the processor. At all other times 
PCHK# is,inactive (HIGH). PCHK# is never floated. 
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Table 8. Embedded IntelDX2TM Processor Pin Descriptions (Sheet 2 of 7) 

Symbol Type Name and Function 

BUS CYCLE DEFINITION 

MIIO# a Memory/Input-Output, Data/Control and Write/Read lines are the primary bus 
D/C# a definition signals. These signals are driven valid as the ADS# signal is asserted. 
W/R# a M/IO# D/C# W/R# Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 HALT ISpecial Cycle (see details below) 
0 1 0 1/0 Read 
0 1 1 110 Write 
1 0 0 Code Read 
1 0 1 Reserved 
1 1 0 Memory Read 
1 1 1 Memory Write 

HALT ISpecial Cycle 

Cycle Name BE3#-BEO# A4-A2 
Shutdown 1110 000 
HALT 1011 000 
Stop Grant bus cycle 1011 100 

LOCK# a Bus Lock indicates that the current bus cycle is locked. The embedded IntelDX2 
processor does not allow a bus hold when LOCK # is asserted (address holds are 
allowed). LOCK # goes active in the first clock of the first locked bus cycle and goes 
inactive after the last clock of the last locked bus cycle. The last locked cycle ends 
when Ready is returned. LOCK # is active LOW and not driven during bus hold. 
Locked read cycles are not transformed into cache fill cycles when KEN # is 
returned active. 

PLOCK# a Pseudo-Lock indicates that the current bus transaction requires more than one bus 
cycle to complete. For the embedded IntelDX2 processor, examples of such 
operations are segment table descriptor reads (64 bits) and cache line fills (128 bits) . 

. For Intel486 processors with on-chip Floating-Point Unit, floating-point long reads 
and writes (64 bits) also require more than one bus cycle to complete. 

The embedded IntelDX2 processor drives PLOCK # active until the addresses for 
the last bus cycle of the transaction are driven, regardless of whether RDY # or 
BRDY # have been returned. 

Normally PLOCK # and BLAST # are inverse of each other. However, during the first 
bus cycle of a 64-bit floating-point write (for Intel486 processors with on-chip 
Floating-Point Unit) both PLOCK# and BLAST# are asserted. 

PLOCK # is a function of the BS8 #, BS 16 # and KEN # inputs. PLOCK # should be 
sampled only in the clock in which Ready is returned. PLOCK # is active LOW and is 
not driven during bus hold. 

BUS CONTROL 

ADS# a Address Status output indicates that a valid bus cycle definition and address are 
available on the cycle definition lines and address bus. ADS# is driven active in the 
same clock in which the addresses are driven. ADS # is active LOW and not driven 
during bus hold. 
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Table 8. Embedded IntelDX2TM Processor Pin Descriptions (Sheet 3 of 7) 

Symbol Type Name and Function 

BUS CONTROL (Continued) 

RDY# I Non-burst Ready input indicates that the current bus cycle is complete. RDY # 
indicates that the external system has presented valid data on the data pins in 
response to a read or that the external system has accepted data from the 
embedded IntelDX2 processor in response to a write. RDY # is ignored when the bus 
is idle and at the end of the first clock of the bus cycle. 

RDY # is active during address hold. Data can be returned to the embedded 
IntelDX2 processor while AHOlD is active. 

RDY # is active lOW and is not provided with an internal pull-up resistor. RDY # 
must satisfy setup and hold times t16 and t17 for proper chip operation. 

BURST CONTROL 

BRDY# I Burst Ready input performs the same function during a burst cycle that RDY # 
performs during a non-burst cycle. BRDY # indicates that the external system has 
presented valid data in response to a read or that the external system has accepted 
data in response to a write. BRDY # is ignored when the bus is idle and at the end of 
the first clock in a bus cycle. 

BRDY # is sampled in the second and subsequent clocks of a burst cycle. Data 
presented on the data bus is strobed into the embedded IntelDX2 processor when 
BRDY # is sampled active. If RDY # is returned simultaneously with BRDY #, 
BRDY # is ignored and the burst cycle is prematurely aborted. 

BRDY # is active lOW and is provided with a small pull-up resistor. BRDY # must 
satisfy the setup and hold times t16 and t17. 

BLAST # a Burst Last signal indicates that the next time BRDY # is returned, the burst bus 
cycle is complete. BLAST # is active for both burst and non-burst bus cycles. 
BLAST# is active lOW and is not driven during bus hold. 

INTERRUPTS 

RESET I Reset input forces the embedded IntelDX2 processor to begin execution at a known 
state. The processor cannot begin executing instructions until at least 1 ms after 
Vee, and ClK have reached their proper DC and AC specifications. The RESET pin 
must remain active during this time to ensure proper processor operation. However, 
for warm resets, RESET should remain active for at least 15 ClK periods. RESET is 
active HIGH. RESET is asynchronous but must meet setup and hold times t20 and 
t21 for recognition in any specific clock. 

INTR I Maskable Interrupt indicates that an external interrupt has been generated. When 
the internal interrupt flag is set in EFlAGS, active interrupt processing is initiated. 
The embedded IntelDX2 processor generates two locked interrupt acknowledge bus 
cycles in response to the INTR pin going active. INTR must remain active until the 
interrupt acknowledges have been performed to ensure processor recognition of the 
interrupt. 

INTR is active HIGH and is not provided with an internal pull-down resistor. INTR is· 
asynchronous, but must meet setup and hold times t20 and t21 for recognition in any 
specific clock. 
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Table 8. Embedded IntelDX2TM Processor Pin Descriptions (Sheet 4 of 7) 

Symbol Type Name and Function 

INTERRUPTS (Continued) 

NMI I Non-Maskable Interrupt request signal indicates that an external non-maskable 
interrupt has been generated. NMI is rising-edge sensitive and must be held lOW 
for at least four ClK periods before this rising edge. NMI is not provided with an 
internal pull-down resistor. NMI is asynchronous, but must meet setup and hold 
times t20 and t21 for recognition in any specific clock. 

SRESET I Soft Reset pin duplicates all functionality of the RESET pin except that the 
5MBASE register retains its previous value. For soft resets, SRESET must remain 
active for at least 15 ClK periods. SRESET is active HIGH. SRESET is 
asynchronous but must meet setup and hold times t20 and t21 for recognition in any 
specific clock. 

SMI# I System Management Interrupt input invokes System Management Mode (SMM). 
SMI # is a falling-edge triggered signal which forces the embedded IntelDX2 
processor into SMM at the completion of the current instruction. SMI # is 
recognized on an instruction boundary and at each iteration for repeat string 
instructions. SMI # does not break lOCKed bus cycles and cannot interrupt a 
currently executing SMM. The embedded IntelDX2 processor latches the falling 
edge of one pending SMI # signal while it is executing an existing 8MI #. The 
nested SM I # is not recognized until after the execution of a Resume (R8M) 
instruction. 

SMIACT# 0 System Management Interrupt Active, an active lOW output, indicates that the 
embedded IntelDX2 processor is operating in SMM. It is asserted when the 
processor begins to execute the SMI# state save sequence and remains active 
lOW until the processor executes the last state restore cycle out of SMRAM. 

STPCLK# I Stop Clock Request input signal indicates a request was made to turn off or 
change the ClK input frequency. When the embedded IntelDX2 processor 
recognizes a STPClK #, it stops execution on the next instruction boundary (unless 
superseded by a higher priority interrupt), empties all internal pipelines and write 
buffers, and generates a Stop Grant bus cycle. 8TPClK# is active lOW. 
STPCLK # is an asynchronous signal, but must remain active until the 
embedded IntelDX2 processor issues the Stop Grant bus cycle. STPCLK# 
may be de-asserted at any time after the processor has issued the Stop 
Grant bus cycle. , 

BUS ARBITRATION 

BREQ 0 Bus Request signal indicates that the embedded IntelDX2 processor has internally 
generated a bus request. BREQ is generated whether or not the processor is 
driving the bus. BREQ is active HIGH and is never floated. 

HOLD I Bus Hold Request allows another bus master complete control of the embedded 
IntelDX2 processor bus. In response to HOLD going active, the processor floats 
most of its output and input/output pins. HlDA is asserted after completing the 
current bus cycle, burst cycle or sequence of locked cycles. The embedded 
IntelDX2 processor remains in this state until HOLD is de-asserted. HOLD is active 
HIGH and is not provided with an internal pull-down resistor. HOLD must satisfy 
setup and hold times t18 and t19 for proper operation. 
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Table 8. Embedded IntelDX2TM Processor Pin Descriptions (Sheet 5 of 7) 

Symbol· Type Name and Function 

BUS ARBITRATION (Continued) 

HLDA 0 Hold Acknowledge goes active in response to a hold request presented on the 
HOLD pin. HLDA indicates that the embedded IntelDX2 processor has given the bus 
to another local bus master. HLDA is driven active in the same clock that the 
processor floats its bus. HLDA is driven inactive when leaving bus hold. HLDA is 
active HIGH and remains driven during bus hold. 

BOFF# I Backoff input forces the embedded IntelDX2 processor to float its bus in the next 
clock. The processor floats all pins normally floated during bus hold but HLDA is not 
asserted in response to BOFF #. HOFF # has higher priority than ROY # or BRDY #; 

. if both are returned in the same clock, BOFF # ,takes effect. The embedded IntelDX2 
processor remains in bus hold until BOFF # is negated. If a bus cycle is in progress 
when BOFF# is asserted the cycle is restarted. BOFF# is active LOW and must 
meet setup and hold times t18 and t19 for proper operation. 

CACHE INVALIDATION 

AHOLD I Address Hold request allows another bus master access to the embedded IntelDX2 
processor's address bus for a cache invalidation cycle. The processor stops driving 
its address bus in the clock following AHOLD going active. Only the address bus is 
floated during address hold, the remai'nder of the bus remains active. AHOLD is 
active HIGH and is provided with a s'mall internal pull-down resistor. For proper 
operation, AHOLD must meet setup and hold times t18 and t19' 

EADS# I Extern·al Address-This signal indicates that a valid external address has been 
driven onto the embedded IntelDX2 processor address pins. This address is used to 
perform an internal cache invalidation cycle. EADS # is active LOW and is provided 
with an internal pull-up resistor. EADS# must satisfy setup and hold times t12 and t13 
for proper operation, 

CACHE CONTROL 

KEN# I Cache Enable pin is used to determine whether the current cycle is cacheable. 
When the embedded IntelDX2 processor generates a cycle that can be cached and 
KEN # is active one 'clock before RD"!;' # or BRDY # during the first transfer of the 
cycle, the cycle becomes a cache line fill cycle. Returning KEN # active one clock 
before ROY # during the last read in the cache line fill causes the line to be placed in 
the on-chip cache, KEN # is active LOW and is provided with a small internal pull-up 
resistor, KEN # must satisfy setup and hold times t14 and t15 for proper operation . 

FLUSH# I . Cache Flush input forces the embedded IntelDX2 processor to flush its entire. 
internal cache. FLUSH # is active LOW and need only be asserted for one clock. 
FLUSH #. is asynchronous but setup and hold times t20 and t21 must be met for 
recognition in any specific Clock. 

PAGE CACHEABILITY 

PWT 0 Page Write-Through and Page Cache Disable pins reflect the state of the page 
PCD 0 attribute bits, PWT and PCD, in the page table entry, page directory entry or control 

register 3 (CR3) when paging is enabled. When paging is disabled, the embedded 
IntelDX2 processor ignores the PCD and PWT bits and assumes they are zero for the 
purpose of caching and driving PCD and PWT pins. PWT and PCD have the same 
timing as the cycle definition pins (M/IO#, D/C#, and W/R#). PWT and PCD are 
active HIGH and are not driven during bus hold. PCD is masked by the cache disable 
bit (CD) in Control Register O. 
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Table 8. Embedded IntelDX2TM Processor Pin Descriptions (Sheet 6 of 7) 

Symbol Type Name and Function 

BUS SIZE CONTROL 

BS16# I Bus Size 16 and Bus Size 8 pins (bus sizing pins) cause the embedded IntelOX2 
BS8# I processor to run multiple bus cycles to complete a request from devices that cannot 

provide or accept 32 bits of data in a single cycle. The bus sizing pins are sampled 
. every clock. The processor uses the state of these pins in the clock before Ready to 
determine bus size. These signals are active LOW and are provided with internal pull-
up resistors. These inputs must satisfy setup and hold times t14 and t15 for proper 
operation. 

ADDRESS MASK 

A20M# I Address Bit 20 Mask pin, when asserted, causes the embedded IntelOX2 processor 
to mask physical address bit 20 (A20) before performing a lookup to the internal 
cache or'driving a memory cycle on the bus. A20M # emulates the address 
wraparound at 1 Mbyte, which 'occurs on the 8086 processor. A20M # is active LOW 
and should be asserted only when the embedded IntelOX2 processor is in real mode. 
This pin is asynchronous but should meet setup and hold times t20 and t21 for 
recognition in any specific clock. For proper operation, A20M # should be sampled 
HIGH at the falling edge of RESET. 

TEST ACCESS PORT 

TCK I Test Clock, an input to the embedded IntelOX2 processor, provides the clocking 
function required by the JTAG Boundary scan feature. TCK is used to clock state 
information (via TMS) and data (via TOI) into the component on the rising edge of 
TCK. Oata is clocked out of the component (via TOO) on the falling edge of TCK. TCK 
is provided with an internal pull-up resistor. 

TDI I Test Data Input is the serial input used to shift JTAG instructions and data into the 
processor. TOI is sampled on the rising edge of TCK, during the SHIFT-IR and SHIFT-
OR Test Access Port (TAP) controller states. Ouring all other TAP controller states, 
TOI is a "don't care." TOI is provided with an internal pull-up resistor. 

TOO 0 Test Data Output is the serial output used to shift JTAG instructions and data out of 
the component. TOO is driven on the falling edge of TCK during the SHIFT-IR and 
SHIFT-OR TAP controller states. At all other times TOO is driven to the high 
impedance state. 

TMS I Test Mode Select is decoded by the JTAG TAP to select test logiC operation. TMS is 
sampled on the rising edge of TCK. To guarantee deterministic behavior of the TAP 
controller, TMS is provided with an internal pull-up resistor. 
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Table 8. Embedded IntelDX2TM Processor Pin Descriptions (Sheet 7 of 7) 

Symbol Type Name and Function 

NUMERIC ERROR REPORTING 

FERR# 0 The Floating Point Error pin is driven active when a floating point error occurs. 
FERR # is similar to the ERROR # pin on the intel387TM Math CoProcessor. 
FERR # is included for compatibility with systems using DOS type floating point 
error reporting. FERR # will not go active if FP errors are masked in FPU register. 
FERR # is active LOW, and is not floated during bus hold. 

IGNNE# I When the Ignore Numeric Error pin is asserted the processor will ignore a 
numeric error and continue executing non-control floating point instructions, but 
FERR# will still be activated by the processor. When IGNNE# is de-asserted the 
processor will freeze on a non-control floating point instruction, if a previous 
floating point instruction caused an error. IGNNE # has no effect when the NE bit 
in control register 0 is set. IGNNE # is active LOW and is provided with a small 
internal pull-up resistor. IGNNE# is asynchronous but setup and hold times t20 
and t21 must be met to ensure recognition on any specific clock. 

RESERVED PINS 

RESERVED I Reserved is reserved for future use. This pin MUST be connected to an external 
pull-up resistor circuit. The recommended resistor value is 10 Kfi. The pull-up 
resistor must be connected only to the RESERVED pin. Do not share this 
resistor with other pins requiring pull-ups. 
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Table 9. Output Pins 

Output Signal 

Name Active Level Floated During Floated During During Stop Grant and 
Address Hold Bus Hold Stop Clock States 

BREQ HIGH Previous State 

HLDA HIGH As per HOLD 

BE3#-BEO# LOW • Previous State 

PWT,PCD HIGH * Previous State 

W/R#, MIIO#, D/C# HIGH/LOW * Previous State 

LOCK# LOW * HIGH (inactive) 

PLOCK# LOW * HIGH (inactive) 

ADS# LOW * HIGH (inactive) 

BLAST# LOW * Previous State 

PCHK# LOW Previous State 

FERR# LOW Previous State 

A3-A2 HIGH * * Previous State 

SMIACT# LOW Previous State 

NOTE: 
The term "Previous State" means that the processor maintains the logic level applied to the signal pin just before the 
processor entered the Stop Grant state. This conserves power by preventing the signal pin from floating. 

Table 10. Input/Output Pins 

Output Signal 

Name Active Level Floated During Floated During During Stop Grant and 
Address Hold Bus Hold Stop Clock States 

D31-DO HIGH · Floated 

. DP3-DPO HIGH · Floated 

A31-A4 HIGH * • Previous State 

NOTE: 
The term "Previous State" means that the processor maintains the logic level applied to the signal pin just before the 
processor entered the Stop Grant state. This conserves power by preventing the Signal pin from floating. 

Table 11. Test Pins 

Name Input or Output Sampled/Driven On 

TCK Input N/A 

TDI Input Rising Edge of TCK 

TOO Output Failing Edge of TCK 

TMS Input Rising Edge of TCK 
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Table 12. Input Pins 

Name Active level 
Synchronousl Internal Pull-Upl 
Asynchronous Pull-Down 

ClK 

RESET HIGH Asynchronous 

SRESET HIGH Asynchronous Pull-Down 

HOLD HIGH Synchronous 

AHOlD HIGH Synchronous Pull-Down 

EADS# LOW Synchronous Pull-Up 

BOFF# LOW Synchronous Pull-Up 

FLUSH # LOW Asynchronous Pull-Up 

A20M# LOW Asynchronous Pull-Up 

BS16#,BS8# LOW Synchronous Pull-Up 

KEN# LOW Synchronous Pull-Up 

RDY# LOW Synchronous 

BRDY# LOW Synchronous Pull-Up 

INTR HIGH Asynchronous 

NMI HIGH Asynchronous 

IGNNE# LOW Asynchronous Pull-Up 

RESERVED 

SMI# LOW Asynchronous Pull-Up 

STPClK# LOW Asynchronous Pull-Up(1) 

TCK HIGH Pull-Up 

TDI HIGH Pull-Up 

TMS HIGH Pull-Up 

NOTE: 
1. Though STPCLK# has an internal pull-up resistor, an external10-KO pull-up resistor is needed if the STPCLK# pin is 

unused. 

4.0 ARCHITECTURAL AND 
FUNCTIONAL OVERVIEW 

The embedded IntelDX2 processor architecture is 
essentially the same as the IntelDX2 processor. Re
fer to the Intel48(JrM Processor Family datasheet 
(242202) for a description of the IntelDX2 processor. 
With some minor exceptions, the following data
sheet sections apply to the embedded IntelDX2 
processor: 

• Architectural Overview 

• Real Mode Architecture 
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• Protected Mode Architecture 

• On-Chip Cache 

• System Management Mode (SMM) Architectures 

• Hardware Interface 

• Bus Operation 

• Testability 

• Debugging Support 

• Instruction Set Summary 

• Differences Between Intel486 Processors and 
Intel386TM Processors 
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Exceptions to these sections of the datasheet are: 

• References to the Upgrade Power Down Mode 
do not apply. The embedded IritelDX2 processor 
does not have the UP# signal pin and does not 
support the Intel OverDrive® processor. 

• The embedded IntelDX2 processor has one pin 
reserved for possible future use. This pin, an in
put signal, is called RESERVED and must be 
connected to a 10-kn. pull-up resistor. The pull-up 
resistor must be connected only to the 
RESERVED pin. Do not share this resistor with 
other pins requiring pull-ups. 

4.1 CPUID Instruction 

The embedded IntelDX2 processor supports the 
CPUID instruction (see Table 13). Because not all 
Intel processors support the CPUID instruction, a 
simple test can determine if the instruction is sup
ported. The test involves the processor's ID Flag, 
which is bit 21 of the EFLAGS register. If software 
can change the value of this flag, the CPUID instruc-

EMBEDDED IntelDX2™ PROCESSOR 

tion is available. The actual state of the ID Flag bit is 
irrelevant and provides no significance to the hard
ware. This bit is cleared (reset to zero) upon device 
reset (RESET or SRESET) for compatibility with 
Intel486 processor designs that do not support the 
CPUID instruction. 

CPUID-instruction details are provided here for the 
embedded IntelDX2 processor. Refer to Intel Appli
cation Note AP-485 Intel Processor Identification 
with the CPUlD Instruction (Order No. 241618) for a 
description that covers all aspects of the CPUID in
struction and how it pertains to other Intel proces
sors. 

4.1.1 OPERATION OF THE CPUlD 
INSTRUCTION 

The CPUID instruction requires the software devel
oper to pass an input parameter to the processor in 
the EAX register. The processor response is re
turned in registers EAX, EBX, EDX, and ECX. 

Table 13. CPUID Instruction Description 

Processor 
Parameter passed 

OPCODE Instruction 
Core Clocks 

inEAX Description 
(Input Value) 

OFA2 CPUID 9 0 Vendor (Intel) ID String 

14 1 Processor Identification 

9 >1 Undefined (Do Not Use) 

Vendor ID String-When the parameter passed in EAX is 0 (zero), the register v~lues returned upon instruc
tion execution are shown in the following table. 

31 ..... 24 23 ..... 16 15 ...... 8 7 ....... 0 

High Value (= 1) EAX 0000 o 0 0 0 0000 000 1 

Vendor ID String EBX u (75) n (6E) e (65). G (47) 
(ASCII EDX 
Characters) 

I (49) e (65) n (6E) i (69) 

ECX 1 (6C) e (65) t (74) n (6E) 

The values in EBX, EDX and ECX indicate an Intel processor. When taken in the proper order, ,they decode to 
the string "Genuine Intel." 
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Processor Identification-When the parameter passed to EAX is 1 (one), .the register values returned upon 
instruction execution are: 

Processor 
Signature 

Intel Reserved 
. (Do Not Use) 

Feature Flags 

EAX 

EBX 
ECX 

EDX 

31 ................ 14 

(Do Not Use) 
Intel Reserved 

11 ..... 8 3 ...... 0 

(Intel releases information about stepping numbers as needed) 

31 ....................................................................... 0 

Intel Reserved 

Intel Reserved 

31 ....................................................... 0 1 0 

o ................................................ ,' ., ....... 0 1 0 
VME FPU 

4.2 ,Identification After Reset 

Processor Identification-Upon reset, the EDX register contains the processor signature: 

Processor 
Signature 

EDX 
31 ................ 14 

(Do Not Use) 
Intel Reserved 

(Intel releases information about stepping numbers as needed) 

4.3 Boundary Scan (JTAG) 

4.3.1 DEVICE IDENTIFICATION 

Tables 14 and 15 show the 32-bit code for the embedded IntelDX2 processor. This code is loaded into the 
Device Identification Register. . 

. Table 14. Boundary Scan Component Identification Code (3.3V Processor) 

Part Number 

Version Vce . Intel Family 
0= 5V Architecture 0100 = Intel486 

1 = 3.3V Type CPU Family 

31 .. 28 27 26 ....... 21 20 ...... 17 

XXXX 1 000001 0100 
(Intel releases information about version numbers as needed) 
Boundary Scan Component Identification Code = x828 5013 (Hex) 
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Model MfglD 
00101 = 009H = Intel 

embedded IntelDX2 
processor 

16 ..... 12 11 ........ 1 

00101 00000001001 

1 

0 

1 
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Table 15. Boundary Scan Component Identification Code (5V Processor) 

Part Number 

Version Vcc Intel Family 
0= 5V Architecture 0100 = Intel486 

1 = 3.3V Type CPU Family 

31 .. 28 27 26 ....... 21 20 .. 17 

XXXX 0 000001 0100 
(Intel releases Information about version numbers as needed) 
Boundary Scan Component Identification Code = x028 5013 (Hex) 

Model MfglD 
00101 = 009H = l"ltel 

embedded IntelDX2 
processor 

16 ..... 12 11 ........ 1 

00101 00000001001 

1 

0 

1 

4.3.2 BOUNDARY SCAN REGISTER BITS AND 
BIT ORDER 

The following is the bit order of the embedded 
IntelOX2 processor boundary scan register: 

The boundary scan register contains a cell for each 
pin as well as cells for control of bidirectional and 
three-state pins. There are "Reserved" bits which 
correspond to no-connect (N/C) signals of the em
bedded IntelDX2 processor. Control registers 
WRCTL, ABUSCTL, BUSCTL, and MISCCTL are 
used to select the direction of bidirectional or three
state output signal pins. A "1" in these cells desig
nates that the associated bus or bits are floated if 
the pins are three-state, or selected as input if they 
are bidirectional. 
• WRCTL controls 031-00 and OP3-0PO 

• ABUSCTL controls A31-A2 

• BUSCTL controls AOS#, BLAST # , PLOCK#, 
LOCK#, W/R#, BEO#, BE1#, BE2#, BE3#, 
MIIO#, O/C#, PWT, and PCO 

• MISCCTL controls PCHK#, HLOA, and BREQ 

I 

TDO - A2, A3, A4, A5, RESERVED, A6, 
A7, A8, A9, A10, A11, A12, A13, 
A14, A15, A16, A17, A18, A19, 
A20, A21, A22, A23, A24, A25, 
A26, A27, A28, A29, A30, A31, 
OPO, 00, 01, 02, 03, 04, 05, 
06,07, OP1, 08, 09, 010, 011, 
01~ 01~ 01~ 01~ OP~ 01~ 
017, 018, 019, 020, 021, 022, 
023, OP3, 024, 025, 026, 027, 
028,029,030,031,STPCLK#, 
IGNNE#, FERR#, SMI#, 
SMIACT#, SRESET, NMI,INTR, 
FLUSH #, RESET, A20M #, 
EAOS#, PCO, PWT, O/C#, 
M/IO#" BE3#, BE2#, BE1 #, 
BEO#, BREQ, W/R#, HLOA, 
CLK, Reserved, AHOLO, HOLO, 
KEN#, ROY#, BS8#, BS16#, 
BOFF#, BROY#, PCHK#, 
LOCK#, PLOCK#, BLAST # , 
AOS#, MISCCTL, BUSCTL, 
ABUSCTL, WRCTL - TDI 
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5.0 ELECTRICAL SPECIFICATIONS 

5.1 Maximum Ratings 

Table 16 is a stress rating only. Extended exposure 
to the Maximum Ratings may affect device reliability. 

Furthermore, although the embedded IntelDX2 proc
essor contains protective circuitry to resist damage 
from electrostatic discharge, always take precau
tions to avoid high static voltages or electric fields. 

Functional operating conditions are given in Section 
5.2, DC Specifications and Section 5.3, AC Speci
fications. 

Table 16. Absolute Maximum Ratings 

Case Temperature -6S·C to + 110·C 
under Bias 

Storage Temperature - 6S·C to + 1S0·C 

DC Voltage on Any Pin - O.SV to Vee + O.SV 
with Respect to 
Ground 

Supply Voltage Vee - O.SV to + 6.SV 
with Respect to Vss 
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S.2DC Specifications 

The following tables show the operating supply volt
ages, DC 1/0 specifications, and component power 
consumption for the embedded IntelDX2 processor. 

Table 17. Operating Supply Voltages 

Product Vee 

SB80486DX2SCSO 3.3V ±O.3V 

A80486DX2SA66 S.OV ±O.2SV 
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Table 18. 3.3V DC Specifications 
Functional Operating Range: Vcc = 3.3V ±0.3V, TCASE = O·C to +8S·C 

Symbol Parameter Min Max 

VIL Input lOW Voltage -0.3 +0.8 

VIH Input HIGH Voltage 2.0 Vcc + 0.3 

VIHC Input HIGH Voltage of ClK VCC - 0.6 Vcc + 0.3 

VOL Output lOW Voltage 
IOL = 2.0mA 0.4 
IOL = 100 I-'-A 0.2 

VOH Output HIGH Voltage 
IOH = -2.0mA 2.4 
IOH = - 1OO l-'-A Vcc - 0.2 

III Input leakage Current ±1S 

IIH Input leakage Current 200 
SRESET 300 

IlL Input leakage Current -400 

ILO Output leakage Current ±1S 

CIN Input Capacitance 10 

COUT 1/0 or Output Capacitance 10 

CCLK ClK Capacitance 6 

NOTES: 
1. All inputs except CLK. 
2. This parameter is for inputs without pull·up or pull-down resistors and OV S; VIN s; Vee. 
3. This parameter is for inputs with pull-down resistors and VIH = 2.4V. 
4. This parameter is for inputs with pull-up resistors and VIL = O.4V. 
5. Fe = 1 MHz. Not 100% tested. 

I 

Unit Notes 

V 

V Note 1 

V 

V 
V 

V 
V 

I-'-A Note 2 

I-'-A Note 3 

I-'-A Note 3 

I-'-A Note 4 

I-'-A 

pF NoteS 

pF NoteS 

pF NoteS 
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Table 19. 3.3V Icc Values 
Functional Operating Range: Vcc = 3.3V ±0.3V; TCASE = O·C to +8S·C 

Parameter 
Operating 

Typ Maximum 
Frequency 

ICC Active 40 MHz 4S0mA 
(Power Supply) SO MHz SSOmA 

ICC Active 40 MHz 318mA 416mA 
(Thermal Design) SO MHz 39SmA S07mA 

Icc Stop Grant 40 MHz 20 rnA 40 rnA 
SO MHz 23 rnA SOmA 

Icc Stop Clock OMHz 100~A 1 rnA 

NOTES: 

Notes 

Note 1 

Notes 2, 3, 4 

NoteS 

N'ote6 

1. This parameter is for proper power supply selection. It is measured using the worst case instruction mix at Vcc = 3.6V. 
2. The maximum current column is for thermal design power dissipation. It is measured using the worst case instruction mix 

at Vcc = 3.3V. 
3. The typical current column is the typical operating current in a system. This value is measured in a system using a typical 

device at Vcc = 3.3V, running Microsoft Windows 3.1 at an idle condition. This typical value is dependent upon the 
specific system configuration. 

4. Typical values are not 100% tested. 
5. The Icc Stop Grant specification refers to the Icc value once the embedded IntelDX2 processor enters the Stop Grant or 

Auto HALT Power Down state. 
6. The Icc Stop Clock specification refers to the Icc value once the embedded IntelDX2 processor enters the Stop Clock 

state. The VIH and VIL levels must be equal to Vcc and OV, respectively, to meet the Icc Stop Clock specifications. 
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Table 20. 5V DC Specifications 
Functional operating range: VCC = 5V ±0.25V; TCASE = O°C to +85°C 

Symbol Parameter 

VIL Input lOW Voltage 

VIH Input HIGH Voltage 

VOL Output lOW Voltage 

VOH Output HIGH Voltage 

III Input leakage Current 

IIH Input leakage Current 
SRESET 

IlL Input leakage Current 

ILO Output leakage Current 

CIN Input Capacitance 

COUT Output or 1/0 Capacitance 

CCLK ClK Capacitance 

NOTES: 
1. This parameter is measured at: 

Address. Data. BEn 4.0 mA 
Definition. Control 5.0 mA 

2. This parameter is measured at: 
Address. Data. BEn -1.0 mA 
Definition. Control -0.9 mA 

Min Max 

-0.3 +0.8 

2.0 Vcc+0.3 

0.45 

2.4 

.±15 

200 
300 

-400 

±15 

20 

20 

20 

3. This parameter is for inputs without pull-ups or pull-downs and OV ,;; VIN ,;; Vee. 
4. This parameter is for inputs with pull-downs and VIH = 2.4V. 
5. This parameter is for inputs with pull-ups and VIL = 0.45V. 
6. Fe = 1 MHz; Not 100% tested. 

I 

Unit Notes 

V 

V 

V Note 1 

V Note 2 

,..,A Note 3 

,..,A Note 4 
,..,A Note 4 

,..,A Note 5 

,..,A 

pF Note 6 

pF Note 6 

pF Note 6 
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Table 21. SV Icc Values 
Functional Operating Range: Vcc = SV ±0.2SV; TCASE = O·C to +8S·C 

Parameter 
Operating 

Typ Maximum 
Frequency 

ICC Active SO MHz 9S0mA 
(Power Supply) 66 MHz 1200 mA 

ICC Active SO MHz 680mA 906mA 
(Thermal Design) 66 MHz 901 mA 114S mA 

Icc Stop Grant SO MHz 3SmA 70mA 
66 MHz 40mA 90mA 

Icc Stop Clock o MHz 200 p,A 2mA 

NOTES: 

Notes 

Note 1 

Notes 2, 3, 4 

Note S 

Note 6 

1. This parameter is for proper power supply selection. It is measured using the worst case instruction mix at Vcc = 5.25V. 
2. The maximum current 'column is for thermal design power dissipation. It is measured using the worst case instruction mix 

atVcc = 5V. 
3. The typical current column is the typical operating current in a system. This value is measured in a system using a typical 

device at Vcc = 5V, running Microsoft Windows 3.1 at an idle condition. This typical value is dependent upon the 
specific system configuration. 

4. Typical values are not 100% tested. 
5. The Icc Stop Grant specification refers to the ICC value once the embedded IntelDX2 processor enters the Stop Grant or 

Auto HALT Power Down state. . 
6. The ICC Stop Clock specification refers to the Icc value once the processor enters the Stop Clock state. The VIH and VIL 

levels must be equal to Vcc and OV, respectively, in order to meet the Icc Stop Clock specifications. 
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5.3 AC Specifications 

The AC specifications for the embedded IntelDX2 processor are given in this section. 

Table 22. AC Characteristics 
T CASE = O°C to + B5°C; CL = 50 pF, unless otherwise specified. (Sheet 1 of 2) 

Vee (Package) 

3.3V 5V 
Symbol Parameter (208-Lead (168-Pin Unit Figure Notes 

SQFP) PGA) 

Min Max Min Max 

ClK Frequency 8 25 8 33 MHz Note 1 

t1 ClKPeriod 40 125 30 125 ns 4 

t1a ClK Period Stability ±250 ±250 ps 4 Adjacent-
clocks 

t2 ClK High Time 14 11 ns 4 at2V 

t3 ClKlowTime 14 11 ns 4 at O.BV 

t4 ClKFaliTime 4 3 ns 4 2VtoO.8V 

t5 ClK Rise Time 4 3 ns 4 O.BV to 2V 

t6 A31-A2, PWT, PCD, BE3- 3 19 3 16 ns B 
BEO#, MIIO#, D/C#, 
W/R#, ADS#, LOCK#, 
BREQ, HlDA, SMIACT#, 
FERR # Valid Delay 

t7 A31-A2, PWT, PCD, BE3- 2B 20 ns 9 Note 2 
BEO#, M/IO#, D/C#, 
W/R#, ADS#, lOCK#, 
BREQ. HlDA Float Delay 

te PCHK# Valid Delay 3 24 3 22 ns 7 

tea BlAST#, PlOCK# Valid 3 24 3 20 ns B 
Delay 

t9 BLAST#, PlOCK# Float 28 20 ns 9 Note 2 
Delay 

tlO D31-DO, DP3-DPO Write 3 20 3 18 ns B 
Data Valid Delay 

t11 D31-DO, DP3-DPO Write 28 20 ns 9 Note 2 
Data Float Delay 

t12 EADS# Setup Time B 5 ns 5 

t13 EADS# Hold Time 3 3 ns 5 
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Table 22. AC Characteristics 
T CASE = O·C to + 85·C; CL = 50 pF, unless otherwise specified. (Sheet 2 of 2) 

Vee (Package) 

3.3V 5V 
Symbol Parameter (208-Lead (168-Pin Unit Figure Notes 

SQFP) PGA) 

Min Max Min Max 

t14 KEN#, 8S16#, 8S8# Setup Time 8 5 ns 5 

t15 KEN#, 8S16#, 8S8# Hold Time 3 3 ns 5 

t16 RDY #, BRDY # Setup Time 8 5 ns 6 

t17 RDY # ~ BRDY # Hold Time 3 3 ns 6 

t18 HOLD, AHOLD Setup Time 10 6 ns 5 

t18a BOFF # Setup Time 10 8 ns 5 

t19 HOLD, AHOLD, BOFF # Hold 3 3 ns 5 
Time 

t20 FLUSH#, A20M#, NMI, INTR, 10 5 ns 5 Note 3 
SMI#, STPCLK#, SRESET, 
RESET, IGNNE# Setup Time 

t21 FLUSH #, A20M #, NMI, INTR, 3 3 ns 5 Note 3 
SMI#, STPCLK#, SRESET, 
RESET, IGNNE# Hold Time 

t22 D31-DO, DP3-DPO,A31-A4 6 5 ns 6 
Read Setup Time 5 

t23 D31-DO, DP3-DPO, A31-A4 3 3 ns . 6 
Read Hold Time 5 

NOTES: 
1. O-MHz operation is guaranteed when the STPCLK # and Stop Grant bus cycle protocol is used. 
2. Not 100% tested, guaranteed by design characterization. 
3. A reset pulse width of 15 CLK cycles is required for warm resets (RESET or SRESET). Power-up resets (cold resets) 

require RESET to be asserted for at least 1 ms after Vee and CLK are stable. 
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Symbol 

t24 

t25 

t26 

t27 

t2B 

t29 

t30 

t31 

t32 

t33 

t34 

t35 

t36 

t37 

NOTES: 

Table 23. AC Specifications for the Test Access Port 
(80th 3.3V SQFP and 5V PGA Processors) 

T CASE = O°C to + B5°C; Cl = 50 pF 

Parameter Min Max Unit 

TCK Frequency B MHz 

TCK Period 125 ns 

TCK High Time 40 ns 

TCK Low Time 40 ns 

TCK Rise Time B ns 

TCKFaliTime 8 ns 

TOI, TMS Setup Time 8 ns 

TOI, TMS Hold Time 10 ns 

TOO Valid Oelay 3 30 ns 

TOO Float Oelay 36 ns 

All Outputs (except TOO) Valid Oelay 3 30 ns 

All Outputs (except TOO) Float Oelay 36 ns 

All Inputs (except TOI, TMS, TCK) Setup Time B ns 

All Inputs (except TOI, TMS, TCK) Hold Time 10 ns 

1. TCK period ~ ClK period. 

Figure Notes 

Note 1 

10 

10 @2.0V 

10 @O.BV 

10 Note 2 

10 Note 2 

11 Note 3 

11 Note 3 

11 Note 3 

11 Note 3 

11 Note 3 

11 Note 3 

11 Note 3 

11 Note 3 

2. Rise/Fall times are measured between O.8V and 2.0V. Rise/Fall times can be relaxed by 1 ns per 10 ns increase in TCK 
period. 

3. Parameters t30-t37 are measured from TCK. 

I 

elK 

NOTE: 
tx = input setup times 

2.0 V - - -

1.5 V - -

0.8V 

I+------ t1 

ty = input hold times, output float, valid hold times 

Figure 4. ClK Waveform 

- 2.0 V 

- - 1.5 V 

- - 0.8V 

272770-4 
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ClK [ 

EADS# [ 

BS8#, BS16#, KEN# [ 

BOFF#,AHOlD,HOlD [ 

RESET, FlUSH#, 
[ A20M#, INTR, NMI, SMI#, 

STPClK#,SRESET,IGNNE# 

A31·A4 [ (READ) 

272770-5 

Figure 5. Input Setup and Hold Timing . 

CLK [ 

RDY#,BRDY# [ 

D31·DO, DP3-DPO [ 

272770-6 

Figure 6. Input Setup and Hold Timing 
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ClK [ 

RDY#,BROY# [ 

031-00, [ OP3-0PO 

PCHK# [ 

Figure 7. PCHK # Valid Delay Timing 

ClK 

A2-A31 , PWT, PCO, 
BEO-3#, MlIO#, [ 

O/C#, W/R#, AOS#, 
lOCK#, BREQ, HlOA, 

SMIACT# 

031-00, OP3-0PO [ 

BLAST#, [ 
PlOCK# 

VALIOn 

VALlO n+1 

VAllO n+1 

Figure 8. Output Valid Delay Timing 

272770-7 

272770-8 
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TCK 

4-176 

ClK 

A2-A31 , PWT, PCO, 
BEO-3#, MlIO#, O/C#, 
WIR#, AOS#, lOCK#, 
BREQ, HlOA, FERR# 

031-00, OP3-0PO [ VALID 
__ ...,......LpJ....w.ur 

lea ~---r 

BLAST#, [ ~VA~l~IO~ll~-------PlOCK# _ 

Figure 9. Maximum Float Delay Timing 

O.BV-

Figure 10. TCK Waveform 
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TCK 

TMS, 
TOI 

~~'" 
TOO [ ~"'f ___ V._r>._Ll_:-_1_33_J-, r----

---'--=-'.~". ~ ~": OUTPUT [ ~ VALID X VALID ~}-. -----

INPUT [----~ ':AL,:'''i~--------
Figure 11. Test Signal Timing Diagram 

272770-11 
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5.4 Capacitive Derating Curves 

The following graphs are the capacitive derating curves for the embedded IntelDX2 processor. 

nom+7 

nom+6 

nom+5 

nom+4 

nom+3 

nom+2 

nom+1 

nom 

nom·1 
V 

nom·2 
25 

./ 
/" 

50 

;.,.. V 
~ 

/' 

75 100 

Capacitive Load (pF) 

NOTE: 
This graph will not be linear outside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 

/' 
/ 

/ 

125 150 

272770-12 

Figure 12. Typical Loading Delay versus Load Capacitance under Worst-Case Conditions 
for a Low-to-High Transition, 3.3V Processor 

NOTE: 

nom+5 

nom+4 .. 
,.s nom+3 
.;-
!!l nom+2 

nom+1 

nom 

nom·1 

nom·2 
25 

....---
------------

50 75 100 
Capacitive Load (pF) 

This graph will not be linear outside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 

............ 

......... ......--

125 150 

272770-13 

Figure 13. Typical Loading Delay versus Load Capacitance under Worst-Case Conditions 
for a Hlgh-to-Low Transition, 3.3V Processor 
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'iii' c -t' 
'ii 
C 

NOTE: 

nom+S 

nom+4 

nom+3 

nom+2 

nom+1 

nom 

nam-1 ~ 
nam-2 

25 

~ ...-..-----. 
------

50 75 100 125 
Capacitive Load (pF) 

This graph will not be linear outside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 

nam+7 

nom+6 

nam+S 

Figure 14. Typical Loading Delay versus Load Capacitance under 
Worst-Case Conditions for a Low-to-High Transition, SV Processor 

~ 

150 
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nam+4 ~ 
'iii' c -r 
CII 
C 

NOTE: 

nam+3 

nom+2 

nam+1 

nom 

nam-1 .... 
nom-2 

25 
------

50 

------/ ...... 
~ 

------
75 100 125 

Capacitive Load (pF) 

This graph will not be linear outside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 

Figure 1S. Typical Loading Delay versus Load Capacitance under 
Worst-Case Conditions for a High-to-Low Transition, 5V Processor 

150 

272770-15 
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6.0 MECHANICAL DATA 

This section describes the packaging dimensions and thermal specifications for the embedded IntelDX2 
processor. ' 

6.1 Package Dimensions 

14-------30.6:t:O.25-------+j 

.40 Min 
0.13 + 0.12-0.08 

156 

0' Min ~J 
[7'Max 

~===~ 

Top View 

52 05 

NOTE: Length measurements same as width measurements 

,--__________ --'-___ , -L1.76 Max 

,J6D W\! 
Units:mm 

titiJ3.37t",0.OB f 
3.70 Max 

t 
_II ... 0.13Min 
~ 0.25 Max 

Tolerance Window for 

272770-16 

Figure 16. 208·Lead SQFP Package Dimensions 

I 



I 

EMBEDDED IntelDX2TM PROCESSOR 
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PIN 
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Figure 17. Principal Dimensions and Data for 168-Pin Pin Grid Array Package 

Table 24. 168·Pin Ceramic PGA Package Dimensions 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

A 3,56 4,57 0,140 0,180 

A1 0,64 1,14 SOLID LID 0,025 0,045 SOLID LID 

A2 2,8 3,5 SOLID LID 0,110 0,140 SOLID LID 

As 1.14 1.40 0,045 0,055 

B 0.43 0,51 0,017 0,020 

D 44,07 44,83 1,735 1,765 

D1 40,51 40,77 1,595 1.605 

e1 2,29 2,79 0,090 0,110 

L 2,54 3,30 0,100 0,130 

N 168 168 

S1 1,52 2,54 0,060 0,100' 
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Table 25. Ceramic PGA Package Dimension Symbols 

Letter or Symbol Description of Dimensions 

A Distance from seating plane to highest point of body 

AI Distance between seating plane and base plane (lid) 

A2 Distance from base plane to highest point of body 

A3 Distance from seating plane to bottom of body 

B Diameter of terminal lead pin 

D Largest overall package dimension of length 

Dl A body length dimension, outer lead center to outer lead center 

• el Linear spacing between true lead position centerlines 

L Distance from seating plane to end of lead 

81 Other body dimension, outer lead center to edge of body 

NOTES: 
1. Controlling dimension: millimeter. 
2. Dimension "e1" ("e") is non-cumulative. 
3. Seating plane (standoff) is defined by P.C. board hole size: 0.0415 inch-0.Q430 inch. 
4. Dimensions "S", "S,' and "C" are nominal. 
5. Details of Pin 1 identifier are optional. 
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6.2 Package Thermal Specifications 

The embedded IntelDX2 processor is specified for 
operation when the case temperature (T c) is within 
the range of O·C to B5·C. T C may be measured in 
any environment to determine whether the proces
sor is within the specified operating range. 

The ambient temperature (T A) can be calculated 
from l/JC and l/JA from the following equations: 

TJ = Tc + P' 9JC 

TA = TJ - P' 9JA 

EMBEDDED IntelDX2TM PROCESSOR 

TC = TA + P' [9JA - 9Jcl 

TA = Tc - P' [9JA - 9Jcl 

Where T J, T A, T C equals Junction, Ambient and 
Case Temperature respectively. l/JC, l/JA equals 
Junction-to-Case and Junction-to-Ambient thermal 
Resistance, respectively. P is defined as Maximum 
Power Consumption. 

Values for l/JA and l/JC are given in the following 
tables for each product at its maximum operating 
frequencies. Maximum T A is shown for each product 
operating at various processor frequencies (twice 
the ClK frequencies). 

Table 26_ Thermal Resistance, l/JA eC/W) 

l/JA vs. Airflow-ft/min. (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

20B-lead SQFP (3.3V)-Without Heat Sink 24.0 17.0 15.0 13.0 - -
16B-Pin PGA (5V)-Without Heat Sink 17.0 14.5 12.5 11.0 10.0 9.5 

16B-Pin pGA (5V)-With Heat Sink" 13.0 B.O 6.0 5.0 4.5 4.25 

'0.350" high omnidirectional heat sink. 

Table 27. Thermal Resistance, l/JC eC/W) 

l/JC vs. Airflow-ft/min. (mIse c) 

0 200 400 600 
(0) (1.01) (2.03) (3.04) 

0 200 400 600 

I 20B-lead SQFP (3.3V) 3.5 6.0 6.0 6.0 

I 16B-Pin PGA (5V) 1.5 - - -

Table 28. Maximum T ambient, T A max eC) 

Airflow-ft/min. (m/sec:i) 

Freq. 0 200 400 600 
(MHz) (0) (1.01) (2.03) (3.04) 

IntelDX2TM Processor 

20B-lead SQFP (3.3V) 40 57 70 73 75 

Without Heat Sink 50 51 67 70 73 

16B-Pin PGA (5V) 50 15 26 35 46 

Without Heat Sink 66 -4 11 22 36 

16B-Pin PGA (5V) 50 33 56 65 69 

With Heat Sink 66 19 4B 59 65 
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Figure 1. Embedded Write-Back Enhanced IntelDX4TM Processor Block Diagram 
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Embedded Write-Back Enhanced IntelDX4TM Processor 

1.0 INTRODUCTION 

The embedded Write-Back Enhanced IntelDX4™ 
processor provides high performance to 32-bit, em
bedded applications. Designed for applications that 
need a floating-point unit, the processor is ideal for 
embedded designs running DOS", Microsoft" Win
dows', OS/2', or UNIX' applications written for the 
Intel architecture. Projects can be completed quickly 
using the wide range of software tools, utilities, as
semblers and compilers that are available for desk
top computer systems. Also, developers can find ad
vantages in using existing chipsets and peripheral 
components in their embedded designs. 

The embedded Write-Back Enhanced IntelDX4 
processor is binary compatible with the Intel386™ 
and earlier Intel processors. Compared with the 
Intel386 processor, it provides faster, execution of 
many commonly-used instructions. It also provides 
the benefits of an integrated, 16-Kbyte, write-back 
cache for code and data. Its data bus can operate in 
burst mode which provides up to 106-Mbyte-per
second transfers for cache-line fills and instruction 
prefetches. 

Intel's Sl technology is incorporated in the embed
ded Write-Back Enhanced IntelDX4 processor. Uti
lizing Intel's System Management Mode (SMM) en
ables designers to develop energy-efficient systems. 

Two component packages are available: 

• 168-pin Pin Grid Array (PGA) 

• 208-lead Shrink Quad Flat Pack (SQFP) 

The processor operates at either two or three times 
the external bus frequency. At two times the external 
bus frequency the processor operates up to 66 MHz, 
(33-MHz ClK). At three times the external bus fre
quency th~ processor operates up to 100 MHz 
(33-MHz ClK). 
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1.1 Features 

The embedded' Write-Back Enhanced IntelDX4 
processor offers these features: 

• 32'-bit RISC-Technology Core-The embedded 
Write-Back Enhanced IntelDX4 processor per
forms a complete set of arithmetic and logical op
erations on 8-, 16-, and 32-bit data types using a 
full-width AlU and eight general purpose regis
ters. 

• Single Cycle Execution-Many instructions exe
cute in a single clock cycle. 

• Instruction Pipelining-Overlapped instruction 
fetching, decoding, address translation and exe
cution. 

• On-Chip Floating-Point Unit-lntel486TM proc
essors support the 32-, 64-, and 80-bit formats 
specified in IEEE standard 754. The unit is binary 
compatible with the 8087, Intel287™, Intel387™ 
coprocessors, and Intel OverDrive® processor. 

• On-Chip Cache with Cache Consistency Sup
port-A 16-Kbyte internal cache is used for both 
data and instructions. It is configurable to be 
write-back or write-through on a line-by-line basis. 
The internal cache implements a modified MESI 
protocol, which is applicable to uniprocessor sys
tems. Cache hits provide zero wait-state access 
times for data within the cache. Bus activity is 
tracked to detect alterations in the memory repre
sented by the internal cache. 'The internal cache 
can be invalidated or flushed so that an external 
cache controller can maintain cache consistency. 

• External Cache Control-Write-back and flush 
controls for an external cache are provided so 
the processor can maintain cache consistency. 

e, On-Chip Memory Management Unit-Address 
management and memory space protection 
mechanisms maintain the integrity of memory in a 
multitasking and virtual memory environment. 
Both memory segmentation and paging are sup
ported. 

• Burst Cycles-Burst transfers allow a new dou
ble-word to be read from memory on each bus 
clock cycle. This capability is especially useful f~r 
instruction prefetch and for filling the internal 
cache. Data written from the processor to memo
ry can also be burst transfers. 
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• Write Buffers-The processor contains four 
write buffers to enhance the performance of con
secutive writes to memory. The processor can 
continue internal operations after a write to these 
buffers, without waiting for the write to be com
pleted on the external bus. 

• Bus Backott-When another bus master needs 
control of the bus during a processor initiated bus 
cycle, the embedded Write-Back Enhanced In
telDX4 processor floats its bus signals, then re
starts the cycle when the bus becomes available 
again. 

• Instruction Restart-Programs can continue ex
ecution following an exception generated by an 
unsuccessful attempt to access memory. This 
feature is important for supporting demand-paged 
virtual memory applications. 

• Dynamic Bus Sizing-External controllers can 
dynamically alter the effective width of the data 
bus. Bus widths of 8, 16, or 32 bits can be used. 

• Boundary Scan (JTAG)-Boundary Scan pro
vides in-circuit testing of components on printed 
circuit boards. The Intel Boundary Scan imple
mentation conforms with the IEEE Standard Test 
Access Port and Boundary Scan Architecture. 

• Enhanced Bus Mode-The definitions of some 
signals have been changed to support write-back 
cache mode. 

Intel's SL technology provides these features: 

• Intel System Management Mode (SMM)-A 
unique Intel architecture operating mode pro
vides a dedicated special purpose interrupt and 
address space that can be used to implement in
telligent power management and other enhanced 
functions in a manner that is completely transpar
ent to the operating system and applications soft
ware. 

• 1/0 Restart-An liD instruction interrupted by a 
System Management Interrupt (SMI#) can auto
matically be restarted following the execution of 
the RSM instruction. 

• Stop Clock-The embedded Write-Back En
hanced IntelDX4 processor has a stop clock con
trol mechanism that provides two low-power 
states: a Stop Grant state (20-50 mA typical, de
pending on input clock frequency) and a Stop 
Clock state (- 600 p.A typical, with input clock 
frequency of 0 MHz). 

• Auto HALT Power Down-After the execution 
of a HALT instruction, the embedded Write-Back 
Enhanced IntelDX4 processor issues a normal 
Halt bus cycle and the clock input to the proces
sor core is automatically stopped, causing the 
processor to enter the Auto HALT Power Down 
state (20-50 mA typical, depending on input 
clock frequency). 

• Auto Idle Power Down-This function allows 
the processor to reduce the core frequency to the 
bus frequency when both the core and bus are 
idle. Auto Idle Power Down is software transpar
ent and does not affect processor performance. 
Auto Idle Power Down provides an average pow
er savings of 10% and is only applicable to clock 
multiplied processors. 

1.2 Family Members 

TablEl1 shows the embedded Write-Back Enhanced 
IntelDX4 processors and briefly describes their char
acteristics. 

Table 1. The Embedded Write-Back Enhanced IntelDX4™ Processor Family 

Supply Voltage 
Maximum Maximum 

Product Processor External Bus Package 
Vee Frequency Frequency 

FC80486DX4WB75 3.3V 75 MHz 25 MHz 208-Lead SOFP 

FC80486DX4WB100 3.3V 100 MHz 33 MHz 208-Lead SOFP 

A80486DX4WB100 3.3V 100 MHz 33 MHz 168-Pin PGA 
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2.0 HOW TO USE THIS DOCUMENT 

For a complete set of documentation related to the 
embedded Write-Back Enhanced IntelDX4 proces
sor, use this document in conjunction with the fol
lowing reference documents: 

• Intel486fM Processor Family datasheet-Order 
No. 242202 

• Intel486 Microprocessor Family Programmer's 
Reference Manual--Order No. 240486 

• Intel Application Note AP-485-lntel Processor 
Identification with the CPUlD Instruction-Order 
No. 241618 

The information in the reference documents for the 
IntelDX4 processor applies to the embedded Write
Back Enhanced IntelDX4 processor. Some of the 
IntelDX4 processor information is duplicated in this 
document to minimize the dependence on the refer
ence documents. 
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3.0 PIN DESCRIPTIONS 

3.1 Pin Assignments 

The following figures and tables show the pin as
signments of each package type for the embedded 
Write-Back Enhanced IntelDX4 processor. Tables 
are provided showing the pin differences between 
the embedded Write-Back Enhanced IntelDX4 proc
essor and other embedded Intel486 processor prod
ucts. 

208-Lead SQFP - Quad Flat Pack 

• Figure 2, Package Diagram for,208-Lead SQFP 
Embedded Write-Back Enhanced IntelDX4TM 
Processor (pg. 8) 

• Table 2, Pinout Differences for 208-Lead SQFP 
Package (pg. 9) 

• Table 3, Pin Assignment for 208-Lead SQFP 
Package (pg. 10) 

• Table 4, Pin Cross Reference for 208-Lead SQFP 
Package (pg. 12) 

168-Pin PGA - Pin Grid Array 

• Figure 3, Package Diagram for 168-Pin PGA Em
bedded Write-Back Enhanced IntelDX4TM Proc
essor (pg. 14) 

• Table 5, Pinout Differenc,es for 168-Pin PGA 
Package (pg. 15) 

• Table 6, Pin Assignment for 168-Pin PGA Pack
age (pg. 16) 

• Table 7, Pin Cross Reference for 168-Pin PGA 
Package (pg. 18) 
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Figure 2. Package Diagram for 208-Lead SQFP Embedded Write-Back Enhanced IntelDX4TM Processor 
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Table 2. Pinout Differences for 208-Lead SQFP Package 

Embedded Embedded Embedded Write-Back 
Pin # Intel486TM SX IntelDX2TM Enhanced IntelDX4TM 

Processor Processor Processor 

3 VCC<1) VCC VCC5 

11 INC(2) INC CLKMUL 

63 INC INC HITM# 

64 INC INC WB/WT# 

66 INC FERR# FERR# 

70 INC INC CACHE# 

71 INC INC INV 

72 INC IGNNE# IGNNE# 

NOTES: 
1. This pin location is for the Vee5 pin on the embedded IntelDX4 processor. For compatibility with 3.3V processors that 

have 5V-tolerant input buffers (i.e., embedded IntelDX4 processors), this pin should be connected to a Vee trace, not to 
the Vee plane. 

2. INC. Internal No Connect. These pins are not connected to any internal pad. However, signals are defined for the location 
of tile INC pins in the embedded IntelDX4 processor. One system design can accommodate anyone of these processor!; 
provided the purpose of each INC pin is understood before it is used. 
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Table 3. Pin Assignment for 208·Lead SQFP Package (Sheet 1 of 2) 

Pln# Description Pin# Description Pin# Description Pin# Description 

1 Vss 53 Vss 105 Vss 157 Vss 

2 Vee 54 Vee 106 Vee 158 A24 

3 Vee5 55 Vss 107 Vss 159 A23 

4 PCHK# 56 Vee 108 016 160 A22 

5 BROY# 57 Vss 109 OP2 161 A21 

6 BOFF# 58 SRE5ET 110 Vss 162 Vee 

7 B516# 59 SMIACT# 111 Vee 163 Vee 

8 B58# 60 Vee 112 015 164 A20 

9 Vee 61 Vss 113 014 165 A19 

10 Vss 62 Vee 114 Vee 166 A18 

11 ClKMUl 63 HITM# 115 Vss 167 TM5 

12 ROY# 64 WB/WT# 116 013 168 TOI 

13 KEN# 65 SMI# 117 012 169 Vee 

14 Vee 66 FERR# 118 011 170 Vss 

15 Vss 67 NC(1) 119 010 171 A17 

16 HOlO 68 TOO 120 Vss 172 Vee 

17 AHOlO 69 Vee 121 Vee 173 A16 

18 TCK 70 CACHE# 122 Vss 174 A15 

19 Vee 71 INV 123 09 175 Vss 

20 Vee 72 IGNNE# 124 08 176 Vee 

21 Vss 73 5TPClK# 125 OP1 177 A14 

22 Vee 74 031 126 07 178 A13 

23 Vee 75 030 127 NC(1) 179 Vee 

24 ClK 76 Vss 128 Vee 180 A12 

25 Vee 77 Vee 129 06 181 Vss 

26 HlOA 78 029 130 05 182 A11 

27 W/R# 79 028 131 Vee 183 Vee 

28 Vss 80 Vee 132 Vss 184 Vss 

29 Vee 81 Vss 133 Vee 185 Vee 

30 BREQ 82 Vee 134 Vee 186 A10 

31 BEO# 83 027 135 Vss 187 A9 

32 BEa 84 026 136 Vee 188 Vee 

33 BE2# 85 025 137 Vee 189 Vss 

34 BE3# 86 Vee 138 Vss 190 A8 
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Table 3. Pin Assignment for 208-Lead SQFP Package (Sheet 2 of 2) 

Pin# Description Pin# Description Pin# Description Pin# Description 

35 Vee 87 024 139 Vee 191 Vee 
36 Vss 88 Vss 140 04 192 A7 

37 MIiO# 89 Vee 141 03 193 A6 

38 Vee 90 OP3 142 02 194 RESERVEO 

39 O/C# 91 023 143 01 195 A5 

40 PWT 92 022 144 00 196 A4 

41 PCO 93 021 145 OPO 197 A3 

42 Vee 94 Vss 146 Vss 198 Vee 
43 Vss 95 Vee 147 A31 199 Vss 
44 Vee 96 NC(1) 148 A30 200 Vee 
45 Vee 97 Vss 149 A29 201 Vss 
46 EAOS# 98 Vee 150 Vee 202 A2 

47 A20M# 99 020 151 A28 203 AOS# 

48 RESET 100 019 152 A27 204 BLAST# 

49 FLUSH# 101 018 153 A26 205 Vee 
50 INTR 102 Vee 154 A25 206 PLOCK # 

51 NMI 103 017 155 Vee 207 LOCK # 

52 Vss 104 Vss 156 Vss 208 Vss . 

NOTE: 
1. NC. Do Not Connect. These pins should always remain unconnected. Connection of NC pins to Vee. or Vss or to any 

other signal can result in component malfunction or incompatibility with future steppings of the Intel486 processors. 
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Table 4. Pin Cross Reference for 208-Lead SQFP Package (Sheet 1 of 2) 

Address Pin # Data Pin # Control Pin # NC VCC5 VCC Vss 
A2 202 00 144 A20M# 47 67 3 2 1 

A3 197 01 143 AOS# 203 96 9 10 

A4 
, 

196 02 142 . AHOlO 17 127 14 15 

A5 195 03 141 BEO# 31 19 21 

A6 193 04 140 BE1# 32 20 28 

A7 192 05 130 BE2# 33 22 36 

A8 190 06 129 BE3# 34 23 43 

A9 187 07 126 BlAST# 204 25 52 

A10 186 08 124 BOFF# 6 29 53 

A11 182 09 123 BROY# 5 35 55 

A12 180 010 119 BREQ 30 38 57 

A13 178 011 118 BS16# 7 42 61 

A14 177 012 117 BS8# 8 44 76 

A15 174 013 116 CACHE# 70 45 81 

A16 173 014 113 ClK 24 54 88 

A17 171 015 112 ClKMUl 11 56 94 

A18 166 016 108 O/C# 39 60 97 

A19 165 017 103 OPO 145 62 104 

A20 164 018 101 OP1 125 69 105 

A21 161 019 100 OP2 109 77 107 

A22 160 020 99 OP3 90 80 110 

A23 159 021 93 EAOS# 46 82 115 

A24 158 022 92 FERR# 66 86 120 

A25 154 023 91 FlUSH# 49 89 122 

A26 153 024 87 HITM# 63 95 132 

A27 152 025 85 HlOA 26 98 135 

A28 151 026 84 HOlO 16 102 138 

A29 149 027 83 IGNNE# 72 106 146 

A30 148 028 79 INTR 50 111 156 

A31 147 029 78 INV 71 114 157 

030 75 KEN# 13 121 170 

031 74 lOCK# 207 128 175 

M/IO# 37 131 181 

NMI 51 133 184 

I 4·195 



Embedded Write-Back Enhanced IntelDX4TM Processor 

Table 4. Pin Cross Reference for 20S-Lead SQFP Package (Sheet 2 of 2) 

Address . Pin # Data Pin # Control Pin # NC VeC5 Vee Vss 
PCD 41 134 189 

PCHK# 4 136. . 199 

PLOCK# 206 137' 201 

PWT 40- 139 208 

RDY# . 12 150 

RESERVED 194 155 

RESET 48 162 

SMI# 65 163 

SMIACT# 59 169 

SRESET. 58 172 

STPCLK# 73 176 .. 

TCK 18 179 

TOI 168 183 

TOO 68 185 

TMS 167 188 

WB/WT# 64 191 

W/R# 27 198 

200 

205 
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A B C 0 E F G H J K L M N P a R S 
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Figure 3. Package Diagram for 168-Pin PGA Embedded Write-Back Enhanced IntelDX4TM Processor 
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Table 5. Pinout Differences for 168-Pln PGA Package 

Pin # Embedded IntelDX2TM Processor Embedded Write-Back Enhanced 
IntelDX4TM Processor 

A10 INC' INV 

A12 INC HITM# 

812 INC CACHE # 

813 INC W8/WT# 

J1 Vcc VCC5 

A17 INC CLKMUL 

S4 NC VOLDET 

4-198 I 



Embedded Write-Back Enhanced IntelDX4TM Processor 

Table 6. Pin Assignment for 168-Pin PGA Package (Sheet 1 of 2) 
Pin # Description Pin # Description Pin # Description 

A1 020 017 BOFF# P2 A29 
A2 022 E1 Vss P3 A30 
A3 TCK E2 Vee P15 HlOA 
A4 023 E3 010 P16 Vee 
A5 OP3 E15 HOLD P17 Vss 
A6 024 E16 Vee 01 A31 
A7 Vss E17 Vss 02 Vss 
A8 029 F1 OP1 Q3 A17 
A9 Vss F2 08 Q4 A19 

A10 INV F3 015 Q5 A21 
A11 Vss F15 KEN# Q6 A24 
A12 HITM# F16 ROY# Q7 A22 
A13 INC F17 BE3# Q8 A20 
A14 TOI G1 Vss i Q9 A16 
A15 IGNNE# G2 Vee Q10 A13 
A16 INTR G3 012 Q11 A9 
A17 AHOlO G15 STPClK# Q12 A5 
B1 019 G16 Vee Q13 A7 
B2 021 G17 Vss Q14 A2 
B3 Vss H1 Vss Q15 BREO 
B4 Vss H2 03 Q16 PLOCK # 
B5 Vss H3 OP2 Q17 PCHK# 
B6 025 H15 BROY# R1 A28 
B7 Vee H16 Vee R2 A25 
B8 031 H17 Vss R3 Vee 
B9 Vee J1 Vee5 R4 Vss 

B10 SMI# J2 05 R5 A18 
B11 Vee J3 016 R6 Vee 
B12 CACHE# J15 BE2# R7 A15 
B13 WB/WT# J16 BE1# R8 Vee 
B14 TMS J17 PCO R9 Vee 
B15 NMI K1 Vss R10 Vee 
B16 TOO K2 Vee R11 Vee 
B17 EAOS# K3 014 R12 A11 
C1 011 K15 BEO# R13 A8 
C2 018 K16 Vee R14 Vee 
C3 ClK K17 Vss R15 A3 
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Table 6. Pin Assignment for 168-Pin PGA Package (5heet 2 of 2) 
Pin # Description Pin # Description Pin # Description 

C4 Vee L1 Vss R16 BLA5T# 
C5 Vee L2 06 R17 CLKMUL 
C6 027 L3 07 51 A27 
C7 026 L15 PWT 52 A26 
C8 028 L16 Vee 53 A23 
C9 030 L17 Vss 54 VOLDET 

C10 5RE5ET M1 Vss 55 A14 
C11 RE5ERVEO M2 Vee 56 Vss 
C12 5MIACT# M3 04 57 A12 
C13 NC M15 D/C# 58 Vss 
C14 FERR# M16 Vee 59 Vss 
C15 FLU5H# M17 Vss 510 Vss 
C16. RE5ET N1 02 511 Vss 
C17 B516# N2 01 512 Vss 
01 09 N3 OPO 513 A10 
02 013 N15 LOCK# 514 Vss 
03 017 N16 M/IO# 515 A6 
015 A20M# N17 W/R# 516 A4 
016 B58# P1 DO 517 AD5# 
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Table 7. Pin Cross Reference for 168-Pin PGA Package (8heet 1 of 2) 

Address Pin # Data Pin # Control Pin # NC INC VCC5 Vcc Vss 
A2 014 DO P1 A20M# 015 C13 A13 J1 B7 A7 

A3 R15 D1 N2 A08# 817 B9 A9 

A4 816 02 N1 AHOLO A17 B11 A11 

A5 012 03 H2 BEO# K15 C4 B3 

A6 815 04 M3 BE1# J16 C5 B4 

A7 013 05 J2 BE2# J15 E2 B5 

A8 R13 06 L2 BE3# F17 E16 E1 

A9 011 07 L3 BLA8T# R16 G2 E17 

A10 813 08 F2 BOFF# 017 G16 G1 

A11 R12 09 01 BROY# H15 H16 G17 

A12 87 010 E3 BREO 015 K2 H1 

A13 010 011 C1 B816# C17 K16 H17 

A14 J5 012 G3 B88# 016 L16 K1 

A15 R7 013 02 CLK C3 M2 K17 

A16 09 014 K3 CLKMUL R14 M16 L1 

A17 03 015 F3 CACHE# B12 P16 L17 

A18 R5 016 J3 O/C# M15 R3 M1 

A19 04 017 03 OPO N3 R6 M17 

A20 08 018 C2 OP1 F1 R8 P17 

A21 05 019 B1 OP2 H3 R9 02 

A22 Q7 020 A1 OP3 A5 R10 R4 

A23 83 021 B2 EA08# B17 R11 86 

A24 06 022 A2 FERR# C14 R14 88 

A25 R2 023 A4 FLU8H# C15 89 

A26 82 024 A6 HITM# A12 810 

A27 81 025 B6 HLOA P15 811 

A28 R1 026 C7 HOLD E15 812 

A29 P2 027 C6 IGNNE# A15 814 

A30 P3 028 C8 INTR A16 

A31 01 029 A8 INV A10 

030 C9 KEN# F15 

031 B8 LOCK# N15 

M/IO# N16 

NMI B15 
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Table 7. Pin Cross Reference for 168-Pin PGA Package (Sheet 2 of 2) 

Address Pin # Data Pin # Control Pin # NC INC VCC5 VCC Vss 
PCD J17 

PCHK# 017 

PLOCK # 016· 

PWT L15 

RDY# F16 

RESERVED C11 

RESET C16 

SMI# 810 

SMIACT# C12 

SRESET C10 

STPCLK# G15 

TCK A3 

TDI A14 

TOO 816 

TMS 814 

VOLDET S4 

W8/WT# 813 

W/R# N17 
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3.2 Pin Quick Reference 

The following is a brief pin description. For detailed signal descriptions refer to "Signal Oescription" in section 
9 of the /nte/48{irM Processor Family datasheet. 

Table 8. Embedded Write-Back Enhanced IntelDX4™ Processor Pin Descriptions (Sheet 1 of 8) 

Symbol Type Name and Function 

ClK I Clock provides the fundamental timing and internal operating frequency for the 
embedded Write· Back Enhanced IntelOX4 processor. All external timing parameters 
are specified with respect to the rising edge of ClK. 

ADDRESS BUS 

A31-A4 110 Address Lines A31-A2, together with the byte enable signals, BE3#-BEO#, define 
A3-A2 0 the physical area of memory or input/output space accessed. Address lines A31-A4 

are used to drive addresses into the embedded Write-Back Enhanced IntelOX4 
processor to perform cache line invalidation. Input signals must meet setup and hold 
times t22 and t23' A31-A2 are not driven during bus or address hold. 

BE3# 0 Byte Enable signals indicate active bytes during read and write cycles. Ouring the first 
BE2# 0 cycle of a cache fill, the ex1ernal system should assume that all byte enables are active. 
BE1# 0 BE3 # -BEO # are active lOW and are not driven during bus hold. 

BEO# 0 B E3 # applies to 031 - 024 
BE2# applies to 023-016 
BE1 # applies to 015-08 
BEO# applies to 07-00 

DATA BUS 

D31-DO 1/0 Data Lines. 07-00 define the least significant byte of the data bus; 031-024 define 
the most significant byte of the data bus. These signals must meet setup and hold 
times t22 and t23 for proper operation on reads. These pins are driven during the 
second and subsequent clocks of write cycles. 

DATA PARITY 

DP3-DPO 1/0 There is one Data Parity pin for.each byte of the data bus. Oata parity is generated on 
all write data cycles with the same timing as the data driven by the embedded Write-
Back Enhanced IntelOX4 processor. Even parity information must be driven back into 
the processor on the data parity pins with the same timing as read information to 
ensure that the correct parity check status is indicated by the embedded Write-Back 
Enhanced IntelOX4 processor. The signals read on these pins do not affect program 
execution. 

Input signals must meet setup and hold times t22 and t23' OP3-0PO must be 
connected to Vee through a pull-up resistor in systems that do not use parity. OP3-
OPO are active HIGH and are driven duririg the second and subsequent clocks of write 
cycles. 

PCHK# 0 Parity Status is driven on the PCHK # pin the clock after ready for read operations. 
The parity status is for data sampled at the end of the previous clock. A parity error is 
indicated by PCHK# being LOW. Parity status is only checked for enabled bytes as 
indicated by the byte enable and bus size signals. PCHK # is valid only in the clock 
immediately after read data is returned to the processor. At all other times PCHK # is 
inactive (HIGH). PCHK# is never floated. 
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Table 8. Embedded Write-Back Enhanced IntelDX4TM Processor Pin Descriptions (Sheet 2 of 8) 

Symbol Type Name and Function 

BUS CYCLE DEFINITION 

M/IO# 0 Memory/Input-Output, Data/Control and Write/Read lines are the primary bus 
D/C# 0 definition signals. These signals are driven valid as the ADS# signal is asserted. 
W/R# 0 M/IO# D/C# W/R# Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 HALT ISpecial CyCle (see details below) 
0 1 0 1/0 Read 
0 1 1 110 Write 
1 0 0 Code Read 
1 0 1 Reserved 
1 1 0 Memory Read 
1 1 1 Memory Write 

HALT/Special Cycle 

Cycle Name BE3#-BEO# A4-A2 
Shutdown 1110 000 
HALT 1011 000 
Stop Grant bus cycle 1011 100 

LOCK # 0 Bus Lock indicates that the current bus cycle is locked. The embedded Write·Back 
Enhanced IntelDX4 processor does not allow a bus hold when LOCK# is asserted 
(address holds are allowed). LOCK # goes active in the first clock of the first locked bus 
cycle and goes inactive after the last clock of the last locked bus cycle. The last locked 
cycle ends when Ready is.returned. LOCK# is active LOW and not driven during bus 
hold. Locked read cycles are not transformed into cache fill cycles when KEN # is 
returned active. 

PLOCK # 0 Pseudo-Lock indicates that the current bus transaction requires more than one bus 
cycle to complete. For the embedded Write· Back Enhanced IntelDX4 processor, 
examples of such operations are segment table descriptor reads (64 bits) and cache 
line fills (128 bits). For.lntel486 processors with on·chip Floating·Point Unit, floating· 
point long reads and writes (64 bits) also require more than one bus cycle to complete. 

The embedded Write-Back Enhanced IntelDX4 processor drives PLOCK # active until 
the addresses for the last bus cycle of the transaction are driven, regardless of whether 
ROY # or BRDY # have been returned. 

Normally PLOCK# and BLAST# are inverse of each other. However, during the first 
bus cycle of a 64·bitfloating·point write (for Intel486 processors with on·chip Floating· 
Point Unit) both PLOCK# and BLAST# are asserted. 

PLOCK # is a function of the BS8 #, BS16 # and KEN # inputs. PLOCK # should be 
sampled only in the clock in which Ready is returned. PLOCK # is active LOW and is not 
driven during bus hold. 

BUS CONTROL 

ADS# 0 Address Status output indicates that a valid bus cycle definition and address are 
available on the cycle definition lines and address bus. ADS# is driven active in the 
same clock in which the addresses are driven. ADS # is active LOW and not driven 
during bus hold. 
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Table 8. Embedded Write-Back Enhanced IntelDX4TM Processor Pin Descriptions (Sheet 3 of 8) 

Symbol Type Name and Function 

RDY# I Non-burst Ready input indicates that the current bus cycle is complete. RDY# 
indicates that the external system has presented valid data on the data pins in response 
to a read or that the external system has accepted data from the embedded Write-Back 
Enhanced IntelDX4 processor in response to a write. RDY # is ignored when the bus is 
idle and at the end of the first clock of the bus cycle. 

RDY # is active during address hold. Data can be returned to the embedded Write-Back 
Enhanced IntelDX4 processor while AHOlD is active. 

RDY # is active lOW and is not provided with an internal pull-up resistor. RDY # must 
satisfy setup and hold times t16 and t17 for proper chip operation. 

BURST CONTROL 

BRDY# I Burst Ready input performs the same function during a burst cycle that RDY # 
performs during a non-burst cycle. BRDY # indicates that the external system has 
presented valid data in response to a read or that the external system has accepted 
data in response to a write. BRDY # is ignored when the bus is idle and at the end of the 
first clock in a bus cycle. 

BRDY # is sampled in the second and subsequent clocks of a burst cycle. Data 
presented on the data bus is strobed into the embedded Write-Back Enhanced IntelDX4 
processor when BRDY # is sampled active. If RDY # is returned simultaneously with 
BRDY #, BRDY # is ignored and the burst cycle is prematurely aborted. 

BRDY # is active lOW and is provided with a small pull-up resistor. BRDY'!F must satisfy 
the setup and hold times t16 and t17' 

BLAST # a Burst Last signal indicates that the next time BRDY # is returned, the burst bus cycle is 
complete. BLAST # is active for both burst and non-burst bus cycles. BLAST # is active 
lOW and is not driven during bus hold. 

INTERRUPTS 

RESET I Reset input forces the embedded Write-Back Enhanced IntelDX4 processor to begin 
execution at a known state. The processor cannot begin executing instructions until at 
least 1 ms after Vee, and ClK have reached their proper DC and AC specifications. The 
RESET pin must remain active during this time to ensure proper processor operation. 
However, for warm resets, RESET should remain active for at least 15 ClK periods. 
RESET is active HIGH. RESET is asynchronous but must meet setup and hold times t20 
and t21 for recognition in any specific clock. 

INTR I Maskable Interrupt indicates that an external interrupt has been generated. When the 
internal interrupt flag is set in EFLAGS, active interrupt processing is initiated. The 
embedded Write-Back Enhanced IntelDX4 processor generates two locked interrupt 
acknowledge bus cycles in response to the INTR pin going active. INTR must remain 
active until the interrupt acknowledges have been performed to ensure processor 
recognition of the interrupt. 

INTR is active HIGH and is not provided with an internal pull-down resistor. INTR is 
asynchronous, but must meet setup and hold times t20 and t21 for recognition in any 
specific clock. 
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Table 8. Embedded Write-Back Enhanced IntelDX4TM Processor Pin Descriptions (Sheet 4 of 8) 

Symbol Type Name and Function 

NMI I Non-Maskable Interrupt request signal indicates that an external non-maskable 
interrupt has been generated. NMI is rising-edge sensitive and must be held lOW for at 
least four ClK periods before this rising edge. NMI is not provided with an internal pull-
down resistor. NMI is asynchronous, but must meet setup and hold times t20 and t21 for 
recognition in any specific clock. 

SRESET I Soft Reset pin duplicates all functionality of the RESET pin except that the 5MBASE 
register retains its previous value. For soft resets, SRESET must remain active for at 
least 15 ClK periods. SRESET is active HIGH. SRESET is asynchronous but must 
meet setup and hold times t20 and t21 for recognition in any specific clock. 

SMI# I System Management Interrupt input invokes System Management Mode (SMM). 
SMI# is a falling-edge triggered signal which forces the embedded Write-Back 
Enhanced IntelDX4 processor into SMM at the completion of the current instruction. 
SMI# is recognized on an instruction boundary and at each iteration for repeat string 
instructions. SMI # does not break lOCKed bus cycles and cannot interrupt a currently 
executing SMM. The embedded Write-Back Enhanced IntelDX4 processor latches the 
falling edge of one pending SMI # signal while it is executing an existing SMI #. The 
nested SMI # is not recognized until after the execution of a Resume (RSM) instruction. 

SMIACT# a System Management Interrupt Active, an active lOW output, indicates that the 
embedded Write-Back Enhanced IntelDX4 processor is operating in SMM. It is 
asserted when the processor begins to execute the SMI # state save sequence and 
remains active lOW until the processor executes the last state restore cycle out of 
SMRAM. 

STPClK# I Stop Clock Request input signal indicates a request was made to turn off or change 
the ClK input frequency. When the embedded Write-Back Enhanced IntelDX4 
processor recognizes a STPClK #, it stops execution on the next instruction boundary 
(unless superseded by a higher priority interrupt), empties all internal pipelines and 
write buffers, and generates a Stop Grant bus cycle. STPCLK# is active LOW. 
STPCLK # is an asynchronous signal, but must remain active until the embedded 
Write-Back Enhanced IntelDX4 processor issues the Stop Grant bus cycle. 
STPCLK # may be de-asserted at any time after the processor has issued the 
Stop Grant bus cycle. 

BUS ARBITRATION 

BREQ a Bus Request signal indicates that the embedded Write-Back Enhanced IntelDX4 
processor has internally generated a bus request. BREQ is generated whether or not 
the processor is driving the bus. BREQ is active HIGH and is never floated. 

HOLD I Bus Hold Request allows another bus master complete control of the embedded 
Write-Back Enhanced IntelDX4 processor bus. In response to HOLD going active, the 
processor floats most of its output and input/output pins. HlDA is asserted after 
completing the current bus cycle, burst cycle or sequence of locked cycles. The 
embedded Write-Back Enhanced IntelDX4 processor remains in this state until HOLD 
is de-asserted. HOLD is active HIGH and is not provided with an internal pull-down 
resistor. HOLD must satisfy setup and hold times t1 Band t19 for proper operation. 

4-206 I 



Embedded Write-Back Enhanced IntelDX4TM Processor 

Table 8. Embedded Write-Back Enhanced IntelDX4TM Processor Pin Descriptions (Sheet 5 of 8) 

Symbol Type Name and Function 

HLDA 0 Hold Acknowledge goes active in response to a hold request presented on the HOLD 
pin. HLDA indicates that the embedded Write-Back Enhanced IntelDX4 processor has 
given the bus to another local bus master. HLDA is driven active in the same clock that 
the processor floats its bus. HLDA is driven inactive when leaving bus hold. HLDA is 
active HIGH and remains driven during bus hold. 

BOFF# I Backoff input forces the embedded Write-Back Enhanced IntelOX4 processor to float 
its bus in the next clock. The processor floats all pins normally floated during bus hold 
but HLDA is not asserted in response to BOFF#. BOFF# has higher priority than ROY# 
or BROY #; if both are returned in the same clock, BOFF # takes effect. The embedded 
Write-Back Enhanced IntelDX4 processor remains in bus hold until BOFF# is negated. 
If a bus cycle is in progress when BOFF # is asserted the cycle is restarted. BOFF # is 
active LOW and must meet setup and hold times t1 8 and t19 for proper operation. 

CACHE INVALIDATION 

AHOLD I Address Hold request allows another bus master access to the embedded Write-Back 
Enhanced IntelDX4 processor's address bus for a cache invalidation cycle. The 
processor stops driving its address bus in the clock following AHOLO going active. Only 
the address bus is floated during address hold, the remainder of the bus remains active. 
AHOLD is active HIGH and is provided with a small internal pull-down resistor. For 
proper operation, AHOLD must meet setup and hold times t18 and t19' 

EADS# I External Address---This signal indicates that a valid external address has been driven 
onto the embedded Write-Back Enhanced IntelOX4 processor address pins. This 
address is used to perform an internal cache invalidation cycle. EADS# is active LOW 
and is provided with an internal pull-up resistor. EADS# must satisfy setup and hold 
times t12 and t13 for proper operation. 

CACHE CONTROL 

KEN# I Cache Enable pin is used to determine whether the current cycle is cacheable. When 
the embedded Write-Back Enhanced IntelDX4 processor generates a cycle that can be 
cached and KEN # is active one clock before ROY # or BROY # during the first transfer 
of the cycle, the cycle becomes a cache line fill cycle. Returning KEN # active one clock 
before RDY # during the last read in the cache line fill causes the line to be placed in the 
on-chip cache. KEN # is active LOW and is provided with a small internal pull-up 
resistor. KEN# must satisfy setup and hold times t14 and t15 for proper operation. 

FLUSH # I Cache Flush input forces the embedded Write-Back Enhanced IntelOX4 processor to 
flush its entire internal cache. FLUSH # is active LOW and need only be asserted for 
one clock. FLUSH # is asynchronous but setup and hold times t20 and t21 must be mElt 
for recognition in any specific clock. 
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Table 8. Embedded Write-Back Enhanced IntelDX4TM Processor Pin Descriptions (Sheet 6 of 8) 

Symbol Type Name and Function 

PAGE CACHEABILITY 

PWT 0 Page Write-Through and Page Cache Disable pins reflect the state of the page 
PCD 0 attribute bits, PWT andPCD, in the page table entry, page directory entry or control 

register 3 (CR3) when paging is enabled. When paging is disabled, the embedded Write-
Back Enhanced IntelDX4 processor ignores the PCD and PWT bits and assumes they are 
zero for the purpose of caching and driving PCD and PWT pins. PWT and PCD have the 
same timing as the cycle definition pins (M/IO#, D/C#, and W/R#). PWT and PCD are 
active HIGH and are not driven during bus hold. PCD is masked by the cache disable bit 
(CD) in Control Register O .. 

BUS SIZE CONTROL 

BS16# I Bus Size 16 and Bus Size 8 pins (bus sizing pins) cause the embedded Write-Back 
8S8# I Enhanced IntelDX4 processor to run multiple bus cycles to complete a request from 

devices that cannot provide or accept 32 bits of data in a single cycle. The bus sizing pins 
are sampled every clock. The processor uses the state ofthese pins in the clock before 
Ready to determine bus size. These signals are active LOW and are provided with 
internal pull-up resistors. These inputs must satisfy setup and hold times t14 and t15 for 
proper operation. 

ADDRESS MASK 

A20M# I Address Bit 20 Mask pin, when asserted, causes the embedded Write-Back Enhanced 
IntelDX4 processor to mask physical address bit 20 (A20) before performing a lookup to 
the internal cache or driving a memory cycle on the bus. A20M # emulates the address 
wraparound at 1 Mbyte, which occurs on the 8086 processor. A20M # is active LOW and 
should be asserted only when the embedded Write-Back Enhanced IntelDX4 processor is 
in real mode. This pin is asynchronous but should meet setup and hold times t20 and t21 
for recognition in any specific clock. For proper operation, A20M # should be sampled 
HIGH at the falling edge of RESET. 

TEST ACCESS PORT 

TCK I Test Clock, an input to the embeddedWrite-Back Enhanced IntelDX4 processor, 
provides the clocking function required by the JTAG Boundary scan feature. TCK is used 
to clock state information (via TMS) and data (via TDI) into the component on the rising 
edge of TCK. Data is clocked out of the component (via TDO) on the falling edge of TCK. 
TCK is provided with an internal pull-up resistor. 

TDI I Test Data Input is the serial input used to shiftJT AG instructions and data into the 
processor. TDI is sampled on the rising edge of TCK, during the SHIFT-IR and SHIFT-DR 
Test Access Port (TAP) controller states. During all other TAP controller states, TDI is a 
"don't care." TDI is provided with an internal pull-up resistor. 

TDO 0 Test Data Output is the serial output used to shift JTAG instructions and data out of the 
component. TDO is driven on the falling edge of TCK during the SHIFT-IR and SHIFT-DR 
TAP controller states. At all other times TDO is driven to the high impedance state. 

TMS I Test Mode Select is decoded by the JTAG TAP to select test logic operation. TMS is 
sampled on the rising edge of TCK. To guarantee deterministic behavior of the TAP 
controller, TMS is provided with an internal pull-up resistor. 

4-208 I 



Embedded Write-Back Enhanced IntelDX4™ Processor 

Table 8. Embedded Write-Back Enhanced IntelDX4TM Processor Pin Descriptions (Sheet 7 of B) 

Symbcl Type Name and Functicn 

NUMERIC ERROR REPORTING 

FERR# 0 The Flcating Pcint Error pin is driven active when a floating point error occurs. 
FERR # is similar to the ERROR # pin on the Intel3B7™ Math CoProcesspr. FERR # is 
inCluded for compatibility with systems using DOS type floating point error reporting. 
FERR # will not go active if FP errors are masked in FPU register. FERR # is active 
LOW, and is not floated during bus hold. 

IGNNE# I When the Ignore Numeric Errcr pin is asserted the prgcessor will ignore a numeric 
error and continue executing non·control floating point instructions, but FERR # will still 
be activated by the processor. When IGNNE # is de· asserted the processor will freeze 
on a non·control floating point instruction, if a previous floating point instruction caused 
an error. IGNNE# has no effect when the NE bit in control register 0 is set. IGNNE# is 
active LOW and is provided with a small internal pull·up resistor. IGNNE# is 
asynchronous but setup and hold times t20 and t21 must be met to ensure recognition 
on any specific clock. 

WRITE-BACK ENHANCED MODE 

CACHE# 0 The CACHE# output indicates internal cacheability on read cycles and burst write·back 
on write cycles. CACHE # is asserted for cacheable reads, cacheable code fetches and 
write·backs. It is driven inactive for non·cacheable reads, I/O cycles, special cycles, 
and write·through cycles. 

FLUSH # I Cache FLUSH # is an existing pin that operates differently if the processor is 
configured as Enhanced Bus mode (write·back). FLUSH # causes the processor to 
write back all modified lines and flush (invalidate) the cache. FLUSH # is asynchronous, 
but must meet setup and hold times t20 and t21 for recognition in any specific clock. 

HITM# 0 The Hit/Miss tc a Mcdified Line pin is a cache coherency protocol pin that is driven 
only in Enhanced Bus mode. When a snoop cycle is run, HITM # indicates that the 
processor contains the snooped line and that the line has been modified. Assertion of 
HITM # implies that the line will be written back in its entirety, unless the processor is 
already in the process of doing a replacement write·back of the same line. 

INV I The Invalidatlcn Request pin is a cache coherency protocol pin that is used only in the 
Enhanced Bus mode. It is sampled by the processor on EADS#·driven snoop cycles. It 
is necessary to assert this pin to get the effect of the processor invalidate cycle on 
write·through·only lines. INV also invalidates the write·back lines. However, if the 
snooped line is modified, the line will be written back and then invalidated. INV must 
satisfy setup and hold times t12 and t13 for proper operation. 

PLOCK# 0 In the Enhanced bus mode, Pseudc-Lcck Output is always driven inactive. In this 
mode, a 64·bit data read (caused by an FP operand access or a segment descriptor 
read) is treated as a multiple cycle read request, which may be a burst or a non·burst 
access based on whether BRDY # or RDY # is returned by the system. Because only 
write·back cycles (caused by snoop write·back or replacement write·back) are write 
burstable, a 64·bit write will be driven out as two non·burst bus cycles. BLAST # is 
asserted during both writes. 
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Table 8. Embedded Write-Back Enhanced IntelDX4TM Processor Pin Descriptions (Sheet 8 of 8) 

Symbol Type Name and Function 

SRESET I For the embedded Write-Back Enhanced IntelOX4 processor, Soft RESET operates 
similar to other the Intel486 processors. On SRESET,the internal SMRAM base 
register retains its previous value, does not flush, write-back or disable the internal 
cache. Because SRESET is treated as an interrupt, it is possible to have a bus cycle ' 
while SRESET is asse,rted. SRESET is serviced only on an instruction boundary. 
SRESET is asynchronous but must meet setup and hold times t20 and t21 for 
recognition in any specific clock. 

WB/WT# I The Wrlte-Back/Write~Through pin enables Enhanced Bus mode (write-back 
ct;lche). It also defines a cached line as write-through or write-back. For cache 
configuration, WB/WT # must be valid during RESET and be active for at least two 
clocks before and two clocks after RESET is de-asserted. To define write-back or 
write-through configuration ,of a line, WB/WT # is sampled in the same clock as the 
first ROY # or BROY # is returned during a line fill (allocation) cycle. 

CLKMUL, VCC5, AND VOLDET 

CLKMUL I The Clock Multiplier input, defined during device RESET, defines the ratio of internal 
core frequency to external bus frequency. If sampled low, the core frequency 

. ' operates at twice the external bus frequency (speed doubled mode). If driven high or 
-left floating, speed triple mod~ is selected. CLKMUL has an internal pull-up speed to 
Vee and may be left floating in designs that select speed tripled clock mode. 

VCC5 I Thl'l 5V reference voltage input is the reference VOltage for the 5V-tolerant I/O 
buffers. This signal shOuld be connected to + 5V ± 5% for use with 5V logic. If all 
inputs are from 3V logic, this pin should be connected ,to 3.3V. 

VOLDET 0 AYoltage Detect signal allows external system logic to distinguish between a 5V 
Intel486 processor and the 3.3V IntelOX4 processor. This signal is active LOW for a 
3.3V IntelOX4 processor. This pin is available only on the PGA version of the 
embedded Write-Back Enhanc,ed Inte'10)(4 processor. 

RESERVED PINS 

RESERVED I Reserved is reserved for future use. This pin MUST be connected to an external pull-
up resistor circuit. The recommended resistor value is 10 KO. The pull-up resistor 
must be connected only to the RESERVED pin. Do not share this resistor with 
other pins requiring pUll-Ups.' 
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Table 9. Output Pins 

Output Signal 
Name Active Level Floated During Floated During During Stop Grant and 

Address Hold Bus Hold Stop Clock States 

BREQ HIGH Previous State(l) 

HLDA HIGH Asper HOLD 

BE3#-BEO# LOW • Previous State 

PWT,PCD HIGH • Previous State 

W/R#, M/IO#, D/C# HIGH/LOW • Previous State 

LOCK# LOW • HIGH (inactive) 

PLOCK# LOW • HIGH (inactive) 

ADS# LOW • HIGH (inactive) 

BLAST # LOW • Previous State 

PCHK# LOW Previous State 

FERR# LOW Previous State 

A3-A2 HIGH • • Previous State 

SMIACT# LOW Previous State 

CACHE# LOW • • HIGH(2) 

HITM# LOW • • HIGH(2) 

VOLDET LOW LOW 

NOTES: 
1. The term "Previous State" means that the processor maintains the logic level applied to the signal pin just before the 

processor entered the Stop Grant state. This conserves power by preventing the signal pin from floating. 
2. For the case of snoop cycles (via EADS#) during Stop Grant state, CACHE# and HITM# can go active depending on 

the snoop hit in the internal cache. 

Table 10. Input/Output Pins 

Output Signal 
Name Active Level Floated During Floated During During Stop Grant and 

Address Hold Bus Hold Stop Clock States 

D31·DO HIGH • Floated 

DP3-DPO HIGH • Floated 

A31-A4 HIGH • • Previous State 

NOTE: 
The term "Previous State" means that the processor maintains the logic level applied to the signal pin just before the 
processor entered the Stop Grant state. This conserves power by preventing the signal pin from floating. 

Table 11 Test Pins 

Name Input or Output Sampled/Driven On 

TCK Input N/A 

TDI Input Rising Edge of TCK 

TDO Output Failing Edge of TCK 

TMS Input Rising Edge of TCK 
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Table 12. Input Pins 

Name Active level 
Synchronousl Internal Pull-Upl 
Asynchronous Pull·Down 

ClK 

RESET HIGH Asynchronous 

SRESET HIGH Asynchronous Pull-Down 

HOLD HIGH Synchronous . 

AHOlD HIGH Synchronous Pull-Down 

EADS# LOW Synchronous Pull-Up. 

BOFF# LOW Synchronous Pull-Up 

FlUSH# LOW Asynchronous Pull-Up 

A20M# LOW Asynchronous Pull-Up 

. BS16#, BS8# LOW Synchronous Pull-Up 

KEN# LOW Synchronous Pull-Up 

RDY# LOW Synchronous 

BRDY# LOW Synchronous Pull-Up 

INTR HIGH Asynchronous 

NMI HIGH Asynchronous 

IGNNE# LOW Asynchronous Pull-Up 

RESERVED .. 

SMI# LOW Asynchronous Pull-Up 

STPClK# LOW Asynchronous Pull-Up(l) 

INV HIGH· Synchronous Pull-Up 

WB/WT# HIGH/LOW Synchronous Pull-Down 

ClKMUl HIGH Pull-Up(1) 

TCI<: HIGH Pull-Up 

TDI HIGH Pull-Up 

TMS HIGH Pull-Up 

NOTE: 
1. Even though STPCLK# and CLKMUL have Internal pull-up resistors, they cannot be left floating. An externaI10-K!l pull

up resistor is needed if the STPCLK# pin is unused. CLKMUL must be driven to a valid logic level. If tied HIGH, an 
externaI10-K!l pull-up resistor is recommended. 
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4.0 ARCHITECTURAL AND 
FUNCTIONAL OVERVIEW 

The embedded Write-Back Enhanced IntelDX4 
processor architecture is essentially the same as the 
IntelDX4 processor. Refer to the Intel48IJTM Proces
sor Family datasheet (242202) for a description of 
the IntelDX4 processor. With some minor excep
tions, the following datasheet sections apply to the 
embedded Write-Back Enhanced IntelDX4 proces
sor: 

• Architectural Overview 

• Real Mode Architecture 

• Protected Mode Architecture 

• On-Chip Cache 
• System Management Mode (SMM) Architectures 

• Hardware Interface 

• Bus Operation 

• Testability 
• Debugging Support 

• Instruction Set Summary 

• Differences Between Intel486 Processors and 
Intel386TM Processors 

Exceptions to these sections of the datasheet are: 

• References to the Upgrade Power Down Mode 
do not apply. The embedded Write-Back En
hanced IntelDX4 processor does not have the 
UP# signal pin and does not support the Intel 
OverDrive® processor. 

• The embedded Write-Back Enhanced IntelDX4 
processor has one pin reserved for possible fu
ture use. This pin, an input signal, is called RE
SERVED and must be connected to a 10-K!l 
pull-up resistor. The pull-up resistor must be con
nected only to the RESERVED pin. Do not share 
this resistor with other pins requiring pull
ups. 

4.1 CPUID Instruction 

The embedded Write-Back Enhanced IntelDX4 
processor supports the CPUID instruction (see Ta
ble 13). Because not all Intel processors support the 
CPUID instruction, a simple test can determine if the 
instruction is supported. The test involves the proc
essor's ID Flag, which is bit 21 of the EFLAGS regis
ter. If software can change the value of this flag, the 
CPUID instruction is available. The actual state of 
the ID Flag bit is irrelevant and provides no signifi
cance to the hardware. This bit is cleared. (reset to 
zero) upon device reset (RESET or SRESET) for 
compatibility with Intel486 processor designs that do 
not support the CPUID instruction. 

CPUID-instruction details are provided here for the 
embedded Write-Back Enhanced IntelDX4 proces
sor. Refer to Intel Application Note AP-485 Intel 
Processor Identification with the CPUID Instruction 
(Order No. 241618) for a description that covers all 
aspects of the CPUID instruction and how it pertains 
to other Intel processors. 

4.1.1 OPERATION OF THE CPUID 
INSTRUCTION 

The CPUID instruction requires the software devel
oper to· pass an input parameter to the processor in 
the EAX register. The processor response is re
turned in registers EAX, EBX, EDX, and ECX. 

Table 13. CPUID Instruction Description 

Processor 
Parameter passed in 

OPCODE Instruction 
Core Clocks 

EAX Description 
(Input Value) 

OFA2 CPUID 9 0 Vendor (Intel) ID String 

14 1 Processor Identification 

9 > 1 Undefined (Do Not Use) 

I 4-213 



Embedded Write-Back Enhanced IntelDX4TM Processor 

Vendor 10 String-When the parameter passed in EAX is ° (zero). the register values returned upon instruc
tion execution are shown in the following table. 

31 - - - - - - 24 23 - - - - - - 16 15 - - - - - - 8 7 - - - - - - 0 

High Value (= 1) EAX 1'--__ 0_0_0_0 __ .1.....-__ 0_0_0_0 __ .1...-__ 0_0_0_0_--'1_. __ 0_0_°...;1.'----' 

Vendor 10 String EBX u (75) n (6E) e (65) G (47) 

(ASCII EOX I (49) e (65) n (6E) 1 (69) 

Characters) ECX 1 (6C) e (65) t (74) n (6E) 

The values in EBX. EOX and ECX indicate an Intel processor. When taken in the proper order. they decode to 
the string "Genuinelntel." 

The state of the WB/WT # input pin is sampled by the processor on the falling edge of the RESET signal. If 
WB/WT# is LOW. the processor is configured to operate in Write-Through/Standard Bus mode. If HIGH. it is 
configured to operate in Write-Back/Enhanced Bus mode. The value of the "Model" field of the processor 
signature register depends on the bus mode for which the processor is configured. 

Processor Identification-When the parameter passed to EAX is 1 (one). the register values returned upon 
instruction execution are: 

31 - - - - - - - - 14 13.12 11---8 7---4 3---0 

Processor EAX 
Signature for 

(Do Not Use) 
Intel Reserved 

00 
Processor 

0100 1000 XXXX 
Family Model Stepping 

Write-Through/Stan-
dard Bus mode 

Processor 
Signature for 

WriteBack/Enhanced 
Bus mode 

Intel Reserved 

(Do Not Use) 

Feature Flags 

4-214 

Type 

(Do Not Use) 00 0100 1001 XXXX 
. Intel Reserved Processor Family Model Stepping 

Type 

(Intel releases information about stepping numbers as needed) 

31----------------------0 

EBX ~---------------------ln-t-el-R-e-s-e-rv-e-d--------------------~ 
ECX Intel Reserved L-________________________________________________ ~ 

~--------------------2 ° 
EOX\ ~ _o_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-__ -_-_o __ .l.....-_V_~_E __ ~ __ F~_U __ ~ 
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4.2 Identification After Reset 

Processor Identification-Upon reset, the EDX register contains the processor signature: 
31--------14 13,12 11---87---43---0 

Processor EDX 
Signature for 

Write-Through/ Stan-
dard Bus mode 

Processor 
Signature for 

WriteBack/Enhanced 
Bus mode 

(Do Not Use) 
Intel Reserved 

(Do Not Use) 
Intel Reserved 

00 
Processor 

Type 

00 
Processor 

Type 

0100 1000 XXXX 
Family Model Stepping 

0100 1 001 XXXX 
Family Model Stepping 

(Intel releases information about stepping numbers as needed) 

4.3 Boundary Scan (JTAG) 

4_3.1 Device Identification 

Tables 14 and 15 show the 32-bit code for the embedded Write-Back Enhanced IntelDX4 processor. This 
code is loaded into the Device Identification Register. 

Table 14. Boundary Scan Component Identification Code (Write-Through/Standard Bus Mode) 

Version Part Number 

Vcc Intel Family 
1 =3.3V Architecture 0100 = Intel486 

Type CPU Family 

31 - - - 28 27 26 - - - - 21 20----17 

XXXX 1 000001 0100 

(Intel releases information about version numbers as needed) 
Boundary Scan Component Identification Code = x828 8013 (Hex) 

MfglD 

Model 009H = Intel 
00010 = 

embedded Write-
Back Enhanced 

IntelDX4 processor 

16----12 11----1 

01000 00000001001 

Table 15. Boundary Scan Component Identification Code (Write-Back/Enhanced Bus Mode) 

Version Part Number 

VCC Intel Family 
1 =3.3V Architecture 0100 = Intel486 

Type CPU Family 

31 - - - 28 27 26 - - - - 21 20----17 

XXXX 1 000001 0100 
(Intel releases Information about version numbers as needed) 
Boundary Scan Component Identification Code = x828 9013 (Hex) 

I 

MfglD 

Model 009H = Intel 
01001 = 

embedded Write-
Back Enhanced 

IntelDX4 processor 

16----12 11----1 

01001 00000001001 

1 

0 

1 

1 

0 

1 
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4.3.2 Boundary Scan Register Bits and Bit 
Order 

• WRCTL controls 031·00 and OP3-0PO 

• ABUSCTL controls A31·A2 

The boundary scan register contains a cell for each 
pin as well as cells for control of bidirectional and 
three·state pins. There are "Reserved" bits which 
correspond to no·connect (N/C) signals of the em· 
bedded Write· Back Enhanced IntelOX4 processor. 
Control registers WRCTL, ABUSCTL, BUSCTL, and 
MISCCTL are used to select the direction of bidirec
tional or three-state output signal pins. A "1" in 
these cells designates that the associated bus or 
bits are floated if the pins are three-state, or select
ed as input if they are bidirectional. 

• BUSCTL controls AOS#, BLAST # , PLOCK#, 
LOCK#, W/R#, BEO#, BE1 #, BE2#, BE3#, 
M/IO#, O/C#, PWT, PCO, and CACHE# 

• MISCCTL controls PCHK#, HLOA, BREQ, and 
HITM# 

The following is the bit order of the embedded Write
Back Enhanced IntelOX4 processor boundary scan 
register: 

TOO-- A2, A3, A4, A5, RESERVEO, AS, A7, AB,A9, A10, A11, A12, A13, A14, A15, A1S, 
A17,A1B,A19,A20, A21,A22,A23,A24,A25,A2S, A27,A2B,A29,A3 O,A31,OPO, 
00,01,02,03,04, 05,OS, 07,OP1, OB,09,010, 011,012,013, 014,015, OP2, 
01S,017,01B,019,020,021,022,023,OP3,024,025,02S,027,02B,029,030, 
031, STPCLK#, IGNNE#, INV, CACHE#, FERR#, SMI#, WB/WT#, HITM#, 
SMIACT#, SRESET, NMI, INTR, FLUSH#, RESET, A20M#, EAOS#, PCO, PWT, 
O/C#, M/IO#, BE3#, BEU, BE1 #, BEO#, BREQ, W/R#, HLOA, CLK,.AHOLO, 
HOLO, KEN#, ROY#, CLKMUL, 8SB#, BS1S#, BOFF#, BROY#, PCHK#, 
LOCK#, PLOCK#, BLAST#, AOS#, MISCCTL, BUSCTL, ABUSCTL, WRCTL - TOI 
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5.0 ELECTRICAL SPECIFICATIONS 

5.1 Maximum Ratings 

Table 16 is a stress rating only. Extended exposure 
to the Maximum Ratings may affect device reliability. 

Furthermore, although the embedded Write-Back 
Enhanced IntelDX4 processor contains protective 
circuitry to resist damage from electrostatic dis
charge, always take precautions to avoid high static 
voltages or electric fields. 

Functional operating conditions are given in Section 
5.2, DC Specifications and Section 5.3, AC Speci
fications. 

Table 16. Absolute Maximum Ratings 

Case Temperature -65·C to + 110·C 
under Bias 

Storage Temperature -65·C to + 150·C 

DC Voltage on Any Pin -0.5V to VCC5 + 0.5V 
with Respect to Ground 

Supply Voltage VCC with -0.5Vto +4.6V 
Respect to Vss 

Reference Voltage -0.5Vto +6.5V 
VCC5 with Respect to 
Vss 

Transient Voltage on The lesser of: 
any Input VCC5 + 1.6V 

or 
6.5V 

Current Sink on VCC5 55mA 

I 

5.2 DC Specifications 

The following tables show the operating supply volt
ages, DC lID specifications, and component power 
consumption for the embedded Write-Back En
hanced IntelDX4 processor. 

Table 17. Operating Supply Voltages 

Product Vcc 

FC80486DX4WB75 3.3V ± 0.3V 

FC80486DX4WB100 3.3V ± 0.3V 

A80486DX4WB100 3.3V ± 0.3V 
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Table 18. DC Specifications 

Functional Operating Range: VCC = 3.3V± 0.3V; VCC5 = 5V ± 0.25V (Note 1); TCASE = O·C to +85·C 

Symbol Parameter Min Typ Max Unit Notes 

Vil Input LOW Voltage -0.3 +0.8 V 

VIH Input HIGH Voltage 2.0 VCC5 +0.3 V Note 2 

VIHC Input HIGH Voltage of CLK VCC5 -0.6 VCC5 +0.3 V 

Val Output LOW Voltage 
IOl = 4.0 rnA (Address. Data, BEn) 0.45 V 
IOl = 5.0 rnA (Definition, Control) 0.45 V 
IOl = 2.0 rnA 0.40 V 
IOl = 100,...A 0.20 V 

VOH Output HIGH Voltage 
IOH = -2.0 rnA 2.4 V 

ICC5 VCC5 Leakage Current 15 300 ,...A Note 3 

III Input Leakage Current ±15 ,...A Note 4 

IIH Input Leakage Current 200 ,...A Note 5 
SRESET 300 ,...A Note 5 

III Input Leakage Current -400 ,...A Note 6. 

IlO Output Leakage Current ±15 ,...A 

CIN Input Capacitance 10 pF Note 7 

COUT 1/0 or Output Capacitance 14 pF Note 7 

CClK CLK Capacitance 12 pF Note? 

NOTES: 
1. VCC5 should be connected to 3.3V ± 0.3V in 3.3V-only systems. 
2. All inputs except ClK. 
3. This parameter is for inputs without pull-up or pull-down resistors and OV :s: VIN :s: VCC. 
4. This parameter is for VCC5 - VCC :s: 2.25V. Typical value is not 100% tested. 
5. This parameter is for inputs with pull-down resistors and VIH = 2.4V. 
6. This parameter is for inputs with pull-up resistors and VIL = 0.4V. 
7. Fc=1 MHz. Not 100% tested. 
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Table 19. Icc Values 

Functional Operating Range: Vcc = 3.3V ±0.3V; VCC5 = SV ± 0.2SV (Note 1); TeASE = O·C to +8S·C 

Parameter 
Operating 

Typ Maximum Notes 
Frequency 

ICC Active 7SMHz 1100 mA Note 2 
(Power Supply) 100 MHz 14S0 mA 

lee Active 7SMHz 82SmA 97SmA Notes 3, 4, S 
(Thermal Design) 100 MHz 107S mA 1300 mA 

Icc Stop Grant 7SMHz 20mA 7SmA Note 6 
100 MHz SOmA 100mA 

Icc Stop Clock OMHz 600 p,A 1 mA Note 7 

NOTES: 
1. VCC5 should be connected to 3.3V ± 0.3V in 3.3V-only systems. 
2. This parameter is for proper power supply selection. It is measured using the worst case instruction mix at Vcc = 3.6V. 
3. The maximum current column is for thermal design power dissipation. It is measured using the worst case instruction mix 

at Vce = 3.3V. 
4. The typical current column is the typical operating current in a system. This value is measured in a system using a typical 

device at Vcc = 3.3V, running Microsoft Windows 3.1 at an idle condition. This typical value is dependent upon the 
specific system configuration. 

5. Typical values are not 100% tested. 
6. The Icc Stop Grant specification refers to the Icc value once the embedded Write-Back Enhanced IntelDX4 processor 

enters the Stop Grant or Auto HALT Power Down state. 
7. The Icc Stop Clock specification refers to the Icc value once the embedded Write-Back Enhanced IntelDX4 processor 

enters the Stop Clock state. The VIH and VIL levels must be equal to Vcc and OV. respectively. in order to meet the Icc 
Stop Clock specifications. 
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5.3 AC Specifications 

The AC specifications for the embedded Write-Back Enhanced IntelDX4 processor are given in this section. 

Table 20. AC Characteristics 

Vcc = 3.3V ± 0.3V; Vccs = 5V ± 0.25V (Note 1) 
T CASE = O°C to + 85°C; Cl = 50 pF, unless otherwise specified. (Sheet 1 of 2) 

Product 

Symbol Parameter WB75 WB100 

Min Max Min Max Unit Figure Notes 

ClK Frequency 8 25 8 33 MHz Note 2 

t1 ClK Period 40 125 30 125 ns 4 

t1a ClK Period Stability ±250 ±250 ps 4 Adjacent 
clocks 
Note 3 

t2 ClK High Time 14 11 ns 4 at2V 

t3 ClK Low Time 14 11 ns 4 atO.8V 

4 CLKFaliTime 4 3 ns 4 2Vto 0.8V 

ts ClK Rise Time 4 3 ns 4 0.8Vt02V 

lEi. A31-A2, PWT, PCD, BE3-BEO#, 3 19 3 14 ns 8 
MIIO#, D/C#, W/R#, ADS#, 
lOCK#, FERR#, CACHE#, HITM#, 
BREQ, HlDA Valid Delay 

t7 A31-A2, PWT, PCD, BE3-BEO#, 28 20 ns 9 Note 3 
M/IO#, D/C#, W/R#, ADS#, 
lOCK #, .CACHE # Float Delay 

ta PCHK# Valid Delay 3 24 3 14 ns 7 

taa BLAST#, PlOCK#, SMIACT# Valid 3 24 3 14 ns 8 
Delay 

tg BLAST #, PLOCK # Float Delay 28 20 ns 9 Note 3 

t10 D31-DO, DP3-DPO Write Data Valid 3 20 3 14 ns 8 
Delay 

t11 D31-DO, DP3-DPO Write Data Float 28 20 ns 9 Note 3 
Delay 

t12 EADS#, INV Setup Time 8 5 ns 5 

t13 EADS#, INV Hold Time 3 3 ns 5 

t14 KEN#, BS16#, BS8#, WB/WT# 8 5 ns 5 
Setup Time 

t1S KEN#, 8516#, BS8#, WB/WT# 3 3 ns 5 
Hold Time 

t16 RDY #, BRDY # Setup Time 8 5 ns 6 
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Table 20. AC Characteristics 

VCC = 3.3V ± 0.3V; VCC5 = 5V ± 0.25V (Note 1) 
TCASE = O·C to + 85·C; CL = 50 pF, unless otherwise specified. (Sheet 2 of 2) 

Product 

Symbol Parameter WB75 WB100 

Min Max Min Max Unit Figure Notes 

t17 ROY #, BROY # Hold Time 3 3 ns 6 

t18 HOLO, AHOLO Setup Time 8 6 ns 5 

t18a BOFF # Setup Time 8 7 ns 5 

t19 HOLO, AHOLO, BOFF # Hold Time 3 3 ns 5 

t20 FLUSH #, A20M #, NMI, INTR, SMI #, 8 5 ns 5 Note 4 
STPCLK#, SRESET, RESET,IGNNE# 
Setup Time 

t21 FLUSH #, A20M #, NMI, INTR, SMI #, 3 3 ns 5 Note 4 
STPCLK#, SRESET, RESET,IGNNE# Hold 
Time 

t22 031-00, OP3-0PO, 5 5 ns 6 
A31-A4 Read Setup Time 5 

t23 031-00, OP3-0PO, 3 3 ns 6 
A31-A4 Read Hold Time 5 

NOTES: 
1. VCC5 should be connected to 3.3V ± 0.3V in 3.3V-only systems. 
2. O-MHz operation is guaranteed when the STPClK# and Stop Grant bus cycle protocol is used. 
3. Not 100% tested, guaranteed by design characterization. 
4. A reset pulse width of 15 ClK cycles is required for warm resets (RESET or SRESET). Power-up resets (cold resets) 

require RESET to be asserted for at least 1 ms after Vee and ClK are stable. 
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Symbol 

t24 

t25 

t26 

t27 

t28 

t29 

t30 

t31 

t32 

t33 

t34 

~5 

t36 

t37 

NOTES: 

Table 21. AC Specifications for the Test Access Port 

VCC = 3.3V ±0.3V; VCC5 = 5V ±0.25V (Note 1) 
T CASE = O°C to + 85°C; CL = 50 pF 

Parameter Min Max 

TCK Frequency 25 

TCK Period 40 

TCK High Time 10 

TCK Low Time 10 

TCK Ril!e Time 4 

TCKFaliTime 4 

TOI, TMS Setup Time 8 

TDI, TMS Hold Time 7 

TOO Valid Delay 3 25 

TOO Float Delay 30 

All Outputs (except TOO) Valid Delay 3 25 

All Outputs (except TOO) Float Delay 36 

All Inputs (except TOI, TMS, TCK) Setup Time 8 

All Inputs (except TOI, TMS, TCK) Hold Time 7 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Figure 

10 

10 

10 

10 

10 

11 

11 

11 

11 

11 

11 

11 

11' 

1. VCC5 should be connected to 3.3V ±0.3V in 3.3V-only systems. All inputs and outputs are TTL level. 
2. TCK period ,;; ClK period. . 

Notes 

Note 2 

@2.0V 

@0.8V 

Note 3 

Note 3 

Note 4 

Note 4 

Note 4 

Note 4 

Note 4 

Note 4 

Note 4 

Note 4 

3. Rise/Fall times are measured between O.BV and 2.0V. Rise/Fall times can be relaxed by 1 ns per 10-ns increase in TCK 
period. 

4. Parameters 1:30-t37 are measured from TCK. 

/ 

4-222 I 



Embedded Write-Back Enhanced IntelDX4™ Processor 

CLK 

272771-4 
tx = input setup times 
ty = input hold times, output float, valid and hold times 

Figure 4. ClK Waveform 

ClK [ 

INV, EADS# [ 

SS8#, BS16#, [ KEN#, WBIWT# 

BOFF#, AHOlD, HOLD [ 

RESET, FLUSH#, 
[ A20M#, INTR, NMI, SMI#, 

STPClK#,SRESET,IGNNE# 

A31·A4 [ (READ) 

272771-5 

Figure 5. Input Setup and Hold Timing 
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CLK [ 

ROY#, BROY# [ 

031-00, OP3-0PO [ 

272771-6 

Figure 6. Input Setup and Hold Timing 

CLK [ 

ROY#, BROY# [ 

031-00 [ OP3-0PO 

PCHK# [ 

272771-7 

Figure 7. PCHK # Valid Delay Timing 
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ClK 

A2-A31 , PWT, PCO, 
BEQ-3#, MIIO#, [ 

O/C#, W/R#, AOS#, 
lOCK#, BREQ, HlOA, 

FERR#, CACHE#, HITM# 

031-00, OP3-0PO [ 

SMIACT#, BLASn, [ 
PlOCK# 

VALID n 

VALID n+1 

VALID n+1 

Figure 8_ Output Valid Delay Timing 

ClK 

A2-A31, PWT, PCO, 
BEO-3#, MlIO#, [ 

O/C#, W/R#, AOS#, 
lOCK#, CACHE# 

031-00,OP3-0PO [ 

BlAST#, [ 
PlOCK# 

Figure 9. Maximum Float Delay Timing 

272771-8 

272771-9 
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TCK 

4-226 

O.BV-

Figure 10. TCK Waveform 

TCK 

TMS 
TOI 

~~'" 
-l"',~ ~ ... ~ 
~ VALID :~I------

-l",.~ ~ ... ~ 
OUTPUT [ ~ VAliD X VALID --A)------

TOO [ 

INPUT [-----,~ ~.;."'%---------
Figure 11. Test Signal Timing Diagram 
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272771-11 
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5.4 Capacitive Derating Curves 

These graphs are the capacitive derating curves for the embedded Write-Back Enhanced IntelDX4 processor. 

I 

nom+7 

nom+6 

nom+5 

nom+4 
en .s nom+3 
>-
III nom+2 
Gi c 

nom+1 

nom 

~~ 

---' .--
..-I ~ _11----

------nom-1 -----nom-2 

25 50 75 100 125 150 
Capacitive Load (pF) 

272771-12 

NOTE: 
This graph will not be linear ouside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 

Figure 12. Typical Loading Delay versus Load Capacitance under Worst-Case Conditions 
for a Low-to-High Transition 

en .s 
>-
(II 

Gi 
C 

nom+5 

nom+4 
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nom+1 
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25 
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50 

------------------
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Capacitive Load (pF) 
272771-13 

NOTE: 
This graph will not be linear ouside of the capacitive range shown. 
nom = nominal value from the AC Characteristics table. 

Figure 13. Typical Loading Delay versus Load Capacitance under Worst-Case Conditions 
for a High-lo-Low Transition 
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6.0 MECHANICAL DATA 

This section describes the packaging dimensions and thermal specifications for the embedded Write-Back 
Enhanced IntelDX4 processor. 

6.1 Package Dimensions 

1.14 
(ref) 

52 

\4-------- 30.6:1: 0.25 -------+1 

I 

Top View 

NOTE: Length measurements same as width measurements 

156 

05 

.40 Min 

O'Min 
[7'Max 

0.13+0.12-0.08 

~J 

Metal Heat Spreader 

'tiEj.37+",0.08 t 
3,70 Max 

* _II ... 0.13Min 
--J 0.25 Max 

Tolerance Window for 
,..-_______________ ~ ~ 1.76 Max 

rEif-----m 
Lead Skew from Theoretical 

Units: mm 
272771-14 

Figure 14. 208-Lead SQFP Package Dimensions 
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AI 
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PLANE ~ 

(liB (ALL PINS) I 

~<==OU 
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PIN 
DETAIL 

272771-15 

Figure 15. Principal Dimensions and Data for 168-Pin Pin Grid Array Package 

Table 22. 168-Pin Ceramic PGA Package Dimensions 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

A 3.56 4.57 0.140 0.180 

AI 0.64 1.14 SOLID LID 0.025 0.045 SOLID LID 

A2 2.8 3.5 SOLID LID 0.110 0.140 SOLID LID 

A3 1.14 1.40 0.045 0.055 

8 0.43 0.51 0.017 0.020 

D 44.07 44.83 1.735 1.765 
, 

Dl 40.51 40.77 1.595 1.605 

91 2.29 2.79 0.090 0.110 

L 2.54 3.30 0.100 0.130 

N 168 168 

SI 1.52 2.54 0.060 0.100 
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Table 23. Ceramic PGA Package Dimension Symbols 

Letter or Symbol Description of Dimensions 

A Distance from seating plane to highest point of body 

A1 Distance between seating plane and base plane (lid) 

A2 Distance from base plane to highest point of body 

As Distance from seating plane to bottom of body 

B Diameter of terminal lead pin 

D Largest overall package dimension of length 

D1 A body length dimension, outer lead center to outer lead center 

e1 Linear spacing between true lead position centerlines 

L Distance from seating plane to end of lead 

81 Other body dimension, outer lead center to edge of body 

NOTES: 
1. Controlling dimension: millimeter. 
2. Dimension "e1" ("e") is non·cumulative. 
3. Seating plane (standoff) is defined by P.C. board hole size: 0.0415-0.04S0 inch. 
4. Dimensions "S", "S1" and "C" are nominal. 
5. Details of Pin 1 identifier are optional. 

6.2 Package Thermal Specifications 

The embedded Write·Back Enhanced IntelDX4 
processor is specified for operation when the case 
temperature (T c> is within the range of O·G to a5·C. 
T C may be measured in any environment to deter· 
mine whether the processor is within the specified 
operating range. 

The ambient temperature (T A) can be calculated 
from 9JC and 9JA from the following equations: 

4·230 

Where T J, T A, T C equals Junction, Ambient and 
Case Temperature respectively. 9JC, 9JA equals 
Junction-to-Case and Junction-to-Ambient thermal 
Resistance, respectively. P is defined as Maximum 
Power Consumption. 

Values for 9JA and 9JC are given in the following 
tables for each product at its maximum operating 
frequencies. Maximum T A is shown for each product 
operating at its maximum processor frequency 
(three times the CLK frequency). Refer to the 
Intel486TM Processor Family datasheet (242202) for 
a description of the methods used to measure these 
characteristics. 
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Embedded Write-Back Enhanced IntelDX4™ Processor 

Table 24. Thermal Resistance, (JJA("C/W) 

(JJAVS. Airflow-ft/min. (m/sec) 

Package 
Heat 0 200 400 600 800 1000 
Sink (0) (1.01) (2.03) (3.04) (4.06) (5.07) 

16B-Pin PGA No 17.5 15.0 13.0 11.5 10.0 9.5 

16B-Pin PGA Yes 13.5 B.5 6.5 5.5 4.5 4.25 

20B-Lead SQFP No 12.5 10.0 9.0 B.5 

20B-Lead SQFP Yes 10.5 6.5 5.0 4.0 

Table 25. Thermal Resistance, (JJC ("C/W) 

Package Heat Sink (JJC 

16B-Pin PGA No 2.0 

16B-Pin PGA Yes 2.0 

20B-Lead SQFP No 1.2 

20B-Lead SQFP . Yes O.B 

Table 26. Maximum T ambient. T A max ("C) 

Airflow-ft/min. (m/sec) 

Package Heat Sink 
Freq. 0 200 400 600 
(MHz) (0) (1.01) (2.03) (3.04) 

16B-Pin PGA No 100 1B.5 29.0 37.5 44.0 

16B-Pin PGA Yes 100 35.5 57.0 65.5 70.0 

20B-Lead SQFP No 100 36.5 46.0 50.0 52.5 

20B-Lead SQFP Yes 100 43.5 60.5 67.0 71.0 

20B-Lead SQFP No 75 

20B-Lead SQFP Yes 75 

I 4-231 



INTEL486™ PROCESSOR FAMILY 

• Write-Back Enhanced IntelDX4™ 
Processor 
- Up to 100-MHz Operation 
- Speed-Multiplying Technology 
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- 3.3V Core Operation with 5V Tolerant 
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- SL Technology 
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Intel486™ PROCESSOR FAMILY 

DATASHEET DESIGNATIONS 

Intel uses various datasheet markings to designate each phase of the document as it relates to the product. 
The marking appears in the lower, inside corner of the datasheet. Following is the definition of these markings: 

Datasheet Marking Description 

Product Preview Contains information on products in the design phase of development. Do not 
finalize a design with this information. Revised information will be published when the 
product becomes available. 

Advance Information Contains information on products being sampled or in the initial production phase of 
development. t 

Preliminary 

No Marking 

Contains preliminary information on new products in production. t 
Contains information on products in full production. t 

t Specifications within these datasheets are subject to change without notice. Verify with your local Intel sales office that 
you have the latest datasheet before finalizing a design. 
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1.0 INTRODUCTION 

The Intel486™ processor family enables a range of 
low-cost, high-performance entry-level system de
signS capable.of running the entire installed base of 
DOS', Windows', OS/2', and UNIX' applications 
written for the 'Intel architecture. The Intel486 proc
essor family also enables a wide'range of high-per
formance embedded application designs: This family 
includes the IntelDX4 TM 'processor, . the fastest 
Intel486 processor (up to 50,% faster than an 
IntelDX2TM processor). The IntelDX4 processor 
integrates a 16K unified cache and floating-point 
hardware on-chip for improved performance. The 
IntelDX2 processor integrates an 8K unified cache 
and floating-point hardware on chip. The IntelDX4 
and .lntelDX2 processors~re also available with a 
write-back on-chip cache for improv~d entry-level 
performance. The IntelDX4 and IntelDX2 processors 
use Intel's speed-multiplying technology, allowing 
the processor to operate at frequencies higher than 
the external memory bus. The Intel486 DX proces
sor offers the features of the IntelDX2processors 
without speed-multiplying. The Intel486 sx. proces
sor offers the features of the Intel486 DX processor 
without floating-point hardware and the IntelsX2 
processor adds speed-multiplying to the Intel486 SX 
processor. The entire Intel486 processor family in-

, corporates energy efficient "sL Technology" for mo
bile and desktop computing. 

sL Technology enables desktop system designs 
that exceed the Environment Protection Agency's 
(EPA) Energy Star program guidelines without com
promising performance. It also increases system de
sign flexibility and improves battery life in all Intel486 
processor-based notebooks~ sL Technology allows 
system designers to differentiate ,their power man
agement schemes with a variety of energy-efficient 
or battery-life preserving features. Intel486 proces
sors provide power management features that are 
transparent to application and' operating system 
software. Stop Clock, Auto HALT Power Down, and 
Auto Idle power down allow software transparent 
control over processor power management. Equally 
important is the capability of the processor to man
age system power consumption. Ifltel486 processor 
System Management Mode (sMM) incorporates a 
non-maskable System Management Int,errupt 
(sMI #), a corresponding Resume (RsM) instruction 
and a new memory space for system management 
code. Intel's sMM ensures seamless power control 
of the processor core, system logic, main memory, 
and one or more peripheral devices, that is transpar
ent to any application or operating system. 

Intel486 processors are available in a full range of 
speeds (25 MHz to 100 MHz), packages (PGA, 
sOFP POFP), and voltages (5V, 3.3V) to meet any 
system design requirements. . 

1. 1.Processor Features, 

All of the Intel486 processors consist of a 32-bit inte
ger processing unit, an on-chip cache, and a memo
ry management unit. This ensures full binary com
patibility with the 8086, 8088" 80186, 80286, 
Intel386™ SX, Intel386 DX, and all versions of 
Intel486 processors. All of the Intel486 processors 
offer the following features: 

• 32-bit RISC integer core-The Intel486 processor 
performs a complete set of arithmetic and logical 
operations on 8-,16-, and 32-bit data types using 
a full-width ALU and eight general purpose regis-
ters. . 

• Single Cycle Execution-Many instructions exe
cute in a single clock cycle. 

• Instruction Pipelining-The fetching, decoding, 
address translation and execution of instructions 
are overlapped within the Intel486 processor. 

• On-Chip Floating-Point Unit-lntel486 processors 
support the 32-, 64-, and 80-bit formats specified 
in IEEE standard 754. The unit is binary compati
ble with the 8087, Inte1287™, Intel387TM coproc
essors, and Intel OverDrive® processor. 

• On-Chip Cache with Cache Consistency Sup
port-An 8-Kbyte (16 Kbyteon the IntelDX4 proc
essor) internal cache is used for both' data and 
instructions. Cache hits provide zero. wait-state 
access times for data within the cache. Bus activ
ity is tracked to detect alterations in the memory 
represented by the internal cache. The internal 
cache can be invalidated or flushed so that an 

. external cache controller can maintain' cache 
consistency. 

• External Cache Contro'£-Write-back .and flush 
controls for an external cache are provided so 
the processor can maintain cache consistency. 

• On-Chip Memory· Management Unit-Address 
management and memory space protection 
mechanisms maintain the integrity of memory in a 
multitasking and virtual memory environment. 
Both segmentation and paging are supported. 
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• Burst Cycles-Burst transfers allow a new double 
word to be read from memory on each bus clock 
cycle. This capability is especially useful for in
struction prefetch and for filling the internal 
cache. 

• Write Buffers-The processor contains four write 
buffers to enhance the performance of consecu
tive writes to memory. The processor can contin
ue intl-rnal operations after a write to these buff
ers, without waiting for the write to be completed 
on the external bus. 

• Bus Backoff-If another bus master needs con
trol of the bus during a processor initiated bus 
cycle, the Intel486 processor will float its bus sig
nals, then restart the cycle when the bus be
comes available again. 

• Instruction Restart-Programs can continue exe
cution following an exception generated by an 
unsuccessful attempt to access memory. This 
feature is important for supporting demand-paged 
virtual memory applications. 

• \ Dynamic Bus Sizing-External controllers can dy
namically alter the effective width of the data bus. 
Bus widths of 8, 16, or 32 bits can be used. 

• Boundary Scan (JTAG)-Boundary Scan pro
vides in-circuit testing of components on printed 
circuit boards. The Intel Boundary Scan imple
mentation conforms with the IEEE Standard Test 
Access Port and Boundary Scan Architecture. 
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Sl Technology provides the following features: 

• Intel System Management Mode-A unique Intel 
architecture operating mode provides a dedi
cated special purpose interrupt and address 
space that can be used to implement intelligent 
power management and other enhanced func
tions in a manner that is completely transparent 
to the operating system and applications soft
ware. 

• I/O Restart-An 1/0 instruction interrupted by a 
System Management Interrupt (SMI#) can auto
matically be restarted following the execution of 
the RSM instruction. 

• Stop Clock-The Intel486 processor has a stop 
clock control mechanism that provides two low
power states: a "fast wake-up" Stop Grant state 
( - 20-1 00 rnA) and a "slow wake-up" Stop 
Clock state with ClK frequency at 0 MHz 
(100-1000 p.A). 

• Auto HAL T Power Down-After the execution of 
a HALT instruction, the Intel486 processor issues 
a normal Halt bus cycle and the clock input to the 
Intel486 processor core is automatically stopped, 
causing the processor to enter the Auto HALT 
Power Down state (- 20-1 00 rnA). 

• Upgrade Power Down Mode-When a Intel486 
processor upgrade is installed, the upgrade 
power down mode detects the presence of the 
upgrade, powers down the core, and tri-states all 
outputs of the original processor, so the Intel486 
processor enters a very low current mode. 

• Auto Idle Power Down -This function allows the 
processor to reduce the core frequency to the 
bus frequency when both the core and bus are 
idle. Auto Idle Power Down is software transpar
ent and does not affect processor performance. 
Auto Idle Power Down provides an average 
power savings of 10% and is only applicable to 
clock multiplied processors. 
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Enhanced Bus Mode Features (for the Write-Back 
Enhanced IntelDX4 and the Write-Back Enhanced 
IntelDX2 Processors only): 

• Write Back Internal Cache-The Write-Back En
hanced IntelDX2 processor adds write-back sup
port to the unified cache. The on-chip cache is 
configurable to be write-back or write-through on 
a line by line basis. The internal cache· imple
ments a modified MESI protocol, which is most 
applicable to uniprocessor systems. 

• Enhanced Bus Mode-The definitions of some 
signals have been changed to support the new 
Enhanced Bus mode (write-back mode). 

• Write Bursting-Data written from the processor 
to memory can be bursted (zero wait state trims
fer). 

For Items which are common to both the Write
Back Enhanced IntelDX4 and Write-Back En
hanced IntelDX2 processors, the term Write
Back Enhanced Intel486 processors will be used. 

1.2 Intel486™ Processor Product 
Family 

Table 1-1 shows the Intel486 processors available 
by Clock Mode, Supply Voltage, Maximum Frequen
cy, and Package. Likewise, an individual product will 
have either a 5V supply voltage or a 3.3V supply 
voltage, but not both. An individual product will have 
either a 1 X clock or a 2X clock, but not both. Please 
contact Intel for the latest product availability and 
specifications. 

Table 1-1. Product Options 

Processor 168-
Intel486TM 

Vee Frequency (MHz) Pin 
208-Lead 196-Lead 

Processors SQFP PQFP 
25 33 40 50 66 75 100 PGA 

1XCIock 

Intel486 SX Processor 3.3V ,II ".. ".. 

5V ".. ".. ".. ".. 

IntelSX2TM Processor 5V ".. ".. 

Intel486 OX Processor 3.3V ".. ".. 

5V(I) ".. ".. ".. ".. 

IntelDX2TM Processor 3.3V ".. ".. ".. 

5V ".. ".. ".. 

Write-Back Enhanced 3.3V ".. ".. ".. 

IntelDX2 Processor 5V ".. ".. ".. 

IntelDX4TM Processor 3.3V ".. ".. ".. ".. 

Write-Back Enhanced 3.3V ".. ".. ".. ".. 

IntelDX4TM Processor 

2XCIock 
I 

Intel486 SX Processor(2) 3.3V ".. ".. ".. 

5V ".. ".. ".. 

NOTES: 
I. The 5V 33-MHz Intel486TM OX processor is available in 168-pin PGA and I 96-lead PQFP packages. The 5V 50-MHz 

Intel486 OX processor is available in a 168-pin PGA package only. . 
2. With the addition of SL Technology to the Intel486 processor family, the Low Power Intel486 SX and Low Power Intel486 

OX processors have been superseded with the 3.3V Intel486 processors described in this document. 

4-242 I 



2.0 HOW TO USE THIS DOCUMENT 

2.1 Introduction 

This datasheet is a compilation of previously pub
lished individual data sheets for the Intel486 SX, 
IntelSX2, Intel486 DX, IntelDX2 and IntelDX4 
processors. With the addition of the Write-Back 
Enhanced Intel486 processors and information 
previously published for the . introduction of the 
SL Enhanced Intel486 processors, this datasheet 
encompasses the entire current Intel486 processor 
family. 

This datasheet describes the Intel486 processor ar
chitecture, features and technical details. Unless 
otherwise stated, any description for the Intel486 
processor listed in this datasheet applies to all 
Intel486 processors. Where architectural or other 
differences do occur (for example, the IntelDX4 
processor has a 16-Kbyte on-chip cache, all other 
Intel486 processors have an 8-Kbyte on-chip 
cache), these differences are described in separate 
sections. Section 2.2 provides a brief section de
scription, highlighting the specific sections that con
tain processor-unique information. 

This datasheet does not detail the Intel486SL proc
essor, the Low Power Intel486 SX or Low Power 
Intel486 DX directly. The Low Power Intel486 and 
Intel486 SL processors have been superseded by 
current versions of the Intel486 processors. 

It is important to note that all Intel486 DX, IntelDX2, 
and IntelDX4 processors have an on-chip floating
point unit. The Intel486 SX and IntelSX2 processors 
do not have an on-chip floating-point unit and do not 
provide FERR# and IGNNE# floating-point error re
porting signals. 

The 5V 50-MHz Intel486 DX processor does not im
plement SL Technology and does not contain the 
following pins: SMIACT #, SRESET, SMI #, 
STPCLK#, and UP#. 

Boundary Scan (JT AG) testability features, capability 
and associated test signals (TCK, TMS, TDI, and 
TDO) are standard on allintel486 processors except 
the Intel486 SX processors in 168-pin PGA package. 

Unless specifically noted, descriptions specified for 
the IntelDX2 processor also apply to the Write-Back 
Enhanced IntelDX2 processor, whether in Enhanced 
Bus Mode (Write-Back cache) or Standard Bus 
Mode (Write-Through cache). Similarly, descriptions 
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specified for the IntelDX4 processor also apply to 
the Write-Back Enhanced IntelDX4 processor. 

2.2 Section Contents and Processor 
Specific Information 

The following is a brief description of the contents of 
each section: 
Section 1: 

Section 2: 

Section 3: 

Section 4: . 

"Introduction." This section is an 
overview of the current Intel486 
processor family, product features 
and highlights. This section also lists 
product frequency, voltage and 
package offerings. 

"How to Use This Document." This 
section presents information to aid in 
the use of this datasheet. 

"Pin Description." This section con
tains all of the pin configurations for 
the various package options (168-
Pin PGA, 208-Lead SOF, and 196-
Lead POFP), package diagrams, pin 
assignment tables and pin assign
ment differences for the various 
processors within a package class. 

The 168-Pin PGA and 208-Lead 
SOFP package diagrams shown are 
for the IntelDX2, Write-Back En
hanced IntelDX2, IntelDX4 and 
Write-Back Enhanced IntelDX4 proc
essors, with differences for other 
members of the Intel486 processor 
family listed in separate tables. The 
196-Lead POFP package diagram is 
for the Intel486 DX processor. Differ
ences for the Intel486 SX processor 
in the 196-Lead package are also 
listed in a separate table. 
This section also provides a quick 
pin reference table that lists pin 
signals for the Intel486 processor 
family. The table, whenever neces
sary, has sections applicable to each 
current Intel486 processor family 
member. 
"Architectural Overview." This sec
tion describes the Intel486 proc
essor architecture, including the 
register and instruction sets, memory 
organization, data types and formats, 
and interrupts for all Intel486 proces
sors. 
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Section 5: 

Section 6: 

Section 7: 

Section 8: 
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The architectural overview describes 
the 32-bit RISC integer core of the 
Intel486 processor. The on-chip 
floating-point unit for the Intel486 OX 
IntelDX2 and IntelDX4 processors is 
included in this section. Operational 
differences for the Intel486 SX and 
IntelSX2 processors (i.e. processors 
that do not contain on-chip floating
point units) are also described in de
tail. 

"Real Mode Architecture." This sec
tion describes the Intel486 proces
sor real-mode architecture, including 
memory addressing, reserved loca
tions, interrupts, and Shutdown and 
HALT. This section applies to all 
Intel486 processors. 

"Protected Mode Architecture." This 
section describes the Intel486 pro
tected-mode architecture, including 
addressing mechanism, segmenta
tion, protection, paging and virtual 
8086 environment. This section ap
plies to all Intel486 processors. 
"On-Chip Cache." This section de
scribes the on-chip cache of the 
Intel486 processors. Specific infor
mation on size, features, modes, and 
configurations is described. The dif
ferences between the IntelDX4 proc
essor on-chip cache (16-KByte) and 
other members of the Intel486 proc
essor family on chip cache (8-KByte) 
are detailed. 
This section also documents fea
tures, modes and operational issues 
specific to the Write-Back Enhanced 
Intel486 processors. The specifics 
for the Write-Back Enhanced In
tel486 processors are interleaved 
with sections on the Standard mode 
(Write-Through cache) of other 
Intel486 processors as appropriate. 
"System Management Mode (SMM) 
Architectures." This section de
scribes the System Management 
Mode architecture of the Intel486 
processors, including system man
agement mode interrupt processing 
and programming mode. Specific in
formation to the Write-Back En
hanced Intel486 processors only are 
listed in appropriate sections. 

This section applies to Intel486 proc
essors except the 50 MHz Intel486 
OX processor, which does not imple
ment SL Technology. 

Section 9: "Hardware interface." This section 
describes the hardware interface of 
the current Intel486 processor fami
ly, including signal desc::riptions, in
terrupt interfaces, write buffers, reset 
and initialization, and clock control. 
The IntelDX4 processor speed multi
plying options are detailed in this 
section. The Write-Back Enhanced 
IntelDX2 processor signals (both 
new pins and those which have dif
ferent operational functions) are de
tailed in this section. Reset and ini
tialization, as it applies to all of the 
Intel486 processor family, is also 
documented here. 

Use and operation of the Stop Clock, 
Auto HALT Power Down and other 
power-saving SL Technology fea
tures are described. Information spe
cific to the Write-Back Enhanced 
IntelDX2 processor is also docu
mented whenever appropriate. 

Section 10: "Bus Operation." This section de
scribes the Intel486 processor bus 
operation, including the data transfer 
mechanism and bus functional de
scription. When ·in Standard Bus 
mode, the Write-Back Enhanced 
IntelDX2 processor bus operation is 
the same as other members of the 
Intel486 processor family. Specific 
information to the Write-Back 
IntelDX2 processor in Enhanced Bus 
mode is detailed in a separate sec
tion for ease of use. 

Section 11: "Testability." This section describes 
the testability of the Intel486 proces
sors, including the built-in self test 
(BIST), on-chip cache testing, trans
lation lookaside buffer (TLB) testing, 
tri-state output test mode, and 
boundary scan (JTAG). 

Both the IntelDX4 processors and 
the Write-Back Enhanced Intel486 
and ·the IntelDX4 processors have 
unique cache structures that alter 
testing in comparison to other mem
bers of the current Intel486 proces
sor family These processor-specific 
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Section 12: 

Section 13: 

Section 14: 

Section 15: 

Section 16: 

I 

differences are documented in this 
section. A complete listing of Bound
ary Scan 10 Codes and Boundary 
Scan Register Bits orders are also 
included. 

"Debugging Support." This section 
describes the Intel486 processor de
bugging support, including the break
point instruction, single-step trap and 
debug registers. This section applies 
to all Intel486 processors. 

"Instruction Set Summary." This 
section provides clock count and in
struction encoding summaries for all 
the Intel486 processors. 

"Differences between Intel486™ 
Processors and Intel386™ Proc
essors." This section lists the 
differences between the Intel486 
processor family and the Intel386 
processor family. Also described 
and documented are differences 
between the Intel386 with an 
Intel387TM math coprocessors and 
the Intel486 processors with on-chip 
floating-point units. This section ap
plies to all Intel486 processors. 

"Differences between the PGA, 
SQFP and PQFP Versions of the 
Intel486™ SX and Intel486TM OX 
Processors." The Low Power 
Intel486 SX and Intel486 OX proces
sors have been superseded by the 
current Intel486 processors. This 
section lists the differences between 
the current Intel486 SX and Intel486 
OX products offered in PGA, SQFP 
and PQFP packages. The current 
Intel486 SX and Intel486 OX proces
sors in the PQFP package can oper
ate in 2X clock mode, which is de
scribed in detail here. Electrical 
specifications for the Intel486 SX 
and Intel486 OX processors in 2X 
Clock mode are listed in this section. 

"OverDrive® Processor Socket." 
This section describes the OverDrive 
processor socket requirements for 
end-user upgradability of the 
Intel486 processor family. This sec
tion applies to all Intel486 proces
sors. 
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Section 17: "Electrical Data." This section lists 
the AC and DC specifications for all 
Intel486 processors. Processor spe
cific information is listed in both com
mon and separate tables and sec
tions as appropriate. 

Section 18: "Mechanical Data." This section lists 
the mechanical and thermal data, in
cluding the package specifications 
(PGA, SQFP and PQFP) for all 
Intel486 processors. Processor spe
cific information is listed in both com
mon and separate tables and sec-
tions as appropriate. . 

Appendix A: "Advanced Features." This section 
documents the advanced features of 
the Intel486 processor family not 
covered in other sections of this da
tasheet. 

Appendix B: "Features Determination." This sec
tion documents the CPUID function 
to determine the Intel486 processor 
family identification and processor 
specific information. This section ap
plies to all Intel486 processors. 

Appendix C: "IBIS Models." This section provides 
a detailed sample listing of the types 
of 1/0 buffer modeling information 
available for the Intel486 processor 
family. This section applies to all 
Intel486 processors. 

Appendix 0: "BSDL Listing." This section pro
vides a sample listing of a BSDL file 
for the Intel486 processor family. 
This section applies to. all Intel486 
processors. 

Appendix E: "System Design Notes." This sec-. 
tion provides design notes applica
ble to the use of System Manage
ment Mode and SMM routines with 
the Intel486 processor. This section 
applies to all Intel486 processors, 
except the 50-MHz Intel486 OX 
processor. 
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2.3 Documents Replaced by This 
Datasheet , 

This datasheet contains all of the latest information 
for the Intel486 processor family and replaces the 
following documentation: 

SL Enhanced Intel486fM Microprocessor Datasheet 
Addendum, Order No. 241696 

Intel486fM SX Microprocessor Data Book, Order No. 
240950 

InteISX2TM Microprocessor Datasheet, Order No. 
241966 

Intel486fM 'oX Microprocessor Data Book, Order 
No. 240440 

Intel486fM DX2 Microprocessor Data Book, Order 
No. 241245 

IntelDX4TM Microprocessor Data Book, Order No. 
241944 

Intel486fM Family of Microprocessors Low Power 
Version Datasheet, Order No. 241199 

2.4 REVISION HISTORY 

Revision -001 is the original version of this docu
ment. 

Revision -002 of the Intel486 Processor Family data
sheet contains updates to the original version. A re
vision summary of major changes is listed below. 

The sections significantly revised since -001 are: 

Section 3.2 Revised description for PLOCK # 
signal to improve readability. 

Figllre 4.2 Base Architecture Registers: Cor
rected figure for EAX (AH, AL). 

Table 4-13 FPU Register Usage Differences: 
Corrected table for Protected Mode 
operation. 

Figure 6-18 GDT Descriptors for Simple System: 
Corrected Code Descriptor bit val
ues. 

Section 11.5.5 Corrected listings of bit orders for 
boundary scan registers for each In
tel486 processor, as A29 was miss
ing. 
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Table 13-15 Clock Count Summary: Added note 
listings for IMUL instruction for the 
IntelDX4 processor and corrected 
display of MOV and Segment Over
ride Prefix instruction formats. 

Figure 17-15 IntelDX4 Processor Derating 

Figure 17-16 Curves: Revised figures for falling 

Figure 17-17 3Vand 5Vsignals. 

Revision -003 incorporates documentation for the 
Write-Back Enhanced IntelDX4 processor. 

3.0 PIN DESCRIPTION 

3.1 Pin Assignments 

The following figures show the pin assignments of 
each package type for the Intel486 processor prod
uct family. Tables are provided showing the pin dif
ferences between existing Intel486 processor prod
ucts. 

168-Pin PGA-Pin Grid Array 

• Package Diagram 
• Pin Assignment Difference Table 

• Pin Cross Reference by Pin Name 

208-Lead SQFP-Ouad Flat Pack 

• Package Diagram 

• Pin Assignment Difference Table 

• Pin Assignment Table' in Numerical Order 

196-Lead PQFP-:-PlasticQuad Flat Pack 

• ~ackage Diagram 
• Pin Assignment Difference Table 

• Pin Assignment Table in Numerical Order 

I 



intel® Intel486TM PROCESSOR FAMILY 

A H H 

020 019 011 09 VSS OPl vss vss vee vss vss VSS 02 CO All A2B A27 

00000000000000000 
022 021 DIB 013 vee 08 vee OJ D5 vee 06 vee Dl A29 VSS A2S A26 

00000000000000000 
TCK vss eLK 011 010 015 012: DP2 D16 014 01 D4 OPO AlO A17 vee 1.23 

00000000000000000 
02l V55 vee A19 vss Ne 

o 0 0 o .0 0 
OP) vss vee: All AU AU 

o 0 0 000 
024 025 027 A24 vee vss 

o 0 0 000 
vss vee 026 1\22 A15 1.12 

o 0 0 000 
029 031 028 A20 vee vss 

o 0 0 000 
vss vee 0)0 16B·Pin PGA 1.16 vee vss 

o 0 0 
IntelDX2TM Processor 

000 

10 INC SHIt SRESE'l' 

o 0 0 Pin Side View 
All vee 
o 0 

vss 

o 10 

vss vee UP' 11 o 0 0 
,1.9 vee 

o 0 
vss 

o 11 

All 

o 
vss 

o 12 
Ne !NC SMIACTI 

o 0 0 12 

A7 

o 
AS 

o 
Al0 

o 
INC :i:NC NO: 13 o 0 0 13 

TOl TMS FERR' 

o 0 0 
vss 

o 
A2 

o 
vee 

o 14 14 

ImmEl NMI FLUSH. A20MI HOLD KEN' STPCLKI BRon BE2' 8EOI PW'I' ole' LOCK' HLnA BREO AJ A6 

0000000000000000 o 
16 INTR TOO RESE:l' BS8t vee Ron vee vee BElf vee vee vee H/IO' vee PLOCK' BLAST' A4 

00000000000000000 16 

vss 

o 
vss 

o 
W/R' VSS PCHK' INC ADS' 

o 0 0 0 0 
BElt! VSS 

o 0 
vss 

o 17 ,,"OLD EADS' 8516. BaFF. VSS 

o 0 0 0 0 17 
PCD 

o 
vss 

o 
H 

242202-1 

Figure 3-1. Package Diagram for 168-Pin PGA Package of the IntelDX2TM Processor 
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Figure 3-2. Package Diagram for 168-Pin PGA Package of the 
Write-Back Enhanced IntelDX2TM Processor 
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Figure 3-3. 168-Pin PGA Pinout Diagram (Pin Side) for the IntelDX4TM Processor 
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Figure 3-4. 168-Pln PGA Pinout Diagram (Pin Side) for the Write-Back Enhanced IntelDX4TM Processor 
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Table 3-1. Pinout Differences for 168-Pln PGA Package 

Previous 
Previous Previous 

Pin Intel486™ Intel486 SX IntelSX2TM 
Intel486DX 

Intel486 DX IntelDX2TM IntelDX2 IntelDX4™ 
SX Processor Processor Processor(7) Processor Processor(7) Processor Processor 

Processor(7) 

A3 NC(1) NC TCK NC TCK TCK(5) TCK TCK 
TCK(4) 

.. 
A10 INC(2) INC INC INC INC INC INC INC 

I NV(6) INV(6) 

A12 INC INC INC INC INC INC INC INC 
HITM # (6) HITM#(6) 

A13 NC INC INC NC INC NC INC INC 

A14 NC NC TOI NC TOI TOI(5) TOI TOI 
TOI(4) 

A15 NMI NMI INC IGNNE# IGNNE# IGNNE# IGNNE# IGNNE# 

810 INC SMI# SMI# INC SMI# INC SMI# SMI# 

812 INC INC INC INC INC INC INC INC 
CACHE # (6) CACHE # (6) 

813 INC INC INC INC INC INC INC INC 
W8/WT#(6) W8/WT#(6) 

814 NC NC TMS NC TMS TMS(5) TMS TMS 
TMS(4) 

815 INC INC NMI NMI NMI NMI NMI NMI 

816 NC NC TOO(5) NC TOO TOO(5) TOO TOO 
TOO(4) 

C10 INC SRESET SRESET INC SRESET INC SRESET SRESET 

C11 INC UP# UP# INC UP# UP# UP# UP# 

C12 INC SMIACH SMIACH INC SMIACT# INC SMIACT# SMIACT# 

C14 INC INC INC FERR# FERR# FERR# FERR# FERR# 

G15 INC STPCLK# STPCLK# INC STPCLK# INC STPCLK# STPCLK# 

J1 Vee(3) Vee Vee Vee Vee Vee Vee Vee5 

R17 INC INC INC INC INC INC INC CLKMUL 

84 NC NC NC NC NC NC NC VOLOET 

I 4-251 



Intel486TM PROCESSOR FAMILY 

NOTES: 
1. NC. Do Not Connect. These pins shoulc\ always remain unconnected. Connection of NC pins to Vcc or Vss or to any 

other signal can result in component malfunction or incompatibility with future steppings of the Intel486TM processors. 
2. INC. Internal No Connect., These pins are .not connected to any internal pad in Intel486 processors and OverOrive@ 

processors. However, new signals are defined for the location of the INC pins in the Intel486 processor proliferations. All 
INC pins defined by Intel have a specific use for jurnperless single socket compatibility with current and future processors. 
A system design could connect any signal to an INC pin without affecting the operation of the processor. However, the 
purpose of a specific INC pin should be understood before it is used. If not, the system design will sacrifice the ability to 
implement a jumperless (single socket) flexible motherboard. 

3. This pin location is for the VCC5 pin on the IntelOX4™ processor. For compatibility with 3.3V processors that have 5V 
safe input buffers (i.e., IntelOX4 processors), this pin should be connected to a VCC trace, not to the Vcc plane. See 
section 3.2, ,"Quick Pin Reference," for a description of the VCC5 pin on the IntelDX4 processor. 

4. These pins were only available on previous 50-MHz Intel486 OX processors. These pins are now on all speeds of the 
Intel486 OX processor. 

5. These pins were No Connects on previous Intel486 OX and IntelOX2TM processors. For compatibility with old designs, 
they can siill be left unconnected. 

6. These pins are used on the Write-Sack Enhanced IntelOX4 and Write-Sack Enhanced IntelOX2 processors only. 
7. Previous versions of the Intel486 processor family do not implement SL Technology and are not described in this data

sheet. 
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Table 3·2. Pin Cross Reference for 16S·Pin PGA Package of the IntelDX2TM Processor 

Address Data Control INC(1) Vee Vss 
A2 ..... Q14 00 ....... P1 A20M# .. 015 . A10 87 A7 
A3 ..... R15 01 ...... N2 A08# ... 817 A12 89' A9 
A4 ...... 816 02 ...... N1 AHOLO .. A17 A13 811 A11 
A5 ..... Q12 03 ...... H2 8EO# .... K15 812 C4 83 
A6 ...... 815 04 ...... M3 8E1 # .... J16 813 C5 84 
A7 ..... Q13 05 ....... J2 8E2# .... J15 R17 E2 85 
AB ..... R13 06 ....... L2 8E3# .... F17 NC(2) E16 E1 
A9 ..... Q11 07 ....... L3 8LA8T# .R16 G2 E17 
A10 .... 813 OB ....... F2 80FF# .. 017 C13 G16 G1 
A11 .... R12 09 ...... 01 8ROY# .. H15 84 H16 G17 
A12 ...... 87 010 ..... E3 8REQ ... Q15 J1 H1 
A13 .... Q10 011 ..... C1 88B# .... 016 K2 H17 
A14 ...... 85 012 ..... G3 8816# .. C17 K16 K1 
A15 ..... R7 013 ..... 02 CLK ...... C3 L16 K17 
A16 ..... Q9 014 ..... K3 O/C# ... M15 M2 L1 
A17 ..... Q3 015 ...... F3 OPO ...... N3 M16 L17 
A18 ..... R5 016 ...... J3 OP1 ....... F1 P16 M1 
A19 ..... Q4 017 ..... 03 OP2 ...... H3 R3 M17 
A20 ..... Q8 018 ..... C2 OP3 ...... A5 R6 P17 
A21 ..... Q5 019 ..... 81 EA08# .. 817 RB Q2 
A22 ..... Q7 020 ..... A1 FERR# .. C14 R9 R4 
A23 ...... 83 021 ..... 82 FLU8H# .C15 R10 86 
A24 ..... Q6 022 ..... A2 HLOA .... P15 R11 8B 
A25 ..... R2 023 ..... A4 HOLO .... E15 R14 89 
A26 ...... 82 024 ..... A6 IGNNE# .A15 810 
A27 ...... 81 025 ..... 86 INTR .... A16 811 
A2B ..... R1 026 ..... C7 KEN# ... F15 812 
A29 ...... P2 027 ..... C6 LOCK# .. N15 814 
A30 ...... P3 028 ..... C8 M/IO# .. N16 
A31 ..... Q1 029 ..... A8 NMI ..... 815 

030 ..... C9 PCO ..... J17 
031 ..... 8B PCHK# .. Q17 

PWT ..... L15 
PLOCK .. Q16 
ROY# ... F16 
RE8ET .. C16 
8MI# .... 810 
8MIACT#C12 
UP# ..... C11 
W/R# ... N17 
8TPCLK#G15 
8RE8ET .C10 
TCK .... A3(3) 
TOI .... A14(3) 
TOO ... 816(3) 
TM8 ... 814(3) 
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NOTES: 
1. INC. Internal No Connect. These pins are not connected to any internal pad in Intel486TM processors and OverDrive@ 

processors. However, new signals are defined for the location of the INC pins in the Intel486 processor ,proliferation. All 
INC pins defined by Intel have a specific use for jumperless single socket compatibility with current and future processors .. 
A system design could connect any Signal to an INC pin without affecting the operation of the processor. However, the 
purpose of a specific INC pin should be understood before it is used. If not, the system design will sacrifice the ability to 
implement a jumperless (single socket) flexible motherboard. 

2. NC. Do Not Connect. These pins should always remain unconnected. Connection of NC pins to Vee or Vss or to any 
other signal can result in component malfunction or incompatibility with future steppings of the Intel486 processors. 

3. Boundary Scan pins are not included on the, 168-pin PGA package version of the Intel486 SX processor. 
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Figure 3·5. Package Diagram for 208·Lead SQFP of the IntelDX2TM Processor 
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, Figure 3-6. Package Diagram for 208-Lead SQFP of the Write-Back ,Enhanced IntelDX2TM Processor 
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Figure 3-8. Package Diagram for 208-Lead SQFP of the Write-Back Enhanced IntelDX4TM Processor 
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Table 3-3. Pinout Differences for 208-Lead SQFP Package 

Write-Back Write-Back 

Pin # 
Intel486TM SX Intel486 DX IntelDX2™ Enhanced IntelDX4™ Enhanced 

Processor Processor Processor IntelDX2 Processor IntelDX4TM 
Processor Processor 

3 Vcd1) Vcc Vcc Vcc VCC5 VCC5 

11 I NC(2) INC INC INC CLKMUL CLKMUL 

63 INC INC INC HITM# INC HITM# 

64 INC INC INC WB/WT# INC WB/WT# 

66 INC FERR# FERR# FERR# FERR# FERR# 

70 INC INC INC CACHE # INC CACHE # 

71 INC INC INC INV INC INV 

72 INC IGNNE# IGNNE# IGNNE# IGNNE# IGNNE# 

NOTES: 
1. This pin location is for the Vee5 pin on the IntelDX4TM proqessor. For compatibility with 3.3V processors that have 5V 

safe input buffers (i.e., IntelDX4 processors), this pin should be connectea to a Vec trace, not to the Vec plane. See 
section 3.2, "Quick Pin Reference," for a description of the Vec5 pin on the IntelDX4 processor. 

2. INC. Internal No Connect. These pins are not connected to any internal pad in Intel486™ processors and OverDrive@ 
processors. However, new signals are defined for the location of the INC pins in the Intel486 processor proliferations. All 
INC pins defined by Intel have a specific use for jumperless single socket compatibility with current and future processors. 
A system design could connect any Signal to an INC pin without affecting the operation of the processor. However, the 
purpose of a specific INC pin should be understood before it is used. If not, the system design will sacrifice the ability to 
implement a jumperless (single socket) flexible motherboard. 

3. NC. Do Not Connect. These pins should always remain unconnected. Connection of NC pins to Vee or VSS or to any 
other signal can result in component malfunction or incompatibility with future steppings of the Intel486 proce~sors. 
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Table 3-4. Pin Assignment for 208-Lead SQFP Package of the IntelDX2TM Processor 

Pln# Description Pin# Description Pln# Description , Pln# Description 

1 Vss 53 Vss 105 Vss 157 Vss 
2 Vee 54 Vee 106 Vee 158 A24 
3 VeC<1) 55 Vss 107 Vss 159 A23 
4 PCHK# 56 Vee 108 ' 016 160 A22 
5, BROY# 57 Vss 109 OP2 161 A21 

'6 BOFF# 58 5RE5ET 110 Vss 162 Vee 
7 B516# 59 5MIACT# 111 Vee 163 " Vee 
8 B58# 60 Vee 112 015 164 A20 
9 Vee 61 Vss 113 014 165 A19 

10 Vss 62 Vee 114 Vee 166 A18 
11 I NC(2) 63 INC 115 Vss 167 TM5 
12 ROY# 64 INC 116 013 168 TOI 
13 KEN# 65 5MI# 117 012 169 Vee 
14 Vee 66 FERR# 118 011 170 Vss 
15 Vss 67 NC(3) 119 010 171 A17 
16 HOLD 68 TOO 120 Vss 172 Vee 
17 AHOlO 69 Vee 121 Vee 173 A16 
18 TCK 70 INC 122 Vss 174 A15 
19 Vee 71 INC 123 09 175 Vss 
20 Vee 72 IGNNE# 124 08 176 Vee 
21 Vss 73 5TPClK# 125 OPt 177 A14 
22 Vee 74 031 126 07 178 A13 
23 Vee 75 030 127 NC 179 Vee 
24 ClK 76 Vss 128 Vee 180 A12 
25 Vee 77 Vee 129 06 181 Vss 
26 HlOA 78 029 130 05 182 A11 
27 W/R# 79 028 131 Vee 183 Vee 
28 Vss 80 Vee 132 Vss 184 Vss 
29 Vee 81 Vss 133 Vee 185 Vee 
30 BREQ 82 Vee 134 Vee 186 A10 
31 BEO# 83 027 135 Vss 187 A9 
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Table 3-4. Pin Assignment for 208-Lead SQFP Package of the IntelDX2TM Processor (Cont'd) 

Pin# Description Pin# Description Pin# Description Pin# Description 

32 BE1# 84 026 136 Vee 188 Vee 
33 BE2# 85 025 137 Vee 189 Vss 
34 BE3# 86 Vee 138 Vss 190 A8 
35 Vee 87 024 139 Vee 191 Vee 
36 Vss 88 Vss 140 04 192 A7 
37 MIIO# 89 Vee 141 03 193 A6 
38 Vee 90 OP3 142 02 194 UP# 
39 O/C# 91 023 143 01 195 A5 
40 PWT 92 022 144 00 196 A4 , 
41 PCO 93 021 145 OPO 197 A3 
42 Vee 94 Vss 146 Vss 198 Vee 
43 Vss 95 Vee 147 A31 199 Vss 
44 Vee 96 NC 148 A30 200 Vee 
45 Vee 97 Vss 149 A29 201 Vss 
46 EAOS# 98 Vee 150 Vee 202 A2 
47 A20M# 99 020 151 A28 203 AOS# 
48 RESET 100 019 152 A27 204 BLAST # 
49 FLUSH # 101 018 153 A26 205 Vee 
50 INTR 102 Vee 154 A25 206 PLOCK # 
51 NMI 103 017 155 Vee 207 LOCK# 
52 Vss 104 Vss 156 Vss 208 Vss 

NOTES: 
1. This pin location is for the Vccs pin on the IntelDX4TM processor, For compatibility with 3.3V processors that have 5V 

safe input buffers (I,e" IntelDX4 processors), this pin should be connected to a Vcc trace, not to the Vcc plane. See 
section 3,2, "Quick Pin Reference," for a description of the Vccs pin on the IntelDX4 processor. . 

2, INe, Internal No eonnect. These pins are not connected to any internal pad in Intel486TM processors and OverDrive@ 
processors. However, new signals are defined for the location of the INe pins in the Intel486 processor proliferations. All 
INe pins defined by Intel have a specific use for jumperless single socket compatibility with current and future processors. 
A system design could connect any signal to an INC pin without affecting the operation of the processor. However, the 
purpose of a specific INe pin should be understood before it is used. If not, the system design will sacrifice the ability to 
implement a jumperless (single socket) flexible motherboard. 

3. NC. Do Not Connect. These pins should always remain unconnected. Connection of NC pins to Vcc or Vss or to any 
other signal can result in component malfunction or incompatibility with future steppings of the Intel486 processors. 
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Figure 3-9. Package Diagram for 196-Lead PQFP Package of the Intel486TM DX Processor 
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Table 3-5. Pinout Differences for 196-Lead PQFP Package 

Previous Low Power Intel486SX Previous Low Power 
Intel486DX Pin# Intel486TM SX Intel486 SX Processor Intel486DX Intel486DX 
Processor 

Processor(3) Processor Processor(3) Processor 

75 INC(1) INC STPCLK# INC INC STPCLK# 

77 NC(2) INC INC IGNNE# IGNNE# IGNNE# 

81 NC INC INC FERR# FERR# FERR# 

85 INC INC SMI# INC INC SMI# 

92 INC INC SMIACT# INC INC SMIACT# 

94 INC INC SRESET INC INC SRESET 

127 INC CLKSEL NC NC CLKSEL NC 

NOTES: 
1. INC. Internal No Connect. These pins are not connected to any internal pad in Intel486TM processors and OverDrive@ 

processors. However, new signals are defined for the location of the INC pins in the Intel486 processor proliferations. All 
INC pins defined by Intel have a specific use for jumperless single socket compatibility with current and future processors. 
A system design could connect any signal to an INC pin without affecting the operation of the processor. However, the 
purpose of a specific INC pin should be understood before it is used. If not, the system design will sacrifice the ability to 
implement a jumperless (single socket) flexible motherboard. 

2. NC. Do Not Connect. These pins should always remain unconnected. Connection of NC pins to Vee or Vss or to any 
other signal can result in component malfunction or incompatibility with future steppings of the Intel486 processors. 

3. Previous versions of the Intel486 processor family do not implement SL Technology and are not described in this data· 
sheet. . 
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Table 3-6. Pin Assignments for Intel486TM DX Processor 196-Lead PQFP Package 

Pin# Description Pin# Description Pin# Description Pln# Description 

1 Vss 50 Vss 99 Vss 148 Vss 
2 A21 51 021 100 NMI 149 NC 

3 A22 52 NC 101 INTR 150 A3 

4 A23 53 .022 102 FLUSH # 151 NC 

5 A24 54 Vee 103 RESET 152 A4 

6 Vee 55 023 104 A20M# 153 NC 

7 A25 56 NC 105 EAOS# 154 A5 

8 A26 57 OP3 106 PCO 155 NC 

9 A27 58 Vss 107 Vee 156 UP# 

10 A28 59 024 108 PWT 157 NC 

11 Vss 60 NC 109 Vss 158 A6 

12 A29 61 025 110 O/C# 159 A7 

13 A30 62 Vee 111 MIIO# 160 NC 

14 A31 63 026 112 Vee 161 A8 

15 NC 64 NC 113 BE3# 162 NC 

'16 OPO . 65 027 114 Vss 163 A9 

17 00 66 Vss 115 BE2# 164 Vee 
18 01 67 028 116 BE1# 165 A10 

19 Vee 68 NC 117 BEO# 166 t-IC 
20 02 69 029 118 BREQ 167 Vss 
21 Vss 70 Vee 119 Vee 168 Vss 
22 Vss 71 030 120 W/R# 169 NC 

23 03 72 NC 121 Vss 170 Vee 
24 Vee 73 NC 122 HlOA 171 NC 

25 04 74 031 123 ClK 172 A11 

26 05 75 STPClK# 124 NC 173 NC 

27 06 76 NC 125 Vee 174 A12 

28 Vee 77 IGNNE# 126 Vss 175 Vee 
29 07 78 NC 127 NC 176 A13 
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Table 3·6. Pin Assignments for Intel486TM DX Processor 196-Lead PQFP Package (Continued) 

Pin# Description Pln# Description Pln# Description Pin# Description 

30 OP1 79 NC 128 TCK 177 Vss 
31 08 80 TOO 129 AHOLO 178 A14 

32 09 81 FERR# 130 HOLD 179 Vee 
33 Vss 82 NC 131 Vee 180 A15 

34 NC 83 NC 132 KEN# 181 A16 

35 010 84 Vee 133 ROY# 182 Vss 
36 Vee 85 SMI# 134 NC 183 A17 

37 011 86 Vss 135 BS8# 184 Vee 
38 012 87 NC 136 BS16# 185 TOI 

39 013 88 NC 137 BOFF# 186 NC 

40 Vss 89 NC 138 BROY# 187 TMS 

41 014 90 NC 139 PCHK# 188 NC 

42 015 91 NC 140 NC 189 A18 

43 OP2 92 SMIACH 141 Vss 190 NC 

44 016 93 Vee 142 LOCK # 191 A19 

45 017 94 SRESET 143 PLOCK# 192 NC 

46 018 95 Vss 144 BLAST # 193 A20 . 
47 019 96 Vss 145 AOS# 194 Vss 
48 020 97 NC 146 A2 195 NC 

49 Vee 98 Vee 147 Vee 196 Vee 
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3.2 Quick Pin Reference 

The following is a brief pin description. For detailed Signal descriptions refer to section 9.2, "Signal Oescrip
tion." 

Table 3·7. Intel486TM Processor Pin Descriptions 

Symbol Type Name and Function 

ClK I CLocK provides the fundamental timing and the internal operating frequency fOr the 
Intel486 processor. All external timing parameters are specified with respect to the 
rising edge of elK. 

ADDRESS BUS 

A31-A4 110 The Address Lines. A31-A2, together with the byte enables Signals. BEO#-
A2-A3 0 BE3#, define the physical area of memory or input/output space accessed. 

Address lines A31-A4 are used to drive addresses into the processor to perform 
cache line invalidations. Input signals must meet setup and hold times t22 and t23: 
A31-A2 are not driven during bus or address hold. 

BEO-3# 0 The Byte Enable Signals indicate active bytes during read and write cycles. During 
the first cycle of a cache fill, the external system should assume that all byte enables 
are active.BE3# applies to 024-031, BE2# applies to 016-023, BE1 # applies to 
08-015 and BEO# applies to 00-07. BEO#-BE3# are active lOW and are not 
driven during bus hold. 

DATA BUS 

D31-DO 110 The Data Lines, 00-07, define the least significant byte of the data bus while lines 
024-031 define. the most significant byte of the data bus. These signals must meet 
setup and hold times t22 and t23 for proper operation on reads. These pins are 
driven during the second and subsequent clocks of write cycles. 

DATA PARITY 

DPO-DP3 110 There is one Data Parity pin for each byte of the data bus. Oata parity is generated 
on all write data cycles with the same timing as the data driven by the Intel486TM 
processor. Even parity information must be driven back into the processor on the 
data parity pins with the same timing as read information to insure that the correct 
parity check status is indicated by the Intel486 processor. The signals read on these 
pins do not affect program execution. 

Input signals must meet setup and hold times t22 and t23. OPO-OP3 should be 
connected to Vee through a pull-up resistor in systems that do not use parity. OPO-
OP3 are active HIGH and are driven during the second and subsequent clocks of 
write cycles. 

PCHK# 0 Parity Status .is driven on the PCHK # pin the clock after ready for read operations. 
The parity status is for data sampled at the end of the previous clock. A parity error 
is indicated by PCHK# being lOW. Parity status is only checked for enabled bytes 
as indicated by the byte enable and bus size signals. PCHK# is valid only in the 
clock immediately after read data is returned to the processor. At all other times 
PCHK # is inactive (HIGH). PCHK # is never floated. 
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Table 3-7.lnteI486™ Processor Pin Descriptions (Continued) 

Symbol Type Name and Function 

BUS CYCLE DEFINITION 

M/IO# 0 The memory/input-output, data/control and write/read lines are the primary bus 
D/C# 0 definition signals. These signals are driven valid as the AOS# signa) is asserted. 
W/R# 0 

M/IO# D/C# W/R# Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 

0 0 1 Halt/Special Cycle 

0 1 0 I/O Read 

0 1 1 I/O Write 

1 0 0 Code Read 

1 0 1 Reserved 

1 1 0 Memory Read 

1 1 1 Memory Write 

The bus definition signals are not driven during bus hold and follow the timing of the 
address bus. Refer to section 10.2.11, "Special Bus Cycles," for a description of the 
special bus cycles. 

LOCK# 0 The Bus Lock pin indicates that the current bus cycle is locked. The Intel486 
processor will not allow a bus hold when LOCK # is asserted (but address holds are 
allowed). LOCK# goes active in the first clock of the first locked bus cycle and goes 
inactive after the last clock of the last locked bus cycle. The last locked cycle ends 
when ready is returned. LOCK # is active LOW and is not driven during bus hold. 
Locked read cycles will not be transformed into cache fill cycles if KEN # is returned 
active. 

PLOCK# 0 The Pseudo-Lock pin indicates that the current bus transaction requires more than 
one bus cycle to complete. For the Intel486 processor, examples of such operations 
are segment table descriptor .reads (64 bits), in addition to cache line fills (128 bits). 
For Intel486 processors with on-chip Floating-Point Unit, floating-point long reads 
and write (64 bits) also require more than one bus cycle to complete. 

The Intel486 processor will drive PLOCK # active until the addresses for the last bus 
cycle of the transaction have been driven regardless of whether ROY # or BROY # 
have been returned. 

Normally PLOCK # and BLAST # are inverse of each other. However during the first 
bus cycle of a 64-bit floating-point write (for Intel486 processors with on-chip 
Floating-Point Unit), both PLOCK# and BLAST# will be asserted. 

PLOCK# is a fi.mction of the BS8#, BS16# and KEN# inputs. PLOCK# should be 
sampled only in the clock ready is returned. PLOCK# is active LOW and is not 
driven during bus hold. 
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Table 3-7.lnteI486TM Processor Pin Descriptions (Continued) 

Symbol Type Name and Function 

BUS CONTROL 

ADS# a The Address Status output indicates that a valid bus cycle definition and address 
are available on the cycle definition lines and address bus. ADS # is driven active in 
the same clock as the addresses are driven. ADS# is active LOW and is not driven 
during bus hold. 

RDY# I The Non-burst Ready input indicates that the current bus cycle is complete. RDY # 
indicates that the external system has presented valid data on the data pins in 
response to a read or that the external system has accepted data from the Intel486 
processor in response to a write. RDY # is ignored when the bus is idle and at the 
end of the first clock of the bus cycle. 

RDY # is active during address hold. Data can be returned to the processor while 
AHOLD is active. 

RDY# is active LOW, and is not provided with an internal pull-up resistor. RDY# 
must satisfy setup and hold times t16 and t17 for proper chip operation. 

BURST CONTROL 

BRDY# I The Burst Ready input performs the same function during a burst cycle that RDY # 
performs during a non-burst cycle. BRDY # indicates that the external system has 
presented valid data in response to a read or that the external system has accepted 
data in response to a write. BRDY # is ignored when the bus is idle and at the end of 
the first clock in a bus cycle. 

BRDY # is sampled in the second and subsequent clocks of a burst cycle. The data 
presented on the data bus will be strobed into the processor when BRDY # is 
sampled active. If RDY # is returned simultaneously with BRDY #, BRDY # is 
ignored and the burst cycle is prematurely aborted. 

BRDY # is active LOW and is provided with a small pull-up resistor. BRDY # must 
satisfy the setup and hold times t16 and t17. 

BLAST # a The Burst Last signal indicates that the next time BRDY # is returned the burst bus 
cycle is complete. BLAST # is active for both burst and non-burst bus cycles. 
BLAST# is active LOW and is not driven during bus hold. 

INTERRUPTS 

RESET I The Reset input forces the Intel486 processor to begin execution at a known state. 
The processor cannot begin execution of instructions until at least 1 ms after Vee 
and ClK have reached their proper DC and AC specifications. The RESET pin 
should remain active during this time to insure proper processor operation. RESET is 
active HIGH. RESET is asynchronous but must meet setup and hold times t20 and 
t21 for recognition in any specific clock. 
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Table 3-7.lnteI486™ Processor Pin Descriptions (Continued) 

Symbol Type Name and Function 

INTERRUPTS (Continued) 

INTR I The Maskable Interrupt indicates that an external interrupt has been generated; If 
the internal interrupt flag is set in EFLAGS, active interrupt processing will be 
initiated. The Intel486 processor will generate two locked interrupt acknowledge bus 
cycles in response to the INTR pin going active. INTR must remain active until the 
interrupt acknowledges have been performed to assure that the interrupt is 
recognized. 

INTR is active HIGH and is not provided with an internal pull-down resistor. INTR is 
asynchronous, but must meet setup and hold times t20 and t21 for recognition in any 
specific clock. 

NMI I The Non-Maskable Interrupt request signal indicates that an external non-
maskable interrupt has been generated. NMI is rising edge sensitive. NMI must be 
held LOW for at least four CLK periods before this rising edge. NMI is not provided 
with an internal pull-down resistor. NMI is asynchronous, but must meet setup and 
hold times t20 and t21 for recognition in any specific clock. 

SRESET I The Soft Reset pin duplicates all the functionality of the RESET pin with the 
following two exceptions: 
1. The 5MBASE register will retain its previous value. 
2. If UP # (I) is asserted, SRESET will not have an effect on the host processor. 
For soft resets, SRESET should remain active for at least 15 CLK periods. SRESET 
is active HIGH. SRESET is asynchronous but must meet setup and hold times t20 
and t21 for recognition in any specific clock. 

SMI# I The System Management Interrupt input is used to invoke the System 
Management Mode (SMM). SMI# is a falling edge triggered signal which forces the 
processor into SMM at the completion of the current instruction. SMI # is recognized 
on an instruction boundary and at each iteration for repeat string instructions. SMI # 
does not break LOCKed bus cycles and cannot interrupt a currently executing SMM. 
The processor will latch the falling edge of one pending SMI # signal while the 
processor is executing an existing SMI#. The nested SMI# will not be recognized 
until after the execution of a Resume (RSM) instruction. 

SMIACT# a The System Management Interrupt ACTive is an active low output, indicating that 
the processor is operating in SMM. It is asserted when the processor begins to 
execute the SMI # state save sequence and will remain active LOW until the 
processor executes the last state restore cycle out of SMRAM. 

STPCLK# I The SToP CLocK request input signal indicates a request has been made to turn 
off the CLK input. When the processor recognizes a STPCLK #, the processor will 
stop execution on the next instruction boundary, unless superseded by a higher 
priority interrupt, empty all internal pipelines and the write buffers and generate a 
Stop Grant acknowledge bus cycle. STPCLK# is active LOW and is provided with 
an intern·al pull-up resistor. STPCLK # is an asynchronous signal, but must 
remain active until the processor issues the Stop Grant bus cycle. STPCLK # 
may be de-asserted at any time after the processor has issued the Stop Grant 
bus cycle. 
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Table 3-7.lnteI486™ Processor Pin Descriptions (Continued) 

. Symbol Type Name and Function 

BUS ARBITRATION 

BREQ 0 The Bus Request signal indicates that the Intel486 processor has internally 
generated a bus request. BREQ is generated whether or not the Intel486 processor 
is driving the bus. BREQ is active HIGH and is never floated. 

HOLD I The Bus Hold request allows another bus master complete control of the processor 
bus. In response to HOLD going active the Intel486 processor will float most of its 
output and input/output pins. HLDA will be asserted after completing the current bus 
cycle, burst cycle or sequence of locked cycles. The Intel486 processor will remain 
in this state until HOLD is de-asserted. HOLD is active high and is not provided with 
an internal pull-down resistor. HOLD must satisfy setup and hold times t18 and t19 

. for proper operation. 

·HLDA 0 Hold Acknowledge goes active in response to a hold request presented on the 
HOLD pin. HLDA indicates that the Intel486 processor has given the bus to another 
local bus master. HLDA is driven active in the same clock that the Intel486 
processor floats its bus. HLOA is driven inactive when leaving bus hold. HLDA is 
active HIGH and remains driven during bus hold. 

BOFF# I The Backoff input forces the Intel486 processor to float its bus in the next clock. 
The processor will float all pins normally floated during bus hold but HLDA will not be 
asserted in response to BOFF #. BOFF # has higher priority than ROY # or BRDY #; 
if both are returned in the same clock, BOFF # takes effect. The processor remains 
in bus hold until BOFF # is negated. If a bus cycle was in progress when BOFF # 
was asserted the cycle will be restarted. BOFF fF is active LOW and must meet 
setup and hold times t18 and t19 for proper operation. 

CACHE INVALIDATION 

AHOLD I The Address Hold requesrallows another bus master access to the processor's 
address bus for a cache invalidation cycle. The Intel486 processor will stop driving 
its address bus in the clock following AHOLO going active. Only the address bus will 
be floa~ed during address hold, the remainder of the bus will remain active. AHOLO 
is active HIGH and is provided with a small internal pull-down resfstor. For proper 
operation AHOLO must meet setup and hold times t18 and t19. 

EADS# I This signal indicates that a valid External Address has been driven· onto the 
Intel486 processor address pins. This address will be used to perform an internal 
cache invalidation cycle. EAOS # is active LOW and is provided with .an internal pull-
up resistor. EAOS# must satisfy setup and hold times t1·2 and t13 for proper 
operation. 

CACHE CONTROL 

KEN# I The Cache Enable pin is used to determine whether the current cycle is cacheable. 
When the Intel486 processor generates a cycle that can be cached and ·KEN # is 
active one clock before ROY # or BRDY # during the first transfer of the cycle, the 
cycle will become a cache line fill cycle. Returning. KEN # active one clock before 
ROY # during the last read in the cache line fill will cause the line to be placed in the 
on-chip cache. KEN # is active LOW and is provided with a small internal pull-up 
resistor. KEN# must satisfy setup and hold times t14 and t15 for proper operation. 

FLUSH # I The Cache Flush input forces the Intel486 processor to flush its entire internal 
cache. FLUSH # is active low and need only be asserted for one clock. FLUSH # is 
asynchronous but setup and hold times t20 and t21 must be met for recognition in 
any specific clock. 
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Table 3-7. Intel486TM Processor Pin Descriptions (Continued) 

Symbol Type Name and Function 

PAGE CACHEABILlTV 

PWT 0. The Page Write-Through and Page Cache Disable pins reflect the state of the 
PCD 0. page attribute bits, PWT and PCO, in the page table entry, page directory entry or 

control register 3 (CR3) when paging is enabled. If paging is disabled, the processor 
ignores the PCO and PWT bits and assumes they are zero for the purpose of 
caching and driving PCO and PWT pins. PWT and PCO have the same timing as the 
cycle definition pins (M/ID#, O/C#, and W/R#). PWT and PCO are active HIGH 
and are not driven during bus hold. PCO is masked by the cache disable bit (CD) in 
Control Register o. 

BUS SIZE CONTROL 

BS16# I The Bus Size 16 and Bus Size 8 pins (bus sizing pins) cause the Intel486 processor 
BS8# I to run multiple bus cycles to complete a request from devices that cannot provide or 

accept 32 bits of data in a single cycle. The bus sizing pins are sampled every clock. 
The state of these pins in the clock before ready is used by the Intel486 processor to 
determine the bus size. These signals are active LDW and are provided with internal 
pull-up resistors. These inputs must satisfy setup and hold times t14 and t15 for 
proper operation. 

ADDRESS MASK 

A20M# I When the Address Bit 20 Mask pin is asserted, the Intel486 processor masks 
physical address bit 20 (A20) before performing a lookup to the internal cache or 

• driving a memory cycle on the bus. A20M # emulates the address wraparound at 
one Mbyte, which occurs on the 8086 processor. A20M# is active LDW and should 
be asserted only when the processor is in real mode. This pin is asynchronous but 
should meet setup and hold times t20 and t21 for recognition in any specific clock. 
For proper operation, A20M # should be sampled high at the falling edge of RESET. 

TEST ACCESS PORT 

TCK I Test ClocK is an input to the Intel486 processor and provides the clocking function 
required by the JT AG Boundary scan feature. TCK is used to clock state information 
and data into component on the rising edge of TCK on TMS and TOI, respectively. 
Data is clocked out of the part on the falling edge of TCK and TOO.. TCK is provided 
with an internal pull-up resistor. 

TDI I Test Data Input is the serial input used to shift JTAG instructions and data into 
component. TOI is sampled on the rising edge of TCK, during the SHIFT-IR and 
SHIFT·DR TAP controller states. During all other tap controller states, TOI is a 
"don't care." TOI is provided with an internal pull-up resistor. 

TOO 0. Test Data Output is the serial output used to shift JT AG instructions and data out of 
the component. TOO. is driven on the falling edge of TCK during the SHIFT-IR and 
SHIFT·OR TAP controller states. At all other times TOO. is driven to the high 
impedance state. 

TMS I Test Mode Select is decoded by the JT AG TAP (Tap Access Port) to select the 
operation of the test logic. TMS is sampled on the rising edge of TCK. To guarantee 
deterministic behavior of the TAP controller TMS is provided with an internal pull·up 
resistor. 
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Table 3-7. Intel486TM Processor Pin Descriptions (Continued) 

Symbol Type Name and Function 

PERFORMANCE UPGRADE SUPPORT 

UP# I The Upgrade Present input detects the presence of the upgrade processor, then 
powers down the core, and tri-states all outputs of the original processor, so that the 
original processor consumes very low current. UP # is active LOW and sampled at 
all tim~s, including after power-up and during reset. 

NUMERIC ERROR REPORTING FOR Intel486 DX, INTELDX2™, AND IntelDX4TM PROCESSORS 

FERR# 0 The Floating-Point ERRor pin is driven active when a floating-point error occurs. 
FERR # is similar to the ERROR # pin on the Intel387™ Math CoProcessor. 
FERR # is included for compatibility with systems using DOS type floating-point 
error reporting. FERR # will not go active if FP errors are masked in FPU register . 

. FERR # is active LOW, and is not floated during bus hold. 

IGNNE# . I When the IGNore Numeric Error pin is asserted the processor will ignore a numeric 
error and continue executing non-control floating-point instructions, but FERR # will 
still be activated by the processor. When IGNNE# is de-asserted the processor will 
freeze on a non-control floating-point instruction, if.a previous floating-point 
instruction caused an error. IGNNE # has no effect when the NE bit in control 
register 0 is set. IGNNE # is active LOW and is provided with a small internal pull-up 
resistor. IGNNE# is asynchronous but setup and hold times t20 and t21 must be met 
to insure recognition on any specific clock. 

WRITE-BACK ENHANCED IntelDX4 AND WRITE-BACK ENHANCED IntelDX2 PROCESSORS SIGNAL 
PINS 

CACHE # 0 The CACHE # output indicates internal cacheability on read cycles and burst write-
back on write cycles. CACHE # is asserted for cacheable reads, cacheable code 
fetches and write-backs. It is driven inactive for non-cacheable. reads, I/O cycles, 
special cycles, and write-through cycles. 

FLUSH # I Cache FLUSH # is an existing pin that operates differently if the processor is 
configured as Enhanced Bus mode (write-back). FLUSH# will cause the processor 
to write back all modified lines and flush (invalidate) the cache. FLUSH # is 
asynchronous, but must meet setup and hold times t20 and t21 for recognition in any 
specific clock. 

HITM# 0 The Hit/Miss to a Modified Line pin is a cache coherency protocol pin that is .. 
driven only in Enhanced Bus mode. When a snoop cycle is run, HITM # indicates 
that the processor contains the snooped line and that the line has been modified. 
Assertion of HITM #. implies that the line will be written back in its entirety, unless the 
processor is already in the process of doing a replacement write-back. of the same 
line. 

INV I . The Invalidation Request pin is a cache coherency protocol pin that is used only in 
the Enhanced Bus mode. It is sampled by the processor on EADS#-driven snoop 
cycles. It is necessary to assert this pin to get the effect of the processor invalidate 
cycle on write-through-only lines. INV also invalidates the write-back liries. However, 
if the snooped line is modified, the line will be written back and then invalidated. INV 
must satisfy setup and hold times t12 and t13 for proper operation. 
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Table 3-7. Intel486TM Processor Pin Descriptions (Continued) 

Symbol Type Name and Function 

WRITE-BACK ENHANCED IntelDX4 AND WRITE-BACK ENHANCED IntelDX2 PROCESSORS SIGNAL 
PINS (Continued) 

PLOCK# 0 In the Enhanced bus mode, Pseudo-Lock Output is always driven inactive. In this 
mode, a 64-bit data read (caused by an FP operand access or a segment descriptor 
read) is treated as a multiple cycle read request, which may be a burst or a non-burst 
access based on whether BRDY # or ROY # is returned by the system. Because 
only write-back cycles (caused by Snoop write-back or replacement write-back) are 
write burstable, a 64-bit write will be driven out as two non-burst bus cycles. 
BLAST # is asserted during both writes. Refer to the Bus Functional Description 
section 10.3 for details on Pseudo-Locked bus cycles. 

SRESET I For the Write-Back Enhanced IntelDX2 processor, Soft RESET operates similar to 
other Intel486 processors. On SRESET, the internal SMRAM base register retains 
its previous value, does not flush, write-back or disable the internal cache. Because 
SRESET is treated as an interrupt, it is possible to have a bus cycle while SRESET is 
asserted. SRESET is serviced only on an instruction boundary. SRESET is 
asynchronous but must meet setup and hold times t20 and t21 for recognition in any , 
specific clock. 

WB/WT# I The Write-Back/Write-Through pin enables Enhanced Bus mode (write· back 
cache). It also defines a cached line as write-through or write-back. For cache 
configuration, WB/WT # must be valid during RESET and be active for at least two 
clocks before and two clocks after RESET is de-asserted. To define write-back or 
write-through configuration of a line, WB/WT # is sampled in the same clock as the 
first ROY # or BRDY # is returned during a line fill (allocation) cycle. 

IntelDX4 PROCESSOR CLKMUL, VCC5, AND VOLDET 

CLKMUL I The CLocK MUltiplier input, defined during device RESET, defines the ratio of 
internal core frequency to external bus frequency. If sampled low, the core, 
frequency operates at twice the external bus frequency (speed doubled mode). If 
driven high or left floating, speed triple mode is selected. CLKMUL has an internal 
pull-up speed to Vee and may be left floating in designs that select speed tripled 
clock mode. 

VCC5 I The 5V reference voltage input is the reference voltage for the 5V-tolerant I/O 
buffers. This signal should be connected to + 5V ± 5% for use with 5V logic. If all 
inputs are from 3V logic, this pin should be connected to 3.3V. 

VOLDET 0 A VOltage DETect signal allows external system logic to distinguish between a 5V 
Intel486 processor and the 3.3V IntelDX4 processor. This signal is active low for a 
3.3V IntelDX4 processor. This pin is available only on the PGA version of the 
IntelDX4 processor. 
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Table 3·B. Output Pins 

Name Active Level When Floated 

BREQ HIGH 

HLOA HIGH 

BE3#-BEO# LOW Bus Hold 

PWT,PCO HIGH/LOW Bus Hold 

W/R#, HIGH/LOW Bus Hold 
M/IO#,O/C# 

LOCK# LOW Bus Hold 

PLOCK # LOW Bus Hold 

AOs# LOW Bus Hold 

BLAST # LOW Bus Hold 

PCHK# LOW 

FERR#(1) LOW 

A3-A2 N/A Bus, Address Hoid 

sMIACT#(2) LOW 

CACHE#(S) LOW Bus, Address Hold 

HITM#(S) LOW Bus, Address Hold 

VOLOET(4) LOW 

NOTES: 
1. Present on the Intel486™ OX, IntelOX2™, and 

IntelDX4™ processors only. 
2. Not present in the 50-MHz Intel486 OX processor. 
S. Present on the Write-Back Enhanced IntelDX4 

Write-Back Enhanced IntelOX2 processors only. 
4. Present on the IntelDX4 processor only. 
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and 

Table 3·9. Input/Output Pins(1) 

Name Active Level When Floated 

031-00 HIGHlLOW Bus Hold 

DP3-DPO HIGH Bus Hold 

A31-A4 HIGH/LOW Bus, Address Hold 

NOTE: 
1. All input/output signals are floated when UP# is assert

ed. 

Table 3·10. Test Pins 

Name 
Input or 

Sampled/Driven On 
Output 

TCK Input N/A 

TDI Input Rising Edge of TCK 

TOO Output Falling Edge of TCK 

TMs Input Rising Edge of TCK 

NOTE: 
1. The test pins are not present on the Intel486 5XTM proc

essor in the PGA package. 
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Table 3-11. Input Pins 

Active Synchronousl 
Internal 

Name Pull-Upl 
Level Asynchronous 

Pull-Down 

CLK, 
CLK2(1) 

RESET HIGH Asynchronous 

SRESET HIGH Asynchronous Pull-Down 

HOLD HIGH Synchronous 

AHOLD HIGH Synchronous Pull-Down 

EADS# LOW Synchronous Pull-Up 

BOFF# LOW Synchronous Pull-Up 

FLUSH# LOW Asynchronous Pull-Up 

A20M# LOW Asynchronous Pull-Up 

BS16#, LOW Synchronous Pull-Up 
BS8# 

KEN# LOW Synchronous Pull-Up 

RDY# LOW Synchronous 

BRDY# LOW Synchronous Pull-Up 

INTR HIGH Asynchronous 

NMI HIGH Asynchronous 

IGNNE#(2) LOW Asynchronous Pull-Up 

SMI#(3) LOW Asynchronous Pull-Up 

STPCLK(2)# LOW Asynchronous Pull-Up 

UP# LOW Pull-Up 

TCK(4) HIGH Pull-Up 

TDI(4) HIGH Pull-Up 

TMS(4) HIGH Pull-Up 

I NV(5) HIGH Synchronous Pull-Up 

WB/WT#(5) HIGHI Synchronous Pull-Down 
LOW 

CLKMUL#(6) N/A Pull-Up 

NOTES: 
1. CLK2 is present on 2X clock mode Intel486TM SX and Intel486 OX processors. 
2. Present on the Intel486 OX, InteIOX2™, and IntelOX4TM processors only. 
3. Not present in the 50-MHz Intel486 OX processor. 
4. The test pins are not present on the Intel486 SX processor in the PGA package. 
5. Present on the Write-Back Enhanced IntelOX4 and Write-Back Enhanced IntelOX2 processors only. 
6. Present on the IntelOX4 processor only. 
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4.0 ARCHITECTURAL OVERVIEW 

4.1 Introduction 

The Intel486 processor family is a 32-bit architecture 
with on-chip memory management, Floating-Point, 
and cache memory units. Figure 4-1 is a block dia
gram of the Intel486 processor family. The Intel486 
processor contains all the features of the Intel386TM 
processor with enhancements to increase perform
ance. 

The Intel486 processor instruction set includes the 
complete Intel386 processor instruction set along 
with extensions to serve new applications and in
crease performance. The on-chip memory manage
ment unit (MMU) is completely compatible with the 
Intel386 processor MMU. Software written for previ
ous members of the Intel architecture family will run 
on the Intel486 processor without any modifications. 

On-chip cache memory allows frequently used data 
and code to be stored on-chip reducing accesses to 
the external bus. RiSe design techniques reduce in
struction cycle times. A burst bus feature enables 
fast cache fills. 

The memory management unit (MMU) consists of a 
segmentation unit and a paging unit. Segmentation 
allows management of the logical address space by 
providing easy data and coderelocatibility and effi
cient sharing of global resources. The paging mech
anism operates beneath segmentation and is trans
parent to the segmentation process. Paging is op
tional and can be disabled by system software. Each 
segment can be divided into one or more 4-Kbyte 
segments. To .implement a virtual memory system, 
full restartability for all page and segment faults is 
supported. 

Memory is organized into one or more variable 
length segments, each up to four Gbytes (232 bytes) 
in size. A segment can haife attributes associated 
with it which include its location, size, type (i.e., 
stack, code or data), and protection characteristics. 
Each task on an Intel486 processor can have a max
imum of 16,381 segments and each are up to four 
Gbytes in size. Thus, each task has a maximum of 
64 terabytes (trillion bytes) of virtual memory. 

The segmentation unit provides four levels of pro
tection for isolating and protecting applications and 
the operating system from each other. The hardware 
enforced protection allows the design of systems 
with a high degree of software integrity. 

The Intel486 processor has two modes of operation: 
Real Address Mode (Real Mode) and Protected 
Mode Virtual Address Mode (Protected Mode). In 
Real Mode the Intel486 processor operates as a 
very fast 8086. Real Mode is required primarily to set 
up the Intel486 processor for Protected Mode oper
ation. Protected Mode provides access to the so
phisticated memory management paging and privi
lege capabilities of the processor. 

Within Protected Mode, software can perform a task 
switch to enter into tasks designated as Virtual 8086 
Mode tasks. Each Virtual 8086 task behaves with 
8086 semantics, allowing 8086 processor software 
(an application program or an entire operating sys
tem) to execute. 

System Management Mode (SMM) provides the sys
tem designer with a means of adding new software 
controlled features to their computer products that 
always operate transparently to the Operating 
System (OS) and software applications. SMM is 
intended for use only by system firmware, not by 
applications software or general purpose systems 
software. 

The on-chip cache is 16 Kbytes in size for the 
IntelDX4 processor and 8 Kbytes in size for all other 
members of the Intel486 processor family. It is 4-
way set associative and follows a write-through poli
cy. The on-chip cache includes features to provide 
flexibility in external memory system design. Individ
ual pages can be designated as cacheable or non
cacheable by software or hardware. The cache can 
also be enabled and disabled by software or hard
ware. The Write-Back Enhanced Intel486 proces
sors can be set to use an on-chip write-back cache 
policy. 

The Intel486 processor also has features that facili
tate high-performance hardware designs. The 1 X 
bus clock input eases high-frequency board-level 
designs. The clock multiplier on IntelSX2, IntelDX2, 
and IntelDX4 processors improves execution 
performance without increasing board design com
plexity. The clock multiplier enhances all operations 
operating out of the cache andlor not blockec;l by 
external bus accesses. The .burst bus feature en
ables fast cache fills. 
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Figure 4-1. Iritel486TM Processor Block Diagram 

4.1.1 Intel486 DX, inte1DX2™, AND IntelDX4TM 
PROCESSOR ON-CHIP FLOATING-POINT 
UNIT 

The Intel486 DX, IntelDX2, and IntelDX4 processors 
incorporate the basic Intel486 processor 32-bit ar
chitecture with on-chip memory management and 
cache memory units. They also have an on-chip 
Floating-Point Unit (FPU) that operates in parallel 
with the arithmetic and logic unit. The FPU provides 
arithmetic instructions for a variety of numeric data 
types and executes numerous built-in transcenden
tal functions (e.g., tangent, sine, cosine, and log 
functions). The Floating-Point Unit fully conforms to 
the ANSIIIEEE standard 754-1985 for Floating-Point 
arithmetic. 

All software written for the Intel386 processor, 
Intel387 math coprocessor and previous members 
of the 86/87 architectural family will run on these 
processors without any modifications. 

I 

4.1.2 UPGRADE POWER DOWN MODE 

Upgrade Power Down Mode on the Intel486 proces
sor is initiated by the Intel OverDrive processor using 
the UP# (upgrade present) pin. Upon sensing the 
presence of the Intel OverDrive Processor, the 
Intel486 processortri-states its outputs and enters 
the "Upgrade Power Down Mode," lowering its pow
er consumption. The UP# pin of the Intel486 proc
essor is driven active (low) by the UP# pin of the 
Intel OverDrive processor. 

4.2 Register Set 

The Intel486 processor register set can be split into 
the following categories: 

• Base Architecture Registers 

General Purpose Registers 

Instruction Pointer 
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- Flags Register 

- Segment Registers 

• Systems Level Registers 

- Control Registers 

- System Address Registers 

• Oebug and Test Registers 

The base architecture and Floating-Point registers 
(see below) are accessible by the applications pro
gram. The system level registers can only be ac
cessed at privilege level 0 and used by system level 
programs. The debug and test registers also can 
only be accessed at privilege level o. 

4.2.1 FLOATING-POINT REGISTERS 

In addition to the registers listed above, the Intel486 
OX, IntelOX2, and IntelOX4 processors also have 
the following: 

• Floating-Point Registers 

- Oata Registers 

- Tag Word 

- Status Word 

- Instruction and Oata Pointers 

- Control Word 

4.2.2 BASE ARCHITECTURE REGISTERS 

Figure 4-2 shows the Intel486 processor base archi
tecture registers. The contents of these registers are 
task-specific and are automatically loaded with a 
new context upon a task switch operation. 

The base architecture includes six directly accessi
ble descriptors, each specifying a segment up to 4 
Gbytes in size. The descriptors are indicated by the 
selector values placed in the Intel486 processor 
segment registers. Various selector values can be 
loaded as a program executes. 

The selectors are also task~specific, so the segment 
registers are automatically loaded with new context 
upon a task switch operation. 

NOTE: 
In register descriptions, "set" means "set to 
1," and "reset" means "reset to 0." 
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Figure 4-2. Base Architecture Registers 

4.2.2.1 General Purpose Registers 

The eight 32-bit general purpose registers· are. 
shown in Figure 4-2. These registers hold data or 
address quantities. The general purpose registers 
can support data operands of. 1, 8, 16 and 32 bits, 
and bit fields of 1 to 32 bits. Address operands of 16 
and 32 bits are supported. The 32-bit ~egisters are 
named EAX, EBX, ECX, EOX, ESI, EOI, EBP arid 
ESP. . 

The least significant 16 bits of the general purpose 
registers can be accessed separately by using the 
16-bit names of the registers AX, BX, CX, OX, SI, 01, 
BP and SP. The upper 16 bits of the register are not 
changed when the lower 16 bits are accessed sepa
rately. 
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Finally, 8-bit operations can individually access the 
lower byte (bits 0-7) and the highest byte (bits 8-
15) of the general purpose registers AX, BX, CX and 
OX. The lowest bytes are named AL, BL, CL and OL 
respectively. The higher bytes are named AH, BH, 
CH and OH respectively. The individual byte acces
sibility offers additional flexibility for data operations, 
but is not used for effective address calculation. 

4.2.2.2 Instruction Pointer 

The instruction pointer shown in Figure 4-2 is a 32-
bit register named EIP. EIP holds the offset of the 
next instruction to be executed. The offset ·is always 
relative to the base of the code segment (CS). The 
lower 16 bits (bits 0-15) of the EIP contain the 16-bit 
instruction pointer named IP, which is used for 16-bit 
addressing. 

Intel486TM PROCESSOR FAMIL V 

4.2.2.3 Flags Register 

The flags register is a 32-bit register named 
EFLAGS. The defined bits and bit fields within 
EFLAGS control certain operations and indicate 
status of the Intel486 processor. The lower 16 bits 
(bit 0-15) of EFLAGS contain the 16-bit register 
named FLAGS, which is most useful when executing 
8086 and 80286 processor code. EFLAGS is shown 
in Figure 4·3. 

EFLAGS bits 1, 3, 5, 15 and 22-31 are defined as 
"Intel Reserved." When these bits are stored during 
interrupt processing or with a PUSHF instruction 
(push flags onto stack), a one is stored in bit 1 and 
zeros in bits 3, 5, 15 and 22-3.1. 

FLAGS 
,~ __________ ~A~ ____________ ~ 

3 3 2, 2 2 2 2 2 2 2 2 2 1 1 1 1 

I 

o 9 8 7 6 5 4 3 2 0 9 8 7 6 5 4 3 2 

EFLAGS Intel Reserved 

Identification Flag 
al Interrupt Pending Virtu 

V irtual Interrupt Flag 
Alignment Check 

Virtual Mode 
Resume Flag 

Nested Task Flag 
110 Privilege Level 

Overflow 
Direction Flag 

Interru tEnable p 

v V 
I I I A V R 0 
DpFCMF 

tj 

l!I indicates Intel Reserved; Do not define. 

NOTE: 
See section 4.2.7 "Compatibility." 

N lOP 
T L 

09876543210 

o D ITS Z 0 
F F F F F F 

A 0 
F 

P 1 C 
F F 

~: Carry Flag 
Parity Flag 
Auxiliary lag 
Zero Flag 
Sign Flag 
Trap Flag 
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Figure 4-3. Flag Registers 
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ID (Identification Flag, bit 21) 

The ability of a program to set and clear the ID 
flag. indicates that the processor supports the 
CPUID instruction. (Refer to section 13, "In
struction Set Summary," and Appendix. B, 
"Feature Determination: CPUID Instruction.") 

VIP' (Virtual Int~rrupt Pending Flag, bit 20) 

The VIP flag together with the VIF enable 
each applications program in a multitasking 
environment to have virtualized versions of 
the system's IF flag. For more on the use of 
this flag in virtual-BOB6 mode and in protected 
mode. (Refer to Appendix A, "Advanced Fea
tures.") 

VIF (Virtual Interrupt Flag, bit 19) 

The VIF is a virtual image of IF (the interrupt 
flag) used with VIP. For more on the use of 
this flag in virtual-BOB6 mode and in protected 
mode. (Refer to Appendix A, "Advanced Fea
tures.") 

AC (Alignment Check, bit 1 B) . 

4-2BO 

The AC bit is defined in the upper 16 bits of 
the register. It enables the generation of faults 
if a memory reference is to a misaligned ad
dress. Alignment faults are enabled when AC 
is set to 1. A misaligned address is a word 
access an odd address, a dword access to an 
address that is not on a dword boundary, or 
an B-byte reference to an address that is not 
on a . 64-bit word boundary. (See section 
10.1.5, "Operand Alignment.") 

Alignment faults are only generated by pro
grams running at privilege level 3. The AC bit 
setting is ignored at privilege levels 0, 1 and 2. 
Note that references to the descriptor tables 
(for selector loads), or the task state segment 
(TSS), are implicitly level 0 references even if 
the instructions causing the references are 
executed at level 3. Alignment faults are re
ported through interrupt 17, with an error code 
of o. Table 4-1 gives the alignment required 
for the Intel4B6 processor data types. 

Table 4-1. Data Type Alignment Requirements 

Memory Access 
Alignment 

(Byte Boundary) 

Word 2 

Dword 4 

Single Precision 4 
Real 

Double Precision B 
Real 

Extended Precision B 
Real 

Selector 2 

4B-Bit Segmented 4 
Pointer 

32-Bit Flat Pointer 4 

32-Bit Segmented 2 
Pointer 

4B-Bit "Pseudo- 4 
Descriptor" 

FSTENV /FLDENV 4/2 (On Operand Size) 
Save Area 

FSAVE/FRSTOR 4/2 (On Operand Size) 
Save Area 

Bit String 4 

IMPLEMENTATION NOTE: 
Several instructions on the Intel4B6 proces
sor generate misaligned .references, even if 
their memory address is aligned. For exam
ple, on the Intel4B6 processor, the SGDT / 
SIDT (store global/interrupt descriptor table) 
instruction reads/writes two bytes, and then 
reads/writes four bytes from a "pseudo-de
scriptor" at the given address. The Intel4B6 
processor "."IiII generate misaligned refer
ences unless the address is on a 2 mod 4 
boundary. The FSAVE and FRSTOR instruc
tions (Floating-Point save .and restore state) 
will generate misaligned references for one
half of" the register save/re,store cycles. The 
Intel4B6 processor will not cause any AC 
faults if the effective address given in the in
struction has the proper alignment. 
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VM 

RF 

NT 

I 

(Virtual 8086 Mode, bit 17) 

The VM bit provides Virtual 8086 Mode with
in Protected Mode. If set while the Intel486 
processor is in Protected Mode, the Intel486 
processor will switch to Virtual 8086 opera
tion, handling segment loads as the 8086 
processor does, but generating exception 
13 faults on privileged opcodes. The VM bit 
can be set only in Protected Mode, by the 
IRET instruction (if current privilege level = 
0) and by task switches at any privilege lev
el. The VM bit is unaffected by POPF. 
PUSHF always pushes a 0 in this bit, even if 
executing in Virtual 8086 Mode. The 
EFLAGS image pushed during interrupt pro
cessing or saved during 'task switches will 
contain a 1 in this bit if the interrupted code 
was executing as a Virtual 8086 Task. 

(Resume Flag, bit 16) 

The RF flag is used in conjunction with the 
debug register breakpoints. It is checked at 
instruction boundaries before breakpoint 
processing. When RF is set, it causes any 
debug fault to be ignored on the next in
struction. RF is then automatically reset at 
the successful completion of every instruc
tion (no faults are signaled) except the IRET 
instruction, the POPF instruction, (and JMP, 
CALL, and INT instructions causing a task 
switch). These instructions set RF to the val
ue specified by the memory image. For ex
ample, at the end of the breakpoint service 
routine, the IRET instruction can pop an 
EFLAG image having the RF bit set and re
sume the program's execution at the break
point address without generating another 
breakpoint fault on the same location. 

(Nested Task, bit 14) 

The flag' applies to Protected Mode. NT is 
set to indicate that the execution of this task 
,is within another task. If set, it indicates that 
the current nested task's Task State Seg
ment (TSS) has a valid back link to the previ
ous task's TSS. This bit is set or reset by 
control transfers to other tasks. The value of 
NT in EFLAGS is tested by the IRET instruc
tion to determine whether to do an inter-task 
return or an intra-task return. A POPF or an 
IRET instruction will affect the setting of this 
bit according to the image popped, at any 
privilege level. 

Intel486TM PROCESSOR FAMILY 

10PL (Input/Output Privilege Level, bits 12-13) 

This two-bit field applies to Protected Mode. 
10PL indicates the numerically maximum 
CPL (current privilege level) value permitted 
to execute I/O instructions without generat
ing an exception 13 fault or consulting the 
I/O Permission Bitmap. It also indicates the 
maximum CPL value allowing alteration of 
the IF (INTR Enable Flag) bit when new val
ues are popped into the EFLAG register. 
POPF and IRET instruction can alter the 
10PL field when executed at CPL = o. Task 
switches can always alter the 10PL field, 
when the new flag image is loaded from the 
incoming task's TSS. 

OF (Overflow Flag, bit 11) 

is set if the operation resulted in a signed 
overflow. Signed overflow occurs when the 
operation resulted in carry/borrow into the 
sign bit (high-order bit) of the result but did 
not result in a carry/borrow ,out of the high
order bit, or vice-versa. For 8-, 16-, 32-bit 
operations, OF is set according to overflow 
at bit 7,15,31, respectively. 

OF (Direction Flag, bit 10) 

OF defines whether ESI and/or EDI regis
ters post decrement or post increment dur
ing the string instructions. Post increment 
occurs if OF is reset. Post decrement occurs 
if OF is set. 

IF (INTR Enable Flag, bit 9) 

IF flag, when set, allows recognition of ex
ternal interrupts signaled on the INTR pin. 
When IF is reset, external interrupts signaled 
on the INTR are not recognized. 10PL indi
cates the maximum CPL value allowing al
teration of the IF bit when new values are 
popped into EFLAGS or FLAGS. 

TF (Trap Enable Flag, bit 8) 

TF controls the generation of exception 1 
trap when single-stepping through code. 
When TF is set, the Intel486 processor gen
erates an exception 1 trap after the next in
struction is executed. When TF is reset, ex
ception 1 traps occur only as a function of 
the breakpoint addresses loaded into debug 
registers DRO-DR3. 
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SF 

ZF 

AF 

PF 

CF 

(Sign Flag, bit 7) 

SF is set if the high-order bit of the result is 
set, it is reset otherwise. For 8-, 16·, 32-bit 
operations, SF reflects the state of bit 7,15, 
31 respectively. 

(Zero Flag, bit 6) 

ZF is set if all bits of the result are O. Other-
wise, it is reset. ' 

(Auxiliary Carry Flag, bit 4) 

The Auxiliary Flag is used to simplify the ad
dition and subtraction of packed BCD quan
tities. AF is set if the operation resulted in a 
carry out of bit 3 (addition) or a borrow into 
bit 3 (subtraction). Otherwise, AF is reset. 
AF is affected by carry out of, or borrow into 
bit 3 only, regardless of overall operand 
length: 8, 16 or 32 bits. 

(Parity Flags, bit 2) 

PF is set if the low-order eight bits of the 
operation contains an even number of "1's" 
(even parity). PF is reset if the low-order 
eight bits have odd parity. PF is a function of 
only the low-order eight bits, regardless of 
operand size. 

(Carry Flag, bit 0) 

CF is set if the operation resulted in a carry 
out of (addition),' or a borrow into (subtrac
tion) the high-order bit. Otherwise, CF is re
set. For 8-, 16- or 32-bit operations, CF is 
set according to carry/borrow at bit 7, 15 or 
31, respectively. ' 

4.2.2.4 Segment Registers 

Six 16-bit segment registers hold segment selector 
values identifying the currently addressable memory 
segments. In' protected mode, each segment may 
range in size from one byte up to the entire linear 
and physical address space of the machine, 4 
Gbytes (232 bytes). In real address mode, the maxi
mum segment size is fixed at 64 Kbytes (216 bytes). 

The six addressable segments are defined by the 
segment registers CS, SS, OS, ES, FS and GS. The 
selector in CS indicates the current code segment; 
the selector in SS indicates the current stack seg
ment; the selectors in OS, ES, FS and GS indicate 
the current data segments. 

4.2.2.5 Segment Descriptor Cache Registers 

The segment descriptor cache registers are not pro
grammer visible, yet it is very useful to understand 
their content. A programmer invisible descriptor 
cache register is associated with each programmer
visible segment register, as shown by Figure 4·4. 
Each descriptor cache register holds a 32-bit base 
address, a 32-bit segment limit, and the other neces
sary segment attributes. 

Segment Registers Descriptor Registers (Loaded Automatically) 

~ rr--------~------------~A~--------------------------~~ 
15 o Physical Base Address Segment Llm~ Other Segment Attributes from Descriptor 

Selector 

Selector 

Selector 

Selector 

Selector 

Selector 

CS
~--------~--------~-+-r~~;-~~ 

SS-
~--------~--------~-+-r~~;-~~ 

DS-
~--------~--------~-+-r~~;-~~ 

ES-
~--------~--------~-+-r~~;-~~ 

FS-
~--------~--------~-+-r~~;-~~ 

GS-
~ __ ~ ______ L-________ ~~~~~~~~~~ 
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Figure 4-4. Intel486TM Processor Segment Registers and Associated Descriptor Cache Registers 
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When a selector value is loaded into a segment reg
ister, the associated descriptor cache register is au
tomatically updated with the correct information. In 
Real Mode, only the base address is updated direct
ly (by shifting the selector value four bits to the left), 
because the segment maximum limit and attributes 
are fixed in Real Mode. In Protected Mode, the base 
address, the limit, and the attributes are all updated 
per the contents of the segment descriptor indexed 
by the selector. 

Whenever a memory reference occurs, the segment 
descriptor cache register associated with the seg
ment being used is automatically involved with the 
memory reference. The 32-bit segment base ad
dress becomes a component of the linear address 
calculation, the 32-bit limit is used for the limit-check 
operation, and the attributes are checked against 
the type of memory reference requested. 

31 ' 24123 
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4.2.3 SYSTEM LEVEL REGISTERS 

Figure 4-5 illustrates the system level registers, 
which are the control operation of the on-chip 
cache, the on-chip Floating-Point Unit (on the In
tel486 OX, Inte1DX2, and IntelDX4 processors) and 
the segmentation and paging mechanisms. These 
registers are only accessible to programs running at 
privilege level 0, the highest privilege level. 

The system level registers include three ,control reg
isters and four segmentation base registers. The 
three control registers are CRO, CR2 and CR3. CR1 
is reserved for future Intel processors. The four seg
mentation base registers are the Global Descriptor 
Table Register (GDTR), the Interrupt Descriptor Ta
ble Register (IDTR), the Local Descriptor Table Reg
ister (LDTR) and the Task State Segment Register 
(TR). 

16115 817 0 

Page Fau~ Unear Address Register 

CRD 

CR2 

I 

Page Directory Base Register I 

47 32-Bit Linear Base Address 16 15 Um~ 0 

~:::rl-----------------------+I---:-:-:-:-::--~I 
System Segment Registers Descriptor Registers (Loaded Automatically) 

CR3 

CR4 

~ r~--------------------JA~----------------~--~\ 
15 .--________ ..., 0 

TR 

32·B~ Linear Base Address 20·BiI Segment Umil Attributes 

Selector I I II LDTR Selector 
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Figure 4-5. System Level Registers 
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31 24 23 .16 15 8 7 o 

(::J indicates Intel Reserved; Do not define. 
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NOTE: 
See Section 4.2.7 "Compatibility". 

Figure 4-6. Control Register 0 

4.2.3.1 Control Registers 

Control Register 0 (CRO) 

• On-Chip Cache Control Modes: CD, NW 
(Table 4-3) 

CRO, shown in Figure 4-6, contains 10 bits for con
trol and status purposes. The function of the bits in 
CRO can be categorized as follows: 

• On-Chip Floating-Point Unit: NE, TS, EM, TS (Ta
bles 4-4, 4-5, and 4-6). (Also applies for Intel486 
SX and IntelSX2 processors.) 

• Alignment Check Control: AM 

• Intel486 Processor Operating Modes: PG, PE 
(Table 4-2) 

• Supervisor Write Protect: WP 

Table 4-2. Intel486™ Processor Operating Modes 

PG PE Mode 

0 0 REAL Mode. Exact 8086 processor semantics, with 32-bit extensions available with prefixes. 

0 1 Protected Mode. Exact 80286 processor semantics, plus 32-bit extensions through both prefixes 
and "default" prefix setting associated with code segment descriptors. Also, a sub-mode is 
defined to support a virtual 8086 processor within the context of the extended 80286 processor 
protection model. 

1 0 UNDEFINED. Loading CRO with this combination of PG and PE bits will raise a GP fault with error 
codeO. 

1 1 Paged Protected Mode. All the facilities of Protected mode, with paging enabled underneath 
segmentation. 

Table 4-3. On-Chip Cache Control Modes 

CD NW Operating Mode 

1 1 Cache fills disabled, write-through and invalidates disabled. 

1 0 Cache fills disabled, write-through and invalidates enabled. 

0 1 INVALID. If CRO is loaded with this configuration of bits, a GP fault with error code is raised. 

0 0 Cache fills enabled, write-through and invalidates enabled. 
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The low-order 16 bits of CRO are also known as the 
Machine Status Word (MSW), for compatibility with 
the 80286 processor protected mode. LMSW and 
SMSW (load and store MSW) instructions are taken 
as special aliases of the load and store CRO opera
tions, where only the low-order 16 bits of CRO are 
involved. The LMSW and SMSW instructions in the 
Intel486 processor work in an identical fashion to 
the LMSW and SMSW instructions in the 80286 
processor (Le., they only operate on the low-order 
16 bits of CRO and ignore the new bits). New 
Intel486 processor operating systems should use 
the MOV CRO, Reg instruction. 

NOTE: 
All Intel386 and Intel486 processor CRO bits, 
except for ET and NE, are upwardly compati
ble with the 80286 processor, because they 
are in register bits not defined in the 80286 
processor. For· strict compatibility with the 
80286 processor, the load machine status 
word (LMSW) instruction is defined to not 
change the ET or NE bits. 

The defined CRO bits are described below. 

PG (Paging Enable, bit 31) 

CD 

NW 

I 

PG bit is used to indicate whether paging is 
enabled (PG = 1) or disabled (PG = 0). (See 
Table 4-2.) 

(Cache Disable, bit 30) 

The CD bit is used to enable the on-Chip 
cache. When CD = 1, the cache will not be 
filled on cache misses. When CD = 0, cache 
fills may be performed on misses. (See Ta
ble 4-3.) 

The state of the CD bit, the cache enable 
input pin (KEN #), and the relevant page 
cache disable (PCD) bit determine if a line 
read in response to a cache miss will be 
installed in the cache. A line is installed in 
the cache only if CD = 0 and KEN # and 
PCD are both zero. The relevant PCD bit 
comes from either the page table entry, 
page directory entry or control register 3. 
(Refer to section,7.6, "Page Cacheability.") 

CD is set to one after RESET. 

(Not Write-Through, bit 29) 

The NW bit enables on-chip cache write
throughs and write-invalidate cycles 
(NW=O). 

AM 

Intel486™ PROCESSOR FAMIL V 

When NW = 0, all writes, including cache 
hits, are sent out to the pins. Invalidate cy
cles are enabled when NW = O. During an 
invalidate cycle, a line will be removed from 
the cache if the invalidate address hits in 
the cache. (See Table 4-3.) 

When NW = 1, write-throughs and write-in
validate cycles are disabled. A write will not 
be sent to the pins if the write hits in the 
cache. With NW = 1 the only write cycles 
that reach the external bus are cache miss
es. Write hits with NW = 1 will never update 
main memory. Invalidate cycles are ignored 
when NW=1. 

(Alignment Mask, bit 18) 

The AM bit controll) whether the alignment 
check (AC) bit in the flag register (EFLAGS) 
can allow an alignment fault. AM = 0 dis
ables the AC bit. AM = 1 enables the AC bit. 
AM = 0 is the Intel386 processor compatible 
mode. 

Intel386 processor software may load incor
rect data into the AC bit in the EFLAGS reg
ister. Setting AM = 0 will prevent AC faults 
from occurring before the Intel486 proces
sor has created the AC interrupt service 
routine. 

WP (Write Protect, bit 16) 

WP protects read-only pages from supervi
sor write access. The Inte\386 processor al
lows a read-only page ,to be written from 
privilege levels 0-2. The Intel486 processor 
is compatible with the Intel386 processor 
when WP = O. WP = 1 forces a fault on a 
write to a read-only page from any privilege 
level. Operating systems with Copy-on
Write features can be supported with the 
WP bit. (Refer to section 6.4.3 "Page Level 
Protection (R/W, U/S Bits).") 

NOTE: 
Refer to Tables 4-4, 4-5, and 4-6 for values 
and interpolation of NE, EM, TS, and MP 
bits, in adqition to the sections below. 

NE (Numerics Exception, bit 5) 

Intel486 SX and IntelSX2 Processor NE 
Bit 

For Intel486 SX and IntelSX2 processors, 
interrupt 7 will be generated upon encoun
tering any Floating-Point instruction regard
less of the value of the NE bit. It is recom
mended that NE = 1 for non'nal operation of 
the Intel486 processor, 
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Intel486 OX, IntelOX2 and IntelOX4 
Processor NE Bit 

For Intel486 DX, IntelDX2, and IntelDX4 
processors, the NE bit controls whether un
masked Floating-Point exceptions (UFPE) 
are handled through interrupt vector 16 
(NE = 1) or through an external interrupt 
(NE = 0). NE = 0 (default at reset) supports 
the DOS operating system error reporting 
scheme from the 8087, Intel287 and 
Intel387 math coprocessors. In DOS sys
tems, math coprocessor errors are reported 
via external interrupt vector 13. DOS uses 
interrupt vector 16 for an operating system 
call. (Refer to sections 9.2.15, "Numeric Er
ror Reporting (FERR#, IGNNE#)," and 
1 0.2.14, "Floating-Point Error Handling.") 

For any UFPE, the Floating-Point error out
put pin (FERR#) will be driven active. 

For NE = 0, the Intel486 DX, IntelDX2 and 
IntelDX4 processors work in conjunction 
with the ignore numeric error input 
(lGNNE#) and the FERR# output pins. 
When a UFPE occurs and the IGNNE# in
put is inactive, the Intel486 DX, IntelDX2, 
and IntelDX4 processors freeze immediate
ly before executing the next Floating-Point 
instruction. An external interrupt controller 
will supply an interrupt vector when FERR# 
is driven active. The UFPE is ignored if 
IGNNE# is active and Floating-Point exe
cution continues. 

NOTE: 
The freeze does not take place if the next 
instruction is one of the control instructions 
FNCLEX, FNINIT, FNSAVE, FNSTENV, 
FNSTCW, FNSTSW, FNSTSW AX, FNENI, 
FNDISI and FNSETPM. The freeze does oc
cur if the next instruction is WAIT. 
For NE = 1, any UFPE will result in a soft
ware interrupt 16, immediately before exe
cuting the next non-control Floating-Point or 
WAIT instruction. The' ignore numeric error 
input (IGNNE#) signal will be ignored. 

TS (Task Switch, bit 3) 

Intel486 SX and IntelSX2 
Processor TS Bit 

4-286 

For Intel486 SX and IntelSX2 processors, 
the TS bit is set whenever a task switch op
eration is performed. Execution of Floating
Point instructions with TS = 1 will cause a 

Device Not Available (DNA) fault (trap vec
tor 7). With MP=O, the value of TS bit is a 
"don't care" for the WAIT instructions, i.e., 
these instructions will not generate trap 7. 
Intel486 OX, IntelOX2, and IntelOX4 
Processor TS Bit . 

For Intel486 DX,IntelDX2, and IntelDX4 
processors, the TS bit is set whenever ,a 
task switch operation is performed. Execu
tion of Floating-Point instructions with 
TS = 1 will cause a Device Not Available 
(DNA) fault (trap vector 7). If TS = 1 and 
MP = 1 (monitor coprocessor in CRO), a 
WAIT instruction will cause a DNA fault. 

EM (Emulate Coprocessor, bit 2) 
Intel486 SX and IntelSX2 
Processor EM Bit 
For Intel486 SX and IntelSX2 processors, 
the EM bit should be set to one. This will 
cause the Intel486 SX and IntelSX2 proces
sors to trap via interrupt vector 7 (Device 
Not Available) to a software exception 
handler whenever it encounters a Floating
Point instruction. If EM bit is 0 for the 
Intel486 SX and IntelSX2 processors, the 
system will hang. (See Tables 4-4 and 4-5.) 

Intel486 OX, hitelOX2, and IntelOX4 
Processor EM Bit 

For the Intel486 DX, IntelDX2, and IntelDX4 
processors, the EM bit determines whether 
Floating-Point instructions are trapped 
(EM = 1) or executed. If EM = 1, all Floating
Point instructions will cause fault 7. 
If EM = 0, the on-chip Floating-Point will be 
used. . 

NOTE: 
WAIT instructions are not affected by the 
state of EM. (See Tables 4-4 and 4-6.) 

MP (Monitor Coprocessor, ~it 1) 

Intel486 SX and IntelSX2 
Processor MP Bit 

For Intel486 SX and IntelSX2 processors, 
the MP bit must be set to zero (MP = 0). The 
MP bit is used in conjunction with the TS bit 
to determine if WAIT instructions should 
trap. For MP=O, the value of TS is a "don't 
care" for these type of instructions. (See 
Tables 4-4 and 4-5.) 
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Intel486 DX, Inte1DX2, and IntelDX4 
Processor MP Bit 

For the Intel486 DX, IntelDX2, and IntelDX4 
processors, the MP is used in conjunction 
with the TS bit to determine if WAIT instruc
tions cause fault 7. (See Table 4-6.) The TS 
bit is set to 1 on task switches by the 
Intel486 DX, IntelDX2, and IntelDX4 proces
sors. Floating-point instructions are not af
fected by the state of the MP bit. It is rec
ommended that the MP bit be set to one for 
normal processor operation. 

PE 

Intel486™ PROCESSOR FAMILY 

(Protection Enable, bit 0) 

The PE bit enables the segment based pro
tection mechanism if PE = 1 protection is 
enabled. When PE = 0 the Intel486 proces
sor operates in REAL mode, with segment 
based protection disabled, and addresses 
formed as in an 8086 processor. (Refer to 
Table 4-2.) 

Table 4-4. Recommended Values of NE, EM, TS, and MP Bits in eRO 
Register for Intel486™ SX and IntelSX2™ Processors 

CROBit Instruction Type 

NE EM TS MP FP WAIT 
1 1 0 0 Trap7 Execute 

1 1 1 0 Trap7 Execute 

Table 4-5. Recommended Values of the Floating-Point Related Bits for Allintel486TM Processors 

CROBit 

EM 

MP 

NE 

EM 

0 

0 

0 

0 

1 

1 

1 

1 

Intel486TM SX and IntelSX2TM Intel486 DX, InteIDX2™, and IntelDX4TM 
Processors Processors 

1 0 

0 1 

1 0, for DOS Systems 
1, for .User-Defined Exception Handler 

Table 4-6. Interpretation of Different Combinations of the 
EM, TS and MP Bits for Allintel486™ Processors 

CRO Bit Instruction Type. 

TS MP Floating-Point Wait 

0 0 Execute Execute 

0 1 Execute Execute 

1 0 Exception 7 Execute 

1 1 Exception 7 Exception 7 

0 0 Exception 7 Execute 

0 1 Exception 7 Execute 

1 0 Exception 7 Execute 

1 1 Exception 7 Exception 7 

NOTE: 
For Intel486TM OX, IntelOX2TM and IntelOX4TM processors, if MP= 1 and TS= I, the processor will generate a trap 7 so that 
the system software can save the Floating-Point status of the old ta,sk. 
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NOTE: 
See section 4.2.7, "Compatibility." 

Figure 4-7. Control Registers 2, 3 and 4 

Control Register 1 (CR1) 

CR1 is reserved for use in future Intel processors. 

Control Register 2 (CR2) 

CR2, shown in Figure 4-7, holds the 32-bit linear ad
dress that caused the last page fault detected. The 
error code pushed 'onto the page fault handler's 
stack when it is invoked provides additional status 
information on this page fault. 

Control Register 3 (CR3) 

CR3, shown in Figure 4-7, contains the physical 
base address of the page directory table. The page 
directory is always page aligned (4 Kbyte-aligned). 
This alignment is ,enforced by only storing bits 
12-31 in CRS. 

In the Intel486 processor, CR3 contains two bits, 
page write-through (PWT) (bit 3) and page cache 
disable (PCO) (bit 4). The page table entry (PTE) and 
page directory entry (POE) also contain PWT and 
PCO bits. PWT and PCO control page cacheability. 
W~en a page is accessed in external memory, the 
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state of PWT and PCO are driven out on the PWT 
and PCO pins. The source of PWT and PCO can be 
CR3, the PTE or the POE. PWT and PCO are 
sourced from CR3 when the POE is being updated. 
When paging is disabled (PG = 0 in CRO), PCO and 
PWT are assumed to be 0, regardless of their state 
in CR3. 

A task switch through a task state segment (TSS) 
which changes the values in CR3, or an explicit load 
into CR3 with any value, will invalidate all cached 
page table entries in the translation lookaside buffer 
(TLB). 

The page directory base address in CR3 is a physi
cal address. The page directory can be paged out 
while its associated task is suspended, but the oper
ating system must ensure that the page directory is 
resident in physical memory before the task is dis-

, patched. The entry in the TSS for CR3 has a physi
cal address, with no provision for a present bit. This 
means that the page directory for a task must be 
resident in physical memory. The CR3 image in a 
TSS must point to this area, before the task can be 
dispatched through its TSS. 

I 



Control Register 4 (CR4) 

CR4, shown in Figure 4-7, contains bits that enable 
virtual mode extensions and protected mode virtual 
interrupts. 

VME (Virtual-8086 Mode Extensions, bit a of CR4) 

Setting this bit to 1 enables support for a virtual in
terrupt flag in virtual-8086 mode. This feature can 
improve the performance of virtual-8086 applica
tions by eliminating the overhead of faulting to a vir
tual-8086 monitor for emUlation of certain opera
tions. (Refer to Appendix A, "Advanced Features.") 

PVI (Protected-Mode Virtual Interrupts, bit 1 of CR4) 

Setting this bit to 1 enables support for a virtual in
terrupt flag in protected mode. This feature can en
able some programs designed for execution at privi
lege level a to execute at privilege level 3. (Refer to 
Appendix A, "Advanced Features.") 

PSE (Page Size Extensions, bit 4 of CR4) 

Setting this bit to 1 enables 4-Mbyte pages. (Refer to 
Appendix A, "Advanced Features.") 

NOTE: 
Features described in CR4 (VME, PVI, and 
PSE) in the CPUID Feature Flag should be 
qualified with the CPUID instruction. The 
CPUID instruction and CPUID Feature Flag 
are specific to particular models in the 
Intel486 processor family. (Refer to Appendix 
B, "Feature Determination.") 

4.2.3.2 System Address Registers 

Four special registers are defined to reference the 
tables or segments supported by the 80286, 
Inte1386, and Intel486 processors' protection model. 
These tables or segments are: GOT (Global Descrip
tor Table), lOT (Interrupt Descriptor Table), LOT (Lo
cal Descriptor Table), TSS (Task State Segment). 

The addresses of these tables and segments are 
stored in special registers, the System Address and 
System Segment Registers, illustrated in Figure 4-5. 
These registers are named GDTR, IDTR, LDTR and 
TR respectively. Section 6, "Protected Mode Archi
tecture," describes how to use these registers. 

I 
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System Address Registers: GDTR and IDTR 

The GDTR and IDTR hold the 32-bit linear-base ad
dress and 16-bit limit of the GOT and lOT, respec
tively. 

Because the GOT and IDT segments are global to 
all tasks in the system, the GOT and lOT are defined 

. by 32-bit linear addresses (subject to page transla
tion if paging is enabled) and 16-bit limit values. 

System Segment Registers: LDTR and TR 

The LDTR and TR hold the 16-bit selector for the 
LOT descriptor and the TSS descriptor, respectively. 

Because the LOT and TSS segments are task spe
cific segments, the LOT and TSS are defined by se
lector values stored in the system segment regis
ters. 

NOTE: 
A programmer-invisible segment descriptor 
register is associated with each system seg
ment register. 

4.2.4 FLOATING-POINT REGISTERS 

Figure 4-8 shows the Floating-Point register set. The 
on-chip FPU contains eight data registers, it tag 
word, a control register, a status register, an instruc
tion pointer and a data pointer. 

The operation of the Intel486 OX, Inte1DX2, and 
IntelDX4 processor on-chip Floating-Point Unit is ex
actly the same as the Intel387 math coprocessor. 
Software written for the Intel387 math coprocessor 
will run on the on-chip Floating-Point Unit (FPU) 
without any modifications. 

4.2.4.1 Floating-Point Data Registers 

Floating-point computations use the Intel486 OX, 
Inte1DX2, and IntelDX4 processor FPU data regis
ters. These eight 80-bit registers provide the equiva
lent capacity of twenty 32-bit registers. Each of the 
eight data registers is divided into "fields" corre
sponding to the FPU's extended-precision data type. 
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Figure 4·8. Floating·Polnt Registers 

The FPU's register set can be accessed either as a 
stack, with instructions operating on the top one or 
two stack elements, or as a fixed register set, with 
instructions operating on explicitly designated regis
ters. The TOP field in the status word identifies the 
current top-of-stack register. A. "push" operation 
decrements TOP by one and loads a value into the· 
new top register. A "pop" operation stores the value 
from the current top register and then increments 

NOTE: 

TOP by one. Like other Intel486 OX, Inte10X2; and 
IntelOX4 processor stacks in memory,' the FPU reg
ister stack grows "down" toward lower-addressed 
registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc
tions implicitly address the register at which TOP 
points. Other instructions allow the programmer to 
explicitly specify which register to use. This explicit 
register addressing is also relative to TOP. 

4.2.4.2 Floating·Point Tag Word 

The tag word marks the content of each numeric 
data register, as shown in Figure 4-9. Each two-bit 
tag represents one of the eight data registers. The 
principal function of .the tag word is to optimize the 
FPU's performance and stack handling by making it 
possible to distinguish between empty and non
empty register locations. It also enables exception 
handlers to check the contents of a stack location 
without the need to perform complex decoding of 
the actual data. 

4.2.4.3 Floating·Polnt Status Word 

The 16-bit status word reflects the overall state of 
the FPU. The status word is shown in Figure 4-10 
and is located in the status register. 

242202-16 

The index i of tag (i) is not top-relative. A program typically uses the "top" field of Status Word to determine which tag (i) 
field refers to logical top of stack. 

TAG VALUES: 
00 = Valid 
01 = Zero 
10 = QNaN,SNaN, Infinity, Denormal and Unsupported Formats 
11 = Empty 

Figure 4·9. Floatlng·Polnt Tag Word 

4-290 I 



I 

Intel486TM PROCESSOR FAMILY 

.---------------------------------------BUSY 

r---r--r---------------------------- TOP OF STACK POINTER 

r---+--+--+--.--,....--r---------------------- CONDITION CODE 

ERROR SUMMARY STATUS 
STACK FLAG ---------' 

EXCEPTION rLAGS: 

PRECISION ------------' 

UNDERFLOW 
OVERFLOW 

ZERO DIVIDE 
DENORMALIZED OPERAND 

INVALID OPERATION 

ES is set if any unmasked exception bit is set; cleared otherwise. 
See Table 4·7 for interpretation of condition code. 
TOP values: 

000 = Register 0 is Top of Stack 
001 = Register 1 is Top of Stack 

• 
• 
• 

111 = Register 7 is Top of Stack 
For definitions of exceptions, refer to the section entitled "Exception Handling". 

NOTES: 

242202-17 

The B bit (Busy, bit 15) is included for BOB7 compatibility. The B bit reflects the contents of the ES bit (bit 7 of the status 
word). 
Bits 13-11 (TOP) point to the FPU register that is the current top·ot·stack. 
The four numeric condition code bits, CO-C3, are similar to the flags in EFLAGS. Instructions that perform arithmetic 
operations update CO-C3 to reflect the outcome. The effects of these instructions on the condition codes are summa· 
rized in Table 4·7 through Table 4·10. 

Figure 4-10. Floating-Point Status Word 
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Table 4-7. Floating-Point Condition Code Interpretation 

Instruction CO(S) I C3(Z) C1 (A) C2(C) 

FPREM,FPREM1 Three least signi,ficant bits of quotient (See Table 4-8.) Reduction 

I 
0= complete 

02 00 010rO/U# 1 = incomplete 

FCOM, FCOMP, Result of comparison (see Zero orO/U# Operand is not 
FCOMPP, FTST, FUCOM, Table 4-9) comparable 
FUCOMP, FUCOMPP, 
FICOM, FICOMP 

FXAM Operand class (see SignorO/U# Operand class 
Table 4-10) 

FCHS, FABS, FXCH, UNDEFINED Zero orO/U# UNDEFINED 
FINCTOP, FDECTOP, 
Constant loads, FXTRACT, 
FLO, FILD, FBLD, FSTP 
(ext real) 

FIST, FBSTP, FRNDINT, UNDEFINED Roundup or O/U# UNDEFINED 
FST, FSTP, FADD, FMUL, 
FDIV, FDIVR, FSUB, 
FSUBR, FSCALE, FSORT, 
FPATAN, F2XM1, FYL2X, 
FYL2XP1 

FPTAN, FSIN, FCOS, UNDEFINED Roundup or O/U #, Reduction 
FSINCOS ifC2 = 1 0= complete 

1 = incomplete 

FLDENV, FRSTOR Each. bit loaded from memory 

FINIT Clears these bits 

FLDCW, FSTENV, UNDEFINED 
FSTCW, FSTSW, FCLEX, 
FSAVE 

NOTES: 
O/U# When both IE and SF bits of status word are set, indicating a stack exception, this bit distinguishes between 

stack overflow (C1 = 1) and underflow (C1 = 0). 
Reduction 

Roundup 

UNDEFINED 
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If FPREM or FPREM1 produces a remainder that is less than the modulus, reduction is complete. When 
reduction is incomplete the value at the top of the stac;:k is a partial remainder, which can be used as input to 
further reduction. For FPTAN, FSIN, FCOS, and FSINCOS, the reduction bit is set if the operand at the top of 
the stack is too large. In this case the original operand remains at the top of the stack. 
When the PE bit of the status word is set, this bit indicates whether the last rounding in the instruction was 
upward. . , 
Do not rely on finding any specific value in these bits. (See Section 4.2.7, "Compatibility.") 
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Table 4-8. Condition Code Interpretation after FPREM and FPREM11nstructions 

Condition Code 
Interpretation after FPREM and FPREM1 

C2 C3 C1 CO 

1 X X X Incomplete Reduction: 
further interaction required for complete reduction 

01 00 02 o MOD8 

0 0 0 0 
0 1 0 1 
1 0 0 2 Complete Reduction: 

0 1 1 0 3 CO, C3, and C1 contain the three 

0 0 1 4 least·significant bits of the quotient 

0 1 1 5 
1 0 1 6 
1 1 1 7 

" Table 4-9. Condition Code Resulting from Comparison 

Order C3 C2 CO 

TOP> Operand 0 0 0 

TOP < Operand 0 0 1 

TOP = Operand 1 0 0 

Unordered 1 1 1 

Table 4-10. Condition Code Defining Operand Class 

C3 C2 C1 CO Value at TOP 

0 0 0 0 + Unsupported 

0 0 0 1 + NaN 

0 0 1 0 - Unsupported, 

0 0 1 1 - NaN 

0 1 0 0 + Normal 

0 1 0 1 + Infinity 

0 1 1 0 - Normal 

0 1 1 1 - Infinity 

1 0 0 0 +0 

1 0 0 1 + Empty 

1 0 1 0 -0 

1 0 1 1 - Empty 

1 1 0 0 + Denormal 

1 1 1 0 - Denormal 
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Bit 7 is the error summary (ES) status bit. The ES bit 
is set if any unmasked exception bit (bits 0-5 in the 
status word) is set; ES is clear otherwise. The 
FERR# (Floating-Point error) signal is asserted 
when ES is set. 

Bit 6 is the stack flag (SF). This bit is used to distin
guish invalid operations-due to stack overflow or un
derflow. When SF is set, bit 9 (C1) distinguishes be
tween stack overflow (C1 = 1) and underflow 
(C1 =0). 

Table 4-11 shows the six exception flags in bits 0-5 
of the status word. Bits 0-5 are set to indicate that 
the FPU has detected an exception while executing 
an instruction. 

The six exception flags in the status word can be 
individually masked by mask bits in the FPU control 
word. Table 4-11 lists the exception conditions, and
their causes in order of precedence. Table 4-11 also 
shows the action taken by the FPU if the corre
sponding exception flag is masked. 

An exception that is not masked by the control word 
will cause three things to happen: the corresponding 

exception flag in the status word will be set, the ES 
bit in the status word will be set and the FERR # 
output signal will be asserted. When the Intel486 
DX, Inte1DX2, or IntelDX4 processor attempts to ex
ecute another Floating-Point or WAIT instruction, ex
ception 16 occurs or an external interrupt happens if 
the NE= 1 in control registerO. The exception condi
tion must be resolved via an interrupt service rou
tine. The FPU saves the address of the Floating
Point instruction that caused the exception and the 
address of any memory operand required by that in- _ 
struction in the instruction and data pointers. (See 
section 4.2.4.4, "Instruction and Data Pointers.") 

Note that when a new value is loaded into the status 
word by the FLDENV (load environment) or 
FRSTOR (restore state) instruction, the value of ES 
(bit 7) and its reflection in the B bit (bit 15) are not 
derived from the values loaded from memory. The 
yalues of ES and B are dependent upon the values 
of the exception flags in the status word and their 
corresponding masks in the control word. If ES is set 
in such a case, the FERR# output of the Intel486 
DX, Inte1DX2, or IntelDX4 processor is activated im
mediately. 

Table 4·11. FPU Exceptions 

Exception Cause 
.pefault Action 

(if exception is masked) 

Invalid Operation on a Signaling NaN, unsupported format, Result is a quiet NaN, 
Operation indeterminate form (0' 00, 0/0, (+ 00) + (- 00), etc.), or stack integer indefinite, or BCD 

overflow/underflow (SF is also set). indefinite 

Denormalized At least one of the operands is denormalized, i.e., it has the Normal processing 
Operand smallest exponent but a non-zero significand. continues 

Zero Divisor The divisor is zero while the dividend is a non-infinite, non-zero Result is 00 
number. 

Overflow The result is too large in magnitude to fit in the specified Result is largest finite 
format. value or 00 

Underflow The true result is non-zero but too small to be represented in Result is denormalized or 
the specified format, and, if underflow exception is masked, zero 
denormalization causes loss of accuracy. 

Inexact Result The true result is not exactly representable in the specified Normal processing 
(Precision) fbimat (e.g., 1/3); the result is rounded according to the continues 

rounding mode. 
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4.2.4.4 Instruction and Data Pointers 

Because the FPU operates in parallel with the ALU 
(in the Intel486 DX, IntelDX2 and IntelDX4 proces
sors the arithmetic and logic unit (ALU) consists of 
the base architecture registers), any errors detected 
by the FPU may be reported after the ALU has exe
cuted the Floating-Point instruction that caused it. 
To allow identification of the failing numeric in
struction, the Intel486 DX, Inte1DX2, and IntelDX4 
processors contain two pointer registers that supply 
the address of the failing numeric instruction and the 
address of its numeric memory operand (if appropri
ate). 

The instruction and data pointers are provided for 
user-written error handlers. These registers are ac
cessed by the FLDENV (load environment), 
FSTENV (store environment), FSAVE (save state) 
and FRSTOR (restore state) instructions. Whenever 
the Intel486 DX, Inte1DX2, and IntelDX4 processors 
decode a new Floating-Point instruction, it saves the 
instruction (including any prefixes that may be 
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present), the address of the operand (if present) and 
the opcode. 

The instruction and data pointers appear in one of 
four formats depending on the operating mode of 
the Intel486 DX, Inte1DX2, and IntelDX4 processors 
(protected mode or real-address mode) and depend
ing on the operand-size attribute in effect (32-bit op
erand or 16-bit operand). When the Intel486 DX, 
Inte1DX2, or IntelDX4 processor is in the virtual-86 
mode, the real address mode formats are used. The 

'four formats are shown in Figure 4-11 through Figure 
4-14. The Floating-Point instructions FLDENV, 
FSTENV, FSAVE and FRSTOR are used to transfer 
these values to and from memory. Note that the val
ue of the data pointer is undefined if the prior Float
ing-Point instruction did not have a memory oper-, 
and. 

'NOTE: 
The operand size attribute is the D bit in a 
segment descriptor. 
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Figure 4-11. Protected Mode FPU Instructions and Data Pointer Image in Memory, 32-Blt Format 
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16-81t Real Address Mode and 
Virtual-8086 Mode Format 
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Figure 4-13. Protected Mode FPU Instruction and 
Data Pointer Image in Memory, 16-8it Format Figure 4-14. Real Mode FPU Instruction and Data 

Pointer Image in Memory, 16-8it Format 
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4.2.4.5 FPU Control Word 

The FF'U provides several processing options that 
are selected by loading a control word from memory 
into the control register. Figure 4-15 shows the for
mat and encoding of fields in the control word. 

The low-order byte of the FPU control word config
ures the FPU error and exception masking. Bits 0-5 
of the control word contain individual masks for each 
of the six exceptions that the FPU recognizes. 

The high-order byte of the control word configures 
the FPU operating mode, including precision and 
rounding. 

RC (Rounding Control, bits 10-11) 

RC bits provide for directed rounding and true 
chop, as well as the unbiased round to nearest 
even mode specified in the IEEE standard. 
Rounding control affects only those instructions 
that perform rounding at the end of the opera
tion (and thus can generate a precision excep
tion); namely, FST, FSTP, FIST, all arithmetic 
instructions (except FPREM, FPREM1, 
FXTRACT, FABS and FCHS), and all transcen
dental instructions. 

PC (Precision Control, bits 8-9) 

PC bits can be used to set the FPU internal op
erating precision of the significand at less than 
the default of 64 bits (extended precision). This 
can be useful in providing compatibility with ear
ly generation arithmetic processors of smaller 
precision. PC affects only the instructions ADD, 
SUB, DIV, MUL, and SQRT. For all other instruc
tions, either the precision is determined by the 
opcode or extended precision is used. 

4.2.5 DEBUG AND TEST REGISTERS 

4.2.5.1 Debug Registers 

The six programmer accessible debug registers (Fig
ure 4-16) provide on-chip support for debugging. De
bug registers DRO-3 specify the four linear break
points. The Debug control register DR?, is used to 
set the breakpoints and the Debug Status Register, 
DR6, displays the current state of the breakpoints. 
The use of the Debug registers is described in sec
tion 12, "Debugging Support." 
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Debug Register. 
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TLB = Translation Lookaside Buffer 
242202-23 

Figure 4-16. Debug and Test Registers 

4.2.5.2 Test Registers 

The Intel486 processor contains live test registers. 
The test registers are shown in Figure 4-16. TR6 and 
TR? are used to control the testing of the translation 
look- aside buffer. TR3, TR4 and TR5 are used for 
testing the on-chip cache. The use of the test regis
ters is discussed in section 11, "Testability." 

4.2.6 REGISTER ACCESSIBILITY 

There are a few differences regarding the accessibil
ity of the registers in Real and Protected Mode. Ta
ble 4-12 summarizes these differences. (See section 
6, "Protected Mode Architecture.") 

4.2.6.1 FPU Register Usage 

In addition to the differences listed in Table 4-12, 
Table 4-13 summarizes the differences for the on
chip FPU. 
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Table 4-12. Register Usage 

Use in Use in Use in 
Register Real Mode Protected Mode Virtual 8086 Mode 

Load Store Load Store Load Store 

General Registers Yes Yes Yes Yes Yes. Yes 

Segment Register Yes Yes Yes Yes Yes Yes 

Flag Register Yes Yes Yes Yes IOPU1) IOPL 

Control Registers Yes Yes PL = 0(2) PL = 0 No Yes 

GOTR Yes Yes PL = 0 Yes No Yes 

IOTR Yes Yes PL = 0 Yes No Yes 

LOTR No No PL = 0 Yes No No 

TR No No PL = 0 Yes No No 

Debug Registers Yes Yes PL = 0 PL = 0 No No 

Test Registers Yes Yes PL = 0 PL = 0 No No 

NOTES: 
1. 10PL: The PUSHF and POPF instructions are made I/O Privilege Level sensitive in Virtual 8086 Mode. 
2. PL = 0: The registers can be accessed only when the current privilege level is zero. 

Table 4-13. FPU Register Usage Differences 

Use in 
Register Real Mode 

Load Store 

FPU Data Registers Yes Yes 

FPU Control Registers' Yes Yes 

FPU Status Registers Yes Yes 

FPU Instruction Pointer Yes Yes 

FPU Data Pointer Yes Yes 

4.2.7 COMPATIBILITY 

VERY IMPORTANT NOTE: 
COMPATIBILITY WITH FUTURE PROCESSORS 

I 

In the pr,eceding register descriptions, 
note certain Intel486TM processor regis
ter bits are Intel reserved. When reserved 
bits are called out, treat them as fully un
defined. This is essential for your soft
ware compatibility' with future proces
sorsl Follow the guidelines below: 

1. Do not depend on the states of any un
defined bits when testing the values of 
defined register bits. Mask them out 
when testing. 

Use in Use in 
Protected Mode Virtual 8086 Mode 

Load Store Load Store 

Yes Yes Yes Yes 

Yes Yes Yes Yes 

Yes Yes Yes Yes 

. Yes Yes Yes Yes 

Yes Yes Yes Yes 

2. Do not depend on the states of any un
defined bits when storing them to mem
ory or another register. 

3. Do not depend on the ability to retain 
information written into any undefined 
bits. 

4. When loading registers, always load the 
undefined bits as zeros. 

5. However, registers that have been pre
viously stored may be reloaded without 
masking. 
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Depending upon the values of undefined regis
ter bits will make your software dependent upon 
the unspecified Intel486 processor handling of 
these bits. Depending on undefined values risks 
making your software incompatible with future 
processors that define usages for the Intel486 
processor-undefined bits. AVOID ANY SOFT
WARE DEPENDENCE UPON THE STATE OF UN
DEFINED INTEL486 PROCESSOR REGISTER 
BITS. 

4.3 Instruction Set 

The Intel486 processor instruction set can be divid
ed into the following categories of operations: 

• Data Transfer 

• Arithmetic 

• Shift/Rotate 

• String Manipulation 

• Bit Manipulation 

• Control Transfer 

• High Level Language Support 

• Operating System Support 

• Processor Control 

The Intel486 processor instructions are listed in sec
tion 13. "Instruction Set Summary." 

All Intel486 processor instructions operate on either 
0, 1, 2 or 3 operands; where an operand resides in a 
register, in the instruction itself or in memory. Most 
zero operand instructions (e.g., CLI, STI) take only 
one byte. One operand instructions. generally are 
two bytes long. The average instruction is 3.2-bytes 
long. Because the Intel486 processor has a 32-byte 
instruction queue, an average of 10 instructions will 
be prefetched. The use of two operands permits the 
following types of common instructions: 

• Register to Register 

• Memory to Register 

• Memory to Memory 

• Immediate to Register 

• Register to Memory 

• Immediate to Memory 
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The operands can be either 8-, 16-, or 32-bits long. 
As a general rule, when executing 32-bit code, oper
ands are 8 or 32 bits; when executing existing 80286 
or 8086 processor code (16-bit code), operands are 
8 or 16 bits. Prefixes can be added to all instructions 
that override the default length of the operands (i.e., 
use 32-bit operands for 16-bit code, or 16-bit oper
ands for 32-bit code). 

4.3.1 FLOATING-POINT INSTRUCTIONS 

In addition to the instructions listed above, the 
Intel486, IntelDX2, and IntelDX4 processors have 
the following Floating-Point instructions. Note that 
all Floating-Point unit instruction mnemonics begin 
with an F. . 

• Floating-Point 

• Floating-Point Control 

4.4 Memory Organization 

Memory on the Intel486 processor is divided up into 
8-bit quantities (bytes), 16-bit quantities (words), and 
32-bit quantities (dwords). Words are stored in two 
consecutive bytes in memory with the low-order byte 
at the lowest address, the high order byte at the high. 
address. Dwords are stored in ,four consecutive 
bytes in memory with the low-order byte at the low
est address, the high-order byte at the highest ad
dress. The address of a word or dword is the byte 
address of the low-order byte. 

In addition to these basic data types, the Intel486 
processor supports two larger units of memory: , 
pages and segments. Memory can be divided up 
into one or more variable-length segments, which 
can be swapped to disk or shared between pro
grams. Memory can also be organized into one or 
more 4-Kbyte pages. Both segmentation and paging 
can be combined, gaining the advantages of both 
systems. The Intel486 processor supports both 
pages and segments in order to provide maximum 
flexibility to the system designer. Segmentation and 
paging are complementary. Segmentation is useful 
for organizing memory in logical modules, and as 
such is a tool for the application programmer, while 
pages are useful for the system programmer for 
managing the physical memory of a system. 
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4.4.1 ADDRESS SPACES 

The Intel486 processor has three distinct address 
spaces: logical, linear, and physical. A logical ad
dress (also known as a virtual address) consists of 
a selector and an offset. A selector is the contents 
of a segment register. An offset is formed by sum
ming all of the addressing components (BASE, 
INDEX, [lISPLACEMENT) discussed in section 4.6.3 
"32-Bit Memory Addressing Modes," into an effec
tive address. Because each task on the Intel486 
processor has a maximum of 16K (214 -1) selectors, 
and offsets can be·4 Gbytes (232 bits), this gives a 
total of 246 bits or 64 terabytes of logical address 
space per task. The programmer sees this virtual 
address space. 

The segmentation unit translates the logical ad
dress space into a 32-bit linear address space. If the 
paging unit is not enabled then the 32-bit linear ad
dress corresponds to the physical address. The 

Effective Address Calculation 

15 

Selector 

Segment Register 

Descriptor 
Index 
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paging unit translates the linear address space into 
the physical address space. The physical address 
is what appears on the address pins. 

The primary difference between Real Mode and Pro
tected Mode is how the segmentation unit performs 
the translation of the logical address into the linear 
address. In Real Mode, the segmentation unit shifts 
the selector left four bits and adds the result to the 
offset to form the linear address. While in Protected 
Mode every selector has a linear base address as
sociated with it. The linear base address is stored in 
one of two operating system tabfes (Le., the Local 
Descriptor Table or Global Descriptor Table). The 
selector's linear base address is added to the offset 
to form the final linear address. 

Figure 4-17 shows the relationship between the vari
ous address spaces. 

BE311-8EOII 
A31-A2 

32 
Physical 

'--------' Address 

31 

Physical 
Memory 

o 

242202-24 

Figure 4-17. Address Translation 
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4.4.2 SEGMENT REGISTER USAGE· 

The main data structure used to organize memory is 
the segment. On the Intel486 processor, segments 
are variable sized blocks of linear addresses which 
have certain attributes associated with them. There 
are two main types of segments: code and data. The 
segments are of variable size and can be as small 
as 1 byte or as large as 4 Gbytes (232 bytes). 

In order to provide compact instruction encoding, 
and increase Intel486 processor performance, in
structions do not need to explicitly specify which 
segment register is used. A default segment register 
is automatically chosen according to the rules of Ta
ble 4-14. In general, data references use the selec
tor contained in the DS register; Stack references 
use the SS register and Instruction fetches use the 
CS register. The contents of the Instruction Pointer 
provide the offset. Special segment override prefix
es allow the explicit use of a given segment register, 
and override the implicit rules listed in Table 4-14. 
The override prefixes also allow the use of the ES, 
FS and GS segment registers. 

There are no restrictions regarding the overlapping 
of the base addresses of any segments. Thus, all 6 
segments could have the base address set to zero 
and create a system with a 4-Gbyte linear address 
space. This creates a system where the virtual ad
dress space is the same as the linear address 
space. Further details of segmentation are dis
cussed in section 6.0, "Protected Mode Architec- . 
ture." 

4.5 1/0 Space 

The Intel486 processor has two distinct physical ad
dress spaces: Memory and I/O. Generally, peripher
als are placed in I/O space although the Intel486 
processor also supports memory-mapped peripher
als. The I/O space consists of 64 Kbytes, it can be 
divided into 64K 8-bit ports, 32K 16-bit ports, or 16K 
32-bit ports, or any combination of ports which add 
up to less than 64 Kbytes. The 64K I/O address 
space refers to physical memory rather than linear 
address, because I/O instructions do not go through 
the segmentation or paging hardware. The MIIO# 
pin acts as an additional address line thus allowing 
the system designer to easily determine which ad
dress space the processor is accessing. 
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Table 4-14. Segment Register Selection Rules 

Implied Segment 
Type of Memory (Default) Override 

Reference Segment Prefixes 
Use Possible 

Code Fetch CS None 

Destination of PUSH, SS None 
PUSHF, INT, CALL, 
PUSHA Instructions 

Source of POP, POPA, SS None 
POPF, IRET, RET 
. instructions 

Destination of STOS, ES None 
MOVS, REP STOS, REP 
MOVS Instructions (DI is . 
Base Register) 

Other Data References, 
with Effective Address 
using Base Register of: 

[EAX] DS 
[EBX] DS 
[ECX] DS 
[EDX] DS All 
[ESI] DS 
[EDI] DS 
[EBP] SS 
[ESP] SS 

The I/O ports are accessed via the IN and OUT 1/0 
instructions, with the port address supplied as an 
immediate 8-bit constant in the instruction or in the 
DX register. All 8- and 16-bit port addresses are zero 
extended on the upper address lines. The I/O in
structions cause the M/IO# pin to be driven low. 

1/0 port addresses 00F8H through OOFFH are re
served for use by Intel. 

I/O instruction code is cacheable. 

I/O data is not cacheable. 

I/O transfers (data or code) can be bursted. 
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4.6 Addressing Modes 

4.6.1 ADDRESSING MODES OVERVIEW 

The Intel486 processor provides a total of 11 ad
dressing modes for instructions to specify operands. 
The addressing modes are optimized to allow the 
efficient execution of high-level languages such as C 
and FOFi iRAN, and they cover the vast majority of 
data references needed by high-level languages. 

4.6.2 REGISTER AND IMMEDIATE MODES 

The following two addressing modes provide for in
structions that operate on register or immediate op
erands: 

• Register Operand Mode: The operand is locat
ed in one of the 8-, 16- or 32-bit general registers. 

• Immediate Operand Mode: The operand is in
cluded in the instruction as part of the opcode. 

4.6.3 32·BIT MEMORY ADDRESSING MODES 

The remaining modes provide a mechanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the seg
ment base address and an effective address. The 
effective address is calculated by using combina
tions of the following four address elements: 

• DISPLACEMENT: An 8- or 32-bit immediate val
ue, following the instruction. 

• BASE: The contents of any general purpose reg
ister. The base registers are generally used by 
compilers to point to the start of the local variable 
area. 

• INDEX: The contents of any general purpose reg
ister except for ESP. The index registers are used 
to access the elements of an array, or a string of 
characters. 

• SCALE: The index register's value can be multi
plied by a scale factor, either 1, 2, 4 or 8. Scaled 
index mode is especially useful for accessing ar
rays or structures. 

Combinations of these four components make up 
the nine additional addressing modes. There is no 
performance penalty for using any of these address
ing combinations, because the effective address 
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calculation is pipelined with the execution of other 
instructions. The one exception is the simultaneous 
use of Base and Index components, which requires 
one additional clock. 

As shown in Figure 4-18, the effective address (EA) 
of an operand is calculated according to the follow
ing formula: 

EA = Base Reg + (Index Reg * Scaling) + 
Displacement 

Direct Mode: The operand's offset is contained as 
part of the instruction as an 8-, 16- or 32-bit dis
placement. 

Example: INC Word PTR [500] 

Register Indirect Mode: A BASE register coritains 
the address of the operand. 

Example: MOV [ECX], EDX 

Based Mode: A BASE register's contents are added 
to a DISPLACEMENT to form the operand's offset. 

Example: MOV ECX, [EAX + 24] 

Index Mode: An INDEX register's contents are add
ed to a DISPLACEMENT to form the operand's off
set. 

Example: ADD EAX, TABLE[ESIj 

Scaled Index Mode: An INDEX register's contents 
are multiplied by a scaling factor which is added to a 
DISPLACEMENT to form the operand's offset. 

Example: IMUL EBX, TABLE[ESI*4],7 

Based Index Mode: The contents of a BASE 
register are added to the contents of an INDEX reg
ister to form the effective address of an operand. 

Example: MOV EAX, [ESIj [EBX] 

Based Scaled Index Mode: The contents of an 
INDEX register are multiplied by a SCALING factor 
and the result is added to the contents of a BASE 
register to obtain the operand's offset. 

Example: MOV ECX, [EDX*8] [EAX] 
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Figure 4-18. Addressing Mode Calculations 

Based Index Mode with Displacement: The con
tents of an INDEX Register and a BASE register's 
contents and a DISPLACEMENT are all summed to
gether to form the operand offset. 

Example: ADD EDX, [ESI] [EBP + OOFFFFFOH] 

Based Scaled Index Mode with Displacement: 
The contents of an INDEX register are multiplied by 
a SCALING factor, the result is added to the con
tents of a BASE register and a DISPLACEMENT to 
form the operand's offset. 
Example: MOV EAX, LOCALTABLE[EDI*4] 

[EBP+80] 
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4.6.4 DIFFERENCES BETWEEN 16- AND 32-BIT 
ADDRESSES 

In order to provide software compatibility with 80286 
and 8086 processors, the Intel486 processor can 
execute 16-bit instructions in Real and Protected 
Modes. The processor determines the size of the 
instructions it is executing by examining the 0 bit in 
the CS segment Descriptor. If the 0 bit is 0 then all 
operand lengths and effective addresses are as
sumed to be 16 bits long. If the 0 bit is 1 then the 
default length for operands and addresses is 32 bits: 
In Real Mode the default size for operands and ad
dresses is 16-bits. 

Regardless of the default precision of the operands 
or addresses, the Intel486 processor is able to exe
cute either 16- or 32-bit instructions. This is 
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specified via the use of override prefixes. Two prefix
es, the Operand Size Prefix and the Address 
Length Prefix, override the value of the 0 bit on an 
individual instruction basis. These prefixes are auto
matically added by Intel assemblers. 

Example: The Intel486 processor is executing in 
Real Mode and the programmer needs to access 
the EAX registers. The assembler code for this 
might be MOV EAX, 32-bit MEMORYOP, ASM486 
Macro Assembler automatically determines that an 
Operand Size Prefix is needed and generates it. 

Example: The 0 bit is 0, and the programmer wishes 
to use Scaled Index addressing mode to access an 
array. The Address length Prefix allows the use of 
MOV OX, TABlE[ESI*2]. The assembler uses an 
Address length Prefix because, with 0 = 0, the de
fault addressing mode is 16-bits. 

Example: The 0 bit is 1, and the program wants to 
store a 16-bit quantity. The Operand length Prefix is 
used to specify only a 16-bit value; MOV MEM16, 
OX. 

The OPERAND lENGTH and Address length Pre
fixes can be applied separately or in combination to 
any instruction. The Address length Prefix does not 
allow addresses over 64 Kbytes to be accessed in 
Real Mode. A memory address which exceeds 
FFFFH will result in a General Protection Fault. An 
Address length Prefix only allows the use of the ad
ditional Intel486 processor addressing modes. 

When executing 32-bit code, the Intel486 processor 
uses either 8-, or 32-bit displacements, and any reg
ister can be used as base or index registers. When 
executing 16-bit code, the displacements are either 
8, or 16 bits, and the base and index register con
form to the 80286 processor model. Table 4-15 illus
trates the differences. 

Table 4-15. BASE and INDEX Registers for 
16- and 32·Bit Addresses 

16-Blt 32-Blt 
Addres,sing Addressing 

BASE REGISTER BX,BP Any 32-bit GP 
Register 

INDEX REGISTER SI,DI Any 32-bit GP 
Register Except 

ESP 

SCALE FACTOR none 1,2,4,8 

DISPLACEMENT 0,8,16 bits 0,8,32 bits 
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4.7 Data Formats 

4.7.1 DATA TYPES 

The Intel486 processor can support a wide-variety of 
data types. In the following descriptions, the proces
sor consists of the base architecture registers. 

4.7.1.1 Unsigned Data Types 
Byte: Unsigned 8-bit quantity 

Word: Unsigned 16-bit quantity 

Dword: Unsigned 32-bit quantity 

The least significant bit (lSB) in a byte is bit 0, and 
the most significant bit is 7. 

4.7;1.2 Signed Data Types 

All signed data types assume 2's complement nota
tion. The signed data types contain two fields, a sign 
bit and a magnitude. The sign bit is the most signifi
cant bit (MSB). The number is negative if the sign bit 
is 1. If the sign bit is 0, the number is positive. The 
magnitude field consists of the remaining bits in the 
number. (Refer to Figure 4-19.) . 

8-bit Integer: Signed 8-bit quantity 

16-bit Integer: Signed 16-bit quantity 

32-bit Integer: Signed 32-bit quantity 

64-bit Integer: Signed 64-bit quantity 

The integer core of the Intel486 processors only. 
support 8-, 16- and 32-bit integers. (See section 
4.7.1.4, "Floating-Point Data Types. ") 

4.7.1.3 BCD Data Types 

The Intel486 processor supports packed and un
packed binary coded decimal (BCD) data types. A 
packed BCD data type contains two digits per byte, 
the lower digit is in bits 0-3 and the upper digit in 
bits 4-7. An unpacked BCD data type contains 1 
digit per byte stored in bits 0-3. 

The Intel486 processor supports 8-bit packed and 
unpacked BCD data types. (Refer to Figure 4-19.) 
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4.7.1.4 Floating-Point Data Types 

In addition to the base registers, the Intel486 OX, 
Inte1DX2, and IntelDX4 processors' on-chip Floating
Point Unit consists of the Floating-Point registers. 
The Floating-Point Unit data type contain three 
fields: sign, signific/ilnd and exponent. The sign field 
is one bit and is the MSB of the Floating-Point num
ber. The number is negative if the sign bit is 1. If the 
sign bit is 0, the number i~ positive. The significand 
gives the significant bits of the number. The expo
nent field contains the power of 2 needed to scale 
the significand. (Refer to Figure 4-19.) , 

Only the FPU supports Floating-Point data types. 

Single Precision Real: 

Double Precision Real: 

23-bit significand and 
8-bit exponent. 32 bits' 
total. 

52-bit significand and 
11-bit exponent. 64 bits 
total. ' 

Extended Precision Real: 64-bit significand and 
15-bit exponent. 80 bits 
total. 

Floating-Point Unsigned Data Types 

The on-chip FPU does not support unsigned data 
types. (Refer to Figure 4-19.) 

Floating-Point Signed Data Types 

The on-chip FPU only supports 16-, 32- and 64-bit 
integers. 
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Floating-Point BCD Data Types 

The on-chip FPU only supports 80-bit packed BCD 
data types. 

4.7.1.5 String Data Types 

A string dat~ type is a contiguous sequence of bits, 
bytes, words or dwords. A string may contain be
tween 1 byte and 4 Gbytes. (Refer to Figure 4-20.) 

String data types are only supported by the CPU 
section of the Intel486 processor. 

Byte String: Contiguous sequence of bytes. 

Word String: Contiguous sequence of words. 

Dword String: Contiguous sequence of dwords. 

Bit String: A set of contiguous bits. In the 
Intel486 processor bit strings can 
be up to 4-gigabits long. 

4.7.1.6 ASCII Data Types 

The Intel486 processor supports ASCII (American 
Standard Code for Information Interchange) strings 
and can perform arithmetic operations (such as ad
dition and division) on ASCII data. The Intel486 proc
essor can only operate on ASCII data. (Refer to Fig
ure 4-20.) 
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L easl Significant Byte 
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I 
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15 0 

~':-II 
T Sign Bl 

31 0 
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Figure 4-19.lnteI486TM Processor Data Types1 
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String Data Types 

Address A.N A •• A 

Byte 0 ·17 
• 

o 17 
0 

o I SIring 7 o· 

A+2N+ , A.2N .0..3 .0..2 A •• A 

Word I i 

o I ·1'5 
i 

o 1'5 
i 

o I N • 0 
Slring.s 

A+4N+3 A+4N+2 A+4N+1 A • .oN .0..7 .0..8 .0..5 A •• A.S "'.2 A •• A 

~~I .. i J 
01 ·13, 013. 

i 

01 
0 

A + 268,435.455 .0.- 288.435.4641 

* « 
A.S .0..2 A •• A .0.-' .0.-2 A-S 

o I « 17 
* Stri~17 o 17 o I 17 o 17 o 17 o 17 .... 0 17 o 17 o 17 o 17 01 

f f ff f 
+2. '.7.483.847 .7 •• 0 - 2.1.7.483.848 

ASCII Data Types 

ASCII 0 
Character 7 0 
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Figure 4-20. String and ASCII Data Types 

Least Significant Byte 

! 
Data Format 1..1 __ --L--I'--'--"'---'--...&...-'--'---L.--LI--I 

47 31 0 

48-8it pOinter .... 1 S_electo_r .... I __ Offset __ ..... 1 

31 0 

32-8it Pointer I Offset I ...... _----' 
242202-28 

Figure 4-21. Pointer Data Types 

4.7.1.7 Pointer Data Types support the following two types of pointers (see Fig

A pointer data type contains a value that gives the 
address of a piece of data. Intel486 processors 
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ure 4-21): 

• 48-bit Pointer: 16-bit selector and 32-bit offset 

• 32-bit Pointer: 32-bit offset 
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4.7.2 LITTLE ENDIAN vs. BIG ENDIAN DATA 
FORMATS 

The Intel486 processors, as well as all other mem
bers of the Intel architecture, use the "liUle-endian" 
method for storing data types that are larger than 
one byte. Words are stored in two consecutive bytes 
in memory with the low-order byte at the lowest ad
dress and the high order byte at the high address. 
Dword~ are stored in four consecutive bytes in mem
ory with. the low-order byte at the lowest address 
and the high order byte at the highest address. The 
address of a word or dword data item is the byte 
address of the low-order byte. . 

Figure 4-22 illustrates the differences between the 
big-end ian and liUle-endian formats for dwords. The 
32 bits of data are shown with the low order bit num
ber:d bit 0 a~d the high order bit numbered 32. Big
endlan data IS stored with the high-order bits at the 
lowest addressed byte. Little-endian data is stored 
with the high-order bits in the highest addressed 
byte. 

The Intel486 processor has the following two in
structions that can convert 16- or 32-bit data be
tween the two byte orderings: 

• BSWAP (byte swap) handles 4-byte values 
• XCHG(exchange) handles 2-byte values 

m+3 m+2 m+ 1 m 
31 24 23 1615 8 7 0 

1 I I 1 I 
Dword In Little-Endlan Memory Format 

m m+1 m+2 m+3 
31 24 23 16 15 8 7 0 

I I 1 1 ·1 
Dword in Big-Endian Memory Format 

242202-29 

Figure 4·22. Big vs. Little Endian Memory Format 
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4.8 Interrupts 

4.8.1 INTERRUPTS AND EXCEPTIONS 

Interrupts and exceptions alter the normal program 
flow, in order to handle external events, to report 
errors or exceptional conditions. The difference be
tween interrupts and exceptions is that interrupts are 
used to handle asynchronous external events while 
exceptions handle instruction faults. Although a pro
gram can generate a software interrupt via an INT N 
instruction, the Intel486 processors treat software 
interrupts as exceptions. 

Hardware interrupts occur as the result of an exter
nal event and are classified into two types: maskable 
or non-maskable. Interrupts are serviced after the 
execution of' the current instruction. After the 
interru~t handler is finished servicing the interrupt, 
execution proceeds with the instruction immediately 
after the interrupted instruction. Sections 4.8.3, 
"Maskable Interrupt," and 4.8.4, "Non-Maskable In
terrupt," discuss the differences between Maskable 
and Non-Maskable' interrupts. 

Exceptions are classified as faults, traps, or aborts, 
depending on the way they are reported, and wheth
~r o~ not restart of the instruction causing the excep
tion IS supported. Faults are exceptions that are de
tected and serviced before the execution of the 
faulting instruction. A fault would occur in a virtual 
memory system when the processor referenced a 
page or a segment that was not present. The operat
Ing system would fetch the' page or segment from 
disk, and then the Intel486 processor would restart 
the instruction. Traps are exceptions that are report
ed immediately after the execution of the instruction 
that caused the problem. User defined interrupts are 
examples of traps. Aborts are exceptions that do 
not permit the precise location of the instruction 
causing the exception to be determined. Aborts are 
used to report severe errors, such as a hardware 
error or illegal values in system tables. 

Thus, when an interrupt service routine has been 
completed, execution proceeds from the instruction 
immediately following the interrupted instruction. On 
the other hand, the return address from an excep
tion fault routine will always point at the instruction 
causing the exception and include any leading in
struction prefixes. Tables 4-16 and 4-17 summarize 
the possible interrupts for Intel486 processors and 
shows where the return address points. 

4-309 



Intel486TM PROCESSOR FAMILY 

Intel486 processors can handle up to 256 different 
interrupts and/or exceptions. In order to service the 
interrupts, a table with up to 256 interrupt vectors 
must be defined. The interrupt vectors are simply 
pointers to the appropriate interrupt service routine. 
In Real Mode (see section 5.0, "Real Mode Archi
tecture"), the vectors are 4-byte quantities, a Code 
Segment plus a 16-bit offset; in Protected Mode, the 
interrupt vectors are 8-byte quantities, which are put 
in an Interrupt Descriptor Table. (See section 
6.2.3.4, "Interrupt Descriptor Table.") Of the 256 
possible interrupts, 32 are reserved for use by Intel, 
the remaining 224 are free to be used by the system 
designer. 

4.8.2 INTERRUPT PROCESSING 

When an interrupt occurs, the following actions hap
pen. First, the current program address and the 
Flags are saved on the stack to allow resumption of 
the interrupted program. Next, an 8-bit vector is sup
plied to the Intel486 processor Which identifies the 
appropriate entry in the interrupt table .. The table 
contains the starting address of the interrupt service 
routine. Then, the user supplied interrupt service 
routine is· executed. Finally, when an IRET instruc
tion is executed the old Intel486 processor state is 
restored and program execution resumes at the ap
propriate instruction. 

The.8-bit interrupt vector is supplied to the Intel486 
processor in several different ways: exceptions sup
ply the interrupt vector internally; software INT 
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instructions contain or imply the vector; maskable 
hardware interrupts supply the 8-bit vector via the 
interrupt acknowledge bus sequence. Non-Maska
ble hardware interrupts are assigned to interrupt 
vector 2. 

4.8.3 MASKABLE INTERRUPT 

Maskable interrupts are the most common way used 
by the Intel486 processor to respond to asynchro
nous external hardware events. A hardware interrupt 
occurs when the INTR is pulled high and the Inter
rupt Flag bit (IF) is enabled. The Intel486 processor 
only responds to interrupts between instructions, 
(REPeat String instructions, hav~ an "interrupt win
dow," between memory moves, which allows inter
rupts during long string moves). When an interrupt 
occurs, the Intel486 processor reads an 8-bit vector 
supplied by the hardware which identifies the source 
of the interrupt, (one of 224 user defined interrupts). 
The exact nature of the interrupt sequence is dis
cussed in section 10.2.10, "Interrupt Acknowledge." 

The IF bit in the EFLAG registers is reset when an 
interrupt is being serviced. This effectively disables 
servicing additional interrupts during an interrupt 
service routine. However, the IF may be set explicitly 
by the interrupt handler, to allow the nesting of inter
rupts. When an IRET instruction is executed,the 
original state of the IF is restored. 
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Table 4-16. Interrupt Vector Assignments 

Interrupt Instruction that Can Cause 
Return Address 

Function 
Number Exception 

Points to Faulting Type 
Instruction 

Divide Error 0 DIV,IDIV YES FAULT 

Debug Exception 1 Any instruction YES TRAP' 

NMllnterrupt 2 INT2 or NMI NO NMI 

One Byte Interrupt 3 INT NO TRAP 

Interrupt on Overflow 4 INTO NO TRAP 

Array Bounds Check 5 BOUND YES FAULT 

Invalid OP·Code 6 Any illegal instruction. YES FAULT 

Device Not Available 7 ESC, WAIT YES FAULT 

Double Fault 8 Any instruction that can ABORT 
generate an exception 

Intel Reserved 9 

InvalidTSS 10 JMP, CALL, IRET, INT YES FAULT 

Segment Not Present 1 Segment Register Instructions YES FAULT 

Stack Fault 12 Stack References YES FAULT 

General Protection Fault 13 Any Memory Reference YES FAULT 

Page Fault 14 Any Memory Access or Code YES FAULT 
Fetch 

Intel Reserved 15 

Alignment Check Interrupt 17 Unaligned Memory Access YES FAULT 

Intel Reserved 18-31 

Two Byte Interrupt 0-255 INTn NO TRAP 

'Some debug exceptions may report both traps on the prevIous Instruction, and faults on the next instruction. 

Table 4-17. FPU Interrupt Vector Assignments 

Interrupt Instruction Which Can Return Address 
Function Points to Faulting Type 

Number Cause Exception 
Instruction 

Floating·Point Error 16 Floating·Point, WAIT YES FAULT 
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4.8.4 NON-MASKABLE INTERRUPT 

Non·maskable interrupts provide a method of servic· 
ing very high priority interrupts. A common example 
of the use of a non·maskable interrupt (NMI) would 
be to activate a power failure routine or SMI# to 
activate a power saving mode. When the NMI input 
is pulled high, it causes an interrupt with an internally 
supplied vector value of 2. Unlike a normal hardware 
interrupt, no interrupt acknowledgment sequence is 
performed for an NMI. . 

While executing the NMI servicing procedure, the 
Intel486 processor will not service further NMI reo 
quests until an interrupt return (lRET) instruction is 
executed or the processor is reset (RSM in the case 
of SMI#). If NMI occurs while currently servicing an 
NMI, its presence will be saved for servicing after 
executing the first IRET instruction. The IF bit is 
cleared at the beginning of anNMI interrupt to inhibit 
further INTR interrupts. 

4.8.5 SOFTWARE INTERRUPTS 

A third type of interrupt/exception for the Intel486 
processor is the software interrupt. An INT n instruc· 
tion causes the processor to execute the interrupt 
service routine pointed to by the nth vector in the 
interrupt table. 

A special case of the two byte software interrupt INT 
n is the one byte INT 3, or breakpoint interrupt. By 
inserting this one byte instruction in a program, the 
user can set breakpoints in his program as a debug
ging tool. 

A final type of software interrupt is the single step 
interrupt. It is discussed in section 12.2, "Single
Step Trap." 

4.8.6 INTERRUPT AND EXCEPTIO", PRIORITIES 

Interrupts are externally-generated events. Maska
ble Interrupts (on the INTR input) and Non-Maskable 
Interrupts (on the NMI input or SMI # input) are rec
ognized at instruction boundaries. When more than 
one interrupt or external event are both recognized 
at the same instruction boundary, the Intel486 proc
essor invokes the highest priority routine first. (See 
list below.) If, after the NMI service routine has been 
invoked, maskable interrupts are still enabled, then 
the Intel486 processor will invoke the appropriate 
interrupt service routine. 
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Priority for Servicing External Events for All 
Intel486 Processors Except the Write-Back En
hanced Intel486 processors 

1. RESET /SRESET 

2. FLUSH# 

3. SMI# 

4. NMI 

5.INTR 

6. STPCLK# 

NOTE: 
STPCLK# will be recognized while in an in
terrupt service routine or an SMM handler. 

For the Write-Back Enhanced Intel486 processors, 
the priority of servicing external events is modified 
from the standard Intel486 processor. The list below 
shows the priority for write-back enhanced mode. 

Priority for Servicing External Events for the 
Write-Back Enhanced Intel486 processors 

1. RESET 

2. FLUSH# 

3.SRESET 

4. SMI# 

5. NMI 

6.INTR 

7. STPCLK# 

Exceptions are internally-generated events. Excep
tions are detected by the Intel486 processor if, in the 
course of executing an instruction, the Intel486 proc
essor detects a problematic condition. The IntelDX4 
processor then immediately invokes the appropriate 
exception service routine. The state of the Intel486 
processor is such that the instruction causing the 
exception can be restarted. If the exception service 
routine has taken care of the problematic condition, 
the instruction will execute without causing the same 
exception. 

It is possible for a single instruction to generate sev
eral exceptions (for example, transferring a single 
operand could generate two page faults if the oper
and location spans two "not present" pages). How
ever, only one exception is generated upon each at
tempt to execute the instruction. Each exception 
service routine should correct its corresponding ex
ception, and restart the instruction. In this manner, 
exceptions are serviced until the instruction exe
cutes successfully. 
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As the Intel486 processor executes instructions, it 
follows a consistent cycle in checking for excep
tions. Consider the case of the Intel486 processor 
having just completed an instruction. It then per
forms the checks listed in Table 4-18 before reach
ing the point where the next instruction is complet-

ed. This cycle is repeated as each instruction is exe
cuted, and occurs in parallel with instruction decod
ing and execution. Checking for EM, TS, or FPU er
ror status only occurs for processors with on-chip 
Floating-Point Units. 

Table 4-18. Sequence of Exception Checking 

Sequence Description 

1 Check for Exception 1 Traps from the instruction just completed (single-step via Trap Flag, or 
Data Breakpoints set in the Debug Registers). 

2 Check for Exception 1 Faults in the next instruction (Instruction Execution Breakpoint set in the 
Debug Registers for the next instruction). 

3 Check for external NMI and INTR. 

4 Check for Segmentation Faults that prevented fetching the entire next instruction (exceptions 
11 or 13). 

5 Check for Page Faults that prevented fetching the entire next instruction (exception 14). 

6 Check for Faults decoding the next instruction (exception 6 if illegal opcode; exception 6 if in 
Real Mode or in Virtual 8086 Mode and attempting to execute an instruction for Protected 
Mode only (see section 6.5.4, "Protection and 1/0 Permission Bitmap"); or exception 13 if 
instruction is longer than 15 bytes, or privilege violation in Protected Mode (i.e., not at 10PL or 
atCPL=O). 

7 If WAIT opcode, check if TS= 1 and MP= 1 (exception 7 if both are 1). 

8 If opcode for Floating-Point Unit, check if EM = 1 or TS = 1 (exception 7 if either are 1). 

9 If opcode for Floating-Point Unit (FPU), check FPU error status (exception 16 if error status is 
asserted). 

10 Check in the following order for each memory reference required by the instruction: 

a. Check for Segmentation Faults that prevent transferring the entire memory quantity 
(exceptions 11, 12, 13). 

b. Check for Page Faults that prevent transferring the entire memory quantity (exception 14). 

NOTE: 
The order stated supports the concept of the paging mechanism being "underneath" the segmentation mechanism. There
fore, for any given code or data reference in memory, segmentation exceptions are generated before paging exceptions are 
generated. 
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4.8.7 INSTRUCTION RESTART 

The Intel486 processor fully supports restarting all 
instructions after faults. If an exception is detected in 
the instruction to be executed (exception categories 
4 through 10 in Table 4-18), the Intel486 processor 
invokes the appropriate exception service routine. 

The Intel486 processor is in a state that permits re
start of the instruction, for all cases except the fol
lowing. An instruction causes a task switch to a task 
whose Task State Segment is partially "not pres
ent." (An entirely "not present" TSS is restartable.) 
Partially present TSSs can be avoided either by 
keeping the TSSs of such tasks present in memory. 
or by aligning TSS segments to reside entirely within 
a single 4K page (for TSS segments of 4 Kbytes or 
less). 

NOTE: 
Such cases are easily avoided by proper de
sign of the operating system. 

4.8.8 DOUBLE FAULT 

A Double Fault (exception 8) results when the 
Intel486 processor attempts to invoke an exception 
service routine .for the segment exceptions (10, 11, 
12 or 13) but, in the process of doing so, detects an 
exception other than a Page Fault (exception 14). 

A Double Fault (exception 8) will also be generated 
when the Intel486 processor attempts to invoke the 
Page Fault (exception 14) service routine, and de
tects an exception other than a second Page Fault. 
In any functional system, the entire Page Fault serv
ice routine must remain "present" in memory. 

When a Double Fault occurs, the Intel486 processor 
invokes the exception service routine for exception 
8. 

4.8.9 FLOATING-POINT INTERRUPT VECTORS 

Several interrupt vectors of the Intel486 DX, 
IntelDX2, and IntelDX4 processors are used to re
port exceptional conditions while executing numeric 
programs in either real or protected mode. Table 4-
19 shows these interrupts and their causes. 

Table. 4·19. Interrupt Vectors Used by FPU 

Interrupt Number Cause of Interrupt 

7 A Floating-Point instruction was encountered when EM or TS of the Intel486™ DX, 
IntelDX2™, and IntelDX4TM processor control register zero (CRO) was set. EM = 1 
indicates that software emulation of the instruction is required. When T8 is set, either a 
Floating-Point or WAIT instruction causes interrupt 7. This indicates that the current 
FPU context may not belong to the current task. 

13 The first word or doubleword of a numeric operand is not entirely within the limit of its 
segment. The return address pushed onto the stack of the exception handler points at 
the Floating-Point instruction that caused the exception, including any prefixes. The 
FPU has not executed this instruction; the instruction pointer and data pointer register 
refer to a previous, correctly executed instruction. 

16 The previous numerics instruction caused an unmasked exception. The address of the 
faulty instruction and the address of its operand are stored in the instruction pointer 
and data pointer registers. Only Floating-Point and WAIT instructions can cause this 
interrupt. The Intel486 DX, IntelDX2, and IntelDX4 processors return address pushed 
onto the stack of the exception handler points to a WAIT or Floating-Point instruction 
(including prefixes). This instruction can be restarted after clearing the exception 
condition in the FPU. The FNINIT, FNCLEX, FNSTSW, FNSTENV, and FNSAVE 
instructions can not cause this interrupt. 
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5.0 REAL MODE ARCHITECTURE 

5.1 Introduction 

When the Intel486 processor is reset or powered up, 
it is initialized in Real Mode. Real Mode has the 
same base architecture as the 8086 processor, ex
cept that it allows access to the 32-bit register set of 
the Intel486 processor. The Intel486 processor ad
dressing mechanism, memory size and interrupt 
handling are identical to those of Real Mode on the 
80286 processor. 

All of the Intel486 processor instructions are avail
able in Real Mode (except those instructions listed 
in section 6.5.4, "Protection and I/O Permission Bit
map"). The default operand size in Real Mode is 16 
bits, as in the 8086 processor. In order to use the 
32-bit registers and addressing modes, override pre
fixes must be used. Also, the segment size on the 
Intel486 processor in Real Mode is 64 Kbytes, forc
ing 32-bit effective addresses to have a value less 
than OOOOFFFFH. The primary' purpose of Real 
Mode is to enable Protected Mode Operation. 

The LOCK prefix on the Intel486 processor, even in 
Real Mode, is more restrictive than on the 80286 
processor. This is due to the addition of paging on 
the Intel486 processor in Protected Mode and Virtu
al 8086 Mode. Paging makes it impossible to guar
antee that repeated string instructions can be 
LOCKed. The Intel486 processor can not require 
that all pages holding the string be physically pres
ent in memory. Hence, a Page Fault (exception 14) 
might have to be taken during the repeated string 
instruction. Therefore, the LOCK prefix can not be 
supported during repeated string instructions. 

Table 5-1 lists the only instruction forms where the 
LOCK prefix is legal on the Intel486 processor. 

An exception 6 will be generated if a LOCK prefix is 
placed before any instruction form or opcode not 
listed above. The LOCK prefix allows indivisible 
read/modify/write operations on memory operands 
using the instructions above. For example, even the 
ADD Reg, Mem is not LOCKable, because the Mem 
operand is not the destination (and therefore no 
memory read/modify/operation is being performed). 

Because, on the Intel486 processor, repeated string 
instructions are not LOCKable, it is not possible to 
LOCK the bus for a long period of time. Therefore, 
the LOCK prefix is not 10PL-sensitive on the 
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Intel486 processor. The LOCK prefix can be used at 
any privilege level, but only on the instruction forms 
listed above. 

Table 5-1. Instruction Forms Where LOCK 
Prefix Is Legal 

Opcode 
Operands 

(Dest, Source) 

BIT Test and Mem, Reg/immed 
SET /RESET /COMPLEMENT 

XCHG Reg, Mem 

CHG Mem, Reg 

ADD, OR, ADC, SBB, AND, Mem, Reg/immed 
SUB,XOR 

NOT, NEG, INC, DEC Mem 

CMPXCHG, XADD Mem, Reg 

5.2 Memory Addressing 

In Real Mode the maximum memory size is limited to 
1 megabyte. (See Figure 5-1.) Thus, only address 
lines A2-A 19 are active. (Exception, after RESET 
address lines A20-A31 are high during CS-relative 
memory cycles until an intersegment jump or call is 
executed. See section 9.5, "Reset and Initializa
tion".) 

15 0 

OFfSET I 
19 0 

I 0000 I MAX LIMIT 
SEGMENT /FiXED AT 64K IN 
SELECTOR REAL MODE 

I -0-- MEMORY OPERAND 

~J ___ ~ 
SELECTED 

64K 
SEGMENT 

I 
SEGMENT BASE 

242202-30 

Figure 5-1. Real Address Mode Addressing 

Because paging is not allowed in Real Mode, the 
linear addresses are the same as the physical ad
dresses. Physical addresses are formed in Real 
Mode by adding the contents of the appropriate seg
ment register, which is shifted left by four bits to an 
effective address. This addition results in a physi-
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cal address from OOOOOOOOH to 001 OFFEFH. This is 
compatible with 80286 Real Mode. Because seg
ment registers are shifted left by 4 bits, Real Mode 
segments always start on 16-byte boundaries. 

All segments in Real Mode are exactly 64-Kbytes 
long, and may be read, written, or executed. The 
I ntel486 processor will generate an exception 13 if a 
data operand or instruction fetch occurs past the 
end of a segment (i.e., if an operand has an offset 
greater than FFFFH, for example, a word with a low 
byte at FFFFH and the high byte at OOOOH). 

Segments may be overlapped in Real Mode. Thus, if 
a particular segment does not use all 64 Kbytes, an
other segment can be overlaid on top of the unused 
portion of the previous segment. This allows the pro
grammer to minimize the amount of physical memo
ry needed for a program. 

5.3 Reserved Locations 

There are two fixed areas in memory which are re
served in Real address mode: system initialization 
area and the interrupt table area. Locations OOOOOH 
through 003FFH are reserved for interrupt vectors. 
Each one of the 256 possible interrupts has a 4-byte 
jump vector reserved for it. Locations FFFFFFFOH 
through FFFFFFFFH are reserved for system initiali
zation. 

5.4 Interrupts 

Many of the exceptions shown in Table 4-16 and 
discussed in section 4.8.3, "Maskable Interrupt," are 
not applicable to Real Mode operation, in particular 
exceptions 1 0, 11, 14, 17, which do not happen in 

Real Mode. Other exceptions have slightly different 
meanings in Real Mode; Table 5-2 identifies these 
exceptions. 

5.5 Shutdown and Halt 

The HALT instruction stops program execution and 
prevents the Intel486 processor from using the local 
bus until restarted. Either NMI, INTR with interrupts 
enabled (IF= 1), or RESET will force the Intel486 
processor out of halt. If interrupted, the saved CS:IP 
will point to the next instruction after the HL T. 

As in the case of protected mode, the shutdown will 
occur when a severe error is detected that prevents 
further processing. In Real Mode, shutdown can oc
cur under two conditions, as follows: 

• An interrupt or an exception occurs (exceptions 8 
or 13) and the interrupt vector is larger than the 
Interrupt Descriptor Table (Le., there is not an in
terrupt handler for the interrupt). 

e A CALL, INT or PUSH instruction attempts to 
wrap around the stack segment when SP is not 
even (Le., pushing a value on the stack when SP 
= 0001 resulting in a stack segment greater than 
FFFFH). 

An NMI input can bring the processor out of shut
down if the Interrupt Descriptor Table limit is large 
enough to contain the NMI interrupt vector (at least 
0017H) and the stack has enough room to contain 
the vector and flag information (i.e., SP is greater 
than 0005H). If these conditions are not met, the 
Intel486 processor is unable to execute the NMI and 
executes another shutdown cycle. In this case, the 
Intel486 processor remains in the shutdown and can 
only exit via the RESET input. 

Table 5·2. Exceptions with Different Meanings in Real Mode (see Table 4·17) 

Function 
Interrupt 

Related Instructions 
Return Address 

Number Location 

Interrupt table limit too small 8 INT Vector is not within table limit Before Instruction 

CS, OS, ES, FS, GS Segment 13 Word memory reference beyond offset = Before Instruction 
overrun exception FFFFH. 

An attempt to execute past the end of CS 
segment. 

SS Segment overrun exception 12 Stack Reference beyond offset = FFFFH Before Instruction 
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6.0 PROTECTED MODE 
ARCHITECTURE 

The complete capabilities of the Intel486 processor 
are unlocked when the Intel486 processor operates 
in Protected Virtual Address Mode (Protected 
Mode). Protected Mode vastly increases the linear 
address space to four Gbytes (232 bytes) and allows 
the running of virtual memory programs of almost 
unlimited size (64 terabytes or 246 bytes). In addition 
Protected Mode allows the Intel486 processor to run 
all of the existing 8086, 80286 and Intel386 proces
sor software, while providing a sophisticated memo
ry management and a hardware-assisted protection 
mechanism. Protected Mode allows the use of addi
tional instructions especially optimized for support
ing multitasking operating systems. The base archi
tecture of the Intel486 processor remains the same, 
the registers, instructions, and addressing modes 
described in the previous sections are retained. The 
main difference between Protected Mode and Real 
Mode from a programmer's view is the increased 
address space and a different addressing mecha
nism. 

48/32 BIT POINTER 

Intel486™ PROCESSOR FAMIL V 

6.1 Addressing Mechanism 

Like Real Mode, Protected Mode uses two compo
nents to form the logical address, a 16-bit selector is 
used to determine the linear base address of a seg
ment, the base address is added to a 32-bit effective 
address to form a 32-bit linear address. The linear 
address is then either used as the 32-bit physical 
address, or if paging is enabled the paging mecha
nism maps the 32-bit linear address into a 32-bit 
physical address. 

The difference between the two modes lies in calcu
lating the base address. In Protected Mode the se
lector is used to specify an index into an operating 
system defined table. (See Figure 6-1.) The table 
contains the 32-bit base address of a given seg
ment. The physical address is formed by adding the 
base address obtained from the table to the offset. 

Paging provides an additional memory management 
mechanism which operates only in Protected Mode. 
Paging provides a means of managing the very large 
segments of the Intel486 processor. As such, paging 
operates beneath segmentation. The paging mecha
nism translates the protected linear address which 
comes from the segmentation unit into a physical 
address. Figure 6-2 shows the complete Intel486 
processor addressing mechanism with paging en
abled. 

SEGMENT LIMIT . 

0---. MEMORY OPERAND 

I 

ACCESS RIGHTS 

LIMIT 

BASE ADDRESS 

SEGMENT 
DESCRIPTOR 

SEGMENT BASE 
ADDRESS 

Figure 6-1. Protected Mode Addressing 

SELECTED 
SEGMENT 
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Figure 6-2. Paging and Segmentation 

6.2 Segmentation 

6.2.1 SEGMENTATION INTRODUCTION 

Segmentation is one method of memory manage
ment. Segmentation provides the basis for protec
tion. Segments are used to encapsulate regions of 
memory which have common attributes. For exam
ple, all of the code of a given program could be con
tained in a segment, or an operating system table 
may reside in a segment. All information about a 
segment is stored in an 8-byte data structure called 
a descriptor. All of the descriptors in a system are 
contained in tables recognized by hardware. 

6.2.2 TERMINOLOGY 

The following terms are used throughout the discus
sion of descriptors, privilege levels and protection: 

PL: Privilege Level-One of the four hierarchical 
privilege levels. Level 0 is the most privileged level 
and level 3 is the least privileged. More privileged 
levels are numerically smaller than less privileged 
levels. 
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RPL: Requester Privilege Level-The privilege level 
of the original supplier of the selector. RPL is deter
mined by the least two significant bits of a selector. 

DPL: Descriptor Privilege Level-This is the least 
privileged level at which a task may access that de
scriptor (and the segment associated with that de
scriptor). Descriptor Privilege Level is determined by 
bits 6:5 in the Access Right Byte of a descriptor. 

CPL: Current Privilege Level-The privilege level at 
which a task is currently executing, which equals the 
privilege level of the code segment being executed. 
CPL can also be determined by examining the low
est 2 bits of the CS register, except for conforming 
code segments. 

EPL: Effective Privilege Level-The effective privi
lege level is the least privileged of the RPL and DPL. 
Because smaller privilege level values indicate 
greater privilege, EPL is the numerical maximum of 
RPL and DPL. 

Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 
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6.2.3 DESCRIPTOR TABLES 

6.2.3.1 Descriptor Tables Introduction 

The descriptor tables define all of the segments 
which are used in an Intel486 processor system. 
(See Figure 6-3.) There are three types of tables on 
the Intel486 processor which hold descriptors: the 
Global Descriptor Table, Local Descriptor Table, and 
the Interrupt Descriptor Table. All of the tables are 
variable length memory arrays. They can range in 
size between 8 bytes and 64 Kbytes. Each table can 
hold up to 8192 8-byte descriptors. The upper 13 
bits of a selector are used as an index into the de
scriptor table. The tables have registers associated 
with them which hold the 32-bit linear base address, 
and the 16-bit limit of each table. 

Each of the tables has a register associated with it, 
the GDTR, LDTR, and the IDTR (see Figure 6-3). 
The LGDT, LLDT, and LlDT instructions load the 
base and limit of the Global, Local, and Interrupt De
scriptor Tables, respectively, into the appropriate 
register. The SGDT, SLDT, and SIDT store the base 
and limit values. These tables are manipulated by 
the operating system. Therefore, the load descriptor 
table instructions are privileged instructions. 

I 

LDTR 

15 

IDTR 

GDTR 

o 

LDT LIMIT 

32 
PROGRAM INVISIBLE 
AUTOMATICALL Y LOADED 
FROM LDT DESCRIPTOR 
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Figure 6-3. Descriptor Table Registers 
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6.2.3.2 Global Descriptor Table 

The Global Descriptor Table (GOT) contains de
scriptors which are possibly available to all of the 
tasks in a system. The GDT can contain any type of 
segment descriptor except for descriptors which are 
used for servicing interrupts (I.e., interrupt and trap 
descriptors). Every Intel486 processor system con
tains a GDT. Generally the GDT contains code and 
data segments used by the operating systems and 
task state segments, and descriptors for the LDTs in 
a system. 

The first slot of the GDT corresponds to the null 
selector and is not used. The null selector defines a 
null pointer value. 

6.2.3.3 Local Descriptor Table 

Local Descriptor Tables contain descriptors which 
are associated with a given task. Generally, operat
ing systems are designed so that each task has a 
separate LDT. The LDT may contain only code, 
data, stack, task gate, and call gate descriptors. 
LDTs provide a mechanism for isolating a given 
task's code and data segments from the rest of the 
operating system, while the GDT contains descrip
tors for segments which are common to all tasks. A 
segment cannot be accessed by a task if its seg
ment descriptor does not exist in either the current 
LDT or the GDT. This provides both isolation and 
protection for a task's segments, while still allowing 
glqbal data to be shared among tasks. 

Unlike the 6-byte GDT or IDT registers which contain 
a base address and limit, the visible portion of the 
LDT register contains only a 16-bit selector. This se
lector refers to a LDT descriptor in the GDT. 

6.2.3.4 Interrupt Descriptor Table 

The third table needed for Intel486 processor sys
tems is the Interrupt Descriptor Table. (See Figure 
6-4.) The IDT contains the descriptors which point to 
the location of up to 256 interrupt service routines. 
The IDT may contain only task gates, interrupt 
gates, and trap gates. The IDT should be at least 
256 bytes in size in order to hold the descriptors for 
the 32 Intel Reserved Interrupts. Every interrupt 
used by a system must have an entry in the IDT. The 
IDT entries are referenced via INT instructions, ex
ternal interrupt vectors, and exceptions. (See sec
tion 4.8, "Interrupts.") 
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Figure 6·4. Interrupt Descriptor Table 
Register Use . 

6.2.4 DESCRIPTORS 

6.2.4.1 Descriptor Attribute Bits 

The object to which the segment selector points to 
is called a descriptor. Descriptors are eight-byte 
quantities that contain attributes about a given re
gion of linear address space (Le., a segment). These 
attributes include the 32-bit base linear address of 
the segment, the 20-bit length and granularity of the 
segment, the protection level, read, write or execute 
privileges, the default size of the operands (16-bit or 
32-bit), and the type of segment. All of the attribute 
information about a segment is contained in .12 bits 
in the segment descriptor.· All segments on the 
Intel486 processor have three attribute fields in 
common: the P bit, the DPL bit, and t~e S bit. The 
Present P bit is 1 if the segment is loaded in physical 
memory. If P=O, any attempt to access this seg
ment will cause a not present exception (exception 
11). The Descriptor Privilege Level DPL is a two-bit 
field that specifies the protection level 0-3 associat
ed with a segment. 

The Intel486 processor has two main categories of 
segments: system segments and non-system seg
ments (for code and data). The segment S bit in the 
segment descriptor determines if a given segment is 
a system segment or a code or data segment. If the 
S bit is 1, the segment is either a code or data seg
ment. If it is 0, the segment is a system segment. 
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6.2.4.2 Intel486TM processor Code, Data 
Descriptors (S= 1) 

Figure 6-5 shows the general format of a code and 
data descriptor and Table 6-1 illustrates how the bits 
in the Access Rights Byte are interpreted .. The Ac
cess Rights Bytes is bits 24-31 associated with the 
segment limit. 

Code and data segments have several descriptor 
fields in common. The accessed A bit is set whenev
er the processor accesses a descriptor. The A bit is 
used by operating systems to keep usage statistics 
on a given segment. The G bit, or granularity bit, 
specifies if a segment length is byte-granular or 
page-granular. Intel486 processor segments can be 
one megabyte long with byte granularity (G = 0) or 
four gigabytes with page granularity (G = 1), (Le., 220 
pages each page is 4 Kbytes in length). The granu
larity is totally unrelated to paging. An Intel486 proc
essor system can consist of segments with byte 
granularity, and page granularity, whether or not 
paging is enabled. . 

The executable E bit tells if a segment is a code or 
data segment. A code segment (E = 1, S = 1) may be 
execute-only or execute/read as determined by the 
Read R bit. Code segments are execute only if 
R = 0, and execute/read if R = 1. Code segments 
may never be written into. 

NOTE: 
Code segments may be modified via aliases. 
Aliases are writeable data segments which 

. occupy the same range of linear address 
space as the code segment. 

The 0 bit indicates the default length for operands 
and effective addresses. If D= 1 then 32-bit oper
ands and 32-bit addressing modes are assumed. If 
D = 0 then 16-bit operands and 16-bit addressing 
modes are assumed. Therefore all existing 80286 
code segments will execute on the Intel486 proces
sor assuming the D bit is set O. 

Another attribute of code segments is determined by 
the conforming C bit. Conforming segments, C = 1 , 
can be executed and shared by programs at differ
ent privilege levels. (See section 6.3, "Protection.") 
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Segment lini 15 ... 0 
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P Present Bit 1 = Present, 0 = Not Present 
DPL Descriptor Privilege Level 0-3 
S Segment Descriptor 0= System Descriptor, 1 = Code or Data Segment Descriptor 
TYPE Type of Segment 
A Accessed Bit 
G Granularity Bit 1 = Segment length is page granular, O=Segment length is byte granular 
D Default Operation Size (recognized in code segment descriptors only) 

1 = 32-bit segment, 0 = 16-bit segment 
o Bit must be zero (0) for compatibility with future processors 
AVL Available field for user or OS 

NOTE: 
In a maximum-size segment (i.e., a segment with G=1 and segment limit 19 ... O=FFFFFH), the lowest ,12 bits of the 
segment base should be zero (i.e., segment base 11 ... OOO=OOOH). 

Figure 6-5. Segment Descriptors 

Table 6-1. Access Rights Byte Definition for Code and Data Descriptions 

Bit 
Name Function 

Position 

7 Present (P) P = 1 Segment is mapped into physical memory. 
p=o No mapping to physical memory exits, base and 

-limit are not used. 
6-5 Descriptor Privilege Segment privilege attribute used in privilege tests. 

Level (DPL) 
4 Segment S=1 Code or Data (includes stacks) segment descriptor. 

Descriptor (S) S=O System Segment Descriptor or Gate Descriptor. 

If Data Segment (S = 1, E = 0) 
3 Executable (E) ·E = 0 Descriptor type is data segment: 
2 Expansion ED = 0 Expand up segment, offsets must be ::;; limit. 

Direction (ED) ED = 1 Expand down segment, offsets must be > limit. 
1 Writeable (W) W=O Data segment may not be written into. 

W;= 1 Data segment may be written into. 

If Code Segment (S = 1, E = 1) 
3 Executable (E) E = 1 Descriptor type is code segment: 
2 Conforming (C) C=1 Code segment may only be executed when CPL ~ 

DPL and CPL remains unchanged. 
1 Readable (R) R=O Code segment may not be read. 

R=1 Code segment may be read. 

0 Accessed (A) A=O Segment has not been accessed. 
A=1 Segment selector has been loaded into segment 

register or used by selector test instructions. 
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Segments identified as data segments (E = 0, S = 1) 
are used for two types of Intel486 processor seg
ments: stack and data segments. The expansion di
rection (ED) bit specifies if a segment expands 
downward (stack) or upward (data). If a segment is a 
stack segment all offsets must be greater than the 
segment limit. On a data segment all offsets must be 
less than or equal to the limit. In other words, stack 
segments start at the base linear address plus the 
maximum segment limit and grow down to the base 
iinear address plus the limit. On the other hand, data 
segments start at the base linear address and ex
pand to the base linear address plus limit. , 

The write W bit controls the ability to write into a 
segment. Data segments are read-only if W = O. The 
stack segment must have W = 1. 

The B bit controls the size of the stack pointer regis
ter. If B = 1, then PUSHes, POPs, and CALLs all use 
the 32-bit ESP register for stack references and as
sume an upper limit of FFFFFFFFH. If B = 0, stack 
instructions all use the 16-bit SP register and as
sume an upper limit of FFFFH. 

31 

Type 
o 
1 
2 
3 
4 
5 

6 
7 

Segment Base 15 ... 0 

Base 31. .. 24 

Defines 
Invalid 

G 

Available 80286 TSS 
LDT 
Busy 80286 TSS 
80286 call gate 

0 0 0 limit 
19 .. c16 

Task Gate (for 80286, Intel466TM processor 
task) 
60286 interrupt gate 
80286 trap gate 

16 

P 

6.2.4.3 Syst.m Descriptor Formats 

System segments describe information about oper
ating system tables, tasks, and gates. Figure 6-6 
shows the general format of system segment de
scriptors and the various types of system segments. 
Intel486 processor system descriptors contain a 
32-bit base linear address and a 20-bit segment lim
it. The 80286 system descriptors have a 24-bit base 
address and a 16-bit segment limit. The 80286 sys
tem descriptors are identified by the upper 16 bits 
being all zero. 

6.2.4.4 LDT Descriptors (S = 0, TYPE = 2) 

LOT descriptors (S = 0, TYPE = 2) contain informa~ 
tion about LOTs. LOTs contain a table of segment 
descriptors unique to a particular task. Because the 
instruction to load the LOTR is only available at privi
lege level 0, the OPL field is ignored. LOT descrip
tors are only allowed in the GOT. 

Segment Umit 15 ... 0 

DPL 0 Type Base 23 ... 16 

I I I I 

8 Invalid 
9 Available Intel486 processor TSS 
A Undefined (Intel Reserved) 
B Busy Intel486 processor TSS 
C Intel486 processor call gate 

'D Undefined (Intel Reserved) 
E Intel486 processor 
F Intel486 processor 

o Byte 
Address 

o 

+4 
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Figure 6-6. System Segment Descriptors 
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6.2.4.5 T55 Descriptors 
(5 = 0, TYPE = 1, 3, 9, 8) 

A Task State Segment (TSS) descriptor contains in· 
formation about the location, size, and privilege level 
of a Task State Segment (TSS). A TSS in turn is a 
special fixed format segment which contains all the 
state information for a task and a linkage field to 
permit nesting tasks. The TYPE field is used to indio 
cate whether the task is currently BUSY (Le., on a 
chain of active tasks) or the TSS is available. The 
TYPE field also indicates if the segment contains an 
80286 processor TSS or an Intel486 processor TSS. 
The Task Register (TR) contains the selector which 
points to the current Task State Segment. 

6.2.4.6 Gate Descriptors 
(5=0, TYPE=4-7, C, F) 

Gates are used to control access to entry points 
within the target code segment. The various types of 
gate descriptors are call gates, task gates, inter 

31 24 16 

Selec10r 

Offset 31...16 

Gate Descriptor Fields 

Name Value Description 
Type 4 80286 call gate 

P 
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rupt gates, and trap gates. Gates provide a level of 
indirection between the source and destination of 
the control transfer. This indirection allows the proc· 
essor to automatically perform protection checks. It 
also allows system designers to control entry points 
to the operating system. Call gates are used to 
change privilege levels (see section 6.3, "Protec· 
tion"), task gates are used to perform a task switch, 
and interrupt and trap gates are used to specify in· 
terrupt service routines. 

Figure 6-7 shows the format of the four types of gate 
descriptors. Call gates are primarily used to transfer 
program control to a more privileged level. The call 
gate descriptor consists of three fields: the access 
byte, a long pointer (selector and offset) which 
points to the start of a routine and a word count 
which specifies how many parameters are to be cop· 
ied from the caller's stack to the stack of the called 
routine. The word count field is only used by call 
gates when there is a change in the privilege level, 
other types of gates ignore the word count field. 

8 5 o Byte 
Address 

Offset 15 ... 0 o 

Word 
DPL 0 Type 0 0 0 Count +4 

I I I I 4 ... 0 
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5 Task gate (for 80286 or Intel486 processor task) 

I 

6 80286 interrupt gate 
7 80286 trap gate 
C Intel486TM processor call gate 
E Intel486 processor interrupt gate 
F Intel486 processor trap gate 

P 0 Descriptor contents are not valid 
1 Descriptor contents are valid 

DPL-Ieast privileged level at which a task may access the gate. WORD COUNT 0-31-the number of parameters to 
copy from caller's stack to the called procedure's stack. The parameters are 32-bit quantities for Intel486 processor 
gates, and 16-bit quantities for 80286 gates. 
DESTINATION 16-bit Selector to the target code segment 
SELECTOR selector or 

Selector to the target task state segment for task gate 
DESTINATION offset Entry point within the target code segment 
OFFSET 16-bit 80286 

32-bit Intel486 processor 

Figure 6-7. Gate Descriptor Formats 
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Interrupt and trap gates use the destination selector 
and destination offset fields of the gate descriptor as 
a pointer to the start of the interrupt or trap handler 
routines. The difference between interrupt gates and 
trap gates is that the interrupt gate disables inter
rupts (resets the IF bit), while the trap gate does not. 

Task gates are used. to switch tasks. Task gates 
may only refer to a task state segment. (See section 
6.3.6, "Task Switching.") Therefore, only the desti
nation selector portion of a task gate descriptor is 
used, and the destination offset is ignored. 

Exception 13 is generated when a destination selec
tor does not refer to a correct descriptor type, i.e., a 
code segment for an interrupt, trap or call gate, a 
TSS for a task gate. 

The access byte format is the same for all gate de
scriptors. P = 1 indicates that the gate contents are 
valid. P = 0 indicates the contents are not valid and 
causes exception 11 if referenced. DPL is the de
scriptor privilege level and specifies when this de
scriptor may be used by a task. (See section 6.3, 
"Protection.") The S field, bit 4 of the access rights 
byte, must be 0 to indicate a system control descrip
tor. The type field specifies the descriptor type as 
indicated in Figure 6-7. . 

6.2.4.7 Differences Between Intel486TM 
Processor and 80286 Descriptors 

In order to provide operating system compatibility 
between 80286 and Intel486 processors, the 

31 

Segment Base 15 ... 0 

Intel Reserved 
Setto 0 

BASE Base Address of the segment 
LIMIT The length of the segment 
P Present Bit: 1 = Present, 0 = Not Present 
DPL Descriptor Privilege Level 0-3 
S System Descriptor: 0 = System, 1 = User 
TYPE Type of Segment 

p 

intelQP 
Intel486 processor supports all of the 80286 seg
ment descriptors. Figure 6-8 shows the general for
mat of an 80286 system segment descriptor. The 
only differences between 80286 and Intel486 proc
essor descriptor formats are that the values of the 
type fields, and the limit and base address fields 
have been expanded for the Intel486 processor. The 
80286 system segment descriptors contained a 
24-bit base address and 16-bit limit, while the 
Intel486 processor system segment descriptors 
have a 32-bit base address, a 20-bit limit field, and a 
granularity bit. 

By supporting 80286 system segments the Intel486 
processor is able to execute 80286 application pro
grams on an Intel486 processor operating system. 
This is possible because the Intel486 processor au
tomatically understands which descriptors are 
80286-style descriptors and which descriptors are 
Intel486 processor-style descriptors. In particular, if 
the upper word of a descriptor is zero, then that de
scriptor is an 80286-style descriptor. 

The only other differences between 80286-style de
scriptors and Intel486 processor descriptors is the 
interpretation of the word count field of call gates 
and the B bit. The word count field specifies the 
number of 16-bit quantities to copy for 80286 call 
gates and 32-bit quantities for Intel486 processor 
call gates. The B bit controls the size of PUSHes 
when using a call gate; if B = 0 PUSHes are 16 bits, 
if B = 1 PUSHes are 32 bits. 

o Byte 
Address 

Segment Umit t5 ... 0 ·0 

DPL S Type Base 23 ... 16 +4 

I I I I 
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Figure 6-8. 80286 Code and Data Segmel'!t Descriptors 
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6.2.4.8 Selector Fields 

A selector in Protected Mode has three fields: Local 
or Global Descriptor Table Indicator (TI), Descriptor 
Entry Index (Index), and Requester (the selector's) 
Privilege Level (RPL) as shown in Figure 6-9. The TI 
bits select one of two memory-based tables of de
scriptors (the Global Descriptor Table or the Local 
Descriptor Table). The Index selects one of BK de
scriptors in the appropriate descriptor table. The 
RPL bits allow high speed testing of the selector's 
privilege attributes. 

6.2.4.9 Segment Descriptor Cache 

In addition to the selector value, every segment reg
ister has a segment descriptor cache register asso-' 
ciated with it. Whenever a segment register's con
tents are changed, the B-byte descriptor associated 
with that selector is automatically loaded (cached) 
on the chip. Once loaded, all references to that seg
ment use the cached descriptor information instead 
of reaccessing the descriptor. The contents of the 

SELECTOR 

15 4 3 2 1 a 
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descriptor cache are not visible to the programmer. 
Because descriptor caches only change when a 
segment register is changed, programs that modify 
the descriptor tables must reload the appropriate 
segment registers after changing a descriptor's val
ue. 

6.2.4.10 Segment Descriptor Register Settings 

The co'ntents of the segment descriptor cache vary 
depending on the mode the Intel4B6 processor is 
operating in. When operating in Real Address Mode, 
the segment base, limit, and other attributes within 
the segment cache registers are defined as shown 
in Figure 6-10. For compatibility with the B086 archi
tecture, the base is set to sixteen times the current 
selector value, the limit is fixed at OOOOFFFFH, and 
the attributes are fixed so as to indicate the segment 
is present and fully usable. In Real Address Mode, 
the internal "privilege level" is always fixed to the 
highest level, level 0, so I/O and other privileged 
opcodes may be executed. 
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Figure 6-9. Example Descriptor Selection 
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SEGMENT DESCRIPTOR CACHE REGISTER CONTENTS 

32 - BIT BASE 

(UPDATED DURING SELECTOR 
LOAD INTO SEGMENT REGISTER) 

CONFORMING PRIVILEGE 

32 - BIT LIMIT 

(FIXED) 

OTHER ATTRIBUTES 

(FIXED) 

STACK SIZE -----------------------, 
EXECUTABLE ----------------------, 
WRITEABLE --"-------------------..., 
READABLE ---------------------, 
EXPANSION DIRECTION 

GRANULARITY 1 --- -1 ~~~~:~~ ~~V:L ____ ~A~~ ___________ ~I~I~ ___ t 11_ _ _ _____ _ 
CS 16X CURRENT CS SELECTOR' OOOOFFFFH Y 0 Y B U Y Y Y -
SS l6X CURRENT SS SELECTOR OOOOFFFFH Y 0 Y B U Y Y N W 

OS l6X CURRENT OS SELECTOR OOOOFFFFH Y 0 Y B U Y Y N -
ES l6X CURRENT ES SELECTOR OOOOFFFFH Y 0 Y B U Y Y N -
FS l6X CURRENT FS SELECTOR OOOOFFFFH Y 0 Y B U Y Y N -
GS l6X CURRENT GS SELECTOR OOOOFFFFH Y 0 Y B U Y Y N -

N 

-
-
-
-
-

242202-40 
'Except the 32-bit CS base is initialized to FFFFFOOOH after reset until first intersegment control transfer (i.e., interseg
ment CALL, or intersegment JMP, or INT). (See Figure 6-12 for an example.) 

Key: 
Y = yes 
N = no 
o = privilege level 0 
1 = privilege level 1 
2 = privilege level 2 
3 = privilege level 3 
U = expand up 

D = expand down 
B = byte granularity 
P = page granularity 
W = push/pop 16-bit words 
F = push/pop 32-bit dwords 

= does not apply to that segment cache register 

Figure 6-10, Segment Descriptor Caches for Real Address Mode 
(Segment pmlt and Attributes Are Fixed) 

When operating in Protected Mode, the segment 
base, limit, and other attributes within the segment 
cache registers are defined as shown in Figure 6-11. 
In Protected Mode, each of these fields are defined 
according to the contents of the segment descriptor 
indexed by the selector value loaded into the seg
ment register. 

When operating in a Virtual 8086 Mode within the 
Protected Mode, the segment base, limit, and other 

attributes within the segment cache registers are de
fined as .shown in Figure 6-12. For compatibility with 
the 8086 architecture, the base is set to sixteen 
times the current selector value, the limit is fixed at 
OOOOFFFFH, and the attributes are fixed so as to 
indicate the segment is present and fully usable. The 
virtual program executes at lowest privilege level, 
level 3, to allow trapping of all IOPL-sensitive in
structions and level-O-only instructions. 
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SEGMENT 

32 - BIT BASE 

(UPDATED DURING 
SELECTOR LOAD INTO 

SEGMENT REGISTER) 

CONFORMING PRIVILEGE 

DESCRIPTOR CACHE REGISTER CONTENTS 

32 - BIT LIMIT 

(UPDATED DURING 
SELECTOR LOAD INTO 

SEGMENT REGISTER) 

OTHER ATTRIBUTES 

(UPDATED DURING 
SELECTOR LOAD INTO 

SEGMENT REGISTER) 

STACK SIZE------------------------------------------------, 
EXECUTABLE -------------------------------------------, 
WRITEABLE 
READABLE ------------------------------------..., 
EXPANSION DIRECTION 

GRANULARITY 1 
ACCESSED 1 
~:~v~_~~~~ ~~V:L_ ~~s= ___________ =I~I~ ______ l_l J _______ _ 
CS BASE PER SEG DESCR LIMIT PER SEG DESCR P d d d d d N Y 

55 BASE PER SEG DESCR LIMIT PER SEG DESCR P d d d d r w N 

OS 

ES 

FS 

GS 

Key: 
Y = fixed yes 
N = fixed no 

BASE PER SEG DESCR 

BASE PER SEG DESCR 

BASE PER SEG DESCR 

BASE PER SEG DESCR 

d = per segment descriptor 

LIMIT PER SEG DESCR P 
LIMIT PER SEG DESCR P 
LIMIT PER SEG DESCR P 
LIMIT PER SEG DESCR P 

d d d d d d 

d d d d d d 

d d d d d d 

d d d d d d 

p = per segment descriptor; descriptor must indicate "present" to avoid exception 11 
(exception 12 in case of 88) 

N 

N 

N 

N 

-
d 

-
-
-
-

= per segment descriptor, but descriptor must indicate "readable" to avoid exception 13 
(special case for 88) 

w = per segment descriptor, but descriptor must indicate "writeable" to avoid exception 13 
(special case for 88) , 

= does not apply to that segment cache register 

d 

-
-
-
-
-

242202-41 

Figure 6-11. Segment Descriptor Caches for Protected Mode (Loaded per Descriptor) 
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SEGMENT DESCRIPTOR CACHE REGISTER CONTENTS 

32 - BIT BASE 

(UPDATED DURING SELECTOR 
LOAD INTO SEGMENT REGISTER) 

CONfORMING PRIVILEGE 

32 - BIT LIMIT 

(fiXED) 

OTHER ATTRIBUTES 

(fiXED) 

STACK' SIZE ---------------:----------, 

EXECUTABLEE ':====================:::;-l WRITEABLE -

READABLE ~~~;-:===============:::;~ EXPANSION DIRECTION 1 
GRANULARITY 1 
ACCESSED 1 
~:~~~:~~ ~~V:L ____ B~~E ____________ ~I~I~ ___ t 1 ____________ _ 
CS 16X CURRENT CS SELECTOR OOOOFFFFH Y 3 Y B U y y y - N 

SS 16X CURRENT SS SELECTOR OOOOFFFFH Y 3 Y B U Y Y N W -
DS 16X CURRENT DS SELECTOR OOOOFFFFH Y 3 Y B U y y N -
ES 16X CURRENT ES SELECTOR OOOOFFFFH Y 3 Y B U Y Y N 

FS 16X CURRENT FS SELECTOR OOOOFFFFH Y 3 Y B U Y Y N 

GS 16X CURRENT GS SELECTOR OOOOFFFFH y 3 Y B U Y Y N 

.: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 242202-42 

Key: 
Y = yes 
N = no 
o = privilege level 0 
1 = privilege level 1 
2 = privilege level 2 
3 = privilege level 3 
U = expand up 

D 
B 
P 
W 
F 

= expand down 
= byte granularity 
= page granularity 
= push/pop 16-bit words 
= push/pop 32-bit dwords 
= does not apply to that segment cache register 

Figure 6-12. Segment Descriptor Caches for Virtual 8086 Mode within Protected Mode 
(Segment Limit and Attributes are Fixed) 

6.3 Protection protection as part of its integrated Memory Man
agement Unit. The Intel486 processor offers an ad
,ditional type of protection on a page basis, when 
paging is enabled. (See section 6.4.3, "Page Level 
Protection.") 

6.3.1 PROTECTION CONCEPTS 

The Intel486 processor has four levels of protection 
which are optimized to support the needs of a multi
tasking operating system to isolate and protect user 
programs from each other and the operati~~ syste~. 
The privilege levels control the use of pnvlleged In
structions, I/O instructions, and access to segments 
and segment descriptors. Unlike traditional proces
sor-based systems where this protection is achieved 
only through the use of complex external hardware 
and software the Intel486 processor provides the 
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The four-level hierarchical privilege system is illus
trated in Figure 6-13. It is an extension of the us~r! 
supervisor privilege mode commonly used by mini
computers and, in fact, the user/supervisor mod~ is 
fully supported by the Intel486 processor paging 
mechanism. The privilege levels (PL) are numbered 
o through 3. Level 0 is the most privileged or trusted 
level. 
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Figure 6-13. Four-Level Hierarchical Protection 

6.3.2 RuLES OF PRIVILEGE 

The Intel486 processor controls access to both data 
and procedures between levels of a task, according 
to the following rules. 

• Data stored in a segment with privilege level p 
can be accessed only by code executing at a 
privilege level at least as privileged as p. 

• A code segment/procedure with privilege level p .• 
can only be called by a task executing at the 
same or a lesser privilege level than p. 

6.3.3 PRIVILEGE LEVELS 

6.3.3.1 Task Privilege 

At any point in time, a task on the Intel486 processor 
always executes at one of the four privilege levels. 
The Current Privilege Level (CPL) specifies the 
task's privilege level. A task's CPL may only be 
changed by control transfers through gate descrip· 
tors to a code segment with a different privilege lev
el. (See section 6.3.4, "Privilege Level Transfers.") 
Thus, an application program running at PL = 3 may 
call an operating system routine at PL = 1 (via a 
gate) which would cause the task's CPL to be set to 
1 until the operating system routine was finished. 

I 

Intel486™ PROCESSOR FAMILY 

6.3.3.2 Selector Privilege (RPL) 

The privilege level of a selector is specified by the 
RPL field. The RPL is the two least significant bits of 
the selector. The selector's RPL is only used to es
tablish a less trusted privilege level than the current 
privilege level for the use of a segment. This level is 
called the task's effective privilege level (EPL). The 
EPL is defined as being the least privileged (i.e., nu
merically larger) level of a task's CPL and a selec
tor's RPL. Thus, if selector's RPL = 0 then the CPL 
always specifies the privilege level for making an ac
cess using the selector. On the other hand if RPL = 
3 then a selector can only access segments at level 
3 regardless of the task's CPL. The RPL is most 
commonly used to verify that pointers passed to an 
operating system procedure do not access data that 
is of higher privilege than the procedure that origi· 

. nated the pointer. Because the originator of a selec
tor can specify any RPL value, the Adjust RPL 
(ARPL) instruction is provided to force the RPL bits 
to the originator's CPL. 

6.3.3.3 1/0 Privilege and 1/0 Permission Bitmap 

The 110 privilege level (IOPL, a 2-bit field in the 
EFLAG register) defines the least privileged level at 
which I/O instructions can be unconditionally per
formed. I/O instructions can be unconditionally per
formed when CPL ~ 10PL. (The I/O instructions are 
IN, OUT, INS, OUTS, REP INS, and REP OUTS.) 
When CPL > 10PL, and the current task is associat
ed with a 286 TSS, attempted I/O instructions cause 
an exception 13 fault. When CPL > 10PL, and the 
current task is associated with an Intel486 processor 
TSS, the I/O Permission Bitmap (part of an Intel486 
processor TSS) is consulted on whether I/O to the 
port is allowed, or an exception 13 fault is to be gen
erated instead. For diagrams of the I/O Permission 
Bitmap, refer to Figure 6-14 and Figure 6-15. For 
further information on how the 110 Permission Bit
map is used in Protected Mode or in Virtual 8086 
Mode, refer to section 6.5.4, "Protection and I/O 
Permission Bitmap." 

The I/O privilege level (IOPL) also affects whether 
several other instructions can be executed or cause 
an exception 13 fault instead. These instructions are 
called "IOPL-sensitive" instructions and they are 
CLI and STI. (Note that the LOCK prefix is not 10PL
sensitive on the Intel486 processor.) 
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Nola: 
BIT_MAP _OFFSET 
must be S OFFFH 

TASK REGISTER 

TR 

TSSBASE 

SIacIcsFor 
CPLD.l.2 

CImIni 
T .... 
Slate 

110 Permission Bllmap 
m=--, (One bl par byte I/O port. ,.....---r'OFFSET + lFEC 

blur:: ';;;'!=~ OFFSET + lFFD 

~~~~::jt:::::3::::::~:::!!~~ ~=~~: ~==: L.: OFFSET'+ 1FFC 
L---,F-' OFFSET + 2000 

TSS lIMlTzOFFSET + 2000H 

Type=9: Avalablolnl8l486" Pnloo_ TSS, 
TvPo=B: Busy Inloll86" _ TSS, 

Figure 6-14.lnteI486TM ProcessorTSS and TSS Registers 
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3130292827262524232221201918171615141312111098765432 1 0 

31 

63 

95 

127 

1 1 

o 0 

1 1 

0 0 

~ 

1 

1 

1 

0 

1 0 1 1 

0 0 0 1 

1 1 1 1 

0 0 0 0 

0 0 0 0 0 1 1 1 1 

1 1 1 0 0 1 0 1 0 

1 1 1 1 1 1 1 1 1 

0 o 0 0 0 0 0 0 0 

etc. 

0 1 0 0 1 1 0 0 0 0 0 0 0.0 1 1 

1 1 1 1 1 1 o 0 1 1 1 1 1 0 0 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 o 0 0 0 0 0 0 0 0 0 o 0 0 0 

1 1 1 1 1 1 1 1 

~ 
242202-45 

110 Ports Accessible: 2 --+ 9, 12, 13, 15,20 --+ 24,27,33,34,40,41,48,50,52,53,58 --+ 60, 62, 63, 96 --+ 127 

Figure 6-15. Sample I/O Permission Bit Map 

The IOPL also affects whether the IF (interrupts en· 
able flag) bit can be changed by loading a value into 
the EFLAGS register. When CPL ~ IOPL, then the 
IF bit can be changed by loading a new value into 
the EFLAGS register. When CPL > IOPL, the IF bit 
cannot be changed by a new value POPed into (or 
otherwise loaded into) the EFLAGS register; the IF 
bit merely remains unchanged and no exception is 
generated. 

6.3.3.4 Privilege Validation 

The Intel486 processor provides several instructions 
to speed pointer testing and help maintain system 
integrity by verifying that the selector value refers to 
an appropriate segment. Table 6-2 summarizes the 
selector validation procedures available for the 
Intel486 processor. 

This pointer verification prevents the common prob
lem of an application at PL = 3 calling a operating 
systems routine at PL = 0 and passing the operat
ing system routine a "bad" pointer which corrupts a 
data structure belonging to the operating system. If 
the operating system routine uses the ARPL instruc
tion to ensure that the RPL of the selector has no 
greater privilege than that of the caller, then this 
problem can be avoided. 

6.3.3.5 Descriptor Access 

There are basically two types of segment accesses: 
those involving code segments such as control 
transfers, and those involving data accesses. De
termining the ability of a task to access a segment 
involves the type of segment to be accessed, the 
instruction used, the type of descriptor used and 
CPL, RPL, and DPL as described above. 

Table 6-2. Pointer Test Instructions 

Instruction Operands Function 

ARPL Selector, Adjust Requested Privilege Level: adjusts the RPL of the selector to the numeric 
Register maximum of current selector RPL value and the RPL value in the register. Set 

zero flag if selector RPL was changed. 

VERR Selector VERify for Read: sets the zero flag if the segment referred to by the selector can 
be read. 

VERW Selector VERify for Write: sets the zero flag if the segment referred to by the selector can 
be written. 

LSL Register, Load Segment Limit: reads the segment limit into the register if privilege rules 
Selector and descriptor type allow. Set zero flag if successful. 

LAR Register, Load Access Rights: reads the descriptor access rights byte into the register if 
Selector privilege rules allow. Set zero flag if successful. 
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Any time an instruction loads data segment registers 
(OS, ES, FS, GS), the Intel486 processor makes pro
tection validation checks. Selectors loaded in the 
OS, ES, FS, GS registers must refer only to data 
segments or readable code segments. The data ac
cess rules are specified in section 6.3.2, "Rules of 
Privilege." The only exception to those rules is read
able conforming code segments which can be ac
cessed at any privilege level. 

Finally, the privilege validation checks are per
formed. The CPL is compared to the EPL and if the 
EPL is more privileged than the CPL an exception 13 
(general protection fault) is generated. 

The rules regarding the stack segment are slightly 
different than those irlVolving data segments. In
structions that load selectors into SS must refer to 
data segment descriptors for writeable data seg
ments .. The OPL and RPL must equal the CPL. All 
other descriptor types or a privilege-level violation 
will cause exception 13. A stack not-present fault 
causes exception 12. Note that an exception 11 is 
used for a not-present code or data segment. 

6.3.4 PRIVILEGE LEVEL TRANSFERS 

Inter-segment control transfers occur when a selec
tor is loaded in the CS register. For a typical system 
most of these transfers are simply the result of a call . 
or a jump to another routine. There are five types of 
control transfers which are summarized in Table 6-3. 
Many of these transfers result in a privilege-level 
transfer. Changing privilege levels is done only via 
control transfers, by using gates, task switches, and 
interrupt or trap gates. 

Control transfers can only occur if the operation 
which loaded the selector references the correct de
scriptor type. Any violation of these descriptor usage 
rules will cause an exception 13 (e.g., JMP through a 
call gate, or IRET from a normal subroutine call). 

In order to provide further system security, all control 
transfers are also subject to the privilege rules. 

Table 6-3. Descriptor Types Used for Control Transfer 

Control Transfer Types Operation Types 
Descriptor Descriptor 
Referenced Table 

Intersegment within the same privilege level JMP, CALL, RET, IRET Code Segment GOT/LOT 

Intersegment to the same or higher privilege level CALL Call Gate GOT/LOT 

Interrupt within task may change CPL Interrupt Instruction, Trap or Interrupt lOT 
Exception, External Gate 
Interrupt 

Intersegment to a lower privilege level (changes RET, IRET(1) Code Segment GOT/LOT 
. task CPL) 

CALL,JMP Task State· GOT 
Segment 

Task Switch CALL,JMP Task Gate GOT/LOT 

IRET(2) Task Gate lOT 
Interrupt Instruction, 
Exception, External 
Interrupt 

NOTES: 
1. NT (Nested Task bit of flag register) = 0 
2. NT (Nested Task bit of flag register) = 1 

.1 



The privilege rules require that: 

• Privilege-level transitions can only occur via 
gates. 

• JMPs can be made to a non-conforming code 
segment with the same privilege or to a conform
ing code segment with greater or equal privilege. 

• CALLs can be made to a non-conforming code 
segmpnt with the same privilege or via a gate to a 
more privileged level. 

• Interrupts handled within the task obey the same 
privilege rules as CALLs. 

• Conforming Code segments are accessible by 
privilege levels which are the same or less privi
leged than the conforming-code segment's DPL. 

• Both the requested privilege level·(RPL) in the 
selector pOinting to the gate and the task's CPL 
must be of equal or greater privilege than the 
gate's DPL. 

• The code segment selected in the gate must be 
the'same or more privileged than the task's CPL. 

• Return instructions that do not switch tasks can 
only return control ~o a code segment with same 
or less privilege. 

• Task switches can be performed by a CALL, 
JMP, or INT which references either a task gate 
or task state segment whose DPL is less privi
leged or the same privilege as the old task's CPL. 

Any control transfer that changes CPL within a task 
causes a change of stacks as a result of the privi
lege-level change. The initial values of SS:ESP for 
privilege levels 0, 1, and 2 are retained in the task 
state segment. (See section 6.3.6, "Task Switch
ing.") During a JMP or CALL control transfer, the 
new stack pointer is loaded into the SS and ESP 
registers and the previous stack pointer is pushed 
onto the new stack. 

When RETurning to the original privilege level, use 
of the lower privileged stack is restored as part of 
the RET or IRET instruction operation. For subrou
tine calls that pass parameters on the stack and 
cross privilege levels, a fixed number of words (as 
specified in the gate's word count field) are copied 
from the previous stack to the current stack. The 
inter-segment RET instruction with a stack adjust
ment value will correctly restore the previous stack 
pointer upon return. 
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6_3_5 CALL GATES 

Gates provide protected, indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege transfers within a task. Because the operat
ing system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trust
ed procedures (such as those which allocate memo
ry, or perform I/O). 

Gate descriptors follow the data access rules of priv
ilege; that is, gates can be accessed by a task if the 
EPL is equal to or more privileged than the gate de
scriptor's DPL. Gates follow the control transfer 
rules of privilege and therefore may only transfer 
control to a more privileged level. 

Call Gates are accessed via a CALL instruction and 
are syntactically identical to calling a normal subrou
tine. When an inter-levellntel486 processor call gate 
is activated, the following actions occur. 

1. Load CS:EIP from gate check for validity 

2. SS is pushed zero-extended to 32 bits 

3. ESP is pushed 

4. Copy Word Count 32-bit parameters from the old 
stack to the new stack 

5. Push Return address on stack 

The procedure is identical for 80286 Call gates, ex
cept that 16-bit parameters are copied and 16-bit 
registers are pushed. 

Interrupt Gates and Trap gates work in a similar 
fashion as the call gates, except there is no copying 
of parameters. The only difference between Trap 
and Interrupt gates is that control transfers through 
an Interrupt gate disable further interrupts (i.e., the 
IF bit is set to 0), and Trap gates leave the interrupt 
status unchanged. 

6.3.6 TASK SWITCHING 

A very important attribute of any multitasking/multi
user operating system is its ability to rapidly switch 
between tasks or processes. The Intel486 processor 
directly supports this operation by providing a task 
switch instruction in hardware. The Intel486 proces
sor task switch operation saves the entire state of 
the machine (all of the registers, address space, and 
a link to the previous task), loads a new execution 
state, performs protection checks, and commences 
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execution in the new task, in about 10 microsec
onds. Like transfer of control via gates, the task 
switch operation is invoked by executing an inter
segment JMP or CALL instruction which refers to a 
Task State Segment (TSS), or a task gate descriptor 
in the GOT or LOT. An INT n instruction, exception, 
trap, or external interrupt may also invoke the task 
switch operation if there is a task gate descriptor in 
the associated lOT descriptor slot. 

The TSS descriptor points to a segment (see Figure 
6-14) containing the entire Intel486 processor exe
cution state while a task gate descriptor contains a 
TSS selector. The ,lntel486 processor supports both 
80286 and Intel486 processor style TSSs. Figure 6-
16 shows an 80286 TSS. The limit of an Intel486 
processor TSS must be greater than 0064H (002BH 
for an 80286 TSS), and can be as large as 4 Gbytes. 
In the additional TSS space, the operating system is 
free to store additional information such as the rea
son the task'is inactive, time the task has spent run" 
ning, and open files belong to the task. 

15 0 

BACK LINK SELECTOR TO TSS 0 

SP FOR CPL 0 2 

SS FOR CPL 0 4 

SP FOR CPL I 6 INITIAL 
STACKS 

SS FOR CPL I 8 FOR CPL 0, 1,2 
SP FOR CPL 2 A 

SS FOR CPL 2 C 

, IP (ENTRY POINT) E 

FLAGS 10 

AX 12 

ex 14 

DX 16 

BX 18 
CURRENT 

SP 
" 

lA TASK 

BP IC STATE 

SI IE 

DI 20 

,ES SELECTOR 22 

CS SELECTOR 24 

SS SELECTOR 26 

DS SELECTOR 28 

TASK'S LDT SELECTOR 2A 

~ "AVAILABLE " 
242202-46 

Figure 6-16. 80286 TSS 

Each task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
Intel486 processor called the Task State Segment 
Register (TR). This register contains a selector refer
ring to the task state segment descriptor that de
fines the current TSS. A hidden base and limit regis
ter associated with TR are loaded whenever TR is 
loaded with a new selector. Returning from a task is 
accomplished by the IRET instruction. When IRET is 
executed, control is returned to the task which was 
interrupted. The current executing ,task's state is 
saved in the TSS and the old task state is restored 
from its TSS. 

Several bits in the flag register and machine status 
word (CRO) give information about the state of a 
task which are useful to the operating system. The 
Nested Task (NT) (bit 14 in EFLAGS) controls the 
function of the IRET instruction. If NT = 0, the IRET 
instruction performs the regular return; when 
NT = 1, IRET performs a task switch operation 
back to the previous task. The NT bit is set or reset 
in the following fashion: 

When a' CALL or INT instruction initiates a 'task 
switch, the new TSS will be marked busy and the 
back link field of the new TSS set to the old TSS 
selector. The NT bit of the new task is set by CALL 
or INT initiated task switches. An interrupt that does 
not cause a task switch will clear NT. (The NT bit will 
be restored after execution of the interrupt handler) 
NT may also be set or cleared by POPF or IRET 
instructions. 

The Intel486 processor task state segment is 
marked busy by changing the descriptor type field 
from TYPE 9H to TYPE BH. An 80286 TSS is 
marked busy by changing the descriptor type field 
from TYPE 1 to TYPE 3. Use of a selector that refer
ences a busy task state segment causes an excep-
tion 13. ' 

The Virtual Mode (VM) bit 17 is used to indicate if a 
task, is a virtual 8086 task. If VM = 1, then the tasks 
will use the Real Mode addressing mechanism. The 
virtual 8086 environment is only entered and exited 
via a task switch. (See section 6.5, "Virtual 8086 
Environment.") 

The T bit in the Intel486 processor TSS indicates 
that the processor should generate a debug excep
tion when switching to a task. If T = 1, upon entry to 
a new task, a debug exception 1 will be generated. 
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6.3.6.1 Floating-Point Task Switching 

The FPU's state is not automatically saved when a 
task switch occurs, because the incoming task may 
not use the FPU. The Task Switched (TS) Bit (bit 3 in 
the CRO) helps deal with the FPU's state in a multi
tasking environment. Whenever the Intel OverDrive 
processors switch tasks, they set the TS bit. The 
Intel Over~rive processors detect the first use of a 
processor extension instruction after a task switch 
and cause the processor extension not available ex
ception 7. The exception handler for exception 7 
may then decide whether to save the state of the 
FPU. A processor extension not present exception 
(7) will occur when attempting to execute a Floating
Point or WAIT instruction if the Task Switched and 
Monitor coprocessor extension bits are both set (i.e., 
TS = 1 and MP = 1). 

6.3.7 INITIALIZATION AND TRANSITION TO 
PROTECTED MODE 

Because the Intel4B6 processor begins executing in 
Real Mode immediately after RESET, it is necessary 
to initialize the system tables and registers with the 
appropriate values. 

The GOT and lOT registers must refer to a valid GOT 
and lOT. The lOT should be at least 256 bytes long, 
and GOT must contain descriptors for the initial code 
and data segments. Figure 6-17 shows the tables 
and Figure 6-1 B shows the descriptors needed for a 
simple Protected Mode Intel4B6 processor system. 
It has a single code and single data/stack segment 
each 4 Gbytes long and a single privilege level 
PL = O. 

The actual method of enabling Protected Mode is to 
load CRO with the PE bit set, via the MOV CRO, R/M 
instruction. This puts the Intel4B6 processor in Pro
tected Mode. 

After enabling Protected Mode, the next instruction 
should execute an intersegment JMP to load the CS 
register and flush the instruction decode queue. The 
final step is to load all of the data segment registers 
with the initial selector values. 
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Figure 6-17. Simple Protected System 

An alternate approach to entering Protected Mode, 
which is especially appropriate for multitasking oper
ating systems, is to use the built-in task switch to 
load all of the registers. In this case the GOT would 
contain two TSS descriptors in addition to the code 
and data descriptors needed for the first task. The 
first JMP instruction in Protected Mode would jump 
to the TSS causing a task switch and loading all of 
the registers with the values stored in the TSS. Be
cause a task switch saves the state of the current 
task, in a task state segment, the TR should be ini
tialized to point to a valid TSS descriptor. 

6.4 Paging 

6.4.1 PAGING CONCEPTS 

Paging is another type of memory management use
ful for virtual memory multitasking operating 
systems. Unlike segmentation which modularizes 
programs and data into variable length segments, 
paging divides programs into multiple uniform size 
pages. Pages bear no direct relation to the logical 
structure of a program. While segment selectors can 
be considered the logical "name" of a program 
module or data structure, a page most likely corre
sponds to only a portion of a module or data struc
ture. 
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Figure 6-18. GDT Descriptors for Simple System 

By taking advantage of the locality of reference dis
played by most programs, only a small number of 
pages from each active task need be in memory at 
anyone moment. 

6.4.2 PAGING ORGANIZATION 

6.4.2.1 Page Mechanism 

The Intel486 processor uses two levels of tables to 
translate the linear address (from the segmentation 
unit) into a physical address. There are three com
ponents to the paging mechanism of the Intel486 
processor: the page directory, the page tables, and 
the page itself (page frame). All memory-resident el
ements of the Intel486 processor paging mechanism 
are the same size, namely, 4 Kbytes. A uniform size 
for all of the elements simplifies memory allocation 
and reallocation schemes, because there is no prob
lem with memory fragmentation. Figure 6-19 shows 
how the' paging mechanism works. 

6.4.2.2 Page Descriptor Base Register 

CR2 is the Page Fault Linear Address register. It 
holds the 32-bit linear address which caused the last 
page fault detected. 

CR3 is the Page Directory Physical Base Address 
Register. It contains the physical starting address of 
the Page Directory. The lower 12 bits of CR3 are, 
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always zero to ensure that the Page Directory is al
ways page aligned. Loading it via a MOV CR3 reg 
instruction causes the Page Table Entry cache to be 
flushed, as will a task switch through a TSS that 
changes the value of CRO. (See section 6.4.5, 
"Translation Lookaside Buffer.") 

6.4.2.3 Page Directory 

The Page Directory is 4-Kbytes long and allows up 
to 1024 Page Directory Entries. Each Page Directory 
Entry contains the address of the next level of, ta
bles, the Page Tables and information about the 
page table. The contents of a Page Directory Entry 
are shown in Figure 6-20. The upper 10 bits of the 
linear address (A22-A31) are used as an index to 
select the correct Page Directory Entry. 

6.4.2.4 Page Tables 

Each Page Table is 4 Kbytes and holds up to 1024 
Page Table Entries. Page Table Entries contain'the 
starting address of the page frame and statistical 
information about the page. (See' Figure 6-21.) Ad
dress bits A 12-A21 are used as an index to seleCt 
one of the 1024 Page Table Entries. The 20 upper
bit page frame address is concatenated with the 
lower 12 bits of the linear address to form the physi
cal address. Page tables can be shared between 
tasks and swapped to disks. 
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Figure 6·19. Paging Mechanism 
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Figure 6·20. Page Directory Entry (Points to Page Table) 
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Figure 6·21. Page Table Entry (POints to Page) 
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6.4.2.5 Page Directory/Table Entries 

The iower 12 bits of the Page Table Entries and 
Page Directory Entries contain statistical information 
about pages and page tables, respectively. The P 
(Present) bit 0 indicates if a Page Directory or Page 
Table entry can be used in address translation. If 
P = 1 the entry can be used for address translation 
if P = 0 the entry cannot be used for translation, 
and all of the other bits are available for use by the 
software. For example, the remaining 31 bits could 
be used to indicate where on the disk the page is 
stored. 

The A (Accessed) bit 5 is set by the Intel486 proc~s
sor for both types of entries before a read or write 
access occurs to an address covered by the entry. 
The 0 (Dirty) bit 6 is set to 1 before a write to an 
address covered by that page table entry occurs. 
The D bit is undefined for Page Directory Entries. 
When the P, A and D bits are updated by the In
tel486 processor, a Read-Modify-Write cycle is g.en
erated which locks the bus and prevents conflicts 
with other processors or peripherals. Software which 
modifies these bits should use the LOCK prefix to 
ensure the integrity of the page tables in multimaster 
systems. 

The 3 bits marked OS Reserved in Figure 6-20 and 
Figure 6-21 (bits 9-11) are software definable. OSs 
are free to use these bits for whatever purpose they 
wish. An example use of the OS Reserved bits 
would be to store information about page aging. By 
keeping track of how long a page has been in mem
ory since being accessed, an operating system can 
implement a page replacement algorithm such as 
Least Recently Used. 

The (User/Supervisor) U/S bit 2 and the (Read/ 
Write) R/W bit 1 are used to provide protection attri
butes for individual pages. 

6.4.3 PAGE LEVEL PROTECTION 
(R/W, U/S BITS) 

The Intel486 processor provides a set of protection 
attributes for paging systems. The paging me~ha
nism distinguishes between two levels of protectIon: 
User which corresponds to level 3 of the segmenta
tion based protection, and supervisor which encom
passes all of the other protection levels (0, 1, 2). 

The R/W and UlS bits are used in conjunction with 
the WP bit in the flags register (EFLAGS). The In
tel386 processor does not contain the WP bit. The 
WP bit has been added to the Intel486 processor to 
protect read-only pages from supervisor write ac
cesses. The Intel386 processor allows a read-only 
page to be written from protection levels 0, 1 or 2. 
WP = 0 is the Intel386 processor-compatible mode. 
When WP = 0, the supervisor can write to a read
only page as defined by the U/S and R/W bits. 
When WP = 1, supervisor access to a read-o.nly 
page (R/W = 0) will cause a page fault (exceptIon 
14). 

Table 6-4 shows the effect of the WP, U/S and R/W 
bits on accessing memory. When WP = 0, the super
visor can write to pages regardless of the state of 
the R/W bit. When WP = 1 and R/W = 0, the super
visor cannot write to a read-only page. A user at
tempt to access a supervisor only page (U/S = 0) or 
to write to a read-only page will cause a page fault 
(exception 14). 

Table 6-4. Page Level Protection Attributes 

U/S R/W WP User Access Supervisor Access 

0 0 0 None Read/Write/Execute 
0 1 0 None Read/Write/Execute 
1 0 0 Read/Execute Read/Write/Execute 
1 1 0 Read/Write/Execute Read/Write/Execute 
0 0 1 None Read/Execute 
0 1 1 . None Read/Write/Execute 
1 0 1 Read/Execute Read/Execute 
1 1 1 Read/Write/Execute Read/Write/ Execute 
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The R/W and U/S bits provide protection from user 
access on a page-by-page basis because the bits 
are contained in the Page Table Entry and the Page 
Directory Table. The U/S and R/W bits in the first
level Page Directory Table apply to all entries in the 
page table pointed to by that directory entry. The 
U/S and R/W bits in the second-level Page Table 
Entry apply only to the page described by that entry. 
The most restrictive of the U/S and R/W bits from 
the Page Directory Table and the Page Table Entry 
are used to address a page. 

Example: If the U/S and R/W bits for the Page Di
rectory entry were 10 (user read/execute) and the 
U/S and R/W bits for the Page Table Entry were 01 
(no user access at all), the access rights for the 
page would be 01, the numerically smaller of the 
two. 

Note that a given segment can be easily made read
only for level 0, 1 or 2 via use of segmented protec
tion mechanisms. (Section 6.3, "Protection".) 

6.4.4 PAGE CACHEABILITY 
(PWT AND PCD BITS) 

See section 7.6, "Page Cacheability," for a detailed 
description of page cacheability and the PWT and 
PCD bits. 

6.4.5 TRANSLATION LOOKASIDE BUFFER 

The Intel486 processor paging hardware is designed 
to support demand paged virtual memory systems. 
However, performance would degrade substantially 
if the Intel486 processor was required to access two 
levels of tables for every memory reference. To 
solve this problem, the Intel486 processor keeps a 
cache of the most recently accessed pages. This 
cache is called the Translation Lookaside Buffer 
(TLB). The TLB is a four-way set associative 32-en
try page table cache. It automatically keeps the most 
commonly used Page Table Entries in the Intel486 
processor. The 32-entry TLB coupled with a 4K 
page size, results in coverage of 128 Kbytes of 
memory addresses. For many common multitasking 
systems, the TLB will have a hit rate of about 98%. 
This means that the Intel486 processor will only 
have to access the two-level page structure on 2% 
of all memory references. Figure 6-22 illustrates how 
the TLB complements the Intel486 processor's pag
ing mechanism. 
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Figure 6-22. Translation Lookaside Buffer 

Reading a new entry into the TLB (TLB refresh) is a 
two-step process handled by the Intel486 processor 
hardware. The sequence of da~a cycles to perform a 
TLB refresh is the following: 

1. Read the correct Page Directory Entry, as pointed 
to by the page base register and the upper 10 bits 
of the linear address. The page base register is in 
control register 3. 

a. Optionally perform a locked read/write to set 
the accessed bit in the directory entry. The di
rectory entry will actually get read twice if the 
Intel486 processor needs to set any of the bits 
in the entry. If the page directory entry changes 
between the first and second reads,the data 
returned for the second read will be used. 

2. Read the correct entry in the Page Table and 
place the entry in the TLB. 

a. Optionally perform a locked read/write to set 
the accessed and/or dirty bit in the page table 
entry. Again, note that the page table entry will 
actually get read twice if the Intel486 processor 
needs to set any of the bits in the entry. Like 
the directory entry, if the data changes be
tween the first and second read the data re
turned for the. second read will be used. 

Note that the directory entry must always be read 
into the Intel486 processor, because directory en
tries are never placed in the paging TLB. Page faults 
can be signaled from either the page directory read 
or the page table read. Page directory and page ta
ble entries may be placed in the Intel486 processor 
on-chip cache just like normal data. 
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6.4.6 PAGING OPERATION 

The paging hardware operates in the following fash· 
ion. The paging unit hardware receives a 32-bit lin
ear address from the segmentation unit. The upper 
20 linear address bits are compared with all 32 en
tries in the TLB to determine if there is a match. If 
there is a match (i.e., a TLB hit), then the 32-bit 
physical address is calculated and will be placed on 
the address bus. 

However, if the page table entry is not in the TLB, 
the Intel486 processor will read the appropriate 
Page Directory Entry. If P = 1 on the Page Directory 
Entry indicating that the page table is in memory, 
then the Intel486 processor will read the appropriate 
Page Table Entry and set the Access bit. If P = 1 on 
the Page Table Entry ind!cating that the page is in 
memory, the Intel486 processor will update the Ac
cess and Dirty bits as needed and fetch the oper
and. The upper 20 bits of the linear address, read 
from the page table, will be stored in the TLB for 
future accesses. However, if P = 0 for either the 
Page Directory Entry or the Page Table Entry, then 
the Intel486 processor will generate a page fault, an 
Exception 14. 

The Intel486 processor will also generate an excep
tion 14 page fault if the memory reference violated 
the page protection attributes (I.e., U/S or R/W) 
(e.g., trying to write to a read-only page). CR2 will 
hold the linear address which caused the page fault. 
If a second page fault occurs, while the Intel486 
processor is attempting to enter the service routine 
for the first, then the Intel486 processor will invoke 
the page fault (exception 14) handler a second time, 
rather than the double fault (exception 8) handler. 
Because Exception 14 is classified as a fault, CS: 
EIP will point to the instruction causing the page 
fault. The 16-bit error code pushed as part of the 
p~ge fault handler will contain status bits which indi
cate the cause of the page fault. 

The 16-bit error code is used by the operating sys
tem to determine how to handle the page fault. The 
upper portion of Figure 6-23 shows the format of the 
page-fault error code and the interpretation of the 
bits. 
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15 3 2 1 0 

lulululululululululululululul~I:lpl 
U/S W/R Access Type 

0 0 Supervisor· Read 

0 1 Supervisor Write 

1 0 User Read' 

1 1 User Write 

NOTES: 
"Descriptor table access will fault with UIS = 

0, even if the program is executing at level 3. 
U: UNDEFINED 
U/S: The UIS bit indicates whether the access 
causing the fault occurred when the Intel486 
processor was executing in User Mode (U/S = 
1) or in Supervisor mode (U/S = 0). 
W/R: The W/R bit indicates whether the ac
cess causing the fault was a Read (W/R = 0) 
or a Write (W/R = 1). 
P: The P bit indicates whether a page 'fault was 
caused by a not-present page (P = 0), or by a 
page level protection violation (P = 1). 

Figure 6-23. Page Fault System Information. 

NOTE: 
Even though the bits in the error code (U/S, 
W/R, and P) have similar names as the bits 
in the Page Directory/Table Entries, the in
terpretation of the error code bits is different. 
Figure 6-23 indicates what type of access 
caused the page fault. 

6.4.7 OPERATING SYSTEM RESPONSIBILITIES . 

The Intel486 processor takes care of the page ad
dress translation process, relieving the burden from 
an operating system in a demand-paged system. 
The operating system is responsible for setting 
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up the initial page tables, and handling any page 
faults. The operating system also is required to inval
idate (i.e., flush) the TLB when any changes are 
made to any of the page table entries. The operating 
system must reload CR3 to cause the TLB to be 
flushed. 

Setting up the tables is simply a matter of loading 
CR3 with the address of the Page Directory, and 
allocating space for the Page Directory and the 
Page Tables. The primary responsibility of the oper
ating system is to implement a swapping policy and 
handle all of the page faults. 

A final concern of the operating system is to ensure 
that the TLB cache matches the information in the 
paging tables. In particular, any time the operating 
system sets the P present bit of page table entry to 
zero, the TLB must be flushed. Operating systems 
may want to take advantage of the fact that CR3 is 
stored as part of a TSS, to give every task or group 
of tasks its own set of page tables. 

6.5 Virtual 8086 Environment 

6_5_1 EXECUTING 8086 PROGRAMS 

The Intel486 processor allows the execution of 8086 
application programs in both Real Mode and in the 
Virtual 8086 Mode (Virtual Mode). Of the two meth
ods, Virtual 8086 Mode offers the system designer 
the most flexibility. The Virtual 8086 Mode allows the 
execution of 8086 applications, while still allowing 
the system designer to take full advantage of the 
Intel486 processor protection mechanism. In partic
ular, the Intel486 processor allows the simultaneous 
execution of 8086 operating systems and its applica
tions, and an Intel486 processor operating system 
and both 80286 and Intel486 processor applications. 
Thus, in a multi-user Intel486 processor computer, 
one person could be running an MS-DOS' spread
sheet, another person using MS-DOS', and a third 
person could be running multiple UNIX utilities and 
applications. Each person in this scenario would be
lieve that he had the computer completely to him
self. Figure 6-24 illustrates this concept. 
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6.5.2 VIRTUAL 8086 MODE ADDRESSING 
MECHANISM 

One of the major differences between Intel4B6 proc
essor Real and Protected modes is how the seg
ment selectors are interpreted. When the Intel486 
processor is executing in Virtual BOB6 Mode the seg
ment registers are used in an identical fashion to 
Real Mode. The contents of the segment register is 
shifted left 4 bits and added to the offset to form the 
segment base .linear address. 

The Intel486 processor allows the operating system 
to specify which programs use the 80B6 style ad
dress mechanism, and which programs use Protect
ed Mode addressing, on a per task basis. Through 
the use of paging, the one megabyte address space 
of the Virtual Mode task can be mapped to any
where in the 4-Gbyte linear address space of the 
Intel486 processor. Like Real Mode, Virtual Mode 
effective addresses (i.e., segment offsets) that ex
ceed 64 Kbyte will cause an exception 13. However, 
these restrictions should not prove to be important, 
because most tasks running in Virtual 8086 Mode 
will simply be existing 8086 application programs. 

6.5.3 PAGING IN VIRTUAL MODE 

The paging hardware allows the concurrent running 
of multiple Virtual Mode tasks, and provides protec
tion and operating system isolation. Although it is 
not strictly necessary to have the paging hardware 
enabled to run Virtual Mode tasks, it is needed in 
order to run multiple Virtual Mode tasks or to relo
cate the address space of a Virtual Mode task to 
physical address space greater than one Mbyte. 

The paging hardware allows the 20-bit linear ad
dress produced by a Virtual Mode program to be 
divided into up to 256 pages. Each one of the pages 
can be located anywhere within the maximum 
4-Gbyte physical address space of the Intel486 
processor. In addition, because CR3 (the Page Di
rectory Base Register) is loaded by a task switch, 
each Virtual Mode task can use a different mapping 
scheme to map pages to different physical locations. 
Finally, the paging hardware allows the sharing of 
the 8086 operating system code between multiple 
8086 applications. Figure 6-24 shows how the 
Intel486 processor paging hardware enables multi
ple 8086 programs to run under a virtual memory 
demand paged system. 
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Figure 6·24. Virtual 8086 Environment Memory Management 

6.5.4 PROJECTION AND 1/0 PERMISSION 
BITMAP 

All Virtual 8086 Mode programs execute at privilege 
level 3, the level of least privilege. As such, Virtual 
8086 Mode programs are subject to all of the protec
tion checks defined in Protected Mode. (This is dif
ferent from Real Mode which implicitly is executing 
at privilege level 0, the level of greatest privilege.) 
Thus, an attempt to execute a privileged instruction 
when in Virtual 8086 Mode will cause an exception 
13 fault. 
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The following are privileged instructions, which may 
be executed only at Privilege Level O. Therefore, at
tempting to execute these instructions in Virtual 
8086 Mode (or anytime CPL > 0) causes an excep
tion 13 fault: 

LIDT; MOV DRn,reg; MOV reg,DRn; 
LGDT; MOV TRn,reg; MOV'reg,TRn: 
LMSW; MOV CRn,reg; MOV reg,CRn. 
CLTS; 
HLT: 
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Several instructions, particularly those applying to 
the multitasking model and protection model, are 
available only in Protected Mode. Therefore, at
tempting to execute the following instructions in 
Real Mode or in Virtual 8086 Mode generates an 
exception 6 fault: 

LTR; 
LLDT; 
LAR; 
LSL: 
ARPL. 

STR; 
SLDT; 
VERR: 
VERW: 

The instructions that are 10PL-sensitive in Protected 
Mode are: 

IN; STI; 
OUT; CLI 
INS; 
OUTS: 
REP INS; 
REP OUTS; 

In Virtual 8086 Mode, a slightly different set of in
structions are made 10PL-sensitive. The following in
structions are 10PL-sensitive in Virtual 8086 Mode: 

INT n; STI; 
PUSHF: CLI: 
POPF; IRET 

The PUSHF, POPF, and IRET instructions are 10PL
sensitive in Virtual 8086 Mode only. This provision 
allows the IF flag (interrupt enable flag) to be virtual
ized to the Virtual 8086 Mode program. The INT n 
software interrupt instruction is also 10PL-sensitive 
in Virtual 8086 Mode. Note, however, that the INT 3 
(opcode OCCH), INTO, and BOUND instructions are' 
not 10PL-sensitive in Virtual 8086 mode (they aren't 
10PL sensitive in Protected Mode either). 

Note that the I/O instructions (IN, OUT, INS, OUTS, 
REP INS, and REP OUTS) are not 10PL-sensitive in 
Virtual 8086 mode. Rather, the I/O instructions be
come automatically sensitive to the 1/0 Permission 
Bitmap contained in the Intel486 processor Task 
State Segment. The I/O Permission Bitmap, auto
matically used by the Intel486 processor in Virtual 
BOB6 Mode, is illustrated by Figure 6-14 and Figure 
6-15. 

The I/O Permission Bitmap can be viewed as a 
0-64 Kbit string, which begins in memory at offset 
BiLMap_Offset in the current TSS. BiLMap_ 
Offset must be ~ DFFFH so the entire bit map and 
the byte FFH which follows the bit map are all at 
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offsets ~ FFFFH from the TSS base. The 16-bit 
pointer BiLMap_Offset (15:0) is found in the word 
beginning at offset 66H (102 decimal) from the TSS 
base, as shown in Figure 6-14. 

Each bit in the I/O Permission Bitmap corresponds 
to a single byte-wide I/O port, as illustrated in Figure 
6-14. If a bit is 0, I/O to the corresponding byte-wide 
port can occur without generating an exception. Oth
erwise the I/O instruction causes an exception 1,3 
fault. Because every byte-wide I/O port must be pro
tectable, all bits corresponding to a word-wide or 
dword-wide port must be 0 for the word-wide or 
dword-wide I/O to be permitted. If all the referenced 
bits are 0, the I/O will be allowed. If any referenced 
bits are 1, the attempted I/O will cause an exception 
13 fault. 

Due to the use of a pointer to the base of the I/O 
Permission Bitmap, the bitmap may be located any
where within the TSS, or may be ignored completely 
by pointing the BiLMap_Offset (15:0) beyond the 
limit of the TSS segment. In the same manner, only 
a small portion of the 64K I/O space need have an 
associated map bit, by adjusting the TSS limit to 
truncate the bitmap. This eliminates the commitment 
of 8K of memory when a complete bitmap is not 
required, while allowing the fully general case if de
sired. 

Example of Bitmap for 1/0 Ports 0-255: Setting 
the TSS limit to I biLMap_Offset + 31 + 100 ) 
[0' see note below] will allow a 32-byte bitmap for 
the I/O ports #0-255, plus a terminator byte of all 
1 's [ •• see note below]' This allows the I/O bitmap 
to control I/O Permission to I/O port 0-255 while 
causing an exception 13 fault on attempted I/O to 
any I/O port 80256 through 65,565. 

"IMPORTANT IMPLEMENTATION NOTE: 
Beyond the last byte of I/O mapping infor
mation in the I/O Permission Bitmap must 
be a byte containing all 1 'so The byte of all 
1 's must be within the limit of the Intel486 
processor TSS segment (see Figure 6-14). 

6.5.5 INTERRUPT HANDLING 

In order to fully support the emulation of an 8086 
machine, interrupts in Virtual BOB6 Mode are han
dled in a unique fashion. When running in Virtual 
Mode all interrupts and exceptions involve a privi
lege change back to the host Intel4B6 processor op
erating system. The Intel486 processor operating 
system determines if the interrupt comes from a 
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Protected Mode application or from 'a Virtual Mode 
program by examining the VM bit in the EFLAGS 
image stored on the stack. 

When a Virtual Mode program is interrupted and ex
ecution passes to the interrupt routine at level 0, the 
VM bit is cleared. However, the VM bit is still set in 
the EFLAG image on the stack. 

The Intel486 processor operating system in turn 
handles the exception or interrupt and then returns 
control to the 8086 program. The Intel486 processor 
operating system may choose to let the 8086 oper
ating system handle the interrupt or it may emulate 
the function of the interrupt handler. For example, 
many 8086 operating system calls are accessed by 
PUSHing parameters on the stack, and then execut
ing an INT n instruction. If the IOPL is set to 0 then 
all INT n instructions will be intercepted by the 
Intel486 processor operating system. The Intel486 
processor operating system could emulate the 80B6 
operating system's call. Figure 6-25 shows how the 
Intel486 processor operating system could intercept 
an 8086 operating system's call to "Open a File." 

An Intel486 processor operating system can provide 
a Virtual 8086 Environment which is totally transpar
ent to the application software via intercepting and 
then emulating 80B6 operating system's calls, and 
intercepting IN and OUT instructions. 

6_5.6 ENTERING AND LEAVING VIRTUAL 8086 
MODE 

Virtual 8086 mode is entered by executing an IRET 
instruction (at CPL=O), or Task Switch (at any CPL) 
to an Intel486 processor task whose Intel486 proc
essor TSS has a FLAGS image containing a 1 in the 

. VM bit position while the Intel4B6 processor is exe
cuting in Protected Mode. That is, one way to enter 
Virtual BOB6 mode is to switch to a task with an 
Intel486 processor TSS that has a 1 in the VM bit in 
the EFLAGS image. The other way is to execute a 
32-bit IRET instruction at privilege level 0, where the 
stack has a 1 in the VM bit in the EFLAGS image. 
POPF does not affect the VM bit, even if the Intel4B6 
processor is in Protected Mode or level 0, and so 
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cannot be used to enter Virtual B086 Mode. PUSHF 
always pushes a 0 in the VM bit, even if the Intel486 
processor is in Virtual 8086 Mode, so that a program 
cannot tell if it is executing in REAL mode, or in Vir
tual 8086 mode. 

The VM bit can be set by executing an IRET instruc
tion only at privilege level 0, or by any instruction or 
Interrupt which causes a task switch in Protected 
Mode (with VM = 1 in the new FLAGS image), and 
can be cleared only by an interrupt or exception in 
Virtual 8086 Mode. IRET and POPF instructions exe
cuted in REAL mode or Virtual 8086 mode will not 
change the value in the VM bit. 

.The transition out of virtual 8086 mode to Intel486 
processor protected mode occurs only on receipt of 
an interrupt or exception (such as due to a sensitive 
instruction). In Virtual 8086 mode, all interrupts and 
exceptions vector through the protected mode lOT, 
and enter an interrupt handler in protected Intel486 
processor mode. That is, as part of interrupt pro
cessing, the VM bit is cleared. 

Because the matching IRET must occur from level 0, 
if an Interrupt or Trap Gate is used to field an inter
rupt or exception out of Virtual 8086 mode, the Gate 
must perform an inter-level interrupt only to level O. 
Interrupt or Trap Gates through conforming seg
ments, or through segments with OPL> 0, will raise a 
GP fault with the CS selector as the error code. 

6.5.6.1 Task Switches To and From Virtual 8086 
Mode 

Tasks which can execute in virtual 8086 mode must 
be described by a TSS with the new Intel486 proces
sor format (TYPE 9 or 11 descriptor) . 

A task switch out of virtual 8086 mode will operate· 
exactly the same as any other task switch out of a 
task with an Intel486 processor TSS. All of the pro
grammer visible state, including the FLAGS register 
with the VM bit set to 1, is stored in the TSS. 

The segment registers in the TSS will contain 8086 
segment base values rather than selectors. 
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1. BOB6 Application makes ·Open 
File Call," causes General 
Protection Faull. 

2. Virtual BOB6 Monitor intercepts 
call. Calls Intel4B6™ 
processor as. 

3. Intel4B6™ processor as opens 
files. Retums control to BOB6 as. 

4. BOB6 as retums control to 
Application. 

(Transparent to Application.) 
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Figure 6-25. Virtual 8086 Environment Interrupt and Call Handling 

A task switch into a task described by an Intel486 
processor TSS will have an additional check to de
termine if the incoming task should be resumed in 
virtual 8086 mode. Tasks described by 80286 format 
TSSs cannot be resumed in virtual 8086 mode, so 
no check is required there (the FLAGS image in 
80286 format TSS has only the low order 16 FLAGS 
bits). Before loading the segment register images 
from an Intel486 processor TSS, the FLAGS image 
is loaded, so that the segment registers are loaded 
from the TSS image as 8086 segment base values. 
The task is now ready to resume in virtual 8086 exe
cution mode. 

6.5.6.2 Transitions Through Trap and Interrupt 
Gates, and IRET 

A task switch is one way to enter or exit virtual 8086 
mode. The other method is to exit through a Trap or 
Interrupt gate, as part of handling an interrupt, and 

I 

to enter as part of executing an IRET instruction. 
The transition out must use an Intel486 processor 
Trap Gate (Type 14), or Intel486 processor Interrupt 
Gate (Type 15), which must point to a non-conform
ing level 0 segment (DPL = 0) in order to permit the 
trap handler to IRET back to the Virtual 8086 pro
gram. The Gate must point to a non-conforming lev
el 0 segment to perform a level switch to level 0 so 
that the matching IRET can change the VM bit. 
Intel486 processor gates must be used, because 
80286 gates save only the low 16 bits of the FLAGS 
register, so that the VM bit will not be saved on tran
sitions through the 80286 gates. Also, the 16-bit 
IRET (presumably) used to terminate the 80286 in
terrupt handler will pop only the lower 16 bits from 
FLAGS, and will not affect the VM bit. The action 
taken for an Intel486 processor Trap or Interrupt 
gate if an interrupt occurs while the task is executing 
in virtual 8086 mode is given by the following se
quence. 
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1. Save the FLAGS register in a temp to push later. 
Turn off the VM and TF bits, and if the interrupt is 
serviced by an Interrupt Gate, turn off IF also. 

2. Interrupt and Trap gates must perform a level 
switch from :3 (where the VM86 program exe
cutes) to level 0 (so IRET can return). This pro
cess involves a stack switch to the stack given in 
the TSS for privilege level O. Save the Virtual 
8086 Mode SS and ESP registers to push in a 
later step. The segment register load of SS will be 
done as a Protected Mode segment load, be
cause the VM bit was turned off above. 

3. Push the 8086 segment register values onto the 
new stack, in the order: GS, FS, OS, ES. These 
are pushed as 32-bit quantities, with undefined 
values in the upper 16 bits. Then load these 4 
registers with null selectors (0). 

4. Push the old 8086 stack pointer onto the new 
stack by pushing the SS register (as 32 bits, high 
bits undefined), then pushing the 32-bit ESP regis
ter saved above. 

5. Push the 32-bit FLAGS register saved in step 1. 

6. Push the old 8086 instruction pointer onto the 
new stack by pushing the CS register (as 32 bits, 
high bits undefined), then pushing the 32-bit EIP 
register. 

7. Load up. the newCS:EIP value from the interrupt 
gate, and begin execution of the interrupt routine 
in protected Intel486 processor mode. 

The transition out of Virtual 8086 mode performs a 
level change and stack switch, in addition to chang
ing back to protected mode. In addition, all of the 
8086 segment register images are stored on the 
stack (behind the SS:ESP image), and then loaded 
with null (0) selectors before entering the interrupt 
handler. This will permit the handler to safely save 
and restore the OS, ES, FS, and GS registers as 
80286 selectors. This is needed so that interrupt 
handlers which don't care about the mode of the 
interrupted program can use the same prolog and 
epilog code for state saving (i.e., push all registers in 
prolog, pop all in epilog) regardless of whether or not 
a "native" mode or Virtual 8086 mode. program was 
interrupted. Restoring null selectors to these regis
ters before executing the IRET will not cause a trap 
in the interrupt handler. Interrupt routines which ex
pect values in the segment registers, or return val
ues in segment registers, will have to obtain/return 
values from the 8086 register images pushed onto 
the new stack. They· will need to know the mode of 
the interrupted program in order to know where to 
find/return segment registers, and also to know how 
to interpret segment register values. 
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The IRET instruction will perform the inverse of the 
above sequence. Only the extended Intel486 proc
essor IRET instruction (operand size = 32) can be 
used, and must be executed at level 0 to change the 
VM bit to 1. 

1. If the NT bit in the FLAGs register is on, an inter
task return is performed. The current state is 
stored in the current TSS, and the link field in the 
current TSS is used to locate the TSS for the in
terrupted task which is to be resumed. Otherwise, 
continue with the following sequence. 

2. Read the FLAGS image from SS:8[ESP] into the 
FLAGS register. This will set VM to the value ac
tive in the interrupted routine. 

3. Pop off the instruction pointer CS:EIP. EIP is 
popped first; then a 32-bit word is popped which 
contains the CS value in the lower 16 bits. If 
VM = 0, this CS load is done as a protected mode 
segment load. If VM = 1, this will be done as an 
8086 segment load. 

4. Increment the ESP register by 4 to bypass the 
FLAGS image which was "popped" in step 1. 

5. If VM = 1, load segment registers ES, OS, FS, and 
GS from memory locations SS:[ESP+8], 
SS: [ESP + ·12], SS: [ESP + 16], and SS: [ESP + 20]. 
respectively, where the new value of ESP stored 
in step 4 is used. Because VM = 1, these are done 
as 8086 segment register loads. If VM = 0, check 
that the selectors in ES, OS, FS, and GS are valid 
in the interrupted routine. Null out invalid selectors 
to trap if an attempt is made to access through 

.them. 

6. If (RPL(CS) > CPL), pop the stack pointer 
SS:ESP from the stack. The ESP register is 
popped first, followed by 32 bits containing SS in 
the lower 16 bits. If VM = 0, SS is loaded as a 
protected mode segment register load. If VM = 1 , 
an 8086 segment register load is used. 

7. Resume execution of the interrupted routine. The 
VM bit in the FLAGS register (restored from the 
interrupt routine's stack image in step 1) deter
mines whether the Inte1486· processor resumes 
the interrupted routine in Protected mode or Virtu
al 8086 mode. 
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7.0 ON-CHIP CACHE 

All members of the Intel486 processor family, except 
the IntelDX4 processor, contain an on-chip 8-Kbyte 
cache. (See section 7.1.1, "lntelDX4 Processor On
Chip Cache," for the IntelDX4 processor cache or
ganization.) The cache is software transparent to 
maintain binary compatibility with previous genera
tions of the Intel architecture. 

The on-chip cache has been designed for maximum 
flexibility and performance. The cache has several 
operating modes offering flexibility during program 
execution and debugging. Memory areas can be de
fined as non-cacheable by software and external 
hardware. Protocols for cache line invalidations and 
replacement are implemented in hardware, easing 
system design. 

InlelDX4 TIl Processor Only 
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7.1 Cache Organization 

The on-chip cache is a unified code and data cache. 
The cache is used for both instruction and data ac
cesses and acts on physical addresses. (See sec
tion 7.1.1 for IntelDX4 processor details.) 

The cache organization is 4-way set associative and 
each line is 16 bytes wide. The 8 Kbytes of cache 
memory are logically organized as 128 sets, each 
containing 4 lines. 

The cache memory is physically split into four 
2-Kbyte blocks, each containing 128 lines. (See Fig
ure 7-1.) There are 128 21-bit tags associated with 
each 2-Kbyte block. There is a valid bit for each line 
in the cache. Each line in the cache is either valid or 
not valid. There are no provisions for partially valid 
lines. 

All Other Inlel486T11 Processors 
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Figure 7-1_ On-Chip Cache Physical Organization 
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For all Intel486 processors except the Write-Back 
Enhanced Inte1486, the on-chip cache is write
through only. All writes will drive an external write 
bus cycle in addition to writing the information to the 
internal cache if the write was a cache, hit. A write to 
an address not contained in the internal cache will 
only be written to external memory. Cache alloca
tions are not made on write misses. 

The Write-Back Enhanced.lntel486 processors sup
port two modes of operation with respect to internal 
cache configurations: Standard Bus Mode (write
through cache) and Enhanced Bus Mode (write
back cache). Standard Bus Mode operation for the 
Write-Back Enhanced Intel486 processors is the 
same as the write-through cache for all other 
Intel486 processors. (See section 7.1.2, "Write-Back 
Enhanced IntelDX4™ and Write-Back Enhanced In
telDX2TM Processor Cache" and other write-back 
enhanced sections below for write-back cache infor
mation.) 

7.1.1 IntelDX4™ PROCESSOR ON-CHIP CACHE 

The IntelDX4 processor contains a 16-Kbyte write
through cache. The 16 Kbytes of cache memory are 
logically organized as 256 sets, each containing four 
lines. 

The cache memory' is physically split into four 
4 Kbyte blocks, each containing 256 lines. (See Fig
ure 7-1.) There are 256 20-bit tags associated with 
each 2-Kbyte block. 

All other details listed in section 7.1 for the 8-Kbyte 
on-chip cache also apply to the IntelDX4 on-chip 
cache. 

7.1.2 WRITE-BACK ENHANCED IntelDX4TM AND 
WRITE-BACK ENHANCED IntelDX2TM 
PROCESSORS CACHE 

The Write-Back Enhanced IntelDX2 processor im
plements a unified cache, with a total cache size of 8 
Kbytes. The processor's on-chip cache supports a 
modified MESI (modified/exclusive/shared/invalid) 
write-back cache consistency protocol. 

The Write-Back Enhanced IntelDX4 processor im
plements a unified cache, with a total cache size of 
16 Kbytes. The processor's on-chip cache supports 
a modified MESI (modified I exclusive I shared I 
invalid) write-back cache consistency protocol. 

For items which are common to both the Write
Back Enhanced IntelDX4 and Write-Back En
hanced IntelDX2 processors, the term "Write
Back Enhanced Intel486 processors" will be 
used. 

The Write-Back Enhanced Intel486 processors inter
nal cache is configurable as write-back or write-
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through on a line-by-line basis, provided the cache is 
enabled for write-back operation. The cache is en
abled for write-back operation by driving the WBI 
WT # pin to a high state for at least two clocks be
fore and two clocks after the falling edge of the RE
SET. Cache write-back and invalidations can be ini
tiated by hardware or software. Protocols for cache 
consistency and line replacement are implemented 
in hardware to ease system design .. 

Once the cache configuration is selected, the 
Write-Back 'Enhanced Intel486 processors will 
continue to operate in the selected configura
tion and can only be changed to a different configu
ration by starting the RESET process again. Asser
tion of SRESET will not change the operating mode 
of the processor. WB/WT # has an internal pull 
down; If WB/WT # is unconnected, the processor 
will be in Standard Bus Mode, i.e., the on-chip cache 
is write-through. Table 7-1 lists the two modes of 

-operation and the differences between the two 
modes. 

Unless specifically noted, the following sections 
apply to the Write-Back Enhanced Inlel486 proc
essors in standard Bus Mode (Write-Through 
Cache) and all other Intel486 processors. 

7.2 Cache Control 

Control of the cache is provided by the CD and NW 
bits in CRO. CD enables and disables the cache. NW 
controls memory write-through and invalidates. 

The CD and NW bits define four operating modes of 
the on-chip cache as given in Table 7-2. These 
modes provide flexibility in how the on-chip cache is 
used. 

CD=1, NW=1 

The cache is completely disabled by setting 
CD = 1 and NW = 1 and then flushing the 
cache. This mode may be useful for debug
ging programs where it is important to see 
all memory cycles at the pins. Writes that hit 
in the cache will riot appear on the external 
bus. 

It is possible to use the on-chip cache as 
fast static RA~ by "pre-loading" certain 
memory areas into the cache and then set
ting CD = 1 and NW = 1. Pre-loading can be 
done by careful choice of memory refer
ences with the cache turned on or by use of 
the testability functions. (See section 11.2, 
"On-Chip Cache Testing.") When the cache 
is turned off, the memory mapped by the 
cache is "frozen" into the cache because 
fills and invalidates are disabled. 
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Table 7-1. Write-Back Enhanced IntelDX4TM and Write-Back Enhanced IntelDX2TM 
Processor WB/WT# Initialization 

State of WB/WT # 
at Falling Edge of Effect on Write-Back Enhanced IntelDX2TM Processor Operation 

RESET 

WB/WT# = lOW Processor is in Standard Bus Mode (Write-Through Cache) 
1. When FLUSH # is asserted, the internal cache will be invalidated in one system 

ClK. 
2. No Special FLUSH # Acknowledge Cycles appear on the bus after the assertion of 

the FLUSH # pin. 
3. All write-back specific inputs are ignor~d (INV, WB/WT#) 
4. SRESET does not clear the 5MBASE register. It behaves much like a RESET 

(invalidating the on-chip cache and resetting the CRO register, for example). 
SRESET is NOT an interrupt. 

WB/WT# = HIGH Processor is in Enhanced Bus Mode (Write-Back Cache) 

CD 

1 

1 

0 

0 

1. Write backs .will be performed when a cache flush is requested (via the FLUSH # 
pin or the WBINVD instruction). The system must watch for the FLUSH # special 
cycles to determine the end of the flush. 

2. The special FLUSH # Acknowledge Cycles will appear on the bus after the 
assertion of the FLUSH # and after all the cache write backs (if any) are completed 
on the bus. 

3. WB/WT# is a sampled on a line-by-line basis to determine the state of a line to be 
allocated in the cache (as a Write Through (S state) or as Write Back (E state)). 

4. The WB/WT # and INV inputs are no longer ignored. HITM # and CACHE # will be 
driven during appropriate bus cycles. 

5. PLOCK # is always driven inactive. 
6. SRESET is an interrupt. SRESET does not reset the 5MBASE register or flush the 

on-chip cache. The CRO register gets the same values as after RESET with the 
exception of the CD and NW bits. These two bits retain their previous status. (See 
section 9.2.18.4, "Soft Reset (SRESET)" and Table 3-7 for details on SRESET for 
write-back enhanced mode.) 

Table 7-2. Cache Operating Modes CD=1, NW=O 

NW Operating Mode 

1 Cache fills disabled, write-
through and invalidates 
disabled 

0 Cache fills disabled, write-
through and invalidates 
enabled 

1 INVALID. If CRO is loaded 
with this configuration of bits, 
a GP fault with error code of 0 
is raised. 

0 Cache fills enabled, write-
through and invalidates 
enabled 

Cache fills are disabled but write-throughs 
and invalidates are enabled. This mode is 
the same as if the KEN # pin were 
strapped HIGH, disabling cache fills. 
Write-throughs and invalidates may still 
occur to keep the cache valid. This mode 
is useful if the software must disable the 
cache for a short period of time, and then 
re-enable it without flushing the original 
contents. 

CD=O, NW=1 

Invalid. If CRO is loaded with this bit con
figuration, a General Protection fault with 
error code of 0 will occur. 

CD=O, NW=O 

This is the normal operating mode. 
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Completely disabling the cache is a two-step pro
cess. First, CD and NW must be set to 1, and then 
the cache must be flushed. If the cache is not 
flushed, cache hits on reads will still occur and data 
will be read from the cache. 

7.2.1 WRITE-BACK ENHANCED IntelDX4TM AND 
WRITE-BACK ENHANCED IntelDX2TM 
PROCESSOR CACHE CONTROL AND 
OPERATING MODES 

The Write-Back Enhanced Intel486 processors re
tain the usage of CRO.CD and CRO.NW, in which the 
1,1 state forces a cache-off condition after RESET, 
and the 0,0 state is the normal run state. Table 7·3 
defines t!lese control bits when the cache is enabled 
for write-back operation. Table 7-3 is also valid when 
the cache is in write-back mode and some lines are 
in a write-through state. 

CD=1, NW=1 

The 1,1 state is' best used when no lines 
are allocated, which occurs naturally after 
RESET (but not SRESET), but must be 
forced (e.g., by instruction WBINVD) if en
tered during normal operation. In these 
cases, the Write-Back Enhanced Intel486 
processor will operate as if it had no 
cache at all. 

If the 1,1 state is exited, lines that are allo
cated as write back will be written back 
upon a snoop hit or replacement cycle. 
Lines that were allocated as write-through 
(and later modified while in the 1,1 state) 
will never appear on the bus. 

CD=1, NW=O 

The only difference from the normal 0,0 
"run" state is that new line fills (and the 

line replacements that result from capaci
ty limitations) do not occur. This causes 
the contents of the cache to be locked in, 
unless lines are invalidated using snoops. 

7.3 Cache Line Fills 

Any area of memory can be cached in the Intel486 
processor. Non-cacheable portions of memory can 
be defined by the external system or by software. 
The external system can inform the Intel486 proces
sor that a memory address is non-cacheable by re
turning the KEN # pin inactive during a memory ac
cess. (Refer to section 10.2.3, "Cacheable Cycles.") 
Software can prevent certain pages from being 
cached by setting the PCD bit in the page table en
try. 

A read request can be generated from program op
eration or by an instruction pre-fetch. The data will 
be supplied from the on-chip cache if a cache hit 
occurs on the read address. If the address is not in 
the cache, a read request for the data is generated 
on the external bus. 

If the read request is to a cacheable portion of mem
ory, the Intel486 processor initiates a cache line fill. 
During a line fill a 16-byte line is read into the 
Intel486 processor. Cache line fills will only be gen
erated for read misses. Write misses will never 
cause a line in the internal cache to tie allocated. If a 
cache hit occurs on a write, the line will be updated. 
Cache line fills can be performed over 8- and 16-bit 
buses using the dynamic bus sizing feature. Refer to 
section 10.1.2, "Dynamic Data Bus Sizing" for a de
scription of dynamic bus sizing and section 10.2.3, 
"Cacheable Cycles" for further information on 
cacheable cycles. 

Table 7-3. Write-Back Enhanced IntelDX4TM and Write-Back Enhanced 
IntelDX2TM Processor Write-Back.Cache Operating Modes 

CRO 
READ HIT 

READ WRITE HIT(1) WRITE 
Snoops CD,NW MISS MISS 

1,1 read cache read bus write cache write bus not 
(state after reset) (no fill) (no write-through) accepted 

1,0 read cache read bus write cache, write bus if S write bus normal 
(no fill) operation 

0,1 This is a fault-protected disallowed state. A GP(O) will occur if an attempt is made to 
load CRO with this state. 

0,0 read cache read bus, write cache, write bus if S write bus normal 
(state DURING line fill operation 
normal operation) 

NOTE: 
1. Normal MESI state transitions occur on write hits in all legal states. 
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7.4 Cache Line Invalidations 

The Intel486 processor contain both a hardware and 
software mechanism for invalidating lines in its inter
nal cache. Cache line invalidations are needed to 
. keep the Intel486 processor cache contents consist
ent with external memory. 

Refer to section 10.2.8, "Invalidate Cycles" for fur
ther information on cache line invalidations. 

7.4.1 WRITE-BACK ENHANCED IntelDX4TM AND 
WRITE-BACK ENHANCED IntelDX2TM 
PROCESSOR SNOOP CYCLES AND 
WRITE-BACK MODE INVALIDATION 

In Enhanced bus mode, the Write-Back Enhanced 
Intel486 processors performs invalidations different
ly than other Intel486 processors. Snoop Cycles are 
initiated by the system to determine if a line is pres
ent in the cache, and what the state is. Snoop cycles 
may further be classified as Inquire cycles or Invali
date cycles. Inquire cycles are driven to the Write
Back Enhanced Intel486 processors when another 
bus master initiates a memory read cycle, to deter
mine if the processor cache contains the latest data. 
If the snooped line is in the Write-Back Enhanced 
Intel486 processors cache and has the most recent 
information, the processor must schedule a write 
back of the data. Inquire cycles are driven with 
INV = "0". Invalidate cycles are driven to the Write
Back Enhanced Intel486 processors when the other 
bus master initiates a memory write cycle to deter
mine if the Write-Back Enhanced Intel486 proces
sors cache contains the snooped line. The Invali
date cycles are driven with INV = "1 ", so that if the 
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snooped line is in the on-chip cache, the line is inval
idated. Snoop cycles are described in detail in the 
"Bus Functional Description" section. 

The Write-Back Enhanced Intel486 processors has 
control mechanisms (including snooping) for writing 
back the modified write·back lines and invalidating 
the cache. There are special bus cycles associated 
with write-backs and invalidation. All of the Write
Back Enhanced Intel486 processors special cycles 
require acknowledgment by ROY # or BRDY #. Dur
ing the special cycles, the addresses shown in the 
Table 7-4 are driven onto the address bus and the 
data bus is left undefined. 

7.5 Cache Replacement 

When a line needs to be placed in its internal cache 
the Intel486 processor first checks to see if there is 
a non-valid line in the set that can be replaced. If all 
four lines in the set are valid, a pseudo least-recent
Iy-used mechanism is used to determine which line 
should be replaced. 

A valid bit is associated with each line in the cache. 
When a line needs to be placed in a set, the four 
valid bits are checked to see if there is a non·valid 
line that can be replaced. If a non-valid line is found, 
that line is marked for replacement. 

The four lines in the set are labeled 10, 11, 12, and 13. 
The order in which the valid bits are checked during 
an invalidation is 10, 11, 12 and 13. All valid bits are 
cleared when the processor is reset or when the 
cache is flushed. 

Table 7-4. Encoding of the SpeCial Cycles for Write-Back Cache 

Cycle Name M/IO# D/C# W/R# BE3#-BEO# A4-A2 

Write-Back' 0 0 1 0111 000 

First Flush Ack Cycle" 0 0 1 0111 001 

Flush' 0 0 1 1101 000 

Second Flush Ack Cycle' 0 0 1 1101 001 

Shutdown 0 0 1 1110 000 

HALT 0 0 1 1011 000 

Stop Grant Ack Cycle 0 0 1 1011 100 

• For the Write·Back Enhanced Intel486 processors only. FLUSH IS present on all Intel486 processors, but differs for Stan· 
dard Mode. Refer to appropriate sections. 
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Replacement in the cache is handled by a pseudo 
LRU mechanism when all four lines in a set are valid. 
Three bits, BO, B1 and B2, are defined for each of 
the 128 sets in the cache. These bits are called the 
LRU bits. The LRU bits are updated for every hit or 
replace in the cache. 

If the most recent access to the set was to 10 or 11, 
BO is set to 1. BO is set to 0 if the most recent ac
cess was to 12 or 13. If the most recent access to 
10:11 was to 10, B1 is set to 1, else B1 is set to O. If 
the mostrecent access to 12:13 was to 12, B2 is set to 
1, else B2 is set to o. 

The pseudo LRU mechanism works in the following 
manner. When a line must be replaced, the cache 
will first select which of 10:11 and 12:13 was least re
cently used. Then the cache will determine which of 
the two lines was least recently used and mark it for 
replacement. This decision tree is shown in Figure 
7-2. 

All four lines 
in the set valid? ~ Replac~ . I non-valid line 

Yes + 
BO = O? 

Yes: 10 or llANO: 12 or 13 
least recently least recently 
used used 

Bl = O? B2 = O? 

yeAo yeAo 

Replace Replace Replace ,Replace 
10 11 12 13 

Figure 7-2. On-Chip Cache 
Replacement Strategy 
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7.6 Page Cacheability 

Two bits for cache control, PWT and PCD, are de
fined in the page table and page directory entries. 
The state of these bits is driven out on the PWT and 
PCD pins during memory access cycles. 
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The PWT bit controls the write policy for second lev
el caches used with the Intel486 processor. Setting 
PWT= 1 defines a write-through policy for the cur
rent page while PWT = 0 defines the possibility of 
write-back. The state of PWT is ignored internally by 
the Intel486 processor for on-chip cache in write
through mode. 

The PCD bit controls cacheability on a page-by-page 
basis. The PCD bit is internally AND'ed with the 
KEN # signal to control cacheability on a cycle-by
cycle basis (see Figure 7-3). PCD = 0 enables cach
ing while PCD = 1 forbids it. Note that cache fills are 
enabled when PCD = 0 AND KEN # = O. This logical 
AND is implemented physically with a NOR gate. 

The state of the PCD bit in the page table entry is 
driven on the PCD pin when a page in external mem
ory is accessed. The state of the PCD pin informs 
the external system of the cacheability of the re
quested information. The external system then re
turns KEN# telling the Intel486 processor if the area 
is cacheable. The Intel486 processor initiates a 
cache line fill if PCD and KEN # indicate that the 
requested information is cacheable. 

The PCD bit is OR'ed with the CD (cache disable) bit 
in control register 0 to determine the state of the 
PCD pin. If CD = 1, the Intel486 processor forces the 
PCD pin HIGH. If CD=O, the PCD pin is driven with 
the value for the page table entry/directory. (See 
Figure 7-3.) 

The PWT and PCD bits for a bus cycle are obtained 
from either CR3, the page directory or page table 
entry. These bits are assumed to be zero during real 
mode, whenever paging is disabled, or for cycles 
that bypass paging, (1/0 references, interrupt ac: 
knowledge and HALT cycles). 

When paging is enabled, the bits from the page table 
entry are cached in the TLB, and are driven any time 
the page- mapped by the TLB entry is referenced. 
For normal memory cycles, PWT and PCD are taken 
from the page table entry. During TLB refresh cycles 
where the page table and directory entries are read, 
the PWT and PCD bits must be obtained elsewhere. 
During page table updates the bits are obtained from 
the page directory. When the page directory is up
dated the bits are obtained from CR3. PCD and PWT 
bits are initialized to zero at reset, but can be modi
fied by level 0 software. 
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Figure 7·3. Page Cacheability 

7.6.1 WRITE·BACK ENHANCED IntelDX4TM AND 
WRITE·BACK ENHANCED IntelDX2TM 
PROCESSORS PAGE CACHEABILITY 

In Write-Back Enhanced Intel486 processors-based 
system, both the processor and the system hard
ware must determine the cacheability and the con
figuration (write-back or write-through) on a line by 
line basis. The system hardware's cacheability is de
termined by KEN # and the configuration by 
WB/WT#. The processor's indication of cacheabili
ty is determined by PCD and the configuration by 
PWT. The PWT bit controls the write policy for the 
second level caches used with the Write-Back En
hanced Intel486 processors. Setting PWT to 1 de-

I 

fines a write-through policy for the current page, 
while clearing PWT to 0 defines a write-back policy 
for the current page. 

7.7 Cache Flushing 

The on-chip cache can be flushed by external hard
ware or by software instructions. Flushing the cache 
clears all valid bits for all lines in the cache. The 
cache is flushed when external hardware asserts the 
FLUSH# pin. 
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The FLUSH # pin needs to be asserted for one 
clock if driven synchronously or for two clocks if driv
en asynchronously. FLUSH# is asynchronous, but 
setup and hold times must be met for recognition in 
a particular cycle. FLUSH # should be de-asserted 
before the cache flush is complete. Failure to de-as
sert the pin will cause execution to stop as the proc
essor will be repeatedly flushing the cache. If exter
nal hardware activates flush in response to an 1/0 
write, FLUSH # must be asserted for at least two 
clocks prior to ready being returned for the 1/0 write. 
This ensures that the flush completes before the 
processor begins execution of the instruction follow
ing the OUT instruction. 

The instructions INVD and WBINVD cause the on
chip cache to be flushed. External caches connect
ed to the Intel486 processor are signalecJ to flush 
their contents when these instructions are executed. 

WBINVD will also cause an external write-back 
cache to write back dirty lines before flushing its 
contents. The external cache is signaled using the 
bus cycle definition pins and the byte enables (refer 
to section 9.2.6 "Bus Cycle Definition" for the bus 
cycle definition pins and section 10.2.11 "Special 
Bus Cycles" for special bus cycles). Refer to the 
Intel48fJTM Processor Programmers Reference Man
ual for detailed instruction definitions. 

The results of the INVD and WBINVD instructions 
are identical for the operation of the non-write-back 
enhanced Intel486 processor on-chip cache be
cause the cache is write-through. 

7.7.1 WRITE-BACK ENHANCED IntelDX4TM AND 
WRITE-BACK ENHANCED IntelDX2TM 
PROCESSORS CACHE FLUSHING 

The on-chip cache can be flushed by external hard-
ware or by software instructions. ' 

Flushing the cache through hardware is accom
plished by driving the FLUSH# pin low. This causes 
the cache to write back all modified lines in the 
cache and mark the state bits invalid. The First Flush 
Acknowledge cycle is driven by the Write-Back En
hanced Intel486 processors followed by the Second 
Flush Acknowledge cycle after all write-backs and 
invalidations are complete. The two special cycles 
are issued even if there are no dirty lines to write 
back. 
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The INVD and WBINVD instructions cause the on
chip cache to be invalidated. WBINVD causes the 
modified lines in the internal cache to be written 
back, and all lines to be marked invalid. After execu
tion of the WBINVD instruction, the Write-back and 
Flush special cycles are driven to indicate to any 
external cache that it should write back and invali
date its contents. These two special cycles are is
sued even if there are no dirty lines to be written 
back: INVD causes all lines in the cache to be invali
dated, so modified lines in the cache are not written 
back. The Flush special cycle is' driven after the 
INVD instruction is executed to indicate to any exter
nal cache that it should invalidate its contents. Care 
should be taken when using the INVD instruction to 
avoid creating cache consistency problems. 

NOTE: 
It is recommended to use the WBINVD in
struction instead of the INVD instruction if 
the on-chip cache is configured in the write
back mode. 

The assertion of the RESET pin invalidates the en
tire cache without writing back the modified lines. No 
special cycles are issued after the invalidation is 
complete. 

Snoop cycles with invalidation (lNV = 1) cause the 
Write-Back Enhanced Intel486 processors to invali
date an individual cache line. If the snooped line is a 
modified line, then the processor schedules a write
back cycle. Inquire cycles with no-invalidation cause 
the Write-Back Enhanced Intel486 processors to 
only write-back the line, if the inquired line is in 
M-state, and not invalidate the line. 

SRESET, STPCLK#, INTR, NMI and SMI# are rec
ognized and latched, but not serviced during the full
cache, modified-line write-backs, caused either by 
WBINVD instruction or the FLUSI-\#. However, 
BOFF # , AHOLD and HOLD are recognized 
DURING the full-cache, modified-line write-backs. 

7.8 Write-Back Enhanced IntelDX4™ 
and Write-Back Enhanced 
IntelDX2TM Processor Write-Back 
Cache Architecture 

This section describes additional features pertaining 
to the write-back mode of the Write-Back Enhanced 
Intel486 processors. 
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7.8.1 WRITE-BACK CACHE COHERENCY 
PROTOCOL 

The' Write·Back Enhanced Intel486 processors 
cache protocol supports a cache line in one of the 
following four states: 

• Whether a line is valid and defined as write· back 
during allocation (E·state). 

• If it is valid and defined as write·through during 
allocation (S-state). 

• If it has been modified (M-state). 

• If it is ,invalid (I-state). 

These four states are the M (Modified line), E (write
back line), S (write-through line) and the I (Invalid 
line) states and the protocol is referred to as the 
"Modified MESI protocol." A definition of the states 
is given below: 

M - Modified: An M-state line is modified (different 
from main memory) and can be ac
cessed (read/written to) without 
sending a cycle out on the bus. 

E - Exclusive: An E-state line is a "write-back" 
line, but the line is not modified (Le., 
it is coherent with main memory). 
An E-state line can be accessed 
(read/written to) without generating 
a bus cycle and a write to an E-state 
line will cause the line to become 
modified. 

S - Shared: An S-state line is a "write-through" 
line, and is coherent with main 
memory. A read hit to an S-state 
line will not generate bus activity, 
but a write hit to an S-state line will 
generate a write-through cycle on 
the bus. A write to an S-state line 
will update the cache and the main 
memory. 

I - Invalid: This state indicates that the line is 
not in the cache. A read to this line 
will be a miss and may cause the 
Write-Back Enhanced Intel486 
processors to execute a line fill 
(fetch the whole line into the cache 
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from main memory). A write to an 
invalid line will cause the Write
Back Enhanced Intel486 proces
sors to execute a write-through cy
cle on the bus. 

Every line in the Write-Back Enhanced Intel486 
processor's cache is assigned a state dependent on 
both Write-Back Enhanced Intel486 processor-gen
erated activities and activities generated by the sys
tem hardware. As the Write-Back Enhanced Intel486 
processors are targeted for uniprocessor systems, a 
subset of MESI protocol, namely MEl, is used in the 
Write-Back Enhanced Intel486 processors to main
tain cache coherency. 

With the modified MESI protocol, it is assumed that 
in a uniprocessor system lines are defined as write
back or write-through at allocation time. This proper
ty associated with a line is never altered. The lines 
allocated as write-through go to S-state and remain 
in S-state. A cache line that is allocated as write
back never enters the S-state. The WB/WT # pin is 
sampled during line allocation and is used strictly to 
characterize a line as write-back or write-through. 

7.8.1.1 State Transition Tables 

State transitions are caused by processor-generated 
transactions (memory reads/writes) and by a set of 
external input signals and internally generated vari
ables. The Write-Back Enhanced Intel486 proces
sors also drive certain pins as a consequence of the 
Cache Consistency Protocol. 

Read Cycles 

Table 7-5 shows the state transitions for lines in the 
cache during unlocked read cycles. 

Write Cycles 

The state transitions of cache lines during Write
Back Enhanced Intel486 processor-generated write 
cycles are described in Table 7-6. 
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Table 7-5. Cache State Transitions for Write-Back Enhanced IntelDX4TM and' 
Write-Back Enhanced IntelDX2TM Processors Initiated Unlocked Read Cycles 

Present State Pin Activity Next State Description 

M nfa M Read hit; data is provided to processor core by 
cache. No bus cycle is generated. 

E nfa E Read hit; data is provided to processor core by 
cache. No bus cycle is generated. 

S nfa S Read hit; Data is provided to the processor by the 
cache. No bus cycle is generated. 

I CACHE# low E Data item does not exist in cache (MISS). A line 
AND fill cycle (read) will be generated by the Write· Back 

KEN# low Enhanced IntelDX2TM processor. This state 
AND transition will occur if WBfWT # is sampled high 

WBfWT# high with first BRDY #. 
AND 

PWTlow 

I CACHE# low S Same as previous read miss case except that 
AND WBfWT# is sampled low with first BRDY# or PWT 

KEN# low is high. 
AND 

(WBfWT# low 
OR PWThigh) 

I CACHE# high I KEN# pin inactive; the line is not intended to be 
OR cached in the Write-Back Enhanced Intel486 

KEN# high processors. 

NOTES: 
Locked accesses to the cache will cause the accessed line to transition to the Invalid state. 
PCD can also be used by the processor to determine the cacheability, but using the CACHE# pin is recommended. The 
transition from I to E or S states (based on WB/WT#) occurs only if KEN# is sampled low one clock prior to the first 
BRDY# and then one clock prior to the last BRDY#, and the cycle is transformed into a line fill cycle. It'KEN# is sampled 
high, the line is not cached and remains in the I state. 

Present 
State 

M 

E 

S 

I 
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Table 7-6. Cache State Transitions for Write-Back Enhanced IntelDX4TM and 
Write-Back Enhanced IntelDX2TM Processor-Initiated Write Cycles 

Pin Next 
Description 

Activity State 

nfa M Write hit; update cache. No bus cycle generated to update memory. 

nfa M Write hit; update cache only. No bus cycle generated; line is now modified. 

.nfa S Write hit; cache updated with write data item. A write-through cycle is 
generated on the bus to update memory. Subsequent writes to E-state or 
M-state lines are held up until this write-through cycle is completed. 

nfa I Write miss; a write-through cycle is generated on the bus to update external 
memory. No allocation is done. Subsequent writes to the E or M lines are 
blocked until the write-miss is completed. 

I 



Note that even· though memory writes are buffered 
while I/O writes are not, these writes appear at the 
pins in the same order as they were generated by 
the processor. Write-Back cycles caused by the re
placement of M-state lines are buffered, while Write
Backs due to Snoop hit to M-state lines are not buff
ered. 

Cache Consistency Cycles (Snoop Cycles) 

The purpose of Snoop cycles is to check whether 
the address being presented by another bus master 
is contained within the cache of the Write-Back En
hanced Intel486 processors. Snoop cycles may be 
initiated with or without an invalidation request (INV 
= 1 or 0). If a snoop cycle is initiated with INV =; 0 
(usually during memory read cycles by another mas
ter), it is referred to as an Inquire cycle. If a snoop 
cycle is initiated with INV = 1 (usually during memo
ry write cycles), it is referred to as an Invalidate cy
cle. If the address hits a modified line in the cache, 
the HITM# pin is asserted, and the modified line is 
written back onto the bus. Table 7-7 describes state 
transitions for Snoop cycles. 

7.8.2 DETECTING ON-CHIP WRITE-BACK 
CACHE OF THE WRITE-BACK ENHANCED 
IntelDX4TM AND WRITE-BACK ENHANCED 
IntelDX2TM PROCESSORS 

The write-back policy of the on-chip cache of the 
Write-Back Enhanced Intel486 processors may be 
detected by software or hardware. The software 
mechanism makes use of the CPUID instruction. 
(See Appendix B, "Feature Determination," for use 
of the CPUID instruction.) The hardware mechanism 
makes use of a write-back-related output signal from 
the processor. 
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A software mechanism to determine if a given proc
essor has write-back support for the on-chip cache 
should drive the WB/WT# pin to "1" during RESET. 
This pin will be sampled by the processor during the 
falling edge of the RESET. Execute the CPUID in
struction, which returns the model number in the 
EAX register, EAX[7:4J. If the model number re
turned is 7 (Write-Back Enhanced Intel486 proces
sors) and the family number is 4, the on-chip cache 
supports the write-back policy. If the model number 
returned is in the range 0 through 6 or 8, the on-chip 
cache only supports the write-through policy. 

The following pseudo code/steps give an example 
of the initialization BIOS that can be used to detect 
the presence of the write-back on-chip cache: 

• Boot Address Cold start. 

• Load Segment Registers and nullIDTR. 

• Execute CPUID instruction and determine the 
Family ID and Model ID. 

• Compare the Family ID to 4 and the Model 10 
returned to the values listed in Table B-2. 

The hardware mechanism involves using the HITM# 
signal. For the Write-Back Enhanced Intel486 proc
essors, this signal is driven inactive (high) during 
RESET. The chipset can sample this output on the 
falling edge of RESET. If HITM # is sampled high on 
the falling edge of RESET, the processor supports 
on-chip write-back cache configuration. For those 
processors that do not support internal write-back 
caching, this signal is an INC, and this output is not 
driven. 

Table 7-7. Cache Stat~ Transitions During Snoop Cycles 

Present Next State Next State 
Description 

State INV=1 INV=O 

M I E Snoop hit to a modified line indicated by HITM # pin loW. Write-Back 
Enhanced IntelDX2 Processor schedules the write-back of the 
modified line to memory. The state of the line changes to Eprovided 
INV = 0 and changes to I if INV = 1. 

E I E Snoop hit, no bus cycle generated. State remains unaltered if 
. INV = 0, and changE;js to I if INV == 1. There is no external indication 
of this snoop hit. 

S I S Snoop hit, no bus cycle generated. State remains unaltered if 
INV = 0, and changes to I if INV = 1. There is no external indication 
of this snoop hit. 

I I I Address not in cache. 
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8.0 SYSTEM MANAGEMENT MODE 
(SMM) ARCHITECTURES 

8.1 SMM Overview 

The Intel486 processor supports four modes: Real, 
Virtual-86, Protected, and System Management 
Mode (SMM). As an operating mode, SMM has a 
distinct processor environment, interface and hard
warelsoftware features. 

SMM provides system designers with a means of 
adding new software-controlled features to comput
er products that operate transparently to the operat
ing system and software applications. SMM is 
intended for use only by system firmware, not by 
applications software or general purpose systems 
software. . 

The SMM architectural extension consists,of the fol
lowing elements: 

1. System Management Interrupt (SMI #) hardware 
interface. 

2. Dedicated and secure memory space (SMRAM) 
for SMI# handler code and processor state (con
text) data with a status signal for the system to 
decode access to that memory space, SMIACT #. 
(The 5MBASE address is relocatable and could 
also be relocated to non-cacheable address 
space.) 

3. Resume (RSM) instruction, for exiting the System 
Management Mode. 

4. Special Features such as liD-Restart, for trans
parent power management of 110 peripherals, 
and Auto HALT Restart. 

8.2 Terminology 

The following terms are used throughout the discus
sion of System Management Mode. 

SMM: System Management Mode. This is the oper
ating environment that the processor (system) en
ters when the System Management Interrupt is be
ing serviced. 

SMI#: System Management Interrupt. This is part of 
the SMM interface. When SMI# is asserted (SMI# 
pin asserted low) it causes the processor to invoke 
SMM. The SMI # pin is the only means of enter
ing SMM. 
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SMM handler: System Management Mode handler. 
This is the code that will be executed when the proc
essor is in SMM. An example application that this 
code might implement is a power management con
trol or a system control function. 

RSM: Resume instruction. This instruction is used by 
the SMM handler to exit the SMM and return to the 
interrupted operating system or application process. 

SMRAM: This is the physical memory dedicated to 
SMM. The SMM handler code and related data re
side in this memory. This memory is also used by the 
processor to store its context before executing the 
SMM handler. The operating system. and applica
tions do not have access to this memory space. 

5MBASE: Control register that contains the address 
of the SMRAM space. 

Context: This term refers to the processor state. 
The SMM discussion refers to the context, or proc
essor state, just before the processor invokes SMM. 
The context normally consists of the processor reg
isters that fully represent the processor state. 

Context Switch: A context switch is the process of 
either saving or restoring the context. The SMM dis
cussion refers to the context switch as the process 
of savinglrestoring the context while invokingl 
exiting SMM, respectively. 

8.3 System Management Interrupt 
Processing . 

The system interrupts the normal program execution 
and invokes SMM by generating a System Manage
ment Interrupt (SMI#) to the processor. The proces
sor will service the SMI # by executing the following 
sequence (see Figure 8-1): 

1. The processor asserts the SMIACT # signal, indi
cating to the system that it should enable the 
SMRAM. 

2. The processor saves its state (context) to 
SMRAM, starting at default address location 
3FFFFH, proceeding downward in a stack-like 
fashion. 

3. The processor switches to the System Manage
ment Mode processor environment (a pseudo
real mode). 

I 
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SMI# 
! 

T 

SMI#'I ... _ ... 

SMIACT# -----..., 

/ 
Active during bus cycles in SMM 

242202-56 

Figure 8-1. Basic SMI# Interrupt Service 

4. The processor will then jump to the default abso
lute address of 38000H in SMRAM to execute the 
SMI# handler. This 'SMI# handler performs the 
system management activities. 

5. The SMI# handler will then execute the RSM in
struction which restores the processor's context 
from SMRAM, de-asserts the SMIACT#signal, 
and then returns control to the previously inter
rupted program execution. 

NOTE: 
The above sequence is valid for the default 
5MBASE value only. See the following sec
tions for a description of the 5MBASE regis
ter and 5MBASE relocation. 

The System Management Interrupt hardware inter
face consists of the SMI # interrupt request input 
and the SMIACT # output used by the system to de
code the SMRAM. 

I 

CPU 
SMIACT# } 

__ S_M_I# __ ' 

• 
SMI 
Interface 
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Figure 8-2. Basic SMI # Hardware Interface 

8.3.1 SYSTEM MANAGEMENT INTERRUPT 
(SMI#) 

SMI# is a falling-edge triggered, non-maskable in
terrupt request signal. SMI # is an asynchronous sig
nal, but setup and hold times, t20 and t21, must be 
met in order to guarantee recognition on a specific 
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clock. The SMI # input need not remain active until 
the interrupt is actually serviced. The SMI # input 
only needs to remain active for a single clock if th.e 
required setup and hold times are met. SMI# Will 
also work correctly if it is held active for an arbitrary 
number of clocks. 

The SMI # input must be held inactive for at least 
four external clocks after it is asserted to reset the 
edge triggered logic. A sub~eque.nt SMI # m~ght ~ot 
be recognized if the SMI # Input IS not held inactive 
for at least four clocks after being asserted. 

SMI#, like NMI, is not affected by the IF bit in the 
EFlAGS register and is recognized on an instruction 
boundary. An SMI# will not break locked bus cycles. 
The SMI # has a higher priority than NMI and is not 
masked during an NMI. In order for SMI # to be rec
ognized with respect to SRESET, SMI # should not 
be asserted until two (2) clocks after SRESET be
comes inactive. 

After the SMI# interrupt is recognized, the SMI# 
signal will be masked internally until the RSM in
struction is executed and the interrupt service rou
tine is complete. Masking the SMI # prevents recur
sive SMI# calls. SMI# must be de-asserted for at 
least 4 clocks to reset the edge triggered logic. ·If 
another SMI # occurs' while the SMI # . is masked, 
the pending SMI # will be recognized and executed 
on the next instruction boundary after the current 
SMI# completes. This instruction boundary occurs 
before execution of the next instruction in the inter
rupted application code, resulting in back to back 
SMM handlers. Only one SMI# can be pending 
while SMI # is masked. 

eLK 

The SMI # signal is synchronized internally and must 
be asserted at least three (3) ClK periods prior to 
assertilig the ROY # signal in order to guarant~e 
recognition on a specific instruction boundary. This 
is important for servicing an 110 trap with an SMI # 
handler. (See Figure 8-3.) 

8.3.2 SMI# ACTIVE (SMIACT#) 

SMIACT# indicates that the processor is operating 
in System Management Mode. The processor as
serts SMIACT# in response to an SMI# interrupt 
request on the SMI# pin. SMIACT# is driven active 
after the processor has completed all pending write 
cycles (including emptying the write buffers), and be
fore the first access to SMRAM when the processor 
saves (writes) its state (or context) to SMRAM. 
SMIACT# remains active until the last access to 
SMRAM when the processor restores (reads) its 
state from SMRAM. The SMIACT# signal does not 
float in response to HOLD. The SMIACT# signal is 
used by the system logic to decode SMRAM (See 
Figure 8-2). . 

The number of ClKs required to complete the SMM 
state save and restore is very dependent on-system 
memory performance. The values listed in Table 8-1 
assume 0 wait-state memory writes (2 C!-K cycles), 
2-1-1-1 burst read cycles, and 0 wait-state non-burst 
reads (2 ClK cycles). Additionally, it is assumed that 
the data read during the SMM state restore se
quence is not cacheable. 

SMI#~ 

I SMI# 
[Sampled I ~~.~--~----~--~----~---

,...-~-., I 
I I I I I 

Ifsu'thdl I A' I ..... -- - -'-- ---'- ----., 
I ! ' I 

''-__ .-II BRDY# 

A: Setup time for recognition on 1/0 instruction boundary 
242202-58 

Figure 8-3. SMI # Timing for Servicing an I/O Trap 
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Figure 8-4 and Table 8-1 can be used for latency 
calculations. As shown, the minimum time required 
to enter an SMI # handler routine for the Intel486 OX 
processor (from the completion of the interrupted in
struction) is given by: 

and the minimum time required to return to the inter
rupted application (following the final SMM instruc
tion before RSM) is given by: 

latency to continue interrupted application = 

E + F + G = 243 ClKs 

I 

Latency to beginning of 8MI # handler = 

A + B + C = 153 ClKs 

elK 

SMI# 

ADS# 

BRDY# 

T1 T2 

i 

--------~:~; ~'~ ~s s~;~ 
j ~ ):-,,-: : -~ :--U 1-) . \.J ; \...)J I 

I I j I 

:,' ·I'(j~'V: :1::; 
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I ,I • I SS QS : i 
:+------~, ' 1 , , -I' . i+-: 
. A " ~~~~_~_~: 

, . Sate SMM Stale Normal, ___________ . __ . _ -J.- __ Save ~~S" ~~ore _ .Stale ~ __ _ 

Normal State System Management Mode Normal State 
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Figure S-4.lnteI4S6™ Processor SMIACT# Timing 
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Table 8-1.lnteI486™ Processor SMIACT# Timing 

Intel486TM SX IntelSX2TM 
Processor Processor 

A:last RDY# from non- 2ClK 1 ClK 
SMM transfer to minimum minimum 
SMIACT # assertion 

B:SMIACT# assertion to 40ClK 20ClK 
first ADS # for SMM minimum minimum 
state save 

C:SMM state save Approx Approx. 
(dependent on 139 ClKs 139 ClKs 
memory performance) 

D:SMM handler User User 
determined determined 

E:SMM state restore Approx, Approx. 
(dependent on 236ClKs 236ClKs 
memory performance) 

F:last RDY # from SMM 4ClK 2ClK 
transfer to de- minimum minimum 
assertion of SMIACT# 

G: SMIACT# de- 20ClK 10ClK 
assertion to first .non- minimum minimum 
SMMADS# 

8.3.3 SMRAM 

The Intel486 processor uses the SMRAM space for 
state save and state restore operations during an 
SMI # and RSM. The SMI # handler, which also re
sides in SMRAM, uses the SMRAM space to store 
code, data and stacks. In addition, the SMI# han
dier can use the SMRAM for system management 
information such as the system configuration, con
figuration of a powered-down device, and system 
designer-specific information. 

The processor asserts the SMIACT# output to indi
cate to the memory controller that it is operating in 
System Management Mode. The system logic 
should ensure that only the processor has access to 
this area. Alternate bus masters or DMA devices try
ing to access the SMRAM space when SMIACT# is 
active should be directed to system RAM in the re
spective area. 

The system logic is minimally required to decode the 
physical memory address range from 38000H-
3FFFFH as SMRAM area. The processor will save 
its state to the state save area from 3FFFFH down
ward to 3FEOOH. After saving its state the processor 
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Intel486DX IntelDX2TM IntelDX4TM IntelDX4 
Processor Processor Processor 3X Processor 2X 

2ClK 1 ClK 1 ClK 1 ClK 
minimum minimum minimum minimum 

40ClK 20ClK 13 ClK 20ClK 
minimum minimum minimum minimum 

Approx. Approx. Approx. Approx. 
139 ClKs 139 ClKs 139 ClKs 139ClKs 

User User User User 
determined determined determined determined 

Approx. Approx. Approx. Approx. 
236ClKs 236ClKs 236ClKs 236ClKs 

4ClK 2ClK 1 ClK 1 ClK 
minimum minimum minimum minimum 

20ClK 10ClK 6ClK 10ClK 
minimum minimum minimum minimum 

will jump to the address location 38000H to begin 
executing the SMI # handler. The system logic can 
choose to decode a larger area of SMRAM as need
ed. The size of this SMRAM can be between 
32 Kbytes and 4 Gbytes. 

The system logic should provide a manual method 
for switching the SMRAM into system memory 
space when the processor is not in SMM. This will 
enable initialization of the SMRAM space (Le., load
ing SMI # handler) before executing the SMI # han
dier during SMM. (See Figure 8-5.) 

8.3.3.1 SMRAM State Save Map 

When the SMI# is recognized on an instruction 
boundary, the processor core first sets the 
SMIACT# signal lOW indicating to the system logic 
that accesses are now being made to the system
defined SMRAM areas. The processor then writes 
its state to the state save area in the SMRAM. The 
state save area starts at CS Base + [8000H + 
7FFFHJ. The default CS Base is 30000H, therefore 
the default state save area is at 3FFFFH. In this 
case, the CS Base can also be referred to as the 
5MBASE. 
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If 5MBASE Relocation is enabled, then the SMRAM 
addresses can change. The following formula is 
used to determine the relocated addresses where 
the context is saved. The context will reside at CS 
Base + [8000H + Register Offset], where the de
fault initial CS Base is 30000H and the Register Off
set is listed in the SMRAM state save map (Table 
8-2). Reserved spaces will be used to accommodate 
new registers in future processors. The state save 
area starts at 7FFFH and continues downward in a 
stack-like fashion. 

Some of the registers in the SMRAM state save area 
may be read and changed by the SMI # handler, 
with the changed values restored to the processor 
registers by the RSM instruction. Some register im
ages are read-only, and must not be modified (modi
fying these registers will result in unpredictable be
havior). The values stored in the areas marked re
served may change in future processors. An SMM 
handler should not rely on any values stored in an 
area that is marked as reserved. 
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Figure 8-5. Redirecting System Memory 
Addresses to SMRAM 
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Table 8-2. SMRAM State Save Map 

Register 
Register Writeable? 

Offset 

7FFC CRO NO 

7FFB CR3 NO 

7FF4 EFLAGS YES 

7FFO EIP YES 

7FEC EDI YES 

7FEB ESI YES 

7FE4 EBP YES 

7FEO ESP YES 

7FDC EBX YES 

7FDB EDX YES 

7FD4 ECX YES 

7FDO EAX YES 

7FCC DR6 NO 

7FCB DR7 NO 

7FC4 TR' NO 

7FCO LDTA' NO 

7FBC GS' NO 

7FBB FS' NO 

7FB4 DS' NO 

7FBO SS' NO 

7FAC CS' NO 

7FAB ES' NO 

7FA7-7F9B Reserved NO 

7F94 IDTBase NO 

7F93-7FBC Reserved NO 

7FBB GDT Base NO 

7FB7-7F04 Reserved NO 

7F02 Auto HALT Restart YES 
Slot (Word) 

7FOO I/O Trap Restart Slot YES 
(Word) 

7EFC SMM Revision NO 
Identifier (Dword) 

7EFB 5MBASE Slot (Dword) YES 

7EF7-7EOO Reserved NO 

NOTES: 
'Upper two bytes are reserved. 
Modifying a value that is marked as not writeable will result 
in unpredictable behavior. 
Words are stored in two consecutive bytes in memory with 
the low-order byte at the lowest address and the high-order 
byte in the high address. 
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The following registers are saved and restored (in 
areas of the state save that are marked reserved), 
but are not visible to the system software program
mer: 

CR1, CR2 and CR4, hidden descriptor registers for 
CS, OS, ES, FS, GS, and SS. 

If an SM I # request is issued for the purpose of pow
ering down the processor, the values of all reserved 
locations in the SMM state save must be saved to. 
non-volatile memory. 

The following registers are not automatically saved 
and restored by SMI # and RSM: . 

DRS-ORO, TR7-TR3, FPU registers: STn, FCS, 
FSW, tag word, FP instruction pointer, FP opcode, 
and operand pointer. 

For all SMI# requests except for suspend/resume, 
these registers do not have to be saved because 
their contents will not change. However, during a 
power down suspend/resume, a resume reset will 
clear these registers back to their default values. In 
this case, the suspend SMI# handler should read 
these registers directly to save them and. restore 
them during the power up resume. Anytime the 
SMI# handler changes these registers in the proc
essor, it must also save and restore them. 

8.3.4 EXIT FROM SMM 

The RSM instruction is only available to the SMI# 
handler. The opcode of the instruction is OFAAH. 
Execution of this instruction while the processor is 
executing outside of SMM will cause an invalid op
code error. The last instruction of the SMI # handler 
will be the RSM instruction. 

The RSM instruction restores the state save image 
from SMRAM back to the processor, then returns 
control back to the interrupted program execution. 
There are three SMM features that can be enabled 
by writing to control "slots" in the SMRAM state 
save area. 

Auto HALT Restart. It is possible for the SMI# re
quest to interrupt the HALT state. The SMI # handler 
can tell the RSM instruction to return control to the 
HALT instruction or to return control to the instruc- . 
tion following the HALT instruction by appropriately 
setting the Auto HALT Restart slot. The default op
eration is to restart the HALT instruction. 
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I/O Trap Restart. If the SMI # interrupt was gener
ated on an I/O access to a powered-down device, 
the SMI # handler can tell the RSM instruction to re
execute that I/O instruction by setting the I/O Trap 
Restart slot. 

5MBASE Relocation. The system can relocate the 
SMRAM by setting the 5MBASE Relocation slot in 
the state save area. The RSM instruction w;1I set the 
5MBASE in the processor based on the value in the 
5MBASE relocation slot. The 5MBASE must be 32K 
aligned. 

For further details on these SMM features, see sec
tion 8.5. 

If the processor detects invalid state information, it 
enters the shutdown state. This happens only in the 
following situations: 

• The value stored in the 5MBASE slot is not a 
32-Kbyte-aligned address. 

• A reserved bit of CR4 is set to 1. 

• A combination of bits in CRO is i'liegal; namely, 
(PG=1 and PE=O) or (NW=1 and CD=O). 

In shutdown mode, the processor stops executing 
instructions until an NMI interrupt is received or reset 
initialization is invoked. Tl:1e processor generates a 
special bus cycle to indicate it has entered shutdown 
mode. . 

NOTE: 
INTR and SMI # will also bring the processor 
out of a shutdown that is encountered due to 
invalid state information from SMM execu
tion. Make sure that INTR and SMI # are not 
asserted if SMM routines are written such 
that a shutdown occurs. 

8.4 System Management Mode 
Programming Model 

8.4.1 ENTERING SYSTEM MANAGEMENT MODE 

SMM is one of the major operating modes, on a level 
with Protected mode, Real address mode or virtual-
86 mode. Figure 8-6 shows how the processor can 
enter SMM from any of the three modes and then 
return. 
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NOTE: 
Reset could occur by asserting the RESET or SRESET 
pin. 

Figure 8·6. Transition to and from System 
Management Mode 

The external signal SMI # causes the processor to 
switch to SMM. The RSM instruction exits SMM. 
SMM is transparent to applications programs and 
operating systems because of the following: 

• The only way to enter SMM is via a type of non· 
maskable interrupt triggered by an external sig
nal. 

• The processor begins executing SMM code from 
a separate address space, referred to earlier as 
system management RAM (SMRAM). 

• Upon entry into SMM, the processor saves the 
register state of the interrupted program in a part 
of SMRAM called the SMM context save space. 

• All interrupts normally handled by the operating 
system or by applications are disabled upon entry 
into SMM 

~ A special instruction, RSM, restores processor 
registers from the SMM context save space and 
returns control to the interrupted program. 

SMM is similar to Real address mode in that there 
are no privilege levels or address mapping. An SMM 
program can execute all liD and other system in
structions and can address up to four Gbytes of 
memory. 

8.4.2 PROCESSOR ENVIRONMENT 

When an SMI# signal is recognized on an instruc
tion execution boundary, the processor waits for all 
stores to complete, including emptying of the write 
buffers. The final write cycle is complete when the 
system returns ROY # or BROY #. The processor 
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then drives SMIACT# active, saves its register state 
to SMRAM space, and begins to execute the SMM 
handler. 

SMI # has greater priority than debug exceptions 
and external interrupts. This means that if more than 
one of these· conditions occur at an instruction 
boundary, only the SMI # processing occurs, not a 
debug exception or external interrupt. Subsequent 
SMI # requests are not acknowledged while the 
processor is in SMM. The first SMI # interrupt re
quest that occurs while the processor is in SMM is 
latched, and serviced when the processor exits 
SMM with the RSM instruction. Only one SMi'# will 
be latched by the processor while it is in SMM. 

When the processor invokes SMM, the processor 
core registers are initialized as shown in Table 8-3. 

Table 8·3. SMM Initial Processor 
Core Register Settings 

Register Contents 

General Purpose Registers Unpredictable 

EFLAGS 00000002H 

EIP 00008000H 

CS Selector 3000H 

cs Base SMM Base 
(default 30000H) 

OS, ES, FS, GS, OOOOH 
SS Selectors 

OS, ES, FS, GS, OOOOOOOOOH 
SS Bases 

OS, ES, FS, GS, OFFFFFFFFH 
SS Limits 

CRO Bits 0,2,3 &'31 cleared 
(PE, EM, TS & PG); 

others are unmodified 

OR6 Unpredictable 

OR7 OOOOOOOOH 

The following is a summary of the key features in the 
SMM environment: 

1. Real mode style address calculation 

2. 4-Gbyte limit checking 

3. IF flag is cleared 
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4. NMI is disabled. ' 

5. TF flag in EFLAGS is cleared; single step traps 
are disabled. 

6. DR? is cleared" except for bits 12 and 13; debug 
trap's are dis;ibled. 

? The RSM instruction no longer generates an in-
valid opcode error. ' ' 

8. Default 16-bit opcode, register and stack use. 

All bus arbitration (HOLD, AHOLD, BOFF#) inputs 
and bus sizing (BS8#, BS16#) inputs operate nor
mally while the processor is in SMM. 

8.4.2.1 Write-Back Enhanced IntelDX4TM and 
Write-Back Enhanced IntelDX2™ 
'Processor Environment 

When the Write-Back Enhanced Iritel486 processors 
are in Enhanced Bus Mode, SM I # has greater priori
ty than debug ,exceptions and external interrupts, ex
cept for FLUSH # and SRESET. (See section 4.8.6.) 

8.4.3 EXECUTING SYSTEM MANAGEMENT 
MODE H~NDLER 

The processor begins execution of the SMM handler 
at offset 8000H in the CS segment. The CS Base is 
initially 30000H;' however, the CS Base can be 
changed by using the SMM Base relocation feature. 

When the SMM handler is invoked, the processor's, 
PE and PG bits in CRO are reset to O. The processor 
is in an environment similar to Real mode, but with
out the 64-Kbyte limit checking. However, the de
fault operand size and the default address size are 
set to 16 bits: 

The EM bit is clearec;l so that no exceptions are gen
erated. (If the, SMM was entered from Protected 
mode, the Real mode interrupt and exception sup
port is not available.) The SMI # handler should not 
use Floating-Point unit instructions until the FPU is 
properly detected (within the SMI# handler) and the, 
exception support is initialized. 

Because the segment bases (other than CS) are 
cleared to 0 and the segment limits 'are set to 4 
Gbytes, the address space may be treated as a sin
gle flat 4·Gbyte linear space that is unsegmented. 
The processor is still in Real mode and when a seg
ment selector is loaded with a 16-bit value, that val
ue is then shifted left by 4 bits and loaded into the 
segment base cache. The limits and attributes are 
not modified. 
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In SMM, the processor can access or jump any
where within the 4-Gbyte logical address space. The 
processor can also indirectly access or perform a 
near jump anywhere within the 4-Gbyte logical ad
dress space. 

8.4.3.1 Exceptions and Interrupts within System 
Management Mode 

When the processor enters SMM, it disables INTR 
interrupts, debug and single·step traps by clearing 
the EFLAGS, DR6 and DR? registers. This is done 
to prevent a debug application from accidentally 
breaking into an SMM handler. This is necessary be
cause the SMM handler operates from a distinct ad
dress space (SMRAM), and hence, the debug trap 
will not represent the normal system memory space. 

If an SMM handler wishes to use the debug trap 
feature of the processor to debug SMM handler 
code, it must first ensure that an SMM-compliant de
bug handler is available. The SMM handler must 
also ensure DRO-DR3 is saved to be restored later. 
The debug registers DRO-DR3 and DR? must then 
be initialized with the appropriate values. 

If the processor wishes to use the single-step fea
ture'of the processor, it must ensure that an SMM
compliant single-step handler is available and then 
set the trap flag in the EFLAGS register. 

If the system design requires the processor to re
spond to hardware ,INTR requests while in SMM, it 
must ensure that an SMM-compliant interrupt han
dier is available and then set the interrupt flag in the 
EFLAGS register (using the STI instruction). Soft
ware interrupts are not blocked upon entry to SMM, 
and the system software designer must provide an 
SMM compliarit-interrupt handler before attempting 
to execute any software interrupt instructions. Note 
that in SMM mode, the interrupt vector table has the 
same properties and location as the Real mode vec-
tor table. ' 

NMI interrupts are blocked upon entry to the SMM 
handler. If an NMI request occurs during the SMM 
handler, it is latched and serviced after the proces
sor exits SMM. Only one NMI request will be latched 
during the SMM handler. If an NMI request is pend
ing when the processor executes the RSM instruc
tion, the NMI is serviced before the next instruction 
of the interrupted code sequence. 
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Although NMI requests are blocked when the proc
essor enters SMM, they may be enabled through 
software by executing an IRET instruction. If the 
SMM handler requires the use of NMI interrupts, it 
should invoke a dummy interrupt service routine for 
the purpose of executing an IRET instruction. Once 
an IRET instruction is executed, NMI interrupt re
quests are serviced in the same "real mod" manner 
in which they are handled outside of SMM. 

8.5 SMM Features 

8.5.1 SMM REVISION IDENTIFIER 

The SMM revision identifier is used to indicate the 
version of SMM and the SMM extensions that are 
supported by the processor. The SMM revision iden
tifier is written during SMM entry and can be exam
ined in SMRAM space at Register Offset 7EFCH. 
The lower word of the SMM revision identifier refers 
to the version of the base SMM architecture. The 
upper word of the SMM revision identifier refers to 
the extensions available. (See Figure 8-7.) 

17 16 

1~~'1 I I I ~~~~rOffset 
5MBASE Relocation ~. I· I I 

SMM Revision Level 
I/O Trap w~h Restart 
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Figure 8-7. SMM Revision Identifier 

Table 8-4. Bit Values for SMM Revision Identifier 

Bits Value Comments 

.16 0 Processor does not support I/O 
Trap Restart 

16 1 Processor supports I/O Trap 
Restart 

17 0 Processor does not support 
5MBASE relocation 

17 1 Processor supports 5MBASE 
relocation 
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Bit 16 of the SMM revision identifier is used to indi
cate to the SMM handler that this processor sup
ports the SMM I/O trap extension. If this bit is high, 
then this processor supports the SMM I/O trap ex
tension. If this bit is low, then this processor does 
not support I/O trapping using the I/O trap slot 
mechanism. (See Table 8-4.) 

Bit 17 of this slot indicates whether the processor 
supports relocation of the SMM jump vector and the 
SMRAM base address. (See Table 8-4.) 

The Intel486 processor supports both the I/O Trap 
Restart and the 5MBASE relocation features. 

8.5.2 AUTO HALT RESTART 

The Auto HALT Restart slot at register offset (word 
location) 7F02H in SMRAM indicates to the SMM 
handler that the SMI# interrupted the processor 
during a HAL T state (bit 0 of slot 7F02H is set to .1 if 
the previous instruction was a HALT). If the SMI # 
did not interrupt the processor in a HALT state, then 
the SMI # microcode will set bit 0 of the Auto HALT 
Restart slot to a value of O. If the previous instruction 
was a HALT, the SMM handler can choose to either 
set or reset bit O. If this bit is set to 1, the RSM micro 
code execution will force the processor to re-enter 
the HALT state. If this bit is set to 0 when the RSM 
instruction is executed, the processor will continue 
execution with the instruction just after the interrupt
ed HALT instruction. Note that if the interrupted in
struction was not a HALT instruction (bit 0 is set to 0 
in the Auto HALT Restart slot upon SMM entry), set
ting bit 0 to 1 will cause unpredictable behavior 
when the RSM instruction is executed. (See Figure 
8-8 and Table 8-5.) 

15 0 
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L AutoHALT 
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Figure 8-8. Auto HALT Restart 
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Table 8-5. Bit Values for Auto HALT Restart 

Value of Value·of 
Bit Oat Bit'Oat Comments 
Entry Exit 

0 0 Returns to next instruction. 
in interrupted program. 

0 1 Unpredictable 

1 0 Returns to next instruction 
after HALT 

1 1 Returns to HALT state 

If the HALT instruction is restarted, the processor 
will generate a memory access to fetch the HALT 
instruction (if it is not in the internal cache), and exe
cute a HALT bus.cycle. 

8.5.3 I/O. INSTRUCTION RESTART 

The I/O instruction restart slot (register offset 
7FOOH in SMRAM) gives the SMM handler the op
tion of causing the RSM instruction to automatically 
re-execute the interrupted I/O instruction. When the 
RSM instruction is executed, if the ·1/0 instruction 
restart slot contains the value OFFH, then the' 
processor will automatically re-execute the 110 
instruction that the SMI # trapped. If the I/O instruc
tion restart slot' contains the value OOH when the 
RSM instruction is executed, then the processor will 
not re-execute the I/O instruction. The processor 
automatically initializes the I/O instruction restart 
slot to OQH during SMM entry. The I/O instruction 
restart slot should be written only when the proces
sor has generated an SMI # on an I/O instruction 
boundary. Processor operation is unpredictable 
when the I/O instruction restart slot is set when the 
processor is servicing an SMI # that originated on a 
non-I/O instruction boundary. (See Figure 8-9 and 
Table 8-6.) 
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Figure 8-9. I/O Instruction Resta. t ' 

Table 8-6 I/O Instruction Restart Value 

Value at Value 
Comments 

Entry at Exit 

OOH OOH Do not restart trapped I/O 
instruction 

OOH OFFH Restart trapped I/O 
instruction . 

If the system executes back-to-back SMI # re
quests, the second SMM handler must not set 
the I/O instruction restart slot (see section 8.6.6 
"Nested SMI#s and I/O Restart"). 

8.5.4 SMM BASE RELOCATION 

The Intel486 processor provides Ii control register, 
5MBASE. The address space used as, SMRAM can 
be modified by changing the 5MBASEregister be
fore exiting an SMI # handler routine. 5MBASE can 
be changed to any 32K aligned value (values that' 
are not 32K aligned will cause the processor to enter 
the shutdown state when executing the RSM in
struction). 5MBASE is set to the default value of 
30000H on RESET, but is not changed on SRESET. 
If the 5MBASE register is changed during an SMM 
handler, all subsequent SMI# requests will initiate a 
state save at the new 5MBASE.(See Figure 8-10.) 
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Figure 8-10. SMM Base Location 

The 5MBASE slot in the SMM state save area is a 
feature used to indicate and change the SMI # jump 
vector location and the SMRAM save area. When bit 
17 of the SMM Revision Identifier is set then this 
feature exists and the SMRAM base and conse
quently the jump vector are as indicated by the SMM 
Base slot. During the execution of the RSM instruc
tion, the processor will read this'slot and initialize the 
processor to use the new 5MBASE during the next 
SMI#. During an SMI#, the processor will do its 
context save to the new SMRAM area pointed to by 
the 5MBASE, store the current 5MBASE in the 
SMM Base slot (offset 7EF8H), and then start exe
cution of the new jump vector based on the current 
5MBASE. 

The 5MBASE must be a 32-Kbyte aligned, 32-bit in· 
teger that indicates a base address for the SMRAM 
context save area and the SMI# jump vector. For 
example when the processor first powers up, the 
minimum SMRAM area is from 38000H-3FFFFH. 
The default 5MBASE is 30000H. Hence the starting 
address of the jump vector is calculated by: 

5MBASE + 8000H 

While the starting address for the SMRAM state 
save area is calculated by: 

SMM Base + [8000H + 7FFFHl 

Hence, when this feature is enabled, the SMRAM 
register map is addressed according to the above 
formulas. (See, Figure 8-11.) 

To change the SMRAM base address and SMM 
jump vector location, the SMM handler should modi
fy the 5MBASE slot. Upon executing an RSM in
struction, the processor will read the 5MBASE slot 
and store it internally. Upon recognition of the next 
SMI # request, the processor will use the new 
5MBASE slot for the SMRAM dump and SMI # jump 
vector. 
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If the modified 5MBASE slot does not contain a 
32-Kbyte aligned value, the RSM microcode will 
cause the processor t'1 enter the shutdown state. 

5MBASE + 8000H 
+ 7FFFH 

5MBASE + 8000H 

5MBASE 

SMRAM 

Start of State Save 

SMM Handler Entry 
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Figure 8-11. SMRAM Usage 

8.6 SMM System Design 
Considerations 

8.6.1 SMRAM INTERFACE 

The hardware designed to control the SMRAM 
space must follow these guidelines: 

1. A provision should be made to allow for initializa
tion of SMRAM space during system boot up. This 
initialization of SMRAM space must happen 
before the first occurrence of an SMI # interrupt. 
Initializing the SMRAM space must include 
installation of an SMM handler, and may include 
installation of related data structures necessary 
for particular SMM applications. The memory con
troller providing the interface to the SMRAM 
should provide a means for the initialization code 
to manually open the SMRAM space. 

2. A minimum initial SMRAM address space of 
38000H-3FFFFH should be decoded by the mem
ory controller. 

3. Alternate bus masters (such as DMA controllers) 
should not be allowed to access SMRAM space. 
Only the processor, either through SMI # or dur
ing initialization, should be allowed access to 
SMRAM. 

4. In order to implement a zero·volt suspend func
tion, the system must have access to all of normal 
system memory from within an SMM handler 
routine. If the SMRAM is going to overlay normal 
system memory, there must be a method of ac
cessing any system memory that is located under
neath SMRAM. 
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There are two potential schemes for locating the 
SMRAM, either overlaid to an address space on top 
of normal system memory, or placed in a distinct 
address space. (See Figure 8-12.) When SMRAM is 
overlaid on the top of normal system memory, the 
processor output signal SMIACT# must be used to 
distinguish SMRAM from main system memory. Ad
ditionally, if the overlaid normal memory is cache
able, both the processor internal cache and any sec
ond level caches must be empty before the first read 
of an SMM handler routine. If the SMM memory is 
cacheable, the caches must be empty before the 
first read of normal memory following an SMM han
dIer routine. This is done by flushing the caches, and 
is required to maintain cache coherency. When the 
default SMRAM location is used, SMRAM is overlaid 
on top of system main memory (at 38000H through 
3FFFFH). 

If SMRAM is located in its own distinct memory 
space, which can be completely decoded with only 
the processor address signals, it is said to be non
overlaid. In this case, there are no new requirements 
for maintaining cache coherency. . 
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Figure 8-12. SMRAM Location 

8.6.2 CACHE FLUSHES 

The processor does not unconditionally flush its 
cache before entering SMM (this option is left to the 
system designer). If SMRAM is shadowed in a 
cacheable memory area that is visible to the applica
tion or operating system, it is necessary for the sys
tem to empty both the processor cache and any 
second level cache before entering SMM. That is, if 
SMRAM is in the same physical address location as 
the normal cacheable memory space, then an SMM 
read may hit the cache which would contain normal 
memory space code/data. If the SMM memory is 
cacheable, the normal read cycles after SMM may 
hit the cache, which may contain SMM code/data. In 
this case the cache should be empty before the first 
memory read cycle during SMM and before the first 
normal cycle after exiting SMM. (See Figure 8-13.) 

The FlUSH# and KEN# signals can be used to 
ensure cache coherency when switching between 
normal and SMM modes. Cache flushing during 
SMM entry is accomplished by asserting the 
FLUSH # pin when SMI # is driven active. Cache 
flushing during SMM exit is accomplished by assert
ing the FlUSH# pin after the SMIACT # pin is de
asserted (within 1 ClK). To guarantee this behavior, 
the constraints on setup and hold timings on the in
teraCtion of FlUSH# and SMIACT# as specified for 
a processor should be followed. 

If the SMRAM area is overlaid over normal memory 
and if the system designer does not want to flush 
the caches upon leaving SMM then references to 
the SMRAM area should not be cached. It is the 
obligation of the system designer to ensure that the 
KEN # pin is sampled inactive during all references 
to the SMRAM area. Figures 8-14 and 8-15 illustrate 
a cached and non-cached SMM using FLUSH # and 
KEN#. 

I 



I 

Intel486TM PROCESSOR FAMILY 

SMI' 

~ 
!Instr !Instr !Instr ! InSlr Iinstr I 

lit 112 113 : 
"" 

'4 115 
I 

I Stale Save I LState Resume I SMM Handler I 
I 

I 
I ...I I 

SMIII L-.J 
SMIACTI 

t I 
t i 

Flush Cache CecltemuSl 
be empty 

CecltllmuSl 
be empty 

Figure 8-13. FLUSH # Mechanism during SMM 

.SMIII 

SMIACTI----~ 

FLUSH' 

SMIII 

State 
Save 

SMM 
Handler 

Figure 8-14. Cached SMM 

State 
Save 

SMM 
Handler 

State Normal 
Resume Cycle 

State Normal 
Resume Cycle 

SMIACTII-----~ RSM~ 

KENII 

FLUSHII----~~""'\ 

Figure 8-15. Non-Cached SMM 

242202-68 

242202-69 

242202-70 

4-371 



Intel486TM PROCESSOR FAMILY 

8.6.2.1 Write-Back Enhanced IntelDX4TM and 
Write-Back Enhanced IntelDX2TM 
Processor System Management Mode 
and Cache Flushing 

Regardless of the on-chip cache mode, (i.e., either 
write-through or write-back) it is recommended that 
SMRAM be non-overlaid. This provides the greatest 
freedom for caching of both SMRAM and normal 
memory, provides a simplified memory controller de
sign, and eliminates the' performance penalty, of 
flushing. 

In general, cache flushing is not required when the 
SMRAM and normal memory are not overlaid. Table 
8-7 gives the cache flushing requirements for enter
ing and exiting SMM, when the SMRAM is not over
laid with normal memory space. ' 

SMRAM can not be cached as write-back lines. If 
SMRAM is cached, it should be cached only as 
write-through lines. This is because dirty lines can 
not be written back to SMRAM upon exit from SMM. 
The de-assertion of SMIACT # signals that the proc
essor is exiting SMM, and is used to assert 
FLUSH #. By the time the, write back of dirty lines 
occurs, SMIACT# would already be inactive, so the 
SMRAM can no longer be decoded. When the 
SMRAM is cached as write-through, this problem will 
not occur. 

Normal 
Memory 

Cacheable 

No 

No 

WT 

WB 

WT 

WB 

Table 8-7. Cache Flushing 
(Non-Overlaid SMRAM) 

SMRAM 
Cacheable 

FLUSH Entering SMM 

No No 

WT No 

No No 

No No, but Snoop WBs 
must go to, Normal 
Memory Space. 

WT No 

WT No, but Snoop and 
Replacement WBs 
must go to normal 
memory space. 

Coherency requirements must be met when the nor
mal memory is cached in write-back mode. In this 
case, the snoop and replacement write-backs that 
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occur during SMM must go to normal memory, even 
though SMIACT # is active. This requirement is com
patible with SMM security requirements, because 
these write backs can not decode the SMRAM, and 
the memory system must be able to handle this situ
ation properly. 

If SMRAM is overlaid with normal memory space, 
additional system design features are needed to en
sure that cache coherency is maintained. Table 8-8 
lists the cache flushing requirements for entering 
and exiting the SMM when the SMRAM is overlaid 
with normal memory space. 

, I 

Table 8-8. Cache Flushing (Overlaid SMRAM) 

Normal 
SMRAM 

FLUSH FLUSH 
Memory 

Cacheable 
Entering Exiting 

Cacheable SMM SMM 

No No No No 

No WT No Yes 

WTorWB No Yes No 

WTorWB WT Yes Yes 

If SMI# and FlUSH# are asserted together, the 
Write-Back Enhanced Intel486 processors guaran
tee that the FLUSH # will be recognized first, fol
lowed by the SMI #. If the cache is configured in the 
write-back mode, the modified lines will be written 
back to the normal user space, followed by the two 
special cycles. The SMI# will then be recognized 
and the transition to SMM will occur, as shown in 
Figure 8-16. 

Cache flushing during SMM exit is accomplished by 
assElrting the FLUSH # pin after the SMIACT # pin is 
de-asserted (within 1 ClK). To guarantee this be
havior, the constraints on setup and hold timings on , 
the interaction of FlUSH# and SMIACT# as speci
fied for the Write-Back Enhanced Intel486 proces
sors should be followed. 

The WBINVD instruction should not be used to flush 
the cache when exiting SMM. Instead, the FLUSH # 
pin should be asserted after the SMIACT# pin is de
asserted (within 1 ClK). The cache coherency re
quirements associated with SMM and write-through 
vs. write-back caches apply to second level cache 
control designs as well. The appropriate second lev
el cache flushing is also required upon entering and 
exiting the SMM. 

I 



SMI# 

Write 
Back 

Flush Cache Cycles 

SMIACT# -----+-"""'"\1 

FLUSH#--~ 

State 
Save 

Cache must be empty 

Intel486™ PROCESSOR FAMIL V 

SMM 
Handler 

RSM 

State 
Resume 

Normal 
Cycle 

Cache must 
be empty 

242202-71 

Figure 8-16. Write-Back Enhanced IntelDX4TM and Write-Back Enhanced IntelDX2TM Processor 
Cache Flushing for Overlaid SMRAM upon Entry and Exit of Cached SMM 

Snoops During SMM 

Snoops cycles are allowed durin9 SMM. However, 
because the SMRAM is always cached as a write
through, there can never be a sn90P hit to a modi
fied line in the SMRAM address space. Consequent
ly, if there is a snoop hit to a modified line, it will 
correspond to the normal address space. In this 
case, even though SMIACT# is asserted, the mem
ory controller must drive the snoop write-back cycle 
to the normal memory space and not to the SMRAM 
address space. 

If the' overlaid normal memory is cacheable, 
FLUSH# must be asserted when entering SMM, 
causing all modified lines of normal memory to be 
written back. As a result, there can not be a snoop 
hit to a modified line in the cache able normal memo
ry space that is overlaid with the SMRAM space. 

If the overlaid normal memory is not cacheable, no 
flushing is necessary when entering SMM. If normal 
memory is not overlaid with SMRAM, no flushing is 
required upon entering SMM and it is possible that a 
snoop can hit a modified line cached from anywhere 
in normal memory space while the processor is in 
SMM. 

I 

8.6.3 A20M# PIN AND 5MBASE RELOCATION 

Systems based on a PC-compatible architecture 
contain a feature that enables the processor ad
dress bit A20 to be forced to o. Thi,s limits physical 
memory to a maximum of 1 Mbyte, and is provided 
to, ensure compatibility with those programs that re
lied on the physical address wrap around functionali
ty of the 8088 processor. The A20M# pin on 
Intel486 processors provides this function. When 
A20M # is active, all external bus cycles will drive 
A20M# low, and all internal cache accesses will be 
performed with A20M# low. 

The A20M # pin is recognized while the processor is 
in SMM. The functionality of the A20M# inpu,t must 
be recognized in the following two instances:' ' 

1. If the SMM handler needs to access ,system 
memory space above 1 Mbyte (for example, when 
saving memory to disk for a zero-volt suspend), 
the A20M # pin must be de-asserted before the 
memory above 1 Mbyte is addressed. 

2. If SMRAM has been relocated to address space 
above 1 Mbyte, and A20M# is active upon enter
ing SMM, the processor will attempt to access 
SMRAM at the relocated address, but with A20 
low. This could cause the system'to crash, be~ 
cause there would be no valid SMM interrupt hanc 
dler at the accessed location. , 
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In order to account for the above two situations, the 
system designer must ensure that A20M # is de-as
serted on entry to SMM. A20M# must be driven in
active before the first .cycle of the SMM state save, 
and must be returned to its original level after the 
last cycle of the SMM state restore. This can be 
done by blocking the assertion of A20M # whenever 
SMIACT # is active. 

8.6.4 PROCESSOR RESET DURING SMM 

The system designer should take into account the 
following restrictions while implementing the proces
sor RESET logic. 

1. When running software written for the 80286 
processor a processor SRESET is used to switch 
the processor from Protected mode to Real 
mode. Note that SRESET has a higher interrupt 
priority than SMIACT#. When the processor is in 
SMM, the SRESET to the processor during SMM 
should be blocked until the processor exits SMM .. 
SRESET must be blocked beginning from the 
time when SMI # is driven active and ending at 
least 20 ClK cycles after SMIACT# is de-assert
ed. Be careful not to block the global system 
RESET, which may be necessary to recover from 
a system crash. 

2. During execution of the RSM instruction to exit 
SMM, there is a small time window between the 
de-assertion of SMIACT # and the completion of 
the RSM microcode. If SRESET is asserted dur
ing this window, it is possible that the SMRAM 
space will be violated. The system designer must 
guarantee that SRESET is blocked until at least 
20 processor clock cycles after SMIACT# has 
been driven inactive. 

3. Any request for a processor SRESET for the. pur
pose of switching the processor from Protected 
mode to Real mode must be acknowledged after 
the processor has exited SMM. In order to main
tain software transparency, the system logic must 
latch any SRESET signals that are blocked during 
SMM. ' 

8.6.5 SMM AND SECOND LEVEL WRITE 
BUFFERS 

Before an Intel486 processor enters SMM, it emp
ties its internal write buffers. This is necessary so 
that the data in the write bufferS is written to normal 
memory space, not SMM space. Once the proces
sor is ready to begin writing an SMM state save to 
SMRAM, it asserts the SMIACT# signal. SMIACT# 
may be driven active by the processor before the 
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system memory controller has had an opportunity to 
empty the second level write buffers. 

To prevent the data from these second level write 
buffers from being written to the wrong location, the 
system memory controller needs to direct the mem
ory write cycles to either SMM space or normal 
memory space. This can be accomplished by saving 
the status of SMIACT # along with the address for 
each word in the write buffers. 

8.6.6 NESTED SMI#s AND I/O RESTART 

Special care must be taken when executing an SMM 
handler for the purpose of restarting an I/O instruc
tion. When the processor executes a RSM instruc
tion with the I/O .restart slot set, the restored EIP is 
modified to point to the instruction immediately pre
ceding the SMI # request, so that the I/O instruction 
can be re-executed. If a new SMI # request is re
ceived while the processor is executing an SMM 
handler, the processor will service this SMI # re
quest before restarting the original I/O instruction. If 

, the I/O restart slot is set when the processor exe
cutes the RSM instruction for the second SMM han
dier, the RSM microcode will decrement the 
restored EIP again. EIP now points to an address 
different from the originally interrupted instruction, 
and the processor will begin execution ofthe inter_ 
rupted application code at an incorrect entry point. 

To prevent .this from occurring, the SMM handler 
routine must not set the 1/0 restart slot during 
the second of two consecutive SMM handlers. 

8.7 SMM Software Considerations 

8.7.1 SMM CODE CONSIDERATIONS 

The default operand size and the default address 
size are 16 bits;. however, operand-size override and 
address-size override prefixes can be used as need
ed to directly access data anywhere within the 
4-Gbyte logical address space. 

With operand-size override prefixes, the SMM han
dier can use jumps, calls, and returns, to transfer 
control to any location. within the 4-Gbyte space. 
Note, however, the following restrictions: 

• Any control transfer that does not have an oper
and-size override prefix truncates EIP to 16 low
order bits. 
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• Due to the Real mode style of base-address for
mation, a far jump or call cannot transfer control 
to a segment with a base address of more than 
20 bits (one megabyte). 

8.7.2 EXCEPTION HANDLING 

Upon entry into SMM, external interrupts that require 
handlers are disabled (the IF bit in the EFLAGS is 
cleared). This is necessary because, while the proc
essor is in SMM, it is running in a separate memory 
space. Consequently the vectors stored in the inter
rupt descriptor table (lOT) for the prior mode are not 
applicable. Before allowing exception handling (or 
software interrupts), the SMM program must initial
ize new interrupt and exception vectors. ·The inter
rupt vector table for SMM has the same format as 
for Real mode. Until the interrupt vector table is cor
rectly initialized, the SMM handler must not generate 
an exception (or software interrupt). Even though 
hardware interrupts are disabled, exceptions and 
software interrupts can still occur. Only a correctly 
written SMM handler can prevent internal excep
tions. When new exception vectors are initialized, in
ternal exceptions can be serviced. The following are 
the restrictions: 

1. Due to the Real mode style of base address for
mation, an interrupt or exception cannot transfer 
control to a segment with a base address of more 
that 20 bits. 

2. An interrupt or exception cannot transfer control 
to a segment offset of more than 16 bits 
(64 Kbytes) .. 

3. If exceptions or interrupts are allowed to occur, 
only the low order 16 bits of the return address 
(EIP) are pushed onto the stack. If the offset of 
the interrupted procedure is greater than 
64 Kbytes, it is not possible for the interruptI 
exception handler to return control to that proce
dure. (One work-around could be to perform soft
ware adjustment of the return address on the 
stack,) 
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4. The 5MBASE Relocation feature affects the way 
the processor will return from an interrupt or ex
ception during an SMI # handler. 

8.7.3 HALT DURING SMM 

HALT should not be executed during SMM, unless 
interrupts have been enabled (see section 8.7.2. 
"Exception Handling"). Interrupts are disabled in 
SMM and INTR, NMI, and SMI # are the only events 
that take the processor out of HALT. 

8.7.4 RELOCATING SMRAM TO AN ADDRESS 
ABOVE ONE MEGABYTE 

Within SMM (or Real mode), the segment base reg
isters can only be updated by changing the segment 
register. The segment registers contain only 16 bits, 
which allows only 20 bits to be used for a segment 
base address (the segment register is shifted left 
four bits to determine the segment base address). If 
SMRAM is relocated to an address above one 
megabyte, the segment registers can no longer be 
initialized to point to SMRAM. 

These areas can still be accessed by using address 
override prefixes to generate an offset to the correct 
address: For example, if the 5MBASE has been re
located immediately below 16M, the OS and ES reg
isters are still initialized to 0000 OOOOH. We can still 
access data in SMRAM by using 32-bit displacement 
registers: 

mov esi, OOFFxxxxH 

mov ax,ds:[esi] 

;64K' segment 
;immediately 
;below 16M 

4-375 



Intel486TM PROCESSOR FAMILY 

9.0 HARDWARE INTERFACE 

9.1 Introduction 

The Intel486 processor has separate parallel buses 
for data and addresses. The bidirectional data bus is 
32 bits in width. The address bus consists of two 
components: 30 address lines (A2-A31) and 4-byte. 
enable lines (BEO#-BE3#). The address lines form 
the upper 30 bits of the address and the byte en
ables select individual bytes within a 4-byte location. 
The address lines are bidirectional for use in cache 
line invalidations. (See Figure 9-1.) 

The Intel486 processor's burst bus mechanism en
ables high-speed cache fills from external memory. 
Burst cycles can strobe data into the processor at a 
rate of one item every clock. Non-burst cycles have 
a maximum rate of one item every two clocks. Burst 
cycles are not limited to cache fills: all read bus cy
cles requiring more than a single data cycle can be 
bursted. The Write-Back Enhanced IntelDX2TM 
processor can also burst write cycles. 

During bus hold, the Intel486 processor relinquishes 
control of the local bus by floating its address, data 
and control buses. The Intel486 processor has an 
address hold feature in addition to bus hold. During 
addresS hold, only the address bus is floated, the 
data and control buses can remain active. Address 
hold is used for cache line invalidations. 

The Intel486 supports the IEEE 1149.1 boundary 
scan. 

This section provides a brief description of the 
Intel486 processor input and output signals ar
ranged by functional groups. The # symbol at the 
end of a signal name indicates that the active or 
asserted state occurs when the signal is at a low 
Voltage. When a # is not present after the signal 
name, the signal is active at high voltage level. The 
term "ready" is used to indicate that the cycle is 
terminated with ROY # or BRDY #. . 
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This section and section 10, "Bus Operation," de
scribe bus cycles and data cycles. A bus cycle is at 
least two-clocks long and begins with ADS # active 
in the first clock and ROY # and/or BRDY # active in 
the last clock. Data is transferred to or from the 
Intel486 processor during a data cycle. A bus cycle 
contains one or more data cycles. 

9.2 Signal Descriptions 

9.2.1 CLOCK (ClK) 

ClK provides the fundamental timing and the inter
nal operating frequency for the Intel486 processor. 
All external timing parameters are specified with re
spect to the rising edge of ClK. 

The Intel486 processor can operate over a wide fre
quency range, however the ClK frequency cannot 
change rapidly while .RESET is inactive. The ClK 
frequency must be stable for proper chip operation 
because a single edge of ClK is used internally to 
generate two phases. ClK only needs TIL levels for 
proper operation. Figure 9-2 illustrates the ClK 
waveform. 

9.2.2 IntelDX4TM PROCESSOR CLOCK 
MULTIPLIER SELECTABLE INPUT 
(ClKMUl) 

The IntelDX4 processor differs from the IntelDX2 
processor in that it provides for two internal clock 
multiplier ratios: speed doubled mode and speed tri
pled mode. Speed doubled mode is identical to the 
IntelDX2 processor' mode of operation where the in
ternal core is operating at twice the external bus fre
quency. Selecting speed tripled mode causes the in
ternal core frequency to operate at three times the 
external bus frequency. The IntelDX4 processor de
termines the desired clock multiplier ratio by sam
pling the status of the ClKMUl input during cold 
(power on) processor resets. The clock multiplier 
ratio cannot be changed during warm resets. 
Also, SRESET cannot be used to selec.t the clock 
multiplier ratio. 
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242202-73 
Ix = input setup times 
ty = input hold times, output float, valid and hold times 

Figure 9-2. ClK Waveform 

To determine which clock multiplier is desired, the 
IntelDX4 processor samples the status of CLKMUL 
while RESET is.active. If the CLKMUL input is driven 
low during RESET, the frequency of the core will be 
twice the external bus frequency (speed doubled 
mode). If driven high or left floating, speed tripled 
mode is selected. (See Table 9-1.) In order to allow 
maximum flexibility, CLKMUL can be jumper-config
urable to either Vee (speed tripled mode) or VSS 
(speed doubled mode). (See Figure 9-3.) 

. Table 9-1. Clock Multiplier Selection 

ClKMUl 
External· Internal 

at 
Clock Clock Clock 

RESET 
Multiplier Freq. Freq. 

(MHz) (MHz) 

Vee or 3 25 75 
Not Driven 33 100 

Vss 2 50 100 
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Figure 9-3. Voltage Detect (VOlDET) Sense Pin 

The clock multiplier selection method is fully back
ward compatible with Intel486 processor-based sys
tem designs. The CLKMUL signal occupies a pin 
which is labeled as an "INC" on other Intel486 proc
essors. Therefore, this pin is not driven in other 
Intel486 processor system designs. The IntelDX4 
processor contains an internal pull-up resistor on the 
CLKMUL signal. As shown in Table 9-1, when 
CLKMUL is not driven, the internal core frequency . 
defaults to speed tripled mode. 

The internal pull-up resistor on the CLKMUL pin is 
disabled while the IntelDX4 processor is in the Stop 
Grant or Stop Clock modes. This prevents a low lev
el DC current path from drawing current while in the 
Stop Grant or Stop Clock states on a system with 
CLKMUL connected to Vss. 

9.2.3 ADDRESS BUS (A31-A2, BEO#-BE3#) 

A31-A2 and BEO#-BE3# form the address bus 
and provide physical memory and 1/0 port address
es. The Intel486 processor is capable of addressing 
4 gigabytes of physical memory space (OOOOOOOOH 
through FFFFFFFFH), and 64 Kbytes of 1/0 address 
space (OOOOOOOOH through OOOOFFFFH). A31-A2 
identify addresses to a 4-byte location. BEO#
BE3 # identify which bytes within the 4-byte location 
are involved in the current transfer. 
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Addresses are driven back into the Intel486 proces
sor over A31-A4 during cache line invalidations. 
The address lines are active HIGH. When used as 
inputs into the processor, A31-A4 must meet the 
setup and hold times, t22 and t23. A31-A2 are not 
driven during bus or address hold. 

The byte enable outputs, BEO#-BE3#, determine 
which bytes must be driven valid for read and write 
cycles to external memory. 

• BE3# applies to 024-031 

• BE2# applies to 016-023 

• BE1 # applies to 08-015 

• BEO# applies to 00-07 

BEO#-BE3# can be decoded to generate AO, A1 
and BHE# signals used in 8- and 16-bit systems 
(see Table 10-5). BEO#-BE3# are active LOW and 
are not driven during bus hold. 

9.2.4 OATA LINES (031-00) 

The bidirectional lines, 031-00, form the data bus 
for the Intel486 processor 00-07 define the least 
significant byte and 024-031 the most significant 
byte. Oata transfers to 8- or 16-bit devices are possi
ble using the data bus sizing feature controlled by 
the BS8# or BS16# input pins. 031-00 are active 
HIGH. For reads, 031-00 must meet the setup and 
hold times, t22 and t23. 031-00 are not driven dur
ing read cycles and bus hold. 

9.2.5 PARITY 

Oata Parity Input/Outputs (OPO-OP3) 

OPO-OP3 are the data parity pins for the processor. 
There is one pin for each byte of the data bus. Even 
parity is generated or checked by the parity genera
torsi checkers. Even parity means that there is an 
even number of HIGH inputs on the eight corre
sponding data bus pins and parity pin. 

Oata parity is generated on all write data cycles with 
the same timing as the data driven by the Intel486 
processor. Even paritY information must be driven 
back to the Intel486 processor on these pins with 
the same timing as read information to ensure that 
the correct parity check status is indicated by the 
Intel486 processor. 

The values read on these pins do not affect program 
execution. It is the responsibility of the system to 
take appropriate actions if a parity error occurs. 
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Input signals on OPO-OP3 must meet setup and 
hold times t22 and t23 for proper operation. 

Parity Status Output (PCHK#) 

Parity status is driven on the PCHK# pin, and a pari
ty error is indicated by this pin being LOW. PCHK# 
is driven by the clock after ready for read operations 
to indicate the parity status for the data sampled at 
the end of the previous clock. Parity is checked dur
ing code reads, memory reads and 1/0 reads. Parity 
is not checked during interrupt acknowledge cycles. 
PCHK# only checks the parity status for enabled 
bytes as indicated by the byte enable and bus size 
signals. It is valid only in the clock immediately after 
read data is returned to the Intel486 processor. At all 
other times it is inactive (HIGH). PCHK# is never 
floated. 

Oriving PCHK# is the only effect that bad input pari
ty has on the Intel486 processor. The Intel486 proc
essor will not vector to a bus error interrupt when 
bad data parity is returned. In systems that will not 
employ parity, PCHK# can be ignored. In systems 
not using parity, OPO-OP3 should be connected to 
Vee through a pull-up resistor. 

9.2.6 BUS CYCLE OEFINITION 

M/IO#, O/C#, W/R# Outputs 

MIIO#, O/C# and W/R# are the primary bus cycle 
definition signals. They are driven valid as the AOS # 
signal is asserted. M/IO# distinguishes between 
memory and I/O cycles, O/C# distinguishes be
tween data and control cycles, and W/R# distin
guishes between write and read cycles. 

Bus cycle definitions as a function of M/IO#, O/C# 
and W/R# are given in Table 9-2. Note there is a 
difference between the Intel486 processor and 
Intel386™ processor bus cycle definitions. The halt 
bus cycle type has been moved to location 001 in 
the Intel486 processor from location 101 in the 
Intel386 processor. Location 101 is now reserved 
and will never be generated by the Intel486 proces
sor. 

Special bus cycles are discussed in section 10.2.11, 
"Special Bus Cycles." 
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Table 9-2. ADS# Initiated Bus Cycle Definitions 

MilO # D/C# W/R# Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 

0 0 1 Halt/Special Cycle 

0 1 0 I/O Read 

0 1 1 1/0 Write 

1 0 0 Code Read 

1 0 1 Reserved 

1 1 0 Memory Read 

1 1 1 Memory Write 

Bus Lock Output (LOCK#) 

LOCK# indicates that the Intel486 processor is run· 
ning a read-modify-write cycle where the external 
bus must not be relinquished between the read and 
write cycles. Read-modify-write cycles are used to 
implement memory-based semaphores. Multiple 
reads or writes can be locked. 

When LOCK# is asserted, the current bus cycle is 
locked and the Intel486 processor should be al
lowed exclusive access to the system bus. LOCK # 
goes active in the first clock of the first locked bus 
cycle and goes inactive after ready is returned indi
cating the last locked bus cycle. 

The Intel486 processor will not acknowledge bus 
hold when LOCK# is asserted (though it will allow 
an address hold). LOCK # is active LOW and is float
ed during bus hold. Locked read cycles will not be 
transformed into cache fill cycles if KEN # is re
turned active. Refer to section 10.2.6, "Locked Cy
cles," for a detailed discussion of Locked bus cy
cles. 

Pseudo-Lock Output (PLOCK #) 

The pseudo-lock feature allows atomic reads and 
writes of memory operands greater than 32 bits. 
These operands require more than one cycle to 
transfer. The Intel486 processor asserts PLOCK# 
during segment table descriptor reads (64 bits) and 
cache line fills (128 bits). 

When PLOCK # is asserted no other master will be 
given control of the bus between cycles. A bus hold 
request (HOLD) is not acknowledged during pseudo
locked reads and writes, with one exception. During 
non-cacheable non-bursted code prefetches, HOLD 
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is recognized on memory cycle boundaries even 
though PLOCK# is asserted. The Intel486 proces
sor will drive PLOCK# active until the addresses for 
the last bus cycle of the transaction have been driv
en regardless of whether BRDY # or ROY # is re
turned. 

A pseudo-locked transfer is meaningful only if the 
memory operand is aligned and if it is completely 
contained within a single cache line. 

Because PLOCK # is a function of the bus size and 
KEN # inputs, PLOCK # should be sampled only 
when the clock ready is returned. This pin is active 
LOW and is not driven during bus hold. Refer to sec
tion 10.2.7, "Pseudo-Locked Cycles." 

9.2.6.1 PLOCK # Floating-Point Considerations 

For processors with an on-chip FPU, the following 
must be noted for PLOCK # operation. A 64-bit 
Floating-Point number must be aligned to an 8-byte 
boundary to guarantee an atomic access. Normally 
PLOCK# and BLAST# are inverse of each other. 
However, during the first cycle' of a 64-bit Floating
Point write, both PLOCK# and BLAST# will be as
serted. Intel486 processors with on-chip FPUs also 
assert PLOCK# during Floating-Point long reads 
and writes (64 bits), segmentable description reads 
(64 bits), and code line fills (128 bits). 

9.2.7 BUS CONTROL 

The bus control signals allow the Intel486 processor 
to indicate when a bus cycle has begun, and allow 
other system hardware to control burst cycles, data 
bus width and bus cycle termination. 

Address Status Output (ADS#) 

The ADS# output indicates that the address and 
bus cycle definition signals are valid. This signal will 
go active in the first clock of a bus cycle and go 
inactive in the second and subsequent clocks of the 
cycle. ADS# is also inactive when the bus is idle. 

ADS# is used by the external bus circuitry as the 
indication that the Intel486 processor has started a 
bus cycle. The external circuit must sample the bus 
cycle definition pins on the next rising edge of the 
clock after ADS # is driven active. 

ADS# is active LOW and is not driven during bus 
hold. 
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Non-burst Ready Input (RDY#) 

RDY # indicates that the current bus cycle is com
plete. In response to a read, ROY # indicates that 
the external system has presented valid data on the 
data pins. In response to a write request, RDY # indi
cates that the external system has accepted the 
Intel486 processor data. RDY # is ignored when the 
bus is idle and at the end of the first clock of the bus 
cycle. Because RDY # is sampled during address 
hold, data can be returned to the processor when 
AHOlD is active. 

RDY # is active lOW, and is not provided with an 
internal pull-up resistor. This input must satisfy setup 
and hold times t16 and t17 for proper chip operation. 

9.2_8 BURST CONTROL 

Burst Ready Input (BRDY#) 

BRDY # performs the same function during a burst 
cycle that RDY # performs during a non-burst cycle. 
BRDY # indicates that the external system has pre
sented valid data on the data pins in response to a 
read or that the external system has accepted the 
Intel486 processor data in response to a write. 
BRDY # is ignored when the bus is idle and at the 
end of the first clock in a bus cycle. 

During a burst cycle, BRDY # will be sampled each 
clock and, if active, the data presented on the data 
bus pins will be strobed into the Intel486 processor. 
ADS# is negated during the second through last 
data cycles in the burst, but address lines A2-A3 
and byte enables will change to reflect the next data 
item expected by the Intel486 processor. 

If RDY # is returned simultaneously with BRDY #, 
BRDY# is ignored and the burst cycle is premature
ly aborted. An additional complete bus cycle will be 
initiated after an aborted burst cycle if the cache line 
fill was not complete. BRDY # is treated as a normal 
ready for the last data cycle in a burst transfer or for 
non-burstable cycles. Refer to section 10.2.2, "Multi
ple and Burst Cycle Bus Transfers," for burst cycle 
timing. 

BRDY # is active lOW and is provided with a small 
internal pull-up resistor. BRDY # must satisfy the 
setup and hold times t16 and t17' 
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Burst last Output (BLAST #) 

BLAST # indicates that the next time BRDY # is re
turned it will be treated as a normal RDY #, terminat
ing the line fill or other multiple-data-cycle transfer. 
BlAST# is active for all bus cycles regardless of 
whether they are cacheable or not. This pin is active 
lOW and is not driven during bus hold. 

9.2.9 INTERRUPT SIGNALS 

The interrupt signals can interrupt or suspend exe
cution of the processor's current instruction stream. 

Reset Input (RESET) 

The RESET input must be used at power-up to ini
tialize the processor. The Reset input forces the 
processor to begin execution at a known state. The 
processor cannot begin execution of instructions un
til at least 1 ms after Vee and ClK have reached 
their proper DC and AC specifications. The RESET 
pin should remain active during this time to ensure 
proper processor operation. However, for warm 
boot-ups RESET should remain active for at least 15 
ClK periods. RESET is active HIGH. RESET is asyn
chronous but must meet setup and hold times t20 
and t21 for recognition in any specific clock. 

RESET will reset 5MBASE to the default value of 
30000H. If 5MBASE relocation is not used, the 
RESET signal can be used as the only reset. (See 
section 8, "System Management Mode Architec
ture.") 

The Intel486 processor will be placed in the Power 
Down Mode if UP# is sampled active at the falling 
edge of RESET. 

Soft Reset Input (SRESET) 

The SRESET (Soft RESET) input has the same 
functions as RESET, but does not change the 
5MBASE, and UP# is not sampled on the falling 
edge of SRESET. If 5MBASE relocation is used by 
the system, the soft resets should be handled \.ising 
the SRESET input. The SRESET signal should not 
be used for the cold boot-up power-on reset. 

The SRESET input pin is provided to save the status 
of 5MBASE during Intel 286 processor-compatible 
mode change. SRESET leaves the locatio~ of 
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5MBASE intact while resetting other units, including 
the on-chip cache. (See section 9.2.18.4, "Soft Re
set," for Write-Back Enhanced Intel486 processor 
differences.) For compatibility, the system should 
use SRESET to flush the on-chip cache. The 
FlUSH# input pin should be used to flush the on
chip cache. SRESET should not be used to initiate 
test modes. 

System Management Interrupt Request Input 
" (SMI#) 

SMI# is the system management mode interrupt re
quest signal. The SMI # request is acknowledged by 
the SMIACT # signal. After the SMI # interrupt is rec
ognized, the SMI # signal will be masked internally 

, until the RSM instruction is executed and the inter
rupt service routine is complete. SMI # is falling
edge sensitive after internal synchronization. 

The SMI# "input must be held inactive for at least 
four clocks after it is asserted to reset the edge trig
gered logic. SMI # is provided with a pull-up resistor 
to maintain. compatibility with designs which do not 
use this feature. SMI # is an asynchronous signal, 
but setup and hold times, t20 and t21, must be met in 
order to guarantee recognition on a specific clock. 

System Management Mode Active Output 
(SMIACT#) " 

SM IACT # indicates that the processor is operating 
in System Management Mode. The processor as
serts SMIACT# in response to an SMI interrupt re
quest on the SMI # pin. SMIACT # is driven active 
after the processor has completed all pending write 
cy~les (including emptying the write buffers), and be
fore the first access to SMRAM when the processor 
saves (writes) its state (or context) to SMRAM. 
SMIACT # remains active until the last access to 
SMRAM when the processor restores (reads) its 
state from SMRAM. The SMIACT # signal does not 
float in response to HOLD. The SMIACT # signal is 
used by the system logic to decode SMRAM. 

Maskable Interrupt Request Input (INTR) 

INTR indicates that an external. interrupt has been 
generated. Interrupt processing is initiated if the IF 
flag is active in the EFLAGS register. 

The Intel486 processor will generate two locked in
terrupt acknowledge bus cycles in response to as
serting the INTR pin. An 8-bit interrupt number will 
be latched from an external interrupt controller at 
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the end of the second interrupt acknowledge cycle. 
INTR must remain active until the interrupt acknowl
edges have been performed to assure program 
interruption. "Refer to section 10.2.10, "Interrupt 
Acknowledge," for a detailed discussion of interrupt 
acknowledge cycles. " 

The INTR pin is active HIGH and is not provided with 
an internal pull-down resistor. INTR is asynchro
nous, but the INTR setup and hold times, t20 and t21, 
must be met to assure recognition on any specific 
clock. 

Non-maskable Interrupt Request Input (NMI) 

NMI is the non-maskable interrupt request signal: 
Asserting NMI causes an interrupt with an internally 
supplied vector value of 2. External interrupt ac
knowledge cycles are not generated because the 
NMI interrupt vector is internally generated. When 
NMI processing begins, the NMI signal will be 
masked internally until the IRET instruction is exe
cuted. 

NMI is rising edge sensitive after internai synchroni
zation. NMI must be held lOW for at least four elK 
periods before this rising edge for proper operation. 
NMI is not provided with ari internal pull-down resis
tor. NMI is asynchronous but setup and hold times, 
t20 and t21 must be met to assure recognition on any 
specific clock. 

Stop Clock Interrupt Request Input (STPCLK #) 

The Intel486 processor provides an interrupt mecha
nism, STPClK #, that allows system hardware to 
control the power consumption of the processor by 
stopping the internal clock (output of the PLl) to the 
processor core in a controlled manner. This low
power state is cal.led thEi Stop Grant state. In addi
tion, the STPClK# interrupt allows the system to 
change the input frequency within the specified 
range or completely stop the ClK input frequency 
(input to the Pll). IUhe ClK input is completely 
stopped, the processor enters into the Stop Clock 
state-the lowest power state. If the frequency is 
changed or stopped, the Intel486 processor will not 
return to the Stop Grant state until the ClK input has 
been running at a constant frequency for the time 
period necessary to stabilize the Pll (minimum of 
1 ms). 

The Intel486 processor will generate a Stop Grant 
bus cycle in response to the STPClK # interrupt re
quest. STPClK # is active lOW and is provided 
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with an internal pull-up resistor. STPCLK # is an 
asynchronous signal, but must remain active until 
the processor issues the Stop Grant bus cycle. (Re
fer to section 10.2.11.3, "Stop Grant Indication Cy
cle.") 

9.2.10 BUS ARBITRATION SIGNALS 

This section describes the mechanism by which the 
processor relinquishes control of its local bus when 
requested by another bus master. 

Bus Request Output (BREQ) 

The Intel486 processor asserts BREO whenever a 
bus cycle is pending internally. Thus, BREO is al
w~ys asserted in the first clock of a bus cycle, along 
with ADS#. Furthermore, if the Intel486 processor is 
currently not driving the bus (due to HOLD, AHOLD, 
or BOFF#), BREO is asserted in the same clock 
that ADS # would have been asserted if the Intel486 
processor were driving the bus. After the first clock 
of the bus cycle, BREO may change state. It will be 
asserted if additional cycles are necessary to com
plete a transfer (via BS8#, BS16#, KEN#), or if 
more cycles are pending internally. However, if no 
additional cycles are necessary to complete the cur
rent transfer, BREO can be negated before ready 
comes back for the current cycle. External logic can 
use the BREO signal to arbitrate among multiple 
processors. This pin is driven regardless of the state 
of bus hold or address hold. BREO is active HIGH 
and is never. floated. During a hold state, internal 
events may cause BREO to be de-asserted prior to 
any bus cycles. 

Bus Hold Request Input (HOLD) 

HOLD allows another bus master complete control 
of the Intel486 processor bus. The Intel486 proces
~or will respond to an active HOLD signal by assert
Ing HLDA and placing most of its output and input! 
output pins in a high impedance state (floated) after 
completing its current bus cycle, burst cycle, or se
quence of locked cycles. In addition, if the Intel486 
processor receives a HOLD request while perform
Ing a code fetch, and that cycle is backed off 
(BOFF #), the Intel486 processor will recognize 
HOLD before restarting the cycle. The code fetch 
can be non-cacheable or cacheable and non-burst
ed or bursted. The BREO, HLDA, PCHK# and 
FERR # pins are not floated during bus hold. The 
Intel486 processor will maintain its bus in this state 
until the HOLD is de-asserted. Refer to section 
10.2.9, "Bus Hold," for timing diagrams for bus hold 
cycles and HOLD request acknowledge during 
BOFF#. 
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Unlike the Intel386 processor, the Intel486 proces
sor will recognize HOLD during reset. Pull-up resis
tors are not provided for the outputs that are floated 
in response to HOLD. HOLD is active HIGH and is 
not provided with an internal pull-down resistor. 
HOLD must satisfy setup and hold times t18 and t19 
for proper chip operation. 

Bus Hold Acknowledge Output (HLDA) 

HLDA indicates that the Intel486 processor has giv
en the bus to another local bus master. HLDA goes 
active in response·to a hold request presented on 
the HOLD pin. HLDA is driven active in the same 
clock that the Intel486 processor floats its bus. 

HLDA will be driven inactive when leaving bus hold 
and the Intel486 processor will resume driving the 
bus. The Intel486 processor will not cease internal 
activity during bus hold because the internal cache 
will satisfy the majority of bus requests. HLDA is ac
tive HIGH and remains driven during bus hold. 

Backott Input (BOFF#) 

Asserting the BOFF # input forces the Intel486 proc
essor to release control of its bus in the next clock. 
The pins floated are exactly the same as in re
sponse to HOLD. The response to BOFF# differs 
from the response to HOLD in two ways: First, the 
bus is floated immediately in response to BOFF # 
while the Intel486 processor completes the current 
bus cycle before floating its bus in response to 
HOLD. Second the Intel486 processor does not as
sert HLDA in response to BOFF #. 

The Intel486 processor remains in bus hold until 
BOFF# is negated. Upon negation, the Intel486 
processor restarts the bus cycle aborted when 
BOFF# was asserted. To the internal execution en
gine the effect of BOFF # is the same as inserting a 
few wait states to the original cycle. Refer to section 
10.2.12, "Bus Cycle Restart," for a description of 
bus cycle restart. 

Any data returned to the Intel486 processor while 
BOFF # is asserted is ignored. BOFF # has higher 
priority than ROY # or BRDY #. If both BOFF # and 
ready are returned in the same clock, BOFF # takes 
effect. If BOFF # is asserted while the bus is idle, the 
Intel486 processor will float its bus in the next clock. 
BOFF.# is active LOW and must meet setup and 
hold times t18 and t19 for proper chip operation. 
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9.2.11 CACHE INVALIDATION 

The AHOLD and EADS # inputs are used during 
cache invalidation cycles. AHOLD conditions the 
Intel486 processor address lines, A4-A31, to ac· 
cept an .address input. EADS# indicates that an ex
ternal address is actually valid on the address in
puts. Activating EADS# will cause the Intel486 proc
essor to read the external address bus and perform 
an internal cache invalidation cycle to the address 
indicated. Refer to section 10.2.8, "Invalidate Cy
cle," or cache invalidation cycle timing. 

Address Hold Request Input (AHOLD) 

AHOLD is the address hold request. It allows anoth
er bus master access to the Intel486 processor ad
dress bus for performing an internal cache invalida
tion cycle. Asserting AHOLD will force the Intel486 
processor to stop driving its address bus in the next 
clock. While AHOLD is active only the address bus 
will be floated, the remainder of the bus can remain 
active. For example, data can be returned for a pre
viously specified bus cycle when AHOLD is active. 
The Intel486 processor will not initiate another bus 
cycle during address hold. Because the Intel486 
processor floats its bus immediately in response to 
AHOLD an address hold acknowledge is not re
quired. if AHOLD·is asserted while a bus cycle is in 
progress and no readies are returned during the 
time AHOLD is asserted, the Intel486 processor will 
red rive the same address (that it originally sent out) 
once AHOLD is negated. 

AHOLD is recognized during reset. Because the en
tire cache is invalidated by reset, any invalidation 
cycles run during reset will be unnecessary. AHOLD 
is active HIGH and is provided with a small internal 
pull-down resistor. It must satisfy the setup and hold 
times t18 and t19 for proper chip operation. AHOLD 
also determines whether or not the built in self test 
features of the Intel486 processor will be exercised 
on assertion of· RESET. (See section 11.1, "Built-In 
Self Test.") 

External Address Valid Input (EADS#) 

EADS# indicates that a valid external.address has 
been driven onto the Intel486 processor adc;lress . 
pins. This address will be used to perform an intern~1 
cache invalidation cycle. The external address will 
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be checked. with the current cache contents. If the 
address specified matches any areas in the cache, 
thatarea.will immediately be invalidated. 

An invalidation cycle may be run by asserting 
EADS# regardless of the state of AHOLD, HOLD 
and BOFF#. EADS# is active LOW and is provided 
with an internal pull-up resistor. EADS# must satisfy 
the setup and hold times t12 and t13 for proper chip 
operation. 

9.2.12 CACHE CONTROL 

Cache Enable Input (KEN #) 

KEN # is the cache enable pin. KEN # is used to 
determine whether the data being returned by the 
current cycle is cacheable.· When KEN # is active 
and the Intel486 processor generates a cycle that 
can be cached (most any memory read cycle), the 
cycle "'fill be transformed into a cache line fill cycle. 

A cache line is 16 bytes long. During the first cycle of 
a cache line fill the byte-enable pins should be ig
nored and data should be returned as if all four byte 
enables were asserted. The Intel486 processor will 
run between 4 and 16 contiguous bus cycles to fill 
the line depending on the bus data width selected by 
BS8# and BS16#; Refer to section 10.2.3, "Cache
able Cycles," for a description of cache line fill cy
cles. 

The KEN # input is active LOW and is provided with 
a small internal· pull-up resistor. It must satisfy the 
setup and hold times t14 and t15 for proper chip op
eration. 

Cache Flush Input (FLUSH#) 

The FLUSH # input forces the Intel486 processor to 
flush its entire internal cache. FLUSH # is active 
LOW and need only be asserted for one clock. 
FLUSH # is asynchronous but setup and hold times 
t20 and t21 must be met for recognition on any spe
cific clock. 

FLUSH # also determines whether or not the tri
state test mode of the Intel486 processor will be in
voked on assertion of RESET. (See section 11.4, 
"Tri-State Output Test Mode.") 
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9.2.13 PAGE CACHEABILITY (PWT, PCD) 

The PWT and PCD output signals correspond to two 
·user attribute bits in the page table entry. When pag
ing is enabled, PWT and PCD correspond to bits 3 
and 4 of the page table entry, respectively. For cy
cles that are not paged when paging is enabled (for 
example I/O cycles), PWT and PCD correspond to 
bits 3 and 4 in control register 3. When paging is 
disabled, the Intel486 processor ignores the PCD 
and PWT bits and assumes they are zero for the 
purpose of caching and driving PCD and PWT. 

PCD is masked by the CD (cache disable) bit in con· 
trol register 0 (CRO). When CD = 1 (cache line fills 
disabled), the Intel486 processor forces PCD HIGH. 
When CD = 0, PCD is driven with the value of the 
page table entry/directory. 

The purpose of PCD is to provide a cacheable/non
cacheable indication on a page-by-page basis. The 
Intel486 processor will not perform a cache fill to 
any page in which bit 4 of the page table entry is set. 
PWT corresponds to the write-back bit and can be 
used by an external cache to provide this function
ality. PCD and PWT bits are assigned to be zero 
during real mode or whenever paging is disabled. 
Refer to section 7.6, "Page Cacheability," for a dis
cussion of non-cacheable pages. 

PCD and PWT have the same timing as the cycle 
definition pins (M/IO#, D/C#, W/R#). PCD and 
PWT are active HIGH and are not driven during bus 
hold. 

NOTE: 
The PWT and PCD bits function differently in 
the write-back mode of the Write-Back En
hanced Intel486 processors. (See section 
7.6.1.) 

9.2.14 UPGRADE PRESENT (UP#) 

The Upgrade Present input detects the presence of 
the upgrade processor, then powers down the core, 
and tri-states all outputs of the original processor, so 
that the original processor consumes very low cur
rent. This state is known as Upgrade Power Down 
Mode. UP# is active LOW and sampled at all times, 
including after power-up and during reset. 

9.2.15 NUMERIC ERROR REPORTING (FERR#, 
IGNNE#) 

To allow PC-type Floating-Point error reporting, 
Intel486 OX, Inte1DX2, and IntelDX4 processors pro
vide two pins, FERR# and IGNNE#. 
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Floating-Point Error Output (FERR #) 

The processor asserts FERR # whenever an un
masked Floating-Point error is encountered. FERR # 
is similar to the ERROR # pin on the Intel387 math 
coprocessor. FERR # can be used by external logic 
for PC-type Floating-Point error reporting in systems 
with an Intel486 OX, Inte1DX2, or IntelDX4 proces
sor. FERR # is active LOW and is not floated during 
bus hold. 

In some cases, FERR# is asserted when the next 
Floating-Point instruction is encountered. In other 
cases, it is asserted before the next Floating-Point 
instruction is encountered, depending on the execu
tion state of the instruction that caused the excep
tion. 

The following class of Floating-Point exceptions 
drive FERR # at the time the exception occurs (Le., 
before encountering the next Floating-Point instruc
tion): 

1. The stack fault, invalid operation, and denormal 
exceptions on all transcendental instructions, in
teger arithmetic instructions, FSQRT, FSCALE, 
FPREM(1), FXTRACT, FBLD, and FBSTP. 

2. Any exceptions on store instructions (including in-
teger store instructions). 

The following class of Floating-Point exceptions 
drive FERR # only after encountering the next Float
ing-Point instruction: 

1. Exceptions other than on all transcendental in
structions, integer arithmetic instructions, FSQRT, 
FSCALE, FPREM(1), FXTRACT, FBLD, and 
FBSTP. 

2. Any exception on all basic arithmetic, load, com
pare, and control instructions (Le., all other in
structions). 

In the event of a pending unmasked Floating-Point 
exception the FNINIT, FNCLEX, FNSTENV, 
FNSAVE, FNSTSW and FNSTCW instructions as
sert the FERR # pin. Shortly after the assertion of 
the pin, an interrupt window is opened during which 
the processor samples and services interrupts, if 
any. If no interrupts are sampled within this window, 
the processor will then execute these instructions 
with the pending unmasked exception. However, for 
the FNCLEX, FNINIT, FNSTENV and FNSAVE in
structions, the FERR # pin is deasserted to enable 
the execution of these instructions. For details, 
please refer to section 19.3 in the Intel486TM Proc
essor Family Programmer's Reference Manua!, revi
sion 3. 
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Ignore Numeric Error Input (IGNNE#) 

Intel486 DX, IntelDX2, and IntelDX4 processors will 
ignore a numeric error and continue executing non
control Floating-Point instructions when IGNNE # is 
asserted and FERR # is still activated. When 
IGNNE # is not asserted and a pending unmasked 
numeric exception exists (SW.ES = 1), the Intel486 
processor will behave as follows: 

On encountering a Floating-Point instruction that is 
one of FNINIT, FNCLEX, FNSTENV, FNSAVE, 
FNSTSW or FNSTCW, the Intel486 processor will 
assert the FERR # pin. Subsequently, the processor 
opens an interrupt sampling window. The interrupts 
are checked and serviced during this window. If no 
interrupts are sampled within this window, the proc
essor will then execute these instructions in spite of 
the pending unmasked exception. For further de
tails, please refer to section 19.3 in the 
Intel486fM Processor Family Programmer's Refer
ence Manual, revision 3. 

On encountering any Floating·Point instruction other 
than FNINIT, FNCLEX, FNSTENV, FNSAVE, 
FNSTSW or FNSTCW, the Intel486 processor will 
stop execution, assert the FERR# pin and wait for 
an external interrupt. 

IGNNE# has no effect when the NE bit in control 
register 0 is set. 

The IGNNE# input is active LOW and provided with 
a small internal pull-up resistor. This input is asyn
chronous, but must meet setup and hold times t20 
and t21 to ensure recognition on any specific clock. 

9.2.16 BUS SIZE CONTROL (BS16#, BS8#) 

The 8S16# and 8S8# inputs allow external 16- and 
8-bit buses to be supported with a small number of 
external components. The Intel486 processor sam
ples these pins every clock. The value sampled in 
the clock before ready determines the bus size. 
When asserting 8S16# or 8S8#, only 16 or 8 bits 
of the data bus need be valid. If.both 8S16# and 
8S8 # are asserted, an 8-bit bus width is selected. 

When 8S16# or 8S8# is asserted, the Intel486 
processor will convert a larger data request to the 
appropriate number of smaller transfers. The byte 
enables will also be modified appropriately for the 
bus size selected. 

8S16# and 8S8# are active LOW and are provided 
with small internal pull-up resistors. 8S16# and 
8S8# must satisfy the setup and hold times t14 and 
t15 for proper chip operation. 
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9.2.17 ADDRESS BIT 20 MASK (A20M#) 

Asserting the A20M # input causes the Intel486 
processor to mask physical address bit 20 before 
performing a lookup in the internal cache and before 
driving a memory cycle to the outside world. When 
A20M# is asserted, the Intel486 processor emu
lates the 1-Mbyte address wraparound that occurs 
on the 8086. A20M # is active LOW and must be 
asserted only when the processor is in real mode. 
The A20M # is not defined in Protected Mode. 
A20M # is asynchronous but should meet setup and 
hold times t20 and t21 for recognition in any specific 
clock. For correct operation of the chip, A20M # 
should not be active at the falling edge of RESET. 

A20M # exhibits a minimum 4-clock latency, from 
time of assertion to masking of the A20 bit. A20M # 
is ignored during cache invalidation cycles. 1/0 
writes require A20M # to be asserted a minimum of 
two clocks prior to ROY being returned for the 1/0 
write. This ensures recognition of the address mask 
before the Intel486 processor begins execution of 
the instruction following OUT. If A20M # is asserted 
after the ADS # of a data cycle, the A20 address 
signal is not masked during this cycle but is masked 
in the next cycle. During a prefetch (cacheable or 
not), if A20M # is asserted after the first ADS #, A20 
is not masked for the duration of the prefetch, even 
if 8S16# or 8S8# is asserted. 

9.2.18 WRITE-BACK ENHANCED IntelDX4TM 
AND WRITE·BACK ENHANCED 
IntelDX2™ PROCESSOR SIGNALS AND 
OTHER ENHANCED BUS FEATURES 

This section· describes the pins that interface with 
the system to support the Enhanced 8us mode 
write-back features at system level. 

9.2.18.1 Cacheability (CACHE#) 

The CACHE# output indicates the internal cachea
bility on read cycles and a burst write-back on write 
cycles. CACHE# is asserted for cacheable reads, 
cacheable code fetches and write-backs. It is driven 
inactive for non-cacheable reads, special cycles, 1/0 
cycles and write-through cycles. This is different 
from the PCD (page cache disable) pin. The opera
tional differences between CACHE# and PCD are 
listed in Table 9-3. See Table 9-4 for operational 
differences between CACHE# and other Intel486 
processor signals. 
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Table 9-3. Differences between 
CACHE# and PCD 

Bus Operation CACHE # PCD 

All reads (1) same as same as 
PCD(3) PCD(3) 

Replacement write-back low low 

Snoop-forced write·back low low 

S-state write-through high same as 
PCD(3) 

I-state write-through (2) high same as 
PCD(3) 

NOTES: 
1. Includes line fills and non-cacheable reads. During 

locked read cycles CACHE # is inactive. The non-cache
able reads mayor may not be burst. 

2. Due to the non-allocate on write policy, this includes 
both cacheable and non-cacheable writes. PCD will dis
tinguish between the two, but CACHE# does not. 

3. This behavior is the same as the existing specification of 
the Intel486 processor in write-through mode. 

Table 9-4. CACHE# VS. Other Intel486TM 
Processor Signals 

Pin 
Relation To This Signal 

Symbol 

ADS# CACHE# is driven to valid state with 
ADS# 

RDY#, CACHE# is de-asserted with the first 
BRDY# RDY # or BRDY # 

HLDA, CACHE# floats under these signals. 
BOFF# 

KEN# The combination of CACHE # and 
KEN # determines if a read miss is 
converted into a cache line fill. 

9.2;18.2 Cache Flush (FLUSH#) 

FLUSH # is an existing pin that operates differently if 
the processor is configured as Enhanced Bus mode 
(write-back). In Enhanced Bus mode, it acts similar 
to the WBINVD instruction. In Enhanced Bus mode, 
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FLUSH # is treated as an interrupt. It is sampled at 
each clock, but is recognized only on instruction 
boundary. Pending writes are completed before 
FLUSH# is serviced, and all prefetching is stopped. 
Depending on the number of modified lines in the 
cache, the flush could take up to a minimum of 1280 
bus clocks or 2560 processor clocks and a maxi
mum of 5000 + bus clocks to scan the cache, per
form the write-backs, invalidate the cache and run 
two special cycles. After all modified lines are writteri 
back to memory, two special bus cycles, "First Flush 
ACK Cycle" and "Second Flush ACK Cycle," are 
issued, in that order. These cycles differ from the 
special cycles issued after WBINVD only in that 
A2=1 (address line 2 = 1). SRESET, STPCLK#, 
INTR, NMI and SMI# are not recognized during a 
flush write-back, while BOFF #, AHOLD and HOLD 
are recognized. 

FLUSH # may be asserted just for a single clock, 
or may be retained asserted, but should be de
asserted at or prior to the RDY # returned from the 
"First Flush ACK" special bus cycle. If asserted dur
ing INVD orWBINVD, FLUSH # will be recognized. If 
asserted simultaneously with SMI#, then SMI# is 
recognized after FLUSH# is serviced. 

FLUSH # may be driven at any time. If driven during 
SRESET, it must be held for one clock after 
SRESET is de-asserted to be recognized. 

\ 

9.2.18.3 Hit/Miss to a Modified Line (HITM#) 

HITM# is a cache coherency protocol pin that is 
driven only in Enhanced Bus mode. When a snoop 
cycle is run by the system (with INV = "0" or INV = 
"1 "), H ITM # indicates if the processor contains the 
snooped line in the M-state. Assertion of HITM # in
dicates that the line will be written back in total, un
less the processor is already in the process of doing 
a replacement write-back of the same line .. 

HITM# will be valid on the bus two system clocks 
after EADS# is asserted on the bus. If asserted, 
HITM# remains asserted until the last RDY# or 
BRDY # of the snoop write-back cycle is returned. It 
will be de-asserted before the next following ADS # . 
(See Table 9-5.) 
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Table 9-5. HITM # vs. Other Intel486TM 
Processor Signals 

Pin 
Rel.atlon To This Signal . Symbol 

EADS# HITM# is asserted due to an EADS#-
driven snoop, provided the snooped 
line is in the M-state in the cache. 

HLDA, HITM # does not float under these 
BOFF# signals. 

ADS#, The beginning of a snoop write-back 
CACHE # cycle is identified by the assertion of 

ADS#, CACHE#, and HITM#. 

9.2.18.4 Soft Reset (SRESET) 

When in Enhanced Bus mode, SRESET has the fol
lowing differences: SRESET, unlike RESET, does 
not cause AHOLD, A20M#, FLUSH#, UP#, and 
WB/WT# pins to be sampled (Le., special test 
modes and on-chip cache configuration cannot be 
accessed with SRESET.) 

On SRESET, the internal SMRAM base register re
tains its previous value and the processor does not 
flush, write-back or disable the internal cache. 
CRO.CD and CRO.NW retain previous values, CRO.4 
is set to "1", and the remaining bits are cleared. 
Because SRESET is treated as an interrupt, it is pos
sible to have a bus cycle while SRESET is asserted. 
A bus cycle could be due to an ongoing instruction, 
emptying the write buffers of the pr0gessor, or 
snoop write-back cycles if there is a snoop hit to an 
M-state line while SRESET is asserted. 

NOTE: 
, For both Standard Bus mode ·and Enhanced 
Bus mode: 

• SMI # must be blocked during SRESET. It must 
also be blocked for a minimum of 2 clocks after 
SRESET is de-asserted. 

• SRESET must be blocked during SMI #. It must 
also be blocked for a minimum of 20 clocks after 
SMIACT# is de-asserted. 

9.2.18.5 Invalidation Request (INY) 

INV is a cache coherency protocol pin that is used 
only in Enhanced Bus mode. It is sampled by the 
processor on EADS#-driven snoop cycles. It is 
necessary to assert this pin to simulate the stan-
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dard mode processor invalidate cycle on write
through-only lines. INV also invalidates the write
back lines. However, if the snooped line is in the M
state, the line will be written back· and then invalidat
ed . 

INV is sampled when EADS# is asserted. If INV is 
not asserted with EADS #, the snoop cycle will have 
no effect on a write-through-only line or a line allo
cated as write-back, but not yet modified. If the line 
is write-back and modified, it will be written back to 
memory, but will not be de-allocated (invalidated) 
from the internal cache. The address of the snooped 
cache line is provided on the address bus. (See Ta
ble 9~6.) 

Table 9-6. INV vs. Other Intel486TM 
Processor Signals 

Pin 
Fielation To This Signal 

Symbol 

EADS# EADS# determines when INV is 
sampled. 

A31-A4 The address of the snooped ,cache line 
is provided on these pins. 

9.2.18.6 Wrlte-Back/Wrlte-Through (WB/WT #) 

WB/WT# enables Enhanced Bus mode (write-back 
cache). It also allows the system to define a cached 
line as write-through or write-back: 

WB/WT# is sampled at the falling edge of RESET 
to determine if Enhanced Bus mode is enabled 
(WB/WT # must be driven for two clocks before and 
two clocks after RESET for recognition by the proc
essor). If sampled low or floated, the Write-Back En
hanced Intel486 . processors operate in· the 
Intel486 processor standard mode. For write
through only operation, i.e. standard mode, WBI 
WT # does not need to be connected. 

In Enhanced Bus mode, WB/WT# allows the sys
tem-hardware to force any allocated line to be treat
ed as write-through or write-back. As with cacheabil
ity, both the processor and the external system must 
agree that a line may be treated as write-back for 
the internal cache to be allocated as write-back. The 
default is always write-through. The processor's in
dication of write-back vs. write-through is from 
the PWT pin, in which function and timing are the 
same as in the standard mode Intel486 proces
sor. 
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To define write-back or write-through configuration 
of a line, WB/WT# is sampled in the same clock as 
the first RDY # or BRDY # is returned during a line 
fill (allocation) cycle. (See Table 9-7.) 

Table 9-7. WB/WT# vs. Other Intel486TM 
Processor Signals 

Pin 
Relation to This Signal 

Symbol 

RDY#, WB/WT # is sampled with the first 
BRDY# RDY # or BRDY # 

PWT The combination of WB/WT # and 
PWT determine if the Write-Back 
Enhanced IntelDX2TM processor will 
treat the line as WB. 

PCD, The state of WB/WT # does not matter 
CACHE#·, if PCD, CACHE # or KEN # define the 
KEN# line to be non-cacheable. 

W/R# WB/WT # is significant only on read fill 
cycles. 

RESET WB/WT # is sampled on the falling 
edge of RESET to define the cache 
configuration. 

9.2.18.7 Pseudo-Lock Output (PLOCK#) 

In the Enhanced bus mode, PLOCK# is always driv
en inactive. In this mode, a 64-bit data read (caused 
by an FP operand access or a segment descriptor 
read) is treated as a multiple cycle read request, 
which may be a burst or a non-burst access based 
on whether BRDY # or RDY # is returned by the sys
tem. Because only write-back cycles (caused by 
Snoop write-back or replacement write-back) are 
burstable, a 64-bit write will be driven out as two 
non-burst bus cycles. BLAST # is asserted during 
both writes. Refer to section 10.2, "Bus Functional 
Description" for details on Pseudo-Locked bus cy
cles. 

9.2.19 IntelDX4TM PROCESSOR VOLTAGE 
DETECT SENSE OUTPUT (VOLDET) 

A voltage detect sense pin (VOLDET) has been add
ed to the IntelDX4 processor PGA package. This pin 
allows external system logic to distinguish between 
a 5V Intel486 OX or IntelDX2 processor and the 3.3V 
IntelDX4 processor. The pin passively indicates to 
external logic whether the installed PGA processor 
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requires 5V (in the case of the Intel486 DX or 
IntelDX2 processor) or 3.3V (in the case of the 
IntelDX4 processor). Pin S4 has been defined as the 
VOLDET pin because this pin is defined as an INC 
pin on the Intel486 OX and IntelDX2 processor. This 
pin is only provided in PGA package. 

To utilize this feature, a weak, external pull-up resis
tor should be connec.ted to the. VOLDET pin. This 
pin samples high (logic 1) if the installed processor is 
a 5V Intel486 OX or IntelDX2 processor. This pin 
samples low (logic 0) if a IntelDX4 processor is in~ 
stalled. Upon sampling the logic level of this pin, ex
ternallogic can then. enable the proper Vee level to 
the processor. In power sensitive applications, an 
active element is preferred for the pull-up device be
cause it could be disabled after sampling, thereby 
eliminating the resulting DC current path when the 
installed processor is the IntelDX4 processor. 

Figure 9-4 shows a logical representation of the 
Voltage Detect sense mechanism. 

This pin can remain not connected for those system 
designs that do not wish to utilize this voltage detect 
feature. 

9.2.20 BOUNDARY SCAN TEST SIGNALS 

The following boundary scan test signals are avail
able on all Intel486 processors except the Intel486 
SX processor in PGA packages. 

10KQ 
(or weak 

active pullup) 

+5V 
) 

~~~EE}--1..-1 External VOLl~ETsense pin Sampling f-:-
Logic 

Processor Vee Enable 

242202-75 

Figure 9-4. Voltage Detect (VOLDET) Sense Plri 

Test Clock (TCK) 

TCKis an input to the Intel486 processor and pro
vides the clocking function required by the JTAG 
boundary scan feature. TCK is used to clock state 
information and data into and out of the component. 
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State select information and data are clocked into 
the component on the rising edge of TCK on TMS 
and TOI, respectively. Data is clocked out of the part 
on the falling edge of TCK on TOO. 

In addition to using TCK as a free running clock, it 
may be stopped in a low, 0, state, indefinitely as 
described in IEEE 1149.1. While TCK is stopped in 
the low state, the boundary scan latches retain their 
state .. 

When boundary scan is not used, TCK should be 
tied high or left as a NC. (This is important during 
power up to avoid the possibility of glitches on the 
TCK which could prematurely initiate boundary scan 
operations.) TCK is supplied with an internal pull-up 
resistor. 

TCK is a clock signal and is used as a reference for 
sampling other JT AG signals. On the rising edge of 
TCK, TMS and TOI are sampled. On the falling edge 
of TCK, TOO is driven. 

Test Mode Select (TMS) 

TMS is decoded by the JTAG TAP (Tap Access 
Port) to select the operation of the test logic, as de
scribed in section 11.5.4, "Test Access Port Control
ler." 

To guarantee deterministic behavior of the TAP con
troller TMS is provided with an internal pull-up resis
tor. If boundary scan is not used, TMS may be tied 
high or left unconnected. TMS is sampled on the 
rising edge of TCK: TMS is 'used to select the inter
nal TAP states required to load boundary scan in
structions to data on TO!. For proper initialization of 
the JTAG logic, TMS should be driven high, "1," for 
at least four TCK cycles following the rising edge of 
RESET: ' 

Test Data Input (TDI) 

TOI is the serial input used to shift JT AG instructions 
and data into the component. The shifting of instruc
tions and data occurs during the SHIFT-IR and 
SHIFT-DR TAP controller states, respectively. 
These states are selected using the TMS signal as 
described in section 11.5.4, "Test Access Port Con
troller." 

An internal pull-up ,resistor is provided on TOI to en
sure a known logic state if an open circuit occurs on 
the TOI path. Note that when "1" is continuously 
shifted into the instruction register, the BYPASS in
struction is selected. TOI is sampled on the rising 

4-390 

intel® 
edge of TCK, during the SHIFT-IR and, the 
SHIFT-DR states. During all other ,TAP controller 
states, TOI is a "don't care." TOI is only sampled 
when TMS and TCK have been used to select the 
SHIFT-IR or SHIFT-DR states in the TAP controller. 
For proper initialization of JT AG logiC, TOI should be 
driven high, "1," for at least four TCK cycles follow
ing the riSing edge of RESET. 

Test Data Output (TOO) 

TOO is the serial output used to shift JT AG instruc
tions and data out of the component. The shifting of 
instructions and data occurs during the SHIFT-IR 
and SHIFT-DR TAP controller states, respectively. 
These states are selected using the TMS signal as 
described in section 11.5.4, "Test Access Port Con
troller". When not in SHIFT-IR or SHIFT-DR state, 
TOO is driven to a high impedance state to allow 
connecting TOO of different devices in parallel. TOO 
is driven on the falling edge of TCK during the 
SHIFT-IR and SHIFT-DR TAP controller states. At 
all other times TOO is driven to the high impedance 
state. TOO is only driven when TMS and TCK have 
been used to select the SHIFT-IR or SHIFT-DR 
states in the TAP controller., ' 

9.3 Interrupt and Non-Maskable 
Interrupt Interface 

The Intel486 processor provides four asynchronous 
interrupt inputs: INTR (interrupt request), NMI (non" 
maskable interrupt input), SMI # (system manage
ment interrupt) and STPCLK# (stop clock interrupt). 
This section describes the hardware interface 
between the instruction execution unit and the 
pins. For a description of the algorithmic response 
to interrupts refer to section 4.7.6, "Interrupts". For 
interrupt timings refer to section 10.2.10, "Interrupt 
Acknowledge". ' 

9.3.1 INTERRUPT LOGIC 

The Intel486 processor contains a two-clock syn
chronizer on the interrupt line. An interrupt request 
will reach the internal instruction execution unit two 
clocks after the INTR pin is asserted, if proper setup 
is provided to the first stage of the synchronizer. 

There is no special logic in the interrupt path other 
than the synchronizer. The INTR signal is level sen
sitive and must remain active for the instruction exe
cution unit to recognize it. The interrupt will not be 
serviced by the Intel486 processor if the INTR signal 
does not remain active. . 
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The instruction execution unit will look at the state of 
the synchronized interrupt signal at specific clocks 
during the execution of instructions (if interrupts are 
enabled). These specific clocks are at instruction 
boundaries, or iteration boundaries in the case of 
string move instructions. Interrupts will only be ac
cepted at these boundaries. 

An interrupt must be presented to the Intel486 proc
essor INTR pin three clocks before the end of an 
instruction for the interrupt to be acknowledged. Pre
senting the interrupt 3 clocks before the end of an 
instruction allows the interrupt to pass through the 
two clock synchronizer leaving one clock to prevent 
the initiation of the next sequential instruction and to 
begin interrupt service. If the interrupt is not received 
in time to prevent the next instruction, it will be ac
cepted at the end of next instruction, assuming INTR 
is still held active. 

The longest latency between when an interrupt re
quest is presented on the INTR pin and when the 
interrupt service begins is: longest instruction used 
+ the two clocks for synchronization + one clock 
required to vector. into the interrupt service micro
code. 

9.3.2 NMI LOGIC 

The NMI pin has a synchronizer like that used on the 
INTR line. Other than the synchronizer, the NMI log
ic is different from that of the maskable interrupt. 

NMI is edge triggered as opposed to the level trig
gered INTR signal. The rising edge of the NMI signal 
is used to generate the interrupt request. The NMI 
input need not remain active until the interrupt is ac
tually serviced. The NMI pin only needs to remain 
active for a single clock if the required setup and 
hold times are met. NMI will operate properly if it is 
held active for an arbitrary number of clocks. 

The NMI input must be held inactive for at least four 
clocks after it is asserted to reset the edge triggered 
logic. A subsequent NMI may not be generated if the 
NMI is not held inactive for at least four clocks after 
being asserted. 

The NMI input is internaliy masked whenever the 
NMI routine is entered. The NMI input will remain 
masked until an IRET (return from interrupt) instruc
tion is executed. Masking the NMI signal prevents 
recursive NMI calls. If another NMI occurs while the 
NMI is masked off, the pending NMI will be executed 
after the current NMI is done. Only one NMI can be 
pending while NMI is masked. 
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9.3.3 SMI # LOGIC 

SMI# is edge triggered like NMI, but the interrupt 
request is generated on the falling-edge. SMI # is an 
asynchronous signal, but setup and hold times, t20 
and t21, must be met in order to guarantee recogni
tion on a specific clock. The SMI # input need not 
remain active until the interrupt is actually serviced. 
The SMI # input only needs to remain active for a 
single clock if the required setup and hold times are 
met. SMI# will also work correctly if it is held active 
for an arbitrary number of clocks. 

The SMI # input must be held inactive for at least 
four clocks after it is asserted to reset the edge trig
gered logic. A subsequent SMI# might not be recog
nized if the SMI# input is not held inactive for at 
least,four clocks after being asserted. 

SMI #, like NMI, is not affected by the IF bit in the 
EFLAGS register and is recognized on an instruction 
boundary. An SM I # will not break locked bus cycles. 

The SMI# has a higher priority than NMI and is not 
masked during an NMI. 

After the SMI# interrupt is recognized, the SMI# 
signal will be masked internally until the RSM 
instruction is executed and the interrupt service rou
tine is complete. Masking the SMI # prevents recu'r
sive SMI # calls. The SMI # input must be de-assert
ed for at least 4 clocks to reset the edge triggered 
logic. If another SMI # occurs while the SMI # is 
masked, the pending SMI# will be recognized and 
executed on the next instruction boundary after the 
current SMi'# completes. This instruction boundary 
occurs before execution of the next instruction in the 
interrupted application code, resulting in back. to 
back SMM handlers. Only one SMI# can be pend
ing while SMI # is masked. 

The SMI# signal is synchronized internally and 
should be asserted at least three (3) ClK periods 
prior to asserting the ROY # signal in order to guar
antee recognition on a specific instruction boundary. 
This is important for servicing an 1/0 trap with an 
SMI # handler. 

9.3.4 STPCLK # LOGIC 

STPClK# is level triggered and active lOW. 
STPClK # is an asynchronous signal, but must re
main active until the processor issues the Stop 
Grant bus cycle. STPClK# may be de-asserted at 
any time after the processor has issued the Stop 
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Grant bus cycle. When the processor enters the 
Stop Grant state, the internal pull-up resistor of 
STPClK #, CLKMUL (for IntelDX4 processor), and 
UP# are'disabled so that the processor power con
sl,lmption is reduced. The STPCLK # input must be 
driven high (not floated) in order to exit the Stop 
Grant state. STPCLK # must be de-asserted for a 
minimum of 5 clocks after ROY # or BROY # is 
returned active for the Stop Grant Bus Cycle be
fore being asserted again. 

When the processor recognizes a STPCLK# inter
rupt, the processor will stop execution on the next 
instruction boundary (unless superseded by a higher 
priority interrupt), stop the pre-fetch unit, empty all 
internal pipelines and the write buffers, generate a 
Stop Grant bus cycle, and then stop the internal 
clock. At this point the processor is in the Stop Grant 
state. 

The processor cannot respond to a STPCLK # re
quesUrom an HLDA state because it cannot empty 
the write buffers and, therefore, cannot generate a 
Stop Grant cycle. 

The rising edge of STPCLK # will tell the processor 
that it can return to program execution at the instruc
tion following the interrupted ,instruction. 

Unlike ,the normal interrupts, INTR and NMI, the 
STPCLK # interrupt does not initiate acknowledge 
cycles ,or interrupt table reads. Among external inter
rupts, the STPCLK#order of priority is shown in 
section 4.7.6. 

9.4 \yritf(! Buffers 

The Intel486 processor contains four write buffers to 
enhance the performance of consecutive writes to 
memory. The buffers can be filled at a rate of one 
write per clock until all four buffers are filled. 

When alHour buffers are empty and the bus is idle, a 
write request will propagate directly to the external 
bus bypassing the write buffers. If the bus is not 
available at the time the write is generated internally, 
the write will be placed in the write buffers and prop
agate to the bus as soon as the bus becomes avail
able. The write is stored in the on-chip cache imme
diately if the write is a cache hit. 

Writes Will be, driven onto the external bus in 'the 
~ame order in which they are received by the write 
buffers. Under certain conditions a memory read will 
go onte) the external bus before the memory writes 
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pending in the buffer even though the writes oc
curred earlier in the program execution. 

A memory read will only be reordered in front of all 
writes in the buffers under the following conditions: If 
all writes pending in the buffers are cache hits and 
the read is a cache miss. Under these conditions the 
Intel486 processor will not read from an external 
memory location 'that needs to be updated by one of 
the pending writes. 

Reordering of a read with the writes pending in the 
buffers can only occur once before all the buffers 
are emptied. Reordering read once only maintains 
cache consistency. Consider the following example: 
The processor writes to location X. Location X is in 
the internal cache, so it is updated there immediate,
Iy. However, the bus is busy so the write out to main 
memory is buffered (see Figure 9-5). At this point, 
any reads to location X would be cache hits and 
most up-to-date data would ,be read. 

Inte1486™ Write 
Processor cache Buffer 

+=x I xl;:x I w 

Main 
Memory 

X NewDalaX 
Y NewDmaY 
Z 

242202-76 

Figure 9~5. Reordering of a Reads 
with Write Buffers 

The next instruction causes a read to location Y. 
Location Y is not in the cache (a, cache miss). Be
cause the write 'in the write buffer is a cache hit, the 
read is reordered. When location Y is read, it is put 
into the cache.' The possibility exists that location Y 
will replace location X in the cache. If this is true, 
location X would no longer be cached (see Figure 
9-6). 

Intel486™ ' Write 
Processor Cache Buffer 

xEJ xl ~xl 
Main 

Memory , 

~O zL:::J 
242202-77 

Figure 9-6. Reordering of a Reads 
, with 'Write Buffers 
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Cache consistency has been maintained up to this 
point. If a subsequent read is to location X (now a 
cache miss) and it was reordered in front of the buff
ered write to location X, stale data would be read. 
This is why only 1 read is allowed to be reordered. 
Once a read is reordered, all the writes in the write 
buffer are flagged as cache misses to ensure that no 
more reads are reordered. Because one of the con
ditions to reorder a read is that all writes in the write 
buffer must be cache hits, no more reordering is al
lowed until all of those flagged writes propagate to 
the bus. Similarly, if an invalidation cycle is run all 
entries in the write buffer are flagged as cache miss
es. 

For multiple processor systems andlor systems us
ing DMA techniques, such as bus snooping, locked 
semaphores should be used to maintain cache con
sistency. 

9.4.1 WRITE BUFFERS AND 1/0 CYCLES 

Input/Output (1/0) cycles must be handled in a dif
ferent manner by the write buffers. 

110 reads are never reordered in front of buffered 
memory writes. This ensures that the Intel486 proc
essor will update all memory locations before read
ing status from an 1/0 device. 

The Intel486 processor never buffers single 1/0 
writes. When processing an OUT instruction, internal 
execution stops until the 1/0 write actually com
pletes on the external bus. This allows time for the 
external system to drive an invalidate into the 
Intel486 processor or to mask interrupts before the 
processor progresses to the instruction following 
OUT. REP OUTS instructions will be buffered. 

A read cycle must be explicitly generated to a non
cacheable location in memory to guarantee that a 
read bus cycle is performed. This read will not be 
allowed to proceed to the bus until after the 1/0 
write has completed because 1/0 writes are not 
buffered. The 1/0 device will have time to recover to 
accept another write during the read cycle. 

9.4.2 WRITE BUFFERS IMPLICATIONS ON 
LOCKED .BUS CYCLES 

Locked bus cycles are used for read-modify-write 
accesses to memory. During a read-modify-write ac
cess, a memory base variable is read, modified and 
then written back to the same memory location. It is 
important that no other bus cycles, generated by 
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other bus masters or by the Intel486 processor itself, 
be allowed on the external bus between the read 
and write portion of the locked sequence. 

During a locked read cycle, the Intel486 processor 
will always access external memory, it will never 
look for the location in the on-chip cache, but for 
write cycles, data is written in the internal cache (if 
cache hit) and in the external memory. All data 
pending in the Intel486 processor's write buffers will 
be written to memory before a locked cycle is al
lowed to proceed to the external bus. 

The Intel486 processor will assert the LOCK# pin 
after the write buffers are emptied during a locked 
bus cycle. With the LOCK # pin asserted, the proc
essor will read. the data, operate on the data and 
place the results in a write buffer. The contents of 
the write buffer will then be written to external mem
ory. LOCK# will become inactive after the write part 
of the locked cycle. 

9.5 Reset and Initialization 

The Intel486 processor has a built-in self-test (BIST) 
that can be run during reset. BIST is invoked if the 
AHOLD pin is asserted for one clock before and one 
clock after RESET is de-asserted. RESET must be 
active for 15 clocks with or without BIST being en
abled. To ensure proper results, neither FLUSH# 
nor SRESET can be asserted while BIST is execut-. 
ing. Refer to section 11.0, "Processor Testability," 
for information on Intel486 processor testability. 

The Intel486 processor registers have the values 
shown in Table 9-8 after RESET is performed. The 
EAX register contains information on the success or 
failure of the BIST if the self test is executed. The 

. DX register always contains a component identifier 
at the conclusion of RESET. The upper byte of DX 
(DH) will contain 04 and the lower byte (DL) will con
tain the revision identifier. (See Table 9-9.) 

RESET forces the Intel486 processor to terminate 
all· execution and local bus activity. No instruction or 
bus activity will occur as long as RESET is active. 

All entries in the cache are invalidated by RESET. 

9.5.1 FLOATING·POINT REGISTER VALUES 

In addition to the register values listed above, 
Intel486 DX, Inte1DX2, and IntelDX4 processors 
have the Floating-Point register values shown in Ta
ble 9-10. 
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The Floating-Point registers are initialized as if the 
FINIT IFNINIT (initialize processor) instruction were 
executed if the BIST was performed. If the BIST is 
not executed, the Floating-Point registers are un
changed. 

The Intel486 processor will start executing instruc
tions at location FFFFFFFOH after RESET. When 
the first Inter-Segment Jump or Call is executed, ad
dress lines A20-A31 will drop LOW for CS-relative 
memory cycles, and the Intel486 processor will only 
execute instructions in the lower one Mbyte of physi
cal memory. This allows the system designer to use 
a ROM at the top of physical memory to initialize the 
system and take care of RESETs. 

Table 9-8. Register Values after Reset 

Register 
Initial Value Initial Value 

(BIST) (No BIST) 

EAX Zero (Pass) Undefined 

ECX Undefined Undefined 

EDX 0400 + 0400 + 
Revision ID Revision ID 

EBX Undefined Undefined 

ESP Undefined Undefined 

EBP Undefined Undefined 

ESI Undefined Undefined 

EDI Undefined Undefined 

EFLAGS 0000OO02h 00000002h 

EIP OFFFOh OFFFOh 

ES OOOOh OOOOh 

CS FOOOh* FOOOh* 

SS OOOOh OOOOh 

DS OOOOh OOOOh 

FS OOOOh OOOOh 

GS OOOOh OOOOh 

IDTR Base = 0, Base = 0, 
Limit = 3FFh Limit = 3FFh 

CRO 60000010h 60000010h 

DR7 OOOOOOOOh OOOOOOOOh 
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Table 9-9. Intel486TM Processor Revision 10 

Product Component 10 Revision 
(OH) 10 (OL) 

Intel486 SX Processor 04 2x 

IntelSX2TM Processor 04 5x 

Intel486™ DX 04 Ox 
Processor 1x 

IntelDX2TM Processor 04 3x 

Write-Back Enhanced 04 7x 
IntelDX2 Processor 

IntelDX4TM Processor 04 8x 

Write-Back Enhanced 04 8x 
IntelDX4TM Processor 

Table 9-10. Floating~Point Values after Reset 

Register Initial Value Initial Value 
(BIST) (No BIST) 

CW 037Fh Unchanged 

SW OOOOh Unchanged 

TW FFFFh Unchanged 

FIP OOOOOOOOh Unchanged 

FEA OOOOOOOOh Unchanged 

FCS OOOOh Unchanged. 

FDS OOOOh Unchanged 

FOP OOOh Unchanged 

FSTACK. Undefined Unchanged 

9.5.2 PIN STATE DURING RESET 

The Intel486 processor recognizes and can respond 
to HOLD, AHOLD, and BOFF # requests regardless 
of the state of RESET. Thus, even though the proc
essor is in reset, it can still float its bus in response 
to any of these requests. 

While in reset, the Intel486 processor bus is in the 
state shown in Figure 9-7 if the HOLD, AHOLD and 
BOFF # requests are inactive. The figure shows the 
bus state for the Intel486 processor. Note that the 
address (A31-A2, BE3#-BEO#) and cycle defini
tion (M/IO#, D/C#, W/R#) pins are undefined 
from the time reset is asserted up to the start of the 
first bus cycle. All undefined pins (except FERR#) 
assume known values at the beginning of the first 
bus cycle. The first bus cycle is always a code fetch 
to address FFFFFFFOH. 
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CLK 

RESET 

AHOLD 

FLUSHH 
(Sync) 

FLUSHH 
(Async) 

A20MH 
(Sync) 

A20MH 
(Async) 

ADSH 

BREa 

A31-A4. MIOH. BLAST UNDEFINED 

BED-BE3H. PWT. PCD 

A3. A2. PLOCK UNDEFINED 

DlCH. WfRH 
PCHKH 

LOCKH 
liZ! 

031-00 

031-00 
_____ ..L}L../,)}'-'-') } .. -.. -------..... -............................ . 

HLDA (5) 

SMIACTH lIO 
WBNVrH ____ --L!.LJ/ /0 \\\ 
CACHEH 
HITMH 

____ ....J.!'.i..J/Z@ 
242202-78 

Notes: 
RESET is an asynchronous input. t20 must be met only to guarantee recognition on a specific clock edge. 
2a. When A20M# is driven synchronously, it must be driven high (inactive) for the elK edge prior to the falling edge of 
RESET to ensure proper operation. A20M # setup and hold times must be met. 
2b. When A20M # is driven asynchronously, it should be driven low (active) for two elKs prior to and two elKs after the 
falling edge of RESET to ensure proper operation. 
3a. When FLUSH# is driven synchronously, it must be driven low (high) for the elK edge prior to the falling edge of 
RESET to invoke the 3-state Output Test Mode. All outputs are guaranteed 3-stated within 10 elKs of RESETR being 
deasserted. FlUSH# setup and hold times must be met. 
3b. When FlUSH# is driven asynchronously, it must be driven low (active) for two elKs prior and two elKs after the 
falling edge of RESET to invoke the 3-state Output Test Mode. All outputs are guaranteed 3-stated withing 10 elKs of 
RESET being deasserted. 
4. AHOlD should be driven high (active) for the elK edge prior to the falling edge of RESET to invoke the Built-In Self
Test (BISn. AHOlD setup and hold times must be met. 
5. Hold is recognized normally during RESET. On power-up HlDA is indeterminate until RESET is recognized by the 
processor. . 
6. 15 elKs RESET pulse width for warm resets. Power-up resets require RESET to be asserted for at least 1 ms after 
Vee and elK are stable. 
7. WB/WT# should be driven high for at least one elK before falling edge of RESET and at least one elK after falling 
edge of RESET to enable the Enhanced Bus Mode. The Standard Bus Mode will be enabled if WB/WT # is sampled low 
or left floating at the falling edge of RESET. 
S. The system may sample HITM# to detect the presence of the Enhanced Bus Mode. If HITM# is HIGH for one elK 
after RESET is inactive, the Enhanced Bus Mode is present. 

Figure 9-7. Pin States During RESET 
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9.5.2.1 Controlling the ClK Signal in the 
Processor during Power On 

The power on requirements of the Intel486 proces
sor with regard to allowable ClK input during the 
power-on sequence have never been specified. 
Clocking the processor before Vee has reached its 
normal operating level can cause unpredictable re
sults on Intel486 processors. While Intel will main
tain original clock and power specifications (none), 
this section reflects what Intel considers to be a . 
good clock design. 

Intel strongly recommends that system designers 
ensure that a clock signal is not presented to the 
Intel486 processor until Vee has stabilized at its nor
mal operating level. This design recommendation 
can easily be met by gating the clock signal with a 
POWER GOOD signal. The POWERGOOD signal 
should reflect the status of Vee at the Intel486 proc
essor (which may be different from the power supply 
status in designs that provide power to the proces
sor through the use of a voltage regulator or con
verter). 

Most clock synthesizers and some clock oscillators 
contain on-board gating logic. If external gating logic 
is implemented, it should be done on the original 
clock signal output from the clock oscillator/synthe
sizer. Gating the clock to the processor indepen
dently of the clock to the rest of the motherboard will 
cause clock skew, which may violate processor or 
chipset timing requirements. If the clock signal to the 
motherboard is enabled with a POWER GOOD sig
nal, it is also important to verify that the motherboard 
logic does not require a clock input prior to this 
POWERGOOD signal. Some chipsets also gate the 
clock to the processor only after a POWERGOOD 
signal, which inherently meets the requirements of 
this design note. Designs should implement this de
sign note, so as to maintain maximum flexibility with 
all Intel486 processor steppings. 

9.5.2.2 FERR # Pin State During Reset for 
Intel486TM DX, InteIDX2™, and 
InteIDX4!M Processors 

FERR# reflects the state of the ES (error summary 
status) bit in the FPU status word. The ES bit is ini
tialized whenever the FPU state is initialized. The 
FPU's status word register can be initialized by BIST . 
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or by executing FINIT/FNINIT instruction. Thus, af
ter reset and before executing the first FINIT or 
FNINIT instruction, the values of the FERR # and 
the numeric status word register bits 0-7 depends 
on whether or not BIST is performed. Table 9-11 
shows the state of FERR # signal after reset and 
before the execution of the FINIT/FNINIT instruc
tion. 

Table 9-11. FERR# Pin State after Reset and 
before FP Instructions 

BIST 
FERR# Pin 

FPU Status Word 
Performed Register Bits 0-7 

YES Inactive (High) Inactive (low) 

NO Undefined Undefined 
(low or High) (low or High) 

After the first FINIT or FNINIT instruction, FERR# 
pin and the FPU status word register bits (0-7) will 
be inactive irrespective of the BIST. 

9.5.2.3 Power·Down Mode (Upgrade Processor 
Support) 

The Power-Down Mode on the Intel486 processor, 
when initiated by the upgrade processor, reduces 
the power consumption of the Intel486 processor 
(see Table 17-3, DC Specifications), as well as 
forces all of its output signals to be tri-stated. The 
UP# pin on the Intel486 processor is used for en
abling the Power-Down Mode. 

Once the UP# pin is driven active by the upgrade 
processor upon power-up, the Intel486 processor's 
bus is floated immediately. The Intel486 processor 
enters the Power-Down Mode when the UP# pin is 
sampled and asserted in the clock before the falling 
edge of RESET. The UP# pin has no effect on the 
power-down status, except during this edge. The 
Intel486 processor then remains in the Power-Down 
Mode until the next time the RESET signal is activat
ed. For warm resets" with the upgrade processor in 
the system, thei Intel486 processor will remain tri
stated and re-enter the Power-Down Mode once 
RESET is de-asserted. Similarly for power-up resets, 
if the upgrade processor is not taken out of the sys
tem, the Intel486 processor will tri-state its outputs 
upon sensing the UP# pin active and enter the 
Power-Down Mode after the falling edge of RESET. 
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9.6 Clock Control 

The Intel486 processor provides an interrupt mecha
nism (STPClK #) that allows system hardware to 
control the power consumption of the processor by 
stopping the internal clock (output of the Pll) to the 
processor core in a controlled manner. This low
power state is called the Stop Grant state. In addi
tion, the STPClK # interrupt allows the system to 
change the input frequency within the specified 
range or completely stop the ClK input frequency 
(input to the Pll). If the ClK input is completely 
stopped, the processor enters into the Stop Clock 
state-the lowest power state .. 

There are two targets for the low-power mode sup
ply current: 

• - 20-1 00 mA in the Stop Grant state (fast 
wake-up, frequency-and voltage-dependent), and 

• - 100-1000 /LA in the full Stop Clock state 
(slow wake-up, voltage-dependent). 

See sections 9.6.4.2 and 9.6.4.3 for a detailed de
scription of the Stop Grant and St~p Clock states. 

9.6.1 STOP GRANT BUS CYCLE 

A special Stop .Grant bus cycle will be driven to the 
bus after the processor recognizes the STPClK # 
interrupt. The definition of this bus cycle is the same 
as the HALT cycle definition for the standard 
Intel486 processor, with the exception that the Stop 
Grant bus cycle drives the value 0000 001 OH on the 
address pins. The system hardware must acknowl
edge this cycle by returning ROY # or BRDY #. The 
prQcessor will not.enter the Stop Grant state un
til either RDY # or BRDY # has been returned. 

The Stop Grant bus cycle is defined as follows: 

M/IO# = O,D/C# = 0, W/R# = 1, Address Bus 
= 0000 0010H (~ = 1), BE3#-BEO# = 1011,· 
Data bus = undefined 

The latency between a STPClK # request and the 
Stop Grant bus cycle is dependent on the current 
instruction, the amount of data in the processor write 
buffers, and the system memory performance. (See 
Figure 9·8.) 
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9.6.2 PIN STATE DURING STOP GRANT 

During the Stop Grant state, most output and inputl 
output signals of the processor will maintain their 
previous condition (the level they held when entering 
the Stop Grant state). The data and data parity sig
nals will be tri-stated. In response to HOLD being 
driven active during the Stop Grant state (when the 
ClK input is running), the processor will generate 
HlDA and tri-state all output and input/output sig
nals that are tri-stated during the HOlD/HlDA state. 
After HOLD is de-asserted, all signals will return to 
their prior state before the HOlD/HlDA sequence. 

In order to achieve the lowest possible power con
sumption during the Stop Grant state, the system 
designer must ensure the input signals with pull-up 
resistors are not driven lOW and the input signals 
with pull·down resistors are not driven HIGH. (See 
Table 3-11 in the "Quick Pin Reference" section for 
signals with internal pull-up and pull·down resistors.) 

All inputs except the data bus pins must be driven to 
the power supply rails to ensure the lowest possible 
current consumption during Stop Grant or Stop 
Clock modes. For compatibility with future proces
sors, data pins should be driven lOW to achieve the 
lowest possible power consumption. Pull-down re
sistors/bus keepers are needed to minimize leakage 
current. ' 

If HOLD is asserted during the Stop Grant state, all 
pins that are normally floated during HlDA will still 
be floated by the processor. The floated pins should 
be driven to a low level. (See Table 9-12.) 

9.6.3 WRITE-BACK ENHANCED IntelDX4TM AND 
WRITE-BACK ENHANCED IntelDX2™ 
PROCESSOR PIN STATES DURING STOP 
GRANT SPECIFICS GENERIC UPDATE 

During the Stop Grant state, most output signals of 
the processor will maintain their previous condition, 
which is the level they held when entering the Stop 
Grant state. The data bus and data parity signals· 
also maintain their previous state. In response to 
HOLD being driven active during the Stop Grant 
state when the ClK input is running, the Write-Back 
Enhanced Intel486 processors will generate HlDA 
and tri-state all output and input/output signals that 
are tri-stated during the HOlD/HlDA state. After 
HOLD is de-asserted, all signals will return to the 
state they were in prior to the HOlD/HlDA se
quence. 
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ClK 

STPClK# . 

AOOR 

ROYN. 

242202-79 

Figure 9-8. Stop Clock Protocol 

Table 9.12. Pin State during Stop 
Grant .Bus State 

Signal Type State 

A3-A2 0 Previous state 

A31-A4 1/0 Previous state 

031-00 1/0 Floated 

BE3#-BEO# 0 Previous state 

DP3-DPO 1/0 Floated 

W/R#, D/C#, M/IO# 0 Previous state 

ADS# 0 Inactive 

LOCK #, PLOCK # 0 Inactive 

BREQ 0 . Previous ·state 

HLDA 0 As per HOLD 

BLAST # 0 Previous state 

FERR# 0 Previous state 

PCD,PWT 0 Previous state 

PCHK# . 0 Previous state 

PWT,PCD 0 Previous state 

SMIACT# 0 Previous state 
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All inputs should be driven to the power supply rails 
to ensure the lowest possible current consumption 
during the Stop Grant or Stop Clock states. (See 
Table 9-13.) 

The Write-Back Enhanced Intel486 processors has 
bus keeperS features. The data bus and data parity 
pins have bus keepers that maintain the previous 
state while in the Stop Grant state. EXternal resistors 
are no longer required, which prevents excess cur
rent during the Stop Grant state. (If external resistors 
are present, they should be strong enough to "flip" 
the bus hold circuitry and eliminate potential DC 
paths. Alternately, "weak" resistors may also be 
added to prevent excessive current flow.) See sec
tion 17.3.3, "External. Resistors Recommended to 
Minimize Leakage Currents," for external register 
values. 

In order to obtain the lowest possible power con
sumption during the Stop Grant state, system 
designers must ensure that the input signals with 
pull-up resistors are not driven LOW, and the iriput 
signals with pull-down resistors are not driven HIGH. 
(See the Table 3-11 for signals with internal pull-up 
and pull-down resistors). 
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Table 9-13. Write-Back Enhanced IntelDX4TM and 
Write-Back Enhanced IntelDX2TM Pin 

State during Stop Grant Bus Cycle 

Signal Type State 

A3-A2 0 Previous state 

A31-A4 I/O Previous state 

D31-DO I/O Previous state 

BE3#-BEO# 0 Previous state 

DP3-DPO I/O Previous state 

W/R#, D/C#, MIIO# 0 Previous state 

ADS# 0 Inactive (high) 

lOCK #, PLOCK # 0 Inactive (high) 

BREQ 0 Previous state 

HlDA 0 As per HOLD 

BLAST # 0 Previous state 

FERR# 0 Previous state 

PCHK# 0 Previous state 

PWT, PCD 0 Previous state 

CACHE # 0 Inactive(1) (high) 

HITM# 0 Inactive(1) (high) 

SMIACT# 0 Previous state 

NOTES: 
1. For the case of snoop cycles (via EADS#) during Stop 

Grant state, both HITM# and CACHE# may go active 
depending on the snoop hit in the internal cache. 
During Stop Grant state, AHOLD, HOLD, BOFF # and 
EADS# are serviced normally. 

9.6.4 CLOCK CONTROL STATE DIAGRAM 

The following state descriptions and diagram show 
the state transitions durihg a Stop Clock cycle for 
the Intel486 processor. (Refer to Figure 9-9 for a 
Stop Clock state diagram.) Refer to section 9.6.5 for 
Write-Back Enhanced Intel486 processors Clock 
Control State specifics. 

9.6.4.1 Normal State 

This is the normal operating state of the processor. 
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9.6.4.2 Stop Grant State 

The Stop Grant state provides a fast wake-up state 
that can be entered by simply asserting the external 
STPClK# interrupt pin. Once the Stop Grant bus 
cycle has been placed on the bus, and either RDY # 
or BRDY # is returned, the processor is in this state 
(depending on the ClK input frequency). The proc
essor returns to the normal execution state 10-20 
clock periods after STPClK# has been de-assert-
ed. ' 

While in the Stop Grant state, the pull-up resistors 
on STPClK#, ClKMUl (for the IntelDX4 processor) 
and UP# are disabled internally. The system must 
continue to drive these inputs to the state they were 
in immediately before the processor entered the 
Stop Grant state. For minimum processor power 
consumption, all other input pins should be driven to 
their inactive level while the processor is in the Stop 
Grant state. 

A RESET or SRESET will bring the processor from 
the Stop Grant state to the Normal state. The proc
essor will recognize the inputs required for cache 
invalidation's (HOLD, AHOlD, BOFF# and EADS#) 
as explained later in this section. The processor will 
not recognize any other inputs while in the Stop 
Grant state. Input signals to the processor will not be 
recognized until 1 ClK after STPClK# is de-assert
ed (see Figure 9-10). 

While in the Stop Grant state, the processor will not 
recognize transitions on the interrupt signals (SMI #, 
NMI, and INTR). Driving an active edge on either 
SMI # or NMI will not guarantee recognition and 
service of the interrupt request following exit from 
th,e Stop Grant state. However, if one of the interrupt 
signals (SMI#, NMI, or INTR) is driven active while 
the processor is in the Stop Grant state, and held 
active for at least one ClK after STPClK # is de-as
serted, the corresponding interrupt will be serviced. 
The Intel486 processor requires INTR to be held ac
tive until the processor issues an interrupt acknowl
edge cycle in order to guarantee recognition. (See 
Figure 9-10). 

When the processor is in the Stop Grant state, the 
system is allowed to stop or change the ClK input. 
When the ClK input to the processor is stopped (or 
changed), the Intel486 processor requires the ClK 
input to be, held at a constant frequency for a mini
mum of 1 ms before de-asserting STPClK #. This 
1-ms time period is necessary so that the Pll can 
stabilize, and it must be met before the processor 
will return to the Stop Grant state. 
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4 Auto,",ALT 
HALT asserted and 1 Normal State 

Power Down State 
HALT Bus cycle 

generated 
Normal Execution 

CLKRunnlng - .. 
20mA-100mA 

INTR, NMI, SMI#, r 

~ RESET, SRESET ~ 

STPClK# asserted and 

STPCLK# de-asserted and Stop Grant Bus cycle 

EADS# HALT Bus cycle generated generated 

STPClK# asserted and 
$top Grant Bus cycle generated 

, ~ , 
5 Stop Clock Snoop State EADS# 2 Stop Grant State 

One Clock Powerup Clock Running 

Perform Cache Invalidation Icc - 20mA - 100mA 

.4 

StopCLK 
StartClK 
+ PLL Startup Laten 

3 Stop Clock State 

Internal Powerdown 

ClK Changed * 
Icc -100uA - 100uA 

242202-80 

, • The system can change the input frequency within the specified range or completely stop the elK input frequency 
(input to PLL) 

Figure 9·9. Intel486™ Processor Family Stop Clock State Machine 

The processor will generl!,te a Stop Grant bus cycle 
only when entering that state from the Normal or the 
Auto HALT Power Down state. When the processor 
enters the Stop Grant state from the Stop Clock 
state or the Stop Clock Snoop state, the processor 
will, not generate a Stop Grant bus cycle. 

9.6.4.3 Stop Clock State 

Stop Clock state is entered' from the Stop Grant 
state by stopping the ClK input (either logiC high or 
I~gic low). None of the processor input signals 

4-400 

should change state while the ClK input is stopped. 
Any transition on an input signal (with the exception 
of INTR, NMI and SMI#) cefore the processor has 
returned to the Stop Grant state will result in unpre
dictable behavior. If INTR is driven active while the 
ClK input is stopped, and held active until the proc
essor issues an interrupt acknowledge bus cycle, it 
will be serviced in the normal manner. The system 
design must ensure the processor is in the correct 
state prior to asserting cache invalidation or interrupt 
signals to the processor. 
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Figure 9-10. Recognition of Inputs when Exiting Stop Grant State 

The processor will return to the Stop Grant state 
after the ClK input has been running at a constant 
frequency for a period of time equal to the Pll start· 
up latency (see section 9.6.4.2). The ClK input can 
be restarted to any frequency between the minimum 
and maximum frequency listed in the AC timing 
specifications. 

9.6.4.4 Auto HALT Power Down State 

The execution of a HALT instruction will also cause 
the processor to automatically enter the Auto HALT 
Power Down state. The processor will issue a nor
mal HALT bus cycle before entering this state. The 
processor will transition to the Normal state on the 
occurrence of INTR, NMI, SMI#, RESET, or 
SRESET. 

The system can generate a STPClK # while the 
processor is in the Auto HALT Power Down state. 
The processor will generate a Stop Grant bus cycle 
when it enters the Stop Grant state from the HALT 
state. 

When the system de-asserts the STPClK# inter
rupt, the processor will return execution to the HALT 
state. The processor will generate a new HALT bus 
cycle when it re-enters the HALT state from the Stop 
Grant state. 
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9.6.4.5 Stop Clock Snoop State (Cache 
Invalidations) 

When the processor is in the Stop Grant state or the 
Auto HALT Power Down state, the processor will 
recognize HOLD, AHOlD, BOFF# and EADS# for 
cache invalidation. When the system asserts HOLD, 
AHOlD, or BOFF #, the processor will float the bus 
accordingly. When the system then asserts EADS#, 
the processor will transparently enter the Stop 
Clock Snoop state and will power up for 1 full core 
clock in order to perform the required cache snoop 
cycle. It will then re-freeze the clock to the proces
sor core and return to the previous state. The proc
essor does not generate a bus cycle when it returns 
to the previous state. 

A FLUSH # event during the Stop Grant state or the 
Auto HALT Power Down state will be latched and 
acted upon by asserting the internal FLUSH # signal 
for one clock upon re-entering the Normal state. 

9.6.4.6 Auto Idle Power Down State 

When the chip is known to be truly idle and waiting 
for a RDY # or BRDY # from a memory or 1/0 bus 
cycle read, the Intel486 processor will reduce its 
core clock rate to be equal to the external ClK fre
quency without affecting performance. When any 
ROY # or BRDY # is asserted, the part will return to 
clocking the core at the specified multiplier of the 
external ClK frequency. This functionality is trans
parent to software and external hardware. 
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9.6.5 WRITE-BACK ENHANCED IntelDX4™ AND 
WRITE-BACK ENHANCED IntelDX2TM 
PROCESSOR CLOCK CONTROL STATE 
DIAGRAM 

Figure 9-11 (state diagram) shows the state tran
sitions during Stop Clock for the Write-Back En
hanced Intel486 processors. 

NOTE: 
The Stop Clock State Machine in the Stan
dard bus configuration is identical to that of 
other Intel486 processors. (See section 
9.6.4, "Clock Control State Diagram".) 

9.6.5.1 Normal State 

This is the normal operating state of the !"ocessor. 
When the processor is executing program/instruc
tion and the STPCLK # pin is not asserted, the proc
essor is said to be in its normal state. 

.. 4 Auto HALT ... 
Power Down State 

HALT 1 Normal State I:ESET 

CLKRunnlng Nonnal execution 
r- Halt Bus Cycle GeneraUld INTR. NMI. SMII~ All Clocks Running 

Icc approximately 100uA RESET.SRESET 
j ~ 

STPCLKII 

EADSII STPCLKII de-asserted asserted STPCLKII asserted 
end Stop Grant Bus 
cycIegeneraied 

STPCLKII asserted 

~ , i-

S Stop Clock Snoop State EADSII 2 Stop Grant State 

Clock Powerup Clock Running 

Write Through: Cache Invalidation Icc approximately 20 - somA 

Write back: Write, Invalidation 

~ 

StopCu< StartCLK 

FLUSH' 
+ PLL Startup Latency 

6 Auto HALT Power 3 Stop Clock State 

FLUS~ Down Flush State 
Write through: Cache Invalidation 

Intemal Powerdown 
Done Write back: Writeback. Invalidation. 

CLKStopped 

2 flush Ack. cycles 
Icc approximately 100uA 

242202-82 

Figure 9-11. Write-Back Enhanced IntelDX4TM and Write-Back Enhanced IntelDX2™ Processor Stop 
, Clock State Machine (Enhanced Bus Configuration) 
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9.6.5.2 Stop Grant State 

For minimum processor power consumption, all oth· 
er input pins should be driven to their inactive level 
while the processor is in the Stop Grant state ex
cepting data bus, data parity, WB/WT# and INV 
pins. WB/WT# should be driven low and INV should 
be driven high. 

In both the Standard mode and Enhanced mode 
states, the following conditions exist: 

• A RESET, SRESET or de-assertion of STPCLK# 
will bring the processor from the Stop Grant state 
to the Normal state. 

• While in the Stop Grant state, the processor will ' 
not recognize transitions on the interrupt signals 
(SMI#, NMI, and INTR). This means SMI#, NMI, 
INTR are not Stop Break events. The external 
logic should de-assert STPCLK# before issuing 
interrupts or if an interrupt is asserted it should be 
kept asserted for at least 1 clock after STPCLK # 
is removed. (Note that the Write-Back Enhanced 
Intel486 processors require that INTR must be 
held active until the processor issues an interrupt 
acknowledge cycle in order to guarantee recogni
tion). 

• FLUSH # is not a Stop Break event. But if 
FLUSH # is asserted during the Stop Grant state, 
it is latched by the Write-Back Enhanced 
Intel486 processors and serviced late~ when 
STPCLK# is deasserted. . 

~ The processor will latch and respond to the in
puts BOFF#, EADS#, AHOLD, and HOLD. The 
processor will not recognize any other inputs 
while in the Stop Grant state except FLUSH # . 
Other input signals to the processor will not be 
recognized until the CLK following the CLK in 
which STPCLK# is de-asserted. (See Figure 
9-11.) 

• The processor will generate a Stop Grant bus cy
cle only when entering that state from the Normal 
or the Auto HALT Power Down state. The Stop 
Grant bus cycle is not generated when the proc
essor enters the Stop Grant state from the Stop 
Clock state or the Stop Clock Snoop state. 

• The processor will not enter the Stop Grant state 
until all the pending writes are completed, all 
pending interrupts are serviced and the proces
sor is idle. 
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9.6.5.3 Stop Clock State 

Stop Clock state is the lowest power consumption 
mode in the processor, because it allows removal of 
the external clock. It also has the longest latency for 
returning to normal state. The Stop Clock state is 
entered from the Stop Grant state by stopping the 
CLK input. In the Stop Clock state, total processor 
power consumption drops to 100 /LA, which is ap
proximately 200-250 times lower than the Stop 
Grant state. None of the processor input signals 
should change state while the CLK input is stopped. 
Any transition on an input signal before the proces
sor has returned to the Stop Grant state will result in 
unpredictable behavior. If INTR is driven active, it 
must be held active until the processor issues an 
interrupt acknowledge cycle. 

In the Stop Clock state, the processor is dormant. It 
does not respond to any transitions on any of the 
input pins including snoops, flushes and interrupts. It 
is recommended that this mode only be entered if 
the processor cache is coherent with main memory 
and the processor is not processing any interrupts. If 
this mode is entered with a dirty cache, no alternate 
master cycles can be allowed while the processor is 
in the Stop Clock state. 

The processor will return to the Stop Grant state 
after the CLK input has been running at a constant 
frequency for a period oftime equal to the PLL start
up latency. The CLK input can be restarted to any 
frequency between the minimum and maximum fre
quency listed in the AC timing specifications. 

In Enhanced Bus Mode 

If the processor is taken into the Stop Clock state 
with a dirty cache, alternate bus master cycles are 
not allowed while the processor remains in the Stop 
Clock state. In order to take the processor into the 
Stop Clock state with a clean cache, the cache must 
be flushed. During the time the cache is being 
flushed, the system must block interrupts to the 
processor. With all interrupts other than STPCLK # 
blocked, the processor does not write into the cache 
during the time from the completion of the flush and 
time it enters the Stop Grant state. This is necessary 
for the cache to be coherent. To ensure this, the 
system should drive KEN # inactive from the time 
the flush starts until the Stop Grant cycle is issued. 
The system can then put the processor in the Stop 
Clock state by stopping the CLOCK. 
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If the processor is already in the. Stop Grant state 
and entering the Stop Clock state is desired, the sys
tem must de-assert STPClK II before flushing the 
cache in order to ensure the cache coherency. The 
5~clock de-assertion specification for STPClK II 
must also be met before the above sequence can 
occur. 

9.6.5.4 Auto HALT Power-Down State 

Upon execution of a HALT instruction, the processor 
will automatically enter a low power state, called the 
Auto HALT Power-Down state. The processor will 
issue a normal HALT bus cycle wh.en entering this 
state. Because interrupts are HALT break events, 
the processor will .transition to the Normal state on 
the occurrence of INTR, NMI, SMI II or RESET. 
(SRESET is also a HALT break event.) If there is a 
FLUSH II while the processor is in this state, the 
FLUSH II will be serviced by transitioning to the Stop 
Clock Flush state. After the FLUSH II is completed, 
the processor returns back to the Auto HALT Power-
Down state. . 

The system can generate a STPClK II while the 
processor is in the Auto HALT Power-Down state. 
The processor will then generate a Stop Grant bus 
cycle and enter the Stop Grant state from the Auto 
HALT Power-Down state. When the system de-as
serts the STPClK II interrupt, the processor will re
turn to the Auto HALT Power-Down state. The proc
essor will not generate a new HALT bus cycle when 
it re-enters the Auto HALT Power-Down state from 
the Stop Grant state. 

9.6_6 STOP CLOCK SNOOP STATE (CACHE 
INVALIDATIONS) 

When the processor is in the Stop Grant state or the 
Auto HALT Power-Down state, the processor will 
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recognize HOLD, AHOlD, BOFFI1, and EADSI1 for 
cache invalidation. When the system asserts HOLD, 
AHOlD, or BOFF II, the processor will float the bus 
accordingly. When the system asserts EADSI1, the 
processor will transparently enter the Stop Clock 
Snoop state and will power up in order to perform 
the required cache snoop cycle and write-back cy
cles. It will then refreeze the ClK to the processor 
core and return to the previous state (Le., either the 
Stop Grant state or the Auto HALT Power-Down 
state). The processor does not generate a bus cycle 
when it returns to the previous state. 

9.6.6_1 Auto HALT Power-Down Flush State 
(Cache Flush) for the Write-Back 
Enhanced IntelDX4™ and Write-Back 
Enhanced IntelDX2TM Processors 

If the Write-Back Enhanced Intel486 processor is in 
either Standard or Enhanced mode and a FLUSH II 
event occurs during Auto HALT Power-Down state, 
the processor will transition to the Auto HALT Pow
er-Down Flush state. If the on-chip cache is config
ured as a write-back cache, the ClK to the proces
sor core is turned on until all the dirty lines are writ
ten back, the cache is invalidated, and the two flush 
acknowledge cycles are completed. If the on-chip 
cache is configured as a write-through cache, the 
ClK to the processor core is turned on until the 
cache is invalidated. The processor then refreezes 
the ClK and returns to the previous state (i.e., the 
Auto HALT Rower-Down state). Auto HALT Power
Down Flush state is entered only from the Auto 
HALT Power-Down state and not from the Stop 
Grant state. . 

9.6.7 SUPPLY CURRENT MODEL FOR STOP 
CLOCK MODES AND TRANSITIONS 

Figures 9-12 and 9-13 illustrate the effect of different 
Stop Clock state transitions on the supply current of 
the Intel486 processor. 
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Figure 9·12. Supply Current Model for Stop Clock Modes and Transitions for the Intel486TM Processor 
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Figure 9·13. Supply Current Model for Stop Clock Modes and Transitions for the IntelDX4TM Processor 
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10.0 BUS OPERATION 

All Intel486 processors operate in Standard Bus 
(write-through) mode. However, when the internal 
cache of the Write-Back Enhanced IntelOX2 proces
sor is configured in write-back mode, the processor 
bus operates in the Enhanced Bus mode, which is 
described in section 10.3. When the Internal cacha 
of the Write-Back Enhanced Intel486 processors 
is configured in write-through mode, the proces
sor bus operates In Standard Bus mode, identi
cal to the other Intel486 processors in Standard 
Bus mode. 

10.1 Data Transfer Mechanism 

All data transfers· occur as a result of one or more 
bus cycles. Logical data operands of byte, word and 
doubleword lengths may be transferred without re
strictions on physical address alignment. Oata may 
be accessed at any byte boundary but two or three' 
cycles may be required for unaligned data transfers. 
(See section 10.1.2, "Oynamic Oata Bus Sizing," 
and section 10.1.5, "Operand Alignment.") 

The Intel486 processor address signals are split into 
two components. High-order address bits are provid
ed by the address lines, A2-A31. The byte enables, 
BEO#-BE3#, form the low-order address and pro
vide linear selects for the four bytes of the 32-bit 
address bus. 

The byte enable outputs are asserted when their as
sociated data bus bytes are involved with the pres
ent bus cycle, as listed in Table 10-1. Byte enable 
patterns that have a negated byte enable sep-

arating two or three asserted byte enables will never 
occur (see Table 10-5). All other byte enable pat
terns are possible. 

Table 10-1. Byte Enables and Associated Data 
and Operand Bytes 

Byte 
Enable . Associated Data Bus Signals 
Signal 

BEO# 00-07 (byte O-Ieast significant) 

BE1# 08-015 (byte 1) 

BE2# 016-023 (byte 2) 

BE3# 024-031 (byte 3-most significant) 

Address bits AO and A 1 of the physical operand's 
base address can be created when necessary. Use 
of the byte enables to create AO and A 1 is shown in 
Table 10-2. The byte enables can also be decoded 
to generate BLE# (byte low enable) and BHE# 
(byte high enable). These signals are needed to ad
dress 16-bit memory systems. (See section 10.1.3" 
"Interfacing with 8-, 16-, and 32-Bit Memories.") 

10.1.1 MEMORY AND I/O SPACES 

Bus cycles may access physical memory space or 
1/0 space. Peripheral devices in the system may ei
ther be memory-mapped, or I/O:mapped, or both. 
Physical memory addresses range ·from OOOOOOOOH 
to FFFFFFFFH (4 gigabytes). 1/0 addresses range 
from OOOOOOOOH to OOOOFFFFH (64 Kbytes) for pro
grammed 1/0. (See Figure 10-1.) 

Table 10-2. Generating AO-A31 from BEO#-BE3# and A2-A31 

Intel486TM Processor Address Signals 

A31 ... A2 BE3# BE2# BE1# BEO# 

Physical Base Address 

A31 ... A2 A1 AO 

A31 ... A2 0 0 X X X Low 

A31 ... A2 0 1 X X Low High 

A31 ... A2 1 0 X Low High High 

A31 ... A2 1 1 Low High High High 
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Figure 10-1. Physical Memory and 1/0 Spaces 

10.1.1.1 Memory and 1/0 Space Organization 

The Intel486 processor datapath to memory and in
put/output (liD) spaces can be 32-, 16- or 8-bits 
wide. The byte enable signals, BEO#-BE3#, allow 
byte granularity when addressing any memory or I/O 
structure whether 8, 16 or 32 bits wide. 

The Intel486 processor includes bus control pins, 
B516# and B58#, which allow direct connection to 
16- and 8-bit memories and liD devices. Cycles to 
32-, 16- and 8-bit may occur in any sequence, since 
the B58# and B516# signals are sampled during 
each' bus cycle. 

32-bit wide memory and I/O spaces are organized 
as arrays of physical 4-byte words. Each memory or 
liD 4-byte word has four individually addressable 
bytes at consecutive byte addresses (see Figure 10-
2). The lowest addressed byte is associated with 
data signals 00-07; the highest-addressed byte 
with 024-031. Physical 4-byte words begin at ad
dresses divisible by four. 
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32-Blt Wide Organization 
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Figure 10-2. Physical Memory and 
I/O Space Organization 

16-bit memories are organized as arrays of physical 
2-byte words. Physical 2-byte words begin at ad
dresses divisible by two. The byte enables BED # -
BE3#, must be decoded to Al, BLE# and BHE# to 
address 16-bit memories. (See section 10.1.3, "In
terfacing with 8-, 16- and 32-Bit Memories.") 

To address 8-bit memories, the two low order ad
dress bits AO and A 1, must be decoded from BED # -
BE3 #. The same logic can be used for 8- and 16-bit, 
memories, because the decoding logic for BLE# 
and AD are the same. (5ee section 10.1.3, "Interfac
ing with 8-,16-, and 32-Bit Memories.") 

10.1.2 DYNAMIC DATA BUS SIZING 

Oynamic data bus sizing is a feature allowing proc
essor connection to 32-, 16- or 8-bit buses for mem
ory or I/O. The Intel486 processor may connect to 
all three bus sizes. Transfers to or from 32-, 16- or 8-
bit devices are supported by dynamically determin
ing the bus width during each bus cycle. Add~ess 
decoding circuitry may assert BS16# for 16-bit de
vices, or BS8 # for 8-bit devices during each bus 
cycle. BS8# and BS16# must be negated when ad
dressing 32-bit devices. An 8-bit bus width is select
ed if both BS16# and BS8# are asserted. 
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8516# and 858# force the Intel486 processor to 
run additional bus cycles to complete requests larg
er than 16 or 8 bits. A 32-bit transfer will be convert
ed into two 16-bit transfers (or 3 transfers if the data 
is misaligned) when 8516# is asserted. Asserting 
858# will convert a 32-bit transfer into four 8-bit 
transfers. 

Extra cycles forced by 8516# or 858# should be 
viewed as independent bus cycles. 8516# or 858# 
must be driven active during each of the extra cycles 
unless the addressed device has the ability to 
change the number of bytes it can return between 
cycles. 

The Intel486 processor will drive the byte enables 
appropriately during extra cycles forced by 858 # 
and 8516#. A2-A31 will not change if accesses are 
to a 32-bit aligned area. Table 10-3 shows the set of 
byte enables that will be generated on the next cycle 
for each of the valid possibilities of the byte enables 
on the current cycle. 

The dynamic bus sizing feature of the Intel486 proc
essor is significantly different than that of the 
Intel386 processor. Unlike the Intel386 processor, 
the Intel486 processor requires that data bytes be 
driven on the addressed data pins. The simplest ex
ample of this function is a 32-bit aligned, 8516# 
read. When the Intel486 processor reads the two 
high-order bytes, they must be driven on, the data 
bus pins 016-031. The Intel486 processor expects 
the two low-order bytes on 00-015. The Intel386 
processor expects both the high- and low-order 
bytes on 00-015. The Intel386 processor always 
reads or writes data on the lower 16 bits of the data 
bus when 8516# is asserted. 

The external system must contain buffers to enable 
the Intel486 processor to read and write data on the 
appropriate data bus pins; Table 10-4 shows the 
data bus lines to which the Intel486 processor ex
pects data to be returned for each valid combination 
of byte enables and bus sizing options. 

Table'10-3. Next Byte Enable Values for B5n# Cycles 

Current Next with B58# Next with B516# 

BE3# BE2# BEH BEO# BE3# BE2# BE1# BEO# BE3# BE2# BEH BEO# , 

1 1 1 0 n n n 'n n n n n 
1 1 0 0 1 1 0 1 n n n n 
1 0 0 0 1 0 0 1 1 0 1 1 
0 0 0 0 0 0 0 1 0 0 1 1 
1 1 0 1 n n n n n n n n 
1 0 0 1 1 0 1 1 1 0 1 1 
0 0, 0 1 0 0 1 1 0 0 1 1 
1 0 1 1 n n n n n n n n 
0 0 1 1 0 1 1 1 n n n 'n 
0 1 1 1 n n n n n n n n' 

NOTE: un" means that another bus cycle will not be required to satisfy the request. 

Table 10-4. Data Pins Read with Different Bus 5izes 

BE3# BE2# BE1# BEO# wlo B58#/B516# wB58# wB516# 

1 1 1 0 07-00 07-00 07-0q 
1 1 0 0 015-00 07-00 015-00 
1 0 0 0 023-00 07-00 015-00 
0 0 0 0 031-00 07-00 015-00 
1 1 0 1 015-08 015-08 015-08 
1 0 0 1 023-08 015-08 015-08 
0 0 0 1 031-08 015-08 015-08 
1 0 1 1 023-016 023-016 023-016 
0 0 1 1 031-016 023-016 031-016 
0 1 1 1 031-024 031-024 031-024 
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Valid data will only be driven onto data bus pins cor
responding to active byte enables during write cy
cles. Other pins in the data bus will be driven but 
they will not contain valid data. Unlike the Intel386 
processor, the Intel486 processor will not duplicate 
write data onto parts of the data bus for which the 
corresponding byte enable is negated. 

10_1.3 INTERFACING WITH B-, 16- AND 32-BIT 
MEMORIES 

In 32-bit physical memories, such as the one shown 
in Figure 10-3, each 4-byte word begins at a byte 
address that is a multiple of four. A2-A31 are used 
as a 4-byte word select. BEO# -BE3# select individ
ual bytes within the 4-byte word. B58# and B516# 
are negated for all bus cycles involving the 32-bit 
array. 

16- and 8-bit memories require external byte swap
ping logic for routing data to the appropriate data 
lines and logic for generating BHE #, BLE # and A 1. 
In systems where mixed memory widths are used, 
extra address decoding logic is necessary to assert 
B516# or B58#. 
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Figure 10-3.lnteI4B6TM Processor 
with 32-Bit Memory 

Figure 10-4 shows the Intel486 processor address 
bus interface to 32-, 16- and 8-bit memories. To ad
dress 16-bit memories the byte enables must be de
coded to produce A1, BHE# and BLE# (AO). For 
8-bit wide memories the byte enables must be de
coded to produce AO and A 1. The same byte select 
logic can be used in 16- and 8-bit systems, because 
BLE# is exactly the same as AO. (5ee Table 10-5.) 

BEO#-BE3# can be decoded as shown in Table 
10-5 to generate A1, BHE# and BLE#. The byte 
select logic necessary to generate BHE# and BLE# 
is shown in Figure 10-5. 

Address Bus (A31-A2 BEO~E3#) 

BHE#, BlE#, A1 

AO (BlE#), A1 

A31-A2 

242202-88 

Figure 10-4. Addressing 16- and B-Bit Memories 
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Table 10-5. Generating A1, BHE# and BLE,# for Addressing 16-Bit Devices 

Intel486TM Processor 8-, 16-Blt Bus Signals 
Comments 

BE3# BE2# BE1# BEO# A1 BHE# BLE# (AO) 

H* H* H* H* ,x x x x-no active bytes 
H H H L L H L 
H H L H L L H 
H H L L L L L 
H L H H H H L 
H* L* H* LO x x x x-not contiguous bytes 
H L L H L L H 
H L L L L L L 
L H H H H L H 
L* H* H* L* x x x x-not contigu'ous bytes 
L* H* L* H* x x x x-not contiguous bytes 
L* H* L* L* x x x x-not contiguous bytes 
L H H H L L 
L* L* H* L* x x x x-not contiguous bytes 
L L L H L L H 
L L L L L L L 

BLE # asserted when 00-07 of 16-bit bus is active. 
BHE# asserted when 08-015 of 16-bit bus is active. 
A 1 low for all even words; A 1 high for all odd words. 

Key: 
x = don't care H = high voltage level L = low voltage level 
• = a non-occurring pattern of Byte Enables; either none are asserted or the pattern has Byte Enables 

asserted for non-contiguous bytes 

BEO# 

_BE_l_#.",[_~ , 

242202-Ml 

BE1# 

BE3#[~ 
242202-M2 

BLE# (OR AO) 

242202-89 

Figure 10-5. Logic to Generate A1, BHE# 
and BLE# for 16-Blt Buses 
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Combinations of BEO#-BE3# that never occur are 
those in which two or three asserted byte enables 
are separated by one or more negated byte enables. 
These combinations are "don't care" conditions in 
the decoder. A decoder can use the non-occurring 
BEO#-BE3# combinations to its best advantage. 

Figure 10-6 shows an Intel486 processor data bus 
interface to 16- and 8-bit wide memories. External' 
byte swapping logic is needed on the data lines so 
that data is supplied to and received from the 
Intel486 processor on the correct data pins (see Ta
ble 10-4). 
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Figure 10-6. Data Bus Interface to 16- and a-Bit Memories 

10.1.4 DYNAMIC BUS SIZING DURING CACHE 
LINE FILLS 

858# and 8516# can be driven during cache line 
fills. The Intel486 processor will generate enough 8-
or 16-bit cycles to fill the cache line. This can be up 
to sixteen 8-bit cycles .. 

The external system should assume that all byte en
ables are active for the first cycle of a cache line fill. 
The Intel486 processor will generate proper byte en
ables for subsequent cycles in the line fill. Table 
10-6 shows the appropriate AO (8LE#). A1 and 
8HE# for the various combinations of the Intel486 
processor byte enables on both the first and subse
quent cycles of the cache line fill. The ..... marks all 
combinations of byte enables that will be generated 
by the Intel486 processor during a cache line fill. 

10.1.5 OPERAND ALIGNMENT 

Physical 4-byte words begin at addresses that are 
multiples of four. It is possible to transfer a logical 

I 

operand that spans more than one physical 4-byte 
word of memory or 1/0 at the expense of extra cy
cles. Examples are 4-byte operands beginning at ad
dresses that are not evenly divisible by 4. or 2-byte 
words split between two physical 4-byte words. 
These are referred to as unaligned transfers. 

Operand alignment and data bus size dictate when 
multiple bus cycles are required. Table 10-7 de
scribes the transfer cycles generated for all ·combi
nations of logical operand lengths. alignment. and 
data bus sizing. When multiple cycles are required to 
transfer a multibyte logical operand. the highest-or
der bytes are transferred first. For example. when 
the processor does a 4-byte unaligned read begin
ning at location x11 in the 4-byte aligned space. the 
three high order bytes are read in the first bus cycle. 
The low byte is read in a subsequent bus cycle. 
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Table 10-6. Generating AO, A1 and BHE# from the Intel486TM Processor Byte Enables 

First Cache Fill Cycle Any Other Cycle 

BE3# BE2# BEU BEO# AO A1 BHE# AO A1 BHE# 

1 1 1 0 0 0 0 0 0 1 
1 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 
'0 0 0 0 0 0 0 0 0 0 
1 1 0 ·1 0 0 0 1 0 0 
1 0 0 1 0 0 0 1 0 0 
'0 0 0 1 0 0 0 1 0 0 
1 0 1 1 0 0 0 0 1 1 
'0 0 1 1 0 0 0 0 1 0 
'0 1 1 1 0 0 0 1 1 0 

Table 10-7. Transfer Bus Cycles for Bytes, Words and Dwords 

Byte-Length of Logical Operand 

1 

Physical Byte Address in xx 00 
Memory (Low Order Bits) 

Transfer Cycles over 32-Bit b w 
Bus 

Transfer Cycles over 16-Bit b w 
Bus 
(t = B5 # 16 asserted) 

Transfer Cycles over 8-Bit b Ib :j: 
Bus hb :j: 
(:j: = B58# Asserted) 

KEY: 
b = byte transfer 
w = 2-byte transfer 
3 = 3-byte transfer 
d = 4-byte transfer 

h = high-order portion 
I = low·order portion 
m = mid-order portion 

01 

w 

Ib t 
hbt 

Ib :j: 
hb:j: 

The function of unaligned transfers with dynamic 
bus sizing is not obvious. When the external system 
asserts B516# or B58# forcing extra cycles, low
order bytes or words are transferred first (opposite 
to the example above). When the Intel486 processor 
requests a 4-byte read and the external system as
serts B5 16 #, the lower 2 bytes are read first fol
lowed by the upper 2 bytes. 

In the unaligned transfer described above, the proc
essor requested three bytes on the first cycle. If the 
external system asserted B516# during this 3-byte 
transfer, the lower word is transferred first followed 
by the upper byte. In the final cycle the low-
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er byte of the 4-byte operand is transferred as in the 
32-bit example above. 

10.2 Bus Functional Description 

The Intel486 processor supports a wide variety of 
bus transfers to meet the needs of high performance 
systems. Bus transfers can be single cycle or multi
ple cycle, burst or non-burst, cacheable or non
cacheable, 8-, 16- or 32-bit, and pseudo-locked. To 
support multiprocessing systems there are cache in
validation cycles and locked cycles. 
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This section begins with basic non-cacheable non
burst single cycle transfers. It moves on to multiple 
cycle transfers and introduces the burst mode. 
Cacheability is introduced in section 10.2.3, "Cache
able Cycles." The remaining sections describe 
locked, pseudo-locked, invalidate, bus hold and in
terrupt cycles. 

Bus cycles and data cycles are discussed in this 
section. A bus cycle is at least two clocks long and 
begins with ADS# active in the first clock and ready 
active in the last clock. Data is transferred to or from 
the Intel486 processor during a data cycle. A bus 
cycle contains one or more data cycles. 

Refer to section 10.2.13, "Bus States," for a de
scription of the bus states shown in the timing dia
grams: 

ClK 

ADS# 

A2-A31 

Ti T1 T2 T1 

Intel486™ PROCESSOR FAMIL V 

10.2.1 NON-CACHEABLE NON-BURST SINGLE 
CYCLE 

10.2.1.1 No Wait States 

The fastest non-burst bus cycle that the Intel486 
processor supports is two clocks long. These cycles 
are called 2-2 cycles because reads and writes take 
two cycles each. The first "2" refers to reads and 
the second to writes. 

For example, if a wait state needs to be added to the 
write, the cycle would be called 2-3. 

Basic two clock read and write cycles are shown in 
Figure 10-7. The Intel486 processor initiates a cycle 
by asserting the address status signal (ADS#) a~ th~ 
rising edge of the first clock. The ADS# output IndI
cates that a valid bus cycle definition and address 
are available on the cycle definition lines and ad
dress bus, respectively. 

T2 T1 T2 T1 T2 Ti 

~~g: ---.;..-.X'-_+--_--i--'X'-_+--_-+-...JX X 
BE0-3# '! '-----f----;:---' '-----;-----j--

W/R# -----t-i '\ I I ,r-""!!-,---i!"-\ I I Ii, : 

RDY# omooloo00mm 11I1I00001A IlmmV1l1IA 11I000001A Inm 
BLAST# 

DATA 

PCHK# 

Read Write Read Write 
242202-91 

• To Processor 
•• From Processor 

Figure 10-7. Basic 2-2 Bus Cycle 
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The non-burst ready input (ROY #) is returned by the 
external system in the second clock. ROY # indi
cates that the external system has presented valid 
data on the data pins in response to a read or the 
external system has accepted data in response to a 
write. 

The Intel486 processor samples ROY # at the end 
of the second clock. The cycle is complete if ROY # 
is active (LOW) when sampled. Note that ROY # is 
ignored at the end of the first clock of the bus cycle. 

The burst last signal (BLAST #) is asserted (LOW) 
by the Intel486 processor during the second clock of 
the first cycle in all bus transfers illustrated in Figure 
10-7. This indicates that each transfer is complete 
after a single cycle. The Intel486 processor asserts 
BLAST# in the last cycle of a bus transfer. 

TI T1 T2 

ClK 

infel~ 
The timing of the parity check output (PCHK#) is 
shown in Figure 10-7. The Intel486 processor drives 
the PCHK# output one clock after ready terminates 
a read cycle. PCHK# indicates the parity status for 
the data sampled at the end of the previous clock. 
The PCHK# signal can be used by the external sys
tem. The Intel486 processor does nothing in re
sponse to the PCHK# output. 

10.2.1.2 Inserting Walt States 

The external system can insert wait states into the 
basic 2-2 cycle by driving ROY # inactive at the end 
of the second clock. ROY # must be driven inactive 
to insert a wait state. Figure 10-8 illustrates a simple 
non-burst, non-cacheable signal with one wait state 
added. Any number of wait states can be ad,ded to 
an Intel486 processor bus cycle by maintaining 
ROY # inactive. 

T2 T1 T2 T2 TI 

j i 

! \ '/ 
I,. ,I ...... -...;......1. 

ADS# \ ...... -...;......11 i 
A2-A31 

MlIO# ----+-"""X I I X""-+---+---+--O/C# _____ +-...I.\". __ +-___ -!j!-___ -+j--l. \". __ +-___ -!-___ -+ __ _ 
BE0-3# I I 

\ i I I 
.. '! I" . 

W/R# 

ROY# 'llOOOO/OO/OOmmllll !VJooh ! om/WOO/II 'WOlf}., I nmz 
i iii! I 

BLAST# ---li---\x I \ I i I I \ I C 
DATA I I I dJ I ( ** I )-

; ; ; ; ; 
Read Write 

242202-92 
• To Processor 

•• From Processor 

Figure 10-8. Basic 3-3 Bus Cycle 
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The burst ready input (BRDY#) must be driven inac
tive on all clock edges where. RDY # is driven inac
tive for proper operation of these simple non-burst 
cycles. 

10.2.2 MULTIPLE AND BURST CYCLE BUS 
TRANSFERS 

Multiple cycle bus transfers .can be caused by inter
nal requests from the Intel486 processor or by the 
external memory system. An internal request for a 
128-bit pre-fetch must take more than one cycle. In
tern~1 requests for unaligned data may also require 
multiple bus cycles. A cache line fill requires multiple 
cycles to complete. 

The external system' can cause a multiple cycle 
transfer when it can only supply 8- or 16-bits per 
cycle. 

Only multiple cycle transfers c~used by internal re
quests are considered in this section. Cacheable cy
cles and 8- and 16-bit transfers are covered in sec
tion 10.2.3, "Cacheable Cycles" and section 10.2.5, 
"8- and 16-Bit Cycles." .. 

Internal Requests from Intel486 DX, Inte1DX2, 
and IntelDX4 Processors 

An internal request by an Intel486 DX, Inte1DX2, or 
IntelDX4 processor for a 64-bit Floating-Point load 
must take more than one internal cycle. 

10;2~2.1 Burst Cycles 

The Intel486 processor can accept burst cycles for 
any bus requests that require more than a single 
-data cycle. During burst cycles, a new data item is 
strobed into the Intel486 processor every clock rath
er than every other clock as in non-burst cycles. The 
fastest burst cycle requires 2 clocks for the first data 
item with subsequent data items returned every 
clock. 

The Intel486 processor is capable of bursting a max
imum of 32 bits during a write. Burst writes can only 
occur if BS8# or BS16# is asserted. For example, 
the Intel486 processor can burst write four 8-bit op
erands or two 16-bit operands in a single burst cycle. 
But the Intel486 processor cannot burst multiple 32-
bit writes in a single burst cycle. 

Burst cycles begin with the Intel486 processor driv
ing out an address and asserting ADS# in the same 
manner as non-burst cycles. The Intel486 processor 
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indicates that it is willing to perform a burst cycle by 
holding the burst last signal (BLAST#) inactive in 
the second clock of the cycle. The external system 
indicates its willingness to do a burst cycle by return
ing the burst ready signal (BRDY#) active. 

The addresses of the data items in a burst cycle will 
all fall within the same 16-byte aligned area (corre
sponding to an internal Intel486 processor cache 
line). A 16-byte aligned area begins at location 
XXXXXXXO and ends at location XXXXXXXF. During 
a burst cycle, only BEO-3#, A2, and A3 may 
change. A4-A31, M/IO#, O/C#, and W/R# will re- . 
main stable throughout a burst. Given the first ad
dress in a burst, external hardware can easily calcu
late the address of subsequent transfers in advance. 
An external memory system can be designed to 
quickly fill the Intel486 processor internal cache 
lines. 

Burst cycles are not limited to cache line fills. Any 
multiple cycle read request by the .Intel486 proces
sor can be converted into a burst cycle. The Intel486 
processor will only burst the number of bytes need
ed to complete a transfer. 

For example, the Intel486 OX, Inte1DX2, Write-Back 
Enhanced .lntelOX2 or IntelOX4 processor will burst 
eight bytes for a 64-bit Floating-Point non-cacheable 
read. 

The external system converts a ~ultiple cycle' re
quest into a burst cycle by returning BRDY # active 
rather than ROY # (non-burst ready) in the first cycle 
of a transfer. For cycles that cannot be burst such 
as interrupt acknowledge and halt, BRDY # h~s the 
same effect as ROY #. BROY # is ignored if both 
BROY # and ROY # are returned in the same clock. 
Memory areas al)d peripheral devices that cannot 

_ perform bursting must terminate cycles with ROY # . 

10.2.2.2 Terminating Multiple and Burst Cycle 
Transfers 

The Intel486 processor drives BLAST# inactive for 
all but the last cycle in a multiple cycle transfer. 
BLAST# is driven inactive in the first cycle to inform 
the external system that the transfer could take ad
ditional cycles. BLAST # is driven active in the last 
cycle of the transfer indicating that the next time 
BRDY # or ROY # is returned the transfer is com
plete. 

BLAST # is not valid in the first clock of a bus cycle. 
It should be sampled only in the second and subse
quent clocks when ROY # or BROY # is returned. 
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The number of cycles in a transfer is a function of 
several factors including the number of bytes the 
Intel4B6 processor needs to complete an internal re
quest (1, 2, 4, B, or 16), the state of the bus size 
inputs (BSB# and BS16#), the state of the cache 
enable input (KEN #) and alignment of the data to 
be transferred. 

When the Intel4B6 processor initiates a request it 
knows how many bytes will be transferred'and if the 
data is aligned. The external .system must indicate 
whether the data is cacheable (if the transfer is a 
read) and the width of the bus by returning the state 
of the KEN#, BSB# and BS16# inputs one clock 
before ROY # or BROY # is returned. The Intel4B6 
processor determines how many cycles a transfer 
will take based on its internal information and inputs 
from the external system. 

BLAST # is not valid in the first clock of a bus cycle 
because the Intel486 processor cannot determine 
the number of cycles a transfer will take until the 
external system returns KEN#, BS8# and BS16#. 
BLAST # should only be sampled in the second and 
subsequent clocks of a cycle when the external sys
tem returns ROY # or BROY #. 

The'system may terminate a burst 'cycle by returning 
ROY# instead of BROY#. BLAST#will remain de
asserted until the last transfer. However, any trans
fers required to complete a cache line fill will follow 
the burst order, e.g., if burst order was 4, 0, C, Band 
ROY # was returned at after 0, the next transfers will 
be from C and B. 

10.2.2.3 Non-Cacheable, Non-Burst, Multiple 
Cycle Transfers 

Figure 10-9 illustrates a 2 cycle' non-burst, non
cacheable multiple cycle read. This transfer is simply 
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a sequence of two single cycle transfers. The 
Intel4B6 processor indicates to the external system 
that this is a multiple cycle transfer by driving 
BLAST # inactive during the second clock of the first 
cycle. The external System returns HOY # active in
dicating that it will not burst the data. The external 
system also indicates that the data is not cacheable 
by returning KEN # inactive one clock before it re
turns ROY # active. When. the Intel4B6 processor 
samples ROY # active it ignores BROY #. 

Each cycle in the transfer begins when AOS# is 
driven active and. the cycle is complete when the 
external system returns ROY # active. 

The Intel486 processor indicates the last cycle of 
the transfer by driving BLAST # active. The next 
ROY # returned by the external system terminates 
the transfer. 

10.2.2.4 Non-Cacheable Burst Cycles 

The external system .converts a multiple cycle re
quest into a burst cycle by returning BROY # active 
rather than ROY # in the first cycle of the transfer. 
This is illustrated in Figure 10-10. 

There are several features to note'in the burst read. 
AOS# is only driven active during the first cycle of 
the transfer. ROY # must be driven inactive when 
BROY # is ~eturned active. 

BLAST # behaves exactly as it does in the non-burst 
read. BLAST # is driven inactive in the second clock 
of the first cycle of the transfer indicating more cy
cles to follow. In the last cycle, BLAST# is driven 
active telling the external memory system to end the 
burst after returning the next BROY#. 
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Figure 10-9. Non-,cacheable, Non-Burst, Multiple-Cycle Transfers 
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Figure 10-10. Non-Cacheable Burst Cycle 
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10.2.3 CACHEABLE CYCLES 

Any memory read can become a cache fill operation. 
The· external memory system can allow a read re
quest to fill a cache line by returning KEN # active 
one clock before RDY # or BRDY # during the first 
cycle of the transfer on the external bus. Once 
KEN # is asserted and the remaining three require
ments described below are met, the Intel486 proc
essor will fetch an entire cache line regardless of the 
state of KEN #. KEN # must be returned active in 
the last cycle of the transfer for the data to be writ
ten into the internal cache. The Intel486 processor 
will only convert memory reads or prefetches into a 
cache fill. 

KEN# is ignored during write or I/O cycles. Memory 
writes will only be stored in the on-chip cache if 
there is a cache hit. I/O space is never cached in 
the internal cache. 

To transform a read or a prefetch into a cache line 
fill the following conditions must be met: 

1. The KEN # pin must be asserted one clock prior 
to RDY # or BRDY # being returned for the first 
data cycle. 

2. The cycle must be of the type that can be internal
ly cached. (Locked reads, 1/0 reads, and interrupt 
acknowledge cycles are never cached). 

3. The· page table entry must have the page cache 
disable bit (PCD) set to O. To cache a page table 
entry, the page directory must have PCD=O. To 
cache reads or prefetches when paging is dis
abled, or to cache the page directory entry, con
trol register 3 (CR3) must have PCD = O. 

4. The cache disable (CD) bit in control register 0 
(CRO) must be clear. 
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External hardware can determine when the Intel486 
processor has transformed a read or prefetch into a 
cache fill by examining the KEN#, M/IO#, D/C#, 
W IR #, LOCK #, and PCD pins. These pins convey 
to the system the outcome of conditions 1 -3 in the 
above list. In addition, the Intel486 processor drives 
PCD high whenever the CD bit in CRO is set, so that 
external hardware can evaluate condition 4. ' 

Cacheable cycles can be burst or non-burst. 

10.2.3.1 Byte Enables during a Cache Line Fill 

For the first cycle in the line fill, the state of the byte 
enables should be ignored. In a non-cacheable 
memory read, the byte enables indicate the bytes 
actually required by the memory or code fetch. 

The Intel486 processor expects to receive valid data 
on its entire bus (32 bits) in the first cycle of a cache 
line fill. Data should be returned with the assumption 
that all the byte enable pins are driven active. How
ever if BS8# is asserted only one byte need be re
turned on data lines DO-D7. Similarly if BS16# is 
asserted two bytes should be returned on DO-D15. 

The Intel486 processor will generate the addresses 
and byte enables for all subsequent cycies in the 
line fill. The order in which data is read during a line 
fill depends on· the address of the first item read. 
Byte ordering is discussed in section 10.2.4, "Burst 
Mode Details." 
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10.2.3.2 Non-Burst Cacheable Cycles 

Figure 10-11 shows a non-burst cacheable. cycle. 
The cycle becomes a cache fill when the Intel486 
processor samples· KEN# active at the end of the 
first clock. The Intel486 processor drives BLAST# 
inactive in the second clock in response to KEN #. 
BLAST# is driven inactive because a cache fill re
quires three additional cycles to complete. BLAST # 
remains inactive until the last transfer in the cache 
line fill. KEN # must be returned active in the last 
cycle of the transfer for the data to be written into 
the internal cache. 

Note that this cycle would be a single bus cycle if 
KEN # was not sampled active at the end of the first 

eLK 

. AOS# 

.A2-A31 

n T1 T2 T1 

Inte1486TM. PROCESSOR FAMILY 

clock. The subsequent three reads would not have 
happened since a cache fill was not requested. 

The BLAST# output is invalid in the first clock of a 
cycle. BLAST# may be active during the first clock 
due to earlier inputs. Ignore BLAST# until the sec
ond clock. 

During the first cycle of the cache line fill the exter
nal system should treat the byte enables as if they 
are all active. In subsequent cycles in the burst, the 
Intel486 processor drives the address lines and byte 
enables. (See section 10.2.4.2, "Burst and Cache 
Line Fill Order') . 
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Figure 10-11. Non-Burst, Cacheable Cycles 

I 4-419 



Intel486TM PROCESSOR FAMILY intel® 
10.2.3.3 Burst C~cheable C,ycles 

Figure 10-12 illustrates a burst mode cache fill. As in 
Figure 10-11, the transfer becomes a cache line fill 
when the external system returns KEN # active at 
the end of the' first clock in the cycle. 

The external system informs the Intel486 processor 
that it will burst the line in by driving BRDY # active 
at the end of the first cycle in the transfer. 

Note that during a burst cycle, AD5#' is only driven 
with the first address. 
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Figure 10-12. Burst Cacheable Cycle 
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10.2.3.4 Effect of Changing KEN# during a 
Cache Line Fill 

KEN # can change multiple times as long as it ar
rives at its final value in the clock before ROY # or 
BRDY # is returned. This is illustrated in Figure 
10-13. Note that the timing of BLAST# follows that 
of KEN # by one clock. The Intel486 processor sam
ples KEN # every clock and uses the value returned 
in the clock before ready to determine if a bus cycle 

n T1 T2 

eLK 

ADS# \ ! 
X· 

• To Processor 

T2 
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would be a cache line fill. Similarly, it uses the value 
of KEN # in the last cycle before early ROY # to load 
the line just retrieved from memory into the cache. 
KEN # is sampled every clock and it must satisfy 
setup and hold time. 

KEN # can also change multiple times before a burst 
cycle, as long as it arrives at its final value one clock 
before ready is returned active. 

T2 T1 T2 T2 

\ '----+-...J! 

242202-97 

Figure 10-13. Effect of Changing KEN# 
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10.2.4 BURST MODE DETAILS 

10.2.4.1· Adding Walt States to Burst Cycles 

Burst cycles need not return data on every clock. 
The Intel486 processor will only strobe data into the 

chip when either ROY # or BRDY # is active. Driving 
BRDY # and ROY # inactive adds a wait state to the 
transfer. A burst cycle where two clocks are required 
for every burst item is shown in Figure 10-14. 
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Figure 10-14. Slow Burst Cycle 
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10.2.4.2 Burst and Cache Line Fill Order 

The burst order used by the Intel486 processor is 
shown in Table 10·8. This burst order is followed by 
any burst cycle (cache or not), cache line fill (burst 
or not) or code prefetch. 

The Intel486 processor presents each request for 
data in an order determined by the first address in 
the transfer. For example, if the first address was 
104 the next three addresses in the burst will be 
100, 10C and 108. An Eixample of burst address se· 
quencing is shown in Figure 10·15. 
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Table 10-8. Burst Order 
(Both Read and Write Bursts) 

Second- Third 
Addr. Addr. 

4 8 

0 C 

C 0 

8 4 

T2 T2 

Fourth 
Addr. 

C 

8 
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0 
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Figure 10-15. Burst Cycle Showing Order of Addresses 
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The sequences shown in Table 10-8 accommodate 
systems with 64-bit buses as well as systems with 
32-bit data buses. The sequence applies to all 
bursts, regardless of whether the purpose of the 
burst is to fill a cache line, do a 64-bit read, or do a 
pre·fetch. If either BS8# or BS16# is returned ac
tive, the Intel486 processor completes the transfer 
of the current 32-bit word. before progressing to the 
next 32-bit word. For example, a BS16# burst to 
address 4 has the following order: 4-6-0-2-C-E-8-A. 

10.2.4.3 Interrupted Burst Cycles 

Some memory systems may not be able to respond 
with burst cycles in the order defined in Table 10-8. 
To support these systems the Intel486 processor al
lows a burst cycle to be interrupted at any time. The 
Intel486 processor will automatically generate an-

Ti T1 T2 

eLK 

ADS# 

other normal bus cycle after being interrupted to 
complete the data transfer. This is called an inter
rupted burst cycle. The external system can respond 
to an interrupted burst cycle with another burst cy
cle. 

The external system can interrupt a burst cycle by 
returning ROY # instead of BROY #. ROY # can be 
returned after any number of data cycles terminated 
with BROY#. 

An example of an interrupted burst cycle is shown in 
Figure 10-16. The Intel486 processor immediately 
drives AOS# active to initiate a new bus cycle after 
ROY# is returned active. BLAST# is driven inactive 
one clock after AOS# begins the second bus cycle 
indicating that the. transfer is not complete. 
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Figure 10-16. Interrupted Burst Cycle 
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KEN # need not be returned active in the first data 
cycle of the second part of the transfer in Figure 
10-16. The cycle had been converted to a cache fill 
in the first part of the transfer and the Intel486 proc
essor expects the cache fill to be completed. Note' 
that the first half and second half of the transfer in 
Figure 10-16 are each 2-cycle burst transfers. 

The order in which the Intel486 processor requests 
operands during an interrupted burst transfer is de
termined by Table 10-7. Mixing RDY# and BRDY# 
does not change the order in which operand ad
dresses are requested by the Intel486 processor. 

An example of the order in which the Intel486 proc
essor requests operands during a cycle in which 
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elK 

ADS# 

DATA 

• To Processor 

T1 
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the external system mixes ROY # and BRDY # is 
shown in Figure.10-17. The Intel486 processor ini
tially requests a transfer beginning at location 104. 
The transfer becomes a cache line fill when the ex
ternal system returns KEN # active. The first cycle of 
the cache fill transfers the contents of location 104 
and is terminated with RDY#. The Intel486 proces
sor drives out a new request (by asserting ADS #) to 
address 100. If the external system terminates the 
second cycle with BRDY #, the Intel486 processor 
will next request! expect address 10C. The· correct 
order is determined by the first cycle in the transfer, 
which may not be the first cycle in the burst if the 
system mixes ROY # with BRDY #. 

T2 T2 T2 TI 
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Figure 10-17. Interrupted Burst Cycle with Unobvlous Order of Addresses 
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10.2:58- AND. 16-BIT CYCLES· 

The Intel486 processor supports both 16- and 8-bit 
external buses through the BS16# and BS8# in
puts. BS16# and BS8# allow the external system to 
specify, on a cycle-by-cycle basis, whether the ad
dressed component can supply 8, 16 or 32 bits. 
BS16#and BS8# can be used in burst cycles as 
well as non-burst cycles. If both BS16# and BS8# 
are returned active for any bus cycle, the Intel486 
processor will respond as if only BS8# were active. 

The timing of BS16# and BS8# is the same as that 
of KEN#. BS16# and BS8# must be driven active 
before the first RDY # or BRDY # is driven active. 
Driving the BS16# and BS8# active can force the 
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AD8# \ I 
A2-A31 

X 
MlIO# -----+---. 
D/C# ____ -+---.1 

W/R# 

T1 

\ 

Intel486 processor to run additional cycles to com
plete what would have been only a single 32-bit cy
cle. BS8# and. BS16# may change the state of 
BLAST # when they force subsequent cycles from 
the transfer. 

Figure 10-18. shows· an example in which BS8 # 
forces the Intel486 processor to run two extra cycles 
to complete a transfer. The Intel486 processor is
sues a request for 24 bits of information. The exter
nal system drives BS8# active indicating that only 
eight bits of data can be supplied per cycle. The 
Intel486 processor issues two extra cycles to com
plete the transfer. 
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Figure 10-18. 8-Bit Bus Size Cycle 
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Extra cycles forced by the BS16# and BS8# should 
be viewed as independent bus cycles. BS16# and 
BS8# should be driven active for each additional 
cycle unless the addressed device has the ability to 
change the number of bytes it can return between 
cycles. The Intel486 processor will drive BLAST# 
inactive until the last cycle before the transfer is 
complete. 

Refer to section 10.1.2, "Dynamic Data Bus Sizing," 
for the sequencing of addresses while BS8# or 
BS16# is active. 
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BS8 # and BS 16 # operate during burst cycles in ex
actly the same manner as non-burst cycles. For ex
ample, a single non-cacheable read could be trans
ferred by the Intel486 processor as four 8-bit burst 
data cycles. Similarly, a single 32-bit write could be 
written as four 8-bit burst data cycles. An example of 
a burst write is shown in Figure 10-19. Burst writes 
can only occur if BS8# or BS16# is asserted. 
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Figure 10-19. Burst Write as a Result of B58# or B516# 
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10.2.6 LOCKED CYCLES 

Locked cycles are generated in software for any in
struction that performs a read-modify-write opera
tion. During a read-modify-write operation, the 
Intel486 processor can read am;! modify a variable in 
external memory and be assured that the variable is 
not accessed between the read and write. 

Locked cycles are automatically generated during 
certain bus transfers. The xchg (exchange) instruc
tion generates a locked cycle when one of its oper
ands is memory-based. Locked cycles are generat
ed when a segment or page table entry is updated 
and during interrupt acknowledge cycles. Locked cy
cles are also generated when the LOCK instruction 
prefix is used with selected instructions. 

Locked cycles are implemented in hardware with the 
LOCK# pin. When LOCK# is active, the Intel486 

n T1 

eLK 

T2 

processor is, performing a read-modify-write opera
tion and the external bus should not be relinquished 
until the cycle is complete. Multiple reads or writes 
can be locked. A locked cycle is shown in Figure 
10-20. LOCK # goes active with the address and bus 
definition pins at the beginning of the first read cycle 
and remains active until RDY # is returned for the 
last write cycle. For unaligned 32-bit read-modify
write operation, the LOCK # remains active for the 
entire duration of the multiple cycle. It will go inactive 
when RDY # is returned for the last write cycle. 

When LOCK# is active, the Intel486 processor will 
recognize address hold and backoff but will not rec
ognize bus hold. It is left to the external system to 
properly arbitrate a central bus when the Intel486 
processor generates LOCK # . 
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Figure 10-20. Locked Bus Cycle 
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10.2.7 PSEUDO-LOCKED CYCLES 

Pseudo·locked cycles assure that no other master 
will be given control of the bus during operand trans· 
fers which take more than one bus cycle. 

For the Intel486 processor, examples include 64-bit 
description loads and cache line fills. 

Pseudo-locked transfers are indicated by the 
PLOCK # pin. The memory operands must be 
aligned for correct operation of a pseudo-locked cy
cle. 

PLOCK# need not be examined during burst reads. 
A 64-bit aligned operand can be retrieved in one 
burst (note: this is only valid in systems that do not 
interrupt bursts). 

The system must examine PLOCK # during 64-bit 
writes since the Intel486 processor cannot burst 
write more than 32 bits. However, burst can be used 
within each 32-bit write cycle if B58# or B516# is 
asserted. BLA5T will be de-asserted in response to 
B58# or B516#. A 64-bit write will be driven out as 
two non-burst bus cycles. BLA5T # is asserted dur
ing both writes since a burst is not possible. 
PLOCK# is asserted during the first write to indicate 
that another write follows. This behavior is shown in 
Figure 10-21. 

TI T1 

CLK 

T2 

\'-_;'--...J/ 
A2-A31 

ADS# 

Intel486™ PROCESSOR FAMILY 

The first cycle of a 64-bit Floating-Point write is the 
only case in which both PLOCK# and BLA5T# are 
asserted. Normally PLOCK# and BLA5T# are the 
inverse of each other. 

During all of the cycles where PLOCK# is asserted, 
HOLD is not acknowledged until the cycle com
pletes. This results in a large HOLD latency, espe
cially when B58# or B516# is asserted. To reduce 
the HOLD latency during these cycles, windows are 
available between transfers to allow HOLD to be ac
knowledged during non-cacheable code prefetches. 
PLOCK# will be asserted since BLA5T# is negat
ed, but it is ignored and HOLD is recognized during 
the prefetch. 

PLOCK#· can change several times during a cycle 
settling to its final value in the clock ready is re
turned. 

10.2.7.1 Floating-Point Read and Write Cycles 

For' Intel486 OX, IntelDX2, Write-Back Enhanced 
IntelDX2, and IntelDX4 processors, 64-bit Floating
Point read and write cycles are also examples of 
operand transfers that take more than one bus cy
cle. 
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Figure 10-21. Pseudo Lock Timing 
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10.2.8 INVALIDATE CYCLES 

Invalidate cycles are needed to keep the Intel486 
processor internal cache contents consistent with 
external memory. The Intel486 processor contains a 
mechanism for listening to writes by other devices to 
external memory. When the Intel486 processor finds 
a write to a section of external memory contained in 
its internal cache, the Intel486 processor's internal 
copy is invalidated. 

Invalidations use two pins, address hold request 
(AHOLD) and valid external address (EADS#). 
There are two steps in an invalidation cycle. First, 
the external system asserts the AHOLD input forcing 
the Intel486 processor to immediately relinquish its 
address bus. Next, the external system asserts 
EADS# indicating that a valid address is on the In· 
tel486 processor address bus. Figure 10·22 shows 
the fastest possible invalidation cycle. The Intel486 
processor recognizes AHOLD on one CLK edge and 
floats the address bus in response. To allow the ad· 
dress bus to float and avoid contention, EADS# and 
the invalidation" address should not be driven until 
the following CLK edge. The Intel486 processor 
reads the address over its address lines. If the 
Intel486 processor finds this address in its internal 
cache, the cache entry is invalidated. Note that the 
Intel486 processor address bus is input/output, un
like the Intel386 processor's bus, which is output 
only. 

4-430 

The Intel486 processor immediately relinquishes its 
address bus in the next clock upon assertion of 
AHOLD. For example, the bus could be 3 wait states 
into a read cycle. If AHOLD is activated, the Intel486 
processor will immediately float its address bus be
fore ready is returned terminating the bus cycle. 

When AHOLD is asserted only the address bus is 
floated, the data bus can remain active. Dpta can be 
returned for a previously specified bus cycle during 
address hold. (See Figure 10-22 and Figure 10-23.) 

EADS# is normally asserted when an external mas
ter drives an address onto the bus. AHOLD need not 
be driven for EADS# to generate an internal invali
date. If EADS# alone is asserted while the Intel486 
processor is driving the address bus, it is possible 
that the invalidation address will come from the 
Intel486 processor itself. 

Note that it is also possible to run an invalidation 
cycle by asserting EADS # when BOFF # is asserted 
or after HLDA has been returned, following the as-

" sertion of HOLD. 

Running an invalidate cycle prevents the Intel486 
processor cache from satisfying other internal re
quests, so invalidations should be run only when 
necessary. The fastest possible invalidate cycle is 
shown in Figure 10-22, while a more realistic invali-. 
dation cycle is shown in Figure 10-23. Both of the 
examples take one clock of cache access from the 
Intel486 processor. 
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Figure 10-22. Fast Internal Cache Invalidation Cycle 
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Figure 10-23. Typical Internal Cache Invalidation Cycle 
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10.2.8.1 Rate of Invalidate Cycles 

The Intel486 processor can accept one invalidate 
per clock except in the last clock of a line fill. One 
invalidate per clock is possible as long as EAOS # is 
negated in ONE or BOTH .of the following cases: 

1. In the clock ROY # or BROY # is returned for the 
last time. 

2. In the clock following ROY # or BROY # being re
turned for the last time. 

This definition allows two system designs. Simple 
designs can restrict invalidates ~o one every other 
clock. The simple,design need not track bus activity. 
Alternatively. systems can request one invalidate 
per clock provided that the bus is monitored. 

10.2.8.2 Running Invalidate Cycles Concurrently, 
with Line Fills 

Precautions are necessary to avoid caching stale 
data in the Intel486 processor cache in a system 
with a second level cache. An example of a system 
with a second level cache is shown in Figure 10-24. 

An external device can be writing to main memory 
over the system bus while the Intel486 processor is 
retrieving data from the second level cache. The 
Intel486 processor will need to invalidate a line in its 

internal cache if the external device is writing to a 
main memory address also contained in the Intel486 
processor cache. 

A potential problem exists if the external device is 
writing to an address in external memory. and at the 
same time the Intel486 processor is reading data 
from the same address in the second level cache. 
The system must force an .invalidation cyclf' to invali
date the data that the Intel486 processor has re-
quested during the line fill. . 

If the system asserts EAOS# before the first data in 
the line fill is returned to the Intel486 processor. the 
system must return data consistent with the new 
data in the external memory upon resumption of the 
line fill after the invalidation cycle. This is illustrated 
by the asserted EAOS# signal labeled 1 in Figure 
10-25. 

If the system asserts EAOS# at the Same time or 
after the first data in the line fill is returned (in the 
same clock that the first ROY # or BROY # is re
turned or any subsequent clock in the line fill) the 
data,will be read into the Intel486 processor input 
buffers but it will not be stored in the on-chip cache. 
This is illustrated by asserted EAOS# signal labeled 
2 in Figure 10-25. The stale data will be used to 
satisfy the request that initiated the cache fill cycle. 

Intel486™ 
Processor 
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Address, Data & 
Control Bus 

System Bus 
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Figure 10-24. System with Second Level Cache 
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NOTES: 
1. Data returned must be consistent if its address equals the invalidation address in this clock 
2. Data returned will not be cached if its address equals the invalidation address in this clock 

Figure 10-25. Cache Invalidation Cycle Concurrent with Line Fill 

~O.2.9 BUS HOLD 

The Intel486 processor provides a bus hold, hold 
acknowledge protocol using the bus hold request 
(HOLD) and bus hold acknowledge (HLDA) pins. As
serting the HOLD input indicates that another bus ' 
master desires control of the Intel486 processor 
bus. The Intel486 processor will respond by floating 
its bus and driving HLDA active when the current 
bus cycle, or sequence of locked cycles is complete. 
An example of a HOLD/HLDA transaction is shown 
in Figure 10-26. Unlike the Intel386 processor, the 
Intel486 processor can respond to HOLD by floating 
its bus and asserting HLDA while RESET is assert-
ed. . 

Note that HOLD will be recognized during unaligned 
writes (less than or equal to 32-bits) with BLAST# 
being active for each write. For greater than 32-bit or 
unaligned write, HOLD # recognition is prevented by 
PLOCK # getting asserted. However, HOLD is rec
ognized during non-cacheable, non-burstable code 
prefetches even though PLOCK # is active. 

I· 

For cacheable and non-bursted or bursted cycles, 
HOLD is acknowledged during backoff only if HOLD 
and BOFF # are asserted during an active bus cycle 
(after ADS # asserted) and before the first ROY # or 
BRDY # has been returned (see Figure 10-27). The 
order in which HOLD and BOFF # go active is unim
portant (so long as both are active prior to the 
first ROY #lBRDY # returned by the system). 

Figure 10-27 shows the case where HOLD is assert
ed first; HOLD could be asserted simultaneously or 
after BOFF # and still be acknowledged. 

The pins floated during bus hold are: BEO#-BE3#, 
PCD, PWT, W/R#, D/C#, MIIO#, LOCK#, 
PLOCK#, ADS#, BLAST # , 00-031, A2-A31, 
DPO-DP3. 
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Figure 10-26. HOLD/HLDA Cycles 
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Figure 10-27. HOLD Request Acknowledged during BOFF# 
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10.2.10 INTERRUPT ACKNOWLEDGE 

The Intel4B6 processor generates interrupt acknowl· 
edge cycles in response to maskable interrupt reo 
quests generated. on the interrupt request input 
(INTR) pin. Interrupt acknowledge cycles have a 
unique cycle type generated on the cycle type pins. 

An example of an interrupt acknowledge transaction 
is shown in Figure 10·28. Interrupt acknowledge cy· 
cles are generated in locked pairs. Data returned 
during the first cycle is ignored. The interrupt vector 
is returned during the second cycle on the lower 8 
bits of the data bus. The Intel486 processor has 256 
possible interrupt vectors. 
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The state of A2 distinguishes the first and second 
interrupt acknowledge cycles. The byte address 
driven during the first interrupt acknowledge cycle is 
4 (A31-A3 low, A2 high, BE3# -BE1 # high, and 
BEO# low). The address driven during the second 
interrupt acknowledge cycle is 0 (A31-A2 low, 
BE3#-BE1 # high, BEO# low). 

Each of the interrupt acknowledge cycles are termi
nated when the external system returns RDY # or 
BRDY #. Wait states can be added by withholding 
RDY # or BRDY #. The Intel486 processor automati
cally generates four idle clocks between the first and 
second cycles to allow for 8259A recovery time. 
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Figure 10·28. Interrupt Acknowledge Cycles 
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10.2.11 SPECIAL BUS CYCLES 

The Intel486 processor provides special bus cycles 
to indicate that certain' instructions have been exe
cuted, or certain conditions have occurred internally. 
The special bus cycles in. Table 10-9 are defined 
when the bus cycle definition pins are in the follow
ing state: M/IO#=O, D/C#=O and W/R#=1. 

During these cycles the address bus is driven low 
while the data bus is undefined. . 

Two of the special cycles indicate halt or shutdown. 
Another special cycle is generated when the 
Intel486 processor executes an INVD (invalidate 
data cache) instruction and could be used to flush 
an external cache. The Write-Back cycle is gener
ated when· the Intel486 processor executes' the· 
WBINVD .(write-back invalidate data cache) instruc
tion and could be used to synchronize an external 
write-back cache. . ., 

The external hardware must acknowledge these 
special bus cycles by returning ROY # or BRDY #. 

Table 10-9. Special Bus Cycle Encoding 

Cycle Name M/IO# D/C# W/R# BE3#-BEO# A4-A2 

Write-Back(1 ) 0 0 1 0111 000 
First Flush Ack Cycle(1) 0 0 1 0111 001 
Flush(1) 0 0 1 1101 000 
Second Flush Ack Cycle(1) 0 0 1 1101 001 
Shutdown 0 0 1 1110 000 
HALT 0 0 1 1011 000 
Stop Grant Ack Cycle(2) 0 0 1 1011 001 

NOTES: 
1. These cycles are specific to the Write-Back Enhanced Intel486 processor. (See section 7.4.1, "Snoop Cycles and Write· 

Back Invalidation.") The FlUSH# cycle is applicable to allintel486 processors. See appropriate sections. 
2. See section 9.6:.1, "Stop Grant Bus Cycle," for details. 
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Figure 10-29. Stop Grant Bus Cycle 
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10.2.11.1 HALT Indication Cycle 

The Intel486 processor halts as a result of executing 
a HALT instruction. Signaling its entrance into the 
HALT state, a HALT indication cycle is performed. 
The HALT indication cycle is identified by the bus 
definition signals in special bus cycle state and a 
byte address of 2. BEO# and BE2# are the only 
signals distinguishing HALT indication from shut
down indication, which drives an address of O. Dur
ing the HALT cycle, undefined data is driven on 
00-031. The HALT indication cycle must be ac
knowledged by ROY # asserted. 

A halted Intel486 processor resumes execution 
when INTR (if interrupts are enabled) or NMI or 
RESET is asserted. 

10.2.11.2 Shutdown Indication Cycle 

The Intel486 processor shuts down as a result of a 
protection fault while attempting to process a double 
fault. Signaling its entrance into the shutdown state, 
a shutdown indication cycle is performed. The shut
down indication cycle is identified by the bus 

TI T1 T2 Tb Tb 
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definition signals in special bus cycle state and a 
byte address of O. 

10.2.11.3 Stop Grant Indication Cycle 

A special Stop Grant bus cycle will be driven to the 
bus after the processor recognizes the STPCLK # 
interrupt. The definition of this bus cycle is the same 
as the HALT cycle definition for the Intel486 proces
sor, with the exception that the Stop Grant'bus cycle 
drives the value 0000 0010H on the address pins. 
The system hardware must acknowledge this cycle 
by returning ROY # or BROY #. The processor will 
not enter the Stop Grant state until either ROY # or 
BROY# has been returned. (See Figure 10-31.) 

The Stop Grant Bus Cycle is defined as follows: 

MIIO# = 0, O/C# = 0, W/R# = 1, Address Bus 
= 0000 0010H (A4 = 1), BE3#-BEO# = 1011, 
Data bus = undefined. 

The latency between a STPCLK # request and the 
Stop Grant bus cycle is dependent on the current 
instruction, the amount of data in the processor write 
buffers, and the system memory performance. 
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Figure 10-30. Restarted Read Cycle 
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Figure 10-31. Restarted Write Cycle 

10.2.12 BUS CYCLE RESTART 

In a mUlti-master system another bus master may 
require the use of the bus to enable the Intel486 
processor to complete its current bus request. In this 
situation the Intel486 processor will need to restart 
its bus cycle after the other bus master has com
pleted its bus transaction. 

A bus cycle may be restarted if the external system 
asserts the backoff (BOFF#) input. The Intel486 
processor samples the BOFF # pin every clock. The 
Intel486 processor will immediately (in the next 
clock) float its address, data and status pins when 
BOFF# is asserted (see Figures 10-30 and 10-31). 
Any bus cycle in progress when BOFF # is asserted 
is aborted and any data returned to the processor is 
ignored. The same pir.Js are floated in response to 
BOFF# as are floated in response to HOLD. HLDA 
is not generated in response to BOFF #. BOFF # 
has higher priority than RDY # or BRDY #. If either 
RDY # or BRDY # is returned in the same clock as 
BOFF #, BOFF # takes effect. 

The device asserting BOFF # is free to run any cy
cles it wants while .the Intel486 processor bus is in 
its high impedance state. If backoff is requested af
ter the Intel486 processor has started a cycle, the 
new master should wait for memory to return RDY # 
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or BRDY # before assuming control of the bus. Wait
ing for ready provides a handshake to ensure that 
the memory system is ready to accept a new cycle. 
If the bus is idle when BOFF # is asserted, the new 
master can start its cycle two clocks after issuing 
BOFF#. 

The external memory can view BOFF # in the same 
manner as BLAST #. Asserting BOFF # tells the ex
ternal memory system that the current cycle is the 
last cycle in a transfer. 

The bus remains in the high impedance state until 
BOFF # is negated. Upon negation, the Intel486 
processor restarts its bus cycle by driving out the 
address and status and assertin,g ADS#. The bus 
cycle then continues as usual. ' 

Asserting BOFF# during a burst, BS8# or BS16# 
cycle will force the Intel486.processor to ignore data 
returned for that cycle only. Data from previous cy
cles will still be valid. For example, if BOFF # is as
serted on the third BRDY # of a burst, the Intel486 
processor assumes the data returned with the first 
and second BRDY # is correct and restarts the burst 
beginning with the third item. The same rule applies 
to transfers broken into multiple cycle by BS8 # or 
BS16#. 

I 
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Asserting BOFF # in the same clock as ADS # will 
cause the Intel486 processor to float its bus in the 
next clock and leave ADS# floating low. Because 
ADS# is floating low, a peripheral may think that a 
new bus cycle has begun even-though the cycle was 
aborted. There are two possible solutions to this 
problem. The first is to have aU devices recognize 
this condition and ignore ADS # until ready comes 
back. The second approach is to use a "two clock" 
backoff: in the first clock AHOLD is asserted, and in 
the second clock BOFF # is asserted. This guaran-

tees that ADS# will not be floating low. This is only 
necessary in systems where BOFF# may be assert
ed in the same clock as ADS # . 

State 

Ti 

T1 

T2 

T1b 

Tb 
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10.2.13 BUS STATES 

A bus state diagram is shown in Figure 10-32. A de
scription of the signals used in the diagram is given 
in Table 10-10. 

(RDY# ASSERTED + (BRDY# • BLAST#)ASSERTED) • 
(HOLD + AHOLD + NO REQUEST) • 
BOFF# NEGATED 

REQUEST PENDING • 
(RDY# ASSERTED + (BRDY# • BLAST#)ASSERTED) • 

HOLD NEGATED • 
AHOLD NEGATED • 
BOFF# NEGATED • 

REQUEST PENDING • 
HOLD NEGATED._ 
AHOLD NEGATED • 
BOFF# NEGATED BOFF# NEGATE/ 

'" BOFF# '/)0'<'< <t:-<S> BOFF # 
ASSERTED .,.,',) NEGATED 

~ ~SSERTED 
AHOLD NEGATED • 
BOFF# NEGATED • 
(HOLD NEGATED 0) 

• HOLD is only factored into this state transition if Tb was entered while a 
non-cacheoble, non-bursted, code prefetch was in progress. 
Otherwise, ignore HOLD. 

Figure 10-32. Bus State Diagram 

Table 10-10. Bus State Description 

Means 

242202-86 

Bus is idle. Address and status signals may be driven to undefined values, or the bus may be floated 
to a high impedance state. 

First clock cycle of a bus cycle. Valid address and status are driven and ADS# is asserted. 

Second and subsequent clock cycles of a bus cycle. Data is driven if the cycle is a write, or data is 
expected if the cycle is a read. RDY # and BRDY # are sampled. 

First clock cycle of a restarted bus cycle. Valid address and status are driven and ADS# is asserted. 

Second and subsequent clock cycles of an aborted bus cycle. 
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10.2.14 FLOATING-POINT ERROR HANDLING 
FOR THE Intel486TM DX, InteIDX2™, 
AND IntelDX4™PROCESSORS 

The Intel486 OX, IntelOX2, and IntelOX4 processors 
provide two options for reporting Floating-Point er
rors. The simplest method is to raise interrupt 16 
whenever an unmasked Floating-Point error occurs. 
This option may be enabled by setting the NE bit in 
control register 0 (CRO). 

The Intel486 OX, IntelOX2, and IntelOX4 processors 
also provide the option of allowing external hard
ware to determine how Floating-Point errors are re
p~rted. This option is necessary for compatibility 
with the error reporting scheme used in DOS based 
systems. The NE bit must be cleared in CRO to en
able user-defined error reporting. User-defined error 
reporting is the default condition because the NE bit 
is cleared on reset. 

Two pins, Floating-Point error (FERR#) and ignore 
numeric error (IGNNE#), are provided to direct the 
actions of hardware if user-defined error reporting is 
used. The Intel486 OX, IntelOX2, and IntelOX4 proc
essors assert the FERR # output to indicate that a 
Floating-Point error has occurred. FERR # corre
sponds to the ERROR # pin on the Intel387™ math 
coprocessor. However, there is a difference in the 
behavior of the two. 

In some cases FERR # is asserted when the next 
Floating-Point instruction is encountered, and in oth
er cases it is asserted before the next Floating-Point 
instruction is encountered depending upon the exe
cution state of the instruction causing the exception. 

The following class of Floating-Point exceptions 
drive FERR# at the time the exception occurs (Le., 
before encountering the next Floating-Point instruc
tion). 

1. The stack fault, invalid operation, and denormal 
exceptions on all transcendental instructions, in
teger arithmetic instructions, FSQRT, FSEALE, 
FPREM(1), FXTRACT, FBLO, and FBSTP. 

2. Any exceptions on store instructions (including in
teger store instructions). 
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The following class of Floating-Point exceptions 
drive FERR# only after encountering the next Float-
ing-Point instruction. . 

1. Exceptions other than on all transcendental in
structions, integer arithmetic instructions, FSQRT, 
FSCALE, FPREM(1), FXTRACT, FBLO, and 
FBSTP. 

2. Any exception on all basic arithmetic, load, com
pare, and control instructions (i.e., all other in
structions). 

For both sets of exceptions above, the Intel387 
math coprocessor asserts ERROR # when the error 
occurs and does not wait for the next Floating-Point 
instruction to be encountered. 

IGNNE# is an input to the Intel486 OX, IntelOX2, 
and IntelOX4 processors. When the NE bit in CRO is 
cleared, and IGNNE# is asserted, the Intel486 OX, 
IntelOX2, and IntelOX4 processors will ignore a user 
Floating-Point error and continue executing Floating
Point instructions. When IGNNE# is negated, the 
IGNNE# is an input to these processors that will· 
freeze on Floating-Point instructions which get er
rors (except for the control instructions FNCLEX, 
FNINIT, FNSAVE, FNSTENV, FNSTCW, FNSTSW, 
FNSTSW AX, FNENI, FNOISI and FNSETPM). 
IGNNE# may be asynchronous to the Intel486 OX,· 
IntelOX2, and IntelOX4 processor clock. 

In systems with user-defined error reporting, the 
FERR # pin is connected to the interrupt controller. 
When an unmasked Floating-Point error occurs, an 
interrupt is raised. If IGNNE# is high at the time of 
this interrupt, the Intel486 OX, IntelOX2, and 
IntelOX4 processors will freeze (disallowing execu
tion of a subsequent Floating-Point instruction) until 
the interrupt handler is invoked. By driving the 
IGNNE# pin low (when clearing the interrupt re
quest), the interrupt handler can allow execution of a 
Floating-Point instruction, within the interrupt han
dier, before the error condition is cleared (by 
FNCLEX, FNINIT, FNSAVE or FNSTENV). If execu
tion of a non~control Floating-Point instruction, within 
the Floating-Point interrupt handler, is not needed, 
the IGNNE# pin can be tied HIGH. 
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10.2.15 Intel4BSTM OX, InteIDX2™, AND 
IntelDX4™ PROCESSORS FLOATING
POINT ERROR HANDLING IN 
AT-COMPATIBLE SYSTEMS 

The Intel486 OX, IntelDX2, and IntelDX4 processors 
provide special features to allow the implementation 
of an AT ·compatible numerics error reporting 
scheme. These features 00 NOT replace the exter
nal circuit. Logic is still required that decodes the 
OUT FO instruction and latches the FERR # signal. 
What follows is a description of the use of these 
Intel Processor features. 

The features provided by the Intel486 OX, Inte1DX2, 
and IntelDX4 processors are the NE bit in the Ma
chine Status Register, the IGNNE# pin, and the 
FERR# pin. 

The NE bit determines the action taken by the 
Intel486 OX, Inte1DX2, and IntelDX4 processors 
when a numerics error is detected. When set this bit 
signals that non-DOS compatible error handling will 
be implemented. In this mode the Intel486 OX, 
IntelDX2, and IntelDX4 processors take a software 
exception (16) if a numerics error is detected. 

If the NE bit is reset, the Intel486 OX, IntelOX2, and 
IntelDX4 processors use the IGNNE# pin .to allow 
an external circuit to control the time at which non
control numerics instructions are allowed to execute. 
Note that Floating-Point control instructions such as 
FNINIT and FNSAVE can be executed during a 
Floating-Point error condition regardless of the state 
of IGNNE#. 
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To process a Floating-Point error in the DOS envi
ronment the following sequence must take place: 

1. The error is detected by the Intel486 OX, 
IntelOX2, and IntelDX4 processor that activates 
the FERR # pin. 

2. FERR # is latched so that it can be cleared by the 
OUT Fa instruction. 

3. The latched FERR # signal activates an interrupt 
at the interrupt controller. This interrupt is usually 
handled on IRQ13. 

4. The Interrupt Service Routine (ISR) handles the 
error and then clears the interrupt by executing an 
OUT instruction to port Fa. The address FO is de
coded externally to clear the FERR # latch. The 
IGNNE# signal is also activated by the decoder 
output. 

5. Usually the ISR then executes an FNINIT instruc
tion or other control instruction before restarting 
the program. FNINIT clears the FERR# output. 

Figure 10-33 illustrates a sample circuit that will per
form the function described above. Note that this 
circuit has not been tested and is included as an 
example of required error handling logic. 

Note that the IGNNE# input allows non-control in
structions to be executed prior to the time the 
FERR # signal is reset by the Intel486 OX, IntelDX2, 
and IntelDX4 processors. This function is imple
mented to allow exact compatibility with the AT im
plementation. Most programs reinitialize the Float
ing-Point unit before continuing after an error is de
tected. The Floating-Point unit can be reinitialized 
using one of the following four instructions: FCLEX, 
FINIT, FSAVE and FSTENV. 
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Figure 10-33. DOS-Compatible Numerics Error Circuit 

4·442 I 



10.3 Enhanced Bus Mode Operation· 
(Write-Back Mode) for the Write
Back Enhanced IntelDX4™ and 
Write-Back Enhanced IntelDX2™ 
Processors 

This section describes how the Write-Back En
hanced Intel486 processor bus operation changes 
for the Enhanced Bus mode when the internal cache 
is configured in write-back mode. 

10.3.1 SUMMARY OF BUS DIFFERENCES 

The following is a list of the differences between the 
Enhanced and Standard Bus modes: 

1. Burst write capability is extended to four double
word burst cycles (for write-back cycles only). 

2. Four new signals: INV, WB/WT#, HITM#, and 
, CACHE#, have been added to support the write

back operation of the internal cache. These sig
nals function the same as the equivalent signals 
on the Pentium® OverDrive® Processor pins. 

3. The SRESET signal has been modified so that it 
neither writes back, invalidates, nor disables the 
cache. Special test modes are also not initiated 
through SRESET. 

2 3 4 5 

. ClK 

ADS# 
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4. The FLUSH # signal behaves the same as the 
WBINVD instruction. Upon assertion, FLUSH# 
writes back all modified lines, invalidates the 
cache, and issues two special bus cycles. 

5. The PLOCK# signal remains inactive in the En
hanced Bus mode. 

10.3.2 BURST CYCLES 

Figure 10-34 shows a basic burst read cycle of the 
Write-Back Enhanced Intel486 processors. In the 
Enhanced Bus mode, both PCD and CACHE# are 
asserted if the cycle is internally cacheable. The 
Write-Back Enhanced Intel486 processors sample 
KEN # in the clock before the first BRDY #. If KEN # 
is returned active by the system, this cycle is trans
formed into a multiple-transfer cycle. With each data 
item returned from external memory, the data is 
"cached" only if KEN # is returned active again in 
the clock before the last BRDY # signal. Data is 
sampled only in the clock in which BRDY # is re
turned. If the data is not sent to the processor every 
clock, it causes a "slow burst" cycle. 

7 8 9 10 11 12 13 

A31-A4 
MlIO# 
DlC# 
W/R# 

---4~x~+-~ __ ~ __ ~-+ __ ~~ __ ~ __ ~-+ __ ~_ 

A3-A2 __ -+-...JX 0 ~~----~--+---~---+---+--
BLASn 

CACHE# 

PCD \~+--+--+--+--+--+--~~--~~~--
BRDY# llmZ/Jjm7l.!lh I Uh Uh I Uh I / 

KEN# ---.... ! -,JJ! JJr"";!---i--",,;,--o----i--""';""--i---

W/B/WT# 
!y ! 

242202-B8 

Figure 10-34. Basic Burst Read Cycle 
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10.3.2.1 Non-Cacheabh! 'Burst Operation 

If CACHE# is asserted on a read cycle, it indicates 
that the processor will follow with BLAST # high if 
KEN # is returned active. However, the converse is 
not true. The Write·Back Enhanced Intel486 proces· 
sors may elect to read·burst data, which are identi· 
fied as non·cacheable by either CACHE # or KEN #. 
In this case, BLAST # is also high in the same cycle 
as the first BRDY# (in clock four). To improve per· 
formance, the memory controller should try to com· 
plete the cycle as a burst cycle. 

The assertion of CACHE # on a write cycle signifies 
a replacement or snoop write·back cycle. These cy· 
cles consist of four doubleword transfers (either 
bursts or non·burst). The signals KEN # and 
WB/WT # are not sampled during write·back cycles 
because the processor does not attempt to redefine 
the cacheability of the line. 

10.3.2.2 Burst Cycle Signal Protocol 

The signals from ADS # through BLAST #, which are 
shown in Figure 10·34, have the same function and 
timing in both Standard and Enhanced Bus modes. 
Burst cycles can be up to 16·bytes long (four aligned 
doublewords) and can start with anyone of the four 
doublewords. The sequence of the addresses are 
determined by the first address and the sequence 
follows the order shown previously in Table 10·8. 
The burst order for reads is the same as the burst 
order for writes. (See section 10.2.4.2, "Burst and 
Cache Line Fills.") 

An attempted line fill, which is caused by a read 
miss, is indicated by the assertion of CACHE# and 
W/R# to low. For a line fill to occur, the system 
must assert KEN # twice: one clock prior to the first 
BRDY # and one clock prior to last BRDY #. It takes 
only one assertion of KEN # to mark the line as non· 
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cacheable. A write·back cycle of a cache line, due to 
replacement or snoop, is indicated by the assertion 
of CACHE # low and W/R# high. KEN# has no ef· 
fect during write·back cycles. ,CACHE# is valid from 
the assertion of ADS# through the clock in which 
the first RDY# or BRDY# is returned. CACHE# is 
inactive at all other times. PCD behaves the same in 
Enhanced Bus mode as in Standard Bus mode, ex
cept that It Is low during write-back cycles. 

The Write-Back Enhanced Intel486 processors sam
ples WB/WT # once, in the same clock as the first 
BRDY#. This sampled value of WB/WT# is com
bined with PWT to bring the line into the internal 
cache, either as a write·back line or write-through 
line. 

10.3.3 CACHE CONSISTENCY CYCLES 

The system performs snooping to maintain cache 
consistency. Snoop cycles can be performed under 
AHOLD, BOFF #, or HOLD, described in Table 
10-11. 

The snoop cycle begins by checking whether a par
ticular cache line has been "cached" and invali
dates the line based on the state of the INV pin. If 
the Write-Back Enhanced Intel486 processors is 
configured in Enhanced Bus mode, the system must 
drive INV high to invalidate a particular cache line. 
The Write-Back Enhanced Intel486 processors do 
not have an output pin to indicate a snoop hit to an 
S-state line or an E-state line. However, the Write
Back Enhanced Intel486 processors will invalidate 
the line if the system snoop hits an S-state, E-state, 
or M-state line, provided INV was driven high during 
snooping. If INV is driven low during a snoop, a 
modified line will be written back to memory and 
will remain'in the cache as a write-back line; a 
write-through line also will remain in the cache as a 
write-through line. 
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Table 10-11. Snoop Cycles under AHOLD, BOFF#, or HOLD 

AHOLD Floats the address bus. ADS # is asserted under AHOLD only to initiate a snoop write-back cycle. 
An ongoing burst cycle is completed under AHOLD. For non-burst cycles, a specific non-burst 
transfer (ADS#-RDY # transfer) is completed under AHOLD and fractured before the next 
assertion of ADS #. A snoop write-back cycle is reordered ahead of a fractured non-burst cycle 
and the non-burst cycle is completed only after the snoop write-back cycle is completed, provided 
there are no other snoop write-back cycles scheduled. 

BOFF# Overrides AHOLD and takes effect in the next clock. On-going bus cycles will stop in the clock 
following the assertion of BOFF # and resume when BOFF # is de-asserted. A snoop is the only 
bus cycle the Write-Back Enhanced IntelDX2TM processor responds to under BOFF #. Snoop 
write-back will be reordered ahead of the backed-off cycle. The snoop write-back cycle begins 
after BOFF# is de-asserted followed by the oacked-off cycle. 

HOLD HOLD is acknowledged only between bus cycles, except for a non-cacheable, non-bursted code 
prefetch cycle. In a non-cacheable, non-bursted code prefetch cycle, HOLD is acknowledged 
after the system returns RDY #. Once HOLD is active, the processor blocks all bus activities until 
the system releases the bus (by de-asserting HOLD). 

After asserting AHOLD or BOFF #, the external bus 
master driving the snoop cycle must wait for two 
clocks before driving the snoop address and assert
ing EADS#. If snooping is done under HOLD, the 
master performing the snoop must wait for at least . 
one clock cycle before driving the snoop addresses 
and asserting EADS#. INV should be driven low 
during read operations to minimize invalidations, 
and INV should be driven high to invalidate a 
cache line during write operations. The Write
Back Enhanced Intel486 processors assert HITM# 
if the cycle hits a modified line in the cache. This 
output signal becomes valid two clock periods after 
EADS# is valid on the bus. HITM# remains assert
ed until the modified line is written back and will re
main asserted until the RDY # or BRDY # of the 
snoop cycle is returned. Snoop operations could in
terrupt an ongoing bus operation in both the Stan
dard Bus and Enhanced Bus modes. The Write
Back Enhanced Intel486 processors can accept 
EADS# in every clock period while in Standard 
Bus mode. In Enhanced Bus mode, the Write
Back Enhanced Intel486 processors can accept 
EADS# every other clock period or until a snoop 
hits an M-state line. The Write-Back Enhanced 
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Intel486 processors will not accept any further 
snoop cycles input until the previous snoop write
back operation is completed. 

All write-back cycles adhere to the burst address se
quence of 0-4-8-C. The CACHE#, PWT, and PCD 
output pins are asserted and the KEN # and 
WB/WT # input pins are ignored. Write-back cycles 
can be either bursted or non-bursted. All write-back 
operations write 16 bytes of data to memory corre
sponding to the modified line that hit during the 
snoop. Note that the Write-Back Enhanced 
Intel486 processors will accept BS8# and 
BS16# line-fill cycles, but not on replacement or 
snoop-forced write-back cycles. . 

10.3_3.1 Snoop Collision with a Current Cache 
Line Operation 

The system can also perform snooping concurrent 
with a cache access and may collide with a current 
cache bus cycle. Table 10-12 lists some scenarios 
and the results of a snoop operation colliding with an 
on-going cache fill or replacement cycle. 
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Table 10-12. Various Scenarios of a Snoop Write-Back Cycle 
Colliding with an On-Going Cache Fill or Replacement Cycle 

Snoop to the Line 
Snoop to a Different Snoop to the Line Snoop to a Different 

That Is Being Filled 
Line from the Line That Is Being Line from the Line 

Being Filled Replaced Being Replaced 

Read all line fill data Complete fill if the Complete replacement Complete replacement 
into cache line buffer. cycle is bursted. Start write-back if the cycle write-back if it is a burst 

Update cache only if snoop write-back. is bursted. Processor cycle. Initiate snoop 

snoop occurred with If the cycle is non- does not initiate a write-back. 

INV = "0" bursted, the snoop snoop write-back, but If the replacement 
asserts HITM# until 

No write-back cycle write-back will be 
the replacement write-

write-back is a non-

because the line has reordered ahead of 
back is completed. 

burst cycle, the snoop 

not been modified yet the line fill. write-back cycle is re-

After the snoop write- If the replacement ordered in front of the 

back cycle is cycle is non-bursted, replacement cycle. 

completed, continue the snoop write-back is After the snoop write-

with line fill re-ordered ahead of the back, the replacement 
replacement write-back write-back is continued 
cycle. The processor from the interrupt point. 
does not continue with 
the replacement write-
back cycle. 

Stop reading line fill Stop fill Stop replacement Stop replacement 
data Wait for BOFF # to go write-back write-back 

Wait for BOFF# to go inactive Wait for BOFF # to go Wait for BOFF # to be 
inactive. Continue Do snoop write-back inactive de-asserted 
read from backed off 
point Continue fill from Initiate snoop write- Initiate snoop write-

back back 
Update cache only if 

interrupt point 
Processor does not Continue replacement 

snoop occurred with continue replacement write-back from point of 
INV = "0" write·back interrupt 

HOLD is not acknowledged until the current bus cycle (I.e., the line operation) is completed, except 
for a non-cacheable, non-bursted code prefetch cycle. Consequently there can be no collision with 
the snoop cycles using HOLD, except as mentioned earlier. In this case the snoop write-back is re-
ordered ahead of. an on-going non-burst, non-cached code prefetch cycle. After the write-back 
cycle is completed, the code prefetch cycle continues from the point of interrupt. 
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10.3.3.2 Snoop under AHOLD 

Snooping under AHOLD begins by asserting AHOLD 
to force the Write·Back Enhanced Intel486 proces
sors to float its address bus, as shown in Figure 
10·35. The ADS# for the write-back cycle is 
guaranteed to occur no sooner than the second 
clock following the assertion of HITM# (i.e., 
there is a dead clock between the assertion of 
HITM # and the first ADS # of the snoop write
back cycle.) 

When a line is written back, KEN #, WB/WT #, 
BS8#, and BS16# are ignored, and PWT and PCD 
are always low during write-back cycles. 

The next ADS # for a new cycle can occur immedi
ately after the last RDY # or BRDY # of the 

2 3 4 5 

CLK 

AHOLD 

HITM# \ 
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write-back cycle. The Write-Back Enhanced 
Intel486 processors do not guarantee a dead clock 
between cycles unless the second cycle is a 
snoop-forced write-back cycle. This allows snoop
forced write-backs to be backed off (BOFF #) when 
snooping under AHOLD. 

HITM# is guaranteed to remain asserted until the 
RDY # or BRDY # corresponding to the last double
word of the write-back cycle is returned. HITM# will 
be de-asserted from the clock edge in which the last 
BRDY # or RDY # for the snoop write-back cycle is 
returned. The write-back cycle could be a bursted or 
non-bursted. In either case, 16 bytes of data corre
sponding to the modified line that has a snoop hit is 
written back. 

7 8 9 10 11 12 13 
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Figure 10-35. Snoop Cycle Invalidating a Modified Line 
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Snoop under AHOLD Overlaying a line-Fill Cycle 

The assertion of AHOLD during a line fill is allowed 
on the Write-Back Enhanced Intel486 processors. In 
this case, when a snoop cycle is overlaid by an on
going line-fill cycle, the chipset must generate the 
burst addresses internally for the line fill to com
plete, because the address bus will have the valid 
snoop address. The write-back mode is more com
plex compared to the write-through mode because 
of the possibility of a line being written back. Figure 
10-36 shows a snoop cycle overlaying a line-fill cy
cle, when the snooped line is not the same as the 
line being filled. 

In Figure 10-36, the snoop to an M-state line causes 
a snoop write-back cycle. The Write-Back Enhanced 
Intel486 processors will assert HITM # two clocks 
after the EADS#, but will delay the snoop write-back 
cycle until the line fill is completed, because the line 
fill shown in Figure 10-36 is a burst cycle. In this 
figure, AHOLD is asserted one clock after ADS#. In 
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the clock after AHOLD is asserted, the Write-Back 
Enhanced Intel486 processors will float the address 
bus (not the Byte Enables). Hence, the memory con
troller must determine burst addresses in this period. 
The chipset must comprehend the special ordering 
required by all burst sequences of the Write-Back 
Enhanced Intel486 processors. HITM# is guaran
teed to remain active until the write-back cycle com
pletes. 

If AHOLD continues to be asserted over the forced 
write-back cycle, the memory controller also must 
supply the write-back addresses to the memory. The 
Write-Back Enhanced Intel486 processors always 
run the write-back with an address sequence of 0-4-
8-C. 

In general, if the snoop cycle overlays any burst cy
cle (not necessarily a line"fill cyCle) the snoop write
back will be delayed because of the on-going burst 
cycle. First, the burst cycle goes to completion and 
only then does the snoop write-back cycle start. 
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Figure 10-36. Snoop Cycle Overlaying a Line-Fill Cycle 
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AHOLD Snoop Overlaying a Non-Burst Cycle 

When AHOLD overlays a non-burst cycle, snoop
ing is based on the completion of the current non
bursted transfer (ADS#-RDY# transfer). Figure 
10-37 shows a snoop cycle under AHOLD overlay
ing a non-burst line-fill cycle. HITM# is asserted two 
clocks after EADS #, and the non-burst cycle is frac
tured after the RDY # for a specific single transfer is 
returned. The snoop write-back cycle is re-ordered 
ahead of an ongoing non-burst cycle. After the write
back cycle is completed, the fractured non-burst cy
cle . will continue. The snoop write-back 
ALWAYS precedes the completion of a fractured cy
cle, regardless of the point at which AHOLD is de
asserted, and AHOLD must be de-asserted before 
the fractured non-burst cycle can complete. 

Intel486™ PROCESSOR FAMILY 

AHOLD Snoop to the Same Line That Is Being 
Filled 

A system snoop will not cause a write-back cycle to 
occur if the snoop hits a line while the line is being 
filled. The processor does not allow a line to be 
modified until the fill is completed (and a snoop will 
only produce a write-back cycle for a modified line). 
Although a snoop to a line that.is being filled will not 
produce a write-back cycle, the snoop still has an 
effect based on the following rules: 

1. The processor always snoops the line being filled. 

2. In all cases, the processor uses the operand that 
triggered the line fill. 

3. If the snoop occurs when INV = "1", the proces
sor never updates ,the cache with the fill data. 

4. If the snoop occurs when INV = "0", the proces
sor loads the line into the internal cache. 
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Figure 10-37. Snoop Cycle Overlaying a Non-Burst Cycle 
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Snoop during Replacement Write-Back 

If the cache contains valid data during a line fill, one 
of the cache lines may be replaced as determined 
by the LRU algorithm. If the line being replaced is 
modified, this line will be written back to maintain 
cache coherency. When a replacement write-back 
cycle is in progress, it might be necessary to snoop 
the line that is being written back. (See Figure 
10-38.) 

If the replacement write-back cycle is bursted and 
there is a snoop hit to the same line as the line that 
is being replaced, the on-going replacement cycle 
runs to completion. HITM# is asserted until the line 
is written back and the snoop write-back will not be 
initiated. In this case, the replacement write-back is 
converted to the snoop write-back, and HITM# is 
asserted and de-asserted without a specific ADS # 
to initiate the write-back cycle. . 

If there is a snoop hit to· a different line from the line 
being replaced, and if the replacement write-back 

2 3 4 
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cycle is bursted, the replacement cycle goes to com
pletion. Only then is the snoop write-back cycle ini
tiated. 

If the replacement write-back cycle is a non-burst 
cycle, and if there is a snoop hit to the same line as 
the line being replaced, it will fracture the replace
ment write-back cycle after the ROY # for the cur
rent non-burst transfer is returned. The snoop write
back cycle will be reordered in front of the fractured 
replacement write-back cycle and will be completed 
under HITM #. However, after AHOLD is de-assert" 
ed the replacement write-back cycle is not complet
ed. 

If there is a snoop hit to the line that is different from 
the one being replaced, the non-burst replacement 
write-back cycle will be fractured, and the snoop 
write-back cycle will be reordered ahead of the re
placement write-back cycle. After the snoop write
back is completed, the replacement write-back cycle 
will continue. 
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Figure 10-38. Snoop to the Line That Is Being Replaced 
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10.3.3.3 Snoop under BOFF# 

BOFF # is capable of fracturing any transfer, burst or 
non-burst. The output pins (see Table 3-8 and Table 
3-9) of the Write-Back Enhanced Intel486 proces
sors will be floated in the clock period following the 
assertion of BOFF #. If the system snoop hits a 
modified line using BOFF #, the snoop write-back 
cycle will be reordered ahead of the current cycle. 
BOFF# must be de-asserted for the processor to 
perform a snoop write-back cycle and resume the 
fractured cycle. The fractured cycle resumes with a 
new ADS# and begins with the first uncompleted 
transfer. Snoops are permitted under BOFF #, but 
write-back cycles will not be started until BOFF # is 
de-asserted. Consequently, multiple snoop cycles 
can occur under a continuously asserted BOFF # , 
but only up to the first asserted HITM #. 

Snoop under BOFF # during Cache Line Fill 

As shown in Figure 10-39, BOFF# fractured the 
second transfer of a non-burst cache line-fill cycle. 

Intel486TM PROCESSOR FAMILY 

The system begins snooping by driving EADS # and 
INV in clock six. The assertion of HITM# in clock 
eight indicates that the snoop cycle hit a modified 
line and the cache line will be written back to memo
ry. The assertion of HITM # in clock eight and 
CACHE# and ADS# in clock ten identifies the be
ginning of the snoop write-back cycle. ADS# is 
guaranteed to be asserted no sooner than two clock 
periods after the assertion of HITM#·. Write-back cy
cles always use the four-doubleword address se
quence of 0-4-8-C (burst or non-burst). The snoop 
write-back cycle begins upon the de-assertion of 
BOFF # with HITM # asserted throughout the dura
tion of the snoop write-back cycle. 

If the snoop cycle hits a line that is different from the 
line being filled, the cache line fill will resume after 
the snoop write-back cycle completes, as shown in 
Figure 10-39. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

BO:: fLrt rt ~rt ~ rt rt rt rt rt rtf\- rt rtrt rtrt rtrt ~ 
EAOS. 

INY 1I11H1 II. '1Ir1l. 'I II rtlflllilll'lll,IlIWHI,illllnJIIIIIUIIHI IItr/MI 

HITM. \ I 

ADS. LJ 1. J 

BLAST. 

A31-A4 _-,-!-I..;;U~III~1 ........j..l t-,-ffi-H il II I II WI1t B. kC cia I Un Fill Cy e C nt i I 

:rt!t~!P1-lii-11~!~[t!·~~rt~~~OJ4!It]~!·rt:t: A3-A2 I 4 I 0 • ., II rII 0 I ·11 :1 II 0 I c I I B I I 

I I Jhlrh I I 
l J l i T' I '-f.ll 

--+-+-~~~~-4-4-+-+-+-n 

If.l I 
CACHE. L~~I 

ROY. - n.Jr 1. ij 
I_~ I 

! I I lVl.JrlJ~·-
BROY. --+-+--+-+-+-I--+-I-+I-+-'\in!nln~ I 

....., I r T T • ! 
W/R. ',+. _+-1: -+. -4 i:-!.~~t-+-. -+J i. I 1 I I I \..,!.. , 

242202-03 
• To Processor 

Figure 10-39. Snoop under BOFF# during a Cache Line-Fill Cycle 
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An ADS# is always issued when a cycle resumes 
after being fractured by BOFF #. The address of the 
fractured data transfer is reissued under this ADS # , 
and CACHE# is not issued unless the fractured op
eration resumes from the first transfer (e.g., first 
doubleword). If the system asserts BOFF # and 
RDY # simultaneously, as shown in clock four on 
Figure 10-39, BOFF# dominates and RDY# is ig
nored. Consequently, the Write-Back Enhanced 
Intel486 processors accept only up to the x4h 
doubleword, and the· line fill resumes with the xOh 
doubleword. ADS# initiates the resumption of the 
line-fill operation in clock period 15. HITM # is de-as
serted in the clock period following the clock period 
in which the last RDY # or BRDY # of the write-back 
cycle is returned. Hence, HITM# is guaranteed to 
be de-asserted before the ADS # of the next cycle. 

Figure 10-39 also shows the system returning 
RDY # to indicate a non-burst line-fill cycle. Bursted 
cache line-fill cycles behave similar to non-bursted 
cache line-fill cycles when snooping using BOFF # . 
If the system snoop hits the same line as the line 
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being filled (burst or non-burst), the Write-Back En
hanced Intel486 processors will not assert HITM# 
and will not issue a snoop write-back cycle, because 
it did not modify the line, and the line fill resumes 
upon the de-assertion of BOFF #. However, the line 
fill will be cached only if INV is driven low during the 
snoop cycle. 

Snoop under BOFF # during Replacement Write-
Back . 

If the system snoop under BOFF # hits the line that 
is currently being replaced (burst or non-burst), the 
entire line is written back as a snoop write-back line, 
and the replacement write-back cycle is not contin
ued. However, if the system snoop hits to a different 
line than the one currently being replaced, the re
placement write-back cycle will continue after the 
snoop write-back cycle has been completed. Figure 
10-40 shows a system.snoop hit to the same line as 
the one being replaced (non-burst). 
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10.3.3.4 Snoop under HOLD 

HOLD can only fracture a non·cacheable, non·burst
ed code prefetch cycle. For all other cycles, the 
Write-Back Enhanced Intel486 processors will not 
assert HLDA until the entire current cycle is complet
ed. If the system snoop hits a modified line under 
HLDA during a non-cacheable, non-burstable code 
prefetch, the snoop write-back cycle will be reor
dered ahead of the fractured cycle. The fractured 
non-cacheable, non-bursted code prefetch resumes 
with an ADS # and begins with the first uncompleted 
transfer. Snoops are permitted under HLDA, but 
write-back cycles will not occur until HOLD is de-as
serted. Consequently, multiple snoop cycles are per
mitted under a continuously asserted HLDA only up 
to the first asserted HITM#. 

Intel486™ PROCESSOR FAMILY 

Snoop under HOLD during Cache Line Fill 

As shown in Figure 1 0-41, HOLD (asserted in clock 
two) does not fracture the bursted cache line-fill cy
cle until the line fill is completed (in clock five). Upon 
completing the line fill in clock five, the Write-Back 
Enhanced Intel486 processors assert HLDA and the 
system begins snooping by driving EADS# and INV 
in the following clock period. The assertion of 
HITM# in clock nine indicates that the snoop cycle 
has hit a modified line and the cache line is written 
back to memory. The assertion of HITM# in clock 
nine and CACHE# and ADS# in clock 11 identifies 
the beginning of the snoop write-back cycle. The 
snoop write-back cycle begins upon the de-asser
tion of HOLD, and HITM# is asserted throughout 
the duration of the snoop write-back cycle. 
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Figure 10-41, Snoop under HOLD during Line Fill 

I 4-453 



Intel486™ PROCESSOR FAMILY 

If HOLD is asserted during a non-cacheable, non
bursted code prefetch cycle, as shown in Figure 
10-42, the Write-Back Enhanced Intel486 proces
sors will issue HLDA in clock seven (which is the 
clock period in which the next ROY # is returned). 

If the system snoop hits a modified line, the snoop 
write-back cycle will begin after HOLD is released. 
After the snoop write-back cycle is completed, an 
ADS # is issued and the code prefetch cycle re
sumes. 
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Figure 10-42. Snoop using HOLD during a Non-Cacheable; Non-Burstable Code Prefetch 
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Snoop under HOLD during Replacement 
Write-Back 

Collision of snoop cycles under a HOLD d'uring the 
replacement write-back cycle can never occur, be
ca~se HLDA is asserted only after the replacement 
write-back cycle (bursted or non-bursted) is complet
ed. 

10.3.4 LOCKED CYCLES 

In both Standard and Enhanced Bus modes the 
Write-Back Enhanced Intel486 processors architec
ture supports atomic memory access. A programmer 
can modify the contents of a memory variable and 
be assured that the variable will not be accessed by 
another bus master between the read of the variable 
and the update of that variable. This function is pro
vided for instructions that contain a LOCK prefix, 
and also for instructions that implicitly perform 
locked read niodify write cycles. In hardware, the 
LOCK function is implemented through the LOCK # 
pin, which indicates to the system that the processor 
is performing this sequence of cycles, and that the 
processor should be allowed atomic access for the 
location accessed during the first locked cycle. 

A locked operation is a combination of one or more 
read cycles followed by one or more write cycles 
with the LOCK# pin asserted. Before a locked read 
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cycle is run, the processor first determines if the cor
responding line is in the cache. If the line is present 
in the cache, and is in an E or S state, it is invalidat
ed. If the line is in the M state, the processor does a 
write-back and then invalidates the line. A locked 
cycle to an M, S, or E state line is always forced out 
to the bus. If the operand is misaligned across cache 
lines, the processor could potentially run two write 
back cycles before starting the first locked read. In 
this case the sequence of bus cycles is: write back, 
write back, locked read, locked read, locked write 
and the final locked write. Note that although a total 
of six cycles are generated, the LOCK # pin will be 
active only during the last four cycles, as shown in 
Figure 10-43. 

LOCK# will not be de-asserted if AHOLD is assert
ed in the middle of a locked cycle. LOCK # will re
main asserted even if there is a snoop write-back 
during a locked cycle. LOCK # will be floated if 
BOFF # is asserted in the middle of a locked cycle. 
However, it will be driven LOW again when the cycle 
restarts after BOFF #. Locked read cycles are never 
transformed into line fills, even if KEN # is returned 
active. If there are back to back locked cycles 
the Write-Back Enhanced Intel486 processor~ 
do not insert a dead clock between these two 
cycles. HOLD is recognized if there are two back to 
back locked cycles, and LOCK # will float when 
HLDA is asserted. 
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10.3.4.1 Snoop/Lock Collision 

If there is a snoop cycle overlaying a locked cycle, 
the snoop write-back cycle will fracture the locked 
cycle. As shown in Figure 10-44, after the read por
tion of the locked· cycle is completed, the snoop 
write-back starts under HITM#. After the write-back 

is completed the locked cycle will continue. But dur
ing all this time (including the write-back cycle), the 
LOCK # signal remains asserted. 

Because HOLD is not acknowledged if LOCK # is 
asserted, snoop-lock collisions are restricted to 
AHOLD and BOFF # snooping. 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 

ClK 

\ I" / : 
, ~ 

Rdad~ __ ~ __ ~ __ ~ __ ~~~~ 

AOS#\f 

ROY# 
BROY# 

AHOlO II I \~1----~--4:----~--4---~---4----!~--~--~---4---
AOOR ~-+--*-i* ........ >--r'-'!--* +-JXII{llll{llX4-o---+---~-,-----:...'*-* ---'-_ 

- ----i----!----t,'""""\ " " " " " " " 
EAOS# WI " I 

\~~+--~~--+I~---~i,:,~ : 
lOC~ ~~~-+---4----~-+---4----~~---4-~~~---~!---4----~r-t--
HITM# 

CACHE# \~!--.:,..JI I I 
W/R# ~~-i--~ __ i--~---ii---+-II i i 

242202-CB 
• To Processor 
•• From Processor 

Figure 10-44. Snoop Cycle Overlaying a Locked Cycle 

4-456 I 



10.3.5 FLUSH OPERATION 

The Write-Back Enhanced Intel486 processors exe
cute a flush operation when the FLUSH # pin is ac
tive, and no outstanding bus cycles, such as a line fill 
or write back, are being processed. In the Enhanced 
Bus mode, the processor first writes back all the 
modified lines to external memory. After the write
back is completed, two special cycles are generat
ed, indicating to the external system that the 
write-back is done. All lines in the internal cache are 
invalidated after all the write-back cycles 'are done. 
Depending on the number of modified lines in the 
cache, the flush could take a minimum of 1280 bus 
clocks (2560 processor clocks) and up to a maxi
mum of 5000 + bus clocks to scan the cache, per
form the write-backs, invalidate the cache, and 
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run the flush acknowledge cycles. FLUSH # is imple
mented as an interrupt in the Enhanced Bus mode, 
and will be recognized only on an instruction bound
ary. Write-back system designs should look for the 
flush acknowledge cycles to recognize the end of 
the flush operation. Figure 10-45 shows the flush 
operation of the Write-Back Enhanced Intel486 
processors, when configured in the Enhanced Bus 
mode. 

If the processor is in Standard Bus mode, the proc
essor will not issue special acknowledge cycles in 
response to the FLUSH # input, although the inter
nal cache is invalidated. The invalidation of the 
cache, in this case, takes only two bus clocks. 
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Figure 10-45. Flush Cycle 
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10.3.6 PSEUDO LOCKED CYCLES Descriptor read cycle, which is burst by the system 
returning BRDY #. 

10.3.6.1 Snoop under AHOLD during Pseudo-
Locked Cycles. 

In Enhanced Bus mode, PLOCK# is always driven 
inactive for both burst and non·burst cycles. Hence, 
it is possible for other bus masters to gain control of 
the bus during operand transfers that take more 
than one bus cycle. A 64·bit aligned operand can be 
read in one burst cycle or two non·burst cycles if 
BSB# and 8516# are not asserted. Figure 10·46 
shows a' 64-bit floating point operand or Segment 

AHOLD can fracture a 64-bit transfer if it is a non· 
burst cycle. If the 64-bit cycle is burst, as show~ in 
Figure 10-46, the entire transfer goes to completion 

. and only then does the snoop write-back cycle start. 
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10.3.6.2 Snoop under Hold during Pseudo- Write-Back Enhanced Intel486 processors writes 
back the modified line to memory (if. snoop hits to 
modified line). If the 64-bit transfer is non-bursted, 
the Write-Back Enhanced Intel486 processors can 
issue HLDA in between bus cycles for a 64-bit trans
fer. 

Locked Cycles 

As shown in Figure 10-47, HOLD will not fracture the 
64-bit burst transfer. The Write-Back Enhanced 
Intel486 processors will not issue HLDA until clock 
four. After the 64-bit transfer is completed, the 
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Figure 10-47. Snoop under HOLD Overlaying Pseudo-Locked Cycle 
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10.3.6.3 Snoop under BOFF # Overlaying a 
Pseudo-Locked Cycle . 

BOFF# is capable of fracturing any bus operation. 
As shown in Figure 10-48, BOFF# fractured a cur
rent 64-bit read cycle in clock four. If there is a 

snoop hit under BOFF #, the snoop write-back oper
ation will begin after BOFF # is de-asserted. The 
64-bit write cycle resumes after the snoop write
back operation· completes. 
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Figure 10-48. Snoop under BOFF# Overlaying a Pseudo-Locked Cycle 
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11.0 TESTABILITY 

Testing in the Intel486 processor can be divided into 
two categories: 8uilt-in Self Test (8IST) and external 
testing. The 81ST tests the non-random logic, con
trol ROM (CROM), translation lookaside buffer (Tl8) 
and on-chip cache memory. External tests can be 
run on the Tl8 and the on-chip cache. The Intel486 
processor also has a test mode in which all outputs 
are tri-stated. 

11.1 Built-In Self Test (BIST) 

The 81ST is initiated by holding the AHOlD (address 
hold) HIGH for 1 ClK after RESET goes from HIGH 
to lOW, as shown in Figure 9.6. No bus cycles will 
be run by the Intel486 processor until the 81ST is 
concluded. Note that for the Intel486 processor, the 
RESET must be active for 15 clocks with or without 
81ST enabled for warm resets. SRESET should not 
be driven active (i.e., high) when entering or during 
8IST. See Table 11-1 for approximate clocks and 
maximum completion times for different Intel486 
processors. 

The results of 81ST is stored in the EAX register. 
The Intel486 processor has successfully passed the 
81ST if the contents of the EAX register are zero. If 
the results in EAX are not zero, then the 81ST has 
detected a flaw in the Intel486 processor. The 
Intel486 processor performs reset and begins nor
mal operation at the completion of the 8IST. 

The non-random logic, control ROM, on-chip cache 
and tr~nslation lookaside buffer (Tl8) are tested 
during the 8IST. 

The cache portion of the 81ST verifies that the 
cache is functional and that it is possible to read and 
write to the cache. The 81ST manipulates test regis
ters TR3, TR4 and TR5 while testing the cache. 
These test registers are described in section 11.2, 
"On-Chip Cache Testing." 
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The cache testing algorithm writes a value to each 
cache entry, reads the value back, and checks that 
the correct value was read back. The algorithm may 
be repeated more than once for each of the 512 
cache entries using different constants. The 
IntelDX4 processor has 1024 cache entries. All oth
er Intel486 processors have 512 cache entries. 

The Tl8 portion of the 81ST verifies that the Tl8 is 
functional and that it is possible to read and write to 
the Tl8. The 81ST manipulates test registers TR6 
and TR7 while testing the Tl8. TR6 and TR7 are 
described in section 11.3.2, "Tl8 Test Registers 
TR6 and TR7." 

11.2 On-Chip Cache Testing 

The on-chip cache testability hooks are designed to 
be accessible during the 81ST and for assembly lan
guage testing of the cache. 

The Intel486 processor contains a cache fill buffer 
and a cache read buffer. For testability writes, data 
must be written to the cache fill buffer before it can 
be written to a location in the cache. Data must be 
read from a cache location into the cache read buff
er before the processor can access the data. The 
cache fill and cache read buffer are both 128 bits 
wide. 

11.2.1 CACHE TESTING REGISTERS TR3, TR4 
AND TRS 

Figure 11-1 shows the three cache testing registers: 
the Cache Data Test Register (TR3) , the Cache 
Status Test Register (TR4) and the Cache Control 
Test Register (TR5). External access to these regis
ters is provided through MOV reg, TREG and MOV 
TREG, reg instructions. . 

Table 11·1. Maximum 81ST Completion Time 

Processor Core Clock Approximate Approximate Time for 
Type Freq. Clocks Completions 

Intel486TM SX 25 MHz 1.05 million 42 milliseconds 

IntelSX2TM 50 MHz 0.6 million 24 milliseconds 

Intel486OX 33 MHz 1.05 million 32 milliseconds 

IntelDX2TM 50 MHz 0.6 million 24 milliseconds 

IntelDX4TM 75 MHz . 1.6 million 22 milliseconds 
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31 0 
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TR3 
Data Cache Data 

Test Register 
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~ (used only (used only Cache .status 
during reads) during reads) Test Register 

Tag 
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Entry TR5 
Set Select Control Cache Control Select 

Test Register 

242202-D3 

Figure 11·1. Cache Test Registers (Allintel486™ Processors Except the IntelDX4™ Processor) 
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Figure 11·2. IntelDX4TM Processor Cache Test Registers 
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Cache Data Test Register: TR3 

The cache fill buffer and the cache read buffer can 
only be accessed through TR3. Data to be written to 
the cache fill buffer must first be written to TR3. Data 
read from the cache read buffer must be loaded into 
TR3. 

TR3 is 32 bits wide while the cache fill and read 
buffers are 128 bits wide. 32 bits of data must be 
written to TR3 four times to fill the cache fill buffer. 
32 bits of data must be read from TR3 four times to 
empty the cache read buffer. The entry select bits in 
TRS determine which 32 bits of data TR3 will access 
in the buffers. 

Cache Status Test Register: TR4 

TR4 handles tag, LRU and valid bit information dur
ing cache tests. TR4 must be loaded with a tag and 
a valid bit before a write to the cache. After a read 
from a cache entry, TR4 contains the tag and valid 
bit from that entry, and the LRU bits and four valid 
bits from the accessed set. Note that the IntelDX4 
processor has one less bit in the TR4 TAG field. 
(See Figure 11-1.) 

Cache Control Test Register: TR5 

TRS specifies which testability operation will be per
formed and the set and entry within the set which 
will be accessed. The set select field determines 
which will be accessed. Note that the IntelDX4 proc
essor has an 8-bit set select field and 2S6 sets. All 
other Intel486 processors have a 7-bit set select 
field and 128 sets. (See Figure 11-1.) 

The function of the two entry select bits depends on 
the state of the control bits. When the fill or read 
buffers are being accessed, the entry select bits 
point to the 32-bit location in the buffer being ac
cessed. When a cache location is .specified, the en
try select bits point to one of the four entries in a set. 
(Refer to Table 11-2.) 

Five testability functions can be performed on the 
cache. The two control bits in TRS specify the oper
ation to be executed. The five operations are: 

1. Write cache fill buffer 

2. Perform a cache testability write 

3. Perform a cache testability read 

4. Read the cache read buffer 

S. Perform a cache flush 

I 
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Table 11-2 shows the encoding of the two control 
bits in TRS for the cache testability functions. Table 
11-2 also shows the functionality of the entry and set 
select bits for each control operation. 

The cache tests attempt to use as much of the nor
mal operating circuitry as possible. Therefore, when 
cache tests are being performed, the cache must be 
disabled (the CD and NW bits in control register 0 
(CRO) must be set to 1 to disable the cache. (See 
section 7.0, "On-Chip Cache.") 

11.2.2 CACHE TESTING REGISTERS FOR THE 
IntelDX4TM PROCESSOR 

The cache testing registers for the IntelDX4 proces
sor differ slightly from the other Intel486 processors. 
TR3 in the IntelDX4 processor is identical to other 
Intel486 processors. TR4 in the IntelDX4 processor 
uses bits 31 to 12 for the Tag field, and bit 11 is 
unused. TRS uses bits 11 to 4 for the Set Select 
field. The Test Registers for the IntelDX4 processor 
are shown in Figure 11-2. 

NOTE: 
Software written for the Intel486 processor 
for testing the cache using the Test Register 
will produce failures due to the changes in 
the TAG bits and Set Select bits for the 
IntelDX4 processor. 

Rewrite the code to take into account the 20 
TAG bits and 8 Set Select bits to address 
the larger cache. 

11.2.3 CACHE TESTABILITY WRITE 

A testability write to the cache is a two step process. 
First the cache fill buffer must be loaded with 128 
bits of data and TR4 loaded with the tag and valid 
bit. Next the contents of the fill buffer are written to a 
cache location. 

Loading the fill buffer is accomplished by first writing 
to the entry select bits in TRS and setting the control 
bits in TRS to 00. The entry select bits identify one of 
four 32-bit locations in the cache fill buffer to put 32 
bits of data. Following the write to TRS, TR3 is writ
ten with 32 bits of data which are immediately 
placed in the cache fill buffer. Writing to TR3 initiates 
the write to the cache fill buffer. The cache fill buffer 
is loaded with 128 bits of data by writing to TRS and 
TR3 four times using a different entry select location 
each time. 
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Table 11-2. Cache Control Bit Encoding and Effect of Control Bits 
on Entry Select and Set Select Functionality 

Control Bits 
Operation Entry Select Bits Function Set Select Bits 

Bit 1 Bit 0 

0 0 Enable: Fill Buffer Write Select 32·bit location in -
Read Buffer Read fill/read buffer 

0 1 Perform Cache Write Select an entry in set Select a set to wllte to 

1 0 Perform Cache Read Select an entry in set Select a set to read from 

1 1 Perform Cache Flush 

TR4 must be loaded with the tag and valid bit (bit 10 
in TR4) before the contents of the fill buffer are writ· 
ten to a cache location. The IntelDX4 processor 
has a,20-bit tag in TR4. All other Intel486 proces
sors use a 21-bit tag in TR4. 

The contents of the cache fill buffer are written to a 
cache location by writing TR5 with a control field of 
01 along with the set select and entry select fields. 
The set select and entry select field indicate the 10· 
cation in the cache to be written. The normal cache 
LRU update'circuitry updates the internal LRU bits 
for the selected set. 

Note that a cache testability write can only be done 
when the cache is disabled for replaces (the CD bit 
in control register 0 is reset to 1). Care must be tak
en when directly writing to entries in the cache. If the 
entry is set to overlap an area of memory that is 
being used in external memory, that cache entry 
could inadvertently be used instead of the external 
'memory. This is exactly the type of operation that 
one would desire if the cache were to be used as a 
high speed RAM. Also, 'a memory reference (or any 
external bus cycle) should not occur in between the 
move to TR4 and the move to TR5, in order to avoid 
having the value in TR4 change due to the memory 
reference. 

11.2.4 CACHE TESTABILITY READ 

A cache testability read is a two-step process. First, 
the contents of the cache location are read into the 
cache read buffer. Next, the data is examined by 
reading it out of the read buffer. 

Reading the contents of a cache location into the 
cache read buffer is initiated by writing TR5 with the 
control bits set to 10 and the desired set select and 
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- -
two-bit entry select. The IntelDX4 processor, has 
an 8-blt select field. All other Intel486 proces
sors have a 7-bit select field. In response to the 
write to TR5, TR4 is loaded with the 21-bit tag field 
and the single valid bit from the cache entry read. 
TR4 is also loaded with the three LRU bits and four 
valid bits corresponding to the cache set that was 
accessed. The cache read buffer is filled with the 
128-bit value which was found in the data array at 
the specified location. 

The contents of the read buffer are examined by 
performing four reads of TR3. Before reading TR3 
the entry select bits in TR5 must be loaded to indi
cate which of the four 32-bit words in the read buffer 
to transfer into TR3 and the control bits in TR5 must 
be loaded with 00. The register read of TR3 will initi
ate the transfer of the 32-bit value from the read 
buffer to the specified general purpose register. 

Note that it is very important that the entire 128-bit 
quantity from the read buffer and also the informa
tion from TR4 be read before any memory refer
ences are allowed to occur. If memory operations 
are allowed to happen, the contents of the read buff
er will be corrupted. This is because the testability 
operations use hardware that is used in normal 
memory accesses for the Intel486 processor wheth
er the cache is enabled or not. 

11.2.5 FLUSH CACHE 

The control bits in TR5 must be written ""ith 11 to 
flush the cache. None of the other bits in TR5 have 
any meaning when 11 is written to the control bits. 
Flushing the cache will reset the LRU bits and the 
valid bits to 0, but will not change the cache tag or 
data arrays. 
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When the cache is flushed by writing to TR5, the 
special bus cycle indicating a cache flush to the ex
ternal system is not run. (See section 10.2.11, "Spe
cial Bus Cycles.") For normal operation, the cache 
should be flushed with the instruction INVD (Invali
date Data Cache) instruction or the WBINVD (Write
back and Invalidate Data Cache) instruction. 

11.2.6 ADDITIONAL CACHE TESTING 
FEATURES FOR ENHANCED WRITE
BACK Intel486™ PROCESSORS 

11.2.6.1 Write-Back Enhanced IntelDX2TM 
Processor Cache Testing 

When in Enhanced Bus (write-back) mode, the 
Write-Back Enhanced IntelDX2 cache testing is a 
superset of the Standard Bus (write-through) mode. 

- The additional cache testing features for the Write
Back Enhanced IntelDX2 processor are summarized 
below. 

There are two state bits per cache line (VH and VL) 
instead of one (V). The assignment of VH and VL 
state bits is listed in the Table 11-3. 

Table 11-3. State Bit Assignments for the 
Write-Back Enhanced IntelDX2TM Processor 

State VH,VL 

M 1, 1 
E 0, 1 
S 1,0 
I 0,0 
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When the Write-Back Enhanced IntelDX2 processor 
is in standard mode, the VH state assignments are 
identical to the V state assignments of the IntelDX2 
processor, which only support S and I states. 

TR3 is the same as described above for both Stan
dard and Enhanced Bus modes. 

TR4 is the same as described above for the 
Intel486 processor in Standard Mode. However, in 
Enhanced Bus mode, the cache line state bits of all 
four lines of the set are no longer available, to avoid 
a conflicting definition of state bits for the selected 

- entry. The entry's state bits are moved to positions 0 
and 1. Bit 10 is reserved for the possible extension 
of the tag. The changes to TR4 for Enhanced Bus 
mode are shown in Figure 11-3. 

TR5 is the same as it is for the IntelDX2 processor in 
standard mode. In Enhanced Bus mode, control bit 
TR5.SLF (bit 13) is added to allow 1,1 of TR5.CTL 
(bits 0 and 1) to perform two different kinds of cache 
flushes. When SLF = 0, CTL = 1,1 performs a single
clock invalidate of all lines in the cache, which will 
not write back M-state lines. In the M state, if 
SLF = 1, the specific line addressed will be written 
back and invalidated. The state of SLF is significant 
only when CTL = 1 ,1. The changes to TR5 for En
hanced Bus mode are shown in Figure 11-4. 

Standard 
TR4 

Enhanced 
TR4 

242202-05 

Figure 11-3. TR4 Definition for Standard and Enhanced Bus Modes for the 
Write-Back Enhanced IntelDX2TM Processor 
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Standard 
TR5 

Enhanced 
TR5 

242202-D6 

Figure 11-4. TR5 Definition for Standard and Enhanced Bus Modes for the 
Write-Back Enhanced IntelDX2TM Processor 

11.2.6.2 Write-Back Enhanced IntelDX4TM 
Processor 

When in Enhanced Bus (Write-Back) mode, the 
Write-Back Enhanced IntelDX4 cache testing is a 
superset of the Standard Bus (Write-Through) mode. 
The additional cache testing features for the Write
Back Enhanced IntelDX4 processor are summarized 
below. 

There are two state bits per cache line (VH and VL) 
instead of one (V). The assignment of VH and VL 
state bits is shown in Table 11-4 . . 
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Table 11-4. State Bit Assignments for the Write 
Back Enhanced IntelDX4TM Processor 

State VH,VL 
M 1, 1 
E 0, 1 
S 1,0 
I 0,0 
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The state assignments have been chosen so that 
VH is ideritical to the V-state of the IntelDX4 proces
sor, when the Write-Back Enhanced IntelDX4 is in 
Standard Bus mode and where only S and I states 
are possible. 

There are no changes to TR3 between the Standard 
Bus mode and the Enhanced Bus mode. The TR4 
definition remains the same in Standard Bus mode 
as in Intel486 processors. The changes to TR4 in 
Enhanced Bus mode are shown in Figure 1'1-S. 

In Enhanced Bus mode, the cache line state bits of 
all four lines of the set are no longer available, which 
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eliminates the possibility of a conflicting definition of 
state bits for the selected entry. The entry's state 
bits are moved to positions 0 and 1. 

TRS is also the same in Standard Bus mode as in 
standard Intel486 processors. A minor change to 
TRS in Enhanced Bus mode is illustrated in Figure 
11-6. 

In Enhanced Bus mode, control bit TRS.SLF (bit 13) 
is added to allow 1,1 of TRS.GTL (bits 1-0) to per
form two different kinds of cache flushes. When 
SLF = 0, GTL = 1,1 performs a single clock invalidate 
of all lines in the cache, which will NOT write-back 
M-State lines. If SLF = 1, the specific line addressed 
will be written back (IF in M-State) and invalidated. 
The state of SLF is significant only when GTL = 1,1. 

Standard 
TR4 

Enhanced 
TR4 

242202-M5 

Figure 11-5. TR4 Definition for Standard and Enhanced Bus Modes for 
the Write-Back Enhanced IntelDX4TM Processor 

I 

Standard 
TRS 

Enhanced 
TRS 

242202-M6 

Figure 11-6. TR5 Definition for Standard and Enhanced Bus Modes for 
the Write-Back Enhanced IntelDX4TM Processor 

4·467 



Intel486TM PROCESSOR FAMILY 

11.3 Translation Lookaside Buffer 
(TLB) Testing . 

The Intel486 processor TL,B testability hooks are 
similar to those in the Intel386 processor. The testa
bility hooks have been enhanced to provide added 
test features and to include new features in the 
Intel486 processor. The TLB testability hooks are 
designed to be accessible during the BIST and for 
assembly language testing of the TLB. 

11_3.1 TRANSLATION LOOKASIDE BUFFER 
ORGANIZATION 

The Intel486 processor TLB is 4-way set associative 
and has space for 32 .entries. The TLB is logically 
split into three blocks shown in Figure 11-7. 
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The data block is physically split into four arrays, 
each with space for eight ·entries. An entry in the 
data block is 22 bits wide containing a 20-bit physi
cal address and two bits for the page attributes. The 
page attributes are the PCO (page cache disable) bit 
and the PWT (page write-through) bit. Refer to sec
tion 7.6, "Page Cacheability," for a discussion of the 
PCO and PWT bits. 

The tag block is also split into four arrays, one for 
each of the data arrays. A tag entry is 21 bits wide 
containing a 17-bit linear address and four protec
tion bits. The protection bits are valid (V), user/su
pervisor (U/S), read/write (R/W) and dirty (0). 

The third block contains eight three bit quantities 
used in the pseudo least recently used (LRU) re
placement algorithm. These bits are called the LRU 
bits. Unlike the on-chip cache, the TLB will replace a 
valid line even when there is an invalid line in a set. 
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242202-07 

Figure 11-7. TLB Organization 

11.3.2 TLB TEST REGISTERS TR6 AND TR7 

The two TLB test registers are shown in Figure 11-8. 
TR6 is the command test register and TR7 is the 
data test register. External access to these registers 
is provided through MOV reg,TREG and MOV 
TREG,reg instructions. 

Command Test Register: TR6 

TR6 contains the tag information and control infor
mation used in a TLB test. Loading TR6 with tag and 
control information initiates a TLB write or lookup 
test. 

I 

TR6 contains three bit fields, a 20-bit linear address 
(bits 12-31), seven bits for the TLB tag protection 
bits (bits 5·11) and one bit (bit 0) to define the type 
of operation to be performed on the TLB. 

The 20-bit linear address forms the tag information 
used in the TLB access. The lower three bits of the 
linear address select which of the eight sets are ac
cessed. The upper 17 bits of the linear address form 
the tag stored in the tag array. 
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31 12 11 10 9 8 7 6 5 4 o 

Unear Address 

31 

TR6 
TLBCommand 
Test Register 

TA7 
Physical Address TLB Data 

Test Register 

Replacement Pointer Select (Writes) Replacement Pointer (Wrnes) 
Hit tndlcatlon (Lookup) Hn location (Lookup) 

242202-08 

Figure 11-8. TLB Test Registers 

The seven TLB tag protection bits are described be
low. 

V: The valid bit for this TLB entry 

0,0#: The dirty bit forlfrom the TLB entry 

U,U#: The user/supervisor bit forlfrom the TLB 
entry 

W,W#: The read/write bit forlfrom the TLB entry 

Two bits are used to represent the 0, U/S and A/W 
bits in the TLB tag to permit the option of a forced 

miss or hit during. a TLB lookup operation. The 
forced miss or hit will occur regardless of the state 
of the actual bit in the TLB. The meaning of these 
pairs of bits is given in Table 11-5. 

, 
The operation bit in TA6 determines if the TLB test 
operation will be a write or a lookup. The function of 
the operation bit is given in Table 11-6. 

Table 11-5. Meaning of a Pair of TR6 Protection Bits 

TR6 Protection Bit TR6 Protection Blt# Meaning on Meaning on 
(B) (B#) TLB Write Operation TLB Lookup Operation 

0 0 Undefined Miss any TLB TAG Bit B 
0 1 Write 0 to TLB TAG Bit.B Match TLB TAG Bit B if 0 
1 0 Write 1 to TLB TAG Bit B Match TLB TAG Bit B if 1 
1 1 Undefined Match any TLB TAG Bit B 
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Table 11-6. TR6 Operation Bit Encoding 

'TR6 TLB Operation to Be Performed 
Bit 0 

0 TLBWrite 
1 TLB Lookup 

Data Test Register: TR7 

TR7 contains the information stored or read from the 
data block during a TLB test operation. Before a TLB 
test write, TR7 contains the physical address and 
the page attribute bits to be stored in the entry. After 
a TLB test lookup hit, TR7 contains the physical ad
dress, page attributes, LRU bits and entry location 
from the access. 

TR7 contains a 20-bit physical address (bits 12-31), 
PLD bit (bit 11), PWT bit (bit 10), and three bits for 
the LRU bits (bits 7-9). The LRU bits in TR7 are only 
used during a TLB lookup test. The functionality of 
TR7 bit 4 differs for TLB writes and lookups. The 
encoding of bit 4 is defined in Table 11-7 and Table 
11-8. Finally, TR7 contains two bits (bits 2-3) to 
specify a TLB replacement pointer or the location of 
a TLB hit. 

Table 11-7. Encoding of Bit 4 of TR7 on Writes 

TR7 Replacement Pointer Used on 
Bit 4 TLB Write 

0 Pseudo-LRU Replacement Pointer 
1 Data Test Register Bits 3:2 

A replacement pointer is used during a TLB write. 
The pointer indicates which of the four entries in an 
accessed set is to be written. The replacement 
pointer can be specified to be the internal LRU bits 
or bits 2-3 in TR7. The source of the replacement 
pointer is specified by TR7 bit 4. The encoding of bit 
4 during a write is given by Table 11-7. 

Note that both testability writes and lookups affect 
the state of the internal LRU bits regardless of the 
replacement pointer used. All TLB write operations 
(testability or normal operation) cause the written 
entry to become the most recently used. For exam
ple, during a testability write with the replacement 
pointer specified by TR7 bits 2-3, the indicated en
try is written and that entry becomes the most re
cently used as specified by the internal LRU bits. 

There are two TLB testing operations: write entries 
into the TLB, and perform TLB lookups. One major 
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enhancement over TLB testing in the Intel386 proc
essor is that paging need not be disabled while exe
cuting testability writes or lookups. 

Note that any time one TLB set contains the same 
linear address in more than one of its entries, look
ing up that linear address will give unpredictable re
sults. Therefore a single linear address should not 
be written to one TLB set more than once. 

Table 11-8. Encoding of Bit 4 of TR7 on Lookups 

TR7 
Meaning after TLB Lookup Operation 

Bit4 

0 TLB Lookup Resulted in a Miss 
1 TLB Lookup Resulted in a Hit 

11.3.3 TLB WRITE TEST 

To perform a TLB write TR7 must be loaded fol
lowed by a TR6 load. The register operations must 
be performed in this order because the TLB opera
tion is triggered by the write to TR6. 

TR7 is loaded with a 20-bit physical address and 
values for PCD and PWT to be written to the data 
portion of the TLB. In addition, bit 4 of TR7 must be 
loaded to indicate whether to use TR7 bits 3-2 or the 
internal LRU bits as the replacement pointer on the 
TLB write operation. Note that the LRU bits in TR7 
are not used in a write test. 

TR6 must be written to initiate the TLB write opera
tion. Bit 0 in TR6 must be reset to zero to indicate a 
TLB write. The 20-bit linear address and the seven 
page protection bits must also be written in TR6 to 
specify the tag portion of the TLB entry. Note that 
the three least significant bits of the linear ad9ress 
specify which of the eight sets in the data block will 
be loaded with the physical address data. Thus only 
17 of the linear address bits are stored in the tag 
array. 

11.3.4 TLB LOOKUP TEST 

To perform a TLB lookup it is only necessary to write 
the proper tags and control information into TR6. Bit 
o in TR6 must be set to 1 to indicate a TLB lookup. 
TR6 must be loaded with a 20-bit linear address and 
the seven protection bits. To force misses and 
matches of the individual protection bits on TLB 
lookups, set the seven protection bits as specified in 
Table 11-5. 
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A TLB lookup operation is initiated by the write to 
TR6. TR7 will indicate the result of the lookup opera
tion following the write to TR6. The hit/miss indica
tion can be found in TR7 bit 4 (see Table 11-8). 

TR7 will contain the following information if bit 4 indi
cated that the lookup test resulted in a hit. Bits 2-3 
will indicate in which set the match occurred. The 22 
most significant bits in TR7 will contain the physical 
address and page attributes contained in the entry. 
Bits 9-7 will contain the LRU bits associated with 
the accessed set. The state of the LRU bits is previ
ous to their being updated for the current lookup. 

If bit 4 in TR7 indicated that the lookup test resulted 
in a miss the remaining bits in TR7 are undefined. 

Again it should be noted that a TLB testability lookup 
operation affects the state of the LRU bits. The LRU 
bits will be updated if a hit occurred. The entry which 
was hit will become the most recently used. 

11.4. Tri-State Output Test Mode 

The Intel486 processor provides the ability to float 
all its outputs and bidirectional pins, except for the , 
VOLOET pin in the IntelOX4 processor. This in
cludes all pins floated during bus hold as well as 
pins which are never floated in normal operation of 
the chip (HLOA, BREQ, FERR# and PCHI<#). 
When the Intel486 processor is in the tri-state output 
test mode external testing can be used to test board 
connections. 

The tri-state test mode is invoked if FLUSH # is 
sampled active at the falling edge of RESET. 
FLUSH # is an asynchronous signal. When driven, 
FLUSH # should be asserted for 2 clocks before and 
2 clocks after RESET is de-asserted. If FLUSH# is 
driven synchronously, the tri-state output test mode 
is initiated by driving FLUSH # so that it is sampled 
active in the clock prior to RESET going low and 
ensuring that specified setup and hold times are 

. met. The outputs are gUl;lranteed to tri-state no later 
than 10 clocks after RESET goes low (see Figure 
9.6). The Intel486 processor remains in the tri-state 
test mode until the next RESET. 

11.5 Intel486™ Processor Boundary 
Scan (JTAG) 

The Intel486 processor provides additional testabili
ty features compatible with the IEEE Standard Test 
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Access Port and Boundary Scan Architecture (IEEE 
Std, 1149.1). (Note that the Intel486 SX processor in 
PGA package does not have JTAG capability.) The 
test logic provided allows for testing to insure that 
components function correctly, that interconnec
tions between various components are correct, and 
that various components interact correctly on the 
printed circuit board. 

The boundary scan test logic consists of a boundary 
scan register and support logic that are accessed 
through a test access port (TAP). The TAP provides 
a simple serial interface that makes it possible to 
test all signal traces with only a few probes. 

The TAP ·can be controlled via a bus master. The 
bus master can be either automatic test equipment 
or a cOmponent (PLO) that interfaces to the four-pin 
test bus. 

11.5.1 BOUNDARY SCAN ARCHITECTURE 

The boundary scan test logic contains the following 
elements: 

• Test access port (TAP), consisting of input pins 
TMS, TCK, and TOI; and output pin TOO. 

• TAP controller, which interprets the inputs on the 
test mode select (TMS) line and performs the 
corresponding operation. The operations per
formed by the TAP include controlling the instruc
tion and data registers within the component. 

• Instruction register (IR), which accepts instruction 
codes shifted into the test logic on the test data 
input (TOI) pin. The instruction codes are used to 
select the specific test operation to be performed 
or the test data register to be accessed. 

• Test data registers: The Intel486 processor con
tains three test data registers: Bypass register 
'(BPR), Oevice Identification register (010), and 
Boundary Scan register (BSR). 

The instruction and test data registers are separate 
shift-register paths connected in parallel and have a 
common serial data input and a common serial data 
output connected to the TAP signals, TOI and TOO, 
respectively. 

11.5.2 DATA REGISTERS 

The Intel486 processor contains the two required 
test data registers; bypass register and boundary 
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scan register. In addition, they also have a device 
identification register. 

Each test data register is serially connected to TOI 
and TOO, with TOI connected to the most significant 
bit and TOO connected to the least significant bit of. 
the test data register. 

Oata is shifted one stage (bit position within the reg
ister) on each rising edge of the test clock (TCK). In 
addition the Intel486 processor contains a runbist 
register to support the RUNBIST boundary scan in
struction. 

11.5.2.1 Bypass Register 

The Bypass Register is a one-bit shift register that 
provides the minimal length path between TOI and 
TOO. This path can be selected when no test opera
tion is being performed by the component to allow 
rapid movement of test data to and from other 

Intel486TM PROCESSOR FAMILY 

components on the board. While the bypass register 
is selected data is transferred from TOI to TOO with
out inversion. 

11.5.2.2 Boundary Scan Register 

The Boundary Scan Register is a single shift register 
path containing the boundary scan cells that are 
connected to all input and output pins of the Intel486 
processor. Figure 11-9 shows the logical structure of 
the boundary scan register. While output cells deter
mine the value of the signal driven on the corre
sponding pin, input cells only capture data; they do 
not affect the normal operation of the device. Oata is 
transferred without inversion from TOI to TOO 
through the boundary scan register during scanning. 
The boundary scan register can be operated by the 
EXT EST and SAMPLE instructions. The boundary 
scan register order is described in section 11.5.5 
"Boundary Scan Register Bits and Bit Orders." 

p---------------------------. 
BOUNDARY SCAN REGISTER 

I 

SYSTEM 
LOGIC 1---101 
INPUT 

TCK 

.. _---
TOI 

p---------"I 

SYSTEM 
LOGIC 

TOO 

Figure 11·9. Logical Structure of Boundary Scan Register 

SYSTEM 
BIDIRECTIONAL 
PIN 

SYSTEM 
3-STATE 
OUTPUT 
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11.5.2.3 Device Identification Register 

The Device Identification Register contains the man
ufacturer's identification code, part number code, 
and version code. Table 11-9 lists the codes corre
sponding to the Intel486 processor. 

11.5.2.4 Runbist Register 

The Runbist Register is a one bit register used to 
report the results of the Intel486 processor BIST 
when it is initiated by the RUNBIST instruction. This 
register is loaded with a "1" prior to invoking the 
BIST and is loaded with "0" upon successful com
pletion. 

11.5.3 INSTRUCTION REGISTER 

The Instruction Register (IR) allows instructions to 
be serially shifted into the device. The instruction 
selects the particular test to be performed, the test 
data register to be accessed, or both. The instruc
tion register is four (4) bits wide. The most significant 
bit is connected to TDI and the least significant bit is 
connected to TOO. There are no parity bits associat
ed with the Instruction register. Upon entering the 
Capture-IR TAP controller state, the Instruction reg
ister is loaded with the default instruction "0001," 
SAMPLE/PRELOAD. Instructions are 'shifted into 
the instruction register on the rising edge of TCK 
while the TAP controller is in the SHIFT-IR state. 
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11.5.3.1 Boundary Scan Instruction Set 

The Intel486 processor supports all three mandatory 
boundary scem instructions (BYPASS, SAMPLE/ 
PRELOAD, and EXTEST) along with two optional in
structions (IDCODE and RUNBIST). Table 11-10 
lists the Intel486 processor boundary scan instruc- ' 
tion codes. The instructions listed as PRIVATE 
cause TOO to become enabled in the Shift-DR state 
and cause "0" to be shifted out of TOO on the rising 
edge of TCK. Execution of the PRIVATE instructions 
wHlnot cause hazardous operation of the Intel486 
processor. 

EXTEST The instruction code is "0000." The 
EXTEST instruction allows testing of cir
cuitry external to the component package, 
typically board interconnects. It does so by 
driving the values loaded into the Intel486 
processor's boundary scan register out on 
the output pins corresponding to each 
boundary scan cell and capturing the val
ues on Intel486 processor input pins to be 
loaded into their corresponding boundary 
scan register locations. I/O pins are se
lected as input or output, depending on 
the value loaded into their control setting 
locations in the boundary scan register. 
Values shifted into input latches in the 
boundary scan register are never used by' 
the internal logic of the Intel486 proces
sor. 

I 



Intel486™ PROCESSOR FAMILY 

Table 11-9. Boundary Scan Component Identification Codes 

Processor Vee Intel 
MFGIO 1st Boundary 

Type 
Version 1=3.3V Architecture Family Model 

Intel=OO9H Bit Scan 10 (Hex) 
O=5V Type 

Intel486™ SX xxxx' 1 000001 0100 00010 00000001001 1 x8282013H 
processor (3.3V) 

Intel486 SX xxxx' 1 000001 0100 00010 00000001001 1 x8282013H 
processor 
(3.3V, 2X ClK) 

Intel486SX xxxx' 0 000001 0100 00010 00000001001 1 x0282013H 
processor (5V) 

Intel486SX xxxx' 0 000001 0100 00010 00000001001 1 x0282013H 
processor 
(5V,2XClK) 

IntelSX2™ xxxx' 0 000001 0100 00101 00000001001 1 x0286013H 
processor 

Intel486 OX xxxx' 1 000001 0100 00001 00000001001 1 x8281013H 
processor (3.3V) 

Intel486 OX xxxx' 1 000001 0100 00001 00000001001 1 x8281013H 
processor 
(3.3V, 2X ClK) 

Intel486 OX xxxx' 0 000001 0100 00001 00000001001 1 x0281013H 
processor (5V) 

Intel486 OX xxxx' 0 000001 0100 00001 00000001001 1 x0281013H 
processor 
(5V,2XClK) 

IntelOX2™ xxxx' 1 000001 0100 00101 00000001001 1 x8285013H 
processor (3.3V) 

IntelOX2 processor xxxx' 0 000001 0100 00101 00000001001 1 x0285013H 
(5V) 

Write-Back xxxx' 1 000001 0100 00111 00000001001 1 x8287013H 
Enhanced IntelOX2 
processor (3.3V) 

Write-Back xxxx' 0 000001 0100 00111 00000001001 1 x0287013H 
Enhanced IntelOX2 
processor (5V) 

IntelOX4™ xxxx' 1 000001 0100 01000 00000001001 1 x8288013H 
processor (3.3V) 

Write-Back xxxx' 1 000001 0100 01001 00000001001 1 X8289013H 
Enhanced IntelOX4 
processor (3.3V) 

NOTE: 
'Contact Intel for details 
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Table 11-10. Boundary Scan Instruction Codes . 

Instruction Code Instruction Name 

0000 EXTEST 

0001 SAMPLE 

0010 IDCODE 

0011 PRIVATE 

0100 PRIVATE 

0101 PRIVATE 

0110 PRIVATE 

0111 PRIVATE 

1000 RUNBIST 

1001 PRIVATE 

1010 PRIVATE 

1011' PRIVATE' 

1100 PRIVATE 

1101 PRIVATE 

1110 PRIVATE 

1111 BYPASS 

NOTE: 
After using the EXTEST instruction, the 
Intel486 processor must be reset before nor
mal (non-boundary scan) use. 

SAMPLE/ The instruction code is "0001." The 
PRELOAD SAMPLE/PRELOAD has two functions 

that it performs. When the TAP control
ler is in the Capture-DR state, the 
SAMPLE/PRELOAD instruction allows 
a "snap-shot" of the normal operation 
of the component without interfering 
with that normal operation. The instruc
tion causes boundary scan register 
cells associated with outputs to sample 
the value being driven by the Intel486 
processor. It causes the cells associat
ed with inputs to sample the value be
ing driven into the Intel486 processor. 
On both outputs and inputs the sam
pling occurs on the rising edge of TCK. 
When the TAP controller is in the Up
date-DR state, the SAMPLE/PRELOAD 
instruction preloads data to the device 
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pins to be driven to the board by exe
cuting the EXTEST instruction. Data is 
preloaded to the pins from the bounda
ry scan register on the falling. edge of 
TCK. 

IDODE The instruction code is "0010.'; The 
IDCODE instruction selects the device 
identification register to be connected 
to TDI and TOO, allowing the device 
identification code to be shifted out of 
the device on TOO. Note that the de
vice identification register is not altered 
by data being shifted in on TDI. 

BYPASS The instruction code is "1111." The 
BYPASS instruction selects the bypass 
register to be connected to TDI and 
TOO; effectively bypassing the test log
ic on the Intel486 processor by reduc
ing the shift length of the device to one 
bit. Note that an open circuit fault in the 
board level test data path will cause the 
bypass register to be selected following 
an instruction scan cycle due to the 
pull-up resistor on the TDI input. This 
has been done to prevent any unwant
ed interference with the proper opera-
tion of the system logic. . 

RUNBIST The instruction code is "1000." The 
RUNBIST instruction selects the one 
(1) bit runbist register, loads a value of 
"1" into the runbist register, and con
nects it to TOO. It also initiates the built
in self test (BIST) feature of the 
Intel486 processor, which is able to de
tect approximately 60% of the stuck-~t 
faults on the Intel486 processor. The 
Intel486 processor ac/dc specifications 
for Vee and CLK must be met and 
RESET must have been asserted at 
least once prior to ex~cuting the 
RUNBIST boundary scan instruction. 
After loading the RUNBIST instruction 
code in the instruction register, the TAP 
controller must be placed in the Run
Test/Idle state. BIST begins on the first 
rising edge of TCK after entering the 
Run-Testlldle state. The TAP controller 
must remain in the Run-Test/Idle state 
until BIST is completed. It requires 1.2 
million clock (CLK) cycles to complete 
BIST and report the result to the runbist 
register. After completing the 1.2 million 
clock (ClK) cycles, the value in the run
bist register should be shifted out on 

I 



TOO during the Shift-DR state. A value 
of "0" being shifted out on TOO indi
cates BIST successfully completed. A 
value of "1" indicates a failure oc
curred. After executing the RUNBIST 
instruction, the Intel486 processor must 
be reset prior to normal operation. 

11.5.4 TEST ACCESS PORT (TAP) 
CONTROLLER 

The T APcontrolier is a synchronous, finite state ma
chine. It controls the sequence of operations of 
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the test logic. The TAP controller changes state only 
in response to the following events: 

1. a rising edge of TCK 

2. power-up. 

The value of the test mode state (TMS) input signal 
at a rising edge of TCK controls the sequence of the 
state changes. The state diagram for the TAP con
troller is shown in Figure 11-8. Test designers must 
consider the operation of the state machine in. order 
to design the correct sequence of values to drive on 
TMS. 

242202-EO 

Figure 11·10. TAP Controller State Diagram 
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11.5.4.1 Test-Logic-Reset State 

In this state, the test logic is disabled so that normal 
operation of the device can continue unhindered. 
This is achieved by initializing the instruction register 
such that thelDCODE instruction is loaded. No mat
ter what the original state of the controller, the con
troller enters Test-Logic-Reset state when the TMS 
input is held high (1) for at least five rising edges of 
TCK. The controller remains in this state while TMS 
is high. The TAP controller is also forced to enter 
this state at power-up: 

. 11.5.4.2 Run-Test/ldle State 

A controller state between scan operations. Once 
in this state, the controller remains in this state as 
long as TMS is held low. In devices supporting the 
RUNBIST instruction, the BIST is performed during 
this state and the result is reported in the runbist 
register. For instruction not causing functions to exe
cute during this state, no activity occurs in the test 
logic. The instruction register and all test data regis-· 
ters retain their previous state. When TMS is high 
and a rising edge is applied to TCK, the controller 
moves to the Select-DR state. 

11.5.4.3 Select-OR-Scan State 

This is a temporary controller state. The test data 
register selected by the current instruction retains its 
previous state. If TMS is held low and a rising edge 
is applied to TCK when in this state, the controller 
moves into the Capture-DR state, and a scan se
quence for the selected test data register is initiated. 
If TMS is held high and a rising edge is applied to 
TCK, the controller moves to the Select-IR-Scan 
~tate. 

The instruction does not change in this state. 

11.5.4.4 Capture-DR State 

In this state, the boundary scan register captures 
input, pin data if the current instruction is EXTEST or 
SAMPLE/PRELOAD. The other test data registers, 
which do not have parallel input, are not changed. 

The instruction does not change in this state. 

When the TAP controller is in this state and a rising 
edge is applied to TCK, the controller enters the 
Exit1-DR state if TMS is· high or the Shift-DR state if 
TMS is low. 

4-478 

11.5.4.5 Shift-DR State· 

In this .controller state, the test data register con
nected between TDI and TOO as a result of the cur
rent instruction shifts data one stage toward its serial 
output on each rising edge of TCK. 

The instruction does not change in this state. 

When the TAP controller is in this state and a rising 
edge is applied to TCK, the controller enters the 
Exit1-DR state if TMS is high or remains in the Shift
DR state if TMS is low . 

11.5.4.6 Exit1-0R State 

This is a temporary state. While in this state, if TMS 
is held high, a rising edge applied to TCK causes the 
controller to enter the Update-DR state, which termi
nates the scanning process. If TMSis held low and a 
rising edge is applied to TCK, the controller enters 
the Pause-DR state. 

The test data register selected by the current in
struction retains its previous value during this state. 
The instruction does not change in this state. 

11.5.4.7 Pause-DR State 

The pause state allows the test controller to tempo
rarily halt the shifting of data through the test data 
register in the serial path between TDI and TOO. An 
example of using this state could be to allow a tester 
to reload its pin memory from disk during application 
of a long test sequence. 

The test data register selected by the current in
struction retains its previous value during this state. 
The instruction does not change in this state. 

The controller remains in this state as long as TMS 
is low. When TMS goes high and a rising edge is 
applied to TCK, the controller moves to the Exit2-DR 
state. 

11.5.4.8 Exlt2-0R State 

This is a temporary state. While in this state, if TMS 
is held high, a rising edge applied to TCK causes the 
controller to enter the Update-DR state, which termi
nates the scanning process. If TMS is held low and a 
rising edge is applied to TCK, ·the controller enters 
the Shift-DR state. 
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The test data register selected by the current in
struction retains its previous value during this state. 
The instruction does not change in this state. 

11.5.4.9 Update-DR State 

The boundary scan register is provided with a 
latched parallel output to prevent changes at the 
parallel output while data is shifted in response to 
the EXTEST andSAMPLE/PRELOAO instructions. 
When the TAP controller is in this state and the 
boundary scan register is selected, data is latched 
onto the parallel output of this register from the shift
register path on the falling edge of TCK. The data 
held at the latched parallel output does not change 
other than in this state. 

All test data registers selected by the current in
struction retains its previous value during this state. 
The instruction does not change in this state. 

11.5.4.10 Select-IR-Scan State 

This is a temporary controller state. The test data 
register selected by the current instruction retains its 
previous value. If TMS is held low and a rising edge 
is applied to TCK when in this state, the controller 
moves into the Capture-IR state, and a scan se
quence for the instruction register is initiated. If TMS 
is held high and a rising edge is applied to TCK, the 
controller moves to the Test-Logic-Reset state. 

The instruction does not change in this state. 

11.5.4.11 Capture-IR State 

In this controller state the shift register contained in 
the instruction register loads the fixed value "0001" 
on the rising edge of TCK. 

The test data register selected by the current in
struction retains its previous value during this state. 
The instruction does not change in this state. When 
the controller is in this state and a rising edge is 
applied to TCK, the controller enters the Exit1-IR 
state if TMS is held high, or the Shift-IR state if TMS 
is held low. 

11.5.4.12 Shift-IR State 

In this state the shift register contained in the in
struction register is connected between TOI and 
TOO and shifts data one stage towards its serial out
put on each rising edge of TCK. 
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The test data register selected by the current in
struction retains its previous value during this state. 
The instruction does not change in this state. 

When the controller is in this state and a rising edge 
is applied to TCK, the controller enters the Exit1-IR 
state if TMS is held high, or remains in the Shift-IR 
state if TMS is held low. 

11.5.4.13 Exit1-IR State 

This is a temporary state. While in this state, if TMS 
is held high, a rising edge applied to TCK causes the 
controller to enter the Update-IR state, which termi
nates the scanning process. If TMS is held low and a 
rising edge is applied to TCK, the controller enters 
the Pause-IR state. 

The test data register selected by the current in
struction retains its previous value during this state. 
The instruction does not change in this state. 

11.5.4.14 Pause-IR State 

The pause state allows the test controller to tempo
rarily halt the shifting of data through the instruction 
register. 

The test data register selected by the current in
struction retains its previous value during this state. 
The instruction does not change in this state. 

The controller remains in this state as long as TMS 
is low. When TMS goes high and a rising edge is 
applied to TCK, the controller moves to the Exit2-IR 
state. 

11.5.4.15 Exlt2-IR State 

This is a temporary state. While in this state, if TMS 
is held high, a rising edge applied to TCK causes the 
controller to enter the Update-IR state, which termi
nates the scanning process. If TMS is held low and a 
rising edge is applied to TCK, the controller enters 
the Shift-IR state. 

The test data register selected by the current in
struction retains its previous value during this state. 
The instruction does not change in this state. 
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11.5.4.16 Update-IR State 

The instruction shifted into the instruction register is 
latched onto the parallel output from the shift-regis
ter path on the falling edge of TCK. Once the new 
instruction has been latched, it becomes the current 
instruction. 

Test data registers selected by the new current in
struction retain the previous value. 

11.5.5 BOUNDARY SCAN REGISTER BITS AND 
BIT ORDERS 

The boundary scan register contains a cell for each 
pin, as well as cells for control of 1/0 and tri-state 
pins. 

Intel486TM SX and IntelSX2TM Processor Bound
ary Scan Register Bits 

The following is the bit order of the Intel486 SX and 
IntelSX2 processor boundary scan register (from left 
to right and top to bottom. See notes below): . 

TOO ~ A2, A3, A4, A5, UP#, A6, A7, A8, A9, 
A10, A11, A12, A13, A14, A15, A16, A17, A18, 
A19,A20,A21, A22, A23,A24,A25,A26,A27, 
A28, A29, A30, A31, OPO, ~O, 01, 02, 03, 04, 
05, 06, 07, OP1, 08, 09, 010, 011, 012, 013, 
014, 015, OP2, 016, 017, 018, 019, 020, 
021, 022, 023, OP3, 024, 025, 026, 027, 
028, 029, 030, 031, STPClK#, Reserved, 
Reserved, SMI#, SMIACT#, SRESET, NMI, 
INTR, FlUSH#, RESET, A20M#, EAOS#, 
PCO, PWT, O/C#, M/IO#, BE3#, BE2#, 
BE1 #, BEO#, BREQ, W/R#, HlOA, ClK, Re
served, AHOlO, HOLD, KEN#, ROY#, BS8#, 
BS16#, BOFF#, BROY#, PCHK#, lOCK#, 
PlOCK#, BlAST#, AOS#, MISCCTl, 
BUSCTl, ABUSCTl, WRTl ~ TOI 
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Intel486™ DX and IntelDX2TM Processor Bound
ary Scan Register Bits 

The following is the bit order of the Intel486 OX and 
IntelOX2 processor boundary scan register (from left 
to right and top to bottom. See notes below): 

TOO ~ A2, A3, A4, A5, UP#, A6, A7, A8, A9, 
A10,A11,A12,A13,A14,A15,A16,A17,A18, 
A19,A20,A21,A22,A23,A24,A25,A26,A27, 
A28,A29,A30,A31, OPO, ~O, 01,02, 03,04, 
05,06,07, OP1, 08,09, 010,011,012,013, 
014, 015, OP2, 016, 017, 018, 019, 020, 
021, 022, 023, OP3, 024, 025, 026, 027, 
028, 029, 030, 031, STPClK#, IGNNE#, 
FERR#, SMI#, SMIACT#, SRESET, NMI, 
INTR, FlUSH#, RESET, A20M#, EAOS#, 
PCO, PWT, O/C#, M/IO#, BE3#, BE2#, 
BE1 #, BEO#, BREQ, W/R#, HlOA, ClK, Re
served, AHOlO, HOLD, KEN#, ROY#, BS8#, 
BS16#, BOFF#, BROY#, PCHK#, lOCK#, 
PlOCK#, BlAST#, AOS#, MISCCTl, 
BUSCTL, ABUSCTl, WRTl ~ TOI 

50-MHz Intel486™ DX Processor Boundary Scan 
Register Bits . 

The following is the bit order of the 50-MHz Intel486 
OX processor boundary scan register (from left to 
right and top to bottom. See notes below): 

TOO ~ A2, A3, A4, A5, UP#, A6, A7, A8, A9, 
A10,A11,A12,A13,A14,A15,A16,A17,A18, 
A19,A20,A21,A22,A23,A24,A25,A26,A27, 
A28, A29, A30, A31, OPO, ~O, 01, 02, 03, 04, 
05,06,07,OP1,08,09,010, 011,012,013, 
014, 015, OP2, 016, 017, 018, 019, 020, 
021, 022, 023, OP3, 024, 025, 026, 027, 
028,029,030,031, IGNNE#, FERR#, NMI, 
INTR, FlUSH#, RESET, A20M#, EAOS#, 
PCO, PWT, O/C#, M/IO#, BE3#, BE2#, 
BE1 #, BEO#, BREQ, W/R#, HlOA, ClK, Re
served, AHOLO, HOLD, KEN#, ROY#, BS8#, 
BS16#, BOFF#, BROY#, PCHK#, lOCK#, 
PlOCK#, BlAST#, AOS#, MISCCTl, 
BUSCTl, ABUSCTl, WRTl ~ TOI 
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Write-Back Enhanced IntelDX4TM and Write
Back Enhanced IntelDX2TM Processor Boundary 
Scan Register Bits . 

The following is the bit order of the Write-Back En
hanced IntelOX2 processor boundary scan register 
(from left to right and top to bottom. See notes be
low). 

TOO +- A2, A3, A4, A5, UP#, A6, A7, A8, A9, 
A10,A11,A12,A13,A14,A15,A16,A17,A18, 
A19,A20,A21,A22,A23,A24,A25,A26,A27, 
A28,A29,A30,A31, OP~, DO, 01, 02, 03, 04, 
05,06,07,OP1,08,09,010,011,012,013, 
014, 015, OP2, 016, 017, 018, 019, 020, 
021, 022, 023, OP3, 024, 025, 026, 027, 
028, 029, 030, 031, STPClK#, IGNNE#, 
INV, CACHE#, FERR#, SMI#, WB/WT#, 
HITM#, SMIACT#, SRESET, NMI, INTR, 
FlUSH#, RESET, A20M#, EAOS#, PCO, 
PWT, O/C#, M/IO#, BE3#, BE2#, BE1 #, 
BEO#, BREQ, W/R#, HLDA, ClK, Reserved, 
AHOlO, HOLD, KEN#, ROY#, BS8#, 
BS16#, BOFF#, BROY#, PCHK#, lOCK#, 
PlOCK#, BlAST#, AOS#, MISCCTl, 
BUSCTl, ABUSCTl, WRTl +- TDI 

IntelDX4TM Processor Boundary Scan Register 
Bits 

The following is the bit order of the IntelOX4 proces
sor boundary scan register (from left to right and top 
to bottom. See notes below). 

TOO +- A2, A3, A4, A5, UP#, A6, A7, A8, A9, 
A10,A11,A12,A13,A14,A15,A16,A17,A18, 
A19,A20,A21,A22,A23,A24,A25,A26,A27, 
A28, A29, A30, A31, OPO, DO, 01, 02, 03, 04, 
05,06,07,OP1,08,09,010,011,012,013, 
014, 015, OP2, 016, 017, 018, 019, 020, 
021, 022, 023, OP3, 024, 025, 026, 027, 
028, 029, 030, 031, STPClK#, IGNNE#, 
FERR#, SMI#, SMIACT#, SRESET, NMI, 
INTR, FlUSH#, RESET, A20M#, EAOS#, 
PCO, PWT, O/C#, M/IO#, BE3#, BEU, 
BE1 #, BEO#, BREQ, W/R#, HlOA, ClK, 
AHOlO, HOLD, KEN#, ROY#, ClKMUl, 
BS8#, BS16#, BOFF#, BROY#, PCHK#, 
lOCK#, PlOCK#, BlAST#, AOS#, 
MISCCTl, BUSCTL, ABUSCTl, WRTl +
TOI 
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11.5.6 WRITE·BACK ENHANCED IntelDX4TM 
PROCESSORS BOUNDARY SCAN 
REGISTER BITS 

The following is the bit order of the Write-Back En
hanced IntelOX4 processor boundary scan register 
(from left to right and top to bottom. See notes be
low). 

TOO +- A2, A3, A4, A5, UP#, A6, A7, A8, A9, 
A10,A11,A12,A13,A14,A15,A16,A17,A18, 
A19,A20,A21,A22,A23,A24,A25,A26,A27, 
A28,A29,A30,A31, OPO, 00,01, 02, 03, 04, 
05,06,07,OP1,08,09,010,011,012,013, 
014, 015, OP2, 016, 017, 018, 019, 020, 
021, 022, 023, OP3, 024, 025, 026, 027, 
028, 029, 030, 031, STPClK#, IGNNE#, 
INV, CACHE#, FERR#, SMI#, WB/WT#, 
HITM#, SMIACT#, SRESET, NMI, INTR, 
FlUSH#, RESET, A20M#, EAOS#, PCO, 
PWT, O/C#, M/IO#, BE3, BE2, BE1, BEO, 
BREQ, W/R#, HlOA, ClK, AHOlO, HOLD, 
KEN#, ROY#, ClKMUl, BS8#, BS16#, 
BOFF#,BROY#,PCHK#,lOCK#,PlOCK#, 
BlAST#, AOS#, MISCCTl, BUSCTL, 
ABUSCTl, WRcTl +- TOI 

NOTES: 
"Reserved" corresponds to no connect 
"NC" or "INC" signals on the Intel486 proc
essor. 

All the *CTl cells are control cells that are 
used to select the direction of bidirectional 
pins or tri-state output pins. If "1" is loaded 
into the control cell (*CTl), the associated 
pin(s) are tri-stated or selected as input. The 
following lists the control cells and their cor
responding pins. 

1. WRCTl controls the 031-00 and OP3-
OPO pins. 

2. ABUSCTl controls the A31-A2 pins. 

3. BUSCTl controls the AOS#, BlAST#, 
PlOCK#, lOCK#, WR#, BEO#, BE1#, 
BE2#, BE3#, MIO#, OC#, PWT, and 
PCO pins. 

4. MISCCTl controls the PCHK #, HlOA, and 
BREQ pins. 

11.5.7 TAP CONTROLLER INITIALIZATION 

The TAP controller is automatically initialized when a 
device is powered up. In addition, the TAP controller 
can be initialized by applying a high signal level on 
the TMS input for five TCK periods. 

11.5.8 BOUNDARY SCAN DESCRIPTION 
LANGUAGE (BSDL) FILES 

See Appendix 0 for an example of a BSOl file for 
Intel486 processors. 
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12.0 DEBUGGING SUPPORT' 

The Intel486 processor provides several features 
that simplify the debugging process. The three cate
gories of on-chip debugging aids are: 

1. Code execution breakpoint opcode (OCCH), 

2. Single-step capability provided by the TF bit in the 
flag register, and 

3. Code and data breakpoint capability provided by 
the Debug Registers DRO-3, DR6, and DR? 

12.1 Breakpoint Instruction 

A single-byte-opcode breakpoint instruction is avail
able for use by software de buggers. The breakpoint 
opcode is OCCH, and generates an exception 3 trap 
when executed. In typical use, a debugger program 
can "plant" the breakpoint instruction at all desired 
code execution breakpoints. The single-byte break
point opcode is an alias for the two-byte general 
software interrupt instruction, INT n, where n = 3. 
The only difference between INT 3 (OCCh) and INT n 
is that INT 3 is never IOPL-sensitive, while INT n is 
IOPL-sensitive in Protected Mode and Virtual 8086 
Mode. 

12.2 Single-Step Trap 

If the single-step flag (TF, bit 8) in the EFLAG regis
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex
ception is auto vectored to exception number 1. Pre
cisely, exception 1 occurs as a trap after the instruc
tion following the instruction which set TF. In typical 
practice, a debugger sets the TF bit of a flag register 
image on the debugger's stack. It then typically 
transfers control to the user program and loads the 
flag image with a signal instruction, the IRET instruc
tion. The single-step trap occurs after executing one 
instruction of the user program. 

Because exception 1 occurs as a trap (that is, it oc
curs after the instruction has already executed), the 
CS:EIP pushed 'onto the debugger's stack points to 
the next unexecuted instruction of the program be
ing debugged. An exception 1 handler, merely by 
ending with an IRET instruction, can therefore effi
ciently support single-stepping through a user pro
gram. 
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12.3 Debug Registers 

The Debug Registers are an advanced debugging 
feature of the Intel486 processor-They allow data 
access breakpoints as well as code execution 
breakpoints. Because the breakpOints are indicated 
by on-chip registers, an instruction execution break
point can be placed in ROM code or in code shared 
by several tasks, neither of which can be supported 
by the INT3 breakpoint opcode. 

The Intel486 processor contains six Debug Regis
ters, providing the ability to specify up to four distinct 
breakpoints addresses, breakpoint control options, 
and read breakpOint status. Initially after reset, 
breakpoints are in the disabled state. Therefore, no 
breakpoints will occur unless the debug registers are 
programmed. Breakpoints set up in the Debug Reg
isters are auto vectored to exception number 1. 

12.3.1 LINEAR ADDRESS BREAKPOINT 
REGISTERS (DRO-DR3) 

Up to four breakpoint addresses can be specified by 
writing into Debug Registers DRO-DR3, shown in 
Figure 12-1. The breakpoint addresses specified are 
32-bit linear addresses. Intel486 processor hard
ware continuously compares the linear breakpoint 
addresses in DRO-DR3 with the linear addresses 
generated by executing software (a linear address is 
the result of computing the effective address and 
adding the 32-bit segment base address). Note that 
if paging is not enabled the linear address equals the 
physical address. If paging is enabled, the linear ad
dress is translated to a phySical 32-bit address by 
the on-chip paging unit. Regardless of whether pag
ing is enabled or not; however, the breakpoint regis
ters hold linear addresses. 

12.3.2 DEBUG CONTROL REGISTER (DR7) 

A Debug Control Register, DR? shown in Figure 
12-1 , allows several debug control functions such as 
enabling the breakpoints and setting up other con
trol options for the breakpoints. The fields within the 
Debug Control Register, DR7, are as follows: 

I 
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31 ·1615 

i 0 Unear Address ORO 

Breakpoint 1 Unear Address DR1 

Breakpoint 2 Unear Address DR2 

Breakpoint 3 Unear Address DR3 
~~~~ 

DR4 

DR5 

DR6 

DR7 

31 1615 0 

[§] indicates Intel Reserved; Do not define. 
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NOTE: 
See section 4.2.7 

Figure 12-1. Debug Registers 

LEN I (breakpoint length specification bits) 

A 2·bit LEN field exists for each of the four break· 
points. LEN specifies the length of the associated 
bre~kpoint field. The choices for data breakpoints 
are: 1 byte, 2 bytes, and 4 bytes. Instruction execu· 
tion breakpoints must have a length of 1 (LENi = 

00). Encoding of the LENi field is as described in 
Table 12·1. 

The LENi field controls the size of breakpoint field i 
by controlling whether all low·order linear address 
bits in the breakpoint address register are used to 
detect the breakpoint event. Therefore, all break· 
point fields are aligned; 2·byte breakpoint fields be· 
gin on Word boundaries, and 4·byte breakpoint 
fields begin on Dword boundaries. 

Figure 12·2 is an example of various size breakpoint 
fields. Assume the breakpoint linear address in DR2 
is OOOOOOOSH. In that situation, the Figure 12·2 indio 
cates the region of the breakpoint field for lengths of 
1, 2, or 4 bytes. 

RWi (memory access qualifier bits) 

A 2·bit RW field exists for each of the four break· 
points. The 2·bit RW field specifies the type of usage 
which must occur in order to activate the associated 
breakpoint. 

I 

LENi 
Encoding 

00 

01 

10 

11 

Table 12-1. LENI Encoding 

Usage of Least 
Breakpoint Significant Bits In 
Field Width Breakpoint Address 

Register I, (I = 0-3) 

1 byte All 32·bits used to 
specify a single-byte 
breakpoint field. 

2 bytes A1-A31 used to 
specify a two·byte, 
word·aligned 
breakpoint field. AO 
in Breakpoint 
Address Register is 
not used. 

Urdefined-do not 
use this encoding 

4 bytes A2-A31 used to 
specify a four·byte, 
dword·aligned 
breakpoint field. AO 
and A 1 in Breakpoint 
Address Register are 
not used. 
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DR2=OOOOOO05Hj LEN2 = OOB 

31 0 

bkpt IId2 

DR2=OOOOOOO5Hj LEN2 = 01 B 

0000OO08H 

00000004H 

OOOOOOOOH 

31 0 

+- bkpt fld2 -+ 

~I 0OO0008H 

0000004H 

OOOOOOOH 

0 

0 

DR2=OOOOOO05Hj LEN2 = 11 B 
31 0 

00000008H 
r---~----~----~--~ 

~ bkpt fld2 -+ 00000004H 
r----.----,-----.---~ 

OOOOOOOOH 

242202-E2 

Figure 12-2. Size Breakpoint Fields 

Table 12-2. RW Encoding 

RW , 
Usage Causing Breakpoint 

Encoding 

00 Instruction execution only 
01 Data writes only 

,10 Undefined-do not use this encoding 
11 Data reads and writes only 

RW encoding 00 is used to set up an instruction 
execution breakpoint. RW encodings 01 or 11 are 
used to set up write-only or read/write data break
points. 
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Note that Instruction execution breakpoints are 
taken as faults (i.e., before the instruction exe
cutes), but data breakpoints are taken as traps 
(i.e., after the data transfer takes place). 

Using LENI and RWI to Set Data Breakpoint i 

A data breakpoint can be set up by writing the linear 
address into DRi (i = 0-3). For data breakpoints, 
RWi can = 01 (write-only) or 11 (write/read). LEN 
can = 00,01, or11. 

If a data access entirely or partly falls within the data 
breakpoint field, the data bre~kpoint condition has 
occurred, and if the breakpoint is enabled, an excep
tion 1 trap will occur. 

Using LENi and RWi to Set Instruction Execution 
Breakpoint I 

An instruction execution breakpoint can be set up by 
writing address of the beginning of the instruction 
(including prefixes if any) into DRi (i = 0-3). RWi 
must = 00 and LEN must = 00 for instruction exe
cution breakpoints. 

If the instruction beginning at the breakpoint address 
is about to be executed, the instruction execution 
breakpoint condition has occurred, and if the break
point is enabled, an exception 1 fault will occur be
fore the instruction is executed. 

Note that an instruction execution breakpoint ad
dress must be equal to the beginning byte address 
of an instruction (including prefixes) in order for the 
instruction execution breakpoint to occur. 

GO (Global Debug Register access detect) 

The Debug Registers can only be accessed in Real 
Mode or at privilege level 0 in Protected Mode. The 
GD bit, when set, provides extra protection against 
any Debug Register access even in Real Mode or at 
privilege level 0 in Protected Mode. This additional 
protection feature is provided to guarantee that a 
software debugger can have full control over the De
bug Register resources when required. The GD bit, 
when set, causes an exception 1 fault if an instruc
tion attempts to read or write any Debug Register. 
The GD bit is then automatically cleared when the 
exception 1 handler is invoked, allowing the excep
tion 1 handler free access to the debug registers. 
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GE and LE (Exact data breakpoint match, global 
and local) 

The breakpoint mechanism of the Intel486 proces
sor differs from that of the Intel386 processor. The 
Intel486 processor always does exact data break
point matching, regardless of GE/LE bit settings. 
Any data breakpoint trap will be reported exactly af
ter completion of the instruction that caused the op
erand transfer. Exact reporting is provided by forcing 
the Intel486 processor execution unit to wait for 
completion of data operand transfers before begin
ning execution of the next instruction. 

When the Intel486 processor performs a task 
switch, the LE bit is cleared. Thus, the LE bit sup
ports fast task switching out of tasks, that have en
abled the exact data breakpoint match for their task
local breakpoints. The LE bit is cleared by the In
tel486 processor during a task switch, to avoid hav
ing exact data breakpoint match enabled in the new 
task. Note that exact data breakpoint match must be 
re-enabled under software control. 

The Intel486 processor GE bit is unaffected during a 
task switch. The GE bit supports exact data break
point match that is to remain enabled during all tasks 
executing in the system. 

Note that instruction execution breakpoints are al
ways reported exactly. 

Gi and Li (breakpoint enable, global and local) 

If either Gi or Li is set then the associated breakpoint 
(as defined by the linear address in DRi, the length 
in LENi and the usage criteria in RWi) is enabled. If 
either Gi or Li is set, and the Intel486 processor de
tects the ith breakpoint condition, then the exception 
1 handler is invoked. 

When the Intel486 processor performs a task switch 
to a new Task State Segment (TSS), all Li bits are 
cleared. Thus, the Li bits support fast task switching 
out of tasks that use some task-local breakpoint reg
isters. The Li bits are cleared by the Intel486 proces
sor during a task switch, to avoid spurious excep
tions in the new task. Note that the breakpoints must 
be re-enabled under software control. 
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Allintel486 processor Gi bits are unaffected during a 
task switch. The Gi bits support breakpoints that are 
active in all tasks executing in the system. 

12.3.3 DEBUG STATUS REGISTER (DR6) 

A Debug Status Register, DR6 shown in Figure 12-1, 
allows the exception 1 handler to easily determine 
why it was invoked. Note the exception 1 handler 
can be invoked as a result of one of several events: 

1. DRO Breakpoint fault/trap. 

2. DR1 Breakpoint fault/trap. 

3. XDR2 Breakpoint fault/trap. 

4. XDR3 Breakpoint fault/trap. 

5. XSingle-step (TF) trap. 

6. XTask switch trap. 

7. XFault due to attempted debug register access 
when GD=1. 

The Debug Status Register contains single-bit flags 
for each of the possible events invoking exception 1. 
Note below that some of these events are faults (ex
ception taken before the instruction is executed), 
while other events are traps (exception taken after 
the debug events occurred). 

The flags in DR6 are set,by the hardware but never 
cleared by hardware. Exception 1 handler software 
should clear DR6 before returning to the user pro
gram to avoid future confusion in identifying the 
source of exception 1. 

The fields within the Debug Status Register, DR6, 
are as follows: 

Bi (debug fault/trap due to breakpoint 0-3) 

Four breakpoint indicator flags, BO-B3, correspond 
one-to-one with the breakpoint registers in DRO
DR3, A flag Bi is set when the condition described 
by DRi, LENi, and RWi occurs. 

If Gi or Li is set, and if the ith breakpoint is detected, 
the Intel486 processor will invoke the exception 1 
handler. The exception is handled as a fault if an 
instruction execution breakpoint occurred, or as a 
trap if a data breakpoint occurred. 
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IMPORTANT NOTE: 
A flag Bi is set whenever the hardware de
tects a match condition on enabled break. 
point i. Whenever a match is detected on at 
least one enabled breakpoint i, the hard
ware immediately sets all Bi bits correspond
ing to breakpoint conditions matching at that 
instant, whether enabled or not. Therefore, 
the exception 1 handler may see that multi
ple Bi bits are set, but only set Bi bits corre
sponding to enabled breakpoints (Li or Gi 
set) are true indications of why the excep
tion 1 handler was invoked. 

BO (debug fault due to attempted register ac
cess when GO bit set) 

This bit is set if the exception 1 handler was invoked 
due to an instruction attempting to read or write to 
the debug registers when GO bit was set. If such an 
event occurs, then the GO bit is automatically 
cleared when the exception 1 handler is invoked, 
allowing handler access to the debug registers. 

BS (debug trap due to single-step) 

This bit is set if the exception 1 handler was invoked 
due to the TF bit in the flag register being set (for 
single-stepping). 
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BT (debug trap due to task switch) 

This bit is set if the exception 1 handler was invoked 
due to a task switch occurring to a task having an 
Intel486 processor TSS with the T bit set. Note the 
task switch into the new task occurs normally, but 
before the first instruction of the task is executed, 
the exception 1 handler is invoked. With respect to 
the task. switch operation, the operation is consid
ered to be a trap. 

12.3.4 USE OF RESUME FLAG (RF) IN FLAG 
REGISTER 

The Resume Flag (RF) in the flag word can sup
press an instruction execution breakpoint when the 
exception 1 handler returns to a user program at a 
user address which is also an instruction execution 
breakpoint. 
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13.0 INSTRUCTION SET SUMMARY 

This section describes the Intel486 processor in
struction set. Detailed information on the CPUID in
struction can be found in Appendix B: Feature Deter
mination. Further details of the instruction encoding 
are then provided in section 13.1, which describes 
the entire encoding structure and the definition of all 
fields occurring within the Intel486 processor in
structions. 

13.1 Instruction Encoding 

13.1.1 OVERVIEW 

All instruction encodings are subsets of the general 
instruction format shown in Figure 13-1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod rim" 
byte and "scaled index" byte, a displacement if re
quired, and an immediate data field if required. 

Within the primary opcode or opcodes, smaller en
coding fields may be defined. These fields vary ac
cording to the class of operation. The fields define 
such information as direction of the operation, size 
of the displacements. register encoding. or sign ex
tension. 

Intel486™ PROCESSOR FAMILY 

Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte(s). This byte, the mod rim 
byte, specifies the address mode to be used. Certain 
encodings of the mod rim byte indicate a second 
addressing byte, the scale-index-base byte, follows 
the mod rim byte to fully specify the addressing 
mode. 

Addressing modes can include a displacement im
mediately following the mod rim byte, or scaled in
dex byte. If a displacement is present, the possible 
sizes are 8, 16 or 32 bits. 

If the instruction specifies an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 

Figure 13-1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the rim field, but the figure does not show all fields. 
Several smaller fields also appear in certain instruc
tions, sometimes within the opcode bytes them
selves. Table 13-1 is a complete list of all fields ap
pearing in the Intel486 processor instruction set. Fol
lowing Table 13-1 are detailed tables for each field. 

I TT T T T T TTl T T T T T TT T I mod TT T rIm I ss index base I d321161 81 none data321161al none 
7 07 0765320765320 . 

'- "'-../ -'~~~~ 

opcode ·mod rIm" 
byte 

"s-i-b" 
byte 

immediate 
data (one or two bytes) 

(T represents an 
opcode bit.) ~~--------~---------/ 

address 
displacement 
(4. 2. 1 bytes 

or none) 
(4. 2. 1 bytes 

or none) 

I 

register and address 
mode specifier 

Figure 13-1. General Instruction Format 
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Table 13-1. Fields within Intel486™ Processor Instructions 

Field 
Description 

Number of 
Name Bits. 

w. Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits) 1 

d Specifies Direction of Data Operation 1 

s Specifies if an Immediate Data Field Must be Sign-Extended 1 

reg General Register Specifier 3 

mod rIm Address Mode Specifier (Effective Address can be a General Register) 2 for mod; 
3 for rIm 

ss Scale Factor for Scaled Index Address Mode 2 

index General Register to be used as Index Register 3 

base General Register to be used as Base Register 3 

sreg2 Segment Register Specifier for CS, SS, DS, ES 2 

sreg3 Segment Register Specifier for CS, SS, DS, ES, FS, GS 3 

mn For Conditional Instructions, Specifies a Condition Asserted or a Condition 4 
Negated 

NOTE: 
Table 13-15 through Table 13-19 show encoding of individual instructions. 

13.1.2 32-BIT EXTENSIONS OF THE 
INSTRUCTION SET 

With the Intel486 processor, the 8086/80186/80286 
instruction set is extended in two orthogonal direc
tions: 32-bitforms of all 16-bit instructions are added 
to support the 32-bit data types, and 32-bit address
ing modes are made available for all instructions ref
erencing memory. This orthogonal instruction set ex
tension is acc;:omplished having a Default (D) bit in 
the code segment descriptor, and by having 2 prefix
es to the instruction set. 

Whether the instruction defaults to operations of 16 
bits or 32 bits depends on the setting of the D bit in 
the code segment descriptor, which gives the de
fault length (either 32 bits or 16 bits) for both oper
ands and effective addresses when executing that 
code segment. In the Real Address Mode or Virtual 
8086 Mode, no code segment descriptors are used, 
but a D value of 0 is assumed internally by the In
tel486 processor when operating in those modes 
(for 16-bit default sizes compatible with the 80861 
80186/80286). 

Two prefixes, the Operand Size Prefix and the Effec
tive Address Size Prefix, allow overriding individually 
the Default selection of operand size and effect-

4-488 

ive address size. These prefixes may precede any 
opcode bytes and affect only the instruction they 
precede. If necessary, one or both of the prefixes 
may be placed before the opcode bytes. The pres
ence of the Operand Size Prefix and the Effective 
Address Prefix will toggle the operand size or the 
effective address size, respectively, to the value 
"opposite" from the Default setting. For example, if 
the default operand size is for 32-bit data operations, 
then presence of the Operand Size Prefix toggles 
the instruction to 16-bit data operation. As another 
example, if the default effective address size is 16 
bits, presence of the Effective Address Size prefix 
toggles the instruction to use 32-bit effective ad
dress computations. 

These 32-bit extensions are available in all Intel486 
processor modes, including the Real Address Mode 
or the Virtual 8086 Mode. In these modes the default 
is always 16 bits, so prefixes are needed to specify 
32-bit operands or addresses. For instructions with 
more than one prefix, the order of prefixes is unim
portant. 

Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. , 

I 



13.1.3 ENCODING OF INTEGER INSTRUCTION 
FIELDS 

Within the instruction are several fields indicating 
register selection, addressing mode and so on. The 
exact encodings of these fields are defined in the 
following paragraphs. 

13.1.3.1 Encoding of Operand Length (w) Field 

For any given instruction performing a data opera
tion, the instruction is executing as a 32-bit operation 
or a 16-bit operation. Within the constraints of the 
operation size, the w field encodes the operand size 
as either one byte or the full operation size, as 
shown in the table below. 

Table 13-2. Encoding of Operand Length 
(w) Field 

Operand Size Operand Size 
wField during 16-Bit during 32-Bit 

Data Operations Data Operations 

0 8 Bits 8 Bits 
1 16 Bits 32 Bits 

13.1.3.2 Encoding of the General Register (reg) 
Field 

The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rIm" byte, or as the rIm 
field of the "mod rIm" byte .. 
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Table 13-3. Encoding of reg Field when the 
w Field Is Not Present in Instruction 

Register Register 

reg Field 
Selected during Selected during 

16-Bit Data 32-Bit Data 
Operations Operations 

000 AX EAX 
001 CX ECX 
010 DX EDX 
011 BX EBX 
100 SP ESP 
101 BP EBP 
110 SI ESI 
111 DI EDI 

Intel486TM PROCESSOR FAMILY 

Table 13-4. Encoding of reg Field when the w 
Field Is Present in Instruction 

Register Specified by reg Field 
during 16-Bit Data Operations: 

Function of w Field 
reg 

(when w = 0) (whenw = 1) 

000 AL AX 
001 CL CX 
010 DL DX 
011 BL BX 
100 AH SP 
101 CH BP 
110 DH SI 
111 BH DI 

Register Specified by reg Field 
during 32-Bit Data qperations 

Function of w Field 
reg 

(whenw = 0) (when w = 1) 

000 AL EAX 
001 CL ECX 
010 DL EDX 
011 BL EBX 
100 AH ESP 
101 CH EBP 
110 DH ESI 
111 BH EDI 

13.1.3.3 Encoding of the Segment Register 
(sreg) Field 

The sreg field in certain instructions is a 2-bit field 
allowing one of the four 80286 segment registers to 
be specified. The sreg field in other instructions is a 
3-bit field, allowing the Intel486 processor FS and 
GS segment registers to be specified. 
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Table 13·5. 2·Bit sreg2 Field 

2·bit sreg2 Field Segment Register Selected 

00 ES 
01 CS 
10 SS 
11 OS 

Table 13·6. 3·Bit sreg3 Field 

3·bit sreg3 Field Segment Register Selected 

000 ES 
001 CS 
010 SS 
011 OS 
100 FS 
101 GS 
110 do not use 
111 do not use 

13.1.3.4 Encoding of Address Mode 

Except. for special instructions, such as PUSH or 
POP, where the addressing mode is pre·determined, 
the addressing mode for. the current instruction is 
specified by addressing bytes following the primary 
opcode.The primary addressing byte is the 
"mod rim" byte, and a second byte of addressing 
information, the "s·i·b" (scale·index·base) byte, can 
be specified. 
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The s·i·b byte (scale·index·base byte) is specified 
when using 32·bit addressing mode and the 
"mod rIm" byte has rim = 100 and mod = 00,01 
or 10. When the sib byte is present, the 32·bit ad· 
dressing mode is a function of the mod, ss, index, 
and base fields. 

The primary addressing byte, the "mod rim" byte, 
also contains three bits (shown as Tn in Figure 
13·1) sometimes used as an extension of the pri· 
mary opcode. The three bits, however, may also be 
used as a register field (reg). 

When calculating an effective address, either 16·bit 
addressing or 32·bit addressing is used. 16·bit ad· 
dressing uses 16·bit address components to calcu· 
late the effective address while 32·bit addressing 
uses 32·bit address components to calculate the ef· 
fective address. When 16·bit addressing is used, the 
"mod rim" byte is interpreted as a 16·bit addressing 
mode specifier. When 32·bit addressing is used, the 
"mod rIm" byte is interpreted as a 32·bit addressing 
mode specifier. 

Tables 13·7, 13·8, and 13·9 define all encodings of 
all 16·bit addressing modes and 32·bit addressing 
modes. 
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Table 13-7. Encoding of 16-Bit Address Mode with "mod rIm" Byte 

mod rIm I Effective Address mod rIm I Effective Address 

00000 OS:[BX+SI] 10000 OS:[BX+SI+d16] 

00001 OS:[BX+OI] 10001 OS:[BX+01+d16] 

00010 SS:[BP+SI] 10010 SS:[BP+SI+d16] 

00011 SS:[BP+OI] 10011 SS:[BP+01+d16] 

00100 OS:[SI] 10100 OS:[SI+d16] 

00101 OS: [01] 10101 OS: [01 + d16] 

00110 OS:d16 10110 SS:[BP+d16] 

00111 OS:[BX] 10111 OS:[BX+d16] 

01000 OS:[BX+SI+d8] 11000 . register-see below 

01 001 OS: [BX + 01 + d8] 11 001 register-see below 

01010 SS:[BP+SI+d8] 11010 register-see below 

01011 SS:[BP+ 01 + d8] 11 011 register-see below 

01100 OS:[SI+d8] 11100 register-see below 

01101 OS:[01+d8] 11101 register-see below 

01 110 SS:[BP+d8] 11 110 register-see below 

01 111 OS:[BX+d8] 11 111 register-see below 

Register Specified by rIm during Register Specified by rIm during 
16-Bit Data Operations 32-Bit Data Operations 

Function of w Field Function of w Field 
mod rIm mod rIm 

(whenw=O) (whenw=1) (whenw=O) (whenw= 1) 

11000 AL AX 11000 AL EAX 

11001 CL CX 11001 CL ECX 

11010 OL OX 11010 OL EOX 

11 011 BL BX 11 011 BL EBX 

11 100 AH SP 11100 AH ESP 

11 101 CH BP 11 101 CH EBP 

11 110 DH SI 11110 OH ESI 

11 111 BH 01 11 111 BH EOI 
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Table 13-8. Encoding of 32-Blt Address Mode with "mod rim" Byte (No "s-I_b" Byte Pr~sent) 

mod rim I Effective Address mod rim I Effective Address 

00000 DS:[EAX] 10000 DS: [EAX + d32] 

00001 DS:[ECX] 10001 DS: [ECX + d32] 

00010 DS:[EDX] 10010 DS: [EDX + d32] 

00011 DS:[EBX] 10011 DS:[EBX + ~32] 

00100 s·l-b Is present 10100 s-i-b is present 

00101 DS:d32 10101 55: [EBP + d32] 

00110 DS:[ESI] 10110. DS: [ESI + d32] 

00111 DS:[EDIl 10111 DS: [EDI + d32] 

01000 DS:[EAX+d8] 11000 register-see below 

01001 DS:[ECX+d8] 11001 register-see below 

01010 DS:[EDX+d8] 11010 register-see below 

01011 DS:[EBX+ d8] 11 011 register-see below 

01100 s-I-b is present 11100 register-see below 

01 101 SS:[EBP+d8] 11 101 register":"'see below 

01110 DS: [ESI + d8] 11110 register-see below 

01 111 DS: [ED I + d8] 11 111 register-see below 

Register Specified by reg or rim Register Specified by reg or rim 
during 16-Blt Data Operations: during 32-Blt Data Operations: 

Function of w Field Function of w Field 
mod rim mod rim 

(when w=O) (whenw=1) (when w=O) (whenw =1) 

11000 AL AX 11000 AL EAX 

11001 CL CX 11001 CL ECX 

11010 DL DX 11010 DL EDX 

11 011 BL BX 11 011 BL EBX 

11 100 AH SP 11100 AH ESP 

11 101 CH BP 11 101 CH EBP 

11 110 DH 51 11 110 DH ESI 

11 111 BH DI 11 111 BH EDI 
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Table 13-9. Encoding of 32-Blt Address Mode ("mod rIm" Byte and "s-I-b" Byte Present) 

mod base Effective Address 

00000 OS: [EAX + (scaled index)] 

00001 OS: [ECX + (scaled index)] 

00010 OS:[EOX + (scaled index)] 

00011 OS: [EBX + (scaled index)] 

00100 SS: [ESP + (scaled index)) 

00101 OS: [d32 + (scaled index)] 

00110 OS: [ESI + (scaled index)] 

00111 OS:[EOI + (scaled index)] 

01000 OS:[EAX + (scaled index) + dB] 

01001 OS: [ECX + (scaled index) + dB] 

01010 OS: [EOX + (scaled index) + dB] 

01011 OS:[EBX + (scaled index) + dB] 

01100 SS: [ESP + (scaled index) + dB] 

01101 SS: [EBP + (scaled index) + dB] 

01110 OS:[ESI + (scaled index) + dB] 

01111 OS: [EOI + (scaled index) + dB] 

10000 OS: [EAX + (scaled index) + d32] 

10001 OS: [ECX + (scaled index) + d32] 

10010 OS: [EOX + (scaled index) + d32] 

10011 OS: [EBX + (scaled index) + d32] 

10100 SS: [ESP + (scaled index) + d32] 

10101 SS: [EBP + (scaled index) + d32] 

10110 OS: [ESI + (scaled index) + d32] 

10111 OS: [EOI + (scaled index) + d32] 

NOTE: 
Mod field in "mod rIm" byte; ss, index, base fields in 
"s-i-b" byte. 

I 

ss Scale Factor 

00 x1 

01 x2 

10 x4 

11 xB 

Index Index Register 

000 EAX 

001 ECX 

010 EOX 

011 EBX 

100 no index reg" 

101 EBP 

110 ESI 

111 EOI 

"IMPORTANT NOTE: 
When index field is 1 00, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 
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13.1.3.5 Encoding of Operation Direction 
(d) Field 

In many two-operand instructions the d field is pres
ent to indicate which operand is considered the 
source and which is the destination. 

d 

0 

1 

Table 13-10. Encoding of Operation 
Direction (d) Field 

Direction of Operation 

Register/Memory - Register "reg" Field 
Indicates Source Operand; "mod r/m" or 
"mod ss index base" Indicates Destination 
Operand 

Register - Register/Memory "reg" Field 
Indicates Destination Operand; "mod r/m" 
or "mod ss index base" Indicates Source 
Operand 

13.1.3.6 Encoding of Sign-Extend (s) Field 

The s field occurs primarily to instructions with im
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 1S-bit or 32-bit destination. 

Table 13-11. Encoding of Sign-Extend (s) Field 

Effect on Effect on 
S Immediate Immediate 

DataS Data 16132 

0 None None 

1 ~ign-Extend Data 8 to Fill 1S-bit None 
or 32-bit Destination 

13.1.3.7 Encoding of Conditional Test 
(tttn) Field 

For the conditional instructions (conditional jumps 
and set on condition), tttn is encoded with n indicat
ing to use the condition (n = 0) or its negation (n = 1), 
and ttt giving the condition to test. 
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Table 13-12. Encoding of Conditional Test 
(tttn) Field 

Mnemonic Condition tttn 

0 Overflow 0000 
NO No Overflow 0001 
B/NAE Below/Not Above or Equal 0010 
NB/AE Not Below/Above or Equal 0011 
E/Z Equal/Zero 0100 
NE/NZ Not Equal/Not Zero 0101 
BE/NA Below or Equal/Not Above 0110 
NBE/A Not Below or Equal/ Above 0111 
S Sign 1000 
NS Not Sign 1001 
PIPE Parity/Parity Even 1010 
NP/PO Not Parity/Parity Odd 1011 
LlNGE Less Than/Not Greater or Equal 1100 
NLIGE Not Less Than/Greater or Equal 1101 
LE/NG Less Than or Equal/Greater Than 1110 
NLE/G Not Less or Equal/Greater Than 1111 

13.1.3.S Encoding of Control or Debug or Test 
Register (eee) Field 

For the loading and storing of the Control, Debug 
and Test registers. 

Table 13-13. Encoding of Control or Debug or 
Test Register (eee) Field 

eeeCode Reg Name 

When Interpreted as Control Register Field: 

000 CRO 
010 CR2 
011 CR3 

When Interpreted as Debug Register Field: 

000 ORO 
001 DR1 
010 DR2 
011 DR3 
110 DRS 
111 DR7 

When Interpreted as Test Register Field: 

011 TR3 
100 TR4 
101 TRS 
110 TRS 
111 TR7 

Do not use any other encoding 
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Table 13-14. Encoding of Floating-Point Instruction Fields 

Instruction 

2 

3 

4 

5 

11011 

11011 

11011 

11011 

11011 

15-11 

First Byte 

OPA 1 

MF OPA 

d P OPA 

0 0 1 

0 1 1 

10 9 8 

13.1.4 ENCODING OF FLOATING-POINT 
INSTRUCTION FIELDS 

mod 

mod 

1 

1 

1 

7 

Instructions for the FPU assume one of the five 
forms shown in the following table. In all cases, in· 
structions are at least two bytes long and begin with 
the bit pattern 11011 B. 

OP = Instruction opcode, possible split into 
two fields OPA and OPB 

MF= 

P= 

Memory Format 
00-32·bit real 
01-32·bit integer 
10-64·bit real 
11 -16·bit integer 

Pop 
O-Do not pop stack 
1-Pop stack after operation 

d = Destination 
O-Destination is ST(O) 
1-Destination is ST(i) 

R XOR d = O-Destination (op) Source 

R XOR d = 1-Source (op) Destination 

ST(i) = Register stack element i 
000 = Stack top 
001 = Second stack element 
111 = Eighth stack element 

mod (Mode field) and rim (Register/Memory specifi
er) have the same interpretation as the correspond
ing fields of the integer instructions. 

s-i-b (Scale Index Base) byte and disp (displace
ment) are optionally present in instructions that have 
mod and rim fields. Their presence depends on the 
values of mod and rim, as for integer instructions. 

I 

Optional 

Second Byte Fields 

1 OPB rIm s·i·b disp 

OPB rIm s·i·b disp 

1 OPB ST(i) 

1 1 OP 

1 1 OP 

6 5 43210 

13.2 Clock Count Summary 

To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 13-15 
through Table 13-19 by the processor core clock pe
riod (e.g., 10 ns for a 100-MHz IntelDX4 processor). 

13.2.1 INSTRUCTION CLOCK COUNT 
ASSUMPTIONS 

The Intel486 processor instruction core clock count 
tables give clock counts assuming data and instruc
tion accesses hit in the cache. The combined in
struction and data cache hit rate is over 90%. 

A cache miss will force the Intel486 processor to run 
an external bus cycle. The Intel486 processor 32-bit 
burst bus is defined as r-b-w. 

Where: 

r = The number of bus clocks in the first cycle of a 
burst read or the number of clocks per data 
cycle in a non-burst read. 

b = The number of bus clocks for the second and 
subsequent cycles in a burst read. 

w = The number of bus clocks for a write. 

The clock counts in the cache miss penalty column 
assume a 2-1-2 bus. For slower buses add r-2 
clocks to the cache miss penalty for the first dword 
accessed. Other factors also affect instruction clock 
counts. 
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Instruction Clock Count Assumptions 
1. The external bus is available for reads or writes 

at all times. Else add bus clocks to reads until the 
bus is available. 

2. Accesses are aligned. Add three core clocks to· 
each misaligned access. 

3. Cache fills complete before subsequent access
es to the same line. If a read misses the cache 
during a cache fill due to a previous read or pre
fetch, the read must wait for the cache fill to com
plete. If a read or write accesses a cache line still 
being filled, it must wait for the fill to complete. 

4. If an effective address is calculated, the base 
register is not the destination register of the pre
ceding instruction. If the base register is the des
tination register of the preceding instruction add 
1 to the core clock counts shown. Back-to-back 
PUSH and POP instructions are not affected by 
this rule. 

5. An effective address calculation uses one base 
register and does not use an index register. How
ever, if the effective address calculation uses an 
index register, 1 core clock may be added to the 
clock count shown. . 

6. The target of a jump is in the cache. If not, add r 
clocks for accessing the destination instruction of 
a jump. If the destination instruction is not com
pletely contained in the first dword read, add a 
maximum of 3b bus clocks. If the destination in
struction is not completely contained in the first 
16 byte burst, add a maximum of another r+3b 
bus clocks. 
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7. If no write buffer delay, w bus clocks are added 
only in the case in which all write buffers are full. 

8. Displacement and immediate not used together. 
If displacement and immediate used together, 1 
core clock may be added to the core clock 
count shown. 

9. No invalidate cycles. Add a delay of 1 bus clock 
for each invalidate cycle if the invalidate cycle 
contends for the internal cache/external bus 
when the Intel486 processor needs .to use it. 

10. Page translation hits in TLB. A TLB miss will add 
13,21 or 28 bus clocks + 1 possible core clock 
to the instruction depending on whether the Ac
cessed and/or Dirty bit in neither, one or both of 
the page entries needs to be set in memory. 
This assumes that. neither page entry is in the 
data cache and a page fault does not occur on 

. the address translation. 

11. No exceptions are detected during instruction 
execution. Refer to Interrupt core Clock Counts 
Table for extra clocks if an interrupt is detected. 

12. Instructions that read multiple consecutive data 
items (i.e. task switch, POPA, etc.) and miss the 
cache are assumed to start the first access on a 
16-byte boundary. If not, an extra c.ache line fill 
may be necessary which may add up to (r+3b) 
bus clocks to the cache miss penalty. 
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Table 13-15. Clock Count Summary 

Penalty 
Instruction Format Cache If Cache Notes 

Hit Miss 

INTEGER OPERATIONS 

MOV = Move: 

reg1 to reg2 1000 100w: 11 reg 1 reg2 1 

reg2 to reg1 1000 101w: 11 reg1 reg2 1 

memory to reg 1000 100w: mod reg rIm 1 2 

Immediate to reg 1100 011w: 11000 reg: immediate data 1 

or 1011 W reg: immediate data 1 

Immediate to Memory 1100 01w: mod 000 rIm: displacement 1 
immediate 

Memory to Accumulator 1010 OOOw: full displacement 1 2 

Accumulator to Memory 1010 001w: full displacement 1 

MOVSX/MOVZX = Move with Sign/Zero Extension 

reg2 to reg1 00001111 : 1011 z11w: 11 reg1 reg2 3 

memory to reg 00001111,: 1011 z11w: mod reg rIm 3 2 

z instruction 
0 MOVZX 
1 MOVSX 

PUSH = Push 

reg 11111111: 11110reg 4 

or 01010 reg 1 

memory 11111111: mod 110r/m 4 1 1 

immediate 0110 10s0 : immediate data 1 

PUSHA = Push All 01100000 11 

POP = Pop 

reg 10001111 : 11 000 reg 4 1 

or 01011 reg 1 2 

memory 10001111 : mod 000 rIm 5 2 1 

POPA = Pop All 01100001 9 7/15 16/32 

XCHG = Exchange 

reg1 with reg2 1000 011w: 11 reg1 reg2 3 2 

Accumulator with reg 10010 reg 3 2 

Memory with reg 1000 011w: mod reg rim 5 2 
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Table 13-15. Clock Count Summary (Continued) 

Penalty 
Instruction Format Cache if Cache Notes 

Hit Miss 

INTEGER OPERATIONS (Continued) 

NOP = No Operation 10010000 1 

LEA = Load EA'to Register 10001101 : mod reg rIm 

no index register 1 

with index register 2 

Instruction Tn 
ADD - Add 000 
ADC = Add with Carry 010 
AND = Logical AND 100 
OR = Logical OR 001 
SUB = Subtract 101 
SBB = Subtract with Borrow 011 
XOR = Logical Exclusive OR 110, 

reg1 to reg2 OOTT TOOW : 11 reg1 re!:l2 1 

reg2to reg1 OOTT T01w: 11 reg1 reg2 1 

memory to register OOTT T01w: mod reg rIm 2 2 

register to memory OOTT TOOw : mod reg rIm 3 6/2 U/L 

immediate to register 1000 OOsw : 11 Tn reg: immediate register 1 

immediate to Accumulator OOTT T1 Ow : immediate data 1 

immediate to memory 1000 OOsw: mod Tn rIm: immediate data 3 6/2 U/L 

Instruction Tn 
INC - Increment 000 
DEC = Decrement 001 

reg 1111111w: 11 Tn reg 1 

or 01Tnreg 1 

memory 1111111w:modTnr/m 3 6/2 U/L 

Instruction Tn 
NOT = Logical Complement 010 
NEG = Negate 011 

reg 1111 011w: 11 Tn reg 1 

memory 1111011w:modTnr/m 3 6/2 U/L 
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Table 13-15. Clock Count Summary (Continued) 

Penalty 
Instruction Format Cache If Cache Notes 

Hit Miss 

INTEGER OPERATIONS (Continued) 

CMP = Compare 

reg 1 with reg2 0011 100w: 11 regl reg2 1 

reg2 with regl 0011101w: 11 regl reg2 1 

memory with register 0011100w: mod reg rim 2 2 

register with memory 0011101w: mod reg rim 2 2 

immediate with register 1 000 OOsw : 11 111 reg : immediate data 1 

immediate with acc. 0011 110w: immediate data 1 

immediate with memory 1000 OOsw: mod 111 rIm: immediate data 2 2 

TEST = Logical Compare 

reg 1 and reg2 1000010w: 11 regl reg2 1 

memory and register 1000 010w: mod reg rim 2 2 

immediate and register 1111 011w: 11 000 reg: immediate data 1 

immediate and acc. 1010100w : immediate data 1 

immediate and memory 1111 011w: mod 000 rim: immediate data 2 2 

MUL = Multiply (unsigned) 

acc. with register 1111 011w: 11100 reg 

Multiplier-Byte 13/18 MN/MX.3 
Word 13/26 MN/MX.3 

Dword 13/42 MN/MX.3 

acc. with memory 1111 011w: mod 100 rIm 

Multiplier-Byte 13/18 1 MN/MX.3 
Word 13/26 1 MN/MX.3 

Dword 13/42 1 MN/MX.3 

IMUL = Integer Multiply (unsigned) 

acc. with register 1111 011w: 11101 reg 

Multiplier-Byte 13/18 MN/MX.3 
Word 13/26 MN/MX.3 

Dword 13/42 MN/MX.3 

acc. with memc;>ry 1111 011 w : mod 101 rim 

Multiplier-Byte 13/18 MN/MX.3 
Word 13/26 MN/MX.3 

Dword 13/42 MN/MX.3 

regl with reg2 00001111: 10101111: 11 regl reg2 

Multiplier-Byte 13/18 MN/MX.3 
Word 13/26 MN/MX.3 

Dword 13/42 MN/MX.3 
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Table 13·15. Clock Count Summary (Continued) 

Penalty 
Instruction Format Cache i'Cache Notes 

Hit Miss 

INTEGER OPERATIONS (Continued) 

IMUL = Integer Multiply (unsigned), (Continued) 

register with memory 00001111: 10101111 : mod reg rim 

Multiplier-Byte 13/18 1 MN/MX,3 
Word 13/26 1 MN/MX,3 

Dword 13/42 1 MN/MX,3 

reg1 with imm. to reg2 ,0110 10s1: 11 reg1 reg2: immediate data 

Multiplier-Byte 13/18 MN/MX,3 
Word 13/26 MN/MX,3 

Dword 13/42 MN/MX,3 

memo with imm. to reg. 0110 10s1 : mod reg rim: immediate data 

Multiplier-Byte 13/18 MN/MX,3 
Word 13/26 MN/MX,3 

Dword 13/42 MN/MX,3 

For the IntelDX4TM Processor Only: 

IMUL = Integer Multiply (signed) 

acc. with register 1111 011 w : 11101 reg 

Multiplier-Byte 5/5 MN/MX,3 
Word 516 MN/MX,3 

Dword 6/12 MN/MX,3 

acc. with memory 1111 011w: mod 101 rim 

Multiplier-Byte 5/5 MN/MX,3 
Word 516 MN/MX,3 

Dword 6/12 MN/MX,3 

reg 1 with reg2 00001111: 10101111: 11 reg1 reg2 

Multiplier-Byte 5/5 MN/MX,3 
Word 516 MN/MX,3 

Dword 6/12 MN/MX,3 

register with memory 00001111 : 10101111 : mod reg rIm 

Multiplier-Byte 5/5 MN/MX,3 
Word 516 MN/MX,3 

Dword 6/12 MN/MX,3 

reg1 with imm. to reg2 0110 10s1 : 11 reg1 reg2: immediate data 

Multiplier-Byte 5/5 MN/MX,3 
Word 516 MN/MX,3 

Dword 6/12 MN1MX,3 

memo with imm. to reg. 0110 10s1 : mod reg rim: immediate data 

Multiplier-Byte 5/5 MN/MX,3 
Word 516 MN/MX,3 

Dword 6/12 MN/MX,3 
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Table 13-15. Clock Count Summary (Continued) 

Penalty 
Instruction Format Cache If Cache Notes 

Hit Miss 

INTEGER OPERATIONS (Continued) 

DIY = Divide (unsigned) 

acc. by register 1111 011w: 11110reg 

Divisor-Byte 16 
Word 24 

Dword 40 

acc. by memory 1111 011w:mod 110rlm 

Divisor-Byte 16 
Word 24 

Dword 40 

IDlY = Integer Divide (signed) 

acc. by register 1111 011w: 11111 reg 

Divisor-Byte 19 
Word 27 

Dword 43 

acc. by memory 1111 011w: mod 111 rIm 

Divisor-Byte 20 
Word 28 

Dword 44 

CBW = Convert Byte to Word 10011000 3 

CWO = Convert Word to Dword 1001 1001 3 

Instruction TIT 
ROL = Rotate Left 000 
ROR = Rotate Right 001 
RCL = Rotate Through Carry Left 010 
RDR = Rotate Through Carry Right 011 
SHLISAL = Shift Logicall Arithmetic Left 100 
SHR = Shift Logical Right 101 
SAR = Shift Arithmetic Right 111 

Not Through Carry (ROL, ROR, SAR, SHL, and SHR) 

reg by 1 1101 OOOw: 11 TIT reg 3 

memory by 1 1101 OOOw: mod TIT rIm 4 6 

reg byCL 1101 001w: 11 TIT reg 3 

memory by CL 1101 001w: mod TIT rIm 4 6 

reg by immediate count 1100 OOOw : 11 TIT reg: imm. 8-bit data 2 

mem by immediate count 1100 OOOw: mod TIT rIm :imm. 8-bit data 4 6 
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Table 13·15. Clock Count Summary (Continued) 

Penalty 
InstructIon Format Cache If cache Notes 

HIt Miss 

INTEGER OPERATIONS (Continued) 

Through Carry (RCL and RCR) 

reg by 1 1101 OOOw: 11 TIT reg 3 

memory by 1 1101000w:modTITr/m 4 6 

reg byCL 1101 001w: 11 TIT reg 8/30 MN/MX,4 

memorybyCL 1101 001w: mod TIT rIm 9/31 MN/MX.5 

reg by immediate count 1100 ooaw : 11 TIT reg: imm. 8-bit data 8/30 MN/MX.4 

mem by immediate count 1100 ooaw: mod TIT rIm: imm. 8-bit data 9/31 MN/MX.5 

Instruction TIT 
SHLD - Shift Left Double 100 
SHRD = Shift Right Double 101 

register with immediate 00001111 : Ion Tl00 : 11 reg2 regl 2 
: imm. 8-bit data 

memory with immediate 00001111 : 10nTl00: mod reg rIm 3 6 
: imm. 8-bit data 

register by CL 0000 1111 : Ion Tl 01 : 11 reg2 regl 3 

memorybyCL 00001111: 10nT101 : mod reg rIm 4 5 

BSWAP = Byte Swap 00001111: 11001 reg 1 

XADD = Exchange and Add 

. reg1. reg2 00001111 : 1100 OOOw: 11 reg2 regl 3 

memory. reg 00001111 : 1100 OOOw: mod reg rIm 4 6/2 U/L 

. CMP~CHG = Compare and Exchange 

regl. reg2 00001111: 1011 ooaw: 11 reg2 regl 6 

memory. reg 00001111 : 1011 OOOw: mod reg rIm 7/10 2 6 

CONTROL TRANSFER (wIthIn segment) 

Note: Times are jump takenlnot taken 

Jccee = Jump on ccce 

8-bit displacement 0111 tttn : 8·bit disp. 3/1 T/NT.23 

. full displacement 0000 1111 : 1000 tun : full displacement 3/1 T/NT.23 

Note: Times are jump takenlnottaken 

SET eccc = Set Byte on cccc (Times are cccc truelfalse) 

reg 0000 1111 : 1001 tlln: 11 000 reg 4/3 

memory 00001111 : 1001 tttn : mod 0000 rIm 3/4 
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Table 13·15. Clock Count Summary (Continued) 

Penalty 
Instruction Format Cache If Cache Notes 

Hit Miss 

CONTROL TRANSFER (within segment) (Continued) 

Mnemonic cccc Condition t1tn 
0 Overflow 0000 
NO No Overflow 0001 
B/NAE Below/Not Above or Equal 0010 
NB/AE Not Below/ Above or Equal 0011 
E/Z Equal Zero 0100 
NE/NZ Not Equal/Not Zero 0101 
BE/NA Below or EquallNot Above 0110 
NBE/A Not Below or Equal/Above 0111 
S Sign 1000 
NS Not Sign 1001 
PIPE Parity/Parity Even 1010 
NP/PO Not Parity/Parity Odd 1011 
LINGE Less Than/Not Greater or Equal 1100 
NL/GE Not Less Than/Greater or Equal 1101 
LE/NG Less Than or Equal/Greater Than 1110 
NLE/G Not Less Than or Equal/Greater Than 1111 

LOOP = LOOP CX Times 11100010: 8-bit disp. 7/6 LlNL,23 

LOOPZ/LOOPE = Loop with Zero/Equal 
1110 0001 : 8-bit disp. 9/6 LlNL,23 

LOOPNZ/LOOPNE = Loop While Not Zero 
1110 0000 : 8-bit disp. 9/6 LINL,23 

JCXZ = Jump on CX Zero 1110 0011 : 8-bit disp. 8/5 T/NT,23 

JECXZ = Jump on ECX Zero 11100011 : 8-bit disp. 8/5 T/NT,23 

(Address Size Prefix Differentiates JCXZ for JECXZ) 

JMP = Unconditional Jump (within segment) 

Short 11101011 : 8-bit disp. 3 7,23 

Direct 1110 1 001 : full displacement 3 7,23 

Register Indirect 11111111: 11100 reg 5 7,23 

Memory Indirect 11111111 : mod 100 rIm 5 5 7 

CALL = Call (within segment) 

Direct 1110 1000 : full displacement 3 7,23 

Register Indirect 1111 1111 : 11 010 reg 5 7,23 

Memory Indirect 11111111 : mod 010 reg 5 5 7 

RET = Return from CALL (within segment) 
11000011 5 5 

Adding Immediate to SP 11000010: 16-bit disp. 5 5 

ENTER = Enter Procedure 1100 1 000 : 16-bit disp., 8-bit level 

Level = 0 14 
Level = 1 17 

Level (L) > 1 17+3L 8 

LEAVE = Leave Procedure 11001001 5 1 

I 4-503 



Intel486TM PROCESSOR FAMILY 

Table 13-15. Clock Count Summary (Continued) 

Penalty 
Instruction Format Cache I' Cache Notes. 

Hit Miss 

MULTIPLE·SEGMENT INSTRUCTIONS 

MOV = Move 

reg. to segment reg. 10001110: 11 sreg3 reg 3/9 0/3 RV/P,9 

memory to segment reg. 10001110: mod sreg3 rIm 3/9 . 2/5 RV/P,9 

segment reg. to reg. 10001100: 11 sreg3 reg 3 

segment reg. to memory 10001100: mod sreg3 rIm 3 

PUSH = Push 

segment reg. OOOsreg 2110 3 
(ES, CS, SS, or OS) 

segment reg. (FS or GS) 00001111 : 10 sreg3001 3 

POP = Pop , 
segment reg. OOOsreg 2111 3/0 2/5 RV/P,9 
(ES, CS, SS, or OS) 

segment reg. (FS or GS) 00001111 : 10 sreg3001 3/9 2/5 RV/P,9 

LDS = Load Pointer to DS 11000101 : mod reg rIm 6/12 7110 RV/P,9 

LES = Load Pointer to ES 11000100: mod reg rIm 6/12 7110 RV/P,9 

LFS = Load Pointer to FS 00001111: 10110100: mod reg rIm 6/12 7110 RV/p,9 

LGS = Load Pointer to GS 00001111: 10110101: mod reg rIm 6/12 7110 RV/P,9 

LSS = Load Pointer to SS 00001111: 10110010: mod reg rIm 6/12 7/10 RV/P,9 

CALL = Call 

Direct intersegment 1001 1010: unsigned full offset, selector 18 2 R,7,22 

to same level 20 3 P,9 
thru Gate to same level 35 6 P,9 
to inner level, no parameters 69 17 P,9 
to inner level, x parameters (d) words 77+4X 17+n P,11,9 
toTSS 37+TS 3 P,10,9 
thru Task Gate 38+TS 3 P,10,9 

Indirect intersegment 11111111 :mod011 rIm 17 8 R,7 

to same level 20 H) P,9 
thru Gate to same level 35 13 P,9 
to inner level, no parameters 69 24 P,9 
to inner level, x parameters (d) words 77+4X 24+n P,11,9 
toTSS 37+TS 10 P,10,9 
thru Task Gate 38+TS 10 P,10,9 

RET = Return from CALL 

intersegment 11001010 13 8. R,7 

to same level 17 9 P,9 
to outet lever 35 12 P,9 

intersegment adding 11001010: 16-bit disp. 14 8 R,7 
imm.to SP 

to same level 18 9 P,9 
to outer level 36 12 P,9 
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Table 13-15. Clock Count Summary (Continued) 

Penalty 
Instruction Format Cache If Cache Notes 

Hit Miss 

MULTIPLE·SEGMENT INSTRUCTIONS (Continued) 

JMP = Unconditional Jump 

Direct intersegment 11101010: unsigned full offset, selector 17 2 R,7,22 

to same level 19 3 P,9 
, thru Call Gate to same level 32 6 P,9 

thruTSS 42+TS 3 P,10,9 
thru Task Gate 43+TS 3 P,10,9 

Indirect intersegment 11111111: mod 011 rim 13 9 R,7,9 

to same level 1B 10 P,9 
thru Call Gate to same level 31 13 P,9 
thru TSS 41+TS 10 P,10,9 
thru Task Gate 42+TS 10 P,1Q,9 

BIT MANIPULATION 

BT = Test Bit 

register, immediate 00001111: 10111010: 11100 reg: 3 
imm. B-bit data 

memory, immediate 00001111 :10111010:mod100r/m: 3 1 
imm. 8-bit data 

reg1, reg2 00001111 : 10100011 : 11 reg2 reg1 3 

memory, reg 00001111 : 10100011 : mod reg rIm 8 2 

Instruction TIT 
BTS - Test Bit and Set 101 
BTR = Test Bit and Reset 110 
BTC = Test Bit and Compliment 111 

register, immediate 0000 1111 : 1011 1010: 11 TIT reg 6 
imm. B-bit data 

memory, immediate 00001111 : 1011 1010: mod TIT rIm B UlL 
imm. 8-bit data 

reg 1 , reg2 00001111: 1 OTT T011 : 11 reg2reg1 6 

memory, reg 00001111 : 1 OTT T011 : mod reg rim 13 U/L 

BSF = Scan Bit Forward 

reg1, reg2 00001111: 10111100: 11 reg2reg1 6/42 MN/MX, 
12 

memory, reg 00001111 :10111100:modregr/m 7143 2 MN/MX, 
15 

BSR = Scan Bit Reverse 

reg1, reg2 00001111 :10111101 :11 reg2reg1 6/103 MN/MX, 
14 

memory, reg 00001111: 10111101 : mod reg rim 71104 1 MN/MX, 
15 
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Table 13-15. Clock Count Summary (Continued) 

Penalty 
Instruction Format Cache if Cache ' Notes 

Hit Miss 

STRING INSTRUCTIONS 

CMPS = Compare Byte Word 1010011w 8 6 16 

LODS = Load Byte/Word to ALI AX/EAX 
1010111w 5 2 

MOYS = Move Byte/Word 1010010w 7 2 16 

SCAS = Scan Byte/Word 1010111w 6 2 

STOS = Store Byte/Word from AL/ AX/EX 
1010101w 5 

XLAT = Translate String 11010111 4 2 

REPEATED STRING INSTRUCTIONS 
Repeated by Count in CX or ECX (C = Count in CX or ECX) 

REPE CMPS = Compare String 11110011: 1010 011w 
(Find Non-match) 

C=O 5 16,17 
C>O 7+7c 

REPNE CMPS = Compare String 11110010: 1010011w 
(Find Match) 

C=O 5 16 .. 17 
C>O 7+7c 

REP LODS = Load String 11110010: 1010 110w 

C=O 5 16,18 
C>O 7+4c 

REP MOYS = Move String 11110010:1010010w 

C=O 5 1 16 
C=1 13 16,19 
C> 1 12+3c 

REPE SCAS = Scan String 11110011: 1010 111w 
(Find Non-AL/AX/EAX) 

C=O 5 
C>O 7+5c 20 

REPNE SCAS "': Scan String 11110010: 1010,111w 
(Find ALI AX/EAX) 

C=O 5 
C>O 7+5c 20 

REP STOS = Store String 11110010: 1010 101w 

C=O 5 
C>O 7+4c 
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Table 13-15. Clock Count Summary (Continued) 

Penalty 
Instruction Format Cache if Cache Notes 

Hit Miss 

FLAG CONTROL 

ClC = Clear Carry Flag 11111000 2 

STC = Set Carry Flag 11111001 2 

CMC = Complement Carry Flag 11110101 2 

ClD = Clear Direction Flag 11111100 2 

STD = Set Direction Flag 1111 1101 2 

Cli = Clear Interrupt Enable Flag 11111010 5 

STI = Set Interrupt Enable Flag 11111011 5 

LAHF = load AH into Flag 10011111 3 

SAHF =. Store AH into Flag 10011110 2 

PUSHF = Push Flags 10011100 4/3 RV/P 

POFF = Pop Flags 10011101 9/6 RVIP 

DECIMAL ARITHMETIC 

AAA = ASCII Adjust to Add 0011 0111 3 

AAS = ASCII Adjust for Subtract 00111111 3 

AAM = ASCII Adjust for Multiply 11010100: 0000 1010 15 

AAD = ASCII Adjust for Divide 1101 0101 : 00001010 14 

DAA = Decimal Adjust for Add 00100111 2 

DAS = Decimal Adjust for Subtract 
00101111 2 

PROCESSOR CONTROL INSTRUCTIONS 

HlT = Halt 11110100 4 

MOV = Move To and From Control/Debug/Test Registers 

CRO from register 00001111 :00100010:11 000 reg 17 2 

CR2/CR3 from register 00001111 : 0010 0010: 11 eee reg 4 

Reg from CRO-3 00001111 :00100000: 11 eeereg 4 

DRO-3 from register 00001111: 0010 0011: 11 eee reg 10 

DR6-7 from register 00001111 : 0010 0011 : 11 eee reg 10 

Register from DR6-7 0000 1111 : 0010 0001 : 11 eee reg 9 

Register from DRO-3 00001111 :00100001: 11 eeereg 9 

TR3 from register 0000 1111 : 00100110 : 11 011 reg 4 

TR4-7 from register 00001111 :00100110: 11 eeereg 4 

Register from TR3 00001111 : 0010 0100: 11 011 reg 3 

Register from TR4-7 0000 1111 : 00100100 : 11 eee reg 4 
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Table 13-15. Clock Count Summary (Continued) 

Penalty 
Instruction Format Cache If Cache Notes 

Hit Miss 

PROCESSOR CONTROL INSTRUCTIONS (Continued) 

CPUID = CPU Identification 00001111 : 10100010 

EAX = 1 14 
EAX = 0, >1 9 

CL TS = Clear Task Switched Flag 00001111 : 0000 0110 7 2 

INVD = Invalidate Data Cache 00001111 :00001000 4 

WBINVD = Write-Back and Invalidate Data Cache 
00001111 : 0000 1001 5 

INVLPG = Invalidate TLB Entry 

INVLPG memory 00001111: 00000001: mod 111 rim 12/11 HINH 

PREFIX BYTES 

Address Size Prefix 01100111 1 

LOCK = Bus Lock Prefix 11110000 1 

Operand Size Prefix 01100110 1 

Segment Override Prefix 

CS: 00101110 1 

DS: 00111110 1 

ES: 00100110 1 

FS: 01100100 1 

GS: 01100101 1 

SS: 00110110 1 

PROTECTION CONTROL 

ARPL = Adjust Requested Privilege Level 

From register 01100011 : 11 reg1 reg2 9 

From memory 01100011 : mod reg rim 9 

LAR = Load Access Rights 

From register 0000 1111 : 0000 0010 : 11 reg1 reg2 11 3 

From memory 0000 1111 : 0000 0010: mod reg rim 11 5 

LGDT = Load Global Descriptor 

Table register 00001111 : 0000 0001 : mod 010 rim 12 5 

LlDT = Load Interrupt Descriptor 

Table register 00001111 : 0000 0001 : mod 011 rim 12 5 

LLDT = Load Local Descriptor 

Table register from reg. 00001111: 0000 0000: 11010 reg 11 3 

Table register from memo 00001111 : 00000000: mod 010 rim 11 6 

4-508 I 



Intel486™ PROCESSOR FAMILY 

Table 13-15. Clock Count Summary (Continued) 

Penalty 
Instruction Format Cache If Cache Notes 

Hit Miss 

PROTECTION CONTROL (Continued) 

LMSW = Load Machine Status Word 

From register 0000 1111 : 0000 0001 : 11 110 reg 13 

From memory 00001111 :00000001 : mod 110r/m 13 1 

LSL = Load Segment Limit 

From register 0000 1111 : 0000 0011 : 11 reg1 reg2 10 3 

From memory 00001111 : 0000 0011 : mod reg rIm 10 6 

L TR = Load Task Register 

From register 0000 1111 : 0000 0000 : 11 011 reg 20 

From memory 0000 1111 : 00000000: mod 011 rIm 20 

SGDT = Store Global Descriptor Table 
0000 1111 : 0000 0001 : mod 000 rIm 10 

SIDT = Store Interrupt Descriptor Table 
0000 1111 : 0000 0001 : mod 001 rIm 2 

SLDT = Store Local Descriptor Table 

To register 0000 1111 : 0000 0000 : 11 000 reg 2 

To memory 00001111 : 0000 0001 : mod 000 rIm 3 

SMSW = Store Machine Status Word 

To register 00001111: 0000 0001: 11000 reg 2 

To memory 00001111: 0000 0001 : mod 100 rIm 3 

STR = Store Task Register 

To register 00001111 :00000000: 11 001 rIm 2 

To memory 0000 1111 : 0000 0000 : mod 001 rIm 3 

VERR = Verify Read Access 

Register 0000 1111 :00000000: 11100r/m 11 3 

Memory 0000 1111 : 0000 0000 : mod 100 rIm 11 7 

VERW = Verify Write Access 

To register 00001111 : 0000 0000: 11101 rIm 11 3 

To memory 0000 1111 : 0000 0000: mod 101 rIm 11 7 

INTERRUPT INSTRUCTIONS 

INTn = Interrupt Type n 11001101 : type INT+ RV/P.21 
410 

INT3 = Interrupt Type 3 11001100 INT+O 21 
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Table 13-15. Clock Count Summary (Continued) 

Penalty 
Instruction Format Cache If Cache Notes 

Hit Miss 

INTERRUPT INSTRUCTIONS (Continued) 

INTO = Interrupt 4 If Overflow Flag Set 
11001110 

Taken INT+2 21 
Not Taken 3 21 

BOUND = Interrupt 5 If Detect Value Out Range 
01100010: mod reg rIm 

Ifin range 7 7 21 
If out of range INT+ 7 21 

24 

IRET = Interrupt Return 11001111 

Real ModelVirtual Mode 15 8 
Protected Mode 

To same level 20 11 9 
To outer level 36 19 9 
To nested task TS+32 4 9,10 
(EFLAGS.NT= 1) 

RSM = Exit System Management Mode 
00001111: 1010 1010 

5MBASE Relocation 452 
Auto HALT Restart 456 
I/O Trap Restart 465 

External Interrupt INT+ 21 
11 

NMI = Non-Maskable Interrupt INT+3 21 

Page Fault INT+ 21 
24 

VM86 Exceptions 

CLI INT+8 21 
STI INT+8 21 
INTn INT+9 
PUSHF INT+9 21 
POPF INT+8 21 
IRET INT+9 
IN 

Fixed Port INT+50 21 
Variable Port INT+51 21 

OUT 
Fixed Port INT+50 21 
Variable Port INT+51 21 

INS INT+50 21 
OUTS INT+50 21 
REP INS INT+51 21 
REP OUTS INT+51 21 
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Table 13-16. Task Switch Clock Counts 

Value forTS 
Method 

VM/lnte1486™ Processor/286 TSS to Intel486 Processor TSS 

VM/lntel486 Processor/286 TSS to 286 TSS 

VM/lntel486 Processor/286 TSS to VM TSS 

Table 13-17. Interrupt Clock Counts 

Method 

Real Mode 

Protected Mode 
Interrupt/Trap gate, same level 
Interrupt/Trap gate, different level 
Task Gate 

Virtual Mode 
Interrupt/Trap gate, different level 
Task Gate 

Abbreviations Definition 

16/32 16/32 bit modes 

U/L unlocked/locked 

MN/MX 

L/NL 

RV/P 

R 

P 

T/NT 

HINH 

minimum/maximum 

loop/no loop 

real and virtual mode/protected mode 

real mode 

protected mode 

taken/not taken 

hit/no hit 

NOTES (for Tables 13·17 through 13-19): 

Cache Hit 

26 

44 
71 

37 + TS 

82 
37 + TS 

Cache Hit 

162 

144 

140 

Value for INT 

Miss Penalty 

2 

6 
17 
3 

17 
3 

1. Assuming that the operand address and stack address fall in different cache sets. 

2. Always locked, no cache hit case. 

3. Clocks = 10 + max(log2(lml),n) 

4. Clocks = {qoutient(couintloperand length)J*7+9 
= B if count,;; operand length (B/16/32) 

5. Clocks = {qoutient(couintl operand length) J *7 + 9 
= 9 if count,;; operand length (B/16/32) 

6. Equal/not equal cases (penalty is the same regardless of lock) 

Miss Penalty 

55 

31 

37 

Notes 

9 
9 

9,10 

10 

7. Assuming that addresses for memory read (for indirection), stack puchlpop and branch fall in different cache sets. 

B. Penalty for cache miss: add 6 clocks for every 16 bytes copied to new stack frame. 

9. Add 11 clocks for each unaccessed descriptor load. 

10. Refer to task switch clock counts table for value of TS. 

11. Add 4 extra clocks to the cache miss penalty for each 16 bytes. 
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For notes 12-13: (b = 0-3, non-zero byte number); 
(i=0-1, non-zero nibble number); 
(n=0-3, non-bit number in nibble); 

12. Clocks = 8 + 4 (b+ 1) + 3(i+ 1) + 3(n+ 1) 
= 6 if second operand = 0 

13. Clocks = 9 + 4 (b+1) + 3(i+1) + 3(n+1) 
= 7 if second operand = 0 

For notes 14-15: (n=bit position 0-31) 
14. Clocks = 7 + 3(32-n) 

= 6 if second operand = 0 
15. Clocks = 8 + 3(32-n) 

= 7 if second operand = 0 
16. Assuming that the two string addresses fall in different cache sets. 
17. Cache miss penalty: add 6 clocks for every 16 bytes compared. Entire penalty on first compare. 
18. Cache miss penalty: add 2 clocks for every 16 bytes of data. Entire penalty on first load. 
19. Cache miss penalty: add 4 clocks for every 16 bytes moved. (1 clock for the first operation and 3 for the second) 
20. Cache miss penalty: add 4 clocks for every 16 bytes scanned. (2 clocks each for first and second operations) 
21. Refer to interrupt clock counts table for value of INT. 
22. Clock count includes one clock for using both displacement and immediate. 
23. Refer to assumption 6 in the case of a cache miss. 
24. Virtual Mode Extensions are disabled. 
25. Protected Virtual Interrupts are disabled. 

Table 13-18_ I/O Instructions Clock Count Summary 

Real 
Protected Protected Virtual 

Instruction Format 
Mode 

Mode Mode 86 Notes 
(CPL:S::IOPL) (CPL>IOPL) Mode 

IN = Input from: 
Fixed Port 1110 01 Ow : port number 14 9 29 27 
Variable Port 1110110w 14 8 28 27 

OUT = Output to: 
Fixed Port 1110 011w: port number 16 11 31 29 
Variable Port 1110110w 16 10 30 29 

INS = Input Byte/Word from OX Port 
0110110w 17 10 32 30 

OUTS = Output Byte/Word to OX Port 
0110111w 17 10 32 30 1 

REP INS = Input String 
11110010: 0110 110w 16+8c 10+8c 30+8c 29+8c 2 

REP OUTS = Output String 
1111 0010: 0110 111 w 17+5c 11 +5c 31 +5c 30+5c 3 

NOTES: 
1. Two clock cache miss penalty in all cases. 
2. c = count in CX or ECX. 
3. Cache miss penalty in all modes: Add 2 clocks for every 16 bytes. Entire penalty on second operation. 
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Table 13·19. Floating-Point Clock Count Summary 

Cache Hit Concurrent 

Penalty If 
Execution 

Instruction Format Avg(Lower Cache Avg(Lower Notes 
Range ... Miss Range: •• 

Upper Upper 
Range) Range) 

DATA TRANSFER 

FLO = Real Load to ST(O) 

32-bit memory 11011 001 : mod 000 rim: s-i-b/disp. 3 2 
64-bit memory 11011 101 : mod 000 rim: s-i-b/disp. 3 3 
aO-bit memory 11011011: mod 101 rim: s-i-b/disp. 6 4 
ST(il 11011001: 11000ST(i) 4 

FILD = Integer Load to ST(O) 

16-bit memory 11011 111 : mod 000 rim: s-i-b/disp. 14.5(13-16) 2 4 
32-bit memory 11011011 : mod 000 rim: s-i-b/disp. 11.5(9-12) 2 4(2-4) 
64-bit memory 11011 111 : mod 101 rim: s-i-b/disp. 16.8(10-18) 3 7.8(2-8) 

FBLD = BCD Load to ST(O) 

11011 111 : mod 100 rim: s-i-b/disp. 75(70-103) 4 7.7(2-8) 

FST = Store Real from ST(O) 

32-bit memory 11011 011 : mod 010 rim: s-i-b/disp. 7 1 
64-bit memory 11011101 :mod010r/m:s-i-b/disp. 8 2 
ST(i) 11011101: 11001 ST(i) 3 

FSTP = Store Real from ST(O) and Pop 

32-bit memory 11011 011 : mod 011 rim: s-i-b/disp. 7 1 
64-bit memory 11011101 :mod011 r/m:s-i-b/disp. 8 2 
aO-bit memory 11011 011 : mod 111 rim: s-i-b/disp. 6 
ST(il 11011 101 : 11001 ST(i) 3 

FIST = Store Integer from ST(O) 

16-bit memory 11011 111 : mod 010 rim: s-i-b/disp. 33.4(29-34) 
32-bit memory 11011011: mod010 rim: s-i-b/disp. 32.4(28-34) 

FISTP = Store Integer from ST(O) and Pop , 

16-bit memory 11011 111 : mod 011 rim: s-i-b/disp. 33.4(29-34) 
32-bit memory 11011011: mod 011 rim: s-i-b/disp. 33.4(29-34) 
64-bit memory 11011111: mod 111 rim: s-i-b/disp. 33.4(29-34) 

FBSTP = Store BCD from ST(O) and Pop 

11011111: mod 110 rim: s-i-b/disp. 175(172-176) 

FXCH = Exchange ST(O) and ST(I) 

11011 001 : 11001 ST(i) 4 
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Table 13-19. Floating-Point Clock Count Summary (Continued) 

Cache Hit Concurrent 

Penalty if 
Execution 

. Instruction Format Avg(Lower Cache Avg(Lower Notes 
Range ... Miss Range ... 

Upper Upper 
Range) Range) 

COMPARISON INSTRUCTIONS 

FCOM = Compare ST(O) with Real 

32-bit memory 11011 000: mod 010 rIm: s-i-b/disp. 4 2 1 
64-bit memory 11011100: mod 010 rIm: s-i-b/disp. 4 3 1 
ST(i) 11011000: 11010 ST(i) 4 

FCOMP = Compare ST(O) with Real and Pop 

32-bit memory 11011 000: mod 011 rIm: s-i-b/disp. 4 2 1 
64-bit memory 11011'100 : mod 011 rIm: s-i-b/disp. 4 3 1 
ST(i) 11011 000 : 11011 ST(i) 4 1 

FCOMPP = Compare ST(O) with ST(1) and Pop Twice 

11011110: 11011001 5 1 

FICOM = Compare ST(O) with Integer 

16-bit memory 11011110: mod 010 rIm: s-i-b/disp. 18(16-20) 2 1 
32-bit memory 11011010: mod 010 rIm: s-i-b/disp. 16.5(15-17) 2 1 

FICOMP = Compare ST(O) with Integer 

16-bit memory 11011110: mod 011 rIm: s-i-b/disp. 18(16-20) 2 1 
32-bit memory 11011010: mod 011 rIm: s-i-b/disp. 16.5(15-17) 2 1 

FTST = Compare ST(O) with 0.0 

11011 011 : 11100100 4 1 

FUCOM = Unordered compare ST(O) with ST(I) 

11011 101 : 11100 ST(i) 4 1 

FUCOMP = Unordered compare ST(O) with ST(i) and Pop 

11011101: 11101 ST(i) 4 1 

FUCOMPP = Unordered compare ST(O) with ST(1) and Pop Twice 

11011101: 111011001 5 1 

FXAM = Examine ST(O) 

11011 001 : 1110 0101 8 
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Table 13-19. Floating-Point Clock Count Summary (Continued) 

Cache Hit Concurrent 

Penalty if 
Execution 

Instruction Format Avg(Lower Cache Avg(Lower Notes 
Range ••• Miss Range ••• 

Upper Upper 
Range) Range) 

CONSTANTS 

FLDZ = Load + 0.0 Into ST(O) 

11011 001 : 1110 1110 : 4 

FLD1 = Load + 1.0 Into ST(O) 

11011001: 1110 1000: 4 

FLDP1 = Load 1T Into ST(O) 

11011001: 1110 1011 : 8 2 

FLDL2T = Load log2(10) Into ST(O) 

11011001: 1110 1001 : 8 2 

FLDL2E = Load log2(e) Into ST(O) 

11011001: 1110 1010: 8 2 

FLDLG2 = Load log10(2) Into ST(O) 

11011001: 1110 1100: 8 2 

FLDLN2 = Load loge(2) Into ST(O) 

11011001: 1110 1101 : 8 2 

ARITHMETIC 

FADD = Add Real with ST(O) 

ST(OI - ST(OI + 32-bit memory 

11011000: mod 000 rim: s-i-b/disp. 10(8-20) 2 7(5-17) 

ST(O) - ST(O) + 64-bit memory 

11011100: mod 000 rim: s-i-b/disp. 10(8-20) 3 7(5-17) 

ST(d) - ST(O) + ST(il 

11011 dOO: 11000 ST(i) 10(8-20) 7(5-17) 

FADDP = Add real with ST(O) and Pop (STII) - ST(O) + ST(Il) 

11011 110: 11000 ST(i) : 10(8-20) 7(5-17) 
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Table 13-19. Floating-Point Clock Count Summary (Continued) 

C8cheHlt Concurrent 

Penalty If 
Execution 

Instruction Format Avg(Lower Cache Avg(Lower Notes 
Range ••• Miss Range ••• 

Upper Upper 
Range) Range) 

ARITHMETIC (Continued) 

FSUB = Subtract Real from ST(O) 

ST(O) - ST(O) - 32·bit memory 

11011 000: mod 100 rIm: s-i-b/disp. 10(8-20) 2 7(5-17) 
ST(O) - ST(Ol - 64-bit memory 

11011100: mod 100 rIm: s-i-b/disp. 10(8-20) 3 7(5-17) 
ST(d) - ST(Ol - STeil 

11011 dOO : 11001 ST(i) 10(8-20) 7(5-17) 

FSUBP = Subtract real from ST(O) and Pop (ST(I) - ST(O)-ST(I)) 

11011110: 11001 ST(i) 10(8-20) 7(5-17) 

FSUBR = Subtract Real reversed (Subtract ST(O) from Real) 

ST(Ol - 32-bit memory - ST(O) 
11011 000: mod 101 rIm: s-i-b/disp. 10(8-20) 2 7(5-17) 

ST(Ol - 54-bit memory - ST(Ol 
11011100:mod101 r/m:s-i-b/disp. 10(8-20) 3 7(5-17) 

ST(dl - STeil - ST(Ol 
11011 dOO : 11001 ST(i) 10(8-20) 7(5-17) 

FSUBRP = Subtract Real reversed and Pop (ST(I) - ST(I)-ST(O)) 
11011 110: 11100 ST(i) 10(8-20) 7(5-17) 

FMUL = Multiply Real with ST(O) 

ST(O) - ST(O) X 32-bit memory 
11011 000: mod 001 rIm: s-i-b/disp. 11 2 8 

ST(Ol - ST(Ol X 64-bit memory 
11011 100: mod 001 rIm: s-i-b/disp. 14 3 11 

ST(dl - ST(Ol X STeil 
11011 dOO : 11001 ST(i) 16 13 

FMULP = Multiply ST(O) with ST(I) and Pop (ST(I) - ST(O) x ST(I)) 

11011110: 11001 ST(i) 16 13 

FDIV = Divide ST(O) by Real 

ST(Ol - ST(Ol! 32-bit memory 
11011 000: mod 110 rIm: s-i-b/disp. 73 2 70 3 

ST(Ol - ST(Ol! 64-bit memory 
11011100: mod 110r/m: s-i-b/disp. 73 3 70 3 

ST(d) - ST(Ol! STeil 
11011 dOO: 11111 ST(i) 73 70 3 

FDIVP = Divide ST(O) by STeil and Pop (ST(I) - ST(O)!ST(I» 
11011 110: 11111 ST(i) 73 70 3 
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Table 13-19. FloatIng-Point Clock Count Summary (Continued) 

Cache Hit Concurrent 

Penalty If 
Execution 

Instruction Format Avg(Lower Cache Avg(Lower Notes 
Range ••. Miss Range ••• 

Upper Upper 
Range) Range) 

ARITHMETIC (Continued) 

FDIVR = Divide real reversed (ReaI/ST(O)) 

ST(Ol +- 32-bit memory! ST(O) 

11011 000: mod 111 rIm: s-i-b/disp. 73 2 70 3 

ST(Ol +- 64-bit memory! ST(O) 

11011100: mod 111 rIm: s-i-b/disp. 73 3 70 3 

ST(dl +- STeil! ST(O) 

11011 dOO: 11110 ST(i) 73 70 3 

FDIVRP = Divide real reversed and Pop (ST(ll +- ST(I)I ST(O)) 

11011110:11110ST(i) 73 70 3 

FIADD = Add Integer to ST(Ol 

ST(Ol +- ST(Ol + 16-bit memory 

11011110: mod 000 rIm: s-i-b/disp. 24(20-35) 2 7(5-17) 

ST(Ol +- ST(Ol + 32-bit memory 

11011 010: mod 000 rIm: s-i-b/disp. 22.5(19-32) 2 7(5-17) 

FISUB = Subtract Integer from ST(O) 

ST(Ol +- ST(Ol - 16-bit memory 

11011110: mod 100 rIm: s-i-b/disp. 24(20-35) 2 7(5-17) 

ST(Ol +- ST(Ol - 32-bit memory 

11011 010: mod 100 rIm: s-i-b/disp. 22.5(19-32) 2 7(5-17) 

FISUBR = Integer Subtract Reversed 

ST(Ol +- 16-bit memory - ST(Ol 

11011110: mod 101 rIm: s-i-b/disp. 24(20-35) 2 7(5-17) 

ST(Ol +- 32-bit memory - ST(Ol 

11011 010: mod 101 r/m:s-i-b/disp. 22.5(19-32) 2 7(5-17) 

FIMUL = Multiply Integer with ST(Ol 

ST(Ol +- ST(Ol X 16-bit memory 

11011110: mod 101 rIm: s-i-b/disp. 25(23-27) 2 8 
ST(Ol +- ST(Ol X 32-bit memory 

11011 019: mod 001 rIm: s-i-b/disp. 23.5(19-32) 2 8 
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Table 13-19. Floating-Point Clock Count Summary (Continued) 

Cache Hit Concurrent 

Penalty If 
Execution 

Instruction Format Avg(Lower Cache Avg(Lower Notes 
Range ... Miss Range ••. 

Upper Upper 
Range) Range) 

ARITHMETIC (Continued) 

FIDIV = Integer Divide 
ST(O) +- ST(O)/ 16·bit memory 

11011110: mod 110 rIm: s-i-b/disp. 87(85-89) 2 70 3 
ST(O) +- ST(O)/ 32·bit memory 

11011010: mod 110 rIm: s-i-b/disp. 85.5(84-86) 2 70 3 

FIDVR = Integer Divide Reversed 
ST(O) +-16·bit memory/ST(O) 

11011 110: mod 111 rIm: s-i-b/disp. 87(85-89) 2 70 3 
ST(O) +- 32-bit memory/ST(O) 

11011 010: mod 111 rIm: s-i-b/disp. 85.5(84~86) 2 70 3 

FSQRT = Square Root 
11011001: 11111010 85.5(83-87) 70 

FSCALE = Scale ST(O) by ST(1) 
11011 001 : 1111 1101 31(30-32) 2 

FXTRACT = Extract Components of ST(O) 
110.11 001 : 1111 0100 19(16-20) 4(2-4) 

FPREM = Partial Reminder 
11011001: 11111000 84(70-138) 2(2-8) 

FPREM1 = Partial Reminder (IEEE) 
11011 001 : 1111 0101 94.5(72-167) 5.5(2-18) 

FRNDINT = Round ST(O) to Integer 
11011001: 11111100 29.1 (21-30) 7.4(2-8) 

FABS = Absolute value of ST(O) 
11011001: 11100001 3 

FCHS = Change Sign of ST(O) 
11011 001 : 11100000 6 

TRANSCENDENTAL 

FCOS = Cosine of ST(O) 
11011001: 11111111 241 (193-279) 2 6,7 

FPTAN = Partial Tangent of ST(O) 
11011001: 11110010 244(200-273) 70 6,7 

FPATAN = Partial Arctangent 
11011 001 : 1111 0011 289(218-303) 5(2-17) 6 
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Table 13-19. Floating-Point Clock Count Summary (Continued) 

Cache Hit Concurrent 

Penalty If 
Execution 

Instruction Format Avg(Lower Cache Avg(Lower Notes 
Range ••• Miss Range ••• 

Upper Upper 
Range) Range) 

TRANSCENDENTAL (Continued) 

FSIN = Sine of ST(O) 
11011001: 11111110 241 (193-279) 2 6,7 

FSINCOS = Sine and Cosine of ST(O) 
11011001: 11111011 291 (243-329) 2 6,7 

F2XM1 = 2ST(O) - 1 

11011 001 : 1111 0000 242(140-279) 2 6 

FYL2X = ST(1) x log2(ST(0)) 
11011 001 : 1111 0001 311 (196-329) 13 6 

FYL2XP1 = ST(1) x log2(ST(0) + 1.0) 
1.1011 001 : 1111 1001 313(171-326) 13 6 

PROCESSOR CONTROL 

FINIT = Initialize FPU 
11011 001 : 11100011 17 4 

FSTSW AX = Store status word into AX 

11011 111 : 11100000 3 5 

FSTSW = Store status word into memory 

11011 101 : mod 111 rIm: s-i-b/disp. 3 5 

FLDCW = Load control word 
11011 001 : mod 101 rIm: s-i-b/disp. 4 2 

FSTCW = Store control word 
11011 001 : mod 111 rIm: s-i-b/disp. 3 5 

FCLEX = Clear exceptions 
11011 011 : 11100010 7 4 

FSTENV = Store environment 
11011011: mod 110 rIm: s-i-b/disp. 

Real and Virtual Modes 16-bit address 67 4 
Real and Virtual Modes 32-bit address 67 4 
Protected Mode 16-bit address 56 4 
Protected Mode 32-bit address 56 4 

FLDENV = Load Environment 
11011 011 : mod 100 rIm: s-i-b/disp. 

Real and Virtual Modes 16-bit address 44 2 
Real and Virtual Modes 32-bit address 44 2 
Protected Mode 16-bit address 34 2 
Protected Mode 32-bit address 34 2 

I 4-519 



Intel486TM PROCESSOR FAMILY 

Table 13.19. Floating-Point Clock Count Summary (Continued) 

Cache Hit Concurrent 

Penalty If 
Execution 

Instruction Format Avg(Lower Cache Avg(Lower Notes 
Range ••• Miss Range ••• 

Upper Upper 
Range) Range) 

PROCESSOR CONTROL (Continued) 

FSAVE = Save State 

11011101: mod 110 rIm: s-i-b/disp. 

Real and Virtual Modes 16-bit address 154 4 
Real and Virtual Modes 32-bit address 154 4 
Protected Mode 16-bit address 143 4 
Protected Mode 32-bit address 143 4 

FRSTOR = Restore State 

11011101: mod 100 rIm: s-i-b/disp. 

Real and Virtual Modes 16-bit address 131 23 
Real and Virtual Modes 32-bit address 131 27 
Protected Mode 16-bit address 120 23 
Protected Mode 32-bit address 120 27 

FINCSTP = Increment Stack Pointer 

11011 001 : 1111 0111 3 

FDECSTP = Decrement Stack Pointer 

11011 001 : 1111 0110 3 

FFREE = Free ST(I) 

11011101: 11000ST(i) 3 

FNOP = No Operations 

11011101: 11010000 3 

WAIT = Wait until FPU ready (minImax) 

10011011 1/3 

NOTES: 
1. If operand is 0 clock counts = 27. 
2. If operand is 0 clock counts = 28. 
3. If CW.PC indicates 24-bit precision then subtract 38 clocks. 

If CW.PC indicates 53-bit precision then subtract 11 clocks. 
4. If there is a nume~ic error pending from a previous instruction add 17 clocks. 
5. If there is a numeric error pending from a previous instruction add 18 clocks. 
6. The INT pin is polled several times while this function is executing to assure short interrupt latency. 
7. If ABS(operand) is greater than ",/4 then add n clocks, where n= (operand/(",/4}). 
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14.0 DIFFERENCES BETWEEN 
Intel486™ PROCESSORS AND 
Intel386TM PROCESSORS 

The differences between Intel486 processors and 
Intel386 processors are due to performance en
hancements. The differences are listed below. 

1. Instruction clock counts have been reduced to 
achieve higher performance. (See section 13.0, 
"Instruction Set Summary.") 

2. The Intel486 processor bus is significantly faster 
than the Intel386 processor bus. Differences in
clude a 1 X clock, parity support, burst cycles, 
cacheable cycles, cache invalidate cycles and 8-
bit bus support. The Hardware Interface and Bus 
Operation sections (sections 9.0 and 10.0) of the 
data sheet should be carefully read to under
stand the Intel486 processor bus functionality. 

3. To support the on-chip cache bits have been 
added to control register 0 (CD and NW) (see 
section 4.2.3.1, "Control Registers"), new pins 
have been added to the bus (see section 9.0, 
"Hardware Interface") and new bus cycle types 
have been added (see section 10.0, "Bus Opera
tion"). The on-chip cache needs to be enabled 
after reset by clearing the CD and NW bit in CRO. 

4. Eight new instructions have been added: 

• Byte Swap (BSWAP) 

• Exchange-and-Add (XADD) 

• Compare and Exchange (CMPXCHG) 

• Invalidate Data Cache (INVD) 

• Write-back and Invalidate Data Cache 
(WBINVD) 

• Invalidate TLB Entry (INVLPG) 

• Processor Identification (CPUID) 

• Resume (RSM) 
5. Two bits defined in control register 3, the page 

table entries and page directory entries (PCD and 
PWT). (See section 6.4.2.5, "Page Directory/Ta
ble Entries.") 

6. A page protection feature has been added. This 
feature required a new bit in control register 0 
(WP) (See sections 4.2.3.1 "Control Registers" 
and 6.4.3 "Page Level Protection.") 

7. An Alignment Check feature has been added. 

I 

This feature required a bit in the flags register 
(AC) (section 4.2.2.3 "Flags Register") and a bit 
in control register 0 (AM) (section 4.2.3.1 "Con
trol Registers"). 
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8. The replacement algorithm for the translation 
lookaside buffer has been changed from a ran
dom algorithm to a pseudo least recently used 
algorithm like that used by the on-chip cache. 
(See section 7.5 "Cache Replacement" for a 
description of the algorithm.) 

9. Three testability registers, TR3, TR4 and TR5, 
have been added for testing the on-chip,cache. 
TLB testability has been enhanced. (See sec
tion 11.0, "Testability.") 

10. The prefetch queue has been increased from 16 
bytes to 32 bytes. A jump always needs to exe
cute after modifying code to guarantee correct 
execution of the new instruction. 

11. After reset, the 10 in the upper byte of the OX 
register is 04. 

14.1 Differences Between the 
Intel386TM Processor with an 
Intel387TM Math CoProcessor 
and Intel486™ DX, IntelDX2TM 
and IntelDX4TM Processors 

In addition to the previously mentioned enhance
ments, the Intel486 OX, IntelDX2 and IntelDX4 proc
essors offer the following features: 

1. The complete Intel387 math coprocessor instruc
tion set and register set have been added. No 
I/O cycles are performed during FLOATING
POINT instructions. The instruction and data 
pointers are set to 0 after FINIT /FSAVE. Interrupt 
9 can no longer occur, interrupt 13 occurs in
stead. 

2. Support for FLOATING-POINT error reporting 
modes to guarantee DOS compatibility. These 
modes require a bit in control register 0 (NE) (see 
section 4.2.3.1, "Control Registers") and pins 
(FERR# and IGNNE#). (See sections 9.2.15, 
"Numeric Error Reporting" and 10.2.14 "FLOAT
ING-POINT Error Handling.") 

3. In some cases FERR# is asserted when the next 
FLOATING-POINT instruction is encountered 
and in other cases it is asserted before the next 
FLOATING-POINT instruction is encountered, 
depending upon the execution state the instruc
tion causing exception. (See sections 9.2.15, 
"Numeric Error Reporting" and 10.2.14, 
"FLOATING-POINT Error Handling.") For both of 
these cases, the Intel387 math coprocessor as
serts ERROR # when the error occurs and does 
not wait for the next FLOATING-POINT instruc
tion to be encountered. 

4. The contents of the base registers Including the 
FLOA TING-POINT registers may be different 
after reset. 
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15.0 DIFFERENCES BETWEEN THE 
PGA, SQFP AND PQFP 
VERSIONS OF THE Intel486TM 
SX AND Intel486 OX 
PROCESSORS 

The section lists the differences between PGA, 
SQFP, and PQFP packages of the Intel486 SX and 
Intel486 OX processor. It also provides a quick pin 
reference table that is useful for converting a system 
design from one that uses a PGA package to one 
that uses an SQFP or PQFP package. 

NOTE: 

processors, ,as it is on the existing Low Power 
Intel486 OX and SX processors.) 

Clock Control: The CLK2 input can be changed dy
namically. The Stop Clock interrupt is handled in a 
different manner. 

AC Specifications: In general, the AC specifica
tions for the 2X clock device will have slightly longer 
setups, holds, and maximum valid delays. This is 
consistent with the existing Low Power Intel486 OX 
and I ntel486 S)( processors. See section 15.1.5, 
"AC Specifications," for 2X clock mode AC specifi
cations. 

Upgrades: There are no end user upgrade products 
planned for the 2X clock mode product. The UP# 
function is still provided for use by system designers 
that offer Intel486 SX to Intel486 OX processor up-

The boundary scan feature is not supported 
in the Intel4~6 SX processor in 168-pin PGA 
package. See sections 3.0, "Pin Descrip
tion," and 11.5, "lntel486 Processor Bound
ary Scan," for pinout differences. , grade cards. 

15.1 2X Clock Mode 

The Intel486 processors offer 2X clock mode for 
systems that rely on dynamic frequency scaling for 
processor power management. This product is not 
intended for the desktop computer. This 2X clock 
processor differs from the 1 X clock processor in the 
following ways: 

Pin Assignment/Function: The 2X clock product 
has a CLK2 input, rather than the 1 X clock product's 
CLK input. The CLK2 input must be synchronized to 
the system phase using the falling edge of RESET. 
(For reference, the pinout change from the existing 
Low Power Intel486 OX and SX processors is also 
shown. The CLKSEL pin is not used on the Intel486 

This section will explain the differences between the 
processor with the 2X clock mode and the processor 
with the 1 X clock mode. ' 

15.1.1 PIN ASSIGNMENTS 

The Intel486 processor with the 2X clock option is 
available in the 208-lead SQFP and 196-lead PQFP 
packages. The pinout is identical to the Intel486 
processor with the 1 X clock option with the excep
tion of the name of the clock input. The 1X clock 
input is called CI,.K and the 2X clock input is 
called CLK2. 

Table 15-1 shows the changes between the existing 
products and new products. 

Table 15-2 is a list of pin descriptions. 

Table 15-1. Pinout Differences for the 2X Clock Mode (Low Power) Processors 
(196-Lead PQFP Package) 

Low Power 
Intel486SX 

Low Power 
Intel486 DX 

Pin Intel486TM SX Intel486 DX 
Processor 

Processor 
Processor 

Processor 

75 NC STPCLK# NC STPCLK# 

77 NC NC IGNNE# IGNNE# 

81 NC NC FERR# FERR# 

85 NC SMI# NC SMI# 

92 NC SMIACT# NC SMIACT# 

94 NC SRESET NC SRESET 

127 CLKSEL NC CLKSEL NC 
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15.1.2 QUICK PIN REFERENCE 

Table 15-2. Pin Descriptions 

Symbol Type Name and Function 

ClK2 I CLK2 provides the fundamental timing for the processor. Both of the internal timing 
phases, phase-1 (ph1) and phase-2 (ph2), are provided by the external ClK2 input. All 
external timing parameters are specified with respect to the phase-1 rising edge of 
ClK2. 

For the 2X clock mode the ClK frequency is twice the frequency of the processor. 

RESET I The RESET input forces the processor to begin execution at a known state. The 
processor cannot begin execution of instructions until at least 1 ms after Vee and ClK2 
have reached their proper AC and DC specifications. However, for soft resets, RESET 
should remain active for at least 30 ClK2 periods (equal to 15 internal processor ClK). 
The RESET pin should remain active during this time to insure proper processor 
operation. RESET is active HIGH. Reset is asynchronous, but must meet setup and hold 
times t20, t20a and t21 for recognition in any specific clock. 

RESET sets the 5MBASE descriptor to default address of 30000H. If the system uses 
5MBASE relocation, then the SRESET pin should be used for soft resets. 

For the 2X clock mode, the falling edge of RESET synchronizes the processor internal 
clock phase. RESET must be used at power up and anytime the phase of the processor 
clock must be re·synchronized to the system phase. 

SRESET I The SRESET pin duplicates all the functionality of the RESET pin with the following two 
exceptions: 

1. The 5MBASE register will retain its previous value. 

2. If UP# is asserted, SRESET will not have an effect on the host processor. 

For soft resets, SRESET should remain active for at least 30 ClK2 periods (equal to 15 
internal processor ClK). SRESET is active HIGH. SRESET is asynchronous but must 
meet setup and hold times t20 and t21 for recognition in any specific clock. 
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15.1.3 CLOCK CONTROL 

15.1.3.1 Clock Generation 

The frequency of ClK2 is twice the internal frequen
cy of the processor. The internal clock is comprised 
of two phases, "PH1" and "PH2". Each CLK2 peri
od is a phase of the internal clock. Figure 15-1 illus
trates the relationship between the CLK2 input and 

CLK2 

INTERNAL 
CPUCLK 

(half the freq. 
ofCLK2) 

INTERNAL PROCESSOR 
CLOCK PERIOD 

the internal phases. All set-up, hold, float-delay and 
valid delay timings are referenced to the rising edge 
o! phase 1 of CLK2. Thus it is important to synchro
nize the external circuitry with the phase of the CLK2 
input. The internal processor clock phase is deter
mined at the falling edge of the RESET input. 
RESET must meet the specified setup and hold 
times to correctly synchronize the internal clock 
phase. See Figure 15-2. 

242202-E4 

Figure 15-1. ClK2 Sigl'Jal and Internal Processor Clock 
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INTERNAL 
CPUCLK 

CLK2 

RESET -J.~--~~--~--~~ ______ ~ __ ~ __ -J~ __ ~ __ -J ____ ~ 
15 CLK mln 

5S SRESET J . 'jl\."' ______________ _ 

This edge has no relationshi6 
to Intllmal clock phase 

Figure 15- 2. ClK2 and Internal Processor ClK vs. SRESET and RESET Timings 

242202-E5 
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15.1.3.2 Stop Clock 

The processor with the 2X clock option does not rely 
on an internal Phase Lock Loop to generate the in
ternal phase clocks. Therefore, the frequency of the 
CLK2 input can be changed dynamically or "on-the
fly." 

The 2X clock mode, Intel486 processor provides an 
interrupt mechanism, STPCLK #, that places the 
processor into a known state. Although the frequen
cy of the CLK2 input can be dynamically' changed 
between 0 MHz and the maximum operating fre
quency of the processor, operation between 0 MHz 
and 8 MHz is not tested. Stopping the CLK2 input 
with the processor in a known state requires use of 
the STPCLK # mechanism. When the processor rec
ognizes a STPCLK # request, the processor will stop 
execution on the next instruction boundary, stop the 
prefetcher, empty all internal pipelines and the write 
buffers, and then generate a Stop Grant bus cycle. 
At this point the processor is in the Stop Grant state. 

I 

Intel486TM PROCESSOR FAMILY 

The rising edge of STPCLK # will tell the processor 
that it can return to program execution at the instruc
tion following the interrupted instruction. 

Unlike the normal interrupts, INTR and NMI, the 
STPCLK # interrupt does not initiate interrupt ac
knowledge cycles or interrupt vector table reads. 

STPCLK # is active LOW and is provided with an 
internal pull-up resistor. STPCLK # is an asynchro
nous signal, but must remain active until the proces
sor issues the Stop Grant bus cycle. STPCLK # may 
be de-asserted at any time after the processor has 
issued the Stop Grant bus cycle. Note that 
STPCLK # should NOT be de-asserted before the 
processor has issued the Stop Grant bus cycle. 
STPCLK# must be de-asserte,d for a minimum of 5 
clocks after ROY # is returned active for the Stop 
Grant bus cycle before being asserted again. 

15.1.3.3 Clock Control State Diagram 

The state diagram in Figure 15-3 shows the Stop 
Clock state transitions for the 2X clock mode. 
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4 Halt State 

CLK2 is running 
HAlT 

1 Normal Execution 

Frequency can be 
changed dynamically 

INTR, NMI, SMI', 
RESET,SRESET 

EADSN 

STPCL.KII de-asserted 

STPCL.KII asserted and ' 
Stop Grant Bus cycle 

generated 

STPCL.KII 
de-asserted or 
RESET, SRESET 

2 Stop Grant State 

P-----------------------I 
STPCL.KII asserted and 
Stop Grant Bus Cycle generated 

. HOLD/BOFF/AHOLD,EADS# 
respond ICC depends on 
CLK2 frequency 

Start COO input Stop CLK input 

3 Stop Clock State 

CLK2 input is stopped 
CPU will not respond to inputs 

242202-E6 

Figure 15·3. Stop Clock State Machine-2X Clock Mode 

Normal State 

This is the Normal operating state of the processor. 
During this state, the CLK2 input frequency can be 
changed dynamically or "on-the-fly" for power con
sumption control with no clock control latency. This 
capability provides a wide range of performance! 

4-526 

power consumption options. Operation of the proc
essor is tested between 8 MHz and the maximum 
operating frequency of the processor. Operation be
low 8 MHz is guaranteed by design, though is not 
100% tested. Operation at 0 MHz is tested when the 
stop clock protocol (STPCLK #) is used. 
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Stop Grant State 

The processor enters the Stop Grant state in re
sponse to a STPCLK # interrupt. The processor will 
generate a Stop Grant bus cycle when it enters this 
state from the Normal state or the HALT state. The 
processor will not generate a Stop Grant bus cycle 
when it enters the Stop Grant state from the Stop 
Clock state. 

While in the Stop Grant state, the pull-up resistors 
on STPCLK# and UP# are disabled internally. The 
system must continue to drive these inputs to the 
state they were in immediately before the processor 
entered the Stop Grant state. For minimum proces
sor power consumption, all other input pins should 
be driven to their inactive level while the processor 

. is in the Stop Grant state. 

During the Stop Grant state, the processor will re
spond to HOLD, AHOLD and BOFF# normally and 
can perform cache invalidates. An active edge on 
either the SMI # or NMI interrupts will be latched and 
will be serviced after the rising edge of STPCLK # . 
An INTRrequest will be serviced after the processor 
returns to the normal state as long as INTR is held 
active until the processor issues an interrupt ac
knowledge bus cycle. 

Stop Clock State 

The processor enters the Stop Clock state when the 
system stops the CLK2 input. The system can stop 
the CLK2 input on either a logic high or a logic low. 
The CLK2 input must be restarted in the same state 
as when it was stopped. In other words, any CLK2 
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input state can· be stretched. (See Figure 15-4 for 
details.) Processor operation at 0 MHz is tested only 
when. the processor is in the Stop Clock state. 

In the Stop Clock state, the processor does not re
spond to any stimulus. The processor must re-enter 
the Stop Grant state (CLK2 input must be restarted) 
in order to perform any bus actions such as HOLDI 
HLDA cycles, invalidates (AHOLD/EADS# or 
FLUSH # cycles), and BOFF #. It is recommended 
that CLK2 be restarted 2 clocks before and continue 
until 2 clocks after the transition of the HOLD, 
AHOLD, EADS#, FLUSH#, or BOFF# signals. 

The interrupt signals (SMI#, NMI, and INTR) will be 
recognized aRd serviced correctly if the input is held 
in the active state until the processor returns to the 
Stop Grant state. The Intel486 processor family re
quires that INTR be held active until the processor 
issues an interrupt acknowledge cycle in order to 
guarantee recognition. This condition also applies to 
the existing Intel486 processors. 

HALT State 

The processor enters the HALT state from the Nor
mal state on a HALT instruction. The system can 
place the processor into the Stop Grant state from 
the HALT state by asserting the STPCLK # input. 
The processor will generate a Stop Grant bus cycle 
when it enters the Stop Grant state. If the processor 
entered the Stop Grant state from the HALT state 
then it will return to the HALT state when the 
STPCLK # interrupt is de-asserted. When the proc
essor re-enters the HALT state it will generate a 
HALT bus cycle. 

cfJ1 Restart cfJ2 <1»1 

CLK2 

Restart cfJ1 
CLK2 

242202-E7 

Figure 15-4. CLK2 Phase Coherence in CLK2 Stop and Restart 
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15.1.3.3 Supply Current Model for Stop Clock Modes and Transitions 

Figure 15-5 illustrates the. effect of different Stop Clock state transitions on the supply current. 

Icc 

A Change CLI<2 Dynamically • Nonnal Slale 

a Stop Clock State 

B ~ot.!e!!ed~ ____ _ Icc max .. 1 mA 0 3.3V 
Iccmax .. 2 mA 0 5V 

c Stop and Restart CL1<2 within Slop Grant State 
(Fully lested) 

2MHz BMHz lBMHz 

• guaranteed by design characterization. not 100% tested. 

20MHz 25MHz 33MHz 

242202-EB 

Figure 15-5. Supply Current Model for Stop Clock Modes and Transitions 

15.1.4 DC SPECIFICATIONS FOR 2X CLOCK 
OPTION 

For 2X clock DC specifications, refer to the 1 X clock 
DC specifications. (See section 17.3, "DC Specifica
tions.") 
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15.1.5 AC SPECIFICATIONS FOR 2X CLOCK 
OPTION 

The AC specifications given in the tables of this sec
tion consist of output delays, input setup require
ments and input hold requirements. All AC specifica
tions are relative to the rising edge of the phase 1 of 
the input system clock (CLK2), unless otherwise 
specified. (See Figures 15-6 through 15-8.) 
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15.1.5.1 3.3V AC Characteristic 

Table 15·3 is for 25- and 33·MHz Intel486 SX and 33·MHz Intel486 DX processors in 2X Clock Mode. 

Table 15·3. 3.3VAC Characteristics (2X Clock) 
Functional operating range: Vee = 3.3V ±0.3V; TeAsE = O·C to +85·C; CL = 50 pF, unless otherwise 
specified 

Symbol Parameter Min Max Min Max Unit Notes 

Frequency 25 33 MHz Note 1 

CLK2 Frequency 50 66 MHz Note 1 

t1 CLK2 Period 20 15 ns 

t2 CLK2 High Time 7 5 ns at2V 

ta CLK2 Low Time 7 5 ns atO.8V 

t4 CLK2 Fall Time' 2 2 ns 2VtoO.8V, 
Note 2 

ts CLK2 Rise Time 2 2 ns 0.8Vto2V, 
Note 2 

ts A2-A31, PWT, PCD, BEO-3#, MIIO#, 3 19 3 17 ns Note 3 
D/C#, W/R#, ADS#, LOCK#, BREQ, 
HLDA, SMIACT#, FERR# Valid Delay 

t7 A2-A31, PWT, PCD, BEO-3#, MIIO#, 28 21 ns Note 2 
D/C#, W/R#, ADS#, LOCK#, BREQ, 
HLDA Float Delay 

te PCHK# Valid Delay 3 24 3 23 ns 

tea BLAST#, PLOCK# Valid Delay 3 24 3 21 ns 

tg BLAST #, PLOCK # Float Delay 28 21 ns Note 2 

t10 DO-D31, DPO-DP3 Write Data Valid 3 20 3 19 ns 
Delay 

t11 DO-D31, DPO-DP3 Write Data Float 28 21 ns Note 2 
Delay 

t12 EADS# Setup Time 9 6 ns 
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Table 15-3. 3.3V AC Characteristics (2X Clock) (Cont'd) , 
Functional operating range: Vee = 3.3V ±0.3V; TCASE = ODC to + 85DC; CL = 50 pF, unless otherwise 
specified 

Symbol Parameter Min Max ' Min Max Unit Notes 

t13 EAOS#Hold Time 4 4 ns 

t14 KEN#, BS16#, BS8#Setup Time 9 6 ns 

t15 KEN#, BS16#, BS8#Hold Time 4 4 ns 

t16 ROY #; BROY # Setup Time 9 6 ns 

117 ROY#, BROY#Hold Time 4 4 ns 

t18 HOLD, AHOLO Setup Time 11 7' ns 

t18a BOFF # Setup Time 11 9 ns 

t19 HOLD, AHOLO, BOFF # Hold Time 4 4 ns 

t20 FLUSH#, A20M#, NMI, INTR, SMI#, 11 6 ns Note 3 
, STPCLK#, SRESET, RESET, 

IGNNE#Setup Time 

t20a RESET Falling Edge Setup Time 9 5 ·ns 

t21 FLUSH#, A20M#, NMI, INTR, SMI#, 4 4 ns Note 3 
STPCLK#, SRESET, RESET, 
IGNNE#Hold Time 

t22 00-031, OPO-OP3, A4-A31 Read 6 6 ns 
Setup Time 

t23 00-031, OPO-OP3, A4-A31 Read 4 4 ns 
Hold Time 

NOTES: 
1. O-MHz operation is tested using the STPCLK# and Stop Grant bus cycle protocol. Operation between 0 MHz < CLK2 

< 8 MHz is guaranteed by design characterization, but is not 100% tested. 
2. Not 100% tested, guaranteed by design characterization, 
3, FERR# and IGNNE# are present only in Intel486 OX processors. 
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15.1.5.2 5V AC Characteristics 

Table 1S·4 is for 2S· and 33·MHz Intel486 SX and 33·MHz Intel486 OX processors in 2X Clock Mode. 

Table 15-4. 5V AC Characteristics (2X Clock) 
Functional operating range: Vee = SV ±S%; TeASE = O·C +8S·C; CL = SO pF, unless otherwise specified. 

Symbol Parameter Min Max Min Max Unit· Notes 

Frequency 25 33 MHz Note 1 

CLK2 Frequency 50 66 MHz Note 1 

tl CLK2 Period 20 1S ns 

t2 CLK2 High Time 7 S ns at2V 

t3 CLK2 Low Time 7 S ns atO.8V 

t4 CLK2 Fall Time 2 2 ns 2V to 0.8V, 
Note 2 

t5 CLK2 Rise Time 2 .2 ns 0.8V to 2V, 
Note 2 

t6 A2-A31, PWT, PCD, BEO-3#, M/IO#, 3 19 3 17 ns Note 3 
D/C#, W/R#, ADS#, LOCK#, BREQ, 
HLDA, SMiACT#, FERR#Valid Delay 

t7 A2-A31, PWT, PCD, BEO-3#, M/IO#, 28 21 ns .Note 2 
D/C#, W/R#, ADS#, LOCK#, BREQ, 
HLDA Float Delay 

te PCHK#Valid Delay 3 24 3 23 ns 

tea BLAST#, PLOCK#Valid Delay 3 24 3 21 ns 

t9 BLAST #, PLOCK # Float Delay 28 21 ns Note 2 

tl0 00-031, DPO-DP3 Write Data Valid 3 20 3 19 ns 
Delay 

tll 00-031, DPO-DP3 Write Data Float 28 21 ns Note 2 
Delay 

t12 EADS#Setup Time 9 6 ns 

t13 EADS# Hold Time 4 4 ns 

t14 KEN#, BS16#, BS8#Setup Time 9 6 ns 

t15 KEN#, BS16#, BS8#Hold Time 4 4 ns 

t16 ROY #, BRDY # Setup Time 9 6 ns 
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Table 15·4. 5V AC Characteristics (2X Clock) (Continued) 
Functional operating range: Vcc = 5V ±5%; TCASE = O°C + 85°C; CL = 50 pF, unless otherwise specified. 

Symbol Parameter Min Max Min Max Unit Notes 

tl7 ROY #, BROY # Hold Time 4 4 ns 

t18 HOLD, AHOLO Setup Time 11 7 ns 

t18a BOFF # Setup Time 11 9 ns 

t19 HOLD, AHOLO, BOFF#Hold Time 4 4 ns 

t20 FLUSH #, A20M #, NMI, INTR SMI #, 11 6 ns Note 3 
STPCLK#, SRESET, RESET, IGNNE#, 
Setup Time 

t20a RESET Falling Edge Setup Time 9 5 ns 

t21 FLUSH#, A20M#, NMI, INTR, SMI#, 4 4 ns Note 3 
STPCLK#, SRESET, RESET, 
IGNNE#Hold Time 

t22 00-031, OPO-OP3, A4-A31 Read 6 6 ns Note 3 
Setup Time 

t23 00-031, DPO-OP3, A4-A31 Read 4 4 ns 
Hold Time 

NOTES: 
1. O-MHz-operation is tested using the STPCLK# and Stop Grant bus cycle protocol. Operation between 0 MHz < CLK2 

< 8 MHz is guaranteed by design characterization. but is not 100% tested. 
2. Not 100% tested, guaranteed by design characterization. 
3. FERR# and IGNNE# are present only in Intel486 DX processors. 

r----------~1-----------+--~2 

CLK2 ----'1 
t3 

11 

242202-E9 

Figure 15·6. CLK2 Waveform 
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Output Valid Delay Ix = teo ta. tea. t10 
Output Float Delay ty = t7. t9. t11 
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cl>1--------~---- cl>2---

ty 

VALID 

242202-FO 

Figure 15-7. Valid and Float Delay Timings 

~------~~2 ~1------

CLK2 \ ~ 
INPUTS 

242202-F1 
Ix = t12. t14. t16. t1a. t20. t20a. t22. t1Ba 
ty = t13. t15. t17. t19. t21. t23 

Figure 15-8. Setup and Hold Timings 
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16.0 OverDrive® PROCESSOR 
SOCKET 

This section contains the specifications for the Over
Drive processor socket for systems based on 
Intel486 processors. All of the specifications de
scribed herein are based on the specifications of the 
Intel486 processors. 

One of the most important features of the Intel486 
family architecture, compared with previous Intel ar
chitectures, is its upgradability via the OverDrive 
processor socket. Inclusion of the OverDrive proces
sor socket in systems based on the Intel486 family 
of microprocessors provides the end user with an 
easy and cost-effective way to increase system 
performance. The paradigm of simply installing an 
additional component into an empty OverDrive 
processor socket to achieve enhanced system 
performance is familiar to the millions of end users 
and dealers who have purchased Intel math coproc
essor upgrades to boost system floating-point per
formance. The OverDrive processor provides im
provement over the base system. The OverDrive 
processor takes advantage of Intel's next generation 
processor technology to provide this performance 
improvement. 

The OverDrive processor socket described in this 
chapter is designed for the Pentium® OverDrive 
processor. The Pentium OverDrive processor is de
signed with Pentium processor core technology. 
This socket is also backwards compatible for the 
IntelDX2 and IntelDX4 OverDrive processors. Sup
port for the future 3.3V Pentium OverDrive proces
sor upgrade for IntelDX4 processor-based systems 
is also specified. . 

The Pentium OverDrive processor implements a su
perset of Intel486 processor signals. The new sig
nals for the Pentium OverDrive processor socket, in 
addition to Intel486 processor signals, support a 
write-back protocol for the on-chip cache. Imple
mentation of the cache writeback capability for the 
OverDrive processor socket is optional, although im
plementation of the on-chip writeback protocol en
ables maximum performance gain. For more infor
mation, please contact Intel. 

As a new system architecture feature, the provision 
of the OverDrive processor socket as a means for 
PC users to take advantage of the ever more rapid 
advances in software and hardware technology 
helps to maintain the competitiveness of Intel PC
compatible systems over other architectures. 
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The majority of upgrade installations which take ad
vantage of the OverDrive processor socket will be 
performed by end users and resellers. Therefore, it 
is important that the design minimize the amount of 
training and technical expertise required to install 
the OverDrive processors. Upgrade installation in
structions should be clearly described in the system 
user~s manual. In addition, by making installation 
simple and foolproof, PC manufacturers can reduce 
the risk of system damage, warranty claims and 
service calls. Feedback from Intel's upgrade cus
tomers highlights three main characteristics of end 
user easy designs: accessible OverDrive processor 
socket location, clear indication of upgrade compo
nent orientation, and minimization of insertion force. 

OverDrlve® Socket Location 

The OverDrive processor socket can be located on 
either the motherboard or modular processor card. 
The OverDrive processor socket should be easily 
accessible for installation and readily visible when 
the PC case is removed. The OverDrive processor 
socket should not be located in a position that re
quires removal of any other hardware (such as hard 
disk drives) in order to install the OverDrive proces
sor. 

Component Orientation 

The most common mistake made by end users and 
resellers when installing upgrades is incorrect orien
tation of the chip. This can result in irreversible dam
age to the chip. To solve this problem, Intel has de
signed OverDrive processor sockets and OverDrive 
processors with keying mechanisms to ensure that 
upgrade components fit in the right socket, with the 
right orientation. There are two OverDrive processor 
sockets, presented in this chapter, that can accept 
the OverDrive processor for Intel486 processor
based systems, designated as socket 3 and socket 
6. The two sockets and the keying mechanism are 
illustrated in Figure 16-1. 

Socket' 3 is a 237 -pin socket and accepts both 5V 
and 3.3V OverDrive processors. The keying mecha
nism consists of one Key Pin (A 1) and four missing 
pins (81, C1, A2 and A3). To be effective as a keying 
mechanism, the locations in the socket correspond
ing to the four missing pins must be plugged. This 
socket is designed to be backwards compatible with 
the 169-pin IntelDX2 and IntelDX4 OverDrive pro-
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Figure 16-1. OverDrlve® Processor Sockets for Intel486TM Processor-Based Systems 

cessors. In order to maintain compatibility, socket 3 
includes the Key Pin at location ES. 

In addition, the location of the pin 1 corner should be 
Clearly marked on the motherboard, for example by 
silk screening. 

Socket 6 is a 23S-pin socket and accepts 3.3V Over
Drive processors only. The keying mechanism con
sists of one Key Pin (A1) and five missing pins (81, 
C1, A2, A3 and A19). Being designed for 3.3V Over
Drive processors only, socket 6 must not accept the 
169-pin IntelDX2 and IntelDX4 OverDrive proces
sors, therefore, the Key Pin ES is missing. To be 
effective as a keying mechanism, the locations in 
the socket corresponding to the six missing pins 
must be plugged. 

I 

Insertion Force 

The third major concern voiced by end users refers 
to how much pressure should be exerted on the up
grade chip and PC board for proper installation with
out damage. This becomes even more of a concern 
with the larger components which require up to 200 
pounds of pressure for insertion into a standard 
screw machine socket. This level of pressure can 
easily result in cracked traces and stress to solder 
joints. To minimize the risk of system damage, it is 
recommended that a Zero Insertion Force (ZIF) 
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socket be used for the OverDrive processor socket. 
Designing with a ZIF socket eliminates the need to 
design in additional structural support to prevent 
flexing of the PC board during installation, and re
sults in improved end user and reseller product sat
isfaction due to easy "drop-in" installation. If a LlF 
socket is used, sufficient support should be provided 
directly under the OverDrive processor socket. This 
will minimize the possibility of damage to the moth
erboard during insertion of the OverDrive processor. 

16.1 OverDrive® Processor Socket 
Overview 

The circuit design requirements for the OverDrive 
processor socket are discussed in section 16.2, 
"OverDrive Processor Circuit Design". In addition to 
the OverDrive processor socket circuits, there are 
layout considerations for the OverDrive processor 
socket and processor spatial requirements. These 
issues are discussed in section 16.3, "Socket Lay
out". Section 16.4, "Thermal Design Consideration", 
discusses the thermal considerations in the system 
design. Because the system must operate correctly 
with any OverDrive processor without a BIOS 
change, BIOS and software restrictions and recom
mendations are provided in section 16.5, "BIOS and 
Software". Section 16.6, "Test Requirements", dis
cusses OverDrive processor socket test require
ments. Section 16.7, "OverDrive Processor Socket 
Pinout", and 16.8, "3.3V Socket Specifications", 
specify the pinout specifications for the 5V and 3.3V 
OverDrive processor sockets, respectively. Finally, 
section 16.9, "DCI AC Specification", specifies the 
electrical characteristics of the OverDrive processor 
socket. 

16.2 OverDrive® Processor Circuit 
Design 

The Intel486 processors in the 168-pin PGA pack
age fit in the three inner rows of the 237-pin Over
Drive socket. The corresponding pins of the Intel486 
processor and the OverDrive socket define identical 
signals, with the following exceptions: 

• The pins corresponding to the signals TCK, TDI 
and TDO on Intel486 processors are defined as 
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Internal No Connect (INC) on the OverDrive proc
essor socket, and the pin corresponding to TMS 
is defined as UP # (pin C15 of the OverDrive 
processor socket). For compatibility, the system 
should not do boundary scan testing when the 
OverDrive processor is installed. 

• On Intel486 processors, pin C14 defines FERR# 
and pin A13 is INC, while on the OverDrive proc
essor socket pin D15 is INC and pin B14 defines 
FERR#. 

• On Intel486 processors pin C10 defines SRE
SET, while one the OverDrive processor socket 
the corresponding pin D11 is INC. 

In a system with a single socket motherboard de
sign, the processor and the OverDrive processor 
share the same socket. The Intel486 processor oc

. cupies the three innermost rows of pins of the 237-
pin OverDrive processor socket, with "pin 1" 
(notched corner) oriented toward "pin 1" corner of 
the socket. The processor will be replaced with the 
OverDrive processor when the system is upgraded. 
In a jumperless, plug-and-play, upgradable system, 
pins D15 and B14 of the OverDrive processor sock
et should be connected together to the FERR # sig
nalline, and pins F19 (INID and D11 should be con
nected together to SRESET. When the OverDrive 
processor is installed, pin C15 (UP#) must be isolat
ed from TMS (see Figure 16-2). 

16.2.1 BACKWARD COMPATIBILITY 

The Pentium OverDrive processor socket for In
tel486 processor-based systems is designed to be 
compatible with the other OverDrive processors. 

CTRL ________ .., 

ADDR ______ .. 

DATA ___ ..., 

DATA ADDR CTRL 

FERR" 
au 
DIS 

19 RESERVED 
SRESET 

011 

r 19 

nls 
CIS 0 

242202-F3 

Figure 16-2. OverDrive® Processor Socket 
Circuit Diagram-Single Socket Design 
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The Pentium OverDrive processor socket has a 
fourth row of contacts around the outside of the 169 
contacts defined for the IntelDX2 and IntelDX4 
OverDrive processors. The three inner rows of the 
Pentium OverDrive processor socket, with the inner 
key pin, are 100% compatible with the 169-pin PGA 
OverDrive processors. For backward compatibility, 
the inner row key pin location (E5) must be included 
in the Pentium OverDrive processor socket. 

16.3 Socket Layout 

This section discusses three aspects for the Over
Drive processor socket: size, upgradability, and ven
dors. 

16.3.1 MECHANICAL DESIGN 
CONSIDERATIONS 

The Pentium OverDrive processor for Intel486 proc
essor-based systems is designed to fit in a standard 
240-lead (19 x 19) PGA socket with the appropriate 
key holes and plugs. The Pentium OverDrive proces
sor uses a fan/heatsink, and therefore requires ver
tical clearance to allow adequate air circulation. 

16.3.1.1 Fan Heatsink Design 

The maximum and minimum dimensions of the 
Pentium OverDrive processor package with a 
fan/heatsink are shown in Table 16-1. The fan/heat
sink unit space requirement is divided into the size of 
the actual heatsink, and the required free space 
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above the heatsink. The total height required for the 
Pentium OverDrive processor from the motherboard 
will depend on the height of the PGA socket. The 
total external height given in Table 16-1 is only mea
sured from the PGA pin stand-offs. Table 16-1 also 
details the minimum clearance needed around all 
four sides of the PGA package. 

Since the Pentium OverDrive processor dissipates 
more power than the Intel486 processor family 
-members, it requires a larger cooling capacity. To 
facilitate the task of cooling the Pentium OverDrive 
processor, Intel will ship the product with a fan/heat
sink. No external connections (i.e., power) will be 
required for the fan/heatsink. All the needed con
nections will be made through the pins on the outer 
row of the processor. 

16.3.1.2 Passive Heatsink Design 

The space required for the passive heatsink Over
Drive processors is less than the space require
ments shown in Table 16-1. The passive heatsink 
OverDrive processors include the IntelDX2 and In
telDX4 OverDrive processors. 

16.3.2 DESIGN RECOMMENDATIONS 

PC buyers value easy and safe upgrade installation. 
PC manufacturers can make upgrade component in
stallation in the OverDrive processor socket simple 
and foolproof for the end user and reseller by imple
menting the suggestions listed in Table 16-2. 

Table 16-1. Pentium® OverDrive® Processor, 236-Pin, 
PGA Package Dimensions with Fan/Heatsink Attached 

Component 
Length and Width (inches) Height (inches) 

Minimum Maximum Minimum Maximum 

PGAPackage 1.950 1.975 0.140 0.180 

Adhesive N/A N/A 0.008 0.012 

Fan/Heatsink Unit 1.700 1.820 0.790 0.810 

Required Airspace 0.200 N/A 0.400 N/A 

Total Package 1.950 1.975 0.938 1.002 

Total Package with Airspace 2.350 N/A 1.338 N/A 
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Table 16-2. Socket and Layout Considerations 

Design 
Implementation . 

Considerations 

Visible OverDrive® The OverDrive processor socket should be easily visible when the PC's cover is 
processor socket removed. Label the OverDrive processor socket and the location of pin 1 by silk 

screening this information on the PC board. 

Accessible OverDrive Make the OverDrive processor socket easily accessible to the end user (I.e., do 
processor socket not place the OverDrive processor socket under a disk drive). Be sure to leave 

enough clearance to open the Zero Insertion Force (ZIF) socket. 

Foolproof Chip This OverDrive processor socket must ensure proper orientation of the OverDrive 
Orientation processor. The PGA package of the Pentium OverDrive processor for Intel486 

processor-based systems is oriented by the four corner pins that have been 
removed and the "KEY" pin from the "pin 1" corner. The four contacts (A2, A3, 
B1 and C1) in the socket should be plugged, such that PGA pins cannot be 
inserted, to assure correct orientation. 

Zero Insertion Force The high pin count of the OverDrive processor makes the insertion force required 
OverDrive processor for installation into a screw machine PGA socket excessive. Even most Low 
socket Insertion Force (LlF) sockets often require more than 60 Ibs. of insertion force. A 

Zero Insertion Force (ZIF) socket ensures that the chip insertion force does not 
damage the PC board. Be sure to allow enough clearance for the ZIF socket 
handle. Do not use a LlF or screw machine socket. 

"Plug and Play" Jumper or switch changes should not be needed to electrically configure the 
system for the OverDrive processor. 

Thorough Describe the OverDrive processor socket and the OverDrive processor 
Documentation installation procedure in the PC's User's Manual. 

Required Airspace 

0.40" 

1----------1.963" ----------1 
1--------1.840" ---------1 

OVERDRIVE PROCESSOR 
ACTIVE rAN/HEATSINK UNIT 

OVERDRIVE PROCESSOR PGA PACKAGE 
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Figure 16-3. Pentium® OverDrive® Processor PGA Package with Heatsink Attached 
(Normal Dimensions) 
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16.3.3 ZIF SOCKET VENDORS 

Intel has a list of qualified ZIF socket vendors. Con
tact Intel for more information. 

16.4 Thermal Design Considerations 

16.4.1 ACTIVE HEATSINK THERMAL DESIGN 

The Pentium OverDrive processor for Intel486 proc
essor-based systems will have an active fan/heat
sink for thermal dissipation. The maximum allowable 
temperature of the air entering the fan/heatsink can 
not exceed 55°C under the worst case operating 
conditions specified for the system. The fan/heat
sink reduces the need for high airflow. However, the 
system must provide adequate ventilation to prevent 
localized heating above the specified ambient. 

16.4.2 PASSIVE HEATSINK THERMAL DESIGN 

Passive heatsinks are used on the IntelDX2 and 
IntelDX4 OverDrive processors. The thermal effi
ciency of passive heatsink processors is dependent 
on system airflow. Please refer to the individual 
OverDrive processor datasheet for airflow require
ments. 

16.5 BIOS and Software 

The following should be considered when designing 
the OverDrive processor socket for an Intel486 proc
essor-based system. 

16.5.1 OverDrive® PROCESSOR DETECTION 

The component identifier and stepping/revision 
identifier for the OverDrive processor is readable in 
the DH and DL registers respectively, immediately 
after RESET. See Table 16-3. These values can 
also be obtained using the CPU_ID instruction. 

As with the Intel486 processor specification, it is rec
ommended that the BIOS save the contents of the 
OX register, immediately after RESET, so that this 
information can be used later, if required. 
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Table 16·3. DX Register Contents after Reset 

OverDrive® Component Stepping 

Processor 
ID ID 

(DH) (DL) 

Future Pentium® 15h 5xh 
OverDrive processor 
(3.3V) 

Pentium OverDrive 15h 3xh 
processor (5V) 

IntelDX4™ OverDrive 14h or 04h 8xh 
processor 

IntelDX2TM OverDrive 04h 3xh 
processor 

16.5.2 TIMING DEPENDENT LOOPS 

The OverDrive processor for Intel486 processor
based systems executes instructions at a multiple of 
the frequency of the input clock. The OverDrive 
processor will also use advanced design techniques 
to decrease the number of clocks per instruction 
(cpi) from that of Intel486 processors. Thus soft
ware, such as instruction-based timing loops, will ex
ecute faster on the OverDrive processor than on the 
Intel486 processor at the same input clock frequen
cy. Instructions such as NOP, LOOP, and JMP $+2 
are frequently used by the BIOS to implement timing 
loops that are required, for example, to enforce re
covery time between consecutive accesses for I/O 
devices. These instruction-based, timing-loop imple
mentations may require modification to be compati
ble with this OverDrive processor socket. 

In order to avoid any incompatibilities, timing loops 
can be implemented in hardware rather than in soft
ware. This provides transparency and also does not 
require any change in BIOS or I/O device drivers in 
the future when moving to higher processor clock 
speeds. 

As an example, a timing loop may be implemented 
as follows: The software performs a dummy I/O in
struction to an unused I/O port. The hardware for 
the bus controller logic recognizes this I/O instruc
tion and delays the termination of the I/O cycle by 
keeping ROY # or BRDY # deasserted for the appro
priate amount of time. 
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16.6 Test Requirements 

The electrical functionality of the OverDrive proces
sor socket can be verified by fully testing the PC with 
a populated OverDrive processor socket. Intel rec
ommends that the system be tested with all avail
able OverDrive processors that are compatible with 
the OverDrive socket type and power supply volt
age, to ensure that there are no BIOS issues. The 
BIOS requirements to maintain compatibility with all 
OverDrive processors are discussed in section 16.5, 
"BIOS and Software," of this document. All Over
Drive processors undergo thorough application soft
ware compatibility testing prior to their introduction. 

16.7 OverDrive® Processor Socket 
Pinout 

Socket 3 can accept all 5V OverDrive processors 
and the future 3.3V Pentium OverDrive processor for 
the IntelDX4 processor. The socket 3 pinout is 
shown in Figure 16-4 and Figure 16-5. Socket 6 is 
discussed in section 16.8, "3.3V Socket Specifica
tion." 

16.7.1 PIN DESCRIPTION 

The signal pin descriptions for the OverDrive proces
sor are identical to the pin descriptions for the 
Intel486 processor except for those shown in Table 
16-5. 

16.7.2 RESERVED PIN SPECIFICATION 

Many pins in the OverDrive processor socket are 
defined as reserved (RES). The function of these 
pins is documented separately. These pins must not 
be connected unless they are used to implement 
these functions, as documented in the information 
available separately. To insure proper operation, 
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pins marked as NC must be left unconnected as 
well. For more information contact Intel. 

Section 16.7.4, "Shared Write-Back Pins," discuss
es the Pentium OverDrive processor compatibility 
with the Write-Back Enhanced IntelDX2 processor. 

16.7.3 INC "Internal No Connect" PIN 
SPECIFICATIONS 

INC Pins are defined as Internal No-Connects. This 
means that the pin is not connected to the proces
sor internally. Since the pin is inert and floating, it 
may be used in any manner seen fit, but must meet 
the INC pin specifications. In general, all INC pins 
have an intended use to implement a single proces
sor socket system design. The INC pin will never be 
used for any other function. The 6 signals which use 
the INC pins to simplify single-socket board design 
are shown in Table 16-6. 

16.7.4 SHARED WRITE-BACK PINS 

There are several signals that the Pentium Over
Drive processor socket has in common with the 
Write-Back Enhanced IntelDX2 processor, but which 
are located on different pins. An example of this 
would be the HITM # signal. On the Pentium Over
Drive processor socket, it is located in the outer row 
of pins, while on the Write-Back Enhanced IntelDX2 
processor, it is located on one of the inner rows. 
Single socket designs require that these signals be 
tied together so that the use of a jumper to reroute 
the signal is unnecessary. This is done through the 
use of the INC pin. 

Figure 16-6 shows an example of how the INC pins 
shown in Table 16-6 should be connected together 
to allow single socket compatibility between the 
Write-Back Enhanced IntelDX2 processor and the 
OverDrive processor socket. The figure is provided 
as an example only and is not intended to be guide 
for how the signals should actually be routed on a 
motherboard. 
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16.7.5 PINOUT 

I 

A B C 0 E F G H J K L M N P Q R S T u 

19 o o 0 0 0 0 0 0 0 o 0 o o 0 0 0 o 0 o 
NC RES VSS VCC VSS INIT VSS VSS VCC VCC VCC VSS VSS RES VSS VCC VSS RES RES 

18 0 o 0 0 0 0 0 0 0 0 0 0 0 o 00000 

17 

16 

RES AHOlD EAOS> BS160 BOFF. VSS BE3' VSS VSS PCD VSS 

o 0 0 0 0 0 0 0 0 0 0 
VSS VSS 

o 0 

WlRo VSS PCHK> INC 

o 000 
ADS. RES 

o 0 
VSS 

o 
INTR INC RESET BS80 vee RDYI VCC VCC BEl. VCC vee 

o 0 0 0 0 0 0 0 0 0 0 

VCC MIlO> vee PLOCK. BlASTo A4 

o 0 o 0 0 0 

VSS 

o 
VCC IGNNEO NMI FLUSH. A2OM> HOLD KEN' STPClK. BROVo BE2. BEO' PWT DICo lOCKo HlDA BREQ A3 A6 VCC 

19 

18 

17 

16 

15 0 0 0 0 0 0 0 0 15 
VSS INC UP> INC A2 VCC VSS VSS 

14 0 000 o 0 0 0 
VSS FERRo INC NC A7 A8 Al0 VSS 

13 0 o o 0 o 0 0 0 
VSS INC INC SMIACTO AS All VSS VSS 

12 0 000 o 0 0 0 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

VSS VSS VCC INC 

o 000 
vee INC 

o 0 
SMIO INC 

o 0 
vee vss VCC 030 

o o o 0 
VCC 029 031 028 

o o o 0 
VSS VSS VCC 026 

o o o 0 
BlENO 024 025 027 

o 0 0 0 
RES OP3 VSS VCC 

o 000 
VSS 023 VSS VCC 

TOP SIDE VIEW 

o 
VCC 

o 0 0 000 0 0 0 o 0 
INC VSS ClK 017 010 015 

o 0 o 000 
022 021 018 013 VCC 08 

012 0P2 

o 0 
VCC 03 

016 014 07 

000 
05 VCC 06 

A9 VCC VSS VSS 

o 0 0 0 
A13 

o 
VCC VSS VCC 

000 
A16 VCC VSS VCC 

o 0 0 0 
A20 VCC vss vee 

o 0 0 0 
A22 A15 A12 VSS 

o 0 0 0 
A24 VCC VSS VSS 

o 0 0 0 
A21 A18 A14 VSS 

o 0 o 0 
A19 VSS INC VSS 

o 0 0 0 0 0 0 
04 OPO A30 

000 
vee 01 A29 

A17 VCC A23 VCC 

o 0 0 0 
VSS A25 A26 VSS 

o 0 o 0 0 000 o 0 o 0 0 0 0 0 0 0 
020 019 011 09 VSS OPl VSS VSS VCC VSS VSS VSS 02 00 A31 A28 A27 HITO 

000 o 0 0 0 0 000 o 0 0 0 o 
VCC VSS RES CACHEo VSS VCC vcc vee VSS INV EWBEo VSS VCC VSS WBNVTO HITMo 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

A B C o E F G H J K L M N P Q R S T U 
242202-F5 

NOTE: 
All NC and RES pins must remain unconnected 

Figure 16-4. OverDrive® Proc.essor Socket 3 Pinout (Top Side View) 
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19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

NOTE: 

u T S R Q P N M L K J H G F E DeB A 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 
RES RES VSS vec VSS RES VSS vss vee vee vee vss vss INIT vss vee VSS RES Ne 

o 0 000 0 o 000 0 0 0 0 0 000 0 
RES ADS. INe peHK. 'VSS WIR. VSS VSS vss peo vss VSS BE', VSS BOFF. BS16. EAOS. AHOLO RE 

o 0 0 0 0 0 0 000 000 0 0 0 0 0 0 
VSS A4 BlASH PLOCK. vee Mno. vee vee vee BEl. vee vee ROY. vee BS8. RESET INe INTR VSS 

o 0 000 0 0 000 000 0 0 000 0 
vec A6 A. BREa HlOA lOCK. ole. PWT BEO. BE2. BROY. STPClK. KEN. HOLD A20M. FLUSH. NMI IGNNE. vee 

o 000 
VSS VSS VCC A2 

o 0 0 0 
VSS Al0 A8 A7 

o 0 0 0 
VSS VSS Al1 AS 

o 0 0 0 
vss vss vce A. 

o 000 
VCC VSS VCC Al' 

o 0 0 0 
vee vss vec A16 

o 0 0 0 
vec vss vee A20 

o 000 
VSS A12 A15 A22 

o 000 
VSS vss vee A24 

PIN SIDE VIEW 

o 0 0 0 
INe UP. INC VSS 

o 0 0 0 
Ne INC FERR. VSS 

o 0 0 0 
SMIACT. INC INC VSS 

o 0 0 0 
INC VCC VSS VSS 

o 0 0 0 
INC SMI. INC VCC 

o 0 0 0 
030 VCC VSS VC 

o 0 0 0 
028 0.1 029 VCC 

o 0 0 0 
026 vee VSS vss 

o 0 0 0 
027 025 024 BlEN. 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

o 0 0 0 o 0 0 0 6 
vss A14 A18 A21 vee vss OP. RES 

o 000 o 0 0 0 
VSS INC VSS A19 VCC VSS 02. VSS 

o o 0 0 0 o 0 000 0 0 0 0 0 0 000 
VCC A2' VCC A17 A'O OPO 04 07 014 016 OP2 012 015 010 017 ClK VSS INC vee 

o 0 
VSS A26 

o 0 

o 
A25 

o 

o 0 
VSS A29 

o 0 

o 
01 

o 

o 0 
vec 06 

o 0 

o 0 
vec 05 

o 0 

o 
03 

o 

o 0 
vee 09 

o 0 

o 0 
vee 013 

o 0 

000 
018 021 022 

000 
HITH A27 A28 A.l DO 02 vss VSS VSS VCC vss VSS OPl VSS O. 011 019 020 

o 0 0 0 0 0 0 00 0 0 0 0 0 0 0 
HITM. WBNrT. vss vce vss EWBE' INY vss vee vcc vcc VSS CACHE, RES VSS VCC 

u T S R Q P N M L K J H G F E 0 C B A 

/ 

5 

4 

3 

2 

242202-F6 

All NC and RES pins must remain unconnected 

Figure 16-5. OverDrive® Processor Socket 3 Pinout (Pin Side View) 
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Table 16·4. OverDrive® Processor Socket Pin Cross Reference 
Address Data Control Control Res(1) Vee Vss 

A2 R15 00 02 A20M# E16 PCO K18 A6 A4(3) N3 A5 M18 
A3 S16 01 P3 AOS# T18 PCHK# R18 A18 A9 N17 A8 M19 
A4 T17 02 P2 AHOLO 818 PLOCK# R17 819 A10 017 A12 N2 
A5 R13 03 J3 8EO# L16 PWT M16 F1 A11 R1 A13 N18 
A6 T16 04 N4 8E1# K17 ROY# G17 P19 A16 R19 A14 N19 
A7 R14 05 K3 8E2# K16 RESET 017 T19 C8 S4 A15 01 
A8 S14 06 M3 8E3# G18 SMI# C11 U18 C10 S7 A17 018 
A9 R12 07 M4 8 LAST # S17 SMIACT# 013 U19 C12 S9 88 019 
A10 T14 08 G3 8LEN# A7 STPCLK# H16 N/C(1) D1 S10 810 R3 
A11 S13 09 E2 80FF# E18 UP# C15 05 S11 812 S1 
A12 T8 010 F4 8ROY# J16 VOLOET(2) T5 A19 06 S12 C4 S5 
A13 R11 011 02 8REO R16 W/R# P18 014 019 S15 C5 S19 
A14 T6 012 H4 8S8# E17 W8/WT# T1 INC F3 U4 C6 T7 
A15 S8 013 E3 8S16# 018 Position 811 F17 U9 C19 T9 
A16 R10 014 L4 CACHE# G1 813 H3 U10 E1 T10 
A17 R4 015 G4 CLK 04 KEY E5 H17 U11 E19 T11 

CLKMUL(2) KEY A1 84 
A18 S6 016 K4 S18 J17 U16 F2 T12 

O/C# N16 PLUG A2 815 
A19 R5 017 E4 J19 Vee5P(3) F18 T13 
A20 R9 018 03 OPO P4 PLUG A3 C17 

K19 G19 T15 
C2 G2 PLUG 81 C13 J1 A21 R6 019 OP1 C14 L3 H1 U3 

A22 R8 020 82 OP2 J4 PLUG C1 L17 1<1 H2 U5 
C3 OP3 PLUG E6 011 L1 A23 T4 021 86 012 L19 H18 U6 

A24 R7 022 83 EAOS# C18 PLUG E14 M17 Vecs(S) H19 U7 
A25 S3 023 85 EW8E# P1 PLUG E15 015 

J2 U8 
T3 024 87 FERR# 814 PLUG F5 S18 K2 

J18 U12 A26 
C7 PLUG F15 T5 

A27 T2 025 FLUSH# 016 L2 U13 
A28 S2 026 08 HIT# U2 PLUG P5 L18 U14 
A29 03 027 07 HITM# U1 PLUG P15 M1 U15 
A30 04 028 09 HLOA 016 PLUG 05 M2 U17 
A31 R2 029 89 HOLO F16 PLUG Q6 

030 010 IGNNE# 816 PLUG 014 
031 C9 INIT F19 PLUG 015 

INTR 817 
INV N1 
KEN# G16 
LOCK# P16 
M/IO# P17 
NMI C16 

NOTES: 
1. All RES pins are reserved for later use by Intel. To ensure proper operation of the microprocessor; all RES and N/C pins 

should be left unconnected. Please contact Intel for design information. 
2. These pins are valid for the future Pentium® OverDrive® processor (3.3V) only. 
3. These pins should be tied to 5 volts for both the Pentium OverDrive processor and the future Pentium OverDrive proces· 

sors. 
4. If designing for single socket compatibility with future Pentium OverDrive processors, pin K2 may be connected to Vee 

via a circuit to limit the current through the pin. Please contact Intel for more information about compatibility with future 
Pentium OverDrive processors. 

5. This pin may be connected to Vee or left unconnected. 
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Table 16-5. OverDrive® Processor Socket Pin Description 

Symbol Type Name and Function 

Intel486TM PROCESSOR INTERFACE 

UP.# 0 The Upgrade Present pin is used to signallntel486 processor to floatits outputs and stop 
driving the bus in a dual socket system design. It is active low and is never floated. UP # 
is driven low at power·up and remains active for the entire duration of the OverDrive® 
processor operation. 

OverDrive® PROCESSOR INTERFACE 

VCC5P I The VCC5P pin supplies power to the OverDrive processor's fan/heatsink and should be 
connected to +5V ± 10% regardless of the system design. Failure to connect VCC5P to 
5V will cause the component to overheat. 

INIT I The INIT input will force the OverDrive processor to begin execution in a known state. 
The processor state after INIT is the same as the state after RESET, except that the 
internal caches, floating·point register and SMM base register retain whatever values they 
had prior to INIT. INIT may not be used in lieu of RESET after power-up. 

KEY PIN 

KEY The Key pin is an electrically non-functional pin which ensures correct orientation for the 
OverDrive processor. Socket plugs are also used to ensure correct orientation. 

Table 16-6. Single Socket Compatibility Signals 

Write-Back Enhanced Pentium® OverDrive® Pentium OverDrive 
Signal IntelDX2TM Processor Socket Processor Socket 

Processor Signal Pin Signal Pin INC Pins 

INV A10 N1 B11 

HITM# A12 U1 B13 

CACHE# B12 G1 C13 

WB/WT# B13 T1 C14 

INIT C10 F19 011 

FERR# C14 B14 015 
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SRESET 

o'!!!o ~~;~oooooooo 
FERR , 00000 000000000000 FERR 

000 

~ 0 
QQQ 
QQO 

~I~~ 
000 
000 

000 000 
000 000 
00 000 
0 000 

000 
000 

00400 000000 00 0000 
00000 000000 ~: 000 W 
00000 000000 00" 

BIWT' 

~ 
I 

CACHE' IHV' HITM' 

168 - Pin Write-Back Enhanced 
IntelDX2™ Processor Signal Layout 

, 
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SRESETnNIT 

00000 ooooooooaOOQO 

~~~~:o ~~~~~~~~~~:;o: 
000000 OOOOOOOOOOOOQ 

0000 
a 0 DOilO 

• 0000 
Q 00 0000 

:0:1:-
0000 
0000 

a 00 0000 
QOQ 0000 
00 0000 
0 0000 

r<J" ()D 0 0 
0000·00 000000 00 ~ :::: 00000 000000 00 

00000 0-000000 0000 
0 • 
~ I .. 

CACHE' INV' HITM. 

237-Pin Single Socket Design' 
Using INC Pins 

WBIWT' 

242202-F7 

Figure 16-6. Sample Routing of INC Pins 

16.8 3.3V Socket Specification 

Socket 6 is a 23S-pin socket and accepts 3.3V Over
Drive processors only. The keying mechanism con
sists of a Key pin (A 1) and five missing pins (81, C1, 
A2, A3, and A19). Since it is designed for 3.3V Over
Drive processors only, socket 6 must not accept the 
169-pin OverDrive processors; therefore, the key 
pin, ES, is missing. To be effective as a keying 
mechanism, the locations in the socket correspond
ing to the six missing pins must be plugged. 

In addition, the location of the pin 1 corner should be 
clearly marked on the motherboard. 

Systems designed with the OverDrive processor 
socket 3 could use the future Pentium OverDrive 
processor for IntelDX4 processor-based systems, as 
well as the Pentium OverDrive processor. However, 
the OverDrive processor for IntelDX4 processor
based systems requires a 3.3V supply, while the 
Pentium OverDrive processor requires a SV supply. 

I 

Therefore, the supply voltage to the socket 3 (Vee> 
must be 3.3V when it is used with the future Pentium' 
OverDrive processor for IntelDX4 processor-based 
systems, and SV when it is used with the Pentium 
OverDrive processor. 

However, the fan/heatsink does require a SV power 
supply, Vee5P, as specified in Tables 16-4 and 16-S. 
To ensure adequate air circulation, the additional 
clearance specified in Table 16-1 must be provided. 

16.9 DCI AC Specifications 

The electrical specifications in this section represent 
. the electrical interface of the OverDrive processor 
for Intel486 processor-based systems. The Over
Drive processor will be compatible to the maximum 
ratings and AC Specifications of Intel486 proces
sors. Tables 16-7 and 16-8 provide the unique DC 
Operating Conditions for the OverDrive processors. 
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Table 16-7. Pentium® OverDrive® Processor Socket (5V) DC Parametric Values 
Functional Operating Range: Vcc = 5V ± 5%; TSINK = O·C to +85·C. 

Symbol Parameter Min Max Unit Notes 

Icc Power Supply Current 
ClK ~ 25 MHz 1900 rnA 
ClK =33 MHz 2500 rnA 

CIN Input Capacitance 13 pF 

Co 1/0 or Output Capacitance 17 pF 

CCLK ClK Capacitance 15 pF 

Table 16-8. Future Pentium® OverDrive® Processor Socket (3.3V) DC Parametric Values 
Functional Operating Range: Vcc ;= 3.3V ±0.3V; TSINK = O·C to + 85·C. 

Symbol Parameter Min Max Unit Notes 

Icc Power Supply Current 3000 rnA 

ICC5 Reference Supply Current 100 A (Note .1) 

ICC5P Fan/Heatsink Supply Current 200 rnA 1watt@ 5V 

CIN Input Capacitance 13 pF 

Co 1/0 or Output Capacitance 17 pF 

CcLK ClK Capacitance 15 pF 

NOTES: 
1. To avoid damaging the OverDrive® processor when the 3.3V power supply is accidentally connected to Vss. the system 

must limit this current to less than 55 mA. 
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17.0 ELECTRICAL DATA 

The following sections describe recommended elec
trical connections and electrical specifications for 
the Intel486 processor. 

NOTE: 
Unless otherwise specified, all values 
for electrical data for the IntelDX2 and 
IntelDX4 processors are also valid for 
the Write-Back Enhanced IntelDX2 
and Write-Back Enhanced IntelDX4 
processors, respectively. 

17.1 Power and Grounding 

17.1.1 POWER CONNECTIONS 

The Intel486 processor is implemented in CHMOS 
technology and has modest power requirements. 
However, the high clock frequency output buffers 
can cause power surges as multiple output buffers 
drive new signal levels simultaneously. For clean on
chip power distribution at high frequency, multiple 
Vcc and Vss pins feed the Intel486 processor. 

Power and ground connections must be made to all 
external Vcc and GND pins of the Intel486 proces
sor. On the circuit board, all Vcc pins must be con
nected on a Vcc plane. All Vss pins must be like
wise connected on a GND plane. 

17.1.2 Intel486TM PROCESSOR POWER 
DECOUPLING RECOMMENDATIONS 

Liberal decoupling capacitance should be placed 
near the Intel486 processor. The Intel486 processor, 
driving its 32-bit parallel address and data buses at 
high frequencies, can cause transient power surges, 
particularly when driving large capacitive loads. Low 
inductance capacitors (Le:, surface-mount capaci
tors) and interconnects are recommended for the 
best high-frequency electrical performance. Induc
tance can be reduced by connecting capacitors di
rectly to the Vcc and Vss planes, with minimal trace 
length between the component pads and vias to the 
plane. These capacitors should be evenly distributed 
around each component on the Vcc power plane. 

Capacitor values should ,be chosen to ensure they 
eliminate both low and high frequency noise compo
nents. . 

Intel486TM PROCESSOR FAMILY 

The recommendation for the Intel486 processor 
is 9 x 0.01 p.F and 9 x 0.1 p.F capacitors. 

The power consumption can transition from a low 
level of power to a much higher level (or high to low 
power) very rapidly. A typical example would be en
tering or exiting the Stop Grant state. Another exam
ple would be executing a HALT instruction, causing 
the Intel486 processor to enter the Auto HALT Pow
er Down state, or transitioning from HALT to the 
Normal state. All of these examples may cause ab
rupt changes in the power being consumed by the 
Intel486 processor. Bulk storage capacitors with a 
low ESR (Effective Series Resistance) in the 10 to 
100 microfarad range are required to maintain a reg- . 
ulated supply voltage during the interval between 
the time the current load changes and the point that 
the regulated power supply output can react to the 
change in load. In order to reduce the ESR, it may 
be necessary to place several bulk storage capaci" 
tors in parallel. These capacitors should be placed 
near the Intel486 processor (on the processor pow
er plane) to ensure that the supply voltage stays 
within specified limits during changes in the supply 
current while in operation. 

17.1.3 VCC5 AND VCC POWER SUPPLY 
REQUIREMENTS FOR THE IntelDX4 
PROCESSOR 

In mixed voltage systems that will be driving 
IntelDX4 processor inputs in excess of 3.3V, the 
Vccs pin must be connected to the system 5V sup
ply. In order to limit current flow into the VCC5 pin, 
there is a limit to the voltage differential between the 
VCC5 pin and the other Vcc pins. The voltage differ
ential between the Vccs pin of the IntelDX4 proces
sor and its 3.3V Vcc pins should never exceed 
2.25V. The 2.25V limit applies to power up, power 
down and steady state operation. Table 17-1 out
lines this requirement. 

Meeting this requirement ensures proper operation 
of the IntelDX4 processor and guarantees that the 
current draw into the VCC5 pin will not exceed the 
Iccs specification (see section 17.3.1, "DC Specifi
cations"). If the voltage difference requirement can
not be met due to system design limitations, then an 
alternate solution may be employed. A minimum of a 
100n series resistor may be used to limit the current 
into the Vccs pin. This resistor will ensure that cur
rent drawn by the VCC5 pin will not exceed the maxi
mum rating of 55 mA for this pin (see section 17.2, 
"Maximum Ratings"). 

Table 17·1 Dual Power Supply Requirements for the IntelDX4TM Processor 

Symbol Parameter Min Max Unit Notes 

VDIFF Vccs-Vcc 2.25 V VCC5 input should not exceed Vcc by more than 2.25V during 
Difference power-up, power-down or during operation. 
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SY (+- 0.2SV) 
G '\M ~ YCC5 

100 C (+- S%, O.SW) 
242202-FB 

Figure 17-1. IntelDX4™ Processor VCC5 
Current Limiting Resistor 

Note that this 'resistor is not necessary if the system 
can guarantee that the voltage difference between 
Yccs and Ycc is always limited to 2.2SY, even duro 
ing power up and power down. 

In 3.3Y·only systems and systems that will be driving 
all IntelDX4 processor inputs and I/Os from 3.3Y 
logic, the Yccs pin should be connected directly to 
the 3.3Y Vcc plane. This will guarantee the voltage 
difference specification is met and will eliminate the 
current draw into the Vccs pin. In a 3.3V-only sys
tem, the Vccs may be connected to the SV supply 
as described previously, as long as the voltage dif
ferential in Table 17-1 is met, and assuming the cur
rent drawn by the Vccs pin is of little consequence 
to the system design.' 

17.1.4 SYSTEM CLOCK RECOMMENDATIONS 

It is recommended that the ClK input to the Intel486 
processor should not' be driven until Vcc has 
reached its normal operating level (either 3.3V or 
SV). The ClK input may be grounded or allowed to 
ramp with Vcc during this period. Once Vcc has 
reached its normal operating level, the Intel486 
processor can handle the clock frequency for which 
it is specified and'the oscillator/clock driver should 
have locked onto its desired frequency. 

17.1.5 OTHER CONNECTION 
RECOMMENDATIONS 

NC pins should always remain unconnected. Con
nection of NC pins to Vcc or Vss or to any other 
signal can result i~ component malfunction or in
compatibility with other steppings of the Intel486 
processor family. 

INC (Internal No Connect) pins are not connected to 
any internal pad in Intel486 and OverDrive® proces
sors. However, new signals are defined for the loca
tion of the INC pins in the Intel486 processor prolif
erations. All INC pins defined by Intel have a specific 
use for jumperless single socket compatibility with 
current and future processors. A system design 
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could connect any signal to an INC pin without af
fecting the operation of the processor. However, the 
purpose of a specific INC pin should be understood 
before it is used. If not, the system design will sacri
fice the ability to implement a jumperless (single 
socket) flexible motherboard. 

For reliable operation, always connect unused in
puts to an appropriate signal level. Active lOW in
puts should be connected to Vcc through a pull-up 
resistor. Pull-ups in the range of 20 K.!1 are recom
mended. Active HIGH inputs should be connected to 
GND. 

17.2 Maximum Ratings 

Table 17-2 is a stress rating only, and functional op
eration at the maximums is not guaranteed. Function 
operating conditions are given in Table 17-3 for 3.3V 
processor DC Specifications, Table 17-9 for SV DC 
Specifications, Tables 17~17 through 17-20 for 3.3V 
processor AC specifications, arid Tables 17-23 
through 17 -2S for 5V processor AC specifications. 

Extended exposure to the Maximum Ratings may af
fect device reliability. Furthermore, although the In
tel486 processor contains protective circuitry to re
sist damage from static electric discharge, always 
take precautions to avoid high static voltages or 
electric fields. 

Table 17-2. Absolute Maximum Ratings 

Case Temperature -65°C to + 110°C 
under Bias 

Storage Temperature - 65°C to + 150°C 

DC Voltage on Any Pin -0.5 to Vcc + 0.5V 
with Respect to Ground -0.5 to Vccs + 0.5V(1) 

Supply Voltage with Vcc -O.5Vto +6.5V(2) 
Respect to Vss Vcc -0.5Vto +4.6V(1) 

V CCS(1) - 0.5V to + 6.5V(1) 

Transient Voltage on -':'1.6V to Vccs + 1.6V(1,3) 
Any Input 

Maximum Allowable 55mA 
Current Sink on Vccs(1) 

NOTES; 
1. For IntelDX4TM processor only. 
2. All Intel4B6TM processors except IntelDX4 processor. 
3. Maximum voltage on any pin with respect to ground is 

the lesser 
of VccS + 1.6V or 6.SV for the IntelDX4 processor, 
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17.3 DC Specifications 

17.3.1 3.3V DC CHARACTERISTICS 

Table 17·3 is for Intel486 SX, Intel486 OX, InteIDX2™, Write-Back Enhanced Inte1DX2, Inte1DX4, and Write
Back Enhanced IntelDX4 processors. 

Table 17·3. 3.3V DC Specifications 
Functional operating range: Vec = 3.3V ±0.3V; Vccs = 5V ±0.25V (Note 17); TCASE = O°C to +85°C 

Symbol Parameter Min Typ Max Unit Notes 

Vil Input LOW Voltage -0.3 +0.8 V 

VIH Input HIGH Voltage 2.0 Vcc+0.3 V 1 
2.0 Vecs+ 0.3 10 

VIHC Input HIGH Voltage of CLK, CLK2 Vcc-0.6 Vcc+0.3 V 

VOL Output LOW Voltage 
IOl = 2.0 rnA 0.40 V 
IOL = 100}J-A 0.20 V 

0.45 V 7 

VOH Output HIGH Voltage 
IOH = -2.0 rnA 2.4 V 
IOH = -100}J-A Vcc- 0.2 V 16 

Iccs Vccs Leakage Current 15 300 }J-A 8,9 

Iccu UP# Active Supply Current 15 35 rnA 2 
50 rnA 2, 10 

III Input Leakage Current ±15 }J-A 3 

IIH Input Leakage Current 200 }J-A 4 
300 }J-A 15 

IlL Input Leakage Current -400 }J-A 5 

ILO Output Leakage Current ±15 }J-A 

CIN Input Capacitance 10 pF 6 

COUT Output or 1/0 Capacitance 10 pF 6 
14 pF 6, 10 

CCLK CLK Capacitance 6 pF 6 
12 pF 6, 10 

ISHL Bus Hold Low Sustaining Current 17 }J-A 11 

ISHH Bus Hold High Sustaining Current -20 }J-A 12 

ISHlO Bus Hold Low OverDrive® Current 210 }J-A 13 

ISHHO Bus Hold High OverDrive Current -350 }J-A 14 
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NOTES: 
1. All inputs except ClK, ClK2. (For all Intel486 processors except the IntelDX4TM processor.) 
2. When the processor is in Stop Grant state, the Iccu of the host processor is less than 2 rnA. 
3. This parameter is for inputs without internal pull-ups or pull downs and OV ,,; VIN ,,; Vcc. 
4. This parameter is for inputs with internal pull-downs and VIH = 2.4V. 
5. This parameter is for inputs with internal pull-ups and VIL = O.4V. 
6. Fc = 1 MHz; Not 100% tested. 
7. For the IntelDX4 processor, this parameter is measured at: Address, Data, BEn = 4.0 rnA 

Definition, Control = 5.0 rnA 
8. Typical values are not 100% tested. 
9. This parameter is for Vccs-VCC ,,; 2.25V. (Inte1DX4 processor only.) 
10. For the IntelDX4 processor only. 
11. This is the maximum current the bus hold circuit can sink without raising the node above VILmax. IBHLShould be mea

sured after lowering VIN to ground and then raising to VILmax. (VIN = 0.8V). (Write-Back Enhanced IntelDX2 processor 
only.) . 

12. This is the maximum current the bus hold circuit can source without lowering the node voltage below VIHmin. IBHH 
should be measured after raising VIN to VCC (3.3V) and then lowering to VIHmin. (VIN = 2.0V). (Write-Back Enhanced 
IntelDX2 processor only.) 

13. An external driver must source at least ISHLO to switch this node from low to high. (VIN :2: 1.3V) (Write-Back Enhanced 
IntelDX2 processor only.) 

14. An external driver must source at least ISHHO to switch this node from high to low. (VIN ";1.3V) (Write-Back Enhanced 
IntelDX2 processor only.) 

15. This parameter is for inputs with pull-downs and VIH = 2.4V. (Write-Back Enhanced IntelDX2 processor only.) 
16. Allintel486 processors except the IntelDX4 processor. 
17. VCC5 should be connected to 3.3V±0.3V in 3.3V-only systems (Inte1DX4 processor only.) 

Table 17-4. 3.3V Icc Values for Intel486TM SX Processor 
Functional Operating Range: Vcc = 3.3V ±0.3V; TCASE = O·C to +85·C 

. Parameter 
Operating 

Typ Maximum 
Frequency 

ICC Active 25 MHz 315mA 
(Power Supply) 33 MHz 415mA 

ICC Active 25 MHz 220mA 292mA 
(Thermal Design) 33 MHz 289mA 356mA 

Icc Stop Grant 25 MHz 20mA 40mA 
33 MHz 25mA 50mA 

Icc Stop Clock OMHz 100/J-A 1 mA 
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Table 17-5. 3.3V Icc Values for Intel48S™ DX Processor 
Functional Operating Range: V cc = 3.3V ± 0.3V; T CASE = O°C to + 85°C 

Parameter 
Operating 

Typ Maximum 
Frequency 

ICC Active 33 MHz 415 mA 
(Power Supply) 

Icc Active 33 MHz 290mA 383 mA 
(Thermal Design) 

Icc Stop Grant 33 MHz 25mA 50mA 

Icc Stop Clock OMHz 100 fLA 1 mA 

Table 17-S. 3.3V Icc Values for IntelDX2™ Processor 
Functional Operating Range: VCC = 3.3V ±0.3V; TCASE = O°C to +85°C 

Parameter 
Operating 

Typ Maximum 
Frequency 

Icc Active 40 MHz 450mA 
(Power Supply) 50 MHz 550mA 

Icc Active 40 MHz 318 mA 416mA 
(Thermal Design) 50 MHz 395mA 507mA 

Icc Stop Grant 40 MHz 20mA 40mA 
50 MHz 23mA 50 mA 

Icc Stop Clock OMHz 100 fLA 1 mA 

Table 17-7. 3.3V Icc Values for Write-Back Enhanced IntelDX4TM and 
Write-Back Enhanced IntelDX2TM Processors 

Functional Operating Range: VCC = 3.3V ±0.3V; TCASE = O°C to +85°C 

Parameter 
Operating 

Typ Maximum 
Frequency 

Icc Active 40 MHz 515 mA 
(Power Supply) 50 MHz 630mA 

ICC Active 40 MHz 309mA 475mA 
(Thermal Design) 50 MHz 384mA 581 mA 

ICC Stop Grant 40 MHz 20mA 40mA 
50 MHz 23mA 50mA 

Icc Stop Clock OMHz 100 fLA 1 mA 

I 

Notes 

1 

2,3,4 

5 

6 

Notes 

1 

2,3,4 

5 

6 

Notes 

1 

2,3,4 

5 

6 
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Table 17·8. 3.3V Icc Values for IntelDX4TM Processor 
Functional Operating Range: Vcc = 3.3V ±0.3V; VCC5 = 5V ±0.25V (Note 7); TCASE = O°C to +85°C 

Parameter 
Operating 

Typ Maximum Notes 
Frequency 

ICC Active 100 MHz 1450mA 1 
(Power Supply) 75 MHz 1100 mA 

ICC Active 100 MHz 1075 mA 1300 rnA 2,3,4 
(Thermal Design) 75 MHz 825mA 975mA 

Icc Stop Grant 100 MHz 50mA 100mA 5 
75 MHz 20mA 75mA 

Icc Stop Clock OMHz 6OOf.LA 1 mA 6 

NOTES FOR TABLES 17-4 THROUGH 17-8: 
1. This parameter is for proper power supply selection. It is measured using the worst-case instruction mix at Vcc = 3.6V. 

In order to support the OverDrivel!l processor, care should be taken to accommodate the Maximum Power Supply Cur
rent Value in section 16, "OverDrivel!l Processor Socket." 

2. The maximum current column is for thermal design power dissipation. It is measured, using the worst-case instruction mix 
at Vcc = 3.3V. 

3. The typical current column is the typical operating current in a system. This value is measured in a system using a typical 
device at Vcc = 3.3V, running Microsoft Windows 3.1 at an idle condition. This typical value is dependent upon the 
specific system configuration. 

4. Typical values are not 100% tested. 
5. The Icc Stop Grant specification refers to the Icc value once the Intel486 processor enters the Stop Grant or Auto HALT 

Power-Down state. 
6. The Icc Stop Clock specification refers to the Icc value once the processor enters the Stop Clock state. The VIH and VIL 

levels must be equal to Vcc and OV, respectively, in order to meet the Icc Stop Clock specifications. 
7. VCC5 should be connected to 3.3V ±0.3V in 3.3V-only systems. 
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17.3.2 5V DC CHARACTERISTICS 

Table 17-9 is for Intel486 SX, Inte1SX2, Intel486 DX, IntelDX2 Processors, and Write-Back Enhanced 
IntelDX2 processors. 

Table 17-9. 5V DC Specifications 
Functional operating range: Vcc = 5V ± 0.25V; TCASE = O°C to +85°C 

Symbol Parameter Min Typ 

VIL Input lOW Voltage -0.3 

VIH Input HIGH Voltage 2.0 

VOL Output lOW Voltage 

VOH Output HIGH Voltage 2.4 

IccU UP# Active Supply Current 25 

III Input leakage Current 

IIH Input leakage Current 

IlL Input leakage Current 

ILO Output leakage Current 

CIN Input Capacitance 
PGA 
PQFP 

COUT Output or 1/0 Capacitance 
PGA 
PQFP 

CCLK ClK Capacitance 
PGA 
PQFP 

ISHL Bus Hold low Sustaining Current 

ISHH Bus Hold High Sustaining Current 

ISHLO Bus Hold low OverDrive® Current 330 

ISHHO Bus Hold High OverDrive Current -550 

I 

Max Unit Notes 

+0.8 V 

VCC+ 0.3 V 

0.45 V 1 

V 2 

50 mA 6 

±15 J.£A 3 

200 J.£A 4 
300 J.£A 8 

-400 J.£A 5 

±15 J.£A 

20 pF 7 
10 pF 

20 pF 7 
10 pF 

20 pF 7 
6 pF 

33 J.£A 9 

-80 J.£A 10 

J.£A 11 

J.£A 12 
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NOTES: 
1. This parameter is measured at: Address, Data, BEn 4.0 mA 

Definition, Control 5.0 mA 
2. This parameter is measured at: Address, Data, BEn -1.0 mA 

Definition, Control -0.9 mA 
3. This parameter is for inputs without pull-ups or pull-downs and OV :S: VIN :S: Vcc. 
4. This parameter is for inputs with pull-downs and VIH = 2.4V. 
5. This parameter is for inputs with pull-ups and VIL = 0.45V. 
6. When the processor is in Stop Grant state, the Iccu of the host processor is less than 2 mA. 
7. Fc=1 MHz; Not 100% tested. 
8. This parameter is for inputs with pull-downs and VIH = 2.4V. (SRESET pin only.) 
9. This is the maximum current the bus hold circuit can sink without raising the node above VILmax. IBHL should be mea

sured after lowering VIN to ground and then raising to VILmax. (VIN = 0.8V) (Write-Back Enhanced IntelDX2 processor 
only.) 

10. This is the maximum current the bus hold circuit can source without lowering the node voltage below VIH min. IBHH 
should be measured after raising VIN to Vce (5V) and then lowering to VIH min. (VIN = 2.0V) (Write-Back Enhanced 
IntelDX2 processor only.) 

11. An external driver must source at least IBHLO to switch this node from low to high. (VIN ;;;, 1.6V) (Write-Back Enhanced 
IntelDX2 processor only.) 

12. An external driver must source at least IBHHO to switch this node from high to low. (VIN :S:1.6V) (Write-Back Enhanced 
IntelDX2 processor only.) 

Table 17-10_ 5V Icc Values for Intel486™ SX Processor 
Functional Operating Range: Vcc = 5V ±0.25V; TCASE = O°C to +85°C 

Parameter 
Operating 

Typ Maximum 
F~equency 

ICC Active 25 MHz 560mA 
(Power Supply) 33 MHz 685mA 

ICC Active 25 MHz 378mA 535mA 
(Thermal Design) 33 MHz 497mA 654mA 

Icc Stop Grant 25 MHz 35mA 65mA 
33 MHz 40mA 80mA 

Icc Stop Clock OMHz 200/LA 2mA 

Table 17-11. 5V Icc Values for IntelSX2™ Processor 
Functional Operating Range: Vcc = 5V ±0.25V; TCASE = O°C to +85°C 

Parameter 
Operating 

Typ Maximum 
Frequency 

ICC Active 50 MHz 855mA 
(Power Supply) 

ICC Active 50 MHz 615mA 815mA 
(Thermal Supply) 

Icc Stop Grant 50 MHz 35mA 70mA 

Icc Stop Clock OMHz 200/LA 2mA 
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Table 17·12. 5V Icc Values for Intel486TM OX Processor 
Functional Operating Range: Vcc = 5V ±0.25V; TCASE = O°C to +S5°C 

Parameter 
Operating 

Typ Maximum 
Frequency 

Icc Active 33 MHz 630mA 
(Power Supply) 50 MHz 1000,mA 

Icc Active 33 MHz 499mA 602mA 
(Thermal Supply) 50 MHz SOOmA 956mA 

Icc Stop Grant 33 MHz 40mA SOmA 
50 MHz N/A N/A 

Icc Stop Clock OMHz 200/LA 2mA 

Table 17·13. 5V Icc Values for IntelOX2TM Processor 
Functional Operating Range: Vcc = 5V ±0.25V; TCASE = O°C to +S5°C 

Parameter 
Operating 

Typ Maximum 
Frequency 

Icc Active 50 MHz 950mA 
(Power Supply) 66 MHz 1200 mA 

ICC Active 50 MHz 6S0mA 906mA 
(Thermal Supply) 66 MHz 901 mA 1145 mA 

Icc Stop Grant 50 MHz 35mA 70mA 
66 MHz 45mA 90mA 

Icc Stop Clock OMHz 200/LA 2mA 

I 

Notes 

1 

2,3,4 

5 
7 

6, 7 

Notes 

2,3,4 

5 

6 
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Table 17-14. 5V Icc Values for Write-Back Enhanced IntelDX4TM and 
Write-Back Enhanced IntelDX2TM Processors 

Functional Operating Range: Vcc = 5V ±0.25V; TCASE = O°C to +85°C 

Parameter 
Operating 

Typ Maximum 
Frequency 

ICC Active 50 MHz 1025 mA 
(Power Supply) 66 MHz 1350 mA 

ICC Active 50 MHz 659mA 928mA 
(Thermal Supply) 66 MHz 872mA 1287 mA 

Icc Stop Grant 50 MHz 35mA 70mA 
66 MHz 45mA 90mA 

Icc Stop Clock OMHz 200 p.A 2mA 

NOTES FOR TABLES 17-10 THROUGH 17-14: 

Notes 

1 

2,3,4 

5 

6 

1. This parameter is for proper power supply selection. It is measured using the worst·case instruction mix at Vcc = 5.25V. 
2. The maximum current column is for thermal design power dissipation. It is measured using the worst·case instruction mix 

atVcc = 5V. 
3. The typical current column is the typical operating current in a system. This value is measured in a system using a typical 

device at Vcc = 5V, running Microsoft Windows 3.1 at an idle condition. This typical value is dependent upon the specific 
system configuration. 

4. Typical values are not 100% tested. 
5. The Icc Stop Grant specification refers to the Icc value once the Intel486 processor enters the Stop Grant or Auto HALT 

Power-Down state. 
6. The Icc Stop Clock specification refers to the Icc value once the processor enters the Stop Clock state. The VIH and VIL 

levels must be equal to Vcc and OV, respectively, in order to meet the Icc Stop Clock specifications. 
7. The 50 MHz Intel486 DX does not implement SL Technology and cannot utilize Stop Grant or Stop Clock functions. 
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17.3.3 EXTERNAL RESISTORS 
RECOMMENDED TO MINIMIZE 
LEAKAGE CURRENTS FOR THE WRITE
BACK ENHANCED IntelDX4TM AND 
WRITE-BACK ENHANCED IntelDX2TM 
PROCESSORS 

The data bus and data parity pins of the Write-Back 
Enhanced Intel486 processors employ internal bus 
hold circuitry to maintain their previous logic level 
while in the Stop Grant state; external resistors are 
not required to prevent excessive current during the 
Stop Grant state for the Write-Back Enhanced 
IntelDX2 processors. See Table 17-15 for specifica
tions of the bus hold circuitry. If resistors are pres
ent, they should be strong enough to "flip" the 
logic level of the bus hold circuitry to minimize 

Intel486™ PROCESSOR FAMILY 

any potential DC paths (i.e., leakage currents. If 
external resistors are not strong enough to 
"flip" the logic level, the estimated leakage cur
rent on the data bus and the data bus parity pins 
is approximately 2 mA.) 

According to section 9.6.2, "Pin State During Stop 
Grant," data pins must be driven low to achieve the 
lowest possible power consumption. If the Write
Back Enhanced Intel486 processors are installed in 
an existing Intel486 processor socket, and the sock
et contains existing pull-down resistors, these resis
tors should be changed to the suggested values, list
ed in Table 17-16. The values listed are recom
mended to minimize leakage current. 

Table 17-15_ Write-Back Enhanced-lntelDX2TM Processors DC Keeper Specifications 

Parameter 

ISHL 

ISHH 

ISHLO 

ISHHO 

I 

Description 3.3V 5V Condition 

Current Required to Sustain Bus Hold LOW 17 p.A 33 p.A VIN@0.8V 
(max) (max) 

Current Required to Sustain Bus Hold HIGH -20 p.A -80 p.A VIN@2.0V 
(max) (max) 

Current Required to "Flip" Bus Hold HIGH 210 p.A 330 p.A VIN ~ 1.3V @ Vcc=3.3V 
(min) (min) VIN ~ 1.6V @ Vcc=5V 

Current Required to "Flip" Bus Hold LOW -350 p.A -550 p.A VIN:'; 1.3V @ Vcc=3.3V 
(min) (min) VIN:'; 1.6V @Vcc=5V 

Table 17-16. Write-Back Enhanced IntelDX4TM and Write-Back Enhanced 
IntelDX2TM Processors Recommended Values for Bus Keeper 

Vee Calculation Suggested 

3.3V 1.3V 
--= 3.7Kn 
350 p.A 

3Kn 

5V 1.6V 2.7Kn 
--=2.9Kn 
550 p.A 
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17.4 AC Specifications 

The AC specifications given in the tables in this 
section consist of output delays, input setup 
requirements and input hold requirements. All AC 
specifications are relative to the rising edge of the 
input system clock (ClK) unless otherwise specified. 

17.4.1 3.3V AC CHARACTERISTICS 

Table 17-17 is for 25- and 33-MHz Intel486 SX, 
33-MHz Intel486 DX, 40-MHz IntelDX2 (20-MHz 
Max.), 50-MHz IntelDX2 (25-MHz Max.), 40-MHz 
Write-Back Enhanced IntelDX2 (20-MHz Max.), and 
50-MHz Write-Back Enhanced IntelDX2 Processors 
(25-MHz Max.). 

Table 17-17. 3.3V AC Characteristics 
Functional operating range: Vee = 3.3V ±0.3V; TeASE = O°C to + 85°C; CL = 50 pF, unless otherwise 
specified. 

Bus Speed 

Symbol Parameter 20 MHz 25 MHz 33 MHz Unit Figure Notes 

Min Max Min Max Min Max 

Frequency 8 20 8 25 8 33 MHz 1 

t1 ClK Period 50 125 40 125 30 125 ns 17-2 

t1a ClK Period Stability ±250 ±250 ±250 ps 17-2 Adjacent 
clocks 

t2 ClK High Time 16 14 11 ns 17-2 at2V 

t3 ClKlowTime 16 14 11 ns 17-2 atO.8V 

t4 ClK Fall Time 6 4 3 ns 17-2 2Vto 0.8V 

t5 ClK Rise Time 6 4 3 ns 17-2 0.8Vt02V 

t6 A2-A31, PWT, PCD, 3· 23 3 19 3 16 ns 17-6 2 
BEO-3#, M/IO#, 
D/C#, W/R#, ADS#, 
lOCK#, BREQ, 
HlDA, CACHE#, 
HITM#, SMIACT#, 
FERR # Valid Delay 

t7 A2-A31, PWT, PCD, 37 28 20 ns 17-7 3 
BEO-3#, M/IO#, 
D/C#, W/R#, ADS#, 
lOCK #, BREQ, 
HlDA, CACHE# Float 
Delay 

t8 PCHK# Valid Delay 3 28 3 24 3 22 ns 17-5 

t8a BLAST #, PLOCK # 3 28 3 24 3 20 ns 17-6 
Valid Delay 

t9 BlAST#, PlOCK# 37 28 20 ns 17-7 3 
Float Delay 
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Table 17-17. 3.3V AC Characteristics (Continued) 
Functional operating range: Vcc = 3.3V ±0.3V; VCC5 = 5V ±0.25V (Note 1); TCASE = O°C to + 85°C; 
CL = 50 pF, unless otherwise specified. 

Bus Speed 

Symbol Parameter 20 MHz 25 MHz 33 MHz Unit Figure Notes 

Min Max Min Max Min Max 

tl0 DO-D31, DPO-DP3 3 26 3 20 3 19 ns 17-6 
Write Data Valid Delay 

tll DO-D31,OPO-DP3 37 28 20 ns 17-7 3 
Write Data Float Delay 

t12 EADS#, INV Setup 10 8 6 ns 17-3 6 
Time 

t13 EADS#,INV Hold 3 3 3 ns 17-3 6 
Time 

t14 KEN#, BS16#, BS8#, 10 8 6 ns 17-3 6 
WB/WT # Setup Time 

t15 KEN#, BS16#, BS8#, 3 3 3 ns 17-3 6 
WB/WT# Hold Time 

t16 RDY #, BRDY # Setup 10 8 6 ns 17-4 
Time 

t17 RDY #, BRDY # Hold 3 3 3 ns 17-4 
Time 

t18 HOLD, AHOLD Setup 12 10 6 ns 17-3 
Time 

t18a BOFF # Setup Time 12 10 9 ns 17-3 

t19 HOLD, AHOLD, 3 3 3 ns 17-3 
BOFF # Hold Time 

t20 FLUSH #, A20M #, 12 10 6 ns 17-3 2 
NMI, INTR, SMI#, 
STPCLK#, SRESET, 
RESET,IGNNE# 
Setup Time 

t21 FLUSH #, A20M #, 3 3 3 ns 17-3 2 
NMI, INTR, SMI#, 
STPCLK#, SRESET, 
RESET, IGNNE# Hold 
Time 

t22 00-031, DPO-DP3, 6 6 6 ns 17-3 
A4-A31 Read Setup 17-4 
Time 

t23 00-031, DPO-DP3, 3 3 3 ns 17-3 
A4-A31 Read Hold 17-4 
Time 
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NOTES: 
1. O-MHz operation is guaranteed when the STPClK# and Stop Grant bus cycle protocol is used. 
2. IGNNE# and FERR# are present only in the Intel4S6™ DX, InteIDX2™, and Write-Back Enhanced IntelDX2TM proces-

sors. 
3. Not 100% tested; guaranteed by design characterization. 
4. All timing specifications assume CL = 50 pF, See capacitive derating charts for additional timing delays due to loading. 
5. A reset pulsewidth of 15 ClK cycles is required for warm resets (FIESET or SRESEn. Power-up resets (cold resets) 

require RESET to be asserted for at least 1 ms after Vee and ClK are stable. 
6. CACHE#, WB/WT#, HITM#, and INV are present only in the Write-Back Enhanced IntelDX2 processor. 

Tables 17-18 through 17-20 are for the IntelDX4 and Write-Back Enhanced IntelDX4 processors. 

Table 17-18_ 3_3V AC Characteristics for the 75/25-MHz IntelDX4TM Processor 
VCC = 3.3V ±0.3V; VCC5 = 5V ±0.25V (Note 1); TCASE = O·C to + 85·C; Cl = 50 pF 

Symbol Parameter Min Max Unit Figure 

ClK Frequency 8 25 MHz 

t1 ClK Period 40 125 ns 17-2 

t1a ClK Period Stability ±250 ps 

t2 ClK High Time 14 ns 17-2 

t3 ClKlowTime 14 ns 17-2 

t4 ClK Fall Time 4 ns 17-2 

t5 ClK Rise Time 4 ns 17-2 

ts A2-A31, PWT, PCD, BEO-3#, M/IO#, 3 19 ns 17-6 
D/C#, W/R#, ADS#, lOCK#, FERR#, 
BREQ, HlDA, CACHE#, HITM# Valid 
Delay 

t7 A2-A31, PWT, PCD, BEO-3#, M/IO#, 28 ns 17-7 
D/C#, W/R#, ADS#, lOCK#, CACHE# 
Float Delay 

ts PCHK# Valid Delay 3 24 ns 17-5 

tSa BlAST#, PlOCK# SMIACT# Valid Delay 3 24 ns 17-6 

ts BLAST #, PLOCK # Float Delay 28 ns 17-7 

t10 DO-D31, DPO-3 Write Data Valid Delay 3 20 ns 17-6 
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Table 17-18. 3.3V AC Characteristics for the 75/25-MHz IntelDX4TM Processor (Cont'd) 
Vcc = 3.3V ±0.3V; VCC5 = SV ±0.2SV (Note 1); TCASE = O·C to +8S·C; CL = SO pF 

Symbol Parameter Min Max Unit Figure Notes 

tll 00-031, OPO-3 Write Data Float Delay 28 ns 17-7 3 

t12 EAOS #, INV Setup Time 8 ns 17-3 

t13 EAOS#,INV Hold Time 3 ns 17-3 7 

t14 KEN#, BS16#, BS8#, WB/WT# Setup 8 ns 17-3 7 
Time 

t15 KEN#, BS16#, BS8#, WB/WT# Hold 3 ns 17-3 7 
Time 

t16 ROY #, BROY # Setup Time 8 ns 17-4 

t17 ROY #, BROY # Hold Time 3 ns 17-4 

t18 HOLD, AHOLO Setup Time 8 ns 17-3 

t18a BOFF # Setup Time 8 ns 17-3 

t19 HOLD, AHOLO, BOFF# Hold Time 3 ns 17-3 

t20 RESET, FLUSH#, A20M#, NMI,INTR, 8 ns 17-3 S 
IGNNE# SRESET, STPCLK#, SMI# 
Setup Time 

t21 RESET, FLUSH #, A20M #, NMI, INTR, 3 ns 17-3 S 
IGNNE# SRESET, STPCLK#, SMI# Hold 
Time 

t22 00-031, OPO-3, A4-A31 Read Setup S ns 17-3, 
Time 17-4 

t23 00-031, OPO-3, A4-A31 Read Hold Time 3 ns 17-3, 
17-4 

NOTES: 
1. VCC5 should be connected to 3.3V ±0.3V in 3.3V-only systems. 
2. O-MHz operation is guaranteed when the STPCLK# and Stop Grant Acknowledge protocol is used. 
3. Not 100% tested; guaranteed by design characterization. 
4. All timing specifications assume CL = 50 pF. See capacitive derating charts for additional timing delays due to loading. 
5. A reset pulsewidth of 15 CLK cycles is required for warm resets (RESET or SRESET). Power-up resets (cold resets) 

require RESET to be asserted for at least 1 ms after Vcc and CLK are stable. 
6. For adjacent clocks; assumes frequency of operation is constant. STPCLK# input should be used to change frequency 

of operation. 
7. CACHE#, WB/WT#, HITM#, and INV are present only in the Write-BaCk Enhanced IntelDX4 processor. 

I 4-S61 



Intel486™ PROCESSOR FAMILY 

Table 17-19. 3.3V AC Characteristics for the 100/33-MHz IntelDX4TM Processors 
Vcc = 3.3V ±0.3V; VCC5 = 5V ±0.25V (Note 1); TCASE = O°C to +85°C; CL = 50 pF 

Symbol Parameter Min Max Unit Figure Notes 

CLK Frequency 8 33 MHz 2 

t1 CLK Period 30 125 ns 17·2 

t1a CLK Period Stability ±250 ps J,6 

t2 CLK High Time 11 ns 17·2 at2V 

t3 CLKLowTime 11 ns 17·2 at 0.8V 

t4 CLKFaliTime 3 ns 17·2 2Vto 0.8V 

t5 CLK Rise Time 3 ns 17·2 0.8Vto2V 

t6 A2-A31, PWT, PCD, BEO-3#, M/IO#, 3 14 ns 17·6 7 
D/C#, W/R#, ADS#, LOCK#, FERR#, 
BREQ, HLDA, CACHE#, HITM# Valid 
Delay 

t7 A2-A31, PWT, PCD, BEO-3#, M/IO#, 20 ns 17-7 3, 7 
D/C#, W/R#, ADS#, LOCK~, CACHE# 
Float Delay 

ts PCHK# Valid Delay 3 14 ns 17·5 

tSa BLAST # , PLOCK # , SMIACT# Valid Delay 3 14 ns 17·6 

t9 BLAST#, PLOCK#'Float Delay 20 ns 17·7 3 

t10 DO-D31, DPO-3 Write Data Valid Delay 3 14 ns 17·6 

t11 DO-D31, DPO-3 Write Data Float Delay 20 ns 17·7 3 

t12 EADS #, INV Setup Time 5 ns 17-3 7 

t13 EADS#,INVHoldTime 3 ns 17·3 7 

t14 KEN#, BS16#, BS8#, WB/WT# Setup 5 ns 17·3 7 
Time 

t15 KEN#, BS16#, BS8#, WB/WT# Hold 3 ns 17·3 7 
Time 

t16 RDY #, BRDY # Setup Time 5 ns 17-4 

t17 RDY #, BRDY # Hold Time 3 ns 17·4 

t1S HOLD, AHOLD Setup Time 6 ns 17·3 

t1Sa BOFF # Setup Time 7 ns 17·3 

t19 HOLD, AHOLD, BOFF # Hold Time 3 ns 17·3 
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Table 17-19. 3.3V AC Characteristics for the 100/33-MHz IntelDX4TM Processors (Cont'd) 
VCC = 3.3V ±0.3V; VCC5 = 5V ±0.25V (Note 1); TeASE == O·C to + 85·C; Cl = 50 pF 

Symbol Parameter Min Max Unit Figure Notes 

t20 RESET, FLUSH #, A20M #. NMI. INTR. 5 ns 17-3 5 
IGNNE#, SRESET, STPCLK#, SMI# 
Setup Time 

t21 RESET, FLUSH#, A20M#. NMI.INTR, 3 ns 17-3 5 
IGNNE#, SRESET, STPCLK#, SMI# Hold 
Time 

t22 00-031. OPO-3. A4-A31 Read Setup 5 ns 17-3, 
Time 17-4 

t23 00- 031. OPO-3, A4-A31 Read Hold Time 3 ns 17-3, 
17-4 

NOTES: 
1. VCC5 should be connected to 3.3V ±0.3V in 3.3V-only systems. 
2. O-MHz operation is guaranteed when the STPClK# and Stop Grant Acknowledge protocol is used. 
3. Not 100% tested; guaranteed by design characterization. 
4. All timing specifications assume CL = 50 pF. See capacitive derating charts for additional timing delays due to loading. 
5. A reset pulsewidth of 15 ClK cycles is required for warm resets (RESET or SRESET). Power-up resets (cold resets) 

require RESET to be asserted for at least 1 ms after Vcc and ClK are stable .. 
6. For adjacent clocks; assumes frequency of operation is constant. STPClK# input should be used to change frequency 

of operation. 
7. CACHE#, WB/WT#, HITM#, and INV are present only in the Write-Back Enhanced IntelDX4 processor. 
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Table 17-20. 3.3V AC Characteristics for the 100/S0-MHz IntelDX4TM Processor 
Vcc = 3.3V ±0.3V; VCC5 = SV ±0.2SV (Note 1); TCASE = ODC to +8SDC; CL = 0 pF 

Symbol Parameter Min Max' Unit Figure 

ClK Frequency 16 SO MHz 

t1 ClK Period 20 62.S ns 17-2 

t1a ClK Period Stability ±2S0 ps 

t2 ClK High Time 7 ns 17-2 

t3 ClKlowTime 7 ns 17-2 

t4 ClKFallTime 2 ns 17-2 

t5 ClK Rise Time 2 ns 17-2 

tSa A20-A31, PWT, PCD, BEO-3#, M/IO#, 2 12 ns 17-6 
D/C#, W/R#, ADS#, lOCK#, FERR#, 
BREa, HlDA, CACHE # , HITM# Valid 
Delay 

tsb A2-A19 2 10.S ns 17-6 

t7 A2-A31, PWT, PCD, BEO-3#, MIIO#, 18 ns 17-7 
D/C#, W/R#, ADS#, lOCK#, CACHE# 
Float Delay 

te PCHK# Valid Delay 2 14 ns 17-S 

tea BLAST#, PLOCK#, SMIACT# Valid Delay 2 12 ns 17-6 

t9 BLAST #, PLOCK # Float Delay 18 ns 17-7 

t10 00-031, DPO-3 Write Data Valid Delay 3 12 ns 17-6 

t11 00-031, DPO-3 Write Data Float Delay 1B ns 17-7 

t12 EADS#, INV Setup Time S ns 17-3 

t13 EADS#, INV Hold Time 2 ns 17-3 

t14 KEN#, BS16#, BSB#, WB/WT# Setup S ns 17-3 
Time 

t15 KEN#, BS16#, BS8#, WB/WT# Hold 2 ns 17-3 
Time 

t1S ROY #, BRDY # Setup Time S ns 17-4 

t17 ROY #, BRDY # Hold Time 2 ns 17-4 

t18 HOLD, AHOlD, Setup Time S ns 17-3 

t18a BOFF # Setup Time S ns 17-3 

t19 HOLD, AHOlD, BOFF # Hold Time 2 ns 17-3 

4-S64 

Notes 

2 

3,6 

at2V 

atO.8V 

2Vto 0.8V 

0.8Vto2V 

7 

3, 7 

3 

3 

7 

7 

7 

7 
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Table 17-20. 3.3V AC Characteristics for the 100/50-MHz IntelDX4TM Processor (Cont'd) 
VCC = 3.3V ±0.3V; VCC5 = 5V ±0.25V (Note 1); TCASE = O°C to + 85°C; Cl = 0 pF 

Symbol Parameter Min Max Unit Figure Notes 

t20 RESET, FLUSH#, A20M#, NMI,INTR, 5 ns 17-3 5 
IGNNE#, SRESET, STPCLK#, SMI# 
Setup Time 

t21 RESET, FLUSH #, A20M #, NMI, INTR, 2 ns 17-3 5 
IGNNE#, SRESET, STPCLK#, SMI# Hold 
Time 

t22 00-031, OPO-3, A4-A31 Read Setup 4 ns 17-3, 
Time 17-4 

t23 00-031, OPO-3, A4-A31 Read Hold Time 2 ns 17-3, 
17-4 

NOTES: 
1. VCC5 should be connected to 3.3V ±0.3V in 3.3V-only systems. 
2. O-MHz operation is guaranteed when the STPClK# and Stop Grant Acknowledge protocol is used. 
3. Not 100% tested; guaranteed by design characterization. 
4. All timing specifications assume CL = 0 pF. lID buffer modeling should be used to calculate additional timing delays due 

to loading. 
5. A reset pulsewidth of 15 ClK cycles is required for warm resets (RESET or SRESET). Power-up resets (cold resets) 

require RESET to be asserted for at least 1 ms after Vcc and ClK are stable. 
6. For adjacent clocks; assumes frequency of operation is constant. STPClK # input should be used to change frequency 

. of operation. . 
7. CACHE#, WB/WT#, HITM#, and INV are present only in the Write·Back Enhanced IntelDX4 processor. 
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Table 17-21. 3.3V Intel486™ Processor AC Specifications for the Test Access Port 
(Alllntel486 Processors and Frequencies except the IntelDX4™ Processors) 

Vcc = 3.3V ±0.3V; TCASE = O·C to + 85·C; CL = 50 pF 

Symbol Parameter Min Max Unit 

t24 TCK Frequency 8 MHz 

t25 TCK Period 125 ns 

Notes 

1 

t26 TCK High Time 40 ns at2.0V 

t27 TCKLowTime 40 ns atO.8V 

t28 TCK Rise Time 8 ns 2 

t29 TCK Fall Time 8 ns 2 

t30 TDI, TMS Setup Time 8 ns 3 

t31 TDI, TMS Hold Time 10 ns 3 

t32 TOO Valid Delay 3 30 ns 3 

t33 TOO Float Delay 36 ns 3 

t34 All Outputs (Non-Test) Valid Delay 3 30 ns 3 

t35 All Outputs (Non-Test) Float Delay 36 ns 3 

t36 All Inputs (Non-Test) Setup Time 8 ns 3 

t37 All Inputs (Non-Test) Hold Time 10 ns 3 

NOTES: 
1. TCK period ,;; CLK period. 
2. Rise/Fall times are measured ' between 0.8V and 2.0V. Rise/Fall times can be relaxed by 1 ns per 10-ns increase in TCK 

period. 
3. Parameters t30-t37 are measured from TCK. 
4. Refer to Figure 17·8 for signal waveforms. 
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Table 17-22. 3.3V IntelDX4TM Processor AC Specifications for the Test Access Port 
(AlllntelDX4 Processor Frequencies) 

Vee = S.SV ±O.SV; VCC5 =5V ±0.25V (Note 1); TCASE = O·C to +85·C; CL = 0 pF 

Symbol Parameter Min Max Unit Figure 

t24 TCK Frequency 25 MHz 

t25 TCK Period 40 ns 

t26 TCK High Time 10 ns 

t27 TCK Low Time 10 ns 

t2B TCK Rise Time 4 ns 

t29 TCKFaliTime 4 ns 

t30 TDI, TMS Setup Time 8 ns 17-8 

t31 TDI, TMS Hold Time 7 ns 17-8 

t32 TOO Valid Delay 3 25 ns 17-8 

t33 TOO Float Delay SO ns 

t34 All Outputs (Non-Test) Valid Delay . 3 25 ns 17-8 

t35 All Outputs (Non-Test) Float Delay 36 ns 17-8 

t36 All Inputs (Non-Test) Setup Time 8 ns 17-8 

t37 All Inputs (Non-Test) Hold Time 7 ns 17-8 

NOTES: 
1. VCC5 should be connected to 3.3V ± O.3V in 3.3V-only systems. 
2. All inputs and outputs are TTL Level. 
3. Rise/Fall times are measured between O.BV and 2.0V. Rise/Fall times can be relaxed by 1 ns per 10·ns increase in TCK 

period. 
4. TCK period ,,; CLK period. 
5. Parameters t30-t37 are measured from TCK. 
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17.4.2 5V AC CHARACTERISTICS 

Table 17-23 is for 2S- and 33-MHz Intel486 SX, 33-
MHz Intel486 OX, SO-MHz IntelSX2 (2S-MHz Max.), 
SO-MHz IntelDX2 (25-MHz Max.), 66-MHz IntelDX2 

(33-MHz Max.), 50-MHz Write-Back Enhanced 
IntelDX2 (2S-MHz Max.) and 66-MHz Write-Back En
hanced IntelDX2 (33-MHz Max.) processors. 

Table 17-23. 5V AC Characteristics 
Functional operating range: Vee = 5V ±0.2SV; TeASE = O°C to + 85°C; CL = 50 pF unless otherwise 
specified. (See also Table 17-24). 

Bus Speed 

Symbol Parameter 25 MHz 33 MHz Unit Figure Notes 

Min Max Min Max 

Frequency 8 25 8 33 MHz 1 

t1 CLK Period 40 125 30 125 ns 17-2 

t1a CLK Period ~tability ±250 ±250 ps 17-2 Adjacent 
clocks 

t2 CLK High Time 14 11 ris 17-2 at2V 

t3 CLKLowTime 14 11 ns 17-2 atO.8V 

t4 CLKFallTime 4 3 ns 17-2 2VtoO.8V 

t5 CLK Rise Time 4 3 ns 17-2 0.8Vt02V 

te A2-A31, PWT, PCD, BEO-3#, 3 19 3 16 ns 17-6 3,4 
M/IO#, D/C#, W/R#, ADS#, 
LOCK#, BREQ, HLDA, SMIACT#, 
FERR#, CACHE#, HITM# Valid 
Delay 

t7 A2-A31, PWT, PCD, BEO-3#, 28 20 ns 17-7 2,4 
MIIO#, D/C#, W/R#, ADS#, 
LOCK#,BREQ,HLDA,CACHE# 
Float Delay 

ta PCHK# Valid Delay .3 24 3 22 ns 17-5 

taa BLAST#, PLOCK# Va:lid Delay 3 24 3 20 ns 17-6 

t9 BLAST #, PLOCK # Float Delay 28 20 ns 17-7 2 

t10 00-031, DPO-DP3 Write Data Valid 3 20 3 18 ns 17-6 
. Delay 

t11 00-031, DPO-DP3 Write Data Float 28 20 ns 17-7 2 
Delay 

t12 EADS#, INV Setup Time 8 5 ns 17-3 4 

t13 EADS#,INV Hold Time 3 3 ns 17-3 4 

t14 KEN#, BS16#, BS8#, WB/WT# 8 5 ns 17-3 4 

Setup Time 
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Table 17-23. 5V AC Characteristics (Cont'd) 
Functional operating range: Vcc = 5V ±0.25V; TCASE = O°C to + 85°C; CL 
specified. (See also Table 17-24). 

50 pF unless otherwise 

Bus Speed 

Symbol Parameter 25 MHz 33 MHz Unit Figure Notes 

Min Max Min Max 

t15 KEN#, BS16#, BS8#, WB/WT# 3 3 ns 17-3 4 
Hold Time 

t16 RDY #, BRDY # Setup Time 8 5 ns 17-4 

t17 RDY#, BRDY# Hold Time 3 3 ns 17-4 

t18 HOLD, AHOLD Setup Time 10 6 ns 17-3 

t18a BOFF # Setup Time 10 8 ns 17-3 

t19 HOLD, AHOLD, BOFF # Hold Time 3 3 ns 17-3 

t20 FLUSH#, A20M#, NMI,INTR, SMI#, 10 5 ns 17-3 3 
STPCLK#, SRESET, RESET, 
IGNNE# Setup Time 

t21 FLUSH #, A20M #, NMI, INTR, SMI #, 3 3 ns 17-3 3 
STPCLK#, SRESET, RESET, 
IGNNE# Hold Time 

t22 DO-D31, DPO-DP3, A4-A31 Read 5 5 ns 17-3, 
Setup Time 17-4 

t23 DO-D31, DPO-DP3, A4-A31 Read 3 3 ns 17-3, 
Hold Time 17-4 

NOTES: 
1. O-MHz operation is guaranteed when the STPCLK# and Stop Grant bus cycle protocol is used. 
2. Not 100% tested, guaranteed by design characterization. 
3. IGNNE# and FERR# are present only in the Intel486™ DX, IntelDX2™, and Write-Back Enhanced IntelDX2 proces· 

sors. 
4. CACHE#, WB/WT#, HITM#, and INV are present only in the Write-Back Enhanced IntelDX2 processor. 
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The following specifications are different for existing 
Inte1SX2, IntelDX2 and Write-Back Enhanced 
IntelDX2 processors. A system board that will sup
port all of the Intel486 processors should be de
signed to the worst-case specifications of the 2S
and 33-MHz local bus timings. 

Table 17-24 is for SO-MHz IntelSX2 (2S-MHz Max.), 
SO-MHz IntelDX2 (2S-MHz Max.), 66-MHz IntelDX2 
(33-MHz Max.), SO-MHz Write-Back Enhanced 
IntelDX2 (2S-MHz Max.) and 66-MHz Write-Back En
hanced IntelDX2 (33-MHz Max.) processors. 

Table 17-24_ 5V AC Characteristics 
Functional operating range: Vcc = SV ±0.2SV; TCASE = O·C to + 85·C; CL = 50 pF unless otherwise 
specified. (See also Table 17-23). 

Bus Speed 

Symbol Parameter 25 MHz 33 MHz Unit Notes 

Min Max Min Max 

Frequency 50 66 MHz 

ClK Frequency B 25 8 33 MHz 

ts A2-A31, PWT, PCD, BEO-3#, MIIO#, D/C#, 14 ns 3,4 
W/R#, ADS#, lOCK#, BREQ, HlDA, 
SMIACT#, FERR#, CACHE#, HITM# Valid 
Delay 

ta PCHK# Valid Delay 14 ns 

t8a BLAST#, PlOCK# Valid Delay 14 ns 

t10 DO-D31, DPO-DP3 Write Data Valid Delay 14 ns 

t18 HOLD, AHOlD Setup Time B ns 

t18a BOFF # Setup Time B 7 ns 

t20 FlUSH#, A20M#, NMI, INTR, SMI#, B ns 
STPClK#, SRESET, RESET, IGNNE# Setup 
Time 

NOTES: 
1. O-MHz operation is guaranteed when the STPCLK# and STOP GRANT bus cycle protocol is used. 
2. Not 100% tested; guaranteed by design characterization. 
3. IGNNE# and FERR# are present in the IntelDX2TM and Write-Back Enhanced IntelDX2 processors only. 
4. CACHE#, WB/WT#, HITM#, and INV are present only in the Write-Back Enhanced IntelDX2 processor. 
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Table 17-25. 5V AC Characteristics 50-MHz Intel486™ OX Processors 
Functional operating range: Vee = 5V ±0.25V; TeASE = O°C to + 85°C; CL = (Note 1). 

Symbol Parameter Min Max Unit Figure 

Frequency 16 50 MHz 

t1 ClK Period 20 62.5 ns 17-2 

t1a ClK Period Stability ±250 ps 17-2 

t2 ClK High Time 7 ns 17-2 

t3 ClKlowTime 7 ns 17-2 

4 ClK Fall Time 2 ns 17-2 

t5 ClK Rise Time 2 ns 17-2 

ts A2-A31, PWT, PCD, BEO-3#, MIIO#, 3 12 ns 17-6 
D/C#, W/R#, ADS#, lOCK#, BREQ, 
HlDA, FERR# Valid Delay 

t7 A2-A31, PWT, PCD, BEO-3#, MIIO#, 18 ns 17-7 
D/C#, W/R#, ADS#, lOCK#, BREQ, 
HlDA Float Delay 

ts PCHK# Valid Delay 3 14 ns 17-5 

tSa BLAST#, PlOCK# Valid Delay 3 12 ns 17-6 

t9 BlAST#, PlOCK# Float Delay 18 ns 17-7 

tlO DO-D31, DPO-DP3 Write Data Valid Delay 3 12 ns 17-6 

t11 DO-D31, DPO-DP3 Write Data Float Delay 18 ns 17-7 

t12 EADS# Setup Time 5 ns 17-3 

t13 EADS# Hold Time 2 ns 17-3 

t14 KEN#, BS16#, BS8# Setup Time 5 ns 17-3 

t15 KEN#, BS16#, BS8# Hold Time 2 ns 17-3 

t16 RDY #, BRDY # Setup Time 5 ns 17-4 

t17 RDY #, BRDY # Hold Time 2 ns 17-4 

t1S HOLD, AHOlD, BOFF # Setup Time 5 ns 17-3 

t19 HOLD, AHOlD, BOFF # Hold Time 2 ns 17-3 

t20 FlUSH#, A20M#, NMI,INTR, RESET, 5 ns 17-3 
IGNNE# Setup Time 

t21 FLUSH #, A20M #, NMI, INTR, RESET, 2 ns 17-3 
IGNNE# Hold Time 

I 

Notes 

1 

Adjacent 
clocks 

at2V 

atO.8V 

2Vto 0.8V 

0.8Vt02V 

2 

2 

2 
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Table 17-25_ 5V AC Characteristics 50-MHz Intel486TM OX Processors (Cont'd) 
Functional operating range: VCC = 5V ±0_25V; TCASE = O°C to +85°C; CL = (Note 1). 

Symbol Parameter Min Max Unit Figure 

t22 00-031, OPO-OP3, A4-A31 Read Setup 4 ns 17-3, 
Time 17-4 

t23 00-031, DPO-OP3, A4-A31 Read Hold 2 ns 17-3, 
Time 17-4 

NOTES: 

Notes 

1. Specifications assume CL = 0 pF. 110 buffer model must be used to determine delays due to loading (trace and compo
nent). First order 110 buffer models for the Intel486TM processor are available. Contact Intel for the latest release. 

2. Not 100% tested; guaranteed by design characterization. 

Table 17-26_ 5V Intel486™ Processor AC Specifications for the Test Access Port 
(All Processors and Frequencies) 

VCC =5V ±0.25V; TCASE = O°C to +85°C; CL = 50 pF 

Symbol Parameter Min Max Unit 

t24 TCK Frequency 8 MHz 

t25 TCK Period 125 ns 

t26 TCK High Time 40 ns 

t27 TCKLowTime 40 ns 

t28 TCK Rise Time 8 ns 

t29 TCKFaliTime 8 ns 

t30 TOI, TMS Setup Time 8 ns 

t31 TOI, TMS Hold Time 10 ns 

t32 TOO Valid Oelay 3 30 ns 

t33 TOO Float Oelay 39 ns 

t34 All Outputs (Non-Test) Valid Oelay 3 30 ns 

t35 All Outputs (Non-Test) Float Oelay 36 ns 

t36 All Inputs (Non-Test) Setup Time 8 ns 

ta7 All Inputs (Non-Test) Hold Time 10 ns 

NOTES: 
1a. Vee should be connected to 3.3V ±0.3V in 3.3V-only systems. 
1. TCK period ,,; ClK period. 

Notes 

1 

at2.0V 

atO.8V 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

2. RiselFall times are measured between 0.8V and 2.0V. RiselFall times can be relaxed by 1 ns per 10-ns increase in TCK 
period. 

3. Parameters t30-t37 are measured from TCK. 
4. Refer to Figure 17-8 for signal waveforms. 
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Figure 17-3. Input Setup and Hold Timing 
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Figure 17-4. Input Setup and Hold Timing 
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Figure 17-5. PCHK# Valid Delay Timing 
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Figure 17-8. Test Signal Timing Diagram 

17.5 Capacitive Derating Curves 

The capacitive derating curves illustrate output delay 
versus capacitive load'for 3.3V and 5V Intel486 
processors. The derating curves show the delays for 
the rising and falling edges under worst-case condi
tions. Figure 17-9 and Figure 17-10 apply to all 
3.3V Intel486 SX, Intel486 OX, and IntelOX2 

processors. Figure 17-11 and Figure 17-12 apply to 
5V Intel486 OX and IntelOX2 processors. Figure 
17-13 and Figure 17-14 apply to 5V Intel486 SX and 
IntelSX2 processors. Figures 17-15 through 17-17 
apply to the IntelOX4 processor and Figures 17-18 
through 17-20 apply to the Write-Back Enhanced 
IntelOX4 processor. The figures apply to all frequen
cies specified for each corresponding product. Refer 
to Appendix C for bus frequencies above 33 MHz for 
Intel486 processors. 
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Figure 17-9. Typical Loading Delay versus Load Capacitance under 
Worst-Case Conditions for a Low-to-Hlgh Transition 
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Figure 17-11. Typical Loading Delay versus Load Capacitance under 
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Figure 17-13. Typical Loading Delay versus Load Capacitance under 
Worst-Case Conditions for a Low-to-Hlgh Transition 
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Figure 17-18. Write·Back Enhanced IntelDX4™ Processor (Falling) (5V Signals) 
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18.0 MECHANICAL DATA 

This section describes the package dimensions and 
thermal specifications for all processors in the 
Intel486 processor family. 

18.1 Intel486™ Processor Package 
Dimensions 

NOTE: 
For further details about thermal and me
chanical package specifications and method
ologies, refer to the 1994 Packaging Hand
book (order number 240800). 

The processor dimensions are listed in the following 
order: 
• 168-pin PGA package 
• 208-lead SQFP package 
• 196-lead PQFP package. 

18.1.1 168-PIN PGA PACKAGE 

I 
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\Il1.65 
REF. 

PIN C3 

@@@@@@@@@@@@@@@@@ 
@@@@@@@@@@@@@@@@@ 
@@@@@@@@@@@@@@@@@ 
@@@ @@@ 
@@@ @@@ 
@@@ - @@@ 
@@@ @@@ 
@@@ ( 

" 
@@@ 

@@@ @@@ 
@@@ 

"" ./ @@@ 
@@@ 
@@@ 
@@@ 

@@o@@@@@@@@@@@o@@ 
@@@@@@@@@@@@@@@o@ 

~@@@@@@@@@@@@@@@ 
r-

;:~; REF. 

45° CHAMFER 
(INDEX CORNER) 

SWAGGED -_ ...... 
PIN 

(4 PL) 

D 

A, 

BASE 
PLANE 

Figure 18-1. 168-Pin Ceramic PGA Package Dimensions 
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Table 18-1. 168-Pln Ceramic PGA Package Dimensions 

Family: Ceramic Pin Grid Array Package 

Millimeters Inches 
Symbol 

Min Max Notes Min . Max Notes 

A .3.56 4.57 0.140 0.180 

A, 0.64 1.14 SOLID LID 0.025 0.045 SOLID LID 

A2 2.8 3.5 SOLID LID 0.110 0.140 SOLID LID 

A3 1.14 1.40 0.045 0.055 

B 0.43 0.51 0.017 ,0.020 

D ·44.07 44.83 1.735 1.765 

D, 40.51 40.77 1.595 1.605 

e, 2.29 2.79 0.090 0.110 

L 2.54 3.30 0.100 0.130 

N 168 168 

S, 1.52 2.54 0.060 0.100 

ISSUE IWS REV X 7/15/88 

Table 18-2. Ceramic PGA Package Dimension Symbols 

Letter or Symbol Description of Dimensions 

A Distance from seating plane to highest point of body 

A, Distance between seating plane and base plane (lid) 

A2 Distance from base plane to highest point of body 

A3 Distance from seating plane to bottom of body 

B Diameter of terminal lead pin 

D Largest overall package dimension of length 

D, A body length dimension, outer lead center to outer lead center 

e, Linear spacing between true lead position centerlines 

L Distance from seating plane to end of lead 

S, Other body dimension, outer lead center to edge of body 

NOTES: 
1. Controlling dimension: millimeter. 
2. Dimension "e," ("e") is non-cumulative. 
3. Seating plane (standoff) is defined by P.C. board hole size: 0.04,5-0.0430 inch. 
4. Dimensions "S", "S,.' and "C" are nominal. 
5. Details of Pin 1 identifier are optional. 
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18.1.2 208-LEAD SQFP PACKAGE 

1.14 (ref) 

52 

I 

~-------;30.60,.o.25;-------.t 

53 

• NOIe· Length Measurements same 
as Width Measurements 

104 
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105 
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Figure 18-2. 208-Lead SQFP Package Dimensions 
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18.1.3 196-LEAD PQFP PACKAGE 

o o 

1··_··_··_·· 
0: 0 

.L. c-: .. J .. ~, 

242202-H6 

NOTE: 
Interpret dimensions and tolerances in accordance with ANSI Y14.5M-1982. 

Figure 18-3. Principal Dimensions and Data for 196-Lead Plastic Quad Flat Pack Package 

Table 18-3. Symbol List and Dimensions for 196-Lead PQFP Package 

Symbol Description of Dimensions Min 

A Package Height: Distance from the seating plane to the highest point of body. 0.160 

A1 Standoff: The distance from the seating plane to the base plane. 0.020 

D,E Overall Package Dimension: Lead tip to lead tip. 1.470 

D1, E1 Plastic Body Dimension 1.347 

D2,E2 Bumper Distance 
Without FLASH 1.497 
With FLASH 1.497 

CP Seating Plane Coplanarity 0.000 

NOTES: 
1. All dimensions and tolerances conform to ANSI Y14.5M-1982. 
2. Dimensions are in inches. 
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Figure 18-4. Typical Lead 

18.2 Package Thermal Specifications 

The Intel486 processors are specified for operation 
when T C (the case temperature) is within the range 
of 0·C-8S·C. T c may be measured in any environ
ment to determine whether the Intel486 processor is 
within the specified operating range. The case tem
perature, with and without heat sink should be mea
sured using a 0.005" diameter (AWG#36) thermo
couple with a 90· angle adhesive bond at the center 
of the package top surface, opposite the pins. Figure 
18-5 and Figure 18-6 illustrate this methodology. 

I 

The ambient temperature (T A) is guaranteed as long 
as T c is not violated. The ambient temperature can 
be calculated from OJC and OJA from the following 
equations. 

TJ=TC+P*OJC 

T A = TJ - P • OJA 

Tc= TA + P' [OJA-OJcl 
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Where: 

TJ, TA, Tc = Junction, Ambient and Case Temper
ature, respectively. 

8JC,8JA = Junction-to-Case and Junction-to-Am
bient thermal Resistance, respective
ly. 

P = Maximum Power Consumption 

The values for 8JA and 8JC are given below for the 
packaging and operating frequencies. 

Note that T A is greatly improved by attaching "fins" 
or a "heat sink" to the" package. P (the maximum 
power consumption) is calculated by using the maxi
mum Icc at nominal Vcc (either 3.3V or 5V) as tabu
lated in the DC Characteristics in section 17. " 

242202-HB 
0.005" diam. thermocouple on the center of the pack
age top surface with a 90' angle adhesive bond 

Figure 18-5. Case Temperature Measurement 
without Heat Sink 

Sink 

~ --~--------~------~ 

242202-H9 
0.005" diam. thermocouple on the center of the pack
age top surface with a 90" angle adhesive bond 
through a hole drilled at the heat sink base 

Figure 18-6. Case Temperature Measurement 
with Heat Sink 
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Refer to section 16, "OverDrive® Processor 
Socket," for OverDrive processor thermal speci
fications. 

18.2.1 168-PIN PGA PACKAGE THERMAL 
CHARACTERISTICS FOR 3.3V 
IntelDX4™ PROCESSOR 

Desktop Applications 

All thermal measurements for the PGA package 
were taken with part in a socket mounted to a 4.5" x 
4.5" printed circuit board with 2 power plane layers 
and 2 signal layers in a test chamber. 

Table 18-5 shows maximum ambient temperatures 
of IntelDX4 processor for each core operating fre
quency. The maximum ambient temperature is mea
sured as ambient air temperature in the system 
case. These maximum ambient temperatures are 
not valid for the OverDrive processor. 

00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 

t----1.536'-------I ~.079· -1 t-

-I t-0.063' -1 r-0.60' 

~ 0 0 0 0 0 0 0 0 0 0 0 ~}350. 
242202-10 

Figure 18-7. Sample IntelDX4TM Processor 
PGA Heat Sink 
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I 

Table 18·4. Desktop PGA Package Thermal Resistance ("e/W)-8JC and 8JA for the 
Write· Back Enhanced IntelDX4 and IntelDX4TM Processors 

8JA vs Airflow-ft/min (m/sec) 

0 200 400 600 800 
8JC (0) (1.01) (2.03) (3.04) (4.06) 

With Heat Sink' 2 13.5 8.5 6.5 5.5 4.5 

l Without Heat Sink 2 17.5 15 13 11.5 10.0 

I 
I 

'0.350" high omnidirectional heat sink. 

Table 18·5. Desktop PGA Package Maximum Ambient Temperature for the 
Write·Back Enhanced IntelDX4 and IntelDX4TM Processors 

Airflow-ftlmin (m/sec) 

Freq. 0 200 400 
(MHz) (0) (1.01) (2.03) 

T ambient DC with Heat Sink' 100 35.5 57 65.5 

T ambient DC without Heat Sink 100 18.5 29 37.5 
'0.350" high omnidirectional heat sink. 

1000 
(5.07) 

4.25 

9.5 

600 
(3.04) 

70 

44 

Mobile Applications for IntelDX4 Processor 

The thermal resistances and maximum ambient tem
peratures for both the Write-Back Enhanced 
IntelDX4 and the IntelDX4 processors in the PGA 
package are given in Table 18-6. 

Table 18·6. Mobile PGA Package Thermal 
Resistance ("e/W)-8JC and 8JA and T ambient 

I 

NOTE: 
These values should be used as guidelines 
only, and are highly system dependent. Mo
bile Applications assume no airflow (if airflow 
exists in the system, the Desktop Application 
values should be used). All thermal mea· 
surements for the PGA package were taken 
with part in a socket mounted to a 4.5" x 
4.5" printed circuit board with 2 power plane 
layers and 2 signal layers in a test chamber. 
Final system verification should always refer 
to the case temperature specification. 

8JC 8JA 

With Heat Sink' 
75 MHz 2 13.5 

100 MHz 2 13.5 

Without Heat Sink 
75 MHz 2 17.5 

100 MHz 2 17.5 
.. 

'0.350" high omnidirectional heat sink. 

TA ("e) 
(Ext) 

48 
35.5 

35 
18.5 
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18.2.2 168-PIN PGA PACKAGE THERMAL CHARACTERISTICS FOR 5V Intel486™ PROCESSORS 

Table 18-7. Thermal Resistance (·C/W) 8JC and 8JA for 
the 168-Pin PGA Package of the Intel486™ Processor 

8J'A vs. Alrflow-ft/min. (m/sec) 

0 200 400 600 800 1000 
8JC (0) (1.01) (2.03) (3.04) (4.06) (S.07) 

I With Heat Sink' 1.5 13 8.0 6.0 5.0 4.5 4.25 

I Without Heat Sink , 1.5 17 14.5 12.5 11.0 10.0 9.5 

'0.350" high omnidirectional heat sink. 

Table 18-8. Maximum Tamblent for the SV, 168-Pin PGA Intel486TM Processor Family 

Airflow-ft/min. (m/sec) 

Freq. 0 200 400 600 
(MHz) (0) (1.01) (2.03) (3.04) 

Intel486TM SX Processor 

T ambient ·C with Heat Sink' 25 54 68 73 76 

33 47 64 70 74 

T ambient ·C without Heat Sink 25 44 50 56 62 

33 34 42 49 57 

IntelSX2TM Processor 

T ambient·C with Heat Sink' 50 38 59 67 71 

T ambient ·C without Heat Sink 50 22 32 40 50 

Intel486 OX and IntelOX2TM Processors" 

T ambient ·C with Heat Sink' 33 50 65 71 74 

50 33 56 65 69 

66 19 48 59 65 

T ambient ·C without Heat Sink 33 38' 46 52 59 

50 15 26 35 46 

66 -4 11 22 36 

Write-Back Enhanced IntelOX2 Processors 

T ambient ·C with Heat Sink 50 29 53 63 68 

66 11 43 56 62 

T ambient ·C without Heat Sink 50 9 21 31 43 

66 -15 1 14 30 

NOTE: 
, 0.350" high omnidirectional heat sink . 
•• For 33- and 50-MHz Inlel486 DX processors and 50- and 66-MHz IntelDX2 processors. 
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18.2.3 THERMAL SPECIFICATIONS FOR 208·LEAD SQFP PACKAGE 

Table 18·9. Thermal Resistance COC/W) 8JA for the Intel486TM Processor (for SQFP) 

8JA vs. Airflow -ft/min. (m/sec) 

0 200 400 600 
(0) (1.01) (2.03) (3.04) 

Intel486™ SX Processor without Heat Sink 36.0 27.5 25.0 22.5 

Intel486 OX Processor without Heat Sink 25.0 17.5 15.0 13.0 

IntelOX2TM Processor without Heat Sink 24.0 17.0 15.0 13.0 

Table 18·10. Thermal Resistance COC/W) 8JC for the Intel486TM Processor (for SQFP) 

8JC vs. Airflow -ft/min. (m/sec) 

0 200 400 600 
(0) (1.01) (2.03) (3.04) 

0 200 400 600 

I Intel486™ SX Processor 4.0 7.5 8.0 8.5 

I Intel486 OX and IntelOX2™ Processors 3.5 6.0 6.0 6.0 

Table 18·11. Maximum T ambient for the 3.3V, 208·Lead SQFP Intel486TM Processor Family 

Airflow-ft/min. (m/sec) 

Freq. 0 J 200 

I 
400 

-' 
600 

(MHz) (0) (1.01) (2.03) (3.04) 

Intel486™ SX Processor 

T ambient ·C without Heat Sink 25 54 I 66 I 69 I 72 

33 47 I 62 I 65 I 69 

Intel486 DX Processor 

T ambient ·C without Heat Sink ;33 58 I 70 I 74 I 76 

IntelDX2TM Processor 

T ambient ·C without Heat Sink 40 57 I 70 I 73 I 75 

50 51 I 67 I 70 I 73 

Write·Back Enhanced IntelDX2 Processor 

T ambient ·C without Heat Sink 40 53 I 68 I 71 I 74 

50 46 I 64 I 68 I 72 
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18.2.3.1 SQFP Package Thermal Characteristics 
for the 3.3V Write-Back Enhanced 
IntelDX4TM and IntelDX4 Processors 

Desktop Applications 

Ail thermal measurements for the SQFP pack
age were taken with part soldered to a 4.5" x 4.5" 
printed circuit board with two power plane layers and 
two signal layers in a test chamber. 

Table 18-14 shows maximum ambient temperatures 
of IntelDX4 processor for each core operating fre
quency. The maximum ambient temperature is mea
sured as ambient air temperature in the system 
case. 

Mobile Applications 

The thermal resistances and maximum ambient tem
peratures for the IntelDX4 processor in the SQFP 
package are given below. 

NOTE: 
These values should be used as guidelines 
only, and are highly system dependent. Mo
bile Applications assume no airflow (if 

airflow exists, the Desktop Application values 
should be used). Data was taken on a 2" x 
2", 4-layer circuit board in a test chamber. 
These values have been correlated to a typi
cal 8.5" x 11" x 1.5" notebook PC with the 
ambient temperature measured external 
to the system. Final system verification 
should always refer to the case temperature 
specification. 

Table 18-12. Mobile SQFP Package Thermal 
Resistance rC/W)-OJC and OJA and Tambient 

°JC OJA 
TArC) 
(Ext) 

With Heat Sink 
75 MHz 1.0 14 43 

100 MHz 1.0 13.5 31 

Without Heat Sink 
75 MHz 1.5 18 31.5 

100 MHz 1.5 17.5 16 

Table 18-13. Desktop SQFP Package Thermal Resistance rC/W)-0JC and OJA for the 
IntelDX4TM Processor 

OJA vs Airflow-ft/min (m/sec) 

0 200 400 
OJC (0) (1.01) (2.03) 

I With Heat Sink 0.8 10.5 6.5 5 

I Without Heat Sink 1.2 12.5 10 9 

Table 18-14. Desktop SQFP Package Maximum Ambient Temperature for the 
IntelDX4™ and Write-Back Enhanced IntelDX4 Processors 

Airflow-ft/min (m/sec) 

Freq. 0 200 400 
(MHz) (0) (1.01) (2.03) 

I T ambient ·C with Heat Sink 100 43.5 60.5 67 

I T ambient ·C without Heat Sink 100 36.5 46 50 

NOTE: 
The SQFP Package is intended primarily for the Mobile Market. 
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18.2.4 THERMAL SPECIFICATIONS FOR 196-LEAO PQFP PACKAGE 

Table 18-15. Thermal Resistance rC/W) 8JC and 8JA 

8JA vs Airflow-ft/min (m/sec) 

0 200 400 600 

8JC (0) (1.01) (2.03) (3.04) 

I With Heat Sink' 3.5 17.0 10.5 8.5 8.0 

I Without Heat Sink 3.5 20.5 16.5 14.0 12.5 

'0.350' high omnidirectional heat sink. 

Table 18-16. Maximum Tambient for the 5V, 196-Lead PQFP Intel486™ Processor Family 

Airflow-ft/min (m/sec) 

Freq. 0 200 400 600 
(MHz) (0) (1.01) (2.03) (3.04) 

Intel486™ SX Processor 

T ambient °C with Heat Sink' 25 49 66 72 73 

33 41 62 69 70 

T ambient °C without Heat Sink 25 40 50 57 61 

33 29 42 51 56 

Intel486 OX Processor 

T ambient °C with Heat Sink 33 44 64 70 71 

T ambient °C without Heat Sink 33 34 46 53 58 
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APPENDIX A 
ADVANCED FEATURES 

Some non-essential information regarding the 
Intel486 processor is considered Intel confidential 
and proprietary and is not documented in this publi
cation. This information is provided in the Supple
ment to the Pentium@processor Family User's Man
ual and is available with the appropriate non-disclo
sure agreements in place. Please contact Intel Cor-
poration for details. . 

The Supplement to. the Pentium® Family User's 
Manual contains architecture extensions for the 
Intel486 and Pentium processors that are confiden
tial and non-essential for standard applications. 
These extensions include lOW-level registers that 
provide access to features such as page extensions, 
virtual mode extensions, testing, and performance 
monitoring. 

This information is specifically targeted at software 
developers who develop the following types of low
level software: 

• operating system kernels 

• virtual memory managers 

• BIOS and processor test software 

• performance monitoring tools 

For software developers designing other categories 
of software, this information does not apply. All of 
the required program development details are pro
vided in the Intel486TM Microprocessor Family Pro
grammer's Reference Manual, which is publicly 
available from the Intel Corporation Literature Cen
ter. To obtain this'document, contact the Intel Cor
poration Literature Center at: 

Intel Corporation Literature Center 
P.O. Box 7641 
Mt. Prospect, IL 60056-7641 

or call 1-800-879-4683 and referenpe 
Order Number 240486. 
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APPENDIX B 
FEATURE DETERMINATION 

CPUID Instruction 

The Intel486 processor implements the CPUID in
struction that makes information available to the 
system software about the family, model, and step
ping of the processor on which it is executing. Sup
port of this instruction is indicated by the ability of 
system software to write and read the bit in position 
EFLAGS.21, referred to as the EFLAGS.lD bit. The 
actual state of the EFLAGS.lD bit is irrelevant and 
provides no significance to the hardware. This bit is 
reset to zero upon device reset (RESET and 
SRESET) for compatibility with older Intel486 proc
essor designs. 

Operation 

The CPUID instruction requires the software devel
oper to pass an input parameter to the processor in 
the EAX register. The processor response is re
turned in registers EAX, EBX, ECX, and EDX. 

1. When the parameter passed to EAX is zero, the 
register values returned upon instruction execu
tion are: 

EAX[31:0] +- 1 

EBX[31 :0] +- 756E6547-"Genu", with "G" in 
the low nibble of BL 

EDX[31:0] +- 49656E69-"inel", with "i' in the 
low nibble of DL 

ECX[31:0] +- 6C65746E-Untel", with Un" in 
the low nibble of CL 

The values in EBX, ECX, and EDX indicate an 
Intel processor. When taken in the proper order, 
they decode to the string uGenuinelntel." 

2. When the parameter passed to EAX is one, the 
register values returned upon instruction execu
tion are: 

EAX[3:0] +- x)()()(~tepping ID 
EAX[7:4] +- xxxx-Model (See Table B-2.) 

EAX[11:8] +- 0100-Family 

EAX[15:12] +- 0000 

EAX[31:16] +- Intel Reserved 
EBX[31:0] +- 00000000 
ECX[31:0] +- 00000000 

EDX[O:O] +- l-FPU on-chip 
EDX[3:1] +- 1-For more information on 

these bits, see Appendix A 

EDX[31 :4] +- Intel Reserved 

The value returned in EAX after CPUID instruc
tion execution is identical to the value loaded into 
EDX upon device reset. Software must avoid any 
dependency upon the state of reserved proces
sor bits. 

3. When the parameter in EAX is greater than one, 
the register values returned upon instruction exe
cution are: 

EAX[31 :0] +- 00000000 

EBX[31:0] +- 00000000 

EDX[31 :0] +- 00000000 

ECX[31 :0] +- 00000000 

Flags Affected 

No flags are affected. 

Exceptions 

None. 

For More Information 

Refer to the Intel application note AP-485, Intel 
Processor Identification with the CPUlD Instruction 
for more details. 

Table B-1. CPUID Instruction Description 

OPCODE Instruction 
Processor Core 

EAX Input Value Description 
Clocks 

OFA2 CPUID . 14 1 Processor Identification 
9 o or greater than 1 Intel String/Null Registers 
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Table B-2. Intel486TM Processor Signatures 

Family Model Stepping1 Description 

0100 0000 and 0001 xxxx Intel486™ DX Processors 

0100 0010 xxxx Intel486 SX Processors 

0100 0011 xxxx Intel487TM Processors2 

0100 0011 xxxx IntelDX2TM and Intel DX2 OverDrive® Processors 

0100 0100 xxxx Intel486 SL Processor2. 

0100 0101 xxxx IntelSX2™ Processors 

0100 0111 xxxx Write-Back Enhanced IntelDX2 Processors 

0100 1000 xxxx IntelDX4TM and IntelDX4 OverDrive Processors 

0100 1001 xxxx Write-Back Enhanced IntelDX4 Processor 

0101 0101 xxxx Reserved for Pentium® OverDrive Processor for IntelDX4 
Processor 

NOTES: 
1. Intel releases information about stepping numbers as needed. 
2. This processor does not implement the CPUID instruction. 
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APPENDIX C 
1/0 BUFFER MODELS 

For processor bus speeds above 33 MHz (e.g., 50 
MHz), the capacitive derating curves are not guaran
teed. For bus speeds of 50 MHz, \/0 buffer model
ing techniques should be used to accurately simu
late (and predict) the behavior of processor signals 
in a particular environment. 

This appendix presents sample 1/0 buffer model pa
rameters for the Write-Back Enhanced IntelDX4 
processor. A text listing of the data is presented in 
the IBIS format. 

I 

1/0 buffer model information is available for all 
Intel486 processors described in this datasheet. 
Contact your Intel representative for the latest 1/0 
buffer models for the Write-Back Enhanced IntelDX4 
processor and other members of the Intel486 proc
essor family. 

Sample IBIS Files for the Write-Back 
Enhanced IntelDX4TM Processor 

The following pages present sample IBIS file outputs 
for the Write-Back Enhanced IntelDX4 processor. 
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Sample Text Listing of IBIS Files for the Write-Back Enhanced IntelDX4TM 
Processor 

1***************************************************************,********* 

I 
1.1 

inteldx4pg.ibs 
2.0 
3/23/94 
File originated at Intel Corporation 

[IBIS Ver] 
[File name] 
[File Rev] 
[Date] 
[Source] 
[Nqtes] 
I 

The following information corresponds to the INTELDX4{TM) 
processor and has been correlated with silicon. This file 
is for the PGA package only.IntelDX4 processor 

[Disclaimer] 
I 

This information is for modeling purposes only, and is not 
guaranteed. 

I . 
1************************************************************************ 

I 
I 

INTELDX4 PROCESSOR [Component] 
[Manufacturer] Intel 
[Package] 
I 
I typ 
R_pkg 
L_pkg 
C-pkg 
I 
I 

min 
2329m72Sm 
l7.79nH 
6.03pF 

max 
3930m 
S.56nH 
1.S9pF 

27.0lnH 
10.16pF 

1************************************************************************ 

I 
[Pin] 
AOl 
A02 
A04 
A05 
A06 
AOS 
A15 
A16 
A17 
B01 
B02 
B06 
BOS 
B10 
B15 
B17 
COl 
C02 
C03 
C06 
C07 
COS 
C09 
C10 
C12 
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signal_name 
D20 
D22 
D23 
DP3 
D24 
D29 
IGNNE# 
INTR 
AHOLD 
D19 
D21 
D25 
D31 
SMIII 
NMI 
EADS# 
D11 
D18 
CLK 
D27 
D26 
D2S 
D30 
SRESET 
SMIACT# 

model_name 
I/02 
I/02 
I/02 
I/02 
I/02 
I/02 
Input1 
Input1 
Input1 
I/02 
I/02 
I/02 
I/02 
Input1 
Input1 
Input1 
I/01 
I/02 
Clockbuffer 
I/02 
I/02 
I/02 
I/02 
Input1 
Output1 

180Sm 
146Sm 
1406m 
1412m 
1274m 
185Sm 
1956m 
3414m 
1762m 
l636m 
117Sm 
1050m 
94Sm 
1430m 
172Sm 
2440m 
1446m 
24S6m 
964m 
S92m 
752m 

L_pin C_pin 
15.54n 3.SSp 
13.70n 5.60p 
13.33n 3.14p 
l1.59n 4.50p 
13.02n 3.04p 
10.90n 4.14p 
13.96n 5.74p 
14.47n 6.00p 
22.lln 9.99p 
13 , 46n 5 . 47p 
14.27n 3.45p 
l1.72n 2.6lp 
9.73n 3.52p 

10.45n 2.19p 
13.12n 3.07p 
14.7Sn 3.62p 
lS.73n 4.93p 
13.21n 3.10p 
lS.99n 5.02p 
10.54n 2.21p 
S.90n 3.09p 
9.36n 1.S2p 

728m 
784m 
1270m 

9.22n 1.78p 
9.54n 1. 8Sp 
12.23n 2.7Sp 
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C14 FERR# outputl 1904m l5.76n 3.95p 
C15 FLUSH# Inputl l342m 11.26n 4.32p 
C16 RESET Inputl l480m 11.98n 4.70p 
C17 BS16# Inputl 2756m 20.49n 5.52p 
DOl D9 I/Ol 27l8m l8.47n 8.09p 
D02 D13 I/Ol 2l00m l6.84n 4.3lp 
D03 D17 I/02 1156m 11.60n 2.57p 
D15 A20M# Inputl 1148m 11.56n 2.55p 
D16 B58# Inputl 3474m 22.43n 10.16p 
D17 BOFF# Inputl 3452m 22.3ln 10.10p 
E03 D10 I/Ol 2356m l6.57n 7.l0p 
E15 HOLD Inputl 1920m l5.85n 3.98p 
FOl DPl I/Ol 2394m l6.77n 7.20p 
F02 D8 I/Ol l864m l5.53n 3.87p 
F03 D15 I/Ol 858m 9.95n 2.02p 
F15 KEN# Inputl 2404m l6.B2n 7.23p 
F16 RDY# Inputl l804m l5.20n 3.76p 
F17 BEH Output2 3336m 23.7ln 6.58p 
G03 D12 I/Ol 19l2m l4.24n 5.88p 
G15 STPCLK# Inputl 3930m 27.0ln 7.68p 
H02 D3 I/Ol l708m l4.67n 3.59p 
H03 DP2 I/Ol. 928m 9.09n 3.l9p 
H15 BRDY# Inputl 2l34m l7.03n 4.37p 
J02 D5 I/Ol l528m l3.67n 3.25p 
J03 D16 I/Ol l6l4m l4.l4n 3.4lp 
J15 BE2# Output2 B48m B.67n 2.97p 
J16 BEH Output2 1002m 10.75n 2.2Bp 
J17 PCD Output2 2266m l7.77n 4.6lp 
K03 D14 I/Ol l160m 10.30n 3.83p 
K15 BEO# Output2 954m 9.22n 3.26p 
L02 D6 I/Ol l432m 11.73n 4.57p 
L03 D7 I/Ol 104Bm 11.00n 2.37p 
L15 PWT Output2 l548m l2.34n 4.89p 
M03 D4 I/Ol 1000m 9.47n 3.39p 
M15 D/C# Output2 l442m l3.l9n 3.l0p 
NOl D2 I/Ol l44Bm 11. Bln 4.6lp 
N02 Dl I/Ol 119Bm 11.84n 2.65p 
N03 DPO I/Ol 1038m 10.95n 2.35p 
N15 LOCK# Outputl l1l8m 10.09n 3.7lp 
N16 M/IO# Output2 l744m l4.B7n 3.65p 
N17 W/R# Output2 l676m l3.0ln 5.24p 
POl DO I/Ol l532m l2.25n 4.84p 
P02 A29 I/03 l292m l2.36n 2.82p 
P03 A30 I/03 l194m 10.48n 3.92p 
P15 HLDA Outputl l56Bm l3.B9n 3.33p 
001 A3l I/03 l60Bm l4.11n 3.40p 
003 A17 I/03 20l6m l6.38n 4.l5p 
Q04 A19 I/03 l584m l2.53n 4.99p 
005 An I/03 956m 10.49n 2.20p 
Q06 A24 I/03 920m 9.05n 3.l7p 
Q07 A22 I/03 894m 8.9ln 3.l0p 
Q08 A20 I/03 78Bm 9.56n 1. B9p 
Q09 A16 I/03 850m 8.68n 2.98p 
Q10 A13 I/03 B36m 9.B2n 1.9Bp 
011 A9 I/03 9l4m 9.02n 3.l5p 
Q12 AS I/03 966m 9.29n 3.29p 

242202-J4 

I 4-599 



Intel486™ PROCESSOR FAMIL V 

Q13 A7 
Q14 A2 
Q15 BREQ 
Q16 PLOCK# 
Q17 PCHK# 
R01 A28 
R02 A25 
R05 A18 
R07 A15 
R12 All 
R13 A8 
R15 A3 
R16 BLAST# 
SOl A27 
S02 A26 
S03. A23 
S05 A14 
S07 A12 
S13 A10 
S15 A6 
S16 A4 
S17 ADS# 

I 

1/03 
Output1 
Output2 
Output1 
Output2 
1/03 
1/03 
1/03 
I/03 
1/03 
1/03 
Output1 
Output1 
1/03 
1/03 
1/03 
1/03 
1/03 
1/03 
1/03 
1/03 
Output1 

1084m 
1134m 
1872m 
1630m 
1616m 
1708m 
1604m 
1498m 
1148m 
1274m 
1252m 
1504m 
1698m 
1900m 
1800m 
1756m 
1842m 
1530m 
1444m 
1722m 
1792m 
1888m 

11.20n 
11.48n 
15.58n 
14.23n 
12.69n 
14.67n 
12.63n 
13 . SOn 
11.56n 
10.90n 
12.13n 
12.11n 
14.61n 
14.18n 
15.18n 
14.93n 
13 .88n 
12.24n 
13.20n 
13.25n 
15.13n 
14.12n 

2.44p 
2.53p 
3.89p 
3.44p 
5.07p 
3.59p 
5.04p 
3.20p 
2.55p 
4.14p 
2.75p 
4.77p 
3.57p 
5.85p 
3.75p 
3.67p 
5.69p 
4.84p 
3.10p 
5.36p 
3.74p 
5.82p 

I**********~****************************************** ******************* 

I 
(Model] Output1 
Model_type Output 
polarity Non-Inverting 
Enable Active-Low 
Isignals ADS#,BLAST#,SMIACT#.A<3:2>,FERR#.HLDA.PLOCK#.LOCK# 
I 
I 
C_comp 
(Voltage 
I 

typ min max 
3.05pF 2.9pF 3.2pF 

range] 3.3V 3.0V 3.6V 

1************************************************************************ 

I 
(Pulldown] 
I voltage I(typ) I(min) I(max) 
-5.0V -960.0mA -580.0mA -1410mA 
-2.0V -190.0mA -99.0mA -292.0mA 
-1.0V -21.0mA -16.7mA -27.1mA 
-0.5V -13.30mA -8.7mA -20.5mA 
O.OV 0.0 0.0 0.0 
0.5V 12.9mA 8.3mA 20.1mA 
1. OV 23.7mA 15.1mA 37.2mA 
1.5V 31.5mA 19.711lA 49.7mA 
2.0V 35.4mA 21.6mA 56.6mA 
2.5V 36.3mA 22.0mA 58.6mA 
3.0V 36.6mA 22.2mA 59.0mA 
3.5V 36.9mA 22.3mA 59.4mA 
4.0V 37.0mA 22.4mA 59.7mA 
4.5V 37.1mA 22.5mA 59.8mA 
5.0V 37.2mA 22.5mA 60.0mA 
6.0V 37.2mA 22.5mA 60.0mA 
10.0V 37.2mA 22.5mA 60.0mA 
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I 
1*****************************************************_ •••••••••••••• - ••• 

I Note that the pullup voltage in the data table is derived from 
I 
I 
I 
I 

the equation: 
Vtable = vcc - Voutput 

For the B.3V in the table, 
with respected to Ground. 

it is actually B.3V below Vcc and -5V 

1*****************************************************.* ••••••••••••••••• 

I 
[Pullup) 
I voltage I(typ) I(min) I(max) 
I 

I 

B.3V -14l0mA 
4.3V -79.BmA 
3.3V 
2.BV 
2.3V 
1. BV 

-47.1mA 
-46.lmA 
-44.BmA 
-42.lmA 

-976.25mA -1992.BmA 
-55.6mA -229.06mA 

-40.BOmA -72.66mA 
-29.42mA -70.96mA 
-2B.64mA -6B.34mA 
-27.14mA -6l.94mA 

l.3V -35.1mA ~23.34mA -50.34mA 
O.BV -24.1mA -16.0BrnA -33.0BmA 
O.3V -9.5mA -6.3mA -12.B6mA 
-O.2V 6.5mA 4.76mA 9.02mA 
-O.7V 24.3mA l7.3mA 33.04mA 
-1.2V 4l.7mA 30.4BmA 55.6mA 
-1.7V 56.4rnA 42.26mA 74.l4mA 
-2.2V 67.3mA 51. 26mA BB.4rnA 
-2.7V 74.6mA 56.96mA 96.5BmA 
-3.7V 79. BmA 6l.33mA lO4.5mA 
-6.7V B2.4rnA 63.55mA lO9.5mA 

[GND_clamp) 
I Voltage I(typ) I(min) I(max) 
O.OV OmA NA NA 
-O.4V OmA NA NA 
-O.5V -O.2mA NA NA 
-O.6V -1.1mA NA NA 
-O.7V -3.0mA NA NA 
-O.BV -6.0mA NA NA 
-O.9V -ll.OmA NA NA 
-l.OV -30.0mA NA NA 
-l.2V -120.0mA NA NA 
-2.0V -lBO.OmA NA NA 
-5.0V -420.0mA NA NA 

I 
1*****************************************************.* •• * ••••• _._* .. 
I The data in the following POWER_clamp table is listed 
I as "Vcc-relative" , meaning that the voltage values are 
I referenced to the Vcc pin. The voltages in the data tables 
I are derived from the equation: 
I Vtable = Vcc - Voutput 
I In this case, assuming that Vcc is referenced to 3.3V. 
I OV in the table actually means 3.3V with respected to 
I Ground and OV above Vcc. 
1***************************************************** •••• * ••• -**-*.*. 
I 
[POWER_clamp) 

242202-J6 

4-601 



Intel486TM PROCESSOR FAMILY 

I voltage I(typ) 
O.OV OmA NA NA 
-0.4V OmA' NA NA 

+(min) 

-O.SV OmA· NA NA 
-0.6V OmA NA NA 
-0.7V O.imA NA NA 
-0.8V 1.OmA NA NA 
-0.9V 8.0mA NA NA 
-l.OV 14.0mA NA NA 
-2.0V 100mA NA NA 

I 

I (max) 

1***************************************************** **************~**** 

I 
[Ramp) 
I typ 
dV/dt_r 
dV/dt_f 
I 

min max 
1.13/0.749n 0.93/0.868n 1.35/0.642n 
0.99/0.447n 0.75/0.543n 1.27/0.387n 

1************************************************************************ 
I . 
[Model) Output2 
Model_type Output 
Polarity Non-Inverting 
Enable Active-Low 
I signal BE<3:0>I,BREQ,D/CI,M/IO#,PWT,PCD,PCHKI,W/RI 
I 
I 
C_comp 
[Voltage 
I 

typ min 
2.7pF 

range) 3.3V 

max 
2.7pF 
3.0V 3. 6V 

2.7pF 

1***************************************************** **************~**** 

I 
[Pulldown) 
I voltage I(typ) 
-5.0V -960.0mA 

I 

-2.0V -190.0mA 
-l.OV -21.0mA 
-0.5V 
O.OV 
0.5V 
1. OV 
1. 5V 
2.0V 
2.5V 
3.0V 
3.SV 
4.0V 
4.5V 
5.0V 
6.0V 
10.OV 

':'13.30mA 
0.0 0.0 
12.9mA 
23.7mA 
31.5mA 
35.4mA 
36.3mA 
36.6mA 
36.9mA 
37.0mA 
37.1mA 
37.2mA 
37.2mA 

37.2mA 

I(min) I(max) 
-5S0.0mA -1410mA 
-99.0mA -292.0mA 

-16.7mA -27.1mA 
-S.7mA -20.5mA 
0.0 

S .3mA 
15.1mA 
19.7mA 
21.6mA 
22.0mA 
22.2mA 
22.3mA 
22.4mA 
22.SmA 
22.SmA 
22.SmA 
·22.SmA 

20.lmA 
37.2mA 
49.7mA 
56.6mA 
5S.6mA 
59.0mA 
59.4mA 
59.7mA 
S9.SmA 
60.0mA 
60.0mA 

60.0mA 

1***************************************************************** 

I Note that the pullup voltage in the data table is derived from 
I the equation: 
I Vtable = vcc - Voutput 
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I For the 8.3V in the table, it is actually 8.3V below Vcc and -5V 
I with respected to Ground. 
1********************************************************* •• * ••• ** 

I 
[Pullup] 
I Voltage I(typ) I(min) I(max) 
I 
B.3V -14l0mA -976.25mA -1992.BmA 
4.3V -79.BmA -55.6mA -229.06mA 
3.3V -47.lmA -40.BOmA -72.66mA 
2.BV -46.lmA -29.42mA -70.96mA 
2.3V -44.BmA -2B.64mA -6B.34mA 
1. BV -42.lmA -27.l4mA -6l.94mA 
1. 3V -35.lmA -23.34mA -50.34mA 
O.BV -24.lmA -16.0BmA -33.0BmA 
o .3V -9.5mA -6.3mA -12.B6mA 
-0.2V 6.5mA 4.76rnA 9.02rnA 
-0.7V 24.3rnA l7.3mA 33.04mA 
-1.2V 4l.7mA 30.4BmA 55.6mA 
-1.7V 56.4mA 42.26mA 74.l4mA 
-2.2V 67.3mA 5l.26mA BB.4mA 
-2.7V 74.6mA 56.96mA 96.5BmA 
-3.7V 79. BmA 61.33mA 104.5mA 
-6.7V 82.4mA 63.55mA 109.5mA 

I 
[GND_clamp] 
I 
I Voltage I(typ) I(m~n) I (max) 
O.OV OmA NA NA 
-0.4V OmA NA NA 
-0.5V -0.2mA NA NA 
-0.6V -l.lmA NA NA 
-0.7V -3.0mA NA NA 
-O.BV -6.0mA NA NA 
-0.9V -ll.OmA NA NA 
-l.OV -30.0mA NA NA 
-1.2V -120.0mA NA NA 
-2.0V -lBO.OmA NA NA 
-5.0V -420.0mA NA NA 

I 
I*****************~*********************************** **-****-*.****** 

I The data in the following POWER_clamp table is listed 
I as "Vcc-relative", meaning that the voltage values are 
I referenced to the Vcc pin. The voltages in the data tables 
I are derived from the equation: 
I Vtable = Vcc - Voutput 
I In this case, assuming that Vcc is referenced to 3.3V. 
I OV in the table actually means 3.3V with respected to 
I Ground and OV above Vcc. 
I******************~********************************** *************.** 

I 
[POWER_clamp] 
I voltage I(typ) I(min) I(max) 

O.OV OmA NA NA 
-0.4V OmA NA NA 
-0.5V OmA NA NA 
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-0.6V 
-0.7V 
-O.SV 
-0.9V 

OmA NA NA 
O.lmA NA NA 
1.0mA NA NA 
8.0mA NA NA 

-l.OV l4.0mA NA NA 
-2.0V lOOmA NA NA 

I 
[Ramp] 
I typ 
dV/dt_r 
dV/dt_f 

min max 
1.13/0.749n 0.93/0.S6Sn 1.35/0.642n 
0.99/0.447n 0.75/0.543n 1.27/0.387n 

I , 
1********************************************************************** 

I 
[Model] I/Ol 
Model_type I/O 
polarity Non-Inverting 
Enable Active-Low 
Vinl = O.Sv 
Vinh = 2. Ov 
Isignal' DBUS<l6:0>.DP<2:0> 
I 
I 
C_comp 
[Voltage 
I 

typ min 
2.7pF 

range] 3. 3V 

max 
2.7pF 
3.0V 3. 6V 

2.7pF 

1************************************************************************ 

I 
[Pulldown] 
I voltage I(typ) I(min) I(max) 

-5S0.0mA -14l0mA 

I 

-5.0V -960.0mA 
-2.0V -l90.0mA -99.0mA -292.0mA 
-l.OV -2l.0mA -16.7mA -27.1mA 
-0.5V -13.30mA -S.7mA -20.5mA 
O.OV 0.0 0.0 0.0 
O.5V 
l. OV 
l. 5V 
2.0V 
2.5V 
3.0V 
3.5V 
4.0V 
4.5V 
5.0V 
6.0V 
10.0V 

12.9mA 
23'.7mA 
31.5mA 
35.4mA 
36.3mA 
36.6mA 
36.9mA 
37.0mA 
37.1mA 
37.2mA 
37.2mA 

37.2mA 

8.3mA 
15.1mA 
19.7mA 
2l.6mA 
22.0mA 
22.2mA 
22.3mA 
22.4mA 
22.5mA 
22.5mA 
22.5mA 

22.5mA 

20.1mA 
37.2mA 
49.7mA 
56.6mA 
5S.6mA 
59.0mA 
59.4mA 
59.7mA 
59. SmA 
60.0mA 
60.0mA 

60.0mA 

1***************************************************************** 
I Note that the pullup voltage in the data table is derived from 
I 
I 
I 

the equation: 
Vtable = Vcc - Voutput 

For the S.3V in the table. 
I with respected to Ground. 

it is actually S.3V below Vcc and -5V 

1***************************************************************** 

I 
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[Pullup] 
I voltage I(typ) I (min) I(max) 
I 

B.3V -1410mA -976.25mA -1992.BmA 
4.3V -79.BmA -55.6mA -229.06mA 
3.3V -47.1mA -40.BOmA -72.66mA 
2.BV -46.1mA -29.42mA -70.96mA 
2.3V -44.BmA -2B.64mA -6B.34mA 
1. BV -42.1mA -27.14mA -61.94mA 
1. 3V -35.1mA -23.34mA -50.34mA 
O.BV -24.1mA -l6.0BmA -33.0BmA 
0.3V -9.5mA -6.3mA -12.86mA 
-0.2V 6.5mA 4.76mA 9.02mA 
-0.7V 24.3mA 17.3mA 33.04mA 
-1.2V 41.7mA 30.4BmA 55.6mA 
-1.7V 56.4mA 42.26mA 74.14mA 
-2.2V 67.3mA 51.26mA BB.4mA 
-2.7V 74.6mA 56.96mA 96.5BmA 
-3.7V 79. BmA 61. 33mA 104.5mA 
-6.7V B2.4mA 63.55mA 109.5mA 

I 
[GND_clamp] 
I Voltage I(typ) I(min) I (max) 

O.OV OmA NA NA 
-0.4V OmA NA NA 
-0.5V -0.2mA NA NA 
-0.6V -l.lmA NA NA 
-0.7V -3.0mA NA NA 
-O.BV -6.0mA NA NA 
-0.9V -11.0mA NA NA 
-1.0V -30.0mA NA NA 
-1.2V -120.0mA NA NA 
-2.0V -lBO.OmA NA NA 
-5.0V -420.0mA NA NA 

I 
1********************************************************************* 

I The data in the following POWER_clamp table is listed 
I as "Vcc-relative", meaning that the voltage values are 
I referenced to the Vcc pin. The voltages in the data tables 
I are derived from the equation: 
I Vtable = Vcc - Voutput 
I In this case, assuming that Vcc is referenced to 3.3V. 
I OV in the table actually means 3.3V with respected to 
I Ground and OV above Vcc. 
1********************************************************************* 

I 
[POWER_clamp] 
I voltage I(typ) I(min) I (max) 
O.OV OmA NA NA 
-O.4V OmA NA NA 
-O.5V OmA NA NA 
-O.6V OmA NA NA 
-O.7V O.lmA NA NA 
-O.BV 1.0mA NA NA 
-O.9V B.OmA NA NA 
-l.OV l4.0mA NA NA 
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-2.0V 100mA NA NA 
I 
[Ramp] 
I typ 
dV/dt_r 
dV/dt_f 
I 

min max 
1.13/0.749n 0.93/0.B6Bn 1.3S/0.642n 
0.99/0.447n 0.7S/0.S43n 1.27/0.387n 

1*********************************************************************** 

I 
[Model] 1/02 
Model_type I/O 
Polarity Non-Inverting 
Enable Active-Low 
Vinl = 3. 3v 
Vinh = 6. Ov 
Isiganl DBUS<31:17>,DP<3> 
I 
I typ min max 
C_comp 3.0SpF 2.9pF 3.2pF 
[Voltage range] 3. 3V 3. OV 3. 6V 
I 
1********************************************************************* 

I 
[Pulldown] 
I voltage I(typ) 
-S.OV -960.0mA 
-2.0V -190.0mA 
-l.OV -21.0mA 
-O.SV -13.30mA 
O.OV 0.0 0.0 
O.SV 12.9mA 
1. OV 23.7mA 
1.SV 3l.SmA 
2.0V 3 S. 4mA 
2.SV 36.3mA 
3.0V 36.6mA 
3.SV 36.9mA 
4.0V 37.0mA 
4.SV 37.lmA 
S.OV 37.2mA 
6.0V 37.2mA 
10.0V 37.2mA 

I 

I (min) I (max) 
-S80.0mA -1410mA 
-99.0mA '-292.0mA 

-l6.7mA -27.1mA 
-B.7mA -20.SmA 

0.0 
8.3mA 20.1mA 
15.1mA 37.2mA 
19.7mA 49.7mA 
21.6mA S6.6mA 
22.0mA 5B.6mA 
22.2mA 59.0mA 
22.3mA 59.4mA 
22.4mA 59.7mA 
22.5mA 59.BmA 
22.5mA 60.0mA 
22.5mA 60.0mA 

22.5mA 60.0mA 

1***************************************************************** 

I Note that the pullup voltage in the data table is derived from 
I 
I 
I 

the equation: 
Vtable = Vcc - Voutput 

For the B.3V in the table, it is actually B.3V below Vcc and -5V 
I with respected to Ground. 
1***************************************************************** 

I 
[Pullup] 
I voltage I(typ) I(min) I(max) 
I 
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8.3V 
4.3V 

-1410mA -976.2SmA -1992.8mA 
-79.8mA -55.6mA -229.06mA 
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3.3V -47.1mA -40.BOmA -72.66mA 
2.BV -46.1mA -29.42mA -70.96mA 
2.3V -44.BmA -2B.64mA -6B.34mA 
1. BV -42.1mA -27.14mA -61.94mA 
1. 3V -3S.1mA -23.34mA -SO.34mA 
O.BV -24.1mA -16.0BmA -33.0BmA 
o .3V -9.SmA -6.3mA -12.B6mA 
-0.2V 6.SmA 4.76mA 9.02mA 
-0.7V 24.3mA 17.3mA 33.04mA 
-1.2V 41.7mA 30.4BmA 55.6mA 
-1.7V 56.4mA 42.26mA 74.14mA 
-2.2V 67.3mA 51.26mA BB.4mA 
-2.7V 74.6mA 56.96mA 96.5BmA 
-3.7V 79.BmA 61.33mA 104.5mA 
-6.7V B2.4mA 63.S5mA 109.5mA 

I 
[GND_c1amp] 
I 
I Voltage I(typ} I(min} I(max} 

O.OV OmA NA NA 
-0.4V OmA NA NA 
-0.5V -0.2mA NA NA 
-0.6V -l.lmA NA NA 
-0.7V -3.0mA NA NA 
-O.BV -6.0mA NA NA 
-0.9V -11.0mA NA NA 
-1.0V -30.0mA NA NA 
-1.2V -120.0mA NA NA 
-2.0V -lBO.OmA NA NA 
-S.OV -420.0mA NA NA 

********************************************************************* 

The data in the following POWER_clamp table is listed 
as "Vcc-relative", meaning that the voltage values are 
referenced to the Vcc pin. The voltages in the data tables 
are derived from the equation: 
Vtable = Vcc - Voutput 

In this case, assuming that Vcc is referenced to 3.3V. 
OV in the table actually means 3.3V with respected to 
Ground and OV above Vcc. 

********************************************************************* 

[POWER_clamp] 
I voltage I(typ} I(min} I (max) 
O.OV OmA NA NA 
-0.4V OmA NA NA 
-O.SV OmA NA NA 
-0.6V OmA NA NA 
-0.7V O.lmA NA NA 
-O.BV 1.0mA NA NA 
-0.9V B.OmA NA NA 
-1.0V 14.0mA NA NA 
-2.0V 100mA NA NA 

I 
1********.*************************************************************** 

I 
242202-K2 
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[Ramp] 
I typ 
dV/dt_r 
dV/dt_f 
I 

min max 
1.13/0.749n 0.93/0.868n 1.3s/0.642n 
0.99/0.447n 0.7s/0.s43n 1.27/0.387n 

1*********************************************************************** 

I 
[Model] I/03 
Model_type I/O 
Polarity Non-Inverting 
Enable Active-Low 
Vinl 0.8v 
Vinh = 2.0v 
I 
Isignal ABUS<31:4> 
I 
I typ min max 
C_comp 2.9pF 2.9pF 2.9pF 
[Voltage range] 3.3V 3.0V 3.6V 
I 
1************************************************************************ 

I 
[Pulldown] 
I voltage I(typ) 
-s.OV -960.0mA 

I 

-2.0V -190.0mA 
-1.0V 
-O.sV 
O.OV 
O.SV 
1. OV 
1.sV 
2.0V 
2.SV 
3.0V 
3.SV 
4.0V 
4.sV 
S.OV 
6.0V 
10.0V 

-21.0mA 
-13.30mA 

0.0 0.0 
12.9mA 
23.7mA 
31.smA 
3s.4mA 
36.3mA 
36.6mA 
36.9mA 
37.0mA 
37.1mA 
37.2mA 
37.2mA 

37.2mA 

I (min) I (max) 
-s80.0mA -1410mA 
-99.0mA -292.0mA 

-16.7mA 
-8.7mA 
0.0 

8.3mA 
ls.lmA 
19.7mA 
21.6mA 
22.0mA 
22.2mA 
22.3mA 
22.4mA 
22.smA 
22. SmA 
22. SmA 

22.5mA 

-27.1mA 
-20.smA 

20.1mA 
37.2mA 
49.7mA 
s6.6mA 
s8.6mA 
s9.0mA 
s9.4mA 
s9.7mA 
s9.8mA 
60.0mA 
60.0mA 

60.0mA 

1*********************************************************** •••••• 

I Note that the pullup voltage in the data table is derived from 
I 
I 
I 
I 

the equation: 
Vtable = Vcc - Voutput 

For the B.3V in the table, 
with respected to Ground. 

it is actually B.3V below Vcc and -sv 

1***************************************************************** 

I 
[Pullup] 
I voltage I(typ) I(min) I (max) 
I 
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8.3V -1410mA 
4.3V -79.8mA 
3.3V -47.1mA 

-979.25mA -1992.BmA 
-55.6mA -229.06mA 

-40.BOmA -72.66mA 
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2.BV -46.1mA -29.42mA -70.96mA 
2.3V -44.BmA -28.64mA -68.34mA 
1. BV -42.1mA -27.14mA -6l.94mA 
1. 3V -3S.1mA -23.34mA -SO.34mA 
O.BV -24.1mA -16.08mA -33.08mA 
O.3V -9.SmA -6.3mA -12.86mA 
-O.2V 6.SmA 4.76mA 9.D2mA 
-O.7V 24.3mA 17.3mA 33.04mA 
-1.2V 41.7mA 3D.48mA SS.6mA 
-1.7V S6.4mA 42.26mA 74.14mA 
-2.2V 67.3mA Sl.26mA 88.4mA 
-2.7V 74.6mA S6.96mA 96.S8mA 
-3.7V 79.8mA 61.33mA 104.SmA 
-6.7V 82.4mA 63.SSmA 109.SmA 

I 
[GND_clamp] 
I 
I Voltage I (typ) I (min) 

D.DV DmA NA NA 

I 

-D.4V DmA NA NA 
-D.SV -D.2mA NA NA 
-D.6V NA -1.lmA NA 
-D.7V -3.DmA 
-D.8V -6.DmA 
-D.9V -ll.DmA 
-1.OV -3D.DmA 
-l.2V -12D.DmA 
-2.0V -ISD.OmA 

NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

-S.OV -420.0mA NA NA 

I (max) 

1***************************************************** ********* •• ~ •••• 
I The data in the following POWER_clamp table is listed 
I as "Vcc-relative", meaning that the voltage values are 
I referenced to the Vcc pin. The voltages in the data tables 
I are derived from the equation: 
I Vtable = Vcc - Voutput 
I In this case, assuming that'Vcc is referenced to 3.3V. 
I DV in the table actually means 3.3V with respected to 
I Ground and DV above Vcc. 
1********************************************************************* 

I 
[POWER_clamp] 
I voltage I(typ) I(min) I(max) 

D.DV OmA NA NA 
-0.4V OmA NA NA 
-O.SV OmA NA NA 
-O.6V OmA NA NA 
-0.7V O.lmA NA NA 
-D.BV 1.0mA NA NA 
-0.9V 8.DmA NA NA 
-1.OV 14.0mA NA NA 
-2.0V lDOmA NA NA 

I 
1************************************************************************ 

[Ramp] 
I typ min max 
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dV/dt_r 
dV/dt_f 
I 

l.l3/0.749n 0.93/0.868n l.35/0.~42n 
0.99/0.447n 0.75/0.543n l.27/0.387n 

1*****************************************************.*********.******** 

i 
[Model) Inputl 
Model_type Input 
Polarity Non-Inverting 
Enable Active-Low 
Vinl = O.Sv 
Vinh = 2.0v 
Isignal A20M#,AHOLD,BOFF#,BRDY#,BSl6#,BSS#,FLUSH#, 
I HOLD,IGNNE#,INTR,KEN#,NMI,RDY#,RESET,SRESET,SMI#,STPCLK# 
I typ min max 
C_comp 2.0pF 2.0pF 2.0pF 
[Voltage range) 3.3V 3.0V 3.6V 
I 
1************************************************************************. 

I 
[GND_clamp) 
I Voltage I(typ) 
I 
O.iJv 
-O.4V 
-O.5V 

OmA NA 
OmA NA 
-0.2mA 

-0.6V -l.lmA 
-O.7V -3:0mA 
-O.8V -6.0mA 
-O.9V -ll.OmA 
-l.OV -30.0mA 
-l.2V -l20.0mA 
-2.0V -l80.0mA 
-5.0V -420.0mA 

NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

I (min) I(max) 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

********************************************************************* 

The data in the following POWER_clamp table is listed 
as "Vcc-relative", meaning that the voltage values are 
referenced to the vcc pin. The voltages in the data tables 
are derived from the equation: 
Vtable = Vcc - Voutput 

In this case, assuming that Vcc is referenced to 3.3V. 
OV in the table actually means 3.3V with respected to 
Ground and OV above Vcc. 

************************-.********.********************************** 

[POWER_clamp) 
I voltage I(typ) I (min) I(max) 
O.OV OmA NA NA 
-O.4V OmA NA NA 
-O.5V OmA NA NA 
-0.6V OmA NA NA 
-0.7V O.lmA NA NA 
-O.BV l.OmA NA NA 
-0.9V B.OmA NA NA 
-l.OV l4.0mA NA NA 
-2.0V lOOmA NA NA 
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I 
1**·***************************************··*********** ••••• ************ 

I 
[Model] Clockbuffer 
Model_type Input 
Polarity Non-Inverting 
Enable Active-Low 
Vinl = O.SV 
Vinh = 2.0V 
Isignal CLK 
I typ min max 
C_comp 2.0pF 2.0pF 2.0pF 
[Voltage range] 3.3V 3.0V 3.6V 
I 
1***·******************************************************************** 

I 
[GND_clamp] 
I Voltage I(typ) I(min) I(max) 
O.OV OmA NA NA 
-O.4V OmA NA NA 
-0.5V -0.2mA NA NA 
-0.6V -l.lmA NA NA 
-0.7V -3.0mA NA NA 
-O.SV -6.0mA ·NA NA 
-O.9V -11.0mA NA NA 
-l.OV -30.0mA NA NA 
-l.2V -l20.0mA NA NA 
-2.0V -lSO.OmA NA NA 
-5.0V -420.0mA NA NA 

*************************************************************** •••••• 

The data in the following POWER_clamp table ~s listed 
as "Vcc-relative", meaning that the voltage values are 
referenced to the Vcc pin. The voltages in the data tables 
are derived from the equation: 
Vtabl~ = vcc - Voutput 

In this case, assuming that Vcc is referenced to 3.3V. 
OV in the table actually means 3.3V with respected to 
Ground and OV above Vcc. 

*.*.***************************************************************** 

[POWER_clamp] 
I voltage I(typ) I(min) 

O.OV OmA NA NA 

I 

-O.4V 
-O.5V 
-O.6V 

OmA NA NA 
OmA NA NA 
OmA NA NA 

-0.7V ·O.lmA NA NA 
-o.av l.OmA NA NA 
-0.9V a.OmA NA NA 
-l.OV l4.0mA NA NA 
-2.0V lOOmA NA NA 

I(max) 

1************************************************************************ 

I 
[End] 
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APPENDIX D 
BSDL LISTINGS 

Below is a listing of a boundary scan description lan
guage (BSDL) file for the Write-Back Enhanced 
IntelDX4 processor. 

processors. See section 11.5, "lntel486 Processor 
Boundary Scan," for a complete description of 
BSDL instructions and usage. 

This file is provided as an example. Contact Intel for 
design information for this and other Intel486 

Write-Back Enhanced IntelDX4TM Processor Listing 

-- Copyright Intel Corporation 1993 
--**************************************************** *********************~** 

Intel Corporation makes no warranty for the use of its products 
and assumes no responsibility for any errors which may appear in 
this document nor does it make a commitment to update the information 
contained herein. 

-_.+*************************************************************************** 
Boundary-Scan Description Language (BSDL Version 0.0) is a de-facto 
standard means of describing essential features of ANSI/IEEE 1149.1-1990 
compliant devices. This language is under consideration by the IEEE for 
formal inclusion within a supplement to the 1149.1-1990 standard. The 
generation of the supplement entails an extensive IEEE review and a formal 
acceptance balloting procedure which may change the resultant form of the 
language. Be aware that this process may extend well into 1993, and at 
this time the IEEE does not endorse or hold an opinion on the language. 

--**************************************************************************** 

Write-Back Enhanced InteIDX4(TM) processor BSDL description 
This file ha~ been electrically verified. 

Rev: 1.3 4/26/95 

entity WBE_INTELDX4 is 
generic(PHYSICAL_PIN_MAP : string 

port (A20M in bi t; 
ABUS2 out bit; 
ABUS3 out bit; 
ABUS inout bit_vector 
ADS out bit; 
AHOLD in bit; 

: = • PGA_1 7x17·) ; 

(4 to 31) ; -- Address 

BE out bit_vector(O to 3) ; 
BLAST out bi t; 
BOFF in bit; 
BRDY in bi t; 
BREQ out bit; 
aSB in bit; 
BS16 in bit; 
CLK in bit; 

CLKMUL in bit; 
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bus (words) 
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DBUS 
DC 
DP 
EADS 
FERR 
FLUSH 
HLDA 
HOLD 
IGNNE 
INC_PGA 
INTR 
KEN 
LOCK 
MIO 
NC_PGA 
NMI 
PCD 
PCRK 
PLOCK 
PWT 
RDY 
RESET 
SMI 
SMIACT 
SRESET 
STPCLK 

inout bit_vector(O to 31) ; --
out bi t; 
inout bit_vector(O to 3) ; 
in bit; 
out bi t; 
in bit; 
out bi t; 
in bi t; 
in bi t; 
linkage bit; --Internal NC PGA 
in bi t; 
in 
out 

bi t; 
bit; 

out bit; 

Data 

linkage bit; -- No Connect for PGA 
in 
out 
out 
out 
out 
in 
in 
in 
out 
in 
in 

bi t; 
bi t; 
bi t; 
bi t; 
bit; 
bit; 
bi t; 
bit; 
bit; 
bit; 
bit; 

new 
new 
new 
new 

Intel486™ PROCESSOR FAMIL V 

bus 

TCK, TMS, TDI in bit; Scan Port inputs 
TDO 
UP 
VCC_PGA 
VCC5 
VOLDET 
VSS_PGA 
WR 
CACHE 
HITM 
INV 
WB_WT 

'A20M 
'ABUS2 
'ABUS3 
'ABUS 

'ADS 
"AHOLD 
'BE 
'BLAST 
'BOFF 
"BRDY 
'BREQ 

: 

bit; out Scan Port output 
in bit; 
linkage bit_vector(l to 23); VCC 
linkage bit; --Reference Voltage 
linkage bit; --Voltage Detect Pin 
linkage bit_vector(l to 28); VSS 
out bit; 
out bit; --New pin 
out bi t; --New pin 
in bit; --New pin 
in bit) ; --New pin 

-- Define Pin Out of PGA 
DiS, , & 

Q14, , & 

R15, , & 

(S16, Q12, 
S7, Ql0, 
Q7, S3, 

S17, , & 
A17, , & 

(K15, J16, 
R16, , & 

D17, , & 

HiS, , & 

Q15, , & 

S15, 
S5, 
Q6, 

J15, 

Q13, 
R7, 
R2, 

F17) , 

R13, 
Q9, 
S2, 

, 
& 

Qll, S13, R12, • & 

Q3, R5, Q4, Q8, Q5, , & 

Sl, Ri, P2, P3, Qi) , • & 
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'BS8 D16, & 

'BS16 C17, , 
& 

'CACHE B12, & 

"CLK C3, & 

'CLKMUL R17, " & 

'DBUS (Pl, N2, Nl, H2, M3, J2, L2, L3, F2, Dl, E3, , 
& 

Cl, G3, D2, K3, F3, J3, D3, C2, Bl, Al, B2, & 

A2, A4, A6, B6, C7, C6, C8, A8, C9, B8) , ' & 

'DC Mls, & 

'DP (N3, Fl, H3, AS) , & 

'EADS B17, & 

'FERR C14, & 

'FLUSH Cls, , 
& 

'HLDA Pls, & 

'HOLD Els, & 

"IGNNE Als, & 

"INC PGA A13, , 
& 

'INTR A16, & 

'KEN Fls, , 
& 

'LOCK Nls, & 

'MIa N16, & 

"NC PGA C13, & 

"NMI Bls, & 

'PCD J17, , 
& 

"PCHK Ql 7, " & 

"PLOCK Q16, , 
& 

'PWT Lls, & 

'RDY F16, & 

'RESET C16, & 

'SMI Bl0, & 

'SMIACT C12, & 

'SRESET Cl0, & 

'STPCLK Gls, , 
& 

"TCK A3, & 

'TDI A14, & 

'TDO B16, & 

'TMS B14, & 

'UP Cll, & 

'VCC PGA (R8, R9, Ria, Rll, R14, P16, M2, M16, L16, K2, K16, " 
& 

H16, G2, G16, E2, E16, C4, CS, B7, B9, Bl1, , 

& 

R3, R6), ' & 

'VCCS Jl, & 

"VOLDET S04, & 

"VSS PGA (S6, S8, S9, S10, S11, S12, S14, R4, Q2, P17,' M1, 
& 

M17, Ll, L17, Kl, K17, Hl, H17, G1, G17, El, E17, , 

& 

B3, B4, Bs, A7, A9, All) , , 
& 

"WB_WT B13, & 

'HITM A12, & 

"INV Ala, & 

"WR N17 "; 

attribute Tap_Sean_In of TDI signal is true; 
attribute Tap_Sean_Mode of TMS signal is true; 
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attribute Tap_Scan_Out of TDO 
attribute Tap_Scan_Clock of TCK 

signal is true; 
signal is (25.0e6, BOTH); 

attribute Instruction_Length of WBE_INTELDX4: entity is 4; 

attribute Instruction_Opcode of WBE INTELDX4: entity is 
"BYPASS (1111)," & 

"EXTEST (0000)," & 

"SAMPLE (0001)," & 

"IDCODE (0010)," & 

'RUNBIST (1000),' & 

'PRIVATE (0011,0100,0101,0110,0111,1001,1010,1011,1100,1101,1110) '; 

attribute Instruction_Capture of WBE_INTELDX4: entity is '0001'; 
-- there is no Instruction_Disable attribute for WBE_INTELDX4 

attribute Instruction_Private of WBE_INTELDX4: entity is 'private'; 

attribute Instruction_Usage of WBE_INTELDX4: entity is 
'RUNBIST (registers BIST;' & 
"IR SCAN MUST BE DONE WITH DEVICE IN HARD RESET;' & 
'Assert RESET and do IR Scan, then release RESET and do DR Scan;' & 
"result O=pass, l=fail;' & 
'clock CLK in Run_Test_Idle;' & 
"IR End State = Pause-IR;' & 
"DR End State = Run-Test/Idle;' & 
"RINBIST length in hex = 125000H x ratio of TCK/CPUCLK)'; 

attribute Idcode_Register of WBE_INTELDX4: entity is 
"0001' & --version 
"1000001010001000' 
"00000001001' 

& -- WBE_INTELDX4 part ID 
& --manufacturers identity 

--required by the standard 

attribute Register_Access of WBE_INTELDX4: entity is 
"BIST(l) (RUNBIST)' ; 

--(*******************************************************************) 

--( The first cell is closest to TDO 
--{*******************************************************************} 

attribute Boundary_Cells of WBE_INTELDX4 : entity is 'BC_2, BC_l, BC_6" ; 
attribute Boundary_Length of WBE_INTELDX4: entity is 113 ; 
attribute Boundary_Register of WBE_INTELDX4: entity is 

"0 (BC_2, ABUS2, output3, X, 111, 1, Z) , , & 

'1 (BC_2, ABUS3, output3, X, 111, 1, Z) , • & 

'2 (BC_6, ABUS(4) , bidir, X, 111, 1, Z) , ' & 
, 3 (BC_6, ABUS (5), bidir, X, 111, 1, Z) , 

, 
& 

" 4 (BC_l, UP input I X), ' & 

, 5 (BC_6, ABUS (6), bidir, X, 111, 1, Z) , · & 

" 6 (BC_6, ABUS (7), bidir, X, 111, 1, Z) I" & 

"7 (BC_6, ABUS (8), bidir, X, 111, 1, Z), ' & 

'8 (BC_6, ABUS(9), bidir, X, 111, 1, Z) , · & 

'9 (BC_G, ABUS (10), bidir, X, 111, 1, Z) , · & 
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'10 : (Be_6, ABUS (11), bidir, X, 111, l, Z), ' & 

'11 (Be_6, ABUS(12), bidir, X, 111, 1, Z), ' & 

'12 (Be_6, ABUS(13), bidir, X, 111, 1, Z) , ' & 

'13 (Be_6, ABUS(14) , bidir, X, 11l, l, Z), ' & 

'14 (Be_6, ABUS (15) , bidir, X, 111, l, Z) , , & 

'15 (Be_6, ABUS (16), bidir, X, 111, 1, Z), ' & 

'16 (Be_6, ABUS(17), bidir, X, 111, 1, Z), ' & 

"17 (Be_6, ABUS (18) , bidir, X, 111, l, Z), ' & 

"18 (Be_6, ABUS(19) , bidir, X, 11l, l, Z), ' & 

'19 (Be_6, ABUS (20), bidir, X, 111, 1, Z), ' & 

'20 (Be_6, ABUS(21), bidir, X, 11l, l, Z), ' & 

'21 (Be_6, ABUS(22), bidir, X, 11l, l, Z) , , & 

"22 (Be_6, ABUS(23), bidir, X, 111, 1, Z), ' & 

'23 (Be_6, ABUS(24) , bidir, X, 111, 1, Z), ' & 

'24 (Be_6, ABUS (25) , bidir, X, 111, l, Z) , ' & 

'25 (Be_6, ABUS (26) , bidir, X, 111, 1, Z), ' & 

'26 (Be_6, ABUS (27) , bidir, X, 111, 1, Z), ' & 

'27 (Be_6, ABUS(28), bidir, X, 111, 1, Z), ' & 

'28 (Be_6, ABUS(29), bidir, X, 111, 1, Z) , , & 

'2-9 (Be_6, ABUS(30) , bidir, X, 111, 1, Z), ' & 

'30 (Be_6, ABUS [31), bidir, X, 11l, l, Z), ' & 

'31 [Be_6, DP(O) , bidir, X, 112, l, Z) , , & 

'32 (Be_6, DBUS(O) , bidir, X, 112, 1, Z), ' & 

'33 [Be_6, DBUS [1) , bidir, X, 112, 1, Z), ' & 

'34 (Be_6, DBUS(2), bidir, X, 112, 1, Z) , , & 

'35 (Be_6, DBUS (3), bidir, X, 112, 1, Z), ' & 

'36 (Be_6, DBUS (4) , bidir, X, 112, 1, Z), • & 

'37 (Be_6, DBUS(5) , bidir, X, 112, 1, Z) , ' & 

"38 [Be_6, DBUS(6) , bidir, X, 112, 1, Z) , , & 

"39 (Be_6, DBUS (7) ,_ bidir, X, 112, 1, Z), • & 

"40 (Be_6, DP(l) , bidir, X, 112, 1, Z), ' & 

'41 (Be_6, DBUS(8) , bidir, X, 112, 1, Z) , , & 

'42 (Be_6, DBUS(9) , bidir, X, 112, 1, Z) , ' & 

'43 (Be_6, DBUS (10) , bidir, X, 112, 1, Z) , " & 

'44 (Be_6, DBUS (11), bidir, X, 112, 1, Z), ' & 

"45 (Be_6, DBUS(12), bidir, X, 112, 1, Z), ' & 

'46 (Be_6, DBUS(13), bidir, X, 112, 1, Z), ' & 

'47 (Be_6, DBUS(14), bidir, X, 112, 1, Z), ' & 

"48 [Be_6, DBUS[15), bidir, X, 112, 1, Z), ' & 

'49 (Be_6, DP(2) , bidir, X, 112, 1, Z), ' & 

"50 (Be_6, DBUS(16), bidir, X, 112, 1, Z), ' & 

'51 (Be_6, DBUS (17) , bidir, X, 112, 1, Z), ' & 

'52 (Be_6, DBUS (18) , bidir, X, 112, 1, Z), ' & 

"53 [Be_6, DBUS(19), bidir, X, 112, 1, Z) , , & 

'54 (Be_6, DBUS (20) , bidir, X, 112, 1, Z) , , & 

"55 [Be_6, DBUS (21) , bidir, X, 112, 1, Z) , ' & 

"56 (Be_6, DBUS(22), bidir, X, 112, 1, Z), ' & 

'57 (Be_6, DBUS (23) , bidir, X, 112, 1, Z), ' & 

'58 (Be_6, DP(3) , bidir, X, 112, 1, Z) , ' & 

'59 (Be_6, DBUS(24), bidir, X, 112, 1, Z) , 
, 

& 

'60 (Be_6, DBUS(25), bidir, X, 112, 1, Z), ' & 

'61 [Be_6, DBUS(26) , bidir, X, 112, 1, Z), ' & 

"62 (Be_6, DBUS(27), bidir, X, 112, 1, Z), ' & 

'63 (Be_6, DBUS[28), bi-dir, X, 112, 1, Z), • & 

"64 (Be_6, DBUS (29) , bidir, X, 112, 1, Z), , & 

'65 (Be_6, DBUS(30), bidir, X, 112, 1, Z), ' & 

'66 (Be_6, DBUS(31), bidir, X, 112, 1, Z), ' & 
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'67 (BC_1, STPCLK, inpu~, X), , & 

'68 (BC_1, IGNNE, input, X), , & 

'69 (BC_1, INV, input, X), , & 

'70 (BC_2, CACHE, output3, X, 110, 1, Z) " & 

'71 (BC'_2, FERR, output3, X, 109, 1, Z) , ' & 

'72 (BC_1, SMI input I X), ' & 

"73 (BC_1, WB_WT input, X), , & 

"74 (BC_2, HITM , output3, X, 109, 1, Z), , & 

'75 (BC_2, SMIACT output3, X, 109, 1, Z) " & 

'76 (BC_1, SRESET input, X), , & 

'77 (BC_1, NMI, input, X), , & 

'78 (BC_1, INTR, input, X), , & 

'79 (BC_1, FLUSH, input, X), , & 

'80 (BC_1, RESET, input, X), , & 

"81 (BC_1, A20M, input, X), ' & 

'82 (BC_1, EADS, input, X), ' & 

'83 (BC_2, PCD, output3, X, 110, L Z) , , & 

'84 (BC_2, PWT, output3, X, 110, 1, Z), ' & 

'85 (BC_2, DC, output3, X, 110, 1, Z), ' & 

"86 (BC_2, MIa, output3, X, 110, 1, Z), ' & 

'87 (BC_2, BE(3) , output3, X, 110, 1, Z), , & 

'88 (BC_2, BE(2) , output3, X, 110, 1, Z), , & 

"89 (BC_2, BE(l) , output3, X, 110, L Z), , & 

"90 (BC_2, BE(O) , output3, X, 110, ,1, Z), , & 

'91 (BC_2, BREQ, output3, X, 109, 1, Z) , ' & 

'92 (BC_2, WR, output3, X, 110, L Z), ' & 

'93 (BC_2, HLDA, output3, X, 109, 1, Z), ' & 

'94 (BC_1, CLK, input, X), , & 

'95 (BC_1, AHOLD, input, X), , & 

'96 (BC_1, HOLD, input, X), ' & 

'97 (BC_l, KEN, input, X); , & 

"98 (BC_1, RDY, input, X), , & 

'99 (BC_1, CLKMUL, input, X), , & 

'100 (BC_1, BSS, input, X), , & 

'101 (BC_1, BS16, input, X) , , & 

"102 (BC_1, BOFF, input, X), , & 

'103 (BC_1, BRDY, input, X), , & 

"104 (BC_2, PCHK, output3, X, 109, 1, Z), ' & 

'105 (BC_2, LOCK, output3, X, 110, L Z), ' & 

'106 (BC_2, PLOCK, output3, X, 110, 1, Z) , ' & 

"107 (BC_2, BLAST, output3, X, 110, L Z) , ' & 

"108 (BC_2, ADS, output3, X, 110, 1, Z) , ' & 

'109 (BC_2, * control, 1) , , & DISMISC 
"110 (BC2, * control, 1) , , & DISBUS 
'111 (BC_2, * control, 1) , , & DISABUS 
'112 (BC_2, control, 1) '; DISWR 

end WBE_INTELDX4; 
242202-L2 
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APPENDIX E 
SYSTEM DESIGN NOTES 

SMM Environment Initialization 

When the Intel486 processors are operating in Real 
Mode, the physical address at which instructions 
and data are fetched is determined by the segment 
register and an offset (Le., CS and IP for instruc
tions). When a new value is loaded into a segment 
register, the new value is shifted to the left by four . 
bits and stored in a segment base register that cor
responds to that particular segment (CSBASE, 
DSBASE, ESBASE, etc.). It is the value stored in the 
segment base register that is actually used to gener
ate a physical address. For example, the linear 
address to be used for fetching instructions is deter
mined by adding the value contained in the CS 
segment base register with the value in the IP regis
ter. 

When the processor is in Protected Mode, the seg
ment registers are used as selectors to a descriptor 
table. Each descriptor in a descriptor table contains 
information about the segment in use, including the 
segments BASE address (Le., CSBASE), the limit (or 
size of the segment), as well as protection level, 
privileges, operand sizes, and the segment type. In 
Protected Mode, the linear address is determined by 
adding the base portion of the descriptor to the ap
propriate offset. 

When in System Management Mode, the processor 
operates in a pseudo-Real Mode, with address cal
culation performed in the Real Mode manner. How
ever, the processor adds the value in the segment 
base register with the value in the EIP register, rath
er than the IP register, so there are no limits as to 
the segment size. The physical address of an in
struction is obtained by adding the value in CSBASE 
to the value in EIP. 
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When entering SMM, it may be necessary to initial
ize the segment registers to point to SMRAM (see 
section 8.4.2, "Processor Environment," for their 
value on SMM entry). If 5MBASE has not been relo
cated, then the necessary segment registers can be 
initialized to point to SMRAM by using the value in 
the CS register, 3000H, which points to the SMRAM 
address space. 

When an SMI # occurs after 5MBASE has been 
modified, CSBASE is loaded with the new value of 
5MBASE. However, the CS selector register still 
contains the value 3000H, not the value corre
sponding to the new 5MBASE. 

To initialize segment registers to point to the new 
SMRAM area, read the 5MBASE value from the 
SMM state ·that was saved in memory. Because the 
data segment registers are initialized to 0, do not 
use them to access the SMM state save area. In
stead, perform a read relative to the CS register by 
using a CS override prefix to a normal memory read. 
Although CS still contains 3000H, CSBASE contains 
the value of 5MBASE, and CSBASE is used for the 
address generation. 

Once the value of 5MBASE is obtained, it must be 
shifted to the right by four bits to get the appropriate 
value to be placed in the segment registers. The CS 
register itself can be initialized by executing a far 
jump instruction to an address within 5MBASE, 
which causes CS to be reloaded with a value corre
sponding to 5MBASE. 

Example E-1 describes one method of initializing the 
segment registers when 5MBASE has been. relocat
ed. This method works if 5MBASE is less than 1 
Megabyte. 
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;read the value of 5MBASE from the state save area 
mov si,FEFBH ;SMBASE slot in SMM state save area 
mov eax,cs: lsi] ;copy 5MBASE from 5MBASE:FEFBH to eax 

;scale the 5MBASE value to a 16-bit quantity 
mav el / 4 
ror eax,cl ;scaled value of 5MBASE now in ax 

;to load cs, execute a far jump to an address that has been stored 
;at memory location PTR_ADDR 

;store the 5MBASE value and an offset to a memory location that can be used as 
;an indirect jump address 

mov di,PTR_ADDR ;PTR_ADDR is the location used to 
istore the jump address 

mov bX,OFFSET ; OFFSET is the address where 
;Bxecution continues after the 
; far jump 

mov cs: [di] ,bx istore the offset for the far jump 
inc di 
inc di 
mov cs: [di],ax is tore the segment address for the 

i far jump, which is 5MBASE 
mov bX,PTR_ADDR ibx now contains the address of the 

;location holding the jump address 

;initialize DS and ES with the correct address of 5MBASE 
mav ds, ax 
mav as/ax 

;execute a far jump instruction to load the CS register 
jmp far [bx] ;jump to address stored at memory 

;location pointed to by bx 

;CS now contains the correct value of 5MBASE, and execution continues from the 
;address 5MBASE:OFFSET 

242202-N2 

Example E-1.lnitialization of Segment Registers within SMM 

Accessing SMRAM Because System Management Mode must be trans
parent to all operating systems, the initial SMM han
dier must be loaded by the system BIOS. At some 
time during the power on sequence, the system 
BIOS will need to move the SMM handler routine 
from the BIOS ROM to the SMRAM. The system 
designer must provide a hardware mechanism that 
allows access to SMRAM while SMIACT# from the 
processor is inactive. One method would be to pro
vide an liD port in the memory controller that forces 
memory cycles at a given address to be relocated to 
the SMRAM. Once the initial SMM handler has been 
loaded to SMRAM, the liD port would be disabled to . 
protect against accidental accesses to SMRAM. 

LOADING SMRAM WITH AN INITIAL SMI 
HANDLER 

Under normal conditions, the SMRAM address 
space should only be accessible by the processor 
while it is in SMM mode. However, some provision 
must be made for providing the initial SMM interrupt 
handler routine. 
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The system BIOS must provide an SMM handler at 
the address 38000H. If the system designer has 
chosen to take advantage of the SMRAM relocation 
feature of the processor, this handler must change 
the 5MBASE register in the SMM state save. Next, 
the BIOS must move the full featured SMM handler 
to the new address. An SMI # must be generated in 
order to change the 5MBASE register before the 
BIOS passes control to the operating system. 

SMRAM HIDDEN FROM DMA AND BUS 
MASTERS 

In a system that allows DMA or other'devices to take 
control of the system bus, care must be taken to 
ensure that only the master processor can access 
SMRAM. If an external bus master requests use of 
the system bus (by asserting HOLD or BOFF#) 
while the processor is executing an SMM handler 
routine, the processor would respond by passing 
control of the bus to the requesting device. The sys
tem memory controller must redirect any memory 
accesses that are not generated by the processor to 
normal system memory as if SMIACT # was inactive. 

ClK 

ADS# '\...._....J! 

DMA accesses to the SMRAM area must be redi
rected to the correct address space when the initiali
zation routine is loading SMRAM, as well as when 
the processor is in SMM. 

It is not recommended to block bus control requests 
when in SMM, because the increased bus access 
latency could cause compatibility issues with some 
software or expansion hardware. 

ACCESSING SYSTEM MEMORY FROM WITHIN 
SMM 

In order to enter a suspend state where power is 
removed from some or all of system memory, it is 
necessary for the processor to have access to the 
entire system address space from within SMM. Ac
cess to system memory from within SMM requires 
that the memory controller decode both SMIACT# 
and the processor address to determine accesses 
to SMRAM. Only those memory addresses that are 
defined as being SMRAM space would be directed 
to SMRAM. If SMRAM is located at an address that 
overlays normal system memory address space (see 
section 8.6.2, "SMRAM Interface"), the processor 
must have a method of accessing both SMRAM (for 
code reads) and system memory simultaneously. 

\. 
SMIACT# ~'--________________ _ 
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A31 .. A2=::x====»--------<<== 
RDY# '----I 
HOlD--1 

HlDA ________ -J! 

BOFF# 

SMRAMCS# ,'----~! 

,'--------
,'-------, ..... ___ ..... r-

SMRAMCS# Blocked by 
HlDA or BOFF# '-

Figure E-1. Blocking Other Bus Masters from Accessing SMRAM 
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Ideally, a method of accessing system memory that 
is mapped underneath SMRAM would be provided 
by the system memory controller. The memory con
troller would provide a register that allows system 
memory at a given address to be remapped to a 
different address, which is not overlaid by SMRAM. 
When the SMM handler implements a suspend, it 
would first move all of system memory that is not 
underneath SMRAM to a non-volatile medium (such 
as a hard disk drive). Next, the SMRAM image would 
be transferred to the non-volatile medium. Finally, 
the memory underneath SMRAM would be ac
cessed and copied to the non-volatile medium with a 
processor read to the remap address space, which 
is redirected to the overlaid system memory (see 
Figure E~2). 

If the memory controller does not provide a method 
of accessing overlaid system memory, it is possible 
to implement a software procedure to accomplish 

. the same goal. However, the software method is 
quite complex, and a hardware method is preferred. 
A description of the software me,thod follows. 

The ability to access the system memory that is lo
cated iii the address space under SMRAM reqiJires 
a method of resuming from SMM to a predetermined 
address space. This can be accomplished with the 
following procedure. , 

Intel486™ PROCESSOR FAMIL V 

When resuming from SMM, the processor continues 
execution at the address contained in the CS and 
EIP slots within the SMM state save. However, the 
resume address cannot be changed by simply modi
fying the CS and EIP slots, because the processor 
will use the CS descriptor to determine the actual 
resume address. The descriptor registers are stored 
in reserved slots in the SMM state save, and they 
cannot be directly modified. 

By replacing the suspend state save with a prev
iously obtained image of a state save that returns to 
a known location, the SMM suspend handler can 
force a return to a given address: 

1. During initial system power up, execute an SMI # 
from a predetermined address (the address im
mediately preceding the address to which you lat
er wish to resume). This can be accomplished by 
generating an SMI# in response to an 1/0 in
struction or executing a halt instruction and using 
an SMI # to exit the halt state. 

2. Save the state save from this SMM to a safe loca
tion (SMRAM). 

3. When the system needs to resume to a given ad
dress from some other SMI #, the stored state 
save can be substituted for the state save gener
ated from that particular SMM. 

Normal 
Memory 

Remap Feature 
CPU Accesses<: Disabled 

I 

to Remap 
Address Space Remap Feature 

Enabled ---li" 

Normal 
Memory 

. Figure E-2. Remapping Memory That Is Overlaid by SMRAM 
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Now that SMM can be resumed at a predetermined 
address, access the entire system memory space 
from within SMM before executing a suspend: 

1. During a suspend SMM, save all system memory 
except that which is located underneath SMRAM 
to a specified (and reserved) section of the hard 
disk. The ability to access system memory re
quires the memory controller to decode both 
SMIACT# and the processor address, and direct 
a limited section (maybe 64K or 128K) of the 
processor address space to SMRAM. All other 
processor memory accesses should go to normal 
system memory. 

2. Save the contents of the SMM state save to the 
hard disk. 

3. Modify the SMM state save so that the RSM in
struction will return to a predefined address, 
which is not in the application that was interrupt
ed. The code at this address must contain the 
remainder of the suspend SMM handler. The pre
defined address can be anywhere in the proces
sor address space, because the contents of sys
tem memory have already been saved to disk. 

4. Execute an RSM instruction, which exits SMM 
and returns control to a predetermined address 
(which must contain the rest of the SMM suspend 
handler). 

5. Save the rest of system memory (that which is 
located underneath SMRAM) to the hard disk. 
This address space can now be accessed with 
normal move instructions, because we are no 
longer in SMM. 

6. Save a flag (in CMOS memory) indicating that the 
next reset should cause a resume from suspend. 

7. Powerdown the memory (and possibly the proc
essor). 

8. When power is restored, the processor is reset 
and begins execution of the POST in BIOS. Early 
in the POST, the system should check the status 
of the suspend flag. 

9. Load a preliminary SMM handler to location 
38000H and generate an SMI #. The SMM han
dier should read the 5MBASE slot from the SMM 
state save that was stored to hard disk. 5MBASE 
is then modified to point to the final SMRAM loca
tion and the system resumes from SMM back to 
the system BIOS. 

10. Restore the contents of system memory located 
underneath SMRAM from the hard disk. 
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11. Generate a second SMI #, which executes an 
SMM handler at the original value of 5MBASE 
(before the suspend SMM). The SMM handler 
restores the contents of the rest of system mem
ory from the hard disk, and then restores the 
original SMM state save to the SMM state save 
area in SMRAM, discarding the most recent 
SMM state save. 

12. Execute an RSM instruction, which re~jrns exe
cution to the application that was interrupted by 
the suspend request. 

Interrupts and Exceptions During SMM 
Handler Routines 

To ensure transparency to existing system software, 
the SMM handler should not depend on interrupt or 
exception handlers provided by the operating sys
tem. However, in some cases it may be necessary to 
service interrupts or exceptions while in System 
Management Mode. In these cases, SMM compliant 
interrupt and exception handlers, as well as an SMM 
compliant interrupt vector table, should be provided. 

SMM COMPLIANT VECTOR TABLES 

An SMI # interrupt request can be generated while 
code is running under any of the other three proces
sor operating modes (Real, Virtual-86, or Protected). 
When entering the SMM handler, the processor en
ters a pseudo-real mode, and the beginning of the 
interrupt vector table must be located at the address 
OOOOOOOOH. Before allowing any interrupts or ex
ceptions to occur, the SMM handler routine must 
provide a valid interrupt vector table. Any code that 
is executed before setting up an SMM compliant in
terrupt vector table must be written carefully to en
sure that no exceptions are generated. 

The system memory controller could relocate ac
cesses to the SMM interrupt vector table to a loca
tion within SMRAM. In this case, when SMIACT# is 
active, all accesses to the lowest 1 Kbyte of the 
processor address space would be redirected to 
SMRAM, which would contain an SMM compliant 
vector table that has already been initialized. 

If the system memory controller does not redirect 
interrupt vector table reads to an address within 
SMRAM, there are three steps required to provide 
an SMM compliant interrupt vector table: 
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1. Save the contents of memory at address 
OOOOOOOOH to SMRAM. 

2. Prov!de vectors for any possible interrupts or ex
ceptions at the appropriate location in the vector 
table. 

3. Restore the original memory contents from 
SMRAM before exiting the SMM handler routine. 

INTERRUPTS AND SUBROUTINES WITH 
SMRAM RELOCATION 

There is an additional issue that must be considered 
if interrupts or exceptions are to be executed within 
SMM a~d SMRAM has been relocated. Interrupt or 
subroutine calls from within SMM operate in a man
ner similar to Real Mode. When a subroutine is 
called or an interrupt is recognized, the 16-bit CS 
and IP registers are pushed onto the stack to pro
vide a return address. 

When SMRAM is relocated to an address space 
above 1 M and an interrupt or subroutine call occurs 
only 16 bits of the EIP register are pushed onto th~ 
stack. When returning from the subroutine or inter
rupt, the processor will vector to a location where 
the upper 16 bits of EIP are zero. This can be avoid
ed for subroutines by using an address size override 
before calling the subroutine. However, the issue re
mains for interrupts. 

Intel486™ OX, InteIOX2™, and 
IntelOX4TM Processor Floating-Point 
Operation and SMM 

THE NEED TO SAVE THE FPU ENVIRONMENT 

When the processor enters System Management 
M?d~, th~ context information for the interrupted ap
plication IS automatically saved to a specific state 
save address. When the SMM handler returns con
trol t~ the in.terrupted application by executing the 
RSM Instruction, the context information from the in
terrupted application is restored to the processor by 
reading from the state save location. This mecha
nism allows the SMM handler routine to modify most 
?f the processor registers without the need to explic
Itly save them to memory. However, the registers in 
the processor's Floating-Point Unit (FPU) are not au
tomatically saved when the processor enters SMM. 
If th~ SMM handler needs to mopify any of the regis
ters In the FPU, or if the register data will be lost due 
to entering a power down state, the SMM handler 
must first explicitly save the FPU state as it existed 
in the interrupted application. 
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There are two instances in which an SMM handler 
routine must be aware of the Floating-Point Unit 
(FPU): . 

1. When removing power from the processor / FPU 
for the purpose of executing a suspend sequence. 

2. When the SMM handler uses FPU instructions. 

In both of these cases, the SMM handler must save 
the state of the FPU as it was left by the interrupted 
application. 

The information stored by the FPU state save in
structions (FSAVE, FNSAVE,. FSTENV, and 
FNSTENV) is dependent on the operating mode of 
the processor. The FPU state save instructions store 
the FPU state information in one of four formats: 16-
bit Real Mode, 32-bit Real Mode, 16-bit Protected 
Mode, or 32-bit Protected Mode, depending on the 
processor operating mode. The content of the infor
mation saved also varies slightly, depending on the 
processor operating mode in which the save instruc
tion was executed. For example, the 32-bit Protect
ed Mode FNSAVE instruction saves the address of 
the last executed FPU instruction and its operands 
in the form of a segment selector and a 32-bit offset. 
In contrast, the 16-bit Real Mode FNSAVE instruc
tion saves the address information in the form of a 
20-bit physical address. Because the format with 
which the FPU state restore instructions (FRSTOR 
and FLDENV) recall the information is also depen
dent on the ope~ating mode of the processor, the 
save and restore Instructions must be executed from 
the same processor operating mode. 

SAVING THE STATE OF THE FLOATING-POINT 
UNIT 

When an SMM handler routine needs to save the 
state of the Floating-Point Unit, it must save all FPU 
sta~e informat!on necessary for the interrupted appli
cation to continue processing. This state information 
includes the contents of the Floating-Point Unit 
stack, which requires use of the FNSAVE or FSAVE 
instruction (FSTENV does not save the contents of 
the FPU stack). If the last executed non-control 
F!o.ating-Point instruction caused an error (such as a 
divide by 0), the saved information must also include 
the address of the failing instruction and the ad
dresses of any operands for that instruction; Without 
these addresses, it would be impossible for the FPU 
exception handler of the interrupted application to 
correct the error and restart the instruction. 
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The FNSAVE and FSAVE instructions differ in that 
FNSAVE does not wait for the FPU to check for an 
existing error condition before storing the FPU envi
ronment information. If there is an unmasked FPU 
exception condition pending, execution of the 
FSAVE instruction will force the processor to wait 
until the error condition is cleared by the software 
exception handler. Because the processor is in Sys-

_ tem Management Mode, the appropriate exception 
handler will not be available, and the FPU error 
would not be corrected in the manner expected by 
the interrupted application program. For this reason, 
the FNSAVE instruction should be used when saving 
the environment of the FPU within SMM. 

Because the SMM handler does not know the proc
essor mode in which the interrupted application was 
executing (16- or 32-bit, Real or Protected), the 
SMM handler must execute the FNSAVE instruction 
in a mode in which all FPU state information is 
stored. The 32-bit Protected Mode format of the 
FNSAVE instruction is a super set of all other for
mats of the FNSAVE instruction. Therefore, execut
ing the 32-bit Protected Mode FNSAVE instruction 
ensures that all FPU state information will be saved. 

Executing the FNSAVE instruction in 32cbit Protect
ed Mode requires that the processor be temporarily 
placed in Protected Mode. Rather than perform all of 
the setup details and overhead necessary to place 
the processor into Protected Mode, including the ini
tialization of all descriptors and descriptor ~ables, it 
is possible to temporarily place the processor into 
Protected Mode for the purpose of executing only a 
few carefully written instructions. This can be ac
complished by setting the PE bit in the CRO register, 
and then executing a short jump to clear the instruc
tion pipelines. 

It is important to note that any instruction that modi
fies a segment register will cause the processor to 
attempt to load a new descriptor from the descriptor 
table. (The occurrence of an interrupt or an excep
tion would cause the processor to load a new de
scriptor, so interrupts must be disabled during this 
sequence.) Because neither the descriptors nor the 
descriptor table have been initialized, this would 
cause the system to crash. Therefore, all segment 
registers that are to be used in the FPU state save 
instructions must be initialized before entering Pro
tected Mode. 
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Example E-2 gives an example of the code that can 
be used to place the processor in Protected Mode 
and save the FPU state. 

Note that the no wait form (FNSAVE) of the save 
instruction must be used. In the event that the previ
ous FPU instruction caused it Floating-Point error, 
we do not want to wait for this error to be serviced 
before executing the save instruction. Additionally, if 
the FSAVE instruction were used, the operand size 
override prefix would be incorrectly applied to the 
implicit WAIT instruction which precedes FSAVE, 
rather than to the save instruction itself. 

Before exiting the SMM handler and returning to the 
interrupted application, the register contents of the 
Floating-Point Unit must be returned to their previ
ous values. This can be accomplished by executing 
the 32-bit Protected Mode format of the FRSTOR 
instruction. Example E-3 gives an example code 
segment that can be used to restore the FPU to the 
state in which it was interrupted by the SMI request. 

Note that the no wait form (FNRSTOR) of the re
store instruction must be used. If the FRSTOR in
struction were used, the operand size override prefix 
would be incorrectly applied to the implicit WAIT in
struction which precedes FRSTOR, rather than to 
the save instruction itself. 

Support for Power-Managed 
Peripherals -

SHADOW REGISTERS 

Before power is removed from any device, the state 
of that device must be saved in a protected memory 
space so that the device can be reinitialized to its 
previous state. If a peripheral contains a write only 
register, the value in that register can be recovered 
by providing shadow registers that are both readable 
and writeable. 

These shadow registers should be updated every 
time the peripheral registers are written, but they 
have no function other than tracking the data written 
to a particular register. 

I 
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;first initialize the registers used to store the state save information 

;set 

mov dX,SEGMENT ;SEGMENT is the segment to be used by 

mov 
mov 

the PE 
mov 
or 
mov 

ds,dx 
si,OFFSET 

bit in eRO 
eax/erO 
eax,OOOOOOOlH 
erO, eax 

ithe save instruction, 
; normally it should point to SMRAM 
;OFFSET is the offset used in the save 
;instruction 

;read the old value of eRO 
;set the PE bit 

;enter protected mode by executing a short jump to clear the pre fetch queue 
jmp protect 

protect: 

;we can now save the state of the FPU in the protected mode format 

db 66H 

fnsave [si J 

;use an operand size override prefix 
;to set 32-bit format 
;FPU state saved to SEGMENT:OFFSET 

;now return to real mode'to continue with the SMM handler (no jump is 
;required) 

mov 
and 

eax,crO 
eax,OFFFFFFFEH 

mav erO I eax 

;clear the PE bit in eRO 

Example E-2. Saving the FPU State in 32-Bit Protected Mode 

242202-N5 

In addition to the write only registers in a system, 
there are several other registers that must be shad
owed. Any device that requires registers to be pro
grammed in a particular sequence must also have its 
registers shadowed. Examples in a typical personal 
computer include the programmable interrupt con
troller, the DMA controller, and the programmable 
timer I counter. 

It is also possible to perform shadowing of some 
write only registers using SMM. Any time a write cy
cle is generated to a write only register, the system 
'can generate an 8MI #. The SMM handler can use 
the processor state information saved in the SMM 
state save to save the data from the interrupted 1/0 
cycle to a predetermined location in the SMRAM 
space. 
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;first initialize the registers used to recall the state save information 

mov dX,SEGMENT ; SEGMENT is the segment to be used by 
;the restore instruction, 

mov ds,dx ;normally it should point to SMRAM 
mov si,OFFSET ; OFFSET is the offset used in the 

irestore instruction 

iset the PE bit in eRO 

mov eax,erO ; read the old value of eRO 
or eax,OOOOOOOlH ;set the PE bit 
mov erO, eax 

;enter protected mode by executing a short jump to clear the prefetch queue 

jmp protect 
protect: 

;we can now recall the state of the FPU from the previous FNSAVE instruction 
; (in the protected mode format) 

db 66H 

fnrstor [si J 

;use an operand size override prefix 
;to set 32-bit format 
;FPU state restored from 
; SEGMENT: OFFSET 

;now return to real mode to continue with the SMM handler (no jump is 
;required) 

mov eax,crO ;clear the PE bit in eRO 
and eax,FFFFFFFEH 
mov erO/eax 

, Example E-3. Restoring the FPU State from a 32-81t Protected Mode Save 
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The information contained in the SMM state save 
can be used (with the knowledge that the SMI# was 
in response to an I/O write instruction) to determine 
both the address and the data of the interrupted 
write instruction. The SMM handler can examine the 
OPCOOEs of previous instructions by decrementing 
the IP (or EIP) register. Once the correct OPCOOE is 
determined, it can be used with the values in the 

EAX and OX slots of the SMM state save to update 
the information in the memory used to shadow the 
I/O register. I/O write instructions occur in one of 
three forms: 1) a write td an address that is specified 
in the OPCOOE; 2) a write to an address contained 
in the OX register; or 3) a string write to an address 
contained in the OX register. 
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The 1/0 write instructions have the following 
OPCODEs: 

Table E-1.1/0 Write Instruction OPCODEs 

Instruction OPCODE Notes 

OUTx,al E6x x is the address of the 
1/0 port 

OUTx,ax E7x x is the address of the 
1/0 port 

OUTx,eax E7x x is the address of the 
1/0 port 

OUTdx,al EE 

OUTdx,ax EF 

OUTdx,eax EF 

OUTSB 6E 

OUTSW 6F 

OUTSD 6F 

The SMM handler must know whether a particular 
1/0 port is 16 or 32 bits in order to distinguish be
tween 16- and 32-bit 1/0 write cycles. 

The SMM handler can decrement the value of IP 
contained in the state save, and then examine the' 
memory contents at that address. If the SMM han
dier knows that the last instruction was an 1/0 write 
instruction, and writes to 1/0 addresses 6EH, 6FH, 
OEEH, and OEFH will not cause an SMI#, it can use 
the SMM state save data for EAX and EDX to recon
struct the last instruction. 

HANDLING INTERRUPTED 1/0 WRITE 
SEQUENCES 

In a typical personal computer, there are several 
hardware devices that require the control registers 
for that device to be programmed in a particular or
der. For example, the interrupt controller, the DMA 
controller, the programmable timerlcounter, the key
board controller, and the real time clock all require a 
series of accesses to properly initialize the registers 
in that particular device. Some of these devices may 
require successive accesses to registers located at 
different addresses, while others may require sever
al control registers to be programmed through write 
cycles to the same address. 
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If an SMI request interrupts an application that is in 
the process of initializing the registers in one of 
these devices, special care must be taken to ensure 
that the peripheral is returned to its original state 
when control is returned to the interrupted program. 
For some SMM handler events, it may be necessary 
to power down the device or change the state of a 
register within the device. In these cases, the SMM 
handler must return control to the interrupted appli
cation in such a way that the application can contin
ue with the correct sequential access in the inter
rupted sequence. 

To accomplish this, the SMM handler must restore 
the original values of all registers in the device, and 
restart the interrupted sequence so that the applica
tion may continue where it left off. This requires sys
tem hardware to shadow all registers that need to be 
accessed in the sequence, keep an index indicating 
which position in the sequence the register occu
pies, and keep a pointer so that SMM software 
knows to which register the last access was direct
ed. This pointer would indicate the last register of 
each sequence that was programmed in the particu
lar peripheral. 

For example, programming the master interrupt con
troller requires a write to 1/0 port 20H (ICW1) fol
lowed by four write cycles to 1/0 port 21 H (ICW2, 
ICW3, ICW4, and OGW1). If this sequence is inter
rupted by an SMI request, and the resulting SMM 
handler either modifies or powers down the interrupt 
controller, the SMM handler must return control to 
the interrupted application such that the following 
access to the interrupt controller would access the 
correct register in the sequence. System hardware 
must save the contents of each of the registers, as 
well as a pOinter indicating which register was last 
written. 

Before returning control to the interrupted applica
tion, the SMM handler must initialize ICW1-ICW4 
and OCW1 to their previous values. It would then re
write the appropriate registers so that the first ac
cess by the application program would be to the lo
cation in the sequence following the last location it 
programmed before it was interrupted by the SMI 
request. 

A similar procedure must be followed for each of the 
peripherals that require control registers to be initial
ized in a particular Qrder. 
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28f01S}{S 16=M[8HT (1 M[s~T l{ 16,2 MBIT x 8) 
SYNCHRONOUS flASH MEMORY 

• Effective Zero Wait-State Performance rn Backwards-Compatible with 2SFOOSSA 
up to 33 MHz Command-Set 
- Synchronous Pipelined Reads [::J 2 p,A Typical Deep Power-Down 

• SmartVoltage Technology 
0 1 rnA Typical Active lee Current in 

- User-Selectable 3.3V or 5V Vee Static Mode 
- User-Selectable 5V or 12V Vpp . 

0 16 Separately-Erasable/Lockable • 0.33 MB/sec Write Transfer Rate 12S-Kbyte Blocks 

• Configurable )(S or )(16 Operation Q 1 Million Erase Cycles per Block 

• 56-Lead TSOP and SSOP Type .1 0 State-of-the-Art 0.6 p,m ETOXTM IV 
Package Flash Technology 

Intel's 28F016XS 16-Mbit Flash memory is a revolutionary architecture which is the ideal choice for designing 
truly revolutionary high-performance products. Combining very high read performance with the intrinsic non
volatility of flash memory, the 28F016XS eliminates the traditional redundant memory paradigm of shadowing 
code from a slow nonvolatile storage source to a faster execution memory, such as DRAM, for improved 
system performance. The innovative capabilities of the 28F016XS enable the design of direct-execute code 
and mass storage data/file flash memory systems. 

The 28F016XS is the highest performance high density nonvolatile read/write flash memory solution available 
today. Its synchronous pipelined read interface, flexible Vee and Vpp voltages, extended cycling, fast write and 
read performance, symmetrically blocl<ed architecture, and selective block locking provide a highly flexible 
memory component suitable for resident flash component arrays on the system board or SIMMs. The synchro
nous pipelined interface and x8/x16 architecture of the 28F016XS allow easy interface with minimal glue logic 
to a wide range of processors/buses, providing effective zero wait-state read performance up to 33 MHz. The 
28F016XS's dual read voltage allows the same component to operate at either 3.3V or 5.0V Vee. Program
ming voltage at 5V Vpp minimizes external circuitry in minimal-chip, space critical designs, while the 12V Vpp 
option maximizes write/erase performance. Its high read performance combined with flexible block locking 
enable both storage and execution of operating systems/application software and fast access to large data 
tables. The 28F016XS is manufactured on Intel's 0.6 ""m ETOX IV process technology. 

290573-1 

The complete datasheet can be ordered by calling 1-800-548-4725. Refer to order number 290532. 

November 1995 
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28F016XS FLASH MEMORY 

1.0 INTRODUCTION 

The documentation of the Intel 2BF016XS Flash 
memory device includes this datasheet, a detailed 
user's manual, a number of application notes and 
design tools, all of which are referenced at the end 
of this datasheet. 

The datasheet is intended to give an overview of the 
chip feature-set and of the operating AC/DC specifi
cations. The 16-Mbit Flash Product Family User's 
Manual provides complete descriptions of the user 
modes, system interface examples and detailed de
scriptions of all principles of operation. It also con
tains the full list of software algorithm flowcharts, 
and a brief section on compatibility with the Intel 
2BFOOBSA. 

Significant 2BF016XS feature revisions occurred be
tween datasheet revisions 290532-001 and 290532-
002. These revisions center around removal of the 
following features: 

• All page buffer operations (read, write, program-
ming, Upload Device Information) 

• Command queuing 
o Software Sleep and Abort 

• Erase all Unlocked Blocks and Two-Byte Write 

• RY /BY # Configuration options 

In addition, a significant 2BF016XS change occurred 
between datasheet revisions 290532-002 and 
290532-003. This change centers around the addi
tion of a 3/5# in to the device's pinout configura
tion. 

Intel recommends that all customers obtain the lat
est revisions of 2BF016XS documentation. 

1.1 Product Overview 

The 2BF016XS is a high-performance, 16-Mbit 
(16,777,216-bit) block erasable nonvolatile random 
access memory organized as either 1 Mword x 16 or 
2 Mbyte x B, subdivided into even and odd banks. 
Address A1 makes· the bank selection. The 
2BF016XS includes sixteen 12B-Kbyte (131,072 
byte) blocks or sixteen 64-Kword (65,536 word) 
blocks. 
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The implementation of a new architecture, with 
many enhanced features, will improve the device op
erating characteristics and result in greater product 
reliability and ease-of-use as compared to other 
flash memories. Significant features of the 
2BF016XS as compared to previous asynchronous 
flash memories include: 

• Synchronous Pipelined Read Interface 

• Significantly Improved Read and Write Perform
ance 

• SmartVoltage Technology 
- Selectable 3.3V or 5.0 Vee 

- Selectable 5.0V or 12.0 Vpp 

• Block Write/Erase Protection 

The 2BF016XS's synchronous pipelined interface 
dramatically raises read performance far beyond 
previously attainable levels. Addresses are synchro
nously latched and data is read from a 2BF016XS 
bank every 30 ns (5V Vee, SFI Configuration = 2). 
This capability translates to O-wait-state reads at 
clock rates up to 33 MHz at 5V Vee, after an initial 
address pipeline fill delay and assuming even and 
odd banks within the flash memory are alternately 
accessed. Data is latched and driven valid 20 ns 
(teHQV) after a rising ClK edge. The 2BF016XS is 
capable of operating up to 66 MHz (5V Vee>; its pro
grammable SFI Configuration enables system de
sign flexibility, optimizing the 2BF016XS to a specific 
system clock frequency. 

The SFI Configuration optimizes the 2BF016XS for a 
wide range of system operating frequencies. The de
fault SFI Configuration is 4, which allows system 
boot from the 2BF016XS at any frequency up to 
66 MHz at 5V Vee. After initiating an access, data is 
latched and begins driving on the data outputs after 
a ClK count corresponding to the SFI Configuration 
has elapsed. The 2BF016XS will hold data valid until 
CE # or OE # is deactivated or a ClK count corre
sponding to the SFI Configuration for a subsequent 
access has elapsed. 

The ClK and ADV # inputs, new to the 2BF016XS in 
comparison to previous flash memories, control ad
dress latching and device synchronization during 
read operations. The ClK input controls the device 
latencies, times out the SFI Configuration counter 
and synchronizes data outputs. ADV # indicates the 
presence of a valid address on the 2BF016~S 



address inputs. During read operations, addresses 
are latched and accesses are initiated on a rising 
ClK edge in conjunction with ADV # low. Both ClK 
and ADV# are ignored by the 28F016XS during 
command/data write sequences. 

The 28F016XS incorporates SmartVoltage technolo
gy, providing Vee operation at both 3.3V and 5.0V 
and program and erase capability at Vpp = 12.0V or 
5.0V. Operating at Vee = 3.3V, the 28F016XS con
sumes less than one half the power consumption at 
5.0V Vee, while 5.0V Vee provides highest read per
formance capability. Vpp operation at 5.0V elimi
nates the need for a separate 12.0V converter, while 
the Vpp = 12.0V option maximizes write/erase per
formance. In addition to the flexible program and 
erase voltages, the dedicated Vpp gives complete 
code protection with Vpp S;; VPPLK. 

A 3/5# input pin configures the device's internal cir
cuitry for optimal 3.3V or 5.0V read/write operation. 

A Command User Interface (CUI) serves as the sys
tem interface between the microprocessor or micro
controller and the internal memory operation. 

Internal Algorithm Automation allows byte/word 
writes and block erase operations to be executed 
using a Two-Write command sequence to the CUI in 
the same way as the 28F008SA 8-Mbit FlashFile™ 
memory. 

Software locking of memory blocks is an added fea
ture of the 28F016XS as compared to the 
28F008SA. The 28F016XS provides selectable 
block locking to protect code or data such as direct
executable operating systems or application code. 
Each block has an associated nonvolatile lock-bit 
which determines the lock status of the block. In 
addition, the 28F016XS has a master Write Protect 
pin (WP#) which prevents any modifications to 
memory blocks whose lock-bits are set. 

Writing of memory data is performed in either byte or 
word increments, typically within 6 I-I-s at 12.0V Vpp, 
which is a 33% improvement over the 28F008SA. A 
block erase operation erases one of the 16 blocks in 
typically 1.2 sec, independent of the other blocks. 

28F016XS FLASH MEMORY 

Each block can be written and erased a minimum of 
100,000 cycles. Systems can achieve one million 
Block Erase Cycles by providing wear-leveling algo
rithms and graceful block retirement. These tech
niques have already been employed in many flash 
file systems and hard disk drive designs. 

All operations are started by a sequence of Write 
commands to the device. Three Status Registers 
(described in detail later in this datasheet) and a 
RY /BY # output pin provide information on the prog
ress of the requested operation. 

The following Status Registers are used to provide 
device and WSM operation information to the user: 

• A Compatible Status Register (CSR) which is 
100% compatible with the 28F008SA FlashFile 
memory Status Register. The CSR, when used 
alone, provides a straightforward upgrade capa
bility to the 28F016XS from a 28F008SA-based 
design. 

.• A Global Status Register (GSR) which also in
forms the system of overall Write State Machine 
(WSM) status. 

.. 16 Block Status Registers (BSRs) which provide 
block-specific status information such as the 
block lock-bit status. 

The 28F016XS incorporates an open drain RY /BY # 
output pin. This feature allows the user to OR-tie 
many RY /BY # pins together in a multiple memory 
configuration such as a Resident Flash Array. 

The 28F016XS also incorporates a dual chip-enable 
function with two input pins, CEo# and CE1 #. 
These pins have exactly the same functionality as 
the regular chip-enable pin, CE #, on the 28F008SA. 
For minimum chip designs, CE1 # may be tied to 
ground and system logic may use CEo # as the chip 
enable input. The 28F016XS uses the logical combi
nation of these two signals to enable or disable the 
entire chip. Both CEo# and CE1 # must be active 
low to enable the device. If either one becomes in
active, the chip will be disabled. This feature, along 
with the open drain RY /BY # pin, allows the system 
designer to reduce the number of control pins used 
in a large array of 16-Mbit devices. 
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The BYTE # pin allows either xS or x16 read/writes 
to the 2SF016XS. BYTE# at logic low selects S-bit 
mode with address Ao selecting between low byte 
and high byte. On the other hand, BYTE # at logic 
high enables 16-bit operation with address A1 be
coming the lowest order address and address Ao is 
not used (don't care): A device block diagram is 
shown in Figure 1. 

The 2SF016XS incorporates an Automatic Power 
Saving (APS) feature, which substantially reduces 
the active current when the device is in static mode 
of operation (addresses not switching). In APS 
mode, the typical Icc current is 1 rnA at 5.0V (3 rnA 
at 3.3V). 

A deep power-down mode of operation is invoked 
when the RP# (called PWD# on the 2SFOOSSA) pin 
transitions low. This mode brings the device power 
consumption to less than 2.0 /lA, typically, and 
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provides additional write protection by acting as a 
device reset pin during power transitions. A reset 
time of 300 ns (5V Vee) is required from RP# 
switching high before latching an address into the 
2SF016XS. In the deep power-down state, the WSM 
is reset (any current operation will abort) and the 
CSR, GSR and BSR registers are cleared. 

A CMOS standby mode of operation is enabled 
when either CEo# or CE1 # transitions high and 
RP# stays high with all input control pins at CMOS 
levels. In this mode, the device typically draws an 
Icc standby current of 70 /lA at 5V Vee. 

The 2SF016XS is available in 56-Lead, 1.2 mm thick, 
14 mm x 20 mm TSOP and 1.S mm thick, 16 mm x 
23.7 mm SSOP Type I packages. The form factor 
and pinout of these two packages allow for very high 
board layout densities. 
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ADDITIONAL INFORMATION 

Order Number Document/Tool 

297372 16-Mbit Flash Product Family User's Manual 

292126 AP-360, "28F008SA Software Drivers" 

292147 AP-398, "Designing with the 28F016XS" 

292146 AP-600, "Performance Benefits and Power/Energy Savings of 28F016XS-
Based'System Designs" 

292163 AP-610, "Flash Memory In-System Code and Data Update Techniques" 

292165 AB-62, "Compiling Optimized Code for Flash Memories" 

297500 "Interfacing the 28F016XS to the i960® Microprocessor Family" 

297504 "Interfacing the 28F016XS to the Intel486™ Microprocessor Family" 

294016 ER-33, "ETOXTM Flash Memory Technology-Insight to Intel's Fourth 
Generation Process Innovation" 

297508 FLASH Builder Utility 

Contact Intel/Distribution 28F016XS Benchmark Utility 
Sales Office 

Contact Intel/Distribution Flash Cycling Utility 
Sales Office 

Contact Intel/Distribution 28F016XS iBIS Model 
Sales Office 

Contact Intel/Distribution 28F016XS VHDL Model 
Sales Office 

Contact Intel/Distribution 28F016XS Timing Designer Library Files 
Sales Office 

Contact Intel/Distribution 28F016XS OrcadlViewlogic Schematic Symbols 
Sales Office 
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28F016XD 
16-MBIT (1 MBIT x 16) . 

DRAM-INTERFACE FLASH MEMORY 

• 85 ns Access Time (tRAC> • 56-Lead TSOP Type I Package 
- Supports both Standard and Fast- • Backwards-Compatible with 28F008SA 

Page-Mode Accesses Command Set 

• Multiplexed Address Bus • 2 p.A Typical Deep Power-Down 
- RAS# and CAS# Control Inputs Current 

• No-Glue Interface to Many Memory • 1 rnA Typical Icc Active Current in 
Controllers Static Mode 

• SmartVoltage Technology • 32 Separately-Erasable/Lockable 
- User-Selectable 3.3V or 5V Vcc 64-Kbyte Blocks 
- User-Selectable 5V or 12V Vpp • 1 Million Erase Cycles per Block • 0.33 MB/sec Write Transfer Rate 

State-of-the-Art 0.6 p.m ETOXTM IV 
x16 Architecture • • Flash Technology 

Intel's 28F016XD 16·Mbit Flash memo·ry is a revolutionary architecture which is the ideal choice for designing 
truly revolutionary high·performance products. Combining its DRAM·like read performance and interface with 
the intrinsic nonvolatility of flash memory, the 28F016XD eliminates the traditional redundant memory para· 
digm of shadowing code from a slow nonvolatile storage source to a faster execution memory, such as DRAM, 
for improved system performance. The innovative capabilities of the 28F016XD enable the design of direct· 
execute code and mass storage datalfile fl~sh memory systems. 

The 28F016XD's DRAM-like interface with a multiplexed address bus, flexible Vee and Vpp voltages, power 
saving features, extended cycling, fast write and read performance, symmetrically blocked architecture, and 
selective block locking provide a highly flexible memory component suitable for resident flash component 
arrays on the system board or SIMMs. The DRAM-like interface with RAS# and CAS# control inputs allows 
for easy migration to flash memory in existing DRAM-based systems. The 28F016XD's dual read voltage 
allows the same component to operate at either 3.3V or 5.0V Vee. Programming voltage at 5V Vpp minimizes 
external circuitry in minimal-chip, space critical designs, while the 12V Vpp option maximizes write/erase 
performance. The x16 architecture allows optimization of the memory-to-processor interface. Its high read 
performance combined with flexible block locking enable both storage and execution of operating systems/ 
application software and fast access to large data tables. The 28F016XD is manufactured on Intel's 0.6 ,...m 
ETOXTM IV process technology. 
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1.0 INTRODUCTION 

The documentation of the Intel 28F016XD flash 
memory device includes this datasheet, a detailed 
user's manual, and a number of application notes 
and design tools, all of which are referenced at the 
end of this datasheet. 

The datasheet is intended to give an overview of the 
chip feature-set and of the operating AC/DC specifi
cations. The 16-Mbit Flash Product Family User's 
Manual provides complete descriptions of the user 
modes, system interface examples and detailed de
scriptions of all principles of operation. It also con
tains the full list of software algorithm flowcharts, 
and a brief section on compatibility with the Intel 
28F008SA. 

Significant 28F016XD feature revisions occurred be
tween datasheet revisions 290533-001 and 290533-
002. These revisions center around removal of the 
following features: 
.. All page buffer operations (read, write, program-

ming, Upload Device Information) 

.. Command queuing 

.. Software Sleep and Abort 

Q Erase all Unlocked Blocks 

Q Device Configuration command 

In addition, a significant 28F016XD change occurred 
between datasheet revisions 290532-002 and 
290532-003. This change centers around the addi
tion of a 3/5# pin to the device's pinout configura
tion. 

Intel recommends that all customers obtain the lat
est revisions of 28F016XD documentation. 

1.1 Product Overview 

The 28F016XD is a high-performance, 16-Mbit 
(16,777,216-bit) block erasable, nonvolatile random 
access memory, organized as 1 Mword x 16. The 
28F016XD includes thirty-two 32-KW (32,768 word) 
blocks. 

The implementation of a new architecture, with 
many enhanced features, will improve the device op
erating characteristics and result in greater product 
reliability and ease-of-use as compared to other 

28F016XD FLASH MEMORY 

flash memories. Significant features of the 
28F016XD include: 

• No-Glue Interface to Memory Controllers 

• Improved Word Write Performance 

• SmartVoltage Technology 

- Selectable 3.3V or 5.0V Vee 

- Selectable 5.0V or 12.0V Vpp 

• Block Write/Erase Protection 

The 28F016XD's multiplexed address bus with 
RAS# and CAS# inputs allows for a "No Glue" 
interface to many existing in-system memory con
trollers. As such, 28F016XD-based SIMMs (72-pin 
JEDEC Standard) offer attractive advantages over 
their DRAM counterparts in many applications. For 
more information on 28F016XD-based SIMM de
signs, see the application note referenced at the end 
of this datasheet. 

The 28F016XD incorporates SmartVoltage technol
ogy, providing Vee operation at both 3.3V and 5.0V 
and program and erase capability at Vpp = 12.0V or 
5.0V. Operating at Vee = 3.3V, the 28F016XD con
sumes less than 60% of the power consumption at 
5.0V Vee, while 5.0V Vee provides the highest read 
performance capability. Vpp = 5.0V operation elimi
nates the need for a separate 12.0V converter, while 
Vpp = 12.0V maximizes write/erase performance. 
In addition to the flexible program and erase volt
ages, the dedicated Vpp gives complete code pro
tection with Vpp s VPPLK. 

A 3/5# input pin configures the device's internal cir
cuitry for optimal 3.3V or 5.0V read/write operation. 

A Command User Interface (CUI) serves as the sys
tem interface between the microprocessor or micro

. controller and the internal memory operation. 

Internal Algorithm Automation allows word writes 
and block erase operations to be executed using a 
Two-Write command sequence to the CUI in the 
same way as the 28F008SA 8-Mbit FlashFile™ 
memory. 

Software Locking of Memory Blocks is an added 
feature of the 28F016XD as compared to the 
28F008SA. The 28F016XD provides selectable 
block locking to protect code or data such as direct
executable operating systems or application code. 
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Each block has an associated nonvolatile lock-bit 
which determines the lock status of the block. In 
addition, the 2SF016XD has a master Write Protect 
pin (WP #) which prevents any modifications to 
memory blocks whose lock-bits are set. 

Writing of memory data is performed in word incre
ments typically within 6 /Ls (12.0V Vpp)-a 33% im
provement over the 2SFOOSSA. A block erase oper
ation erases one of the 32 blocks in typically 0.6 sec 
(12.0V Vpp), independent of the other blocks, which 
is about a 65% improvement over the 2SFOOSSA. 

Each block can be written and erased a minimum of 
100,000 cycles. Systems can achieve one million ' 
Block Erase Cycles by providing wear-leveling algo
rithms and graceful block retirement. These tech
niques have already been employed in many flash 
file systems and hard disk drive designs. 

All operations are started by a sequence of Write 
commands to the device. Three types of Status 
Registers (described in detail later in this datasheet) 
and a RY IBY # output pin provide information on 
the progress of the requested operation. 

The following Status Registers are used to provide 
device and WSM information to the user: 

• A Compatible Status Register (CSR) which is 
100% compatible with the 2SFOOSSA FlashFile 
memory Status Register. The CSR, when used 
alone, provides a straightforward upgrade capa
bility to the 2SF016XD from a 2SFOOSSA-based 
design. 

• A Global Status Register (GSR) which alsb in
forms the system of overall Write State Machine 
(WSM) status. 

• 32 Block Status Registers (BSRs) which provide 
block-specific status information such as the 
block lock-bit status. 

5-S 

The 2SF016XD incorporates an open drain RY IBY # 
output pin. This feature allows the user to OR-tie 
many RY IBY # pins together in a multiple memory 
configuration such as a Resident Flash Array. 

The 2SF016XD is specified for a maximum fast page 
mode cycle time of 65 ns (tpc R) at 5.0V operation 
(4.75V to 5.25V) over the commercial temperature 
range (O°C to + 70°C). A corresponding maximum 
fast page mode cycle time of 75 ns at 3.3V (3.0V to 
3.6V and O°C to + 70°C) is achieved for reduced 
power consumption applications. 

The 2SF016XD incorporates an Automatic Power 
Saving (APS) feature, which substantially reduces 
the active current when the device is in static mode 
of operation (addresses not switching). In APS 
mode, the typical Icc current is 1 mA at 5.0V (3.0 mA 
at 3.3V). 

A deep power-down mode of operation is invoked 
when the RP# (called PWD# on the 2SFOOSSA) pin 
transitions low. This mode brings the device power 
consumption to less than 2.0 /LA, typically, and pro
vides additional write protection by acting as a de
vice reset pin during power transitions. A reset time 
of 300 ns (5.0V Vcc operation) is required from RP# 
switching high until dropping RAS#. In the deep 
power-down state, the WSM is reset (any current 
operation will abort) and the CSR, GSR and BSR 
registers are cleared. 

A CMOS standby mode of operation is enabled 
when RAS# and CAS# transition high and RP# 
stays high with all input control pins at CMOS levels. 
In this mode, the device typically draws an Icc 
standby current 0(70 /LA at 5V Vcc. 

The 2SF016XD is available in a 56-Lead, 1.2 mm 
thick, 14 mm x 20 mm TSOP Type I package. This 
form factor and pinout allow for very high board lay
out densities. 



28F016XD FLASH MEMORY 

ADDITIONAL INFORMATION 
Order Number Document/Tool 

297372 16-Mbit Flash Product Family User's Manual 

292152 AB-58, "28F016XD-Based SIMM Designs" 

292165 AB-62, "Compiled Code Optimizations for Flash Memories" 

292092 AP-357, "Power Supply Solutions for Flash Memory" 

292123 AP-374, "Flash Memory Write Protection Techniques" 

292126 AP-377, "16-Mbit Flash Product Family Software Drivers, 
28F016SAlSV /XD/XS" 

292131 AP-3B4, "Designing with the 2BF016XD" 

292163 AP-610, "Flash Memory In-System Code and Data Update Techniques" 

292168 AP-614, "Adapting DRAM Based Designs for the 28F016XD" 

294016 ER-33, "ETOXTM Flash Memory Technology-Insight to Intel's Fourth 
Generation Process Innovation" 

297508 FLASH Builder Utility 

Contact Intel/Distribution 28F016XD Benchmark Utility 
Sales Office 

Contact Intel/Distribution Flash Cycling Utility 
Sales Office 

Contact Intel/Distribution 28F016XD iBIS Models 
Sales Office 

Contact Intel/Distribution 28F016XD VHDL Model 
Sales Office 

Contact Intel/Distribution 28F016XD Timing Designer Library Files 
Sales Office 

Contact Intel/Distribution 28F016XD Orcad and ViewLogic Schematic Symbols 
Sales Office 
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28F016SV 
16-MBIT (1 MBIT x 16,2 MBIT x 8) 

FlashFile™ MEMORY 
SmartVoltage Technology • Backwards-Compatible with 28F016SA, 
- User-Selectable 3.3V or 5V Vee 28FOOSSA Command Set 
- User-Selectable 5V or 12V Vpp • Revolutionary Architecture 
65 ns Access Time - Multiple Command Execution 
1 Million Erase Cycles per Block - Write during Erase 

30.S MB/sec Burst Write Transfer Rate 
- Command Super-Set of the Intel 

2SFOOSSA 
0.4S MB/sec Sustainable Write Transfer - Page Buffer Write 
Rate • 2 /-LA Typical Deep Power-Down 
Configurable xS or x16 Operation • 32 Independently Lockable Blocks 
56-Lead TSOP and SSOP Type I • State-of-the-Art 0.6 /-Lm ETOXTM IV 
Packages Flash Technology 

Intel's 2BF016SV 16-Mbit FlashFile™ memory is a revolutionary architecture which is the ideal choice for 
designing embedded direct-execute code and mass storage data/file flash memory systems. With innovative 
capabilities, low-power. operation, user-selectable Vpp voltage and high read/write performance, the 
2BF016SV enables the design of truly mobile, high-performance personal computing and communications 
products. 

The 2BF016SV is the highest density, highest performance nonvolatile read/write solution for solid-state 
storage applications. Its symmetrically blocked architecture (100% compatible with the 2BFOOBSA B-Mbit and 
2BF016SA 16-Mbit FlashFile memories), extended cycling, flexible Vee and Vpp voltage (SmartVoltage tech
nology), fast write and read performance and selective block locking provide a highly flexible memory compo
nent suitable for Resident Flash Arrays, high-density memory cards and PCMCIA-AT A flash drives. The 
2BF016SV's dual read voltage enables the design of memory cards which can interchangeably be read/writ
ten in 3.3V and 5.0V systems. Its xB/x16 architecture allows optimization of the memory-to-processor inter
face. The flexible block locking option enables bundling of executable application software in a Resident Flash 
Array or memory card. The 2BF016SV is manufactured on Intel's 0.6 /lom ETOX IV process technology. 
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1.0 INTRODUCTION 

The documentation of the Intel 28F016SV memory 
device includes this datasheet, a detailed user's 
manual, and a number of application notes and de
sign tools, all of which are referenced at the end of 
this catasheet. 

The datasheet is intended to give an overview of the 
chip feature-set and of the operating AC/DC specifi
cations. The 16-Mbit Flash Product Family User's 
Manual provides complete descriptions of the user 
modes, system interface examples and detailed de
scriptions of all principles of operation. It also con
tains the full list of software algorithm flowcharts, 
and a brief section on compatibility with the Intel 
28F008SA. 

A significant 28F016SV change occurred between 
datasheet revisions 290528-003 and 290528-004. 
This change centers around the addition of a 3/5# 
pin to the device's pinout configuration. Intel recom
mends that all customers obtain the latest revisions 
of 28F016SV documentation. 

1.1 Enhanced Features 

The 28F016SV is backwards compatible with the 
28F016SA and offers the following enhancements: 

• SmartVoltage Technology 
- Selectable 5.OV or 12.0V Vpp 

• Vpp Level Bit in Block Status Register 

• Additional RY /BY # Configuration 
- Pulse-On-Write/Erase 

• Additional Upload Device Information Command 
Feedback 

- Device Proliferation Code 
- Device Configuration Code 

1.2 Product Overview 

The 28F016SV is a high-performance, 16-Mbit 
(16,777,216-bit) block erasable, nonvolatile random 
access memory, organized as either 1 Mword x 16 
or 2 Mbyte x 8. The 28F016SV includes thirty-two 
64-KB (65,536 byte) blocks or thirty-two 32-KW 
(32,768 word) blocks. 

28F016SV FlashFile™ Memory 

The implementation of a new architecture, with 
many enhanced features, will improve the device op
erating characteristics and result in greater product 
reliability and ease-af-use. 

The 28F016SV incorporates SmartVoltage technol
ogy, providing Vee operation at both 3.3V and 5.OV 
and program and erase capability at Vpp = 12.0Vor 
5.OV. Operating at Vee = 3.3V, the 28F016SV con
sumes approximately one half the power consump
tion at 5.OV Vee, while 5.OV Vee provides the 
highest read performance capability. Vpp = 5.OV 
operation eliminates the need for a separate 
12.0V converter, while Vpp = 12.0V maximizes 
write/erase performance. In addition to the flexible 
program and erase voltages, the dedicated Vpp 
gives complete code protection with Vpp :::;; VPPLK. 

A 3/5# input pin configures the device's internal 
circuitry for optimal 3.3V or 5.OV read/write opera
tion. 

A Command User Interface (CUI) serves as the sys
tem interface between the microprocessor or micro
controller and the internal memory operation. 

Internal Algorithm Automation allows byte/word 
writes and block erase 'operations to be executed 
using a Two-Write command sequence to the CUI in 
the same way as the 28F008SA 8-Mbit FlashFile 
memory. 

A super-set of commands has been added to the 
basic 28F008SA command-set to achieve higher 
write performance and provide additional capabili
ties. These new commands and features include: 

• Page Buffer Writes to Flash 

• Command Queuing Capability 

• Automatic Data Writes during Erase 

• Software Locking of Memory Blocks 

• Two-Byte Successive Writes in 8-bit Systems 

• Erase All Unlocked Blocks 

Writing of memory data is performed in either byte or 
word increments typically within 6 JJ-s (12.0V Vpp)-a 
33% improvement over the 28F008SA. A block 
erase operation erases one of the 32 blocks in typi
cally 0.6 sec ,(12.0V Vpp), independent of the other 
blocks, which is about a 65% improvement over the 
28F008SA. 
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28F016SV FlashFile™ Memory 

Each block can be written and erased a minimum of 
1 00,000 cycles. Systems can achieve one million 
Block Erase Cycles by providing wear-leveling algo
rithms and graceful block retirement. These tech
niques have already been employed in many flash 
file systems and hard disk drive designs. 

The 2BF016SV incorporates two Page Buffers of 
256 bytes (12B words) each to allow page data 
writes. This feature can improve a system write per
formance by up to 4.B times over previous flash 
memory devices, which have no Page Buffers. 

All operations are started by a sequence of Write 
commands to the device. Three Status Registers 
(described in detail later in this datasheet) and a 
RY IBY # output pin provide information on the prog
ress of the requested operation. 

While the 2BFOOBSA requires an operation to com
plete before the next operation can be requested, 
the 2BF016SV allows queuing of the next operation 
while the memory executes the current operation. 
This eliminates system overhead when writing sev
eral bytes in a row to the array or erasing several 
blocks at the same time. The 2BF016SV can also 
perform write operations to one block of memory 
while performing erase of another block. 

The 2BF016SV provides selectable block locking to 
protect code or data such as Device Drivers, 
PCMCIA card information, ROM-Executable O/S or 
Application Code. Each block has an associated 
nonvolatile lock-bit which determines the lock status 
of the block. In addition, the 2BF016SV has a master 
Write Protect pin (WP #) which prevents any modifi
cations to memory blocks whose lock-bits are set. 

The 2BF016SV contains three types of Status Regis
ters to accomplish various functions: 

• A Compatible Status Register (CSR) which is 
100% compatible with the 2BFOOBSA FlashFile 
memory Status Register. The CSR, when used 
alone, provides a straightforward upgrade capa
bility to the 2BF016SV from a 2BFOOBSA-based 
design. 

• A Global Status Register (GSR) which informs 
the system of command Queue status, Page 
Buffer status, and overall Write State Machine 
(WSM) status. 
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• 32 Block Status Registers (BSRs) which provide 
block-specific status information such as the 
block lock-bit status. 

The 2BF016SV incorporates an open drain RY IBY # 
output pin. This feature allows the user to OR-tie 
many RY IBY # pins together in a multiple memory 
configuration such as a Resident Flash Array. 

Other configurations of the· RY IBY# pin are en
abled via special CUI commands and are described 
in detail in the 16-Mbit Flash Product Family User's 
Manual. 

The 28F016SV's enhanced Upload Device Informa
tion command provides access to additional infor
mation that the 2BF016SA previously did not 
offer. This command uploads the Device Revision 
Number, Device Proliferation Code and Device 
Configuration Code to the page buffer. The Device 
Proliferation Code for the 2BF016SV is 01 H, and the 
Device Configuration Code identifies the current 
RY / BY # configuration. A subsequent Page Buffer 
Swap and Page Buffer Read command sequence is 
necessary to read the correct device information. 

The 2BF016SV also incorporates a dual chip-enable 
function with two input pins, CEo# and CE1#. 
These pins have exactly the same functionality as 
the regular chip-enable pin, CE #, on the 2BFOOBSA. 
For minimum chip designs, CE1 # may be tied to 
ground and system logic may use CEo# as the chip 
enable input. The 2BF016SV uses the logical combi
nation of these two signals to enable or disable the 
entire chip. Both CEo# and CE1 # must be active 
low to enable the device. If either one becomes in
active, the chip will be disabled. This feature, along 
with the open drain RY IBY # pin, allows the system 
designer to reduce the number of control pins used 
in a large array of 16-Mbit devices. 

The BYTE# pin allows either xB or x16 readlwrites 
to the 2BF016SV. BYTE# at logic low selects B-bit 
mode with address Ao selecting between the low 
byte and high. byte. On the other hand, BYTE # at 
logic high enables 16-bit operation with address A1 
becoming the lowest order address and address Ao 
is not used (don't care). . 



The 2BF016SV is specified for a maximum access 
time of 65 ns (tACe) at 5.0V operation (4.75V to 
5.25V) over the commercial temperature range (O·C 
to + 70·C). A corresponding maximum access time 
of 75 ns at 3.3V (3.0V to 3.6V and O·C to + 70·C) is 
achieved for reduced power consumption applica
tions. 

The 2BF016SV incorporates an Automatic Power 
Saving (APS) feature, which substantially reduces 
the active current when the device is in static mode 
of operation (addresses not switching). In APS 
mode, the typical Icc current is 1 mA at 5.0V (3.0 mA 
at 3.3V). 

A deep power-down mode of operation is invoked 
when the RP# (called PWD# on the 2BFOOBSA) pin 
transitions low. This mode brings the device power 
consumption to less than 2.0 p-A, typically, and pro
vides additional write protection by acting as a de-

28F016SV FlashFile™ Memory 

vice reset pin during power transitions. A reset time 
of 400 ns (5.0V Vce operation) is required from RP# 
switching high until outputs are again valid. In the 
Deep Power-Down state, the WSM is reset (any cur
rent operation will abort) and the CSR, GSR and 
BSR registers are cleared. 

A CMOS standby mode of operation is enabled 
when either CEo# or CEl # transitions high and 
RP# stays high with all input control pins at CMOS 
levels. In this mode, the device typically draws an 
lec standby. current of 70 p-A at 5V Vee. 

The 2BF016SV will be available in 56-lead, 1.2 mm 
thick, 14 mm x 20 mm TSOP and 56-lead, 1.B mm 
thick, 16 mm x .23.7 SSOP Type I packages. The 
form factor and pinout of these two packages allow 
for very high board layout densities. 
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ADDITIONAL INFORMATION 
Order Number Document/Tool 

297372 16-MbitFlash Product Family User's Manual 

290435 28F008SA Datasheet 

290490 DD28F032SA Datasheet 

292092 AP-357 "Power Supply Solutions for Flash Memory" 

292123 AP-374 "Flash Memory Write Protection Techniques" 

292124 AP-375 "Upgrade Considerations from the 28F008SA to the 28F016SA" 

292126 AP-377 "16-Mbit Flash Product Family Software Drivers, 28F016SAI 
28F016SV /28F016XS/28F016XD" 

292127 AP-378 "System Optimization Using the Enhanced Features of the 
28F016SA" . 

292144 AP-393 "28F016SV Compatibility with 28F016SA" 

292159 AP-607 "Multi-Site Layout Planning with Intel's FlashFile Components, 
including ROM Capability 

292163 AP-61 0 "Flash Memory In-System Code and Data Update Techniques" 

292165 AB-62 "Compiled Code Optimizations for Flash Memories" 

294016 ER-33 "ETOX Flash Memory Technology-Insight to Intel's Fourth 
Generation Process Innovation" 

297508 FLASH Builder Utility 

Contact Intel/Distribution Flash Cycling Utility 
Sales Office 

Contact Intel/Distribution 28F016SV iBIS Model 
Sales Office 

Contact Intel/Distribution 28F016SV VHDL Model 
Sales Office 

Contact Intel/Distribution 28F016SV Timing DeSigner Library Files 
Sales Office 

Contact Intel/Distribution 28F016SV Orcad and ViewLogic Schematic Symbols 
Sales Office 
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1.0 INTRODUCTION 

This document includes a feature overview, pinouts, 
and memory maps for Intel's SmartVoltage boot block 
family, including 2/4/B-Mbit densities. These products 
otTer feature and function compatibility with the boot 
block architecture, along with the SmartVoltage tech
nology (SVT) outlined below. Follow the design steps 
in Section s.o to upgrade l2V Vpp designs to SVT. 

2.0 BOOT BLOCK ARCHITECTURE 

Intel's boot block architecture products otTer the famil
iar features that optimize it for updateable firmware 
storage. These features include: 

• Hardware-lockable boot block for secure kernel 
code storage 

• Parameter blocks for parameter storage 

• Main blocks for modular code updates, facilitating 
updateable firmware 

o x8 or x 16 user-selectable I/O operation 

• RP # for reset and write protection 

• PSOP and TSOP packages 

Intel has integrated its SmartVoltage technology into 
the boot block family in order to increase the voltage 
flexibility of these components. 

3.0 PINOUT COMPATIBLE DENSITY 
UPGRADES 

In addition, Intel is providing density upgrades with 
pinout compatibility for the 2-Mbit, 4-Mbit, and B-Mbit 
densities. The pinouts in Figures 2, 3, and 4 ilhistrate 
these compatible upgrade paths. 

292154-1 

Figure 1. The SmartVoltage Technology Boot 
Block Line Features a Pinout-Compatible 

Upgrade Path 
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4.0 NEW SmartVoltage 
TECHNOLOGY FEATURES 

SmartVoltage otTers the following new features: 

1. Voltage Flexibility 

• Vee = 2.7-3.6V, 3.3V ±0.3V or SV ± 10% with 
enhanced circuits to optimize low-voltage perform
ance when low power consumption is critical. 

• Program/erase operation with Vpp = SV for conve
nient in-system writes without a DC-DC converter 
or Vpp = 12V when write/erase performance is a 
concern, such as during production. 

2. Write Protection 

• WP # pin replaces a DU pin and is used in conjunc- . 
tion with the Vpp and RP# pins, as detailed in the 
table below, to control write protection of the boot 
block. (WP# pin not available on 8-Mbit 44-lead 
PSOP. In this package, treat as if the WP# pin is 
internally tied low, etTectively eliminating the last 
row of the table below.) 

Vpp RP# WP# Write Protection 

VIL X X All Blocks Locked 

:?: VPPLK VIL X All Blocks Locked (Reset) 

:?: VPPLK VHH X All Blocks Unlocked 

:?: VPPLK VIH VIL Boot Block Locked 

:?: VpPLK VIH VIH All Blocks Unlocked 

5.0 UPGRADING FROM 12V TO SVT 

If you have designs using l2V Vpp boot block products, 
you must adhere to the following design steps to ensure 
you can upgrade to SVT: 

1. Ifusing SV program/erase, allo~ for connecting Vpp 
to SV and disconnecting Vpp from 12V. 

2. If adding a switch on Vpp for write protection, 
switch to GND instead of Vee. 

3. Connect WP# (DU on existing products) to Vee, 
GND, or a control signal. This pin should not be left 
floating. The DU pin on BXlBL products can be 
driven to a logic-level in order to provide upgrade 
compatibility. 

I 
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6.0 PACKAGE PINOUTS 

I 

28FOO8B 28FOO4B 

NOTE: 

A,a 1 0 
A,. 2 
A,. 3 
A'3 4 
A'2 5 
A" 6 
Ag 7 
As 8 

WEN • 
RPN 10 
Vpp 11 

WPN 12 
NC 13 
A7 14 
As 15 
A. 18 
A. 17 
A3 18 
A2 I. 

28FOO2B 
BootBlack 

4Q..LeadTSOP 
10mmx20mm 

TOP VIEW 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
2. 
28 
27 
26 
25 
24 
23 
22 
21 Al __ ~~2~D ________________ ~----------~~--

A'7 
GNO 
NC 
NC 
A,O 
OC7 
OC6 
DC. 
OC4 
Vee 
Vee 
NC 
OC3 
OC2 
DC, 
OCo 
OEN 
GNO 
CEN 
AD 

28FD04B 28FOO8B 

A'7 A'7 
GNO GNO 
NC 

~ NC 
Ato 
OC7 
DCa 

OC7 
OCs 

OC. DC. 
OC. 
Vee 

OC4 
Vee 

Vee Vee 
NC NC 
OC3 OC3 
OC2 OC2 
DC, DC, 
OCo OCD 
OEN OEN 
GNO GNO 
CEN CEN 
AD AD 

The 28F008B pinout shown is for the 8-Mbit boot block, and not the 28F008SA FlashFile™ memory. 
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Figure 2. The 40-Lead TSOP Offers the Smallest Form Factor for Space-Constrained Applications 

28F8DD 28F4DD 28F4DD 28F8DD 

Vpp Vpp Vpp 10 RP# RP# RP# 

~ WP# WP# 2 WEN WEN WEN 

'7 ~ An 3 AB AB AB 
A7 A7 4 A. A, A. 
A, A, A, 5 A,. A,. A,. 
A, A, A, 6 PA28F200 A" A" A" 
A, A, A, 7 Boot Block A'2 A'2 A'2 
A, A, A, 8 44-Lead PSOP A13 A,. A13 
A, A, A, 9 0.525· X 1.110· A,. A" A" 
A, A, A, 10 A" A" A" 
A. A. A. 11 TOP VIEW A" Ate A16 
CEt CE# CE# 12 BYTE# BYTE# BYTE# 
GNO GNO GND 13 GNO GNO GNO 
OE# OE# OE# 14 oa,s/A., DO ,,/A., OO,,/A., 
DO. DO. DO. 15 00 7 00 7 00 7 
DaB DaB DaB 16 DO,. DO,. OQ'4 
DO, DO, DO, 17 DO. DO, DaB 
DO. DO, 00. 18 OQ13 OQ'3 00'3 
DO, 00 2 DO, 19 DO, DO, DO, 
DO,. DO,. DO,. 20 DO" 00" DO" 

.00, DO, DO, 21 DO. DO, DO, 
DO" 00" DO" 22 Vee Vee Vee 

292154-3 

NOTE: 
For the 8-Mbit device, pin 2 has been changed to AlB ryvp# on 2/4-Mbit). Designers planning to upgrade to the 8-Mbit 
density from the 2/4-Mbit density in this package should design pin 2 to control WP# functionality at the 2/4-Mbit level 
and allow for pin 2 to control AlB after upgrading to the 8-Mbit density. 

Figure 3. The 44-Lead PSOP Offers a Convenient Upgrade from JEDEC ROM Standards 
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AB-60 intel® 
28F800 28F400 28F400 28FBOO 

AI5 A,S A,s a A,. A,. A,. 
A,. A,. A,. BYTE. BYTE, BYTE' 
A13 A13 A,s GND GND GND 
A12 A12 A12 OO,S/A.1 DO,s'A., DalS/A., 
A" A" A" • DO, DO, DO, 
A,. A,. A,. 6 D0,. D0,. OQ'4 
A. A, A. , 

~°. 006 DO, 
As As As 8 0°'3 00,3 00,3 
NC NC NC , 

D0. D0. D0. 
NC NC NC '0 28F200 OQ'2 DQ12 00,2 

WE. WE. WE. 11 Boot Block DO. DO. DO. 
AP, AP' AP' '2 48-Lead '!SDP Vee Vee VCC 
Vpp Vpp Vpp " 12mmx 20mm gg~1 DO" 00,1 

WP# WP' WPo ,. DO, DO, 
NC NC '5 TOP VIEW 0010 00,0 00,0 

~ NC NC '6 D02 D02 D02 

" ~ NC 17 DO, DO, DO, 
A, A, '8 DO, D0, D0, 
A, As As 19 gg. DOe DOe 
As As A. 20 DOD 000 
A. A. A. 21 oeQ DE' DE' 
As As As 22 GND GND GND 
A2 A2 A2 23 CEo CE. CEO 
A, A A 2. AD AD AD 

292154-4 

Figure 4. The 48-Lead TSOP Offers the Smallest Form Factor for x16 Operation 

2BF400 2BF400 

NC NC 1 0 56 NC NC 
NC NC 2 55 A1S A1S 
A15 A15 3 54 BYTE# BYTE# 
A14 A14 4 53 GNO GNO 
A13 A13 5 52 oa15/A.1 oa15/A·1 
A12 A12 6 51 oa7 007 
All All 7 50 oa14 oa14 
A10 A10 B 49 oa6 oas 
A9 A9 9 48 oa13 oa13 
As As 10 47 oa5 005 
NC NC 11 28F200 46 oa12 oa12 
NC NC 12 Boot Block 45 oa4 oa4 

WE# WE# 13 56-Lead TSOP 44 Vce Vee 
RP# RP# 14 14mmx20mm 43 Vee Vee 
NC NC 15 42 oa11 oa11 
NC NC 16 TOP VIEW 41 oa3 oa3 
Vpp Vpp 17 oa10 oa10 
WP# WP# 18 oa2 oa2 

~ 
NC 19 .oa9 oa9 
NC 20 oa1 oa1 

A7 A7 21 DaB oas 
s As 22 000 oao 

A5 A5 23 OE# OE# 
A4 A4 24 GNO GNO 
A3 A3 25 CE# CE# 
A2 A2 26 Ao Ao 
Al Al 27 NC NC 
NC NC 2B NC NC 

292154-5 

Figure 5. The 56-Lead TSOP Offers Compatibility between 2 and 4 Mbits 
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7.0 MEMORY MAPS 

I 

28F002-T 

3FFFFH 7FFFFH 
16-Kbyte BOOT BLOCK 

3COOOH 7COOOH 
3BFFFH 8-Kbyte PARAMETER BLOCK 7BFFFH 

3AOOOH 7AOOOH 
39FFFH 8-Kbyte PARAMETER BLOCK 79FFFH 
38000H 7BOOOH 
37FFFH 77FFFH 

96-Kbyte MAIN BLOCK 
20000H 60000H 
lFFFFH 5FFFFH 

12B-Kbyte MAIN BLOCK 

OOOOOH 40000H 
3FFFFH 

20000H 
lFFFFH 

OOOOOH 

NOTE: 

28FOO4-T 

16-Kbyte BOOT BLOCK 

8-Kbyte PARAMETER BLOCK 

8-Kbyte PARAMETER BLOCK 

96-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

12B-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

FFFFFH 

FCOOOH 
FBFFFH 
FAOOOH 
F9FFFH 
F8000H 
F7FFFH 

EOOOOH 
DFFFFH 

COOOOH 
BFFFFH 

AOOOOH 
9FFFFH 

80000H 
7FFFFH 

60000H 
5FFFFH 

40000H 
3FFFFH 

20000H 
lFFFFH 

OOOOOH 

28FBOG-T 

16-Kbyte BOOT BLOCK 

8-Kbyte PARAMETER BLOCK 

B-Kbyte PARAMETER BLOCK 

96-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

292154-6 

These memory maps apply to the 2BF002/004/00B-T components, or the 2BF200/400/BOO-T components in byte-wide 
(xB) mode. 

Figure 6. Byte-Wide x8-Mode Memory Maps (Top Boot) 
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7FFFFH 

60000H 
5FFFFH 

40000H 
3FFFFH 3FFFFH 

12B-Kbyte MAIN BLOCK 

20000H 20000H 
lFFFFH 1FFFFH 

9&-Kbyte MAIN BLOCK 
O8OOOH 08000H 
07FFFH B-Kbyte PARAMETER BLOCK 07FFFH 
O8OOOH O8OOOH 
05FFFH B-Kbyte PARAMETER BLOCK OSFFFH 
04000H O4OOOH 
03FFFH 

16-Kbyte BOOT BLOCK 
03FFFH 

OOOOOH OOOOOH 

28FOO2-B 

NOTE: 

12B-Kbyte MAIN BLOCK 

12B-Kbyte MAIN BLOCK 

12B-Kbyte MAIN BLOCK 

96-Kbyte MAIN BLOCK 

B-Kbyte PARAMETER BLOCK 

B-Kbyte PARAMETER BLOCK 

16-Kbyte BOOT BLOCK 

2BF004-B 

FFFFFH 

EOOOOH 
DFFFFH 

COOOOH 
BFFFFH 

AOOOOH 
9FFFFH 

80000H 
7FFFFH 

60000H 
5FFFFH 

40000H 
3FFFFH 

20000H 
lFFFFH 

OBOOOH 
07FFFH 
OBOOOH 
OSFFFH 
O4OOOH 
03FFFH 

OOOOOH 

12B-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

12B-Kbyte MAIN BLOCK 

12B-Kbyte MAIN BLOCK 

12B-Kbyte MAIN BLOCK 

12B-Kbyte MAIN BLOCK 

96-Kbyte MAIN BLOCK 

B-Kbyte PARAMETER BLOCK 

B-Kbyte PARAMETER BLOCK 

16-Kbyte BOOT BLOCK 

28FBOO-B 

292154-7 

These memory maps apply to the 2SF002/004/00S-B components. or the 2SF200/400/S00-B components in byte-wide 
(xS) mode. 

Figure 7. Byte-Wide x8-Mode Memory Maps (BoHom Boot) 
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I 

2BF200-T 

lFFFFH 
16-Kbyte BOOT BLOCK 

lEOOOH 
1DFFFH 8-Kbyte PARAMETER BLOCK 
lDOOOH 
lCFFFH 8-Kbyte PARAMETER BLOCK 
lCOOOH 
lBFFFH 

96-Kbyte MAIN BLOCK 
l0000H 

OFFFFH 
12S-Kbyte MAIN BLOCK 

OOOOOH 

(Word addresses shown) 

NOTE: 

3FFFFH 

3EOOOH 
3DFFFH 
3DOOOH 
3CFFFH 
3COOOH 
3BFFFH 

3OOO0H 
2FFFFH 

20Q0OH 
lFFFFH 

l0000H 
OFFFFH 

OOOOOH 

2BF4OCJ.T 

16-Kbyte BOOT BLOCK 

8-Kbyte PARAMETER BLOCK 

8-Kbyte PARAMETER BLOCK 

96-Kbyte MAIN BLOCK 

12S-Kbyte MAIN BLOCK 

12S-Kbyte MAIN BLOCK 

12S-Kbyte MAIN BLOCK 

7FFFFH 

7EOOOH 
7DFFFH 
7DOOOH 
7CFFFH 
7COOOH 
7BFFFH 

70000H 
6FFFFH 

60000H 
5FFFFH 

50000H 
4FFFFH 

40000H 
3FFFFH 

30000H 
2FFFFH 

20000H 
lFFFFH 

10000H 
OFFFFH 

OOOOOH 

AB-eo 

2BFBOO-T 

16-Kbyte BOOT BLOCK 

8-Kbyte PARAMETER BLOCK 

8-Kbyte PARAMETER BLOCK 

96-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

292154-8 

These memory maps apply to the denoted 28F200/400/800-T components in word-wide (xt6) mode. 

Figure 8_ Word-Wide x16-Mode Memory Maps (Top Boot) 
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lFFFFH 

10000H 
OFFFFH 

O4000H 
03FFFH 
O3000H 
02FFFH 
02000H 
01FFFH 

OOOOOH 

128-Kbyte MAIN BLOCK 

96-Kbyte MAIN BLOCK 

8-Kbyte PARAMETER BLOCK 

8-Kbyte PARAMETER BLOCK 

16-Kbyte BOOT BLOCK 

28F2DO-B 

(Word addresses shown) 

NOTE: 

3FFFFH 

30000H 
2FFFFH 

20000H 
1FFFFH 

l0000H 
OFFFFH 

04000H 
03FFFH 
03000H 
02FFFH 

02000H 
01FFFH 

OOOOOH 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

96-Kbyte MAIN BLOCK 

8-Kbyte PARAMETER BLOCK 

8-Kbyte PARAMETER BLOCK 

16-Kbyte BOOT BLOCK 

28F400-B 

7FFFFH 

70000H 
6FFFFH 

60000H 
5FFFFH 

50000H 
4FFFFH 

40000H 
3FFFFH 

30000H 
2FFFFH 

20000H 
1FFFFH 

10000H 
OFFFFH 

04000H 
03FFFH 
03000H 

02FFFH 

Q2000H 
01FFFH 

OOOOOH 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

128-Kbyte MAIN BLOCK 

96-Kbyte MAIN BLOCK 

8-Kbyte PARAMETER BLOCK 

8-Kbyte PARAMETER BLOCK 

16-Kbyte BOOT BLOCK 

28FSOO-B 
292154-9 

These memory maps apply to the denoted 2SF200/400/S00.-B components in word-wide (x16) mode. 

Figure 9. Word-Wide x16·Mode Memory Maps (Bottom Boot) 
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8.0 PRODUCT OFFERINGS 
12V Program/Erase Boot Block Products 

Product Density x Org. Pkg. 
Speed (ns) Speed (ns) Extended 
(Vee = 5V) (Vee = 3.3V) Temperature 

28F001BX 1 Mb,128Kx8 P"N,E 70,90,120,150 v' 

28F200BX 2 Mb, 256Kx8/128Kx16 PA,E 60,80,120 v' 

28F002BX 2 Mb, 256Kx8 E 60,80,120 v' 

28F200BL 2 Mb, 256Kx8/128Kx16 PA,E (1) 150 v'(2) 

28F002BL 2 Mb, 256Kx8 E (1) 150 v'(2) 

28F400BX 4 Mb, 512Kx8/256Kx16 PA,E 60,80,120 v' 

28F004BX 4 Mb, 512Kx8 E 60,80,120 v' 

28F400BL 4 Mb, 512Kx8/256Kx16 PA,E (1) 150 v'(2) 

28F004BL 4 Mb, 512Kx8 E (1) 150 v'(2) 

NOTES: 
1. The BL products also operate at 5V Vee for programmer compatibility. 
2. - 20'C to + 70'C operating range for Read; -O'C to + 70'C for program and erase. 

SmartVoltage Boot Block Products 

Product Density x Org. Pkg. 
Speed (ns) Speed (ns) Speed (ns) Extended 
(Vee = 5V) (Vee = 3.3V) (Vee = 2.7V) Temp. 

28F200BV 2 Mb, 256Kx8/128Kx16 44,56 60,80,120 110,150,180 v' 

28F200CV 2 Mb, 256Kx8/128Kx16 48 60,80,120 110,150,180 v' 

28F002BV 2 Mb, 256Kx8 40 60,80,120 110,150,180 v' 

28F400BV 4 Mb, 512Kx8/256Kx16 44,56 60,80,120 110,150,180 v' 

28F400CV 4 Mb, 512Kx8/256Kx16 48 60,80,120 110,150,180 v' 

28F004BV 4 Mb, 512Kx8 40 60,80,120 110,150,180 v' 

28F800BV 8 Mb, 1024Kx8/512Kx16 44 70,120 120,150 v' 

28F800CV 8 Mb, 1024Kx8/512Kx16 48 70,120 120,150 v' 

28F008BV 8 Mb, 1024Kx8 40 70,120 120,150 v' 

28F800CE 8 Mb, 1024Kx8/512Kx16 48 90 120 v' 

28F008BE 8 Mb, 1024Kx8/512Kx16 40 90 120 v' 

NOTES: 
1. BV products also operate at Vee = 5V for high-performance. 
2. BE/CE products operate over the Vee ranges 2.7-3.6V and 5V ±10%. 
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9.0 ORDERING INFORMATION 

Operating Temperature 
T = Extended Temp 
Blank = Commercial Temp 

Package 
E=TSOP 
PA = 44-Lead PSOP 
TB = Ext. Temp 44-Lead PSOP 

Product line dealgnator 
for all Intel Flash products 

Density I OrganlzaUon 
OOX = x8-only (X = 1, 2, 4, 8) 
XOO = xS/x16 Selectable (X = 2, 4, 8) 

Figure 10. Decoding the Product Names 

10.0 ADDITIONAL INFORMATION 

10.1 Revision History 

Number Description 

-001 Original Version 

-002 Text updated. 
DU and WP# pin usage clarified. 
Note and "S" suffixes added to Figure 2. 

Ac!:esI Speed 
ns, BE: Vee = 2.7V 

BV:Vee =5V 
T=Top Boot 
B .. Bottom Boot 

Voltage Options (Vppl Vee ) 
V = (5 or 12/3.3 or 5) 
E = (5 or 12/2.7 or 5) 
X=(12/5) 
L = (12/3.3 or 5) 

Architecture 
B = Boot Block 
C = Compact 48-Lead TSOP 

Boot Block 

292154-10 

SmartVoltage Soot Siock Products table: Speeds added to 28F800 and 28F008, 2.7V products 
added. 
Figure 10 updated. 
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1.0 INTRODUCTION 

This technical paper describes designs interfacing the 
high performance 28F0l6XS flash memory to the 
Intel486™ microprocessor. These designs are based on 
preliminary 28FOl6XS specifications. Please contact 
your Intel or distribution sales office for up-to-date in
formation. 

The 28FOl6XS is a 16-Mbit flash memory with a syn
chronous pipelined read interface. This optimized flash 
memory interface delivers equivalent or better read per
formance compared to DRAM. The 28FOl6XS com
bines ROM-like nonvolatility, DRAM-like read per
formance and in-system updateability into one memory 
technology. These inherent capabilities will improve 
performance and lower the over-all system cost. 

The 28FOl6XS delivers optimal performance when in
terfacing to a burst processor, such as the Intel486 mi
croprocessor. The Intel486 microprocessor sees wide
spread use in a variety of applications ranging from the 
PC to numerous embedded products, while providing 
code compatibility with thousands of commercially 
available software packages and the performance neces
sary for today's leading-edge systems. The Intel486 mi
croprocessor's bus interface provides a burst transfer 
mechanism whereby four consecutive data items are 
fetched in one access sequence. The 28FOI6XS's syn
chronous pipelined read interface makes special use of 
the burst transfer mechanism to achieve extremely high 
read performance. 

When interfacing the 28FOl6XS to a processor that ex
ecutes an Intel or linear burst cycle, up to three simul
taneous read accesses can be pipelined into the 
28FOI6XS, sustaining a high read transfer rate. At 

28F016XS Iintel486TM CPU INTERFACE 

33 MHz, the 28F016XS-15 delivers zero wait-state per
formance after the initial pipeline fill. This enhanced 
read performance eliminates the costly expense of shad
owing code from slow nonvolatile memory (ROM, hard 
disk drive, etc.) to fast DRAM for increased system 
performance. The 28FOl6XS enables direct code execu
tion out of the flash memory array, eliminating unnec
essary software and hardware overhead involved in 
shadowing code. 

In an Intel486 microprocessor-based environment, 
BAPCo benchmarking analysis revealed a 13% system 
performance improvement using the 28F016XS-15 over 
70 ns DRAM. 

In addition to the increased read performance, the 
28FOl6XS offers an Intel486 microprocessor-based sys
tem a low power, nonvolatile memory that is electrical
ly updateable via local processor control. The 
28FOI6XS's low power consumption reduces system 
power dissipation and heat emission, and its updateabil
ity increases code flexibility and system reliability. 
Combined, the 28FOl6XS and the Intel486 microproc
essor deliver a high performance, low power and cost
effective system solution. 

The Intel486 microprocessor interface to the 28F0l6XS 
requires minimal logic while offering significant system 
enhancements. One programmable logic device (PLD), 
a 22VlO-15, generates and monitors all 28FOl6XS and 
Intel486 microprocessor control signals. This technical 
paper explores the interface between the 28FO 16XS-15 
and the Intel486 SX-33 microprocessor, describing the 
interface circuitry, explaining the read and write cycles 
and providing the interfacing PLD equations. It also 
provides detailed design suggestions for interfacing the 
28FOl6XS to other Intel486 microprocessors. 

5-27 



28F016XS Iintel486™ CPU INTERFACE 

2.0 OPTIMIZED 28F016XSIINTEL486™ SX MICROPROCESSOR INTERFACE 

148S™ SX·33 
Microprocessor 

ADS# f--------tj 
Wffi#f-------~ 
B~ST#~------~ 
KEN#~-----------~ 

BRDY# ~------------~ 
RESET 

" BOFF#" 
elK 

33 MHz 
Clock 
Input 

Interlace 
logic 

(22V1D-15) 

r-------tjADV# 
r-------tjOE# 
~-----~WE# 

RESET# 

28F016XS 

Vpp 

Vcc 
BYTE# 

3/5# 
WP# 

RYIBY# 

Switched 
5Vor12V 

5V 
5V 
OV 
GPIO 
INT 

297504-1 

Figure 1. Optimized 28F016XS Interface to the Intel486 Microprocessor 
with Wait·State Profile of 2-0-0-0 up to 33 MHz 

The 28F016XS·15 interface to the Inte1486 SX·33 mi· 
croprocessor, illustrated in Figure I, delivers 2·0-0-0 
wait-state read performance. Consult your Intel or dis· 
tribution sales office for schematic and PLD files for 
this design. 

See Section 3.0 for an alternative design. 

2.1 Circuitry Description 

This section will describe the circuitry involved in this 
design. 

Memory Configuration 

This design uses two 28F016XS·15s, each confignred in 
x16 mode and arranged in parallel to match the 

5·28 

Intel486 SX microprocessor's 32·bit data bus. This 
memory configuration provides 4 Mbytes of flash memo 
ory for system usage. Signals A21-4 from the Intel486 
SX microprocessor and CTR 1-0 from the PLD select 
locations within the 28F016XS memory space. The 
two·bit counter implemented in the PLD'supplies burst 
addresses to the 28F016XSs. 

Reset 

The Intel486 SX microprocessor requires an active high 
reset signal, while the 28FOl6XSs use an active low 
RESET #. Fignre 2 illustrates a suggested logic config
uration for generating both an active high and low reset 
signal. The active high RESET controls the Intel486 
SX microprocessor and PLD reset inputs, while the ac· 
tive low RESET# drives the 28F016XS RP# input. 



SYSTEM RESET - MR# 

Vee 

I 
Voltage Monitor 

RESET# 

RESET 

MAX707 

28F016XS /lntel486™ CPU INTERFACE 

28F106XS 

RP# 

1 RESET# -
1---------- RESET 

297504-2 

Figure 2. RESET Generation Method 

Chip Select logic 

Chip select decode logic may use A31-22 to generate 
active low chip select signals, CEx#, for the 28F016XS 
memory space and other system peripherals. The chjp 
select addressing the 28FOl6XS memory space drives 
CEo# on each 28F016XS·lS and a control input to the 
PLD. The 28F016XS-lSs' CEI # inputs are grounded. 
For many systems, using the upper address bits in a 
linear selection scheme may provide a sufficient num
ber of chip select signals, thus eliminating chip select 
decode logic. (See Figure 3 for an example of using 
linear selection for chip selects.) When using a linear 
chip select scheme however, software must avoid using 
addresses that may select more than one device, which 
could result in bus contention. For example, addresses 
OlOOOOOOH through OlOFFFFFH drive both A22 and 
A23 to a logic "0," which inadvertently selects two pe
ripheral devices. 

ClK Option 

A 33 MHz CLK drives the Inte1486 SX microproces
sor. ,The buffer in Figure 1 delays this processor CLK 
input and drives the PLD and 28F016XS-lSs. The buff
er introduces an intentional system clock skew. This 
skew provides additional time for the processor to meet 
the 28F016XSs' address setup time. 

Intel486™ A22 I-- Chip Select 1 
SXCPU 

A 23 r-- Chip Select 2 

A24 I-- Chip Select 3 

Chip Select Address Space 

1 01800000 - 01 BFFFFF H 
2 01400000 - 017FFFFF H 
3 OOCOOOOO - OOFFFFFF H 

297504-3 

Figure 3. Example of Using linear Chip Selection 
with Active low Chip Select Signals 
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Multiplexer (MUX) 

To achieve this type of wait-state profile, the Intel486 
SX microprocessor directly loads the 28F016XSs with 
the initial address. The interface logic enables the MUX 
to permit the processor's lower address lines A3-2 ac
cess to the lower flash memory address lines. Next, the 
interface logic switches the data flow path through the 
MUX in anticipation of a burst transaction. The two
bit counter integrated into the control logic takes over 
driving the 28F016XSs' A2_!. The counter supplies the 
flash memory with consecutive burst addresses for the 
remaining duration of the transaction. 

Interface Control Signals 

The interfacing state machine monitors the Inte1486 SX 
microprocessor's external bus signals to identify the 
type, start and end of a bus cycle. At the beginning of a 
burst cycle, the interface logic loads a two-bit counter 
generates the flash memory control signals. The state 
machine also generates KEN# and BRDY# signals, 
informing the Intel486 SX microprocessor of the nature 
of the bus cycle. 

Configuration Signal 

A general purpose input/output (GPIO) generates the 
configuration signal input (CFG) to the state machine. 
CFG must reset to logic "0" on power-up and system 
reset to ensure coherency between the state machine 
and 28F016XS-lSs. After optimizing the 28F016XSs' 
SFI Configuration, CFG must switch to logic "1" in 
order to take advantage of the optimized flash memory 
state. See Section 2.3 for more information regarding 
the configuration signal. 

Additional 28F016XS Control Signals 

The BYTE # input to the 28F016XS-lSs is tied to S.OV 
to configure the 28F016XS-lSs for x16 mode, and 
3/S # and An are tied to GND (An is only used for byte 
addressing). A GPIO controls the write protect input, 
WP #, to the 28FO 16XS-lSs. The 28FO 16XS is compat
ible with either a S.OV or a 12.0V Vpp voltage and is 
completely protected from data alteration when V pp 'is 
switched to GND. With Vpp :::;: VPPLK, the 28F016XS 
will not successfully complete data write and erase op
erations, resulting in absolute flash memory data pro
tection. Figure 1 also illustrates the 28F016XS-lS's 
RY /BY # output connecting directly to a system inter-
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infel~ 
rupt, which enables background write/erase operations. 
RY/BY#, WP#, and Vpp implementations are appli
cation dependent. Consult the Additional Information 
section of this technical paper for documentation cover
ing these topics in more detail. 

2.2 Interfacing Signal Definitions 

The interface logic that controls the 28F016XS.lS in
terface to the Intel486 SX-33 microprocessor monitors 
and regulates specific system signals. The next two sec
tions describe these signals in detail. 

2.2.1 28F016XS Signal Descriptions 

This section describes the 28F016XS signals that are 
pertinent to this design. 

ADV #-Address Valid (Input) 

This active low signal informs the 28F016XS that a 
valid address is present on its address pins. ADV #, in 
conjunction with a rising CLK edge, initiates a read 
access to the 28F016XS. This signal is ignored during 
write operations. 

CLK-Clock (Input) , 

CLK provides the fundamental timing and internal op
erating read frequency for the 28F016XS. CLK initi
ates read accesses (in conjunction with ADV#), times 
out the SFI Configuration, and synchronizes device 
outputs. CLK can be slowed' or stopped with no loss of 
data Synchronization. This signal, like ADV #, is ig
nored during write operations. 

OE#-output Enable (Input) 

This active low signal activates the 28F016XS's output 
buffers' when OE# equals "0." The outputs tri-state 
when OE# is driven to "I." 

WE#-Write Enable (Input) 

This active low signal controls access to the Control 
User Interface (CUI). Addresses (command or array) 
and data are latched on the rising edge ofWE# during 
write cycles. 



2.2.2 INTEL486 SX Microprocessor Signal 
Descriptions 

This section describes the Intel486 SX microprocessor 
signals that are relevant to this interface. This interface 
assumes processor inputs are driven by only one con
trolling device (the PLD). If more than one device 
drives a processor input, the PLD output should be 
configured as an open drain to avoid signal contention. 
Many PLDs, FPGAs and ASICs provide output con
figuration capability. 

ADS#-Address Status (Output) 

This active low output signal from the Inte1486 SX mi
croprocessor indicates the presence of valid bus cycle 
and address signals on the bus. ADS# is driven in the 
same clock as the address signals. Typically, external 
circuitry uses ADS # to indicate the beginning of a bus 
cycle. 

KEN#-Cache Enable (Input) 

This active low input to the Intel486 SX microproces
sor determines whether data being returned in the cur
rent bus cycle will be cached. In order for the current 

. data to be cached, KEN # must be returned active in 
the clock prior to the first RDY # or BRDY # of the 
cycle and must also be returned active in the last clock 
of the data transfer. 

BRDY #-Burst Ready (Input) 

This active low input to the microprocessor performs 
the same function during a burst cycle as ROY#- per
forms during a non-burst cycle. During a burst cycle, 
BRDY # is sampled on the rising edge of every clock. 
Upon sampling BRDY # active, the data on the data 
bus will be latched into the microprocessor (for burst 
reads). ADS# will be negated during the second trans
fer of the burst cycle; however, the lower address lines 
and byte enables may change to indicate the next data 
item requested by the processor. 

BLAST#-Burst Last (Output) 

This active low output from the microprocessor signals 
the final transfer in a burst cycle. The next time 
BROY # is returned, it will be treated the same as 
RDY # and thus terminate any multiple cycle 
transfers. 
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2.3 System Interface Requirement 

The system logic controlling the 28F016XS-15 interface 
to the Intel486 SX microprocessor incorporates an ini
tial and an optimized read configuration, which corre
lates to specific SFI Configuration values. The interface 
read configuration is dependent upon the value of CFG 
(PLD input). CFG informs the interface of the SFI 
Configuration status. Note, the SFI Configuration 
status does not affect write operations. 

Initial Read Configuration 

Upon power-up/reset, the 28F016XS-15 defaults to a 
SFI Configuration value of 4, and the interface logic 
supports burst read accesses to the flash memory space. 
The interface returns BRDY # to inform the processor 
that the interface supports burst read transaction. A 
general purpose input/output (GPIO) informs the sys
tem interface of the status of the SFI Configuration. 

The GPIO entitled CFG is set to logic "0" on power
up/reset. With CFG driven low, the state machine cor
rectly matches the 28FOI6XS-15s' default configurll
tion. 

Optimized Read Configuration 

At 33 MHz, the 28F016XS-15 operates at highest per
formance with a SFI Configuration value set to 2. To 
reconfigure the 28FOI6XS-15, program control should 
jump to an area of RAM to execute the configuration 
sequence. After reconfiguring the. 28FOI6XS-15, the 
GPIO value must change to logic "I," in order to take 
advantage of the 28FOI6XS-15's optimized configura
tion. A pseudocode flow for this configuration sequence 
is shown below. 

Execute Device Configuration command sequence 
Activate CFG signal 
End 

In the optimized read configuration, the system logic 
supports burst cycles by generating BRDY #, which 
informs the microprocessor that the memory subsystem 
is capable of handling a burst transfer. The 28FOI6XS-
15 memory array, after the initial pipeline fill delay 
from the first access, transfers data to the processor at a 
rate of 133 Mbytes/sec. 
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2.4 Read Control for Burst 
Transactions 

The interface logic controlling the handshaking be
tween the 28FOl6XS and processor performs one of 
two different read cycles, depending upon the value of 
CFG. 

Read Abort Condit jon 

A read cycle will abort only when an external system 
bus master asserts BOFF #, which forces the processor 
to give immediate bus control to the requester. When 
this situation occurs, the Intel486 SX microprocessor 
floats the address bus, which will cause the address de
code logic to de-select the 28FOl6XS memory space. 
Detecting BOFF # active, the interfacing logic will 
transition to an idle state and wait for the processor to 
re-initiate the interrupted bus cycle after the bus master 
has relinquished the bus to the processor. OE# is im
mediately driven high, deactivating the 28F016XS-15's 
output buffers, upon detecting BOFF # driven ,active. 
This BOFF # condition can occur in both the initial 
and optimized configurations described in the para
graphs that follow. 

Initial Configuration 

Refer to Figures 4 and 5 for the following read cycle 
discussion. 

With CFG set to logic "0," the interfacing read state 
machine executes cacheable burst read cycles. This con
figuration occurs upon power-up and reset. 

Initially, the interface logic drives ADV# and MUX 
active while waiting for the Intel486 SX processor to 
initiate a bus cycle targeting .the 28FOI6XS. With the 
MUX active, the processor's A3-2 drive the lower flash 
memory address lines in anticipation of a flash memory 
access. During this anticipation state, CE# is active to 
prevent a tELcH violation on the first access initiated 
by the processor. The delayed CLK prevents a possible 
timing violation. It provides the processor with suffi
cient time to meet the 28FOl6XSs' tAVCH specification 
when initiating the first access. 

when the microprocessor initiates a read access to the 
28FOl6XS memory space, it provides an address and 
drives W/R# and ADS# low. Monitoring these sig
nals, the state machine transitions into read control. 

If ADS# = 0 and WIR# = 0 then READ CONTROL 
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At this point, CFG and CS# are examined to deter
mine the configuration status of the 28F016XS-15s, and 
whether or not the current address targets the 
28FOl6XS memory space. If CS# = "I," the state 
machine returns to an idle state waiting for a new ac
cess. Otherwise, the state machine will continue ,the 
read access, regulating ADV#, BRDY# and OE#. 

At N = 1 (Figure 5), the interfacing read state' ma
chine loads and increments the two-bit counter. The 
counter is incremented because the processor supplies 
the flash memory with the initial address. The counter 
then provides the flash memory with the subsequent 
burst addresses throughout the remaining duration of 
the bus transaction. 

With ADV # at logi~ "0," the interface initiates a read 
acceSs to the 28F016XS-15s at N = 1. Next, ADV# 
immediately switches to a logic "I" at N = 1 and then 
toggles active on every other clock edge until N = 8. 
After this time, ADV # will remain inactive. 

In the default SFI Configuration (SFI Configuration = 
4), the first data will be accessible to the processor at 
N = 6. The remaining data will be available for the 
processor to retrieve at N = 8, 10 and 12. The 
28F016XS-15's output buffers are' enabled at N = 3 
and BRDY # is driven low at N = 5. The processor 
will sample BRDY # active and latch the information 
residing on the data bus at N = 6. If the processor 
drives BLAST # inactive, indicating a burst transaction 
is in process, the interface logic will drive BRDY # ac
tive on every other clock edge until BLAST # is sam
pled active by the interface logic. The state machine 
will transition to an idle state where it deactivates OE# 
and waits for the processor to initiate a new bus cycle. 

Initial Configuration Timing Consideration 

In this initial read configuration, there are important 
timing considerations that need examination. 

First, the buffer delay can cause possible timing viola
tions if not chosen correctly. The purpose of the buffer 
is to provide time for the processor to load the 
28FOl6XSs with the initial address during read transac
tions. Therefore, the buffer must have' a minimum delay 
which satisfies the flash memory's tAVCH' 

tAVCH + t6 - 1/33 MHz = 1 ns 



The buffer can also affect the processor's data setup 
time. Hence, the buffer must have a maximum delay of 
no greater than: 

1/33 MHz - ICHQV - 122 = 5 ns 

Another important timing parameter is the Intel486 SX 
microprocessor's data hold time. Since the 28F016XS 
specifies a 0 ns guaranteed data hold time from CE# or 
OE# high, these two signals must be driven active until 

BLASTI=O 
+ BOFFIt::O 

AOS.:::o 
• CFG.., 1 
'WR#=O 

RESET=O 
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the processor's hold time is satisfied. CE# hold delay 
will not be concern because CE# is held active during 
the state machine's idle state. OE# has only O.S ns of 
margin to the processor's specification for the buffer 
used in this design. OE# hold time equals: 

tPZX(min) + tPHL(min) = 3.5 ns 

Consult the appropriate datasheets for full timing infor
mation. 

BOFFII=1 

BLAST#=O 
+CSff=O 

+BOFFff=O 

297504-4 

Figure 4. Optimized Read State Diagram for Burst Read Control (Interface Shown in Figure 1) 
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Figure 5. Example Initial B':'rst Read Cycle Showing Key Timing Specifications Requiring Consideration 

Table 1. Example Optimized Read Cycle Specifications at SV Vee' 

Symbol Description Min Max Unit 

tpHL,PLH Buffer Delay 1.5 5 ns 

t6 ADS# Delay (Inte1486 SX-33 Microprocessor) 3 16 ns 

taa BLAST# Delay (Inte1486 SX-33 Microprocessor) 3 20 ns 

t22 031-0 Setup Time (Inte1486 SX-33 Microprocessor) 5 ns 

tELCH CEx# Setup Time to ClK (28F016XS-15) 25 ns 

tVLCH ADV # Setup Time to ClK (28F016XS-15) 15 ns 

tGLCH OE # Setup Time to ClK (28F016XS-15) 15 ns 

tCHQV ClK to Data Delay (28F016XS-15) 20 ns 

tpzx ClK Output Delay (22V1 0-15) 2 8 ns 

NOTE: 
Consult appropriate datasheets for up·to·date specifications. 

5-34 



Optimized Configuration 

Refer to Figures 4 and 6 for the following discussion. 

With the 28F016XS-15s in the optimized configuration 
(SFI Configuration = 2 at 33 MHz), and CFG set to a 
logic "I" value, the system interface executes cacheable 
burst cycles. 

Like the initial configuration, the connecting logic ini
tially drives ADV# and MUX active while waiting for 
the Intel486 SX processor to initiate a bus cycle target
ing the 28FOI6XS. With the MUX active, the proces
sor's A3-2 drive the lower flash memory address lines 
in anticipation of a flash memory access. During this 
anticipation state, CE# is active to prevent a tGLCH 
violation on the first access initiated by the processor. 
The delayed CLK also inhibits also possible timing vio
lations from occurring. It provides the processor with 
sufficient time to meet the 28FOI6XSs' tAVCH specifi
cation when initiating the first access. 

When the processor drives ADS# low, it notifies the 
interface logic that a valid address is on the address 
bus. Monitoring the external bus of the Intel486 SX 
microprocessor, the state machine then transitions into 
read control. 

If ADS# = 0 and W/R# = 0 then READ CONTROL 

In optimized read control, the state machine controls 
OE#, KEN# and BRDY#. IfCS# = "0," the state 
machine at N = 1 loads and increments the two-bit 
counter, switches the data flow path through the MUX 
and holds ADV # active for the next three consecutive 
clock periods. While ADV# is driven low, the counter 
increments through the Intel burst order (Table 2), sup
plying the 28F016XS-15s with a new address at N = 2, 
3 and 4. IfCS# = "I," the state machine returns to an 
idle state waiting for a new memory access. 

28F016XS Iintel486™ CPU INTERFACE 

Table 2. Intel Burst Order (A3-2) 

First Second Third Fourth 
Address Address Address Address 

0 4 8 C 

4 0 C 8 

8 C 0 4 

C 8 4 0 

At N = 2, the state machine drives KEN # active and 
holds it active until the end of the burst cycle, thereby 
executing a cache line fill. 

The state machine activates the 28F016XS-15 output 
buffers (OE# driven to a logic "0" value) at N = 2 
and holds them active throughout the burst read cycle. 

With the SFI Configuration value set to 2, data will be 
available at N = 4,5,6 and 7. Driving BRDY# low at 
N = 3, the Intel486 SX microprocessor will sample 
BRDY # active at N = 4, which informs the processor 
of valid information on data pins D31-D and that the 
28F0l6XS memory space supports a burst read trans
fer. BRDY # is held low until the end of the burst cycle 
while the processor retrieves data on ev~ry rising clock 
edge. BRDY # is driven high upon sampling BLAST # 
low, marking the end of the burst cycle. Then the state 
machine will transition to and idle state where it deacti
vates OE# and w~its for the processor to initiate a new 
bus cycle. 

Optimized Configuration Timing Considerations 

In the optimized configuration, the same timing consid
eration regarding the buffer propagation delay and 
OE# hold time require attention. For information re
garding these concerns, see Section 2.4 Initial Configu
ration Timing Considerations. 
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Figure 6. Example Burst Read Timing Waveform Illustrating 
Key Timing Specifications Requiring Consideration 
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Table 3. Example Optimized Read Cycle Specifications at 5V Vee 

Symbol Description Min Max Unit 

tpHl,PlH ' Buffer Delay 1.5 5 ns 

t6 ADS# Delay (Inte1486 SX-33 Microprocessor) 3 16 ns 

tSa BLAST# Delay (Inte1486 SX-33 Microprocessor) 3 20 ns 

t22 D31-0 Setup Time (Inte1486 SX-33 Microprocessor) 5 ns 

tElCH CEx # Setup Time to ClK (28F016XS-15) 25 ns 

tVlCH ADV# Setup Time to ClK (28F016XS-15) 15 ns 

tGlCH OE# Setup Time to ClK (28F016XS-15) 15 ns 

tCHQV ClK to Data Delay (28F016XS-15) 

tpzx ClK Output Delay (22V10-15) 

NOTE: 
Consult appropriate datasheets for up-la-date specifications. 

2.5 Write Cycle Control 

Refer to Figures 7 and 8 for the following write cycle 
discussion. 

Write Abort Condition 

A write cycle will abort only when an external system 
bus master asserts BOFF #, which forces the processor 
to give immediate bus control to the requester. When 
this situation occurs, the InteJ486 SX microprocessor 
will float the address bus, causing the address decode 
logic to de-select the 28FOl6XS memory space. The 
interfacing logic, monitoring BOFF #, will transition to 
an idle state where it will wait for the processor to re
initiate the interrupted bus cycle after the bus master 
has relinquished the bus to the processor. WE# is im
mediately deactivated upon sensing BOFF# low. 

Write Cycle Description 

The 28F016XS-15 executes asynchronous write cycles 
like traditional flash memory components such as the 
28FOI6SA/SV. The SFI Configuration does not influ
ence write operations; therefore, the interfacing state 
machine does'not examine CFG once detecting a write 
cycle. 

20 ns 

2 8 ns 

During the first clock period, the Intel486 SX micro
processor drives ADS # low and W /R # high. The 
state machine, upon detecting a write cycle, immediate
ly switches the data flow path through the MUX. The 
processor does not drive the flash memory's lower ad
dress lines during write cycles. The counter loads and 
supplies the address to the 28FOI6XSs' lower two ad
dress lines, A2-1. The state machine then transitions to 
write control at N = 1. The counter only supplies the 
28F016XS-15 with one address throughout the entire 
write operation. A write transaction must compete fully 
before issuing a second write operation. 

If ADS# = a and WIR# = 1 then WRITE CONTROL 

In write control, the state machine performs WE#
Controlled Command Write operations to the 
28FOI6XS-15s. Data is written to the 28FOl6XS mem
ory space via processor control. The interface only sup
ports double word writes. 

For the next two clock periods the state machine holds 
WE# low to satisfy the 28FOI6XS-15s' WE# active 
requirement. At N = 4, WE# transitions to a logic 
"I," which latches the address and data into the 
28FOI6XS-15s. 
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RESET=!) 
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Figure 7. Non-Burst Write State Diagram Controlling the Interface Shown in Figure 1 

BRDY # is not returned to the processor at N = 4 
because the Intel486 SX microprocessor will only hold 
an address 3 ns after sampling BRDY # low. Instead, 
the interface activates BRDY # after N = 4, causing 
the processor to hold the address valid for an additional 
clock cycle, which satisfies the 28F016XS-15's address 
hold specification (tWHAX). The state machine then re
turns to an inactive state at N = 5, waiting for a new 
memory access. 
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Write Timing Consideration 

When Performing a write operation, CS# is a critical 
system timing parameter, which must. satisfy the inter
face logic's required setup time. The 22VlO-15 requires 
a 9 ns setup time to CLK. Therefore, the system decode 
logic must generate a valid CS# to the interface within: 

2 X 1/33 MHz - ts - tsu = 35 ns 

Consult the appropriate datasheets for full timing infor
mation. 
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Figure 8. Example Write Cycle Showing Key Timing Specifications Requiring Consideration 

Table 4. Example Write Cycle Timing Specifications at 5V Vee 

Symbol Description Min Max Unit 

ts ADS# Delay(lntel486 SX-33 Microprocessor) 3 16 ns 

t10 Data Write Valid Delay (Inte1486 SX-33 Microprocessor) 3 18 ns 

t11 Data Write Float Delay (Inte1486 SX-33 Microprocessor) 20 ns 

tWlWH WE# Pulse Width (28F016XS-15) 50 ns 

tDVWH Data Setup to WE # GOing High (28F016XS-15) 50 ns 

tpzx elK Output Delay (22V1 0-15) 2 8 ns 

NOTE: 
Consult appropriate datasheets for up·to·date specifications. 
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Figure~. Minimal Glue Logic in Interfacing the 28F016XS-15.to the 
Intel486 SX-33 Microprocessor with a Wait-State Profile of 3-0-0-0 Up to 33 MHz 

The 28F016XS-15 interface to the Intel486 SX-33 mi
croprocessor illustrated in Figure 9 delivers 3-0-0-0 
wait-state read performance. The design requires only 
one 22VlO to handle all interfacing requirements. Con
sult your Intel or distribution sales office for schematic 
and PLO equations for the interface documented in this 
section. 

See Section 2.0 for an alternative design. 

3.1 Interface Circuitry Description 

This interface is extremely similar to the optimized de
sign described in SeCtion 2. The circuitry elements in
volved in the design are exactly the same except for the 
elimination of the buffer and multiplexer. For specific 
circuitry information about the individual aspects of 
this design, refer to Section 2. 
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CLKOption 

Unlike the optimized 28F016XS/Inte1486 SX micro-
. processor interface, a buffer is not implemented in this 

design. The processor's 33 MHz CLK input drives both 
the PLO and flash memory. To reduce system clock 
skew, position the PLO and 28FOl6XSs within close 
proximity to the microprocessor. 

3.2 Read Control for Burst 
Transactions 

Similar to the optimized design described in Section 2, 
the read state machine will perform one of two different 
read cycles, depending upon the CFG input value. This 
section will concentrate on the differences between the 
two read configurations. . 



Initial Configuration 

Refer to Figures 10 and II for the following read cycle 
discussion. 

With CFG set to logic "0," the interfacing read state 
machine executes cacheable burst read cycles. This con
figuration will occur upon power-up and reset. 

The microprocessor initiates a read access to the 
28F016XS memory space by providing an address, 
driving W /R # low and activating ADS #. Monitoring 
the external bus of the Intel486 SX microprocessor, the 
state machine transitions into read control. 

If ADS# = 0 and WIR# = 0 then READ CONTROL 

At this point, CFG and CE# are examined to deter
mine the configuration status of the 28FO 16XS-15s, and 
whether or not the current address targets the 
28FOl6XS memory space. If CE# = "I," the state 
machine returns to an idle state waiting for a new ac
cess. Otherwise, the state machine will continue read 
access. In the initial configuration (CFG = "0"), read 
control will regulate ADV#, BRDY# and OE#. 

At N = I (Figure 5), the counter loads address bits 
A3-2 and transitions ADV # low. With ADV # at logic 
"0," the interface initiates a read access to the 
28F016XS-15s at N = 2. After initiating the read ac
cess, ADV# immediately switches to a logic "I" at N 
= 2 and then toggles active on every other clock edge 
until N = 8. After which, ADV# will remain inactive. 

28F016XS Iintel486™ CPU INTERFACE 

In the default SFI Configuration (SFI Configuration = 
4), the first data will be accessible to the processor at 
N = 7. The rest of the data will be available for the 
processor to retrieve at N = 9, II and 13. The 
28FOI6XS-15's output buffers are enabled at N = 4 
and BRDY # is driven low at N = 6. The processor 
will sample BRDY # active and latch the information 
residing on the data bus at N = 7. If the processor 
drives BLAST # inactive indicating a burst transaction 
is in process, the interface logic will drive BRDY # ac
tive on every other clock edge until BLAST # is sam
pled active by the interface logic. 

The Intel486 SX microprocessor requires a 3 ns hold 
time after sampling BRDY # active, therefore, the state 
machine will hold OE# active for IS ns after the proc
essor reads the last double-word. Then, the state ma
chine will transition to an idle state where it deactivates 
OE# and waits for the Intel486 SX microprocessor to 
initiate a new bus cycle targeting the 28FOl6XS memo
ry space. 

Initial Configuration Timing Consideration 

In the initial read configuration, CE# setup is a key 
system timing parameter. 

To satisfy the 28F016XS-15 setup requirement, CE# 
must be valid 25 ns prior to the first rising CLK edge 
with ADV # = "0." Therefore, the maximum time al
lotted for the address decoding logic to generate CE# 
equals: 

2 x 1/33 MHz - t6 - tELCH = 19 ns 

Consult the appropriate datasheets for full timing infor
mation. 
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Figure 10. State Diagram of Single and Burst Read Control (Interface Shown In Figure 9) 
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Table 5. Example Initial Read Cycle Timing Specifications at 5V Vee 

Description Min Max Unit 

ADS# Delay (Inte1486 SX-33 microprocessor) 3 16 ns 

ROY # Setup Time (Inte1486 SX-33 microprocessor) 5 ns 

031-0 Setup Time (Inte1486 SX-33 microprocessor) 5 ns 

CEx# Setup Time to ClK (28F016XS-15) 25 ns 

ADV# Setup Time to ClK (28F016XS-15) 15 ns 

OE # Setup Time to ClK (28F016XS-15) 15 ns 

ClK to Data Delay (28F016XS-15) 20 ns 

ClK Output Delay (22V1 0-15) 2 8 ns 

Consult appropriate datasheets for up-to·date specifications. 
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Optimized Configuration 

Refer to Figures 10 and 12 for the following discussion. 

With the 28F016XS-15s in the optimized configuration 
(SFI Configuration = 2 at 33 MHz), and CFG set to a 
logic "I" value, the system interface executes cacheable 
burst cycles. ' 

The Intel486 SX processor drives ADS # low, notifying 
the interface logic that a valid address is on the address 
bus. Monitoring the external bus of the Intel486 SX 
microprocessor, the state machine then transitions into 
read control. 

If AD5# = 0 and WIR# = 0 then READ CONTROL 

In optimized read control, the state machine controls 
OE#, KEN# and BRDY#. IfCE# = "0," the state 
machine at N = 1 loads the two-bit counter (A3-2) 
and activates ADV # (ADV # = "0") for the next four 
consecutive clock periods (N = 1 through 5). While 
ADV# is driven low, the counter increments through 
the Intel burst order (Table 2), supplying the 
28F016XS-15s with a new address at N = 2, 3, 4 and 
5. If CE# = "I," the state machine returns to an idle 
state waiting for a new memory access. 
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With the SFI Configuration value set to 2, new data 
will be available at N = 5, 6, 7 and 8. Driving BRDY # 
low at N = 4, the Intel486 SX microprocessor will 
sample BRDY # active at N = 5, which informs the 
processor of valid information on data pins D31-0 and 
that the 28F016XS memory space supports a burst read 
transfer. BRDY # is held low until the end of the burst 
cycle while the processor retrieveS data on every rising 
clock edge. BRDY # is driven high upon sampling 
BLAST # low, marking the end of the burst cycle. 

The Intel486 SX microprocessor requires a 3 ns hold 
time after sampling the last BRDY # active in a burst 
cycle. Therefore, the state machine will hold OE# ac
tive for 15 ns after the microprocessor samples the last 
double-word. At N = 9, the state machine transitions 
to an idle state, where it deactivates 'OE# and waits for 
the Intel486 SX microprocessor to initiate a new bus 
cycle targeting the 28F016XS memory space. 

Optimized Configuration Timing Considerations 

In the optimized configuration, CE# setup time is 
again a key system timing parameter. For information 
regarding the CE# setup time requirement, see the Ini
tial Configuration Timing Considerations Timing sec
tion. 
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Figure 12. Example Burst Read Cycle Showing Key Timing Specifications Requiring Consideration 

Table 6. Example Optimized Read Cycle Specifications at 5V Vee 

Symbol Description Min Max Unit 

t6 ADS# Delay (Inte1486 SX-33 Microprocessor) 3 16 ns 

taa BLAST# Delay (Inte1486 SX-33 Microprocessor) 3 20 ns 

t22 D31-0 Setup Time (Inte1486 SX-33 Microprocessor) 5 ns 

tElCH CEx# Setup Time to ClK (28F016XS-15) 25 ns 

tVlCH ADV # Setup Time to ClK (28F016XS-15) 15 ns 

tGlCH OE # Setup Time to ClK (28F016XS-15) 15 ns 

tCHQV ClK to Data Delay (28F016XS-15) 20 ns 

tpzx ClK Output Delay (22V10-15) 2 8 ns 

NOTE: 
Consult appropriate datasheets for up-to-date specifications. 
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3.3 Write Cycle Control 

The write interface in for this design functionally be
haves like the optimized design's write interface. The 
only difference between the two designs is the absence 
of the MUX in the standard interface. Therefore, the 
interface logic for this design does not have to concern 
itself with changing the data flow through the MUX. 
Instead, the interface simply loads and holds the ad
dress for the duration of the write operation. 

For further detailed information about this cycle and 
write timing waveform, refer to Section 2.5. 

4.0 INTERFACING TO OTHER 
INTEL486 MICROPROCESSORS 

The Intel486 microprocessor family provides designers 
a large and diverse selection of CPUs, which offers de
signers different performance points to meet different 
market segment needs. Throughout the product family, 
the external bus architecture has remained consistent, 
which makes the 28FOl6XS interface to the entire 
Intel486 microprocessor family similar, if not identical, 
to the Intel486 SX microprocessor interface described 
in Sections 2 and 3. The 28F0l6XS-15 interface to the 
Intel486 SX-33 microprocessor works equally well for 
the following microprocessors at 5.0V Vee. 

• Intel486 SX-20, -25 processors 

• Intel486 SX2-50 processor 

• Intel486 DX-25, -33 processors 

• Intel486 DX2-40, -50, -66 processors 

• InteIDX4™-75, -100 processors (I/O buffers con
figured for 5.0V, Vee5 = 5.0V) 

The 28F016XS-15 interface to the Intel486 SX-33 mi
croprocessor also works well for the following Intel48"6 
microprocessors at 3.3V Vee. The 3.3V Vee design 
utilizes a 22VIO-15 low voltage PLD to control the in
terface between the 28F016XS-15 (operating at 3.3V 
Vec) and the processor. 

• Intel486 SX-20, -25 processors 

• Intel486 DX-25 processor 

• Intel486 DX2-40, -50 processors 

• Inte1DX4-75 processors (I/O buffers configured for 
3.3V, Vee5 = 3.3V) 
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When the external bus frequency falls outside the 
16.7 MHz through 33 MHz frequency range at 5.0V 
Vee (12.5 MHz through 25 MHz at 3.3V Vee), the 
optimized .SFI Configuration value for the 28F0l6XS-
15 differs in respect to the Intel486 SX-33 microproces
sor design documented earlier. The state machine, 

, therefore, requires slight modifications to accommodate 
the different SFI Configuration. Note, the initial read 
configuration and write control state machine remains 
consistent throughout all designs because they are not 
affected by the optimized SFI Configuration. 

Intel486 SX·16 Microprocessor Interface at 
5.0V Vee 

The 28FOI6XS-15's optimized SFI Configuration at 
16 MHz equals 1. Therefore, 28F016XS-15 will begin 

. driving data one CLK period after initiating the first 
read access. The optimized state machine must drive 
BRDY# and OE# active upon initiating the first ac
cess to the 28FOI6XS-15. BRDY# and OE# remain 
low throughout the burst cycle. The optimized and 
standard 28F016XS-15 interface to the Intel486 SX-16 
microprocessor at this specific frequency deliver 1-0-0-0 
and 2-0-0-0 wait-state read performance respectively. 

Intel486 OX·50 Microprocessor Interface at 
5VVee 

Operating at 50 MHz, the 28FOI6XS-15's optimized 
SFI Configuration equals 3. The interface loads the 
two-bit counter and drives ADV # active at the first 
rising CLK edge after the processor initiates the read 
access. The optimized read state machine increments 
the two-bit counter and drives ADV # low every other 
CLK, thereby adhering to the Alternating-A]. and 
Same-A] access'rules (see Additional Information). The 
optimized and standard 28F016XS-15 interface to the 
Intel486 DX-50 microprocessor at this given frequency 
deliver 4-1-1-1 and 5-1-1-1 wait-state read performance 
respectively. 



Intel486 DX-33 and Inte1DX4-100 
Microprocessor Interface at 3.3V Vee 

Operating at 33 MHz with 3.3V Vee, the 28FOI6XS
IS's optimized SFI Configuration equals 3. The inter
face loads the two-bit counter and drives ADV# active 
at the first rising CLK edge after the processor initiates 
the read access. The optimized read state machine in
crements the two-bit counter and drives ADV # low for 
two CLK periods and then strobes ADV # high for one 
CLK period. ADV # is again driven low for two CLK 
periods finishing the burst cycle. Refer to the Alternat
ing-A 1 and Same-A 1 access rules (see Additional Infor
mation) for further information on consecutive access
es. The optimized and standard 28F016XS-15 interface 
to the Intel486 microprocessor at this frequency deliver 
3-0-1-0 and 4-0-1-0 wait-state read performance respec
tively. 

ADDITIONAL INFORMATION 
Order Number 
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5.0 CONCLUSION 

This technical paper has described the interface be
tween the 28F016XS 16-Mbit flash memory component 
and the Intel486 microprocessor. This simple design 
has been implemented with a minimal number of com
ponents and achieves exceptional read performance. 
The 28F016XS provides the microprocessor with the 
nonvolatility and updateability of flash memory and the 
performance of DRAM. For further information about 
28FOI6XS-15, consult reference documentation for a 
more comprehensive understanding of device capabili
ties and design techniques. Please contact your local 
Intel or distribution sales office for more information 
on Intel's flash memory products. 

Document/Tools 

290532 28F016XS 16-Mbit (1 Mbit x 16, 2 Mbit x 8) Synchronous Flash Memory 
Datasheet 

297500 "Interfacing the 28F016XS to the i960® Microprocessor Family" (Technical 
Paper) 

292147 AP-398, "Designing with the 28F016XS" 

292146 AP-600, "Performance Benefits and Power/Energy Savings of 28F016XS-
Based System Designs" 

292163 AP-610, "Flash Memory In-System Code and Data Update Techniques" 

292165 AB-62, "Compiled Code Optimizations for Flash Memories" 

297372 16-Mbit Flash Product Family User's Manual 

297508 FLASHBuilder Utility 

Contact Intel/Distribution 28F016XS Benchmark Utility 
Sales Office 

Contact Intel/Distribution 28F016XS iBIS Model 
Sales Office 

Contact Intel/Distribution 28F016XS VHDL Model 
Sales Office 

Contact Intel/Distribution 28F016XS Timing Designer Library Files 
Sales Office 

Contact Intel/Distribution 28F016XS Orcad and ViewLogic Schematic Symbols 
Sales Office 
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REVISION HISTORY 
Number Description 

001 Original Version 

002 Incorporated initial read burst configuration, replacing the single read cycle. Added optimized 
design; improving system read performance 

003 Added 3/5# pin reference to text and block diagrams (Figures 1 and 9) 
Revised state diagram numbering (Figures 4 and 7) 
General cosmetic changes. 
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APPENDIX A 
PLD FILE FOR THE 28F016XS INTEL486™ 

MICROPROCESSOR INTERFACE 

PLD file for the optimized interface described in Section 2. 

TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY NAME 
DATE 

Optimized 28FOl6XS 1486 Interface 
PDS 
1 
Example 
Intel 
216/95 

CHIP OPTIMIZED_28FOI6XS_486_INTERFACE 85C22VIO 

; input pins 
PIN CLK 
PIN ADS 
PIN WR 
PIN BLAST 
PIN CE 
PIN CFG 
PIN A2 
PIN A3 
PIN RESET 
PIN 25 GLOBAL 
; output pins 
PIN ADV 
PIN IKEN 
PIN IDE 
PIN /WE 
PIN IBRDY 
PIN SWITCH 
PIN QO 
PIN CTRO 
PIN CTRI 

STRING LD '(lADS)' 
STRING INC '(lADV), 

; clk frequency 33mhz 
; address strobe from 486 
; multiplexed read/write strobe 
; BLAST from the 486 
; CE from the address decoding logic 
; informs interface to changes to the SFI Configuration 
; lower address lines from the 486 used 
; in loading the counter 
; system reset 

; address valid input 
; cache control 
; output enable input 
; write enable input 
; initiating a burst cycle, 486 input 
; control MUX switching 
; state variable 
; lower bit of the 2bit counter 
; higher bit of the 2bit counter 

; load 
.; increment 

STATE MOORE_MACHINE 
DEFAULT_BRANCH SO 

; state assignments 
SO = IADV ·/BRDY ·/OE * /WE "/KEN "/SWITCH ·/QO 
Sl =/ADV ·/BRDY ·,OE ·/WE ·/KEN· SWITCH * IQO 
S2 = I ADV • IBRDY· Oa */wE * KEN· SWITCH· IQO 
S3 = IADV· BRDY· DE */WE· KEN * SWITCH */QO 
S4 = ADV· BRDY· DE * /WE· KEN * SWITCH· IQO 
S5 = ADV· IBRDY· DE "/WE" KEN· SWITCH" IQO 

297504-16 
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S6 = ADV * IBRDY ,. 10E ,. !WE ,. IKEN" SWITCH" QO 
S7 = ADV" IBRDY * 10E * !WE * KEN" SWITCH" QO 
S8 = ADV" BRDY" OE"!WE" KEN * SWITCH * QO 
S9 = IADV" IBRDY" OE"!WE" KEN * SWITCH ,. QO 
S 10= ADV * IBRDY * 10E ,. !WE * IKEN" SWITCH * IQO 
SII = ADV * IBRDY * 10E * WE * IKEN * SWITCH * IQO 
S 12 = ADV * IBRDY * 10E" WE * IKEN * SWITCH" QO 
S I3 = ADV" BRDY" 10E ,. !WE" IKEN" SWITCH" IQO 

; state transitions 
SO := (fADS"!WR" ICFG) 

+ (lADS * !WR" CFG) 
+ (lADS" WR) 

S 1:= (lCFG * ICE" BOFF) 
+ (CFG * ICE" BOFF) 
+ CE" IBOFF 

S2:= ICFG" BOFF 
+ CFG" BOFF 

S3:= IBLAST + IBOFF 
+ BLAST 

S4:= IBLAST + IBOFF 
+ (BLAST" ICFG) 
+ (BLAST * CFG) 

S5:= BOFF 
+ IBOFF 

S6:= BOFF 
+ IBOFF 

S7:= BOFF 
+ IBOFF 

S8:= IBLAST + IBOFF 
+ BLAST 

S9:= BOFF 
+ IBOFF 

SIO:= ICE 
+ CE+/BOFF 

SII:= BOFF 
+ IBOFF 

SI2:= BOFF 
+ IBOFF 

SI3:= VCC 

EQUATIONS 
; implement RESET 
GLOBAL.RSTF = IRESET 

; implement 2-bit burst counter 

-> S6 ; initial config READ cycle 
-> S I ; optimized config READ cycle 
-> SIO 

+->SO 
-> S7 
-> S2 
->SO 
-> S8 
-> S3 

+-> SO 
->SO 
->S4 
-> SO 
-> S5 
-> S4 
-> S4 
-> SO 
-> SI 
-> SO 
-> S2 
->SO 
-> SO 
-> S9 
-> S4 
-> SO 
-> S II ; write cycle 
-> SO 
-> S 12 ; WE low for two clocks 
-> SO 
-> SI3 
-> SO 
.-> SO ; ready 

CTRI := (LD" A3) + (fLO" INC * ICTRI * SI) 
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+ (fLO * INC * CTRI * lSI) + (fLO * IINC * CTRI * IS I) 
CTRO:= (!WR * LD * IA2) + (WR" LD * A2) 

+ (fLO" INC * ICTRO) + (fLO * IINC ,. CTRO) 
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PLD file for the optimized interface described in Section 3. 

Title 
Pattern 
Revision 
Author 
Company Name 
Date 

Standard 28F0l6XS I Intel486™ Interface 
PDS 
I 
Example 
Intel 
2114/94 

CHIP 28FOI6XS_486_Interface 85C22VlO : 85C22VIO-15 

; input pins 
PIN I CLK 
PIN ADS 
PIN WR 
PIN BLAST 
PIN CE 
PIN CFG 
PIN BOFF 
PIN :\2 
PIN A3 
PIN RESET 
PIN 25 GLOBAL 
;output pins 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 

IADV 
IKEN 
IDE 
fWE 
IBRDY 
QO 
QI 
CONTO 
CONTI 

; clk frequency 33mhz 
; address strobe from 486 
; multiplexed read/write strobe 
; BLAST from the 486 
; CE from the address decoding logic 
; informs interface to changes to the SFI Configuration 
; BOFF input to processor 
: lower address lines from the 486 used. 
; in loading the counter 
: system reset 

: address valid input 
: cache control 
: output enable input 
; write enable input 
: initiating a burst cycle, 486 input 
; state variable 
; state variable 
: lower bit of the 2bit counter 
: higher bit of the 2bit counter 

STRING LD '(lADS)' : load 
STRING INC '(/ADV)' 

STATE MOORE_MACHINE 
DEFAULT_BRANCH SO 
; state assignments 
SO = IADV * IKEN * fWE * IBRDY * IQO * IQI 
SI = ADV * IKEN * fWE * IBRDY * IQO * IQI 
S2 = ADV * KEN * fWE * IBRDY * IQO * IQI 
S3 = ADV * KEN * fWE * IBRDY * IQO * QI 
S4 = ADV * KEN * fWE * BRDY * IQO * IQI 
S5 = IADV * KEN * IWE * BRDY * IQO * IQI 
S6 =/ADV * IKEN * fWE * IBRDY * IQO * QI 
S7 = IADV * KEN * fWE * IBRDY * IQO * IQI 
S8 = IADV * KEN * IWE * IBRDY * IQO * QI 
S9 = ADV * KEN * IWE * BRDY * IQO * QI 
SIO=/ADV* KEN*fWE*/BRDY.* QO* QI 
SII =/ADV * IKEN * fWE */BRDY * QO* IQI 

297504-18 
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SI2 =/ADV * IKEN * WE * IBRDY * IQO * IQI 
S13=/ADV */KEN* WE */BRDY */QO* QI 
SI4=/ADV*/KEN*IWE* BRDY* QO*/QI 

; state transitions 
SO := ADS * IBOFF 

+ lADS * IWR * IBOFF 
+ lADS * WR * IBOFF 

SI := ICFO * ICE 
+ CFO * ICE 
+ CE 

S2 := ICFO * BOFF 
+ CFO * BOFF 
+IBOFF 

S3 := ICFO * BOFF 
+ CFO* BOFF 
+/BOFF 

S4 := IBLAST + IBOFF 
+ BLAST 

S5 := IBLAST + IBOFF 
+ ICFO * BLAST 
+ CFO * BLAST 

S6 :=/BOFF 
+ BOFF 

S7 :=/BOFF 
+ BOFF 

S8 := IBOFF + IBLAST 
+ BOFF 

S9 :=/BOFF 
+ BOFF 

SIO :=/BOFF 
+ BOFF 

SII :=/CE 
+ CE+/BOFF 

SI2 :=/BOFF 
+ BOFF 

SI3 :=/BOFF 
+ BOFF 

SI4:= VCC 

EQUATIONS 

->SO 
-> SI 
-> SI1 
->S6 
-> S2 
-> SO 
-> S7 
->S3 
-> SO 
->S8 
->S4 
-> SO 
-> SO 
-> S5 
->SO 
->SIO 
-> S5 
-> SO 
->S2 
-> SO 
->S3 
->SO 
c> S9 
->SO 
-> S5 
-> SO 
->S5 
->SI2 
->SO 
->SO 
-> SI3 
-> SO 
->SI4 
->SO 

; implement RESET 
OLOBAL.RSTF = IRESET 

; implement 2-bit burst counter 

; start of an access 

; not reconfigured 
; reconfig active low 

; if chip enable is de-asserted. 
; quit the access and return 

; situations will only ocur during 
;aBOFF. 
; continous cycling until BLAST is 
; presented - end the burst cycle 

; situation will only occur during 
; during a BOFF. 

CTRI := (LO * A3) + (lLO * INC * ICTRI * SI) 
+ (ILO * INC * CTRI * IS2) + (/LD * IINC * CTRI * IS2) 

CTRO := (/WR * LD * A2) + (fLO * INC * ICTRO) + (/LD * IINC * CTRO) 
; output enable control. triggered on falling clock edge ' 
OE:= S2 + S3 + S4 + S5 + S7 + S8 + S9 + SIO 
OE.CLKF = ICLK 
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VALUE SERIES 100 
FLASH MEMORY CARD· 

2-,4-,8-MEGABYTE 
iMC002FLSG, iMC004FLSG, iMCOOBFLSC 

• Low-Cost Linear Flash Card • Automated Write and Erase Algorithms 

• Single Supply: 5 Volt Operation - 28F008SA Command Set 

• FAST Read Performance • State-of-the-Art 0.6 /Lm ETOXTM IV 

-100 ns Maximum Access Time Flash Technology 

• x16 Data Interface • 100,000 Erase Cycles per Block 

• High~Performance Random Writes • 64-KWord Blocks 

-10 /Ls Typical Word Write • PC Card Standard Type 1 Form Factor 

• 50 /LA Typical Deep Power-Down 

Intel's Value Series 100 card offers the lowest cost removable solid-state storage solution for code and data 
storage, high-performance disk emulation, and applications in mobile PCs and dedicated embedded applica
tions. Manufactured with Intel's FlashFile™ memory, this card takes advantage of a revolutionary architecture 
that provides innovative capabilities, automated write/erase algorithms, reliable operation and very high read/ 
write performance. 

The flash memory card provides the lowest cost, highest performance nonvolatile read/write solution for solid
state storage applications. These applications are enhanced further with this product's symmetrically-blocked 
architecture, extended MTBF, and 5 Volt operation. 

The flash memory card can be used as a simple x16 linear array of flash devices. The PC Card form factor 
offers an industry-standard pinout, removable linear' flash memory, and the ability to upgrade system memory 
software without changing the board layout. 

'Other brands and names are the property of their respective owners. 

The complete document for this product is available from Intel's Literature Center at 1-800-548-4725. 
November 1995 
Order Number: 290546-001 5-53 
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SERIES 2+ FLASH MEMORY CARDS 

4-,8-,20- AND 40-MEGABYTE 
iMC004FLSp, iMC008FLSp, iMC020FLSp, iMC040FLSP 

• Single Power Supply • Revolutionary Architecture 

• Automatically Reconfigure for 3.3V and - Pipelined Command Execution 

5V Systems - Write during Erase 
- Series 2 Command Super-Set 

• 150 hs Maximum Access Time with 5V 
State-of-the-Art 0.6 ,..,m ETOXTM IV Power Supply • Flash Technology 

• 250 ns Maximum Access Time with 3.3V 
1 Million Erase Cycles per Block Power Supply • 

• High-Performance Random Writes • Up to 640 Independent Lockable 

- 0.85 MBtS Sustained Throughput Blocks 

-1 KB Burst Write at 10 MBtS • PCMCIA 2.1tJEIDA 4.1-Compatible 

• 12 ,..,A Typical Deep Pc;»wer-Down • PCMCIA Type 1 Form Factor 

• Series 2 + User's Manual 

Intel's Series 2 + Flash Memory Card sets the new record for high·performance disk emulation and eXecute
In-Place (XIP) applications in mobile PCs and dedicated equipment. Manufactured with Intel's 28F016SA 16-
Moit (DD28F032SA 32-Mbit) F,ashFile™ Memory, this card takes advantage of a revolutionary archite.cture 
that provides in·novative capabilities, low-power operation and very high read/write performance. . 

The Series 2 + Card provides today's highest density, highest performance nonvolatile read/write solution for 
solid-state storage applications. These applications are enhanced further with this product's symmetrically 
blocked architecture, extended MTBF, low-power 3.3V operation, built-in Vpp generator, and multiple block
locking methods. The Series 2+ Card's dual read and write voltages allow interchange between· 3.3V and 
5.0V systems. . 

290491-8 

ETOX and FlashFile™ are trademarks of Intel Corporation. 

The complete document for this product is available from/ntel's Literature Center at 1-800-548-4725.· 
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SERIES 2 FLASH MEMORY CARDS 
iMC002FLSA, iMC004FLSA, iMC010FLSA, iMC020FLSA 

Extended Temperature Specifications Included 

2, 4, 10 and 20 Megabyte Capacities • High-Performance Read Access 

PCMCIA 2.1/JEIDA 4.1 S8-Pin Standard -150 ns Maximum 

- Hardwired Card Information • High-Performance Random Writes 
Structure -10 I-'-s Typical Word Write 

- Byte- or Word-Wide Selectable • Erase Suspend to Read Command 
Component Management Registers for - Keeps Erase as Background Task 
Card Status/Control and Flexible • Nonvolatility (Zero Retention Power) 
System Interface - No Batteries Required for Back-up 
Automatic Erase/Write • ETOXTM III 0.81-'- Flash Memory 
- Monitored with Ready/Busy Output Technology 
Card Power-Down Modes -5V Read, 12V Erase/Write 
- Deep-Sleep for Low Power - High-Volume Manufacturing 

Applications Experience 

Mechanical Write Protect Switch • Extended Temperature Version 

Solid-State Reliability - - 40·C to + 85·C 

Intel FlashFile™ Architecture 

Intel's Series 2 Flash Memory Card facilitates high-performance disk emulation in mobile PCs and dedicated 
equipment. Manufactured with Intel's ETOXTM III 0.8J.L, FlashFile Memory devices, the Series 2 Card allows 
code and data retention while erasing and/or writing other blocks. Additionally, the Series 2 Flash Memory 
Card features low power modes, flexible system interfacing and a 150 ns read access time. When coupled with 
Intel's low-power microprocessors, these cards enable high-performance,implementations of mobile comput
ers and systems. 

Series 2 Cards conform to the Personal Computer Memory Card International Association (PCMCIA 2.1)/ Jap
anese Electronics Industry Development Association (JEIDA 4.1) 68-pin standard, providing electrical and 
physical compatibility. 

Data file management software, Flash Translation Layer (FTL), provides data file storage and memory man
agement, much like a disk operating system. Intel's Series 2 Flash Memory Cards, coupled with flash file 
management software, effectively provide a removable, all-silicon mass storage solution with higher perform
ance and reliability than disk-based memory architectures. 

Designing with Intel's FlashFile Architecture enables OEM system manufacturers to design and manufacture a 
new generation of mobile PCs and dedicated equipment where high performance, ruggedness, long battery 
life and lighter weight are a requirement. For large user groups in workstation environments, the Series 2 
Cards provide a means to securely store user data and backup system configuration/status information. 

The complete document for this product is available from Intel's Literature Center at 1-800-548-4725. 
November 1995 
Order Number: 290434-005 5-55 
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_ Technolollee "'1-""- Hamilton Hellmark --EIectronlea FLORIlA 
~Squara 28707 Willi Agoura 4545 V_go ... venue EIactronIea 

Rood Sen Dill: 92123 8C1Omwe11S1oeat 
_ EIectronIea 

SuIteS Calabasaa 91302 Tel: (61 671·7540 SuIIe 100 6200 NW 3rd ... venue H_vllle35805 
~Zc~~~Lffl2':o 

FAX: (61 ) m-6136 Irvine 82718 SuIte 206 
Tel: ~ 837-6300 Hamilton HellmIIIfc Tel: (714) 581-4622 A. Lauderdale 33309 FAX: ) 837-6358 

ArrowISchweIIer 211SOCalftaS1oeat FAX: (714) 454-4355 Tel: (305) 464-{1991) = Electronlea EIactronk:a Woodland HUla 91367 COLORADO 
_ EIactronk:a 

7 _mara Dr., W. 
461134KatoRood ~Zc~mf~ 596 S. Northlake BtwI. 

~ BWldIng, 20.1 SUnel03 Anlhom EIectronlea SUIt. 1024 
Framont 94536 Hamilton He/lmIIIfc 373 IIMIII18II1IDr. S. AItamanIe ~32701 HunIavHIe 35807 
~Zc!~m~:o.~~ 580 Menlo DrIvII ~lawaod80112 Tel: (8131 7·2900 

~Zc~~~l~ Sune2 Te : ~ 790-4500 FAX: (81 1798-4880 - Rocklin 95782 FAX: ) 790-4532 -ARIZONA ElecIronlea Tel: (916) 624·9781 - EIectronlea 
6C~. FAX: (916) 961-D922 ElecIronlea 400 Faloway DrIvII AII_ Elactronlea SUIte 100 PIo ...... Standanl 61 In""",,,, Dr EIIII SUIte 102 7650 EIIII Redlieid Rd Irvine 92718 5126 Claraton DrIvII Sunel05 De_Beach 33441 Scottadale 65280 Tel: (714) 581-4622 8unel06 

raP,I=:.W58 ~Zc~~~~~l Tel: (602) 281·7888 FAX: (714) 454-4206 ~uoa Hills 91301 
Anlhom ElecIronlea -- Tel: (818) 865-5600 FAX: (303) 799-0730 

~ 1555 Weel101h Place ElecIronlea Pia ...... Standanl ~~~Ie Electronics Suft.l0l 9511 Rldgehaven Court 217 Technology DrIvII ~:'~'b'lD~ve T;U::85281 Sen Dlrfii 92123 8uft.ll0 f~i:rJ3.W99 Tel: ~ 968-6600 Tel: (81 565-4800 Irvine 92718 Lake Maoy 32746 . FAX: I ) 968-4626 FAX: (61 ) 279-11062 Tal: (714) 753·5090 
~""'t:.=~",":, 

Tel: (40~ 333·9300 
~ ArrowISlh_ Plonoe, Tochnologlee 

FAX: (40 333-9320 
EIectronlea Eloc:tronlca 

~:l:"FIloRobI .. ~~":W83 
__ be, 

2415 Weel Eole DrIvII 
~~ ':"'''l!~~r""'' Electronlea 

~:lT'602Bf~-0030 San Jose 95134 HamIlton Hellmark ~1~ ~ Scout 0,. 
FAX: (602) 431-9555 ~Zc!1m:tma~0 ~Zcl=ri:4!J~3 12503 EIIII Euclid 0, 

T:r;33607 Sune20 Tel: 8131873-1030 t~~'1:~Dr Amat CompUl« PIonee, ltandard ~Iewood 80111 FAX: (81 1873-00n 
:rvr~~l8 4370 La Jolla Village Te: ~ 780-1662 

~:"'ia"~7999 DrIvII FAX: ) 790-4991 Amat Comp""" 
Tel: (800) 428-7999 

t~ g~":)~~06 Hamilton Hallmork 541 S. Drlso\do "'ve. 
Sune 203 ~~c;~ Amat Comp""" 710 WOQIen Road Maitland 32751 371 Van N ... Way 

r"~l="~ 
SUIte 28 Tel: (800) 426-7999 Phoenix 85040 Torrance 90501 CoIooacIo Springs 

Tel: (800) 409·1483 Tel: (800) 426-7999 Irvine 92713 60915 ~~.J"St~: P_ Standard Amat Computer Tol: (714) 753-9953 ~Zc$1t~~88 LaI\1034647 1438 Weel B_y 15950 Bernardo err 0, FAX: (71~) 753-98n 
Tel: (800) 409·1463 SUIte 11-140 SUne6 r&l="IcsPkwy ~~~.!.=rc:.'I!': T:;85262 

san = 92127 ~:~~~= Tel: 602) 350-9335 Tol: ( 428-7999 SUIte 200 -. HamIlton HoIlmark Avnet Comp""" Irvlna92713 SUne201 sun. 206 
~80111 Cleaowalor 34620 4637 South 36th Place 117S_uxDrIvII Tel: (714) 753-9953 
T : (303) 773-6090 Tel: (800) _1483 PhoenIx 85040 SuIte A FAX: (714) 753-98n 

Tel: (=437.1200 =r=,Jus =='I,'f:t. :W-e!.r~~": ...... Hamilton HallmIIIfc FAX: ) 437.z148 3350 N.W. 63rd SI'881 

lWr=~ He/I-lllllfcComputer Sule175 ThomIon 80241 SUIt. 105-107 
Rancho Cordove 96742 Tel: ~ 457·9953 R.Laudardale33309 211SO Calla SII80I 

~Zc!U~tffla~=1 
FAX: ) 457-4631 Tel: (3~ 4114-5482 PhoenIx 85040 WoocItao.l Hills 91387 FAX: ) 464·2895 ~Zc!=mtm4 Tel: (600) 4011-1483 
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NORTH AMERICAN DISTRIBUTORS (Cont'd) 

Hamilton HIII"yute AnuwISchweber 
lMI._ 

10481 72nc1 st. North Electronleo 
IWIYlAHO 

WyleElectronleo 

Larg<l34647 11<40 W Thorndale Ad 
EIectronleo 1325 Eul711th StnIeI 

~~~mffi4~ Haeca 60143 
Anthem Electronleo ~1~on!i';"887 SUltII 

Tal: (708) 25().()50() 
7168A ColumbIa 

Tal: (~ 658-4776 ~65425 
~=~~ 

TIl: (61 853-2260 

Hamilton HIIlmark m,:,~~ve 
FAX: ( ) 894·2199 FAX: (61 ) 853-2299 

~~t.~:r' 
Tal: (BOO) 239-6039 

Benoanvllle 60106 -- MICHIGAN MISSOURI 

Tal: (<40~657-3300 Tal: (800) 426-7999 
FAX: (<40 679-4414 

Electronleo ~ AnuwISchweber 

Plo .... ' TocIInologles ~~'t~~: 
9800J Patuxent Woods Electronleo EIectronIeo 
Drtva «720 Hllm street 2380 Schuetz Road 

~rl'ortt.lakaBIvd Bensenvtlle 60106 Columbia 21 048 ~48170 st. LouIs 83141 

Tel: (BOO) 409·1483 Tal: (301) 596-7BOO ~~f~m::t~~ 
Tol: (314) 567-11888 

Suite 1000 HamlRon Hallmark 
FAX: (301) 596-7821 FAX: (314) 567·1164 

AHa MontI Spgs 32701 
Tel: (<40~834'9090 1130 Thorndale Ave ~~~.:t:' :==~'TrkAd ~~R=,,;:r South 

FAX: (40 834'()865 B ..... nvtlle 60106 

Plo .... ' Technologies 
Tel: (800) 426-7999 Gateway Drive SuHe 120 Earth ~ 83045 

ffloS~~e 
SuiteG Novl48375 Tel: (BOO 426-7999 

Groul,.. CoIuni>la21045 Tel: (800) 426-7999 

674 hMIIIta~ 
Tal: (BOO) 426-7999 ~~-:erc:.:r~ 

Deerfield Beach Avenue 

~~c::'=-
~~~~=l.r~ 

~~ff~:~i~r5O 
Hasca 60143 

Earth~83045 

Tel: (708) 250-8222 
SuHe120 Tel: (BOO 409·1483 

FAX: (708) 250-8275 Gateway Drtva Novl48375 

WyleElectronleo MeG TIl: (BOO) 409·1483 HamlRon HIIlmark 

1000 1121h CIn:I. North PIonHr Standard Columbia 21048 Hamilton Hilimark 
3783 Rider Trail South 

SI. Petersburg 33716 2171 Executive Drtva Tal: (BOO) 409-1_ Earth~83045 

SUIte 800 SUIte 200 
«191 Plymouth oaks TIl: (314 291·8350 

~~f,mf~9~n~8 
Addison 60101 HamlHon Hallmark Blvd. FAX: (314) 281.()362 

~~f8"oL~:;mgl 
10240 Old Col....,.. SUHe1300 
Road Plymoullt 48170 NEW HAMPSHIRE 

=Ar.rm COIUni>la21048 ~~f~m~lt~1 
Electronleo WyIe Eloctl'Onleo Tel: (410t 988-9BOO 

Avnotcom~_ 

~~SuIt~OI ~~TralRoad FAX: (41 ) 381-2036 Hamilton Hilimark 
2 ExocutIva Park Drtva 
Bedford 03102 

~'":.~32746 
Addison 60101 North Atlantic 41650 Garden Brk Ad Tal: (BOO) _7999 

Tel: (800) 853-9953 Ind_ SuKll00 

Tal: (40~ 333-3055 lMI._ ~G'5"W~ Drtva 
Hovl_18 NEW~ERSEY 

FAX: (<40 333-9681 Electronleo ColumbIa 21048 ~~f~~~~ffitllil Anthem EIectronIeo 

GEORGIA 
11<40 W Thorndale Ave Tel: (301) 312·5800 PIonHr Standard 

26.chapln Road. UnH K 

Hasca60143 FAX: (301) 312·5650 
PIne BrOok 07056 

Anthem EIectronleo Tel: (708) 25().()50() Plonae,TocIInologles ~~i~' Tel: (201) 227·7650 

2400 Pleasant Hilt Ad INDIANA 

FAX: (201) 227-9246 

SuHes9 & 10 r~g GaHher Road 
Tel: (616) 698·1800 

Duluth 30136 AnrowlSch_ 
FAX: (616) 698·1831 --

Tal: (404) 931-3900 C;:1~~~~I~ PIo ...... standard 
E\octronleo 

FAX: (404) 931-3902 
Electronleo 

4 East stow Road 

7108 lakeview FAX: (301) 67(l-6746 
«190 Plymouth Oaks UnHll 

_weber Parkway West Drtve 
Blvd. MarHon 08053 

Electronleo Inclia~r46268 
WyIe Eloctl'Onleo Ei)'moUt1l48170 ~~f'!m~~ 

4250 E Rlvorgraen -., Tel: (31 299·2071 9101 GulHor<! Road ~~f~~~~ffl7~~0 
SUne E FAX: (31 299·2379 SUHe120 

Duluth 30136 
CoIuni>la21048 

Anro_ 

Tel: (404) 497·1300 
AvnetComp_ Tel: (301) 490-2170 MINNESOTA Electronleo 

FAX: (404) 476-1493 
655 West Cannel Drive FAX: (301) 490-2190 Anthem EJecironleo 

43 Route 46 East 

SuHel60 
Plna Brook 07056 

Avnet Computer Carmel 46032 MASSACHUSETTS be:. Golden Triangle Tel: (201) 227·7680 

3425 Corporale Way Tel: (800) 426-7999 Anlhom Electronleo Eden Prairie 553« 
FAX: (201) 227·2064 

SUReG - Hail-Mark Computer 
Avnet Computer 

Duluth 30136 
200 Resaarch DriVe ~~f~mr:t~~ 

Tal: (BOO) 426·7999 
655 West Cannel Drive WllmI~on 01887 

1-8 Kaystona Avenue 

Carmel 46032 Tel: ( m 657·5170 ~\'!,ldlnt:: 08003 

Hal\-Marte Computor Tel: (BOO) 409·1483 FAX: ( ) 657-6008 
AnrowISch_ 

~;~teway HamlRon Hallmark 
Electronleo TIl: (lo\l) 426-7999 

AnrowlSch_ 10100 Viking Drive 

Duluth 30136 
655 West Cannel Drive Electronleo S"Hel00 

Hall-Mark Comp_ . 

Tel: (800) 409·1483 
SuHel60 25 ::,mon Drtva Edan Prairie 553« 1..a K~one Avenue 

Carmel 46032 WII ~onOI887 -Tel: (612) 941·5280 ~1d1~::08003 
HamlRon Hallmark Tel: (31~575-3500 

FAX: (612) 942·7803 

3425 Corporate Way FAX: (31 575-3535 ~~f(m~~~ 
::&"'B';:nm= East 

Tal: (lo\l) 409·1483 

SuHeG&A PIo ...... standard Avnet Computer 
H.I\-Mark Compuler 

Duluth 30136 
Tel: (404) 623·5475 =iF~~lowDr 10 0 cantennial Drtva SuHe 410 10 lanldaX Plaia West 

FAX: (404) 623-5490 ~=)01~999 
Minnetonka 55343 ~:f:"~~.~~83 

Tel: (31 573.()880 Tel: (BOO) _7999 

~:':.",. Technologies FAX: (31 573.()979 
~~~=~.:rgt:.. =:=~~ 

HamlHon Hallmark 

4~ RIves'Hraen -., 
KANSAS 

1 K~ona Avanue 

Duluth 301 -- ~=)01&r.l483 
SUHe 410 ~\'!, '~:: 08003 

Tel: (404) 623-1003 
Minnatonka 55343 

FAX: (404) 623.()665 
Eloc1ronleo HamlHon Hallmark 

Tel: (BOO) 409·1483 Tel:~424'()110 

Wyla Eloctl'Onleo ~:O..!~I~ 100 cantennial Drtva HamlHon Hallmark 
FAX: ( ) 751·2552 

~! -rn ComenI-., ~~~mffi~8 
P~01960 9<401 James Ave South HamlHon Hallmarte . 

Tal: ( m 531-7430 SuIte 1<40 10 Lanldax Plaza West 

Norcroea 30092 
=t':kaC:= 

FAX: ( ) 532-9802 ~on55431 Pa=107054 

Tel: (404) «1·9045 PIonHr standard 
Tal: (61 881·2BOO Tel: 1) 15-5300 

FAX: (404) «1·9086 Lenexa 66219 « HartweU Avenue 
FAX: (61 ) 881·9461 FAX: (201) 515-1601 

ILLINOIS 
Tal: (800) 409·1483 Le>dnalon 02173 Plo..- Standard ~~~Ies 

Tel: ( 1~881.92oo 7625 Golden Triangle 

Anthem Electronleo 
HamlRon Hallmark FAX: (61 863-1547 Drlvl PInebrook 07056 

1300 Remington Road 
10809 lakeview 

:'~E~rg=.-
SuHeG Tal: (201) 682·8780 

SuHaA 
AVenue Eden Prairie 553« FAX: (201) 539-6430 

~~~~1~ 
Lenaxa 66215 ~~l~m~~~94 
~~l~mr:,""l~ 

Bedford 01803 
Tel: (61nfl.9953 

FAX: (708) 885-0480 FAX: (61 275-3809 



in1:et 
NORTH AMERICAN DISTRIBUTORS (Cont'd) 

PIoneerSblnd<lrd PlonHr6lo_ HaI~Mar!< Computer :,OS"..~IoDt.. AYMlCom= 
14-A Madloon Road ~~w:'&:~~ 777 Dearborn PI< Lane 1235 North Wast 
Faldleld 07006 SuHal NumbuaAva. SuHe 525 
Tal: (201) 575-3510 11797 ~'rr.lb'8l~09~Ja SuHe 160 Houston nOO8 
FAX: (201) 575-3454 Tel: (516) 921·8700 Beaverton 97005 Tol: (600) 426-7999 

~ Electronlea 
FAX: (516) 921·21043 

HamlHon Hallmer!< ~~1~~~ ~~'!:.,~Ivd 11 AoII!a 46, B'lW F PlonHr6lo_ ~n~TI'~Road Mountain Lakes 0 046 B40 Fairport Par!< WyM Eleclronlea Austin 78727 
Tel: (201) 402-4970 Falrpor114450 ~~1imm8!l~ 9640 Sunshine Court Tal: (600) 409·1483 

NEW MEXICO 
Tel: (716) 381-7070 g~:~G ~~U~=-FAX: (716) 381-5955 

HamlHon Hallmer!< Beavarton 97005 A111 __ EIectronlea, ZeuaAzww . 777 Dearborn Pk Lane 
~~1~~l~~ 

SuHa 200 
Inc. Electronlea Sunal Dallas 75244 
3411 BI)'n Mawr N.E. 100 Midland Avanua ~'r(~l't"J'oa.~153 Tel: (800) 409·1483 

~~"T92~ Port Cheater 10573 PENNSYLVANIA 
HaI~Mar!< Computer Tel: (914) 937·7400 FAX: (614) 881Hl767 

FAX: (50~) 275-6392 FAX: (914) 937·2553 Anthem EIectronlea 1235 North loop Wast 
MTI Systom. Set.. 355 Buslneae Ctr Drive Houston nOO8 

AYMl Computer NORTH CAROLINA 23404 Commerce Pk Horaham 19044 Tel: (600) 409·1483 

~~I~~'ll~:~ Road 
~~1~~~~tJ~5 Hamlfton Hallmer!< Anthem Electronlea Beachwood 44122 

=)I'.l~m~ 4805 Greenwood Tel: (216) 464·6688 12211 Technology 
Sunaloo FAX: (216) 464-3564 AYMl Computer Boulavald 

~t':"!8~9r::-3550 
213 executive Drive Auatln 78727 

lEW YORK P1onHr6lo_ SuH0320 ~~1~mf~~ 4433 Inlarpolnt Blvd Ma11l16046 
Anthem EIecIronIea ~ Daron45424 Tel: (600) 425-7999 HamlHon Hallmer!< 47 Mal Drive EIectronlea Ta : (513~ 236-9900 
Conweck 11725 =G.-Iry FAX: (51 ) 235-8133 ~ ~1~ ru.:a Mill Road 

~~1~m~ EIectronlea 
~h27604 Pioneer 610_ 2681 MosoIda Blvd ~~$1~~5 Tel: 19 876-3132 4600 East 13181 S1raeI SuHe204 AII-.. .. _ 
FAX: (91~) 878-9517 Cleveland 44105 MonroavIIle15148 Hamlfton Hallmar!< EIecIronIea ~~1im)~~ Tal: (412) 856-9490 

3875 Brighton HanrIeI1a ~Stc.:::~ =~~~ Townline Road ~r Tochnologt.. 
Rochester 14623 - WyM Eleclronlea 

~~~I= ~~$~~r:= Tol: (716) 427-0300 SuHo500 6835 Cochran Rd. 
FAX: (716) 427~735 Chartotta28217 Solon 44139 

TaI~) 782·2300 
PlonHr6lo_ 

AnowISch_ Tal: (800) 426-7999 Tel: (216) 248-9996 
18260 Kramer Lane 

EIectronIc:a 1Mj~~~ReI 
OKLAHOMA 

FAX: (412) 963-8255 Auatln 78758 
20 Oaer Avenue 

~ 
PIonHrTachnologt.. ~~1~~~~~~ 

'i!:1~WM!i~ SuHeB ~lnterprise Road 
~11:~g&r4~1483 

Eloctronlea 
Pioneer 6Iondard 

FAX: (516) 231-1072 12101 East 51st Street Kenh Valley Bua.Ctr 13765 Bela Road Sunal06 Horahaml9044 Dallas 75244 
:=.~~utar Hamlfton Hanmer!< Tulsa 74146 Tel: (215) 674-4000 

3510 Spring Forest Rd Tel: (918) 252·7537 ~~11~1~f~~9 SuHe 1245 SuMeB FAX: (916) 254~17 r'~..:~.:nlea NawYorI<I0121 ~t':elg&r=1483 Hamlfton Hallmar!< PIo .... r Standard 
Tel: (800) 426-7999 Sunalll 10530 Rocidey Road 5411 S.125th E. Ava Marlton 06053-3165 
Av/MII Computer Hamilton Hallmer!< SuHa 305 Tel: (609) 965-7953 Sune 100 
1057 E. Hanriatta Road 5234 Greens Dairy ReI Tulsa 74146 FAX: (609) 985-6757 Houston n099 
Rochester 14623 ~!t~~~7:~19 Tel: (916) 254·6110 ~~$~~f!~~ Tel: (600) 425-7999 FAX: (918) 254-6207 TEXAS 

Hall-Matk Computer PIo"..r Tochnologies Pionoar Standard Antham Eloctronlea 
WyM Eleclronlea 

2 Pann Plaza Group 9717 East 42nd Street 651 N. Plano Road 
1810 Greenville Ave 

Naw YorI< 10121 2200 Gataway Ctr. Blvd Suha 105 Sune 401 Richardson 75081 
Tel: (600) 409-1483 SuHe215 Tulsa 74148 Rlchaldson 75081 

Tel: (214) 235-9953 

~~~'ll~~~ 
Morrisville 27560 Tel: (916) 665-7840 Tal: (214) 238-7100 FAX: (214) 644-5064 
Tal: (919) 460-1530 FAX: (916) 665-1891 FAX: (214) 238.0237 WyM Electronlea 

Rochestar 14623 OHIO OREGON Anthom Electronlea 9206 Watalfold Center 
Blvd Tel: (800) 409·1483 14050 SummK Drive SuHal50 

Hamlfton Hallmer!< 
AnowlSch_r Aimee Arrow SuHal19 AUGtln 78750 Eloctronlea Electronlea 

~~1~mffio~1 933 Motor Parl<way 6573 Cochran Road 9500 S.W. Nimbus Ave Tel: (512) 345-8853 

'i!:1~W"J,m~o SuneE sune E FAX: (512) 345-9330 
Solon 44139 Beavarton 97008 AzwwISch ... ber WyM Eleclronlea FAX: (516) 0434-7491 Tel: (216) 248-3990 Tel: (503) 629·8090 Eloctronlea 2901 Wrlcrest 

Hamilton Hallmer!< FAX: (216) 246·1106 FAX: (503) 645-0611 Braka Ctr III, Bldg MI SuHe 120 
1057 E HanrieHa Road 11500 Metric Boulavald Houston n099 AnowISchw_ Anthem EIectronlea Sunal60 Rochester 14623 EIectronlea 9090 SW Gemini Drive AUGlin 76758 ~~fJ~~r~9~:~ Tel: (716) 475-9130 8200 Washington Beaverton 97005 Tal: (512) 835-4180 FAX: (716) 475-9119 Village Drive Tel: (503) 6043·1114 FAX: (512) 832-5921 ZousArrow 
Hamlfton Hallmer!< Centervilla 45458 FAX: (503) 626-7928 Eloctronlea 
3075 Velerana ~~1~~~~~i~9 

ArrowlSch_r 3220 Commander Dr 
Memorial Hwy. Avnot Computer Electronlea CarrolHon 75006 9750 SW Nimbus Ava. 3220 Commander Drive Ronkonkoma 11779 Av/MII Computer Beavarton 97005 CarrolHon 75006 

Tel: (214) 38O-433tJ 

~~1~mm: 7764 Washington Tal: (800) 426-7999 Tel: (214) 380-6464 FAX: (214) 447·2222 
Vlliaga Drive 

HaI~MarI< Computer FAX: (214) 248·7206 UTAH 
MTI Syotame Set.. ~:r~~J.71199 9750 SW NlmI>us Ave. --I Penn Plaza Anthem EIectronlea 
250 Weat 34th Street 

Beaverton 97005 EIectronlea 1279 Wast 2200 South 
NewYorI<I0119 AYMl Computer Tal: (600) 409-1483 19416 Pari< Row 

~~ t:l'li ~~lli19 ~~~J~~~!~~ 
2 Summit Park Drive 

Hamlfton Hellmer!< Sulel90 
Sune 520 Houston n084 
Independence 44131 9750 SW Nimbus Ava. 

~~$~~r:~= 
FAX: (601) 973-8909 

PIoneer Sta_ Tel: (600) 425-7999 Beaverton 97005 

_1Sch_ 
Tel: (503) 526·6200 

68 Corpo/ate Drive Hal~MarI< Computer FAX: (503) 64t-5939 =~~uter 
EIectronlea 

BInghamton 13904 
~~TI'~Road 

1948 Wast Parkway 
Tel: (60~22'9300 Sune 200 

Boulavald 
FAX: (50 722·9562 Tel: (800) 409-1483 Dalla. 75244 ¥:r l:o~i ~~_~m9 

Tel: (800) 426-799 FAX: (801) 972-1l2oo 



NORTH AMERICAN DISTRIBUTORS (Cont'd) 

~;r==South =~"-:leTrA':tl~ ALASKA ONTARIO PIo...nt\ol_ 
:='~Rd.,s. 

Sufte ISO SuH.,00 ~=W~BMI AlIWIIIchweIIer 
Sal Lake ~ 84121 Bellevue 88007 EIIcIIonIce =K2E7K3 
Til: (800) 7888 To/: (206)844-7600 SUIIa 400 38 AnIanIs DrIve T : (81~228-8840 

~~ fJ:: Electroniea Anchora8" 88503 ' Unlll00 FAX: (81 22&-8362 

1 5NE8OIhSt Tel: (800 428-7888 ~:r,;rK2~ QUEBEC 
SUltalSO Redmond 88052 FAX! (8n)72S-2018 

tr: = ~~"483 TeI:(~88'.,ISO CANADA AI~ 
FAX: )881-1587 ""0_ ........ E/ectronIca 

IIImlllon IIIIIIIIIIk WISCONSIN ALBERTA EIectronIea 1100 ShM ~ BMI 

~C:::1a~~'M.2 DoMdH9P . 
1100 Eut 8800 South 

~m'2~~'='- NE J1'i<!~~n~;!:~ Sultel20 Am>wISc:InMboo Tel: (41r2010 
~1:o~~r~1 _nlea SUftalOB FAX:,(41 87C1-5883' 

200 N. Palrlck _Amttw 
FAX: (801)263-0104 SuIt. 100 =f:iJ~06 A_~ EIectronIca 

fat ="'u?:rSOUth 

_III 53045 canadaS em 600 BOllI. 

~~l1mr~~~ ""'-IPkM_ ~..2r't':if =-==:SAva 
Sufta E 560, 1212-31 Ava. NE 

f::~~17~JJ:S ~:.:r~'1:=St ~T22iT.~888 ¥:=~~~1 ~1'i<f1mrrr;~6 
FAX: (801)872·2524 New Berlin 53418 FAX! (4~)285-8714 

~:A*~ ~T==" 
WASHINGTON 

Tel: (800)428-7888 BIIITlSH COLUMBIA 

~:rt:&f:il~ Sulta 801 
1II11-11ark~ AI ..... Amttw 51. LaUNIII H4T 1V8 AI ..... Amttw ' 2440 South 1 St 

_nlea New~&3146 . EIectronIea CIllllldaSpIem Tel: (800) 265-1135 
8544 Bulei Place 14380 S.E. Eutgale To/,(800) 409·1483 
=V6A4T8 ~==-

IIImIIIon IIIIIIMrk 

:;'~\'L,!! 99007 IIImlfton Hlllmal1o: Tel: ( )~1-2333 

¥:;"~~1 
:':~Hwy 

Tel: (206)643-9992 2440 SOlli" HOi. 51 :=AX:(~)421·~ $trw; Lau. .... -: I-'.4T 2'..'0 
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