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INTRODUCTION TO THE “MMP DATA BOOK”

Advanced Micro Devices is a proven leader in the design
and manufacture of high performance state-of-the-art MOS
VLSI peripheral circuits ... more than a step ahead of the
rest of the industry. Futhermore, AMD offers many of the
popular microprocessors, including the industry standard
iAPX86 family. These powerful microprocessors, when
coupled with the performance of AMD's peripheral circuits,
will bring out the maximum potential of your designs.

Section 2 of the ""MOS Microprocessors and Peripherals
Databook' describes the general purpose peripheral cir-
cuits with generic bus structures allowing easy interface to
any MOS Microprocessor. Peripherals, such as the
Am9516A and Am3517A DMA Controllers, the Am9519A
Interrupt Controller, the Am9513A Counter/Timer, the
Z8530 Serial Communications Controller, and the Z8536
Counter and 170, provide functional enhancements of well-
established, popular, system requirements.

Of special interest are multi-technology chip sets featuring

superior implementation of important peripheral subsys-

tems. These innovative solutions include the Am8052/
8152A CRT Controller chip set, the Am8580/9581 Disk
Controller chip set, and the Am7990/7992A Ethernet
Controller chip set.

A third category of devices integrates specialized functions
onto silicon eliminating the need for large numbers of MSI
chips. These peripherals include the Am9520/AmZ8065
Burst Error Processors, the Am9511A/9512 Arithmetic
Processors, and the NEW Am7970 Compression Expan-
sion Processor. Also included in Section 2 are the
Amg9518/9568/AmZ8068 Data Ciphering Processors, and
" the Z8038/8060 FIFO.

The AMD/Intel Alliance, a 10-year agreement established
in 1981 covering the mutual exchange of complete product
data bases, not only establishes broad multiple sourcing for
the iAPX86 family, but also ensures supplier to supplier
device compatibility. AMD's superior N-channel silicon-gate
processing brings you the industry's first 10MHz 8086 and
80186. Careful attention is paid to high performance - but
not at the expense of compatibility.

_ For additional system performance, there is the 80286
(6MHz and 8MHz) 16-bit microprocessor, featuring virtual
memory, multi-user, and multi-tasking capability and memo-
ry protection. Section 3 describes the iAPX86 family de-
vices available from AMD. Numerous popular peripherals
with 82XX designations complement the iAPX86 family,
including the 8237A, 8232, and 8231A originally designed
by AMD.

- tions.

The popular 8051 family of 8-bit single chip microcompu-
ters is described in Section 4. It includes the 8751H with
internail EPROM and the Am9761H with twice the on-chip
EPROM. Also covered are the 8051AH ROM based MCU
and 8031AH ROM-less MCU with performance to 15MHz.

CMOS versions of the B051AH and 8031AH will be

available in 1985,

The Z8000 Family of microprocessors and peripherals,
described in Section 5, offers high performance, a clean
and regular, minicomputer-like architecture, and efficient
bus structure. Most of the peripherals described in Section
2 are easily compatible with these CPUs.

Section 6 covers well-established more mature 8-bit micro-
processors available from AMD. The Am9080A is function-

ally identical to the BO80A, but offers improved electrical *

parameters and ‘a higher fan-out.

Section 7 details packaging configurations, including the . |:

new Plastic Leaded Chip Carriers (PLCC's) in 28, 44, and
68 lead versions. AMD PLCC's meet JEDEC outlines and
are ideal for high density, low cost surface mount applica-

AMD is committed to innovative, high performance system
solutions using the most appropriate technologies - bipolar,
MOS or CMOS, often combining high complexity MOS
parts with very high speed bipolar devices for an optimized
system solution. Continued introductions ot high perfor-
mance MOS CPU's and microcomputers will be oriented

toward the iAPX86 family with MOS VLSl and CMOS

microprocessors, microcomputers, and peripheral circuits
aimed toward easy interface with not only iAPX86 CPU's
but other popular 16- and 32-bit microprocessors.

AMD's strengths are: innovative systems definitions com-
bined with aggressive circuit design of peripheral functions,
a broad technological base for high-performance semicon-
ductor processing, high volume assembly, innovative pack-
aging techniques, and the best guaranteed quality in the
industry.

Along with bipolar and MOS memories, bipolar micropro- -
cessors, array processors, logic and interface, and innova-

tive telecom circuits, the MOS microprocessors and periph-
eral circuits described in this Data Book are an important
part of this strategy. ’

Other Data Books available from Advanced Micro Devices

cover Bipolar and MOS memories, Bipolar microproces-
sors, Logic and Interface Analog and communications. For
these and other AMD product literature, call AMD Literature
Distribution or your local AMD sales office.
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'FUNCTIONAL INDEX'

Advanced General Purpose Peripherals

Part Number Description '

. Am7970 ‘Compression Expansion Processor .
. Am7990 Local Area Network Controlier for Ethernet

Am7992A Serial Interface Adapter

AmZ8016 DMA Transfer Controller

28030/28530 Serial Communications Controller

28031/28531 Asynchronous Serial Communications Controller

28036/28536 Counter 1/0 ’

28038 FIFO 1/0 Port . f
N 2:“55:&52’81 524/ CRT Controller Chip Set~ General Information

Am8052 Alphanumeric CRT Controller

Am8152/8153A Video System Controller

78060 Buffer Unit and FIFO Expander -

Am9511A Arithmetic Processor

Am9512 Arithmetic Processor -

Am9513A/AmZB073A | System Timing Controller

Am8516A Universal DMA Controller

Am9517A Multimode DMA Controller

Am8518/AmZ8068 Data Ciphering Processor

Am9519A Universal Interrupt Controller

::gggggAmsszv Burst Error Processor

Am9568 Data Ciphering Processor

Am9580 Hard Disk Controller

Am9581 Floppy/Hard Disk Data Separator
IAPX86 Family

Part Number Description

80186 High Integration 16-Bit Microprocessor

80286 High Performance 16-Bit Microprocessor with Memory Management and Protection

8086 16-Bit Microprocessor

8087 Numeric Data Coprocessor

8088 8-Bit Microprocessor CPU

82284 Clock Driver and Ready Interface for iAPX 286 Processors

820288 Bus Controller for the iAPX 286 Processors .

8231A Arithmetic Processor (See the Am9511A in Section 2 for additional specifications.)

8232 Arithmetic Processor (See the Am9512 in Section 2 for additional specifications.)

8237A Multimode DMA Controller

8251/Am9551 Programmable Communication Interface

B8251A Programmable Communication Interface

8253 Programmable Interval/Timer

B8255A Programmable Peripheral Interface

82C55A CMOS Programmable Peripheral Interface

8259A Programmable Interrupt Controller

82C59A CMOS Programmable Interrupt Controller

Refer to page 7-1 for Essential Information on Military Device:




FUNCTIONAL INDEX (Cont.)

Single-Chip Microcomputers

Part Number Description
8051 Family The 8051 Family Datasheet
8051AH/B031AH, . Single-Chip 8-Bit Microcomputer . . ) ) i 1
80C31/80C51 CMOS Single Component 8-Bit Microcomputer
8751H/Am9761H Single-Chip 8-Bit Microcomputer with 4K/8K Bytes of EPROM Program Memory
28000 Family ’ . :
Part Number : - - Description
Z8001/28002 16-Bit Microprocessors L
2Z-Bus/68000 Microprogrammable Bus Translator .
8-Bit Microprocessors ‘
Part Number Description
8080A/AM9080A 8-Bit Microprocessor
8085AH 8-Bit Microprocessor
8155H/8156H 2K SRAM with 1/0 Ports and Timer

1-5 Refer to page 7-1 for Essential Information on Military Devices



MOS Microprocessor Family

Selector Guide o

- MOS Microprocessor Family

. 8085AH-1 S
80286 80186 . 8086/88" Z8001/2" 8085AH-2 68000
Clock Period | 125ns 125ns 200ns 165ns 200ns 100ns
Clock Generator B ' | 82284 On-Chip 8284A 8127 - On-Chip N/A
Arithmetic . " N/A 9511A-1 - 8087 - |9511A-4 - 9511A-4 9511A
Processing Unit . ) . 195121 95121 9512-1 9512
Interrupt . . . 9519A 9519A 8259A-5 9519A-1 | 9519A-4 9519A
Controller 8259A 8259A 8259A-5 ' )
DMA . - 9517A-5 - | 9517A5 8089 - | 8016A - 19517A6 - - 9517A
Controller _ _ | 9516A 9516A 9516A 9516
i | 9517A-5" o
Dynamic Memory ’ 29648 2964B © |2964B 29648 2964B 2964B
Controller - 2968/69/70 2968/69/70 . ' 2968/69/70
Serial 1/0 8251A . 8251A - 8251A . ' |8030A/8031A |B251A 8251A
B8530A/8531A | 8530A/8531A | 8530A/8531A 8530A/8531A | 8530A/8531A
8031A 8031A B8030A/8031A -
Paralle! 1/0 8255A 8255A-5 8255A 8036A 8255A-5 8255A-5
B036A 8036A 8036A . B536A
Counter Timer 1/0 8513A 9513A 9513A 8073 9513A 9513A
8253-5 8253-5 8036A 8253-5 8253
8073 8073 8073 8073
Fifo 11O 8038 8038 8038 8038 8038 8038
8060 8060 8060 8060 8060 8060
Data Ciphering Processor 8068 . 8068 8068 8068 8068 9518
9568 9568 9568 9568 8068
Error Detection and Correction 2960 2960 2960 2960 2960 2960
Burst Error Processor 8065 8065 8065 8065 8065 8065
9520 9520 9520 9520 9520 '] 9520
CRT Controller 8052 8052 8052 8052 N/A 8052
1/0 Processor N/A - |N/A 8089 N/A N/A N/A
R 170 N/A N/A N/A N/A 8155/6-2 N/A
Bus Control/Arbiter 820288 N/A 8288 N/A N/A N/A
Bus Latches 29841-6 29841-6 29841-6 29841-6 29841-6 20841-8
Bus Buffers 29827/28 29827/28 29827/28 29827/28 29827/28 29827/28
Bus Transceivers 29861-4 29861-4 29861-4 29861-4 29861-4 29861-4
EDC Buffers 2961/2 2961/2 2961/2 ) 2961/2 2061/2 2061/2
RAM Drivers 2065/6 2965/6 2965/6 2965/6 2965/6 2965/6
Network Controllers 29380 29380 29380 29380 N/A 29380
7990 7990 . 7990 7990 7990
7991 7991 7991 7991 7991
Compression/Expression Processor 7970 7970 7970 7970 7970 7970
Disk Controller 9580 9580 95680 9580 9580 9580
9581 9581 9581 9581 9581 9581
* 8086 is a trademark of Intel, Inc. " Z8000 is a trademark of Zilog, Inc.

1-6 Refer to page 7-1 for Essentia! Information on Military Devices




INTERFACE SUPPORT PRODUCTS

STANDARD 20-pin PAL FAMILY:*

Part Number Description
AmPAL 16R8 20-pin IMOX Programmable Array Logic Elements
AmPAL 16R6 20-pin IMOX Programmable Array Logic Elements
AmPAL 16R4 20-pin IMOX Programmable Array Logic Elements
AmPAL 16L8 20-pin IMOX Programmable Array Logic Elements
AmPAL 16H8 20-pin IMOX Programmable Array Logic Elements

AmPAL 16LD8

20-pin IMOX Programmable Array Logic Elements

AmPAL 16HD8

20-pin IMOX Programmable Array Logic Elements

HALF-POWER 20-pin FAMILY:*

Part Number

Description

AmPAL 16R8L

20-pin IMOX Programmable Array Logic Elements

AmPAL 16R6L

20-pin IMOX Programmable Array Logic Elements

AmPAL 16R4L

20-pin IMOX Programmable Array Logic Elements

AmPAL 16L8L

20-pin IMOX Programmable Array Logic Elements

AmPAL 16H8L

20-pin IMOX Programmable Array Logic Elements

AmPAL 16LD8L

20-pin IMOX‘Programmable Array Logic Elements

AmPAL -16HD8L

20-pin IMOX Programmable Array Logic Elements

INTERFACE SUPPORT PRODUCTS**

Part Number Description
25182521 8-Bit Comparator
25182535 - 8-Bit Multiplexer for Control Storage
25182536 8-Bit Decoder with Contro! Storage
25152548 Chip Select Address Decoder
Am2960 Cascadable 16-Bit Emror Detection and Correction
Am2961/2962 4-Bit Error Correction Multiple Bus Buffers
Am2964B Dynamic Memory Controller
Am2965/2966 Octal Dynamic Memory Driver with Three-State Output
Am29806 6-Bit Chip Select Decoder
Am29809 9-Bit Equal-to Comparator
Am29818 8-Bit Diagnostics Register
Am29821 10-Bit Noninverting Register
Am29822 10-Bit Noninverting Register
Am29823 9-Bit Noninverting Register
Am29824 9-Bit Noninverting Register
Am29825 8-Bit Noninverting Register
Am29826 8-Bit Noninverting Register
Am29827 10-Bit Bus Driver

*Refer to the Programmable Array Logic Databook for complete product information.
**Refer to the Bipolar Microprocessor Logic and Interface Databook for complete product information.

1-7 Refer to page 7-1 for Essential Information on Mitary Devices
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INTERFACE SUPPORT PRODUCTS

Part Number . Description
Am29828 Co 10-Bit Bus Driver
Am?29833 9-Bit Bidirectional Bus Transceiver
Am29834 9-Bit Bidirectional Bus Transceiver
Am29841 10-Bit Noninverting Latch
Am29842 10-Bit Inverting Latch
Am29843 9-Bit Noninverting Latch
Am29844 9-8it Inverting Latch
Am29845 . 8-Bit Noninverting Latch
Am29846 8-Bit Inverting Latch
Am29853 9-Bit Bidirectional Bus Transceiver
Am29854 9-Bit Bidirectional Bus Transceiver
Am29861 10-Bit Bidirectional Bus Transceiver
Am29862 10-Bit Bidirectional Bus Transceiver
Am29863 9-Bit Bidirectional Bus Transceiver
Am29864 9-Bit Bidirectional Bus Transceiver
AmB120 Octal D-Type Flip-Flop
Am8127 Z8000 Clock Generator
AmB163 Timing, Refresh and EDC Controller
Am8167 Timing, Refresh and EDC Controller
" Ams212 8-Bit 1/0 Port
Am8216 4-Bit Paralle! Bidirectional Bus Driver, Noninverting
Am8224 Clock Generator, 8080A Compatible
* AmB226 4-Bit Parallel Bidirectional Inverting Bus Driver
Am8228 B0OBOA ‘System Controller and Bus Driver
Am8238 8080A System Controller and Bus Driver with Extended IOW and MEMW
Am8286/87 Octal Bus Transceivers
AmB284A Clock Generator & Driver for 8086, 8088 Processors
Am8288 Bus Controller

1-8 Reter to page 7-1 for Essential Information on Military Devic




\ FOREWORD
NUMERIC INDEX
FUNCTIONAL KNOEX
SELECTION ‘GUIDE
NTERFACE SUPPORT PRODUCTS

SECTION 2 ADVANCED GENERAL PURPOSE PERIPHERALS




Advanced General Purpose
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 Am7970

Compression Expansion Processor
: (CEP)

DISTINCTIVE CHARACTERISTICS

o Compression/Expansion of digital two-tone image
data using run-fength and relative address coding.

— Full-duplex capability for simultaneous independent
compression and expansion.

— High-performance 2 to 8 Mbps throughput with a
5-MHz clock.

e Compatible with CCITT recommendations T.4 and T.6
for Group 3 and Group 4 facsimile apparatus.

— One-Dimensional, Modified Huffman Coding with
optional Wraparound Mode.

- Two-Dimensional, Modified READ (MR and MMR)
coding with programmable K-Parameter.

o CPU Bus and optional local Document Store Bus with
on-chip, dual-bus DMA controller.

~ 16-Mbyte physical addressing range on each bus.
o Transparent Mode transfer of unmodified data.

® Programmable paper width up to 16K picture elements
" and programmable top, left, and right margins.

e Optionat Express Mode during compression and
Granularity Mode during expansion.

oL6Lwy

GENERAL DESCRIPTION

The Am7970 Compression/Expansion Processor (CEP)
is a high-performance peripheral which compresses
and expands two-tone bit image data in accordance
with internationally-accepted CCITT recommendations.
These fully image-preserving compression protocols al-
low highly efficient storage and transmission of two-tone
pictures and documents.

The CEP performs Modified Huffman One-Dimensional
Coding or Modified READ Two-Dimensional Coding.
This is compatible with CCITT recommendations T.4 and
T.6 for Group 3 and Group 4 digital facsimile apparatus.
Typical compression of the eight CCITT test documents
is 5x to 50x. (The compression ratio is very dependent on
the document, the compression mode, and the image
resolution.)

The Am7970 has a standard Am8088-like microproces-
sor bus interface for easy implementation. CEP opera-
tion is set by programming internal control registers. CEP
status is available through polled registers; exception

conditions may be signalled using an external interrupt.
The 38 on-chip registers allow very easy and highly
flexible system implementation. After initialization, the
CEP processes data with minimal intervention by the
host processor.

The Compressor and Expander, which operate in full-
duplex, can be independently programmed for One-
Dimensional  encoding/decoding,  Two-Dimensional
encoding/decoding, or Transparent data transfer.

In Two-Dimensional operation, the programmable
K-Parameter defines the number of lines to be en-
coded in each Two-Dimensional coding sequence.
For error-less systems (Group 4), “K=infinity" allows
maximum compression.

Accelerated image processing is supported with a Com-
pressor Express Mode, which compresses only every
“Nth” line (N=1 to 255) and an Expander Granularity
Mode which repeats ea.ch line “N" times (N=1 to 7).

REGISTERS AND
MASTER CONTROL
LOGIC

MH/MR
COMPRESSION
PROCESSOR

CPU
BUS

MH/MR
EXPANSION
PROCESSOR

DOCUMENT
STORE BUS

CPU BUS
CONTROL
LOGIC

DOCUMENT
STORE BUS
CONTROL LOGIC

—

05777B-1

057778
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Document format controls include line length and margins.
Line lengths or document widths of up to 16K picture elements
may be selected. Programmable top, left, and right margins
specify “white space” around image data, supporting normal
margin requirements, and also “windowing,” which is -the
overlaying of multiple image blocks or image blocks and char-
acter blocks.

The Am7970 CEP includes a secondary, local Document Store

bus for optional use in conjunction with the CPU bus. The local

storage buffer is highly desirable within many system ar-
chitectures to optimize CPU bus performance. The CEP can
linearly address up to 16 Mbytes of memory on each bus, for a
total of 32 Mbytes. Starting address, buffer length, and current
address for raw and processed data are stored within internal
registers independently for both the Compressor and the
Expander.

The Am7970 is packaged in a 68-pin LCC or Pin Grid Array
and uses a single +5 V power supply.
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Am7970 oL C
. T_ =
' valid Combinations
i . DOLC.
Device Type —————— .
Compression/Expansion Processor . Am7970 | » z'ec
(CEP) : R
Package Temperature (see Operating Range)

DL - 68-Pin Ceramic LCC
PL - 68-Pin Plastic LCC*
G - 68-Pin PGA*

*Package to be announced. Contact factory.

C — Commercial (0 to ~70 C)

ORDERING INFORMATION
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Pin Number Function Pin Number -~ Function
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A7 DAD2, Hp DA3
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E, At R HLDA
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E1o DA1p Lg DALE
Eyq DAg Lo Ats
Fy Vss
Fa DA;
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Fi1 Vss
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INTERFACE SIGNAL DESCRIPTION
All inputs to the CEP are directly TTL-compatible.

Vee:  +5 Volts
Vss:  Ground

SYSTEM BUS SIGNALS -

CLOCK (Clock, Input)

The Clock signal controls the CEP's internal operations and
determines the rates of its data transfers. It is usually derived .

from a master system clock or the associated CPU clock. The
Clock input accepts a TTL voltage level with a maximum un-
dershoot of —0.5 V. The input signals CS, HLDA, RD, and

. WR can make transitions independent of the CEP clock. On
the input signals READY and DREADY, transitions must meet
set-up and hold requirements relative to the CEP clock, since
these inputs do not contain internal synchronizers. Failure to

meet these timing requirements may resuit in incorrect opera-
tion from the internal state machine with unpredictable conse-
quences. See the timing diagrams for details.
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ﬁ—ﬁ(Read, Input/Qutput, Three-state)

RD is a bidirectional, active-Low, three-state signal. A Low
indicates that the AD,s—~AD,3 bus is being used for a Read Data
Transfer. When the CEP is not in control of the system bus and.
the external system is transferring information from the CEP,
RD is a timing input used by the CEP to move registered data
onto the AD,6—AD,3 bus. The RD cycle from the system should
be completed only after the CEP’s READY output has returned
High. After RD returns to its High state, ADs—AD25 will float.
RD is an output when the CEP is Bus Master (HRQ and HLDA
are both High). The CEP will assert RD Low when data from
Main Memory is required. The CEP strobes this data into its
internal buffers near the Low-to-High transition of RD. During
the first clock period of a RD cycle, ADg—AD2; contain the
upper eight bits of the Main Memory address. Address Lines
Ao—Ass contain the lower 16 bits of the Main Memory address.
These Lower Address Lines are non-multiplexed and remain
active throughout the cycle. The Upper Address Lines are
time-multiplexed with data. The address is defined as valid at
the falling edge of ALE. Data must be valid with respect to RD.
See timing diagrams for details. RD and WR may both be Low
when the CEP is a Bus Slave and CS is High. However, the
CEP will never drive both RD and WR Low together.

WR(Write, Input/Output, Three-state) : .
WR is a bidirectional, active-Low, three-state signal. A Low
indicates that the AD,g—AD,; bus is being used for a Write Data
Transfer. When the CEP is not in control of the system bus and
the external system is transferring information to the CEP, WR
is a timing input used by the CEP to move data from the
AD,s-ADy; bus into its internal registers. The data will be
loaded into the specified register before the CEP’'s READY
output is driven High.This WR cycle from the system should be
completed only after the CEP's READY output has returned
High. After WR returns to its High state, ADs—AD2; will float to
three-state. WR is an output when the CEP is Bus Master
(HRQ and HLDA are both High). The CEP will assert WR Low
when data is to be written into Main Memory. The CEP drives
this data onto its ADs—AD_3 lines near the High-to-Low transi-
tion of WR. During the first clock period of a WR cycle,
AD,s—AD,3 contain the upper eight bits of the Main Memory
address. Address Lines Ag—A,5 contain the lower 16 bits of the
Main Memory address. These Lower Address Lines are non-
multiplexed and remain active throughout the cycle. The Upper
Address Lines are time-multiplexed with data. The address is
defined as valid at the falling edge of ALE. The data is defined
as valid with respect to WR. See timing diagrams for details.

CS(Chip Select, Input)

CS is an asynchronous, active-Low input. A CPU or other
external device uses CS to activate the CEP for reading from
or writing to its internal registers. Once asserted Low, this input
can remain Low until all register accesses have been com-
pleted. Once CS is negated: High, it may not be re-asserted
Low again for at least 100 ns. There are no timing require-
ments between the C§ input and the CEP clock; the CS input
nmmg requirements are only defined relative to the RD and
WR signals. CS is ignored when the CEP is in control of the
system bus.

ALE(Address Latch Enable, Output)

This_active-High signal is provided by the CEP to latch the
address signals AD,s—ADg; into an address latch. This pin is

never floated. ALE is asserted High during address time when
the CEP is Bus Master; otherwise it is Low. Address is defined
as valid prior to the High-to-Low transition of ALE.

HRQ(Hold Request, Output)

Hold Request is an active-High signal used by the CEP to
obtain control of the bus from the system CPU or arbiter. Hold
Request lines from multiple devices may be connected to a
priority encoder. If the HLDA input is High after the HRQ output
has been asserted High, HRQ will remain High until the CEP
has completed a single transfer. After this High-to-Low Transi-
tion, the HRQ signal will remain Low for a minimum of 2 clocks.

HLDA(Hold Acknowledge, Input)

HLDA is an asynchronous, active-High input indicating that the
CPU has relinquished the bus and that no higher priority
device has assumed bus control. Since HLDA is internally
synchronized by the CEP before being used, transitions on
HLDA do not have to be synchronous with the CEP clock. The
HLDA input can be connected to the HLDA output from the
CPU (8086-type), to the output of a priority decoder, or to the
output of some other arbitration device. The HLDA input nor-
mally remains High until the CEP drives the HRQ output Low.

READY(Ready, Input/Output, Three-state)

READY is a synchronous; active-High, three-state, bidirec-
tional signal. READY is used as an input signal when the CEP
is Bus Master. Slow memories may use READY to extend RD
or WR cycles. This is accomplished by negating READY Low
at the appropriate times and thus inserting Wait States until
READY is returned High. READY must be High before Main
Memory data can be accessed by the CEP. Care must be
taken, however, to assure that this signal is synchronized to
the CEP clock and thus meets its set-up and hold require-
ments. Failure to do so can result in unpredictable operation.
READY is used as an output signal when the CEP is Bus
Slave. After CS has been asserted Low by the CPU, READY
will be driven Low by the CEP until it is able to provide or
accept data for the current transaction. Once ready, the CEP
will assert READY High at which time the CPU should com-
plete the current read or write cycle by negating RD or WR.
See timing diagrams for details.

INTR(Interrupt Request, Output)

Interrupt Request is an active-High output used to interrupt the
CPU. It is driven High whenever an exception or termination
condition exists in either the Compressor (if the Compressor
Interrupt Enable bit is set) or Expander (if the Expander Inter-

.rupt Enable bit is set). The INTR line will be resetto Low when

the CPU reads the CEP Master Status. Register or when the
CEP is reset.

RESET(Reset, Input) :

RESET is an asynchronous, active-High input which initializes
the Am7970 to an idle state. This input must be driven High for
at least four clock cycles.

Ao—A; /Ag—A,s (Lower Address Bus, A,—A; are
Input/Output, Ag—A,s are Three-State Outputs)

The Lower Address Bus is a non-multiplexed, bidirectionat (on
the least significant eight address lines, A,—A; only), active-
High, three-state bus used in addressing all system bus /O
and memory transactions. A, is the least significant bit position
and Ay is the most significant bit position.

057778
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When the CEP is not in contro! of the system bus (HLDA Low)
and the CS input is asserted Low, Ap—A; are used as input
address lines 'to access the CEP’s internal registers. (The
CEP's internal registers have been assigned even addresses.)
During this time, the address lines Ag—A,s are ignored by the
CEP. The input addresses on Ay—A; must be valid one set-yp
time before the CS input is driven Low and must remain valid
throughout the register transaction. See timing diagrams for
details.

When the CEP is in control of the main bus (HRQ and HLDA
are High), DMA transactions with the Main Memory will occur.
The presence of valid address .on Ay—A,s is defined by the
falling edge of ALE. During this Master Mode, Ay—As are used
as non-multiplexed output address lines until HRQ is negated

’

Low. After the High-to-Low transition of HRQ, the Ay-A;s lines

will float to a three-state condition.

AD,¢-AD,; (Address-Data Bus, Input/Output, Three-state)
The Address-Data Bus is a time-muitiplexed (in Master Mode
only), bidirectional, active-High, three-state bus used for all

system bus /O and memory transactions. When referring to .

the data cycle on this bus, ADs is the least significant data bit
position and ADy, is the most significant. The presence of a
valid address during Bus Master operations is defined by the
falling edge of ALE and the valid data is defined by the WR and
RD signals; otherwise these lines are floating. The. RD and
WR outputs will return to their inactive- -High levels only after
the READY input has been sampled High. While the CEP RD
output is Low and when the READY input is High, AD;—AD23
must be provided with valid input data from the system. When
the CEP WR output is asserted Low, AD,s—AD,; will be driven
by the CEP with valid output data. The READY input must then
return High to acknowledge receipt of the valid data and to
allow the completion of the WR cycle. When the CEP is acting
as a Bus Slave (HRQ and HLDA Low) and the CS input is
driven Low, AD,g~AD,3 are used stnctly as data lines Dy—D5 .
They behave as input data lines when WR is asserted Low and
as output data lines when RD is asserted Low. At all other
times they are floated to three-state. During Slave Mode oper-
ation, when CS is driven Low, the READY output will be as-
serted Low to signal that the CEP is not ready to complete the
transaction. When the CEP is ready, the READY output will be
driven ngh

DOCUMENT STORE BUS SIGNALS

DRD(Document Store Read, Output, Three-state)

DRD is an active-Low, three-state signal. A Low on this signal
indicates that the DAD,s—DAD,; bus is being used for a Read
Data Transfer. When the CEP does not have a Source or Des-
tination Buffer located on the Document Store bus, this pin is
floated to three-state. DRD is an oufput when the CEP is in
control of the Document Bus. The CEP asserts DRD Low when
data from Document Memory is required. The CEP strobes
this data into its internal buffers near the Low-to-High transi-
tion of DRD. During the first clock period of a DRD cycle,
DAD,c—DAD,; contain the upper eight bits of the Document
Memory address. Address Lines DAy—DAs contain the lower
16 bits of the Document Memory address. These Lower Ad-
dress Lines are non-multiplexed and so remain active through-
out the cycle. The Upper Address Lines are time-multiplexed
between address and data. The address is defined as valid at

the falling edge of DALE. The data is required to be valid with
respect to RD. See timing diagrams for details.”

DWR(Document Store Write, Output, Three-state)

DWR is an active-Low, three-state signal. A Low on this pin
indicates that the DAD,s—DAD; bus is being used for a Docu-
ment Bus Write Data Transfer. When the CEP does not have a
Source or Destination Buffer located on the Document Store
bus, this pin¢ is floated to three-state. DWR is an output when
the CEP is Bus Master. The CEP will assert DWR Low when
data is to be written into Document Memory. The CEP drives
this data onto its' DAD,¢—DAD>; lines near the High-to-Low
trénsition of DWR. During the first clock period of a DWR cycle,
DAD,—-DAD,; contain the upper eight bits of the Document
Memory address. Document Address Lines DAy—DA, s contain
the lower 16 bits of the Document Memory address. These
Lower Address Lines are non-multiplexed and remain active
throughout the cycle. The upper eight Address Lines are time-
multiplexed between address and data. The document ad-
dress is defined as valid at the falling edge of DALE. The data
is defined as valid with respect to DWR. See tlmlng diagrams
for details.

DALE(Document Store Address Latch Enable, Output,
Three-state)

This active-High signat is provided by the CEP to latch the
Document Store address signals DAD;¢—DAD,; into an ad-
dress latch. When the CEP does not have a Source or Desti-
nation Buffer located on the Document Bus this pin is floated to
three-state. DALE is asserted High during address time when
the CEP is Bus Master; otherwise it is Low. Address is defmed
as valid prior to the transition of DALE.

DREADY(Ready, Input, Three-state)

DREADY is a synchronous, active-High, three-state signal. .
DREADY is used as an input signal when the CEP is Bus,
Master. Slow memories may use DREADY to extend DRD or

DWR cycles. This is accomplished by negating DREADY Low

at the appropriate times and thus inserting Wait States until
DREADY is returned High. DREADY must be High before Doc-
umenl Memory data can be accessed by the CEP. Care must
be taken, however, to ensure that this signal is synchronized to
the CEP clock and.thus meets its set-up and hold require-
ments. Failure to do so can result in unpredictable operation.
DREADY may also be useful, in conjunction with transceiver
and control logic, in hardware arbitration schemes on the Doc-
ument Bus. V

DA,-DA,; (Document Store Lower Address Bus, Output
Three-state)

The Document Store Lower Address bus is a non- multiplexed, '
active-High, three-state bus used in addressing all local Docu-
ment Memory transactions. DA, is the least significant bit posi-
tion and DA,s is the most significant bit position.

When the CEP is in control of the Document Store Bus, the
presence of valid address on DA,-DA ;s is defined by the fall-
ing edge of DALE. During this Master Mode, DA,—DA; s will be
used as non-multiplexed output address lines whenever the
Compressor or the Expander is using the Document Store as a
Source or Destination Buffer for the current transaction, other-
wise this bus is floated to three-state.

2-6
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DAs-DA,; (Document Store Upper Address-Data Bus,
Input/Output, Three-state)

The Document Store Upper Address-Data bus is a time-
multiplexed, bidirectional, active-High, three-state bus used for
all local Document Memory transactions. When referring to the
data cycle on this bus, DAD s is the least significant data bit
position and DAD,; is the most significant. The presence of a
valid address during Bus Master operations is defined by the
falling edge of DALE and the valid data is defined by the DWR
and DRD signals; otherwise these lines are floating. The DRD
and DWR outputs will return to their inactive-High levels only
after the DREADY input has been sampled High. While the
CEP DRD output is Low and when the DREADY input is High,
DAD;¢-DAD,; must be provided with valid input data from the
system. When the CEP DWR output is asserted Low,
DAD,s—DAD,; will be driven by the CEP with valid output data.
The DREADY input must then return High to acknowledge
receipt of the valid data and to allow the completion of the
DWR cycle.

REGISTER DESCRIPTION

The diagram shown in Figure 3 illustrates the Am7970 CEP's
internal registers. Tables 1 and 2 list each register along with
its size and access address. Table 3 cross-references these
registers by address.

The state of the Status Register, Master Status Register, and
GO bits after initialization by the RESET input are “0.” The
status of other bits after initialization by the RESET input is not
specified. )

MASTER CONTROL REGISTER
(CMCR/EMCR)

The 8-bit Master Control Register, shown in Figure 4, is used to
specify the desired mode of operation (One- or Two-
Dimensional), the location of the Source and Destination Buf-
fers (Main Memory or Document Store), the Interrupt Enable,
the operation controls (Reset, Single-Line or Multi-Line), and
the initiation of processing (Start or Stop Processing). The
function of each of the Master Control bits is described in the
following paragraphs.

The Least Significant Bit (Bit 0) is called the GO bit. The sys-
tem program initiates compression or expansion operation by
setting this bit to “1.” Once set, the appropriate Status Register
(Compressor Status Register or Expander Status Register) in-
dicates that the selected processor is busy. Upon completion
of the selected operation, this bit is reset to “0" automatically.
Any attempt to load the Compressor Master Control Register
when the Compressor is busy, or the Expander Master Control
Register when the Expander is busy, terminates the selected
processor with the appropriate error bits set in the Compressor
Status Register or Expander Status Register respectively.

24 BIT ADDRESS BUS (INTEANAL BUS)

s ADDRESS
Ao=Ars =7 LATCH

ADDRESS b
LATCH g DAg-DAys

INCREMENTER

T

ADR/DAT ADR/DAT
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WORD COUNT CURRENT ADDRESS
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L. | aooress | 8 INPUT
LaTon ] ] cBunT HoLoING ADDRESS HOLDING BUFFER
4o REGISTER ARRAY REGISTER ARRAY
I NPUT | 8 ROD/WR BUFFER RO/WR BUFFER . ~ DALE
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I I MENT -
MASTER STATUS r ] SD?‘?:E BUS oRo
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s l REG. l 8 l l 8 Logic [o——= DWA
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Table 1. Compressor Register Address Assignments

Size Number of Port

Name (Bits) Bytes Address(es)
Master Status Register (MSR)* 8 1 FE ‘
Compressor Master Control Register (CMCR) 8 1 76
Compressor Parameter Register (CPR) 8 1 74
Compressor Status Register (CSR) 8 1 78
Compressor Express Register (CER) 8 1 68
Compressor Restart Control Register (CRCR) 8 1 48
Time Fill Register (TFLR) ~ 8 1 44
Compressor Wraparound Register (CWR) 16 2 50 (LSB)/52 (MSB)
Left Margin Register (LMGR) 16 2 ' 40 (LSB)/42 (MSB)
Right Margin Register (RMGR) 16 2 60 (LSB)/62 (MSB)
Top Margin Register (TMGR) 16 2 30 (LSB)/32 (MSB)
Compressor. Page Width Register (CPWR} 16 2 70 (LSB)/72 (MSB)
Compressor Source Address Holding Register (CSAHR) 24 3 3A (LSB)/3C/3E (MSB)
Compressor Source Current Address Register (CSCAR) 24 3 OA (LSB)/0C/OE (MSB)
Compressor Destination Address Holding Register (CDAHR) 24 3 4A (LSB)/4C/4E (MSB)
Compressor Destination Current Address Register (COCAR) 24 3 2A (LSB)/2C/2E (MSB)
Compressor Source Count Holding Register (CSCHR) 24 3 14 (LSB)/16/18 (MSB)
Compressor Source Working Count Register (CSWCR) 24 3 04 (LSB)/06/08 (MSB)
Compressor Destination Count Holding Register (CDCHR) 24 3 34 (LSB)/36/38 (MSB)
Compressor Destination Working Count Register (CDWCR) 24 3 24 (L.SB)/26/28 (MSB)
Compressor Source Line Start Address Register (CSLSR) 24 3 5A (LSB)/5C/5E (MSB)
Compressor Destination Line Start Address Register (COLSR) 24 3 6A (LSB)/6C/6E (MSB)

*This register is common to both the compressor and the expander.
Table 2. Expander Register Address Assignments
Size Number of Port

Name (Bits) Bytes Address(es)
Master Status Register (MSR)* 8 1 FE
Expander Master Control Register (EMCR) 3] 1 F6
Expander Parameter Register (EPR) 8 1 F4
Expander Status Register (ESR) 8 1 F8
Expander Restart Control Register (ERCR) 8 1 Cc8
Expander Wraparound Register (EWR) 16 2 DO (LSB)/D2 (MSB)
Expander Page Width Register (EPWR) 16 2 FO (LSB)/F2 (MSB)
Expander Source Address Holding Register (ESAHR) 24 3 " BA (LSB)/BC/BE (MSB)
Expander Source Current Address Register (ESCAR) 24 3 8A (LSB)/8C/8E (MSB)
Expander Destination Address Holding Register (EDAHR) 24 3 CA (LSB)/CC/CE (MSB)
Expander Destination Current Address Register (EDCAR) 24 3 AA (LSB)/AC/AE (MSB)
Expander Source Count Holding Register (ESCHR) 24 3 94 (LSB)/96/98 (MSB)
Expander Source Working Count Register (ESWCR) 24 3 84 (LSB)/86/88 (MSB)
Expander Destination Count Holding Register (EDCHR) 24 3 B4 (LSB)/B6/B8 (MSB)
Expander Destination Working Count Register (EDWCR) 24 3 A4 (LSB)/A6/A8 (MSB)
Expander Source Line Start Address Register (ESLSR) 24 3 DA (LSB)/DC/DE (MSB)
Expander Destination Line Start Address Register (EDLSR) 24 3 EA (LSBY/EC/EE (MSB)

Note: All register addresses are even, the bytes in a register are, therefore, not addressed with contiguous addresses.

*This register is common to both the compressor and expander.

2-8
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Table 3. Am7970 Internal Registers

0 2 4 6 .8 A c E
0 CSWCR (L) CSWCR (M) | CSWCR (H) | CSCAR (L} CSCAR (M) CSCAR (H)
1 CSCHR (L) | CSCHR (M) | CSCHR (H) N
2 CDWCR (L) CDWCR (M) | - CDWCR (H) | CDCAR (L) CDCAR (M) | CDCAR (H)
3 TMGR (L) TMGR (H) CDCHR (L) CDCHR (M) | CDCHR (H) CSAHR (L) CSAHR (M) CSAHR (H)
4 LMGR (L) LMGR (H) TFLR CRCR CDAHR (L) CDAHR (M) | CDAHR (H)
5 CWR (L) CWR (H) CSLSR (L) CSLSR (M) CSLSR (H)
6 RMGR (L) RMGR (H) CER CDLSR (L) | CDLSR(M) | CDLSR (H)
7 CPWR (L) . | CPWR (H) CPR ! CCR CSR . .
8 " ESWCR (L) ESWCR (M) | ESWCR (H) | ESCAR (L) ESCAR (M) ESCAR (H)
9 ESCHR (L) ESCHR (M) ESCHR (H)
A EDWCR (L) EDWCR (M) | EDWCR (H) | EDCAR (L) EDCAR (M) EDCAR (H)
B EDCHR (L) EDCHR (M) EDCHR (H) ESAHR (L) ESAHR (M) | ESAHR (H)
c ERCR EDAHR (L) EDAHR (M) | EDAHR (H)
D EWR (L) EWR (H) ESLSR (L) ESLSR (M) ESLSR (H)
E o ’ " EDLSR (L) | EDLSR (M) EDLSR (H)
F EPWR (L) EPWR (H) EPR ECR ESR ' MSR ’
(L): Low Byte ’
(M): Middle Byte
(H): High Byte
Ag
Address . ,0.{ CMCR
071 EMCR
7 6 5 4 3 2 1 0
I M:C Isc'ocllsl oc |GOI
. 1
Mode Control ——l E Go
00 — Transparent ' 0 — Stop
01 - One Dimensional 1 - Start
10 — Two Dimensional
11 — Reserved " Operation Controt
. 00 — Reset
' Source Control ?(1) - z;:!?il_eLiLr:r;e
0 — Main Memory 11 - Reserved
1 — Document Memory
Y Interrupt Enabl
Destination Control 0 - Disable Interrupts
0 — Main Memory 1 — Enable Interrupts
1 — Document Memory
057778-4 '

Figure 4. Compressor/Expander Master Control Register (CMCR/EMCR)
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Bits 1 and 2 of the Compressor Master Control Register or
Expander Master Contro! Register are collectively referred to
as the Operation Control (OC) bits. Three out of four possible
operations are initiated in this field. The OC bits specify the
desired operation according to the following table:

Bit 2 Bit 1
0OC1 0oco Operation
0 0 RESET '
0 1 SINGLE-LINE
1 0 MULTI-LINE.
1 1 RESERVED
RESET (00)

This operation selectively sets the Compressor or Expander to

the same state generated by a hardware RESET. This flushes

the input queue and clears the contents of the internal working
registers, process control flags and appropriate status register.
It does not clear the user-programmable control registers, the
Compressor Master Control Register, Expander Master Con-

trol Register, Compressor Parameter Register, and Expander -

Parameter Register.

Following a Reset operation, the selected processor is in an
idle state. If resumable operation of the current processing
activity is necessary, the system should not issue a Reset
operation since the clearing of the various registers invalidates
any subsequent Restart operation. On the other hand, the sys-
tem program must issue a Reset operation before starting a
new sequence of events when no resumable operation from
the previous processing is necessary; for example, when the
CEP is going to process a new page. This software RESET
between contexts is necessary to ensure that the input queue
is properly flushed and that the upcoming sequence of opera-
tions is interpreted correctly.

SINGLE-LINE (01)

When Single-Line operation is initiated, one effective line of

data from the Source Buffer is processed before the GO bit in

the Master Control Register is cleared to "0.” Such an event

might be normal or in error. (See Status Register description
for details of error status.) The next line or multiple lines of data
can be restarted from where the preceding Single-Line opera-
tions ended if no errors have occurred. - .

The meaning of “effective line” depends on the mode that has

been selected (One-Dimensional, Two-Dimensional, or Trans- |

parent) and thus, the contents of the appropriate Wraparound
Register (One-Dimensional only) and Page Width Register. If
the Wraparound Register is “0,” the effective line is one scan
line as defined in the Page Width Register. This “effective line”
includes the reference line in Two-Dimensional Mode.

MULTI-LINE (10)

The Multi-Line operation processes data until either the appro-
priate Source Working Count Register (SWCR) or Destination
Working Count Register (DWCR) reaches “0." At this time the
selected processor terminates and the GO bit in the Master
Control Register (MCR) is cleared to "0.” Such an ending
might be normal or in error. (See Status Register description
for details of error status.)

RESERVED (11)

If the Reserved operation is initiated, the CEP terminates with
an illegal operation error in the CSR or ESR, respectively (see
Status Register section).

Bit 3 of the MCR is the Interrupt Enable (IE) bit. When the
processor has terminated an operation, the CEP will interrupt
the CPU if the IE bit is set to “1.” However, if the IE bit is “0,”
interrupts are disabled and the Am7970 will not mterrupt the
CPU.

Bit 4 is the Destination Control (DC) bit and Bit 5 is the Source
Control (SC) bit of the MCR register. This tield specifies the
residency of the Source and Destination Buffers. These control
bits determine the buffer locations for the selected processor
according to the following table: .

Bit5 Bit4 .
SC DC Location
0 0  Source and Destination in Main Memory
0 1 - Source in Main Memory, Destination in
: Document Store
1 .0 Source in Document Store, Destination in
' Main Memory
1 1 Source and Destination in Document Store

Bits'6 and 7 of the MCR are collectively called the Mode Con-
trol Field: MCO corresponds to Bit 6 and MC1 corresponds to
Bit 7. The MC bits specify the desired mode for the selected
processor according to the foIIownng table:

Bit'7 Bit 6 ) .

" MCt - MCO ~ Mode"
0 0 TRANSPARENT
0 : 1 ONE-DIMENSIONAL
1 0 TWO-DIMENSIONAL
1 1 RESERVED

TRANSPARENT (00)

Transparent Mode means that no data modification occurs in
the selected processor; data merely passes through the pro-
cessor via DMA. For example, consider the following: the Code
Buffer is contained in the Document Store and all data
transmissions take place from the Main Memory. Somehow,
facilities must exist to transfer the required information from the
Code Buffer in the Document Store to the Main Memory. By
initiating Transparent Mode operation with the Document Store
as the source and Main Memory as the destination, the proces-
sor can be made to perform the required information transfer in

. the same way as a conventional DMA controller. However, the

effects of the Auto-End-of Line (EOL) insertion feature, Margin
Registers, Wraparound Time Fill, and Express Registers must

" be fully considered before attempting such information moves.

In Transparent Mode, the EOL code always consists of 16 bits
on a byte boundary. -

ONE-DIMENSIONAL (01)

One-Dimensional Mode specifies the standard Modified Huff-
man Code according to CCITT. recommendation T.4. During
this mode of operation, the processor takes into account the
relevant Margin ‘Registérs, Wraparound Register, Express
Register, Page Width, Auto-EOL, and Time Fill features. These
registers are discussed mdwndually under their respective
headings. .

TWO-DIMENSIONAL (10)

Two-Dimensional Mode specifies the standard Modified READ
Code according to CCITT recommendations T.4 and T.6.
During this mode of operation, the processor takes into ac-
count the Page Width, K-Parameter, Margins, Express Mode,
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Auto-EOL, and Time Fill features. The Wraparound feature is
not available with Two-Dimensional coding.

The Two-Dimensional Mode (MC1=1, MC0=0) utilizes both
One-Dimensional and Two-Dimensional processes in conjunc-
tion with the K-Register and the K-Working-Register (not
visible to the CPU). The K-Working-Register is decremented
by one after each compressed line has been processed. If the
K-Register contains “0” (K=infinity), the K-Working-Register
continues to be decremented until the Source Buffer or the
Destination Buffer overflows. Otherwise, the contents of the
K-Register are used to update the K-Working-Register at “K”
intervals.

The Am7970 Expander detects CCITT recommended exteh-

sion codes (including exit codes). The CEP’s response to de-
tected extension codes are as follows:

1) If the three least significant bits of the detected extension .

code are not all “1s,” the Extension Code Detected (ECD)
bit in the Master Status Register is set to *1," the Extension
(EXT) bits in the Master Status Register are loaded with the
three least significant bits of the detected extension code
and the Expander immediately termin'ates.«

2) If the three least significant bits of the detected extension

code are all “1s,” all subsequent data is treated as un-

compressed data until a CCITT recommended exit code is
detected. After a CCITT recommended exit code has been
detected, the CEP resumes its normal Two-Dimensional
Expansion Mode of operations. )

: 2) Each time that the pattern 000001 occurs within the “un-

“Uncompressed data” is passed from the Source Buffer to the
Destination Buffer without being expanded. “Uncompressed
data” that has been written into the Destination Buffer differs
from the Source Buffer data in two ways:

1) Extension code and Exit code will have been removed by
the Expander.

compressed” data, it will be replaced by the pattern 00000.

When the EOL bit within the Expander Parameter Register has
been set to “0,” the uncompressed data will be checked for
errors as it is written into the Destination Buffer.

The Two-Dimensional Expander requires that each scan line
be assigned a specific reference line. The Am7970 requires
that each Two-Dimensional coded scan line use as its refer
ence line the immediately preceding scan line.

RESERVED (11)

If the Reserved operation is initiated, the CEP terminates with
an illegal operation error in the CSR or ESR, respectively (see
Status Register section).

PARAMETER REGISTER (CPR/EPR)

This B-bit register, shown in Figures 5 and 6, contains the
Granularity factor (G-Parameter) for the Expander (used to
repeat G scan lines) and specifies the data format for the Com-
pressor and the beginning of the page attributes, as well as
EOL control. The function of each of the Parameter bits is
described in the following paragraphs.

A7

Address ‘0111‘1,;1

0

7 8 5 4

1
_‘IEOLISAI DFC

EOL Control ——I

0 - Auto EOL
1 - No EOL

L— K-Parameter Bits |

000 = Infinity
001 =1

010
o011
100
-101
110
m

LU T T | W T 1)

Noubswn

- Source Attribution

0 - No Attribution

1 — Attribute First
of Page

057778-5

Data Format Control

00 - Byte Boundaries

01 - Suffix RTC Code

10 — No Byte Boundaries
, 11 — Suffix EOP Code

Figure 5. Compressor Parameter Register (CPR)
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A; Ao
Address |1 [1 [1]1]0oi1 jo]o] EPR
7 6 5 4 3 2 1 L0
T I ] L}
EOL I SA I G I K J
1 1 1 1
R N —— e
|—— K-Parameter Bits
000 = Infinity
001 =1
010 = 2
01 =3
100 =
101 =5
110 =6
111 =7
G-P Bits
000 =0 .
001 =1
010 = 2
011 =3
100=4
101 =5
1M10=6
M =7

Source Attribution

0 = No Special Attribution
1 = Attribute First of Page

05777B-6

EOL Control
0 = Auto EOL
1 = No EOL

"Figure 6. Expander Parameter Register (EPR)

The Am7970 can be used to process (compress) single
page documents that have been digitized as described
below. .

1) A single page document is represented by an érray of
black and white pels.

2) Each row of pels is represented by a row of ones and
zeros, i.e.: .
each white pel = 0
each black pel = 1

3) Abit stream is formed from each row of pels by a scan-
ner that moves from left to right.

4) The first bit each byte of the resulting bit stream is
considered to be the least significant bit (bit 0).

The first bit of each byte of compressed data that is provided by
the Am7970 is considred to be the least significant bit (bit 0).
The first bit of each byte of expanded data that is provided by
the Am7970 compressed data is expanded by the Am7970 a
scanner that moves from left to right is assumed.

Compressor Parameter Bits
Bits 0, 1, and 2 of the Compressor Parameter Register contain
the K-Parameter. The K-Parameter specifies the number of

two-dimensional lines to be encoded or decoded (K-1) with
respect to each one-dimensional line. Values from one to
seven and infinity (code 000) can be selected.

If One-Dimensional coding or Transparent Mode is specified in
the ‘Master Control Register, the selected processor logic
ignores the K-Parameter.

The state of the K-Parameter bits after initialization by the
RESET input is not specified.

Bit 3 in the compressor Parameter Register is reserved.

Bits 4 and 5 of the Compressor Parameter Register are col-
lectively called the Compressed Data Format Control Field
- (CDF), CDFO0 corresponds to Bit 4 and CDF1 corresponds to
Bit 5. The CDF bits specify the desired compressed data for-
mat according to the following table:

Bit 5 Bit 4
CDFi CDF0 Compressed Data Format
0 0 Process on Byte Boundaries
0 1 Suffix Return-to-Control (RTC) Code
1 0  No Byte Boundaries
1 1 Suffix End-of-Page (EOP) Code

0577
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| RTC
v L v
L
DATA DATA DATA
EOL 1st LINE FILL | EOL 2nd LINE FILL | EOL LAST LINE FILL | EOL | EOL | EOL | EOL | ECL | EOL
rr
A PAGE
V: Byte Boundaries Mark
057778-7
Figure 7. G-3 Compressed Data Format
-— EQP —=
v L ! v
DATA DATA DATA DATA N DATA o | eoL PAD
1stLINE | 2nd LINE 3rd LINE | 4th LINE LAST LINE BITS
g = |
A PAGE
V: Byte Boundaries Mark
05777B-8
Figure 8. G-4 Compressed Data Format
Y
Compressed Data Format of the 1-DMode
v v L 4
EOL DATA 1 PAD | EOL DATA 2 PAD | EOL DATA 3 /
v A4 v
/ DATA n PAD | EOL | EOL | EOL | EOL | EOL | EOL
V: Byte boundary mark
05777B-9 PAD: Consecutive any numbers of "0°s (if any)
Figure 9. Byte Boundary Conditioned with Auto EOL and No Time Fill
\ 4 ) \ 2 v
)
EOL DATA 1 PAD | TIMEFILL | PAD | EOL DATA 2 /
{f
Y . Vv v
)]
/ DATA n PAD § TIMEFILL | EOL § EOL | EOL | EOL | EOL } EOL
{
- f
V¥: Byte boundary mark
PAD: 1to 7 "0s (if any)
05777B-10

Figure 10. Byte Boundary Conditioned with Auto EOL and Time Fill 057778
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DATA 1 PAD DATA 2 PAD DATA 3 PAD "DATA 4 f

/ PAD DATA n PAD | EOL | EOL | EOL | EOL | EOL | EOL

05777B-11

Figure 11. Byte Boundary Conditioned without EOL and Time Fill

EOL DATA 1 EOL DATA 2 EOL DATA 3 EOL /

A\ 4 A\ 4

/ DATA n PAD | EOL | EOL | EOL | EOL | EOL | EOL

¥: Byte boundary mark
PAD: 1to 7 “0"s (if any) .

05777B-12

Figure 12. No Byte Boundary Conditioned with Auto EOL and No Time Fill

{ &
0 L
EOL DATA 1 PAD | TIMEFILL | EOL |. DATA2 PAD | TIME FILL .| EOL /

{
7T

v v L 4

. — 7T
- [ DATAN . PAD | TIMEFILL | EOL | EOL | EOL § EOL | EOL | EOL

{
77

057778B-13

Figure 13. No Byte Boundary Conditioned with Auto EOL and Time Fill

DATA 1 DATA 2 DATA 3 DATA 4 ‘DATA 5 /

A 4 : : : A 4
/'DATA n-1 DATA n PAD | EOL | EOL | EOL | EOL EOL EOL

¥: Byte boundary mark
PAD: 1to 7 "0’s (if any)
057778-14

Figure 14. No Byte Boundary Conditioned without EOL and Time Fill 0577

2-14 Refer to page 7-1 for Essential Information on Military Devi




Compressed Data Format of the 2-D Mode

EOL DATA 1 PAD | EOL DATA 2 PAD | EOL DATA 3 PAD

{ DATAn-1 | PAD | EOL DATA n PAD | EOL | EOL | EOL | EOL | EOL | EOL

05777B-15
Figure 15. Byte Boundary Conditioned with Auto EOL and No Time Fill
v v v v v YA 4
- - 7 )
EOL DATA1 PAD | TIME FILL | PAD | EOL DATA 2 PAD | TIMEFILL | PAD
1
\ A v : A 4
7]
/ DATA n PAD | TIMEFILL | PAD | EOL | EOL | EOL | EOL | EOL | EOL
{
9 f=
V. Byte boundary mark
PAD: 1107 "0’s (if any)
1: Byte boundary conditioned with no EQL and no time fill is same as Figure.
05777B-16
Figure 16. Boundary Conditioned with Auto EOL and Time Fill
v
DATA 1 - DATA 2 DATA 3 DATA 4 DATAS /
A 4
/ : DATA n-2 DATA n-1 DATA n EOL | EOL | PAD
05777B-17
Figure 17. No Byte Boundary Conditioned without EOL and Time Fill (G-4)
v
UNCOMPRESSED
EOL DATA 1 EX1 DATA 1 EX2 DATA 1 EOL /
/ EOL | EX1 UNCOMPRESSED DATA n EX2 | EOL /
V: Byte boundary mark
PAD: Consecutive any numbers of *0’s {if any)
EX1t: Extention code (entry code)
EX2: Extension code (exit code)
057778-18

Figure 18. Uncompressed Data Format

057778
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EOL DATA 1 EOL DATA 2 EOL DATA 3

EOL /

EOL DATAN PAD | EOL | EOL eoL | eoL | eoL | eoL

r

057778-19

Figure 19. No Byte Boundary Conditioned with Auto EOL and No Time Fill

T

\ 4

3 )

A 4

EOL

DATA 1

PAD

i}
TIME FILL

EoL

DATA 2

PAD

LGRS
TIME FILL
)\

EOL

) )
LY

AJRS

Yy .,V ' ) 4

ASAY
[ DATA n PAD | TIME FiLL
J )

1r

PAD | EOL | EOL | EOL EOL | EOL

EOL

V: Byte boundary mark

PAD: 1to 7 "0’s (if any}
057778-20

Figure 20. No Byte Boundary Conditioned with Auto and Time Fill

Compressed Data Format of the Transparent Mode
v v v v ] v v

EOL /

PAD | EOL DATA 1 PAD | EOL DATA 2 PAD

EOL | EOL ] EOL | EOL | EOL | EOL

/ DATA n

057778-21

-Figure 21. Byte Boundary Conditioned with Auto EOL and Not Time Fill

N 4 v

T
TIME FiLL PAD | EOL DATA 2 /

{ ¢
3

PAD | EOL DATA 1

\ 4 L v ) v

)T
/ DATA n TIME FILL

4 ¢
17

EOL | EOL | EOL | EOL | EOL | EOL

057778-22

Figure 22. Byte Boundary Conditioned with Auto EOL and Time Fill 0577
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DATA 1

DATA 2

DATA 3 7

DATA n EOL

EOL | EOL | EOL | EOL | EOL

'¥: Byte boundary mark

057778-23

Figure 23. Byte Boundary Conditioned without EOL and Time Fill

Process on Byte Boundaries (00)

With this option, the Am7970 (CEP) is conditioned to end lines
on byte boundaries. In conjunction with this option, if the Auto-
EOL feature is suppressed (no EOL insertion), and if a coded
line does not end on a byte boundary, the Am7970 adds
enough Dummy Fill bits to end a liné on a byte boundary.
These Dummy Fill bits consist of one to seven consecutive
“0s.” If Auto-EOL is enabled, and a coded line-including Time
Fill (if any) plus the EOL code does not end on a byte bound-
ary, the Am7970 adds enough Dummy Fill bits between the
compressed DATA and EOL codes so that the line ends on a
byte boundary. These Dummy Fill bits are also “0Os” and are
not distinguishable from Time Fill bits.

Caution: The Expander Byte Boundary Control Bit is lo-
cated in the Restart Control Register.

Return-to-Control (RTC) Code (01)

The Suffix RTC Code specifies that the Return-to-Contro! code
has six consecutive EOL codes as specified in the CCITT
recommendation T.4. With this option, the Compressor will suf-
fix an RTC code to the end of the terminal scan line. The
Compressor is condmoned to end the RTC code on a byte
boundary.

In normal Multi-Line operation, the RTC code will be suffixed
following the end of the terminal line in which the Compressor
Source Buffer overflow occurs, assuming line processing has
been successfully completed. If a coded line including Time Fill
(if any) plus the RTC code does not end on a byte boundary,
the Compressor adds enough Dummy Fill bits between the
compressed DATA and the RTC code to end the line on a byte
boundary.

When error conditions arise during Multi-Line operation, the
RTC ‘code will not be suffixed. These error conditions are in-
dicated by the Line Processing Incomplete (LPI) bit in the
Compressor Status Register (CSR). These conditions are
resumable because the rest of the coded line (including RTC
code, if any) has been maintained by the Compressor inter-
nally and the suffix RTC command is suspended in the Com-
pressor. If the GO command is issued after the Compressor
Source Buffer or the Compressor Destination Buffer has been
prepared, the Compressor- resumes its previous process from
where it left off. -

For example, when a Compressor Source Buffer over-
flow occurs along with a Compressor Destination Buf-
fer overflow, the processor terminates its operation
- promptly and the RTC code won't be suffixed. As an-
other example, if the Compressor Source Buffer over-
flow has occurred with the Line Processing incomplete
and Wraparound Incomplete (if any), the Compressor
terminates its operauon promptly and the RTC code
‘won't be suffixed.

In normal Single-Line operation, an RTC code will be suffixed
following an end of line when that line's processing is com-
pleted. If a coded fine including Time Fill (it any) and the RTC
code does not end on a byte boundary, the Compressor adds
enough Dummy Fill bits between the compressed DATA and
the. RTC code to end the line on a byte boundary. If the line
processing has not been completed and the Compressor Des-
tination Buffer overflow occurs, the Compressor terminates its
operation promptly and the RTC code won't be suffixed.

As mentioned for Multi-Line operation, cases of error termina-
tion are indicated by the Line Processing Incomplete (LPI) bit
in the Compressor Status Register (CSR). Although the Auto-
EOL feature may be enabled, an EOL code won' be suffixed
following an end of line when the suffix RTC code.is deflned

No Byte Boundaries Control (10}

The No Byte Boundaries Control is the counterpart to the
Process on Byte Boundaries (00) operation. The compressed
data (including the Time Fill and EOL codes, if any) is not
conditioned to end lines on a byte boundary.

For example, if the Auto-EOL feature is suppressed
(no EOL insertion), and a coded line does notend on a
byte boundary, the Compressor holds the excess com-
pressed data beyond the tast full byte boundary (one to
seven bits) in an internal register. Then this remaining
compressed data is combined with the next line of
compressed data without Dummy Fill bits between the
scan lines.

In Multi-Line operation on a Source Buffer overflow or in
Single-Line operation, the Compressor processes the last full
byte of source data but truncates any excess bits (one to
seven) that do not comprise a byte at the end of the terminal
line. In this case, the Compressor will indicate an'error termina-
tion and the LPI bit will be set in the Compressor Status
Register.

217
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If a Compressor destination overflow has occurred, the Com-
pressor terminates its operation promptly and the Compressor
retains the remaining bits of the compressed data in an internal
register. Under these circumstances, processing.may be
resumed by issuing the Compressor Go operation after prepar-
ing the Compressor Source Buffer or the Compressor Destina-
tion Buffer respectively. At this point, the Compressor
combines the excess bits from the point of termination with the
rest of the data to be compressed. -~ ’

As another example, if the Auto-EOL feature is enabled
and a coded line (including the EOL and the Time Fill, if
any) does not end on a byte boundary, the Compressor
retains the excess bits of the EOL code (one to seven)
in an internal register. Then the rest of the EOL code is
combined with the next line of compressed data from
where it left off (i.e., the EOL code won't be conditioned
on a byte boundary).

Transparent Mode operation cannot be specified with the No
Byte Boundaries Control. The Transparent Mode operation is
always conditioned to end a line on a byte boundary, regard-
less of the Byte-Boundary Control bit.

Bit 6 of the Compressor Parameter Register is called the
Source Attribute (SA) bit. When the Source Attribute bit has
been set to “1" with the K-Parameter at infinity, and the EOL bit
is set to "1,” the reference line for the beginning of a page will
be an imaginary all-white line. In other words, all lines will be
processed Two-Dimensionally according to the Group 4 rec-
ommendations. Also, for G4 compatibility, the first line of the
Source Buffer must correspond to the first scan line of a page
with no EOL set, No Byte Boundaries set, in Two-Dimensional
Mode with “K" set to infinity, and with no Time Fill specified.

The SA bit will be sampled by the CEP as a Go operation is
received. This Go operation must be specified only after the
CEP is initialized by the RESET input or the Reset operation,
or in other words, the CEP must be initialized at the beginning
of a page. The SA bit in the Parameter Heglster wili be cleared
automatically after completing the first line of processing.

When the CEP is in a resumable condition in Two-Dimensional
Mode without the K-Parameter set to infinity, and the EOL bit is
set to “0," the processor will ignore the SA bit. If, however, the
SA bitis set to “1” with the EOL bit set to “0,” the processor will
insert or detect a prefixed EOL code at the beginning of a
page.

When the SA bit and EOL bit are both set to “0," the selected
processor will operate without the prefixed EOL code. Thus,
when the ‘SA bit has been set to “1,” the processor Source
Buffer is attributed to the first portion of the page, but if the SA
bit has been set to “0,” the processor fo!lows an ordinary oper-
ation procedure.

Bit 7 of the Compressor Parameter Register is called the EOL
bit.

When the Compressor Parameter Register Bit 7 is set to “0,"
the Compressor will automatically suffix an EOL code o the
end of a compressed line or to the end of a transparent line.
With this option enabled, a compressed line or transparent line
consists of data followed by Time Fill bits (if any) and an EOL
code. This line will end on a byte boundary when the Byte
Boundaries Control is specified; otherwise, it will not.

If this bit is set to “1," such automatic suffixing is suppressed.
With this option enabled, a compressed line will consist of data
only (no Time Fill bits or EOL codes).

~ When Auto-EOL is enabled with the Source Attribute bit in the

Compressor Parameter Register set to “1,” an EOL code will
be prefixed to the first compressed line of the page. This
prefixed EOL code always ends on an exact byte boundary
when in the Transparent Mode because, in this case, it hap-
pens to be 16 bits.

Expander Parameter Bits

Bits 0, 1, and 2 of the Expander Parameter Register contain
the K-Parameter. The K-Parameter specifies the number of
two-dimensional lines to be encoded or decoded (K-1) with
respect to each one-dimensional line. Values from one to
seven and infinity (code 000) can be selected.

If One-Dimensional coding or Transparent Mode is specified in
the Master Control Register, the selected processor logic
ingores the K-Parameter.

The state of the K-Parameter bits after |n|t|allzat|on by the
RESET input is not specified.

Bits 3, 4, and 5 of the Expander Parameter Register are used
to specify the G-Parameter granularity control, G0, G1, and G2
refer 1o Bits 3, 4, and 5 of the Expander Parameter Register
respectively. The following table lists the G-Parameters and
the correspondlng code:

Bit5 Bit 4 Blt 3
G2 Gt G0 G- Parameter
0 0 0 . .0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1. 1 1 7

The G-Parameter is used to specify the number of times that
each scan line (a scan line has been specified by the value in
the Expander Page Width Register) should be duplicated in the
Destination Buffer. For instance, when G=3, each scan line
that is accessed from the Source Buffer and then expanded is
written into-the Destination Buffer a total of four times. Note
that an error condition will exist if the Expander Wraparound
Register (EWR) is not."0". when the G-Parameter is non-zero.-
Such an error would be indicated by the EIC bit in the Expan-
der Status Register. The Expander Wraparound Register, Ex-
pander Source Working Count Register, and Expander
Destination Working Count Register are more fully described in
their separate section of this document.

Bit 6 of the Expander Parameter Register is called the Source
Attribute (SA) bit. When the Source Attribute bit has been set
to “1” with the K-Parameter at infinity. and the EOL bit is.set to,
“1,"-the reference line for the beginning of a page will be an
imaginary all-white line. In other words, all lines will be pro-
cessed Two-Dimensionally according to the Group 4 recom-
mendations. Also, for G4 compatibility, the first line of the.
Source Buffer must correspond to the first scan line of a page
with no EOL set, No Byte Boundaries set, in Two-Dimensional
Mode with “K” set to infinity, and with no Time Fill specified.
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The SA bit will be sampled by the CEP as a Go operation is
received. This Go operation must be specified only after the
CEP is initialized by the RESET input or thé Reset operation,
or in other words, the CEP must be initialized at the beginning
of a page. The SA bit in the Parameter Register will be cleared
automatically after completing the first line of processing.

When the CEP is in a resumable condition in Two-Dimensionat
Mode without the K-Parameter set to infinity, and the EOL bit is
set t0 "0," the processor will ignore the SA bit. If, however, the
SA bitis set to “1” with the EOL bit set to “0,” the processor will
insert or detect a prefixed EOL code at the beginning of a
page.

When the SA bit and EOL bit are both set to “0,” the Expander
will operate without the prefixed EOL code. Thus, when the SA
bit has been set to “1,” the processor Source Buffer is attrib-
uted to the first portion of the page, but if the SA bit has been
set to “0,” the processor follows an ordinary operation
procedure.

The state of the SA bit after initialization by the RESET input is
not specified. ‘

Bit 7 of the Expander Parameter Register is called the EOL bit.

When the Expander Parameter Register Bit 7 is set to “0,” the
Source Buffer data is assumed to contain EOL codes. This
data will be checked for data errors. If the EOL bit is not set to
“0,” the data will not be checked for data errors; error-free data
is assumed.

When the EOL bit is a “1” during the Transparent Mode or the
One-Dimensional or the Two-Dimensional Modes, the Source
Buffer data is assumed to contain no EOL codes and no Time
Fill bits. ’

If the Expander GO bit is set to 1" with the EOL bit set to “1”
and Expander SA bit set to “1,” the Expansion Processor will
start its operation when it has detected an EOL code from the
previous line or prefixed from the beginning of a page, and it

will continue its operation until it detects an ECL code on the
current processing line. When this EOL has been detected, the
Expansion Processor will check that the bit-length of the ex-
panded current line is equal to
L = (EPWR " 8) " (EWR + 1)

Where: EPWR=The value of the Expander Page Width

Register.

EWR =The value of the Expander Wraparound

Register. -
If the current line is not equal to this value, the Expansion
Processor will terminate in an error-state with the DER bit in
the Expander Status Register set to “1.”

Caution: The Expander Byte Boundary Control bit is lo-
cated in the Restart Control Register.

EXPRESS REGISTER (CER)

This 8-bit register specifies how many scan lines to skip before
compressing the next line after the processing of the current
line has been completed.

. Figure 24 illustrates the Express Register. This register is used

to specify (in binary) how many scan lines to skip after
compressing the current line. If this register is loaded with a
“0,” every scan line will be compressed; this is the normal
operating mode. The Compressor logic will not modify this
register during its operation.

If the Express Mode is defined with Two-Dimensional Com-
pression, the current compressed line will become the refer-
ence line for the next compressed line which is located “n”
scan lines below it.

The Am7970 does not allow Wraparound and Express Modes
to be specified simultaneously. If such a condition is specified,
an error status will be indicated. The scan line length is ob-
tained from the Compressor Page Width Register.

A7

Ao

Address o017

10 1io0lofo] cen

057778-24

CER

Figure 24. Compressor Express Register (CER)
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WRAPAROUND REGISTER (CWR/EWR)

Figure 25 shows the Wraparound Register layout. This 16-bit
register is used to specify the number of additional scan lines
that will be grouped into one effective line. This effective line
will be used for encoding and decoding. If the Wraparound
Register is loaded with “0,” then the effective line is identical to
a scan line. This is the normal operating mode.

If this register is loaded with a “1,” two scan lines will make up
an effective line and so on. Wraparound Mode and Express

Mode cannot be used simultaneously, and Wraparound Mode
cannot be specified with Two-Dimensional Compression. Ei-
ther of these conditions will result in an error. The Wraparound
Register is not modified by the selected processor during its
operation. '

LEFT MARGIN REGISTER (LMGR)

Figure 26 shows the Left Margin Register layout. This 16-bit
register is used to specify the width of the left-hand margin. If

Az Ag
[N ] 0j0{0]|0]| CWR,
Address . 011]0 0]0{1[0] CWR |,
1110 0|0|0[0]| EWR
1{110 0|0|1]0]| EWR
15 8 0

WR0
WR1
05777B-25
Figure 25. Compressor/Expander Wraparound Register (CWR/EWR)
A7 Ao
Address 1jo0jo 0‘0‘0|0‘LMGR0
tlofojoj0.1!0" LMGR,
I THIS FIELD MUST CONTAIN ALL ZEROS
15 8 0
1 1 1 1 Ll L T L ¥ i | | 1 I
I 0 o o0 o0 o I
L ke 3 1 1 1 1 1 1 1 1 i L 1
LMGR,
LMGR,
057778-26

Figure 26. Left Margin Register (LMGR)

05777
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the value in the Left Margin Register is “0,” then the originat
scan line will be used with no modification. When the Left
Margin Register is non-zero, the number contained in this reg-
ister specifies the left margin width in bytes.

For example, a “1” in the Left Margin Register means 8
pels of margin. When a compression operation is in-
itiated with the left margin specified, then the Compres-
sor obtains data from the Source Buffer via DMA as
usual. However, the margin specification overrides the

_actual image data and torces the pels to be “white.”
Such overriding continues until the programmed mar-
gin requirements are satisfied. ‘

Compreési_on of the rest of the scan line proceeds as
- usual (see also Right Margin Register). The left margin

is effective in Wraparound and Express Mode and will -

be included in One-Dimensional, Two-Dimensional,
and Transparent Modes of operation.

Hence, if the left margin is specified while using Transparent
Mode to accomplish a transfer of data from the Source Buffer
to the Destination Buffer, the final data in the destination will
differ from the data in the source because of the margin. The
Compressor does not modify the Left Margin Register during
its operation. :

The sum of the left and right margin specificétioris must not be
greater than the paper width specified. This would result in an
error condition.

Bits 11 through 15 of the Left Margin Registér must be set
to “0." .

RIGHT MARGIN REGISTER (RMGR)

Figure 27 shows the Right Margin Register layout. This 16-bit
register is used to specify the width of the right hand margin. If
the value in the Right Margin Register is *0,” the original scan
line will be used with no modification. When the Right Margin
Register is non-zero, the number contained in this register
specifies the right margin width in bytes.

For example, a “1" in.the Right Margin Register means
8 pels of margin. When a compression operation. is.
initiated with the right margin specified, then the Com-
pressor obtains data from the Source Buffer via DMA
as usual. However, the margin specification overrides
the actual image data and forces the pels to be “white.”
Such overriding continues until the programmed mar-
gin requirements are satisfied.

Compression of the rest of the scan line proceeds as .
usual (see also Left Margin Register). The right margin
is effective in Wraparound and Express Mode and is
included in One-Dimensional, Two-Dimensional, and
Transparent Modes of operation.

Hence, if the right margin is specified while using Transparent
Mode to accomplish a transfer of data from the Source Butfer
to the Destination Buffer, the final data in the destination will
differ from the data in the source because. of the margin. The
Compressor does not modify the Right Margin Register during
its operation. ;

The sum of the left and right margin specifications must not be
greater than the paper width specified. This would result in an
error condition.

Bits 11 through 15 of the Right Margin Register must be set to

A7 “Ap
T T T
Address 111]o ofo 00 AmaR
1.1/0,0]0 .1 0 RMGR
THIS FIELD MUST CONTAIN ALL ZEROS
15 87 0
I T ¥ ¥ ¥ ¥ ¥ 1 ¥ ¥ T ] I T
Lo o 0o o o [ l
L. 1 1 1 1 1 1 J d "l 1 L 1 L

RMGRq

05777B-27

RMGR,

Figure 27. Right Margin Register (RMGR)
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TOP MARGIN REGISTER (TMGR)

Figure 28 shows the Top Margin Register layout. This register
is used to specify the top: margin width of ‘a document. If the
Top Margin Reglster is loaded with a “0,” no top margin is
specified.

If the Top Margin Register is non-zero, the number contained
in this register specifies the desired top margin height in incre-
ments of one scan line. When a compression operation is in-
itiated with the top ‘margin specified, then the Compressor
reads data from the Source Buffer via DMA as usual. However,
the top margin specification overrides the data and forces
“white” into the Compressor until the top margin requirements
are satisfied. From then on, the usual compression operation
takes place (also see Left and Right Margin Registers).

Since, by definition, the Top Margin white space is to occur
only once per document, the Compressor logic' decrements
the Top Margin Register by one after processing each scan
line ‘untif it reaches “0”, at which time normal compression
proceeds. '

The top margin is effective in both Wraparound and
Express Modes. However, caution must be exercised
when specifying Express Mode with a top margin since

" the Compressor logic of the Am7970 picks every “Nth”
line (“N" being a function of the Express Register) to
compress in Express Mode. For example, assume that
Top Margin Register specifies "8" and the Express
Register specifies "1.” The Compressor then pro-
cesses every other scan line (scan line 1, 3, etc.) in
accordance with the Express Register specification,
yet the Top Margin is affected by only those scan lines
that were presented to the Compressor. Therefore,
since the Top Margin is assigned to be “8,"” and every
other scan line has been skipped, scan line “17” of the
original picture will be the first coded line with real
picture data on it in this example.

The top margin controls are effective in One-Dimensional,
Two-Dimensional, and Transparent Modes. Hence, considera-

tion must be given to the effects of Top Margin Register when
using Transparent Mode to transfer data from the Source Buf-
fer to the Destination Buffer.

TIME FILL REGISTER (TFLR)

Figure 29 shows the Time Fill Register layout. This 8-bit regis-
ter is used to specify the minimum length of a coded line
expressed in bytes. If the number of bytes in a compressed line
is smaller than this number, Time Fill bits are required. Time
Fill bits will be added to the compressed line such that the sum
of the code bits and Time Fill bits is equal to or greater than the
required line length. Time Fili bits are simply all “0s."’

Specifying “0" in the Time Fill Register means that no time fill is
desired, or in other words, zero minimum length is acceptable.

When the Auto-EOL feature is suppressed, the Am7970 wilt
ignore the time fill requirement; no time fill is inserted. When
the Auto-EOL is enabled and a coded line including Time Fill (if
any) and EOL code does not end on a byte boundary, the
Am7970 will add enough Dummy Fill bits between the com-
pressed data and the EOL code to end the line on a byte
boundary when the Byte Boundary Control has been specified.
Wheri the No Byte Boundaries Control is specified, the
Am7970 Compressor will not condition the Time Fill bits to end
lines on a byte boundary

SOURCE ADDRESS HOLDING REGISTER
(CSAHR/ESAHR)

Figure 30 shows the Source Address Holding Register layout.
This 24-bit register contains the starting address of the Source
Buffer for the selected processor. When a Restart process is
initiated, the ‘Source Address Holding Register provides the
initial value to the working register. The contents of Source-
Address Holding Register are loaded automatically into the
Source Current Address Register whenever the GO bit in the

" Master Control Register is set, in conjunction with the Source -

Address Control bit in the respective Restart Control Register
being “0.” The contents of the Source Address Holding Regis-
ter are not modified by the processor during its operation.

A; Ay
Address ? T 1o olo0 ) 0| TMGRp
OO0yt /10|01 |[0| TMGR,
15 87 0

TMGR,

05777B-28

TMGR,

Figure 28. Top Margin Register (TMGR) -
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: A; : Ao
addess  [o]1]ofJolof1]ofo] tn
7 0
T T T T T T T I
] 1 | i ] ] 1 2
TFR
05777B-29
Figure 29. Time Fill Register (TFR)
A, Aq
ofol1[1|1]|0|1]0]| CSAHRg
0{0|1]1[1}1j0]|0]| CSAHR,
o|lolt1|1|1[1]1]0]| CSAHR,
Address 1]of1][1]1]o|1]0]| ESAHR,
1{o]1|1]1]1]0]|0]| ESAHR,
1101 1 111 1,0 ESAHR;
23 16 15 87 0
[ T 1 T T I T Ll ] 1 T T T 1 T T ¥ T T 1 1 1 I
1 L 1 L 1 1 1 1 i 1 F L 1 1 1 1 1 1 L 1 1
SAHR,
SAHR,
SAHR,
057778-30
Figure 30. Compressor/Expander Source Address Holding Register (CSAHR/ESAHR) 057778
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SOURCE CURRENT ADDRESS REGISTER
(CSCAR/ESCAR)

Figure 31 shows the Source Current Address Register layout.
This 24-bit register provides the current address for all Com-
pressor transactions with the Source Buffer. After each trans-
action this register is incremented by one and will wraparound
through “0" after reaching a maximum value of all “1s.” If the
Source Address Control bit in the selected Restart Control
Register is “0,” the Source Current Address Register will be
loaded from the Source Address Holding Register whenever a
new Go operation is initiated. On the other hand, if the Source
Address Control bit in the Restart Control Register is “1,” the
Source Current Address Register continues from its current
value. :

Two-Dimensional processing requires not only data for the cur-
rent line but also corresponding data from the previous line.
The Am7970 calculates the initial address of the reference line
using the Source Line Start Address Register. From there on,
the address of the reference line will be incremented
appropriately.

DESTINATION ADDRESS HOLDING
REGISTER (CDAHR/EDAHR)

Figure 32 shows the Destination Address Holding Register
layout. This 24-bit register is the counterpart to the Source

Address Holding Register. It specifies the starting address of
the Destination Buffer during Restart operations. The contents
of the Destination Address Holding Register will be automati-
caily transferred into the Destination Current Address Register
whenever the GO bit in the Master Control Register is set in
conjunction with the Destination Address Control bit in the
Restart Control Register being “0.” The Destination Address
Holding Register contents are not modified by the Compressor
during its operation.

DESTINATION CURRENT ADDRESS
REGISTER (CDCAR/EDCAR)

Figure 33 shows the Destination Current Address Register
layout. This 24-bit register is used to obtain the current address
for a transaction with the Destination Buffer. The Am7970
increments the Destination Current Address Register by one
after each transaction and will wraparound through “0" after
reaching a maximum value of all “1s.”

When the Destination Address Contro! bit in the Restart Con-
trol Register is “0,” the Destination Current Address Register
will be loaded from the Destination Address Holding Register
whenever the GO bit in the Master Control Register is set to
“1.” When the Destination Address Control bit is “1,” the Des-
tination Current Address Register will continue from the current
value upon receipt of the Go operation.

Az Ao
olofofo|[1]o]1]0] cscary
olofofo|1]+]0o]0]| cscar,
" Address ofloloflo|t|1[1]0]| cscam,
1lojolof1]o]1]|0o] ESCAR,
1{ololof1|{1]0o|0o] escar,
1lolofof1]1]1]0]| escar,
23 1615 87 0
l L) I ) 1 1 1 1 1 1 L] T T ) 1 T 1 T T ) 1 I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 ' 1
l—-— SCAR,
SCAR,
SCAR,

05777B-31

Figure 31. Compressor/Expander Source Current Address Register (CSCAR/ESCAR)
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o]1]olo]1]0]1]0] COAHRy
ol1lolol1]1]0|o0]| coaHmr,
ol1]0]o[1]1]1]0]| CDAHR,
Address 111]olol1|o]1|0o]| EDAHR,
111 o]o]1]1]0]0] evann
1lv]olol1[1]1]0] eoanr,
23 16 15 87 0

05777B-32

Figure 32. Compressor/Expander Destination Address Holding Register (CDAHR/EDAHR)

A, Ao
o|lol1]ol1]o|1]0]| cocary
o|lo[1|o]1]|1]0]o0]| cocARy
Address o|lojt'oj1]1]1]0]| cocAR, ,
1tloi1|ojolo|1]|0]| EDCARy
1lo|1jo|1]1]0}0]| EDCAR,
1lofr[o]111{1]0, EDCAR,
23 16 15 87 0

"DCAR,

DCAR,

DCAR,

057778-33

Figure 33. Compressor/Expander Destination Current Address Register (CDCAR/EDCAR) 057778
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SOURCE COUNT HOLDING REGISTER
(CSCHR/ESCHR)

Figure 34 shows the Source Count Holding Register layout.
This register is used to specify the Source Buffer length in
bytes. The Am7970 requires that this buffer length be specitied
as a negative number in two's complement form.

The contents of the Source Count Holding Register are loaded
automatically into the Source Working Count Register when-
ever a Go operation is initiated in conjunction with the Source
Count Control bit in the Restart Control Register being “0."

Note: The CSCHR must be loaded with Source Buffer
Length divided by contents of the (Express Register +
“qm), .

SOURCE WORKING COUNT REGISTER
(CSWCR/ESWCR)

Figure 35 shows the Source Working Count Register. This
register is used to keep track of the number of Source Buffer
accesses. Initially, the Source Working Count Register con-
tains a 24-bit negative number in two's complement form
specifying the number of bytes in the Source Buffer. The
Am7970 increments the Source Working Count Register by
one after completing each source transaction. The Source
Overflow (SO) bit in the appropriate Status Register will be set
to “1” immediately after the Source Working Count Register is
exhausted. - .

It must be emphasized that a transaction does not necessarily
mean one access. For example, for Two-Dimensional process-
ing, the Am7970 will access the Source Buffer both for the
current line and for the reference line. Thus, a transaction in
Two-Dimensional will include twice as many Source Buffer ac-
cesses as a One-Dimensional transaction of the same type.

When the last byte of the Source Buffer corresponds to the end
of an effective line, the Am7970 will process this byte and wilt
attempt to store it in the destination and then terminate the
processor. When the Am7970 terminates after storing a fully
processed line successfully (that is, no premature destination
overflow or error status), this is normal operation. Abnormal
termination due to premaiure destination overflow or error
status will be discussed in later sections of this document.

When the last byte obtained from the Source Buffer does not
correspond to the end of an effective line, it means that the
assigned Source Buffer length is less than what is needed by
the Page Width Register and the Wraparound Register, if

. used. In this condition the Am7970 will process the byte and

then terminate abnormally. The Wraparound Incomplete (WPI)
bit and Line Processing Incomplete (LPI) bit in the Status Reg-
ister will reflect the appropriate error termination.

When an operation is initiated with the Source Count Control
bit in the Restart Control Register set to “0,” the Source
Working Count Register obtains its initial value from the
Source Count Holding Register. When this control bit is a “1"
and a Restart operation is initiated, the Source Working Count
Register uses the existing value as the initial value.

DESTINATION COUNT HOLDING REGISTER
(CDCHR/EDCHR)

Figure 36 shows the Destination Count Holding Register. This
24-bit register is used to specify the length (in bytes) of the
Destination Buffer. The buffer. length must be specified as a

.negative number in two’s complement form. The contents

of the Destination Count Holding Register are loaded automati-
cally into the Destination Working Count Register whenever a
Restart operation is initiated with the Destination Count Control
bit in the Restart Control Register set to “0."

The Compressor logic does not modify this register during its
operation.

A; . Ao
0{0|l0|1:0]|1[0]0]| CSCHRg
0|00 |1|0!1]1]0]| CSCHRy
Address ojoj|ol1]|1]0]|0]|0| CSCHRy
1/0[0|1]0|1[0|0} ESCHRg
1]0|0}1]0]1[1]0]| ESCHRy
‘1/0{0|1|t|0f[0]| 0| ESCHR,
23 16 15 87 0
I—L T 1 I I 1 1 Ll I 1 1 i L 1 I T L) T T ) |
1 L 1 1 1 1 1 L 1 1 1 1 1 ] 1 1 i 1 L
|—‘——— SCHR,
‘ .
SCHR;
\
05777B-34 SCHR,

Figure 34. Compressor/Expander Source Count Holding Register (CSCHR/ESCHR)-
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Az Ao
oflolofofe|[1[o]0o] cswenry
olofofofo]1[1]0]| cswer,
o ofoloJo|1]0]|0]|0]| cswch,
1]ololofol1]o]o] Eswcre
1/010(0|0]1|t]O ESWCR| .
1{0(0o{0|t1t[{O0|0|0] ESWCRy
23 16 15 o 87 0
l T T L] L) T 1 1 l 1 RN T T LI l 1 T T 1 T L ]
1 L 1 L L L 1 A 1 i 1 1 . 1 1 1 S B 1 1 1
l—— SWCR,
SWCR,
SWCR,

057778-35
Figure 35. Compressor/Expander Source Working Count Register (CSWCR/ESWCR)
A Ag
ofo]1]1Jo]1]o]0] cochrg
ool a1 1]0]| cocHm,
) ojo{1}1l1]0]0]0| COCHRy
Address 1jol 1] of1]ojol evcHr
1 o1 1011 1 LEJ EDCHR,
10| 1]|1}11{0|0|0]| EDCHRy
23 . 16 15 87 0
L T L LI T ¥ l’ I R L T L) 1 T I T T 1 T l
1 1 1 1 1 . S —t 1 L B I N T )

05777B-36

1 A 1 ] | ] A

l—— DCHR,

DCHR,

DCHR,

Figure 36. Compressor/Expander Destination Count Holding Register (CDCHR/EDCHR)
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DESTINATION WORKING COUNT REGISTER
(CDWCR/EDWCR)

Figure 37 shows the Destination Working Count Register. This
24-bit register is used to keep track of the number of Destina-
tion Buffer accesses. Initially, the Destination Working Count
Register contains a 24-bit negative two’s complement num-
ber specifying how many bytes long the Destination Buffer is.

The Am7970 increments the Destination Working Count Reg-
ister by one after each destination transaction. As soon as the
Destination Working Count Register reaches “0,” the proces-
sor operation will terminate with processor Destination Over-
flow (DO) bit set in the appropriate Status Register. It should be
noted that such a termination might be normal (error-free) or
abnormal.

A normal terrﬁinationloc'curs when the Am7970 is able to trans-
fer a fully-processed line into the Destination Buffer without a
premature destination overflow and the line did not result in an

error such as negative compression. An abnormal termination
due to premature destination overflow will result in an appropri-
ate error status. In this condition the Am7970 will process the
byte and then terminate abnormally. The Wraparound Incom-
plete (WPI) bit and Line Processing Incomplete (LPI) bit in the
Status Register will reflect the appropriate error termination.

When a Restart operation is initiated with the Destination
Count Control bit in the Restart Control Register set to “0,”
then the initial value loaded into the Destination Working Count
Register is obtained from the Destination Count Holding Regis-
ter. However, if this control bit is “1,” the existing value in the
Destination Working Count Register becomes the initial value.

STATUS REGISTER (CSR/ESR)

Figures 38 and 39 show the Status Register layout. This 8-bit
register will indicate the outcome of the last operation initiated.
The following paragraphs contain a detailed description of the
Status Register bits for each processor.

A7 AU
ojol1loflof1]o]o]| cowcry
olof1io|o|1]1]0]| cowcr,
Address ofoj1|o[1]o|o0|o0] cower,
1io|l1lofol1][0o]|o]| ebwcre
1lof1lo|o]1i{1]0]| eowcry
1{of1]o]lt{o]o]o| eowcr,
23 16 15 87 0
T T 1 T T T ) Ll 13 T I T L —I ] LS T ] 1 LD ]
I 1 1 1 1 L 1 1 L Il 1 1 L L 1 1 1 1 1 1 1 1
‘-——— DWCR,
DWCR,
DWCR,

057778-37

Figure 37. Compressor/Expander,Destinationv Working Count Register (CDWCR/EDWCR)
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‘Ay

Ao

Address

FIRRENEN

17010

to Jo] csn

4 3

2 1

LPIL. IWPI l cic [ COA llZCJ

C Busy Bit

0 = Not Busy
1 = Busy

Compressor Source Overflow Bit
0 = Normal .
1 = Source Buffer Overflow

Compressor Destination Overflow Bit ——
0 = Normal . .
1 = Destination Buffer Overflow

7 6 5
l cBY l cso l cool

Line Pr Bit
0 = Normal

1 = Line Processing Incomplete

ing Incc

05777B-38

L—- Negative Compression Bit

Attempted Bit

Compressor lllegal Command Bit

0 = Normal
1 = Negative Compression

Corhpressor Busy and New Operation

0 = Normal

1 = Busy and New Comman,q Agtempted
0 = Normal

1 = lllegal Command

Wraparound Incomplete Bit

0 = Normal
1 = Wraparound Incomplete

Figure 38. Compressor Status Register (CSﬁ)

|
Addre.ss i1 1 1

7 6 5

IjBV I ESO | EDO I LPI ! WPI l EIC I EOA | DER—I

Expander Busy Bit
0 = Not Busy
1 = Busy

Expander Source Overflow Bit
0 = Normal .
.1 = Source Buffer Overfiow

Expander Destination Overflow Bit —
0 = Normal .
1 = Destination Overflow Bit

Line Processing Incomplete Bit

0 = Normal
1 = Line Processing Incomplete

05777B-39

—_— Expander Busy and New Operation

Data Error Bit
0 = Normal
1 = Data Error

Attempted Bit
0 = Normal
1 = Busy and New Command
Attempted Bit

E: der lllegal C d Bit
0 = Normal
1 = lliegal Command

Wrapafound Incomplete Bit
0 = Normal
1 = Wraparound Incomplete

Figure 39. Expander Status Register (ESR)
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Compressor Status Bits
Negative Compression (NGC) bit:

Bit 0 in the Compressor Status Register is set to “1” to indicate
that the process of compressing the current line resulted in
negative compression. This means that the total number of
bytes in the compressed line is more than the number of bytes
contained in the original effective line. The Am7970 checks for
negative compression only after completely processmg an ef-
fective line.

Prepositional EOL (if any) and Dummy Fill (if any) are included
in determining the total number of bytes in a compressed line.
Thus, the NGC indication reflects the effect of prepositional
EOL and Dummy Fill bits in addition to the actual data. The
Am7970 computes the number of bytes contained .in the
original effective line based on the contents of the Page Width
Register and the Wraparound Register (when appropriate).
Negative compression conditions are not checked during
Transparent Mode of operation.

The Am7970 clears the NGC bit to "0” when a new operation is
initiated from the Master Control Register.

Compressor Busy and New Operation Attempted (COA) bit:

Bit 1 in the Compressor Status Register is set to “1” to indicate
that an attempt was made to write a new operation into the
Master Control Register while the Compressor is still busy.

All registers which require user-specification in the Am7970
can be read as well as written by the host CPU. However,
modifying the registers while the Compressor is operating is
not allowed. Hence, the Am7970 will ignore any attempt to
write into a register while the Compressor is busy. However,
any erroneous attempt to write into the Master Control Register
at such times sets the COA bit to “1” and marks the beginning
of a Compressor termination. The actual termination will be
indicated by the Compressor Busy (CBY) bit.

The COA bit will be cleared to “0” when a new operation is
initiated.
Compressor lilegal Command (CIC) bit:

Bit 2 in the Compressor Status Register is setto “1” when the
Compressor is directed to start operating with illegal conditions
present. Any of the following will result in this status indication.

a) The Mode bits (CMO0 and CM1) in the Master Control Regis-

ter specify Two-Dimensional Compression and the Com- .

pressor Wraparound Register is non-zero. In other words,
specifying Two-Dimensional Compression with Wrap-
around Mode is illegal. '

b

The Compressor Express Register and Compressor Wrap-
around Register are both non-zero. In other words, specify-
ing Express Mode and Wraparound Mode together is
illegal.

[+

The sum of the left and right margins represented by the
Left Margin Register and Right Margin Register is greater
than the page width specified in Compressor Page Width

Register. In other words, specifying overlapping margins is

illegal.

The Mode bits (CMO and CM1) or the Control bits (CCO and
CC1) in the Master Control Register specify the reserved
code.

d

-

e) The Compressor Page Width Register has been specified
as “0.”

From the above, it is apparent that the CIC bit is a check on the
set-up conditions in the Compressor before it starts an opera-
tion. When the GO bit is set to “1” (that is, “start Compressor
operation”), the Am7970 will clear the CIC bit to “0” and set the
CBY bit to “1” to indicate busy status. The conditions for CIC
status are then checked. If any illegal condition exists as stated
above, the Am7970 will terminate the operation with the CIC bit
set to “1" and CBY bit set to “0."

The state of this bit is “0" after a new operation is initiated.
Wraparound incomplete (WP1) bit:

Bit 3 in the Compressor Status Register is set to 1" when the
Compressor has terminated prior to successfully compressing
an effective line. This status signifies that the Compressor has
not satisfied the Compressor Wraparound Register require-
ments. The WPI bit being set in conjunction with the LPI bit
gives a detailed indication of the status that exists when the
Compressor is terminated. The setting of this bit marks the
beginning of the Compressor termination. Actual termination
will be indicated in the CBY bit of the Status Register. The WPI
bit is cleared to "0" when a new operation is initiated.

Line Processing Incomplete (LPI) bit:

Bit 4 in the Compressor Status Register is set to “1” to indicate '
that the Compressor terminated without successfully process-
ing a complete line; either a source or destination overflow
occurred prematurely. There are three situations in which this
occurs: -

a) When the last byte obtained from the Source Buffer did not
correspond to the last byte of the page and the Compressor
Source Working Count Register overflowed.

b) When a Compressor Destination Working Count Register
overflowed before the Compression operation reached the
end of a scan line.

¢) When a Compressor Destination Working Count Register
overflowed before a fully compressed line could be stored in
the destination. The term “fully compressed line” includes
EOL (if any), data, Time Fill (if any), and Dummy Fill (if any).

The beginning of Compressor operation termination is marked
by the LPI bit being set. Actual termination wili be indicated by
the CBY bit. -

The LPI bit is cleared to “0” when a new operation is initiated.
Compressor Destination Overflow (CDO) bit:

Bit 5 of the Compressor Status Register is set to indicate that
the Compressor Destination_Working Count Register has
reached “0.” This register is initially loaded with a negative
two's complement value and is incremented after each trans-
action with the Destination Buffer. When the Compressor Des-
tination Working Count Register reaches “0” due to such
incrementing, the CDO bit is set to “1,” which marks the begin-
ning of the Compressor termination process. The actual ter-
mination will be indicated by the CEP clearing the CBY bit to
ug.”

The CDO bit is cleared to "0” when a command is initiated.
Compressor Source Overflow (CSO) bit:
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Bit 6 of the Compressor Status Register is setto “1” to indicate
that the Compressor Source Working Count Register has
reached “0." This register is initially loaded with a negative
two's complement value and is incremented by one after each
Source Buffer transaction. When the CSWCR reaches “0" due
to suich incrementing, source overflow has occurred and the
CSO bit is set to “1.” The Compressor will begin to terminate
its operation after setting the CSO bit. Thus, there will be some
elapsed time between setting the CSO bit and the actual ter-
mination as indicated by the CBY bit.

The CSO bit will be cleared to “0” when a command is initiated.
Compressor. Busy (CBY) bit: o ’

Bit 7 of the Compressor Status Register is set to “1” by the
CEP to indicate that the Compressor is busy. Whenever a new
operation is initiated (that is, the GO bit is set), the CBY will
indicate busy status. The CBY bit will automatically become
“0" when the Compressor terminates its operation. External
access to any of the Am7970 registers is valid only when the
CBY is.“0," indicating “not busy.” Otherwise the Am7970 might
be modifying the registers as part of its normal operation.

If the CIE bit in the Master Control Register is “1,” an interrupt
to the CPU is asserted when the CBY becomes “not busy.”
The CSR bit can be polled by the host CPU for an indication of
the completion of an operation.

Expander Status Reglster bits
Bata Error (DER) bit:

Bit 0 in the Expander Status Register is called the Data Error
(DER) bit. This bit indicates if a data error has been detected in
the current effective line. If Bit 0 is set to “1,” a premature
termination of the Expander results. The address of the er
roneous effective line will be recorded in the Expander Source
Line Start Register. An error exists when the bit-length of an
expanded effective line is not equal to
= (EPWR* 8) * (EWR + 1)
Where: EPWR=The value of the Expander Page Width
Register
EWR =The value of the Expander Wraparound
Register.

An error might have resulted from a hardware tailure or the
inadvertent transformation of a valid Modified Huffman code
word to another bit pattern due to noise. An unrecognizable
code word would be ignored by the Expander. An effective line
that contained an unrecognizable code word would be per
ceived by the Expander as toc short and would cause the DER
bit to be set to “1.” Note that the DER bit will only be set if
the EOL bit in the Expander Parameter Register is set to
Auto-EOL.

The state of the DER bit, aftér a new cbmmand has been
initiated by the the CPU, is “0.”

Expander Busy and New Operation Attempted (EOA) bit:

Bit 1 is called the Expander Busy and New Operation At-
tempted (EOA) bit. This bit is set to “1" when an attempt is
made to write a new command into the Expander Master Con-
trol Register while the Expander is still busy. Once the EOA bit
is set to “1,” the Expander will prematurely terminate and the
Expander Busy (EBY) bit is cleared to “0.”

After command has been initiated by the CPU, the state of the
EOA bit is “0."

Expander lllegal Command (EIC) bit:

Bit 2 is set to “1” to indicate that the Expander was directed to
start operating with any of the following illegal conditions
present.

1) A Two-Dimensional Expansion Mode and a non-zero
Wraparound Register have both been specified.

2) A non-zero Granularity Parameter and a non-zero
Wraparound Register have both been specified.

3) EMO and EM?1 are both specified as “1.”
4) ECO and EC1 are both specified as “1."
5) The EPWR has been specified as “0."

If an Expander command is received when one or more of
these conditions are present, the EIC bit will be set to “1" and
the EBY bit will be cleared to “0.”

After a new command has been initiated by the CPU, the state
of the EIC bit is “0.” .

Wraparound Incomplete (WPI) bit:

Bit 3 is set to “1" to indicate that either the ‘Source Buffer or the
Destination Buffer overfiowed after a complete scan line was
expanded but before an entire effective line could be
expanded.

After a new command has been initiated by the CPU, the state
of the WPI bit is “0.”

Line Processing Incomplete (LPI) bit:

Bit 4 is is set to “1" to indicate that either the Source Buffer or
the Destination Buffer overflowed before an entire scan line
could be expanded and written into the Destination Buffer.

The state of the LPI bit is “0” after a new command has been
initiated by the CPU.

Expander Destination Overflow (EDO) bit:

Bit 5 is set to “1” to indicate that the Expander Destination
Working Count Register has reached “0.” This register is ini-
tially loaded with a negative two's complement value and is
incremented after each transaction with the Destination Buffer.
When the Expander Destination Working Count Register
reaches “0” due to such incrementing, the EDO bit is set to “1.”
Setting of the EDO bit marks the beginning of the Expander
termination process. The actual termination will be indicated by
the CEP clearing the EBY bit to “0."

The state of the EDO bit is “0” after a new command has been
initiated by the CPU.

Expander Source Overflow (ESO) bit:

Bit 6 is set to “1” to indicate that the Expander Source Working
Count Register has reached “0.” This register is initially loaded
with a negative two's complement value and is incremented by
one after each Source Buffer transaction. When the Expander
Source Working Count Register reaches “0" due to such
incrementing, overflow has occurred and the ESO bit will be
set to “1.” The Expander will begin to terminate its operation at
this time. Thus there will be some elapsed time between set-
ting the ESO bit to “1” and the actual Expander termination as
indicated by the EBY bit.
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The state of the ESO bit is “0” aftet a new command has been
initiated by the CPU.

Expander Busy (EBY) bit:

Bit 7 is set to “1” to indicate that the Expander is busy.
Whenever a new operation is initiated, the EBY bitis set to “1.”
When the Expander has completed its operation, the EBY bitis
reset to "0."

PAGE WIDTH REGISTER (CPWR/EPWR)

Figure 40 shows the Page Width Register layout. This 16-bit
register specifies the page width or length of a scan line in
increments of 8 pels. The largest line the Am7970 can handle
is 16K pels long because only 11 of these 16 bits are signifi-
cant. Bits 11 through 15 must be set to “0.”

CCITT recommendation T.4 covers compression and expan-
sion of scan lines no longer than 2560 bits. ‘The Am7970
accommodates larger page widths up to 16K bits by allowing
the use of multiple make-up codes.

Before starting a processor operation, the Am7970 checks the
Page Width Register value against the Left Margin Register
and the Right Margin Register values to ensure that the page
width is greater than or equal to the sum of left and right mar-
gins. When the margin specifications are not consistent with
the page width, the Am7970 will abort after setting the fllegal
Command (IC) bit in the appropriate Status Register to “1.”

The processor logic does not modify the Pagé Width Register
during its operation.

RESTART CONTROL REGISTER
(CRCR/ERCR)

Figure 41 shows the Restart Control Register layout. This 8-bit
register contains control bits for specifying the initial values of
the Source Current Address Register, Destination Current Ad-
dress Reglster Source Working Count Reglster Destination
Working Count Register, Source Line Start Address Register,
and the Destination Line Start Address Register when a new
processor operation is initiated. The following is a detailed
description of the individual bits.

Source Count Contro! (SCC) bit:

When Bit 0 in the Restart Control Register is “0," the contents
of the Source Count Holding Register will be loaded into the
Source Working Count Register when a new operation is in-
itiated. When this bit is “1," such loading will not take place and
the existing contents of the Source Working Count Register will
be used for the new operation.

Source Address Control (SAC) blt

When Bit 1'in the Restart Control Register is "0," the contents
of Source Address Holding Register will be loaded into the
Source Current Address Register when a new operation is
initiated. When this bit is “1,” such loading will not take place
and the existing contents of the Source Current Address Fieg-
ister will be used in the new operation.

Destination Count Control (DCC) bit:

When Bit 2 of the Restart Control Register is “0," the contents
of the Destination Count Holding Register will be loaded into
the Destination Working Count Register when a new operation

A; Ao
ToT170"1 1]o 1 o' cstSRy
0 1 0 1 1 1 0 0 CSLSR, N
Address S0 v 0ttt 0 CSLSRy
"1 1 0 1 1 0 1 0 ESLSRg
{1 1.0 1 1 1 0 0 ESLSR,
L1 4 0 1 1,1 1.0  ESLSR;
23 16 15 87 0
1 1 1 L) 1 T 1 ] 1 1 1 i 1 T 1 1 1 i 1 L ¥ j
I I L i 1 I 1 N - 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SLSR,
SLSR,
SLSR,
05777B-40

Figure 40.Compressor/Expander Page Width Register (CPWR/EPWR)
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Figure 41. Compressor/Expander Restart Control Register (CRCR/ERCR)

is initiated. When this bit is“1,” such loading will not take place

and the existing contents of the Destination Working Count .

Register will be used in the new operation.

Destination Address Control (DAC) bit:

When Bit 3 of the Restart Control Register is “0,” the contents
of the Destination Address Holding Register will be loaded into
the Destination Current Address Register when a new opera-
tion is initiated. When this bit is “1,” such loading will not take
place and the existing contents of the Destination Current Ad-
dress Register will be used in the new operation.

Bit 4 is RESERVED
Expander Byte Boundary Control (BBC) bit:

Bit 5 in the Restart Control Register is the Expander Byte
Boundary Control (BBC) bit. This bit is used to distinguish byte
padding “0s” at the end of a coded line from the starting code
of the next coded line, when the compressed data does not
have EOL codes. f the compressed data was byte-adjusted
withouf EOL codes, this bit should be set to “0.”

When this bit is set to “1,” the Expander will transfer the one to
seven Dummy Fill bits, if incurred after an EOL, into the Des-

tination Buffer, but will keep them in an internal register to be
used in the beginning of the next line.

Source Line Start Address Control (SLC) bit:

When Bit 6 of the Restart Control Register is “0,” the Source
Line Start Address Register will be loaded from either the
Source Address Holding Register or the Source Current Ad-
dress Register depending on whether the Source Address
Controt! bit is “0” or “1” when a new operation is issued. When

- the Source Line Start Address Control bit is “1,” the contents of

the Source Line Start Address Register will not be modified
when a new command is issued.

Destination Line Start Address Control (DLC) bit:

When Bit 7 in the Restart Control Register is “0,” the Destina-
tion Line Start Address Register will be loaded from the Des-
tination Address Holding Register or the Destination Current
Address Register, depending on whether the Destination Ad-
dress Control bit is “0" or “1" when a new operation is issued.
When the Destination Line Start Address Control bit is “1,” the
contents of the Destination Line Start Address Register will not
be modified when a new command is issued.
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SOURCE LINE START ADDRESS REGISTER
(CSLSR/ESLSR)

Figure 42 shows the Source Line Start Address Register
layout. This 24-bit register contains the address of the first byte
of the current effective line in the Source Buffer. This register
will be automatically updated when the Am7970 begins pro-
cessing a new effective line. Thus, if the processor terminated
after a successful completion of Single-Line operation, the
Source Line Start Address Register will still contain the stamng
address of the line that was just completed.

During Multi-Line operations, the Am7970 will automatically
begin processing the next line after successfuily processing
the previous line. In this case, the Compressor logic will always
"load the Source Current Address Register contents into the
Source Line Start Register and then begin processing of the
new line. This operation facilitates resetting the source back to
the beginning of the line in case of a premature termination.
The initial contents (not the updating process) of the Source
Line Start Address Register are determined by the setting of
certain bits in the Restart Control Register. For details of this
operation see the description under the Restart Control Regis-
ter section.

DESTINATION LINE START ADDRESS
REGISTER (CDLSR/EDLSR)

Figure 43 shows the Destination Line Start Address Register
layout. This 24-bit register contains the address of the first byte
of the current line in the Destination Buffer. This register will be
updated automatically when the processor starts a new line.
Thus, if the processor terminates after the successful comple-
tion of a Single-Line operation, the Destination Line Start Ad-

dress Register will still contain the starting address of the line
that was just completed.

During Multi-Line operations, the processor will automatically
begin processing the next line after successful completion of
the previous line. In this case, the Am7970 logic will always
load the Destination Line Start Address Register from the Des-
tination Current Address Register before processing of the line
begins. The Source Line Start Address Register is also loaded
from the Source Current Address Register. Thus, before any
access to the Destination Buffer for the new line, both the
Source Line Start Address Register and the Destination Line
Start Address Register will be updated. The operation will
facilitate resetting the destination back to the beginning of a
line in case of a premature termination.

The initial contents (not the updating process) of the Destina-
tion Line Start Address Register are determined by values
loaded into the Restart Control Register. See the section on
this register for further details.

MASTER STATUS REGISTER (MSR)

Figure 44 shows the Master Status Register layout. This 8-bit
register provides both Expander and Compressor global status
information to the CPU. The following is a detailed description
of the various bits in this register.

Bits 0, 1, and 2 are the Extension (EXT) bits:

When Bit 3 (ECD) is set to “1,” the EXT bits will display the
three least significant extension code bits which have been
detected by the Expander. When the ECD bit is set to “0,” the
Extension bits are cleared, to “0s.” The EXT bits are also
cleared when a new operation is initiated.
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Figure 42. Compressor/Expander Source Line Start Address Register (CSLSR/ESLSR)
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Figure 44. Master Status Register (MSR) 057778
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Bit 3 is the Extension Code Detected (ECD) bit: This bit is set
by the Expander to indicate that an extension code, for which
the least significant three bits are not all "1s,” has been de-
tected. The ECD bit is cleared to “0" after a new operation is
initiated. ;

Bit 4 is the End-of-Page Detected (EOP) bit:

This bit is set by the Expander to indicate that an EOP code,
made up of two contiguous EOL codes, has been detected in
either One- or Two-Dimensional Expansion Mode. The Trans-
parent Mode cannot detect an EOP code.

For example, two contiguous EOL code formats are:

000000000001000000000001  EOL codes for One-
Dimensional or
Group 4

00000000000110000000000011 EOL codes for Two-
' Dimensional or
Group 3

The state of the EOP bitis “0" after a new operation is initiated.
Bit 5 of the Master Status Register is not used.

Bit 6 is the Expander Busy (EBY) bit:
This bit is equivalent to the EBY bit in the Expander Status
Register.

Bit 7 is the Compressor Busy (CBY) bit:
This bit is equivalent to the CBY bit in the Compressor Status
Register.

FUNCTIONAL DESCRIPTION

All CEP operations consist of at least three phases. In the first
phase, the selected processor's registers ‘are initialized to
specify and control the desired operation. In the second phase,
the processing operation itself is started and performed. The
final phase involves terminating the selected processor and
performing any actions that are appropriate to that termination.
These different phases are described in detail in the following
sections.

The Am7970 contains two separate buses—the System.bus

and Document Store bus. All control information exchanges -
between the Am7970 and the host processor take place only.

on the System bus. The Am7970 processes two types of data:
uncompressed or image data and compressed or coded data.
That portion of a memory where image data is held is calted
the Line Buffer. In a system using the Am7970, the Line Buffer
can be located in the host CPU memory (called Main Memory)
or in the Document Store. That portion: of a memory where
compressed data will reside is called Code Buffer. In an
Am7970 system, the Code and Line Buffers can be located in
the Main Memory or the Document Store. When the Am7970
needs data from the Line or Code Buffer located in the Main
Memory, the transfer will take place on the Systembus using
the on-chip DMA facilities of the CEP. When the Am7970
needs data from the Line or Code Buffer located in the Docu-
ment Store Memory, the transfer will take place on the Docu-
ment Store bus.

The Am7970 is equiﬁped with registers to specify the location
of the Line Buffer, its starting address and assigned length, as
well as the location of the Code Buffer, its starting address and
assigned length.

The Am7970 Compressor is completely independent from the
Expander. The Compressor has its own facilities to specify the
Code Buffer and the Line Buffer. The Compressor will take
image data from the Line Buffer and load the resulting com-
pressed data into the Code Buffer. In an Am7970 system, the
Compressor can be operating from its Line and Code Buffers
while the Expander is using its own buffers. Such independent
and simultaneous operation of the Compressor and Expander
is called the full-duplex mode.

The Am7970 Expander will take compressed data from the
Code Buffer for processing and the resulting image data wili be
loaded into the Line Buffer. The source for the expansion
process is the Code Buffer and the destination is the Line

- Buffer. :

For certain images (such as half-tones), the compressed data
representing a line may be longer than the original line of the
image. The Am7970 checks for this condition after compress-
ing a line to alert the host processor of this situation via an
Interrupt and Status Bit.

An End-of-Line (EOL) code may delimit each compressed line

. according to the CCITT recommendation for Group 3 facsimile

apparatus. However, this automatic EOL insertion can be
suppressed by appropriate bit settings of the Am7970
(Group 4).

The CCITT recommendation T.4 for Group 3 equipment re-
quires that each coded line be a certain minimum length. Time
Fill bits will be added by the CEP to a shorter line when neces-
sary to meet this requirement. The Am7970 contains a Time
Fill Register to specify the minimum line lengths (including
zero).

Data is vulnerable to modification by transmission errors.
When such data is expanded, the resulting image will be differ-
ent from the original. The Am7970 checks whether the ex-
panded line has the same number of picture elements as
required by the specified paper width. If there is a discrepancy,
the CPU will be alerted.

INITIALIZATION

The Am7970 has several initialization requirements. Those in-
itialization requirements include:

The Source Buffer definition,

Attribute definition for the Source Buffers,

The Destination Buffer definition,

The restart conditions definition,

The operating mode definition,

The processing mode definition,

Definition of the compressed data format,

The minimum transmission time definition, '
The paper width definition,

The optional function definitions.

The system program should specify certain initial conditions
before starting the operation of the Am7970. The Source Buf-
fer definition requires that the residency of the Source Buffer,
the starting address of the Source Buffer and the capacity of
the Source Buffer be specified. The system program should
load “0” into the Compressor Source Control (CSC) bit/
Expander Source Control (ESC) bit in the Compressor Master
Control Register (CMCR)/Expander Master Control Regis-
ter (EMCR) when a Source Buffer that is located in the Main
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Memory is required. If a Source Buffer that is located in the
Document Store is required, then the system program should
load a “1" into the CSC/ESC bit.

The system program should load a starting address into the ‘

Compressor Source Address Holding Register (CSAHR)/
Expander Source Address Holding Register (ESAHR) and the
Compressor Source Current Address .Register (CSCAR)/
Expander Source Current Address Register (ESCAR).
Also, the system program should load the length (in bytes) of
the Source Buffer into the Compressor Source Count Holding
Register (CSCHR)/Expander Source Count Holding Register
(ESCHR) and the Compressor Source Working Count Register
(CSWCR)/Expander Source Working Count Register
(ESWCR). The length of the Source Buffer has additional re-
quirements that are discussed under the specific Source Reg-
ister sections. The system program should adhere to these
recommendations. The system program must set the Source
Attribute (CSA/ESA) bit in the CPR/EPR Register when_the
CEP will process a new page. More detailed information is
discussed in the sections on the CPR Register and the EPR
Register.

The Destination Buffer definition requires that the residency of
the Destination Buffer, the starting address of the Destination
Buffer, and the capacity of the Destination Buffer be specified.
The system program should load “0” into the Compressor Des-
tination Control (CDC) bit/Expander Destination Control (EDC)
bit in the CMCR/EMCR register when the Destination Buffer is
located in the Main Memory. If the Destination Buffer is located
in the Document Store, the system program should load “1”
into the CDC/EDC bit. The system program should load the
starting address into the Compressor Destination Address
Holding Register (CDAHR)/Expander Destination Address
Holding Register (EDAHR) and Compressor Destination Cur-
rent Address Register (CDCAR)/Expander Destination Current
Address Register (EDCAR). Also, the system program should
load the negative two's complement of the length (in bytes) of
the Destination Buffer into the Compressor Destination Count
Holding Register (CDCHR)/Expander Destination Count Hold-
ing Register (EDCHR) and the Compressor Destination
Working Count Register (CDWCR)/Expander Destination
Working Count Register (EDWCR). The length of the Destina-
tion Buffer has some conditions that are are discussed in the
specific sections which cover the Destination Registers and
the system program should adhere to those recommendations.

The system program should load any Restart information into
the Compressor Restart Control Register (CRCR)/Expander
Restart Control Register (ERCR). The system program should
follow the recommendations of the Restart Control Register
section. The system program must specify a compressed data
format by the Data Format Control (DFC) bits in the Compres-
sor Parameter Register (CPR). This is discussed in more detail
in the description of the CPR Register.

The system program should load the operating mode into the
Compressor Master Control Register (CMCR)/Expander Mas-
ter Control Register (EMCR). The system program should fol-
low the recommendations of the Mode Control section under
the Master Control Register description. Also the system pro-
gram shouid load the operation control into the CMCR/EMCR,
the minimum transmission condition into the Time Fill Register

(TFLR) and the horizontal resolution into the Compressor
Page Width Register (CPWR)/Expander Page Width Register
(EPWR).

The definitions consist of eleven different functions. These
functions are called:

Optional Auto-EOL
Optional byte boundary control
Wraparound
Express

Top Margin

Left Margin

Right Margin
Bottom Margin
K-Parameter
G-Parameter
Interrupt Enable

The system program should load the Auto-EOL option into the
AEOL bit in the Compressor Parameter Register (CPR). If the
automatic insertion of an EOL code is required, the syétem
program should load “0” into the AEOL bit. If this b|t is “1,"
such automatic insertion of EOL is suppressed.

The system program should specify the Wraparound, Express,
and the Top, Left, and Right Margin options by loading the
corresponding registers. These optional functions are
described in detail in their individual sections. The system pro-
gram should adhere to those recommendations.

The system program should specify the K-Parameter in the
K-Register when Two-Dimensional processing is required. If
the granularity option is required, the system program should
specify the G-Parameter in the Expander Parameter Register.
The system program should load “1" into the Compressor In-
terrupt Enable (CIE) bit in the Compressor Master Control
Register (CMCR)/Expander Interrupt Enable (EIE) bit in the
Expander Master Control Register (EMCR) if an interrupt re-
quest is required upon CEP termination. If an interrupt request
is not required, the system program should load “0" into the
CIE/EIE bit of the CMCR/EMCR register. .

The system program should load “0” into the EOL bit in the
Expander Parameter Register (EPR) when data with attached
EOL is going to be received. If the data that is to be received
contains no EOL codes, the system program should load “1”
into the EOL bit in the EPR register.

START PROCESSING PROCEDURES

The Am7970 has two operating configurations. The Expander
and the Compressor may be operated simultaneously in a full-
duplex mode, or the Expander or the Compressor may be
operated without the other processor- (half-duplex). The sys-
tem program can initiate the full-duplex mode by loading “1s”
into the GO bits of the Compressor Master Control Register
(CMCR) and the Expander Master Control Register (EMCR). If
the half-duplex operation is required, the system program
should load a “1" into the GO bit in the Compressor Master
Control Register or the system program should load a “1” into
the GO bit in the Expander Master Control Register. Further,
the CEP has two different types of starting conditions:
resumable operation and non-resumable operation. If
resumable operation is required, the system program must not
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issue a Reset operation via the appropriate Master Control
Register or assert the RESET input. On the other hand, the
system program must specify a Reset operation before starting
its processing when no resumable operation is required; for
example, the CEP is going to process a new page.

HOW TO USE THE STATUS REGISTERS

The CEP has three status registers: the Master Status Register
(MSR), the Compressor Status Register (CSR), and the Ex-
pander Status'Register (ESR). Bits 6 and 7 (EBY, CBY) in the
'"MSR register provide both the Compressor and Expander gen-
eral information to the CPU. These bits are known as the Ex-
pander Busy (EBY) bit and the Compressor Busy (CBY) bit.
The system program should test Bits 6 and 7 if the MSR regis-
ter general status information is required. If the system pro-
gram requires detailed status information, then the system
program should test the Compressor Status Register (CSR) or
the Expander Status Register (ESR) directly. Bits 0 to 3 (EXT,
ECD) in the Master Status Register (MSR) indicate the un-
compressed mode status of the Expander. Bit 4 in the Master
Status Register (MSR) indicates that the Expander detected
an End-of-Page (EOP) code. If interrupts have not been en-
abled, the system program should periodically poll Bit 6 (EBY)
and Bit 7 (CBY) in the MSR register. If the system program is
enabled to respond to an interrupt, it should test the EBY bit
and the CBY bit in the Master Status Register (MSR) when a
CEP interrupt occurs.

INTERRUPT HANDLING

The Am7970 will drive its interrupt line (INTR) High when the
Compressor Busy (CBY) bit in the Compressor Status Register
(CSR) or the Expander Busy (EBY) bit in the Expander Status
Register (ESR) changes from “1” to “0” while the Compressor
Interrupt Enable (CIE) bit in the Compressor Master Control
Register (CMCR) or the Expander Interrupt Enable (EIE) bit in
the Expander Master Control Register (EMCR) has been set to
“1.” The INTR line will remain High until the Master Status
Register (MSR) has been accessed by the system program.
The system program may test the MSR register to distinguish
Compressor interrupts from Expander interrupts. The system
program should isolate the cause of the interrupt by reading
the appropriate status register (CSR or ESR). The system pro-
gram may then execute its interrupt service routine to respond
to the interrupt.

STOPPING THE CEP

The CEP may be terminated by writing to the CEP’s Master
Control Register while the CEP is busy, or by issuing a hard-
ware RESET. The soft abort will occur if the system program
loads new information into the Master Control Register
(Compressor or Expander) while the CEP is busy. If the system
program is immediately required to stop, the system program
should assert the RESET input of the Am7970. This is called a
hardware stop. If the system program executes a hardware
stop, the CEP will not save the current status. If the system
program executes a software stop, the CEP will terminate its
operation and keep the Compressor Busy and the New Opera-
tion Attempted (COA) bit or Expander Busy and New Opera-
tion Attempted (EOA) bit; however, this is not a resumable
operation. .

COMPRESSOR ERROR RECOVERY
PROCEDURES

The Compressor will detect several error conditions: a
premature source overflow, a premature destination overflow
or an illegal command. An error condition will also be detected
if a new command is attempted while the Compressor is busy
or if negative compression occurs. A pre-mature source
or destination overflow will be illuminated by the Wraparound
Incomplete (WPI) bit or the Line Processing Incomplete
(LPI) bit of the Compressor Status Register (CSR).

The error recovery procedure for an LPI error must include the
redefinition of the Source Buffer or the Destination Buffer as
follows: ‘ )
1) Premature Source Overflow
New CSCHR = N * Hr "-Apw/8
New CSWCR = 2's complement of new CSCHR - old
CSCHR ‘
. New CSCAR = CSLSR, new CDCAR = CDLSR
CRCR = All one (X'FF’)
New CDWCR = old CDWCR = (CDCAR - CDLSR)
Premature Destination Overflow
New CDCHR = N * Hr * Apw/8 (See Section 12)

New CDWCR = 2's complement of new CDCHR — old
CDCHR

New CDCAR = CDLSR, new CSCAR = CSLSR .
CRCR = All one (X'FF’) ’
New CSWCR = old CSWCR — (CSCAR - CSLSR)

The error recovery procedure for a WP error without an LPI
error may include restarting the Source Buffer or the Destina-
tion Bufter. If an illegal command is detected, the system pro-
gram should load Continue Operation into the CEP or reissue
a new command to the CEP when the Compressor or Expan-
der Busy and New Operation Attempted error (COA or EOA) is
detected. If negative compression is detected, the system pro-
gram should load a Continue Operation command into the
CEP or the system program should replace the line of
“negatively compressed” data with transparent data.

2

-~

EXPANDER ERROR RECOVERY
PROCEDURES

The Expander will detect several error conditions: a premature
source overflow, a premature destination overflow, an illegal
command, an Expander Busy and New Operation Attempted
error, a data error or. an undefined extension code. A
premature source or destination overflow will be illuminated by
the WPI bit and the LPI bit of the Expander Status Register
(ESR). The error recovery procedure for a premature overflow
requires that the Source Buffer and the Destination Buffer be
redefined as follows: ‘

1) Premature Source Overflow and LPI without WPI
New ESCHR = N * Hr * Apw/8

New ESWCR = 2's complement of new ESCHR — old
. ESCHR

ERCR = All one (XFF)
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New EDWCR = old EDWCR —~ (EDCAR — EDLSR)
New ESCAR = ESLSR, new EDCAR = EDLSR
Premature Destination Overflow and LPI without WPI
New EDCHR = N * Hr * Apw/8

New EDWCR = 2's complement of new EDCHR — old
EDCHR

New EDCAR = EDLSR, new ESCAR = ESLSR
ERCR = All one (XFF’) ‘
New ESWCR = old ESWCR - (ESCAR — ESLSR)

2

-

If the system program detects a premature overflow and the .

WPI error bit is set without the LPI error bit being set, the
system program should restart the Source or Destination Buf-
fer. If an illegal command is detected, the system program
should load Continue Operation into the CEP or reissue a new
command to the CEP when the Expander Busy and New Oper-
ation Attempted (EOA) error is detected.

If a data error is detected, the system program should replace
the error line with a copy of the previous line as follows:

New ESCAR = EDLSR N " Hr * Apw/8
N =EWR + 1
New ESWCR = 2's complement N * Hr * Apw/8
New EDCAR = EDLSR '
New EDWCR = EDWCR — (EDCAR — EDLSR)
ERCR = All one (X'FF)

" EMO and EM1 = 0 {Transparent Mode)

CPU ACCESS OPERATIONS

The procedure by which a CEP register is accessed by the
CPU is'as follows:

Read Access Opération

1) The CPU plaéeé an address on the CPU address lines
Ay—A; that specifies the intended register.

.2) The CPU address decoder (external to the CEP) drives the

CS input Low.
3) The CEP will drive the READY output Low.
4) The CPU will drive the RD input Low.

5) The CEP READY outputA will be driven High when the CEP
register data is available.

6) AD,s—ADy3 will be driven by the CEP with valid data.
7) The CPU will drive the CEP RD input High.

8) The CS input will be driven High. Further read accesses
can be initiated by executing Step 1.

Note: If Step 7 precedes Step 5, the read access will be

aborted by the CEP. If the read access is aborted,

" READY will be driven High and ADs—AD,; will float. Fur-

ther read accesses can be initiated by executing Step 1.

Write Access Operation

1) The CPU places an address on the CPU address lines
Ao—A; that:specifies the intended register.

2) The CPU address decoder (external to the CEP) drives the
" CS input Low.

A

S

/

Ag—Az (IN)

\

"REGISTER ADDRESS B / X

FLOAT

AD;5—AD,3 (OUT)

READY (OUT)

\X _
/

RD (IN) \

05777B-45

=100ns

Figure 45. CPU Program Read Access Abort Timing
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AD,5-Azq / INVALID DATA \

READY (OUT) q - _ : ’

N

=100ns
057778-46
Figure 46. CP\U Program Write Access Abort Timing
cs /
Ag-A; REGISTER REGISTER REGISTER 'Y REGISTER
. ADDRESS ADDRESS ADDRESS ADDRESS
OUT OF CEP  OUT OF CEP INTO CEP INTO CEP
_ VALID ) < VALID ) < VALID )
AD1g-ADy3 DATA DATA DATA
RD
WR
READY ’ q
=100ns =100ns =100ns
05777B-47

Figure 47. CPU Block I/0 Transaction Timing (CEP is slave) 05773
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3) The CEP will drive the READY output Low.

4) The CPU will drive the WR input Low.

5) AD;s—AD2; will be driven by the CPU with valid data.

6) The CEP READY output will be driven High after data has
been loaded into the appropriate register.

7) The CPU will drive the CEP WR input High.

8) The CS input will be driven High. Further write accesses
can be initiated by executing Step 1.

Note: If Step 7 precedes Step 6, the write access will be
aborted. If the write access is aborted, READY will be
driven High. The contents of the specified register will
not be altered. Further write accesses can be initiated by
executing Step 1.

DMA OPERATION

The procedure by which the CEP executes a DMA operation is
as follows:

Read Access Operation
1) The CEP dnves the HRQ output High.
2) The CPU drlves the HLDA input High.

3) The CEP drives the ALE output High and places a memory
address (24 bits) on the CPU bus during CEP state Tt.
The address will be valid during the High to Low transition
of the ALE output (CEP state T2, falling edge).

4) The CEP drives the RD output Low (CEP state T2, rising
edge).

5) The state (High or Low) of the READY input is sampled by .

the rising edge of T2.

6) If the READY input is Low, a Wait State will be inserted.
The READY input should become High when the memory
location becomes available (CEP Wait State, rising edge).

7) f the READY input is High, then ADys—AD,; must be
driven with valid data (from the indicated memory loca-
tion). The rising edge of T3 samples the data on
ADgs—Ang.

8) The CEP drives the RD output High (CEP state T3, rising

edge).
9) The CEP drives the HRQ output Low.
10) The CPU drives the HLDA input Low.

Note: The CEP repeats Steps 1 through 8 until no further pro-
cessing is required. The HRQ output will then be driven
Low for at least two clock cycles. If additional bus trans-

actions are required by the CEP, the CEP will drive the -
HRQ output High after a minimum of two clocks have -

elapsed (Step 1).

Write Access Operation
1) The CEP drives the HRQ output High.
2) The CPU drives the HLDA input High.

3) The CEP drives the ALE output High and places a memory
address (24 bits) on the CPU bus (state T1, falling edge).
The address will be valid during the High to Low transition
of the ALE output.

4) AD,6—AD_; will be driven by the CEP with valid data (CEP
state T2, falling edge).

5) The CEP drives the WR output Low (CEP state T2, rising
edge).

6) The state (High or Low) of the READY inputis sampled by
the CEP at the state T2 rising edge.

7) If the READY input is Low, a Wait State will be inserted.
The READY input should be driven High after data has
been loaded into the appropriate memory location (CEP
Wait State, rising edge).

8) The CEP drives the WR output High (CEP state T3, rising
edge).

9) The CEP drives the HRQ output Low.

" 10) The CPU drives the HLDA input Low.
" Note: The CEP repeats Steps 1 through 8 until no further pro-

cessing is required. The HRQ output will then be driven

‘Low for two clock cycles. If additional bus transactions
are required by the CEP, the CEP will drive the HRQ
~output High (Step 1).

_ DOCUMENT STORE BUS OPERATION

" The procedure by which the CEP executes a Document Store

memory operation is as follows:

‘_ Read Access Operation
. 1) The CEP places a Document Store address (24 blts) on the

Document Store bus (CEP state T1). The address will be
valid during the High to Low transition of the DALE output
(CEP state T2, falling edge)..

" 2) The CEP drives the DRD output Low (CEP state DT2, rising

edge).

" 3) The state (High or Low) of the READY input is sampled by

DT2, rising edge.

4) If the DREADY input is Low, a Wait State will be inserted.
The READY input should become High when the Document
Store location becomes available (CEP Wait State, nsmg
edge).

5) If the DREADY input is High, then DADs—DAD,; must be

. driven with valid data from the indicated Document Store
location (CEP state DT3, falling edge).

6) The CEP drives the DRD outp‘ut High (CEP state T3, rising
edge).

Write Access Operation }

1) The CEP places a Document Store address (24 bits) on the
Document Store bus (CEP state T1, falling edge). The ad-
dress will be valid during the High to Low transition of the

~ DALE output (CEP state T2, falling edge).

2) DAD,¢—DAD,; will be driven by the CEP with valid data (T2
falling edge).

3) The CEP drives the DWR output Low (CEP state T2, rising
edge).

4) The state (High or Low) of the DREADY inputis sampled by
the T2 rising-edge. ’

.- 5) If the DREADY input is Low, a Wait State will be inserted.

The DREADY input should be driven High after data has
been loaded into the appropriate Document Store location
(CEP Wait State, rising edge).

6) The CEP drives the DWR output High (CEP state DT3,
rising edge).
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Electrical Specifications

5 MHz Am7970 CEP
ABSOLUTE MAXIMUM RATINGS ‘
Ambient Temperature Under Bias . ) 0°C to 70°C
Storage Temperature —65°C to +150°C
Voltage on Any Pin With Respect to Ground -1.0Vto +7.0V
Power Dissipation ’

DC CHARACTERISTICS (Ta =0°C to 70°C, vee = 5V£10%)

Symbol Parameter . . Test Conditions Min Max Unit
VIL Input Low Voitage . -05 0.8 Vv
VIH Input High Voltage 20 Ve +0.5 vV
vOL Output Low Voltage IOL=3.2 mA 04 \%
VOH QOutput High Voltage IOH = 400 pA 2.4 v
ICC Power Supply Current Ta=25C mA
ILL Input Leakage Current 0V Vin Vcc +10 HA
ILO Output Leakage Current 0.45V Vouyt Vce +10 A
vCL - Clock Input Low Voltage . -05 +0.8 \
VCH Clock Input High Voltage : . d . 20 * Vet 0.5, v

Capacitance of Input Buffer (All input ' : -
CIN except AO-15, AD16-23, DAO-16, fc=1 MHz 10.0 PF
DAD16-23). P
cio - gggifg?né::[)o‘(sl-le% Buffer (AD-15, AD16-23, fc=1 MHz . 100 - : ‘PF
CO - Capacitance of Qutput Buffers fc=1 MHz 10.0 PF
057778
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INPUT/OUTPUT AC Testing: Input. Output Waveform

1.5X Xms ———— TESTPOINT

AC Testing: Inputs are driven at 2.4V for logic “1" and 0.45V for a logic

24

'0.45

0" timing measurements are made at 1,5V for both a logic "1” and "0”

AC Testing Load Circuit

DEVICE

UNDER .- ’

TEST l

I CL = 100pF
C, includes Jig Capacitance
057778
SWITCHING CHARACTERISTICS (TA=0°C to 70°C, Vcc =5V +1o%)
TIMING REQUIREMENTS
# Parameter Description Test Conditions Min Typ Max Unit
1 TCLCL CLK Cycle Period - From 0.8V to 0.8V 200.0 o 2000.0 ns
2 TCHCL CLK HIGH Time . From 2.0V to 20V | 850 ns
3 TCLCH CLK LOW Time From 0.8V to 0.8V 85.0 ns
4 TCH1CH2 CLK Rise Time From 0.8V to 2.0V 15.0 ns
5 TCL2CL1 CLK Fall Time From 2.0V to 0.8V 15.0 ns
6 TRHVH Power Supply HIGH to RESET LOW Time 4TCLCL ns
7 TRHRL RESET HIGH TIME 4TCLCL ns
8 TRLSL ’ RESET LOW to First CS " | 2TCLCL ns
9 THAHCH HLDA RE Set-up Time : 30.0 ns
10 THALCH HLDA FE Set-up Time 30.0 ns
11 TAVSL Address Valid to CS LOW 20.0 ns
12 TSLRDL CS LOW to RD FE Set-up Time 20.0 ns
13 TRDHSH RD HIGH to Next Address Active 0.0 ns
14 TSLWRL CS LOW to WR LOW 30.0 ns
15 TDVRYH Data Valid to READY RE 30.0 ns
15a TDVWH Data Valid to WR High ) 30.0 ns
16 TWRHDV DATA Hold Time 20.0 ns
17 TWRHSH WR to Address Active 0.0 ns
18 TRYLCH READY FE Set-up Time : 60.0 ns
| 19 TCHDXY READY Hold Time 20.0 ns
20 TRYHCH READY 20.0 ns
21 TDVCH DATA IN Set-Up Time 30.0 ns
22 TCHDX DATA IN Hold Time 10.0 ns
Note: Switching characteristics are targetted numbers and are subject to change without notice.
05777
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SWITCHING CHARACTERISTICS (Ta =0°C to 70°C, Vg = 5V+10%)
Timing Responses

# Parameter Description Test Conditions Min Typ Max Unit
24 TCLHRH HRQ Active Delay 80.0 ns
25 TCLHRL HRQ Inactive Delay 85.0 ns
26 TSLRYL READY Active Delay 80.0 ns
27 TCLAV Address Valid Delay 10.0 80.0 ns
28 TCLLH ALE Active Delay 65.0 ns
29 TLHLL ALE Width 70.0 ns
30 TAVAL Address Valid to ALE LOW 55.0 ns
31 TCHLL ALE Inactive Delay 65.0 ns
32 TLLAX Address Hold Time to ALE Inactive (A16-A23) 50.0 ns
33 TCLAZ Address Float Delay From Clock FE c ’729075‘00?5;":’ all 500 ns
34 TCLAX Address Hold Time (AO-A15) . 15.0 ns
35 TAZRL Address Float to RD Active 0.0 ns
36 TCHRL RD Active Delay (in adgg:ﬁgag; 7970 100 50.0 ns
37 TRLRH RD Width TCLCL-40 ns
38 TCHRH RD Inactive Delay 10.0 50.0 ns
39 TRHAV RD Inactive to Next Address Active TCLCL ns
40 TCLDX DATA Hold Time 10.0 ns
41 TCHCTV Control Active Delay 2 10.0 110.0 ns
42 TCLDV DATA Valid Delay From Clock FE 110.0 ns
43 TCHWL WR Active Delay 10.0 50.0 ns
44 TWLWH WHR Width TCLCL-40 ns
45 TCHWH WR Inactive Delay 0.0 50.0 ns
46 TWHDX DATA Hold Time After WR 60.0 ns
47 TCHDX DATA Hold Time 10.0 ns
48 TOLOH Output Rise Time From 0.8V to 2.0V 15.0 ns
49 TOHOL Output Fall Time From 2.0V to 0.8V 10.0 ns
50 TRYW READY Width 2TCLCL-75 ns
51 TDVRYH DATA Valid to READY HIGH 30.0 90.0 ns
52 TRDHDV DATA OUT Not Valid Delay 0.0 50.0 ns
53 THRLHR HRQ Low To HRQ High 2TCLCL ns

Note: Switchlhg characteristics are targetted numbers and are subject to change without notice.

057778
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Am7990

Am7990

Local Area Network Controller for Ethernet (LANCE)

DISTINCTIVE CHARACTERISTICS

e Compatible with Ethernet and IEEE-802.3 Rev D.(10
Base 5 Type A, and 10 Base 2 Type B, ''Cheapernet"')

® Easily interfaced to 8086, 68000, Z8000, LSI-1l micropro-
cessors

® On-board DMA and buffer management, 48 byte FIFO

24-bit wide linear addressing (Bus Master Mode)

® Network and packet error reporting

® Back-to-back packet reception with as little as 4.1 usec
interpacket gap time
® Diagnostic Routines
- Internal/external loop back
- CRC logic check
- Time domain reflectometer

GENERAL DESCRIPTION'

The Am7990 Local Area Network Controller for Ethernet

(LANCE) is a 48-pin VLS| device designed to greatly °

simplify interfacing a microcomputer or minicomputer to an
IEEE-802.3/Ethernet Local Area Network. This chip, in
conjunction with the Am7992A Serial Interface Adapter
(SIA) and closely coupled local memory and microproces-
sor, is intended to provide the user with a complete

interface modulebfor an Ethernet network. The Am7990 is
designed using a scaled N-Channel MOS technology and is
compatible with a variety of microprocessors. On-board

" DMA, advanced buffer management, and extensive error

reporting and diagnostics facilitate design and improve
system performance.
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ORDERING INFORMATION
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following:
Device number, speed option (if applicable), package type, operating range and screening option (if desired).

Am78%0 D C B Valid Combinations
Device Type—l I—-Screening Option Am7990 | DC
: B = Burn-in
Blank = Standard processing -
Temperature
C = Commercial 0°C to 70°C Valid Combinations
Consult the local AMD sales office to con-
Package firm availability of specific valid combinations,
D = SIDE BRAZED check for newly released valid combinations
P = plastic . ) and/or obtain additional data on AMD's stan-
L = leadless chip carrier dard military grade product.
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DALogo -
DAL s

A16-A23

READ

BMg/
BYTE
BMy/
BUSAKO

' PIN DESCRIPTION

Data/Address Lines (Input/Output 3-State)
The time multiplexed Address/Data bus. During
the address portion of a memory transfer,
DALgp - DAL15 contains the lower 16 bits of the
memory address. The upper 8 bits of address
are contained in Aig—-A23.

During the data portion of a memory transfer,
DALgo - DAL15 contains the read or write data,
depending on the type of transfer.

The LANCE drives these lines as a Bus Master
and as a Bus Slave.

High Order Address Bus (Output 3-State)
The additional address bits necessary to extend
the DAL lines to access a 24-bit address. These
lines are driven as a Bus Master only.

(Input/Output 3-State)

Indicates the type of operation to be performed
in the current bus cycle. This signal is an output
when the LANCE is a Bus Master.

High ~ Data is taken off the DAL by the chip.
Low - Data is placed on the DAL by the chip.

The signal is an input when the LANCE is a Bus
Slave. .

High - Data is placed on the DAL by the chip.
Low - Data is taken off the DAL by the chip.
(Output 3-state)

Pins 15 and 16 are programmable through bit
(00) of CSRa.

Byte selection may also be done using the BYTE
line and DALgo line, latched during the address
portion of the bus cycle. The LANCE drives
BYTE only as a Bus Master and ignores it when
a Bus Slave selection is done (similar to BMg,
BMy).

Byte selection is done as outlined in the follow-
ing table.

BYTE DALgo

LOW LOW Whole Word
LOW HIGH lilegal Condition
HIGH LOW Lower Byte
HIGH HIGH Upper Byte

BUSAKQO is a bus request daisy chain output. If
the chip is not requesting the bus and it receives
HLDA, BUSAKO will be driven Low. If the
LANCE is requesting the bus when it receives
HLDA, BUSAKO will remain High.

Byte Swapping

In an effort to be compatible with the variety of 16-bit
microprocessors available to the designer, the LANCE may be
programmed to swap the position of the upper and lower order
bytes on data involved in transfers with the internal FIFO.

Byte swapping is done when BSWP = 1, The most significant
byte of the word in this case will appear on DAL lines 7-0 and
the least significant byte on DAL lines 15-8.

When BYTE = H (indicating a byte transfer) the table indicates
on which part of the 16-bit data bus the actual data will
appear. '

Whenever byte swap is' activated, the only data that is

BYTE, BUSAKO *

If CSR3 (00) BCON =1
PIN 15 = BYTE (Output 3-state)
PIN 16 = BUSAKO (Output)

BMg, BM4 swapped is data traveling to and from the FIFO.
If CSR3 (00) BCON =0 Mode Bits
PIN 15 = BMg (Output 3-state)
PIN 16 = BMy (Output 3-state) BSWP=0 ‘BSWP=1
BMo, BM; (Byte Mask). This indicates the Signal Line and BCON=1 | and BCON =1
- byte(s) on the DAL are to be read or written BYTE=L and Word Word
during this bus transaction. The LANCE drives DALgp =L
these lines only as a Bus Master. It ignores the -
Byte Mask lines when it is a Bus Slave and gXTE L and lllegal Hlegal
Loo=H
assumes word transfers.
Byte selection using Byte Mask is done as ?):E)E ==HHand Upper Byte Lower Byte
described by the following table. 0
. BYTE=H and
BM; BWp DALgo = L Lower Byte Upper Byte
LOW LOW Whole Word _ .
LOW  HIGH Upper Byte Cs Chip Select (Input)
HIGH LOW Lower Byte Indicates, when asserted, that the LANCE is the
HIGH HIGH None slave device of the data transfer. CS must be

valid throughout the data portion of the bus
cycle. CS must not be asserted when HLDA is
Low.
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ADR

ALE/AS

(=]
b
7]

DALI

Register Address Port Select (Input)

When LANCE is slave, ADR indicates which of
the two register ports is- selected. ADR LOW
selects register data port; ADR HIGH selects
register address port. ADR must be valid
throughout the data portion of the bus cycle and
is only used by the LANCE when CS is Low.

Address Latch Enable (Output 3-State)
Used to demultiplex the DAL lines and define the
address portion of the bus cycle. This I/0 pin is
programmable through bit (01) of CSR3.

As ALE (CSR3 (01), ACON=0), the signal
transitions from a HIGH to a LOW during the
address portion of the transfer and remains Low
during the data portion. ALE can be used by a
Slave device to control a latch on the bus
address lines. When ALE is High, the latch is
open, and when ALE goes Low, the latch is
closed.

As AS (CSR3 (01), ACON = 1), the signal pulses
Low during the address portion of the bus
transaction. The Low-to-High transition of AS
can be used by a Slave device to strobe the
address into a register.

The LANCE drives the ALE/AS line only as a
Bus Master.

Data Strobe (Input/Output 3-State)

Defines the data portion of the bus transaction.
DAS is high during the address portion of a bus
transaction and low during the data portion. The
Low-to-High transition can be used by a Slave
device to strobe bus data into a register. DAS is
driven only as a Bus Master.

Data/Address Line Out (Output 3-State)
An external bus transceiver control line. DALO is
asserted when the LANCE drives the DAL lines.
DALO will be Low only during the address
portion if the transfer is a READ. It will be Low
for the entire transfer if the transfer is a WRITE.
DALO is driven only when LANCE is a Bus
Master.

Data/Address Line In (Output 3-State)

An external bus transceiver control line. DALI is
asserted when the LANCE reads from the DAL
lines. It will be Low during the data portion of a
READ transfer and remain High for the entire
transfer if it is a WRITE. DAL is driven only when
LANCE is a Bus Master.

Bus Hold Request (Output Open Drain)

Asserted by the LANCE when it requires access
to memory. HOLD is held Low for the entire
ensuing bus transaction. The function of this pin
is programmed through bit (00) of CSRg. Bit (00)
of CSRj is cleared when RESET is asserted.

When CSR3 (00) BCON =0

PIN 17 = HOLD (Output Open Drain)
When CSR3 (00) BCON = 1

PIN 17 = BUSRQ (Output Open Drain)

BUSRQ will be asserted only if pin 17 is High
prior to assertion.

HLDA

Z
=

TENA

RCLK

CLSN

RENA

TCLK

READY

Vee

Vss

Bus Hold Acknowledge (Input)

A response to HOLD. When HLDA is Low in
response to the chip's assertion of HOLD, the
chip is the Bus Master. HLDA d rts upon
the deassertion of HOLD. -,

Interrupt (Output Open Drain) .
An attention signal that indicates, when active,
that one or more of the following CSRg status
flags is set: BABL, MERR, MISS, RINT, TINT or
IDON. INTR is enabled by bit 06 of CSRp
(INEA =1). INTR remains asserted until the
source of Interrupt is removed.

Receive (Input)
Receive Input Bit Stream.

Transmit (Output)
Transmit Output Bit Stream.

Transmit Enable (Output)

Transmit. Output Bit Stream enable. A level
asserted with the Transmit Output Bit Stream,
TX, to enable the external transmit logic.

Receive Clock (Input)

A 10MHz square wave synchronized to the
Receive data and only active while receiving an
Input Bit Stream.

Collision (Input)
A logical input that indicates that a coliision is
occurring on the channel.

Receive Enable (Input)
A logical input that indicates the presence of
carrier on the channel.

Transmit Clock (Input)
10MHz clock.

(Input/Output Open Drain)

When the LANCE is a Bus Master, READY is an
asynchronous acknowledgement from the bus
memory that it will accept data in a WRITE cycle
or that it has put data on the DAL lines in a
READ cycle.

As a Bus Slave, the LANCE asserts READY
when it has put data on the DAL lines during a
READ cycle or is about to take data off the DAL
lines during a write cycle. READY is a response
to DAS and will return High after DAS has gone
High. READY is an input when the LANCE is a
Bus Master and an output when the LANCE is a
Bus Slave.

(Input)

Bus Request Signal. Causes the LANCE to
cease operation, clear its internal logic, and
enter an Idle state with the stop bit of CSRg set.

Power supply pin +5 volts +5%.
Ground. Pins 1 and 24 should be connected

together externally, as close to the chip as
possible.
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PRODUCT OVERVIEW

The parallel interface of the Local ‘Area Network Controller for

‘Ethernet (LANCE) has beén designed to be ''friendly" or easy

to interface to a variety of popular 16-bit microprocessors.
These microprocessors include the following: Z8000, 8086,
68000 and LS!-11. The LANCE has a 24-bit wide linear
address space when it is in the Bus Master Mode, allowing it to
DMA directly into the entire address space of the above

microprocessors. A programmable mode of operation allows
byte addressing in one of two ways: a Byte/Word control
signal compatible with the 8086 and Z8000 or an Upper Data
Strobe and Lower Data Strobe signal compatible with micro-
processors such as the 68000. A programmable polarity on
the Address Strobe signal eliminates the need for external
logic. The LANCE interfaces with both multiplexed and demul-
tiplexed data busses and features control signals for address/
data bus transceivers.

a. Multiplexed Bus

Data and
Address Address Bits
Bits 015 16-23  Control
AggrAzy > Butter >
]
DALy-DAL,g <:> >
. Butfer
ALE
< ArerAzy
DALy-DALg Lance
- > Buffer *>
¥ ALE
ADR
Latch
. ALE i Decoder |- €8
Arg-Az3 > :
OAL)DALs Ayg-Az3  Control
DF000390
b. Demultiplexed Bus
Data Bits Addross Bite
048 0-23
40
N "
< Data/Address
Bits 015
AgArs
< Latch :
ALE
Aye-Azy
Addr
G o —
LANCE
Ag-Az3
Decode [:3
DF000140

Figure 1. LANCE/CPU Interfacing
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During initialization, the CPU loads the starting address of the
initialization block into two internal control registers. The
LANCE has four internal control and status registers (CSRy, 1,
2, 3) which are used for various functions, such as the loading
of the initialization block address, different programming
modes and status conditions. The host processor communi-
cates with the LANCE during the initialization phase for
demand transmission and periodically to read the status bits
following interrupts. All other transfers to and from the memory
are handled as DMA under microword control.

Interrupts to the microprocessor are generated by the LANCE
upon: 1) completion of its initialization routine, 2) the reception
of a packet, 3) the transmission of a packet, 4) transmitter
timeout error, 5) a missed packet and 6) memory error.

The cause of the interrupt is ascertained by reading CSRg. Bit
(06) of CSRp, (INEA), enables or disables interrupts to the
microprocessor. In systems where polling is used in place of
interrupts, bit (07) of CSR, (INTR), indicates an interrupt
condition.

The basic operation of the LANCE consists of two distinct
modes: transmit and receive. In the transmit mode, the LANCE
chip directly accesses data (in a transmit buffer) in memory. It
prefaces the data with a preamble, sync pattern, and calcu-
lates and appends a 32-bit CRC. This packet is then ready for
transmission to the Am7991A SIA. On transmission, the first
byte of data loads into the 48-byte FIFO. The LANCE then
begins to transmit preamble while simultaneously Ioadmg the
rest of the packet into FIFO for transmission.

In the receive mode, packets are sent via the SIA to the

LANCE. The packets are loaded into the 48-byte FIFO for
preparation of automatic downloading into buffer memory. A -

CRC is calculated and compared with the CRC appended to
the data packet. If the calculated CRC checksum doesn't
agree with the packet CRC, an error bit is set.

ADDRESSING

Packets can be received using 3 different destination address-
ing schemes: physical, logical and promiscuous.

The first type is a full comparison of the 48-bit destination
address in the packet with the node address that was
programmed into the LANCE during an initialization cycle.
There are two types of logical address. One is group type
mask where the 48-bit address in the packet is put through a
hash filter to map the 48-bit physical addresses into 1 of 64
fogical groups. If any of these 64 groups have been preselect-
ed as the logical address, then the 48-bit address is stored in
main memory. At this time, a look up is performed comparing
the 48-bit incoming address with the pre-stored 48-bit logical
address. This mode can be useful if sending packets to all of a
particular type of device simultaneously (i.e., send a packet to
all file servers or all printer servers). Additional details on
logical addressing can be found in the INITIALIZATION
section under ""Logical Address Filter.”" The second logical
address is a broadcast address where all nodes on the
network receive the packet. The last receive mode of opera-

tion is the so-called " promiscuous mode"' in which a node will

accept all packets on the coax regardless of their destination
address.

COLLISION DETECTION AND IMPLEMENTATION

The Ethernet CSMA/CD network access algorithm is imple-
mented completely within the LANCE. In addition to listening
for a clear coax before transmitting, Ethernet handles colli-
sions in a predetermined way. Should two transmitters attempt
to seize the coax at the same time, they will collide and the
data on the coax will be garbled. The transmitting nodes listen
while they transmit, detect the collision, then continue to
transmit for a predetermined length of time to "jam'' the
network and ensure that all nodes have recognized the
collision. The transmitting nodes then delay a random amount
of time according to the Ethernet "truncated binary backoff"
algorithm in order that the colliding nodes don't try to
repeatedly access the network at the same time. Up to 16
attempts to access the network are made by the LANCE
before reporting back an error due to excessive collisions.

ERROR REPORTING AND DIAGNOSTICS

Extensive error reporting is provided by the LANCE. Error
conditions reported relate either to the network as a whole or
to data packets. Network-related errors are recorded as flags
in the CSRs and are examined by the CPU following interrupt.
Packet-related errors are written into descriptor entries corre-
sponding to the packet.

System errors include:
® . Babbling Transmitter
- Transmitter attempting to transmit more than 1518
data bytes.
® Collision -
- Collision detection circuitry nonfunctional
® Missed packet
- Insufficient buffer space
® Memory timeout
- Memory response failure

Packet-related errors:
® CRC
~ Invalid data
® Framing
- Packet did not end on a byte boundary
® Overflow/Underflow
- Indicates abnormal latency in servicing a DMA re-
quest
e Buffer
- Insufficient buffer space available

The LANCE performs several diagnostic routines which en-
hance the reliability and integrity of the system. These include
a CRC logic check and two loop back modes (internal/
external). Errors may be introduced into the system to check
error detection logic. A Time Domain Reflectometer is incorpo-
rated into the LANCE to aid system designers locate faults in
the Ethernet cable. Shorts and opens manifest themselves in
reflections which are sensed by the TDR.
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Start Address of Transmitter Descriptor Ring
Start Address of Receiver Descriplor Ring

i Initiahization

Logical Address Fitter
Mode of Operation

, Transmit Descriptor for 15t Data Butfer
Transmit Descriptor for 2nd Data Butfer
Transmit Descripior for 3rd Data Buffer

.
.
.

Transmit Descriptor for Nth Data Buffer

Receiver Descriptor for 1st Data Buffer
Receiver Descriptor for 2nd Data Buffer
Receiver Descnplor for 3rd Data Buffer

.
.
.

Receiver Descriptor for Nth Data Buffer

Transmit Data Butfer # t
Transmit Data Buffer #2
Z Transmit
Transmit Data Butfer #3 Data
Butfers
.
o
ZZ
Transmit Data Bulfer #N
Receiver Data Buffer #1
Receiver Data Buffer #2
z vs Z Receiver
Receiver Data Buffer #3 Data
Buffers.
H
z ZZ7 Zrrrorrry.
Receiver Data Buffer #N
DF000130

Figure 2a. LANCE/Processor Memory Interface
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LANCE CSR REGISTERS

RECEIVE DESCRIPTOR RINGS
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BLOCK 1 R
.
e MODE OF OPERATION y H .
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.
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.
)
N
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A N PACKET
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DF001840

Figure 2b. LANCE Memory Management ~

BUFFER MANAGEMENT

A key feature of the LANCE and its on-board DMA channel is
the flexibility and speed of communication between the
LANCE and the host microprocessor through common memo-
ry locations. The basic organization of the buffer management
is a circular queue of tasks in memory cailed descriptor rings,
as shown in Figure 2a. There are separate descriptor rings to
describe transmit and receive operations. Up to 128 tasks may
be queued up on a descriptor ring awaiting execution by the
LANCE. Each entry in a descriptor ring holds a pointer to a
data memory buffer and an entry for the length of the data
buffer. Data buffers can be chained or cascaded to handle a
long packet in multiple data buffer areas. The LANCE
searches the descriptor rings in a "lookahead manner"” to
determine the next empty buffer in order to chain buffers
together or to handle back-to-back.packets. As each buffer is
filled, an "own" bit is reset, allowing the host processor to
process the data in the buffer.

LANCE INTERFACE

CSR bits such as ACON, BCON and BSWP are used for
programming the pin functions used for different interfacing

schemes. For example, ACON is used to program the polarity
of the Address Strobe signal (ALE/AS).

BCON is used for programming the pins, for handling either
the BYTE/WORD method for addressing word organized, byte
addressable memories where the BYTE signal is decoded
along with the least significant address bit to determine upper
or lower byte, or an explicit scheme in which two signals
labeled as BYTE MASK (BMg and BMy) indicate which byte is
addressed. When the BYTE scheme is chosen, the BMy pin
can be used for performing the function BUSAKO.

BCON is also used to program pins for different DMA modes.
In a daisy chain DMA scheme, 3 signals are used (BUSRQ,
HLDA, BUSAKO). In systems using a DMA controller for
arbitration, only HOLD and HLDA are used.

LANCE IN BUS MASTER MODE

All data transfers from the LANCE in the Bus Master mode are
timed by ALE, DAS, and READY. The automatic adjustment of
the LANCE cycle by the READY signal allows synchronization
with variable cycle time memory due either to memory refresh
or to dual port access. Bus cycles are a minimum of 600ns in
length and can be increased in 100ns increments.
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DALy~DAL,g ADDR 3 READDATA . E—
(37—
—® —0—
oas T‘—’ ‘
ARXXRXXXX FAXXXXX
READ
®
READY (OUTPUT
FROM LANCE)

Figure 3. Bus Slave Read Timing

Note: 1. There are two types of delayé. which depend on which internal register is accessed.
Type 1 refers to access of CSRp, CSR3 and RAP.
Type 2 refers to access of CSRy and CSRp which. are anger than Type 1 delay.

®

WF001831

READ SEQUENCE

The read cycle is begun by valid addresses being placed on
DALgg-DAL¢5 and Aqg-A23. The BYTE MASK signals are
placed valid to indicate a word, upper byte or lower byte
memory reference. READ indicates the type of cycle. ALE or
AS are pulsed, and the trailing edge of either can be used to
latch addresses. DALgo-DAL1s5 go into a 3-state mode, and
DAS falls Low to signal the beginning of the memory access.
The memory responds by placing READY Low to indicate that

the DAL lines have valid data. The LANCE then latches
memory data on the rising edge of DAS, which in turn ends the
memory cycle and READY returns High. Refer to Figure 5a.

The bus transceiver controls, DALI and DALO, are used to
control the bus transceivers. DALI signals ta strobe data
toward the LANCE, and DALO signals to strobe data or
addresses away from the LANCE. During a read cycle, DALO
goes inactive before DALI becomes active to avoid "'spiking"
of the bus transceivers. ’ )
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Figure 4. Bus Slave Write Timing

WRITE SEQUENCE

The write cycle is similar to the read cycle except that the
DALgo-DAL s lines change from containing addresses to data
after either ALE or AS goes inactive. After data is valid on the
bus, DAS goes active. Data to memory is held valid after DAS
goes inactive. Refer to Figure 5b.

LANCE IN BUS SLAVE MODE
The LANCE enters the Bus Slave Mode whenever TS

becomes active. This mode must be entered whenever writing
or reading the four status control registers (CSRg, CSR1,

CSRp», and CSR3) and the Register Address Pointer (RAP)..

RAP and CSRg may be read or written to at anytime, but the
LANCE must be stopped (by setting the stop bit in CSRo) for
CSR4y, CSRy, and CSR3 access.

READ SEQUENCE

At the beginning of a read cycle, CS, READ, and DAS are
asserted. ADR also must be valid at this time. (I ADRisa"1,"
the contents of RAP are placed on the DAL lines. Otherwise

_ the contents of the CSR register addressed by RAP are placed

on the DAL lines.) After the data on the DAL lines become
valid, the LANCE asserts READY, CS, READ, DAS, and ADR
must remain stable throughout the cycle. Refer to Figure 3.

WRITE SEQUENCE

This cycle is similar fo the read cycle, ‘except that during this
cycle, READ is not asserted (READ is Low). The DAL buffers

. are tristated which configures these lines as inputs. The

assertion of READY by LANCE indicates to the memory
device that the data on the DAL lines have been stored by
LANCE in its appropriate CSR register. CS, READ, DAS, ADR,
and DAL <15:00> must remain stable throughout the write
cycle. Refer to Figure 4.
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Figure 5a. Bus Master Read Timing
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Figure 6. Bus Acquisition Timing

- Note: 1. RESET is an asynchronous input to the LANCE and is not part 6f the Bus Acquisition timing.
When RESET is asserted, the LANCE becomes a Bus Slave.

DIFFERENCES BETWEEN ETHERNET
VERSIONS 1 AND 2

a. Version 2 specifies that the .collision detect of the transceiv-
er must be activated during the interpacket gap time.

b. Version 2 specifies some network management functions,
such as reporting the occurrence of collisions, retries and
deferrals.

c. Version 2 specifies that when transmission is terminated,
the differential transmit lines are driven OV diff. (half step). .

DIFFERENCES BETWEEN I|EEE-802.3 AND
ETHERNET

a. IEEE-802.3 specifies a 2-byte length field rather than a type
field. The length field (802.3) described the actual amount of
data in the frame.

b. IEEE-802.3 allows the use of a PAD field in the data section
of a frame, while Ethernet specifies the minimum packet
size at 64 bytes. The use of a PAD allows the user to send
and receive packets which have less than 46 bytes of data.

A partial list of significant differences between Ethernet and

IEEE-802.3 at the physical layer include the following:

IEEE-802.3 Ethernet
End of Transmission State .| Half Step High State (Rev 1) or
: Half Step (Rev 2)
Common Mode 5.5V 0 - +5V
Voltage
Common Mode Less than 1.6mA *40%
Current 1mA .
Receivex, Collisiont
Input Threshold +160mV +175mV )
Fault Protection 16V ov
05698
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PROGRAMMING SPECIFICATION

This section defines the control and Status Registers and the
memory data structures required to program the Am7990
(LANCE).

PROGRAMMING THE Am7990 (LANCE)

The Am7990 (LANCE) is designed to operate in an environ-
ment that includes close coupling with a local memory and a
microprocessor (HOST). The Am7990 LANCE is programmed
by a combination of registers and data structures resident
within the chip and in memory. There are four Control and
Status Registers. (CSRs) within the chip which are pro-
grammed by the HOST device. Once enabled, the chip has the
ability to access memory locations to acquire additional
operating parameters.

The Am7990 has the ablhty to do mdependent buffer manage-
ment as well as transfer data packets to and from the Ethernet.
There are three memory structures accessed by the Chip:

1. Initialization Block - 12 words in contiguous memory starting
on a word boundary. It also contains the operating parame-
ters necessary for device operation. The initialization block
is comprised of:

® Mode of Operation

® Physical Address -

_® Logical Address Mask

® | ocation to Receive and Transmlt Descriptor Rings

® Number of Entries in Receive and Transmit
Descriptor Rings

2. Receive and.Transmit Descriptor Rings - Two ring struc-
tures, one each for incoming and outgoing packets. Each
entry in the rings is 4 words long and each entry must start
on a quadword boundary. The Descriptor Rings are com-
prised of:

® The address of a data buffer
® The length of that data buffer
®_ Status information associated with the buffer

3. Data Buffers — Contiguous portions of memory reserved for
packet buffering. Data buffers may begin on arbitrary byte
boundaries.

In general, the programming sequence of the chip may be
summarized as:

1. Programming the chip's CSRs by a host device to locate an
initialization block in memory. The byte control, byte addressing,
and address latch enable modes are defined here also.

2.The ‘chip loading itself with the information contained within
the initialization block.

3. The chip accessing the descriptor rings for packet handling.

CONTROL AND STATUS REGISTERS

There are four Control and Status Registers (CSRs) resident

within the chip. The CSRs are accessed through two bus’

addressable ports, an address port (RAP) and a data port
(RDP).

ACCESSING THE CONTROL AND STATUS
REGISTERS

The CSRs are read (or written) in a two step operation. The
address of the CSR to be accessed is written into the address

port (RAP) during a bus slave transaction. During a subse-
quent bus slave transaction, the data being read from (or
written into) the data port (RDP) is read from (or written into)
the CSR selected in the RAP.

Once written, the address m HAP remains unchanged until
rewritten.

To distinguish the data port from the éddress port, a discrete
1/0 pin is provided.

ADR /0 Pin Port

L Register Data Port (RDP)
H Register Address Port (RAP)

Register Data Port (RDP)

15 0
CSRDATA
AF001450
Bit Name - Description
15:00 CSR Data  Writing data into RDP writes the

data into the CSR selected in
" RAP. Reading the data from the
RDP reads the data from the CSR
selected in RAP. CSRy, CSR2
and CSR3 are accessible only
when the STOP bit of CSRy is
set.

If the STOP bit is not set while
attempting to access CSRj,
CSRy or CSR3, the chip will
return READY, but a READ
operation will return undefined
- data. WRITE operation is ignored.

Register Address Port (RAP)

L ]

L L(:SR!:“
‘ AF001490
Bit Name Description
15:02 RES Reserved and read as zeroes.
01:00 ~ CSR(1:0) CSR address select. READ/

WRITE. Selects the CSR to be
accessed through the RDP. RAP
is cleared by Bus RESET.

CSR(1:0) CSR
00 CSRo
01 CSRy
10 CSR2
11 CSR3
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CONTROL AND STATUS REGISTER
DEFINITION

Control and Status Register 0 (CSRg)

BABL

CERR
mss
MERR
RINT
TINT
IDON

_—

[IIIIIII]
T]

[T
[T

Bit

AF000860

The LANCE updates CSRg.by logical
"ORING" the previous and present value of

CSRo.

Name

Description

15

14

13

ERR

BABL

CERR

ERROR summary is set by the
""OR" of BABL, CERR, MISS and

" MERR. ERR remains set .as long

as any of the error flags are true.

ERR is read only; writing it has no
effect. It is cleared by Bus
RESET, by setting the STOP bit,
or clearing the individual error
flags.

BABBLE is a transmitter timeout
error. It indicates that the
transmitter, has been on the
channel longer than the time
required to send the maximum
length packet.

BABL is a flag which indicates
excessive length in the transmit
buffer. It will be set after 1519
data. bytes have been

transmitted; the chip will continue

‘to transmit until the whole packet

is transmitted or until there is a
failure before the whole packet is
transmitted. When BABL error
occurs, an interrupt will be
generated if INEA = 1.

BABL is READ/CLEAR ONLY
and is set by the chip, and
cleared by writing a "'1"" into the
bit. Writing a ''0"" has no effect. It
is cleared by RESET or by setting
the STOP bit.

COLLISION ERROR indicates

that the collision input to the chip -

failed to activate within 2us after
a chip-initiated transmission was
completed. The collision after
transmission is a transceiver test
feature.This function is also
known as heartbeat or SQE
(Signal Quality Error) test.

Bit

Descrlptldn

12

1

10

09 -

MISS

MERR

RINT

TINT

CERR is READ/CLEAR ONLY
and is set by the chip and cleared
by writing a '"'1" into the bit.
Writing a ''0"" has no effect. it is
cleared by RESET or by setting
the STOP bit. CERR error will not
cause an interrupt to occur
(INTR = 0).

MISSED PACKET is set when the
receiver loses a packet because
it does not own any receive
buffer,” indicating loss of data.

Silo overflow is not reported
because there is no receive ring
entry in which to write status.
MISS is not valid in internal
Ioopback mode.

When MISS is set, an mterrupt
will be generated if INEA = 1.

MISS is READ/CLEAR ONLY,
and is set by the chip and cleared
by writing a "1" into the bit.
Writing a '0"" has no effect. It is
cleared by RESET or by setting
the STOP bit.

MEMORY ERROR is set when
the chip is the Bus Master and
has not received READY within
25.6us after asserting the
address on the DAL lines.

When a Memory Error is
detected, the receiver and
transmitter are turned off (CSRo,

" TXON =0, RXON'=0) and an

interrupt is generated if INEA = 1,

MERR is  READ/CLEAR ONLY,
and is set by the chip and cleared
by writing a "'1" into the bit.
Wiriting a "'0'"" has no effect. It is
cleared by RESET or by setting
the STOP bit.

RECEIVER INTERRUPT is set

- when the chip updates an entry in

the Receive Descriptor Ring for
the last buffer received or
reception is stopped due to a
failure.

When RINT is set, an interrupt is
generated if INEA = 1.

RINT is READ/CLEAR ONLY,
and is set by the chip and cleared
by writing a "1'" into the bit.
Writing a ''0" .has no effect. It is
cleared by RESET or by setting
the STOP bit.

TRANSMITTER INTERRUPT is

“sét when the chip updates an

entry in the transmit descriptor
ring for the last buffer sent or
transmission is stopped due to a
failure.
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Bit

Name

Description

Bit

Name

Description

08

07

06

IDON

INTR

INEA

When TINT is set, an interrupt is
generated if INEA=1.

TINT is READ/CLEAR ONLY and
is set by the chip and cleared by

writing a ''1"" into the bit. Writing a .

'0"" has no effect. It is cleared by
RESET or by setting the STOP
bit.

INITIALIZATION DONE indicates
that the chip has completed the
initialization procedure started by
setting the INIT bit. When IDON is
sot, the chip has read the
Initiatization Block from memory
and stored the new parameters.

When IDON is set, an interrupt is
generated if INEA =1,

IDON is READ/CLEAR ONLY,
and is set by the chip and cleared
by writing a '"1" into the bit.
Writing a "'0"" has no effect. It is
cleared by RESET or by setting
the STOP bit.

INTERRUPT FLAG is set by the
"OR" of BABL, MISS, MERR,
RINT, TINT and IDON. If
INEA =1 and INTR = 1, the INTR
1/0 pin will be Low.

INTR is READ ONLY; writing this
bit has no effect. INTR is cleared
by RESET, by setting the STOP
bit, or by clearing the condition
causing the interrupt.

INTERRUPT ENABLE allows the
INTR 1I/0 pin to be driven Low
when the Interrupt Flag is set. If
INEA = 1 and INTR = 1, the INTR
170 pin will be Low. If INEA =0,
the INTR 1/0 pin will be High,
regardless of the state of the
Interrupt Flag.

INEA is READ/WRITE and
cleared by RESET or by setting
the STOP bit.

INEA cannot be set while STOP
bit is set. INEA can be set in

- parallel or after INIT and/or

STRT bit are set.

05

04

03

02

RAXON

TXON

TDMD

STOP

RECEIVER ON indicates that the
receiver is enabled. RXON is set
when STRT is set if DRX =0 in
the MODE register in the
initialization block and the
initialization block has been read
by the chip by setting the INIT bit.
RXON is cleared when IDON is
set from setting the INIT bit and
DRX = 1 in the MODE register, or
a memory error (MERR) has
occurred. RXON is READ ONLY;
writing this bit has no effect.
RXON is cleared by RESET or by
setting the STOP bit.

TRANSMITTER ON indicates
that the transmitter is enabled.
TXON is set when STRT is set if
DTX =0 in the MODE register in
the initialization block and the

. INIT bit has been set. TXON is

cleared when IDON is set and
DTX = 1 in the MODE register,or
an error, such as MERR, UFLO or
BUFF, has occurred during
transmission.

" TXON is READ ONLY; writing this

bit has no effect. TXON is cleared
by RESET or by setting the STOP

. bit.

TRANSMIT DEMAND, when set,
causes the chip to access the
Transmit Descriptor Ring without
waiting for the politime interval to
elapse. TDMD need not be set to
transmit a packet; it merely
hastens the chip's response to a
Transmit Descriptor Ring -entry
insertion by the host.

TDMD is WRITE WITH ONE
ONLY 'and is cleared by the
microcode after it is used. It may
read as a ''1" for a short time
after it is written because the
microcode may have been busy.
when TDMD was set. It is also
cleared by RESET or by setting
the STOP bit. Writing a''0'" in this
bit has no effect.

STOP disables the chip from all
external activity when set-and
clears the-internal logic. Setting
STOP is the equivalent of
asserting RESET. The chip
remains inactive and STOP
remains set until the STRT or
INIT bit is set. If STRT, INIT and
STOP are all set together, STOP
will override the other bits and
only STOP will be set.:
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Bit Name Description 185 8 7 0
STOP is READ/WRITE WITH
ONE ONLY and set by RESET.
Writing a 0" to this bit has no
effect. STOP is cleared by setting L uon (23:16)
either INIT or STRT. CSRj, - RES
CSRz, and CSR3 must be AF000820
reloaded when the STOP bit is
set. Bit Name Description

01 STRT  START enables the chip to send 15:08 RES Reserved.
a_nd receive packets, perform 07:00 IADR The high order 8 bits of the ad-
direct memory access, and do .dress of the first word (lowest
buffer management. The STOP address) in the Initialization
bit must be set prior to setting the Block.
STRT bit. Setting STRT clears .
the STOP bit. Control and Status Register 3 (CSR3)
If STRT and INIT are set )
together, the INIT function will be CSR3 allows redefinition of the Bus Master interface.
executed first.
STRT is READ/WRITE and is set RAP=3
with one only. Writing a "'0"" into
this bit has no effect. STRT is- READ/WRITE : Accessible only when the STOP bit of CSRy is
cleared by RESET or by setting ONE. CSRj is cleared by RESET or by setting
the STOP bit. the STOP bit in CSRg.

00 INIT INITIALIZE, when set, causes the 15

chip to begin the initialization
procedure and access the
Initialization Block. The STOP bit
must be set prior to setting the
INIT bit. Setting INIT clears the
STOP bit.

If STRT and INIT are set
together, the INIT function will be
executed first. INIT is READ/
WRITE WITH '"1'' ONLY. Writing
a ''0" into this bit has no effect.
INIT is cleared by RESET or by
setting the STOP bit.

Control and Status Register 1 (CSR4)
RAP=1

READ/WRITE : Accessible only when the STOP bit of CSRg is
‘a ONE. CSRy is unaffected by RESET.
1

15

L

| . o

IADR (15:01)
AF000970

Bit Name Description -

15:01 IADR The low order 16 bits of the
address of the first word (lowest
address) in the Initialization
Block.

00 - Must be zero.

Contro! and Statu§ hegister 2 (CSR3)
RAP=2

READ/WRITE : Accessible only when the STOP bit of CSRg is
a ONE. CSRy is unaffected by RESET.

]

[T

BSWP
RES
AF000900

Bit
15:03
02

Name
RES
BSWP

Description

Reserved and read as "0."

BYTE SWAP allows the chip to
operate in systems that consider
bits (15:08) of data to be pointed
by an even address and bits
(07:00) to be pointed by an odd
address.

When BSWP =1, the chip. will
swap the high and low bytes on
DMA data transfers between the
silo and bus memory. Only data
from silo transfers is swapped;
the Initialization Block data and
the Descriptor Ring entries are
NOT swapped.

BSWP is' READ/WRITE and
cleared by RESET or by setting
the STOP bit in CSRg.

ALE CONTROL defines the as-
sertive state of ALE when the
chip is a Bus Master. ACON is
READ/WRITE and cleared by
RESET and by setting the STOP

01 ACON

bit in CSRy.
ACON ALE
0 Asserted High
1 Asserted Low
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00 BCON BYTE CONTROL redefines the
Byte Mask and Hold I/0 pins.
BCON is READ/WRITE and
cleared by RESET or by setting

the STOP bit in CSRy.

BCON Pin16é Pin15 Pin17
0 BMy BMp HOLD
1 BUSAKO BYTE BUSRQ

All data transfers from the LANCE in the Bus Master mode are
in words. However, the LANCE can handle odd address
boundaries and/or packets with an odd number of bytes.

INITIALIZATION
INITIALIZATION BLOCK ‘

Chip initialization includes the reading of the initialization block
in memory to obtain the operating parameters. The following is
a definition of the Initialization Block.

The Initialization Block is read by the chip when the INIT bit in
CSRy is set. The INIT bit should be set before or concurrent
with the STRT bit to insure proper parameter initialization and
chip operation. After the chip has read the Initialization Block;
IDON is setin CSRp and an interrupt is generated if INEA = 1.
Higher Addresses TLEN-TDRA (23:16) IADR +22

TDRA (15:00) IADR +20
RLEN-RDRA (23:16) IADR +18

RDRA (15:00) IADR +16
LADRF (63:48)  IADR +14
LADRF (47:32)  IADR +12
LADRF (31:16)  IADR +10
LADRF (15:00)  IADR +08
PADR (47:32)  IADR +06.
PADR (31:16) IADR +04
PADR (15:00)  IADR +02
Base Address of Block MODE |ADR +00
Mode

The Mode Register allows alteration of the chip's operating
parameters. Normal operation is with the Mode Register clear.

15 14 7 ] 5 4 3 2 1 0
' ‘u”“
DTX

DTCR

PROM
AF000510

Description

PROMISCUOUS mode. When
PROM = 1, all incoming packets
are accepted.

RESERVED .

Bit Name
15 PROM

14.07 RES

Name

Description

06

05

04

03

INTL

DRTY

COLL

DTCR

INTERNAL LOOPBACK is used
with the LOOP bit to determine
where the loopback is to be done.
Internal loopback allows the chip
to receive its own transmitted
packet. Since this represents full
duplex operation, the packet size
is limited to 8-32 bytes. Internal
loopback in the LANCE is opera-
tional only when the packets are
addressed to the node itself.

The Lance will not receive any
packets externally when it is in
internal loopback mode.

EXTERNAL LOOPBACK allows
the LANCE to transmit a packet
through the SIA transceiver cable
out to the Ethernet coax. It is
used to determine the operability
of all circuitry and connections
between the LANCE and the co-
axial cable. Multicast addressing
in external loopback is valid only
when DTCR =1 (user needs to
append the 4 bytes CRC).

In externat loopback, the LANCE
also receives packets from other
nodes.

INTL is only valid if LOOP = 1;
otherwise, it is ignored.

LOOPINTL LOOPBACK
0 X No loopback, normal
1 0 External
1 1 Internal

DISABLE RETRY. When
DRTY =1, the chip will attempt
only one transmission of a pack-
et. If there is a collision on the
first transmission attempt, a Retry
Error (RTRY) will be reported in
Transmit Message Descriptor 3
(TMDg).

FORCE COLLISION. This bit al-
lows the collision logic to be test-
ed. The chip must be in internal
loopback mode for COLL to be
valid. If COLL = 1, a collision will
be forced during the subsequent
transmission attempt. This will re-
sult in 16 total transmission at-
tempts with a retry error reported
in TMD3.

DISABLE TRANSMIT CRC.
When DTCR = 0, the transmitter
will generate and append a CRC
to the transmitted packet. When
DTCR =1, the CRC logic is allo-
cated to the receiver and no CRC
is generated and sent with the
transmitted packet.
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Bit Name Description Bit Name . Description
During loopback, DTCR =0 will 00 DRX DISABLE THE RECEIVER caus-
cause a CRC to be generated on es the chip to reject all incoming
the transmitted packet, but no packets and not access the Re-
CRC check will be done by the ceive Descriptor Ring. DRX =1
receiver since the CRC logic is will clear the RXON bit in the
shared and cannot generate and CSRg when initialization is com-
check CRC at the same time. The plete.
generated  CRC will be written
into memory with the data and "Physlca| Address 1 0.
can be checked by the host soft-
ware. I
If DTCR = 1 during loopback, the l—‘o‘
“host software must append a [ .
CRC -value to the transmit data. "R",;é;;g;’o
The receiver will check the CRC
on the received data and report Bit Name Description
any errors.
‘ | 47:00 PADR PHYSICAL ADDRESS is the
02 LOOP LOOPBA.CK allows the chip to unique 48-bit physical address
operate in full duplex mode for assigned to the chip. PADR (0)
test purposes. The packet size is must be zero,
limited to 8-32 bytes.The re-
ceived packet can be up to 36 Logical Address Filter
bytes (32 + 4 bytes CRC) when & _— °
DTCR=0. During loopback, the
runt packet filter is disabled be- LADRF
cause the maximum packet is
forced to be smaller than the AF000500
minimum size Ethernet packet Bit Name Descriptor
(64 bytes). 63:00 - LADRF  The 64-bit mask used by the chip
LOOP =1 allows simultaneous to accept logical addresses.
transmission and reception for a o i i Cian
message constrained to fit within If the first bit 9f an incoming .address is a ''1" [PADR (0) = 1],
the silo. The chip waits until the the' address is c{eemed logical and is passed through the
entire message is in the silo be- logical address filter. .
fore serial transmission begins. The logical address filter is a 64-bit mask composed of four
The incoming data stream fills the sixteen-bit registers, LADRF (63:00) in the initialization block,
silo from behind as it is being that' is used to accept incoming Logical Addresses. The
emptied. Moving the received incoming address is sent through the CRC circuit. After all 48
message out of the silo to memo- bits of the address have gone through the CRC circuit, the
ry does not begin until reception high order 6 bits of the resultant CRC (32-bit CRC) are strobed
has ceased. into a register. This register is used to select one of the 64-bit
In loopback mode, transmit data .posiltfor:‘s in the Logicgl Address Filter. If the selec{ed filter bjt
chaining is not possible. Receive isa'1,"” the addfess is accept.ed and the packet will be pqt in
data chaining is possible if re- memory. The Ioglca! addrgss fllte'r only assures that there is a
ceive buffers are 32 bytes long to possibility that (h'e incoming logical address belongs to t.he
allow time for lookahead. node. To determine if it belongs to the node, the incoming
. logical address that is stored in main memory is compared by
01 DTX DISABLE THE TRANSMITTER

causes the chip to not access the
Transmitter Descriptor Ring, and
therefore, no transmissions are

attempted. DTX = 1 will clear the .

TXON bit in CSRgp when initializa-
tion is complete.

software to the list of logical addresses to be accepted by this
. node.

The task of mapping a logical address to one of 64-bit .
positions requires a simple computer program (see Appendix
A) which uses the same CRC algorithm (used in LANCE and
defined per Ethernet) to calculate the HASH (see Figure 7).

The Broadcast address, which is all ones, does not go through
the Logical Address Filter and is always enabled. If the Logical
Address Filter is loaded with all zeroes, all incoming logical
addresses except broadcast will be rejected. The multicast
addressing in external loopback is operational only when
DTCR in the mode register is set to 1.
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32 BIT RESULTANT CRC
31

DESTINATION ADDRESS
LOGICAL ADDRESS
FILT!

47 10
——

She LTER
6 0

S P ha

j————= MATCH*

6

*Match - 1, the packet is accepted.
Match - 0, the packet is rejected.

AF002510

~ Figure 7. Logléal Address Filter Operation

Recelve Descriptor Ring Pointer
31 2928 40 . 32 0

| L pes - L‘o' (QUADWORD SBOUNDARY)
RLEN . RDRA (23:03)

AF000490
Bit ‘Name descrlptlon
15:13 RLEN RECEIVE RING LENGTH is the
o number of entries in the receive
ring expressed as a power of two.
Number
RLEN of Entries
0 1
1. 2
2 4
3 8
4 16
5 32
6 64
7 128
12:.08 RES RESERVED
07:00 RDRA RECEIVE DESCRIPTOR RING
15:03 : ADDRESS is the base address
(lowest address) of the Receive
Descriptor Ring.
02:00 MUST BE ZEROES. These bits

are RDRA (02:00) and must be
zeroes because the Receive
‘Rings are aligned on quadword
boundaries.

Transmit Descriptor-Ring Pointer

31 2928 242 320
T I
l— RES ' I—‘D' (QUADWORD BOUNDARY)
TLEN TORA (23:03)
) ' : AF000480
Bit Name Description

TLEN TRANSMIT RING LENGTH is the
number of entries in the Transmit
Ring expressed as a power of

two.

15:13

=4

Number of Entries

Noohrwnm=0oh
®

RESERVED

TRANSMIT DESCRIPTOR RING
ADDRESS is the base address
(lowest address) of the Transmit
Descriptor Ring.

MUST BE ZEROES. These bits
are TDRA (02:00) and must be
zeroes because the Transmit
Rings are aligned on quadword
boundaries.

12:08 RES

07:00 TDRA
15:03

02:00

BUFFER MANAGEMENT

Buffer Management is accomplished through message de-
scriptors organized in ring structures in memory. Each mes-
sage descriptor entry is four words long. There are two rings
allocated for the device: a Receive ring and a Transmit ring.
The device is capable of polling each ring for buffers to either
empty or fill with packets to or from the channel. The device is

also capable of entering status information in the descriptor

entry. Chip poliing is limited to looking one ahead of the
descriptor entry the chip is currently working with.

The location of the descriptor rings and their length are found
in the initialization block, accessed during the initialization
procedure by the chip. Writing a "ONE" into the STRT bit of
CSRp will cause the chip to start accessing the descriptor
rings and enable it to send and receive packets.

The chip communicates with a HOST device (probably a
mircoprocessor) through the ring structures in memory. Each
entry in the ring is either "owned" by the chip or the HOST.
There is an ownership bit (OVWN) in the message descriptor
entry. Mutual exclusion is accomplished by a protocol which
states that each device can only relinquish ownership of the
descriptor entry to the other device; it can never take
ownership, and no device can change the state of any field in
any entry ‘after it has relinquished ownership.

DESCRIPTOR RINGS

Each descriptor in a ring in memory is a 4-word entry. The
following is the format of the receive and the transmit
descriptors.

Receive Message Descriptor Entry

Receive Message Descriptor 0 (RMDg)

15 . 0
L ' LADR
AF000940
Bit Name Description
15:00 LADR The LOW ORDER 16 address

bits of the buffer pointed to by
this descriptor. LADR is written by
the host and unchanged by the
chip.
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15

Recelve Message Descriptor 1 (RMD{)

.8 7 [

111

L e

sTP

BUFF

- CRC

OFLO

FRAM

Bit

Name

OWN

AF000870

Description

15

14

13

12

1"

OWN

ERR

FRAM

OFLO

CRC

This bit indicates that the
descriptor entry is owned by the
host (OWN =0) or by the chip
(OWN = 1). The chip clears the
OWN bit after filling the buffer
pointed to by the descriptor entry.
The host sets the OWN bit after
emptying the buffer. Once the
chip or host has relinquished
ownership of a buffer, it must not
change any field in the four words
that comprise the descriptor
entry.

ERROR summary is the ""OR'' of
FRAM, OFLO, CRC or BUFF.
ERR is set by the chip and
cleared by the host.

FRAMMING ERROR indicates
that the incoming packet

contained a noninteger multiple
of eight bits and there was a CRC
error. If there was not a CRC
error on the incoming packet,
then FRAM will not be set even it
there was a noninteger multiple
of eight bits in the packet. FRAM

-is not valid in internal loopback

mode. FRAM is set by the-chip
and cleared by the host.

OVERFLOW error indicates that
the receiver has lost all or part of
the incoming packet due to an
inability to store the packet in a
memory buffer before the internal
silo overflowed. OFLO is set by
the chip and cleared by the host.

CRC indicates that the receiver
has detected a CRC error on the
incoming- packet. CRC is set by
the chip and cleared by the host.

15

Name

" Description

10

09

08

07:00

BUFF

STP

ENP

HADR

BUFFER ERROR is set any time
the chip does not own the next
buffer while data chaining a
received packet. This can occur
in either of two ways: 1) the OWN
bit of the next buffer is zero, or 2)
silo overflow occurred before the
chip received the next STATUS.
BUFF is set by the chip and
cleared by the host.

if a Buffer Error occurs, an
Overflow Error may also occur
internally in the SILO, but will not
be reported in the descriptor
status entry unless both BUFF
and-OFLO errors occur -at the
same time.

START OF PACKET indicates -
that this is the first buffer used by
the chip for this packet. It is used

+ for data chaining buffers. STP is

set by the chip and cleared by the
host.

END OF PACKET indicates that
this is the last buffer used by the
chip for this packet. It is used for
data chaining buffers. If both STP
and ENP are set, the packet fits
into one buffer and there is no
data chaining. ENP is set by the
chip and cleared by the host.

The HIGH ORDER 8 address bits
of the buffer pointed to by this
descriptor. This field is written by
the host and unchanged by the
chip.

Receive Message Descriptor 2 (RMD3)

12 1"

|—-————ch
UST BE ONES
AF000930
Bit Name Description

15:12 MUST BE ONES. This field is

written by the host and

. unchanged by the chip.

BUFFER BYTE COUNT is the

11:00

BONT

length of the buffer pointed to by -
this descriptor, expressed as a
two's complement number. This
field is written by the host and
unchanged by the chip. Minimum
buffer size is 64 bytes for the first
buffer of packet.
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Receive Message Descriptor 3 (RMD3)

15 2 1 0 Bit Name Description
13 RES RESERVED bit. The chip will
write this bit with a "'0."
L moNT 12 MORE MORE indicates that more than
RES one retry was needed to transmit
AF000950 a packet. MORE is set by the chip
and cleared by the host.
Bit Name Description 1 ONE ONE indicates that exactly one
15:12 RES RESERVED and read as zeroes. retry was needed to transmit a
11:00 MCNT  MESSAGE BYTE COUNT is the packet o':i jo sot by e ohip
length in bytes of the received an clearg y the host. ne fag
. N is not valid when LCOL is set.
message. MCNT is valid only
when ERR is clear and ENP is 10 DEF DEFERRED indicates that the
set. MCNT is written by the chip chip had to defer while trying to
and cleared by the host. transmit a packet. This condition
) occurs if the channel is busy
Transmit Message Descriptor Entry when the chip is ready to
. transmit. DEFER is set by the
Tsransmit Message Descriptor 0 (TMDg) 0 chip and cleared by the host.
LADR 09 STP START OF ‘PACKET indicates
that this is the first buffer to be
AF000940 used by the chip for this packet. It
is used for data chaining buffers.
Bit Name Description STP is set by the host and
- unchanged by the chip. The STP
15:00 LADR T'he LOW ORDER !G address bit must be set in the first buffer
bl!s of th‘e buffer po.mteq to by of the packet, or the LANCE will
this descriptor. LADR is written by . skip over this descriptor and poll
the host and unchanged by the the next descriptor(s) until the
chip. OWN and STP bit are set.
Transmit Message Descriptor 1 (TMD¢) 08 ENP END OF PACKET indicates that
s e 7 o this is the last buffer to be used
by the chip for this packet. It is
l l used for data chaining buffers. If
both STP and ENP are set, the
packet fits into one buffer and
L mon there is no data chaining. ENP is
ENP set by the host and unchanged by
s the chip.
ool 0700  HADR  The HIGH ORDER 8 address bils
MORE of the buffer pointed to by this
RES descriptor. This field is written by
ERR the host and unchanged by the
owN chip.
15:12 ONES Must be ones. This field is set by
AF000880 the host and unchanged by the
chip.
Bit Name Description
15 OWN - This bit indicates that the Transmit Message Descriptor 2 (TMD2)
descriptor entry is owned by the S 2 u 9
host (OWN =0) or by the chip l I I
(OWN =1). The host sets the
OWN bit after filling the buffer
pointed to by this descriptor. The l L ment
chip clears the OWN bit after ONES
transmitting the contents of the AF000980
buffer. Both the host and the chip .
must not alter a descriptor entry
after it has relinquished
ownership. .
14 ERR ERROR summary is the ""OR"' of
LCOL, LCAR, UFLO or RTRY.
ERR is set by the chip and
cleared by the host.
05698A
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15

Bit

Name

Description

11:00

BCNT

" BUFFER BYTE COUNT s the

usable length in bytes of the
buffer pointed to by this
descriptor expressed as a two's
complement number. This is the
number of bytes from this buffer
that will be transmitted by the
chip. This field is written by the
host and unchanged by the chip.
The first buffer of a packet has to
be at least 100 bytes minimum
when data chaining and 64 bytes
(DTCR = 1) or 60 bytes

(DCTR = 0) when not data
chaining.

Transmit Message Descriptor 3 (TMD3)

109

Bit

Name

AF000890

Description

" 15

14

BUFF

UFLO

'BUFFER ERROR is set by the

chip during transmission when

" the chip does not find the ENP

flag in the current buffer and does

" not own the next buffer. This can

occur in either of two ways: either
the OWN bit of the next buffer is
zero, or SILO underflow occurred
before the chip received the next
STATUS signal. BUFF is set by
the chip and cleared by the host.
BUFF error will turn off the
transmitter (CSRp, TXON = 0)

If a Buffer Error occurs, an
Underflow Error will also occur
internally in the SILO. An
Underflow Error will not be
reported in the descriptor status
entry unless both BUFF and
UFLO errors occur at the same
time.

UNDERFLOW ERROR indicates

" that the transmitter has truncated

a message due to data late from
memory. UFLO indicates that the

SILO has emptied before the end *

of the packet was reached.

Upon UFLO error, transmitter is
turned off (CSRg, TXON = 0).

UFLO is set by the chip and
cleared by the host.

Bit Name
13 RES

Description

RESERVED bit. The chip will
write this bit with a "'0."”

LATE COLLISION indicates that
a collision has occurred after the
slot time of the channel has
elapsed. The chip does not retry
on late collisions. LCOL is set by
the chip and cleared by the host:

LOSS OF CARRIER is set when
the carrier input (RENA) to the
chip goes false during a chip-
initiated transmission. The chip
does not retry upon loss of
carrier. It will continue to transmit
the whole packet until done.
LCAR is not valid in INTERNAL
LOOPBACK MODE. LCAR is set
by the chip and cleared by the
host.

RETRY ERROR indicates that
the transmitter has failed in 16
attempts to successfully transmit
a message due to repeated
collisions on the medium. if
DRTY =1 in the MODE register,
RTRY will set after 1 failed
transmission. attempt. RTRY is
set by the chip and cleared by the
host.

TIME DOMAIN

REFLECTOMETRY reflects the
state of an internal chip counter
that counts from the start of a
transmission to the occurrence of
a collision. This value is useful in
determining the approximate
distance to a cable fault. The
TDR value is written by the chip
and is valid only if RTRY is set.

DETAILED DESCRIPTION

RING ACCESS MECHANISM IN THE
LANCE

Once the LANCE is initialized through the initialization block
and started, the CPU and the LANCE communicate via
transmit and receive rings, for packet transmission and
reception.

12 LcoL

11 LCAR

10 RTRY

09:00 TDR

There are 2 sets of RAM Iocatlons (four 16-bit register per set,
corresponding to the 4 entries in each descriptor) in the
LANCE. The first set points to the current buffer, and they are
the working registers which are used for transferring the data
for the packet. The second set contains the pointers to the
next buffer in the ring which the LANCE obtained from the
Iookahead operation.

There are three types of ring access in the LANCE. The first
type is when the LANCE polls the rings to own a buffer. The
second type is when the buffers are data chained. The LANCE
does a lookahead operation between the time that it is
transferring data to/from the SILO; this lookahead is done
only once. The third type is when the LANCE tries to own the
next descriptor in the ring when it clears the OWN bit for the
current buffer.
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Transmit Ring Buffer Management

When there is no Ethernet activity, the LANCE will automati-
cally poli the transmit ring in the memory once it has started
(CSRp, STRT =1). This polling occurs every 1,6ms, (CSRg
TDMD bit = 0) and consists of reading the status word of the
transmit Ring, TMD4, until the LANCE owns the descriptor.
The LANCE will read TMDg and TMD3 to get the rest of the
buffer address and the buffer byte count when it owns the
descriptor. Each of these memory reads is done separately
with a new arbitration cycle for edach transfer.

If the transmit buffers are data chained: (current buffer
ENP = 0), the LANCE will lookahead the next descriptor in the
ring while transferring the -current buffer into the SILO (see
Figure 8a). The LANCE does this lookahead only once. If it
does not own the next transmit Descriptor Table Entry (DTE)
(2nd T ring for this packet) it will transmit the current buffer
and updates the status of current Ring with the BUFF and
UFLO error bits set. If the LANCE owns the 2nd DTE, it will
also read the buffer address and the buffer byte count of this
entry. Once the LANCE has finished emptying the current
buffer, it clears the OWN bit for this buffer, and immediately

starts loading the SILO from the next (2nd) buffer. Between -

DMA bursts, starting from the 2nd buffer, the LANCE does a
lookahead again to check if it owns the next (3rd) butfer. This
activity goes on until the last transmit DTE indicates the end of
the packet (TMD1, ENP = .1). Once the last part of the packet
has been transmitted out from the SILO to the cable, the
LANCE will update the status in TMDy, TMD3 (TMD3 is
updated only when there is an error) and relinquishes the last
buffer to the CPU. The LANCE tries to own the next buffer
(first buffer of the next packet), immediately after it relin-
quishes the last buffer of the current packet. This guarantees
the back-to-back transmission of the packets. If the LANCE
does not own the next buffer, it then polls the Ty ring every
1.6ms.

When an error occurs before all of the buffers get transmitted,
the status, TMD3, is updated in the current DTE, own bit is
cleared in TMD4, and TINT bit is set in CSRg which causes an
interrupt if INEA = 1. The LANCE will then skip over the rest of
the descriptors for this packet (clears the OWN bit and sets
the TINT bit in CSRg) until it finds a buffer with both the STP

and OWN bit being set (it indicates the first buffer for the next -

packet).

When the transmit buffers are not data chained (current
descriptor's ENP = 1), the LANCE will not perform any looka-
head operation. It will transmit the current buffer, update the
TMDg if any error, and then update the status and clear the
OWN bit in TMD4. The LANCE will then immediately check the
next descriptor in the ring to see if it owns it. If it does, the
LANCE will also read the rest of the entries from the descriptor
table. If the LANCE does not own it, it will poll the ring once
every 1.6ms until it owns it. User may set the TDMD bit in
CSRg when it has relinquished a buffer to the LANCE. This will
force the LANCE to check the OWN bit at this buffer without
waiting for the polling time to elapse.

Receive Ring Buffer Management

Receive Ring access is similar to the transmit ring access.
Once receiver is enabled, the LANCE will always try to have a

receive buffer available, should there be a packet addressed

to this node for reception. Therefore, when a packet has not
arrived, the LANCE will poll the receive ring entry, once every
1.6ms, until it owns the current receive DTE. Once the LANCE
owns the buffer, it will read RMDg and RMD3 to get the rest of
buffer address and buffer byte count. When the packet arrives
from the cable, the LANCE will first check to see if it owns a
buffer. If not, it will poll the receive ring once for a buffer. If it
does not own the buffer, it will set the MISS error in CSRg and
will not poll the receive ring until the packet ends.

Assuming the LANCE owns a receive buffer when the packet
arrives, it will perform a lookahead operation on the next DTE
between periods when it is dumping the received data from
the SILO to the first receive buffer in case the current buffer
requires data chaining. When the LANCE owns the buffer, the
lookahead operation consists of 3 separate single word DMA
reads: RMD4, RMDg, and RMD2. When the LANCE does not
own the next buffer, the lookahead operation consists of only
one single DMA read, RMD4. Either lookahead operation is
done only once. Following the lookahead operation, whether
LANCE owns the next buffer or not, the LANCE will transfer
the data from SILO to the first receive buffer for this packet in
burst mode (8 word transfer per one DMA cycle arbitration).

If the packet being received requires data chaining, and the
LANCE does not own the 2nd DTE, the LANCE will update the
current buffer status, RMD4, with the BUFF and/or OVFL error
bits set. If the LANCE does own the next buffer (2nd DTE)
from previous lookahead, the LANCE will relinquish the
current buffer and start filling up the 2nd buffer for this packet.
Between the time that the LANCE is transferring data from the
SILO to 2nd buffer, it does a lookahead operation again to see
if it owns the next (3rd) buffer. If the LANCE does own the third
DTE, it will also read RMDp, and RMD3, to get the rest of buffer
pointer address and buffer byte count.

This activity continues on until the LANCE recognizes the end
of the packet (cable is idle); it then updates the current buffer
status with the end of packet bit (ENP) set. The LANCE will
also update the message byte count (RMD3) with the total
number of bytes received for this packet in the current buffer
(the last buffer for this packet).

S

Figure 8a. Data Chaining (Transmit)

¢ |

DF001850

ourput
PACKET X
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LANCE

TRANSMIT

RECEWVE

DF001860

Figure 8b. Buffer Management Descriptor
Rings

Notes: 1. W, X, Y, Z are the packets
queued for transmission.
2.'A, B, C, D are the packets re-
. ceived by the LANCE.

LANCE DMA TRANSFER (BUS MASTER
MODE) -

There are two types of DMA Transfers with the LANCE: *
—Burst mode DMA

- Single word DMA

Burst Mode DMA

Burst DMA is used for Transmission or Reéeption of the
Packets, (Read/Write from/to Memory).

The Burst Transfers are 8 consecutive word reads (transmit)
or writes (receive) that are done on a single bus arbitration
cycle. In other words, once the LANCE receives the bus
acknowledge, (HLDA = Low), it will do 8 word transfers (8
DMA cycle, min. at 600ns per cycle) without releasing the bus
request signal (HOLD = Low). If there are more than 16 bytes
empty in the SILO, in transmit mode, or at least 16 bytes .of
data, in the SILO in receive mode, when the LANCE releases
the bus (HOLD deasserted), the LANCE will request the bus
again within 700ns. (HOLD dwell time). Burst DMAs are always
8 cycle transfers unless there are less than 8 words left to be
transferred in to/from the SILO. ‘

Single Word DMA Transfer

The LANCE initiates single word DMA transfers to access the
transmit, receive rings or initialization block. The LANCE will
not initiate any burst DMA transfer between the time that it
gets to own the descriptor, and accessing the descriptor
entries in the ring (an average of 3 - 4 separate DMA cycles
for a multibuffer packet) or reading the initialization block.

SILO OPERATION

The SILO provides temporary buffer storage for data being
transferred between the parallel bus 1/0 pins and serial bus 1/
O pins. The capacity of the SILO is 48 bytes.

Transmit

Data is loaded into the SILO under internal microprogram
control. SILO has to be more than 16 bytes empty before the
LANCE requests the bus (HOLD is asserted). The LANCE will
start sending the preambile (if the line is idle) as soon as the
first byte is loaded to the SILO from memory. Should transmit-
ter be required to back off, there could be up to 32 bytes of
data in the SILO ready for transmission. Reception has priority
over transmission during the time that the transmitter is
backing off.

Receive

Data is loaded into the SILO from the serial input shift register
during reception. Data leaves the SILO under microprogram
control. The LANCE microcode will wait until there are at least
16 bytes of data in the SILO before initiating a DMA burst
transfer. Preamble (including the synch) is not loaded into the
SILO.

Note: SILO is used as an alternative name for FIFO.
SILO - Memory Byte Alignment

Memory buffers may begin and end on arbitrary byte bound-
aries. Parallel data is byte aligned between the SILO and DAL
lines (DALg-DALs5). Byte alignment can be reversed .by
setting the Byte Swap (BSWP) bit in CSRa. .
TRANSMISSION — WORD READ FROM EVEN MEMORY
ADDRESS ) ’ '
BSWP =0: SILO BYTE n
SILO BYTE n+1

gets DAL <07:00>
gets DAL <15:08>
SILO BYTE n gets DAL  <15:08>
SILO BYTE n+1 gets DAL ' <07:00>
TRANSMISSION - BYTE READ FROM EVEN MEMORY
ADDRESS

BSWP=0: SILO BYTE n  gets DAL <07:00>

BSWP =1: SILO-BYTE n gets DAL <15:08> -

TRANSMISSION - BYTE READ FROM ODD MEMORY
ADDRESS | o
BSWP =0:" SILO BYTE n
BSWP=1: SILO BYTE n

BSWP = 1:

gets DAL <15:08>
gets DAL <07:00>

'RECEPTION - WORD WRITE TO EVEN MEMORY AD-

DRESS :
BSWP =0: DAL <07:00> gets SILO BYTE n
BSWP =1: DAL <15:08> gets SILO BYTE n+1

RECEPTION -~ BYTE WRITE TO EVEN MEMORY AD-
DRESS :

BSWP =0: DAL <07:00> gets SILO BYTE n
DAL <15:08> - don't care
DAL <15:08> gtes SILO BYTE n
DAL <07:00> - don't care

RECEPTION - BYTE WRITE TO ODD MEMORY AD- .
DRESS

BSWP = 0:. DAL <07:00> - don't care

DAL <15:08> gets SILO BYTE n

DAL <15:08> - don't care

DAL <07:00> gets SILO BYTE n

BSWP =1:

BSWP =1:

THE LANCE RECOVERY AND
REINITIALIZATION

The transmitter and receiver section of the LANCE are turned
on via the initialization block (MODE REG: DRX, DTX bits).
The state of the transmitter and the receiver are monitored
through the CSRg register (RXON, TXON bits). The LANCE
must be reinitialized if the transmitter and/or the receiver has
not been turned on during the original initialization, and later it
is desired to have them turned on. Another reason why it may
be desirable to reinitialize the LANCE, to turn the transmitter
and/or receiver back on again, is when either section shuts off
because of an error (MERR, UFLO, TX BUFF error). Care
must be taken when the LANCE is reinitialized. The user
should rearrange the descriptors in the transmit or receive ring
prior to reinitialization. This is necessary since the transmit and
receive descriptor pointers are reset to the beginning of the
ring upon initialization.

Another way of starting the LANCE, once it has stopped
(STOP = 0 in CSRy), is by setting the STRT bit in CSRp. The
STRT puts the LANCE in operation in accordance with the
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parameters set up in the mode register. If DTX and/or DRX
are set to 0 in the mode register, the transmitter and/or
receiver will be turned on again when STRT bit is set.

This approach may look like an easier task than the reinitializa-
tion mechanism, where the user is required to rearrange the
descriptors in the ring. However, this approach is not recom-
mended when the LANCE is stopped in the middle of a
transmission or reception, or when the buffers are data
chained.

To reinitialize the LANCE, the user must stop the LANCE by
setting the stop bit in CSRy prior to reinitialization (setting INIT
bit in CSRq). The user needs to reprogram the CSR3 because
its content gets cleared when the stop bit gets set (soft reset).
CSRg3 reprogramming is not needed when default values
BCON, ACON, and BSWP are used. CSR4 and CSRp are not
affected by STOP bit; however, it is recommended that CSR¢
and CSRy be reloaded when the STOP bit is set.

FRAME FORMATTING

The LANCE performs the encapsulation/decapsulation func-
tion of the data link layer (2nd layer of ISO model) as follows:

Transmit

In transmit mode, the user must supply the destination
address, source address, and Type Field (or Length Field) as a
part of data in transmit data buffer memory. The LANCE will
append the preamble, synch, and CRC (FCS) to the frame as
is shown in Figures 9a and 9b.

Receive

In receive mode, the LANCE strips off the preamble and synch
bits and transfers the rest of the frame, including the CRC
bytes (4 bytes), to the memory. The LANCE will discard
packets with less than 64 bytes (runt packet) and will reuse
the receive buffer for the next packet. This is the only case
where the packet is discarded. Runt packet is normally the
result of a collision.

PREAMBLE SYNCH DEST. SOURCE
110,100 | 1 1 ADR ADR |TYPE| DATA | FCS
64 2 6 6 2 46-1500 4
BITS BITS BYTES BYTES BYTES BYTES . BYTES
DF001870
Figure 9a. Ethernet Frame Format
' ]
preamsLe | sfo | oest. |sounce e
1010...1010 | 10101011 | aDR ADR  JLENGTH) para  (PADY FCS
i . k]
56 8 6 6 2 46-1500 4
BITS . BINS  BYTES BYTES BYTES BYTES BYTES
’ DF001880

Figure 9b. IEEE 802.3 MAC Frame Format

FRAMING ERROR (DRIBBLING BITS)

The LANCE can handle up to 7 dribbling bits when a received
packet terminates; the input to the LANCE, RCLK, stops,
following the deassertion of RENA. During the reception, the
CRC is generated on every serial bit (including the dribbling
bits) coming from the cable, and it gets stored internally on
byte boundary. The framing error is reported to the user as
follows:

-If the number of the dribbling bits are 1 to 7 bits and there is
no CRC error, then there is no Framing error (FRAM = 0).

~If the number of the dribbling bits are less than 8 and there is
a CRC error, then there is also a Framing error (FRAM = 1).

—if the number of the dribbling bits = 0, then there is no
Framing error. There may or may not be a CRC error.

INTERPACKET GAP TIME (IPG)

The interpacket gap time for back-to-back transmission is 9.6
to 10.6 microseconds, including synchronization. The interp-
acket delay interval begins immediately after the negation of
the RENA signal. During the first 4.1us of the IPG, RENA
activity is masked off internally in the LANCE. If RENA is
asserted and remains asserted during the first 4.1us of IPG
following a receive, the LANCE will defer to the packet (it will
not receive it). If this condition occurs following a transmit, the
LANCE will start to look for the synch bits (011) about 800ns
(8 bit time) after the 4.1us window has elapsed. Therefore, the
packet may be received correctly if at least 8 bits of the
preamble are left following the 4.1us window, or the received
packet may contain CRC error (not enough preamble bits left,
LANCE may be locking to the synch bits in the middie of data),
or the received packet may be discarded because of the runt
packet (the data loss during the 4.1us window).

If RENA is asserted after 4.1us window, the LANCE will treat
this as start of a new packet. It will start to look for the synch
bits (011) after 8 bit time RENA becomes active. Whenever
the LANCE is about to transmit- and is ‘waiting for the
interpacket delay to elapse, it will begin transmission immedi-
ately after the interpacket delay interval, independent of the
state of RENA. However, RENA must be asserted during the
time that TENA is high. The LCAR (loss of carrier) error bit is
otherwise set in TMDg, after the packet has been transmitted.

COLLISION DETECTION AND COLLISION -
JAM

Collisions are detected by monitoring the CLSN 170 pin. If
CLSN becomes asserted during a frame transmission, TENA
will remain asserted for at least 32 (but not more than 40)
additional bit times (including CLSN synchronization). This
additional transmission after collision is referred to as COLLI-
SION JAM. If collision occurs during the transmission of the
preamble, the LANCE continues to send the preamble, and
sends the JAM pattern following. the preamble. If collision
occurs after the preamble, the LANCE will send the JAM
pattern following the transmission of the current byte. The
JAM pattern is any pattern except.the CRC bytes.

RECEIVE BASED COLLISION

If CLSN becomes asserted during the reception of a packet,
this reception is immediately terminated. Depending on the
timing of COLLISION DETECTION, the following will occur. A
collision that occurs within 6 byte times (4.8ms) will result in
the packet being rejected because of an address mismatch
with the SILO write pointer being reset. A collision that occurs
within 64 byte times (51.2ms) will result in the packet being
rejected since it is a runt packet. A collision that occurs after
64 byte times (late collision) will result in a fruncated packet
being written to the memory buffer with the CRC error bit most
likely being set in the Status Word of the Receive Ring. Late
collision error is not recognized in receive mode.

TRANSMIT BASED COLLISION

When a transmission attempt has been terminated due to the
assertion of CLSN, (a collision that occurs within 64 byte
times), the LANCE will attempt to retrieve it 15 more times.
The LANCE does not try to reread the descriptor entries from
the Ty ring upon each collision. The descriptor entries for the
current buffer are internally saved. The scheduling of the
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retransmissions is determined by a controlled randomized
process called "'truncated binary exponential backoff." Upon
the negation of the COLLISION JAM interval, the LANCE
calculates a delay before retransmitting. The delay is an
integral multiple of the SLOT TIME. The SLOT TIME is 512 bit
times. The number of SLOT TIMES to delay before the nth
retransmission is chosen as a uniformly distributed random
integer in the range: 0 <r < 2% where k = min (n, 10).

If all 16 attempts fail, the LANCE sets the RTRY bit in the
current Transmit Message Descriptor 3, TMD3, in memory,
gives up ownership (sets the own bit to zero) for this packet,
and processes the next packet in transmit ring for transmis-
sion. If there is a late collision (collision occurring after 64 byte
times), the LANCE will not transmit again; it will terminate the
transmission, note the LCOL error in TMD3, and transmit the
next packet in the ring.

COLLISION -~ MICROCODE INTERACTION

The microprogram uses the time provided by COLLISION
JAM, INTERPACKET DELAY, and the backoff interval to
restore the address and byte counts internally and starts
loading the SILO in anticipation of retransmission. It is
important that LANCE be ready to transmit when the backoff
interval elapses to utilize the channel properly.

TIME bOMAIN REFLECTOMETRY

The LANCE contains a time domain reflectometry counter.
The TDR counter is ten bits wide. It counts at a 10MHz rate. It
is cleared by the microprogram and counts upon the assertion
of RENA during transmission. Counting ceases if CLSN
becomes true, or RENA goes inactive. The counter does not
wrap around; once all ONEs are reached in the counter, that
value is held untii cleared. The value in the TDR is written into
memory following the transmission of the packet. TDR is used
to determine the location of suspected cable faults.

HEARTBEAT

During the INTERPACKET DELAY following the negation of
TENA, the CLSN input is asserted by some transceivers as a
self-test. If the CLSN input is not asserted within 2us following
the completion of transmission (after TENA goes low), then
the LANCE will set the CERR bit in CSRg. CERR error will not
cause an interrupt to occur (INTR = 0).

CYCLIC REDUNDANCY CHECK (CRC)

The LANCE utilizes the 32 bit CRC function used in the
Autodin-Il network. Refer to the Ethernet specification (section
6.2.4 Frame Check Sequence Field and Appendix C; CRC
Implementation) for more detail. The LANCE requirements for
the CRC logic are the following:

1. TRANSMISSION — MODE <02> LOOP =0, MODE <03>
DTCR = 0. The LANCE calculates the CRC from the first bit
following the Start bit to the last bit of the data field. The
CRC value inverted is' appended onto the transmissicn in
one unbroken bit stream.

. RECEPTION - MODE <02> LOOP =0. The LANCE per-
forms a check on the input bit stream from the first bit

[\

following the Start bit to the last bit in the frame. The LANCE

continually samples the state of the CRC check on framed
byte boundaries, and, when the incoming bit stream stops,

_ the last sample determines the state of the CRC error.
Framing error (FRAM) is not reported if there is no CRC
error.

3.LOOPBACK - MODE <02> LOOP=1, MODE <03>
DTRC = 0. The LANCE generates and appends the CRC

value to the outgoing bit stream as in Transmission but does
not perform the CRC check of the incoming bit stream.

4.LOOPBACK - MODE <02> LOOP =1 MODE <03>
DTRC = 1. LANCE performs the CRC check on the incom-
ing bit stream as in Reception, but does not generate or
append the CRC value to the outgoing bit stream during
transmission.

LOOPBACK

The normal operation of the LANCE is as a half-duplex device.
However, to provide an on-line operational test of the LANCE,
a pseudo-full duplex mode is provided. In this mode simulta-
neous transmission and reception of a loopback packet are
enabled with the following constraints:

1. The packet length must be no longer than 32 bytes, and
less than eight bytes, exclusive of the CRC.

2. Serial transmission does not begin until the SILO contains
the entire output packet. :

w

. Moving the input packet from the SILO to the memory does
not begin until the serial input bit stream terminates.

4. CRC may be generated and appended to the output serial
bit stream or may be checked on the input serial bit stream,
but not both in the same transaction.

5. In internal loopback, the packets should be addressed to
the node itself.

6. In external loopback, multicast addressing can be used only
when DTCR = 1 is in the mode register. In this case, the
user needs to append the bytes CRC.

Loopback is controlled by bits <06, 03, 02> INTL, DTCR, and
LOOP of the MODE register. .

SERIAL TRANSMISSION

Serial transmission consists of sending an unbroken bit stream
from the Tx 1/0 pin consisting of:

1. Preamble/Start bit: 62 alternating ONES and ZEROES
terminating with the synch in two ONEs. The last ONE is the
Start bit.

2. Data: The serialized byte stream from the SILO Shifted out
with LSB first.

3.CRC: The inverted 32 bit polynomial calculated from the
Data, address, and type field. CRC is not transmitted if:

i. Transmission of the Data field is truncated for any reason.
ii. CLSN becomes asserted any time during transmission.

iii. MODE <03> DTCR =1 in a normal or loopback trans-
mission mode.

The Transmission is indicated at the I/0 pin by the assertion
of TENA with the first bit of the preamble and the negation of
TENA after the last transmitted bit.

The LANCE starts transmmlng the preamble when the follow-
ing are satisfied:

1. There is at least one byte of data to be transmitted in the
SILO. .

2. The interpacket delay has elapséd.

3. The backoff interval has elapsed, if a retransmission.

SERIAL RECEPTION

Serial reception consists of receiving an unbroken bit stream
on the Ry I/0O pin consisting of:
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1. Preamble/Start bit: Two ONES occurring a minimum of 8 bit
times after the assertion of RENA. The last ONE is the Start
bit.

2. Destination Address: The 48 bits (6 bytes) following the
Start bit. ’

3. Data: The serialized byte stream following the Destination
Address. The last 4 complete bytes of data are the CRC.
The Destination Address and the Data-are framed into bytes
and enter the SILO. Source Address and Type field are part
of the data which are transparent to the LANCE.

Reception is indicated at the 1/0 pin by the assertion of RENA
and the presence of clock on RCLK while TENA is inactive.
The LANCE does not not sample the received data until about
800ns after RENA goes high.

MICROPROGRAM OVERVIEW

The Ethernet protoco! chip is controlled by a set of semi-
independent hardware functions and a microprogram. The
following are some of the routines associated with the
operation of the LANCE.

Switch Routine

Upon power-up, the microprogram finds itself in a routine to
evaluate the INIT, STRT, and STOP bits of CSRp. INIT and
STRT are cleared and STOP is set by the hardware by Bus
RESET. Setting either INIT or STRT through an 1/0 transfer to
CSRp will clear STOP. Setting STOP through an 170 transfer
will clear INIT and STRT. After seeing STOP cleared, the
microprogram tests the state of INIT. If set, it branches to the
initialization routine, returns, and tests the state of STRT. If
INIT is clear and the STRT is set, the microprogram will go on
to the Polling routine without going to the Initialization routine.
-1f, while the STOP bit is set, an 1/0 transfer to CSR1, CSRp, or
CSR3 occurs, the microprogram traps to the CSR service
routine.

Initializétion Routine

This routine is entered only from the switch routine upon the
setting of the INIT bit. Its function is to load the Chip with the
data from the initialization block in memory. The routine
accesses the initialization block through the address loaded
into the LANCE by a trap to CSR{ and CSR3 that should have
occurred prior to the INIT bit being set. This routine simply
sequentially reads the initialization block, in separate single
word DMA cycles, and stores the information away in the
appropriate elements of the Chip.

When done, the microcode returns to the switch routine.
Polling Routine

This routme is entered from:

1. The swntch routine upon the setting of the STRT bn
2.-The receive routine after a packet has been received.
3. The transmit routine after a packet has been transmitted.
4. The transmit routine if a TX Abort occurs. .

5. The Memory Error Trap routine (MERR error) after the trap
is serviced.

The routine begins by testing to see if the receiver is disabled,
and, if not, tests the current receiver buffer ownership bit to
see if it owns a buffer. If the Chip had not acquired a buffer
previously, the microprogram goes to the receive polling
routine to acquire one. Then the microprogram returns from
the receive polling routine, or if the Chip had acquired a buffer
previously, it tests to see if the transmitter is disabled, and if
not, goes to the transmit polling routine to test if there is a
buffer to be transmitted.

When the microprogram returns from the transmit polling
routine, the microprogram enters a timing loop, and repeats
the routine upon timeout. The timer is set around 1.6ms. The
timing loop can be overridden by setting the TDMD bit in
CSRy. This will force the microprogram to fall through the wait
loop. The TDMD bit is cleared immediately after leaving the
wait loop. Therefore, to be effective, TDMD should be set after
a buffer has been inserted on the transmit ring (own bit has
been set). .

During this rouune should the receiver become actlve, the
microprogram traps to the receive routine.

Receive Polling Routine

The Receive Polling Routine is called by the main polling
routine to check to see if the chip owns the receive buffer at
the current pointer address. The microprogram first reads the
status word from the current receive ring descriptor. If the chip
does not own the buffer, the microprogram returns to the
polling routine. If the chip does own the buffer, the micropro-
gram reads in the rest of the descriptor entry, namely the rest
of the buffer address and the buffer byte count. The chip only
reads in 3 of the 4 words in the descriptor entry. The message
byte count is not read because it is not used by the chip. The
message byte count is.written by the chip during the status
update at the end of a receptlon This routine wnII then return
to the polling routine.

Receive Routine

The Receive Routine is entered when the receiver is enabled
and the address of the incoming packet has passed address
recognition. Once the Receive Routine is entered, the micro-
program checks to see if the chip owns the current receive
buffer. If it does not own the buffer, the microprogram ‘will
check the ownership bit in memory once for a buffer. If it does
not own the buffer, the microprogram will set the miss error in
CSRg and clear the SILO. The microprogram will then return to
the polling routine once the current packet ends.

If the chip acquired buffer ownership while the receiver was
still active, the microprogram will acquire the rest of- the
descriptor, namely the buffer address and buffer length. The
microprogram will then back up the buffer address and byte
count in.case the packet .is a runt. This is where the
microprogram would have come if it had owned a receive
buffer when it originally entered the receive routine.

Receive Buffer Lookahead

Receive lookahead is always done during the reception since
the LANCE will not know the length of the receive packet. The
lookahead is done during the time that SILO is being filled with
data from the cable. The microprogram checks to see if there

. was only one receive buffer. If there is more than one receive

buffer, the microprogram checks the ownership of the next
buffer. If the chip owns the buffer, it reads the rest of the
Descriptor into the internal RAM. If it does not own the buffer,
it will continue with the receive routine, trapping to the RX
DMA routine whenever there are 16 or more bytes available in
the SILO. Lookahead is only done once whenever there isa
trap to the receive routine.

When the LANCE does not own the next buffer and receive is
still active after the current buffer is filled, the LANCE will
update the status with BUFF error being set. OFLO (overflow)
error may also get set if SILO overflows.

Receive Done

When receiver goes inactive (Done), the last byte of data has
been read out of the SILO. The microprogram will check to
see if the packet was a runt. If it is a runt, the receive buffer
address pointer and byte count parameters are restored from
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the previously loaded backup locations in the internal RAM.
The microprogram then returns to the Polling routine. If the
packet is not a runt, the receive status is updated in the ring
descriptor.

Data Chain

If Byte Count of Current Buffer Equal 0 becomes true, it
indicates that the receive buffer is full and the packet is not yet
finished, which is the data chain case. The microprogram will
update the receive status in the descriptor ring, and relinquish
the buffer to the CPU. It will then check the next own bit. If the
next own is false, which would be the case if there was only
one buffer or if there was more than one buffer but the chip did
not own the next one, the microprogram will wait for the
receiver to go inactive. This indicates that no more data is
arriving from the Ethernet. When the receiver goes inactive,
the current RX status is updated, and the own bit is cleared.

If the chip owned the next buffer, the current receive buffer
parameters in the internal RAM are updated from the next
receive buffer parameters that had previously been loaded
into the internal RAM. The microprogram will then check for
end of the ring and update the address pointers accordingly.
The microprogram will then go through the receive buffer
lookahead section once, to try to acquire another receive
buffer if one is available. The microprogram will finally get back
to the wait loop until either receiver goes inactive, SILO
overflow, or receive buffer overflow becomes true. There are
two flags provided in the descriptor, STP (Start of Packet), and
ENP (End of Packet), which allow the chip to mark the first and
last buffers filled by the message. RMD3 is not updated if its
buffer is not the last buffer in the chain.

Receive DMA Routine

The Receive DMA routine is entered whenever there are 16 or
more bytes of data in the SILO for transfer to memory during
the reception. The routine is also entered when there are less
than 16 bytes in the SILO and the receiver has gone inactive.
This is to allow the SILO to empty at the end of the reception.
Once entered, the Receive DMA routine will transfer 16 bytes
of data to memory by doing 8 word transfers. These transfers
are done on a single memory bus acquisition. This means that
the chip will arbitrate through the HOLD-HLDA sequence and
then keep HOLD asserted for the duration of 8 transfers. The
READY signal from the bus slave device is used to control the
individual word transfers.

If the memory butfer starts on an odd address boundary, the
first transfer will be 1 byte rather than 1 word (2 bytes). This
routine is also used to transfer less than 16 bytes at the end of

. areception depending upon the packet size, buffer addresses

and data chaining.
Transmit Polling Routine

The transmit polling routine is entered from the polling routine
to determine if a message has been scheduled on the transmit
descriptor ring.

The routine begins by waiting for the TX Abort condition to
finish if a TX Abort had occurred earlier. It then tests the status
word of the ring descriptor entry. The routine tests the
ownership of the ring buffer by reading the status word in the
ring descriptor. If the Chip does not own ‘the buffer, the
microprogram returns to the polling routine. If it does own the

buffer, this indicates a message is to be transmitted. The °

microprogram then tests the STP flag. If STP = 0, this buffer
could be a fragment of a data chained packet that got an error
in a previous buffer. The chip will release the buffer to the host
by clearing the OWN bit. it will then update the ring address
pointer and return to polling. In this manner, the chip skips

over any bad transmit buffers on the ring, until it finds a buffer
with both the OWN and STP bit being set.

If STP = 1, the microprogram performs memory transactions
to acquire and store the address and byte count of the buffer
in the Internal RAM. It then goes to the transmit routine to
allow the transmission of the buffer.

The receive active trap is enabled during this routine to allow
for processing of an incoming packet and termination of the
transmit process.

Transmit Routine

The transmit routine is entered from the transmit polling
routine when the microcode finds a buffer that it owns, -
indicating a message is scheduled to be transmitted. The
routine is divided into three sections of microprogram, an
initialization section, a buffer lookahead section, and a de-
scriptor update section.

Upon entering the initialization section, the first thing the
microprogram does is back up the buffer address and byte
count in the event of a retry. It then enables the DMA engine
to start filling the SILO and send the preamble. It then enters a
wait loop until the transmitter is actually sending the bit
stream. It then proceeds to the lookahead section. If the
receiver became active while the microprogram was waiting
for the transmitter to start, the transmission attempt is stopped
and the microprogram goes to the receive routine via a TRAP.

Transmit Buffer Lookahead

Transmit lookahead occurs only when data chaining, and is
done while the message is being transmitted from the SILO. In
the lookahead section, the microprogram tests to determine if
the current buffer it is transmitting has been marked with the
end of the packet flag (ENP). If so, data chaining is not
required. The microprogram enters a wait loop until either TX
ERROR or TX DONE occurs. When DONE or ERROR or both
finally set, the microprogram will report the error, if necessary,
and then update the status word, update the ring address
pointer and set the TINT bit in CSRo. It will then return to the
polling routine. .

Transmit Data Chaining

There are two flags provided in transmit message descriptor 1
(TMD4), STP (Start of Packet) and ENP (End of Packet) which
mark the first and last buffers in the chain. The LANCE will,
under microprogram control, continue to chain buffers pointed
to by the sequential descriptors in the ring until the ENP flag is
encountered. If the end of packet flag (ENP) is not set, data
chaining is indicated. The microprogram first checks to see if it
owns the next buffer. If not, the microprogram enters the
descriptor update section and waits for TX DONE or TX
ERROR. Eventually, an underflow error will occur because
byte count overflow will occur without DONE having been set.
Since there is no more data being written into the SILO and
the transmitter is continuously reading data out of the SILO,
the SILO will become empty and underflow will be set. This will
cause the microprogram to branch out of the wait loop and
update the descriptor with both BUFF and OVFL being set.
When an underflow error occurs, the transmitter is disabled.

The LANCE owns the next buffer; the microprogram attempts
to obtain the next buffer descriptor status, address, and byte
count before entering a wait loop that looks for byte count
overflow or TX ERROR. When byte count overflow does
occur, the microprogram updates the descriptor and updates
the internal current transmit buffer parameters. The micropro-
gram will then return to the microcode that checks for the end
of packet flag to sequence through the rest of the buffers in
the data chain. If an error had occurred, the microprogram
would report the error before updating the status word.
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If an error needs to be reported, an error status word is written
into the ring descriptor prior to writing the status word
containing the ""OWN'" bit which releases the buffer. If no error
is to be reported, the single word containing the "OWN" bit is
written. The microprogram returns to the polling routine if the
"ENP" flag is found or an error was reported. Otherwise, the
microprogram returns to the lookahead sections. ’

Transmit DMA Routine

This routine is entered through a microtrap in the lookahead
section of the transmit routine. The function of the routine is to
move data out of local memory into the SILO. The trap is
active when there are more than 16 free locations in the SILO
and SILO underflow has not occurred.

Once entered, the transmit DMA routine will transfer 16 bytes
of data from memory to the SILO by doing 8 word transfers.
These transfers are done on a single memory bus acquisition.
If the memory buffer starts on an odd addressing boundary,

the first transfer will be 1 byte rather than 1 word (2 bytes). -

This routine is also used to transfer less than 16 bytes at the
end of transmission depending upon the packet size, buffer
addresses, and data chaining. .

Reti'y Trap Routine

This routine is entered when a collision has been detected.
The buffer address pointer is restored and the SILO is cleared

to restore the read and write pointers. If there is a TX error, it
indicates that 15 retransmissions have occurred (16 total
attempts) or that the Disable Retry bit (DRTY) is set in the
mode register. The microprogram then writes the status into
the transmit descriptor ring, and returns to the polling routine
to transmit the next packet. If there is no TX Error, the byte
count is restored and the microprogram returns to the start of
the transmit routine to attempt another transmission.

CSR Trap Routine

The CSR trap routine is entered only during the switch routine
when the STOP bit of the CSRg is set. The function of the
routine is to allow the access of CSR{ and CSRp through an 1/
O transaction. The routine determines which CSR is being
accessed, read or write, moves the data between the MDR
and CDP RAM, and generates a Bus READY signal.

- Memory Timeout Trap Routine

This trap is invoked whenever a memory transfer times out.
That is, it does not receive READY within 25.6usec after the
assertion of the address on the bus. .

The routine disables the receiver and transmitter by clearing
the RXON and TXON bits in CSRo.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage TemMperature ...............ccceuveene -65°C to +150°C
Ambient Temperature with Commercial (C) Devices ) ) )
Power Applied........ccoveeeeeiiieiinnnnnns -25°C to +125°C Temperature ...........coevueees [N 0°C to +70°C
Supply Voltage to Ground Potential ' Supply Voltage. - +4.75V to +5.25V
Continuous ............. e -0.3V to +7V VS tevnnrrnrnninirnieiii e sttt ov
Power Dissipation ..........ccovivviviiiiiiinniniiiinierenns 2.0W ’ .
Stresses above those listed under ABSOLUTE MAXIMUM Operating ranges define those limits over which the function-
RATINGS may cause permanent device failure. Functionality ality of the device is guarantoed. ,

at or above these limits is not implied. Exposure to absolute
maximum -ratings  for extended periods may affect device
reliability. » .

DC CHARACTERISTICS Ta=0 to +70°C, Vg = +5V £5% unless otherwise specified

Parameters Description Test Conditions Min Typ © Max Units
Vi Input LOW Voltage -0.5 0.8 Volts
VIH Input HIGH Voltage 2 Voo + 0.5V Volts
VoL Output LOW Voltage loL. = 3.2mA . 0.5 Volts
VoH Output HIGH Voltage loH = -0.4mA 24 Volts
L Input Leakage VinN = 0.4V to Vco 10 - CpA
CiN Input Capacitance ) . 10 . pF
Cout Output Capacitance F = 1MHz ' : 10 pF
Cio Capacitance 20 pF

TEST LOAD DIAGRAMS FOR FUNCTIONAL AND

AC TESTING
2.0V Vec
5230 143k
DEVICE DEVICE
PIN ) PIN
lCL lCL
TC001660 TC001670
Test Load for All the Outputs Test Load for Open Drain Outputs
and 1/0 Pins Except Pins 11, 17, 22 and Pins 11, 17, 22

CL = 100pF for all pins except pins 26, 29.
CL = 50pF for pins 26, 29.
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SWITCHING CHARACTERISTICS Tp =0 to 70°C, Voc = +5V 5% unless otherwise specified 2

BUS MASTER AND BUS SLAVE TIMING PARAMETERS 8

o

Number | Parameters . - Description Test Min | Typ | Max | Units
Conditions
1 trer TCLK Period : 99 101 ns
2 trcL TCLK LOW Time 45 55 ns
3 tTCH TCLK HIGH Time 45 55, ns
4 tTCR .| Rise Time of TCLK 0 8 ns
5 tteF Fall Time of TCLK 0 8 ns
6 trep TENA Propagation Delay After the Rising Edge of TCLK CL = 50pF 95 ns
7 tTEH TENA Hold Time After the Rising Edge of TCLK C_ = 50pF 5 ns
8 tTop TX Data Propagation Delay After the Rising Edge of TCLK Cp = 50pF 95 ns
9 tToH TX Data Hold Time After the Rising Edge of TCLK . CL=50pF | 5 ns
10 tRCT RCLK Period 118 ns
11 tRCH * | RCLK HIGH Time ns
12 trcL RCLK LOW Time ns
13 tRCR Rise Time of RLCK 8 ns
14 tRCF Fall Time of RCLK 8 ns
15 tRDR RX Data Rise Time 8 ns
16 tROF RX Data Fall Time . 8 ns
17 tROH RX Data Hold Time (RCLK to RX Data Change) ‘ns
18 tRoS AX Data Setup Time (RX Data Stable to the Rising 60 ns
RCLK) . )
19 toPL RENA LOW Time -120 ns
20 tcPH CLSN HIGH Time s . 80 ns
21 tDOFF Bus Master Driver Disable After Rlsmg Edge of Jﬁw 0 50 ns
22 tpoN Bus Master Driver Enable After Falling Edge-of HLDA 0 250 ns
Delay to Falling Edge of HLDA from Falllng [Edge of HOLD :
2 tHHA (Bus Master) . . 0 ns
24 tRw RESET Pulse Width LQW i 200 ns
25 tCYCLE Read/Write, Address/Data- Cycle Txmé 600 ns.
26 txAs Address Setup Time to'the Falling Edge of ALE 75 ns
27 txAH Address Hold Time After:the Rising Edge of DAS 35 ns
28 tas Address Setup Timé'1o the Falling Edge of ALE 75 ns
29 tAH Address: Hold. Time After the Falling Edge of ALE : : 35 ns
30 tRoAS g::; )Sepy Tme ~to the Rising Edge of D. DAS (Bus Master 50 ns
31 tRDAH ggtaad)Hold‘ Time After the Rising. Edge of DAS (Bus Master o ns
a2 toDAS eva"ttae )Selup Time to the falling Edge of DAS (Bus Master 0 ns
a3 twos alarittae )Setup Time to the Rising Edge of DAS (Bus Master 200 ns
a4 tiwbH ‘E)v:;gg )Hold Time After the Rising Edge of DAS (Bus Master . 35 ns
as \sD01 g:taad )Dnver Delay After the Falling Edge of DAS (Bus Slave (CRS 0, 3, RAP) 400 ns
" T tsn02 ggtaad )Dnver Delay Afte the Falling Edge of DAS (Bus Slave (CSR 1, 2) 1200 ns
a7 iSRDH gztaad )Hold Time After the Rising Edge of DAS (Bus Slave ° o | 35 ns
38 ASWDH ‘[I,Var:tae )Hold Time After the Rising Edge of DAS (Bus Slave 0 | ns
39 tswDSs Eva'ta Setup Time to the Falling Edge of DAS (Bus Slave 0 ns
rite)
1
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2-81 Refer to page 7-1 for Essential Information on Military Devices



Am7990

SWITCHING CHARACTERISTICS (Cont.) Tao=0 to 70°C, Vo = +5V +5% unless otherwise specified
BUS MASTER AND BUS SLAVE- TIMING PARAMETERS

Test
Number | Parameters Description Conditions Min { Typ | Max | Units
40 tALEW ALE Width HIGH 120 ns
41 {DALE Delay from Rising Edge of DAS to the Rising Edge of ALE 70 ns
42 tosw DAS width LOW 200 ns
43 tADAS Delay from the Falling Edge of ALE to the Falling Edge of 80 ns
Delay from the Rising Edge of DALO to the Falling Edge of
44 'RIDF DAS (Bus Master Read) 15 ns
45 tRDYS g;lay from the Falling Edge of READY to the Rising Edge of tARYD = 300ns 75 250 ns
Delay from the Rising Edge of DALO to the Falling Edge of
48 tROIF W((Bus Master Read) 15 ns
47 tRis ﬁngaEL)Sf;tup Time to the BISIng Edge of DAS (Bus Master 135 ns
48 M Eggj)Hold Time After the Rising Edge of DAS (Bus Master o ns
Delay from the Rising Edge of DALI to the Falling Edge of
49 | tRioF | BACS (Bus Master Read) . 55 ns
50 tos %Eg Setup Time to the Falling Edge of ALE (Bus Master 110 ns
51 tROH 27;'5 Hold Time After the Falllnq Edge of ALE (Bus Master as ns
Delay from the Rising Edge of DAS to the Rising Edge of
52 | twosi DALO (Bus Master Write) 35 ns
53 tosH TS Hold Time After the Rising Edge of DAS (Bus Slave) 0 ns
54 css TS Setup Time to the Faliing Edge of DAS (Bus Slave) 0 ns
55 tsAH ADR Hold Time After the Rising Edge of DAS (Bus Slave) 0 ns
56 tsas ADR Setup Time to the Falling Edge of DAS (Bus Slave) 0 ns
Delay from the Falling Edge of ALE to the Falling Edge of
57 tARYD ﬁﬁx& to Insure a Minimum Bus Cycle Time (600ns) 60 ns
58 tsADS ggtaad)Setup Time to the Faling Edge of Ready (Bus Slave 75 ns
59 ROVH ﬁME:tB; Hold Time After the Rising Edge of DAS (Bus 0 ns
60 tsRot ggegget)ar&\;er Turn On After the Failing Edge of DAS (Bus (CSR 0, 3, RAP) 600 ns
61 tsro2 giégpgg;er Turn On After the Falling Edge of DAS (Bus (CSR 1, 2) 1400 ns
62 tSRYH READY Hold Time After the Rising Edge of DAS (Bus Slave) (V] 35 ns
63 tsSRH READ Hold Time After the Rising Edge of DAS (Bus Slave) 0 ns
64 tsRs READ Setup Time to the Falling Edge of DAS (Bus Slave) 0 ns
65 tCHL TCLK Rising Edge to Hold LOW or HIGH Delay 200 ns
66 tcav TCLK to Address Valid 150 ns
67 tcca TCLK Rising Edge to Control Signals Active 165 ns
68 tcALE TCLK Falling Edge to ALE LOW 150 ns
69 tcoL TCLK Falling Edge to DAS Falling Edge 150 ns
70 tacs Ready Setup Time to TCLK 50 ns
7 tcoH TCLK Rising Edge to DAS HIGH 150 ns
72 tHcs HLDA Setup to TCLK 50 ns
73 tRENH RENA Hold Time After the Rising Edge of RCLK 40 ns
Notes: 1. Parameter #25 is not shown in the timing diagrams. It specifies the minimum bus cycle for a single DMA transfer.
2. The READY setup time before negation of DAS is a function of the synchronization time of READY. The synchronization must occur

within 100ns. Therefore, the setup time is 100ns plus any accumulated propagation delays. Ready slips occur on 100ns increments.
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SERIAL LINK TIMING
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8086 computer program example to generate the hash filter, for multicast addressing in the LANCE.

=1DB6'

=04C1
0000

0000

0000 50
0001 53
0002 51
0003 52
0004 55

0005 B8 FFFF
0008 BA FFFF
000B B5 03

000D 8B 2C
O00F 83 C6 02
0012 B1 10

0014 88 DA
0016 D1 C3
0018 33 DD
001A D1.EO
001C D1 D2
001E 81 E3 0001
0022 74 07

0024 35 1D86
0027 81 F2 04C1

0028 0B C3

002D Dt CD
002F FE C9
0031 75 E1

0033 FE CD
0035 75 D6

0037 B9 000A
003A DO EO
003C DO DC
003E E2 FA

0040 8A DC
0042 B1 03
0044 D2 EB
0046 BO 01

POLYL
POLYH

CSE61

SETHASH

SETH10:

SETH20:

SETH30:

SETH40:

ON RETURN SI POINTS TO THE BYTE AFTER THE. LOGICAL ADDRESS.

‘EQU 04C1H

" FORMATION OF CRC COMPLETE, AL CONTAINS THE REVERSED HASH

APPENDIX A

SUBROUTINE TO SET A BIT IN THE HASH FILTER FROM A
GIVEN ETHERNET LOGICAL ADDRESS
ON ENTRY Sl POINTS TO THE LOGICAL ADDRESS WITH LSB FIRST
DI POINTS TO THE HASH FILTER WITH LSB FIRST
ALL OTHER REGISTERS ARE UNMODIFIED -

PUBLIC SETHASH
ASSUME CS:CSE61

EQU 1DB6H iCRC POLYNOMINAL TERMS

SEGMENT PUBLIC 'CODE'

PROC  NEAR

PUSH  AX ;SAVE ALL REGISTERS
PUSH  BX

PUSH CX

PUSH -~ DX

PUSH BP

MOV AX,OFFFFH - ;AX,DX = CRC ACCUMULATOR
MOV DX,0FFFFH  ;PRESET CRC ACCUMULATOR TO ALL 1'S

MOV CH,3 ;CH =WORD COUNTER

MOV BP,[S1] JGET A WORD OF ADDRESS

ADD Sl,2 ;POINT TO NEXT ADDRESS

MOV CL,16 iCL =BIT COUNTER

MOV BX,DX ;GET HIGH WORD OF CRC

ROL BX1 ;PUT CRC31 TO LSB

XOR BX,BP ;COMBINE CRC31 WITH INCOMING BIT
SAL AX1 ;LEFT SHIFT CRC ACCUMULATOR
RCL DX1

AND BX,0001H ;BX = CONTROL BIT

Jz SETH30 ;DO NOT XOR IF CONTROL BIT=0
PERFORM XOR OPERATION WHEN CONTROL BIT =1

XOR . AX,POLYL
XOR DX,POLYH

OR AX,BX ;PUT CONTROL BIT IN CRCO
ROR BP,1 ;ROTATE ADDRESS WORD
DEC CL ;DECREMENT BIT COUNTER
JNZ SETH20 :

DEC CH ;DECREMENT WORD COUNTER

JINZ SETH10

CODE

MOV CX,10

SAL AL ;REVERSE THE ORDER OF BITS IN AL
RCR AH,1 JAND PUT IT IN AH

LOOP  SETH40

AH NOW CONTAINS THE HASH CODE

MOV BL,AH ;BL=HASH CODE, BH IS ALREADY ZERO
MOV CL3 ;DIVIDE HASH CODE BY 8

SHR BL,CL ;TO GET TO THE CORRECT BYTE

MOV ALO1H ;PRESET FILTER BIT

05698A
2-84 Refer to page 7-1 for Essential Information on Military Devices



69 0048 80 E45 07 AND - AH,7H ;EXTRACT BIT COUNT
70 004B 8A CC MOV CL,AH

7 004D D2 EO SHL AL,CL ;SHIFT BIT TO CORRECT POSITION
72 004F 08 01 OR [DI+BX],AL ;SET IN HASH FILTER
73 0051 5D POP BP

74 0052 5A POP DX

75 - 0053 59 POP CcX

76 0054 5B POP BX

77 0055 58 POP AX

‘78 0056 C3 RET

79 H

80 0057 SETHASH ENDP

81 |

82 0057 CSEG1 ENDS

83 H '

84 . . END

Basic computer program example to ge’herate the hash filter, for multicast- addressing, in the LANCE.

\

100 REM
110 REM
120 REM
130 DEFINT A-Z

140 DIM A(47) : REM ETHERNET ADDRESS = 48 BITS

150 DIM C(32) : REM CRC REGISTER =32 BITS

160 PRINT "ENTER STARTING ADDRESS'; : INPUT A$

170 IF LEN (A$) < > 12 THEN 160 : REM THE INPUT ADDRESS STARTING MUST BE 12 CHARS
180 REM : '

PROGRAM TO GENERATE A HASH NUMBER GIVEN AN ETHERNET ADQDRESS

190 REM UNPACK STARTING ADDRESS INTO ADDRESS ARRAY
200 REM : :
210 M=0 :
220 FOR I=0 TO 47 : A()=0 : NEXT |
230 FOR N=12 TO 1 STEP -1
240 Y$=MID$ (ASN,1)
250 IF'Y$="0" THEN 420 ‘
260 IF Y$="1" THEN A(M) =1 : GOTO 420
270 IF Y$="2" THEN A(M+1) =1 : GOTO 420
280 IF Y$="3" THEN AM+1)=1: A(M)=1 : GOTO 420
200 IF Y$="4" THEN A(M+2) =1 : GOTO 420 o
300 IF Y$="5" THEN AM+2)=1: AM)=1 : GOTO 420 .
. 310 IF Y$="6" THEN AM+2)=1: AM+1)=1: GOTO 420
320 IF Y$="7" THEN AM+2)=1: AM+1)=1: AM) =1 : GOTO 420
330 AM+3)=1 »
340 IF Y$="8" THEN 420 ‘
350 IF Y$="9" THEN A(M) =1 { GOTO 420
360 IF Y$="A" THEN A(M+1) =1 : GOTO 420
370 IF Y$="B" THEN AM+1)=1: AM)=1 : GOTO 420
380 IF Y$="C" THEN A(M+2) =1 : GOTO 420
390 IF Y$="D" THEN AM+2)=1: A(M)=1 : GOTO 420
400 IF Y$="E" THEN AM+2)=1: AM+1)=1: GOTO 420
410 IF Y$="F" THEN AM+2)=1: AM+1)=1: AM) =1
420 M=M+4
430 NEXT N
440 REM
450 REM PERFORM CRC ALGORITHM ON ARRAY A(0-47)
460 REM -
470 FOR 1=0 TO 31 : C() =1 : NEXT |
480 FOR N=0 TO 47
490 REM LEFT CRC REGISTER BY 1
500 FOR I1=32 TO 1 STEP -1 : C() =C{I-1) : NEXT |
510 C(0)=0
520 T=C(32) XOR A(N) : REM T =CONTROL BIT
530 IFT < > THEN 600 : REM JUMP IF CONTROL BIT =0
540 C(1)=C(1) XOR 1 : C(2) = C(2) XOR 1 : C(4) = C(4) XOR 1
550 C(5)=C(5) XOR 1 : C(7) = C(7) XOR 1 : C(8) =C(8) XOR 1
560 C(10) = C(10) XOR 1 : C(11) = C(11) XOR 1 : C(12) = C(12) XOR 1
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570

590
600
610
620
630
640
650
660

C(16) = C(16) XOR 1.: C(22) = C(22) XOR 1 : C(23) = C(23) XOR 1
C(26) = C(26) XOR 1

C)=1
NEXT N
REM

REM  CRC COMPUTATION COMPLETE, EXTRACT HASH NUMBER FROM C(0) TO C(5)

REM

HH = 32*C(0) + 16*C(1) + 8*C(2) + 4*C(3) + 2"C(4) + C(5) -
PRINT "THE HASH NUMBER FOR ';A$;" IS ";HH

GOTO 160
MAPPING OF LOGICAL ADDRESS TO FILTER MASK
LAF LAF Destination LAF LAF Destination
Reg Loc Address Accepted Reg Loc Address Accepted
Bits Bits
Set Dec (Hex) . .Set Dec (Hex) .
0 0 0000 0000 0085 0 32 0000 0000 0021
1 0000 0000 OOAS 33 0000 0000 0001
L 2 0000 0000 OOES L 34 0000 0000 0041
A 3 0000 0000 00CS A 35 - 0000 0000 0071
F ‘4 0000 0000 0045 F 36 . 0000 0000 OOE1
5 0000 0000 0065 37 0000 0000 00C1
0 6 0000 0000 0025 2 38 0000 0000 0081
7 0000 0000 0005 39 0000 0000 O0A1
8 0000 0000 002B | - 40 0000 0000 008F
9 0000 0000 000B X 41, 0000 0000 00BF
10 0000 0000 004B 42 0000 0000 OOEF
1 0000 0000 006B 43 0000 0000 00CF
12 0000 0000 OOEB 44 0000 0000 CO4F
13 0000 0000 00CB 45 0000 0000 006F
14 0000 0000 008B 46 0000 0000 002F -
15 15 0000 0000 00BB 15 47 0000 0000. 000OF
16 0000 0000 00C7 0 48 0000 0000 0063
17 0000 0000 OOE7 49 0000 0000 0043
18 0000 0000 00A7 - 50 - 0000 0000 ‘0003
) 19 0000 0000 0087 51 0000 0000 0023
L 20 0000 0000 0007 L - 62 0000 0000 O0A3
A 21 0000 0000 0027 A 53 - 0000 0000 0083
F 22 0000 0000 0067 F 54 0000 0000 00C3
23 0000 0000 0047 E © 55 0000 0000 OOE3
1 24 0000 0000 0069 3 56 0000 0000 00CD
25 0000 0000 0049 . 57 0000 0000 OOED
26 0000 0000 0009 58 0000 0000 00AD
27 0000 0000 0029 © B9 0000 0000 008D
28 0000 0000 O0A9 . 60 - 0000 0000 000D
29 0000 0000 0089 . 61 * 0000. 0000 002D
30 0000 0000 00C9 62 0000 0000 006D
15 31 0000 0000 OOE9 15 . 63 . 0000 0000 004D’

05698A

2-86 Refer to page 7-1 for Essential Information on Military Devices



>
3
Am7992A 3
Serial Interface- Adapter (SIA) >
DISTINCTIVE CHARACTERISTICS
o Compatible with IEEE-802.3 Rev. D (10 Base 5 Type A, - No carner/colhsnon for inputs less than —175mV
and 10 Base 2 Type B, "Cheapernet")/Ethernet specm- ® input signal conditioning rejects transient noise
cations : - Transients < 10ns for collision detector inputs
e Crystal controlled Manchester Encoder . - Transients < 16ns for carrier detector inputs
® Manchester Decoder acquires clock and data within s:x ® Receiver decodes Manchester data with up to £+20ns
bit times with an accuracy of +3ns clock jitter (at 10MHz)
o Guaranteed carrier and collision detection squelch ® TTL compatible host interface 2
threshold limits ® Transmit accuracy +0.01% (without adjustments)
- Carrier/collision detected for inputs greater than C
-275mV

GENERAL DESCRIPTION

The Am7992A Serial Interface Adapter (SIA) is a Manches- times, and decodes Manchester data with up to +20ns
ter Encoder/Decoder compatible with both Ethernet and phase jitter at 10MHz. SIA provides both guaranteed signal
|EEE-802.3 specifications. In an Ethernet/|IEEE-802.3 ap- threshold limits' and transient noise suppression circuitry in
plication, the Am7992A interfaces the Am7990 Local Area both data and collision paths to minimize false start
Network Controller for Ethernet (LANCE) to the Ethernet . conditions.

transceiver cable, acquires clock and data within 6 bit-

BLOCK DIAGRAM

Receive Data (RX) =——————1 Manchester . Data . —- Receive +
Receive Clock (RCLK) Decod Receiver '—]
. Noise o R ive —
Carrier Present (RENA) g:;"': Rej
ec Filter -
§ A
b . . Noise le—————Collision +| 2
g Cotlision (CLSN) —— ] Sollision Reject H]
< . ) Filter [-————————— Collision - | <
K] ‘ S
; 5
g Transmit Data (TX) Manchester Tr it+] §
© | Transmit Enable (TENA) Encod Transmit -| &
o
‘l'l;ansmit Clock (TCI.I()
O XTAL,.
Zomnz [ - Crystal
XTAL, 7
' BD002071

Serial Interface Adapter (SIA)
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CONNECTION DIAGRAM

-Top View
D-24-SLIM
. cusn [] "* ~ 241 ] cotlision+
rx []2 23[ ] cotlision—
RENA [] 3 ‘ "z (] Receive+
Rouk |4 21{] Receive—
TseL []s 20[ ] Test
anp, [ 19177 vees
qun; 1 18] veea
xy []8 wi ]eF
x2 ]o 6] RF
™ [J10 151 aND,
Teuk 1 14[7] vransmit+
vewa 112 13{ ] Yeansmit~
CD001521

Note: Pin 1 is marked for orientation

TYPICAL ETHERNET NODE -

AN

. -
an
cABLE {_ :3 I AP

FE== = Ha: -
i =

ﬁ&mﬁ“’"‘*’”‘“ I i+
T ETHERNET
COAX
. ]
el I 8 w2 Bl mivmen o
~ - BIg] _
L =
AF000473 -

' ORDERING INFORMATION
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the followmg
Device number, speed option (if applicable), package type, operating range and screening option (if desired).

Am7992A D C B : S Valid Combinations
Device -Type——J t—Screening Option Arfil®92A I

B = Burn-in
Blank = Standard processing
Temperature : Valid Combinations

. C = Commercial 0°C to 7°°C Consult the local AMD sales office to con- .
Package firm availability of specific valid combinations,
D =24 pin SLIMDIP check for newly released valid combinations
P = plastic and/or obtain additional data on AMD's stan-
L = leadless chip carrier dard military grade product.
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A

PIN DESCRIPTION

Pin No.

170

Description

CLSN

Collsion. A TTL active High output. Signals at the Collision *terminals meeting thresho!d and pulse
width requirements will produce a logic High at CLSN output. When no signal is present at Collision
+, CLSN output will be Low. ) K

RX

Receive Data. A MOS/TTL output, recovered data. When there is no signal at Receive + and TEST
is high, RX is High. RX is actuated with RCLK and remains active until end of message. During
reception, RX is synchronous with RCLK and remains active until end of message. During reception,
RX is synchronous with RCLK and changes after the rising edge of RCLK. When TEST is Low, RX is
enabled.

RENA

Receive Enable. A TTL active High output. When there is no signal at Receive t and TEST is High,
RENA is Low. Signals meeting threshold and pulse width requirements will produce a logic High at
RENA. ngrt '?eceive + becomes idle, RENA returns to the Low state synchronous with the rising
edge of . . .

RCLK

Receive Clock. A MOS/TTL output recovered clock. When there is no signal at Receive + and TEST
is High, RCLK is Low. RCLK is activated after the third negative data transition at Receive %, and
remains active until end of message. When TEST is Low, RCLK is enabled. '

10

™

Transmit. TTL compatible input. When TENA is High, signals at TX meeting setup and hold time to
TCLK will be encoded as normal Manchester at Transmit + and Transmit -

TX High: Transmit + is negative with resept to Transmit - for first half of data bit cell.

TX Low: Transmit + is positive with respect to Transmit -~ for first half of data bit cell.

12

TENA

Transmit Enable. TTL compatible input. Active high data encoder enable. Signals mesting setup and
hold time to TCLK will allow encoding of Manchester data from TX to Transmit + and Transmit —.

"

TCLK

Transmit Clock. MOS/TTL output. TCLK provides symmetrical High and Low clock signals at data
rate for reference timing of data to be encoded. It also provides clock signals for the controller chip
(Am7990 - LANCE) and an internal timing reference for receive path voltage controlled oscillators.

14, 13

Transmit +
Transmit -

Transmit. A differential line output. This line pair is intended to operate into terminated transmission
lines. For signals meeting setup and hold time to TCLK at TENA and TX, Manchester clock and data
are outputted at Transmit + /Transmit —. When operating into a 782 terminated transmission line,
signaling meets the required output levels and skew for both Ethernet and IEEE 802.3 drop cables.

22, 21

Receive +
Receive ~

Receiver. A differential input. A pair of internally biased line receivers consisting of a carrier detect
receiver with offset threshold and noise filtering to detect the signal, and a data recovery receiver
with no offset for Manchester data decoding.

24, 23

Collision +
Collision -

Collision. A differential input. An internally biased line receiver input with offset threshold and noise
filtering. Signals at Collisionthave no effect on data path functions.

TSEL

7{e]

Transmit Mode Select. An open collector output and sense amplifier input.

TSEL Low: Idle transmit state Transmit + is positive with respect to Transmit —.

TSEL High: Idle transmit state Transmit + and Transmit - are equal, providing "'zero" ditferential
to operate transformer coupled loads.

When connected with an RC network, TSEL is held Low during transmission. At the end of
transmission the open collector output is disabled, allowing TSEL to rise and provide a smooth
transmission from logic High to ''zero”" differential idle. Delay and output return to zero are externally
controlled by the RC time constant TSEL. .

X1, X2

Biased Crystal Oscillator X1 is the input and Xz is the bypass port. When connected for crystal
operation, the system clock which appears at TCLK is half the frequency of the crystal oscillator. X4
may be driven from an external source of two times the data rate.

RF

Freguency Setting Voltage Controlled Oscillator (Vco) Loop Filter. This loop filter output is a
reference voltage for the receive path phase detector. It also is a reference for timing noise immunity
circuits in the collision and receive enable path. Nominal reference Vco gain is 1.25 TCLK frequency
MHz/V,

PF

Receive Path Vco Phase Lock Loop Filter. This loop filter input is the contro! for receive path loop
damping. Frequency of the receive Vco is internally limited to transmit frequency +12%. Nominal
receive Vgp gain is 0.25 reference Voo gain MHz/V. - )

TEST

Test Control. A static input that is connected to Vg for normal Am7992A operation and to ground
for testing of receive path function. When TEST is grounded RCLK and RX are enabled so that
receive path loop may be functionally tested.

GND;

High Current Ground

GND,

Logic Ground

GND3

Voltage Controlled Oscillator Ground

Vcet

High Current and Logic Supply

Vcea

Voltage . Controlled Oscillator Supply
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Am7992A
External Component Diagram
-\ 40201 1%
11 cLsn. cotusion+ 24
o [ . 40.201 1%
cc 2RX  COLLISION- 23
‘a0z 1%  CoT OWF
[|3RENA  RECEIVE +22 =
- 40.21 1%
Ry 2k -
P [Jarcik  Recewe - 21 o=
5 TSEL TEST 20 h—r-o Vo' T
| G 12k SuF
1 - 6 GND, Veer W[ }—¢ T
= . 7 GND, Veea 18] 1—4 -
100pF :
20MHz 8 Xy - PF 17 -
paratiet ] 100pF AuF
Crystal . AuF
50pF TJox GND, 15
0.005% ACCURATE . =
[ vcLk TRANSMIT+1a t] :
[]r2 TeNA TRaNsMIT-13[T]

Notes: 1..Connect Ry, Cq, for 0 differential nontransmit. Connect to ground for logic 1 differential nontransmit.

2. Pin 20 shown for normal device operation.

3. The inclusion of C4 and Cs is necessary to reduce the common-mode current draw of the terminating
network when transformer coupling is not used at the SIA end. If transformer coupling is used at the SIA
end, then C4 and Cs should be replaced by a short to ground.

AF000450

TRANSMIT MODE SELECT (TSEL) CONNECTION

TSEL
PINS

TSEL LOW

TC001840

Vee

TSEL
PIN5

12k

L

TC001950

TSEL HIGH .
470pF

DETAILED DESCRIPTION

The Am7992A Serial Interface Adapter (SIA) has three basic
functions. ‘It is a Manchester Encoder/line driver in- the
transmit path, a Manchester Decoder with noise filtering and
quick lock-on characteristics in the receive path, and a signal
detect/converter (10MHz differential to TTL) in the collision
path. In addition, the SIA provides the interface between the
TTL logic environment of the Local Area Network Gontroiler
for Ethernet (LANCE) and the differential signaling environ-
ment in the transceiver cable. . .

TRANSMIT PATH

The transmit section encodes separate clock and NRZ data
input signals meeting the set-up and hold time to TCLK at
TENA and TX, into a standard Manchester |l serial bit stream.
The transmit outputs (transmit + /transmit —) are designed to
operate into terminated transmission lines. When operating
into a 785 terminated transmission line, signaling meets the
required output levels and skew for both Ethernet and
|EEE-802.3. )

Transmitter Timing and Operation

A 20MHz fundamental mode crystal oscillator provides the
basic timing reference in the SIA. It is divided by two to create
the transmit clock reference (TCLK). Both clocks are fed into
the Manchester Encoder to generate the 10MHz and 20MHz

15:: K - sl TRANSMIT =
rak
| osc
j S |
AF003040
Figure 1. Transmit Section
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transitions in the encoded data stream. The 10MHz clock,
TCLK, is used by the SIA to internally synchronize transmit
data (TX) and transmit enable (TENA). TCLK is also used as a
stable bit rate clock by the receive section of the SIA and by
other devices in the system (the Am7990 LANCE uses TCLK
to drive its internal state machine). The oscillator may use an
external .005% crystal or an external TTL level input as a
reference. Transmit accuracy of .01% is achleved (no external
adjustments are required).

TENA is activated when the first bit of data is made available

on TX. As long as TENA remains High, signals at TX will be

encoded as Manchester and will appear at Transmit + and

Transmit —. When TENA goes Low, the differential transmit

outputs go to one of two idle states:

® TSEL HIGH - The idle state of Transmit +/Transmit —
yields ''zero" differential to operate transformer coupled
loads.(Figure 9A)

® TSEL LOW -
Transmit - (logical High). (Figure 9B)

RECEIVE PATH

The principle function of the receiver is the separation of the
Manchester encoded data stream into clock and NRZ data.

Input Signal Conditioning

Before the data and clock can be separated it must be
determined whether there is "'real”” data or unwanted noise at
the transceiver interface. The Am7992A SIA carrier detection
receiver provides a static noise margin of ~175mV to -275mV
for received carrier detection. These DC thresholds assure
that no signal more positive than -175mV is ever decoded and
that signals more negative than -275mV are always decoded.
Transient noise of less than 10ns duration in the collision path
and 16ns duration in the data path are also rejected.

RX
MANCHESTER DATA
DECODER RECEIVER
RCLK
i - RECEIVE:
NOISE
CARRIER
RENA REJECT
DETECT FILTER

AF003050
Figure 2. Receiver

The stage prevents unwanted idle state noise on the trans-
ceiver cable from causing "'false starts" in the receiver. This
helps assure a valid response to "real" data.

The receiver section (Figure 3) consists of two data paths. The
receive data path is designed to be a zero threshold, high
bandwidth receiver. The carrier detection receiver is similar,
but with an additional.bias generator. Only data amplitudes
larger than the bias level are interpreted as valid data. The
noise rejection filter prevents noise transients < 16ns from
enabling the data receiver output. The collision detector
similarly rejects noise transients < 10ns.

Receiver Section Timing

Receive Enable (RENA) is the "carrier present' indication
established when a signal of sufficient amplitude (V|pc) and
duration (trRpwR) is present at the receive inputs. Receive
Clock (RCLK) and Receive Data (RX) become available after
the third negative data transition at Receive+/Receive -
inputs, and stay active until end of packet. During reception,

In this idle state, Transmit + is positive to -

RX is synchronous with RCLK changing after the rising edge
of RCLK.

The receiver detects the end of a packet when the normal
transition on the differential inputs cease. Aftér the last

-Low-to-High transition, RENA goes Low and RCLK completes

one last cycle, storing the last data bit. It then goes Low and
remains Low. (See Receive End of Packet Timing diagrams.)
When TEST is Low, RCLK does not go Low and stay Low but
continues to run.

Receive Clock Control

To ensure quick capture of incoming data, the receiver
phase-locked-loop is frequency locked to the transmit oscilla-
tor, and it phase locks to incoming data edges.

Clock and data are available within 6 bit times (accurate to
within £3ns). The SIA will decode jittered data of up to +20ns
(anure 4).

Differential /0 Terminations

The differential input for the Manchester data (Receive *) is
externally terminated by two 40.22 1% resistors and one
optional common mode bypass capacitor. The differential
input impedance Z|pr and the common mode input Zicpm are -
specified so that the Ethernet specification for cable termina-
tion impedance is met using standard 1% resistor terminators.
The collision * differential input is terminated in exactly the
same way as the receive input (See External Component
diagram).

Collision Detection

The Ethernet Transceiver detects collisions on the Ethernet
and generates a 10MHz signal on the transceiver cable
(Collision + /Collision-). This collision signal passes through
an input stage which assures signal levels and pulse duration.
When the signal is detected by the SIA, the SIA sets the CLSN
line High. This condition continues for approximately 190ns
after the last Low-to-High transition on Collision + /Collision-.

m—ta o - e <& :
meax ————}
ol by
L | =
DF000172
Figure 3. Receiver Section Detail
+20ns +20ns
MAXINUM —{ [—— MAXIMUM
’_— JTTER JTTER
T Y Y N\
* ) J( ]( v A N A
I ‘
]
£5ns
ALLOWABLE
SAMPLING ERROR
DF000181
Figure 4. Maximum Jitter Impact on
Sampling
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage Temperature............... vievenenn. =85°C to +150°C
Ambient Temperature with .
Power Applied veeeresereeenenn 0 0 +70°C Ta Vee Vss
Supply Voltage to Ground Potential . } Commercial 0°C to 70°C 5.0Vi5% | N/A
ContiNUOUS .....cuvnriereeinininieieneenenenns veraras vereens 7.0V
DC Voltage Applied to Outputs For , . . .
High O?leutpgtate P —0.5V to +Vee max Operating ranges define those limits over which the function-
DC Input Voltage (Logic inputs) v +55y 8ty Of the device is guaranteed.
DC Input Voltage (RGCGIVG/CO"ISIOH) ..-6 to +6V
Transmit +Qutput Current...... ..~50 to +5mA
DC Output Current, Into Outputs.......cc.ceeverinnnnne. 100mA
DC Input Current (Logic Inputs) .................. Sataene +30mA
Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended penods may affect device
reliability.
DC CHARACTERISTICS unless otherwise specified: COM'L Tao =0 to 70°C, Vcc = 5.0V+5%, Tosc = 50ns
Parameters Description Test Conditions Min i Typ Max Units
VoH QUi tigh Voltage RX., RENA, loH =-1.0mA 24 34 v
Vo Output Low Voltage RCLK, TCLK, RENA loL = 16mA 0.38 05 v
RX, CLSN, TSEL loL = 1mA 0.25 0.4
Differential Output Voltage Vo " 5§50 870 770
VOP (Transmit+) — (Transmit-) %% RL =789 550 _670 _770 mv.
V Transmit Differential Output Idle Voltage BL = 788, -20 0.5 20 mv
OD OFF P g TSEL = High d
lop OFfF Transmit Differential- Output Idle Current -0.5 +00.1 0.5 mA
VemT Common Mode Output Transmit - 0 25 5 \
Differential Output Voltage Imbalance -
Vool (Transmitt) Wol-Vgl AL =780 5 2 mv
ViH Input High Voltage TTL 2.0 v
IiH Input High Current TTL Voo = MAX, VN =27V +50 HA
ViL Input Low Voltage TTL 0.8 \
e Input Low Current TTL Vee = MAX, Vi = 0.4V -270 -400 LA
VIiRD Ditferential Input Threshold (Rec Data) ' -25 0 +25 mv
Vioc Differential Input Threshold (Carrier/Collisiont) -175 -225 -275 mv
. = 50ns 125 180
lcc Power Supply Current losg mA
E 1osc = 50ns, Ta = Max 160
Vig Input Breakdown Voltage (Tx, TENA, TEST) Iy = 1mA 6.5 \
Vic Input Clamp Voltage (TX, TENA, TEST) N =-18mA -1.2 v
RX, TCLK, CLSN, RENA
Isco Short Circuit Current -40 -80 -150 mA
RipF Differential Input Resistance Vce =0 to Max 6k 8.4k 13k Q
Ricm Common Mode Input Resistance Voo =0 to Max 1.5k 2.1k 3.25k Q
VicM Receive and Collision Input Bias Voltage Iin=0 25 3.5 4.2 \
liLp Receive and Collision Input Low Current VIN=-6V -0.32 -1.06 -1.64 mA
HD | Receive and ‘Collision Input High Current ViN =6V +0.14 +0.6 +1.10 mA
[1%74 Receive and Collision Input High Current Vecc =0, ViN=+6V 0.4 1.28 1.86 mA
4
03378
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SWITCHING CHARACTERISTICS unless otherwise specified:
COM'L TAo=0 to +70°C, Vcc = 5.0V15%, Tosc = 50ns .
Parameters | Description 1 Test Conditions I Min | Typ I MainnIts
RECEIVER SPECIFICATION
tRCT RCLK Cycle Time ' 85 100 118 ns
tRCH RCLK High Time 38 50 ns
tRCL RCLK Low Time 38 50 ns
tRCR RCLK Rise Time 0 25 8 ns
tRCF RCLK Fall Time Ci = 50pF 0 25 8 ns
ROR RX Rise Time Fz%‘gg ‘12)3 0o | 25 | 8 ns
tRDF RX Fall Time 0 25 8 ns
tRDH RX Hold Time (RCLK 1 to RX Change) 5 8 ns
tRDS - | RX Prop Delay (RCLK t to RX Stable) 8 25 ns
tDPH RENA Turn-On Delay (Vipc on Receive t to RENAR) Figures 5, 11a and 15 50 180 ns
torPo RENA Turn-Off Delay (VipH on Receive *+ to RENAL) Figures 6 and 15 140 160 ns
toPL RENA Low Time - Figure 6 120 200 ns
tRPWR Receive * Input Pulse Width to Reject (Input < Vipc Min) . 30 16 ns
tRPWO Receive * Input Pulse Width to Turn-On (Input < Vipc Max) Figures 11a and 15 40 30 ns
tRLT Decoder Acquisition Time Figure 5 .. 550 600 ns
COLLISION SPECIFICATION
tcPWR Colfision Input Pulse Width to Reject (Input < Vipc Min) 18 10 ns
tcPwo Sféisigﬂna;;lput Pulse Width to Turn-on (Collision + Exceeds Figures 11b and 15 2 18 ns
tCPWE Collision Input to Turn-Off CSLN (Input > V|pc Max) ' 80 117 ns
tcPwN Collision Input to Not Turn-Off CLSN (Input > Vipc Min) 17 160 ns
tcPH CLSN Turn-On Delay (Vipc Max on Collision * to CLSNy) 33 180 ns
PO CLSN Turn-Off Delay (Vip Min on Collision * to CLSND Figures 10, 11b and 15 133 | 160 | ns
TRANSMITTER SPECIFICATION
trcL TCLK Low Time 45 50 55 ns
tTcH TCLK High Time ‘0 SC = 50ns 45 50 55 ns
tTCR - TCLK Rise Time Figure 12b 0 25 8 ns
trer TCLK Fall Time 0 25 8 ns
tros. tTES TXD and TENA Setup Time 5 1.1 ns
(" tron, tren TXD and TENA Hold Time Figure 12b 5 | -4 s
[ troce Transmit + Output, (Bit Cell Center to Edge) l 495 | 50 | 505 | ns
top TCLK High to Transmit + Output Figures 92, 9b and- 14 8 | 100 | ns
tTOR Transmit * Output Rise Time 20 -80% 1 2 5 ns
troF Transmit * Output Fall Time Figure 12b and 14 1 2 5 ns
R kel o o g ™ oo
Note 1. Assumes equal capacitance loading on RCLK and RX.
03378D
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AmZ8016

DMA Transfer Controller

DISTINCTIVE CHARACTERISTICS

® Two independent multi-function channels

® Automatic loading/reloading of control parameters by
each channel

® Optional automatic chaining of operations

® Channel interleave operations

® Masked data pattern matching for search operations
® Vectored interrupts on selected transfer conditions
® Base registers for repetitive operations

GENERAL DESCRIPTION

The AmZ8016* DMA Transfer Controller (DTC) is a high
performance peripheral interface circuit for Z8000 proces-
sor systems. In addition to providing data block transfer
capability between memory and peripherals, each of the
DTC's two channels can perform peripheral-to-peripheral
as well as memory-to-memory transfer. A special Search
Mode of Operation compares data read from a memory or
peripheral source to the content of a pattern register.

For all DMA operations (search, transfer, and transfer-and-
search), the DTC can operate with either byte or word data
sizes. In some system configurations, it may be necessary
to transfer between word-organized memory and a byte-
oriented peripheral. The DTC provides a byte packing/
unpacking capability through its byte-word funneling trans-
fer or transfer-and-search option. Some DMA applications
may continuously transfer data between the same two
locations. These applications may not require the flexibility
inherent in reloading registers from memory tables. To
service these repetitive DMA operations, base registers are
provided on each channel which reinitialize the current
source and destination Address and Operation Count

registers. To change the data transfer direction under CPU
control, provision is made for reassigning the source
address as a destination and the destination as a source,
eliminating the need for actual reloading of these address
registers. ’

Frequently, DMA devices must interface to slow peripherals
or slow memory. In addition to providing a hardware WAIT
input, the AmZ8016 DTC allows the user to select indepen-
dently, for both source and destination addresses, automat-
ic insertion of 0, 1, 2 or 4 wait states. The user may even
disable the WAIT input pin function altogether and use
these software programmed wait states exclusively.

High throughput and powerful transfer options are of limited
usefulness if a DMA requires frequent reloading by the host
CPU. The AmZ8016 DTC minimizes CPU interactions by
allowing each channel to load its control parameters from
memory into the channel's control registers. The only

.- action required of the CPU is to load the address of the

control parameter table into the channel and issue an
instruction to start this register loading operation.

BLOCK DIAGRAM

SYSTEM BUS

BUS
INTERFACE

CHANNEL 1 t

CHANNEL 2

BUS

REGISTERS

-—| MASTER MODE I

INTERFACE TO
BN B o i
LoGiC
.—I TEMPORARY I
BD003460

RELATED PRODUCTS

Part No. | Description

AmZ8016

Application Manual (contains detailed application
configuration and software example).

*Z8000 is a trademark of Zilog, Inc.
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AmZ8016

CONNECTION DIAGRAM

Top View
D-48, P-48 :
g J1° ~ 48 [] IE0
8usRa [] 2 a7 ] iNT
BAG [] 3 46 IE
Vee ] 4 45 g CLOCK
apy [ 4l ]as
ADy 16 a3 ]0s
a0, [17 42 [ ] CSAWAT
ADy []8 ] RW
A0, 10 40 [] DACK,
ADg [} 10 39 [ DACK,
ADg [} 11 38 EOP
AD; [}12 AmZB8016 a7 DREG,
Apg [] 13 DTC 36 [ ] OREG,
ADy [ 14 5[] ew
ADy [ 15 LT =
ADyy [: 16 .33 : ST,
ADy; [] 17 ’ 2{]s
ADy3 [] 18 [ st
CADy 119 [ NS
ADys [] 20 . 29 [T SNy s
sNg [] 21 28 [ ] SN,
SNg [] 22 27 [7J SNMMUSYNC
SNy [ 23 26 ] Vss
SNy 24 25 [7] SN,

CD005300

Note: Pin 1 is marked for orientation

LOGIC SYMBOL

<] SNy ADg feo——em
i SN, ADy foem
_ - SN, AD; foer
SEGMENT i SNy AD; oe-
NUMBER | sy, ADg e
] SNy ADs —
-] SNy ADg |
~=— SN;/MMU SYNC AD7 oo | AoDRESS
' ADg e [ DATABUS
-] 5T, ADj le—u
-] ST, - ADyg |o—em
——] 1.1
SsTATUS STz AmZ8016 "
—-—l STy DTC LLITY s
i RIW ADyy feomem
- BW ADyq fo—e
- N/S ADy5 oo
-] BUSREQ
BUS | —{BAT
CONTROL po— ol -DREQq, DREQy |=— oA
—] /AT DACK,, DACK; [~—= | coNTROL
BUS { — 5 EOP [=—"
. TIMING 55
~10s . W p—
e INTERRUPT
[ ( coNTROL
[[Te B e
+V  GND CLK .
LS001280
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ORDERING INFORMATION
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following:
Device number, speed option (if applicable), package type, operating range and screening option (if desired).

Valid Combinations

016 - ' 76016 DC, PC
) | l ADC, APC
Device - Temperature
L : C - Commercial (0°C to 70°C)
I-Industrial (-40°C to 85°C) Valid Combinations
} Consult the local AMD sales office to con-
Speed Package 48-pin firm availability of specific valid combinations,
Blanx:gm: szc'gf:;if‘gi check for newly released valid combinations
L - Ceramic Le‘;d,ess and/or obtain additional data on AMD's stan-
Chip Carrier dard military grade product.
2-101
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AmZz8016

PIN DESCRIPTION -

Pin No.

Name

170

Description

VCC

+5 Power Supply.

26

VSS

Ground.

|45

CLOCK

" |the timing diagrams for details.

(Clock). The Clock signal controls the internal operations and the rates of data transfers. It is
usually derived from a master system clock or the associated CPU clock. The Clock input
requires a high voltage input signal. When the DTC is used with an MMU, they must both be
driven from the same clock signal. Many DTC input signals can make transitions independent of
the DTC clock; these signals can be asychronous to the DTC clock. On other signals, such as
WATT inputs, transitions must meet set-up and hold requirements relative to the DTC clock. See

5-20

ADg-AD1s

110

(Address/Data Bus). The Address/Data Bus is a time-multiplexed, bidirectional, active High,
three-state bus used for all I/0 and memory transactions. HIGH on the bus corresponds to 1 and
LOW corresponds to O. ADg is the least significant bit position and AD15 is the most significant.
The presence of addresses is defined by the timing edge of AS, and the asserted or requested
presence of data is defined by the DS signal. The status output lines STo-ST3 indicate the type
of transaction, either memory or I/0. When the DTC is in control of the system bus, it dominates
the AD Bus; when the DTC is not in control of the system bus, the CPU or other external devices
dominate the AD Bus. The presence of address or data on the ADg-AD15 bus is defined only by
AS and DS. When the DTC is not in control of the bus; there is no required relation between the
presence of address or data and the DTC clock. This allows the DTC to be used with a system
bus which does not have a bussed clock signal.

44

1/0

(Address Strobe). Address Strobe is a bidirectional, active-low, three-state signal. A LOW-to-
HIGH transition on this signal while DS is HIGH indicates that the ADp-ADys5 bus contains
address information. During a DMA operation when the DTC is in control of the system, AS is an
output generated by the DTC to indicate that a valid address is on ADg-AD1s. The address
information output by the DTC is stable prior to the LOW-to-HIGH AS transition. When the DTC is
not in control of the system bus and the external system is transferring information to the DTC or
from it, the DTC samples address information from the ADg-AD15 bus on the LOW-to-HIGH AS
transition. There are no timing requirements between AS as an input and the DTC clock; this
allows use of the DTC with a system bus which does not have a bussed clock. If AS and DS are
simultaneously LOW, the DTC is reset.

43

110

(Data Strobe). Data Strobe is a bidirectional, active-low, three-state signal. A LOW on this signal
while AS is HIGH indicates that the ADg-AD15 bus is being used for data transfer. When the DTC
is not in control of the system bus and the external system is transferring inft ion to or from
the DTC, DS is a timing input used by the DTC to move data to or from the ADg-AD15 bus. Data
is written into the DTC by the external system on the LOW-to-HIGH DS transition, Data is read
from DTC by the extermal system while is LOW. There are no timing requirements between
DS as an input and the DTC clock; this allows use of the DTC with a system bus which does not
have a bussed clock. During a DMA operation when the DTC is in control of the system, DS is an
output generated by the DTC and used by the system to move data to or from the ADg - AD15
bus. When the DTC has bus control, it writes to the external system by placing data on the
ADp - AD15 bus before the HIGH-to-LOW DS transition and holding the data stable until after the
LOW-to-HIGH DS transition; while reading from the external system, the LOW-to-HIGH transition
of DS latches data into the temporary register of the DTC (see timing diagram). .

.| 31-34

STp-ST3

1/0

(Status). The four Status lines are three-state, bidirectional signals containing coded information
regarding the current bus transaction. When the DTC is not in control of the system bus,
STo - ST3 are inputs and are used to detect interrupt and segement trap acknowledge cycles.
There are not timing requirements between transitions on the_STg - STa input and the DTC
clock; input transitions on STo - STg are only defined relative to AS and DS. When the DTC is in
control of the system bus, the ST -~ ST3 lines are outputs which indicate the type of memory of.
170 transition being performed. The status codes decoded and generated by the DTC are
indicated in Figure 1 by the letters D and G, respectively. .

41

R/W

/o]

(Read/Write).Read/Write is a bidirectional, three-state signal. Read polarity is HIGH and WRITE
polarity is LOW. R/W indicates the data direction of the current bus transaction, and is stable
starting when AS goes LOW until the bus transaction ends (see timing diagram). When the DTC
is not in control of the system bus and the external system is transferring information to or from
the DTC, R/W is a status input used by the DTC to determine if data is entering or leaving on the
SDg - AD45 bus during DS time. In such a case, Read (HIGH) indicates that the system is
requesting data from the DTC and Write (LOW) indicates that the system is presenting data to
the DTC. There are no timing requirements between R/W as an input and the DTC clock;
transitions on R/W as an input are only defined relative to AS and DS. When DTC is in control of
the system bus, R/W is an output generated by the DTC, with Read indicating that data is being
requested from the addressed location or devices and Write indicating that data is being
presented to the addressed location or device. Flyby DMA operations are a special case where
R/W is valid for the normally addressed memory or peripheral locations and must be interpreted
in reverse by the "Flyby'" peripheral that uses it.

30

N/S’

(Normal/System, 3-State). Normal/System is a three-state output activated only when the DTC
is in control of the system bus. This signal is used to indicate which memory space is being
accessed. The N/S pin is HIGH for normal memory and LOW for system memory. System space
is always indicated for 1/0 cycles.

35

B/W

(Byte/Word, 3-State). This output indicates the type of data transferred on the AD bus. HIGH
indicates a byte (8-byte) and LOW indicates a word (16-bit) transfer. This output is activated
when AS goes LOW and remains valid for the duration of the whole transaction (see timing
diagram). The address generated by the DTC is always a byte address, even though the memory
organized as 16-bit words. All word-sized data are word aligned and must be addressed by even
addresses (Ap =0). When addressing byte transactions, the least significant address bit
determines which byte is needed; an even address specifiess the most significant byte
(ADg - ADq5), and an odd address specifies the least significant byte (ADg - AD7). (Note that the
higher address specifies the less significant byte!) This addressing mechanism applies to
memory accesses as well as I/0 and special /0 accesses. When the DTC is a slave, it ignores

the B/W signal.
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PIN DESCRIPTION (Cont.)
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Pin No. Name 170 Description

42 CS/WAIT . 1 (Chip Select/Wait). When the DTC is not in control of the system bus, this pin serves as an
! active-low Chip Select (CS) input. A CPU or other external device uses CS to activate the DTC
for reading and writing of its internal registers. CS may be held LOW for multiple transfers to
and/or from the DTC, provided AS and DS are toggled for each transfer. There are no timing
requirements between the TS input and the DTC clock; the TS input timing requirements are
only defined relative to AS. When the DTC is in control of the system bus, this pin serves as an
active-low WAIT input. Slow memories and peripheral devices may use WAIT to extend DS
during bus transfers. Unlike the TS input, transitions on the WAIT input must meet certain timing
requirements relative to the DTC clock. See the timing diagram for details. The Wait function
may be disabled using a control bit in the Master Mode register; in which casse, the input is
treated as an active-low Chip Select only and is ignored when the DTC is in control of the system
bus.

2 BUSRQ 170 (Bus Request). Bus Request is an active-low, open-drain, bidirectional signal used by the DTC to
obtain control of the bus from the CPU. Before driving BUSRQ active, the DTC samples this line
to insure that another request is not already being made by another device. BUSRQ lines from
multiple devices are wire-ORed together externally with a common pull-up resistor of 1.8 kS2 or
more. Since the DTC internally synchronizes the sampled BUSRQ signal, transitions on BUSRQ
may be asynchronous to the DTC clock.

|

-
o4
2

(Bus Acknowledge In). BAI is an active-low asynchronous input indicating that the CPU has
relinquished the bus and that no higher priority device has assumed bus control. Since BAI is
internally synchronized by the DTC before being used, transitions on BA[ do not have to be
synchronous with the DTC clock. The BAT input is usually connected to the BUSAK line from the
CPU or to the BAO output from a higher-priority device in the Bus Request daisy chain. AS and
DS must both be HIGH during the HIGH-to-LOW transition of BAI. -

©
8
o

(Bus Acknowledge Out). BAO is an active-low output which indicates that BAI is active and that
the DTC is not currently in contro! of the bus. This signal is intended for use by lower, priority
devices on the Bus Request daisy chain. .

47 INT [e] (Interrupt). Interrupt is an active-low, open-drain output used to interrupt the CPU. It may be
connected to any of the CPU interrupt inputs and may be wire-ORed with other sources of
interrupts. An external pull-up resistor of 1.8 k§2 or greater is required.

46 IEI | (Interrupt Enable In). IE! is an active-high input which allows the DTC to activate the INT output
and to respond to interrupt acknowledge operations. !t is used with other signals to implement
the interrupt daisy chain. Transitions on IEi do not have to be synchronous with the DTC clock.

48 IEO -0 (Interrupt Enable Out). IEO is an active-high output that enables devices lower in the chain when
higher priority interrupts are not pending or under service. It is used in conjunction with other
signals to implement the Interrupt daisy chain. See the Interrupt section of this document for
further details on INT, IE) and IEO. '

36, 37 DREQj4, | (DMA Request). The DMA Request lines are two active-low inputs, one per channel. They may
Uﬁﬁ; make transitions independent of the DTC clock and are used by external logic to indicate and
control DMA operations performed by the DTC.

40, 39 DACKj4, [0} (DMA Acknowledge). The DMA Acknowledge lines are active-low outputs, one per channel,

DKCKZ which indicate that the channel is performing a DMA operation, DACK is pulsed, held active or

- [held inactive during DMA transfers, as programmed in the Channel Mode register. For Flowthru

operations, the peripheral is fully addressed using the conventional /0O addressing protocols

and therefore may choose to ignore DACK. DACK is always output as programmed in the

Channel Mode register for a DMA operation, even when the operation is initiated by a CPU

software request command or as a result of chaining. DACK is not output during the actual
chaining operations. : .

38 EOP e} (End of Process). EOP is an active-low, open-drain, bidirectional signal. It must be pulled up with_
an external resistor of 1.8 k§2 or more. The DTC emits an output pulse on EOP when a TC or MC
termination occurs, as defined later. An external source may terminate a DMA operation in
[%)gress by driving EOP LOW. EOP always applies to the active channel; if no channel is active,
EOP is ignored. The Suppress output of the MMU may be connected to ECP to terminate DMA
accesses_which violate the MMU protection settings. To provide full access protection, an
external EOP is accepted even during chaining;

29, 28, 25, SNp-SNg (o} (Segment Number). The segment lines are three-state outputs activated only when the DTC is

24-21 controlling the system bus. SNg is the least significant bit of the segment number and SNg is the
most significant. The Z8001 and 28002 CPUs access i/0O by outputting a 16-bit 1/O address on
ADo-AD1s.

When the AmZ8016 DTC is operated in Logical Address space, the I/0 address space is
increased to 23 bits. The lower 16 bits of I/0 address appear on ADg-AD1s5. An additional 7 bits
of I/0 addresses appear on SNg-SNg. Users of the DTC in the Logical Address space
configuration may choose to disregard the SNo-SNg I/0 address information or may use it to
increase the DTC's |I/O address space beyond that of the CPU.

When the AmZ8016 DTC is configured for Physical Address space, signals SNo-SNg specify the
- | 17th (SNp) through 23rd (SNg) bits of a 24-bit linear address. The lower 16 address bits appear
on ADg through AD5 respectively; the 24th address bit is output on SN7/MMUSync. This 24-bit
linear address allows the DTC to access anywhere within 16 Megabytes of memory. Users of the
DTC in the physical address space configuration may choose to disregard the extended 1/0
addressing capability of the DTC by disregarding SNg-SNg and SN7/MMUSync during 170
operations, or may use the extended addressing to increase the number of I/O ports accessible
by the DTC beyond the number of 1/O ports accessible by the CPU. .

2-103 Refer to page 7-1 for Essential Information on Military Devices



PIN DESCRIPTION (Cont.)

AmZ8016

Pin No. Name 170 Description

27 SN7/MMUSync (o] (Segment Number 7/MMUSync). When DTC is programmed in Logical Address space, this line
outputs an active-HIGH MMUSYNC pulse prior to each machine cycle. The MMU uses this
signal to synchronize access to its translation table and to differentiate between CPU and DTC
control. The MMU ignores MMUSYNC if STy-STj indicate 1/0. This outputis LOW when DTC is
a bus slave and the MMy bit is set. .

In Physical address space, this line outputs SN7 which becomes the 24th address bit in a linear
address space. This bit can be used to address both memory and 1/0 - see the SNp-SNg pin
description for details. With this output SN7, a HIGH represents 1'and a LOW represents 0. This
pin floats to high impedance state when DTC is a bus slave and the MMy bit is cleared.

DTC
ST3 | ST2 | ST1 | STO - Transaction/Operation Action (Note)

Internal Operation

Memory Refresh

1/0 Transaction

Special 1/0 Transaction

Segment Trap Acknowledge

Non-Maskable Interrupt Acknowledge

Non-Vectored Interrupt Acknowledge

Vectored Interrupt Acknowledge

Memory - Transaction for Data/DTC Chaining

QIO|0(0|0|O(O|®

Memory Transaction for Stack

Reserved

Reserved

Memory Transaction for Program Fetch (Subsequent Word) G

Memory Transaction for Program Fetch (First Word)

ju ol = ol ) o = o o e o Nl el R I L A A
IJ:Ir-r-r-l—IIIIrl;l_—r'
b Nl (6l = o = = ol ol I =8 = Nl Il = = ol W
S L B Ll e Rl Rl e Rl o R e

Reserved

H ‘H H H Reserved

Notes: D = Status code is decoded by DTC when not in control of system bus.
' G = Status code is generated by DTC when in control of system bus.

Figure 1. Status Code

2-104 Refor to page 7-1 for Essential Information on Military Devices




DETAILED DESCRIPTION

Any given DMA operation, be it a transfer, a search or a

transfer-and-search operation, consists of three phases. In the *

first phase, the channel's registers are initialized to specify
and control the desired DMA operation. In the second phase,
the DMA operation itself is started and performed. The final
phase involves terminating the DMA operation and performing
any actions selected to occur on termination. Each of these
different phases is described in detail in the following sections.

Reset

The DTC can be reset either by hardware or software. The
software reset command is described in the ''Commands’
section. Hardware resets are applied by pulling both AS and
DS LOW. Because the DTC may be in control of the bus when
areset is applied, it is important that BAI be driven HIGH when
applying a reset to avoid possible bus contention between the
applied LOW signals on AS and DS and the DTC's driving of
these pins. As soon as BAI goes inactive, the DTC places the
ADg - AD15, SNo - SNg, STo - ST3, R/W, N/S, B/W, AS and
DS signals in the high impedance state. If the DTC is
programmed for Physical Address Space, SN7/MMUSync will
also be driven into the high impedance state when BAI goes
HIGH. Figure 21 shows the suggested method of generating
hardware resets for the DTC.

Both software and hardware resets clear the Master Mode
register, clear CIE, IP, SIP, and WFB and set the CA and NAC
in each Channel's Status register. The contents of all other
DTC registers will be unchanged for a software reset. Since a
hardware reset may have been applied part-way through a
DMA operation being performed by a DTC channel, the
channel's registers should be assumed to contain indetermi-
nate data following a hardware reset.

Because the CA and NAC bits in the Status register are set by
reset, the channel will be prevented from starting a DMA
operation until its Chain Address register's Segment, Tag and
offset fields are programmed and the channel is issued a
"'Start Chain Command".

Channel Initialization

The philosophy behind the AmZ8016 DTC design is that the
DTC should be able to operate with a minimum of interaction
with the host CPU. This goal is achieved by having the DTC
load its own control parameters from memory into each
channel. The CPU has to program only the Master Mode
register and each Channel's Chain Address register. All other
registers are loaded by the channels themselves from a table
located in System Data memory and pointed to by the Chain
Address register. This reloading operation is called chaining
and the table is called the Chain Control Table.

The offset and segment fields of the Chain Address Register
form a 24-bit address or a 23-bit address, which points to a
location in system data memory space. Chaining is performed
by repetitively reading words from memory. Note that the
Chain Address register should always be loaded with an even
offset; loading an odd offset will cause unpredictable results.
The 2-bit Tag field facilitates interfacing to slow memory by
allowing the user to select 0, 1, 2 or 4 programmable wait
states. The DTC will automatically insert the programmed
number of wait states in each memory access during chaining.

The Chain Address register points to the first word in the Chain
Control Table. This word is called the Relpad Word. See
Figure 2. The purpose of the Reload Word is to specify which
registers in the channel are to be reloaded. Reload Word bits
10-15 are undefined and may be 0 or 1. Each of bits 0
through 9 in the Reload Word correspond to either one or two
registers in the channel (see Figure 3). When a Reload Word
bit is '1', it means that the register or registers corresponding
to that bit are to be reloaded. If a Reload Word bit is '0’, the
register or registers corresponding to that bit are not to be
reloaded. The data to be.loaded into the selected register(s)
follow(s) the Reload Word in memory (i.e., the data are at
successively larger memory addresses). The Chain Control
Table is a variable length table. Only the data to be loaded are
in the table and.the data are packed together.

9108ZWY
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Figure 2. Chaining and Chain Control Tables
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Current ARA (2 Words)

Current ARB (2 Words)

Current Op-Count (1 Word)

Base ARA (2 Words)

Base ARB (2 Words)

Base Op-Count (1 Word)
Pattern and Mask (2 Words)
Interrupt Vector (1 Word)
Channel Mode (2 Words)
'-— Chain Address {2 Words)

oJefrfele]eofe]e]e]

DF002520

Figure 3. Reload Word

When the channél is to reload itself, it first uses the Chain
Address register contents to load the Reload Word into the
DTC's Chain Control Register. Next, the Chain Address
register contents are incremented by two to point to the next
word in memory. The channel then scans to' Reload Word
register from bit 9 down to bit O to see which registers are to
be reloaded. If no registers are specified (bits 9 -0 are all 0),
no registers will be reloaded. If at least one of bits 9 - 0 are set
to '1", the register(s) corresponding to the most significant set
bit are reloaded, the bit is cleared and the Chain Address
register is incremented by 2. The channel continues this
operation of scanning the bits from the most significant to
least significant bit position clearing each set bit after reload-
ing its associated registers and incrementing the Chain
Address register by 2. If all of bits 9 to 0 are set, all the
registers will be reloaded in the order: Gurrent ARA, Current
ARB, Current Operation Count, . . . Channel Mode and Chain
Address. Figure 4 shows two examples of Chain Control
Tables. Example 1 shows the ordering of data when all
register are to be reloaded. In example 2 only some registers
are reloaded. Once the channel is reloaded, it is ready to
perform a DMA operation. Note when loading Address Regis-
ters the Segment and Tag Word are loaded first, then the
Offset Word. : ’

Initiating DMA Operations

DMA Operations can be initiated in one of three ways - by
software request, by hardware request and by loading a set
software request bit into the Channel Mode register during
Chaining.

_ Starting After Chaining

If the software request bit of the Channel Mode register is
loaded with a '1' during chaining, the channel will perform the
programmed DMA operation at the end of chaining. If the
channel is programmed for Single Operation or Demand, it will
perform the operation immediately. The channel will give up
the bus after chaining and before the operation if the CPU
Interleave bit in the Master Mode register is set. See the
""Channel Response” section for details. Note that once a
channel starts a chaining operation by fetching a Reload
Word, it retains bus control at least until chaining of the last
register's data is performed.

Software Requests
The CPU can issue Software Request commands to start

DMA Operations on a channel. This will cause the channel to
request the bus and perform transfers. See the description of

T T

T EXAMPLE-1: it

CURRENT ARA (2 WORDS)*

CURRENT ARB (2 WORDS)"

‘CURRENT OP COUNT (1 WORD)

BASE ARA (2 WORDS)"

BASE ARB (2 WORDS)"

BASE OP COUNT (1 WORD)

PATTERN REGISTER (1 WORD)
MASK REGISTER (1 WORD)

INTERRUPT VECTOR
{1 WORD)

CHANNEL MODE (2 WORDS)**

CHAIN ADDRESS (2 WORDS)"

EXAMPLE ~2:

[foltfefolofoofs]s

‘CURRENT ARA (2 WORDS)*

CURRENT OP COUNT (1 WORD)

CHANNEL MOOE (2 WORDS)

CHAIN ADDRESS (2 WORDS)*

] ) 4
DF002320
*Note: Load the segment and tag word
first, then the offset word.
**Most significant word first, then least sig-
nificant.

Figure 4. Examples of Chain Control Table

Hardware Requests

DMA operations will often be started by applying a LOW on
the channel's DREQ input. The '"Channel Response'" section
describes when LOW DREQ signals are sampled and when
DREQ requests can be applied to start the next DMA
operation after chaining.

Bus Request/Grant

Before the DTC can perform a DMA Operation, it must gain
control of the system bus. The BUSRQ, BAI and BAO
interface pins provide connections between the DTC and the
host CPU and other DMA devices, to arbitrate which device
has control of the system bus. When the DTC wants to gain
bus control, it drives BUSRQ LOW.

the software request command for details.
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Some period of time after the DTC drives BUSRQ LOW, the
CPU will relinquish bus control and drive its BUSAK signal
LOW. This passes down the BAI, BAO daisy chain. When the
DTC's BAI input goes LOW, it may begin performing opera-
tions on the system bus. When the DTC finishes its operation,
it stops driving BUSRQ LOW and allows BAO to follow BAI.

Listed below are the rules followed by the DTC to request,
acquire, and release the system bus A description of the
significance of the steps follows.

1. The DTC requests control of the system bus by driving
BUSRQ LOW. The DTC may only drive BUSRQ LOW if
BUSRQ is HIGH and BAI is HIGH.

2. After driving BUSRQ LOW, the DTC waits for its re-
quest to be acknowledged on the BAI input.. When BAI
goes LOW, the DTC has bus control, performs its op-
erations and continues to drive BUSRQ until it com-
pletes.

3. When.the DTC is finished with the system bus, it
stops driving BUSRQ LOW and passes the LOW on
BAI through to BAO.

4. If the DTC is not requesting use of the bus, BAD al-
ways follows BAL If the DTC receives a LOW on BAI
and BUSRQ is LOW and the DTC is not requesting
use of the bus, the DTC drives BAO LOW. This situa-
tion would occur if some lower priority device was pull-
ing' BUSRQ LOW. The DTC simply passes the LOW
BAI grant signal through to the lower priority device.

Note that BAD will always be LOW if BAl is LOW providing the
DTC is not driving BUSRQ LOW. If the DTC is driving BUSRQ
LOW, BAO will go LOW when the DTC finishes using the bus
and stops applying a LOW to BUSRQ. Note also that BUSRQ
is a bidirectional signal. Since the DTC can only drive BUSRQ
LOW if BUSRQ was previously 'HIGH, the DTC is able to
sample BUSRQ. Because the DTC may be on a different card
than other DTCs and the CPU, some means must be provided
to bidirectionally buffer BUSRQ. Figure 21 shows a represen-
tative system with two DTC chips and a CPU. Figure 22 shows
the logic used to bidirectionally buffer BUSRQ. Note that the
buffer and gates in the logic are both open collector (0.c.)
devices. ’

It is necessary to ensure that all DTCs will behave identically,
regardless of whether they are on the same card or different

cards. Also, it is undesirable to require users to provide to

Detail A logic on all DTCs, except where the logic is needed to
provide buffering to drive a backplane. For this reason, each
DTC incorporates identical logic to Detail A inside the chip.
Thus, even if no external logic is used, the bus request-grant
protocol will follow the above description. Note that when
external buffering is used, the design of Detail A is such that
when it is placed in series with the replicated Detail A logic
inside the chip, the operation of the bus request protocol
remains unchanged.

DMA Operations

There are three types of DMA operations: Transfer, Search
and Transfer-and-Search. Transfers move data from a source
location to a destination location. Two types of transfers are
provided: Flowthru and Flyby. Searches read data from a
source and compare the read data to the contents of the
Pattern register. A Mask register allows the user to declare
"don't care' bits.

The user can program that the search is to stop either when
the read data matches the masked pattern or when the read
data fails to match the masked pattern. This capability is called
Stop-on-Match and Stop-on-no-Match. Transfer-and-Search
combines the two functions to facilitate the transferring of

variable length data blocks. Like transfer, Transfer-and-Search
can be performed in either Flowthru or Flyby mode.

Transfers

Transfers use four of the Channel registers to control the
transfer operation: the Current ARA and ARB register; the
Current Operation Count register; and the Channel Mode
register. Channel Mode register bit CMy4 is called the Flip bit
and is used to select whether ARA is to point to the source
and ARB is to point to the destination or vice-versa. The
Current Operation Count register specifies the number of
words or bytes to be transferred.

Bits CM3 - CMp in the Channel Mode register program wheth-
er Flowthru or Flyby transfer is to be performed. Flowthru
transfers are performed in either two or three steps. First, the
channel outputs the address of the source and reads the
source data into the DTC's Temporary register. In two-step
Flowthru Transfer, the channel will then address the destina-
tion and write the Temporary register data to the destination
location. The three-step Flowthru operation is described later
in this section. The source and destination for Flowthru
Transfers can both be memory ‘locations or both peripheral

devices or one may be a memory location and the other a

peripheral device. The DACK output for the transferring
channel may be programmed to be inactive throughout the
transfer or active during the transfer. This is controlied by bit
CM1g in the Channel Mode register. -

Flyby transfers provide improved transfer throughput over
Flowthru but are restricted to transfers between memory and
peripherals or between two peripherals. Flyby operations are
described in detail in the "Flyby Transactions' section.

Transfers can use both byte- and word-sized data. Flowthru
byte-to-byte transfers are performed by reading a byte from
the source and writing a byte to the destination. The Current
Operation Count register must be loaded with the number of
bytes to be transferred. Both the Current ARA and Current
ARB registers, if programmed to increment/decrement, will
change by 1 if the register points to memory space and by +2
if the register points to 1/0 space.

Flowthru word-to-word transfers require. that the Current
Operation Count specify the number of words to be trans-
ferred. Both the Current ARA and Current ARB registers, if
programmed to increment/decrement, will change by *2
regardless of whether the register points to memory or i/0

“space.

Byte-word funneling provides packing and unpacking of byte
data to facilitate high speed transfers between byte and word
peripherals and/or memory. This funneling option can only be
used in Flowthru mode. Funneled Flowthru transfers are
performed in three steps. For transfers from a byte source to a

" word destination, two consecutive byte reads are performed

from the source address. The data read is assembled into the
DTC's Temporary register. In the third step, the Temporary
register data is written to the destination address in a word
transfer. Funneled transfers from a word source to a byte
destination are performed by first loading a word from the
source into the DTC's Temporary register. The word is then
written out to the destination in two byte writes. For funnel
operations, the byte-oriented address must be in the Current
ARA register and the word-oriented address must be in the
Current ARB register. The Flip bit (CMy) in the Channel Mode
register is used to specify which address is the source and
which is the destination. When the byte address is to be
incremented or decremented, the increment/decrement oper-
ation occurs after each of the two reads or writes. The
increment/decrement is by £1.
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In byte-to-word funneling operations it is necessary to specify
which half of the Temporary register (upper or lower byte) is
loaded with the first byte of data. Similarly, for word-to-byte
funneling operations it is necessary to define which half of the
Temporary register is written out first. Figure 5 summarizes
these characteristics for both byte-to-word and word-to-byte
funneling operations. The criteria used to determine the
packing/unpacking order is based on whether the Current
ARB register is programmed for incrementing or decrementing
of the address. Note that if the address is to remain un-
changed (i.e., if bit TG4 in the Tag Field of the Current ARB
register is 1), the increment/decrement bit (bit TGg) still
specifies the packing order.

Search

Searches use five of the Channel registers to control the
transfer operation: either the Current ARA or ARB; the
Operation Count; the Pattern and Mask registers; and the
Channel Mode register. Channel Mode register bit CMy is
called the Flip bit and is used to select either Current ARA or
ARB as the register specifying the source for the search. Only
one of the Current Address registers is used for search
operations since there is no destination address required.
Channel mode register bit CMy is an enable for the output of
the comparator and allows the MC (match condition) signal to
be generated. The Current Operation Count register specifies
the maximum number of words or bytes to be searched.

Search operations involve repetitive reads from the peripheral
or memory until the specified match condition is met. The
search then stops. This is called a Match Condition or MC

" termination. Each time a read is performed, the Source

address, if so programmed, is incremented or decremented
and the Operation Count is decremented by 1. If the match
condition has not been met by the time the Operation Count
reaches zero, the zero value will force a TC termination,
ending the search. Searches can also stop due to a LOW
being applied to the EOP interface pin. During a search
operation, the channel's DACK output will be either inactive or
active throughout the search. This is controlled by bit CM4g in
the Channel Mode register. The reads from the peripheral or
memory performed during search follow the timing sequences
described in the 'Flowthru Memory Transactions' and ''Flow-
thru 1/0 Transactions' . sections.

On each read during a Search operation, the DTC's Tempo-
rary register is loaded with data and compareq to the Pattern

register. The user can select that the search is to stop when
the Pattern and Temporary register contents match or when
they don't match. This Stop-On-Match/Stop-On-No-Match
feature is programmed in bit CM17 of the Channel Mode
register. A Mask register allows the user to exclude or mask
selected Temporary register bits from the comparison by
setting the corresponding Mask register bit to ''1." The
masked bits are defined to always match. Thus, in Stop-On-
Match, successful matching of the unmasked bits, in conjunc-
tion with the always-matched masked bits, will cause the
search to stop. For Stop-On-No-Match, the always-matched
masked bits are by definition excluded from not matching and
therefore excluded from stopping the search.

For word reads the user may select either 8-bit or 16-bit
compares through Channel Mode register bit CM1g. In an 8-
bit, Stop-On-Match, word-read operation, successful matching
of either the upper or lower byte of unmasked Pattern and
Temporary registers bits will stop the search. Both bytes do
not have to match. In 16-bit Stop-On-Match with word reads,
all unmasked Pattern and Temporary register bits must match
to stop the search. In an 8-bit or 16-bit, Stop-On-No-Match,
word-read Search operation, failure of any bit to match will
terminate the Search operation.

In an 8-bit Stop-On-Match the byte-reads, the Search will Stop
it either the upper or lower byte of unmasked Pattern and
Temporary register bits match. For an 8-bit Stop-On-No-Match
with byte reads, failure of matching in any unmasked Pattern
and Temporary. register bit will cause the search to stop.

"For 8-bit searches, the upper and lower bytes of the Pattern

and Mask register should usually be programmed with the
same data. Failure to set the upper and lower bytes of the
Pattern and Mask registers to identical values will result in
different comparison criteria being used for the upper an lower
bytes of the Temporary register. Users failing to program
identical values for the upper and lower bytes can predict the
results by recognizing that in 8-bit Stop-On-Match, the search
will end if all the unmasked bits in either the upper or lower
byte matches, and for 8-bit Stop-On-No-Match, the failure of
any unmasked bit to match will end the search. For accurate
predictions, it is also necessary to know that for word reads
the Temporary register high and low bytes are loaded from
AD1s-ADg and AD7-ADq respectively. In byte reads, the
read byte is duplicated in both halves of the Temporary
register except in funneling. ' -

. Funneling Current ARB Increment/Decrement and
Direction Tag Field Packing/Unpacking Rules
TG4 TG3 '
Word-to-Byte 0 0 Increment ARB, Write High Byte First:
(Flip-bit = 1) 0 1 Decrement ARB, Write Low Byte First
’ 1 0 Hold ARB, Write High Byte First
. 1 1 Hold ARB, Write Low Byte First
Byte-to-Word 0 0 Increment . ARB, Read High Half of Word Written First
- (Flip-bit = 0) 0 1 Decrement ARB, Read Low Half of Word Written First
1 0 Hold ARB, Read High Half of Word Written First
1 1 Hold ARB, Read Low -Half of Word Written First

Figure 5. Byte/Word Funneling'
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Transfer-and-Search

Transfer-and-Search combines the operations of Transfer and
Search functions. The registers used to control Transfer-and-
Searches are the Current ARA and ARB register, the Opera-
tion Count register, the Pattern and Mask register, and the
Channel Mode register.

A Transfer-and-Search operation will end when the data
transferred meets the match condition specified in Channel
Mode register bits CM{7-CMe. The Mask and Pattern
registers indicate those bits being compared with the Tempo-
rary register contents. Like Transfers and Searches, Trans-
fers-and-Searches will also be terminated if the operation
count goes to zero or if a LOW is applied to the EOP pin.
Regardless of whether Transfer-and-Search stops because of
a TC, MC or EOP, it will always complete the iteration by
writing to the destination address before ending (writing twice
for word-to-byte funneling). .

In Flowthru mode, Transfer-and-Search the timing is identical
to Flowthru Transfer. While the data is in the Temporary
register, it is masked by the Mask register and compared to
_ the Pattern register. For word Transfer and Transfer-and-
Search, the high and low bytes of the Temporary register are
always written to and read from AD¢5- ADg and AD7-ADg
respectively. For byte Transfer and Transfer-and-Search, the
byte read is always loaded into both halves of the Temporary
register and the entire register is driven directly out onto the
ADq5 - ADg bus. Transfer-and-Search can also be used with
byte word funneling. In funneling, the match is an 8-bit match
or 16-bit match as determlned by the setting of bit CM1¢ and
CMy7.

Flyby Transfer-and-Search can be used to increase through-
put for transfer between two peripherals or between memory
and a peripheral. In this operation, the operand sizes of the
source and destination must be the same. A complete
discussion of Flyby timing is given in the "'Flyby Transactions''
section. During a Flyby Transfer-and-Search, data is loaded
_into the Temporary register to facilitate the comparison
operation and at the same time data is transferred from the
source to the destination. When byte operands are used, data
' is loaded into both bytes of the Temporary register, from the
ADqs - ADg bus if the Current ARA register is even and from
- AD7 -ADg line if the Current ARA register is odd. This will
. alternate.for memory bytes so the user must drive both halves
of the bus to use the search. When word operands are used,
data is loaded directly from AD15-ADg and ADy7 - ADg into
. the Temporary register's high and low bytes respectively.

Channel Response

Channel Mode register bits CMg ~ CMs select the channel's
response to the request to start a DMA operation. The
response falls into either of two types: Single Operation or
Demand. There are three subtypes for Demand operations:
Demand Dedicated with Bus Hold, Demand Dedicated with
Bus Release, and Demand Interleave. To make the discus-
sions clear, it is necessary to define the term "'single iteration
of a DMA operation™. For Search operations, one iteration
consists of a single read operation and a comparison of the
read data to the unmasked Pattern register bits. The Opera-

tion Count will be decremented by 1 and the Current Address
register used incremented or decremented if so programmed.
For Transfer and Transfer-and-Search operations, a single
iteration comprises reading a datum from the source, writing it
to the destination, comparing the read datum to the unmasked
Pattern register bits (Transfer-and-Search only), decrementing
the Operation Count by 1 and incrementing/decrementing the
Current ARA and ARB registers if so programmed. In byte-
word funneling, a single iteration consists of two reads
followed by a write (Byte-to-Word funneling) or one read
followed by two writes (Word-to-Byte funneling). In all Transfer
and Transfer-and-Search cases the iteration will not stop until
the data in the Temporary register is written to the destination.

Single Operation

The Single Operation response is intended for use with’
peripherals which transfer single bytes or words at irregular

intervals. Each application of a Software request command
will cause the channel to perform a single iteration of the DMA
operation. Similarly, if the Software request bit is set by
chaining, at the end of chaining the channel will perform a
single iteration of the DMA operation. Each application of a
HIGH-to-LOW transition on the DREQ input will also cause a
single iteration of the DMA operation. If the Hardware mask bit
is set when the transition is made, the iteration will be

. performed when the mask is -cleared, providing the DMA

operation has not terminated. See the Set/Clear Hardware
mask bit command for details. Each time a Single Operation
ends, the channel will give up control of the bus unless a new
transition has occurred on DREQ. The new transition can
occur anytime after the LOW-to-HIGH AS transition on the first
memory or I/0 access of the DMA iteration. Timing Diagram 1
shows the times after which a new transition can be applied
and recognized to avoid giving up the bus at the end of the
current iteration.

Demand Dedicated with Bus Hold

In Demand Dedicated with Bus Hold (abbreviated Bus Hold),
the application of a Software request command or the setting
of the software request bit during chaining or applying a LOW
level on the DREQ input will cause the channel to acquire bus
control.

If DACK is programmed as a level output (CM1g = 0), DACK
will be active from when the channel acquires bus control to
when it relmquxshes control.

Once the channel gams bus control due to a LOW DREQ

level, it samples DREQ as shown in Timing Diagram 2. if’

DREQ is LOW, an iteration of the DMA operation is performed.
If DREQ is HIGH, the channel retains bus control and
continues to drive all bus control signals active or inactive, but
performs no DMA operation. This the user can start or stop
execution of DMA operations by modulating DREQ. Once TC,
MC or EOP occurs, the channel will either release the bus or, if
chaining or Base-to-Current reloading is to occur, perform the
desired operation. After chaining or Base-to-Current reloading,

if the channel is still in Bus Hold mode and does not have a set -

software request bit (set either by chaining or command), the
channel wili relinquish bus control unless a LOW DREQ Ievel
occurs within the time limits.
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and immediately start the next iteration. DREQ
may go HIGH before TsDRQ(c) if it has met
the TwDRQ parameter.

3. Flyby and Search transactions have only a sin-
gle access; parameter TsDRQ(c) should be ref-
erenced to the start of T3 of the access. All
other operations will always have two or three
accesses per iteration.

. Timing Dfagram 1. Sampling DREQ During Single Transfer DMA Operations

Demand Dedicated with Bus Release

In Demand Dedicated. with Bus Release (abbreviated Bus
Release), the application of a Software Request command will
cause .the channel to request the bus and perform the
programmed DMA operation untfl TC, MC or EOP. If the
channel was programmed for Bus Release, and the software
request bit was set during chaining, the channel will start the
DMA operation as soon as chaining ends, without releasing

the bus, and will continue performmg the operation until TC,.

~ MC or EOP.

When an active DREQ is applied to a channel programmed for
Bus Release, the channel will acquire the bus and perform
DMA operations until (a) TG, MC or EOP or (b) until DREQ

- goes inactive. Timing Diagram 2 (b) shows when DREQ is

sampled to determine if the channel should perform another
cycle or release the bus. Note that this sampling also occurs
on the last cycle of a chaining operation. If a channel has an

_active DREQ at the end of chaining, it will begin performing

DMA operations immediately, without releasing the bus. When
a TC, MC or EOP occurs, terminating a Bus Release mode
operation, the channel, if enabled for chalmng and/or Base-to-
Current reloading, will perform chaining and/or reloading
(assuming the Status register's SIP bit is clear) without
releasing the bus.

If an active request is not applied and the channel is in
Demand Dedicated with Bus Hold, the channel will go into
state THLD (see Timing Diagram 2 (a)). If an active-request is
not applied and the channel is in Demand Dedicated with Bus

‘Release or Demand Interleave mode, it will release the bus.

Note that even if an active request is applied in Demand
Interleave, the channel may still release the bus. The request
for Demand Interleave should continue to be applied to ensure
that the channel eventually responds to the request by
acquiring the bus (i.e., the request is not latched by the
channel).

Demand Interleave

Demand Iﬁterleave behaves in different ways depending on

-the setting of Master Mode register bit MMy. If MM is set, the

DTC will always relinquish bus control and then re-request it
after each DMA iteration. This permits the CPU and other
devices to gain bus control. For instance, if MMz is clear,
control can pass from one DTC channel to the other without
requiring the DTC to release bus control. If both channels
have active requests, control will pass to the channel which
did not just have control. If MM2 is clear and both channels
have active requests and are in Demand Interleave mode,
control will toggle between the channels after each DMA
operation iteration and the DTC will retain bus control until
both channels are finished with the bus. If MM2 is set and both
channeis have active requests and are in Demand Interleave
mode, each channel will relinquish control to the CPU after
each iteration resulting in the following control sequence:
channel 1, CPU, channel 2, CPU, etc. Note that if there are
other devices on the bus request daisy chain, they may gain
control during' the part of the sequence labeled CPU.

A software or hardware request will cause a channel pro-
grammed for Demand Interleave to perform interleaved DMA
operations until TC, MC or EOP. If the Software request bit is
set during chaining, the channel will retain the bus after
chaining and will immediately start performing DMA iteration
and will interleave all DMA iterations after the first. If DREQ is
LOW on the last cycle during chaining, the channel will
perform a single iteration immediately after chaining and
interleave thereafter until (a) TC, MC or EOP or {b) DREQ
goes HIGH. If (b) occurs, the channel will relinquish the bus
until DREQ goes LOW agairi and the channel again starts
performing interleaved operations. If (a) occurs, the channel
will not interleave before first performing chaining and/or
Base-to-Current reloading (assuming SIP is cleared).

The waveform of DACK is programmed in Channel Mode
Register (CM1g). The Pulsed DACK is for flyby transaction
only. See Timing Diagram 3. Note: This figure shows a single
Search or Flyby iteration. State TWA is optionally inserted if
programmed. For more than one iteration, the level DACK
output would stay active during the time the channel had bus
control. When CMyg is set, the DACK output will be inactive
for all non-fiyby modes.
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- b) DREQ Sabﬁpling in' Demand Mode During DMA . Operations
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d) Sampling DREQ at the End of Base-to-Current Reloading

Notes: 1. DREQ must be LOW from the start'of TsDRQ(c) to the end of TRDRQ(c) to ensure that the request is recognized.
2. Failure to meet this set-up time will result in the channel releasing the bus.
-3. Tg is a set-up state, generated before entering DMA operation cycle.
4. TAU through TAU4 are auto-reloading states, followed by TCD (chain decision) state.

* Timing Diagram 2. DREQ Sampling in Demand Mode
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Note: LEVEL DACK RE occurs as shown if auto-reloading is not programmed. LEVEL DACK stays LOW for three addi-

tional clocks for reloading.

‘Timing Diagram 3. DACK Timing

" Wait States

The DTC has a WAIT input which is multiplexed with Chip
Select (CS) yielding a TS/WAIT input. This pin functions as a
CS for the DTC when the DTC is not in control of the bus and
as a WAIT input when the DTC is bus master. Because
multiplexing CS and WAIT requires external logic, (see Figure
23), the user can select that wait states are automatically
inserted when the DTC, as bus master, accesses /O or

memory addresses. The number of wait states to be added to -

the memory or 1/0 transfer can be programmed by the user as
0, 1, 2 or 4 and can be separately programmed for the Current
Address registers A and B and for the Chain Address register.
This allows different speed memories and peripheral to be
associated with each of these addresses. The Base Address
registers A and B also have a Tag Field which is loaded into
the Current ARA and ARB registers during Base-to-Current
reloading. Because many users utilizing the software program-
mable wait states will not need the ability to' generate
hardware wait states through the TS/WAIT pin, the wait
function can be disabled, yielding a Chip Select input only, by

~ clearing the Wait Line Enable bit (MM3) in the Master Mode

register.

During memory transactions, the WAIT input is sampled in the
middle of the To state. If WAIT is HIGH, and if no programma-

" ble wait states are selected, the DTC will proceed to state T3.

Otherwise, at least one wait state will be inserted. The flowthru
1/0 transaction should be programmed to have one wait state

inserted (TWA) for Z8000 peripherals, otherwise timing is the
same as memory transactions. The WAIT line is then sampled
in the middle of state TWA, If WAIT is HIGH the DTC will
proceed to state T3. Otherwise additional wait states will be
inserted.

Consider what happens in a transaction when both hardware
and software wait states are inserted. Each time the CS/WAIT
line is sampled, if it is LOW, a hardware wait state will be
inserted in the next cycle. The software wait state insertion will
be suspended until CS/WAIT is sampled and is HIGH. The
hardware wait states may be inserted anytime during the
software wait state sequence. It is important to note that
hardware wait states are served consecutively rather than
concurrently with software wait states. For example, assume
for a Flowthru 170 Transaction that a user has programmed 4
software wait states. Driving a LOW on the CS/WAIT input
during T2 for 2 cycles would insert 2 hardware wait states.

" Driving CS/WAIT HIGH for 3 cycles would allow insertion of

three of the four software wait states, Driving CS/WAIT LOW
for 2 more cycles would insert 2 more hardware wait states.
Finally, driving CS/WAIT HIGH would allow the final software
wait state to be inserted. During this last software wait state,
the CS/WAIT pin would be sampled for the fast time. If it is
HIGH, the channel will proceed to state Ts.

If the pin is LOW, the channel will insert hardware wait states
until the pin goes HIGH and the channel would then enter
state T3 to complete the 1/0O transaction.

AmZB016
oTC

r@ |

SYSTEM BUS

MEMORY OR

i}
—

Figure 6. Configuration of Flowthru Transaction
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Figure 7. Conflguratiqnvof Flyby Transaction
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DMA Transactions

There are three types of transactions performed by the
AmZ8016 DTC: Flowthru, Flyby, and Search. Figures 6 and 7
show the configurations of Flowthru and Flyby Transactions.

Flowthru I/0 Transactions

There are Two types of 1/0 space on the AmZ8016: 1/0 and
Special 1/0. Status lines STg~ST3 specify when an 1/0
operation is being performed and which of the two 1/0 spaces
are being accessed, as shown in Figure 1. During an /0
transaction, status signal N/S will be LOW to indicate a
System Level operation.

Each 1/0 space is addressed by the host CPU by a 16-bit
address. The DTC allows an extended 1/0 address of 24- or

23-bits to be used at the option of the user. When the Master
Mode register bit MMy is cleared, the DTC is configured for
Physical Address space. If MM is set, the DTC is configured
for Logical Address space.

The timing for 170 and Special I/0 operations are identical. An
170 cycle consists of three states: T4, T2, and T3 as shown in
Timing Diagram 4. The TWA state is a wait state programmed
to be inserted by the user. The user may select to insert
additional software wait states through the Tag fields of the
Current ARA and ARB registers. In addition, if Master Mode
register bit MM3 = 1, hardware wait states may be inserted by
driving a LOW signal on the CS/WAIT pin.

The STp ~ STa lines will reflect the appropriate code for the
current cycle (1/0 or Special I/0) early in T4 and the AS output
will be pulsed LOW to mark the beginning of the cycle. The

WA n

L

\___,ms:mwmsmt

INSERT WAIT STATE

B/W, STg-STy
(SNg-Sh;)**

~nE

Low

X
T\
1\

(SNg-SNg®

AP

\ a
1/ \_
e | X oo X —

wl w T \ S
= |\ | /—

*For logical addressing only _
**For physical addressing only -

WF005650

Timing Diagram 4 Flowthru 1/0 Transactions
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offset portion of the address for the peripheral being accessed
will appear on ADg —- AD15 during T4. The N/S line will be set
LOW (system) and the R/W line and B/W line will select a

read or write operation for bytes or words. The N/S, R/W and

B/W lines will become stable during T4 and will remain stable
until after T3. 170 address space is byte-address but both 8-
and 16-bit data sizes are supported. During 1/0 transactions
the B/W output signal will be HIGH for byte transactions and
LOW for word transactions. For 1/0 transactions, both even
and odd addresses can be output, hence the address bit
output on ADg may be 0 or 1.

The channel can perform both I/0 read and 1/0 write
operations. During an 1/0 read, the R/W output will be HIGH.
The ADg-AD15 bus will be placed in the high impedance
state by the DTC during To. The DTC drive the DS output LOW
to signal the peripherals that data can be gated onto the bus.
The DTC will strobe the data into it's Temporary register
during Tg. DS will be driven HIGH to signal the end of the I/0
transaction.

For byte I/0 writes, the channel will drive the same data on
data bus lines ADg - AD7 and ADg - AD1s. During byte 1/0
reads when the address bit on ADO is 0, the DTC will strobe
data in from data lines ADg~ AD4s. During byte 1/0 reads
when the address bit on ADg is 1, the DTC will strobe data in
from data lines ADg ~ AD7. Thus, when an 8-bit peripheral is
connected to the bus, it's internal registers will typically be
mapped at all even or all odd addresses. To simplify access to
8-bit peripherals, byte oriented 170 address are incremented/
decremented by 2.

Flowthru Memory Transactions

There are six status codes which can be generated by a DTC :

channel while it is accessing memory. See Figure 2. Thus, if a
user segregates memory into different banks by decoding the
NORMAL/SYSTEM and STo-STj lines, the DTC can be
used to move data from space to space.

The timing for all Flowthru memory transactions is the same,
regardless of the status code being output. During chaining
operations the DTC reads words from an address in System
Data memory pointed to by the active channel's Chain
Address register. Those chaining operations are performed

identically to the Flowthru memory read transactions, except -

that the data is loaded into an internal DTC channel register
rather than the Temporary register. Note that chaining never
causes a write or a byte read; thus, all memory writes or all
byte accesses are due to DMA operations. A typical memory
operation consists of three cycles: T4, T2 and T3, as shown in
Timing Diagram 5. The user may select to insert 1, 2, or 4
software wait states after state To and before state T3 by
programming the Current Address register Tag field. If the
Wait Line Enable bit in the Master Mode register is set, the
user may also insert hardware wait states after state To and
before state Ta by driving a LOW on the CS/WAIT signal.

The operation of Flowthru memory transaction are performed .

identical to the Flowthru 1/0 transactions except for DS width.
(See Timing Diagrams.)

Flyby Transactions

Flyby transfers and transfer-and-search operatlons are per-
formed in a single step, providing a transfer rate significantly
faster than that available from Flowthrus. In Flyby, operations
can only be performed between memory and peripherals or
between peripherals and peripherals. Memory-to-memory op-
erations can not be performed in Flyby mode; these must be
done using Flowthru.

Flyby Memory-peripheral operations can only be used with
peripherals having a special Flyby signal input.. This peripheral

input is connected to the channel's DACK output. For memo-
ry-peripheral Flyby, the address of the source memory loca-
tion, must be programmed in the Current ARA register. The
Current ARB register must be programmed with the destina-
tion memory location for peripheral-memory Flyby. Flyby
peripheral-to-peripheral operations can only be performed if
one of the peripherals has a Flyby signal input. This pefipheral
input must be connected to the channel's DACK output. If
both peripherals have-a Flyby input, only one should be
connected to DACK; the other peripheral's Flyby input should
be held high during the Flyby operation. The address of the
peripheral not connected to the channel's DACK output
should be programmed in the Current ARB register. Note that
Flip bit is set (CM4 = 1) for 170 to memory write transactions
and cleared (CM4 = 0) for memory read to 1/0 transaction.

A Flyby operation is performed using three states: T1, Tg, and
Tga. During T4 the channel pulses AS and outputs the address
information. See Timing Diagram 6. The R/W line is HIGH if
the Current ARA specifies the source and Low if the Current
ARB specifies the destination.

The channel's status lines (STg—ST3) and the N/S line are
coded as specified by the Current ARA or ARB Tag field. The
B/W line indicates the operand size programmed in the
Channel Mode registers Operations field. During state T the
channel drives both DS and DACK active. The "'Flyby Periph-
eral" connected to DACK inverts R/W to determine whether it
is being read from or written to.

The DACK input serves two purposes: To select the peripheral
for the Read/Write, and to provide timing information on when
to drive data onto or input data from the ADg - AD15 bus. Note
that because the "Flyby Peripheral” never gets explicitly
addressed by ADg — AD1s5, it must know which internal register
to load from or drive onto the ADp - ADys bus. On state T3,
the DS and DACK lines are driven inactive to conclude the
transfer. In Transfer-and-Search mode, data is loaded into the
DTC's Temporary register on the LOW-to-HIGH DS transition
in order to perform thé search function.

To provide adequate data setup time the rising edge of DS or
DACK should be the edge used to perform the write to the
transfer destination. To extend the active time of DS and
DACK, wait states can be inserted between T and Ts.
Software wait states can be inserted by programming the
appropriate code in the Tag field of the Current ARA or ARB
registers. Hardware wait states can be inserted by pulling CS/
WAIT LOW if the Wait Line Enable bit in the Master Mode
register is set. The CS/WATT line is sampled in the middle of
the T2 and TWA states. -

Termination

There are three ways a Transfer-and-Search or Search
operation can end and two ways a Transfer operation can end.
When a channel's Current Operation Count goes to 0, the

* DMA operation being performed will end. This is called a TC or

Terminal Count termination. A DMA operation can also be
stopped by driving the EOP pin LOW with external logic. This

. is called an EOP termination. Search and Transfer-and-Search

operations have a third method of terminating called Match
Condition or MC termination. An MC termination occurs when
the data being Transferred-and-Searched or Searched meets
the match condition programmed in Channel Mode register
bits CM17 — CM16. These bits allow the user to stop when a
match occurs between the unmasked Pattern register bits and
the data read from the source, or when a no-match occurs.
Both byte and word matches are supported. MC terminations
do not apply to Transfer operations since the pattern matching

. logic.is disabled in Transfer mode.
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End-of-Process

The End-of-Process (EOP) interface pin is a bidirectional
signal. Whenever a TC, MC or ECP termination occurs, the
DTC will drive the EOP pin LOW. During DMA operations, the
EOP pin is sampled by the DTC to determine if EOP is being
driven LOW by external logic. Timing Diagram 7 shows when
internal EOPs are generated marking termination of all Trans-
fers. These figures also show the point during the DMA
iteration when the EOP pin is sampled. The generation of
internal EOPs and sampling of external EOPs for Transfer-
and-Searches follows the same timing used for Transfers.
Since there is a single EOP pin for both channels, EOP should

only be driven LOW by a channel while that channel is being
serviced. This can be accomplished by selecting a level DACK
output (CMR 18 = 0) and gating each channel's EOP request
with DACK, as shown in Figure 8.

Some users may connect the EOP pin to the MMU's suppress
(SUP) output to detect the illegal memory accesses. To allow
this abort feature for all memory accesses, the DTC samples
EOP during chaining, as shown in Timing Diagram 7 (A). If
EOP is LOW, the Chain Aborted bit in the active channel's
Status register is set, the channel relinquishes bus control and
the channel is inhibited from performing a new DMA operation
until either a new Chain Address Segment-Tag word or offset
word is loaded.

Tyor T, TWA of Ty

|
LoD

[
|
cLock 7

VEW

i

e TS, V7777777

Wi

TEoL ——-—l © C]

-_T_

INTERNAL \ ‘
EOP .
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a) EOP Sampling and Generation During DMA Operations

| CHANNEL HOLDS BUS I A EfENAASNENSE;u s
IV fnw : Trio I TIOLE ——=

T\ N\

TES -—<—.{@ ew
© I
TN\ 7/

’ WF005690

b) Sampling of EOP During Bus Hold
Notes: 1. The Hiagram lists state names for both 1/0 and fnémory accesses. Sampling of EOP will occur on

the falling edge of state Ts.
2.
operation.
3.

Timing Diagram 7. EOP Timing

State Typ is a pseudo-Ty state, without active AS, generated following termination of any DMA

State TAUq is an auto-initialization state, generated foliowing the TC, MC or EOP termination.

24117 Refer to page 7-1 for Essential Information on Military Devices

9108ZWY




AmZ8016

OREQ 1
PERIPHERAL 1
BACK 1
AmZ8016 ["“V W +sv
oTC
0P
bREG 2
' PR PERIPHERAL 2
BACK 2
® External EOP
stops CHANNEL
o se ‘» DTC DRIVES EOP Active
) onTCand MC
© CHANNEL should APPLY
EOP only if its DACK
@ is active
‘ SYSTEM BUS \

AF002740

Figure 8. EOP Connection

The old Chain Address Offset and Segment may be examined
to determine the error-causing address. If an EOP is detected
while the channel is trying to reload the Chain Address
register, the new Chain Address Offset and Segment are
discarded and the old address+2 is preserved to allow
inspection of the erroneous address. ’

Programming Completion Options
When a channel ends a DMA operation, the reason for ending

|is stored in the Completion Status Field of the channel's

Status register. See Figure 16. This information is retained
until the next DMA operation ends at which time the Status
register is updated to reflect the reason(s) for the latest
termination. Note that it is conceivable that more than one bit
in the Completion Field could be set. As an extreme example,
if a channel decremented it's Current Operation Count to zero,
causing a TC termination; input data from the source generat-
ed a match causing an MC termination; and there was a LOW
on EOP resulting in an EOP termination, all three of the
channel's Status register completion bits would be set.

When a DMA operation ends, the channel can:

(a) Interrupt the host CPU;

(b) Perform Base-to-Current reloading;

(c) Chain reload the next DMA operation;

(d) Perform any combination of the above; or
(e) None of the above.

The user selects the action to be performed by the channel in
the Completion option field of the Channel Mode register. For
each type of termination (TC, MC or EOP) the user can choose
which action or actions are to be taken. If no actions are
selected for the type of termination that occured, the NAC bit
in the Status register will be set.

More than one action can occur when a DMA operation ends.

describe the standard Z8000 interrdpt structure and then
elaborate on the additional interrupt queuing capability of the
DTC..

A complete interrupt cycle consists of an interrupt request
followed by an interrupt acknowledge transaction. The re-
quest, which consists of INT being pulled LOW by a peripheral,
notifies the CPU that an interrupt. is pending. The interrupt
acknowledge transaction, which is initiated by the CPU as a
result of the request, performs two functions: it selects the
peripheral whose interrupt is to be acknowledged, and it
obtains a vector that identifies the selected device and cause
of interrupt.

A peripheral can have one or more sources of interrupt. Each
interrupt source has three bits that control how it generates

~ interrupts. These bits are a Channel Interrupt Enable bit (CIE),

an Interrupt Pending bit (IP) and an Interrupt Under Service bit
(IUS). On the DTC, each channel is an interrupt source. The
three interrupt control bits are located in bits CM15 - CM13 of
each channel's Status register.

Each channel has its own vector register for identifying the
source of the interrupt during an interrupt acknowledge

_ transaction. There are two bits in the Master Mode register

used fonj controlling interrupt behavior for the whole device.
These are a Disable Lower Chain bit (DLC), and a No Vector

bit (NV).

This may arise because more than one actiori was pro- .

grammed for the applicable termination. They occur in the
following order: interrupt, base-to-current reloading, and then
chaining.

Interrupts

In order to allow the DTC to start executing a new DMA
operation after issuing an interrupt, but before an interrupt

acknowledge is received, a two-deep interrupt queue is
implemented on each channel. The following discussion will

Peripherals are connected together via an interrupt daisy
chain formed with their IEl and IEO pins (See Figure 9). The
interrupt sources within a device are similarly connected into
this chain. The overall effect is a daisy chain connecting all the
interrupt sources. The daisy chain has two functions: during an
interrupt-acknowledged transaction it determines which inter-
rupt source is being acknowledged; at all other times it
determines which interrupt sources can initiate an interrupt
request. '

Figure 10 is a state diagram for interrupt processing for an
interrupt source. An interrupt source with an interrupt pending
(IP = 1) makes an interrupt request (by pulling INT LOW) it, all
of the following conditions are met: It is enabled (CIE = 1), is
does not have an interrupt under service (IUS = 0), no higher
priority interrupt is being serviced (IEl is HIGH), and no
interrupt-acknowledge transaction is in progress. IEO is not
pulled down by the interrupt source at this time; IEO continues
to follow |EIl until an interrupt-acknowledge transaction occurs.
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Figure 9. Interrupt Daisy Chain

Most Z8000 peripherals have an INTACK pin to signal when
an interrupt acknowledge cycle is being performed. The DTC
uses a different approach of monitoring status lines STp - ST3
to detect interrupt acknowledge cycles. It is important that the
Master Mode register bits MMg and MMy be programmed to
select the IEl, IEO daisy chain that the DTC is located on.
Some time after INT has been pulled LOW, the CPU initiates
an interrupt-acknowledge transaction. Between the rising
edge of AS and the falling edge of DS, the IEI/IEQ daisy chain
settles.

Once a channel issues an interrupt, it is desirable to allow the
channel! to proceed with the next DMA operation before the
interrupt is acknowledged. This could lead to problems if the
DTC channel attempted to chain reload the Vector register
contents. In such a situation, it may not be clear whether the
old or new vector would be returned during the acknowledge.
This dilemma is resolved in the DTC by providing each
channel with an Interrupt Save Register. When the channel
sets IP as part of the procedure followed to issue an interrupt,
the contents of the Vector register and some of the Status
register bits are saved in an Interrupt Save register. See Figure
17. When an Interrupt Acknowledge cycle is performed, the
contents of the Interrupt Save register are driven onto the bus.
Although the use of an Interrupt Save register allows the
channel to proceed with a new task, problems can still
potentially arise if a second interrupt is to be issued by the
channel before the first interrupt is acknowledged. To avoid
conflicts between the first and second interrupt, each channel
has a Second Interrupt Pending (SIP) bit in its Status register.
When a second interrupt is to be issued before the first
interrupt is acknowledged, the SIP bit is set and the channel
relinquishes the bus until an acknowledge occurs. For compat-
ibility with polled interrupt schemes, the Interrupt save register
can be read by the host CPU without wait states. As an aid to
debugging a system's interrupt logic, whenever IP is set, the
Interrupt Save register is loaded from the Vector and Status
" register.

Note that the SIP bit is transferred to the IP bit when IP is
cleared by the host CPU. Whenever IEl is HIGH, CIE is set and
IUS is cleared, INT will go LOW as soon as IP is set. IP can be
cleared as soon as the first interrupt is acknowledged. The
acknowledge will, as always, automatically set 1US.

The DTC stops driving INT low as soon as IUS s set. IlUS must
be cleared. by the CPU before INT can'be driven low for the
second time.

Base-to-Current Reloading

When a channel finishes: a DMA operation, the user may
select to perform a Base-to-Current Reload. (Base-to-Current
reloading is also referred to as Auto-reloading is this docu-
ment.) In this type of reload, the Current Address Registers A
and B are loaded with the data in the Base Address Registers
A and B respectively, and the Current Operation Count
register is loaded with the data in the Base Operation Count.
The Base-to-Current reload operation facilitates repetitive
DMA operations without the multiple memory accesses re-
quired by chaining. Although the channel must have bus
control to perform Base-to-Current reloading, the complete
reloading operation occurs in four clock cycles. Note that if the
channel had to relinquish the bus because two unacknow-
ledged interrupts were queued, it will have to: regain bus
control to perform any Base-to-Current reloading (or. chaining,
for that matter). In this case it acquires the BUS once an
interrupt acknowledge is received, even if it immediately
afterward will relinquish the bus because no hardware or
software request is present.

Chaining

If the channel is programmed to chain at the end of a DMA
operation, it will use the Chain Address register to point to a
Chain Control Table in memory. The first word in the table is a
Reload word, specifying the register(s) to be loaded. Following
the Reload word are the data values to be transferred into
register(s). Chaining is described in detail in the ""Channel
Initialization" section.

Because chaining occurs after Base-to-Current reloading, it is
possible to reset the Current Address registers A and B and
the Current Operation Count register to the values used for
previous DMA operations and then chain reload one or two of
these registers to some special value to be used perhaps for
this DMA operation only. If the Base values are not reloaded
during chaining, the channel can revert back to the Base
values at a later cycle.
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Figure 10. State Diagram for Interrupt Processing

Transition Legend

A

B

The peripheral detects an interrupt condition and ‘sets
Interrupt Pending. )

All higher priority peripherals finish interrupt service,
thus allowing IEl to go HIGH.

An interrupt acknowledge transaction starts and the

"|EI/IEO daisy chain settles.

The interrupt acknowlege transaction terminates with
the peripheral selected. Interrupt Under Service (IUS)
is set to-1, and Interrupt Pending (IP) may not be
reset.

The interrupt acknowlege transaction terminates with a
higher priority device having been selected.

The Interrupt Pending bit in the peripheral is reset by
an /O operation. -

A new interrupt condition is detected by the penpher-
al, causing IP to be set again.

Interupt service is terminated for the peripheral by re-

-setting 1US.

CIE is reset to zero, causing interrupts to be disabled
(Note 1).

CIE is set to one,‘ re-enabling inierrupts (Note 2).

State Legend

0

2

3

No interrupts are pe‘ndi.ng or under service for this pé-
ripheral.

An interrupt is pending, and interrupt request has been
made by pulling INT LOW.

An interrupt is pending, but no interrupi request has
been made because a higher priority peripheral has an
interrupt under service, and this has forced IEI LOW.

An interrupt acknowledge sequence is in process, and
no higher priority peripheral has a pending interrupt.

4 An interrupt acknowledge sequence is in progress, but

5

~

a higher priority peripheral has a pending interrupt,
forcing IEI LOW.

The peripheral has an interrupt under service. Service
may be temporarily suspended (incicated by IEI going

LOW) if a higher priority device generates an interrupt.

This is the same as State 5 except that an interrupt is
also pending in the peripheral.

Interrupts are dnsab|ed from this source because

‘CIE=0.

Interrupts are disabled from this source and lower pri-
ority sources because CIE =0 and {US=1.

Notes: 1. Transition 1 to state 6 or 7 can occur from any state except 3 or 4 (which only occur dunng

interrupt acknowledge)

2. Transition J from state 6 or 7 can be to any state except 3 or 4, depending on the value of IEl,

IP, and IUS.
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If an all zero Reload word is fetched during chaining, the chain
operation will not reload any registers but in all other respects
it will perform like any other chaining operation. Thus, the
Chain Address will be incremented by 2 point to the next word
in memory and at the end of the all Zero-Reload word chain

operation the channel will be ready to perform a DMA-

operation. All zero Reload words are useful as "' Stubs' to start
or terminate linked lists of DMA operations traversed by
chaining. On the other hand, care must be taken in their use
since the channel may perform an erroneous operation if it is
unintentionally started after the chaining operation.

Command Descriptions

Figure 11 shows a list of DTC commands. The commands are
executed immediately after being written by the host CPU into
the DTC's Command register. A description of each command
follows. .

Reset

This command causes the DTC to be set to the same state
generated by a Hardware Reset. The Master Mode register is
set to all zeros and the NAC and CA bits in each channel's
Status register are set. The Chain Address should be pro-
grammed since its state may be indeterminate after a Reset.
The lockout preventing channel activity is cleared by program-
ming the Segment/Tag word or the Offset word and then
issuing a "Start Chain" command.

Start Chain Channel 1/Channel 2

This command causes the selected channel to clear the No
Auto-Reload or Chain (NAC) bit in the channel's Status
register, and to start a chain reload operation of the channel's
registers, as described in the ""Channel Initialization™ section.
These effects will take place even if the Reload word fetched
is all zeros. This command will only be honored if the Chain
Abort (CA) bit and Second Interrupt Pending (SIP) bit in the
Channel's Status register are clear. If either the CA or SIP bit
is set, this command is disregarded.

Software Request Channel 1/Channel 2

This command sets the software request bit in the selected
channel's Mode register. If the Second Interrupt Pending (SIP)
bit and No Auto-Reload or Chain {NAC) bit in'the channel's
Status register are both clear, the channel will start executing
the programmed DMA operation. If either the SIP or NAC bit is
set, the channel will not start executing a DMA operation until
both bits are cleared. The SIP bit will clear when the channel
receives an interrupt acknowledge. One way to clear the NAC
bit is to issue a Start Chain command to the channel. If the
fetched Reload Word is all zeros, the channel's registers will
remain unchanged and the software request bit, if set earlier
by command, will cause the programmed DMA operation to
start immediately. If during chaining new information is loaded
into the Channel Mode register this new information will, of
course, overwrite the software request bit.

Opcode
Bits
Example
Command 7654 | 3210 | Code (HEX)
Reset 000X | XXXX 00
Start Chain Channel 1 101X | XXX0 A0
Start Chain Channel 2 101X | XXX1 Al
Set Software Request Channel 1 010X | XX10 42
Set Software Request Channel 2 010X | XX11 43
Clear Software Request Channel 1 010X | XX00 40
Clear Software Request Channel 2 010X | XX01 41
Set Hardware Mask Channel 1 100X | XX10 82
Set Hardware Mask Channel 2 100X | XX11 83
Clear Hardware Mask Channel 1 100X | XX00 80
Clear Hardware Mask Channel 2 100X | Xx01 81
Set CIE, IUS, IP Channel 1 001E | SP10 32*
Set CIE, IUS, IP Channel 2 Q01E | SP11 33*
Clear CIE, IUS, IP Channel 1 001E | SP0O 30*
Clear CIE, IUS, IP Channel 2 001E | SPO1 31*
Set Flip Bit Channel 1 011X | XX10 62
Set Flip Bit Channel 2 011X | XX11 63
Clear Flip Bit Channel 1 011X | XX00 60
Clear Flip Bit Channel 2 011X | XXx01 61

“Notes: 1. E=Set to 1 to perform set/clear on CIE. Clear to 0

for no effect on CIE.

2. S=Set to 1 to perform set/clear on IUS. Clear to 0
for no effect on IUS.

3. P=Set to 1 to perform set/clear on IP. Clear to 0
for no effect on IP.

4. X ="don't care' bit. This bit is not decoded and
may be 0 or 1.

Figure 11. DTC Command Summary

Set/Clear Hardware Mask 1/Mask 2

This command sets or clears the Hardware Mask bit in the
selected channel's Mode register. This command always
takes effect. The Hardware Mask bit inhibits recognition of an
active signal on the channel's DREQ input; this bit does not
affect recognition of a software request. If the channel is in
single transfer mode, it performs DMA operations upon receipt
of a transition on DREQ rather than in response to a DREQ
level; the transition occurring while the Hardware Mask bit is
set (CMyg = 1) will be stored and serviced when the Hardware
Mask is cleared (assuming the channel has not chained in the
interim). The DTC will request the system bus 1-1/2 to 2
clocks after the receipt of any DREQ, after which a minimum
of one DMA iteration is unavoidable. DREQ transitions are
only stored for the current DMA operation. If the channel
performs a chain operation of single transfer mode, any DREQ
transition stored for later servicing is cleared. Timing Diagrams
1 and 2 show the minimum times after each of these events a
new DREQ edge can be applied if it is to be serviced by the
new DMA operation. Note in the diagrams the notation of First
iteration and Last iteration. This means, for example, DREQ
may be asserted during the second Ty of a Flow-through
transaction, but may never be asserted during T4 of a Flyby
transaction because Flyby is done in one iteration.
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Set/Clear CIE, IUS AND IP Channel 1/Channel 2

This command allows the user to either set or clear any
combination of the CIE, IUS and IP bits in the selected
channel's Status register. These bits control the operation of
the channel's interrupt structure and are described in detail in
the "Interrupts'' section. Setting the IP bit causes the Interrupt
Save register to be loaded with current Vector and Status. The
IP and IUS bits can be simultaneously cleared to facilitate an
efficient conclusion to the processing of an interrupt.

Set/Clear Flip Bit in Channel 1/Channel 2

The Flip Bit in the selected channel's Mode register can be
cleared and set by this command. This allows the user to
reverse the source and destination and thereby reverse the -
data transfer direction without reprogramming the channel.
This command will be most useful when repetitve DMA
operations are being performed by the channel, using Base-to-
Current reloading for channel reinitialization and using this
command to control the direction of transfer. Chaining new
information into the Channel Mode register will, of course,
overwrite the Flip bit.

o foe]ofolnfo]on]a]

FUNCTION FIELD e Set/Clear
000 Reset
e pt Interrupt Pending
010 Software Request pt Under Service
BB e Channl s Erti
101 Start Chain
110 Not Recognized
111 Not Recognized Lo
" DF002330

Figure 11A. Command Register

PROGRAMMING INFORMATION
Register Description

The AmZ8016 block diagram illustrates the internal registers.
Figure 12 lists each register along with its size and read/write
access restrictions. Registers which can be read by the CPU
are either fast (F) or slow (S) readable. Fast registers can be
read by an 1/0 operation without additional wait states.
Reading slow registers requires multiple wait states (see
Timing Parameters-88 for requirement). It is the responsibility
of the user to supply the necessary external logic if slow
readable registers are to be read. Registers can be written to
by the host CPU (W) and/or can be loaded by the DMA
channel itself during chaining (C). All reads or writes must be
word accesses since the DTC ignores the B/W line in slave
mode.

The DTC registers can be categorized into chip-level registers,
which control the overall operation and configuration of the
DTC, and channel-level registers which are duplicated for
each channel. The four chip-level registers-are the Master
Mode register, the Command register, the Chain Control
register and the Temporary register. The Master Mode register
selects the way the DTC chip interfaces to the system. The
Command register is written to by the host CPU to initiate
certain operations within the DTC chip, such as resetting the
unit. The Chain Control register is used by a channel while it is
reloading its channel-level registers from memory. The Tem-
porary register is used to hold data for Flowthru Transfer-and-
Searches.

Master Mode Register

The 8-bit Master Mode register, shown in Figure 13, controls
the chip-level interfaces. it can be read from and written to by

‘the host CPU without wait states through pins ADg — AD7 but it

is not loadable by chaining. On a reset, the Master Mode
register is cleared to all zeroes. The function of each of the
Master Mode bits is described in the following paragraphs.

The Chip Enable bit CE = 1 enables the DTC to request the
bus. When enabled, the DTC can perform DMA Operations
and reload registers. It can always issue interrupts and
respond to interrupt acknowledges. When the Chip Enable bit
is cleared, the DTC is inhibited from requesting control of the
system bus and, therefore, inhibited from performing chaining
or DMA operations. The Chip Enable bit (MMO) should not be
used as the gating item in starting or stopping the DTC,
Channels shouid be enabled or disabled by using the Set/
Clear software request or Hardware Mask Commands. The
BAO signal follows BAI while the Chip Enable bit is cleared.

The Logical/Physical Address space bit selects the address
space in which the DTC resides. Figure 14 shows the different
configuration options. If the DTC outputs addresses which are
translated by an MMU, Logical space must be selected. If the
addresses output by the DTC pass directly onto the system
backplane and if the host CPU is an Z8001 using an MMU, the
Logical/Physical bit- must be set to Physical (MMy =0). If
28001 addresses are not translated by an MMU, the DTC
must be set to Logical (MM = 1). In an Z8002 based system,
the user may use either the Physical or Logical address space
setting.
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Access Port Address
Name Size Number Type CH-1/CH-2

Master Mode Register 8 bits 1 Fw 38
Chain-Control Register 10 bits 1 o] '
Temporary Register 16 bits 1 D . .
Command Register 8 bits 1 w 2E/2C
Current Address Register — A:

Segment/Tag field 15 bits 2 CFW 1A/18

Offset field 16 bits 2 CFwW 0A/08
Current Address Register — B:

Segment/Tag field 15 bits 2 CFwW - 12/10

Offset field 16 bits 2 CFwW 02/00
Base Address Register — A:

Segment/Tag field 15 bits 2 CFW 1E/1C

Offset field 16 bits 2 CFW OE/0C
Base Address Register— B:

Segment/Tag field ' 15 bits 2 CFW 16/14

Offset field 16 bits 2 CFwW 06/04
Current Operation Count 16 bits 2 CFW 32/30
Base Operation Count 16 bits 2 CFW 36/34
Pattern Register 16 bits 2 csw 4A/48
Mask Register 16 bits .2 CsSw 4E/4C
Status Register 16 bits 2 F 2E/2C
Interrupt Save Register 16 bits 2 F 2A/28
Interrupt Vector Register 8 bits 2 csw 5A/58
Channel Mode Register — High 5 bits 2 Ccs 56/54
Channel Mode Register — Low 16 bits 2 csw 52/50
Chain Address Register:

Segment/Tag field 10 bits 2 CFwW 26/24

Offset field 16 bits 2 CFW 22/20

Access Codes: C = Chain Loadable
D = Accessible by DTC channel
F = Fast Readable
S = Slow Readable
W = Writable

Note: Upper Register Address is determined by user's Chip Select Decode Logic. Only Lower Register Address is shown here.
*The port addresses of Command register can be used alternately for both channels except when issuing a "'set/clear IP'' command.

Figure 12. DTC Internal Register

When set to Logical address space, the segment and offset
portions of the Current ARA and ARB registers are viewed as
separate portions of the address. Incrementing and decre-
menting the register affects only the offset portion of the
address; no carry or borrow signal is generated into the
segment. Only the lower 7 bits of the segment field are used;
the setting of the most significant segment bit is disregarded.
The 16-bit offset portion of the address appears on pins
ADg - AD15 when AS is LOW and the 7-bit segment number
appears on pins SNg ~ SNg for the duration of the transaction.
The SN7/MMUSync signal outputs a HIGH pulse prior to each
memory transaction, and is never three-stated.

When the Logical/Physical Space bit is set to Physical, the
segment and offset portions of the Current ARA and ARB
registers are treated as a single linear address. All eight
‘segment bits in the register are used. When an address is
incremented or decremented, the carry/borrow signal propa-
gates across the full 24-bit address updating both the segment
and offset portions of the address. Both 1/0 and memory
addresses in Physical space are generated by driving the
offset portion of the Current Address register onto the
ADg-AD15 bus and driving the segment portion of the
Current Address register onto the SNg-SN7 bus. Timing
Diagrams 4, 5§ and 6 show how the Logical/Physical Space bit
affects the DTC timing. The ADg -~ AD15 timing is not affected.
The SNg - SNy lines are shifted from T3 to T1 so that they are
valid during the entire transaction. In the Logical Address

" mode, the MMU insures the addresses are valid during the
entire transaction.

The CPU Interleave bit enables interleaving between the CPU
and the DTC.

[ e o]

e,

Chip Enable

L————— Logical/Physical
Address Space

CPU Interleave
Enable

Wait Line Enable

Disable Lower Chain

No Vector on
Interrupt

T ACKNOWLEDGE

FIELD:

00 = NVI acknowledge

01 = Vl acknowledge

10 = NMi acknowledge

11 = Segment Trap
acknowiedge

DF002230

Figure 13. Master Mode Register
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28001 28002 Amz8016
cPu cPU (3 1 " |
| : =1
i I I OFFSET |
‘ SYSTEM BUS s ‘ SYSTEM BUS \
AF002711 AF002731
a) DTC with Z8001 (Segmented) CPU b) DTC with Z8002 (Nonsegmented) CPU
|
AmZ8001 I AmZ8016
CcPU | . oTC
— |

—

AmZ8016

Z8010
E (4} (]

MMU

L9

‘ SYSTEM BUS ‘

5

]

- Ny
|

C

DYC MAY ALSO BE USED WITH ITS OWN PRIVATE MMU

LINEAR ADDRESS

AF002720

¢) DTC with Z8001 (Segmented) CPU and Am28010 MMU

Figure 14. 'DTC Configuration Options

The Wait Line Enable bit is used to enable sampling of the
CS/WAIT line during Memory and 170 transactions. Because
the DTC provides the ability to insert software programmable
wait states, many users may disable sampling of the CS/WAIT
pin to simplify the logic driving this pin. The Wait Line Enable
bit provides this flexibility. See the '"Wait States'' section of
this document for details on wait state insertion.

The Disable Lower Chain bit is used to inhibit all lower priority
devices on the interrupt daisy chain. When this bit is cleared,
the DTC generates LOW and HIGH signals on the IEO output
in response to IEl. When the Disable Lower Chain bit is set,

IEO is forced LOW, which disables all lower priority interrupts. |

The "No Vector on Interrupt” bit selects whether the DTC
channel or a peripheral returns a vector during interrupt
acknowledge cycles. When this bit is cleared,.a channel
receiving an interrupt acknowledge will drive the contents of
its Interrupt Save register onto the ADg - AD15 data bus while
DS is LOW. If this bit is set, interrupts are serviced in an
identical manner but the ADp - AD15 data bus remains in a
high impedance state throughout the acknowledge cycle.

The Vectored/Non-Vectored/Non-Maskable/Segment Trap
Field of two bits selects which type of interrupt acknowledge
cycle the DTC is to respond to. The DTC decodes from
STp - ST3 that an interrupt acknowledge cycle is underway.
The setting of this 2-bit field must correspond to the IEI/IEO
daisy chain on which the DTC is located to prevent unpredict-

able results. For example a DTC programmed for vectored
interrupts should not be placed on the non-vectored priority
chain.

Chain Control Register

When a channel starts a chaining operation, it fetches a
Reload word from the memory location pointed to by the
Chain Address register. This word is then stored in the Chain
Control register. The Chain Control register cannot be written
to or read from by the CPU. Once a channel starts a chain
operation, the channel will not relinquish bus control until all-
registers specified in the Reload word are reloaded unless an
EOP signal is issued to the chip. Issuing an EOP to a channel
during chaining will prevent the chain operation from resuming
and the contents of the Reload Word register can be
discarded.

Temporary Register

The, Temporary register is used to stage data during Flowthru
transfers and to hold data being compared during a Search or
a Transfer-and-Search. The Temporary register cannot be
written to, or read from by the CPU. In byte-word funneling,
data may be loaded into or from the Temporary register on a
byte-by-byte basis, with bytes sometimes moving between the
low byte of the data bus and the high byte of the Temporary
register or vice-versa. See the ""Transfer'" section for details.
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Command Register

The DTC Command register is an 8-bit write-only register
written to by the host CPU to execute commands. The

Command register is loaded from the data on AD7 - ADyg; the

data on AD15 - ADg is disregarded. A complete discussion of the
commands is given in the "Command Descriptions’ section.

Current and Base Address Registers A and B

The Current Address registers A and B (Current ARA and
ARB) are used to point to the source and destination
addresses for DMA operations. The Base ARA and ARB
register contents are transferred into the Current ARA and
ARB registers at the end of a DMA operation if the user
enables Base-to-Current reloading in the Completion Field of
the Channel Mode register. This facilitates DMA operations
without reloading of the Current registers. The ARA and ARB
registers can be loaded during chaining, can be written to by
the host CPU without wait states and can be read by the CPU.

Each of the Base and Current ARA and ARB registers consists
of two words organized as a 7-bit Tag Field and an’8-bit
segment in one word and a 16-bit offset in the other. See
Figure 6. The Segment and Offset contain the actual address
driven onto the bus. The Tag Field selects whether the
address is to be incremented, decremented or left unchanged,
and the status codes associated with the address. The Tag

field also allows the user to insert 0, 1, 2 or 4 wait states into
memory or I/0 accesses addressed by the offset and seg-
ment fields. ’

The Address Reference Select Field in the Tag field selects
whether the address pertains to memory space or 1/0 space.
Note that the N/S output pin is always LOW (indicating
System) for I/0 space but may be either HIGH (indicating
Normal) or LOW (indicating System) for memory space, as
selected in the Address Space field. At the end of each
iteration of a DMA Operation, the user may select to leave the
address unchanged or to increment it or to decrement it. I/O
addresses, if changed, are always incremented/decremented
by 2. Memory addresses are changed by 1 if the address
points to a byte operand (as programmed in the Channel
Mode registers Operation field) and by 2 if the address points
to a word operand. Note that if an 1/0 or memory address is
used to point to a word operand, the address must be even to
avoid unpredictable results. An address used to point to a byte
operand may be even or odd. Since memory byte operand
addresses will increment/decrement by 1, they will toggle
between even and odd values. Since 1I/0 byte operand
addresses will increment/decrement by 2, once programmed
to an even or odd value, they will remain even or odd, allowing
consecutive 1/0 operations to access the same half of the
data bus. High bus is for even address and low bus for odd.

ADORESS REFERENCE FIELD
000 = System Data Memory
001 = System Stack Memory
010 = System Program Memory
011 = YO

100 = Normal Data Memory
101 = Normal Stack Memory
110 = Normat Program Memory
111 = Special VO

PROGRAMMABLE WAIT FIELD
00 = 0 Wait States
01 = 1 Wait States
10 = 2 Wait States
11 = 4 Wait States

SEGMENT

DF002260

Figure 15. Address Register A and B

Current and Base Operation Count Registers

Both the Current and Base Operation Count registers may be
loaded during chaining, and may be written to, and read from
by the host CPU. )

The 16-bit Current Operation Count register is used to specify
the number of words or bytes to be transferred, searched or
transferred-and-searched. For word-to-word operations and
byte-word funneling, the Current Operation Count register
must be programmed with the number of words to be
transferred or searched.

Each time a datum is transferred or searched, the Operation
Count register is decremented by 1. Once all of the data is
transferred or searched, the transfer or search operation will
stop, the Current Operation Count register will contain all
zeros, and the TC bit in Status Register will be '1'. if the
transfer or search stops before the Current Operation Count
register reaches 0, the contents of the register will indicate the
number of bytes or words remaining to be transferred or
searched. This allows a channel which had been stopped

prematurely, to be restarted where it left off without requiring
reloading of the Current Operation Count register.

If the DTC is configured for Physical Address Space operation
(Master Mode register bit MMy = 0), the maximum number of
words that can be transferred or searched is 64K words. This
is specified by setting a word count of 0000. if the DTC is
configured for Logical Address Space operation (Master Mode
register bit MM{ = 1), the maximum number of words specified
to be transferred or searched with either an incrementing or
decrementing source or destination address is 32K (8000
hex). This is because in lLogical Address Space, offset
addresses incremented past FFFF (hex) or decremented
below 0000 do not increment/decrement the segment num-
ber. Thus, after transferring or searching  more than 32K
words, the address wraps around within the segment over the
same data previously transferred or searched.

For the byte-to-byte operations, the Current Operation Count
register should specify the number of bytes to be transferred
or searched. The maximum number of bytes which can be
specified is 64K bytes; by setting the Current Operation Count
register to 0000.
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Pattern and Mask Registers

The 16-bit Pattern and Mask registers are used in Search and
Transfer-and-Search operations. Both the Pattern and Mask
registers may be loaded by chaining, may be written to by the
host CPU, and may be read from by the host CPU, provided
wait states are inserted, since these registers are slow
readable. The Pattern register contains the pattern that the
read data is compared to. Setting a Mask register bit to '1’
specifies that the bit always matches. See the "'Search’ and
"Transfer-and-Search' sections for further details.

Status Register

The two 16-bit Status registers, depicted in Figure 16, are
read-only registers which can be read by the CPU without wait
states. Each of these registers reports on the status of its
associated channel.

The Interrupt Status Field in the Status register contains the
Channel Interrupt Enable (CIE), Interrupt Pénding (IP) and
Interrupt Under Service (IUS) bits. These bits are described in
detail in the "Interrupt” section of this document.

The DTC status field reports on the current channel state to
the CPU. The "channel initialized and waiting for request”
status is not explicitly stated - it is reflected by Status register
bits ST42 through STg being all zero. The "'Waiting for Bus''
(WFB) status will cause bit STyg to be set and indicates that
the channel wants bus control to perform a DMA operation.
The channel may or may not actually be asserting BUSRQ
LOW, depending on the programming of the Master Mode
Chip Enable bit and the state of BUSRQ and BAI when the
channel decided it wanted the bus. See the ""Bus Request/
Grant"" section for details. If a channel completes a DMA
operation and neither Base-to-Current reloading nor auto-
chaining were enabled, the No Auto-Reload or Chaining (NAC)
bit will be set. The NAC bit will be reset when the channel
receives a ''Start Chain Command." If two interrupts are
queued, the Second Interrupt Pending bit (SIP) will be set and
the channel will be inhibited from further activity until an

interrupt acknowledge occurs. See the "Interrupt' section for
details. Finally, if the channel is issued an EOP during
chaining, the Chain Abort (CA) and the NAC will be set. These
bits are also set when a "'reset" is issued to the DTC. The CA
‘bit holds the NAC bit in the set state. The CA is cleared when a
new Chain Address Segment and Tag word or offset word is
loaded into the channel. ' '

The Hardware Interface Field provides a Hardware Request
(HRQ) bit which provides a means of monitoring the channels
DREQ input pin. When the DREQ pin is LOW, the HRQ bit will
be '1' and vice-versa. The Hardware Mask (HM) bit, when set,
prevents the DTC from responding to a LOW on DREQ. Note,
however, that the Hardware Request bit always reports the
true (unmasked) status of DREQ regardless of the setting of
the HM bit. The HM bit can be cleared by software command.

The Completion Field stores data at the end of each DMA
operation. This data indicates why the DMA:operation ended.
When the next DMA operation ends, new data is loaded into
these bits overwriting, and thereby erasing the old setting.
Three bits indicate whether the DMA operation ended as a
result of a TC, MC or EOP termination. The TC bit will be 1" if
the Operation Count reaching zero ended the DMA operation.
The MG bit will be '1' if an MC termination occurred regardless
of whether Stop-on-Match or Stop-on-no-Match was selected.
The EOP bit is set only when an EOP ends a DMA transfer; it
is not set for EOPs issued during chaining. Note that two or
even all three of MC, TC and EOP may be set if multiple
reasons existed for ending the DMA operation. The MCH and
MCL bits report on the match state of the upper and lower
comparator bytes respectively. These bits are set when the
associated comparator byte has a match and are reset
otherwise, regardless of whether Stop-on-Match or Stop-on-
no-Match is programmed. Regardless of the DMA operation
performed, these bits will reflect the comparator status at the
end of the DMA operation. These two bits are provided to help
determine which byte matched or didn't match when using 8-
bit matches with word searches and transfer-and-searches.
The two reserved bits return zeroes during reads.

pTC
) STATUS
INTERRUPT
STATUS _l

INTERFACE
RESERVED I STATUS

L

HARDWARE

COMPLETION
STATUS

CIE
s -
1]
CA
NAC
WwFB

OoonnoonpoBRnanD
HM-J '

HRQ
MCH
mcL

MC
EOP

sip

TC

DF002470

Figure 16. Status Register
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Interrupt Vector and Interrupt Save Registers

Each channel has an Interrupt Vector register and an Interrupt
Save register. The Interrupt Vector is 8-bits wide and is written
to and read from on ADg - ADy7. The Interrupt Save register
may be read from by the CPU without wait states. The
Interrupt Vector register contains the vector or identifier to be
output during an Interrupt Acknowledge cycle. When an
interrupt occurs (IP = 1), either because a DMA operation
terminated or because the EOP pin was driven LOW during
chaining, the contents of the Interrupt Vector register and part
of the Channel Status register are stored in the 16-bit Interrupt
Save register (See Figure 17). Because the vector and status
are stored, a new vector can be loaded during chaining, and a
new . DMA operation can be performed before an interrupt
acknowledge cycle occurs. If another interrupt occurs on the
channel before the first is acknowledged, further channel
activity is suspended. :

As soon as the first clear IP command is issued, the status and
vector for the second interrupt is loaded into the Interrupt
Save register and channel operation resumes. The DTC can
retain only two interrupts for each channel; a third operation
cannot be initiated until the first interrupt has been cleared.
Sea the "Interrupt’’ section for further: details.

noponnnonnananan

L— Vector
Channel Number
(0=ch.1, 1=ch.2)
-
EOP
MC
Chain Aborted
- MCL
MCH
Request
DF002290

Figuré 17. Interrupt Save Register

Channel Mode Register

Associated with each channel is a Channel Mode register.
There are 21 bits defined in each Channel Mode register; the
other 11 bits are unused. See Figure 18. The Channel Mode
registers may be loaded during chaining and may be read from
and written to by the host CPU. CPU reads from the Channel
Mode register are slow reads and require insertion of multiple
wait states. The Channel Mode register selects what type of
DMA operation the channel is to perform, how the operation is
to be executed, and what action, if any, is to be taken when
the channel finishes.

The Data Operation Field and the Transfer Type field select
the type of operation the channel is to perform. They also
select the operand size of bytes or words see Figure 19 for
code-definition. The different types of operations are de-
scribed in detail in the ""DMA Operations'' section. The Flip bit
is used to select whether the Current ARA register points to
the source and the Current ARB' register points to the
destination or vice-versa.

PULSED DACK
MATCH
HARDWARE MASK CONTROL
SOFTWARE REQUEST FIELD
pr— e,
LERCERTARCE N
3jfaj1]o
TC MC EOP TC-MC EOP TC MC EOP \
N— p——
CHAIN - B—C RELOAD INTERRUPT OPERATION
ENABLE ENABLE ENABLE FIELD
FUP BIT
COMPLETION FIELD 0 — ARA = SRC, ARB = DEST

1 - ARA = DEST, ARB = SRC
TRANSFER TYPE FIELD
DF002280

Figure 18. Channel Mode Reglster

DATA OPERATION FIELD
Operand Size
Transaction
Code/Operation ARA ARB Type
Transfer
0001 Byte Byte Flowthru
100X Byte Word Flowthru
0000 Word Word Flowthru
0011 Byte Byte Flyby
0010 Word Word Flyby -
Transfer-and-Search ' :
0101 Byte Byte Flowthru
110X Byte Word Flowthru
0100 Word Word Flowthru
0111 Byte Byte Flyby
0110 Word Word Flyby
Search )
111 Byte Byte N/A
1110 Word Word N/A
101X lilegal
TRANSFER FIELD AND MATCH CONTROL FIELD
Code Transfer Type Match Control
00 Single Transfer Stop on No Match
01 Demand (Bus Hold) Stop on No Match
10 Demand (Bus Release) | Stop on Word Match
1" Demand Interleave Stop on Byte Match

Figure 19. Channel Mode Coding

The Completion Field is used to program the action taken by
the channel at the end of a DMA operation. This field is
discussed in the '"Completion Options' section. The 2-bit
Match Control field selects whether matches use an 8-bit or
16-bit pattern and whether the channel is to stop-on-match or
stop-on-no-match. See Figure 19 and the ''Search section
for details. The Software Request bit and Hardware Mask bit
can be set and cleared by software command. Only the lower
16 bits can be loaded in parallel with a CPU instruction. These
bits are described in detail in the "Initiating DMA Operations'
section.
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The DACK Control bit is used to specify when the DACK pin is
driven active. When this bit is cleared, the channel's DACK pin
will be active whenever the channel is performing a DMA
Operation, regardless of the type of transaction. Note that the
pin will not be active while the channel is chaining. If this bit is

set, the DACK pin will be inactive during chaining, during both

Flowthru Transfers and Flowthru Transfer-and-Searches and
during Searches, but DACK will be pulsed active during Flyby
Transfers and Flyby Transfers-and-Searches at the time
necessary to strobe data into or out of the.Flyby peripheral.
Flyby operations are discussed in detail in the ''Flyby Transac-
tions" section.

Chain Address Register

Each channel has a Chain Address register which points to the
chain control table in memory containing data to be loaded
into the channel's registers. The Chain Address register, as
shown in Figure 20 is two words long. The first word consists
of the Segment and Tag fields. The second word contains the
16-bit offset portion of the memory address. The highest bit in
the segment field is not used when the DTC is configured for
Logical Address space (MM1 = 1), The Tag field contains 2
bits used to designate the number of wait states to be inserted
during accesses to the Chain Control Table.

The Chain Address register may be loaded during chaining
and may be read from and written to by the host CPU without
wait states. If an EOP is issued to the DTC during chaining, the

- Chain Address register holds the old address. This is true even

if the access failure occurred while new Chain Address data
was being loaded, since the old data is restored unless both
words of the new data are successfully read. Note, however,
that EOPs that occur when chaining and while loading a new
Chain Address cause the new data to be lost.

THIS BIT tS USED FOR PROGRAMMABLE WAIT FIELD
PHYSICAL ADDRESSES ONLY 00 = O Wait States
. 01 = 1 Wait State
10 = 2 Wait States
11 = 4 Wait States
15 14
Al
SEGMENT

DF002301

Figure 20. Chain Address Register

APPLICATiONS INFORMATION

Figure 21 shows the configuration of the AmZ8016 DMA
Transfer Controller (DTC) and a microprocessor system. The
DTC issues a BUSRQ active low signal to the CPU t6 request
bus control: When the CPU replies with a Bus Acknowledge
BUSAK signal through the BAT BAO daisy chain to the DTC
which issued the BUSRQ, the DTC takes control of the
Address-Data bus and the Contro! bus. In addition to hardware
reset the 8016 can be given a software 'reset' command (i.e.,
loading all zero to Command Register). Two DMA channels
are provided per each DTC device. The Ioglc blocks Aand B
are shown in Figure 22 and 23.

Flgure 22 shows the bus request logic used for budlrectlonally
buffering BUSRQ. See 'Bus Request/Grant' section for detail.
Figure 23 shows the CS/WAIT logic for the multiplexed TS/
WAIT pin of DTC. See 'Wait States' for detailed description.:

AmZ8016 DTC to AmZ8010 MMU Interface

The AmZ8010 Memory Management Unit (MMU) is a high
performance LS| product that-adds sophisticated address

_ translation and memory protection capabilities to AmZ8001

CPU systems. The MMU contains table of access attributes
that are individually programmable for each segment. Attrib-
utes provided are read-only, system-mode-only, DMA only,
execute only, and CPU only. If the MMU detects a memory
access that violates one. of the attributes of a segment, the
MMU interrupts the CPU or DMA to inhibit an erroneous
memory write.

Figure 24 shows the AmZ8016 DTC to AmZ8010 MMU
Interface Configuration. The MMUSYNC output of DTC ORed
with the BUSAK signal of CPU is connected to the DMASYNC
input of MMU. The MMUSYNC pin of DTC is multiplexed with
SN7. If the Master Mode register bit MM1 is set (i.e., in Logical
Addressing mode), this pin outputs MMUSYNC active high
pulse prior to each DMA cycle when the DTC is in control of
the system bus or outputs low level when the DTC is not'in
control of the system bus. If the MM1 is clear (i.e., in Physical
Addressing mode), this pin outputs the SN7 signal when DTC
is a bus master or is driven high impedance off when DTC is
not on control of the system bus.

The SUP output of MMU is connected to the EOP pin of the
DTC for terminating the DMA operation whenever a violation
has been detected. -
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Figure 21. Basic DTC Configuration
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Vee : AA 94 04 _ (3]

Vee o.c. [44] L BUSRQ
—-wv———q__ : 3 (cPU)
BUSRG
(A_')_____ o.C. (cpPy) (Ag) T
BUSRQ —_— S
(0TC) BUSRQ b3
(o1C) s B
{A2) | BAG (A2
TC001770 = Do Do
’ TC001780
a) Using Three Different Gates b) Using One TrL'Package (7405)
Figure 22. Logic Used to Bidirectionally Buffer BUSRQ
(8y) | BAY
(82) )]
WA CSWAT
(oTC)
8y
(ngm (By) | Bao
TC001790
Figure 23. Logic for Multiplexed CS/WAIT pin
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Timing Diagram 8. AC Timing when DTC is Bus Slave
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This composite timing diagram does not show actual timing sequences. Refer to this diagram
only for the detailed tlmlng relationships of individual edges. Use the preceding lllustratlons as
an explanation of the various tlmlng sequences.

Timing Dlagram 10. AC Timing when DTC is Bus Master -

APPENDIX A
AmZ8016 REGISTER SUMMARY -
Special-Purpose Channel Registers

DTC INTERNAL
BUS

PATTERN )

REGISTER I PATTERN I"
MASK

REGISTER l MASK I'

CHAIN | SEGEMENT | TAG
ADDRESS
REGISTER OFFSET

"—I STATUS —l STATUS REGISTER
. INTERRUPT
‘—I STATUS I VECTOR“ SAVE
EGISTER

INTERRUPT
VECTOR REGISTER

DF002340
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General-Purpose Channel Registers

DTC INTERNAL
BUS

9lo8ZwWyY

SEGMENT I TAG r—: ¢
Cl OP COUNT URRENT
OFFSET l——
ADDRESS ' OPERATION
REGISTER A COUNT
SEGMENT TAG l ——
BASE l OP COUNT BASE
OFFSET l——____] : )
SEGMENT I TAG . CHANNEL
! CURRENT MODE
. OFFSET | REGISTER .
ADDRESS f " ;
REGISTER B .
SEGUENT | TAG
BASE
OFFSET
DF002350
Master Mode Register
A7 A0
Address X 0 1 1 1 0 0 X |
Fast Readable
Writable
IMIH“IM[MIMIMIMHII“WI
Chip Enable
Logical/Physical
Address Space
CPU interleave
Enable
‘Wait Line Enable
Disable Lower Chain
No Vector on
Interrupt
Fleld:
00 = NVI acknowledge
01 = V1 acknowledge
10 = NN acknowledge
11 = Segment Trap
DF002390

Interrupt Save Register

A7 A0
Address | X 0 1 0 1 0 1t X _ |CH1
X 0 1 0 1 0 0 X |CH2

FITEFER T

Fast Readable

]— Vector
Channel Number
(0=ch.1, 1=ch.2)
c
EOP
MC
Chain Aborted
MCL
MCH
Request
DF002400
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Miscellaneous Registers

>
3
>
=3

Current Operatibn.Count CH1

Address X 0 1 1 0 0 1 X
X 0 1 1 0 0 0 X Current Operation Count CH2
X 0 1 1 ] 1 1 X Base Operation.Count CH1 o |
X 0 1 1 o 1 0 X Base Operation Count” 'CH2 ‘
X 1 o o 1 o 1 X Pattern CH1
X 1 0 0 1 0 0 X | Pattern CH2
X 1 0 0 1 1 1 X | Mask - CHI
X 1 0 0 1 1 0 X | Mask ~ CH2

Chain Loadable

Writable

Pattern and Mask — Slow Readable
Operation Count — Fast Readable

Status Register
A7 A0
Address X 0 1 .0 1 1 1 X |CH1
X 0 1 0 1 1 0 X |CH2

Fast Readable

oTC ﬁARDWARE
STATUS RESERVED INTERFACE ' .
INTERRUPT STATUS COMPLETION
STATUS —I —l : I : : | STATUS
l15 14 13|12I"|l0|9|0|7|6I5I4>|3|2|l|0|
CiE HM —] k
ws ——— HRQ -
P —— MCH
cA — MCL
NAC —————————— [
wFg ————— EOP
siP — Tc
DF002590
Chain Address Register
A7 AO .
Address | X 0 1 0 0 1 1 X | Segment/Tag CH1
X 0 1 0 0 1 0 X Segment/Tag CH2
X 0 1 0 0 0 1 X Offset CH1
X 0 1 0 0 0 0 X Offset CH2.
Fast Readable/Writable N
Chain Loadable .
This bit is used for PROGRAMMABLE WAIT FIELD

Tysical Address only 00 = 0 Wait States

01 = 1 Wait State
10 = 2 Walt States
11 = 4 Walt States

15 14

I SEGMENT

DF002600
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>
Command Register 2
[
A7 A0 3
(-]
Address X 0 1 0 1 1 X X I
Writable Only
ELlllelale1x]
: 'j_— t Channel 2/Channef 1
FUNCTION FIELD b setCiear
000 Reset L————————— Interrupt Pending '
001 Interrupt
010 Software Request : Under Sowigo
‘1’(‘,; :‘:‘: qu':n Mask Channel Enable
101 Start Chaln
110 Not Recognized
111 Not Recognized
DF002610
Channel Mode Register
A7 AO
X 1 [ 1 0 1 1 X High CH1
X 1 0 1 0 1 0 X High CH2
X 1 0 1 0 0 1 X Low CH1
X 1 0 1 0 0 0 X Low CH2
Chain Loadable
Writable (Lower 16 bits)
Slow Readable
'PULSED DAGK - Code Match Control Field

oX Stop on No Match
HARDWARE MASK ——————— 10 Stop on Word Match

SOFTWARE REQUEST 1" Stop on Byte Match
| e

201191817 ] 16

41312111}0

TC MC EOP TC MC EOP TC MC EOP

CHAIN 8-C RELOAD ‘INTERRUPT I -

ENABLE ENABLE ENABLE DATA OPERATION FIELD =
Operand Size Transaction
COMPLETION FIELD w ARA ARB Type
Transter
' 0001 Byte Byte Flowthru
TRANSFER TYPE FIELD 100X Byte Word Flowthru
0000 Word Word ° Flowthru
Code  Transfer Type 0011 Byte  Byte  Flyby
00 Single Transfer 0010 Word  Word  Fiyby
(1] Demand Dedicated/Bus Hold .
10 Demand Dedicated/Bus Release IEsnster
1 Demand Interleave and-Search
o010t Byte Byte Flowthru
y 110X Byte Word Flowthru
FLIP BIT 0100 Word Word Flowthru
0 — ARA = SRC, ARB = DEST o Byte Byte Flyby
1 - ARA = DEST, ARB = SRC 0110 Wword Word Flyby
Search
11 Byte Byte NA
110 Word Word N/A
101X tlegal
DFQ02620
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Chain Control Register

Chain Loadable Only

CURRENT ARA (2 WORDS)

CURRENT ARB (2 WORDS)

CURRENT OP-COUNT (1 WORD)

BASE ARA (2 WORDS)

BASE ARB (2 WORDS)

BASE OP-COUNT (1 WORD)
PATTERN AND MASK (2 WORDS)
INTERRUPT VECTOR (1 WORD)
CHANNEL MODE (2 WORDS)

l-— CHAIN ADDRESS (2 WORDS)

|s|7|s|5|4|3|zl1

-]

DF002630
‘ Address Register
A7 AO
Address X 0 0 1 1 0 1 X | Current ARA Segment/Tag CH1
X 0 0 1 1 0 0 X | Current ARA Segment/Tag CH2
X 0 0 0 1 0 1 X | Current ARA Offset CH1
X 0 0 0 1 0 0 X | Current ARA Offset CH2
X 0 0 1 0 0 1 X Current ARB Segment/Tag  CH1
X 0 0 1 0 0 0 X | Current ARB Segment/Tag CH2 J
X 0 0 0 0 0 1 X | Current ARB Offset CH1
X 0 0 0 0 0 0 X | Current ARB Offset CH2
X 0 0 1 1 1 1 X Base ARA Segment/Tag CH1 .
X 0 0 1 1 1 0 X Base ARA Segment/Tag CH2
X 0 0 0 1 1 1 X Base ARA Offset . CH1
X o] o] 0 1 1 0 X Base ARA Offset CH2
X 0 0 1 0 1 1 X Base ARB Segment/Tag CH1
X 0 0 1 0 1 0 X Base ARB Segment/Tag CH2 -
X 0 0 0 0 1 1 X Base ARB Offset CH1
X 0 0 0 0 1 0 X |Base ARB Offset CH2
Chain Loadable
Fast Readable and Writable
ADDRESS REFERENCE FIELD ADDRESS CONTROL FIELD
000 = System Data Memory 00 =increment Address
001 = Systemn Stack Memory 01 = Decrement Address
010 = System Program Memory 1X = Hold Address
00 = Normal Duta Homory PROGRAMMABLE WAIT FIELD
101 = Norma! Stack " 00 = 0 Wait States
110 = Normal Program Memory 01 = 1 Walt State
111 = Special 1O 10 = 2 Walt States
This bit Is used for 11 = 4 Walt States
{7 Pnysical Address onty R .
15 14 8°7 6 5 4
l . SEGMENT I T e
1 1 1 ' L
OFFSET

DF002640

2-136

'

Refer to page 7-1 for Essential Information on Military Devices



ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

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

9l0gZwy

Vee with Respect to Vg .vvvevieiiniienninn -0.5 to +7.0V
All Signal Voltages with , Ta Vee
Respect to Vgg -0.5 to +7.0V Commercial 0°C to 70°C 5V 5%

Power Dissipation (Package Limitation) ..................... 2W

Stresses above those listed under ABSOLUTE MAXIMUM Operating ranges define those limits over which the function-
RATINGS may cause permanent device failure. Functionality ality of the device is guaranteed.

at or above these limits is not implied. Exposure to absolute :

maximum ratings for extended periods may affect device

reliability.

DC CHARACTERISTICS over operating range unless otherwise specified

Parameters Description Test Conditions Min Max Units
VCH -] Clock Input High Voltage Driven by External Clock Generator Vec-0.4 Vco+0.3 Volts
Voo Clock Input Low Voitage Driven by External Clock Generator -0.3 : 0.45 Volts
ViH Input High Voltage . ‘24 Vcc+0.3 Volts'
ViL Input Low Voltage : -0.3 0.8 Volts
Vor Qutput High Voltage loH = ~-250pA 24 Volts
VoL Output Low Voltage loL = +2.0mA ) 0.4 Volts
i Input Leakage Vgs<VINSVce - +10 A
lov Qutput Leakage Vss <Vour <Vcc +10 HA
Ta=0°C 350 mA
Icc Vee Supply Current TA=75C 200 A
CiN Input Gapacitance Unmeasured pins returned 10 pF
Cout_° “Output Capacitance e to ground. f=1MHz over 15 pF
o Bidirectional Capacitance specified temperature range. 20 PF

Standard Test Conditions

The characteristics below apply for the following standard test conditions, unless otherwise noted. All voitages are referenced to
GND. Positive current flows into the referenced pin. Standard conditions are as follows:

+475V < Voo < +5.25V
GND =0V
0°C < Ta < +70°C

Open-Drain Test Load

+5V

22K

. FROM OUTPUT

UNDER TEST
S0pF ]:

TC001810
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TIMING REFERENCES FOR AC TESTS
Input Waveform Output Waveform
X 20~ 1gsT — 20 }( b X 20~—_ g7 —20 X 24
0.8<—POINTS—0 ¢ g 0us : '08=——POINTS—a g N
WF005730 - ) WF005740
All AC parameters assume a load capacitance of 100pF max, except for parameter 6 TAC(SNv)(50pF max).
SWITCHING CHARACTERISTICS over operating range unless otherwise specmed
TIMING FOR DTC AS BUS MASTER
4MHz 6MHz
Number Parameters Description Min Max Min Max Units
1 TcC - | Clock Cycle Time o , 250 2000 165 ns
2 TwCh Clock Width (High) . 105 70 ns
3 TwCl Clock Width (LOW) 105 70 ns
4 TiC Clock Fali Time ' 20 10 ns
5 TrC Clock Rise Time 20 15 ns
6 TAC(SNv) Clock RE to Segment Number Valid (50pF Load) Delay - 110 90 ns
7 TdC(SNn) Clock RE to Segment Number Valid Delay 90 60 ns
8 TdC(Bz) Clock RE to Bus Float Delay . 65 50 ns
9 TdC(A) Clock RE to Address Valid Delay . 100 90 ns
10 TdC(AZ) .. Clock RE to Address Float Delay 65 60 ns
1" TdA(DI) Address Valid to Data In Required Valid Delay - 400 305 | ns
12 TsDI(C) Data In to Clock FE Set-up Time 20 15 ns
13 TdDS(A) DS RE to Address Active Delay ’ 80 45 ns
14 TdC(DO) Clock RE to Data Out Valid Delay 100 90 ns
15 ThDI(DS) DS RE to Data In Hold Time 0 0 ns
16 TdDO(DS) Data Out Valid to DS RE Delay | 230 200 ns
21 TdDO(SW) Data Out Valid to DS FE (Write) Delay 55 35 ns
24 TdC(ASH) Clock RE to AS FE Delay 70 60 ns
25 TdA(AS) Address Valid to AS RE Delay 50 35 ns
26 TdC(ASr) Clock FE to AS RE Delay 80 60 ns
27 TdAS(DI) AS RE to Data In Required Valid Delay 300 220 ns
28 TdDS(AS) DS RE to AS FE Delay 75 35 ns
29 TWAS AS Width (LOW) 80 60 ns
30 TdAS(A) AS RE to Address Valid Delay : 60 45 ns
31 TdAz(DSR) Address Float DS (Read) FE Delay 0 0 ns
32 TdAS(DSR) AS RE to DS FE (Read) Delay 75 40 ns
33 TdDSR(DI) . DS (Read) FE to Data In Required Valid Delay 165 155 ns
34 TdC(DSr) Clock FE to DS RE Delay 70 65 ns
35 TdDS(DO) gi;Ea}wod %:ﬁe%el(grite Only) and Status Valid . 85 45 ns
36 TdA(DSR) Address Valid to DS (Read) FE Delay 120 110 ns
37 TdC(DSR) Clock RE to DS (Read) FE Delay 60 60 ns
38 TwDSR DS (Read) Width (LOW) 275 185 ns
39 TdC(DSW) Clock FE to DS (Write) FE Delay 60 60 ns
40 TwDSW DS (Write) Width (LOW) 160 150 ns
41 TdDSI(DI) DS (Input) FE to Data In Required Valid Delay 325 210 ns
42 TdC(DSf) Clock FE to DS (1/0) FE Delay 60 60 ns
43 TwDS DS (1/0) Width (LOW) 150" 150 ns
47 TdC(S) Clock RE to Status Valid Delay 110 80 - ns
48 TdS(AS) Status Valid to AS RE Delay 60 35 ns
62 TSWT(C) WAIT to Clock FE Set-up Time 20 20 ns
63 ThWT(C) WAIT to Clock FE Hold Time 30 30 ns
96 TdC(SNr) Clock RE to SN7/MMUSync RE Delay 110 110 ns
97 TAC(SNf) Clock RE to SN7/MMUSync FE Delay 20 110 110 ns

*Wait states should be inserted by programming a hardware when accessing slow peripherals.
**Logical Addressing only.
***130ns max with Logical Addressing.
Note: RE =rising edge  FE = falling edge
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SNO-SN7

ADO-AD1S

ST0-ST3,

READ/WRITE,
NORMAL/SYSTEM,
BYTE/WORD

This composite timing diagram does not show actual timing sequences. Refer to this diagram only for the
detailed timing relationships of individual edges. Use the preceding illustrations as an explanation of the

Timing Diagram 11. AC Timing when DTC is Bus Master
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various timing sequences.
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
TIMING FOR DTC AS BUS SLAVE AND CPU-DTC BUS EXCHANGE
4MHz 6MHz
Number | Parameters - Description Min Max Min Max Units
64 TwDRQ DREQ Pulse Width (Single Transfer Mode) 20 20 ns
65 TsDRQ(c) DREQ Valid to Clock RE Set-up Time 60 50 ns
66 ThDRQ(C) Clock RE to DREQ Valid Hold Time 20 20 ns
67 TdC(BRQf) Clock RE to BUSRQ FE Delay 150 120 ns
68 TdC(BRQr) Clock FE to BUSRQ RE Delay 165 150 ns
69 TdBRQ(BUSC) BUSRQ RE to Control Bus Float Delay 140 110 ns
70 TdBRQ(BUSd) BUSRQ RE to AD Bus Float Delay 140 110 ns
71 TdDSA(RDV) D3 FE (Acknowledge) to Data Output Valid Delay 135 120 ns
72 TdDSA(RDZ) DS RE (Acknowledge) to Data Output Float Delay 80 75 ns
73 TJdDSR(DOD) DS FE (I0R) to Data Output Driven Delay 135 120 ns
74 TdDSR(RDZ) DS RE (IOR) to Data Output Float Delay 80 75 ns
75 TwAS AS Low Width 70 50 ns
76 TsA(AS) Address Valid to AS RE Set-up Time 30 10 ns
77 ThAS(Av) AS RE to Address Valid Hold Time 50 40 ns
78 TdAS(DS) AS RE to DS FE Delay (/0) 50 40 ns
79 TsCS(AS) CS valid to AS RE Set-up Time 0 0 ns
80 ThCS(AS) AS RE to CS Valid Hold Time 40 30 ns
81 . TwAS(DS) AS and DS Simultaneously LOW Time (Reset) 3TeC 3TcC ns
82 TdBAI(AZ) BAI RE to SNO -SN7, ADO-AD15 Float Delay (Reset) 135 120 ns
83 TdBAY(ST) BAl RE to STO-ST3, R/W, 8/W, N/S Float Delay (Reset) 100 80 ns
84 TdBAI(DS) BAI RE to DS, AS Float Delay (Reset) 100 85 ns
85 TdDS(Dn) DS RE (IOW) to Data Valid Hold Time 40 40 ns
86 TdAC(DRV) Address Valid to Data ({OR) Required Valid Delay 540 345 ns
87 TdAZ(DS) Address Float to DS FE (IOR) Delay 0 0 ns
88 TwDS(10) DS (10) LOW Width 150, 150 ns
89 TsD(DS) Data (IOW) Valid to DS RE Set-up Time 40 40 ns
90 TIOSW) ZﬁyR'E, (Ilg\ﬁllz\ ngEEr:aEn c(lI)OW) (Write Recovery Time applies 4TcC 4TcC ns
91 TsBAK(C) BAI Valid to Clock RE Set-up Time 60 50 ns
92 TdAS(DS) AS RE to DS FE (ACK) Delay 100 100 ns
93 TwDS(AK) DS (ACK) LOW Width 150 150 ns
94 TdBRQ(BAY) BUSRQ FE to BAI FE Required Delay 0 0 ns
95 TsS(AS) Status Valid to AS RE Set-up Time 40 0 ns
98 TdBAI(BAQO) BAI RE, FE to BAO RE, FE Delay ' 80 70 ns
99 TdIEI(IEO) IEl RE, FE to IEO RE, FE Delay 80 60 ns

*2000ns for reading slow-readable registers (worst case).

Note:

RE =rising edge
FE = falling edge
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Timing Diagram 12. AC Timing when DTC is Bus Slave
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Timing Diagram 13. Bus Exchange Timing
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**For physical addressing only

2-141 Refer to page 7-1 for Essential Information on Military Dévices

9l 08zwy



AmZ8016

Timing Diagram 14. Reset Timing
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Timing Diagram 15. Delay Timings

—@— . — @

—i@— —i®—

Tl

WF005820

- 2142 Refer to page 7-1 for Essential Information on Military Devices



Notes: 1.

2.

w

Timing Diagram 16. Sampling DREQ during Single Transfer DMA Operations -

FIRST ACCESS OF LAST ACCESS OF
DMA ITERATION DMA ITERATION
T { 1 TWA or T, = T3
cros W
@k e
(NOTE 2)

’ .

2
O

T, 7

g

WF005830

HIGH-to-LOW DREQ transitions will only be recognized after the HIGH-to-LOW transition of the clock during Ty
of the first access of the DMA iteration.

A HIGH-to-LOW DREQ transition must meet the conditions in Note 1 and must occur TsDRQ(c) before state
T3 of the last access of the DMA iteration if the channel is to retain bus control and immediately start the
next iteration. DREQ may go HIGH before TgDRQ(c) if it has met the TwDRQ parameter.

. Flyby and Search transactions have only a single access; parameter TsSDRQ(c) should be referenced to the

start of T3 of the access. All other operations will always have two or three accesses per iteration.

Notes: 1.

2.

Timing Diagram 17a). Sampling DREQ at the End of Chaining

. | ™o | T
Y5 DRD(c) T.. oROE)
=~ NNV

T

WF005840

DREQ must be LOW from the start of TsDRQ (c) to the end of TRDRQ (c) to ensure that the request is
recognized. : .
Failure to meet this setup time will result in the channel releasing the bus.

" Timing Diagram 17b). Sampling of DREQ While in Bus Hold Mode

LAST ACCESS
OF DMA ITERATION

FIRST ACCESS -
OF NEXT ITERATION

' Taor Ty i TWA or Ty ll-‘ Ty T i

T4 oncte o _ o
| \\X\\\\\\\\\\\\\\\\\\\\\\\\i@ L

WF005850
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Timing Diagram 17c¢). DREQ Sampling in Demand Mode during DMA Operations
‘———r,av, i TWAOr T, Ai— ™ i —, Ts
e TN\ N\
T DRO(C) T——’ ¥ oROE)
3 L
WF005860
Timing Diagram 17d). Sampling DREQ at the End of Base-to-Current Reloading
TAY, TAU, TAU, Ts —ll— T
m_f_\__f\f\f\]\f\_
__l ThORGKc)
T4DRO(c)
/
e ////////////////////////////////////A LT
WF005870
Notes: 1. Ts is a set-up state, generated. before entering DMA operation cycle.
2. TAUg through TAU4 are auto-reloading states, followed by TCD (chain decision) state.
SWITCHING CHARACTERISTICS over operating range unless otherwise specified
TIMING FOR DTC-PERIPHERAL INTERFACE
4MHz . 6MHz
Number Parameters Description Min Max Min Max Units
100 TCHDL Clock RE to Pulsed DACK FE Delay (Flyby Transactions Only) 100 100 ns
Clock RE to Pulsed DACK RE Delay (Transactions TO
101 | TCHDH B Fehoral Ooy y (T 100 100 ns
i DS RE to Putsed DACK RE Delay ‘(Transactions FROM
102 | TDSK Flyby Peripheral Only) 20 2 ns
103 TDAD ’ Clock RE to Level DACK Valid Delay . 100 100 ns
104 TDAH Clock FE to Level DACK Valid Delay ' 110 110 ns
105 TEIDL Clock FE to internal EOP FE Delay 110 100 ns
106 TEIDH | Clock FE to Internal EOP RE Delay 110 100 ns
107 TES External EOP Valid to Clock FE Set-up Time During Operation 10 10 ns
108 TEW External EOP Pulse Width Required During Operation 20 20 ns
109 TES(BH) External EOP Valid to Clock RE Set-up Time During Bus Hold 10 10 ns
110 TEW(BH) External EOP Pulse Width Required During Bus Hold 20 20 ns

Note: RE =rising edge  FE = falling edge
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Timing Diagram 18. DACK Timing

T

T2

o \__J

- TDAD
X

TCHOH

-5

-% FROM FLYBY

—@, O
X/vo-fusn

. WF005750

*LEVEL DACK RE occurs as shown if auto-reloading is not programmed. LEVEL DA5K stays LOW for three additional

~ clocks for reloading.

CLOCK

s TG

INTERNAL
€0

Timing Diagram 19a). EOP Sampling and Generation during DMA Operations

TAU,

Tip

Tyor Ty

TWA or T2

7

TES

Ts

\

/

L/

®)

T

A

___F

WF005760

Timing Diagram 19b). Sampling of EOP during Bus Hold

WF005770

Notes: 1. The diagram lists state names of both I/0 and memory accesses. Sampling of EOP will occur on the falling

edge of state Ta.

2. State Tqp is a pseudo-Tq state, without an active AS generated, following termination of any DMA operation.
3. State TAU4 is an auto-initialization state, generated following the TC, MC or EOP termination.

9l08Zwy
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’

AmZ8016 DMA Derived Timings

Parameters Description Derivation
1 Adr. Valid to Data In 25 ¢ -#g _#12
13 DS 1t to Adr. Active 5 & -%#34 +#9
16 Data Out to DS 1 15 & -#14 +#34"
21 _ Data Out to DS | _ 5 @ -#14 +#3g
25 Adr. Valid to AS 1 5 & -#g +(¥#26 - tr)
27 AS 1 to Data In 2 & -#26 -#12
28 DS t to ASy 5 @ -#34 +#24
29 AS Width 5 & -#24 +(%26 - tr)
30 AS 1 to Adr. Hold 5 & -#26 +#10
31 Adr. float to DS | #10 ~#37
32 ASt to DS | 5 & -#26 +#a7
33 DS 1 to Data In (Read) 15 ¢ -#37 -#12
35 DS t to Data Out Hold 5 @ -#34 +#g
36 Adr. Valid to DS 1 1 @ -%#g +#37
38 DS width (Read) 1.5 & -#37 +#34
40 DS Width (Write) 1 @ -#30 +¥#34
41 DS 1 to Data In (Input) 1+ Wait) & -#42 -#12
43 DS width (1/0) 1 & -#42 +%#34
48 Status Valid to AS 1t

5 & -#47 +(%26 - tr)

tr (nominal) = 10uS
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Z8030/28530 (SCC)

Serial Communications Controller

DISTINCTIVE CHARACTERISTICS

® Two 1M.bps full duplex serial channels
Each channel has independent oscillator, baud-rate
generator, and PLL for clock recovery, dramatically
reducing external components.

® Programmable protocols
NRZ, NRZI, and FM data encoding supported under
program control.

® Programmable Asynchronous Modes
5-to 8-bit characters with programmable stop bits,
clock, break detect, and error conditions.

® Programmable Synchronous Modes
SDLC and HDLC and SDLC loop supported with
frame control, zero insertion and deletion, abort,
and residue handling. CRC-16 and CCITT genera-
tors and checkers.

® Z8000* compatible
The Z8030 interfaces directly with the Z8000 CPU
bus and to the Z8000 interrupt structure.

® Compatible with non-muitiplexed bus
The 28530 interfaces easily to most other CPUs.

GENERAL DESCRIPTION

The SCC Serial Communications Controller is a dual-
channel, multi-protocol data communications -peripheral
designed for use with 8- and 16-bit microprocessors. The
SCC functions as a serial-to-parallel, parallel-to-serial con-
verter/controller. The SCC can be software-configured to
satisfy a wide variety of serial communications applications.
The device contains a variety of new, sophisticated internal
functions, including on-chip baud rate generators, digital
phase-locked loops, and crystal oscillators, which dramati-
cally reduce the need for external logic.

The SCC handles asynchronods formats, synchronous
byte-oriented protocols, such as IBM Bisync, and synchro-
nous bit-oriented protocols, such as HDLC and IBM SDLC.

This versatile device 'supports virtually any serial data
transfer application (cassette, diskette, tape drivers, etc.).

The device can generate and check CRC codes in any
synchronous mode and can be programmed to check data
integrity in various modes. The SCC also has facilities for
modem controls in both channels. In applications where

" these controls are not needed, the modem controls can be

used for general-purpose /0.

The SCC is offered in two versions. The Z8030 is directly
compatible with the Z8000 and 8086 CPUs. The Z8530 is
designed for non-multiplexed buses and is easily interfaced
with most other CPUs, such as 8080, Z80, 6800, 68000,
and {Multibus.

BLOCK DIAGRAM

4(003) 0£58Z/0€08Z

BAUD RATE ——
cEneRaTOR SERIAL DATA
crameLa [
} CHANNEL CLOCKS
e s
|  WATTREGUEST
INTERNAL
CHANNEL A
CONTROL
LoGic REGISTERS
DISCRETE
[~ | wooew oua or
SSTATUS L ‘OTHER CONTROLS
A
ADORESS
DATA
cpPy
R INTERNAL BUS
CONTROL
OHSCRETE
controL =~ | wooem oua or
&STATUS f— { OTHER CONTROLS
. [ -
NTERRUPT ] \WTERAUPT |-
CONTROL CONTROL Caanevo
mes =1 “(oaic "
I ~ ) SERIAL CATA
cummers [T } CHANNEL CLOCKS
8AUD RATE I
GENERATOR Smeoesy
s .
. BD003520
Figure 1.

RELATED PRODUCTS

See the Z8030/28530 Serial Communications Controller Technical Manual -1983 edition (A1Z-2135) for detailed technical information.

*ZB000, Z8030 and 28530 are trademarks of Zilog, Inc. {MULTIBUS is a trademark of Intel. 00970D
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Z8030/Z8530 (SCC)

. CONNECTION DIAGRAM
Top View
D-40 D-40
P-40 P-40
wrfre ~  wfa e ) =1
aD [] 2 39 [7] AD; o]z [ Jo,
a0 ] 3 38 [ AD, os[]2 [ Jo
aD; 4 37{] Apg [73mm 1] 37[Jpg
wrl]s . 36 165 wWr]s 36 [_]RD
eo{]s 35 [] aS o[ }e Cs[IwWR
wT]7 WV RW e} £ Y-
JiNTACK [T 8 3 [T INTACK (] 8 BITICE |
+sv ] 2[Jesy +sv ]9 [0k
WiREGA (] 10 el 31f ] oo s wiReaa [] o 28530 - - 31 [Jenp
— a a0 — SCC
Svnca L v 30 [] WiRea 8 sWwea " 30 [7] wiRea B
RTxCA [} 2 29 [77] sYNCB ATxCA [] 2 29 [ SYNCB
ROA]1 28 [ Rixce moa[T] . . w[T]ACE
TRxCA [ 14 27 RxDB TrRxCA [] 14 ki [] rxDB
Tx0A (] 15 26 [] TAxCB Tx0A []15 " 26 {] TAxce
oTRREGA [] 16 25 [T] ToB DTRREQA [] 16 25 [T] Tx08
ATSA [ 7 . 24 ] DTRIREG B RTSA [ 17 24 {T] DTRIREG B
CTsaTls . a[JwATse CTSA [ s 23 [ ] RTS8
DCoA [] 19 22 [T) €88 - OCOA [] 19 22 '] &vsB
peLk [T 20 21 [} ocos pctx [ 20 21 (] bcos
CD005350 CDOOSSGO
Also available in PLCC. See Sectlon 7 for pinout details.
‘ Note: Pin 1 is marked for orientation
=] D, THDA e | SERIAL -—1% TA0A [— | sERIAL
* | =—=fioe AXDA f=— | DATA 1D AXDA | [ DATA
~—=] ADs ' TRXCA fo—e }cmnnsx. -1 TRXCA f=—e }cmun
ADORESS/ | ] AD4 ATCA J=o— | cLoCKS oammeus ] =10 ATHCA f=—- | CLOCKS
DATABUS | *«a——ed ADy SYNCA oo . CH-A ~-——=iD; SYNCA fo—e
~—]aD; . WREGA [—= | cyanneL narae LY WIREQ A == | CHANNEL"
=] ADy DTRIREGA |— | CONTROLS -0 DTRREQ A f——= | CONTROLS
FOR MODEM, P FOR MODEM,
——e] A0y RTSA —= [ pma, OR =—=10o RTSA [—= | pMA, OR
BUs ( — i35 GTSA f=— | OTHER — C75A j—— | oTHER
TIMING { As Crsa NG { RO s oA
ANDRESET | =] DS 7453, DCDA k— anpreser | —={WR “scc 7
—{RW  SCC  Tx0B [—= | semaL —] A Tx08 f—e }sgmu_
CONTROL { —ics, RxDB [=—— | DATA CONTROL { ——{TE RxDB f=— [ DATA
—1 35 TAXCB [=—= | CHANNEL —=1o TAXCB [+ }cmnua
~——rp iNT RTxCB f=—— | CLOCKS -~ INT ATXCB f=—o
——} INTACK SYNCB fo—e cHe ——] iNTacK SYNCB fo—e
WWTERRU { e L WIREG B === | anNEL mvean\m{ —l ' WREGE — | cyanneL
- €0 DYRREGE f— | CONTROLS 1] 10 DTAREG B = ggmg‘;.isu
ATSB[— [ buaon A138 I—= [ pma,OR
CTS6 f=— | OTHER CTs8 p=— | OTHER
©C08 f>— seC 0C08 f—
»Iv m[o pclut ' 45V GND PCLK
LS001300 . LS001311

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following:

ORDERING INFORMATION

Device number, speed option (if applicable), package type, operating range and screening option (if desired).

28030/Z8530

oovon——

Speed

L Temperature

C - Commercial (0°C to 70°C)
| - Industrial- (-40°C to 85°C)

Blank = 4MHz
A = 6MHz

40-Pin Package

P - Plastic Di

D - Ceramic Dip

L - Ceramic LCC

J - Plastic Chip
Carrier

Valid Combinations
28030 DC, PC, DI,
ADC, APC
28530 DC, PC, Dj,
ADC, APC

Valid Combinations

Consult the local AMD sales office to con-
firm. availability of specmc valid combinations,
check for newly released valid. combinations
and/or obtain additional data on AMD's stan-

dard military grade product.
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Z8030 PIN DESCRIPTION
Pin No. Name 110 Description

9 Vee +5V Power Supply.

31 GND Ground.

40, 1, 39, 2, ADg-AD7 170 Address/Data Bus (bidirectional, active High, 3-state). These multiplexed lines carry register addresses to

38, 3, 37, 4 . : the SCC as well as data or control information to and from the SCC.

35 AS | Address Strobe (active Low). Addresses on ADgp-AD7 are latched by the rising edge of this signal.

33 CSp | Chip Select 0 (active Low). This signal is latched concurrently with the addresses on ADp-AD7 and must be
active for the intended bus transaction to occur.

32 CSq | Chip Select 1 (active High). This second select signal must also be active before the intended bus
transaction can occur. CS1 must remain active throughout the transaction.

18, 22 CT3A, | Clear to Send (active Low). If these pins are programmed as Auto Enables, a LOW on these inputs enables

CTSB their respective transmitter. If not programmed as Auto Enables, they may be used as general-purpose
inputs. Both inputs are Schmitt-trigger buffered to accommodate slow rise-time inputs. The SCC detects
. pulses on these inputs and can interrupt the CPU on both logic level transitions.
19, 21 DCDA, I Data Carrier Detect (active Low). These pins function as receiver enables if they are programmed for Auto
DCDB Enables; otherwise, they may be used as general-purpose input pins. Both pins are Schmitt-trigger buffered
to accommodate slow rise-time signals. The SCC detects pulses on these pins and can interrupt the CPU on
both logic level transitions. N

36 b3 1 Data Strobe (active Low). This signal provides timing for the transfer of data into and out of the SCC. If AS
and DS coincide, this is interpreted as a reset.

16, 24 DTR/REQA, (o} Data Terminal Ready/Request (active Low). These outputs follow the state programmed into the DTR bit.

. DTR/REGB They can also be used as-general-purpose outputs or as Request Lines for a DMA controller.

7 IE | Interrupt Enable In (active High). IEl is used with |EO to form an interrupt daisy chain when there is more than
one interrupt-driven device. A High IEl indicates that no other higher priority device has an interrupt under
service or is requesting an interrupt.

6 IEO (o] Interrupt Enable Out (active High). IEO is HIGH only if IEl is HIGH and the CPU is not servicing a SCC
interrupt or the SCC is not requesting an interrupt (interrupt acknowledge cycle only). IEQ is connected to the
next lower priority device's |E| input and thus inhibits interrupts from lower priority devices.

5 iNT [¢] Interrupt Request (open-drain, active Low). This signal is activated when the SCC requests an interrupt.

8 INTACK i Interrupt Acknowledge (active Low). This signal indicates an active interrupt acknowledge cycle. During this

. cycle, the SCC interrupt daisy chain setties. When DS becomes active, the SCC places an interrupt vector on

. the data bus (if IE! is High). INTACK is latched by the rising edge of AS.

20 PCLK | Clock. This is the master SCC clock used to synchronize internal signals. PCLK is not required to have any
phase refationship with the master system clock, although the frequency of this clock must be at I?ast 90%
of the CPU clock frequency for a Z8000. PCLK is a TTL level signal. Maximum transmit rate is /4 PCLK.

13, 27 RxDA, I Receive Data (active High). These input signals receive serial data at standard TTL levels.

) RxDB '
12,28 RTxCA, 1 Receive/Transmit Clocks (active Low). These pins can be programmed in several different modes of
RTxCB operation. In each channel, RTxC may supply the receive clock, the transmit clock, the clock for the baud-
rate generator, or the clock of the digital phase-locked loop. These pins can also be programmed for use
with the respectnve SYNC pins as a crystal osclllator The receive clock may be 1, 16, 32, or 64 times the
data rate in asynchronous modes.
17, 23 ATSA, (o] Request to Send (active Low). When the Request to Send RTS bit in Write Register 5 is set, the RTS signal
RATSB goes LOW. When the RTS bit is reset in the asynchronous mode and Auto Enable is on, the signal goes
HIGH after the transmitter is empty. In synchronous mode or in asynchronous mode with Auto Enable off, the
RTS pins strictly follow the state of the RTS bit. Both pins can be used as general-purpose outputs.
34 R/W | Read/Write. This signal specifies whether. the operation to be performed.is read or a write.
11, 29 SYNCA, I'or O |Synchronization (active Low). These pins can act either as inputs, outputs, or part of the crystal oscillator
SYNCB circuit, In the Asynchronous Receive. mode (crystal oscillator option not selected), these pins are inputs
similar to CTS and DCD. In this mode, transitions on these lines affect the state of the Synchronous/Hunt
status bits in Read Register 0 but have no other function.
In External Synchronization mode with the crystal oscillator not selected, these lines also act as inputs. in
this mode, SYNC must be driven LOW two receive clock cycles after the last bit in the synchronous
character is received. Chadracter_assembly begins on the rising edge of the receive clock immediately
preceding the activation of _
In the Internal Synchronization mode (Monosync and Bisync) with the crystal oscillator not selected, these
pins act as outputs and are active only during the part of the receive clock cycle in which synchronous
characters are recognized. The synchronous condition is not latched, so these outputs are active each time
a synchronous pattern is recognized (regardless of character boundaries). In SDLC mode, these pins act as
outputs and are valid on receipt of a flag.
15, 25 TxDA, " (o] Transmit Data (active High). These output signals transmit serial data at standard TTL levels.
: TxDB .
14, 26 TRxCA, -l or O }Transmit/Receive Clocks (active Low). These pins can be programmed in several different modes of
: operation. TRXC may supply the receive clock or the transmit clock in the input mode or supply the output of
the digital phase-locked loop, the crystal oscillator, the baud rate generator, or the transmit clock in the
output mode.
10, 30 W/REQA, o Wait/Request (open-drain when programmed for a Wait function, driven HIGH or LOW when programmed
W/REQB for a Request function). These dual-purpose outputs may be programmed as Request lines for a DMA

controller or as Wait lines to synchronize the CPU to the SCC data rate. The reset state is Wait.

00970D
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Z8030/Z8530 (SCC)

Z8530 PIN DESCRIPTION

Pin No.

Name

170

Description

Vce

+5V Power Supply.

31

GND

Ground.

34

A/B

Channel A/Channel B Select. This signal selects the channel in which the read or write operation occurs.

33

CE

Chip Enable (active Low). This signal selects the SCC for a read or write operation.

18, 22

CTSA, CTSB

Clear To Send (active Low). If these pins are programmed as Auto Enables, a LOW on the inputs enables the
respective transmitters. If not programmed as Auto Enables, they may be used as general-purpose inputs.
Both inputs are Schmitt-trigger buffered to accommodate slow rise-time inputs. The SCC detects pulses on
these inputs and can interrupt the CPU on both logic level transitions. *

32

D/T

19, 21

Data/Control Select. This signal defines the type of information transferred to or from the SCC. A HIGH
means data is transferred; a LOW indicates a command. )

DCDA, DCDB

Data Carrier Detect (active Low). These pins function as receiver enables if they are programmed for Auto
Enables; otherwise, they may be used as general-purpose input pins. Both plns are Schmitt-trigger buffered
to accommodate slow rise-time signals. The SCC detects pulses on these pins and can interrupt the CPU on
both logic fevel transitions.

40, 1, 39, 2,

38, 3, 37, 4

Do-D7

170

Data Bus (3-state). These lines carry data and commands to and from the SCC.

16, 24

DIR/REQA,
DTR/REQB

Data Terminal Ready/Request (active Low). These outputs follow the state programmed into the DTR bit.
They can also be used as general-purpose outputs or as Request lines for a DMA controller.

7

IEl

Interrupt Enable In (active High). IEI is used with IEO to form an interrupt daisy chain when there is more than
one interrupt-driven device. A High IEI indicates that no other higher priority device has an interrupt under
service or is requesting an interrupt.

IEO

Interrupt Enable Out (active High). IEO is HIGH only if IE} is HIGH and the CPU is not servicing an SCC
interrupt or the SCC is not requesting an interrupt (Interrupt Acknowledge cycle only). IEO is connected to
the next lower priority device's IEl input and thus -inhibits interrupts from lower priority devices.

Interrupt Request (open-drain, active Low). This signal is activated when the SCC requests an interrupt.

Interrupt Acknowledge (active Low). This signal indicates an active Interrupt Acknowledge cycle. During this
cycle, the SCC interrupt daisy chain settles. When RD becomes active, the SCC places an interrupt vector on .
the data bus (if IEI is HIGH). INTACK .is latched by the rising edge of PCLK.

20

PCLK

Clock. This is the master SCC clock used to synchronize internal signals; PCLK is a TTL level signal.

36

RD

Read (active Low). This signal indicates a read operation and, when the SCC is selected, enables the SCC's
bus drivers. During the Interrupt Acknowledge cycle, this signal gates the lmerrupt vector onto the bus if the
SCC is the highest priority device requesting an interrupt.

13, 27

RxDA, RxDB

Receive Data (active High). These input signals receive serial data at standard TTL levels.

12, 28

RIXCA,
RTxCB

17, 23

* {data rate in asynchronous modes.

Receive/Transmit Clocks (active Low). These pins can be programmed in several different modes of
operation. In each channel, RTxC may supply the receive clock, the transmit clock, the clock for the baud
rate generator, or the clock for the Digital Phase-Locked Loop. These pins can also be programmed for use
with the respecttve SYNC pins as a crystal oscillator, The receive clock may be 1, 16, 32, or 64 times the

FTSA, ATSB

Request To Send (active Low). When the Flequest to Send (RTS) bit in Write Register 5 is set, the RTS
signal goes LOW. When the RTS bit is reset in the asynchronous mode and Auto Enable is on, the signal
goes HIGH after the transmitter is empty. In synchronous mode or in asynchronous mode with Auto Enable
off, the RTS pin strictly follows the state of the RTS bit. Both pins can be used as general-purpose outputs.

11, 29

SYNCA,
SYNCB

forO

Synchronization (active Low). These pins can act either as inputs, outputs, or part of the crystal oscillator
circuit. In the Asynchronous Receive mode (crystal oscillator option not selected), these pins are inputs
similar to TTS and DCD. In this mode, transitions on these lines affect the state of the Synchronous/Hunt
status bits in Read Register 0 but have no other function.

In External Synchronization mode with the crystal oscillator not selected, these lines aiso act as inputs. in
this mode, YNC must be driven LOW two receive clock cycles after the last bit in the synchronous
character is received. Character assembly begins on the rising edge of the receive clock immediately
preceding -the activation of SYNC.

In the Internal Synchronizaton mode (Monosync and Bisync) with the crystal oscillator not selected, these
pins act as outputs and are active only during the part of the receive clock cycle in which synchronous
characters are recognized. The synchronous condition is not latched, so these outputs are active each time
a synchronization pattern is recognized (regardless of character boundaries). In SDLC mode, these pins act
as outputs and are valid on receipt of a flag.

15, 25

TxDA, TxDB

Transmit Data (active High). These output signals transmit serial data at standard TTL levels,

14, 26 -

TRxCA,
TRxCB

loro_

Transmit/Receive Clocks (active Low). These pins can be programmed in several different modes of
operation. TRXC may supply the receive clock or the transmit clock in the input mode or supply the output of
the Digital Phase-Locked Loop, the crystal oscillator, the baud rate generator. or the transmit clock in the
output mode.

35

Write (active Low). When the SCC is selected, this S|gnal indicates a write operanon The comcldence of RD
and. WR is interpreted as a reset.

10, 30

W/RE 5
W/REQB

Wait/Request {open-drain when programmed Ior a Wait function, dnven HIGH or LOW when programmed
for a Request function). These dual-purpose outputs may be programmed as Request'lines for a DMA
controller or as Wait lines to synchronize the CPU to the SCC data rate. The reset state is Wait.

00970D
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ARCHITECTURE

The SCC internal structure includes two full-duplex channels,
two baud rate generators, internal control and interrupt logic,
and a bus interface to the Z8000 CPU (Z8030) or to a non-
multiplexed CPU bus (Z8530). Associated with each channel
are a number of read and write registers for mode control and
status information, as well as logic necessary to interface with
modems or other external devices (Figure 1).

The logic for both channels provides formats, synchronization,
and validation for data transferred to and from the channel
interface. The modem control inputs are monitored by the
control logic under program control. All of the modem control
signals are general-purpose in nature and can optionally be
used for functions other than modem control.

The register set for each channel includes ten control (write)
registers, two synchronous character (write) registers, and four

status (read) registers. In addition, each baud rate generator

has two (read/write) registers for holding the time constant
that determines the baud rate. Finally, associated with the
interrupt logic is a write register for the interrupt vector
accessible through either channel, a write-only Master Inter-

rupt Control register and three read registers: one containing -

the vector with status information (Channel B only), one
containing the vector without status (A only), and one contain-
ing the Interrupt Pending bits (A only).

The registers for each channel are designated as follows:

WRO0 -~ WR15 - Write Registers 0 through 15.
RRO - RR3, RR10, RR12, RR13, RR15~ Read Registers 0
through 3, 10, 12, 13, 15. ’

The following table lists the functions assigned to each read or
write register. The SCC contains only one WR2 and WR9, but
they can be accessed by either channel. All other registers are
paired (one for each channel).

Data Path

The transmit and receive data path illustrated in Figure 2 is
identical for both channels. The receiver has three 8-bit buffer
registers in a FIFO arrangement, in addition to the 8-bit receive
shift register. This scheme creates additional time for the CPU
to service an interrupt at the beginning of a block of high-
speed data. Incoming data is routed through one of several
paths (data or CRC) depending on the selected mode (the
character length in asynchronous modes also determines the
data path).

The transmitter has an 8-bit transmit data buffer register
loaded from the internal data bus and a 20-bit transmit shift
register that can be loaded either from the sync-character
registers or from the transmit data register. Depending on the
operational mode, outgoing data is routed through one of four
main paths before it is transmitted from the Transmit Data
output (TxD).

TABLE 1. READ AND WRITE REGISTER FUNCTIONS

READ REGISTER FUNCTIONS
RRO Transmit/Receive buffer status and External status
RR1 Special Receive Condition status

RR2 Modified interrupt vector
(Channel B only)
Unmodified interrupt vector
(Channel A only)

RR3 Interrupt Pending bits
(Channel A only)

RR8 Receive buffer

RR10 Miscellaneous status

RR12 Lower byte of baud rate generator time constant
RR13 Upper byte of baud rate generator time constant
RR15 External/Status interrupt information

WRITE REGISTER FUNCTIONS

WRO 'CRC initialize, initialization commands for the various
modes, shift right/shift left command

WR1 Transmit/Receive interrupt and data transfer mode
definition

WR2 Interrupt vector (accessed through either channel)
WR3 Receive parameters and control

WR4 Transmit/Receive miscellaneous parameters and
modes

WRS5 Transmit parameters and controls

whs Sync characters or SDLC address ﬁeld‘
WR7 Sync character or SDLC flag

WR8 Transmit buffer

WR9 Master interrupt control and reset (accessed through
either channel)

WR10 Miscellaneous transmitter/receiver contro! bits
wh11 Clock mode control

WR12 Lower byte of baud rate-generator time constant
WR13 Upper byte of baud rate generator time oconstant
WR14 Miscellaneous control bits

WR15 External/Status interrﬁpt control
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DETAILED DESCRIPTION

The functional capabilities of the SCC can be described from
two different points of view: as a data communications device,
it transmits and receives data in a. wide variety of data
communications protocols; as a microprocessor peripheral, it
interacts with the. CPU and provides vectored interrupts and
handshaking' signals.

Data Communications Capabilities

The SCC provides two independent full-duplex channels
programmable for use in any common asynchronous or
synchronous data-communication protocol. Figure 3 and the
following description briefly detail these protocols.

Asynchronous Modes

Transmission and reception can be accomplished indepen-
dently on each channel with five to eight bits per character,
plus optional even or odd parity. The transmitters can supply
one, one-and-a-half or two stop bits per character and can
provide a break output at any time. The receiver break-
detection logic interrupts the CPU both at the start and at the
end of a received break. Reception is protected from spikes by
a transient spike-rejection mechanism that checks the signal
- one-half a bit time after a Low level is detected on the receive
data input (RxDA or RxDB in the Z8530 Logic Symbol). If the
LOW does not persist (as in the case of a transient), the
character assembly process does not start.

Framing errors and overrun errors are detected and buffered
together with the partial. character on which they occur.
Vectored interrupts allow fast servicing or error conditions
using dedicated routines. Furthermore, a built-in checking
process avoids the interpretation of framing error as a new
start bit: a framing error results in the addition of one-half a bit
time to the point at which the search for the next start bit
begins. [ :

The SCC does not require symmetric transmit and receive
clock signals ~a feature allowing use of the wide variety of
clock sources. The transmitter and receiver can handle data at
arate of 1, 1/16, 1/32, or 1/64 of the clock rate supplied to
the receive and transmit clock inputs. In asynchronous modes,
the SYNC pin may be programmed as an input used for
functions, such as monitoring a ring indicator.

Synchronous Modes

The SCC supports both byté-.oriented and bit-oriented syn-

chronous communication. Synchronous byte-oriented - proto-
cols can be handled in several modes, allowing character
synchronization with a’ 6-bit or 8-bit synchronous character
(Monosync), any 12-bit synchronous pattern (Bisync), or with
an external synchronous signal. Leading synchronous charac-
ters can be removed without interrupting the CPU.

§- or 7-bit synchronous characters are detected with 8- or 16-
bit patterns in the SCC by overlapping the larger pattern
across multiple incoming synchronous characters as shown in
Figure 4. .

(00S) 0£582/0£082

PARITY
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MONOSYNC
- A
l SYNC I SYNC I DaTA r l DATA I CRC, | cnc;?
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1
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l OATA 1 l DATA I CRCy | CRCy I
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l FLAG |AODRESSI INFORMATION I CRCy | CRC | FLAG I
2
SDLC/HDLC/X.25
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Figure 3. SCC Protocols
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Figure 4. Detecting 5- or 7-Bit Synchronous Characters
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Z8030/Z8530-(SCC)

CRC checking for Synchronous byte-oriented modes is de-
layed by one character time so that the CPU may disable CRC
checking on specific characters. This permits the implementa-
tion of protocols, such as IBM Bisync.

Both CRC-16 (X6 + X15 + X2 + 1) and CCITT (X6 + x12 +
x5 + 1) error' checking polynomials are: supported. Either
polynomial may be selected in all synchronous modes. Users
may preset the CRC generator and checker to all 1s or all Os.
The SCC also provides a feature that automatically transmits
CRC ‘data when no other data is available for transmission.
This allows for high-speed transmissions under DMA control
with no need for CPU intervention at the end of a message.
When there is no data or CRC to send in synchronous modes,
the transmitter inserts 6-, 8-, or 16-bit synchronous characters,
regardless of the programmed character length. .

The SCC supports synchronous bit-oriented protocols, such
as SDLC and HDLC, by performing automatic flag sending,
zero insertion, and CRC generation. A special command can
be used to abort a frame in transmission. At the end of a
message, the SCC automatically transmits the CRC and
trailing flag when the transmitter underruns. The transmitter
may also be programmed to send an idle line consisting of
continuous flag characters or a steady marking condition.

If a transmit underrun occurs in the middle of a message, an
external/status interrupt warns the CPU of this status change
so that an abort' may be issued. The SCC may also be
programmed to send an abort itself in case of an underrun,
relieving the CPU of this task. One to eight bits per character
can be sent allowing reception of a message with no prior
information about the character structure in the information
field of a frame.

The receiver automatically acquires synchronization on the
leading flag of a frame in SDLC or HDLGC and provides a
synchronization signal on the SYNC pin (an interrupt can also
be programmed). The receiver can be programmed to search
for frames addressed by a single byte (or four bits within a
byte) of a user-selected address or to a global broadcast
address. In this mode, frames not matching either the user-
selected or broadcast address are ignored. The number of
address bytes can be extended under software control. For
receiving data, an interrupt on the first received character, or
an interrupt on every character, or on special condition only

(end-of-frame) can be selected. The receiver automatically

deletes all Os inserted by the transmitter during character
assembly. CRG is also calculated and is automatically
checked to validate frame transmission. At the end of trans-
mission, the status of a received frame is available in the
status registers. In SDLC mode, the SCC must be pro-
grammed to use the SDLC CRC polynomial, but the generator
and checker may be preset to all 1s or all 0s. The CRC is
inverted before transmission and the receiver checks against
the bit pattern 0001110100001111.

NRZ, NRZ! or FM coding may be used in any 1X mode. The
parity options available in asynchronous modes are available
in synchronous modes.

The SCC can be conveniently used under DMA control to
provide high-speed reception or transmission. In reception, for
example, the SCC can interrupt the CPU when the first
character of a message is received. The CPU then enables the
DMA to transfer the message to memory. The SCC then
issues an end-of-frame interrupt and the CPU can check the
status of the received message. Thus, the CPU is freed for
other service while the message is being received. The CPU
may also enable the DMA first and have the SCC interrupt only

on end-of-frame. This procedure allows all data to be trans-
ferred via the DMA.

SDLC LOOP MODE

The SCC supports SDLC Loop mode in addition to normal
SDLC. In an SDLC Loop, there is a primary controller station
that manages the message traffic flow and any number of
secondary stations. In SDLC Loop mode, the SCC performs
the functions of a secondary station while an SCC operating in
regular SDLC mode_can act as a controller (Figure 5).

CONTROLLER
SECONDARY #1

SECONDARY #3

Figure 5. An SDLC Loop

A secondary station in an SDLC Loop is always listening to the
messages being sent around the loop and, in fact, must pass
these messages to the rest of the loop by retransmitting them
with a one-bit-time delay. The secondary station can place its
own message on the loop only at specific times. The controller
signals that secondary stations may transmit messages by

SECONDARY #4

PF001240

‘sending a special character, called an EOP (End of Poll),

around the loop. The EOP character is the bit pattern
11111110. Because of zero insertion during messages, this bit
pattern is unique and easily recognized.

When a secondary station has a message to transmit and
recognizes an EOP on the line, it changes the last binary one
of the EOP to a zero before transmission. This has the effect
of turning the EOP into a flag sequence. The secondary
station now places its message on the loop and terminates the
message with an EOP. Any secondary stations further down
the loop with messages to transmit can then append their
messages to the message of the first secondary station by the
same process. Any secondary stations without messages to
send merely echo the incoming messages and are prohibited
from placing messages on the loop (except upon recognizing
an EOP).

SDLC Loop mode is a programmable option in the SCC. NRZ,
NRZI, and FM coding may all be used in SDLC Loop mode.

Baud Rate Generator

Each channel in the SCC contains a programmable baud rate
generator. Each generator consists of two 8-bit time constant
registers that form a 16-bit time constant, a 16-bit down
counter, and a flip-flop on the output producing a square wave.
On start-up, the flip-flop on the output is set in a High state; the
value in the time constant register is loaded into the counter;
and the counter starts counting down. The output of the baud
rate generator toggles upon reaching zero; the value in the
time constant register is loaded into the counter; and the
process is repeated. The time constant may be changed at
any time, but the new value does not take effect until the next
load of the counter.

2154
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The output of the baud rate generator may be used as either
the transmit clock, the receive clock, or both. It can also drive
the digital phase-locked loop (see next section).

If the receive clock or transmit clock is not programmed to
come from the TRxC pin, the output of the baud rate generator
may be echoed out via the TRxC pin.

The fdllowing formula relates the time, constant to the baud
rate. (The baud rate is in bits/second and the BR clock period
is in seconds.) .

1

baud rate = — -
2 (time constant + 2) x (BR clock period)
Time-Constant Values .
for Standard Baud Rates at BR Clock
= 3.9936MHz
Rate Time Constant
(Baud) (decimal notation) Error
19200 102 -
9600 206 -
7200 275 0.12%
4800 414 -
3600 553 0.06%
2400 830 -
2000 996 0.04%
1800 1107 0.03%
1200 1662 -
600 3326 -
300 6654 -
150 13310 -
1345 14844 0.0007%
110 18151 0.0015%
75 26622 . -
50 39934 -

Digital Phase-Locked Loop

The SCC: contains a digital phase-locked loop (DPLL) to
recover clock information from a data stream with NRZI or FM
encoding. The DPLL is driven by a clock that is nominally 32

(NRZI) or 16 (FM) times the data rate. The DPLL uses this
clock, along with the data stream, to construct a clock for the
data. This clock may then be used as the SCC receive clock,
the transmit clock, or both.

For NRZI encoding, the DPLL counts the 32X clock to create
nominal bit times. As the 32X clock is counted, the DPLL is
searching the incoming data stream for edges (either 1/0 or
0/1). Whenever an edge is detected, the DPLL makes a count

adjustment (during the next counting cycle), producing- a

terminal count closer to the center of the bit cell.

For FM encoding, the DPLL still counts from 0 to 31, but with a
cycle corresponding to two bit times. When the DPLL is
locked, the clock edges in the data stream should occur
between counts 15 and 16 and between counts 31 and 0. The
DPLL looks for edges only during a time centered on the 15/
16 counting transition. '

The 32X clock for the DPLL can be programmed to come from
either the RTxC input or the output of the baud rate generator.
The DPLL output may be programmed to be echoed out of the
SCC via the TRXC pin (if this pin is not being used as an input).

Data Encoding

The SCC may be programmed to encode and decode the
serial data in four different ways (Figure 6). In NRZ encoding, a
1 is represented by a High level, and a 0 is represented by a
Low level. In NRZI encoding, a 1 is represented by no change
in level, and a 0 is represented by a change in level. In FM;
(more properly, bi-phase mark), a transition occurs at the
beginning of every bit cell. A 1 is represented by an additional
transition at the center of the bit cell, and a 0 is represented by
no additional transition at the center of the bit cell. In FMg (bi-
phase space), a transition occurs at the beginning of every bit
cell. A 0 is represented by an additional transition at the center
of the bit cell, and a 1 is represented by no additional transition
at the center of the bit cell. In addition to these four methods,
the SCC can be used to decode Manchester (bi-phase level)
data by using the DPLL in the FM mode and programming the
receiver for NRZ data. Manchester encoding always produces
a transition at the center of the bit cell. If the transition is 0/1,
the bit is a 0. If the transition is 1/0, the bit is a 1.

DATA

NRZ

BIT CELL LEVEL:

-
o

-
-
o

NRZ1

|_ |

NO CHANGE =1
CHANGE = 0

FM,
(BIPHASE MARK)

BIT CENTER TRANSITION:
TRANSITION = 1
NO TRANSITION = 0

FMy
(BIPHASE SPACE)

NO TRANSITION = 1
TRANSITION = 0

b SR
RIS PSRN PN, S

MANCHESTER

r

HIGH ~ LOW = 1
LOW — HIGH = 0

—_— —

LT

WF005880

Figure 6. Data Encoding Methods
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Z8030/Z8530 (SCC)

Auto Echo and Local Loopback

The SCC is capable of automaticaily echoing everything it
receives. This feature is useful mainly in asynchronous modes
but works in synchronous and SDLC modes as well. In Auto
Echo-mode, TxD is RxD. Auto Echo mode can be used with
NRZi or FM encoding with no additional delay, because the
data stream is not decoded before retransmission. In Auto
Echo mode, the CTS input is ignored as a transmitter enable
(although transitions on this input can still cause interrupts if
programmed to do so). In this mode, the transmitter is actually
bypassed, and the programmer is responsible for disabling
transmitter interrupts and WAIT/REQUEST on transmit.

The SCC is also capable of local loopback. In this mode, TxD
is RxD just as in Auto Echo mode. However, in Local
Loopback mode, the internal transmit data is tied to the
internal receive data, and RxD is ignored (except to be echoed
out via TxD). The CTS and DCD inputs are also ignored as
transmit and receive enables. However, transitions on these
inputs can still cause interrupts. Local Loopback works in
asynchronous, synchronous and SDLC modes with NRZ,
NRZI or FM coding of the data stream.

1/0 Interface Capabilities

The SCC offers the choice of Polling, Interrupt (vectored or
nonvectored), and Block Transfer modes to transfer data,
status, and control information to and from the CPU. The
Block Transfer mode can be implemented under CPU or DMA
control. ’

Polling

All interrupts are disabled. Three status registers in the SCC
are automatically updated whenever any function is per-
formed. For example, end-of-frame in SDLC mode sets a bit in
one of these status registers. The idea behind polling is for the
CPU to periodically read a status register until the register
contents indicate the need for data to be transferred. Only one
register needs to be read; depending on its contents, the CPU
either writes data, reads data, or continues. Two bits in the
register indicate the need for data transfer. An alternative is a
poll of the Interrupt Pending register to determine the source
of an interrupt. The status for both channels resides in one
register.

Interrupts

When a SCC responds to an Interrupt Acknowledge signal
(INTACK) from the CPU, an interrupt vector may be placed on
the data bus. This vector is written in WR2 and may be read in
RR2A or RR2B (Figures 8 and 9).

To speed interrupt response time, the SCC can modify three
bits in this vector to indicate status. If the vector is read in
Channel A, status is never included; if it is read in Channel B,
status is always included.

Each of the six sources of interrupts in the SCC (Transmit,
Receive and External/Status interrupts in both channels) has
three bits associated with the interrupt source: Interrupt
Pending (IP), Interrupt Under Service (IUS), and Interrupt
Enable (IE). Operation of the IE bit is straightforward. If the |E
bit is set for a given interrupt source, then that source can
request interrupts. The exception is when the MIE (Master
Interrupt Enable) bit in WRS is reset and no interrupts may be
requested. The IE bits are write-only.

The other two bits are related to‘the Z-Bus interrupt priority
chain (Figure 7). As a Z-Bus peripheral, the SCC may request
an interrupt only when no higher priority device is requesting
one; e.g., when IEl is HIGH. If the device in question requests
an interrupt, it pulls down INT. The CPU then responds with
INTACK, and the interrupting device places the vector on the
A/D bus.

In the SCC, the IP bit signals a need for interrupt servicing.
When an IP bit is 1 and the IEl input is HIGH, the INT output is
pulled LOW, requesting an interrupt. In the SCG, if the IE bit is
not set by enabling interrupts, then the IP for that source can
never be set. The IP bits are readable in RR3A. '

The 1US bits signal that an interrupt request is being serviced.
If an IUS is set, all interrupt sources of lower priority in the SCC
and external to the SCC are prevented from requesting
interrupts. The internal interrupt sources are inhibited by the
state of the internal daisy chain, while lower priority devices
are inhibited by the IEO output of the SCC being pulled LOW
and propagated to subsequent peripherals. An IUS bit is set
during an Interrupt Acknowledge cycle if there are no higher
priority devices requesting interrupts.

- There are three types of interrupts: Transmit, Receive and

External/Status. Each interrupt type is enabled under program-
control with Channel A having higher priority than Channel B,
and with Receive, Transmit and External/Status interrupts

- prioritized in that order within each channel. When the

Transmit interrupt is enabled, the CPU is interrupted when the

transmit buffer becomes empty. (This implies that the transmit- -

ter must have had a data character written into it so that it can

become empty.) When enabled, the Receive can interrupt the

CPU in one of three ways: )

® |Interrupt on First Receive Character or Special Receive
condition.

® |Interrupt on all Receive Characters or Special Receive
condition.

® |Interrupt on Special Receive condition only.

PERIPHERAL
+5V !

IE)} ADg-AD; iNT INTACK IEO

PERIPHERAL PERIPHERAL

IE} ADp-AD7 INT INTACK

IE} ADy—ADy INT INTACK IEO
Do-07' < %’
A%-A; l r
INTACK
AF002770
Figure 7. Z-Bus Interrupt Schedule . -
' 00970D
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Interrupt on First Character or Special Condition and Interrupt
on Special Condition Only are typically used with the Block
Transfer mode. A Special Receive Condition is one of the
following: receiver overrun, framing error in asynchronous
mode, End-of-Frame in SDLC mode, and optionally, a parity
error. The Special Receive Condition interrupt is different from
an ordinary receive character available interrupt only in the
status placed in the vector during the Interrupt Acknowledge
cycle. In Interrupt on First Receive Character, an interrupt can
occur from Special Receive conditions any time after the first
receive character interrupt.

The main function of the External/Status interrupt is to monitor
the signal transitions of the CTS, DCD, and SYNC pins;
however, an External/Status interrupt is also caused by a
Transmit Underrun condition, a zero count in the baud rate
generator, the detection of a Break (asynchronous mode),
Abort (SDLC mode) or EOP (SDLC Loop mode) sequence in
the data stream. The interrupt caused by the Abort or EOP has
a special feature allowing the SCC to interrupt when the Abort
or EOP sequence is detected or terminated. This feature
facilitates the -proper termination of the current message,

correct initialization of the next message, and the accurate
timing of the Abort condition in external logic in SDLC mode. In
SDLC Loop mode, this feature allows secondary stations to
recognize the wishes of the primary station to regain control of
the loop during a poll sequence.

CPU/DMA Block Transfer

The SCC provides a Block Transfer mode to accommodate
CPU block transfer functions and DMA controllers. The Block
Transfer mode uses the WAIT/Request output in conjunction

. with the Wait/Request bits in WR1. The WAIT/REQUEST

output can be defined under software control as a WAIT line in
the CPU Block Transfer mode or as a REQUEST line in the
DMA Block Transfer mode.

To a DMA controller, the SCC REQUEST output indicates that
the SCC is ready to transfer data to or from memory. To the
CPU, the WAIT line indicates that the SCC is not ready to
transfer data, thereby requesting that the CPU extend the 1/0
cycle. The DTR/REQUEST line allows full-duplex operation
under DMA control.

PROGRAMMING INFORMATION

Each channel has fifteen Write registers that are individually -

programmed from the system bus to configure the functional
personality of each channel. Each channel also has eight
Read registers from which the system can read Status, Baud
rate, or Interrupt information.

The Z8030 and Z8530 differ in the way the system accesses
these registers: -

In the Z8030 all registers are directly addressable from the
multiplexed Address Data bus. See Figure 10 and Figure 11
for timing. The Z8030 can operate in either of two modes:
when bit 0 in Write Register 0 is reset (or after initialization with
a hardware reset), Address lines AD through ADs select the
register to be read from or written into during Data Strobe DS,
(This is called left shift and is the natural Z8000 modse.) When
:bit 0 in Write Register 0 is set, Address lines ADg through AD4
select the register to be read from or written into. (This is
called right shift and is more natural for interfacing with other
MiCroprocessors.)

Table 2 describes the register addressing for both modes.

Channel A/Channel B selection is made either by ADg or -

by ADs.

If Bit Dp in WRO is reset (or after hardware‘reset):
ADs selects the channel (0=B, 1=A)
(this is called '"Select Shift Left Mode").

If Bits Dg and Dy in WRO are set:
ADg selects the channel (0=B, 1=A)
(this is called "Select Shift Right Mode).

In the Z8530 only the four data registers (Read and Write for
Channels A and B) are directly selected by a HIGH on the D/C
input and the appropriate levels on the RD, WR and A/B pins.
All other registers are addressed indirectly by the content of
Write Register 0 in conjunction with a LOW on the D/C input
and the appropriate levels on the RD, WR and A/B pins. If bit
D3 in WRO is 1 and bits 5 and 6 are 0, then bits 0, 1, 2 address
the higher registers 8 through 15. If bits 4, 5, 6 contain a

different code, bits 0, 1, é'address the lower registers 0
through 7 as shown in Table 3.
TABLE 2. BEGISTER ADDRESSING (28030 ONLY)

Write Read
AD4 | AD3 | AD2 | AD¢ | Register | Register

0 0 0 0 0 0
0 0 0 1 1 1
0 0 1 0 2 2
o| o 1 1 3 R
0 1 0 0 4 0)
0 1 0 1 5 )
0 1 1 0 6 2
0 1 1 1 7 - (3)
1 0 0 0 Data Data
1 0 0 1 9 -
1 0 1 0 10 10
1 0 1 1 11 (15)
1 1 0 0 12 12
1 1 0 1 13 13
1 1 1 0 14 (10)
1 1 1 1 15 15

Wﬁting to or reading from any i'egister' except RRO, WRO and
the Data Registers thus involves two operations:

First, write the appropriate code into WRO, then follow this by
a write or read operation on the register thus specified. Bits 0
through 4 in WWO are automatically cleared after this opera-
tion, so that WWO then points to WRO or RRO again.

Channel A/Channel B selection is made by the A/B' input
(HIGH = A, LOW = B)

In both Z8030 and Z8530, the system program first issues a
series of commands to initialize the basic mode of operation.
This is followed by other commands to qualify conditions
within the selected mode. For example, the asynchronous
mode, character length, clock rate, number of stop bits, even
or odd parity might be set first. Then the interrupt mode would
be set and, finally, receiver or transmitter enable.
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Z8030/28530 (SCC)

TABLE 3. REGISTER ADDRESSING (28530 ONLY)
D/C "Point High" D2 D4 Do Write Read
Code in WRO: . In WRO: Register - Register

HIGH Either way X X X Data Data
Low Not true 0 0 0 0 0
Low Not true 0 0 1 1 1
- LOW Not true 0 1 0 2 2
. LOW Not true 0 1 1 3 3
Low Not true . 1 0 0 4 (0)
e Not true 1 0 1 5 (1)
Low Not true 1 1 0 6 2
Low Not true .t 1 1 7 (3)

LOW True 0 0 0 Data Data
Low True 0 0o 1 9 -
LOW True 0 1 0 10 10
Low True 0 1 1 11 (15)
Low True 1 [} 0 12 12
Low True 1 0 1 13 13
Low True 1 1 0 14 (10)
Low True 1 1 1 15 15

Read Registers

The SCC contains eight read registers (actually nine, counting
the receive buffer (RR8) in each channel). Four of these may
be read to obtain status information (RRO, RR1, RR10, and
RR15). Two registers (RR12 and RR13) may be read to learn
the baud rate generator time constant. RR2 contains either
the unmodified interrupt vector (Channel A) or the vector

modified by ‘status information (Channel B).'RR3 contains the
Interrupt Pending (IP) bits (Channel A). Figure 8 shows the
formats for each read register.

The status bits of RRO and RR1 are carefully grouped to
simplify status monitoring; e.g., when the interrupt vector
indicates a Special Receive Condition interrupt, all the appro-
priate error bits can be read from a singie register (RR1).

Read Register 0

Lo Lo Josfocfofoe o o

Read Register 2

Lo Loe for Jou o o2 |

o o)
L

Rx Character Available Vo
Zero Count Vq
bl TxBuffer Empty ' v,
oco
Interrupt Vector®
cTs Vs
Tx OM Vg
A\
DF002670
*Modified in B Channel
DF002680
Read Register 1 Read Register 3
FEEEEERT] FEEErEe]
All Sent Channel B EXT/STAT IP*
Residue Code 2 Channel B Tx 1P*
' L Residue Code 1 L Channel B Rx IP*
Residue Code 0 Channel A EXT/STAT IP*
Parity Error Channel A Tx IP*
Rx Overrun Error Channel A Rx IP*
CRC/Framing Error 0
End of Frame (SDLC) 0
DF002690
*Always 0 in B Channel
. ) DF002700
Figure 8. Read Register Bit Functions
00970D
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Read Register 10

L°7'°s °s|°4 Dal"z °||°oJ

[

On Loop
. \—_ o

Loop Sending
[}
Two Clocks Missing
One Clock Missing
DF002710
Read Register 12
Lo Lo [oe [oe fon fon o [ ]

~ TCo
TC
TC2
TC3 | Lower Byte of
TCs ( Time Constant
TCs
TCe
TCy

DF002730

Figure 8. Read Register

Bit Functions (Cont.)

Read Register 13
Il le o]
TCg

L TG

TCio
TCi1
TCy2
TCy3
TCia
TCis

Upper Byte of
Time Constant

DF002720

Read Register 15

DRRABANN
L

0

Zero Count IE
o

DCDIE

CTSIE
Tx L

OM IE
IE
DF002740

Write Registers

The SCC contains 15 write registers (16 counting WRS, the
transmit buffer) in each channel. These write registers are
programmed separately to configure the functional ' personali-

ty'"" of the channels. In addition, there are two registers (WR2
and WRO) shared by the two channels that may be accessed
through either of them. WR2 contains the interrupt vector for
both channels, while WR9 contains the interrupt control bits.
Figure 9 shows the format of each write register.

Write Register 0 (Z8030)

ORORRAND

~lojo

0 | Null Code

1 | Null Code

0 | Select Shift Left Mode*
1 1 | Select Shift Right Mode*

i__o

0| 0 | 0 | NullCode
0 | 0] 1 ] NullCode
o1 0 | Reset Ext/Status Iptevmpls
0 | 1 ] 1 | SendAbort
1 | 0 | 0 | Enable inton Next Rx Character
t 0 } 1 | ResetTxIntPending
1 | 1 | 0 | Error Reset
1 1 1 | Reset Highest IUS

9 0 | Null Code

0 | 1 | Reset Rx CRC Checker

1| 0 | Réset Tx CRC Generator

1 1 | Reset Tx Underrun/EOM Latch

*Channel B only

DF002750

Figure 9. Write Register Bit Functions

Write Register 0 (Z8530)

Lo foofo e o=

1 Register
oJoJo] oo [a]
o[of1] 1o [9]
o[1]o] 20 [0]
o [1[1] sor [11]
100 4o [12]
t[o] 1] sor [13]
. 1110} eor |14
' 11 [ e [35]
0 {0 ]| 0] Nucode
0 | 0 [ 1 | Point High Register Group
0 [ 1 | 0 | Reset Ext/status tnterrupts
0 [ 1] 1] sendavort
1 | 0 | O | Enable int on Next Rx Character
1 | 0 | 1 | Reset Tx Int Pending
1] 1 ] 0] Enor Reset
1 | 1 ] 1 | ResetHighest IUS
0 | 0 | Null Code
0 | 1 | ResetRx CRC Checker
1 0 | Reset Tx CRC Generator
1 { t | Reset Tx Underru/EOM Latch

DF002760

'
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Z8030/2Z8530 (SCC)

Write Register 1

Write Register 4

o o [ Lo [ o [ ] C oo oo =]
Ext Int Enable Parity Enable
Tx Int Enable Parity Even/Odd
Parity is Speciat Condition ' :
. . 0 | 0 | Sync Modes Enable
0 | 0 |'RxintDisable - 0 | 1 | 1Stop Bit/Character
0 | 1 | RxInton First Character or Special Com?illon 1 0 | 1% Stop Bil‘lehlncuv
1 | 0 | Inton All Rx Characters or Special Condition 1 1 | 2Stop Bits/Character
1 1 -{ RxInt on Special Condition Onty’
WaitDMA Request on Receive/Transmit 0 | o | 88it Sync Character
i Request Function 0 [ 1 | 16:Bit Sync Character
Wait/DMA Request Enable 0 | 1 | SDLC Mode (01111110 Flag)
DFM2770 1 1 | External Sync Mode
Write Register 2 0 ] 0 ] X1 Clock Mode.
0 1 | X16 Clock Mode
lD7|°°|D5|D‘ID°IDzlb'lD°I 1 | 0 | X32 Clock Mode
1 | 1 | X64 Clock Mode
L Vo DF002811
. v
V2 Write Register 5
3 Interrupt Vector
Va
Vs [°1|°sl°s|°cl°:|°z]D| Dd
Ve
vr Tx CRC Enable
DF002780 RTS
SDLC/CRC-16
Write Register 3 Tx Enable
' Send Break
[D7 | Dg I Ds |D, I Dy | D, I [°2] l D;_I 0 | 0 | Tx5Bits (or less)/Character
0 | 1 | Tx7 Bits/Character
Rx Enable 1 | 0 | Tx6 Bits/Character
Sync Character Load Inhibit 1 1_| Tx8Bity/Character
Address Search Mode (SDLC) DTR
Rx CRC Enable DF002820
Enter Hunt Mode
Auto Enables
0 | 0 [ Rx5 Bits/Character
0 | 1 | Rx7Bits/Character
1 | 0 | Rx6Bits/Character
1 1 | Rx8 Bits/Character
. ) DF002790
- Write Register 6
FEEEEERT
SYNC,  SYNCg SYNC; SYNC, SYNC; SYNC, SYNC, SYNC, Monosync 8 Bits
SYNC;  SYNC, SYNCg SYNC, SYNC; SYNC, SYNC, SYNC, Monosync 8 Bits
SYNC;  SYNCg SYNCs SYNC, SYNC; SYNC, SYNC, SYNC, Bisync 16Bits
SYNC;  SYNC, SYNC;  SYNC, ] 1 1 1 Bisync 12 Bits
ADRy ADRg  ADRg ADR, ADR3 ADRy ADR, ADRy  SDLC -
ADR; ADRg  ADR;  ADR, 1 1 1 1 SDLC (Address 0)
. * DF002801
Figure 9. Write Register Bit Functions (Cont.)
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Write Register 7

FEF ]

N
@
=1
@
S
N
@
]
@
o
3
[}
(2]
-

SYNC, SYNCs SYNC; SYNC, SYNC; SYNC, SYNC, SYNC, Monosync8 Bits
SYNC;  SYNC, SYNC; SYNC, SYNC, SYNC; . 1 1 Monosync 8 Bits
SYNC;  SYNC,, SYNC;3 SYNC;; SYNC;; SYNC,y SYNC; SYNCy Bisync 16 Bits
SYNC,;, SYNC,, SYNCg . SYNC; SYNC; SYNC; SYNCs SYNC, Bisync 12Bits

0 1 A 1 1 1 1 0 soLc
DF002831
Write Register 9 Write Register 11
o,IDGTDSIo.Io,]ozlu.ID.,I L°7I°s|°sl°4|93 DzIDrlooI
:'5’ 0 | 0 | TRxC Out = XTAL Output
¢ - 0 | 1 [ TRxC Out = Transmit Clock
DL 1 | 0 | TRXC Out = BR Generator Output
MIE 1 | 1 | TRxC Out = DPLL Output
Status High/Status Low
0 L——— TRxCOn
0 | 0 | NoReset 0 | 0 | Transmit Clock = RTxC Pin
0 | 1 | Channel ResetB 0 | 1 [ Transmit Clock = TRxC Pin
1 0 | Channel Reset A 1 0 | Transmit Clock = BR Generator Output
1 1 | Force Hardware Reset 1 1 | Transmit Clock = DPLL Output
DF002840
0 | 0 | Receive Clock = RTxC Pin
0 | 1 | Receive Clock = TRxC Pin _
1 0 | Receive Clock = BR Generator Output
3 | 1 | Receive Clock = DPLL Output
ATxC XTAL/No XTAL
. DF002850
Write Register 10 Write Register 12
D, Dslos °4L°3l°d°|[°ol‘ Co E,IDslnslmlogIo,ID.Iod'
6 Bit/8 Bil Sync ’ TCo
: Loop Mode ' 1,
L Abort/Fiag on Underrun L———— TC2
Mark/Flag Idle S TC3 va):er éyl, of
Go Active on Roll L————————— TC4 [ Time Constant
o] o |NR2z ) } :c’ )
0] 1 |NRZI - . rzs
1 | 0 | FM1 (Transition = 1) : : N v 7
1 | 1 | FMO (Transition = 0) e DF002870
CRC Preset /0

DF002860

Figure 9. Write Register Bit Functions (Cont.)
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Z8030/Z8530 (SCC)

Write Register 13

LB

DoI;

L

TCs
TCy

TCyo
TCq4
TCy2

Upper éylo of
Time Constant

TCya

TCya

Write Register 14

o o o = o]

BR Generator Enabie
BR Generator Source
DVR/Request Function
" Auto Echo

Local Loopback

0 | 0 { 0 | NullCommand

0 | 0 | 1 | Erter Search Mode

0 |1 | 0 | ResetMissing Clock

0 [ 1 |1 | DissbleDPLL

7 | 0 | 0| SetSource = BR Generator

1 [ 0| 1| SetSource = RTxC

1 | 1 | 0 | SetFMMode

1] 1 [ 1| SetNRZiMode

DF002890

TCys
DF002880

. Write Register 15

D7I°s|°s|°4|°3|°z|°ll°ol

°
Zero Count IE
0 -

DCDIE

CTSIE
Tx OM tE
IE

DF002900

Figure 9. Write Register Bit Functions (Cont.)

28030 Timing

The SCC generates internal control signals from AS and DS
that are related to PCLK. Since PCLK has no phase relation-
ship with AS and DS, the circuitry generating these internal
control signals must provide time for metastable conditions to
disappear. This gives rise to a recovery time related to PCLK.
The recovery time applies only between bus transactions
involving the SCC to the falling edge of DS in the second
transaction involving the SCC. This time must be at least 6
PCLK -cycles plus 200ns. '

Read Cycle Timing

Figure 10 illustrates read cycle timing. The address on
ADg - AD7 and the state of CSp and INTACK are latched by
the rising edge of AS. R/W must be HIGH to indicate a read
cycle. CS¢ must also be HIGH for the read cycle to occur. The
data bus drivers in the SCC are then enabled while DS is LOW.

Write Cycle Timing

Figure 11 illustrates write cycle timing. The address on
ADg - AD7 and the state of CSp and INTACK are latched by
the rising edge of AS. R/W must be LOW to indicate a write
cycle. CS¢ must be HIGH for the write cycle to occur, DS Low
strobes the data into the SCC.

Interrupt Acknowledge Cycle Timing

Figure 12 illustrates interrupt acknowledge cycle timing. The
address on ADg - AD7 and the state of CSp and INTACK are
latched by the rising edge of AS. However, if INTACK is LOW,
the address and CSp are ignored. The state of R/W and CSj
are also ignored for the duration of the interrupt acknowledge
cycle. Between the rising edge of AS and the falling edge of
DS, the internal and external IEI/IEQ daisy chains settle. If
there is an interrupt pending in the SCC and |El is HIGH when
DS falls, the acknowledge cycle was intended for the SCC. In

‘this case, the SCC may be programmed to respond to DS Low

by placing its interrupt vector on ADg - AD7. It then sets the
appropriate interrupt-under-service latch internally. ’
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INTACK

.
—/

AD7-AD - X ADORESS >_-_< >< : DATA VALID

!

/

cs, : /

\

Figure 10. Read Cycle Timing

WFQ0589!

AAYy

|

INTACK

ADg-AD; " ADORESS

DATA

\/Q/\

RW /
cs, C\
= \ /
WF005900
Figure 11. Write Cycle Timing
00970D
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Z28030/Z8530 (SCC)

\ . / " T U

5, - K (IGNORED)

N o<

INTACK B \

ADg~AD;

X (IGNORED)

AN

VECTOR

X

it

WF005910

' _Figure 12. Intefrupi AdknoWledge Cyclé . Timing

Z8530 Timing

The SCC generates internal control signals.from WR and RD -
that are related to PCLK. Since PCLK has no phase relation-
ship with WR and RD, the circuitry generating these internal
control signals must provide time for metastable conditions to
disappear. This gives rise to a recovery time related to PCLK. °

. The recovery time applies only between bus transactions

involving the SCC. The recovery time required for proper
operation is specified from the rising edge of WR or RD in the
first transaction involving the SCC-to the falling edge of WR or
RD in the second transaction involving the SCC. This time
must be at least 6 PCLK cycles plus 200ns.

Read Cycle Timing

Figure 13 illustrates Read cycle timing. Addresses on A/B and .
D/C and the status on INTACK must remain stable throughout

. by placing its interrupt vector on Dg -

the cycle. If CE falls after RD falls or if it rises before RD rises,
the effective RD is shortened. .

" Write Cycle Timing

Figure 14 illustrates Write cycle timing. Addresses on A/B and

~ D/C and the status on INTACK must remain stable throughout

the cycle. If CE falls after WR falls or if it rises before WR rises,

.the effective WR is shortened

Interrupt Acknowledge Cycle Timing

Figure 15. illustrates .Interrupt Acknowledge. cycle timing.
Between the time INTACK goes LOW and the falling edge of
RD, the internal and external IEI/IEQ ‘daisy chains settle. If
there is an interrupt pending in the SCC and IEl is HIGH when

. RD falls, the Acknowledge cycle is intended for the SCC. In

this case, the SCC may be programmed to respond to RD Low
D7, and it then sets the
appropriate Interrupt-Under-Service internally.

. A8, 08

3(

ADDRESS VALID

0y-Dy

N

DATA VALID

X
\__
>—.

WF005920

Figure 13. Read Cycle Timing
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w/B,0/E ' X ADDRESS VALID

DATA VALID

Og-Dy

X

N

—

. \ I

a

WF005930

Figure 14. Write Cycle Timing

-, S
E ——\ T
D0y 1 » (.— X VECTOR )—————

WF005940

Figure 15. Interrupt Acknowledge Cycle Timing
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Z8030/2Z8530 (SCC)

ABSOLUTE MAXIMUM RATINGS

Storage Temperature ..............ceeeeennnn. -65 to +150°C
Voltage at any Pin .
Relative 10 Vg ...ovvriiiiiiiiiiiiniienennen. -0.5 to +7.0V
Power DiSSIPation ............iccccieriveennee e e 1.BW

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability. ’ : ’

DC CHARACTERISTICS over operating range unless 'othewviée specified

- OPERATING RANGES

. 4MHz 6MHz
Commercial Operating Range Z8030DC | Z8030ADC .
TA=0 to +70°C . ZB030PC .| Z8030APC
Vee =5V 5% Z8530DC | Z8530ADC
Vgg =0V Z8530PC | Z8530APC
Industrial Operating Range 28030DI
TA=-40 to +85°C 2853001
Voo =5V £10% .
Vsgg =0V

Notes: Tp denotes ambient temperature.
Add suffix B to indicate burn-in requirement.

Operating ranges define those limits over which the function-
ality of the device is guaranteed.

Parameters Description Test Conditions Min Typ . Max Units
VIH ) Input HIGH Voltage IS;:::‘:: 2(2) Vgo+0.3 v
ViL Input LOW Voltage -0.3 08 - Vv
VOH Output HIGH Voltage lon = -250pA 24 \J
VoL Output LOW Voltage foL=+20mA ) 0.4 v
[N Input Leakage 04<VINS+24V +10.0 HA
loL Output Leakage 0.4 <Vout <+24V +10.0 pA
lcc Vee Supply Current 250 mA
Cin Input Capacitance Unmeasured pins returned 10 pF
Cout Output Capacitance to ground. f= 1MHz over i5 pF
Ci/0 Bidirectional Capacitance _ specified temperature range. . . 20 pF

Standard Test Conditions

The characteristics below apply for the following standard test cohditions, unless otherwise noted. All voltages are refer-
enced to GND. Positive current flows into the referenced pin. Standard conditions are as follows:

+4.75V < Vg < +5.25V
GND =0V
0°C <Tp<70°C
Standard Test Load

+5V
2.2K
FROM OUTPUT . . 14
UNDER TEST © l N
100pF I 250 uA
TCO001821

Open Drain Test Load

+5V

22K

FROM OUTPUT
UNDER TEST

]

TC001830

2-166

'009700

Refer to page 7-1 for Essential Information on. Military Devices



< R

SWITCHING CHARACTERISTICS over operating range unless otherwise specified
GENERAL TIMING
4MHz 6MHz
Number Parameters Description Min Max Min Max Units
1 TdPC(REQ) PCLK 1 to W/REQ Valid Delay 250 250 ns
2 TdPC(W) PCLK ! to Wait Inactive Delay 350 350 ns
3 TsRXC(PC) RxC t to PCLK t Set-up Time (Notes 1, 4) 80 TwecL 70 TwecL ns
4 TsRXD(RXCr) RxD to RxC 1 Set-up Time (XI Mode) (Note 1) 0 0 ns
5 ThRXD(RXCr) RxD to RxC t Hold Time (XI Mode) (Note 1) 150 150 ns
6 TsRXD(RXCf) RxD to RxC | Set-up Time (X! Mode) (Notes 1, 5) 0 0 ns
7 ThRXD(RXCf) RxD to RxC | Hold Time (XI Mode) (Notes 1, 5) 150 150 ns
8 TsSY(RXC) SYNC to RxC t Set-up Time (Note 1) -200 -200 ns
9 ThSY(RXC) SYNC to RXC t Hold Time (Note 1) A 8TchC ns
10 TsTXC(PC) TXC { to PCLK t Set-up Time (Notes 2, 4) 0 0 ns
11 TdTXCH(TXD) TXC | to TxD Delay (XI Mode) (Note 2) 300 230 ns
12 TdTXCr(TXD) TxC t to TxD Delay (XI Mode) (Notes 2, 5) 300 230 ns
13 TdTXD(TRX) TxD to TRxC Delay (Send Clock Echo) 200 200 ns
14 TwRTXh RTxC High Width (Note 6) 180 180 ns
15 TWRTXI RTxC Low Width (Note 6) 180 180 ns
16 TcRTX - RTXC Cycle Time (Note 6) 400 400 ns
17 TcRTXX Crystal Oscillator Period (Note 3) 250 1000 250 1000 ns
18 TwTRXh TRxC High Width (Note 6) 180 180 ns
19 TwTRXI TRXC Low Width (Note 6) 180 180 ns
20 TcTRX TRxC Cycle Time (Note 6) 400 400 ns
21 TwEXT DCD or TTS Pulse Width 200 200 ns
22 TwSY SYNC Pulse Width 200 200 ns
Notes: 1. RxC is RTxC or TRxC, whichever is supplying the receive clock.

2. TxC is TRxC or ATxC, whichever is supplying the transmit clock.

3. Both RTxC and SYNC have 30pF capacitors to ground connected to them. _

4. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and PCLK or

TXC and PCLK is required. .
5. Parameter applies only to FM encoding/decoding.
6. Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to chip PCLK

requirements.
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Z8030/28530 (SCC)

W/REQ
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W/REQ /
RTxC, TRxC
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WF005951
Figure 16. General Timing
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
SYSTEM TIMING (Z8030)
4MHz 6MHz
Number Parameters Description Min Max Min Max Units
1 TdRXC(REQ) RxC 1 to W/REQ Valid Delay (Note 2) 8 12 8 12 TcPC
2 TdRXC(W) RxC t Wait Inactive Delay (Notes 1, 2) 8 12 8 12 TcPC
3 TdRXC(SY) RxC t to SYNC Valid Delay (Note 2) 4 7 4 7 TcPC
4 TdRXC(INT) RxG t INT Valid Delay (Notes 1, 2) 8 12 8 12 TcPC
+2 +3 +2 +3 AS
5 TATXC(REQ) TxC | to W/REQ Valid Delay (Note 3) 5 8 5 8 TcPC
6 TdTXC(W) TxC | to Wait Inactive Delay (Notes 1, 3) 5 8 5 8 TcPC
7 TdTXC(DRQ) TXC | to DTR/REQ Valid Delay (Note 3) 4 7 4 7 TePC
8 TATXC(INT) TxC 1 to INT Valid Delay (Notes 1, 3) 4 6. . 4 6 TePC
+2 +3 +2 +3 AS
9 TdSY(INT) SYNC Transition to INT Valid Delay (Note 1) 2 3 2 3 TePC
10 TAEXT(INT) DCD or CTS Transition to INT Valid Delay (Note 1) 2 3 2 3 TcPC
Notes: 1. g%nAdram output, measured with open-drain test load.
2. R or W whichever is supplying the receive clock.
3. is TAXC or ATxC, whichever is supplying the transmit clock.
SWITCHING CHARACTERISTICS over operating range unless otherwise specified
SYSTEM TIMING (Z8530)
4MH2z 6MHz
-| Number Parameters Description Min Max Min Max Units
1 TdRXC(REQ) RxC t W/REQ Valid Delay (Note 2) 8 12 8 12 TcPC
2 TdRXC(W) RxC 1 to Wait Inactive Delay (Notes 1, 2) 8 12 12 TcPC
3 TARXC(SY) RxC t to SYNC Valid Delay (Note 2) 4 7 4 7 TcPC
4 TdARXC(INT) RxC 1 to INT Valid Delay (Notes 1, 2) 10 16 10 16 TcPC
5 TdTXC(REQ) TxC | to W/REQ Valid Delay (Note 3) 5 8 5 8 TcPC
6 TdTXC(W) TxC | to Wait Inactive Delay (Notes 1, 3) 5 8 5 8 TcPC
7 TATXC(DRQ) TxC | to DTR/REQ Valid Delay (Note 3) 4 7 4 7 TcPC
8 TATXC(INT) TxC | to INT Valid Delay (Notes 1, 3) 6 10 6 10 TcPC
9 TdSY(INT) SYNC Transition to INT Valid Delay (Note 1) 2 6 2 6 TePC
10 TAEXT(INT) DCD or CTS Transition to INT Valid Delay (Note 1) ‘2 6 2 6 TcPC
Notes: 1. O en-drain_output, measured with open-drain test load.
is RTxC or TRxC, whichever is supplying the receive clock.
3. ﬂ is TRXC or RTC, whichever is supplying the transmit clock.
00970D
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Z8030/28530 (SCC)

RYxC, TRxC
RECEIVE

W/REQ
REQUEST

W/REQ

3

H|

RTxC, TRxC
TRANSMIT

W/REQ
REQUEST

W/REQ
WAIT

OTR/REQ
REQUEST

WY

i %ﬁ © %r@@ @%K%G : |

Figure 17. System Timing
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
READ AND WRITE TIMING (28030)
4MHz 6MHz
Number Parameters Description Min Max Min Max Units
1 TwAS AS LOW Width 70 50 ns
2 TdDS(AS) DS t to AS | Delay 50 25 ns
3 TsCSO(AS) CSp to AS t Set-up Time (Note 1) 0 [) ns
4 ThCSO(AS) T3 to AS 1t Hold Time (Note 1) 60 40 ns
5 TsCS1(DS) CSy to DS | Set-up Time (Note 1) 100 80 ns
6 ThCS1(DS) CSy to DS t Hold Time (Note 1) 55 40 ns
7 TsIA(AS) INTACK to AS 1 Set-up Time 0 0 ns
8 ThIA(AS) - INTACK.to AS 1 Hold Time 250 250 ns
9 TsRWR(DS) R/W (Read) to DS 1 Set-up Time 100 80 ns
10 ThRW(DS) R/W to DS t Hold Time 55 40 ns
1 TsRWW(DS) R/W (Write) to DS 1 Set-up Time 0 0 ns
12 TdAS(DS) AS t to DS | Delay 60 40 ns
13 TwDSI DS LOW Width 390 250 ns
14 |me Valid Access Recovery Time (Note 2) ALY AR ns
15 TsA(AS) Address to AS 1 Set-up Time (Note 1) 30 10 ns
16 ThA(AS) _ Address to AS 1 Hold Time (Note 1) 50 30 ns
17 TsDW(DS) Write Data to DS 1 Set-up Time 30 20 ns
18 ThDW(DS) Write Date to DS 1 Hold Time 30 20 ns
19 TdDS(DA) DS 1 to Data Active Delay 0 0 ns
20 TdDSr(DR) DS 1 to Read Data Not Valid Delay 0 0 ns
21 TdDS{(DR) DS 1 to Read Data Valid Delay 250 180 ns
22 TdAS(DR) AS t to Read Data Valid Delay 520 335 ns
Notes: 1.- Parameter does not apply to Interrupt. Acknowledge transactions.
2. Parameter applies only between- transactions involving the Z8030.
00970D
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Z8030/28530 (SCC)
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Figure 18. Read and Write Timing (Z8030)
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
READ AND WRITE TIMING (Z8530)
4MHz 6MHz
Number Parameters Description Min Max Min Max Units
1 TwPCI PCLK Low Width 105 2000 70 1000 ns
2 TwPCh PCLK High Width 105 2000 70 1000 ns
3 TIPC PCLK Fall Time 20 10 ns
4 TrPC PCLK Rise Time 20 15 ns
5 TcPC PCLK Cycle Time 250 4000 165 2000 ns
6 TsA(WR) Address to WR 1 Set-up Time 80 80 ns
7 ThA(WR) Address to WR 1 Hold Time 0 0 ns'
8 TsA(RD) Address to RD | Set-up Time 80 80 ns
9 ThA(RD) Address to RD t Hold Time ¢} 0 ns
10 TsIA(PC) INTACK to PCLK t Set-up Time 0 0 ns
1 TsIAI(WR) INTACK to WR | Set-up Time (Note 1) 200 160 ns
12 ThIA(WR) INTACK to WR t Hold Time 0 0 ns
13 TslAi(RD) INTACK to RD : Set-up Time.(Note 1) 200 160 ns
14 ThIA(RD) TNTACK to RD 1t Hold Time 0 0 ns
15 ThIA(PC) INTACK to PCLK t Hold Time _ 100 100 ns
16 TsCEI(WR) CE Low to WR ! Set-up Time 0 0 ns
17 ThCE(WR) CE to WR t Hold Time 0 0 ns
18 TsCEh(WR) CE High to WR | Set-up Time 100 70 ns
19 TsCEI(RD) CE Low to RD | Set-up Time (Note 1) 0 0 ns
20 ThCE(RD) CE to RD t Hold Time (Note 1) 0 0 ns
21 TsCEh(RD) CE High to RD | Set-up Time (Note 1) 100 70 ns
22 TwRDI RD Low Width (Note 1) 390 250 ns
23 TdRD(DRA) RD | to Read Data Active Detay 0 0 ns
24 TdRDr(DR) RD t to Read Data Not Valid Delay 0 0 ns
25 TdRDf(DR) RD ( to Read Data Valid Delay 250 180 ns
26 TdRD(DRz) RD t to Read Data Float Delay (Note 2) 70 45 ns
Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions.
2. Float delay is defined as the time required for a +0.5V change in the output with a maximum DC load and minimum AC load.
00970D
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Z8030/28530 (SCC)
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Figure 19. Read and Write Timing (Z8530)
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
INTERRUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING (Z8030) . .
4MHz 6MHz
Number | Parameters Description Min Max Min Max Units
23 TdDS(DRz2) DS 1 to Read Data Float Delay (Note 3) 70 45 - ns
24 TdA(DR) Address Required Valid to Read Data Valid Delay 570 420 ns
25 TdDS(W) DS | to Wait Valid Delay (Note 4) 240 200 ns
26 | TdDSH(REQ) DS 1 to W/REQ Not Valid Delay 240 200 ns
27 | TdDSHREQ) DS 1 to DTR/REG Not Valid Delay STeRe ST s
28 TdAS(INT) AS 1 to INT Valid Delay (Note 4) 500 500 ns
29 TdAS(DSA) AS 1t to DS | (Acknowledge) Delay (Note 5) 250 250 ns
30 TwDSA DS (Acknowledge) Low Width 390 250 ns
31 TdDSA(DR) DS 1 (Acknowledge) to Read Data Valid Delay 250 180 - ns
32 TsIEI(DSA) IE} to DS i (Acknowledge) Set-up Time 120 100 ns
33 ThIEI(DSA) IEl to DS 't (Acknowledge) Hold Time 0 0 ns
34 TdIE(IEO) IEI to IEO Delay 120 100 |. ns
35 TdAS(IEQ) AS 1 to IEO Delay (Note 6) 250 250 ns
36 TdDSA(INT) DS 1 (Acknowledge) to INT Inactive Delay (Note 4) 500 . 500 ns
37 TdDS(ASQ) DS t to AS | Delay for No Reset 30 15 ns
- 38 TdASQ(DS) AS 1t to DS | Delay for No Reset - 30 30 : 1 ns
39 TwRES AS and DS Coincident Low for Reset (Note 7) 250 250 ns
40 TwPCl” PCLK Low Width 105 2000 70 1000 ns
41 TwPCh PCLK High Width 105 2000 70 1000 ns
42 TcPC PCLK Cycle Time 250 4000 165 2000 ns
43 TrPC PCLK Rise Time 20 15 ns
44 TiPC PCLK Fall Time 20 10 ns
Notes: 3. Float delay is defined as the time required for a +0.5V change in the outpu{ with a maximum DC load and minimum AC load.
4. Open-drain output, measured with open-drain test load.
5. Parameter is system dependent For any 28030 in the daisy ‘chain, TJAS(DSA) must be greater than lhe sum of TdAS(IEO) for the
highest priority device in the daisy chain, TsIEI(DSA) for the Z8030, and TdIEI(IEO) for each device separating them in the daisy chain.
6. Parameter applies only to a 28030 pulling INT LOW at the beginning of the Interrupt Acknowledge transaction.

7.

All timing references assume 2.0V for a logic 1"

Internal circuitry allows for the reset provided by the Z8 to be recognized as a reset by the Z8030.

and 0.8V for a logic "0."
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Z8030/Z8530 (SCC)

@
N
= N /
(29)— .
= — ®
ADg-AD; 3 ) x
® @
@ ~ - —®
e -®
1IEO g ) \
©;
- /
“WF005980)
Figure 20. Interrupt Acknowledge Timing (Z8030)
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Figure 21. Reset Timing (Z8030)
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Figure 22. Cycle Timing (Z8030)
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
INTERRUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING (Z8530)
© . AMHz 6MHz
Number Parameters Description Min ‘Max {..Min Max Units
27 TdA(DR) Address Required Valid to Read Data Valid Delay ’ 590 420 ‘ns
28 TWWRI WA Low Width . o : : 390 250 ns
29 TsDW(WR) Write Data to. WR | Set-up Time 0 0 ns
30 ThDW(WR) Write Data to WR 1t Hold Time 0 0 ns
31 TdWR(W) WR | to Wait Valid Delay (Note 4) 240 200 ns
32 TdRD(W) RD { to Wait Valid Delay (Note 4) 240 200 ns
33 TAWRf(REQ) WR 1 to W/REQ Not Valid Delay 240 200 ns
34 TdRDHREQ) RD | to W/REQ Not Valid Delay- . 240 . 200 ns
35 TAWRAREQ) | WH 1 to BTA/REQ Not Vaiid-Delay A9 ST | ns
3  |TdRDMREQ) | FD 1 to DTA/AEG Not Valid Delay | STeRS ST | ns
37 TdPC(INT) PCLK | to INT Valid Delay (Note 4) 500 500 ns
38 TdIAI(RD) INTACK 'to RD | (Acknowledge) Delay (Note 5) 250" 250 ) ns
39 TwRDA RD (Acknowledge) Width 285 250, ns
40 TdRDA(DR) RD 1 (Acknowledge) to Read Data Valid Delay 190 180 ns
41 TsIEI(RDA)} IEl to RD 1 (Acknowledge) Set-up Time 120 0 100 ns
42 ThIEI(RDA) IEI to RD 1 ‘(Acknowledge) Hold Time 0 0 ns
43 ‘TdIEI(EO) IEl to IEO Delay Time 120 100 ns
44 TdPC(IEO) PCLK 1 to IEO Delay . B 250 250 ns
45 TARDA(INT) RD ¢ to INT Inactive Delay (Note 4) 500 500 ns
46 TdRD(WRQ) RD 1 to WR | Delay for No Reset 30 15 ns
47 TdWRQ(RD) WR 1 to RD | Delay for No Reset 30 30 ns
48 TwWRES WR and RD Coincident Low for Reset 250 250 ns
49 Trc Valid Access He_covery Fmg (Note 3! ngg cs;l’;:sPé: ns

Notes: 3. Parameter applies only between transactions involving the Z8530.
4. Open-drain output, measured with open-drain test load.

5. Parameter is system dependent. For any Z8530 in the daisy chain, TdIAI(RD) must be greater than the sum of TdPC(IEO) for the
highest priority device in the daisy chain, TSIEI(RDA) for the Z8530, and TdIEIf{IEO) for each device separating them in the daisy chain.
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Z8031 + 28531 (ASCC)

Asynchronous Serial Communications Controller

DISTINCTIVE CHARACTERISTICS

o Two 1M.bps full duplex serial channels -
"Each channel has independent oscillator, band-rate
generator, and PLL for clock recovery, dramatically
reducing the need for external components.
® Programmable protocols -.
NRZ, NRZI, and FM data encoding supported under
program control.

® Programmable Asynchronous Modes -
5 to 8 bit characters with programmable stop bits, clock
break detect, and error conditions.

® Z8000* compatible -
The 28031 interfaces directly to the Z8000 CPU bus and
to the Z8000 interrupt structure.

® Compatible with non-multiplexed bus -
The Z8531 interfaces easily to most other CPUs.

GENERAL DESCRIPTION

Asynchronous Serial Communications Controllers are dual-
channel communications peripherals designed for use with
8- and 16-bit microprocessors. They function as serial-to-
parallel, and parallel-to-serial converter/controliers, and
contain a variety of new, sophisticated internal functions,
including on-chip baud rate generators, digital’ phase-
locked loops and crystal oscillators, to dramatically reduce
the need for external circuitry.

- buses, and is easily interfaced with most other CPUs such

Both channels have facilities for modem control; in cases
where these controls aren't needed, they can be used for
general purpose /0.

The 28031 is directly compatible with the Z8000 and 8086
CPUs, while the Z8531 is designed for non-multiplexed

as 8080, Z80, 6800, 68000 and Multibus.**

BLOCK DIAGRAM
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&STATUS | [ OTHERCONTROLS
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ooty < INTERNAL BUS
conTaoL <):">
DISCRETE
"4 iosﬂi;g; - MODEM, OMA OR
8 r" OTHER CONTROLS
—— —
INTERRUPY ] INTERRUPT
CONTROL CONTROL CHANNEL B
unes —— CO5ene EGISTERS
SERIAL DATA
—
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M
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BD003260
Figure 1.
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Z8031 - Z8531 (ASCC)

D <>
CONNECTION DIAGRAM
Top View
D-40-2, P-40-1 D-40-2, P-40-1
1o w0} a0y o fre ~ w0,
A0y [} 2 39 ADz - 03] 2 39 0y
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Aoy ] 4 371 ADs oy ] 370 oy
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ATSA [C] 17 24 ] DTRIREQ B ATSA [ 17 24 [_] DTRREQB
CTsA ] 18 23 [T /TS CTsa ] 18 23 [7] ATse
. DCOA [} 19 22 ) CTse OCDA [} 19 22 ]cTsB
PeLK [ 20 21 [ bcoe pex [ 20 21 [ ] B¢os
CD005080 CD005090
Note: Pin 1 is marked for orientation
LOGIC SYMBOL
UG Y. % <o —= \ seriaL ~——iD, TXOA f—o | SERIAL
et ADg | AXDA f—— [ DATA ~—{0p, RxXDA f=—— f DATA
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ADDRESS/ | =] ADs RTxCA k_ crocks oaaeus | ~ ™ RIACA [=— | ciocks
DATABUS | —a—edf AD; AR fo— CHA et D3 RIA fo— CHA
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TIMING { As STSA f=— NG { o CTSA [+— | OTHER
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— AW TXDB f—e }s:mm. —] AB Tx0B [~—= | SERIAL
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28031 ©758 fo— | OTHER cTse | omver
Asce DC08 |- zmca v oco8
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AMD products are available in several packages and operating ranges. The order number is formed by a combination of the foliowing:

ORDERING INFORMATION

Device number, speed option (if applicable), package type, operating range and screening option (if desired).

28031/78531 A .
Device —

D

c

|—Temperature

C - Commercial (0°C to 70°C)
1 - Industrial (-40°C to 85°C)

i Speed 40 Pin P
Blank = 4MHz P - Plastic Dip
A =6MHz D - Ceramic Dip
L ~Ceramic Leadless
Chip Carrier

Valid Combinations
Z8031 | 4MHz |DC, PC
6MHz | ADC, APC
28531 | 4MHz | DC, PC,
6MHz | ADC, APC
Valid Combinations
Consult the local AMD sales office to con-

firm availability of specific valid combinations,
check for newly released valid combinations
and/or obtain additional data on AMD's stan-

dard military grade product.
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PIN DESCRIPTION for 28031

Pin No.

1/0

Description

9

Vee

+ 5V Power Supply

31

GND

Ground

1-4, 37-40

ADg - AD7

170

Address/Data Bus (bidirectional, active High, three-state). These multiplexed lines carry register
addresses to the ASCC as well as data or control information to and from the ASCC.

35

Address Strobe (active Low). Addresses on ADg ~ AD7 are latched by the rising edge of this signal.

33

CSo

Chip Select 0 (active Low). This signat is latched concurrently with the addresses on ADg - AD7 and
must be active for the intended bus transaction to occur.

32

CSy

Chip Select 1 (active High). This second select signal must aiso be active before the intended bus
transaction can occur. CSy must remain active throughout the transaction.

18, 22

CTSA, CTSB

Clear to Send (active Low). I these pins are programmed as Auto Enables, a Low on these inputs
enables their respective transmitter. If not programmed as Auto Enables, they may be used as
general-purpose inputs. Both inputs are Schmitt-trigger buffered to accommodate slow rise-time
inputs. The ASCC detects pulses on these inputs and can interrupt the CPU on both logic level
transitions.

19, 21

DCDA, DCDB

Data Carrier Detect (active Low). These pins function as receiver enables if they are programmed for
Auto Enables; otherwise they may be used as general-purpose inputs pins. Both pins are Schmitt-
trigger butfered to accommodate slow rise-time signals. The ASCC detects pulses on these pins and
can interrupt the CPU. on both-logic level transitions. _

36

Data Strobe (active Low). This signai provides timing for the transfer of data into and out of the
ASCC. If AS and DS coincide, this is interpreted as a reset.

16, 24

DTR/REQA, DTR/
REQGE

Data Terminal Ready/Request (active Low).These outputs follow the state programmed into the
DTR bit. They can also be used as general-purpose outputs or as Request Lines for a DMA
controller.

Interrupt Enable In (active High). IEI is used with IEO to form an interrupt daisy chain when there is
more than one interrupt-driven device. A High IE! indicates that no other higher priority device has an
interrupt under service or is requesting an interrupt.

Interrupt Enable Out (active High). IEO is High only if IEl is High and the CPU is not servicing an

ASCC interrupt or the ASCC is not requesting an interrupt (interrupt acknowledge cycle only). IEO is

gon_nected to the next lower priority device's IE! input and thus inhibits interrupts from lower priority
evices. N .

Interrupt Request (open-drain, active Low). This signal is activated when the ASCC requests an
interrupt.

Interrupt Acknowledge (active Low). This signal indicates an active interrupt acknowledge. cycle.
During this cycle, the ASCC interrupt daisy chain settles. When DS becomes active, the ASCC
places an interrupt vector on the data bus (if IE| is High). INTACK is latched by the rising edge of AS.

20

PCLK

Clock. This is the master ASCC clock used to synchronize internal signals. PCLK is not required to
have any phase relationship with the master system clock, although the frequency of this clock must
be at least 90% of the CPU clock frequency for a 28000. PCLK is a TTL level signal.

13, 27

RxDA, RxDB

Receive Data (active High).- These input signals receive serial data at standard TTL levels.

12,28 -

RTXCA, RTxCB

Receive/ Transmit Clocks (active Low). These pins can be programmed in several different modes of
operation. in each channel, RTxC may supply the receive clock, the transmit clock, the clock for the
baud rate generator, or the clock of the digital phase-locked loop. These pins can also be
programmed for use with the respective RI pins as a crystal oscillator. The receive clock may be 1,
16, 32, or 64 times the data rate in asynchronous modes.

17, 23

Request to Send (active Low). When the Request to Send (RTS) bit in Write Register 5 (Figure 7) is
set, the RTS signal goes Low. When the RTS bit is reset and Auto Enable is on, the signal goes High
after the transmitter is empty. With Auto Enable off, the RTS pin strictly follows the state of the RTS
bit. Both pins can be used as general-purpose outputs.

34

Read/Wirite. This signal specifies whether the operation to be performed is read or a write.

11, 29

Ring.lndicator (active Low). These pins can act either as inputs or as part of the crystal oscillator

circuit. . .

In normal operation (crystal oscillator option not selected), these pins are inputs similar to CTS and
DCD. In this mode, transitions on these lines affect the state of the Ring Indicator status bits in Read
Register 0 (Figure 6) but have no other function.

15, 25

TxDA, TxDB

Transmit/Receive Clocks (active Low). These output signals transmit serial data at standard TTL
levels. . . )

14, 26

TRXCA, TRXCB

Transmit/Receive Clocks (active Low). These pins can be programmed in several different modes of
operation. TRXC may supply the receive clock or the transmit clock in the input mode or supply the
output of the digital phase-locked loop, the crystal oscillator, the baud rate generator, or the transmit
clock in the output mode.

10, 30

W/REQA, W/REQB

Wait/Request (open-drain when programmed for a Wait function, driven High or Low when
programmed for a Request function). These dual-purpose outputs may be programmed as Request
lines for a DMA controller or as Wait lines to synchronize the CPU to the ASCC data rate. The reset

state is Wait.
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Z8031 - Z8531 (ASCC)

PIN DESCRIPTIONfor Z8531

Pin No.

Name

170

Description

Ve

+ 5V Power Supply

31

GND

Ground

34

A/B

Channel A/Channel B Select. This signal selects the channel in which the read or write operation
occurs.

33

18, 22

Chip Enable (actlve Low). This signals selects the ASCC for a read or write operation.

CTSA, CTSB

Clear to Send (active Low). If these pins are programmed as Auto Enables, a Low on the inputs
enables the respective transmitters. if not programmed as Auto Enables, they may be used as
general-purpose inputs. Both inputs are Schmm-mgger buffered to accommodate slow rise-time
inputs. The ASCC detects pulses on these inputs and can interrupt the CPU on both Ioglc level
transitions.

32

D/T

Data/Control Select. This signal defines the type of information transferred to or from the ASCC. A
High means data is transferred; a Low indicates a command.

19, 21

DCDA, DCDB

Data Carrier Detact (active Low). These pins function as receiver enables if they are programmed for
Auto Enables; otherwise they may be used as general-purpose inputs pins. Both pins are Schmitt-
trigger buffered to accommodate slow rise-time signals. The ASCC detects pulses on these pins and
can interrupt the CPU on both logic level transitions.

1-4, 37-40 -

Do-07

170

Data Bus (bidirectional, three-state). These lines carry data and commands to and from the ASCC.

16, 24

DTR/REQA, DTR/
REQB

Data Terminal Ready/Request (active Low). These outputs follow the state programmed into the
DTR bit. They can also be used as general-purpose outputs or as Request Lines for a DMA
controlier.

{EI

Interrupt Enable In (active High). IE| is used with 1EO to form an interrupt daisy chain when there is
more than one interrupt-driven device. A High {El indicates that no other higher priority device has an
interrupt under service or is requesting an interrupt.

IEO

Interrupt Enable Out (active High). IEO is High only if IEI is High and the CPU is not servicing an
ASCC interrupt or the ASCC is not requesting an interrupt (interrupt acknowledge cycle only). IEO is
connected to the next lower priority device's IEl input and thus mhlblts interrupts from lower priority
devices.

Interrupt Request (open dram, active Low). This signal is activated when the ASCC requests an
interrupt.

INTACK

Interrupt Acknowledge (active Low). This signal indicates an active interrupt acknowledge cycle.

During this cycle, the ASCC interrupt daisy chain settles. When RD becomes -active, the ASCC

places an interrupt vector on the data bus (if [El is High). NTACK is latched by the rising edge of
CLK.

20

PCLK

Clock. This is the master ASCC clock used to synchronize internal signals. PCLK is a TTL level
signal.

36

RD

Read (active Low). This signal indicates a read operation and when the ASCC is selected, enables
the ASCC's bus drivers. During the interrupt acknowledge cycle, this signal gates the interrupt vector
onto the bus if the ASCC is the highest priority device requesting an interrupt.

13, 27

RxDA, RxDB

Receive Data (active High). These input signals receive serial data at standard TTL levels.

12, 28

RTxCA, RTxCB

Receive/Transmit Clocks (active Low). These pins can be programmed in several! different modes of
operation. In each channe! RTxC may supply the receive clock, the transmit clock, the clock for the
baud rate generator, or the clock of the dlgnlal phase-locked loop. These pins can also be
programmed for use with the respective RIi pins as a crystal oscillator. The receive clock may be 1,
16, 32, or 64 times the data rate in asynchronous modes.

17, 23

RTSA, RTSB

Request to Send (active Low). When the Request to Send (RTS) bit in Write Register 5 (Figure 7} is
set, the RTS signal goes Low. When the RTS bit is reset in the asynchronous mode and Auto Enable
is on, the signal goes High after the transmitter is empty. With Auto Enable off, the RTS pin strictly
follows the state of the RTS bit. Both pins can be used as general-purpose outputs.

15, 26

TxDA, TxDB

Transmit Data (active High). These output signals transmit serial data at standard TTL levels.

14, 26

TRxCA, TRxCB

170

Transmit/Receive Clocks (active Low). These pins can be programmed in several different modes of
operation. TRxC may supply the receive clock or the transmit clock in the input mode or supply the
output of the digital phase-locked loop, the crystal oscillator, the baud rate generator, or the transmit
clock in the output mode.

35

WR

Write (active Low). When the ASCC is selected, this signa! indicates a write opevatlon The
coincidence of RD and WR is interpreted as a reset.

10, 30

W/REQA, W/REGB

Wait/Request (open-drain when programmed for a Wait function, driven High or Low when
programmed for a Request function). These dual-purpose outputs may be programmed as Request
lines for a DMA controller or as Wait lines to synchronize the CPU to the ASCC data rate. The reset
state is Wait.
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ARCHITECTURE

The ASCC internal structure includes two full-duplex channels,
two baud rate generators, internal control and interrupt logic,
and a bus interface to the 28000 CPU (Z8031) or to a non-
multiplexed CPU bus (Z28531). Associated with each channel
are a number of read and write registers for mode control and
status information, as well as logic necessary to interface to
modems or other external devices (Figure 1).

The logic for both channels provides formats, synchronization,
and validation for data transferred to and from the channel
interface. The modem control inputs are monitored by the
control logic under program control. All of the modem control
signals are general-purpose in nature and can optionally be
used for functions other than modern control.

The register set for each channel includes ten control (write)
registers, two synchronous character (write) registers, and four
status (read) registers. In addition, each baud rate generator

The registers for each channel are designated as follows:
WRO0-WR15 - Write Registers 0 through 15. RR0-RR3, RR10,
RR12, RR13, RR15 - Read Registers 0 through 3, 10, 12, 13,
15.

The following table lists the functions assigned to each read or
write register. The ASCC contains only one WR2 and WR9,
but they can be accessed by either channel. All other registers
are paired (one for each channel).

DATA PATH

The transmit and receive data path illustrated in Figure 2 is
identical for both channels. The receiver has three 8-bit buffer
registers in a FIFO arrangement, in addition to the 8-bit receive
shift register. This scheme creates additional time for the CPU

- to service an interrupt at the beginning of a block of high-

has two (read/write) registers for holding the time constant ,

that determines the baud rate. Finally, associated with the
interrupt logic is a write register for the interrupt vector
accessible through either channel, a write-only Master Inter-
rupt Control register and three read registers: one containing
the vector with status information (Channel B only), one
containing the vector without status (A only), and one contain-
ing the Interrupt Pending bits (A only).

speed data. Incoming data is routed through one of several
paths (data or CRC) depending on the selected mode (the
character length in asynchronous modes also determines the
data path).

‘The transmitter has an 8-bit transmit data buffer register

loaded from the internal data bus and an 11-bit transmit shift
register that can be loaded from the transmit data register.
Depending on the operational mode, outgoing data is routed
through one of four main paths before itis transmitted from the
Transmit Data output (TxD).

TABLE 1. READ AND WRITE REGISTER FUNCTIONS

READ REGISTER FUNCTIONS WRITE REGISTER FUNCTIONS
RRO  Transmit/Receive buffer status and External status WRO0 CRC initialize, initialization commands for the various
RR1 Special Receive Condition status modes, shift right/shift left command
RR2 Modified interrupt vector WR1 Transmit/Receive interrupt and data transfer mode
(Channel B only) ) definition '
Unmodified interrupt vector .WR2 Interrupt vector (accessed through either channel)
(Channel A only) WR3 Receive parameters and control
RR3 Interrupt Pending bits WR4 Transmit/Receive miscellaneous parameters and
*(Channel A only) ' modes :
RR8 Receive buffer "WR5 Transmit parameters and controls
RR10 Miscellaneous status WR6 Sync characters or SDLC address field
RR12 Lower byte of baud rate generator time constant "WR?7 Sync character or SDLC flag :
RR13 Upper byte of baud rate generator time constant WR8  Transmit buffer :
RR15 External/Status interrupt information WR9 Master interrupt control and reset (accessed through
. either channel)
WR10 Miscellaneous transmitter/receiver control bits
WR11 Clock mode control
WR12 Lower byte of baud rate generator time constant
WR13 Upper byte of baud rate generator time constant
WR14 Miscellaneous control bits
WR15 External/Status interrupt control
03818C
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DETAILED DESCRIPTION

The functional capabilities of the SCC can be described from
two different points of view: as a data communications device,
it transmits and receives data in a wide variety of data
communications protocols; as a microprocessor peripheral, it
interacts with the CPU and provides vectored |nterrupts and
handshaking signals.

DATA COMMUNICATIONS CAPABILITIES

The ASCC provides two independent full-duplex channels
programmable for use in any common asynchronous data-
communication protocol. Figure 3 and the following descrip-
tion briefly detail this protocol.

Asynchronous Modes

Transmission and reception can be accomplished indepen-
dently on each channel with five to eight bits per character,
plus optional even or odd parity. The transmitters can supply
one, one-and-a-half or two stop bits per character and can
provide a break output at any time. The receiver break-
detection logic interrupts the CPU both at the start and at the
end of a received break. Reception is protected from spikes by
a transient spike-rejection mechanism that checks the signal
one-half a bit time after a Low level is detected on the receive
data input (RxDA or RxDB in Figure 14). If the Low does not
persist (as in the case of a transient), the character assembly
process does not start.

Framing errors and overrun errors are detected and buffered
together with the partial character on which they occur,
Vectored interrupts allow fast servicing or error conditions
using dedicated routines. Furthermore, a built-in checking
process avoids the interpretation of framing error as a new
start bit: a framing error results in the addition of one-half a bit

time to the point at which the search for the next start bit

begins.

The ASCC does not require symmetric transmit and receive
clock signals — a feature allowing use of the wide variety of
clock sources. The transmitter and receiver can handle data at
arate of 1, 1/16, 1/32, or 1/64 of the clock rate supplied to
the receive and transmit clock inputs.

BAUD RATE GENERATOR

Each channel in the ASCC contains a programmable baud
rate generator. Each generator consists of two 8-bit time
constant registers that form a 16-bit time constant, a 16-bit
down counter, and a flip-flop on the output producing a square
wave. On startup, the flip-flop on the output is set in a High
state, the value in the time constant register is loaded into the
counter, and the counter starts counting down. The output of
the baud rate generator toggles upon reaching zero, the value
in the time constant register is loaded into the counter, and the
process is repeated. The time constant may be changed at
any time, but the new value does not take effect until the next
load of the counter. )

The output of the baud rate generator may be used as either
the transmit clock, the receive clock, or both. It can also drive
the digital phase-locked loop (see next section).

If the receive clock or transmit clock is not programmed to
come from the TRXC pin, the output of the baud rate generator
may be echoed out via the TRxC pin.

The following formula relates the time constant to the baud
rate. (The baud rate is in bits/second and the BR clock period
is.in seconds.)

1
2 (time constant + 2)x(BR clockperiod)

baud rate =

Time-Constant Values for Standard Baud Rates at BR

Clock = 3.9936MHz
Time Constant
Rate (Baud) (decimal notation) Error
19200 102 -
9600 206 -
7200 . 2715 0.12%
4800 . 414 -
3600 553 0.06%
2400 830 -
2000 996 0.04%
1800 1107 0.03%
1200 1662 -
600 3326 -
300 6654 . -
150 13310 -
1345 14844 0.0007%
110 18151 0.0015%
75 . 26622 -
50 39934 . -

DIGITAL PHASE-LOCKED LOOP

The ASCC contains a digital phase-locked loop (DPLL) to
recover clock information from a data stream with NRZ! or FM
encoding. The DPLL is driven by a clock that is nominally 32
(NRZI) or 16 (FM) times the data rate. The DPLL uses this
clock, along with the data stream, to construct a clock for the
data. This clock may then be used as the ASCC receive clock,
the transmit clock, or both. '

For NRZI encoding, the DPLL counts the 32X clock to create
nominal bit times. As the 32X clock is counted, the DPLL is
searching the incoming data stream for edges (either 1/0 or
0/1). Whenever an edge is detected, the DPLL makes a count
adjustment (during the next counting cycle), producing a
terminal count closer to the center of the bit cell.

For FM encoding, the DPLL still counts from 0 to 31, but with a
cycle corresponding to two bit times. When the DPLL is
locked, the clock edges in the data stream should occur
between counts 15 and 16 and between counts 31 and 0. The

- DPLL looks for edges only during a time centered on the 15/

16 counting transition.

: PARITY
sunr STOP

s [ || [T | [T

¥ MARKING LINE

ASYNCHRONOUS

DF001030

Figure 3. ASCC Protocols
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The 32X clock for the DPLL can be programmed to come from
either the RTxC input or the output of the baud rate generator.
The DPLL output may be programmed to be echoed out of the
ASCC via the TRxC pin (if this pin is not bemg used as an
input).

DATA ENCODING

The ASCC may be programmed to encode and decode the
serial data in four different ways. In NRZ encoding, a 1 is
represented by a High level and a 0 is represented by a Low
level. In NRZI encoding, a 1 is represented by no change in
level and a 0 is represented by a change in level. In FM{ (more
properly, bi-phase mark) a transition occurs at the beginning of
every bit cell. A 1 is represented by an additional transition at
the center of the bit cell and a 0 is represented by no
additional transition at the center of the bit cell. In FMg (bi-
phase space), a transition occurs at the beginning of every bit
cell. A 0 is represented by an additional transition at the center
of the bit cell, and a 1 is represented by no additional transition
at the center of the bit cell. In addition to these four methods,
the ASCC can be used to decode Manchester (bi-phase level)
data by using the DPLL in the FM mode and programming the
receiver for NRZ data. Manchester encoding always produces
a transition at the center of the bit cell. If the transition is 0/1,
the bit is a 0. If the transition is 1/0, the bit is a 1.

AUTO ECHO AND LOCAL LOOPBACK

The ASCC is capable of automatically echoing everything it
receives. This feature is useful mainly in asynchronous modes,
but works in synchronous and SDLC modes as well. In Auto
Echo mode, TxD is RxD. Auto Echo mode can be used with
NRZI or FM encoding with no additional delay, because the
data stream is not decoded before retransmission. in Auto
Echo mode, the CTS input is ignored as a transmitter enable
(although transitions on this input can still cause interrupts if
programmed to do so). In this mode, the transmitter is actually
bypassed and the programmer is responsible for disabling
transmitter interrupts and WAIT/REQUEST on transmit.

The ASCC is also capable of local loopback. In this mode, TXD
is RxD just as in Auto Echo mode. However, in Local
Loopback mode, the internal transmit data is tied to the
internal receive data and RxD is ignored (except to be echoed

" three bits associated with the interrupt source:

out via TxD). The CTS and DCD inputs are also -ignored as
transmit and receive enables. However, transitions on these
inputs can still cause mterrupts Local Loopback works with
NRZ, NRZI or FM coding of the data stream.

I/0 INTERFACE CAPABILITIES

The ASCC offers the choice of Polling, Interrupt (vectored or
nonvectored), and Block Transfer modes to transfer data,
status, and control information to and from the CPU. The
Block Transfer mode can be implemented under CPU or DMA
control. .

POLLING

All interrupts are disabled. Three status registers in the ASCC
are automatically updated whenever any function is per-
formed. The idea behind polling is for the CPU to periodically
read a status register until the.register contents indicate the
need for data to be transferred. Only one register needs to be
read; depending on its contents, the CPU either writes data,
reads data, or continues. Two bits in the register indicate the
need for data transfer. An alternative is a poll of the Interrupt
Pending register to determine the source of an interrupt. The
status- for both channels resides in one register.

INTERRUPTS

When an ASCC responds to an interrupt Acknowledge signal
(INTACK) from the CPU, an interrupt vector may be placed on
the data bus. This vector is written in WR2 and may be read in
RR2A or RR2B (Figures 6 and 7).

To speed interrupt response time, the ASCC can modify three
bits in this vector to indicate status. If the vector is read. in
Channel A, status is never included; if it is read in Channel B,
status is always included.

Each of the six sources of interrupts in the ASCC (Transmit,
Receive and External/Status interrupts in both channels) has
Interrupt
Pending (IP), Interrupt Under Service (IUS), and interrupt
Enable (IE). Operation of the IE bit is straightforward. If the IE
bit is set for a given interrupt source, then that source can
request interrupts. The exception is when the MIE (Master
Interrupt Enable) bit in WRS is reset and no interrupts may be
requested. The [E bits are write-only.

DATA 1 ' 0 ° 1 o BT CELL LEVEL:
HIGH = 1
. NRZ Low=0
NRZV NO CHANGE = 1
CHANGE = 0
o |
Fuy ’ l BIT CENTER TRANSITION:
TRANSITION = 1
(BIPHASE MARK) | | NO TRANSITION = 0
FMg NO TRANSITION = 1
(BIPHASE SPACE) TRANSITION = 0
l I | I HIGH —~ LOW = 1
MANCHESTER . LOW — HIGH = 0
’ |

WF003380

Figure 4. Data Encoding Methods
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The other two bits are related to the Z-Bus interrupt priority
chain (Figure 5). As a Z-Bus peripheral, the ASCC may request
an interrupt only when no higher-priority device is requesting
one, e.g., when IEl is High. If the device in question requests
an interrupt, it pulls down INT. The CPU then responds with
INTACK, and the interrupting device places the vector on the
A/D bus.

In the ASCC, the IP bit signals a need for interrupt servicing.
When an IP bit is 1 and the IE! input is High, the INT output is
pulled Low, requesting an interrupt. In the ASCC, if the IE bit is
not set by enabling interrupts, then the IP for that source can
never be set. The IP bits are readable in RR3A.

The IUS bits signal that an interrupt request is being serviced.
If an IUS is set, all interrupt sources of lower priority in the
ASCC and external to the ASCC are prevented from request-
ing interrupts. The internal interrupt sources are inhibited by
the state of the internal daisy chain, while lower priority
devices are inhibited by the IEO output of the ASCC being
pulled Low and propagated to subsequent peripherals. An IUS
bit is set during an Interrupt Acknowledge cycle if there are no
higher priority devices requesting interrupts.

There are three types of interrupts: Transmit, Receive and .

External/Status interrupts. Each interrupt type is enabled
under program control with Channel A having higher priority
than Channel B, and with Receiver, Transmit and External/
Status interrupts prioritized in that order within each channel.
When the Transmit interrupt is enabled, the CPU is interrupted
when the transmit buffer becomes empty. (This implies that
the transmitter must have had a data character written into it
so that it can become empty.) When enabled, the receiver can
interrupt the CPU in one of three ways:

® |Interrupt on First Receive Character or Special Receive

condition.

® Interrupt on all Receive Characters or Speual Receive
condition.
¢ Interrupt on Specnal Receive condition only.

Interrupt on First Character or Special Condition and Interrupt
on Special Condition Only are typically used with the Block
Transfer mode. A Special Receive Condition is one of the
following: receiver overrun, framing error in asynchronous
mode and, optionally, a parity error. The Special Receive
Condition interrupt is different from an ordinary receive char-
acter available interrupt only in the status placed in the vector
during the Interrupt-Acknowledge cycle. In Interrupt on first
Receive Character, an interrupt can occur from Special
Receive conditions any time after the first receive character
interrupt.

- The main function of the External/Status interrupt is to monitor

the signal transitions of the CTS, DCD, and Rl pins; however,
an External/Status interrupt is also caused by a Transmit
Underrun condition, or a zero countin the baud rate generator,
or by the detection of a Break (asynchronous modse).

CPU/DMA BLOCK TRANSFER

The ASCC provides a Block Transfer mode to accommodate
CPU block transfer functions and DMA controllers. The Block
Transfer mode uses the WAIT/REQUEST output in conjunc-
tion with the Wait/Request bits in WR1. The WATT/REQUEST
output can be defined under software control as a WAIT line in
the CPU Block Transfer mode or as a REQUEST line in the
DMA Block Transfer mode.

To a DMA controller, the ASCC REQUEST output indicates
that the ASCC is ready to transfer data to or from memory. To
the CPU, the WAIT line indicates that the ASCC is not ready to
transfer data, thereby requesting that the CPU extend the 1/0
cycle. The DTR/REQUEST line allows full-duplex operation
under DMA control.

(00SV) 18582 - 1£08Z

PERIPHERAL
+5V

IEt ADo-—ADy INT INTACK .IEO

PERIPHERAL PERIPHERAL

IE! ADg-AD7 INT INTACK

-[ lEI?-%D; INT INTACK 1EO ﬁ

l ' +5V

09-07 :
ADg-—-AD7 - J

I

iNt

INTACK

AF002190

Figure 5. Z-Bus Interrupt Schedule

PROGRAMMING INFORMATION (Z28031)

The 28031 contains 11 write registers in each channel that are
programmed by the system separately to configure the func-
tional personality of the channels.

All of the registers in the Z8031 are directly addressable. How
the Z8031 decodes the address placed on the address/data
bus at the beginning of a Read or Write cycle is controlled by a
command issued in WROB. In the shift right mode, the channel
select A/B is taken from ADp and the state of ADs is ignored.
In the shift left mode, A7B is taken from ADs and the state of
ADy is ignored. ADy and ADg are always ignored as address
bits and the register address itself occupies AD4—-AD1{.

The system program first issues a series of commands to
initialize the basic mode of operation. For example, the
character length, clock rate, number of stop bits, even or odd
parity might be set first. Then the interrupt mode would be set,
and finally, receiver or transmitter enable.

PROGRAMMING INFORMATION (Z8531)

The 28531, register addressing is direct for the data registers
only, which are selected by a High on the D/C pin. In alt other
cases (with the exception of WR0 and RR0), programming the
write registers requires two write operations and reading the
read registers requires both a write and a read operation. The
first write is to WRO and contains three bits that point to the
selected register. The second write is the actual control word

03818C
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for the selected register, and if the second operation is read,
the selected read register is accessed. All of the registers in
the Z8531, including the data registers, may be accessed in
this fashion. The pointer bits are automatically cleared after
the read or write operation so that WRO (or RR0) is addressed
again. ' '

The system program first issues a series of commands to
initialize the basic mode of operation. For example, the
character length, clock rate, number of stop bits, even or odd
parity might be set first. Then the interrupt mode would be set,
and finally, receiver or transmitter enable.

READ REGISTERS

The ASCC contains 8 read registers (actually 9, counting the
receive buffer (RR8) in each channel). Four of these may be
read to obtain status information (RRO, RR1, RR10 and
RR15). Two registers (RR12 and RR13) may be read to learn
the baud rate generator time constant. RR2 contains either
the unmodified interrupt vector (Channel A) or the vector
modified by status information (Channet B). RR3 contains the
Interrupt Pending (IP) bits (Channel: A). Figure 6 shows the
formats for each read register.

The status bits of RRO and RR1 are carefully grouped to
simplify status monitoring; e.g., when the interrupt vector
indicates a Special Receive Condition interrupt, all the appro-
priate error bits can be read from a single register (RR1).

Read Register 0

ANRRDRRAD

Read Register 3

DRNANERD

L Rx Character Available Channel B EXT/STAT 1P*
Zero Count l———— Channel B Tx IP*
- Tx Butfer Empty Channel B Rx IP*
- beo Channel A EXTISTAT IP*
Ring ATxIP
CTs Channel A Rx IP*
1 o
Break [
DF001040 DF001070
*Always 0 in B Channel
Read Register 1 Read Register 10
[°7I°31°s D4I°a]°z °1|Do| [07 lbelos["tl%lnz D|‘l°ol
All Sent . L 0
L1 0
I 0
L [
Parity Error ]
RAx Overrun Error 0
Framing Error Two Clocks Missing
0 One Clock Missing
DF001050 DF001080
Read Register 2 Read Register 12
BOBRARNE FEEERw]
Vo TCo
vy TCy
A TC2
Vs TC3 | Lower Byte o
Va Interrupt Vector* TCq T:uw:z:onsnm .
Vs TCs
Vs TCe
V7 TCy
DF001060 DF001090
*Modified in B Channel _
Figure 6. Read Register Bit Functions
03818C
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Read Register 13

Ler Lo Jo fou [ o for [ o]

TCs

TCy

TCyo
TCtn
TCq2
TCy3
TCia
TCis

Upper Byte of
Time Constant

DF003380

Figure 6. Read Register Bit Functions (Cont.)

Read Register 15
Lo Lo fos JouJoa [oe for [ o
L,

Zero Count IE

]

DCDE

RIIE

CTSIE

1

Break IE
DF001100

WRITE REGISTERS

The ASCC contains 11 write registers (12 counting WR8, the
transmit buffer) in each channel. These write registers are
programmed separately to configure the functional "' personali-

ty"" of the channels. In addition, there are two registers (WR2
and WR9) shared by the two channels that may be accessed
through either of them. WR2 contains the interrupt vector for
both channels, while WR9 contains the interrupt control bits.
Figure 7 shows the format of each write register.

Write Register 0 (Z8031)

FEEeTe
11

0 | Null Code

1 | Null Code

0 | Select Shift Left Mode®
1 | Select Shift Right Mode*

w{wlolo

Write Register 1

FEEEEEEE]

Ext Int Enable
Tx int Enable
Parity is Special Condition

Rx int Disable

Rx Int on First Character or Special Condition
Int on All Rx Characters or Speciai Condition
Rx Int on Special Condition Only

wlajo|o
~lol=lo

0 0] 0] Nulcode
01 0| 1] NullCode WaltDMA Request on Receive/Transmit
0 | 1 | O | ResetExyStatus interrupts Request Function
0 [ 1 [ 1 | NultCode Request Enable
1 | 0 | 0 | Enabieinton Next Rx Character DF001130
1[0 | 1 | ResetTxintPending :
11110 ) EmorReset Write Register 2
t [ 1 | 1| ResstHighestius .
4]
D7 | Dg |Os | O¢ | O3 § D2 | Dy | Dp
— [ [l I+1=]
i DF001110 . L vo
. vi
R L v
Write Register 0 (Z8531) L
Vi Interrupt Yector
_—_—.—'vs
FEElEE p
‘ l l Register 7
oJoJo] oo [8] DF001140
6] 0 1] tor [ 8]
0l 1[0] 200 [10] . . .
ST se ] .Write Register 3
1100 aor [12] .
T]o[1] s
T DRRRRRON
1 [V 7o [15] . L fx Enabie
0| 0} 0 | NuliCode - . [
0 | 0| 1 | Point High Register Group - ]
0 | 1 | 0 | Resst Ext/Status interrupts ]
© [ 1] 1 | Muli Code [
1 | 0 | 0 | Enableint on Next Rx Character Auto Enables
1 0 1 | Reset Tx Int Pending 0 ] 0 | Axs Bty
113 10 ] EmorResat 0 {1 | Rx7Bita/Character
110 17 | Resethighestius 7 | 0 | Ax6Bits/Character
o 1 [ 1| Rx8 Bits/Character
DF001120 - . ' DF001150
Figure 7. Write Register Bit Functions
03818C
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Write Register 4 Write Register 11
[l ]o o [n o] Lo Lo o foc o Jor o [ o]
Parity Enable I 0 | o ] TAxC Out = XTAL Output
Parity Even/Odd 0 [ 1 | TRxC Out = Transmit Clock
o | o | Do NotProgram 1 { 0 | TRxC Out = BR Generator Output
ry 7] 1 stop Biticharacter 1 1 | TRxC Out = DPLL Output
1 0 | 1% Stop Bits/Character . e fRxcOon
1 | 1 | 2Stop Bits/Character .
0 | 0 | Transmit Clock = RTXC Pin
° 0 [ 1 | Transmit Clock = TRxC Pin
6 T 0] x1Clock Mode 1 0 | Transmit Clock = BR Generator Output
0 | 1 | X168 Clock Mode 1 | 1 | Transmit Clock = DPLL Dutput
1 | 0 | X32 Clock Mode .
1 | 1 | X64 Clock Mode 0 | 0 | Receive Clock = RTxC Pin
0 [ 1 ] Receive Clock = TRxC Pin
DF0011 §0 . 1 0 | Receive Clock = BR Generator Output
. 1 | 1 | Receive Clock = DPLL Output
Write Register 5 o TG XTAL/NG XTAL
DF001200
FEEREEER  wilte Higiter 2
Write Register 12
°
_—:Ts [Drlosloslnn oalnz D'Iool
Tx Enable .
Send Break ' . . . TCo
; TCr
0 | 0 [ Tx5B8its (or less)/Character e ()
0 | 1 | Tx7Bits/Character N N Lower Byte of
1] 0 | Tx6Bits/Character o ey [ Timeconstant
1 |1 | Tx8Bits/Character e Tes
e ' o
DF001170 4
DF001210
‘Write Register 9 .
) . g . Write Register 13
Lo Lo foe [oe oo for o] ] Gl o= ]=]
s . TCg
— NV, TCy
oLe : L TCy
ME . L 1c .
Status High/Satos Tow A I A £
0 L TCi3
0 ] 0 ] NoReset TCra
0 { 1 | Channel ResetB ) — - TCis .
1 | 0 | Channei Reset A o DF001220
1 1 | Force Hardware Reset
DF001180 Write Register 14
Write Register 10 i [07—[ 0Og Fs IDA I°: Fz I Dy l Do]
Loloo fofe oo =] 1| Lo
. ] R L L —————— DTA/Request Function
. 0 Auto Echo
ke 0 be——————————— Local Loopback
° .
0 0 | 0 | 0 | Null Command
0 0 | 0 | 1 | Enter Search Mode
. 0 | 1 [ 0 | ResetMissing Clock . ' .
0o |naz 0 [ 1 | 1 | Disable DPLL
011 |NRz 1| 0 [ 0 | SetSource = BR Generator
1 { o | FM1 (Transition = 1) 1] 0] 1 | SetSource = RTxC
111 Fuo('rmsnlo{-=0] 1] 1 [ 0 | SetFMmMode
N ° . 1 1 1 Set NRZI Mode
DF001190 : DF001230
Figure 7. Write Register Bit Functions (Cont.)
1
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Write Register 15

CEEEEEETE

Lo

Zero Count IE
]

DCDIE

RIIE

CTSIE

1 .
. Break IE

DF001240

Figure 7. Write Register Bit Functions (Cont.)

Z8031 TIMING

The ASCC generates internal control signals from-AS and DS
that are related to PCLK. Since PCLK has no phase relation-
ship with AS and DS, the circuitry generating these internal
control signals must provide time for metastable conditions to

disappear. This gives rise to a recovery time related to PCLK. .

The recovery time applies only between bus transactions
involving the ASCC to the falling edge of DS in the second
transaction involving the ASCC. This time must be at least 6
PCLK cycles plus 200ns. ~~ '

READ CYCLE TIMING

Figure 8 illustrates read cycle timing. The address on
ADg-AD7 and the state of CSqg and INTACK are latched by the
rising edge of AS. R/W must be High to indicate a read cycle.
CS1 must also be High for the read cycle to occur. The data
bus drivers in the ASCC are then enabled while DS is Low.

WRITE CYCLE TIMING

Figure 9 illustrates write cycle timing. The address on
ADp-AD7 and the state of CSg and INTACK are latched by the
rising edge of AS. R/W must be Low to indicate a write cycle.
CS1 must be High for the write cycle to occur. DS Low strobes
the data into the ASCC.

INTERRUPT ACKNOWLEDGE CYCLE
TIMING

Figure 10 illustrates interrupt acknowledge cycle timing. The
address on ADg-AD7 and the state of CSg and INTACK are
latched by the rising edge of AS. However, if INTACK is Low,
the address and CSp are ignored. The state of R/W and CS4
are also ignored for the duration of the interrupt acknowledge
cycle. Between the rising edge of AS and the falling edge of
DS, the internal and external IEI/IEO daisy chains settle. If
there is an interrupt pending in the ASCC and IEl is High when
DS falls, the acknowledge cycle was intended for the ASCC. In
this case, the ASCC may be programmed to respond to DS
Low by placing its interrupt vector on ADg~ADy. It then sets
the appropriate interrupt-under-service latch internally.

3_\___/.

‘,c_so__\

S 7
X

ADp -AD; ADORESS

X DATA VALID

RIW

~N N PN
s '

TAAY

WF003391

Figure 8. Z8031- Read Cycle Timing
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JUie

INTACK

AN

ADy-AD,

DATA

X
es, / \ 3
ES | / — :

\

WF003410

Figure 9. zaoai Write Cycle Timing

:

—+
E§° . . X (VGNORED) x

INTACK

/ /L
v/

ADg- ADy

S

: \ ryi
(IGNOREO) s
/

XL
>

7N

x VECTOR 4)—

v j_-—-

WF003400

Figure 10. Z8031 Interrupt Acknowledge Cycle Timing

Z8531 TIMING -

The ASCC generates internal control signals from WR and RD
that are related to PCLK. Since PCLK has no phase relation-
ship with WR and RD, the circuitry generating these internal
control signals must provide time for metastable conditions to
disappear. This gives rise to a recovery time related to PCLK.
The recovery time applies only between bus transactions
involving the ASCC. The recovery time required for_proper
operation is specified from the rising edge of WR or RD in the
first transaction involving the ASCC to the falling edge of WR

~ or RD in the second transaction involving the ASCC. This time

must be at least 6 PCLK cycles plus 200ns.

READ CYCLE TIMING

Figure 11 illustrates read cycle timing. Addresses on A/B and
D/C and the status on INTACK must remain stable throughout
the cycle. If CE falls after RD falls or if it rises before RD rises,
the effective RD is shortened.

WRITE CYCLE TIMING

Figure 12 illustrates write cycle timing. Addresses on A/B and
D/C and the status on INTACK must remain stable throughout
the cycle. if CE falls after WR falls or if it rises before WR rises,
the effective WR is shortened.
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INTERRUPT ACKNOWLEDGE CYCLE an interrupt pending in the ASCC and IEI is High when RD
TIMING . falls, the acknowledge cycle is intended for the ASCC. In this

case, the ASCC may be programmed to respond to RD Low by
Figure 13 illustrates interrupt acknowledge cycle timing. Be- placing its interrupt vector on Dg-Dy; it then sets the appropn-
tween the-time INTACK goes Low and the falling edge of RD, ate interrupt-under-service latch internally..

the internal and external IEI/IEQ daisy chains settle. If there is

ot X s— X
= | N
N\ Y
o0, ‘ \/ X w.v.;.n >____

WF003420

(0DSV) 1£58Z - 1€082Z
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Figure 11. Z8531 Read Cycle Tlthing

AB.0/T x : ADORESS VALID

[1hnf

Dy-0, f DATA VALID

" WF003430

Figure. 12, Z8531 Write Cycle Timing

: /
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Figure 13. 28531 Interrupt Acknowledge Cycle Timing
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ............c.eevueevnnnnnns ~65 to +150°C

Voltage at any Pin Relative
to Vgs -0.5V to +7.0V
Power Dissipation .........c.ovevveneneen cerenns T .. 1.8W

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above. these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

DC CHARACTERISTICS over operating range unless otherwise specified

OPERATING RANGES

- '4MHz 6MHz

Commercial Operating 78031DC Z8031ADC
Ra{"’i 0 1o 70°C Z8031PC Z8031APG

VAo =5V £5% 28531DC Z8531ADC

Vsg = 0V Z8531PC Z8531APC
Industrial Operating Range

Ta=-40 to +85°C Z8031DI

Vece =5V £10% Z8531DI

Vss = 0V

Notes: Tp denotes ambient temperature.
Add suffix B to indicate burn-in requirement.

Operating ranges define those limits over which the function-
ality of the device is guaranteed.

Parameters Description Test Conditions Min Typ Max Units
ViH Input HIGH Voltage 2.0 Vec +0.3 v
ViL input LOW Voltage -03 . 0.8 A
VoH Output HIGH Voltage loH .= —~250pA 24 \
VoL Output LOW Voitage loL = +20mA 04 \
i Input Leakage 04 < VN +24V +10.0 pA
ot Output Leakage 04 < Vour < +24V +10.0 pA
Icc Vee Supply Current 250 mA
CIN Input Capacitance Ur wed pins retured 10 pF
Cout Output Capacitance to ground. f = 1MHz over 15 pF
Ci/0 Bidirectional Capacitance specified temperature range. 20 pF

Standard Test Conditions

The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are referenced to

GND. Positive current flows into the referenced pin. Standard conditions are as follows:

Standard Test Load

+5V

2.2K

FROM QUTPUT
UNDER TEST

50pF 250 uA

TC001560

‘ Open Drain Test Load
+5V

22K

FROM QUTPUT
UNDER TEST

"1

TC001570 -

03818C
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 3
SYSTEM TIMING «
28531 .
N
aMHz 6MHz &
: <
Number Parameters Description Min Max Min Max Units —_
1 TdRXC(REQ) RAxC t to W/REQ Valid Delay (Note 2) ] 8 12 8 12 TePC 5
2 TdRXC(W) RxC 1 to Wait Inactive Delay (Notes 1, 2) 8 12 8 12 TePC (9]
3 TARXC(NT) RxC t to INT Valid Delay (Notes 1, 2) 10 16 10 16 TcPC o
4 TdTXC(REQ) TxC 1.to W/REQ Valid Delay (Note 3) 5 8 5 8 TcPC
5 TATXC(W) TxC | to Wait Inactive Delay (Notes 1, 3) 5 8 5 8 TcPC
6 TdTXC(DRQ) TxG | DTR/REQ Valid Delay (Note 3) 4 7 4 7 TcPC
7 TdTXC(INT) TxC | to INT Valid Delay (Notes 1, 3) 6 10 6 10 TePC
8 TAEXT(INT) DCD or TTS Transition to INT Valid Delay. (Note 1) 2 6 2 6 TePC
Notes: 1. Open-drain_output, measured with opan—dram test load.
2. RxC is RTxC or TRxC, whichever is supplying the receive clock.
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock.
*Timings are preliminary and subject to change.
SWITCHING CHARACTERISTICS over operating range unless otherwise specified
SYSTEM TIMING
28031
4MHz 6MHz
Number Parameters Description Min Max Min Max Units
1 TdRXC(REQ) RxC 1 to W/REQ Valid Delay ) 12 8 12 TcPC
2 TARXC(W) RxC 1 to Wait Inactive Delay 8 12 8 12 TcPC
3 TARXC(INT) AXC 1 INT Valid Delay 8 12 8 12 TcPC
: +2 +3 +2 +3 AS
4 TdTXC(REQ) TxC 1 to W/REQ Valid Delay 5 8 5 8 TePC
5 TATXC(W) TxC | to Wait Inactive Delay 5 8 5 8 TcPC
6 TdTXC(DRQ) TxC 1 DTR/REQ Valid Delay 4 7 4 - 7 TcPC
7 TATXC(NT) | 7% 1 to TNT Valia Detay 4 6 4 6 TPC
+2 +3 +2 +3 AS
8 TAEXT(INT) DCD, Ri or CTS Transition to INT Valid Delay 2 3 2 3 TcPC
Notes: ﬁ%n -drain_output, measured with open-drain test load.
. is RTxC or TRxC, whichever is supplying the receive clock.
3 TXC is TRXC or RTxC, whichever is supplying the transmit clock.
*Timings are preliminary and subject to change.
03818C
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RTxC, TRxC -
RECEIVE

W/REG
REQUEST
' 0!
s
W/REG
wAm . -

ATxC, TRxC
TRANSMIT

W/REG
REQUESTY

W/REQ
WAIT

DTR/REQ
REQUEST

iNT |
o
WF003450
Figure 14. System Timing
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 3
GENERAL TIMING (See Figure 15) «
.
4MHz 6MHz g
Number Parameters Description Min Max Min Max Units 3
1 TdPC(REQ) PCLK | to W/ﬁ% Valid Delay 250 250 ns —
2 TdPC(W) PCLK | to Wait Inactive Delay 350 350 ns €>D
3 TsRXC(PC) RxC 1t to PCLK t Setup Time (Notes 1, 4) 80 80 ns Q
4 TsRXD(RXCr) RxD to BxC t Setup Time (X1 Mode)(Note 1) 0 0 ns g
5 ThRXD(RXCr) RxD to RxC t Hold Time (X1 Mode)(Note 1) 150 150 ns
6 TsRXD(RXCf) RxD to RxC | Setup Time (X1 Mode)(Notes 1, 5) 0 0 ns
7 ThRXD(RXCf) RxD to AxC | Hold Time (X1 Mode)(Notes 1, 5) 150 150 ns
8 TsTXC(PC) TxC 1 to PCLK t Setup Time (Notes 2, 4) ) 0’ 0 ns
9 TATXCH(TXD) TXC 1 to TxD Delay (X1 Mode)(Note 2) 300 300 ns
10 TdTXCr(TXD) TXC 1t to TxD Delay (X1 Mode)(Notes 2, 5) 300 300 ns
1" TATXD(TRX) TxD to TAXC Delay (Send Clock Echo) 200 200 ns
12 TWRTXh RTXC High Width oo 180 180 : ns
13 TwRTXI RTXC Low Width 180 180 ns
14 TcRTX RTxC Cycle Time 400 400 ns
15 TeRTXX .| Crystal Oscillator Period (Note 3) . 250 1000 250 1000 ns
16 TwTRXh TRXC High Width 180 180 ns
17 TwWTRXI TRXC Low Width ) 180 180 ns
18 TcTRX TRXC Cycle Time : 400 400 ns
19 TWEXT_ DCD or CTS Pulse Width . 200 200 ns
.Notes: 1. RxC is RTxC or %-RTC. whichever is supplying the recsive clock. -
2. TxC is TRXC or RTXC, whichever is supplying the transmit clock.
3. Both RTXC and R have 30pF capacitors to the ground connected to them. )
4. Parameter ies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and PCLK
or TxC and PCLK is required.
5. Parameter applies only to FM encoding/decoding.
03818C
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W/REQ.
REQUEST
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WAIT
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Figure 15. General Timing
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 3
Z8031 READ AND WRITE TIMING (see Figure 16) @
4MHz 6MHz §
Number Parameters ) Description . Min Max Min Max Units g
1 TwAS AS LOW Width . 70 50 ns —
2 TdDS(AS) DS t to AS | Delay 50 . 25 ns 5
3 TsCSO(AS) CSp to AS t Setup Time (Note 1) 0 - 0 ns 0
4 ThCSO(AS) CSp to AS 1 Hold Time (Note 1) 60 40 " ns o

5 TsCS1(DS) CS; to DS | Setup Time (Note 1) 100 80 ns

6 ThCS1(DS) | CSy to DS t Hold Time (Note 1) ’ 55 40 ns

7 TsIA(AS) TNTACK to AS 1 Setup Time 0 0 ns

8 ThIA(AS) TNTACK to AS 1 Hold Time 250 250 ns

9 TsRWR(DS) R/W (Read) to DS | Setup Time 100 80 ns

10 ThRW(DS) R/W to DS t Hold Time 55 40 ns

11 TsRWW(DS) R/W (Write) to DS | Setup Time 0 0 ns

12 TdAS(DS) AS t to DS | Delay 60 40 ns

13 TwDSI DS LOW Width 390 250 ns

14 TC Valid Access Recovery Time (Note 2) 6TcPC 8TcPC ns

. +200 +130

15 TsA(AS) Address to AS 1 Setup Time (Note 1) 30 10 ns

16 ThA(AS) Address to AS t Hold Time (Note 1) 50 30 ns

17 TsDW(DS) Write Data to DS i Setup Time 30 20 ns

18 ThDW(DS) Write Data to DS t Hold Time 30 20 ns

19 TdDS(DA) DS 1 to Data Active Delay 0 0 ns

20 TdDSr(DR) DS t to Read Data Not Valid Delay [) 0 ns

21 TdDS#(DR) DS | to Read Data Valid Delay 250 180 ns

22 TdAS(DR) AS 1 to Read Data Valid Delay 520 335 ns

Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions.
2. Parameter applies only between transactions involving the 8030.

03818C’
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Figure 16. Z8031 Read and Write Timing
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SWITCHING CHARACTERISTICS over operating range unless otherwnse specified 3

Z8531 READ AND WRITE TIMING (see Figure 20) @

4MHz 6MHz E

Number Parameters Description Min Max Min Max Units w

1 TwPCl PCLK Low Width B 105 2000 70 1000 ns .

2 TwPCh PCLK High Width 105 2000 70 1000 ns (3,’,

3 TiPC PCLK Fall Time 20 ) 10 ns (@]

4 TrPC PCLK Rise Time ) 20 15 ns Q
5 TcPC PCLK Cycle Time 250 4000 165 2000 ‘ns
6 TsA(WR) Address to WR 1 Setup Time 80 80 ns
7 ThA(WR) . Address to WR t Hold Time 0 0 . ns
8 TsA(RD) : Address to RD | Setup Time 80 80 ns
9. ThA(RD) Address to RD 1 Hold Time 0 0 ns
10 TsIA(PC) INTACK to PCLK t Setup Time 0 : 0 ns
1 TslAWR) INTACK to WR 1 Setup Time (Note 1) 200 . 200 ns
12 ThIA(WR) INTACK to WR t Hold Time 0 0 ns
13 . TsIAI(RD) INTACK to RD | Setup Time (Note 1) - 200 ) 200 ns
14 ‘| ThIA(RD) INTACK to RD t Hold Time 0 0 ns
15 ThIA(PC) INTACK to PCLK t Hold Time 100° 100 ns
16 TsCE(WR) CE Low to WR | Setup Time 0 0 ns
17 ThCE(WR) CE to WR t Hold Time ) 0 . 0 ns
18 TsCEh(WR) CE High to WR | Setup Time 100 70 ns
19 - | TsCEI(RD) CE Low to RD | Setup Time (Note 1) [} 0 ns
20 ThCE(RD) CE to RD t Hold Time (Note 1) - 0 0 ns

21 TsCEh(RD) CE High to RD | Setup Time (Note 1) 100 70 ns -

22 TwRD! RD Low Width (Note 1) 390 250 ns
23 TdRD(DRA) RD i to Read Data Active Delay - - -0 [} ns
24 TdROr(DR) RD 1t to Read Data Not Valid Delay 0 0 ns
25 TdRDA(DR) RD i to Read Data Valid Delay 250 180 ns
26 TdRD(DR2) RD 1 to Read Data Float Delay (Note 2) 70 45 ns

Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions.
2. Float delay is defined as the time required for a +0.5V change in the output with a maximum D.C. load and minimum A.C. load.
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Figure 20. Z8531 Read and Write Timing
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
28031 INTERRUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING (see Figures 17, 18, 19)
4MHz 6MHz

Number Parameters Description Min Max Min Max Units
23 TdDS(DRz2) DS 1 to Read Data Float Delay (Note 3) 70 45 ns
24 TdA(DR) Address Required Valid to Read Data Valid Delay 570 420 ns
25 TdDS(W) DS 1 to Wait Valid Delay (Note 4) 240 200 ‘ns
26 TdDSH{REQ) DS 1 to W/REQ Not Valid Delay 240 200 ns
27 TdDS((REQ) DS i to DTR/REQ Not Valid Delay 5TcPC 5TePC ns

: +300 +250
28 TdAS(INT) AS t to INT Valid Delay (Note 4) 500 500 ns
.29 TdAS(DSA) - AS t to DS | (Acknowledge) Delay (Note 5) 250 250 ns

30 TwDSA DS (Acknowledge)  Low Width 390 250 ns
31 TdJDSA(DR) D3 | (Acknowledge) to Read Data Valid Delay 250 180 ns
32 TsIEKDSA) IEl to DS ¢ (Acknowledge) Setup Time 120 100 ns
33 ThIEI(DSA) IEl to DS t (Acknowledge) Hold Time 0 0 ns
34 TdIEI(IEO) IEl to IEO Delay 120 100 ns
35 TdAS(IEO) AS t to IEO Delay (Note 6) 250 250 ns
36 TdDSA(INT) DS | (Acknowledge) to INT Inactive Delay (Note 4) 500 500 ns
37 TdDS(ASQ) DS 1t to AS 1 Delay for No Reset 30 15 ns
38 TdASQ(DS) AS 1 to DS 1 Delay for No Reset 30 30 ns
39 TwRES AS and DS Coincident Low for Reset (Note 7) 250 250 ns
40 TwPCI PCLK Low Width 105 2000 70 1000 ns
41 TwPCh PCLK- High Width 105 2000 70 1000 ns
42 TePC PCLK Cycle Time 250 4000 165 2000 ns
43 TrPC PCLK Rise Time 20 15 ns
44 TiPC PCLK Fali Time 20 10 ns

Notes: 3. Float delay is defined as the time required for a +0.5V change in the output with a maximum D.C. load and minimum A.C. load.

4. Open-drain output, measured with open-drain test load.

5.

6.
7

'Timings are preliminary and subject to change. All timing references assume 2.0V for a logic 1" and 0.8V for a logic.

Parameter is system dependent. For any 8031 in the daisy chain, TJAS(DSA) must be greater than the sum of TAAS(IEO) for the
highest priority device in the daisy chain, TsIEI(DSA) for the 8031, and TdIEH(IEQ) for each device separating them in the daisy

chain.

Parameter applies only to a 8031 pulling INT Low at the beginning of the Interrupt Acknowledge transaction.
. Internal circuitry allows for the reset provided by the Z8 to be recognized as a reset by the 8031.

2-203
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Figure 17. Z8031 Interrupt Acknowledge Timing
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified §

Z8531 INTERRUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING (see Figures 21, 22, 23) -

.

4MHz 6MHz E

Number Parameters | Description Min Max Min Max Units @

27 TdA(DR) Address Required Valid to Read Data Valid Delay’ 590 . 420 ns -

28 | TwWRI WA Low Width 390 250 ns >

29 TsDW(WR) Write Data to WR | Setup Time 0 0 ns 0

30 ThDW(WR) Write Data to WR t Hold Time 0 0 ns 9
31 TdWR(W) WR | to Wait Valid Delay (Note 4) 240 200 ns
32 TdRD(W) RD | to Wait Valid Delay (Note 4) ’ 240 200 ns
33 TdWRI(REQ) WA 1 to W/REQ Not Valid Delay . 240 200 ns
34 TdRDKREQ) RD : to W/REQ Not Valid Delay 240 200 ns
35 TAWRr(REQ) WR t to DTR/REQ Not Valid Delay 5TcPC 5TcPC ns

. +300 +250
36 TdRDr(REQ) RDt to DTR/REQ Not Valid Delay 5TcPC 5TcPC ns
. . +300 + 250
37 TdPC(INT) PCLK | to INT Valid Delay (Note 4) 500 500 ns
38 TdIAI(RD) INTACK to RD 1 (Acknowledge) Delay (Note 5) 250 250 ns
39 TwRDA RD (Acknowledge) Width . 285 250 ns
40 TdRDA(DR) RD : (Acknowledge) to Read Data Valid Delay 180 180 ns
41 TsIERDA) - IEl to RD 4 (Acknowledge) Setup Time 120 100 ns
42 ThIiEI(RDA) IEI to RD 1 (Acknowledge) Hold Time 0 0 ns
43 TAIENIEO) IEI to IEO Delay Time 120 100 ns
44 TdPC(IEO) PCLK 1 to IEO Delay ) 250 250 ns
45 TdRDA(INT) RD | to INT Inactive Delay (Note 4) 500 500 ns
46 TdRD(WRQ) RD 1 to WR ! Delay for No Reset ° . 30 15 ns
47 TdWRQ(RD) WR 1 to RD | Delay for No Reset 30 30 ns
48 TwRES WR and RD Coincident Low for Reset 250 250 ns
49 Trc Valid Access Recovery Time (Note 3) 6TcPC 6TcPC ns
+ 200 +130

Notes: 3. Parameter applies only between transactions involving the ASCC.
4. Open-drain output, measured with open-drain test load. .,
5. Parameter is system dependent. For any SCC in the daisy chain, TdIAi(RD) must be greater than the sum of TdPC(IEO) for the
highest priority device in the daisy chain, TsIEI(RDA) for the SCC, and TdIEH(IEO) for each device separating them in the daisy
chain. .
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Z8036/8536

Counter/Timer and Parallel /0 Unit

9€58/9€08Z

DISTINCTIVE CHARACTERISTICS

® Two independent 8-bit, double-buffered, bidirectional ® Flexible pattern-}ecognition logic, programmable as a

1/0 ports plus a 4-bit special purpose 1/0 port. I/0 ports 16-vector interrupt controller.

feature programmable polarity, programmable direction ® Three independent 16-bit counter/timers with up to four

(Bit mode), 'pulse catchers' and programmable open- external access lines per counter/timer (count input,

drain outputs. output, gate, and trigger), and three output duty cycles
® Four handshake modes, including 3-wire (like the IEEE- (pulsed, one-shot, and square-wave), programmable as

488). retriggerable or nonretriggerable.

® REQUEST/WAIT signél for high-speed data transfer. ® Easy to use since all registers are read/write and
directly addressable. o

' GENERAL DESCRIPTION

The Z8036* CIO Counter/Timers and Parallel I/0 elements The use of these devices is simplified by making all internal
are general-purpose peripheral. circuits, satisfying most registers (command, status, and data) readable and (ex-
counter/timer and parallel 170 needs encountered in sys- cept for status bits) writable. Each register is given its own
tem designs. These versatile devices contain three 1/0O unique address so that it can be accessed directly on the
ports and three counter/timers. Many programmable op- Z8036. The Z8036 is directly Z-Bus compatible.

tions tailor their configuration to specific applications. :

ClO BLOCK DIAGRAM

4 > -8
INTERRUPT :
CONTROL . PORT
) LOGIC - A

INTERRUPT PORT A
CONTROL . . vo

ADDRESS/

> 4
CPU 16-8IT PORT
DATA BUS INTERFACE c g
COUNTER/
TIMER 3 . sgm c

CONTROL
INPUTS
/
INTERNAL S 68T >
CONTROL
. . LoGIC
T COUNTER/ 8
: : : TIMER 2 . PORT
[
: 16817 PORT B
) o
COUNTER/ |}
TIMER 1
BD003320
. Figure 1.
*28000 is a trademark of Zilog, Inc. 00958C
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CONNECTION DIAGRAM

Top View
D-40-1, P-40-1 D-40-1, P-40-1
Ao, |1 ® e 4[] A0, o,]+® ~ ©[Jo,
Aos 12 33[ ] A0, os 2 f]o,
Aos ]2 38 [ ] a0, 0 [}3 8o,
- 37 [ ADg 4 s ) 37{] 0,
s [C)s 36 [ ] C5 m[]s w[]cE
RW [ s} cs wWi[]e s a
GND 7 ul]as . ono [ 7 U] a
#8o ] 8 s eag vey ] o n[TJea
P8y []o . 32[] pay B[] . 2] Pay
Pe[]10  zs0as 3] PA; , PB:E 0 28538 3] Py :
(=Y Kl cio 30 [ PAg P8y n co 30§ ] Pay
PBy [ 12 20{ ] Pay P8, [ 12 e,
Pes 13 28 ] PAg Pag ] 1a [ Pag
PBg [ ] 14 27[ ] PAg PBg [ 14 27[ ] PAg
Pe; []1s 26[ ] PAy pey; s [ ] PA;
peLk [ 1 25 [T] iNTACK pek [ 1e 25 | iNTACK
| 17 2Nt | 3 Nt
o [] 12 23 [ Vee o [} )] +sv
PCy [] 10 2 ]Pc, Pco [ 190 2[]rc,
ey [0 a[]pc, pc,[:zo_ a1 ] pc;
CD005140 CD005150
Note: Pin 1 is marked for orientation
LOGIC SYMBOL
-] a0, PhAy oo o ] D; PA; jae
——1i ADg PAg |—— et Dg PAg f—
<=t ADg PAg fomem ~—e]i Dy PAg fommem
o] AD, P f—— et D, P, f-—e
Aoonessoama | == & D: ’: [T |eonta ot 1 D: F:: [T Lronta
] AD2 PAy [ hane i PAy [—
] ADy PAy | el D, PAy |
=] A% PAg fo—e e ) PAy fo—er
el = ol s el g
—1 . ot RD —
R e S oo B P vl L
CONTROL’ e ) PGy f—e ANDRESET | ____ | A pp fm
-] cs,{ PB; | —] CE PB; [
—~—] N7 PBg oo — T PBy fo—o
——] AR . PBy foom | ] NTAER B |oem
wrerpupT{ | Y P wremroeTy | o by
—~—1 Ieo P8y | —~——1 IE0 PBy |
PBy e P8, |
PBy e PBy oo’
LG P8y L—.
PCLK' + 5V‘ GND PCLK| + 5V| GND'
LS001180 LS001190

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following:

ORDERING INFORMATION

Device number, speed option (if applicable), package type, operating range and screening option (if desired).

28036/285386 A D C

Basic Device Type

Speed
Blank = 4MHz
A =6MHz

Valid Combinations

B
L—-Bum—in

Temperature Range
C-Commercial (0 to 70°C)

28036 4MHz DG, PC, DI,
- 6MHz ADG, APC

28536 4MHz DG, PC, Di,
6MHz ADC, APC

1 - Industrial (~40 to 85°C)

Package Type - 40-pin
P = Plastic Dip

D = Ceramic Dip

L = Ceramic Leadless

Valid Combinations

Consult the local AMD sales office to con-'
firm availability of specific valid combinations,
check for newly released valid combinations

Chip Carrier and/or obtain additional data on AMD's stan-
. dard military grade product.
00958C
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PIN DESCRIPTION
Pin No. Name 170 Description.

23 Vee +5V Power Supply

7 GND Ground

17 IEt l. Interrupt Enable In. IEI is used with IEO to form an interrupt daisy chain when there is more than
one interrupt-driven device on the system bus. A HIGH IE! indicates to the CIO that no other
higher priority device has an interrupt under service or is requesting an interrupt.

18 {EO [o] Interrupt Enable Out. [EO is normally connected to the next lower priority device's IEl input and

- linhibits interrupts from lower priority devices. IEO is HIGH only if IEl is HIGH and the CIO has not
requested an interrupt.

24 INT (o] Interrupt Request (Open Drain). This signal is active LOW when the CIO is requesting an
interrupt and stays active until the end of the interrupt acknowledge sequence.

25 INTACK ! Interrupt Acknowledge. This signal, when active LOW, indicates 1o the CIO that an interrupt
acknowledge cycle is in progress. INTACK is sampled while AS is LOW.

33-26 PAg-PA7 1710 Port A 1/0 lines (Bidirectional, 3-state, or Open Drain). These eight I/0 lines transfer information
between Port A and external devices. R

8-15 PBo-PB7. 110 Port B I/0 lines (Bidirectional, 3-state, or Open Drain). These eight |/0 lines transfer information
between Port B and external devices. The lines can also be programmed to prowde external
access to Counters/Timers 1 and 2.

19-22 PCo-PC3 110 Port C 170 lines (Bidirectional, 3-state, or Open Drain). These four I/0 lines provide Handshake,
WAIT and REQUEST lines for Ports A and B, or provide external access to Counter/Timer 3 or
access to Port C.

16 PCLK | Peripheral Clock. PCLK may be synchronous or asynchronous to the CPU's clock and may be of
lower frequency than the CPU's clock: it is used with timers and Request/Wait logic. The lnput is
TTL compatible.

28036 Only

37-40, ADg-AD7 1710 Address/Data Bus (Bidirectional, 3-s(ate) Mulnplaxed address/data Ilnes for transfers between

1-4 “[the CPU and CIO.

34 AS* | Address Strobe. Register addresses on ADg -ADy lines, INTACK, and CSq are sampled while AS
is LOW, and latched while AS is HIGH.

36, 35 CSp and T3y 1 Chip Select 0 and Chip Select 1. Chip Select 0 and Chip Select 1 must be LOW and HIGH,

- respectively, to select the device. CSp is latched by AS. -

5 Ds* | Data Strobe. An active LOW DS provides t he timing for transfer of data to or from the CIO. The
R/W input indicates the direction of data transfer.

6 R/W | Read/Write. R/W is active HIGH when the CPU is reading from the CIO and active LOW when
the CPU is writing to the CIO.

28536 Only . R

34, 35 Ag-Ay | Address Lines. These two lines are used to select the register involved in the CPU transaction:
Port A's Data register, Port B's Data register, Port C's Data register, or a control register.

36 CE | Chip Enable (Active LOW). A LOW level on this input enables the CIO to be read from or written
to. .

37-40, Do-D7 170 Data Bus (Bidirectional, 3-state ). These eight data tines are used for transfers between the CPU

1-4 and the CtO.

5 RD** 1 Read (Active LOW). This signal indicates that a CPU is reading from the CIO. During an interrupt
acknowledge cycle, this signal gates the interrupt vector onto the data bus if the CIO is the
highest priority device requesting an interrupt.

6 WR** ] Write (Active LOW). This signal indicates a CPU write -to the CIO..

*When AS and DS are detected LOW at the same time (normally an illegal condition), the CIO is reset.
**When RD and WA are detected LOW at the same time (normally an illegal condition), the CIO ‘is reset.

00958C
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Z8036/8536
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ABSOLUTE MAXIMUM RATINGS

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

-0.5 to +7.0V
...... 1.75W

Voltage at any Pin Relative Vss
Power Dlss1pat|on ..... tereereisearaees

Stresses- above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute.
maximum .ratings for extended periods may affect device
reliability.

OPERATING RANGES

4MHz 6MHz

Commercial Operating Range Z8036DC Z8036ADC

TA= 0 to +70°C Z8036PC - Z8036APC

Vee =5V 5% 28536DC 28536ADC

Vgg =0V Z8536PC Z8536APC
Industrial Operating Range Z8036DI

TA=-40 to +85°C 28536D|

Vec =5V £10%

Vgs = 0V

Operating ranges define those limits over which the function-
ality of the device is guaranteed.

DC QHARACTERISTlCS over operating range unless otherwise specified (Note 1)

Parameters Description Test Conditions . Min Typ Max Units
ViL Input LOW Voltage -0.5 +0.8 Volts
: Standard 2.0
ViH Input HIGH Voltage Industrial 24 Vee Volts
. loL = 20mA 0.4
VoL Output LOW Voltage loL = 32mA 05 Volts
VoH Output HIGH Voltage loH = —250pA 24 . . Volts
lozL Output Leakage Current Vour = 0.4V 10 HA
tozH Output Leakage Current Voutr = Vco 10 A
] Input Leakage Current - +10 HA
Icc Power Supply Current Vo = MAX [Ta = 0°C 200 mA
CiN Input Capacitance Unmeasured pins : 10 : pF
CouTt Output Capacitance returned to ground 15 pF
Ci/o Bidirectional Capacitance - f = 1Mhz / 20 pF

Note: See table for operating range. Typical conditions apply at Ta =25°C, Vcg = 5.0V.

Standard Test Conditions

The characteristics below apply for the following standard test condltlons unless otherwise noted. AII voltages are referenced to -
GND. POSIWG current flows into the referenced pin. Standard conditions are as follows:

Standard Test Load

+4.75V < Vo S +5.25V

GND =0V
0°C<Tp<+70°C '
5V
22K
FROM OUTPUT . A
UNDER TEST O l N
50pF j|: 250 uA
TC001600

Open-DraIn Test Load

+5V

22K

FROM OUTPUT
UNDER TEST

1

TC001610

2:210
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N
SWITCHING CHARACTERISTICS over operating range unless otherwise specified 3
28036/Z28536 HANDSHAKE TIMING (Figures 2, 3, 4) ‘o‘a’
&
4MHz 6MHz a
(-2}
Number Parameters Description Min Max Min Max Units
1 TsDI(ACK) Data Input to ACKIN | Setup Time 0 0 ns
2 ThDI(ACK) Data Input to ACKIN { Hold Time - Strobed HS 500 500 ns
3 TdACKf(RFD) ACKIN | to RFD | Delay 0 0 ns
4 TWACKI ACKIN Low Width - Strobed HS 250 250 ns -
5 TwACKh ACKIN High Width - Strobed HS 250 250 ns
6 TdRFDr(ACK) RFD 1t to ACKIN | Delay 0 0 ns
7 TsDO(DAV) Data Out to DAV | Setup Time (Note 1) 25 . 20 ns
8 TdDAV{(ACK) DAV | to ACKIN ) Delay 0 0 ns
9 ThDO(ACK) Data Out to ACKIN | Hold Time 1 1 AS cycle
10 TJACK(DAV) ACKIN | to DAV 1 Delay 1 1 AS cycle
iR ThDI(RFD) Data Input to RFD  Hold Time - Interlocked HS 0 0 ns
12 TdRFDf(ACK) RFD 1 to ACKIN 1 Delay - Interlocked HS 0 0 ns
13 TAACKr(RFD) mk’eg’:n‘g 1) fo RFD, 1 Delay - 0 0 ns
[T | DR e PO e - 0 0 -
15 TAACK(DAV) mck’eéﬂaﬁ% Do r‘?—‘:‘%‘ Delay ) 0 ns
16 TdDAVIf(DAC) DAV | to DAC t Delay - Input 3-Wire HS 0 [} ns
17 ThDI{DAC) Data Input to DAC t Hold Time - 3-Wire HS 0 0 ns
18 TdDACOr(DAV) | DAC t DAV 1 Delay - Input 3-Wire HS 0 0 ns
19 TdDAVIr(DAC) DAV 1 to DAC | Delay - Input 3-Wire HS 0 0 ns
20 TdDAVOHDAC) | DAV | .to DAC 1 Delay - Output 3-Wire HS 0 0 ns
21 ThDO(DAC) Data Output to DAC t Hold Time — 3-Wire HS 1 1 AS cycle
22 TdDACIDAV) DAC 1 to DAV 1 Delay - Output 3-Wire HS 1 1 AS cycle
23 TdDAVOr(DAC) | DAV t to DAC | Delay - Output 3-Wire HS 0 0 ns
Note: 1. This time can be extended through the use of the Deskew Timers.
*Timings are alt preliminary and subject to change. All timing references assume 2.0V for a logic "'1'' and 0.8V for a logic "0."
.
) 00958C
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INPUT 7
DATA X DATA VALID K
K
O+—{ —O—
-
e N /f
® ,
RFD /r
OUTPUT \
DATA x OATA VALID K
A
—@— ® '
4
ACKIN " ’/
—® 0;
‘ O,
®
DAV .
N
WF003770
Figure 2. Strobed Handshake
INPUT r N
DATA x: DATA VALID K
! K Y
[0} N0
ACKIN
-——C>—-| ~{)‘| ®, ®
RFD k JN
OUTPUT lr
DATA B X DATA VALID X x
K 2
: |
ACKIN
N
o
@ | = (1) (19) D),
DAV
y,
WF003780
Figure 3. Interlocked Handshake
00958C
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Figure 4. Three-Wire Handshake

SWITCHING CHARACTERISTICS over operating range unless otherwise specified
28036 COUNTER/TIMER TIMING (Figure 5)

4MHz 6MHz
Number Parameters Description ) Min Max Min Max Units
1 TcPC PCLK Cycle Time (Note 1) 250 4000 165 4000 ns
2 TwPCh PCLK High Width 105 2000 70 2000 ns
3 TwPCl PCLK Low Width 105 2000 70 2000 ns
4 TIPC PCLK Fall Time ) . 20 10 ns
5 TrPC PCLK Rise Time 20 15 ns
6 TeCl Counter Layout Cycle Time 500 330 ns
7 TClh Counter Input High Width 230 150 ns
8 TwCll Counter Input Low Width : 230 150 ns
9 TfCl Counter Input Fall Time 20 15 ns
10 TrCl Counter Input Rise Time 20 15 ns
11 TSTI(PC) g o "("Nzg'-'g) Setup Time 150 150 ns
Trigger Input to Counter Input Setup Time
12 TsTICI) (Counter Mode) (Note 2) . 150 . 150 ns
13 TwTl Trigger Input Pulse Width (High or Low) 200 200 ns
14 TSGI(PC) glac:felggm to PCLK | Setup Time (Timer Mode) 100 100 ns
. Gate Input to Counter Input | Setup Time
15 TsGI(Cl) (Counter Mode) (Note 2) 100 100 ns
16 ThGI(PC) ((;‘A‘lag?elg)ut to PCLK | Hold Time (Timer Mode) 100 100 ns
Gate Input to Counter Input | Hold Time
17 ThGI(Cl) {Counter Mode) (Note 2) 100 100 ns
18 TdPC(CO) PCLK to Counter Output Delay (Timer Mode) 475 475 ns
19 TdCI(CO) %’:‘mfe'r bt e‘)° Counter Output Delay 475 475 ns

Notes: 1. PCLK is only used with the counter/timers (in Timer mode), the deskew timers, and the REQUEST/WAIT logic. If these functions are
not used, the PCLK input can be held low.
2. These parameters must be met to guarantee that either the trigger or gate is valid for the next counter/timer cycle.

*Timings are preliminary and subject to change. All timing references assume 2.0V for a logic "1 and 0.8V for a logic "'0."

00958C
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PCLK2 /
(INTERNAL)
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@
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®

o |2 J1

TRIGGER
oor / N
GATE ’K
INPUT
4
COUNTER
ouTPUT X
WF003800
Figure 5. Counter/Timer Timing
SWITCHING CHARACTERISTICS over operating range unless otherwise specified
28036 RESET TIMING (Figure 6)
4MHz 6MHz
Number Parameters Description Min Max Min Max Units
1 TdDSQ(AS) Delay from DS 1 to AS | for No Reset 40 15 ns
2 TdASQ(DS) Delay from AS t to DS 1 for No Reset 50 - 30 ns
Minimum Width of AS and DS both Low for /
3 TwRES Reset (Note 1) ? . 250 170 ns
Note: 1. Internal circuitry aflows for the reset provided by the Z8 (DS held Low while AS pulses) to be sufficient.
*Timings are preliminary and subject to change. All timing references assume 2.0V for a logic "1 and 0.8V for a logic "0".
| 1 —{C
1)
= \ /[~
C N—
(3)
|"®—’| 3
os /I \ /
2
RESET .
(INTERNAL) f
WF003810
Figure 6. Reset Timing
00958C
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified S
28036/28536 MISCELLANEOUS PORT TIMING (Figure 7) (g
@
4MHz 6MHz a
-2
Number Parameters Description Min Max Min Max Units
1 Trl Any Input Rise Rate Time 100 100 ns
2 TH Any Input Fall Time 100 : 100 ns
3 Twi's 1's Catcher High Width (Note 1) 250 170 ns
4 TwPM Pattern Match Input Valid (Bit Port) 750 500 ns
Data Latched on Pattern Match Setup Time
5 TsPMD (Bit Port) 0 0 ns
Data Latched on Pattern Match Hold Time
6 ThPMD (Bit Port) 1000 650 ns
Note: 1. If the input is programmed inverting, a Low-going pulse of the same width will be detected.
*Timings are preliminary and subject to change. All timing references assume 2.0V for a logic '"1'* and 0.8V for a logic "'0." 2
ANY INPUT
' !
) p |
1's CATCHER \
INPUT - /
{3)
\&
PATTERN ¢ b
MATCH PATTERN MATCHES
INPUT(S) 7
— ® ® |
oS
DATA TO BE ><l
LATCHED TO
PATTERN MATCH |
WF003820
Figure 7. Miscellaneous Port Timing
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified

Z8036 CPU INTERFACE TIMING (Figure 8)

4MH2 6MHz
Number | Parameters Description Min Max Min Max Units
1 TwAs AS Low Width 70 2000 50 2000 ns
TsA(AS) Address to AS t Setup Time (Note 1) 30 10 ns
3 ThA(AS) Address to AS t Hold Time (Note 1) 50 30 ns
4 TsA(DS) Address to DS | Setup Time (Note 1) 130 100 ns
5 TsCSO(AS) | TSp to AS t Setup Time (Note 1) 0 0 ) ns
6 ThCSO(AS) CSp to AS 1 Hold Time (Note 1) 60 40 ns
7 TdAS(DS) AS 1 to DS 1 Detay (Note 1) 60 40 ns
8 TsCSI(DS) CS¢ to DS | Setup Time 100 80 ns
9 TsRWR(DS) | R/W (Read) to DS | Setup Time 100 80 ns
10 TsRWW(DS) | R/W (Write) to DS | Setup Time 0 0 ns
1 TwDS DS Low Width 390 250 ns
12 TsDW(DSh) Write Data to DS | Setup Time 30 20 ns
13 TdDS(DRV) D3 (Read) | to Address Data Bus Driven 0 0 ns
14 TdDS{(DR) | DS 1 to Read Data Valid Delay 250 180 ns
15 ThDW(DS) Write Data to DS 1 Hold Time 30 20 ns
16 TdDSr(DR) | DS t to Read Data Not Valid Delay 0 0 ns
17 TdDS(DRz2) DS t Read Data Float Delay (Note 2) 70 45 ns
18 ThRW(DS) R/W to DS 1 Hold Time 55 40 ns
19 ThCSI{DS) CSy to DS t Hold Time o 55 40 ns
20 TdDS(AS) DS 1t to AS | Delay 50 25 ns
21 Tre Valid Access Recover Time (Note 3) 1000 650 ns
Z8036 INTERRUPT TIMING (Figure 9)
22 | TdPM(INT) | Pattern Match to INT Delay (Bit Port) 7‘?8355,';’ 1 As+cnyscm
23 TAACK(NT) mdio NT Delay (Port with Handshgke) 4 TSSO%y:sles 4 AS+cnyscIe
24 | TdCIINT) | Counter Input to INT Delay (Gounter Mode) 7‘;§7gggf 1 AS cydle
25 ' [TdPCINT) | PCLK to INT Delay (Timer Mode) €§7§g§'§ 1 AS oycle
26 TdAS(INT) ~ [ AS to INT Delay 300 ns
28036 INTERRUPT ACKNOWLEDGE TIMING (Figure 10)
27 | TSIA(AS) TNTACK to AS 1 Setup Time 0 0 ns
28 ThIA(AS) INTACK to AS 1 Hold Time ' 250 250 ns
29 TsAS(DSA) AS 1 to DS (Acknowledge) | Setup Time (Note 5) 350 250 ns
30 TdDSA(DR) DS (Acknowledge) | to Read Data Valid Delay 250 180 ns
31 TwDSA DS (Acknowledge) Low Width 390 250 ns
32 TdAS(IEO) AS | to IEO | Delay (INTACK Cycle) (Note 5) 350 250 ns
33 TdIENIEO) IEl to IEO Delay (Note 5) 150 100 ns
34 TsIEI(DSA) IEl to DS (Acknowledge) | Setup Time (Note 5) 100 70 ns
35 ThIEI(DSA) {El to DS (Acknowledge) t Hold Time 100 70 ns
36 TdADSA(INT) DS (Acknowledge) | to INT 1 Delay 600 600 ns

Notes: 1. Parameters do not apply to Interrupt Acknowledge transactions.

2. Float Delay is measured to the time when the output has changed 0.5V from steady state with minimum AC load and maximum DC

load.
. This is the delay from DSt of one CIO access to D3. of another CIO access.

W

is required for ports in the Single Buffered mode.

o

each peripheral separating them in the chain.

*Timings are all preliminary and subject to change. All timing references assume 2.0V for a logic ""1' and 0.8V for a logic "0".

. The delay is from DAV| for 3-Wire Input Handshake. The delay is from DACt for 3-Wire Output Handshake. One additional AS cycle

. The parameters for the devices in any particular daisy chain must meet the following constraints: the delay from ASt to D31 must be)
greater than the sum of TJAS(IEQ) for the highest priority peripheral, TSIEHDSA) for the lowest priority peripheral, and TdIEV(IEQ) for
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Figure 8. 28036 CPU Interface Timing
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Figure 9. Z8036 Interrupt Timing
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Figure 10. Z8036 Interrupt Acknowledge Timing
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified

Z8536 CPU INTERFACE TIMING (Figure 11)

4MHz 6MHz

Number Parameters Description Min Max Min Max Units
1 TePC PCLK Cycle Time 250 4000 165 4000 ns
2 TwPCh PCLK Width (High) 105 2000 70 2000 ns
3 TwPCI PCLK Width (Low) 105 2000 70 2000 ns
4 TrPC PCLK Rise Time 20 10 ns
5 TtPC PCLK Fall Time 20 15 ns
6 TslA(PC) INTACK to PCLK t Setup Time 100 100 ns
7 ThIA(PC) INTACK to PCLK t Hold Time ] 0 ns
8 TsIA(RD) TNTACK to RD 1 Setup Time (Note 1) 200 200 ns
9 ThIA(RD) INTACK to RD 1 Hold Time 0 0 ns
10 TsIA(WR) INTACK to WR | Setup Time 200 200 ns
1 ThIA(WR) INTACK to WR 1 Hold Time 0 0 ns
12 TsA(RD) Address to RD | Setup Time 80 80 ns
13 ThA(RD) Address to RD t Hold Time 0 0 ns
14 TsA(WR) Address to WR | Setup Time 80 80 ns
15 ThA(WR) Address to WR 1 Hold Time 0 0 ns
16 TsCEI(RD) CE Low to RD | Setup Time (Note 1) 0 0 ns
17 TsCEh(RD) CE High to RD | Setup Time (Note 1) 100 70 ns
18 ThCE(RD) CE to AD 1 Hold Time (Note 1) 0 0 ns
19 TsCEI(WR) CE Low to WR | Setup Time 0 0 ns
20 TsCEh(WR) CE High to WR  Setup Time 100 70 ns
21 ThCE(WR) CE to WR 1t Hold Time 0 0 ns
22 TwRDI RD Low Width (Note 1) 390 250 ns
23 TdRD(DRA) RD | to Read Data Active Delay 0 0 ns
24 TdRDK(DR) RD ¢ to Read Data Valid Delay 250 180 ns
25 TdRDr(DR) RD 1 to Read Data Not Valid Delay 0 0 ns
26 TdRD(DRz) RD 1 to Read Data Float Delay (Note 2) 70 45 ns
27 TWWRI WR Low Width 390 250 ns
28 TsDW(WR) Write Data to WR | Setup Time 0 0 ns
29 ThDW(WR) Write Data To WR 1 Hold Time 0 0 ns
30 Tre Valid Access Recovery Time (Note 3) 1000* 650* ns

Z8536 INTERRUPT TIMING (Figure 12)
a1 TAPM(INT) Pattern Match to INT Delay (@it Por) 2 2 Tepe
a2 TAACK(NT) m“;o INT Delay (Port with Handshake) 10 10 ‘l::ﬁ::
33 TACIINT) Counter Input to TNT Delay (Counter Mode) 2 2 Tepe
34 TAPC(NT) PCLK to INT Delay (Timer Mode) 3 3 Tepe
00958C
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
28536 INTERRUPT ACKNOWLEDGE TIMING (Figure 13)

4MHz 6MHz
Number | Parameters Description { Min Max Min Max Units
35 TsIA(RDA) INTACK to RD | (Acknowledge) Setup Time (Note 5) 350 250 ns
36 TwRDA RD (Acknowledge) Width 350 250 ns
37 TdRDA(DR) RD 1 (Acknowledge) to Read Data Valid Delay 255 180 ns
38 TdIA(IEO) NTACK | to IEO| Delay (Note 5) 350 250 ns
39 TdIEI(IEO) IE|l to IEO Delay (Note 5) 150 100 ns-
40 Ts!EI(RDA) IEl to RD | (Acknowledge) Setup Time (Note 5) 100 70 ns
41 ThIEI(RDA) IEI to RD t (Acknowledge) Hold Time 100 70 ns
42 TdRDA(INT) RD 1 (Acknowledge) to INT t Delay 600 600 ns
Notes: 1. Parameters do not apply to interrupt Acknowledge transactions.

2. Float Delay is measured to the time when the output has changed 0.5V with minimum AC load and maximum DC load.

3. Tre is 1us or 3 TcPC, whichever is longer.

4, The delay is from WA“VI for 3-Wire Input Handshake. The delay is from DACt for 3-Wire Output Handshake.

6. The parameters for the devices in any pariticular daisy chain must meet the following constraints: the delay from INTACK! to RD!

must be greater than the sum of TdIA(IEO) for the highest priority peripheral, TsIEI(RDA) for the lowest priority peripheral, and

TdIEI(IEQ) for each peripheral separating them in the chain.
*Timings are preliminary and subject to change.
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= N
— .

Figure 11. Z8536 CPU Interface Timing
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
28036 REQUEST/WAIT TIMING (Figure 14)
4MHz
Number Parameters Description Min Max Units
1 TdDS(REQ) DS 1 to REQ | Delay 500 ns
2 TdDS(WAIT) DS 1 to WAIT | Delay 500 ns
3 TdPC(REQ) PCLK ¢ to REQ t Delay 300 ns
4 TdPC(WAIT) PCLK 1 to WAIT t Delay 300 ns
3 AS+ AS cycles
5 TdACK(REQ) "ACKIN 1 to REQ 1 Delay (Note 1) 2PCLK + +PCLK cycles
1000ns +ns
6 TAACK(WAIT) ACKIN | to WAIT 1 Delay 10 e%%hg POLK cycles
Note: 1. The delay is from DAV, for 3-Wire Input Handshake. The delay is from DAC1 for 3-Wire Output Handshake.
*Timings are preliminary and subject to change. All timing references assume 2.0V for a logic 1" and 0.8V for a logic "0".
_—/-__\_—_/—_\—_/_\L_/__\_
N
ACKIN \
(NOTE 1)
G) 0
N O
—
\ /
G) (6)—
A4 2/
i \ /
WF003860
Figure 14. REQUEST/WAIT Timing
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SWITCHING CHARACTERISTICS over operatmg range unless otherwise specified
28036 REQUEST/WAIT TIMING (Figure 15)

4MHz
Number Parameters Description Min Max Units
1 TdRD(REQ) RD | to REQ i Delay 500 ns
2 TdRD(WAIT) RD 1 to WATT 1 Delay 500 ns
3 TdWR(REQ) WR | to REQ | Delay 500 ns
4 TdWR(WAIT) WR | to WAIT | Delay 500 ns
5 TdPC(REQ) PCLK 1 to REQ t Delay - 300 ns
6 TdPC(WAIT) PCLK | to WAIT t Delay 300 ns
7 TJdACK(REQ) ACKIN | to REQ t Delay (Note 1) 8+ 100 TcPC +ns
8 TdACK(WAIT) ACKIN | to WAIT t Delay (Note 1) 10 + 600 TcPC +ns

Note: 1. The delay is from DAV. for 3-Wire Input Handshake. The delay is from DACt for 3-Wire Output Handshake.
*Timings are preliminary and subject to change. All timing references assume 2.0V for a logic "'1"" and 0.8V for a logic "'0".

ACKIN \

@—*-—l &
—CD—= 7
REQ \ /
® ~—®—
WF003900

Figure 15. Request/WAIT Timing
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Z8038(FI0)

Z8038(FIO)

128 Byte FIFO 1/0O Port

DISTINCTIVE CHARACTERISTICS

e Asynchronous FIFO Interface —
128-byte FIFO provides bidirectional CPU to CPU or
peripheral interface.

® Expandable in Length and Width —
FIOs can be connected in parallel for wider words,
can be cascaded for deeper stacks.

¢ 2-Wire and 3-Wire handshake logic —
Control logic on chip for interlocked two-wire hand-
shake as well as three-wire scheme used in IEEE-
488.

‘e Pattern matching logic on chip —

FIO can detect a data pattern and interrupt CPU.
e Byte count available to software —

An on-chip register which contains the actual num-

ber of bytes in the FIFO can be read by the soft-

ware to determine stack status.

GENERAL DESCRIPTION

The Z8038* FIO provides an asynchronous 128-byte FIFO
buffer between two CPUs or between a CPU and a
peripheral device. This buffer interface expands to a 16-bit
or wider data path and expands in depth to add as many
Z8060 FIFOs (and an additional FIO) as are needed.

The FIO manages data transfers by assuming Z-BUS, non-
Z-BUS microprocessor (a generalized microprocessor in-
terface), Interlocked 2-Wire Handshake, and 3-Wire Hand-
shake operating modes. These modes interface dissimilar
CPUs or CPUs and peripherals running under differing
speeds or protocols, allowing asynchronous data transac-

tions and improving 1/0 overhead by as much as two
orders of magnitude.

The FIO supports the Z-BUS interrupt protocols, generating
seven sources of interrupts. Each interrupt source can be
enabled or disabled, and can also place an interrupt vector
on the port address/data lines.

The data transfer logic of the FIO has been specially
designed to work with DMA (Direct Memory Access)
devices for high-speed transfers. The FIO also supports the
variably sized block length, improving system throughput
when multiple variable length messages are transferred
amongst several sources.

FIO BLOCK DIAGRAM

PORT 1
INTERFACE
TYPE
PORT 2 INTERFACE
o CONTROL AND TYPE CONTROL CONTROL ANO e RFACE
INTERFACE INTERFACE INTERFACE
E LoGIC Loaic HANOSHAKING
i OMA - —
Locic LoGic lo—
\
E INTERRUPT —1 mMesSAGE J INTERRUPT :I
PORT1 LOGIC ~— REGISTERS _] LOGIC PORT 2
L} PATTERN STATUS LOGIC parrenn ||
MATCH AND REGISTERS MATCH
r LOGIC [E N
L{ oana oata 1
DATA 128X 8 DATA
BUFFER BUFFER
BUS &_ i : FIFO BUFFER : Prrdici BUS
BD003350
*Z8000 is a trademark of Zilog, Inc. 008678
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CONNECTION DIAGRAM 2
Top View %
D-40, P-40 o
A d
Al v e \j 4[] +s5v
B[]z A
c}s s[s
o]+ [ e
e[ }s POI'“ POZRT s 1D
FJs sioe ! sioe B[JE
G 7 U JF
H E 8 BJG
[ o 32 1H
J 10 AmZ8038 28 s ]
o 5 " Fi0 .
0y : 12 297 o,
o, 13 28] b,
D3 14 710,
o, []1s. 26 [ oy
Ds E 16 5[] o,
Dg 17 24 1oy
o, ] 2377 og
[ R} 20,
GND [ 20 21 My
CD005180

Note: Pin 1 is marked for orientation

ORDERING INFORMATION
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following:
Device number, speed option (if applicable), package type, operating range and screening option (if desired).

8038 A D Valid Combinations

<
. DC, PC, DI,
. |_ 28038 | Apc, APC
Basic Device Type Temperature Range .

C - Commercial (0°C to 70°C)
| - Industrial (-40°C to 85°C)

Valid Combinations

Speed Package Type — 40-pin Consult the local AMD sales office to con-
Blank = 4MHz P - Plastic Dip. firm availability of specific valid combinations,
A =6MHz D - Ceramic Dip

L — Ceramic Lead check for newly released valid combinations
cﬁir."i‘"c’:'imeef oss and/or obtain additional data on AMD's stan-
dard military grade product.
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PIN DESCRIPTION

Pin Signals

Pin No.

| Name |

Description -

PINS COMMON TO BOTH SIDES

Mo 21 Mo M;s and Mg program Port 1 side CPU interface
My 19 My
+5 Vdc 40 +5 Vdc |DC power source
GND 20 GND |DC power ground
Pin No. Port
Pin Signals 1 2 Name Description
Z-BUS LOW BYTE MODE .
ADg-AD7 . g g Multiplexed bidirectional address/data lines,
(Address/Data) 1118 29-22 Do-D7  |Z.BUS compatible,
WATT Qutput, active Low, REQUEST (ready) line for DMA transfer,
FE?(xest/IWait) 1 39 A WAIT line (open-drain) output for
9 synchronized CPU and FIO data transfers.
FMASTB 2 a8 B Input, active Low. Strobes DMA data to and from
(Direct Memory Access Strobe) the FIFO buffer.
DS 3 37 c Input, active Low. Provides timing for data transfer to
(Data Strobe) or from FIO.
RIW 4 36 D Input, active High signals CPU read from FiO;
(Read/Write) active Low signals CPU write to FIO.
o] 5 35 E Input, active Low. Enables FIO. Latched on the
(Chip Select) rising edge of AS,
AS 6 a4 F Input, active Low. Addresses, CS and INTACK,
(Address Strobe) are sampled while AS is Low.
INTACK 7 33 G Input, active Low. Acknowledges an interrupt.
(interrupt Acknowledge) Latched on the rising edge of AS.
IEO 8 32 H Output, active High. Sends interrupt enable to
(Interrupt Enable Out) lower priority device IEI pin.
IEl 9 31 | input, active High. Receives interrupt enable from
(Interrupt Enable In) higher priority device IEQ signal.
10 30 J Output, open drain, active Low. Signals FIO
(Interrupt) interrupt request to CPU.
Z-BUS HIGH BYTE MODE
ADg-AD7 . ¥ g Multiplexed bidirectional address/data lines, Z-BUS
(Address/Data) 1118 29-22 Do-D7 | compatible.
WATT Out%ut, active Low, REQUEST (ready) line for DMA transfer,
EE;G(, est/IWait) 1 39 A WAIT line (open-drain) output for
q synchronized CPU and FIO data transfers.
DMASTB 2 ag 8 Input, active Low. Strobes DMA data to and from the
(Direct Memory Access Strobe) FIFO buffer.
D3 3 37 c Input, active Low. Provides timing for transter of data
(Data Strobe) to or from FIO.
RIW 4 36 D Input, active High. Signals CPU read from FIO; active
-| (Read/Write) Low signals CPU write to FIO.
cs 5 35 E Input, active Low. Enables FIO. Latched on the
(Chip Select) rising edge of AS.
AS 6 a4 F Input, active Low. Addresses, CS and INTACK, are
(Address Strobe) sampled while AS is Low.
Ay ) 7 33 G Inpu(. active Hiqh. With A4, Ap, and Ag, addresses
(Address Bit 0) FiO internal registers.
Ay 8 32 H Input, active High. With Ag, Ap, and Ag, addresses
(Address Bit 1) FIO internal registers.
A 9 31 | Input, active High. With Ap, Ay, and Ag, addresses
(Address Bit 2) FIO internal registers.
Az ) 10 30 g Input_. active High. With Ag, Ay, and Ap, addresses
(Address Bit 3) FIO internal registers.
00867B
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PIN DESCRIPTION (Cont.)
Pin No. Port
Pin Signals 1 2 Name Description
NON-Z-BUS MODE
?00555 11-18 2022 | DyD; |Bidirectional data bus.
REQ/WT Output, active Low. REQUEST (ready) line for DMA transfer, WAIT '
. 1 39 A line (open-drain) output for synchronized CPU and FIO data
(Request/Wait)
transfer. :
DACK ’
(OMA Acknowledge) 2 38 B Input, active Low. DMA acknowledge.
?R%ad) 3 37 C Input, active Low. Signals CPU read from FIO.
(Ww,?ite) 4 36 D Input, active Low. Signals CPU write to FIO.
CE .
(Chip Select) 5 35 E Input, active Low. Used to select FiO.
c/D 6 34 F Input, active High. Identifies control byte on Dg-D7. Active Low
(Control/Data) identifies data byte on Dg-D7.
INTACK . :
(Interrupt Acknowledge) 7 33 G Input, active Low. Acknowledges an interrupt.
IEO 8 32 H Output, active High. Sends interrupt enable to lower priority device
(Interrupt Enable Out) IEl pin.
1El 9 31 | Input, active High, Receives interrupt enable from higher priority
(Interrupt Enable In) device IEO signal.
INT 10 30 J Output, open drain, active Low. Signals FIO interrupt
(Interrupt) to CPU.
Pin Signals Pin No. | -Mode Name |Description
PORT 2 - I/0 PORT MODE
Do-D7 29-22 |2-Wire HS*| Do-D7 |Bidirectional data bus.
(Data) 3-Wire HS
RFD/DAV 39 2-Wire HS A Output, RFD active High. Signals peripherals that F 10 is ready to
(Ready for Data/Data Available) 3-Wire HS receive data. DAV active Low signals that FiO is ready to send
data to peripherals.
ACKIN 38 2-Wire HS B {nput, active Low. Signals FIO that output data is received by
(Acknowledge Input) peripherals or that input data is valid.
DAV/DAC 38 3-Wire HS B Input, DAV (active Low) signals that data is valid on bus. DAC
(Data Available/Data Accepted) (active High) signals that output data is accepted by peripherals.
FULL 37 2-Wire HS C Output, open drain, active High. Signals that FIO buffer is full.
DAC/RFD 37 3-Wire HS C Direction controlled by internal programming. Both active -High. DAC
(Data Accepted/Ready for Data) (an output) signals that FIO has received data from peripheral;
RFD (an input) signals that the listeners are ready for data.
EMPTY 36 2-Wire HS D Output, open drain, active High. Signis that FIFO buffer is empty.
’ 3-Wire HS
CLEAR 35 2.Wire HS E Programmable input or output, active Low. Clears all data from
3-Wire HS FIFO buffer..
DATA DIR 34 2-Wire HS F Programmable input or output. Active High signals data input to
(Data Direction) 3-Wire HS Port 2; Low signals data output from Port 2.
INo 33 2-Wire HS G Input line to Dy of Control Register 3.
3-Wire HS
OuUTy 32 2-Wire HS H Output line from D¢ of Control Register 3.
3-Wire HS
OE a1 2-Wire HS | Input, active Low. When Low, enables bus drivers. When High,
(Output Enable) 3-Wire HS floats bus drivers at high impedance.
OUT3 30 2-Wire HS J Output line from D3 of Control register 3.
3-Wire HS
"Handshake
008678
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ARCHITECTURE

The FIO is a universal interface between two independent
systems operating asynchronously. Conceptually it consists of
two programmable interfaces connected by a 128-byte FIFO
buffer and a pair of message registers, as shown in Figure 1.

Each port contains 8 lines used for data and for programming
the FIO, and 10 lines used for various control functions. The
function and timing relationships of the 10 control lines change
completely according to the type of interface the port is
programmed to be. Either port can be programmed to interf-
ace directly to a Z8000 CPU Bus (Z-bus) or to an 8080 type
bus (8080, 8085, Z80). The 10 control lines perform the
functions needed for read and write strobes, DMA control, and
interrupt handling. The port 2 side can also be programmed for
interface to peripheral; in this case, the 10 lines are used for
handshaking, direction control, and cascading.

The two sides are connected by the FIFO buffer and the
message registers. The buffer is used to move data between
the two ports. Since it is a FIFO, reads and writes can occur

simultaneously and independently. Each port is tied to its own
system interface, with the FIFO providin’g reliable data transfer
between them. The message registers are used to transmit
information between the two ports without going through the
FIFO. They (one going each direction) are intended for control
words being sent from one CPU to another. :

The CPU interface includes a vectored interrupt capability
which covers all the ways in which a transfer might be
terminated. The CPU, therefore, can set up the FIO to
communicate with a peripheral or another CPU, and then not
deal with the FIO until an interrupt occurs. Interrupts can be
programmed to occur if any of these conditions takes place:

Buffer Empty

Buffer Full
Overflow/Underflow
Byte Count Match
Data Pattern Match
Data Direction Change
Message Present

PORT 1 PORT 2
128-BYTE
PROGRAMMABLE
PROGRAMMABLE INTERFACE
INTERFACE -
- 28000 BUS,
28000 BUS, 8080 BUS,
OR 8080 BUS 2-WIRE OR
3I-WIRE
[RE—— | HANDSHAKE
ONTRO| MESSAGE
° N REGISTERS CONTROL
oo ] |_come
AF002330

Figure 1. FIO Concept

DETAILED DESCRIPTION
OPERATING MODES '

Ports 1 and 2 operate in any of twelve combinations of
operating modes, listed in Table 2. Port 1 functions in either
the Z-BUS or non-Z-BUS microprocessor modes, while Port 2
functions in Z-BUS, non-Z-BUS, Interlocked 2-Wire Hand-
shake, and 3-Wire Handshake modes. Table 1 describes the

signals and their corresponding pins in each of these modes.

The pin diagrams of the FIO are identical, except for two pins
on the Port 1 side, which select that port's operating mode.
Port 2's operating mode is programmed by two bits in Port 1's
Control register 0. Table 2 describes the combinations of
operating modes; PIN DESCRIPTION describes the control

signals mapped to pins A-J in the five possible operating
modes.

RESET

The FIO can be reset under either hardware or software
control by one of the following methods:
® By forcing both AS and DS LOW simultaneously in Z-BUS
mode (normally illegal).

® By forcing RD and WR LOW simultaneously in non-Z-BUS

mode.
® By writing a 1 to the Reset bit in Control register 0 for
software reset.

In the Reset state, all control bits are cleared to 0. Only after
clearing the Reset bit (by writing a 0 to it) can the other
command bits be programmed. This action is true for both
sides of the FIO when programmed as a CPU interface.

2-228
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TABLE 1. PIN ASSIGNMENTS
Port 2 Only
Control Signal
Pins Z-BUS Low Byte | Z-BUS High Byte Non-Z-BUS Interlocked HS Port | 3-Wire HS Port
A REQ/WT REQ/WT REQ/WT RFD/DAV RFD/DAV
B DMASTB DMASTB DACK ACKIN DAV/DAC
c bs DS RD FULL DAC/RFD
D R/W R7W WR EMPTY EMPTY
E s c3 CE CLEAR CLEAR
F AS AS c/D DATA DIR DATA DIR
G INTACK Ag TACK INo INo
H IEO Ay IEO OUTy OUT4
1 1] A2 IEl OE OE
J INT As INT OUT3 0OUTg

For proper system control, when Port 1 is reset, Port 2 is also
reset. In addition, all Port 2's outputs are floating and all inputs
are ignored. To initiate the data transfer, Port 2 must be

enabled by Port 1. The Port 2 CPU can determine when it is
enabled by reading Control register 0, which reads ''floating'
data bus if not enabled and 014" if enabled.

TABLE 2. OPERATING MODES

*

MODE My Mo B4 Bo' Port 1 Port 2
0 0 0 0 0 Z-BUS Low Byte Z-BUS Low Byte
1 0 0 0 1 Z-BUS Low Byte Non-Z-BUS
2 0 0 1 0 Z-BUS Low Byte 3-Wire Handshake
3 0 o] 1 1 Z-BUS Low Byte 2-Wire Handshake
4 0 1 0 0 Z-BUS High Byte Z-BUS High Byte
5 [o] 1 0 1 Z-BUS High Byte Non-Z-BUS
6 o 1 1 0 Z-BUS High Byte 3-Wire Handshake
7 0 1 1 1 Z-BUS High Byte 2-Wire Handshake
8 1 ] 0 0 Non-Z-BUS Z-BUS Low Byte
9 1 0 V] 1 Non-Z-BUS Non-Z-BUS
10 1. 0 1 0 Non-Z-BUS 3-Wire Handshake
11 1 0 1 1 Non-Z-BUS 2-Wire Handshake

*Bits 3 and 2 of Control register 0. Read/Write from Port 1, Read-only from Port 2.
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Z-BUS

SYSTEM
MEMORY

2.8US

Figure 2. CPU to CPU Configuration

<

<

[

8080 TYPE BUS

—>

zF10
DWASTE REG
<:> z01C
owASTE REQ
¢> zF0
DMASTE
2F10

=L
—

8080 TYPE BUS

— Y
Z-sCC
> cmere
PORY 2
8
PORT 3
8080/
280
SYSTEM
MEMORY
AF002340
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280 BUS tion interfaces CPUs with time-multiplexed address and data
1 information on the same pins. The 28001, Z8002, and Z8 are
examples of this type of CPU. The AS (Address Strobe) pin is
<___> vo used to latch the addrgss and chip select information sent out
2510 by the CPU. The R/W (Read/Write) pin and the DS (Data
80 3 Strobe) pin are used for timing reads and writes from the CPU
} to the FIO (Figures 4 and 5).
HANDSHAKE
SIGNALS
The non-Z-BUS configuration is used for CPUs where the
address and data buses are separate. Examples of LIS type of
CPU are the Z80 and 8080. The RD (Read) and WR (Write)
pins are used to time reads and writes from the CPU to the FIO
(Figures 7 and 8). The C/D (Control/Data) pin is used to
" MEMORY directly access the FIFO buffer (C/D = 0) and to access the
other registers (C/D =1). Read and write to all registers
' except the FIFO buffer' are the two-step operations, de-
scribed as follows (Figure 6). Iiirst, write the address of the
— register to be accessed with C/D = 1. The address goes into a
AF002350 pointer register, and the FIO switches to state 1. The next read
. A or write with C/D=1 will be to the register pointed to.
Figure 3. CPU to 1/0 Configuration Continuous status monitoring can be performed by continuous
CPU INTERFACES Control Read operations (C/D = 1).
The FIO is designed to work with both Z-BUS and non-Z-BUS- 1The FIFO buffer can also be accessed by this two-step
type CPUs, on both Port 1 and Port 2. The Z-BUS configura- operation.
ADg-AD; -—< "\’,“"'l‘_f:,s ,Lf ‘< 10 cPu >——
i
\__/ \___
w_/ N
I3 \_—_—_—/—_
WF004090
Figure 4. Z-BUS Read Cycle Timing
ADg-AD7 ——-—-( "",DA:‘JEDSS H DATA FROM CPU }———
. \__/ \_
5] \ /
" \ /
= \_____/—_—
WF004100
Figure 5. Z-BUS Write Cycle Timing
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WRITE YO cmvnm REGISTER O
SETRESET" =

STATEO

READ CONTROL
REGISTER ADDRESSED READ OR
0 WRITE DATA
(€D =1) s (€5 =0

WRITE TO CONTROL REGISTER(C/D = 1)
(WRITES AN ADDRESS INTO POINTER REGISTER)

STATE 1

(
INTHIS STATEY)

READ OR WRITE CONTROL REGISTER
ADDRESSED BY POINTER (C/D = 1)

AF002360

Figure 6. In Non-Z-BUS Mode, Control Registers
are Accessed by First Writing the Ad-
dress of the Register, then Reading or
Writing the Contents of the Addressed
Register.

WAIT OPERATION

When data is output from the CPU, the REQ/WT/ (WAIT) pin
is active (LOW) only when the FIFO buffer is full, the chip is
selected, and FIFO buffer is addressed. WAIT goes inactive
when the FIFO buffer is not full.

When data is input to the CPU, the REQ/WT pin becomes
active (LOW) only when the FIFO buffer is empty, the chip is

selected, and the FIFO buffer is addressed. WAIT goes
inactive when the FIFO buffer is not empty.

INTERRUPT OPERATION

The FIO supports Zilog's prioritized daisy chain interrupt
protocol for both Z-BUS and non-Z-BUS operating modes.

Each side of the FIO has seven sources of interrupt. The
priorities of these devices are fixed in the following order
(highest to lowest): Mailbox message, Change in Data Direc-
tion, Pattern Match, Status Match, Overflow/Underflow Error,
Buffer Full, and Buffer Empty. Each interrupt source has three
bits that control how it generates the interrupt. These bits are
Interrupt Pending (IP), Interrupt Enable (IE) and Interrupt
Under Service (IUS).

In addition, each side of the FIO has an interrupt vector and
four bits controlling the FIO interrupt logic. These bits are
Vector Includes Status (VIS), Master Interrupt Enable (MIE),
Disable Lower Chain (DLC) and No Vector (NV).

A typical Interrupt Acknowledge cycle for Z-BUS operation is
shown in Figure 9 and for non-Z-BUS operation in Figure 10.
The only difference is that in Z-BUS mode, INTACK is latched
by AS, and in non-Z-BUS mode, INTACK is not latched.

When MIE =1, reading the vector always includes status,
independent of the state of the VIS bit. In this way, when
VIS =0, all information can be obtained with one additional
read, thus conserving vector space. When MIE =0, reading
the vector register returns the unmodified base vector so that
it can be verified.

In non-Z-BUS mode, IPs do not get set while in State 1.
Therefore, to minimize interrupt latency, the FIO should be left
in State 0.

°'° A

X

" 0g0y

. \

—

\

—

WF004110

Figure 7. Non-Z-BUS Read Cycle Timing

X

FROM CPU

> » .

—

—

WFQ004120

Figure 8. Non-Z-BUS Write Cycle Timing
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AL

3l

MIE

WF004130

: Figure 9. Z-BUS Interrupt Acknowledge Cycle

INTACK

—
\ .

y

- Y a—

WF004140

Figure 10. Non-Z-BUS Interrupt Acknowledge Cycle
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CPU TO CPU OPERATIONS

DMA Operation

The FIO is particularly well suited to work with a DMA in both
Z-BUS and non-Z-BUS modes. A data transfer between the
FIO and system memory can take place during every machine
cycle on both sides of the FIO simultaneously.

In Z-BUS mode, the DMASTB pin (DMA Strobe) is used to
read or write into the FIFO buffer. The R/W (Read/Write) and
DS (Data Strobe) signals are ignored by the FIO; however, the
CS (Chip Select) signal is not ignored and therefore must be
kept valid. Figures 11 and 12 show typical timing.

In Non-Z-BUS mode, the DACK pin (DMA Acknowledge) is
used to tell the FIO that its DMA request is granted. After
DACK goes Low, every read or write to the FIO goes into the
FIFO buffer. Figures 13 and 14 show typical timing.

The FIO provides a special mode to enhance its DMA transfer
capability. When data is written into the FIFO buffer, the REQ/
WT (REQUEST/WAIT) pin is active (LOW) until the FIFO
buffer is full. It then goes inactive and stays inactive until the
number of bytes in the FIFO buffer is equal to the value
programmed into the Byte Count Comparison register. Then
the REQUEST signal goes active and the sequence starts
over again (Figure 15).

When data is read from the FIO, the REQ/WT pin (RE-
QUEST/WAIT) is inactive until the number of bytes in the
FIFO buffer is equal to the value programmed in the Byte
Count Comparison register. The REQUEST signal then goes
active and stays active until the FIFO buffer is empty. When
empty, REQUEST goes inactive and the sequence starts over
again (Figure 16).

A/D BUS

ADDRESS
FROM DMA

DATA FROM FIO TO MEMORY

>_

al
-

E)

\

DMASTB

—
—

Figure 11. Z-BUS FIO to Memory Data Transaction

WF004150

ADDRESS
FROM DMA

A/D BUS

>__

DATA FROM MEMORY TO FIO

—

RW

DMASTB

Figure 12. Z-BUS Memory to FIO Data Transaction

./

WF004160
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ADORESSES X MEMORY ADDRESS OF WRITE f
e DATA FROM FIO TO MEMORY
MEMORY
WRITE
v
READ

s\
WF004170 ' 2

(o14)8e082

Figure 13. Non-Z-BUS FIO to Memory Transaction

ADDRESSES x MEMORY ADDRESS OF READ x
BUS MEMORY TO FIO
MEMORY
= N/  /
vo
[ \

WF004180

Figure 14. Non-Z-BUS Memory to FIO Data Transaction

@ » @ ACTIVE

ACTIVE @ :‘E
] 3
g 2 ®
3 g
® ®
INACTIVE @ INACTIVE X X @ )
+ + —— 1 —
EMPTY N FULL EMPTY N FuLL
(N = NUMBER IN BYTE COUNT COMPARISON REGISTER (N = NUMBER IN BYTE COUNT COMPARISON REGISTER
NUMBER OF BYTES IN FIFO) NUMBER OF BYTES IN FIFO)
AF002380 AF002370
Notes: 1. FIFO empty. Notes: 1. FIFO empty. .
2. REQUEST enabled, FIO request 2. CPU/DMA fills FIFO buffer from
DMA transfer. the opposite port.
3. DMA transfers data into the FIO. 3. Number of bytes in FIFO buffer is
4. FIFO full, REQUEST inactive. the same as the number of bytes
5. The FIFO empties from the oppo- programmed in the Byte Count
site port until the number of bytes Comparison register.
in the FIFO buffer is the same as 4. REQUEST goes active.
the ‘number programmed in the 5. DMA transfers data out of FIFO
Byte Count Comparison register. ) until it is empty.
Figure 15. Byte Count Control: Write to FIO Figure 16. Byte Count Control: Read from FIO
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Message Registers

Two CPUs can communicate through a dedicated ""mailbox"’
register without involving the 128 x 8 bit FIFO buffer (Figure
19). This mailbox approach is useful for transferring control
parameters between the interfacing devices on either side of
the FIO without using the FIFO buffer. For example, when Port
1's CPU writes to the Message Out register, Port 2's message
IP is set. If interrupts are enabled, Port 2's CPU is interrupted.
Port 2's message status is readable from the Port 1 side via
Control register 2. When Port 2's CPU reads the data from its
Message In register, the Port 2 IP is cleared. Thus, Port 1's
CPU can tell that the message has been read and can now
send another message or follow whatever protocol that is set
up between the two CPU's. The same transfer can also be
made from Port 2's CPU to Port 1's CPU.

CLEAR (Empty) FIFO Operation

The CLEAR FIFO bit (active LOW) clears the FIFO buffer of
data. Writing a 0 to this bit empties the FIFO buffer, inactivates
the REQUEST line, and disables the handshake (if pro-
grammed). The CLEAR bit does not affect any control or data
register. To remove the CLEAR state, write a 1 to the CLEAR
bit. .

In CPU/CPU mode, under program control, only one of the
ports can empty the FIFO by writing to its Control register 3, bit
6. The Port 1 CPU must program bit 7 in Control register 3 to
determine which port controls the CLEAR FIFO operation
(0 = Port 1 control; 1 =Port 2 control).

Direction of Data Transfer Operation

The Data Direction bit controls the direction of data transfer in
the FIFO butfer. The Data Direction bit is defined as 0 = output
from CPU and 1 = input to CPU. This bit reads correctly when
read by either port's CPU. For example, if Port 1's CPU reads
a 0 (CPU output) in its Data Direction bit, then Port 2's CPU
reads a 1 (input to CPU) in its Data Direction bit.

In CPU/CPU mode, under program control, only one of the
ports can control the direction of data transfer. The Port 1 CPU
must program bit 5 in Control register 3 to determine which
port controls the data direction (0 = Port 1 control; 1 = Port 2
control). Figure 18 shows FIO data transfer options.

CPU TO 1/0 OPERATION

When Port 2 is programmed in the Interlocked 2-Wire Hand-
shake mode or the 3-Wire Handshake mode, and Port A is
programmed in Z-BUS or non-Z-BUS Microprocessor mode,

the FIO interfaces a CPU and a peripheral device. In the
interlocked 2-Wire Handshake mode, RFD/DAV and ACKIN
strobe data to and from Port 2. in the 3-Wire Handshake
mode, RFD/DAV, DAV/DAC, and DAC/RFD signal contro}
data flow.

Interlocked 2-Wire Handshake

In the Interlocked Handshake, the action of the FIO must be
acknowledged by the other half of the handshake before the
next action can take place. In output mode, Port 2 does not
indicate that new data is available until the external device
indicates it is ready for the data. Similarly, in input mode, Port 2
does not indicate that it is ready for new data until the data
source indicates that the previous byte of the data is no longer

" available, thereby acknowledging Port 2's acceptance of the

last byte. This allows the FIO to directly interface to a Z8's
port, a ClO's port, a UPC's port, another FIO port, or another
FIFO Z8060, with no external logic (Figures 19 and 20).

3-Wire Handshake

The 3-Wire Handshake is designed for applications in which
one output port is communicating with many input ports
simultaneously. it is essentially the same as the Interlocked
Handshake, except that two signals are used to indicate that
an input port is ready for new data or that it has accepted the
present data. In the 3-Wire Handshake, the rising edge of the
RFD status line indicates that the port is ready for data, and
the rising edge of the DAC status line indicates that the data
has been accepted. With 3-Wire Handshake, the lines of many
input ports can be bussed together with open-drain drivers,
and the output port knows when all of the ports are ready and
have accepted the data. This handshake is the same hand-
shake used in the IEEE-488 Instruments. Since the port's
direction can be changed under software control, bidirectional
|EEE-488 type transfers can be performed. Figures 21 and 22
show the timings associated with 3-Wire Handshake commu-
nications. :

- CLEAR FIFO Operation

In CPU-to-1/0 operation, the CLEAR FIFO operation can be
performed by the CPU side (Port 1) under software control as
previously explained. The CLEAR FIFO operation can also be
performed under hardware control by defining the CLEAR pin
of Port 2 as an input (Control register 3, bit 7 = 1),

For cascading purposes, the CLEAR pin can also be defined
as an output (Control register 3, bit 7 = 0), which reflects the
current state of the CLEAR FIFO bit. It can then empty other
FIOs or initialize other devices in the system. '

MESSA(
PORT 2 o PORT 2
MESSAGE OUT PORT MESSAGE IN
A REGISTER
- PORT 2 b
, (ADDRESS Cy) (ADDRESS By)
TO PORT 1 70 PORT 2
DATA 1O DATA VO
UNES UINES
MESSAGE
PORT 1 PORT 2
MESSAGE IN PORT 2 MESSAGE OUT
REGISTER T0
Z PORT 1 -
(ADDRESS By) (ADDRESS Cy)
AF002390

Figure 17. Message Register Operation
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INITIALIZE (PROGRAM REGISTERS FOR OPERATING MODE.
PORT 1 PORT 2 CONFIGURATION, DATA TRANSFER CONTROL. ETC.)
PORT 1
ENABLES
PORT 2
PORT 1 (CPU) l PORT 2 (CPU) PORT 2 (1/0)
EXCHANGE EXCHANGE BYTES EXCHANGE
CONTROL VIA MESSAGE REGISTER CoNTROL |- - 2WIRE 3-WIRE
PARAMETERS PARAMETERS HANDSHAKE HANOSHAKE
WITH PORT 2 WITH PORT 1 INTERFACE INTERFACE
cPy - cPu
. |
‘ (DMA OR INTERRUPT- TRANSFERS DATA BYTE-
{ l DRIVEN TRANSFERS, AS AT-A-TIME UNTIL .
FOR PORT 1) FIFO BUFFER IS
' FULL OR EMPTY
DMA- INTERRUPT N/
CONTROLLED DRIVEN
TRANSFER TRANSFER
¥ T | I
TERMINATES ON ANY TERMINATES ON ANY
OF THESE CONDITIONS: OF THESE CONDITIONS:
© DMA BLOCK LENGTH REGISTER = 0 ® CPU COMPLETES BUFFER DUMP
© FIO PATTERN MATCH INTERRUPT o FIO PATTERN MATCH INTERRUPT |
© BYTE COUNT DISABLES REQ * FIO BYTE COUNT INTERRUPT
I ® FIO FULLUEMPTY INTERRUPT I
: |
. I |
EXCHANGE EXCHANGE BYTES EXCHANGE
CONTROL VIA MESSAGE REGISTERS CONTROL
PARAMETERS e —— =] PARAMETERS
WITH PORT 2 WITH PORT 1
CPU CPU |
L )
] i ]
[ CONTINUE OR REPROGRAM PORT REGISTERS WITH NEW BLOCKS OF CONTROL BYTES. l

PF001230

Figure 18. FIO Data Transfer Options

ACKIN \ / ' \ /
FFo \______/—__—\__—/—

WF004190

Figure 19. Input Timing for Interlocked Handshake Timing (Port 2 Side Only)
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o /S ./
|

WF004200

Figure 20. Output Timing for Interlocked Handshake Timing (Port 2 Side Only)

RFD

out

DAV

N N

DAC .
out

WF004210

Figure 21. Input (Acceptor) Timing IEEE-488 HS (Port 2 Side Only)

5\ / /T
s /4 \ N/ S\
L/ Y/ \

WF004220

Figure 22. Output (Source) Timing IEEE-488 HS Port (Port 2 Side Only)
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Data Direction Control

In CPU-to-1/0O mode, the direction of data transfer can be
controlled by the CPU side (Port 1) under software control as
previously explained. The data direction can also be deter-
mined by hardware control by defining the Data Direction pin
of Port 2 as an input (Control register 3, bit 5 =1).

For cascading purposes, the Data Direction pin can also be
defined as an output (Control register 3, bit 5 = 0) pin which
reflects the current state of the Data Direction bit. It can then
be used to control the direction of data transfer for other FIOs
or for external logic.

On the Port 2 side, when data direction is 0, Port 2 is in Output
Handshake mode. When data direction is 1, Port 2 is in Input
Handshake mode.

PROGRAMMING INFORMATION

The Programming of the FIO is greatly simplified by the
efficient grouping of the various operation modes in the control
registers. Since all of the control registers are read/write, the
need for maintaining their image in system memory is eliminat-
ed. Also, the read/write feature of the registers aids in system
debugging.

Each side of the FIO has 16 registers. All 16 registers are used
by the Port 1 side; Control register 2 is not used on the Port 2
side. All registers are addressable Oy through Fy.

In the Z-BUS Low Byte mode, the FIO allows two methods for
register addressing under control of the Right Justify Address
(RJA) bit in Control register 0. When RJA = 0, address bus bits
1 -4 are used for register addressing and bits 0, 5, 6 and 7 are
ignored (Table 3). When RJA = 1, bits 0 -3 are used for the
register addresses and bits 4 -7 are ignored.

Control Registers

These four registers specify FIO operation. The Port 2 side
control registers operate only if the Port 2 device is a CPU.
The Port 2 CPU can control interface operations, including
data direction, only when enabled by the setting of bit 0 in the
Port 1 side of Control register 2. A 1 in bit 1 of the same
register enables the handshake logic.

Interrupt Status Registers

These four registers control and monitor the priority interrupt
functions for. the FIO.

Interrupt Vector Register

This register stores the interrupt service routine address. This
vector is placed on Dg - D7 when IUS is set by the Interrupt
Acknowledge signal from the CPU. When bit 4 (Vector
Includes Status) is set in Control register 0, the reason for the
Interrupt is encoded within the vector address in bits 1, 2 and
3. If bit 5 is set in Control register 0, no vector is output by the
FlO during an Interrupt Acknowledge cycle. However, IUS is

. set as usual.

Byte Count Compare Register

This register contains a value compared with the byte count in
the Byte Count register. If the Byte Count Compare interrupt is
enabled, an interrupt will occur upon compare.

Message Out Register

Either CPU can place a message in its Message Out register.
If the opposite side Message register interrupt is enabled, the
receiving side CPU will receive an interrupt request, advising
that a message is present in its Message In register. Bit 5 in
Control register 1 on the initiating side is set when a message
is written. It is cleared when the Byte Count register read is
completed.

TABLE 3. FIO REGISTER ADDRESS SUMMARY

Non-Z-Bus D7-Dy4 D3 D2 D4 Do
2-BUS High Byte A3 Az Ay Ag
Z-BUS Low RJA=0 AD7-ADs AD4 AD3 AD2 AD4 ADg

Byte RJA=1 AD7-AD4 AD3 AD, AD4 ADg
Description
Control Register 0 X 0 0 0 0 X
Control Register 1 X [} Q 0 1 X
Interrupt Status Register 0 X 0 0 1 0 X
Interrupt Status Register 1 X 0 0 1 1 X
Interrupt Status Register 2 X [} 1 0 0 X
Interrupt’ Status Register 3 X 0 1 0 1 X
Interrupt Vector Register X 0 1 1 0 X
Byte Count Register X 0 1 1 1 X
Byte Count Comparison Register X 1 0 0 0 X
Control Register 2* X 1 0 0 1 X
Control Register 3 X 1 0 1 0 X
Message Out Register X 1 0 1 1 X
Message In Register X 1 1 (¢} o] X
Pattern Match Register X 1 1 0 1 X
Pattern Mask Register X 1 1 1 0 X
Data Buffer Register X 1 1 1 1 X
X = Don't Care
*Register is only on Port 1 side

008678
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Message in Register

This register receives a message placed in the Message Out
register by the opposite side CPU.

Pattern Match Register

This register contains a bit pattern matched against the byte in
the Data Buffer register. When these patterns match, a Pattern
Match interrupt will be generated, if previously enabled.

Pattern Mask Register

The Pattern Mask register may be programmed with a bit
pattern mask that limits comparable bits in the Pattern Match

Data Buffer Register

This register contains the data to be read from or written to the
FIFO buffer.

Byte Count Register

This is a read-only register, containing the byte count for the
FIFO buffer. The byte count is derived by subtracting the
number of bytes read from the butfer from the number of bytes
written into the buffer. The count is copied into a holding
register for an accurate reading by setting bit 6 (Freeze Status
register) in Control register 1. This bit is cleared when the Byte

register to non-masked bits (1 = mask). Count register is completed.

Z-BUS

VAN
<:> pa—
(=

=

zscc

=

Z-BUS

MASTER .

s

CIPHER
KEY

¢

MANUAL
CONTROL

: AF002400
DATA FLOW: 1. Data from master CPU — Z-FIO Port 2.
2. Z-FIO Port 1 -~ DCP.
3. DCP - RAM.
4. RAM - Z-SCC.
6. Z-SCC — data comm. line loop.

Figure 23. Typical Application: Node Controller
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REGISTERS

Control Register 0
Address: 0000
(Read/Write)

o Lo o [or = Jorfor foo]

l— 1 = Reset
1 = Rt Just Address (RJA)
\— (By) (Bo)*

0 0=2-BUSCPU

1= Non-Z-BUS CPU { Programs

0= 3-Wire HS /O Port 2 Mode
1 = Interlocked HS

1 = Vector Includes Status (VIS)

1 = No Vector On Interrupt (NV)

1 = Disable Lower Daisy Chain (DLC)
Enabled (MIE)

0
1
1

1= p

*Read Only From
Port 2 Side
DF001370

Control Register 1
Address: 0001
(Read/Write)

o]
| L

Lo Lo fos for fou ] = |

1 = RequestWait Enabled

0 = Wait

1 = Request

1 = Start DMA On Byte Count

1 = Stop DMA On Pattern Match

1= M ge Mailbox Register Under Service*
1 = M Mailbox Register Full*

1 = Freeze Status Register Count

Not Used (Must Be Programmed 0)

*Read-Only Bits
’ DF001380

Control Register 2*

Address: 1001
(Read/Write)

L]
[

Lo Lo fo for fo [oa o [ ]

=

1 = Port 2 Side Enabled
1 = Port 2 Side Enable Handshake

Bits 2-7 Not Used
Must Be Programmed 0

*This Register Reads All
0's From Port 2 Side

DF001390

Control Register 3
Address: 1010
(Read/Write)

N
(-3
[=]
(%]
-3
—_—
|
(]
~

Port 2 Side-Input Line® (Pin 33)**
Port 2 Side-Output Line (Pin 32)**
Not Used (Must Be Programmed 0)
Port 2 Side-Output Line (Pin 30)**
Data Direction Bit
1 = Input To CPU
0 = Output From CPU
0 = Port 1 Side Controls Data Direction
1 = Port 2 Side Controls Data Direction
0 = Clear FIFO Buffer
0 = Port 1 Side Controis Clear
1 = Port 2 Side Controls Clear

2-241

*Read-Only Bits
**Only When Port 2 Is An /O Port
DF001400
Figure 24. Control Registers
REGISTERS (Cont.)
Interrupt Status Register 0
008678
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Z8038(FIO)

Address: 0010 N
(Read/Write)

Lo [ fos foe fos Jor o T o

—————— e

l——— Not Used

(Must Be Programmed 0)

Pending (IP)
interrupt Enable (IE)
Interrupt Under Service (IUS)

Messages IUS, IE, and IP are Written Using
D, Dg Ds TheFollowing Commands: (Dy — O = 0)

0 0 0 | Nult Code (No Change)

0 0 1 |Clear IP & IUS

0] 1| o0 [setws

0 1 1 |Clear lUS

1 [} 0 |Setip

1 [ 1 | Clearip

1 t 0 | SetlE

1 1 1 | Clear IE

DFQ01411

Interrupt Status Register 1
Address: 0011
(Read/Write)

|°7IDs IDs|°4 |°3I°z|D|J:;|
Data Direction Change Interrupt J l—— 1 = Pattern Match Flag®

Under Service (IUS) Pattern Match Interrupt Pending (IP)
Data Direction Change Interrupt Pattern Match interrupt Enabled (IE)
Enable (i) Pattern Match Interrupt
Data Direction Change Interrupt Under Service (IUS)
Pending (IP) Not Used
(Must Be Programmed 0)

Directions 1US, IE, and 1P are Written Using Pattern Matches IUS, IE, and IP are Written Using
The Foliowing Commands: (DgandD;=0) D; Dg Ds O3 D2 Dy TneFollowing Commands: (Do and Dy = 0)
Null Code (No Change) | 0 o 0 [} [} 0 | Null Code (No Change)

ClearIP&IUS| O o 1 [ o 1 |Clear IP & IUS
Setius| 0 1 o [} 1 0 |Setius
Clearius| o0 1 1 L] 1 1 | Clear IUS
SetiP} 1 0 [ 1 [} 0 |SetiP
CleariP| 1 o 1 1 o 1 {ClearIP
SetlE| 1 1 [} 1 1 0 | SetlE
ClearIE| 1 1 1 1 1 1 |CleariE

*Read only bits

' DFQ01421

Figure 25. Interrupt Status Registers

. 00867B
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REGISTERS (Cont.)
Interrupt Status Register 2 ,
Address: 0100
(Read/Write)

Byte Count Compare Interrupt
Under Service (IUS)

Byte Count Compare Interrupt
Enable (IE)

Byte Count Compare interrupt
Pending (iP)

Byte Counts IUS, IE, and IP are Written Using
The Following Command: (D and D4 = 0)

Null Code (No Change)
Clear IP & IUS

Set IUS

Clear 1US

Set IP

Clear IP

Set IE

Clear IE

[or Joe Jos Jos fou fo: or ]

=

Errors 1US, LE, and IP are Written Using

Dn

Underflow Error*

Ervor p ing (ID)

Error Interrupt Enable (IE)

Error Interrupt Under Service (IUS)
Overtfiow Error*

D, Dg Ds D; D, Dy TheFollowing Command: (Dg and Dy = 0)
[} 0 ] o [} 0 | Null Code (No Change)

[} [} 1 [] o 1 |Clear IP & WS

0 1 0 0 1 0 |Setius

0 1 1 o 1 1 Cle;r us

1 0 [ 1 o 0 | SetiP

1 [ 1 1 o 1 |Clear P

1 1 [ 1 1 0 [SetlE

1 1 1 1 1 1 |Clear IE

*Read-Only Bits

Full interrupt Under Service (IUS)
Full Interrupt Enable (IE)
Full Interrupt Pending (IP)

DF001431
Interrupt Status Register 3
Address: 0101
(Read/Write)
Lo To o[ = ]
J ‘ l— Buffer Empty*
Empty P g (IP)
Empty pt Enable (IE)
Empty pt Under Service (IUS)

Full Interrupts 1US,IE, and IP are Written Using
o,

Buffer Full*
Empty Interrupts IUS,IE, and 1P are Written Using

The Following Command: (Dg and Dy = 0) Dg Ds D, Dy TheFollowing Command: (Dg and Dy = 0)
Null Cod- (NoChange)} 0 | 0 | o 0 | 0 | 0 |Null Code (NoChange)
CleartP& US| O [} 1 [} o 1 |Clear IP & IUS )
Setwus | o0 1 [ o 1 0 |SetiUus
CleariUS} 0 1 1 0 1 1 | Clear tUS

SetiP| 1 [ [} 1 ] 0 |SetiP

ClearP | 1 0 1 1 o 1 | CleariP
Set IE 1 1 1] 1 1 ] Set IE

ClearlE| 1 1 1 ) 1 1 1 Clear IE

Figure 25.

*Read-Only Bits
DF001441

Interrupt Status Registers (Cont.)

© 008678
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REGISTERS (Cont.)

Byte Count Register
Address: 0111

Lor [ fos [oe oo foe [ f o]
I

Reflects Number of Bytes in Butfer

(Copied from actual Byte Counter
by setting bit 6 of CR1.)
DF001450

Figure 26. Byte Count Register

Pattern Mask Register

Address: 1110
(Read/Write)

Lor foe [o Joe o for [ [ ]
N O O I

Hf Set, Bits 0-7 Mask Bits 0-7
in Pattern Match Register.
Match Occurs when all

Non-Masked Bits Agree .

DF001481

Figure 29. Pattern Mask Réglster

Data Buffer Register

Interrupt Vector Register

Address: 0110
(Read/Write)

Lo Joefos [ou o fou ] o
AL

No Interrupts Pending 4] ] (]

a
1

Buffer Empty | 0 [ 1

Buffer Full | 0 1 (]

Over/Undertlow Error | © 1 1

Vector Status
Byte Count Match 1 [} ]

Pattern Match | 1 0 1

Data Direction Change | 1 1 [

Mailbox Message 1 1 1

DF001460

Figure 27. Interrupt Vector Register

Address: 1111
(Read/Write)

(o Toe [os [oe [ oo [ [o: [ ]
N S Y

Contains the Byte Transferred
to or from FIFO Buffer RAM

DF001490

Figure 30. Data Buffer Register

Byte Count Comparison Register

Address: 1000
(Read/Write)

Lo Lo fo forfos [or for J o]
N Y I

Contains Value Compared to Byte Count
Register to Issue Interrupts on Match
(Bit 7 always 0)

DF001500

Figure 31. Byte Count Comparison Register

Message Out Register

Pattern Match Register

Address: 1101
(Read/Write)

FEE ]
[ B

Stores Byte Compared with
Byte Data Buffer Register

DF001470

Figure 28. Pattern Match Register

Address: 1011
(Read/Write)

[ooTee o Toe T o T I ]
L]l

Stores Message Sent to Message
In Register on Opposite Port of FIO

DF001510

Figure 32. Message Out Register

Message In Register

Address: 1100
(Read Only)

FEEEEERE]
T Y O

Stores Message Received from Message
Out Register on Opposite Port of CPU -

DF001520

Figure 33. Message In Register

2.244
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ...........c.coeuvvuerennens -65 to +150°C
Voltage at any Pin Relative

t0 VS i -0.5V to +7.0V
Power Dissipation .. e 1.75W

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device

OPERATING RANGES

reliability.

DC CHARACTERISTICS over operating

4MHz 6MHz
Z8038 Z8038A
Commercial Operating Range Z8038DC Z8038ADC
TA = 0 to +70°C Z8038PC Z8038APC
Voc = 5V 5%
Vs = OV
Industrial Operating Range 28038DI
TA = -40 to +85°C
Vcc = 5V £10%
Vss = OV

Operating ranges define those limits over which the function-

ality of the device is guaranteed.

range unless otherwise specified (Note 1)

Parameters Description Test Conditions Min Typ Max Units
ViL input LOW Voltage -0.5 +.8 Volts
VIH . Input HIGH Voltage Standard Temp 20 Vee Volts
loL = 3.2mA 0.5
VoL Output LOW Voltage loL = 2.0mA 0.4 Volts
VoH Output HIGH Voltage loH = -250pA 24 Voits
lozL Output Leakage Current Vout = 04V 10 HA
lozH Output Leakage Current Voutr = Vce 10 MA
I Input Leakage Current +10 HA
CIN Input Capacitance Ur red pins returned 10 pF
Cio 1/0 Capacitance to ground. f = 1MHz over 20 pF
Cour Output Capacitance specified temperature range. 15 oF
TA = 0°C 200
Icc Power Supply Current Vee = MAX Ta = -55°C 250 mA

Note: 1. See table for operating range. Typical conditions apply at Tp = 25°C, Vgc = 5.0V.

Standard Test Conditions

The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are referenced to
GND. Positive current flows into the referenced pin. Standard conditions are as follows:

Standard Test Load

Open-Drain Test Load

+4.75V < Voo < +5.25V
GND =0V
0°C<TA<+70°C
+5V +5V
22K
FROM OUTPUT 22¢
UNDER TEST
FROM OUTPUT
UNDER TEST
50pF 250 uA
50pF I
i - TC001620 TC001630
008678
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Z8038(F10)

SWITCHING CHARACTERISTICS over operating range unless otherwise specified
Z-BUS CPU INTERFACE TIMING

4MHz 6MHz
Number Parameters Description Min Max Min Max Units | Notes*
1 TwAS AS Low Width 70 50 ns
2 TsA(AS) Address to AS t Setup Time 30 10 ns 1
3 ThA(AS) Address to AS 1 Hold Time 50 30 ns 1
4 TsCSO(AS) CS to AS 1 Setup Time 0 0 ns 1
5 ThCSO(AS) CS to AS t Hold Time 60 40 ns 1
6 TdAS(DS) AS t to DS 1 Delay 60 40 ns 1
7 TsA(DS) Address to DS | 120 100 ns
8 TsRWR(DS) R/W (Read) to DS | Setup Time 100 80 ns
9 TsRWW(DS) R/W (Write) to DS | Setup Time 0 0 ns
10 TwDS DS Low Width 390 250 ns
1" TsDW(DSf) Write Data to DS | Setup Time 30 20 ns
12 TdDS(DRV) DS (Read) | to Address Data Bus Driven 0 0 ns
13 TdDSf(DR) DS | to Read Data Valid Delay 250 180 ns
14 ThDW(DS) Wirite Data to DS 1 Hold Time 30 20 ns
15 TdDSr(DR) DS t to Read Data Not Valid Delay 0 0 ns
16 TdDS(DRz) DS 1 to Read Data Float Delay 70 45 ns 2
17 ThRW(DS) R/W to DS t Hold Time 55 40 ns
18 TdDS(AS) DS t to AS | Delay 50 25 ns
19 Trc Valid Access Recovery Time 1000 650 ns 3

Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. :
2. Float delay is measured up to the time when the output has changed 0.5V from steady state with minimum AC load and maximum DC|

load.

3. This is the delay from DS of one CIO access to DS of another FIO access (either read or write).
All timings are preliminary and subject to change. All timing references assume 2.0V for a logic 1" and 0.8V for a logic "'0."

ADg-ADys

@)
&

al

N
o]

al

ADDRESS

FIO
WRITE

A N —(0)—
P—é—‘
—- —®
ADORESS VALID ~
\2/

_1—

DATA VALID

FIO
READ

A

DATA IVA?.!D }

.

O
@©

Figure 34. Z-BUS CPU Interface Timing

WF004230
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified b
Z-BUS CPU INTERRUPT ACKNOWLEDGE TIMING K-
ul
4MHz 6MHz Ke)
Number Parameters Description Min Max Min Max | Units | Notes
20 TsIA(AS) INTACK to AS t Setup Time 0 0 . ns
21 ThIA(AS) INTACK to AS 1 Hold Time 250 250 ns
22 TdDSA(DR) DS (Acknowledge) | to Read Data Valid Delay 250 180 ns
23 TwDSA DS (Acknowledge) Low Width 390 250 ns
24 TdAS(IEO) AS 1 to IEO | Delay (INTACK Cycle) 350 250 ns 4
25 TdIEW(IEO) IEI to IEO Delay 150 100 ns 4
26 TsIEI(DSA) {El to DS (Acknowledge) ! Setup Time' 100 70 . ns
27 ThIEI(DSA) IEl to DS (Acknowledge) 1 Hold Time 50 30 ns 4
28 TdDS(INT) DS (INTACK Cycle) to INT Delay 800 800 ns 2
29 TdDCST Interrupt Daisy Chain Settle Time ns 4 ]
Note: 4. The parameters for the devices in any particular daisy chain must meet the following constraints: the delay from AS to DS must be greater than the
sum of TdAS(IEO) for the highest priority peripheral, TsIEI(DSA) for the lowest priority peripheral, and TdIEI(IEO) for each peripheral separating
them in the chain. .
o X ey { = —
INTACK \_ [
@ @ |
s \. Z
® ®
——ere
oS x Z :
@ @
-
IE) :
r v
EO x: ) )
W ' !
—
iNT 7
WF004240
Figure 35. Z-Bus CPU Interrupt Acknowledge Timing
) 00867B
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- = A <>
SWITCHING CHARACTERISTICS over operating range unless otherwise specified
Z-BUS INTERRUPT TIMING
4MHz 6MHz
Number Parameters Description Min Max Min Max Units Notes
30 TAMW(INT) Message Write to INT Delay 1 : 1 AS Cycles 5
. +ns
31 TADC(INT) Data Direction Change to INT Delay 1 1 AS Cycles 6
+ns
32 TAPMW(INT) Pattern Match to INT Delay (Write Case) 1 1 AS Cycles
©+ns
33 TdPMR(INT) Pattern Match (Read Case) to INT Delay 1 1 AS Cycles
. +ns
34 TASC(INT) Status ‘Compare to INT Delay 1 1 AS Cycles 6
+ns
35 TAER(INT) Error to INT Delay 1 1 AS Cycles
+ns
36 TAEM(INT) Empty to INT Delay 1 . 1 AS Cycles 6
+ns
37 TdFL(INT) Full to INT Delay 1 1 AS Cycles 6
+ns
38 TAAS(INT) AS to INT Delay AS Cycles
+ns
Notes: 5. Write is from the other side of FIO.
6. Write can be from either side, depending on programming of FIO.
MESSAGE ~ WRITE v3s
WRITE =~ MESSAGE / S:
REGISTER
out
- &—
DATA  WRITE Dse
DIRECTION ~ CONTVROL
CHANGE  REGISTER 3
WRITE DATA os .
e iy
REGISTER
PATTERN
. MATCH
READ DATA ps
. y,
REGISTER
| ——3)
STATUS  WRITE OR Dss \J
COMPARE  READ DATA
BUFFER
REGISTER
} ()
ERROR WRITE OR oS h>4
READ DATA
BUFFER
REGISTER
L (D) —
EMPTY READ DATA bse h 4
BUFFER
REGISTER
¢ G7)
FuLL WRITEDATA DS \ ~
BUFFER
REGISTER"
s \ /
—{38)
%)
iNT \
WF004250
Figure 36. Z-Bus Interrupt Timing
00867B
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
Z-BUS REQUEST/WAIT TIMING
4MHz 6MHz
Number Parameters Description Min Max Min Max Units | Notes
1 TdDS(WAIT) AS 1 to WAIT | Delay 190 160 ns
2 TdDS1(WAIT) D31 1 to WAIT 1 Delay 1000 1000 ns
3 TAACK(WAIT) ACKIN 1 to WAIT t Delay 1000 1000 ns 1
4 TdDS(REQ) DS 1 to REQ 1 Delay’ 350 300 ns -
5 TdDMA(REQ) DMASTB | to REQ 1 Delay 350 ‘300 ns
6 TdDS1(REQ) DS1 t to REQ 1 Delay 1000 1000 ns
7 TJACK(REQ) ACKIN 1 to REQ { Delay 1000 1000 ns
8 TdSU(DMA) Data Setup Time to DMASTB 200 150 ns
9 TdH(DMA) Data Hold Time to DMASTB 30 20 . ns _
10 TdDMA(DR) DMASTB | Data Valid 150 100 ns
11 TdDMA(DRH) DMASTB 1t to Data Not Valid [} 0 ns
12 TdDMA(DR2) DMASTB 1 to Data Bus Float 70 45 ns
Note: 1. The Delay is from DAV | for 3-Wire Input Handshake. The delay is from DAC t for 3-Wire Output Handshake.
SWITCHING WAVEFORMS
= _/
DS  DATA _1
READ/WRITE BUFFER
BY OTHER SIDE REGISTER ¥
(1) ——]
DST  DATA
WRITE/READ BUFFER }
BY OTHER SIDE
®-
T INPUT/ \
PORT
DMASTB ! @ / o
2Cx ©
REQ INouT ;
DATA DATA
FROM BUFFER
FIO  REGISTER < >§ 43
DMASTB ;
WRITE DATA
T0 BUFFER X DATA VALID K
o
WF004260
Figure 37.
00867B
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
Z-BUS RESET TIMING
4MHz 6MHz
Number | Parameters ' Description Min | Max | Min | Max | Units | Notes
1 TdDSQ(AS) Delay from DS t to AS | for No. Reset 40 20 . ns
2 TdASQ(DS) Delay for AS 1t to DS | for No. Reset 50 . 30 ns
3 Tw(AS + DS) | Minimum Width of AS and DS both Low for Reset 500 350 ns

Note: 1. Internal circuitry allows for the reset provided by the Z8 (DS held Low while AS pulses) to be sufficient.

SWITCHING WAVEFORMS

Figure 38.

p—

WF007120
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
NON-Z-BUS CPU INTERFACE TIMING
4MHz 6MHz

Number Parameters Description Min Max Min Max: Units | Notes
1 TsA(RD) Address Setup to RD 80 80 ns 1
2 TsA(WR) Address Setup to WR 80 80 ns
3 ThA(RD) Address Hold Time to RD 1t 0 0 ns 1
4 ThA(WR) Address Hold Time to WR t 0 0 ns
5 TsCEI(RD) CE Low Setup Time to RD 0 0 ns 1
6 TsCEWWR) CE Low Setup Time to WR 0 0 ns
7 ThCEI(RD) CE Low Hold Time to RD 0 0 ns 1
) ThCEIWR) CE Low Hold Time to WR 0 1} ns
9 TsCEh(RD) CE High Setup Time to RD 100 70 ns 1
10 TsCEh(WR) CE High Setup Time to WR 100 70 ns
11 TwRD1 RD Low Width 390 250 - ns
12 TdRD(DRA) RD | to Read Data Active Delay 0 0 ns
13 TdRDf(DR) RD 1 to Valid Data Delay 250 180 ns
14 TdRDr(DR) RD 1 to Read Data Not Valid Delay 0 0 ns
15 TdRD(DRz) RD 1 to Data Bus Float 70 45 ns 2
16 TwWR1 WR Low Width 390 250 ns
17 TsDW(WR) Data Setup Time to WR 0 0 ns
18 ThDW(WR) Data Hold Time to WR 30 20 ns
19 Trc Valid Access Recovery Time 1000 650 ns 3

Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions.
2. Float delay is measured to the time the output has changed 0.5V from steady state with minimum AC load and maximum DC load.
3. This is the delay from RD 1 or WR t of one FIO access to RD | or WR | of another FIO access.

s
e >gt JE(
—— o yf—
3 ! @ /
®
. \ ey Zr p
“D A ‘\___.
ad L —- o
£10 READ % DATA VALID A"'_'
@ o r'._@__w..
— | @) | R
Wi {16}
@&~
Fo WL Xr DATA VALID 7&

Figure 39a. Non-Z-Bus CPU Interface Timing

WF004270

(e

7 \
@—

—

Figure 39b. Non-Z-Bus Interface Timing

n

WF007110
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Z8038(F10)

SWITCHING CHARACTERISTICS over operating range unless otherwise specified
NON-Z-BUS INTERRUPT ACKNOWLEDGE TIMING

4MHz 6MHz
Number Parameters Description Min Max Min Max Units | Notes
20 TAIEIEO) IEI to IEO Delay 150 100 - ns 4
21 TdI(EO) INTACK | to IEO t Delay 350 250 ns 4
22 TsIEI(RDA) IEI Setup Time to RD (Acknowledge) 100 70 ' ns 4
23 TJRD(DR) RD | to Vector Valid Daly 250 180 ns
24 TwRD1(IA) Read Low Width (Interrupt Acknowledge) 390 250 ns
25 ThIA(RD) INTACK t to RD t Hold Time 30 20 ns
26 ThIEI(RD) IEI Hold Time to RD 1 20 10 ns
27 TdRD(INT) RD t to INT t Delay 800 800 ns
28 TdDCST Interrupt Daisy Chain Settle Time 350 250 ns 4

Notes: 4. The parameter for the devices in any particular daisy chain must meet the following constraints: the delay from INTACK| to RD1 must be greater
than the sum of TdINA(IEO) for the highest priority peripheral, TsIEI(RD) for the lowest priority peripheral, and TdIEI(IEO) for each peripheral

separating them in the chain.

INTACK N

™ N o—

—®—
0o-D7 . < r VECTOR >—
. (@)~

181 JK ‘ X

- )g:_

W /L

Figure 40.‘vNon-Z-Bus Interrupt Acknowledge Timing
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
NON-Z-BUS REQUEST/WAIT TIMING
4MHz 6MHz
Number Parameters Description Min Max Min Max Units | Notes
1 TdRD(WT) CE 1 to WAIT Active 200 170 ns
2 TdRD1(WT) RDT | to WATT Inactive 1000 1000 ns
3 TAACK(WT) ACKIN | to WAIT Inactive 1000 1000 ns 1
4 TdRD(REQ) RD 1 to REQ Inactive 350 300 ns
5 TdRD1(REQ) RDT t to REQ Active 1000 1000 ns
6 TJACK(REQ) ACKIN § to REQ Active 1000 1000 ns
7 TdDAC(RD) DACK | to RD t or WR | 100 80 ns
8 TSUWR) Data Setup Time to WR 200 ns
9 Th(WR) Data Hold Time to WR 30 20 ns
10 TdDMA AD ! to Valid Data 150 100 ns 2
1 TdDMA(DRH) RD 1 to Data Not Valid 0 ' 0 ns 2
12 TdDMA(DRZ) RD 1 to Data Bus Float 70 45 ns 2
Notes: 1. The delay is_from DAV! for 3-Wire Input Handshake. The delay is from DACt for 3-Wire Input Handshaks.
2. Only when DACK is active.
T S
W\ £
READ/WRITE OF DATA ;
BUFFER REGISTER I
®
WR,/75,
'WRITE/READ OF DATA F
BUFFER REGISTER 7
BY OTHER SIDE
te——(D———
i \
— —0—
W/OU'P\JT‘PCO‘W"T \
—— —®—
e T Je—
O—
DATA FROM FIO ———( XL X
A
—®
BACK \_
B
0,
wi
WR
———— 0O
F1O WRITE 10 DATA X K
BUFFER REGISTER
WF004290
Figure 41. Non-Z-Bus Request/Wait Timing
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Z8038(Fl0)

SWITCHING CHARACTERISTICS over operating range unless otherwise specified
NON-Z-BUS RESET TIMING

4MHz 6MHz

Number Parameters Description Min Max Min Max Units | Notes

1 TdWR(RD) Delay from WR t to RD 100 70 ns

2 .| TdRD(WR) Delay from AD 1t to WR | 100 70 ns

3 TwRD + WR Width of RD and WR, both Low for Reset 500 350 ns

| It
)
RD S 4
Wi J U N ,’Z .
WF004300
1
Figure 42. Non-Z-Bus Reset Timing
SWITCHING CHARACTERISTICS over operating range unless otherwise specified
PORT 2 SIDE OPERATION
4MHz 6MHz

Number Parameters Description Min Max Min Max Units | Notes

1 TwCLR Width of Clear to Reset FIFO 700 " 700 ns

2 TdOE(DO) OE ! to Data Bus Driven 0 150 0 150 ns

3 TJOE(DRZ) OE 1 to Data Bus Float 100 100 ns

—_\ —
CLEAR o/
INPUT
W,
o —_—
2 3
N
DATA OUT
. )(
WF004310
Figure 43. Port 2 Side Operation
008678
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 2
FIO 2-WIRE HANDSHAKE TIMING ) B
]
4MHz 6MHz (]
' o
Number Parameters Description Min Max Min Max Units
1 TsDI(ACK) Data Input to ACKIN | to Setup Time 50 50 ns
2 TdACKf(RFD) ACKIN | to RFD Delay 0 500 0 500 ns
3 TdRFDrHACK) RFD 1 to ACKIN ; Delay 0 0 ns
4 TsDO(DAV) Data Out to DAV | Setup Time 25 25 ns
5 TdDAVH(ACK) DAV | to ACKIN | Delay 1} 0 ns
6 ThDO(ACK) Data Out to ACKIN Hold Time 50 50 ns
7 TJACK(DAV) ACKIN 1 to DAV 1 Delay 0 500 0 500 ns
8 ThDI(RFD) Data Input to RFD | Hold Time [} [} ns
9 TARFDf(ACK) RFD | to ACKIN 1 Delay 0 0 ns
] ACKIN t (DAV 1) to RFD 1 Delay -
10 TdACKr(RFD) Interlocked and 3-Wire Handshake 0 400 0 400 ns
1 TdDAVI(ACK) DAV t to ACKIN t (RFD 1) 0 0 ns
12 TJACKr(DAV) ACKIN 1 to DAV 1 (] 800 (1] 800 ns
13 TJACK(Empty) ACKIN to Empty 600 600 ns
14 - | TdACK (Full) ACKIN to Full : 600 600 ns
15 ACKIN Clock Rate 1.0 us
S | X
DATA VALID DATA
e
ACKIN -
O+
~-@® ® @~ @
Bav .
. A
EMPTY f
D)
FULL
WF004320
Figure 44a. 2-Wire Handshake (Port 2 Side Only) Output
4 1
DATA X VALID DATA K
N 2
. - 1)
_—ﬁ -
ACKIN ’i
—GO— O
RFD -K @
, ®
EMPTY ;
FULL f
B WF004330

Figure 44b. 2-Wire Handshake (Port 2 Side Only) Input
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Z8038(FIO)

- - - hoerd
SWITCHING CHARACTERISTICS over operating range unless otherwise specified
3-WIRE HANDSHAKE
4MHz 6MHz
Number Parameters Description Min Max Min Max Units
1 TsDI(DAV) Data Input to DAV 1 Setup Time 50 ‘ 50 ns
TdDAVH(RFD) DAV | to RFD | Delay 0 500 0 500 ns
3 TdDAVI(DAC) DAV | to DAC t Delay 0 500 0 500 ns
4 ThDI(DAC) Data In to DAC t Hold Time 0 0 ns
5 TdDACIF(DAV) DAC t to DAV t Delay 0 [} ns
6 TdDAVIr(DAC) DAV 1t to DAC | Delay 0 500 ) 500 ns
7 TdDAVIr(RFD) DAV 1 to RFD t Delay 0 500 0 500 ns
8 TdRFDI(DAV) RFD t to DAV | Delay ) 0 ns
9 TsDO(DAC) Data Out to DAV ns
10 TdDAVO!(RFD) DAV 1 to RFD | Delay 0 0 ns
11 TdDAVOf(DAC) DAV 1| to DAC t Delay 0 0 ns
12 ThDO(DAC) Data Out to DAC 1 Hold Time ns
13 TdDACOr(DAV) DAC 1 to DAV t Delay 400 400 ns
14 TdDAVOr(DAC) DAV t to DAC | Delay 0 0 ns
15 TdDAVOR(RFD) DAV 1 to RFD t Delay 0 0 ns
16 TdRFDO(DAV) RFD 1 to DAV | Delay 0 800 0 800 ns
DATA X DATA VALID 8 X
'—.%S O
INPUT -
O ®
.. AN 2
®INID  ourpur ® l{ V
WF004340
Figure 45a. 3-Wire Handshake Input
DATA XF DATA VALID X
owan 2 i f
-
(ewsn RO '—(::)——:V
® ®
— p R
P3g) o DAY S
WF004350
Figure 45b. 3-Wire Handshake Output
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Am8052/8152A/8153A

Alphanumeric CRT Controller Chip-Set

DISTINCTIVE CHARACTERISTICS

® 100MHz video dot rate supports high resolution CRT
monitors with 132/60 or 96/66 screen formats

® Background or window soft-scroll capability without
external MSI or software overhead

® User-friendly CPU interface. Compatible with 8086,
Z8000 and 68000 CPUs.

® On-chip line buffers support flicker free soft-scrolling

® Supports proportional character widths

® Automatic concatenation of up to three trailing blank
pixels supports text justification

® Flexible attribute handling

® Color and bit-mapped graphics extension

GENERAL DESCRIPTION

State-of-the-art CRT terminals incorporate advanced user
programmable features, such as flexible attribute handling,
proportional spacing of characters, split screens or multiple
window display, soft-scrolling of windows, and variable
character width and height in full page 132 x60 screen
formats. The video subsystem of a CRT terminal with these
sophisticated video features can now be implemented with
as few as three device packages with the Am8052/8152A
chip-set, significantly reducing IC cost and board space
without sacrificing performance. The Am8052/8152A chip-
set consists of an NMOS LS| CRT Controller (CHTC), the
Am8052, and the bipolar IMOX™ video System Controller
(VSC), the Am8152A.

The Am8052 has on-chip DMA which operates via linked
list data structures to simplify text editing. In addition, it is
the only known CRT controller with three line buffers on
chip to support flicker free soft-scrolling of background or
windows. The Am8052 has on-chip logic that can support a
number of attributes, such as highlight, reverse video,

underline, etc., which enhance display presentation (see
Table 1 in the Am8052 CRTC datasheet). In addition, four
user definable attributes are available providing user flexibility.

The Am8052 CRT controller performs all the data proces-
sing prior to video serialization. This latter task is performed
by the Am8152A, for dot rates up to 60MHz, or by the
AmB8153A for dot rates up to 100MHz. Apart from the video
output lines (TTL on the Am8152A and ECL on the
AmB153A) these two devices are functionally identical. The
high speed of the video controller, a result of AMD's
patented IMOX™ technology, supports high resolution
screens of 500-1000 scan lines per frame or rows with 100
or more characters. In addition, the Am8152A has on-chip
logic that supports proportional spacing of characters and
allows for text justification.

The CRT chip-set is designed for easy interface with all
popular CPUs such as the 8086, 68000 and Z8000," thus
permitting design flexiblity with minimal logic.

TYPICAL APPLICATION WITH

PROPORTIONAL SPACING

LKy l CLK I
i 1
8LNK CBLANK iFF | } Analog
u FORE F Video
REV REV ‘ i
HL S Am8152A/53A  TTL/ECL } Digital
HSYNC HSYNC ' VSYNC
VSYNC VSYNC [svne
. 00g.g ikyov  [ESYNC
<:> SYSEUS  AmeOS2
4
ctoy
- ROM
Ros
AF002321

IMOX is a reg k of Ady
*Z8000 is a trademark of Zilog, Inc.

d Micro Devices, Inc.
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Am8052 CRTC

Am8052 CRTC

Alphanumeric CRT Controller

DISTINCTIVE CHARACTERISTICS

® On-chip DMA capability, operating via linked-list data
structures

® Three on-chip row buffers, each 132 characters by 20

bits support split-screen smooth-scrolling

® General purpose microprocessor interface. Compatuble
with 8086, Z8000* and 68000 CPUs.

® Smooth-scrolling capability, with minimal CPU overhead

o Multiple vertical and horizontal screen divisions, with
optional smooth-scrolling within a window

® Character attributes (12 bits) can be invoked on a
character by character basis

® Flexible vertical and horizontal sync control

® Flexible blanking for control of front and back porch
positions

® Non-interlace, repeat field interlace, video interlace
options

® High resolution five-bit character generator row address-
ing

® 16M byte system memory addressing capability

® Programmable blink options for cursors and characters

GENERAL DESCRIPTION

The Am8052 CRT Controller is a general purpose interface
device for raster scan CRT displays. The CRTC provides
efficient manipulation of complex character formats and
screen structures to allow sophisticated text display without
undue CPU overhead.

The CRTC is a register-oriented product that is fully user
programmable. The timing definition and operating modes
are initialized by the host CPU. Display formats are realtime
programmable on a row-by-row basis. Character attributes
are specified on a character or field basis, and are
interpreted and acted upon during active display of a
character row.

Internal DMA capability assures efficient transfer of display
information to the three on-chip line buffers. These three
line buffers prevent screen flashing in split-screen smooth-
scrolling operations. The DMA loads the line buffers via
linked list data blocks which facilitate easier editing and text
composition.

The Am8052, in conjunction with the Am8152A bipolar
video system controller, allows for the fiexible assignment
of visual attributes. The twelve attribute bits stored in the
AmB052 include superscript, subscript, blink, highlight,
reverse, underline, strike through and cursor. Both charac-
ter and cursor can be made to blink at three different rates,
and the blink duty cycle is programmable. Further flexibility
is achieved by the Am8152A, which allows the video
stream to be manipulated by selection of background and
foreground as well as background/foreground reversal.

The Am8052 and AmB8152A combination also supports
proportional spacing, text justificaton and double width
characters.

The AmB052 CRTC is assembled in a 68-pin package,
while the bipolar Am8152A VSC is assembled in a 48-pin
DIP. These interface circuits are available as a chip-set for
high performance CRT applications.

BLOCK DIAGRAM
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Figure 1.

Z8000 is a trademark of Zilog, Inc.
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CONNECTION DIAGRAM
Top View
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Figure 2.

Also available in 68 PLCC. Package pin numbers correspond sequentially to device pin numbers. The Am8052
CRTC is molded upside down and rotated ninety degrees counterclockwise to match the LCC pinout.

LOGIC SYMBOL

APy_10
3
c/d Ro-a
RST
WA
amaosz  YSYNC
—] Oy CRTC HSYNC
INT BLANK

I
TS

Lsoo01211

ORDERING INFORMATION
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following:
Device number, speed option (if applicable), package type, operating range and screening option (if desired).

Am8052 8 (9] B

T 7T Valid Combinations
L Am8052 gtg
Device Type Screening Option m
¥ B = Burn In 8Le
) Blank = Std. Processing
Speed Temperature
5MHz C = Commercial 0°C to 70°C Valid Combinations
Ry I=Industrial -40C 10 85C  consult the local AMD sales office to con-
' firm availability of specific vald combinations,
Package

L = Leadless chip 68-pin check for newly released vaiid combinations
J = Plastic Leaded Chip Carrier and/or obtain additional data on AMD's stan-
G =Pin Grid Array dard military grade product.

03684C
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Am8052 CRTC

PIN DESCRIPTION

Pin No.

Name

1/0

Description

8, 43

Vssi1, Vss2

Ground

27, 62

Veet, Vecz

+5V Power Supply

26

CLK,

Timing Clock. The Clock 1 signal controls and times the DMA and peripheral portion of the
CRTC. In proportional spacing applications, where CLK3 is variable, CLK1 must be used to time
the horizontal and vertical sync rates. CLK4 is non-TTL compatible, and is normally driven by the
Am8152A/8153A VSC.

61

CLKa

Display Clock. The Clock 2 signal is used to time character accesses from the CRTC line buffers.
In applications which do not use proportional spacing, CLK3 is fixed in frequency and can be
used to time horizontal and vertical sync rates, allowing CLKj, the system clock, to be unretated
and asynchronous to the display timing. CLKz is non-TTL compatible and should be driven by
the VSC.

36-42,
44-52

ADg-AD15

1/0

Address/Data Bus, Three-State. The Address/Data Bus is a multiplexed, bidirectional, high-true,
three-state bus. The presence of addresses is defined by the signal, and the presence of
data is defined by the DS signal. When the CRTC is in control of the system via its internal DMA
capability, it controls the AD Bus; when the CRTC is idle, the CPU or other external devices
control the AD Bus and may use it to access the internal registers of the CRTC. The high-order
8-bit memory address is output on the ADg~ADy lines. Interrupt Vector information is also
output in the ADg - AD7 lines.

170

Address Strobe, Three-State. Address strobe is a bidirectional, active-LOW, three-state signal.
When the CRTC is in the slave mode and the bus master is accessing the CRTC's internal
registers, AS can be used to optionally latch CS and C/D information during the first part of the
transaction. During a DMA operation when the CRTC is in control of the system, AS is an output
generated by the CRTC to indicate a valid address on the bus. In the slave mode, the AS signal
may be asynchronous to CLKj.

1/0

Data Strobe. Three-State. Data Strobe is a bidirectional, active-LOW, three-state signal. When
the CRTC is in the slave mode and the external system is transferring information to or from it,
DS is a timing input used by the CRTC to move data to or from the AD bus. In the slave mode,
the DS signal may be_asynchronous to CLKy. During a DMA operation when the CRTC is in
control of the system, DS is an output generated by the CRTC and used by the system to move
data onto the AD bus.

7

Chip Select. The CS input is an active LOW signal used by the host processor to select the
CRTC for a slave transfer.

WAIT

Wait. The WAIT input is an active LOW signal used to stretch the DS strobe whenever the CRTC
has access to the host's bus for data transfer. The status of the WAIT signal is sampled on the
falling edge CLKj during T2 or Tw.

R/W

110

Read/Wirite, Three-State. Read/Write is a bidirectional, three-state signal indicating the data
direction for the bus transaction under way, and remains stable for the length of the bus cycle.
When TS input is active, Read (HIGH) indicates that the system is requesting data from the
CRTC and Write (LOW) indicates that the system is presenting data to the CRTC. On the other
hand, during a DMA operation when the CRTC is in control of the system, R/W is an output
generated by the CRTC, with Read indicating that data is being requested by the CRTC from the
addressed memory location and Write indicating that the CRTC is driving a high-order address to
an external latch.

13

1/0

Bus Request. When the CRTC requires use of the bus for DMA activity, the BRQ tine is driven
LOW. It remains LOW until it has ceased using the bus.

14

BA

Bus Acknowledge In. Bus acknowledge In is an active LOW input. When the CRTC requires host
bus access and has successfully pulled its BRQ pin LOW, a BAI LOW ingJA_l[ signifies that the
CRTC has obtained bus mastership after having internally synchronized its active LOW input
for two clock periods of CLK4. The synchronization is reé_iuired to alleviate metastable problems.
When the CRTC does not require host bus access, the BAT input ripples to the BAD. Forcing BAI
HIGH will cause the Am8052 to relinquish the bus.

CURSOR

Cursor. This pin is the cursor output indicator.

Big

ESYNC

External Sync. This pin is the external synchronization input line. If the ES bit in the mode
register is set, the vertical frame scan will commence after the rising edge of ESYNC.

29

HSYNC

Horizontal Sync. HYSNC is an active HIGH output used to cause horizontal retrace of the CRT's
electron beam. The output is held active LOW while the CRTC is reset to prevent unknown
synchronization to the CRT which may cause damage to high bandwidth tubes. Note that this pin
can also be initialized as Horizontal Drive.

25

VSYNC

Vertical Sync. VSYNC -is an active HIGH output used to cause vertical retrace of the CRT's
electron beam. VSYNC can be optionally synchronized by the ESYNC input. VSYNC is held
LOW while the CRTC is reset to prevent damage to the CRT.

28

BLANK

Blank Video. BLANK is an active HIGH output. It serves to blank out inactive display areas of the
CRT. The output is held active while the CRTC is reset.

35-31

Ro-Rs4

Row Control. R - R4 outputs are active HIGH. These outputs represent the binary count of the
active scan line being displayed. These outputs address the least signficant address portion of
an external character generator. The outputs are all held high for those scan lines that do not
carry active video during normal character or superscript/subscript display.

CCo - CCy

Character Code. CCo—CCy7 outputs are active HIGH. The 8-bit character port, CCo—CCy,
outputs eight bits of data stored in the character code section of the line buffer currently being
displayed.

Interrupt Request, Open Drain. This line is used to indicate an interrupt request to the host
%rocessor. It is driven LOW by the CRTC until an interrupt acknowledge is received on the
|

pin or the relevant IP or IE bits in Mode Register 2 are reset.
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PIN DESCRIPTION (Cont.) 3

&

Pin No. Name 170 Description N

20 INTACK | Interrupt Acknowledge. When INTACK is driven LOW, the CRTC examines its IEl line to [ ©
determine whether it has been granted an acknowledge by the CPU. It also starts priority | X0
resolution of the Daisy Chain. When DS is active, the vector is placed on the bus if enabled. 3

19 IEI i Interrupt Enable-In. A HIGH on IE! during an Interrupt Acknowledge cycle is regarded as an

: interrupt acknowledge to the CRTC. A LOW on {El during Interrupt Acknowledge signifies that a
higher priority interrupt on the dasiy chain is being acknowledged.

21 IEO (o} Interrupt Enable-Out. IEO follows IEI during Interrupt Acknowledge if the CRTC has not made an

’ interrupt request. IEO LOW disables lower priority devices from making interrrupt requests.

11, 12 DTEN, DREN [e} Data Transmit Enable, Data Receive Enable, Open Drain, Data Transmit Enable and Data
Receive Enable_are used to control bus transceiver external to the CRTC should they be
required. When DTEN is LOW, the transceiver should transmit from the CRTC onto the bus.
When DREN is LOW, the transceiver should receive data from the bus. DTEN and DREN are
never LOW simultaneously.

22 c/D | Command/Data,. C/D is used by the CRTC when in the slave mode to determine if an 1/O
transaction with the host CPU is transferring a command or data. When the CRTC is not involved
in an I/0 transaction with the host, C/D is disregarded.

63-67, APg - AP1p o Attribute Port. These 11 lines are used to display character attribute information synchronous

1-6 with each character and CLK2. During horizontal SYNC, the row attribute information contained
in the Row Redefinition Block is output on APp-APqq.

15 BAO (o] Bus Acknowledge Out. BAO output is forced active HIGH when the_CRTC requests bus
mastership; otherwise, the BAI input ripples out of the CRTC via the BAO output.

24 RST I Reset. A LOW on this input for at least 5 clock cycles is interpreted as a reset signal. The effect
of reset is to drive all CRTC bus signals into the high-impedance state, to clear all mode bits
except bits 9 through 15 in MR2, and to force the CRTC into the slave mode.

30 RSTT | Test Reset. For test use only. This pin is a No Connect.

TABLE 1.
Attribute ‘Effect
Reverse —-Causes the designated character to be displayed in reverse video.
Highlight -Highlights the applicable character.
Blink - Blinks the designated character at one of four programmed blink rates.
Underline ~Underlines the designated character at a programmable scan line.
Subscript —Causes the character to be displayed as a subscript.
Superscript ~Causes the character to be displayed as a superscript.
Shifted Underline - A second underline. ) .
Cursor - Causes the attribute or X-Y cursor to be displayed at the designated character position.
Latched —Indicates that the attribute should be latched for all successive characters until changed.
ignore —~Causes the CRTC to skip over the designated characters. Useful for embedded control characters and
protected fields that do not get displayed. .
User Definable —~Four attribute bits reserved for user definition.

03684C

2-261 Refer to page 7-1 for Essential Information on Military Devices




Am8052 CRTC

PRODUCT OVERVIEW

The block diagram of the Am8052 CRTC is shown in Figure 1. -

Communication with the external host system takes place
over the 16-bit Address/Data bus, ADg-ADq5. Transfers over
the AD bus are controlled by the CS, C/D, AS, DS, and R/W
lines. When the CRTC is in the slave mode, these four bus
control lines are inputs. When the CRTC is in the DMA mode,
AS, R/W and DS are outputs and control the external bus.

Following reset, the host system initializes the CRTC's timing
and control registers, as well as one address pointer to the
start of the display data location in the host memory. Following
initialization and upon command from the host, the CRTC
takes over bus control from the host and transfers display row
control data, character code, and character attribute data. The
CRTC requests the host bus by sampling the BRQ line for
activity; if the BRQ line is HIGH, the CRTC drives it LOW, and
also drives BAO HIGH, to obtain priority over lower priority bus
requestors. The on-chip DMA Controller circuit controls the

data transfer and performs character data loading into the on-

board line buffers.

The CRTC is real-time programmable on a character row-by-
row basis through a row control data block fetched either from
the host memory or from a dedicated display memory. The row
control block contains address links to the next row's row
control block, a character and attribute data address for the
current row and other pertinent control functions for the row.
Data from the row control block is transferred into the
appropriate set of registers for active control of display and
data fetch operations during the subsequent display of charac-
ter row data. A Top Of Page register contains the address of
the Main Definition Block for the screen. The Main Definition
Block, in turn, points to the first Row Control Block. The
character row data, comprised of character code and attribute
(if the latter is specified), is fetched starting at the address and
for the character length obtained from the Row Control Block.

The character code and its attribute consist of a 20-bit wide

word which is stored, FIFO style, into one of the three on-
board 132-character by 20-bit line buffers. Character attributes
are on a character-by-character basis and are interpreted and
acted upon by the CRTC during the active display period of the
contents of a line buffer. Output lines CCo~CC7 form the
transfer path for character code data to an external matrix
type character generator, while the character attribute, after
selective masking, is interpreted and combined with the
resulting video. )

Output lines Rp—R4 exhibit the scan line number for the
specific character being displayed, while the character Row
Control logic allows alteration of the scan line number output
at the Rg— R4 lines to enable the display of normal superscript
or subscript characters.

The HSYNC, VSYNC and BLANK output lines provide the
CRT synchronization signals. The Horizontal and Vertical
Control logic blocks contain counters and host programmable
registers for deriving the timing signals from either the CLK or
the CLK> input as well as an ESYNC input line for frame
synchronization to an external source, such as the power line
frequency. CLK2 runs at the display character rate. It is a
submultiple of the dot clock, whose frequency is determined
by the Am8152A oscillator. CLKp controls the CRT synchroni-
zation lines HSYNC and VSYNC, as well as BLANK, and the
rate of character output from the CRTC. CLK4, which may be
asynchronous to CLKp, controls all DMA and related bus
activity, associated with the CRTC. In proportional spacing
applications, CLK{ may be also used to time the synchroniza-
tion signals.

CHARACTER ATTRIBUTES

Character attributes affect various CRTC output signals and
other operations on a character-by-character basis. .Each
attribute word occupies- a- 16-bit word in ‘memory. Each

. character, however, need not invoke a new attribute.

Character attributes are stored in parallel with the correspond- -
ing character code in each line buffer.

The character attribute information which makes up the
character attribute word is shown below:

AWj5 Latched/Unlatched 'AW7 User definable
AWq4 Cursor AWg Highlight
AWq3 Ignore AWs Reverse
AW12 Reserved AW, Superscript
AW141 Reserved AW3 Subscript
AWy User definable AW> Shifted underline/
AWg User definable Strike through
AWg User definable AW, Underline
: AWg Blink

" -DESCRIPTION OF CHARACTER
ATTRIBUTES
LATCHED/UNLATCHED

When this bit is set to 1 ("latched"), the attribute information
applies to all characters following the character that invoked
the attribute word. Only the presence of a further latched
attribute word cancels the effect of a previous latched attribute
word. If the Latched/Unlatched bit is set to 0 ("'unlatched"),
then the attribute information only applies to the character that
invoked the attribute word. All successive characters are
modified by the latched attribute information that was valid
prior to the unlatched attribute word. The Latched/Uniatched
bit is not output to the attribute port. The initial state of the
latched attribute value is undefined. At the start of any
horizontal line, the latched attribute information is the same as
at the end of the previous line, unless changed by a further
latched attribute.

CURSOR

- If this bit is set, then a cursor is displayed at the affected

character position(s), dependent upon the mode of the cursor
display logic. See the section on cursor display for further
details.

IGNORE

When the ignore is set, it inhibits the loading of the associated
character into the CRTC line buffer. Such character(s) may be
used as control character or software tags, and are not
displayed. Whenever the ignore encoding is detected, both the
attribute word and its associated character code are not
written into the line buffer, unless the DH (Display Hidden) bit
in Mode Register 1 is set. Note that the ignore bit is not
brought out to the attribute port.

USER DEFINABLE

The AW7-AW, g attribute bits provide 4 bits of user definable
attribute information. These bits are directly output on pins
AP7-AP1 of the attribute port. (In addition to these four user
definable attribute bits, the cursor bit can also be user
definable under certain conditions.)

HIGHLIGHT

When this bit is set and APg is connected to the FS input of
the Am8152A, the character is displayed highlighted. The APg
pin of the attribute port goes active for each scan line of the
relevant character(s).
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REVERSE

When this bit is set and AP5 is connected to the REV input of
the Am8152A, the character is displayed reversed. The APsg
pin of the attribute port goes active for each scan line of the
relevant character(s). .

SUPERSCRIPT

When this bit is set to 1, the affected character is displayed as
a superscript. Its position on the character row (Ro-Ra) is
determined by the superscript control field in the row redefini-
tion block for that particular row.

SUBSCRIPT

When this bit is set, the affected character is displayed as a
subscript. Its position on the character row (Ro-Rg) is
determined by the subscript control fields in the row redefini-
tion block. :

UNDERLINE/SHIFTED UNDERLINE

Attribute bits AW4 and AW» provide underline and shifted
underline display. The underline/shifted underline display
information is output on the AP4 and AP attribute port pins,
during applicable scan lines of the character. (The applicable
scan lines have been programmed within the row redefinition
blocks.)

BLINK

When this attribute is invoked, the attribute port pin APg is
gated with the character blink rate generator, during the time
that the relevant character is output on CCq - CCy.

The character blink rate and character blink duty cycle are
derived from the blink field of the Main Definition block.

ATTRIBUTE FETCHES

Attributes can be fetched in three different ways to suit most
design philosophies (see Figure 4). In Option 1, one attribute is
fetched per character. This option, although straightforward,
imposes heavy bus overhead since the DMA has to access
the attribute list from memory for every character displayed on
the screen. Bus overhead can be reduced considerably by
fetching attributes on a demand basis. Options 2 and 3
accomplish this in two different ways. In Option 2 one
character bit is set to 1 when an attribute is required. When
this bit is set to 0, the attribute will not be fetched. This option
allows 7 bits of character code or a 128 character set for
display with no overhead for attribute incorporation.

Option 3 makes use of an 8-bit flag which precedes the
character invoking the attribute. This option allows for a 255
character set with an 8-bit overhead (the flag) per attribute.

15

LAT |CURS| IGN u | uo | vD UD } HL | REV |SUPS}SUBS|SUND| UND | BL
AF002420
Figure 3. Am8052 Attribute Word
Characters Attributes
. 8 Bits 12 Bits
Option 1 One-For-One
1 7 Bits
o 128 Character Codes,
Change of Attribute
Option 2 1
1 /
o
1
FLAG
8 Bits 255 Character Codes,
Change of Attribute
Option 3
FLAG

AF002430

Figure 4. Attribute Fetch

CURSOR GENERATION

The CRTC can generate three different cursor formats: block,
underline, and reverse, at variable blink rates and blink duty
cycles. '

Cursor information for the CRTC comes from two different

sources, and each source can be independently steered to

one of three different destinations. The two cursor sources
_are: :

1. The XY cursor field which is held in the Main Definition
Block for the screen.

2. Attribute Word bit 14 of the character attribute word. A
cursor designated by an attribute will follow its row and
character position whenever text is scrolled. The cursor
controlled by positioning X and Y coordinates within the
cursor X and Y register will be displayed on a fixed X, Y
character position on the screen. The X, Y cursor should
be disabled by resetting the CUE bit in Mode Register 2
during smooth scroll.
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The steering of the cursor sources is under software control of
the cursor mask field within mode register 2. The field is
divided into two three-bit segments, one for the XY cursor and
one for the attribute cursor. Three destinations are selectable
for each cursor source:

(a) The cursor pin
(b) The underline pin
(c) The reverse video pin.

If (a) is selected, then either the whole character cell or partial
character cell is selectable. If whole is selected, the cursor pin
will be active for every scan line of the character cell. if part is
selected, then the cursor pin will only be active for those scan
lines within the limits of CURSOR START and CURSOR END,
as specified in the row-redefinition block.

If {b) is selected, then either an underline will be active, if
CURSOR START and END have the same values, or a block,
if CURSOR START and END are not coincident.

If () is selected, then either all or part of the character will be
reversed, dependent upon the CURSOR START and CUR-
SOR END setting as explained in (b).

In addition to these choices, either cursor can be made to blink
(at the cursor blink rate) and duty cycle (as programmed into
the main definition block blink field).

ROW BUFFERS

The on-chip DMA controller accesses the display memory and
loads data from linked-list data blocks in memory into one of
three row buffers. Each line buffer is 132 ‘characters in length
and 20 bits wide. Each 20-bit wide location accommodates an
8-bit character code and 12-bit attribute words. The row
buffers operate in a rotating fill-display mode whereby one
buffer is being loaded while another is being displayed.

The presence of three row buffers on-chip is of significant
advantage in split screen smooth-scrolling operations where a
character row may only be displayed for a single scan line.
With two row buffers, this would not leave enough time for the
reloading of the alternate line buffer. A partially filled buffer
results in screen flashing. This can only be prevented by
incorporating three line buffers. Figure 5 hightights this advan-
tage.

g toadn Cccccccecece Display C
-

_E LoadC AAAAAAAAA Display A
é: Display B
:, Load A nooo.

£ ccececeee . Display
H

3 { AAAAAAAAA || oispiaya
H

AF002440

Figure 5. Triple Row Buffers

In the rotating fill-display mode, Row Buffer C is displayed
when Row Buffer.B is being loaded. Likewise the next Row

Buffer C is loaded while Row Buffer A is being displayed.
Because of the split-screen, Row Buffer B is displayed for one
scan line only, while Row Butfer A is being loaded. By virtue of
the third row butfer, the loading of Buffer A can spill over into
the next buffer display, thus eliminating screen flashing.

SMOOTH-SCROLLING

A smooth-scroll is defined as the gradual displacement of a
character row on a scan line-by-scan line basis. Smooth-
scrolling is achieved by a gradual offsetting of the scan line
counter, on a frame-by-frame basis. At the start of the scroll,
the offset counter is set to zero or equal to the number of scan
lines per character row, depending on whether the scroll is up
or down. As the counter is incremented or decremented, the
text travels up or down until the offset is equal to the number
of scan lines or zero. The start of the screen pointer pointing
to the character row is adjusted and the offset counter reset
simultaneously to scroll the next successive character row.
Smooth-scrolling of the entire screen is thus a simple task.

A number of applications require screen overlays, such as
menu or status areas which must remain static while the major
portion of the screen is scrolling or vice versa. The Am8052
can support multiple windows, each capable of being scrolled.
(Only one window can be scrolled at a time.)

LINKED LIST DATA STRUCTURES

The DMA: channel on the AmB052 operates via linked list
structures that allow for the overlaying and independent
smooth-scrolling of windows. The linked list data structures
are particularly suited to the manipulation of data strings
where insertions and deletions are common. A typical CRTC
Linked List Structure is shown in Figure 6.

The linked list consists of Row Control Blocks (RCBs) for each
character row on the screen. The RCB does not contain any
displayable data, but contains the address which points to the
character information. Each RCB is linked to the next block via
an address link word (RCB ADR). The structure of the RCB
linkage is shown in Figure 7. The Top of Page register on-chip
points to the Main Definition Block, which in turn points to a
linked list of RCBs.

The Am8052 allows for the separation of attribute and
character lists. By extending the RCB, split screen segments
can be constructed as in the case of RCB2 in Figure 7. In
parallel with the screen or background data structure, there
exists a window structure which contains Window Control
Blocks (WCBs) for each row of each window. Windows can
exist in any position on the screen and are overlayed on top of
the screen or background information. For example, the
structure shown in Figure 8 could be used to implement a
menu overlay at the top of the screen together with a status
overlay. .

MAIN DEFINITION BLOCK

The Main Definition Block is a set of control data and
addresses, located in the system memory, which allow the
user to specify screen oriented features. The TOP OF PAGE
register points to the first word of the Main Definition Block.
Cursor position, fill code and scroll rate are set by the
appropriate fields within the block. The Main Definition Block
also points to the first Row Control Block.
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Figure 6. Am8052 Linked List Structure Figure 8. Window Data Structure

ROW CONTROL BLOCKS

The RCB Pointer in the Main Definition Block points to the first
word of the first Row Control Block of the list. Each Row
Control Block in the main chain is linked to the next via the
. . L . RCB Pointer. Changing the RCB Pointer within the chain
uoe .

allows quick insertion or deletion of character rows.

Attributes associated with characters exist in their own sepa-
rate lists. A character row may be composed of one or more
segments of data. Each segment is a block of words with
consecutive addresses. A Row Control Block has a character
1 ROW 1 code pointer (2 words) and an attribute pointer (2 words) for
ATT each segment. A fifth word, HIDDEN # and VISIBLE #,
ROW 1 defines the number of characters (byte count) contained in the
CODE segment as well as the number of displayed characters in the
segment. Character attributes are in word format, and there
can be as many character attributes as character codes.

WINDOW DEFINITION BLOCK

2 ATT The Window Definition Block defines the size and location of
ROW 2 the window. It is the header block for a list of Window Row
cooe Control Blocks and can also point to another Window Defini-
tion Block if more than one window is displayed on the screen.
The TOP OF WINDOW register points to the first word of the
first Window Definition Block. Within the first Window Defini-

- tion Block, the WRCB Pointer points to the current window's
o2 first Window Row Control Block, while the next Window
ROW 2 Definition Block Pointer points to the next window's Window
CODE Definition Block. Window size is specified by two words in the
Window Definition Block. START WINDOW ROW # and END
WINDOW ROW # are byte values which position the window
AF002450 vertically on the screen. The window display becomes active
in the character row number specified by START WINDOW
. ROW # and will become inactive in the character row
Figure 7. Background Data Structure following END WINDOW ROW #. )

WINDOW ROW CONTROL BLOCKS

The Window Row Control Blocks have the same format as the
Row Control Blocks.

03684C
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The WCB Pointer is the address link to the next row's Window
Row Control Block. A window can also be described with
segments, and the Window Row Control Block contains five
words for each segment.

To hard-scroll a window, it is only necessary to change the
WRCB Pointer in the Window Definition Block to an adjacent
Window Row Control Block.

WINDOW DISPLAY MECHANISM
A window is any bounded area on the screen which is linked in

by a Window Definition Block. The window has the following
size characteristics:

Width: Defined by the number of character code positions
occupied within a character row. Maximum width is
the length of the line buffer (132 characters), and
minimum width is one character.

Height: Defined by the number of displayable character

rows contained within the window. The maximum
height is the total number of displayed character
rows on the face of the screen. The height limit is
specified by the number of Window Row Control
Blocks in the window linked list. The minimum
height of a window is one row.

. Window Positioning

The window is originally positioned to occupy any portion of
the displayable character rows. It can be as large as the full
screen or as small as one row high and one character wide.
The window is always unscrolled when first displayed. (The

counter holding the value of the first scan line of the

uppermost character row of the window is reset.)

The window must be positioned horizontally such that its left-
and right-hand sides begin and end at a background character
row segment boundary. Any unfilled character positions within
the window segment, and following the end of the window
segment to the end of the line buffer (character position 131),
are filled with the fill character code obtained from the Main
Definition Block. -

Multiple Windows

Multiple windows can be displayed simultaneously. Windows
cannot be horizontally aligned to each other, and hence must
be specified on non-overlapping character row boundaries
(see section on virtual windows). Each window is defined by a
Window Definition Block, and the scrolling windows are
designated by a control bit within the Window Definition Block.

WINDOW POSITIONING

The window position is defined in the Window Definition Block.
The coordinate units are background character rows and
background character columns. When the background is
scrolling, the window (or windows) remain stationary on the
display.

EXAMPLE OF WINDOW OVERLAYS

The example (Figure 9) explains how windows are constructed
using the Linked List feature that the Am8052 provides.

LION ;

CAT TIGER

SCROLLC

MOUSE

MONKEY
CAMEL PIG

LION

© CAT TIGER

»

B
clo

SCROLL C

MONKEY
PIG

CAMEL
ZEBRA

DF001530

Figure 9. Example of Vertical Split Screen .
Smoqth Scroll

Step 1

The first step toward constructing windows on a CRT screen is
to split the screen horizontally and vertically using row control
blocks with multiple data pointers. The data pointers in each
RCB point to the first characters within each subscreen area
defined by the horizontal/vertical splits. In this example, the
RCB that controls the first character row (DOG/LION) con-
tains two data pointers. The first points to subscreen DOG and
the second to subscreen LION. The segment length informa-
tion in the RCB indicates to the DMA when to switch from data
field DOG to data field LION. The Linked List Structure for this
example is shown in Figure 10. Note that in most applications,

‘this split screen will have been set up prior to the invocation of

the window. .
Step 2

A window can now be overlayed on to the background by the
creation of a window linked-list as shown in Figure 11. The
scrollable window has a linked list structure pointed to by the
Top of Window (TOW) pointer which functions similarly to
TOP. The other information required for window definition is
the START WINDOW CHAR # and END WINDOW CHAR #
which define the start/end coordinates of the window. To
effect a window scroll, just one change to the TOW value is
required, which significantly relieves CPU overhead.

Virtual Windows

Although the rules of multiple windows do not permit overlap-
ping windows, the background and window structures can be
used to implement virtual horizontally aligned windows. This
can be best described by using the illustration in Figure 9. The
screen is divided into 4 subscreens: A, B, C and D; each can
be independently defined as a window using a Linked List
Structures similar to Figure 11.

If subscreen C is defined as a window, subscreens A, B and D
are configured to be the background. Window C can be
scrolled independently of the background by TOW pointer
manipulation. Similarly, subscreen D can be defined as a
window with A, B and C configured as background. Thus, two
aligned subscreens can be independently defined as windows
by intelligent use of linked list structures, giving the user the
illusion of aligned windows. )
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Figure 10. Split Screen Control Blocks
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XXX/PIG CAMEL
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DF001540

Figure 11. Window Overlay Structure

HORIZONTAL SCREEN FORMAT

The horizontal format defines the general timing of a single
raster scan line. The scan line consists of two basic periods:
visible raster line scan from left-to-right across the CRT screen
and the right-to-left beam retrace period (or horizontal sync).
The beam is always blanked during the retrace period. The
front and back porch periods on either side of the horizontal

sync are also blanked because no active video is desired
during that time.

Horizontal scan frequencies range from a minimum of 15kHz
for small screen, low bandwidth CRTs up to about 60kHz for
100MHz bandwidth large screen CRTs. The horizontal format
versatility must accommodate this wide range of scan frequen-
cies. The horizontal circuit generates two basic timing signals:
horizontal sync and blanking. The horizontal blanking signal is
"ored'" with the vertical blanking signal prior to output at the
BLANK pin.

HORIZONTAL TIMING CONTROL

Horizontal timing is controlled by the RST signal and the DE
(Display Enable) bit in the mode register.

The HSYNC output is disabled (inactive) and the BLANK
output active whenever the CRTC is reset by RST input (active
low) or whenever the DE bit is reset (display disabled). RST
active low is a hardware reset to the CRTC (this action also
resets DE bit), and the DE bit is a software reset of the CRTC.

Am8052 VERTICAL SCREEN FORMAT

The vertical format defines the number of horizontal scan lines
to be displayed in each frame. The front and rear porches, as
well as the vertical retrace time, are also defined.

The CRTC operates in either an interlace or non-interlace
mode. The |4 bit, in Mode Register 1, determines if the CRTC
will operate in the interlace or non-interlace mode. See below
for each of the interlace options.

The Vertical Line Counter is clocked by either the horizontal
sync rate in the non-interlaced or twice the horizontal sync
rate in the interlaced mode. In non-interlaced mode all vertical
frames (period between two vertical sync pulses) are even. In
interlaced mode, the first vertical frame following a Display
Enable (setting of DE bit in the Mode register) is always even
and alternates between odd and even from there on.

EXTERNAL SYNC OPERATION

The ESYNC input allows synchronization of the CRT display
vertical frame rate to the power line frequency to eliminate
interference effects. The ES bit in Mode Register 1 specifies
whether the ESYNC input is used to control the Vertical Sync
rate.

The ESYNC input is recognized by the CRTC during every
frame. It causes the VSYNC signal to become active at the

occurrence of HSYNC. In non-interlaced mode, VSYNC be- -

comes active at the rising edge of HSYNC active. In interlaced
mode, VSYNC either becomes active at the next HSYNC,
active when in the even frame, or active at the next half point
between HSYNCs (2x HSYNC) in the odd frame.

INTERLACE

There are two types of interlace, Repeat Field Interlace (RFI)
and Interlaced Video (IV). The effect of both schemes is to
offset the vertical position of the scan lines of the odd
numbered fields so that they will be physically interleaved with
the scan lines of the even fields. For RFI, the same video
information is displayed on both odd and even fields, the slight
offset of the odd field tending to eliminate the -horizontal
stripes that sometimes occur between scan lines of non-
interlaced displays.

Interlaced Video is used to increase the amount of information
displayed on a monitor without increasing the horizontal or
vertical scan rates. IV takes advantage of the odd field scan
line offset by displaying half the video in the even field
(alternating lines) and half in the odd field. The effect is to
essentially double the vertical character density with respect
to RFI or non-interlace.
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- REGISTER SUMMARY
ADDRESS (AD4 - ADg)

BINARY HEX TYPE ACTIVE BITS REGISTER MODE

00000 00 R/W 16 MODE 1

00001 01 R/W 16 MODE 2

00010 02 w 12 ATTRIBUTE ENABLE

00011 03 w 5 ATTRIBUTE REDEFINITION
00100 04 R/W 8 TOP OF PAGE SOFT (HI-ORDER)
00101 05 RIW 16 TOP OF PAGE SOFT (LO-ORDER)
00110 06 R/W 8 TOP OF WINDOW SOFT (HI-ORDER)
00111 07 R/W 16 TOP OF WINDOW SOFT (LO-ORDER)
01000 08 w 16 ATTRIBUTE FLAG

01001 09 R/W 8 TOP OF PAGE HARD (HI)
01010 0A R/W 16 TOP OF PAGE HARD (LO)
01011 08 R/W 8 TOP OF WINDOW HARD (Hl)
01100 oC R/W 16 TOP OF WINDOW HARD (LO)
10000 10 w 16 DMA BURST

10001 1 w 12 *VSYNC WIDTH/SCAN DELAY
10010 12 w 12 *VERTICAL ACTIVE LINES
10011 13 w 12 *VERTICAL TOTAL LINES
10100 14 w 16 *HSYNC/VERTINT '
10101 15 w 9 *HDRIVE

10110 16 w 9 *H SCAN DELAY

10111 17 w 10 *H TOTAL COUNT

11000 18 w 10 *H TOTAL DISPLAY

*These registers should only be accessed when Display Enable ("DE" bit in Mode Register 1) is reset,
since they control the video timing signals.
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MODE REGISTER 1
ADDRESS: 00000
READ/WRITE
(X 4 [ = ' '
vz |swrr| F fsum S | ove | sk, | sko fHos fws, fwsy | o | oy ihb | Es | o€
e et N—
0CLK, I 0Disable
1CLK, 1 Enable -
O Low Byte Even ——————d OESYN ignored
1 Low Byte Odd 1ESYN Enabled
0 Displayed e )
1 Not Displayed [ 0 Non-Interlaced
0 132 Char/Row  —————————eereerrmacd 0 1 Reserved
1 96 Char/Row 1 O Repeat Field Interlace (RFI)
o 1 1 Interlaced Video
1 Linear
0 Hidden
0 Normal 1 Displayed
1 Blank
HSYNC, VSYNC  APy_qo CCo.7
SKy; SKy  and BLANK and Cursor  and Ry_ 4 WS, WS, Wait State
0 0 ] [ 0 0 (1] No Wait State
o 1 0 0 0 1t DS Stretched by One Cilock
1 0 2 1 [] 1 0 DS Stretched by Two Clocks
1 1 1 t 0 1 1 Reserved
0 HSYNC
1 HORIVE
DF001561
MODE REGISTER 2
ADDRESS: 0000 1
READ/WRITE
CUE l CMASK l SIP | OLC NV fIusv | IEV PV L IUSS | IES | IPS
0 Cursor Oft _! L— 1 = Interrupt Pending Scroll
1 Cursor On
koo 1 = Interrupt Enable Scroll
1= L vice Scroll
1= pt Pending Vertical
1= pt Enable Vertical
1 = Interrupt L vice Vertical
1 = No Vector
1 = Disable Lower Chain
1 = Scroll in Progress
0 = Not Currently Scrolling
[ 0 0 Cursor Pin Whole
0 ] 1 Cursor Pin Partial
o 1 0  Underline (Blob) Absolute Cursor
o 1 1 Reverse (Partial)
1 X X Reserved
0 0 0 Cursor Pin Whoie
[} 0 1 Cursor Pin Partial
0 1 0  Underline (Blob) Attribute Cursor
0 t 1 Reverse (Partial)
1 X X  Reserved
DF001570
03684C
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ATTRIBUTE PORT ENABLE REGISTER

ADDRESS: 00010

WRITE ONLY 4
7
ACE | cPE /%/ up | uo | ub | uo | HL | REV |sups|suss|suno} uno | BL
Reserved —J l— Blink
Attribute Cursor Enable ——————— Undertine
Cursor Pin Enable ———— _ Shifted
Reserved
User Defined P
Reverse Video
Highlight
DF001580
ATTRIBUTE REDEFINITION REGISTER
ADDRESS: 000 1 1
WRITE ONLY
/ % / / 2
/ DSP | DsB § DUND ] DBLK
l—— Reserved \
1 = Disable Superscript
1 = Disable Subscript :
1 = Disable Shifted L
1 = Disable Underline
1 = Disable Blink
DF001590
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TOP OF PAGE/TOP OF WINDOW REGISTERS L/S=0 ®
(3]
N
(9]
READ/WRITE 3
ADDRESS REGISTER ACTIVE BITS o
00100 Top of Page Soft (Hl) 14...8
00101 Top of Page Soft (LO) 15...0
00110 Top of Window Soft (HI) 14...8
00111 Top of Window Soft (LO) 15...0
0100t Top of Page Hard (HI) 14...8
01010 . Top of Page Hard (LO) 15...0
01011 Top of Window Hard (HI) 14...8
01100 Top Of Window Hard (LO) 15...0
Dys Dy Oy Do
UPPER ADDRESS
DF001600
Dys Do
LOWER ADDRESS
DF001610
TOP OF PAGE/TOP OF WINDOW REGISTERS L/S=1
READ/WRITE ) )
*  ADDRESS REGISTER ACTIVE BITS
00100 Top of Page Soft (HI) 7...0
00101 Top of Page Soft (LO) 15...0
00110 Top of Window Soft (HI) C7...0
00111 Top of Window Soft (LO) 15...0
. 01001 Top of Page Hard (HI) 7...0
01010 Top of Page Hard (LO) 15...0
01011 Top of Window Hard (HI) 7...0
01100 Top of Window Hard (LO) 15...0
Dys ) Dg D7 Do
/ /% UPPER ADDRESS
Y.
DF001620
Ois Do
LOWER ADDRESS
DF001630
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VERTICAL ACTIVE LINES REGISTER

ADDRESS: 10010
WRITE ONLY

15 ’ 2zn . 0

/ VAL

VSYNC ‘ TO VBLANK | = VAL +1 NON-INTERLACED
. (VAL® +1Y/2 INTERLACED

DF001640
* Must be odd
VERTICAL TOTAL LINES REGISTER
ADDRESS: 100 11
WRITE ONLY
15 121 0

VTOT TOTAL NUMBER OF SCAN LINES

VSYNC YO VSYNC = VTOT+1 SCAN LINES NON—INTERLACED
= (VTOT**+1)/2 SCAN LINES INTERLACED

DF001651
** Must be even
HORIZONTAL SYNC AND VERTICAL INTERRUPT ROW REGISTER
ADDRESS: 10100
WRITE ONLY
15 ) 87 ‘ ]
VERTINT HSYNC WIDTH
ROW NUMBER AT WHICH VERTICAL IN NUMBER OF CLK, OR CLK; PERIODS
INYERRUPT OCCURS DEPENDING ON CLK{/2 IN MODE REGISTER 1
DF001661
ATTRIBUTE FLAG REGISTER
ADDRESS: 01000
WRITE ONLY
15 8 7 0
7 MASK o7 VALUE 0
Note: When a mask-bit is set to 0, the corresponding value-bit must be 0. . )
DF001670
)
BURST REGISTER
ADDRESS: 10000
WRITE ONLY
15 8 7 4]
BURST SPACE 0. .. 255 x 15 CLOCKS BURST COUNT 0...255 WORD TRANSFERS
SPACE = 0 KEEPS BUS COUNT = 0 NO DMA ACTIVITY
DF001681

03684C
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VERTICAL SYNC WIDTH/VERTICAL SCAN DELAY REGISTER

ADDRESS: 1 000 1
WRITE ONLY

15 12 1 6 5

// VERTICAL SCAN DELAY (VSD) VERTICAL SYNC WIDTH (VSW)

NON-INTERLACE DELAY = (VSD+1) SCAN LINES WIDTH = (VSW+1) SCAN LINES
INTERLACE DELAY = (VSD*+1)/2 SCAN LINES WIDTH = (VSW* +1)/2 SCAN LINES

*Must be odd
DF001690

HORIZONTAL DRIVE REGISTER

ADDRESS: 10101
WRITE ONLY

15 9 8 ‘0

HDRYV

WIDTH = HDRV+1 CLOCK PERIODS
DF001700

HORIZONTAL SCAN DELAY REGISTER

ADDRESS: 10110
WRITE ONLY

8 0

Y

DELAV = HSD+1 CLOCK PERIODS
DF001710

HORIZONTAL TOTAL COUNT REGISTER

ADDRESS: 1011 1
WRITE ONLY

15 10 9 ]

HTC

HSYNC PERIOD = HTC+1 CLOCK PERIODS
DF001721

HORIZONTAL TOTAL DISPLAY REGISTER

ADDRESS: 11000
WRITE ONLY

15 10 9 0

HSYNC TO BLANK INTERVAL = HTD+1 CLOCK PERIODS
(MUST BE ODD IN INTERLACE MODE)

DF001730

03684C
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Am8052 CRTC

Non-Interlaced Video Vertical Sync Timing

—=|VSW+1 VIOT +1

VSYNC I
(EXTERNAL)

1

—»{ VSD + 1 |=—

VBLANK — —1 _'l
(INTERNAL) I._

VAL +1

WF008910
RFI and Video Interlace Sync Timing
VSW +1 VIOT +1 VSW +1 VIOT +1
2 2 2 T2
VSYNC |
(EXTERNAL) (EVEN FIELD) (ODD FIELD) I
pu— te— VSD — |[«—VSD +1
VBLANK ‘2 2 —
(INTERNAL)
VAL VAL +1
2 2
NOTE: VSD, VSW, VAL MUST BE ODD
VTOT MUST BE EVEN
WF008920
Horizontal Sync Timing

HTC+1

HSYNC +1

~ [ HDRIVE+1

HSYNC '_l
(EXTERNAL)
[*—HSD+1—+|
HBLANK — | | ‘ | I
(INTERNAL)
HTD+1 MIN 17 CLK2 —»|
WF008930
03684C
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FRAME TIMING SIGNALS SUMMARY:

>
3
o
=1
a
N
(2]
2
0

NON-INTERLACED MODE

VERTICAL SYNC WIDTH VSW +1

FRONT PORCH (VBLANK R.E. TO VSYNC R.E)) VTOT - VAL
BACK PORCH (VSYNC F.E. to VBLANK F.E.) . VSD +1
VSYNC F.E. TO NEXT VBLANK R.E. VAL +1
TOTAL SCAN LINES/FRAME-VSYNC WIDTH VTOT +1
HORIZONTAL SYNC WIDTH "HSYNC +1
HORIZONTAL SYNC PERIOD HTC +1
HSYNC R.E. TO NEXT HBLANK R.E. HTD + 1
HSYNC R.E. TO HBLANK F.E. HSD + 1
HDRIVE R.E. TO HDRIVE F.E. HDRV + 1

INTERLACED MODE

VERTICAL SYNC WIDTH (VSW + 1)/2, VSW ODD

BACK PORCH VSD/2, EVEN FIELDV
(VSD + 1)/2, ODD FIELD } VAL ODD

VSYNC F.E. TO NEXT VBLANK RE. (VAL + 1)/2, ODD FIELD } VSD ODD
VAL/2, EVEN FIELD

TOTAL SCAN LINES/FRAME - VSYNC WIDTH (VTOT + 1)/2, VTOT EVEN

HORIZONTAL SYNC WIDTH HSYNG + 1

HORIZONTAL SYNC PERIOD HTC + 1

HSYNC R.E. TO NEXT HBLANK R.E. HTD + 1, HTD ODD

HSYNC E. TO HBLANK F.E. : HSD + 1

HDRIVE R.E. TO HDRIVE F.E. HDRV + 1

FRONT PORCH (VBLANK R.E. to VSYNC R.E.) (VTOT-VAL)/2, EVEN FIELD

(VTOT + 1-VAL)/2, ODD FIELD
VAL ODD, VTOT EVEN

03684C
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Am8052 CRTC

Main Definition Block (L/S = 0)

MDo ROW CONTROL BLOCK POINTER (PAGE)
MDy ROW CONTRO!

L BLOCK POINTER (OFFSET)

x-CURSOR (CUX)

y-CURSOR (CUY)

A== =[]

DF003990

Main Definition Block (L/S=1)

0s D7

y-CURSOR (CUY)

IMI“I

A

CTOR (SOFY SCROLL)

W/////////////////////////////////////////////////%

DF004000
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Row Control Block (L/S=0) .

] e U

ROW CONTROL BL OCK POINTER (OFFSET)

HIDDEN #

c l CHARACTER CODE POINTER (PAGE)

D

:EEEEEE R

% ATTRIBUTE POINTER (PAGE)

' CHARACTER CODE POINTER (OFFSET)

Vil

ATTRIBUTE POINTER (OFFSET) .

HIDDEN #

¢/ € I CHARACTER CODE POINTER (PAGE)

%%%%%%%%%%%

mmmmmm

Jéz s T

CHARACTER CODE POINTER (OFFSET)

ROW REDEFINITION BLOCK POINTER (PAGE)

ROW REDEFINITH ION BLOCK POINTER (OFFSET)

DF004010

Row Control Block (L/S=1)

I ]
: c CHARACTER CODE POINTER (H) !
N e

HiODEN® ¥ VISIBLEW¥

<V 7777/ CHARACTER CODE POINTER (H)

CHARACTER CODE POINTER (LO) ™

DF004020

03684C
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Am8052 CRTC

DDDDDD

w7

& \

Do
- ////////////////////// =

Window Definition Block (L/S =0)

woo| scw | WINDOW ROW CONTROL BLOCK POINTER (PAGE) D’

wos[ o T wanoow oeriumon aLockomren pace) /////////////////////////////////////%
Window Definition Block (L/S = 1)

ol m e —————

w7777 WINDOW DEFINITION BLOCK POINTER (H)



Window Row Control Block (L/S = 0)

[ ] e .,.

DF004070

Window Row Control Block (L/S = 1)

WINDOW ROW CONTROL BLOCK POINTER (HI)

WINDOW ROW CONTROL BLOCK POINTER (LO)

VISIBLE #

c

‘CHARACTER COD!

E POINTER (Hi)

- CHARACTER CODE POINTER (LO)

PrEEEE

ATTRIBUTE POINTER (LO)

IF INK= 1

DF004080

“ﬂh

WR1

WR2

WR3

WRy

Window Redefinition Block

D10 Dy

NCS

NCE

SPCS

N\

SPCE

SBCS

1L1IJILJ1-1J1vronnoo

i

SBCE

CURS

AMLILMHMDIDZIII1

3

CURE

UND

o v OO

SUND

DFQ04090
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Am8052 CRTC

ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage Temperature .........c.cocvuvivrennnns -65 to +150°C
Temperature Ambient
under Bias ....coevvveeeeeiuieirieneeene e -65 to +125°C Part Number Ta Vec Vss
Supply Voltage to Ground Potential Amg8052-5LC .| 0°C to 70°C 5.0V 5% ov
ContiNUOUS ....uveuiniiiiinniiiiiinir e, -0.5 to +7.0V AmB052-6LC 0°C to 70°C 50V £5% ov
DC Voltage Applied to Outputs for High ' AmB052-8LC 0°C 0 70°C_| 5.0V 5% ov
Output State ........cocevviiiiiiiiniiiiennnn, -0.5V to +Vce
DC Input Voltage............... P ~0.5 to +7.0V i ) . i i
DC Output Current into Outputs...........ceccvveeeriueens 30mA Operating ranges define those limits over which the function-
DC Input CUIENt ....cceeeveeeeeieeininrireeeeens -30 to +5.0mA ality of the device is guaranteed.

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

DC CHARACTERISTICS over operating range unless otherwise specified
TA=0°C to +70°C; Vcc =5V +5%

Parameters Description Min Max Units
VoH Output High Voltage (loH = 400uA) 24, \
VoL Output Low Voltage (lo. = 3.2mA) 0 0.4 v
VIH Input High Voltage (except CLK; and CLKj) 20 Vce +0.5 v
VCiH CLK1/CLK2 Input High Voltage 4.0 v
ViL Input Low Voltage (except CLKy and CLK2) -0.5 0.8 \
Ve CLK4/CLK2 Input Low Voltage 0.3 v
hx Input Load Current (except RSTT) +10 my
xR Input Load Current (RSTT) +100 HA
lg Output Leakage Current +10 HA
Icc Supply Current 500 mA
CiN input Capacitance (all pins except CLK{ and CLKp) 15 pF
CciN Input Capacitance, CLKy and CLKp 80 pF
Cout Output Capacitance 50 pF
Ci/0 Bidirectional Capacitance 50 pF

SWITCHING TEST CIRCUITS AND
SWITCHING TEST WAVEFORM

Standard Test Load Open Drain Test Load

+5V +5V

FROM OUTPUT 15K
UNDER TEST

FROM QUTPUT
UNDER TEST
50pF 4001A

50pF 1
l

TC001641 TC001651

input Waveform

24
20 - 20

TEST POINTS

08 0.8

0.45
WF007430

03684C
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>
SWITCHING CHARACTERISTICS over operating range unless otherwise specified g
8052 BUS MASTER READ/WRITE 8
N
5MHz 6MHz 8MHz 0
Numbers | Parameters Description e
Min Max Min Max Min Max 3
1 tPHL CLKy t TOAS 55 55 45
2 tpLH CLK t TO AS t 55 55 45
3 tpw AS PULSE WIDTH. . 60 60 45 k
4 ts ADDRESS VALID TO AS t 40 40 30
5 H ADDRESS FROM AS 1 20 20 20
6 tPHL CLKy t TODS | 65 65 45
7 ts DATA IN TO CLK; 1 15 15 10
8 tH DATA IN FROM DS 1 -10 -10 0
9 tpLH CLKy 1 TODS ¢t 65 65 45
10 tpLH CLK; 1 TO R/W 0 55 ) 55 0 45
1 tH CLKy 4 TO DREN 1 65 65 65
12 ts WAIT VALID TO CLKqy4 15 15 10
13 tH WAIT FROM CLKq | 20 20 20
14 tpHL CLKy } TO DREN 55 55 45
15 [ DREN FROM DS 1 -10 -10 0
16 ta tF RISE, FALL TIME, CLKq 15 15 10
17 tPHL CLKy t TO DTEN | . 65 55 45
18 tPLH CLKy 1 TO DTEN 1 55 55 - 45
19 tpw CLK4 HIGH PULSE WIDTH 85 500 70 500 45 500
20 tpw CLK¢{ LOW PULSE WIDTH 75 500 70 500 45 500
40 fcye CLK1 PERIOD 200 1000 165 1000 125 1000
a4 tavov ADD VALID TO DATA IN (Note) 395 310 225
42 tAsDV AS 1 TO DATA VALID (Note) 315 245 185
43 tpspv DS | TO DATA VALID (Note) 205 155 115
46 1DAT DREN 1 TO DTEN 4 20 20 20
Notes:
O=2®+O-0-0+0-0
@=20-0-0-6
B=0+-0-0
(At max CLKq freq.)
03684C
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Am8052 CRTC

8052 BUS MASTER READ

CLK,

&l

DATA IN

ADg = ADy5

®

gl

I
©
I

©

:
g

o~ —O-+@-
e \L ~—®—:/‘ ,
! 0.D.
.‘ . WF004360 |
8052 BUS MASTER WRITE
T , m T
Zlo, Yoy
3 -
T Q—@_“ ®-
AOg—ADys ——g ADORESS E—

% /

H
)
§
1
®

&N /

WF004370

-@- e ® ‘
OvEN
03684C
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
8052 BUS SLAVE READ LATCHED
5MHz 6MHz 8MHz
Numbers Parameters Description
Min Max Min Max Min Max
21 ts C5 1 TOAS 1 0 0 0
22 tH CS LOW FROM AS 1 25 25 20
23 ts C/D TO AS 1t 0 0 0
24 [ C/D FROM AS 1 25 25 20
25 tpp CS.1T0DS, 40 40 30
26 tpspv DS | TO DATA VALID 180 180 ' 150
C 27 ty DATA VALID FROM DSt 15 15 10
28 1s R/W TO DS 10 10 0
29 th R/W VALID FROM DS 1 40 40 40
30 - tpp DELAY FROM DS | 55 55 45
.31 tpp DELAY FROM DS 1t TO DTEN t 55 .55 45
35 tSAT SLAVE RECOVERY TIME 440 440 330
38 tz DS 1t TO ADg-ADs5 HI-Z 10 60 10 60 10 50
Notes: 1. R/W latched internally by DS 1.
2. CS latched internally by AS 1.
3. C/D latched internally by AS 1.
4. tsAT: ®=3-®-G.
8052 BUS SLAVE READ LATCHED
—9 Ry
— £ )
S
cs \
= .
- \ ADg—AD,5
c/D DATA OUT Z
——@®—— |-® O—l®
_ R —
= \ /
_. L_@_.|
" / AN
DREN
HIGH
DTEN
WF004380
03684C
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Am8052 CRTC

SWITCHING CHARACTERISTICS over operating range unless otherwise specified
8052 BUS SLAVE READ UNLATCHED
5MHz 6MHz
Numbers Parameters Description -
} Min Max Min Max Min Max
36 tH CS LOW FROM DS ¢t 7 7 5
37 [ C/D LOW FROM DS t 7 7 5
39 thw DS | TO DS t+ READ 200 200 150
44 ts C/D TO DS | 40 40 30
92 1SRT SLAVE RECOVERY TIME (Note 1) 300 300 225
Note 1: tspT: @=3'@-@.
8052 BUS SLAVE READ UNLATCHED
Low
AS
& \ /
® @ﬂ
c/0 \_
@ o— @+
T
% \ \
: ()
- —®— ®
AD(—ADq5 42 DATA
DREN mau/
DTEN
" WF004390
03684C
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> >
SWITCHING CHARACTERISTICS over operating range unless otherwise specified 03’
8052 BUS SLAVE WRITE LATCHED ]
N
5MHz 6MHz 8MHz 0
Numbers Parameters Description e o}
Min Max Min Max Min Max -
32 tH DATA IN VALID FROM DS 1 20 20 20 o
33 ts DATA IN VALID TO DS 1 90 90 80
34 tow DS PULSE WIDTH 135 135 100
45 tH DELAY FROM DS 1 TO DREN 1 20 70 o 20 70 20 70

8052 BUS SLAVE WRITE LATCHED

(33)
®

5 —\_,Z § \—

J

(33).
®
A —
Do~ AD;yg —_—g DATA IN E__—.
-
@ ®
o5 S Z
il

H
®

@)
"y

—

OREN

DTEN /
HIGH
WF004400
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Am8052 CRTC

2-286

SWITCHING CHARACTERISTICS over operating range unless otherwise specified
8052 BUS SLAVE WRITE UNLATCHED
) 5MHz 6MHz 8MHz
Numbers Parameters Description -
Min Max Min Max Min Max
93 tscT SLAVE RECOVERY TIME (Note 1) 365 365 275
Note 1: tscT: @ =3-@-&.
8052 BUS SLAVE WRITE UNLATCHED
Ltow
as
| —®— |
18
@ &— [—@— |
= ————— f
= /
- ) @ 1
RW
&— @~
ADy-ADy5 Z DATA IN E
DREN
DTEN
HIGH .
WF004411
03684C
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SWITCHING CHARACTERISTICS over operating-range unless otherwise specified g
8052 BUS EXCHANGE 8
N
. 5MHz 6MHz 8MHz 0
Numbers Parameters Description - ]
. Min Max Min Max Min Max -
(9]
70 tep CLK¢ t TO BRQ OUT 115 115 100
71 tpz CLKy 1t TO FLOAT 115 . 115 100
72 \
73 tpp BAl TO BAO ! - 50 50 40
74 tpp BRQ | TO BAI | DELAY -0 0 0
75 ts BAI | TO CLK{ 1 (Note 1) 50, 50 40
94 tpp . | BRQ t TO BAO | 0 60 0 60 6 . 50
Note 1: This parameter for testing only.
8052 BUS EXCHANGE
CLK, 7 \ /
CLK, ‘ / @
BROom- _’ <O,D,
BRAgyT 7
‘ ) @) %g_s s/”v" out
BAI
e
. /
I — ®
o nncun] @
WF004420 __
BAG
WF004430
REQUESTING RELEASING
b A \
® ®
WF004441
CHAIN DELAY
03684C
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Am8052 CRTC

I

SWITCHING CHARACTERISTICS over operating range unless otherwise specified
8052 INTERRUPT ACK TIMING - DEVICE ACKNOWLEDGED
: 5MHz 6MHz 8MHz
Numbers Parameters Description
Min Max Min Max Min - Max
50 ts INTACK TO DS | 230 230 200
51 tpw DS 1 TO DS '+ ACK 200 200 150
52 tPD DSt TOINT ¢ 230 230 200
53 tH INTACK FROM DS 0 0 0
54 1p DS | TO VECTOR VALID 180 180 150
55 H VECTOR FROM DS t 0 0 4}
56 ts IEI TO B3 1 90 90 80
57 tH IEl FROM DS 1 [4 0 0
59 to INTACK TO IEO | (IEl =H) 170 170 150
8052 INTERRUPT ACK TIMING - DEVICE ACKNOWLEDGED
T
_\_‘ [} /\O‘D.
@
as \ /
-
A0,-A0;5 i VecToR t(
® ©
N 2
oS
%) ®
1Es 1 J# \
{=a)
&
IEO \
\I [o.o.
OTEN | |
WF004452
03684C
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified a
8052 INTERRUPT ACK TIMING - LOW PRIORITY 8
N
5MHz 6MHz 8MHz (o)
Numbers Parameters Description T n
. Min Max Min Max Min Max =
— (¢}
56 tg IEl TO DS 90 90 80
58 o IEl TO IEO 90 90 80
90 tp IEl + TO INT t (Note 1) 90 90 80
Note 1: INT terminated by an acknowledge higher on chain.
8052 INTERRUPT ACK TIMING -LOW PRIORITY 2

H]

N
SR —

]

»
§

]
N

(58
& —~
hd
"
N
EO 1
HIGHER PRIORITY DEVICE NO ACKNOWLEDGE
ACKNOWLEDGES INTERRUPT

WF004460

03684C
2-289 Refer to page 7-1 for Essential Information on Military Devices



Am8052 CRTC
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
8052 NON-VECTORED INT TIMING

5MHz 6MHz 8MHz
Numbers Parameters Description
Min Max Min Max Min Max
91 - tp ,| DS t TO INT (Write) (Note 1) 90 90 80
95 . 25)5 t TO IEO 1 (Write) (Note 00 90 80

Notes: 1. This parameter describes the termination of an interrupt request via a write to the appropriate bit in Mode Reg 2:
IUSS — 1IUSV - 1
IES -~ 01IES -0
PS ~0IPV L0

2. This is the release of IEO LOW due to the slave mode reset of the IUS bit in Mode Reg 2.

8052 NON-VECTORED INT TIMING

- T\ aw

o

|

E

ADp-ADys MODE REG 2 \

INT CONTROL BITS
WRITE DATA IN

IEQ

WF004470
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified a
8052 VIDEO OUTPUTS AND SYNCHRONIZING INPUT TIMING 8
N
5MHz 6MHz 8MHz o
Numbers Parameters Description o}
Min Max Min Max Min Max al
101 tpw CLKp HIGH PULSE WIDTH 85 500 70 500 * 35 500
102 tow CLKp LOW PULSE WIDTH 75 500 70 500 35 500
103 tcve CLKp PERIOD 200 1000 165 1000 100 1000
104 toc CLKp t TO OUTPUT DELAY 55 55 a5
106 1s INPUT SETUP TO CLKp 1 (Note 1) 60 60 50
107 tw INPUT PULSE WIDTH (Note 2) 5T 5T 5T
108 g, te CLK RISE, FALL TIME 15 15 10

Notes: 1. Parameter 106 is specified for test purposes only.
2. Parameter 107 is for reset only. T = CLKp period.

8052 VIDEO OUTPUTS AND SYNCHRONI2ING INPUT TIMING

..- — —— —
LK, _/ ‘
‘ .
@
oA 602
-/ N4
CCq_7
APg_19 X X
CUR
HSYNC
VSYNC
BLANK ©
Ro—a ~
py
ESYNC — f
RST
R

WF004480
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Am8152A/53A

Am8152A/53A

Video System Controller (VSC)

DISTINCTIVE CHARACTERISTICS

® 100MHz Video Dot Rate

Four-level current driven (7552) differential video output

® Digital Video output ECL option (Am8152A provides TTL
option)

® On-board crystal driven oscillator

Proportional Spacing Support (2-17 dots)

® 9-bit dot data parallel input, with expansion capability to
seventeen bits

® Trailing blanks (0-3 dots)

® Double Width Characters-

® Attribute Support: Character Blink, Underline, Over-
strike, Reverse, and Highlight

® Buffered and Synchronized Character Clock Outputs

® Background color selection

® Buffered and Synchronized Vertical and Horizontal Sync
Outputs

GENERAL DESCRIPTION

The Am8152A/53A Video System Controller (VSC) pro-
vides interface between a CRT controller and a CRT
monitor. The basic chip functions are:

® Support proportional and non-proportional character
display

® Correctly synchronize and mix character attributes with
video signals

® Output the video information in a four-level analog or
digital format

The VSC consists of a parallel-to-serial converter which
provides a video bit stream to on-chip attribute logic. This
logic, under control of the attribute inputs, operates on the
bit stream to generate grey scale video. Video outputs from
the VSC are of two forms — analog and digital. The digitally
encoded outputs implement four video levels: Blank, Black,
Grey and White. Identical information is available in analog

form via differential outputs (current driven) into a nominal
752 impedance. .

The Am8152A/53A also supports proportional spacing
using a bit width programmable character clock. Character
ROM pixel information is selectable from two to seventeen
pixels per character. Up to three blank pixels can be
appended to the character ROM input thereby facilitating
right justification of text.

The difference between the Am8152A and the Am8153A is
in the output scheme. The Am8152A has standard TTL
outputs and operates in the 25 - 60MHz range, while the
AmB8153A has 10K ECL outputs and operates in the
40 - 100MHz range.

The Am8152A/53A is fabricated lising AMD's advanced
bipolar process with internal ECL logic. The device is
available in conventional 48-pin dual in-line packages.

BLOCK DIAGRAM

[T T Y'Y 8o,y OR® EXTOCLK X, X mES Xy oR MeLK,
2
Py | Hom
I l euu-caxs | r s [ oscusaron o,
VSYNC wmand l
HSYNC ] CLK,
ow | veoLo
RES OELAY
}— wsop
BLANK
le— cmvi
caLANK ”:D— —
REV ATTRIBUTE
LoGIc |~ vioour
rs Laron L=
bad o,
FORE. Vi,
Llio.msunasa l—-l 2-BIT SHIFT REG "““
! 8, L) L '
: 3 T T 1 ]
©0y-00, v- ano, anp, Veea veor
BD001241
Figure 1.
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>
CONNECTION DIAGRAM 30
Top View P
: N
D-48-1 Leadless Chip Carrier b
~52- o
L-52-1 a
5 >
~ e o H -
oy T o e 466455888 gt
”‘E; zgm““ M HHHY MTHHH
:‘:;E . « :—_1 s ¢ 5 4 3 2 1 50 L
oo, [] s “f les oo Ly Ve
oog e « [ vio, 008 AADS
oog (] 7 42 [] vio, ow ViDouT
oo, [ e 41 aaoy ’ ViBoUt
oo:: ] %0 [ vioour e
ow ] 39 [ ViDouT GND, v-
aNo, [ 1 v GRLVL GND,
GrRuvL (] 12 a7 [} GNo,
x ] £ vcc.‘ Y Veer
%,/ReS ] 14 35 77 Veez Xy/RES Veea
X T]1s 34 ] sseL Xy SSEL
extoek ] 18 3 ] sLaRx
oL, 08y ] 17 32 |7 rax, Ne BLANK
cony ] 18 31 ] MCLx, EXTDCLK TCLKy
ctkz DRy [ 19 3 [ maik, NC MCLK
cuxy0Ry (] 20 28 [ cux, oAy :
[mm 2] 28 [} 1, DR, CLX2 DRy ) Ne
T8 h . 2 % 27 8 29 30 32
= b ar | C 08, NMAAAAAAARARA
wswne ] » 26 {1 nsoLo
vome ] 2 3 veouo fEEFE 88338663
£ 2¢ 22 - < g =
CD001511 333 3 33
CD004922

Note: Pin 1 is marked for orientation

METALLIZATION AND PAD LAYOUT

3

EEEETEEY

~ ORDERING INFORMATION
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following:
Device number, speed option (if applicable), package type, operating range and screening option (if desired).

Am8152A/53A D c B Valid Combinations
L Screening Option Am8152A | DC
B = Burn-in
Blank = Standard processing Am8153A | DC
Temperature (See Operating Range)
C = Commercial (0°C to +70°C)
| = Industrial (-40°C to 85°C) ;
Valid Combinations
Pack
Da: (?ggmp 48-Pin Consult the local AMD sales office to con-
L = Leadless Chip firm availability of specific valid combinations,
J = Plastic Leaded Chip Carrier check for newly released valid combinations
K and/or obtain additional data on AMD's stan-
Device type dard military grade product.
03888C
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Am8152A/53A

PIN DESCRIPTION

DIP Pin No.

LCC Pin No.

Description

30

33

MCLK1

CLOCK1 (non-TTL compatible). MCLK1 is a system clock. It is intended to drive the AM8052
horizontal and vertical timing circuitry as well as the DMA operations. MCLK{ output is
nominally a square wave divided down from the internal dot clock frequency according to the
CLKy DR (CLKq Divide Ratio) input.

29-27

32-30

CLKy DR

CLK¢ DIVIDE RATIO. CLK4 DR are three inputs which control the MCLK divide ratio. The
three inputs may be programmed to divide the MCLK signal by two, four, six, . . . ., sixteen.
For further information, see the table following this section.

3

35

MCLK2o

CLOCK3 (non-TTL compatibe). MCLK3 is a character display clock. Its function is to control
the character code and attribute data output rate from the appropriate Am8052 CRTC's ports.

17-20

20-23

CLK2DR

CLOCK32 DIVIDE RATIO. CLK» DR are four inputs which control an internal divider to divide
the dot clock frequency by a value from two to seventeen. For further information, see the
table following this section.

32

36

TCLKz

TTL CLK2. TCLK is a TTL compatible version of MCLK>.

15, 14

16, 156

X1,X2/RES

X4, X2/RESET (X2 is non-TTL compatible, reset is TTL compatible). X1, X2/RES are the
external crystal inputs when the on-chip oscillator of the VSC is being used. The external
crystal frequency is multiplied by five to produce the on-chip dot clock. If the external dot
clock option is used, the X4 should be tied Low and X2/RES may be used as a reset input to
synchronize multiple VSCs. Note that the reset signal should be synchronous to the external
dot clock.

X3

X3 (non-TTL compatible). X3 is used as an input to the on-chip voltage-controlled oscillator.
When the on-chip oscillator of VSR is being used, X3 should be connected to ground by an
appropriate capacitor. If the external dot clock option is used, X3 and X1 should be tied Low.

24

27

VSYNC

VERTICAL SYNC. VSYNC is an input that must be synchronous to either MCLKy or MCLK3, {
dependent on the SSEL input. If SSEL is High, VSYNC must be synchronous to MCLKj.

25

28

VSDLD

VERTICAL SYNC DELAYED. VSDLD is the delayed output of VSYNC, synchronous to
MCLK4 or MCLKj, depending on the setting of SSEL.

23

26

HSYNC

HORIZONTAL SYNC DELAYED. HSYNC is an_input that must be synchronous to either
MCLKy or MCLKp, dependent upon the SSEL input. If SSEL is Low, HSYNC must be
synchronous to MCLKp; if SSEL is High, HSYNC must be synchronous to MCLKj.

26

29

HSDLD

HORIZONTAL SYNC. HSDLD is the delayed output of HSYNC, synchronous to MCLK4 or
MCLK2, depending upon the setting of SSEL.

34

38

SSEL

SYNC SELECT. The SSEL line determines if the VSYNC, HSYNC and BLANK are going to be
synchronized to the MCLK4 or MCLK3 signals. A High on SSEL also will resynchronize CLK2
and CLK4 during blanking.

33

37

BLANK

BLANK. BLANK is an input normally synchronous to MCLKj, although it may be synchronous
to MCLK3 in non-proportional spacing applications. The active pulse width of BLANK will
usually overlap the inactive-to-active waveforms of HSYNC and VSYNC, as well as the active-
to-inactive portion of VSYNC. While BLANK is active, TCLK2/MCLKp may be forced to
synchronize to the MCLK clock. When BLANK goes inactive, thue rising edges of MCLK{
and TCLK2/MCLK2 must be synchronized in order to prevent "dot walk" in proportional
spacing applications. BLANK active also forces the video output level to "'blank’’ regardless
of DD, FORE or other inputs.

47

51

CBLANK

CHARACTER BLANK. CBLANK forces video output levels (VID4, VID2, VIDOUT and VIDOUT
to switch to the background color fevel.

48

52

FORE

FOREGROUND VIDEO. The FORE video input is "OR’ed"" with the dot data output by the
parallel-to-serial shift register to switch to the foreground color level (e.g., to implement
underlines).

46

50

REV

REVERSE. The REV input causes the foreground color levels to be transposed with the
background color level for the total character period (including any tracking blanks).

45

49

FS

FOREGROUND SHIFT. The FS input causes the shift in the video output levels to produce a
highlight effect. See Table 1.

21, 22

24, 25

TBo, TB4

TRAILING BLANKS. The TB inputs concatenate "'blank'’ video dots to the tail end of the dot
data contained in the parallel-to-serial shift register. TB can be specified to concatenate 0, 1,
2 or 3 dots. The TB value is also added to the CLKo DR value to obtain the total. The
combination of all CLK2DR inputs being High (17 dots) and both TB inputs being High (3
trailing blanks) is not allowed. The maximum CLKjp period is 19 dot periods.

19

DDo-DDg

DOT DATA. The DD inputs accept parallel character dot matrix information for serial
conversion for video output. DD data is accepted at the TCLK>/MCLK» clock rate. DDy is
shifted out first.

44

48

BS

BACKGROUND SELECT. The BS input specifies the color level of the background video.
This input can be overridden by BLANK active.

40, 39

44, 43

VIDOUT, VIDOUT

VIDEO OUTPUT (non-TTL compatible). VIDOUT and VIDOUT outputs in a differential mode
the composite blank and video dot levels to a nominal 7552 load impedance from switched
current sources.

43, 42

47, 46

VID4,VID -

VIDEO DIGITAL (8152A-TTL; 8153A-ECL). VID¢ and VID> are digitally encoded outputs of
the video out. VID{ is the least significant bit. Encoding is as follows:

VID2 (VIDEO) VID4 (HIGHLIGHT)
Blank Level .0 0

Blank
Grey
White

-lo

1
0
1

-
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PIN DESCRIPTION (Cont.)

DIP Pin No. | LCC Pin No. Name 170 Description

12 13 GRLVL | }GREY LEVEL. The GRLVL input adjusts the current level output, via the VIDOUT and
VIDOUT outputs, of the grey video level. There are two pre-selected grey levels: for GRLVL
(High), grey is brighter; for GRLVL (Low), grey is darker.

10 10 oW | |DOUBLE WIDTH. The DW input, when active HIGH, causes the dot clock supplied to thue
TCLK2/MCLK3 clock divide to be divided by two. This function is used to facilitate doubling
the width of a character cell matrix in the horizontal direction. The trailing blank information is
also widened during a double width character.

16 18 EXTDCLK | |EXTERNAL DOT CLOCK (8152A-TTL; 8153A-ECL). EXTDCLK is an external, TTL or ECL
compatible dot clock input for use in multiple Am8152A/53A configurations. This signal
replaces the internal oscillator function. To enable EXTDCLK, both X4 and X3 must be
grounded.

41 45 AADJ I JANALOG OUTPUTS CURRENT ADJUST (Non-TTL compatible). Analog output current adjust
is used for setting the analog video output current to 13.3mA. This is done by connecting
AADJ to V™ via an applicable 1% resistor.

36, 35 40, 39 Veet, Vocz Vce should be connected to +5 V for both the 8152A and 8153A.

37, 11 41, 12 GND{¢, GND2 GND should be connected to Ground for both the 8152A and 8153A.

38 42 V™ V™~ should be connected to Ground for the 8152A or to -5.2 V for the 8153A.

CLK¢{ PR CLK2 DR

2 1 0 Al B! 3 2 0 c! D’

L L L 1 ! L L L L 1 1
L L H 2 2

L L L H 1 2
L H L 3 3

L H H 4 4 L L H L 2 2

H L L 5 5 L L H H 2 3
6 6

H L H L H L L 3 3
H H L 7 7

H H H 8 8 L H L H 3 4

L H H L 4 4

L H H H 4 5

H L L L 5 5

H L L H 5 6

H L H L 6 6

H L H H 6 7

H H L L 7 7

H H L H 7 8

H H H L 8 8

H H H H 8 9

Note 1. A, B, C, and D are measured in
EXTDCLK periods.
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Figure 2. Am8152A/53A Application with Am8052 CRT Controller

DETAILED DESCRIPTION

The Am8152A Video System Controller (VSC) supports both
black and white and color video applications for CPUs, CRT
controllers, and terminals. The essential functions of the VSC
are to support proportional and non-proportional character
display, to synchronize and mix character attributes with video,
and to output the video in a four level analog or digital format.

PARALLEL PIXEL LOADING

Pixel information that must be serialized for video transmission
is loaded into the serial shift register via inputs DDg - DDg.
Information is loaded on both edges of the MCLK> character
clock, as shown in Figure 3. The information set up on DD(0:7)
prior to the falling edge of MCLK> is loaded into positions
VIDg - VIDyg. Note that DDg information is ignored. Informa-
tion set up on DD(0:8) prior to the rising edge of MCLKp is
loaded into positions VIDg - VIDg. Thus, up to 17 bits of pixel
information can be loaded into the shift register. Note that if
the character width is nine pixels or less the information

- captured on the falling edge of the MCLK3 is not used. Any

trailing blank insertion only occurs after the total number of
pixels for the character have been transmitted.

CLK2DR (0:3) and TB (0:1) determine the divide ratio for the -
character clock. The sum of both values specifies the charac-
ter clock period in dot clocks. During the trailing blank, the
VSC shifts out what was loaded into the shift register.
Therefore, it is the responsibility of the user to insure that the
pixels output during the trailing bla