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CHAPTER SEVEN: SECTION F 

FLOATING POINT ACCELERATOR (FPA) 

OVERVIEW 

The Sun Floating Point Accelerator (FPA) is a single VME style card. which can 
be added to the Sun 3 workstation to enhance floating point operations. By 
configuring the FPA card with the Sun 3 68020/68881 based CPU card. floating 
point performance is increased allowing greater application to development ar
eas in CAD. modeling, element analysis, simulation and other scientific. engi
neering or computational graphics endeavors. 

For correct operation of the FPA. the CPU board must have an operational 
floating point co-processor (68881 FPP) running at 16.67 Mhz. Failure of the 
FPP will cause the FPA to be ignored at boot time. 

The FPA card features the standard Sun triple height VME Eurocard. using 
state-of-the-art compu!ational logic for floating point operations. implemented 
with Weitek 1164 and 1165 devices (64-bit IEEE floating point multiplier and 
ALU, respectively). In addition. the FPA card otters a two-level instruction 
pipeline. up to 32 user contexts. allows single or double precision IEEE ?5.4 
formats and operations. and provides on-board logic for high performance in
teriace control. 

7F.1 FLOATING POINT OPERATIONS 

For executing floating point operations. Sun 3 code (used exclusively on 68020 
based Sun workstations) translates the high-level (coded) instructions into as-
. sembly code which is used to perform the floating point calculations. A Sun 3 
compiler supports these operations and allows the user four options to actually 
execute the instructions. These four options include software. the 68881. the 
FPA. or switched code. 

The first method. executing
1 

floating point in software. is actually the slowest 
means. but will run on any Sun 3 system. 

The. second method executes floating point using the on-board 68881 floating 
point coprocessor. This method is faster than software. but also requires that 
the optional 68881 chip is resident on the host processor board. 
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Method three executes floating point by using the FPA board. This is the quick
est method the user can select. however. this requires that both the 68881 and 
the FPA card are available for the operation to transact successfully. This sec
tion then. will detail the architecture of the FPA card. 

The fourth and final method utilizes a switching code. This method relies on 
having available libraries (under Sun 3 code) run under any one of the before 
mentioned methods. This method will run quicker if the FPA is installed. 

7F.2 FPA BUS INTERFACE 

The FPA is configured to the Sun 3 host processor using a subset of the Sun 
3 VME backplane, referred to as the FPA bus. In a typical configuration, the 
Sun 3 host processor board is set as the VME bus master, while the FPA is set 
as a slave on the VME bus. Thereby. the FPA will only respond to instructions 
(or operands) sent by the host processor to its instruction pipeline. The FPA 
bus is an asynchronous interface between the two boards. 

When the FPA responds to instructions from the host processor (via the FPA 
bus) it causes the Weitek chip set (1164 and 1165) to execute the requested 
floating point operation. When the results are written to RAM, the host proces
sor can read them over the FPA bus. The FPA then. will never arbitrate to 
become a bus master. and will therefore not initiate any transactions or opera
tions with any other device. 
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FIGURE 7F-1: FPA BUS INTERFACE TO THE HOST PROCESSOR 
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All data paths to the FPA will be 32-bits wide, and all registers will be aligned 
on word or long word boundaries. Sizing will be determined by the dynamic 
sizing mechanism of the 68020. however. 32-bit accesses will be the only type 
accepted by the FPA. Figure 7F-2 illustrates the address and data path to the 
FPA. 

FPA BUS 
INTERFACE 

Addr /11 

Next 
Instr 

Data /32 Block 

Active 
Instr 
Block 

Microstore 
__ Logic 

4K x 72-bits 
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FIGURE 7F-2: FPA BLOCK DIAGRAM 

WEIT EK 
CHIP SET 
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The following Figures illustrate the layout. configuration and installation of the 
FPA board into an existing Sun 3 workstation: 
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7F.3 FPA ADDRESSING AND DATA PATH 

The FPA is configured within the private memory bus (slots 1 through 6) and is 
located in virtual address space. The base address of the FPA is found at 
OxEOOOOOOO. 

When the most significant address bits (A31-28) are set to OxE. and the sys
tem enable register (on-board the CPU card) indicate that the enable FPA bit 
has been set. transactions will bypass the MMU and go directly to the FPA 
card. The FPA will decode lower address lines to obtain details about the 
transaction to be performed. These transactions will be WRITE or READ opera
tions. 

Resu)ting transfers between the CPU and the FPA are determined by the CPU 
cycles. Under WRITE accesses to the FPA (an instruction or operand) the 
address and the operand are latched. An acknowledge will be generated by 
the FPA and sent immediately to the host processor. 

During a READ access. the requested data is fetched over the FPA bus to the 
host processor. READ accesses can. be simple flow-through operations 

------ ) (status requests) where no microcode is executed. or microcode is executed 
U, to route the data (results) to the FPA bus. 

Since the FPA is operating outside of the MMU (in virtual address space). the 
MMU segment maps and page maps will provide no protection during the 
READ/WRITE accesses. To compensate for this. protected accesses are 
provided at two levels. 

The first level of protection comes from the enable FPA bit, which is set in the 
system enable register during accesses. This setting will prevent unauthorized 
use of the device by users which have not been granted one of 32 FPA user 
contexts. 

The next level will be generated by signals on the FPA bus which are set to 
differentiate between supervisor and user accesses. These context bits will 
prevent users from accessing each others result registers (resulting data from 
the operation is stored in these registers). and will prevent users from overvvrit
ting the instruction register (microstore). the constants to be used for the op
eration. or the mapping RAM. 
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JUMPER 

J0101 

J0301 

J0302 

J0501 

J0701 

J0702 

J0703 

J1801 

J1802 

PINS GRID LOCAL FUNCTION 

1-2 F10 50 MHz elk 

1-2 P2 Shadow rd ack/nack 
3-4 

1-2 P3 FPA access pending 
3-4 

1-2 P2 Asynch cntrl for 1st pipe stage 
3-4 

1-2 H7 Current version !MASK 
j_-4 

1-2 H8 Current version IMASK 
3-4 

1-2 HS Current version IMASK 
3-4 

1-2 F32 4 VDC for WTL 1164 (Multiplier} 
3-4 5 VDC for WTL 1164 (Multiplier) 

1-2 H32 4 voe for WTL 1165 (ALU) 
3-4 s voe for WTL 1165 (ALU) 

TABLE 7F-1: FPA BOARD JUMPERS 

SECTION 

2 3 4 5 6 7 8 

OFF ON OFF ON OFF ON ON ON 

NOTE: For timeout for retry. and. 
count of consecutive retries 

INSTALLED 

1-2 IN 

1-2 IN(31160) 
3-4 IN(3/260) 

1-2 IN(3/160) 
3-4 IN(3/260) 

1-2 IN(3/160) 
3-4 IN(3/260) 

1-2 IN 

1-2 IN 

1-2 IN 

1-2 OUT 
3-4 IN 

1-2 OUT 
3-4 IN 

TABLE 7F-2: DEFAULT DIP SWITCH SETTING 

7F.4 ADDING THE FPA TO AN EXISTING SYSTEM 

Please refer to Appendix B of this manual for complete instructions on adding 
an FPA to an existing system. Please note that you must be iUnning SunOs 
revision 3.1 or above. 

7F.5 FPA TESTS 

lusr/etc/f palf pare! -v 

/usrletc/mc68881 version (for the coprocessor) 
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Springfingcrs are mcl21 strips that are installed between the edge or the re board and the outer p2nel tc 
RFI emissions. Serrated mebl "fingers" protrude from either side or the strip. 

Installation of a board WITHOUT springfingers may affect RF1 emissions and may therefore 2ffect FCC 

ance. Sun will no_ longer be responsible for FCC compliance if non-springfingered boards a~ added to t 
originally shipped WITH springfingers and FCC app~val. 

If a board WITH springfingers is installed next to a board WITHOlIT springfingers, the insulator shiel 
outside or the fingers MUST be present to prevent possible shorting of component leads to the springfin 

Ir a logic enclosure contains boards WITH and WITHOUf springfingers, use the following guidelines: 

D Before removing a board WITHOUT springfingers, remove the board to the left or it (or below it fc 

D 

top models) If that board ls equipped WITH springfingers and an outer Insulator shield. 
1 To replace any filler panel equipped WITH springfingers, pull out the air restrictor panel Car enou: 

allow the springfingers to lay against the panel Push both units into place simultaneously and fastt 
the appropriate fasteners. This procedure makes replacement or the filler panels easier and reduce 
chance of damage to the springfingers. 

D Always install a board WITHOUf springfingers first, and then replace the board Wll'H springfinf 
insulator shield in the slot to the left of it (or below it). I 

I 

If a board WITH springfingers is installed next to a board or filler panel also equipped WITII springfir I 
the outside insulator shields should be removed. 

Ensure that the insulator strip between the inner side of the springfingers and the PC board is intact at :1 
times. 

When removing and replacing boards with springfingers, check the condition of the insulator strip/shie I 
and replace if damaged. 

Call 800-USA-4SUN with questions or for information on how to obtain additional insulator strips or sl 

Printed circuit boards contain components sensitive to damage from electrostatic discharge that may 
for example, when you walk across a carpet and then touch the board. Before handling a board, place 
hand on a conductive surface that is grounded to a common earth ground, (such as the metal screw or 
the AC wall receptacle) to discharge any static electricity from your body. 
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Sun Floating Point Accelerator Bo~d General Description 

1be Sun Floating Point Accelerator (FPA) Board is a single-board option for Sun-3/lXX and -3/2XX workstations. 
1be FP A board improves floating point performance. by an average factor of 3, over that provided by the standard 
Sun floating point logic. 1be illustration below provides the physical locations of the various FP A board configuration 
jumpers. 

Figure I FPA Board Jwnper Locations 
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2 FP A Board Configura1ion Procodurcs-

Label Pins In/Out 

J0301 1-2 In 
3-4 

10501 1-2 In 
'3-4 

J0302 1-2 In 
; 3-4 

10701 1-2 In 
3-4 Out 

J0702 1-2 In 
3-4 Out 

J0703 1-2 In 
3-4 Out 

11801 1-2 Out 
3-4 In 

Jl802 1-2 Out 
3-4 In 

10101 1-2 In 

*For 501-1100 and 501-1206, pins 1-2 are out and pins 3-4 are in. 

(~';1-) 
.... _~ 

Label Sw On/Off 

J201 I On 

2 On 

3 Off 

4 On 

5 Off 

6 On 

7 On 

8 On 

Dcscri_P!ion 

Shadow read ack/nack 
Out for Sun-3/JOO's, In for Sun-3/lOO's• 

Asynch cntrl for first pipe stage 
Out for Sun-3/tOO•s, In for Sun-3/lOO·s• 

fP A access pending 
Out for Sun-3/lOO's, In for Sun-3!lOO's• 

Revision level 

Revision level 

Revision level 

4VDCforWIL1164 (Multiplier) 
SVDC for WILi 164 (Multiplier) 

4VDCforWIL1165 (ALU) 
5VDCforWIL1165 (ALU) 

· SO MHz clock enable 

Desc~tion 

Bus timeout iruerval 

ECO# ~~~4 
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Revision Date 

01-1 31 Jan 1986 

02-A 6 June 1986 

03-A 11 Nov 1987 

04-A 2 March 1988 

I 
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Revision His· 

Comments 

Fust release of this configuration 
procedwe. 
Second release of this configuratio1 
procedwe. 
Revision to include Sun-3/1.xx 
configuration data. 
Revision to include J201 DIP switc 
settings. 

) 
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Introduction 

This manual describes how to use the Sun-3 Floating Point Accelerator (FP A) 
board, a tightly coupled optional peripheral which may be installed in some 
Sun-3 systems. 

The floating point accelerator accepts instructions from the FP A bus and uses a 
Weitek floating point chip set to execute floating point operations. It routes 
operands to the Weitek chips either from the FPA bus or from on-board registers 
and it places results in these registers for access by the host processor. The host 
processor sees the floating point accelerator as a location where it can leave 
instructions to perform floating point calculations. and come back later to obtain 
the results. 

This manual provides information to help you use the FP A board. It describes 
the basic functionality of the board, describes how to use the assembly language 
instructions provided by Sun. and provides information about the board's internal 
architecture, to help you create your own assembly language instructions. 

This manual is mostly for assembly language programmers, or persons who are 
going to create assembly language for the FPA. 

In this manual, we use fonts to make things a little clearer. The most common 
fonts are Roman, typewriter, italic, and bold. We use them as follows: 

Roman 
Roman font is the standard for normal text, just as it appears here. 

Typewriter 
Typewriter font is mostly used for information in displays. 

Typewriter Bold 
Typewriter bold font represents something that you must type verba
tim into the computer. This usually appears together with typewriter font; 
the computer output appears in typewriter, and what you must type appears 
in typewriter bold. 

Italic 
/calic font is either used for notes. or it represents a variable for which you or 
the computer must substitute some real value. For example: 

3 Sue FPA User's Manua! 
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1.3. Glossary 

IA. References 

0 

This field contains a pointer to register nn 

Bold 
Bold font indicates that something deserves more attention than the sur
rounding text. 

In order to avoid confusion, this manual uses standard definitions for some com
mon words. These are: 

Access 
The word access describes one read or write of 32-bits of data by the host 
processor to the FPA board over the FPA bus. 

Host Processor 
The host processor is the system CPU . 

Instructions 
In most of this manual, the word "instruction" describes the requests the 
host processor sends over the FPA bus to the FP A. One instruction may 
consist of one or two accesses. 

In discussions of the assembly language, the word "instruction" describ~s a 
line of assembly language code. 

Operation 
In the chapter on assembly language, the word operation describes the action 
initiated by a single assembly language statement. 

See the following for additional information: 

o Weite k 1164/ 1165 Data Sheets 

a Assembly Language Reference Manual for tJ1e Sun Workst::ition (300-1 :3"'.'2) 

a Motorola MC68020 User's Manual 
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Architecture 

This section describes the architecture of the FP A board, and provides a block 
diagram (Figure 2-1). 

The Sun-3 code generator translates high-level code into assembly code which 
performs floating point calculations. The Sun-3 compilers support options which 
provide the user a choice of 4 ways to execute floating point instructions: 

Execute Floating Point in Software 
This is the slowest method, but the compiled code will run on any Sun-3 
machine. 

Execute Floating Point using the 68881 
This option runs faster than the software option, but it requires the machine 
to have a 68881 coprocessor installed. Programs compiled using this method 
do not run on machines without a 68881. 

Execute Floating Point using the FP A 
This is the fastest method, but it only runs on machines having an FP A and a 
68881 installed. 

Switched Code 
This option generates code that, at run time, selects and uses the fastest 
hardware installed. Code generated using this option runs on all Sun-3 
machines, and it runs fast if the FP A is installed. However, its object files 
are larger and substantially slower than those generated for the explicit 
hardware options. 

Figure 2-1 shows the major FP A components. These are: 

1 Instruction and data pipeline - Receives addresses and data from the FP A 
bus and routes them onto the board. Holds the current instruction and one 
pending instruction. 

2 Register RAM and supponing circuits - Holds operands, results from the 
Weitek chips, and mathematical constants. 

3 Data Multiplexer - Acts as a switch to move data between the register 
RAM and the Weitek chips, and in from the data portion of the insrruction 
pipe. 

7 Suo FPA User's Manual 
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4 The Weitek chip set -Consists of a Weitek 1164 (multiplier) and a Weitek 
1165 (ALU); these actually perform the floating point operations. 

5 Micromachine - Provides control signals for the other pans of the board 
and stores status signals from other pans of the board. 

The FPA board accepts instructions from the FPA bus, and causes the Weitek 
chips to perform the required floating point operations. Then it places the results 
in register RAM where the host processor can read them. 

From the FPA bus, instructions enter the pipeline. It has storage capability for an 
active instruction and a next instruction, so it can receive a second instruction 
before it finishes the first. 

An on-board micromachine controls the sequence of events required to execute 
an FPA instruction. Instructions enter the pipeline and are executed by the 
micromachine. 

Register RAM is the FPA's central RAM space. It provides temporary storage 
for operands and results, and provides semi-permanent storage for mathematical 
constants such as pi. The semi-permanent ponion of register RAM is sometimes 
referred to as constant RAM. 

The register portion of the register RAM is divided into 32 contexts, each with 
32 registers of 64 bits. 

The constants are universal; new constants may be added in future releases, but 
existing constants will never move and will never be deleted. Thus the value for 
pi will always remain at the same address. 

Shadow RAM always contains an image of the lower 8 registers in the current 
context (FPRO-FPR7); it is designed to be read quickly by the host processor. On 
context changes, an instruction must be sent to the FPA to update these registers. 
Whenever possible, the host processor should read its results from the shadow 
RAM. 

Once the Weitek chips receive operands and instructions, they perform the opera
tion as requested and output the result to the data flow control block, which 
places them in the register RAM~ The host processor specifies where the results 
are to be placed; it must then read this address or its shadow RAM equivalent to 
obtain the result. 

The FP A is configured as a tightly coupled peripheral to the host processor. It 
sits on the system backplane, and uses a common subset of all the Sun-3 bus 
types. This common subset is called the FP A bus. 

The FP A addressing appears in Figure 2-2. 

The FP A decodes address bits A02 - A 12 to obtain details about the command. 
These identify the operation to be performed and provide other details. 

If the access is a read, the requested value is fetched and returned to the proces
sor. If the access is a write and the instruction pipe is not full. the FP A latches the 
address and operand and returns an acknowledge to the host processor 
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immediately. 

Because the FPA resides in vinual address space, and does not use the MML', it 
requires other means to keep non-FP A users from accessing the FP A, and to kee ;:i 
FP A users from accessing each other's registers. The EN.FP A bit in the host 
processor's system enable register keeps unauthorized users from accessing the 
FP A. The FPA state register keeps track of which user is running and what each 
user is allowed to do. It is described in the chapter "Control Registers" later in 
this manual. 

FP A errors fall into two broad categories: Weitek generated errors and FP A gen· 
crated errors. 

The Weitek generated errors include all IEEE 754 errors, and any errors specific 
to the Weitek chips. These generate a bus error, set the WERR indicator bit, and 
get their status reponed in the Weitek status register (WST ATUS) at the end of 
each pipeline instruction. 

Only instructions which execute through the microcode produce Weitek errors. 
A bit in the interrupt mask register (IMASK) can be used to mask inexact errors. 
When this bit is ON, Weitek inexact errors generate a bus error, when it is OFF, 
the error is masked. The fact that the result was inexact is still reponed in 
WST ATUS, but the indicator bit (WERR) is not set and no bus errors are gen
erated . 

For more on the WST A TUS and !MASK registers, and the WERR bit, see the 
chapter "Control Registers,,. 

Other errors, caused by conditions on the FPA board, are generated immediately. 
The access which generated the error receives a negative acknowledge, and the 
cause is recorded in the IERR register. 

The types of errors recorded in the !ERR register are: 

o Non 32-bit access. 

o Protection violation - a) user writes to supervisor space, b) attempt to write 
to register RAM without register RAM access enable bit set, c) attempt to 
access map RAM or microstore RAM without load enable bit set, or d) 
attempt to access illegal address. 

o Illegal access -Trying to write a read-only address or read a write-only 
address. 

o Illegal microcode execution - Attempt to execute using microcode when 
load enable bit is seL 

o Hung pipe - Pipe access, shadow access or control access. Indicates 
Weitek error. 

o 256th retry 

o Access to illegal conrrol register address. 

Sun FPA User's Maoua; 
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The IERR bits that identify these errors are described in the chapter ''Control 
Registers''. 

The handling and timing of Weitek errors depends on the type of error and the 
type of access. The access is transparent if the FP A does not need to advance 
the pipe before handling the error. Errors occurring during transparent accesses 
receive group 1 handling. The access is non-transparent if the FPA does need 
to advance the pipe before handling the error, errors occurring during non
transparent accesses receive group 2 handling. 

The following sequence of operations illustrates this difference (assume the pipe 
is empty when it stans): 

regl <-- reg2 I reg3 
Because the pipe is cleared there is room for this instruction. (Group 1 -
transparent access) 

reg2 <-- regl + op 
Even though this instruction requires the updated reg 1 from the previous 
instruction, there is room in the pipe, so this access can be accepted. This is 
true of both accesses if the instruction is composed of two accesses. (Group 
1 - transparent access) 

read reg4 
Reg4 can be read from the shadow rams without waiting for any pipeline 
instruction which could be in the pipe to complete. (Group 1 - transparent .,...) 
access) 

reg9 <-- reglO - regll 
Because the pipe has received two instructions since it was last cleared, one 
of these must complete before the first access of this instruction can be ack
nowledged. (Group 2 - non-transparent access) 

Read W'Sf ATUS from ''clear pipe" address 
The WSTATUS register can be read from two addresses - a "clear" address 
and a "stable" address. If read from the "clear" address, the data is not 
returned until all instructions in the pipe complete (pipe is clear), or until the 
pipe is hung. If read from the "stable" address the pipe stabilizes before the 
status is returned. Bus errors arc generated only if this register is read from 
the "clear" address. (Group 2- non-transparent access) 

A pi pcline instruction which generates an error will not fall out of the pipe. 
Instead, it hangs the pipe so the error handling routine can identify the source of 
the error. The following algorithm for handling errors is implemented in 
hardware: 

Sun FPA User's Manual 
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Ir (Jccass produces Jn 1mm•diJte errorl THEN 

retur~ n•c~tive ~cknowledce 

ELSE 

CASE: 

(ace••• 

(access non-transparent): 

tN:lCASE 

~r.y pend1nc We1tek errors are 1Qnored 

return positive acknowledoe 

IF (there 1• a WtRR pendlnol THEN 
return neoatlve acAnowladQ• 

ELSE 
wait [!or pipe to prOQress (this 

will convert access to a 
tran•parent access) OR 
tor a WERR to occur (pipe 
v111 hanol I 

Ir (there 1• a WERR pendlno>THEN 
return n•cat1ve acknowledce 

tLSE 
return po•itive acknovladoe 

tNDIF 
tNCir 

The software uses the following algorithm for handling errors: 

Sun FPA User's Manual 
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Ir (there ls •n 1lM'l•d1•t• errorlTHEN 
•bore. th• user 

ELSE 

note: It th• s&me •cc••• is aoa1n placed to th• FPA 
another bus error will be issued by the FPA. 
The only st•t• associated with an 1mm•d1ata 
error ls th• IERR r•olster which ls not used 
by the hardware. It exists only to indicate 
the source ot the error to th• processor. 

read WSTATOS reoister from ••stabl• piP9'' address 
;FPA waits for pipe to stabilize before 
:acltnowledoino. 
;Status is read trom ••clear pipe'' 
;address rather ;than ••stable pipe'' 
;address to ouarant•• that th• FPA 
:will issu• a positive acltnowledQe. 

IF (unimplemented instruction error) THEN 
•bort the user 

t:.sc: 
read contents o! the pipe 
write any v•lue to CLEAR_PIPE reqister to clear the pipe 

;also clears Werr indicator ln the 
:WSTATUS r•oist•r 

re-execute !ault1no instuction uslnQ 
the 68020 and 68881 or some 
other m•thod 

update appropriate FPA reoisters with results 
!rom re-execution 

retr•nsmit unexecuted instructions or ""1~ial 
instructions which were read !rom the p!;>e 

ret~rn control to th• user 
ENO:::F 

EN'Dir 
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Figure 2-1 System Block Diagram 
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Figure 2-2 FPA Addressing 
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3.1. Register Accesses 

Register RAM Accesses 

3 
Machine Level Code 

This chapter describes the machine-level code for all FP A accesses. It describes 
the ways to access FPA registers and send instructions to the FPA, and it 
describes the bits used in these accesses and instructions. 

If you are going to use the assembly language instructions provided by Sun, you 
should have no need of the information in this chapter. 

In this chapter, the 32 register RAM registers assigned to each context are 
represented as FPRO through FPR31. In the instruction bit displays, the fields 
where the bits specify a register are represented as regN, where N is a number. 
For example, if the field reg2 held the data 0001, then it would identify 
FPRI. 

In any access or instruction, address bits 28 through 31 must be OxE to specify 
the FPA board. Bits 02 through 12 specify the type and parameters of the access, 
and the other bits should be O's. 

Register accesses provide the ability to read and write to the FP A registers, 
including the register RAM space, and the shadow RAM. 

Register accesses are funher broken down into 4 types; register RAM accesses, 
shadow RAM accesses, load pointer accesses, and control register accesses. 

The following address scheme accesses one of the 64-bit register RAM registers 
in the current context: 

ADDRESS 
12 8 7 3 2 1 0 

+--------+---------+---+----+ 
I O 11 O O I reg !5e 1 I s I O O I 
+--------+---------+---+----+ 

l_Unu:5ed 
. l_Signif icance 

l_Regi~ter ~elect 

l_Type identifier 

DATA 
31 0 

+--------------------+ 
data 

+--------------------+ 

The type identifier identifies this as a register RAM access. 

17 Sun FPA User's Manual 



18 Sun FPA User's Manual 

Shadow RAM Accesses 

Load Pointer Accesses 

The register select specifies the address of one of the register RAM registers in 
the current context (FPRO through FPR31 ). 

The significance bit specifies the significance of the operand; if bit 2 =- 0, the data 
field contains the most significant i:xmion of the operand; if bit 2 - 1, the data 
field contains the least significant portion of the operand. For single precision 
operands, bit 2 must be 0. 

Shadow RAM provides fast read access to the lower 8 registers in the current 
contexL During a shadow RAM access, the hardware first determines that the 
requested datum will not be updated as a result of instructions currently in the 
pipe. If the value will be updated, the hardware waits for the instruction to com
plete before performing the shadow RAM read. 

Instructions which will update more than one register cause all the shadow regis
ters to be interlocked until the instruction completes. These instructions include 
matrix moves, sincos, and matrix transposes. 

Shadow RAM accesses use the following format: 

ADDRESS 
12 6 5 3 2 1 0 

DATA 
31 0 

+----------+---------+-+----+ +--------------------+ 
I 0111000 I reg !5el ISi 00 I data 
+----------+---------+-+----+ +--------------------+ 

l_Unu:5ed 
l_Signif icance 

!_Register !5elect 
l_Type identifier 

The type identifier identifies this as a shadow RAM access. 

The register select specifies the address of one of 8 shadow RAM addresses 
(FPRO through FPR7). 

Load pointer accesses provide a way to access any of the 2k addresses in the 
register/constants RAM. Load pointer bits 2 through 12 specify the register 
RAM address to be accessed, and the read/write line identifies the access as a 
read or a write. Note that if the microcode access bit in the ST A TE register is 
not se~ it can still be read, but writes return an immediate negative acknowledge. 

These accesses use the following format: 

ADDRESS 
12 7 6 3 2 1 0 

DATA 
31 0 

+---------+------------+-+----+ +--------------------+ 
I 011101 I acce~s typel~I 00 I data 
+---------+------------+-+----+ +--------------------+ 

l_Bit !5ignificance 
l_Acce~s type 

l_Type identifier 

Address bits 7 to 12 identify this as a load pointer access. 
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Bits 6 to 3 funher identify the type of access, as follows: 

0000 - Read or write the RAM location specified by the load pointer. Ths 
is the normal usage. 

0001 - Read or write the RAM location specified by the load pointer, and 
do the read using the recovery register. This command is used by diagnos
tics to test the recovery register (the recovery register is described in the 
chapter "Control Registers"). 

If bit 2 - 0, the operation accesses the most significant 32 bits; if bit 2 - 1, then 
the operation accesses the least significant 32 bits. 

This section describes how to access the FP A control registers. For a complete 
list of the control registers, including their functions and addresses, see the 
chapter "Control Registers". 

Control registers accesses use the following format: 

ADDRESS 
12 8 7 2 l 0 

+-------+-------------+----+ 
I 01111 I reg. ~elect I 00 I 

DATA 
31 0 

+--------------------· 
data 

+-------+-------------+----+ +--------------------+ 
l_Regi~ter select (see chapter ''Control Recis~e=~· 

l_Type identifier 

The type identifier identifies this as a control register access. Note that this field 
provides the OxF (in Table 6-1) for the register address. The reg. sel ec~ field 
provides the middle 6 bits of the register address, and the last 2 bits of the regis
ter address are always z.eros. 

The register select specifies which register is being accessed. 

Diagnostic accesses are used for diagnostics only; they should never be used dur
ing normal operation. 

The FPA provides 4 different types of instructions; 1) single precision shon, 2) 
double precision short, 3) extended, and 4) command register. Like the register 
accesses described above, address bits 31 through 28 access the FP A board, and 
bits 12 through 2 identify the command type, the operation, and other details 
about the command. 

The following sections describe the commands and their variations, and identify 
the different operations available: 

A single-precision short command processes a 32-bit operand in single-precision 
formaL It uses the following format: 
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Double Pre<:ision Short 

Address Data 

12 11 10 7 6 3 2 1 0 31 0 

+----+------------+-------+---+----+ +-----------+ 
I 00 I op I regl I O I 00 I operand 

+----+------------+-------+---+----+ +-----------+ 
!_Address of register 1 

l_Opcode 
_Command identifier 

The command identifier identifies this as a single precision short. 

The opcode specifies the operation. The choices are: 

Opcode Name Operation 

0000 nop 
0001 
0010 
0011 
0100 
0101 
0110 

0111 
1000 
1001 
1010 

1011 
1100 
1101 

1110 

1111 

negate 
absolute value 

regl <- -(operand) 
regl <- !operandi 

convert to floating point 
fix (convert to integer) 
convert to double 

regl <- float operand 
regl <- fixed operand 
regl <- converted operand 
regl <- operandToperand square 

add 
subtract 
multiply 
divide 

reverse subtract 
rever!5e divide 
compare with 0 

compare 

compare magnitude 

regl <- (regl + operand) 
regl <- (regl - operand) 
regl <- (regl * operand) 
regl <- (regl I operand) 

regl <- (operand) - regl 
regl <- (operand) I regl 

Status reg (WSTATUS) gets 
updated based on operand 
compare with 0 

Status reg gets updated 
based on regl compare 
with operand 

Status reg gets updated 
based on regl compare 
magnitude with regl 

The regn field specifies the register where the results will go. It must be one of 
the lower 16 RAM registers available in this context. 

The double precision shon command works similarly to the single precision 
short except that it requires 2 accesses: one to load the most significant word of 
the operand and one to load the least significant word: 
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Address Data 

12 11 10 7 6 3 2 0 l 31 c 
+----+---------+-------+---+----+ +--------------------
I oo I op I regl I 1 I O o I ms hal: ope::a:--.c 

+----+---------+-------+---+----+ +--------------------
!_Address of register 1 

!_Opcode 
_Command identifier 

12 11 10 3 2 0 1 
+----+-----------------+---+----+ 
I 10 I not used I x I 00 I 

+----+-----------------+---+----+ 
!_Command identifier 

31 c 
+--------------------

ls half operand I 

+--------------------

The command identifier identifies this as a double precision shon, and identifies 
which half of the double precision shon this is. 

The opcode specifies one of the following: 

Opcode Name Operation 

0000 nop 
0001 negate regl <- -(operand) 
0010 absolute value regl <- I operandi 
0011 convert to floating point regl <- float operand 
0100 fix (convert to integer) regl <- fixed operar.d 
0101 convert to single regl <- converted opera~d 
0110 :square regl <- operand•operand 

0111 add regl <- (regl + operanc) 
1000 :subtract regl <- (regl - operand) 
1001 multiply regl <- (regl * ope:::and) 
1010 divide regl <- (r~gl I operand) 

1011 reverse .subtract regl <- (operand) - reg: 
1100 reverse divide regl <- (operand) I reg: 

1101 compare with 0 Status reg gets upda:ed 
based on operand compa.::e 
with 0 

1110 compare Status req gets updated 
based on regl compare 
with operand 

1111 compare magnitude Status reg gets updated 
based on regl compare 
m_agnitude with operand 
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Extended Instructions Extended instructions require two transfers. but they provide 22 bits of 
specification information. The first transfer contains enough information to get 
the operation staned: 

Addre~!S Data 

12 11 7 6 3 2 1 0 31 0 

+--+---------+------+-+---+ +-------------------· 
11 I op I reg2 IPIOO I I ms half operand 

+--+---------+------+-+---+ +-------------------+ 
!_Precision 

!_Address of register 2 
l_Opcode 

Command identifier 

12 11 10 7 6 3 2 0 31 0 

+----+---------+------+----+ +-------------------+ 
I 11 I reg3 I regl 1000 I I ls half operand 

+----+---------+------+----+ +-------------------+ 
!_Address of register 1 

!_Address of register 3 
Command identifier 

The two command identifiers identify this as (respectively) the first and second 
halves of an extended instruction. 

The opcode specifies one of the extended commands. These are listed later. 

The register addresses identify the registers for the operation (FPRO through 
FPR15). 

The precision bit specifies whether this is a single or double precision command. 
P - 0 specifies single precision; P - 1 specifies double precision. For single pre
cision operations, the ms half holds the operand and the ls half is not used. For 
double precision operations, the ms half holds the ms half or the operand and the 
ls half holds the ls half of the operand. 

The extended instructions support the following operations: 

Sun FPA User's Manual 



(_ 

NOTE 

) 

Command Register 

0 

Chapt..cr 3 - Machine Leve! Cod~ :: 

Opcode Name Operation 

00110 add regl <- reg2 + operanc 
00111 ~ubtract regl <- reg2 - operand 
01000 mult.iply regl <- reg2 * operand 
01001 divide regl <- reg2 I operand 

01010 reverse ~ub regl <- operand - reg2 
01011 reverse div regl <- operand I reg2 

10000 regl <- reg3 + (reg2 * operand) 
10001 regl <- reg3 - (reg2 * ope:::-and) 
10010 regl <- (- reg3) + (reg2 * operand) 
10011 regl <- reg3 * (reg2 + operand) 
10100 regl <- reg3 * (reg2 - operand) 
10101 regl <- reg3 * (-reg2 + operand) 
10110 regl <- operand + (reg3 * reg2) 
10111 regl <- operand - (reg3 * reg2) 
11000 regl <- (- operand) + (reg3 * reg2) 
11001 regl <- operand * (reg3 + reg2) 
11010 regl <- operand * (reg3 - reg2) 

The following operations use the most significant half of the operand as a single 
precision "operand]". and the least significant half as a single precision 
"opuand2''. These operations are defined only for single precision: 

00000 regl <- operand2 + (reg2 * operand:) 
00001 regl <- operand2 - (reg2 * operand:) 
00010 regl <- -operand2 + (reg2 * operand:) 
00011 regl <- operand2 * (reg2 + operand:.) 
00100 regl <- operand2 * (reg2 - opera:-.c) 
00101 regl <- operand2 * (-reg2 + ope=and) 

Command register instructions allow the FP A to perform complicated commands 
with only 1 access. Because command information is encoded into the data field 
as well as the address field, the operands used by the operation must already be in 
the required registers. 

Note that because the regl and reg4 fields arc 5-bits wide, this format can 
specify from FPRO to FPR31. The reg2 and reg 3 fields are 9-bits wide. The 
C fields associated with reg2 and reg3 control which register that field 
specifies: if C - 0, the field specifies a register from FPRO to FPR31 and the 
high 4 bits are ignored. If C - 1, the field specifies an offset into constant 
RAM (see Appendix A). 

The P bit specifies the precision: 0 - single precision· and 1 - double precision. 

The format of command register instruGtions is: 
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NOTE 

Addre.ss 

12 10 9 8 3 2 1 0 

+-----+-+-------------+-+----+ 
I 010 IWI op IP I 00 I 

+-----+-+-------------+-+----+ 
l_Opcode 

_Weitek direct 
Command identifier 

Data 

31 30 26 25 24 

!_Precision 

16 15 14 6 5 4 0 

+---+----------+---+----------+---+----------+---+--------+ 
I x I reg4 I C I reg3 I C I reg2 I x I regl 

+---+----------+---+----------+---+----------+---+--------+ 
l_Addr regl 

!_Address of reg2 
!_Operand source for reg2 

Address of reg3 
l_Operand source for reg3 

Address of reg4 

If W - 1, then the operation is performed as defined by the Weitek specification. 
In this case, the bits in the opcode field correspond to the following Weitek con
trol bits: 

Bits 8 - 4 • F+ bits 5 - 1 
Bit 2 - F+ bit 0 (indicates precision) 
Bit 3 • Which chip to trigger (0 - ALU, 1 - Multiplier) 

Weitek operations take the form: 

regl <- reg2 Weitek_op reg3 

If W - 0, the command register command suppons the following operations: 

Opcode Name Operation 

000000 sine regl <- sine (reg2) 
000001 cosine regl <- cosine (reg2) 
000011 arctangent regl <- arctangent (reg2) 
000100 regl <- e·(reg2) - 1 
000101 regl <- ln (1 + reg2) 
000110 regl <- e· (reg2) 
000111 regl <- ln(reg2) 
110000 sincos regl <- sine (reg2) 

reg4 <- co.sine (reg2) 

Certain transcendental functions may hang if the mode register contains a value 
other than Ox2. 
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010000 regl <-- reg2 
010001 regl <-- reg3 + (reg2 • reg~) 

010010 regl <-- reg3 - (::::eg2 "' reg4 l 
010011 regl <-- (-reg3) + (reg2 * reg4) 
010100 regl <-- reg3 * (reg2 + reg4) 
010101 regl <-- reg3 '* (reg2 - reg4 l 
010110 regl <-- reg3 * (-reg2 + reg4) 

The following matrix operations arc also provided: 

For all matrix move instructions in command register fonnat, the result is 
undefined if the matrices overlap. 

010111 • regl <- (reg2)*(reg3) + (reg2+l)*(reg3+1) 

011000 • regl <- (reg2)*(reg3) + (reg2+l)'*(reg3+1) + 
(reg2+2)•(reg3+2) 

011001 • regl <- (reg2)*(reg3) + (reg2+l)'*(reg3+1) + 
(reg2+2)*(reg3+2) + (reg2+3)*(reg3+3) 

110001 - 2x2 matrix move - 4 consecutive values starting 
at reg2 are moved to locations starting at reg: 

110010 - 3x3 matrix move - 9 con~ecutive values starting 
at reg2 are moved to locations ~tarting at reg: 

110011 - 4x4 matrix move - 16 consecutive values sta::::ting 
at reg2 are moved to locations starting at regl 

110100 - transpose 2x2 matrix - the matrix wit.h eleme:-:':. 
1,1 pointed to by regl is transposed. 

110101 - transpose 3x3 matrix - the matrix with element 
1,1 pointed to by regl is transposed. 

110110 -tran~pose 4x4 matrix - the matrix with element 
1,1 pointed to by regl is transposed. 

Other miscellaneous instructions: 

011010 - load Weitek mode controls bits 3-0 

Su the Weirek literature for definition of modes. The data source for mode bits 
3-0 is bits 3-0 of the data operand. The FPA checks these accesses to ensure tha: 
bits 04 through 31 are O's, or that bits 0 through 31 are Ox80000000, and hangs 
if they are not. 

Operating system commands: 
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NOTE 

NOTE 

101111 (P•O) - Initialize Weitek mode control bits 15-4 
as follow~: 

a) load multiplier with value Ox046 
b) load ALU with value Ox006 

After the Initialize command the Weitek error bits are undefined wuil the end of 
the first W eitek instruction. 

111000 (P-1) - Update the ~hadow registers. 
101011 (P-0) - Load Weitek !Status register (WSTATUS) 

This instruction restores the Weitek .status. Bit.s 8through11 of the darafield are 
written to bits 8 through 11 of the WSTATUS register, then these bits are 
decoded to generate bit.s 0 through 4, bits 8 through 11, and bit 15 of the 
WSTATUS register. Bit 13 (status valid) is .set (1), and bit 14 (unimplemented 
instruction) i.s re.set (0). These decodings are described in the WSTATUS section 
of the chapter ''Control Registers''. 

101011 (P-1) - Unimplemented instruction. Returns a bus 
error with the unimplemented bit set in the bus error 
regi!Ster. 

lOOxxx (P-1) - Reserved 

101101 (P•O) - Reserved 

111001 (P-0) - Checks the user registers of the c~rrent 
context for any hardware faults. This check 
i~ de~tructive: the content~ of all user registers ·~ 

the current context will be destroyed. 

111001 (P-1) - Checks the user registers of the current 
context for any hardware faults. This check 
i~ non-destructive. 
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Assembly Language Programming 

This chapter describes the syntax of the Sun FPA assembly language ins~:-Jc
tions. 

This chapter describes the subset of the assembler which handles F PA ins:r~c
tions. For information about the rest of the assembler, see rne "Assembly 
language Reference Manual for the Sun lv'orkstation" (800-137:._;. 

This chapter consists of two pa~ the instruction set summJry at the end of tl:e 
chapter, and information to support the instruction set summary. The first sec
tions describe the types of instructions and the different symbols used. Tne 
instruction set summary (Table 3-2) provides a complete list of all the FP A 

assembler instructions, and shows the different operands and their order. 

Each line of code in the assembly language program is called an ins:ruc:ion. Do 
nor confuse the word' instruction' used in this chapter with the 'ins:ruc:.vns' 
sent by the CPU to the FP A over the bus. 

The following sections define the elements used in this ch3pter. 

This chapter uses the following format to display FPA instructions: 

fpopt@A operands 

where: 

CJ :fp identifies an FP A instruction 

CJ op is the opcode name 

CJ t identifies the precision; s ... single precision, and d = double precision. For 
certain instructions, it can be l for long; these instructions are specially 
noted. 

o @A is optional; it is used to specify an address register between 0 and 7 
which contains the FPA base address. Note that this register must conrain 
the FPA base address (OxEOOOOOOO) before this form can be used. If this 
element is not present, then absolute long addressing, which is more efficie:;: 
for short routines, is used to refer to the FPA. 

c The operand can be one of the following: 
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FPA Registers 

Operand Types 

.i.2. Instructions 

X represents either a 68020 effective address. or an FPA data register. 
Usually, if Xis an FPA register, the assembler uses a comm~rnd re;ist~r 
command. 

<ea> represents an 68020 effective address. 

%x represents a register in constant RAM. x must be between 0 and 
511. For locations in constant RAM, see Appendix A. 

dn:dn represents a data register pair; an:an represenrs an address registe:
pair. 

FP A opcode names use the letters fp followed by an abbreviation that 
represents the action the opcode performs. For example, the opcode :p s ut s 
specifies a subtraction. Cenain instructions specify reversed operations: 
these begin with the letters fpr. For example, the opcode fprsu:Cs specifies 
reverse subtraction. 

The 32 FP A registers associated with each context are referred to as f paO throu;h 
fpa3 l. In examples, they are referred to as fpax, fpay, f pa=, and fpan, where fpan 
is the destination register. 

Some instructions only allow access to fpaO through fpa 15. \Vhen this is the 
case, it is specified in the description of the instructions. Other operations allow 
access to constant RAM; these are identified by a percent sign. For example: 

ix 

specifies address x in constant RA:-..1. 

Writes to fpaO through fpa7 update shadow RA.~1 automatically. To optimize 
FPA speed, place results to be read from the FPA to the CPU in these registers 
whenever possible. 

The assembler suppons the following types of operands: 

o A 68020 effective address. However, a) absolute shon addresses are not 
allowed for double precision values, and b) if either the data register or the 
address register is used to hold a double precision value, then this value mus~ 
be in a register pair, and both registers must appear separated by a colon (for 
example dO:dl). The instruction fpltod (conven integer to double precision) 
is an exception to this rule. 

o Any of the 32 floating point data registers. 

o Fpamode or fpastarus registers 

o An address in constant RAM . 

The FP A instructions are divided into classes based on the numbers of operands 
they require. The following sections describe each. 
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Two operand instructions include things like add, multiply, conver. from intege; 
to floating point, and square rooL They are represented as: 

£po pt X,fpan 

X can be any valid 68020 effective address for an operand, or it can be an FPA 
register. If it is an FP A register, it can be either a register in constant RAM (0 to 

511), or an FP A data register (0 to 31 ). 

If Xis an FPA register, then fpan must be an FPA data register in the range 0 to 
31. If Xis an effective address, then fpan must be an FP A data register in Lrie 
range 0 to 15. 

The following examples show some 2-operand instructions: 

f pnegs <ea>, fpal 

f psqrd <ea>, f pa2 

f psubs fpal, f pa2 -t f pa2 f- f pa2 - fpa: 

f prsubs fpal, f pa2 -t fpa2 +-- fpal - f pa2 

fpdivs dO, fpa2 -t fpa2 +-- f pa2 I d~· 

fprdivs dO, fpa2 -t fpa2 f- dO I f pa2 

The opcodes for sine, cosine, atan, e·x, e·x-1, ln(x), ln(l +x), sqn(x), and 
sincos(x) are all supponed as register instructions. They use the following forrn: 

fpopt fp~ fpan 

fpcu is either an FP A register or a register in constant RAM. For sincos instruc
tions, the destination operand is actually a register pair. For example: 

fpsincos fpan,fpac:fpas 

where fpac is the cosine destination, and fpas is the sine destination. 

The instructions add, subtract, multiply, and divide are supported in extended and 
command register form as follows: 

fpop3t X, fpa.x, fpan 

IfX is an effective address (<ea>), the operation is an extended command; if Xis 
an FPA register (fpcu or %.x), then the operation is a command register com
mand. 

For extended instructions, fpcu and fpay must be in the range 0 to 15. 

For additions and multiplications, the first two operands can be exchanged 
without changing the resulL For example: 
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Four Operand Instructions 

NOTE 

,-··. 

Multiply-Add 

fpadd3s <ea>, fpal, fpa2 

is equivalent to: 

fpadd3s fpal, <ea>, fpa2 

Division and subtraction operations are not commutative; while the instructions 
will work with the operands exchanged, the result will be different. For example: 

fpa2 ..- <ea> - fpal 

must be coded as: 

f !Sub3s fpal,<ea>,fpa2 

Four-operand instructions take the form: 

fpopt X,fpa..r,fpay,fpaz 

Fpay and X can be exchanged in both single or double precision instructions. In 
single precision form, two of the four.operands may be effective addresses 
(<ea>); these are either the first and third, or the second and third operands. 

With commutative operators, the position ofX andfpa:c can be exchanged. 

Just like in 3-operand instructions, if X is an FP A register, the instruction is a 
command register command, and if Xis an effective address, the instruction is an 
extended instruction. 

In the command register form, fpax and fpay can specify constant RAM registe~ 
by using the form: 

%.t and %y 

When Xis an effective address, fpax, fpay, and fpaz must be in the range 0 to 15. 
If Xis an FP A register, fpax and fpaz must be from 0 to 31, and fpax and fpay can 
be either 0 to 31 (FP A register), or 0 to S 11 (constant RAM). 

The fpma instruction does a multiply, then an add. It can be generalized as: 

fpmat X. fpax, fpay, fpan 

t can be either s or d, and X is either an <ea> or fpaO through fpa31. In the 
extended form, X and fpay can be exchanged. In single precision form, either X 
and fpay or fpax and fpay can be <ea>. 

Note that the following example: 

f pma!S dO, fpal, fpa2, fpa3 

is equivalent to the following sequence of instructions: 
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fpmul3!3 
fpadd3s 
f pmoves 

dO, fpal, terr.? 
temp, fpa2, te~F 

temp, fpa3 

where temp is a temporary register. 

The following examples show the different forms of operations, and an assembly 
code equivalent for each form: 

regl +- reg3 + (reg2 . operand) -+ fpma{s,d) <ea>, reg2, rec;.3, reg: 

regl +- operand + (reg3 . reg2) -+ fpma{s,d) rec:;2, reg3, <ea>, reg: 

rec;l +- reg3 + (reg2 . reg4l -+ fpma{s,d) reg4, reg2, reg~. re;: 

regl +- operand2 + (reg2 . operandl l -+ fp::-:as <ea:>, reg2, <ea2>, reg: 

The multiply-subtract instruction takes the form: 

fpmst X. fpax, fpay, fpan 

t can be either s or d, and X is either an <ea> or fpaO through fpa3 l. In the 
extended form, X and fpay can be exchanged. In single precision form, either X 
and fpay or fpax and fpay can be <Ca>. 

Note that the following example: 

fpmss fpal, fpa2, dO, fpa3 

is equivalent to the following sequence of instructions 

fpmul3s 
fpsub3s 
f pmoves 

fpal, fpa2, temp 
temp, dO, temp 
temp, fpa3 

The following examples show the different forms of operations, and an assembly 
code equivalent for each form: 

regl +- reg3 - Creg2 . operand) -+ fpm.s{.s,d) <ea>, reg2, reg3, rec;: 

regl +- operand - (reg3 . reg2) -+ fpm.s{.s,d) reg2 • reg3, <ea>, reg: 

regl +- reg3 - (reg2 . reg4) -+ fpm.s{s,d} reg4, reg2, reg:;, res: 

regl +- operand2 - (reg2 . operandll -+ fpm.ss <eal>, reg2, <ea2>, reg: 
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( ____ Multiply-Reverse Subtract 

Add-Multiply 

The multiply-reverse subrract instruction takes the form: 

fpmrt X, fpax. fpay. fpan 

t can be either s or d, and Xis either an <ea> or fpaO through fpa3 l. In the 
extended form, X and fpay can be exchanged. In single precision form. either X 
and fpay or fpa.x and fpay can be <ea>. 

Note that the following example: 

f pmr:s dO, fpal, fpa2, fpa3 

is equivalent to the following sequence of instructions: 

fpmul3s 
f p:sub3s 
f pmoves 

dO, fpal, temp 
fpa2, temp, temp 
temp, fpa3 

The following examples show the different forms of operations, and an assembly 
code equivalent for each form: 

regl - (-reg3) + (reg2 . operand) -+ fpmr(s,d) <ea>, reg2, regJ, re;: 

regl - (-operand) + (reg3 . reg2) -+ fpmr(s,d) reg2, reg3, <ea>, regl 

regl - t-reg3) + (reg2 . reg4l -+ fpmr{s,d} reg4, reg2, reg3, reg: 

regl - (-operand2) + (reg2 . operandl) -+ fpmrs <eal>, reg2, <ea2>, =eg! 

The add-multiply instruction takes the form: 

fpamt X. fpax, fpay, fpan 

t can be either s or d, and Xis either an <ea> or fpaO through fpa3 l. In the 
extended form, X and fpay can be exchanged. In single precision form, either X 
and fpay or fpa.x and fpay can be <ea>. 

Note that the following example: 

f pams fpal, fpa2, fpa3, fpa4 

is equivalent to the following sequence of instructions: 

fpadd3:s 
fpmul3s 
f pmoves 

fpal, fpa2, temp 
temp, fpa3, temp 
temp, fpa4 

The following examples show the different forms of operations, and an assembly 
code equivalent for each form: 
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Subtract-Multiply 

) 

Other Operations 

Chaptcr 4 - Assembly Language Programrrung 

regl - reg3 . (:::eg2 + operand) -+ fFam(s,di <ea>, reg2, re:;::. :ei:;: 

regl - operand . (reg3 .. reg2l -+ fpam(s,d} reg2, reg3, <ea>, :e-;: 

regl -reg3 . (reg2 .. reg4l -+ fpam( s, c:i i reg4, reg2, reg.;, :::e:;: 

regl +- operand2 . (reg2 + operandl) -+ fpams <eal>, reg2, <ea2>, re;: 

The subtract-multiply instruction takes the following form: 

fpsml ~ fpax, fpay, fpan 

t can be either s or d, and Xis either an <ea> or fpaO through fpa3 l. In the 
extended form, X and fpay can be exchanged. In single precision form, either X 
and fpay or fpax and fpay can be <ea>. 

Note that the following example: 

fps ms dO, fpal, fpa2, fpa3 

is equivalent to the following sequence of instructions: 

f psub3s 
fpmul3!3 
f pmoves 

dO, fpal, temp 
temp, fpa2, temp 
temp, fpa3 

The following examples show the different forms of operations, and an assembly 
code equivalent for each fonn: 

regl - reg3 . (reg2 - operand) -+ fpsm(s,d) <ea>, reg2, reg3, reg: 

regl -operand ti (reg3 - reg2l -+ fpsm{s,d) reg2, reg3, <ea>, re;: 

regl - reg3 ti (reg2 - reg4l -+ fpsm{s,d} reg.;, reg2, reg3, :eg: 

regl - reg3 ti (-reg2 + operand) -+ fpsm(s,d} reg2, <ea>, reg3, regl 

regl -reg3 . (-reg2 + reg4) -+ fpsm{s,d) reg2, reg4, reg3, reg: 

regl - operand2 ti (reg2 - operandl l -+ fpsms <eal>, reg2, <ea2>, reg: 

regl +- operand2 . (-reg2 + operandl) -+ fpsms reg2, <eal>, <ea2>, reg: 

The following list shows operations not covered in previous sections. In each of 
these, the last operand is the destinati~n. except for tst, cmp, and mcmp, where 
fpstarus is the implied destination. Note that X is either an <ea> or fpaO through 
fpa3 l. Also, r is either s or d for all operations except fpmover, where r is either 
s, d, or I (for long). 
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Table 4-1 

Opcode 

fpnop 
fptstt 
fpcmpr 
fpmcmpt 
fpmover 
fpmove2t 
fpmove3r 
fpmove4r 
fpdot2t 
fpdot3t 

fpdot4t 

fptran2r 
fptran3r 
fptran4t 
fpmove 
fpmove 
fpmove 
fpmove 
fpmovet 

,,- fpmover 
( 

"'--' 
Floating Point Compares 

FPA Errors Messages 

C', 

Other Operations 

Operands Operation 

nop 
x operand compare with zero 
X, fpam register m compare with operand 
X, fpam register m compare magnitude with operand 
fpam, fpan move floating-point registers 
fpam, fpan 2x2 matrix move 
fpam, fpan 3x3 matrix move 
fpam, fpan 4x4 matrix move 
fpax, fpay, fpan fpan +- fpax*fpay + (fpax+l) * (fpay+l) 
fpax, fpay, fpan fpan +- fpax*fpay + (fpax+J) * (fpay+l) + 

(fpax+2) • (fpay+2) 
f pax, fpay, f pan fpan +- fpa.:r*fpay + (fpax+J)*(fpay+J) + 

(fpax+2)*(fpay+2) + (fpax+3)*(fpay+3) 
fpam, fpan transpose 2x2 matrix 
fpam, fpan transpose 3x3 matrix 
fpam, fpan transpose 4x4 matrix 
fpamode," <ea> read mode register 
<ea>, fpamode write to mode register 
fpastarus~ <ea> read status register 
<ea>, fpastatus write to status register 
fpam, <ea> read a floating-point data register 
<ea>, fpan write to a floating-point data register 

The 68020 convention defines how bits are set up in the CC register for floating 
point compares. However, Sun provides a number of pseudo-ops to to provide 
conditional branching after a floating point condition has been loaded into the 
CC register. Use the following form: 

f pcmpt 
f pmove 
jfcc 

X, fpam 
fpstatus, dn 

where cc -
eg equal 
ne not equal 
It less than 
11 less than or equal 
gt greater than 
ge greater than or equal 

In addition to its normal error reports, the assembler reports the following FP A
specific errors: 

c It reports invalid operand in double precision operations, when abso
lute short addressing, single data, or address register is used. 
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4.3. Instruction Set 
Summary 

:: For most instructions where one operand is an <ea>, the reg1s:e; range is C! ~:::· 

15. If all operands are FP A registers, then the register range 1s 0 to 31. For 
constant RAM registers, the range is 0 to 511. The assembier repor:s a:-1 

invalid operand, and regist.e::- out of range when a:i:,
instruction specifies one of these registers outside of its range. 

The following table shows the entire set of FP A assembler instructions. ~ote 

that in some three and four-operand instructions, the positions of X and the FP . .; 
register can be exchanged. This is shown in the founh column. 

Table 4-2 Instruction Set Summary 

OPCODE OPERANDS OPERATIO> AL TERSATJ\'E ! 

fpnegs X, fpan negate single 

fpnegd X, fpan negate double 

fpabss X, fpan absolute value single 

fpabsd X, fpan absolute value double 

fpltos X, fpan convert integer to single 

fpl toe X, fpan convert integer to double 

fpstol X, fpan convert single to integer 

fpdtol X, fpan convert double to integer 

fpstod X. fpan convert single to double 

fpdtos X, fpan convert double to single 

fpsqrs X, fpan square single 

fpsqrd X, fpan square double 

fpadds X, fpan add single 
fpadd3s X, fpam, f pan add single fpam, X, f pan 

fpaddd X, fpan add double 
fpadd3d X, fpam, fpan add double fpam, X, fpan 

fpsubs X, fpan subtract single 
fpsub3s X, fpam, fpan subtract single fpam, X, fpan 
fprsubs <ea>, fpan reverse subtract single 
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(_~· Table 4-2 Instruction Set Sununary--Continued 

OPCODE OPERANDS OPERATION ALTER~ATIVE 

fpsubd X, fpan subrract double 
fpsub3d X, fpam, fpan subrract double f pam, X, f pan 
fprsubd <ea>, fpan reverse subtract double 

fpmuls X, fpan multiply single 
fpmu13s X, fpam, fpan multiply single fpam, X, fpan 

fpmuld X, fpan multiply double 
fpmul3d X, f pam, f pan multiply double fpam, X, f pan 

fpdivs X, fpan divide single 
fpdiv3s X, fpam, fpan divide single fpam, X. fpan 
fprdivs <ea>, fpan reverse divide single 

fpdivd X, fpan divide double 
fpdi\'3d X, f pam, f pan divide double f pam, X. fpan 
fprdivd <ea>,fpan reverse divide double 

fpnop nop 
,, ...... 

I f ptsts x single compare with 0 
'-.__,· 

) 

fptstd x double compare with 0 

fpcmps X, fpam single compare 

fpcmpd X, fpam double compare 

fpmcmps X, fpam single magnitude compare 

fpmcmpd X, fpam double magnirude compare 

fps ins fpax, fpan sine single 

fpsind fpax, fpan sine double 

fpcoss fpax, fpan cosine single 

fpcosd fpax, fpan cosine double 

fpatans fpax, fpan atan single 

fpatand fpa.x, f pan atan double 

CJ f peroxs fpax, fpan e"x single 
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Table 4-2 Instruction Ser Sunvnary--Conrinued 

OPCODE OPERA~DS OPERATION AL TER.t'\ATIVE 

fpetoxd fpax, fpan e·x double 

fpetoxmls fpax, f pan e·x-1 single 

fpetoxmld fpax, fpan e·x-1 double 

fplogns fpax, fpan ln(x) single 

fplognd fpax, fpan ln(x) double 

fplognpls fpax, fpan In( 1 +x) single 

fplognpld fpax, fpan ln(l+x) double 

fpsincoss fpax, fpac:fpas- fpac +- cosine(x), 
fpas +- sine(x) 

) 
fpsincosd · f pax, fpac:fpas fpac +- cosine(x), 

fpas +- sine(x) 
I 
\ 
"--~ 

fpmas X, fpax, fpay, fpan fpan +- (fpax • X) + fpay fpax, X, fpay, fpan 
fpay, fpax, X, fpan 
X, fpax, X, f pan 
fpax, X, X, fpan 

fpmad X, f pax, f pay, f pan fpan +- (f pax * X) + f pay fpax, X, fpay, fpan 
fpay, fpax, X, fpan 

fpmss X, fpax, fpay, fpan fpan +- fpay - (fpax • X) fpax,:X, fpay, fpan 
fpay, fpax,X, fpan 
X, fpax, X, f pan 
fpax, :X, X, fpan 

fpmsd X, fpax, fpay, fpan fpan +- fpay - (fpax • :X) fpax, :X, fpay, fpan 
fpay, fpax,X, fpan 

fpmrs X, fpax, fpay, fpan fpan +- (fpax • :X) - fpay fpax, X, fpay, fpan 
fpay, fpax, :X, fpan 
X, fpax, :X, fpan 
fpax, :X, :X, fpan 

fpmrd X, fpax, fpay, fpan fpan +- (fpax • X) - fpay fpax, X, fpay, fpan I 
,,,,--..., ... fpay, fpax, X, fpan 

L,I 
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\ 
'~- . Table 4-2 Instruction Set Summary-- Continued 

OPCODE OPERANDS OPERATION ALTERNATIVE 

fpams :X, fpax, fpay, fpan fpan ~ (fpax + :X) • fpay fpax, :X, fpay, fpan 
f pay, fpax, X, fpan 
X, fpax, X, fpan 
fpax, :X, :X, f pan 

fpamd :X, fpax, fpay, fpan fpan ~ (fpax + X) • fpay fpax, X, fpay, fpan 
fpay, fpax, :X, fpan 

fps ms :X, fpax, fpay, fpan fpan ~ (fpax - X) * fpay fpax, X, fpay, fpan 
fpay, fpax, X, fpan 
X, fpax, X, fpan 
fpax, X, X, fpan 

fpsmd X, fpax, fpay, fpan fpan ~ (fpax - :X) * fpay fpax, :X, fpay, fpan 
fpay, fpax, :X, fpan 

fpmoves <ea>, fpan write to a register, single 

fpmoved <ea>, fpan write to a register, double 

fpmovel <ea>, fpan write to a register, integer 
) 

fpmoves fpam, <ea> read a register, single 

fpf110Ved fpam, <ea> read a register, double 

fpmove2s fpam, fpan 2x2 matrix move, single 

fpmove2d fpam, fpan 2x2 matrix move, double 

fpmove3s fpam, fpan 3x3 matrix move, single 

fpmove3d fpam, fpan 3x3 matrix move, double 

fpmove4s fpam, fpan 4x4 matrix move, single 

fpmove4d fpam, fpan 4x4 matrix move, double 

fpdot2s fpax, fpay, fpan fpan ~ fpax*fpay + 
(fpax+l) • (fpay+l) 

fpdot2d fpax, f pay, fpan fpan ~ fpax*fpay + 
(fpax+ J) * (fpay+ J) 

c-~) 
....___,., 
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Chapter.! - Assembly Language Prog:-a~..:r.f 
, . 

Table 4-2 Instruction Set Summary-- Continued 

OPCODE OPERANDS OPERATION ALTERNATIVE i 

fpdot3s fpax, fpa)', fpan fpan ~ fpax*fpay + 

(fpax+ J) • (fpay+ 1) + 
(fpax+2) • (fpay+2) 

fpdot3d fpax, fpay, fpan fpan ~ fpax*fpay + 
(fpax+l) • (fpay+l) + 
(fpax+2) • (fpay+2) 

fpdot4s fpax, fpay, fpan fpan .- fpa.x*fpay + 
(fpax+ l)*(fpay+ J) + 
(fpax+2)*(fpay+2) + 
(fpax+3)*(fpay+3) 

fpdot4d fpax, fpay, fpan fpan ~ fpax*fpay + 
(fpax+Ir'Cfpay+l) + 
(fpax+2)*(fpay+2) ... 
(fpax+3)*(fpay+3) 

fptran2s fpam, fpan transpose 2x2 matrix, single 

fptran2d fpam,fpan transpose 2x2 matrix, double 

fptran3s fpam, fpan transpose 3x3 matrix, single 

fptran3d fpam,fpan transpose 3x3 matrix, double 

fptran4s fpam, fpan transpose 4x4 matrix, single 

fptran4d fpam,fpan transpose 4x4 matrix, double 

fpmove fpamode, <ea> read the mode register 

fpmove <ea>, fpamode write on mode register 

fpmove fpast.arus, <ea> read the status register 

fpmove <ea>, fpastatus write to status register 
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5.1. Register RAM 
Accesses 

5 
Command Translations 

This section provides a general description of how to reference the FP A board. It 
provides examples of commands that might be used to do this. 

NOTE Normally, users have no need to deal with the issues in this chapter; the assem
bler does it for them. 

The 68020 uses move instructions to manipulate the FP A. The examples in this 
chapter use the move/ instruction. The address ponion of this insuuction provides 
information about the move; bits 28 through 31 must be OxE to identify an FPA 
access, and bits 02 through 12 contain fields which describe the operation to the 
FP A. The purpose of this section is to illustrate the meaning of address bits 02 
through 12. 

NOTE The FPA only uses bits 2 through 12; bits 0 and J are always O's and appear as 
such in these examples. 

The readiwrite line determines whether the access is a read or a write. 

The address takes the form: 

EOOOXXXX 

where XXXX represents address bits 0 through 12. 

This example shows a typical register RAM access that loads an operand to 
FPRO. The general form of the command is: 

movel operand, FPA_addre~s (OxOC04) 

The address field contains the value OxEOOOOC04; the leading E identifies 
this as an FP A address, the O 0 0 are not used, and address bits 0 through 12 con
tain: 
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5.2. Single Precision Short 

'"- ·' 

r· 
"'----' 

000 
I 
I 
I 
I 

01100 0000 01 00 
I I I l_Unu~ed (must be O's) 
I I l_Id~ntifies this as the lsw 
I !_Selects FPA register 0 (FPRO) 
l_Identifies this as register RAM access 

l_Unu~ed (must be O's) 

compress~d into 4-bit felds: 

0000 1100 0000 0100 

or. in ha: 

OxOC04 

A single precision short command actually causes the FP A to process a number. 
Note that the command in this example places the result in FPR5, and that to 
obtain the result, the 68020 must read the contents of FPR5 from shadow RA~1 
or register RAM as shown later. 

The following example shows an add, where: 

FPRS <-- operand + FPRS 

It can be expressed as: 

movel operand, FPA_address (Ox03A8) 

Again, the address field holds the value E00003A8. According to the single 
precision shon command description in the chapter "Machine Level Code", 
address bits 0 through 12 should be: 

000 00 0111 0101 0 00 
I I I I I !_Unused (must be O's) 
I I I I !_Specifies single precision 
I I I !_Identifies FPRS 
I l l_Identifies operation as ''add'' 
I !_Specifies ''short'' 
!_Unused (must be O's) 

compressl!d into 4-bit fields: 

0000 0011 1010 1000 

tran.slaud into ha: 

Ox03A8 
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5.3. Double Precision Short 

5.4. Extended 

Chaplei 5 - Command Translatior:s .. -.... 

A double precision shon requires two accesses; one to load the most significant 
32 bits of the operand. and another to load the least significant 32 bits. The fol
lowing example shows the same command as the above example. except this 
time it is a double precision: 

movel operand, FPA address (0x03AC) 
movel operand, FPA_address (0x1000) 

The operand ponion of the first instruction contains the most significant ponion 
of the overall operand. Address bits 0 through 12 will be different for both 
instructions. The first contains: 

000 00 0111 0101 1 00 
I I I I I l_Unused (must be O's) 
I I I I l_Specif ies double precision 
I I I l_Specif ie~ FPRS 
I I !_Identifies operation as ''add'' 
I l_Specifie~ ''short'' 
!_Unused (must be O's) 

compressed into 4-bil fields: 

0000 0011 1010 1100 

translated into ha: 

Ox03AC 

In the second access. address bits 0 through 12 are different, and the data field 
contains the least significant half of the operand: 

000 10 00000000000 
I I !_Unused (must be O's) 
I !_Specifies ''double precision short, second hal:'' 
!_Unused (must be 0'~) 

compressed into 4-bit~lds: 

0001 0000 0000 0000 

tra11.Slated into ha: 

OxlOOO 

This example shows an extended command that multiplies an operand by the 
value in an on-board register. Because it is an extended instruction. it requires 
two 68020 instructions: 

movel operand, FPA address (0xl408) 
movel operand, FPA address (0xl820) 

In both of these. bits 0 through 12 of the address contain information for the 
FP A. The first appears: 
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5.5. Shadow RAM Read 

000 1 01000 0001 0 00 
I I I I I !_Unused (must be O's) 
I I I I I Identifies single precision 
I I I l_Specif ies reg2 - FPRl 
I I !_Identifies operation as ''multiply'' 
I l_Identif ies extended format 
!_Unused (must be O's) 

Compressed into 4-bit µIds: 

0001 0100 0000 1000 

and in he.x: 

Oxl408 

Bits 0 through 12 of the second 68020 instruction appear: 

000 11 
I I 
I I 
I I 
I I 
I l_Identif ies extended format 
I Unused (must be O's) 

Compressed into 4-bit fields: 

0001 1000 0010 0000 

an.din hex: 

Oxl820 

The FPA maintains copies of FPRO through FPR7 in the shadow RAM for fast 
read capability. The read for FPRl would look like: 

movel FPA_address (0x0E08), destination 

The address contains the value OxEOOOOEOS. Address bits 0 through 12 con
tain: 
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5.6. Command Register 

) 

Chapt~r 5 - Corn.mane Translatiocs .!9 

000 0111000 001 0 00 
I I I I !_Unused (must be O's) 
I I I l_Signif cance 
I I l_Regi~ter .select 
I !_Operation identifier 
l_Unu.sed (mu~t be O's) 

compressed into 4-bit fields: 

0000 1110 0000 1000 

or, in ha:· 

OxOEOB 

The command register format uses the data field of the 68020 instruction as 
information for the FP A. so the operands must already be in register RAM when 
this insttuction is executed. 

This example shows a double precision sine. Assuming that the operand is 
already in register RAM. the 68020 command line appears: 

movel corranand, FPA_address (Ox0804) 

Bits 0 through 12 of the address contain: 

000 010 0 000000 l 00 
I I I I I !_Unused (must be 0' .s) 

I I I I !_Specifies precision (1 for ''dou~:e'') 

I I I !_Identifies operation (sine) 
I I I (Not) Weitek direct 
I l_Identif ie.s this as corranand register command 
!_Unused (mu.st be O's) 

compressed into 4-bitfields: 

0000 1000 0000 0100 

and in ~x: 

Ox0804 

And the data field contains: 
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(__ 
0 00000 0 00000000 0 00000011 0 00010 
1----------------1 I I I l_Identif ies F?R2 

Unu~ed I I !_Unused 
I I Identifies FPR3 
!_Specifies operand source as registe= 

compresud into 4-bit fields: 

0000 0000 0000 0000 0000 0000 1100 0100 

and in ha: 

OxOOOOOOC4 

I 0 
Sun FPA User's Manual 



6 

Control Registers 

Control Registers --··-······-····················-·······························-····························-···················· 53 

IERR ..................................................................................................................................... 53 

Irv!ASK -··--·-·-·-····--·--····-·-·-····--···-···--·-·······-·-···············-·--·-········-·--··· 54 

ST A TE Register ····-·-·-····-·-·--·-·--······-····-······---··--········-··········-····--·-··· 54 

LO AD_ YrR ·-----·--···-··-····--·······-·······-·--·--·---·-·······-·-··-···-···.:.··--··· 54 

LD_RAM ·····-·-······-················-······;········-·-·---······-·-······-········-···-···········-···-- 55 

Pipe Access Registers ·····-······-····························--·-···-···-····-···-······-····-····· 55 

MODE Register ---·-·-··········-·----·······-···-··········---·---·-····-···-·······--·· 55 

wsr ATUS ····-·-·--·················--··--··-···-·······················-···-··························-···-······ 56 

READ_ REG --·----·······-·---·-···--·-·-···-····-···--··--·-··········--·-·-··········· 57 

Register and Microcode Address ....................... ·--·-·····-··································· 57 

PIPE_ SI' A TU S ············-··········-·-············-·-·-·-···-·-········-·-·······-·-·········-·-····-··· 57 

HARD_ CLEAR PIPE ·-·--···-·--···-·----·-·-·---··-····--····-··-·---·-·-·-··· 58 

CLEAR _PIPE ·········-·····---·--·-·-·······---········-·-·-·-·-·--·-·········-··--·-·-··-····· 5 8 

Register List·------·------------·-------·---·---·-------·· 58 



I 

~--, 

IERR 

6 
Control Registers 

This chapter lists and describes all the system control registers. It lists the condi
tions under which the register can be written or read and describes the contents of 
each register. 

Accesses to these registers are described in the chapter ··Machine Level Code"'. 

Note that unspecified bits return an unknown value when read. 

The bits in this register identify the cause of any errors. If a bit a; l, the 
corresponding error occurred. 

It can be written and read. 

+----------+----------+----------+----------+ 
Immediate errors 

+----------+----------+----------+----------+ 
B - .... J.J, 

16 
17 

18 

19 

20 
21 

22 
23 

ERROR 

non-32 bit access 
protection violation: 

user write to supervisor space; 
attempt to write regRAM without 

regRAM-access enable bit set; 
attempt to access ustore/map RAJ-·! 

without load enable bit set; or 
attempt to access illegal address 

illegal access: 
reading a write-only address, or 
writing a read-only address 

attempt to execute via microcode 
when the load enable bit is set 

illegal access sequence 
hung pipe - pipe access 

shadow access 
control access 

256th retry 
illegal control register address 
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IM ASK 

ST A TE Register 

( 
'~ .... 

LOAD PTR 

Writes to this register rum the Weitek inexact error bit ON and OFF; reads tell 
you whether it is ON or OFF. 

It can be wrinen and read. 

+----------+----------+----------+----------+ 
Inexact Error Mask (1 bit) 

+----------+----------+----------+----------+ 
BIT CONTENTS 

0 inexact error mask: 
0 - errors are disabled 
1 - errors are enabled 

The state register contains assorted information about the FP A. It can be read 
anytime, but written from the supervisor state only: 

+----------+----------+----------+----------+ 
enable bits I context number 

+----------+----------+----------+----------+ 
BIT CONTENTS 
4:0 current context 

6 register RAM access enable bit 
0 - Disables access to 

reg RAM via pointer. 
1 Enables access 

5,7 load enable bit 
0 Disables access to microstore. 
1 - Enables access to microstore. 

Disables execution of instruc
tions which use the microstore. 

(The data from bit 7 is written to bits 
5 and 7 of the STATE register. The 
contents may be read from either bit.) 

The load pointer is used to directly access register RAM. These accesses are 
described in the uLoad Pointer Access,, section of the chapter "Machine Level 
Code''. 

While this register also works with the LD _RAM (load RAM) register access, 
these accesses are not described or supported in this manual. 

+------·----+----------+----------+----------+ 
I pointer to RAM 

+----------+----------+----------+----------+ 
bits contents 
13:2 register RAM address 

1:0 ignored 
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LD RAM 

Pipe Access Registers 

NOTE 

) 
( 
\ ...... _ ~ 

MODE Register 

NOTE 

Chapter 6 - Control Regis~=-~ 

This register is used to directly access the micromachine. These accesses are not 
described or supponed in this manual. 

The pipe access registers allow you to inspect the contents of the instruction pi re. 
These are read-only; you cannot write directly to the pipe. The Iv I bits deter
mine whether that pan of an instruction is valid (v - 0 is valid; v - 1 indicates 
invalid): 

PIPE_ACT_INS (r) +----------+----------+----------+---------
1 v I in~tr, 1st half lvl instr, 2nc ha:: 

PIPE_NXT_INS (r) +----------+----------+----------+---------
1v1 instr, 1st half lvl inst=, 2nd ta:: 

PIPE ACT D1 (r) +----------+----------+----------+---------
data , ls t ha 1 f 

PIPE_ACT_D2 (r) +----------+----------+----------+---------
data, 2nd half 

PIPE_NXT_Dl (r) +----------+----------+----------+---------
data, 1st half 

PIPE_NXT_D2 (r) +----------+----------+----------+---------
data, 2nd half 

+----------+----------+----------+---------
Bits 15 and 31 (fv/) of the PIPE_ACT_JNS and PIPE_NXT_INS registers indi
cau whether that instruction was a valid instruction previously issued by the 
processor: If v - I, instruction was nor valid and a valid instruction does nor 
exist in the pipe. If v - 0, instruction was valid and a valid instruction does exist 
in the pipe. Each instruction half is rhe address to which that access was origi
nally wrirten (the /v/ bit is appended). To retransmit an instruction a 
PIPE_x.xx_Dy regisur is written to the address specified by the correspondir.g 
half of the corresponding PIPE_::o:x _INS register. This address should be offse: 
by OxEOOOOOOO. To retransmit, mask all bits except 2 - 12. 

Bits O, J, 13, 14, 16, 17, 29 and 30 of PIPE_::v::x_INS are undefined. All 
undefined bits are undefined during reads, and should be masked to 0 for writes. 

This register contains the Weitek MODE bits. To write this register, use the 
form fpmove <ea>, fpamode. To read this register,~ the form 
fpmove fpamode, <ea>. 

+----------+----------+----------+----------+ 
I Mode ( 0 : 3) I 

+----------+----------+----------+----------+ 
bit~ content~ 

3:0 Mode bit~ 3:0 of the Weitek chips. 
Con~ult the Weitek ~pee for a 
complete de~cription. 

Certain transcendental functions may hang if the mode regisur contains a value 
other than Ox2. 

Sun FP A User's Manual 



,,.,-- . ' 

'-·--,/ 

56 Sue FPA U~r·s Manual 

WSTATUS This register contains the Weitek status bits latched out from the Weitek chips 
when they complete an operation. To read this register. use the form fprnovel 
fpastatus, <ea>. To write th.is register, use the form fprnovel <ea>, 
fpastatus. 

Writing to this register does not affect the Weitek chips. However, after a con
text switch, it may be necessary to restore the status bits from the original con
texL 

On power up and after a clear pipe, the Weitek status is invalid until these bits 
are seL This occurs every time the WSTA TUS register is updated by the micro
code. 

The WSTATUS register is updated by the microcode on every arithmetic opera
tion or compare. When an instruction that involves multiple arithmetic opera
tions (dot product, multiply-accumulate, transcendentals) is executed, the status 
will correspond to the last operation, unless there is an exception, in which case 
the status will correspond to the operation that generated the exception (no indi
cation is given as to which operation is in error). The WSf ATUS register is 
updated by the microcode on every arithmetic operation or compare. \Vhen an 
instruction is executed that involves multiple arithmetic operations (dot product. 
multiply- accumulate, transcendentals), the status will correspond to the last 
operation, unless there is an exception, in which case it will correspond to the 
operation that generated the exception (no indication is given as to which opera
tion is in error). 

+----------+----------+----------+----------+ 
Weitek Status and Error Indicators 

+----------+----------+----------+----------+ 
bits contents 

15 Weitek error (WERR - excluding unimpl. inst=.) 

14 
13 
11: 8 

4:0 

0 - error 
1 • no error 

unimplemented instruction 
status valid: 
status taken directly from Weitek chips 
decoded ~tatus - Weitek comp cond 

equal (0000) 4 (00100) 
les~ than (0001) 25 (11001) 
greater than (0010) 0 (000.00) 
unordered (1111) 2 (00010) 
all other values 0 (00000) 

NOTE The decoded status fields correspond to Sun's conventional use of the 68020 
status register for floating point condition codes. For information on floating 
point compares, see the chapur "Assembly Language Prograrroiaing". 

NOTE If the pipe hangs and bits 11 through 8 contain a O:x4, this indicaus either that a 
transcendental operation had an operand ~'out of bounds'', or thar the mode 
regisur contains a value other than O:x2 (rraTtScendentals require that the mode 
register contain O:x2). The Weiteks define status Ox4 as "not uua '. 
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READ REG 

Register and :Microcode 
Address 

PIPE STATUS 

Chapter 6 - Control Regis~:! 

The read register (READ _REG) displays the contents of the read latch (see Fig
ure 1 ). This is the latch used by the microcode to return data to the processor. 
Direct access to this register is provided for diagnostic purposes onl;·: 

31 0 

+----------+----------+----------+----------+ 
microcode read latch 

+----------+----------+----------+----------+ 

The register and microcode address register (REG_ UST _ADDR) allows you to 

read the current address in microstore, and in register RAM. Note that registe;
RAM addresses are only 13-bits long; bits 29 - 31 provide the current address in 
the MUX SELECT: 

+----------+----------+----------+----------+ 
I curr regRAM addr I curr ustore address I 

+----------+----------+----------+----------+ 
bits contents 
11:0 current ustore address (from mux) 
27:16 current regRAM address (from mux) 
31:29 current regRAM address mux sele=t 

bits (from ustore) 

The pipe status register returns bits describing the current state of the instruction 
pipe. The hardware latches these status bits directly regardless of whether the 
pipe is moving or stable. After any latched data has stabilized, the data is 
returned to the processor. 

11tis register is read only. It can be read from an immediate or a stable address, 
as listed in Table 6-1. 
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HARD_ CLEAR PIPE 

CLEAR PIPE 

Register List 

+----------+----------+----------+----------+ 
I pipe status bits 

+----------+----------+----------+----------+ 
BIT CONTENTS 
16 stable bit: 

0 - pipe may change state 
1 - pipe is: 

clear (no pending instructions) 
hung ( a WERR has occured) 
waiting for 2nd half of instr 

17 Weitek error has occurred 
18 pipeline waiting for 2nd access of 

2-access instruction 
19 micromachine waiting for 2nd access of 

2-access instruction 
20 lvl bit from PIPE_ACT_INS - 1st half 
21 lvl bit from PIPE_ACT_INS - 2nd half 
22 lvl bit from PIPE NXT INS - 1st half 
23 lvl bit from PIPE NXT INS - 2nd half 

This register can be written from the supervisor state only; it clears the instruc
tion pipe and the command register. All pending insttuctions are lost and Weitek 
status is losL This access requires supervisor privilege, and is write only: 

+----------+----------+----------+----------+ 
I clear pipe and cmd reg of current contents I 

+----------+----------+----------+----------+ 

Writing anything to the clear pipe register clears the instruction pipe. All pend
ing instructions are lost and Weitek status is lost. This register is write only: 

+----------+----------+----------+----------+ 
clear pipe of current contents 

+----------+----------+----------+----------+ 

The following table lists the registers and the conditions pertinent to each: 
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( 
Table 6-1 Control Registers 

Reg Addr Spec Write Read Description 
Name Info Cond Cond 

Sf ATE OxFlO su ex c I Contains enable bits and 
current context. 

IMASK OxF14 ex c I Masks Weitek inexact 
error bit 

LOAD PTR OxF18 ex c I Describes a load opera-
tion for LD RAM 

IERR OxFIC e.x I I Contains errors on FP A 
board. 

LD RAM OxFCO le c c Implements action 
described in 
LOAD_PTR. 

PIPE ACT INS OxF20 ex s Contains the active pipe - -
instruction. 

PIPE NXT INS OxF24 ex s Contains the next pipe - -
instruction. 

PIPE ACT DI OxF28 ex s Contains the first half of - -
active pipe data. 

PIPE ACT D2 OxF2C ex s Contains the second half - -
) of active pipe data. 

PIPE NXT Dl OxF30 e.x s Contains the first half of 

'- next pipe data. 
PIPE NXT D2 OxF34 ex s Contains the second half - -

of next pipe data. 
MODE3 0 OxFN8 me ex CS-> Oear - OxFB8; Stable -

OxF38. Contains the 
Weitek MODE bits. 

WSTATUS OxFNC mccx CS-> Oear - OxFBC; Stable .. 
OxF3C. Contains 
Weitek starus and error 
indicators. 

READ_REG OxF60 s Reads contents of 
READ latch. 

REG uST ADDR OxF64 s Contains current micro-
store address, register 
RAM address, and 
MUX SELECT address. 

WLWF_REG OxF6C Displays current L+ and 
F+ bits being sent to 
Wciteks. 

PIPE_STATUS OxFN8 IS Immediate - Ox48F; 
Stable - Ox46F. 
Displays pi pc status. 

/"""·1 

~~-) 
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Table 6-1 

Reg Addr 
Name 

HARD CLEAR _PIPE OxF80 

CLEAR PIPE OxF84 

Control Registers-- Continued 

Spec 
Info 

SU 

Write 
Cond 

s 

s 

Read 
Cond 

Description 

Clears all pipe registers 
and the command regis
ter (where microstore 
outputs its commands) 
Pending instructions are 
lost and the Weitek 
status is cleared. 
Oears all pipe registers. 
Pending instructions are 
lost and the Weitek 
status is cleared. 

The write and read conditions are: 

I Immediate - Data is always written or returned immediately. Either these 
registers cannot be altered by an advance of the instruction pipe, or they 
describe the state of the insttuction pipe. 

C Clear -To assure that data is not changed after it is read, the FP A waits for 
the pipe to clear before writing or returning the data. If the pipe hangs on an 
error, the FP A returns a negative acknowledge. 

S St.able -The FP A waits for the pipe to stabilize on one of the following 
conditions before writing or returning the data: 

clear 
hung on error 
waiting for second half of an instruction 
combination of hung and waiting 

The special conditions are: 

su Supervisor only - Writes are only allowed from supervisor space. 

le LOAD_EN bit in STATE register-The LOAD_EN (load enable) bit in the 
ST A TE register must be ON. 

ex Context switch - Contents must be saved on context switch. 

me Microcode - These are written via microcode. The procedure to read and 
write them is described in the sections on these registers earlier in this 
chapter. 
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Name Offset 

,--. ) szero 0 
I '. dzero 0 
L! sminsub 

dminsub 

smaxsub 2 . 

dmaxsub 2 

sminnorm 3 

dminnorm 3 

smaxnorm 4 

dmaxnorm 4 

sinf 5 
dinf 5 
ssnan 6 

dsnan 6 
sq nan ? 
dqnan 7 

0) se 8 
de 8 

A 
Addresses in Constant RAl\J 

This appendix provides the locations of values in constant RAM. The followin~ 
table lists the name of the constant, its offset, and the value stored there. t\ote 
that the offset is the actual number you place in an FP A register to access the 
value (see the chapter "Machine Level Code"). 

The hardware translates these offsets into an actual address in the constant RAM: 

Table A-1 Addresses in Constant RAM 

Hex Value Description Dec Value 

00000000 single precision z.ero 0 
0000000000000000 double precision zero 
00000001 minimum subnormal 1.401298464324817071 E-45 

2**-150 
0000000000000001 minimum subnormal 4.940656458412465442E-324 

2**-1075 
007FFFFF maximum subnormal l.175494210692441075E-38 

2**-127 - 2**-150 
OOOFFFFFFFFFFFFF maximum subnormal 2.225073858507200889E-308 

2**-1023 - 2**-1075 
00800000 minimum normal l.175494350822287508E-38 

2**-127 
0010000000000000 minimum subnormal 2.225073858507201383E-308 

2••-1023 
7F7FFFFF maximum normal 3.402823466385288598£+38 

2** 127 - 2** 103 
7FEFFFFFFFFFFFFF maximum normal l.797693134862315708E+308 

2•• 1023 - 2**970 
7F800000 infinity 
7FFOOOOOOOOOOOOO infinity 
7FBFFFFF signalling NaN 

(Not a Number) 
7FF7FFFFFFFFFFFF signalling NaN 
7FFFFFFF silent NaN 
7FFFFFFFFFFFFFFF silent NaN 
402DF854 e 2.718281745910644531 
4005BFOA8B1457692 e 2.718281828459045091 
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Table A-1 Addusses in Constant RAM- Continued 

Name Offset Hex Value Description Dec Value 

s2pi 9 40C90FDB 2*pi 6.283185482025146484 
d2pi 9 401921FB54442D18 2*pi 6.283185307179586232 
spi A 40490FDB pi 3.141592741012573242 
dpi A 400921FB54442D18 pi 3.141592653589793116 
spio2 B 3FC90FDB pi/2 1.570796370506286621 
dpio2 B 3FF921FB54442Dl 8 pil2 1.570796326794896558 
ssqn2 c 3FB504F3 sqrt of 2 1.414213538169860840 
dsqrt2 c 3FF6A09E667F3BCD sqrt of 2 1.414213562373095145 
ssqtthalf D 3F3504F3 sqrt of 1/2 7.071067690849304199E-1 
dsqtthalf D 3FE6A09E667F3BCD sqrt of 1/2 7 .0710678 l l 865475727E-1 
sone E 3F800000 one 1 
done E 3FFOOOOOOOOOOOOO one 1 
shalf F 3FOOOOOO one half .5 
dhalf F 3FEOOOOOOOOOOOOO one half .5 
smone 10 BF800000 negative one -1 
dmone 10 BFFOOOOOOOOOOOOO negative one -1 
stwo 11 40000000 two 2 
dtwo 11 4000000000000000 two 2 
sthree Bl 40400000 three 3 
dthree Bl . 4008000000000000 three 3 
sfour 12 40800000 four 4 

l dfour 12 4010000000000000 four 4 
'--.. ' 

seight 13 41000000 eight 8 
deight 13 4020000000000000 eight 8 
slo2 14 3IDOOOOO one half .5 
dlo2 14. 3fe0000000000000 one half .5 
slo4 15 3e800000 one quarter .25 
dlo4 15 3fd0000000000000 one quaner .25 
slo8 16 3e000000 one eighth .125 
dlo8 16 3fc0000000000000 one eighth .125 
slel 17 41200000 ten 10 
dlel 17 4024000000000000 ten 10 
slc2 18 42c80ooo one hundred 100 
dle2 18 4059000000000000 one hundred 100 
sle3 19 447a0000 one thousand 1000 
dle3 19 408F400000000000 one thousand 1000 
sle4 20 461C4000 ten thousand 10,000 
dle4 20 40C3880000000000 ten thousand 10,000 
sle5 21 47C35000 one hundred thousand 100,000 
dle5 21 40F86AOOOOOOOOOO one hundred thousand 100,000 
sle6 22 49742400 one million 1,000,000 
dle6 22 412E848000000000 one million 1,000,000 
sle7 23 4Bl89680 ten million 10,000,000 
dle7 23 4163120000000000 ten million 10,000,000 
sle8 24 4CBEBC20 one hundred million 100,000~000 
dle8 24 4197078400000000 one hundred million 100,000,000 
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Table A-1 Addresses in Constant RAM- Continued 

Name Offset Hex Value Description Dec Value 

sle9 25 4E6E6B28 one billion 1,000,000,000 
dle9 25 41 CDCD6500000000 one billion 1,000,000,000 
slelO 26 501502F9 ten billion 10,000,000,000 
dlelO 26 4202A05F20000000 ten billion 10,000,000,000 
smpio2 27 BFC90FDB pi/2 -1.570796370506286621 
dmpio2 27 BFF92lFB54442D18 pi/2 -1.5707963 2679489655 8 
slog2e 28 3FB8AA3B log2(e) 1.442695021629333496 
dlog2e 28 3FF71547652B82FE log2 (e) 1.442695040888963387 
slog2ten 29 40549A78 log2 (10) 3.3219280242 91992188 
dlog2ten 29 400A934F0979A37 l log2 (10) 3.321928094887362182 
slogetwo 2A 3F317218 loge(2) 6.931471824645996094£-1 
dlogetwo 2A 3FE62E42FEF A39EF loge(2) 6.93147 l 805599452862E-1 
slogeten 2B 40135D8E loge( IO) 2.302585124969482422 
dlogeten 2B 40026BB 1BBB55516 loge(lO) 2.302585092994045901 
sloglOtwo 2C 3E9A209B log10(2) 3.010300099849700928E-1 
dloglOtwo 2C 3FD344 l 3509F79FF logl0(2) 3.010299956639811980E-1 
slog lOe 2D 3EDE5BD9 loglO(e) 4.342944920063018799E- l 
dloglOe 2D 3FDBCB7B 1526E50E loglO(e) 4.3429448190325 l 8167E-1 
smhalf 2E BFOOOOOO negative one half -1/2 
dmhalf 2E · BFEOOOOOOOOOOOOO negative one half -112 

( 
"------

sle16 2F 5AOE1BCA 10**16 1.000000027256422400E+ 16) 
dle16 2F 4341C37937E08000 10**16 1.000000000000000000E.._16 
sle32 30 749DC5AE 10**32 1.000000033181353514£+32 
dle32 30 4693B8B5B5056E17 10**32 1.000000000000000054 E+ 3 2 
sle64 31 7f800000 10**64 infinity 
dle64 31 4D384F03E93FF9F5 10**64 1.000000000000000021 E+64 
sle128 32 7f800000 10**128 infinity 
dlel28 32 5A827748F9301032 10**128 1.00000000000000007SE+128 
sle256 33 7f800000 10**256 infinity 
dle256 33 75154FDD7F73BF3C 10**256 l.000000000000000030E+256 
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...-4f-ST_A_T_E_.D_(,__O_o __ 1_2-1lAl 1Yll!_8 0(00) LD.D(OO) 2 AO BO 8 "' D(OO) 2 AO 
~,_ST_A_T_E_. D-'(,__O_l_,_l _l-17 2A4 2y 4 J D [ 01] LD. D ( 0 l) J Al Bl 7 0 ( 0 l) J Al 
~,_ST_A..-.T_E_.D-'[,__0_2_,_]_4-tlA2 1y 2 16 0[02] LD.0[02] 4 A2 B2 6 0(02_1 4 A2 

1
_..,_ST_A_T_E_.O_[.....,O_J ..... J__,.l]-1 2AJ 2y3 5 D(OJ) LD.D(OJ] S AJ BJ 5 t-..... O(OJ) 5 AJ 

~,_ST_A_T_E_.D_[,__0_4 .... J_6-1lA3 lYJ 14 0(04] L0.0(04] 6 A4 B4 4 t-.. 0(04) 6 A4 
~,_ST_A....;T'""E_._D.:...( 0-'5-']_l-ili 2A2 2Y 2 7 0 ( 0 5] LO. 0 ( 0 S) 7 AS BS i:-=-J--~--=D~l:...:0.=5_,_) __ ..:...7 -l AS 
a-.1--S_TA_T;;..;Ec..''-D-'(_0_6:...J_B-1lA4 1Y4 2 0(06] LD.0(06] 8 A6 BG 2 b 0(06] 8 A6 
......,,_ST_A_T_E_._D .... (0_7~]_1-;l 2Al 2Yl 9 0(07) LD.0(07] 9 A7 B7 1 t-.... 0[07] 9 A7 

BO 18 P2.D(00) 
Bl 17 P2.D[Ol] 
B2 16 P2.D[02] 
BJ lS P2.D[03] 
B4 14 P2.D[04] 
BS lJ P2.D(OS] 
BG 12 P2.D{06) 
B7 11 P2.D[07] 

AB OE- T /R- OE-
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./'\,/'V'- VC C R2 4 
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ENl EN2 
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TI ~::,, T' T" ~::" 
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P2.A(02) 
P2.A(03) 
P2.A[04) 
P2.A[05] 
P2.A(06) 
P2.A[01] 
P2.A(08] 
P2.A[09) 

P2.A(l0) 
P2.A(11] 
P2.A(l2) 

PU6;27 
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S AS-

,.-,.....,..,...,..--, UC 8 0 J 
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Ol 19 A[OJ] 

02 5 A(04] 
OJ 16 A(05] 

04 6 A(06] 
OS 15 A[07] 

06 9 A[08) 

07 12 A(09] 
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5 A( 12 I 
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STATE.0(08] 2 lAl 1Yll!_8 0(08) 
STATE.0(09) 17 2A4 2Y4 J 0 (09) 
STATE.0(10] 4 lA2 lY 2 6 0(10] 
STATE.Dill) 1 2A3 2yJ 5 0(11) 
STATE.0(12) 6 lAJ lYJ 14 0[12] 
STATE.0(13) 1)2A2 2Y2 7 0(131 
STATE.0(14) 8 l'A.4 lY 4 2 0(14] 
STATE.D[lS) 11 2A1 2Yl 9 0(15] 

ENl EN2 
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l ROBOJ 2 119 
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....... __ sT_,,A_T_E_. o,_,1,_,1-:06_,_) --:-2-=1 lAl 1 y l l!_ 8 D ( 16 J 
•-<>-S_TA_T_E_._D~(_l_7 .... J _l_.7 2A4 2y 4 J 0 ( l 7] 
......,,_s_T A_T_E_._O.:...( _l 8--')_4--1 1 A2 1y2 6 0 (1 8 J 
a-.1--S_TA_T_E_._0--'(_1_9_,_J _lj-t2AJ 2YJ 5 0 (19] 
5--4>-S T'-A""T"'"E.,;,.;. D'-"(,_2_0..:...1 _..;;.6-1 lAJ l y J 4 0 ( 2 0 I 
~~S T.;;.;A..;.;T;..;;E;..;;. • .::.O..:..( 2"°'1'-")---'l~ 2A2 2 y 2 7 D ( 21 I 
......,,_s T_A_T_E_._D.:...( 2.,....2--')_8--1 lA4 l y 4 l!_ 2 0 ( 2 2 I 
......,,_s T_A_T_E_._D.:...( 2_J--'J_l-il 2Al 2Y 1 9 0 ( 2 J] 
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.----.A· 'V"' "V"-'A-- VCC 
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UOBlO 
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___ LD_._D~(_0_8 __ ) _2_, AO BO ~8 __ -11'-...p......:D~['-'0...;:.8_,_J __ .::.2-iAO B01-l_B_P_2_.0_[,__0_8_,_)~ 

1 
__ L_O_._O_,_( 0_9-'-J_J--t Al Bl 7 t-..... D ( 0 9) J Al B 1 1-1_7_P..;;,.2 _. D_[,_0-'-9_,_J ~ 

1 
___ LO_._D~(_l_O""") _4-t A2 B2 6 0 ( l 0 I 4 A2 B2 16 P 2. D [ l 0 I 

1 __ .::.LD'-._0_,(-"1.::.1:...J _S-t AJ BJ S t-.. D(ll) 5 AJ BJ 15 P2.0[ll] 

1 
___ LO_._D....:(..;;,.1_2.:...] _6-1 A4 B4 4 0(12) 6 A4 B4 14 P2.0[l2] 

1_--'L'-0_._0,,,_( l;;...;J-'-)_7--t AS BS 3 0 ( l J} . 7 AS BS l J P 2. O [ l J] 

0 
___ LD_._0_(_1_4_) _a.,. A6 B6 2 t-..... 0(14] 8 A6 B6 12 P2.D[l4] 

•---LO_._D_(_l_S~J _9.,. A7 B7 l t-.... D(lS) 9 A7 B7 11 P2.0(l5) 

AB OE- T /R- OE-

~ ~il,, ~:.~'' ~il11 
1 ___ L_D _. D_(""'l-=6""'1_,2,.-1 AO BO ~· ----..:t-....-;;;.O.>.;( 1;...6;;_.l)'---..:2~ AO BO 18 P 2 . D [ 16) 
11--L""D;;_•...;..D_,[..;;,l.;...7.:...l __;..J-1 Al Bl 7 t..... 0(17] 3 Al Bl 17 P2.D[l7] 

1 
___ L_O_.D_!-.1_8""'J_,4,.-1 A2 B2 6 t-.... 0(18] 4 A2 B2 16 P2.D(l8] 
t-___ L_D_.0_!-.1_9-"J_S-1 AJ BJ 5 t.... 0(19) S AJ BJ 15 P2.D[l9] 
..__L"""O"""._D..:...(2;;...0_,)_6-t A4 B4 4 t-.. 0(20) 6 A4 94 14 P2.0(20) 
.._---'L~D..;.._D..:...(2o;.;1"")_7-t AS BS J t..... 0(21) 7 AS BS 13 P2.D(21] 
t-_L_D_._D..:...(2_2_,,]_8-t A6 B6 2 t-..... 0(22) 8 A6 B6 12 P2.D(22) 

1 
__ L_D_._D..:...[2_3_,J_9-t A7 B7 l t-..... D[2J) 9 A7 B7 11 P2.0[23] 

AB OE- T /R- OE-

Ilml4 l' l' ~ii,, 
"i..::..<~::. F245 

LD.0(24) 2 AO BO 8 t-..... DJ.24) 2 AO BO 18 P2.D(24) 
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F244 

AO YO 
t-----------1 Al Yl 
~--------1 A2 Y2 

18 
16 
14 

OIR.2451819124 

12 RESETA-1 l 

......,,_ST_A_T_E_._D.:...(2.,....4""')_2-ilAl 

._..,_S_TA_T_E_._D""'(_2_S_,_]_l-t7 2A4 

._..,_S..;;,.TA_T;;..;E'-.'-0-'(-2_6:...)_4-tlA2 

.__,__ST_A_T_E_._D_(2_7~)_1_.12AJ 

....... ,_sT_A_T_E_._D .... (2~8~)--6--1lAJ 

......,~S_TA_T_E_._D~(~2_9~)_1-t 2A2 
1

_..,_S_TA_T_E_._D--'(_3_0_,_J_B-tlA 4 
•-<>-S_TA_T_E_._D_[_J_l_J_l~l 2Al 

lYll!_e 0(24) 

2y 4 J D (25) 
lY 2 16 0 (26) 

2yJ S 0(27) 
lYJ 4 0(28) 

2y 2 7 D (29] 
1Y 4 2 0(30) 
2Yl 9 0(31] 

LD.0(26] 4 A2 B2 6 0(26] 4 A2 B2 16 P2.D(26] 
LD.0(27] 5 AJ BJ S t-.... 0(27) S AJ BJ 15 P2.D[27] 
L0.0[28] 6 A4 B4 4 t-..... 0(28) 6 A4 B4 14 P2.D[28] 
L0.0(29] 7 AS BS J t-..... 0(29] 7 AS BS 13 P2.0[29) 
LO.D(JO] 8 A6 B6 2 0(30] 8 A6 BG 12 P2.D[30] Pl.SYSRST-;26 A3 YJ 

OE 

GND2: 8 

STATE.D(00:31];91l01ll1l2120- ST.244EN-;4 

ENl EN2 

TI 
LD.D[Jl] 9 A7 87 l ' D(Jl] 9 A7 B7 11 P2.0[31] 

AB OE

DIR.24S; 8 _n9 

LD.245EN-;4 ~ 
DIR.24518 
END245-;J 

T/R- OE-

1 19 
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l.GrTR[_l~~2Al 2Yl 9 HAP.A_.lOl.l. 

_ __!:.Ol::RfJ_ll!2 2A2 2Y2~~ 
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'HAPPING RAM 

~i914 B~m B~m S~m f l929 
~ CY1C!GI CY1ClU ~ CY1ClU 

HAP.AJ_OOl 1' AO 1' AO 1' AO U AO 1' AO l' AO 
HAP.A(Oll 11 Al 11 Al ll Al 17 Al 17 Al 17 Al 
HAP.A(021 II A2 11 A2 f----------=-1~1 A2 11 AZ 11 A2 11 A2 
HAP.AIOJI 19 Al 19 Al 19 Al 19 Al 19 Al 19 Al 
HAP.A[04J I A4 I A4 I A4 1 A4 I A4 1 A4 
HAP.Aj__Oli 2 AS 2 AS 2 A5 2 AS 2 AS 2 A5 
HAP.A(061 l A6 J U 3 A6 J U l A6 3 "' 
HAP.AI071 4 Al 4 Al 4 Al 4 Al 4 Al 4 Al 
HAP.Aiolf S Al S Al S Al s Al s Al s Al 

HAP.AIO!I_ ' A9 ' A9 6 A9 ' At ' A9 ' A9 
HAP.AilOI l AIO f-------'-1-1AIO 1-------1-1AlO 1-------"1-1A10 t---------,-7 -1Al0 1---------,1-;AIO 

HAP. A ( 
111 

I A l1l/00 1-IS,-HAP-. 0,..,..,.., [00,.,.-1-
1
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HAP.Cl-;4 ~CE- 9 Ct- 9 Ct- t-------.---.,.9~cE- 9 ct- 1-----1---''~a:-
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r'----------:,.,.:~: l;.,.~.,-!H;--:~,--1~~! ~~! I; :;~~~:~£~+ 
r'------------'l"'--l"-'l{'-O~tl_.__..l_,l 2AI 2ll 9 STATE.OJ_BI 
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9 
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0[02] 4 02 02 5 Dl1[021 
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Descri tion Date 

.... -------------------------.------------------------------.-------------------------------........ Dll(00:31);6;12;13;14 
"Dll READBACK 

r--T.......,...,..........., 52 6 
ALS244 Ul00 5 

2 lAl lYl ~8 STATE.D[OOl 
17 2A4 2Y 4 3 STATE.D[Ol] 
4 1A2 1Y2 ~6 STATE.D[02) 
1~ 2A3 2Y3 5 STATE.D [03) 
6 1A3 1Y3 4 STATE.D[04l 
':.-- 2A2 2y2 7 STATE.D (05) 
~ lA4 lY 4 2 STATE.D[06l 
11 2Al 2Yl 9 STATE.D [07 l 

ENl EN2 
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~ T Ul006 

"D21 K25 

f31T Ul009 

._D_l_l_[_O_O_l_3_, DO OO 2 OP.D[OOl 

._D_l_l_IO_l_l_l_, Dl 01 ~9 OP.0(011 

.,_0_1_1~[_0_2 .... l _4-i D2 02 5 OP.D(02) 
_o_l_l'--[0_3_,_l_l--t7 03 03 i!._6 OP.D(03) 
.,_D_l_l...:.[_0_4-.l _7-i 04 04 6 OP.0(041 
_D_l_l...:.1_0_5'-l _1-14 D5 05 5 OP.0[051 
._0_1_1_[0_6_1_8_, D6 06 9 OP.0[06) 
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~1 1 
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Ul010 

"021 REAOBAC\
26 

7\LS373 Ul013 

011 [00) 3 DO OO 2 STATE.D(OO) 
Dll[Ol] 1 Dl Ol 19 STATE.01011 
Dll(02) 4 D2 Q2 5 STATE.01021 
Dll[03) 17 D3 03 16 STATE.01031 
011[04) 7 D4 04 6 STATE.0[041 
Dll [05) 14 D5 Q5 15 STATE.D[05] 
011[06) 8 D6 Q6 9 STATE.DI06] 
Dll [07) 11 D7 07 12 STATE.DI07] 

LE OE 

11 r 
7\!3"31T 

K24 
U1014 

"021 FOR CONTROL 
,...--,,,..._...---...., Hl 6 

F'373 Ul017 

Dll [00) 3 DO QO 2 D2llOOJ. 
Dll(Ol] l~ Dl Ql 19 D21[01) 
011[021 4 D2 Q2 5 021[021 
Dll(03) 17 D3 03 16 D21(03) 
011[041 7 D4 04 6 D21[04] 
011[051 14 05 OS 15 D21[05J 
Dll [06] 8 D6 06 9 021 (061 
Dl1(07] 1.,, D7 07 12 D21[07l 

LE OE 

GND2;B 
11 1 

I\ rovals 

---oT09J---ie Dl Ol 19 Dll [091 
D[lO) 4 D2 02 5 Dll[lOl 

2 lAl lYl ~8 STATE.0(08) 
172A4 2Y4 3 STATE.D[09) 
4 1A2 1Y2 6 STATE.0[101 
lS 2A3 2 y3 5 STATE.O [ 111 
6 1A3 1 Y3 4 STATE. D [ 12 l 
1 2A2 2Y2 7 STATE.0[131 
B 1A4 1Y4 2 STATE.0[141 
11 2Al 2Yl 9 STATE.D[15) 

.,_O_l_l...:.(_O_B .... l _3-i DO 

.,_O_l_l...:.[_0_9-.J _1_
1 

Dl 
_0_1...,.1_1_1_0_1 _4-1 D2 
.,_D_l_l_[_l_l _) _l-i7 O 3 
.,_D_l_l...:.1_1_2 .... l _7-i O 4 
_D_l_l...:.1_1_3 l=--_1_41 D5 
._D_l_l...:.[_1 _4 '-1 _a_

1 0 6 
._D_l_l _[ 1_5 ....... J_lj-i 07 

OO f---2 _0_P_._D __ [ _O B-'l'--·• 
01 1--9 _O_P_._O..;_[ 0_9_:;1_

1 

02 ~5_o_P_._D~[ _l O_l_, 
Q3 t-~-6_0_P_._o_[ _11_)_

1 

04 f---6 _0_P_._o __ [ _12-')'--• 

05 1--5 _o_P_._o-=-[ _13-'J'--• 
O 6 1--9 _0_P_._O..:..[ _l 4-']'--1 

Q7 t-t!:_2 _O_P_._O..._[ _15-']_
1 

1
_D_l_l...:.l_0_8 """l _3--t DO QO 2 STATE. 0 I OB] 

11-D_l_l-'-[0_9....._J_l_-lB Dl Ol 19 STATE.DI09] 
._D_l_l_[_lO_l_4_, D2 02 5 STATE.DllOJ 
._D_l_l_[_l_l_J _l._.7 D3 Q3 16 STATE.D[lll 
.,_o_l_l_:;[_l_2"'""] _7-i 04 04 6 STATE.Dll2) 
_D_l_l-'[_1_3"'-)-1-14 D5 05 15 STATE.0[13) 

1
_D_1_1_:;[_1_4.;...l _8-i D6 06 9 STATE.D [ 14) 

1
_D_l_l_[_l_5_) _lj-1 07 07 12 STATE.D[l5) 

... 021[00:07);6,12,19 

Dill] 17 D3 03 16 Dll(ll) 
D[l2] 7 D4 04 6 Dl1[12) 
D[l3J 14 05 05 15 011[13) 
0[14] 8 D6 06 9 Dll[l41 
oT_I~I ..!.] D7 07 12 011 [151 

LE OE -.--v-
11 ~ J 520 

i\L 5"1T.r Ul003 

__!2._L~ DO OO 2 011 (161 
D[l7) 18 Dl Ol 19 011[171 
0(18] 4 D2 02 5 011[181 
D[19) 17 o 3 03 16 Dll[l9l 
0[20] 7 04 04 6 011 [20) 
0[21) 14 D5 05 15 Dll[21] 

_!2J?_3_] _B_ D6 06 9 011 [22 l 
__ D [ 2 3 I 13 D 7 O 7 12 D 11 [ 2 3) 

LE OE 

11 
518 

~A~·L~S~:-3~7,..., J- U 10 0 4 

ENl EN2 

1 i:;r 9 

521 
US244 Ul007 

2 lAl lYll!._8 STATE.D[l6l 
17 2A4 2 y4 3 STATE.0[171 
4 lA2 lY 2 ::!_6 STATE.D[l8l 
1~ 2A3 2Y3 5 STATE.D[l9l 
6 1A3 1Y3 ~4 STATE.D[20) 
1_3 2A2 2 y2 7 STATE.0(21] 
8 lA4 1Y 4 2 STATE.D[22l 
1J:2Al2Yl 9 STATE.0(231 

ENl EN2 

) ~9 
519 

..--icrT...-+T"I u 1 0 0 8 
~14 

, __ D_l 2_4_) __ 3_, DO QO t--2 __ O_l_l-'[_2_4""-] --<•it---2-i lAl l Y1 ~8 STATE. D ( 2 4] 

1 
__ D_l_2_5~] __ 1_8

1 
Ol Ol 19 Dll [251 17 2A4 2 y 4 3 STATE.D[25l 

1 
__ D_[2_6-'-] __ 4_

1 
D2 02 5 Dll [261 4 lA2 lY 2 6 STATE.D[26l 

, __ D_[_27_] __ 1-<7 D3 Q3 16 011 [27) ...f. 12 2A3 iy3 5 STATE,D[27) 
Di28) 7 D<l 04 f--6 __ D_l_1"'""[2_B_.l _ _....t.~--6--tlAJ lY 3 4 STATE.D[28l 
D[29] 14 D5 QS 15 Dl1[29] 1 2A2 2 y2 7 STATE.D[29] 
D(30] 8 D6 06 9 Dll[30) B lA4 lY 4 2 STATE.0[30) 

__iU_~~ D7 07 12 Dll [311 l_l: 2Al 2 Yl 9 STATE.D[3ll 

LE OE 

?: 1-; 5 _]"11 

G~;'.j2; 8 ---~ 

ENl EN2 

RDCONTl0-;4 ~9 

LE OE 

"1 
F373 

LE OE 

~1 Ii 
l KlB 

~, ...... 37 ..... , 3_.__, u 1012 

Dll(24l 3 DO QO 2 OP.D[24l 
Dl1[25J lS Dl Ql ~-9 OP.D[25) 
Dlll26] 4 02 Q2 5 OP.D[26l 
Dlll27l 17 03 QJ 1!_6 OP.D[27l 
Dlll2Bl 7 D4 04 6 OP.D[2Bl 
0111291 14 05 05 5 OP.D[29) 
Dll[30l 8 06 Q6 9 OP.D[30) 
Dll[3ll lj D7 Q7 ~2 OP.0[311 

LE OE 

11 \f 
K21 

..-"T'A.L,.....,..,Si 3"'7..,,3,.., U l O 15 

1
_D_l_l-'[_1_6.,__J _3-i DO OO 2 STATE.0(16) 

1
_D_l_l-'--[1_7...:.J_l_!l-i Dl Ql 19 STATE.Dll7l 

1
_D_l_l...:.[_1_8_,__l _4--t 02 02 5 STATE.D[l8l 

1
_D_l_l-'[_1_9_,__l _l-i7 D3 03 16 STATE.D(l9l 

._D_l_1_[_2_0 .... l _7 ..... 04 Q4 6 STATE.D(20] 
_occ.1_1...:.[_2-'-l.,__l _l--t4 OS QS 15 STATE.D(211 
•-0_1_1_[_2_2_) _8 ..... D6 Q6 9 STATE.D[22l 

1
_D_l_l...:.[_2_3--l _l~--t 07 07 12 STATE.D[23l 

LE OE 

11 Vi 
Kl9 

r-;;.'""LS:'""'i ...... 3 .... /I 3...., u 101 6 

Dll [241 3 DO OO 2 STATE.D[241 
011 [251 1_8 Dl Ol 19 STATE.D[25] 
D11(26l 4 D2 02 5 STATE.0[261 
Dll[27l 17 03 QJ 16 STATE.D(27) 
Dll [281 7 D4 04 6 STATE.0(281 
Dll [291 14 D5 05 15 STATE.D[29l 
Dll[30l 8 06 Q6 9 STATE.D[30l 
Dl1[31) lj D7 07 12 STATE.D[31] 

LE OE LE OE 

1 '?i. 11 1 
P21-;25_.., __ _[-t-------t--------+--+-------~i.---------' 

ENOPD21-;25==-===:J RDCONTOB-;4~ 
.._--------------------------------4------------------oP.D[0:31);11;17;18 

-----------------------------------------------------------------.11---------sTATE.0[00:31) 
.._____D[~~:31J;B 
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12 [ 3 J D 00: 1 
*D12 *D12 READBACK *D22 *D22 READBACK P25 M25 M26 

AITJTj UllOl AI:S214 ~f~o5 t'J I J Ull09 ALS3 7 3 UlllJ 

D(OO] J DO 00 2 Dl2(00] 2 lAl lYl 18 STATE.D[OO] 012(00] J DO 00 2 OP.D (00] 012(00] J DO 00 2 STATE.0(00] 
D ( 01] 18 01 01 19 012(01] r--u 2M 2Y4 J STATE.D[Ol] [)12 ( 01 J 18 Dl 01 9 OP.D(Ol] D12(01] 18 Dl 01 19 STATE.D[Oll 
D [ 02] 4 D2 02 5 Dl2(02] 

~ 
4 1A2 1Y2 16 STATE.D[02] 012(02] 4 D2 02 5 OP.D[02] Dl2[02] 4 D2 02 5 STATE.D(02) 

''D(03)17 
D3 OJ 16 Dl2(03] is 2AJ 2Y3 5 STATE:.D(OJ] Dl2(0JJ 17 DJ OJ 6 OP.D[03] 012(03] 17 DJ OJ 16 5TATE.D[OJ] 

- oTo4J_7_ 
04 04 6 Dl2(04] 6 lAJ 1 Y3 l4 STl\TE:.D(04] 012104JT D4 04 6 OP.D(04] 012(04) 7 D4 04 6 STATE.D[04] 

. '[)(0-~)14 
D5 05 15 Dl2(05] ..,· 1 2A2 2Y2 7 STATE.D(05] 0121051 14 D5 05 15 OP.D[05] 012(05] 14 D5 05 15 STl\TE.D[05] 

-D(O~] 8 06 06 9 Dl2 [ 06) 
~ 

8 lM 1Y4 12 STATE.D[06] D12 [ 06-)--8-
D6 06 9 OP.D[06] 012(06] 8 D6 06 9 STl\TE.D[06] 

-~~ D7 07 12 Dl2[07] ..-· 11 2Al 2Yl 9 STATE.D[07] D12 [O"I) 1 D7 07 2 OP.D[07] 012(07] l_l 07 07 12 STATE.DI 07) 
~D 

____ .:__ 
f------

LE OE ENl EN2 LE OE LE OE n 11' n n P22 P24 M22 
M24 

Ull02 Ull06 UlllO Ulll4 
71!3'313 ~ j,'J /3 AL'SJ /3 

~_J_J_ DO 00 2 Dl2[08] 2 lAl lYl 18 STl\TE.D[08] Dl2[08] J DO 00 2 OP.D[08] 012(08] J DO 00 2 STATE.D[08] 
D [ 0 9] 18 Dl 01 19 Dl2(09] 17 2A4 2Y4 J STATE.D[09] 012[09] 18 Dl 01 9 OP.D[09] 012(09] 18 Dl Ql 19 STATE.D[09] 
D[lO] 4 D2 02 5 Dl2[10] ,..,,, 4 1A2 1Y2 16 STATE.D[lO] Dl2[10] 4 D2 02 5 OP.D[lO] 012(10] 4 D2 02 5 STATE.D[lO] 

-- D [ 11] 17 D3 OJ 16 Dl2[11] l] 2AJ 2Y3 5 STATE.Dill] 012[11] 17 D3 03 16 OP.Dill] 012 (11] 17 D3 03 16 STATE.D[ll] 
D [ 12] 7 04 04 6 Dl2[12] 6 11\3 lYJ l4 STATE.D[l2] D12(12] 7 D4 04 6 OP.D[l2] 012(12] 7 D4 04 6 STl\TE.D[l2] 
D [ 13] 14 D5 05 15 Dl2[13] 1 21\2 2Y2 7 STATE.D[lJ] 012[13] 14 D5 05 5 OP.D[l3] 012(13) 14 D5 05 15 STATE.D[13] 
0[14] 8 D6 06 9 012(14] 8 lM 1Y4 12 STATE.D[l4) 12._!~~ D6 06 9 OP.D [14) 012 (14 J 8 D6 06 9 STATE .D [ 14] --__ o [ 15] 1 D7 07 12 012[15) 11 2Al 2Yl 9 STATE.D[15) D12[15) i3j D7 Q7 12 OP.D[l5) Dl2[15] lJ D7 07 12 STATE.D[15] 

t---i 

LE OE ENl EN2 LE OE LE OE 

Jj P20 l.,t n M20 n M21 
Ul103 P21 Ulll5 Ull07 FJ/J Ullll ~3/3 

D [ 16) 3 DO 00 2 012(16) 2 lAl lYl lB STATE.0(16] 012[16] 3 DO 00 2 OP.D (16] Dl2[16] 3 DO 00 2 STATE.D[l6] 
D[17] 18 Dl 01 19 012(17] 17 2A4 2Y4 3 STATE.D[l7] 012[17] 18 Dl 01 9 OP.D[l7] 012(17) 18 Dl 01 19 STATE.D[17) 
DI 18 l 4 02 02 5 012(18) ...-1 4 1A2 1Y2 16 STATE.0(18] 012[18] 4 02 02 5 OP.D[l8] 012(18) 4 02 02 5 STATE.D[l8] 
D [ 19) 17 03 03 16 012[19) ....'! l~ 2A3 2Y3 5 STATE,0(19) 012(19] 17 03 03 ~6 OP.0(19) 012(19) 17 03 03 16 STATE .O [ 19] 
0[20) 7 04 04 6 012(20) 6 1A3 1Y3 l4 STATE.0(20] 012[20] 7 04 04 6 OP.D[20) 012(20) 7 04 04 6 STATE.D[20] 
D [21] 14 05 05 15 012 (21) 1 2A2 2Y2 7 STATE.0(21) 012[21) 14 05 05 5 OP.0(21) 012(21) 14 05 05 15 STATE.D[21] 
0 (22] 8 06 06 9 012(22] 8 lM 1Y4 12 STATE.0(22] Dl2[22] B 06 06 9 OP,0(22] 012(22] 8 D6 06 9 STATE.D[22] 
D [2JJ 13 07 07 12 Dl2[2JJ ....'! 11 21'11 2Yl 9 STATE.0(2J] 012[23) 1 07 Q7 2 OP.0(23] 012(23] 1 07 Q7 12 STATE.0[23] 

LE OE ENl EN2 LE OE LE OE 

l1 I' f' Pl9 I' I M18 n Ml9 
P18 U1108 Ulll2 Ull 16 Ul104 7\I3';.::qq F3/J AITJ /J 

D[24] 3 DO oo 2 012(24] 2 lAl lYl 18 STATE.D[24] 012(24] J DO 00 2 OP,D[24J D12[24] 3 DO 00 2 STATE.D[24) 
D [25] 18 Dl 01 19 Dl2[25] 17 2M 2Y4 J STATE.D[25] D12 (25] 18 Dl 01 19 OP.D(25] 012(25) 18 Dl 01 19 STATE .D [ 25] 
D [26] 4 D2 02 5 Dl2[26) 4 1A2 1Y2 16 STATE.0[26) 012[26] 4 D2 02 5 OP.D[26) Dl2[26] 4 D2 02 5 STATE.D[26] 
D[27] 17 DJ 03 16 Dl2[27) l~ 2AJ 2YJ 5 STATE.0[27) D12[27] 17 D3 03 6 OP.0[27] 012[27) 17 OJ 03 16 STATE.D[27] 
D[28) 7 D4 04 6 Dl2[28) _,, 6 1A3 1Y3 l4 STATE.D[28] Dl2[28] 7 D4 04 6 OP.D[28) 012(28] 7 D4 04 6 STATE.0[28] 
0 [2 9] 14 D5 05 15 Dl2[29) ...r l3 2A2 2Y2 7 STATE.0(29) D12 [29] 14 05 05 5 OP.D[29) 012(29) 14 D5 05 15 STATE.D[29] 
D[JOJ 8 D6 06 9 Dl2 (JO) ...r 8 lM 1Y4 12 STATE.D[30) D12[JOJ B D6 06 9 OP.D[30) 012(30) 8 06 06 9 STATE.D[30] 
D[Jl] l] D7 07 12 Dl2[31) i] 2Al 2Yl 9 STATE.D(31) Ol2(Jl] q 07 07 2 OP.D[Jl) Ol2[Jl] 13 D7 07 12 STl\TE.O[Jl] 

LE OE i::Nl EN2 LE: OE LE OE 

Pl2-:5 __Ji I' li9 I 1 l J11 J RD CONT 14-: 4 P22-;5 
GN02;8 ENOPD;>;l-:25 J RDCONTOC-:4 

....___,OP.D[0:31)10:17;18 
..._ D[00:31) ;8 

STATE.0[00:31);8 

4t~~ 
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IDLEl;25 

S':'~Cll; 5 
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PTRVi\L[OO:l1);2 c;. 

PTRVAL [ 00) 3 
PTRVAL [ 01) 4 
PTRVAL [ 02] 5 
PTRVAL ( 03) 6 

GND4; 8 _!Q_ 
ENPPTR6-;12_2__ 

LDPTR6-; 12 -2._ 
GND4•8__!_ , 2 

CLK169X;l 

*POINTER COUNT EN ABLE DECODE 

PTRSEL0;25 _l_ AO 

PTRSEL1;25 2 Al 
PTRSEL2;25 A2 

GND4;8 
GND-1;8 

i:'TRACTl; 2 5 

El 
E2 
E3 

~ ~i~o1 
QO .!2 
01 ~ ENPPTRl-;12 
02 ~ ENPPTR2-; 13 
Q3 ~ ENPPTR3-; 13 
Q4 ~ ENPPTR4-;14 
05 ~ ENPPTR5-;14 
Q6 ~ ENPPTR6-;12 
Q7 7 

t--

•POINTER LOAD ENA BLE DECODE 

LDPTREXT-; 5 1 

Jl5 
Ul206 

F169 
._!4 A QA 

B QB ~3 
c QC ._!2 

D QD ~1 

ENT-
RCO-

15 

ENP-
LD-
U/D-
CLK 

N3 
U0505 

LDPTR13-;12;13 

Jl 1 
Ul204 

Jl2 
Ul203 Dll (0:4) ;10 

'---------- LDPTR24-; 13; 14 

*LOOP COUNTER 

Jl4 Jl3 
Ul207 Ul209 

PTRVAL [ 04) 3 Fl69 14 PTRVAL[OB) 3 Fl69 
~4 A QA A QA 

PTRVAL[05) 4 B QB ~3 PTRVAL[09] 4 B QB ._!3 
PTRVAL(06) 5 c QC '12 PTRVAL[lO] 5 c QC i-!2 
PTRVAL[07] 6 D QD f-f1 PTRVAL[ll) 6 D QD ~1 ~ 

10 ENT- 15 10 ENT- ~ LOOPRC0-;20 
7 

RCO- 7 RCO-
ENP- ENP-

9 LD- 9 LD-
1 U/D- 1 U/D-
2 CLK 2 CLK 

Hl5*MODE REGISTER 
Ul202 

F569 D21 [00:03] ;10-
D21[00] 3 PO 00 16 STATE.D[OO) 
D21 (01] 4 Pl 01 15 STATE.D[Ol) 
D21[02] 5 P2 02 14 STATE.D[02) 
D21[03) 6 P3 03 13 STATE.D[03] 

cc- ~e 

PU2·27--w CEP-TC- pl9 , 1 
U/D-

12 CET-
LDPTR7-• 12 -¥-q LD-, 2 _rl 

CP 
PU2;27~ MR- STATE.D[00:03];8....., 
PU2;27 -h-q SR-

RDCONT18-;4-1:2_q OE-

Jl2 
Ul203 

CMDR;l3 
e 

Dll[04] 

MlO 
Ul208 Mll 

Ul212 
PTR1[00:04];15 

NlO 

112(03] 2 3 
ALS169 14 PTRl (00) A QA 

112(04) 12 4 B QB 13 PTRl (01] 

ALS169 Ul215 
3 A QA 14 PTRl [04) 

B QB 13 

PTr<SEL2;25 

QO 
Ql 
Q2 
Q3 
Q4 

112(05) 
112(06) 

5 c 
1 

QC 12 PTR1[02] 
11 PTRl (03) 

c QC 12 
11 D QD 

Dll (00) 3 PU1;27 
Dll[Ol] 10 ENT- 15 GND1;8 RCO-011[02] 6 ENPPTRl-;12 7 ENP-
011[03) 1 LDPTR13-; 12 9 LO-

D QD 

ENT- 15 RCO-
ENP-
LD-

Q5 f------------ LDPTR5-;14 
Q6 LDPTR6-;12 

f.3 Q7 LDPTR7-;12 

s EN- PTRACT0;25 U/D-
CLK169Y;l CLK 

U/D-
2 CLK 

15 
CMDR;l3 

GNDl;B *POINTER 1 

~~~ 
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Ml4 
Ul304 

rrrs-r-
112ro1i 2 lA 

PlO 112(08) 14 211 
~;~~l 112(09] 5 )A 

112(10) 11 411 
~ 011(16) 3 lll 

_Dll(lO) 1 l~PTR 011(17} 13 20 

~~ 11 _ ___E_!.1(18} 6 31\ 
011(15} ) 12 01~ 41\ 
011(20} 4 13 
011}21} 5 14 S EN-

4 IMMED3(00j_ 
~-2 1MMED3 ( 01] 

~~ 
9 IMME:D3(03] 

Rl6 
UlJ07 

rrn-r-
_ CNTXT ( l] 2 lA 

~TXT[Il_~ 2/1 
~~)/\ 

CNTXT ( 4) 11 411 
011(22} 3 lB 

l-_-_-_-_-_-~:..==-D-_-l---,-lt23}T:i12B 

------nH ~; :~-+~ ~~ 
S EN-

4 IMME.Dlj_O~ 

[2 1MMED3Io1I 
1 IMMED3 ( 0 SJ_ 
9 IMMED3 (09) 

-011}25 6 IS rrs 
111(07) 1 16 ~11(25) 1) 
111]101 e 17 .______ roe 

111(11) 9 18 OO rl~"--19o.-___ ___::_C'-"MD'-'R-"-;--=.l.::..2:...:;1:_:3 _____ _._---+-------t--- Ul203 
111(12) 11 19 Ol n,;;;.12"------"-l'-'-MM;.;;:E:.::D..:;_3_,_(-'--04'--'J~ GND4;8-

lr !HME.03(10] 

Jl2 

I /02 "n:_l 8 ____ I_MM_E_D_3~( _O 5~)_ 1 
LDIDLEl; 5 _ I/OJ ~: 

CNTXTJ.OJ I/0 4 ~~ 
I/OS r,._15 IMMED2(04) 
I/0 6 hi-4 1MMED2(05) 
I/O? ~13 IHMED2(10) 

'---

Nl4 
Ul305 

.--:-:--::-:-=-
:LSl~~ 14 PTRJ10~ IMHEDJlOO] 3 

IMMEDllOl) 4 
IMMF:DJJ.02 5 
lMMEDlJ.03) 6 

GND4;8~ 
ENPPTR3-; 12 ~ 
LDPTR13-; 12 ~ 
PTMCT0;25~ 

CLK169Y;l ~ 

B QB~~ 
C QC 12PTRff02) 
D QD 11 PTR3(03) 

ENT- 15 
RCO-

ENP-
LO-
U/0-
CLK 

._______. 

GN04; 8 -

Rll 
Ul3 09 

'l\"i:Si69 
1MMED3 (04] 3 II QA 14 PTR3J.04J 
IMMED) ( 05 I 4 0 OD 13 PTR3Ios} 
IHMW~c oc 12PTR3(06} 

1 MM;;_w(OTJ6-1 D OD 11 P TR3 ( 07) 

10 ENT- 15 
1 

RCO-
F.NP-

9 LD-
1 U/D-
2 CLK 
L---

*POINTER 3 

._ ______________ H1MED3 ( 00: 10 I: 15 

l\15 
Ullll 

r------rl69 ' ' l_ IMMEDJlO!J_ 3 A QA 14 PT!\3_!__08 
IMMED3I09} 4 B QB~~ 
1MMED3 (10] 5 c oc~~P~'RJ_J_lE_L_ 

PU6;27~D oDr-.!I 

10 ENT-
r-.!5 

1 
RCO-

ENP-
9 LO-
l U/D-
2 CLK 

.....__ 

/In rova ls 

._ ____________________ __..._ ________________________ _.._PTR3(00:10];15 

CNTXT(0:4):7-t....._-t-+--------------------~~------------------------------------. 
:1112:12]:9...+--..a.. .. ___ .., __________________________ ~1-------------------------------------------.. 

~11(6:25);10-+---"'--.... -""--------i~r., ..... 2-----------~1------------------------------------------+-~ 
::2(3:10);9-------- Ul302 

Pl6 
Ul312 

.----
111(03} 6 r.ot; 153 Y1J 7 1MMED2(00) 
Ill(04) 10 OR 
011(06) 5 lA y!'J 9 IMMED2[0l) 

t-__Q!_~lB 
n2Io3 4 2A 

t--1 112104 12 28 
t--1 112}03 3 JA 

112(04 13 38 
GND 4; 8 -+-A EA
GND 3; 8 ~EB-

SO Sl 

14 2 
Nll 
Ul303 

11 lj_ 0 SJ_ 6 ~OL: 15 
\,..___1 __ I M_ME_D_2~~0_2~} __ 

1 
I 11_10 6 I l 0 o B 
011_108 5 lA y 9 IMMED2(03) / 
011(09 11 lB 
112}05 4 2A 
ni}o6 12 28 
I~ 3 3A 

--1-12(06)t31
38 

GND4;8 ~EA
GND3; 8 ~EB-

SO Sl 

14 2 

l 

rrrrr-
1--CN_T_X_T_,_( l_,_]_2-i lA 4 IMMED2 ( 0 6] 
l-~CN_T_X_T_,_( 2_,_J__,l-i4 2A ~2 IMME02 ( 07) 
lt--CN_T_X_T~[J~)-:5-o-1JA 7 1MHED2 [08) 
~-CN_T_X_T~4~_l_l_,l 4 A 9 l MMED 2 ( 0 9 ) 

IMM£02 (10) 

011]12I 3 18 
011}131 l] 2B 
Dllj_l4) 6 38 
Ill (02_l l::Q 48 

GND4; 8 

S EN

S 

Ml2 Pll PlS 

r--- 1M!'IT.D2 (00: 10I:15 

~ Ul306 ~ Ul310 ~ Ul313 
IMMED2l00j_ 3 A/\LSl;~ 14 PTR2l00) IMMED2(04) 3 /\ALSl~~ 14 PTR2J.04l IMMED2J.0B_l 3 A fl~~ 14 PTR2(08) 
IMMED2j_Ol 4 R QB l) PTR2(0lj_ IMMED2(05) 1 B QO 13 PTR2Ios1 IMMED2(09] 4 B OR 13 PTR2]09) 
IMMED2(02 5 C QC 12 PTR2(02j_ IMMF.D2(06) 5 C QC 12 PTR2I06) IMl'.ED2(10} 5 C QC 12 PTR2(10) 
IMMED2J03) 6 D OD 11PTR2(03J_ IMMED2(07) 6 D OD 11PTR2(07} PU6:27~0 ODr-.!l 

10 FNT- 15 10 F.NT- 15 10 F:NT- 15 
GN04: 9 - . RCO-~-----· --------=--1 £.NP~co-i--------------:7,,....-1 ENP~CO-t-

ENPPTR2-; l 2 --J:_ £NP- ~-----1 ~----' l.O-
LDPTR24-;12~ LO- • 

1 

PTRACT0;25--4- U/D- ~-----1--------1-i U/D
CLK169Y; l __3_ CLK ~-----1-------2-iCLK :==========:==============~==~~~-i-------·-------2--icLK 

._____ l.--.J .______, 
CMDR; 12;13 
LDIDLEl -; 5 

.._ __________________________ ._ _______________________ ._prR2(00:10);l5 

r.nnf\d,,nt\~I - r.oryrlqht ICI l'lH, S11n Hl-.rn~y~lrm~. /Ill rlqht.q r<i~rrvl'd. 
Thl:1 mnlnrlnl COfllAlna lra1J11 Ut~f:rnt.n 111rormntlot1 Of :Jun Mlr:ro11ynt.nm fflC:. 

U"'• rnprod1ic:tlo11 or dlncloH11ro In prohlhllnd oxcnpl 11ndnr wrlLLrH1 J lr:n11:111 
t>y :;un Mlcro~yAtrmn Inc. U~f! or copyrlqhl noL!cn In prN:.rntlon.iry 011ly 
and do"' not lm 1 ubllcH\011 or dlnr.:lon11rl'. -

•POINTER 2 

Tit.Ir: FLO/ITIN<; POINT flCC:f.J.F.R/\TOR Dr.1wlnq: 507.-11O5-0 I Rl'V: /I 

F'l le: (pa I 3. <I 

n11tn: Mon 1111 15 15: 7"I: '.I? l 'lt. 



7--,, 
\ -·~~~~~~~~~~~~~~~~~~l~~~~~~~~ 

ECO I \ l ~'1roval9 

I 
Oe!cr~tion Date 

I l 

*POINTER 5 

P7RVAL[00:10);25 ... ,_. ______________________________________ -.~---------------------------------------. 

l~'a sun ~~~?' 
m1crosystems 

Kl4 
Ul401 

PTRVAL[04) 3 PTRVAL[OO) 3 
ALS169 14 PTR5 [00) A QA 

PTRVAL[05) 4 
PTRVAL[06) 5 

PTRVAL[Ol) 4 B QB 13PTR5[01] 
PTRVAL[02) 5 c QC 12 PTR5 (02) 
PTRVAL[03] 6 D QO 11 PTR5(03) PTRVAL[07) 6 

10 
7 

GN04; 8 -4Q.. ENTRCO- t--1_5 _____ ·-----------1 
ENPPTR5-;12 ~ ENP

LOPTR5-; 12 __!__LO
PTRACTO; 25 _l_ U/D

CLK169X; 1 -1__ CL!< 

9 
1 
2 

KlS 
Ul403 

ALS169 
14 PTR5 (04) A QA 

B QB 13PTR5[05] 

c QC 12 PTR5 (06) 

D QD llPTR5[07] 

ENT- 15 RCO-
ENP-
LD-
U/0-
CLK 

K16 
Ul405 

PTRVAL108) 3 A 
PTRVAL(09) 4 B 
PTRVAL[lO) 5 C 

FlG 9 14 PTR5 (08) QA i------'--_.:...~ 
QB 13 PTR5 ( 0 9) 
QC 12PTR5[10) 

PU2; 27 __£_, D QD~l 

10 ENT- ~5 
7 RCO-

ENP-
9 LD-
1 U/D-
2 CLK 

..._ ........................................ --... ________ ._ ______________________________________ .._p7R5[00:10);15 

*POINTER 4 

Dll[26:30];10 ... -----------.---------------------------------------. 
!<10 
Ul402 

011(26) 3 
ALS169 

14 PTR4 (00) A QA 
011(27) 4 B QB 13 PTR4 (01) 
011(28) 5 c QC 12PTR4[02] 
011(29] 6 0 QO 11 PTR4 (03) 

Kll 
01404 

011 [30) 3 AALSl~~ 14 PTR4 (04) 

PU1;27 .... 4 B QBr-P 
1.Ic ocr-F 
\_§_O QD~l 

GND4;8-4Q_ENTRCO-t--1_5 _____ •------------i 
ENPPTR4-;12 _J_ ENP
LOPTR24-;12 _L_ LO

PTRACT0;25_l_ U/O
CLK169X;l-1__ CLK 

10 
7 

ENT- ~5 RCO-
ENP-

9 LD-
1 U/0-
2 CLK 

._ .................................................................. .._ ......... PTR4[00:04];15 

ConrldentiAl - Copyrlqht (C) 1986 Sun Mlcrosystr.ms. All riqhtll rl!sr.rved. Tit lr.: ft.OAT!Nr. POINT ACCELERATOR Orawlnq: 502-1105-01 
Thll matnriAl conlaln1 trAdn 1ncrnt1 lnrormAllon o[ Sun Mlcroay"tnm Inc. 
U5e, reproduction or dl sclosure ls prohibited except under written license Shr.Pt: l ~ Of JI File: [pA14 .d 
by Sun Micro9ystems Inc. U9e or copyright notice 19 precautionAry only 
And doe! not imoly__..E_ubllciition or disclosure. F:~ineer: S CARRIE Date: Mon Aug_ 15 15:27:57 1988 

Rr.v: A 



( 
Descri tion 

~13 
Ul501 

PTAA[OOtlOJ 

rr~ rmr- mos rrm--i ~:~o' 1 DIACNOSTIC READBAO: 
LDPTR!OU 4 IO ~ 

LDPTR..l_O' 4 IO 5 LDPTRj_lO 4 10 s Hl4 
rnu]oo 3 PTRAJ_OO..l. PTRU04 3 ~ PTRAJ_OCj_ CNTXT_I3 3 ~~~~ U1512 

II II II 'Ai:5240 rTR2 (00J 2 12 
I" PTR2l04 2 12 PTR2j_08 2 12 

PTRJ [00 1 13 PTR3l04 I 13 PTRJj_oa I 13 PTRA 00 2 IAI lrl 18 LD.D lti 

~12s I4 PTR4 [ 04 I 14 C)jTXTll I I4 PTRA 01 11 2A4 2r4 3 LD.D 17J. 
PTR5joo 1 I5 PTR5J_04 14 lS PTR5Joa 14 I5 PTRA 02 4 IA2 lr2 1' LD.D 11..l 

- :~~~~:6~ u IMMED2_104 I u 1~02(08 I 16 PTRA 03 15 2Al 2rl 5 LD.D 1'] 

17 IMMED3104 I 11 It-K:DJ 108 I 11 PTRA 04 ' 1Al lrl 14 LD.D 201 
PTR>. 05 13 2A2 2r2 1 LD.D 21 J 

~~~~~~~ AO 11 AO 11 AO PTR>. 0' 8 IA4 lr4 12 LD.D 22 

Al !_Cl Al ljj Al PTRA 07 II 2A1 2YI ' LD.D 23 
AA>.$EL2~=r A2 ' A2 ' A2 

EH EN EN IC- 2C-----y;- '----<( '----<( ~' 
Mil Rl2 Rl4 
Ul502 01506 Ul510 rnrr- ~ rnrr-

LDPTRJ_Olj_ 4 IO ~ LDPTRJ_07 4 IO ~ LDPTR_l_ll 4 IO i-1. 
PTRl 10 l I ) 11 ' PTRAlOl_l CNTXTIO 3 11 ' PTRAlOS_l C!jTXT14 3 II 6 PTRA109) Hll 

:~~ffit=P PTR2j_05 2 I2 PTR2}09 2 I2 
UISll 

I2 ~ 13 PTRl [ 05 I 13 PTRJ}O' 1 13 
PTR4lOU I 14 CNTXTJ_O I 14 CNTXT_l4 l 14 PTRA_l08_l 2 1Al lYl 11 LD.D 24 
PTR5101J I 15 PTR5J_05 1_4 15 PTR5_10' 14 IS PTR>.10') 11 21.4 2Y4 h..3 LD.D 25 

1~02101 1 u IMMED2 [05 I u ll-f-lED2_lO' I 1' PTRA J_l OJ: 4 IA2 1Y2 1' LD.D 2' 
I~uJ(Ol 1 17 IHHED3l05 l 11 Il-t-iED310' l 17 PU2121 -t:!!: 2Al 2Y3 ~5 LD.D 21 

lAl lYl h..14 LD.D 28 
AA>.SELCA~ AO 11 AO 11 AO 13 2A2 2Y2 h..1 LD.D 2' 
RR>.SF.LlA~ Al l Al lO Al 8 1"4 lY4 12 LD.D 30 
RRAS£L2A--..!., A2 ' A2 ' A2 l I 2Al 2Yl ' LO.D 31 

EH EN EN 

'----<( '-T '---<( IC- 2C-
1 1' 

Nil Pll RIO 
RDCONT04-/ 4 

Ul503 UU01 Ul5ll 

rnrr-i rrnr" ~ 
LOPTR..l_lli 

. L~~~±H4 IO ~- LDPTRlOI 4 IO ~ 4 IO 5 

ti h..' PTRA_lOU. CNTXT!l 3 II ' PTRA_lO'l_ 

PT~~l~~i-+ II ~-TRA(IOJ_ 
PTR2 (02 2 12 PTR2}06 2 12 

~ 
I2 'REC AAM ADDRESS LATCH 

PTRl_l02 l 13 PTR3_10' 1 13 PTRJJ_l'U. 1 IJ HlS 
PTR4102 I 14 CNTXTl_l I 14 GNDl1B i]I 14 

U1Sl4 

PTR5 (02 I 15 PTRS]06 14 I5 PTRS J_l O_l --Tii 15 '>:SsIT""' 
lt-K:D2 I 0 2) l u IHMED2]06 13 u ll-t-iED2..1_10 I u PTRA[OO 3 DO oo- 2 RRA 00 
lw.EDl_lO 2) 1 17 IHHED3_l0') ~ 11 ll-t-iED3JlOJ ~ 11 PTRA[Ol 4 DI 01- 5 RRA 01 

PTRA 02 1 D2 02- ' RRA 02 
RRASELOB~ AO 11 AO 1 AO PTAA 03 • Dl 03- ' RRA 03 
RRASELIB_µ Al !..Q Al ~Al PTAA_l04 11 04 04- 12 RRA 04 
AAMEL2B_!_ A2 ' A2 ' A2 PTRA[05 14 DS 05-h..IS RRA 05 

EH EH l:H PTRAj_06 11 06 o'-~1' llM 06 ----y;- '----<( '-----<;;( PTRA[01 18 01 01- 19 llM 01 

LE OE-

Nl2 Rll ~ 
Ul504 UlS08 rrnr- rnrr--i 

LDPTR J_O 5j_ LDPTRJ_O' 4 IO r1. 4 IO i-1. 
PTRI (01 l II ' PTRAJ_03_l CNTXT (2 3 Il ' PTRA[01J 
PTR2 [ 0 Jj_ 2 PTR2J_01 2 111' 

12 I2 Ul515 
PTRJ (OJ 1 13 PTRJ (01 I 13 ~ rTR4 (Cl !}J I' CNTXTJ2 1 I4 
PTR~Io1 l 14 15 PTR5I01 14 15 PTRAJ.OU 3 DO oo-h..2 !W.J.OIJ. 

l~D2(0l) I 1' IHMED2 (01 13 u PTRAl09 4 Dl 01- 5 JW._l09J. 
_ _I_MHI:q_~ 11 IHH!'.Olj01 111 11 PTRA llU. 1 D2 02- ' AAA_llO_l 

PU':~~±- Dl 03-~2 £R.BAJ_O_l :~~~~:--h AO II M PTRA_lOO 13 04 04-
Al @Al PTRA 01 14 OS cs-~15 SR.BAil 

AAASr.L2B~ A2 ' A2 PTRA 02_1 11 0 , 0,- 1' SR .BA 2) 
EN EN PU6; 15; 21......!!_ D1 07-~' 

CNDJ;l=r :-=r LE DE-

II l 
t'- LDPTR (02: 12} :1 RRACLJ(1 l 
t--PTRI 100110) :12 
t--CNTX"r(0:4} ;1 CND3; 8 
t--PTR2[00:10): 11 
t--PTRl [CO: 10) :13 
1--- PTR4ICO:10): 14 

'Rl:CISTER RAH >.DDRl:SS HUJ.TIPLEXING 1--- PTRS l 00: 10I:14 r- I~:D2[00:10):13 

'--- l~Dl[OO:IO}:IJ 

ConrldrntiAl - Copyriqht (Cl 1986 Sun Hicrosystrms. All riqhts rescrvrd. 
Tlll1 m•lnr!Al conlaln1 lradn onc:r•to lnform•llnn or !l11n Hlc:rn•y•t"m Inc. 
Use, reproduction or diacloaure ia prohihltnd nxcept undnr wrlltnn licensn
by Sun Hicrosystem5 Inc. Use or copyrlqht notico is prccAutlonAry only 

Title: FLOATING POINT ACCELERATOR 

Shnnl: I~ Or JI 

and dora not imply publkAtion or diaclosure. Enqinrer: S CARR!F. 

Date /~ "·-+_A._o._t'_r o;...v_a.-l_s __ -4 

r--LD.D[1'131)18 

HU 
Otsu 
33 01-111 

~ 
l ./\ " RR.A 00 
2 /\.V" IS RR.A 01 
3 ~ 14 RR.A 02 
4 13 RR.A 01 
s ,,._\/ 12 AA.A 04 

' 11 RR.A 05 
1 ,,.. \,r 10 AA.A 06 
B 

~ ' 
AA.A(01 

RR.A(OIJ. 
AA .AJ_O'-J_ 

l AA.A[l'U_ 

( 33 Ol!H l 
RISO! 33 OHM 

) Nl5 ~ Rl502 l 33 OHM 
2 > Nl5 ) RI SOJ 

2 > HIS 
2 .... AA.A(OO: 10}: 16 

SR. BA [ 0: 2 J: 1' 

Drawlnq: 502-1105-01 Rl"V: A 

P'lle: !pal~.d 

Date: Hon Auq 15 15:28:18 



~cs~• 

n-~44-, 

7~-

1 

' 

~' " ''';:, 
OJ]_!_: ,\O YO 3 SR.M[O) 

'~!.__lj Ill YI -~R..:.~ 
C oJ _ q A 2 Y 2 _ _? ___ ~~ _0A ..J2L_ 

-· ''L _:;i 113 YJ _J __ S_il.:.._A_~ 

~ 
GN::>J;S J 19 

SR.M[O:JI 

R27 
Ul602 

~ 
SR.MIDI 2 4 AO 
SR. ~11..L.Ui Al 

~-~~ A2 
-~111-3..L AJ 

YAO 11 Dlo6T [ "·"' ,,, "'" YAl lJ D[Ol) 

YA2 16 D]o2I 

YA) 18 D.103_1 

~~µ._ BO 

~~ Bl 
_$_!<.:_~~ 82 
S~.AA(J];l 7 !\) 

__ _!.R__:PJ9.~ DO YBO 10 RR. D _104_1 
~il. DI 011 l 01 tel rt-2 RR.Dj05J 

__ _j~:_Q_LQ~-~ D2 YR2 
~; RR.0106} 

-· _ R_R _:. O_LOJJ.-?_6 DJ YAJ T1 RR.O (07) 

FU~;; 1 --~- LE 
~R. WEl - ; ; 6 -le:<: WE:l· 
S~. WE2-; 1-?{-c WE2-

?U9;27.....!.-c A. LO· 
SR.OE-;)_ OE A- k.20 

PU10;27--j OE B-
t-"19 p. 

.____ 

.... ?R.C[OO:Jll:l7 

~ ?,? .A.[00: 101: 15 1<28 
Ul60l 

~ 
--~A[OO) -~ AO 

RR.A. [01 J 7 Al 
RR.A (C2 j 6 A2 
RR.A_l03.l 5 AJ 
RR. A (04 I 4 A4 

-.--RR.°~ 
AS 

RR.A(06] 2 A6 
RR.A(07J l A 7 
RR.A[CBI 2 3 A.8 

-~~~ A9 
--~1~ AlO 

I/01 9 RR.D 00 

I/02 10 RR.D[Ol) 

I/03 11 RR.O 02 

I/04 13 RR.0 03 

I/OS 14 RR.D 04 

I/06 1 s IU\,0 OS 

I/07 16 RR.D 06 

I/08 17 RR.O 07 

R?~.cs-; i -H-1 cs-
?R~ .. Of.-;l~ OE-
?'.'\.WE-; 2 5 2.!...q WE· 

...___ 

E28 
U0204 

RR.A[03) 9 
ro2 10 

N3 
RR.AJ_04) 8 uosos 

13 

E28 
FOO 11 

U0204 1 
RR.A[lOJ 1 

F02 13 

CRWE-; 2S 1 

N27 R29 
U1604 Ul609 

'297o5 ~ 
24 AO 24 AO 
23 Al 23 Al 
22 A2 22 A2 
21 Al 21 Al 

YAO 11 Dio4} YAO 11 D[08} 

YAl 13 0 [OS] YAl 13 0(09) 

YA2 16 D[06} YA2 16 0]101 

YA3 18 OJ_OiJ YAl 18 o}ll} 
4 BO 4 BO 
s Bl s Bl 
6 82 ' B2 
7 83 7 Bl 
2 DO YBO ,+~ RR, D _108.l 2 00 YBO ,+~ RR.D_ll2J. 
1 Dl YBl .4-~ RR.DJ09J 1 Dl YBl .4-~ RR.D_ll3J. 
27 02 Y82 i+: RR,OiltiJ 27 02 YB2 i+: RR.0I1u 
26 OJ YBJ ~7 P.R.O[ll) 26 DJ YDl ~7 RR.0I1s1 
9 LE 9 LE 
3 11£1- l llEl-

25'1 11£2- 25'1 llE2-
8 A LO- 8 A LO-

OE A- k.20 OE A- k.20 

OE B- ;-,.19 
y OE B- k.19 

.._____. ...____ 

JOO 102 
U1'0S Ul610 

~ ~ 
8 AO 8 AO 
7 Al 7 Al 

' A2 ' A2 
5 Al s A3 
4 A4 4 A4 
3 AS 3 AS 
2 A6 2 A6 
l A7 1 A7 

23 AS 23 A8 
22 A9 22 A9 
19 AlO 19 AlO 

I/01 9 AA.o_[oa I/01 9 AA.O 16 

I/02 10 RR.0[09) I/02 10 RR.0(17 

l/Ol 11 RR.D 10 l/Ol 11 RR.O 18 

I/04 ll RR.O 11 I/04 13 RR.D 19 

I/05 14 RR.0 12 I/OS 14 RR.O 20 

I/06 lS J>.R,D ll I/06 15 RR.D 21 

I/07 16 RR.O 14 I/07 16 RR.O 22 

I/08 17 RR.O 15 l/08 17 RR.D 23 

18~ cs- 18_,., cs-
20~ OE- 20./1 or.-
211 llE- 2q llE-

.._____. ....___ 

'REGISTER AA1'I - MOST SIGNIFICANT WORD 

ECO Oescri tion Date /\o rova ls 

SR. WEl-; 16 

•SHADOW AAM 
D[00:31) ;8; 10; 11-

N29 R31 N31 Rll N33 
Ul6ll Ul613 Ul61S U1'17 Ul619 

rrr;os '29"7'05 r-rr7ci5 ~ '29705 
24 AO 24 AO 24 AO 24 AO 24 AO 
23 Al 23 Al 23 Al 23 Al 23 Al 
22 A2 22 A2 22 A2 22 A2 22 A2 
21 A3 21 A3 21 Al 21 Al 21 Al 

YAO 11 D [12.l YAO 11 DIHI YAO 11 0120} YAO 11 0_124.J. YAO 11 D_l28J 

YAl 13 0 [13] YAl 13 D[l 7) YAl 13 0121} YAl 13 D[2SJ YAl 13 D[29) 

YA2 16 0_114.l YA2 16 OJlliI YA2 1' D[221 YA2 16 D_l2 6.l YA2 16 D(30} 

YAl 18 O(lSI YA3 18 0[191 YAl 18 0[2l} YAl 18 DJ27.l YA3 18 D[3ll 
4 BO 4 BO 4 BO 4 BO 4 BO s Bl 5 Bl 5 Bl 5 Bl s 81 
6 82 6 82 6 B2 ' B2 6 82 
7 Bl 7 83 7 BJ 7 BJ 7 8) 
2 00 YBO ,+~ RR.DJ_l6_l 2 DO YBO ~ RR.oI20J. 2 DO YBO ,+~ AA.0..1_24.J. 2 00 YBO .4-~ RR.0[28J 2 DO YBO .4-~ l Dl YBl ~~ RR. D( 171. l Dl YBl t4-~ RR. 0_1_211_ l 01 Y81 ~~ AA.DL251 1 01 YBl ,+~ RR.D_l29j l Dl YBl ,+~ 
27 02 YB2 i+: RR.DI11iI 27 02 YB2 t4-~ RR.ol22I 27 02 YB2 i+: IU\,0]2'} 27 02 YB2 r4-: RR.Oj30_J 27 D2 YB2 ,+~ 
26 03 YBl ~7 RR.D[ 191 26 03 YBl r!-7 RR.0(2l) 26 Ol YBl ~7 IU\,0_1271 26 03 YBl ~7 l'.Jl..O [311 26 03 YB) 11 r--9 LE 9 LE 9 LE 9 LE 9 LE 
3~ llEl- 3~ WEl- 3..r WEl- l_r llEl- 3 llEl-

25'1 llE2- 25'1 llE2- 25_,.., WE2- 25"' llE2- 25_,., 1<!:2-
e_;:i A LO- e;j A LO- 8 '1 

A LO- 8 A LO- 8 '1 A LO-
'1 

OE A- h.20 '1 
OE A- k.20 OE A- k..20 OE A- 20 OE A- ~o 

OE B- r-r19 OE: B- 19 OE B- ;-,.19 OE B- 19 OE B- p~9 y 
'---' '------' .....___.. ..__ L.....___._j 

Kll K27 K29 Kll 103 
Ul'12 Ul614 Ul616 Ul61B Ul 620 

~ ~ ~ ~ ~ 
8 AO 8 AO 8 AO 8 AO 8 AO 
7 Al 7 Al 7 Al 7 Al 7 Al 

' A2 6 A2 ' A2 ' A2 6 A2 s Al 5 AJ s Al s Al 5 AJ 
4 A4 4 A4 4 A4 4 A4 4 A4 
3 AS 3 AS 3 AS J AS 3 AS 
2 

"' 
2 A6 2 A6 2 

"' 
2 A6 

1 A7 1 A7 1 A7 l A7 1 A7 
23 A8 23 AB 23 AB 2l AS 23 AB 
22 A9 22 A9 22 A9 22 A9 22 "9 
19 AlO 19 AlO 19 AlO 19 AlO 19 AlO 

I/01 9 RR.oI24I I/01 9 RR.oioo)" I/01 9 u.o oe} I/Cl 9 RR.0 10.: I/Ol 9 AA.0_124 I 
I/D2 10 RR.0[251 I/02 10 RR.D(Ol) I/02 10 AA.O (09) I/02 10 RR.0[17) I/02 10 RR.D (25 J 

I/Ol 11 RR.0}26} I/03 11 RR.D 02 I/Cl 11 AA.D 10 I/Ol 11 RR.O 18 I/OJ 11 RR.D !26) 

I/04 13 RR.0(27.l I/04 13 RR.D 03 I/04 ll RR.O 11 I/04 13 RR.O 19 I/04 13 RR.0I21I -

I/05 14 RR.OJ28} I/OS 14 RR.D 04 l/05 14 RR.O 12 I/OS l4 RR.0 20 I/05 14 RR.DI2BL 

I/06 ~~ I/06 lS RR.O 05 I/06 15 RR.0 13 I/06 lS RR.D 21 I/06 lS RR.D!29) 

I/07 16 RR.0]30.l I/07 16 RR.D 06 I/07 1' RR.D 14 I/07 16 RR.O 22 I/07~:J!..120L 
I/OB 17 RR.O (31.l I/OB 17 RR.O 07) I/OB 17 RR.O 15 I/08 l 7 RR.O 23 

]~=u-18 cs- RRL.CS-~ cs- 18.r cs- 18~ cs- 18 cs-
20 OE- RRL.OE-i-i-c or.- 20:;:: OE- 20./1 OE- 20 OE:-
21 WE- WE- 21" KE- 211 llE- 21 l<E-

" .______. '---- ....__ ..__ .._____ 
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,... ? R. ;) I c 0. ) l I ; lh 
•RECOVERY REGISTER 'RF.l\D LllTCH 

J2 a 
Ul 701 
)) OHM 

RRD[OO:Jll-...-----.---------------------------------------------------------------------------------

~BITTP 

-~HHI-t-+ -/\v-~: ::~l~~: 
~~Hm:-ri~ ~~ ::~:~H 
~--~Hf~~: H~ ~~ ::~i~~l 
~:-D[C6j--T~ V 1 0 RRD} 0 6} 
_-:P::<~_12JQ}_t__~V 9 RRD[071 

'---~ 

J)O 
Ul 702 
3) OHH 

'R~DTP-

RR.D(OBI 1 16 RRD[08J 
RR.D(09J 2 lS RR0[091 

-· R-~~___/\ ""'_;::.1..:...4 _..:..:;RR~O:...i.)f..=..l O""-'lj'--.11 
RR.01111 4 1,,...v 13 RRD[lll 

RR. D [ l 2 J 5 .\ v ,.-+1_2---.R_R_O}~l 2__..J:-'-il 
RR. D i 13 J 6 , V~+l_l_R_R_O}~l_3__..1 __ 

1 
RR.D[l4J 1 10 RRO!lU 

__ ~: ?. , o r ls J a , v-~9--'R-'-R_DJ.~l_S__..'1_ __ 
1 

JJ2 
Ul 703 
)) OHM 

~B:rnr" 
RR.Dl\61 I ~-/'\. 16 RRDJ_1'J 

-~~f,E_l i 71 _i_j____.A\ v ,.._-.;:l:..::5..-..:R;;;.R:.::;D(..i..=.,1 7::.JJ--I 

RR.D[l81 3 i- "'\.\\/ ,.-+l_C_R_R_D~[l,..-8~1 __ 
1 

__ "._~ 02..i 191 ~ ·"',..-+1_l_R_R_DI~1_9~~--• 
RR.D[20I 5 12 RRD(201 

1 _.c_P. '-R .'-"D_.l-"-2"-l ,_I _6 ...__,..\ \V 11 RR DJ. 21 J_ 
• __ P._R._D~l_2_2_1 _1....._,...v [lo RRD(221 
1---_R_R._D__..[_2_3~1 _8....._,...v 9 RRD(23L 

~-:i 3 
Ul 704 
33 OHM 

~ 
RR.0[241 1 16 RRD[2CJ 
!\R.D(2S_l 2 15 RRD}25] 
P.R.D(26J 3 14 RIHl]2ij 
RR.D[27J 4 lJ RRD[21J 
RR.D]28J 5 12 RRD(281 
RR.D[29J 6 11 RRD(291 

_R~~ll!li___::_l____.A ",,_+l'-'O_R_R_D_J....._3_0 )~-1 
___ RR.D[ll! el ~v 9 RRD[311 

L---

H28 REC.0[00:31 I ;16 ---- H27 

-;i;rs-nr u1109 Ul 705 ,.---
rs o 

RRD[OOI 3 AO BO 22 REC.D(OOI 
RRO(Ol 4 Al Bl 21 REC.O[OlJ 
RR0(02 5 A2 B2 20 REC.Dl02J 
RRD}03 6 A3 B3 19 REC.Dl031 
RRD(04 1 AC B4 18 REC.0[041 
RR0(051 8 AS BS 17 REC.0[051 
RR0(06 9 A6 B6 16 REC.0(06J 
RRD[071 l A7 B7 15 REC.0[071 

-------'~'< l OEBA
GNDl; 8~ CEBA

.....----~--''! 1 LEBA-
-'-' OEAB-p.#GN02;8 

CEAB- p...g. GND); 8 

LEAB-p r"l-1:....4=----~ 
'-----' 

H30 
~ Ul706 

a-<1-+-..:.R;;;.;R=-D.._( 0:...;8'"'--'3-1 A 0 Bo 2 2 REC • 0 ( 0 8 ) 
a-1-+-..:.R::..:R.::.D(.._0:..:9'-L-_c'-l Al B 1 21 REC. DI 0 gJ 
a-1-+-..:.R::..:R.=..Dl.>..;l:...;O"--"S-I A 2 B 2 2 0 REC • D ( 1 OJ 
a-1-+-..:.R::..:R.::.Ol.>..;l:..:l:...i........;6'-l A 3 B 3 1 9 REC • 0t llJ 
a-1-+-..:.R::..:R.::.D}.i..;l:.:2:...i.....-'7-1 A4 BC 18 REC • D( l 2J 
_f.--1-__ R_R_D_,_[1_3_,_)_8-I AS BS 17 REC.D[l3J 
-f---1---'-R-'--R=-D}.Ll'-C'-'"J---.9-t A 6 B 6 l 6 REC • 0 I l 4J 
a-1-+-..:.R..;...R_D ..... [ l;._;5_,_l_i(l-t A 7 B 7 15 REC • D [ 15 I 

~1-------:i~: 1 OEBA-
GNOl; 8--=~ CEB!\-

.,__ ____ l;:::j-::r l LEB!\-

'-' OEAB- p..H.GND2; 8 
CEAB- w. CN03; 8 
LEAB- rp .l-'1:...t;__ ___ _. 

L_____.J 

H32 

~ Ul707 

RR0(161 3 AO BO 22 REC.0(16) 
RROll7 4 Al Bl 21 REc.oI11I 
RRDll8 s A2 B2 20 REC.DiuI 
RRD[l9) 6 A3 B3 19 REC.0(191 
RR0I20 7 AC BC 18 P.Ec.DI20I 
RRD[211 8 AS BS 17 REC.0[21J 
RRD[22f 9 A6 B6 16 RE".c.0[22r 
RRD[23I lC A7 B7 15 REC.0(231 

~1------]:--i J OEBA
GNDl; 8~ CEBA-

6.------=i ..... · l LEB!\-
OEAB- P#GND2; 8 
CEAB- p.H.cNDl; 8 
LEAB-rp"l-=-lC.:.__ ___ ~ 

....__ 
H33 

~ Ul708 

RR0[24) 3 AO BO 22 REC.0[2C I 
RRD]2S C Al Bl 21 REC.Ol2SJ 
RRD(26 S A2 B2 20 REC.D[26J 
RRD(211 6 A3 Bl 19 REC.D(271 
RRD[28 7 A4 BC 18 REC.OJ28} 
RRD(291 8 AS BS 17 REC.D[291 

REC. 0 ( 0 0 I 3 DO OO 2 LO. 0 [ 0 0 I 
REC.0(01) 18 Dl Ol ~.El.L_ 

_REC,D[02J 4 02 02 5 LD.D(02J 
REC.Oj031 17 D3 03 16 L0.0_1031 
REc.Dfo4} 1 04 04 6 Lo.oI04J 
REC.0(05J 14 05 05 15 L0.0[05J 
REC,0(061_ 8 06 06 9 L0.0(061 
REC,0(071 13 07 Q7 12 L0.0(071 

t::~lO 
REC.Oj08_l 3 DO QO 2 LD.Dl08J 
REC.0[09) 18 Dl Ol 19 L0.0[091 
REC.OJ.10_1 4 D2 02 5 LO.OllOJ 
REC,D(ll) 17 D3 03 16 LD.0[111 
REC.Oll2_l 7 DC 04 6 LD.DJ_l2j 
REC.OJ.13_1 14 D5 Q5 15 LO.Oj_l3J 
REC.O(l4J 8 D6 06 9 LO.OJ_l4) 
REC,D[lS_t lJ D7 07 µ~_SJ _ 

LE OE 

~ 
H31 

flltrrrri u 1 711 

R!:C.0(16) 3 DO OO 2 LD.D_Ll6J_ 
REC.D(l7) 18 Dl Ql 19 LD.D(l71 
REC.0(18) 4 D2 02 5 LD.D[lBI 
REC.DJ.19_1 17 DJ OJ 16 LD.D_Ll9l 
REC.0[201 7 D4 04 6 LD.D[201 
R!:C,OJ_21J_ 14 D5 QS 15 LD.0(211 
REC.0(22) B D6 06 9 LD.D[22J 
REC,OJ23J 13 D7 07 12 LD.D(231 

LE OE 

~ 

rrnm--
fill 
Ul 712 

REc. o 12c1 3 DO OO 2 LO.D(24) 
REC.DJ2~ 1] Dl Ol 19 LD.0}251 
REC,0(2ij 4 02 02 5 LD.0[261 
REC.0[271 17 DJ 03 16 LO.D[271 
REc.oJ:2u 7 D4 04 6 LD.DJ.281 
REC,0(29) 14 DS 05 lS LD.D[291 
REC.D_l30J_ B D6 06 9 LD.D[JOI 
REC.D[lll 13 D7 07 12 LD.D(Jll 

LE OE 

~ 
LTCHRD; 25 _J-

RDINH-; 5~ roe 3 

RDCONTOO-; C 2 

*BUFFER BETWEEN REG RAH AND OP, D 

.J27 
Ul 71C 

~ 
RRD(OOI 3 AO BO 22 OP.D(OOJ 
RRD OlJ C Al Bl 21 OP.D}Ol} 
RRD_j02J S A2 B2 20 OP.D}Oij 
RRD[03J ' A3 B3 19 OP.Dl03J 
RRD[04) 7 AC BC 18 OP.D[04J 
RRD(OSI 8 AS BS 17 OP.0[051 
RRD_l06j 9 U B' 16 OP.0[06) 
RRD(071 l A7 B7 lS OP.D[07J 

.....------Z::...:r l OEBA
GNDl; 83 CEBA-

'- L~:..~-h.'-='13~----
CEAB- P# GND3; 8 
LEAB- pr l-'l:...C;...._ __ _ 

~ 

.J29 
~ Ul71S 

RRD 0 8 I 3 AO BO 2 2 OP • D ( 0 8 I 
RRD 09) c Al Bl 21 OP .oJ:ogj" 
RRD lOl S A2 B2 20 OP.DllOJ 
RRD llJ 6 Al BJ 19 OP.Dllll 
RRD 12J 7 AC B4 18 OP.D(l2J 
RRD[l31 8 AS BS 17 OP.0[131 
RRDflcJ 9 U B(; 16 OP.D(lCJ 
RRD ( l 5 I l A 7 B 7 l S OP • D [ l 5 I 

~-----'~{ 1 OEBA
GNDl; 83 CEBA-

'-' L~s:;B- h._)...:..:13=-----.l-.I 
Cf.AB- p:.g CND3; 8 
LEAB-p r"l-1=..4.:.__ ___ ..,.. 

....__ 
.J31 

~ Ul71' 

RRO(l61 3 AO BO 22 OP.D[l61 
RRD[l7J C Al Bl 21 OP.D(l7J 
RRD[l!J S A2 B2 20 OP ,D(l 8J 
RRD [ 19 I 6 A3 Bl 19 OP. D [ 19 I 
RRD[20J 7 A4 BC 18 OP.0[20J 
RRD[211 8 AS BS 17 OP.0[211 
RRDI2IT 9 A6 B6 16 OP.D[22f 
JI.RD ( 2 31 lC A 7 B 7 15 OP , D ( 2 31 

~1-------'Z:::r l OEBA
GNDl; 83 CEBA-

'- L~:..-11- ~'-='13~----l.-l 
CEAB- P# GND3; 8 
LEAB-rp"l-=-1 ~4 ----..i 

'-----

.J3l 
~ Ul717 

RRD [ 2 CI l AO Bo 2 2 OP • D [ 2 4 J 
RRD_l2SJ 4 Al Bl 21 OP.D[2SJ 
RRD_l26J S A2 B2 20 OP.D}2ij 
RRO ( 2 71 6 Al Bl 19 OP • D ( 2 7 I 
RRD 28J 7 A4 BC 18 OP.D(281 
RRD[291 8 AS BS 17 OP.D[291 
RRD_J30J 9 A6 B6 16 OP.D130I 
RRD(3ll fC A7 B7 15 O?.D[311 

RRD(30 9 A6 B6 16 REC.D(lOJ 
RRD[Jll ~ 117 B7 lS RF.C.0(311 

ENREC-;2S __..,_._ ____ __._y-., i OE!l!\-
GNDl; 8~ CEM-

NC 
UOJl q ENWRD-; 25 -+-4-------=Z::rl OEBA-

GND1;83 CEBA-
L.. O?. D [ 0 0 : 31 I : I G: 11 : l 8 

REC2CLK-; 1 --+----~--!'-' LEDA-
OF.AD - P# GND2; 8 
CF.l\B-P+}GND3; 8 
LEAR- rp"l-=-lC.:.__ ___ _._ REClCLK-;1 

L....__ 

Cnn! ldrnt1Al - Copyright (C) 1986 Sun Mlcrosy~tcm3. Jill rights re~r.rvrd. 
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RRWRCLK-; 1 
'- LE;:;B - h.o...=-13=------4--.4.- F. NOP RR - : 2 5 

CEllB-~ GND3; 8 
LE/\B- 'P'-1'-4'-----"'-- RRROCLK-: I 

L---

'------------------------------------- LD. D ( 00: 31 J: 8 

Tit le: f' 1.0/\T 1 Nr. POI NT /\CCf.l.F.:R/\TOR Orawlnq: 502-1105-01 

· ~heet: 11 or 31 fp-' 17. d 
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ECO Oescri tion O~tc /\ rovals 

H25 
W.0[00:31] Ul812 

CP.C[OO:JlJ:l O: 11: 17 J2 l *MULTI PLIER *ALU 

'F243 ~i:o1 ~Ul806 H21 WTL1164 
Ul8ll 

WTLl 16S 
OP.0[00) 3 AO YO 11 W.0[00) OP .O [ 16) 3 AO YO 11 W.0(16) W.0[00] 46 XO 46 XO 
OP.0[01 4 Al Yl lo w.o_(ol.J OP.Oll7J. 4 Al Yl 10 w.0I17J w.0}011 4S Xl 45 Xl 
OP.0[02] s A2 Y2 9 If. 0( 02] OP.0[18] 5 A2 Y2 9 w.o (18) w.o (02] 4 4 X2 4 4 X2 
OP.0[03] 6 A3 Y3 8 W.0[03] OP.0[19) 6 A3 Y3 8 w.o [19] w.o (03] 43 X) 43 X3 

W.O [04] 42 X4 42 X4 OE< OE>i OE< OE~ w.oiosI 41 XS 41 XS 
13 l lJ l W.O [06] 40 X6 40 X6 

J20 
W.O [07] 39 X7 39 X7 

J25 Ul807 w.oio8J 38 X8 38 XS 
Ul802 W.O [09) 37 X9 37 X9 

F243 F243 w.O [10] )J XlO 33 XlO 
OP.0[04] 3 AO YO 11 W.0[04) OP.0(20) 3 AO YO 11 W,0(20] W. D [ 11) 32 Xll 32 Xll 
op .0105 4 Al Yl 10 w.01os1 OP .O_l.21 J 4 Al Yl 10 W.0[21) W.O[l:iJ 31 X12 31 Xl2 
OP.0[06] 5 A2 Y2 9 W.0[06) OP .o [ 22 I 5 A2 Y2 9 W.0(22] w. 0 ( lJ] JO Xll 30 Xl3 
OP.0[07] 6 A3 Y3 8 W.0[07] OP .O (23] 6 A3 Y3 8 w.o [23] w.0[14] 29 Xl4 29 Xl4 

W.O [15] 28 XlS 28 XlS OE< OE> OE< OE> w.0]16} 27 Xl6 27 Xl6 
13 1 13 l W.O [17] 26 Xl 7 26 X17 

JU 
W.O [18] 2S Xl8 25 XU 

J24 
Ul808 

W. 0 ( 19] 24 X19 2 4 Xl9 
Ul803 W.O (20] 23 X20 23 X20 

F243 F243 W.0(21] 22 X21 22 X21 
OP.0[08] 3 AO YO 11 w.o(08J OP .O (24] 3 AO YO 11 W.0(24] W.O [22] 21 X22 21 X22 
OP.0]09 4 Al Yl 10 w.OJ09J OP.0125 4 Al Yl 10 w.0_12sJ: W.0(23} 20 X23 20 X23 
OP .OjlO 5 A2 Y2 9 W.O_llOJ OP .OJ2 ij_ 5 A2 Y2 9 W.OJ2ij_ w.012u 19 X24 19 X24 
OP.O[ll] 6 AJ YJ 8 W.O[ll] OP .O [27] 6 AJ Y3 8 W.0(27] w.0(25) 18 X25 18 X25 

W.O (26] 14 X26 14 X26 OE< OE> OE< OE W.D(2if 13 X27 13 X27 REC.0(08:11];17 
13 1 lJ l W.0 [2 8 J 12 X28 12 X28 

Jl8 
W.O (29) 11 X29 11 X29 

J22 
Ul809 

W.0 [30) 10 X30 10 XJO C27 
Ul804 W.O (Jl] 9 Xll 9 X31 Ul 813 

F243 F243 'm3 
OP.0(12] 3 AO YO 11 W.0(12) OP .O (28] 3 AO YO 11 N.0[28) W .F (0] 54 FO 54 FO N.S(O) 3 AO YO 11 REC. 0 [ 0 8 I 
OP.0(13) 4 Al Yl 10 W.0(13] OP .O (29) 4 Al Yl 10 W.0(29) w.F [ 1) 5S Fl 55 Fl w.s [l] 4 Al Yl 10 REC.0{09) 
OP.O]l{I s A2 Y2 9 w.0}14] OP .Ol3'U_ 5 A2 Y2 9 W.0}30] w.F]2J 56 F2 56 F2 If .S (2 5 A2 Y2 9 REC. D { l 0] 
OP.O [15 I 6 AJ Y3 8 W.0[15) OP.0(31) 6 A3 YJ 8 W,0(31] w .r (31 S7 F3 57 FJ w.s [31 6 AJ YJ 8 REC .D 111 l 

w.F[ 4] 58 F4 58 F4 

jj n W.F(O:S] :19- w.r]SJ 59 rs 59 FS 
OE< OE> 

13 l 
W.L[O:J] :19 W.L[OJ 61 LO 61 LO WRSTAT;25 

ENOPlf; 25 l W.L( l] 62 Ll 62 Ll PU8;27 
ENOPTOW-;25 l W.Liif 63 L2 63 L2 

L W .L[J] 64 LJ 64 LJ W.S[O:J):20 wM4V 

•12V so 8 so 8 w.S(O] 

Sl 7 Sl 7 W.SJ_ll 
l F33 1 FJl S2 6 S2 6 w.s (2] 

Rl801 > Rl 803 s 10 OHM 
U1805 Ul 810 5 5 W.S[J] > 10 OHM SJ SJ 

LMJU L/'1JJ. I 
2 EJ2 < 

2 
E2 9 

WA4V WM.CSUX-;25 ~ csux- WA. CSUX-; 25--H-- csux-
3 VIN VOUT ~ 3 VIN VOUT 2 W.U;25~ u u 

l 1 Wli.CSL-; 19 ~ CSL- WA.CSL-; 19 ~ CSL-

ADJ ( ADJ > 220 OHM 1\ WM.OE-; 25 -+-a OE- WA.OE-; 25-:}-c OE-

s220 OHM 1' ) Rl805 GNDl:B=J:r csus- 2 ..r csus-
µ 11 W.CLK:l~ CLK s}: CLK 

2 Rl807 
< 

2 
F31 

vccli 
vcc VDO + vccllli 

vcc VDO~ 
FJJ -it- vcc VDO 35 vcc VDO~ 

VCC VDO ~ 67 vcc VDO~ l l t---< 1 ~ 1 Cl803 l Cl804 1\ JHP4 l 
) 487 OHM l\ > 487 OHM Cl801 ._ Cl802 

> Rl808 -r- lUF ~ O.lUF > Rl806 JlBOl WM.VOO -,- O. lUF -,.- O. lUF 
--r- lUF -r- 0. lUF l 2 
~ HJJ ~ F33 ( 2 HJ) p H31 p F3 l ( 

2 
H3l VCC~ ~ 

~ Cl 805 J2 Cl806 
JHP4 

F32 Jl802 WA. VOD l 2 

vcc~ Q...LJ' 
GND 

H32 

~~~ 
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',r- -..,...-------. 
A rovals 

•r+ MUXING: OPERAND/USTORE/MAPPING RAM --> WEITEK CHIPS 
*L+ MUXING: USTORE/MAPPING RAM --> WEITEK CHIPS 

,_. ~)\? . D [ 0 0 : 0 9 ) i 

D2l[00:03];10~ 

CRWF(0:5];25---

ES 
U1901 
fJTJ 

QO 2 MAPWF ( 00 I 
Ql 9 MAPWF(OlJ 

02 1---
5------, 

Q3 1-11__6 -----, 

Q4 .,__6 __ _, 

QS~ 
Q6 ~ 
Q7 ~ 

F20 
Ul902 

~LS153 CRWF[O] 6 OA YA 
CRWF ( 1] 10 OB 
021(00) 5 lA 
021(01] 11 lB 

4 2A 
j 12 2B 

L:k~~ 
GND2; 8 -he EA
GND3; 8 ---l.?c EB-

YB 

SO Sl 

7 W.F(O] 

9 W.F(l) 

1
1412 H18 

U1903 
,...-.-~....., 

CRWL [ 0: 3); 25 
E7 
U1907 

n73 
MAP.0(06] 3 DO QO 
MAP.0(07] 18 Dl 01 
MAP.0(08] 4 02 02 
MAP.D[09J 17 03 03 

PU12:27~ 04 04 
14 DS Q5 
8 D6 06 
l_l 07 Q7 

LE OE 

IDLEl; 25 Jn ~ 
GND2;8~ 

2 
19 

5 
16 

6 
ls 
r-

~ 
.!I 

Fl9 
Ul905 

Fl57 
CRWL(O] 2 lA 4 W.L(O] 

l CRWL[l) 14 2A 12 W.L[lJ 
I CRWL[2) 5 3A 7 W.L[2] 
l CRWL(3] 1l 4A 9 W.L[31 

MAPWL[O) 3 lB 
MAPWL[l) ~ 2B 
MAPWL(2) 6 3B 
MAPWL(3) 10 4B 

s EN-

WLFRMAP; 25 ~ 15 
GND3;8 

LE OE 

i D LE 1 ; 2 5 Jll r 
GND/;8 ~_J CRWF(2] 6 f\OLASl 5\A 7 W.F(21 

CRWF(3] 10 OB 
.------------------------------------------------------------------w.L[0:3J;20;18 

021(02] 5 lA YB 9 W.F[3] 
D21(03] 11 lB 

MAPWF(02] 4 2A 
MAPWF(03J} 12 29 

f~3A 
~3B 

GND2; 8 -h:c EA-
GND3; 8 ---l.?c EB-

SO Sl 

WFSRCO; 25~
14

1
2 

WFSRCl; 25---~ 
Fl6 
Ul904 

Fl57 
CRWF(4] 2 lA 
CRWF[51 14 2A 

PU12; 27 __,+ 3A 
Ll!. 4A 

MAPWF(04] 3 lB 
MAPWF [05) 13 2B 

4 W.F(41 
1!_2 W.F[5] °"1 

W.F(4] 
W.F[S) 

•wLWF'-REG
827 

ALS244 Ul908 
W.L(OJ 2 lAl lYl 18 LD.D (22 I 
W.L(ll 4 1A2 1Y2 16 LD .D [23] 
W.L(21 6 1A3 1Y3 14 LD. D [24] 
W.L(3] 8 1A4 1Y4 12 LD .D (25] 

lG-
1 

A27 
Ul90 
ALS244 

W.F[O] 2 lAl lYl 18 LD.D[16) 
W.F[l] 17 2M 2Y4 3 LD.D[17] 
W.F[21 4 1A2 1Y2 16 LD.0(18) 
W.F(3] l~ 2A3 2Y3 5 LD.0(19) 

6 1A3 1y3 14 LO.D (20) 
I i~ 2A2 2Y2 7 LD.D[21) 

G 1A4 1Y4 ~ 
2Al 2Yl ~ 
ENl EN2 

1 l 9 PU2;27~ 38 
LlQ 4B RDCONTOC-; 4 ---

S EN-

WFSRCl; 25 __r rs 
GND3;8J_J .._ ________ W.F(0:5];20;18 

Conridentlal - Copyright (CJ 1986 sun Micro.systems. /\11 rights re.served. 
This material contains trade secrets in!ormation o! Sun Micro.system Inc. 
Use, reproduction or disclosure is prohibited except under written license 

~~d s~~e~l~~~~r~t~ms ~~~ica~r~n o~r c~);~~~~~r~~tlco ls precautionuy only 

Title: FLOATING POINT ACCELERATOR 

Sheet: 19 OF 31 

f.n tnerr: S CARRIE 
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Pll;S~ 14 
Pl2;5~ IS 
P22;5---J_. !6 

CRWMCSL-; 25 ~ I7 
CRWACSL-; 25 _2-, IB 00 PM- WM.CSL-;18 
CRWCCSL-; 25 ___!_! !9 01 ~ WA.CSL-;18 
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*PC DECRE:HENT *PROGRAM COUNTER * l DEE:P CALL/RET STACK 

,_usr.112100:11~;2 ,-NXTPC[OO:ll) A7 PTRVAL(OO: 11): 
118 

U2001 U2005 U2008 

~ ~ rmi-
3 00 00 2 RET[OOl 
18 Ol 01 9 RET[Ol} 
4 02 02 5 RET[02) 
17 03 03 16 RET[03I 
7 04 04 6 RET[04) 
14 OS 05 lS RET [ 05} 
8 06 06 9 RET[06) 
13 07 07 12 RET [ 07_1 

GND.~C!N SO 4 NXTPCJ_OOJ NXTPC[OOl 3 DO OO- 2 PC[OOJ 
UST .A2 [OOJ 5 AO 

1
V,,..._N_X_T_P_C_,_[O_l-'-)_1B401 Ol-""'19 PC [01) 

UST.112(01} 3 Al Sl l NXTPC[Ol) V NXTPC[02) 4 D2 02 _h_S PC[02) 
UST.A2 (02 14 A2 v NXTPCJ_OJl 17 03 03-h_l6 PcioJI 
UST.A2(0JJ 12 Al s2 13 NXTPC[02) VV NXTPC[04) 7 04 04 _h_6 PC(04) 

Pt:ll:27 li6 BO NXTPC(05] 14 05 os-t-'"1s PC(05] 
2 Bl SJ lONXTPClOJJ_ V NXTPC[06} 8 06 06-h_9 PC[06j 
15 B2 V NXTPC(07) 13 O? 07-pl2 PC(07J 

ll~c~u_n v _ _J CP OE-

11 

Ci CB 
Moo2 

~ F534 

U2 006 

~aKl OE 

,..., U2 009 

C!N SO 4 NXTPC[04) 
v 

l NXTPCJ05l V 
UST.A2 (04] 5 AO 
UST.A2_fos 3 Al Sl 
UST.112 [06) 14 A2 
UST.112l~ Al 

v 
s2 13 NXTPC(06) V 

2 Bl SJ 10NXTPC_l_07J_ 
15 B2 

NXTPC [ 08) 3 DO 
NXTPC[09} 18 Ol 
NXTPcI10I 4 02 
NXTPC [ 11) l i 03 

PU11:271i 04 
14 DS 
B 06 
13 Di 

oo-o--2_P_C-"[_0_8J.._.,, ___ 3 00 00 2 RET(08) 
01- 19 PC[09) f~ 01 Ol 19 RET[09) 
02-""'5 PcI10} 4 02 o 2 5 RET[lOl 
03-h_l6 PC(ll] li 03 03 6 RET(ll) 

04-~ PUll ---+--,i4 04 04 ~ 
05-p.p ~ OS 05 ~ 
06-p.? D6 06 ~ 
Oi-p.! 2 Di 07 ~ 

25 

Descri tion Date 

*ADDRESS FOR DEUYED CONDITIONAL BRANCH 

E16 El5 
U2012 U2 015 

IJ'TI4l jrJT4l 
PTRVAL[OO) 3 DO oo 2 JMPl_l_OOl PTRVALlOO_l 3 DO oo 2 JHP2[00) 
PTRVAL[Ol) l Dl 01 9 JMPl(Ol) PTRVAL(Ol) l] Dl 01 19 JM?2(01} 
PTRVAL(02) 4 02 02 5 JMP1(02) PTRVAL(02) 4 02 02 5 JM?2(02} 
PTRVAL( OJl 17 03 03 16 JMP1Io3I PTRVALJ_OJJ_ 17 03 03 16 JHP2I0Ji 
PTRVAL[04) 7 04 04 6 JMP1(04) PTRVAL(04) 7 04 04 6 .W.P2 [ 04 J 
PTRVAL(05) 14 OS 05 15 JMP1(05) PTRVAL(05) 14 05 05 [s JMP2(05} 
PTRVAL[06_l 8 06 06 9 JMP1Io6I PTRVALio6} 8 06 06 9 JHP2(06) 
PTRVAL( 07} l] 07 07 12 JMP1107_l PTRVAL1_07J l 07 07 12 JMP2 ( 07} 

CLK OE CLK OE nl4 ~2013 

~ 

PTRV/\L[08) 3 DO OO 2 JMP1(08) 
PTRV/\L ( 09] 1~ Ol Ol 9 JMPl ( 09] 
PTRVALI10I 4 02 02 5 JMPl_l_lOJ_ 
PTRVl\L(ll} 17 OJ 03 6 JMPl(ll] 

PTRVAL ( 0 8) 7 04 04 t:-:-6-----it----------+--+---JHP:..:.::.-=2..!.[..:..0..:..B L.]f 
PTRVllLl 091 14 OS OS F-S:;------jt----------+--+----=JMP..:..::...;2:...Jl..:0.:..91.LI 
PTRVllLllci_[ 8 06 06 g JX?2[10} 
PTRV/\L [ 11) ~ 07 Qi 1:72 -----1t----------+--+----'JHP:..:.::....::2...!.[..:..1 ..:..l ]Lf 

PU11:278E
6 

BO 

11~ CP OE- CLK OE CLK OE 

BB 
U2003 

CRCLK3i4;1~-+-11------t----'-:1~-l--1J------t-----------of_1--11i--------+----------' 
CND3:B---+-------t-----1i---+------t·------------J+-------1t----------~ 

Aoorova ls 

r---r2i3 
.__J._ c IN SO 4 NXTPC [ 0 8) 

.. JMP2 [00 :11) :22 

------------------ JMPl [ 00: 11); 21 

UST.A2(08 S AO 
-------------------------------------RtT[OO: 11 J ;21;22 

UST.f\2(09) 3 Al Sl l NXTPC[09) 

F21 ._ __ ...,_,. ______________________________________________________ pc[OO:ll);21:22 

UST.112 [10) 14 A2 
UST.A2 {11} 12 A3 S2 13 NXTPCJlO_l 

Bl SJ 10 NXTPC ( 11) 

U200i 

CLKB;l·~ 
PCSELOA-;25 4 FlO 6 CLKSTACK 

PCSELlA: 25 S PU11:27 li
6

2 BO 

15 B2 
11 BJ cou"It-1 

,.-------------------------------------------------------MAKEJMP;25 

'----

F22 
U2 004 

~J_MP~C_C-'-{O_)~-i I~~~NS 

1 
Jl'.PCC l Il 

-J.'!PCC [ 2 J 12 
.;~rec 1 c: 3 J : 2 5 -:;HPCC [ 3 I I3 
·,.;.s{O:)J:l8 W.S OJ !4 

•---w_._s_,1_1""1 -4 I 5 
W. S ( 2} 16 

1 
___ w_._s_,[_J.:..J _

4 17 

*STATUS AND JMP DECODE 

F21 
U200i 

1HASK:20 l8 00 D'-'----'--' 
11 19 01 

I/02 
I/03 
I/04 
I/05 
I/06 

CLRP!PE-:4 

LOCPRCO-; 12 I/07 

PUB 2i 
PU9 2i 

PUlO 2i 
LTCHST-: 25-----u 

W.CLK:l-----o 
RESET-: l -----<1 

CLRPIPE-:4-----<1 
ROCONTlC-:4-----'-<1 

F23 
U2011 

F569 

PO 00 
Pl 01 
P2 02 
P3 03 

cc-

16 STATE:.0{00) 
15 STATE.0(01] 
14 STllTE.0(02J 
13 STATE .D 03) 
18 
19 

UNIHPL:25-----------------~ 

*WSTATUS REGISTER ST ATE . D ( 0 0 : 15 ) : 9 

F24 F25 
F569 U2014 F569 U2016 

00 16 STATE.O 04 PO 00 
01 15 STATE.O (13) Pl 01 
02 14 STATE.0(14) 

03 13 STATE.O 15 

cc- 18 

P2 02 
P3 03 

cc-
19 
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~ .r' 
( ';._----------------------------------------------~----------------~--- -------------------------------------------------------------"T----------\, __ / t------~---E_c_o __________ '--+-----------------------D_e_s_c_r_i.._tl_o_n ____________________________ --1~-----D-a_~_~~ Acnrova ls 

89 Bl 3 <.:~ UST,/\2(00:11];23 -

~~ 
UZIOS UZ 109 

rr-zn---i rr2or--, 816 

HAP .D( 10} 4 10 5 H.>J' .D_l14J. 4 10 5 MAP.DI 18] 4 10 5 U211/ 
---- PC(OOJ 3 

11 
~6 OSTAl (00] PC 04] ) 11 :::-6 OSTAl (04] PC(08] 3 11 

-6 USTAI (08] 011 33 OP.~ 

CALL(OOJ----t-1 12 CALLl04 2 12 CALL(08] 2 12 U21 IJ ~ 

~:~~- -~HH~ 13 RtT 04 1 I3 RtT(08] I 13 ALSZ40 
OSTA2 ( OOJ_ 1 16 UST .A2 (00] 

14 JMP2 (04 15 14 JMP2 08 J I 14 USTAl_lOO_l 2 11 LO .D 00 
USTA2 ( 01] 2 :v- D UST .A2 (0 I J 

!Al I'll USTA2J.02] -~2(00] 14 15 JMP2 (04 14 15 JMP2 (08 J 14 3 14 UST .A2 (02] ---
13 

15 USTAIJoU: 17 2A4 2'!4 J LD,D 01 
us1A2Io3} ,1'1?2 (00} I 16 JHP2 ( 04 t6 JMP2 (08} 13 16 4 13 UST .A2 (03] 

-~?-21001 I~ 11 JHP2 (04] I .rnr2 08 J 1 
USTAI (02) 4 1A2 1'!2 16 LO ,D 02 

USTA2_L04J 5 :v- 12 UST .A2 (04] 
-

11 17 USTAl(03) 15 5 LO .o OJ 2Al 2YJ USTA2j_05j 6 II UST • .0.2 (05) 
OSTAI ( 041 6 14 LD,D 04 

PCSELOB; 25 ~ 11 AO 11 AO !Al l'!J OSTA2 ( 061 1 l 0 UST.A2 (06] AO USTAl(O~ 13 7 LD.D 05 :v-PCS£LIB;25 ~ 10 Al ~Al 2.>.2 2'!2 USTA2 ( 07) 8 9 UST .A2 f07] Al USTAl (06} I 12 LD.D 06 
rcnL.:s;25 ___!_ 9 9 1A4 1'!4 

A2 l:N A2 l:N A2 tN USTAl (O"U_ 11 2Al 2'!1 9 LO .D 07 "-----' 

'-T '-----rr- ~ ~ u· BIO 814 Cll 
02202 U2106 U2I10 

~ rrz;r- r-nsr- UST Al (08) 

HAP.Dill 4 ~- H.>J' ,O 15 4 ~- MAP.DJ_!~ 4 5 010 USTAl (09) 
10 IO IO UST.a.I ( IO_l _I 

PC(Ol 3 6 OSTAl (0 lj_ PC 05 3 6 OSTA1 (05J_ PCJ_09) 3 P--~T.t.1 (09) 02114 
11 11 11 

~ USTAI 111) _I CALL(Ol 2 CALL 05 2 CALLJ_09] 2 I2 I2 I 2 L RtT (01 1 J\tT 05 1 RET 09 1 OSTAl.lOB_l 2 11 LO.OJ_OIJ 13 IJ I3 !Al !YI 
JJ1P 2 IO I 1 I4 JHP2 05 1 14 JMP2 I 09] 1 14 USTA1I09} 4 IA2 1'!2 16 LO.D 08 

UST.t.l (08: 11] 

JMP2 01 1 IS JHP2 05 14 IS JMP2 09) 14 I 5 OSTAIJ.10) 6 !Al IYJ 14 LO.D 08 
v1'1P2 (01) 1 16 JHP2 05) 1 16 JMP2 I 09L 1 16 USTAl ( l lj_ 8 l>.4 1'!4 12 LD.D (Olj_ 
v'Ml'2 Io l_l I 17 JHP2(05) I I7 JMP2 09 J !.! I7 

IC-

PCStL08;H~ AO 11 AO II AO I 
PCStLI 8; 25 ~ Al 10 Al ~Al 
PCStLJB; 25 ~ A2 9 A2 9 A2 

IUJCONT04-
l:N tN F.N ·MDJltSS roR OSTOU RD/l!JI. 

'---<r' '---y; '---y; 010 ri 02115 

LO. D ( 0 0: 15) 

~ 
Bil BIS ClJ LDPUJ_02J_ 11 2Al 2'!1 9 USTA2j_OOJ_ 
U2 l03 U2107 U211 I ,__ LDPTR 03 13 2A2 2'!2 7 USTA2 0 I 
rr1rr'- ·r •r2sr'--, LDPTR 04 15 2Al 2'!3 5 USTA2 02 

JMP2 02 4 IO r-!. JHP2 06 4 IO ~- JMP2 10) 4 IO ~- LDPTR_l_OU 17 2.>.4 2Y4 3 USTA2J_03 
JMP 2 02 3 II r,.,6 OSTA1J.02J_ JHP2 06 3 II 6 USTAl (06) JMP2 10) 3 11 6 USTAI ( 10) 
JMP2 02 2 I2 JHP2 06 2 I2 JMP2 10) 2 12 

2C-
v"XP2 02 1 Il JHP2 06 1 I3 JMP2 10) I I3 19 

RtT 02 l] 14 P.tT 06 1 I4 RtT 10) I} 14 
CALL 02 14 15 CAl.L(06 14 IS CALL 101 14 B 

09 

PC 02 I PCj06 1 PC 10) 1 U2 l l 6 
16 16 16 

P'.AP.0(12 1 17 MAP .D 16 1 11 HAP.D 20 1 I7 ALS240 
LOPTll 06] 2 lAl lYl h.11 OSTA2 04 

PCStL08-;25 1 AO 11 AO 11 AO LDPTR 07 17 2>.4 2'!4 h:3 USTA2 05 
PCStLl8-:25 ~ Al I Al l_!1 Al LDPTR 08 4 l.U IY2 16 USTA2 06 

PCStLJB-:25--!., A2 
g 

A2 
g 

A2 LDPTR 09 15 2Al 2'!3 r,.,S OSTA2 07 
tll tll EN LDPTR 10 6 !Al l'!J ,..,-14 USTA2 08 

'---y; '-T '---y; LDPTR 11 ll 2.U 2'!2 7 OSTA2 09 
LDPTP. 12 • 1>.4 IY4 ,..,-12 OSTA2 10 
LDPTR 13 11 2Al 2'!1 

l"'g OSTA2 11 
1112 014 016 ,..,-
U2104 U2106 02112 IC- 2C-

rmr-i rmr-i ~ l 1 g 
JMP2 Ol 4 IO 5 JMP2 07 4 10 ~ JMP2(11) 4 IO 5 EllLDADDR-/ 4 
JMP2 Ol l II 

~6 USTAl_J_Olj_ JHP2 07 3 II r,.,6 OSTAl IO'?.l JMP2 11 l 11 
r6 l!ST.t.l (l lj_ 

JMP2 03 2 I2 JHP2 07 2 I2 JMP2 11 2 I2 LOPTR(021I3];1 
JMP2 03 1 Il JHP2 07 1 Il JMP2 11 1 ll 

RET 03 1 14 P.tT 07 1 14 P.ET 11 u 14 
C>.LL(03 I IS CALL 07 14 IS CALL 11 14 I5 

PC 03 1 16 PC 07 1 I6 PC( 11) I 16 
MAP.0(13] I 17 MAP .O( 17 1 17 MAP.D ( 21] 1 I7 

PCStLOB-: 25 I AO II AO 11 AO 
PCStLlB-;25 IC Al l_cj Al i_9 Al 
PCHLJB-;H~ A2 g A2 9 A2 tN tN EN 

LOADtH ;7 =r =r ==r 
HAP • D ( I 0 1 2 l ) 
PC(OOlll) 'ADDRESS HULTIPtXIHC roR 1/2 or l!STORE RAM 

C>.LL(OO: 11] 
RrT(OO: 11) 
~~1(00:11) 
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Descri tion AP rovals 

/~, 

(_ '_,· .....-----
ECO Date 

\OS'7A2 { 00: ll) 
A9 All ClO 
U2201 U2205 U2209 UST.A2[00:11) ;23-.., 

ll'1TII rrm: rnrr-
AH 

MAP .Dj_lO 4 10 r1_ MAP .D [14]_ 4 10 5 MAP,0[18_1 4 10 ~- U221S 
PC_lOO 3 Il 6 U!TA2j_OO_l PC 04 3 11 ~-A2[04) PCJ_Oij_ 3 11 6 USTA2_.l08J · 3 3 ORM 

CALL[OO 2 12 CALL 04) 2 12 CALL[08 2 I2 ~ 
llET 00 1 ll RET 04 l Il RE'f [08) l I) USTA2 00 l 16 UST.A2 [OOL 

JMP2 00 151 I4 JMP2 04 1 I4 JMP2[08) l I4 USTA2 01 2 ,v lS us1.A2Jo11 
JMP2 [00) H 15 JMP2 04) 14 15 JMP2[08) 14 15 USTA2 02 3 ,v 14 UST .A2 [02 J 

JMP2 00 l I6 JMP2[04 1 I6 JHP2[08) l I6 USTA2 03 4 13 UST.A2 [03) 
JMP2 00 12 I7 Jl'1P2 [04) l 17 JMP2 {08) 12 11 USTA2 04 s .v 12 UST .A2 [04) 

USTA2 OS 6 ,v ll UST. A2_.l0 SJ.. 
PCSELOB; 25 11 AO ':._! AO l_l AO USTA2 0 6) 7 ~ 10 UST.A2 [06I 
PCSELl8; 25 ~ Al l Al l Al USTA.2 07) 8 ,v 9 UST .A2 [07 J 

PCSEWB;25~ A2 9 A2 9 A2 .____ 
EN !:N EN 

'--T '--T '--T 
AlO A14 Cl2 
U2202 U220 6 U22l0 

r-rnr rmr- 'r '-

MAP .O [ ll 4 ~- MAP .O 15 4 t-1. MAP.DJ_l9 4 ~-
CH 

10 IO 10 U2216 
PC 01 3 Il h..' U!TA2 [Olj PC 05 3 11 6 USTA2j_05J PCJ..09 3 11 6 USTA2j_09_l 

~ CALL 01 2 I2 CALL 05 2 I2 CALL {09 2 I2 
llE'T 01 l Il RET 05 l 13 RETJ_09 l Il USTA2 01 l 1' U!T.A2_LOl_J_ 

Jl'1P2 01 l I4 Jl'1P2 05 l I4 JHP2 {09 1 I4 USTA2 0 9 2 \,-- lS UST. A2 (0 9} 
JMr2 Ol 14 IS JMP2 05 14 I5 Jl'1P2l09 14 IS USTA2 10 3 ,:::::-~~ UST.AHHE 
JMP2 [Ol l 16 JMP2 OS) 1 I6 Jl'1P2 [O 9) 1 16 USTA2 11 4 13 UST.Al ll_l 
JMP2 (01 12 I7 JMP2[05) l~ 17 Jl'1P2 {09) l I1 USTA.l 08 5 .v 12 UST.AllOB) 

USTAl (09 6 ~l t;ST.}.1 [C~ 
PCSEUlB: 25 11 M 1 M 1 AO UST}.l 10 7 .'V' 10 \:ST. Al [ 10_1 
PCSELlB; 25 ~ Al !_cl Al l_Q Al USTA.l [11 8 9 1,;s·r....i [ l lJ 
PCSEWB;25 _L A2 9 A2 9 }.2 

EN EN EN •AJJORESS FOR U!TOR! RD/lrll. 
'----

'--T '----(: ~ 013 
U0805 

~ UST,}.l [08: 11) :23---' 
All Al5 5Hu LOPTJl._1_02_1 11 2>.l 2Y1 t U!TA2J_OOJ_ 
U2203 U2207 LOPTJl.jOl_l 13 2A2 2Y2 7 IJSTA2 01 rrnr- rnrr-i rrm-" LO PTJl._[O 4j_ 15 2A3 2Yl 5 USTA2 02 

JMP2 02 4 IO 5 Jl'1P2[06_l 4 IO ~ JMP2(10) 4 IO ~ LDPTR::_[osI 17 2A4 2Y4 3 USTA2 03) 
JMP2 02 3 Il ~ USTA2j_O 2) JMP2 06) 3 11 6 IJSTA2j_06) JMP2 (l0J_ 3 Il 6 USTA2_llCU 
JMP2 02 2 I2 Jl'1P2 o IT 2 I2 

t'-' JMP2_.ll0 2 12 2C:-
....__USTA1[08:11);2l 

Jl'1P2 02 l Il Jl'1P2 roIT 1 Il JMP2}l0 l 13 l9 
~ 02 ~ I4 RET::_[06 1 I4 RET[lO) l 14 

CALJ.[02) 14 I5 CALL 06} l IS CALL[lO) 14 IS 012 
PCJ_O 2 J l I6 PC 06) l 16 PcI10 l 16 

U221 

MJ.P. 0 12 J 12 I7 MAP.0[16) 1 I7 MllP.0[20) 12 I1 ALS240 
LOPTP. 06 2 lAl l'il 11 U!TA2 04 

PCSELOB-;25 _.g AO 1 AO 1 AO LOPTR 07 17 2>.4 2Y4 h..3 U!TA2 05 
res £LlB-: 25 ___!£ Al ~ Al fC Al LOPTR 08 4 1A2 1Y2 16 USTA2 06 

PCSELJB-;25 _i_ A2 9 A2 9 A2 LOPTR 09 15 2A3 2Y3 h..5 IJST>.2 07 
EN EN EN LDPTR 10 ' ~14 IJSTA2 08 

'--T '--T '----v-' l>.3 lYJ 
I LDPTR 11 13 2>.2 2r2 1 UST>.2 09 

LDPTR 12 • 1A4 1Y4 12 IJSTA2 10 
LOPTR 13 11 2Al 2rl 9 UST>.2 ll) 

A12 C15 
SB1, U2204 U2208 lG- 2C:-

rmr--' rmr- jn>l..._, l l9 
JMP2J_O 3J_ 4 IO ~- JHP2 [07) 4 10 ~ JHP2 [11) 4 IO ~- ENtD.l.DOR-14 
JMP2 Cl l Il h.. 6 U!TA2[03J Jl'1P2 [07} 3 11 6 UST}.2[07) 

::~~tlli-+ Il 6 USTA2j_11 J 
JMP2 [OJ 2 12 

tJ" JMP2 07 2 I2 12 LDPTR[02:13];7 
JMP2 03} l 13 JMP2J_07} l Il ~1(tt)l I3 

RET OJ} ~ I4 RET 07 ~ I4 RET[ l1 l I4 
CALL [ 0 3) l4 I5 CALL[07) 14 I5 CAW.[ 11 14 IS 

PC [ 03 1-Ji I6 PC [07 l 16 PC [ 11) 1 I6 
HAP .D ( 13) 12 17 KJ\P .D [ 17) l I7 ~!1-~ 17 

:~~i~~:~~~; ~ AO 1 AO 1 AO 

Al lC Al lC Al 
res E L.'11-: 25 =:t.: A2 9 A2 9 A2 

EN EN EN 

LO>..:JEN;7 =r =r =r 
Ml\P.0[10:23) 
PC[OO:ll) 
CALL [ 00 1 l l J 
RET[OO:ll} 
JHP2 [00 1 ll} •A!lDllE!S HULTIPEXINC: FOR 1/2 OF USTORE RAM 

a~~ 
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('~---------------(\ ____________ ,..___ ('·-.---
. _) ECO .-------------o_e_s_c_r_i_ti_o_n ______________ ~t----o-a_t_e_l Ao roval! 

*USTORE RAM 

u~- 2100 l'J 22 ,.....- ... /\ : ' : 

A26 A25 826 825 C26 C25 A24 A22 
U2J01 U2302 U2303 U2304 U2305 U2306 U2307 U2JC8 
CY7Cl68 C't7Cl68 C't?Cl 68 CY7Cl68 C't7Cl68 CY7Cl68 C't7Cl68 CY7Cl 68 

r------ r-----1 

~~ AO 16 AO 16 AO 16 AO 16 AO 16 AO 16 AO 16 AO 

~~~:~~till-* Al 17 Al 17 Al 17 Al l 7 Al 17 Al 17 Al 1 7 Al 
A2 18 A2 18 A2 18 A2 18 A2 18 A2 18 A2 18 A2 ----usr:-,:2(03]19 Al 19 Al 19 AJ 19 AJ 19 Al 19 AJ 19 Al 19 AJ 

__ usr.A2~~ A4 1 A4 l A4 l A4 l A4 l A4 l A4 1 A4 
·--~-~-~.:-~lJ~ AS 2 A5 2 AS 2 AS 2 AS 2 AS 2 AS 2 AS 

-~~tfili± A6 3 

"' 
3 A6 3 A6 3 A6 3 A6 3 A6 3 A6 

UST.A2{07 4 A7 4 A7 4 A7 4 A7 4 A7 4 A7 4 A7 4 A7 ----usr:A2 Tc e 1 s AS 5 AB 5 AB 5 AB 5 AB 5 A8 5 A8 5 A8 
UST. A2 { 09 J 6 A9 6 A9 6 A9 6 A9 6 A9 6 A9 ' A9 6 A9 
vST.A2[lOI 7 AlO 7 AlO 7 AlO 7 AlO 7 AlO 7 AlO 7 AlO 7 AlO usr .A2 [ ll J 8 All B All 8 All B All 8 All B All B All B All 

I/00 15 UST. DJ.OOJ_ I/00 15 usT.Dl04l I/00 15 usT.oJoe} I/00 15 UST. DJ.12J. I/00 15 UST.DJ.HJ_ I/00 15 usr.0120} I/00 15 UST. D_l24j_ 1/00 15 UST.DJ.28) 

l/Ol 14 UST.D(Ol) 1/01 14 UST.0(05) I/01 14 UST.0(09) I/01 14 UST.0{13) I/01 14 usT.D (l 7J I/Dl 14 UST.0(21) I/01 14 UST.0(25) I/01 14 UST.D( 29) 

1/02 l J usT.0102} I/02 13 usT.oio6J: I/02 13 usT.0110} I/02 13 UST.0(14} I/02 13 usT.DI18J_ I/02 13 UST.Dl2fi I/02 13 UST.DJ.26J_ 1/02 13 UST .oIJOJ 

1/03 12 UST.DJ.OJJ_ I/OJ 12 UST.DJ_07J_ I/03 12 UST.DJ.llj_ I/03 12 UST.D(l5J. 1/03 12 UST.DJ.19} I/03 12 UST,OJ_23J. I/03 12 usT.01211 l/Ol 12 UST,D[ll)_ 

usr.~~~:~~:\-rr CE- 9 CE- 9 CE- 9 CE- 9 CE- 9 CE- 9 CE- 9 CE-
WE- 11 l!E- 11 l!E- ll l!E- 11 l!E- ll l!E- ll lfE- 11 l!E-I 
L-----J L-----J L-----J '--- '------' '-----' '--- '--------' 

,...-usi.Al{CO:ll] ;21;22 B22 C24 C22 A2l A20 821 820 
U2310 U2311 U2312 U23l 3 U2314 U231S U2316 

CY7C168 
824 

C't7Cl 68 CY7Cl 68 C'!7Cl68 C't7C168 CY7C168 CY7Cl6B ~ 
U2309 

IJST. Al [00 I 16 

"° 
16 AO 1' AO 16 AO l6 AO 16 AO 16 AO 16 AO 

\.:ST.Al~ Al 17 Al 17 Al 17 Al l7 Al 17 Al 17 Al 17 Al _--TsT.Ali o 2 I 18 A2 18 A2 18 A2 18 A2 18 A2 18 A2 lB A2 19 A2 
~_l.9.~.L...l~ Al l9 Al 19 A3 19 A3 1_9-! A) 19 A) 19 A3 19 AJ 
__ :~~!-· ~.~l 04 L..L 1\4 l~-1 A4 1 A4 1 A4 l _ "4 1 A4 1 A4 1 "4 

- ~~~:~:-f*+1 /\5 2 AS 2 AS 2 AS 2 AS 2 AS 2 AS 2 AS 
A6 ) A6 3 A6 ) A6 3 A6 3 A6 3 

"' 
3 A6 

-UST.Al[07)41 A7 4 A7 4 A7 4 A7 4 A7 4 A7 4 A7 4 A7 
~~ A8 5 AB 5 AB 5 A8 5 AB 5 AB 5 AS 5 AB 

U_ST.Al[09) 6 A9 6 A9 6 A9 ' A9 6 A9 6 A9 6 A9 6 A9 
UST.Al {10) 7 AlO 7 AlO 7 AlO 7 AlO 7 AlO 7 AlO 7 AlO 7 AlO 

-~-ST.Al[ll) 8 All 8 All 8 All B All 8 All e All 8 All 8 All 
I/00 15 UST.D_l32J I/00 15 UST.D_l36J I/00 15 UST.D_l40j I/00 15 usT.oIHI I/00 15 usT.DI48I I/00 15 usT.0Is2} I/00 15 UST. D_l56J I/00 15 UST.DJ.6QJ 

I/01 14 UST.DJ.33J_ l/Ol 14 usr.oJ)?l. I/01 14 UST.DJ.4li I/Ol 14 UST.DJ_4SJ. I/Ol 14 UST,DJ49J I/Ol 14 UST.OJ_53J. I/01 14 usT.ols'U_ I/Ol 14 usr.OioJ 

1/02 13 usT.oIHI I/02 13 UST. D..llliI I/02 13 usT.0142} I/02 13 UST.0(46} I/02 13 usT.01so1 I/02 13 UST.Dl54J. I/02 13 usT.oI5e} I/02 13 UST.DJ.6?J 

I /03 12 UST.0[35) I/03 12 UST.0(39) I/03 12 UST.0(43) I/03 12 UST.0(47) I/03 12 UST.D (51) I/03 12 UST.0(55) I/03 12 UST.0(59) I/03 12 UST.D( 63 I 

IJST.CS.01-;4-h- CE- 9 ci:- 9 CE- 9 CE- 9 CE- 9 CE- 9 CE- 9 CE-
WE- 11 l!E- ll l!E- 11 WE- 11 WE- 11 l!E- 11 l!E- 11 WE-

'---- .._____, '--- '-- L--- ...___ '-------' .___ 
C21 C20 
U2317 \12318 

~ UST.A2 (00 :11]: 22 - C't7Cl6B 

UST.Al (00] 16 AO UST.A2 00 16 AO 
UST.Al [01 J 1 7 Al UST .A2 01 17 Al 
UST.Al[02) 18 A2 UST .A2 02 18 A2 

--us;:·Al { O 3 I 19 AJ UST.A2 03 19 Al .__, 
UST.Al {04) l A4 UST .A2 04 l A4 ....... 
UST.Al (05) 2 AS UST.A2 OS 2 AS 

UST.0[00:71) ;24;25 

UST.Al (06j_ 3 A6 UST.A2 (06 3 A6 
;;sr.A1~~ A7 UST .A2j_07 4 A7 

--usr.~u~ AB UST.A2 [08 5 AB 
-~ST.A_l_LO~~ A9 UST.A2J.09 6 A9 

i =-~~~~1Uli ~-- AlO usr.A2I10 7 AlO 
All UST.A2[11J 8 All 

l/00 15 UST.Dj_64j I/00 ~~ 
;/01 H UST.Dj_65J. I/01 ~~ 

i I /02 _l~UST.0[66) I/02 13 UST.D[ 70) 

l /OJ 1-1_2 usT.ol621J l/Ol ~..:.~L2.!1-
·:~~.CS.CC-:4 _J_ CF.- 9 CE-

11 ----·- ________ .l_!__ WE- WE-
L--- '----
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*BUFFERS USED TO RD/WR THE USTORE RAM 
'D D[OO 311 8 ..-- M ' : : 

470 OHM 
1129 1 R2401 2 

VCC B30 
B29 C29 

112 9 U2405 w U2413 C29 U2418 
U2401 33 OHM U2409 33 OHM U2417 33 OHM 

llt.Siq5""' !<tJU IP /IL~.l4!l n,1JD1t'l ALSl4!l R8DiP 

_ _r_,_p___:_QJ~l_2_ AO BO 18 USTD[OOJ 1 16 UST.D[OOJ LD.O[OO) 2 AO BO 18 UST0(32J 1 16 UST.0(32) L0.0(00) 2 AO BO 8 UST0(64) 1 16 UST.0[641 
LD.DIOl) 3 Al Bl 1 7 USTD[Ol) 2 15 UST. D ( 01) LO.D(Ol} 3 Al Bl 17 UST0(331 2 15 UST.D(33} L0.0(01) 3 Al Bl 7 USTD( 65) 2 15 UST.0(65) 

--LD.DT02JT 
112 B2 16 UST0(021 3 14 UST.0(02) LD.0(02) 4 A2 B2 16 USTD( 34 J 3 14 UST.0(34) LD.0(02) 4 112 B2 6 USTD(66} 3 14 UST.0(661 

LJ. DI 0 3 i 5 113 B3 15 USTD ( 03 J 4 13 UST.D[OJJ LD.O(OJJ 5 A3. B3 15 USTD(35} 4 1 J UST.0(35) LO .D [03) 5 113 B3 5 UST0(67} 4 \.r 13 UST.Dl67} 
Lu.DI 0 4 I 6 1\4 B4 14 UST0[04J 5 12 UST.0(04) L0.0[04) 6 114 B4 14 USTO( 36) 5 12 UST.0[36) L0.0[04) 6 114 B4 4 USTD[68} 5 12 UST. D [ 68 J 

~DIOSJ~ AS BS 13 USTD(OSI 6 11 UST.D(OSJ LD.0(05) 7 AS BS 13 USTD[37J 6 11 UST.0[37) LD.0(05) 7 115 BS 3 UST0(69) 6 11 UST.0(69) 
-w--:oTo6i-S 116 B6 12 USTD ( 06 J 7 10 UST.D[06J LD.0(06) 8 A6 B6 2 USTD [ 38 J 7 10 UST.0[38) L0.0(06) 8 116 B6 2 USTD(70) 7 10 UST.D[701 

~-T~~Dr ~-7 I 9 A7 87 11 USTD(071 8 9 UST.0[07) LD.0(07) 9 A7 B7 11 USTD( 39 I 8 9 UST.D(39J LO .D (07) 9 117 B7 11 USTD(71) 8 9 UST.0(71) 

AB OE- AB OE- AB OE-
470 OHM % 

DIR. 245-; 8 _Jl _J9 

l 9 l R2402 2 
1 

B31 -"vv" I vcc C31 
B32 U2406 C32 

U2414 UST245EN00-;4 
U2402 33 OHM 

U2410 
33 OHM 

7iL::>L4-S- R8DTI' 1\L5Zq;;i RBDIP 

__ LD.u_~ AO BO 18 USTD ( 08 J l 16 UST.0(08) LD.0(08) 2 AO BO 18 USTD ( 40) 1 l!._6 UST.D(40J_ 
LD. D ( 0 9 I 3 Al Bl 17 UST0(09J 2 15 UST.0[09) LD.D[09J 3 Al Bl 17 USTD [ 41 J 2 15 UST.D(41) 

~~ A2 82 16 USTO[lOJ 3 14 UST.D(lOJ LO. D ( 10) 4 A2 B2 16 USTD( 42} 3 14 usT.DI42J 
LD. D [ 11 I 5 AJ BJ 5 USTD(ll} 4 13 UST. D [ 11 I LO. 0( 11 l S AJ BJ 15 USTD[ 43) 4 13 UST.0(43) 
LD .D ( 12 I 6 A4 B4 4 USTD[l2J 5 12 UST.D[l2} L0.0[12) 6 114 B4 h 4 USTO( 44 J s ~2 UST.0(44) 
L:J. D 113 I 7 AS BS 13 USTD [ 13 I 6 11 UST.D[l3J L0.0(13) 7 AS BS 13 UST0(45} 6 l!_l UST.0[45) 

_ _i:_? :ilj_l_4_1 _B_ A6 86 12 USTD[l4} 7 10 UST.0(14) L0.0[14) 8 A6 B6 12 USTD[46} 7 10 UST.0[46) 
l.D. D 11 5 I 9 A 7 B7 11 USTO( lSJ 8 9 UST.0(15) LD.0(15) 9 A7 B7 11 USTD( 47} 8 9 UST.D(47) -·-------

AB OE- AB OE-

µ V9 470 OHM 
l U9 l R2403

2 
CJ3 -"VV" vcc A31 
U2407 A32 U241S 

C33 33 OHM 
U2411 

33 OHM 
AL~L4!l U2403 RBDW 7i:LS.< rY RB DTP 

LO .D ( 16) 2 AO BO 1!_8 USTD(l6) l I!_ 6 UST.0(16) LD.0[16) 2 AO BO 18 USTO [ 48 J l 16 UST.0(48) 
LD. D ( 1 7} 3 Al Bl 7 USTO[l7} 2 15 UST.0[17) L0.0(17] 3 Al Bl 7 USTD ( 49 J 2 15 UST.D[49} 
LD .D ( l BJ 4 A2 B2 l 6 USTD [ 18 J J 4 UST.D(lB) LD.0(18) 4 A2 B2 16 USTD[SOJ 3 14 UST.0(50] 
LD. D 11 9} 5 /\3 B3 5 USTD[l9J 4 3 UST.0(19) LD.0[19) 5 113 B3 15 USTD(51] 4 \/ 13 UST.0(51] 
LD. D 12 OJ 6 A4 B4 4 USTD[20) 5 2 UST.0(20) LD.0[20) 6 A4 B4 4 USTD[52J 5 12 UST.0(52) 
LD. D (211 7 AS BS 3 USTD ( 21 J 6 11 UST.D(21) L0.0(21] 7 AS BS 13 USTD(53] 6 11 UST.0(53] 
LC.D(22) 8 A6 B6 2 USTD(22} 7 10 UST.0(22) LO. 0(22 I 8 A6 B6 12 USTD(S4 J 7 10 UST.0[54) 
L;). D ( 2 3 I 9 A7 B7 l l USTD ( 23} 8 9 UST.0(23) LD.0[23) 9 117 B7 11 USTD[SS) 8 9 UST.D(S5) 

AB OE- AB OE-

1 lJ9 470 OHM 
l 1119 l R2 40 42 

A3J ~V' vcc B3J 
U2408 B34 U2416 

AJ3 33 OHM U2 412 33 OHM 
l"\L!i.< l!l U2404 !<tWIP ALSl4!l "lrnJIP~ 

LD. D [ 2 4} 2 AO BO 8 UST0(24) 1 16 UST.0(24) LD.0(24) 2 AO BO 18 USTO( 56) 1 16 UST.0(56) 
LD. D ( 2 5 I J Al Bl 7 UST0[25} 2 5 UST.0[25) LD.0(25] 3 Al Bl 7 USTD(57) 2 15 UST.0(57) 
LD. D ( 2 6 J 4 112 B2 6 UST0[26) J 14 UST. 0 (26 J LD.0(26) 4 A2 B2 16 USTD(58J 3 14 UST.0(58) 

~~ l\3 B3 5 USTD(27) 4 3 UST.0[27] LD.0(27] 5 A3 BJ 5 USTD[ S9} 4 13 UST.0[59) 
Ln.D(28J 6 A4 B4 14 USTD[28J 5 l!._2 UST.0[28) LD.0(28) 6 A4 B4 4 USTD(60) 5 12 UST.0[60) 
LD. DI 2 9) 7 115 BS 3 USTD[29) 6 11 UST. D [ 29) LD.0(29) 7 AS BS 3 USTD ( 61 J 6 ll UST.D[61] 

-~-:E~~ A6 86 2 UST0[30J 7 10 UST.0[30) LD.0(30) 8 A6 B6 12 USTD( 62] 7 10 UST.0(62) 
__ J:"..~D_t}_U _ _J_ A7 B7 l UST0(31} 8 9 UST.D[31} LD.0(31) 9 117 B7 11 USTD(63} 8 9 UST. D ( 63 J 

AO OE- AB OE-
___ _, c UST .0100,71I'"'25 

11 11!9 1 -c;f 9 
D!R./45-:8~ 

'S7/1,)f::-;l 0-; 4 
DIR. 245-: 8 

UST245EN01-:4 

~~~ 
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Cl8 
U2SO 1 

rt75 

:.;:,7 .::171) 4 DO 00 

CS7. C: [ 71 I 00-
Dl 01 

01-
02 US7.D[70J 12 D2 

02-
CS7 .D[70)...!.2_ 03 03 

03-

CP MR 
9 1 

rl75 

CST.D[69J 4 DO OO 

oo-
UST. D [ 68 J Dl 01 

01-
UST .G i 67 J 12 D2 02 

02-
US7. D [ 66 J 13 DJ OJ 

OJ-

CP MR 

9 l 

*USTORF. COMMAND REGISTER 

PCSELOA; 21 
PCSF.LOA-:20;21 
PCSF.LOB;22 
PC SF.LOB-; 22 
PCSF.LlA;20:21 
PCSF.LlA-; 21 
PCSF.LlB; 22 
PCSELlB-; 22 

£21 
U2502 

UST.0(63) 
UST.0(62) 
UST.0(61) 
UST.0(60) 
UST.D(S9) 
UST.D(S8) 
UST.D(S7) 
UST .D(S6) 

UST .D(SS) 
UST.0(54) 
UST ,0(53) 
UST.O(S2J 
UST .0(63] 
UST.0(62) 
UST.0(61] 
UST.0(60) 

UST,O(S9) 
UST.O(S8) 
UST.O(S7] 
UST.D(S6) 
UST .O(SS) 
UST.D(S4) 
UST.O(S3) 
UST.O(S2] 

GND2: 8 

A19 
U2S03 

OO 2 CALL ( 11 I 
Ol 19 CALL(lO) 

02 S CALL(09) 

03 16 CALL(08 

04 6 CALL(07) 
OS lS CALL(06] 

06 
9 CALL(05] 

07 12 CALL(04) 

CLK OE 

DO OO CALL(OJ) 
Dl Ol 19 CALL(02) 

02 02 S CALL(Ol) 

DJ 03 16 CALL 00 

04 04 6 PTRVAL 11 
OS OS lS PTRVAL 10 

06 06 9 PTRVAL(09] 

07 07 12 PTRVAL(OSJ 

CLK OF. 

Al7 
U2505 

DO OO 2 PTRVAL 07 
Ol Ol 19 PTRVAL(06} 

02 02 S PTRVAL(OSJ 

OJ OJ 16 PTRVAL(04] 

04 04 PTRVAL(OJ 

OS OS PTRVAL 02 

06 06 >--9_P_T_RV_AL~_O_l~-il 

07 07 12 PTRVAL(OOJ 

CLK OE 

CALL I 0 0 : 11 ) : 21 : 2 2 
r1a 
U2507 

r175 

UST.0(51) DO QO IOLEl-;5 
IOLEl;S; 12; 19 
P21;5;7 
P21-;6;9;10 
IOLF.2;S;7; 19 
IOLE2-

00-
UST .D (51) Dl Ol 

01-
UST .D (SO J 12 02 02 

02-
UST .D ( 49) 13 DJ OJ HUNG; 3; S; 7; 19 

HUNG-

UST.0(48) 
UST.0(08) 
UST,0(12] 
UST.0(45) 
UST.0(44) 
UST.0(43] 
UST.0(42) 
UST.0(41) 

UST.0(40) 
UST.0(39) 
UST.0(38) 
UST.0(37) 
UST,0(36) 
UST.0(35) 
UST.0(34] 
UST.O(JJJ 

GND2: 8 

03-

HR 

Cl9 
U2SOB 

CLK OE 

11 l 

tJNIMPL;20 
WR.STAT; 18 
ENRECCLK: l 
WLFRMAP; 19 

12 !~~:11: 
CRWL(O:JJ: 19 

Bl 9 
U2S09 

DO OO WFSRC1;19 
Dl Ol WFSRC0;19 
02 02 CRWF ( 5 J 
OJ OJ CRWF ( 4 J 
04 04 6 CRWF(J] 
OS 05 15 CRWF ( 2 I 
06 06 9 CRWF I 1 I 
07 07 12 CRWF(OJ 

CLK OE 

PTRVAL(OO :11] :12; 14;20 

*USTORE COMMAND REGISTER 

UST.0132] 

UST.D(Jl] 

E22 
U2510 

F17S 

DO 00 
00-

UST.D(JOJ 12 02 

01 Ol 
01-
02 
02-
03 MAKEJMP 13 OJ 

03-

Fl 7S 

MAKEJMP;20 00 00 

OST.0(14) 
oo-

UST.0(13) 12 D2 

01 Ol 
01-
02 
02-
03 UST.D(46) 13 DJ 

03-

F175 

UST.0(26] DO OO 

oo-
UST .D (25] Dl Ol 

Ol
UST .D ( 24 J 12 02 02 

02-
UST .D ( 23] 13 DJ OJ 

OJ-

CP 

CRWMCSL-; 19 

CRWACSL-; 19 

CRWCCSL-: 19 
PCSELJB; 22 
PCSELJB-;22 

PCSELJA;21 
PCSELJA-; 21 

ENWRD-;17 

ENREC-;17 
LTCHRD;J;l7 

WM.CSOX-;18 

WA.CSOX-; 18 

WC.CSOX-;18 
W.U;l8 

Fl75 GH13 

UST.D(22) 4 DO OO 

oo-
UST .D (21) Dl Ol 

01-
UST .D (20) 12 02 02 

02-
UST .D ( 19) 13 DJ 03 

03-

WM.0£-;18 

WA.OE-; 18 

WC.OE-;18 

ENOPTOW-; 18 

F.25 
U2514 

Fl75 

UST.0(18) 4 DO OO 

00-
UST .0( 17] Dl 01 

Ol-
UST.0(16] 12 02 02 

02-
UST .0 ( 15) 13 OJ OJ 

03-

F17S 

UST.Dill) DO 00 

UST.Dill) 
00-

UST.0(10) 12 D2 

Dl 01 
01-
02 
02-
03 UST.D(09) 13 OJ 

03-

Fl 75 

UST.0(04) DO 00 
oo-

UST .D (OJ) Dl 01 
Ql-

OST .D (02 J 12 D2 02 

OST.0(47) 13 DJ ~;-
03-

UST.D(07) 

UST.0(06) 

UST.D(05) 

CLK OF. 

C?C:KJ75:1._-·~~~~-~---~-------+-~·>---~~~-~~------~~-4~-~~~~~~--~~-~------+-------~~----~--Dl l ~-:~.~1.!0·7 4; 1 
CND2; 8 

,.... ;J--. '.')... 4 5 
~ ... ' " '· -: -1 F 0 2 

~7'w'>: 4 _6d 
-rn 

U02 0 4 
RESET;l 
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f\ oroval s 

F.NOPW: 18 

ENOPRR-; 17 

ENOPD21-:10 

ENOPD22-: 11 

2 

RRL.WE 

3 3 OHM 
R2501 
1:2 8 

P7RSF.L2: 12 

PTRSELl; 12 

PTRSELO; 12 

LTCHST 
LTCHST-; 20 

Bl8 
U2517 

RRASEL2A: 15 
RRASF.L2B; 15 
RRASF.LlA: 15 
RRASELlB; 15 
RRASELOA; 15 
RRASELOB; 15 
PTRACT1:12 
PiKACTC: 12: lJ; 14 

RP.V: " 
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( 
l ECO Descr~tlon ] Datr. \ 1 Aporova ls 

r l l 

Pl P2 P3 

DIN ROW C DIN ROW B DIN ROW A DIN ROW C DIN ROW B DIN ROW A DIN ROW C DIN ROW B DIN ROW A 

~ cM- o-4 ~P2.NACK-;3 ~vcc o--4 ~GND 33 P2.D(OO] ~vcc 
~ d4 ~ ~ ~GND o-4 ~GND w34 P2.D(Ol] o4-vcc 
~ ~ ~ ~P2.ACK-;3 ~ 3 P2.A(02) ~GND L.I35 P2.D(02) ~vcc 
~ ~BGO ~ ~GND ~ 4 GND ~GND 

0
36 P2.D(03] ~vcc 

&- 7 ~ ~P2.F'PA-;3 o?-J- ~P2.A(03) ~GND 
0

37 P2.D(04) ~VCC 
~ ~BGl ~ ~GND ~ 6 P2.A[04) oJ_GNO 

0
38 P2.D(05) ~vcc 

DU 9 o-b oU ~ O 7 P2.A[05) ~GND 
0

39 P2.D(06) ~vcc 
d4 ~BG2 ~ ~GNO ~ 0

8 P2.A[06) oJ_GND 
0

40 P2.D[07] ~VCC 
~GND 1 oJ-GND ~P2.AS-;8 & 9 GND ~GNO 

0
41 P2.D[08) ~vcc 

cP ~BG3 ~ d.t-GND oU gio P2.A[07) oJ_GND 0:42 P2.D[09) ~vcc 
~ 3 oU-GND ~ oU 011 p 2 • A I 0 8) ~GND 043 P2.D(l0) oU-vcc 
~Pl .SYSRST-;8 ~ d4 ~GND ~GND 0

12 P 2 • A I 0 9 J ~GNO a44 P2.D(ll) ~vcc 
~ ~ ~ a:-:- ~vcc 0

13 P 2 • A [ l 0 ) ~GND 0:45 P2.D(l2) ~vcc 
~ ~ d-t ~GND ~ ~GND ~GNO 46 P2.D(l3) ~VCC 
[~ ~ ~GND ~ ~ [}~~_.A[ll) ~GND 

[}4 7 P2.D(l4) ~vcc ·so ~ ~ ~GND ~ 0
16 P2.A[l2) ~GND 

0
48 P2.D(l5) ~VCC °Bl ~ ~GND & ~ ~ ~GND - 0 49 P2.D(l6] ~vcc °S2 ~ ~ ~GND ~ ~ ~GND 

0
50 P2.D[l7) ~vcc D83 cE- ~GND ~ cE- 19 ~GND [}51 P2.D(l8) ~vcc °S4 cl4-GND 20 ~GND ~ °20 ~GND 

0
52 P2.D(l9) ~vcc °SS ~ r 

1
IACK ~ ~ 

021 
~GND 

0
53 P2.D[20) d-1---vcc oe-6 22 

a:-=- w-54 
~ ~GND ~GND oU ~GND P2.D(21) d-4-vcc °S7 ~GND DU ~P2.SIZE1;8 ~ cM ~GNO w-55 P2.D(22) c#.-vcc DBs ~ ~ ~P2.SIZE0;8 ~ ~ ~GND 
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THIS TABLE INDICATES THE PAGE ON WHICH EACH GATE 1/2 BUFFER ETC. OF A SECTIONED COMPONENT 
IS LOCATED -- THE SECTION REFERS TO THE SECTIONS AS DEFINED BY THE CADROID LIBRARY 

COMP DESIG 
TYPE 

FOO 
FOO 
FOO 
FOO 
FOO 

F02 
F02 
F02 
F02 

F04 

FOB 
FOB 
FOB 
FOB 
FOB 

FlO 
FlO 

F20 
F20 
F20 

F139 
F139 

U0104 
U0114 
U0310 
U0502 
uosos 

U0102 
U0204 
U0303 
U0514 

U0306 

U0107 
U0319 
U0329 
U0414 
Ul203 

UOll 7 
U2007 

U0313 
U0315 
U0612 

U0404 
U0410 

DLY20 U030B 
DLYlO U0309 

SECTION 
0 1 2 

01 01 
01 01 
03 07 
05 05 
12 05 

01 02 
25 25 
03 03 
05 05 

03 03 

01 01 
01 OB 
03 04 
05 05 
05 16 

01 01 
16 16 
04 04 
05 05 

04 06 

01 01 02 27 
17 04 04 03 
27 03 03 03 
04 04 04 04 
12 27 12 13 

01 01 01 
20 20 27 

03 03 
03 03 
06 OB 

04 04 
04 04 

OS 03 05 
03 OS 03 

05 04 

...._~~~~~~~~~~~~~~~~~~~~~~~~~~--' 

vcc 

THIS TABLE PROVIDES MORE INFORMATION ON THE JUMPERS 

CARRERA 
SIRIUS 
WEITEK VDDz4V 
WEITEK VDDaSV 

J0301 
1-2 
3-4 

J0201 

J0302 
1-2 
3-4 

J0501 
1-2 
3-4 

J0101 
1-2 
1-2 

JlBOl 

1-2 
3-4 

COMP 
TYPE 

F74 
F74 
F74 
F74 
F74 
F74 
F74 
F74 
F74 
F74 
F74 
F74 
F74 

Fl12 
F112 
F112 
Fl12 

ALS240 
ALS240 

ALS241 
ALS244 
ALS244 
ALS244 

F240 
F240 

F244 
F244 

Jl802 

1-2 
3-4 

DE SIG 

UOlOB 
U0207 
U0209 
U0307 
U0320 
U0322 
UOSlO 
U0512 
U051B 
U0519 
U0520 
U0524 
U0531 

U0120 
U0121 
U0123 
U052B 

uoBos 
U2114 

U070B 
U09ll 
U0922 
Ul90B 

U0326 
U032B 

U0112 
UOB06 

SECTION 
0 1 

01 
02 
02 
03 
03 
03 
05 
OS 
OS 
OS 
OS 
OS 
OS 

07 
02 

03 
03 
03 
03 
OS 
05 
OS 
05 
OS 
OS 
OS 

01 01 
01 27 
01 01 
OS OS 

OB 22 
21 21 

07 09 
09 09 
09 09 
19 27 

03 03 
03 OB 

01 27 
OB 16 

DEFAULT SETTING 2-15 4-13 6-11 7-10 B-9 (SUS RETRY BOUS TIMEOUT) 

VERSION 0 
VERSION 1 
VERSION 2 
VERSION 3 
VERSION 4 
VERSION 5 
VERSION 6 
VERSION 0 

VCC 

J0701 
1-2 
1-2 
1-2 
1-2 
3-4 
3-4 
3-4 
3-4 

J0702 
1-2 
1-2 
3-4 
3-4 
1-2 
1-2 
3-4 
3-4 

J0703 
1-2 
3-1 
1-2 
3-4 
1-2 
3-4 
1-2 
3-4 
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