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MOS Microprocessor Family 
. Selection Guide 

8086/88 808SA 808SA-2 8080A Z8001/2t Z8001/2-A 

Clock Period 200n5 320n5 200n5 480n5 250n5 165n5 

Clock Generator 8284A On-Chip On-Chip 8224 8127 8127 

Arithmetic 8087 9511A-1 9511A-4 9511A 9511A-4 9511A-4 
Processing Unit 9512-1 9512-1 9512 9512-1 9512-1 

Interrupt 9519A 9519A-4 9519A 9519A-1 9519A-1 
Controller 8259A-5 8259A 8259A-5 8259A 

DMA 8089 9517A-4 9517A-5 9517A 8016 8016A 

Controller 9516A 9517A-4 
9517A-5 

Dynamic Memory 
29648 29648 29648 29648 29648 29648 

Controller 

8251A 8251A 8251A 8251A 
8530A 8530 8530A 8030 8030A 

Serial 1/0 8030A 8531 8531A 8031 8031A 
8031A 
8531A 

Parallel 1/0 8255A-5 8255A-5 8255A-5 8255A 
8036A 8036 8036A 

Counter 9513 9513 ' 9513 9513 

Timer 1/0 
8036A 8253-5 8253-5 8253 
8073 8073 8073 

FIFO I/O 8038 8038 8038 8038 8038 8038 

Data Ciphering 
8068 8068 8068 9518 8068 8068 

Processor 

Error Detection 
2960 2960 2960 2960 2960 2960 

and Correction 

Burst Error 8065 8065 8065 8065 8065 8065 
Processor 9520 9520 9520 9520 9520 9520 

CRT Controller 8052 8052 8052A 

1/0 Processor 8089 N/A N/A N/A N/A N/A 

RAM 1/0 N/A 8155/6 8155/6-2 N/A N/A N/A 

Bus Control .8288 N/A N/A N/A N/A N/A 

Bus latches 29841-6 29841-6 29841-6 29841-6 29841-6 29841-6 

Bus Buffers 29827/28 29827/28 29827/28 29827/28 29827/28 29827/28 

Bus 
29861-4 29861-4 29861-4 29861-4 29861-4 29861-4 Transceivers 

EDC Buffers 2961/2 2961/2 2961/2 2961/2 2961/2 2961/2 

RAM Drivers 2965/6 2965/6 2965/6 2965/6 2965/6 2965/6 

tZ8000 is a trademark of Zilog, Inc. 
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iAPX 186 
High Integration 16·Bit Microprocessor 

ADVANCE fNFORMATION 

GENERAL DESCRIPTION DISTINCTIVE CHARACTERISTICS 

• Integrated feature set 
Enhanced 8086-2 CPU 

- Clock generator 
Two independent, high-speed DMA channels 
Programmable interrupt controller 
Three programmable 16-bit timers 

- Programmable memory and peripheral 
chip-select logic 

The iAPX 186 (80186 part number) is a highly integrated 
16-bit microprocessor. It effectively combines 15-20 of 
the most common iAPX 86 system components onto one. 
The 80186 provides two times greater throughput than the 
standard 5MHz iAPX 86. The iAPX 186 is upward com
patible with iAPX 86 and 88 software and adds 10 new 
instruction types to the existing set. 

Programmable wait state generator 
Local bus controller 

The iAPX 186 gomes in a 68-pin package and requires a 
Single +5V power supply. 

• High-performance 6MHz processor 
- Two times the performance of the standard iAPX 86 
- 4M byte/sec bus bandwidth interface 

• Direct addressing capability to 1 M byte of memory 
• Completely object code compatible with all existing 

iAPX 86, 88 software 
,- Ten new instruction types 

• Compatible with 8282/83/86/87, 8288, 8289 bus 
support components 

• Optional numeric processor extension 
iAPX 186 with a high-performance 80-bit numeric 
data processor the 8087 

Figure 1. iAPX*186 Block Diagram 
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iAPX186 

Figure 2. 80186 Pinout Diagram 

TOP BOTTOM 

So ""S2,f-1I..JLJWIULJWIULJWIWL.JW'WL...IWI~"""UCS 
51 LCS 
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ARDY PCS~A1 
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RESET PCS3 
X2 PCS2 
X1 PCS1 

vss vss 
ALE/OSO PCSO 

RD/OSMD RES 
WR/OS1 TMR OUT 1 

BHE TMROUTO 
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A161S5( TMR IN 0 
A17/S4'I DR01 
A161S3 18 DROO 

PIN NO.1 MARK 

Table 1. 80186 Pin Description 

Pin 
Symbol No. Type Name and Function 

Vee,Vee 9,43 I System Power: +5 volt power supply. 

Vss, Vss 26,60, I System Ground. 

RESET 57 0 Reset Output indicates that the 80186 CPU is being reset, and can be used as a 
system reset. It is active HIGH, synchronized with the processor clock, and 
lasts an integer number of clock periods corresponding to the length of the 
RES signal. 

Xl, X2 59,58 I Crystal Inputs, Xl and X2, provide an external connection for a fundamental 
mode parallel resonant crystal for the internal crystal oscillator. Xl can inter· 
face to an external clock instead of a crystal. The input or oscillator frequency 
is internally divided by two to generate the clock signal (CLKOUT). 

CLKOUT 56 0 Clock Output provides the system with a 50% duty cycle waveform. All device 
pin timings are specified relative to CLKOUT. CLKOUT has sufficient MOS drive 
capabilities for the 808.7 Numeric Processor Extension. 

RES 24 I System Reset ca,uses the 80186 to immediately terminate its present activity, 
clear the internal logic, and enter a dormant state. This signal may be asyn-
chronous to the 80186 clock. The 80186 begins fetching instructions approxi-
mately 7 clock cycles after RES is returned HIGH. RES is required to be LOW for 
greater than 4 clock cycles and is intern~synchronized. For proper initializa-
tion, the LOW-to-HIGH transition of RES must occur no sooner than 50 
microseconds after power up. This input is provided with a Schmitt-trigger to 
facilitate power-on RES generation via an RC network. When RES occurs, the 
80186 will drive the status lines to an inactive level for one clock, and then 
tri-state them. 
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IAPX186 

Table 1. 80186 Pin Description (Continued) 

Pin 
Symbol No. Type Name and Function 

'fE'S'f 
I 

47 I TEST is examined by the WAIT instruction~ If the TEST input is HIGH when 
,"WAIT" execution begins. instruction execution will suspend. TEST will be 
resampled until it goes LOW. at which time execution will resume. If interrupts 
are enabled while the 80186 is waiting for TEST. interrupts will be serviced. This 
input is synchronized internally. 

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

transitions are counted) and internally synchronized. 

TMR OUT O. 22 0 Timer outputs are used to provide single pulse or continuous waveform gener-
TMR OUT 1 23 0 ation. depending upon the timer mode selected. 

ORaO 18 I OMA Request is driven HIGH by an external device when it desires that a 
ORal 19 I OMA channel (Channel 0 or 1) perform a transfer. These signals are active 

HIGH. level-triggered. and internally synchronized. 

NMI 46 I Non-Maskable Interrupt is an edge-triggered input which causes a type 2. 
interrupt. NMI is not maskable internally. A transition from a LOW to HIGH 
initiates the interrupt at the next instruction boundary. NMI is latched inter-
nally. An NMI duration of one clock or more will guarantee service. This input is 
internally synchronized. 

INTO.INT1. 45,44 I Maskable Interrupt Requests can be requested by strobing one of these pins. 
INT2/fN'fAO 42 I/O When configured as inputs. these pins are active HIGH. Interrupt Requests are 
INT3/1NTA1 41 I/O synchronized internally. INT2 and INT3 may be configured via software to 

provide active-LOW interrupt-acknowledge output signals. All interrupt inputs 
may be configured via software to be either edge- or level-triggered. To ensure 
recognition. all interrupt requests must r,emain active until the interrupt is 
acknowleged. When iRMX mode is selected. the function of these pins 
changes (see Interrupt Controller section of this data sheet). 

A19/S6. 65-68 0 Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most 
A18/S5. 0 significant address bits during T1' These signals are active HIGH. During T2. 
A17/S4. 0 T3. Tw. and T4. status information is available on these lines' as encoded 
A16/S3 0 below: 

I I 
Low 

I 
High 

I S6 P~ocessor Cycle OMA Cycle 

S3.S4. and 55 are defined as LOW during T2-T4. 

A015-AOO 10-17. I/O Address/Data Bus (0-15) signals constitute the time mutiplexed memory or 1/0 
1-8 address (T1) and data (T2. T3. TW. and T4) bus. The bus is active HIGH. Ao is 

analogous to BHE for the lower byte of the data bus. pins 07 through Do. It is 
LOW during T1 when a byte is to be transferred onto the lower portion of the 
bus in memory or 1/0 operations. 

BHE/S7 64 0 During T1 the Bus High Enable signal should be used to determine if data is to 
be enabled onto the most significant half of the data bus. pins 015-08' BHE is 
LOW during T1 for read. write. and interrupt acknowledge cycles when a byte is 
to be transferred on the higher half of the bus. The 57 sta~information is 
available during T2! T3. and T4. 57 is logically equivalent to BHE. The signal is 
active LOW. and is tristated OFF during bus HOLD. 

BHE and AO Encodings 

SHE Value AO Value Function 

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

ALE/QSO 

WR/QS1 

ARDY 

SRDY 

Pin 
No. 

61 

63 

62 

55 

49 

48 

Tab,le 1. 80186 Pin Description (Continued) 

Type Name and Function 

o Address Latch Enable/Queue Status 0 is provided b~ the 80186 to latch the 
address into the 8282/8283 address latches. ALE is active HIGH. Addresses are 
guaranteed to be valid on the trailing edge of ALE. The ALE rising edge is 
generated off the rising edge of the CLKOUT immediately preceding T1 of the 
associated bus cycle, effectively one-half clock cycle earlier than in the stan
dard 8086. The trailing edge is generated off the CLKOUT rising edge in T1 as 
in the 8086. Note that ALE is never floated. ' 

o Write Strobe/Queue Status 1 indicates that the data on the bus is to be written 
into a memory or an I/O device. WR is active for T2, T3, and Tw of any write 
cycle. It is active LOW, and floats during "HOLD." It is driven HIGH for one clock 
during Reset, and then floated. When the 80186 is in queue status mode, the 
ALE/QSO and WR/QS1 pins provide information about processor/instruction 
queue interaction. 

o 

o 

QS1 
o 
o 
1 
1 

QSO 
o 
1 
1 
o 

Queue Operation 
No queue operation 
First opcode byte fetched from the queue 
Subsequent byte fetched from the queue 
Empty the queue 

Read Strobe indicates that the 80186 is performing a memory or I/O read cycle. 
FIT> is active LOW for T2, T3, and Tw of any read cycle. It is guaranteed not to go 
LOW in T2 until after the Address Bus is floated. RD is active LOW, and floats 
during "HOLD." RD is driven HIGH for one clock during Reset, and then the 
output driver is floated. Aweak internal pull-up mechanism on the RD line hols 
it HIGH when the line is not driven. During RESET the pin is sampled to 
determine whether the 80186 should provide ALE, WR, and RD, or if the 
Queue~Status should be provided. RD should be connected to GND to provide 
Queue-Status data. 

Asynchronous Ready informs the 80186 that the addressed memory space or 
I/O device will complete a data transfer. The ARDY input pin will accept an 
asynchronous input, and is active HIGH. Only the rising edge is internally 
synchronized by the 80186. This means that the falling edge of ARDY must be 
synchronized to the 80186 clock. If connected to Vee, no WAIT states are 
inserted. Asynchronous ready (ARDY) or synchronous ready (SRDY) must be 
active to terminate a bus cycle. 

Synchronous Ready must be synchronized externally to the 80186. The use of 
SRDY provides a relaxed system-timing specification on the Ready input. This 
is accomplished by eliminating the one-half clock cycle which is required for 
internally resolving the signal level when using the ARDY input. This line is 
active HIGH. If this line is connected to Vee, no WAIT. states are inserted. 
Asynchronous ready (ARDY) or synchronous ready (SRDY) must be active 
before a bus cycle is terminated. 

LOCK output indicates that other system bus masters are not to gain control of 
the system bus while LOCK is active LOW The LOCK signal is requested by the 
LOCK prefix instruction and is activated at the beginning of the first data cycle 
associated with the instruction following the LOCK prefix. It remains active 
until the completion of the instruction following the LOCK prefix. No pre
fetches will occur while LOCK is asserted. LOCK is active LOW, is driven HIGH 
for one clock during RESET, and then floated. 
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Table 1. 80186 Pin Description (Continued) 

Pin 
Symbol No. Type Name and Function 

SO,81,S2 52-54 0 Bus cycle status SO-52 are encoded to provide bus-transaction information: 

80186 Bus Cycle Status Information 1 
52 51 SO Bus Cycle Initiated 

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

The status pins float during "HOLD." " 

S2 may be used as a logical M/IO indicator, and 51 as a DT/R indicator. 
The status lines are driven HIGH for one clock during Reset, and then floated 
until a bus cycle begins. 

HOLD (input) 50 I HOLD indicates that another bus master is requesting the locaf bus. The HOLD. 
HLDA (output) 51 0 input is active HIGH. HOLD may be asynchronous with respect to the 80186; 

clock. The 80186 will issue a HLDA in response to a HOLD request at the end of 
T4 or TI. Simultaneous with the issuance of HLDA, the 80186 will float the local 
bus and control lines. After HOLD is detected as being LOW, the 80186 will 
lower HLDA. When the 80186 needs to run another bus cycle, it will again drive 
the local bus and control lines. 

UCS 34 0 Upper Memory Chip Select is an active LOW output whenever a memory 
reference is made to the defined upper portion (1 K-256K block) of memory. 
This line is not floated during bus HOLD. The address range activCiting UCS is 
software programmable. 

LCS 33 0 Lower Memory Chip Select is active LOW whenever a memory reference is 
made to the defined lower portion (1K-256K) of memory.2!!!s line is not 
floated during bus HOLD. The address range activating LCS is software 
programmable. 

MCSO-3 38,37,36,35 0 Mid-Range Memory Chip Select signals are active LOW when a memory 
reference is made to the defined mid-range portion of memory (8K-512K). 
These lines are not floated during bus HOLD. The address ranges activating 
MCSO-3 are software programmable. 

PCSO-4 25,27-30 0 Peripheral Chip Select signals 0-4 are active LOW when a reference is made to 
the defined peripheral area (64K byte I/O space). These lines are not floated 
during bus HOLD. The address ranges activating PCSO-4 are software 
programmable. 

PCS5/A1 31 0 Peripheral Chip Select 5 or Latched A1 may be programmed to provide a sixth 
peripheral chip select, or to provide an internally latched A1 signal. The 
address range activating PCS5 is software programmable. When programmed 
to provide latched A1, rather than PCS5, this pin will retain the previously 
latched value of A1 during a bus HOLD. A1 is active HIGH. 

PCS6/A2 32 0 Peripheral Chip Select 6 or Latched A2 may be programmed to provide a 
seventh peripheral chip select, or to provide an internally latched A2 signal. 
The address range activating PCS6 is softwa~ogrammable. When pro-
grammed to provide latched A2, rather than PCS6, this pin will retain the 
previously latched value of A2 during a bus HOLD. A2 is active HIGH. 

DTiFi 40 0 Data Transmit/Receive controls the direction of data flow through the extemal 
8286/8287 data bus transceiver. When LOW, data is transferred to the 80186. 
When HIGH the 80186 places write data on the data bus. 

DEN 39 0 Data Enable is provided as an 8286/8287 data bus transceiver output enable. 
DEN is active LOW during each memory and I/O access. DEN is HIGH whenever r 
DT/R" changes state. 
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FUNCTIONAL DESCRIPTION 

Introduction 

The following Functional Description describes the 
base architecture of the iAPX 186. This architecture 
is common to the iAPX 86, 88, and 286 microproces
sor families as well. The iAPX 186 is a very high 
integration 16-bit microprocessor. It combines 15-20 
of the most common microprocessor system compo
nents onto one chip while providing twice the,perfor
mance of the standard iAPX 86. The 80186 is object 
code compatible with the iAPX 86, 88 microproces
sors and adds 10 new instruction types to the exist
ing iAPX 86, 88 instruction set. 

iAPX 186 BASE ARCHITECTURE 

The iAPX 86, 88, 186, and 286 family all contain the 
same basic set of registers, instructions, and ' 
addressing modes. The 80186 processor is upward 
'compatible with the 8086, 8088, and 80286 cPUs. 

Register Set 

The 80186 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into th~ following categories. 

General Registers 
Eight 16-bit general purpose registers used to con
tain arithmetic and logical operands. Four of these 
(AX, BX, CX, and OX) can be used as 16-bit registers 
or split into pairs of separate 8-bit registers_ 

Segment Registers 
Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are immedi
ately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 

Base and Index Registers 
Four of the general purpose registers' may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base ad
dresses or inctexes to particular loc~tions within a 
segment. The addressing mode selects the specific 
registers for operand and address calculations. 

Status and Control Registers 
Two 16-bit special purpose registers record or alter 
certain aspects of the 80186 processor state. These 
are the Instruction Pointer Register, which contains 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3a 
and 3b). 

Status Word Description 

The Status Word records specific characteristics of ' 
the result of logical and arithmetic instructions (bits 
0,2,4,6, 7, and 11) and controls the operation of the 
80186 within a given operating mode (bits 8, 9, and 
10). The Status Word Register is 16-bits wide. The 
function of the Status Word bits is shown in Table 2. 

Figure 3a. 80186 General Purpose Reg~ster Set 

16-BIT SPECIAL 

REGISTER REGISTER 

NAME FUNCTIONS 

07 0 15 0 

BYTE 

{A> 
AH AL } MULTIPLY/DIVIDE cs ~ COO. "GM'" ,"'""" ADDRESSABLE If 0 INSTRUCTIONS 

(8-BIT OX DH DL OS DATA SEGMENT SELECTOR 

REGISTER ) t-IAMES CX CH CL LOOP/SHIFTIREPEATICOUNT SS STACK SEGMENT .SELECTOR 
SHOWN) 

BX BH BL } ES EXTRA SEGMENT SELECTOR 
BASE REGISTERS 

BP SEGMENT REGISTERS 

SI } 15 0 
INDEX REGISTERS 

I: I I STATUS WORD 01 

SP ) STACK POINTER INSTRUCTION POINTER 

15 STATUS AND CONTROL 
GENERAL REGISTERS 

REGISTERS 
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Figure 3b. Status Word Format 

STATUS FLAGS: 

CARRY 

PARITY 

AUXILIARY CARRY ----------------------, 

STATUS WOAD: 

ZERO 

SIGN 

OVERFLOW 

~ RESERVED 

Table 2. Status Word Bit Functions 

Bit 
.Name Function Position 

0 GF Carry Flag-Set on high-order bit 
carry or borrow; cleared otherwise 

2 PF Parity Flag-Set if low-order 8 bits 
of result contain an even number of 
1-bits; cleared otherwise 

4 AF Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise I 

6 ZF Zero Flag-Set if result is zero; 
cleared otherwise 

7 SF Sign.Flag:"'Set equal to high-order 
bit of result (Oif positive, 1 if negative) 

8 TF Single Step Flag-Once set. a sin-
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 

9 IF Interrupt-enable Flag-When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter-
rupt vector specified location. 

10 OF Direction Flag-Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing OF causes 
auto increment. 

11 OF Overflow Flag-Set if the signed 
result cannot be expressed 
within the number of bits in the 
destination operand; cleared 
otherwise 

, Instruction Set 

The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 

2-7 

CONTROL FLAGS: 
L...-_______ TRAP FLAG 

INTERRUPT ENABLE 

DIRECTION FLAG 

manipulation, control transfer, high-level instruc
tions, and processor control. These' categories are 
summarized in Figure 4. 

An 80186 instruction can reference anywhere from 
zero to several operands. An operand can reside in a 
register, in the instruction itself, or in memory. Spe
cific operand addressing modes are discussed later 
in this data sheet. 

Memory Organization 

Memory is organized in sets of segments. Each seg
ment is a linear contiguous sequence of up to 64K 
(216) 8-bit bytes. Memory is addressed using a two
component address (a pointer) that consists of a 
16-bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment registers (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 5). 
This allows for a 1 MByt~ physical address size. 

All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 

Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
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Figure 4. IAPX 186 Instruction Set 

GENERAL PURPOSE MOVS Move byte or word string 

MOV Move byte or word INS Input bytes or word string 

PUSH Push word onto stack OUTS Output bytes or word string 

POP Pop word off stack CMPS Compare byte or word string 

PUSHA Push all registers on stack SCAS Scan byte or word string 

POPA Pop all registers from stack LODS Load byte or word string 

XCHG Exchange byte or word STOS Store byte or word string 

XLAT Translate byte REP Repeat 

INPUT/OUTPUT REPE/REPZ Repeat while equal/zero 
\ 

REPNE/REPNZ Repeat while not equal/not zero IN Input byte or word 

OUT Output byte or word 

ADDRESS OBJECT 
-" 

LEA Load effective address 

LOS Load pointer using OS 

LES Load pointer using ES 

FLAG TRANSFER 
LAHF r- Load AH register from flags 

LOGICALS 

NOT "Not" byte or word 

AND "And" byte or word 

OR "Inclusive or" byte or word 

XOR "Exclusive or" byte or word 

TEST "Test" byte or word 

SHIFTS 
SAHF Store AH register in flags 

PUSHF Push flags onto stack 

POPF Pop flags off stack 

SHUSAL Shift logical/arithmetic left byte or word 

SHR Shift logical right byte or word 

SAR Shift arithmetic right byte or word 

ROTATES 
ADDITION ROL Rotate left byte or word 

ADD Add byte or word I ROR Rotate right byte or word 
ADC Add byte or word with carry RCL Rotate through carry left byte or word 
INC Increment byte or word by 1 RCR Rotate through carry right byte or word 
AAA ASCII adjust for addition 

DAA Decimal adjust for addition FLAG OPERATIONS 

SUBTRACTION STC Set carry flag 

SUB Subtract byte or word CLC Clear carry flag 

SBB Subtract byte or word with borrow CMC Complement carry flag 

DEC Decrement byte or word by 1 STD Set direction flag . 

NEG Negate byte or word CLD Clear direction flag 

CMP Compare byte or word STI Set interrupt enable flag 

AAS ASCII adjust for subtraction CLI Clear interrupt enable flag 

DAS Decimal adjust for subtraction EXTERNAL SYNCHRONIZATION 

MULTIPLICATION HLT Halt until interrupt or reset 

MUL Multiply byte or word unsigned WAIT Wait for TEST pin active 

IMUL Integer multiply byte or word ESC Escape to extension processor 

AAM ASCII adjust for multiply LOCK Lock bus during next instruction 

DIVISION NO OPERATION 

DIV Divide byte or word unsigned NOP No operation 

IDIV Integer divide byte or word HIGH LEVEL INSTRUCTIONS 
AAD ASCII adjust for division ENTER Format stack for procedure entry 

CBW Convert byte to word LEAVE Restore stack for procedure exit 

CWO Convert word to doubleword BOUND Detects values outside prescribed range 

All mnemonics copyright Intel Corp. 
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Figure 4. IAPX 186 Instruction Set (continued) 

CONDITIONAL TRANSFERS 
JAlJNBE Jump if above/not below nor equal 

JAE/JNB Jump if above or equal/not below 

JB/JNAE Jump if below/not above nor equal 

JBE/JNA Jump if below or equal/not above 

JC Jump if carry 

JE/JZ Jump if equal/zero 

JG/JNLE Jump if greater/not less nor equal 

JGE/JNL Jump if greater or equal/not less 

JUJNGE Jump if less/not greater nor equal 

JLE/JNG Jump if less or equal/not greater 

JNC Jump if not carry 

JNE/JNZ Jump if not equal/not zero 

JNO Jump if not overflow 

JNP/JPO Jump if not parity/parity odd 

JNS Jump if not sign 

JO Jump if overflow 

JP/JPE Jump if parity/parity even 

JS Jumpifsign 

All mnemonics copyright Intel Corp. 

To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg
ment) and offset values. 

Figure 5. Two Component Address 

IHIFT LEFT 4 BITS 1 1 2 3 4 jsEGMENT} 

11 2 3 4 ! 0 1 ~115---~O BASE ~gg~cE~~ 
;9 t' ii • 0 0 2 2 IOFFSET 

[B 1 0 0 2 21. 15 I 0 

. 15 t 0 

1 1 2 3 6 2 1 PHYSICAL ADDRESS 

~19--...,+r--~o 
TO MEMORY 

Table 3. Segment Register Selection Rules 

Memory 
Reference 

Segment 
Register Implicit Segment 

Needed Used Selection Rule 

Instructions Code (CS) Instruction. prefetch and 
immediate data. 

Stack Stack (SS) All staS{k pushes and 
pops; any memory refer-
ences which use BP Reg-
ister as a base register. 

External Extra (ES) All string instruction 
Data references which use 
(Global) the 01 register as an 

index. 

Local Data Data (OS) All other data references. 
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UNCONDITIONAL TRANSFERS 
CALL Call procedure 

RET Return from procedure 

JMP Jump 

ITERATION CONTROLS 

LOOP Loop 

LOOPE/LOOPZ Loop if equal/zero 

LOOPNE/LOOPNZ Loop if not equal/not zero 

JCXZ 

INT 

INTO 

IRET 

Jump if register CX = 0 

INTERRUPTS 

Interrupt 

Interrupt if overflow 

Interrupt return 

Figure 6. Segmented Memory Helps 
Structure Software 

r---' 
I I 

MODULEA~ 
B 
I I 
I I 

CODE 
CPU 

MODULE B I=====t-'-L 
DATA - CODE 

I L-e- DATA 

I 1-----4 

PROCESS 
STACK 

PROCESS 
DATA 
BLOCK 1 

I 
I 

I 
I 

I 
I 

PROCEssD DATA 
BLOCK 2 

I I 
L_.-_.J 

MEMORY 

-f- STACK 

..--f- EXTRA 

SEGMENT 
REGISTERS 
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Addressing Modes 

The 80186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 

• Register Operand Mode: The operand is located in 
one of the 8- or 16-bit general registers. 

• Immediate Operand Mode: The operand is in
cluded in the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg
ment base and an offset. The segment base is sup
plied by a 16-bit segment register either implicity 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address 
elements: 

• the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 

• the base (contents of either the BX or BP base 
registers); and 

• the index (contents of either the SI or 01 index 
registers). 

Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 

Combinations of these three address elements 
define the six memory addressing modes, described 
below. 

• Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement 
element. 

• Register Indirect Mode: The operand's offset is in 
one of the registers SI, 01, BX, or BP. . 

• Based Mode: The operand's offset is the sum of an 
8- or 16-bit displacement and the contents of a 
base register (BX or BP). 

• Indexed Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of an 
index register (SI or 01). 

• Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an index 
register. 

• Based Indexed Mode with Displacement: The 
operand's offset is the sum of' a base register's 
contents, an index register's contents, and an 8- or 
16-bit displacement. 
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Data Types 

The 80186 directly supports the following data types: 

• Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2's complement representation. Signed 
32 and 64 bit integers are supported using the 8087 
Numeric Oata Processor. . 

• Ordinal: An unsigned binary numeric value con
tained in an 8-bit byte or a 16-bit word. 

• Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset 
component. 

• String: A contiguous sequence of bytes or words. 
A string may contain from 1 K to 64K bytes. 

• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 

• BCD: A byte (unpacked) representation of the de
cimal digits 0-9. 

• Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in each 
nibble (4-bits) of the byte. 

• Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using the iAPX 186/8087 Numeric 
Oata Processor configuration.) 

In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically 
represents the data types supported by the iAPX 186. 

I/O Space 

The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the 
instruction, or a 16-bit port address in the OX regis
ter. 8-bit port addresses are zero extended such that 
A1s-Aa are LOW I/O port addresses 00F8(H) through 
OOFF(H) are reserved. 

Interrupts 

An interrupt transfers execution to a new program 
location. The old 'program address (CS:IP) and ma
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or 
maskable. 



Figure 7. IAPX,186 Supported Data Types 

7 0 
SIGNED fTTTTTTT1 
BYTE~ 

SIGN BIT J L----.J 
MAGNITUDE 

7 0 
UNSIGNED rn-rrrrr1 

BYTE '---...:.....-. 

~ 
MAGNITUDE 

1514 + 1 8 7 0 

s~~~g II' , I' , , I' , , I' , , I 
SIGN BIT.J .... 1 L...;.;;M~S:~AG=N:-::IT::-::UD::-::E-...J 

SIGNED 31 +3 +2 1615 +1 0 

D~~~~~ II' , I' , , I' , , I' , , I' , , I' , , I' , , I' , , I 
SIGN BIT J .... 1 L-M...;;.SB"'-----.:M""'AG:::-::N""'IT::-:U""DEO:-------' 

+7 +6 +S +4 +3 +2 +1 
SIGNED 63 48 47 3231 1615 0 

W~~~~ II I I I I 
SIGN BIT J .... ,'-..:,:M;,,;:.S:;,.B ---""M"""A-=-GN""'IT=""U=D":"'E ____ --I 

15 +.1 0 

UNS~~~g I' , , I' , , I' , , I' , , I 
,LMSB 

MAGNITUDE 

BINARY 7 +N 0 

CODED rrrrrrrrl 
DECIMAL L-:...-...J 

7 +1 07 0 

lii'l'lll'illli'l 
(BCD) DI~~~ N 

7 +N 0 

ASCII~ 
ASCII 

CHARACTERN 

7 +N 0 

BCD BCD 
DIGIT 1 DIGIT 0 

:, +1 07 0 

11i11'IiI'ill"1 I 
ASCII ASCII 

CHARACTER1 CHARACTERo 

7 +1 07 0 
PACKED fTTTTTTT1 

BCD L-L.....J 1'"I'"liI'I"'1 
L-..J 
MOST 
SIGNIFICANT DIGIT 

L-..J 
LEAST 

SIGNIFICANT DIGIT 

715 + N 0 7 15 + 1 0 715 0 0 

STRING ~ ••• 1"'1 " '1 " '1"'1 
BYTE/WORD N BYTE/WORD 1 BYTE.WORD 0 

31 + 3 + 2 1615 + 1 0 0 

POINTER I' , , I' , , I' , 'I' , I I' , , I' , , I' I I I' , , I 
, , 

SELECTOR OFFSET 
79 +9 +8 +7 +6 +S +4 +3 +2 +1 0 0 

FL~~~" I 
SIGN BIT.J':'",--..... - .............. - ....... --L-.............. -..I----I 

EXPONENT MAGNITUDE 

NOTE: 
·SUPPORTED BY iAPX 186 W,TH A NUMER,C DATA PROCESSOR. 
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Programs may cause an interrupt with an INT in
struction. Instruction exceptions occur when an un
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by ex
ecuting an ESC instruction with the ESC trap bit set 
in the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over
ride prefix immediately preceding the ESC instruc
tion if the prefix was present. In all other cases, the 
return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 

A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. 
Interrupts 0-31, some of which are used for instruc
tion exceptions, are reserved. Table 4 shows the 

. 80186 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter
nally. In addition, internal peripherals and non
cascaded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware in
itiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 

Interrupt Sources 

The 80186 can service interrupts generated by soft
ware or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruction. 
Thus, ~he software interrupts will begin service first. 
Once the service routine is entered and interrupts 
are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 

The software generated 80186 interrupts are 
described below. 

DIVIDE ERROR EXCEPTION (TYPE 0) 
Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 
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Table 4. 80186 Interrupt Vectors 

Vector Default Related 
Illterrupt Name Type Priority Instructions 

Divide Error 0 '1 DIV,IDIV 
Exception 

Single Step 1 12'·2 All 
Interrupt 

NMI 2 1 All 
Breakpoint 3 '1 INT 

Interrupt 
INTO Detected 4 '1 INTO 

Overflow 
Exception 

Array Bounds 5 '1 BOUND 
Exception 

Unused-Opcode 6 '1 Undefined 
Exception Opcodes 

ESC Opcode 7 '1"· ESC Opcodes 
Exception 

Timer 0 Interrupt 8 2A···· 
Timer 1 Interrupt 18 28···· 
Timer 2 Interrupt 19 2C···· 
Reserved 9 3 
DMA 0 Interrupt 10 4 
DMA 1 Interrupt 11 5 
INTO Interrupt 12 6 
INT1 Interrupt 13 7 
INT2 Interrupt 14 8 
INT3 Interrupt 15 9 

NOTES: 
'1. These are generated as the result of an instruction 

execution. 
"2. This is handled as in the 8086. 

•• .. 3. All three timers constitute one source of request to the 
interrupt controller. The Timer interrupts all have the same 
default priority level with respect to all other interrupt 
sources. However, they ,lave a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 
2B.) Each Timer interrupt has a separate vector type 
number. 

4. Default priorities for .the interrupt sources are used only if 
the user does not program each source into a unique 
priority level. 

"'5. An escape opcode will cause a trap only if the proper bit is 
set in the peripheral control block relocation register. 

SINGLE-STEP INTERRUPT (TYPE 1) 
Generated after most instructions if the TF flag is.set. 
Interrupts will not be generated after prefix instruc
tions (e.g., REP), instructions which modify segment 
registers (e.g., POP OS), or the WAIT instruction. 

NON-MASKABLE INTERRUPT -NMI (TYPE 2) 
An external interrupt source which cannot be 
masked. . 

BREAKPOINT INTERRUPT (TYPE 3) 
A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 
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INTO DETECTED OVERFLOW EXCEPTION 
(TYPE 4) 
Generated during an INTO instruction if the OF bit is 
set. 

ARRAY BOUNDS EXCEPTION (TYPE 5) 
Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi
cates the value of the index to be checked. 

UNUSED OPCODE EXCEPTION (TYPE 6) 
Generated if execution is attempted on undefined 
opcodes. 

ESCAPE OPCODE EXCEPTION (TYPE 7) 
Generated if execution is attempted of ESC opcodes 
(D8H-DFH). This exception will only be generated if a 
bit in the relocation register is set. The return ad: 
dress of this exception will point to the ESC instruc
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad
dress will point to the segment override prefix. 

Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in
terrupts. The 80186 provides maskable hardware in
terrupt request pins INTO-INT3. In addition, 
maskable interrupts may be generated by the 80186 
integrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown in 
Table 4. Software enables these inputs by setting the 
interrupt flag bit (IF) in the Status Word. The interrupt 
controller is discussed in the peripheral section of 
this data sheet. 

Further maskable interrupts are disabled while 
servicing an interrupt because the IF bit is reset as 
part of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of the 
processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80186 will immediately service the 
highest-priority interrupt pending, i.e., noinstruc
tions of the main line program will be executed. 

Non-Maskable Interrupt Request (NMI) 

A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure .routine. The activation of this input 



causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 

Single-Step Interrupt 

The 80186 has an internal interrupt that allows pro
grams to execute one instruction at a time. It is called 
the ,single-step interrupt and is controlled by the 
single-step flag bit (TF) in the Status Word. Once this 
bit is set, an internal single-step interrupt will occur 
after the next instruction has been executed. The 
i'hterrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc
tion to be single-stepped. 

Initialization and Processor Reset 

Processor initialization or startup is accomplished 
by driving,the RES input pin Law. RES forces the 
80186 to terminate all execution and local bus ac
tivity. No instruction or bus activity will occur as long 
as RES is active~ After RES becomes inactive and an 
internal processing interval elapses, the 80186 
begins execution with the instruction at physical lo
cation FFFFO(H). RES also sets some registers to 
predefined values as shown in Table 5. 

Table 5. 80186 Initial Register State after RESET 

Status Word 
Instruction Pointer 
Code Segment 
Data Segment 
Extra Segment 
Stack Segment 

iAPX 186 CLOCK GENERATOR 

F002(H) 
OOOO(H) 
FFFF(H) 
OOOO(H) 
OOOO(H) 
OOOO(H) 

The iAPX 186 provides an on-chip clock generator 
for both internal and external clock g~neration. The 
clock generator features a crystal oscillator, a divide
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. ' 

Oscillator 

The oscillator circuit of the iAPX 186 is designed to 
be used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the iAPX 186. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is not 
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recommended with this oscillator. If an external oscil
lator is used, it can be cpnnected directly to input pin 
X1 in lieu of a crystal. The output of the oscillator is 
not directly available outside the ,iAPX 186. The 
recommended crystal configuration is shown in 
Figure 8. 

Clock Generator 

The iAPX 186 clock generator provides the 50% duty 
cycle processor clock for the iAPX 186. It does this by 
dividing the oscillator output by 2 forming the sym-' 
metrical clock. If an external oscillator is used, the 
state of the ciock generator will change on the falling 
edge of the oscillator signal. The CLKOUT pin pro
vides the processor clock signal for use outside the 
iAPX 186. This maybe used to drive other system 
components. All timings are referenced to the output 
clock. 

READY Synchronization 

'The iAPX186 provides both synchronous and asyn
chronous ready inputs. Asynchronous ready syn
chronization is accomplished by circuitry which 
samples ARDY in the middle of T2 and again in the 
middle of each Tw until ARDY is sampled HIGH. 
One-half CLKOUT cycle of resolution time is used. 
Full synchronization is performed only on the rising 
edge of ARDY, i.e., the falling edge of ARDY must be 
synchronized to the CLKOUT signal if it will occur 
during T2 or Tw. HIGH-to-LOW transitions of ARDY 
must be performed synchronously to the CPU clock. 

, 
A second ready input (SRDY) is provided to interface 
with externally synchronized ready Signals. This in
put is sampled at the end of T2 and again at the end of 
each T w until it is sampled HIGH. By using this input 
rather than the asynchronous ready input, the half
clock cycle resolution time penalty is eliminated. 

Figure 8. Recommended iAPX 186 Crystal 
Configuration 

80186 

X, 1----------, 
E 16 MHz CRYSTAL 

X2 1-----------J-r 
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This input must satisfy set-up and hold times to 
guarantee proper operation of the circuit. 

In addition, the iAPX 186, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis
cussed in the Chip Select/Ready Logic description. 

RESET Logic 

The iAPX 186 provides both a RES input pin and a 
synchronized RESET pin for use with other system 
components. The RES input pin on the iAPX 186 is 
provided with hysteresis in order to facilitate power
on Reset generation via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be delayed up to two and one-half clocks behind 
RES. 

Multiple iAPX 186 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal count
er in the clock generator. In order to insure that the 
divide-by-two counters all begin .pounting at the 
same time, the active going edge of RES must satisfy 
a 25 ns setup time before the falling edge of the 
80186 clock input. In addition, in order to insure that 
elll CPUs begin executing in the same clock cycle, the 
reset must satisfy a 25 ns setup time before the rising 
edge of the CLKOUT signal of all the processors. 

LOCAL BUS CONTROLLER 

The iAPX 186 provides a local bus controller to 
,generate the local bus control signals. In addition, it 
employs a HOLD/HLDA protocol for relinquishing 
the local bus to other bus masters. It also provides 
control lines that can be used to enable external 
buffers and to direct the flow of data on and off the 
local bus. 

Memory/Peripheral Control 

The iAPX 186 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the iAPX 186 or to strobe data 
from the iAPX 186 to memory. The ALE line provides 
a strobe to address latches for the multiplexed ad
dress/data bus. The iAPX 186 local bus controller 
does not provide a memory/I/O signal. If this is re
quired, the user will have to use the S2 signal (which 
will require external latching), make the memory and 
I/O spaces nonoverlapping, or use only the in
tegrated chip-select circuitry. 
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Transceiver Control 

The iAPX 186 generates two control signals to be 
connected to 8286/8287 transceiver chips. This capa
bility allows the addition of transceivers for extra 
buffering without adding external logic. These con
trollines, DT/R and DEfJ, are generated to control the 
flow of data through the transceivers. The operation 
of these signals is shown in Table 6. 

Table 6. Transceiver Control Signals Description 

Pin Name Function 

[)EN (Data Enable) Enables the output drivers ofl 
the transceivers. It is active 
LOW during memory, I/O. or 
INTA cycles. 

DTtR· (Data Transmit/ Determines the direction of 
Receive) travel through the transceivers. 

A HIGH level directs data away 
from the processor during write 
operations, while a LOW level 
directs data toward the proces-
sor during a read operation. 

Local Bus Arbitration 

The iAPX 186 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The iAPX 186 provides a single' 
HOLD/HLDA pair through which all other bus mas
ters may gain control of the local bus. This requires 
external circuitry to arbitrate which external device 
will gain control of the bus from the iAPX 186 when 
there is more than one alternate local bus master. 
When the iAPX 186 relinquishes control of the local 
bus, it floats DEN, RD, WR, SO-82, LOCK, ADO
AD15, A16-A19, SHE, and DT/R to allow another 
master to drive these lines directly. 

The iAPX 186 HOLD latency time, i.e., the time be
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD request 
is the highest-priority activity request which the pro
cessor may receive: higher than instruction fetching 
or internal DMA cycles. However, if a DMA cycle is in 
progress, the iAPX 186 will complete the transfer 
before relinquishing the bus. This implies that if a 
HOLD request is received just as a DMA transfer 
begins, the HOLD latency time can be as great as 4 
bus cycles. This will occur if a DMA word transfer 
operation is taking place from an odd address to an 
odd address. This is a total of 16 clocks or more, if 
WAIT states are required. In addition, if locked trans
fers are performed, the HOLD latency time will be 
increased by the length of the locked transfer. 



Local Bus Controller and Reset 

Upon receipt of a RESET pulse from the RES input, 
the local bus controller will perform the following 
actions: 

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

NOTE: RD is also provided with an internal pull-up 
device to prevent the processor from inadvertently 
entering Queue Status mode during reset. 

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

• Drive LOCK HIGH and then float. 
• Tristate ADO-15, A16-19, SHE, DT/R. 
• Drive ALE LOW (ALE is never floated). 
• Drive HLDA Law. 

INTERNAL PERIPHERAL INTERFACE 

All the iAPX 186 integrated peripherals are con
trolled via 16-bit registers contained within an inter
nal256-byte control block. This control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(i.e., the RD, WR, status, address, data, etc., lines will 
be driven as in a normal bus cycle), but 0 15-0, SRDY, 
and ARDY will be ignored. The base address of the 
control block must be on an even 256-byte boundary 
(i.e., the lower 8 bits of the base address are all 
zeros). All of the defined registers within this control 
block may be read or written by the 80186 CPU at any 
time. The location of any register contained within· 
the 256-byte control block is determined by the cur
rent base address of the control block. 

The control block base address is programmed via a 
16-bit relocation register contained within the con
trol block at offset FEH from the base address of the 
control block (see Figure 9). It provides the· upper 12 
bits of the base address of the control block. Note 
that; mapping the control register block into an ad
dress range corresponding to a chip-select range is 
not recommended (the chip select circuitry is dis
cussed later in this data sheet). In addition, bit 12 of 
this register determines whether the control block 
will be mapped into I/O or memory space. If this bit is 
1, the control block will be located in memory space, 
whereas if the bit is 0, the control block will be lo
cated in I/O space. If the control register block is 
mapped into I/O space, the upper 4 bits of the base 
address must be programmed as 0 (since I/O ad
dresses are only 16 bits wide). 
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In addition to providing relocation information for 
the control block, the relocation register contains 
bits which place the interrupt controller into iRMX 
mode, and cause the CPU to interrupt upon en
countering ESC instructions. At RESET, the reloca
tion register is set to 20FFH. This causes the control 
block to start at FFOOH in I/O space. An offset map 
of the 256-byte control register block is shown in 
Figure 10. . 

The integrated iAPX 186 peripherals operate semi
autonomously from the CPU. Access to them for the 
most part is via software read/write of the control and 
data locations in the control block. Most of these 
registers can be both read and written. A few 
dedicated lines, such as interrupts and DMA request 
provide real-time communication between the CPU 
and peripherals as in a more conventional system 
utilizing discrete peripheral blocks. The overall inter
action and function of the peripheral blocks has not 
substantially changed. 

CHIP-SELECT/READY GENERATION 
LOGIC 

The iAPX 186 contains logic which provides pro
grammable chip-select generation for both 
memories and peripherals. In addition, it can be pro
grammed to provide READY (or WAIT state) genera
tion. It can also provide latched address bits A 1 and 
A2. The chip-select lines are active for all memory 
and I/O cycles in their programmed areas, whether 
they be generated by the CPU or by the integrated 
DMA unit. 

Memory Chip Selects 

The iAPX 186 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, 
and midrange memory. One each is provided for up
per memory and lower memory, while four are pro
vided for midrange memory. 

The range for each chip select is user-programmable 
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, "128K 
(plus 1 K and 256K for upper and lower chip selects). 
In addition, the beginning or base address of the 
midrange memory chip select may also be selected. 
Only one chip select may be programmed to be ac
tive for any memory location at a time. All chip select 
sizes are in bytes, whereas iAPX 186 momory is ar
ranged in words. This means that if, for example, 16 
64K x 1 memories are used, the memory block size 
will be 128K, not 64K. 
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Figure 9. Relocation Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

OFFSET: FEHI ET IRMxl IM/iol Relocation Address Bits R19-R8 I 

ET = ESC Trap / No ESC Trap (1/0) 
M/IO = Register block located in Memory /110 Space (1/0) 
RMX = Normal Interrupt Controller mode / iRMX cl)mpatible 

Interrupt Controller mode (0/1) 

Figure 10. Internal Register Map 

Relocation Register 

DMA Descriptors Channel 1 

DMA Descriptors Channel 0 

~--------------------------~ 

Chip-Select Control Registers 

Timer 2 Control Registers 

Timer 1 Control Registers 

Timer 0 Control Registers 

Interrupt Controller Registers 

Upper Memory CS 

OFFSET 

FEH 

DAH 

DOH 

CAH 

COH 

A8H 

AOH 

66H 

60H 
5EH 

58H 
56H 

50H 

3EH 

20H 

The iAPX 186 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually used 
as the system memory because after reset the iAPX 
186 begins executing at memory location FFFFOH. 

The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 
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Table 7. UMCS Programming Values 

Starting 
Address 'Memory UMCS Value 
.,(Base Block (Assuming 
Address) Size RO=R1 =R2=O) 

FFCOO 1K FFF8H 
FF800 2K FFB8H 
FFOOO 4K FF38H 
FEOOO 8K FE38H 
FCOOO 16K FC38H 
F8000 32K F838H 
FOOOO 64K F038H 
EOOOO 128K E038H 
cocoa 256K C038H 

The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed' for a 1 K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 

Any internally generated 20-bit address whose upper 
16 bits are greater than or equal to.UMCS (with bits 
0-5 "0") will cause UCS to be activated. UMCS bits 
R2-RO are used to specify READY mode for the area 
of memory defined by this chip-select register, as 
explained below. 

Lower Memory CS 

The iAPX 186 provides a chip sel.ect for low memory 
called LCS. The bottom of memory contains the inter
rupt vector table, starting at location OOOOOH. 

The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is also defined. Table 8 shows the 
relationship between the upper address selected and 
the size of the memory block obtained. 



Table 8. LMCS Programming Values 

Upper 
Address 

003FFH 
007FFH 
OOFFFH 
01FFFH 
03FFFH 
07FFFH 
OFFFFH 
1FFFFH 
3FFFFH 

. Memory 
Block 
Size 

1K 
2K 
4K 
8K 
16K 
32K 

·64K 
128K 
256K 

LMCS Value 
(Assuming 

RO=R1 =R2=O) 

0038H 
0078H 
00F8H 
01F8H 
03F8H 
07F8H 
OFF8H 
1FF8H 
3FF8H 

The upper limit of this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS 
register value is undefined. However, the LCS chip
select line will not become active until the LMCS 
register is accessed. 

Any internally generated 20-bit address whose upper 
16 bits are less than or equal to LMCS (with bits 0-5 . 
"1 ") will cause LCS to be active. LMCS register bits 
R2-RO are used to specify the READY mode for the 
area of memory defined by this chip-select register. 

Mid-Range Memory CS 
The iAPX 186 provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located anywhere within the iAPX 186 
1 M byte memory address space exclusive of the 
areas defined by UCS and LCS. Both the base ad
dress and size of this memory block are 
programmable. 

The size of the memory block defined by the mid
range select lines, as shown in Table 9, is determined 
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by bits 8-14 of the MPCS register (see Figure 13). 
This register is at location A8H in the internal control 
block. One and only one of bits 8-14 must be set at a 
time. Unpredictable operation of theMCS lines will 
otherwise occur. Each of the four chip-select lines is 
active for one of the four equal contiguous divisions 
of the'mid-range block. Thus, if the total block size is 
32K, each chip select is active for 8K of memory with 
MCSO being active for the first range and MCS3 
being active for the last range. 

The EX and MS in MPCS relate to peripheral 
functionality as described in a later section 

Table 9. MMCS Programming Values 

Total Block Individual MMCS Bits 
Size Select Size 14-8 

8K 2K 00000018 
16K 4K 00000108 
32K 8K 00001008 
64K 16K 00010008 
128K 32K 00100008 
256K 64K 01000008 
512K 128K 10000008 

The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig
ure 14). This register is at offset A6H in the internal 
control block. These bits correspond to bits A19-A13 
of the 20-bit memory address. Bits A12-AO of the 
base address are always O. The base address may be 
set at any integer multiple of the size of the total 
memory block selected. For example, if the mid
range block size is 32K (or the size of the block for 
which each MCS line is active is 8K), the block could 
be located at 10000H or 18000H, but not at 14000H, 
since the first few integer multiples of a 32K memory 
block are OH, 8000H, 10000H, 18000H, etc. After 
reset, the contents of both of these registers is un
defined.However, none of the MCS lines will be ac
tive until both the MMCS and MPCS registers are 
accessed. 

Figure 11. UMCS Register 

15 14 13 12 11 10 9 8 7 6 4 3 2 1 0 

OFFSET: AOHI 1 I 1 I u I u I u I u I u I u I u I u I 1 I 1 1 I R2 I R1 I RO I 
~9 M1 

Figure 12. LMCS Register 

15 14 13 12 11 10 9 8 7 6 2 1 0 

OFFSET: A2H I 0 lou u I· u u u u u u I 1 I 1 I 1 I R2 I R1 I RO I 
~A~1~9~~~~~~~~~~~~~~A~11~~~~~~~~~~ 
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Figure 13. MPCS Register 

15 14 13 12 11 10 9 8 7 6 2 1 0 

OFFSET: A8H I 1 I M6 I M5 I M4 I M3 I M2 I Ml I MO I EX I MS I 1 I 1 I 1 I R2 I Rl I RO I 

Figure 14. MMCS Register 

15 

OFFSET: A6H I u I u I u I u I u I U 
A19 

MMCS bits R2-RO specify READY mode of operation 
for all mid-range chip selects. All devices in mid
range memory must use the same number of WAIT 
states. 

The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the base 
address would have to be at either locations OOOOOH 
or 80000H. If it were to be programmed at OOOOOH 
when the LCS line was programmed, there would be 
an internal conflict between the LCS ready genera
tion logic and the MCS ready generation logic. 
Likewise, if the base address were programmed at 
80000H, there would be a conflict with the UCS ready 
generation logic. Since the LCS chip-select line does 
not become active until programmed, while the UCS 
line is active at reset, the memory base can be set 
only at OOOOOH. If this base address is selected, 
however, the LCS range must not be programmed. 

Peripheral Chip Selects 

The iAPX 186 can generate chip selects for up to 
seven peripheral devices. These chip selects are ac
tive for seven contiguous blocks of 128 bytes above a 
programmable base address. This base address may 
be located in either memory or I/O space. 

Seven CS lines called PCSO-6 are generated by the 
iAPX 186. The base address is user-programmable; 

9 0 

~ I 1 I 1 I 1 I 1 I 1 I 1 I R2 I Rl I RO I 
A13 

however it can only be a multiple of 1 K bytes, i.e., the 
least significant 10 bits of the starting address are 
always O. 

PCS5 and PCS6 can also be programmed to provide 
latched address bitsA1, A2'. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, A1 pins'used for 
selecting internal registers of 8-bit peripheral chips. 
This scheme simplifies the hardware interface be
cause the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bound
aries in I/O' space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are "don't cares." 

The starting address of the peripheral chip-select 
block is defined by the PACS register (see Fig~re 15). 
This register is located at offset A4H in the internal 
control block. Bits 15-6 of this register correspond to 
bits 19-1 Oof the 20-bit Programmable Base Address 
(PBA) of the peripheral chip-select block. Bits 9-0 of 
the PBA of the peripheral chip-select block are all 
zeros. If the chip-select block is located in I/O space, 
bits 12-15 must be programmed zero, since the I/O 
address is only 16 bits wide. Table 10 shows the 
address range of each peripheral chip select with 
respect to the PBA contained in PACS register. 

Figure 15. PACS Register 

15 6 

OFFSET: A4H I u I u I u u I u I u u I u I u I u I 1 1 I I R2 I Rl I RO I 
A19 Al0 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-PCS3. 

Table 10. PCS Address Ranges 

PCS Line Active between Locations 

PCSO PBA -PBA+127 
PCS1 PBA+128 -PBA+255 
PCS2 PBA+256 - PBA+383 
PCS3 PBA+384 - PBA+511 
PCS4 PBA+512 -PBA+639 
PCS5 PBA+640 -PBA+767 
PCS6 PBA+768 -PBA+895 

The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used to 
set the size of the mid-range memory chip-select 
block, see Figure 16). This register is located at offset 
A8H in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 11 de
scribes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS regis
ters are accessed. 

Table 11. MS, EX Programming Values 

Bit Description 

MS 1 = Peripherals mapped into memory space. 
0 = Peripherals mapped into I/O space. 

EX 0 = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 

MPCS bits 0-2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 

READY Generation Logic 

The iAPX 186 can generate a "READY" signal inter
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses-to the area for which' 
the chip select is active. In addition, the iAPX 186 may 
be programmed to either ignore external READY for 

iAPX 186 

each chip-select range individually or to factor exter
nal READY with the integrated ready generator. 

READY control consists of 3 bits for each CS line or 
group of lines generated by the iAPX 186. The inter
pretation of the ready bits is shown in Table 12. 

Table 12. READY Bits Programming 

R2 R1 RO Number of WAIT States Generated 

0 0 0 o wait states, external ROY also used. 
0 0 1 1 wait state inserted, external ROYaiso 

used. 
0 1 0 2 wait states inserted, external ROYaiso 

used. 
0 1 1 3 wait states inserted, external ROYaiso 

used. 
1 0 0 o wait states, external ROY ignored. 
1 0 1 1 wait state inserted, external ROY 

ignored. 
1 1 ,0 2 wait states inserted, external ROY 

~. ignored. 
1 1 1 3 wait states inserted, external ROY 

ignored. 

The internal ready generator operates in parallel with 
external READY, not in series if the external READY 
is used (R2 = 0). This means, for example, if the 
internal generator is set to insert two wait states, but 
activity on the external READY lines will insert four 
wait states, the processor will only insert four. wait 
states, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated QY the external ready 
signal. Note that the external ARDYand SRDY lines 
are always ignored during cycles accessing internal 
peripherals. 

R2-RO of each control word specifies the READY 
mode for the corresponding block, with the excep
tion of the peripheral chip selects: R2-RO of PACS 
set the PCSO-3 READY mode, R2-RO of MPCS set 
the PCS4-6 READY mode. 

Chip Select/Ready Logic and Reset 

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

• All chip-select outputs will be driven HIGH. 
• Upon leaving RESET, the UCS line will be pro

grammed to ~rovide chip selects to a 1 K block with 
the accompanying READY control bits set at 011 to 

I . . 

Figure 16. MPCS Register 

15 14 13 12 11 10 9 8 7 6 5 

OFFSET: A8H I '1 I M6 I M5 I M4 I M3 I M2 I M1 I MO I EX I MS I 1 1 I 1 I R2 I R1 I RO I 
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allow the maximum number of internal wait states 
in conjunction with external Ready consideration 
(Le., UMCS resets to FFFBH). 

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

DMA CHANNELS 

"The 80186 DMA controller provides two independent 
high-speed DMA channels. Data transfers can occur 
between memory and I/O spaces (e.g., Memory to 
I/O) or within the same space (e.g., Memory to 
Memory or I/O to I/O). Data can be transferred either 
.in bytes (8 bits) or in words (16 bits) to or from even or 
odd addresses. Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 

. data transfer (by one or two depending on byte or 
, word transfers). Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
maximum data transfer rate of one Mword/sec or 2 
MBytes/sec. 

DMA Operation 

Each channel has six registers in the control block 
which define each channel's specific operation. The 
control registers consist of a·20-bit Source pointer (2 
words), a 20-bit Destination pointer (2 words), a 16-
bit Transfer Counter, and a 16-bit Control Word. The 
format of the DMA Control Blocks is shown in Table 
13. The Transfer Count Register (TC) specifies the 
number of DMA transfers to be performed. Up to 64K 
byte or word transfers can be performed with auto
matic termination. The Control Word defines the 
channel's operation (see Figure 18). All registers may 
be modified or altered during any DMA activity. Any 
changes made to these registers will be reflected 
immediately in DMA operation. 

Table 13. DMA Control Block Format 

Register Address 

Register Name Ch.O Ch.1 

Control Word CAH DAH 
Transfer Count C8H D8H 
Destination Pointer (upper 4 C6H D6H 

bits) 
Destination Pointer C4H D4H 
Source Pointer (upper 4 bits C2H D2H 
Source Pointer COH DOH 

Figure 17. DMA Unit Block Diagram 

ADDER CONTROL 
LOGIC· TIMER REQUEST 

DMA 
CONTROL 

LOGIC 
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Figure 18. DMA Control Register 

15 14 13 12 11 10 

ML DESTINATION ML SOURCE 
10 DEC INC 10 DEC INC 

x = DON'T CARE. 

DMA Channel Control Word Register . 

Each DMA Channel Control Word determines the 
mode of operation for the particular 80186 DMA 
channel. This register specifies: 

• the mode of synchronization; 
• whether bytes or words will be transferred; 
• whether interrupts will be generated after the last 

transfer; 
• whether DMA activity will cease after a pro

grammed number of DMA cycles; 
• the relative priority of the DMA channel with 

respect to the other DMA channel; 
• whether the source pointer will be incremented, 

decremented, or maintained constant after each 
transfer; 

• whether the source pointer addresses memory or 
I/O space; , 

• whether the destination pointer will beincre
\ mented, decremented, or maintained constant af
ter each transfer; and 

• whether the destination pointer will address 
memory or i/O space. 

The DMA channel control registers may be changed 
while the' channel is operating. However, any 
changes made during operation will affect the cur
rent DMA transfer. 

DMA Control Word Bit Descriptions 

S/W: Byte/Word (0/1) Transfers. 

ST/STOP: Start/stop (1/0) Channel. 

CHG/NOCHG: Change/Do not change (1/0) 
ST/STOP bit. If this bit is set when 
writing to the control word, the 
ST/STOP bit will be programmed by 
the write to the control word. If this 
bit is cleared when writing the con
trol word, the ST/STOP bit will not 
be altered. This bit is not stored; it 
will always be a 0 on read. 
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INT: 

TC: 

SYN: 
(2 bits) 

Enable Interrupts to CPU on byte 
count termination. 

If set, DMA will terminate when the 
contents of the Transfer Count reg~ 
ister reach zero. The ST/STOP bit 
will also be reset at this point if TC is 
set. If this bit is cleared, the DMA 
unit will decrement the transfer 
count register for each DMA cycle, 
but the DMA transfer will not stop 
when the contents of the TC register 
reach zero. . 

00 No synchronization. 
NOTE: The ST bit will be cleared 
automatically when the contents 
of the TC register reach zero re
gardless of the state of the TC bit. 

01 Source synchronization. 
10 Destination synchronization. 
11 Unused. 

SOURCE:INC Increment source pointer by 1 or 2 
(depends on S/W) after each 

MIra 

DEC 

transfer. 

Source pointer is in M/IO space 
(1/0). 

Decrement source pointer by 1 or 2 
(depends on S/W) after each 
transfer. 

DEST: INC Increment destination pointer by 1 
or 2 (S/W) after each transfer. 

P 

Mira Destination pointer is in M/IO space 
(1/0). 

DEC Decrement destination pointer by 1 
or 2 (depending on S/W) after each 
transfer. 

Channel priority-:-relative to other 
channel. 

o low priority. 
1 hig~ priority. 

Channels will alternate cycles if 
both set at same priority level. 
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TDRO 

Bit 3 

0: Disable DMA requests from timer 
2. 

1: Enable DMA requests from timer 
2. 

Bit 3 is not used. 

If both INC and DEC are specified for the same 
pointer, the pointer will remain constant after each 
cycle. . 

DMA Destination and Source Pointer 
Registers 

Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18a). These pointers may be 
individually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or I/O space. Since the 
DMA channels can perform transfers to or from odd 
addresses, there is no restriction on values for the 
pointer registers. Higher transfer rates can be ob
tained if all word transfers are performed to even 
addresses, since thiswill allow data to be accessed 'in 
a single memory access. 

DMA Transfer Count Register 

Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after 
every DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set, however, DMA activity will ter
minate when the transfer count register reaches . 
zero. 

DMA Requests 

Data transfers may be either source or destination 
synchronized, that is either' the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be un
synchronized; that is, the transfer will take place 
continually until the correct number of transfers has 
occurred. When source or un~ynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous DMA 
transfer. This allows a complete transfer to take place 
every 2 bus cycles or eight clock cycles (assuming no 
wait states). No prefetching occurs when destination 
synchronization is performed, however. Data will not 
be fetched from the source address until the destina
tiondevice signals that it is ready to receive it. When 
destination synchronized transfers are requested, 
the DMA controller will relinquish control of the bus 
after every transfer: If no other bus activity is in
itiated, another DMA cycle will begin after two pro
cessor clocks. This is done to allow the destination 
device time to remove its request if another transfer 
is not desired. Since the DMA controller will relin
quish the bus, the CPU can initiate a bus cycle. As a 
result, a complete bus cycle will often be inserted 
between destination synchronized transfers. These 
lead to the maximum DMA transfer rates shown in 
Table 14. 

Table 14. Maximum DMA Transfer Rates 

Type of 
Synchronization 

Selected CPU Running CPU Halted 

Unsynchronized ' 2MBytes/sec 2MBytes/sec 
Source Synch 2MBytes/sec 2MBytes/sec 
Destination Synch 1.3MBYtes/sec 1.5MBytes/sec 

Figure 18a. DMA Memory Pointer Register Format 

HIGHER 
REGISTER 
ADDRESS 

LOWER 
REGISTER 
ADDRESS 

xxx 

A15-A12 

15 

xxx = DON'T CARE 

xxx XXX A19-A16 

A11-A8 A7-A4 A3-AO 

o 
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DMA Acknowledge 

No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA pointers 
can be programmed to point to the same given block, 
a chip-select line could be used to indicate a DMA 
acknowledge. 

DMA Priority 

The DMA channels may be programmed such that 
one channel is always given priority over .the other, or 
they may be programmed such as to alternate cycles 
when both have DMA requests pending. DMA cycles 
always 'have priority over internal CPU cycles except 
between locked memory accesses or word accesses 
the odd memory locations; however, an external bus 
hold takes priority over an internal DMA cycle. Be
cause an interrupt request cannot suspend a DMA 
operation and the CPU cannot access memory dur
ing a DMA cycle, interrupt latency time will suffer 
during sequences of continuous DMA cycles. An 
NMI request, however, will cause all internal DMA 
activity to halt. This allows the CPU to quickly 
respond to the NMI request. 

DMA Programming 

DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 
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are programmed, a DRO must also have been 
generated. Therefore, the source and destination 
transfer pointers, and the transfe. count register (if 
used) must be programmed before this bit is set.· 

Each DMA register may be modified while the chan
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be
tween updates to the channel registers. 

DMA Channels and Reset 

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

• 'The Start/Stop bit for each channel will be reset to 
STOP. 

• Any transfer in progress is aborted. 

TIMERS 

The 80186 provides three internal 16-bit programma
ble timers (see Figure 19). Two of these are highly 
flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 

Figure 19. Timer Block Diagram 

TIMER 0 TIMER 1 

T1 
INT. 
REO. 

MAX COUNT VALUE 
A 

MAX COUNT VALUE CLOCK MAX COUNT VALUE 
B B 

MODE/CONTROL 
WORD 

T20UT 

TIMER 2 

MAX COUNT VALUE 

INTERNAL ADDRESS/DATA BUS 

ALL 16 BIT REGISTERS 
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Timer Operation 

The timers are c~ntrolled by 11 16-bit registers in the 
internal peripheral control block. The configuration 
of these registers is shown in Table 15. The count 
register contains the current value of the timer. It can 
be read or written at any time independent of 
whether the timer is running or not. The value of this 
register will be incremented for each timer event. 
Each of the timers is equipped with a MAX COUNT 
register, which defines the maximum count the timer 
will reach. After reaching the MAX COUNT register 
value, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter
nate their count between two different MAX COUNT 
values programmed by the user. If a single MAX 
COUNT register is used, the timer output pin will 
switch LOW for a single clock, 2 clocks after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 

Each timer gets serviced every fourth CPU-clock 
cycle, and thus can operate at speeds up to one
quarter the internal clock frequency (one-eighth the 
crystal rate). External clocking of the timers may be 
done at up to a rate of one-quarter of the internal 
CPU-clock rate (2 MHz for an 8 MHz CPU clock). Due 
to internal synchronization and pipelining· of the 
timer circuitry, a timer output may take up to 6 clocks 
to respond to any individual clock or gate input. 

Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution 
are provided. Any Read or Write access to the. 
timers will add one wait state 'to the minimum 
four-clock bus cycle. However, this is needed to 
synchronize and coordinate the internal data flows 
between the internal timers and the internal bus. 

The timers have several programmable options. 

• All three timers can be set to halt or continue on a 
terminal count. 

• Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external events. 

• The timers may be programmed to cause an inter
rupt on terminal count. 

These options are selectable via the timer model 
control word. 

Timer Mode/Control Register 

The mode/control register (see Figure 20) allows the 
user to program the specific mode of operation .or 
check the current programmed status for any of the 
three integrated timers. 

Table 15. Timer Control Block i70rmat 

Register Offset 

Register Name Tmr.O Tmr.1 Tmr.2 

Mode/Control Word 56H 5EH 66H 
Max Count B 54H 5CH not present 
Max Count A 52H 5AH 62H 
Count Register 50H 58H 60H 

Figure 20. Timer Mode/Control Register 

15 14 13 12 11 5 4 3 2 0 

EN INH 'INT RIU 0 I··· ·1 Me RTG 1 P EXT ALT 1 CaNT I 
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ALT: 
The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used" while if ALT = 
1, the comparison will alternate between register A 
and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the othet is being 
used, and thus provides a method of generating non
repetitive waveforms. Square waves and pulse out
puts of any duty cycle are a subset of available 
signals obtained by not changing the final count 
registers. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/A). 

CONT: 
Setting the CaNT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CaNT = 0 and ALT 
=1, the timer will count to the MAX COUNTregister A 
value, reset, count to the register B value, reset, and 
halt. 

EXT: 
The external bit selects between internal and exter
nal clocking for the timer. The external signal may be 
asynchronous with respect to the 80186 clock. If this 
bit is set, the timer will count LOW-to-HIGH trans
itions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output transi
tion latency time may be. as much as 6' clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock 
pulses. 

P: 
The prescaler bit is ignored unless internal clocking 
has been selected (EXT ~ 0). If the P bit is a zero, the 
timer will count at one-fourth the internal CPU clock 
rate. If the P bit is a one, the output of timer 2 will be 
used as a clock for the timer. Note that the user must 
initialize and start timer 2 to obtain the prescaled 
clock. 

RTG: 
Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control. function 
provided by the input pin. 

If RTG = 0, the input level gates the internal clock on 
and off. If the input pin is HIGH, the timer will count; if 

2-25 

iAPX 186 

the input pin is Law, the timer will hold its value. As 
indicated previously, the input signal may be asyn
chronous with respect to the 80186 clock. 

When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CaNT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 

EN: 
The enable bit provides programmer control over the 
timer's RUN/HALT status. When set, the timer is en
abled to increment subject to the input pin con
straints in the internal clock mode (discussed 
previously). When cleared, the timer will be inhibited 
from counting. All input pin transitions during the 
time EN is zero will be ignored. If CONT is zero, the 
EN bit is automatically cleared upon maximum 
count. 

INH: 
The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a 0 on a read. 

INT: 
When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter
rupt request has been generated, but before a pend
ing interrupt is serviced, the interrupt request will 
still be in force. (The request is latched in the Inter
rupt Controller.) 

MC: 
The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in MAX 
COUNT register B is reached. This bit is set regard..; 
less of the timer's interrupt-enable bit. The MC bit 
gives the user the ability to monitor timer status 
through software instead of through interrupts. 
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RIU: 
The Register In Use bit indicates which MAX COUNT 
register is currently being used for comparison to the 
timer count value. A zero value indicates register A. 
The RIU bit cannot be written, i.e., its value is not 
affected when the control register is written. It is 
always cleared when the ALT bit is zero. 

Not all mode bits are provided for timer 2. Certain bits 
are hardwired as indicated below: 

ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 

Count Registers 

Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting, the new value 
will take effect in the current count cycle. 

Max Count Registers 

Timers 0 and 1 have two MAX COUNTregisters, while. 
timer 2 has a single MAX COUNTregister.These con
tain the number of events the timer will count. In 
timers 0 and 1, the MAX COUNT register used can 
alternate between the two max count values 
whenever the current maximum count is reached. 
The condition which causes a timer to reset is equiv
alent between the current count value and the max 
count being used. This means that if the count is 
changed to be above the max count value, or if the 
max count value is changed to be below the current 
value, the timer will not reset to zero, but rather will 
count to its maximum value, "wrap around" to zero, 
then count until the max count is reached. 

Timers and Reset 

Upon RESET, the Timers will perform the following 
actions: 

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

• All SEL (Select) bits are reset to zero. This selects 
MAX COUNT register A, resulting in the Timer Out 
pins going HIGH upon RESET. 

INTERRUPT CONTROLLER 

The 80186 can receive interrupts from a number of 
sources, both internal and external. The internal in
terrupt controller serves to merge these requests on 
a priority basis, for individual service by- the CPU. 
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Internal interrupt sources (Timers and DMA chan
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller . .The . 
80186 interrupt controller has its own control regis
ters that set the mode of operation for the controller. 

The interrupt controller will resolve priority among 
requests' that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower 
priority interrupts may themselves be interrupted by 
higher priority interrupts. A block diagram of the 
interrupt controller is shown in Figure 21. 

The interrupt controller has a special iRMX 86 com
patibility mode that allows the use of the 80186 
within the iRMX 86 operating system interrupt struc
ture. The controller is set in this mode by setting bit 
14 in the peripheral control block relocation register I 

(see iRMX 86 Compatibility Mode section). In this ' 
mode, the internal 80186 interrupt controller func
tions as a "slave" controller to an external "master" 
controller. Special initialization software must be in
cluded to-properly set up the 80186 interrupt control
ler in iRMX 86 mode. 

NON-iRMX MODE OPERATION 

Interrupt Controller External Interface 

For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is' typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the 
"cascade mode") along with two other input lines 
with internally generated interrupt vectors, or as two 
interrupt input lines and two dedicated interrupt ac
knowledge ouput lines. When the interrupt lines are 
configured in cascade mode, the 80186 interrupt 
controller will not generate internal interrupt 
vectors. 

External sources in the cascade mode use externally 
generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 

" vector is read into the 80186 on the second cycle. The 
capability to interface to external 8259A program
mable interrupt controllers is thus provided when the 
inputs are configured in cascade mode. 



Interrupt Controller Modes of Operation 

The basic modes of operation of the interrupt con
troller in non-iRMX mode are similar to the 8259A. 
The interrupt controller responds identically to inter
nal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor
rect bits in the INTO and INT1 control registers. The 
modes of interrupt controller operation are as 
follows: 

Fully Nested Mode 
When in the fully nested mode four pins are used as 
direct interrupt requests. The vectors for these four 
inputs are generated internally. An in-service bit is 
provided for every interrupt source. If a lower-priority 

. device requests an interrupt while the in-service bit 
(IS) is set, no interrupt will be generated by the inter
rupt controller. In addition, if another interrupt re
quest occurs from the same interrupt source while 
the inservice bit is set, no interrupt will be generated 
by the interrupt controller. This allows interrupt ser
vice routines to operate with interrupts enabled with
out being themselves interrupted by lower-priority 
interrupts. Since interrupts are enabled, higher
priority interrupts will be serviced. 

When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow' 
servicing of lower-priority interrupts. An EOI com
mand is issued at the end of the service routine just 

iAPX186 

before the issuance of the return from interrupt in
struction. If the fully nested structure has been 
upheld, the next highest-priority source with its IS bit 
set is then serviced. 

Cascade Mode 
The 80186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the four 
pins are used as direct interrupt inputs and the cor
responding vectors are generated internally. In the 
cascade mode, the. four pins are configured into in
terrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 22. INTO is an 
interrupt input interfaced to an 8259A, while 
INT2/INTAO serves as the dedicated interrupt ac
knowledge signal to that peripheral. The same is true 
for INT1 and INT3/INTA1. Each pair can selectively be 
placed in the cascade or non-cascade mode by pro
gramming the proper value into INTO and INT1 con
trol registers. The use of the dedicated acknowledge 
signals eliminates the need for the use of external 
logic to generate INTA and device select signals. 

The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority 
resolution in the ~0186 interrupt controller, the mas
ter 8259As, and the slave 8259As. If an external inter
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is com
pleted, up to three end-of-interrupt commands must 
be issued by the programmer. 

Figure 21. Interrupt Controller Block Diagram 
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Special Fully Nested Mode 
This mode is entered by setting the SFNM bit in INTO 
or INT1 control register. It enables complete nestabil
ity with external 8259A masters. Normally, an inter
rupt request from an interrupt source will not be 
recognized unless the in-service bit for that source is 
reset. If more than one interrupt source is connected 
to an external interrupt controller, all of the interrupts 
will be funneled through the same 80186 interrupt 
request pin. As a result, if the external interrupt con
troller receives a higher-priority interrupt, its inter
rupt will not be recognized by the 80186 controller 
until the 80186 in-service bit is reset. In special fully 
nested mode, the 80186 interrupt controller will allow 
interrupts from an external pin regardless of the 
state of the in-service bit for an interrupt source in 
order to allow multiple interrupts from a single pin. 
An in-service bit will continue to be set, however, to 
inhibit interrupts from other lower-priority 80186 in
terrupt sources. 

Special procedures should be followed when reset
ting is bits at the end of interrupt service routines. 
Software polling of the external master's IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80186 remains active and 

, the next interrupt service r<?utine is entered. 

Operation in a Polled Environment 

The controller may be used in a polled mode if inter
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con
troller whenever it is convenient., Polling the inter
rupt controller is accomplished by reading the Poll 
Word (Figure 9). Bit 15 in the poll word indicates ,to 
the processor that an interrupt of high enough 
priority is requesting service. Bits 0-4 indicate to the 
processor the type vector of the hig hest-priority 
source requesting service. Reading the Poll Word 
causes the In-Service bit of the highest-priority 
source to be set. 

It is desirable to be able to read the Poll Word infor
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80186 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status \Nord does not set 
the associated in-service bit. These words are lo
cated in two adjacent memory locations in the regis
ter file. 
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Non-iRMX Mode Features 

Programmable Priority 
The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the 
control register of each interrupt source. (A source 
with a priority level of 4 has higher priority over all 
priority levels from 5 to 7. Priority registers contain
ing values lower than 4 have greater priority.) All 
interrupt sources have preprogrammed default 
priority levels (see Table 4). 

If two request's with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 

End-of-Interrupt Command 
The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the Is bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the 
interrupt controller indicating which source's is bit is 
to be reset. This command is used when the fully 
nested structure ~as been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 

Trigger Mode 
The four external interrupt pins can be programmed 
in either edge- or level-trigger mode.· The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, the 
interrupt request must remain active (HIGH) until the 
interrupt request is acknowledged by the 80186 CPU. 
In the edge-sense mode, if the level remains high 
after the interrupt is acknowledged, the input is dis
abled and no further requests will be generated. The 
input level must go LOW for at least one clock cycle to 
reenable the input. In the level-trigger mode, no such 
provision is made: holding the interrupt input HIGH 
will cause continuous interrupt requests. 



Interrupt Vectoring 
The 80186 Interrupt Controller will generate inter
rupt vectors for the integrated OMA channels and 
the integrated Timers. In addition, the· Interrupt Con
troller will generate interrupt vectors for the external 
interrupt lines if they are not configured in Cascade 
or Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see 
Table 4). 

Interrupt Controller Registers 

The Interrupt Controller register model is shown in 
Figure 23. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 

In-Service Register 
This register can be read from or written into. The 
format is shown in Figure 24. It contains the In
Service bit for each of the interrupt sources. The 
In-Service bit is set to indicate that a source's service 
routine is in progress. When an In-Service bit is set, 
the interrupt controller will not generate interrupts to 
the CPU when it receives interrupt requests from· 
devices with a lower programmed priority level. The 
TMR bit is the In-Service bit for all three timers; the 
DO and 01 bits are the In-Service bits for the two OMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is
sued by the CPU. 
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Interrupt Request Register 
The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 24. A read from this regis
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and 01 
are the interrupt request bits for the OMA channels. 

The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the 
requests. 

Mask Register 
This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 24. A one in a bit position corres
ponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the individ
ual control registers; programming a mask bit using 
the mask register will also change this bit in the 
individual control registers, and vice versa. 

Figure 22. Cascade Mode Interrupt Connection 

80186 
INTO INT. 

8259A 
PIC 

INTAO iNTA 
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Figure 23. Interrupt Controller Registers Priority Mask Register 
(Non-IRMX 86 Mode) This register is used to mask all interrupts below 

particular interrupt priority levels. The format of this 
OFFSET "register is shown in Figure 25. The code in the lower 

INT3 CONTROL REGISTER 3EH 
three bits of this register inhibits interrupts of 
priority lower (a higher priority number) than the 

INT2 CONTROL REGISTER 3CH code specified. For example, 100 written into this 
register masks interrupts of level five (101), six (110), 

INT1 CONTROL REGISTER 3AH and seven (111). The register is reset to seven (111) 
upon RESET so all interrupts are unmasked. 

INTO CONTROL REGISTER 38H 
Interrupt Status Register 

OMA 1 CONTROL REGISTER 38H This register contains general int~rrupt controller 
status information. The format of this register is 

OMA 0 CONTROL REGISTER 34H shown in Figure 26. The bits in the status register 
have the following functions: 

I 
TIMER CONTROL REGISTER 32H 

DHLT: DMA Halt Transfer; setting this bit halts all 

INTERRUPT CONTROLLER STATUS REGISTER 30H DMA transfers. It is automatically set 
whenever a non-maskable interrupt occurs, 

INTERRUPT REQUEST REGISTER 2EH 
and it is reset when an IRET instruction is 
executed. The purpose of this bit is to allow 

IN·SERVICE REGISTER 2CH prompt service of all non-maskable inter-
rupts. This bit may also be set by the CPU. 

PRIORITY MASK REGISTER 2AH 
IRTx: These three bits represent the individual 

MASK REGISTER 28H timer interrupt request bits. These bits are 

POLL STATUS REGISTER 26H 
used to differentiate the timer interrupts, 
since the timer IR bit in the interrupt re-

POLL REGISTER 24H 
quest register is the "OR" function of all 
timer interrupt requests. Note that setting 

I 

anyone of these three bits initiates an inter-EOI REGISTER 22H 
rupt request to the interrupt controller. 

Figure 24. In-Service, Interrupt Request, and Mask Register Formats 

\ 

15 14 10 9 8 7 6 5 4 3 2 1 0 

I 0 I 0 I . . I 0 I 0 I 0 I 13 I 12 I 11 I 10 I 01 I DO I 0 I TMR I 

Figure 25. Priority Mask Register Format 

15 14 3 2 1 0 

I 0 I 0 I . . . . . . . . . I 0 I PRM21 PRM11 PRMO I 

Figure 2~. Interrupt Status Register Format 

I 

15 14 7 6 5 4 3 2 1 0 

10HLTI 0 I 
. . . . . 

I 0 I 0 I 0 I 0 I 0 11RT21 IRT1 I IRTO I 
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. Timer, DMA 0, 1; Control Registers 
These registers are the control words for all the inter
nal interrupt sources. The format for these registers 
is shown in Figure 27. The three bit positions PRO, 
PR1, and PR2 represent the programmable priority 
level of the interrupt source. The MSK bit inhibits 
interrupt requests from the interrupt source. The 
MSK bits in the indivipual control registers are the 
exact same bits as are in the Mask Register; modify
ing them in the individual control registers will'also 
modify them in the Mask Register, and vice versa. 

INTO-INT3 Control Registers 
These registers are the control words for the four 
external input pins. Figure 28 shows the format of the 
INTO and INn Control registers; Figure 29 shows the 
format of the INT2 and INT3 Control registers. In 
cascade mode or special fully nested mode, the con
trol words for INT2 and INT3 are not used. 

The bits in the various control registers are encoded 
as follows: 

PRO-2: Priority programming information. Highest 

LTM: Level-trigger mode bit. 1 = level-triggered; 
o = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter
nalline is high. In edge-triggered mode, an 
interrupt will be generated only when this 

iAPX186 

level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 

MSK: Mask bit, 1 = mask; 0 = non mask. 

C: Cascade mode bit, 1 = cascade; 0 = direct 

SFNM: Special fully nested mode bit, 1 = SFNM; 0 

EOI Register 
The end of the interrupt register is a command regis
ter which can only be written into. The format of this 
register is shown in Figure 30. It initiates an EOI 
command when written to by the 80186 CPU. 

The bits in the EOI register are encoded as follows: 

Sx: Encoded information that specifies an in
terrupt source vector type as shown in 
Table 4. For example, to reset the In-Service 
bit for DMA channel 0, theso bits should be 
set to 01010, since the vector typo for DMA 
channel 0 is 10. Note that to reset the singlo 
In-Service bit for any of the three timers, tho 
vector type for timer 0 (8) should be written 
in this register. 

Figure 27. Timer/DMA Control Register Formats 

15 14 4 3 2 1 0 

o 0 o I MSK I PR2 I PR1 I PRO I 

Figure 28. INTO/INT1 Control Register Formats 

15 14 7 6 5 4 3 2 1 0 

o ISFNMI c I LTM I MSK I PR2 I PR1 I PRO I 

Figure 29. INT2/INT3 Control Register Formats 

15 14 5 4 3 2 1 0 

o 0 o I LTM I MSK I PR2 I PR1 I PRO I 
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NSPEC/: A bit that determines the type of EOI com-
SPEC mand. Nonspecific = 1, Specific = O. 

Poll and Poll Status Registers 
These registers contain polling information. The for
mat of these registers is shown in Figure 31. They can 
only be read. Reading the Poll register constitutes a 
software poll. This will set the IS bit of the highest 
priority pending interrupt. Reading the poll status 
register will not set the IS bit of the highest priority 
pending interrupt; only the status of pending inter
rupts will be provided. 

Encoding of the Poll and Poll Status register bits are 
as follows: 

Sx: Encoded information that indicates the 
vector type of the highest priority interrupt- , 
ing source. Valid only when INTREQ = 1. 

INTREQ:This bit determines if an interrupt request is 
present. Interrupt Request = 1; no Interrupt 
Request = O. 

iRMX 86 COMPATIBILITY MODE 

This mode allows iRMX 86-80186 compatibility.'The 
interrupt model of iRMX 86 requires one master and 
multiple slave 825~As in cascaded fashion. When 
iRMX mode is used, the internal 80186 interrupt con
troller will be used as a slave controller to an external 
master interrupt controller. The internal 80186 re
sources will be monitored through the internal inter
rupt controller, while the external controller 
functions as the system master interrupt controller. 

Upon reset, the 80186 interrupt controller will be in 
thenon-iRMX 86 mode of operation. To set the con
troller in the iRMX 86 mode, bit 14 of the Relocation 
Register should beset. 

Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external 
inputs. There are' however, enough 80186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 

The iRMX 86 operating system requires peripherals 
to be assigned fixed priority levels. This is incom
patible with the normal operation of the 80186 inter
rupt controller. Therefore, the initialization software 
must program the proper priority levels for each 
source. The required priority levels for the intemal 
interrupt sources in iRMX mode are shown in Table 
16. 

Table 16. Internal Source Priority Level 

Priority Level 

o 
1 
2 
3 
4 
5 

Interrupt Source 

Timer 0 
(reserved) 
DMAO 
DMA1 
Timer 1 
Timer 2 

These level assignments must remain fixed in the 
iRMX 86 mode of operation. 

iRMX 86 Mode External Interface 

The configuration of the 80186 with respect to an 
external 8259A master is shown in Figure 32. The 
INTO input is used as the 80186 CPU interrupt input. 
INT3 functions as an output to send the 80186 slave
interrupt-request 'to one of the 8 master-PIC-inputs. 

Figure 30. EOI Register Format 

Figure 31.' Poll Register Format 

15 14 13 
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Figure 32. IRMX 86 Interrupt Controller Interconnection 

80186 

8259A 
MASTER 

r--------~ INTA 

.----=-:8O:.:,;186::..:.:,IN::..:cT:.:.. IN~---I INT 

(',.\60-2 

IRO 

j 
IR7 

INTO I .... -+--l ~~=---,~» 

<===REQUESTS FROM 
OTHER SLAVES 

-
SLAVE SELECT . I CASCADE 

iNfll--.-+--======---~1 ADDRESS DECODER 

INT2~ 

INT31--____ --"'8O;;.;.186=.;;;S.;;:;LItc.;;W.=,E.;.;.IN;;.;.T;:;;ER.;;.R;.::.U:..;PT;...;O;.:;U;.:..TP;...;U;;.;.T ____ --l 

Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do this 
internally. Because of pin limitations, the 80186 slave 
address will have to be decoded externally. iNfi is 
used as a slave-select input. Note that the slave vec
tor address is transferred internally, but the READY 
input must be supplied externally. 

INT2 is used as an acknowledge output, suitable to 
drive the ifJiA input of an 8259A. 

Interrupt Nesting 

iRMX 86 mode operation allows nesting of interrupt 
requests. When an interrupt is acknowledged, the 
priority logic masks off all priority levels except 
those with equal or higher priority. 

Vector Generation In the iRMX 86 Mode 

Vector generation in iRMX mode is exactly like that of 
an 8259A slave. The interrupt controller generates an 
8-bit vector which the CPU multiplies by four and 
uses as an address into a vector table. Tne significant 
five bits of the vector are user-programmable while 
the lower three bits are generated by \ the priority 
logic. These. bits represent the encoding of the 
priority level requesting service. The 'significant five 
bits of the vector are programmed by writing to the 
Interrupt Vector register at offset 20H. 
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Specific End-of-Interrupt 

In iRMX mode the specific EOI command operates to 
reset an in-service bit of a specific priority. The user 
supplies a 3-bit priority-level value that points to an 
in-service bit to be reset. The command is executed 
by writing the correct value in the Specific EOI regis
ter at offset' 22H. 

Interrupt Controller Registers 
In the iRMX 86 Mode 

All control and command registers are located inside 
the internal peripheral control block. Figure 33 
shows the offsets of these registers. 

End-o'-Interrupt Register 
The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 34. It initiates an EOI command 
when written by the 80186 CPU. 

The bits in the EOI register are encoded as follows: 

Lx: Encoded value indicating the priority of the 
IS bit to be reset. 

In-Service Register 
This register can be read from or written into. It 
contains the in-service bit for each of the internal 
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interrupt sources. The format for this register is 
shown in Figure 35. Bit positions 2 and 3 correspond 
to the DMA channels; positions 0, 4, and 5 corre
spond to the integral timers. The source's IS bit is set 
when the processor acknowledges its interrupt re
quest. 

Interrupt Request Register 
This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 35. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl
edges the request. 

Mask Register 
This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig
ure 35. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are 
exactly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the IndivIdual interrupt control register 
corresponding to the bit. 

Control Registers 
These registers are the control words for all the inter
nal interrupt sources. The format of these registers is 
shown in Figure 36. Each of the timers and both of 
the DMA channels have their own Control Register. 

The bits of the Control Registers are encoded as 
follows: 

prx: 3-bit encoded field indicating a priority level 
for the source; note that each source must 
be programmed at specified levels. . 

msk: mask bit for the priority level indicated by prx 
bits. 

Figure 33. Interrupt Controller Registers 
(iRMX 86 Mode) 

OFFSET 

LEVEL 5 CONTROL REGISTER 
3AH 

(TIMER 2) 

LEVEL 4 CONTROL REGISTER 38H 
(TIMER 1) 

LEVEL 3 CONTROL REGISTER 36H 
(DMA1) 

LEVEL 2 CONTROL REGISTER 
34H 

(DMAO) 

LEVEL 0 CONTROL REGISTER 32H 
(TIMER 0) 

INTERRUPT·REQUEST REGISTER 2EH 

IN·SERVICE REGISTER 2CH 

PRIORITY·LEVEL MASK REGISTER 2AH 

MASK REGISTER 28H 

SPECIFIC EOI REGISTER 22H 

INTERRUPT VECTOR REGISTER 20H 

Figure 34. Specific EOI Register Format 

15 14 13 

Figure 35. In-Service, Interrupt Request, and Mask Register Format 
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Interrupt Vector Register 
This register provides the upper five bits of tne inter
rupt vector address. The format of this register is 
shown in Figure 37. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 

The format of the bits in this register is: 

tx: 5-bit field indicating the upper five bits of the 
vector address. 

Priority-Level Mask Register 
This register indicates the lowest priority-level inter-
rupt which will be serviced. . 

The encoding of the bits in this register is: 

m' x. 3-bit encoded field indication priority-level 
value. All levels of lower priority will be 
masked. 
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Interrupt Controller and Reset 

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

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

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

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

• All Interrupt Service bits reset to O. 
• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 

levels masked. 
• Initialized to non-iRMX 86 mode. 

Figure 36. Control Word Format 

Figure 37. Interrupt Vector Register Format 

1 : 1 .: 1 : 1 :1 : 1 : 1 : 1 : 1 : I 

Figure 38. Priority Level Mask Register 

15 14 13 
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Figure 40. TypicallAPX 186 Multi-Master Bus Interface 
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PACKAGE 
The 80186 is housed in a 68-pin, lead less JEDEC type 
A hermetic chip carrier. Figure 41 illustrates the 
package dimensions. 

NOTE: The lOT 3M Textool 68-pin JEDEC Socket 
is required for ICE™ operation. See Figure 40 for 
details. 

.050 

H= 
.800 

(20.32) 

. I (~~:)l 

~-
PIN NO. 18 

Figure 41. 80186 JEDEC Type A Package 

n O .960 
. (24.38) 

PIN NO. 1 

.960 
(24.38) 
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Figure 42. . d Chip Carrier Socket Textool 68 Lea 
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· iAPX 186 
ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature under Bias ..... O°C to 70°C 
Storage Temperature ........... -65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground .............. -1.0V to +7V 
Power Dissipation ........................ 3 Watt 

·NOTlCE: Stresses above those listed under 
"Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a streSs rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is 'not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

D.C. CHARACTERISTICS (TA = 0°-70°C, Vee = 5V ±10%) 

Symbol Parameter Min. Max. Units Test Conditions 

VIL Input Low Voltage -0.5 +0.8 Volts 

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

VIHl Input High Voltage (RES) TBD Vee + 0.5 Volts 

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

VOH Output High Voltage 2.4 Volts loa = -400 p..A 

lee Power Supply Current 550 mA TA = 25°C 

III Input Leakage Current ±10 p..A OV<VIN <Vee 

ILO Output Leakage Current ±10 p..A 0,45V < VOUT < Vee 

VeLO Clock Output Low 0.6 Volts la = 2.5 mA 

VeHO Clock Output High 4.0 Volts loa = -200 p..A 

VeLi Clock Input Low Voltage -0.5 0.6 Volts 

VeHI Clock Input High Voltage 3.9 Vee + 1.0 Volts 

YN Input Capacitance 10 pF 

YO I/O Capacitance 20 pF 

PIN TIMINGS 
A.C. CHARACTERISTICS (TA = 0°-70°C, Vee = 5V ± 10%) 
80186 Timing Requirements All Timings Measured At 1.5 Volts Unless Otherwise Noted. 

Symbol Parameter Min. Max. Units Test Conditions 

TDVCL Data in Setup (AID) 20 ns 

TCLDX Data in Hold (AID) 10 ns 

TARYHCH Asynchronous Ready 
(AREADY) active setup "' 
time· 20 ns 

TARYLCL AREADY inactive setup 
time 35 ns I 

TCHARYX AREADY hold time 15 ns 

TSRYCL Synchronous Ready 
(SREADY) transition setup 
time 35 ns 

TCLSRY SREADY transition hold 
time 15 ns 

THVCL HOLD Setup· 25 ns 

TINVCH INTR, NMI. TEST, TlMERIN. 
Setup· 25 ns 

TINVCL ORaD, DR01, Setup· 25 ns 

·To guarantee recognition at next clock. 
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A.C. CHARACTERISTICS (Continued) 

80186 Master Interface Timing Responses 

Symbol Parameter Min. 

TClAV Address Valid Delay 10 

TClAX Address Hold 10 

TClAZ Address Float Delay TClAX 

TCHCZ Command lines Float Delay 

TCHCV Command Lines Valid Delay 
(after float) 

TlHll ALE Width TClCl-35 

TCHlH ALE Active Delay 

TCHll ALE Inactive Delay 

TllAX Address Hold to ALE 
Inactive TCHCl-25 

TClDV Data Valid Delay 10 

TCHDX Data Hold Time 10 

TWHDX Dat~ Hold after WR TClCl-40 

TCVCTV Control Active Delay1 10 

TCHCTV Control Active Delay2 10 

TCVCTX Control Inactive Delay 10 

TAZRl Address Float to RD Active 0 

TClRl RD Active Delay 10 

TClRH RD Inactive Delay 10 

TRHAV RD Inactive to Address 
Active TClCl-40 

TClHAV HlDA Valid Delay 10 

TRlRH RD Width 2TClCl-50 

TWlWH WRWidth 2TClCl-40 

TAVAl Address Valid to ALE low TClCH-25 

TCHSV Status Active Delay 10 

TClSH Status Inactive Delay 10 

TClTMV Timer Output Delay 

TClRO Reset Delay 

80186 Chip-Select Timing Responses 

Max. 

44 

35 

45 

55 

35 

35 

44 

70 

55 

55 

70 

55 

50 

55 

55 

60 

60 

Symbol Parameter Min. 

TClCSV Chip-Select Active Delay 

TCXCSX Chip-Select Hold from 
Command Inactive 35 

, TCHCSX Chip-Select Inactive Delay 10 
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Units Test Conditions 

ns CL = 20-200 pF all outputs 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
-.--.. --

ns 
---- -

ns -_ .. _--

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 100 pf max 

ns 

Max. Units Test Conditions 

66 ns 

ns 

35 ns 



iAPX 186 
A.C. CHARACTERISTICS (Continued) 

80186 ClKIN Requirements 

Symbol Parameter Min. Max. Units Test Conditions 

TCKIN ClKIN Period 62.5 250 ns 

TCKHl ClKIN Fall Time 10 ns 3.5 to 1.0 volts 

TCKlH ClKIN Rise Time 10 ns 1.0 to 3.5 volts 

TClCK ClKIN low Time 25 ns 1.5 volts 

TCHCK ClKIN High Time 25 ns 1.5 volts 

80186 ClKOUT Timing (200 pF load) 

Symbol Parameter. Min. Max. Units Test Conditions 

TCICO ClKIN to ClKOUT Skew 50 ns 

TClCl ClKOUT Period 125 500 ns 

TClCH ClKOUT low Time 55 ns 1.5 volts 

TCHCl ClKOUT High Time 55 ns 1.5 volts 

TCH1CH2 ClKOUT Rise Time 15 ns 11.0 to 3.5 volts 

TCl2Cl1 ClKOUT Fall Time 15 ns 3.5 to 1.0 volts 

All timings measured at 1.5 volts unless otherwise noted. 
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CLKOUT 

BHE/57 , 

A19/Ss-A16/~ 

WRITE CYCLE 

RQ,INTA, 
DT/R = VOH 

INTACYCLE 

RD,~=VOH 
ISt1l:: = VOL 

ALE 

DT/R 

50Fn'[ARE HALT-DE~ =VOl, 
RD, WR, INTA, DT/R = VOH 

PeS, 
MC5 
LCS, 
MC5 

~ 
h 

TCHS't Vel 

TC '-
1-

-~ 
~ -"'T-+ ~LJ~ .., 

-
- { 

I -

TCLAV_ 

-

IAPX186 

WAVEFORMS 

MAJOR CYCLE TIMING 

T, 

-- - rr~1~ 

JTC~ .-
J~ ]h .,~ 

-,"" .. ,..;'" 
:TCLCif -- -- .",,-rft,;L -

--S ... 
;-:...-:;;.~-rCLD' --,-,.~ av~ := ~ NOTE 1 

\/ 51 ~'.'A ... \F 
I 'I 

II ..... 
~ ~ 

lI~ 
r--

~,.a\ / 
I ... l ~~ I:: ~ 

,., A7 ::a;: t-, 
IA15~Ao 'v ,DATAOU' 

,~ 
)\. )1\ I 

._ .. _. --.. NOTE I-.. " ... " 
IfLLAl )' .~.-~-

1\ -_ .. -
~ - ... " ... " - .-. 

~t"" j 

I-TCLAZ '-..Yftu;;i __ ;::, :CLDX 'V '\ \ 
FLOAT 7~IN~ , 

~ 
FLOAT 

TCHCTV 

I-F

TCHCTV 

1,1 

~ 
~ 

\ NOTE 2 V V ) 
...... ,,...,., 

~f] TCVCTX- -J -
{] 

t I"Val In annDII:ClCl .-
I~ --... ... 1-
~I\ _TCLCSV TCXCSX- jlt-_ 
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CLKOUT 

SHE/57 , 

A19/Ss-A16/5:J 

ALE 

READ CYCLE 

DT/R 
WR, INTA = VOH 

pcs, 

WAVEFORMS (Continued) 

MAJOR CYCLE .TIMING (Continued) 

MCS --------+-~I 
[CS, 
MCS 

NOTES: 
1. Following a Write cycle, the Local Bus is floated by the 80186 only when the 

80186 enters a "Hold Acknowledge" state. 
2. INTA occurs one clock later in RMX-mode. 
3. Status inactive just prior to T4 
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ClKOUT 

~ 
INT1-4, 

TIMERIN 

-- TClAV 

iAPX186 

WAVEFORMS (Continued) 
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WAVEFORMS (Continued) 

HOLD-HLDA TIMING 

CLKOUT 

ARDY 

CLKOUT 

CLKOUT~' 00 

THVCL 
oo--t--+--

HOLD 

HLDA 

AD15-ADO ----
80186 15EA----

A191S6-A181S3. ----
1m. Wft. 80186 1iRE.----

DT/A. 
52-SO 

--" 
__ J 

}---
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T, 

- jTCLAV 

80186 r 
80186 
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WAVEFORMS (Continued) 

TIMER ON 80186 

elKIN 

ClKOUT 

~------TeLeL -------J 

TIMERIN 

I 

---' 
TINVCH 

TeLTMV ~ 

TIMEROUT __ ~:~~~~~~~~~~~~~~~~~~~~~~~_2-_6_C_Lo_e_K_S ___________ -+ __ ~ 

80186 INSTRUCTION TIMINGS· 

The following instruction timings represent the mini
mum execution time in clock c.ycles for each instruc
tion. The timings given are based on the following 
assumptions: 

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

• No wait states or bus HOLDS occur. 
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• All word-data is located on even-address 
boundaries. 

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

All instructions which involve memory reference can 
require one (and in some cases, two) additional 
clocks above the minimum timings shown. This is 
due to the asynchronous nature of the handshake 
between the BIU and the Execution unit. 
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INSTRUCTION SET SUMMARY 

Clock 
FUNCTION FORMAT Cycles Comments 

DATA TRANSFER 
MDV = Move: 
Register to Register/Memory l' 000100wl mod reg rem 2/12 
Register/memory to register l' 00010 1w l mod reg r'm 2/9 
Immediate to register/memory l' 10001 1 wi mod 000 r·m data I data Ilw-l I 12-13 8/16-bit 
Immediate to register l' 01 1 w reg I data data II W= 1 I ; 3-4 8/16-bit 
Memory to accumulator l' 010000wl addr-Iow addr-hlgh I 9 
Accumulator to memory l' 01000 1w l addr-Iow addr-hlgh I 8 
Register/memory to segment register l' 00 0 1 1 1 0 I mod 0 reg r.m 2/9 
Segment register to register/memory l' 00 0 1 1 0 0 I mod 0 reg r:m 2/11 

PUSH = Push: 
Memory I' 111111 1 I mod 11 0. r'm I 16 
Register 10 1 0 1 0 reg I 10 
Segment register 1000reg 110 1 9 

::Imnletil~e~"·"·""""~·~-"'''''''~·=':·::']o 1 1 0 lOS 0 I data I dat.i/s .. O I <r-

_""";-,-."I~L,, "" -~--~~--~ ....... -.,.,._&'~--...~"", N~""''''''' __ ''"'''''_'''''';.w.<_<-» 

PUSHA . Push All 10. .1 1 0 0 0 0 0 I "" 36 

POP = Pop: 
Memory l' 0 0 0 1 1 1 '1 mod 000 r'm I 20 
Register 10 1 0 1 1 reg I 10 
Segment register 10 0 0 reg 1 1 '1 (reg ",01) 8 

puPA =,,~~R.AII 101 1 00001 I :)1 

XCHG = Ezchange: 
Register/memory with register l' 000011wl mod reg rIm I 4/17 
Register with accumulator 11 00 1 0 reg I 3 

IN = Input from: 
fixed port l' 1 1 00 lOw I port I 10 
Variable port l' 1 1 0 1 lOw I 8 

OUT = Outpullo: , 
fixed port 'I' 1 1 001 1 w port I 9 
Variable port l' 1 1 0 1 1 1 w 7 
.XUT = Translate byte to AL 11 1 0 1 0. 1 1 1 11 

" LEA = Load EA to register l' 00.0. 1 1 0 1 mod reg rim I 6 
LOS = Load pointer to OS l' 1 0 0 0 1 0 1 mod reg r;m I (mod,* II) 18 
LES = Load pOinter to ES l' 1000100 mod reg rim I (mod '* 11) 18 
UHF = Load AH with flags l' 00 1 1 1 1 '1 2 
UHF = Store AH into flags l' 00 1 1 1 1 0 I 3 
PUSHF = PUSh flags I' 00 1 , 1 0 0 I 9 
POPF = Pop flags l' 00 1 , 1 0 '1 8 

Shaded areas indicate instructions riot available in iAPX 86. 88 microsystems. 

All mnemonics copyright of Intel Corp. 1983. 
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INSTRUCTION SET SUMMARY (Continued) 

Clock 
FUNCTION FORMAT Cycles Comments 

ARITHMETIC 
ADD = Add: 
Reg/memory with register to either 10 00 0 0 0 d w I mod reg rm I 3/10 
Immediate to register/memory 1100000swl mod a 00 rm I data I data If s w = 01 I 4/16 

Immediate to accumulator 10000010wl data I data Ifw= 1 I 3/4 8116-bit 

ADC = Add witll carry: 
Reg/memory with register to either 10 00 1 0 a d wi mod reg r'm I 3/10 
Immediate to register/memory 1100000swi mod a 10 rm I data I data If s w = 01 I 4/16 
Immediate to accumulator 10 00 10 law I data I data If w: 1 I 3/4 8/16-bit 

INC = Increment: 
Reglster;memory 11 111111 wi mod a 00 rm I 3/15 
Register 10 1 0 0 0 reg I 3 

SUB = Subtract: 
Reg!memory and register to either 1001010dwi mod reg rim I 3/10 
Immediate from register/memory 1100000swl mod 101 r:m I data I data If s w = 0 1 I 4/16 
Immediate from accumulator 10010110wl data I data Ifw: 1 I 3/4 8116-bit 

SBB = Subtract willi borrow: 
Reg/memory and register to either 1000110dwi mod reg rim I 3/10 
Immediate from register/memory 1100000swi modOl1 r,m I data I data If s w = 0 1 I 4/16 

Im~ediate from accumulator 10 00 1 1 lOw I data I data Ifw = 1 I 3/4 ' 8/16-bit 

DEC = Decrement: 
Register/memory l' 1111 11 wi mod 00 1 r:m I 3/15 
Register 10 1 0 0 1 reg I 3 

CMP = Compare: 
Register/memory With register 10 01 1 1 01 w mod reg r'm I 3/10 
Register with register/memory 10 01 1 1 00 w mod reg r:m I 3/10 
Immediate with register/memory l'ooooosw mod 111 r:m I data I data If s w = 0 1 I 3/10 
Immediate with accumulator 10 01 1 1 lOw data I data If w = 1 I 3/4 8116-bit 
NEG = Change sign l' 1 1,1 01 1 w modOll r'm I 3 
AM = ASCII adjust for add 10 0 1 1 0 1 1 1 8 
OM = Decimal ad,ust for add 10 0 1 0 a 1 1 1 4 
AAS = ASCII ad,ust for subtract 10 0 1 1 1 11 1 7 
OAS = DeCimal ad,ust for subtract 10 ,0 1 0 1 1 1 1 4 

MUL = Multiply (unsigned)' l' 1 1 1 01 1 w mod 100 r:m I 
Register-Byte 26-28 
Register-Word 35-37 
Memory-Byte 32-34 
Memory-Word 41-43 

INUL = Integer multiply (Signed): l' 1 1 1 0 1 1 wi modl0l rim I 
Register-Byte 25-28 
Register-Word 34-37 
Memory-Byte 31-34 
Memory-Word 40,..43 

, IMU[ ;;'integer'tmmedlatemu1t;PiY '" "'10 11 01 0 S '1 mOd reg pm I tiara I data ifs"'O I '~22:25/29;:32~* 
~A.lslll!lllQl '~'A*A'"_"'~""'~'A' ,_~~;.u," ~ -"",~,-, ~ ,N,,%N"'~~"""""I.0»'i. « __ ~~ __ ._''''''' '"""",~ -..A''''<»'W .... ~ ... > ....... ..;, iN"" ..:w ...... w.,,_=~»~'N~'" .,,,,,," M':>..-»>..«-'0.~, 

DIY = DiVide (unsigned): l' 1 1 1 a 1 1 wi mod 11 0 r'm I 
Register-Byte 29 
Reglster-Wortl 

I 38 
Memory-Byte 35 
Memory-Word 44 

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

All mnemonics copyright of Intel Corp. 1983. 
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INSTRUCTION SET SUMMARY (Continued) 

Clock 
FUNCTION FORMAT Cycles Comments 

ARITHMETIC (Contlnuedl: 

IDlY = Integer divide (slgnedl' 11 1 1 1 0 1 1 wi mod 111 rm I 44-52 
Register-Byte 
Register-Word 53-61 
Memory-Byte 50-58 
Memory-Word 59-67 
AAM 'I ASCII adlust lor multiply 11 10101001000010101 19 
AAO = ASCI I adlust lor divide 11 10101011000010101 15 
caw = Convert byte to word 11 o 0 1 1 00 0 1 2 
cwo = Convert word to double word 11 o 0 1 1 o 0 1 1 4 

LOGIC 
ShiH/Rotate Instructions: 
Register/Memory by 1 11 101000wl mod m rm 1 2/15 
Register/Memory by CL 11 1 0 1 001 wi mod m rm~ 

'~~~!stetiMe'mory6i Count ,-" ."~ A'~"vc""'" 11 100000wl mod m rm I count I··~.~·~.~ 1-s4='nV?"4:~r" 
~""""""""'<1' __ ~_' 

m Instruction 
o 0 0 RDL 
0.0 1 RDR 
o 1 0 RCL 
o 1 1 RCR 
1 0 0 SHLSAL 
1 0 1. SHR 
111 SAR 

AND=And: 
Reg:memory and register to either 10 0 1 0 0 0 d w I mod reg rm 1 3/10 
Immediate to register1memory 11 OOOOOOwl mod 1 00 rm I data I data II w = 1 I 4/16 
Immediate to accumulator 10010010wl data I data II w = 1 I 3/4 8/16-bit 

TEST = And function to flags, no result: 
Reglster;memory and register 11 000010wl mod reg rm 1 3/10 
Immediate data and register/memory 11 1 1 1 01 1 wi mod 0 0 0 r'm I data I data II w = 1 1 4/10 
Immediate data and accumulator 11 010100wl data 1 data II w= 1 1 3/4 8/16-bit 

OR=Or: 
Reg/memory and register to either 1000010dwi mod reg rm 1 3/10 
Immediate to register/memory 11 00 0 0.00 wi mod 00 1 rm 1 data I data II w = 1 1 4/16 
Immediate to accumulator 10 00 0 1 1 0 wi data I data Ilw= 1 1 3/4 8/16-bit 

XOR = Exclusive or: 
Reg/memory and register to either 10 01100dwl mod reg r'm 1 3/10 
Immediate to register/memory 11 OOOOOOwl mod 11 O· r'm I data I data II w = 1 1 4/16. 
Immediate to accumulator 10 o 1 101"O w l data I data Ilw = 1 I 3/4 8/16-bit 
NOT = Invert register/memory 11 11 1 0 1 1 wi mod 0 10 r'm 1 3 

STRING MANIPULATION: 
MOYS = Move byte/word 11 010010wl 8+8n 
CMPS = Compare byte!word 11 01 00 1 1 wi 5+22n 
SCAS = Scan byte:word 11 01 0 1 1 1 wi 5+15n 
LODS = Load byte:wd to AliAX 11 01 0 1 1 0 wi 6+11 n 
STOS = Stor byte:wd Irom ALA 11 01 0 1 01 wi 6+9n 

wlIlS;';Tnpuf bYtelWl/ from"Dxport " ~'.' .. ~, 
10 1 1 01 10 wi .~ I:· I· . . " 

OUTS", Outpyt byte:~ to OX P?~. 
~ "N < 10 1 1 0 1 1 1 wi .. • •• w M: ..... M '" '" : ................. . ""'" L ..... M: .. :c .... ....... . ... 

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

All mnemonics copyright of Intel Corp. 1983. 
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INSTRUCTION SET SUMMARY (Continued) 

FUNCTION FORMAT 

STRING MANIPULATION (Continuedl: 
Repeated by count In ex 
MOYS 7 Mo~e string 11 

:==-=;=:::::;:::;=~:::::=: 
CMPS = Compare string ~Il=====::;=====~ 
SeAS = Scan string 11 

:==-=;=::;:::;:::;====~ 
LODS = Load-stflng ~Il==~:::;:===*======~ 
STOS = Store string 11 

11 1 0 0 1 1101oo10wl 

11 1 0 0 1 z 11 0 1 0 0 1 1 w I 

11 1 0 0 1 z 11 0 1 0 1 1 1 W I 
11 1 0 0 1 11 0 1 0 1 , 0 w I 
'1 I 0 0 I I I 0 I a I a 1 w I 

-iNFiilpiit 51170g "." ~\.Il-.,.;._-.,.;...;;...;...;;:-J.':-"';"':-_':"':';..j 11 1 00 1 101 10 i lOW I 

OUTS". Output SIring 11 11 1001 

CALL = Call: 
Direct within segmenl 11 1 1 0 1 a 0 0 1 dlsp-Iow dlsp-hlgh 

RegISter memory 11 1111 11 11 modO lOr m 
Indirect within segment 
Direct mtersegmenl 11 00 1 o I segment offset 

segment seleClor 

Indirect Intersegment 11 111111 1 modO 11 r m (mod rIll 

JMP = Unconditional jump: 
Short long 11 1 1 0 1 0 1 11 dlsp-Iow 'I 
Direct within segment 11 1 1 0 1 00 11 dlsp-Iow 1 dlsp-hlgh 

Register memory indirect Within segment 11 11 lIt 1 11 mod 1 a arm I 
Direct mtersegment 11 11 o 1 0 1 a 1 segment offset 

I segment selector 

Indirect Intersegment 11 111111 1 mod 101 r m (mod., III 

RET = Return from CALL: 
W,thm segment 11 1 0 0 0 0 I 1 
Within seg adding Immed to SP II 1 a 0 0 0 1 a I data-low data-high 

Intersegment 11 1 0 0 1 0 1 1[ 

Intersegment adding Immediate to SP II I 0 0 1 a I o I data-low data-high 

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

All mnemonics copyright of Intel Corp. 1983. 
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Clock 
Cycles 

14 
22 
15 
12 
10 

14 
13/19 

23 

38 

13 
13 

11/17 

13 

26 

16 
18 
22 

25 

iAPX186 

Comments 
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INSTRUCTION SET SUMMARY (Continued) 

FUNCTION FORMAT 

CONmOl TRANSFER (Continued): 

JEI JZ = Jump on eflual ~ro 10 1 1 1 0 1 0 0 dlsp 

JLJJNGE = JtJmpon less not greater or eflual 10 1 1 1 1 1 0 0 dlsp 

JlElJNG = Jump on tess or eQual not greater 10 1 1 1 1 1 1 0 disp 

JB/JNAE = Jump on below not alIove or eflual 10 1 1 1 0 0 1 0 disp 

JBElJNA = Jump on below or eflual not above 10 1 1 1 0 1 1 0 dlsp 

JP/JPE = Jump on panty panty Mn 10 1 1 1 1 0 1 0 dlsp 

JO = Jump on overflow 101110000 dlSp 

JS=JumponSlgn 10 1 1 1 1 00 0 dlSP 

JNElJNZ = Jump on not eflual not zero 10 1 1 1 0 1 0 1 disp 

JNLJJGE = Jump on not less greater or eQual 10 1 1 1 1 1 0 1 dlSP 

JNlElJG = Jump on not less oreflual greater 10 1 1 1 1 1 1 1 dlsp 

JNB/JAE = Jump on not belOw alIove or eflual 10 1 1 1 0 0 1 1 disp 

JNBElJA = Jump on not below or eflual above 10 1 1 1 0 1 1 1 dlsp 

JNP/JPO = Jumponnotpar par odd 10 1 1 1 1 0 1 1 dlsp 

JNO = Jump on not overflow 10 1 1 1 0 0 0 1 dlsp 

JNS = Jump on not ~gn 10 1 1 1 1 0 0 1 dlsP 

LOOP = LoopCXhmes 11 1 1 0 0 0 1 0 disp 

LOOPZllOOPE = Loop wMe mo eflual 11 1 1 0 0 0 0'1 dlsp 

LOOPNZllOOPNE = Loop while not zero eflual 11 1100000 dlsp 

JCXZ = Jump In CX zero 11 1 1 0 0 0 1 1 dlsP 

'amJF;EnterPrOCedijre"~' ., ... '" .. , ..... " 1 0 0 1 0 0 0 I data-low datHli9h .1 .l 
l~O ~~~~~~--~~~~~~~ .. ~~~--~ 
l",l 
L>l 

Clock 
Cycles 

4/13 

4/13 
4/13 
4/13 
4/13 

4/13 
4/13 
4/13 

4/13 
4/13 

4/13 

4/13 

4/13 
4/13 

4/13 
4/13 
5/15 
6/16 
6/16 
16 
5 

1S 
25 

Comments 

13 if JMP 
taken 

4 if JMP 
not taken 

JMP takenl 
JMP not taken 

.2~+16(n~1) « 

. ~~~ :.~!~~ .. ~~c~~Le ...... ~ ..•. _ ..... _ .......... '_' __ '_~~_'''''«_'''_''~'''''''' _ .. ~~ ___ .... 80.' ___ "'_' ~~~.~_ ..... ~_~ ... «~ •• 

INT = Interrupt: 
Type specified 

Type 3 

INTO = Interrupt on overflow 

IRET = Interrupt return 

11 1 0 0 1 1 0 0 I 
11 1 0 0 1 1 1 0 I 

11 1 0 0 1 1 1 1 I 

type 

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

All mnemonics copyright of Intel Corp. 1983. 
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47 

45 
48/4 

28 

if INT. takenl 
if INT. not 

taken 
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INSTRUCTION SET SUMMARY (Continued) 

FUNCTION FORMAT 

PROCESSOR CONTROL 
CLC = Clear carry l' 1 1 1 1 0 0 0 

CMC = ComplelT)ent carry l' 1 1 1 0 1 0 1 

STC = Set carry l' 1 1 1 1 0 0 1 

CLO = Clear direction l' 1 1 1 1 1 0 0 

STO = Set direction l' 1 1 1 1 1 0 1 

ell = Clear interrupt l' 1 1 1 1 01 0 

STI = Set interrupt l' 1 1 1 1 0 1 1 

HLT= Halt l' 1 1 1 0 1 0 0 

WAIT = Wait l' 00 1 1 0 1 1 

LOCK = Bus lock prefix l' 1 1 1 0 0 0 0 

ESC = Processor Extension Escape 110011TTT mod LLL rim I 
(TIT LLL are opcode to processor extension) 

FOOTNOTES 

The effective Address (EA) of the memory operand is 
computed according to the mod and rim fields: 

if mod = 11 then rim is treated as a REG field 

if mod = 00 then OISP = 0*, disp-Iow and disp-high 

are absent 

if mod = 01 then OISP = disp-Iow sign-extended to 

16-bits, disp-high is absent 

if mod == 10 then OISP = disp-high: disp-Iow 

if rim = 000 then EA = (BX) + (SI) + OISP 

if· rim = 001 then EA = (BX) + (01) + OISP 

if rim = 010 then EA = (BP) + (SI) +·OISP 

if rim = 011 then EA = (BP) + (01) + OISP 

if rim = 100 then EA = (SI) + OISP 

if rim = 101 then EA = (01) + OISP 

if rim = 110 then EA = (BP) + OISP* 

if rim = 111 then EA = (BX) + OISP 

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

"except if mod = 00 and rim = 110 then EA = disp-high: disp-/ow. 

SEGMENT OVERRIDE PREFIX 

I 0 0 1 reg 1 1 0 I 
reg is assigned according to the following: 

reg 
'Segment 
Register 

00 ES 

01 CS 

10 SS 

11 OS 
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Clock 
Cycles Comments 

2 

2 
2 

2 

2 

2 

2 

2 

6 if test = 0 

2 

6 

REG is assigned according to the following table: 

16·Blt (w = 1) 8·Blt (w = 0) 
000 AX 000 AL 

001 CX 001 CL 

010 OX 

011' BX 

100 SP 

101 BP 

110 SI 

111 01 

010 OL 

011 BL 

100 AH 

101 CH 

110 OH 

111 BH 

The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses of the destination op
erands of the string primitive operations (those ad
dressed by the 01 register) are computed using the gs 
segment, which may not be over~idden. 



iAPX 286 
High Performance Microprocessor with 

Memory Management and Protection 
ADVANCE INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• High performance 8 and 10MHz processor 
(up to six times iAPX 86) 

• Large address space 
- 16 megabytes physical' 
- 1 gigabyte virtual per task 

• Integrated memory management, four-level memory 
protection and support for virtual memory and operating 
systems 

• Two iAPX 86 upward compatible operating modes 
- iAPX 86 real address mode 
- Protected virtual address mode 

• Optional processor extension 
- iAPX 286/287 high performance 80-bit numeric data 

processor 
• High ba"ndwidth bus interface 

(8 or 10 megabyte/sec) 

GENERAL DESCRIPTION 

The iAPX 286 (80286 part number) is an advanced, high 
performance microprocessor with specially optimized 
capabilities for multiple user and multi-tasking systems. 
The 80286 has bUilt-in memory protection that supports 
operating system and task isolation as well as program 
and data privacy within tasks. A 10MHz iAPX 286 provides 
up to six times greater throughput than the standard 5MHz 
iAPX 86. The 80286 includes memory management 
capabilities that map up to 230 bytes (one gigabyte) of vir
tual address space per task into 224 bytes (16 megabytes) 
of physical memory. 

The iAPX 286 is upward compatible with iAPX 86 and 88 
software. Using iAPX 86 real address mode, the 80286 is 
object code compatible with existing iAPX 86, 88 software. 
In protected virtual address mode, the 80286 is source 
code compatible with iAPX 86, 88 software and may re
quire upgrading to use virtual addresses supported by the 
80286's integrated memory management and protection 
mechanism. Both modes operate at full 80286 perfor
mance and execute a superset of the iAPX 86 and 88's 
instructions. 

The 80286 provides special operations to support the effi~ 
cient implementation and execution of operating systems. 
For example, one instruction can end execution of one 
task, save its state, switch to a new task, load its state, 
and st5lrt execution of the new task. The 80286 also sup
ports virtual memory systems by providing a segment
not-present exception and restartable instructions. 

Figure 1. 80286 Internal Block Diagram 

r---------------------------, 
I ADDRESS UNIT (AU) 

I 
I 
I 
I 
I SEGMENT 
I B~~ \ 
I 
I SEGMENT 
I SIZES 

I 
I 
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Figure 2. 80286 Pin Configu'ration 
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Note: N.C. pads must not be connected. 

Table 1. Ph; Description 

The following pin function descriptions are for the 80286 microprocessor: 

Symbol Type Name and Function 
elK I System Clock provides the fundamental timing for iAPX 286 systems. It is a 16 MHz signal divided 

by two inside the 80286 to generate the 8 MHz processor clock. The internal divide-by-two circuitry 
can be synchronized to an external clock generator by a LOW to HIGH transition on the RESET 
input. 

015-0 0 1/0 Data Bus inputs data during memory, 1/0, and interrupt acknowledge read cycles; outputs data 
during memory and 1/0 write cycles. The data bus is active HIGH and floats to 3-state OFF during 
bus hold acknowledge. 

A23-AO 0 Address Bus outputs physical memory and 1/0 port addresses. AD is LOW when data is to be 
transferred on pins 07-0. A23-A16 are LOW during 1/0 transfers. The address bus is active HIGH 
and floats to 3-state OFF during bus hold acknowledge. 

SHE 0 Bus High Enable indicates transfer of data on the upper byte of the data bus, 015:=8:....Eight-bit 
oriented devices assigne<!..!2..-the upper byte of the data bus would normally use SHE to con-
dition chip select functions. SHE is active LOW and floats to 3-state OFF during bus hold acknowledge. 

BHE and AO Encodings 
BHEValue AOValue Function 

0 0 Word transfer 
0 1 Byte transfer on upper half of data bus (015-8) 
1 0 Byte transfer on lower half of data bus (07-0) 
1 1 Reserved 
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Table 1. Pin Description (Cont.) 

Symbol Type Name and Function 

S1, SO a Bus Cycle Status indicates initiation of a bus cycle and, along with MilO and COD/INTA, defines the 
type of bus cycle. The bus is in a Ts state whenever one or both are Law. S1 and SO are active LOW 
and float to 3-state OFF during bus hold acknowledge. 

80286 Bus Cycle Status Definition 
COO/INTA MilO S1 SO Bus cycle Initiated 

o (LOW) 0 0 0 Interrupt acknowledge 
0 0 0 1 Reserved 
0 0 1 0 Reserved 
0 0 1 1 None; not a status cycle 
0 1 0 0 IF A 1 = 1 then halt; else shutdown 
0 1 0 1 Memory data read 
0 1 1 0 Memory data write 
0 1 1 1 None; not a status cycle 
1 (HIGH) 0 0 0 Reserved 
1 0 0 1 1/0 read 

I 
1 0 1 0 1/0 write 
1 0 1 1 None; not a status cycle 
1 1 0 0 Reserved 
1 1 0 1 Memory instruction read 
1 1 1 0 Reserved 
1 1 1 1 None; not a status cycle 

MilO a Memory/lO Select distinguishes memory access from I/O access. If HIGH during T s, a memory 
cycle or a halt/shutdown cycle is in progress. If LOW, an I/O cycle or an interrupt acknowledge cycle 
is in progress. M/iQ,floats to 3-state OFF during bus hold acknowledge. 

COD/INTA a Code/lnterrupt Acknowledge distinguishes instruction fetch cycles from memory data read cycles. 
Also distinguishes interrupt acknowledge cycles from 1/0 cycles. COD/INTA floats to 3-state OFF 
during bus hold acknowledge. 

LOCK a Bus Lock indicates that other system bus masters are not to gain control of the system bus following 
the current bus cycle. The LOCK Signal may be activated explicitly by the "LOCK': instruction prefix 
or automatically by 80286 hardware during memory XCHG instructions, interrupt acknowledge, or 
descriptor table access. LOCK is e.ctive LOW and floats to 3-state OFF during bus hold acknowledge. 

READY I Bus Ready terminates a bus cycle. Bus cycles are extended without limit until terminated by READY 
Law. READY is an active LOW synchronous input requiring setup and hold times relative to the 
system clock be met for correct operation. READY is ignored during bus hold acknowledge. 

HOLD I Bus Hold Request and Hold Acknowledge control ownership of the 80286 local bus. The HOLD 
HLDA a input allows another local bus master to request control of the local bus. When control is granted, the 

80286 will float its bus drivers to 3-state OFF and then activate HLDA, thus entering the bus hold 
acknowledge condition. The local bus will remain granted to the requesting master until HOLD 
becomes inactive which results in the 80286 deactivating HLDA and regaining control of the local 
bus. This terminates the bus hold acknowledge condition. HOLD may be asynchronous to the system 
clock. These signals are active HIGH. 

INTR I Interrupt Request requests the 80286 to suspend its current program execution and service· a 
pending external request. Interrupt requests are masked whenever the interrupt enable bit in the' 
flag word is cleared. When the 80286 responds to an interrupt request, it performs two interrupt 
acknowledge bus cycles to read an 8-bit interrupt vector that identifies the source of the interrupt. To 
assure program interruption, INTR must remain active until the first interrupt acknowledge cycle is 
completed. INTR is sampled at the beginning of each processor cycle and must be active HIGH at 
least two processor cycles before the current instruction ends in order to interrupt before the next 
instruction. INTR is level sensitive, active HIGH, and may be asynchronous to the system clock. 

NMI I Non-maskable Interrupt Request interrupts the 80286 with an internally supplied vector value of 
2. No interrupt acknowledge cycles are performed. The interrupt enable bit in the 80286 flag word 
does not affect this input. The NMI input is active HIGH, may be asynchronous to the system clock, 
and is edge triggered after internal synchronization. For proper recognition, the input must have 
been previously LOW for at least four system clock cycles and remain HIGH for at least four system 
clock cycles. 
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Table 1. Pin Description (Cont.) 

Symbol Type Name and Function 

PEREQ I Processor Extension Operand Request and Acknowledge extend the memory management 
PEACK 0 and protection capabilities of the 80286 to processor extensions. The PEREQ input requests the 

80286 to perform a data operand transfer for a processor extension. The PEACK output signals the 
processor extension when the requested operand is being transferred. PEREQ is active HIGH and 
may be asynchronous to the system clock. PEACK is active LOW. 

BUSY I Processor Extension Busy and Error indicate the operating condition of a processor extension to 
ERROR I the 80286. An active BUSY input stops 80286 program execution on WAIT and some ESC instruc-

tions until BUSY becomes inactive (HIGH). The 80286 may be interrupted while waiting for BUSY to,' 
become inactive. An active ERROR input causes the 80286 to perform a processor extension inter-
rupt when executing WAIT or some ESC instructions. These inputs are active LOW and may be 
asynchronous to the system clock. 

RESET I System Reset clears the internal logic of the 80286 and is active HIGH. The 80286 may be re-
initialized at any time with a LOW to HIGH transition on RESET which remains active for more than 
16 system clock cycles. During RESET active, the output pins of the 80286 enter the state shown 
below: 

80286 Pin State During Reset 
Pin Value Pin Names 

1 (HIGH) SO, S1. PEACK. A23-AO. BHE, LOCK 
o (LOW) MIlO, COOIINTA. HLOA 
3-state OFF 015-0 0 

Operation of the 80286 begins after a HIGH to LOW transition on RESET. The HIGH to LOW transi-
tion of RESET must be synchronous to the system clock. Approximately 50 system clock cycles are 
required by the 80286 for internal initializations before the first bus cycle to fetch code from the 
power-on execution address is performed. 

A LOW to HIGH transition of RESET synchronous to the system clock, will begin a new processor 
cycle at the next HIGH to LOW transition of the system clock. The LOW to HIGH transition of RESET 
may be asynchronous to the system clock; however, in this case it can not be predetermined which 
phase of the processor clock will occur during the next system clock period. Synchronous LOW to 
HIGH transitions of RESET are only required for systems where the processor clock must be phase 
synchronous to another clock. 

VSS I System Ground: 0 VOLTS. 

Vee I System Power: + 5 Volt Power Supply. 

CAP I Substrate Filter Capacitor: a 0.047J,.d :!:: 20% 12V capacitor must be connected between this pin 
and ground. This capacitor filters the output of the internal substrate bias generator. A maximum DC 
leakage current of 1 f..la is allowed through the capacitor. 

For correct operation of the 80286, the substrate bias generator must charge this capacitor to its 
operating voltage. The capacitorchargeup time is 5 milliseconds (max.) after Vee and CLK reach 
their specified AC and DC parameters. RESET may be applied to prevent spurious activity by the 
CPU during this time. After this time, the 80286 processor clock can be phase synchronized to 
another clock by pulsing RESET LOW synchronous to the system clock. 
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FUNCTIONAL DESCRIPTION 
Introduction 
The 80286 is an advanced, high-performance micro
processor with specially optimized capabilities for mUl
tiple user and multi-tasking systems. Depending on the 
application, the 80286's performance is up to six times 
faster than the standard 5 MHz 8086's, while providing 
complete upward software compatibility with Intel's iAPX 
86,88, and 186 family of CPU's. 

The 80286 operates in two modes: iAPX 86 real address 
mode and protected virtual address mode. Both modes 
execute a superset of the iAPX 86 and 88 instruction set. 

In iAPX 86 real address mode programs use real ad
dresses with up to one megabyte of address space. Pro
grams use virtual addresses in protected virtual address 
mode, also called protected mode. In protected mode, 
the 80286 CPU automatically maps 1 gigabyte of virtual 
addresses per task into a 16 megabyte real address 
space. This mode also provides memory protection to 
isolate the operating system and ensure privacy of each 
tasks' programs and data. Both modes provide the same 
base instruction set, registers, and addressing modes. 

The following Functional Description describes first, the 
base 80286 architecture common to both modes, sec
ond, iAPX 86 real address mode, and third, protected 
mode. 

iAPX 286/10 BASE ARCHITECTURE 
The iAPX 86,88, 186, and 286 CPU family all contain 
the same basic set of registers, instructions, and ad
dressing modes. The 80286 processor is upward com
patible with the 8086, 8088, and 80186 CPU's. 

Register Set 
The 80286 base architecture has fifteen registers as 
shown in Figure 3. These registers are grouped into the 
following four categories: 

, General Registers: Eight 16-bit general purpose reg
isters used to contain arithmetic and logical operands. 
Four of these (AX, BX, CX, and OX) can be used either 
in their entirety as 16-bit words or split into pairs of sep
arate 8-bit registers. 

Segment Registers: Four 16-bit special purpose reg
isters select, at any given time, the segments of memory 
that are immediately addressable for code, stack, and 
data. (For usage, refer to Memory Organization.) 

Base and Index Registers: Four of the general pur
pose registers may also be used to determine offset ad
dresses of operands in memory. These registers may 
contain base addresses or indexes to particular loca
tions within a segment. The addressing mode deter
mines the specific registers used for operand address 
calculations. 

Status and Control Registers: Three 16-bit special 
purpose registers record or control certain aspects of 
the 80286 processor state. These include the Instruc
tion Pointer, which contains the offset address of the 
next sequential instruction to be executed. 

Figure 3. Register Set 
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Figure 3a. Status and Control R,egister Bit Functions 

STATUS FLAGS: 

CARRY ------------------------, 

PARITY ---------------------, 

AUXILIARY CARRY ----------------, 

ZERO -------------, 

FLAGS: 

CONTROL FLAGS: 

'------- TRAP FLAG 

'--------- INTERRUPT ENABLE 

'----------- DIRECTION FLAG 

SPECIAL FIELDS: 
L..-______________ VO PRIVILEGE LEVEL 

L..-________________ NESTED TASK FLAG 

TASK SWITCH ~RESERVED 
PROCESSOR EXTENSION EMULATED -----' 

MONITOR PROCESSOR EXTENSION _____ --' 

Flags Word Description 
The Flags word (Flags) records specific characteristics 
of the result of logical and arithmetic instructions (bits 0, 
2,4, 6, 7, and 11) and controls the operation of the 80286 
within a given operating mode (bits 8 and 9). Flags is a 
16-bit register. The function of the flag bits is given in 
Table 2. 

Instruction Set 
The instruction set is divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipula
tion, control transfer, high level instructions, and pro
cessor control. These categories are summarized in 
Figure 4. 

An 80286 instruction can reference zero, one, or two 
operands; where an operand resides in a register, in the 
instruction itself, or in memory. Zero-operand instruc
tions (e.g. NOP and HLT) are usually one byte long. One
operand instructions (e.g. INC and DEC) are usually two 
bytes long but some are encoded in only one byte. One
operand instructions may reference a register or mem
ory location. Two-operand instructions permit the follow
ing six types of instruction operations: 

-Register to Register 
-Memory to Register 
~Immediate to Register 
-Memory to Memory 
-Register to Memory 
-Immediate to Memory 
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PROTECTION ENABLE --------' 

Table 2. Flags Word Bit Functions 

Bit Name Function Position 

0 CF Carry Flag-Set on high-order bit 
carry or borrow; cleared otherwise 

2 PF Parity Flag-Set if low-order 8 bits 
of result contain an even number of 
1-bits; cleared otherwise 

4 AF Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise 

6 ZF Zero Flag-Set if result is zero; 
cleared otherwise 

7 SF Sign Flag-Set equal to high-order 
bitofresult(Oifpositive,1 if negative) 

11 OF Overflow Flag-Set if result is a too-
large positive number or a too-small 
negative number (excluding sign-bit) 
to fit in destination operand; cleared 
otherwise 

8 TF Single Step Flag-Once set, a sin-
gle step interrupt occurs after the 
next' instruction executes. TF is 
cleared by the single step interrupt. 

9 IF Interrupt-enable Flag-When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter-
rupt vector specified location. 

10 OF Direction Flag-Causes string 
instructions to auto decrement 
the appropriate index registers 
when'set. Clearing OF causes 
auto increment. 
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Two-operand instructions (e.g. MOV and ADD) are usu- Flgure4b. Arithmetic Instructions 
ally three to six bytes long. Memory to memory opera-
tions are provided by a special class of string instructions ADDITION 
requiring one to three bytes. For detailed instruction for- ADD Add byte or word 
mats and encodings refer to the instruction set summary ADC Add byte or word with carry 
at the end of this document. 

INC Increment byte or word by 1 

AAA ASCII adjust for addition 

Figure 4a. Data Transfer Instructions DAA Decimal adjust for addition 

SUBTRACTION 
GENERAL PURPOSE SUB Subtract byte or word 

MOV Move byte or word SBB Subtract byte or word with borrow 
PUSH Push word onto stack DEC Decrement byte or word by 1 I 

POP Pop word off stack NEG Negate byte or word . 
PUSHA Push all registers on stack CMP Compare byte or word 
POPA Pop all registers from stack AAS ASCII adjust for subtraction 
XCHG Exchange byte or word DAS Decimal adjust for subtraction 
XLAT Translate byte MULTIPLICATION 

INPUT/OUTPUT MUL Multiply byte or word unsigned 
IN Input byte or word IMUL Integer multiply byte or word 
OUT Output byte or word AAM ASCII adjust for multiply 

ADDRESS OBJECT DIVISION 
LEA Load effective address DIV Divide byte or word unsigned 
LDS Load pointer using DS IDIV Integer divide byte or word 
LES Load pointer using ES AAD ASCII adjust for division 

FLAG TRANSFER CBW Convert byte to word 
LAHF Load AH register from flags CWD Convert word to doubleword 
SAHF Store AH register in flags 

PUSHF Push flags onto stack 

POPF Pop flags off stack 

\ 

Flgure4c. String Instructions Figure4d. Shift/Rotate/Logicallnstructions 

MOVS Move byte pr word string LOGICALS 
INS Input bytes or word string NOT "Not" byte or word 
OUTS Output bytes or word string AND "And" byte or word 

CMPS Compare byte or word string OR "Inclusive or" byte or word 

SCAS Scan byte or word string XOR "Exclusive or" byte or word 

LODS Load byte or word string TEST "Test" byte or word 

STOS Store byte or word string SHIFTS 
REP Repeat SHUSAL Shift logical/arithmetic left byte or word 
REPE/REPZ Repeat while equal/zero SHR Shift logical right byte or word 
REPNE/REPNZ Repeat while not equal/not zero SAR Shift arithmetic right byte or word 

ROTATES 
ROL Rotate left byte or word 

ROR Rotate right byte or word 

RCL Rotate through carry left byte or word 

RCR Rotate through carry right byte or word 

All mnemonics copyright Intel Corp. 
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Figure4e. Program Transferlnstructlons 

CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS 

JAlJNBE Jump if above/not below nor equal CALL Call procedure 

JAE/JNB Jump if above or equal/not below RET Return from procedure 

JB/JNAE Jump if below/not above nor equal JMP Jump 

JBE/JNA Jump if below or equal/not above 

JC Jump if carry ITERATION CONTROLS 

JE/JZ Jump if equal/zero 

JG/JNLE Jump if greater/not less nor equal LOOP Loop 

JGE/JNL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero 

JUJNGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero 

JLE/JNG Jump if less or equal/not greater JCXZ Jump if register CX = 0 

JNC Jump if not carry 

JNE/JNZ Jump if not equal/not zero INTERRUPTS 

JNO Jump if not overflow 

JNP/JPO Jump if not parity/parity odd INT Interrupt 

JNS Jump if not sign INTO Interrupt if overflow 

JO Jump if overflow IRET Interrupt return 

JP/JPE Jump if parity/parity even 

JS Jumpifsign 

.. 
Figure4f. Processor Control Instructions Memory Organization 

FLAG OPERATIONS 
Memory is organized as sets of variable length seg-
ments. Each segment is a linear contiguous sequence 

STC Set carry flag of up to 64K (216) a-bit bytes. Memory is addressed us-
CLC Clear carry flag ing a two-component address (a pointer) that consists 

CMC Complement carry flag of a 16-bit segment selector, and a 16-bit offset. The 

STD Set direction flag segment selector indicates the desired segment in 

CLD Clear direction flag 
memory. The offset component indicates the desired byte 

STI Set interrupt enable flag 
address within the segment. 

CLI Clear interrupt enable flag 

EXTERNAL SYNCHRONIZATION FigureS. Two Component Address 
~, 

HLT Halt until interrupt or reset 

WAIT Wait for BUSY not active 

ESC Escape to extension processor ~ ~ 
LOCK Lock bus during next instruction POINTER 

~ 

NO OPERATION 
I I I NOP No operation SEGMENT OFFSET 

31 1615 0 

EXECUnONEN~RONMENTCONTROL T OPERAND 
SELECTED SELECTED 

LMSW Load machine status word SEGMENT 

SMSW Store machine status word 

Figure 4g. High Level Instructions 

ENTER Format stack for procedure entry ~ ~ 
LEAVE Restore stack for procedure exit MEMORY 

BOUND Detects values outside prescribed range 

All mnemonics copyright Intel Corp. 
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Table 3. Segment Register Selection Rules 

Memory 
Reference Needed 

Segment Register 
Used 

Implicit Segment 
Selection Rule 

Instructions Code (CS) Automatic with instruction prefetch 

Stack Stack (SS) All stack pushes and pops. Any memory reference which uses BP as (l 
base register. 

Local Data Data (DS) All data references except when relative to stack or string destination 

External (Global) Data Extra (ES) Alternate data segment and destination of string operation 

All instructions that address operands in memory must 
specify the segment and the offset. For speed and com
pact instruction encoding, segment selectors are usu
ally stored in the high speed segment registers. An 
instruction need 'specify only the desired segment reg
ister and an offset in order to address a memory operand. 

Most instructions need not explicitly specify which seg
ment register is used. The correct segment register is 
automatically chosen according to the rules of Table 3. 
These rules follow the way programs are written (see 
Figure 6) as independent modules that require areas for 
code and data, a stack, and access to external data areas. 

Special segment override instruction prefixes allow the 
implicit segment register selection rules to be overrid
den for special cases. The stack, data, and extra seg
ments may coincide for simple programs. To access 
operands that do not reside in one of the four immedi
ately available segments, either a full 32-bit pointer can 
be used or,a new segment selector must be loaded. 

Addressing Modes, 
The 80286 provides a total of eight addressing modes 
for instructions to specify operands. Two addressing 
modes are provided for instructions that operate on reg
ister or immediate operands:,. 

Register Operand Mode: The operand is located in 
one of the 8 or 16-bit general registers. 

Immediate Operand Mode. The operand is included 
in the instruction. 

Six modes are provided to specify the location of an op
erand in a memory segment. A memory operand ad
dress consists of two 16-bit components: segment 
selector and offset. The segment selector is supplied by 
a segment register either implicitly chosen by the ad
dressing mode or explicitly chosen by a segment over
ride prefix. The offset is calculated by summing any 
combination of the following three address elements: 

the displacement (an 8 or 16-bit immediate value 
contained in the instruction) 

the base (contents of either the BX or BP base 
registers) 

the index (contents of either the SI or 01 index registers) 
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Any carry out from the 16-bit addition is ignored. Eight
bit displacements are sign extended to 16-bit values. 

Combinations of these three address elements define 
the six memory addressing modes, described below. 

Direct Mode: The operand's offset is contained in the 
instruction as an 8 or 16-bit displacement element. 

Register Indirect Mode: The operand's offset is in one 
of the registers SI, 01, BX, or BP. 

Based Mode: The operand's offset is the sum of an 8 or 
16-bit displacement and the contents of a base register 
(BXorBP). 

Figure 6. Segmented Memory Helps 
Structure Software 
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Indexed Mode: The operand's offset is the sum of an 8 
or 16-bit displacement and the contents of an index reg
ister (SI or 01). 

Based Indexed Mode: The operand's offset is the sum 
of the contents of a base register and an index register. 

Based Indexed Mode with Displacement: The oper
and's offset is the sum of a base register's contents, an 
index register's contents, and an 8 or 16-bit displacement. 

Data Types 
The 80286 directly supports the follow4ng data types: 

Integer: 

Ordinal: 

Pointer: 

String: 

ASCII: 

BCD: 

A signed binary numeric value con
tained in an 8-bit byte or a 16-bit word. 
All operations assume a 2's comple
ment representation. Signed 32 and 64-
bit integers are supported using the iAPX 
287 Numeric Data Processor. 

An unsigned binary numeric value con
tained in an 8-bit byte or 16-bit word. 

A 32-bit quantity, composed of a seg
ment selector component and an offset 
component. Each component is a 16-bit 
word. 

A contiguous sequence of bytes or 
words. A string may contain from 1 byte 
to 64K bytes. 

A byte representation of alphanumeric 
and control characters using the ASCII 
standard of character representation. 

A byte (unpacked) representation of the 
decimal digits 0-9. 

Packed BCD: A byte (packed) representation of two 
decimal digits 0-9 storing one digit in 
each nibble of the byte. 

. Floating Point: A signed 32, 64, or 80-bit real number 
representation. (Floating point oper
ands are supported using the iAPX 
287 Numeric Processor configuration.) 

Figure 7 graphically represents the data types sup
ported by the iAPX 286. 

I/O Space 
The I/O space consists of 64K 8-bit or 32K 16-bit ports. 
I/O instructions address the I/O space with either an 8-
bit port address, specified in the instruction, or a 16-bit 
port address in the OX register. 8-bit port addresses are 
zero extended such that A1s-Aa are LOW. I/O port ad
dresses 00F8(H) through OOFF(H) are reserved. 
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Figure 7. iAPX 286 Supported Data Types 
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Table 4. Interrupt Vector Assignments 

Interrupt Related 
Return Address 

Function Before Instruction 
Number Instructions Causing Exception? 

Divide error exception 

Single step interrupt 

NMI interrupt 

Breakpoint interrupt 

INTO detected overflow exception 

BOUND range exceeded exception 

Invalid opcode exception 

Processor extension not available exception 

Reserved 

Processor extension error interrupt 

Reserved 

User defined 

Interrupts 
An interrupt transfers execution to a new program loca
tion. The old program address (CS:IP) and machine state 
(Flags) are saved on the stack to allow resumption, 
of the interrupted program. Interrupts fall into three 
classes: hardware initiated, INT instructions, and instruc
tion exceptions. Hardware initiated interrupts occur 
in response to an external input and are classified 
as non-maskable or maskable. Programs may cause 
an interrupt with an INT instruction. Instruction excep
tions occur when an unusual condition, which pre
vents further instruction processing, is detected while 
attempting to execute an instruction. The return ad
dress from an exception will always point at the in
struction causing the exception and include any leading 
instruction prefixes. 

A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 0-
31, some of which are used for instruction exceptions, 
are reserved. For each interrupt, an 8-bit vector must be 
supplied to the 80286 which identifies the appropriate 
table entry. Exceptions supply the interrupt vector inter
nally. INT instructions contain or imply the vector and 
allow access to all 256 interrupts. Maskable hardware 
initiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. Non
maskable hardware interrupts use a predefined inter
nally supplied vector. 

MASKABLE INTERRUPT (INTR) 

The 80286 provides a maskable hardware interrupt re
quest pin, INTR. Software enables this input by setting 

0 DIV,IDIV Yes 

1 All 

2 All 

3 INT 

4 INTO No 

5 BOUND Yes 

6 Any undefined opcode Yes 

7 ESC or WAIT Yes 

8-15 
16 ESCorWAIT 

17-31 
32-255 
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the interrupt flag bit (IF) in the flag word. All 224 user
defined interrupt sources can share this input, yet they 
can retain separate interrupt handlers. An 8-bit vector 
read by the CPU during the interrupt acknowledge se
quence (discussed in System Interface section) identi
fies the source of the interrupt. 

Further maskable interrupts are disabled while servic
ing an interrupt by res~tting the IF but as part of the 
response to an interrupt or exception. The saved flag 
word will reflect the enable,status of the processor prior 
to the interrupt. Until the flag word is restored to the flag 
register, the interrupt flag will be zero unless specifically 
set. The interrupt return instruction includes restoring 
the flag word, thereby restoring the original status of IF. 

NON-MASKABLE INTERRUPT REQUEST (NMI) 

A non-maskable interrupt input (NMI) is also provided. 
NMI has higher priority than INTR. A typical use of NMI 
would be to activate a power failure routine. The activa
tion of this input causes an interrupt with an internally 
supplied vector value of 2. No external interrupt ac
knowledge sequence is performed. 

While executing the NMI servicing procedure, the 80286 
will service neither further NMI requests, INTR re
quests, nor the processor extension segment overrun 
interrupt until an interrupt return (IRET) instruction is ex
ecuted orthe CPU is reset.'lf NMI occurs while currently 
servicing an NMI, its presence will be saved for servic
ing after executing the first IRET instruction. IF is cleared 
at the beginning of an NMI interrupt to inhibit INTR 
interrupts. 



SINGLE STEP INTERRUPT 
The 80286 has an internal interrupt that allows pro
grams to execute one instruction at a time. It is called the 
single step interrupt and is controlled by the single step 
flag bit (TF) in the flag word. Once this bit is set, an inter
nal single step interrupt will occur after the next instruc
tion has been executed. The interrupt clears the TF bit 
and uses an internally supplied vector of 1. The IRET 
instruction is used to set the TF bit and transfer control 
to the next instruction to be single stepped. 

Interrupt Priorities 
When simultant30us interrupt requests occur, they are 
processed in a fixed order as shown in Table 5. Interrupt 
processing involves saving the flags, return address, and 
setting CS:IP to point at the first instruction of the inter
rupt handler. If other interrupts remain enabled they are 
processed before the first instruction of the current in
terrupt handler is executed. The last interrupt processed 
is therefore the first one serviced. 

Table 5. Interrupt Processing Order 

Order Interrupt 
1 INT instruction or exception 

2 Single step 

3 NMI 

4 Processor extension segment overrun 

5 INTR 

Initialization and Processor Reset 
Processor initialization or start up is accomplished by 
driving the RESET input pin HIGH. RESET forces the 
80286 to terminate all execution and local bus activity. 
No instruction or bus activity will occur as long as RE
SET is active. After RESET becomes inactive and an 
internal processing interval elapses, the 80286 begins 
execution in real address mode with the instruction at 
physical location FFFFFO(H). RESET also sets some 
registers to predefined values as shown as shown in 
Table 6. 
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Table 6. 80286 Initial Register State after RESET 

Flag word 0002(H) 
Machine Status Word FFFO(H) 
Instruction pointer FFFO(H) 
Code segment FOOO(H) 
Data segment OOOO(H) 
Extra segment OOOO(H) 
Stack segment OOOO(Hj 

Machine Status Word Description 
The machine status word (MSW) records when a task 
switch takes place and controls the operating mode of 
the 80286. It is a 16-bit register of which the lower four 
bits are used. One bit places the CPU into protected 
mode, while the other three bits, as shown in Table 7, 
control the processor extension interface. After RESET, 
this register contains FFFO(H) which places the 80286 
in iAPX 86 real address mode. 

Table 7. MSW Bit Functions 

Bit Name Function, Position 
0 PE Protected mode Enable places the 

80286 into protected mode and can 
not be cleared except by RESET. 

1 MP Monitor Processor extension al-
lows WAIT instructions to cause a 
processor extension not present 
exception (number 7). 

2 EM Emulate processor extension 
causes a processor extension not 
present exception (number 7) on 
ESC instructions to allow emulat-
ing a processor extension. 

3 TS Task Swit~hed indicates the next 
instruction using a processor ex-
tension will cause exception 7. al-
lowing software to test whether the 
current processor extension con-
text belongs to the current task. 

The LMSW and SMSW instructions can load and store 
the MSW in real address mode. The recommended use 
of TS, EM, and MP is shown in Table 8. 

Table 8. Recommended MSW Encodings For Processor Extension Control 

Instructions 
TS MP EM Recommended Use Causing 

Exception 
0 0 0 iAPX 86 real address mode only. Initial encoding after RESET. iAPX 286 operation None 

is identical to iAPX 86, 88. 

0 0 1 No processor extension is available. Software will emulate its function. ESC 

1 a 1 No processor extension is available. Software will emulate its function. The current ESC 
processor extension context may belong to another task. 

0 1 0 A processor extension exists. None 

1 1 0 A processor extension exists. The current processor extension context may.belong ESCor 
to another task. The exception on WAIT allows software to test for an error pending WAIT 
from a previous processor extension operation. 
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Halt 
The HLT instruction stops program execution and pre
vents the CPU from using the local bus until restarted. 
Either NMI, INTR with IF = 1, or RESET will force the 
80286 out of halt. If interrupted, the saved CS:IP will 
point to the next instruction after the HLT. 

,iAPX 86 REAL ADDRESS MODE 
The 80286 executes a fully upward-compatible superset 
of the 8086 instruction set in real address mode. In real 
address mode the 80286 is object code compatible with 
8086 and 8088 software. The real address mode archi
tecture (registers and addressing modes) is exactly as 
described in the iAPX 286 Base Architecture section 
of this Funct!onal Description. 

Memory Size 
Physical memory is a contiguous array of up to 1,048,576 
bytes (one megabyte) addressed by pins Ao through A19 
and ERE. A20 through A23 are ignored. 

Memory Addressing 
In real address mode the processor generates 20-bit 
physical addresses directly from a 20-bit segment base 
address and a 16-bit offset. 

The selector portion of a pointer is interpreted as the 
upper 16 bits of a 20-biJ segment addre~s. The lower 
four bits of the 20-bit segment address are always zero. 
Segment addresses, therefore, begin on multiples of 16 
bytes. See Figure 8 for a graphic representation of ad
dress formation. 

All segments in real address mode are 64K bytes in size 
and may be read, written, or ·executed. An exception or 
interrupt can occur if data operands or instructions at
tempt to wrap around the end of a segment (e.g. a word 
with its low order byte at offset FFFF(H) and its high 
order byte at offset OOOO(H)). If, in real address mode, 
the information contained in a segment does not use the 
full 64K bytes, the unused end of the segment may be 
overlayed by another segment to reduce physical mem
ory requirements. 

Reserved Memory Locations 
The 80286 reserves two fixed areas of memory in real 
address mode (see Figure 9); system initialization area 
and interrupt table area. Locations from addresses 
FFFFO(H) thorugh FFFFF(H) are reserved for system 
initialization. Initial execution begins at location FFFFO(H). 
Locations OOOOO(H) through 003FF(H) are reserved for 
interrupt vectors. . 
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Figure 8. iAPX 86 Real Address Mode Address 
Calculation 

15 

OFFSET I OFFSET 
L..... _____ ---' ADDRESS 

SEGMENT 
0000 ADDRESS 

20·BIT PHYSICAL 
MEMORY ADDRESS 

Figure 9. iAPX 86 Real Address Mode Initially 
Reserved Memory Locations 

RESET BOOTSTRAP 
PROGRAM JUMP 

~t · · · 
INTERRUPT POINTER 

FOR VECTOR 255 

~~ · · · 
INTERRUPT POINTER 

FOR VECTOR 1 . 

INTERRUPT POINTER 
FOR VECTOR 0 

~~ 

~~ 

FFFFFH 

FFFFOH 

3FFH 

3FOH 

7H 

4H 
3H 

OH 
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Table 9. Real Address Mode Addressing Interrupts 

Function Interrupt Related Return Address 
Before Instruction? Number Instructions 

Interrupt table limit too small exception 8 INT vector is not within table limit Yes 

Processor extension segment overrun 
interrupt 

9 ESC with memory operand extend
ing beyond offset FFFF(H) 

No 

Segment overrun ~xception 13 Word memory reference with offset 
= FFFF(H) or an attempt to exe
cute past the end of a segment 

Yes 

Interrupts 
Table 9 shows the interrupt vectors reserved for excep
tions and interrupts which indicate an addressing error. 
The exceptions leave the CPU in the state existing be
fore attempting to execute the failing instruction (except 
for PUSH, POP, PUSHA, or paPA). Refer to the next 
section on protected mode initialization for a discussion 
on exception 8. 

Protected Mode Initialization 
To prepare the 80286 for protected mode, the LlDT in
struction is used to load the 24-bit interrupt table base 
and 16-bit limit for the protected mode interrupt table. 
This instruction can also set a base and limit for the in
terrupt vector table in real address mode. After reset, 
the interrupt table base is initialized to OOOOOO(H) and 
its size set to 03FF(H). These values are compatible 
with iAPX 86, 88 software. LIDT should only be exe
cuted in preparation for protected mode. 

Shutdown 
Shutdown occurs when a severe error is detected that 
prevents further instruction processing by the CPU. 
Shutdown and halt are externally signalled via a halt bus 
operation. They can be distinguished by A1 HIGH for halt 
and A1 LOW for shutdown. In real address mode, shut
down can occur under two conditions: 

• Exceptions 8 or 13 happen and the lOT limit does not 
include the interrupt vector. 

o A CALL, INT, or POP instruction attempts to wrap 
around the stack segment when SP is not even. 

An NMI input can bring the CPU out of shutdown if the 
lOT limit is at least OOOF(H) and SP is greater than 
0005(H), otherwise shutdown can only be exited via the 
RESET input. 
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PROTECTED VIRTUAL ADDRESS MODE 
The 80286 executes a fully upward-compatible superset 
of the 8086 instruction set in protected virtual address 
mode (protected mode). Protected mode also provides 
memory management and protection mechanisms and 
associated instructions. 

The 80286 enters protected virtual address mode from 
real address mode by setting the PE (Protection En
able) bit of the machine status word with the Load Ma
chine Status Word (LMSW) instruction. Protected mode 
offers extended physical and virtual memory address 
space, memory protection mechanisms, and new oper
ations to support operating systems and virtual memory. 

All registers,· instructions, and addressing modes de
scribed in the iAPX 286 Base Architecture section of 
this Functional Description remain the same. Programs 
for the iAPX 86,88,186, and real address mode 80286 
can be run in protected mode; however, embedded con
stants f.or segment selectors are different. 

Memory Size 
The protected mode 80286 provides a 1 gigabyte virtual 
address space per task mapped into a 16 megabyte 
physical address space defined by the address pins A23-

Ao and SHE. The virtual address space may be larger 
than the physical address space since any use of an 
address that does not map to a physical memory loca
tion will cau~e a restartable exception . 

Memory Addressing 
As in real address mode, protected mode uses 32-bit 
pointers, conSisting of 16-bit selector and offset com
ponents. The selector, however, specifies an index into 
a memory resident table rather than the upper 16-bits of 
a real memory address. The 24-bit base address of the 



IAPX286 

desired segment is obtained from the tables in memory. 
The 16-bit offset is added to the segment base address 
to form the physical address as shown in Figure 10. The 
tables are automatically referenced by the CPU when
ever a segment register is loaded with a se,lector. All 

DESCRIPTORS 

Descriptors define the use of memory. Special types of 
descriptors also define new functions for transfer of con
trol and task switching. The 80286 has segment de
scriptors for code, stack and data segments, and system 
control descriptors for special system data segments and 
control transfer operations. Descriptor accesses are 
performed as locked bus operations to assure descrip
tot integrity in multi-processor systems. 

. iAPX 286 instructions which load a segment register will 
reference the memory based tables without additional 
software. The memory based tables contain 8 byte val
ues called descriptors. 

Figure 10. Protected Mode Memory Addressing 
CODE AND DATA SEGMENT DESCRIPTORS 

Besides segment base addresses, code and data de
scriptors contain other segment attributes including 
segment size (1 to 64K bytes), access rights (read only, 
read/write, execute only, and execute/read), and pres
ence in memory (for virtual memory systems) (See Fig
ure 11). Any segment usage violating a segment attribute 
indicated by the segment descriptor will prevent the 
memory cycle and cause an exception or interrupt. 

CPU 

o 7 

+7 RESERVED' +6 

p1DPL1 s1 TYPE H BASE23_16 +4 

+3 BAS~15-0 +2 

+1 LlMI~l5-0 

15 8 7 

'Must be set to 0 for compatability with IAPX 388. 

Figure 11. Code and Data Segment Descriptors 

Access Rights Byte Definition 

Bit 
Name Function Position 

7 Present (P) P=1 Segment is mapped into physical memory. 
P=O No mapping to physical memory exists, base and limit are not used. 

6-5 Descriptor Privilege Segment privilege attribute used in privilege tests. 
Level (DPL) 

4 Segment Descrip- S=1 Code or Data segment descriptor 
tor(S) S=O Non-segment descriptor 

3 Executable (E) E=O Data segment descriptor type is: 
2 Expansion Direc- ED=O Grow up segment, offsets must be ~ limit. 

tion(ED) }D~ ED=1 Grow down segment, offsets must be > limit: Segment 

1 Writeable (W) W=O Data segment may not be written into. 
W=1 Data segment may be written into. 

3 Executable (E) E=1 Code Segment Descnptortype is: 3-
2 Conforming (C) C=1 Code segment may only be executed when CPL ;;. DPl. Code 
1 Readable (R) R=O Code segment may not be read. S~gment 

R=1 Code segment may be read. L 
6 Accessed (A) A=O Segment has not been accessed. 

A=1 Segment selector has been loaded into segment register or used by 
selector test instructions. 

2-68 



Code and data are stored in two types of segments: 
code segments and data segments. Both types are 
identified and defined by segment descriptors. Code 
segments are identified by the executable (E) bit set to 
1 in the descriptor access rights byte. The access rights 
byte of both code and data segment descriptor types 
have three fields in common: present (P) bit, Descriptor 
Privilege Level (DPL), and accessed (A) bit. If P == 0, 
any attempted use of this segment will cause a not-pres
ent exception. DPL specifies the privilege level of the 
segment descriptor. DPL effects when the descriptor may, 
be used by a task (refer to privilege c;jiscussion below). 
The A bit shows whether the segment has been previ
ously accessed for usage profiling, a necessity for vir
tual memory systems. The CPU will always set this bit 
when accessing the descriptor. 

Data segments (S = 1 , E = 0) may be either read-only or 
read-write as controlled by the W bit of the access rights 
byte. Read-only (W = 0) data segments may not be writ
ten into. Data segments may grow in two directions, as 
determined _ by the Expansion Direction (ED) bit: up
wards (ED = 0) for data segments, and downwards 
(ED = 1) for a segment containing a stack. The limit field 
for a data segment descriptor is interpreted differently 
depending on the ED bit (see Figure 11). 

A code segment (S = 1, E = 1) may be execute-only or 
execute/read as determined by the Readable (R) bit. 
Code segments may never be written into and execute
only code segments (R = 0) may not be read.' A code 
segment may also have an attribute called conforming 
(C). A conforming code segment may be shared by pro
grams that execute at different privilege levels. The DPL 
of a conforming code segment defines the range of priv
ilege levels at which the segment may be executed (refer 
to privilege discussion below). 

SYSTEM CONTROL DESCRIPTORS 

'In addition to code and data segment descriptors, the 
protected mode 80286 defines system control descrip
tors. These descriptors define special system data seg
ments and control transfer mechanisms in the protected 
environment. The special system data segment de
scriptors define segments which contain tables of de
scriptors (Local Descriptor Table Descriptor) and 
segments which contain the execution state of a task 
(Task State Segment Descriptor). 

The control transfer descriptors are call gates, task gates, 
interrupt gates and trap gates. Gates provide a level of 
indirection between the source and destination of the 
control transfer. This indirection allows the CPU to au
tomatically perform protection checks and control the 
entry point of the destination. Call gates are used to 
change privilege levels (see Privilege), task gates are 
used to perform a task switch, and interrupt and trap 
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'Must be set to 0 for compatability with IAPX 386, 

Figure 12, System Segment Format 

System Segment Descriptor Fields 
Name Value Description 

TYPE 1 Available Task State Segment 
2 Local Descriptor Table Descriptor 
3 Busy Task State Segment 

P 0 Descriptor contents are not valid 
1 Descriptor contents are valid 

DPL 0-3 Descriptor Privilege Level 

BASE 24-bit Base Address of special system data 
number segment in real memory 

LIMIT 16-bit Offset of last byte in segment 
number 

gates are used to specify interrupt service routines. The 
interrupt gate disables interrupts (resets IF) while the 
trap gate does not. 

Figure 12 gives the formats for the special system data 
segment descriptors. The descriptors contain a 24-bit 
base address of the segment and a 16-bitlimit. The ac
cess byte defines the type of descriptor, its state and 
privilege level. The descriptor contents are valid and the 
segment is in physical memory if P = 1. If P = 0, the 
segment is not valid. The DPL field is only used in Task 
State Segment descriptors and indicates the privilege 
level at which the descriptor may be used (see Privi
lege). Since the Local Descriptor Table descriptor may 
only be used by a special privileged instruction, the DPL 
field is not used. Bit 4 of the access byte is 0 to indicate 
that it is a system control descriptor. The type field spec
ifies the descriptor type as indicated in Figure 12. 

Figure 13 shows the format of the gate descriptors. The 
descriptor contains a destination pointer that points to 
the descriptor of the target segment and the entry point 
offset. The destination selector in an interrupt gate, trap 
gate, and call gate must refer to a code segment de
scriptor. These gate descriptors contain the entry point 
to prevent a program from constructing and using an 
illegal entry point. Task gates may only refer to a task 
state segment. Since task gates invoke a task switch, 
the destination offset is ,not used in the task gate. 

Exception 13 is generated when the gate is used if a 
destination selector does not refer to the correct de-
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+7 RESERVED' +6 

+5 pID~L ,I II WORD o ITYtE X I X X COUNT4-o +4 

+3 DESTINATION TELECTOR15-2 IXIX +2 
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'Mult b ... t to 0 for compatablllty with IAPX 388. 

Figure 13. Gate Descriptor Format 

Gate Descriptor Fields 
Name Value Description 

4 -Call Gate 

TYPE' 5 -Task Gate 
6 -Interrupt Gate 
7 -Trap Gate 

P 0, -Descriptor Contents are not 
valid 

-Descriptor Contents are 
valid 

DPL 0-3 Descriptor Privilege Level 

WORD Number of words to copy 
COUNT 0-31 from callers stack to called 

procedures stack. Only used 
with call gate. 

Selector to the target code 

DESTINATION 16-bit 
segment (Call, Interrupt or 

SELECTOR selector 
Trap Gate) 
Selector to the target task 
state segment (Task Gate) 

DESTINATION 16-bit Entry point within the target 
OFFSET offset code segment 

scriptor type. The word count field is used in the call gate 
descriptor to indicate the number of parameters (0-31 
words) to be automatically copied from the caller's stack 
to the stack of the called routine when a 'control transfer 
changes privilege levels. The word count field is not used 
by any other gate descriptor. 

The access byte format is the same for all gate descrip
tors. P = 1 indicates that the gate contents are valid. P 
= 0 indicates the contents are not valid and causes ex-

ception 11 if referenced. OPL is the descriptor privilege 
level and specifies when this descriptor may be used by 
a task (refer to privilege discussion below). Bit 4 must 
equal 0 to indicate a system control descriptor. The type 
field specifies the descriptor type as indicated in Figure 
13. 

SEGMENT DESCRIPTOR CACHE REGISTERS 

A segment descriptor cache register is assigned to each 
of the four segment registers (CS, SS,' OS, ES). Seg
ment descriptors are automatically loaded (cached) into 
a segment descriptor cache register (Figure 14) when
ever the associated segment register is loaded with a 
selector. Only segment descriptors may be loaded into 
segment descriptor cache registers. Once loaded, all 
references to that segment of memory use the cached 
descriptor information instead of reaccessing memory. 
The descriptor cache registers are not visible to pro
grams. No instructions exist to store their contents. They 
only change when a segment register is loaded. 

SELECTOR FIELDS 

A protected mode selector has three fields: descriptor 
eritry index, local or global descriptor table indicator (TI), 
and selector privilege (RPL)as shown in Figure 15. These 
fields select one of two memory based tables of descrip
tors, select the appropriate table entry and allow high
speed testing of the selector's privilege attribute (refer 
'to privilege discussion below); 

BITS 

1-0 

15-3 

Figure 15. Selector Fields 
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NAME 
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(RPL) 
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INDEX 
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FUNCTION 

INDICATES SELECTOR PRIVILEGE 
LEVEL DESIRED 

2 1 0 

TI = 0 USE GLOBAL DESCRIPTOR TABLE 
(GOT) 

TI = 1 USE LOCAL DESCRIPTOR TABLE 
(LOT) 

SELECT DESCRIPTOR ENTRY IN TABLE 

Figure 14. Descr!ptor Cache Registers 

PROGRAM VISIBLE 
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LOCAL AND GLOBAL DESCRIPTOR TABLES 

Two tables of descriptors, called descriptor tables, con
tain all descriptors accessible by a task at any given time. 
A descriptor table is a linear array of up to 8192 descrip
tors. The upper 13 bits of the selector value are an index 
into a descriptor table. Each table has a 24-bit base reg
ister to locate the descriptor table in physical memory 
and a 16-bit limit register that confine descriptor access 
to the defined limits of the table as shown in Figure 16. A 
restartable exception (13) will occur if an attempt is made 
to reference a descriptor outside the table limits. 

One table, called the Global Descriptor Table (GOT), 
contains descriptors available to all tasks. The other ta
ble, called the·Local Descriptor Table (LOT), contains 
descriptors that can be private to a task. Each task may 
have its own private LOT. The GOT may contain all de
scriptor types except interrupt and trap descriptors. The 
LOT may contain only segment, task gate, and call gate 
descriptors. A segment cannot be accessed by a task if 
its segment descriptor does not exist in either descriptor 
table at the time of access. 

Figure 16. Local and Global Descriptor 
Table Definition 
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'V MEMORY 'V .. ~ .. ~ 
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: 1 
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} 

CURRENT 
LOT 

I I LOTn 

I PROGRAM INVISIBLE I 
L _______ J 

'"oJ '"oJ 

The LGDT and LLDT instructions load the base and limit 
of the global and local descriptor tables. LGDT and LLDT 
are protected. They may only be executed by trusted 
programs operating at level O. The LGDT instruction loads 
a six byte field containing the 16-bit table limit and 24-bit 
base address of the Global Descriptor Table as shown 
in Figure 17. The LLDT instruction loads a selector which 
refers to a Local Descriptor Table descriptor containing 
the base address and limit for an LOT, as shown in Fig
ure 12. 
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Figure 17. Global Descriptor Tableand Interrupt 
Descriptor Data Type 
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INTERRUPT DESCRIPTOR TABLE 

The protected mode 80286 has a third descriptor table, 
called the Interrupt Descriptor Table (lOT) (see Figure 
18), used to define up to 256 interrupts. It may contain 
only task gates, interrupt gates and trap gates. The lOT 
(Interrupt Descriptor Table) has a 24-bit base and 16-bit 
limit register in the CPU. The protected L1DT instruction· 
loads these registers with a six byte value of identical 
form to that of the LGDT instruction (see Figure 17 and 
Protected Mode Initialization). 

Figure 18. Interrupt Descriptor Table Definition 
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References to lOT entries are made via INT instruc
tions, external interrupt vectors, or exceptions. The lOT 
must be at least 256 bytes in size to allocate space for 
all res.erved interrupts. 

Privilege 
The 80286 has a four-level hierarchical privilege system 
which controls the use of privileged instructions and ac
cess to descriptors (and their associated segments) within 
a task. Four-level privilege, as shown in Figure 19, is an 
extension of the user/supervisor mode commonly found 
in minicomputers. The privilege levels are numbered 0 
through 3. Level 0 is the mo!?t privileged level. Privilege 
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Figure 19. Hierarchical Privilege Levels 
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levels provide protection within a task. (Tasks are iso
lated by providing private LDT's for each task.) Operat
ing system routines, interrupt handlers, and other system 
software can be included and protected within the vir
tual address space of each task using the four levels of 
privilege. Tasks may also have a separate stack for each 
privilege level. 

Tasks, descriptors, and selectors have a privilege level 
attribute that determines whether the descriptor may be 
used. Task privilege effects the use of instructions and 
descriptors. Descriptor and selector privilege only effect 
access to the descriptor. 

TASK PRIVILEGE 

A task always executes at one of the four privilege levels. 
The task privilege level at any specific instant is called 
the Current Privilege Level (CPL) and is defined by the 
lower two bits of the CS register. CPL cannot change 
during execution in a single code segment. A task's CPL 
may only be changed by control transfers through gate 
descriptors to a new code segment (See Control Trans
fer). Tasks begin executing at the CPL value specified 
by the code segment when the task is initiated via a task 
switch operation. A task executing at Level 0 can access 
all data segments defined in the GDT and the task's LDT 
and is considered the most trusted level. A task execut
ing at Level 3 has the most restricted access to data and 
is considered the least trusted level. 

DESCRIPTOR PRIVILEGE 

Descriptor privilege is specified by the Descriptor Privi
lege Level (DPL) field of the descriptor access byte. DPL 
specifies the least trusted task privilege level (CPL) at 
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which a task may access the descriptor. Descriptors with 
DPL = 0 are the most protected. Only tasks executing 
at privilege level 0 (CPL = 0) may access them. De
scriptors with DPL = 3 are the least protected (i.e. have 
the least restricted access) since tasks can access them 
when CPL = 0, 1,2, or 3. This rule applies to all descrip-

. tors, except LDT descriptors. 

SELECTOR PRIVILEGE 

Selector privilege is specified by the Requested Privi
lege Level (RPL) field in the least significant two bits of a 
selector. Selector RPL may establish a less trusted priv
ilege level than the current privilege level for the use of a 
selector. This level is called the task's effective privilege 
level (EPL). RPL can only reduce the scope of a task's 
access to data with this selector. A task's effective privi
lege is the numeric maximum of RPL and CPL. A selec
tor with RPL = 0 imposes no additional restriction on its 
use while a selector with RPL '= 3 can only refer to seg
ments at privilege Level 3 regardless of the task's CPL. 
RPL is generally used to verify that pointer parameters 
passed to a more trust,ed procedure are not allowed to 
use data at a more privileged level than the caller (refer 
to pointer testing instructions). 

Descriptor Access and Privilege Validation 
Determining the ability of a task to access a segment 
involves the type of segment to be accessed, the in
struction used, the type of descriptor used and CPL, 
RPL, and DPL. The two basic types of segment ac
cesses are control transfer (selectors loaded into CS) 
and data (selectors loaded into DS, ES or SS). 

DATA SEGMENT ACCESS 

Instructions that load selectors into DS and ES must 
refer to a data segment descriptor or readable code seg
ment descriptor. The CPL of the task and the RPL of the 
selector must be the same as or more privileged (nu
merically equal ~o or lower than) than the descriptor DPL. 
In general, a task can only access data segments at the 
same or less privileged levels than the CPL or RPL 
(whichever is numerically higher) to prevent a program 
from accessin£! data it cannot be trusted to use. 

An exception to the rule is a readable conforming code 
segment. This type of code segment can be read from 
any privilege level. 

If the privilege checks fail (e.g. DPL is numerically less 
than the maximum of CPL and RPL) or an incorrect type 
of descriptor is referenced (e.g. gate descriptor or exe
cute only code segment) exception 13 occurs. If the seg
ment is not present, exception 11 is generated. 



Instructions that load selectors into SS must refer to data 
segment descriptors for writable data segments. The 
descriptor privilege (DPL) and RPL must equal CPL. All 
other descriptor types or a privilege level violation will 
cause exception 13. A not presenUault causes excep
tion 12. 

CONTROL TRANSFER 

Four types of control transfer can occur when a selector 
is loaded into CS by a control transfer operation (see 
Table 10). Each transfer type can only occur if the oper
ation which loaded the selector re(erences the correct 
descriptor type. Any violation of these descriptor usage 
rules (e.g. JMP through a call gate or RETto a Task State 
Segment) will cause exception 13. 

The ability to reference a descriptor for control transfer 
is also subject to rules of privilege. A CALL or JUMP 
instruction may only reference a code segment descrip
tor with DPL equal to the task CPL or a conforming seg
ment with DPL of equal or greater privilege than CPL. 
The RPL of the selector used to reference the code de
scriptormust have as much privilege as CPL. 

RET and IRET instructions may only reference code 
segment descriptors with descriptor privilege equal to or 
less privileged than the task CPL. The selector loaded 
into CS is the return address from the stack. After the 
return, the selector RPL is the task's new CPL. If CPL 
changes, the old stack pointer is popped after the return 
address. 

When a JMP or CALL references a Task State Segment 
descriptor, the descriptor DPL must be the same or less 
privileged than the task's CPL. Reference to a valid Task 
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State Segment descriptor causes a task s.witch (see Task 
Switch Operation). Reference to a Task State Segment 
descriptor at a more privileged level than the task's CPL 
generates exception 13. 

When an instruction or interrupt references a gate de
scriptor, the gate DP~ must have the same or less privi
lege than the task CPL. If DPL is at a more privileged 
level than CPL, exception 13 occurs. If the destination 
selector contained in the gate references a code seg
ment descriptor, the code segment descriptor DPL must 
be the same or more privileged t~an the task CPL. If not, 
Exception 13 is issued. After the control transfer, the 
code segment descriptors DPL is the task's new CPL. If 
the destination selector in the gate references a task 
state segment, atask switch is automatically performed 
(see Task Switch Operation). 

The privilege rules on control transfer require: 

-JMP or CALL direct to a code segment (code seg
ment descriptor) can only be to a conforming segment 
with DPL of equal or greater privilege than CPL or a 
non-conforming segment at the same privilege level. 

-interrupts within the task or calls that may change 
privilege levels, can only transfer control through a 
gate at the same or a less privileged level than CPL to 
a code segment at the same or more privileged level 
than CPL. 

-return instructions that don't switch tasks can only re
turn control to a code segment at the same or less 
privileged level. 

-task switch can be performed by a call, jump or inter
rupt which references either a task gate or task state 
segment at the same or less privileged level. 

Table 10. Descriptor Types Used for Control Transfer 

Control Transfer Types 

Intersegment within the same privilege level 

Intersegment to the same or higher privilege level Interrupt 
within task may change CPL. 

Intersegmentto a lower privilege level (changes task CPL) 

Task Switch 

"NT (Nested Task bit of flag word) = 0 
""NT (Nested Task bit of flag word) = 1 

Operation Types 

JMP, CALL, RET, IRET' 

CALL 

Interrupt Instruction, 
Exception, External 
Interrupt 

RET,IRET' 

CALL,JMP 

CALL,JMP 

IRET" 
Interrupt Instruction, 
Exception, External 
Interrupt 
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Descriptor Descriptor 
Referenced Table 
Code Segment GOT/LOT 

Call Gate GOT/LOT 

Trap or lOT 
. Interrupt 

Gate 

Code Segment GOT/LOT 

Task State GOT 
Segment 

Task Gate GOT/LOT 

Task Gate lOT 
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PRIVILEGE LEVEL CHANGES 
Any control tn3.nsfer that changes CPL within the task, 
causes a change of stacks as part of the operation. Initial 
values of SS:SP for privilege levels 0,1, and 2 are kept 

, in the task state segment (refer to Task Switch Opera
tion). During a JMP or CALL control transfer, the new 
stack pointer is loaded into the SS and SP registers and 
the pre~ious stack pointer is pushed onto the new stack. 

When returning to the original privilege level, its stack is 
restored as part of the RET or IRET instruction opera-

I tion. For subroutine calls that pass parameters on the 
stack and cross privilege levels, a fixed number of words, 
as specified in the gate, are copied from the previous 
stack to the current stack. The inter-segment RET in
struction with a stack adjustment value will correctly re
storeithe previous stack pointer upon return. 

Protection 
The 80286 includes mechanisms to protect critical in
structions that affect the CPU execution state (e.g. HLT) 
and code or data segments from improper usage. These 
mechanisms are grouped under the term "protection" 
and have three forms: 

Restricted usage of segments (e.g. no write allowed 
to read-only data segments). The only segments 
available for use are defined by descriptors in the Lo
cal Descriptor Table (LOT) and Global Descriptor Ta
ble(GDT). 

Restricted access to segments via the rules of privi
lege and descriptor usage. 

Privileged instructions or operationsthat may only be 
executed at certain privilege levels as determined by 
the CPL and 1/0 Privilege Level (IOPL). The 10PL is 
defined by bits 14 and 13 of the flag word. 

These checks are performed for all instructions and can 
be split into three categories: segment load checks (Ta
ble 11), operand reference checks (Table 12), and privi
leged instruction checks (Table 13). Any violation of the 
rules shown' will result in an exception. A not-present 
exception related to the stack segment causes excep
tion 12. 

The IRET and POPF instructions do not perform some 
of their defined functions if CPL is not of sufficient privi
lege (numerically small enough). No exceptions or other 
indication are given when these conditions occur. 

The IF bit is not changed if CPL > 10Plo 

The 10PL field of the flag word is not changed if CPL 
>0. 
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Table 11 
Segment Register Load Checks 

Error Description 

Descriptor table limit exceeded 

Segment descriptor not-present 

Privilege rules violated 

Invalid descriptor/segment type seg
ment register load: 

-Read only data segment load to 
SS 

-Special control descriptor load to 
OS, ES, SS 

-Execute only segment load to 
OS, ES, SS 

-Data segment load to CS 
-Read/Execute code segment 

load toSS 

Exception 
Number 
13 

11 or 12 

13 

Table 12 Operand Reference Checks 

Error Description 

Write into code segment 
Read from execute-only code 
segment 
Write to read-only data segment 
Segment limit exceeded' 

Note1: Carry out in offset calculations is ignored. 

Exception 
Number 
13 

13 
13 
12 or 13 

Table 13. Privileged Instruction Checks 

Error Description 

CPL -f. 0 when executing the following 
instructions: 

UDT, LLDT, LGDT, LTR, LMSW, 
CTS, HLT 

CPL > IOPL when executing the fol-

Exception 
Number 

13 

lowing instructions: 13 
INS, IN, OUTS, OUT, STI, CU, 
LOCK 

EXCEPTIONS 

The 80286 detects several types of exceptions and in
terrupts, in protected mode (see Table 1~). Most are re
startable after the exceptional. condition is removed. 
Interrupt handlers for most exceptions receive an error 
code, pushed on the stack after the return address, that 
identifies the selector involved (0 if none). The return 
address normally points to the failing instruction, includ
ing all leading prefixes. For a processor extension seg
ment overrun exception, the return address will not point 
at the ESC instruction that caused the exception; how
ever, the processor extension registers may contain the 
address of the failing instruction. 
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Table 14. Protected Mode Exceptions 

Return Always Error Interrupt 
Function Address Restart- Code Vector At Falling able? on Stack? 

Instruction? 
8 Double exception detected Yes No Yes 
9 Processor extension segment overrun No No No 

10 Invalid task state segment Yes Yes Yes 
11 Segment not present Yes Yes Yes 
12 Stack segment overrun or segment not present Yes Yes1 Yes' 
13 General protection Yes No Yes 

Note1: When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception will not be 
restartable. This condition is identified by the value of the saved SP being either OOOO(H), 0001 (H), FFFE(H), or FFFF(H). 

All these checks are performed for all instructions and 
can be split into three categories: segment load checks 
(Table 11), operand reference checks (Table 12), and 
privileged instruction checks (Table 13). Any violation of 
the rules shown will result in an exception. A not-present 
exception related to the stack segment causes excep-

, tion 12. 

Special Operations 
TASK SWITCH OPERATION 

The 80286 provides a built-in task switch operation which 
saves the entire 80286 execution state (registers, ad
dress space, and a link to the previous task), loads a 
new execution state, and commences execution in the 
new task. Like gates, the task switch operation is in
voked by executing an inter-segment JMP or CALL in
struction which refers to a Task State Segment (TSS) Qr 
task gate descriptor in the GOT or LOT. An INT n instruc
tion, exception, or external interrupt may also invoke the 
task switch operation by selecting a task gate descriptor 
in the associated lOT descriptor entry. 

The TSS descriptor points at a segment (see Figure 20) 
containing the entire 80286 execution state while a task 
gate descriptor contains a TSS selector. The limit field 
must be> 002B(H). 

Each task must have a TSS associated with it. The cur
rent TSS is identified by a special register in the 80286 
called the Task Register (TR). This register contains a 
selector referring to the task state segment descriptor 
that defines the current TSS. A hidden base and limit 
register associated with TR are loaded whenever TR is 
loaded with a new selector. 

The IRET instruction is used to return control to the task 
that called the current task or was interrupted. Bit 14 in 
the flag register is called the Nested Task (NT) bit. It 
controls the function of the IRET instruction. If NT = 0, 
the IRET instruction performs the regular current task 
return; when NT = 1, IRET performs a task switch op
eration back to the previous task. 
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When a CALL or INT instruction initiates a task switch, 
the old and new TSS will be marked busy and the back 
link field of the new TSS set to the old TSS selector. :The 
NT bit of the new task is set by CALL or INT initiated task 
switches. An interrupt that does not cause a task switch 
will clear NT. NT may also be set or cleared by POPF or 
IRET instructions. 

The task state segment is marked busy by changing the 
descriptor type field from Type 1 to Type 3. Use of a 
selector that references a busy task state segment causes 
Exception 13. 

PROCESSOR EXTENSION CONTEXT SWITCHING 

The context of a processor extension (such as the 80287 
numerics processor) is not changed by the task switch 
operation. A processor extension context need only be 
changed when a different task attempts to use the pro
cessor extension (which still contains the context of a 
previous task). The 80286 detects the first use of a pro
cessor extension after a task switch by causing the pro
cessor extension not present exception (7). The interrupt 
handler may then decide whether a context change is 
necessary. 

Whenever the"80286 switches tasks, it sets the Task 
Switched (TS) bit of the MSW. TS indicates that a pro
cessor extension context may belong to a different task 
than the current one. The processor extension not pres
ent exception (7) will occur when attempting to execute 
an ESC or WAIT instruction if TS = 1 and a processor 
extension is present (MP = 1 in MSW). 

POINTER TESTING INSTRUCTIONS 

The iAPX 80286 provides several instructions to speed 
pointer testing and consistency checks for maintaining 
system integrity (see Table 15). These instructions use 
the memory management hardware to verify that a se
lector value refers to an appropriate segment without 
risking an exception'. A conditior:l flag indicates whether 
use of the selector or segment will cause an exception. 
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Figure 20. Task State Segment and TSS Registers 
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Table 15 Pointer Test Instructions 

Instruction Operands Function 

ARPL Selector, . Adjust Requested Privi-
Register lege Level: adjusts the RPL 

of the selector to the nu-
meric maximum of current 
selector RPL value and the 

: RPL value in the register. 
Set zero flag if selector RPL 
was changed. 

VERR Selector VERify for Read: sets the 
zero flag if the segment re-
ferred to by the selector can 
be read. 

VERW Selector VERify for Write: sets the 
zero flag if the segment re-
ferred to by the selector can 
be written. 

LSL Register, Load Segment limit: reads 
Selector the segment limit into the 

register if privilege rules and 
descriptor type allow. Set 
zero flag if successful. 

LAR Register, Load Access Rights: reads 
Selector the descriptor access rights 

byte into the register if priv-
ilege rules allow. Set zero 
flag if successful. 

DOUBLE FAULT AND SHUTDOWN 

If two separate exceptions ·are detected during a single 
instruction execution, the 80286 performs the double 
fault exception (8). If an exception occurs during pro
cessing of the double fault exception, the 80286 will en~ 
ter shutdown. Ouring shutdown no further instructions 
or exceptions are processed. Either NMI (CPU remains 
in protected mode) or RESET (CPU exits protected mode) 
can force the 80286 out of shutdown. Shutdown is exter
nally signalled viaa HALT bus operation with A1 HIGH. 

PROTECTED MODE INI:rIALIZATION 

The 80286 initially executes in real address mode after 
RESET. To allow initialization code to be placed at the 
top of physical memory, A23-20 will be HIGH when the 
80286 performs memory references relative to the CS 
register, until CS is changed. A23-20 will be zero for ref
erences to the OS, ES, or SS segments. Changing CS 
in real address mode will force A2TA20 LOW whenever 
using CS thereafter. The initial CS:IP value of FFOO:FFFO 
provides 64K bytes of code space for initialization code 
without changing CS. 

Before piacing the 80286 into protected mode, several 
registers must be initialized. The GOT and lOT base reg
isters must refer to a valid GOT and lOT. After executing 
the LMSW instruction to set PE, the 80286 must imme
diately execute an intra-segment JMP instruction to clear 
the instruction queue of instructions decoded in real ad
dress mode. 
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To force the 80286 CPU registers to match the initial 
protected mode state assumed by software, execute a 
JMP instruction with a selector referring to the initial TSS 
used in the system. This will load the task register, local 
descriptor table register, segment registers and initial 
general register stqte. The TR should point at a valid 
TSS since a task switch operation involves saving the 
current task state. 

SYSTEM INTERFACE 
The 80286 system interface appears in two forms: a 
local bus and a system bus. The local bus consists of 
address, data, status, and control signals at the pins of 
the CPU. A system bus is any buffered version of the 
local bus. A system bus may also differ from the local 
bus in terms of coding of status and control lines and/or 
timing and loading of signals. The iAPX 286 family in
cludes several devices to generate standard system 
buses such as the IEEE 796 standard Multibus™. 

Bus Interface Signals and Timing 
The iAPX 286 microsystem local bus interfaces the 80286 
to local memory and I/O components. The interface has 
24 address lines, 16 data lines, and 8 status and control 
signals. 

The 80286 CPU, 82284 clock generator, 82288 bus con
troller, 82289 bus arbiter, 8286/7 transceivers, and 82821 
3 latches provide a buffered and decoded system bus' 
interface. The 82284 generates the system clock and 
synchronizes READ? and RESET. The 82288 converts 
bus operation status encoded by the 80286 into com
mand and bus control signals. The 82289 bus arbiter 
generates multibus bus arbitration signals. These com
ponents can provide the timing and electrical power drive 
levels required for most system bus interfaces including 
the multibus. 

Physical Memory and I/O Interface 
A maximum of 16 megabytes of physical memory can 
be addressed in protected mode. One megabyte can be 
addressed in real address mode. Memory is accessible 
as bytes or words. Words consist of any two consecutive 
bytes addressed with the least significant byte stored in 
the lowest address. 

Byte transfers occur on either half of the 16-bit I~cal data 
bus. Even bytes are accessed over 0 7-0 while odd bytes 
are transferred over 0 15-8. Even-addressed words are 
transferred over 0 15- 0 in one bus cycle, while odd-ad
dressed words require two bus operations. The first 
transfers data on 015-8, and the second transfers data 
on 0 7- 0. Both byte data tran~fers occur automatically, 
transparent to software. 

Two bus signals, Ao and BRE, control transfers over the 
lower and upper halves of the data bus. Even address 
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byte transfers are indicated by Ao lOW and SHE HIGH. 
Odd address byte transfers are indicated by Ao HIGH 
:.and SHE lOW. Both Ao and SHE are lOW for even ad
dress word transfers. 

The I/O address space contains 64K addresses in both 
modes. The I/O space is accessible as either bytes or 
words, as is memory. Byte wide peripheral devices may 
be attached to either the upper or lower byte of the data 
bus. Byte-wide I/O.devices attached to the upper data· 
byte (015-8) are accessed with odd I/O addresses. De
vices on the lower data byte are accessed with even I/O 
addresses. An interrupt controller suc~ as the 8259A 
must be connected to the lower data byte (07-0) for proper 
return of the interrupt vector .. 

Bus Operation 
The 80286 uses a double frequency system clock (ClK 
input) to control bus timing. All signals on the local bus 
are measured relative to the system ClK input. The CPU 
divides the system clock by 2 to produce the internal 
processor clock, which determines bus state. Each pro
cessor clock is composed of two system clock cycles 
named phase 1 and phase 2. The 82284 clock generator 
output (PClK) identifies the next phase ofthe processor 
clock. (See Figure 21.) 

ClK 

Figure 21. System and Processor 
Clock Relationships 

Ir ONE SYSTEM-----.J 
ClKCYClE ~ 

PClK Y \ ..... ____ ...J( 

Six types of bus operations are supported; memory read, 
memory write, I/O read, I/O write, interrupt acknowl
edge, and halt/shutdown. Data can be transferred at a 
maximum rate of one word per two processor clock cycles. 

The iAPX 286 bus has three basic states: idle (Tj), send 
status (T s), and perform command (T d. The 80286 CPU 
also has a fourth local bus state called hold (T h)' T h in
dicates that the 80286 has surrendered control of the 
local bus to another bus master in response to a HOLD 
request. 

Each bus state is one processor clock long. Figure 22 
shows the four 80286 local bus states and allowed 
transitions. 
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Figure 22. 80286 Bus States 

RESET 

Bus States 
The idle (Tj) state indicates that no data transfers are in 
progress or requested. The first active state, Ts is sig
nalled by either status line S1 or SO going lOW also 
identifying phase 1 of the processor clock. During T s, 
the command encoding, the address~· and data (for a 
write operation) are available on the 80286 output pins. 
The 82288 bus controller decodes the status signals and 
generates Multibus compatible read/write command and 
local transceiver control signals. 

After Ts, the perform command (Td state is entered. 
Memory or I/O .devices respond to the bus operation 
during T c, either transferring read data to the CPU or 
accepting write data. T c states may be repeated as often 
as necessary to assure sufficient time for the memory or 
I/O device to respond. The READY' signal determines 
whether T C is repeated. 

During hold (T h), the 80286 will float all address, data, 
and status output pins enabling another bus master to 
use the local bus. The 80286 HOLD input signal is used 
to place the 80286 into the T h state. The 80286 HlDA 
output signal indicates that the CPU has entered T h. 

Pipelined Addressing 
The 80286 uses a local bus interface with pipelined tim
ing to allow as much time as possible for data access. 
Pipelined timing allows bus operations to be performed 
in two processor cycles, while allowing each individual 
bus operation to last for three processor cycles. 

The timing of the address outputs is pipelined such that 
the address ofthe next bus operation becomes available 
during the current bus operation. Or in other words, the 
first clock of the next bus operation is overlapped with 
the last clock of the current bus operation. Therefore, 
address decode and routing logic can operate in ad-
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Figure 23. Basic Bus Cycle 
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vance of the next bus operation. External address latches 
may hold the address stable for the entire bus operation, 
and provide additional AC and DC buffering. 

The 80286 does not maintain the address of the current 
bus operation during all T e states. Instead, the address 
for the next bus operation may be emitted during phase 
2 of any Te. The address remains valid during phase 1 
of the first T e to guarantee hold time, relative to ALE, for 
the address latch inputs. 

Bus Control Signals 
The 82288 bus controller provides control signals; ad
dress latch enable (ALE), ReadlWrite commands, data 
transmit/receive (DT/R), and data enable (DEN) that 
control the address latches, data transceivers, write en
abie, and output enable for memory and I/O systems. 

The Address Latch Enable (ALE) output determines when 
the address may be latched. ALE provides at least one 
system CLK period of address hold time from the end of 
the previous bus operation until the address for the n~xt 
bus operation appears at the latch outP,uts. This address 
hold time is required to support Multibus® and common 
memory systems. . 

The data bus transceivers are controlled by 82288 out
puts Data Enable (DEN) and Data Transmit/Receive (DT/ 
R). DEN enables the data transceivers; while DT/R con
trols transceiver directicn. DEN and DT/R are timed to 
prevent bus contention between the bus master, data 
bus transceivers, and system data bus tranceivers. 
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VALID READ VALID READ 
DATA (N) DATA (N + 1) 

Command Timing Controls 
Two system timing customization options, command ex
tension and command delay, are provided on the iAPX 
286 local bus. 

Command extension allows additional time for external 
devices to respond to a command and is analogous to 
inserting wait states on the 8086. External logic can con
trol the duration of any bus operation such that the op
eration is only as long as necessary. The REAlJ'Y input 
signal can extend any bus operation for as long as 
necessary. 

Command delay allows an increase of address or write 
datasetup time to system bus command active for any 
bus operation by delaying when the system bus com
mand becomes active. Command delay is controlled by 
the 82288 CMDLY input. After Ts, the bus controller 
samples CMDLY at each failing edge of CLK. If CMDLY 

. is HIGH, the 82288 will not activate the command signal. 
When CMDLY is LOW, the 82288 will activate the com
mand signal. After the command becomes active, the 
CMDLY input is not sampled. 

When a command is delayed, the available response 
time from command active to return read data or accept 
write data is less. To customize system bus timing, an 
address decoder can determine which bus operations 
require delaying the command. The CMDLY input does 
not affect the timing of ALE, DEN, or DT/R. 
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Figure 24. CMDLY Controls and Leading Edge of the Command 
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Figure 24 illustrates four uses of CMDlY. Example 1 
shows delaying the read command two system ClKs for 
cycle N-1 and no delay for cycle N, and example 2 shows 
delaying the read command one system ClK for cycle 
N-1 and one system ClK delay for cycle N. 

Bus Cycle Termination 
At maximum transfer rates, the iAPX 286 bus alternates 
between the status and command states. The bus status 
signals become inactive after T s so that they may cor
rectly signal the start of the next bus operation after the 
completion of the current cycle. No external indication of 
T c exists on the iAPX 286 local bus. The bus master and 
bus controller enter T c directly after T s and continue ex
ecuting T c cycles until terminated by READ'Y. 

READY Operation 
The current bus master and 82288 bus controller termi
nate each bus operation simultaneously to achieve 
maximum bus bandwidth. Both are informed in advance 
by READ'Y active which identifies the last T c cycle of the 
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current bus operation. The bus master and bus control
ler must see the same sense of the REAUY' signal, thereby 
requiring READ? be synchronous to the sy~tem clock. 

Synchronous Ready 
The 82284 clock generator provides READ? synchro
nization from both synchronous and asynchronous 
sources (see Figure 25). The synchronous ready input 
(Sl1[JY') of the clock generator is sampled with the falling 
edge of ClK at the end of phase 1 of each T c. The state 
of SR1J'Y is then broadcast to the bus master and bus 
controller via the READ? output line. 

Asynchronous Ready 
Many systems have devices or subsystems that are 
asynchronous to the system clock. As a result, their ready 
outputs cannot be guaranteed to meet the 82284 SR1J'Y 
setup and hold time requirements. The 82284 asynchro
nous ready input (AFIDY') is designed to accept such 
signals. The AFIDY' input is sampled at the beginning of 
each T c cycle by 82284 synchronization logic. This pro
vides a system ClK cycle time to resolve its value before 
broadcasting it to the bus master and bus controller. 
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Figure 25. Synchronous and Asynchronous Ready 
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(SEE NOTE 3,) 

NOTES: 
1. SRDYEN is active low 
2. If SRDYEN is high, the state of SRDY will not effect READY 
3. ARDYEN is active low 

Each ready input of the 82284 has an enable pin 
, (SRDYEN and ARDYEN) to select whether the current 
bus operation will be terminated by the synchronous or 
asynchronous ready. Either of the ready inputs may ter
minate a bus operation. These enable inputs are active 
low and have the same timing as their respective ready 
inputs. Address decode logic usually selects whether 
the current bus operation should be terminated by ARD'Y 
or S'RU'Y. 

Data Bus Control 
Figures 26, 27, and 28 show how the DT/R, DEN, data 
bus, and address signals operate for different combina
tions of read, write, and idle bus operations. DT/R goes 
active (LOW) for a read operaton. DT/Ff remains HIGH 
before, during, and between write operations. 

The data bus is driven with write data during the second 
phase of T s. The delay in write data timing allows the 
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read data drivers, from a previous reaqcycle, sufficient 
time to enter 3-state OFF before the 80286 CPU begins 
driving the local data bus for write operations. Write data 
will always 'remain valid for one system clock past the 
last T c to provide sufficient hold time for Multibus or other 
similar memory or I/O systems. During write-read or write
idle sequences the data bus enters 3-state OFF during 
the second phase of the processor cycle after the last 
T c. In a write-write sequence the data bus does not enter 
3-state OFF between T c and T s. , 

J 
Bus Usage 
The 80286 local bus may be used for several functions: 
instruction data transfers, data transfers by other bus 
masters, instruction fetching, processor extensio.n data 
transfers, interrupt acknowledge, and halt/shutdown. This 
section describes local bus activities which have special' 
signals or requirements. 
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Figure 26. Back to Back Read-Write Cycles 

I 
READ CYCLE I WRITE CYCLE I 

---TI----TS-------TC---TS---I-TC------TI-
I a M I a I M I a M I a I ~ I Q M I Q I 

CLK 

SOo S1 

MRDC 

MWTC 

DEN ________________ ~---------J 

DrR 

Figure 27. Back to Back Write~Read Cycles 
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Figure 28. Back to Back Write-Write Cycles 

.I 
OT/R -----------------------~-------(HIGH) 

HOLD and HLDA 
HOLD and HLDA allow another bus master to gain con
trol of the local bus by placing the 80286 bus into the T h 

state. The sequence of events required to pass control 
between the 80286 and another local bus master are 
shown in Figure 29. 

In this example, the 80286 is initially in the T h state as 
signaled by HLDA being active. Upon leaving T h, as sig
naled by HLDA going inactive, a write operation is started. 
During the write operation another local bus master re
quests the local bus from the 80286 as shown by the 
HOLD signal. After completing the write operation, the 
80286 performs one Tj bus cycle, to guarantee write data 
hold time, then enters T h as signaled by HLDA going' 
active. 

The CMDLY signal and ARDY ready are used to start 
and stop the write bus command, respectively; Note that 
SliD'? must be inactive or disabled by SRDYEN to guar
antee ARDY will terminate the cycle. 

InstruC?tion Fetching 
The 80286 Bus Unit (BU) will fetch instructions ahead of 
the current instruction beirg executed. This activity is 
called prefetching. It occurs when the local bus would 
otherwise be idle and obeys the following rules: 
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A prefetch bus operation starts when at least two bytes 
of the 6-byte prefetch queue are empty. 

The prefetcher normally performs word prefetches in
dependent of the byte alignment of the code segment 
base in physical memory. 

The prefetcher will perform only a byte code fetch op
eration for control transfers to an instruction beginning 
on a numerically odd physical address. 

Prefetching stops whenever a' control transfer or HLT 
instruction is decoded by the IU and placed into the 
instruction queue. 

In real address mode, the prefetcher may fetch up to 
5 bytes beyond the last control transferor HLT instruc
tion in a code segment. 

In protected mode, the prefetcher will never cause a 
segment overrun exception. The prefetcher stops at 
the last physical memory word of the code segment. 
Exception 13 will occur if the program attempts to ex
ecute beyond the last full instruction in the code 
segment. ' 

If the last byte of a code segment appears on an even 
physical memory address, the prefetcher will read the 
next physical byte of memory (perform a word code 
fetch). The value of this byte is ignored and any at
tempt to execute it causes exception 13. 
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Figure 29. Multibus Write Terminated by Asynchronous Ready with Bus Hold 
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DTR 
(SEE NOTE 7.) , 

DEN \'-----
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TS = STATUS CYCLE 

TC = COMMAND CYCLE 

NOTES: 
1. Status lines are not driven by 80286, yet remain high due to pullup resistors in 82288 and 82289 during HOLD state. 

2, Address, M/iO and COD/INTA may start floating during any TC depending on when internal 80286 bus arbiter decides to release bus to 
external HOLD, The float starts in ~2 of TC. 

3. SHE and LOCK may start floating after the end of any TC depending on when internal 80286 bus arbiter decides to release bus to 
external HOLD. 

4. The minimum HOLD t to HLDA t time is shown. Maximus is one T H longer. 

5, The earliest HOLD t time is shown which'will always allow a subsequent memory cycle if pending. 

6. The minimum HOLD t toHLDA ~ time is shown. Maximum is a function of the instruction, type of bus cycle and other machine status 
(i.e., Interrupts, Waits, Lock, etc.) 

7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Synchronous ready state 
is ignored after ready is signaled via the asynchronous input. 
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Processor Extension Transfers 
The processor extension interface uses I/O port ad
dresses 00F8(H), OOFA(H), and OOFC(H) which are 
part of the I/O port address range and is a reserved 
area. An ESC instruction with EM = 0 and TS = 0 will 
perform I/O bus operations to one or more of these 
I/O port addresses independent of the value of 10PL 
and CPL. 

ESC instructions with memory references enable the 
CPU to accept PEREa inputs for processor extension 
operand transfers. The CPU will determine the operand 
starting address and readlwrite status of the instruction. 
For each operand transfer, two or three bus operations 
are performed, one word transfer with 1/0 port address 
OOFA(H) and one or two bus operations with memory. 
Three bus operations are required for each word oper
and aligned on an odd byte address. 

Interrupt Acknowledge Sequence 
Figure 30 illustrates an interrupt acknowledge se
quence performed by the 80286 in response to an INTR 
input. An interrupt acknowledge sequence consists of 
two INTA bus operations. The first allows a master 8259A 
Programmable Interrupt Controller (PIC) to determine 
which if any of its slaves should return the interrupt vec
tor. An eight bit vector is read by the 80286 during the 
second INTA bus operation to select an interrupt han
dier routine from the interrupt table. 

The Master Cascade Enable (MCE) signarofthe 82288 
is used to enable the cascade address drivers, during 
INTA bus operations (See Figure 30), onto the local ad
dress bus for distribution to slave interrupt controllers via 
the system address bus. The 80286 emits tile [OCR 
signal (active LOW) during Ts oUhe first INTA bus oper
ation. A local bus "hold" request will not be honored until 
the end of the second INTA bus operation. 

Three idle processor clocks are provided by the 80286 
between INTA bus operations to allow for the minimum 
INTA to INTA time and CAS (cascade address) out delay 
of the 8259A. The second INTA bus operation must al
ways have at least one extra Testate added via logic 
controlling "REAITY. A23-AO are in 3-state OFF until after 
the first Te state of the second INTA bus operation. This 
prevents bus contention between the cascade address 
drivers and CPU address drivers. The extra Testate al,
lows time for the 80286 to resume driving the address 
lines for subsequent bus operations. 
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Local Bus Usage Priorities 
The 80286 local bus is shared among several internal 
units and external HOLD requests. In case of simulta
neous requests, their relative priorities are: 

(Highest) Any transfers which assert rncK either ex
plicitly (via the LOCK instruction prefix) or 
implicitly (Le. segment descriptor access, 
interrupt acknowledge sequence, or an 
XCHG with memory). 

The second of the two byte bus operations 
required for an odd aligned word operand. 

Local bus request via HOLD input. 

Processor extension data operand. transfer 
via PEREa input. 

Data transfer performed by EU as part of an 
instruction. 

(Lowest) An instruction prefetch request from BU. The 
EU will inhibit prefetching two processor 
clocks in advance of any data transfers to 
minimize waiting by EU for a prefetch to finish. 

Halt or Shutdown Cycles 
The 80286 externally indicates halt or shutdown condi
tions as a bus operation. These conditions occur due to 
a HLT instruction or multiple protection exceptions while 
attempting to execute one instruction. A halt or shut
down bus operation is signalled when ST, SO and COOl 
Tf\JTA are LOW and M/TO is HIGH. A1 HIGH indicates 
halt, and A1 LOW indicates shutdown. The 82288 bus 
controller does not issue ALE, nor is l1EA1::N required to 
terminate a halt or shutdown bus operation. 

During halt or shutdown, the 80286 may service PEREa 
or HOLD requests: A processor extension segment 
overrun exception during shutdown will inhibit further 
service of PEREa. Either NMI or RESET will force the 
80286 out of either halt or shutdown. An INTR, if inter
rupts are enabled, or a processor extension segment 
overrun exception will also force the 80286 out of halt.· 
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NOTES: 

Figure 30. Interrupt Acknowledge Sequence 

1_'INTACYClE 1_1 
BUS CYCLE TYPE I " T,C •.•• I TS I TC I Tc T, I T, I T, 

• - ~,~ ~,~ ~,~ ~ I ~ ~ ,~ ~,~ 

ClK 

MIlO. cOD/fNTA 

A23 - Ao 'ID'51>- ______ ~~ ~O~ ~ < .... ___ Do_N_.T_C_A_RE __ .....J}- ______ (s.:E~~E~.)-<,--__ _ 

8RE »»»»)}- -----------< ___ D_ON_'T_CA_RE_--I}- - - - - - - - - - - -c: 
, 015 - Do PREVIOUS 

WRITE CYCLE 

(SEE NOTE 1.) 

-------<=>--------------------~ECTot--

(SEE NOTE 2.) (SEE NOTE 3.) 

READY %\\\\ 1I07i7771011 \\\\\\ 1lI/IJj770lJl00717l////lW70V11I \\\\\\ mmz 
NOT READY READY NOT READY READY 

INTA \ I \ ;--

MCE r----\ r----\ 

ALE n n 
DT/R \ I \ /. 

DEN I \ I '---

1. Data is ignored. 

2. First INTA cycle should have at least one wait state inserted to meet 82S9A minimum INTA pulse width. 

3. Second INTA cycle must have at least one wait state inserted since the CPU will not drive A23 - Ao. BHE. and I:OCK until after the first 
TCstate. 

The CPU imposed one/clock delay prevents bus contention between cascade address buffer being disabled by MCE + and address 
outputs. 

Without the wait state. the 80286 address will not be valid for a memory cycle started immediately after the second INTA cycle. The 
82S9A also requires one wait state for minimum INTA pulse width. . 

4. LOCK is active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in a multi-master system. 

5. A23 - Ao exits 3-state OFF during 4>2 of the second T c in the INTA cycle. 
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Figure 31. Basic iAPX 286 System Configuration 
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SYSTEM CONFIGURATIONS 
The versatile bus structure of the iAPX 286 microsys
tern, with a full complement of support chips, allows flex
ible configuration of a wide. range of systems. The basic 
configuration, shown in Figure 31, is similar to an iAPX 
86 maximum mode system. It includes the CPU plus an 
8259A interrupt controller, 82284 clock generator, and 
the 82288 Bus Controller. The iAPX 86 latches (8282 
and 8283) and transceivers (8286 and 8287) may be 
used in an iAPX 286 microsystem. 

As indicated by the dashed lines in Figure 31, the abiiity 
to add processor extensions is an integral feature of iAPX 
286 microsystems. The processor extension interface 
allows external hardware to perform special functions 
and transfer data concurrent with CPU execution of other 
instructions. Full system integrity is maintained because 
the 80286 supervises all data transfers and instruction 
execution for the processor extension. 

The iAPX 286 with the 80287 numeric processor ex
tension (NPX) uses this interface. The iAPX 286/287 
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has all the instructions and data types of an iAPX 
86/87 or iAPX 88/87. The 80287 NPX can perform 
numeric calculations and data transfers concurrently 
with CPU program execution. Numerics code and 
data have the same integrity as all other information 
protected by the iAPX 286 protection mechanism. 

The 80286 can overlap chip select decoding and ad
dress propagation during the data transfer for the pre
vious bus operation. This information is latched into the 
8282/3's by ALE during the middle of a Ts cycle. The 
latched chip select and address information remains 
stable during the bus operation while the next cycles 
address is being decoded and propagated into the sys
tem. Decode logic can be implemented with a high speed 
bipolar PROM. 

The optional decode logic shown in Figure 31 takes ad
vantage of the overlap between address and data of the 
80286 bus cycle to generate advanced memory and 10-
select signals. This minimizes system performance 
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Figure 32. Multlbus System Bus Interface 
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degradation caused by address propogation and de
code delays. In addition to selecting memory and I/O~ 
the advanced selects may be used with configurations 
supporting local and system buses to enable the appro
priate bus interface for each bus cycle. The COD/Tf\JTl\ 
and MIlO signals are applied to the decode logic to dis
tinguish between interrupt, 1/0, code and data bus cycles. 

By adding the 82289 bus arbiter chip the 80286 provides 
a Multibus system bus interface as shown in Figure 32. 
The ALE output of the 82288 for the Multibus bus is 
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" CEIVER 
T r-

connected to its CMDlY input to delay the start of com
mands one system ClK as required to meet Multibus 
address and write data setup times. This arrangement 
will add at least one extra Testate to each bus operation 
which uses the Multibus. 

A second 82288 bus controller and additional latches 
and transceivers could be added to the local bus of Fig
ure 32. This configuration allows the 80286 to support 
an on-board bus for local memory and peripherals, and 
the Multibus for system bus interfacing. 
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Figure 33. iAPX 286 System Configuration with Dual-Ported Memory 
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Figure 33 shows the ~ddition of dual ported dynamic 
memory between the Multibus system bus and the iAPX 
286 local bus. The dual port interface is provided by the 
8207 Dual Port DRAM Controller. The 8207 runs syn
chronously with the CPU to maximize throughput for lo
cal memory references. It also arbitrates between 
requests from the local and system buses and performs 
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functions such as refresh, initialization of RAM, and read/ 
modify/write cycles. 'The 8207 combined with the 8206 
Error Checking and Correction memory controller pro
vide for single bit error correction. The dual-ported 
memory can be combined with a standard Multibus sys
tem bus interface to maximize performance and protec
tion in multiprocessor system configurations. 
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PACKAGE 
The 80286 is packaged in a 68-pin, leadless JEDEC 
type A hermetic chip carrier. Figure 34 illustrates the 
package, and Figure 2 shows the pinout. 

Figure 34. 80286 JEDEC Type A Package 

=i F~ 
(2.39) 

.050 .066 

(1.27) (1.88) rl ""'''' 111111111111 JIll II un r--
-- t-T--F 

D .800 

~ 
I 

(20.32) .960 

~ 
(24.38) 

~~ (0.99) .--- F 
F= F 
F= ~ 

J~L 
F= . 

----, E= 1= 

"NNO'''~ 
II II II II II II II 11 U II U ./ 

PINNO.1~ ~PIN NO 1 MARK 

.130 
(3.30) 

.960 
(24.38) 

ABSOLUTE MAXIMUM RATINGS* • NOTICE: Stresses above those listed under "Absolute Max-
imum Ratings" may cause permanent damage to the device. 

Ambient Temperature Under Bias .......... O°C to 70°C This is a stress rating only and functional operation of the de-

Storage Temperature . . . . . . . . . . . .. - 65°C to + 150°C 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. 

Voltage on Any Pin with Exposure to absolute maximum rating conditions for ex-
Respect to ~round ................. - 0.3 to .J.. 7V tended periods may affect device reliability. 

Power Dissipation ...................... 3.6 Watt 

D.C. CHARACTERISTICS (80286: T A = O°C to 70°C, Vee = 5V ± 10%) 

Symbol Parameter Min. Max. Units Test Conditions 
Vil Input low Voltage -0.5 +0.8 V 

VIH Input High Voltage 2.0 Vee+ 0.5 V 

VOL Output low Voltage 0.45 V IOl =3.0mA 

VOH Output High Voltage 2.4 V IOH = - 400 fLA 

lee Power Supply Current 600 rnA TA=25°C 

III . Input leakage Current ±10 fLA OV.;; VIN';; Vee 

ILO Output leakage Current ±10 fLA 0.45V:o;; VOUT';; Vee 

Vel Clock Input low voltage -0.5 +0.6 V 

VeH Clock Input High Voltage 3.8 Vee+ 1.O V 

CIN 
Capacitance of Inputs 

10 pF fc= 1 MHz (All input except ClK) 

Co Capacitance of 1/0 or outputs 20 pF fc= 1 MHz 

CelK Capacitance of ClK Input 12 pF fc= 1 MHz 
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A.C. CHARACTERISTICS (TA == 0°Cto70°C, vee == 5V ± 10%) 

80286 Timing Requirements 
Symbol Parameter Min. 

1 System clock period 62.5 

2 System clock low time 15 

3 System clock high time 20 

4 Asynchronous input setup time 20 

5 Asynchronous input hold time 20 

6 RESET setup time 20 

7 RESET hold time 0 

8 ' Read data in setup time • 10 

9 Read data in hold time 5 

10 READY setup time 38.5 

11 READY hold time 25 

12 STATUS/PEACK valid delay 0 

13 Address valid delay 0 

14 Write data valid delay '0 

15 Address/Status/Data float delay 0 

16 HLDA valid delay 0 

82284 Timing Requirements 
Symbol Parameter Min. 

17 SRDY/SRDYEN setup time 15 

18 SRDY/SRDYEN hold time 0 

19 ARDY/ARDYEN setup time 0 

20 ARDY/ARDYEN hold time 16 

21 PCLKdeiay 0 

NOTE1: These times are given for testing purposes to assure a predetermined action. 

82288 Timing Requirements 
Symbol Parameter Min. 

22 CMDLY setup time 20 

23 CMDLY hold time 0 

24 Command delay 3 

25 ALE active delay 3 

26 ALE inactive delay 0 

27 DT/R read active delay 0 

28 DT/R read inactive delay 10 

29 DEN read active delay 10 

30 DEN read inactive delay 3 

31 DEN write active delay 0 

32 DEN write inactive delay 3 
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Max. Units Test Conditions 
250 ns 

230 ns at .6 Volts 

235 ns at 3.2 Volts 

ns See note 1 

ns See note 1 

ns 

ns 

ns 

ns 

ns 

ns 

40 ns 

60 ns 

50 ns CL = 100 Pfd max 

60 ns 

60 ns 

Max. Units Test Conditions 
ns 

ns , 

ns See note 1 

ns See note 1. 

CL = 75 pfd 
40 ns IOL = 5.25 rna 

IOH = - 1.05 rna 

Max. Units . Test Conditions 
ns 

ns 

CL == 300 pfd max 
15 ns IOL == 32 rna max 

IOH == -5mamax 

15 ns 

20 ns 

20 ns 

40 ns CL == 80 pfd max 

50 
IOL = 16 rna max 

ns IOH = -1 rna max 
15 ns 

30 ns 

30 ns 
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WAVEFORMS 

MAJOR CYCLE TIMING 

READ 

BUS CYClE TYPE 

ClK 

Sl • SO 

A'3-AO -rrTT7"T'r.r-rrm-rr.;:..,..I,...+_--_+---!----L.,:;:;~I/_I---+_--_+---h. JT7 

MilO, COOlfNTA ;u.LJ.J....l.L<c.LLLJ.J....l.L<~'I'-+_--_+---I---_r'LJ.J..uI'_I---+_--_+---jJ,LJ.J.u\.+--_+-.:....--

BHE,LOCK Li.J'./..L.UJ..J..LI.'./..L.UJ..J..LI.'./..L.UJ..J..LI.r..t.JI'-I-___ I-...:......:....:.:.. __ --,"~l.i.I..UI'+_--_+_:.:..:....:.......:...~--_+''--_+-....;.:,--

PClK 

AlE 

CMDlY 

MWTC 

~ 
II: 

M'AD~ 

DT/R 

DEN 

NOTE: 
1, MWTC is valid at this point only if CMDL Y is low, 
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WAVEFORMS (Continued) 

80286 ASYNCHRONOUS INPUT SIGNAL TIMING 80286 RESET INPUT TIMING AND 
SUBSEQUENT PROCESSOR CYCLE PHASE 

BUS CYCLE TYPE _Tx_ 
¢1 ~ 

ClK 
ClK 

PClK RESET 
(SEE NOTE 1) 

HOlD,PEREQ ClK 

(SEE NOTE 2) u..~LI...<,,+,..L.I.<rl'-_+-II".u..,-,-,.LL1..t. 

INTR,NMI RESET 

~6~ LLI.:..tI'Io_ ...... JI'IIIJ..LL.J.I..uJ "---__ I'V...I..L.L 

NOTES: 
1. PClK indicates which processor cycle phase will occur on the next 

ClK . PClK may not indicate the correct phase until the first bus 
cycle is performed. 

NOTE1: When RESET meets the setup time shown, the next ClK 
will start or repeat <p1 of a processor cycle. 

2. These inputs are asynchronous. The setup and hold times shown 
assure recognition for testing purposes. 

EXITING AND ENTERING HOLD 

BUS CYCLE TYPE 

ClK 

HlDA ___ ~:"I 

(SEE NOTE 4. 

~~":""'4----r'~~::E.M") .. 
~»~»~;t:j----------------

A23 - Ao MIlO, _______ _ 

COD/INTA 

I (SEE NOTE 2.) 

@ . 
015 - Do (.f'--------~~ 

- - - - - - - - - - - - _ - - - - - (, VALID WRITE DATA 

i [ PClK ___ --.I 

NOTES: 
1. These signals may still be driven by the 80286 during the time shown. The worst case in terms of lates,t float time is shown. 

2. The data bus will be driven as shown if the last cycle before TI in the diagram was a write T c. 

3. The 80286 floats its status pins during T H' External pullup resistors (in 82288) keep these signals high. 

4. For HOLD request set up to HlDA, refer to Figure 29. 
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WAVEFORMS (Continued) 

80286 PEREQ/PEACK TIMING REQUIRED PEREQ TIMING FOR ONE TRANSFER ONLY. 

BUS CYCLE TYPE 

ClK 

51 .50 

A23 - Ao 

MIO 

CODINTA 

PEACK 

PEREa 

NOTES: . 
1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The first bus operation 

will be either a memory read at operand address or 1/0 read at port address OOFA(H). 

2. To prevent a second p~ocessor extension data operand transfer, the worst case maximum' time (Shown above) is: 3XG)-@max. 
-@) min.' The actual, configuration dependent; maximum time is: 3X CD -<DYmax.-@) min. + A X 2 XCD· 
A is the number of extra T c states added to either the first or second bus operation of the processor extension data operand transfer 
sequence. 

INITIAL 80286 PIN STATE DURING RESET 

ClK 

RESET 

~.~ ------~--------~---+-------------+--~~+-----------------------~~~---------
PEACK ____________________ _+------~----_+----JI 

A23- AO --------------------_+------------_+------+-~_w------------------~~~---------
~ ____ ~ ______________ _+------------_+------+---JI 

MIlO ----.....:..---------------+-------------+------+-..:::..."'" 
COD/INTA ____________________ _+------------_+------+---~------------------~~~---------

DATA 
_ (~~~E.:.~ ______ ~(l- _ ____ _ 

HlDA UNKNOWN 

NOTES: 
1. Setup time for RESET ~ may be violated with the consideration that cl>1 of the processor clock may begin one system ClK period later. 

2. Setup and hold times for RESET. must be met for proper operation. 

3. The data bus is only guaranteed to be in 3-state OFF at the time shown. 
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Figure 35. 80286 Instruction Format Examples 

BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTES BYTE 6 

,....,..-..,..;..,...;..,..;;..,..-..,..;..,..;..,.;..,,..;...,.;..,...;.~,..;...,.~ - - - - ---,. -- --- -- ... - -- -- --..,. - --- ---., 
LOW DISP/DATA : HIGH DISP/~ATA: LOW DATA : HIGH DATA 

'---.,-_ ...................... --'-...... ;......jl...-.,........ - - - - - - _.£. - - - - - - _.&. - - - - - - _.&. - - __ - - - ~ 

REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION 

1....-___ REGISTER OPERAND/EXTENSION OF OPCODE L...-____ REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH 
L...-______ WORD/BYTE OPERATION 

1....-______ DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER 
1--_________ OPERATION (INSTRUCTION) CODE 

A. SHORT OPCODE FORMAT EXAMPLE 

BYTE 1 BYTE 2 BYTE 3 

B. LONG OPCODE FORMAT EXAMPLE 

80286 INSTRUCTION SeT SUMMARY 
, Instruction Timing Notes 

The instruction clock counts. listed below establish the 
maximum execution rate of the 80286. With no delays in 
bus cycles, the actual clock count of an 80286 program 
will average 5% more than the calculated clock count, 
due to instruction sequences which execute faster than 
they can be fetched from memory. 

To calculate elapsed times for instruction sequences, 
multiply the sum of all instruction clock counts, as listed 
in the table below, by the processor clock period. An 8 
M Hz processor clock has a clock period of 125 nanosec
onds and requires an 80286 system clock (ClK input) of 
16 MHz. 

Instruction Clock Count Assumptions 
1. The instruction has been prefetched, decoded, and 

is ready for execution. Control transfer it:lstruction clock 
counts include all time required to fetch, decode, and 
prepare the next instruction for execution. 

2. Bus cycles do not require wait states. 
3. There are no processor extension data transfer or 

local bus HOLD requests. 

4. No exceptions occur during instruction execution. 
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BYTE 4 BYTES 

Instruction Set Summary Notes 
Addressing displacements selected by the MOD field 
are not shown. If necessary they appear after the in
struction fields shown. 

Above/below refers to unsigned value 

Greater refers to positive signed value 

less refers to less positive (more negative) signed values 

. if d = 1 then to register; if d = 0 then from register 

if w = 1 then word instruction; if w = 0 then byte 
instruction 

if s = 0 then 16-bit immediate data form the operand 

if s = 1 then an immediate data byte is sign-extended 
to form the 16-bit operand 

x don't care 

z used for string primitives for comparison with ZF 
FLAG 

If two clock counts are given, the l?maller refers to a reg
ister operand and the larger refers to a memory operand 

* = add one clock if offset calculation requires sum-
ming 3 elements 

n = number of times repeated 

m = number of byte~ of code in next instruction 
Level (l)-lexical nesting level of the procedure 
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The following comments describe possible exceptions, 
side effects, and allowed usage for instructions in both 
operating modes of the 80286. 

REAL ADDRESS MODE ONLY 
1. This is a protected mode instruction. Attempted ex

ecution in real address mode will result in an unde
fined opcode'exception (6). 

2. A segment overrun exception (13) will occur if a word 
operand reference at offset FFFF(H) is attempted. 

3. This instruction may be executed in real address 
" mode to initialize the CPU for protected mode. 

4. The IOPL and NT fields will remain O. 

5. Processor extension segment overrun interrupt (9) 
will occur if the operand exceeds the segment limit. 

EITHER MODE 
6. An exception may occur, depending on the value of 

the operand. 

7. coeR is automatically asserted regardless of the 
presence or absence of the LOCK instryction prefix. 

PROTECTED VIRTUAL ADDRESS MODE ONLY 
8. The destination of an INT, JMP, CALL, RET or IRET 

instruction must be in the defined limit of a code 
segment or a general protection exception (13) 
occurs. 

9. A general protection exception (13) will occur if the 
memory operand can not be used due to either a 
segment limit or access rights violation. If a stack 
segment limit is violated, a stack segment overrun 
exception (12) occurs. 
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10. For segment load operations, the CPL, RPL, and 
OPL must agree with privilege rules to avoid an ex
ception. The segment must be present to avoid a 
not-present exception (11). If the SS register is the 
'destination, and a segment not-present violation 
occurs, a stack exception (12) occurs. 

11. All segment descriptor accesses in the GOT or LOT 
made by this instruction will automatically assert 
coeR to maintain descriptor integrity in mUltipro
cessor systems. 

12. JMP, CALL, INT; RET, IRET instructions referring to 
another code segment will cause a general protec
tion exception (13) if any privilege rule is violated. 

13. A general protection exception (13) occurs if CPL 
=F O. 

14. A general protection exception (13) occurs if 
CPL> IOPL. 

15. The IF field of the flag word is not updated if 
CPL > IOPL. The IOPL field is updated only if 
CPL =0. 

16. Any violation of privilege rules as applied to the se
lector operand do not cause a protection exception; 
rather, the instruction does not return a result and 
the zero flag is cleared. 

17. If the starting address of the memory operand vio
lates a segment limit, or an invalid access is at
tempted, a general protection exception (13) will 
occur before the ESC instruction is executed. A stack 
segment overrun exception (12) will occur if the stack 
limit is violated by the operand's starting address. If 
a segment limit is violated during an attempted data 
transfer then a processor extension segment over
run exception (9) occurs. 
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80286 INSTRUCTION SET SUMMARY 
CLOCK COUNT COMMENTS 
Real Protected Real Protected 

FUNCTION FORMAT Address Virtual Address Virtual 
Mode Address Mode Address 

Mode Mode 
DATA TRANSFER 
MOV = Move: 
Register to RegisterlMemory 11 000100w mod reg rIm 2,3- 2,3- 2 9 

Registerlmemory to register 11 000101w mod reg rIm 2,5- 2,5- 2 9 

Immediate to register/memory 11 1 0001 1 w mod 000 rIm data I data ifw = 1 I 2,3- 2,3- 2 9 

Immediate to register 11 01 1 w reg data data ifw= 1 I 2 2 

Memory to accumulator 11 010000w addr-Iow addr-high I 5 5 2 9 

Accumulator to memory 11 010001w addr-Iow addr-high I 3 3 2 9 

Registerlmemory to segment register 11 00 0 1 1 1 0 mod 0 reg rIm 2,5- 17,19- 2 9,10,11 

Segment register to registerlmemory 11 0001100 mod 0 reg rIm 2,3- 2,3- 2 9 

PUSH = Push: 
Memory 11111111 11 mod 11 0 rIm I 5- 5- 2 9 

Register, 10 1 0 1 0 reg I 3 3 2 9 

Segment register 10 0 0 reg 1 1 0 I 3 3 2 9 

Immediate 10 1 1 0 lOs 0 I data I data if s = 0 I 3 3 2 9 

PUSHA = Push All 10 1 1 0 0 0 0 0 I 17 17 2 9 

POP = Pop: 
Memory 11 00 0 1 1 1 1 I mod 000 rIm I 5- 5- 2 9 

Register 10 1 0 1 1 reg I 5 5 2 9 

Segment register 10 0 0 reg 1 1 1 I (reg#Ol) 5 20 2 9,10,11 , 

POPA = Pop All 10 1 1 0 0 00 1 I 19 19 2 9 

XCHG = Exchange: 
Registerlmemory with register 11 00 0 0 1 1 wi mod reg rIm I 3,5- 3,5- 2.7 7,9 

Register with accumulator 11 00 1 0 reg I 3 3 

IN = Input from: . 
Fixed port 11 1 1 00 lOw I port I 5 5 14 

Variable port 11 1 1 0 1 lOw I 5 5 14 

OUT = Output to: 
Fixed port 11 1 1 001 1 w port I 3 3 14 

variable port 11 1 1 01 1 1 w 3 3 14 

XLAT = Translate byte to AL 11 1 0 1 0 1 1 1 5 5 9 

LEA = Load EA to register 11 00 0 1 1 0 1 mod reg rIm I 3- 3-

LOS = Load pointer to OS 11 1 0 0 0 1 0 1 mod reg rIm I (mod # 11) 7* 21- 2 9,10,11 

LES = Load pointer to ES 11 1000100 mod reg rim I (mod # 11) 7* 2r 2 9,10,11 

LAHF = Load AH with flags 11 00 1 1111 2 ·2 

SAHF = Store AH into flags 11 o 0 1 1 1 1 0 2 2 

PUSHF = Push flags 11 00 1 1 1 0 0 3 3 2 9 

POPF = Pop flags 11 00 1 1 1 0 1 5 5 2,4 9,15 

Shaded areas indicate instructions not aval able in iAPX 86, 88 microsystems. 

All mnemonics copyright Intel Corp., 1983. 
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80286 INSTRUCTION SET SUMMARY (Continued) 
CLOCK COUNT COMMENTS 
Real Protected Real Protected 

FUNCTION FORMAT Address Virtual Address Virtual 
Mode Address Mode Address 

Mode Mode 
ARITHMETIC 
ADD = Add: 
Reglmemory with register to either 10 00 0 0 0 d w I mod reg rim I 2,7' 2,7* 2 9 

Immediate to registerlmemory 11 00000 s wi mod 000 rim I data I data if s w = 01 I 3,7' 3,7* 2 9 

Immediate to accumulator 10 00 0 0 1 0 wi data I data ifw= 1 I 3 3 

ADC = Add with carry: 
Reglmemory with register to either 10 00 1 0 0 d wi mod reg rim I 2,7' 2,7' 2 9 

Immediate to registerlmemory 11 OOOOOs wi mod 0 10 rim I data I data if s w = 01 I 3,7* 3,7' 2 9 

Immediate to accumulator 10 00 1 0 1 0 w I data I data ifw= 1 I 3 3 

INC = Increment: 
Registerlmemory 11 111111 wi mod 000 rim I 2,7' 2,7' 2 9 

Register 10 1 0 0 0 reg I 2 2 

SUB = Subtract: 
, 

Reglmemory and register to either 10 0 1 0 1 0 d wi mod reg rim I 2,7' 2,7' 2 9 

Immediate from registerlmemory 1100000swi mod101 rim I data I data if s w = 0 1 I 3,7' 3,7* 2 9 

Immediate from accumulator 10 0 1 0 1 1 0 wi data I data ifw= 1 I 3 3 

SBB = Subtract with borrow: 
Regimemory and register to either 10 00 1 1 0 d wi mod reg rim I 2,7' 2,7' 2 9 

Immediate from registerlmemory 1100000swi mod011 rim I data I data if s w = 0 1 I 3,7' 3,7* 2 9 

Immediate from accumulator 10001110wl data I data ifw= 1 I 3 3 

DEC = Decrement: 
Registerlmemory 11 111111 wi mod 00 1 rim I 2,7' 2,7* 2 9 

Register 10 1 0 0 1 reg I 2 2 

CMP = Compare: 
Registerlmemory with register 10 01 1 101 w mod reg rim I 2,6' 2,6' 2 9 

Register with register/memory 10 01 1 1 00 w mod reg rim I 2,7' 2,7' 2 9 

Immediate with register/memory 11 OOOOOsw mod111 rim I data I data if s w = 0 1 I 3,6' 3,6' 2 9 

Immediate with accumulator 10 01 1 1 1 0 w data I data if w = 1 I 3 3 

NEG = Change sign 11 11 1 011 w mod011 rim I 2 7* 2 7 

AM = ASCII adjust fM add 10 0 1 1 0 1 1 1 3 3 

OM = Decimal adjust for add 10 01 0 0 1 1 1 3 3 

MS = ASCII adjust for subtract 10 01 1 1 11 1 3 3 

DAS = Decimal adjust for subtract 10 0 1 0 1 1 1 1 3 3 

MUL =; Multiply (unsigned): 11 1 1 1 01 1 w mod 100 rim I 
Register-Byte 13 13 
Register-Word 21 21 
Memory-Byte 16' 16' 2 9 
Memory-Word 24' 24' 2 9 

IMUL = Integer multiply (signed): 11 1 1 1 0 1 1 wi mod 101 rim I 
Register-Byte 13 13 
Register-Word 21 21 
Memory-Byte 16' 16' 2 9 
Memory-Word 24' 24' 2 9 

IMUL = Integer immediate multiply 10 1 1 0 1 0 s 11 mod reg rim I data I data ifs =0 I 21,24' 21,24' 2 9 
(signed) • 
DIV = Divide (unsigned): 11 1 1 1 0 1 1 wi mod 110 rim I 
Register-Byte 14 14 
Register-Word 22 22 
Memory-Byte 17' 17* 2,6 6,9 
Memory-Word 25' 25' 2,6 6,9 

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

All mnemonics copyright Intel Corp., 1983. 
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80286 INSTRUCTION SET SUMMARY (Continued) 
CLOCK COUNT· COMMENTS 
Real Protected Real . Protected 

FUNCTION FORMAT Address Virtual Address Virtual 
! Mode Address Mode Address 

Mode Mode 
ARITHMETIC (Continued): 

IDIV = Integer divide (signed): 11 11 1 011 wi modlll rim I 
Register-Byte 17 17 
Register-Word 25 25 
Memory-Byte 20- 20- 2 9 
Memory·Word 28- 28- 2 9 
AAM = ASCII adjust for multiply 11 10101001000010101 16 16 

AAO = ASCII adjust for divide 11 1 0 1 (} 1.0 1 I 0 0 0 0 1 0 1 01 14 14 

caw = Convert byte to word POOll0001 2 2 

CWO = Convert word to double word 11 00 1 1 00 1 1 2 2 

LOGIC 
Shift/Rotate Instructions: 
Register/Memory by 1 11 101000wl mod m rIm 1 2.7- 2.7* 2 9 

Register/Memory by CL 11 101 001 wi mod m rim 1 5+n.8+n' 5+n.8+n' 2 9 

Register/Memory by Count 11 100000wl mod m rim I count 1 5+ n.8+n' 5+n.8+o' 2 9 

m Instruction 
000 ROL 
00 1 ROR 
o 1 0 RCL 
o 1 1 RCR 
1 00 SHUSAL 
1 0 1 SHR 
111 SAR 

ANO=And: 
Reg/memory and register to either 10 0 1 0 0 0 d wi mod reg rim 1 2.7* 2.7* 2 9 

Immediate to register/memory 11000000wl mod 1 00 rim I data I data ifw= 1 1 3.7- 3.7* 2 9 

Immediate to accumulator 10010010wl ilata I dataifw=l 1 3 3 

TEST = And function to flags, no result: 
Register/memory and register 11 000010wl mod reg rim I 2.6- 2.6- 2 9 

Immediate data and register/memory 11 1 1 1 01 1 wi modOOO rIm I data I dataifw=l 1 3.6- 3.6- 2 9 

Immediate,data and accumulator 11 010100wl data I datai!w=l 1 3 3 

OR=Or: 
Reg/memory and register to either 1000010dwi mod r.eg rim I 2.7* 2.7- 2 9 

Immediate to register/memory 11000000wl modOOl rim I data I data ifw= 1 I 3.7- 3,7- 2 9 

Immediate to accumulator 10 00 0 1 lOw I data I data ifw= 1 I 3 3 

XOR = Exclusive or: 
Reg/memory and register to either 1001100dwi mod reg rim I 2.7* 2.7- 2 9 

Immediate to register/memory 11000000wl mod 11 0 rim I data I data ifw= 1 I 3.7* 3,7* .2 9 

Immediate to accumulator 10011010wl data I dataifw= 1 I 3 3 

NOT = Invert register/memory 11 11 101 1 wi mod 0 10 rim I 2.7* 2·r 2 9 

STRING MANIPULATION: 
MOVS = Move byte/word 11 010010wl 5 5 2 9 

CMPS = Compare byte/word 11 01 001 1 wi 8 8 2 9 

SCAS = Scan byte/word 11 01 01 1 1 wi 7 7 2 9 

LOOS = Load byte/wd to AUAX 11 01 0 1 lOw 1 5 5 2 9 

STOS = Stor byte/wd from AUA 11 01 01 01 wi 3 3 2 9 

INS = Input byte/wd from OX port 10 1 1 01 lOw 1 5 5 2 9.14 

OUTS = Output byte/wdto OX port 10 1 1 01 1 1 wi 5 5 2 9.14 

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

Ali mnemonics copyright Intel Corp., 1983. 
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80286 INSTRUCTION SET SUMMARY (Continued) 
CLOCK COUNT COMMENTS 

Real Protected Real Protected 

FUNCTION FORMAT Address Virtual Address Virtual 
Mode Address Mode Address 

Mode Mode 
STRING MANIPULATION (Continued): 
Repeated by count in CX 
MOVS = Move string 11 11 1 0 0 1 0 1010010wl 5+4n 5 +4n 2 9 

CMPS = Compare string 11 1 1 1 0 0 1 z 1 0 1 00 1 1 wi 5 +9n 5+9n 2 9 

SCAS = Scan string 11 1 1 1 0 0 1 z 1 01 0 11 1 wi 5 +8n 5+8n 2 9 

LODS = Load string 11 1 1 1 001 0 1 0 1 0 1 lOw I 5 +4n 5+4n 2 9 

STOS = Store string 11 1 1 1 0 0 1 0 1 0 1 0 1 0 1 wi 4+3n 4 +3n 2 9 

INS = Input string 11 1 1 1 0 0 1 0 01 1 0 1 lOw I 5 +4n 5+4n 2 9,14 

OUTS = Output string 11 1 1 1 001 0 011 0 1 1 1 wi 5 +4n 5+4n 2 9,14 

CONTROL TRANSFER 

CALL=Call: 
Direct within segment 11 1 1 0 1 00 0 I disp-Iow I disp-high I 7+m 7+m 2 8 

ReQisterlmemory 11 111 111 1 I 
indirect within segment 

mod 010 rim I 7+m,ll+m' 7+m,11 +m' 2 8,9 

Direct intersegment 11 00 1 1 01 0 I segment offset I 13+m 26+m 2 8,11,12 

I segment selector I 
Protected Mode Only (Direct Intersegment): 

Via call gate to same privilege level 41 +m 8,11,12 
Via call gate to different privilege level, no parameters 82+m 8,11,12 
Via call gate to different privilege level, x parameters 86+4x+m 8,11,12 
ViaTSS 177+m 8,11,12 
Via task gate 182+m 8,11,12 

Indirect intersegment 11 111111 1 I mod 0 11 rim I (mod", 11) 16+m 29+m' 2 8,9,11,12 

Protected Mode Only (Indirect Intersegment): 
Via call gate to same privilege level 44+m' 8,9,11,12 
Via call gate to different privilege level, no parameters 83+m' 8,9,11,12 
Via call gate to different privilege level, x parameters 90+4x+m' 8,9,11,12 
ViaTSS 180+m' 8,9,11,12 
Via task gate 185+m' 8,9,11,12 

JMP = Uncondillonal jump: 
ShorVlong 11 1 1 0 1 01 1 I disp-Iow I 7+m 7+m 8 

Direct within segment' 11 1 1 0 1 00 1 I disp-Iow I disp-high I 7+m 7+m 8 

Registerlmemory indirect within segment 11 111111 1 I mod 1 00 rim I 7+m,11+m' 7+m,11+m' 2 8,9 

Direct intersegment 11 1 1 0 1 0 1 o I segment offset :oJ 11+m 23+m 8,11.12 

I segment selector I 
Protected Mode Only (Direct intersegment): 

Via call gate to same privilege level 38+m 8,11,12 
ViaTSS 175+m 8,11,12 
Via task gate 180+m 8,11,12 

Indirect intersegment 11 111111 1 I mod 1 01 rim I (mod", 11) 15+m' 26+m' 2 8,9,11,12 

Protected Mode Only (Indirect intersegment): 
Via call gate to same privilege level 41 +m' 8,9,11,12 
Via TSS 178+m' 8,9,11,12 
Via task gate 183+m' 8,9,11,12 

RET = Return from CALL: 
Within segment 11 1 0 0 0 0 1 11 II+m II+m 2 8,9 

Within seg adding immed to SP 11 1 0 0 0 0 1 01 data-low I data-high j II+m 11+m 2 8,9 

Intersegment 11 1 0 0 1 0 1 11 15+m 25+m 2 8,9,11,12 

Intersegment adding immediate to SP 11 1 0 0 1 0 1 o I data-low I data-high I 15+m 2 8,9,11,12 

Protected Mode Only (RET): 
To different privilege level 55+m 

Shaded areas indicate instructions not available in iAPX 8~, 88 microsystems. 

All mnemonics copyright Intel Corp., 1983. 
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80286 INSTRUCTION SET SUMMARY (Continued) 
CLOCK COUNT COMMENTS 
Real Protected Real Protectc1 

FUNCTION FORMAT Address Virtual Address VirtuJI 
Mode Address Mode Address 

Mode Mode 

CONTROL TRANSFER (Continued): 

JE/JZ: Jump on equal zero 10 11 1 o 1 0 0 dlsp I 7 + m or 3 7 + m or 3 8 

Jl!JNGE = Jumpon less not greater or equal 10 11 1 1 1 0 0 dlsp I 7 + m or 3 7 + m or 3 8 

JLE/JNG = Jump on less or equal not greater 10 11 1 1 11 0 disp I 7+,mor3 7 + m or 3 8 

JB/JNAE = Jump on below not above or equal 10 11 1 0 0 1 0 disp I 7 + mor3 7 + m or3 8 

JBE/JNA = J,mp on below or equal not above 10 11 1 o 1 1 0 disp I 7 + m or3 7 + m or3 8 

JP/JPE = Jump on panty parity even 10 11 1 1 0'1 0 dlsp I 7 + m or3 7 + m or 3 8 

JO = Jump on overflow , 
10 11 1 o 00 0 disp I 7 + m or3 7 + m or 3 8 

JS=Jumponslgn 10 11 1 1 0 0 0 disp I 7 + m or3 7 + m or 3 8 

JNE/JNZ = Jump on not equal not zero 10 11 1 0 1 0 1 disp I 7 + mor3 7 + m or 3 8 

JNliJGE = Jump on nolless greater or equal 10 11 1 1 1 0 1 disp I 7 + m or3 7 + m or 3 8 

JNLE/JG = Jump annat less orequal greater 10 11 1 1 11 .1 disp I 7 + m or 3 7 + m or3 8 

JNB/JAE = Jump on not below above or equal 10 11 1 0 0 1 1 disp I 7 + m or3 7 + m or 3 8 

JNBE/JA = Jump on not below or equal a~ove 10 11 1 o 1 1 1 dlsp I 7 + m or3 7 + m or 3 8 

JNP/JPO = Jump on not par par odd 10 11 1 1 0 1 1 dlsp I 7 + m or3 7 + m or 3 8 

JNO = Jump on not overflow 10 11 1 o 00 1 disp I 7 + mor3 7 + m or 3 8 

JNS = Jump on not sign 10 11 1 1 0 0 1 disp I 7 + m or3 7 + m or3 8 

LOOP = Loop CXtimes 11 1 1 0 0 0 1 0 disp I 8 +mor4 8+mor4 8 

LOOPZ/LOOPE ~ Loop while zero equal 11 1 1 0 0 00 1 dlsp I 8+mor4 8 + m or 4 8 

LOOPNZ/LOOPNE = Loop while not zero equal 11 1100000 dlsp I 8+mor4 8 + m or 4 8 

JCXZ = Jump on ex zero 11 1 1 0 0 0 1 1 disp I 8 +mor4 8 + m or 4 8 

ENTER = Enter Procedure 11 1 0 0 1 0 0 o I data·low I data·high I L I 
L=O 11 11 2 9 
L~1 15 15 2 9 
L>1 16-4IL-l) t6-41L I) 2 9 
LEAVE = Leave Procedure 11 1 0 0 1 00 1 I 5 5 2 9 

INT", Interrupt: 
Type specified 11 1 0 0 1 1 0 1 I type ! 23+ m 2 

Type 3 0: 1 0 0 1 1 0 o 1 23 + m 2 

INTO 0 Interrupt on overflow 11 1 0.0 1 11 01 24-mor3 2 
13110 

Protected Mode Only: 
,1:errup:i 

Via interrupt or trap gate to same privilege level 40+m 8,11,12 
Via interrupt or trap gate to fit different privilege level 78+m g, 11,12 
Via Task Gate 167-m 8,11,12 

IRET = Interrupt return 11 1 0 0 1 1 1 11 17+m 31 +m 2,4 8,9,11.12,15 

Protected Mode Only: 
To different priVilege level 55"+m 8,9,11.12,15 
To different task (NT = 1) - 169-m 89,11,12 

BOUNO = Detect value out of range liiiOO01 01 mod reg rm I 13' 13' 2,6 6,8,9,11,12 
[UselNTclock 

counllf 
except:on5i 

Shaded areas indicate instructions not available in iAPX 86,88 microsystems. 

All mnemonics copyright Intel Corp., 1983. 
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80286 INSTRUCTION SET SUMMARY (Continued) 
CLOCK COUNT COMMENTS 
Real Protected Reat Protected 

FUNCTION FORMAT Address Virtual Address Virtual 
Mode Address Mode Address 

Mode Mode 

PROCESSOR CONTROL 
CLC = Clear carry 11 1 1 1 1 00 0 1 2 2 

CMC = Complement carry 11 1 1 1 0 1 0 1 1 2 2 

STC = Set carry 11 111 1 00 1 1 2 2 

CLO = Clear direction 11 1 1 1 1 1 0 01 2 2 

STD = Set direction 11 1 1 1 1 1 0 1 I 2 2 

CLI = Clear interrupt 11 1 1 1 1 01 0 I 3 3 14 

STI = Set interrupt 11 L1 1 1 01 1 2 , 2 14 

HLT=Halt 11 1 1 1 0 1 0 0 2 2 13 

WAIT = Wait 11 00 1 1 01 1 3 3 

LOCK = Bus lock prefix 11 1 1 1 0 0 0 0 0 0 14 

CTS = Clear task switched flag 10 00 0 1 1 1 1 000001101 2 2 3 13 

ESC = Processor EX1ension Efcape 110011TTT mod LLL rim 1 9-20- 9-20- 5 17 
(m LLL are opcode 0 processor eX1ension) 

PROTECTION CONTROL 
LGOT = load global descriotor table register 10 00 0 1 1 1 1 000000011 modOl0 rim 11- 11- 2,3 9,13 

SGOT = Store global descriptor tahle register l2.....0 0 0 1 1 1 1 000000011 modOOO rim 11- 11- 2,3 9 

LlOT=loadinterruptdescriptortableregister 10 00 0 1 11 1 000000011 modOll rim 12- 12- 2,3 9,13 

SlOT = Store interrupt descnptor table register 10 00 0 1 11 1 000000011 modOO 1 rim 12- 12- 2,3 9 
LLOT = load local descriptor table register 

from register memory 10 00 0 1 11 1 000000001 modOl0 rim 17,19- 1 9,11,13 
SLOT = Store local descriptor table register 

toregisterlmemory 10 00 0 1 1 1 1 000000001 modOOO rim 2,3- 1 9 
LTR = load task register 

fromregister/memory .10 U 0 0 1 1 1 1 000000001 modOl1 rim 17,19- 1 9,11,13 
STR = Store task register 

to register memory 10 00 0 1 11 1 000000001 modOOl rim 2,3- 1 9,11,13 
LMSW = load machine status word 

fromregister/memory 10 00 0 1 1 1 1 000000011 mod 11 0 rim 3,6- 3,6- 2,3 9,13 

SMSW = Store machine status word (0 000 1 1 1 1 0000 0001 1 mod 1 00 rim 2,3- 2,3- 2,3 9 
LAR = load access rights 

10 00 0 1 fromregister/memory 11 1 000000101 mod reg rim 14,16- 1 9,16 
lSL = load segment limrt 

fromregister/memory 10 00 0 1 11 1 000000111 mod reg rim 14,16- 1 9,16 
ARPl = Adjust requested privilege level: 

fromregister/memory o 1 1 0 0 0 1 11 mod reg rim 10- ,11- 2 9 

VERR = Verify read access: register/memory 10 00 0 1 11 1 000000001 mod 1 00 rim 14,16- 1 9,16 

VERR = Verify write access: 10 00 0 1 11 1 I 000000001 mod 1 01 rim 14,16- 1 9,16 

Shaded areas indicate instructions not available in iAPX 86,88 microsystems, 

All mnemonics copyright Intel Corp" 1983, 
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Footnotes 

The effective Address (EA) of the memory operand is 
computed according to the mod and rim fields: 

if mod = 11 then rim is treated as a REG field 

if mod = 00 then OISP = 0*, disp-Iow and disp-high 

are absent 

if mod = 01 then OISP = disp-Iow sign-extended to 

16-bits, disp-high is absent 

if mod = 10 then OISP = disp-high: disp-Iow 

if rim = 000 then EA = (BX) + (SI) + OISP 

if rim = 001 then EA = (BX) + (01) + OISP 

if rim = 010 then EA = (BP) + (SI) + OISP 

if rim = 011 then EA= (BP) + (01) + OISP 

if rim = 100 then EA = (SI) + OISP 

if rim = 101 then EA = (01) + OISP 

if rim = 110 then EA = (BP) + OISP* 

if rim = 111 then EA = (BX) + OISP 

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

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

SEGMENT OVERRIDE PREFIX 
~ . 

10 0 1 reg 1 1 0 I 

reg is assigned according to the following: 

Segment 
reg Register 

00 ES 

01 CS 

10 SS 
11 OS 

iAPX286 

REG is assigned accordinQ to the following table: 

16-Bit (w = 1) 8-Bit (w = 0) 
000 AX 000 AL 
001 CX 001 CL 

010 OX 010 OL 
011 BX 011 BL 
100 SP 100 AH 

101 BP 101 CH 
110 SI 110 OH 
111 01 111 BH 

The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses of the destination op-

o erands of the string primitive operations (those ad
dressed by the 01 register) are computed using the ES 
segment, which may not be overridden. 
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16·8il Microprocessor 

iAPX·86 Family 

DISTINCTIVE CHARACTERISTICS 

• Directly addresses up to 1 Mbyte of memory 
• 24 operand addressing modes 
• Efficient implementation of high level languages 
• Instruction set compatible with 8080 software 
• Bit, byte, word, and block operations 
• 8 and 16-bit signed and unsigned arithmetic in binary 

or decimal 
• Multibus* system interface 
• Three speed options 

5MHz for 8086 
8MHz for 8086-2 
10MHz for 8086-1 

Figure 1. Block Diagram 

EXECUTION UNIT 

REGISTER FILE 

DATA, 
POINTER, AND 
INDEX REGS 
(SWORDS) 

BUS INTERFACE UNIT 

RELOCATION 
REGISTER FILE 

SEGMENT 
REGISTERS 

AND 
INSTRUCTlON 

POINTER 
(5 WORDS) 

SHE/S, 

A'9/Se 
A,a/53 

AO'S-ADo 

jNfA,RO,WR 

OT/ii. DEN, ALE 

TEST __ r------...:...'-------, __ . - LOCK 

INT 

HOLD 

HLDA -......, ....... +--""T""-~-__r-_.,,........J 

019666-1 

GENERAL DESCRIPTION 

The 8086 is a general purpose 16-bit microprocessor CPU. 
Its architecture is built around thirteen 16-bit registers and 
nine 1-bit flags. The CPU operates on 16-bit address. 
spaces, and can directly address up to 1 megabyte using 
offset addresses within four distinct memory segments, 
designated as code, data, stack and 'extra code. The 8086 
implements a powerful instruction set with '24 operand ad
dressing !'Tlodes. This instruction set is compatible with that 
of the 8080 and 8085. In addition, the 8086 is particularly 
effective in executing high level languages. 

The 8086 can operate in minimum and maximum modes. 
Maximum mode offloads certain bus control functions to a 
peripheral device and allows the CPU to operate efficiently in 
a multi-processor system. The CPU and its high perfor
mance peripherals are Multibus* compatible. The 8086 is 
implemented in N-channel, depletion load, silicon gate 
technology and is contained in a 40-pin CerDIP or Molded 
DIP package. 

Figure 2. Pin Configuration 
0-40-1, P-40-1 

GND Vee 
AD'4 AD,5 

AD13 A'S/53 

AD'2 A'7/S4 

AD" A,e/55 

AC'0 A,9/SS 
AD, SHE/57 

AD. MN/Mx 
AD, 

AD. R"Q/GiQ IHOLD) 

AD, Ra/Gl1 (HLDA) 

AD. LOCK (WA) 

AD3 52 (M/IO) 

AD, S; IDT/R) 

AD, S;; (DEN) 

AD. as. . (ALE) 

as, (INTA) 

INTR TEST 
READY 

Note: Pin 1 is marked for orientation. 

019668-2 

"ORDERING INFORMATION 

Package Clock Frequency 

Type Ambient Temperature 5MHz 8MHz 10MHz 

Molded DIP 
O°C ,,;;; TA ,,;;; 70°C P8086 P8086-2 P8086-1 

Hermetic DIP 08086 08086-2 08086-1 

Hermetic DIP -40°C ,,;;; TA ,,;;; 85°C 108086 
; 

Hermetic DIP -55°C,,;;; TA ,,;;; +125°C MD8086B 

Multibus is a registered trademark of Intel Corp. 019668-MMP 
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FUNCTIONAL ORGANIZATION 
The 8086 CPU is internally organized into two processing units. 
These two units are the Bus Interface Unit (BIU) and the Execu
tion Unit (EU). A block diagram of this organization is shown in 
Figure 1. 

The BIU performs instruction fetch and queuing, operand fetch 
and store, address relocation, and basic bus control. The EU 
receives operands and instructions from the BIU and processes 
them on a 16-bit ALU. The EU accesses memory and peripheral 
devices through requests to the BIU. The BIU generates physical 
addresses in memory using the 4 segment registers and offset 
values. 

The BIU and EU usually operate asynchronously. This permits 
the 8086 to overlap execution fetch and execution. Up to 6 
instruction bytes can be queued. The instruction queue acts as a 
FIFO buffer for instructions, from which the EU extracts in
struction bytes as required. 

MEMORY ORGANIZATION 

The 8086 addresses up to 1 megabyte of memory. The address 
space is organized as a linear array, from 00000 to FFFFF in 
hexadecimal. Memory is subdivided into segments of 64K bytes 
each. There are 4 segments: code, stack, data, and extra (usu
ally employed as an extra data segment). Each segment thus 
contains information of a similar type. Selection ofa destination 

Figure 3a. Memory Organization 

XXXXOH 

1 ~,~'''.~ 

SEGMENT -I REGISTER FILE 

EF1l-~-----J---~ DATA'SEGMENT 

E3E::J~ 

Memory 
Reference Need 

Instructions 

Stack 

Local Data 

External (Global) Data 

-I "m'~" '''M'', 

~ OOOOCH 019668-3 

Segment Register 
Used 

CODE (CS) 

STACK (SS) 

DATA (DS) 

EXTRA (ES) 

8086/8086·1/8086·2 

segment is automatically performed using the rules in the table 
below. This segmentation makes memory more easily relocata
ble and supports a more structured programming style. 

Physical addresses in memory are generated by selecting the 
appropriate segment, obtaining the segment "base" address 
from the segment register, shifting the base address 4 digits to 
the left, and then adding this base to the "offset" address. For 
programming code, the offset address is obtained from the 
instruction pointer. For operands, the offset address is calculated 
in several ways, depending upon information contained in the 
addressing mode. Memory organization and address generation 
are shown in Figure 3a. 

Certain memory locations are reserved for specific CPU opera
tions. These are shown in Figure 3b. Addresses FFFFOH through 
FFFFFH are reserved for operations which include a jump to the 
initial program loading routine. After RESET, the CPU will alway,s 
begin execution at location FFFFOH, where the jump must 
be located. 

Addresses OOOOOH through 003FFH are reserved for interrupt 
operations. The service routine of each of the 256 possible inter
rupt types is signaled by a 4-byte pointer. The pointer elements 
must be stored in reserved memory addresses before the inter
rupts are ,invoked. 

Figure 3b. Reservea Memory Locations 

FFFFFH 
RESET BOOTSTRAP 

PROGRAM JUMP 
FFFFOH 

3FFH 
INTERRUPT POINTER 

FOR TYPE 255 
3FCH · · · 7H 

INTERRUPT POINTER 
FOR TYPE 1 4H 

INTERRUPT POINTER 3H 

FOR TYPE 0 
OH 

Segment Selection Rule 

Automatic for all prefetching of instructions. 

All stack pushes and pops, and all memory references 
relative to BP base register except data references. 

I 

Data references which are relative to the stack, the destination 
of a string operation, or explicitly overriden. 

Destination of string operations, when they are explicitly 
selected using a segment override. 

019668-4 
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MINIMUM AND MAXIMUM MODES 

The. 8086 has two system configurations. minimum and 
maximum mode. The CPU has a strap pin. MN/MX. which defines 
the system configuration. The status of this strap pin defines the 
function of pin numbers 24 through 31. 

CPU. The CPU communicates status information to the 8288 
through pins So. S1, and S2. In maximum mode, the 8086 can 
operate in a multiprocessor system, using the LOCK signal within 
a Multibus format. ' 

When MN/MX is strapped to GND, the 8086 operates in 
maximum mode. The operations of pins 24 through 31 are rede
fined. In maximum mode, several bus timing and control functions 
are "off-loaded" to the 8288 bus controller, thus freeing up the 

When MN/MX is strapped to Vee, the 8086 operates in minimum 
mode. The CPU sends bus control signals itself through pins 24 
through 31. This is shown in Figure 2 (in parentheses). Examples 
of minimum and maximum mode systems are shown in Figure 4. 

Figure 4a. Minimum Mode 8086 Typical Configuration 

Vee rD1 
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019668·5 

FOR INCREASED r" ~" ""11 ~ "II~ '""'I DATA BUS DRIVE 

2142 RAM (4) 2716-2 PROM (2) MCS-80 
(2) (2) PERIPHERAL 

'K • 8 I lK • 8 2K • 8 I 2K. 8 

Figure 4b. Maximum Mode 8086 Typical Configuration 
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BUS OPERATION 

The 8086 has a combined address and data bus, commonly 
referred to as "a time multiplexed bus." This technique provides 
the most efficient use of pins on the processor while permitting the 
use of a standard 40-lead package. This bus can be used 
throughout the system with address latching provided on memory 
and I/O modules. The bus can also be demultiplexed at the 
processor with a single set of address latches if a standard 
non-multiplexed bus is desired for the system. 

Each bus cycle consists of at least four elK cycles. These are 
referred to as T1, T 2, T 3 and T 4 (see Figure 5). The address is 
sent from the processor during T1. Data transfer occurs on the 
bus during T 3 and T 4. T 2 is used for changing the direction of the 
bus during read operations. In the event that a "NOT READY" 
indication is given by the addressed device, "Wait" states (T w) 
are inserted between T3 and T4. Each inserted "Wait" state is of 
the same duration as a elK cycle. "Idle" states (T1) or inactive 

8086/8086-1/8086-2 

elK cycles can occur between 8086 bus cycles. The processor 
uses these cycles for internal housekeeping. 

During T1 of any bus cycle the ALE (Address Latch Enable) signal 
is emitted (by either the processor or the 8288 bus controller, 
depending on the MN/MX strap). At the trailing edge of this pulse, 
a valid address and certain status information for the cycle may 
be latched. 

I/O ADDRESSING 

80861/0 operations can address up to a maximum of 64K I/O byte 
registers or 32K I/O word registers. The I/O address appears in 
the same format as the memory address on bus lines A15-AO' The 
address lines A19-A16 are zero in I/O operations. I/O instructions 
which use register OX as a pointer have full address capability. 
Direct I/O instructions directly address one or two of the 256 I/O 
byte locations in page 0 of the I/O address space. I/O ports are 
addressed in the same manner as memory locations. 

Figure 5. Basic System Timing 
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EXTERNAL INTERFACE 
PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished with activation 
(HIGH) of the RESET pin. The 8086 RESET is required to be 
HIGH for greater than 4 CLK cycles. The 8086 will terminate 
operations on the high-going edge of RESET and will remain 
dormant as long as RESET is HIGH. The low-going transition of 
RESET triggers an internal reset sequence for approximately 10 
elK cycles. After this interval the 8086 operates normally begin
ning with the instruction in absolute location FFFFOH (see Figure 
38). The details of this operation are explained in the Instruction 
Set description of the MCS-86 Family User's Manual. The 
RESET input is internally synchronized to the processor clock. 
At initialization the HIGH-to-LOW transition of RESET must 
occur no sooner than 50ILs after power-up, to allow complete 
initialization of the 8086. 

NMI may not be asserted prior to the 2nd CLK cycle following the 
end of RESET. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or hardware 
initiateq. The software initiated interrupts and software aspects of 
hardware interrupts are described in the Instruction Set descrip
tion. Hardware interrupts are either non-maskable or maskable. 

Interrupts transfer control to a new program location. A 256-
element table containing address pointers to the interrupt service 
program locations resides in absolute locations 0 through 3FFH 
(see Figure 3b), which are reserved for this purpose. Each ele
ment in the table is 4 bytes in size and corresponds to an interrupt 
"type". An interrupting device supplies an 8-bit type number, 
during the interrupt acknowledge sequence, which is used to 
"vector" through the appropriate element to the new interrupt 
service program location. 

BASIC SYSTEM TIMING 

Typical system configurations for the processor operating in 
minimum mode and in maximum mode are shown in Figures 4a 
and 4b, respectively. In minimum mode, the processor emits bus 
control signals in a manner similar to the· 8085. In maximum 
mode, the processor emits coded status information which the 
8288 bus controller uses to generate MULTI BUS compatible bus 
control signals. Figure 5 illustrates the signal timing relationships. 

BHE AO " Characteristics 

0 0 Whole word 
0 1 Upper byte from/to odd address 
1 0 Lower byte from/to even address 
1 1 None 

Figure 6. 8086 Register Model 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias 

Storage Temperature -65 to +150°C 

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

Power Dissipation 2.5 Watt 

*NOTICE: Stresses above those listed under "Absolute Maxium Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS (8086: TA = 0 to 70°C, TA = -40 to 85°C, TA = -55 to 125°C, VCC = 5V ± 10%) 
(8086-1: TA = 0 to 70°C, VCC = 5V ± 5%) 
(8086-2: TA = 0 to 70°C, VCC = 5V ± 5%) 

Parameter Description Test Conditions Min Max Units 

Vil Input Low Voltage -0.5 +0.8 V 

VIH Input High Voltage " 2.0 Vee +0.5 V 

VOL Output Low Voltage IOl = 2.5 rnA 0.45 V 

VOH Output High Voltage IOH = - 4OO!LA 2.4 V 

Power Supply Current: 8086 340 
Ice 8086-1 TA = 25°C 360 rnA 

8086-2 350 

III Input Leakage Current OV ~ VIN ~ Vee ± 10 !LA 

ILO Output Leakage Current 0.45V ~ VOUT ~ Vee ± 10 !LA 

Vel Clock Input Low Voltage -0.5 +0.6 V 

VCH Clock Input High Voltage 3.9 VCC + 1.0 V 

CIN 
Capacitance of Input Buffer (All input except 

fc = 1.MHz 15 pF 
ADo-AD15, RQ/GT) 

CIO Capacitance of 110 Buffer (ADo-AD15. RQ/GT) fc = 1 MHz 15 pF 
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AC CHARACTERISTICS (8086: TA = 0 to 70oe, VCC = 5V ± 10%) 

(8086-1: TA = 0 to 70oe, VCC = 5V ± 5%) 

(8086-2: TA = 0 to 70oe, VCC = 5V ± 5%) 

MINIMUM COMPLEXITY SYSTEM 
TIMING REQUIREMENTS 

Test 
Parameter Description Conditions 

TClCl ClK Cycle Period 

TClCH ClK low Time 

TCHCl ClK High Time 

TCH1CH2 ClK Rise Time From 1.0 to 3.5V 

TCl2Cl1 ClK Fall Time From 3.5 to 1.0V 

TDVCl Data in Setup Time 

TClDX Data in Hold Time 

TR1VCl 
ROY Setup Time into 8284A 
(See Notes 1, 2) 

TClR1X 
ROY Hold Time into 8284A 
(See Notes 1, 2) 

TRYHCH READY Setup Time into 8086 

TCHRYX READY Hold Time into 8086 

TRYlCl 
READY Inactive to ClK 
(See Note 3) 

THVCH HOLD Setup Time 

TINVCH 
INTR, NMI, TEST Setup 
Time (See Note 2) 

TILIH 
Input Rise Time 

From 0.8 to 2.0V 
(Except ClK) 

T1Hll Input Fall Time (Except ClK) From 2.0 to O.BV 

8086 

Min Max 

200 500 

(2/3 TClCl) 
-15 

(1/3 TClCl) 
+2 

10 

10 

30 

10 

35 

0 

(2/3 TClCl) 
-15 ' 

30 

-8 

35 

30 

20 

12 
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8086·1 (Preliminary) 8086·2 

Min Max Min Max Units 

100 500 125 500 ns 

(2/3 TClCl) (2/3 TClCl) 
ns -14 -15 

(1/3 TClCl) (1/3 TClCl) 
ns 

+6 +2 

10 10 ns 

10 10 ns 

5 20 ns. 

10 10 ns 

35 35 ns 

0 0 ns 

53 (2/3 TClCl) 
ns -15 

20 20 ns 

-10 -8 ns 

20 20 ns 

15 15 ns 

20 20 ns 

12 12 ns 



AC CHARACTERISTICS (Cont.) 

TIMING RESPONSES 

Test 
Parameter Description Conditions 

TCLAV Address Valid Delay 

TCLAX Address Hold Time 

TCLAZ Address Float Delay 

TLHLL ALE Width 

TCLLH ALE Active Delay 

TCHLL ALE'lnactive Delay 

TLLAX 
Address Hold Time to 
ALE Inactive 

TCLDV Data Valid Delay 

TCHDX Data Hold Time 

TWHDX Data Hold Time After WR 

TCVCTV Control Active Delay 1 

TCHCTV Control Active Delay 2 'CL = 20-100pF 

TCVCTX Control Inactive Delay 
for all 8086 
Outputs (In addition 

TAZRL 
Address Float to to 8086 self load) 
READ Active 

TCLRL RD Active Delay 

TCLRH RD Inactive Delay 

TRHAV 
RD Inactive to Next 
Address Active 

TCLHAV HLDA Valid Delay 

TRLRH RD Width 

TWLWH WR Width 

TAVAL Address Valid to ALE Low 

TOLOH Output Rise Time From 0.8 to 2.0V 

TOHOL Output Fall Time From 2.0 to 0.8V 

Notes: 1. Signal at 8284A shown for reference only. 

8086 8086-1 (Preliminary) 

Min Max Min Max 

10 110 10 50 

10 10 

TCLAX 80 10 40 

TCLCH -20 TCLCH -10 

80 40 

85 45 

TCHCL -10 TCHCL -10 

10 110 10 50 

10 10 

TCLCH -30 TCLCH -25 

10 110 10 50 

10 110 10 45 

10 110 10 50 

0 0 

10 165 10 70 

10 150 10 60 

TCLCL -45 TCLCL -35 

10 160 10 60 

2TCLCL -75 2TCLCL -40 

2TCLCL -60 2TCLCL -35 

TCLCH -60 TCLCH -35 

20 20 

12 12 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state (8 ns into T3). 
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8086/8086-1/8086-2 

8086-2 

Min Max Units 

10 60 ns 

10 ns 

TCLAX 50 ns 

TCLCH -10 ns 

50 ns 

55 ns 

TCHCL -10 ns 

10 60 ns 

10 ns 

TCLCH -30 ns 

10 70 ns 

10 60 ns 

10 70 ns 

0 ns 

10 100 ns 

10 80 ns 

TCLCL -40 ns 

10 100 ns 

2TCLCL -50 ns 

2TCLCL -40 ns 

TCLCH -40 ns 

20 ns 

12 ns 



8086/8086-1/8086-2 
AC CHARACTERISTICS (Cont.) 

, TIMING RESPONSES 

Test 8086 8086-1 (Preliminary) 8086-2 

Parameter Description Conditions Min Max Min Max Min Max Units 

TClMl 
Command Active Delay 

10 35 10 35 10 35 ns 
(See Note 1) 

TClMH 
Command Inactive Delay 

10 35 10 35 10 35 ns 
(See Note 1) I 

TRYHSH 
READY Active to Status 

110 45 65 
Passive (See Note 3) 

ns 

TCHSV Status Active Delay 10 110 10 45 10 60 ns 

TClSH Status Inactive Delay 10 130 10 55 10 70 ns 

TClAV Address Valid Delay 10 110 10 50 10 60 ns 

TClAX Address Hold Time 10 10 10 ns 

TClAZ Address Float Delay TClAX SO 10 40 TCLAX 50 ns 

TSVlH 
Status Valid to ALE High 

15 15 15 ns (See Note 1) 

TSVMCH 
Status Valid to, MCE High 

15 15 15 ns 
(See Note 1) 

TCllH 
ClK low to ALE Valid 

15 15 15 
(See Note 1) 

ns 

TClMCH 
ClK low to MCE High 

15 15 15 ns 
(See Note 1) 

TCHll 
ALE Inactive Delay CL = 20-100pF 

15 15 15 ns 
(See Note 1) for allSOS6 

MCE Inactive Delay 
Outputs (In addition 

TClMCl 
(See Note 1) 

to SOS6 self load) 15 15 15 ns 

TClDV Data Valid Delay 10 110 10 50 10 60 ns 

TCHDX Data Hold Time 10 10 10 ns 

TCVNV 
Control Active Delay 

5 45 5 45 5 45 ns 
(See Note 1) 

TCVNX 
Control Inactive Delay 

10 45 10 45 10 45 ns 
(See Note 1) 

TAZRl 
Address Float to 

0 0 0 
Read Active 

ns 

TClRl RD Active Delay 10 165 10 70 10 100 ns 

TClRH RD Inactive Delay 10 150 ., 10 60 10 SO ns 

TRHAV 
RD Inactive to Next 

TClCl -45 TClCl -35 TClCl -40 
Address Active 

ns 

TCHDTl 
Direction Control Active 

50 50 50 
Delay (See Note 1) 

ns 

TCHDTH 
Direction Control Inactive 

30 30 . 30 
Delay (See Note 1) 

ns 

TClGl GT Active Delay 0 S5 0 45 0 50 ns 

TClGH GT Inactive Delay 0 S5 0 45 0 50 ns 

TRlRH RD Width 2TClCl -75 2TClCl -40 2TClCl -50 ns 

TOlOH Output Rise Time From O.S to 2.0V 20 20 20 ns 

TOHOl Output Fall Time From 2.0 to O.SV 12 12 12 ns 
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AC CHARACTERISTICS (Cont.) 

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 

Test 
8086 

Parameter Description Conditions Min 

TCLCL CLK Cycle Period 200 

TCLCH CLK Low Time 
(2/3 TCLCL) 

-15 

TCHCL CLK High Time 
(1/3 TCLCL) 

+2 

TCH1CH2 CLK Rise Time From 1.0 to 3.5V 

TCL2CL1 CLK Fall Time From 3.5 to 1.0V 

TDVCL Data in Setup Time 30 

TCLDX Data in Hold Time 10 

TR1VCL 
RDY Setup Time into 8284A 

35 
(See Notes 1, 2) 

TCLR1X 
RDY Hold Time into 8284A 

0 
(See Notes 1, 2) 

TRYHCH READY Setup Tinie into 8086 
(2/3 TCLCL) 

-15 

TCHRYX READY Hold Time into 8086 30 

TRYLCL 
READY Inactive to CLK 

-8 
(See Note 4) 

Setup Time for Recognition 
TINVCH (INTR, NMI, TEST 30 

(See Note 2) 

TGVCH RQ/GT Setup Time 30 

TCHGX RQ Hold Time into 8086 I 40 

TILIH 
Input Rise Time 

From 0.8 to 2.0V 
(Except CLK) 

TIHIL 
Input Fall Time 

From 2.0 to 0.8V 
(Except CLK) 

Notes: 1. Signal at 8284A or 8288 shown for reference only. 

8086-1 (Preliminary) 

Max Min Max 

500 100 500 

(2/3 TCLCL) 
-14 

(1/3 TCLCL) 
+6 

10 10 

10 10 

5 

1.0 

35 

0 

53 

20 

-10 

15 

12 

20 

20 20 

12 12 

2. Setup requirement for asynchronous Signal only to guarantee recognition at next CLK. 
3. Applies only to T3 and wait states. 
4. Applies only to T2 state (8ns into T3). 
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8086/8086-1/8086-2 

8086-2 

Min Max Units 

125 500 ns 

(2/3 TCLCL) 
ns 

-15 

(1/3 TCLCL) 
ns 

+2 

10 ns 

10 ns 

20 ns 

10 ns 

35 ns 

0 ns 

(2/3 TCLCL) 
ns 

-15 

20 ns 

-8 ns 

15 ns 

15 ns 

30 ns 

20 ns 

12 ns 



8086/8086-1/8086-2 

ClK (8284A OUTPUT) 

ROY (8284A INPUT) 
SEE NOTE 4 

READY 
(8086 INPUT) 

READ CYCLE 
(NOTE 1) 

(im.1N'fA = VOH ) 

M/iQ 

ALE 

. DTIR 

TCHCTV 

WAVEFORMS 

MINIMUM MODE 

,--
I 

TClRl 1----+---+---+-- TRlRH ----1---1 

019669-9 
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CLK (8284A OUTPUT) 

M/io 

ALE 

WRITE CYCLE 
(NOTE 1) DEN 

(!!D, INTA, 
DT/R = VOH) 

INTACYCLE 
(NOTES 1 & 3) 
1m, WR =VOH 
~=Vod 

SOFTWARE HALT-
RD, W~, INTA = VOH 
DT/R - INDETERMINATE 

WAVEFORMS (Cont.) 

MINIMUM MODE 

TCVCTV 

INVALID ADDRESS SOFTWARE HALT 

TCLAV 

Notes: 1. All signals switch between VOH and VOL unless otherwise specified. 

8086/8086-1/8086-2 

r-
/ 

019668·10 

2. RDY is sampled near the end of T 2, T 3, T W to determine if T W machines states are to be inserted. 
3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control signals shown for 

second INTA cycle. 
4. Signals at 8284A are shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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8086/8086-1/8086-2 

WAVEFORMS (Cent.) 

MAXIMUM MODE 

Tl 

_TCLCL_ TCH1CH2-

VCH" ~ 
CLK j ,_) \ 
VCL..J '__ __ ..II 

TCLAV_ - - TCHCL 

\'1 
J\ 

aso• aS1 

-TCHSV .. - r--TCLSH 

-----.#----_+_---+---__.,f---+-_+~'rf"1"J'7frrr17"J.."..._+_---_+-~------

r 

\. 
52. 51. so (EXCEPT HALT) 7,.W (SEE NOTE 8) \ \.._----

TCLAV- - :~TCLDV 
TCLAX -

TCHDX- f--

, \/ I \/ 
J\. 

BHE. A19-A16 
J\ 

S7"S3 \1/ 
'----+-_-+---+_--+ __ -t-__ -+-..IJ~'---__ _ 

TSVLH-

~- - TCHLL 
TCLLH-

/ \ 
J \. 

ALE (8288 OUTPUT) 

r--

/ 
SEE NOTE 5 

ROY (8284A INPUT) 

R.EADY (8086 INPUT) - TCLAX f-- TRYHSH- --
READ CYCLE 

8288 OUTPUTS 
Sf:':; NOTES 5. 6 

j 
I(. 

TRYHCH- f--
TCLAV_ - TCLAZ - -TDVCL ----i-TCLDX~ 

ADWADO \1/ AwADo \ I DATA IN \ll+-____ -Ir-
-----.J/~'____.,!__--f--.JI FLOAT ./ \ ______ -+ __ -.J{, FLOAT "---

TCHDTL -

DT/A 

TAZRL - I--./ TCLRH --I---t---It-TRHAV-

)V 
i\ 

I 

1\ 
{ 

t---++-----TRLRH----+----i 

I---r-TCLRL I 

-+---+-+---+-------H--' - \ TCLML_ 

TCHDTH 

TCLMH-

~ __________ ~_I\i~ TCVNV -:- -:- / 

~ 1/ __________________________ --'J \'---__________ ___ 

TCVNX- f--

019668-11 
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8086/8086-118086-2 

I 
ClK 

VCl 

52' 51' SO (EXCEPT HALT) 

WRITE CYCLE 

8288 OUTPUTS 
SEE NOTES 5, 6 

INTA CYCLE 

DEN 

MWTCORIOWC 

ADWADO 
(SEE NOTES 3 & 4) 

8288 OUTPUTS 
SEE NOTES 5, 6 

. INTA 

DEN 

SOFTWARE HAlT-
(DEN = VOL; RD, MRDC, IORC, MWTC, AMWC,1OWC, A!OWC, INTA, = VOH ) 

TClAV 

WAVEFORMS (Cont.) 

MAXIMUM MODE (Cont.) 

Tl 

FLOAT 

INVALID ADDRESS 

/~----------~\~\------

'---------'. '------

! Notes: 1. All signals switch between VOH and VOL unfess otherwise specified .. 
2. ROY is sampled near the end of T 2, T 3, T w to determine if T w machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycle. 

019666-12 

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer 
address is shown for second INTA cycle. 

5. Signals at 8284A or 8288 are shown for reference only. 
6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) 

lags the active high 8288 CEN. 
7. All timing measurements are made at 1.SV unless otherwise noted. 
8. Status inactive in state just prior to T 4. 
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8086/8086-1/8086-2 

WAVEFORMS (Cont.) 

ASYNCHRONOUS SIGNAL RECOGNITION BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLy) 

ClK\ 1\ 
NMI I 1 ~ nNVCH -;';;-on'J 

INTR SIGNAL 

TEsi 

ClK 

_ ::L rTClAV 

lOCK '\ 
~ _____ -J 

Note: Setup Requirements for Asychronous signals 
only to guarantee recognition at.next ClK_ 019668-13 

REQUEST/GRANT SEQUENCE.IMING (MAXIMUM MODE ONLy) 

ClK 

AD1S-ADO 

A19/S6-AUVS3 
S2.Si.So 
RD. lOCK 
BHE/S7 

PREVIOUS GRANT 

8086 

(SEE NOTE 1) 

Notes: The Coprocessor may not drive the buses outside the regR>n shown without risking contention_ 

HOLD/HOLD ACKNOWLEDGE TiMING (~INIMUM MODE ONLy) 

\. A~l ClK CYCLE 

C~ "=11-~ 
~D~I-----1I-"""\. 

HlDA 

AD1S-ADg 

A191Ss-AuvS3 
RD. 
BHE/S7. M,liO. 
DT/A. WR. DEN 

8088 
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8086/8086-1/8086-2 
TABLE 1. PIN DESCRIPTION 

The following pin function descriptions are for 8086 systems in either minimum or maximum mode. The "Local Bus" in these descriptions is 
the direct multiplexed bus interface connection to the 8086 (without regard to additional bus buffers). 

Symbol Pin No. Type Name and Function 

AD15-ADo 2-16,39 I/O Address Data Bus: These lines constitute the time multiplexed memory/IO address (Tl) and data 
(T2, T3, Tw, T4) bus. Ao is analogous to SHE for the lower byte of the data bus, pins Dr-DO' It is LOW during 
Tl when a byte is to be transferred on the lower portion of the bus in memory or I/O operations. Eight-bit 
oriented devices tied to the lower half would normally use Ao to condition chip select functions. (See SHE.) 
These lines are active HIGH and float to 3-state OFF during interrupt acknowledge and local bus 
"hold acknowledge." 

A19/S6, 35-38 0 Address/Status: During Tl these are the four most significant 
A18/S5, address lines for memory operations. During I/O operations 
A 17/S4 , these lines are LOW. During memory and I/O operations, A17/S4 Ale-5 3 Characteristics 
A16/S3 status information is available on these lines during T 2,.T 3, T w, 

o (lOW) 0 Alternate Data and T 4. The status of the interrupt enable FLAG bit (S5) is 
0 1 Stack 

updated at the beginning of each CLK cycle. A17/S4 and Als1S3 1 (HIGH) 0 eode or None 
are encoded as shown. 1 1 Data 
This information indicates which relocation register is presently S6 is 0 
being used for data accessing: (lOW) 

These lines float to 3-state OFF during local bus "hold 
acknowledge." 

SHE/S7 34 0 Bus High Enable/Status: During Tl the bus high enable 
Signal (SHE) should be used to enable data onto the most BHE Ao Characteristics 
significant half of the data bus, pins D15-D8. Eight-bit oriented 0 0 Whole word 
devices tied to the upper half of the bus would normally use SHE 

0 1 Upper byte from! to condition chip select functions. BHE is LOW during Tl for 
read, write, and interrupt acknowledge cycles when a byte is to be 

to odd address 

transferred on the high portion of the bus. The S7 status information 1 0 lower byte from! 

,is available during T 2, T 3, and T 4. The signal is active LOVY, and to even address 

floats to 3-state OFF in "hold." It is LOW during Tl for the first 1 1 None 
interrupt acknowledge cycle. 

RD 32 0 Read: Read strobe indicates that the processor is performing a memory of I/O read cycle, depending 
on the state of the S2 pin. This signal is used to read devices which reside on the 8086 local bus. RD is 
active LOW during T 2, T 3 and Tw of any read cycle, and is guaranteed to remain HIGH in T 2 until the 8086 
local bus has floated. 

, This signal floats to 3-state OFF in "hold acknowledge." 

READY 22 I READY: Is the acknowledgment from the addressed memory or I/O device that it will complete the data 
transfer. The READY Signal frol'll memory/IO is synchronized by the 8284A Clock Generator to form 

I 
READY. This Signal is active HIGH. The 8086 READY input is not synchronized. Correct operation is 
not guaranteed if the setup and hold times are not met. 

INTR 18 I Interrupt Request: Is a level triggered input which is sampled during the last clock cycle of each 
instruction to determine if the processor should el']ler into an interrupt acknowledge operation. A subroutine 
is vectored to via an interrupt vector lookup table located in system memory. It can be internally masked by 
software resetting the interrupt enable bit. INTR is internally synchronized. This Signal is active HIGH. 

TEST 23 I TEST: Input is examined by the "Wait" instruction. If the TEST input is LOW execution continues, 
otherwise the processor waits in an "Idle" state. This input is synchronized internally during each clock 
cycle on the leading edge of elK. 

NMI 17 I Non-maskable interrupt: an edge triggered input which causes a type 2 interrupt. A subroutine is 
vectored to via an interrupt vector lookup table located in system memory. NMI is not maskable internally 
by software. A transition from a LOW to HIGH initiates the interrupt at the end of the current instruction. 
This input is internally synchronized. 

RESET 21 I Reset: causes the processor to immediately terminate its present activity. The signal must be active 
HIGH for at least four clock cycles. It restarts execution, as described in the Instruction Set description, 
when RESET returns LOW. RESET is internally synchronized. 

CLK 19 I Clock: provides the basic timing for the processor and bus controller. It is asymmetric with a 33% duty 
cycle to provide optimized internal timing. 

Vee 40 VCC: +5V power supply pin. 

GND 1,20 Ground 

MN/MX 33 I Minimum/Maximum: indicates what mode the processor is to operate in. The two mode~ are discussed 
in the following sections. 
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8086/8086-118086-2 
TABLE 1. PIN DESCRIPTION (Cont.) 

The following pin function descriptions are for the 8086/8288 system in maximum mode (Le., MN/MX = VSS). Only the pin functions which 
are unique to maximum mode are described; all other pin functions are as described above. 

Symbol 

RQ/GTO, 
RQ/GT, 

lOCK 

Pin No. 

26·28 

30,31 

29 

24,25 

Type 

a 

I/O 

a 

a 

Name and Function 

Status: active during T4, T1, and T2 and Is returned to the 
S2 s, So Characteristics 

passive state (1, 1, 1) during T 3 or during T W when READY is HIGH. o (LOW) 0 0 Interrupt 
This status is used by the 8288 Bus Controller to generate all 

Acknowledge 
memory and I/O access control signals. Any change by S2, Sl, or 0 0 1 Read I/O Port 
So during T 4 is used to indicate the beginning of a bus cycle, and 0 1 0 Write I/O Port 

the return to the passive stato in T 3 or T W is used to indicate the 0 1 1 Halt 

end of a bus cycle. 1 (HIGH) 0 0 Code Access 
1 0 1 Read Memory 

These signals float to 3-state OFF in "hold acknowledge." These 1 1 0 Write Memory 

status lines are encoded as shown. 1 1 1 Passive 

RequesVGrant: pins are used by other local bus masters to force the processor to release the local bus 
at the end of the processor's current bus cycle. Each pin is bidirectional with RQ/GT 0 having higher 
priority than RQ/GT ,. RQ/GT has an internal pull-up resistor so may be left unconnected. The 
request/grant sequence is as follows (see Figure 9): 

1. A pulse of 1 ClK wide from another local bus master indicates a local bus request ("hold") to the 8086 
(pulse 1). 

2. During a T4 or T, clock cycle, a pulse 1 ClK wide from the 8086 to the requesting master (pulse 2), 
indicates that the 8086 has allowed the local bus to float and,that it will enter the "hold acknowledge" 
state at the next ClK. The CPU's bus interface unit is disconnected logically from the local bus 
during "hold acknowledge." 

3. A pulse 1 ClK wide from the requesting master indicates to the' 8086 (pulse 3) that the "hold" request is 
about to end and that the 8086 can reclaim the local bus at the next ClK. 

Each master-master exchange of the local bus is a sequence of 3 pulses. There must be one dead ClK cycle 
after each bus exchange. Pulses are active lOW. 

If the request is made while the CPU is performing a memory cycle, it will release the local bus during 
T4 of the cycle when all the following conditions are met: ' 

1. Request occurs on or before T 2. . 
2. Current cycle is not the low byte of a word (on an odd address). 
3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible events will follow: 

1. local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a currently active memory cycle apply • 

with condition number 1 already satisfied. . , 

LOCK: output indicates that other system bus masters are not to gain control of the system bus while 
lOCK is active lOW. The lOCK signal is activated by the "lOCK" prefix instruction and remains active until the 
completion of the next instruction. This signal is active lOW, and floats to 3-state OFF in "hold acknowledge." 

Queue Status: The queue status is valid during the CLK cycle after which the queue operation 
is performed. 

QS1 and QSo provide status to allow external tracking of the internal 8086 instruction queue. 
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8086/8086-1/8086-2 
TABLE 1. PIN DESCRIPTION (Cont.) 

The following pin function descriptions are for the 8086 in minimum mode (i.e., MN/MX = Vee). Only the pin functions which are unique to 
minimum mode are described; all other pin functions are as described above. 

Symbol Pin No. Type Name and Function 

M/IO 28 a Status line: logically equivalent to S2 in the maximum mode. It is used to distinguish a memory access 
from an I/O access. M/IO becomes valid ~ the T4 preceding a bus cycle and remains valid until the final T4 
of the cycle (M = HIGH, 10 = LOW). MilO floats to 3-state OFF in local bus "hold acknowledge." 

WR .29 0 Write: indicates that the processor is performing a write memory or write I/O cycle, depending on the 
state of the M/IO Signal. WR is active for T 2, T 3 and T w of any write cycle. It is active LOW, and floats to 3-state 
OFF in local bus "hold acknowledge." 

INTA 24 a INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW during T 2, T 3 and 
T w of each interrupt acknowledge cycle. 

ALE 25 a Address Latch Enable: provided by the processor to latch the address into 8282/8283 address latch. 
It is a HIGH pulse active during T1 of any bus cycle. Note that ALE is never floated. 

DTiR 27 a Data Transmit/Receive: needed in minimum system that desires to use an 8286/8287 data bus 

, 
transceiver. It is used to control the direction of data flow through the transceiver. Logically DTiR is equivalent to 
81 in the maximum mode, and its timing is the same as for M/IO. (T = HIGH, R = LOW.) This signal floats to 
3-state OFF in local bus "hold acknowledge." 

DEN 26 a Data Enable: provided as an output enable for the 8286/8287 in a minimum system which uses the 
transceiver. DEN is active LOW during each memory and 1(0 access and for INTA cycles. For a read or INTA 
cycle it is active from the middle of T 2 until the middle of T 4, while for a write cycle it is active from the beginning 
of T2 until the middle of T4' DEN floats to 3-state OFF in local bus "hold acknowledge." 

HOLD, 31,30 I/O HOLD: indicates that another master is requesting a local bus "hold." To be acknowledged HOLD 
HLDA must be active HIGH. The processor receiving the "hold" request will issue HLDA (HIGH) as an 

acknowledgement in the middle of a T 4 or T 1 clock cycle. Simultaneous with the issuance of HLDA the 
processor will float the local bus and control lines. After HOLD is detected as being LOW, the processor 
will LOWer HLDA, and when the processor needs to run another cycle, it will again drive the local bus and 
control lines. 

The same rules as for RQIGT apply regarding when the local bus will be released. 

HOLD is not asynchronous input. External synchronization should be provided if the system cannot 
otherwise guarantee the setup time. 
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8087 
Numeric Data Processor 

iAPX86 Family 

DISTINCTIVE CHARACTERISTICS 

• High performance arithmetic and transcendental 
functions in hardware 

• Supports 8-, 16-, 32-, 64-bit integer 

• Performs 32-, 64-, 80-bit floating point calculations 
conforming to IEEE standard . 

• Standard 8086 instruction set and addressing modes 

• Built-In exception handling functions 

• Multibus· system compatible 

GENERAL DESCRIPTION 

The 8087 is designed to do high performance numeric pro
cessing in hardware. It operates as the coprocessor to an 
8086 or 8088 CPU, and can improve numeric throughput by 
a factor of 100 over the stand-alone CPU. It is programmed 
with the same instruction set as the 8086/88. 

The 8087 does trigonometric, logarithmic, and exponential 
functions, which are essential in many scientific and military 
applications. The 8087 can also process BCD numbers up to 
18 digits with n6 round-off error. 

The 8087 is built in N-channel depletion load technology, in 
a 40 pin package. 

BLOCK DtAGRAM 

r-=------~ 

I I 
I 

CLOCK ~ I 
I 

OR 8086 

I 
PROGRAM DATA 

0 
MEMORY MEMORY 

I REQUESTI QUEUE 

I GRANT STATUS 

I I 
8284A 

I CLOCK 
DRIVER 

I 
I REQUESTI QUEUE 

GRANT STATUS 

I 
CLOCK B I 

I I 
·~ _____ 8~20.~ 

MMC-161 

ORDERING INFORMATION 

Ambient 
Package Type Tempe~ature Spec Order Number 

Hermetic Dip I DoC.:;; 'TA .:;; 70°C 08087 

'Multibus is a registered trademark of Intel Corporation. 02037B-MMP . 
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Symbol 

A19/S6• 

A la/S5. 
A17/S4• 
A16/S3 

RQ/GTO 

RQ/GTl 

INT 

BUSY 

8087 
PIN DESCRIPTION 

Type Name and Function 

I/O Address Data: These lines constitute the time multiplexed memory address (Tl) and data (T 2. T 3. T w. T4) bus. Ao 
is analogous to BHE for the lower byte of the data bus. pins D7-DO' It is lOW during Tl when a byte is to be transferred on the 
lower portion of the bus in memory operations. Eight-bit oriented devices tied to the lower half of the bus would normally use Ao 
to condition chip select functions. These lines are active HIGH. They are input/output lines for 8087 driven bus cycles and are 
inputs which the 8087 monitors when the 8086/8088 is in control of the bus . 

. I/O. Address Memory: During Tl these are the four most significant address lines for memory operations. During memory 
operations. status information is available on these lines during T 2. T 3. T w. and T 4. For 8087 controlled bus cycles. 
S6. S4. and S3 are reserved and currently one (HIGH). while S5 is always lOW. These lines are inputs which the 8087 
monitors when the 8086/8088 is in control of the bus. 

I/O Bus High Enable: During Tl the bus high enable Signal (BHE) should be used to enable data onto the most significant 
half of the data bus. pins D15-Da. Eight-bit oriented devices tied to the upper half of the bus would normally use BHE to condition 
chip select functions. BHE is lOW during Tl for read and write cycles when a byte is to be transferred on the high portion of the 
bus. The S7 status information is available during T 2. T 3. Tw. and T4. The Signal is active lOW. S7 is an input which the 8087 
monitors during 8086/8088 controlled bus cycles. 

I/O Status: For 8087 driven bus cycles. these status lines are encoded as follows: 

I/O 

I/O 

o 

o 

52 
o (lOW) 
1 (HIGH) 
1 
1 
1 

51 50 
X X Unused 
o 0 Unused 
o 1 Read Memory 
1 0 Write Memory 
1 1 Passive 

Status is driven active during T4. remains valid during Tl and T 2. and is returned to the passive state (1. 1. 1) during T 3 
or during T w when READY is HIGH. This status is used by the 8288 Bus Controller to generate all memory access 
control Signals. Any change in 82.81. or 80 during T4 is used to indicate the beginning of a bus cycle. and the return to the 
passive state in T 3 or T w is used to indicate the end of a bus cycle. These signals are monitored by the 8087 when the 
8086/8088 is in control of the bus. 

Request/Grant: This request/grant pin is used by the NDP (0 gain control of the local bus from the CPU for operand 
transfers or on behalf of another bus master. It must be connected to one of the two processor request/grant pins. The 
request/grant sequence on this pin is as follows: . 

1. A pulse one clock wide is passed to the CPU to indicate a local bus request by either the 8087 or the master connected to the 
8087 RQ/GT 1 pin. 

2. The NDP waits for the grant pulse and when it is received will either initiate bus transfer activity in the clock cycle following the 
grant or pass the grant out on the RQ/GTl pin in this clock if the initial request was for another bus master. 

3. The 8087 will generate a release pulse to the CPU one clock cycle after the completion of the last NDP bus cycle or on receipt 
of the release pulse from the bus master on RQ/GT 1. 

Request/Grant: This request/grant pin is used by another local bus master to force the NDP to release the local bus 
at the end of the processor's current bus cycle. If the NDP is not in control of the bus when the request is made the request/grant 
sequence is passed through the NDP on the RQ/GT 0 pin one cycle later. Subsequent grant and release pulses are also passed 
through the NDP with a two and one clock delay. respectivley. for resynchronization. RQ/GT 1 has an internal pullup resistor. and 
so may be left unconnected. If the NDP has control of the bus the request/grant sequence is as follows: 

L A pulse 1 ClK wide from another local bus master indicates a local bus request to the 8087 (pulse 1). 
2. During the NDP's next T4 or T 1 a pulse 1 ClK wide from the 8087 to the requesting master (pulse 2) indicates that the 8087 

has allowed the local bus to float and that it will enter the "RQ/GT acknowledge" state at the next ClK. The NDP's 
control unit is disconnected logically from the local bus during "RQ/GT acknowledge." 

3. A pulse 1 ClK wide from the requesting master indicates to the 8087 (pulse 3) that the "RQ/GT" request is aboutto end and 
that the 8087 can reclaim the local bus at the next ClK. 

Each master-master exchange of the local bus is sequence of 3 pulses. There must be one dead ClK cycle after each bus 
exchange. Pulses are active lOW. 

aS1. aso: QSl and QSo provide the 8087 with status to allow tracking of the CPU instruction queue. 

aS1 

o (LOW) 
o 
1 (HIGH) 
1 

aso 

o No Operation 
1 First Byte of Op Code from Queue 
o Empty the Queue 
1 Subsequent Byte from Queue 

Interrupt: This line is used to indicate that an unmasked exception has occurred during numeric instruction execution 
when 8087 interrupts are enabled. This signal is typically routed to an 8259A. INT is active HIGH. 

Busy: This signal indicates that the 8087 NEU is executing a numeric instruction. It is connected to the CPU's 
TEST pin to provide CPU-NDP synchronization. In the case of an unmasked exception BUSY remains active until the exception 
is cleared. BUSY is active HIGH. 
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Symbol Type 

READY I 

RESET I 

ClK. I 

Vee 

GND 

GND 

AD14 

AD13 

AD12 

ADll 

AD10 

ADg 

ADa 

ADr 

ADa 

AD5 

AD. 

AD3 

AD2 

ADI 

.ADo 

Ne 

Ne 

elK 

GND 

PIN DESCRIPTION (Cont.) 

Name and Function 

Ready: READY is the acknowledgment from the addressed memory device that it will complete the data transfer. 
The ROY signal from memory is synchronized by the 8284A Clock Generator to form READY. This signal is active HIGH. 

Reset: RESET causes the processor to immediately terminate its present activity. The signal must be active HIGH for' 
at least four clock cycles. RESET is internally synchronized. 

Clock: The clock provides the basic timing for the processor and bus controller. It is asymmetric with a 33% 
duty cycle to provide optimized internal timing. 

Power: Vee is the-+5V power supply pin. 

Ground: GND are the ground pins. , 

vee 
A15/D15 

A16/S3 

A17/S4 

Ala/S5 

A1a/S6 

BHE/Sr 

RO/GTl 

INT 

RO/GTo 

Ne 

Ne 

S2 

Sl 

SO 
QSo 

QSl 

BUSY 

READY 

RESET 
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CONNECTION DIAGRAMS 
Top Views 

0-40 

GND 

AD14 

AD13 

AD12 

AD11 

AD10 

ADg 

ADa 

AD7 

ADa 

ADs 

AD4 

AD3 

AD2 

ADl 

ADo 

NMI 

INTR 

ClK 

GND 

Note: Pin 1 is marked for orientation. 
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MAX MAX 
MODE MODE 
8086 8088 

vee 
A1S 

A16/S3 

A17/S4 

Ala/55 

A19/S6 

BHE/S7 (HIGH) 

MN/MX 

AD 
Ra,tGTo 

'RO!GT1 

lOCK 

52 

51 

So 

aso 

QSl 

TEST 

READY 

RESET 
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FUNCTIONAL DESCRIPTION System Configuration 

The 8087 is a numeric processor extension that provides arith
metic and logical instruction support for a variety of numeric data 
types: It also executes numerous built-in transcendental func
tions (e.g., tangent and log functions). The 8087 executes in
structions as a coprocessor to a maximum mode 8086 or 8088. 
Figure 3 presents the registers of the 8087 plus CPU combina
tion. Table 2 shows the range of data types supported by the 
NDP. The 8087 is treated as an extension to the CPU, providing 
register, data types, control, and instruction capabilities at the 
hardware level. At the programmers level the CPU and NDP is 
viewed as a single unified processor. 

As a coprocessor to an 8086 or 8088, the 8087 is wired in parallel 
with the CPU as shown in Figure 4. The CPU's status (80-82) and 
queue status lines (OSO-OS1) enable the 8087 to monitor and 
decode instructions in synchronization with the CPU and without 
any CPU overhead. Once started the 8087 can process in parallel 
with, and independent of the host CPU. The NPX can interrupt the 
CPU when it detects an error or exception. The 8087's interrupt 
request line is typically routed to the CPU through an 8259A 
Programmable Interrupt Controller. 

Data 
Formats 

Byte Integer 

Word Integer 

Short Integer 

Long Integer 

Packed BCD 

Short Real 

Long Real 

Temporary Real 

16 

AX 

8086/88 

FILE: 

1---+----1 
BX 
cx~----~~----~ 

OX 
SI~----~~----~ 

DI~------------~ 
BP 
~------------~ 

SP 
~------------~ 

Figure 3. 8087 Register Architecture 

DATA FIELD 

64 63 I 79 78 

R1 SIGN EXPONENT SIGNIFICAND 

I R2~---+--------~~------------------~ 
I R3~---+--------~--__ ----------------~ 
R4~---+--------~~ __ ----------------~ 

I R5r-__ -+ ________ ~~------------------~ 
R6 I R7 "'". ----i---------+--------------------i 

~~--~----~'--~~------------------~ 

~_IP ---1:-1, I 
_ FLAGS • L_, 

15 

CONTROL REGISTER 

STATUS REGISTER 

r- INSTRUCTION POINTER -

~I ~ ---------II i 
~ DATA POINTER -

Table 2. 8087 Data Types 

Most Significant Byte 

Range Precision 7 0 7 0 I 7 0 I 7 

102 8 Bits 17 10 Two's Complement 

104 16 Bits 115 10 I Two's Complement 

109 32 Bits 131 10 I Two's Complement 

1018 64 Bits 163 

1018 18 Digits S\-

1Q±38 24 Bits SI E7 EO I F1 F231 Fo Implicit 

1Q±308 53 Bits SlEw Eol F1 

1Q±4932 64 Bits SIE 14 

Integer: 1 

Packed BCD: (-1)S (017" .00) 

Real: (-1)S (2E-BIAS)(Fo.F1 ... ) 

Bias = 127 for Short Real 
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1023 for Long Real 
16383 for Temp Real 

TAG FIELD 

1 0 

MMC·164 

o 7 o 7 

10 Two's 
Complement 

F52 Fo Implicit 

o 



8087 

Figure 4. NDP System Configuration 

8284A 
CLOCK 

GENERATOR 

r-- INT I-------IINTR 

I 8259A I PIC I 
L IRn ..J 

----I ClK 8086/8088 
CPU 

ClK ~--I-------t---t ClK 

The 8087 uses one of the request/grant lines (typically RQ/GT 1) 
to obtain control of the local bus for data transfers_ The other 
request/grant line is available for general system use (for in
stance by an I/O processor in LOCAL mode). A bus master can 
also be connected to the 8087's RQ/GT 1 line. In this configuration 
the 8087 will pass the request/grant handshake signals between 
the CPU and the attached master when the 8087 is not in control 
of the bus and will relinquish the bus to the master directly when 
the 8087 is in control. In this way two additional masters can be 
configured; one will share the 8086 bus with the 8087 on a first 
come first served basis, and the second will be guaranteed to be 
higher in priority than the 8087. 

As Figure 4 shows, -all processors utilize the same clock 
generator and system bus interface components. 

Bus Operation 

The 8087 bus structure, operation and timing are identical to all 
other processors in the 8086 family. The address is time mul
tiplexed with the data on the first 16/8 lines of the address/data 
bus. A16 through A19 are time multiplexed with four status lines 
83-86. 83, S4 and S6 are always one (high) for 8087 driven bus 
cycles while S5 is always zero (low). When the 8087 is monitoring 
CPU bus cycles (passive mode) S6 is also monitored by the 8087 
to differentiate 8086/8088 activity from that of a local I/O proces
sor or any other local bus master. (The 8086/8088 must be the 
only processor on the local bus to drive S610w.) S7 is multiplexed 
with and has the same value as BHE for all 8087 bus cycles. 

The first three status Iines,80-82, are used with an 8288 bus 
controller to determine the type of bus cycle being run: 

52 51 So 
0 X X Unused 

0 0 Unused 
0 1 Memory Data Read 

0 Memory Data Write 
Passive (no bus cycle) 

Programming Interface 

IAPX86 BUS 
INTERFACE 

COMPONENTS 

MUlTlMASTER 
SYSTEM BUS 

MMC-165 

The NDP includes the standard 8086/88 instruction set for gen
eral data manipulation and program control. It also includes 68 
numeric instructions for extended precision integer, floating point, 
trigonometric, logarithmic, and exponential functions. Sample 
execution times for several NDP functions are shown in Figure 4. 

Any instruction executed by the NDP is the combined result of the 
CPU and NPX activity. The CPU and NPX have specialized, 
functions and registers providing fast concurrent operation. The 
CPU controls overall program execution while the NPX uses 
the coprocessor interface to recognize and perform numeric 
operations. 

Table 2 lists the eight data types the 8087 supports and presents 
the format for each type. Internally, the NPX holds all numbers in 
the temporary real format. Load and store instructions automati
cally convert operands represented in memory as 16-, 32-, or 
64-bit integers, 32- or 64-bit floating point numbers or 18-digit 
packed BCD numbers into temporary real format and vice versa. 
The NDP also provides the capability to control roundoff, under
flow, and overflow errors in each calculation. 

Computations in the NPX use the processor's register stack. 
These eight 80-bit registers provide the equivalent capacity of 20 
32-bit registers. The NPX register. set can be accessed as a 
stack, with instructions operating on the top one or two stack 
elements, or as a fixed register set, with instructions operating on 
explicitly designated registers. 

All 8087 instructions appear as ESCAPE instructions to the host 
CPU. Assembly language programs are written in ASM-86, the 
8086/88 assembly language. Table 3 gives the execution times of 
some"typical numeric instructions. . 

NUMERIC PROCESSOR 
EXTENSION ARCHITECTURE 

As shown in Figure 5, the 8087 is internally divided into two 
processing elements, the control unit (CU) and the numeric 
execution unit (NEU). The NEU executes all numeric instructions, 
while the CU receives and decodes instructions, reads and writes 
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Figure 5. 8087 Block Diagram 

CONTROL UNIT 

CONTROL WORD 

STATUS WORD 

DATA 
BUFFER 

NEU INSTRUCTION 

I t--------t (6) 

I 

;! (5) 

Cl (4) 
~ REGISTER STACK 
:D (3) 

C (2) 

EXCEPTION 
POINTERS 

I 
(1) 

1 1-80BITS--1 (0) 

L.---__ ---.l ________________ . ----.J 

TABLE 3. EXECUTION TIME FOR SELECTED 8087 
NUMEffiC~STRUCTIONSAND 

CORRESPONDING 8086 EMULATION 

Approximate Execution 
.. Time (/-Ls) 

Floating Point 8087 8086 
Instruction (SMHz Clock) Emulation 

Add/Subtract Magnitude 14/18 1,600 
Multiply (single precision) 19 1,600 
Multiply (extended precision) 27 2,100 
Divide 39 3,200 
Compare 9 1,300 
Load (double precision) 10 1,700 
Store (double precision) 21 1,200 
Square Root 36 19,600 
Tangent 90 13,000 
Exponentiation 100 17,000 

memory operands and executes NPX control instructions. The 
two elements are able to operate independently of one another, 
allowing to CU to maintain synchronization with the CPU while the 
NEU is busy processing a numeric instruction.-

Control Unit 

The CU keeps the 8087 operating in synchronization with its host 
CPU. 8087 instructions are intermixed with CPU instructions in a 
single instruction stream. The CPU fetches all instructions from 
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memory; by monitoring the status signals (SO-S2. S6) emitted by 
the CPU, the NPX control unit determines when an 8086 instruc
tion is being fetched. The CU monitors the Data bus in parallel 
with the CPU to obtain instructions that pertain to the 8087. 

The CU maintains an instruction queue that is identical to the 
queue in the host CPU. The CU automatically determines if the 
CPU is an 8086 or an 8088 immediately after reset (by monitoring 
the BHE/S7 line) and matches its queue length accordingly. By 
monitoring the CPU's queue status lines (OSo. OS1). the CU 
obtains and decodes instructions from the queue in synchroniza
tion with the CPU. 

A numeric instruction appears as an ESCAPE instruction to the 
8086 or 8088 CPU. Both the CPU and NPX decode and execute 
the ESCAPE instruction together. The 8087 only recognizes the 
numeric instructions shown in Table 5. The start of a numeric 
operation is accomplished when the CPU executes the ESCAPE 
instruction. The instruction· mayor may not identify a memory 
operand. 

The CPU does, however, distinguish between ESC instructions 
that reference memory and those that do not. If the instruction 
refers to a memory operand, the CPU calculates the operand's 
address using anyone of its available addressing modes, and 
then performs a "dummy read" of the word at that location. (Any 
location within the 1 M byte address space is allowed.) This is a 
normal read cycle except that the CPU ignores the data it re
ceives. ·If the ESC instruction does not contain a memory refer
ence (e.g., an 8087 stack operation). the CPU simply proceeds to 
the next instruction. 
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An 8087 Instruction can have one of three memory reference 
options: (1) not reference memory; (2) load an operand from 
memory into the 8087; or (3) store an operand from the 8087 into 
memory. If no memory reference is required, the 8087 simply 
executes its instruction. If a memory reference is required, the CU 
uses a "dummy read" cycle initiated by the CPU to capture and 
save the address that the CPU places on the bus. If the instruction 
is a load, the CU additionally captures the data, word when it 
becomes available on the local data bus. If data required is longer 
than one word, the CU immediately obtains the bus from the CPU 
using the request/grant protocol and reads the rest of the infor
mation in consecutive bus cycles. In a store operation, the CU 
captures and saves the store address as in a load, and ignores 
the data word that follows in the "dummy read" cycle. When the 
8087 is ready to perform the store, the CU obtains the bus from 
the CPU and writes the operand starting at the specified address. 

Numeric Execution Unit 

The NEU executes all instructions that involve the register stack; 
these include arithmetic, logical, transcendental, constant and 
data transfer instructions. The data path in the NEU is 84 bits wide 
(68 fraction bits, 15 exponent bits and a sign bit) which allows 
internal operand transfers to be performed 'at very high speeds. 

When the NEU begins executing an instruction, it activates the 
8087 BUSY signal. This signal can be used in conjunction with the 
CPU WAIT instruction to resynchronize both processors when the 
NEU has completed its current instruction. 

Register Set 

The 8087 register set is shown in Figure 3. Each of the eight data 
registers in the 8087's register stack is 80 bits wide and is divided 
into "fields" corresponding to the NDP's temporary real data type. 

At a given point in time the TOP field in the control word identifies 
the current top-of-stack register. A "push" operation decrements 
TOP by 1 and loads a value into the new top register. A "pop" 

operation stores the value from the current top register and then 
increments TOP by 1. The 8087 register stack grows "down" 
toward lower-addressed registers.' 

Instructions may address the data registers either i"':!plicitly or 
explicitly. Many instructions operate on the register at the top of 
the stack. These instructions implicitly address the register 
pointed to by the TOP. Other instructions allow the programmer to 
explicitly specify the register which is to be used. Explicit register 
addressing is "top-relative." 

Status Word 

The status word shown in Figure 6 reflects the overall state of the 
8087; it may be stored in memory and then inspected by CPU 
code. The status word is a 16-bit register divided into fields as 
shown in Figure 6. The busy bit (bit 15) indicates whether the NEU 
is either executing an instruction or has, an interrupt request 
pending (B= 1), or is idle (B = 0). Several instructions which 
store and manipulate the status word are executed exclusively by 
the CU, and these do not set the busy bit themselves. 

The four numeric condition code bits (CO-C3) are similar to the 
flags in a CPU: ,various instructions update t~ese bits to reflect 
the outcome of NDP operations. The effect ot these instructions 
on the condition code bits is summarized in Table 4. 

Bits 14-12 of the status word point to the 8087 register that is the 
current top-ot-stack (TOP) as described above. 

Bit 7 is the interrupt request bit. This bit is set if any unmasked 
exception bit is set and cleared otherwise. 

Bits 5-0 are set to indicate that the NEU has detected an excep
tion while executing an instruction. 

Tag Word 

The tag word marks the content of each register as shown in 
Figure 7. The principal function of the tag word is to optimize the 
NDP's performance. The tag word can be used, however, to 
interpret the contents of 8087 registers. 

Figure 6. 8087 Status Word 

15 

r B I c 31 TOP I c 21 cd collR T x TPETuEToETzEIDETIEl 

Lb EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED) 

INVALID OPERATION 

DENORMALIZED OPERAND 

ZERO DIVIDE 

OVERFLOW 

UNDERFLOW 

PRECISION 

(RESERVED) 

INTERRUPT REQUEST(l) 

CONDITION CODE(2) 

TOP OF STACK POINTER(3) 

NEU BUSY 

(ll1R is set if any unmasked exception bit is set, cleared otherwise. 
(2)See Table 3 for condition code interpretation. 
(3)Top Values: 

000 = Register 0 is Top of Stack. 
001 = Register 1 is Top of Stack. 

111 = Register 7 is Top of Stack. 
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TABLE 4. CONDITION CODE INTERPRETATION· 

Instruction C3 C2 C1 

Compare, Test 0 X 
0 X 
1 X 
1 X 

Remainder U 0 
U 1 

Examine 0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 l' 
1 1 

X = value is not affected by instruction 
U = value is undefined following instruction 

Figure 7. 8087 Tag Word 

~ 0 

I TA~ (7) I TAG (6) I ;A~ (5) I TAG (4) I TAG (3) TAG (2)1 TA~ (l)T TA~ (0)1 

TAG VALUES: 
00 = VALID 
01 = ZERO 
10 = SPECIAL 
11 = EMPTY 

X 
X 
X 
X 

U 
U 

0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
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Instruction and Data Pointers 

The instruction and data pointers (see Figure 8) are provitJed for 
user-written error handlers. Whenever the 8087 executes an 
NEU instruction, theCU saves the instruction address, the 
operand address (if present) and the instruction opcode. 8087 
instructions can store this data into memory. 

Control Word 

The 8087 provides several processing options which are selected 
by loading a word from memory into the control word. Figure 9 
shows the format and encoding of the fields in the control word. 

The low order byte of this control word configures 8087 interrupts 
and exception masking. Bits 5-0 of the control word contain 
individual masks for each of the six exceptions that the 8087 
recognizes and bit 7 contains a general mask bit for all 8087 
interrupts. The high order byte of the control word configures the 

Co Interpretation 

0 A>B 
1 A<B 
0 A=B 
1 A? B (not comparable) 

U Complete reduction 
U Incomplete reduction 

0 Valid, positive, unnormalized 
1 Invalid, positive, exponent = 0 
0 Valid, negative, unnormalized 
1 Invalid, negative, exponent = 0 
0 Valid, positive, normalized 
1 Infinity, positive 
0 Valid, negative, normalized 
1 Infinity, negative 
0 Zero, positive 
1 Empty 
0 Zero, negative 
1 Empty 
0 Invalid, positive, exponent = 0 
1 Empty 
0 Invalid, negative, exponent = 0 
1 Empty 

, 

Figure 8. 8087 Instruction and Data Pointers 

15 

I:-.ISTRUCTION POINTER (15-0) 

INSTRUCTION POINTER I 0 I 
(19-16) 

INSTRUCTION OPCODE (10-0) 

DATA POINTER (15-0) 

DATA POINTER (19-16) I 0 
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8087 operating mode including precision, rounding, and infinity 
controls. The precision control bits (bits 9-8) can be used to set 
the 8087 internal operating precision at less than the default of 
temporary real precision. This can be useful in providing com
patibility with earlier generation arithmetic processors of smaller 
precision than the 8087. The rounding control bits (bits 11-10) 
provide for directed rounding and true chop as well as the un
biased round to the nearest mode specified in the proposed IEEE 
standard. Control over closure of the number space at infinity is 
also provided (either affine closure, ± 00, or projective closure, 00, 

is treated as unsigned, may be specified). 

Exception Handling 

The 8087 detects six different exception conditions that can occur 
during instruction execution, Any or all exceptions will cause an 
interrupt if unmasked and interrupts are enabled. 
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If interrupts are disabled the 8087 will simply continue execution 
regardless of whether the host clears the exception. If a specific 
exception class is masked arid that exception occurs, however, 
the 8087 will post the exception in the status register and perform 
an on-chip default exception handling procedure, thereby allow
ing processing to continue. The exceptions that the 8087 detects 
are the following: 

1. INVALID OPERATION: Stack overflow, stack underflow, in
determinate form (0/0, 00 - 00, etc.) or the use of a Non
Number (NAN) as an operand. An exponent value is reserved 
and any bit pattern with this value in the exponent field is, 
termed a Non-Number and causes this exception. If this ex
ception is masked, the 8087's default response is to generate 
a specific NAN called INDEFINITE, or to propagate already 
existing NANs as the calculation result. 

2. OVERFLOW: The result is too large in magnitude to fit the 
specified format. The 8087 will generate an encoding for 
infinity if this exception is masked. 

3. ZERO DIVISOR: The divisor is zero while the dividend is a 
non-infinite, non-zero number. Again, the 8087 will generate 
an encoding for infinity if this exception is masked. 

4. UNDERFLOW: The result is non-zero but too small in mag
nitude to fit in the specified format. If this exception is masked 
the 8087 will denormalize (shift right) the fraction until the 
exponent is in range~ This process is called gradual underflow. 

5. DENORMALIZED OPERAND: At least one of the operands 
or the result is denormalized; it has the smallest exponent but 
a non-zero significand. Normal processing continues if this 
exception is masked off. 

6. INEXACT RESULT: If the true resu'lt is not exactly represent
able in the specified format, the result is rounded according to 
the rounding mode, and this flag is set. If this exception is 
masked, processing will simply continue. 

Figure 9. 8087 Control Word 

15 0 

I X,X X JIC] B~ CJ P C I M I XIPMIUMJOMJZMJDMJIMJ 

~ 
EXCEPTION MASKS (1 = EXCEPTION IS MASKED) 

INVALID OPERATION 

DENORMALIZED OPERAND 

'--- ZERO DIVIDE 

OVERFLOW 

UNDERFLOW 

PRECISION 
L..-________ (RESERVED) 

L..-_--..,.. _______ INTERRUPT MASK (1 = INTERR'UPTS ARE MASKED) 
L.. ___________ PRECISION CONTROL(l) 

L-______________ ROUNDING CONTROL(2) 

L.. ________________ INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE) 
L-__________ '--_--'-_____ (RESERVED) 

(l)Precision Control 
00 = 24 bits 
01 = Reserved 
10 = 53 bits 
11 = 64 bits 

(2)Rounding Control 
00 = Round to Nearest or Even 
01 = Round Down (toward - (0) 
10 = Round Up (toward + 00) 
11 = Chop (truncate toward zero) 
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MAXIMUM RATINGS· 

Ambient Temperature Under Bias 

Storage Temperature -65 to +150°C 

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

Power Dissipation 3.0W 

* Stresses above those listed under Maximum Ratings may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to maximum rating conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS (TA = 0 to 70°C, VCC = +5V ±10oM 

Parameter Description Test Conditions 

Vll Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage IOl = 2.0~ 
VOH Output High Voltage IOH = -400~ 

Icc Power Supply Current TA = 25°C 

III Input Leakage Current OV,,;;;; VIN";;;; Vee 

IlO Output Leakage Current 0.45V ,,;;;; VOUT ,,;;;; Vee 

Vel Clock Input Low Voltage 

VeH Clock Input High Voltage 

CIN Capacitance of Inputs fc = 1MHz 

CIO 
Capacitance 011/0 Buffer (ADO-1S, 

fc = 1MHz 
A16-A19' BHE, 52-SO, RO/Gn and CLK 

COUT Capacitance of Outputs BUSY, INT fc = 1MHz 

AC CHARACTERISTICS (TA = 0 to 70°C, VCC = +5V ±10%) 

TIMING REQUIREMENTS 

Parameter Description Test Conditions 

TCLCL CLK Cycle i=teriod 

TCLCH CLK Low Time 

TCHCL CLK High Time 

TCH1CH2 CLK Rise Time From 1.0 to 3.5V 

ITCL2CL1 CLK Fall Time From 3.5 to 1.0V 

TDVCL Data In Setup Time 

TClDX Data In Hold Time 

TRYHCH READY Setup Time 

TCHRYX READY Hold Time 

TRYLCL READY Inactive to ClK (See Note 3) 

TGVCH ROIGT Setup Time 

TCHGX ROIGT Hold Time 

TOVCl 050-1 Setup Time 

TCLOX 050-1 Hold Time 

TSACH Status Active Setup Time 

TSNCL Status Inactive Setup Time 

TILIH Input Rise Time (Except ClK) From o.s to 2.0V 

TIHll Input Fall Time (Except ClK) From 2.0 to O.SV 
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Min Max Units 

-0.5 +O.s V 

2.0 Vee +0.5 V 

0.45 V 

2.4 V 

475 mA 

±1O ~ 

±10 ~ 

-0.5 +0.6 V 

3.9 Vee +1.0 V 

10 pF 

15 pF 

10 pF 

Min Max Units 

200 500 ns 

(213 TCLCl) 
ns 

-15 

(1/3 TClCL) 
ns 

+2 

10 ns 

10 ns 

30 ns 

10 ns 

(2/3 TClCl) 
ns -15 

30 ns 

-s ns 

30 ns 

40 ns 

30 ns 

10 ns 

30 ns 

30 ns 

20 ns 

12 ns 



8087 
AC CHARACTERISTICS (Cont.) 
TIMING RESPONSES 

Parameter Description Test Conditions Min Max Units 

TCLML Command Active Delay (See Note 1) 10 35 ns 

TCLMH Command Inactive Delay (See Note 1) 10 35 ns 

TRYHSH Ready Active to Status Passive (See Note 2) 110 ns 

TCHSV Status Active Delay 10 110 ns 

TCLSH Status Inactive Delay 10 130 ns 
I 

TCLAV Address Valid Delay 10 110 ns 

TCLAX Address Hold Time 10 ns 

TCLAZ Address Float Delay TCLAX 80 ns 

TSVLH Status Valid to ALE High (See Note 1) 
CL = 20-100pF for all 

15 ns 

TCLLH CLK Low to ALE Valid (See Note 1) 8087 outputs (In addition 15 ns 

TCHLL ALE Inactive Delay (See Note 1) 
to 8087 self-load) 

15 ns 

TCLDV Data Valid Delay 10 110 ns 

TCHDX Data Hold Time 10 ns 

TCVNV Control Active Delay (See Note 1) 5 45 ns 

TCVNX Control Inactive Delay (See Note 1) 10 45 ns 

TCHBV BUSY and INT Valid Delay 10 150 ns 

TCHDTL Direction Control Active Delay (See Note 1) 50 ns 

TCHDTH Direction Control Inactive Delay (See Note 1) 30 ns 

TCLGL RQ/GT Active Delay CL = 40pF (in addition 0 85 ns 

TCLGH RQ/GT Inactive Delay to 8087 self-load) 0 85 ns 

TOLOH Output Rise Time From 0.8 ,to 2.0V 20 ns 

TOHOL Output Fall Time From 2.0 to 0.8V 12 ns 

Notes: 1. Signal at 8284A or 8288 shown for reference only. 
2. Applies only to T 3 and wait states. 
3. Applies only to T 2 state (8ns into T 3)' 

AC TESTING INPUT, OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT 

--. 

I 

... =X.-"'T'OWTS_ .. X= DEVICE 
UNDER 

l~='oo" 
TEST 

0.45 

MMC·171 MMC·172 

AC testing: inputs are driven at 2.4V for a logic "1" and 0.45V for a logic 
"0." The clock is driven at 4.3V and 0.25V timing measurements are made 
at 1.5V for both a logic "1" and "0." CL includes jig capacitance 
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ClK 

VCl 

ALE (8288 OUTPUn 
(SEE NOTES 4, 7) 

READY (8087 INPUn 
(SEE NOTES 2, 6) 

READ CYCLE 

WRITE CYCLE 

8288 OUTPUTS 
(SEE NOTES 7, 8) 

DT/A 

DEN 

DEN 

AMWTC 

MWTC 

WAVEFORMS 

MASTER MODE 

----t-' 

TClAV 

Notes: 1. All signals switch between VOL and VOH unless otherwise specified. 

TCHRYX 

TClMH 

TCVNX 

FLOAT 
(SEE NOTE 3) 

r--
I 

FLOAT 
(SEE NOTE 3) 

2. RDY is sampled near the end of T 2, T 3 and T w to determine if T w machine states are to be inserted. 
3. The local bus floats only if the 8087 is returning control to the 8086/8088. 
4. ALE rises at later of (TSVLH, TCLLH). 
5. Status inactive in state just prior to T4. 
6. Ready should remain active until SO-2 become inactive. 
7. Signals at 8284A or 8288 are shown for reference only. 

8087 

MMC·173 

8. The issuance of 8288 command and control signals MRDC, MWTC, AMWC and DEN lags the active high 8288 CEN. 
9. All timing measurements are made at 1.5V unless otherwise noted. 
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8087 

ClK 

Vee 

ClK 

RESET 

ClK 

WAVEFORMS (Cont.) 

PASSIVE MODE 

TSACH I----~ 

----or+---~-_+_-------+_-----_+_"'-----..... ~------
\ '------

TDVCl TClDX TDVCl 

1-----+----1 TClDX 

~ 

RESET 

TClDX 

FLOAT 

TDVCl t------r---~ TClDX 

FLOAT 
DATA IN 

1------- "SO/Lsec -----~ 

TClGl 

1------- .. 20 ClK CYCLES -------<.-j 

.. 4 ClK CYCLES 

I---------<...j .. 0 ClK CYCLES 

0087 TRACKS 
CPU ACTIVITY 

REQUEST/GRANTo 

0087 READY TO 
EXECUTE INSTRUCTIONS 

MMC-174 

MMC-175 

RQ;GTO~ 

~----------~>-----~~~~------ .---~~ 
MMC-176 
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WAVEFORMS (Cont.) 

REQUEST/GRANT 1 

AD1S-ADO ------------------\ 
~~~~~ ~ 

~'Sl'~O ______________ ----\ 
SHE/S7 (SEE NOTE) 

Note: Alternate master may not drive the buses outside of the region shown without risking contention. 

BUSY AND INTERRUPT 

'USy.~ ''------TC-H-S-V ..... (f,..-------
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8088/8088-2 
iAPX86 Family 

8·Bit Microprocessor CPU 

DISTINCTIVE CHARACTERISTICS 

• 8-bit data bus, 16-bit internal architecture 

• Directly addresses 1 Mbyte of memory 

• Software compatible with 8086 CPU 

• Byte, word, and block operations 

• 24 operand addressing modes 

• Powerful instruction set 

• Efficient high level language implementation 

• Two block options: 5MHz 8088 
8MHz8088-2 

BLOCK DIAGRAM 

C·BUS 

INSTRUCTION 

MMC-209 

GENERAL DESCRIPTION 

The 8088 CPU is an 8-bit processor designed around the 
8086 internal structure. Most functions of the 8088 are 
identical to the equivalent 8086 functions. The pinout is 
slightly different. The 8088 handles the external bus the 
same way the 8086 does, but handling only 8 bits at a time. 
Sixteen-bit words are fetched or written in two consecutive 
bus cycles. Both processors will appear identical to the 
software engineer, with the exception of execution time. 

The 8088 is made with N-channel silicon gate technology 
and is packaged in a 40-pin Plastic or Ceramic DIP. 

CONNECTION DIAGRAM 
Top View 

D~40 

P-40 

MIN I MAX I MODE MODE 

GND VCC 

A14 A1S 
A16/S3 

STREAM BYTE t-----4 
QUEUE 

A13 

A12 A17/S4 

A11 A1S/SS 
A10 A19/S6 

t:::::S~S:::::j ~N~~RFACE 
os UNIT 

IP 

Ag sso (H!GH) 

As MNiMx 

AD7 Ro 
AD6 HOLD (Ra/GTO) 

ADs HLDA (RO/GT1) 
A-BUS AD4 WR (LOCK) 

AD3 loiM (5;) 

AD2 DT/R (51) 

AD1 DEN (SO) 

AL ADD ALE (aso) 

BH BL NMI iNTA (as1) 

CH CL INTR TEST 

OH OL EXECUTION ClK READY 

SP UNIT GND RESET 

BP 
SI 
01 

Note: Pin 1 is marked for orientation. MMC-210 

ORDERING INFORMATION 

Ambient 
Package Type Temperature Order Number 

Molded DIP P8088 

Hermetic DIP 
O°C oS TAoS 70°C 08088 

08088-2 

Hermetic DIP -40°C oS TAoS 85°C 
108088 

108088-2 

Hermetic DIP -55°C oS TA oS 125°C 
M08088B 

M08088-2B 

02338B-MMP 
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THE 8088 COMPARED TO THE 8086 

• The queue length is 4 bytes in the 8088, whereas the 8086 
queue contains 6 bytes, or three words. The queue was shor
tened to prevent overuse of the bus by the BIU when prefetch
ing instructions. This was required because of the additional 
time necessary to fetch instructions 8 bits at a time. 

• To further optimize the queue, the prefetching algorithm was 
changed. The 8088 BIU will fetch a new instruction to load into 
the queue each time there is a 1 byte hole (space available) in 
the queue. The 8086 waits until a 2-byte space is available. 

• The internal execution time of the instruction set is affected by 
the 8-bit interface. All 16-bit fetches and writes from/to mem
ory take an additional four clock cycles. The CPU is also limited 
by the speed of instruction fetches. This latter problem only 
occurs when a series of simple operations occur. When the 
more sophisticated instructions of the 8088 are being used, the 
queue has time to fill and the execution proceeds as fast as the 
execution unit will allow. 

The 8088 and 8086 are completely software compatible by virture 
of their identical execution units. Software that is system depen
dent may not be completely transferable, but software that is not 

. system dependent will operate equally as well on an 8088 
or an 8086. 

The hardware interface of the 8088 contains the major differ
ences between the two CPUs. The pin assignments are nearly 
identical, however, with the following functional changes: 

• Aa-A15 - These pins are only address outputs on the 8088. 
These address lines are latched internally and remain valid 
throughout a bus cycle in a manner similar to the 8085 upper 
address lines. 

• BHE has no meaning on the 8088 and has been eliminated. 

• SSO provides the SO status information in the minimum 
mode. This output occurs on pin 34 in minimum mode only. 

8088/8088-2 

DT/R, 10iM, and SSO provide the complete bus status in 
minimum mode. 

• 10iM has been inverted to be compatible with the MCS-85 bus 
structure. 

• ALE is delayed by one clock cycle in the minimum mode when 
entering HALT, to allow the status to be latched with ALE. 

I/O ADDRESSING 

In the 8088, I/O operations can address up to a maximum of 64K 
I/O registers. The I/O address appears in the same format as the 
memory address on bus lines A15 - Ao. The address lines 
A19 - A16 are zero in I/O operations. The variable I/O instructions, 
which use register DX as a pointer, have full address capability, 
while the direct I/O instructions directly address one or two of the 
256 I/O byte locations in page 0 of the I/O address space. I/O 
ports are addressed in the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 8085 design 
should note that the 8085 addresses I/O with an 8-bit address on 
both halves of the 16-bit address bus. The 8088 uses a full 16-bit 
address 'of its lower 16 address lines . 

BUS OPERATION 

The 8088 address/data bus is broken into three parts - the lower 
eight address/data bits (ADO - AD?), the middle eight address 
bits (Aa-A15), and the upper four address bits (A16-A19). The 
address/data bits and the highest four address bits are time 
multiplexed. This technique provides the most efficient use of 
pins on the processor, permitting the use of a standard 40 lead 
package. The middle eight address bits are not multiplexed, i.e. 
they remain valid throughout each bus cycle. In addition, the bus 
can be demultiplexed at the processor with a single address latch 
if a standard, non-multiplexed bus is desired for the system. 

Figure 1. Interrupt Acknowledge Sequence 

I ~ I ~ ~ ~ ~ I 

m Jl~~---In,---__ 

''---__ ---oIl 

FLOAT 

MMC-211 
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8088/8088-2 

Figure 2. Basic System Timing 

1--------(4 + NWAITI = TCy-------I~------(4+ NWAITI = TCy--------t 

ClK 

GOES INACTIVE IN THE STATE 

I/.=€;;JT. ,'----
AODR/STATUS 

ADDR 

ADDRfDATA -----GX ___ D_At_A_O_U_T_(Dr_.D_O_I __ J}--OC 

RD. INTA' 

READY 

READY 

WAIT WAIT 

\---_--..11 

MMC·212 
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8088/8088-2 

Figure 3. Medium Complexity System Timing 

Tl T2 T3 T4 

ClK ~~ fl~ /\ lh 
\ 

051' 050 

8088 

52. 5 1. 5 0 \ IIIII \ \._----

A19/S6,A16/S3 A19,A16 Ss,S3 

ALE 
r--

\ I ---

8288 ROY 8284 

READY 8088 

AD7'ADo 
I 

A7'Ao 
\ I DATA IN \ 

\ I \ I 

8088 Als,Aa Als,Aa 

. 
RD 

DT/R" 

8288 MRDC 

DEN 

MMC,213 
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8088/8088·2 
MAXIMUM RATINGS 

Storage Temperature 

Voltage on any Pin with Respect to Ground 

Power Dissipation 

-65 to + 150°C 

-1.0to +7V 

2.5W 

Stresses above those listed under "Maximum Ratings" may cause permanent damage to the device. This 'is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to maximum rating conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS (8088: TA = 0 to +70°C, -40 to +85°C, -55 to +125°C, VCC = 5V ±10%) 
(8088-2: TA = 0 to +70°C, -40 to +85°C, -55 to +125°C, VCC ,,;, 5V ±10%) 

Parameter Description Test Conditions Min Max Units 

Vil Input Low Voltage -0.5 +0.8 V 

VIH Input High Voltage 2.0 Vee + 0.5 V 

VOL Output Low Voltage IOL = 2.0 rnA 0,45 V 

VOH Output High Voltage IOH = -400J.tA 2,4 V 

ICC 1 8088 340 
rnA Power Supply Current: I TA = 25°C 

8088-2 350 

III Input Leakage Current OV"" VIN "" Vee ±10 J.tA 

ILO Output Leakage Current 0,45V "" VOUT "" Vee ±10 J.tA 

Vel Clock Input Low Voltage -0.5 +0.6 V 

VeH Clock Input High Voltage 3.9 Vee + 1.0 V 

CIN 
Capacitance of Input Buffer (All input except 

fc = 1 MHz 15 pF 
ADO-AD?, RQ/GT) 

Cia Capacitance of I/O Buffer (ADo-AD?, RQ/GT) fc = 1 MHz 15 pF 
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AC CHARACTERISTICS (8088: TA = 0 to 70oe, VCC = 5V ±10%) 

(8088-2: TA = 0 to 70oe, VCC = 5V ±5%) 

MINIMUM COMPLEXITY SYSTEM 
TIMING REQUIREMENTS 

Parameter Description 

TClCl ClK Cycle Period 

TClCH ClK low Time 

TCHCl ClK High Time 

TCH1CH2 ClK Rise Time 

TCl2Cl1 ClK Fall Time 

TDVCl Data in Setup Time 

TClDX Data in Hold Time 

TR1VCl 
RDY Setup Time into 8284 
(See Notes 1, 2) 

TClR1X 
RDY Hold Time into 8284 
(See Notes 1, 2) 

TRYHCH READY Setup Time into 8088 

TCHRYX READY Hold Time into 8088 

TF!YlCl 
READY Inactive to ClK 
(See Note 3) 

THVCH HOLD Setup Time 

TINVCH 
INTR, NMI, TEST Setup 
Time (See Note 2) 

TILIH 
Input Rise Time 
(Except elK) 

TIHll Input Fall Time (Except ClK) 

Test 
8088 

Conditions Min 

200 

(2/3 TClCl) -15 

(1/3'TClCl) +2 

From 1.0 to 3.5V 

From 3.5 to 1.0V 

30 

10 

35 

0 

(2/3 TClCl) -15 

30 

':"8 

35 

30 

From 0.8 to 2.0V 

From 2.0 to 0.8V 
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Max Min Max Units 

500 125 500 ns 

(2/3 TClCl)-15 ns 

(1/3 TCLCl) +2 ns 

10 10 ns 

10 10 ns 

20 ns 

10 ns 

35 ns 

0 ns 

(2/3 TClCl) -15 ns 

20 ns 

-8 ns 

20 ns 

15 ns 

20 20 ns 

12 12 ns 



8088/8088-2 
AC CHARACTERISTICS (Cont.) 

TIMING RESPONSES 

Test 
8088 8088·2 

Parameter Description Conditions Min Max Min Max Units 

TCLAV Address Valid Delay 10 110 10 60 ns 

TCLAX Address Hold Time 10 10 ns 

TCLAZ Address Float Delay TCLAX 80 TCLAX 50 ns 

TLHLL ALE Width TCLCH -20 TCLCH -1C ns 

TCLLH ALE Active Delay 80 50 ns 

TCHLL ALE Inactive Delay 85 55 ns 

TLLAX 
Address Hold Time to 
ALE Inactive 

TCHCL -10 TCHCL -10 ns 

TCLDV Data Valid Delay 10 110 10 60 ns 

TCHDX Data Hold Time 10 10 ns 

TWHDX Data Hold Time After WR TCLCH -30 TCLCH -30 ns 

TCVCTV Control Active Delay 1 10 110 10 70 ns 
-

TCHCTV Control Active Delay 2 CL = 20-100pF 10 110 10 60 ns 

TCVCTX Control Inactive Delay 
for all 8088 

10 110 10 70 
outputs (in addition 

ns 

TAZRL 
Address Float to to internal loads) 

0 0 ns 
READ Active 

TCLRL RD Active Delay 10 165 10 100 ns. 

TCLRH RD Inactive Delay 10 150 10 80 ns 

TRHAV 
RD Inactive to Next 
Address Active 

TCLCL -45 TCLCL -40 ns 

TCLHAV HLDA Valid Delay / 10 160 10 100 ns 

TRLRH RD Width 2TCLCL -75 2TCLCL -50 ns 

TWLWH WRWidth 2TCLCL -60 2TCLCL -40 ns 

TAVAL Address Valid to ALE Low TCLCH -60 TCLCH -40 ns 

TOLOH Output Rise Time From 0.8 to 2.0V 20 20 ns 

TOHOL Output Fall Time From 2.0 to 0.8V 12 12 ns 

AC TESTING INPUT, OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT 

InpuVOutput 

I 

... =>(.,.-,."PO,",S-,.C:. DEVICE 
UNDER le","", TEST 

0.45 

MMC-214 MMC-215 

AC testing inputs are driven at 2AV for a logic "1" and OA5V for a logic 
"0." The clock·is driven at 4.3V and 0.25V. Timing measurements are 
made at 1.5V for both a logic "1" and "0." CL Includes JIG Capacitance. 
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AC CHARACTERISTICS (Cant.) 

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 

Test 
8088 

Parameter Description Conditions, Min 

TClCl ClK Cycle Period 200 

TClCH ClK low Time 
(213 TClCl) 

-15 

TCHCl ClK High Time 
(1/3 TClCl) 

+2 

TCH1CH2 ClK Rise Time From 1.0 to 3.5V 

TCL2Cl1 ClK Fall Time From 3.5 to 1.0V 

TDVCl Data in Setup Time 30 

TC~DX Data in Hold Time 10 

TR1VCl 
RDY Setup Time into 8284 . 

35 
(See Notes 1, 2) 

TClR1X 
RDY Hold Time into 8284 

0 
(See Notes 1, 2) 

TRYHCH READY Setup Time into 8088 
(213 TClCl) 

-15 

TCHRYX READY Hold Time into 8088 30 

TRYlCl 
READY Inactive to ClK 

-8 
(See Note 4) 

Setup Time for Recognition 
TINVCH (INTR, NMI, TEST 30 

(See Note 2) 

TGVCH RQ/GT Setup Time 30 

TCHGX RQ Hold Time into 8086 40 

TILIH 
Input Rise Time 

From 0.8 to 2.0V 
(Except ClK) 

TIHll 
Input Fall Time 

From 2.0 to 0.8V 
(Except ClK) 

Notes: 1. Signal at 8284 or 8288 shown for reference only. 
2 .. Setup requirement for asynchronous signal only to guarantee recognition at next ClK. 
3. Applies only to T 2 state (8ns into T 3 state). 
4. Applies only to T2 state (8ns into T3 state). 
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Max Min Max Units 

500 125 500 ns 

(2/3 TClCl) 
ns 

-15 

(1/3 TClCl) 
ns 

+2 

10 10 ns 

10 10 ns 

20 ns 

10 ns 

35 ns 

0 ns, 

(2/3 TClCl) 
ns -15 

20 ns 

-8 ns 

15 ns 

15 ns 

30 ns 

20 20 ns 

12 12 ns 



8088/8088-2 
AC CHARACTERISTICS (Cont.) 

TIMING RESPONSES 

Test 8088 8088-2 

Parameter Description Conditions Min Max Min Max Units 

TCLML 
Command Active Delay 

10 35 10 35 ns 
(See Note 1) 

TCLMH 
Command Inactive Delay 

10 35 10 35 ns 
(See Note 1) 

TRYHSH 
READY Active to Status 

110 65 
Passive (See Note 3) 

ns 

TCHSV Status Active Delay 10 110 10 60 ns 

TCLSH Status Inactive Delay 10 130 10 70 ns 

TCLAV Address Valid Delay 10 110 10 60 ns 

TCLAX Address Hold Time 10 10 ns 

TCLAZ Address Float Delay TCLAX SO TCLAX 50 ns 

TSVLH 
Status Valid to ALE High 

15 15 ns 
(See Note 1) 

Status Valid to MCE High " 

TSVMCH 
(See Note 1) 

15 15 ns 

TCLLH 
CLK Low to ALE Valid 

15 15 
(See Note 1) 

ns 

TCLMCH 
CLK Low to MCE High 

15 15 ns (See Note 1) 

TCHLL 
ALE Inactive Delay CL = 20-100pF 15 15 ns 
(See Note 1) for aliSOSS 

MCE Inactive Delay 
outputs (in addition 

TCLMCL 
(See Note 1) 

to internal loads) 15 15 ns 

TCLDV Data Valid Delay 10 110 10 60 ns 

TCHDX Data Hold Time 10 10 ns 

TCVNV 
Control Active Delay 

5 45 5 45 ns (See Note 1) 

TCVNX 
Control Inactive Delay 

10 45 10 45 ns 
(See Note 1) 

TAZRL 
Address Float to 

0 0 
Read Active 

ns 

TCLRL RD Active Delay 1(), 165 10 100 ns 

TCLRH RD Inactive Delay 10 150 10 SO ns 

TRHAV 
RD Inactive to Next 

TCLCL -45 TCLCL -40 
Address Active 

ns 

TCHDTL 
Direction Control Active 

50 50 
Delay (See Note 1) 

ns 

TCHDTH 
Direction Control Inactive 

30 30 
Delay (See Note 1) 

ns 

TCLGL· GT Active Delay 110 50 ns 

TCLGH GT Inactive Delay S5 50 ns 

TRLRH RD Width 2TCLCL -75 2TCLCL -50 ns 

TOLOH Output Rise Time From O.S to 2.0V 20 20 ns 

TOHOL Output Fall Time From 2.0 to O.SV 12 12 ns 
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101M, SSo 

ALE 

RDY (8284 INPUT) 
SEE NOTE 5 

READY (8088 INPUT) 

READ CYCLE 
~ ---.iNOTE 1) 

(WR, INTA = VOH) 

A~.ADO 

DTiii 

WAVEFORMS 
I 

BUS TIMING - MINIMUM MODE SYSTEM 

AwAa (FLOAT DURING INTA) 

r 
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8088/8088-2 

INTA CYCLE 
NOTES 1,3 

(RD, WR = VOH) 

SOFTWARE HALT 

AD-,.ADO 

AD-,.ADO 

DT/R 

DEN, iiD, WR, INTA = VOH AD-,.ADo 
DT/R IN~ETERMINATE 

TCLAV 

WAVEFORMS (Cont.) 

BUS TIMING - MINIMUM MODE SYSTEM (Cont.) 

TZ 

TCVCTV 

TCVCTX 

INVALID ADDRESS SOFTWARE HALT 

Notes: 1. All signals switch between VOH and VOL unless otherwise specified. 
2. RDY is sampled near the end of T2. T3. Tw to determine,if Tw machines states are to be inserted. 

TCHCTV 

MMC·217 

3. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control signals are shown for 
the second INTA cycle. 

4. Signals at 8284 are shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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WAVEFORMS (Cont.) 

BUS TIMING - MAXIMUM MODE 

T1 

VCH 
!---TCLCL- TCH1CH2-

-r-\ r-\ 
CLK "2J . .J[\ ____ )~ -'[\'--__ -'1""1 

--+--TCLA_V-~J= 
asO•aS1 L 

I---~-TCHSV 

TCHCL 

-

T3 

~TCL2CLI 

J 

-TCLSH 

8088/8088-2 

~TCLCH-

-------,H-----~----_r------+_----+_~""""""~_r------+_~------.--
52. Si. SO (EXCEPT HALT) I.W'(SEE NOTE 8) \ 

SEE NOTE 5 

\.._----

A1soAS \V AlsoAs \ / 

______ -+~J[\ __ -+----~------~--_+--~--4_----~----~--J, 
!-TCLAV -f-TCLDV 

TCLAX- :--- TCHDX- -
\V \V~+---~~--~---4-----4---'1 

A19/SsoA16/S3 ____ --i-t-J/r\. __ +-A_1_9
0

_

A_1S-+_-J/r'\. S7"S3 J \ ____ _ 

ALE (8288 OUTPUT) 

ROY (8284 INPUT) 

TSVLH

TCLLH-
~ ,--- t TCHLL 

/' 
~-----~--4-~~---+---~-------+----~r--._-

'-- !--TRlVCL 

~~--=r~~~~ 
~" Co-

/ 
/ 

READY (8088 INPUT) 
'---r-~-__ -~-J 

-TCHRYX 

TRYHSH- f---
r--r---r---"\. 
~ ) 

J \ 

: =\ =-r"- _--T-DV-C--:-::::::::--+"..----T-C-LD-X-:-""" 

A~oADo /,~ FOAT '1\ DATA IN IJ---~F-LO--AA""TT------I( 1'--
TAZRL- I-- TCLRH-+---r---4-f-TRHAV---j 

~-------------+---~~)r~ _______________ ~~ll~ 
TCHDTL- { I---t:-_T_C+-LR-t-~ ____ _ 

----------_""' r TRLRH----r----i 

DT/ii 

READ CYCLE 
TCLAV- f 
~ 

A~oADO 

TCHDTH 

TCLMH- ~ 
DEN f ____________________________ -J 

TCVNV-

TCVNX-

MMCo 218 
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8088/8088-2 

5;, ~, S;; (EXCEPT HALT) 

WRITE CYCLE 

DEN 

8288 OUTPUTS AMWC OR AIOWC 
SEE NOTES 5,6 

INTA CYCLE 

WAVEFORMS (Cont.) 

BUS TIMING - MAXIMUM MODE SYSTEM (USING 8288) 

(SEE NOTE~'~:~~ ----FL-O-AT-++--< 

SOFTWARE 

8288 OUTPUTS 
SEE NOTES 5,6 

MCEt 
PDEN 

DT/R 

INTA 

DEN 

~-+---+--< 

TCLMCH 

"" -"'". '~~~~:'::~:' ~,~JOWC '~"" "" :,::, ,oo,'~ 

FLOAT 

FLOAT 

52,S" S;;\ jr---------------.-\, .. _____ _ 

·Notes: 1, All signals switch between VOH and VOL unless otherwise specified. 
2. RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycles. 
4. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control for pointer address is 

shown for second INTA cycle. 
5. Signals at 8284 or 8288 are shown for reference only. 
6, The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA, and DEN) lags the active 

high 8288 CEN. 
7. All timing measurements are made at 1.5V unless otherwise noted. 
8. Status inactive in state just prior to T4 . MMC-219 
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8088/8088-2 

WAVEFORMS (Cont.) 

ASYNCHRONOUS SIGNAL RECOGNITION BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 

I 
'~~'" 

NMI 

SIGNAL INTR 

Note: Setup requirements for asynchronous signals 
only to guarantee recognition at next elK. 

ClK 

_~r-TClAV 
lOCK \ 

~ ____________ -J 

MMC-220 

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 

ClK 

A19/se-Als/S3 PREVIOUS GRANT 

Au-A8 
~~-A~o 8088 

~,~ ----------------~ (SEE NOTE 1) 

Note 1; The coprocessor may not drive the buses outside the region shown without risking contention. 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

. ~_lClKeyelE 
elK 

N"-' ~ ''''.,"''' 

HlDA 

-----~ll----+-...I 

- : 1---; ---...I 
~ _________ eo_p_R~1'~E-SS-0-R-----J 
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8088/8088-2 
TABLE 1. PIN DESCRIPTION 

The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The "local bus" in these descriptions is 
the direct multiplexed bus interface connection to the 8088 (without regard to additional bus buffers). 

Symbol Pin No. Type Name and Function 

AD7-ADo ' 9-16 I/O Address Data Bus: These lines constitute the time multiplexed memory/IO address (T1) and data 
(T 2, T 3, T w, and T 4) bus. These lines are active HIGH and float to 3-state OFF during interrupt acknowledge 
and local bus "hold acknowledge." 

A1s-Aa 2-8,39 a Address Bus: These lines provide address bits 8 through 15 for the entire bus cycle (T1- T4)' 
These lines do not have to be latched by ALE to remain valid. A1s-Aa are active HIGH and float to 3-state 
OFF during interrupt acknowledge and'iocal bus "hold acknowledge." 

A19/Sa: 34-38 0 Address/Status: During T1' these are the four most significant 

A1s/Ss, address lines for memory operations. During I/O operations, 

A17/S4 these lines are lOW. During memory and I/O operations, 
54 ~ Characteristics 

A1s1S3 status information is available on these lines during T2, T3, TW, 
o (lOW) Alternate Data and T4. Sa is always LOW. The status of the interrupt enable 0 

flag bit (S5) is updated at the beginning of each clock cycle. 0 1 Stack 

S4 and S3 are encoded as shown, 
1 (HIGH) 0 eode or None 
1 1 Data 

This information indicates which segment register is presently S6 is 0 
being used for data accessing. (lOW) 

These lines float to 3-state OFF during local bus "hold 
acknowledge." 

RD 32 a Read: Read strobe indicates that the processor is performing a memory or I/O read cycle, depending 
on the state of the 10/M pin or S2. This signal Is used to read devices which reside on the 8088 local bus. RD is 
active lOW during T2, T3 and Tw of any read cycle, and is guaranteed to remain HIGH in T2 until the 8088 
local bus has floated. 

This signal floats to 3-state OFF in "hold acknowledge." 

READY 22 I READY: is the acknowledgement from the addresl'ed memory or I/O device that It will complete the data 
transfer. The RDY signal from memory or I/O is synchronized by the 8284 clock generator to form 
READY. This signal is active HIGH. The 8088 READY input is not synchronized. Correct operation is 
not guaranteed if the setup and hold times are not met. 

INTR 18 I Interrupt Request: is a level triggered input which is sampled during the last clock cycle of each 
instruction to determine if the processor should enter into an interrupt acknowledge operation. A subroutine 
is vectored to via an interrupt vector lookup table located in system memory. It can be internally masked by 
software resetting the interrupt enable bit. INTR is jnternally synchronized. This signal is active HIGH. 

TEST 23 I TEST: input is examined by the "wait for test" instruction. If the TEST input is lOW, 'execution 
contin'ues, otherwise the processor waits in an "idle" state. This input is synchronized internally during 
each clock cycle on the leading edge of ClK. 

NMI 17 I Non-Maskable Interrupt: is an edge triggered input which causes a type 2 interrupt. A subroutine is 
vectored to via an interrupt vector lookup table located in system memory. NMI is not maskable internally 
by software. A transition from a lOW to HIGH initiates the interrupt at the end of the current instruction. 
This input is internally synchronized. 

RESET 21 I RESET: causes the processor to immediately terminate its present activity. The signal must be active 
HIGH for at least four clock cycles. It restarts execution, as described in the instruction set description, 
when RESET returns lOW. RESET is internally synchronized. 

ClK 19 I Clock: provides the basic timing for the processor and bus controller. It is asymmetric with a 33% duty 
" cycle to provide optimized internal timing. 

Vee 40 Vcc: is the +5V ±10% power supply pin. 

GND 1,20 GND: are the ground pins. 

MN/MX 33 I Minimum/Maximum: indicates what mode the processor is to operate in. The two modes are discussed 
in the following sections. 
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8088/8088-2 
TABLE 1. PIN DESCRIPTION (Cont.) 

The following pin function descriptions are for the 8088 minimum mode (i.e., MN/MX = Vecl. Only the pin functions which are 
unique to minimum mode are described; all other pin functions are as described above. 

Symbol Pin No. Type Name and Function 

101M 28 a Status Line: is an inverted maximum mode S2. It is used to distinguish a memory access 
from an 1/0 access. I aiM becomes valid in the T 4 preceding a bus cycle and remains valid until the final 
T4 of the cycle (1/0 = HIGH, M = LOW). 101M floats to 3-state OFF in local bus "hold acknowledge." 

WR 29 a Write: strobe indicates that the processor is performing a write memory or write 1/0 cycle, depending on 
the state of the 101M signal. WR is active for T 2, T 3, and T W of any write cycle. It is active LOW, and floats to 
3-state OFF in local bus "hold acknowledge." 

INTA 24 a INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW during T 2, T 3 and 
T W of each interrupt acknowledge cycle .. 

ALE 25 a Address Latch Enable: is provided by the processor to latch the address into 8282/8283 address latch. 
It is a HIGH pulse active during clock low of T1 of any bus cycle. Note that ALE is never floated. 

DT/R 27 a Data Transmit/Receive: is needed in a minimum system that desires to use an 8286/8287 data bus 
transceiver. It is used to control the direction of data flow through the transceiver. Logically DT/R is equivalent 
to 81 in the maximum mode, and its timing is the same as for 101M (T = HIGH, R = LOW.) This signal floats 
to 3-state OFF in local bus "hold acknowledge." 

DEN 26 a Data Enable: is provided as an output enable for the 8286/8287 in a minimum system which uses the 
transceiver. DEN is active LOW during each memory and 110 access and for INTA cycles. For a read or INTA 
cycle, it is active from the middle Of T 2 until the middle of T 4, while for a write cycle, it is active from the beginning 
of T 2 until the middle of T 4. DEN floats to 3-state OFF during local bus "hold acknowledge." 

HOLD, 30,31 1,0 HOLD: indicates that another master is requesting a local bus "hold." To be acknowledged, HOLD 
HLDA must be active HIGH. The processor receiving the "hold" request will issue HLDA (HIGH) as an 

acknowledgement, in the middle of a T4 or T1 clock cycle. Simultaneous with the issuance of HLDA the 
processor will float the local bus and control lines. After HOLD is detected as being LOW, the processor 
lowers HLDA, and when the processor needs to run another cycle, it will again drive the local bus and 
control lines. 

Hold is not an asynchronous input. External synchronization should be provided if the system cannot 
otherwise guarantee the setup time. 

SSO 34 a Status Line: is logically equivalent to SO in th~ 
maximum mode. The combination of SSO, 101M IO/M DT/R SSO Characteristics 
and DT/R allows the system to completely 

1 (HIGH) 0 0 Interrupt 
decode the current bus cycle status. Acknowledge 

1 0 1 Read I/O port 
1 1 0 Write I/O port 
1 1 1 Halt 
o (LOW) 0 0 Code Access 
0 0 1 Read memory 
0 1 0 Write memory 
0 1 1 Passive 
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8088/8088·2 
TABLE 1. PIN DESCRI~TION (Cont.) 

The following pin function description~ are for the 8088, 8228 system in maximum mode (Le., MN/MX = GND). Only the pin functions 
which are unique to maximum mode are described; all other pin functions are as described above. ' 

Symbol Pin No. Type 

S2, Sl, So 26-28 a 

30,31 I/O 

LOCK 29 a 

QS1,QSO 24,25 a 

- 34 a 

Name and Function 

Status: ' is active during clock high of T 4, T1, and T 2 and is returned 
to the passive state (1, 1, 1) during T 3 or during T w when READY is 52 S1 50 Characteristics 
HIGH. This status is used by the 8288 bus controller to generate all o (LOW) 0 0 Interrupt 
memory and I/O access control signals. Any change by S2, Sl, or Acknowledge 
So during T4 is used to indicate the beginning of a bus cycle, and 0 0 1 Read 1/0 Port 
the return to the passive state in T 3 or T w is used to indicate the 0 1 0 Write 1/0 Port 
end of a bus cycle. 0 1 1 Halt 

These signals float to 3-state OFF during "hold acknowledge". During 
1 (HIGH) 0 0 Code Access 
1 0 1 Read Memory 

the first clock cycle after RESET 1 1 0 Write Memory 
becomes active, these signals are active HIGH. After this first clock, 1 1 1 Passive 
they float to 3-state OFF. 

Request/Grant: pins are used by other local bus masters to force the processor to release the local bus 
at the end of the processor's current bus cycle. Each pin is bidirectional with RQ/GT 0 having higher 
priority than RQ/GT 1. RQ/GT has an internal pull-up resistor, so may be left unconnected. The 
request/grant sequence is as follows (See Figure 8): 

1. A pulse of one CLK wide from another local bus master indicates a local bus request ("hold") to the 
8088 (pulse 1). 

2. During a T4 or T1 clock cycle, a pulse one clock wide from the 8088 to the requesting master (pulse 2), 
indicates that the 8088 has allowed the local bus to float and that it will enter the "hold acknowledge" 
state at the next CLK. The, CPU's bus interface unit is disconnected logically from the local bus 
during "hold acknowledge." The same rules as for HOLD/HOLDA apply as for when the bus is released. 

3. A pulse one CLK wide from the requesting master indicates to the 8088 (pulse 3) that the "hold" 
request is about to end and that the 8088 can reclaim the local bus at the next CLK. The CPU then 
entersT4· 

Each master-master exchange of the local bus is a sequence of three pulses. There must be one idle CLK 
cycle after each bus exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, it will release the local bus during 
T 4 of the cycle when all the following conditions are me!: 

1. Request occurs on or before T 2. 
2. Current cycle is not the low bit of a word. 
3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible events will follow: 

1. Local bus will be released during the next clock. 
2. A memory cycle will star! within 3 clocks. Now the four rules for a currently active memory cycle apply 

with condition number 1 already satisfied. 

LOCK: indicates that other system bus masters are not to gain control of the system bus while 
LOCK is active (LOW). The LOCK signal is activated by the "LOCK" prefix instruction and remains active 
until the completion of the next instruction. This signal is active LOW, and floats to 3-state off in 
"hold acknowledge." 

Queue Status: provide status to allow external 
tracking of the internal 8088 instruction queue. aS1 aso Characteristics 
The queue status is valid during the CLK cycle o (LOW) .0 No Operation 
after which the queue operation is performed. 0 1 First Byte of Opcode from Queue 

1 (HIGH) 0 Empty the Queue 
1 1 Subsequent Byte from Queue 

Pin 34 is always HIGH in the maximum mode. 
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DISTINCTIVE CHARACTERISTICS 

• High speed DMA capability 
• Two DMA channels 

8089 
I/O Processor 
iAPX86 Familv 

GENERALDESC~PTION 

• Removes I/O software overhead from 8086/8088 

The 8089 is a high performance I/O processor designed for 
the 8086 Family. It supports versatile DMA functions and 
maintains peripheral components, to offload I/O overhead 
from the CPU. The lOP communicates with the CPU through 
shared memory blocks and 2 control lines. 

• 1 megabyte addressability 
• 1.25 Mbyte/sec transfer rate 
• Memory-based communication with CPU 
• Allows mixed interface of 8- and 16-bit peripherals 
• LOCAL or REMOTE I/O processing modes 
• Multibus compatible system interface 

DMA REal 

DMA 
TERMINATE 1 

DMA REa2 

DMA 
TERMINATE2 

VOCHANNEL 1 

VO CHANNEL 2 

The 8089 lOP can operate in LOCAL mode sharing the same 
bus and buffer with the CPU, or in REMOTE mode or:! a 
separate local bus. In REMOTE mode the 8089 is compat
ible with any 8080 or 8085 CPU as well. 

The 8089 lOP is particularly effective in I/O intensive appli
cations like filter and buffer management, CRT control, and 
other communications tasks. It is implemented in N-channel 
depletion load silicon, packaged in a 40-pin DIP. 

BLOCK DIAGRAM 

CPU r-----l 
I I 
I I 
I I 
Ir--:-l l 

I~I L ____ J 

INSTRUCTION 
FETCH UNIT 

BUS CONTROL 
AND ARBITRATION 

STATUS 

ADDRESSj 
DATA 

020218·1 

ORDERING INFORMATION 

Package Ambient Order 
Type Temperature Spec Number 

Hermetic Dip OOG.;;; TA';;; 700 G 08089-3 

Multibus is a trademark of Intel Gorp. 
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8089 

Symbol Type 

Ao-A15/ I/O 
00-015 

A16-A191 0 
83-S6 

BHE 0 

So. 81. 82 0 

READY I 

lOCK 0 

RESET I 

ClK I 

CA I 

SEl I 

ORQ1-2 I 

RQ/GT I/O 

SINTR1-2 0 

EXT1-2 I 

Vee 

VSS 

TABLE 1. PIN DESCRIPTION 

Name and Function 

Multlple!edJ'ddre~ and Data Bus: The function of these lines are defined by the 
state of 80. 81 and S2 lines. 

Address and Status: Multiplexed most significant address lines and status information. The 
address lines are active only when addressing memory. Otherwise. the status lines are active. 

Bus High Enable: The Bus High Enable is used to enable data operations on the most significant half of 
the data bus (D8-015)' 

Status: These are the status pins that define the lOP activity during any given cycle. 
The s~atus lines are utilized by the bus controller and bus arbiter to generate all memory and 1/0 control signals. 

Ready: The ready signal received from the addressed device indicates that the device is ready for data transfer. 

Lock: The lock output signal indicates to the bus controller that the bus is needed for more than one contiguous cycle. 

Reset:. The receipt of a reset signal causes the lOP to suspend all its activities and enter an idle state until 
a channel attention is received. 

Clock: Clock provides all timing needed for internal lOP operation. 

Channel Attention: Gets the attention of the lOP 

Select: The first CA received after system reset informs the lOP via the SEl line. whether it is a Master or 
81ave and starts the initialization sequence. 

Data Request: OMA request inputs which signal the lOP that a peripheral is ready to transfer/receive data. 

Request Grant: Request Grant implements the communication dialogue required to arbitrate the use of the 
system bus or 110 bus. 

Signal Interrupt: Signal Interrupt outputs from channels 1 and 2 respectively. 

External Terminate: External terminate inputs for channels 1 and 2 respectively. 

Voltage: 

Ground. 

+5 volt power input. 

vss 
A14/D14 

A13/D13 

A12/D12 

AIl/OIl 

Al0/Dl0 

Ag/Dg 

As/Os 

A7/O-r 

A6/D6 

As/Os 

A4/D4 

A3ID3 

A2/D2 

Al/Dl 

AoIDo 

SINTR-l 

SINTR·2 

ClK 

vss 

CONNECTION DIAGRAM 
Top View 

0-40 

VCC 

A1S/D1S 

A16/S3 

A17/S4 

A1S/SS 

AI9/SS 

BHE 

EXT1 

EXT2 

ORal 

DRa2 

lOCK 

S; 
51 
SO 
RO/GT 
SEl 

CA 

READY 

RESET 

020219-2 

Note: Pin 1 is marked for orientation. 
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OPERATING MODES 

Shown in Figure 3 is the 8089 in a LOCAL configuration. The 
8086/88 CPU is used in its maximum mode. The 8089 and CPU 
reside on the same local bus, sharing the same set of system 
buffers. Peripherals located on the system bus can be addressed 
by either the CPU or the 8089. The 8089 requests the use of the 
LOCALbus by means of the RQ/GT line. When the CPU relin
quishes the system bus, the 8089 uses the same bus control, 
latches and transceiver components to generate the system ad
dress, control and data lines. 

I ' 
A typical REMOTE configuration is shown in Figure 4. In this 
mode, the lOP's bus is phYSically separated from the system bus 
by means of system buffers/latches. The lOP maintains its own 
local bus and can operate out of local or system memory. The 
system bus interface contains the following components: 8282 
latches, 8286 transceiver, 8288 bus controller, and 8283 
bus arbiter. 

The peripheral devices PERl and PER2 are supported on their 
own data and address bus. The 8089 communicates with the 
peripherals without affecting system bus operation. Optional 
buffers may be used on the local bus when capacitive loading 
conditions so dictate. 

COMMUNICATION MECHANISM 

Communication between the CPU and lOP is performed through 
messages prepared in shared memory. The CPU can cause the 
8089 to execute a program by placing it in the 8089's memory' 
space and/or directing the 8089's attention to it by asserting a 
hardware Channel Attention (CA) signal to the lOP, activating the 
proper I/O channel. Communication from the lOP to the proces
sor can be performed in a similar manner via a system interrupt 
(SINTR 1, 2),' if the CPU has enabled interrupts for this purpose. 

The Control Block furnishes bus control initialization for the lOP 
operation (CCWorChannel Control Word) and provides pointers 
to the Parameter Block or "data" memory for both channels 1 
and 2. 

The Parameter Block contains the address of the Task Block and 
acts as a message center between the lOP and CPU. Parameters 
or variable information is passed from the CPU to its lOP in this 
block to customize the software interface to the peripheral de
vice. It is also used for transferring data and status information 
between the lOP and CPU. 

8089 

The Task Block contains the instructions for the respective chan
nel. This block can reside on the local bus of the lOP, allowing the 
lOP to operate concurrently with the CPU, or reside in system 
memory. 

Register Set 

The 8089 maintains separate registers for its two I/O channels as 
well as some common registers (see Figure 6). There are suffi
cient registers for each channel to sustain its own DMA transfers, 
and process its own instruction stream. 

Bus Operation 

The 8089 utilizes the same bus structure as the 8086 and 8088 in 
their maximum mode configurations (see Figure 7). 

The data bandwidth of the lOP is a function of the physical bus 
width of the system and I/O busses. Table 2 gives the bandwidth, 
latency and bus utilization of the 8089. The system bus is as
sumed to be 16-bits wide with either an 8-bit peripheral (under 
byte column) or 16-bit peripheral (word column) being shown. 

The latency refers to the worst case response time by the lOP 
to a DMA request, without the bus arbitration times. Notice that 
the word transfer allows 50% more bandwidth. This occurs 
since three bus cycles are required to map 8-bit data into a 
16-bit location, versus two for a 16-bit to 16-bit transfer. Note 
that it is possible to fully ,saturate the system bus in the LOCAL 
mode whereas in the REMOTE mode this is reduced to a 
maximum of 50%. 

TABLE 2. ACHIEVABLE 5MHz 8089 OPERATIONS 

Local Remote 

Byte Word Byte Word 

Bandwidth 830 KB/S 1250 KB/S 830 KB/S 1250 KB/S 

Latency 
1.0/2.4 1.0/2.4 1.0/2.4 1.0/2.4 
p.sec* p.sec* p.sec* p.sec* 

System Bus 
2.4p.sec 1.6p.sec 0.8p.sec 0.8p.sec 

Per Per Per Per 
Utilization 

Transfer Transfer Transfer Transfer 

*2.4p.sec if interleaving with other channel and no wait states. 'lp.sec if 
channel is waiting for request. . 

W~VEFORMS 

EXTERNAL TERMINATE SETUP SEL SETUP AND TIMING 

CLK~ ___ 3= 
='.' E= 

CA 

SEL 

:LfLfJ.'U.Ul.f" 
020218-15 020218-16 
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Figure 3. Typical Configuration with 8089 in LOCAL Mode, 8088, 8086 in MAX Mode 

, 
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physical 8-bit data bus (8088). 
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8089 
lOCAL 

BUS 

Figure 4. Typical REMOTE Configuration 
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8089 

Figure 5. Communication Data Structure Hierarchy Figure 6. Register Model 
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TB RELOCATION 

f 
l 

1 , 
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BUSY I CCW 
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PB RELOCATION 

.. 
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FFFF6 
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GP ADDRESS C (GC) 

TASK POINTER (TP) r-
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INDEX (IX) 

BYTE COUNT (BC) 
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020218-6 
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020218-5 

, SEE NOTE 1 

Figure 7. 8089 Bus Operation 

1-----(4 + NWAIT) = TCY ------1----- (4 + NWAIT) = TOY -----I 
T2 I T3 I TWAIT T4 T, I T3 I TWAIT 

CLK 

GOES INACTIVE IN THE STATE 

~ ~ =€- _',",ooro,. 

~.~ .. ~ \'----
ADDR/STATUS 

ADDR/DATA 
(16-BIT 

PHYSICAL BUS) 

ROY 

DT/R 

WAIT 

---8 ....... _D
_
A

1:_A_OU_T_(D_,_S-_DO_) _.I)-DC 

READY 

WAIT 

''------oJ/ 020218-7 

Note: 1. BHE is stable (Le .• non multiplexed) throughout each transfer cycle. Aa-A15 are also, stable on transfers to a physical a-bit bus. 
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8089 
ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias 

Storage Temperature -65 to +150oe 
Voltage on Any Pin with Respect to Ground -1.0 to +7V 

Power Dissipation 2.5 Watt 

* Notice: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS (TA = 0 to 70oe, VCC = 5V ±10%) 

Parameter Description Test Conditions Min Max Units 

Vil Input low Voltage -0.5 +0.8 V 

VIH Input High Voltage 2.0 Vec +1.0 V 

VOL Output low Voltage IOl = 2.0mA 0.45 V 

VOH Output High Voltage IOH = -400JLA 2.4 V 

lee Power Supply Current TA = 25°C 350 rnA 

III Input leakage Current (See Note 1) OV < VIN < Vee ±10 JLA 

ILO Output leakage Current 0.45V .;:; VOUT .;:; Vee ±10 JLA 

Vel Clock Input low Voltage -0.5 +0.6 V 

VeH Clock Input High Voltage 3.9 Vee +1.0 V 

CIN 
Capacitance of Input Buffer 

fc = 1MHz 15 pF 
(All input except ADo-AD1S, RQ/GT). 

CIO 
Capacitance of I/O Buffer 

fc = 1MHz 15 pF 
(ADo·AD1S, RQ/GT) 

AC CHARACTERISTICS (TA = 0 to 70oe, VCC = 5V ±10%) 

8089/8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS 

Parameter Description Test Conditions Min Max Units 

TClCl ClK Cycle Period 200 500 ns 

TClCH ClK low Time 
(2/3 TClCl) 

ns -15 

TCHCl ClK High Time 
(1/3 TClCl) 

ns 
+2 

TCH1CH2 ClK Rise Time From 1.0 to 3.5V 10 ns 

TCL2Cl1 ClK Fall Time From 3.5 to 1.0V 10 ns 

TDVCl Data In Setup Time 30 ns 

TClDX Data In Hold Time 10 ns 

TR1VCl RDY Setup Time into 8284 (See Notes 1, 2) 35 ns 

TClR1X RDY Hold Time into 8284 (See Notes 1, 2) 0 ns 

TRYHCH READY Setup Time into 8089 
(2/3 TClCl) 

ns -15 

TCHRYX READY Hold Time into 8089 30 ns 

TRYlCl READY Inactive to ClK (See Note 4) -8 ns 

TINVCH 
Setup Time Recognition (DRQ 1, 2 RESET, Ext 1, 2) 

30 ns 
(See Note 2) 

TGVCH RQ/GT Setup Time 30 ns 

TCAHCAl CA Width 95 ns 

TSlVCAl SEl Setup Time 75 ns 

TCAlSlX SEl Hold Time 0 ns 

TCHGX GT Hold Time into 8089 40 ns 

TILIH Input Rise Time (Except ClK) From 0.8 to 2.0V 20 ns 

TIHIL Input Fall Time (Except ClK) From 2.0 to 0.8V 12 ns 
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8089 
AC CHARACTERISTICS (Cont.) (TA = 0 to 70oe, vcc = 5V ±10%) 

TIMING RESPONSES 

Parameter Description Test Conditions Min Max Units 

TCLML Command Active Delay (See Note 1) CL = 80pF 10 35 ns 

TCLMH Command Inactive Delay (See Note 1) I 10 35 ns 

TRYHSH READY Active to Status Passive (See Note 3) 110 ns 

TCHSV Status Active Delay 10 110 ns 

TCLSH Status Inactive Delay 10 130 ns 

TCLAV Address Valid Delay 10 110 ns 

TCLAX Address Hold Time 10 ns 

TCLAZ Address Float Delay TCLAX 80 ns 

TSVLH Status Valid to ALE High (See Note 1) 
CL = 150pF 

15 ns 

TCLLH CLK Low to ALE Valid (See Note 1) 15 ns 

TCHLL ALE Inactive Delay (See Note 1) 15 ns 

TCLDV Data Valid Delay 10 110 ns 

TCHDX Data Hold Time 10 ns 

TCVNV Control Active Delay (See Note 1) 5 45 ns 

TCVNX Control Inactive Delay (See Note 1) 10 45 ns 

TCHDTL Direction Control Active Delay (See Note 1) , 50 ns 

TCHDTH Direction Control Inactive Delay (See Note 1) 30 ns 

TClGL RQ Active Delay CL = 100pF 0 85 ns 

TCLGH RQ Inactive Delay Note 5: CL = 30pF 85 ns 

TClSRV SINTR Valid Delay CL = 100pF 150 ns 

TOlOH Output Rise Time From 0,8 to 2.0V 20 ns 

TOHOL Output Fall Time From 2,0 to 0,8V 12 ns 

Notes: 1. Signal at 8284 or 8288 shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition· at next ClK. 
3. Applies only to T 3 and T W states. 
4. Applies only to T 2 state. 
5. Applies only if RQ/GT mode 1 CL = 30pF, 2.7kn pull up to Vee. 

AC TESTING INPUT, OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT 

, .. =:>(.,-"-"", ""'"'s-,.x= DEVICE 
UNDER 

l~'-'''' 
TEST 

0.45 

ii020~itH> 

020216-9 

AC testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic 
"0." The clock is driven at 4.3V and 0.2SV. Timing measurements are CL = 100pF 
made at 1.5V for both a logic "1" and "0." CL includes jig capacitance 
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ClK 

I 
A •• A'5 ON TRANSFERS 

SEE NOTE 7 TO AN 8-BIT PHYSICAL 
BUS AND BHE 

52. s,. SO (EXCEPT HALT) 

I 
ALE (8288 OUTPUT) 

SEE NOTE 4 

ROY (8284 INPUT) 

READY (8089 INPUT) 

READ - (MWTC, AMWC, IOWC, AIOWC = VOH) 

SEE NOTE 7 
AND ABOVE AD'5·ADo 

(BilE) 

8288 OUTPUTS 
SEE NOTES 4, 5 

DT/R 

DEN 

WRITE - (RD, MRDC, IORC, DT/R = VOH) 

SEE NOTE 7 { 
AND ABOVE AD'5.ADo 

(BHE) 

8288 OUTPUTS 
SEE NOTES 4, 5 

DEN 

VCl 

WAVEFORMS 

'8089 BUS TIMING USING 8288 

T, T2 T3 T. tJe--c '. -=c-VCH_~ ~r- v---\ ~ .,V'--\_ 

-J T '--!.1~ ~~~ - )[( - ,~" . - ~~" - ,);;C 
(SEE NOTE 3) 

I-TCHSV - I- TClSH 

\-1-----
~ \ 

""1------ !:..TClAV ~DV TCHDX -

f~~ 
. TClAX-

)I( A,g.A'6 1 S6-S3 

TSVlH-

~- t TCHll 
TCllH_ 

~ 
,--

J " 
~ 

i-.TR1VCl 

~ ~ TClR1X 

TRYlCl -

L- } 

~ r-
~TCHRYX 

TCLAX I- I \ -

t I- rYHCH

-

l-
I- TClDX~ TCLAV - - TClAZ -TDVCl--

A,.-Ao 
, 

I DATA IN 

J FLOAT '" /I FLOAT 

{ 
I 

TCHDTl -- - tTCHDTH 

f-
TClMl-

{ TClMH -

TCVNV- r 
TCVNX-

TClAX - :...-

If TCLAV - TClDV - - TCHDX-

A'5'Ao J," 
DATA OUT J-;l~ 

I:. 
(SEE NOTE 3) 

·TCVNX- TCVNV -

{ f 
- TClMl TClMH - -

j - r TClMl - - TClM~ 

'\ J I 
Notes: 1. All signals switch between VOH and VOL unless otherwise specified. 

020218-10 

2. RDY is sampled near the end of T2, T3, Tw to determine if Tw machine states are to be inserted. 

8089 

3. Following a write cycle data remains valid on the 8089 local bus until a local bus master decides to run another bus cycle, The local bus is floated 
by the 8089 when the 8089 enters a request bus acknowledge state. 

4. Signals at 8284 or 8288 are shown for reference only. 
5. The Issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA, and DEN) lags the active 

high 8288 CEN. 
6. All timing measurements are made at 1.5V unless otherwise noted. 
7. Ao-A15 are stable on transfers to an 8-bit physical data bus I.e., Aa-A15 don't float on a read from an 8-bit physical bus or multiple~ with 

data on a writs to an 8-bit physical bus SHE is stable (non multiplexed) for all transfers. 
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8089 

WAVEFORMS (Cont.) 

ASYNCHRONOUS SIGNAL RECOG~ITION 

ClK 

ORO 1. 21 . 
SIGNAL 

RESET 

020216-11 

Notes: 1. Setup requirements for asynchronous signals only to guarantee recognition at next ClK. 
2. All inputs except CA are latched on a ClK edge. The CA input is negative edge triggered. 
3. DRO becoming active greater than 30ns after the rising edge of ClK will guarantee non-recognition until the next rising clock edge. 

8089 RQ INPUT 
(FROM CURRENT SLAVE) 

I 

.... 'SMMrr;:~~ rov~ ~ 

8089 RO INPUT 
(FROM CURRENT SLAVE) 

BUS LOCK SIGNAL TIMING AND SINTR 

ClK~ ~ -:-SINTR1.2 _ 

020216-13 

REQUEST/GRANT SEQUENCE 

,c""' I 
1'---= ___ 1r-------\,~---1 =~ flr---

8089 err OUTPUT 
(OLD MASTER BECOMES 

NEW SLAVE) 
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8237A 
Multimode DMA Controller 

DISTINCTIVE CHARACTERISTICS 

• Four independent DMA channels, each with separate 
registers for Mode Control, Current Address, Base 
Address, Current Word Count and Base Word Count. 

• Transfer modes: Block, Demand, Single Word, 
Cascade 

• Independent autoinitialization of all channels 
• Memory-to-memory transfers 
• Memory block initialization , 
• Address increment or decrement 
• Master system disable 
• Enable/disable control of individual DMA requests 
• Directly expandable to any number of channels 
• End of Process input for terminating transfers 
• Software DMA requests 
• Independent polarity control for DREQ and 

DACK Signals 
• Compressed timing option speeds transfers - up to 

2M words/second 
• +5 volt power supply 
• Advanced N-channel silicon gate MOS technology 
• 40 pin Hermetic DIP package 
• New 8237 A-5 5MHz version for higher-speed 

CPU compatibility 

GENERAL DESCRIPTION 

The 8237A Multimode Direct Memory Access (DMA) Con
troller is a peripheral interface circuit for microprocessor 
systems. It is designed to improve system performance by 
,allowing external devices to directly transfer information to 
or from the system memory. Memory-to-memory transfer 
capability is also provided. The 8237A offers a wide variety 
of programmable control features to enhance data 
throughput and system optimization and to allow dynamic 
reconfiguration under program control. 

The 8237A is designed to be used in conjunction with an 
external 8-bit address register such as the Am74LS373. It 
contains four independent channels and may be expanded 
to any number of channels by cascading additional con
troller chips. 

The three basic transfer modes allow programmability of 
the types of DMA service by the user. Each channel can 
be individually programmed to Autoinitialize to its original 
condition following an End of Process (EOP). 

Each channel has a full 64K address and word count 
capability. An external EOp'signal can terminate a DMA or 
memory-to-memory transfer. This is useful for block 
search or compare operations using external comparators 
or for intelligent peripherals to abort erroneous services. 

BLOCK DIAGRAM 

EOP 

RESET 

cs 
READY 

CLOCK 

AEN 

ADSTB 

MEMR 

MEMW 

iOii 

DREOO·DREQJ 

HACK 

HREQ 

DACKO-DACK3 

Package 
Type 

Hermetic DlP/ 
Molded DIP 

Hermetic DIP 

HermetiC DIP 

DBO-DB7 

03726A-1 

ORDERING INFORMATION 

Ambient 
Maximum Clock Frequency 

Temperature 3MHz 4MHz 5MHz 

O°C:s;; TA:S;; +70°C 8237ADC/PC 8237A-4DC/PC 8237A-5DC/PC 

-40°C:s;; TA:S;; +85°C 8237ADI 

-55°C:s;; TA:S;; +125°C 8237ADMB 

03726A-MMP 
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8237A 
MAXIMUM RATINGS above which useful life may be impaired 

Storage Temperature -6S to +1S0°C 

Ambient Temperature Under Bias -SS to +12SoC 

Supply Voltage -O.S to +7.0V 

All Signal Voltages with Respect to Ground -O.S to +7.0V 

Power Dissipation (Package Limitation) 1.SW 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to 
avoid exposure to excessive voltages. 

OPERATING RANGE 
Part Number 

8237AOCIPC Oto +70°C 

8237A-40C/PC Oto +70°C 

8237 A-50C/PC Oto +70°C 

8237AOI -40 to +85°C 

8237AOMB -55 to +125°C 

Vee 
5.0V ±5% 

5.0V ±5% 

5.0V ±5% 

5.0V ±10% 

5.0V ±10% 

CONNECTION DIAGRAM - Top View 
0-40-1, P-40-1 

03726A·4 

ELECTRICAL CHARACTERISTICS over operating range (Note 1) 

Parameters Description Test Conditions Min Typ Max Units 

IOH = -200/LA 2.4 
VOH Output HIGH Voltage Volts 

IOH = -100jLA, (HREO Only) 3.3 

IOl = 2.0mA (Oatabus) .45 
VOL Output LOW Voltage Volts 

IOl = 3.2mA (Other outputs) .45 

VIH Input HIGH Voltage 2.0 -- Vee + 0.5 Volts 

Vil Input LOW Voltage -0.5 0.8 Volts 

ILO Input Load Current GNO .:;; VIN .:;; Vee -10 +10 jLA 

IOlK Output Leakage Current Vee.:;; VOUT .:;; GNO +.40 -10 +10 /LA 

TA = +25°C 65 130 

lee Supply Current TA = O°C 75 150 mA 

TA = -55°C 175 

COUT Output Capacitance 4 8 pF 

CIN Input Capacitance fc = 1.0MHz, Inputs = OV 8 15 pF 

CIO I/O Capacitance 

NOTES: 
1. Typical values are for TA = 2SoC, nominal supply voltage 

and nominal processing parameters. 
2. Input timing parameters assume transition times of 20ns or 

less. Waveform measurement points for both input and 
output signals are 2.0V for High and O.8V for Low, unless ' 
otherwise noted. 

3. Output loading is 1 Standard TTL gate plus SOpF capaci
tance unless noted otherwise. 

4. The new lOW or MEMW pulse width for normal write will 
be tCy-100ns and for extended write will be 2tCy-100ns. 
The net lOR or MEMR pulse width for normal read will be 
2tCy-SOns and for compressed read will be tcy-SOns. 

S. too is specified for two different output HIGH levels. t001 
is measured at 2.0V. t002 is measured at 3.3V. The value 
for tOQ2 assumes an external 3.3kfl pull-up resistor con
nected from HREQ to VCC. 

6. DREQ should be held active until DACK is returned. 
7. DREQ and DACK signals may be active High or active 

Low. Timing diagrams assume the active High mode. 
2-164 

10 18 pF 

8. Output loading on the data bus is 1 Standard TTL gate 
plus 1SpF for the minimum value and 1 Standard TTL gate 
plus 100pF for the maximum value. 

9 .. Successive read and/or write operations by the external 
processor to program or examine the controller must be 
timed to allow at least 600ns for the 8237A, at least 4S0ns 
for the 8237A-4, and 400ns for the 8237A-S as recovery 
time between active read or write pulses. 

10. Parameters are listed in alphabetical order. 
11. Pin S is an input that should always be at· a logic High 

level. An internal pull-up resistor will establish a logic High 
when the pin is left floating. Alternatively, pin S may be tied 
toVCC· 

12. Signals READ and WRITE refer to lOR and MEMW re
spectively for peripheral-to-memory DMA operations and 
to MEMR and lOW respectively for memory-to-peripheral 
DMA operations. 

13. If N wait states are added during the write-to-memory half 
of a memory-to-memory transfer, this parameter will in
crease by N (tCY). 



SWITCHING CHARACTERISTICS 
Active Cycle (Notes 2, 3,10,11 and 12) 

Parameters Description 

tAEL AEN HIGH from ClK lOW (Sl) Delay Time 

tAET AEN lOW from ClK HIGH (Sl) Delay Time 

tAFAB ADR Active to Float Delay from ClK HIGH 

tAFC READ or WRITE Float from ClK HIGH 

tAFOB DB Active to Float Delay from ClK HIGH 

tAHA ADR from READ HIGH Hold Time 

tAHS DB from ADSTB lOW Hold Time 

tAHW ADR from WRITE HIGH Hold Time 

DACK Valid from ClK lOW Delay Time 

tAK EOP HIGH from ClK HIGH Delay Time 

EOP lOW to ClK HIGH Delay Time 

tASM ADR Stable from ClK HIGH 

tASS DB to ADSTB lOW Setup Time 

tCH Clock High Time (Transitions ~ 10ns) 

tCL Clock low Time (Transitions ~ 10ns) 

tCY ClK Cycle Time 

tOCL ClK HIGH to READ or WRITE lOW Delay (Note 4) 

tOCTR Read HIGH from ClK HIGH (S4) Delay Time (Note 4) 

toCTW WRITE HIGH from ClK HIGH (S4) Delay Time (Note 4) 

tOOl 
HREQ Valid from ClK HIGH Delay Time (Note 5) 

tOO2 

tEPS EOP lOW from ClK lOW Setup Time 

tEPW EOP Pulse Width 

tFAAB ADR Float to Active Delay from ClK HIGH 

tFAC READ or WRITE Active from ClK HIGH 

tFAOB DB Float to Active Delay from ClK HIGH 

tHS HACK Valid to ClK HIGH Setup Time 

tlDH Input Data from MEMR HIGH Hold Time 

tlDS Input Data to MEMR HIGH Setup Time 

tOOH Output Data from MEMW HIGH Hold Time 

tODV Output Data Valid to MEMW HIGH (Note 13) 

tos DREQ to ClK lOW (Sl, S4) Setup Time 

tAH ClK to READY lOW Hold Time 

tAS READY to ClK lOW Setup Time 

tSTL ADSTB HIGH from ClK HIGH Delay Time 

tSTT ADSTB lOW from ClK HIGH Delay Time 

8237A 
Min Max 

300 

200 

150 

150 

250 

tCy-l00 

50 

tCy-50 

250 

250 

250 

250 

100 

120 

150 

320 

270 

270 

200 

160 

250 

60 

300 

,. 250 

200 

300 

100 

0 

250 

20 

200 

120 

20 

100 

200 

140 
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8237A 

8237A-4 8237A-5 
Min Max Min Max Units 

225 200 ns 

150 130 ns 

120 90 ns 

120 120 ns 

190 170 ns 

tCy-l00 tCy-l00 ns 

40 30 ns 

tCy-50 tCy-50 ns 

220 170 

190 170 ns 

190 100 

190 170 ns 

100 100 ns 

100 60 ns 

110 68 ns 

250 200 ns 

200 190 ns 

210 190 ns 

150 130 ns 

120 120 
ns' 

190 120 

45 40 ns 

225 220 ns 

190 170 ns 

150 150 ns 

225 200 ns 

75 75 ns 

0 0 ns 

190 170 ns 

20 10 ns 

125 130 ns 

90 0 ns 

20 20 ns 

60 75 ns 

150 130 ns 

110 90 ns 



8237A 
SWITCHING CHARACTERISTICS 
Program Condition (Idle Cycle) 
(Notes 2, 3, 10 and 11) 

Parameters Description 

tAR ADR Valid or CS LOW to READ LOW 

tAW ADR Valid to WRITE HIGH Setup Time 

tew CS LOW to WRITE HIGH Setup Time 

tow Data Valid to WRITE HIGH Setup Time 

tRA ADR or CS Hold from READ HIGH 

tRDE Data Access from READ LOW (Note 8) 

tORF DB Float Delay from READ HIGH 

8237A 
Min Max 

50 

200 

200 

200 

0 

200 

20 100 

tRSTD Power Supply HIGH to RESET LOW Setup Time 500 

tRSTS RESET· to First IOWR 2 

tRSTW RESET Pulse Width 300 

tRW READ Width 300 

tWA ADR from WRITE HIGH Hold Time 20 

twe CS HIGH from WRITE HIGH Hold Time 20 

two Data from WRITE HIGH Hold Time 30 

twws 'lfrite Width 200 

SWITCHING WAVEFORMS 

8237A-4 
Min Max 

50 

150 

150 

150 

0 

200 

20 100 

500 

2 

300 

250 

20 

20 

30 

200 

Timing Diagram 1. Program Condition Write Timing (Note 9) 

~ ________ t~ __________ ~ 

twws 
lOW 

tAW 

Ao-A3 INPUT VALID 

tow 

OBo-OB7 INPUT'VALID 

03726A·2 

Timing Diagram 2. Program Condition Read Cycle (Note 9) 

a 

Ao-A3 ADDRESS MUST BE VALID 

8237A-5 
Min Max 

50 

160 

160 

160 

0 

140 

0 70 

500 

2 

300 

200 

20 

20 

30 

160 

=t'AAj 
iOii 11 

OBo"':OB7 

1--___________ tRDE __ tR_W~~~~~~~~:t-------lL.~,=--j 
( DATA OUT VALID ')--

03726A·3 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ILS 

tey 

ns 

ns 

ns 

ns 

ns 

ns 



8251 • 9551 
Programmable Communications Interface 

Advanced MOS/lSI 

DISTINCTIVE CHARACTERISTICS 

• Separate control and transmit register input buffers 
• 8080N9080A compatible 
• Synchronous or asynchronous serial data transfer 
• Parity, overrun and framing errors detected 
• Half or full duplex signalling 
• Character length of 5, 6, 7 or 8 bits 
• Internal or external synchronization 
• Odd parity, even parity or no parity bit 
• Modem interface controlled by processor 
• Programmable Sync pattern 
• Fully TIL compatible logic levels 
• Commercial and military temperature range operation 
• Ion-implanted N-channel silicon gate MOS technology 

CLK 
c/o 

RESET 
cs 
Ro 
WR 

BLOCK DIAGRAM 

OBO- DB7 

GENERAL DESCRIPTION 

The 8251/9551 is a programmable serial data communica
tion interface that provides an Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) function. It is 
normally used as a peripheral device for an associated pro
cessor, and may be programmed by the processor to oper
ate in a variety of standard serial communication formats. 

The device accepts parallel data from the CPU, formats and 
serializes the information based on its current operating 
mode, and then transmits the data as a serial bit stream. 
Simultaneously, serial data can be received, converted into 
parallel form, de-formated, and then presented to the CPU. 
The USART can operate in an independent full duplex 
mode. 

Data, Control, operation and format options are all selected 
by commands from an associated processor. This provides 
an unusual degree of flexibility and allows the 8251/9551 to 
service a wide range of communication disciplines and 
applications. 

DB3 

RxD 

(GND)Vss 

DB4 

DBs 

DBs 

DB7 

TxC 

\VA 

cs 
C/O 

AD 

RxRDY 

CONNECTION DIAGRAM 
Top View 

0-28, P-28 

28 

27 

26 

25 

24 

23 

8251/ 22 

9551 
21 

20 

10 19 

11 18 

12 17 

13 16 

14 15 

Note: Pin 1 is marked for orientation. 

DB1 

DBo 

Vee (+5.0V) 

RxC 

DTR 

ATS 

DSR 

RST 

ClK 

TxD 

TxE 

CTS 

SYNDET 

TxRDY 

02334B·2 

ORDERING INFORMATION 

Ambient Temperature 8251 9551 Standard 9551 Upgraded 
Package Type Specification 2.4MHz 2.4MHz 2.6MHz 

Molded DIP P8251 Am9551PC Am9551-4PC 

Hermetic DIP 
O°C,,;;; TA";;; 70°C 

D8251 Am9551DC Am9551-4DC 

Hermetic DIP -40°C,,;;; TA ,,;;; 85°C ID8251 Am9551DI Am9551-4DI 

HemerticDIP -55°C,,;;; TA ,,;;; 125°C MD8251B Am9551DMB 

02334B-MMP 
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8251·9551 

INTERFACE SIGNAL DESCRIPTION 
Data Bus 

The 9551 uses an 8 bit bi-directional data bus to exchange 
information with an associated processor: Internally, data is 
routed between the data bus buffers and the transmitter section 
or receiver section as selected by the Read (RD) or Write (WR) 
control inputs. 

Chip Select (CS) 
The active low Chip Select input allows the 9551 to be individually 
selected from other devices within its address range. When Chip 
Select is high, reading or writing is inhibited, and the data bus 
output is in it's high impedance state. 

Reset 
The 9551 will assume an idle state when a high level is applied to 
the Reset input. When the Reset is returned Low, the 9551 will 
remain in the idle state until it receives a new mode 
control instruction. 

Read (RD) 
The active low Read input enables data to be transferred from the 
9551 to the processor. 

Write (WR) 
The active low Write input enables data to be transferred from 'the 
processor to the 9551. 

Control/Data (C/O) 
During a Read operation, if this input is at a high level the status 
byte will be read, and if it is at a low level the receive data will be 
read by the processor. When a Write operation is being per
formed, this input will indicate to thEl9551 that the bus information 
being written is a command if C/O is high and data if C/O is low. 

C/O RD WR CS 

0 0 1 0 9551 DATA~ DATA BUS 

0 1 0 0 DATA BUS ~ 9551 DATA 

1 0 1 0 9551 STATUS~ DATA BUS 

1 1 0 0 DATA BUS~ 9551 COMMAND 

X X X 1 DATA BUS~ THREE-STATE 

Clock (ClK) 
This input is used for internal timing within the 9551. It does not 
control the transmit or receive rate. However, it should be at least 
30 times the receive or transmit rate in the synchronous mode 
and 4.5 times the receive or transmit rate in the asynchronous 
mode. The ClK frequency is also restricted by both an upper and 
a lower bound. This input is often connected to a clock from the 
associated processor. 

Receiver Data (RxD) 
Serial data is received from the communication line on this input. 

Receiver Clock (RxC) 
The serial data on input RxD is clocked into the 9551 by the RxC 
clock signal. In the synchronous mode, RxC is determined by the 
baud rate and supplied by the modem. In the asynchronous 
mode, RxC is 1, 16, or 64 times the baud rate as selected in the 
mode control instruction. Data is sampled by the 9551 on the 
rising edge of RxC. 

Receiver Ready (RxRDY) 
The RxRDY output signal indicates to the processor that data has 
been shifted into the receiver buffer from the receiver section and 
may be read. The signal is active high and will be reset when the 
buffer is read by the processor. RxRDY can be activated only if 

the receiver enable (RxE) has been set in the command register, 
even though the receiver may be running. If the processor does 
not read the receiver buffer before the next character is shifted 
from the receiver section then an overrun error will be indicated in 
the status buffer. 

Sync Detect (SVNDET) 
This signal is used only in the synchronous mode. It can be either 
an output or input depending on whether the program is set for 
internal or external synchronization. As an output, a high level 
indicates when the sync character has been detected in the 
received data stream after the Internal Synchronization mode has 
been programmed. If the 9551 is programmed to utilize two sync 
characters, then SYNDET will go to a high level when the last bit 
of the second sync character is received. SYNDET is reset when 
the status buffer is read or when a Reset signal is activated. 
SYNDET will perform as an input when the External Synchroni
zation mode is programmed. External logic can supply a 

, positive-going signal to indicate to th'e 9551 that synchronization, 
has been attained. This will cause it to initialize the assembly of 
characters on the next falling edge of RxC. To successfully 
achieve synchronization the SYNDET signal should be main
tained in a high condition for at least one full period of RxC. 

Transmit Data (TxD) 
Serial data is transmitted to the communication line on this output. 

Transmitter Clock (TxC) 
The serial data on TxD is clocked out with the TxC signal. The 
relationship between clock rate and baud rate is similar to that for 
RxC. Data is shifted out of the 9551 on the falling edge of TxC. 

Transmitter Ready (TxRDY) 
The TxRDY output signal goes high when data in the Transmit 
Data Buffer has been shifted into the transmitter section allowing 
the Transmit Data Buffer to accept the next byte from the proces
sor. TxRDY will be reset when information is written into the 
Transmit Data Buffer. Loading command register also resets 
TxRDY. TxRDY will be available on this output pin only when the 
9551 is enable to transmit (CTS=O, TxE:N=1). However, the 
TxRDY bit in the status Buffer will always be set when the Trans
mit Data Buffer is empty regardless of the state of TxEN and CTS. 

Transmitter Empty (TxE) 
The TxE output Signal goes high when the Transmitter section 
has transmitted its data and is empty. The signal will remain high 
until a new data byte is shifted from the Transmit Data Buffer to 
the Transmitter section. In the synchronous mode if the processor 
does not load a new byte into the buffer in time, TxE will, indepen
dent of the status of the TxEN bit in the command register, 
momentarily go to a high level as SYNC characters are loaded 
into the Transmitter Section. 

Data Terminal Ready (DTR) 
This signal is a general purpose output which reflects the state of 
bit 1 in the Command instruction. It is commonly connected to an 
associated modem to indicate that the 9551 is ready. 

Data Set Ready (DSR) 
This is a general purpose input signal and forms part of the status 
byte that may be read by the processor. DSR is generally used as 
a response to DTR, by the Modem, to indicate that it is ready. The 
signal acts only as a flag and does not control any internal logic. 

Request to Send (RTS) 
This is a general purpose output, similar to DTR, and reflects the 
'state of bit 5 in Command Instruction. It is normally used to initiate 
a data transmission by requesting the modem to prepare to send. 
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INTERFACE SIGNAL DESCRIPTION (Cont.) 
Clear to Send (CTS) 
This is a general purpose input signal used to enable the 8251/ 
9551 to transmit data if the TxEN bit in the Command byte is a 
one. CTS is generally used as a response to RTS by a modem to 

OPERATION AND PROGRAMMING 
The microcomputer program controlling the 9551 performs 
these tasks: 

• Outputs control codes 
• Inputs status 
• Outputs data to be transmitted 
• Inputs data which have been received 

Control codes determine the mode in which the 9551 will operate 
and are used to set or reset control signals output by the 9551. 

The Status register contents will be read by the program 
monitoring this device's operation in order to determine error 
conditions, when and how to read data, write data or output 
control codes. Program logiC may be based on reading status bit 
levels, or control signals may be used to request interrupts. 

INITIALIZING THE 9551 

The 9551 may be initialized following a system reset or prior to 
starting a new serial I/O sequence. The USART must be reset 
following power up and subsequently may be reset at any time 
following completion of one activity and preceding a new set of 
operations. Following a reset, the 9551 enters an idle state in 
which it can neither transmit nor receive data. 

The 9551 is initialized with two, three or four control words from 
the processor. Figure 1 shows the sequence of control words 
needed to initialize the 9551, for synchronous or for asynchron
ous operation. Note that in asynchronous operation a mode con
trol is output to the device followed by a command. For synchron
ous operation, the mode control is followed by one or two SYNC 
characters, and then a command. • 

Figure 1. Control Word Sequence for Initialization. 

ASYNCHRONOUS SYNCHRONOUS 
OPERATION OPERATION 

00·' 1 MODE CONTROL ) '''''''''' ~,., I 
MODE CONTROL 

COMMAND 
SEQUENCE 

SYNC#1 I"",,,,,,,, 
~'·'I 

DATA 
SYNC #2 SEQUENCE 

(OPTIONAL) 

COMMAND 

00·,1 DATA 

023348-3 

Only a single address is set aside for mode control bytes, com
mand bytes and SYNC character bytes. For this to be possible, 
logic internal to the chip directs control information to its proper 
destination based on the sequence in which it is received. Fol
lowing a reset, the first control code output is interpreted as a 
mode control. If the mode control specifies synchronous opera
tion, then the next one or two bytes (as determined by the mode 
byte) output as control codes will be interpreted as SYNC 
characters. For either asynchronous or synchronous operation, 
the next byte output as a control code is interpreted as a com
mand. All subsequent bytes output as control codes are inter
preted as commands. There are two ways in which control logic 
may return to anticipating a mode control input; following an 
external Reset signal or following an internal Reset command. 

8251·9551'" ... - .. 

indicate that transmission may begin. Designers not using CTS in 
their systems should remember to tie it low so that 8251/9551 
data transmission will not be disabled 

MODE CONTROL CODES 
The 9551 interprets mode control codes as illustrated in Figures 
2 and 3. 

Control code bits 0 and 1 determine whether synchronous or 
asynchronous operation is specified. A non-zero value'in bits 0 
and 1 specifies asynchronous operation and defines the relation
ship between data transfer baud rate and receiver or transmitter 
clock rate. Asynchronous serial data may be received or trans
mitted on levery clock pulse, on every 16th clock pulse, or on 
every 64th clock pulse. A zero in both bits 0 and 1 defines the 
mode of operation as synchronous. . 

For synchronous and asynchronous modes, control bits 2 and 3 
determine the number of data bits which will be present in each 
data character. 

For synchronous and asynchronous modes, bits 4 and 5 deter
mine whether there will be a parity bit in each character, and if so, 
whether odd or even parity will be adopted. Thus in synchronous 
mode a character will consist of five, six, seven or eight data bits, 
plus an optional parity bit. In asynchronous mode, the data unit 
will consist of five, six, seven or eight data bits, an optional parity 
bit, a preceding start bit, plus 1, 1 V2, or 2 trailing stop bits. In-

. terpretation of subsequent bits differs for synchronous or asyn
chronous modes. 

I 

Figure 2. Synchronous Mode Control Code. 

7 6 5 4 3 2 1 0 - Bit No. 

I I I I I 101 oj 

Sync mode 

00 5 bits per character 
01 6 bits per character 
10 7 bits per character 
11 8 bits per character 

o = Parity disable, 1 = Parity enable 

a z Odd parity. 1 = Even parity , 

o = SYN DEl output 
1 = SYNDEl input 

o = 2 SYNC characters 
1 = 1 SYNC character 023348-4 

Figure 3. Asynchronous Mode Control Code. 

7 6 5 4 3 2 1 0_ 

I I I I -.--

Bit No. 

00 Invalid 
01 Async mode. 1 xJBaud rate factor 
10 Async mode. 16 x Baud rate factor 
11 Async mode. 64 x Baud rate factor 

00 5 bits per character 
01 6 bits per character 
10 7 bits per character 
11 8 bits per character 

o = Parity disable, 1 = Parity enable 

o = Odd parity. 1 = Even parity 

00 Invalid 
01 1 stop bit 
10 ll>stopbits 
11 2 stop bits 023348-5 
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OPERATION AND PROGRAMMING (Cent.) 
Control code bits 6 and 7 in asynchronous mode determine how 
many stop bits will trail each data unit. 1 V2 stop bits can only 
be specified with a 16x or 64x baud rate factor. In these two 
cases, the half stop bit will be equivalent to 8 or 32 clock pulses, 
respectively. 

In synchronous mode, control bits 6 and 7 determine how 
character synchronization will be achieved. When SYNDET is an 
output, internal synchronization is specified; one or two SYNC 
characters, as specified by control bit 7, must be detected at the 
head of a data stream in order to establish synchronization. 

COMMAND WORDS 
Command words are used to initiate specific functions within the 
9551 such as, "reset all error flags" or "start searching for sync". 
Consequently, Command Words may be issued by the micro
processor to the 9551 at any time during the execution of a 
program in which specific functions are to be initiated within the 
communication circuit. . 

Figure 4 shows the format for the Command Word. 

Figure 4. 9551 Control Command. 

7 6 5 4 3 2 1 0 - Bit No. 

I I I I I I I I I 

l:= TxEN 
1 .. Enable transmission 
o = Disable transmission 

DTA 
1 .. Dr R output is forced to a 

AxE 
1 • Enable AxADY 
o • Disable AxADY 

SBAK 
1 = TxD is forced low 
a :II: Normal operation 

EA 
1 '" Resets all error flags in 

Status register (PE. CE. FEI 

ATS 
1 ::: RTS output is forced to 0 

IA 
1 = Reset format 

EH 
1 - Enter HUNT mode 023349·6 

Bit 0 of the Command Word is the Transmit Enable bit (TxEN). 
Data transmission from the 9551 cannot take place unless TxEN 
is set in the command register. Figure 5 defines the way in which 
TxEN, TxE and TxRDY combine to control transmitter operations. 

Bit 1 is the Data Terminal Ready (DTR) bit. When the DTR 
command bit is set, the DTR output connection is active (low). 
DTR is used to advise a modem that the data terminal is prepared 
to accept or transmit data. 

Bit 2 is the Receiver Enable Command bit (RxE). RxE is used to 
enable the RxRDY output signal. RxE prevents the RxRDY signal 
from being generated to notify the prcessor that a complete 
character is framed in the Receive Character Buffer. It does not 
inhibit the assembly of data characters at the input, however. 
Consequently, if communication circuits are active, characters 

. will be assembled by the receiver and transferred to the Receiver 
Character Buffer. If RxE is disabled, the overrun error (OE) will 
probably be set; to insure proper operation, the overrun error is 
usually reset with the same command that enables RxE. 

Bit 3 is the Send Break Command bit (SBRK). When SBRK is set, 
the transmit1er output (TxD) is interrupted and a continuous bi
nary "0" level, (spacing) is applied to the TxD output signal. The 
break will continue until a subsequent Command Word is sent to 
the 9551 to remove SBRK. 

Bit 4 is the Error Reset bit (ER). When a Command Word is 
transmitted with the ER bit set, all three error flags in the Status 
Register are reset. Error Reset occurs when the Command Word 
is loaded into the 9551. No latch is provided in the Command 
Register to save the ER command bit. 

Bit 5, the Request To Send Command bit (RTS), sets a latch to 
reflect the RTS signal level. The output of this latch is created 
independently of other signals in the 9551. As a result, data 
transfers may be made by the microprocessor to the Transmit 
Register, and data may be actively transmitted to the communi
cation line through TxD regardless of the status of RTS. 

Bit 6, the Internal Reset (IR), causes the 9551 to return to the Idle 
mode. All functions within the 9551 cease and no new operation 
can be resumed until the circuit is reinitialized. If the operating 
mode is to be altered during the execution of a microprocessor 
program, the 9551 must first be reset. Either the external reset 
connection can be activated, or the Internal Reset Command can 
be sent to the 9551, Internal Reset is a momentary function 
performed only when the com'T.1and is issued. 

Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt mode 
command is only effective for the 9551 when it is operating in the 
Synchronous mode. EH causes the receiver to stop assembling 
characters at the RxD input and start searching for the prescribed 
sync pattern. Once the "Enter Hunt" mode has been initiated, the 
search for the sync pattern will continue indefinitely until EH is 
reset when a subsequent Command Word is sent, when the 
IR command is sent to the 9551, or when SYNC characters 
are recognized. 

Figure 5. Operation of the Transmitter Section 
as a Function of TxE, TxRDY and TxEN. 

TxEN Txe TxRDY 

'1 1 1 Transmit Output Register and Transmit 
Character Buffer empty. TxD 
continues to mark if 9551 is in the 
asynchronous mode. TxD will send 
Sync pattern if 9551 is in the 
SynChronous Mode. Data can be 
entered into Buffer. 

1 0 1 Transmit Output Register is shifting a 
character. Transmit Character Buffer is 
available to receive a new byte from the 
processor. 

1 1 0 Transmit Register has finished sending. 
A new character is waiting for 
transmission. This is a transient 
condition. 

1 0 0 Transmit Register is currently sending 
and an additional character is stored 
in the Transmit Character Buffer for 
transmission. 

0 0/1 0/1 Transmitter is disabled. 

STATUS REGISTER 

The Status Register maintains information about the current op
erational status of the 9551. Figure 6 shows the format of the 
Status Register. 

TxRDY signals th~ processor that the Transmit Character Buffer 
is empty and that the 9551 can accept a new character 
for transmission. 
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OPERATION AND PROGRAMMING (Cont.) 

RxRDY signals the processor that a completed character is 
holding in the Receive Character Buffer Register for transfer to 
the processor. 

bits are set by the functions described for them. SYNDET is reset 
whenever the processor reads the Status Register. OE, FE, PE 
are reset only by command. 

TxE signals the processor that the Transmit Register is empty. 

PE is the Parity Error signal indicating to the CPU that the 
character stored in the Receive Character Buffer was received 
with an incorrect number of binary "1" bits. 

01= is the receiver Overrun Error. OE is set whenever a byte 
stored in the Receiver Character Register is overwritten with a 
new byte before being transferred to the processor. 

FE is the character framing error which indicates that the asyn
chronous mode byte stored in the Receiver Character Buffer was 
received with incorrect character bit format, as specified by the 
current mode. 

SYNDET is the synchronous mode status bit associated with 
internal sync detection. 

DSR is the status bit set by the external Data Set Ready signal to 
indicate that the communication Data Set is operational. All status 

MAXIMUM RATINGS Above which the useful life may be impaired 

Storage Temperature· 

Ambient Temperature Under Bias 

v cc with Respect to V ss 

All Signal Voltages with Respect to Vss 

Power Dissipation 

Figure 6. The 9551 Status Register. 

7 6 5 4 3 2 1 0 - Bit No. 

I I I I I I I I I 

l= TxRDY 

RxRDY 

TxE 

PE 
Parity error 

OE 
Overrun error 

FE 

SYNDET 

DSR 023346·7 

-O.5V to +7.0V 

-O.5V to +7 .OV 

1.0W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is sugges~ed, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 

Part Number 

DB251 , PB251 
Am9551 DC, Am9551 PC 
Am9551-4DC, Am9551·4PC 

IDB251 
Am9551D1 
Am9551-4DI 

MDB251B 
Am9551DMB 

Ambient 
Temperature 

Ot070°C 

-40 to B5°C 

-55to 125°C 

Vee Vss 

5.0V±5% OV 

5.0V ±10% OV 

5.0V~10% OV 

ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1) 8251 

Parameters Description Test Conditions Min. Typ. 

10H = -200,uA 
VOH Output HIGH Voltage 

10H - -100,uA 2,4 

VOL Output LOW Voltage 
10L = 3.2mA (Note 6) 

10L = 1.6mA 

VIH Input HIGH Voltage 2.2 

VIL Input LOW Voltage -0.5 

III Input Load Current VSS .;; VIN .;; VCC 

IDL Data Bus Leakage 
VOUT - 0,45V 

VOUT =VCC 
TA =+25°C 45 

ICC VCC Supply Current TA = O°C 

T A = _40°C. -55°C 

1 Co Output Capacitance 

CI Input Capacitance 

CliO 1/0 Capacitance 
fc = 1.0MHz. Inputs = OV 

2-171 

Max. 

0.45 

VCC 

0.8. 

10 

-50 

10 

BO 
120 

10 

20 

Min. 

2.4 

2.2 

-0.5 

9551 
Typ. 

45 

Max. Units 

Volts 

0,45 
Volts 

VCC Volts 

O.B Volts 

10 ,uA 

-50 
,uA 

10 

BO mA 

120 

15 pF 

10 pF 

·20 pF 



8251 ·9551 
SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Note 2) 

8251 9551 9551-4 
Parameters Description Min Max. Min. Max. Min. Max. 

tAR CS, C/D Stable to READ Low Set-up Time 50 50 50 

tAW CS, C/D Stable to WRITE Low Set-up Time 20 20 20 

tCR DSR, CTS to READ Low Set-up Time 16 16 16 

tCY Clock Period .420 1.35 _380 1.35 .380 1.35 

tDF READ High to Data Bus Off Delay 25 200 25 200 25 200 

tDTx TxC Low to TxD Delay 1.0 1.0 1.0 

tDW Data to WRITE High Set-up Time 200 150 100 

tES External SYNDET to RxC Low Set-up Time 16 16 16 

tHRx Sampling Pulse to Rx Data Hold Time 2_0 2_0 2.0 

tiS Data Bit (Center) to Internal SYNDET Delay 25 25 25 

t¢>W Clock Pulse Width 220 0_7tCY 175 0.7tCY 175 0.7tCY 

tR, tF Clock Rise & Fall Time 0 50 0 50 0. 50 

tRA READ High to CS, C/D Hold Time 5.0 5.0 5.0 

tRD READ Low to Data Bus On Delay 350 250 180 

1x Baud Rate 15 15 15 

tRPD Receiver Clock High Time 16x & 64x 
3.0 3.0 3.0' 

Baud Rate 

1x Baud Rate 12 12 12 

tRPW Receiver Clock Low Time 16x & 64x 
1.0 1.0 1.0 

Baud Rate 

tRR READ Pulse Width 430 380 250 

tRV 
Time Between WRITE Pulses During Initialization 

6.0 6.0 6.0 
(Note 3) 

tRx Data Bit (Center) to RxRDY Delay 20 20 20 

, tSRx Rx Data to Sampling Pulse Set-up Time 2.0 2.0 2.0 

1x Baud Rate 15 15 15 
tTPD Transmitter Clock High Time 16x & 64x 

Baud Rate 
3.0 3.0 3.0 

1x Baud Rate 12 12 12 
tTPW Transmitter Clock Low Time 16x & 64x 

1.0 1.0 1.0 
Baud Rate 

tTx Data Bit (Center) to TxRDY Delay 16 16 16 

tTxE Data Bit (Center) to Tx EMPTY Delay 16 16 16 

tWA WRITE High to CS, C/D Hold Time 20 20 20 

twc WRITE High to TxE, DTR, RTS Delay 16 16, 16 

two WRITE High to Data Hold Time 40 • 40 40 

tWVY WR ITE Pulse Width 400 380 250 

1x Baud Rate DC 56 DC 56 DC 56 
fRx Receiver Clock Frequency 16x & 64x 

DC 
Baud Rate 

520 DC 520 DC 520 

1x Baud Rate DC 56, DC 56 DC 56 
fTx Transmitter Clock Frequency 16x & 64x 

Baud Rate 
DC 520 DC 520 DC 520 

Notes: 1. Typical values are for TA = 25°C, nominal supply voltage and nominal processing parameters. 
2. Test conditions include: transition times"" 20ns;output loading of 1 TTL gate plus 100pF, input and output timing reference levels of O.8V 

and2.0V. 

Units 

ns 

ns 

tCY 

J,lS 

ns 

J,lS 

ns 

tCY 

J..IS 

tCY 

ns 

ns 

ns 

ns 

tey 

tCY 

. ns 

tCY 

tCY' 

J,lS 

tCY 

tCY 

tCY 

tCY 

ns 
tCY-

ns 

ns 

kHz 

kHz 

3. This time period between write pulses is specified for initialization purposes only; when MODE, SYNC 1, SYNC 2, COMMAND and first DATA 
BYTE are written into the 9551. Subsequent writing of both COMMAND and DATA are only allowed when TxRDY = 1. 

4. Reset Pulse Width = 6tCY min. 
5. Switching Characteristic parameters are listed in alphabetical order. 
6. The maximum Input Low Current (loll is 1.6mA at VOL = .45V max over the military temperature range (.-55 to + 125°C) and VCC = 5V ±10%. 

AC TESTING INPUT, OUTPUT WAVEFORM 

2.4 -------...,X2.O __ TEST ___ 2.0)( 

0.45 _______ ..... _ 0.8 __ POINTS----.... 0.8 _. 1... ______ _ 

AC testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic 
"0." Timing measurements are made at 2.0V for a logic "1" and 0.8V for' 
alogic"O." 
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SWITCHING WAVEFORMS 

READ OPERATION 

C/D,CS ==* _________ ~X"' ___ _ 
I r--t--- tR A 

L \- !: 
tAR--!--tRR .1. I tDF 

D~0~ _____ ~ 1_ R\R\. )>-_.;.F,;;.;LD;.,.A;,;.T.;.IN;,;.G 

.tCR I I ! tRD 

DSR,CTS ~ _______________ _ 

023346·9 

TRANSMITTER CLOCK AND DATA 

--C' tTPW;I: tTPC===:::j 

TxC , ~ 
11xBAUD) ...... ____ ....... ~ 

I • 16 TxC PERIODS I 
TXC~ r-\ r- ~ 

116xBAUD) "-,, '\..../ --./ ~ 

~tDTX 
TXD----*== 

023346-11 

TxRDY TIMING (ASYNC MODE) 

TxEMPTY ~~------~I(~!-----------------
TxRDy 

ll--tTX, 

~~I ____ ~If\~ __ _ 
~I 

WRITE 'WRITE 

1ST, BYTE 2ND, BYTr-E .".DA~T=-:A .. II .. .,..,..,..,..,,~--+--.....;..;,. 

BITS TxD 

1------1 ST. DATA BYTE------t--DA~~~·YTE 

023346-13 

INTERNAL SYNC DETECT (SYNC MODE ONLY) 

RxD 

SYNDET 
IOUTPUT) ___________________ ..... 

RESET BY 
STATUS READ 

OPERATION 

023346-15 

WRITE OPERATION 

C/D,Cs =* * ...... __ _ 
I-tAWj-tWW I I tWA 

. \- f 
r-- tDW----l- tWD_! 

D~0~ -------.* I *== 
I----t-tWC 

TXE, DTR, -----------------r-
~ ----------------~ 

RxC 
116 x BAUD) 

RxC 
11 x BAUD) 

023346-10 

RECEIVER CLOCK AND DATA 

--i I-tRPW --il- tRPD 

INTERNAL I 
SAM:0~~~ _________ --'n~ _________ __ 

r--tSRX--!-tHRX ---J 
RXD-~* *.-----

023346-12 

RxRDY TIMING (ASYNC MODE) 

-, START I ~ RxD I BIT DATA BITS 
~~ _________ ~~--L~~~ l-~tRX~---

RxR Dy -r\ 
-----1(~ \...-

(( 

023346-14 

EXTERNAL SYNC DETECT (SYNC MODE ONLY) 

RxC 

SYNDET ~---------------------~I~ 
IOUTPUT) ______ --1 

RxD --+I----------------~----~i~ 
11-0 ·o-----IST. DATA BYTE-----

023346-16 
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8251A 
Programmable Communication Interface 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• Synchronous operation up to 64K baud 

• Asynchronous operation up to 19.2K baud 

• Full duplex, double-buffered tran$mitter and receiver 

The AMD 8251A is the enhanced version of the industry 
standard 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART) designed for data com
munications with 8-bit, 16-bit, and single-chip micro
processors. The 8251A is used as a peripheral device and 
is programmed by the CPU to operate using serial data 
transmission techniques. The 8251 A interfaces easily with 
a modem. 

• Fully programmable with several speed and 
character modes 

• Error detection for parity, overrun, and framing 

• Compatible with 8080/85/86/88 microprocessors 

• Single +5V supply and TTL clock 

• False start bit detection; automatic break detect and 
handling. 

The USART accepts data characters from the CPU in paral
lel format and then converts them into a continuous serial 
data stream for transmission. Simultaneously, it can receive 
serial data streams and convert them into parallel data 
characters for the CPU. The 8251A communicates with the 
CPU via direct control lines and 8-bit control words on 
the system bus. The CPU can query the USART status at 
any time. 

• Supports bi-sync 

Figure,1. Block Diagram 

TRANSMIT TxO 
BUFFER 

(P·S) 

TxRDY 

TRANSMIT TxE 
CONTROL 

TxC 

04133A·1 

The 8251A is fabricated with a N-channel silicon gate pro
cess and is packaged in a plastic or ceramic 28-pin DIP. 

Figure 2. Pin Configuration 

D-28 
P-28 

D2 28 D1 

D3 27 Do 

RxD 26 v+ (Vcd 

GND(Vssl 25 RxC 

D4 24 DTR 

D5 23 RTS 

D6 22 OSR 
8251A 

D7 21 RST 

TxC 20 CLK 

WR 10 19 TxD 

cs 11 18 TxEMPTY 

C/O 12 17 CTS 

iffi 13 16 SYNDET/BD 

RxRDY 14 15 TxRDY 

04133A·2 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Package Type 

Molded DIP 
Hermetic DIP 

Hermetic DIP 

Hermetic DIP 

Ambient 
Temperature 
Specification 

ooe ,,;;: TA ,,;;: 70°C 

-40°C,,;;: TA";;: +85°e 

-55°C,,;;: TA";;: +125°e 
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Device Number 
3MHz 

P8251A 
D8251A 

ID8251A 

MD8251AB 

04133A-MMP 



FEATURES AND ENHANCEMENTS 

The 8251A is an advanced design of the industry standard 
USART 8251. The 8251A operates with a wide range of micro
processors and microcomputers. 

The 8251 A incorporates all the key features of the 8251/9551 and 
has the following additional features and enhancements: 

• 8251A has double-buffered data paths with separate I/O 
registers for control, statl,ls, Data In, and Data Out, which con
siderably simplifies control programming and minimizes CPU 
overhead. 

• In asynch ronous operations, the Receiver detects and handles 
"break" automatically, relieving the CPU of this task. 

• A refined Rx initialization prevents the Receiver from starting 
when in "break" state, preventing unwanted interrupts from a 
disconnected USA8T. 

• At the conclusion of a transmission, Tx D line will always return 
to the marking state unless SBRK is programmed. 

• Tx Enable logic enhancement prevents a Tx Disable command 
from halting transmission until all data previously written has 
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been fransmitted. The logic also prevents the transmitter from 
turning off in the middle of a word. 

• When External Sync Detect is programmed, Internal Sync 
Detect is disabled, and an External Sync Detect status is 
provided via a flip-flop which clears itself upon a status read. 

• Possibility of a false sync detect is minimized by ensuring that 
if double character sync is programmed, the characters be 
contiguously detected and also by clearing the Rx register to all 
ones whenever Enter Hunt command is issued in Sync mode. 

• As long as the 8251A is not selected, the RD and WR do not 
affect the internal operation of the device. 

• The 8251A Status can be read at any time but the status update 
will be inhibited during status read. 

• The 8251A is free from extraneous glitches,and has enhanced 
AC and DC characteristics, providing higher speed and better 
operating margins. 

• Synchronous baud rate from DC to 64K, 



8251A 
MAXIMUM RATINGS 

Ambient Temperature Under Bias 

Storage Temperature -65to +150°C 

Voltage to Any Pin with Respect to Ground -0.5 to +7.0V 

Power Dissipation 1.0W 

Stresses above those listed under "Maximum Ratings'" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is 
not implied. Exposure to maximum rating conditions for extended periods may affect device reliability. 

OPERATING RANGE 

Part Number Vee Vss 
P8251A 

O°C ~ TA ~ 70°C 5.0V ±5% OV 
D8251A 

ID8251A -40°C ~ TA ~ 85°C 5.0V ±10% OV 

MD8251AB -55°C ~ TA ~ 125°C 5.0V ±10% OV 

DC CHARACTERISTICS 
Com'l TA = 0 to 70°C, Vee = 5V ±5% 
I d T C n A = -40 to 85° , V, V ee = 5 ±10% 
Mil TA = -55 to 125°C, Vee = 5V ±10% Com'l and Ind 

Parameter Description Test Conditions Min Max 

VIL Input Low Voltage -0.5 0.8 

VIH Input High Voltage 2.0 Vee 

VOL Output Low Voltage IOL = 2.2mA 0.45 

VOH Output High Voltage IOL = -400/lA 2.4 

IOFL Output Float Leakage Your = Vee to 0.45V :!:10 

IlL Input Leakage VIN = Vee to 0.45V :!:10 

Com'l 100 
lee Power Supply Current All Outputs = High 

Ind 150 

CAPACITANCE (TA = 25°C, VCC = GND = OV) 

Parameter Description Test Conditions 

Input Capacitance 

I/O Capacitance 

AC CHARACTERISTICS (GND = OV) 

.Com'l 
Ind 
Mil 

TA = 0 to 70°C, 
TA = -40 to 85°C, 
TA - 55 to 125°C - -

" 

Vee = 5V :!:5% 
Vee = 5V :!:10% 
Vee 5V +10°1< = - ° 

Bus Parameters (Note 1) 

Parameter Description 

READ CYCLE 

tAR Address Stable Before READ (CS, C/D) 

tRA Address Hold Time for READ (CS, C/D) 

tRR READ Pulse Width 

tRO Data Delay from READ 

tOF READ to Data Floating 

WRITE CYCLE 

tAW Address Stable Before WRITE 

tWA Address Hold Time for WRITE 

twW WRITE Pulse Width 

tow Data Setup Time for WRITE 

two Data Hold Time for WRITE 

tRY Recovery Time Between WRITES 

fc= 1MHz 

Unmeasured Pins Returned to GND 

Com'l and Ind 

Test Conditions Min Max 

Note 2 0 

Note 2 0 

250 

3, CL = 150pF 200 

10 100 

0 

0 

250 

150 

20 

Note 4 6 

2-176 

Military 

Min Max Units 

-0.5 0.8 V 

2.2 Vee V 

0.45 V 

2.4 V 

:!:10 /lA 

:!:10 /lA 

150 
mA 

150 

Min Max Units 

Military 

Min Max Units 

,75 ns 

75 ns' 

300 ns 

280 ns 

5 120 ns 

75 

75 

300 

200 

80 

6 



AC CHARACTERISTICS (Cont.) (GND = OV) 

Com'l 
Ind 
Mil 

TA = 0 to 70°C, 
TA = -40 to 85°C, 
TA = -55 to 125°C, 

Vcc = 5V ::!:5% 
VCC = 5V::!:10% 
VCC = 5V ::!:10% 

Com'l and Ind 

Parameter Description Test Conditions Min 

OTHER TIMINGS 

tCY Clock Period Notes 5, 6 320 

tcp Clock High Pulse Width 120 

tcp Clock low Pulse Width 90 

tR, tF Clock Rise and Fall Time 

tOTx TxD Delay from Falling Edge of TxC 

fTx Transmitter Input Clock Frequency 
1x Baud Rate DC 

16x Baud Rate DC 

64x Baud Rate DC 

tTPW Transmitter Input Clock Pulse Width 
1x Baud Rate 12 

16x and 64x Baud Rate 1 

tTPO Transmitter Input Clock Pulse Delay 
1x Baud Rate 15 

16x and 64x Baud Rate 3 

fRx Receiver Input Clock Frequency 
1x Baud Rate DC 

16x Baud Rate DC 

64x Baud Rate DC 

tRPW Receiver Input Clock Pulse Width 
1x Baud Rate 12 

16x and 64x Baud Rate 1 

tRPO Receiver Input Clock Pulse Delay 
1x Baud Rate 15 

16x and 64x Baud Rate 3 

tTxROY TxRDY Pin Delay from Center of last Bit Note 7 

tTxROY TxRDY t from leading Edge of WR Note 7 
CLEAR 

tRxROY RxRDY Pin Delay from Center of last Bit Note 7 

tRxROY RxRDY t from leading Edge of RD Note 7 
CLEAR 

tiS Internal SYNDET Delay from Rising Edge of RxC Note 7 

tES External SYNDET Setup Time After Rising Edge of RxC Note 7 18 

tTxEMPTY TxEMPTY Delay from Center of last Bit Note 7 20 

twc Control Delay from Rising Edge of WRITE 
Note 7 

.. 
8 

(TxEn, DTR, RTS) 

tCR Control to READ Setup Time (DSR, CTS) Note 7 20 

Notes: 1. AC timings measured VOH = 2.0 VOL = 2.0, VOL = 0.8, and with load circuit of Figure 1. 
2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

,3. Assumes that Address is valid before Rot. 

Max 

1350 

tCy-90 

20 

1 

64 

310 

615 

. 

64 

310 

615 

8 

400 

26 

400 

26 

8251·9551 

Military 

Min Max Units 

320 1350 ns 

150 tCy-100' ns 

100 n~ 

20 ns 

1 p's 

DC 64 kHz 

DC 310 kHz 

DC 615 kHz 

12 tCY 

1 tCY 

15 tCY 

3 tCY 

DC 64 kHz 

DC 310 kHz 

DC 615 kHz 

12 tCY 

1 tCY 

15 tCY 

3 tCY 

8 tCY 

6 tCY 

24 tCY 

6 tCY 

24 tCY 

16 tCY 

20 tCY 

8 tCY 

20 tCY 

4. This recovery time is for after a Mode Instruction only. Write Data is allowed only when TxRDY = 1. Recovery time between Writes 
for Asynchronous Mode is 8 tCY and for Synchronous Mode is 16 tCY' 

5. The TxC and RxC frequencies have the following limitations with respect to ClK: For 1x Baud Rate, fTx or fRx ""1/(30 tCY): For 16x and 
64x Baud Rate, fTx or fRx ""1/(4.5 tCY)' 

6. Reset Pulse Width = 6 Icy minimum; System Clock must be running during Reset. 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 
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8251'" 

2_4 

0.45 

TYPICAL ~ OUTPUT DELAY VS. ~ CAPACITANCE - pF 

+20~---r----r----r--~ 

en 
c 
I +101--+---+----h;L..--J 

~ 
-I 
W 
C 
I
::J 
D. 

.1-

5 -10 I--+-/--+---+~--J 
-1 

-20L-~~----~--~--~ 
-100 -50 +50 +100 

~ CAPACITANCE - pF 
04133A-3 

AC TESTING INPUT, OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT 

2.0 ~ r- 2.0 

TEST POINTS 

0.8 ~ L- 0.8 

04133A-4 

8251A 1----

1
-----0- OUT 

AC testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic 
"0." Timing measurements are made at 2.0V for a logic "1" and O.BV for 
a logic "0." 

I C
L 

CL = 150pF 

04133A-5 

WAVEFORMS, 

SYSTEM CLOCK INPUT' 

~ I t'l)f"=j'"~"~.~ r---
CLOCK ,f. 1\L. L J! \"' ___ ...... 1 

04133A-6 

TRANSMITTER CLOCK AND DATA 

'TPW'TPD 

~ . , 

,:::: '.,,- :L ' .. ~ . . 
hDA,. ~ , ._. ~ 

04133A-7 

RECEIVER CLOCK AND DATA 

(Fb BAUD COUNTER STARTS HERE) 

INT "';~~~ _______________________ l_':, ________ ~ ________________________ ~y\,-3I'_Y ________________________ _ 

04133A-B 
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WAVEFORMS (Cont.) 

WRITE QATA CYCLE (CPU - USART) 

TIRDY 

DON'T CARE DON'T CARE 
DATA IN (DB) --------------(1 

C/O 

04133A·9 

READ DATA CYCLE (CPU ~ USART) 

RIRDY 

--------,....------:i. f----- tAA ------l-.Jl:"------

DATA FLOAT 
DATA OUT (DB) --------------1--0(1 DATA OUT ACTIVE 

DTR, RTs 
(NOTE = 1) 

CID 

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU - USART) 

----t--+_ two 

DATA IN (DB) -------------<1 

CID 

2-179 
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8251A 

WAVEFORMS (Cont.) 

READ CONTROL OR INPUT PORT .<CPU ! USART) 

55R. ffi ___ ..J~ (NOTE" 2) 

F-----------------------------------------------~--
f-----tCR-----J f-----tRR -----1 

DATA ~~~ _. ______________ -+_--<1 
~---------~~ 

C/O 

04133A·12 

Notes: 1. T wc includes the response timing of a control byte. 
2. T CR includes the effect of CTS on the TxENable circuitry. 

TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE) 

CIS 

IhEMPTY 

04133A·13 

Example format = 7 bit character with parity and 2 stop bits. 
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crs 

TlREAOV 
(STATUSBITl 

hREADV 
(PINI 

BReAK DETECT 

FRAMING ERROR 
(STATUSBITl 

OVERRUN ERROR 
ISTATU5B1T) 

R. ROV 

~'R'E~ 
Wii 

AD 

RIOATA 

-

\HUllH 
DATA CHAR 1 

8251A 

WAVEFORMS (Cont.) 

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE) 

r--' 

1\ 

~ 
r'R'ROY 
i-' I l 

,.-, 

~ Il 

rOT I X I W L 
WRERR Rot 

\J ~ RIEn 

\U J U / 
jlHUH \HllHII / DATA CHAR 2 DATA CHAR 3 ' 012345' 01234511 

04133A-14 

Example Format = 7 bit character with parity and 2 stop bits_ 

TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE) 

04133A-15 

Example Format = 5 bit character with parity, 2 sync characters_ 
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8251A 

SYNOn 
tPIN1NOTE I 

SVNOET(SB] 

OVERRUN 
ERRORtSB) 

R. ADY(PIN) 

R.E'COC'i( 

WAVEFORMS (Cant.) 

RECEIVER CONTROL AND FLAG TIMING (SYNC MODE) 

CHAFI ASSY 
rBEGINS • . 0.1.0. 

EXIT HUNT MODE J I 
SETSYNOETtSlATUS81n SET $YNDET ,STATUS Sin 

Notes: 1. Internal sync, 2 sync characters, 5 bits, with parity. 
2. External sync, 5 bits, with parity. 
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8253 
Programmable Interval Timer 

Advanced MOS/LSI 

DISTINCTIVE CHARACTERISTICS 

• Both Binary or BCD counting 
• Single +5V supply 
• Three independent 16-bit counters 
• DC to 5MHz 
• Programmable counter modes 
• Bus oriented I/O . 

BLOCK DIAGRAM 

04126A·l 

GENERAL DESCRIPTION 

The 8253 is a programmable counter/timer chip designed for 
use with 8080A/8085A microprocessors. They use NMOS 
technology with a single +5V supply and are direct replace
ments for Intel's 8253/8253-5. 

Each device is organized as three independent 16-bit 
counters, each counter having a rate of up to 5.0MHz. All 
modes of operation are software programmable. For im
proved performance devices see Am9513 System Timing 
Controller. 

CONNECTION DIAGRAM - Top View 
D~24-1, P-24-1 

vee 

06 

05 

04 

eLK2 

OUT2 

eLK 0 GATE 2 

OUTO eLK 1 

GATE 1 

GNO OUTl 

04126A·2 

Note: Pin 1 is marked for orientation. 

PIN NAMES 

D7-DO Data bus (8-bit) 

ClK N Counter clock inputs 

GATEN Counter gate inputs 

OUT N Counter outputs 

RD Read counter 

WR Write command or data 

CS Chip select 

AO-A1 Counter select 

VCC +5 Volts 

GND Ground 

ORDERING INFORMATION 

Ordering Numbers 

tRD = 300ns tRD = 200ns tRD = 120ns 
Package Type Ambient Temperature tCY = 380ns tCY = 380ns tCY = 200ns 

Molded DIP P8253 P8253-5 P8253-2 

Hermetic DIP 
O°C ~ TA ~ +70°C 

D8253 D8253-5 08253-2 

Hermetic DIP -40°C ~ TA ~ +85°C ID8253 ID8253-5 

Hermetic DIP -55°C ~ TA ~ +125°C MD82538 

04126A-MMP 
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8253 

FUNCTIONAL DESCRIPTION 

General 

The 8253 is a programmable interval timer/counter specifically 
designed for use with the 8D8DA Microcomputer systems. Its 
function is that of a general-purpose, multitiming element that can 
be treated as an array of I/O ports in the system software. 

The 8253 solves one of the most common problems in any 
microcomputer system, the generation of accurate time delays 
under software control. Instead of setting up timing loops in 
sY$tems software, the programmer configures the 8253 to match 
his requirements, initializes one of the counters of the 8253 with 
the desired quantity, then upon command the 8253 will count out 
the delay and interrupt the CPU when it has completed its tasks. 
It is easy to see that the software overhead is minimal and 
that multiple delays can easily be maintained by assignment of 
priority levels. 

Other counter/timer functions that are non-delay in nature, but 
also common to most microcomputers can be implemented with 
the 8253. 

• Programmable Rate Generator 
• Event Counter 
• Binary Rate Multiplier 
• Real-Time Clock 
• Digital One-Shot 
'. Complex Motor Controller 

Data Bus Buffer 

This 3-state, bidirectional, 8-bit buffer is used to interface the 
8253 to the system data bus. Data is transmitted or received by 
the buffer upon execution of INput or OUTput CPU instructions. 
The Data Bus Buffer has three basic functions. 

1, Programming the MODES of the 8253 
2. Loading the count registers 
3. Reading the count values 

Read/Write Logic 

The Read/Write Logic accepts inputs from the system bus and in 
turn generates control signals for overall device operation. It is 
enabled or disabled by CS so that no operation celn occur to 
change the function unless the device has been selected by the 
system logic. 

RD (Read) 

A "low" on this input informs the 8253 that the CPU is inputting 
data in the form of a counters value. 

WR (Write) 

A "low" on this input informs the 8253 that the CPU is outputting 
data in the form of MODE information or loading counters. 

AO, A1 

These inputs are normally connected to the address bus. Their 
function is to select one of the three counters to be operated on 
and to address the control word register for MODE selection. 

CS (Chip Select) 

A "low" on this input enables the 8253. No reading or writing will 
occur unless.the devices is selected. The CS input has no effect 
upon the actual operation of the counter. 

Control Word Register 

The Control Word Register is selected when AD, A1 are 11. It then 
accepts information from the data bus buffer and stores it in a 
register. The information stor~d in this register controls the oper-

ational MODE o{each counter, selection of binary or BCD count
ing and the loading of each count register. 

The Control' Word Register can only be written into; no read 
operation of its contents is available. 

Counter #0, Counter #1, Counter #2 

These three functional blocks are identical in operation so only a 
single Counter will be described. Each Counter consists of a 
single, 16-bit, presettable, DOWN counter. The counter can op
erate in either binary or BCD and its input, gate and output are 
configured by the selection of MODES stored in the Control Word 
Register. 

The counters are fully independent and each can have separate 
MODE configuration and counting operation, binary or BCD. 
Also, there are special features in the control word that handle the 
loading of the count value so that software overhead can be 
minimized for these functions. 

The reading of the contents of each counter is available to the 
programmer with simple READ operations for event counting 
applications, and special commands and logic are included in the 
8253 so that the contents of each 1;ounter can be read "on the fly" 
without having to inhibit the clock input. 

CS RD WR A1 AO 
0 1 0 0 0 Load Counter No. 0 

0 1 0 0 1 Load Counter No. 1 

0 1 0 1 0 Load Counter No.2 

0 1 0 1 1 Write MODE Word 

0 0 1 0 0 Read Counter No. 0 

0 0 1 0 1 Read Counter No. 1 

0 0 1 1 0 Read Counter No.2 

0 0 1 1 1 No-Operation 3-State 

1 X X X X Disable 3-State 

0 1 1 X X No-Operation 3-State 

8253 READ/WRITE PROCEDURE 
Write Operations 

The systems software must program each counter of the 8253 
with the mode and quantity desired. The programmer must write 
out to the 8253 a MODE control word and the programmed 
number of count register bytes (1 or 2) prior to actually using the 
selected counter. 

The actual order of the programming is quite flexible. Writing out 
of the MODE control word can be in any sequence of counter 
selection, e.g., counter #D does not have to be first or counter #2 
last. Each counter's MODE control word register has a separate 
address so that its loading is completely sequence independent. 
(SCD, SC1) 

The loading of the Count Register with the actual count value, 
however, must be done in exactly the sequence programmed in 
the MODE control word (RLD, RL 1). This loading of the counter's 
count register is still sequence independent like the MODE con
trol word loading, but when a selected count register is to be, 
loaded it must be loaded with the number of bytes programmed 
in the MODE control word (RLD, RL 1). The one or two bytes to be 
loaded in the count register do not have to follow the associated 
MODE control word. They can be programmed at any time 
following the MODE control word loading as long as the correct 
number of bytes is loaded in order. 
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All counters are down counters. Thus, tl1.e value loaded into the 
count register will actually be decremented. Loading all zeroes 
into a count register will result in the maximum count (216 for 
Binary or 104 for BCD). In MODE 0 the new count will not restart 
until the load has been completed. It will accept one of two bytes 
depending on how the MODE control words (RLO, RL 1) are 
programmed. Then proceed with the restart operation. 

Programming Format 

LSB 

MSB 

MODE Control Word 
Counter n 

Count Register byte 
Counter n 

Count Register byte 
Counter n 

Note: Format shown is a simple example of loading the 8253 and does 
not imply that it is the only format that can be used. 

Alternate Programming Formats 

A1 AD 

No.1 MODE Control Word 1 1 
Counter 0 

No.2 MODE Control Word 1 1 
Counter 1 

No.3 MODE Control Word 1 1 
Counter 2 

No.4 LSB 90unt Register Byte 
Counter 1 

0 1 

No. 5 MSB· Count Register Byte 0 1 
Counter 1 

No. 6 LSB Count Register Byte 1 ·0 
Counter 2 

No.7 MSB" 
Count Register Byte 1 0 

Counter 2 

No.8 LSB Count Register Byte 0 0 
Counter 0 

No. 9 MSB Count Register Byte 0 0 
Counter 0 

Note: The exclusive addresses of each counter's count register make the 
task of programming the 8253 a very simple maller, and maximum 
effective use of the device will result if this feature is fully utilized. 

Read Operations 

In most counter applications it becomes necessary to read the 
value of the count in progress and make a computational decision 
based on this quantity. Event counters are probably the most 
common application that uses this function. The 8253 contains 
logic that will allow the programmer to easily read the contents of 
any of the three counters without disturbing the actual count in 
progress. 

8253 

There are two methods that the programmer can use to read the 
value of the counters. The first method involves the use of simple 
I/O read operations of the selected counter. By controlling the AO, 
A 1 inputs to the 8253 the programmer can select the counter to be 
read (remember that no read operation of the mode register is 
allowed AO, A1-11). The only requirement with this method is that 
in order to assure a stable count reading the actual operation of 
the selected counter must be inhibited either by controlling the 
Gate input or by external logic that inhibits the clock input. The 
contents of the counter selected will be available as follows: 

first I/O Read contains the least significant byte (LSB), 

second I/O Read contains the most significant byte (MSB). 

Due to the internal logic of the 8253 it is absolutely necessary to 
complete the entire reading procedure. " two bytes are pro
grammed to be read then two bytes must be read before any 
loading WR command can be sent to the same counter. 

Read Operation Chart 

A1 AD RO 

o o o Read Counter No. 0 

o o Read Counter No.1 

o o Read Counter No.2 

o Illegal 

Reading While Counting 

In order for the programmer to read the contents of any counter 
without effecting or disturbing the counting operation the 8253 
has special internal logic that can be accessed using simple WR 
commands to the MODE register. Basically, when the program
mer wishes to read the contents of a selected counter "on the fly" 
he loads the MODE register with a special code which latches the 
present count value into a storage register so that its contents 
contain an accurate, stable quantity. The programmer then is
sues a normal read command to the selected counter and the 
contents of the latched register is available. 

MODE Register for Latching Count 

AO, A1 = 11 

07 

I SC1 I 
SC1, SCO 

D5, D4 

X 

06 

SCO 

05 04 03 02 01 DO 

I 0 I 0 I X I X I X I X 

- specify counter to be latched. 

- 00 designates counter latching operation. 

- don't care. 

I 

The same lim"itation applies to this mode of reading the counter as 
the previous method. That is, it is mandatory to complete the 
entire read operation as programmed. This command has no 
effect on the counter's mode. 

Clock Interface· 

3MHz '1.SMHz 
ClK 1-------1 +2 .-------1 ClK 

8085 8253-5 

04126A-9 

"If an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2M Hz or less. 
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8253 

OPERATIONAL DESCRIPTION 

General 

The complete functional definition of the 8253 is programmed by 
the systems softWare. A set of control words must be sent out by 
the CPU to initialize each counter of the 8253 with the desired 
MODE and quantity information. These control words program 
the MODE, Loading sequence and selection of binary or BCD 
counting. 

Once programmed, the 8253 is ready to perform whatever timing 
tasks it is assigned to accomplish. 

The actual counting operation of each counter is completely 
independent and additional logic is provided on-chip so that the 
usual problems associated with ~fficient monitoring and man
agement of external, asynchronous events or rates to the micro
computer system have been eliminated. 

Programming the 8253 

All of the MODES for each counter are programmed by the 
systems software by simple I/O operations. 

Each counter of the 8253 is individually programmed by writing a 
control word into the Control Word Register (AD, A1 = 11). 

Control Word Format 

D7 D6 D5 D4 

I SC1 I sca I RL1 RLa 

Definition of Control 

SC - Select Counter: 

SC1 SCO 

D3 

M2 

a a Select Counter a 

a 1 Select Counter 1 

1 a Select Counter 2 

1 1 Illegal 

RL - Read/Load: 

RL1 RLO 

D2 

M1 

a a Counter Latching operation. 

D1 

MO 

1 a Read/Load most significant byte only. 

a 1 Read/Load least significant byte only. 

DO 

BCD I 

1 ), 
Read/Load least significant byte first, then 
most significant byte. 

M - MODE: 

M2 . M1 MO 

a a a MODE a 
a 0 1 MODE 1 

X 1 a MODE 2 

x 1 1 MODE 3 

1 a a MODE 4 

1 a 1 MODES 

BCD: 

Binary Counter 16-bits 

Binary Coded Decimal (BCD) Counter (4 Decades) 

Counter Loading 

The count register is not loaded until the count value is written 
(one or two bytes, depending on the mode selected by the RL 
bits), followed by a rising edge and a falling edge of the clock. Any 
read of the counter prior to that falling clock edge may yield invalid 
data. 

MODE DEFINITION 

MODE 0: Interrupt on Terminal Count 

The output will be initially low after the mode set operation. After 
the count is loaded into the selected count register, the output will 
remain low and the counter will count. When terminal count is 
reached the output will go high and remain high until the selected 
count register is reloaded with the mode or a new count is loaded. 
The counter continues to decrement after terminal count has 
been reached. 

Rewriting a counter register during counting results in the 
following: 

1. Write 1 st byte stops the current counting. 
2. Write 2nd byte starts the new count. 

MODE 1: Programmable One-Shot 

The output will go low on the count following the rising edge of the 
gate input. 

The output will go high on the terminal count. If a new count value 
is loaded while the output is low it will not affect the duration of the 
one-shot pulse until the succeeding trigger. The current count can 
be read at any time without affecting the one-shot pulse. 

The one-shot is retriggerable, hence the output will remain low for 
the full count after any rising edge of the gate input. 

MODE 2: Rate Generator 

Divide by N counter. The output will be low for one period of the 
input clock. The period from one output pulse to the next equals 
the number of input counts in the count register. If the count 
register is reloaded between output pulses the present period will 
not be affected, but the subsequent period will reflect the new 
value. 

The gate input, when low, will force the output high. When the 
gate input goes high, the counter will start from the initial count. 
Thus, the gate input can be used to synchronize the counter. 

When this mode is set, the output will remain high until after the 
count register is loaded. The output .then can also be syn
chronized by software. 

MODE 3: Square Wave Rate Generator 

Similar to MODE 2 except that the output will remain high until one 
half the count has been completed (for even numbers) and go low 
for the other half of the count. This is accomplished by decre
menting the counter by two 'on the falling edge of each clock 
pulse. When the counter reaches terminal count, the state of the 
output is changed and the counter is reloaded with the full count 
and the whole process is repeated. 

If the count is odd and the output is high, the first clock pulse (after 
the count is loaded) decrements the count by one. Subsequent 
clock pulses decrement the clock by two. After timeout, the output 
goes low and the full count is reloaded. The first clock pulse 
(following the reload) decrements the counter by three. Sub
sequent clock pulses decrement the count by two until timeout. 
Then the whole process is repeated. In this way, if the count is 
odd, the output will be high for (N + 1 )/2 counts and low for 
(N - 1 )/2 counts. 
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MODE 4: Software-Triggered Strobe 

After the mode is set, the output will be high. When the count is 
loaded, the counter will begin counting. On terminal count, the 
output will go low for one input clock period, then will go high 
again. 

If the count register is reloaded between output pulses the pre
sent period will not be affected, but the subsequent period will 
reflect the new value. The count will be inhibited while the gate 

MODE O. Interrupt on Terminal Count. 

CLOCK 

OUTPUT 
(INTERRUPT) ~ 

WRn~ 
WRm r--~~~----+---------

GATE 

(INT~~;~~~ ---(m-~-5..,) IL-_-+-_I-___ ~----.....I 
A+B=m 

MODE 1. Programmable One-Shot. 

CLOCK 

WR n 1 ... ___ -' 
TRIGGER ______ ......1 

OUTPUT 

TRIGGER 

OUTPUT 

MODE 2. Rate Generator. 

MODE 3. Square Wave Generator. 

CLOCK 

OUTPUT 
(n = 4) 

OUTPUT 
(n = 5) 

04126A-3 

04126A-4 

04126A-5 

04126A-6 

8253 

input is low. Reloading the counter register will restart counting 
beginning with the new number. 

MODE 5: Hardware-Triggered Strobe 

The counter will start counting after the rising edge of the trigger 
input and will go low for one clock pe~iod when the terminal count 
is reached. The counter is retriggerable. The output will not go low 
until the full count after the rising edge of any trigger. 

Gate Pin Operations Summary 

~ 
Low 

Status Or Going 
Modes Low Rising High 

0 Disables - Enables 
counting counting 

1 ) Initiates 

1 - counting -
2) Resets output 

after next clock 

1) Disables 
1 ) Reloads 

counting 
counter 

Enables 
2 2) Sets output 2) Initiates 

counting 
immediately 

counting 
high 

1) Disables 
counting 

Initiates Enables 
3 2) Sets output 

counting counting 
immediately 
high 

4 Disables 
~ 

Enables 
counting counting 

5 - Initiates -
counting 

MODE 4. Software-Triggered Strobe. 

OUTPUT ------....;:",,-"':-......:.-..:...-;U,.-------
LOAon~ 

GATE 

OUTPUT -----------------"---"-------Lr-
04126A-7 

MODE 5. Hardware-Triggered Strobe. 

CLOCK 

GATE ___ --' 

GATE _____ ILJ 

04126A-8 

Figure 1. 8253 Timing Diagrams 
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8253 
MAXIMUM RATINGS above which useful life may be impaired 

Storage Temperature -65 to +150°C 

Voltage On Any Pin with Respect to Ground -0.5 to +7.0V 

Power Dissipation 1W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. ' 

OPERATING RANGE 
Part Number 

08253, P8253 
08253-5, P8253-5 

08253-2, P8253-2 

108253 
108253-5 

M08253B 

DC CHARACTERISTICS 

O°C .;; TA';; +70°C 

-40°C.;; TA';; +85°C 

-55°C.;; TA .;; +125°C 

Commercial 8253, 8253-5 TA = 0 to + 70°C, 
Commercial 8253-2 TA = 0 to +70°C, 
Industrial TA = -40 to +85°C, 
Military TA = -55 to +125°C, 

Vee Vss 
5.0V ± 5% OV 

5.0V ± 10% OV 

5,OV ± 10% OV 

5.0V ± 10% OV 

VCC ~ 5.0V ± 5%; 
VCC = 5.0V 10%; 
VCC = 5.0V 10%; 
VCC = 5.0V 10% 

8253 

Parameters Description Test Conditions Min Max 

VIL Input Low Voltage -.5 .8 

Comm,lnd 2.2 Vee+·5V 
VIH Input High Voltage 

Mil 2.4 

8253 IOL = 1.6mA .45 

VOL Output Low Voltage 8253-5 IOL = 2.2mA 

8253-2 IOL = 2.2mA 

8253 IOH = -1501tA 2.4 

VOI:i Output High Voltage 8253-5 IOH = -400JLA 

8253-2 IOH = -400JLA 

Comm,lnd ±10 
IlL Input Load Current 

Mil 
VIN = Vee to OV 

±20 

Comm,lnd ±10 
IOFL Output Float Leakage 

Mil 
VOUT = Vee to OV 

±20 

Comm 140 

Icc Vee Supply Current Ind 160 

Mil - 160 

CAPACITANCE TA = 25°C; VCC = GND = OV 

Parameters Description Test Conditions Min Typ 

Input CapaCitance fc = 1MHz 

I/O CapaCitance Unmeasured pins returned to Vss 

2-188 

8253-5 8253-2 

Min Max Min Max Units 

-.5 .8 -.5 .8 V 

2.2 Vee+·5V 2.2 Vce+·5V 
V 

.45 V 

.45 

2.4 V 

2.4 

±10 ±10 
JLA 

±10 ±10 
ItA 

140 140 

160 mA 

Max Units 



8253 
CLOCK AND GATE TIMING 

8253 8253-5 8253-2 

Parameters Description Min Max Min Max Min Max Units 

Comm,lnd 380 DC 380 DC 200 DC 
teu< Clock Period ns 

Mil 400 DC -

Comm,lnd 230 230 90 
tPWH High Pulse Width ns 

Mil 250 

tPWL low Pulse Width 150 150 90 ns 

tGW Gate Width High 150 150 120 ns 

tGL Gate Width low 100 100 80 ns 

tGS Gate Setup Time to ClK t 100 100 60 ns 

Comm,lnd 50 50 50 
tGH Gate Hold Time After ClK t ns 

Mil 100 

too Output Delay from ClK ~ (Note 1) 400 400 250 ns 

tOOG Output Delay from Gate ~ (Note 1) 300 300 150 ns 

Note: 1. Test Conditions: 8253 Ci. = 100pF; 8253-5, 8253-2 CL = 150pF. 

elK 

GATE G 

OUTPUT 0 

04126A·l0 
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8253 
AC CHARACTERISTICS 
Commercial 8253, 8253-5 
Commercial 8253-2 
Industrial 
Military 

TA = 0 to +70°C, Vee = 5.0V ± 5%, GND = OV; 
TA = 0 to +70°C, VCC = S.OV ± 10%, GND = OV; 
TA = -40 to +85°C, Vce = 5.0V ± 10%, GND = OV; 
TA = -55 to +125°C, Vee = .5.0V ± 10%, GND = OV 

8253 8253-5 

Parameters Description Min Max Min Max 

Read Cycle 

tAR Address Stable Before READ 50 30 

Address Hold Time for READ 
IComm,lnd 5 5 

tRA 
IMil 10 

tRR READ Pulse Width 400 300 

tRO Data Delay from READ (Note 2) 300 200 

READ to Data Floating 
IComm,lnd 25 125 25 100 

tOF 
IMil 25 175 

tRY 
Recovery Time Between READ and Any Other 

1 1 
Control Signal 

Write Cycle 

tAW Address Stable Before WRITE 50 30 

tWA Address Hold Time for WRITE 30 30 

tww WRITE Pulse Width 400 300 

tow Data Setup Time for WRITE 300 250 

two Data Hold Time for WRITE 40 30 

tRY 
Recovery Time Between WRITE and Any Other 

1 1 
Control Signal (Note 3) 

Notes: 1. AC timings measured at VOH = 2.2, VOL = 0.8. 
2. Test Conditions: 8253, CL = 100pF, 8253-5, 8253-2, eL = 150pF. 
3. tRY applies for any READ or WRITE that occurs regardless of the state of the es input. 

8253-2 

Min Max· Units 

25 ns 

5 
ns 

150 ns 

120 ns 

25 100 
ns 

500 IJS 

0 ns 

0 ns 

150 ns 

100 ns 

0 ns 

500 JLS 

4. If the clock occurs less than 100ns after the rising edge of READ or WRITE, the counter selected during the READ or WRITE could be affected. 

Write Timing Read Timing 

AQ-l,CS ~E------~ '----
tAW 

DATA BUS 

04126A-ll 04126A-12 

Input Waveforms for AC Tests 

2.4 --------.,X2.O __ TEST _ 2.0V 

0.45 _______ . _0.8 ---POINTS-- O.8.J\\.. ______ _ 

04126A-13 
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8255A 
Programmable Peripheral Interface 

Advanced MOS/L.SI 

DISTINCTIVE CHARACTERISTICS 

• Direct bit set/reset capability easing control application 
interface 

• Reduces system package count 
• Improved DC driving capability 
• 24 programmable I/O pins 
• Completely TTL compatible 
• Fully compatible with 8080A and 8085A microprocessor 

families 
• Improved timing characteristics 
• Military version available 

GENERAL DESCRIPTION 

The 8255A is a general purpose programmable I/O device 
designed for use'with 8080A and 8085A microprocessors. It has 
24 I/O pins which 'may be individually programmed in two groups 
of twelve and used in three major modes of operation. In the first 
mode, each group of twelve I/O pins may be programmed in sets 
of 4 and 8 to be input or output. In Mode 1, the second mode, each 
group may be programmed to have 8 lines of input or output. Of 
the remaining four pins three are used .for handshaking and 
interrupt control signals. The third mode of operation (Mode 2) is a 
bidirectional bus mode which uses eight lines for a bidirectional 
bus, and five lines, borrowing one from the other group, for 
handshaking. 

8255A BLOCK DIAGRAM 

POWER f --- +5V 

SUPPLIES l--- GND 

BI-DIRECTIONAL BUS 
DATA 

07"00 BUS 
BUFFER 

RO-o 

WR-o READ/ 

A, WRITE 
CONTROL 

Ao LOGIC 

RESET 

cs------' 

I/O 
PA7"PAO 

I/O 
PC7-PC4 

I/O 
PC3-PCo 

I/O 
PB7"PBO 

04122A-l 

ORDERING INFORMATION 

Ambient Temperature Order Numbers 

Package Type Specification tww = 400ns tww = 300ns 

Molded DIP P8255A P8255A-5 

Hermetic DIP 
O°C.;; TA';; 70°C 

D8255A D8255A-5 

Hermetic DIP -40°C.;; TA .;; 85°C ID8255A ID8255A-5 

Hermetic DIP -55°C.;; TA .;; 125°C MD8255AB 
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8255A 

CONNECTION DIAGRAM - Top View 
0-40-1, P-40-1 

PA3 PA. 
PA2 PA 5 
PA, PA6 
PAD PA7 
All WR 
~ RESET 

GND Do 
A, D, 

Aa D, 

PC7 D3 
PC6 D. 
PC 5 D5 
PC. D6 

PCa D7 

PC, Vee 
PC2 PB7 
PC 3 PB6 
PBa PB5 
PB, PB. 

PB2 PB3 04122A-2 

MAXIMUM RATINGS above which useful life may be impaired 

Storage Temperature 

VCC with Respect to Vss 

All Sighal Voltages with Respect to VSS 

Power Dissipation 

PIN NAMES 

DrDo Data Bus (Bi-Directional) 

Reset Reset Input 

CS Chip Select 

RD Read Input 

WR Write Input 

Ao, A1 Port Address 

PArPAo Port A (Bit) 

PBrPBo Port B (Bit) 

PCrPCo PortC (Bit) 

Vee +5 Volts 

GND o Volts 

-65 to +150°C 

-0.5 to + 7.0V 

-0.5 to + 7.0V 

1.0W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

CAPACITANCE TA = 25°C; Vee = GND = OV 

Parameter Description Test Conditions 

Input Capacitance fc = 1MHz 

I/O Capacitance Unmeasured pins returned to GND 

TEST LOAD CIRCUIT (FOR DATA BUS) 

·VEXT is set at various voltages during testing to guarantee the specification. 

OPERATING RANGE 
Part Number Ambient Temperature Vee Vss 

D8255A, P8255A 
O°C ,,;;; TA";;; 70°C 5V'±5% OV 

D8255A-5, P8255A-5 

ID8255A 
-40°C,,;;; TA ,,;;; 85°C 5V.±10% OV 

ID8255A-5 

MD8255AB -55°C,,;;; TA ,,;;; 125°C 5V ±10% OV 

DC CHARACTERISTICS over operating range 

Parameters Description Test Conditions Min Max Units 

VIL Input Low Voltage -0.5 0.8 Volts 

VIH Input High Voltage 2.0 Vee Volts 

VOL(DB) Output Low Voltage (Data Bus) IOL = 2.5mA 0.45 Volts 

VOL(PER) Output Low Voltage (Peripheral Port) IOL = 1.7mA 0.45 Volts 

VOH(DB) Output High Voltage (Data Bus) IOH = -400/LA 2.4 Volts 

VOH(PER) Output High Voltage (Peripheral Port) IOH = -200/LA .2.4 Volts 

I DAR (Note 1) Darlington Drive Current REXT = 7500; VEXT = 1.5V -1.0 -4.0 mA 

ICC Power supply Current 120· mA 

'lL Input Load Current VIN = Vee to OV ±10 /LA 

IOFL Output Float Leakage VOUT = Vee to OV ±10 /LA 

Note 1: Available on any 8 pins from Port Band C. 
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AC CHARACTERISTICS Over Operating Range 

BUS PARAMETERS: 

Read: 

Parameter Description 

tAR Address Stable Before READ 

tRA Address Stable After READ 

tRR READ Pulse Width 

tRO Data Valid From READ (Note 1) 

tOF Data Float After READ 

tRV Time Between READs and/or WRITEs 

Write: 

Parameter Description 

tAW Address Stable Before WRITE 

tWA Address Stable After WRITE 

tww WRITE Pulse Width 

tow Data Valid to WRITE (T.E.) 

two Data Valid After WRITE 

Other Timings: 

Parameter Description 

tWB WR = 1 to Output (Note 1) 

tlR Peripheral Data Before RD 

tHR Peripheral Data After RD 

tAK ACK Pulse Width 

tST STB Pulse Width 

tps Per. Data Before T.E. of STB 

tpH Per. Data After T.E. of STB 

tAD ACK = 0 to Output (Note 1) 

tKO ACK = 1 to Output Float 

tWOB WR = 1 to OBF = 0 (Note 1) 

tAOB ACK = 0 to OBF = 1 (Note 1) 

tSIS STB = 0 to IBF = 1 (Note 1) 

tRIB RD = 1 to IBF = 0 (Note 1) 

tRIT RD = 0 to INTR = 0 (Note 1) 

tSIT STB =: 1 to INTR = 1 (Note 1) 

tAIT ACK = 1 to INTR = 1 (Note 1) 

tWIT WR = 1 to INTR = 0 (Note 1,3) 

8255A 
ID8255A 

Min. Max. 

0 

0 

300 

250 

10 150 

850 

8255A 
ID8255A 

Min. Max. 

0 

20 

400 

100 

30 

8255A 
ID8255A 

Min. Max. 

350 

0 

0 

300 

500 

0 

180 

300 

20 250 

650 

350 

300 

300 

400 

300 

350 

450 

8255A-5 
ID8255A-5 

Min. Max. 

0 

0 

300 

200 

10 100 

850 

8255A-5 
ID8255A-5 

Min. Max. 

0 

20 

300 

100 

30 

8255A-5 
ID8255A-5 

Min. Max. 

350 

0 

0 

300 

500 

0 

180 

300 

20 250 

650 

350 

300 

300 

400 

300 

350 

450 

Notes: 1. Test Conditions: 8255A/ID8255A/MD8255AB: CL = 10OpF; 8255A-5: CL = 150pF. 

MD8255AB 

Min. Max. 

0 

0 

300 

250 

10 150 

850 

MD8255AB 

Min. Max. 

0 

20 

400 

100 

30 

MD8255AB 

Min. Max. 

350 

0 

0 

300 

500 

0 

180 

300 

20 250 

650 

350 

300 

300 

400 

300 

350 

450 

2. Period of Reset pulse must be at least SOiLS during or after power on. Subsequent Reset pulse can be 500ns min. 
3. INTR i may occur as early as WR t. 

AC TESTING INPUT, OUTPUT WAVEFORM 

2.4 ------~X2.0-- TEST _2.0)( 
cL = 150pF 0.45 ______ .... 0.8 __ POINTS __ 0.8 ~ _____ _ 

04122A·3 

AC testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0." 
Timing measurements are made at 2.0V for a logic "1" and 0.8V for a logic "0." 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

n:; 

n~ 
----.--

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



8255A 

WAVEFORMS 

04122A-4 

Input Waveforms For A.C. Tests 

IRR 

~I\ I 
I 

I-IIR- -IHR-I 

INPUT 

I-----IAR --- __ --IRA-_-\ 

)( 

------------------------, X 

CS. A1• AO 

OUTPUT 

IBF 

INTR 

INPUT FROM 
PERIPHERAL 

X 

~ 

-r 
X 

I 

IRO-----I IOF 

Mode 0 (Basic Input) 

IWW 

~~ 
1\ 

,'(. 
J 

I-IDW---Iwo---I 

)[ 1( 
lAW IWA 

X 
_-_IWB--__ I 

Mode 0 (Basic Output) 

---IST-

'\ J 
~ 

-''''1 \ 
ISIT 

J I-IRIB 

f--- IRIT 

)~/ 1/ 
J 

-Ipw-

Ips 

Mode 1 (Strobed Input) 
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WAVEFORMS (Cont.) 

INTR 

OUTPUT 

Mode 1 (Strobed Output) 

DATA FROM 
8080AJ8085A TO 8255A 

INTR 

ISF 

PERIPHERAL 
~s -----------------

Note: Any sequence where WA occurs before ACK and·STB occurs before ADis permissible. 
(INTA = IBF· MASK· STB • AD + OBF • MASK· ACK • WA) 

Mode 2 (BI-directional) 
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DATA FROM 8255A 
TO 8080AJ8085A 

04122A-8 

04122A-9 

8255A 



8259A 
Programmable Interrupt Controller 

DISTINCTIVE CHARACTERISTICS 

• Compatible with 8080/85/86/88 CPUs 
• Eight priority levels 
• Expandable to 64 levels 
• Programmable interrupt modes 
• Maskable interrupt priority 
• No clock input needed 
• Three speed options 

AD --.Q! 

WR --.Q! 

Ao----t 

DATA 
BUS 

BUFFER 

READ/ 
WRITE 
LOGIC 

cs-----...1 

CASO 

CAS1 

CAS:! 

SP/EFi _____ ...1 

ORDERING INFORMATION 

GENERAL DESCRIPTION 

The 8259A PIC reduces CPU software overhead for 
handling multi-level priority interrupts. It has several pro
grammable operating modes, so that it can be optimized for 
different system requirements. The PIC can be expanded· 
from 8 to a maximum of 64 vectored interrupts. It has static 
circuitry and requires no clock input. The 8259A PIC runs on 
a single +5V supply, is implemented in NMOS technology, 
and is packaged in a 28-pin DIP. 

BLOCK DIAGRAM 

CONTROL LOGIC 

INTERRUPT MASK REG 
(IMR) 

INT ' 

020656-1 

CONNECTION DIAGRAM - Top View 
0-28, P-28 

Ambient Order Number cs Vcc 

Package Temperature 
Type Specification 5MHz 8MHz 2MHz 

VA Ao 
Ali INTA 

Molded DIP P8259A P8259A-2 P8259A-8 07 IR7 

Hermetic DIP 
O°C 0:;; TA 0:;; 70°C 

D8259A D8259A-2 D8259A-8 06 IR6 

Hermetic DIP -40°C 0:;; TA 0:;; 85'C ID8259A 
0 5 IRs 

04 IR4 
Hermetic DIP -55°C 0:;; TA 0:;; 125°C MD8259AB 

03 IR3 

O2 IR2 

0, IR, 

DO IRo 

CASo INT 

CAS, SP/EN 

GNO CAS2 

020656-2 

Note: Pin 1 is marked for orientation. 
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TABLE 1. PIN DESCRIPTION 
8259A 

Symbol Pin No. Type Name and Function 

Vee 28 I Supply: +5V Supply. 

GND 14 I Ground. 

CS 1 I Chip Select: A low on this pin enables AD and WA communication between the CPU and the 8259A. 
INTA functions are independent of CS. 

WA 2 0 Write: A low on this pin when CS is low enables the 8259A to accept command words from the CPU. 

AD 3 I Read: A low on this pin when CS is low enables the 8259A to release status onto the data bus for 
the CPU. 

DrDo 4-11 I/O Bidirectional Data Bus: Control, .status and interrupt-vector information is transferred via this bus. 

CASo-CAS2 12,13,15 I/O Cascade Lines: The CAS lines form a private 8259A bus to control a multiple 8259A structure. These 
pins are outputs for a master 8259A and inputs for a slave 8259A. 

SP/EN 16 I/O Slave Program/Enable Buffer: This is ~dual function pin. When in the Buffered Mode it can be used as 
an output to control buffer transceivers (EN). When not in the buffered mode it is used as an input to 
designate a master (SP = 1) or slave (SP = 0). 

INT 17 0 Interrupt: This pin goes high whenever a valid interrupt request is asserted. It is used to interrupt the 
CPU, thus it is connected to the CPU's interrupt pin. 

IRO-IR? 18-25 I Interrupt Requests: Asynchronous inputs. An interrupt request is executed by raising an IR input (low 
to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a high level on an 
IR input (Level Triggered Mode). 

INJA 26 I Interrupt Acknowledge: Thiq pin is used to enable 8259A interrupt-vector data onto the data bus by a 
sequence of interrupt acknowledge pulses issued by the CPU. 

Ao 27 I Ao Address Line: This pin acts in conjunction with the CS, WR, and AD pins. It is used by the 8259A to 
decipher various Command Words the CPU writes and status the CPU wishes to read. It is typically 
connected to the CPU Ao address line (A1 for 8086/88 CPU's). 

AC TESTING INPUT, OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT 

InpuVOutput 

DEVICE 

2.4 ==:x: 2.0_ TEST ___ 2.0 ~ 
UNDER 

IC"""''' TEST 

0.8- POINTS -0.8 
0.45 

020658·3 

020658·4 

Note: AC testing inputs are driven at 2.4V for a logic "1" and 0.45V for a 
logic "0". Timing measurements are made at 2.0V for a logic "1" Cl = 100pF 
and 0.8V for a logic "0". Cl Includes Jig Capacitance 

I 
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8259A 
MAXIMUM RATINGS· 

Ambient Temperature Under Bias -55 to +125°C 

Storage Temperature -65 to +150°C 

Voltage on Any Pin with Respect to Ground -0.5 to +7.0V 

Power Dissipation 1.0W 

·Stresses above those listed under "Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is 
not implied. 

OPERATING RANGE 
Part Number Vee 

P8259A 
D8259A 
P8259A-2 

O°C ,;;; TA ,;;; + 70°C 5.0V ± 10% 
D8259A-2 
P8259A-8 
D8259A-8 

ID8259A -40°C,;;; TA ,;;; +85°C 5.0V ± 10% 

MD8259AB -55°C,;;; TA ,;;; +125°C 5.0V ± 10% 

DC CHARACTERISTICS 

Parameters Description Test Conditions 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage IOL = 2.2mA 

VOH Output High Voltage IOH = -400JLA 

Interrupt Output IOH = -100/LA 
VOH(INT) High Voltage IOH = -400JLA 

III Input Load Current OV,;;; VIN';;; Vee 

ILOL Output Leakage Current 0.45V ,,; VOUT ,;;; Vee 

ILOH Output Leakage Current VOUT = Vee 

lee Vee Supply Current 

VIN = 0 
ILiR IR Input Load Current 

VIN = Vee 

CAPACITANCE (TA = 25°C, VCC = GND = OV) 

Vss 

OV 

OV 

OV 

Commercial 
8259A, 8259A-2 

8259A-8 

TA = 0 to +70°C 
Vee = 5V ± 10% 

Min Max 

-.5 .8 

2.0 Vee + .5V· 

.45 

2.4 

3.5 

2.4 

-10 +10 

-10 +10 

85 

-300 

10 

Parameters Description Test Conditions 

Input Capacitance fc = 1.0MHz 

I/O CapaCitance Unmeasured pins returned to Vss 

2-198 

Industrial Military 
ID8259A MD8259A 

TA = -40 to +85°C TA = -55 to +125°C 
Vee = 5V ± 10% Vee = 5V ± 10% 

Min Max Min Max Units 

-.5 .8 -.5 .8 V 

2.3 Vee + .5V 2.3 Vee + .5V V 

.45 .45 V 

2.4 2.4 V 

3.5 3.5 
V 

2.4 2.4 

-10 +10 -10 +10 JLA 

-10 +10 -10 +10 /LA 

10 10 JLA 

125 125 .mA 

/LA 

Min Typ Max Units 



AC CHARACTERISTICS 

Test 8259A-8 8259A 8259A-2 

Parameters Description Conditions Min Max Min Max Min Max 

TIMING REQUIREMENTS 

TAHRL Ao/CS Setup to RD/INTA ~ 50 0 0 

TRHAX Ao/CS Hold after RD/INTA i ·5 0 0 

TRLRH RD Pulse Width 420 235 160 

TAHWL AoICS Setup to WR ~ 50 0 0 

TWHAX Ao/CS Hold after WR i 20 0 0 

TWLWH WR Pulse Width 400 290 190 

TDVWH Data Setup to WR i 300 240 160 

TWHDX Data Hold after WR i 40 0 0 

TJLJH Interrupt Request Width (Low) See Note 1 100 100 100 

TCVIAL 
Cascade Setup to Second or Third 

55 55 40 INTA ~ (Slave Only) 

End of RD to Next RD 
End of INTA to Next INTA Comm,lnd 160 160 160 

TRHRL within an INTA sequence only 

End ·of WR to Next WR Military 300 

TWHWL End of WR to Next WR Comm,lnd 190 190 190 

TWHRL End of WR to Next Command Military 370 

TIMING RESPONSES 

TRLDV Data Valid from RD/INTA ~ C of Data Bus = 300 200 120 
100pF 

TRHDZ Data Float after RD/INTA i C of Data Bus 10 200 10 100 10 85 
Max test C = 100pF 

TJHIH Interrupt Output Delay Min test C = 15pF 400 350 300 

TIALCV Cascade Valid from First INTA ~ 
CINT = 100pF 

(Master Only) 
565 565 360 

TRLEL Enable Active from RD ~ or INTA ~ 160 125 100 

TRHEH Enable Inactive from RD i or INTA i 325 150 150 

TAHDV Data Valid from Stable Address 
CCascade = 100pF 

350 200 200 

TCVDV Cascade Valid to Valid Data 300 300 200 

Note: 1. This is the low time required to clear the input latch in the edge triggered mode. 

INDUSTRIAL AND COMMERCIAL ONLY 

Test 8259A-8 8259A 8259A-2 

Parameters Description Conditions Min Max Min Max Min Max 

End of Command to Next Command 

TCHCL· 
(Not same command type) 

500 500 500 
End of INTA Sequence to Next 
INTA Sequence 

·Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500ns (Le., 8085a = 1. 6JLs , 
8085A-2 = 1JLs, 8086 = 1JLs, 8086-2 = 625ns). 

Note: This is the low time required to clear the input latch in the edge triggered mode. 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
~.-,- ... 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 



8259A 

WAVEFORMS 

WRITE 

WR----------" TW~WH 

TWHAX 

cs---------~ V----------------~-~I r--------
ADDRESS BUS 

AO----~-J ,, _______________ ~--JI ~ ____ ~--

DATA BUS 

RD/INTA -----------_ 

E =>t,~J _~, 
READ/INTA 

i-----TRLRH -----I 
~--------------

~-------------r--~ 

TRHAX 

cs---------~ V-r-------~-------~~ r-----------
ADDRESS BUS 

Ao __________ J 

TAHDV TRLD~ 
DATA BUS -------- __________ __ 

OTHER TIMING 

INTA SEQUENCE 

IR' -l)·I-'~C ... 
'" ~ ---------, ---' ---------T--~----~ 

DB -----------

Notes: 1. Interrupt output must remain HIGH at least until leading edge of first INTA. 
2. Cycle 1 in 8086/88 systems, the Data Bus is not active. 

2-200 



8284A 
Clock Generator and Driver for 8086,8088 Processors 

DISTINCTIVE CHARACTERISTICS 

• Generates the System Clock for the 8086, 8088 
Processors: 5MHz, 8M Hz with 8284A , 

• Uses a crystal or a TTL signal for frequency source 
• Provides local READY and Multibus· READY 

synchronization 
• Generates system reset output from Schmitt 

trigger input 
• Capable of clock synchronization with other 8284As 

GENERAL DESCRIPTION 

The 8284A is a single chip dock generator/driver for the 
8086, 8088 processors. The chip contains a crystal
controlled oscillator, a divide-by-three coun!er, complete 
MULTIBUS· "Ready" synchronization and reset logic. 

LOGIC DIAGRAM 

RES 

Xl 

X2 

Fie 

EFI 

CSYNC 

RDYl 

AENl 

RDY2 

AEN2 

ASYNC 

CONNECTION DIAGRAM 
Top View 

CSYNC vee 

PClK Xl 

AENl X2 

RDYl ASYNC 

READY EFI 

RDY2 Fie 

AEN2 osc 

ClK RES 

GND RESET 

Note: Pin 1 is marked for orientation, 

·Multibus is a registered trademark of Intel Corp. 

yKI 

D Q 

FFl 

ABI-071 
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~----ID 

RESET 

OSC 

PClK 

ClK 

READY 

ABI-070 

ORDERING INFORMATION 

8284 Package Temperature 
Order Number Type Range 

08284 Hermetic DIP o to +70°C 
8284XC Dice Oto +70°C 
MD8284 Hermetic DIP -55 to + 125°C 
8284XM Dice '-55 to + 125°C 

03359A-BPI 



8284A 

DEFINITION OF FUNCTIONAL TERMS 

READY 

Fie 

EFI 

ADDRESS ENABLE (Input) 
The AEN signal is used to qualify the Bus Ready 
signal (RDY1 or RDY2). AEN1 validates RDY1 
while AEN2 validates RDY2. It is possible for the 
processor to access two Multi-Master System 
Busses if you use both signals. Both signals are 
tied lOW in non Multi-Master Systems. 

BUS READY (Input) 
These signals are indications from a device lo
cated on the system bus that it is available or 
data has been received. RDY1 and RDY2 are 
qualified by AEN1 and AEN2 respectively. 

READY SYNCHRONOUS SELECT (Input) 
The ASYNC signal defines the synchronization 
mode of the READY logic. When ASYNC is open 
(internal pull-up resistor is provided) or pulled 
HIGH there is one stage of READY Synchroni
zation. When ASYNC is lOW there are two 
stages of READY Synchronization. 

READY (Input) 
READY is the synchronized RDY signal input. 
After the guaranteed hold time to the processor 
has been met, the READY signal is cleared. 

CRYSTAL IN (Inputs) 
These are the input pins for t~e attached crystal. 
The crystal frequency is 3 times the desired pro
cess clock frequency. 

FREQUENCY /C-=-=R":":Y-=S-=TA-=-=-L-=S-=E":""L-=E-=-C=T (Input) 
When FIG is strapped HIGH, ClK is generated 
from the EFI input. When strapped lOW, the Fie 
allows the processor clock to be generated by 
the crystal. 

EXTERNAL FREQUENCY (Input) 
Used in conjunction with a HIGH signal on Fie, 
ClK is generated from the input frequency ap
pearing on this pin. The input Signal is a square 
wave 3 times the frequency of the desired ClK 
output. 

CLK 

PCLK 

OSC 

RESET 

CSYNC 

2-202 

PROCESSOR CLOCK (Output) 
ClK is the clock output used by the processor 
and all devices which directly connect to the pro
cessor's local bus (including bipolar support 
chips and other MaS devices). An output HIGH 
of 4.5V (Vee = 5V) is provided on this pin to 
drive MaS devices. The output frequency of ClK 
is 1/3 of the crystal on EFI input frequency and a 
1/3 duty cycle. 

PERIPHERAL CLOCK (Output) 
This signal is a TTL level peripheral clock signal 
whose output frequency is 1/2 that of ClK and 
has a 50% duty cycle. 

OSCILLATOR OUTPUT (Output) 
This signal is the TTL level output of the internal 
oscillator circuitry. Its frequency is equal to that 
of the crystal. 

RESET IN (Input) 
This signal is used to generate a RESET. The 
8284A provides a Schmitt trigger input so that an 
RC connection can be used to establish the 
power-up reset of proper duration. 

RESET (Output) 
This signal is used to reset the 8086 family 
processors. 

CLOCK SYNCHRONIZATION (Input) 
This signal is designed to allow multiple 8284A; 
to be synchronized to provide clocks that are in 
phase. CSYNC HIGH will reset the internal 
counters, when CSYNC goes lOW the counters 
will resume counting. CSYNC needs to be exter- / 
nally synchronized to EFI. When used with the 
internal oscillator, CSYNC should be hard wired 
to ground. 



FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The oscillator circuit of the 8284A is designed primarily for use 
with a fundamental mode, series resonant crystal from which the 
operating frequency is derived. 

The crystal frequency should be selected at three times the 
required CPU clock. X1 and X2 are the two crystal input crystal 
connections. The output of the oscillator is buffered and brought 
out on OSC so that other system timing signals can be derived 
from this stable, crystal-controlled source. 

Two 5100 series resistors are optional for systems which have a 
VCC ramp time greater than (or equal to) 1V!ms and/or inherent 
board capacitance between X1 or X2 exceeding 10pF. This 
capacitance value should not include the 8284A'spin capaci
tance. By limiting the stray capacitance to less than 10pF 
on X1 or X2 the deviation from the desired fundamental fre-
quency is minimized. . 

CLOCK GENERATOR 

The clock generator consists of a synchronous divide-by-three 
counter with "a special clear input that inhibits the counting. This 
clear input (CSYNC) allows the output clock to be synchronized 
with an external event (such as another 8284A clock). It is 
necessary to synchronize the CSYNC input to the EFI clock 
external to the 8284A (see Figure 1). This is accomplished with 
two Schottky flip-flops. The counter output is a 33% duty cycle 
clock at one-third the input frequency. 

The F/G input is a strapping pin that selects either the EFI input 
or the crystal oscillator as the clock for the -:- 3 counter. If the EFI 
input is selected as the clock source, the oscillator section can 
be used independently for another clock source. Output is taken 
fromOSC. 

CLOCK OUTPUTS 

The ClK output is a 33% duty cycle Mds clock driver designed 
to 'drive the 8086 or 8088 processors directly. PClK is a TTL 
level peripheral clock signal whose output frequency is 1/2 that 
of ClK. PClK has a 50% duty cy~le. 

RESET LOGIC 

Reset logic for the 8284A is provided by a Schmitt trigger input 
(RES) and a synchronizing flip-flop to generate the reset timing. 

8284A 

Tt!e reset signal is synchronized to the falling edge of ClK. A 
simple RC network can be used to provide power-on reset by 
utilizing this function of the 8284A. 

READY SYNCHRONIZATION 

Two READY inputs (RDY1, RDY2) are provided to accommo
date two Multi-Master system busses. Each input has a qualifier 
(AEN1 and AEN2, respectively). The AEN signals validate their 
respective RDY signals. If a Multi-Master system is not being 
used the AEN pin should be tied law. 

To assure RDY setup and hold times are met, synchronization is 
required for all asynchronous active going edges of either RDY 
input. Inactive-going edges of RDY in normally ready systems 
do not require synchronization but must satisfy RDY setup and 
hold as a matter of proper system design. 

The two modes of READY synchronization operation are 
defined by the ASYNC input. 

When ASYNC is lOW, two stages of synchronization are 
provided for active READY input signals. Positive-going 
asynchronous READY inputs will first be synchronized to flip
flop one at the rising edge of ClK and then synchronized to 
flip-flop two at the next falling edge of ClK, after which time the 
READY output will go active (HIGH). Negative-going asyn
chronous READY inputs will be synchronized directly to flip-flop 
.two at the falling edge of ClK, after which time the READY out
put will go inactive. This mode of operation is intended for use by 
asynchrono'us (normally not ready) devices in the system which 

. cannot be guaranteed by design to meet the required RDY setup 
timing tR1VCL, on each bus cycle. 

When ASYNC is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. READY inputs 
are synchronized by flip-flop two on the falling edge of ClK 
before they are presented to the processor. This mode is availa
ble for synchronous devices that can be guaranteed to meet the 
required RDY setup time. 

ASYNC can be changed on every bus cycle to select 
the appropriate mode of synchronization for each device in 
the system. 

Figure 1. CSYNC Synchronization 

.-----------~-----___1 EFI 

SYNCH~~~li~ ,'>---I-----If-I 0 

EFI >">--~~~"">O ~ > t 
Qr-r-D 

"- >t 
L..-__ -' 
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8284A 

Q I-<~ CSYNC 

"--" (TO OTHER 8284As) 

ABI-072 



8284A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Temperature Under Bias 

Storage Temperature -65 to + 1500 e 
All Output and Supply Voltages -0.5 to +7V 

All Input Voltages -1.0 to +5.5V 

Power Dissipation 1W 

DC CHARACTERISTICS (TA = 0 to 70oe, Vcc = 5V ± 10%) 

Parameters Description Test Conditions Min Max Units 

Forward Input Current (ASYNC) VF = O.4SV -1.3 
IF rnA 

Other Inputs VF = 0.4SV, -O.S 

Reverse Input Current (ASYNC) VR = Vee so 
IR 

Other Inputs VR = S.2SV SO 
/LA 

Vc Input Forward Clamp Voltage Ie = -SmA -1.0 V 

ICC Power Supply Current 162 mA 

VIL Input lOW Voltage 0.8 V 

VIH Input HIGH Voltage 2.0 V 

VIHR Reset Input HIGH Voltage 2.6 V 

VOL Output lOW Voltage SmA O.4S V 

Output HIGH Voltage ClK -lmA 4 
VOH V 

I Other Outputs -lmA 2.4 

VIHR-VILR RES Input Hysteresis 0.25 V 
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SWITCHING CHARACTERISTICS (TA = 0 to 70oe, vcc = 5V ± 10%) 
8284A 

Parameter Description Test Conditions Min Max Units 

TIMING REQUIREMENTS 

tEHEL External Frequency HIGH Time 90%- 90%VIN 13 ns 

tELEH External Frequency lOW Time 10%-10%VIN 13 ns 

tELEL EFI Period 33 ns 

XTAl Frequency 12 25 MHz 

tR1VCL RDY1, RDY2 Active Setup to ClK ASYNC = .HIGH 35 ns 

tR1VCH RDY1, RDY2 Active Setup to ClK ASYNC= lOW 35 ns 

tR1VCL RDY1, RDY2 Inactive Setup to ClK 35 ns 

tCLR1X RDY1, RDY2 Hold to ClK 0 ns 

tAYVCL ASYNC Setup to ClK 50 ns 

tCLAYX ASYNC Hold to ClK 0 ns 

tA1VR1V AEN1, AEN2 Setup to RDY1, RDY2 15 ns 

tCLA1X AEN1, AEN2 Hold to ClK 0 ns 

tYHEH CSYNC Setup to EFI 20 ns 

tEHYL CSYNC Hold to EFI 10 ns 

tYHYL CSYNCWidth 2· tELEl ns 

tl1HCL RES Setup to ClK (Note 1) 65 ns 

tCLl1H RES Hold to ClK (Note 1) 20 ns 

tlUH Input Rise Time From O.B to 2.0V 20 ns 

tlUL Input Fall Time From 2.0 to O.BV 12 ns 

TIMING RESPONSES 

tCLCL ClK Cycle Period 125 ns 

tCHCL ClK HIGH Time (1/3 tCLcLl + 2 ns 

tCLCH ClKlOWTime (2/3 tCLcLl - 15 ns 

tCH1CH2 
ClK Rise or Fall Time 1.0Vt03.5V 10 ns 

tCL2CL1 

tpHPL PClK HIGH Time tCLCL - 20 ns 

tPLPH PClK lOW Time tCLCL - 20 ns 

tRYLCL Ready Inactive to ClK (See Note 3) -B ns 

tRYHCH Ready Active to ClK (See Note 2) (2/3 tCLcLl - 15 ns 

tCUL ClK to Reset Delay 40 ns 

tCLPH ClK to PClK HIGH Delay 22 ns 

tCLPL ClK to PClK lOW Delay 22 ns 

tOLCH OSC to ClK HIGH Delay -5 22 ns 

tOLCL OSC to ClK lOW Delay 2 35 ns 

tOLOH Output Rise Time (except ClK) From O.B to 2.0V 20 ns 

tOHOL Output Fall Time (except ClK) From 2.0 to O.BV 12 I ns 

Notes: 1. Setup and hold necessary only to guarantee recognition at next clock. 
2. Applies only to T3 and Twstates. 
3. ApPIi~S only to T 2 states . 

. 1 

AC TESTING INPUT, OUTPUT WAVEFORM AC TESTING lOAD CIRCUIT AC TESTING lOAD CIRCUIT 
(ClK, READY) (PClK, OSC, RESEn 

VL = 2.08V 

U =:y .. -""""",,-,C RL = 325n DEVICE 

DEVICE UNDER 

I]~ 
0.45 TEST UNDER I---

ABI-073 TEST 

AC testing inputs are driven at 2.4V for a logic" 1" rCL 

and 0.45V for a logic "0". Timing measurements CL = 100pFforClK 
are made at 1.5V for both a logic "1" and "0". CL = 30pF for READY CL = 100pF 

ABI-074 ABI-075 
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8284A 

NAME VO 

EFI 

osc 0 

CLK 0 

PCLK 0 

CSYNC I 

RESET 0 

CLK 

ROY.., 

ASYNC 

CLK 

ROY,,2 

WAVEFORMS 

CLOCKS AND RESET SIGNALS 

Note: All timing requirements are made at 1.5 volts, unless .otherwise noted. 

READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 

'AYVel 

READY SIGNALS (FOR SYNCHRONOUS DEVICES) 

------------------~I 

2-206 
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CLOCK HIGH AND LOW TIME (USING X1, X2) CLOCK HIGIi AND LOW TIME (USING EFI) 

24MHzD 

Rt R2 

Notes: 1. CL = 100pF 
2. CL = 30pF 

ClK 
Xt 

X2 

Fie 

CSYNC 

Rt R2 

ABI-079 

READY TO CLOCK (USING X1, X2) 

Vee 

AENt ClK 

Xt 

24MHz D 
REAOY 

X2 

RDY2 osc 

Fie 
AEN2 

CSYNC 

READY TO CLOCK (USING EFI) 

1--1_----1 EFI ClK 

Fie 

AENt 

t------I RDY2 

AEN2 

CSYNC READY 

2·207 

EFI ClK 

Vcc 

Fie 

CSYNC 

8284A 

ABI-OBO 

ABI-081 

ABI-082 



8286/8287 
Octal Bus Transceivers 

DISTINCTIVE CHARACTERISTICS 

• Data bus buffer/driver for 8086, 8088, 8080A, 808SA, 
and 8048 processors 

• Fully parallel 8-bit transceivers: 8286 is noninverting 
. 8287 is inverting 

• 3-state inputs/outputs for interfacing with bus-oriented 
systems 

• Available in 20-pin, 0.3" center molded DIP or 
ceramic package 

• Advanced bipolar Schottky processing 
• Bus port stays in hi-impedance state during power 

up/~own transition 

FUNCTIONAL DESCRIPTION 

The 8286 and 8287 are 8-bit 3-state bipolar Schottky trans
ceivers. They provide bidirectional drive for bus-oriented 
microprocessor and digital communications systems. 
Straight through bidirectional transceivers are featured, with 
16mA drive capability on the A ports and 32mA bus drive 
capability on the B ports. PNP inputs are incorporated to 
reduce input loading. 

One input, Transmit/Receive determines the direction of 
logic signals through the bidirectional transceiver. The Chip 
Disable input disables both A and B ports by placing them in 
a 3-state condition. Chip Disable is functionally the same as 
an active LOW chip select. 

8286 
LOGIC DIAGRAM 

CHIP 
DISABLE 

(CD) 

TRANSMITI 
RECEIVE -~L...-_ 

(T/R) 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 

8287 has inverting transceivers 

AO 

CD 

11 T/R 

19 

ABI-002 
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ABI-001 

LOGIC SYMBOL 

A PORT 

Al A2 A3 A4 AS A7 

B286 
8287 

18 17 16 IS 14 13 12 

B PORT 

Vee = Pin 20 
GND = Pin 10 

ABI-003 



8286/8287 • M8286/8287 

ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Supply Voltage 

Input Voltage 

Output Voltage 

Lead Temperature (Soldering, 10 seconds) 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Noted: 

MIL TA = -55 to +125°C VCC MIN = 4.5V VCC MAX = 5.?V 
COM'L TA = 0 to + 70°C VCC MIN = 4.5V VCC MAX = 5.5V 

DC ELECTRICAL CHARACTERISTICS over operating temperature range 

Parameters Description Test Conditions 

Ve Input Clamp Voltage Ie = -5mA 

lee Power Supply Current 
8287 

8286 

IF Forward Input Current VF = 0.45V 

IR Reverse Input Current VR = 5.25V 

VOL (COM'L) Output Low Voltage 
8 Outputs IOL = 32mA 

A Outputs 10L = 16mA 

VOL (MIL) Output Low Voltage 
8 Outputs IOL = 20mA 

A Outputs IOL = 10mA 

VOH Output High Voltage 
8 Outputs IOH = -5mA 

A Outputs IOH = -1mA 

IOFF Output Off Current 
VOFF = 0.45V 

VOFF = 5.25V 

VIL Input Low Voltage 
A Port Vee = 5.0V (See note 1) 

8 Port Vee = 5.0V (See note 1) 

VIH Input High Voltage Vee = 5.0V (See note 1) 

F = 1MHz 

CIN Input Capacitance VSIAS = 2.5V, Vee = 5V 
TA = 25°C 

AC ELECTRICAL CHARACTERISTICS (See Note 2) 

Parameters Description 

TIVOV Input to Output Delay 

TEHTV Transmit/Receive Hold Time 

TTVEL Transmit/Receive Setup 

TEHOZ Output Disable Time 

TELOV Output Enable Time 

TILlH, 
Input, Output Rise Time 

TOLOH 

TIHIL, 
Input, Output Fall Time 

TOHOL 

Inverting 

Non-inverting 

Test Conditions 
(See Notes) 

From 0.8 to 2.0V 

From 2.0 to 0.8V 

MIN 
(COM'L) 

5 

5 

5 

10 

3 

10 

Notes: 1. COM'L temperature loading conditions 8 outputs: IOL = 32mA, IOH = -5mA, CL = 300pF 
A outputs: IOL = 16mA, IOH = -1mA, CL = 100pF 

MIL temperature loading conditions 8 outputs: IOL = 20mA, IOH = -5mA, CL = 300pF 
A outputs: IOL = 10mA, IOH = -1mA, CL = 100pF 

2. Refer to waveforms and test load circuits on following pages. 
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Min 

2.4 

2.4 

2.0 

MIN 
(MIL) 

TENOZ 

30 

10 

8286/8287 

-65 to +150°C 

7.0V 

5.5V 

5.5V 

Max Units 

-1 V 

130 
mA 

160 . 

-0.2 mA 

50 /LA 

.45 
V 

.45 

.45 
V 

.45 

V 

IF 

IR 

0.8 
V 

0.9 

V 

12 pF 

Max Units 

22 
ns 

30 

ns 

ns 

18 ns 

30 ns 

20 ns 

12 ns 



8286/8287 

DEFINITION OF FUNCTIONAL TERMS CD Chip Disable forces all output drivers into 3-state when 
HIGH (same function as active LOW chip select, CS). Ao-A7 A port inputs/outputs are receiver output drivers when TiR 

is LOW and are transmit inputs when TiR is HIGH. 

BO-B7 B port inputs/outputs are transmit output drivers when TiR" 
is HIGH and receiver inputs when TiR is LOW. 

TiR Transmit/Receive direction control determines whether A 
port or B port drivers are in 3-state. With TiR HIGH A port 
is the input and B port is the output. With T/R" LOW A port 
is the output and B port is the input. 

1.5V 
-r 

OUT~ 

330 

I'~'' 
3·STATE TO VOL 

B OUTPUT 

1.5V -

1800 

OUT~ 

r" 
3-STATE TO VOH 

B OUTPUT 

FUNCTION TABLE 

Inputs Conditions 

Chip Disable 0 0 

Transmit/Receive 0 1 

A Port Out In 

B Port In Out 

TEST LOAD CIRCUITS 

1.5V -

660 

OUT~ 

r~' 
3-STATE TO VOL 

A OUTPUT 

1.SV --

900n 

OUT Q---.4 

, r-
3-STATE TO VOH 

A OUTPUT 

Values in parenthesis reflect MIL temp. conditions. 
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1 

X 

HI-Z 

HI-Z 

52.70 (780) 

OUT 0--

r-
SWITCHING 

B OUTPUT 

2.28V (2.22V) 
-

114n (1770) 

OUT Q---.4 

r-
SWITCHING 

A OUTPUT 

ABI·Q04 



8286/8287 

WAVEFORMS 

.,f 

2.4V ------_ 

INPUTS \ I, SV 
O.4SV ______ J\"". ____________________ --:-_____ _ 

~I{ 
OE ____________ ~-------------------JJ 

~ .... ,-------
--nvov- r--TEHOZ_ :-TELOVc \/~--------_+---...... """'II VOH-'W 

OUTPUTS ..... ~-------- ----____________ -JJ\'--_____ ~----'~Ir 

T----------------------------T-E-:O-T~-~~-------TT-V-E-L _____ __ 

50 
8287 

40 

III c 
I 30 

5 
20 w 

C 

10 

200 400 

AC testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0" 
timing measurements are made at 1.5V for both a logic "1" and "0," 

50 r---"'--~-~--.----. 

40 I--t--t--::;; .... II!::..-t---I 
WORST CASE 

600 800 1000 200 400 600 800 1000 

LOAD - pF LOAD - pF 

ABI·OO6 

Output Delay versus Capacitance 
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8286/8287 

Metallization and Pad Layouts 

8286 8287 

vcc 20 VCC 20 

Ao 19 BO AO 19 BO 

A1 18 Bl A1 18 B1 

A2 17 B2 A2 17 B2 

A3 1S B3 A3 1S B3 

A4 15 B4 A4 15 B4 

As 14 BS AS 14 B5 

AS 13 BS AS .,. 13 BS 

A7 A7 

CD 12 B7 CD 12 B7 

GND 10 11 T/R GND 10 11 T/R 

DIE SIZE .069" X .089" DIE SIZE .069" X .089" 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

8286 8287 Package Type Operating Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 

MD8286 D-20 M C-3 
MD82868 D-20 M 8-3 
D8286 D-20 C C-1 
D82868 D-20 C 8-1 
P8286 P8287 P-20 C C-1 
P82868 P82878 P-20 C 8-1 

8286XM 8287XM Dice M } Visual inspection 

8286XC 8287XC Dice C 
to Mll-STD-883 
Method 20108. 

Notes: 1. P = Molded DiP, D = Hermetic DiP. Number following letter is number of leads. 
2. C '= 0 to 70°C, Vee = 4.50 to 5.50V; M = -55 to +125°C, Vee = 4.50 to 5.50V. 
3. levels C-1 and C-3 conform to Mil-STD-883, Class C. level 8-3 conforms to Mll-STD-883, Class 8. 
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DISTINCTIVE CHARACTERISTICS 

• Bipolar drive capability 
• 3-state output drivers 
• Multi-master milO bus interface 
• Flexible system configurations 

I SO 
STA~~~ S; ---1---1 

STATUS 
DECODER 

52---1---1 

I 

I 
ClK --~--I 

CO~~~~I AEN ---1---1 
CEN ---1---1 

CONTROL 
LOGIC 

lOB ---1---1 

I 
+5V 

CONNECTION DIAGRAM 
Top View 

IOB[~fJVcc 
ClK [ 2 19 P SO 

51 [ 3 18 ~ 52 
DT/ii [ 4 17 P MCE/PDEN 

ALE [ 5 16 P DEN 
8288 

ill [ 6 15:J CEN 

MRDC [ 7 14 P INTA 

AMWC [ 8 . 13 J 10RC 

MWTC [ 9 12 P AIOWC 

GND L 10 11 P 10WC 

Note: Pin 1 is- marked for orientation. 

8288 
Bus Controller 

GENERAL DESCRIPTION 

The 8288 optimizes 8086 or 8088 operations by providing 
command and control timing generation when the CPU is in 
maximum mode. It provides for highly flexible configurations 
for larger systems. It also adds powerful bipolar drive capa
bility to the system. 

The 8288 is impl~mented in bipolar technology in a 
20-pin DIP. 

BLOCK DIAGRAM 

COMMAND 
SIGNAL 

GENERATOR 

CONTROL 
SIGNAL 

GENERATOR 

I-
GND 

t--+--- MRDC 

1-4--- MWTC 

1-4--- AMWC 
1-4--- 10RC 

1-4--- 10WC 

t--+--- AIOWC 

1-4--- INTA 

MUlTIBUS'" 
COMMAND 
SIGNALS 

1-4-__ ~;: ) ~~~~~~~I~:~~~NgATA 
t--+--- MCE/PDEN INTERRUPT CONTROL 

t--+--- ALE SIGNALS 

ORDERING INFORMATION 

ABI-083 

8288 
Order Number 

Package 
Type 

Temperature 
Range 

ABI-084 
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Hermetic DIP 
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Oto +70°C 
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8288 

DEFINITION OF FUNCTIONAL TERMS 

50.51.52 STATUS (Input) 
These signals are the status input pins from the 
microprocessor. The 8288 decodes these inputs 
to generate command and control signals. 

CLK CLOCK (Input) 
Clock signal from the clock generator. 

ALE ADDRESS LATCH ENABLE (Olltput) 
This signal strobes an address into the address 
latches. The latching occurs on the falling edge 
(HIGH to LOW) transition. 

DEN DATA ENABLE (Output) 
This signal enables the data transceivers onto the 
data bus (local or system). 

DT/A DATA TRANSMIT/RECEIVE (Output) 
This signal determines the direction of data flow 
through the transceivers. I 

AEN ADDRESS ENABLE (Input) 
This signal enables the 8288 command outputs at 
least 115ns after it becomes active LOW. When 
this pin goes inactive, it 3-states the command 
output drivers. 

CEN COMMAND ENABLE (Input) 
This signal, when LOW, enables all command out
puts and the DEN and PDEN control outputs are 
forced to their inactive states. 

lOB INPUT/OUTPUT BUS MODE (Input) 
When strapped HIGH the 8288 functions in the I/O 
Bus mode. When LOW the 8288 functions in the 
System Bus mode. 

AIOWC ADVANCED I/O WRITE COMMAND (Output) 
The AIOWC gives I/O devices early indication ota 
write instruction by issuing an I/O Write Command 
earlier in the machine cycle. 

I/O WRITE (Output) 
This signal tells an I/O device to read the data on 
the data bus. 

I/O READ (Output) 
This signal tells an I/O device to drive its data onto 
the data bus. 

ADVANCED MEMORY WRITE (Output) 
The AMWC gives memory devices an early indi
cation of a write instruction by issuing a memory 
write command earlier in the machine cycle. 

MEMORY WRITE (Output) 
This signal instructs the memory to record the data 
present on the data bus. . 

MEMORY READ (Output) 
This signal instructs the memory· to drive its data 
onto the data bus. 

INTA INTERRUPT ACKNOWLEDGE (Output) 
This signal informs the interrupting device that its 
interrupt has been acknowledged and to drive 
vectoring information onto the data bus. 

MCE/PDEN MASTER CASCADE ENABLE/ 
PERIPHERAL DATA ENABLE (Output) 
Dual Function pin: 
MCE (lOB LOW): This signal occurs during an 
interrupt sequence. Its function is to read a Cas
cade Address from a master Priority Interrupt 
Controller onto the data bus. 
PDEN (lOB HIGH): This signal enables the data 
bus transceiver for the I/O Bus during I/O instruc
tions. It performs the same function for the I/O Bus 
that DEN performs for the system bus. 
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FUNCTIONAL DESCRIPTION 
COMMAND AND CONTROL LOGIC 

The command logic decodes the three CPU status lines (So, 81, 
82) to determine what command is to be issued. 

This chart shows the meaning of each status "word." 

8288 
.52 51 So Processor State Command 

0 0 0 Interrupt Acknowledge INTA 

0 0 1 Read I/O Port 10RC 

0 1 0 Write I/O Port 10WC, AIOWC 

0 1 1 Halt None 

1 0 0 Code Access MRDC 

1 0 1 Read Memory MRDC 

1 1 0 Write Memory MWTC,AMWC 

1 1 1 Passive None 

I/O BUS MODE 

The 8288 is put into the I/O Bus mode by strapping the lOB pin 
HIGH. This mode allows one 8288 Bus Controller to handle two 
external buses. This allows the CPU to access the I/O Bus with 
no waiting involved. In the I/O Bus Mode all I/O command lines 
(INTA, 10RC, 10WC, AIOWC) are always enabled. When the 
processor initiates an I/O Command, the 8288 immediately acti
vates the command lines using PDEN and DT/R to control the 
I/O bus transceiver. There is no arbitration present in this sys
tem, so the I/O command lines should not be used to control the 
system bus. Normal memory access requires a "Bus Ready" 
signal (AEN LOW) before it will proceed. The lOB mode is re
commended if I/O or peripherals dedicated to one processor 
exist in a multiprocessor based system. 

SYSTEM BUS MODE 

The 8288 is put into the System Bus mode by strapping the lOB 
pin LOW. This mode is used when only one bus exists. No 
command is issued until 115ns after the AEN line is activated. 
Bus arbitration is assumed, and this logic will inform the bus 
controller via the AE1'J line when' the bus is free for use. Both I/O 
commands and memory wait for bus arbitration. 

COMMAND OUTPUTS 

To prevent the processor from entering unnecessary wait states, 
the advanced write commands initiate write procedures early in 
the machine cycle. 

The command outputs are: 

Memory Read Command 
Memory Write Command 
I/O Read Command 
I/O Write Command 
Advanced Memory Write Command 
Advanced I/O Write Command 
Interrupt Acknowledge 

8288 

INTA (Interrupt Acknowledge) acts as an I/O read during an 
interrupt cycle. Its purpose is to inform an interrupting device 
that its interrupt is being acknowledged and that it should place 
vectoring information onto the data bus. 

CONTROL OUTPUTS 

The Data Enable (DEN), Data Transmit/Receive (DT/R) and 
Master Cascade Enable/Peripheral Data Enable (MCE/PDEN) 
are the control outputs of the 8288. The DEN signal determines 
when the external bus should be enabled onto the local bus while 
the DT/R determines the direction of the data transfer. These 
two signals usually go to the chip select and direction pins of a 
transceiver. 

The MCE/PDEN function is determined by the lOB selection. 
When lOB is HIGH the PDEN serves as a dedicated data enable 
signal for the I/O or Peripheral System Bus. 

INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal is used during an interrupt acknowledge cycle if 
the 8288 is in the System Bus mode (lOB Low). An interrupt 
sequence consists of two interrupt acknowledge cycles occur
ring back to back. No data or address transfers take place during 
the first cycle. Logic should be provided to mask off MCE during 
this cycle. Just before the second cycle begins the MCE signal 
gates a master Priority Interrupt Controller's (PIC) cascade ad
dress onto the processor's local bus where ALE (Address Latch 
Enable) strobes it into the address latches. On the leading edge 
of the second interrupt cycle the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is read by the 
processor. 

The MCE signal is not used if the system only contains one PIC. 
If this is the case the second Interrupt Acknowledge signal gates 
the interrupt vector onto the processor bus. 

ADDRESS LATCH ENABLE AND HALT 

Address Latch Enable (ALE) occurs during each machine cycle 
and serves to strobe the current address into the address 
latches. ALE also serves to strobe the status (So, S1, 82) into a 
latch for halt sta~e decoding. 

COMMAND ENABLE 

The Command Enable (CEN) input acts as a command qualifier 
for the 8288. If the CEN pin is HIGH the 8288 functions normally. 
If the CEN pin is pulled LOW, all command lines are held in 
their inactive state (not 3-state). This feature can be used to 
implement memory partitioning and to eliminate address con
flicts between system bus devices and resident bus devices. 
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8288 
MAXIMUM RATINGS· 

Temperature Under Bias o to 70°C 

Storage Temperature -65 to +150°C 

All Output and Supply Voltages -0.5 to +7.0V 

All Input Voltages -1.0 to +5.5V 

Power Dissipation 1.5W 

·Stresses above those liste.d under "Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to maximum rating conditions for extended periods may affect device reliability. \ 

DC CHARACTERISTICS (Vcc = 5V ± 10%, TA = 0 to 70°C) 
Parameter Description Test Conditions Min Max Units 

Ve Input Clamp Voltage Ie = -SmA -1 V 

lee Power Supply Current 230 rnA 

IF ForWard Input Current VF = O.4SV -0.7 rnA 

IR Reverse Input Current VR = Vee 50 p.A 

Output Low Voltage 

VOL Command Outputs IOL = 32mA 0.5· V 

Control Outputs IOL = 16mA 0.5 V 

Output High Voltage 

VOH Command Outputs IOH = -SmA 2.4 V 

Control Outputs IOH = -1mA 2.4 V 

VIL Input Low Voltage 0.8 V 

VIH Input High Voltage 2.0 V 

IOFF Three-State Leakage VOFF = 0.4 to S.2SV 100 p.A 
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AC CHARACTERISTICS (Vcc = 5V ± 10%, TA = 0 to 70°C) 

Parameters Description Test Conditions Min Max 

TIMING REQUIREMENTS 

TClCl ClK Cycle Period 100 

TClCH ClK low Time 50 

TCHCl ClK High Time 30 

TSVCH Status Active Setup Time 35 

TCHSV Status Active Hold Time 10 

TSHCl Status Inactive Setup Time 35 

TClSH Status Inactive Hold Time 10 

TIUH Input Rise Time From O.BV to 2.0V 20 

TIHll Input Fall Time From 2.0V to O.BV 12 

TIMING RESPONSES 

TCVNV Control Active Delay 5.0 45 

TCVNX Control Inactive Delay 10 45 

TCllH, 
ALE MCE Active Delay (from 9lK) 20 

TClMCH 

TSVlH, 
ALE MCE Active Delay (from Status) 20 

TSVMCH 

TCHLL ALE Inactive Delay MRDC· 4.0 15 

TCLML . Command Active Delay IORC 10 35 

TCLMH Command Inactive Delay MWTC 
IOL = 32mA 

10 35 

TCHDTL Direction Control Active Delay IOWC IOH = -5mA 50 

TCHDTH Direction Control Inactive Delay INTA 
CL = 300pF 

30 

TAELCH Command Enable Time AMWC 40 

TAEHCZ Command Disable Time AIOWC 40 

TAELCV Enable Delay Time 

{ 
115 200 

TAEVNV AEN to DEN IOL = 16mA 20 
Other IOH = -1.0mA 

TCEVNV CEN to DEN, PDEN CL = BOpF 25 

TCELRH CEN to Command TCLMl 

TOlOH Output Rise Time From O.BV to 2.0V 20 

TOHOl Output Fall Time From 2.0V to O.BV 12 

AC TESTING INPUT, OUTPUT WAVEFORM 

Input/Output 

AC Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0." The clock is driven at 4.3V and 0.25V. 
Timing measurements are made at 1.5V for both a logic "1" and "0." 

TEST LOAD CIRCUITS 

8288 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ABI-085 

3-State to High Command Output Test Load Control Output Test Load 
1.5V 2.14V 2.28V 

T180n 

oUT o--f J 300pF 

ABI-086 

.T52.70 

OUT o--f 
J 300pF 

ABI-087 

. T ... 
OUT~ 

J SOpF 

ABI-088 
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STATE 

CLK 

ADDRESS/DATA 

ALE 

MRDC,IOR~ 
~,AIOWC 

DEN (WRITE) 

PDEN (WRITE) 

MCE 

WAVEFORMS 

_-T4 Tl T2 T3 

l\ 
:--TCLCLR 

t-TCLCH-Ir-\. Lr ----1 ~ }~ t\ }f- oJ - -
TCHSV - f- - TSVCH I-- TCHCL- t- - TSHCL - -=-TCLSH 

~~ 
1\ \-

r\ 
-l 
I 

.,~ 
J 

rio--
ADDR ~:~~EVALID CD VALID 

-r---
TCLLH- r- l= TSVL!.;- TCHLL 

I 
It ~~ 7 

-
\. 

r\. 

- i-TCLML - t-TCLML 

\-
1\ 

- !--TCVNV 

~It 
I 

TCVNX-

'1\ 
TCVNV- r--

_yo 
I 

, 
\. 

TCHDTH- l-
l- \-

\ 

- i-I-TCHDTL 

f )'{0 '\ 
TCLMCH- r- f--TSVMCH FTCVNX 

Notes: 1. Address/data bus is shown OIlly for reference purposes. 

T4 -

K....-.-Jn K-
I--

I-TCLMH 

.,~ 
} 

)~ 

\. 
1\ 
I-

f 
\-r\ 

- f--TCVNX 

"It J 

.,~ 
I 

TCHDTH- -
I 

ABI·089 

2. leading edge of ALE and MCE is determined by the falling edge of ClK or status going active, whichever occurs last. 
3. All timing measurements are made at 1.5V unless specified otherwise. 
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WAVEFORMS (Cont.) 

DEN, PDEN QUALIFICATION TIMING 

CEN 

-TAEVNV-

DEN ~~ ~(. __________________________ -+-JJ~ _____ j\~ ______________ _ 

-TCEVNV-

PDEN ~I ______________________________________ J\~ ______________ __ 

ABI-090 

ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 

TAELCH ---'1----1 

CEN 

Note: CEN must be low or valid prior to T2 to prevent the command from being generated_ ABI-091 
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AmZS016 
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AmZS036 
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AmZS060 
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Z8000 Family 
Description 

16-Bit Microprocessor ............................................ . 
16-Bit Microprocessor ........................................... . 
Data Transfer Controller .......................................•.. 
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Clock Generator and Controller ................................... . 
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System Timing Controller ....................... ' ................. . 
Clock Generator and Controller .................................. .. 

Page 
No. 

3-1 
3-1 

3-31 
See Section 7 
See Section 7 
See Section 7 
See Section 7 
See Section 7 
See Section 7 
See Section 7 

3-73 



AmZ8001 • AmZ8002 
16·8il Microprocessors 

DISTINCTIVE CHARACTERISTICS 

• 4 MHz CPU Clock 
High throughput with low system clock rate for easier 
system design 

• Powerful General Register Architecture 
16 general registers provide high throughput in all types 
of applicati0'ls 

• Wide Variety of Data Types 
Instructions operate on bits, bytes, 16 and 32-bit words 
for efficient programming of a wide variety of functions 

• Partitioned for Operating System Protection 
Hardware bit protects privileged instructions from 
execution except by operating system 

• Supports 3 Types of Interrupts 
Separate pins provided for vectored, 'non-vectored and 
non-maskable interrupts 

• Two Compatible CPUs 
Compact 40-pin 8002 supports 64kB memory 
larger 48-pin 8001 supports 8MB memory 

OTHER LITERATURE 

• AmZ8001/2 Users Manual 
• AmZ8001/2 Processor I~terface Manual 

LOGIC SYMBOL 

BUS { 
nMING 

ADDRESSIDATA 
BUS 

--I 
BUS { 

CONTROL 

INTERRUPTS { SEGMENT (AmZ8001 
NUMBER ONLY) 

MULnMlCRO { 
CONTROL 

+5V GND CLK RESET 

009718-1 

*Z8000 is a trademark of Zilog, Inc. 
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GENERAL DESCRIPTION 

The AmZ8001 * is a general-purpose 16-bit CPU belonging 
to the AmZ8000 family of microprocessors. Its architecture 
is centered around sixteen 16-bit general registers. The 
CPU deals with 23-bit address spaces and hence can 
address directly 8MB of memory. The 23-bit address con
sists of two components: 7-bit segment number and 16-bit 
offset. Facilities are provided to maintain three distinct ad
dress spaces - code, data and stack. The AmZ8001 im
plements a powerful instruction set with flexible addressing 
modes. These instructions operate on several data types 
- bit, byte, word (16-bit), long word (32-bit), byte string 
and word string. The CPU can execute instructions in one 
of two modes - System and Normal. Sometimes these 
modes are also known as Privileged and Non-Privileged, 
respectively. The CPU also contains an on-chip memory 
refresh facility. The AmZ8001 is software compatible with 
the AmZ8002 microprocessor. The AmZ8001 is fabricated 
using silicon-gate N-MOS technology and is packaged in a 
48-pin DIP; The AmZ8001 requires a single +5 power 
supply and a single phase clock for its operation. 

GENERAL REGISTERS 

RHO RLO 

RHI RLI "'" I RD 

Rl 

RH2 RL2 

RH3 RL3 
M' I R2 

R3 

RCO 

RH4 RL4 

RHS RLS 
"~ I R4 

RS 

RH6 RL6 

RH7 RL7 ""' I R6 

R7 

RC4 

""' I RS 

R9 

RCS 

""" I RIO 

Rll 

""" I Rl2 

Rl3 

"m·l 
Rl4 

RIS' 

Rl5 

NORMAL STACK POINTER 

SYSTEM STACK POINTER 

NORMAL STACK POINTER 

RQl2 

*ArnZ8001 only 009718-2 
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AmZ8001 • AmZ8002 

CONNECTION DIAGRAMS - Top Views 

0-48-1, P-48-1 

ADS 

SN6 

SN5 

AD7 

AD6 

AD4 

SN4 

AD5 

AD3 

AD2 

'ADI 

SN2 

GND 

CLOCK 

As 
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BiW· 
N/S 

R/W 
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WAIT 

BUSRQ 

SNO 

SNI 

L-S2-1 
Ne AD12 1.0'0 ADo SMa "Or AD. 
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SN, 

AD, 
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AD9 

AD10 
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AD12 

AD13 

STOP 

iIi 
AD15 
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Vee 
Vi 
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MREQ 

Os 

STOP 
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VI 

WI 

WI 
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ift) 
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GND 

CLOCK 

As 
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BiVi 
Nis 
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WAIT 

BUSRQ 
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L-44-1 
AD12 1.°'0 AD. A.,., AD, 

ADn ADI1 AD, AD, AD, 

.D, 

'D, 

.D, 

'D, 

n 

8.W 

NIS 

AlW 

MREQ~ ST3 ST, Ne BUSREQ BUSACK 

00971B-21 

DS ST, ST. 

os 5T2 STo SN, iiDSFiEQ BUSACK 
,ST3 ST, 5N3 SNo WArT Ne 

Note: Pin 1 is marked for orientation. 

Example 

Basic Device 

Speed 
Blank = 4MHz 

A = 6MHz 
A-8 = 8MHz 

ORDERING INFORMATION 

Z800X A 

~ 
o C B 

I· LBUrn-in 

L- Temperature Range 
C = 0 to +70°C 
I = -40 to +85°C 
M = -55 to +125°C 

L--_____ Package Type 

D = Cerdip 
P = Plastic 
L = Leadless Chip Carrier 

3-2 
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PROCESSOR ORGANIZATION 

The following is a brief discussion of the AmZ8001 and 
AmZ8002 CPUs. For detailed information, see the AmZ8001! 
AmZ8002 User's Manual. 

GENERAL PURPOSE REGISTERS 

The CPU is organized around sixteen 16-bit general purpose 
registers RO through R15 as shown in Figure 1. For byte opera-

, tions, the first eight -registers (RO through R7) can als'o be ad
dressed as sixteen 8-bit registers designated as RLO, RHO and 
so on to RL7 and RH7. The sixteen registers can also be 
grouped in pairs RRO, RR2 and so on to RR14 to form eight long 
word (32-bit) registers. Similarly, the sixteen registers can be 
grouped in quadruples ROO, R04, R08 and R012 to form four 
64-bit registers. 

STACK POINTER (AmZ8001) 

The AmZ8001 architecture allows stacks to be maintained in 
memory. Any general-purpose register pair except RRO can be 
used as a stack pointer in stack manipulating instructions such 
as PUSH and POP. The designated register pair holds a 23-bit 
segmented address. Certain instructions (such as subroutine 
call and return) make implicit use of the register pair RR14 as the 

,~ I RO RHO, 

Rl RHl 

'"' I 
R2 RH2 

R3 RH3 

M·I 
R4 RH4 

RS RHS 

'"' I 
R6 RH6 

R7 RH7 

'"' I 
R8 

R9 

,mo I Rl0 I 
Rll I 

""" I 
R12 I 
R131 

ArnZ8001 • ArnZ8002 

stack pointer. Two implicit stacks are allowed - normal stack 
using RR14 as the stack pointer, and system stack using RR14' 
as the system stack pointer (see Figure 1). If the CPU is operat
ing in the Normal Mode, RR14 is active, and if the CPU is in 
System Mode, RRW will be used instead of RR14. The implied 
stack pointer is a part of the general registers and hence can be 
manipulated using'the instructions available for register 
operations. 

STACK POINTER (AmZ8002) 

The AmZ8002 architecture allows stacks to be maintained in the 
memory. Any general purpose register except RO can be used 
as a stack pointer in stack manipulating instructions such as 
PUSH and POP. However, certain instructions such as sub
routine call and return make implicit use of the register R15 as 
the stack pointer. Two implicit stacks are maintained - normal 
stack using R15 as the stack pointer and system stack using 
R15' as the system stack pointer (see Figure 1). If the CPU is 
operating in the Normal Mode, R15 is active; and if the CPU is in 
System Mode R15' will be used instead of R15. The implied 
stack pointer is a part of the general registers and hence can 
be manipulated using the instructions available for register 
operations. 

RLO 

RLl 

ROO 

RL2 

RL3 

RL4 

RLS 

R04 

RL6 

RL7 

R08 

""" I R14' SYSTEM STACK POINTER' R012 

R14 NORMAL STACK POINTER' 

R15' SYSTEM STACK POINTER 

R15 NORMAL STACK POINTER 

• AmZ8001 only 

Figure 1. CPU General Registers. 
009719·5 

3-3 



AmZ8001 • AmZ8002 

15 

o 0 0 0 0 0 0 0 0 0 0 I t RESERVED 
~~I __ ~I __ ~I __ ~I~_I~~ __ ~~ __ ~~ __ ~I_·~I~~I __ ~~~. JWORD 

I L_SE_G~I_S_m~l~o~I_VI_E~IN_V_IE~I __ ~ __ ~O~I_C~I_·_Z~I~S~I_P/_V~I_D_A~I __ H_I~O~_O~I }~~~\:~~ 
15 0 

(AmZ8001 ONLy) LI_O~I __ ...L.. __ SL.I E_G_M~r_T_N..LI_M_BE~i~-I.. __ ~I_O~ __ ...L.. __ ~~ __ ....I---'~-L_O~1 
PROGRAM 
COUNTER 

SEGMENT OFFSET I I I I I 

Figure 2. CPU Processor Status. 

PROCESSOR STATUS 

The CPU status consists of the 16-bit flag and control word 
(FeW) register, and the 16 or 23-bit program counter (see Fig
ure 2). A reserved word is also included for future expansion. 
The following is a brief description of the FCW bits. 

SEG: Segmented/Non-Segmented Bit. Indicates whether the 
AmZ8001 is running in segmented or non-segmented 
mode. 1 indicates segmented, 0 indicates non-seg
mented. See the section on non-segmented mode, 
elsewhere in this document. This bit is always 0 in the 
AmZ8002. 

siN: System/Normal - 1 indicates System Mode and 0 indi
cates Normal Mode. 

VIE: Vectored Interrupt Enable - 1 indicates that Vectored 
Interrupt requests will be honored. 

NVIE: Non-Vectored Interrupt Enable - 1 indicates that Non
vectored interrupt requests will be honored. 

C: Carry ~ 1 indicates that a carry has occurred from the 
m.ost significant bit position when performing arithmetic 
operations. 

Z: Zero - 1 indicates that the result of an operation is zero. 
S: Sign - 1 indicates that the result of an operation is nega

tive Le., most significant bit is one. 
Ply: Parity/Overflow - 1 indicates that there was an overflow 

during arithmetic operations. For byte logical operations 
this bit indicates parity of the result. 

DA: Decimal Adjust - Records byte arithmetic operations. 
H: Half Carry - 1 indicates that there was a carry from the 

most significant bit of the lower digit during byte 
arithmetic. 

DATA TYPES 

The CPU instructions operate on bits, digits (4 bits), bytes 
(8 bits), words (16 bits), long words (32 bits), byte strings and 
word strings type operands. Bits can be set, reset or tested. 
Digits are used to facilitate BCD arithmetic operations. Bytes are 
used for characters and small integers. Words are used for in
teger values and addresses while long words are used for large 
integer values and addresses. All operands except strings can 
reside either in memory or general registers. Strings can reside in 
memory only. 

INTERRUPT AND TRAP STRUCTURE 

Interrupt is defined as an external asynchronous event requiring 
program interruption. For example, interruption is caused by a 
peripheral needing service. Traps are. synchronous events re
sulting from execution of certain instructions und~H some de
fined circumstances. Both interrupts and traps are handled in a 
similar manner. 

009718·6 

The CPU supports three types of interrupts in order of de
scending priority - non-maskable, vectored and non-vectored. 
The vectored and non-vectored interrupts can be disabled by 
appropriate control bits in the FCW. The CPU has four traps -
system call, segment trap, unimplemented opcode and priv
ileged instruction. The traps have higher priority than interrupts. 

When an interrupt or trap occurs, the current program status is 
automatically pushed on to the system stack. The program 
status consists of processor status (Le., PC and FCW) plus a 
16-bit identifier. The identifier contains the reason, source and 
other coded information relating to the interrupt or trap. 

After saving the current program status, the new processor 
status is automatically loaded from the new program status area 
located in the memory. This area is designated by the New 
Pr6gram Status Area Pointer (NPSAP) register. 

SEGMENTED ADDRESSING (AmZ8001 Only) 

The AmZ8001 can directly address up to 8MB of memory space, 
using a 23-bit segmented address. The memory space is di
vided up into 128 segments, each up to 64KB in size. The upper 
seven bits of address designate the segment number, and are 
available on the SNO-SN6 outputs during a memory transaction. 
See the section on memory transactions for details. 

The lower-sixteen bits of address designate an offset within the 
segment, relative to the start of the segment, and are available 
on ADO-AD15 during part of the memory transaction. See the 
section on memory transactiOns for details. 

The segmented address may be stored as a long word in mem
ory, or in a register pair. The segment number and offset can be 
manipulated separately or together, by suitable use of the in
struction set. 

When the segmented address is contained in code space, a short 
offset format may be adopted. The segmented address is stored 
as one word, seven bits of segment number and eignt bits of 
offset. Figure 3 shows 'the format for segmented addresses. 

ADDRESSING MODES 

Information contained in the CPU instructions consists of 
_ the operation to be performed, the operand type and the location 
of the operands. Operand locations are designated by general 
register addresses, memory addresses or 1/0 addresses. The 
addressing mode of a given instruction defines the address 
space referenced and the method to compute the operand ad
dress. Addressing modes are explicitly specified or implied in an 
instruction. Figure 4 illustrates the eight explicit addressing 
modes: Register (R), Immediate (1M), Indirect Register (IR), Di
rect Address (DA), Indexed (X), Relative Address (RA), Base 
Address (BA) and Base Indexed (BX). 
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Figure 3. Segmented Address Formats. 
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When an effective segmented address is' being computed ac
cording to the designated addressing mode, the segment 
number is not affected by any carry from the 16-bit offset. 

NON-SEGMENTED MODE ON THE AmZ8001 

The AmZ8001 can execute code designed to run on the non
segmented AmZ8002. This is achieved by changing the mode of 
execution of the AmZ8001 from segmented to non-segmented 
by writing a 0 to the SEG bit in the FCW. (See the section on 
processor status.) The change to non-segmented mode sets up 
a suitable environment for running non-segmented code. How
ever, this environment only exists within the code segment that 
caused the change of mode from segmented to non-segmented. 

SNO-SN6 will continue to indicate the code segment until a 
reset, interrLiption or return to segmented mode is encountered. 

The effects of the non-segmented mode of operation on the 
AmZ8001 are described below. 

a) The AmZ8001 will interpret instruction length as if it was a 
non-segmented AmZ8002. " 

b) The AmZ8001 will implement address computation in an 
identical manner to the AmZ8002. .' 

Other CPU functions, such as interrupt and trap handling, reset 
and stack pointer manipulation are unaltered. These functions 
are characterized by the type of CPU, not by the state of the 
SEG bit in the FCW. 

INPUT/OUTPUT 

A set of I/O instructions are provided to accomplish byte or word 
transfers between the CPU and I/O devices. I/O devices 
are addressed using 16-bit I/O port addresses and I/O address 
space is not a part of the memory address space. Two types of 
I/O instructions are provided; each with its own 16-bit address 
space. I/O instructions include a comprehensive set of In, Out 
and Block transfers. 

AmZ8001 • AmZ8002 

CPU TIMING 

The CPU accomplishes instruction execution by stepping 
through a pre-determined sequence of machine cycles, such as 
memory read, memory write, etc. Each machine cycle requires 
between three and ten clock cycles. Bus Requests by ~MA 
devices are granted at machine cycle boundaries. No machine 
cycle is longer than ten clock cycles; thus assuring fast response 
to a Bus Request (assuming no extra wait states). The start of a 
machine cycle is always marked by a LOW pulse on the AS 
output. The status output lines STO-ST3 indicate the nature of 
the current cycle in a coded form. 

STATUS LINE CODES 

Status line coding was listed in the table shown under STO-ST3 
outputs in the Interface Signal Description. The following is a 
detailed description of the status codes. 

Internal Operation: 

This status code indicates that the CPU is going through a 
machine cycle for its internal operation. Figure 5 depicts an 
internal operation cycle. It consists of three clock periods iden
tified as T1, T2 and T3. The AS output will be activated with a 
LOW pulse by the AmZ8001 to mark the start of a machine 
cycle. The STO-ST3 will reflect the code for the internal opera
tion. The MREQ, DS and R/W outputs will be HIGH. The N/S 
and SNO-SN6 outputs will remain at the same level as in the 
previous machine cycle. The CPU will ignore the WAIT input 
during the internal operation cycle. The CPU will drive the 
ADO-AD15 bus with unspecified information during T1. How
ever, the bus will go into high impedance during T2 and remain 
in that state for the remainder of the cycle. The BiiiJ output is 
also activated by the CPU with unspecified information. 

Memory Refresh: 

This status code indicates that CPU is accessing the mem
ory to refresh. The refresh cycle consists of three clock periods 
as depicted in Figure 6. The CPU will activate the AS output with 
a LOW pulse to mark the beginning of a machine cycle and 
STO-ST3 outputs will reflect the refresh cycle code. The least 
significant 9 lines of the ADO-AD15 bus contain the refresh ad
dress. Because the memory is word organized, the ADO will 
always be LOW. The most significant 7 bus lines are not 
specified. The DS output will remain HIGH for the entire cycle 
while RlW, B/W, SNO-SN6 and NiS outputs will" remain at the 
same level as in the machine cycle prior to refresh. The 
ADO-AD15 bus will go into high impedance state' during T2 
period and remain there for the remainder of the cycle. The 
CPU will activate the MREQ output LOW during the refresh 
cycle. It should be noted that WAIT input is ignored by the CPU 
for refresh operations. 

I/O Transactions: 

There are two status line codes used for I/O transaction cycles. 
The CPU provides two separate I/O spaces and two types 
of instructions called Normal I/O and Special I/O, Each I/O 
spac'e is address€d by a 16-bit address called port address. The 
timing for both types of I/O transactions is essentially identical. A 
typical I/O cycle consists of four clock periods T1, T2, TWA and 
T3 as shown in Figure 7. The TWA is the wait state; insertion of 
one wait state for an I/O cycle is always automatic. Additional 
wait cycles can be inserted by LOW on the WAIT input. The 
WAIT input is sampled during every TW state. If this input is 
LOW, one more wait state will be inserted. Insertion of wait 
states continues until WAIT input is HIGH. T3 state will follow the 

. last wait state to complete the I/O cycle. 
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Mode Operand Addressing Operand Value 

In the Instruction In a Register In Memory 

Register I REGISTER ADDRESS H OPERAND I The content of the register. 

Immediate I OPERAND I In the instruction 

Indirect 
Register 

I REGISTER ADDRESS H ADDRESS I ..... ------~I OPERAND I The content of the location whose 
address is in the register. 

Direct 
Address 

Index 

I ADDRESS I 

REGISTER ADDRESS 

BASE ADDRESS 

I OPERAND I The content of the location whose 
address is in the instruction. 

The content of the location whose 
address is the address in the 
instruction, offset by the content 
of the working register. 

Relative 
Address 

PC VALUE ~ _ 

L~DI~S~PL~A~C=:EM~E:!N!!T~r--L._ -_ -_ -_ -_-_-_-_-_-~ OPERAND I 
The content of the location whose 
address is the content of the program 
counter, offset by the displacement in 
the instruction. 

Base 
Address 

Base 
Index 

REGISTER ADDRESS 

DISPLACEMENT 

REGISTER ADDRESS 

REGISTER ADDRESS 

The content of the location whose 
address is the address in the 
register, offset by the 
displacement in the instruction. 

The content of the location whose 
address is the address in the 
register, offset by the 
displaceme'nt in the register. 

Figure 4. Addressing Modes. 

During I/O cycles the STO-ST3 outputs will reflect appropriate 
code depending on the type of instruction being executed (Nor
mal I/O or Special I/O). AS output will be pulsed LOW to mark 
the beginning of the cycle. The CPU drives the ADO-AD15 bus 
with the 16-bit port address specified by the current instruction. 
The N/S output will be LOW indicati~g that CPU is operating in 
the system mode. It should be recalled that the Nis output is 
derived from the appropriate bit in the FCW register. All I/O 
instructions are privileged instructions and will be allowed to 
execute only if the FCW specifies system mode operation. The 
MREQ output will be HIGH. The I/O instructions provide both 
word or- byte transactions. The B/W output will be HIGH or LOW 
depending whether the instruction specifies a byte or word 
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transfer. The SNO-SN6 output will remain at the same level as in 
the machine cycle prior to the I/O cycle. 

Two kinds of I/O transfers should be considered: Data In means 
reading from the device and Data Out means writing into the 
device. For In operations, the R/W output will be HIGH. The 
ADO-AD15 bus will go into high impedance state during T2. 
During byte input instructions, the CPU reads either the even 
or odd half of the Data Bus dependent upon the port address. If 
the port address is even, the most significant half of the Data 
Bus is read. If the port address is odd, the least significant half of 
the Data Bus is read. During word input instructions, the CPU 
reads all 16 bits of the Data Bus. The CPU will drive the DS 
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I--T1 T2 T3 

- l I I CLOCK 

WAIT 

STo-ST3 INTERNAL OPERATION 

AD UNDEFINED 
\. 
/ 

HIGH 

siW UNDEFINED 

SNo-SN6* SAME AS PREVIOUS CY~LE 

I 

* AmZ8001 only 
Figure 5. Internal Operation Cycle. 
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1----T1 T2 T3 -
CLOCK I I I -

.x x x x x xx x x x """X x X xx 
~ 

STo-ST3 REFRESH 

AD REFRESH ADDRESS \ 
/ 

HIGH 

RiW. S/w' Nis SAME AS PREVIOUS CTCLE 

SNo-SN6* SAME AS PREVIOUS C~CLE 
I 

·AmZ8001 only 
Figure 6. Refresh Cycle. 
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CLOCK 

STATUSES 
(BiW. STO-ST3) 

N/S 

SNO-SN6 

AD 

DATA OS 
IN 

DATA 
OUT 

R/W 

AD 

-
X 
X 

-
-

-

* 

-
-

-

-
-

x x x 
X xx 

ex 
\ 

=x 

J 

=x 

-r\ RiW 

*AmZ8001 only 

T1 

'1 

x xx xx x xx 

PORT ADDRESS 

PORT ADDRESS 

T2 TWA T3 

I k I 
I 

x x xlx xi"'/ ~ \"xxlx x xx xxxx xxx x xx x x xx x xx Xl(l(l(Y\' [\.XXXx x xxx x 
X xxx x xxx x xxx x 

"----- _ INSERT WAIT STATE 

LOW 

HIGH 

SAME AS PREVIOUS CYCLE 

I \. DATAIN I 
., 

~ 

DATA OUT 

r 

Figure 7. AmZ8001 1/0 Cycle. 
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output LOW to signal to the device that data can be gated on to 
the bus. The CPU will accept the data during T3 and OS output 
will go HIGH signalling the end of an I/O transaction. 

For Data Out, the R/W output will be LOW. The CPU will 
provide data on the ADD-AD15 bus and activates the OS output 
LOW during T2. During byte output instructions, the CPU dupli-j 
cates the byte data onto both the high and low halves of the Data 
Bus and external logic, using AD, enables the appropriate byte 
port. During word output instructions the CPU outputs data onto 
all 16 bits of the Data Bus. The OS output goes HIGH during T3 
and the cycle is complete. 

Memory Transactions: 

There are four status line coqes that indicate a memory trans
action: 

a) Memory transaction to read or write an operand 
b) Memory transaction to read from or write into the stack 

-T1 

CLOCK I -
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c) Memory transaction to fetch the first word of an instruction 
(sometimes called IF1) 

d) Memory transaction to fetch the subsequent word of an in-
struction (sometimes called IFN). 

It can be appreciated that all the above'transactions essentially 
fall into two categories: memory read and memory write. In the 
case of IF1 and IFN cycles, the' memory will be read at the 
address supplied by the program counter. All instructions are 
multiples of 16-bit words. Words are always addressed by an 
even address. Thus IF1 and IFN cycles involve' performing a 
memory read for words. On the other hand, a memory transac
tion for operand and stack operation could be a read or write. 
Moreover, an operand could be a word or a byte. For stack 
operation involving the implied stack pointer the address will be 
in the appropriate stack pointer register (R15, R15', RR14 or 
RR14'). For operand transactions, the memory address will 
come from several sources depending on the instruction and 
the addressing mode. Memory transaction cycle timing is 
shown in Figure 8. It typically consists of three clock periods 

T2 T3-

f I 
xxx x x x " x ~/~ \.LXXX x l xx x "" X xx x x XV/\. Nxxx xx 

x xx x xxx x xx -xx 

STATUSES 
(BiVi, NiS. 
STO·S]"3) 

SN()'SNS' 

AS 

MREQ 

AD 

READ os 

R/W 

AD 

WRITE os 

RiVi 

• AmZ8001 only 

~ f- INSERT WAIT STATE 

SEGMENT NUMBER 

MEMORY ADDRESS ) { DATAIN ,}---c 

/ L 
MEMORY ADDRESS DATA OUT 

\ ~ 
Figure 8. Memory Transactions. 
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T1, T2 and T3. Wait states (TW) can be inserted between T2 
and T3 by activating the WAIT input LOW. The WAIT input will 
be sampled during T2 and during every subsequent TW. The 
STO-ST3 outputs will reflect the appropriate code for the cur
rent cycle early in T1 and the AS output will be pulsed LOW to 
mark the beginning of th'e cycle. The N/S output will indicate 
whether the normal or system address space will be used for I 

the current cycle. As shown in the figure the MREQ output will 
go LOW during T1 to indicate a memory operation. 

The segment number becomes valid on the segment lines one 
clock period before the start of the memory operation, and re
mains valid until the start of T3. 

Consider a read operation first. The R/W output will be HIGH. 
The CPU will drive the ADO-AD15 with the appropriate ad
dress early in T1. During T2, the bus will go into high-impedance 
state and DS output will be activated LOW by the CPU. The data 
can be gated on to the bus when DS is LOW. During T1 the B/W 
will also be activated to indicate byte or word will be transacted. 
The memory is word organized and words are addressed by 
even addresses. However, when addressing bytes, the mem
ory address may be odd or even; an even address for most 
significant byte of a word and the next odd address for the least 
significant byte of that word. When reading a byte from the 
memory, the least significant address bit can be ignored and 
the whole word containing the desired byte is gated on.to the 
bus. The CPU will pick the appropriate byte automatically and 
will drive the DS output HIGH indicating data acceptance. 

. CYCLE OF ANY ---t-r,-LAST MACHINE 

INSTRUCTION 

r--;1 ';2 ~ rl 
CLOCKJUUU· 

INTERNAL 
NMi 

SN()'SN6* 

Consider the write operation next. The R/W output will be 
LOW. The CPU removes the address an~ates out the data to 
be written on the bus and activates the DS output LOW during 
T2. If the data to be written is a byte then the same byte will be 
on both halves of the bus. The DS output will go HIGH during 
T3 signifying completion of the cycle. 

Interrupt and Segment Trap Acknowledge: 

There are four status line codes devoted to interrupt and trap 
acknowledgement. These correspond to non-maskable, vec
tored and non-vectored interrupts, as well as segment trap. The 
Interrupt Acknowledge cycle is illustrated in Figure 9. The NMI 
input of the AmZ8001 is edge detected i.e., a HIGH to LOW input 
level change is stored in an internal latch. Similar internal stor
age is not provided for the VI, NVI, and SEGT inputs. ForVi and 
NVI inputs to cause an interruption, the corresponding interrupt 
enable bits in the FCW must be 1. For the following discussion, 
both the VIE and NVIE bits in the FCW are assumed to be 1. 

As shown in the figure, the Vi, NVI and SEGT input and the 
internal NMI latch output are sampled during T3 of the last 
machine cycle of an instruction. 

A LOW on these signals triggers the corresponding interrupt 
acknowledge sequence described on the following page. The 
CPU executes a dummy IF1 cycle prior to entering the actual 
acknowledge cycle (see memory transactions for IF1 cycle 
description). 

AUTOMATIC WAIT STATES 

ACKNOWLEDGE 

IDENTIFIER 

HIGH 

SAME AS PREVIOUS CYCLE 

STATUS 
SAVING 

*AmZ8001 o~ly 
Figure 9. Interrupt Acknowledge Cycle. 
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During this dummy IF1 cycle, the program counter is .not up
dated; instead the implied·system stack pointer (RR14') will be 
decremented. Following the dummy IF1 cycle is the actual inter
rupt/trap acknowledge cycle. 

The interrupt acknowledge cycle typically consists of 10 clock 
periods; T1 through T5 and five automatic TW (wait states). As 
usual, the AS output will be pulsed LOW during T1 'to mark the 
beginning of a cycle. The STO-ST3 outputs will reflect the 
appropriate interrupt acknowledge code, the MREQ output will 
be HIGH, the N/'S output remains the same as in the preceding 
cycle, the R/W output will be HIGH and the B/W output will be 
LOW. The CPU will drive the AdO-AD15 bus with un
specified information during T1 and the bus will go into the high 
impedance state during T2. Three TWA states will automatically 
follow T2. The WAIT,input will be sampled during the third TWA) 
state. ' 

If LOW, an extra TW state will be inserted and the WAIT will be 
sampled again during. TW. Such insertion of TW states con
tinues until the WAIT input is HIGH. After the last TW state, the 
DS output will go LOW and two more automatic wait states 
(TWA) follow. The interrupting device can gate up to a 16-bit 
identifier on to the bus wheri the DS output is LOW. The WAIT 
input will be sampled again during the last TWA state. If the 
WAIT input is LOW one TW state will be inserted and the WAIT 
will be sampled during TW. Such TW insertion continues until 
the WAIT input is HIGH. After completing the last TW state T3 
will be entered and the DS output will go HIGH. The interrupting 
device should remove the identifier and cease driving the bus. 
T4 and T5 states will follow T3 to complete the cycle.' Following 
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the interrupt acknowledge cycle will be memory transaction cy
cles to save the status on ttie stack. Note that the N/S output will 
be automatically LOW during status saving. The SNO-SN6 out
puts are undefined during the acknowledge cycle. 

The internal NMllatch will be reset to the initial state at AS going 
HIGH in the interrupt acknowledge cycle. The Vl,NVI and SEGT 

. input shoul.d be kept LOW until this time also. 

STATUS SAVING SEQUENCE: 

The machine cycles following the interrupt acknowledge cycle 
push the old status information on the system stack in the follow
ing order: program counter, the flag and control word and the 
.interrupt/trap identifier. Subsequent machine cycles fetch the 
new program status from the new program status area, and then 
branch to the interrupt/service routine. 

BUS REQUEST/BUS ACKNOWLEDGE TIMING: 

A LOW on the BUSRQ input is an indication to the CPU that 
another device (such as DMA) is requesting control of the bus. 
The BUSRQ input is synchronized internally at T1 of any 
machine cycle. (See next paragraph for exception.) The BUSAK 
will go LOW after the last clock period of the machine cycle. The 
LOW on the BUSAK output indicates acknowledgement. When 
BUSAK is LOW the following outputs will go into the high imped
ance state; ADO-AD15, AS, DS, MREQ, STO-ST3, B/W, R/W, 
SNO-SN6 and N/S. The BUSRQ must be held LOW until all 
transactions are completed. When BUSRQ goes HIGH, it is 
synchronized internally, the BUSAK output will go HIGH and 
normal CPU operation will resume. Figure 10 illustrates the 
BUSRQ/BUSAK timing. 

1----- ANY M CYCLE ----l----------BUS AVAILABLE --------__ 

T1 T2 T3 TX TX TX TX TX TX Tl 

SN* 

AD 

MREQ.~. ------------------------~~ 
_ ST..Q:ST:t 

B/W, R/W. N/S 
________________________ ~J 

• AmZ8001 only 

Figure 10. Bus Request/Acknowledge Cycle. 
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It was mentioned that BUSRQ will be honored during any 
machine cycle with one exception. This exception is during the 
execution of TSET/TSETB instructions. BUSRQ will not be hon
ored once execution of these instructions has started. 

SINGLE STEPPING 

The STOP input of the CPU facilitates one instruction at a time 
or single step operation. Figure 11 illustrates STOP input 
timing. The STOP input is sampled on the HIGH to LOW transi- . 
tion of the clock input that immediately precedes an IF1 cycle. If 
the STOP is found LOW, AmZ8001 introduces a memory refresh 
cycle after T3. Moreover, STOP input will be sampled again at 
T3 in the refresh cycle. If STOP is LOW one more refresh cycle 
will follow the previous refresh cycle. The STOP will be sampled 
during T3 of the refresh cycle also. One additional refresh cycle 
will be added every time STOP input is sampled LOW. After 
completing the last refresh cycle which will occur after STOP is 
HIGH, the CPU will insert two dummy states T4 and T5 to com
plete the IF1 cycle and resume its normal operations for execut
ing the instruction. See appropriate sections on memory trans
actions and memory refresh. It should be noted that refresh 
cycles will occur even if the refresh facility is disabled during 
single stepping. 

MULTI MICROPROCESSOR FACILITIES 

The CPU is provided with hardware and software facilities to 
support multiple microprocessor systems. The fLO and iLi sig
nals of the CPU are used in conjunction with the MBIT, MREQ, 
MRES and MSET instructions for this purpose. The JLO output 
can be activated LOW by using appropriate instruction to signal 
a request from the CPU for a resource. The iLi input is tested 
by the CPU before activating the JLO output. LOW at the iJ 
input indicates that the resource is busy. The CPU can 
examine the JLI input after activating the JLO output LOW. The 
;i will be tested again to see if the requested resource became 
available. 

INITIALIZATION 

A LOW on the Reset input starts the CPU initialization. The 
initialization sequence is shown in Figure 12. Within five clock 
periods after the HIGH to LOW level change of the Reset input 
the following will occur: 

a) AOO-A015 bus will be in the HIGH impedance state 
b) AS, OS, MREQ, BUSAK and JLO outputs will be HIGH 
c) STO-ST3 outputs will be LOW 
d) Refresh will be disabled 
e) R/W, B/W and N/S outputs are not affected. For a power on 

reset the state of these outputs is not specified. 
f) SNO-SN6 outputs will be LOW. 

After the Reset input returns HIGH and remains HIGH for three 
clock periods, two (three for the AmZ8001) 16-bit memory read 
operations will be performed as follows. Note that the N/S out
put will be LOW and STO-ST3 outputs will reflect IFN code. 

a) The contents of the memory location 0002 (segment 0) will . 
be read. This information will be loaded into the FCW of 
the CPU. 

b) The contents of the memory location 0004 (segment 0) will 
be read. This information will be loaded into the program 
counter segment number. 

c) (AmZ8001 only.) The contents of the memory location 0006 
(segment 0) will be read. This information will be loaded into 
the program counter offset. 

This completes initialization sequence and an IF1 cycle will follow 
to fetch the first instruction to begin program execution. See the 
section on memory transactions for timing. 

t-----------------IF1----------------l 

Tl T2 

r-- REFRESH ----j 
T3 I TIR T2R T3R I T5 T4 

CLOCK 

~ ItIltfItIlIlli. &f jt! ~ 
AD --------( ~----~~~------------------~~ r ~ '----

v 

\'---~ 

REFRESH 
ADDRESS 

\ I 
STI).ST3 ______ XI.. __ ~--IF-l ___ --JXI.. ____________ -i: 'rf-____________ M_EM_O_R_y _RE_FR_E_SH _________ C 

BNi \ I:~ c 
HIGH i ,1------------------------------------RNi 

SNI).SN6==><~ ________________________ S_AM_E_A_S_PR_E_VIO_U_S_C_yC_LE _________________________ )(~ ________ __ 

Figure 11. Single Step Timing. 
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AmZ8001/2 CPU INSTRUCTION SET 

ARITHMETIC LOGICAL 

Mne- Addr. Clock Mne- Addr. Clock 

monies Operands Modes Cyclest Operation monies Operands Modes Cyclest Operation 

ADC R. src R 5 Add with Carry AND R, src R 4 AND 

ADCB R .... R+src+carry AN DB 1M 7 R -R ANDsrc 

ADD R. src R 4 Add 

Add AD DB 1M 7 R+--R+src 

AND IR 7 

DA 9 

X 10 
ADDL IR 7 

DA 9 COM dst R 7 Complement 

X 10 COMB dst - NOT dst 

CP R, src R 4 Compare with Register 
Complement IR 12 

DA 15 
CPB 1M 7 R - src 

CPL IR 7 
X 16 

Compare X 10 OR R, src R 4 OR 

CP dst, 1M IR 11 Compare with Immediate 

CPB DA 14 dst -1M 

ORB 1M 7 R .... RORsrc 

OR IR 7 

DA 9 
X 15 

X 10 

DAB dst R 5 Decimal Adjust 
TEST dst R 7 TEST 

DEC dst, n R 4 Decrement by n TESTB IR 8 dstORO 

Decrement DECB IR 11 dst .... dst - n Test TESTL DA 11 

DA 13 (n = 1 ... 16) X 12 

X 14 
TCC ce, dst R 5 Test Condition Code 

DIV R, src R 107 Divide (signed) TCCB Set LSB il cc is true 

DIVL 1M 107 Word: Rn + 1 +-- Rn,n + 1 .. src 
IR 107 Rn +-- remainder 

Divide DA 108 Long Word: Rn +2,n + 3 

X 109 .... Rn ... n + 3 .. src 

Rn,n + 1 

XOR R, src R 4 Exclusive OR 

XORB 1M 7 R-RXORsrc 

XOR IR 7 

DA 9 
X 10 

.... remainder 

EXTS: dst R Extend Sign 

Extend EXTSB 11 Extend sign of low order hall 01 

EXTSL sl through high order ha~ 01 dst 

INC dst, n R 4 Increment by n 

Increment INCB IR 11 dst .... dst + n 

DA 13 (n = 1 ... 16) 

X 14 

MULT R, src R 70 Multiply (signed) 

MULTL 1M 70 Word: Rn,n + 1 .... Rn+ 1 • src 
Multiply IR 70 Long Word: Rn ... n + 3 

DA .71 .- Rn + 2," .+ 3 • srC 

X 72 'Plus seven cycles for each 1 

in the multiplicand 

NEG dst R 7 Negate 

Negate NEGB R 12 dst .... O - dst 

DA 15 

X 16 

SBC R. src R 5 Subtract with Carry 

SBCB R .... R-src-carry 

Subtract SUB R, src R 4 Subtract 

SUBB 1M 7 R+-R-src 

SUBL IR 7 

DA 9 

X 10 

tClock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4 additional cycles. Some long word data 
require more cycles. See AmZ8000 Users Manual for exact data. 
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LOAD AND EXCHANGE BIT MANIPULATION 

Mne- Addr. Clock Mne- Addr. Clock 

monies Operands Modes Cyclest Operation monies Operand Modes Cyclest Operation 

CLR dst R 7 Clear BIT dst, b R 4 Test Bit Static 

CLRB IR 8 dst +-0 BITB IR 8 Z flag +- NOT dst bit specified 

Clear DA 11 DA 10 by b 

X 12 Test X 11 

EX R, src R 6 Exchange BIT dst, R R 10 Test Bit Dynamic 

EXB IR 12 R +-src BITB Z flag +- NOT dst bit specified 

Exchange DA t5 by contents of R 

X 16 
RES dst, b R 4 Reset Bit Static 

LD R, src R 3 LC'ad into Register RESB IR 11 Reset dst bit specified by b 

LOB 1M 7 R +-src DA 13 

LDL IR 7 Reset X 14 

DA 9 

X 10 

RA 14 

BA 14 

RES dst, R R 10 Reset Bit Dynamic 

Fl.ESB Reset dst bit specified by 

contents of R 

BX 14 SET dst, b R 4 Set Bit Static 

LD dst, R IR 8 Load into Memory (Store) 

LOB DA 11 dst +- R 

SETB IR 11 Set dst bit specified by b 

Set DA 13 

X 14 
LDL X 12 

RA 14 SET dst, R R 10 Set Bit Dynamic 

BA 14 SETS Set dst bit specified by 

BX 14 contents of R 

LD dst, 1M R 5 Load Immediate into Memory Test TSET dst R 7 Test and Set 

LOB IR 11 dst+-IM and TSETB IR 11 S flag +- MSB of dst 

DA 14 Set DA 14 dst +- allIs 

X 15 X 15 
-f--

Load LOA R, src DA 12 Load Address ' 

X 13 R +- source address 

RA 15 ROTATE AND SHIFT 
BA 15 

BX 15 Mne- Addr. Clock 

LDAR R, src RA 15 Load Address Relative 
monies Operand Modes Cyclest Operation 

R +- source address RLDB R, src R 9 Rotate Digit Left 

LDK R, src 1M 5 Load Constant RRDB R, src R 9 Rotate Digit Right 

R +- n (n = 0 ... 15) 
RL dst, n R 6 Rotate Left 

LDM R, src, n IR 11+3n Load Multiple RLB R by n bits (n = 1,2) 

DA 14+3n R +- src (n consecutive words) 

X 15+3n (n = 1 ... 16) 
Rotate RLC dst, n R 6 Rotate Left through Carry 

RLCB R by n btts (n = I, 2) 

LDM dst, R, n IR 11+3n Load Multiple (Store Multiple) 

DA 14+3n dst +- R (n consecutive words) 

X 15+3n (n = 1 ... 16) 

RR dst, n R 6 Rotate Right 

RRB R by n btts (n = 1,2) 

LOR R, src RA 14 Load Relative 

LDRB R +-src 

RRC dst, n R 6 Rotate Right through Carry 

RRCB R bynbits(n=I,2) 

LDRL (range -32768 ..• +32767) SDA dst, R R 15+3n Shift Dynamic Arithmetic 

LDR dst, R RA 14 Load Relative (Store Relative) 

LDRB dst +- R 

SDAB . Shift dst left or right by 

SDAL contents of R 

LDRL (range -32768 ... +32767) SOL dst, R R 15+3n Shift Dynamic Logical 

POP dst, R R , 8 Pop 

Pop POPL IR 12 dst +-IR 

SDLB Shift dst left or right by 

SDLL contents of R 

DA 16 Autoincrement contents of R SLA dst, n R t3+3n Shift Left Arithmetic 

X 16 SLAB by n bits 

PUSH IR, src R 9 Push 
Shift SLAL 

PUSHL 1M 12 Autodecrement contents of R SLL dst, n R 13+3n Shift Left Logical 

Push IR 13 IR +-src SLLB by n bits 

DA 14 SLLL 

X 14 
SRA dst, n R 13+3n Shift Right Arithmetic 

SRAB by n bits 

SRAL 

SRL dst, n R 13+3n Shift Right Logical 

SRLB by n bits 

SRLL 

tClock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4 additional cycles. Some long word data 
require more cycles. See AmZ8000 Users Manual for exact data. '. • 
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BLOCK TRANSFER AND STRING MANIPULATION 
(AUTO INCREMENT/DECREMENT AND REPEAT 

Mne- Addr. Clock 
monica Operands Modea Cycl8at Operation 

CPO RX, src, IR 20 Compare and Decrement 
CPDB Ry, cc RX - src 

Autodecrement src address 
Ry-Ry-1 

CPDR RX. src, IR 11+9n Compare, Decrement 
CPDRB Ry.cc and Repeat 

RX - src 
Autodecrement src address 

Ry-Ry -1 
Repeat until cc is true 
orRy=O 

CPI RX, src, IR 20 Compare and Increment 
CPIB Ry,cc RX - src 

Autolncrement src address 

RY-Ry-1 

CPIR RX, src. IR 11+9n Compare, Increment 
and Repeat 

CPIAB Ry,cc RX - src 
Autoincrement src addres~ 
Ry-Ry-1 
Repeat until cc Is true or 
Ry= 0 

CPSD dst, src, IR 25 Compare String 
CPS DB R, cc and Decrement 

Compare ' dst - src 
Autodecrement dst and src 
addresses 
R-R-1 

CPSDR dst, src, IR 11+14n Compare String, Decr. 
CPSDRB R, cc and Repeat 

dst - src 
Autodecrement dst and src 
addresses 
R-R-1 
Repeat until cc is true 
orR = 0 

CPSI dst, src, IR 25 Compare String 
CPSIB R,cc and Increment 

dst - src 
Autoincrement dst and src 
addresses 
R_R-1 

CPSIR dst,sre, IR 11+14n Compare String, Incr. 
CPSIRB R, CC and Repeat 

dst - src 
Autoincrement dst and src 
addresses 
R-R-1 
Repeat until cc Is true 
or R = 0 

LDD dst, sre, IR 20 Load and Decrement 
LDDB R dst -src 

Autodecrement dst and src 
addresses 

Load R-R-1 

LDDR dst, sre, IR 11+9n Load, Decrement 
LDDRB R and Repeat 

dst -src 
Autodecrement dst and sre 
addresses 
R ..... R - 1 
Repeat until R = 0 

BLO,?K TRANSFER AND STRING MANIPULATION (Cont.) 

Moe- Addr. Clock 
monies Operands Modes Cyelest Operation 

LDI dst, sre, IR 20 Load and Increment 
LDIB R dst +- sre 

Autoincrement dst and sre 
addresses 
R+-R-1 

Load LDIR dst,src, IA 11+9n Load, Increment and Repeat 
LDIRB R dst +- src 

Autoincrement dst and sre 
addresses 
R +-R-1 

Repeat until R = 0 

TRDB dst,sre, IA 25 Translate and Decrement 
R dst +- src (dst) 

Autodecrement dst address 
R ..... R - 1 

TRDRB dst, sre, IR 11+14n Translate, Decrement 
R and Repeat 

dst ..... src (dst) 
Autodecrement dst address 
R-R-1 

Translate 
Repeat until R = 0 

TRIB dst,src, IA 25 Translate and Increment 
R dst +-,src (dst) 

Autoincrement dst address 
R+-R-10 

TAIAB dst, src, IR 11+14n Translate, Increment 
R and Repeat 

dst +- src (dst) 
Autoincrement dst address 
R+-R-1 
Repeat until R = 0 

TRTDB src 1, IR 25 Translate and Test, 
sre 2, R Decrement 

RH1 +- src 2 (src 1) 
Autodecrement 
src 1 address 
R+-R-1 

TRTDRB src 1, IR 11+14n Translate and Test, 
src 2, R Decrement and Repeat 

RH1 +- sre 2 (sre 1) 
Translate Autodecrement 
and src 1 address 
Test R+-R-1 

Repeat until R = 0 
or RH1 = 0 

TRTIB sre 1, IA 25 Translate and Test, 
srcZ, R Increment 

RH1 +- src 2 (sre 1) 
I Autoincrement src 1 address 

R+-R-1 

TRTIRB src 1, IA 11+14n Translate and Test, 
src 2, R Increment and Repeat 

RH1 +- src 2 (src 1) 
Autoincrement sre 1 address 
R+-R-1 
Repeat until A = 0 
or RH1 = 0 

fClock cycles for,byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4 additional cycles. Some long word data 
require more cycles. See AmZ8000 Users Manual for exact data. , 
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INPUT/OUTPUT INPUT/OUTPUT (Cont.) 

Mne- Addr. Clock Mne- Addr. Clock 

monlcs Operands Modes Cyclest Operation monlcs Operands Modes Cyclest Operation 

IN" R. src IR 10 Input SOUTo dst, src OA 12 Special Output 

INB· OA 12 R -src SOUTB· dst - src 

IND· dst, src, IR 21 Input and Decrement SOUTO· dst, src IR 21 Special Output 

INOB· R dst-src SOUTOB· R and Decrement 

Autodecrement dst address dst -src 
R-R-I Autodecrement src address 

IN DR· dst, src, IR 11+10n Input, Decrement 

INORB· R and Repeat 

dst- src 

Input Autodecrement dst address 

R-R-I 

Repeat until R = 0 

INI· dst, src, IR 21 Input and Increment 

Special R .... R - 1 

Output 
SOTOW dst, src, IR 11+10n Special Output, Decr. 

(Identical 
SOTORB· R and Repeat 

to oulput, 
dst -src 

but 
Autodecrement src address 

different 
R .... R - I 

status 
Repeat until R = 0 

code) 
INIB· R dst- src SOUTI· dst, src, IR 21 Special Output 

Autoincrement dst address SOUTIS· R and Increment 

R-R-l dst -src 

INIW dst, src, IR 11+IOn Input, Increment 

INIRB· R and Repeat 

Autoincrement src address 

R-R-I 

dst-src SOTIR· dst, src R 11+10n Special Output, Incr. 

Autoincrement dst address SOTIRS· R and Repeat 
R-R-I dst-src 

Repeat until R = 0 Autoincrement src address 

OUT" dst, R IR 10 Output 

OUTB· OA 12 dst-R 

R .... R - I 

Repeat until R = 0 

OUTO· dst. src, IR 21 Output and Decrement 

OUTOB· R dst- src CPU CONTROL 

Autodecrement src address 

R-R -1 Mne- Addr. Clock 
monlcs Operands Modes Cyclest Operation 

OTOR· dst, src, IR 11+IOn Output and Decrement 

OTORB· R dst-src 

Autodecrement src address 

Output R-R-·l 

01· int - 7 Disable Interrupt 
Interrupts (Any combination of 

NVI, VI) 

Repeat until R = 0 EI· int - 7 Enable Interrupt 

OUTI· dst, src, IR 21 Output and Increment 

OUTIB· R dst - src 

(Any combination of 

NYI, VI) 

Autoincrement src address Halt HALT" - - 8+3n HALT 
R-R -1 

LOCTL· CTLR, R 7 Load into Control Register 

OTIR· dst, src, IR 11+10n Output, Increment src CTLR -src 

OTIRB· R and Repeat 

dst- src 

Autoincrement src address 

R-R-l 

Repeat until R = 0 

LOCTL· dst, R 7 Load into Control Register 

CTLR dst -CTLR 

Control 
LOCTLS dst, R 7 Load into Flag 

Words 
FLGR Byte Register 

SIN· R, src OA 12 Special Input 
FLGR -src 

SINB· R -src LOPS· src IR 12 Load Program Status 

SIND· dst, src, IR 21 Special Input 

SINOB· R and Decrement 

OA 16 PS -src 

X 17 

dst- src MBIT" - - 7 Test Multi-Micro Bit 

Autodrecrement dst address 

R-R -I 
Multi 

Set S if ILl is High; 

Micro 
reset S if ;"1 is Low 

Special SINOR· dst, src, IR 11+10n Special Input, Oecr. MREQ· dst R 12+7n Multi-Micro Request 

Input SINORB· R and Repeat MRES· - - 5 Multi-Micro Reset 
(Identical dst -src 

to Input Autodecrement dst address MSET" - 5 Multi-Micro Set 

but R-R -I NOP NOP 7 No Operation 
different Repeat until R = 0 

states 
SINI· dst, src, IR 21 Special Input 

code) 
SINIB· R and Increment 

RESFLG flag 7 Reset Flag 

Flags 7 (Any combination of 

C,Z, s, PN) 
dst-src 

Autoincrement dst address SETFLG flag 7 Set Flag 

R-R-I (Any combination of 
- C,Z, s, PN) 

SINIR· dst, src, IR 11+10n Special Input, Incr. 

SIN IRS· R and Repeat COMFLG flags - 7 . Complement Flag 

dst -src (Any combination of 

Autoincrement dst address C,Z, s, PN) 

R-R-I 

Repeat until R = 0 
·Privileged instructions. Executed in system mode only. 

I 

tClock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4 additional cycles. Some long word data 
require more cycles. See AmZ8000 Users Manual for exact data. . 
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PROGRAM CONTROL 

Mne- Addr. Clock 

monies Operands Modes Cyclest Operation 

CALL dst IR 10 Call Subroutine 

DA 12 Autodecrement SP 

X 13 @SP ..... PC 

PC ..... dst 

Call CALR dst RA 10 Call Relative 

Autodecrement SP 

@SP ..... PC 

PC ..... PC + dst 

(range -4094 to +4096) 

SC src 1M 33 System Call 

Autodecrement SP 

@SP ..... oldPS 

Push instruction 

PS ..... System Call PS 

DJNZ R, dst RA 11 Decrement and Jump 

DBJNZ il Non-Zero 

R ..... R - 1 

IF R = 0: PC ..... PC + dst 

(range -254 to 0) 

IREP - - 13 Interrupt Return 

PS ..... @ SP 

Jump Autoincrement S'P 

JP cc, dst IR 7 Jump Conditional 

- If cc is true: PC ..... dst 

DA 7 
X 8 

JR cc, dst RA 6 Jump Conditional Relative 

If cc Is true: PC ..... PC + dst 

(range -256 to +254 

RET cc - 10 Return Conditional 

If cc is true: PC ..... @ SP 

Autodecrement SP 

Return IREP - - 13 Interrupt Return 

PS ..... @ SP 

Autoincrement SP 

'Privileged instructions. Executed In system mode only_ 

tClock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4 additional cycles. Some long word data 
require more cycles_.See AmZ8000 Users Manual for exact data_ 
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INTERFACE SIGNAL DESCRIPTION 

Vee: +5V Power Supply 

VSS: Ground 

ADO-AD15: Address/Data Bus (Bidirectional, 3-State) 

This 16-bit multiplexed address/data bus is used for all I/O and 
memory transa,ctions. HIGH on the bus· corresponds to 1 and 
LOW corresponds to O. ADO is the least significant bit position 
with AD15'is most significant. The AS output and DS output will 
indicate whether the bus is used for address offset or data. The 
status output lines STO-ST3 will indicate the type of transaction; 
memory or I/O. 

AS: Address Strobe (Output, 3-State) 

LOW all this output indicates that the ADO-AD15 bus contains 
address information. The address information is stable by the 
time of the LOW-to-HIGH transition of the AS output (see timinq 
diagrams). The status outputs STO-ST3 indicate whether the bus 
contains a memory address or I/O address. 

DS: Data Strobe (Output, 3-State) 

LOW on this output indicates that the ADO-AD15 bus is being 
used for data transfer. The R/W output indicates the direction of 
data transfer - read (or in) means data into the CPU and write 
(or out) means data from the CPU. During a read operation, data 
can be gated on to the bus wherr OS goes· LOW. A LOW-to
HIGH transition on the OS output indicates that the CPU has 
accepted the data (see timing diagram). During a write opera
tion, LOW on the' OS output indicates that data is setup on the 
bus. Data will be removed sometime after the LOW-to-HIGH 
transition of the OS output (see timing diagram). 

R/W: Read/Write (Output, 3-State) 
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ST3 ST2 ST1 STO 

L L L L Internal Operation 

L L L H Memory Refresh 

L L H L Normal I/O Transaction 

L L H H Special I/O Transaction 

L H L L Segment Trap Acknowledge 

L H L H Non-Maskable Interrupt Acknowledge 

L H H L Non-Vectored Interrupt Acknowledge 

L H H H Vectored Interrupt Acknowledge 

H L L L Memory Transaction for Operand 

H L L H Memory Transaction for Stack 

H L H L Reserved 

H L H H Reserved 

H H L L 
Memory Transaction for Instruction 
Fetch (Subsequent Word) 

H H L H 
Memory Transaction for Instruction 
Fetch (First Word) 

H H H L Reserved 

H H H H Reserved 

WAIT: Wait (Input) 

LOW on this input indicates to the CPU that memory or I/O is not 
ready for the data transfer and hence the current transaction 
should be stretched. The WAIT input is sampled by the CPU at 
certain instances during the transaction (see timing diagram). If 
WAIT input is LOW at these instances, the CPU will go into wait 
state to prolong the transaction. The wait state will repeat until 
the WAIT input is HIGH at the sampling instant. 

NiS: Normal/System Mode (Output, 3-State) 

HIGH on this output indicates that the CPU is operating in Nor
mal Mode and LOW indicates operation in System Mode. This 

This output indicates the direction of data flow on the ADO-AD15 
bus. HIGH indicates a read operation, Le., data into the CPU 
and LOW indicates a write operation, Le., data from the CPU. 
This output is activated at the same time as AS going LOW and 
remains stable for the duration of the whole transaction (see 
timing diagram). 

. output is derived from the Flag Control Word (FCW) register. 

B/W: Byte/Word (Output, 3-State) 

This output indicates the type of data transferred on the 
ADO-AD15 bus. HIGH indicates byte (8-bit) and LOW indicates' 
word (16-bit) transfer. This output is activated atthe same stage 
as AS going LOW and remains valid for the duration of the whole 
transaction (see timing diagram). The address generated by the 
CPU is always a byte address. However, the memory is or
ganized as 16-bit words. All instructions and word operands are 
word aligned and are addressed by even addresses. Thus, for 
all word transactions with the memory the least significant ad
dress bit will be zero. When addressing the memory for byte 
transactions, the least significant address bit determines which 
byte of the memory word is needed; even address specifies the 
most significant byte and odd address specifies the least sig
nificant byte. In the case of I/O transactions, the address infor
mation on the ADO-AD15 bus refers to an I/O port and B/W 
determines whether a data word or data byte will be transacted. 
During I/O byte. transactions, the.least significant address bit AO 
determines which half of the ADO-AD15 bus will be used for the 
I/O transactions. The STO-ST3 outputs will indicate whether the 
current transaction is for memory, normal I/O or special I/O. 

STO-ST3: Status (Outputs, 3-State) 

These four outputs contain information regarding the current 
transaction in a coded form. The status line codes are shown in 
the following table: 
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The FCW register is described under the program status infor-
mation section of this document. . 

MREQ: Memory Request (Output, 3-State) 

LOW on this output indicates that a CPU transaction with mem
ory is taking place. 

BUSRQ: Bus Request (Input) 

LOW on this input indicates to the CPU that another device 
(such as DMA) is requesting to take control of the bus. The 
BUSRQ input can be driven LOW anytime. The CPU syn
chronizes this input internally. The CPU responds by activating 
BUSAK output LOW to indicate that the bus has been relin
quished. Relinquishing the bus means that the ADO-AD15, AS, 
OS, B/W, R/W, N/S, STO-ST3, SNO-SN6 and MREQ outputs will be 
in the high impedance state. The requesting device should control 
these lines in an identical fashion to .the CPU to accomplish 
transactions. The BUSRQ input must remain LOW as long as 
needed to perform all the transactions and the CPU will keep the 
BUSAK output LOW. After completing the transactions, the de
vice must disable the ADO-AD15, AS, OS, B/W, R/W, N/S, 
STO-ST3, SNO-SN6 and MREQ into the high impedance state 
and stop driving the BUSRQ input LOW. The CPU will make 
BUSAK output HIGH sometime later and take back the bus 
control. 

BUSAK: . Bus Acknowledge (Output) 

LOW on this output indicates that the CPU has relinquished the 
bus in response to a bus request. 
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NMI: Non-Maskable Interrupt (Input) 

HIGH to LOW transition on this input constitutes non-maskable 
interrupt request. The CPU will respond with the Non-maskable 
Interrupt Acknowledge on the STO-ST3 outputs and will enter an 
interrupt sequence. The transition on the NMI can occur any
time. Of the three kinds of interrupts available, the non-mask- ' 
able interrupt has the highest priority: 

VI: Vectored,lnterrupt (Input) 

LOW on this input constitutes vectored interrupt request. Vec
tored interrupt is next lower to the non-maskable interrupt in 
priority. The VIE bit in the Flag and Control Word register must 
be 1 for the vectored interrupt to be honored. The CPU will 
respond with Vectored Interrupt Acknowledge code on the 
STO-ST3 outputs and will begin the interrupt sequence. The Vi 
input can be driven LOW anytime and should be held LOW until 
acknowledged. 

NVI: Non-Vectored Interrupt (Input) 

LOW on this input constitutes non-vectored interrupt request. 
Non-vectored has the lowest priority of the three types of inter
rupts. The NVIE bit in the Flag and Control Word register must 
be 1 for this request to be honored. The CPU will respond with 
Non~Vectored Interrupt Acknowledge code on the STO-ST3 out
puts and will begin the interrupt sequence. The NVI input 

'can be driven LOW anytime and should be held LOW until 
acknowledged. 

}LI: Micro-In (Input) 

This input participates in the resource request daisy chain. See 
the section on multimicroprocessor support facilities in this 
document. ' 
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}LO: Micro-Out (Output) 

This output participates in the resource request daisy chain. See 
the section on multimicroprocessor support facilities in this 
document. 

RESET: Reset (Input) 

LOW on this input initiates a reset sequence in the CPU. See the 
section on Initialization for details on reset sequence. 

ClK: Clock (Input) 

All CPU operations are controlled from the signal fed into 
this input. See DC characteristics for clock voltage level 
requirements. 

STOP: Stop (Input) 

This active LOW input facilitates one instruction at a time opera
tion. See the section on single stepping. 

SNO-SN6: Segment Number (Outputs, 3-State) 
(Am,Z8001 Only) 

These seven outputs contain the segment number part of a 
memory address. A HIGH on the output corresponds to 1 and a 
LOW corresponds to O. SNO is the least significant bit position 
and SN6 is the most significant bit position. 

SEGT: Segment Trap (Input) (AmZ8001 Only) 

LOW on this input constitutes a segment trap request. If the line 
is driven LOW, the CPU will respond with the Segment 1rap 
Acknowledge code on the Status lines, and commence a trap 
sequence. The SEGT input may be driven LOW at any time and 
is customarily held LOW until acknowledged. This input has 
priority over the interrupts. 
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MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature -65 to +150°C 

Voltage at any Pin Relative to Vss -0.5 to + 7.0V 

Power Dissipation 2.5W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggeste~, nevertheless, that conventional precautions be observed during storage,. handling and use in order to 
avoid exposure to excessive voltages. 

OPERATING RANGE (over which the DC, switching and functional specifications apply) 

4MHz 6MHz 8MHz 

Z800X Z800XA Z800XA-8 

Commercial Operating Range Z800XDC2 Z800XADC Z800XA-8DC 
TA1 = 0 to 70°C ZSOOXPC Z800XAPC Z800XA-SPC 
Vee = 5V ± 5% Z800XLC ZSOOXALC Z800XA-SLC 

Industrial Operating Range 
ZSOOXDI ZSOOXADI TA = -40 to +S5°C 

Vee = 5V ± 10% ZSOOXLI Z800XALI 

Military Operating Range Z800XDMB ZSOOXADMB 
TA = -55 to +125°C Z800XLMB Z800XALMB 

Notes: 1. TA = Ambient Temperature 
2. Add suffix B to indicate burn-in requirement 
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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: 

+4.75V,,;:; Vee";:; +5.25V 
GND = OV ' 

O°C ,,;:; T A ,,;:; + 70°C· 

Standard Test Load Open Drain Test Load 
+5V +5V 

2.2K 

50pF I 
009718-17 '00971B-18 

4, 6MHz Devices 
ELECTRICAL CHARACTERISTICS over operating range unless otherwise specified 

Parameter Description Test ·Conditions Min Max 

VeH Clock Input High Voltage Driven by External Clock Generator Vee-0.4 Vee+0.3 Volts 

Vel Clock Input Low Voltage Driven by External Clock Generator -0.3 0.45 Volts 

VIH Input High Voltage 2.0 Vee+0.3 Volts 

VIHNMI. Input High Voltage 2.4 Vee+0.3 Volts Reset 

Vil Input Low Voltage -0.3 0.8 Volts 

VOH Output High Voltage IOH = -250JLA 2.4 Volts 

VOL Output Low Voltage IOl = +2.0mA 0.4 Volts 

IlL Input Leakage 0.4 .:; VIN .:; +2.4V , ±10 JLA 

IOL Output Leakage 0.4 .:; Vour .:; +2.4V ±10 JLA 

Commercial 300 mA 

Icc Vee Supply Current 
Military I 125°C 235 mA 

I -55°C 350 mA 

8MHz Devices 
ELECTRICAL CHARACTERIS11CS over operating range unless otherwise specified 

Parameter Description Test Conditions Min Max Units 

VeH Clock Input High Voltage Driven by External Clock Generator Vee-O.4 Vee+0.3 Volts 

Vel Clock Input Low Voltage Driven by External Clock Generator -0.3 0.45 Volts 

V IH Input High Voltage 2.0 Vee+0.3 Volts 

VIH NMh Input High Voltage 2.4 Vee+0.3 Volts Reset 

Vil Input Low Voltage -0.3 0.8 Volts 

VOH Output High Voltage IOH = -250JLA 2.4 Volts 

VOL Output Low Voltage IOl = +2.0mA 0.4 Volts 

III Input Leakage 0.4 .:; VIN .:; +2.4V ±10 JLA 

IOL Output Leakage 0.4 .:; Vour .:; +2.4V ±10 JLA 

Icc Vee Supply Current Commercial 325 mA 
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SWITCHING CHARACTERISTICS over operating range 

4MHz Devices 6MHz Devices 

COML/IND/MIL COML/IND/MIL 

Number Parameter Description Min Max Min Max Units 

1 TcC Clock Cycle Time 250 2000 165 2000 ns 

2 TwCh Clock Width (High) 105 2000 70 2000 ns 

3 TwCI Clock Width (Low) 105 2000 70 2000 ns 

4 TIC Clock Fall Time 20 10 ns 

5 TrC Clock Rise Time 20 10 ns 

6t TdC(SNv) Clock i to Segment Number Valid (50pF Load) 130 110 ns 

7t TdC(SNn) Clock i to Segment Number Not Valid 20 10 ns 

8 TdC(Bz) Clock i to Bus Float 65 55 ns 

9 TdC(A) Clock i to Address Valid 100 75 ns 

10 TdC(Az) Clock i to Address Float 65 55 ns 

11 TdA(DI)" Address Valid to Data In Required Valid 475 305 ns 

12 TsDI(C) Data In to Clock! Set-up Ti,me 30 20 ns 

13 TdDS(A)" OS i to Address Active 80 70 ns 

14 TdC(DO) Clock t to Data Out Valid 100 75 ns 

15 ThDI(DS) Data In to OS i Hold Time 0 0 ns 

16 TdDO(DS)" Data Out Valid to OS i Delay 295 195 ns 

17 TdA(MR)" Address Valid to MREQ ! Delay 55 35 ns 

18 TdC(MR) Clock! to MREQ ! Delay 80 70 . ns 

,,19 TwMRh" MREQ Width (High) 210 135 ns 

20 TdMR(A)" MREQ ! to Address Not Active 70 35 ns 

21 TdDO(DSW)" Data Out Valid to OS! (Write) Delay 55 35 ns 

22 TdMR(DI)* MREQ ! to Data In Required Valid 375 225 ns 

23 TdC(MR) Clock! to MREQ i Delay 80 60 ns 

24 TdC(ASI) Clock i to AS ! Delay 80 60 ns 

25 TdA(AS)" Address Valid to AS i Delay 55 35 ns 

26 TdC(ASr) Clock! to AS i Delay 90 80 ns 

27 TdAS(DI)" AS i to Data In Required Valid 360 215 ns 

28 TdDS(AS)" OS i to AS ! Delay 70 35 ns 

29 TwAS" AS Width (Low) 85 55 ns 

30 TdAS(A)" AS i to Address Not Active Delay 70 30 ns 

31 TdAz(DSR) Address Float to OS (Read) ! Delay 0 0 ns 

32 TdAS(DSR)" AS i to OS (Read) ! Delay - 80 35 ns 

33 TdDSR(DI)" OS (Read) ! to Data In Required Valid 205 130 ns 

34 TdC(DSr) Clock! to OS i Delay 70 65 ns 

35 TdDS(DO)" OS i to Data Out and STATUS Not Valid 75 45 ns 

36 TdA(DSR)" Address Valid to OS (Read) ! Delay 180 110 ns 

37 TdC(DSR) Clock i to OS (Read) ! Delay 120 85 ns 

38 TwDSR" OS (Read) Width (Low) 275 185 ns 

39 TdC(DSW) Clock! to OS (Write) ! Delay 95 80 ns 

40 TwDSW" OS (Write) Width (Low) 185 110 ns 

41 TdDSI(DI)" OS (Input) ! to Data In Required Valid 330 200 ns 

42 TdC(DSI) Clock! to OS (I/O) ! Delay I, 120 100 ns 

43 TwOS" OS (1/0) Width (Low) 410 255 ns 

44 TdAS(DSA)" AS i to OS (Acknowledge) ! Delay 1065 690 ns 

45 TdC(DSA) Clock i to OS (Acknowledge) ! Delay 120 85 ns 

46 TdDSA(DI)" DS (Acknowledge) ! to Data In Required Delay 455 295 ns 

tZ8001 and Z8001A only. 
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AmZ8001 • AmZ8002 
SWITCHING CHARACTERISTICS (Cont ) 

4MHz Devices 6MHz Devices 

COML/IND/MIL COML/IND/MIL 

Number Parameter Description Min Max Min Max Units 

47 TdC(S) Clock i to Status Valid Delay 110 85 ns 

48 TdS(AS)* Status Valid to AS i Delay 50 30 ns 

49 TsR(C) RESET to Clock i Set-up Time 180 70 ns 

50 ThR(C) RESET to Clock i Hold Time 0 0 ns 

51 TwNMI NMI Width (Low) 100 70 ns 

52 TsNMI(C) NMI to Clock i Set-up Time 140 70 ns 

53 TsVI(C) VI, NVI to Clock i Set-up Time 110 50 ns 

54 ThVI(C) VI, NVI to Clock i Hold Time 20 20 ns 

SSt TsSGT(C) SEGT to Clock i Set-up Time 70 55 ns 

56t ThSGT(C) SEGT to Clock i Hold Time 0 0 ns 

57 TsMI(C) MI to Clock i Set-up Time 180 110 ns 

58 ThMI(C) MI to Clock i Hold Time 0 0 ns 

59 TdC(MO) Clock i to MO Delay 120 85 ns 

60 TsSTP(C) STOP to Clock ~ Set-up Time 140 80 ns 

61 ThSTP(C) STOP to Clock ~ Hold Time 0 0 ns 

62 TsWT(C) WAIT to Clock! Set-up Time 50 30 ns 

63 ThWT(C) WAIT to Clock! Hold Time 10 10 ns 

64 TsBRQ(C) BUSRQ to Clock i Set-up Time 90 80 ns 

65 ThBRQ(C) BUSRQ to Clock i Hold Time 10 10 ns 
.. 

66 TdC(BAKr) Clock i to BUSAK i Delay 100 75 ns 

67 TdC(BAKf) Clock i to BUSAK ! Delay 100 75 ns 

68 TwA Address Valid Width 150 95 ns 

69 TdDS(S) DS i to STATUS Not Valid 80 55 ns 

*Clock-cycle-time-dependent characteristics. These numbers are computed assuming the clock characteristics are at the limits given in parameters 1 
through 5. For other clock frequencies these parameters can be derived from other specs and the clock characteristics. See table on next two pages. 

tZ8001 and Z8001A only. 
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CLOCK-CYCLE-TIME-DEPENDENT CHARACTERISTICS 

The parameters listed below are also shown in the switching specification. However they are dependent on the actual values of the clock 
periods. The equations below define that dependence, so the correct limit for these parameters may be determined for any system, 
regardless of the actual clock characteristics. 

Number Symbol 4MHz Devices 6MHz Devices 

11 TdA(DI) 2TcC + TwCh - 125ns 2TcC + TwCh - 95ns 

13 TdDS(C) TwCI - 25ns TWCI - 30ns 

16 TdDO(DS) TcC + TwCh - 60ns TcC + TwCh - 40ns 

17 TdA(MR) TwCh - 50ns TwCh - 35ns 

19 TwMRh TcC - 40ns TcC - 30ns 

20 TdMR(A) TwCI - 35ns TwCI - 35ns 

21 TdDO(DSW) TwCh - 50ns TwCh - 35ns 

22 TdMR(DI) 2TcC - 125ns 2TcC - 105ns 

25 TdA(AS) TwCh - 50ns TwCh - 35ns 

27 TdAS(DI) 2TcC - 140ns 2TcC - 115ns 

28 TdDS(AS) TwCI - 35ns TwCI - 35ns 

29 TwAS TwCh - 20ns TwCh - 15ns 

30 TdAS(A) TwCI - 35ns TwCI - 40ns 

32 TdAS(DSR) TwCI - 25ns TwCI - 35ns 

33 TdDSR(DI) TcG + TwCh - 150ns TcC + TwCh - 105ns 

35 TdDS(DO) TwCI - 30ns TwCI - 25ns 

36 TdA(DSR) TcC - 70ns TcC - 55ns 

38 TwDSR TcC + TwCh - 80ns TcC + TwCh - 50ns 

40 TwDSW TcC - 65ns TcC - 55ns 

41 TdDSI(DI) 2TcC - 170ns 2TcC - 130ns 

43 TwDS 2TcC - 90ns 2TcC - 75ns 

44 TdAS(DSA) 4TcC + TwCI - 40ns 4TcC + TwCI - 40ns 

46 TdDSA(DI) 2TcC + TwCh - 150ns 2TcC + TwCh - 105ns 

48 TdS(AS) TwCh - 55ns TwCh - 40ns 

68 TwA TcC - 90ns TcC - 70ns 

69 TdDS(S) TwCI - 25ns TwCI - 15ns 
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AmZ8001 • AmZ8002 
SWITCHING CHARACTERISTICS over operating range 

8MHz Devices 

COML 

Number Parameter Description Min Max Units 

1 TcC Clock Cycle Time 125 2000 ns 

2 TwCh Clock Width (High) (See Note 2) 55 200,0 ns 

3 TwCI Clock Width (Low) (See Note 2) 55 2000 ns 

4 TIC Clock Fall Time (See Note 3) 10 ns 

5 TrC Clock Rise Time (See Note 3) 10 ns 

6t TdC(SNv) Clock i to Segment Number Valid (50pF Load) 100 ns 

7t TdC(SNn) Clock i to Segment Number Not Valid 10 ns 

8 TdC(Bz) Clock i to Bus Float 50 ns 

9 TdC(A) Clock i to Address Valid 65 ns 

10 TdC(Az) Clock i to Address Float 45 ns 

11 TdA(DI)· Address Valid to Data In Required Valid 225 ns 

12 TsDI(C) Data In to Clock t Set-up Time 15 ns 

13 TdDS(A)· DS i to Address Active 40 ns 

14 TdC(DO) Clock i to Data Out Valid 65 ns 

15 ThDI(DS) Data In to DS i Hold Time 0 ns 

16 TdDO(DS)· Data Out Valid to DS i Delay 150 ns 

17 TdA(MR)· Address Valid to MREQ t Delay 30 ns 

18 TdC(MR) Clock t to MREQ t Delay 55 ns 

19 TwMRh· MREQ Width (High) 105 ns 

20 TdMR(A)· MREQ t to Address Not Active 35 ns 

21 TdDO(DSW)· Data Out Valid to DS t (Write) Delay 30 ns 

22 TdMR(DI)· MREQ t to Data In Required Valid ·175 ns 

23 TdC(MR) Clock t to MREQ i Delay 55 ns 

24 TdC(ASf) Clock i to AS t Delay 55 ns 

25 TdA(AS)· Address Valid to AS i Delay 30 ns 

26 TdC(ASr) Clock t to AS i Delay 65 ns 

27 TdAS(DI)· AS i to Data In Required Valid 170 ns 

28 TdDS(AS)· DS i to AS t Delay 35 ns 

29 TwAS· , AS Width (Low) 45 ns 

30 TdAS(A)· AS i to Address Not Active Delay 30 ns 

31 TdAz(DSR) Address Float to DS (Read) t Delay 0 ns 

32 TdAS(DSR)· AS i to DS (Read) t Delay 30 ns 

33 TdDSR(DI)· DS (Read) t to Data In Required Valid 115 ns 

34 TdC(DSr) Clock t to DS i Delay 65 ns 

35 TdDS(DO)· DS i to Data Out and STATUS Not Valid 40 ,/S 

36 TdA(DSR)· Address Valid to DS (Read) t Delay 85 ns 

37 TdC(DSR) Clock i to DS (Read) t Delay 70 ns 

38 TwDSR· DS (Read) Width (Low) 140 ns 

39 TdC(DSW) Clock t to DS (Write) t Delay 65 ns 

40 TwDSW· DS (Write) Width (Low) 85 ns 

41 TdDSI(DI)· DS (Input) tto Data In Required Valid 135 ns 

42 TdC(DSf) Clock t to DS (I/O) t Delay 85 ns 

43 TwDS· DS (I/O) Width (Low) 200 ns 

44 TdAS(DSA)· AS i to DS (Acknowledge) t Delay 520 ns 

45 TdC(DSA) Clock ito DS (Acknowledge) t Delay 65 ns 

tZ8001A-8 only. 
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AmZ8001 • AmZ8002 
SWITCHING CHARACTERISTICS (Cent.) 

8MHz Devices 

COML 

Number Parameter Description Min Max Units 

46 TdDSA(DI)* OS (Acknowledge) ! to Data In Required Delay 235 ns 

47 TdC(S) Clock l' to Status Valid Delay 75 ns 

48 TdS(AS)* Status Valid to AS l' Delay 25 ns 

49 TsR(C) RESET to Clock l' Set-up Time 70 ns 

50 ThR(C) RESET to Clock l' Hold Time 0 ns 

51 TwNMI NMI Width (Low) 50 ns 

52 TsNMI(C) NMI to Clock i Set-up Time 70 ns 

53 TsVI(C) VI, NVI to Clock i Set-up Time 50 ns 

54 ThVI(C) VI, NVI to Clock i Hold Time 20 ns 

Sst TsSGT(C) SEGT to Clock i Set-up Time 45 ns 

56t ThSGT(C) SEGT to Clock i Hold Time 0 ns 

57 TsMI(C) MI to Clock i Set-up Time 90 ns 

58 ThMI(C) MI to Clock i Hold Time 0 ns 

59 TdC(MO) Clock i to MO Delay 65 ns 

60 TsSTP(C) STOP to Clock! Set-up Time 75 ns 

61 ThSTP(C) STOP to Clock! Hold Time 0 ns 

62 TsWT(C) WAIT to Clock! Set-up Time 25 ns 

63 ThWT(C) WAIT to Clock! Hold Time 10 ns 

64 TsBRO(C) BUSRO to Clock i Set-up Time 60 ns 

65 ThBRO(C) BUSRO to Clock i Hold Time 10 ns 

66 TdC(BAKr) Clock l' to BUSAK l' Delay 60 ns 

67 TdC(BAKf) Clock i to BUSAK ! Delay 60 ns 

68 TwA' Address Valid Width 90 ns 

69 TdDS(S)* OS i to STATUS Not Valid 45 ns 

·Clock-cycle-time-dependent characteristics. These numbers are computed assuming the clock characteristics are at the limits given in parameters 1 
through 5. For other clock frequencies these parameters can be derived from other specs and the clock characteristics. See following table. 

tZ8001A-8 only. 
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CLOCK-CYCLE-TIME-DEPENDENT CHARACTERISTICS 

The parameters listed below are also shown in the switching specification. However they are dependent on the actual values of the clock 
periods. The equations below define that dependence, so the correct limit for these parameters may be determined for any system, 
regardless of the actual clock characteristics. 

Number Symbol 8MHz Devices 

11 TdA(DI) 2TeC + TwCh - 80ns 

13 TdDS(A) TwCI - 15ns 

16 TdDO(DS) TcC + TwCh - 30ns 

17 TdA(MR) TwCh - 25ns 

19 TwMRh TeC - 20ns 

20 TdMR(A) TwCI - 20ns 

21 TdDO(DSW) TwCh - 25ns 

22 TdMR(DI) 2TcC - 75ns 

25 TdA(AS) TwCh - 25ns 

27 TdAS(DI) 2TcC - 80ns 

28 TdDS(AS) TwCI- 20ns 

29 TwAS TwCh - 10ns 

30 TdAS(A) TwCI- 25ns 

32 TdAS(DSR) TwCI- 25ns 

33 TdDSR(DI) TcC + TwCh - 65ns 

35 TdDS(DO) TwCI...:. 15ns 

36 TdA(DSR) TeC - 40ns 

38 TwDSR TcC + TwCh - 40ns 

40 TwDSW TcC - 40ns 

41 TdDSI(DI) 2TeC - 115ns 

43 TwDS 2TeC - 50ns 

44 TdAS(DSA) 4TeC + TwCI - 35ns 

46 TdDSA(DI) 2TcC + TwCh - 70ns 

48 TdS(AS) TwCh - 30ns 

68 TwA Tcc - 35ns 

69 TdDS(S) TwCI - 10ns 
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Z8001 TIMING DIAGRAM 
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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 
various timing sequences. 
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Z8002 TIMING DIAGRAM 
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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 
various timing sequences. 
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AmZ8016 
DMA Transfer Controller 

DISTINCTIVE CHARACTERISTICS 

• Two independent multi-function channels 
• Transfer Modes: Single, demand dedicated with bus 

hold, demand dedicated with bus release, demand 
interleave 

• Data types: Byte-to-Byte, Word-to-Word, Byte/Word 
funneling 

• 8 Megabyte logical addressing range and 16 Megabyte 
physical addressing range in each address space 

• Address increment, decrement or hold 
• Automatic loading/relo,ading of control parameters by 

each channel 
• Optional automatic chaining of operations 
• Channel interleave operations 
• Interleave operations with system bus 
• Base registers for efficient repetitive operations 
• Reload word table for efficient channel initialization 
• Masked data pattern matching for search operations 
• Vectored interrupts on selected transfer conditions 
• Software DMA request 
• Software or hardware controller wait state insertion 
• Memory/peripheral transfer up to 2.66 Megabyte/second 

at 4MHz and 4 Megabyte/second at 6MHz 
• Memory/memory transfer up to 1.33 Megabyte/second at 

4MHz and 2 Megabyte/second at 6MHz 

ArnZ8016 DTC BLOCK DIAGRAM 

SYSTEM BUS 

t 
l BUS I INTERFACE 

CHANNEL 1 I CHANNEL 2 
REGISTERS INTERNAL BUS REGISTERS 

H MASTER MODE I 

-I COMMAND I--
INTERFACE TO 

H CHAIN I CONTROL 
PERIPHERALS 

CONTROL LOGIC -
H TEMPORARY I 

Figure 1. 
AIZ-013 

'Z8000 is a trademark of Zilog, Inc. 
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GENERAL DESCRIPTION 

The AmZ8016* DMA Transfer Controller (DTC) is a high 
performance peripheral interface circuit for AmZ8000 pro
cessor 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,fransfer, 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 transfer 
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 re~initialize the current source and des
tination Address and Operation Count registers. To change 
the data transfer direction under CPU control, provision is 
made for reassigning the source address <1S a de~jtination 
and the destination as a source, eliminating tllo neud for 
actual reloading of these address registers. 

Frequently DMA devices must interfaco to slow periphoral~~ 
or slow memory. rn addition to providing a hardware WAIT 
input, the AmZ8016 DTC allows tho u~or to select indepond· 
ently, for both source and destination addresses, automatic 
insertion of 0, 1,2 or4 wait states. TtlO wiormay ovon di!lallio 
the WAIT input pin function altogetller and u~o tllo~o 

software programmed wait states exclusively. 

High throughput and powerful transfer options are of limited 
usefulness if a OMA 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. 

OTHER LITERATURE 

• AmZ8016 Application Manual (contains detailed 
application configuration and software example). 

01924B·MMP 



LOGIC SYMBOL 

SNO ADo 

SN1 ADI 

SN2 AD2 

SEGr.'IENT SN3 AD3 

NUMBER SN4 AD4 

SNs ADs 

SNs AD6 

SN7/MMU SYNC A~ ADDRESS 

ADs DATA BUS 
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CS/WAIT DACK1• DACK2 

BUS 
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TIMING 
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lEI 

lEO 

+5V GND CLK 
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INTERFACE SIGNAL DESCRIPTION 
All inputs to the DTC, except the Clock, are directly TTL 
compatible; 

vce: +5V Power Supply 
VSS: Ground 

CLOCK: '(Clock, Input) 

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 vol
tage input signal. When the DTC is used with an MMU, they must 
both be driven from the same clock signal. Many DTC input 
sign'als can make transitions independent of the DTG clock, these 
signals can be asynchronous to the DTC clock. On other signals, 
such as WAIT inputs, transitions must meet setup and hold re
quirements relative to the DTC clock. See the timing diagrams for 
details. 

ADO-AD15 (Address/Data Bus, Input/Output) 
The Address/Data Bus is a time-multiplexed, bidirectional, active 
High, three-state bus used for all I/O and memory transactions. 
HIGH on the bus corresponds to 1 and LOW corresponds to O. 
ADO 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 OS signal. The status output lines STo-ST3 
indicate the type of transaction, either memory or I/O. When the 
DTG is in control of the system bus, it dominates the AD Bus; 
when the DTC is not in control of the system bus, the GPU or other 
external devices dominate the AD Bus. 
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The presence of address or data on theADO-AD15 bus is de
fined only by AS and OS. When the DTG is not in control of the 
bus; there is no required relation between the presence of ad
dress or data and the DTG clock. This allows the DTG to be used 
with a system bus which does not have a bussed clock signal. 

AS (Address Strobe, Input/Output) 
Address Strobe is a bidirectional, active-low, three-state signal. A 
LOW-to-HIGH transition on this signal while OS is high indicates 
that the ADo-AD15 bus contains address information. During a 
DMA operation when the DTC is in control of the system, AS is an 
output generated by the DTG to indicate that a valid address is on 
ADo-AD15. The address information output by the DTG 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 ADo-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 OS are 
simultaneously low, the DTC is reset. 

DS (Data Strobe, Input/Output) 

\ 

Data Strobe is a bidirectional, active-low, three-state signal. A 
LOW on this signal while AS is high indicates that the ADo-AD15 
bus is being used for data transfer. When the DTG is not in control 
of the system bus and the external system is transferring informa
tion to or from the DTG, OS is a timing input used by the DTC to 
move data to or from the ADO-AD15 bus. Data is written into the 
DTC by the external system on the LOW-to-HIGH OS transition. 



Data is read from the DTC by the external system while OS is 
LOW. There are no timing requirements between OS 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, OS is an output gener
ated by the DTC and used by the system to move data to or from 
the ADo-AD15 bus. When the DTC has bus control, it writes to 
the external system by placing data on the ADo- AD15 bus before 
the HIGH-to-LOW OS transition and holding the data stable until 
after the LOW-to-HIGH OS transition; while reading from the 
external system, the LOW-to-HIGH transition of OS latches data 
into the temporary register of the DTC (See timing diagram). 

STO-ST3 (Status, Input/Output) 
The four Status lines are three-state, bidirectional signals con
taining 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 segment trap 
acknowledge cycles. There are no timing requirements between 
transitions on the ST 0 - ST 3 input and the DTC clock; input transi
tions on STo-ST3 are only defined relative to AS and OS. When 
the DTC is in control of the system bus, the STo-ST3 lines are 
outputs which indicate the type of memory or I/O transaction 
being performed. The status codes decoded and generated 
by the DTC are indicated in Figure 2, by the letters 0 and G 
respectively. 

Riw (Read/Write, Input/Output) 
Read/Write is a bidirectional, three-state signal. Read polarity is 
HIGH and write polarity is .LOW. R/Vii 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/Vii is a 
status input used by the DTC to determine if data is entering or 
leaving on the ADo-AD15 bus during OS time. In such a case, 

AmZ8016 

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/Vii 
as an input and the DTC clock; transitions on R/Was an input are 
only defined relative to AS and OS. When the 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 device, and Write indicating that data is being pre
sented to the addressed location or device. Flyby DMA opera
tions are a special case where R/Vii is valid for the normally 
addressed memory or peripheral locations and must be inter
preted in reverse by the "Flyby" peripheral that uses it. 

N/S (Normal/System, Output, 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 Nis pin is HIGH for 
normal memory and LOW for system memory. System space is 
always indicated for I/O cycles. 

B/W (Byte/Word, Output, 3-State) 
This output indicates the type of data transferred on the AD bus. 
HIGH indicates a byte (8-bit) and LOW indicates a word (16-bit) 
transfer. This output is activated when AS goes LOW and re
mains 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 is organized as 16-bit words. 
All word-sized data are word aligned and must be addressed by 
even addresses (Ao = 0). When addressing byte transactions, 
the least significant address bit determines which byte is needed; 
an even address specifies the most significant byte (ADO - AD 15) 
and an odd address specifies the loa~t !;Ignilicant by to 
(ADO-AD?). (Note that the higher addro:,!i !ipocilio~ tho lo~!; 
significant byte!) This addressing mechanism applio5 to momory 
accesses as well as I/O and special I/O aCCO!i50:;. Whon tho DTC 
is a slave, it ignores the B/W signal. 

DTC 
ST3 ST2 ST1 STO Transaction/Operation Action (Note) 

L L L L Internal Operation 

L L L H Memory Refresh 

L L H L I/O Transaction G 

L L H H Special I/O Transaction G 

L H L L Segment Trap Acknowledge D 

L H L H Non-Maskable Interrupt Acknowledge D 

L H H L Non-Vectored Interrupt Acknowledge D 

L H H H Vectored Interrupt Acknowledge D 

H L L L Memory Transaction for Data/DTC Chaining G 

H L L H Memory Transaction for Stack G 

H L H L Reserved 

H L H H Reserved 

H H L L Memory Transaction for Program G 
Fetch (Subsequent Word) 

H H L H Memory Transaction for Program 
Fetch (First Word) 

H H H L Reserved 

H H H" H Reserved 

Note: 0 = Status code is decoded by OTC when not in control of system bus. 
G = Status code is generated by OTC when in control of system bus. 

Figure 2. Status Codes 
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CS/WAIT . (Chip Select/Wait, Input) 
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 OS are toggled for each 
transfer. There are no timing requirements between the CS input 
and the DTC clock; the CS 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 OS during bus 
transfers. Unlike the CS 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 case the 
input is treated as an active LOW Chip Select only and is ignored 
when the DTC is in control of the system bus. 

BUSRQ (Bus Request, Input/Output) 
Bus Request is an active-low, open-drain, bidirectional signal 
used by the DTC to obtaih 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 ex
ternally with a common pull-up resistor of 1.8 kn or more. Since 
the DTC internally synchronizes the sampled BUSRQ signal, 
transitions on BUSRQ may be asynchronous to the DTC clock. 

BAI (Bus Acknowledge In, Input) 
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 
DlC before being used, transitions on BAI do not havE! to be 
synchronous with the DTC clock. The BAI input is usually con
nected to the BUSAK line from the CPU or to the BAa 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. 

BAO (Bus Acknowledge Out, Output) 
BAa is an active-low output which indicates that BAI is active and 
tllat the DTC is not currently in control of the bus. This signal is 
intended for use by lower priority devices on the Bus Request 
daisy chain. 

INT (Interrupt, Output) 
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 kn or greater is required.· 

lEI (Interrupt Enable In, Input) 
lEI is an active-high input which allows the DTC to activate the 
INT output and to respond to interrupt acknowledge operations. It 
is used with other signals to implement the interrupt daisy chain ... 
Transitions on lEI do. not have to be synchronous with the DTC 
clock. 

lEO (Interrupt Enable Out, Output) 
lEO 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 jnterrupt daisy chain. See the Interrupt section of this docu
ment for further details on INT, lEI and lEO. 

DREQ1, DREQ2 (DMA Request, Inputs) 
The DMA Request lines are two active-low inputs, one per chan
nel. They may make transitions independent of the DTC clock 
and are used by external logic to initiate and control DMA opera
tions performed by the DTC. 
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DACK1, DACK2 (DMA Acknowledge, Outputs) 
The DMA Acknowledge lines are active-low outputs, one per 
channel, 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 I/O 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. 

EOP (End of Process, Input/Output) 
EOP is an active-low, open-drain, bidirectional signal. It must be 
pulled up with an external resistor of 1.8 kn 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 progress 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 EOP to termi
nate DMA accesses which violate the MMU protection settings. 
To provide full access protection, an external EOP is accepted 
even during chaining. 

SNo-SN6 (Segment Number, Output) 
The segment lines are three-state outputs activated only when 
the DTC is controlling the system bus. SNo is the least significant 
bit of the segment number and SNs is the most significant. The 
AmZ8001 and AmZ8002 CPUs access I/O by outputting a 16-bit 
I/O address'on ADo-AD15. 

When the AmZ8016 DTC is operated in Logical Address space, 
the I/O address space is increased to 23 bits. The lower 16 bits of 
I/O address appear on ADo-AD15. An additional 7 bits of I/O 
addresses appear on SNo-SNs. Users of the DTC in the Logical 
Address space configuration may choose to disregard the 
SNo-SNs I/O 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-SNs specify the 17th (SNO) through 23rd 
(SNs) bits of a 24-bit linear address. The lower 16 address bits 
appear on ADo through AD15 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 I/O addressing capability of the 
DTC by disregarding SNo-SNs and SN7/MMUSync during I/O 
operations, or may use the extended addressing to increase the 
number of I/O ports accessible by the DTC beyond the number of 
I/O ports accessible by the CPU. 

SN7/MMUSync (Segment Number 7/MMUSync, Output) 
When DTC is programmed in Logical Address space, this line 
outputs an active-HIGH MMUSYNC pulse priorto 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 STo-ST3 indicate 
I/O. This output is LOW when DTC is a bus slave and the MM1 
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 I/O - see the SNo-SNs pin 
description for details. When this output SN7, a HIGH represents 
1 and a LOW represents o. This pin floats to high impedance state 
when DTC is a bus slave and the MM1 bit is cleared. 



REGISTER DESCRIPTION 
The AmZ8016 block diagram illustrates the internal registers. 
Figure 3 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 I/O 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 sinc!3 the DTC ignores the B/Wline 
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 chan
nel. The four chip-level registers are the Master Mode register, 
the Command register, the Chain Control register and the Tem
porary 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 Temporary register is used to hold data for 
Flowthru TransferlTransfer-and-Searches. 

Name Size 

Master Mode Register 8 bits 

Chain-Control Register 10 bits 
Temporary Register 16 bits 

Command Register a bits 
Current Address Register - A: 

Segment/Tag field 15 bits 
Offset field 16 bits 

Current Address Register - B: 
Segment/Tag field 15 bits 
Offset field 16 bits 

Base Address Register -. A: 
Segment/Tag field 15 bits 
Offset field 16 bits 

Base Address Register - B: 
Segment/Tag field 15 bits 
Offset field 16 bits 

Current Operation Count 16 bits 
Base Operation Count 16 bits 

Pattern Register 16 bits 
Mask Register 16 bits 

Status Register 16 bits 
Interrupt Save Register 16 bits 
Interrupt Vector Register. a bits 
Charjnel Mode Register - High 5 bits 

Channel Mode Register - Low 16 bits 

Chain Address Register: 
Segment/Tag field 10 bits 
Offset field 16 bits 

Access Codes: C Chain Loadable 
D Accessible by DTC channel 
F Fast Readable 
S Slow Readable 
W= Write able 

Amza016 

MASTER MODE REGISTER 

The 8-bit Master Mode register, shown in Figure 4, controls the 
chip-level interfaces. It can be read from and written to by the host 
CPU without wait states through pins ADO-AD? but it is not 
loadable by chaining. On a reset, the Master Mode register is 
cleared to all zero.es. 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 op
erations. The Chip Enablebit (MMO) should not be used as the 
gating item in starting or stopping the DTC. Channels should 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 5 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 AmZ8001 using an MMU, the 
Logical/Physical bit must be set to Physical (MM1 = 0). If 

Access Port Address 
Number Type CH-1/CH-2 

FW 30 
C 
D 

W 2E/2C' 

2 CFW 1M8 
2 CFW ON08 

2 CFW 12/10 
2 CFW 02/00 

2 CFW 1E/1C 
2 CFW OE/OC 

2 CFW 16/14 
2 CFW 06/04 
2 CFW 32/30 
2 CFW 36/34 

2 CSW 4N48 

2 CSW 4E/4C 

2 F 2E/2C 
2 F 2N28 

2 CSW 5N58 

2 CS 56/54 

2 CSW 52/50 

2 CFW 26/24 
2 CFW 22/20 

Note: Upper Register Address is determined by user's Chip Select Decode Logic. Only Lower Register Address is shown here .. 
'The port addresses of Comm'and register can be used alternately for both channels except when issuing a "set/clear IP" 
command. 

Figure 3. DTC Internal Register 
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AmZ8001 addresses are not translated by an MMU, the DTC 
must be set to Logical (MM1 = 1). In an AmZ8002 based system, 
the user may use either the Physical or Logical address space 
setting. 

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 decrement
ing 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 ADo-AD15 when AS is LOW and 
the 7-bit segment number appears on pins SNo-SN6 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 seg
ment 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 de
cremented, the carry/borrow signal propagates across the full 
24-bit address updating both the segment and offset portions of 
the address. Both I/O and memory addresses in Physical space 
are generated by driving the offset portion of the Current Address 
register onto the ADo- AD15 bus and driving the segment portion 
of the Current Address register onto the SNo-SN7 bus. Timing 
Diagrams 4, 5 and 6 show how the Logical/Physical Space bit 
affects the DTC timing. The ADo-AD15 timing is not affected. 
Tho SNo-SN7 lines are shifted from T3 to T1 so that they are 

AmZ8001 
CPU 

AmZ8016 
DTC I".J SEGMENT I···~:~:".I 

1-----16 I 
OFFSET I 

a) OTC with AmZ8001 (Segmented) CPU 

AmZ8010 
MMU 

AmZ8016 
DTC 

Chip Enable 

Logical/Physical 
Address Space 

'----- CPU Interleave 
Enable 

'------- Wail Line Enable 

L..-_______ Disable Lower Chain 

1..-_________ No Vector on 

Interrupt 

L..------------INTERRUPT ACKNOWLEDGE 
FIELD: 
00 = NVI acknowledge 
01 = VI acknowledge 
10 = NMI acknowledge 
11 = Segment Trap 
. acknowledge 

Figure 4. Master Mode Register AIZ-016 

AmZ8002 
CPU 

AmZ8016 
DTC 1-----16----1 

OFFSET 

b) OTC with AmZ8002 (Nonsegmented) CPU 

II SEGMENT I~:~'::::::::I 

1-----16 I 
OFFSET I 

1-------24 I 
LINEAR ADDRESS I 

Ole MAY ALSO BE USED WITH ITS OWN PRIVATE MMU 

c) OTC with AmZ8001 (Segll,lented) CPU and AmZ8010. MMU 

Figure 5. OTC Configuration Options AIZ-017 
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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. 

The Wait Line Enable bit is used to enable sampling of the 
CS/WAIT line during Memory and I/O 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 pro
vides this flexibility. See the "Wait States" section of this docu
ment 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 lEO output in 
response to lEI. When the Disable Lower Chain bit is set, lEO 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 ADO-AD15 data bus while DS is LOW. If this bit is set, 
interrupts are serviced in an identical manner but the ADo- 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 STO-ST3 that an 
interrupt acknowledge cycle is underway. The setting of this 2-bit 
field must correspond to the lEI/lEO daisy chain on which the 
DTC is located to prevent unpredictable results. For example a 
DTC programmed for v~ctored 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 

15 

ADDRESS REFERENCE FIELD -
000 = System Data Memory 
001 = System Stack Memory 
010 = System P'rogram Memory 
011 = VO 
100 = Normal Data Memory 
101 = Normal Stack Memory 
110 = Normal Program Memory 
111 = Special I/O 

SEGMENT 

AmZ8016 

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. 

COMMAND REGISTER 

The DTC Command register is an a-bit write-only register written 
to by the host CPU to execute commands. The Command regis
ter is loaded from the data on AD7-ADo; the data on AD15-ADa 
is disregarded. A complete discussion of the commands is given 
in the "Command Descriptions" section. 

CURRENT AND BASE ADDRESS REGISTER 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 facili
tates 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 tho other, Soo FirJlHo 6, Tho 
Segment and Offset contain tho actual mldre:js drivon onto tllu 
bus. The Tag Field selects who\lwr tho address is to 00 In· 
cremented, decremented or left unchangod, and tho 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/O accesses 
addressed by the offset and segment fields. 

I 
The Address Reference Select Field in the Tag field selects 
whether the address pertains to memory space or I/O space. 
Note that the Ni§' output pin is always LOW (indicating System) 
for I/O 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 o~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. Memoryaddresses 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 I/O or memory address is 
used to point to a word operand, the address must be even to 
aV,oi,d unpredictable results. An address used to point to a byte 

r------ ADDRESS CONTROL FIELD 
00 = Increment Address 
01 = Decrement Address 
lX = Hold Address 

r PROGRAMMABLE WAIT FIELD 

,00 0 Wait States 
• 01 1 Walt States 
, 10 2 Wait States 

• 11 4 Wait States 

2 1 0 

Figure 6. Address Register A' and B AIZ-018 
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operand may be even or odd. Since memory byte operand ad
dresses will increment/decrement by 1, they will toggle between 
even and odd values. Since I/O byte operand addresses will 
increment/decrement by 2, once programmed to an even or odd 
value, they will remain even or odd, allowing consecutive I/O 
operations to access the same half of the data bus. High bus is for 
even address and low bus for odd. 

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 Qr 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 tho DTC is configured for Physical Address Space operation 
(Master Mode register bit MM1 = 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 
MMl = 1), the maximum number of words specified to be trans
ferred or searched with either an incrementing or decrementing 
source or destination address is 32K (8000 hex). This is because 
in Logical Address Space, offset addresses incremented past 
FFFF (hex) or decremented below 0000 do not increment/ 
decrement the segment number. 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. 

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 7, are read
only registers which can be read by the CPU without wait states. 
Each of these registers reports on the status of its associatea 
channel. . . 

The Interrupt Status Field in the Status register contains the 
Channel Interrupt Enable (CIE), Interrupt Pending (IP) and Inter
rupt 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 ST12 
through ST 9 being all zero. The "Waiting for Bus" (WFB) status 
will cause bit ST 10 to be set and indicates that the channel wants 
bus control to perform a DMA operation. The channel mayor may 
not actually be asserting BUSRQ LOW, depending on the pro
gramming 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 reload
ing 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. Fi
nally, if thechannel 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 slate. 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, pre
vents the DTC from responding to a LOW on DREQ. Note, 

DTC HARDWARE 

STATUS l I I I INTERFACE 

'~i=:~l~I~ ".,U, [ CO;:i:;;:O. 

CIE 

IUS 

IP---...J 
CA ____ --l 

NAC _____ ---l 

WFB _______ ....J 

SIP ________ ...J 

MCl -------' 
MC _____ ---1 

EOP _______ .....J 

TC ________ --l 

Figure 7. Status Register 
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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 opera
tion. 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 indI
cate 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 MC 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 deter
mine 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 .. 

INTERRUPT VECTOR AND INTERRUPT SAV.E 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 ADO-AD? The In'terrupt 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 8). 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 an~ 
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. See the "Inter
rupt" section for further details. 

1...-______ ~:a;~~~ ~~~:.~; 

I...---------TC 

I...----------EOP 

~-----------MC 

~------------ Chain Aborted 

I...--~------------MCL 

I...----------------MCH 
1...-_______________ Hardware Request 

AIZ·020 Figure 8. Interrupt Save Register 
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CHANNEL MODE REGISTER 

Associated with each channel is a Channel Mode regis
ters.There are 21 bits defined in each Channel Mode register the 
other 11 bits are unused. See Figure 9. 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. It also selects the 
operand size of bytes or words see Figure 10 for code-definition. 
The different types of operations are described in detail in the 
"DMA Operations" section. The'Flip bit is used fo select whether 
the Current ARA register points to the source and the Current 
ARB register points to the destination or vice-versa. 

PULSED DACK ----------, 

HARDWARE MASK -------. 

SOFTWARE REQUEST -------, 

MATCH 
CONTROL 

FIELD 

~~~B-,,-' CHAIN B-C RELOAD INTERRUPT OPERATION 
ENABLE ENABLE ENABLE FIELD 

FLIP BIT 

COMPLETION FIELD 0 - ARA = SRC, ARB = DEST 
t - ARA = DEST, ARB = SRC 

TRANSFER TYPE FIELD 

Figure 9. Channel Mode Register AIZ·021 

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 
1111 Byte Byte N/A 
1110 Word Word N/A 

101X Illegal 

TRANSFER FIELD AND MATCH CONTROL FIELD 

Code Transfer Type Mtltch Control 

00 Single Transfer Stop on No Match 
01 Demand (Bus Hold) Stop on No Match 
10 Demand (Bus Release) Stop on Word Match 
11 Demand Interleave Stop on Byte Match 

Figure 10. 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 10 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 de
scribed in detail in the "Initiating DMA Operations" section. 

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 Transactions" 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 11, is two words long. The first word consists of the 

FUNCTIONAL DESCRIPTION 
Any given DMA operation, be it a transfer, a search or a transfer
and-search operation, c~msists ofthree 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 ter
minating the DMA operation and performing any actions selected 
to occur on termination. Each ofthese different phases is de
scribed in detail in the following sections. 

RESET 

The DTC can be reset either by hardware or software. Tl:le 
software reset command is described in the "Commands" sec
tion. Hardware resets are applied by pulling both AS and DS 
LOW. Because the DTC may be in control of the bus when a reset 
is applied, itis 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 ADo-AD15, 
SNo-SN6, 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 22 shows the 
suggested method of g~nerating hardware resets for the DTC. 

Both software and hardware resets clear the Master Mode reg
ister, 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 hav~ been applied part-way through a 
DMA operation being performed by a DTG channel, the chan
nel's. registers should be assumed to contain indeterminate 
data following a hardware reset. 

Because the CA and NAC bits in the Status register are set by a 
reset, the channel will be prevented from starting a DMA opera
tion until its Chain Address register's Segment, Tag and offset 
fields are programmed and the channel is issued a "Start Chain 
Command". 

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 acces
ses 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. 
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15 

THIS BIT IS USED FOR 
PHYSICAL ADDRESSES ONLY 

14 8 7 

PROGRAMMABLE WAIT FIELD 

00 = 0 Walt States l 
01 = 1 Walt States 
10 = 2 Walt States 
11 = 4 Walt States 

3 2 1 0 

AIZ-022 

Figure 11. Chain Address Register 

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 Chan
nel's Chain Address register. All other registers are loaded by the 
channels themselves from a table located in System Data mem
ory and pointed to by the Chain Address register. This reloading 
operation is called chaining arid 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 regis
ter should always be loaded with an even offset: loading an odd 
offset will cause unpredictable results. The 2-bit Tag field facili
tates 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 Reload Word. See Figure 
12. 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 13). When a Reload Word bit is '1', it means 
that the register or registers corresponding to that bit are t9 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 (Le., the data are at successively larger memory addres
ses). 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. . 



SYSTEM 
MEMORY 

RELOAD WORD 

DTC 
REGISTER 

DATA 
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CONTROL 
TABLE-1 
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DTC 1-------CHANNEL 

I CHAIN ADDR. 
REGISTER l ~ ( 

-L 

NEW CHAIN ADDR. 

RELOAD WORD 

DTC 
REGISTER 

DATA I 

CHAIN 
CONTROL 
TABLE-2 

Figure 12. Chaining and Chain Control Tables AIZ-023 

r-------------- CURRENT ARA (2 WORDS) 

.------------- CURRENT ARB (2 WORDS) 

.----------- CURRENT OP-COUNT (1 WORD) 

.---------- BASE ARA (2 WORDS) 

.--------- BASE ARB (2 WORDS) 

.------- B~SE OP-COUNT (1 WORD) 

.------ PATTERN AND MASK (2 WORDS) 

,----- INTERRUPT VECTOR (1 WORD) 

CHANNEL MODE (2 WORDS) 

CHAIN ADDRESS (2 WORDS) 

Figure 13. Reload Word AIZ-024 

When the channel is to reload itself, it first uses the Chain Address' 
register contents to load the Reload Word into the OTC'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 con
tinues this operation of scanning the bits from the most significant 
to least significant bit position clearing each set bit after reloading 
its associated registers and incrementing the Chain Address 
register by 2. If all of bits 9 to 0 are set, all the r~gisters will be 
reloaded in the order: Current ARA, Current ARB, Current Oper
ation Count, ... Channel Mode and Chain Address. Figure 14 
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 OMA operation. Note when 
loading Address Registers the Segment and Tag Word are 
loaded first, then the Offset Word. 
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INITIATING DMA OPERATIONS 

OMA 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 pro
grammed OMA 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" sec
tion for details. Note that once a channel starts a chaining opera
tion 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 the software 
request command for details. 



EXAMPLE-l: 

EXAMPLE-2: L 11 0 1110 10 L9J 0 I oJ 111 
CURRENT ARA (2 WOROS)" 

CURRENT OP COUNT (1 WORO) 

CHANNEL MOOE (2 WORDS) 

CHAIN ADDRESS (2 WORDS)' 

AIZ·025 

·Note: Load the segment and tag word first, then the offset word. 
··Most significant word first, then least significant. 

Figure 14. 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 de
scribes 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 at the 
system bus. When the DTC wants to gain bus control, it drives 
BUSRQ LOW. 

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 operations on the 
system bus. When ttie 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 signifi
cance 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 request to be 
acknowledged on the BAI input. When BAI goes LOW, the 
DTC has bus control, performs its operations and continues to 
drive BUSRQ until it complete,s. 

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, BAO always 
follows BAI. 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 situation would occur if some lower 
priority device was pulling BUSRQ LOW. The DTC simply 
passes the LOW BAI grant signal through to the lower priority 
device. 

Note that BAO will always be LOW if BAI 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 bidirec
tionally buffer BUSRQ. Figure 22 shows a representative system 
with two DTC chips and a CPU. Figure 23 shows the logic used to 
bidirectionally buffer BUSRQ. Note that the buffer and gates in 
the logic are both open collector (o.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 incor
porates identical logic to Detail A inside the chip. Thus, even it 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 loca
tion to a destination location. Two types of transfers are pro
vided: 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. 
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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 per
formed 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 Op
eration Count register; and the Channel Mode register. Channel 
Mode register bit CM4 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-CMO in the Channel Mode register program whether 
Flowthru or Flyby transfer is to be performed. Flowthru transfers 
are performed in either two or three steps. First, the channel 
outputs the a,ddress 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 destination and write the Tempor
ary 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 loca
tions or both peripheral devices or one may be a memory location 



and the other a peripheral device.The DACK output for the trans
ferring channel may be programmed to be inactive throughout the 
transfer or active during the transfer. This is controlled by bit 
CM18 in the Channel Mode register. 

Flyby transfers provide improved transfer throughput over Flow
thru 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 Opera
tion 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 
I/O space. . 

Flowthru word-to-word transfers require that the Current Opera
tion Count specify the number of words to be transferred. Both the 
Current ARA and Current ARB registers, if programmed to 
increment/decrement, will change by ±2 regardless of whether 
the register points memory or I/O 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 per
formed 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 (CM4) 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 in
cremented or decremented, the increment/decrement operation 
occurs after each of the two reads or writes. The increment/ 
decrement is by ± 1 . 

In byte-to-word funneling operations it is necessary to specify 
whiGh half of the Temporary register (upper or lower byte) is 
10aQed with the first byte of data. Similarly, for word-to-byte fun
neling operations it is necessary to define which half of the Tem
porary register is written out first. Figure 15 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 progra~-

Funneling 
Direction 

Current ARB 
Tag Field 

TG4 TG3 

AmZ8016 

med for incrementing or decrementing of the address. Note that i1 
the address is to remain unchanged (Le., if bit TG4 in the Tag 
Field of the Current ARB register is 1), the increment/decrement 
bit (bit TG3) 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 CM4 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 ad
dress required. Channel mode register bit CM2 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.ofwords or bytes to be se·arched. 

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 pro
grammed, 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 ze~o, 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 
CM18 in the Channel Mode register. Thu roads from tho 
peripheral or memory performed during search follow tho timing 
sequences described in the "Flowthru Momory Transaction:;" 
and "Flowthru 1/0 Transactions" sections. 

On each read during a Search operation, the DTC's Temporary 
register is loaded with data and compared 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 pro
grammed 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-an-Match, successful matching of the un
masked bits, in conjunction 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 a-bit or 16-bit compares 
through Channel Mode register bit CM16. In an 8-bit, Stop-On
Match, word-read ope~ation, successful matching of either the 

Increment/Decrement and 
Packing/Unpacking Rules 

Word-to-Byte 
(Flip-bit = 1) 

o 
o 
1 

o 
1 
o 

Increment ARB, Write High Byte First 
Decrement ARB, Write Low Byte First 
Hold ARB, Write High Byte First 

Byte-to-Word 
(Flip-bit = 0) 

o 
o 
1 

o 
1 
o 

Hold ARB, Write Low Byte First 

Increment ARB, Read High Half of Word Written First 
Decrement ARB, Read Low Half of Word Written First 
Hold ARB, Read High Half of Word Written First 
Hold ARB, Read Low Half of Word Written First 

Figure 15. Byte/Word Funnelling 
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upper or lower byte of unmasked Pattern and Temporary regis
ters bits will stop the search. Both bytes do not have to match. In 
16-bit Stop-an-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, fail
ure of any bit to match will terminate the Search operation. 

In an 8-bit Stop-an-Match the by1e-reads, the Search will Stop if 
either the upper or lower byte of unmasked Pattern and Tempor
ary register bits match, For an 8-bit Stop-On-No-Match with byte 
reads, failure of matching in any unmasked Pattern and Tempor
ary 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-an-Match, the search will end if all the unmasked bits in 
either the upper or lower byte matches, and for 8-bit Stop-an
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 higt"l and low bytes are 
loaded from ADls-ADa and AD7-ADo respectively. In byte 
reads, the read by1e is duplicated in both halves of the Temporary 

. register except in funneling. 

Tra nsfer-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 Operation 
Count register; the Pattern and Mask register; and the Channel 
Mode register. 

A Transfer-and-Search operation will end when the data transfer
red meets the match condition specified in Channel Mode register 
bits CM17-CM16' The Mask and Pattern registers indicate those 
bits being compared with the Temporary register contents. Like 
Transfers and Searches, Transfers-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 com
plete the iteration by writing to the destination address before 
ending (writing twice for word-to-by1e 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 regis
ter. For word Transfer and Transfer-and-Search, the high and low 
by1es of the Temporary register are always written to and read 
from ADls-ADa and AD7-ADo 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 AD1S - ADo bus. Transfer-and-Search 
can also be used with by1e word funneling. In funneling, the match 
is an 8-bit match or 16-bit match as determined by the setting of bit 
CM16 and CM17. 

Flyby Transfer-and-Search can be used to increase throughput 
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 Tempor
ary register, from the AD1S-ADs bus if the Current ARA register 
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is even and from AD7 - ADo 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 AD1S-ADs and ADi-ADo into 
the Temporary register's high and low by1es respectively. 

CHANNEL RESPONSE 

Channel Mode register bits CM6-CMS select the channel's re
sponse 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 De
mand Interleave. To make the discussions 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 Operation 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),de
crementing the Operation Count by 1 and incrementing/ 
decrementing the Current ARA and ARB registers if so program
med. 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 peripher
als 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. Simi
larly, 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 opera
tion. If the Hardware mask bit is set when the transition is made, 
the iteration will be performed when the mask is cleared, provid
ing 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/O 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 aquire bus cpntrol. 

If DACK is programmed as a level output (CM1S = 0), DACI\ will 
be active from when the channel acquires bus control to when it 
relinquishes control. 

Once the channel gains 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 cccurs, the channel will 
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Notes: 1. HIGH-to-LOW DREQ transitions will only be recognized 
after the HIGH-to-LOW transition of the clock during T1 of 
the first access of the DMA iteration. 

2. A HIGH-to-LOW DREQ transition must meet the condi
tions in Note 1 and must occur T sDRQ(c) before state T 3 
of the last access of the DMA iteration if the channel is to 
retain bus control and immediately start the next itera-

!--TWDRQ-j 
@ 

tion. DREQ may go HIGH before T sDRQ(c) if it has met 
the T wDRQ parameter. 

3. Flyby and Search transactions have only a single ac
cess; parameter T sDRQ(c) should be referenced to the 
start of T 3 of the access. All other opera1ions will always 
have two or three accesses per iteration. 

Timing Diagram 1. Sampling DREQ During Single Transfer DMA Operations AIZ-026 

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 will relinquish bus control 
unless a LOW DREQ level occurs within the time limits. 

Demand Dedicated with Bus Release 
In Demand Dedicated with Bus Release (abbreviated Bus Re
lease), the application of a Software Request command will 
cause the channel to request the bus and perform the program
med DMA operation until 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 con
tinue performing 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) TC, 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, ter
minating a Bus Release mode operation, the channel, if enabled 
for chaining 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 Deman'd 
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 con
tinue 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). 
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Demand Interleave 
Demand Interleave behaves in different ways depending on the 
setting of Master Mode register bit MM2. If MM2 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 MM2 is clear, control can pass from 
one DTC channel to the other without requiring the DTC to re
lease 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 channels have active requests and are in Demand Inter
leave mode, each channel will relinquish control to the CPU after 
each iteration resulting in the following control sequence: chan
nel 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 labelled CPU. 

A software or hardware request will cause a channel program
med for Demand Interleave to perform interleaved DMA opera
tions 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 im
mediately 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 again 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 Regis
ter (CM18). 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 CM18 is 
set, the DACK output will be inactive for all non-flyby modes. 
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d) Sampling DREQ at the End of Base-to-Current Reloading AIZ-030 

Notes: 1. DREQ must be LOW from the start of TsDRQ(c) to the end of ThDRQ(c) to ensure that the request is recognized. 
2. Failure to meet this setup time will result in the channel releasing the bus. 
3. Ts is a setup state, generated before entering DMA operation cycle. 
4. TAU2 through TAU4 are auto-reloading states, followed by TeD (chain deciSion) state. 

Timing Diagram 2. DREQ Sampling in Demand Mode 
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Note: ·LEVEL D~CK RE occurs as shown if auto-reloading is not programmed. LEVEL DACK stays LOW for three additional clocks 
for reloading. 

Timing Diagram 3. DACK Timing AIZ·031 

WAIT STATES 

The DTC has a WAIT input which is multiplexed with Chip Select 
(CS) yielding a CS/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 24), the user can select that 
wait states are automatically inserted when the DTC, as bus 
master, accesses I/O or memory addresses. The number of wait 
states to be added to the memory or I/O transfer can be pro
grammed 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 
programmable wait stCi!es will not need the ability to generate 
hardware wait states through the CS/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 T 2 state. If WAIT is HIGH, and if no programmable 
wait states are selected, the DTC will proceed to state T 3. Other
wise, at least one wait state will be inserted. The flowthru I/O 
transaction should be programmed to have one wait state in
serted (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 T 3. Otherwise additional wait states will be inserted. 

AmZB015 
DTC 

Figure 16. Configuration of Flowthru Transaction 
AIZ·032 

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 slates aro served con
secutively rather than concurrently with softwaro wail slalos. For 
example, assume for a Flowthru I/O Transaclion Ihat a usar has 
programmed 4 software wait states. Driving a LOW on Iho CS/ 
WAIT input during T 2 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 last time. If it is HIGH, the channel will 
proceed to state T 3. 

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 I/O transaction. 
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DMA TRANSACTIONS 

There are three types of transactions performed by the AmZ8016 
DTC: Flowthru, Flyby, and Search. Figures 16 and 17 show the 
configurations of Flowthru and Flyby Transactions. 

Flowthru I/O Transactions 
There are Two types of I/O space on the AmZ8016: I/O and 
Special I/O. Status lines STO-ST3 specify when an I/O operation 

PERIPHERAL 
OR MEMORY 

AmZB016 
DTC 

SYSTEM BUS 

FLYBY 
PERIPHERAL 

(e.g., FlO) 

Figure 17. Configuration of Flyby Transaction 
AIZ·033 



is being performed and which of the t'('o I/O spaces are being 
accessed, as shown in Figure 2. During an I/O transaction, status 
signal N/'S will be LOW to indicate a System Level operation. 

Each I/O space is addressed by the host CPU by a 16-bit address. 
The DTC allows an extended I/O address of 24- or 23-bits to be 
used at the option of the user. When the Master Mode register bit 
MM1 is cleared, the DTC is configured for Physical Address 
space. If MM1 is set, the DTC is configured for Logical Address 
spac'e. 

T1 T2 

CLOCK 

- I f 
xx xx 

~~;, x I x X x WAIT 

The timing for I/O and Special I/O operations are identical. An I/O 
cycle consists of three states: T 1, T 2, and T 3 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. 

PROGRAMMED , 
T3 TWA 
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I 
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Timing Diagram 4.- Flowthru I/O Transactions AIZ-034 
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The STo-ST3lines will reflect the appropriate code for the cur
rent cycle (I/O or Special I/O) early in T 1 and the AS ouput will be 
pulsed LOW to mark the beginning of the cycle. The offset portion 
of the address for the peripheral being accessed will appear on 
ADO-AD15 during T1. The N/Sline 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/Wand B/W lines will become stable 
during T 1 and will remain stable until after T 3. 

I/O address space is byte-address but both 8- and 16-bit data 
sizes are supported. During I/O transactions the B/W ouput signal' 
will be HIGH for byte transactions and LOW for word transactions. 
For I/O transactions, both even and odd addresses can be output, 
hence the address bit output on ADO may be 0 or 1. 

The channel can perform both I/O read and I/O write operations. 
During an I/O read, the R/Woutput will be HIGH. The ADO-AD15 
bus will be placed in the high impedance state by the DTC during 
T 2. The DTC drive the OS output LOW to signal the peripnerals 
that data can be gated onto the bus. The DTC will strobe the data 
into it's Temporary register during T 3. OS will be driven HIGH to 
signal the end of the JlO transaction. 

For byte I/O writes, the channel will drive the same data on data 
bus lines ADO-AD? and ADa-AD15' During byte I/O reads when 
the address bit on ADO is 0, the DTC will strobe data in from data 
lines ADa-AD1S' During byte I/O reads when the address bit on 
ADO is 1, the DTC will strobe data in from data lines ADO-AD? 
Thus, when an 8-bit peripheral is connected to the bus, it's inter
nal registers will typically be mapped at all even or all odd addres
ses. To simplify access to 8-bit peripherals, byte oriented I/O 
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 acces?ing memory. See Figure 2. Thus, if a 
user segregates memory into different banks by decoding the 
NORMAUSYSTEM and STo-ST3Iines, the DTCcan be used to 
move data from space to space. 

The timing for all Flowthru memory transactions is the same, 
regardles~ of the status code being output. During chaining oper
ations the DTC reads words from an address in System Data 
memory pointed to by the active channel's Chain Address regis
ter. 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: T10 T2 and T3, as shown in Timing Diagram 5. The user 
may select to insert 1, 2, or 4 software wait states after state T 2 
and before state T 3 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 T2 
and before state T 3 by driving a LOW on the CS/WAIT signal. 

The operation of Flowthru memory transaction are performed 
identical to the Flowthru JlO transactions except for OS width. 
(See Timing Diagrams.) 

Flyby Transactions 
Flyby transfers and transfer-and-search operations 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 operations 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 
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input is connected to the channel's DACK output. For memory
peripheral Flyby, the address of the source memory location, 
must be programmed in the Current ARA register. The Current 
ARB register must be programmed with the destination 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 peripheral 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 liD to memory 
write transactions and cleared (CM4 = 0) for memory read to I/O 
transaction. 

A Flyby operation is performed using three states: T1, T2, and 
T3. During T1 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 (ST o-ST 3) 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 2 the channel drives both 
OS and DACK active. The "Flyby Peripheral" 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 ADo-AD15 bus. Note that 
because the "Flyby Peripheral" never gets explicitly addressed 
by ADo - AD15, it must know which internal register to load from or 
drive onto the ADo-AD15 bus. On state T3, the OS 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 OS transition in orderto perform the 
search function. 

To provide adequate data setup time the rising edge of OS or 
DACK should be the edge used to perform the write to the transfer 
destination. To extend the active time of OS and DACK, wait 
states can be inserted between T 2.and T 3, 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/WAIT line is sam
pled in the middle of the T2 and TWA states. 
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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 termina
tion. 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 progr~m
med in Channel Mode register bits CM17-CM16' These bits 
allow the user to stop when a match occurs between the un
masked Pattern register bits and the data read from the source, or 
when a no-match occurs. Both byte and word matches are sup
ported. 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 bi-directional signal. 
Whenever a TC, MC or EOP 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 Transfers. These figures 
also show the pOint during the DMA iteration when the EOP pin is 
sampled. The generation of internal EOPs and sampling of exter
nal 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 18. 

INTERNAL 
EciP 

Some users may connect the EOP pin to the MMU's suppress 
(SUP) output in order to detect the illegal memory accesses. To 
allow this abort feature for all memory accesses, the DTC sam
ples 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 relinguishes bus control and the chan-
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a) EOP Sampling and Generation During DMA Operations 
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RELEASES SUS 
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b) Sampling of EOP During Bus Hold 
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Notes: 1. The diagram lists state names for both I/O and memory accesses. Sampling of EOP will occur on the falling edge of state T 3. 
2. State T1P is a pseudo-T1 state, without active AS, generated following termination of any DMA operation. 
3. State TAUl is an auto-initialization state, generated following the TC, MC or EOP termination. 
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Timing Diagram 7. EOP Timing 
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nel is inhibited from performing a new DMA operation until either a 
new Chain Address Segment-Tag word or offset word is loaded. 

The old Chain Address Ofts,et and Segment may be examined to 
determine the error-causing address. If an EOP is detected while 
the channel is trying to roload 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 7. 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 generated a match causing an MC termina
tion; and there was a LOW on EOP resulting in an EOP termina- , 
tion, 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 reloaded 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. 
This may arise because more than one action was programmed 
for the applicable termination. They occur in the following or
der: 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 a.cknowledge is 

+5V 
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received, a two-deep interrupt queue is implemented on each 
channel. The following discussion will describe the standard 
AmZ8000 interrupt structure and then elaborate on the additional 
interrupt queuing capability of the DTC. 

A complete interrupt cycle consists of an interrupt request fol
lowed by an interrupt-acknowledge transaction. The request, 
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 inter
rupts. 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 CM1S-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 for controlling 
interrupt behavior for the whole device. These are a Disable 
Lower Chain bit (DLC), and a No Vector bit (NV). 

Peripherals are connected together via an interrupt daisy chain 
formed with their lEI and lEO pins (See Figure 19). The interrupt 
sources within a device are similarly connected into this chain. 
The overall effect is a daisy chain connecting all tho interrupt 
sources. The daisy chain has two functions: during an intorrupt
acknowledged transaction it determines which interrupt sourco is 
being acknowledged; at all other times it determines which inter
rupt sources can initiate an interrupt request. 

Figure 20 is a state diagram for i'nterrupt processing for an inter
rupt source. An interrupt source with an interrupt pending (IP = 1 ~ 
makes an interrupt request (by pulling INT LOW) if, 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 (lEI is HIGH), and no interrupt
acknowledge transaction is in progress. I EO is not pulled down by 
the interrupt source at this time; lEO continues to follow lEI until 
an interrupt-acknowledge transaction occurs. 

W~------------~------~----~~------------~----------
Nvi 
NMi 

CPU +5V 

STO-ST3 

DECODE 

lEO lEI lEO 

DTC PERIPHERAL 

Figure 19. Interrupt Daisy Chain 
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ANY 

IP IUS CIE 

I 0 I 0 I ' I 
STATE 0 -B-

. HIGH 

HIGH 

IP IUS CIE 

I, I 0 I, I 

ANY 

STATE3.~ 

ANY 

LOW 

HIGH LOW 

IP IUS CIE 

o 

STATE 4 

LOW 

LOW 

LOW 

<----------------0-->...... I; IUS CIE 

L.S-TA-T-E-5-----..I STATE 6 

HIGH LOW 

IP IUS CIE 

I 0 I ' I ' 

ANY ANY 

IP IUS CIE 

IANyl 0 I 0 I 
STATE 7 

ANY 

HIGH LOW 

IP IUS CIE 

IANyl, 
STATE 8 

LOW 

Figure 20. State Diagram for Interrupt Processing AIZ-041 

Transition Legend 

A The peripheral detects an interrupt condition and sets Interrupt 
Pending. 

B All higher priority peripherals finish interrupt service, thus allowing 
lEI to go High. 

C An interrupt-acknowledge transaction starts and the lEI/lEO daisy 
chain settles. 

D The interrupt-acknowledge transaction terminates with the 
peripheral selected. Interrupt Under Service (IUS) is set 101, and 
Interrupt Pending (IP) mayor may not be reset. 

E The interrupt-acknowledge transaction terminates with a higher 
priority device having been selected. 

F The Interrupt Pending bit in the peripheral is reset by an I/O 
operation. 

G A new interrupt condition is detected by the peripheral, causing IP 
to be set again. 

H Interrupt service is terminated for the peripheral by resetting IUS. 

CIE is reset to zero, causing interrupts to be disabled (Note 1). 

CIE is set to one, re-enabling interrupts (Note 2). 

Notes: 1. Transition I to state 6 or 7 can occur from any state except 
3 or 4 (which only occur during interrupt acknowledge). 

State Legend 

o No interrupts are pending or under service for this peripheral. 

2 

3 

An interrupt is pending, and an interrupt request has been made by 
pulling INT Low. 

An interrupt is pending, but no interrupt request has been made 
because a higher priority peripheral has an interrupt under service, 
and this has forced lEI Low_ 

An interrupt-acknowledge sequence is in progress, and no higher 
priority peripheral has a pending interrupt 

4 An interrupt-acknowledge sequence is in progress, but a higher 
'priority peripheral has a pending interrupt, forcing lEI Low. 

5 The peripheral has an interrupt under service. Service may be 
temporarily suspended (indicated by lEI going Low) if a higher 
priority device generates an interrupt 

6 This is the same as State 5 except that an interrupt is also pending 
in the peripheral. 

7 

8 

Interrupts are disabled from this source.because CIE = O. 

Interrupts are disabled from this source and lower priority sources 
because CIE = 0 and IUS = 1. 

2. Transition J from state 6 or 7 can be to any state except 
3 or 4, depending on the value of lEI, IP, and IUS . 
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Most AmZSOOO peripherals have an INT ACK pin to signal when 
an interrupt acknowledge cycle is being performed. The DTC 
uses a different approach of monitoring status lines STo-ST 3 to 
detect interrupt acknowledge cycles. It is important that the Mas
ter Mode register bits MMs and MM7 be programmed to select the 

, lEI, lEO 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 lEI/lEO 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 S. 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 poten
tially arise if a second interrupt is to be issued by the channel 
before the first interrupt is acknowledged. To avoid conflicts bet
ween 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 compatibility 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 lEI is HIGH, CIE is set and IUS is 
cleared, INTwili go LOW as soon as IP is set.IP canbe cleared as 
soon as the first interrupt is acknowledged. The acknowledge will, 
as always, automatically set IUS. 

The DTC stops driving INT low as soon as IUS is set. IUS 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 

COMMAND DESCRIPTIONS 

Figure 21 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 programmed since 
its state may be indeterminate after a Reset. The lockout pre
venting channel activity is cleared by programming the 
SegmentlTag 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, 

AmZ8016 

also referred to as Auto-reloading is this document.) 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 required 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 unacknowledged 
interrupts were queued, it will have to regain bus control to per
form 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 registerto 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 Re
load 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 regis
ters to some special value to be used perhaps for this DMA 
operation only. If the Base values are not roloadod durino 
chaining, the channel can revert back to tho Baso valuos at a 
later cycle. 

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 mem
ory 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 chain
ing operation. 

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 regis
ter 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 chan
nel's Mode register. If the Secon,d Interrupt Pending (SIP) bit and 
No Auto-Reload or Chain (NAC) bit in the channel'S Status regis
ter are both clear, the channel will start executing the program
med 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 
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Opcode Bits Example 
Command 7654 3210 Code (HEX) 

Reset OOOX XXX X 00 
Start Chain Channel 1 101X XXXO AO 
Start Chain Channel 2 101X XXXl Al 

Set Software Request Channel 1 010X XX10 42 
Set Software Request Channel 2 010X XX11 43 
Clear Software Request Channell 010X XXOO 40 
Clear Software Request Channel 2 010X XXOl 41 

Set Hardware Mask Channel 1 100X XX10 82 
Set Hardware Mask Channel 2 100X XX11 83 
Clear Hardware Mask Channel 1 100X XXOO 80 
Clear Hardware Mask Channel 2 100X XXOl 81 

Set CIE, IUS, IP Channell 001E SP10 32' 
Set CIE, IUS, IP Channel 2 001E SP11 33' 
Clear CIE, IUS, IP Channell 001E SPOO 30' 
Clear CIE, IUS, IP Channel 2 001E SPOl 31' 

Set Flip Bit Channel 1 011X XX10 62 
Set Flip Bit Channel 2 011X XXll 63 
Clear Flip Bit Channel 1 011X XXOO 60 
Clear Flip Bit Channel 2 011X XXOl 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 21. DTC Command Summary 

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 regis
ter this new information will, of course, overwrite the software . 
request bit. 

Set/Clear Hardware Mask f/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 

FUNCTION FIELD :J 
000 Reset 

transition on DREQ rather than in response to a DREQ level, the 
transition occurring while the Hardware Mask bit is set (CM19 = 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 una
voidable. 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 T1 of a 
Flow-through transaction, but may never be asserted during T 1 of 
a Flyby transaction since Flyby is done in one iteration. 

Set/Clear CIE, IUS AND IP Channel 1/Channel 2 
This command allows the user to either set or clear any combina
tion of the CIE, IUS and IP bits in the selected channel's Status 
register. These bits control the operation of the channel's inter
rupt 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 lIChannel 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 repetitive DMA operations are being per
formed 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 
Mo?e register will, of course, overwrite the Flip bit. 

1 TL Channel 21Channell 

~set/Clear 
L-____ Interrupt Pending 

001 Interrupt 
010 Software Request 
011 Flip Bit 

1..-___ ....,--__ Interrupt Under Service 

100 Hardware Mask 
101 Start Chain 

L-________ Channel Interrupt Enable 

110 Not Recognized 
111 Not Recognized 

Figure 21 B. Command Register AIZ-042 

APPLICATION INFORMATION 
Figure 22 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 to request bus control. 
When the CPU replies with a Bus Acknowledge BUSAK signal 
through the SAI-BAO daisy chain to the DTC which issued the 
SUSRQ, the DTC takes control of the Address-Data bus and the 
Control bus. In addition to hardware reset the 8016 can be given a 
software 'reset' command (i.e., loading all zero to Command 
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Register). Two DMA channels are provided per each DTC device. 
The logic blocks A and B are shown in Figure 23 and 24. 

Figure 23 shows the bus request logic used for bidirectionally 
buffering BUSRQ. See 'Bus Request/Grant' section for detail. 
Figure 24 shows the CS/WAIT logic forthe multiplexed CS/WAIT 
pin of DTC. See 'Wait States' for detailed description. 
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T, 

DREO 

ADO· AD 15· } 
(SNO-SN,i" CPU 

------------------~ 
r-_DT_C ______ ..... ~ ~J --------

MMUSYNC' 

------------------~:~:----------------------- ~------------~:~I--------
-'For logical addressing only. 
"For physical addressing only. 

CLOCK 

SNO-SN7 

AD()'AD15 

ST()'ST3. 
READ/WRITE. 

NORMAUSYSTEM, 
BYTE/WORD 

Timing Diagram 9. Bus Exchange Timing 

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 
various timing sequences. 

'Timing Diagram 10. AC Timing when DTC is Bus Master 
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PATTERN 
REGISTER 

MASK 
REGISTER 

CHAIN 

APPENDIX A 
8016 REGISTER SUMMARY 

Special - Purpose Channel Registers 

DTC INTERNAL 
BUS 

'--____ --1 

STATUS REGISTER 

"__ _____ ....J 

r---'----,r------.INTERRUPT 
SAVE 

L..-----"L....--,r--.....I REGISTER 

ADDRESS 1----...... ----+-1 
REGI!>TER 

----' 
INTERRUPT 
VECTOR REGISTER 

General ;... Purpose Channel Registers 

DTC, INTERNAL 
BUS 

CURRENT I OPERATION 

COUNT 
r--------~----~ 

BASE 

~--------------' 

RE~~~T~~S! I CURRENT r----""'--..---, 

BASEI------...... ---+-t-~ 

ADDRESS 
REGISTER B 

CURRENT I-----.....I---+-t--

BASE~-----...... ---+~ 
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Master Mode Register 

A7 AO 

Address I X 0 1 1 1 0 0 X I 
Fast Readable 
Writeable 

MM7 MM6 MM51 MM41 MM31 MM21 MM1 I MMO I 
- ~ Chip Enable 

I 
Logical/Physical 
Address Space 

CPU Interleave 
Enable 

Walt Line Enable 

Disable Lower Chain 

No Vector on 
Interrupt 

Interrupt Acknowledge 
Field: 
00 = NVI acknowledge 
01 = VI acknowledge 
10 = NMI acknowledge 
11 = Segment Trap 

acknowledge . AIZ-052 

Interrupt Save Register 

A7 AO 

Address 

I 
X 0 1 0 1 0 1 X ICH1 
X 0 1 0 1 0 0 X CH2 

Fast Readable 

115114113 12111 110 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 11 I 0 I 

I I Vector 

Channel Number 
(0=ch.1, 1=ch. 2) 

TC 

EOP 

MC 

Chain Aborted 

MCL 

MCH 

Hardware Request AIZ-053 

Miscellaneous Registers 

A7 AO 

Address X 0 1 1 0 0 1 X Current Operation Count CH1 

X 0 1 1 0 0 0 X Current Operation Count CH2 

X 0 1 1 0 1 1 X Base Operation Count CH1 

X 0 1 1 0 1 0 X Base Operation Count CH2 

X 1 0 0 1 0 1 X Pattern CH1 

X 1 0 0 1 0 0 X Pattern CH2 

X 1 0 0 1 1 1 X Mask CH1 

X 1 0 0 1 1 0 X Mask CH2 

Chain Loadable 

Writeable 

Pattern and Mask - Slow Readable. 

Operation Count - Fast Readable 
I 

AIZ-054 
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Status Register 

A7 AO 

Address X 0 0 X [CH1 
X 0 0 0 X CH2 

Fast Readable 

:LTC IHARDWARE 
STATUS . RESERVED INTERFACE 

INTERRUPT I I STATUS [ COMPLETION 
STATUS ~ ~ STATUS 

CIE 

IUS 

IP--------I 

CA--------l 

NAC------...J 

WFB -----------1 
SIP -----------1 

MCL---------l 

MC---------l 

EOP -----------1 
TC -----------1 

Chain Address Register 

A7 

Address X 0 

X 0 

X 0 

X 0 

Fast Readable/Writeable 
Chain Loadable 

This bit Is used lor 

l-'~' ""_00' 
15 14 

SEGMENT 

Address 

Writeable Only 

000 Reset 
001 Interrupt Control 
010 Software Request 
011 Flip Bit _ 
100 Hardware Mask 
101 Start Chain 
110 Not Recognized 
111 Not Recognized 

1 

1 

1 

1 

A7 

X 

0 0 1 

0 0 1 

0 0 0 

0 0 0 

AO' 

1 X 

0 X 

1 X 

0 X 

Segment/Tag CH1 

Segment/Tag CH2 

Offset CH1 

Offset CH2 

I 
PROGRAMMABLE WAIT FIELD 
00 = 0 Walt States 
01 = 1 Walt State 
10 = 2 Walt States 
11 = 4 Walt States 

2 1 0 

CO'mmand Register 

o 
AO 

o X X 

Channel 21Channel 1 
Set/Clear 

I..------Interrupt Pending 

I..--------Interrupt Underservlce 
1..-_________ Channel Interrupt Enable 
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CHAIN 
ENABLE 

Channel Mode Register 

A7 

X 1 0 1 0 1 1 

X 1 0 1 0 1 0 

X 1 0 1 0 0 1 

X 1 0 1 0 0 0 

Chain Loadable 

Writable (Lower 16 bits) 

Slow Readable 

PULSED DACK' ---------, 
HARDWARE MASK ----------, 

SOFTWARE REQUEST ------, 

B-C RELOAD INTERRUPT 

AO 

X 

X 

X 

X 

High CH1 

HighCH2 

LowCH1 

LowCH2 

Code Match Control Field 

OX Stop on No Match 
10 Stop on Word Match 
11 Stop on Byte Match 

ENABLE ENABLE DATA OPERATION FIELD 
Operand Size Transaction 

COMPLETION FIELD Code/Operation ARA ARB Type 
Transfer 
0001 Byte Byte Flowthru 

TRANSFER TYPE FIELD l00X Byte Word Flowthru 

Code Transfer Type 0000 Word Word Flowthru 

Oil 0011 Byte Byte Flyby 
Single Transfer 0010 Word Word Flyby 

01 Demand Dedicated/Bus Hold 
Transfer-10 Demand Dedicated/Bus Release 

11 Demand Interleave and-Search 
0101 Byte Byte Flowthru 

FLIP BIT 110X Byte Word Flowthru 
0100 Word Word Flowthru 

o - ARA = SRC, ARB = DEST 0111 Byte Byte Flyby 
1 :.. ARA = DEST, ARB = SRC 0110 Word Word Flyby 

Search 
1111 Byte Byte NlA 
1110 Word Word NlA 
101X Illegal 

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) 
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Channel Mode (2 Words) 

Chain Address (2 Words) 

AmZ8016 

AIZ-058 

AIZ-059 



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 Seg~ent/Tag CH1 

X 0 0 1 0 0 0 X Current ARB Segment/Tag CH2 

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 0 0 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 Writeable 

ADDRESS REFERENCE FIELD - ADDRESS CONTROL FIELD 
000 = System Data Memory 00 = Increment Address 
001 = System Stack Memory 01 = Decrement Address 
010 = System Program Memory lX = Hold Address 
011 = 1/0 
100 = Normal Data Memory r ,"00",.""" W'" A'," 
101 = Normal Stack 00 0 Walt States 
110 = Normal Program Memory 01 1 Walt State 
111 = Special 1/0 10 2 Walt States 
This bit Is used for 11 4 Walt States r Physical Address only 

15 14 8 7 6 5 4 3 2 1 

I I 
SEGMENT I : : :TAG: : : I~ OFFSET 

AIZ-060 

ORDERING INFORMATION 

4MHz 6MHz 
Temperature Package 

AmZ8016 AmZ8016A Range. Type 

Commercial Operating Range AmZ8016DC AmZ8016J\DC 
TA = Oto +70°C AmZ8016PC AmZ8016~PC 

Vee = 5V± 5% 

Industrial Operating Range AmZ8016DI C = Oto +70°C 
D = Hermetic DIP 

TA = -40to +85°C I = -40 to +85°C 
P = Plastic 

Vee = 5V± 10% M = -55to +125°C 

Military Operating Range AmZ8016DM 
TA = -55to + 125°C 

Notes: T A denotes ambient temperature. 
~dd suffix B to indicate burn-in requirement. 
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AmZ8016 
ELECTRICAL CHARACTERISTICS over operating range 

Parameter Description Test Conditions Min Max Units 

VCH Clock Input High Voltage Drivenby External Clock Generator Vcc -0.4 Vec +0.3 Volts 

VCl Clock Input Low Voltage Driven by External Clock Generator -0.3 0.45 Volts 

VIH Input High Voltage 2.0 Vec +0.3 Volts 

Vil Input Low Voltage -0.3 O.B Volts 

VOH Output High Voltage IOH = -250/LA 2.4 Volts 

VOL Output Low Voltage IOL = +2.0mA 0.4 Volts 

III Input Leakage Vss .;;; VIN .;;; Vce ±10 /LA 

IOL Output Leakage Vss .;;; VOUT .;;; Vee ±10 /LA 

Icc Vee Supply Current 
TA = O°C 350 rnA 

TA = 75°C 200 rnA 

CIN Input Capacitance 
Unmeasured pins returned 10 pF 

COUT Output Capacitance to ground. f = 1 MHz over 15 pF 

CliO Bidirectional Capacitance 
specified temperature range. 

20 pF 

Vee = 5V ±5% unless otherwise specified. 

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: 

AIZ-021 

+4.75V ~ VCC ~ +S.25V 
GND = DV 
DOG ~ TA ~ +70oG 

Standard Test Load 

Input Waveform 

+5V 

TIMING REFERENCES FOR AC TESTS 

Open-Drain Test Load 

+5V 

2.2K 

AIZ-022 

Output Waveform 

~ 2.0 ____ TEST ___ 2.0 ~ 2.4 

o.a-POINTS_o.a 
0.45 

~ ~U(MI~ 2.0_ TEST _2.0 
o.a-POINTS-o.a 

0.45(MAX) 

AIZ-023 AIZ-024 

All AC parameters assume a load capacitance of 100pF max, except for parameter 6 TdC(SNv) (50pF max). 
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AmZ8016 
SWITCHING CHARACTERISTICS 
TIMING FOR DTC-PERIPHERAL INTERFACE 

Number 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

Parameter 

TCHDL 

TCHDH 

TDSK 

TDAD 

TDAH 

TEIDL 

TEIDH 

TES 

TEW 

TES(BH) 

TEW(BH) 

Description 

Clock RE to Pulsed DACK FE Delay (Flyby Transactions Only) 

Clock RE to Pulsed DACK RE Delay (Transactions TO 
Flyby Peripheral Only) 

DS RE to Pulsed DACK RE Delay (Transactions FROM 
Flyby Peripheral Only) 

External EOP Pulse Width Required During Bus Hold 

Note: RE = rising edge FE = falling edge 

CLOCK 

LEVEL 
DACK 

PULSED 
DACK 

(FLYBY) 

Timing Diagram 11. DACK Timing 

4MHz 6MHz 

Min Max Min Max Units 

100 ns 

ns 

ns 

ns 

ns 

100 ns 

100 ns 

10 ns 

20 ns 

10 ns 

20 ns 

AIZ-025 

"LEVEL DACK RE occurs as shown if auto-reloading is not programmed. LEVEL DACK stays LOW for three additional clocks for reloading. 

Timing Diagram 12a). EOP Sampling and Generation during DMA Operations 

r-- T2 or Tl I TWA or T2 I T3 I TIP I TAU1 -----j 

=~: 
m~~@ @ftmoo 

INTER~~~ ---------------------------- ~ f ----
\ . AIZ-026 

Timing Diagram 12b). Sampling C?f EOP during Bus Hold 

CLOCK 

I CHANNEL HOLDS BUS CHANNEL 
RELEASES BUS 

r-- THlD THlD ---1--- TIDLE--

AIZ-027 

Notes: 1. The diagram lists state names of both I/O and memory accesses. Sampling of EOP will occur on the falling edge of state T 3. 
2. State T1 p is a pseudo-T1 state, without an active AS generated following termination of any DMA operation. 
3. State TAU1 is an auto-initialization state, generated following the TC, MC or EOP termination. 
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SWITCHING CHARACTERISTICS 
TIMING FOR DTe AS BUS MASTER 

Number Symbol Description 

1 TcC Clock Cycle Time 

2 TwCh Clock Width (High) 

3 TwCl
i 

Clock Width (LOW) 

4 TfC Clock Fall Time 

5 TrC Clock Rise Time 

6 TdC(SNv) Clock RE to Segment Number Valid (50pF Load) Delay"· 

7 TdC(SNn) Clock RE to Segment Number Valid Delay 

8 TdC(Bz) Clock RE to Bus Float Delay 

9 TdC(A) Clock RE to Address Valid Delay 

10 TdC(Az) Clock RE to Address Float Delay 

11 TdA(DI)" Address Valid to Data In Required Valid Delay 

12 TsDI(C) Data In to Clock FE Setup Time 

13' TdDS(A) DS RE to Address Active Delay 

14 TdC(DO) Clock RE to Data Out Valid Delay 

15 ThDI(DS) DS RE to Data In Hold Time 

16 TdDO(DS) Data Out Valid to DS RE Delay 

21 TdDO(SW) Data Out Valid to DS FE (Write) Delay 

24 TdC(ASf) Clock RE to AS FE Delay 

25 TdA(AS) Address Valid to AS RE Delay 

26 TdC(ASr) Clock FE to AS RE Delay 

27 TdAS(DI) AS RE to Data In Required 

28 TdDS(AS) DS RE to A$J1E ay 

29 TwAS AS 

30 TdAS(A) 

31 "\'<i ad) FE Delay 

32 T FE (Read) Delay 

33 Tdl\~DI) \P5S (Read) FE to Data In Required Valid Delay 

34 TdC(b$r), Clock FE to DS RE Delay 

35 TdDS(DO) DS RE to Data Out (Write Only) and Status Valid 
(Read and Write) Delay 

36 TdA(DSR) Address Valid to DS (Read) FE Delay 

37 . TdC(DSR) Clock RE to DS (Read) FE Delay 

38 TwDSR DS (Read) Width (LOW) 

39 TdC(DSW) Clock FE to DS (Write) FE Delay 

40 TwDSW DS (Write) Width (LOW) 

41 TdDSI(DI) DS (Input) FE to Data In Required Valid Delay 

42 TdC(DSf) Clock FE to DS (I/O) FE Delay 

43 TwDS DS (I/O) Width (LOW) 

47 TdC(S) Clock RE to Status Valid Delay 

48 TdS(AS) Status Valid to AS RE Delay 

62 TsWT(C) WAIT to Clock FE Setup Time 

63 ThWT(C) WAIT to Clock FE Hold Time 

96 TdC(SNr) Clock REto SN7/MMUSync RE Delay·· 

97 TdC(SNf) Clock RE to SN7/MMUSync FE Delay·· 

·Wait states should be inserted by programming a hardware when accessing slow peripherals. 
··Logical Addressing only. 

···130ris max with Logical Addressing. 

Note:' RE = rising edge 
FE = falling edge 

3-67 

AmZ8016 

4MHz 6MHz 

Min Max Min Max Units 

250 2000 ns 

105 ns 

105 ns 

20 ns 

20 ns 

110 ns 

20 ns 

65 ns 

90 ns 

65 ns 

400 ns 

20 ns 

80 ns 

90 ns 

0 ns .-. 
230 ns 

5 ns 

\...) ns 

' ......... ns 

~ ns 
._-_. 

00 n3 

75 ns 

80 ns 

60 ns 

0 ns 

75 ns 

165 ns 

70 ns 

85 ns 

120 ns 

60 ns 

275 ns 

60 ns 

160 ns 

325 ns 

60 ns 

150· ns 

110 ns 

60 ns 

20 ns 

30 ns 

110 ns 

20 110 ns 



CLOCK 

SNO·SN7 

AD()'AD15 

ST()'ST3, 
READIWRITE, 

NORMALJSffiEM. 
BYTE/WORD 

Timing Diagram 13. AC Timing when DTC is Bus Master 

1 

-@-- f-0- ~ 

.J \. ~r 
.r -'1\ 

jr ~ "'K ~ 
--@ f--@- - 0 

K 
f-®-- - -@ :XL 1>- @---=$ 

I---
ADDRESS 

@-f--
I 

I'---

) 
@ 

DATA IN =x 1> -1 @ @- ~ ~ 

DATA OUT -!? D K= - ~ 
@ / @-t- -=t-@ @ 

~-

) 

-@- --@ @ (' 

~ f-@-y ~ 

@ -@ ~- I--® --@-- -...... r---
f--@--@- - @- /-

/r" ~~ - @- t ~~ MEMORY READ @ :---

I-@ I @ 

MEMORY WRITE /r" ~ ~'? :--
-@I-- @--l 

INPUT/OUTPUT ./ ~~- £~~ ,,~ 

-@- -@4-=- ~---l 
@ -b>-

I--@-- -" 
X'" 

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 
various timing sequences. AIZ-028 
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SWITCHING CHARACTERISTICS 
TIMING FOR DTC AS BUS SLAVE AND CPU OTC BUS EXCHANGE -

Number S,ymbol Description 

64 TwDRQ DREQ Pulse Width (Single Transfer Mode) 

65 TsDRQ(c) DREQ Valid to Clock RE Setup Time 

66 ThDRQ(C) Clock RE to DREQ Valid Hold Time 

67 TdC(BRQf) Clock RE to BUSRQ FE Delay 

68 TdC(BRQr) Clock FE to BUSRQ RE Delay 

69 TdBRQ(BUSc) BUSRQ RE to Control Bus Float Delay 

70 TdBRQ(BUSd) BUSRQ RE to AD Bus Float Delay 

71 TdDSA(RDV) OS FE (Acknowledge) to Data Output Valid Delay 

72 TdDSA(RDZ) DS RE (Acknowledge) to Data Output Float Delay 

73 TdDSR(DOD) DS FE (lOR) to Data Output Driven Delay 

74 TdDSR(RDZ) OS RE (lOR) to Data Output Float Delay 

75 TwAS AS Low Width 

76 TsA(AS) Address Valid to AS RE Setup Time 

77 ThAS(Av) AS RE to Address Valid Hold Time 
"",~" \ \, 

78 TdAS(DS) AS RE to OS FE Delay (I/O) 
.\ (/\ \ \, \1""'<'\ \ 

79 TsCS(AS) CS Valid to AS~E Setu~it[n~ '. \ II, \\ \ \ \ "\,~ \ 
80 ThCS(AS) . A~J1E,to.:gs '{alip Hold ilmr J \11 ~\ \ \\ \1J '",,~ 

81 TwAS (OS) ,,' "~ 'AS' aM DS Sim\lltaneousIY,LQ~ .TimE!JSe~et) -
, ,0 " "~,, 1 "> '~ l ~, 

82 r1StBAl~~)\ '1" ; E!~I\f1EtoS~9.:,sr7; AJ.19;Ab15 Float Delay (Reset) 

83 \ TdBAI(~j) \ c: -"~Al A;(!,cLsro-ST3, R/W, B/W, N/S Float Delay (Reset) 

84 '\[d~Ar(DS) \j BATRE to DS, AS Float Delay (Reset) 

85 TdDS(Dn) OS RE (lOW) to Data Valid Hold Time 

86 TdAC(DRV) Address Valid to Data (lOR) Required Valid Delay 

87 TdAZ(DS) Address Float to DS FE (lOR) Delay 

88 TwDS(IO) DS (10) LOW Width 

89 TsD(DS) Data (lOW) Valid to OS RE Setup Time 

90 TrDS(W) DS RE (lOW) to DS FE (lOW) (Write Recovery Time applies 
only for issuing Command) 

91 TsBAK(C) BAI Valid to Clock RE Setup Time 

92 TdAS(DS) AS RE to DS FE (ACK) Delay 

93 TwDS(AK) OS (ACK) LOW Width 

94 TdBRQ(BAI) BUSRQ FE to BAI FE Required Delay 

95 TsS(AS) Status Valid to AS RE Setup Time 

98 TdBAI (BAO) BAI RE, FE to BAO RE, FE Delay 

99 TdIEI(IEO) lEI RE, FE to lEO RE, FE Delay 

·2000ns for reading slow-readable registers (worst case) 
Note: RE = rising edge 

FE = falling edge 
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ArnZ8016 

4MHz 6MHz 

Min Max Min Max Units 

20 ns 

50 ns 

20 ns 

150 ns 

150 ns 

140 ns 

140 ns 

135 ns 

80 ns 

135 ns 

80 #'1 ns 

70 ""~,,,-, .;:::" /'/ ns 

~ 
_\,C I"~; II ns 

\';:--. 
. \ \ \ ns 

'\ \ .~, \#~\ ns 

fo ':..,.:. ns 

40 ns 

3TcC 

135 ns 
-'--,,-

100 
- ... ~ . 

80 nJ 
f----

30 ns 

540 ns 

0 ns 

150· ns 

40 ns 

4TcC ns 

50 ns 

100 ns 

150 ns 

0 ns 

40 ns 

80 ns 

80 ns 



os, RM, 
S/W, N/S 

ADDRESS 

lOR 

lOW 

1/0 

INTERRUPT 
ACKNOWLEDGE 

Timing Diagram 14. AC Timing when DTC is Bus Slave 

rv~ 
~ -f-@ @{ 

If 
~ @-t:i f-+-@ 

T ~ 

}-- ,.....:J @ I r--+-@ 
I 

, 

T "'Ii 
@ ~ 

DATA FROM DTC 

I @ I @ I I 
T 

DATA INTO DTC 
-'t\: 

~ ~ 
@ II ® I f.=- 88 

II 

(18) 'It 

~H9- I,=®-
J 

f-®- f--@-l 
ST

O_3.R/iii J _______________________ ...JX\.. _________ _ 

CPU 

AIZ-029 

TIming Diagram 15. Bus Exchange Timing 

~r--_@_-III-I -
~_+------------~---~---~·~I __ ~t 

S!!!:3, AS, } 

(SN0-6)' ----------~ 

ADo·AD15, } 
(SNo·SN7)" 

MMUSYNC' 

CPU 

------------4 

------------~I~I----------------

·For logical addressing only. 
··For physical addressing only. 
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Timing Diagram 16. Reset Timing 

CLOCK 

AS ~ I 

~ 
® I 

'1'5S I 
I -@ I 

BAi ~ 
S~R/~ g B/W, N/S 

SN,AO ) 

Timing Diagram 17. DelayTimings 

lEI 

lEO 

Timing Diagram 18. Sampling DREQ during Single Transfer DMA Operations 

~
FIRST ACCESS OF LAST ACCESS OF ~ 
OMA ITERATION OMA ITERATION . 

Tl I T2----I---TWAorT2 I T3 

CLOCK 

.IQ'I. Ts ORO(c) 
I~I (NOTE 2) 

DREO -------n-~~\\ \ \~\\\~\\\\~& \~\\\ \~\\\ \~\\\"M""I""'\\\\~&\ /111//// 1// 
I-TWDRO-j 

@ 

AmZ8016 

AIZ·031 

AIZ·032 

AIZ·033 

Notes: 1. HIGH-to-LOW DREQ transitions will only be recognized after 
the HIGH-to-LOW transition of the clock during T1 of the first 
access of the DMA iteration, 

the next iteration. DREQ may go HIGH before 
T sDRQ(c) if it has met the T wDRQ parameter. 

2, A HIGH-to-LOW DREQ transition must meet the con
ditions in Note 1 and must occur TsDRQ(c) before 
state T 3 of the last access of the DMA iteration if the 
channel is to retain bus control and immediately start 

;-
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3. Flyby and Search transactions have only a single access; 
parameter T sDRQ(c) should be referenced to the start of T 3 
of the access. All other operations will always have two or 
three accesses per iteration. 



Timing Diagram 19a). Sampling DREQ at the End of Chaining 

j-THLD I THLD THLD Ts I Tl-

CLOCK 

""~"1®I1 @ I 

\\\\\\\\\\\i-~ . W;;;J!I//;jIij$;JjI/ij//ijt!//!!I///;J$//I/;/ 

Note: 1. DREQ must be LOW from the start of TsDRQ (c) to the end of T hDRQ (c) to ensure that the request is recognized. 
2. Failure to meet this setup time will result in the channel releasing the bus.' AIZ-034 

Timing Diagram 19b). Sampling of DREQ While in Bus Hold Mode 

rT20rTl TWA or T2 I T3 Tl-j , 

CLOCK 

\\\\\\\\\\\\\\\\\\\\\~~~;i7;/////;J/!I//$/;J;JJij/~ 
AIZ-035 

Timing Diagram 19c). DREQ Sampling in Demand Mode during DMA Operations 

AIZ-036 

Timing Diagram 19d). Sampling DREQ at the End of Base-to-Current,Reloading 

@ CLOCK ~ ll= ThDRQ(c) 

""I/Im/ffmmpm/////llmliiiJr;4@ ¥lJ//jmm//j///////jjlJJJm//}!Jj/U/!J////////////////f; 

Notes: 1. T S is a setup state, generated before entering DMA operation cycle. 
2. TAU2 through TAU4are auto-reloading states, followed by TeD (chain decision) state. AIZ-037 
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Am8127 
AmZ8000 Clock Generator 

DISTINCTIVE CHARACTERISTICS 

• High-drive high-level clock output 
Special output provides clock signal matched 
to requirements of AmZ8000· CPU (4MHz 
and some 6MHz applications), MMU and 
DMA devices. 

• Four TTL-level clocks 
Generates synchronized TTL compatible 
clocks at 16MHz, 2MHz and 1MHz to drive 
memory circuits and LSI peripheral devices. 
An additional TTL clock is synchronized with 
the CPU high-level clock for registers, latches 
and other peripherals. 

• Synchronized WAIT state and time-out 
controls ' 
On-chip logic generates WAIT Signal under 
control of Halt, Single-step, Status and Ready 
signals. Automatic time-out of peripheral 
wait requests. 

ORDERING INFORMATION 

Order the part number according to the table below to 
obtain the desired package, temperature range, and 
screening level. 

Package Operating Screening 
Type Range' Level 

Order Number (Note 1) (Note 2) (Note 3) 

Am8127DC D·24·SLlM C C·l 
Am8127DCB D·24·SLlM C B·2(Note4) 
Am8127DM D·24·SLlM M C·3 
Am8127DMB D·24·SLlM M B-3 
Am8127lC l-28-1 e e-l 
Am8127lCB l-28-1 e B-2 (Note 4) 
Am8127lM l-28-1 M e-3 
Am8127LBM l-28-1 M B-3 

Am8127Xe Dice e } Visual inspection 

Am8127XM Dice M 
to Mll-STD-883 
Method 201 OB. 

Notes: 1. D = Hermetic DIP, L = Chip Pak. Number fOIl~wing 
letter is number of leads. 

2. C = 0 to :f- io°c, Vee = 4.5 to 5.5V, M = -55 to 
+125°C, Vce ""' 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. 
Level B-3 conforms to MIL-STD-883, Class B. 

4. 160 hour burn-in. 

·Z8000, Z8001 and Z8002 are trademarks of Zilog, Inc. 

FUNCTIONAL DESCRIPTION 

The AmS127 Clock Generator and Controller provides the 
clock oscillator, frequency dividers and clock drivers for the 
complete array of AmZSOOO CPUs, peripherals and mem
ory system configurations. In addition to the special 4MHz 
output driver for the AmZS001· and AmZ8002· CPUs, a 
standard buffered TTL 16MHz oscillator output is provided 
for a dynamic memory timing and control .. In addition to 
4MHz applications, the AmS127 will also function in some 
6MHz ZSOOO applications. The AmS127 forms an integral 
part of the dynamic memory support chip set including the 
AmS163 EDC and Refresh Controller, Am2964 Dynamic 
Memory Controller, Am2960 Error Detection and Correc
tion Unit and Am2961/Am2962 EDC Bus Buffers. The os
cillator is designed to operate with a 16MHz crystal or with 
external 16MHz drive. The AmS127 uses an internal 
divide-by-4 to provide 4MHz clock drive to the AmZS001/ 
AmZS002 CPU. Additional dividers generate synchronous 
buffered 4,2 and 1MHz clock outputs for use by peripheral 
devices. The clock divider counters are clearable to allow 
synchronizing the multiple clock outputs. 

The controller functions include RESET, RUN/HALT, 
SINGLE-STEP, READY and a READY TIMEOUT counter 
which limits a peripheral's wait request to 16 clock cycles. 
The CPU's WAIT input is controlled by RUN/HALT, 
Single-Step, Status and READY. When RUN/HALT is 
LOW the AmS127 drives the WAIT output LOW causing 
the CPU to add wait states (TW). The READY input is 
used by peripherals to request wait states. The active 
LOW input timeout enable, TOEN, is used to force TIME
OUT LOW and WAIT HIGH 16 clock cycles after a 
peripheral has requested a wait but fails to release the re
quest. The CPU status lines ST1, ST2 and ST3 are de
coded in the AmS127 to disable the TIMEOUT counter 
during CPU "Internal Operations" and during refresh. 

The 4/3 input controls the clock duty cycle. An internal 
pull-up resistor pulls this input high for AmZSOOO CPUs. 
A LOW input causes the cycle counter to output a 33% 
duty cycle. 

BLOCK DIAGRAM 
CLOCK GENERATOR 

RESETOU'f. 
_RE_SET_'N _____ -II RESET II--___ --.:.(R_ES_ET_OU_T) 

L...-_SY_NC---II-

x, 

X2 

4/3 

XTAL 
osc 1 

+ 30R4 -.J CYCLE n COUNTER 

_CL_R ------i--+: I 
RUNIHAIf roo-- I 
~ RUN/HALT 

- SING~~OSTEP , 

.~ CONTROL 

CLOCK 
DIVIDER 

WAIT 
CONTROL 

I 

lBooa C 
BUFFER~ 

" TCK 

TCKl2 

AMZ-017 ·RESETOUT is active LOW when 4/3 = HIGH 
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, Am8127 

LOGIC DIAGRAM 

.,,,~. 
X2 10 3 

XI 11 

CLR 6 

R~~ET 15 C>---4----1 

a~~~~-----------------------------------, 

SSNC 2 .-,.---'~....---.,. 

SSNO 1 L./-'~'-.J 

RUN/HALT 23 C>----J~=L:'Y--+-------' 

r---------------~7 C 

~-------_C>8 ZCK 
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READY 17 C>------------t-l 

STI 21 

ST2 20 

ST3 19 

5TCK 

» ___ ~14RESETOUT 

16 WAIT 

AMZ-023 



DEFINITION OF FUNCTIONAL TERMS 

ZCK 

C 

TCK 

Buffered clock output for CPU and peripherals. 
This output has under/overshoot control and 
provides the high level output voltage required 
(Vee - O.4V). This output is capable of driving 
multiple CPU clock inputs (or DMA, MMU, etc). 

Bootstrap input. The capacitor Cs is connected 
from the ZCK clock output to C to provide faster 
ZCK risetime. 

TTL level buffered clock output. TCK is the 
same frequency as ZCK and is synchronized 
with ZCK. TCK is in phase with ZCK when the 
4/3 duty cycle control input is HIGH (50% duty 
cycle) and out of phase with ZCK when 4/3 is 
LOW (33% ZCK duty cycle). 

TCKl2, TCK/4 TTL buffered clocks for peripherals. TCK/2 and 
TCK/4 are 1/2 and 1/4 the TCK frequency and 
are synchronized with the rising edge of TCK. 

OSC 

4/3 

READY 

The clock. oscillator TTL buffered output. This 
output provides a high speed clock for dynamic 
memory tiIDin9 (e.g. AmZ8000 uses this output 
to generate RAS/MUX-Select/CAS timing for 
dynamic RAMs) or other system application. 
The ZCK and TCK outputs are synchronized to 
the OSC rising edge. 

Clock duty cycle control, for ZCK and TCK. A 
HIGH input (no connection - input has internal 
pull-up) will result in a 50% duty cycle for 
AmZ8000 application. A LOW input will cause a 
33% duty cycle ZCK output. 

The clear active LOW input for internal counters. 
A LOW input meeting set-up and hold time re
quirements will clear the internal clock counters 
on the risi~g edge of OSC. 

The WAIT output for connection to the CPU 
WAIT input. This latched output controls when 
the CPU enters wait states in response to the 
READY, ST1, ST2, ST3, RUN/HALT and Single 
Step inputs. 

The active HIGH READY input is used by 
peripherals to request wait states. Ready inputs 
must meet the wait latch set-up and hold time 
requirements. 

. *RESETOUT is active LOW when 4/3 = HIGH. 
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TIMEOUT 

RESETOUT 
(RESETOUT) 

RUN/HALT 

SSNO,SSNC 

Am8127 

The Timeout Counter active LOW output: The 
Timeout Counter counts ZCKlTCK clock cycles 
and is used to force WAIT HIGH 15 clock cycles 
after a peripheral has requested a wait but has 
failed to release the request. This output is nor
mally used to interrupt the CPU. 

The Timeout Enable active LOW input. A LOW 
input allows the Timeout Counter to count, 
causes the TIMEOUT output to go LOW for one 
ZCKITCK clock period after 15 cycles and 
forces WAIT HIGH at the rising edge of the 16th 
cycle. A HIGH input disables the counter and 
allows WAIT to be controlled by the READY, 
RUN/HALT and Single Step inputs. 

The Reset Output to the CPU. It is acti\(e LOW' 
when the 4/3 input is HIGH and active HIGH 
when the 4/3 input is LOW. 

The active LOW Reset Input. A LOW input will 
cause RESETOUT to go LOW synchronous 
with ZCK ..f . Pushbutton reset is imple
mented by momentarily grounding RESETIN. 
Power-up reset is implemented by connecting a 
capacitor from RESETIN to ground. Capacitor 
values from 10JLF to 22JLF will provide a 
power-up of less than one second. 

A debounced input to allow halt and Singlo Step 
control modes. A HIGH input allows the CPU to 
run. A LOW input forces the WAIT output LOW 
causing the CPU to enter continuous wait states 
until the ZCK period after RUN/HALT is returned 
to HIGH. 

Single Step control inputs. These debounced 
input allow the CPU to Single Step from one wait 
state to the next by momentarily disconnecting 
SSNC from ground and grounding SSNO. 
RUN/HALT must be LOW for Single Step 
operation. 

Status inputs from AmZ8000 CPU's and 
peripherals. Continuous LOW inputs indicate 
that the CPU is executing "internal operation" or 
"refresh." During this time the time out is dis
abled to avoid signaling an inappropriate inter
rupt. The status inputs are subject to the set-up 
and hold time requirements of the WAIT latch. 

External crystal connections (see applica
tion section). X1 may be driven directly by a TTL 
input. 



Am8127 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L . TA = 0 to 70°C Vee = 5.0V ±5% (MIN. = 4.75V MAX. = 5.25V) 
MIL TA = -55 to +125°C Vee = 5.0V ±10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameter Description Test Conditions (Note 1) 

ZCK 10H = -0.1mA 

VOH Output 'HIGH Voltage Vee = MIN TTL 10H = -1mA I MIL 

Outputs 10H = -2.6mA I COM'L 

Val Output LOW Voltage Vee = MIN 
10l = 0.1 mA, ZCK Output 

10l = 16mA, TIL Output 

RESETIN 

VIH Input HIGH Level 
Guaranteed input 

ST1, $T2, ST3,CLR, HIGH Voltage 
TOEN, X1, READY 

Vil Input LOW Level 
Guaranteed input ST1' ST2, ST3,CLR, 
LOW voltage TOEN, X1, READY 

VI Input Clamp Voltage Vee = MIN, liN = -18mA (Note 3) 

VIN-VIL RESETIN Hysteresis Vee = MIN 

SSNO 

III Input LOW Current 
Vee = MAX, SSNC, 4/3, RUN/HALT, READY 
VIN = O.4V TOEN, CLR, X1 

RESETIN, ST1, ST2, ST3 

4/3, SSNC, SSNO 
RUN/HALT 

Vee = MAX, RESETIN 
IIH Input HIGH Current 

VIN = 2.7V· CLR,READY,TOEN 
ST1, ST2, ST3 

X1 

II Input HIGH Current Vee = MAX, CLR, READY, TOEN 
VIN = 5.5V ST1, ST2' ST3 

Output Short Circuit ZCK Output 
Ise Current (Note 5) 

Vee = MAX 
Others 

X1 = 2.4V, ZCK = TCK's = LOW 
ICC Power Supply Current Vee = MAX 

Operating, fose ,.;; 24MHz (Note 6) 

Min 

Vee- O.4 

2.4 

2.8 

2.0 

400 

-50 

-40 

Typ 
(Note 2) 

Vee-0.1 

3.4 

2.25 

650 

(Note 4) 

(Note 4) 

95 

120 

Max Units 

Volts 

Volts 

0.4 Volts 

0.5 Volts 

Volts 

Volts 

0.8 Volts 

-1.5 Volts 

mV 

-1.6 mA 

-1.2. mA 

-0.72 mA 

-0.36 mA 

-300 /J-A 

-200 /J-A 

+50 /J-A 

+600 /J-A 

+1.0 mA 

-240 mA 

-130 mA 

140 
mA 

180 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not applicable to.X1. 
4. Specification is negative because of internal input pull-up resistors. 
5. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
6. For oscillator frequencies up to 24MHz, outputs open. 

STATIC INPUT ELECTRICAL CHARACTERISTICS 
The static control inputs, SSNO, SSNC (Single Step), RUN/HALT 
and 4/3 (clock duty cycle control), are Low-Power Schottky TTL 
compatible inputs with internal pull-up resistors to the +5V supply. 
They may be left open for a HIGH input (e.g., 4/3 is left open for 
operation with AmZ8001/8002), or grounded for a LOW input. 

SSNO, SSNC and RUN/HALT are intended to be grounded or 
opened by switches. 4/3 is normally left open for AmZ8001/8002. 
These inputs are specified at 0.4V/2.4V for test convenience. 

Parameter Description Test Conditions Min Typ Max Units 

Input HIGH Voltage Guaranteed HIGH input voltage RUN/HALT, SSNO 

Input LOW Voltage Guaranteed LOW input voltage SSNC, 4/3 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperl'lture 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage x1, 4/3, SSNO, SSNC, RUN/HALT 

Other Inputs 

DC Voltage Applied to C 

DC Output Current, Into Outputs 

DC Input Current 

SWITCHING CHARACTERISTICS -
OSCILLATOR, WAIT AND ZCK OUTPUT 
(TA = +25°C, Vcc = 5.0V) 

Parameters Description 

fMAX Oscillator Frequency 

trC ZCK Rise Time 
CL = 80pF 

tIC ZCK Fall Time 

trC ZCK Rise Time 
CL = 200pF 

tIC ZCK Fall Time 

tpLH READY to WAIT 
tpHL 

tpLH Status STj to WAIT 
tpHL 

ts CLR to OSC (S) Set-up Time 

tH CLR to OSC en Hold Time 

Min 

24 

Typ 

9 

7.6 

15.4 

14.0 

8 

11.5 

13 

17.2 

15 

-11 

Notes: 7. Specification is based on fundamental mode crystal. See application section. 
S. ZCK rise and fall times are based on a bootstrap capacitor value of 27pF. 

Max 

12 

11 

20 

20 

14 

16 

17 

21 

18 

-6 

SWITCHING CHARACTERISTICS - 4/3 = HIGH (AmZ8000 Mode) 
(TA = +25°C, vcc = 5.0V) 

Parameters Description Min Typ Max 

ts READY to ZCK Set-up Time T/4 + 10 T/4 + 4.5 

tH READY to ZCK Hold Time T/4 + 2 T/4 
(Note 9) 

ts Status STj to ZCK Set-up Time T/4 + 12 T/4 + 9.5 

tH Status STj to ZCK Hold Time T/4 - 3 T/4 -7.5 

ts TOEN to ZCK Set-up Time 30 22 

tH TOEN to ZCK Hold Time -10 -16 

tSKEW ZCK to OSC 3 6 10 

tSKEW ZCK to TCK 0 4.0 7 

tpLH 9.0 13 ZCK to RESETOUT Propagation Delay 

tpHL 4 8 

Note: 9. T = ZCK period. 
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-65 to +150°C 

-55 to +125°C 

-0.5 to +7V 

-0.5V to +VCC max 

-O.5V to VCC +O.5V 

-0.5 to +5.5V 

-0.5 to +8V 

30 mA 

-30 to +5.0mA 

Units Tests Conditions 

MHz 
See Test Circuits 

(Note 7) 

ns ZCK CL = 80pF 

ns (Note 8) 

ns ZCK CL = 200pF 

ns (Note 8) 

ns 

ns 

ns 
See Test Circuits 

ns 

ns 

ns 

Units Test Conditions 

ns 

ns 

ns 

ns 

ns See Test Circuits 
ns ZCK CL = SOpF 

ns 

ns 

ns 

ns 



Am8127 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE -
OSCILLATOR, WAIT AND ZCK OUTPUTS· 

Parameters Description Test Conditions 

tMAX Oscillator Frequency (Note 7) 

tre ZCK Rise Time CL = 80pF 
CL = 80pF 

tIC ZCK Fall Time (Note 8) 

tre ZCK Rise Time CL = 200pF 
CL = 200pF 

tIC ZCK Fall Time (Note 8) 

tpLH 
READY to WAIT Propagation Delay 

tpHL 

tpLH 
Status STj to WAIT Propagation Delay See Test Circuits 

tpHL 

ts CLR to OSC cn Setup Time 

tH CLR to OSC Cf) Hold Time 

Am8127 COM'L 

TA = 0 to +70°C 
Vee = 5.0V ±5% 

Max 
Min O°C 70°C 

24 

15 15 

14 14 

25 20 

25 20 

17 17 

19 19 

20 20 

25 25 

21 

-3 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

SWITCHING CHARAC1ERISTICS 
OVER OPERATING RANGE -
4/3" = HIGH (AmZ8000 Mode) 

Parameters Description 

ts READY to ZCK Setup Time 

tH READY to ZCK Hold Time· 

ts Status STj to ZCK Setup Time 

tH Status STj to ZCK Hold Time 

ts TOEN to ZCK Setup Time 

fH TOEN to ZCK Hold Time 

tSKEW ZCK to OSC Skew 

tSKEW ZCK to TCK Skew 

tpLH 

tpHl 
ZCK to RESETOUT Propagation Delay 

Test Conditions 

See Test Circuits 
ZCK CL = 80pF 
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TA = 0 to +70°C 
Vee = 5.0V ±5% 

Min Max 

T/4 + 14 

T/4 + 5 

T/4 + 15 

T/4 

35 

-5 

2 14 

-2 10 

16 

16 

Am8127 MIL 

TA = -55 to +125°C 
Vee = 5.0V ±10% 

Max 
Min -55°C 125°C Units 

24 MHz 

20 15 ns 

20 14 ns 

32 20 ns 

32 20 ns 

19 19 ns 

19 19 ns 

22 22 ns 

25 25 ns 

30 ns 

0 ns 

Am8127 MIL 

TA = -55 to +125°C 
Vee = 5.0V ±10% 

Min Max Units 

T/4 + 17 ns 

T/4 + 5 ns 

T/4 + 20 ns 

T/4 + 5 ns 

\ 40 ns 

0 ns 

2 17 ns 

-2 14 ns 

20 ns 

20 ns 



FROM 
OUTPUT 
UNDER 
TEST 

JSOPF 
CL OR r 200pF 

ZCK Output' 

SWITCHING TEST CIRCUITS 

AMZ-018 ' 

FROM 
OUTPUT 
UNDER 
TEST 

50pF 

TTL Outputs 

SWITCHING TEST WAVEFORMS 

ZCK RISE AND FALL TIMES 

'].ov o.sv 
tfC 1----------

AMZ-020 

SET-UP AND HOLD TIMES PROPAGATION DELAY TIMES 

SET-UP AND HOLD TIMES 

Am8127 

AMZ-019 

2.0V FOR ZCK OUTPUT 
1.3V FOR TTL OUTPUT =1~~ ti_ 

~ 2.0V FOR ZCK ~ 
1.3V FOR TTL I/O 

AMZ-021 AMZ-022 
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RUN/HALT SSNC 

H X 

L 

L 
H 

ZCK 

TYPICAL CRYSTAL SPEC 

Mode Fundamental AT cut 

Resonance Parallel or Series 

Load 32pF 
(Net of 56pF C's shown + stray C) 

Stability ±0.01% 
(or to user requirement) 

WAIT, TIMEOUT FUNCTION TABLE 

TIMEOUT 
ST3 ST2 ST1 READY TOEN COUNTER TIMEOUT WAIT 

L L L H X Cleared H H 

L L L L X Cleared H H 

H L Cleared H H 

L H Hold H L 
AnySlj = H 

H until 16 clocks L until 16 clocks 

X 

L H Count + 1 on ZCK S after ready 1.. ,then after ready 1.. ,then 
LOW one ZCK period LOW one ZCK period 

X X Hold 

TIMEOUT COUNTER TIMING 

The TIMEOUT sequence can be extended by the 
number of clock periods TOEN Is held HIGH during 
the period when READY Is lOW. 

H 

TOEN may be: __ _ 
1. Wired HIGH to Disable TIMEOUT. 
2. Wired lOW to Enable TIMEOUT ~6 Clocks After READY "l.. 
3. Driven by a TTL Input to Extend TIMEOUT. 
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Note: If TO EN Is Disabled (TOEN = HIGH) During 
TIMEOUT (TIMEOUT = lOW) the TIMEOUT 
Signal will be Shortened. Also a Double Pulse 
will Occur. This Siluatlon Is Avoided by Syn
chronizing the TOEN Input to ClK or Avoiding 
Controlling TOEN During Count 15. 

L 

HIGH one 
ZCKperiod 

AMZ-027 



OSC 

MOSCLOCK ~ 
ZCK 

CLOCK ~ 
TCK 

ArnS127 CLOCK OUTPUTS 

DIVIDE BY 4 MODE (ArnZSOOO) 

TCK/2 ~a.-_____________ ~ 

TCK/4 

_______ I 

-------I 
L 

ArnS127 READY, WAIT, RESET, AND SINGLE STEP 

OSC 

MOS CLOCK t><X.XXl I I 
~ I'-§RE.DY INPUTrMPfXX17L..L.,J: L....------I 

. ~ts 
READY ----, '~ READY 

AmZ8000 ~ tH_ 8086 tH 

SINGLE STEP 

RESET WIDTH DETERMINED BY EXTERNAL CAPACITOR 

RUN/HALT 

I-tPD 

3-81 

Am8127 

AMZ-024 

AMZ-026 



AmB127 

CRYSTAL CONTROLLED OSCILLATOR EXTERNAL CLOCK DRIVE 

Vee +5V Xl Vee +5V 
300n 

X2 I ;.O.47/LF I ;>O.47/LF 

XTAl 

D 
Am0127 Am0127 

Xl NC X2 

56pF 56pF 

GND GND 

-= 

AMZ-028 AMZ-029 

ArnZ8000 APPLICATION 
(50% Duty Cycle ZCK) 

56pF 15MHz 56pF 

r D ~ 
300 

Xl X2 

+5V ClR OSC 

4/3 ZCK ClK 

XACK 

IOACK 'S20 . CB 27pF 

READY 
AACK 

MEMACK 
C 

HALT 
RUN/HALT 

TCKl4 

TCKl2 

SSNO 
Am0127 0006 

TCK 

NO(SS) 
*RESETOUT RESET SSNC 

NC 
TIMEOUT NMI 

RESET RESETIN WAIT READY 

STI so 
ST2 

HlDA TOEN ST3 51 

*RESETOUT is active LOW when 4/3 = HIGH 

AMZ-030 

The typical operating configuration for Am8127 is shown above. 
The component values shown provide a 4MHz clock output for 
the AmZ8002 CPU. The 27pF capacitor from C to ZCK is a 
bootstrap to ensure clock rise to Vee-O.4V within th~specified 

rise time. The 22p.F reset capacitor is chosen to guarantee reset, 
plus adequate delay for reset during power-up with a slowly rising 
Vee supply voltage. Ground SSNO if RI,JN/HAL T or S-S isn't 
used. 
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SSNO 1 

SSNC 

TCKj4 

TCKj2 4 

TCK 5 

CUi 6 

C 7 

ZCK 8 

OSC 9 

X2 10 

X, 11 

GND 12 

CONNECTION DIAGRAM 
Top View 

SSNO VCC 

SSNC RUN/HALT 

TCKJ4 TOEN 

TCKJ2 ST, 

TCK ST2 

CLR ST3 

C TIMEOUT 

ZCK READY 

OSC WAIT 

X2 RESETJN 

X, RESETOUT 

GND 4/3 

24 Pin 0.3" wide 

Note: Pin 1 is marked for orientation. 

METALLIZATION AND PAD LAYOUT 

DIE SIZE 0.098" X 0.088" 
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AMZ·032 

24 Vcc 

23 RUN/HALT 
22 TOEN 

21 ST1 

20 ST2 

19 ST3 

18 TIMEOUT 

17 READY 

16 WAIT 

15 RESEri'N 
14 RESETOUT 

'3 4j3 





SECTION 2 iAPX86 FAMILY 

SECTION 3 zsooo FAMILY 

. " 

SECTION 4 SINGLE· CHIP MICROCOMPUTERS 

8-BIT MICROPROCESSORS 

INTERFACE SUPPORT PRODUCTS 

ADVANCED GENERAL PURPOSE PERIPHERALS 

Z-BUS/680oo MICROPROGRAMMABLE 
BUS TRANSLATOR . 

INTERFACE STANDARDS FOR PERIPHERALS· 
PACKAGING 
Dice, POLICY" 
SALES OFFICES 

1 

2 

3 

7 
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8051/8031 
Single-Chip 8-Sit Microcomputer 

8031 - Control oriented CPU .with RAM and 10 GENERAL DESCRIPTION 

8051 - An 8031 with factory mask-programmable ROM The 8051/8031 are members of a family of a'dvanced 
single-chip microcomputers. The 8051 contains 4K x 8 
read-only program memory; 128 x 8 RAM; 32 I/O lines; two 
16-bit timer/counters; a five-source, two-priority-Ievel, 
nested interrupt structure; a serial I/O port for either mUlti
processor communications, I/O expansion, or full duplex 
UART; and on-chip oscillator and clock circuits. The 8031 is 
identical, except that it lacks the program memory. For sys
tems that require extra capability, the 8051 can be expanded 
using standard TTL compatible memories and the byte 
oriented 8080 and 8085 peripherals. 

DISTINCTIVE CHARACTERISTICS 

• 4K x 8 ROM 
• 128 x 8 RAM 
• Four 8-bit ports, 32 I/O lines 
• Two 16-bit timer/event counters 
• High-performance full-duplex serial channel 
• External memory expandable to 128K 
• Compatible with 8080 and 8085 peripherals 
• Boolean processor 
• 8048 architecture enchanced with: 

Non-paged jumps 
Direct addressing 
Fo~r 8-register banks 
Stack depth up to 128-bytes 
Multiply, divide, subtract, compare 

• Most instructions execute in 1JLs 
• 4JLs multiply and divide 

The 8051 microcomputer, like its 8048 predecessor, is effi
cient both as a controller and as a boolean processor. The 
8051 has extensive facilities for binary and BCD arithmetic 
and excels in bit-handling capabilities. Efficient use of pro
gram memory results from an instruction set consisting of 
44% one-byte, 41% two-byte, and 15% three-byte instruc
tions. With a 12MHz crystal, 58% of the instructions execute 
in 1 JLs, 40% in 2JLs and multiply and divide require only 4JLs. 
Among the many instructions added to the standard 8048 
instruction set are multiply, divide, subtract, and compare.' 

, Figure 1. Block Diagram 
FREQUENCY 
REFERENCE 

INTERRUPTS CONTROL PARALLEL PORTS 
ADDRESS/DATA BUS 
AND VO PINS 

ORDERING INFORMATION 

COUNTERS 

SERIAL SERIAL 
IN OUT 

Operating 
12MHz 

Range Package w/ROM w/oROM 

Commercial 
Hermetic DIP D8051·XXXXX 08031 ooe.;; TA .;; 70°C 

Vee = +5V :!:5% Molded DIP P8051·XXXXX P8031 
Vss = OV 

Industrial 
-40°C.;; TA';; 85°C 

Hermetic DIP ID8051·XXXXX 108031 
Vee = +5V :!:10% 
Vss = OV 

Military 

-55°C.;; TA .;; 125°C 
Hermetic DIP MD8051B·XXXXX MD8031B 

Vee = +5V :!:10% 

Vss = OV 

·XXXXX is a five digit ROM code identifier assigned by factory. 
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LOGIC SYMBOL 

! 
i ~ .. 

~ 
~ 

il r-TXD -- en 
~o-- ::> 

III 
INT,-_ 

i i To--T, __ 

Wii --
AD--

033038·2 

Figure 2. 

80S1 FAMILY PIN DESCRIPTION 

Vss 
Circuit ground potential. 

Vee 

+5V power supply during operation. 

PORTO 

Port 0 is an 8-bit open drain bidirectional I/O port. It is also the 
multiplexed low-order address and data bus when using ex
ternal memory. It is used for data output during program verifi
cation. Port 0 can sink/source eight LS TTL loads. 

PORT1 

Port 1 is an 8-bit quasi-bidirectional I/O port. It is used for the 
low-order address byte during program verification. Port 1 can 
sink/source four LS TTL loads. 

PORT2 

Port 2 is an 8-bit quasi-bidirectional I/O port. It also emits 
the high-order address byte when accessing external memory. 
It is used for the high-order address and the control signals 
during program verification. Port 2 can sink/source four LS 
TTL loads. 

PORT 3 

Port 3 is an 8-bit quasi-bidirectional I/O port. It also cont~ins the 
interrupt, timer, serial port, and RD and WR pins that are used by 
various options. The output latch corresponding to a secondary 
function must be programmed to a one (1) for that function to 
operate. Port 3 can sink/source four LS TTL loads. The secon
dary functions are assigned to the pins of Port 3, as follows: 

RXD/data (P3.0). Serial port's receive'r data input 
(asynchronous) or data input/output (synchronous). 

- TXD/clock (P3.1). Serial port's transmitter data output 
(asynchronous) or clock output (synchronous). 
INTO (P3.2). Interrupt 0 input or gate control input for 
counter O. 

- INT1 (P3.3). Interrupt 1 input or gate control input for 
counter 1. 

- To (P3.4). Input to counter O. 
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CONNECTION DIAGRAM 
Top View 

0-40 
P-40 

PtO Vee 

Pl.l PO.O ADo 

Pl.2 PO.l AD, 

PO.2 AD2 

Pl.4 PO.l AD3 

Pl.S PO.4 AD. 

Pl.6 PO.S ADs 

Pl.7 PO.6 AD. 

RST/VPD PO.7 A~ 

RXD Pl.O EA 
TXD Pl. 1 ALE 

iNTo Pl.2 PSEN 
iNT, Pl.l P2.7 A1S 

To Pl.4 P2.6 A,. 

T, Pl.S P2.S A'3 
WR Pl.6 P2.4 A'2 

Ali Pl.7 P2.l Al1 
XTAL2 P2.2 A,O 
XTAL, P2.' Ag 

Vss P2.0 A8 

Figure 3. 
033038·3 

T 1 (P3.5). Input to counter 1. 
- WR (P3.6). The write control signal latches the data byte 

from Port 0 into the External Data Memory. 
- RD (P3.7). The read control signal enables External Data 

Memory to Port O. 

RST/VPD 

A high level on this pin resets the 8051. If VPD is held within its 
spec (approximately +5V), while Vce drops below spec, VPD will 
provide standby power to the RAM. When VPD is low, the RAM's 
current is drawn from Vee. A small internal resistor permits 
power-on reset using only a capacitor connected to Vee. 

ALE 

Provides Address Latch Enable output used for latching the ad
dress into external memory during normal operation. It is acti
vated every six oscillator periods, except during an external data 
memory access. 

PSEN 

The Program Store Enable output is a control signal that enables 
the external Program Memory to the bus during external fetch 
operations. It is activated every six oscillator periods, except 
during external data memory accesses. Remains high during 
internal program execution. 

EA 

When held at a TTL high level, the 8051 executes instructions 
from the internal ROM when the PC is less than 4096. When held 
at a TTL low level, the 8051 fetches all instructions from external 
Program Memory. 

XTAL1 

Input to the oscillator's high gain amplifier. Required when a 
crystal is used. Connect to VSS when external source is used 
on XTAL2. 

XTAL2 

Output from the oscillator's amplifier. Input to the internal timing 
circuitry. A cr.ystal or external so'urce can be used. 



THE 8051 FAMILY 
The 8051 is a stand-alone high-performance single-chip com
puter intended for use in sophisticated real-time applications 
such as instrumentation, industrial control, and intelligent com
puter peripherals. It provides the hardware features, architectural 
enhancements, and new instructions that make it a powerful and 
cost effective controller for applications requiring up to 64K bytes 
of program memory and/or up to 64K bytes of data storage. A 
Block Diagram is shown in Figure 1. 

The 8031 is a control-oriented CPU without on-chip program 
memory. It can address 64K-bytes of External Program Memory 
in addition to 64K-bytes of External Data Memory. For systems 
requiring extra capability, each member of the 8051 Family can 
be expanded using standard memories and the byte oriented 
8080 and 8085 peripherals. The 8051 is an 8031 with the lower 
4K-bytes of Program Memory filled with on-chip mask pro
grammable ROM. 

The two pin-compatible versions of this component reduce 
development problems to a minimum and provide maximum 
flexibility. The 8051 is suited for low-cost, high volume produc
tion; and the 8031 for applications desiring the flexibility of Exter
nal Program Memory which can be easily modified and updated 
in the field. 

MACRO-VIEW OF THE 8051 
On a single die the 8051 microcomputer combines CPU; 4K x 8 
read-only program memory; 128 x 8 RAM; 321/0 lines; two t6-bit 
timer/event counters; a five-source, two-priority-Ievel, nested 
interrupt structure; serial I/O port for either multi-processor com
munications, I/O expansion or full duplex UART; and on-chip 
oscillator and clock circuits. This section will provide an overview 
of the 8051 by providing a high-level description of its major 
elements: the CPU architecture and the on-chip functions 
peripheral to the CPU. The generic term "8051" is used to refer 
collectively to the 8031 and 8051. 

8051 CPU ARCHITECTURE 

The 8051 CPU manipulates operands in four memory spaces. 
These are the 64K-byte Program Memory, 64K-byte External 
Data Memory, 256-byte Internal Data Memory and 16-bit Pro
gram Counter spaces. The Internal Data Memory address 
space is further divided into the 128-byte Internal Data RAM 
and 128-byte Special Function Register (SFR) address spaces 
shown in Figure 4. Four Register Banks (each with eight re
gisters), 128 addressable bits and the stack reside in the Inter
nal Data RAM. The stack depth is limited only by the available 
Internal Data RAM and its location is determined by the 8-bit 
stack pointer. All registers except the Program Counter and the 

8051/8031 

four 8-Register Banks reside in the Special Function Register 
address space. These memory mapped registers include 
arithmetic registers, pointers, I/O ports, interrupt system regis
ters, timers, and a serial port. 128 bit locations in the SFR ad
dress space are addressable as bits., The 8051 contains 128 
bytes of Internal Data RAM and 20 SFRs. 

The 8051 provides a non-paged Program Memory address 
space to accommodate relocatable code. Conditional branches 
are performed relative to the Program Counter. The register
indirect jump permits branching relative to a 16-bit base register 
with an offset provided by an 8-bit index register. Sixteen-bit 
jumps and calls permit branching to any location in the contiguous 
64K Program Memory address space. 

The 8051 has five methods for addressing source 
operands: Register, Direct, Register-Indirect, Immediate, and 
Base- Register-plus-Index- Register-Indirect Addressing. The 
first three methods can be used for addressing destination 
operands. Most instructions have a "destination, source" field 
that specifies the data type, addressing methods, and operands 
involved. For operations other than moves, the destination 
operand is also a source operand. 

Registers in the four 8-Register Banks can be accessed through 
Register, Direct, or Register-Indirect Addressing; the 128 bytes 

, of Internal Data RAM through Direct or Register-Indirect Addres
sing; and the Special Function Registers through Direct Addres
sing. External, Data Memory is accessed through Register
Indirect Addressing. Look-Up-Tables resident in Program 
Memory can be accessed though Base-Register-plus-Index
Register-Indirect Addressing. 

The 8051 is classified as an 8-bit machine since the internal 
ROM, RAM, Special Function Registers, Arithmetic/Logic Unit, 
and external data bus are each 8-bits wide. The 8051 performs 
operations on bit, nibble, byte, and double-byte data types. 

The 8051 has extensive facilities for byte transfer; logic, and 
integer arithmetic operations. It excels at bit handling since data 
transfer, logic, and conditional branch operations can be per
formed directly on Boolean variables. 

8051 INSTRUCTION SET 

The 8051 's instruction set is an enhancement of the instruction 
set familiar to 8048 users. It is enhanced to allow expansion of 
on-chip CPU peripherals and to optimize byte efficiency and 
execution speed. Op codes were reassigned to add new high
power operations and to permit new addressing modes which 
make the old operations more orthogonal. Efficient use of pro
gram memory results from an instruction set consisting of 49 
single-byte, 45 two-byte, and 17 three-byte instructions. When 
using a 12MHz oscillator, 64 instructions execute in 1p,s and 45 

Figure 4. 8051 Family Memory Organization 
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instructions execute in 2JLs. The remaining instructions (multiply 
and divide) execute in only 4JLs. The number of bytes in each 
instruction and the number of cycles required for execution are 
listed in Table 1 on pages 14 and 15. 

ON-CHIP PERIPHERAL FUNCTIONS 

Thus far only the CPU and memory spaces of the 8051 have been 
described. In addition to the CPU and memories, an interrupt 
system, extensive I/O facilities, and several peripheral functions 
are integrated on-chip to relieve the CPU of repetitious, compli
cated, or time-critical tasks and to permit stringent real-time 
control of external system interfaces. The extensive I/O facilities 
include the I/O pins, parallel 110 ports, bidirectional address/data 
bus, and the serial port for I/O expansion. The CPU peripheral 
functions integrated on-chip are the two 16-bit counters and the 
serial port. All of these work together to greatly boost system 
performance. 

INTERRUPT SYSTEM 

External events and the real~time-driven on-chip peripherals 
require service by the CPU asynchronous to the execution of any 
particular section of code. To tie the asynchronous activities of 
these functions to normal program execution, a sophisticated 
multiple-source, two-priority-Ievel, nested interrupt'system is 
provided. Interrupt response latency ranges from 3JLs to 7JLs 
when using a 12MHz crystal. 

The 8051 acknowledges interrupt requests from five 
sources: Two from external sources via the INTo and INT1 pins, 
one from each of the two internal counters and one from the serial 
I/O port. Each interrupt vectors to a separate location in Program 
Memory for its service program. Each of the five sources can be 
assigned to either of two priority levels and can be independently 
enabled and disabled. Additionally all enabled sources can be 
globally disabled or enabled. Each external interrupt is pro
grammable as either level- or transition-activated and is active
low to allow the "wire or-ing" of several interrupt sources to the 
input pin. The interrupt system is shown diagrammatically in 
Figure 5. 

I/O FACILITIES 

The 8051 has instructions that treat its 32 I/O lines as 32 individu
ally addressable bits and as four parallel 8-bit ports addressable 
as Ports 0, 1, 2, and 3. Ports 0, 2, and 3 can also assume other 
functions. Port 0 provides the multiplexed low-order address and 
data bus used for expanding the 8051 with standard memories 
and peripherals. Port 2 provides the high-order address bus 
when expanding the 8051 with external Program Memory or more 
than 256 bytes of External Data Memory. The pins of Port 3 can 
be configured individually to provide external interrupt request 
inputs, counter inputs, the serial port's receiver input and trans
mitter output, and to generate the control signals used for reading 
and writing External Data Memory. The generation or use of an 
alternate function on a Port 3 pin is done automatically by the 
8051 as long as the pin is configured as an input. The configura
tion of the ports is shown on the 8051 Family Logic Symbol of 
Figure 2. 

Open Drain I/O Pins 

Each pin of Port 0 can be configured as an open drain output or as 
a high-impedance input. Resetting the microcomputer programs 
each pin as an input by writing a one (1) to the pin. If a zero (0) is 
later written to the pin it becomes configured as an output and will 
continuously sink current. Rewriting the pin to a one (1) will place 
its output driver in a high-impedance state and configure the pin 
as an input. Each I/O pin of Port 0 can sink/source eight 
LS TTL loads. 

Quasi-Bidirectional I/O Pins 

Ports 1, 2, and 3 are quasi-bidirectional, buffers. Resetting the 
microcomputer programs each pin as an input by writing a one 
(1) to the pin. If a zero (0) is later written to the pin it becomes 
configured as an output and will continuously sink current. Any 
pin that is configured as an output will be reconfigured as an 
input when a one (1) is written to the pin. Simultaneous to this 
reconfiguration, the output driver of the quasi-bidirectional port 
will source current for two oscillator periods. Since current is 
sourced only when a bit previously written to a zero (0) is up-

Figure 5. 8051 Interrupt System 
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dated to a one (1), a pin programmed as an input will not source 
current into the TTL gate that is driving it if the pin is later written 
with another one (1). Since the quasi 7bidirectional output driver 
sources current for only two oscillator periods, an internal 
pull-up resistor of approximately 20K- to 40K-ohms is provided 
to hold the external driver's loading at a TTL high level. Ports 1, 
2, and 3 can sink/source four LS TTL loads. 

Microprocessor Bus 

A microprocessor bus is provided to permit the 8051 to solve a 
wide range of problems and to allow.the upward growth of user 
products. This multiplexed address and data bus provides an 
interface compatible with standard memories, 8080 peripherals, 
and the 8085 compatible memories tharinclude on-chip pro
grammable I/O ports and timing functions. These are sum
marized in the 8051 Microcomputer Expansion Components 
chart of Figure 6. 

When accessing external memory the high-order address is 
emitted on Port 2 and the low-order address on Port O. The ALE 
signal is provided for strobing the address into an external latch. 
The program store enable (PSEN) signal is provided for enabl
ing an external memory device to Port 0 during a read from the 
Program Memory address space. When the MOVX instruction is 
executed Port 3 automatically generates the read (RD) signal for 
enabling an External Data Memory device to Port 0 or generates 
the write (WR) signal for strobing the external memory device 
with the data emitted by Port O. Port 0 emits the address and 
data to the external memory through a push/pull driver that can 
sink/source eight LS TTL loads. At the end of the read/write bus 
cycle, Port 0 is automatically reprogrammed to its high impe
dance state and Port 2 is returned to the state it had prior to the 
bus cycle. The 8051 generates the address, data, and control 
signals needed by memory and I/O devices in a manner that 
minimizes the requirements placed on external program and 

8051/8031 

data memories. At 12MHz, the Program Memory cycle time is 
500ns and the access times required from stable address and 
PSEN are approximately 320ns and 150ns respectively. The 
External Data Memory cycle time is 1IJ.s and the access times 
required for stable address from read (RD) or write (WR) com
mand are approximately 600ns and 250ns respectively. 

TIM~R/EVENT COUNTERS 

The 8051 contains two 16-bit counters for measuring timing 
events and pulse widths, for counting events, as well as for 
generating precise, periodic interrupt requests. Each can be 
programmed independently to one of the following three modes: 

Mode 0 - similar to an 8048 8-bit timer or counter with divide by 
32 prescaler. 

Mode 1 - 16-bit time-interval or event counter. 

Mode 2 - 8-bit time-interval or event counter with automatic 
reload upon overflow. 

Additionally, counter 0 can be programmed to a mode that di
vides it into one 8-bit time-interval or event counter and one 
8-bit time-interval counter (Mode 3). When counter 0 is in Mode 
3, counter 1 can be programmed to any of the three aforemen
tioned modes, although it cannot set an interrupt request flag or 
generate an interrupt. This mode is useful because counter 1's 
overflow can be used to pulse the serial port's transmission-rate 
generator. Along with their multiple operating modes and 16-bit 
pcecision, the counters can also handle very high input frequen
cies. These range from 0.1 MHz to 1.0MHz (from 1.2MHz to 
12MHz crystal) when programmed for an input that is a division 
by 12 of the oscillator frequency and from OHz to an upper limit 
of 50KHz to 0.5MHz (from 1.2MHz to 12MHz crystal) when pro
grammed for external inputs. Both internal and external inputs 
can be gated to the counter by a second external source for 
directly measuring pulse widths. 

Figure 6. 8051 Microcomputer Expansion Components 
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The counters are started and stopped under software control. 
Each counter sets its interrupt request flag when it overflows from 
all ones to all zeroes (or auto-reload value). The operating modes 
and input sources are summarized in Figures 7 and 8. The effects 
of the configuration flags and the status flags are shown in Fi
gures 9 and 10. 

SERIAL COMMUNICATIONS 

The 8051 's serial I/O port is useful for serially linking peripheral 
devices as well as multiple 8051s through standard asynchron
ous protocols with full-duplex operation. The serial port also has a 
synchronous mode for expansion of I/O lines using CMOS and 
TTL shift registers. This hardware serial communications inter
face saves ROM code and permits a much higher transmission 
rate than could be achieved through software. In response to a 
serial port interrupt request, the CPU has only to read/write the 
serial port's buffer to service the serial link. A block diagram of the 
serial port is shown in Figures 11 and 12. Methods for linking 
UART (universal asynchronous receiver/transmitter) devices are 
shown in Figure 13 and a method for I/O expansion is shown in 
Figure 14. 

The full-duplex serial I/O port provides asynchronous modes to 
facilitate communications with standard UART devices, such as 
printers and CRT terminals, or communications with other 8051 s 
in multi-processor systems. The receiver is double buffered tei 
eliminate the overrun that would occur if the CPU failed to re
spond to the receiver's interrupt before the beginning of the next 
frame. The 8051 can generally maintain the serial link at its 
maximum rate so double buffering of the transmitter is not 
needed. A minor degradation in transmission rate can occur in 
rare events such as when the servicing of the transmitter has to 
wait for a lengthy interrupt service program to complete. In asyn
chronous modes, false start-bit rejection is provided on received 
frames. For noise'rejection a best two-out-of-three vote is taken 
on three samples near the center of each received bit. 

When interfacing with standard UART devices, the serial chan
nel can be programmed to Mode 1 which transmits/receives a 
ten-bit frame or programmed to Mode 2 or 3 which transmits/ 
receives an eleven~bit frame as shown in Figure 15. The frame· 
consists of a start bit, eight or nine data bits, and one stop bit. In 
Modes 1 and 3, the transmission-rate timing circuitry receives a 
pulse from counter 1 each time the counter overflows. The input 
to counter 1 can be an external source or a division by 120f the 
oscillator frequency. The auto-reload mode of the counter pro
vides communication rates of 122 to 31,250 bits per second 
(including start and stop bits) for a 12MHz crystal. In Mode 2 the 
communication rate is a division by 64 of the oscillator frequency 
yielding a transmission rate of 187,500 bits per second (including 
start and stop bits) for a 12MHz crystal. 

Figure 7. Timer/Event Counter Modes 0,1 and 2 
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Figure 8. Timer/Event Counter 0 in Mode 3 
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Figure 9. Timer/Counter 0 Co~trol and Status Flag Circuitry 
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Figure 10. Timer/Counter 1 Control and Status Flag Circuitry 
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Figure 12. Serial Port - UART Modes 1, 2 and 3 
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Figure 13. UART Interfacing Schemes 
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Figure 14. I/O Expansion Technique 
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Distributed processing offers a faster, more powerful system 
than a single CPU can provide. This results from a hierarchy of 
interconnected processors, each with its own memories and I/O. 
In a multiprocessing environment, a single host 8051 controls 
other slave 8051 s configured to operate simultaneously on 
separate portions of a program. The interconnected 8051s re
duce the load on the host processor and result in a lower-cost 
system of data transmission. This form of distributed processing 
is especially effective in a complex process where controls are 
required at physically separated loc~tions. 

In Modes 2 and 3 interprocessor communication is facilitated by 
the automatic wake-up of slave processors through interrupt 
driven address-frame recognition. The protocol for interproces
sor communications is shown in Figure 16. In synchronous mode 
(Mode 0) the high speed serial port provides an efficient, low-cost 
method of expanding I/O lines using standard TTL and CMOS 
shift registers. The serial channel provides a clock output for 
synchronizing the shifting of bits to/from an external register_ The 
data rate is a division by 12 of the oscillator frequency and hence 
is 1M bits per second at 12MHz. 
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Figure 15. Typical Frame Formats 
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Figure 16. Protocol for Multi-Processor Communications 
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rupt the CPU on all subsequent transmissions. 

4. Master - :Transmit control frames and data frames (these 
will be accepted only by the previously addressed 
slave). 



8051/8031 
ABSOLUTE MAXIMUM RATINGS above which useful life may be impaired· 

Storage Temperature -65 to +150°C 

Voltage on Any Pin with Respect to Ground -0.5 to + 7.0V 

Power Dissipation 2W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling, and use in order to avoid 
exposure to excessive voltages. 

·NOTICE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

8051/8031 DC CHARACTERISTICS 
Parameters Description Test Conditions Min Typ Max Units 

VIL Input Low Voltage -0.5 O.B V 

VIH Input High Voltage (Except RSTlVpo and XTAL2) 2.0 Vee +0.5 V 

VIH1 Input High Voltage to RSTIVpo for Reset, XTAL2 XTAL1 toVss 2.5 V 

Vpo Power Down Voltage to RSTlVpo Vee = OV 4.5 5.5 V 

VOL Output Low Voltage, Ports 1,2,3 (Note 1) IOL = 1.6mA 0.45 V 

VOL1 Output Low Voltage, Port 0, ALE, PSEN (Note 1) IOL= 3.2mA 0.45 V 

VOH Output High Voltage, Ports 1,2,3 IOH = -BOJLA 2.4' V 

VOH1 Output High Voltage, Port 0, ALE, PSEN IOH = -400JLA 2.4 V 

IlL Logical 0 Input Current, XTAL2, Ports 1,2,3 XTAL1 atVss -BOO JLA 
VIL = 0.4SV 

IIH1 Input High Current to RSTIVpo for Reset VIN = Vee - 1.5V 500 JLA 

III Input Leakage Current to Port 0, EA O<VIN <Vee 10 JLA 

Icc Power Supply Current 125 160 mA 

Ipo Power Down Current 10 20 mA 

CIO Capacitance of I/O Buffer fc = 1MHz 10 pF 

Note 1. VOL is degraded when the B051 rapidly discharges external capacitance. This AC noise is most pronounced during emission of address data. 
When using external memory, locate the latch or buffer as close to the B051 as possible. 

8051 PROGRAM VERIFICATION 

To ensure correct factory masked ROM, the following proce
dure may be followed. The address of the location to be ver
ified is input on Port 1 (pins 1 through 8) while Port 2 (pins 21 
through 28) and PSEN (pin 29) are held low. RSTNPD (pin 9) 
and ALE (pin 30) are held high. The data to be verified is read 
out through Port 0 (pins 32 through 39). 
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8051/8031 AC CHARACTERISTICS (CL for Port 0, ALE and PSEN Outputs = 100pF; CL for All Other Outputs = 80pF) 

Variable Clock 
12MHz Clock 1/TCLCL = 1.2MHz to 12MHz 

Parameter 
, 

Description Min Max Min Max Units 

PROGRAM MEMORY 

TCY Min Instruction Cycle Time (Note 3) 1.0 12TCLCL 12TCLCL ns 

TLHLL ALE Pulse Width 127 2TCLCL-40 ns 

TAVLL Address Setup to ALE 53 TCLCL-30 ns 

TLLAX Address Hold After ALE (Note 1) 48 TCLCL-35 ns 

TLLlV ALE to Valid Instruction In 233 4TCLCL-100 ns 

TLLPL ALE to PSEN 58 TCLCL-25 ns 

TPLPH PSEN Pulse Width 215 3TCLCL-35 ns 

TPLIV PSEN to Valid Instruction In 125 3TCLCL-125 ns 

TPXIX Input Instruction Hold After PSEN 0 0 ns 

TPXIZ Input Instruction Float After PSEN (Note 2) 63 TCLCL-20 ns 

TPXAV Address Valid After PSEN (Note 2) 75 TCLCL-8 ns 

TAVIV Address to Valid Instruction In 302 5TCLCL-115 ns 

TAZPl Address Float to PSEN 0 0 ns 

EXTERNAL DATA MEMORY 

TALRH AD Pulse Width 400 6TCLCL-100 ns 

TWLWH WA Pulse Width 400 6TCLCL-100 ns 

TLLAX Address Hold After ALE (Note 1) 132 2TCLCL-35 ns 

TALDV AD to Valid Data If' 250 5TCLCL-165 ns 

TAHDX Data Hold After AD 0 0 ns 

TAHDZ Data Float After RD 97 2TCLCL-70 ns 

TLLDV ALE to Valid Data In 517 8TCLCL-150 ns 

TAVDV Address to Valid Data In 585 9TCLCL-165 ns 

TLLWl ALE to WA or AD 200 300 3TCLCL-50 3TCLCL+50 ns 

TAVWL Address to WA or AD 203 4TCLCL-130 ns 

TWHLH WA or AD High to ALE High 43 123 TCLCL-40 TCLCL+40 ns 

TDVWX Data Valid to WR Transition 33 TCLCL-50 ns 

TQVWH Data Setup Before WA 433 7TCLCL-150 ns 

TWHQX Data Hold After WA 33 TCLCL-50 ns 

TALAZ Address Float After AD 0 0 ns 

Notes: 1. TLLAX for access to Program Memory is different from TLL~ for access to Data Memory. 
2. Interfacing the 8051 to devices with float times up to 75ns is permissible. This limited bus contention will- not cause any damage to Port 0 

drivers. 
3. TCY is the minimum instruction cycle time which consists of 12 oscillator clocks or two ALE cycles. 
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AC TESTING INPUT, OUTPUT, FLOAT WAVEFORMS 

INPUT/OUTPUT FLOAT 

FLOAT ------1 

2.4 =x 2.0 2.0><==. 

TEST POINTS 
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0.45 ....... ---------
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033036·18 033036·19 

AC testing inputs are driven at 2.4V for a logic "1" and O.4SV for a logic "0." 
Timing measurements are made at 2.0V for a logiC "1" and 0.8V for a logic "0." 
For timing purposes, the float state is defined as the point at which a Po pin sinks 3.2mA or sources 400ILA at the voltage test levels. 

EXTERNAL CLOCK DRIVE XTAL2 

TCHCX TCHCL 

1---------- TCLCL ---------

033036·20 

CLOCKING DETAILS 

Variable Clock 
Freq = 1.2MHz to 12MHz 

Symbol Parameters Min Max Unit 

TCLCL Oscillator Period 83.3 833.3 ns 

TCHCX High Time 20 TCLCL-TCLCX ns 

TCLCX Low Time 20 TCLCL-TCHCX ns 

TCLCH Rise Time 20 ns 

TCHCL Fall Time 20 ns 
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WAVEFORMS 

ALE -.-J 

BUS (PO) 

FOR EXTERNAL 
PROGRAM MEMORY FETCH 

INDICATES ADDRESS TRANSITIONS ~--------------~~ 

PORT OUT OLD DATA NEW DATA 

PORT IN ________ ~r--l~ ______________________________________ _ 

SERIAL 
PORT ClK 

SAMPLING TIME OF I/O PORT PINS DURING INPUT (INCLUDING INTO AND INT,) 

(SHIFT MODE) ____________ ...J 

03303B-21 

All internal timing is referenced to the internal time states shown at the top of the page. This waveform represents the signal on the X2 input of the 
oscillator. This diagram represents when these signals are actually clocked within the chip. However, the time it takes a signal to propagate to the pins is 
in the range of 50-150ns. Prop delays are dependent on many variables, such as temperature, pin loading. Even the different signals vary. Typically 
though, IRD and IWR have prop delays of approximately 50ns and the othe.r timing signals approximately 85ns, at room temperature, fully loaded. 
These differences in prop delays between signals have been integrated into the timing specs. 
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TABLE 1. 8051/8031 INSTRUCTION SET 

INSTRUCTIONS THAT AFFECT FLAG SETTINGS· Interrupt Response Time: To finish execution of current instruc-

Instruction Flag Instruction Flag 
tion, respond to the interrupt request, push the PC and to vector to 
the first instruction of the interrupt service program requires 38 to 

C OV AC C OV AC 81 oscillator periods (3 to 7J-Ls @ 12MHz). 
ADD X X X CLR C 0 
ADDC X X X CPL C X 
SUSS X X X ANL C, bit X 
MUL 0 X ANL C,/bit X 
DIV 0 X ORL C, bit X 
DA X ORL C,/bit X 
RRC X MOV C, bit X 
RlC X CJNE X 'Note that operations on SFR byte address 208 or bit addresses 209-215 
SETS C 1 (Le., the PSW or bits in the PSW) will also affect flag settings. 

DATA TRANSFER (Note 1) BOOLEAN VARIABLE MANIPULATION 

Mnemonic Description Bytes Cycle Mnemonic Description Byte Cycle 

MOV A,Rn Move register to Accumulator 1 CLR C Clear Carry Flag 1 
'MOV A,direct Move direct byte to 2 'CLR bit Clear direct bit 2 

Accumulator 'SETB C Set Carry Flag 
MOV A,@Ri Move indirect RAM to 1 'SETB bit Set direct bit 2 

Accumulator CPL C Complement Carry Flag 1 
MOV A,#data Move immediate data to 2 'CPL bit Complement direct bit .2 1 

Accumulator 'ANL C,bit AND direct bit to Carry Flag 2 2 
MOV Rn,A Move Accumulator to register 1 1 'ANL C,/bit AND complement of direct bit 2 2 

'MOV Rn,direct Move direct byte to register 2 2 to Carry 
MOV Rn,#data Move immediate data to 2 'ORL C,bit OR direct bit to Carry Flag 

register 'ORL C,Ibit OR complement of direct 2 2 
'MOV direct,A Move Accumulator to 2 bit to Carry 

direct byte 'MOV C,bit Move direct bit to Carry Flag 2 
'MOV direct,Rn Move register to direct byte 2 2 'MOV bit,C Move Carry Flag to direct.bit 2 2 
'MOV direct,direct Move direct byte to direct byte 3 2 
'MOV direct,@Ri Move indirect RAM to 2 2 

LOGIC 
direct byte 

'MOV di rect, #data Move immediate data to 3 2 Mnemonic Description Bytes Cycle 
direct byte 

ANL A,Rn AND register to Accumulator 1 
MOV @Ri,A Move Accumulator to 

'ANL A,direct AND direct byte to Accumulator 2 indirect RAM 
'MOV @Ri,direct Move direct byte to 2 2 

ANL A,@Ri AND indirect RAM to 
Accumulator 

indirect RAM 
ANL A,#data AND immediate data to 2 

MOV @Ri,#data Move immediate data to 2 
Accumulator 

indirect RAM 
'ANL direct,A AND Accumulator to direct byte 2 

'MOV DPTR, Move 16-bit constant to 3 2 
'ANL direct,#data AND immediate data to ' 3 2 #data16 Data Pointer 

direct byte 
'MOVC A,@A+ Move Code byte relative to 2 

DPTR DPTR to Accumulator 
ORL A,Rn OR register to Accumulator 

'MOVC A,@A+PC Move Code byte relative to 2 
'ORL A,direct OR direct byte to Accumulator 2 

PC to Accumulator 
ORL A,@Ri OR indirect RAM to 

MOVX A,@Ri Move External RAM (8-bit 2 
Accumulator 

ORL A,#data OR immediate data to 2 address) to Accumulator 
Accumulator 

'MOVX A,@DPTR Move External RAM (16-bit 2 
'ORL direct,A OR Accumulator to direct byte 2 1 

address) to Accumulator 
'ORL direct,#data OR immediate data to 3 2 MOVX @Ri,A Move Accumulator to 2 

direct byte External RAM (8-bit address) 
XRL A,Rn Exclusive-OR register to 

'MOVX @DPTR,A Move Accumulator to 2 
Accumulator 

External RAM (16-bit address) 
'XRL A,direct Exclusive-OR direct byte to 2 

'PUSH direct Push direct byte onto stack 2 2 
Accumulator 

'POP direct Pop direct byte off of stack 2 2 
XRL A,@Ri Exclusive-OR indirect RAM 

XCH A,Rn Exchange register with 
to Accumulator 

Accumulator 
XRL A,#data Exclusive-OR immediate data 2 

'XCH A,direct Exchange direct byte with 2 
to Accumulator 

Accumulator 
'XRL direct,A Exclusive-OR Accumulator to 2 

XCH A,@Ri Exchange indirect RAM with 
direct byte 

Accumulator 
XCHD A,@Ri Exchange indirect RAM's 

'Ieast sig nibble with A's LSN Note 1: Special care should be taken (particularly with the 8031 ) when 
using the MOV instruction. The MOV instruction should not be 

'New operation not provided by 8048/8049 Family used to move data on port 0 nor 2 when these ports are used to 
All mnemonics copyrighted@ Intel Corporation 1980. address external memory. 

4-14 



8051/8031 

TABLE 1. 8051/8031 INSTRUCTION SET (Cont.) 

LOGIC (Cont.) CONTROLTRANSFER(BRANC~ 

Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycle 

*XRL direct,#data Exclusive-OR immediate data 3 2 AJMP . addr11 Absolute Jump 2 2 

to direct byte *LJMP addr16 Long Jump 3 2 

CLR A Clear Accumulator *SJMP rei Short Jump (relative addr) 2 2 

CPL A Complement Accumulator *JMP @A+DPTR Jump indirect relative to 2 

RL A Rotate Accumulator Left the DPTR 

RLC A Rotate Accumulator Left JZ rei Jump if Accumulator is Zero 2 2 

through Carry Flag JNZ rei Jump if Accumulator is not zero 2 2 

RR A Rotate Accumulator Right JC rei Jump if Carry Flag is set 2 2 

RRC A Rotate Accumulator Right JNC rei Jump if carry is not set 2 2 

through Carry Flag *JB bit,rel Jump relative if direct bit is set 3 2 

SWAP A Exchange nibbles within *JNB bit,rel Jump relative if direct bit 3 2 

Accumulator is not set 
*JBC bit,rel Jump relative if direct bit is set, 3 2 

then clear bit 
ARITHMETIC 'CJNE A,direct,rel Compare direct byte to 3 2 

Mnemonic Description Bytes Cycle Accumulator and Jump if not Equal 

ADD A,Rn Add register to Accumulator 
'CJNE A,#data,rel Compare immediate to 3 2 

"ADD A,direct Add direct byte to Accumulator 2 
Accumulator and Jump if not Equal 

ADD A,@Ri Add indirect RAM to 1 
'CJNE Rn,#data, Compare immediate to reg 3 2 

Accumulator 
rei and Jump if not Equal 

ADD A,#data Add immediate data to 2 
'CJNE @Ri, Compare immed. to indirect 3 2 

Accumulator 
#data,rel RAM and Jump if not Equal 

ADDC A,Rn Add register to Accumulator 
DJNZ Rn,rel Decrement register and Jump 2 2 

with carry 
if not zero 

"ADDC A,direct Add direct byte to Accumulator 2 
'DJNZ direct,rel Decrement direct byte and 3 2 

with Carry Flag 
Jump if not zero 

ADDC A,@Ri Add indirect RAM and Carry 
Flag to Accumulator CONTROL TRANSFER (SUBROUTINE) 

ADDC A,#data Add immediate data and 2 
Carry Flag to Accumulator Mnemonic Description Bytes Cycle 

'SUBB A,Rn Subtract register from ACALL addr11 Absolute Subroutine Call 2 2 

Accumulator with Borrow LCALL addr16 Long Subroutine Call 3 2 

'SUBB A,direct Subtract direct byte from 2 RET Return from Subroutine Call 2, 

Accumulator with Borrow RETI Return from Interrupt Call 2 

'SUBB A,@Ri Subtract indirect RAM from 1 ' 
Accumulator with Borrow Netes on data addressing modes: 

"SUBB A,#data Subtract immediate data from 2 Rn - Working register RO - R7 of the currently selected 
Accumulator with Borrow 

INC A Increment Accumulator 
Register bank. 

direct - 128 internal RAM locations, any I/O port, control, or 
INC Rn Increment register 1 

'INC direct Increment direct byte 2 
status register. 

INC @Ri Increment indirect RAM 
@Ri - Indirect internal RAM location addressed by register 

ROorR1. 
DEC A Decrement Accumulator # data - 8-bit constant included in instruction. 
DEC Rn Decrement register 1 '#data16 - 16-bit constant included as bytes 2 and 3 of instruction. 

'DEC direct Decrement direct byte 2 bit - 128 software flags, any I/O pin, control, or status bit. 
'DEC @Ri Decrement indirect RAM 1 
'INC DPTR Increment Data Pointer 2 Notes on program addressing modes: 
'MUL AB Multiply Accumulator times B 4 - Destination address for LCALL and LJMP may be anywhere 
'DIV AB Divide Accumulator by B 4 

addr16 

DA A Decimal Adjust Accumulator 1 
within the 54-Kilobyte program memory address space. 

addr11 - 'Destination address for ACALL and AJMP will be within the 
same 2-Kilobyte page of program memory as the first byte 

OTHER of the following instruction. 

Mnemonic Description Bytes Cycle 
rei - SJMP and all conditional jumps include an 8-bit offset byte. 

Range is + 127, -128 bytes relative to first byte of the 
NOP No Operation 1 following instruction. 

"New operation not provided by 8048/8049 Family 
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TABLE 2. INSTRUCTION OPCODES IN HEXADECIMAL ORDER 

Hex Code Bytes Mnemonic Operands Hex Code Bytes Mnemonic Operands 

00 1 NOP 42 2 ORL Data addr,A 
01 2 AJMP Code addr 43 3 ORL Data addr,#data 
02 3 LJMP Code addr 44 2 ORL A,#data 
03 1 RR A 45 2 ORL A,data addr 
04 1 INC A 46 1 ORL A,@RO 
05 2 INC Data addr 47 1 ORL A,@Rl 
06 1, INC @RO 48 1 ORL A,RO 
07 1 INC @Rl 49 1 ORL A,Rl 
08 1 INC RO 4A 1 ORL A,R2 
09 1 INC Rl 4B 1 ORL A,R3 
OA 1 INC R2 4C 1 ORL A,R4 
DB 1 INC R3 40 1 ORL A,R5 
DC 1 INC R4 4E 1 ORL A,R6 
00 1 INC R5 4F 1 ORL A,A7 
DE 1 INC R6 50 2 JNC Code addr 
OF '1 INC A7: 51 2 ACALL Code addr 
10 3 JBC Bit addr,code addr 52 2 ANL Data addr,A 
11 2 ACALL Code addr 53 3 ANL Data addr,#data 
12 3 LCALL Code addr 54 2 ANL A,#data 
13 1 AAC A 55 2 ANL A,data addr 
14 1 DEC A 56 1 ANL A,@AO 
15 2 DEC Data addr 57 1 ANL A,@Rl 
16 1 DEC @AO 58 1 ANL A,RO 
17 1 DEC @Rl 59 1 ANL A,Rl 
18 1 DEC RO 5A 1 ANL A,R2 
19 1 DEC Al 5B 1 ANL A,R3 
1A 1 DEC R2 5C 1 ANL A,R4 
lB 1 DEC R3 50 1 ANL A,R5 
lC 1 DEC A4 5E 1 ANL A,A6 
10 1 DEC R5 5F 1 ANL A,R7 , 
1E 1 DEC R6 60 2 JZ Code addr 
1F 1 DEC A7 61 2 AJMP Code addr 
20 3 JB Bit addr,code addr 62 2 XAL Data addr,A 
21 2 AJMP Code addr 63 3 XAL Data addr,#data 
22 1 RET 64 2' XAL A, #data 
23 1 RL A 65 2 XRL A,data addr 
24 2 ADD A,#data 66 1 XAL A,@AO 
25 2 ADD A,data addr 67 1 XRL A,@Rl 
26 1 ADD A,@RO 68 1 XAL A,RO 
27 1 ADD A,@Al 69 1 XRL A,Rl 
28 1 ADD A,RO 6A 1 XRL· A,R2 
29 1 ADD A,Al 6B 1 XRL A,R3 
2A 1 ADD A,A2 6C 1 XAL A,R4 
2B 1 ADD A,R3 60 1 XAL A,R5 
2C 1 ADD A,R4 6E ,1 XRL A,A6 
20 1 ADD A,A5 6F 1 XAL A,R7 
2E 1 ADD A,R6 70 2 JNZ Code addr 
2F 1 ADD A,A7 71 2 ACALl., Code addr 
30 3 JNB Bit addr,code addr 72 2 OAL C,bit addr 
31 2 ACALL Code addr 73 1 JMP @A+DPTR 
32 1 RETI 74 2 MOV A,#data 
33 1 ALC A 75 3 MOV Data addr,#data 
34 2 ADDC A,#data 76 2 MOV @RO,#data 
35 2 ADDC A,data addr 77 2 MOV @Al,#data 
36 1 AD DC A,@RO 78 2 MOV RO,#data 
37 1 ADDC A,@Rl 79 2 MOV Al,#data 
38 1 ADDC A,AO 7A 2 MOV R2,#data 
39 1 ADDC A,Rl 7B 2 MOV A3,#data 
3A 1 ADDC A,A2 7C 2 MOV R4,#data 
3B 1 ADDC A,R3 70 2 MOV R5,#data 
3C 1 ADDC A,A4 7E 2 MOV A6,#data 
3D 1 ADDC A,RS 7F 2 MOV R7,#data 
3E 1 ADDC A,A6 80 2 SJMP Code addr 
3F 1 ADDC A,R7 81 2 AJMP Code addr 
40 2 JC Code addr 82 2 ANL C,bit addr 
41 2 AJMP Code addr 83 1 MOVC A,@A+PC 
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TABLE 2. INSTRUCTION OPCODES IN HEXADECIMAL ORDER (Cont.) 

Hex Code Bytes Mnemonic Operands Hex Code Bytes Mnemonic Operands 

84 1 DIV AB C2 2 CLR Bit addr . 
85 3 MOV Data addr,data addr C3 1 CLR C 
86 2 MOV Data addr,@RO C4 1 SWAP A 
87 2 MOV Data addr,@R1 CS 2 XCH A,data addr 
88 2 MOV Data addr, RO C6 1 XCH A,@RO 
89 2 MOV Data addr,R1 C7 1 XCH A,@R1 
8A 2 MOV Data addr,R2 C8 1 XCH A,RO 
8B 2 MOV Data addr,R3 C9 1 XCH A,R1 
8C 2 MOV Data addr,R4 CA 1 XCH A,R2 
80 2 MOV Data addr, RS CB 1 XCH A,R3 
8E 2 MOV Data addr,R6 CC 1 XCH A,R4 
8F 2 MOV Data addr, R7 CD 1 XCH A,RS 
90 3 MOV DPTR,#data CE 1 XCH A,R6 
91 2 ACALL Code addr CF 1 XCH A,R7 
92 2 MOV Bit addr,C DO 2 POP Data addr 
93 1 MOVC A,@A+DPTR 01 2 ACALL Code addr 
94 2 SUBB A,#data 02 2 SETB Bit addr 
95 2 SUBS A,data addr 03 1 SETB C 
96 1 SUBS A,@RO 04 1 DA A 
97 1 SUBS A,@R1 05 3 DJNZ Data addr,code addr 
98 1 SUBS A,RO 06 1 .XCHD A,@RO 
99 1 SUBS A,R1 07 1 XCHD A,@R1 
9A 1 SUBB A,R2 08 ·2 DJNZ RO,code addr 
9B 1 SUBS A,R3 09 2 DJNZ R1,code addr 
9C 1 SUBB A,R4 DA 2 DJNZ R2,code addr 
9D 1 SUBB A,RS DB 2 DJNZ R3,code addr 
9E 1 SUBS A,R6 DC 2 DJNZ R4,code addr 
9F 1 SUBB A,R7 DO 2 DJNZ RS,code addr 
AO 2 ORL C,/bit addr DE 2 DJNZ R6,code addr 
A1 2 AJMP Code addr OF 2 DJNZ R7,code addr 
A2 2 MOV C,bit addr EO 1 MOVX A,@DPTR 
A3 1 INC DPTR E1 2 AJMP Code addr 
A4 1 MUL AB E2 1 MOVX A,@RO 
AS Reserved E3 1 MOVX A,@R1 
A6 2 MOV @RO,data addr E4 1 CLR A 
A7 2 MOV @R1,data addr ES 2 MOV A,data addr 
A8 2 MOV RO,data addr E6 1 MOV .A,@RO 
A9 2 MOV R1,data addr E7 1 MOV A,@R1 
AA 2 MOV R2,data addr E8 1 MOV A,RO 
AB 2 MOV R3,data addr E9 1 MOV A,R1 
AC 2 MOV R4,data addr EA 1 MOV A,R2 
AD 2 MOV RS,data addr EB 1 MOV A,R3 I 

AE 2 MOV R6,data addr EC 1 MOV A,R4 
AF 2 MOV R7,data addr ED 1 MOV A,RS 
BO 2 ANL C,Ibit addr EE 1 MOV A,R6 
B1 2 ACALL Code addr EF 1 MOV A,R7 
B2 2 CPL Bit addr FO 1 MOVX @bPTR,A 
B3 1 CPL C F1 2 ACALL Code addr 
B4 3 CJNE A,#data,code addr F2 1 MOVX @RO,A 
BS 3 CJNE A,data addr,code addr F3 1 MOVX @R1,A 
B6 3 CJNE @RO,#data,code addr F4 1 CPL A 
B7 3 CJNE @R1,#data,code addr FS 2 MOV Data addr,A 
B8 3 CJNE RO,#data,code addr F6 1 MOV @RO,A 
B9 3 CJNE R1,#data,code addr F7 1 MaV @R1,A 
BA 3 CJNE R2,#data,code addr F8 1 MOV RO,A, 
BB 3 CJNE R3,#data,code addr F9 1 MOV R1,A 
BC 3 CJNE R4,#data,code addr FA 1 MOV R2,A 
BD 3 CJNE RS,#data,code addr FB 1 MaV R3,A 
BE 3 CJNE R6,#data,code addr FC 1 MOV R4,A 
BF 3 CJNE R7,#data,code addr FD 1 MOV RS,A 
CO 2 PUSH Data addr FE 1 MOV R6,A 
C1 2 AJMP Code addr FF 1 MaV R7,A 

. 
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8080A/9080A 
8·Sit Microprocessor 

DISTINCTIVE CHARACTERISTICS • Ion-implanted, n-channel, silicon-gate MaS technology 

• Plug-in replacements for 8080A, 8080A-1, 8080A-2 • 3.2mA of output drive at O.4V (two full TTL loads) 

• High-speed version with 1 J.Lsec instruction cycle • 700mV of high, 400mV of low level noise immunity 

• Military temperature range operation to 1.5J.Lsec • 820mW maximum power dissipation at ±5% power 

GENERAL DESCRIPTION handled using asynchronous handshaking controls so that 

The 8080A products are complete, general-purpose, any speed memory or I/O device is easily accommodated. 

single-chip digital processors. They are fixed instruction An accumulator plus six general registers are available to 
set, parallel, a-bit units fabricated with Advanced the programmer. The six registers are each 8 bits long and 
N-Channel Silicon 'Gate MaS technology. When combined may be used singly or in pairs for both 8 and 16-bit opera-
with external memory and peripheral devices, powerful mi- tions. The accumulator forms the primary working register 
crocomputer systems are formed. The 80aOA may be used and is the destination for many of the arithmetic and logic 
to perform a wide variety of operations, ranging from com- operations. 
plex arithmetic calculations to character handling to bit con- A general purpose push-down stack is an important part of 
trol. Several versions are available offering a range of the processor architecture. The contents of the stack reside 
performance options. in R/W memory and the control logic, including a 16-bit 
The processor has a 16-bit address bus that may be used stack pointer, is located on the processor chip. Subroutine 
to directly address up to 64K bytes of memory. The memory call and return instructions automatically use the stack to 
may be any combination of read/write and read-only. Data store and retrieve the contents of the program counter. 
are transferred into or out of the processor on a bi- Push and Pop instructions allow direct use of the stack for 
directional8-bit data bus that is separate from the address storing operands, passing parameters and saving the 
lines. The data bus transfers instructions, data and status machine state. 
information between system devices. All transfers are 

BLOCK DIAGRAM 

(8 BITS) 
: DATA BUS 

i-I BUS BUFFER I 
I t 
I DATA LATCH j 
I t 

~ 1-- f 
I I I I INSTRUCTION 

SELECT LOGIC 
ACCUMULATOR TEMPORARY 

REGISTER I REGISTER J I REGISTER 

1 
I 

REGISTER ARRAY 

I I 
I INSTRUCTION ---l STACK POINTER ~--- J DECODER - FLAG REGISTER 

I PROGRAM COUNTER I l I ADDRESS LATCHES I 
TIMING 

TIMING AND ~----~---~- ALU CONTROL 
CONTROL LOGIC ARITHMETIC AND LOGIC UNIT 

LINES 

INTERFACE t I ADDRESS BUFFER I 
CONTROL 

LINES ~ ADO R ESS BUS 
(168ITS) 04123A·l 

ORDERING INFORMATION 

Ambient Temperature 
Minimum Clock Period 

Package Type Specification 320n5 380n5 480n5 

Molded DIP PSOSOA-1 PSOSOA-2 PSOSOA 

Hermetic DIP 
O°C.;; TA';; 70°C 

DSOSOA-1 DSOSOA·2 DS080A 

Hermetic DIP -40°C.;; T A .;; S5~C IDSOSOA·1 IDSOSOA·2 IDS080A 

MDSOSOA·2B MDSOSOAB 
Hermetic DIP -55°C.;; TA .;; 125°C 

Am90S0A·2DMB Am90S0ADMB 

04123A·MMP 
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CONNECTION DIAGRAM - Top View 
D·40,P·40 

Al0 All 

(GNO)VSS 39 A14 

04 38 A13 

37 A12 

06 36 A15 

07 35 A9 

03 34 AS 

02 33 A7 

01 32 AS 

DO 10 
SDBOA. 

31 A5 

(-5.0V)VBB 11 90BOA 30 A4 

RESET 12 29 A3 

HOLD 13 28 VOO(+12V) 

INT 14 27 A2 

¢2 15 26 Al 

INTE 16 25 AO 

OBIN 17 24 WAIT 

WR 18 23 READY 

SYNC 19 22 ¢1 

(+5.0V)Vcc 20 21 HLOA 

04123A-2 

Note: Pin 1 is marked for orientation. 

INTERFACE SIGNAL DESCRIPTION 

¢1, ~2. The Clock inputs provide basic timing generation for 
all internal operations. They are non-overlapping 
two phase, high level signals. All other inputs to the 
processor are TTL compatible. 

RESET The Reset input initializes the processor by clearing 
the program counter, the instructiOn register, the 
interrupt enable flip·flop and the hold acknowledge 
flip·flop. Th~ Reset signal should be active for at 
least three clock periods. The general registers are 
not cleared. 

HOLD The Hold input allows an external signal to cause the 
processor to relinquish control over the address lines 
and the data bus. When Hold goes active, the pro
cessor completes its current operation, activates 
the Hlda output, and puts the 3-state address and 
data lines into their high-impedance state. The 
Holding device can then utilize the address and data 
busses without interference. 

READY The Ready input synchronizes the processor with 
external units. When Ready is absent, indicating the 
external operation is not complete, the processor 
will enter the Wait state. It will remain in the Wi/it 
state until the clock cycle following the appearance 
of Ready. 

INT The Interrupt input signal provides a mechanism for 
external devices to modify the instruction flow of 
the program in progress. Interrupt requests are 
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TYPE 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

IN/OUT 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

INTERFACE SIGNAL SUMMARY 

PINS ABBREVIATION SIGNAL 

1 VSS Ground 

3 VDD, VCC, VBB +12V, +5V, -5V Supplies 

2 ¢1,¢2 Clocks 

1 RESET Reset 

1 HOLD Hold 

1 INT Interrupt 

1 READY Ready 

8 00-0 7 Data Bus 

16 AO-A15 Address 

1 INTE Interrupt Enable 

1 DBIN Data Bus In Control 

1 WR Write Not 

1 SYNC Cycle Synchronization 

1 HLDA Hold Acknowledge 

1 WAIT Wart 

handled efficiently with the vectored interrupt pro
cedure and the general purpose stack. Interrupt 
processing is described in more detail on the next 
page. 

The Data Bus is comprised of 8 bidirectional signal 
lines for transferring data, "instructions and status 
information between the processor and all external 
units. 

AO-A 15 . The Address Bus is comprised of 16 output signal 
lines used to address memory and peripheral devices. 

SYNC 

DBIN 

WAIT 

The Sync output indicates the start of each pro- . 
cessor cycle and the presence of processor status 
information on the data bus. 

The Data Bus In output signal indicates that the 
bidirectional data bus is in the input mode and 
incoming data may be gated onto the Data Bus. 

The Wait output indicates that the processor has 
entered the Wait state and is prepared to accept 
a Ready from the current external operation. 

WR The Write output indicates the validity of output on 
the data bus during a write operation. 

HLDA The Hold Acknowledge output signal is a response 
to a Hold input. It indicates that processor activity 
has been suspended and the Address and Data Bus 
signals will enter their high impedance state. 

INTE The Interrupt Enable output signal shows the status 
of the interrupt enable flip-flop, indicating whether 
or not the processor will accept interrupts. 



~ __________________________________________________________________ ~8080A/9080A 

INSTRUCTION SET INTRODUCTION 

The instructions executed by the aOaOA are variable length 
and may be one, two or three bytes long. The length is 
determined by the nature of the operation being performed 
and the addressing mode being used. 

The instruction summary shows the number of successive 
memory bytes occupied by each instruction, the number of 
clock cycles required for the execution of the instruction, 
the binary coding of the first byte of each instruction, the 
mnemonic coding used by assemblers and a brief description 
of each operation. Some branch-type instructions have two 
execution times depending on whether the con.ditional branch 
is taken or not. Some fields in the binary code are labeled 
with alphabetic abbreviations. That shown as vvv is the address 
pointer used in the one-byte Call instruction (RST). Those 
shown as ddd or sss designate destination and source register 
fields that may be filled as follows: 

111 A register 
000 B register 
001 C register 
010 D register 
all E register 
100 H register 
101 L register 
110 Memory 

The register diagram shows the internal registers that are 
directly available to the programmer. The accumulator is the 
primary working register for the processor and is a specified 
or implied operand in many instructions. All I/O operations 
take place via the accumulator. Registers H, L, D, E, Band C 
may be used singly or in the indicated pairs. The Hand L pair 
is the implied address pointer for many instructions. 

The Flag register stores the program statlis bits used by the 
conditional branch instructions: carry, zero, sign and parity_ 
The fifth flag bit is the intermediate carry bit_ The flags and 
the accumulator can be stored on or retrieved from the stack 
with a single instruction. Bit positions in the flag register when 
pushed onto the stack (PUSH PSW) are: 

7 6 5 3 2 

S z a o P 

where S = sign, Z = zero, CYl = intermediate carry, P = parity, 
CY2 = carry. 

REGISTER DIAGRp,M 

FLAG I 5 

ACCUMULATOR 8 

H REGISTER L REGISTER 8+8 

D REGISTER E REGISTER 8+8 

B REGISTER C REGISTER 8+8 

PROGRAM COUNTER 16 

STACK POINTER 16 
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During Sync time at the beginning of each instruction cycle 
the data bus contains operation status information that 
describes the machine cycle being executed. Positions for the 
status bits are: 

STATUS DEFINITION: 

INTA Interrupt Acknowledge. Occurs in response to an 
Interrupt input and indicates that the processor will 
be ready for an interrupt instruction on the data bus 
when DBIN goes true. 

WO Write or Output indicated when signal is low. When 
high, a Read or Input will occur_ 

STK Stack indicates that the content of the stJck pointer 
is on the address bus_ 

H L T A Halt Acknowledge. 

OUT Output instruction is being executed. 

M1 First instruction byte is being fetched. 

INP Input instruction is being executed. 

MEMR Memory Read operation. 

INTERRUPT PROCESSING 

When the processor interrupt mechanism is enabled (INTE= 1), 
interrupt signals from external devices will be recognized 
unless the processor is in the Hold State. In handling an inter
rupt, the processor will complete the execution of the current 
instruction, disable further interrupts and respond with INTA 
status instead of executing the next sequential instruction in 
the interrupted program. 

The interrupting device should supply an instruction opcode 
to the processor during the next DBIN time after INTA status 
appears. 

Any opcode may be used except XTH L. If the instruction 
supplied is a single byte instruction, it will be executed. (The 
usual single byte instruction utilized is RST.) If the inter
rupt instruction is two or three bytes long, the next one or 
two processor cycles, as indicated by the DB IN signal, should 
be used by the external device to supply the succeeding byte(s) 
of the interrupt instruction. Note that I NTA status from the 
processor is not present during these operations. 

If the interrupt instruction is not some form of CALL, it is' 
executed normally by the processor except that the Program 
Counter is not incremented. The next instruction in the 
interrupted program is then fetched and executed. Notice 
that the interrupt mechanism must be re-enabled by the 
processor before another interrupt can occur. 

If the interrupt instruction is some form of CALL, it is exec
uted normally. The Program Counter is stored and control 
transferred to. the interrupt service subroutine. This routine 
has responsibility for saving and restoring the machine state 
and for re-enabling interrupts if desired. When the interrupt 
service is complete, a RETURN instruction will transfer 
control back to the interrupted program. 



8080Al9080A 
INSTRUCTION SET SUMMARY 

Op Code 
1716151413121110 

No. of Clock Assembly Instruction Op Code 
1716151413121110 

No. of Clock Assembly Instruction 
Byt'es Cycles Mnemonic Description Bytes Cycles Mnemonic Description 

DATA TRANSFER 

Old dd. s s 
011105 IS 

01dddl10 
00dddl10 
001..101 10 
00111010 
00001010 
00011010 
C010l010 
00100001 
00010001 
00000001 
00110001 
00100010 
00110010 
00000010 
00010010 
1 1 1 1 1001 
11101011 
111000 11 
11011011 
11010011 

CONTROL 

01110110 
00110111 
00 111111 
1111101 I 
111100 11 
00000000 

BRANCH 

11000 0 11 
110 110 10 
11010010 
11001010 
11000010 
11110010 
11111010 
11101010 
11100010 
1100 1101 
1 101 1 100 
1 1010100 
11001100 
11000100 
1 11 1010 a 
1 1 1 1 1 100 
1 1 101 100 
11100100 
11001001 
11011000 
11010000 
11001000 
11000000 
1111000 a 
11111000 
• t 101000 
11100000 
11101001 

l1VVV111 

, 1 

10 
13 

16 
10 
10 
10 
10 
16 
13 

7 

18 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
17 

17-11 
17·11 
17-11 
17·11 
17-11 
17-1 I 
17-11 
17-11 

10 
11-5 
11-5 
11·5 
11·5 
11-5 
11-5 
,,·5 
11-5 

5 

11 

MOVr,r 
MOVm,r 
MOVr,m 
MVl,r 
MVl,m 
LOA 
LDAX 8 
LDAX 0 
LHLD 
LXI H 
LXID 
LXI6 
LXI SP 
SHLD 
STA 
STAX 8 
STAX 0 
SPHL 
XCHG 
XTHL 
IN 
OUT 

HLT 
STC 
CMC 
EI 
01 
NOP 

JMP 
JC 
JNC 
JZ 
JNZ 

JP 
JM 
JPE 
JPO 
CALL 
CC 
CNC 
CZ 
CNZ 

CP 
CM 
CPE 
CPO 
RET 
RC 
RNC 
RZ 
RNZ 
RP 
RM 
RPE 
RPO 
PCHL 

RST 

Move register to register 
Move register to memory 
Move memory to register 

Move to register, immediate 
Move to memory. immediate 

Load Acc, di rect 
Load Acc, indirect via 8 & C 
Load Acc, indirect via 0 & E 
Load H & L, di rect 
Load H & L, immediate 

ARITHMETIC 

10000. s s 
10001 s 5 5 
10000110 
10001110 
11000110 
11001110 
00001001 
00011001 
00101001 
001 1 1001 

Load 0 & E, immediate 1 00 lOs 5 s 
Load 6 & C, immediate 1 001 Iss s 
Load stack pointer, immediate 1 001 0 1 1 0 
Store H & L, direct 1 00 1 1 1 1 0 
Store Acc, direct 1 1 0 1 0 1 1 0 
Store Acc, indirect via 8 & C 1 1 01 1 1 1 0 
Store Acc, indirect via 0 & E 001 001 1 1 
Transfer H & L to stack pointer 
Exchange 0 & E with H & L 
Exchange top of stack with H & L 
Input to Ace 

Output from Acc 

STACK OPERATIONS 

1100 a 10 I 
11010101 

Halt and enter wait state 
Set carry flag 
Compliment carry flag 
Enable interrupts 
Disable interrupts 
No operation 

Jump unconditionally 
Jump on carry 

Jump on no carry 

Jump on zero 

Jump on not zero 

Jump on positive 

Jump on minus 
Jump on parity even 
Jump on ,Parity odd 
Call unconditionally 
Call on carry 
Call on no carry 
Call on zero 
Call on not zero 
Call on positive 
Call on minus 

11100 10 1 
11110101 
11000001 
110100 a 1 
111000 a 1 
111100 0 1 

LOGICAL 

101 OOs 5 s 
10100110 
1 11001 10 
10101 s s s 
10101110 
11101110 
1011 Os s 5 

10110110 
11110110 
1011 Is s s 
10111110 
1 11 1 1 1 10 
00101111 
00000111 
00001111 
00010111 
00011111 

1 
2 

,I 
1 
2 

,.,,·1 

1 

• 4 

10 
10 
10 
10 

11 
11 
11 
11 
10 
10 
10 
10 

4 
4( 

Call on parity even 
Call on parity odd 
Return unconditionally 
Return on carry 

INCREMENT/DECREMENT 

Return on no carry 
Return on zero 
Return on not zero 
Return on positive 
Return on minus 
Return on parity even 
Return on parity odd 

Jump unconditionally, 
indirect via H & L 

Restart 

00dddl00 5 
00110100 10 
00000011 
00010011 
00100011 
00110011 
00dddl01 
00 110 101 
00001011 
0001 101 I 
00101011 
0011101 I 
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10 

AD Dr 
ADCr 
ADDm 
ADCm 
ADI 
ACI 
DAD 8 
DADO 
DAD H 
DADSP 
SU8r 
S66r 
SU6m 
S68m 
SUI 
S61 
DAA 

Add register to Acc 
Add with carry register to Acc 
Add memory to Acc 
Add with carry memory to Acc 
Add to Acc, immediate 
Add with carry to Acc, immediate 
Double add 8 & C to H & L 
Double add 0 & E to H & L 
Double add H & L to H & L 
Double add stack pointer to H & L 
Subtract register from Acc 
Subtract with borrow register from Ace 

Subtract memory from Acc 
Subtract with borrow memory from Acc 
Subtract from Acc, immediate 
Subtract with borrow from Acc, immediate 
Decimal adjust Acc 

PUSH 6 Push registers 8 & C on stack 
PUSH 0 Push registers 0 & E on stack 
PUSH H Push registers H & L on stack 
PUSH PSW Push Acc and flags on stack 
POP B Pop registers 8 & C off stack 
POP 0 Pop registers 0 & E off stack 
POP H Pop registers H & L off stack 
POP PSW Pop Acc and flags off stack 

ANAr 
ANAm 
ANI 
XRAr 
XRAm 
XRI 
ORA r 
ORAm 
ORI 
CMPr 
CMPm 
CPI 
CMA 
RLC 
RRC 
RAL 
RAR 

INR r 
INRm 
INX 8 
INX 0 
INX H 
INX SP 
OCR r 
DCRm 
DCX 6 
DCX 0 
DCX H 
DCX SP 

And register with Acc 
And memory with Acc 
And with Acc, immediate 
Exclusive or register with Ace 

Exclusive Or memory with Ace 
Exclusive Or with Ace, immediate 
Inclusive Or register with Ace 

Inclusive Or memory with Acc 
Inclusive Or with Acc, immediate 
Compare register with Acc 
Compare memory with Acc 
Compare with Acc, immediate 
Compliment Acc 
Rotate Acc left 

, Rotate Acc right 
Rotate Ace left through carry 

Rotate Acc right through carry 

Increment register 
Increment memory 
Increment extended 8' & C 
Increment extended 0 & E 
Increment extended H & L 
I ncrem~nt stack pointer 
Decrement register 

Decrement memory 
Decrement extended B & C 

Decrement extended 0 & E 
Decrement extended H & L 
Decrement stack pointer 



MAXIMUM RATINGS (Above which useful life may be impaired) 
8080A/9080A 

Storage Temperature -65°C to + 150°C 

Ambient Temperature Under Bias 

All Signal Voltages With Respect to Vss -O.3V to +20V 

All Supply Voltages With Respect to Vss -O.3V to +20V 

Power Dissipation 1.5W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 
Part Number 

OBOBOA,PBOBOA 
OBOBOA-1, PBOBOA-1 
OBOBOA-2, PBOBOA-2 

IOBOBOA 
IOBOBOA-1 
IOBOBOA-2 

MOBOBOAB, Am90BOAOMB 
MOBOBOA-2B, Am90BOA-20MB 

ELECTRICAL CHARACTERISTICS 
over operating range (note 1) 

Ambient 
Temperature 

Ot070°C 

-40 to B5°C 

-55 to 125°C 

8080A,-X 

Voo Vee 

12V ±5% 5.0V±5% 

12V ±10% 5.0V±10% 

12V±10% 5.0V ±10% 

Am9080A,-~ 

Vee Vss 

-5.0V±5% OV 

-5.0±10% OV 

-5.0V ±10% OV 

Am9080A, -XDMB 
MD8080A, -XB 

Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 

Vil Input LOW Voltage 

VIH Input HIGH Voltage 

VllC 
Inp~t LOW Voltage, 
Clock 

A·l 

VIHC 
Input HIGH Voltage, 
Clock 

'A-2 

A 

10l = 3~2mA 
VOL Output LOW Voltage 

IOl = 1.9mA 

10H = -2oo~A 
VOH Output HIGH Voltage 

10H = -150~A 

-55°C 

Operating, O°C 

loo(AV) Voo Supply Current, Minimum Clock 25°C 
Average Period 70°C 

125°C 

-55°C 

OpArating, O°C 

ICc!AV) 
VCC Supply Current, 

Minimum Clock 25°C Average 
Period 70°C 

125°C 

Iss(AV) 
Vss Supply Current, Operating, 
Average Minimum Clock Period 

III Input Leakage Current (Note 4) 

ICl Clock Leakage Current Vss";; V",,,;; Voo 

Data Sus Current, VIN ,,;; VSS + O.BV 
IOl 

Input Mode (Note 2) VIN ;;. Vss + O.BV 

Address and Data Bus VA/o = VCC 
IFl 

Leakage in OFF State VA/O = Vss 

CAPACITANCE Parameters 

f = 1.0MHz, Inputs = OV, TA = 25°e 

VOO = Vee = VSS = OV, VSS = -5.0V 

Ccp 

CI 

Co 

CI/O 

-1.0 O.B 

3.3 VCC+l 

-1.0 O.B 

9.0 Voo+l 

9.0 Voo+l 

9.0 Voo+l 

0.45 

3.7 

70 

40 

BO 

60 

1.0 

±10 

±10 

-100 

-2.0 

10 

-100 

Description 

Clock Input Capacitance 

Input Capacitance 

Output Capacitance 

I/O Capacitance 
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-1.0 O.B -1.0 O.B Volts 

3.0 VCC+l 3.0 VCC+l Volts 

-1.0 O.B -1.0 O.B Volts 

·9.0 Voo+l 

9.0 Voo+l VoO-2 VOO+l Volts 

9.0 Voo+l Voo-2 Voo+l 

0.40 0.40 
Volts 

3.7 3.7 
Volts 

50 BO 

40 70 45 75 

35 65 40 70 mA 

30 55 35 60 

30 50 
45 60 

35 50 40 55 

30 45 35 50 mA 

25 40 30 45 

25 40 

1.0 1.0 mA 

, 
±10 ±10 ~A 

±10 ±10 . ~A 

-100 -100 ~A 

-2.0 -2.0 mA 

10 10 ~A 

-100 -100 ~A 

Typ. Max. Units 

12 25 pF 

4.0 10 pF 

8.0 '20 pF 

10 20 pF 



8080A/9080A 
SWITCHING CHARACTERISTICS over operating range (Note 9) 9080A-1, 9080A-2, 9080A, 

8080A-1 8080A-2 '8080A 

Parameters Description Test Conditions Min Max Min Max Min Max Units 

tOA Clock cP2 to Address Out Delay Load Capacitance 150 175 200 ns 

too Clock cP2 to Data Out Delay =100pF 180 200 220 ns 

tOI Clock cP2 to Data Bus Input Mode Delay (Note 5) tOF tOF tOF ns 

tOS1 Data In to Clock cP1 Setup Time Both tOS1 and tOS2 10 20 30 ns 

tOS2 Data In to Clock cP2 Setup Time Must be Satisified 120 130 150 ns 

toe Clock to Control Output Delay Load Capacitance = 50pF 110 120 120 ns 

tRS Ready to Clock cP2 Setup Time 90 90 120 ns 

tH Clock cP2 to Control Signal Hold Time 0 0 0 ns 

tiS Interrupt to Clock cP2 Setup Time 100 100 120 ns 

tHS Hold to Clock cP2 Setup Time 120 120 140 ns 

tiE Clock cP2 to INTE Delay Load Capacitance = 50pF 200 200 200 ns 

tFD Clock cP2 to Address/Data OFF Delay 120 120 120 ns 

tDF Clock cP2 to DBIN Delay Load Capacitance = 50pF . 25 130 25 140 25 140 ns 

tOH Clock cP2 to Data In Hold Time 

tAW Address Valid to Write Delay 

tow Output Data Valid to Write Delay 

tKA Address Valid to Write Increment 

tKO Output Data Valid to Write Increment 

tWA Write to Address Invalid Delay 

two Write to Output Data Invalid Delay 

tHF HLDA to Address/Data OFF Delay 

tWF Write to Address/Data OFF Delay 

tKH HLDA to Address/Data OFF Increment 

tAH DBIN to Address Hold Time 

NOTES: 

1. Typical values are at TA = 25°C, nominal supply voltages 
and nominal processing parameters. 

2. Pull-up devices are connected to the Data Bus lines when 
the input signal is high during DBIN time. When switching 
the input from HIGH-to-LOW a transient current must be 
absorbed by the driving device until the input reaches a 
LOW level. 

3. Timing reference levels -
Clocks: HIGH = 9.0V, LOW = 1.0V 
Inputs: HIGH = 3.3V, LOW = 0.8V 
Outputs: HIGH = 2.0V, LOW = 0.8V 

4. Control inputs impress currents on the driving signal dur
ing HIGH-to-LOW transitions. Values shown are for logic 
high or logic low levels. Peak current during transition is 
as much as 2.0mA. 

5. Bus contention cannot occur and data hold times are 
adequate when DBIN is used to enable Data In. tOH is the 
smaller of 50ns or tOF' 

(Note 5) 

(Note 8) 

5-6 

/ . 
ns 

ns 

ns 

110 130 140 ns 

150 170 170 ns 

ns 

ns 

ns 

ns 

50 . 50 50 ns 

-20 -20 -20 ns 

6. RESET should remain active for at least three clock 
periods. 

7. With interrupts enabled, the interrupted instruction will 
be one with an interrupt input stable during the indicated 
interval of the last clock period of the preceding instruc
tion. Additional synchronization not necessary. 

S. tAW = 2 tey - t03 - tr - tKA 
tow = tey - t03 - tr - tKO 
For HLDA Off: two = tWA = tD3 + tr + 10ns 
For HLDA On: two = tWA = tWF 
tHF = t03 + tr - tKH 
tWF = t03 + tr - 10ns 
-tr = <1>2 rise time 

9. The switching specifications listed for the 9080A, 
90S0A-2, 9080A-1 meet or exceed the corresponding 
specifications for the 8080A, 8080A-2, 8080A-1. 
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SWITCHING WAVEFORMS SUMMARY 

AO-AI5 

INTE 

This chart pre~ents relative timing waveform relationships and does not show actual processor operating cycles_ 

04123A-3 
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8080A/9080A 

CLOCK WAVEFORM DETAIL 

1-·--------tCy -------....,·-1 
-t91_1 .,-" \ r 

¢2 

--I tD11-- .1--r--tD
2 

~'D3_i-"', __ _ 
04123A-4 

tCY = tD3 + tr¢2 ~ t¢2 + tf¢2 + tD2 + tr¢l 

CLOCK SWITCHING CHARACTERISTICS over operating range 

90BOA-1, 90BOA-2, . 
BOBOA-1 BOBOA-2 

Parameters Description Min Max Min Max Min 

tCY Clock Period 320 2000 380 2000 480 

tr,t, Clock Transition Times 0 25 0 50 0 

tq,1 Clock </>1 Pulse Width 50 60 60 

tq,2 Clock </>2 Pulse Width 145 175 220 

t01 cp 1 to cp2 Offset 0 0 0 

t02 cp2 to cp 1 Offset 60 70 70 

t03 cp 1 to cp2 Delay 60 70 80 

Input, Output Waveforms for A.C_ Tests 

2.4 

2.0 \ r-- 2.0 

TEST POINTS 

0.8 ----.J ~ 0.8 
0.45 

04123A-5 
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9OBOA, 
BOBOA 

Max Units 

2000 ns 

50 ns 

ns 

ns 

ns 

ns 

ns 



8085A/AH 
Single Chip 8-Sit N-Channel Microprocessor 

DISTINCTIVE CHARACTERISTICS 

• Complete 8-bit parallel CPU 
• On-chip system controller; advanced cycle status 

information available for large system control 
• Four vectored interrupts (one is non-maskable) 
• On-chip clock generator (with external crystal, LC or R/C 

network) 
• Serial in/serial out port 
• Decimal, binary and double precision arithmetic 
• Direct addressing capability to 64K bytes of memory 
• 1.3/LS instruction cycle (808SA) 
• 0.8/LS instruction cycle (8085A-2) 
• 100% software compatible with 9080A 
• Single +5V power supply 

GENERAL DESCRIPTION 

The 8085A is a new generation, complete 8-bit parallel cent
ral processing unit (CPU). Its instruction set is 100% 
software compatible with the 8080A microprocessor. Speci
fically, the 9080A incorporates all of the features that the 
8224 (clock generator) and 8228 (system controller) pro
vided for the 9080A. The 8085A-2 is a faster version of the 
8085A. The 8085AH is a 3MHz CPU with 10% supply toler
ances and lower power consumption. 

The 8085A uses a multiplexed Data Bus. The address is split 
between the 8-bit address bus and the 8-bit data bus. The 
on-chip address latches of 8155/8355 memory products 
allow a direct interface with 8085A. The 8085A components, 
including various timing compatible support chips, allow 
system speed optimization. 

BLOCK DIAGRAM 

POWER 1- +5V 
SUPPLY _ GND 

Xl 

X2 

INTR iNTA RST 5.5 RST 6.5 RST 7.5 TRAP 

INSTRUCTION 
DECODER AND 

MACHINE 
CYCLE 

ENCODING 

nMING AND CONTROL 

SID SOD 

B C 
REG. REG. 

0 E 
REG. REG. 

H l 
REG. REG. REGISTER 

STACK POINTER 16 ARRAY 

PROGRAM COUNTER 
16 

04125A-l ClK OUT READY iili WR ALE SO SI 101M HOLD HlDA RESETiN RESET AI5-A8 
ADDRESS BUS 

AD7·ADO 
ADDRESS DATA BUS OUT 

ORDERING INFORMATION 

Package Temperature 
Maximum Clock Frequency 

Type Range 3MHz 5MHz 

P8085A P8085A-2 
Molded DIP 

P8085AH 
O°C.;; TA';; +70°C 

D8085A D8085A-2 
Hermetic DIP 

D8085AH 

Hermetic DIP -40°C.;; TA .;; +85°C ID8085A 

Hermetic DIP -55°C.;; TA .;; + 125°C MD8085AB 

04125A-MMP 
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8085A/AH 

CONNECTION DIAGRAM 
Top View 

0-40, P-40 

X1 vee 

X2 39 HOLD 

RESET OUT 38 HlDA 

SOD 37 elK (OUT) 

SID 36 RES'E'fTN 
TflAP 35 READY 

RST 7.5 34 10/M 

RST 6.5 33 S1 

RST 5.5 9 32 AD 
INTR 10 B085A/ 31 WR 

INTA 11 B085A-2 30 ALE 

ADO 12 29 SO 

AD1 13 28 A15 

AD2 14 27 A14 

AD3 15 26 A13 

AD4 16 25 A12 

ADS 17 24 A11 

AD6 18 23 A10 

AD7 19 22 A9 

VSS 20 21 A8 Note: Pin 1 is marked for orientation. 

Figure 1. 
04125A·2 

808SA FUNCTIONAL PIN· DEFINITION 

The following describes the function of each pin: 

A8-A15 (Output 3-5tate) 

Address Bus - the most significant eight bits of the memory 
address or the eight bits of the I/O address, 3-stated during Hold 
and Halt modes and during RESET. 

ADO-AD7 (Input/Output 3-5tate) 

Multiplexed Address/Data Bus - lower eight bits of the memory 
address (or I/O address) appear on the bus during the first clock 
cycle of a machine cycle. It then becomes the data bus during the 
second and third clock cycles. 

Three-stated during Hold and Halt modes. 

ALE (Output) 

Address Latch Enable - it occurs during the first clock cycle of a 
machine cycle and enables the address to get latched into the 
on-chip latch of peripherals. The falling edge of ALE is set to 
guarantee setup and hold times for the address information. The 
falling edge ALE can also be used to strobe the status informa
tion. ALE in never 3-stated. 

SO, 51 (Output) 

Data Bus Status. Encoded status of the bus cycle. 

51 50 

o 0 HALT 
o 1 WRITE 
1 0 READ 

FETCH 

S1 can be used as an advanced R/W status. 

RD (Output 3-5tate) 

READ_- A low level on RD indicates the selected memory or I/O 
device is to be read and that the Data Bus is available for the data 
transfer. Three-stated during Hold and Halt and during RESET. 

WR (Output 3-5tate) 

WRITE - A low level on WR indicates the data on the Data Bus is 
to be written into the selected memory or I/O location. Data is set 
up at the trailing edge of WR. Three-stated during Hold and Halt 
modes. 
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READY (Input) 

If READY is high during a read or write cycle, it indicates that the 
memory or peripheral is ready to send or receive data. If READY 
is low, the CPU will wait an integral number of clock cycles for 
READY to go high before completing the read or write cycle. 

HOLD (Input) 

HOLD - indicates ,that another Master is requesting the use of 
the Address and Data Buses. The CPU, upon receiving the Hold 
request, will relinquish the use of buses as soon as the comple
tion of the current machine cycle. Internal processing can con
tinue. The processor can regain the buses only after the Hold is 
removed. When the Hold is acknowledged, the Address, Data, 
RD, WR and 10iM lines are three-stated. 

HLDA (Output) 

HOLD ACKNOWLEDGE - indicates that the CPU has received 
the Hold request and that it will relinquish the buses in the next 
clock cycle. HLDAgoes low after the Hold request is removed. 
The CPU takes the buses one half clock cycle after HLDA goes 
LOW. 

INTR (Input) 

INTERRUPT REQUEST - is used as a general purpose inter
rupt. It is sampled only during the next to the last clock cycle of the 
instruction. If it is active, the Program Counter (PC) will be inhi
bited from incrementing and an INTA will be issued. During this 
cycle a RESTART or CALL instruction can be inserted to jump to 
the interrupt service routine. The INTR is enabled and disabled by 
software. It is disabled by Reset and immediately after an inter
rupt is accepted. 

INTA (Output) 

INTERRUPT ACKNOWLEDGE - is used instead of (and has the 
same timing as) RD during the Instruction cycle after an INTR is 
accepted. It can be used to activate the Am9519 Interrupt chip or 
some other interrupt port. 

RST 5.5 I 
RST 6.5 
RST 7.5 

(Inputs) 

RESTART INTERRUPTS - these three inputs have the same 
timing as INTR except they cause an internal RESTART to be 
automatically inserted. \ 



RST 7.5 - Highest Priority 
RST 6.5 
RST 5.5 - lowest Priority 

The priority of these interrupts is ordered as shown above. These 
interrupts have a higher priority than the INTR. However they may 
be individually masked out using the SIM instructions. 

. TRAP (Input) 

Trap interrupt is a non-maskable restart interrupt. It is recognized 
at the same time as INTR. It is unaffected by any mask or Interrupt 
Enable. It has the highest priority of any interrupt. 

RESET IN (Input) 

Reset sets the Program Counter to zero and resets the Interrupt 
Enable and HlDA flip-flops. None of the other flags or registers 
(except the instruction register) are affected. The CPU is held in 
the reset condition as long as RESET is applied. 

RESET OUT (Output) 

Indicates CPU is being reset. Can be used as a system RESET. 
The signal is synchronized to the processor clock. 

X1, X2 (Input) 

Crystal, lC or RIC network connections to set the internal clock 
generator. X1 can also be an external clock input ins.tead of a 
crystal. The input frequency is divided by 2 to give the internal 
operating frequency. 

ClK (Output) 

Clock Output for use as a system clock when a crystal or R/C 
network is used as an input to the CPU. The period of ClK is twice 
the X1, X2 input period. 

101M (Output) 

10iM indicates whether the Read/Write is to memory or I/O. 
3-stated during Hold and Halt modes. 

SID (Input) 

Serial input data line. The data on this line is loaded into ac
cumulator bit 7 whenever a RIM instruction is executed. 

SOD (Output) 

Serial output data line. The output SOD is set or reset as specified 
by the SIM instruction. 

VCC 

+5 volt supply. 

VSS 

Ground reference. 

FUNCTIONAL DESCRIPTION 

The SOSSA is a complete S-bit parallel central processor. It is 
designed with N-channel depletion loads and requires a single 
+5 volt supply. Its basic clock speed is 3MHz (SMHz: SOSSA-2) 
thus improving on the present 90S0's performance with higher 
system speed. Also it is designed to fit into a minimum system of 
three ICs: The CPU, a RAM/IO, and a ROM or PROM/IO chip. 

The SOSSA uses a multiplexed Data Bus. The address is split 
between the higher S-bitAddress Bus and the lower S-bit 
Address/Data Bus. During the first cycle the address is sent out. 
The lower eight bits are latched into the peripherals by the Ad
dress latch Enable (ALE). During the rest of the machine cycle 
the Data Bus is used for memory or I/O data. 
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The SOSSA provides RD, WR and 10/Memory signals for bus 
control. An Interrupt Acknowledge signal (INTA) is also provided. 
Hold, Ready and all Interrupts are synchronized. The SOSSA also 
provides serial input data (SID) and serial output data (SOD) lines 
for simple serial interface. 

In addition to these features, the SOSSA has three maskable, 
restart interrupts and one non-maskable trap interrupt. 

SOSSA vs. S080A 

The SOSSA includes the following features on-chip in addition to 
all of the 90S0A functions. 

a. Internal clock generator 
b. Clock output 
c. Fully synchronized Ready 
d. Sc.hmitt action on RESET IN 
e. RESET OUT pin 
f. RD, WR and 101M Bus Control Signals 
g: Encoded Status information 
h Multiplexed Address and Data 
i. Direct Restarts and non-maskable Interrupt 
j. Serial Input/Output lines 

The internal clock generator requires an external crystal or RIC 
network. It will oscillate at" twice the basic CPU operating fre
quency. A SO% duty cycle, two phase, non-overlapping clock is 
generated from this oscillator internally and one phase of the 
clock (cjJ2) is available as an external clock. The SOSSA directly 
provides the external ROY synchronization previously provided 
by the S224. The RESET IN input is provided with a Schmitt action 
input so that power-on reset only requires a resistor and 
capacitor. RESET OUT is provided for System RESET. 

The SOSSA provides RD, WR and 10iM signals for Bus contrc;>J. An 
INTA which was previously provided by the S22S in 90S0A 
systems is also included in SOSSA. 

STATUS INFORMATION 

Status information is directly available from the SOSSA. ALE 
serves as a status strobe. The status is partially encoded and 
provides the user with advanced timing of the type of bus transfer 
being done. 10iM cycle status signal is provided directly also. 
Decoded SO, S1 carries the following status information: 

MACHINE CYClJi: STATUS 

IO/M S1 SO Status 

0 0 1 Memory write 
0 1 0 Memory read 
1 0 ·1 I/O write 
1 1 0 I/O read 
0 1 1 Opcode fetch 

.1 1 Interrupt Acknowledge 
0 0 Halt 
X X Hold 
X X Reset 

3-state (high impedance) 
X = unspecified 

S1 can be interpreted as R/W in all bus transfers. 

In the SOSSA the eight lSB of address are multiplexed with the 
data instead of status. The ALE line is used as a strobe to enter 
the lower half of the address into the memory or peripheral 
address latch. This also frees extra pins for expanded interrupt 
capability. 
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INTERRUPT AND SERIAL I/O 

The 8085A/8085A-2 has 5 interrupt inputs: INTR, RST 5.5, RST 
6.5, RST7.5andTRAP.INTR is identical in function to the 8080A 
INT. Each of three RESTART inputs, 5.5, 6.5, 7.5, has pro
grammable mask. TRAP is also a RESTART interrupt except it is 
non-maskable. 

The three RESTART interrupts cause the internal execution of 
RST (saving the program counter in the stack and branching 
to the RESTART address) if the interrupts are enabled and if 
the interrupt mask is not set. The nonmaskable TRAP causes 
the internal execution of a RST. independent of the state of 
the interrupt enable or masks. 

Name RESTART Address (Hex) 
TRAP 2416 
RST 5.5 2C16 
RST 6.5 3416 
RST 7.5 3C16 

There are two different types of inputs in the restart interrupts. 
RST 5.5 and RST 6.5 are high level-sensitive like INTR (and INT 
on the 8080A) and are recognized with the same timing as INTR. 
RST 7.5 is rising edge-sensitive. For RST 7.5, only a pulse is 
required to set an internal flip-flop which generates the internal 
interrupt request. The RST 7.5 request flip-flop remains set until 
the request is serviced. Then it is reset automatically. This flip-flop 
may also be reset by using the SIM instruction or by issuing a 
RESET IN to the 8085A. The RST 7.5 internal flip-flop will be set 
by a pulse on the RST 7.5 pin even when the RST 7.5 interrupt is 
masked out. 

The status of the three RST interrupt masks can only be af
fected by the SIM instruction and RESET IN. 

The interrupts are arranged in a fixed priority that determines 
which interrupt is to be recognized if more than one is 
pending as follows: TRAP - highest priority, RST 7.5, RST 
6.5, RST 5.5, INTR - lowest priority. This priority scheme 
does not take into account the priority of a routine that was 
started by a higher priority interrupt. RST 5.5 can interrupt a 
RST 7.5 routine if the interrupts were re-enabled before the 
end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic errors such as 
power failure or bus error. The TRAP input is recognized just 
as any other interrupt but has the highest priority. It is notaf
fected by any flag or mask. The TRAP input is both edge and 
level sensitive. The TRAP input must go high and remain high 
to be acknowledged, but will not be recognized again until it 
goes low, then high again. This avoids any false triggering 
due to ~oise or logic glitches. The following diagram illustrates the 
TRAP interrupt request circuitry within the 8085A. 

INSIDE THE 
EXTERNAL 808SA 
TRAP 
INTERRUPT 
REQUEST TRAP 

INTERNAL 
TRAP 

ACKNOWLEDGE 

TRAP FF 

04125A·3 

Note that the servicing of any interrupt (TRAP, RST 7.5, RST 
6.5, RST 5.5, INTR) disables all future interrupts (except 
TRAPs) until an EI instruction is executed. 

The TRAP interrupt is special in that it preserves the previous 
interrupt enable status. Performing the first RIM instruction fol
lowing a TRAP interrupt allows you to determine whether in
terrupts were enabled or disabled prior to the TRAP. All sub
sequent RIM instructions ptovide current interrupt enable status. 

The serial I/O system is also controlled by the RIM and SIM 
instructions. ,SID is read by RIM, and SIM sets the SOD data. 
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DRIVING THE X1 AND X2 INPUTS 

The user may drive the X1 and X2 inputs of the SOS5A or SOS5A-2 
with a crystal, an external clock source or an RIC network as 
shown below. The driving frequency must be twice the desired 
internal operating frequency (the SOS5A would require a 6MHz 
crystal for 3MHz internal operation). 

D 

.--_---<~-.....;2=-lX2 

<20pF J 

1-6 MHz 
Input Frequency 

04125A-4 

The 20pF capacitor' is required to guarantee oscillation at the 
proper frequency during system startup. Capacitance from X2 to 
Ground should not exceed 20pF. 

.----.,. __ --'11 X, 

=10k 

=3 MHz 
Input Frequency 

04125A-6 

RC Mode causes a large drift in clock frequency because of 
the variation in on-chip timing generation parameters. Use of 
RC Mode should be limited to an application which can tolerate a 
wide frequency variation. 

470n 
TO 
lKn 

+5V 

10---...... ---1 x, 

25 TO 50% 
OUTY CYCLE 

AT 6MHz· 

·X2 Left Floating 

1-6 MHz 
Input Frequency 

+5V 

470n 

04125~,-5 

JO--..... --........ --,x, 

>50% 
OUTY 

CYCLE 
AT 6MHz 

+5V 

470n 

=6 MHz 
Input Frequency 

04125A-7 

8085A/AH 

Note: Duty cycle refers to the percentage of the clock 

input cycle when X1 is high. 

Figure 2. Driving the Clock Inputs (X1 and X2) of SOSSA. 

GENERATING SOSSA WAIT STATE 

The following circuit may be used to insert one WAIT state in each 
S085A machine cycle. 

J 
CLEAR 

ALE - ClK Cl:~~~UT-
"0" 
F/F 

a 
+5V _0 

ClK 

"0" 
F/F 

0 

The D flip-flops should be chosen such that 

• ClK is rising edge triggered 
• CLEAR is low-level active. 

Q 
~I---

TO 
8085A 
READY 
INPUT 

04125A-8 

Figure 3. Generation of a Wait State for SOSSA CPU. 
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BASIC SYSTEM TIMING 

The B08SA has a multiplexed Data Bus_ ALE is used as a strobe 
to sample the lower 8 bits of address on the Data Bus_ Figure 2 
shows an instruction fetch, memory read and 1/0 write cycle 
(OUT)_ Note that during the 1/0 write and read cycle that the 
1/0 port address is copied on both the upper and lower half of 
the address_ 

T1 ClK 
---t-..J 

AB-A15 

ADD-AD7 

M1 

PCH (HIGH ORDER ADORESS) 

\X:)---
(lOW ORDER DATA FROM 

ADDRESS) MEMORY 

ALE 
(INSTRUCTION) 

101M 

STATUS 51, SO (FETCH) 

As in the 9080A, the READY line is used to extend the read and 
write pulse lengths so that the 808SA can be used with slow 
memory_ Hold causes the CPU to relinquish the bus when it is 
through with it by floating the Address and Data Buses_ 

M2 M3 

10 (READ) 

04125A-9 

Figure 4. SOSSA Basic System Timing. 

~O PORTS, 
CONTROLS 

04125A-l0 

Figure 5. System Using Standard Memories. 
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MAXIMUM RATINGS above which useful life may be impaired 

Storage Temperature -65 to +150°C 

Ambient Temperature Under Bias -55 to.+125°C 

Vec with Respect to VSS -0.5 to + 7.0V 

All Signal Voltages with Respect to VSS . -0.5 to + 7.0V 

Power Dissipation 1.5W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 
Part Number Ambient Temperature Vee 

DSOS5A, PSOS5A 5V ± 5% 
DSOS5A-2, PSOS5A-2 O°C .;; TA';; +70°C 

DSOS5AH, PSOS5AH SV± 10% 

IDSOS5A -40°C.;; TA .;; +SsoC SV ± 10% 

MDSOS5AB -55°C.;; TA';;; +125°C SV ± 10% 

DC CHARACTERISTICS 

Parameters Description 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

ICC Power Supply Current 

liLt Input Leakage 

ILO Output Leakage 

VILR Input Low Level, RESET 

VIHR Input High Level, RESET 

VHY Hysteresis, RESET 

·IOL = 1.6mA 
• ·Typical value at 25°C is 150mA max. 
tExcept Pin 1 and Pin 2. 

Test Conditions 

IOL = 2.0mA 

IOH = -400J-LA 

ISOS5A, SOS5A-2 
VIN = VCC I 

SOS5AH 

VIN = VCC 

O.45V .;; VOUT .;; VCC 

5·15 

Vss 
OV 

OV 

OV 

OV 

SOS5A, SOS5AH ID80S5A, 
8085A-2 MD8085AB 

Min Max Min Max Units 

-0.5 +0.8 -0.5 +O.S Volts 

2.0 VCC+O.S 2.2 VCC+0.5 Volts 

O.4S O.4S· Volts 

2.4 2.4 Volts 

170 200 
mA 

135·· 200 mA 

±10 ±10 J-LA 

±10 ±10 J-LA 

-O.S +0.8 -0.5 +O.S Volts 

2.4 VCC+0.5 2.4 VCC+0.5 Volts 

0.25 0.25 Volts 



8085A/AH 
AC CHARACTERISTICS IDBOB5A, 

BOB5A BOB5A-2 MDBOB5AB 

Parameters Description Min Max Min Max Min Max Units 

tCYC ClK Cycle Period 320 2000 200 2000 320 2000 ns 

tr,tf ClK Rise and Fall Time 30 30 30 ns 

tAL A8-A15 Valid before Trailing Edge of ALE (Note 1) 115 50 115 ns 

tACl AO-A7 Valid to leading Edge of Control 240 115 240 ns 

tXKR X1 Rising to ClK Rising 25 120 30 100 30 120 ns 

tXKF X1 Rising to ClK Falling 30 150 30 110 30 150 ns 

t1 ClK low Time Standard 150pF loading 80 40 80 
ns 

Lightly loaded (Note 8) 100 100 

t2 ClK High Time Standard 150pF loading 120 70 120 
ns 

Lightly loaded (Note 8) 150 150 

tAll AO-A7 Valid to leading Edge of Control 90 50 90 ns 

tlRY ALE to READY Stable 110 30 119 ns 

tLA Address Hold Time after ALE 100 50 100 ns 

tll ALE Width 140 80 140 ns 

tlCK ALE low During ClK High 100 50 100 ns 

tlC Trailing Edge of ALE to leading Edge of Control 130 60 130 ns 

tAFR Address Float after leading Edge of. READ. (INTA) 0 0 0 ns 

tAD Valid Address to Valid Data In 575 350 575 ns 

tRD READ (or INTA) to Valid Data 300 150 300 ns 

tRDH Data Hold Time after READ (INTA) (Note 7) 0 0 0 ns 

tRAE Trailing Edge of READ to Re-Enabling of Address 150 90 150 ns 

tCA Address (A8-A15) Valid after Control 120 60 120 ns 

tOW Data Valid to Trailing Edge of WRITE 420 230 420 ns 

tWD Data Valid after Trailing Edge of WRITE 100 60 100 ns 

tCC Width of Control low (RD, WR, INTA) 400 230 400 ns 

tCl Trailing Edge of Control to leading Edge of ALE 50 25 50 ns 

tARY READY Valid from Address Valid 220 100 220 ns 

tRYS READY Setup Time to leading Edge of ClK 110 100 110 ns 

tRYH READY Hold Time 0 0 0 ns 

tHACK HlDA Valid to Trailing Edge of ClK 110 40 110 ns 

tHABF Bus Float after HlDA 210 150 210 ns 

tHABE HlDA to Bus Enable 210 150 210 ns 

tlDR ALE to Valid Data In 460 270 460 ns 

tRV Control Trailing Edge to leading Edge of Next Control 400 220 400 ns 

tAC A8-A15 Valid to leading Edge of Control (Note 1) 270 115 270 ns 

tHDS HOLD Setup Time to Trailing Edge of ClK 170 120 170 ns 

tHDH HOLD Hold Time 0 0 0 ns 

tiNS INTR Setup Time to Falling Edge of ClK, also RST and TRAP 160 150 160 ns 

tlNH INTR Hold Time 0 0 0 ns 

tlDW ALE to Valid Data during WRITE 200 120 200 ns 

tWDl leading Edge of WRITE to Data Valid 40 20 40 ns 

Notes: 1. A8-A15 Address Specs apply to IOiM, SO and S1. Except A8-A15 are undefined during T4-T6 of cycle whereas IO/M, SO and S1 are stable. 
2. Test Conditions: tCYC = 320ns (Am8085A)/200ns (Am8085A-2); Cl = 150pF 
3. For all output timing where Cl = 150pF use the following correction factors. 

25pF ~ Cl < 150pF: -.10ns/pF 
150pF < Cl ~ 300pF: +.30ns/pF 

4. Output timings are measured with purely capacitive load. 
5. All timings are measured at output voltage Vl = 0.8V, VH = 2.0V and 1.5V with 20ns rise and fall time on inputs. 
6. To calculate timing specifications at other values of tCYC use the table in Table 2. 
7. Data Hold Time is guaranteed under all loading conditions. 
8. loading equivalent to 50pF +1 TTL input. 
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BUS TIMING SPECIFICATION AS A TCYC DEPENDENT 
8085AH, ID8085A, 
8085A; MD8085AB 8085A·2 

Parameters Description Min Max Min Max 

tAL . Address Valid before Trailing Edge of AtE (1/2)T-4S (1/2)T-SO 

tLA Address Hold Time after ALE (1/2)T-60 (1/2)T-SO 

tll ALE Width (1/2)T-20 (1/2)T-20 

tlCK ALE Low During ClK High (1/2)T-60 (1/2)T -SO 

tlC Trailing Edge of ALE to leading Edge of Control (1/2)T-30 (1/2)T-40 

tAD Valid Address to Valid Data In (S/2+N)T -22S (S/2+N)T -1S0 

tRD READ (or INTA) to Valid Data (3/2+N)T -1S0 (3/2+N)T -1S0 

tRAE Trailing Edge of READ to Re-Enabling of Address (1/2)T-10 (1/2)T-10 

tCA Address (AS-A1S) Valid after Control (1/2)T-40 (1/2)T-40 

tDW Data Valid to Trailing Edge of WRITE (3/2+N)T -60 (3/2+N)T -70 

tWD Data Valid after Trailing Edge of WRITE (1/2)T-60 (1/2)T-40 

tWDl leading Edge of WRITE to Data Valid 40 40 

tCC Width of Control lOW (RD, WR, INTA) (3/2+N)T -so (3/2+N)T -70 

tCl Trailing Edge of Control to leading Edge of ALE (1/2)T-110 (1/2)T-7S 

tARY READY Valid from Address Valid (3/2)T-260 (3/2)T -200 

tHACK HlDA Valid to Trailing Edge of ClK (1/2)T-SO (1/2)T-60 

tHABF Bus Float after HlDA (1/2)T+SO (1/2)T+SO 

tHABE HlDA to Bus Enable (1/2)T+SO (1/2)T+SO 

tAC Address Valid to leading Edge of Control (2/2)T-SO (2/2)T -SS 

t1 ClK low Time (1/2)T-SO (1/2)T-60 

t2 ClK High Time (1/2)T-40 (1/2)T-30 

tRV Control Trailing Edge to leading Edge of Next Control (3/2)T-SO (3/2)T-SO 

tlDR (4/2)T-1S0 (4/2)T-130 

tlDW Trailing Edge of ALE to Valid Data During WRITE 200 200 

Note: N is equal to the total WAIT states. 
T = tCYC. 

CLOCK TIMING WAVEFORM 

XI INPUT 

CLK~ ~ 12 ~ 
~UT .~. .~ 

1--------ICyC-------j 

04125A-ll 

INPUT, OUTPUT WAVEFORMS FOR AC TESTS. 

2.4=>\2.0 \ / 2.0lC. . 
TEST POINTS 

0.8 -.-I '-- 0.8 0.45 ----------
04125A-12 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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READ OPERATION 

T1 T2 

ClK ,'--_---J! 

A8-A15 

AD()"AD7 

ALE H--~ll---==+=tlDR------t 

RD/INTA 
04125A·13 

·WRITE OPERATION 

T1 T2 T3 T1 ,----- ,---""\. 
CLK 

AB-A15 

AD()"AD7 

AJ.E 

04125A·14 

TYPICAL READ OPERATION WITH WAIT CYCLE 

T1 I I TWAIT I T3 I T1 

Cl~'-----J/ ) 
r-~\~ __ ~/~--~\~ __ ~/---~~ 

I-tlCK 

A8·A15 ) ADDRESS 

~ ____ ~ ________ I ______ ~tAD ____________________ ~ 

AD()"AD7 ) ADDRESS ::'1>--_'"4r~//Z"/ ______ ...o\ \--_U.l.""'--"~----+,T----'" 

,. f-tll_ f-tLA-=iLtAFR 

Al~rt---3.~------+-------~--tlDR 

i-tAl- f-tlC- I~----I------ tRD ---

-1--~r--~~~~---+-----ICC --------~--~I~--1_--

i--tlRY- f--
i-----IAC- IRYS IRYH, 

READY 
1----tARY·-------fl-----II1 

04125A·15 

Same READY timing applies to WRITE operation. 

Figure 6. 8085A/8085A-2 Bus Timing 
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\ ClK 

HOLD 

HlDA 

BUS 

INTR 

8085A/AH 

HOLD OPERATION 

T2 T3 THOLD THOLD T, 

\ \ \ 

t t ~ 
tHDS-~tHDH t-tHACK -

t tHABF_ 
\ 
I-tHABE-

(ADDRESS, CONTROLS) ~ ~ 

04125A-16 

Figure 7. SOSSA Hold Timing. 

AS-A,s ...,.j~ _______ -r ___ ...,.jt~------------i 

II------BUS FLOATING' ------1 
ALE 

~---------------r----~~------------------~ 

HOLD ____ ..I../..ji.U1 

HlDA 

'IO/M IS ALSO FLOATING DURING THIS TIME, 

04125A-17 

Figure S. SOSSA Interrupt and Hold Timing. 
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INSTRUCTION SET SUMMARY 

Instruction Code (Note 1) Clock Cycles 
Mnemonic· Description 07 06 05 04 03 02 01 DO (Note 2) 

MOVE, LOAD AND STORE 

MOVr1r2 Move register to register 0 D D D S S S 4 

MOVMr Move register to memory 0 1 1 0 S S S 7 
MOVrM Move memory to register 0 1 D D D 0 7 
MVI r Move immediate register 0 0 D D D 1 1 0 7 
MVIM Move immediate memory 0 0 1 0 1 1 0 10 
LXI B Load immediate register Pair B & C 0 0 0 0 0 0 0 10 
LXI D Load Immediate register Pair D & E 0 ·0 0 1 0 0 0 10 
LXIH Load immediate register Pair H & L 0 0 1 0 0 0 0 10 
LXISP Load immediate stack pointer 0 0 1 1 0 0 0 1 10 
STAX B Store A indirect 0 0 0 0 0 0 0 7 
STAX D Store A indirect 0 0 0 1 0 0 0 7 
LDAX B Load A indirect 0 0 0 0 0 0 7 
LDAX D Load A indirect 0 0 0 1 0 0 7 
STA Store A direct 0 0 0 0 0 13 
LDA Load A direct 0 0 1 0 0 13 
SHLD Store H & L direct 0 0 0 0 0 0 16 
LHLD Load H & L direct 0 0 0 0 0 16 
XCHG Exchange D & E, H & L Registers 0 0 4 

STACK OPS 

PUSH B Push register Pair B & C on stack 0 0 0 0 12 
PUSH D Push register Pair D & E on stack 0 1 0 0 12 
PUSH H Push register Pair H & L on stack 0 0 0 12 
PUSH PSW Push A and Flags on stack 1 1 0 1 0 12 
POP B Pop register Pair B & C off stack 0 0 0 0 0 10 
POP D Pop register Pair D & E off stack 0 1 0 0 0 10 
POP H Pop register Pair H & L off stack 0 0 0 0 10 
POP PSW Pop A and Flags off stack 1 0 0 0 10 
XTHL Exchange top of stack H & L 0 0 0 1 16 
SPHL H & L to stack pOinter 0 0 6 

JUMP 

JMP Jump unconditional 0 0 0 0 1 10 
JC Jump on carry 0 1 0 0 7/10 
JNC Jump on no carry 0 1 0 0 0 7/10 
JZ Jump on zero 0 0 0 0 7/10 
JNZ Jump on no zero 0 0 0 0 0 7/10 
JP Jump on positive 1 1 0 0 0 7/10 
JM Jump on minus 0 0 7/10 
JPE Jump on parity even 0 1 0 1 0 7/10 
JPO Jump on parity odd 0 0 0 1 0 7/10 
PCHL H & L to program counter 0 1 0 0 ,1 6 

CALL 

CALL Call unconditional: 0 0 1 0 1 18 
CC Call on carry 0 1 0 0 9/18 
CNC Call on no carry 0 1 0 0 0 9/18 
CZ Call on zero 0 0 1 0 0 9/18 
CNZ Call on no zero 0 0 0 0 0 9/18 
CP Call on positive 0 0 0 9/18 
CM Call on minus 1 0 0 9/18 
CPE Call on parity even 0 1 0 0 9/18 
CPO Call on parity odd 0 0 0 0 9/18 

RETURN 

RET Return 1. 0 0 0 0 1 10 
RC Return on carry 1 0 1 1 0 0 0 6/12 
RNC Return on no carry 0 1 0 0 0 0 6/12 
RZ Return on zero 0 0 1 0 0 0 6/12 
RNZ Return on no zero 0 0 0 0 0 0 6/12 
RP Return on positive 1 0 0 0 0 6/12 
RM Return ori"'fninus 1 0 0 0 6/12 
RPE Return on parity even 0 1 0 0 0 6/12 
RPO Return on parity odd 0 0 0 0 0 6/12 

RESTART 

RST Restart A A A 12 

INPUT/OUTPUT 

IN Input 0 1 0 10 
OUT Output 0 0 0 10 
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INSTRUCTION SET SUMMARY (Cont.) 

Instruction Code (Note 1) Clock Cycles 
Mnemonic· Description D7 D6 D5 D4 D3 D2 D1 DO (Note 2) 

INCREMENT AND DECREMENT 

INR r Increment register 0 0 0 D D 0 0 4 
OCR r Decrement register 0 0 D D D 0 1 4 
INR M Increment memory 0 0 1 0 1 0 0 10 
DCR M Decrement memory 0 0 1 1 0 1 0 10 
INX B Increment B & C registers 0 0 0 0 0 0 6 
INX D Increment D & E registers O. 0 0 1 0 0 6 
INXH Increment H & L registers 0 0 0 0 0 6 
INX SP Increment stack pointer 0 0 1 1 0 0 6 
DCX B Decrement B & C 0 0 0 0 0 6 
DCXD Decrement D & E 0 0 0 1 0 6 
DCXH Decrement H & L 0 0 1 0 0 6 
DCX SP Decrement stack pointer 0 0 1 1 0 6 

ADD 

ADD r Add register to A 0 0 0 0 S S S 4 
ADC r Add register to A with carry 0 0 0 1 S S S 4 
ADD M Add memory to A 0 0 0 0 0 7 
ADCM Add memory to A with carry 0 0 0 1 1 0 7 
ADI Add immediate to A 0 0 0 1 1 0 7 
ACI Add immediate to A with carry 1 1 0 0 1 1 1 0 7 
DAD B AddB&CtoH&L 0 0 0 0 0 0 10 
DAD D Add D & E to H & L 0 0 0 1 1 0 0 10 
DAD H AddH&LtoH&L 0 0 0 1 0 0 10 
DAD SP Add stack pointer to H & L 0 0 0 0 10 

SUBTRACT 

SUB r Subtract register from A 0 0 0 S S S 4 
SBB r Subtract register from A with borrow 0 0 1 S S S 4 
SUB M Subtract memory from A . 0 .0 0 1 1 0 7 
SBB M Subtract memory from A with borrow 0 0 1 0 7 
SUI Subtract immediate from A 1 0 0 0 7 
SBI Subtract immediate from A with borrow 0 0 7 

LOGICAL 

ANAr And register with A 0 0 0 S S S 4 
XRA r Exclusive Or register with A 0 0 1 S S S 4 
ORAr Or register with A 0 1 0 S S S 4 
CMPr Compare register with A 0 1 1 S S S 4 
ANAM And memory with A 0 0 0 0 7 
XRAM Exclusive Or memory with A 0 0 1 0 7 
DRAM Or memory with A 0 1 0 0 7 
CMPM Compare memory with A 0 1 1 0 7 
ANI And immediate with A 1 0 0 0 7 
XRI Exclusive Or immediate with A 0 1 0 7 
ORI Or immediate with A 0 0 7 
CPI Compare immediate with A 1 0 7 

ROTATE 

RLC Rotate A left 0 0 0 0 0 4 
RRC Rotate A right 0 0 0 0 1 4 
RAL Rotate A left through carry 0 0 0 0 4 
RAR Rotate A right through carry 0 0 0 4 

SPECIALS 

CMA Complement A 0 0 0 1 4 
STC Set carry 0 0 0 4 
CMC Complement carry 0 0 1 4 
DM Decimal adjust A 0 0 0 0 4 

·CONTROL 

EI Enable Interrupts 1 0 1 4 
DI Disable Interrupts 1 1 1 1 0 0 1 1 4 
NOP No operation 0 0 0 0 0 0 0 0 4 
HLT Halt 0 1 1 1 0 1 0 5 

NEW Am8085A INSTRUCTIONS 

RIM Read Interrupt Mask 0 0 0 0 0 0 0 4 
SIM Set Interrupt Mask 0 0 0 0 0 0 4 

Notes: 1. DOD or SSS: 8=000, C=001, D=010, E=011, H=100, L=101, Memory=110, A=111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 

"All mnemonics copyright © Intel Corporation 1977 
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8155/8156 
2048·8it Static MOS RAM With 110 Ports and Timer 

DISTINCTIVE CHARACTERISTICS 

• 256 word x 8-bits 
• Single +5V power supply 
• Completely static operation 
• Internal address latch 
• 2-programmable 8-bit I/O ports 
• 1 programmable 6-bit I/O port 
• Programmable 14-bit binary counter/timer 
• Multiplexed address and data bus 

BLOCK DIAGRAM 

IO/~ ------0-1 

G 
PORTA 

PAa·PA7 

256 X 8 
STATIC 

RAM 

G PBa-PB7 
* ------<~ 

ALE __ ----<_I 

G PCa-PCs 
TIMER 

RD------<~ 

WR------<~ 

RESET ------<~ 

~vec!+5V) 
Vss(OV) 

TIMER ClK 
TIMER OUT __ .--J 
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·8155 = CE, 8156 = CE 

QENERAL DESCRIPTION 

The 8155 and 8156 are RAM and I/O chips to be used in the 
8085A MPU system. The RAM portion is designed with 2K bit 
static cells organized as 256 x 8. They have a maximum 
access time of 400ns to permit use with no wait states in 
8085A CPU. The 8155-2 and 8156-2 have maximum access 
times of 330n.s for use with the 8085A. The I/O portion 
consists of three general purpose I/O ports. One of the three 
ports can be programmed to be status pins, thus allowing the 
other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip 
to provide either a square wave or terminal count pulse for 
the CPU system depending on timer mode. 

CONNECTION DIAGRAM 
Top View 

0-40-1 
P-40-1 

PC3 Vee 
PC4 PC2 

TIMER IN PC, 

RESET PCa 
PCs PB7 

mrnrnur PB6 
IO/~ PBs 

* PB4 
AD PB3 

m PB2 
ALE PB, 

ADo PBa 
AD, PA7 
AD2 PA6 
AD3 PAs 

AD4 PA4 

ADs PA3 
ADs PA2 
AD7 PA, 

Vss PAa 
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Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Order Numbers 

Package Temperature 8155 8156 

Type Range 400ns 330ns 400ns 330n5 

P8~55 P8155-2 P8156 P8156-2 
Molded DIP 

O°C ~ TA ~ 70°C 
P8155H P8155H-2 P8156H P8156H-2 

08155 08155-2 08156 08156-2 
Hermetic DIP , 

08155H 08155H-2 08156H 08156H-2 

108155 108155-2 108156 108156-2 
Hermetic DIP -40°C ~ T A ~ 85°C 

108155H 108155H-2 108156H 108156H-2 

Hermetic DIP -55°C ~ TA ~ 125°C M081558 M081568 

009348-MMP 
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FUNCTIONAL PIN DEFINITION 

The following describes the functions of all of the 8155/8156 pins. 

RESET 

The Reset signal is a pulse provided by the 8085A to initialize 
the system. Input high on this line resets the chip and initializes 
the three I/O ports to input mode. The width of RESET pulse 
should typically by 600ns. (Two 8085A clock cycle times). 

ADo·AD7 
These are 3-state Address/Data lines that interface with the 
CPU lower 8-bit Address/Data Bus. The 8-bit address is 
latched into the address latch on the falling edge of the ALE. 
The address can be either for the memory section or the I/O 
section depending on the polarity of the 10/M input signal. The 
8-bit data is either written into the chip or read from the chip 
depending on the status of WRITE or READ input signal. 

CE OR CE 

Chip Enable: On the 8155, this pin is CE and is ACTIVE lOW. On 
the 8156, this pin is CE and is ACTIVE HIGH. 

RD 

Input low on this line with the Chip Enable active enables the 
ADo_7 buffers. If 10/M pin is low, the RAM content will be read 
out to the AD bus. Otherwise the content of the selected I/O 
port will be read to the AD bus. 

WR 

Input low on this line with the Chip Enable active causes the 
data on the AD lines to be written to the RAM or I/O ports 
depending on the polarity of 10/M. 

ALE 

Address latch Enable: This control signal latches both the 
address on the ADo_'7 lines and the state of the Chip Enable 
and 10/M into the chip at the falling edge of ALE. 

MAXIMUM RATINGS above which useful life may be impaired 

Storage Temperature 

Vee with Respect to V ss 

All Signal Voltages with Respect to Vss 

Power Dissipation 

8155/8156 

IOiM 

10/Memory Select: This line selects the memory if low and 
selects the 10 if high. -

PAo·PA7' 

These 8 pins are general purpose I/O pins. The in/out direction 
is selected by programming th'e Command/Status Register. 

PBo·PB7 

These 8 pins are general purPose I/O pins. The in/out direction 
is selected by programming the Command/Status Register. 

PCo,PCs 

These 6 pins can function as either input port, output port, or 
as control signals for PA and PB. Programming is done 
through the CIS Register. When PCo-s are used as control 
signals, they will provide the following: 

PCo - A INTR (Port A Interrupt) 

PC1 - A BF (Port A Buffer full) 

PC2 - A'STB (Port A Strobe) 
PC3 - B INTR (Port B Interrupt) 

PC4 - B BF (Port B Buffer Full) 
PCs - B STB (Port B Strobe) 

TIMER IN 

This is the input to the counter timer. 

TIMER OUT 

This pin is the timer output. This output can be either a 
square wave or a pulse depending on the timer mode. 

VCC 

+5 volt supply. 

Vss 
Ground reference. 

-O.5Vto +7.0V 

-O.5V to + 7.0V 

1.5W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

DC CHARACTERISTICS 
Parameters Description Test Conditions Min Typ Max Units 

VIL Input Low Voltage -0.5 0.8 Volts 

VIH Input High Voltage 2.0 Vee +0.5 Volts 

VOL Output Low Voltage *IOL = 2rnA 0.45 

VOH Output High Voltage IOH = -400iJA 2.4 Volts 

IlL Input Leakage VIN = Vee to OV ±10 iJA 

ILO Output Leakage Current 0.45V ,,;;; VOUT ,,;;; Vee ±10 iJA 

8155,8156 180 rnA 
lee Vee Supply Current 

8155H,8156H 
0.45V ,,;;; Vour ,,;;; Vee 

125 rnA 

8155 +100 iJA 
IlL (CE) Chip Enable Leakage 

8156 
VIN = Vee to OV 

-100 iJA 

*IOL = 1.6rnA for MD81558 and MD81568 
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8155/8156 
OPERATING RANGE 

Part Number Ambient Temperature 

. D8155, P8155 
D8155-2, P8155-2 

D8156,P8156 
o to 70°C 

D8156-2, P8156-2 , 

D8155H, P8155H 
. D8155H-2, P8155H-2 o to 70°C 

D8156H; P8156H 
D8156H-2, P8156H-2 

, 

ID8155,ID8156 
ID8155H,ID8156H 

-40 to 85°C 
ID8155-2,ID8156-2 
ID8155H-2,1D8156H-2 

MD8155B; MD8156B -55 to +125°C 

AC CHARACTERISTICS 

Parameters Description 

tAL Address to Latch Setup Time 

tLA Address Hold Time after Latch 

tlC Latch to READ/WRITE Control 

tRO Valid Data Out Delay from READ Control 

tAD Address Stable to Data Out Valid 

tll Latch Enable Width 

tROF Data Bus Float After READ 

tCl READ/WRITE Control to Latch' Enable 

tec READ/WRITE Control Width 

tow Data In to WRITE Setup Time 

Vee Vss 

5.0V ±5% OV 

5.0V ±10% OV 

5.0V ±10% OV 

5.0V ±10% OV 

8155/56/55H/56H 
108155,108156 

ID8155H,ID8156H 
MD81558, MD81568 

Min Max 

50 

80' 

100 

170 

400 

100 

0 100 

20 

250 

150 

I COM'L, IND 25 
two Data In Hold Time After WRITE 

IMIL 0 

tRV Recovery Time Between Controls 300 

twp WRITE to Port Output 400 

tpR Port Input Setup Time 70 

tRP Pori Input Hold Time 50 

tSBF Strobe to Buffer Full 400 

tss Strobe Width 200 

tRBE READ to Buffer Empty 400 

tSI Strobe to INTR On 400 

tROI READ to INTR Off 400 

tpss Port Setup Time to Strobe 50 

tpHS Port Hold Time After Strobe 120 

tSBE Strobe to Buffer Empty 400 

tWBF WRITE to Buffer Full 400 

tWI WRITE to INTR Off 400 

tTL TIMER-IN to TIMER-OUT Low 400 

tTH TIMER-IN to TIMER-OUT High 400 

tROE Data Bus Enable from READ Control 10 

t1 TIMER-IN Low Time 80 

t2 TIMER-IN High Time 120 

Note: Test Condition; 150pF Load. 5-24 

8155-2,8156-2 
8155H-2,8156H-2 

Min Max Units 

30 ns 

30 ns 

40 ns 

140 ns 

330 ns 

70 ns 

0 80 ns 

10 . ns 

200 ns 

'100 ns 

25 ns 

ns 

200 ns 

300 ns 

50 ns 

10 ns 

300 ns 

150 ns 

300 ns 

300 ns 

300 ns 

0 ns 

100 ns 

300 ns 

300 ns 

300 ns 

300 ns 

300 ns 

10 ns 

40 ns 

70 ns 



OPERATIONAL DESCRIPTION 

The 8155-8156 includes the following operational features: 

• 2K Bit Static RAM organized as 256 x 8 
• Two 8-bit I/O ports (PA and PB) and one 6-bit I/O port (PC) 
• 14-bit down counter 

The I/O portion contains four registers (Command/Status, 

CE (Am8155) \ 
OR 

CE (Am8156) / 

101M \ 

X ADDRESS 

ALE 

iffiORWR 

8155/8156 

PAo-7 , PBo_7 , PCo-s). The 10/M (IO/Memory Select) pin 
selects the I/O or the memory (RAM) portion. Detailed de
scriptions of memory, I/O ports and timer functions will follow. 

The 8-bit address on the AD lines, the Chip Enable input, and. 
10/M are all latched on chip at the falling edge of ALE'. A low 
on the 10/M must be provided to select the memory section. 

V \ 

1\ / 

V \ 

'- J X DATA VALID I '\ 
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Note: For detailed timing diagram information, see Figure 7 and AC Characteristics. 

Figure 1. Memory Read/Write Cycle. 

PROGRAMMING OF THE COMMAND/STATUS REGISTER 

The command register consists of eight latches, one for each 
bit. Four bits (0-3) define the mode of the ports. Two bits (4-5) 
enable or disable the interrupt from port C when it acts as 
control port, and the last two bits (6-7) are for the timer. 

The CIS register contents can be altered at any time by using 
the I/O address XXXXXOOO during a WRITE operation. The 
meaning of each bit of the command byte is defined as 
follows: 

TIMER COMMAND 

} 

a-Input 

1 = Output 

Defines PAo.7 

Defines PBO_7 

{ 

CO=ALT1 

11 = ALT 2 
Defines peo 5 

. 01 = ALT 3 

10 = ALT4 

Enable Port A 

Interrupt 

Enable Port B 

Interrupt 

} 

1 = Enable 

0= Disable 

00 = NOP - Do not affect coun~er operation 

01 = STOP - NOP if timer has not started; stop 

counting it the timer is running 

10 = STOP after Te - Stop immediately after 

present TC is reached (NOP if timer 

has not started) 

11 = START - Load mode and CNT length and 

start immediately after loading (if timer 

is not presently running). If timer is running. 

start the new mode and CNT length immediately 

after present TC is reached. 

009348-4 

Figure 2. Command/Status Register Bit Assignment. 
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READING THE COMMAND/STATUS REGISTER 

The status register consists of seven latches, one for each 
bit: six (0-5) for the status of the ports and one (6) for the 
status of the timer. 

The status of the timer and the I/O section can be polled by 
reading the CIS Register (Address XXXXXOOO). Status word 
format is shown below: 

Port A Interrupt Request 

Port A Buffer FulVEmpty (InpuVOutput) 

'-------- Port A Interrupt Enable 

'--------_ Port B Interrupt Request 

'---------__ Port B Buffer Full/Empty (InpuVOutput) 

'------------- Port B Interrupt Enabled 

'---____________ Timer interrupt (This bit is latched high 

when terminal count is reached. It is 
reset by reading the CIS register and 
by hardware reset.) 

009348·5 

Figure 3. Command/Status Register Status Word Format. 



8155/8156 

INPUT/OUTPUT SECTION 

The I/O section of the 8155/56 consists of four registers as 
described below. 

• Command/Status Register (C/S) - This register is assigned 
the address XXXXXOOO. The CIS address serves the dual 
purpose. 

When the CIS register is selected during WRITE operation, 
a command is written into the command register. The con
tents of this register are not accessible through the pins. 

When the CIS (XXXXXOOO) is selected during a READ op
eration, the status information of the I/O ports and the timer 
become available on the ADo_7 lines. 

• PA Register - This register can be programmed to be 
either input or output ports depending on the status of the 
contents of the CIS Register. Also depending on the com
mand, this port can operate in either the basic mode or the 
strobed mode (see timing diagram). The I/O pins assigned 
in relation to this register are PAO-7' The address of this 
register is XXXXX001. 

• PB Register - This register functions the same as PA Reg
ister. The I/O pins assigned are PBO_7' The address of this 
register is XXXXX010. 

• PC Register - This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be programmed to 
be either input ports, output ports or as control signals for 
PA and PB by properly programming the AD2 and AD3 bits 
of the CIS register. 

When PCo-s is used as a control port, 3 bits-are assigned 
for Port A and 3 for Port B. The first bit is an interrupt that 
the 8155 sends out. The second is an output signal in
dicating whether the buffer is full or empty, and the third is 
an input pin to accept a strobe for the st~obed input mode. 
See Table 1. 

When the 'C' port is programmed to either AL T3 or AL T 4, the 
control signals for PA and PB are initialized as follows: 

Control Input Mode Output Mode 

BF Low Low 
INTR Low High 
STB Input Control Input Control 

The set and reset of INTR and BF with respect to STB, WR 
and RD timing is shown in Figure 8. 

To summarize, the register's assignments are: 

No. of 
Address Pinouts Functions Bits 

XXXXXOOO Internal Command/Status Register 8 
XXXXXOO1 PAO-7 General Purpose I/O Port 8 
XXXXX010 PBO-7 ~eneral Purpose I/O Port 8 
XXXXX011 PCo-s General Purpose I/O Port 6 

or Control Lines 

The following diagram shows how I/O Ports A and Bare 
structured within the 8155 and 8156: 

8155/8156 
One Bit of Port A or Port B 

STB 

Notes: 1. Output Mode I 
2. Simple Input Multiplexer Control 
3. Strobed Input 
4. = 1 for output mode 

= 0 for input mode. 

009349·6 

Read Port = (loiM' = 1) • (RD = 0) • (CE active) • (Port address 
selected) 

Write Port = (IOiM = 1) • (WR = 0) • (CE active) • (Port address 
selected) 

Note in the diagram that when the I/O ports are programmed 
to be output ports, the contents of the output ports can still be 
read by a READ operation when appropriately addressed. 

Note also that the output latch is cleared when the port enters 
the input mode. The output latch cannot be loaded by writing 
to the port if the port is in the input mode. The result is that 
each time a port mode is changed from input to ouput, the 
output pins will go low. When the 8155/8156 is RESET, 
the output latches are all cleared and all 3 ports enter the 
input mode. 

When in the AL T 1 or AL T 2 modes, the bits of Port Care 
structured like the dfagram above in the simple input or output 
mode, respectively. 

Reading from an input port with nothing connected to the pins 
will provide unpredictable results. 

Table 1. Table of Port Control Assignment. 

Pin ALT 1 ALT 2 ALT3 ALT4 

PCO Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt) 
PC1 Input Port Output Port A BF (Port A Buffer Full) A BF (Port A Buffer Full) 
PC2 Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe) 
PC3 Input Port Output Port Output Port B INTR (Port B Interrupt) 
PC4 Input Port Output Port Output Port B BF (Port B Buffer Full) 
PC5 Input Port Output Port Output Port B STB (Port B Strobe) 
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TIMER SECTION 

The timer is a 14-bit down counter that counts the 'timer input' 
pulses and provides either a square wave or pulse when ter
minal count (TC) is reached. 

The timer has the I/O address XXXXX100 for the low order 
byte, of the register and the I/O address XXXXX101 for the 
high order byte of the register. 

To program the timer, the COUNT LENGTH REG is loaded 
first, one byte at a time, by selecting the timer addrE!sses. Bits 
0-13 will specify the length of the next count and bits 14-15 
will specify the timer output mode. The value loaded into the 
count length register can have any value from 2H through 
3FFFH in bits 0-13. 

There are four modes to choose from: 

a - Puts out low during second half of count 
1 - Square wave 
2 - Single pulse upon TC being reached 
3 - Repetitive single pulse. everytime TC is readied and au
tomatic reload· of counter upon TC being reached, until in
structed to stop by a new command loaded into CIS. 

Bits 6-7 of Command/Status Register Contents are used to 
start and stop the counter. There are four commands to 
choose from (See the further description on Command/Status 
Register.). 

C/S7 C/S6 
a a 
a 1 

a 

NOP - Do not affect counter operation. 
STOP - NOP if timer has not started; stop 
counting if the timer is running. 
STOP AFTER TC - Stop immediately after 
present TC is reached (NOP if timer has not 
started). 
START - Load mode and CNT length and 
start immediately after loading (if timer is 
not presently running). If timer is running, 
start the new mode and CNT length imme
diately after present TC is reached. 

8155/8156 

Tg 

II 

TIMER MODE MSB OF CNT LENGTH 

LSB OF CNT LENGTH 
009346-7 

Figure 4. Timer Format. 

M2 and M1 define the timer mode as follows: 

M2 M1 
a a Puts out low during second half of count. 
a 1 Square wave, i.e., the period of the square 

wave equals the count length programmed with 
automatic reload at terminal count. 

a Single pulse upon TC being reached. 
1 Automatic reload, i.e., single pulse every time 

TC is reached. 

Note: In case of an asymmetric count, i.e., 9, larger half of the count 
will be high, the larger count will stay active as shown in Figure 5. 

I I I 

J tr-_~ 
Note: 5 and 4 refer to the number of clock cycles in that time period. 

Figure 5. Asymmetric Count. 

The counter in the 8155 is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, counting cannot begin fol
lowing RESET until a START command is issued via the CIS 
register. 
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8155/8156 

CE(Am8155) 

OR 

CE (Am8156) 

101M 

ALE 

CE (Am8155) 

OR 

CE (Am8156) 

101M 

ALE 

WAVEFORMS 

A. READ CYCLE. 

009349·9 

B. WRITE CYCLE. 

009349·10 

Figure 7. 8155/8156 Read/Write Timing Diagrams. 
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SF 

INTR 

INPUT DATA 
FROM PORT 

tSBF 

WAVEFORMS (Cont.) 

A. STROBED INPUT MODE. 

_-I--_f-lpHS 

----------~F---~--~~---------------------------------
009348-11 

B. STROBED OUTPUT MODE. 

SF 

INTR 

OUPUT DATA 

TOPORT __________________________ ~~~----------------------------------

009348-12 

Figure 8. Strobed 1/0 Timing. 

BASIC INPUT MODE. BASIC OUTPUT MODE. 

8155/8156 

DATA sus' --:-----:x - - - - - - .'-----------------

\~tF------OA""" :::::::::::::::~ 
OUTPUT 

009348-13 009348-14 

"Data bus timing is shown 'in Figure 7. 

Figure 9. Basic 1/0 Timing Waveform. 
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8155/8156 

TIMER IN 

TIMER OUT 
(PULSE) 

TIMER OUT 
(SQUARE WAVE) 

WAVEFORMS (Cont.) , 

LOAD COUNTER FROM CLR -l 
I 2 I 1 I '5 

RELOAD COUNTER FROM CLR--l 
3 I 2 I 1 I 

\ (NOTE 1) " 
\_----, 

\ , 
\ (NOTE 1) , 
'.,. ________ __ 'filii' 

Note 1: The timer output is periodic if in an automatic reload mode (M1 mode bit = 1). 

Figure 10. Timer Output Waveform Countdown from 5 to 1. ' 

INPUT/OUTPUT WAVEFORMS FOR AC TESTS 

2.4 

2.0 \ ;-- 2.0 

TEST POINTS 

0.8 ----.I ~ 0.8 

0.45 

009349·16 
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Interface Support Products 
Product Description 

Page 
No. 

25LS2521 8-Bit Comparator ...................................................... ,. 6-1 
25LS2535 8-Bit Multiplexer for Control Storage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-2 
25LS2536 8-Bit Decoder with Control Storage ........................................ 6-3 
25LS2548 Chip Select .. . . .. . . .. .. .. .. . . .. .. .. .. . .. . .. .. .. .. .. . .. .. .. . .. .. . . .. .. .. . 6-4 
Am2960 Cascadable 16-Bit Error Detection and Correction ........................... '6-5 
Am2961/2962 4-Bit Error Correction Multiple Bus Buffers ................................ ,. 6-6 
Am2964B Dynamic Memory Controller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-7 
Am2965/2966 Octal Dynamic Memory Driver with Three-State Output ....... '. . . . . . . . . . . . . . . . 6-8 
Am29806 6-Bit Chip Select Decoder ................................................ 6-9 
Am29809 9-Bit Equal-to Comparator .................... , .......................... , 6-9 
Am29818 SSR Diagnostics/WCS Pipeline Register............................ ........ 6-10 
Am29821 1 O-Bit Noninverting Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-11 
Am29822 1 O-Bit Inverting Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-11 
Am29823 9-Bit Noninverting Register. .. . . ....... . .. . . .. .... .... .. ....... ... ..... ... 6-11 
Am29824 9-Bit Inverting Register. .. . . . . . . .... .... .. . . .. .... ... . .. .. .... . ... ... .. . .. 6-11 
Am29825 8-Bit Noninverting Register. .. .. . .. . .... .. ...... .. .... .. .. .. .. . ... .. . ..... 6-11 
Am29826 8-Bit Inverting Register ....................... , ... .... ..... . .. . ... .. . . .... 6-11 
Am29827 '10-Bit Noninverting Bus Buffer ............................................ 6-12 
Am29828 10-Bit Inverting Bus Buffer ............. ;.................................. 6-12 
Am29833 Parity Bus Transceiver with Noninverting Register Option ..................... ~ 6-13 
Am29834 Parity Bus Transceiver with Inverting Register Option. . . . . . . . . . . . . . . . . . . . . . . . . 6-13 
Am29841 10-Bit Noninverting Latch......................................... ........ 6-14 
Am29842 10~Bit Inverting Latch ........................ , .. ..... ..... . .. . ... . . . . . ... 6-14 
Am29843 9-Bit Noninverting Latch ...................... , ................. :. . .. ..... 6-14 
Am29844 9-Bit Inverting Latch.......................................... ... ........ 6-14 
Am29845 8-Bit Noninverting Latch ...................... ,. .. .... ......... ... ... . .... 6-14 
Am29846 8-Bit Inverting Latch ..................................................... 6-14 
Am29853 Parity Bus Transceiver with Noninverting Register Option ..................... 6-13 
Am29854 Parity Bus Transceiver with Inverting Register Option .................. '. . . . . . . 6-13 
Am29861 10-Bit Noninverting Transceiver................................... ........ 6-15 
Am29862 10-Bit Inverting Transceiver....................................... ........ 6-15 
Am29863 9-Bit Noninverting Transceiver .......................................... , . 6-15 
Am29864 9-Bit Inverting Transceiver.. .. . . ........ .. . . .. ....... . .. ... .... ... ........ 6-15 
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Am25LS2521 
Eight·Sit Equal.to Comparator 

DISTINCTIVE CHARACTERISTICS 

• 8-bit byte oriented equal comparator 
• Cascadable using EIN 
• High-speed, Low-Power Schottky technology 
• tpd A. B to tOUT in 9ns 

• Standard 20-pin package 

RELATED PRODUCTS 

Part No. 

Am29806 
Am29809 

Description 

Chip Select Decoder 
9-Bit Comparator 

FUNCTIONAL DESCRIPTION 

The Am25LS2521 is an 8-bit "equal to" comparator capable 
of comparing two 8-bit words for "equal to" with provision 
for expansion or external enabling. The matching of the two 
8-bit inputs plus a logic LOW on the EIN produces an active 
LOW on the output EOUT. 

The logic expression for the device can be expressed as: 
EOUT= (A00 BO) (A1 0B1) (A2 0B2) (A30 B3) (A4 0B4) 
(A50 B5) (A70 B7) EIN. It is obvious that the expression is 
valid where AO - A7 and BO - B7 are expressed as either 
assertions or negations. This is also true for pair of terms i.e. 
AO can be compared with BO at the same time A1 is compared 
with 81. It is only essential that the polarity of the paired 
terms be maintained. 

LOGIC DIAGRAM 
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LOGIC SYMBOL 
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Am25 LS2535 
Eight .nput Multiplexer with Control Register 

DISTINCTIVE CHARACTERISTICS 

• High speed eight-input multiplexer 
• On-chip MUltiplexer Select and Polarity Control Register 
• Ou'tput polarity control for inverting or non-inverting 

output 
• Common register enable 
• Asynchronous register clear 
• Three-state output for expansion 
• Am25LS features improved noise margin, higher drive, and 

faster operation 

FUNCTIONAL DESCRIPTION 

The Am25LS2535 is an eight-input Multiplexer with Control 
Register. The device features high speed from clock to output 
and is intended for use in high speed computer control units 
or structured state machine designs. 

The Am25LS2535 contains an internal register which holds 
the A, Band C multiplexer select lines as well as the POL 
(polarity) control bit. When the Register Enable input (RE) is 
LOW, new data is entered into the register on the LOW-to
HIGH, transition of the clock. When RE is HIGH, the register 
retains its current data. An asynchronous clear input (eLR) is 
used to reset the register to a logic LOW level. 

The A, Band C register outputs select one of eight multiplexer 
data inputs. A HIGH on the Polarity Control flip-flop output 
causes a true (non-inverting) mUltiplexer output, and a LOW 
causes the output to be inverted. In a computer control unit, 
this allows testing of either true or complemented flag data at 
the microprogram sequencer test input. 

An active LOW Multiplexer Enable input (M E) allows the se
lected multiplexer input to be passed to the output. When ME 
is H IG H, the output is determined only by the Polarity Control 
bit. ' 

The Am25LS2535 also features a three-state Output Enable 
control (OE) for expansion. When OE is LOW, the output is 
enabled. When OE is HIGH, the output is in the high imped
ance state. 

LOGIC DIAGRAM 

RELATED PRODUCTS 

Part No. 

Am2922 
Am2923 

Description 

8 Input Multiplexer 
8 Input Multiplexer 

CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 
L·20·1 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Vee I~ I~ cf ~ C Molded DIP Oto +70°C AM25LS2535PC 
0, Hermetic DIP Oto +70°C AM25LS2535DC 
O2 

0, 
03 

Chip-Pak Oto +700C AM25LS2535LC 
Dice Oto +70°C AM25LS2535XC 

liE 
0, Hermetic DIP -55 to +125°C AM25LS2535DM 
OE Hermetic Flat Pack -55 to + 125°C AM25LS2535FM 

D. Chip-Pak -55to+125°C AM25LS2535LM 
Dice -55 to +125°C AM25LS2535XM 

05 CLR 0, 

D. 
07 cI' if cf 

Note: Pin 1 is marked for orientation, 
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Am25LS2536 
Eight-Sit Decoder with Control Storage 

DISTINCTIVE CHARACTERISTICS 

• 8-bit decoder/demultiplexer with control storage 
• 3-state outputs 
• Common clock enable 
• Common clear 
• Polarity control 
• Advanced Low Power Schottky Process 

RELATED PRODUCTS 

Part No. 

Am25LS2537 
Am25LS2538 
Am25LS2539 
Am25LS2548 
Am2921 
Am2924 

Description 

1 of 10 Decoder 
1 of 8 Decoder 
Dual 1 of 4 Decoder 
Chip 'Select Address Decoder 
1 of 8 Decoder 
3 to 8 Line Decoder/Demultiplexer 

FUNCTIONAL DESCRIPTION 

The Am25LS2536 is an eight-bit decoder with control stor
age. It provides a conventional 8-bit decoder function with 
two enable inputs which may also be used for data input. 
This can be used to implement a demultiplexer function. In 
addition, the exclusive "OR" gate allows for polarity control 
of the selected output. The 3-state outputs are enabled, by a 
LOW on the (OE) output enable. 

The three control bits representing the output selection and. 
the single bit polarity control are stored in "0" type flip-flops. 
These flip-flops have both Clear, Clock, and Clock Enable 
functions provided. The G1 and G2 input provide either polar
ity for input control or data. 

LOGIC DIAGRAM 
8-Bit Decoder/Demultiplexer with Control Storage 

CONNECTION DIAGRAMS - Top Views 
Leadless Chip Carrier 

L-20-1 
I;; >s '0 

G, 

Y, 

Y, 

Y, 

Y, 

Note: Pin 1 is marked for orientation. 
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Package 
Type 

ORDERING INFORMATION 

Temperature 
Range 

Order 
Number 

Molded DIP 
Hermetic DIP 

Chip-Pak 
Dice 

Hermetic DIP 
Hermetic Flat-Pak 

Chip-Pak 
Dice 

Oto +70°C 
Oto +70"C 
Oto +70°C 
Oto +70°C 

-55to +125°C 
-55to + 125°C 
-55to + 125°C 
-55 to +125°C 

AM25LS2536PC 
AM25LS2536DC 
AM25LS2536LC 
AM25LS2536XC 
AM25LS2536DM 
AM25LS2536FM 
AM25LS2536LM 
AM25LS2536XM 



Am25LS2548 
Chip Select Address Decoder with Acknowledge 

DISTINCTIVE CHARACTERISTICS 

• One-ot-Eight Decoder provides eight chip select outputs 
• Acknowledge output responds to enables and read or write 

command 
• Open-collector Acknowledge output tor wired-OR application 
• Inverting and non-inverting enable inputs tor upper address 

decoding 

RELATED PRODUCTS 

Part No. 

Am25LS2536 
Am25LS2537 
Am25LS2538 
Am25LS2539 
Am2921 
Am2924 

Description 

8-Bit Decoder 
1 of 10 Decoder 
1 of 8 Decoder 
Dual 1 of 4 Decoder 
1 of 8 Decoder 
3 to 8 Line Decoder/Demultiplexer 

FUNCTIONAL DESCRIPTION 

The Am25LS2548 Address Decoder combines a three-line to 
eight-line decoder with four qualifying enable inputs (two active 
HIGH and two active LOW) and the acknowledge output re
quired for "ready" or "wait state" control of all popular MOS 
microprocessors. 

, The acknowledge output, ACK, is active LOW and responds to 
the combination of all'enables active and a read (RD) or write 
(WR) input command. 

The eight· chip select outputs are individually active LOW in 
response to the combination of all enables active and the corre
sponding 3-bit input code at inputs A, 8, and C. ' 

The Am25LS2548 is intended for chip select decoding in small, 
medium or large systems where multiple chip selects must be 
generated and address space 'must be allocated conservatively. 

LOGIC DIAGRAM 

C--~:>O~~----~~>O--------~------'-----~~-----' 
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E4 
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WR 
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CONNECTION DIAGRAMS - Top Views 

Vs 
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Note: Pin 1 is marked for orientation. 
BLI·046 
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LOGIC SYMBOL 
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Am2960 • Am2960-1 
Am2960A 

Cascadable 16·8it Error Detection and Correction Unit 

DISTINCTIVE CHARACTERISTICS 

• Boosts Memory Reliability 
Corrects all singleLbit errors. Detects all double and some 
triple-bit errors. Reliability of dynamic RAM systems is' in
creased more than 60-fold. 

• Very High Speed 
Perfect for MaS microprocessor, minicomputer, and main
frame systems. 
- Data in to error detect: 32ns worst case. 
- Data in to corrected data out: 65ns worst case. 

High performance systems can use the Am2960 EDt in 
check-only mode to avoid memory system slowdown. 

• Replaces 25 to 50 MSI chips 
All necessary features are built-in to the Am2960 EDC, includ
ing diagnostics, data in, data out, and check bit latches. 

• Handles Data Words From 8 to 64 Bits 
The Am2960 EDC cascades: 1 EDC for 8 or 16 bits, 2 for 32 
bits, 4 for 64 bits. 

• Easy Byte Operations 
Separate byte enables on the data out latch simplify the steps 
and cuts the time required for byte writes. 

• Diagnostics Built-In 
The processor may completely exercise the EDC under 
software control to check for proper operation of the EDC. 

GENERAL DESCRIPTION 

The Am2960 Error Detection and Correction Unit (EDC) contains 
the logic necessary to generate check bits on a 16-bit data field 
according to a modified Hamming Code, and to correct the -data 
word when check bits are supplied. Operating on data read from 
memory, the Am2960 will correct any single bit error and will 
detect all double and some triple bit errors. For 16-bit words, 6 
check bits are used. The Am2960 is expandable to operate on 
32-bit words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome available on 
separate outputs for data logging. 

The Am2960 also features two diagnostic modes, in which diag
nostic data can be forced into portions of the chip to simplify 
device testing and to execute system diagnostic functions. The 
product is supplied in a 48 lead hermetic DIP package. 

BLOCK DIAGRAM 
LEOUT~>------------, 

DE BYTE 0 L.;>---------, 

CBO_6 L.;>+t--------t--+-----------------------------------. 
(CHECK 

BITS) 

DATAo_7 1C:*++-----.-! 

DATAS_15 K ~:.t++-__ t-t 

OEBYTE1L.;>-+-r-r---~ 

LE IN L.:>-+-+-r------' 

LE DIAG 

CODE 10 L...;-.f------I 
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These devices are 
also characterized 
as: 

Am2961 • Am2962 
AmZ8161 
AmZ8162 

4·Sit Error Correction Multiple Sus Suffers 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI bus-transceiver 
• Provides complete data path interface between the Am2960 

Error Detection and Correction Unit, the system data bus 
and dynamic RAM memory 

• Three-state 24mA output to data-bus 
• Three-state data output to memory 
• Inverting data bus for Am2961 and noninverting for Am2962 
• Data bus latches allow operation with multiplexed buses 
• Space saving 24-pin 0.3" package 

lOGIC SYMBOL 

ID3 0i2 Oi, 010 003 002 1m, Imo 

OED 
LEY 

Am2961 
OEY 

LEB 

Bo 8, 82 B3 

B-Bus is noninvertin9 for Am2962. 

CONNECTION DIAGRAM 
Top View 

S Vee 

OEY OED 
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(Bol tio B3 (B31 

Yo Y3 

010 013 
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Y, Y2 

(B,I9", ti2 (B21 

00, 002 

LEY OEB 

GND LEB 

24 pin slim (0.3") 

Y3 

Y2 

Y, 

Yo 

Note: Pin 1 is marked for orientation. BLI-122 
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FUNCTIONAL DESCRIPTION 

The Am2961 and Am2962 are high-performance, low-power 
Schottky multiple bus buffers that provide the complete data path 
interface between the Am2960 Error Detection and Correction 
Unit, dynamic RAM memory and the system data bus. The 
Am2961 provides an inverting data path between the data bus 
(Bi) and the Am2960 error correction data input (Vi) and the 
Arri2962 provides a noninverting configuration (Bi to Vi). Both 
devices provide inverting data paths between the Am2960 and 
memory data bus thereby optimizing internal data path speeds. 

The Am2961 and Am2962 are 4-bit devices. Four devices are 
used to interface each 16-bit Am2960 Error Detection and Cor
rection Unit with dynamic memory. The system can easily be 
expanded to 32 o"r more bits for wider memory applications. The 
4-bit configuration allows enabling the appropriate devices 
two-at-a-time for intermixed word or byte, read and write in 16-bit 
systems with error correction. 

Data latches between the error correction data bus and the sys
tem data bus facilitate byte writing in memory systems wider than 
a-bits. They also provide a data holding capability during single
step system operation. 

MEMORY 
DATA 

INPUT 
DIN 

LOGIC DIAGRAM 
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DATA BUS 
Y 
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*Am2962 is the same function but noninverting to the system 
data bus, B. 



Am2964B 
Dynamic Memory Controller 

DISTINCTIVE CHARACTERISTICS 

• Dynamic Memory Controller for 16K and 64K MaS 
dynamic RAMs 

• 8-Bit Refresh Counter for refresh address generation, 
has clear input and terminal count output 

• Refresh Counter terminal count selectable at 256 or 128 
• Latch input RAS Decoder provides 4 RAS outputs, all 

active during refresh 
• Dual 8-Bit Address Latches plus separate RAS Decoder 
, Latches 

• Grouping functions on a common chip minimizes speed 
differential or skew between address, RAS and CAS 
outputs 

• 3-Port, 8-Bit Address Multiplexer with Schottky speed 
• Burst mode, distribut~d refresh or transparent refresh 

mode determined by user 
• Noninverting address, RAS and CAS paths 

eASO 

CASi 

CUi 

fC 

Vee 

A,. 
0., 

AT 

A,. 
O. 

NC 

CONNECTION DIAGRAMS 
Top Views 
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FUNCTIONAL DESCRIPTION 

The Am2964B Dynamic Memory Controller (DMC) replaces 
a dozen MSI devices by grouping several unique functions. 
Two 8-bit latches capture and hold the memory address. 
These latches and a clearable, 8-bit refresh counter feed 
into an 8-bit, 3-input, Schottky speed MUX, for output to the 
dynamic RAM address lines. 

The same silicon chip also includes a special RAS decoder 
and CAS buffer. Placing these functions on the same chip 
minimizes the time skew between output functions which 
would otherwise be separate MSI chips, and therefore, 
allows a ~aster memory cycle time by the amount of skew 
eliminated. 

The RAS Decoder allows upper addresses to. select one
of-four banks of RAM by determining which bank receives a 
RAS input. During refresh (RFSH = LOW) the decoder 
mode is changed to four-of-four and all banks of memory 
receive a. RAS input for refresh in response toa RASI active 
LOW input. CAS is inhibited during refresh. 

Burst mode refresh is accomplished by holding RFSH LOW 
and toggling RASI. 

A15 is a dual function input which controls. the refresh 
counter's range. For 64K RAMs it is an address input. For 
16K RAMs it can be pulled to +12V through 1KO to termi
nate the refresh count at 128 instead of 256. 

LOGIC DIAGRAM 
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This device is also 
characterized as: Am2965 • Am2966 
ArnZ8165 
ArnZ8166 

Octal Dynamic Memory Drivers with Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Controlled rise and fall characteristics 
Internal resistors provide symmetrical drive to HIGH and 
LOW states, eliminating need for external series resistor. 

• Output swings designed to drive 16K and 64K RAMs 
VOH guaranteed at Vcc -1.15V. Undershoot going LOW 
guarante,ed at less than 0.5V. 

• Large capacitive drive capability 
35mA min source or sink current at 2!JV. Propagation 
delays specified for 50pF and 500pF loads. 

• Pin-compatible with 'S240 and 'S244 
Non-inverting Am2966 replaces 745244; inverting Am2965 
replaces 745240. Faster than '5240/244 under equivalent 
load. 

• No-glitch outputs 
Outputs forced into OFF state during power up and down. 
No glitch coming out of three-state. 

CONNECTION DIAGRAM 
Top View 

1G Vee 

lAl 2G 

2Y4 1Yl 

lA2 2A4 

2Y3 1Y2 

lA3 2A3 

2Y2 1Y3 

lA4 2A2 

2Yl 1Y4 

GND 2Al 

Note: Pin 1 is marked for orientation. 
BlI-125 

FUNCTIONAL DESCRIPTION 

The Am2965 and Am2966 are designed and specified to drive the 
capacitive input characteristics of the address and control lines of 
M05 dynamic RAMs. The unique design of the lower output 
driver includes a collector resistor to control undershoot on the 
HIGH-to-LOW transition. The upper output driver pulls up to V cc 
- 1.15V to be compatible with MaS memory and is designed to 
have a rise time symmetrical with the lower output's controlled fall 
time. This allows optimization of Dynamic RAM performance. 

The Am2965 and Am2966 are pin-compatible with the popular 
'5240 and '5244 with identical3-state output enable controls. The 
Am2965 has inverting drivers and the Am2966 has non-inverting 
drivers. 

The inclusion of an internal resistor in the lower output driver 
eliminates the requirement for an external series resistor, there
fore reducing package count and the board area required. The 
internal resistor controls the output fall and un'dershoot without 
slowing the output rise. 

These devices are designed for use with the Am2964 Dynamic 
Memory Controller where large dynamic memories with highly 
capacitive input lines require additional buffering. Driving eight 
address lines or four RA5 and four CA5 lines with drivers on the 
same silicon chip also provides a significant performance ad
vantage by minimizing skew between drivers. Each device has 
specified skew between drivers to improve the memory access 
worst case timing over the min and max tpD difference of un
specified devices. 

TYPICAL OUTPUT DRIVER 

------1>-----0 Vee 

R '" 250 

OUTPUT TO 
RAM ADDRESS 

+---- OR CONTROL 
LINES 

R '" 250 

------4>-----0 GND 

BlI-126 

LOGIC DIAGRAMS 

Am2965 Am2966 

lAl 1Yl 2Al 2Yl lAl 2Yl 

lA2 1Y2 2A2 2Y2 , lA2 1Y2 2A2 2Y2 

lA3 1Y3 2A3 2Y3 Inputs Outputs lA3 1Y3 2A3 2Y3 Inputs Outputs 

G A V G A V 
lA4 1Y4 2A4 2Y4 lA4 1Y4 2M 2Y4 

H X Z H X Z 
L H L L L L 

1G 2G L L H iG 2G 
L H H 

BlI-127 3L1-128 
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Am29806/Am29809 
6·8it Chip Select Decoder 
9·Sit Equal·to Comparator 

PRELIMINARY 

DISTINCTIVE CHARACTERISTICS 

• High-speed, expandable, 9-bit "equal-to" comparator 
(Am29809) 

GENERAL DESCRIPTION 

Am29809 9-Bit Comparator 

The Am29809 is a 9-bit "equal-to" comparator. Its com
binatorial, active LOW output, EOUT' responds to the combi
nation of a LOW input on the enable input G and a match 
between input words A and B. 

• High-speed comparator with chip select decoder 
(Am29806) 

• Multibus™ compatible, open-collector acknowledge 
output 

• Internal pull-up resistors on all B inputs 
• Acknowledge timing control input 
• 24-pin, 0.3" space-saving package 
• Fully TTL-compatible inputs and outputs 
• IMOXTM high-performance IMplanted OXide 

isolated process 

BLOCK DIAGRAM 

Am29806 (S-Bit) 

r1-----1~-_Ii>c.---ANYE 

c --c:><>-----' 
5, 

...----., ...----·2 
1-----., 
...----E"o 

Am29809 (9-Bit) 

034248-1 

034248-2 

Am2980S Chip Select Decoder 

The Am29806 combines a 6-bit "equal-to" comparator with 
a 2- to 4-line decoder to select one-of-four active LOW chip 
select outputs. The selected output becomes active in re
sponse to the select inputs So, S1 and is enabled by an active 
LOW input on the enable input G and a match between 
comparator inputs A and B. The active LOW output, Any 
Enable (ANYE), responds to a valid comparison of ~ and 
B and is intended for use as an output enable control for 
data path buffers associated with the selected peripheral 
or board. 

Both devices have open collector, active LOW acknowledge 
outputs with a conditional timing input C that may be driven 
by a timing circuit or wait state generator. The acknowledge 
output responds to a valid comparison, G = LOW and 
C = Law. 
Both devices have internal pull-up resistors on the com
parator B-inputs for easy connection to SPST switches to 
ground selected input lines. The comparator function is 
described by: 

EOUT = (Ao • Bo) (A1 • B1) (A2 • B2) ... (Ai • Bi) G 

ORDERING INiiiORMATION 
Order the part number according to the table below to obtain the desired package. temperature range and 
screening level. 

Package Type Operating Range Screening Level 
Order Number Order Number _ (Note 1) (Note 2) (Note 3) 

Am29806PC Am29809PC D-24-SLIM C C-1 
Am29806PC-8 Am29809PC-8 P-24-SLIM C 8-2 (Note 4) 
Am29806DC Am29809DC D-24-SlIM C C-1 
Am29806DC-8 Am29809DC-8 D-24-SLIM C 8-2 (Note4) 
Am29806DM Am29809DM D-24-SLIM M C-3 
Am29806DM-8 Am29809DM-8 D-24-SLIM M 8-3 
Am29806LC , Am29809LC L-28-1 C C-1 
Am29806LC-8 Am29809LC-8 L-28-1 to be C 8-2 (Note 4) 
Am29806LM Am29809LM L-28-1 announced M C-3 
Am29806LM-8 Am29809LM-8 L-28-1 M 8-3 

Am29B06XC Am29809XC Dice C } Visuallnsp to 

Am29806XL Am29809XL Dice M 
MIL-STO-883 
Method 20108 

Notes: 1. D = Hermetic DIP, L = Chip-Pak, Number following letter is number of leads. 
2. C = 0 to 70°C, Vee = 4.5 to 5.5V, M = -55 to 125°C, Vee = 4.50 to 5.50V. 
3. LevelS C-1 and C-3 conform to MIL-STD-883, Class C. Level 8-3 conforms to MIL-STO-883, Class 8. 
4. 160 hOur burn-in. 

Multibus is a trademark of Intel Corporation. IMOX is a trademark of ~~9anced Micro Devices, Inc. 03424B-ABL 



Am29818 
SSRTM Diagnostics/WCS Pipeline Register 

. ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• High-speed noninverting 8-bit parallel register for any 
data path or pipelining application 

• High-speed 8-bit "shadow register" with serial shift 
mode for Serial Shadow Register (SSR) Diagnostics 
- Controllability: serial scan in new machine state 
- Observability: serial scan out diagnostics 

routine results 
• WCS (Writable Control Store) pipeline register 

- Load WCS from serial register 
- Read WCS via serial scan 

• IMOXTM high performance IMplanted OXide 
isolated process 

• 24-pin, 0.3" space saving package 
• Alternate sourced as SN54/74S818 

CONNECTION DIAGRAM 

OEY vcc 

OCLK MODE 

Do Yo 

0, Y, 

02 'Y2 

0 3 Y3 

04 Y4 

Os Ys 

Os Ys 

D7 Y7 

SOl SOO 

GNO PCLK 

Leadless Chip Carrier 
L-28-1 

ABL-013 

IMOX and SSR are tnidemarks of Advanced Micro Devices, Inc. 

GENERAL DESCRIPTION 

The Am29818 is a high-speed, general-purpose pipeline 
register with an on-board shadow register for performing 
Serial Shadow Register (SSR) Diagnostics and/or Writable 
Control Store loading. 

The D-to-Y path provides an 8-bit parallel data path 
pipeline register for normal system operation. The shadow 
register can load parallel data to or from the 'pipeline regis
ter and can output data through the D input port (as in WCS 
loading). 

The 8-bit shadow register has multiplexer inputs that select 
parallel inputs from the Y -port or adjacent bits in the 
shadow register to operate as a right-shift-only shift regis
ter. This register can then participate in a serial loop 
throughout the system where normal data, address, status 
and control registers are replaced with Am29818 Diagnostic 
Pipeline Registers. The loop can be used to scan in a com
plete test routine starting point (data, address, etc.). Then 
after a specified number of machine cycles scan out the 
results to be inspected for the expected results. WCS load
ing can be accomplished using the same technique. An 
instruction word can be serially shifted into the shadow 
register and written into the WCS RAM by enabling the 
Doutput. 

BLOCK DIAGRAM 

SOl 

OCLK 

MODE 

PCLK 

ABL-014 

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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-Am29821/822 • Am29823/824· 
Am29825/826 

High Performance Bus Interface Registers 

DISTINCTIVE CHARACTERISTICS 

• High-speed parallel registers with positive 
edge-triggered D-type flip-flops 
- Noninverting CP~ Y tpD = 7.5ns typ 
- Inverting CP-Y tpD = 7.5ns typ 

• Buffered common Clock Enable (EN) 
• Buffered common asynchronous Clear input (CLR) 
• Three-state outputs glitch fr,ee during power-up and 

down 
• Outputs have Schottky clamp to ground 
• 48mA Commercial IOl' 32mA MIL IOl 
• Low input/output capacitance 

- 6pF inputs (typical) 
-: 8pF outputs (typical) 

• Metastable" Hardened" Registers 
• IoH specified at 2.0V and 2.4V 
• 24-pin 0.3" space saving package 
• IMOXlM high performance !Mplanted OXide isolated 

process 

FUNCTIONAL DESCRIPTION 

The Am29820 Series bus interface registers are designed to 
eliminate the extra packages required to buffer existing reg
isters and provide extra data width for wider address/data 
paths or buses carrying parity. The Am29821 and Am29822 
are buffered, 10-bit wide versions of the popular '374/'534 
functions. The Am29823 and Am29824 are 9-bit wide buf
fered registers with Clock Enable (EN) and Clear (CLR) -
ideal for parity bus interfacing in high performance micro
programmed systems. The Am29825 and Am29826 are 
8-bit buffered registers with all the '823/4 controls plus mUlti
ple enables (OE1, OE2, OE3) to allow multiuser control of the 
interface, e.g., CS, DMA, and RD/WR. They are ideal for use 
as an output port requiring high IOl/IOH. 

All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 

Device 

10-Bit 9-Bit 8-Bit 

I Noninverting Am29821 Am29823 Am29825 

I Inverting Am29822 Am29824 Am29826 

LOGIC DIAGRAM 

LBI-001 

IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am29827/Am29828 
High Performance Buffers 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• High-speed buffers and inverters 
- Noninverting tpD = 4.5ns typ 
- Inverting tpD ':= 4.0ns typ 

• 200mV minimum input hysteresis on input data ports 
• Three-state outputs glitch-free during power-up 

and-down 
• Outputs have Schottky clamp to ground 
• 48mA commerciallOL, 32mA military IOL 
• High capacitance load capability 
• Low capacitance inputs and outputs 
• IOH specified 2.0V and 2.4V 
• 24-pin 0.3" space saving package 
• Fully TTL compatible inputs and outputs 
• IMOX™ high performance IMplanted OXide 

isolated process 

0E1 

Do 

01 

02 

Am29827/Am29828 
10-BIT BUS DRIVERS 

Vee 

Yo 

Y1 

Y2 

03 Y3 

~Sv 04 Y, 

Os Ys OE1 

Os Ys 0E2 

1>7 Y7 
Am29827 (NONINVERTING) 

Oa Va 

Og Yg 

GNO 0E2 

ABI-126 

IMOX is a trademark of Advanced Micro Devices, Inc. 

FUNCTIONAL DESCRIPTION 

The Am29827 and Am29828 10-bit bus buffers provide 
high performance bus interface buffering for wide datal 
address paths or buses carrying parity. The 10-bit buffers 

, have NOR-ed output enables for maximum control flexi
bility. All buffer data inputs have 200mV minimum input 
hysteresis to provide improved noise rejection. 

6-12 

All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 
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0 3 

04 

Os 

Os 

0 7 
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Am29827/Am29828 ' 
10-BIT BUFFERS 
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Y1 
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Y4 

Ys 

Ys 

Y7 

Ya 
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Am29833/34 • Am29853/54 
Parity Bus Transceivers 

PRELIMINARY 

DISTINCTIVE CHARACTERISTICS 

• High-speed bidirectional bus transceiver for processor 
organized devices 

• Error flag with open-collector output 
• Generates odd parity for all-zero protection 
• Buffered direction three-state control 
• Separate Transmit and Receive enable controls 
• Output short-circuit protected to VCC limits 
• 200mV minimum input hysteresis on input data ports 
• High-capacitance drive capability 

48mA commerciallOL 
32mA military IOL 

• 24-pin 0.3" slim DIP package 

OER 

Ro 

Rl 

R2 

R3 

R4 

Rs 

R6 

R7 

ERR 

ClR 

GND 

ABI-l06 

CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 
L-28-1 

8-BIT TO 9-BIT PARITY TRANSCEIVERS 

Vee OER 

To Ro 

Tl Rl 

T2 R2 

T3 Ra 

T4 R4 

T~ Rs 

T6 R6 

T7 R7 

PARITY ERR 

OET ClR 

ClK GND 

ABI-l05 

Vee 

To 

Tl 

T2 

T3 

T4 

Ts 

T6 

T7 

PARITY 

OET 

EN 

ABI-l07 

6-13 

FUNCTIONAL DESCRIPTION 

The Am29833/34/53/54 are high-performance bus trans
ceivers designed for two-way communications. They each 
contain an 8-bit data path from the A (port) to the B (port), a 
9-bit data path from the B (port) to the A (port), and a 9-bit 
parity checker/generator. Two options are available. The 
Am29833/34 register option, and the Am29853/54 latch op
tion. With the register option, the error flag can be clocked 
and stored in a register and read at the open-collector ERR 
output. The clear (CLR) input is used to clear the error flag 
register. With the latch option, the error can be either 
p~ssed, stored, sampled or cleared at the error flag output 
by using the EN and CLR controls. 

The output enables OET and OER are used to force the 
port outputs to the high-impedance state so that the device 
can drive bus lines directly. In addition, the OER and OET 
can be used to force a parity error by enabling both lines 
simultaneously. This transmission of inverted parity gives 
the designer more system diagnostic capability. The 
Am29833 and Am29853 are noninverting, while the 
Am29834 and Am29854 present inverting data at the out
puts. The devices are specified at 48mA output sink current 
over the commercial range and 32mA over the military 
range. 

ORDERING INFORMATION 

Order the part number according to the table below to 
obtain the desired package, temperature range, 

and screening level. 

Package Operating Screening 
Order Type Range Level 

Number (Note 1) (Note 2) (Note 3) 

AM2983-1S_DC D-24-SLIM C C-1 
AM2983-1S_DCB D-24-SLIM C B-2 (Note 4) 
AM2983-1S_DM D-24-SLIM M C-3 
AM2983-1S_DMB D-24-SLIM M B-3 
AM2983-1S_LC L-28-1 C C-1 
AM2983-1S_LCB L-28-1 C B-2 (Note 4) 
AM2983-1S_LM L-28-1 M C-3 
AM2983-1S_LMB L-28-1 M B-3 

AM2983-1S_XC Dice - C } 
Visual inspection 
to MIL-STD-883 

AM2983-1S_XM Dice M Method 201 OB. 

Notes: 1. D = Hermetic DIP, L = Chip-Pak. Number following 
letter is number of leads. 

2. C = 0 to +70°C, Vee = 4.7S to S.25V, M = -SS to 
+12SoC, Vee = 4.S0 to S.SOV. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. 
Level B-3 conforms to MIL-STD-883, Class B. 

4. 160 hour burn-in. 



Am29841/842 • Am29843/844 • 
Am29845/846 

High Performance Bus Interface Latches 

DISTINCTIVE CHARACTERISTICS 

• High-speed parallel latches 
- Noninverting transparent tpD = 5.25ns typ 
- Inverting transparent tPD = 6.0ns typ 

.• Buffered common latch enable, clear and preset input 
• Three-state outputs glitch-free during power-up and down 
• Outputs have Schottky clamp to ground 
• 48mA Commercial IOL, 32mA MIL IOL 
• . Low inpuVoutput capacitance 

- 6pF inputs (typical) 
- 8pF outputs (typical) 

• IOH specified 2.0V and 2.4V 
• 24-pin 0.3" space saving package 
• Fully TTL compatible inputs and outputs 
• IMOXTM high performance [Mplanted OXide isolated 

process 

FUNCTIONAL DESCRIPTION 

The Am29840 Series bus interface latches are designed to 
eliminate the extra packages required to buffer existing 
latches and provide extra data width for wider address/data 
paths or buses carrying parity. The Am29841 and Am29842 
are buffered, 10-bit wide versions of the popular '373 func
tion. The Am29843 and Am29844 are 9-bit wide buffered 
latches with Preset (PRE) and Clear (CLR) - ideal for parity 
bus interfacing in high performance systems. The Am29845 
and Am29846 are 8-bit buffered latches with all the '843/4 . 
controls plus multiple enables (OE1, OE2, OE3) to allow 
multiuser control of the interface, e.g., CS, DMA, and 
RD/WR. They are ideal for use as an output port requiring 
high IOL/IOH. 

All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. . , 

Device 

10-Bit 9-Bit a-Bit 

I Noninverting Am29841 Am29843 Am29845 

I Inverting Am29842 Am29844 Am29846 

LOGIC DIAGRAM 
Am29843 

ABI-010 

IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am29861 
Am29863 

• Am29862 
• Am29864 

High Performance Bus Transceivers 
ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• High-speed symmetrical bidirectional transceivers 
- Noninverting tpD = 4.5ns typ 
- Inverting tpD = 4.0ns typ 

• 200mV minimum input hysteresis on input data ports 
• Three-state outputs glitch-free during power-up 

and-down 
• Outputs have Schottky clamp to ground 
• 48mA commerciallOL, 32mA military IOL 
• Low input/output capacitance 

- 6pF inputs (typical) 
- 8pF outputs (typical) 

• IOH specified 2.0V and 2.4V 
• 24-pin 0.3" space saving package 
• Fully TTL compatible inputs and outputs 
• IMOX™ high performance IMplanted OXide 

isolated process 

OER 

Ro 

R1 

R2 

R3 

R4 

Rs 

R6 

R7 

Rs 

Rg 

GND 

Am29861j Am29862 
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Ts 

T6 

T7 OER 
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Tg Am29861 (NON INVERTING) 

OET 

T 

FUNCTIONAL DESCRIPTION 

The Am29860 Series bus transceivers provide high per
formance bus interface buffering for wide data/address 
paths or buses carrying parity. The Am29863/64 9-bit 
transceivers have NOR-ed output enables for maximum 
control flexibility. All transceiver data inputs have 200mV 
minimum input hysteresis to provide improved noise 
rejection. 

All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 
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Am29863jAm29864 
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ABI-092 ABI-093 

IMOX is a trademark of Advanced Micro Devices, Inc. 
This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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Am8120 
Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 

DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input 
• Buffered common asynchronous clear input 
• Three-state outputs 
• 8-bit, high-speed parallel register with positive edge-triggered, 

Ootype fli~flops 

RELATED PRODUCTS 

Part No. 

Am25S18 
Am2920 
Am2954/S 

Description 

Quad D Register 
Octal D Type Flip-Flop 
Octal D Registers 

FUNCTIONAL DESCRIPTION 

The Am8120 is an 8-bit register built using advanced Low
Power Schottky technology. The register consists of eight 
Ootype flip-flops with a buffered common clock, a buffered 
common clock enable, a buffered asynchronous clear input, 
and three-state outputs. 

When the clear input is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW). independent of all other 
inputs. When the clear input is HIGH, the register operates in 
the normal fashion. 

When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 
When the output enable (OE) input is HIGH, the Youtputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 

The clock enable input (E) is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the Eis LOW, new data is entered 
into the register on the LOW-to-HIGH transition of the clock 
input. ' 

This device is packaged in a slim, 24-pin package (0.3 inch 
row spacing). 

LOGIC DIAGRAM 
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ENABLE 

CP 

BLI-18l 

vo 
'DO 

0, 

v, 

V, 

0, 

0, 

v, 

Y, 

CONNECTION DIAGRAMS -Top Views' 

Vee 

v, 

0, 

0, 

v, 

v, 

0, 

0, 

v, 
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Note: Pin 1 is marked for orientation. 'Reserved - do not use. 
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Package 
Type 

ORDERING INFORMATION 

Temperature 
Range 

Molded DIP 
Hermetic DIP 

Chip-Pak 
Dice 

Hermetic DIP 
Hermetic Flat Pack 

Chip-Pak 
Dice 

Oto +7Cf'C 
Oto +7Cf'C 
Oto +70°C 
Oto +70°C 

-SSto + 12SoC 
-SSto +12SoC 
-S5to +12SoC 
-55to +12SoC 

Y7 BLI-180 

Order 
Number 

AM8120PC 
AM8120DC 
AM8120LC 
AM8120XC 
AM8120DM 
AM8120FM 
AM8120LM 
AM8120XM 



Am8163 • Am8167 
Dynamic Memory Timing, Refresh and EDC Controllers 

DISTINCTIVE CHARACTERISTICS 

• Complete CPU to dynamic RAM contro.1 interface 
• RAS/MSEL/CAS Sequencer to eliminate delay lines 
• Memory request/refresh arbitration . 
• Complete EDC/data path controls for Word/Byte 
rnador~~e . 

• Automatic write-back of corrected data and check bits 
when single errors are detected on any read cycle 

• Refresh interval timer independent of CPU 
• Refresh control during Single-Step or Halt modes 
._ EDC error flag latches for error logging under 

software control 
• Two timing configurations support a broad range 

of processors (Z80, Z8000, 8086, 8088, MC68000) 

GENERAL DESCRIPTION 

The Am8163 and Am8167 are high speed bus interface 
controllers forming an integral part of the 8086 and 
AmZ8000· memory support chip set using dynamIc MOS 
RAMs with Error Detection and Correction (EDC). The 
complete chip set includes the Am8284A and AmZ8127 
Clock Generators, the Am2964B .Dynamic Memory 
Controller, the Am2961/62 EDC Bus Buffers, the Am2960 
EDC Unit and Am2965/66 RAM Drivers. 

The Am8163 and Am8167 provide all of the control inter
face functions including RAS/Address-MUX/CAS timing 
(without ·delay lines), refresh timing, memory request/ 
refresh arbitration and all EDC enables and controls. The 
enable controls are configured for both word and byte oper
ations including the data controls for byte write with error 
correction. The Am8163/7 generates bus and operating 
mode controls for the Am8160 EDC Unit. 

The Am8163/7 uses the AmZ8127 oscillatm output to 
generate RAS/Address MUX/CAS timing. An internal 
refresh interval timer generates the memory refresh request 
independent of the CPU to guarantee the proper refresh 
timing under all combinations of CPU and DMA memory 
requests. 

BLOCK DIAGRAM 
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Am8212 
Eight.Sit 'nput/Output Port 

Distinctive Characteristics 
• Fully parallel, a-bit data register and buffer replacing 

latches, multiplexers and buffers needed in micro
processor systems. 

• 4.0V output high voltage for direct interface to MOS 
microprocessors, such as the Am9080A family. 

• Input load current 250llA max. 
• Reduces system package count, 

FUNCTIONAL DESCRIPTION 

All of the principal peripheral and input/output functions of a 
Microcomputer System can be implemented with the Am8212. 
The Am8212 input/output port consists of. an 8-latch with 
3-state output buffers along with control and device selection 
logic, which can be used to implement latches, gated buffers 
or multiplexers. 

LOGIC DIAGRAM 
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011 001 

01 2 002 
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006 
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008 
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• Available for operation over both commercial and 
military temperature ranges. 

• Service request flip-flop for interrupt generation 

• Three-state outputs sink 15mA 

• Asynchronous register clear with clock over-ride 

CONNECTION DIAGRAM 
Top View 

Dsi 24 Vcc 

MO 23 iNf 

011 22 OIS 

0°1 21 DOS 

01 2 20 01 7 , 

0°2 19 DO) 

Am8212 
01 3 lS 01 6 

0°3 17 0°6 

01 4 16 015 

0°4 10 15 0°5 

STB 11 14 CLR 

GNO 12 13 OS2 

Note: Pin 1 is marked for orientation, 

LlC·424 

PIN DEFINITION 

01,- 018 DATA IN 

00,-008 DATA OUT 

DS,- DS2 DEVICE SELECT 

MD MODE 

STB STROBE 

INT INTERRUPT (ACTIVE LOW) 

CLR 

Package 
Type 

Hermetic DIP 
Hermetic DIP 
Molded DIP 

Dice 

CLEAR (ACTIVE LOW) 

ORDERING INFORMATION 

Tempe'rature 
Range 

-55°C to +125°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Order 
Number 

AM8212DM 
08212 
P8212 

AM8212XC 



Am8216 • Am8226 
Four·Bit Parallel Bidirectional Bus Driver 

Di.stinctive Characteristics 
• Data bus buffer driver for 8080 type CPU's 
• Low input load'current --,- O.25mA maximum 
• High output drive capability for driving system data 

bus - 50mA at 0.5V 
o Am8216 has non-inverting outputs 
o Output high voltage compatible with directl interface 

to MOS 

FUNCTIONAL DESCRIPTION 

The Am8216 and Am8226 are four-bit, bi·directional bus 
drivers for use in bus oriented applications. The non-inverting 
Am8216, and inverting Am8226 drivers are provided for flexi
bility in system design. 

Each buffered I ine of the four bit driver consists of two 
separate buffers that are three-state to achieve direct bus inter
face and bi-directional capability. On one side of the driver the 
output of one buffer and the input of another are tied together 
(DB), this side is used to interface to the system side com
ponentssuch as memories, 1/0, 'etc., because its interface is 
TTL compatible and it has high drive (50mA). On the other 
side of the driver the inputs and outputs are separated to 
provide maximum flexibility. Of course, they can be tied 
together so that the driver can be used to buffer a true bi-direc-

• Three-state outputs 
• Advanced Schottky processing 
• Available in military and commercial temperature 

range 
• Am8226 has inverting outputs 

tional bus. The DO outputs on this side of the driver have a 
special high voltage output drive capability so that direct inter
face to the 8080 type CPUs is achieved with an adequate 
amount of noise immunity. 

The CS input is a device enable. When it is "high" the output 
drivers are all forced to their high-impedance state. When it is 
a "LOW" the device is enabled and the direction of the data 
flow is determ ined by the 0 I EN input. 

The OlEN input controls the direction of data flow which is 
accomplished by forcing one of the pair of buffers into its high 
impedance state and allowing the other to transmit its data. A 
simple two gate ::ircuit is used for this function. 

LOGIC DIAGRAMS 

LlC-439 

Package 
Type 

Hermetic DIP 
Hermetic DIP 
Molded DIP 

Dice 

Am8216 

Dla o-----I>--+_---. 
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DI,o---t-----i>-:--+_---. 
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DI3o---t-----i>--+_----, 

DB3 

D03 o---t-----ca--+_--' 

DI EN 0----++-----' 
'-----4-----Qcs 

ORDERING INFORMATION, 

Temperature 
Range 

-55°C to +125°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Am8216 

Order 
Number 

MD8216 
08216 
P8216 

AM8216XC 

Am8226 

Order 
Number 

MD8226 
08226 

I P8226 
AM8226XC 

Dla 

DOa 

DI, 

DO, 

DI2 

D02 

DI3 

D03 

DIEN 

Am8226 

CONNECTION DIAGRAM 
Top View 

CHIP SELECT CS Vec 

LlC-440 
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DATA OUTPUT DD, 

DATA BUS 
BI.DIRECTIONAL DB, 

DATA INPUT DI, 

Note: Pin 1 is marked GND 

for orientation, 
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D03 DATA OUTPUT 

DB3 ~~~~~~~IONAL 
DI3 DATA INPUT 

Da2 DATA OUTPUT 

DB2 ~~~~~~IONAL 
DI2 DATA INPUT 
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Am8224 
Clock Generator and Driver for 8080A Compatible Microprocessors 

Distinctive Characteristics 

• Single chip clock generator/driver for SOSOA com- • Available for operation over both' commercial and 
patible CPU 

• Power-up reset for CPU 
• Ready synchronizing flip-flop 
• Status strobe signal 
• Oscillator output for external system timing 
• AmS224-4 version available for use with 1J.lsec in

struction cycle of Am90S0A-4 

FUNCTIONAL DESCRIPTION 

The Am8224 is a single chip Clock Generator/Driver for the 
Am9080A and 8080A CPU. It contains a crystal-controlled 
oscillator, a "divide by nine" counter, two high-level drivers 
and several auxiliary logic functions, including a power-up 
reset, status strobe and synchronization of ready. Also pro
vided are TTL compatible oscillator and cf>2 outputs for 
external system timing. The Am8224 provides the. designer 
with a significant reduction of packages used to generate 
clocks and timing for the Am9080A or 8080A for both com
mercial and military temperature range applications. A high 
speed version, the Am8224-4, is available for use with the high 
speed Am9080A-4. 

XTAL 1 

XTAL 2 

LOGIC DIAGRAM 
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ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Hermetic DIP _55° C to +125° C AM8224DM 
Hermetic DIP O°C to +70°C D8224 
Molded DIP O°C to +70°C AM8224PC 

Dice O°C to +70°C AM8224XC 
Hermetic DIP O°C to +70°C AM8224-4DC* 

* For use with Am9080A-4 with clock period between 250ns and 320ns. 
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military temperature ranges 
• Crystal controlled for stable system operation 
• Reduces system package count 
• Advanced Schottky processing 
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READY OUTPUT 
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Am9080A/8080A CLOCKS 

CONNECTION DIAGRAM 
Top View 
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STSTS 92 

GNO VOD 

Note: Pin 1 is marked for orientation. LlC-620 



Am8228 • Am8238 
System Controller and'Bus Driver for 8080A Compatible Microprocessors 

Distinctive Characteristics 

• Multi-byte instruction interrupt acknowledge 
• Selectable single level vectored interrupt (RST-7) 
• 28-pin molded or hermetic DIP package 
• Single chip system controller and data bus driver for 

Am9080/8080A systems 
• Am8238-4 high speed version available for use with 

1 Jlsec instruction cycle of Am9080A-4 

FUNCTIONAL DESCRIPTION 

The Am8228 and Am8238 are single chip System Controller 
Data Bus drivers for the Am9080A Microcomputer System. 
They generate all control signals required to directly interface 
Am9080A/8080A compatible system circuits (memory and 
I/O) to the CPU. 

Bi-directional bus drivers with three-state outputs are provided 
for the system data bus, facilitating CPU independent bus 
operations such as direct memory access. Interrupt processing 
is accommodated by means of a single vectored interrupt or 
by means of the standard 8080A mUltiple byte interru/?t vector 
operation. 

LOGIC DIAGRAM 

DO 

Dl 

D2 
CPU D3 

DATA 
BUS .04 

DS 

D6 

D7 

STSTB ------------' 

DBIN ---------------1 
WR--------,...------HLDA _--__________ ---1 

LlC-628 

ORDERING INFORMATION 

Am8228 
Package Temperature Order 

Type Range Number 

\ Molded DIP O°C to +70°C AM8228PC 
Hermetic DIP O°C to +70°C D8228 
Hermetic DIP -55°C to +125°C AM8228DM 

Dice O°C to +70°C AM8228XC 
Hermetic DIP O°C to +70°C 
Molded DIP O°C to +70°C 

"For use with Am9080A-4 with minimum 
clock period of 250ns_ 

Am8238 
Order 

Number 

AM8238PC 
D8238 
AM8238DM 
AM8238XC 
AM8238-4DC* 
AM8238-4PC' 
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• Bi-directional three-state bus driver for CPU indepen
dent operation 

• Advanced low-power Schottky processing 
• Available in military and commercial temperature 

range 
• Am8238 has extended IOW/MEMW pulse width 

LOGIC SYMBOL 

Vee = Pin 28 

GND = Pin 14 

13 

16 

11 

9 

IB 

20 

23 

24 

26 

25 

27 

CONNECTION DIAGRAM 
Top View 

STSTB 28 Vee 

HLDA 27 I/OW 

WR 26 MEMW 

D81N 25 liaR 

DB4 24 MEMR 

04 23 INTA 

DB7 22 BUSEN 
AmB22B 

D7 
Am823B 

21 06 

DB3 20 DB6 

03 10 19 0 5 

DB2 11 lB DB5 

O2 12 17 0 1 

DBo 13 16 OBI 

GND 14 15 DO 

Note: Pin 1 is marked for orientation. 
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AMD 20-Pin PAL* Family 
20-Pin ,MOX™ Programmable Array Logic Elements 

(See AMD Programmable Array Logic Handbook - 1983 Edition for details) 

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION' 

• Fast AMD PALs are high speed electrically programmable array 
- High speed "A" versions logic elements. They utilize the familiar sum-of-products 

(tpd = 25ns, ts = 20ns, tco = 15ns, max) (AND-OR) structure allowing users to program custom logic 
- Standard speed versions functions to fit most applications precisely. 

(tpd = 35ns, ts = 30ns, tco = 25ns,' max) Initially the AND gates are connected, via fuses, to both-the '. Flexible true and complement of every input. By selective program-
- . User programmability allows customized designs ming of fuses the AND gates may be "connected" to only the 
- Eases design updates in prototype or product true input (by blowing the complement fuse), to only the 

• Low Cost complement input (by blowing the true fuse), or to neither 
- Reduces board space/chip count type of input (by blowing both fuses) establishing a logical 
- Reduces design time' "don't care." When both the true and complement fuses are 
- Reduces inventory cost left intact a logical false results on the output of the AND gate. 

• Reliable An AND gate with all fuses blown will assume the logical true 
- Proven Platinum-Silicide fuse technology state. The outputs of the AND gates are connected to fixed 
- Fully AC and DC tested OR gates. The only limitations imposed are the number of 
- Preload of output registers allows full logical testing inputs to the AND gates (up to 16) and the number of AND 

gates per OR (up to 8). 

The part types in the AMD PAL family are differentiated by 
the allocation of registered (with internal feedback) and 
combinatorial (bi-directional and dedicated) outputs. All 
combinatorial AMD PALs are available in both active HIGH 
(AND-OR) and active LOW (AND-DR-INVERT) versions. 

AMD PAL FAMILY CHARACTERISTICS Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non-

All members of the AMD PAL family have common electrical conductive gaps that ensure very stable, long term reliability. 
characteristics and programming procedures. All parts in this Extensive operating testing has proven that this low-field, 
family are produced with a fusible link at each input to the large-gap technology offers the best reliability for fusible link 
AND gate array. Connections may be selectively removed by programmable logic. 
·applying appropriate voltages to the circuit. The AMD PAL family is manufactured using Advanced Micro 
All parts are fabricated with AMD's fast programming, highly Devices' selective oxidation process, IMOX. This advanced 
reliable Platinum-Silicide Fuse technology. Utilizing .an eas- process permits an increase in density and a decrease in 
ily implemented programming algorithm, these products can internal capacitance resulting in the fastest possible pro-
be rapidly programmed to any customized pattern. Extra grammable logic devices. 
test words' are pre-programmed during manufacturing to The AMD PAL family also incorporates the unique capability 
insure extremely high field programming yields (>98%), and of preloading the output registers during testing to any de-
provide extra test paths to achieve excellent parametric sired value. Preload is invaluable when testing the logical 
correlation. functionality of a programmed AMD PAL. 

AMD PAL FAMILY TABLE 

tpd ts teo 
Part Array (MAX) (MAX) (MAX) 

Number Inputs Logie OE Outputs STO A STO A STO A 

AmPAL16R8 
(8) Dedicated 

(8) 8·Wide AND-OR Dedicated Registered Inverting - - 30 20 25 15 ns 
(8) Feedback 

(8) Dedicated (6) 8-Wide AND-OR Dedicated Registered Inverting 
AmPAL16R6 (6) Feedback 35 25 30 20 25 15 ns 

(2) Bidirectional (2) 7-Wide AND-OR-INVERT Programmable Bidirectional 

AmPAL16R4 
(8) Dedicated (4) 8-Wide AND-OR Dedicated Registered Inverting 
(4) Feedback 35 25 30 20 25 15 ns 
(4) Bidirectional (4) 7-Wide AND-OR-INVERT Programmable Bidi rectional 

AmPAL16L8 
(10) Dedicated 

(8) 7-Wide AND-OR-!NVERT Programmable 
(6) Bidirectional 

35 25 - - - - ns 
(6) Sidirectional (2) Dedicated 

AmPAL16H8 
(10) Dedicated 

(8) 7-Wide AND-OR Programmable 
(6) Bidirectional 

35 25 - - - - ns (6) Bidirectional (2) Dedicated 

AmPAL16LD8 
(10) Dedicated 

(8) 8-Wide AND-OR-INVERT - Dedicated 35 25 - - - - ns (6) Bidirectional 

AmPAL16HD8 
(10) Dedicated 

(8) 8-Wide AND-OR - Dedicated 35 25 - - - - ns (6) Bidirectional 

·PAL IS a registered trademark of MonolithiC Memories, Inc. 
IMOX is a trademark of Advanced Micro Devices, Inc. 6-22 



:, AMD Half Power PAL* Family 
Half Power 20-Pin IMOX™ Programmable Array Logic elements 

(See AMD Programmable Array Logic Handbook - 1983 Edition for details) 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• Low Power Dissipation These low power devices represent a breakthrough in PAL 
- 1/2 the power of standard PALs (ICC = 60mA typ) technology by meeting ali the specifications of the standard 

Reduces power supply requirements and improves power parts with only half the current requirements. They 
system reliability can directly replace the standard power PALs with no 

• High Performance loss of performance, and they, like the standard devices, 
- Meets all standard power PAL AC specs incorporate the PRELOAD feature essential for full logic 

(tpd = 35ns max, ts = 30ns max, tco = 25ns max) verification during testing. 
• High Output Drive AMD Half Power PALs are high-speed Programmable Array 

- IOL = 24mA Logic elements which utilize the familiar sum-of-products 
Same as standard power devices (AND-OR) logic structure which allows users to program 

- Drives buses directly (no speCial driver custom logic functions to preCisely fit their applications. They 
chips needed) are a replacement for Low Power Schottky SSI/MSI logic 

• Plug-in Replacement for Standard PALs circuits, reduce the chip count by more than 5 to 1 and greatly 
- Meets ALL standard PAL specs at 1/2 the power simplify prototyping and board layout. 

• Excellent Programming Yield (typ 98%) 
- Platinum Silicide fuses ensure high programming Seven different device types are available, including both 

yield, fast programming and unsurpassed reliability registered and combinatorial devices. In addition, the com-

• Improved Testability binatorial devices are offered in both active HIGH 

- Preload feature permits full logical verification (AND-OR) and active LOW (AND-DR-INVERT) versions. 

• Superior Quality The low power dissipation means reduced power supply 

- Full AC and DC testing done at the factory requirements and improved reliability, while the use of 

utilizing special designed-in test features AMD's IMOX process permits extremely high operating 
speeds. 

AMD HALF POWER PAL FAMILY TABLE 

tpd 
Part Array (Max) 

Number Inputs Logic OE Outputs ns 

AmPAL16R8L 
Eight Dedicated 

Eight 8-Wide AND-OR Dedicated 
Registered -

Eight Feedback Inverting 

Eight Dedicated 
Six 8-Wide AND-OR Dedicated 

Registered 

AmPAL16R6L Six Feedback Inverting 35 

Two Bidirectional Two 7-Wide AND-OR-INVERT Programmable Bidirectional 

Eight Dedicated 
Four 8-Wide AND-OR Dedicated 

Registered 

AmPAL16R4L Four Feedback Inverting 35 

Four Bidirectional Four 7-Wide AND-OR-IN"'ERT Programmable Bidirectional 

AmPAL16L8L 
Ten Dedicated 

Eight 7-Wide AND-OR-INVERT Programmable 
Six Bidirectional 

35 
Six Bidirectional Two Dedicated 

AmPAL16H8L 
Ten Dedicated 

Eight 7-Wide AND-OR Programmable 
Six Bidirectional 

Six Bidirectional 
35 

Two Dedicated 

AmPAL16LD8L 
Ten Dedicated 

Six Bidirectional 
Eight 8-Wide AND-OR-INVERT - Dedicated 35 

AmPAL16HD8L 
Ten Dedicated 

Six Bidirectional 
Eight 8-Wide AND-OR \ - Dedicated 35 

• PAL is a registered trademark of Monolithic Memories, Inc. 

·PAL is a registered trademark of Monolithic Memories, Inc. IMOX is a trademark of Advanced Micro Devices, Inc. 
6-23 

·ts teo ICC 
(Max) (Max) (Max) 

ns ns mA 

30 25 90 

30 25 90 

30 25 90 

- - 80 

- - 80 

- - 80 

- - 80 
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AMD PAL FAMILY CHARACTERISTICS 

All members of the AMD PAL family have common electrical 
characteristics and programming procedures. All parts are pro
duced with a fusible link at each input to the AND gate array, and 
connections may be selectively removed by applying appropriate 
voltages to the circuit. 

Initially the AND gates are connected, via fuses, to both the true 
and complement of each input. By. selective programming of 
fuses the AND gates may be "connected" to only the true input 
(by blowing the complement fuse), to only the complem~nt input 
(by blowing the true fuse), or to neither type of input (by blowing 
both fuses) establishing a logical "don't care." When both the true 
and complement fuses are left intact a logical false results on the 
output of the AND gate, while all fuses blown results in a logical 
true state. The outputs of the AND gates are connected to fixed 
OR gates. The only limitations imposed are the number of inputs 
to the AND gates (up to 16) and the number of AND gates per OR 
(up to 8). 

All parts are fabricated with AM D's fast programming, highly 
reliable Platinum-Silicide Fuse technology. Utilizing an easily 
implemented programming algorithm, these products can be 
rapidly programmed to any customized pattern. Extra test words 
are pre-programmed during manufacturing to insure extremely 
high field programming yields (>98%), and provide extra test 
paths to achieve excellent parametric correlation. 

POWER-UP RESET 

The registered devices in the AMD PAL family have been 
designed to reset during system power-up. Following power
up, all registers will be initialized to zero, setting all the outputs 
to a logic 1. This feature provides extra flexibility to the 
designer and is especially valuable in simplifying state machine 
initialization. ' 

PRELOAD 

AMD Low Power PALs are designed with unique PRELOAD 
circuitry that provides an easy method of testing registered 

PROGRAM/VERIFY 
CIRCUlmy 

INPUT CIRCUITRY 

Vee 

AX 

04114A·l 

devices for logical functionality. PRELOAD allows any arbitrary 
state value to be loaded into the PAL's output registers. 

A typical functional test sequence would be to verify all possible 
state transitions for the device being tested. This requires the 
ability to set the state registers into an arbitrary "present state" 
value and to set the device inputs to any arbitrary "present input" 
value. Once this is done. the state machine is clocked into a new 
state, or "next state." The next state is then checked to validate 
the transition from the present state. In this way any state 
transition can be checked. 

Without PRELOAD, it is difficult and in some cases impossible to 
load an arbitrary present state value. This can lead to logic 
verification sequences that are either incomplete or excessively 
long. Long test sequences result when the feedback from the 
state register "interferes" with the inputs, forcing the machine to 
go through many transitipns before it can reach an arbitrary state 
value. Therefore the test sequence will be mostly state 
initialization and not ·actual testing. The test sequence becomes 
excessively long when a state must be reentered many times to 
test a wide variety of input combinations. 

In addition, complete logic verification may become impossible 
when states that need to be tested can not be entered with 
normal state transitions. For example, even though necessary, 
the state entered when machine powers up can not be tested, 
because it can not be entered from the main sequence. Similarly, 
"forbidden" or don't care states that are not normaly entered need 
to be tested to ensure that they return to the main sequence. 

PRELOAD eliminates these problems by providing the capability 
to go directly to any desired arbitrary state. Thus test sequences 
may be greatly shortened, and all possible states can be tested, 
greatly reducing test time and development costs, and guaran
teeing proper in-system operation. 

OUTPUT CIRCUITRY 

Vee 

INPUT ON 
I/O PINS 

OUTPUT 

PROGAMMING 
CURRENT PATH 

PRELOAO 
CIRCUITRY 

04114A·2 
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AMD 20-Pin PAL· Family 

AmPAL16R8L 
BLOCK DIAGRAM 

AmPAL16R6L 
BLOCKDIAGRAM 

~C)-------------------------------, 

PROGRAMMABLE AND 
ARRAY (64 x 32) 

.----. ... ~"-- OUTPUT 

L..-........ ~r--.. OUTPUT 

I---Do--D OUTPUT 

I---D.o-C> OUTPUT 

04114A-3 

PROGRAMMABLE AND 
ARRAY(64x32) 

AmPAL16R4L 
BLOCK DIAGRAM 

~~-------------------------------, 

INPUTS D-f-lIL:J 

PROGRAMMABLE ANO 
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r---+--DoO-r--K~ IN·PUT/OUTPUT 
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cpC>------------------------~ 04114A-5 
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AmPAL16L8L AmPAL16H8L 
BLOCK DIAGRAM BLOCK DIAGRAM 

OUTPUT 

INPUTS INPUTS 

INPUT/OUTPUT INPUT/OUTPUT 

INPUT/OUTPUT INPUT/OUTPUT 

INPUT/OUTPUT INPUT/OUTPUT 

PROGRAMMABLE AND PROGRAMMABLE AND 
ARRAY (84 I 32) ARRAY (64 • 32) 

INPUT/OUTPUT INPUT/OUTPUT 

INPUT/OUTPUT INPUT/OUTPUT 

INPUT/OUTPUT INPUT/OUTPUT 

OUTPUT OUTPUT 
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AmPAL16LD8L AmPAL 16HD8L 
BLOCK DIAGRAM BLOCK DIAGRAM 

OUTPUT 

INPUTS INPUTS 

OUTPUT OUTPUT 

OUTPUT OUTPUT 

OUTPUT OUTPUT 

PROGRAMMABLE AND PROGRAMMABLE AND 
AMAY(64.32) ARRAY (64.32) 

OUTPUT 

OUTPUT OUTPUT 

OUTPUT OUTPUT 

04114A·8 04114A·9 
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General Purpose· Peripherals 
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Overview 
In today's world of increasing demands placed on microcomputer 
- leased system applications, the "smart" high performance 
peripheral can offer significant advantages. In many cases these 
products can both expand the capabilities of the system and 
extend its life cycle without the extensive hardware and software 
changes required by a full system redesign. 

Advanced Micro Devices' proprietary Am9500* Family of intel
ligent MOS/LSI peripheral products represent the perfect com
plement to an 8- or 16-bit microprocessor based system by 
providing maximum performance at lower cost. The Aml8530 
Serial Communications Controller, Aml8038 FIFO I/O, Am9513 
Programmable Interval Timer, Am9516 Universal DMA Control
ler and Am9519 Programmable Interrupt Controller have all been 
designed to interface easily with the major 8- and 16-bit CPU's, 
and are lobus, Multibus and Q-bus compatible with minimal 
external logic. AMD has included guides for each of these de
vices, which appear at the end of the relevant data sheets and 
which demonstrate methods for interfacing with the leading 
16-bit microprocessors. For interfacing these devices to the 

7-1 

l8000, 8085A, l80 and the 6800, refer to the AMD Am9500 
Peripheral Products Interface Guide. 

For broader guidelines on interfacing these devices io the 8086, 
28000 and the 6800, refer to the appendix at the end of this book. 

*Included in the Am9500 Family are: 

- The 9511A Arithmetic Processor. 

, - The 9512 Floating Point Processor. 

- The 9513 System Timing Controller. 

- The 9516 Direct Memory Access Controller (16-bit). 

- The 9517A Direct Memory Access Controller. 

- The 9518 Data Cyphering Processor. 

- The 9519A Universal Interrupt Controller. 

- The 9520 Burst Error Processor. 

- The 9521 Burst Error Processor. 

- The Am8052/8152 Advanced CRT Chip Set. 



AmZ8030·· AmZ8530 (SCC) 
Serial Communications Controller 

DISTINCTIVE CHARACTERISTICS 

• Two 1 M.bps full duplex serial channels 
Each channel has independent oscillator, baud-rate 
generator, and PLL for clock recovery, dramatically re
ducing external components. 

• Programmable protocols 
NRZ, NRZI, and FM data encoding supported under 
program control. . 

• Programmable Asynchronous Modes 
5 to 8 bit characters with prorammable stop bits, clock, 
break detect, and error conditions. 

• Programmable Synchronous Modes 
SOLC and HOLC and SOLC loop supported with frame 
control, zero insertion and deletion, abort, and residue 
handling. CRC-16 and CCITT generators and checkers. 

• zeooo· compatible 
The Z8030 interfaces directly to the Z8000 CPU bus and 
to the Z8000 interrupt structure. 

• Compatible with non-multiplexed bus 
The Z8530 interfaces easily to most other CPUs. 

See the "AmZ8030/AmZ8530 Serial Communications 
Controller Technical Manual" - 1982 edition (A1Z-2135) 
for detailed technical information. 

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 
converter/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 asynchronous formats, Synchronous 
byte-oriented protocols such as IBM Bisync, and Synchro
nous bit-oriented protocols such as HOLC and IBM SOLC. 
This versatile device supports virtually any serial data trans
fer 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 needEld, the modem controls can be 
used for general-purpose 1/0. 

The SCC is offered in two versions. The AmZ8030 is directly 
compatible with the Z8000 and 8086 CPUs. The AmZ8530 is 
designed for non-mUltiplexed buses and is easily interfaced 
to most other CPUs, such as 8080, Z80, 6800 68000, and 
tMultibus. 

BLOCK DIAGRAM 
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CONTROL 
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Figure 1. 
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CONTROL 
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·Z8000, Z8030 and Za530 are trademarks of Zilog, Inc. tMUL TISUS is a trademark of Intel. 
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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 (AmZ8030) or to a non
multiplexed CPU bus (AmZ8530). 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 con
trol logic under program control. All of the modem control sig
nals 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 Interrupt 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 containing the Interrupt Pend
ing bits (A only). 

The registers for each channel are designated as follows: 

AmZ8030· AmZ8530 

WRO-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 re
ceive 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 

RRl 

RR2 

RR3 

RRB 

RR10 

RR12 

RR13 

RR15 

.. 

Transmit/Receive buffer status and External status 

Special Receive Condition status 

Modified interrupt vector 
(Channel B only) 

Unmodified interrupt vector 
(Channel A only) 

Interrupt Pending bits 
(Channel A only) 

Receive buffer 

Miscellaneous status 

Lower byte of baud rate generator time constant 

Upper byte of baud rate generator time constant 

External/Status interrupt information 
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WRITE REGISTER FUNCTIONS 

WRO 

WRl 

WR2 

WR3 

WR4 

WR5 

WRG 

WR7 

WRB 

WR9 

CRC initialize, initialization commands for the various 
modes, shift right/shift left command 

Transmit/Receive interrupt and data transfer mode 
definition 

Interrupt vector (accessed through either channel) 

Receive parameters and control 

Transmit/Receive miscellaneous parameters and 
modes 

Transmit parameters and controls 

Sync characters or SDLC address field 

Sync character or SDLC flag 

Transmit buffer 

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 
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FUNCTIONAL 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 communica
tions 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 pro
gr51mmable for use in any common asynchronous or synchro
nous data-communication protocol. Figure 3 and the following 
description briefly detail these protocols. 

Asynchronous Modes 

Transmission-and reception can be accomplished independently 
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 18). 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. Vec-

PARITY 
START ! rop I 

MARKING LINE II DATA II Ll DATA II 
ASYNCHRONOUS 

SYNC DATA : : 
MONOSYNC 

SYNC SYNC DATA : : 
SIGNAL 

BISYNC 

I 
1 

DATA : : 
EXTERNAL SYNC 

-I FLAG 1 ADDRESS I INFO~M;TION 
SDLCIHDLCIX.25 
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tored 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 a rate 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 byte-oriented and bit-oriented synchro
nous communication. Synchronous byte-oriented protocols 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 characters can be removed without 
interrupting the CPU. 

Five- 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. 

II DATA II MARKING LINE 

DATA CRC1 CRC2 

DATA CRC1 CRC2 
I 

DATA CRC1 CRC2 

CRC1 CRC2 FLAG 

009700·3 

Figure 3. SCC Protocols 

5 BITS 

~YNC SYN~ SYNC DATA DATA DATA DATA 

16 
009700·4 

Figure 4. Detecting 5- or 7-Bit Synchronous Characters' 
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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 (X16 + X15 + X2 + 1) and CCITT (X16 + 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 1 s or all Os. 
The SCC also provides a feature that automatically transmits 
CRC d.ata when no other data is available for transmission. This 
allows for high-speed transmissions under OMA 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 HOLC, 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 
sec 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 SOLC or HOLC and provides a syn
chronization 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 ex
tended 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. CRC is also calculated and is au
tomatically checked to validate frame transmission. At the end of 
transmission, the status of a received frame is available in the 
status registers. In SOLC mode, the SCC must be programmed to 
use the SOLC CRC polynomial, but the generator and checker 
may be preset to all 1 s or all Os. The CRC is inverted before 
transmission and the receiver checks against the bit pattern 
0001110100001111. 

NRZ, NRZI or FM coding may be used in any 1 X mode. The 
parity options available in asynchronous modes are available in 
synchronous modes. 

The SCC can be conveniently used under OMA 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 
OMA 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 OMA first and have the SCC interrupt only on 
end-of-frame. This procedure allows all data to be transferred 
via the OMA. 
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SDLC LOOP MODE 

The SCC supports SOLC Loop mode in addition to normal SOLC. 
In an SOLC Loop, there is a primary controller station that man
ages the message traffic flow and any number of secondary 
stations. In SOLC Loop mode, the SCC performs the functions of 
a secondary station while an SCC operating in regular SQLC 
mode can act as a controller (Figure 5). 

Figure 5. An SDLC Loop 

A secondary station in an SOLC 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 
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 rec
ognizes 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 mes
sage with an EOP. Any secondary stations further down the 
loop with messages to transmit can then append their mes
sages 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). 

SOLC Loop mode is a programmable option in the SCC. 
NRZ, NRZI, and FM coding may all be used in SOLC Loop 
mode. 

BAUD RATE GENERATOR 

Each channel in the SCC contains a programmable Baud
rate generator. Each generator consists of two 8-bit time con
stant 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 pro
cess 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.) 

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) 

19200 
9600 
7200 
4800 
3600 
2400 
2000 
1800 
1200 
600 
300 
150 
134.5 
110 
75 
50 I 

DATA 

NRZ 

NRZI 

FMl 
(BIPHASE MARK) 

FMO 
(BIPHASE SPACE) 

MANCHESTER 

102 
206 
275 
414 
553 
830 
996 

1107 ' 
1662 
3326 
6654 

13310 
14844 
18151 
26622 
39934 

Error 

-

-

0.12% 
-

0.06% 
-

0.04% 
0.03% 

-
-

-
-

0.0007% 
0.0015% 

-

-
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DIGITAL PHASE·LOCKED LOOP 

The SCC contains a digital phase-locked-loop (DPLL) to re-
o cover 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 D~LL 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 termi
nal 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 be
tween counts 15 and 16 and between counts 31 and O. 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 0 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 ana 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, as 1 is represented by no change in 
level and a 0 is represented by a change in level. In FM1 (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 FMo (bi-phase space), a 
transition occurs at the beginning of every bit cell. A 0 is rep
resented by an additional transition at the center of the bit cell, 

BIT CELL LEVEL: 

HIGH = 1 
LOW = 0 

NO CHANGE = 1 
CHANGE = 0 

BIT CENTER TRANSITION: 
TRANSITION = 1 
NO TRANSITION = 0 

NO TRANSITION = 1 
TRANSITION = 0 

HIGH- LOW = 1 
LOW -HIGH = 0 

009700·6 

Figure 6. Data Encoding Methods 
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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 
OPLL 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 O. If the 
transition is 1/0 the bit is a 1. 

AUTO ECHO AND LOCAL LOOPBACK 

The SCC is capable of automatically echoing everything it 
receives. This feature is useful mainly in asynchronous modes, 
but works in synchronous and SOLC modes as well. In Auto 
Echo mode, TxO is Rxp. 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, TxO 
is RxO just as in Auto Echo mode. However,in Local Loopback 
mode, the internal transmit data is tied to the internal receive 
data and RxO is ignored (except to be echoed out via TxO). 
The CTS and OCO inputs are also ignored as transmit and 
receive enables. However, transitions on these inputs can still 
cause interrupts. Local Loopback works in asynchronous, syn
chronous and SOLC modes with NRZ, NRZI or FM coding of 
the data stream. 

I/O 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 OMA con
trol. 

POLLING 

All interrupts are disabled. Three status registers in the SCC 
are automatically updated whenever any function is performed. 
For example, end-of-frame in SOLC 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 in
dicate 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 inter
rupt. The status for both channels resides in one register. 

PERIPHERAL 

+5V 

ADO-AD1 

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 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 
WR9 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 re
quest an interrupt only when no higher-priority device is re
questing one, e.g., when lEI is High. If the device in question 
requests an interrupt, it pulls down INT. The CPU then re
sponds with INTACK, and the interrupting device places the 
vector on the A/O bus. 

In the SCC, the IP bit signals a need for interrupt servicing. 
When an IP bit is 1 and the lEI input is High, the INT output is 
pulled Low, requesting an interrupt. In the SCC, 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 
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 lEO 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 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 

PERIPHERAL PERIPHERAL 

+5V 

mT------------------~--~------------------~~_r--------------------~~r_~ 
IN~CK----------------------~----------------------~----------------------~ 
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Figure 7. Z-Bus Interrupt Schedule 
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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 Special Receive 
condition. 

• Interrupt on Special 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 fol
lowing: 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 or
dinary receive character available interrupt only in the status 
placed in the vector during the Interrupt-Acknowledge cycle. In 
Interrupt on First Receive Character, an int~rrupt can occur 
from Special Receive conditions any time after the first receive 
character interrupt. 

The maiil function of the External/Status interrupt is to monitor 
the signal transitions of the CTS, DCD, and SYNC pins; how
ever, an External/Status interrupt is also caused by a Transmit 
Underrun condition, or a zero count in the baud rate generator, 
or by the detection of a Break (asynchronous mode), Abort 
(SDLC mode) or EOP (SDLC Loop mode) sequence in the 

PROGRAMMING . 
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 AmZ8030 and AmZ8530 differ in the way the system acces
ses these registers: 

In the AmZ8030 all registers are directly addressable from the 
multiplexed Address Data bus. See Figure 10 and Figure 11 for 
timing. The AmZ8030 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 AD1 through ADS. select the re
gister to be read from or written into during Data Stroke DS. (This 
is called left shift and is the natural AmZ8000 mode). When bit 0 in 
Write Register 0 is set, Address lines ADo 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 ADo or by ADS. 

If Bit DO 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 Do and D1 in WRO are set, ADo selects the channel (0 = B, 
1 = A) (this is called "Select Shift Right Mode) 

In the AmZ8530 only the four data registers (Read, Write for 
channels A and B) are directly selected by a High on the D/G input 
and the appropriate levels on the RD, WR and NB pins. All other 
registers are addressed indirectly by the content of Write Register 
o in conjunction with a Low on the D/G input and the appropriate 
levels on the RD, WR and A/B pins. If bit 4 in WWO 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, 2 address the 
lower registers 0 through 7 as shown on Table 3. 
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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 facili
tates 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 SOLC 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 I/O 
cycle. The DTR/REQUEST line allows full-duplex operation 
under DMA control. 

TABLE 2. REGISTER ADDRESSING (AmZ8030 ONLY) 

Write Read 
AD4 AD3 AD2 AD1 Register Register 

0 0 0 0 0 0 
0 0 0 1 1 1 
0 0 1 0 2 2 
0 0 1 1 3 3 
0 1 0 0 4 (0) 
0 1 0 1 5 (1) 

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 

Writing to or reading from any register 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 operation, 
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 AmZ8030 and AmZ8530 the system program first issues a 
series of commands to initialize the basic modEt 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 orodd parity might be 
set first. Then the interrupt mode would be set, and finally, re
ceiver or transmitter enable. 
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TABLE 3. REGISTER ADDRESSING (AmZ8530 ONLY) , 

DIC "Point High" 02 01 DO Write Read 
Code In WRO: InWRO: Register Register 

High Either way X 
Low Not true 0 
Low Not true 0 
Low Not true 0 
Low Not true 0 
Low Not true 1 
Low Not true 1 
Low Not true 1 
Low Not true 1 
Low True 0 

.Low True 0 
Low True 0 
Low True 0 
Low True 1 
Low True 1 
Low True 1 
Low True 1 

READ REGISTERS 

The SCC contains eight read registers (actually nine, count· 
ing 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 

Read Register 0 

Rx Character Available 

Zero Count 

'------ Tx Buffer Empty 

'------- OCO 

'--------- Sync/Hunt 

'----------- CTS 

'------------ Tx Underrun/EOM 

'-------------- Break/Abort 

Read Register 1 

All Sent 

Residue Code 2 
L-___ Residue Code 1 

'------- Residue Code 0 
'---______ Parity Error 

'------------ Rx Overrun Error 

'------------ CRC/Framing Error 

'-------------- End 01 Frame (SOLC) 

X X Data Data 
0 0 0 0 
0 1 1 1 
1 0 2 2 
1 1 3 3 
0 0 4 (0) 
0 1 5 (1) 
1 0 6 (2) 
1 1 7 (3) 
0 0 Data Data 
0 1 9 -

1 0 10 10 
1 1 11 (15) 
0 0 12 12 
0 1 13 13 
1 0 14 (10) 
1 1 15 15 

modified by status information (Channel B). RR3 contains the 
Interrupt Pending (IP) bits (Channel A). Figure 8 shows the for
mats for each read register. 

The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring; e.g., when the interrupt vector indi
cates a Special Receive Condition interrupt, all the appropriate 
error bits can be read from a single register (RR1). 

Read Register 2 

Vo 

V1 

'------ V2 

'------- V3 
'---_______ V4 Interrupt Vector' 

'----------- Vs 
'------------ V6 

'-------------- V7 

Read Register 3 

'Modified In B Channel 

Channel B EXT/STAT IP' 

Channel B Tx IP' 

'------ Channel B Rx IP' 

'------- Channel A EXT/STAT IP' 

'--------- Channel A Tx IP' 

'----------- Channel A Rx IP' 

'Always 0 in B Channel 

Figure 8. Read Register Bit Functions 
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Read Register 10 

,On Loop 

'------ 0 
L-______ 0 

'--------- Loop Sending 
L-__________ 0 

'------------- Two Clocks Missing 

'--------------- One Clock Missing 

Read Register 12 

TCo 

TCI 

'------ TC2 

'-------- TC3 
L-________ TC4 

L-_________ TC5 

'------------- TCs 

'--------------- TC7 

Lower Byte 01 
Time Constant 

Read Register 13 

TCa 

TC9 

'------ TC10 

'-------- TCll 

'--------- TC12 

'----------- TC13 

'------------- TC14 

'--------------- TC15 

Read Register 15 
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Upper Byte 01 
Time Constant 

Zero Count IE 

OCDIE 
L-________ Synch/Hunt IE 

'----------- CTS IE 

'------------- Tx Underrun/EOM IE 

'--------------- Break/Abort IE 

Figure 8. Read Register Bit Functions (Cont.) 

WRITE REGISTERS 

The see contains 15 write.registers (16 counting WRS, the 
transmit buffer) in each channel. These write registers are pro
grammed separately to configure the functional "personality" of 
the channels. In addition, there are two registers (WR2 and WR9) 

Write Register 0 (AmZ8030) 

Null Code 
1----,-+--1----1 

Null Code 
~-+--t---l 

Null Code 

Nuil Code 

Select Shift Left Mode· 

Select Shift Right Mode' 

~-+--t---l Reset Ext/Status Interrupts 

~-+-j--..:.-4 Send Abort 
o Enable Int on Next Rx Character 

o Reset Tx Int Pending 

~-+--t---l Error Reset 

L--L_L.......l Reset Highest IUS 

Null Code 

Reset Rx CRC Checker 

Reset Tx CRC Generator 

Reset Tx UnderrunlEOM Latch 

·Channel 0 only 

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 intertupt control bits. Figure 9 shows the 
format of each write register. 

Write Register 0 (AmZ8530) 

07 Os I 05 0 4 0 3 I O2 I 0 1 Do I 
I I I Register 

0 0 0 o or 

0 0 1 lor 

0 1 0 2 or 10 

0 1 1 3 or 11 

1 0 0 4 or 12 

1 0 1 5 or 13 

1 1 0 S or 14 

1 1 1 7 or 15 

0 0 0 Null Code 

0 0 1 Point High Register G roup 

0 1 0 Reset Ext/Status Inte rrupts 

0 1 1 Send Abort 

1 0 0 Enable tnt on Next Rx Character 

1 0 1 Reset Tx Int Pending 

1 1 0 Error Reset 

1 1 1 Reset Highesl IUS 

L-...-

± 0 Null Code 
r-;- Reset Rx CRC Checker 

~ ro Resel Tx CRC Generator 
r---

1 1 Reset Tx UnderruniEOM Latch 
'--'--

Figure 9. Write Register Bit Functions 
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Write Register 1 

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 Special Condition 

Rx Int on Special Condition Only 

L-_________ Wait/OMA Request on Receive/Transmit 

Wait/OMA Request Function 
L-_____________ Wait/OMA Request Enable 

Write Register 2 I 

Vo 

V, 

'------ V2 

'------- V3 
'---_______ V4 Interrupt Vector 

'------------ Vs 

'-------------- V6 
L-_____________ V7 

Write Register 3 

Rx Enable 

Sync Character Load Inhibit 

'------ Address Search Mode (SOLC) 

'-------- Rx CRC Enable 

'--------- Enter Hunt Mode 

'----------- Auto Enables 

Rx 5 Bits/Character 

Rx 7 Bits/Character 

Rx 6 Bits/Character 

Rx 8 Bits/Character 

. Write Register 4 

Parity Enable 

Parity Even/Odd 

Sync Modes Enable 

1 Slop Bit/Character 

1 V. Stop Bits/Character' 

2 Stop Bits/Character 

8 Bit Sync Character 

16 Bit Sync Character 

SOLC Mode (01111110 Flag) 

External Sync Mode 

X 1 Clock Mode 

X16 Clock Mode 

X32 Clock Mode 

X64 Clock Mode 

Write Register 5 

Tx 5 Bits (or less)/Character 

Tx 7 Bits/Character 

Tx 6 Bits/Character 

Tx 8 Bits/Character 

Tx CRe Enable 

RTS 

SOLC/CRC-16 

Tx Enable 

Send Break 

'--------------- OTR 

Write Register 6 

SYNC7 SYNC6 SYNCs SYNC4 SYNC3 SYNC2 SYNC, SYNCo Monosync 8 BITS 

SYNC, S~NCo SYNCs SYNC4 SYNC3 SYNC2 SYNC1 SYNCo Monosync 8 Bits 

SYNC7 SYNC6 SYNCs SYNC4 SYNC3 SYNC2 SYNC, SYNCo Bisync 16 Bits 

SYNC3 SYNC2 SYNC, SYNCo Bisync 12 Bits 

AOR7 AOR6 AORs AOR4 AOR3 AOR2 AOR, ACRo SOLC 

AOR7 AOR6 AORs AOR4 1 1 SOLC (Address 0) 

Figure 9. Write Register Bit Functions (Cont.)· 
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Write Register 7 

SYNC7 SYNCs SYNCs SYNC4 
SYNCs SYNC4 SYNCJ SYNC2 

SYNCs SYNC14 SYNCI3 SYNCI2 
SYNCl1 SYNCIO SYNCg SYNCa 

0 

Write Register 9 

VIS 

NV 

'----- OLC 

'-------- MIE 

'--------- Status High/Status low 

No Reset 

Channel Reset B ' 

Channel Reset A 

Force Hardware Reset 

Write Register 10 

s Bil/a Bit Sync 

Loop Mode 

'----- Abort/Flag on Underrun 

'-------- Mark/Flag Idle 
L-_______ Go Active on Roll 

NRZ 

NRZI 

FMl (Transition" 1) 

FMO (Transition = 0) 

'--------------- CRC Preset I/O 

SYNC3 
SYNC I 

SYNCl1 
SYNC7 

SYNC2 SYNCI SYNCo Monosync a BITS 

SYNCo I I Monosync a Bits 

SYNCIO SYNCg SYNCa Bisync 16 Bits 

SYNCs SYNCs SYNC4 Bisync 12 Bits 

SOLC 

Write Register 11 

TRxC Out = XTAL Output 

TRxC Out = Transmit Clock 

TRxC Out = BR Generator Output 

TRxC Out = OPll Output 

'---- TRxC Oil 

Transmit Clock = RTxC Pin 

Transmit Clock = TRxC Pin 

Transmit Clock = BR Generator Output 

Transmit Clock = OPLL Output 

Receive Ctock = RTxC Pin 

Receive Clock = TRxC Pin 

Receive Clock = BR Generator Output 

Receive Clock = OPLL Output 

C--____________ RTxC XTAL/No XTAL 

Write Register 12 

TCo 

TCI 

'------ TC2 

'-------- TC3 

'--------- TC4 

'----------- TCs 
'------------- TCs 

'-------------- TC7 

Lower Byte of 
Time Constant 

Write Register 13 

TCa 

TCg 

TCIO 

TCl1 Upper Byte of 
TCI2 Time Constant 

'---------- TC13 

TCI4 
L-_____________ TCIS 

Figure 9. Write Register Bit Functions (Cont.) 
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Write Register 14 Write Register 15 

I 0 7 0 6 Os I 04 I 0 3 I O2 I 01 I Do I I~I~I~I~I~I~I~I~I 

I 
,~ BR Generator Enable 

I 

I ~ ~ero CounllE BR Generator Source 

OTR':Request Function 0 

Auto Echo DCDIE 

Local Loopback SynclHunllE 

0 0 0 Null Command CTS IE 

0 0 1 Enter Search Mode Tx UnderrunlEOM IE 

BreakiAbort IE 0 1 0 Reset Missing Clock 
I 

0 1 1 Disable DPLL 

1 0 0 Set Source = BR Generator 

1 0 1 Sel Source = RTxC 

1 1 0 Sel FM Mode 

1 1 1 Set NRZI Mode Figure 9. Write Register Bit Functions (Cant.) 

AmZ8030 TIMING 

The SCC generates internal control signals from AS and OS edge of AS. R/W must be Low to indicate a write cycle. CS1 
that are related to PCLK. Since PCLK has no phase relation- must be High for the write cycle to occur. OS Low strobes the 
ship with AS and OS, the circuitry generating these internal data into the SCC. 
control signals must provide time for metastable conditions to 

INTERRUPT ACKNOWLEDGE CYCLE TIMING disappear. This gives rise to a recovery time related to PCLK. 
The recovery time applies only between bus transactions in- Figure 12 illustrates interrupt acknowledge cycle timing. The 
volving the SCC to the falling edge of OS in the second address on ADO - AD? and the state of CSO and INTACK are 
transaction involving the SCC. This time must be at least 6 latched by the rising edge of AS. However, if INTACK is Low, 
PCLK cycles plus 200 ns. the address and CSo are ignored. The state of R/W and CS1 are 

READ CYCLE TIMING 
also ignored for the duration of the interrupt acknowledge cycle. 

Figure 10 illustr~tes read cycle timing. The address on ADo -
Between the rising edge of AS and the falling edge of OS, the 
internal and external lEI/lEO daisy chains settle. I~ere is an 

AD? and the state of CSo and INTACK are latched by the rising interrupt pending in the SCC and lEI is High when OS falls, the 
edge of AS. R/W must be High to indicate a read cycle. CS1 acknowledge cycle was intended for the SCC. In this case, the 
must also be High for the read cycle to occur. The data bus SCC may be programmed to respond to OS Low by placing its 
drivers in the SCC are then enabled while OS is Low. interrupt vector on ADo - AD? It then sets the appropriate 

WRITE CYCLE TIMING 
interrupt-under-service latch internally. 

Figure 11 illustrates write cycle timing. The address on ADo -
AD? and the state if CSo and INTACK are latched by the rising 

AS\ / 
CSo \ / I 

I 
INTACK 7 \ I 

AD7-ADo X ADDRESS ) ( X DATA VALID )-

R/W / ~ 
CSI 7 ~ 
55 \ I 

00970D·8 

Figure 10. Read Cycle Timing 
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AS \ / 
CSo \ / 

INTACK I \ 
ADo-AOr X ADDRESS >eX DATA 

R/Vi \ 
CSI I 
OS \ 

009700-9 

Figure 11. Write Cycle Timing 

AS\ / n 

:~ <:So X (IGNORED) X I 

INTACK \ / :1 ::~ ,( 

ADo-AOr X (IGNORED) ) I ~ If ex VECTOR )-

/~ os / 
009700'10 

Figure 12. Interrupt Acknowledge Cycle Timing 
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AmZ8530 TIMING 
The SCC generates internal control signals from WR and RD that 
are related to PCLK. Since PCLK has no phase relationship 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 invloving the SCC. The 
recovery time required for proper operation is specified from the 
rising edge of WR or RD in the first transaction invloving 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 cyle timing. Addresses on NB and 
Die and the status on INTACK must remain stabl~hroughout 
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 NB and 
DIG 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. Be
tween the time INTACK goes Low and the falling edge of RD, the 
internal and external IEIIIEO daisy chains settle. If there is an 
interrupt pending in the SCC and lEI 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 by placing its interrupt 
vector on D6-D7 and it then sets the appropriate Interrupt
Under-Service internally.' 

NB,~C ____________ ~)(~ _____________________ A_D_DR_E_SS_V_A_lI_D ____________________ -J)(~ ____ __ 

\'----
\ / 

\'--------'/ 
00-07 -----------------------------1('_ _______ ~X'_ ___ OA_T_A_VA_L_ID_~»)..-----------

009700-11 

Figure 13. Read Cycle Timing 
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AlB, ole X ~OORESS VALlO x= 
INTACK ~ \ 

CE \ / 
WR \ / 

00.07 ( DATA VALID 

> OW700·12 

Figure 14. Write Cycle Timing 

INTACK \ 

H / 
If \ AD / 

00'"07 II ( X . VECTOR ) 
009?OO.13 

Figure 15. Interrupt Acknowledge Cycle Timing 

PIN DESCRIPTIONS FOR AmZ8030 
The following section describes the pin functions of the SCC. 
Figures 16 and 17 detail the respective pin functions and pin 
assignments. 

Vee: +5V Power Supply 

GND: Ground 

ADO - A~: Address/Data Bus (bidirectional, active High, 
3-state). 

These multiplexed lines carry register addresses to the SCC as 
well as data or control information to and from the SCC. 

7-17 

AS: Address Strobe (Input, active Low). 

Addresses on ADO - AD? are latched by the rising edge of 
this signal. 

CSo: Chip Select 0 (input, active Low). 

This signal is latched concurrently with the addresses on ADO -
AD? and must be active for the intended bus transaction to occur. 

CS1: Chip Select 1 (input, active High). 

This second select signal must also be active before the intended 
bus transaction can occur. CSl must remain active throughout 
the transaction. 
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CTSA, CTSS: Clear to Send (Inputs, active LOw). 

If 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 SCC detects pulses on these inputs and can 
interrupt the CPU on both logic level transitions. 

DCDA, DCDS: Data Carrier Detect (Inputs, 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 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. 

OS: Data Strobe (Input, active Low). 

This signal provides timing for the transfer of data into and out of 
the SCC. If AS and OS coincide, this is interpreted as a reset. 

DTR/REQA, DTR/REQS: Data Terminal Ready/Request 
(outputs, 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. 

lEI: Interrupt Enable In (Input, active High). 

lEI is used with lEO to form an interrupt daisy chain when there is 
more than one interrupt-driven device. A High lEI indicates that 
no other higher priority device has an interrupt under service or is 
requesting an interrupt. 

lEO: Interrupt Enable Out (output, active High). 

lEO is High only if lEI is High and the CPU is not servicing a SCC 
interrupt or the SCC is not requesting an interrupt (interrupt 
acknowledge cycle only). lEO is connected to the next lower 
priority device's lEI input and thus inhibits interrupts from lower 
priority devices. 

INT: Interrupt Request (output, open-drain, active Low). 

This signal is activated when the SCC requests an interrupt. 

INTACK: Interrupt Acknowledge (input, active LOW). 

This signal indicates an active interrupt acknowledge cycle. Dur
ing this cycle, the SCC interrupt daisy chain settles. When OS 
becomes active, the SCC places an interrupt vector on the data 
bus (if lEI is High). INTACK is latched by the rising edge of AS. 

PCLK: Clock (input) 

This is the master SCC clock used to synchronize internal sig
nals. 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 Z8000. PCLK is a 
TTL level signal. Maximum transmit rate is 1/4 PCLK. 

RxDA, RxDS: Receive Data (Inputs, active High) , 

These input signals receive serial data at standard TTL levels. 

RTxCA, TRxCS: Receive/Transmit Clocks 
(Inputs, 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 SYNC pins as a crystal 
oscillator. The receive clock may be 1, 16, 32, or 64 times the data 
rate in asynchronous modes. 

RTSA, RTSS: Request to Send (outputs active Low) 

When the ~uest to Send RTS bit in Write Register 5 (Figure 6) 
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 Asyn
chronous mode with Auto Enable off, ttie RTS pins strictly follow 
the state of the RTS bit. Both pins can be used as general
purpose outputs. 

R/W: Read/Write (Input) 

This signal specifies whether the operation to be performed is 
read or a write. 

SYNCA, SYNCS: Synchronization 
(Inputs or outputs, active Low) 

These pins can act either as inputs, ouputs, or part of the crystal 
oscillator 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 (Figure 5) 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. Character assembly b'egins 
on the rising edge of the receive clock immediately preceding the 
activation of SYNC. 

In the Internal Synchronization mode (Monosync and Bisync) 
with the crystal oscillator not selected, these pins act as out-puts 
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. 

TxDA, TxDS: Transmit Data (outputs, active High) 

These output signals transmit serial data at standard TTL levels. 

TRxCA, TRxCS: Transmit/Receive Clocks 
(Inputs or outputs, 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 ~upply the output of the digital phase
locked loop, the crystal OSCillator, the baud rate generator, or the 
transmit clock in the output mode. 

- W/REQA, W/REQS: Walt/Request (outputs, open-drain 
when programmed for a Walt function, driven High or Low 
when progr.ammed for a Request function) 
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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. 



PIN DESCRIPTIONS FOR AmZ8530 
The following section describes the pin functions of the SCC. 
Figures 18 and 19 detail the respective pin functions and pin 
assignments. 

Vee: +5V Power Supply 

GND: Ground 

A/B. Channel A/Channel B Select (input)/This signal selects 
the channel in which the read or write operation occurs. 

CEo Chip Enable (input, active Low). This signal selects the SCC 
for a read or write operation.' 

CTSA, CTSB. Clear To Send (inputs, 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. 

Die. Data/Control Select (input). 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 (inputs, 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 pins are Schmitt-trigger buffered to accomodate slow 
rise time signals. The SCC detects pulses on these pins and 
can interrupt the CPU on both logic level transitions. 

Do-D7. Data Bus (bidirectional, 3-state). These lines carry data 
and commands to and from the SCC. 

DTR/REQA, DTR/REQB. Data Terminal Ready/Request (out
puts, 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. 

lEI. Interrupt Enable In (input, active High). lEI is used with lEO 
to form an interrupt daisy chain when there is more than one 
interrupt-driven device. A High lEI indicates that no other higher 
priority device has an interrupt under service or is requesting 
an interrupt. 

lEO. Interrupt Enable Out (output, active High). lEO is High only 
if lEI is High and the CPU.is not servicing an SCC interrupt or the 
SCC is not requesting an interrupt (Interrupt Acknowledge cycle 
only). lEO is connected to the next lower priority device's lEI input 
and thus inhibits interrupts from lower priority devices. 

INT. Interrupt Request (output, open-drain, active Low). This 
signal is activated when the SCC requests an interrupt. 

INTACK. Interrupt Acknowledge (input, 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 lEI 
is High). INTACK is latched by the rising edge of PCLK. 

PCLK. Clock (input). This is the master SCC clock used to 
synchronize internal signals PCLK is a TTL level signal. 

RD. Read (input, active Low). This signal indicates a read oper
ation and when the SCC is selected, enables the SCC's bus 
drivers. During the Interrupt Acknowledge cycle, this signal gates 
the interrupt vector onto the bus if the SCC is the highest priority 
device requesting an interrupt. 
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RxDA, RxDB. Receive Data. (inputs, active High). These input 
signals receive serial data at standard TTL levels. 

RTxCA, RTxCB. Receive/Transmit Clocks (inputs, 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 respective SYNC pins as a crystal 
oscillator. The receive clock may be 1, 16,32, or 64 times the data 
rate in Asynchronous modes. 

RTSA. RTSB. Reauest To Send (outputs active Low). When the 
Request to Send (RTS) bit in Write Register 5 (Figure 6) 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 Asyn
chronous 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.' 

SYNCA, SYNCB. Synchronization (inputs or outputs, 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 simi
lar to CTS and DCD.ln this mode, transitions on these lines affect 
the state of the Synchronous/Hunt status bits in Read Register a 
(Figure 5) 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. Character assembly begins 
on the rising edge of the receive clock immediately preceding the 
activation of SYNC. 

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 receivo clock cyclo in 
which synchronous characters are recognized. Tho synchronous 
condition is not latched, so these outputs are activo oach timo 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. 

TxDA, TxDB. Transmit Data (outputs, active High). These out
put signals transmit serial data at standard TTL levels. 

TRxCA, TRxCS. Transmit/Receive Clocks (inputs or outputs, 
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. 

WR. Write (input, active Low). When the see is selected, this 
signal indicates a write operation. The coincidence of RD and WR 
is interpreted as a reset. 
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W/REQA, WjREQB. Wait/Request (outputs, open-drain when 
programmed for a Wait function, driven High or Low when pro
gammed 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 see data rate. The reset 
state is Wait. 
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ADDRESSI 
DATA BUS 

BUS { 
TIMING 

AND RESET 

DATA BUS 

BUS { 
TIMING 

AND RESET 

Airy TxDA 

AD6 

ADS 

AD4 

AD3 CH·A 

AD2 I C",N~' ADI CONTROLS 

ADO 
FOR MODEM, 
DMA,OR 

As OTHER 

OS l8030 
RiW SCC } SERIAL 

CSI 
DATA 

CSo } CHANNEL 

INT CLOCKS 

INTACK CH·B 

lEI CHANNEL 
lEO CONTROLS 

FOR MODEM, 
DMA,OR 
OTHER 

+5V GND PCLK 009700·14 . 

Figure 16. Logic Symbol 

} SERIAL 
DATA 

} CHANNEL 
CLOCKS 

CH·A 

} C",NN" CONTROLS 
FOR MODEM, 
DMA,OR 
OTHER 

} SERIAL 
DATA 

} CHANNEL 
CLOCKS 

CH·B 

I C",N'" CONTROLS 
FOR MODEM, 
DMA,OR 
OTHER 

+5V GND PCLK 
009700·16 

Figure 18. Logic Symbol 

0-40 
P-40 

ADI ADo 

AD3 39 AD2 

ADs 38 AD4 

AD7 AD6 

INT 36 OS 
lEO 35 AS 
lEI 34 R/Vi 

INTACK 33 CSo 

+5V 9 . CSI 

W/REQA 10 l8030 31 GND l·SCC· 
SYNCA 11 30 W/REQB 

RTxCA 12 29 SYNCB 

RxDA 13 28 RTxCB 

TRxCA 14 27 RxDB 

TxDA 15 26 TRxCB 

DTR/REQA 16 25 TxDB 

RTSA 17 DTR/REQB 

CTSA 18 RTSB 

DCDA 19 CTSB 

PCLK 20 DCDB 

Note: Pin 1 is marked for orientation. 

Figure 17. 

01 

03 

05 

07 

INT 

lEO 

lEI 

INTACK 

+5V 

W/REQA 10 

SYNCA 11 

RTxCA 12 

RxDA 13 

TRxCA 14 

TxDA 15 

DTR/REQA 16 

RTSA 17 

CTSA 18 

DCDA 19 

PCLK 20 

Connection Diagram. 

0-40 
P-40 

l8530 
SCC 

DO 

02 

04 

06 

AD 
WR 

AlB 
CE 
ole 
GND 

WiFiEaB 
SYNCB 

RTxCB 

RxDB 

TRxCB 

TxDB 

DTA/REQ B 

RTSB. 

CTSB 

DCDB 

Note: Pin 1 is marked for orientation. 

Figure 19. Connection Diagram 
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ORDERING INFORMATION 

Example ZS030 A 

Basic Device! ~ 
Speed 

Blank = 4MHz 
A = 6MHz 

D ,c B 

e
LBurn.in 

~ Temperature Range 
C = Oto +70°C 
I = -40 to +S5°C 
M = -55 to + 125°C 

Package Type 
D = Hermetic DIP 
P = Molded Plastic 

Example 

Basic Device 

Speed 
Blank = 4MHz 

A = 6MHz 

ZS530 A 

~ 
DeB 

e
LBurn.in 

~ Temperature Range 
C = 0 to +70°C 
I = -40 to +S5°C 
M = -55 to +125°C 

Package Type 
D = Hermetic DIP 
P = Molded Plastic 
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MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature -65 to +150°C 

Voltage at any Pin Relative to VSS -0.5 to +7.0V 

Power Dissipation 1.BW 

The products described by this specification include internal circuitry designed to protect input devices from dam<;lging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 
(over which the DC, switching and functional specifications apply) 

4MHz 6MHz 

Commercial Operating Range ZS0300C ZS030AOC 
TA = 0 to +70°C ZS030PC ZS030APC 
Vee =5V ± 5% ZS5300C ZS530AOC 

ZS530PC . ZS530APC 

Industrial Operating Range ZS03001 
, 

TA = -40 to +S5°C ZS53001 
Vee = 5V ± 5% 

Military Operating Range ZS0300MB 
TA = -55 to +125°C ZS5300MB 
Vee = 5V ± 10% 

Notes: TA denotes ambient temperature. 
Add suffix B to indicate burn-in requirement. 

ELECTRICAL CHARACTERISTICS 
Parameter Description Test Conditions Min Typ Max Units 

Standard 2.0 
VIH Input HIGH Voltage Vee + 0.3 V 

Military 2.2 

VIL Input LOW Voltage -0.3 O.S V 

VOH Output HIGH Voltage 10H = -250~ 2.4 V 

VOL Output LOW Voltage IOL = +2.0mA 0.4 V 

IlL Input Leakage 0.4 "" VIN "" +2.4V ±10.0 ~ 

10L Output Leakage 0.4 "" VOUT "" +2.4V ±10.0 /LA 

Icc Vee Supply Current 250 mA 

CIN Input Capacitance 
Unmeasured pins returned 10 pF 

COUT Output Capacitance to ground. f = 1 MHz over 15 pF 

CliO Bidirectional Capacitance 
specified temperature range. 

20 pF 

Vee = 5V ± 5% unless otherwise specified, over specified temperature range. 

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: 

+4.7SV"" VCC "" +5.25V 
GND = OV 

O°C "" TA"" +70°C Standard Test Load 

+5V 

2.2K 
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Open Drain Test Load 

+5V 

2.2K 
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GENERAL TIMING 

Number Parameter 

1 TdPC(REQ) 

2 TdPC(W) 

3 TsRXC(PC) 

4 TsRXD(RXCr) 

5 ThRXD(RXCr) 

6 TsRXD(RXCf) 

7 ThRXD(RXCf) 

8 TsSY(RXC) 

9 ThSY(RXC) 

10 TsTXC(PC) 

11 TdTXCf(TXD) 

12 TdTXCr(TXD) 

13 TdTXD(TRX) 

14 TwRTXh 

15 TwRTXI 

16 TcRTX 

17 TcRTXX 

18 TwTRXh 

19 TwTRXI 

20 TcTRX 

21 TwEXT 

22 TwSY 

Description 

PCLK ~ to W/REQ Valid Delay 

PCLK ~ to Wait Inactive Delay 

RxC i to PCLK i Setup Time (Notes 1, 4) 

RxD to RxC i Setup Time (XI Mode) (Npte 1) 

RxD to RxC i Hold Time (XI Mode) (Note 1) 

RxD to RxC ~ Setup Time (XI Mode) (Notes 1, 5) 

RxD to RxC ~ Hold Time (XI Mode) (Notes 1, 5) 

SYNC to RxC i Setup Time (Note 1) 

SYNC to RxC i Hold Time (Note 1) , 

TxC ~ to PCLK i Setup Time (Notes 2,4) 

TxC ~ to TxD Delay (XI Mode) (Note 2) 

TxC r to TxD Delay (XI Mode) (Notes 2, 5) 

TxD to TRxC Delay (Send Clock Echo) 

RTxC High Width 

RTxC Low Width 

RTxC Cycle Time 

Crystal Oscillator Period (Note 3) 

TRxC High Width 

TRxC Low Width 

TRxC Cycle Time 

DCD or CTS Pulse Width 

SYNC Pulse Width 

Notes: 1. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
2. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
3. Both RTxC and SYNC have 30pF capacitors to ground connected to them. 

4MHz 6MHz 

Min Max Min Max Units 

250 250 ns 

350 350 ns 

50 50 ns 

0 0 ns 

150 150 ns 

0 0 ns 

150 150 ns 

-200 -200 ns 

3TcPC 3TcPC 
+200 +200 

ns 

0 0 ns 

300 300 ns 

300 300 ns 

ns 

180 180 ns 

180 180 ns 

400 400 ns 

250 1000 250 1000 ns 

180 180 ns 

180 180 ns 

400 400 ns 

200 200 ns 

200 200 ns 

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 if RTxC is used directly as Tx or Rx clock. If used as a DPLL or BR source, specifications are the same as 

PCLK (4MHz). 

·Timings are preliminary and subject to change. 
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SYSTEM TIMING 

Number Parameter 

1 TdRXC(REQ) 

2 TdRXC(W) 

3 TdRXC(SY) 

4 TdRXC(INT) 

5 TdTXC(REQ) 

6 TdTXC(W) 

7 TdTXC(DRQ) 

8 TdTXC(INT) 

9 TdSY(INT) 

10 TdEXT(INT) 

Description Min 

RxC i to W/REQ Valid Delay (Note 2) 8 

RxC i to Wait Inactive Delay (Notes 1, 2) 8 

RxC i to SYNC Valid Delay (Note 2) 4 

RxC i to INT Valid Delay (Notes 1, 2) 10 

TxC l to W/REQ Valid Delay (Note 3) 5 

TxC l to Wait Inactive Delay (Notes 1, 3) 5 

'TxC l to DTR/REQ Valid Delay (Note 3) 4 

TxC l to INT Valid Delay (Notes 1, 3) 6 

SYNC Transition to INT Valid Delay (Note 1) 2 

DCD or CTS Transition to INT Valid Delay (Note 1) 2 

4MHz 6MHz 

Max Min Max Units 

12 8 12 TcPC 

12 8 12 TcPC 

7 4 7 TcPC 

16 10 16 TcPC 

8 5 8 TcPC 

8 5 8 TcPC 

7 4 7 TcPC 

10 6 10 TcPC 

6 2 6 TcPC 

6, 2 6 TcPC 

Notes: 1. Open-drain output, measured with open-drain 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. 

RTxC, TRIC 
RECEIVE 

W/REQ 
REQUEST 

W/REQ 
WAIT 

SYNC 
OUTPUT 

RTIC, TRIC 
TRANSMIT 

W/REQ 
REQUEST 

W/REQ 
WAIT 

DTR/REQ 
REQUEST 

CTS, DCD 

SYNC 
INPUT 

Figure 21. Syst~m Timing 
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READ AND WRITE TIMING (AmZ8030) 

Number Parameter Description 

1 TwAS AS LOW Width 

2 TdDS(AS) OS i to AS t Delay 

3 TsCSO(AS) CSo to AS i Setup Time (Note 1) 

4 ThCSO(AS) CSo to AS i Hold Time (Note 1) 

5 TsCS1(DS) CS1 to OS t Setup Time (Note 1) 

6 ThCS1(DS) CS1 to OS i Hold Time (Note 1) 

7 TsIA(AS). INTACK to AS i Setup Time 

8 ThIA(AS) INTACK to AS i Hold Time 

9 TsRWR(DS) R!W (Read) to OS t Setup Time 

10 ThRW(DS) R/W to OS i Hold Time 

11 TsRWW(DS) R!W (Write) to OS t Setup Time 

12 TdAS(DS) AS i to OS t Delay 

13 TwDSI OS LOW Width 

14 TrC Valid Access Recovery Time (Note 2) 

15 TsA(AS) Address to AS i ,.Setup Time (Note 1) 

16 ThA(AS) Address to AS i Hold Time (Note 1) 

17 TsDW(DS) Write Data to OS t Setup Time 

18 T~DW(DS) Write Data to OS i Hold Time 

19 TdDS(DA) OS t to Data Active Delay 

20 TdDSr(DR) OS i to Read Data Not Valid Delay 

21 TdDSf(DR) OS t to Read Data Valid Delay 

22 TdAS(DR) AS i to. Read Data Valid Delay 

Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 
2. Parameter applies only between transactions involving the 8030. 

7·25 
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4MHz 6MHz 

Min Max Min Max Units 

70 50 ns 

50 25 ns 

0 0 ns 

60 40 ns 

100 80 ns 

55 40 ns 

0 0 ns 

250 250 ns 

100 80 ns 

55 40 ns 

0 0 ns 

60 40 ns 

390 250 ns 

6TcPC 6TcPC 
+200 +130 

ns 

30 10 ns 

50 30 ns 

30 20 ns 

30 20 ns 

0 0 ns 

0 0 ns 

259 180 ns 

520 335 ns 
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Figure 22. Read and Write Timing (AmZ8030) 
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AmZ8030 • AmZ8530 
INTERRUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING (AmZ8030) 

4MHz 6MHz 

Number Parameter Description Min Max Min Max Units 

23 TdDS(DRz) DS i 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 i to Wait Valid Delay (Note 4) 240 200 ns 

26 TdDSf(REQ) DS i to W/REO Not Valid Delay 240 200 ns 

" 5TcPC 5TcPC 
27 TdDSr(REO) DS i to DTR/REO Not Valid Delay 

+300 +250 
ns 

28 TdAS(INT) AS i to INT Valid Delay (Note 4) 500 500 ns 

29 TdAS(DSA) AS i to DS ! (Acknowledge) Delay (Note 5) ns 

30 TwDSA DS (Acknowledge) Low Width 390 250 ns 

31 TdDSA(DR) DS ! (Acknowledge) to Read Data Valid Delay 250 180 ns 

32 TsIEI(DSA) lEI to DS i (Acknowledge) Setup Time 120 100 ns 

33 ThIEI(DSA) lEI to DS i (Acknowledge) Hold Time 0 0 ns 

34 TdIEI(IEO) lEI to lEO Delay 120 100 ns 

35 TdAS(IEO) AS i to lEO Delay (Note 6) 250 250 ns 

36 . TdDSA(INT) DS ! (Acknowledge) to INT Inactive Delay (Note 4) 500 500 ns 

37 TdDS(ASO) DS i to AS i Delay for No Reset 30 15 ns 

38 TdASO(DS) AS i to DS i 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 TcPC PCLK Cycle Time . 250 4000 165 2000 ns 

43 TrPC PCLK Rise Time 20 15 ns 

44 TfPC PCLK Fall 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 dc load and minimum ac load. 
4. Open-drain output, measured with open-drain test load. 
5. Parameter is system dependent. For any 8030 in the daisy chain, TdAS(DSA) must be greater than the sum of TdAS(IEO) for the highest 

priority device in the daisy chain, TsIEI(DSA) for tho 8030, and TdIEIf(IEO) for each device separating them in the daisy chain. 
6. Parameter applies only to a 8030 pulling INT Low at the beginning of the Interrupt Acknowledge transaction. 
7. Internal circuitry allows for the reset provided by the Z8 to be recognized as a reset by the 8030. 

All timing references assume 2.0V for a logic "1" and 0.8V for a logic. 
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Figure 23. Interrupt Acknowledge Timing (AmZ8030) 
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Figure 24. Reset Timing (AmZ8030) 
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Figure 25. Cycle Timing (AmZ8030) 
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READ AND WRITE TIMING (AmZ8530) 
AmZ8030 • AmZ8530 

4MHz 6MHz 

Number Parameter 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 TfPC 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 ! 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 t Hold Time 0 0 ns 

10 TsIA(PC) INTACK to PCLK t Setup Time 0 0 ns 

11 TsIAi(WR) INTACK to WR ! 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 TsCEI(WR) CE Low to WR ! Setup Time 0 0 ns 

17 ThCE(WR) CE to WR i 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 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 TwRDI RD Low Width (Note 1) 390 250 ns 

23 TdRD(DRA) RD ! to Read Data Active Delay 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 de load and minimum ac load. 
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INTERRUPT ACKNOWLEDGE TI~ING, RESET TIMING, CYCLE TIMING (ArnZ8530) 
AmZ8030 • AmZ8530 

4MHz 6MHz 

Number Parameter Description Min Max Min Max Units 

27 TdA(DR) Address Required Valid to Read Data Valid Delay 590 420 ns 

28 TwWRI WR Low Width 390 250 ns 

29 TsDW(WR) Write Data to WR ! Setup Time 0 0 ns 

30, ThDW(WR) Write Data to WR t 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 TdWRf(REQ) WR ! to W/REQ Not Valid Delay 240 200 ns 

34 TdRDf(REQ) RD ! to W/REQ Not Valid Delay 240 200 ns 

35 TdWRr(REQ) WR t to DTR/REQ Not Valid Delay 
5TcPC 5TcPC 

ns 
+300 +250 

36 TdRDr(REQ) RD t to DTR/REQ Not Valid Delay 
5TcPC 5TcPC 

ns 
+300 +250 

37 TdPC(lNT) PCLK! to INT Valid Delay (Note 4) 500 500 ns 

38 TdIAi(RD) INTACK to RD ! (Acknowledge) Delay (Note 5) ns 

39 TwRDA RD (Acknowledge) Width 285 250 ns 

40 TdRDA(DR) RD ! (Acknowledge) to Read Data Valid Delay 190 180 ns 

41 TsIEI(RDA) lEI to RD ! (Acknowledge) Setup Time 120 100 ns 

42 ThIEI(RDA) lEI to RD t (Acknowledge) Hold Time 0 0 ns 

43 TdIEI(IEO) lEI to lEO Delay Time 120 100 ns 

44 TdPC(IEO) PCLK t to lEO Delay 250 250 ns 

45 TdRDA(INT) RD ! to INT Inactive Delay (Note 4) 500 500 ns 

46 TdRD(WRQ) RD t to WR ! Delay for No Reset 30 15 ns 

47 TdWRQ(RD) WR t to RD ! Delay for No Reset 30 30 ns 

48 TwRES WR and RD Coincident Low for Reset 250 250 ns 

6TcPC 
,. 

6TcPC 49 Trc Valid Access Recovery Time (Note 3) 
+200 +130 

ns 

Notes: 3. Parameter applies only between transactions involving the SCC. 
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 TdIElf(IEO) for each device separating them in the daisy chain. 

"Timings are preliminary and subject to change. 
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Figure 27. Interrupt Acknowledge Timing (AmZ8530) 
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Figure 28. Reset Timing (AmZ8530) 
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Figure 29. Cycle Timing (AmZ8530) 
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AmZ8530 see with Interrupt 
With the addition of external hardware, the interrupt structure of 
the AmZ8530 could be used to enhance system performance. 
Only the circuitry that generates the appropriate interrupt control 
signals will be described here. 

1. The 74LS138 3-to-8 decoder receives the FCo, FC1 and FC2 
processor status signals and decodes them into interrupt 
acknowledge INTA input to 'the AmZ8530. A1, A2 and A3 
designate the different interrupt levels that are decoded by 
the 74LS138. Note that INTA inhibits RD from the processor. 

2. The 74LS164 shift register delays the RD signal sufficiently 
allowing sufficient time for the interrupt daisy chain to settle. 
In addition, the shift register produces a RD signal to get the 
vector on the bus prior to generating DTACK input to the 
68000 CPU. 

3. The 74LS148 encoder, encodes the interrupt request signals 
from the AmZ8530 and inputs the desired interrupt level 
to the 68000. 
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Why Design-In the 8530SCC? 
The 8530 Serial Communications Controller will probably com
pete against the MC6850, 6852 or 6854 in current 68000 system 
design. Motorola eventually plans to introduce more sophisti
cated serial I/Os some time in late 83; Until then, the AmZ8530 
is the only SCC that can offer user programmable features for 
high-end applications. 

estate. Estimated cost savings of at least $10.00 per system. 
The baud rate is programmable and can be set to match· 
the peripheral. 

• Supports all advanced protocols: HOLC, SOLC, 

• Built-In Digital Phase Lock Loop: Another $10.00 savings 
per system. Otherwise, it must be implemented in 5-6 MSI or 
a PLA. The 8530 has the OPLL on-board, (while none of 
Motorola's devices do) which facilitates separation of data 
from clock in self clocking encoding schemes. IBM Bisync . 

• Speed: The AmZ8530 is the fastest available SCC with 
transmit rates of up to 1.5M bps. 

• Baud-Rate Generator: The 8530 has it and the competition 
doesn't. This reduces chip count and cuts down on board real 

• Auto Echo and Local Loopback: Improves diagnostics by 
easy monitoring of transmitted data stream. None of the 
Motorola devices has this ability. 
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8530 

COMMUNICATIONS CONTROLLER COMPARISON 

Features AmZ8030SCC Z-80SIO Z-80DART MC6850AIA 

Supply +SV,O +SV,O +SV,O +5V,O 

Package 40-Pin{)IP 40-Pin DIP 40-PinOIP 24·Pin DIP 

Technology N-Channel MaS N-Channel MaS N-Channel MaS N-Channel MaS 

Clocks One One One Two 

Channels Two Two Two One 

Transmission Rates 1.SM Bits/sec BOOK Bits/sec BOOK Bits/sec 1M Bits/sec 

Min Clock Cycle Time 16Snsec 2S0nsec 2S0nsec SOOn sec 

Error Protection CRC,CCITI CRCC,CCITI CRC,CCITI Parity 

Interrupt Capability Programmable Programmable Programmable Non-Programmable 
Vector Interrupt 

B. R. Generator On-Chip, Programmable No No No 

Digital PLL On-Chip No No No 

Modem Control Handshake Interface Handshake Interface Handshake Interface Handshake Interface 

Abort Signals Programmable No No No 

Protocols Asynchronous, Synchronous: Asynchronous Asynchronous Asynchronous 
Byte Oriented (IBM BiSync) 
Bit Oriented (HOLC, SOLC) 

Auto Echo Yes No No No 

Local Loopback Yes, for Local or Remote No No No 
Maintenance 

COMMUNICATIONS CONTROLLER COMPARISON 

Features MC6852SSD MC6854ADL 8251 PCI 8273 PPC 

Supply +SV,O +SV,O +SV,O +SV,O 

Package 24-PinOIP 2B-Pin DIP 2B-Pin DIP 40-PinOIP 

Technology N-Channel MaS N-Channel MaS N-Channel MaS . N-Channel MaS 

Clocks Two Two One One 

Channels One One One One 

Transmission Rates ? ? 64K Bits/sec 64K Bits/sec 

Min Clock Cycle 2BOnsec SOOn sec 2S0nsec 2S0nsec 
Time 

Error Protection Parity CRC Parity CRC 

Interrupt Capability Non-Programmable Non-Programmable No Programmable 

B. R. Generator No No No No 

Digital PLL No No No On Chip 

Modem Control Handshake Interface Handshake Interface Handshake Interface Handshake Interface 

Abort Signals No Programmable No No 

Protocols Synchronous: Bit Oriented Synchronous: Bit Oriented AsynChronous, Synchronous: Asynchronous, Synchronous: 
(HOLC, SOLC) (HOLC, SOLC) Byte Oriented (IBM BiSync) Bit Oriented (HOLC, SOLC) 

Auto Echo No No No No 

Local Loopback No No No No 
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AmZ8031 • AmZ8531 .(ASCC) 
Asynchronous Serial Communications Controller 

DISTINCTIVE CHARACTERISTICS 

• Two 1M.bps full duplex serial channels 
Each channel has independent oscillator, 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 Z8031 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/ 
controllers, 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. 

Both channels have facilities for modem control; in cases 
where these controls aren't needed, they can be used for 
general purpose I/O. 

The AmZ8031 is directly compatible with the Z8000 and 
8086 CPUs, while the AmZ8531 is designed for non-multi
plexed buses, and is easily interfaced with most other 
CPUs such as 8080, Z80, 6800, 68000 and Multibus." 

BLOCK DIAGRAM 

ADDRESS 
DATA 

CONTROL 

CPU 
BUS 1/0 

INTERRUPT 
CONTROL 

LINES 

INTERNAL 
CONTROL 

LOGIC 

INTERRUPT 
CONTROL 

LOGIC 

Figure 1. 

·Z8000 is a trademark of Zilog. . ··Multibus is a trademark of Intel. 
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Z8031 Connection Diagram - Top View 
0-40-2, P-40-1 

AD1 ADo 

AD3 AD2 

ADs AD4 

AD7 AD6 

iNT os 
lEO AS 
lEI ANi 

INTACK CSa 

+5V CS1 

W/REQA GND 

RiA W/REQB 

RTxCA RiB 
RxDA RTxCB 

TRxCA RxDB 

TxDA TRxCB 

D'i'FiiREQA TxDB 

RTSA DTR/REQ B 

CTSA RrSB 
DCDA CTSii 
PCLK DCDB 

03818C-3 

Note: Pin 1 is marked for orientation. 

Z8531 Connection Diagram - Top View 
0-40-2, P-40-1 

01 Do 

03 02 

Os 04 

D7 06 

INT iii) 

lEO W~ 

lEI Am 

iNTACK Ce 
+5V ole 

WiREQA GND 

RiA WiiiEQB 

RTxCA RiB 
RIDA RTICB 

TRxCA RIDB 

TxDA TRxCB 

DTR/REQA TXQ.B 

RTSA DTR/REQB 

CTSA RrSB 
DCDA CTSB 

PCLK DC DB 

03818C-5 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Example Z8031 A 

Basic Device ~ 
Speed 

Blank = 4MHz 
,A = 6MHz 

DeB 

e
LBurn_in 

~ Temperature Range 
C = 0 to +70°c 
I = -40 to +85°C 
M = -55 to + 125°C 

Package Type 
D = Hermetic DIP 
P = Molded Plastic 
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AmZ8031/ AmZ8531 

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 Z8000 CPU (AmZ8031) or to a 
non-multiplexed CPU bus (AmZ8531). 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 con
trol logic under program control. All of the modem control sig
nals 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 Interrupt 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 containing the Interrupt 
Pending bits (A only). 

The registers for each channel are designated as follows: 

WRO-WR15 - Write Registers 0 through 15. 
RRO-RR3, RRlO, 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-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 ll-bit transmit shift 
register that can be loaded from the transmit data register. De
pending 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 

RRl 

RR2 

RR3 

RRB 

RR10 

RR12 

RR13 

RR1S 

Transmit/Receive buffer status and External status 

Special Receive Condition status 

Modified interrupt vector 
(Channel B only) 

Unmodified interrupt vector 
(Channel A only) 

Interrupt Pending bits 
(Channel A only) 

Receive buffer 

Miscellaneous status 

Lower byte of baud rate generator time constant 

Upper byte of baud rate generator time constant 

External/Status interrupt information 
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WRITE REGISTER FUNCTIONS 

WRO 

WR1 

WR2 

WR3 

WR4 

WRS 

WRG 

WR7 

WRS 

WR9 

CRC initialize. initialization commands for the various 
modes, shift right/shift left command 

Transmit/Receive interrupt and data transfer mode 
definition 

Interrupt vector (accessed through either channel) 

Receive parameters and control 

Transmit/Receive miscellaneous parameters and 
modes 

Transmit parameters and controls . 

Sync characters or SOLC address field 

Sync character or SDLe flag 

Transmit buffer 

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 

WR1S External/Status interrupt control 
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FUNCTIONAL 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 com
munications protocols; as a microprocessor peripheral, it inter
acts with the CPU and provides vectored interrupts and hand
shaking signals. 

DATA COMMUNICATIONS CAPABILITIES 

The ASCC provides two independent full-duplex channels pro
grammable for use in any common asynchronous data
communication protocol. Figure 3 and the following description 
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 pro
vide 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. Aeception is protected from spikes by a trans
ient spike-rejection mechanism that checks the signal one-half 
a bit time after a Low level is detected on the receive data input 
(AxDA or AxDS 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. Vec
tored 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 
a rate '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 pro
cess 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 TAxC pin, the output of the baud rate generator 
may be echoed out via the TAxC pin. 

The following formula relates the time constant to the baud 
rate. (The baud rate is in bits/second and the SR clock period 
is in seconds.) 

baud rate = ---------------
2 (time constant + 2) x (SA clock period) 

Time-Constant Values 
for Standard Baud Rates at BR Clock = 3.9936MHz 

Rate 
(Baud) 

19200 
9600 
7200, 
4800 
3600 
2400 
2000 
1800 
1200 
600 
300 
150 
134.5 
110 
75 
50 

Time Constant 
(decimal notation) 

102 
206 
275 
414 
553 
830 
996 

1107' 
1662 
3326 
6654 

13310 
14844 
18151' 
26622 
39934 

DIGITAL PHASE-LOCKED LOOP 

Error 

0.12% 

0.06% 

0.04% 
0.03% 

0.0007% 
0.0015% 

The ASCC contains a digital phase-locked loop (DPLL) to re
cover clock information from a data stream with NAZI or FM 
encoding. The DPLL is driven by a clock that is nominally 32 
(NAZI) or 16 (FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct a ciock for the 
data. This clock may then be used as the ASCC receive clock, 
the transmit clock, or both. 

For NAZI 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 termi
nal 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 ciock edges in the data stream should occur be
tween counts 15 and 16 and between counts 31 and O. The 

STrT PAn~op 
--------~ r----r~~ ~----rT~~-------It DATAlJ I I DATA II . I I DATA II . . MARKING LINE MARKING LINE 

ASYNCHRONOUS 03818C-7 

Figure 3. ASCC Protocols 
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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 
ASCC via the TRxC pin (if this pin is not being 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, a1 is rep
resented 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 FM1 (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 FMo (bi-phase space), a transi
tion 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 O. 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 re
ceives. 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 

DATA 

NRZ 

NRZI 

FMl 
(BIPHASE MARK) 

FMO 
(BIPHASE SPACE) 

MANCHESTER 

AmZ80311 AmZ8531 

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 with NRZ, NRZI or FM 
coding of the data stream. 

I/O 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 performed. 
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; de
pending 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.n ASCC responds to an Interrupt Acknowledgo signal 
(INTACK) from the CPU, an interrupt vector may bo placed on 
the data bus. This vector is written in WR2 and may bo road 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 
three bits associated with the interrupt source: Interrupt Pend
ing (IP), Interrupt Under Service (IUS), and Interrupt Enable 
(IE). Operation of the IE bit is straightforward. If the IE bit is set 

. 0 

..... _--...; 
BIT CELL LEVEL: 

HIGH = 1 
LOW = 0 

NO CHANGE = 1 
CHANGE = 0 

BIT CENTER TRANSITION: 
TRANSITION = 1 

..... ___ ...1 NO TRANSITION = 0 

NO TRANSITION = 1 
TRANSITION = 0 

HIGH- LOW = 1 
LOW -HIGH = 0 

03818C-8 

Figure 4. Data Encoding Methods 
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for a given interrupt source, then that source can request inter
rupts:The exception is when the MIE (Master Interrupt Enable) 
bit in WR9 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 5). As a Z-Bus peripheral, the ASCC may request 
an interrupt only when no higher-priority device is requesting' 
one, e.g., when lEI is High. If the device in question 
requests an interrupt, it pulls down INT. The CPU then re
sponds with INTACK, and the interrupting device pi aces the 
vector on the A/D bus. . 

In the ASCC, the IP bit signals a need for interrupt servicing. 
When an IP bitis 1 and the lEI 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 requesting 
interrupts. The internal interrupt sources are inhibited by the 
state of the internal daisy chain, while lower priority devices are 
inhibited by th~ lEO output of the ASC~ 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: 

PERIPHERAL 

+5V 

00-1>7 

AOo-A1>7 

• Interrupt on First Receive Character or Special Receive 
condition. 

• Interrupt on all Receive Characters or Special Receive 
condition. 

• Interrupt on Special Receive condition only. 

Interrupt on First Character or Special Condition and Interrupt 
on Special Conditi'on Only are typically used with the Block 
Transfer mode. A Special Receive Condition is one of the fol
lowing: receiver overrun, framing error in asynchronous mode 
and, optionally, a parity error. The Special Receive Condition 
interrupt is different from an ordinary receive character availa
ble 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 condi
tions 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 Ripins; however, 
an External/Status interrupt is also caused by a Transmit 
Underrun condition, or a zero count in the baud rate generator, 
or by the detection of a Break (asynchronous mode). 

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 conjunction 
with the WaH/Request bits in WR1. The WAIT/REQUEST out
put 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 I/O 
cycl~. The DTR/REQUEST line allows full-duplex operation 
under DMA control. 

PERIPHERAL PERIPHERAL 

+5V 

ijft------------------~_+--------------------~_+--------------------*__4--~ 
IN~CK--------------------~----------------------~----------------------~ 
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Figure 5. Z-Bus Interrupt Schedule 

PROGRAMMING (AmZ8031) 
The AmZ8031 contains 11 write registers in each channel that 
are programmed. by the system separately to configure the 
functional personality of the channels. 

All of the registers in the AmZ8031 are directly addressable. 
How the AmZ8031 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 ADo and the state 
of AD5 is ignored. In the shift left mode, AlB is taken from AD5 

and the state of ADo is ignored. AD7 and Aq6 are always ig
nored as address bits and the register address itself occupies 
AD4-AD1. 

The system program first issues a series of commands to in
itialize 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 .. 
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PROGRAMMING (AmZ8531) 

The AmZB531, register addressing is direct for the,.Eata regis
ters only, which are selected by a High on the DIC pin. In all 
other cases (with the exception of WRO and RRO), program
ming the write registers requires two write operations and 
reading the read registers requires both a write and a read op
eration. The first write is to WRO and contains three bits that 
point to the selected register. The second write is the actual 
control word for the selected register, and if the second opera
tion is read, the selected read register is accessed. All of the 
registers in the AmZB531, 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 RRO) 
is addressed again. 

, The system program first issues a series of commands to in
itialize 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 Register 0 

Ax Character Available 

Zero Count 

L.-___ Tx Buffer Empty 
L-_____ DCD 

L-_______ Aing Indicator 
L-_--'-______ CTS 

L-____________ Break 

Read Register 1 

All Sent 

L-_______ Parity Error 

L-________ Ax Overrun Error 

L-__________ Framing Error 

Read Register 2 

Vo 
VI 

V2 

L-_____ vj Interrupt Vector' 
L-_______ V4 

L-________ Vs 

L-__________ Vs 

L-____________ V7 

'Modified In B Channel 

AmZ80311 AmZ8531 

READ REGISTERS 

The ASCC contains B read registers (actually 9, counting the 
receive buffer (RRB) 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 unmod
ified interrupt vector (Channel A) or the vector modified by 
status information (Channel 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 indi
cates a Special Receive Condition interrupt, all the appropriate 
error bits can be read from a single register (RR1). 

Read R~gister 3 

Chan'nel B EXT/STAT IP' 

Channel B Tx IP' 

L-___ Channel B Ax IP' 

L-_____ Channel A EXT/STAT IP' 

L-_______ Channel A Tx IP' 

L-________ Channel A Ax IP' 

Read Register 10 
• Always 0 in B Channel 

L--__________ Two Clocks Missing 

L--____________ One Clock Missing 

Read Register 12 

TCo 

TCI 

'----- TC2 
L-_____ TC3 

Lower Byte of 
L-_______ TC

4 
Time Constant 

L ________ TCs 

L-__________ TCs 

L ____________ TC7 

Figure 6. Read Register Bit Functions 
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Read Register 13 

TCa 

TCg 
L..... ____ TC,O 

L--______ TC" 

'--------- TC'2 

'----------- TC'3 
'------------- TC'4 L--_____________ TC,S 

Upper Byte of 
Time Constant 

Read Register 15 

Zero Count IE 

'-------- OCO IE 

Ai IE 

'-------'------ CTS IE 

'--------------- BreaklE 

Figure 6. Read Register Bit Functions (Cant,) 

WRITE REGISTERS 

The ASCC contains 11 write registers (12 counting WRS, the 
transmit buffer) in each channel. These write registers are pro
grammed separately to configure the functional ,"personality" of 
the channels. In addition, there are two registers (WR2 and 

Write Register 0 (AmZ8031) 

I 07 r 06 T 05 04 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

'Channel B only 

031 O2 0 , DO I 

0 

1 

0 

1 

0 

1 

0 

1 

~~ 
0 0 
~ ~ 

0 I 
~ ~ 

f-'-~ 
I 1 

'---

Null Code 

Null Code 

Null Code 

Null Code 

Select Shift Left Mode' 

Select Shift Right Mode' 

Reset ExtiStatus Int errupts 

Null Code 

Enable Int on Next Rx Character 

Reset Tx Int Pend in 

Error Reset 

Reset Highest IUS 

0 

Write Register 0 (AmZ8531) 

I 07 I 06 I 05 

0 

0 

0 

0 

1 

1 

1 

1 

0 4 I 03 I O2 0 , DO I 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

I I I Regisler 

0 0 0 o Dr 

0 0 1 I Dr 

0 1 0 2 Dr 10 

0 1 1 3 Dr 11 

1 0 0 4 Dr 12 

1 0 1 5 Dr 13 

1 1 0 6 Dr 14 

1 1 1 7 Dr IS 

Null Code 

Point High Register G roup 

rrupts -Reset -ExVStatus Inte 

Null Code 

Enable Int on Next Rx Character 

Reset Tx Int Pending 

Error Reset 

Reset HighesllUS 

0 

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 1 

Ext Int Enable 

Tx Int Enable 

L..... ____ Parity Is Special Condition 

Rx Int Disable 

Rx Int on First Charact,:r or Special Condition 

Int on All Rx Characters or Special Condilion 

Rx Int on Special Condition Only 

L..... _________ WaltiOMA Request on Recelve/Transmit 

'------------- WaltiOMA Request Function 

'--------------- WaltiOMA Request Enable 

Write Register 2 

Vo 

V, 

L.....----V2 
L..... ______ V3 

'---_______ V4 Interrupt Vector 

L------------VS 
L-------------VS 

'---------------V7 
Write Register 3 

Rx Enable 

'----------- Auto Enables 

Rx 5 Bits/Character 

Rx 7 Bits/Character 

Rx 6 Bits/Character 

Rx 8 Bits/Character 

Figure 7, Write Register Bit Functions 
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Write Register 4 

, Parity Enable 

Parity Even/Odd 

Do Not Program 

1 Stop BIt/Character 

1 V2 Stop Bits/Character 

2 Stop Bits/Character 

X 1 Clock Mode 

X16 Clock Mode 

X32 Clock Mode 

X64 Clock Mode 

Write Register 5 

RTS 

~------ Tx Enable 

Send Break 

Tx 5 Bits (or less)/Character 

Tx 7 Bits/Character 

Tx 6 Bits/Character 

Tx 8 Bits/Character 

L..... _____________ OTR 

Write Register 9 

No Reset 

Channel Reset B 

Channel Reset A 

Force Hardware Reset 

Write Register 10 

NRZ 

NRZI 

FMl (Transition = 1) 

FMO (Transition = 0) 

VIS 

NV 

OLC 

MIE 

Status High/Status Low 

o 

AmZ8031/ AmZ8531 

Write Register 11 

TRxC Out = XTAL Output 

TRxC Out = Transmit Clock 

TRxC Out = BR Generator Output 

TRxC Out = OPLL Output 

L-___ TRxC 0/1 

Transmit Clock = RTxC Pin 

Transmit Clock = TRxC Pin 

,0 Transmit Clock = BR Generator Output 

Transmit Clock = OPLL Output 

Receive Clock = RTxC Pin 

Receive Clock = TRxC Pin 

Receive Clock = BR Generator Output 

Receive Clock = OPLL Output 

1-.--------'------- RTxC XTALINo XTAL 

Write Register 12 

TCo 

TC, 
L-____ TC2 

L...... ______ TC3 

L-_______ TC4 
L..... _________ TCs 

1-. ___________ TC6 

L.....______________ TC7 

Write Register 13 

Lower Byte 01 
Time Constant 

L-____ ~~;o I 
TC t t Upper Byte 01 

TCI2] Time Constant 
TC'3 ' 

TC14 

TC,S 

Write Register 14 

BR Generator Enable 

BR Generator Source 

1-.---- OTR/Request Function 
1-. ________ Auto Echo 

L..... _______ Local Loopback 

f---+--+-'-' o~ Null Command 
Enter Search Mode 

f---+---+--i Reset Missing Clock 

i--=--+~~-l Disable OPLL 
Set Source = BR Generator 

f---+--+-'-~ Set Source = RTxC 

~-+-~-l Set FM Mode 
Set NRZI Mode 

L.....---L._.L...--' 

Figure 7. Write Register Bit Functions (Cont.) 
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Write Register 15 

'------- DCD IE 
L-.. ______ Ai IE 

'---0 ________ CTSIE L-..________________ 1 

'------------- Break IE 

Figure 7. Write Register Bit Functions (Cont.) 

AmZ8031 TIMING 

The ASCC generates internal control signals from AS and OS 
that are related to PCLK. Since PCLK has no phase relation
ship with AS and OS, 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 in
volving the ASCC to the falling edge of OS in the second trans
action 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 
ADO-AD? and the state of CSo 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 OS· 
is Low. 

WRITE CYCLE TIMING 

Figure 9 illustrates write cycle timing. The address on 
ADO-AD? and the state of CSo and INTACK are latched by 

CSo \ / 

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. OS Low 
strobes the. data into the ASCC. 

INTERRUPT ACKNOWLEDGE CYCLE TIMING 

Figure 10 illustrates interrupt acknowledge cycle timing. The 
address on ADO- AD? and the state of CSo and INTACK are 
latched by the rising edge of AS. However, if INTACK is Low, 

'the addess and GSo are ignored. The state of R/W aod CS1 
are also ignored for the duration of the interrupt acknowledge 
cycle. Between the rising edge' of AS and the falling edge of 
OS, the internal and external lEI/lEO daisy chains settle. If 
there is an interrupt pending in the ASCC and lEI is High when 
OS falls, the acknowledge cycle was intended for the ASCC. In 
this case, the ASCC may be programmed to respond to OS 
Low by placing its interrupt vector on ADO-AD? It then sets 
the appropriate interrupt-under-service latch internally. 

iNfAcK / 
---J \~--------~----------

AD7-ADO X ADDRESS ) < X DATA VALID >--
~~'---_-.J 

7 
7 

os \'--___ -----J! 
03818C-10 

Figure S. ZS031 Read Cycle Timing 
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AS \ / 
CSo \ / 

INTACK 7 \ 
ADO-A~ X ADDRESS >C)( DATA x= 

Ri'ii \ r= 
CSI 7 c= 
os \ / 

03818C·ll 
Figure 9. Z8031 Write Cycle Timing 

AS\ / 
H 
" 

CSo X (IGNORED) X ;: 
INTACK \ / ;: 

ADo-AD7 X (IGNORED) ) Jj 

" ex VECTOR )-

os I~ / 
Figure 10. Z8031 Interrupt Acknowledge Cycle Timing 

0381SC·12 

AmZ8531 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 in
volving the ASCC. The recovery time required for proper oper
ation 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 AlB and 
Die and the status on INTACK must remain stable throughout 
the cycle. If CE falls after RD falls or if it rises before RD rises, 
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the effective RD is shortened. 

WRITE CYCLE TIMING 

Figure 12 illustrates write cycle timing. Addresses on AlB and 
DIG 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 13 illustrates interrupt acknowledge cycle timing. Se
tween the time INTACK goes Low and the falling edge of RD, 
the internal and external IEI/lEO daisy chains settle. If there is 
an interrupt pending in the ASCC and lEI is High when RD 
falls, the acknowledge cycle is intended for the ASCC. In this 
case, the ASCC may be programmed to respond to RD Low by 
placing its interrupt vector on Do - D7 it then sets the appro
priate interrupt-under-service latch internally. 
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NB. DtC X ADDRESS VALID x= 
INTACK ~ \ 

CE \ / 
AD \ / 

0 0-07 ( X DATA VALID ) 
03818C-13 

Figure 11. Z8531 Read Cycle Timing 

NB,D/C X ADDRESS VALID x= 
INTACK "--J \ 

CE \ / 
WR \ / 

0 0-07 ( DATA VALID ) 
03818C-14 

Figure 12. Z8531 Write Cycle Timing 

IN~CK ~~------------~\r\-----------------------------------------J;I 

0 0-07 -------------------1\ I ·,r------------« ... _______ .JX ... __ V_E_C_TO_R_-.l)>--------

03818C-15 

Figure 13. Z8531 Interrupt Acknowledge Cycle Timing 
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PIN DESCRIPTION FOR AmZ8031 
The following section describes the pin functions of the ASCC. 
Figures 14 and 15 detail the respective pin functions and pin 
assignments. 

Vee: +5V Power Supply 

GND: Ground 

ADo - AD7:' 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. 

AS: Address Strobe (input, active Low). 
Addresses on ADo-AD7 are latched by the rising edge of this 
signal. 

CSo: Chip Select 0 (input, active Low). 
This signal is latched concurrently with the addresses on 
ADO-AD7 and must be active for the intended bus transaction 
to occur. 

CS1: Chip Select 1 (input, active High). 
This second select signal must also be active before the in
tended bus transaction can occur. C81 must remain active 
throughout the transaction. 
-- --
CTSA, CTSB: Clear to Send (inputs, active LOw). 
If 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. 

DCDA, DCDB: Data Carrier Detect (inputs, active Low). 
These, pins function as receiver enables if they are pro
grammed for Auto Enables; otherwise they may be used as 
general-purpose input pins. Both pins are Schmitt-trigger buf
fered to accommodate slow rise-time signals. The ASCC de
tects pulses on these pins and can interrupt the CPU on both 
logic level transitions. 

OS: Data Strobe (input, active Low). 
This signal provides timing for the transfer of data into and out 
of the ASCC. If AS and OS coincide, this is interpreted as a 
reset. 

DTR/REQA, DTR/REQB: Data Terminal Ready/Request 
(outputs, active LOw). 
These outputs follow the state programmed into the DTR bit. 
They can also be used as general-purpose outputs or as Re
quest Lines for a DMA controller. 

lEI: Interrupt Enable In (input, active High). 
lEI is used with lEO to form an interrupt daisy chain when there 
is more than one interrupt-driven device. A High lEI indicates 
that no other higher priority device has an interrupt under ser
vice or is requesting an interrupt. 

lEO: Interrupt Enable Out (output, active High). 
lEO is High only if lEI is High and the CPU is not servicing an 
ASCC interrupt or the ASCC is not requesting an interrupt 
(interrupt acknowledge cycle only). lEO is connected to the 
next lower priority device's lEI input and thus inhibits interrupts 
from lower priority devices. 

INT: Interrupt Request (output, open-drain, active Low). 
This signal is activated when the ASCC requests an interrupt. 

ArnZ80311 AmZ8531 

INTACK: Interrupt Acknowledge (input, active Low). 
This signal indicates an active interrupt acknowledge cycle. 
During this cycle, the ASCC interrupt daisy chain settles. When 
OS becomes active, the ASCC places. an interrupt vector on 
the data bus (if lEI is High). INTACK is latched by the rising 
edge of AS. 
PCLK: Clock (input). 
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 
Z8000. PCLK is a TTL level signal. 

RxDA, RxDB: Receive Data (inputs, active High). 
These input signals receive serial data at standard TTL levels. 

RTxCA, TRxCB: Receive/Transmit Clocks 
(inputs, 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 Ai pins as a 
crystal oscillator. The receive clock may be 1, 16, 32, or 64 
times the data rate in asynchronous modes. 

RTSA, RTSB: Request to Send (outputs, 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. 

R/W: Read/Write (input). 
This signal specifies whether the operation to be performed is 
read or a write. 

RIA, RIB: Ring Indicator (inputs, 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 OeD. 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. 

TxDA, TxDB: Transmit Data (outputs, active High). 
These output signals transmit serial data at standard TTL 
levels. 

TRxCA, TRxCB: Transmit/Receive Clocks 
(inputs or outputs, 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. 

W/REQA, W/REQB: Wait/Request (outputs, 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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PIN DESCRIPTION FOR ArnZ8531 
The following section describes the pin functions of the ASCC. 
Figures 16 and 17 detail the respective pin functions and pin 
assignments. 

Vee: +5V Power Supply. 

GND: Ground. 

AlB: Channel A/Channel B Select (input). 
This signal selects the channel in which the read or write oper
ation occurs. 

CE: Chip Enable (input, active LOw). 
This signal selects the ASCC for a read or write operation. 

ClSA, CTSB: Clear To Send (inputs, 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 ASCC detects pulses on these inputs and 
can interrupt the CPU on both logic level transitions. 

Ole: Data/Control Select (input). 
This signal defines the type of information transferred to or 
from the ASCC. A High means data is transferred; a Low indi
cates a command. 

DCDA, DCDB: Data Carrier Detect (inputs, active Low). 
These pins function as receiver enables if they are program
med for Auto Enables; otherwise they may be used as 
general-purpose input pins. Both pins are Schmitt-trigger buf
fered to accomodate slow rise time signals. The ASCC detects 
pulses on these pins and can interrupt the CPU on both logic 
level transitions. 

Do - 07: Data Bus (bidirectional, three-state). 
These lines carry data and commands to and from the ASCC. 

DTR/REQA, DTR/REQB: Data Terminal Ready/Request 
(outputs, active LOw). 
These outputs follow the state programmed into the DTR bit. 
They can also be used as general-purpose outputs or as Re
quest lines for a DMA controller. 

lEI: Interrupt Enable In (input, active High). 
lEI is used with lEO to form an interrupt daisy chain when there 
is more than one interrupt-driven device. A High lEI indicates 
that no other higher priority device has an interrupt under ser
vice or is requesting an interrupt. 

lEO: Interrupt Enable Out (output, active High). 
lEO is High only if lEI is High and the CPU is not servicing an 
ASCC interrupt or the ASCC is not requesting an interrupt 
(interrupt acknowledge cycle only). lEO is connected to the 
next lower priority device's lEI input and thus inhibits interrupts 
from lower priority devices. 

INT: Interrupt Request (output, open-drain, active Low). 
This signal is activated when the ASCC requests an interrupt. 

INTACK: Interrupt Acknowledge (input, active Low). 
This signal indicates an active interrupt acknowledge cycle. 
During this cycle, the ASCC interrupt daisy chain settles. When 

RD becomes active, the ASCCplaces an interrupt vector on 
the data bus (if lEI is High). INTACK is latched by the rising 
edge of PCLK. 

PCLK: Clock (input). 
This is the master ASCC clock used to synchronize internal 
signals. PCLK is a TTL level signal. ' 

RD: Read (input, acti~e 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. 

RxDA, RxDB: Receive Data (Inputs, active High). 
These input signals receive serial data at standard TTL levels. 

RTxCA, RTxCB: Receive/Transmit Clocks 
(Inputs, 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 respective Ai pins as a 
crystal oscillator. The receive clock may be 1, 16, 32, or 64 
times the data rate in asynchronous modes. 

RTSA, RTSB: Request To Send {outputs, active Low}. 
When the Request To Send (RTS) bit in Write Register 5 (Fi-

, gure 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 Ena
ble off, the RTS pin strictly follows the state of the RTS bit. 
Both pins can be used as general-purpose outputs. 

TxDA, TxDB: Transmit Data (outputs, active High). 
These output signals transmit serial data at standard TTL 
levels. 

TRxCA, TRxCB: Transmit/Receive Clocks 
(inputs or outputs, 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. 
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WR: Write (input, active LOW). 
When the ASCC is selected, this signal indicates a write oper
ation. -The coincidence of RD and WR is inte~preted as a reset. 

W/REQA, Vi/REUB: Wait/Request {outputs, open-drain 
when programmed for a Wait function, driven High or Low 
when progammed 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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ABSOLUTE MAXIMUM RATINGS above which useful life may be impared 

Storage Temperature -65 to +150°C 

Voltage at any Pin Relative to VSS -O.5V to + 7.0V 

Power Dissipation 1.BW 

The products described by this specification include internal circuitry designed to protect input devir:es from damaging accumulations of 
static charge. It is suggested. nevertheless. that conventional precautions be observed during storage. handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 
(over which the DC. switching and functional specifications apply) 

4MHz 6MHz 

Commercial Operating Range Z8031DC Z8031ADC 

TA = 0 to 70°C 
Z8031PC Z8031APC 
Z8531DC Z8531ADC 

Vee = 5V ::,::5% 
Z8531PC Z8531APC 

Industrial Operating Range 
Z8031DI 

TA = -40 to +85°C Z8531DI 
Vee = 5V ::,::5% 

Military Operating Range 
Z8031DMB 

TA = -55 to +125°C Z8531DMB 
Vee = 5V ::,::10% 

Notes: TA denotes ambient temperature. 
Add suffix B to indicate burn-in requirement. 

ELECTRICAL CHARACTERISTICS 
Parameter Description Test Conditions Min Typ Max Units 

VIH Input HIGH Voltage 2.0 Vee + 0.3 V 

VIL Input LOW Voltage -0.3 0.8 V 

VOH Output HIGH Voltage IOH = -250J.'A 2.4 V 

VOL Output LOW Voltage IOL = +2.0mA 0.4 V 

IlL Input Leakage 0.4 ,,;: VIN ,,;: +2.4V :+:10.0 J.'A 

IOL Output Leakage 0.4 ,,;: VOUT ,,;: +2.4V :+:10.0 J.'A 

Icc Vee Supply Current 250 mA 

CIN Input Capacitance 
Unmeasured pins returned 

10 pF 

COUT Output Capacitance to ground. f = 1 MHz over 15 pF 

CliO Bidirectional Capacitance 
specified temperature range. 

20 pF 

Vee = 5V :+: 5% unless otherwise specified, over specified temperature range. 

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: 

+4.75V .s; Vce .s; +5.25V 
GND = OV 
O°C";:; TA.s; +70°C 

Standard Test Load 

+5V 

2.2K 
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Open Drain Test Load 

+5V 

2.2K 
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SYSTEM TIMING 

4MHz 6MHz 

Number Parameters Description Min Max Min Max Units 

1 TdRXC(REO) RxC i to W/REO Valid Delay (Note 2) 8 12 8 12 TcPC 

2 TdRXC(W) RxC i to Wait Inactive Delay, (Notes 1, 2) 8 12 8 12 TcPC 

3 TdRXC(INT) RxC i to INT Valid Delay (Notes 1,2) 10 16 10 16 TcPC 

4 TdTXC(REQ) TxC! to W/REO Valid Delay (Note 3) 5 8 5 8 TcPC 

5 TdTXC(W) TxC! to Wait Inactive Delay (Notes 1,3) 5 8 5 8 TcPC 

6 TdTXC(DRO) TxC! DTR/REO Valid Delay (Note 3) 4 7 4 7 TcPC 

7 TdTXC(INT) TxC! to INT Valid Delay (Notes 1,3) 6 10 6 10 TcPC 

8 TdEXT(INT) DCD or CTS Transition to INT Valid Delay (Note 1) 2 6 2' 6 TcPC 

Notes: 1. Open-drain output, measured with open-drain test load. 3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
"Timings are preliminary and subject to change. 2. RxC is RTxC or TRxC, whichever is supplying the receive clock. 

RTxC, TRxC 
RECEIVE 

W/REQ 
REQUEST 

W/REQ 
WAIT 

RTxC, TRxC 
TRANSMIT 

W/REQ 
REQUEST 

W/REQ 
WAIT 

DTR/REQ 
REQUEST 

Figure 14_ System Timing 

----------------------------~-------------' 

----------------------------~-------------' 

CTS.DCD,RI __________________________ -JI~~ ____________________________________________________ _ 

\ 
~--------------------------------

03818C·18 
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GENERAL TIMING (See Figure 15) 
ArnZ8031/ ArnZ8531 

4MHz 6MHz 

Number Parameters Description Min Max Min Max 

1 TdPC(AEQ) PCLK! to W/AEQ Valid Delay 250 250 

2 TdPC(W) PCLK! to Wait Inactive Delay 350 350 

3 TsAXC(PC) AxC i to PCLK i Setup Time (Notes 1,4) 50 50 

4 TsAXD(AXCr) AxD to AxC i Setup Time (X1 Mode) (Note 1) 0 0 

5 ThAXD(AXCr) AxD to AxC i Hold Time (X1 Mode) (Note 1) 150 150 

6 TsAXD(AXCf) AxD to AxC! Setup Time (X1 Mode) (Notes 1,5) 0 0 

7 ThAXD(AXCf) AxD to AxC! Hold Time (X1 Mode) (Notes 1, 5) 150 150 

8 TsTXC(PC) TxC! to PCLK i Setup Time (Notes 2, 4) 0 0 

9 TdTXCf(TXD) TxC! to TxD Delay (X1 Mode) (Note 2) 300 300 

10 TdTXCr(TXD) TxC ito TxD Delay (X1 Mode) (Notes 2,5) 300 300 

11 TdTXD(TAX) TxD to TAxC Delay (Send Clock Echo) 

12 TwATXh ATxC High Width 180 180 

13 TwATXI ATxC Low Width 180 180 

14 TcATX ATxC Cycle Time 400 400 

15 TcATXX Crystal Oscillator Period (Note 3) 250 1000 250 1000 

16 TwTAXh TAxC High Width 180 180 

17 TwTAXI TAxC Low Width 180 180 

18 TcTAX TAxC Cycle Time 400 400 

19 TwEXT DCD or CTS Pulse Width 200 200 

Notes: 1. AxC is ATxC or TAxC, whichever is supplying the receive clock. 
2. TxC is TAxC or ATxC, whichever is supplying the transmit clock. 
3. Both ATxC and Ai have 30pF capacitors to the 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. 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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PCLK 

W/REQ 
REQUEST 

W/REQ 
WAIT 

RTIC, TRIC 
RECEIVE 

RID 

TR.C, RT.C 
TRANSMIT 

Figure 15. General Timing 

____________________ ~--------------------------J 

------------------~ 

TID_r'f---f, _ 

'~ @~--~t·-------------------------------------------TR.C 
OUTPUT 

------------------------------

\----.~ 
TRIC ------\ ____ ~,,----~\'--------II 

m,DCD,Ai ~. j~--

-------------, ~~ 
03818C-19 
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Z8031 READ AND WRITE TIMING (see Figure 16) 

Number Parameter Description 

1 TwAS AS LOW Width 

2 TdDS(AS) DS i to AS ~ Delay 

3 TsCSO(AS) CSo to AS i Setup Time (Note 1) 

4 ThCSO(AS) CSo to AS i Hold Time (Note 1) 

5 TsCS1(DS) CSl to DS ~ Setup Time (Note 1) 

6 ThCS1(DS) CSl to DS i Hold Time (Note 1) 

7 TsIA(AS) INTACK to AS i Setup Time 

8 ThIA(AS) INTACK to AS i Hold Time 

9 TsRWR(DS) R/W (Read) to DS ~ Setup Time 

10 ThRW(DS) R/W to DS i Hold Time 

11 TsRWW(DS) R/W (Write) to DS ~ Setup Time 

12 TdAS(DS) AS i to DS ~ Delay 

13 TwDSI DS LOW Width 

14 
,. 

TrC Valid Access Recovery Time (Note 2) 

15 TsA(AS) Address to AS i Setup Time (Note 1) 

16 ThA(AS) Address to AS i Hold Time (Note 1) 

17 TsDW(DS) Write Data to DS ~ Setup Time 

18 ThDW(DS) Write Data to DS i Hold Time 

19 TdDS(DA) DS ~ to Data Active Delay 

20 TdDSr(DR) DS i to Read Data Not Valid Delay 

21 TdDSf(DR) DS no Read Data Valid Delay 

22 TdAS(DR) AS i to Read Data Valid Delay 

Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions, 
2. Parameter applies only between transactions involving the 8030, 
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4MHz 6MHz 

Min Max Min Max Units 

70 50 ns 

50 25 ns 

0 0 ns 

60 40 ns 

100 80 ns 

55 40 ns 

0 0 ns 

250 250 ns 

100 80 ns 

55 40 ns 

0 0 ns 

, 60 40 ns 

390 250 ns 

6TcPC 6TcPC 
+200 +130 

ns 

30 10 ns 

50 30 ns 

30 20 ns 

30 20 ns 

0 0 ns 

0 0 ns 

250 180 ns 

520 335 ns 



AmZ80311 AmZ8531 

Figure 16. Z8031 Read and Write Timing 
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AmZ8031/ AmZ8531 
Z8031 INTER.RUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING (see Figures 17, 18, 19) 

4MHz 6MHz 

Number Parameter Description Min Max Min Max Units 

23 TdDS(DRz) DS i 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 TdDSf(REO) DS ~ to W/REO Not Valid Delay 240 200 ns 

27 TdDSr(REO) DS ~ to DTR/REO Not Valid Delay 
5TcPC 5TcPC 
+300 +250 

ns 

28 TdAS(INT) AS t to INT Valid Delay (Note 4) 500 500 ns 

29 TdAS(DSA) AS i to DS ~ (Acknowledge) Delay (Note 5) ns 

30 TwDSA DS (Acknowledge) Low Width 390 250 ns 

31 TdDSA(DR) DS ~ (Acknowledgerto Read Data Valid Delay 250 180 ns 

32 TsIEI(DSA) lEI to DS ~ (Acknowledge) Setup Time 120 100 ns 

33 ThIEI(DSA) lEI to DS t (Acknowledge) Hold Time 0 0 ns 

34 TdIEI(IEO) lEI to lEO Delay 120 100 ns 

35 TdAS(IEO) AS t to lEO Delay (Note 6) 250 . 250 ns 

36 TdDSA(INT) DS ~ (Acknowledge) to INT Inactive Delay (Note 4) 500 500 ns • 

37 TdDS(ASO) DS i to AS ~ Delay for No Reset 30 15 ns 

38 TdASO(DS) AS i to DS ~ 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 TcPC PCLK Cycle Time 250 4000 165 2000 ns 

43 TrPC PCLK Rise Time 20 15 ns 

44 TfPC PCLK Fall Time 20 10 ns 

Notes: 3. Float delay is defined as the time required for a ±O.SV change in the output with a maximum dc load ar:Jd minimum ac load. 
4. Open-drain output, measured with open-drain test load. 
5. Parameter is system dependent. For any 8031 in the daisy chain, TdAS(DSA) must be greater than the sum of TdAS(IEO) for the highest priority 

device in the daisy chain, TsIEI(DSA) for the 8031, and TdIEIf(IEO) for each device separating them in the daisy chain. 
6. Parameter applies only to a 8031 pulling INT Low at the beginning of the Interrupt Acknowledge transaction. 
7. Internal circuitry allows for the reset provided by the Z8 to be recognized as a reset by the 8031. 

'l:imings are preliminary and subject to change. All timing references assume 2.0V for a logic "1" and O.8V for a logic. 
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Figure 17. Z8031 Interrupt Acknowledge Timing 
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. Figure 18. Z8031 Reset Timing 
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Figure 19. Z8031 Cycle Timing 
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Z8531 READAND WRITE TIMING (see Figure 20) 
ArnZ8031/ ArnZ8531 

4MHz 6MHz 

Number Parameter 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 J Setup Time 80 80 ns 

7 ThA(WR) Address to WR i Hold Time 0 0 ns 
--

8 TsA(RD) Address to RD l Setup Time 80 80 ns 
---

9 ThA(RD) Address to RD i Hold Time 0 0 ns 

10 TsIA(PC) INTACK to PCLK i Setup Time 0 0 ns 

11 TsIAi(WR) INTACK to WR l Setup Time (Note 1) 200 200 ns 

12 ThIA(WR) INTACK to WR i Hold Time 0 0 ns 

13 TsIAi(RD) INTACK to RD l Setup Time (Note 1) 200 200 ns 

14 ThIA(RD) INTACK to RD i Hold Time 0 0 ns 

15 ThIA(PC) INTACK to PCLK i Hold Time 100 100 ns 
--

16 TsCEI(WR) CE Low to WR t Setup Time 0 0 ns 

17 ThCE(WR) CE to WR i Hold Time 0 0 ns 
--

18 TsCEh(WR) CE High to WR l Setup Time 100 70 ns 

19 TsCEI(RD) CE Low to RD t Setup Time (Note 1) 0 0 ns 

20 ThCE(RD) CE to RD i Hold Time (Note 1) 0 0 ns 
1-------

21 TsCEh(RD) CE High to RD l Setup Time (Note 1) 100 70 ns 

22 TwRDI RD Low Width (Note 1) 390 250 ns 

23 TdRD(DRA) RD l to Read Data Active Delay 0 0 ns 

24 TdRDr(DR) RD i to Read Data Not Valid Delay 0 0 ns 

25 TdRDf(DR) RD l to Read Data Valid Delay 250 180 ns 

26 TdRD(DRz) RD i 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 ::,:O.5V change in the output with a maximum dc load and minimum ac load. 
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Figure 20. Z8531 Read and Write Timing 
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AmZ8031/ AmZ8531 
Z8531 INTERRUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING (see Figures 21,22,23) 

4MHz 6MHz 

Number Parameter Description Min Max Min Max Units 

27 TdA(DR) Address Required Valid to Read Data Valid Delay 590 420 ns 

28 TwWRI WR Low Width 390 250 ns· 

29 TsDW(WR) Write Data to WR t Setup Time 0 0 ns 

30 ThDW(WR) Write Data to WR i Hold Time 0 0 ns 

31 TdWR(W) WR t to Wait Valid Delay (Note 4) 240 200 ns 

32 TdRD(W) RD ! to Wait Valid Delay (Note 4) 240 200 ns 

33 TdWRf(REQ) WR t to W/REQ Not Valid Delay 240 200 ns 

34 TdRDf(REQ) RD ! to W/REQ Not Valid Delay 240 200 ns 

35 TdWRr(REQ) WR i to DTR/REQ Not Valid Delay 
5TcPC 5TcPC 
+300 +250 

ns 

36 TdRDr(REQ) RD i to DTR/REQ Not Valid Delay 
5TcPC 5TcPC 
+300 +250 

ns 

37 TdPC(INT) PCLK t to INT Valid Delay (Note 4) 500 500 ns 

38 TdIAi(RD) INTACK to RD ! (Acknowledge) Delay (Note 5) ns 

39 TwRDA RD (Acknowledge) Width 285 250 ns 

40 TdRDA(DR) RD! (Acknowledge) to Read Data Valid Delay 190 180 ns 

41 TsIEI(RDA) lEI to RD ! (Acknowledge) Setup Time 120 100 ns 

42 ThIEI(RDA) lEI to RD i (Acknowledge) Hold Time 0 0 ns 

43 TdIEI(IEO) lEI to lEO Delay Time 120 100 ns 

44 TdPC(IEO) PCLK i to lEO Delay 250 250 ns 

45 TdRDA(INT) RD ! to INT Inactive Delay (Note 4) 500 500 ns 

46 TdRD(WRQ) RD i to WR ! Delay for No Reset 30 15 ns 

47 TdWRQ(RD) WR i 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 ou'tput, 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 TdIEIf(IEO) for each device separating them in the daisy chain. 
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Figure 21. Z8531 Interrupt Acknowledge Timing 
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Figure 22. Z8531 Reset Timing 
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, Figure 23. Z8531 Cycle Timing 
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AmZ8036/8536 
Counter/Timer and Parallel I/O Unit 

DISTINCTIVE CHARACTERISTICS 

• Two independent S-bit, double-buffered, bidirectional I/O 
\ ports plus a 4-bit special purpose I/O port. I/O ports 
feature programmable polarity, programmable direction 
(Bit mode), "pulse catchers" and programmable open
drain outputs. 

• Four handshake modes, including 3-wire (like the 
IEEE-4SS). 

• REQUEST/WAIT signal for high-speed data transfer. 
• Flexible pattern-recognition logic, programmable as a 

16-vector interrupt controller. 
• Three independent 16-bit counter/timers with up to four 

external access lines per counter/timer (count input, 
output, gate, and trigger), and three output duty cycles 
(pulsed, one-shot, and square-wave), programmable as 
retriggerable or nonretriggerable. 

• Easy to use since all registers are read/write and di
rectly addressable. 

GENERAL DESCRIPTION 

The AmZS036* cia Counter/Timers and Parallel I/O 
elements are general-purpose peripheral circuits, satisfying 
most counter/timer and parallel I/O needs encountered in 
system designs. These versatile devices contain three I/O 
ports and three counter/timers. Many programmable options 
tailor their configuration to specific applications. 

The use of these devices is simplified by making all internal 
registers (command, status, and data) readable and (except 
for status bits) writable. Each register is given its own unique 
address so that it can be accessed directly on the AmZS036. 
The AmZS036 is directly Z-Bus compatible. 

See "AmZS036/AmZS536 Counter Timer, Parallel I/O 
Technical Manual" - 19S2 edition (A1Z-2090) for detailed 
technical information and software examples. 

CIO BLOCK DIAGRAM 

INTERRUPT 
CONTROL 

INTERRUPT 
CONTROL 

LOGIC 

CPU 
INTERFACE 

INTERNAL 
CONTROL 

LOGIC 

*Z8000 is a trademark of Zilog, Inc. 

Figure 1. 
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ADDRESS/DATA 
BUS 

INTERRUPT 

DATA 
BUS 

CONTROL, 
TIMING, 

AND RESET 

LOGIC SYMBOL 

LOGIC SYMBOL 

Example 

Basic Device 

Speed 
Blank = 4MHz 

A = 6MHz 

CONNECTION DIAGRAM - Top View 
0-40-1. P-40-1 

AD4 AD3 

ADs AD2 

AD6 ADl 

AD7 ADo 

Os CSo 

R/W CS1 

GND AS 
PBO PAO 

PBl PAl 

PB2 PA2 

PB3 PA3 

PB4 PA4 

PBs PAs 

PB6 PA6 

PB7 PA7 

PCLK INTACK 

lEI iNT 
lEO Vee 
PCo PC3 

PC1 PC2 

00956C-3 

Note: Pin 1 is marked for orientation. 

CONNECTION DIAGRAM - Top View 
0-40-1, P-40-1 

D4 40 D3 

Ds 39 D2 

D6 38 Dl 

D7 37 Do 

AD 36 CE 
WR 35 Al 

GND 34 Ao 
PBo PAo 

PB1 32 PAl 

PB2 10 Z8536 31 PA2 

PB3 11 CIO 30 PA3 

PB4 12 29 PA4 

PBs 13 28 PAs 

PB6 14 PA6 

PB7 15 PA7 

PCLK 16 25 INTACK 

lEI 17 24 iNT 
lEO 18 23 +5V 

PCo 19 22 PC3 

PC1 20 21 PC2 ' 

00956C-5 

1 _______ Note:...Pjn_Lis_markedjor_orientatioD~, ------f 

ORDERING INFORMATION 

ZS036 A D C B 

~ L= Burn-in 

Temperature Range 
C = 0 to +70°C 
I = -40 to,+S5°C 
M = --55 to + 125°C 

Package Type 
D = Hermetic DIP 
P = Molded Plastic 
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INTERFACE SIGNAL DESCRIPTION 

Vee: +5V Power Supply 

GND: Ground 

lEI: Interrupt Enable In (Input) 

lEI is used with lEO to form an interrupt daisy chain when there 
is more than one interrupt-driven device on the system bus. A 
HIGH lEI indicates to the cia that no other higher priority device 
has an interrupt under service or is requesting an interrupt. 

lEO: Interrupt Enable Out (Output) 

lEO is normally connected to the next lower priority device's lEI 
input and inhibits interrupts from lower priority devices. lEO 
is HIGH only if lEI is HIGH and the cia has not requested 

" an interrupt. 

INT: Interrupt Request (Output, Open Drain) 

This signal is active LOW when the cia is requesting an inter-
" rupt and stays active until the end of the interrupt acknowledge 
sequence. 

INTACK: Interrupt Acknowledge (Input) 

This signal, when active LOW, indicates to the cia that an inter
rupt acknowledge cycle is in progress. INTACK is sampled while 
AS is LOW. 

Z8036 Only 

ADo-AD-r: Address/Data Bus (Bidirectional, 3-state) 

Multiplexed address/data lines for transfers between the CPU 
and cia. 

AS·; Address Strobe (Input) 

Register addresses on ADo-AD7 lines, INTACK, and CSo are 
sampled while AS is LOW, and latched while AS is HIGH. 

CSo and CS1: Chip Select 0 and Chip Select 1 (Inputs) 

Chip Select 0 and Chip Select 1- must be LOW and HIGH, re
spectively, in order to select the device. CSa is latched by AS, 

Z8536 Only 

Ao-A1: Address Lines (Input) 

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. 

CE: Chip Enable (Input, Active LOW) 

A LOW level on this input enables the cia to be read from or 
written to. 

00-07: Data Bus (Bidirectional, 3-state) 

These eight data lines are used for transfers between the CPU 
and the cia. 
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. PAo-PA7: Port A I/O lines (Bidirectional, 3-state or 
Open Drain) 

These eight I/O lines transfer information between Port A and 
external devices. 

PBO-PB7: Port B I/O lines (Bidirectional, 3-state, or 
Open Drain) 

These eight I/O lines transfer information between Port Band 
external devices. The lines can also be programmed to provide 
external access to Counters/Timers 1 and 2. 

PCO-PC3: Port C I/O lines (Bidirectional, 3-state or 
Open Drain) 

These four I/O 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. 

PCLK: Peripheral Clock (Input) 

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 input is TTL compatible. 

OS·: Data Strobe (Input) 

An active LOW DS provides the timing for transfer of data to 
or from the cia. The R/W input indicates the direction of 
data transfer. 

R/W; Read/Write (Input) 

R/W is active HIGH when the CPU is reading from the Cia, and 
active LOW when the CPU is writing to the cia. 

·When AS and DS are detected LOW at the same time 
(normally an illegal condition), the cia is reset. 

RD··: Read (Input, Active LOW) 

This signal indicates that a CPU is reading from the cia. During 
an interrupt acknowledge cycle, this signal gates the interrupt 
vector onto the data bus if the cia is the highest priority device 
requesting an interrupt. 

WR**; Write (Input, Active LOW) 

This signal indicates a CPU write to the CIO. 

"When"RD and WR are detected LOW at the same time 
(normally an illegal condition), the CIO is reset. 



AmZ8036/8536 ' 
MAXIMUM, RATINGS (Above which useful life may be impaired) 

Storage Temperature 65 to +150°C 

Voltage at any Pin Relative Vss -0.5 to + 7.0V 

Power Dissipation 1.75W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 
(over which the DC, switching and 
functional specification apply) 

Commercial Operating Range 
T A = 0 to + 70°C 
Vee = 5V ±5% 

Industrial Operating Range 
TA = -40to +85°C 
Vee = 5V± 5% 

Military Operating Range 
TA = -55 to + 125°C 
Vee = 5V± 10% 

4MHz 

Z8036DC 
Z8036PC 
Z8536DC 
Z8536PC 

Z8036DI 
Z8536DI 

Z8036DMB 
Z8536DMB 

Notes: Add suffix B to indicate burn-in requirement. 

6MHz 

Z8036ADC 
' Z8036APC 

Z8536ADC 
Z8536APC 

DC ELECTRICAL CHAR.ACTERISTICS over operatin~ range unless otherwise specified (Note 1) 

Parameter Description Test Conditions Min Typ 

VIL Input LOW Voltage -0.5 

Standard 2.0 
VIH Input HIGH Voltage 

Military 2.2 

IOL = 2.0mA 
VOL Output LOW Voltage 

IOL = 3.2mA 

VOH Output HIGH Voltage IOH = -25011A 2.4 

IOZl Output Leakage Current Your = 0.4V 

IOZH Output Leakage Current Your = Vee 

II Input Leakage Current 

I TA = O°C 
Icc Power Supply Current Vee = MAX I TA = -55°C 

CIN Input Capacitance Unmeasured pins 

COUT Output Capacitance returned to ground 

CliO Bidirectional Capacitance 
f = 1MHz 

Note: See table for operating range. Typical conditions apply at TA = 25°C, Vee = 5.0V. 

Standard Test Conditions 

Max Units 

+0.8 Volts 

Vee Volts 

0.4 
Volts 

0.5 

Volts 

10 IIA 
10 IIA 

±10 IIA 
200 

mA 
250 

10 pF 

15 pF 

20 pF 

--- -The characteristics below applyforthefollowing standard-test conaitions,-unless otheiWisen-oted:-Allv6Itages-arEffeferenced 10-- -
GND. Positive current flows into the referenced pin. Standard conditions are as follows: 

+4.75V,,;;;; Vee";;;; +5.25V 
GND = OV 
ooe,,;;;; TA ,,;;;; +70?C 

Standard Test Load 

+5V 

2.2K 

00956C-6 

7-66, 

Open-Drain Test Load 

+5V 

2_2K. 
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AmZ8036/8536 
Z8036/Z8536 HANDSHAKE TIMING (Figures 12,13,14) 

4MHz 6MHz 

Number Parameter 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 ns 

3 TdACKf(RFD) ACKIN ~ to RFD ~ Delay 0 0 ns 

4 TwACKI ACKIN Low Width - Strobed HS 250 ns 

5 TwACKh ACKIN High Width - Strobed HS 250 ns 

6 TdRFDr(ACK) RFD t to ACKIN ~ Delay 0 0 ns 

7 TsDO(DAV) Data Out to DAV ~ Setup Time (Note 1) 25 20 ns 

8 TdDAVf(ACK) DAV ~ to ACKIN l Delay 0 0 ns 

9 ThDO(ACK) Data Out to ACKIN l Hold Time 1 1 AS cycle 

10 TdACK(DAV) ACKIN r to DAV t Delay 1 1 AS cycle 

11 ThDI(RFD) Data Input to RFD l Hold Time - Interlocked HS 0 C, ns 

12 TdRFDf(ACK) RFD ~ to ACKIN t Delay - Interlocked HS 0 0 ns 

13 TdACKr(RFD) ACKIN t (DAV tl to RFD t Delay - 0 , 0 ns 
Interlocked and 3-Wire HS 

14 TdDAVr(ACK) DAV l to ACKIN t (RFD t)-
0 0 ns 

Interlocked and 3-Wire HS 

15 TdACK(DAV) ACKIN t (RFD tl to DAV ~ Delay - 0 0 ns 
Interlocked and 3-Wire HS 

16 TdDAVIf(DAC) DAV l to DAC i Delay - Input 3-Wire HS 0 0 ns 

17 ThDl(DAC) Data Input to DAC t Hold Time - 3-Wire HS 0 0 ns 

18 TdDACOr(DAV) DAC i DAV i Delay - Input 3-Wire HS 0 0 ns 

19· TdDAVlr(DAC) DAV t to DAC ~ Delay - Input 3-Wire HS 0 0 ns 

20 TdDAVOf(DAC) DAV ! to DAC t 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 TdDAClr(DAV) DAC i to DAV i Delay - Output 3-Wire HS 1 1 AS cycle 

23 TdDAVOr(DAC) DAV t to DAC l Delay - Output 3-Wire HS 0 0 ns 

Note: 1. This time can be extended through the use of the Deskew Timers. 
·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". 
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Figure 12. Strobed Handshake 
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Figure 13. Interlocked Handshake 
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OUTPUT 

Figure 14. Three-Wire Handshake 

~" ~_0_1 __ DA_TA_V_AL_'D __ ..., 

DAY 
(INPUll 

RFD 
(OUTPUll 

CAe 
(OUTPUll 

DAC 
(INPUll 

RFD 
(INPUll 

liAV 
(OUTPUll 

---------------~ 

--------r-------~ 

Z803S COUNTER/TIMER TIMING (Figure 15) 

4MHz 

Number Parameter Description Min 

1 TePC PCLK Cycle Time (Note 1) 250 

2 TwPCh PCLK High Width 105 

3 TwPCI PCLK Low Width 105 

4 TfPC PCLK Fall Time 

5 TrPC PCLK Rise Time 

6 TeCI Counter Layout Cycle Time 500 

7 TClh Counter Input High Width 230 

-8 TwCl1 Counter Input Low Width 230 

9 TfCI Counter Input Fall Time 

10 TrCI Counter Input Rise Time 

11 TsTI(PC) Trigger Input to PCLK Setup Time 150 
(Timer Mode) (Note 2) 

12 TsTI(CI) Trigger Input to Counter Input Setup Time 150 
(Counter Mode) (Note 2) 

13 TwTI Trigger Input Pulse Width (High or Low) 200 

14 TsGI(PC) Gate Input to PCLK ! Setup Time (Timer Mode) 100 
(Note 2) 

15 TsGI(CI) Gate Input to Counter Input! Setup Time 100 
(Counter Mode) (Note 2) 

16 ThGI(PC) Gate Input to PCLK l Hold Time (Timer Mode) 100 
(Note 2) 

17 ThGI(CI) Gate Input to Counter Input l Hold Time 100 
(Counter Mode) (Note 2) 

18 TdPC(CO) PCLK to Counter Output Delay (Timer Mode) 

19 TdCI(CO) Counter Input to Counter Output Delay 
(Counter Mode) 

AmZ8036/8536 

00956C-l0 

6MHz 

Max Min Max Units 

4000 165 4000 .ns 

2000 70 2000 ns 

2000 70 2000 ns 

20 10 ns 

20 15 ns 

330 ns 

150 ns 

150 ns 

20 15 ns 

20 15 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

475 ns 

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 trigger or gate are 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". 
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Figure 15. Counter/Timer Timing 
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AmZ8036/8536 
Z8036 RESET TIMING (Figure 16) 

4MHz 6MHz 

Number Parameter Description Min Max Min Max 

1 TdDSO(AS) Delay from DS t to AS ~ for No Reset 40 15 

2 TdASO(DS) Delay from AS t to DS ~ for No Reset 50 30 

3 TwRES Minimum Width of AS and DS both Low for 250 170 
Reset (Note 1) 

Note: 1. Internal circuitry allows for the reset provided by the ZS (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 O.SV for a logic "0". 

Figure 16. ResetTimlng 
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Z8036/Z8536 MISCELLANEOOS PORT TIMING (Figure 17) 

4MHz 6MHz 

Number Parameter Description Min Max Min 

1 Trl Any Input Rise Rate Time 100 

2 Tfl Any Input Fall Time 100 

3 Twl's l's Catcher High Width (Note 1) 250 170 

4 TwPM Pattern Match Input Valid (Bit Port) 750 500 

5 TsPMD 
Data Latched on Pattern Match Setup Time 

0 0 
(Bit Port) 

6 ThPMD Data .Latched on Pattern Match Hold Time 1000 650 
(Bit Port) 

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 O.SV for a logic "0". 

Figure 17. Miscellaneous Port Timing 
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Z8036 CPU INTERFACE TIMING (Figure 18) 

4MHz 6MHz 

Number Parameter Description Min Max Min Max Units 

1 TwAs AS Low Width 70 2000 50 2000 ns 

2 TsA(AS) Address to AS i Setup Time (Note 1) 30 10 ns 

3 ThA(AS) Address to AS i Hold Time (Note 1) 50 30 ns 

4 TsA(DS) Address to DS ! Setup Time (Note 1) 130 100 ns 

5 TsCSO(AS) CSo to AS i Setup Time (Note 1) 0 0 ns 

6 ThCSO(AS) CSo to AS i Hold Time (Note 1) 60 40 ns 

7 TdAS(DS) AS i to DS ! Delay (Note 1) 60 40 ns 

B TsCSI(DS) CS1 to DS ! Setup Time 100 80 ns 

9 TsRWR(DS) RfW (Read) to DS ! Setup Time 100 80 ns 

10 TsRWW(DS) RfW (Write) to DS! Setup Time 0 0 ns 

11 TwDS DS Low Width 390 250 ns 

12 TsDW(DSf) Write Data to DS ! Setup Time 30 20 ns 

13 TdDS(DRV) DS (Read) ! to Address Data Bus Driven 0 0 ns 

14 TdDSf(DR) DS! to Read Data Valid Delay 250 180 ns 

15 ThDW(PS) Write Data to DS i Hold Time 30 20 ns 

16 TdDSr(DR) DS i to Read Data Not Valid Delay 0 0 ns 

17 TdDS(DRz) DS i Read Data Float Delay (Note 2) 70 45 ns 

'18 ThRW(DS) RfW to DS i Hold Time 55 40 ns 

19 ThCSI(DS) CS1 to DS i Hold Time 55 40 ns 

.20 TdDS(AS) DS i to AS ! Delay 50 25 ns 

21 Trc Valid Acces Recovery Time (Note 3) 1000 650 ns 

Z8036 INTERRUPT TIMING (Figure 19) 

22 TdPM(INT) Pattern Match to INT Delay (Bit Port) AS cycle 1 AS cycle 
+800ns + ns 

23 TdACK(INT) ACKIN to INT Delay (Port with Handshake) 4 AS cycles 4 AS cycle 
(Note 4) ~ +600ns + ns 

24 TdCI(INT) Counter Input to INT Delay (Counter Mode) AS cycle 1 AS cycle 
+700ns + ns 

25 TdPC(INT) PCLK to INT Delay (Timer Mode) AS cycle 1 AS cycle 
+700ns + ns 

26 TdAS(INT) AS to INT Delay 300 ns 

Z8036 INTERRUPT ACKNOWLEDGE TIMING (Figure 20) 

27 TsIA(AS) INTACK to AS i Setup Time 0 0 ns 

28 ,ThIA(AS) INTACK to AS i Hold Time 250 250 ns 

29 TsAS(DSA) AS ito 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 lEO! Delay (INTACK Cycle) (Note 5) 350 250 ns 

33 TdIEI(IEO) lEI to lEO Delay (Note 5) 150 100 ns 

34 TsIEI(DSA) lEI to DS (Acknowledge)! Setup Time (Note 5) 100 70 ns 

35 ThIEI(DSA) lEI to DS (Acknowledge) i Hold Time 100 70 ns 

36 TdDSA(INT) DS (Acknowledge)! to INT i Delay 600 600 ns 

Notes: 1. Parameter does not apply tolnterrupt 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. 
3. This is the delay from DS i of one CIO access to DS ! of another CIO access. 
4. The delay is from DAV ! for 3-Wire Input Handshake. The delay is from DAC i for 3-Wire Output Handshake. One additional AS cycle is required 

for ports in the Single Buffered mode. 
5, The parameters for the devices in any particular daisy ch'ain must meet the following constraint: the delay from AS i 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. 

·Timings are all preliminary and subject to change. All timing references assume 2.OV for a logic "1" and O.BV for a logic "0". 
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Figure 18. Z8036 CPU Interface Timing 
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Figure 20. Z8036 Interrupt Acknowledge Timing 
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ArnZ8036/8536 
Z8036 REQUEST/WAIT TIMING (Figure 21) 

4MHz 6MHz 

Number Parameter Description Min Max Min 

1 TdDS(REO) DS ~ to REO ~ Delay 500 

2 TdDS(WAIT) DS ~ to WAIT ~ Delay 500 

3 TdPC(REO) PCLK ~ to REO t Delay 300 

4 TdPC(WAIT) PCLK ~ to WAIT t Delay 300 

3AS + 
5 TdACK(REO) ACKIN ~ to REO t Delay (Note 1) 2 PCLK + 

1000ns 

6 TdACK(WAIT) ACKIN ~ to WAIT t Delay 
10 PCLK 
+600ns 

Note: 1. The delay is from DAV ~ for 3-Wire Input Handshake. The delay Is from DAC t for 3-Wire Output Handshake. 

-TImings are preliminary and subject to change. All timing references assume 2.0V for a logic "1" and O.SV for a logic "0". 
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Figure 21. REQUEST/WAIT Timing 
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Z8536 CPU INTERFACE TIMING (Figure 22) 

4MHz 6MHz 

Number Parameter Description Min Max Min Max Units 

1 TcPC 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 TfPC PCLK Fall Time 20 15 ns 

6 TsIA(PC) INT ACK to PCLK i Setup Time 100 100 ns 

7 ThIA(PC) INTACK to PCLK i Hold Time 0 0 ns 

8 TsIA(RD) INTACK to RD l Setup Time (Note 1) 200 200 ns 

9 ThIA(RD) INTACK to RD i Hold Time 0 0 ns 

10 TsIA(WR) INTACK to WR l Setup Time 200 200 ns 

11 . ThIA(WR) INTACK to WR i Hold Time 0 0 ns 

12 TsA(RD) Address to RD l Setup Time 80 80 ns 

13 ThA(RD) Address to RD i Hold Time 0 0 ns 

14 TsA(WR) Address to WR l Setup Time 80 80 ns 

15 ThA(WR) Address to WR i Hold Time 0 0 ns 

16 TsCEI(RD) CE Low to RD l Setup Time (Note 1) 0 0 ns 

17 TsCEh(RD) . CE High to RD l Setup Time (Note 1) 100 70 ns 

18 ThCE(RD) CE to RD i Hold Time (Note 1) 0 0 ns 

19 TsCEI(WR) CE Low to WR l Setup Time 0 0 ns 

20 TsCEh(WR) CE High to WR l Setup Time 100 70 ns 

21 ThCE(WR) CE to WR i Hold Time 0 0 ns 

22 TwRDI RD Low Width (Note 1) 390 250 ns 

23 TdRD(DRA) RD l to Read Data Active Delay 0 0 ns 

24 TdRDf(DR) RD l to Read Data Valid Delay 250 180 ns 

25 TdRDr(DR) RD i to Read Data Not Valid Delay 0 0 ns 

26 TdRD(DRz) RD i 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 l Setup Time 0 0 ns 

29 ThDW(WR) Write Data to WR i Hold Time 0 0 ns 

30 Trc Valid Access Recovery Time (Note 3) 1000· 650· ns 

Z85.36 INTERRUPT TIMING (Figure 23) 

31 TdPM(INT) Pattern Match to INT Delay (Bit Port) 2 2 
TcPC 
+ ns 

32 TdACK(INT) 
ACKIN to INT Delay (Port with Handshake) 

10 10 
TcPC 

(Note 4) + ns 

33 TdCI(INT) Counter Input to INT Delay (Counter Mode) 2 2 
TcPC 
+ ns 

34 TdPC(INT) PCLK to INT Delay (Timer Mode) 3 3 
TcPC 
+ ns 
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Z8536 INTERRUPT ACKNOWLEDGE TIMING (Figure 24) 

4MHz 6MHz 

Number Parameter Description Min Max Min Max Units 

35 TsIA(RDA) 
INTACK to RD ! (Acknowledge) Setup Time 

350 250 ns 
(Note 5) 

36 TwRDA RD (Acknowledge) Width 350 - 250 ns 

37 - TdRDA(DR) RD ! (Acknowledge) to Read Data Valid Delay 255 180 ns 

38 TdIA(IEO) INTACK ! to lEO! Delay (Note 5) 350 250 ns 

39 TdIEI(IEO) lEI to lEO Delay (Note 5) 150 100 ns 

40 TslEI (RDA) lEI to RD ! (Acknowledge) Setup Time (Note 5) 100 70 ns 

41 ThIEI(RDA) lEI to AD t (Acknowledge) Hold Time 100 70 ns 

42 TdRDA(INT) RD ! (Acknowledge) to INT t Delay 600 600 ns 

Notes: 1. Parameter does 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. Trc is 1 p's or 3 TcPC, whichever is longer. 
4. The delay is from DAV ! for 3-Wire Input Handshake. The delay is from DAC t for 3-Wire Output Handshake. 
5. The parameters for the devices in any particular daisy chain must meetthe following constraint: 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(IEO) for each peripheral 
separating them in the chain. -

*Timings are preliminary and subject to change. 

Figure 22. CPU Interface Timing. 
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Figure 23. Interrupt Timing. 
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Figure 24. Interrupt Acknowledge Timing. 
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Z8536 REQUEST/WAIT TIMING (Figure 25) 

4MHz 

Number Parameter Description Min Max Min 

1 TdRD(REO) RD ! to REO! Delay 

2 TdRD(WAIT) RD ! to WAIT ! Delay 

3 TdWR(REO) WR ! to REO! Delay 

4 TdWR(WAIT) WR ! to WAIT ! Delay 

5 TdPC(REO) PCLK ! to REO t Delay 

6 TdPC(WAIT) PCLK ! to WAIT t Delay 

7 TdACK(REO) ACKIN i to REO t Delay (Note 1) 

8 TdACK(WAIT) ACKIN ! to WAITt Delay (Note 1) 

Note: 1. The delay is from DAV ! for 3-Wire Input Handshake. The delay is from DAC t 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". 

Figure 25. Request/WAIT Timing. 
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AmZ8038 (FlO) 
128 Bvte FIFO I/O Port 

DISTINCTIVE CHARACTERISTICS 

• 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 handshake 
as well as three-wire scheme used in IEEE-488. 

• Pattern matching logic on chip 
FlO can detect a data pattern and interrupt CPU. 

• Byte count available to software 
An on-chip register which contains the actual number of 
bytes in the FIFO can be read by the software to deter
mine stack status. 

GENERAL DESCRIPTION 

The AmZ8038* FlO 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 
AmZ8060 FIFOs (and an additional FlO) as are needed. 

The FlO manages data transfers by assuming Z-BUS, 
non-Z-BUS microprocessor (a generalized microprocessor 
interface), Interlocked 2-Wire Handshake, and 3-Wire 
Handshake operating modes. These modes interface dis
similar CPUs or CPUs and peripherals running under dif
fering speeds or protocols, allowing asynchronous data 
transactions and improving I/O overhead by as much as 
two orders of magnitude. 

The FlO supports the Z-BUS interrupt protocols, generat
ing 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 FlO has been specially de
Signed to work with DMA (Direct Memory Access) devices. 
for high-speed transfers. The FlO also supports the vari
ably sized block length, improving system throughput 
when multiple variable length messages are transferred 
amongst several sources. 
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ARCHITECTURE 
The FlO is a universal interface between two independent 
systems operating asynchrpnously. 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 FlO, and 10 lines used for various control functions. The 
function and timing relationships of the 10 control lines chang'e 
completely according to the type of interface the port is pro
grammed to be. Either port can be programmed to interface di
rectly 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 handshak
ing, direction control, and cascading. 

The two sides are connected by the FIFO buffer and the mes
sage registers., The buffer is used to move data between the 
two ports. Since it is a FIFO, reads and writes can occur 

AmZ8038 

simultaneously and independently. Each port is tied to its own 
system interface, with the FIFO providing reliable data transfer 
between them. The message registers are used to transmit in
formation 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 termi
nated. The CPU, therefore, can set up the FlO to communicate 
with a peripheral or another CPU, and then not deal with the 
FlO until an interrupt occurs. Interrupts can be programmed to 
occur on any of these conditions: 

Buffer Empty 
Buffer Full 
Overflow/Underflow 
Byte Count Match 
Data Pattern Match 
Data Direction Change 
Message Present 

Figure 1. FlO Concept 
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Basic Device ~ 
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Blank = 4MHz 
A = 6MHz 

D C B 
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L-Temperature Range 
C = 0 to +70°C 
I = -40 to +85°C 
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L--_____ Package Type 

7-81 

D = Hermetic DIP 
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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 Handshake, and 3-Wire 
Handshake modes. Table 1 describes the signals and their cor
responding pins in each of these modes. 

The pin diagrams of the FlO 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 O. Table 2 describes the combinations of operating 
modes; Table 3 describes the control signals mapped to pins A-J 
in the five possible operating modes_ 

0-40, P-40 
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Note: Pin 1 is marked for orientation. 

Figure 3. Pin Assignments 

RESET 

The FlO 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 clearpd to O. Only after 
clearing the Reset bit (by writing a 0 to it) can the other command 
bits be programmed. This action is true (or both sides of the FlO 
when programmed as a CPUiriterface. 

TABLE 1. PIN ASSIGNMENTS 

Control 
Port 2 Only 

Signal Z-BUS Z-BUS Interlocked 3-Wlre 
Pins Low Byte High Byte Non-Z-BUS HS Port HS Port 

A REO/WT REOJWT REaJWT RFD/DAV RFD/DAV 

B i5MAsTB DMASTB DACK ACKiN DAV/DAC 

C 58 OS RD . FULL DAC/RFD 

0 Rm Rm WR EMPTY EMPTY 

E CS CS CE CLEAR CLEAR 

F AS AS cifj DATADIR DATADIR 

G INTACK Ao INTACK INo INo 
H lEO Al lEO OUTl OUTl 
I lEI A2 lEI OE OE 

J INT A3 INT OUT3 OUT3 
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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 "01 H" if enabled. 

Mode 

0 

1 

2 
3 

4 

5 

6 

7 

8 
9 

10 

11 

Z8002 

SYSTEM 
MEMORY 

TABLE 2. OPERATING MODES 

'M1 Mo B1* Bo* Port 1 Port 2 

0 0 0 0 Z-BUS Low Byte Z-BUS Low Byte 

0 0 0 1 Z-BUS Low Byte Non-Z-BUS 

0 0 1 0 Z-BUS Low Byte 3-Wire Handshake 

0 0 1 1 Z-BUS Low Byte 2-Wire Handshake 

0 1 0 0 Z-BUS High Byte Z-BUS High Byte 

0 1 0 1 Z-BUS High Byte Non-Z-BUS 

0 1 1 0 Z-BUS High Byte 3-Wire Handshake 

0 1 1 1 Z-BUS High Byte 2-Wire Handshake 

1 0 0 0 Non-Z-BUS Z-BUS Low Byte 

1 0 0 1 Non-Z-BUS Non-Z-BUS 

1 0 ,1 0 Non-Z-BUS 3-Wire Handshake 

1 0 1 1 Non-Z-BUS 2-Wire Handshake 

*Bits 3 and 2 of control register O. Read/Write from Port 1, Read-only from Port 2. 

Z·BUS 

Z·BUS 

Z·FIO 

Z·OTC 

Z·FIO 

Z·FIO 

8080 TYPE BUS 

8080 TYPE BUS ' 

80801 
Z80 

SYSTEM 
MEMORY 

Figure 4. CPU to CPU Configuration 
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AmZ8038 
TABLE 3. SIGNAL/PIN DESCRIPTIONS 

Pin Pin Pin Signal 
Signals Names Numbers Description 

PINS COMMON TO BOTH SIDES 

Mo MO 21 
M1 and Mo program Port 1 
side CPU interface 

M1 M1 19 

+5 Vdc +5 Vdc 40 DC power source 

GND GND 20 DC power ground 

Pin Numbers 
Pin Pin Port Signal 
Signals Names 1 2 Description 

Z-BUS LOW BYTE MODE 

ADo-AD7 
00-07 11-18 29-22 

Multiplexed bidirectional address/data lines, 
(Address/Data) Z-BUS compatible. 

REQ/wAIT 
~t, active Low, REQUEST (ready) line for DMA transfer; 

(Request/Wait) , A 1 39 WAIT line (open-drain) output for 
synchronized CPU and FlO data transfers. 

DMASTB 
B 2 38 

Input, active Low. Strobes DMA data to and from 
(Direct Memory Access Strobe) the FIFO buffer. 

OS 
C 3 37 Input, active Low. Provides timing for data transfer to 

(Data Strobe) or from FlO. 

R/W 0 4 36 
Input; active High signals CPU read from FlO; 

(Read/Write) active Low signals CPU write to FlO. 

CS E 5 I 35 Input, active L~ Enables FlO. Latched on the 
(Chip Select) rising edge of AS. 

AS F 6 I 34 
Input, active Lo~Addresses; CS and INTACK 

(Address Strobe) sampled while AS Low. 

INTACK 
G 7 33 Input, active Low. Acknowledges an interrupt. 

(Interrupt Acknowledge) Latched on the rising edge of AS. 

lEO } Output, active High. Sends interrupt ~nable to 
(Interrupt Enable Out) 

H 8 32 
lower priority device lEI pin. 

lEI 
I 9 31 

Input, active High. Receives interrupt enable from 
(Interrupt Enable In) higher priority device lEO signal. 

INT 
J 10 30 Output, open drain, active Low. Signals FlO 

(Interrupt) interrupt request to CPU. 

Z-BUS HIGH BYTE MODE 

ADo-AD7 
0 0-07 11-18 29-22 

Multiplexed bidirectional address/data lines, Z-BUS 
(Address/Data) compatible. 

REQ/WAIT 
Output, active Low, REQUEST (ready) line for DMA transfer; 

(Request/Wait) A 1 39 WAIT line (open-drain) output for 
synchronized CPU and FlO data transfers. 

DMASTB 
B 2 38 

Input, active Low. Strobes DMA data to and from the 
(Direct Memory Access Strobe) FIFO buffer. 

DS 
C 3 37 

Input, active Low. Provides timing for transfer of data 
(Data Strobe) to or from FlO. 

RJW 0 4 36 Input, active High. Signals CPU read from FlO; active 
(Read/Write) Low Signals CPU write to FlO. 

CS 
E 5 35 

Input, active L~ Enables FlO. Latched on the 
(Chip Select) rising edge of AS. 

AS 
F 6 34 

Input, active L~ Addresses, CS and INT ACK are 
(Address Strobe) sampled while AS is Low. 

Ao G 7 33 Input, active High. With A1, A2, and A3, addresses 
(Address Bit 0) FlO internal registers. 

A1 H 8 32 Input, active High. With Ao, A2, and'A3, addresses 
(Address Bit 1) FlO internal registers. 

Az I 9 31 Input, active High. With Ao, A1, and A3, addresses 
(Address Bit -2) FlO internal registers. 

A3 J 10 30 Input, active High. With Ao, A1, and A2, addresses 
(Address Bit 3) FlO internal registers. 
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TABLE 3. SIGNAL/PIN DESCRIPTIONS (Cont.) 
AmZ8038 

Pin Numbers 
Pin Pin Port Signal 
Signals Names 1 2 Description 

NON-Z-8US MODE 

Do-D7 
Do-D7 11-18 29-22 Bidirectional data bus. 

(Data) 

REQ/WT 
Output, active Low. REQUEST (ready) line for DMA transfer; 

(Request/Wait) 
A 1 39 WAIT line (open-drain) output for 

synchronized CPU and FlO data transfer. 

DACK 
B 2 38 Input, active Low. DMA acknowledge. 

(DMA Acknowledge) 

RD 
C 3 37 Input, active Low. Signals CPU read from FlO. 

(Read) 

WR 
D 4 36 Input, active Low. Signals CPU write to FlO. 

(Write) 

CE 
E 5 35 Input, active Low. Used to select FlO. 

(Chip Select) 

C/D F 6 34 
Input, active High, Identifies control byte on Do-D7; 

(Control/Data) active Low identifies data byte on Do-D7' 

INTACK 
G 7 33 Input, active Low. Acknowledges an interrupt. 

(Interrupt Acknowledge) 

lEO 
H 8 32 

Output, active High. Sends interrupt enable to 
(Interrupt Enable Out) lower priority device lEI pin. 

lEI I 9 31 
Input, active High. Receives interrupt enable from 

(Interrupt Enable In) higher priority device lEO Signal. 

INT . 
J 10 30 

Output, open drain, active Low. Signals FlO intorrupt 
(Interrupt) to CPU. 

Pin Pin Pin Signal 
Signals Names Numbers Mode Description 

PORT 2 - UO PORT MODE 

Do-D7 
Do-D7 29-22 

2-Wire HS· 
Bidirectional data bus. 

(Data) 3-Wire HS 

RFD/DAV 2-Wire HS 
Output, RFD active High. Signals peripherals that FlO is 

(Ready for Data/Data Available) 
A 39 3-Wire HS 

ready to receive data. DAV active Low signals that FlO 
is ready to send data to peripherals. 

ACKIN B 38 2-Wire HS Input, active Low. Signals FlO that output data is 
(Acknowledge Input) received by peripherals or that input data is valid. 

DAV/DAC 
Input; DAV (active Low) Signals that data is valid on 

(Data Available/Data Accepted) 
B 38 3-Wire HS bus. DAC (active High) signals that oulput data is 

accepted by peripherals. 

FULL C 37 2-Wire HS Output, open drain, active High. Signals that FlO 
buffer is full. 

Direction controlled by internal programming. Both active 
DAC/RFD 

C 37 3-Wire HS 
High. DAC (an output) signals that FlO has received data 

(Data A.cceptedlReadyfor Data) from peripheral; RFD (an input) signals that the listeners 
are ready for data. 

EMPTY D 36 
2-Wire HS Output, open drain, active High. Sig~als that FIFO 
3-Wire.HS buffer is empty. 

CLEAR E 35 
2-Wire HS Programmable input or output, active Low. Clears all 
3-Wire HS data from FIFO buffer. 

DATA DIR 
F 34 

2-Wire HS Programmable input or output. Active High signals data 
(Data Direction) 3-Wire HS input to Port 2; Low Signals data output from Port 2. 

INo G 33 
2-Wire HS 

Input line to Do of Control Register 3. 
3-Wire HS 

OUT1 H 32 
2-Wire HS 

Output line from D1 of Control Register 3. 
3-Wire HS 

OE I 31 
2-Wire HS Input, active Low. When Low, enable bus drivers. 

(Output Enable) 3-Wire HS When High, floats bus drivers at high impedance. 

OUT3 J 30 
2-Wire HS 

Output line from D3 of Control register 3. 
3-Wire HS 
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lSO 

MEMORY 

lSO BUS 

l-FIO 

I/O 

} 
HANDSHAKE 

__ SIGNALS 

00867B·6 

Figure 5. CPU to 1/0 Configuration 

CPU INTERFACES 
The FlO is designed to work with both Z-BUS and non-Z-BUS
type CPUs. on both Port 1 and Port 2. The Z-BUS config'!ration 
interfaces CPUs with time-multiplexed address and data infor
mation on the same pins. The AmZ8001 , AmZ8002, and Z8 are 
examples of this type of CPU. The AS (Address Strobe) pin is 
used to latch the address and chip select information sent out by 
the CPU. The R/W (Read/Write) pin and the OS (Data Strobe) pin 
are used for timing reads and writes from the CPU to the FlO 
(Figures 6 and 7). 

The non-Z-BUS configuration is used for CPUs where the ad
dress and data buses are se~ate. Examples of this 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 FlO (Figures 9 
and 10). The C/O (Control/Data) pin is used to directly access the 
FIFO buffer (C/D=O) and to access the other registers (C/O=: 1). 
Read and write to all registers except the FIFO buffer1 are the 
two-step operations, described as follows (Figures 8). First, write 
the address of the register to be accessed with C/O = 1. The 
address goes into a pointer register, and the FlO switches to 

1The FIFO buffer can also be accessed by this two-step operation. 

AD~A~----1(~ __ A_~_~R_L~_SS __ ~)~------------------~(~ ___ T_O_C_PU __ -J)~-------------

\'----

\---
\--_-----11 

00867B-7 

Figure 6. Z-BUS Read Cycle Timing 

AD~A~--------~(~ __ A_~_~~_~_SS __ ~~~ _________ DA_~ __ FR_O_M_C_P_U ________ -J)~--------

'''--

\ 

\~-~/ 
00867B·8 

Figure 7. Z-BUS Write Cycle Timing 
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selected, and the FIFO buffer is addressed. WAIT goes inactive 

~ RESET I STATE when the FIFO buffer is not empty. 
WRITE TO CONTROL REGISTER 0 
SET "RESET" = 0 INTERRUPT OPERATION 

I I The FlO supports lilog's prioritized daisy chain interrupt protocol I STATE 0 

I for both loBUS and non-loBUS operating modes. I 
READ CONTROL I 

REGISTER ADDRESSED I READOR Each side of the FlO has seven sources of interrupt. The priorities 
BY POINTER WA11.E DATA 

(C/O= 1) (CID=O) of these devices are fixed in the following order (highest to 
WRITE TO CONTROL REGISTER (C/D = 1) lowest): Mailbox message, Change in Data Direction, Pattern 
(WRITES AN ADDRESS INTO POINTER REq'STER) Match, Status Match, Overflow/Underflow Error, Buffer Full, and 

I STATE 1 I Buffer Empty. Each interrupt source has three bits that control 
(NO INTERRUPTS 

I how it generates the interrupt. These bits are Interrupt Pending 
IN THIS STATE!) 

(IP), Interrupt Enable (IE) and Interrupt Under Service (IUS). l READOR 
READ OR WRITE CONTROL REG!?TER I WRIT_E DATA 

In addition, each side of the FlO has an interrupt vector and four ADDRESSED BY POINTER (C/D = 1) (C/D = 0) 
00867B-9 

bits controlling the FlO interrupt .logic. These bits are Vector 
Figure B. In Non-Z-BUS Mode, Control Registers are Includes Status (VIS), Master Interrupt Eilable (MIE) .. Disable 

Accessed by First Writing the, Address of the Lower Chain (DLC) and No Vector (NV). 
Register, then Reading or Writing the Contents 

A typical Jnterrupt Acknowledge cycle for loBUS operation is of the Addressed Register. 

state 1. The next read or write with C/O = 1 will be to the 
shown in Figure 11 and for non-loBUS operation in Figure 12. 
The only difference is that in loBUS mode, INTACK is latched by 

register pointed to. Continuous status monitoring can be per- AS and in non-loBUS mode INTACK is not latched. 
formed by continu?us Control Read operations (Cio= 1). 

When MIE = 1, reading the vector always includes status, inde-
WAIT OPERATION pendent of the state of the VIS bit. In this way, when VIS = 0, all 

When data is output from the CPU, the REO/WT/(WAIT) pin is information can be obtained with one additional read, thus con-

active (LOW) only when the FIFO buffer is full, the chip is serving vector space. When MIE = 0, reading the vector register 

selected, and FIFO buffer is addressed. WAIT goes inactive returns the unmodified base vector so that it can be verified. 

. when the FIFO buffer is not full. In non-loBUS mode, IPs do not get set while in State 1. Thoro-
When data is input to the CPU, the REO/WT pin becomes ac- fore, in order to minimize interrupt latency, the FlO should be loft 
tive (LOW) only when the FIFO buffer is empty, the chip is in State 0. 

c/o X >C 
Do-Dr ( TO CPU ) 

CE \ I 
RD \ / 

00867B-l0 

! 

Figure ,9. Non-Z-BUS Read Cycle Timing 

cio X X 
Do-!'7 ( FROM CPU ) 

CE \ / 
WR \ I / 

008678-11 

Figure 10. Non-Z-BUS Write Cycle Timing 
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Figure 11. Z-BUS Interrupt Acknowledge Cycle 

00-0 ,7' ( VECTOR ) 

iNrAcK\ I 
AD \ / 
MIE / 
iNr / 

006678-13 

Figure 12. Non-Z-BUS Interrupt Acknowledge Cycle 
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CPU TO CPU OPERATIONS 

DMA Operation 

The FlO is particularly well suited to work with a DMA in both 
Z-BUS and non-Z-BUS modes. A data transfer between the FlO 
and. system memory can take place during every machine cycle 
on both sides of the FlO simultaneously. 

In Z-BUS mode, the DMASTB pin (DMA Strobe) is used to read or 
write into the FIFO buffer. The Riw (Read/Write) and DS (Data 
Strobe) signals are ignored by the FlO; however, the CS (Chip 
Select) signal is not ignored and therefore must be kept invalid. 
Figures 13 and 14 show typical timing. 

In Non-Z-BUS mode the DACK pin (DMA Acknowledge) is used 
to tell the FlO that its DMA request is granted. After DACK goes 
Low, every read or write to the FlO goes into the FIFO buffer. 
Figures 15 and 16 show typical timing. 

AID BUS 

AmZ8038 

The FlO provides a special mode to enhance its DMA transfer 
capability. When data is written into the FIFO buffer, the REQ/WT 
(REQUEST) 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 17). 

When data is read from the FlO, the REQ/WT pin (REQUEST) 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 18). 

DATA FROM FlO TO MEMORY 

\\--_--J/ 

ww----------------------------------------------------

\'--__ ----JI 
008678·14 

Figure 13. Z-BUS FlO to Memory Data Transaction 

AID BUS DATA FROM MEMORY TO FlO 

\--___ ----'1 
~---------------------------------------------------------

\'---_--11 
008678-15 

Figure 14. Z-BUS Memory to FlO Data Transaction 
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ADDRESSES J ..... ____ M_E_M_O_R_Y_A_D_DR_E_S_S_O_F_W_R_IT_E ___ .....:....IX'-__________ _ 

D:~~ ______ -« DATA FROM FlO TO MEMORY »)---~....('-_________ _ 
MEMORY 

WRiTE \'----...Jr 
I/O 

rno \'"---, ___ I \----
DACK ~'-______________________________ _ 

008678-16 

Figure 15. Non-Z-BUS FlO to Memory Transaction 

ADDRESSES =x MEMORY ADDRESS OF READ X 
" 

DATA ( DATA FROM ) ( )-BUS MEMORY TO FlO 

\ / \ / MEMORY 
READ 

\ / \ / I/O 
WRiTE 

DACK\ 
006678-17 

Figure 16. Non-Z-BUS Memory to FlO Data Transaction 

0 CD 
ACTIVE 

Iii 
w 
:l 
C 
W 
II: 
C 
::I! 
Q 

CD 0 
INACTIVE 

EMPTY N FULL 

(N = NUMBER IN BYTE COUNT COMPARISON REGISTER 
NUMBER OF BYTES IN FIFO) 

006678-18 

Notes: 1. FIFO empty. 
2. REQUEST enabled, FlO request DMA transfer. 
3. DMA transfers data into the FlO. 
4. FIFO full, REQUEST inactive. 
5. The FIFO empties from the opposite port until the number 

of bytes in the FIFO buffer is the same as the number 
programmed in the Byte Count COl1lparison register. 

Figure 17. Byte Count Control: Write to FlO 
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0 
ACTIVE 

Iii 
w 
:l 
C CD w 
a: 
c 
::I! 
Q 

CD 0 0 
INACTIVE 

EMPTY N FULL 

(N = NUMBER IN BYTE COUNT COMPARISON REGISTER 
NUMBER OF BYTES IN FIFO) 

006678·19 

Notes: 1. FIFO empty. 
2. CPU/DMA fills FIFO buffer from the opposite port. 
3. Number of bytes in FIFO buffer is the same as the number 

of bytes programmed in the Byte Count Comparison 
register. 

4. REQUEST goes active. 
5. DMA transfers data out of FIFO until it is empty. 

Figure 18. Byte Count Control: Read from FlO 
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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 parame
ters between the ihterfacing devices on either side of the FlO 
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 foltow 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 programmed). 
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 buffer. 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 20 shows FlO data transfer options. 

CPU TO I/O OPERATION 
When Port 2 is programmed in the Interlocked 2-Wire Handshake 
mode or the 3-Wire Handshake mode, and Port A is programmed 
in Z-BUS or non-Z-BUS Microprocessor mode, the FlO interfaces 

TO PORT 1 
DATA 110 

LINES 

PORT 2 
MESSAGE OUT 

REGISTER 

(ADDRESS CHI 

) 
v 
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a CPU and a peripheral device. In the Interlocked 2~Wire Hand
shake 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 signals control data flow. 

Interlocked 2-Wlre Handshake 

In the Interlocked Handshake, the action of the FlO 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 FlO to directly interface to a Z8's port, a CIO's port, a UPC's 
port, another FlO port, or another FIFO Z8060, with no external 
logic (Figures 21 and 22). 

3-Wire Handshake 

The 3-Wire Handshake is designed for applications in which one 
output port is communicating with many' input ports simultane
ously. 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 indi
cates that the port is ready for data, and the rising edge of the 
DAC status line indicates tha 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 handshake used in the IEEE-488 Instru
ments. Since the port's direction can be changed undor softwaro 
control, bidirectionaIIEEE-488-type transfers can be performed. 
Figures 23 and 24 show the timings associated with 3-Wiro 
Handshake communications. 

CLEAR FIFO Operation 

In CPU-to-I/O 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. 

MESSAGE ~ 
REGISTER I----...J PORT 2 

PORT 1 MESSAGE IN 
TO V REGISTER 

PORT 2 
(ADDRESS BH) 

TO PORT 2 
DATAVO 
LINES 

<= 
MESSAGE 

PORT l' L.--_-I REGISTER ~L...-_____ PORT 2 
MESSAGE IN PORT 2 MESSAGE OUT 

REGI_STER "( TO ~ REGISTER 
PORT 1 

(ADDRESS BH) (ADDRESS CHI 

00867B-20 

Figure 19. Message Register Operation 
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INITIALIZE 
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(PROGRAM REGISTERS FOR OPERATING MODE, 
PORT 2 CONFIGURATION, DATA TRANSFER CONTROL, ETC.) 
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TRANSFER 
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EXCHANGE 
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PARAMETERS 
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CPU 
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PORT 2 
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INTERRUPT 
DRIVEN 

TRANSFER 

TERMINATES ON ANY TERMINATES ON ANY 
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EXCHANGE 
CONTROL 

PARAMETERS 
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CPU 

(DMA O.R INTERRUPT
DRIVEN TRANSFERS, AS 

FOR PORT 1) 
I 

I 
I 

• DMA BLOCK LENGTH REGISTER = 0 • CPU COMPLETES BUFFER DUMP 
t 
I 
I 
I 

• FlO PATTERN MATCH INTERRUPT • FlO PATTERN MATCH INTERRUPT 
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I 
I 
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I 
I 
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Y 
I 
t 
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I 
I 
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I 

CONTINUE OR REPROGRAM PORT REGISTERS WITH NEW BLOCKS OF CONTROL BYTES. 
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Figure 20. FlO Data Transfer Options 

DATA IN ~ VALID DATA 'ttIl:fItItI:I$ VALID DATA 'Iltttt/:ItA 
AcKiN \ / \ / 

RFD \ / \ / 
00867B-22 

Figure 21. Input Timing for Interlocked Handshake Timing (Port 2 Side Only) 
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DATA OUT m VALID DATA 'tII:IIttt/;/ti VALID DATA 'IIttItItI:A 
ACKiN \ / \ I 

DAV \ / \ / 008678-23 

Figure 22. Output Timing for Interlocked Handshake Timing (Port 2 Side Only) 

DATAIN ~ 

RFD~ 
OUT 

DAv 
IN 

VALID DATA VALID DATA 

\'-------'/ \'----

\ / \ / 

g~~ ------'-/ \~----/ '---
00867B-24 

Figure 23. Input (Acceptor) Timing IEEE-488 HS (Port 2 Side Only) 

DATA OUT 'tttttlt/\ VALID DATA ~ VALID DATA 'IIttItItI:A 
\ / DAY \ / OUT 

!III \\\\ //// ~ DAe 
IN 

/III \\\\ !Ill \\\\ RFD 
IN 

00867B-25 

Figure 24. Output (Source) Timing IEEE-488HS Port (Port 2 Side Only) 
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Data Direction Control 

In CPU-to-I/O mode, the direction of data transfer can be con
trolled by the CPU side (Port 1) under software control as previ
ously explained. The data direction can also be determined 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 
The Programming of the FlO 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 eliminated. Also, the 
read/write feature of the registers aids in system debugging. 

Each side of the FlO 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 OH through FH. 

In the Z-BUS Low Byte mode, the FlO allows two methods for 
register addressing under control of the Right Justify Address 
(RJA) bit in Control register O. When RJA = 0, address bus bits 
1-4 are used for register addressing· and bits 0, 5, 6 and 7 are 
ignored (Table 4). When RJA = 1, bits 0-3 are used for the 
register addresses and bits 4-7 are ignored. 

Contro! Registers 

These four registers specify FlO operation. Th~ Port 2 side con
trol 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 ° in the Port 1 side of 
Control Register 2. A 1 in bit 1 of the same register eriables the 
handshake logic. 

Interrupt Status Registers 

These four registers control and monitor the priority interrupt 
functions for the FlO. 

Interrupt Vector Register 

This register stores the interrupt service routine address. This 
vector is placed on 00-07 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 ena
bled, 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 re
ceiving 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 4. FlO REGISTER ADDRESS SUMMARY 

Non-Z-Bus 07-04 03 02 01 Do 

Z-BUS High Byte A3 A2 A1 Ao 

Z-BUS Low RJA=O AD7-ADs AD4 AD3 AD2 AD1 ADO 

Byte RJA=1 AO]-AD4 AD3 AD2 AD1 ADo 

Description 

Control Register 0 X 0 0 0 0 X 
Control Register 1 X 0 0 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 0 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 0 0 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 
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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 register to 
non-masked bits (1 = mask). 

MASTER 
CPU 

lOBUS 

laOO2 

l-FIO 

ArnZ8038 

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 FI FO 
buffer. The byte count is derived by subtracting the number of 
bytes read from the buffer 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 Count 
register is completed. 

lOBUS 

TO 
COMM •. 
UNE 

00867B-26 

DATA FLOW: 1. Data from master CPU -+ Z-FIO Port 2. 
2. Z-FIO Port 1 -+ DCP. 
3. DCP -+ RAM. 
4. RAM -+ Z-SCC. 
5. Z-SCC -+ data comm. line loop. 

Figure 25. Typical Application: Node Controller 
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REGISTERS 

Control Register 0 

Address: 0000 
(Read/Write) 

I~I~I~I~I~I~I~I~I 

~ 1 = Rt Just Address (RJA) 

- (B,) (Bo)' 

'. 0 0 = Z-BUS CPU I 
o 1 = Non-Z-BUS CPU Programs 
1 0 = 3-Wlre HS 1/0 Port 2 Mode 
1 1 = Interlocked HS 

I T I L1
=Reset ' 

1 = Vector Includes Status (VIS) 
'----------- 1 = No Vector On Interrupt (NV) 

'-------------'-- 1 = Disable Lower Daisy Chain (DLC) 
1...-____________ 1 = Interrupts Enabled (MIE) 

'Read Only From 
Port 2 Side 

Control Register 1 

Address: 0001 
(Read/Write) 

I~I~I~I~I~I~I~I~I 

~~
L 1 = RequesitWii! Enabled 

. 0 = Walt 
1 = Request 
1 = Start DMA On Byte Count 
1 '= Stop DMA On Pattern Match 
1 = Message Mailbox Register Under Service' 

1...-_________ 1 = Message Mailbox Register Full' 

'------------- 1 = Freeze Status Register Count 

'--------------- Not Used (Must Be Programmed 0) 

'Read-Only Bits 

Control Register 2· 

Address: 1001 
(Read/Write) 

Control Register 3 

Address: 1010 
(Read/Write) 

I~I~I~I~I~I~I~I~I I~I~I~I~I~I~I~I~I 

I 
ILl = Port 2 Side Enabled 

~ 1= Port 2 Side Enable Handshake 
L.. _________ Bits 2-7 Not Used 

'this Register Reads All 
O's From Port 2 Side 

Must Be Programmed 0 

I i I ~. L 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 
o = Output From CPU 

'----------- 0 = Port 1 Side Controls Data Direction 
1 = Port 2 Side Controls Data Direction 

1...-___________ 0 = Clear FIFO Buffer 

'--------------- 0 = Port 1 Side Controls Clear 

'Read-Only Bits 
1 = Port 2 Side Controis Clear 

"Only When Port 2 Is An I/O Port 

~igure 26, Control Registers 
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REGISTERS (Cont.) 

Interrupt Status Register 0 

Address: 0010 
(Read/Write) 

Interrupt Status Register 0 
Address: 0010 
(ReadlWrite) 

I~I~I~I~I~I~I~I~I 

(Must Be Programmed 0) 

II 
1 

Not Used 

L _________ Message Interrupt Pending (IP) 

. Message Interrupt Enable (IE) 
L-_____________ Message Interrupt Under Service (IUS) 

Message IUS, IE, and IP are Written Using 
0 7 06 Os The Following Commands (04 - DO = 0) 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

Null Code (No Change) 

Clear IP & IUS 

Set IUS 

Clear IUS 

SetlP 

Clear.IP 

Set IE 

Clear IE 

Interrupt Status Register 1 

Address: 0011 
(Read/Write) 

Interrupt Status Register 1 
. Address: 0011 

(Read/Write) 

Data Direction Change Interrupt J .1 I 
Under Service (IUS) 

Data Direction Change Interrupt 
Enable (IE) 

Data Direction Change Interrupt 
Pending (IP) 

I ~I L 1 = Pattern Match Flag' ~ Pattern Match Interrupt Pending (IP) 

Pattern Match Interrupt Enabled (IE) 

Pattern Match Interrupt 
Under Service (IUS) 

Not Used 
(Must Be Programmed 0) 

Direction IUS, IE, and IP are Written Using Pattern Match IUS,IE, and IP are Wrlten Using 
The Following Commands: (DO and 04 = 0) ~ 06 01 The Following Commands: (DO and 04 = 0) 

Null Code (No Change) 0 0 0 0 0 0 Null Code (No Change) 

Clear IP & IUS 0 0 1 0 0 1 Clear IP & IUS 

Set IUS 0 1 0 0 1 0 Set IUS 

Clear IUS 0 1 1 0 1 1 Clear IUS 

SetlP 1 0 0 1 0 0 Set IP 

Clear IP 1 0 1 1 0 1 ClearlP 

Set IE 1 1 0 1 1 0 Set IE 

Clear IE 1 1 1 1 1 1 Clear IE 

'Read only bits 

Figure 27, Interrupt Status Registers 
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AmZ8038 

REGISTERS (Cont.) 

Interupt Status Register 2 

Address: 0100 
(Read/Write) 

.... ~'m c~mpon , .. ~~ J I I Under Service (IUS) 
Byte Count Compare Interrupt 

Enable (IE) 

Byte Count Compare Interrupt 
Pending (IP) 

I LllilliL Underflow Error' ~ Error Interrupt Pending (10) 

Error Interrupt Enable (IE) 
Error Interrupt Under Service (IUS) 

Overflow Error' 

Byte Count IUS, IE, and IP, are Written Using Error IUS, IE, and IP are Written Using 
The Following Command: (Do and 0 4 = 0) Dr De Os 03 02 0 1 The Following Command: (DO and 04 = 0) 

Null Code (No Change) 0 

Clear IP & IUS 0 

Set IUS 0 

Clear IUS 0 

SetlP 1 

ClearlP 1 

Set IE 1 

Clear IE 1 

0 0 0 0 0 Null Code (No Change) 

0 1 0 0 1 Clear IP & IUS 

1 0 0 1 0 Set IUS 

1 1 0 1 1 Clear IUS 

0 0 1 0 0 SetlP 

0 1 1 0 1 Clear IP 

1 0 1 1 0 Set IE 

1 1 1 1 1 Clear IE 

'Read-Only Bits 

Interrupt Status Register 3 

Address: 0101 
(Read/Write) 

I Llli' L Buffer Empty' • ~ Empty Interrupt Pending (IP) 
. Empty Interrupt Enable (IE) 

'""-U""" ..... ''"~ J ·1 I Full Interrupt Enable (IE) 
Full Interrupt Pending (IP) 

Full IUS, IE, and IP are Written Using 
The Following Command: (Do and 04 = 0) Dr De 05 

Null Code (No Change) 0 0 0 

Clear IP & IUS 0 0 1 

Set IUS 0 1 0 

Clear IUS 0 1 1 

SetlP 1 0 0 

Clear IP 1 0 1 

Set IE 1 1 0 

Clear IE 1 1 1 

Empty Interrupt Under Service (IUS) 

Buffer Full' 

Empty IUS, IE, and IP are Written Using 
03 02' 01 The Following Command: (Do and 04 = 0) 

0 0 0 Null Code (No Change) 

0 0 1 Clear IP & IUS 

0 1 0 Set IUS 

0 1 1 Clear IUS 

1 0 0 SetlP 

1 0 1 ClearlP 

1 1 0 Set IE 

1 1 1 Clear IE 

'Read-Only Bits 

Figure 27. Interrupt Status Registers (Cont.) 
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REGISTERS (Cont.) 

Byte Count Register 

Address: 0111 

I~I~I~I~I~I~I~I~I 
I I I I I I I I 

Reflects Number of Bytes In Buffer 

(Copied from actual Byte Counter 
by setting bit 6 of CR1.) 

Figure 28. Byte Count Register 

Interrupt Vector Register 

Address: 0110 
(Read/Write) 

I~I~I~I~I~I~I~I~I 
I I I I I I I ~ 

No Interrupts Pending 0 0 0 

Buffer Empty 0 0 1 

Buffer Full 0 1 0 

Over/Underflow Error 0 1 1 
Vector Status 

Byte Count Match 1 0 0 

Pattern Match 1 0 1 

Data Direction Change 1 1 0 

Mailbox Message 1 1 1 

Figure 29. Interrupt Vector Register 

Pattern Match Register 

Address: 1101 
(Read/Write) 

Stores Byte Compared with 
Byte Data Buffer Register 

Figure 30. Pattern Match Register 

7·99 

Pattern Mask Register 

Address: 1110 
(Read/Write) 

I~I~I~I~I~I~I~I~I 
I I I I I I I I 

If Set, Bits 0-7 Mask Bits 0-7 
in Pattern Match Register. 

Match Occurs when all 
Non-Masked Bits Agree 

Figure 31. Pattern Mask Register 

Data Buffer Register 

Address: 1111 
(Read/Write) 

Contains the Byte Transferred 
to or from FIFO Buffer RAM 

Figure 32. Data Buffer Register 

Byte Count Comparison Register 

Address: 1000 
(Read/Write) 

I~I~I~I~I~I~I~I~I 
I I I I I I I I 

Contains Value Compared to Byte Count 
Register to Issue Interrupts on Match 

(Bit 7 always 0) 

Figure 33. Byte Count Comparison Register 

Message Out Register 

Address: 1011 
(Read/Write) 

I I 
Stores Message Sent to Message 

in Register on Opposite Port of FlO 

Figure 34. Message Out Register 

Message In Register 

Address: 1100 
(Read Only) 

I~I~I~I~I~I~I~I~I 
I I I I I I I I 

Stores Message Received from Message 
Out Register on Opposite Port of CPU 

Figure 35. Message In Register 
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AmZ8038 
MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature -65 to + 150°C 

Voltage at any Pin Relative to VSS -0.5V to + 7.0V 

Power Dissipation 1.75W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 4MHz 6MHz 
(over which the DC, switching and 
functional specification apply) Z8038 Z8038A 

Commercial Operating Range ZS03SDC ZS03SADC 
TA = 0 to +70"C ZS03SPC Z8038APC 
Vee = 5V ± 5% 

Industrial Operating Range ZS03SDI 
TA = -40 to +S5°C 
Vee = 5V ± 5% 

Military Operating Range . ZS03SDMB 
TA = -55 to +125°C 
Vee = 5V ± 10% 

Notes: T A denotes ambient temperature. 
Add suffix B to indicate burn-in requirement. 

ELECTRICAL CHARACTERISTICS over operating range unless otherwise specified (Note 1) 

Parameter Description Test Conditions Min Typ Max Units 

VIL Input LOW Voltage -0.5 +.S Volts 

Input HIGH Voltage 
Standard Temp 2.0 

VIH Vee Volts 
Military Temp 2.4 

IOL = 3.2mA 0.5 
.vOL Output LOW Voltage Volts 

IOL = 2.0mA 0.4 

VOH Output HIGH Voltage IOH = -250/LA 2.4 Volts 

IOZL Output Leakage Current VOUT = O.4V 10 /LA 

IOZH Output Leakage Current VOUT = Vee 10 /LA 

II Input Leakage Current ±10 ILA 
CIN Input Capacitance 

Unmeasured pins returned 10 pF 

CliO I/O Capacitance to ground. f = 1 MHz over 20 pF 

COUT Output Capacitance 
specified temperature range. 

15 pF 

I TA = O°C 200 
Icc Power Supply Current Vee = MAX I TA = -55°C 

mA 
250 

Note 1. See table for operating range. Typical conditions apply at TA = 25°C, Vee = 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: 

+4.75V ~ Vee ~ +5.25V 
GND = OV 

Standard Test Load Open-Drain Test Load 
+5V +5V 

2.2K 

2.2K 

008678·27 
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ArnZ8038 
Z-BUS CPU INTERFACE TIMING 

4MHz 6MHz 
Number Symbol Parameter Min Max Min Max Units Notes· 

1 TwAS AS Low Width 70 50 ns 

2 TsA(AS) Address to AS i Setup Time 30 10 ns 1 

3 ThA(AS) Address to AS i Hold Time 50 30 ns 1 

4 .TsCSO(AS) CS to AS i Setup Time 0 0 ns 1 

5 ThCSO(AS) CS to AS i Hold Time 60 40 ns 1 

6 TdAS(DS) AS i to OS i Delay 60 40 ns 1 

7 TsA(DS) Address to DS ~ 120 100 ns 

8 TsRWR(DS) RIW (Read) to OS ~ Setup Time 100 80 ns 

9 TsRWW(DS) RIW (Write) to OS ~ Setup Time 0 ·0 ns 

10 TwDS DS Low Width 390 250 ns 

11 TsDW(DSf) Write Data to DS ~ Setup Time 30 20 ns 

12 TdDS(DRV) DS (Read) l to Address Data Bus Driven 0 0 ns 

13 TdDSf(DR) DS l to Read Data Valid Delay 250 180 ns 

14 ThDW(DS) Write Data to DS i Hold Time 30 20 ns 

15 TdDSr(DR) DS i to Read Data Not Valid Delay 0 0 ns 

16 TdDS(DRz) OS i to Read Data Float Delay 70 45 ns 2 

17 ThRW(DS) RIW to OS i Hold Time 55 40 ns 

18 TdDS(AS) DS i to AS l 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 58 of one CIO access to OS of another FlO access (either read or write). 
·AII·timings are preliminary and subject to change. All timing references assume 2 .. 0V for a logic "1" and O.8V for a logic "0." 

Riii 
READ 

RiW 
WRITE 

ADDRESS 

FlO 
WRITE 

FlO 
READ 

Figure 36. Z-Bus CPU Interface Timing 

.................... ~~ ............... ~ ..... ~ ............................................. ~~ .................................................. -
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AmZ8038 
Z-BUS CPU INTERRUPT ACKNOWLEDGE TIMING 

4MHz 6MHz 
Number Symbol Parameter Min Max Min Max Units Notes 

20 TsIA(AS) INTACK to AS i Setup Time 0 0 ns 

21 ThIA(AS) INT ACK to AS i Hold Time 250 250 ns 

22 TdDSA(DR) OS (Acknowledge) l to Read Data Valid Delay 250 180 ns 

23 TwDSA OS (Acknowledge) Low Width 390 250 ns 

24 TdAS(IEO) AS t to lEO l Delay (lNTACK Cycle) 350 250 ns 4 

25 TdIEI(IEO) lEI to lEO Delay 150 100 ns 4 

26 TsIEI(DSA) lEI to OS (Acknowledge) l Setup Time 100 70 ns 

27 ThIEI(DSA) lEI to OS (Acknowledge) t Hold Time 50 30 ns 4 

28 TdDS(INn OS (INT~CK Cycle) to INT Delay 900 800 ns 

29 TdDCST Interrupt Daisy Chain Settle Time 11§. 4 

Notes: 4. The parameters for the devices in any particular daisy chain must meet the following constraint: The delay from AS to OS 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. 

Figure 37. Z-Bus CPU Interrupt Acknowledge Timing 

ADo-AOr UNDEFINED VECTOR 

1-----~23}-----_1 

lEI 

lEO 

008678·30 
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AmZ8038 
Z-BUS INTERRUPT TIMING 

4MHz 6MHz 
Number Symbol Parameter Min Max Min Max Units Notes 

30 TdMW(INT) Message Write to INT Delay 1 1 
AS Cycles 

+ns 
5 

31 TdDC(INT) Data Direction Change to INT Delay 1 1 
AS Cycles 

+ns 
6 

32 TdPMW(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 Cycle 

+ns 

34 TdSC(INT) Status Compare to INT Delay 1 1 
AS Cycles 

6 
+ns 

35 TdER(INT) Error to INT Delay 1 1 
AS Cycles 

+ns 

36 TdEM(INT) Empty to INT Delay I 1 1 AS Cycles 
6 

+ns 

37 TdFL(INT) Full to INT Delay 1 1 
AS Cycles 

+ns 
6 

38 TdAS(INT) AS to INT Delay 
AS Cycles 

+ns 

Notes: .5. Wnte IS from the other SIde of FlO. 
. 6. Write can be from either side, depending on programming of FlO. 

Figure 38. Z-Bus Interrupt Timing 



ArnZ8038 
Z-BUS REQUEST/WAIT TIMING AND WAVEFORMS (Figure 39) 

4MHz 6MHz 
Nu~ber. Symbol Parameter Min Max Min Max Units 

1 TdDS{WAIT) AS i to WAIT i Delay 190 160 ns 

2 TdDS1(WAln DS1 i to WAIT i Delay 1000 1000 ns 

3 TdACK(WAIT) ACKIN i to WAIT i Delay 1000 1000 ns 

4 TdDS(REO) DS i to REO i Delay 350 300 ns 

5 TdDMA(REO) DMASTB i to REO i Delay 350 300 ns 

6· TdDS1(REO) DS1 i to REO i Delay 1000 1000 ns 

7 TdACK(REO) ACKIN i to REO i 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 i Data Valid 150 100 ns 

11 TdDMA(DRH) DMASTB i to Data Not Valid 0 0 ns 

12 TdDMA(DR2) DMASTB i to Data Bus Float 70 45 ns 

Notes: 1. The Delay is from DAV i for 3-Wire Input Handshake. The delay is from DAC i for 3-Wire Output Handshake. 

Os 
READIWRITE 

BY OTHER SIDE 

DATA 
BUFFER 
REGISTER =b-------

OS1 DATA 
WRITEIREAD BUFFER 

BY OTHER SIDE REGISTER 

INPUTI 
OUTPUT 
PORT 

REO IN/OUT 

DATA DATA 
FROM BUFFER 

FlO REGISTER 

WRITE DATA 
TO BUFFER 
FlO REGISTER 

Z-BUS RESET TIMING AND WAVEFORM (Figure 40) 

Number Symbol 

TdDSO(AS) 

2 TdASO(DS) Delay for AS i 

3 Tw(AS + DS) Minimum Width 

6MHz 
Max 

350 

Notes: 1. Internal circuitry allows for the reset provided by the Z8 (DS held Low while AS pulses) to be sufficient. 
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NON·Z·BUS CPU INTERFACE TIMING 
. AmZ8038 

4MHz 6MHz 
Number Symbol Parameter 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 t 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 TsCEI(WR) CE Low Setup Time to WR 0 0 ns 

7 ThCEI(RD) CE Low Hold Time to RD 0 0 ns 1 

8 ThCEI(WR) CE Low Hold Time to WR 0 0 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 ~ to Valid Data Delay 250 180 ns 

14 TdRDr(DR) RD t to Read Data Not Valid Delay 0 0 ns 

15 TdRD(DRz) RD t 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 t or WR t of one FlO access to RD ~ or iNA ~ of another FlO access. 

Figure 41a. Non·Z·Bus CPU Interface Timing 

C/O 

FlO ~r~6 -------t---t---t--O{I 

00-
0

7 _--®i-, ---------.1 
FlO WRITE --.X DATA VALID 

008678·34 

Figure 41b. Non-Z-Bus Interface Timing 

H-~'-----.o. __ 
CE / L 

L ~~----------------~j 
RDorWR ---'"----\ _____ / \\ \ __ _ 

008678,35 
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AmZ8038 
NON·Z·BUS INTERRUPT ACKNOWLEDGE TIMING 

4MHz 6MHz 
Number Symbol Parameter Min Max Min Max Units Notes 

20 TdIEI(IEO) lEI to lEO Delay 150 100 ns 4 

21 Tdl(IEO) INTACK ~ to lEO ~ Delay 350 250 ns 4 

22 TsIEI(RDA) lEI Setup Time to RD (Acknowledge) 100 70 ns 4 

23 TdRD(DR) RD l to Vector Valid Delay 250 180 ns 

24 TwRD1(IA) Read Low Width (Interrupt Acknowledge) 390 250 ns 

25 'ThIA(RD) INTACK 1 to RD 1 Hold Time 30 20 ns 

26 ThIEI(RD) lEI Hold Time to RD 1 20 10 ns 

27 TdRD(INT) RD 1to INT 1 Delay 900 800 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 constraint: The delay from INTACK ~ to RD l 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. 

Figure 42. Non-Z-Bus Interrupt Acknowledge Thnlng 

D~~---------------------------------------+------------------~~ 

lEI 

lEO 

00867B-36 
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ArnZ8038 
NON-Z-BUS INTERRUPT TIMING 

4MHz 6MHz 
Number Symbol Parameter Min Max Min Max Units Notes 

29 TdMW(INT) Message Write to INT Delay ns 5,6 

30 TdDC(INT) Data Direction Change to INT Delay ns 5,7 

31 TdPMW(INT) Pattern Match (Write Case) to INT Delay ns 5 

32 TdPMR(INT) Pattern Match (Read Case) to INT Delay ns 5 

33 TdSC(INT) Status Compare to INT Delay ns 5,7 

34 TdER(INT) Error to INT Delay ns 5,7 

35 TdEM(INT) Empty to INT Delay ns 5,7 

36 TdFL(INT) Full to INT Delay ns 5,7 

37 TdSO(INT) State 0 to INT Delay ns 

Notes: 5. Delay number is valid for State 0 only. 
6. Write is from other side of FlO. 
7. Write can be from either side, depending on programming of FlO. 

Figure 43. Non-Z-Bus Interrupt Timing 

MESSAGE WRITE WR4,5 
WRITE MESSAGE 

REGISTER 
OUT 30 

DATA WRITE WR4,6 
DIRECTION CONTROL 

CHANGE REGISTER 3 

WRITE DATA WR4 
BUFFER 
REGISTER 

PATTERN 
MATCH 

READ DATA R04 
BUFFER 
REGISTER 

33 

STATUS WRITE DATA WR4OR Ri)4,6 
COMPARE BUFFER 

REGISTER 

ERROR WRITE DATA WR4 0RRD 
BUFFER 
REGISTER 

EMPTY WRITE DATA WR4.6 
BUFFER 
REGISTER 

FULL WRITE DATA WR4,6 
BUFFER 
REGISTER 

ST1-STO WR4..RD4 

iNT 

00667B·37 
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ArnZ8038 
NON-Z-BUS REQUEST/WAIT TIMING 

4MHz 6MHz 
Number Symbol Parameter Min Max Min Max 

1 TdRD(WT) CE ~ to WAIT Active 200 170 

2 TdRD1(WT) RD1 ~ to WAIT Inactive 1000 1000 

3 TdACK(WT) ACKIN ~ to WAIT Inactive 1000 1000 

4 TdRD(REO) RD ~ to REO Inactive 350 300 

5 TdRD1(REO) RD1 t to REO Active 1000 1000 

6 TdACK(REO) ACKIN ~ to REO Active 1000 1000 

7 TdDAC(RD) DACK ~ to RD ~ or WR ~ 100 80 

8 TSU(WR) Data Setup Time to WR 200 

9 Th(WR) Data Hold Time to WR 30 20 

10 TdDMA RD ~ to Valid Data 150 100 

11 TdDMA(DRH) RD t to Data Not Valid 0 0 

12 TdDMA(DRZ) RD t to Data Bus Float 70 45 

Notes: 1. The delay is from DAV ~ for 3-Wire Input Handshake. The delay is from DAC i for 3-Wire Input Handshake. 
2. Only when DACK Is active. 

, RD.WR 
READ/WRITE OF DATA 

BUFFER REGISTER 

WR1/Ro1 
WRITE/READ OF DATA 

BUFFER REGISTER 

Figure 44. Non-Z-Bus Request/Walt Timing 

~-----G)------~ 

BY OTHER SIDE ------+----+------t------' 

ACKIN 
INPUT/OUTPUT PORT 

DATA FROM FlO --------< 

-I® 

Units Notes 

ns 

ns 

ns 1 

ns . 
ns 

ns 

ns 

ns 

ns 

ns 2 

ns 2 

ns • 2 

';'..':".:!'i.:g~:-------."'e5----------------------
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NON-Z-BUS RESET TIMING 
ArnZ8038 

4MHz 6MHz 

Number Symbol Parameter Min Max Min Max Units Notes 

1 TdWR(RD) Delay from WR t to RD ~ 100 70 ns 

2 TdRD(WR) Delay from RD t to WR ~ 100 70 ns 

3 TwRD + WR Width of RD and WR, both Low for Reset 500 350 ns 

Figure 45. Non-Z-Bus Reset Timing 

008679-39 

PORT 2 SIDE OPERATION 

4MHz 6MHz 

Number Symbol Parameter 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 TdOE(DRZ) OE t to Data Bus Float 100 100 ns 

Figure 46. Port 2 Side Operation 

CLEAR ---L~0 J I 
INPUT \k j 

008679-40 
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AmZ8038 
FlO 2-WIRE HANDSHAKE TIMING 

4MHz 6MHz 

Number Symbol Parameter 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 TdRFDr(ACK) RFD i to ACKIN ~ Delay 0 0 ns 

4 TsDO(DAV) Data Out to DAV ~ Setup Time 25 25 ns 

5 TdDAVf(ACK) DAV ~ to ACKIN ~ Delay 0 0 ns 

6 ThDO(ACK) Data Out to ACKIN Hold Time 50 50 ns 

7 TdACK(DAV} ACKIN ~ to DAV i Delay 0 500 0 500 ns 

8 ThDI(RFD} Data Input to RFD ~ Hold Time 0 0 ns 

9 TdRFDf(ACK} RFD ~ to ACKIN i Delay 0 0 ns 

10 TdACKr(RFD) 
ACKIN i (DAV t) to RFD i Delay - 0 400 0 400 ns 
Interlocked and 3-Wire Handshake 

11 TdDAVr(ACK} ,DAV i to ACKIN i (RFD i) 0 0 ns 

12 l'dACKr(DAV) ACKIN t to DAV ~ 0 800 0 800 ns 

13 TdACK(Empty} ACKIN to Empty 600 600 ns 

14 TdACK(Full) ACKIN to Full 600 600 ns 

15 ACKIN Clock Rate 1.0 IJS 

Figure 47a. 2-Wire Handshake (Port 2 Side Only) Output 

DATA 

EMPTY 

FULL 

006676·41 

Figure 47b. 2-Wire Handshake (Port 2 Side Only) Input 

DATA 

RFD 

~-------------I~--------~----~ 

~]\--
~) 

EMPTY 

FULL 
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3-WIRE HANDSHAKE 

Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Symbol 

TsDI(DAV) 

TdDAVlf(RFD) 

TdDAVf(DAC) 

ThDI(DAC) 

TdDAClr(DAV) 

TdDAVlr(DAC) 

TdDAVlr(RFD) 

TdRFDI(DAV) 

TsDO(DAC) 

TdDAVOf(RFD) 

TdDAVOf(DAC) 

ThDO(DAC) 

TdDACOr(DAV) 

TdDAVOr(DAC) 

TdDAVOR(RFD) 

TdRFDO(DAV) 

(PIN 38) 

(PIN 39) 

(PIN 37) 

(PIN 38) 

(PIN 37) 

(PIN 39) 

DATA 

DAY 
INPUT 

RFD 
OUTPUT 

DAC 
OUTPUT 

DATA 

DAC 
INPUT 

RFD 
INPUT 

DAV 
OUTPUT 

AmZ8038 

4MHz 6MHz 
Parameter Min Max Min Max Units 

Data Input to DAV l Setup Time 50 50 ns 

DAV l to RFD l Delay 0 500 0 500 ns 

DAy l to DAC t Delay ·0 500 0 500 ns 

Data In to DAC t Hold Time 0 0 ns 

DAC t to DAV t Delay 0 0 ns 

DAV t to DAC l Delay 0 500 0 500 ns 

DAV t to RFD t Delay 0 500 0 500 ns 

RFD t to DAV l Delay 0 0 ns 

Data Out to DAV l ns 

DAV l to RFD l Delay 0 0 ns 

DAV l to DAC t Delay 0 0 ns 

Data Out to DAC t Hold Time ns 

DAC t to DAV t Delay 400 400 ns 

DAV t to DAC l Delay 0 0 ns 

DAV t to RFD t Delay 0 0 ns 

RFD t to DAV l Delay 0 800 0 800 ns 

Figure 48a. 3-Wire Handshake Input 

008676-43 

Figure 48b. 3-Wire Handshake Output 
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AmZ8038* FlO without Interrupt 
The AmZ8038 FlO can be used as a buffer between two CPUs 
in multiprocessor applications by virtue of it's bidirectional fea
ture. In this interface two FIOs are used for a high performance, 
application. Motorola has no FIFO compatible to the AmZ8038. 

3. The 74LS74 flip/flop delays the falling edge of RD guaran
• teeing that the CS to RD timing of the AmZ8038 is met. 

INTERFACE DEVICES 

1. The data buses are directly linked together between the 
68000 and the AmZ8038. The Am29806 address decoder 
decodes the 8-bit address. It also generates the ANYE signal 
that is input to the 74LS164 shift register which generates the 
appropriate number of wait states by controlling DTACK. This 
ensures that WR and RD have the required 400ns width. A1 
generates the C/D input to the AmZ8038 while the remaining 
address lines are connected to the Am29809 address com
parator. The 8038 is strapped for RD and WR as it leads to 
more..efficient programming. 

Address Decoder 29806 

Address Comparator 29809 

Inverters 74LS04 

OR 74LS32 1 

Shift Register 74LS164 

Flip/Flop 74LS74 

To implement the interrupt feature to this interface, a circuit 
similar to the AmZ8530 with interrupts cari be configured. 

2. OR gates 74LS32s convert UDS, LOS, and R/W into RD and 
WR signals to the AmZ8038. ,·Z8038 is a trademark of Zilog, Inc. 

0 15 
.A ~07 

oa K ./ do 
~ I' 

AZ3 

b 

" A1a I '\ Am29809 
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Why Design-In the AmZ8038 FlO? 
The AmZ8038 is a 128 byte FlO which has a number of built-in 
features which permit design flexibility. Some key features are 
listed below. 

1. Bidirectionality: This allows data transfer in both direc
tions. This is a useful feature in multiprocessor applications 
where 2 or more CPUs talk to each other. The only bidirec
tional FIFO available. 

2. Programmable interface: Allows easy interface with CPUs 
with entirely different bus structures without external logic. 

FIFO COMPARISON CHART 

Features ArnZ8038 

Supply +5V,0 

Package 40-Pin DIP 

Technology N-Channel MOS 

Size 128x8 

Data Rate 1MHz 

Ripple Through Time 250ns 

Serial/Parallel Opn Parallel 

Bidireclionality Yes 

Pattern Detect Yes 

Interrupt Structure 7 Vectored/Non Vectored 

Handshake Signals Interlocked 

Interface Capability Programmable for Z-Bus 
and Non Z-Bus TypeCPUs 

FIFO COMPARISON CHART 

3. Unlimited expansion: Allows easy upgrading of existing 
designs. 

4. Other features include: Seven interrupt sources and 3-wire 
handshake modes (IEE-488 compatible). 

Motorola has no FIFO with the features mentioned above. All 
68000 designs where multiple CPUs are involved use a number 
of first generation FIFOs as buffers. The AmZ8038 would re
solve design complications in such systems. 

ArnZ8060 Arn2812 Arn2813 

+5V,0 +5V,-12V. +5V,-12V 

28-Pin DIP 28-Pin DIP 28-Pin DIP 

N-Channel MOS N-Channel MOS N-Channel MOS 

128x8 32x8 32x9 

1MHz 1MHz 1MHz 

250ns 1Ol1-s 1Ol1-s 

Parallel Serial/Parallel Serial/Parallel 

Yes No No 

Yes No No 

No No No 

Interlocked No No 

Z-BusOnly No No 

Features Arn2841 Fairchild 9043 Fairchild 9423 Western 1502 

Supply +5V,-12V +5V,0 +5V,0 +5V,-12V 

Package ,16-Pin DIP 24-Pin DIP 24-Pin DIP 28-Pin DIP 

Technology N-Channel MOS Bipolar Bipolar N-Channel MOS 

Size 64x4 16x4 64x4 40x9 

Data Rate 1-2MHz 10MHz 10MHz 0.5MHz 

Ripple Through '!ime 1Ol1-s 450ns 2.511-s ? 

Serial/Parallel Opn Parallel Serial/Parallel Serial/Parallel Parallel 

Bidireclionality No No No No 

Pattern Detect No No No No 

Interrupt Structure No No No No 

Handshake Signals No -No No No 

Interface Capability No No No No 
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Am8052/8152/8153 
Alphanumeric CRT Controller Chip-Set 

ADVANCED INFORMATION 

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 SOS6, 
ZSOOO and 6S000 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 extensions 

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 mUlti
ple window display, soft-scrolling of windows, and variable 
character .width and height in full page 132 x 60 screen 
formats. The video subsystem of a CRT terminal with 
these sophisticated video features, can now be im~ 
plemented with as few as three device packages with the 
AmS052/S152 chip-set, significantly reducing IC cost and 
board space without sacrificing performance. The 
AmS052/S152 chip-set consists of an NMOS lSI CRT 
Controller (CRTC), the AmS052, and the bipolar IMOXTM 
Video System Controller (VSC), the AmS152. 

The AmS052 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 AmS052 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 addition, four user definable attributes are 
available providing user flexibility. 

The AmS052 CRT controller performs all the data proces
.sing prior to video serialization. This latter task is per
formed by the AmS152, for dot rates up to 40MHz, or by 
the AmS153 for dot rates up to 100MHz. Apart from the 
video output lines (TIL on the AmS152 and ECl on the 
AmS153) these two devices are functionally identical. The 
high speed of the video controller, a result of AM D's 
patented IMOXTM technology, supports high resolution 
screens of 500 -1000. scan lines per frame or rows with 
100 or more characters. In addition, the AmS152 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 SOS6, 6S000 and ZSOOO,· thus 
permitting design flexibility with minimal logic. 

TYPICAL APPLICATION WITH PROPORTIONAL SPACING 

SYSBUS AmBO 52 

CBLANK DIFF 

FORE 

REV 

FlO 
AmB152/53 TTL/ECL 

HSYNC 

BLNK t-----I 
UL 1-----1 

REV 1-----1 

HLI-----I 

HSYNC t-----I 
VSYNC 1----'--1 VSYNC 

DDo_~ CLK 2DV 

CCO_ 7 t-------,/ 

RO-4 t-------,/ L--_....L._.J 

} Analog 

Video 

} Digilal 

VSYNC 

HSYNC 

MMP·008 

IMOX is a trademark of Advanced Micro Devices, Inc. ·Z8000 is a trademark of Zilog, Inc. 03684A-MMP 
This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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Am8052 CRTC 
Alphanumeric CRT Controller 

DISTINCTIVE CHARACTERISTICS 

• On-chip DMA capability, operating via Iinked-lisJ data 
structures 

• Three on-chip line buffers, each 132 characters by 20 
bits support split-screen soft-scrolling 

• General purpose microprocessor interface. Compatible 
with 8086, Z8000 and 68000 CPUs. 

• Soft-scrolling capability, with minimal CPU overhead 
• Multiple vertical and horizontal screen divisions, with 

optional soft-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 

addressing 
• 16M byte system memory addressing capability 
• Programmable blink options for cursors and characters 

GENERAL DESCRIPTION 

The Am8052 CRT Controller is a general purpose inter
face device for raster scan CRT displays. The CRTC pro
vides efficient manipulation of complex character formats 
and screen structures to allow sophisticated text display 
without undue CPU overhead. 

The CR.TC 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 real,
time programmable on a row by row basis. Character attri
butes 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 soft
scrolling operations. The DMA loads the line buffers via 
linked list data blocks which facilitates editing and text 
composition. 

The Am8052, in conjunction with the Am8152 bipolar video 
system controller, allows for the flexible assignment of vis
ual attributes. The twelve attribute bits stored in the 
Am8052 include superscript, subscript, blink, highlight, re
verse, underline, strike through and cursor. Both character 
and cursor can be made to blink at three different rates 
and the blink duty cycle is programmable. Further'flexibil
ity is achieved by the Am8152 which allows the video 
stream to be manipulated by selection of background and 
foreground as well as background/foreground reversal. 

The Am8052 and Am8152 combination also supports pro
portional spacing, text justification and double width 
characters. 

The Am8052 CRTC is assembled in a 68-pin LCC/pin grid 
package, while the bipolar Am8152 VSC is assembled in a 
48-pin DIP. These interface circuits are available as a 
chip-set for high performance CRT applications. 

Figure 1. AmB052 Block Diagram, 

DMA 
Channel 

.----r----------------~~HSYNC 

L __ ----'"----------------~~ Blank 

1------------------1-- VSYNC 

CCO- 7 

APO- 10 

t------------.,.------+-- Cursor 

t--+---------------+-- RO-4 
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INTERFACE SIGNAL DESCRIPTION 
All inputs and outputs of the CRTC are TTL compatible, unless 
otherwise indicated. Figure 2 shows the device pin-out. 

VSS1, VSS2 

VCC1, VCC2 

CLK1 

Ground 

+5V Power Supply 

Timing Clock, Input 
The Clock 1 signal controls the DMA and 
peripheral portion of the CRTC, and times all 
host/memory accesses involving the CRTC. In 
proportional spacing applications, where CLK2 
is variable, CLK1 must be used to time the hori
zontal and vertical sync rates. CLK1. is non-TTL 
compatible, and should be driven by the VSC. 

Display Clock, Input 
The Clock2 signal is used to time character ac
cesses from the CRTC line buffers. In applica
tions which do not use proportional spacing 
CLK2 is fixed in frequency and can be used to 
time horizontal and vertical sync rates, allowing 
CLK1, the system clock, to be unrelated and 
asynchronous to the display timing. CLK2 is 
non-TTL compatible, and should be driven by 
theVSC. 

Address/Data Bus, Input/Output, 
Three-State 
The Address/Data Bus is a time-multiplexed, 
bidirectional, high-true, three-state bus. The 
presence of addresses is defined by the AS sig
nal 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 CRTe is idle, the CPU or 
other ex~rnal 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 ADo-AD7 lines. Interrupt Vector 
information is also output on the ADo - AD7 
lines. 

Address Strobe, Input/Output, 
Three-State 
Address strobe is a bidirectional, active-LOW, 
three-state signal. When the CRTC is in 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 slave 
mode, the AS signal may be asynchronous to 
CLK1· 

Data Strobe, Input/Output, 
Three-State 
Data Strobe is a bidirectional, active-LOW, 
three-state signal. When the CRTC is in slave 
mode, and the external system is transferring 
information to or from it, DS is a timing input 
used by the CRTe to move data to or from the 
AD bus. In the slave mode, the DS signal may 
be asynchronous to CLK1. During a DMA oper
ation 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. ' 

CURSOR 

ESYNC 

., HSYNC 

VSYNC 
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Chip Select, Input 
The CS input is an active LOW signal used by 
the host processor to select the CRTC for a 
slave transfer. 

Wait, Input 
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 fai
ling edge of the CLK1 T 2 time. 

Read/Write, Input/Output, Three-State 
Read/Write is a bidirectional, three-state signal 
indicating the data direction for the bus transac
tion under way, and remains stable for the 
length of the bus cycle. When CS input is active, 
Read (HIGH) indicates that the system is re
questing 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 to indicate that the 
CRTC is outputing a high-order address to an 
external latch. During a dummy DMA cycle, 
R/W is driven high. 

Bus Request, Input/Output 
When the CRTC requires use of the bus for 
DMA activity, the BRa line is driven Law. It re
mains LOW until it has ceased using the bus. 

Bus Acknowledge In, Input 
Bus acknowledge In is an active LOW input. 
When the CRTe requires host bus access and 
has successfully pulled its BRa pin LOW, a BAI' 
LOW input signifies that the CRTC has obtained 
bus mastership after having internally syn
chronized its BAI active LOW input for two clock 
periods of CLK1. The synchronization is re
quired to alleviate metastable problems. When 
the CRTC does not require host bus access, the 
BAI input ripples to the BAO. 

Cursor, Output 
This pin is the cursor output indicator. 

External Sync, Input 
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 fai
ling edge of ESYNC. 

Horizontal Sync, Output 
HSYNC 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. 

Vertical Sync, Output 
VSYNC is an active HIGH output used to cause 
vertical retrace of the CRT's electron beam. A 
VSYNC is an active HIGH output used to cause 
vertical retrace of the CRT's electron beam. 
VSYNC can be optionally synchronized by the 



BLANK 

lEI 

lEO 

ESYNC input. VSYNC is held HIGH while the 
CRTC is reset to prevent damage to the CRT. 

Blank Video, Output 
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. 

Row Control, Outputs 
Ro- R4 outputs are active HIGH. These outputs. 
represent the binary count of the active scan 
line being displayed. These outputs address the 
least significant 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. 

Character Code Outputs 
CCo- CC7 outputs are active HIGH. The a-bit 
character port, CCo- CC7, outputs eight bits of 
data stored in the character code section of the 
line buffer currently being displayed. 

Interrupt Request, Output, Open Drain 
This line is used to indicate an interrupt request 
to the host processor. It is driven LOW by the 
CRTC, until an interrupt acknowledge is re
ceived on the iNTACK pin. 

Interrupt Acknowledge, Input 
When INTACK is driven LOW, the CRTC 
examines its lEI line to determine whether it has 
been granted an acknowledge by the CPU. 

Interrupt Enable-In, Input 
A HIGH on lEI during an Interrupt Acknowledge 
cycle is regarded as an interrupt acknowledge 
to the CRTC. A LOW on lEI during Interrupt 
Acknowledge signifies that ,a higher priority 
interrupt on the daisy chain is being ac
knowledged. 

Interrupt Enable-Out, Output 
lEO follows lEI during Interrupt Acknowledge if 
the CRTC has not made an interrupt request. 

Am8052 

lEO LOW disabies lower priority devices from 
making interrupt requests. 

DTEN, DREN Data Transmit Enable, =D~at:-a-:R=-e-c-e-:-iv-e-=E-na-b-I-e, 

Outputs, Open Drain 
Data Transmit Enable and Data Receive Enable 
are used to control bus transceivers external to 
the CRTC, should they be required. When 
DTEN is low, the transceivers should transmit 
from the CRTC onto the bus. When DR EN is 
low, the transceivers should receive data from 
the bus. DTEN and DREN are never low 
simultaneously. 

C/O C0.E1mand/Data, Input 
C/D is used by the CRTC when in slave mode, 
to determine if an I/O transaction with the host 
CPU is transferring a command or data. When 
the CRTC is not involved in an I/O transaction 
with the host, C/O is disregarded. 

APO-AP10 Attribute Port Outputs 
These 11 lines are used to display character 
attribute information synchronous with each 
character and CLK2. During horizontal SYNC, 
the row attribute information contained in 
the Row Redefinition Block are output on 
APO-AP1Q. 

BAO Bus Acknowledge Out, Output 
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. 

RST Reset, Input 
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 bits in mode regis
ters 1 and 2, and to force the CRTC into slave 
mode. 

RSTT Test Reset, Input 
For test use only. This pin is a No Connect. 

Figure 2. Am8052 Pinout 
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TABLE 1. 

Attribute Effect 

Reverse - Causes the applicable character to be displayed in reverse video. 

Kighlight - Highlights the applicable character. 

Blink - Blinks an applicable character at one of four programmed blink rates. , 
Underline -:- Underlines the applicable character at a programmable scan line. 

Subscript - Causes the character to be displayed as a subs~ript. 

Superscript - Causes the character to be displayed as a superscript. 

Shifted Underline - A second underline. 

Cursor - Causes the attribute cursor to be displayed at the applicable character. 

Latched - Indicates that the attribute should be latched for all successive characters until changed. 

Ignore - Causes the CRTC to skip over the applicable characters. Useful for embeddea control characters and protected fields 
that do not get displayed. 

User Definable . - Four attribute bits reserved for user definition. 

FUNCTIONAL 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, ADo-AD15' Transfers over 
the AD bus are controlled by the CS, C/O, AS, DS, and R/W 
lines. When the CRTC is in slave mode, these four bus control 
lines are inputs. When the CRTC is in 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 BRa line for activity; if 
the BRa 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 con
trol 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 transfered into the appropriate set of 
registers for active control of display and data fetch operations 
during the subsequent display of character 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 mask
ing, is interpreted and acted upon. 

Output lines Ro- 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 Ro- R4 lines to enable the display of normal (single 
character), superscript or subscript. The Ro- R4 lines also 
output a 1F (hex) Code for blanking portions of a character cell 
matrix and for character blinking. 

The HSYNC, VSYNC and BLANK output lines provide. the CRT 
synchronization signals. The Horizontal Control and Vertical 
Control logic blocks contain counters and host programmable 
registers for deriving the timing signals from either the CLK1 or 
the CLK2 input as well as an ESYNC input line for frame 
synchronization to an external source, such as the power line 
frequency. Clock input CLK2 is a clock which runs at the 
character rate of the display, and is a submultiple of the dot 
clock, whose frequency is determined by the Am8152 oscil
lator. CLK2 controls the CRT synchronization lines HSYNC and 
VSYNC, as well as BLANK, and the rate of character output 
from the CRTC. CLK1, which may be asynchronous to CLK2, 
controls all DMA and related bus activity, associated with the 
CRTC. In proportional spacing applications CLK1 may be also 
used to time the synchronization signals. 

CHARACTER ATTRIBUTES 
Character attributes affect various CRTC output signals and 
other operations on a character by character basis. Each attri
bute 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: 

AW15 Latched/unlatched AW7 User definable 
AW14 Cursor/definable AWs Highlight 
AW13 Ignore AW5 Reverse 
AW12 Reserved AW4 Superscript 
AW11 Reserved AW3 Subscript 
AW1Q User definable AW2 Shifted underline/ 
AWg User definable strike through 
AWe User definable AW1 Underline 

AWo 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 
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the attribute word. Only the presence of a further latched attri
bute word cancels the effect of a previous latched attribute 
word. If the .~atched/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 mod
ified by the latched attribute information that was valid prior to 
the unlatched attribute word. The Latched/Unlatched bit is not 
output to the attribute port. The initial state of the latched attri
bute 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 bit in Mode Register 1 is 
set. Note that the ignore bit is not brought out to the attribute 
port. 

USER DEFINABLE 

The AW7-AW1Q attribute bits provide 4 bits of user definable 
attribute information. These bits are directly output on pins 
AP7-AP1Q of the attribute port. (In addition to these four user 
definable attribute bits, the cursor bit can also· be user defina
ble under certain conditions.) 

HIGHLIGHT 

When this bit is set, the character is displayed highlighted. The 
AP6 pin of the attribute port goes active for each scan line of 
the relevant character(s). 

REVERSE 

When this bit is· set to 1, the character is displayed reversed. 
The APs 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- R4) 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-R4) is deter-

Am8052 

mined by the subscript control fields in the row redefinition 
block. 

NOTE: If both superscript and subscript are set, the character 
appears as normal. 

UNDERLINE/SHIFTED UNDERLINE 

Attribute bits AW1 and AW2 provide underline and shifted 
underline display. The underline/shifted underline display in
formation is output on the AP1 and AP2 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 APo is 
gated with the character blink rate generator, during the time 
that the relevant character is output on CCo- CC7. 

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 below). In Option 1, one at
tribute is fetched per character. This option, although straight 
forward, 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 con
siderably by fetching attributes on a demand basis. Option 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 al
lows 7 bits of character code or a 128 character set for display 
with no overhead for attribute incorporation. 

Option 3 makes use of an a-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. 

CURSOR GENERATION 

The CRTC is capable of outputting a variety of different cur
sors, including 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. 

Figure 3. Am8052 Attribute Word 

15 
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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 di
vided 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 information. 

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 (c) is selected, then either all or part of the character will be 
reversed, dependent upon the CURSOR START and CURSOR 
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. 

LINE BUFFERS 

The on-chip DMA controller accesses the display memory and 
loads data from linked-list data blocks in memory into one of 
three line buffers. Each line buffer is 132 characters in length 
and 20 bits wide. The 20-bit wide locati.ons accommodate 8-bit 
character codes and 12-bit attribute words associated with the 
character. The line buffers operate in a rotating fill-display 
mode whereby one buffer is being loaded while another is 
being displayed. 

The presence of three line buffers on-chip is of significant ad
vantage in split screen soft-scrolling operations where a 
character row may only be displayed for a single scan line. 
With two line buffers, this would not leave enough time for the 
reloading of the alternate line buffer. A partially filled buffer re
sults in screen flashing. This can only be prevented by incor
porating three line buffers. Figure 5 highlights this advantage. 

Note that only the shaded line buffers are scrolling on the hori
zontally split screen. 
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In the rotating fill-display mode, Line Buffer C is displayed 
when Line Buffer B is being loaded. Likewise the next Line 
Buffer C is loaded while Line Buffer A is being displayed. Be
cause of the split-screen, Line Buffer B is displayed for one 
scan line only, while Line Buffer A is being loaded. By virtue of 
the third line buffer the loading of Buffer A can spill over into 
the next buffer disp.lay, thus eliminating screen flashing. 

SOFT -SCROLLING 

A soft-scroll is defined as the gradual displacement of a 
character row on a scan line by scan line basis. Soft-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. Soft-scrolling of the 
entire screen is thus a simple task. However, implementing a 
split screen soft-scroll is cost prohibitive and complex 
in MSI. 

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, with each being independently 
scrollable. This feature is described in detail in the following 
section. 



LINKED LIST DATA STRUCTURES 

The DMA channel on the Am8052 operates via linked list 
structures that allow for the overlaying and independent 
soft-scrolling of windows. The linked list data structures are 
particularly suited to the manipulation of data strings where in
sertions 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 rowan 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 charac
ter 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 addres
ses, 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. 

Figure 6. AmS052 Linked List Structure . 
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Figure 7. Background Data Structure 
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ROW CONTROL BLOCKS 

The RCB ADR 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 RCB ADR (Row Control Block Address) word address 
pointer. Changing the RCB Link Pointer within a Main Control 
Block allows quick insertion or deletion of a character row 
(line). 

Attributes associated with character data exist in their own 
separate 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 
code and character, attribute segment start address 
pointer: SEG CODE ADR for character codes (2 character 
codes/word) and SEG ATR ADR for character attributes. A 
third word, SEG LENGTH and SEG DISPLAY defines the 
number of characters (byte count) contained in the 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 

The Window Definition Block defines the size and location of 
the window. It is the header block to a list of Window Row 
Control Blocks and can also point to another Window Definition 
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 Definition 
Block, the WCB ADR points to the current window's first Win
dow Row Control Block, while the NEXT WDB ADR points to 
the next window's Window Definition Block. Window size is 
specified by two words in the Window Definition Block. STRT 
WINDOW ROW # and END WINDOW ROW # are byte values 
which position the window vertically on the screen. The window 
display becomes active in the character row number specified 
by STRT WINDOW ROW #, and will become inactive in the 
character row following END WINDOW ROW #. 

WINDOW ROW CONTROL BLOCKS 

The Window Row Control Blocks have the same format as the 
Row Control Blocks. 

The WCB Link 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 
several words for each segment: WSEG CODE ADR, WSEG 
ATR ADR, and WSEG LENGTH. 

To hard-scroll a window, it is only necessary to change the 
WCB ADR in the Window Definition Block to a different Win-

o dow 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 heigtit 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 win
dow 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 main 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, but only 
one window can be soft-scrolled at any particular time. Win
dows cannot be horizontally aligned to each other, and hence 
must be specified on non-overlapping character row bound
aries (see section on virtual windows). Each window is defined 
by a Window Definition Block, and the scrolling window is des
ignated 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' 

'(Y START), (Y END), and background character columns 
(X START), (X END). When the background is sc'rolling the 
window (or windows) should remain stationary on the display. 

EXAMPLE OF WINDOW OVERLAYS 

The example below (Figure 9) explains how windows are 
constructed using the Linked List feature that the Am8052 
provides. 

Figure 9. Example of Vertical Split ~creen Smooth Scroll 
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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) contains 
two data pointers. The first points to subscreen DOG and the 
second to subscreen LION. The SEG LENGTH information in 
the RCB indicates to the DMA 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 
STRT 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 iltustration in Figure 9. The 
screen is divided into 4 subscreens A, B, C and 0, each of 
which can be independently defined as windows usLng the 
Linked List Structures similar to Figure 11. 

If subscreen C is defined as a window, subscreen A, Band 0 
can be configured to be the background. Window C can be 
scrolled independently' of the background by TOW pointer 
manipulation. Similarly subscreen 0 can be defined as a win
dow with A, Band C configured as background. Thus, two 

Figure 10. Split Screen Control Blocks 
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Figure 11. Window Overlay Structure 
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aligned subscreens can be independently defined as windows 
by intelligent use of linked list structures, giving the user the 
illusion of aligned windows. 

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-Ieft beam retrace period (or hori
zontal 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 accomodate this wide range scan frequencies. 
The horizontal circuit generates three basic timing sig
nals: horizontal sync, horizontal drive, and blanking. Either 
horizontal sync or horizontal drive is output at the HSYNC pin 
as selected by a bit in the mode register. The horizontal blank
ing signal is "ored" with the vertical blanking signal prior to 
o~tput 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 out
put 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. 
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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 I bits, in the Mode register, 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 twC? vertical sync pulses) are even. In 
interlaced mode, the first vertical frame following a Display En
able (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 in
terference effects. The ES bit in Mode register 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 becomes active at the next HSYNC, active 
when in the even frame, or 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 num
bered fields so that they will be physically interleaved with the 
scan lines of the even fields. For RFI, the same video informa
tion 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 dis-
plays. . 

Interlaced Video is used to increase the amount of information 
displayed on a monitor without increasing the horizontal or ver
tical 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 dou
ble the vertical character density with respect to RFI or non
interlace~ 
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Am8152/8153 VSC 
Video System Controller 

DISTINCTIVE CHARACTERISTICS 

• 100MHz video dot rate 
• Four-level current driven (750) differential video output 
• Two-bit digital video output 
• On-chip crystal driven oscillator 
• Proportional spacing support (2 to 17 dots) 
• Nine-bit dot data parallel input, with serialization 

capability to seventeen bits 
• Trailing blanks (0 to 3 dots) 
• Double width characters 

FUNCTIONAL DESCRIPTION 

The VSC, Video System Controller, primarily supports the 
Am8052 CRTC for black and white or color video display. 
The VSC is offered in two versions. The Am8152 provides 
a TTL digital video output and supports video dot rates of 
up to 40MHz. The Am8153, on the other hand, provides an 
ECl video output with dot rates of up to 100MHz. 

The essential functions of the VSC, shown in Figure 12, 
are to serialize video data', support proportional and non
proportional character display, to correctly synchronize 
and mix character attributes with video, and to output the 
video in a four level analog or digital format. Addition
ally, the VSC generates the ClK1 and ClK2 signals for 
the Am8052. 

Proportional spacing is supported by programming, on a 
character-by-character basis, the number of dot clock 
periods per character. The character pixel information is 
selectable from two to seventeen pixels per character, and 
in addition, up to three trailing blank pixels can be con
catenated to the character pixel information. 

The character clock (ClK2) output to the Am8052 is fre
quency modulated according to the chosen number of dots 
per character cell. ClK2 is divided down from an internal 
crystal driven oscillator whose divide ratio is set according 
to the width of the character cell plus the number of trailing 
blanks. In addition, a double width input allows doubling 
the character width by further modifying ClK2. The inter
nal oscillator is. capable of generating a dot clock fre
quency up to 100MHz. MClK1 (Am8052 system clock 
output) is also derived from the dot clock by an externally 
programmable divider (by 1 to 8) together with a divide by 
2 prescaler. The ClK2 clock may be internally resyn
chronized to. ClK1 during Blank input active. This action is 
necessary to prevent vertically non-aligned character cell 
lines at the left-end side of the display, in proportional 
spacing applications. 

The vertical and horizontal sync inputs from the Am8052 
are buffered and delayed by a ClK1 or ClK2 clock period 
in order to phase correctly with the character video output. 

• Attribute support: 
. Character blink 
Underline 
Ove"r-strike 
Reverse 
Highlight 

• Buffered and synchronized character clock outputs 
• Background color selection 
• Buffered and synchronized vertical and horizontal 

sync outputs 
• TTL compatible 

Principal video information is obtained from the parallel 
character generator inputs which are shifted out serially 
and mixed with attribute information such as underline, 
shifted underline, and any other video sources. The video 
shift register may be up to 17 dots wide. The first 9 bits of 
the shift register are loaded on the lOW to HIGH transition 
of ClK2 and the remaining 8 bits are loaded on the sub
sequent HIGH to lOW ClK2 transition. Video is internally 
encoded into one of four levels, and is output through two 
ports. One port provides a 4-level current source output 
into a 750 impedance and the second port outputs en
coded ECl/TTl video (ECl with Am8153 and ,TTL with 
Am8152) on two pins. 

The four levels of video are: White, Grey, Black and Blank 
- where White is the highest analog current level, and 
Blank is the lowest. An important distinction is being made 
between a black and a blank level. The VSC outputs a 
separate level for blank in order to provide a true blank 
level (and not black). 

There are two distinct blank inputs to the VSC. BLANK is 
the CRTC's horizontal and vertical retrace period input 
which causes a blank output level to the display. CBLANK 
is an attribute input to selectively blank a character cell by 
forcing the video information for the particular character 
cell period to switch to the selected background color level. 

Video information has several sources of inputs. The 
background color is determined by a separate pin input 
and the choice is either a black or white background. 
However, from Table 1, it can be noticed that with judi
cious use of the REV (Reverse Video) input, a grey 
background can also be selected with the background 
switching either to a black or white whenever Foreground 
SHIFT (same as highlight) is activated. Therefore, a single 
background select input is deemed sufficient to allow any 
combination of specified background color. 

Foreground and video sums can be modified depending 
on the combination of background, foreground shift, and 
reverse inputs. These video inputs can be applied to Fore
ground to obtain any desired effect. 
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cycle. It drives the Am8052 horizontal and verti
cal timing circuitry, and DMA operations; 
MCLK1 is divided down from the internal dot 
clock frequency according to CLK1 DIVA (CLK1 
Divide Aatio). 

CLK1DIVR ClK1 Divide Ratio, Inputs 
CLK1 DIVA are three inputs which control the 
CLK1 divider to divide by two, four, ... , to 
sixteen. 

X1, X2IRES Inputs 
X1 and X2/AES are the external crystal inputs 
when the on-chip oscillator of the VSC is being 
used. The external crystal frequency is multi
plied by five to produce the on-chip dot clock. If 
the external dot clock option is used, then X1 
should be tied LOW, and X2/AES may be used 
as a reset input, to synchronize multiple VSCs. 
Note that the reset signal should be synchro
nous to the external, dot clock. 

X3, X4jOSCD Inputs, Non-TTL Compatible 

INTERFACE SIGNAL DESCRIPTION 
(TTL compatible unless otherwise indicated) 

X3 and X4/0SCD are used as inputs to the on~ 
chip voltage-controlled OSCillator, when the on
chip oscillator of the VSC is being used. X3 and 
X4/0SCD should be connected by an appro
priate capacitor. X4/0SCD should be connected 
to ground via an appropriate resistor. If the ex
ternal dot clock option is used, X3 should be tied 
LOW and X4/0SCD should be tied HIGH. 

ClK2 DIVR ClK2 Divide Ratio, Inputs 
Vee 1 +5V TTL supply 

Vee 2 

GND1 

GND2 

V-

+5V ECL/Analog supply 

TTL ground 

TTL ground 

OV Analog Supply for Am8152, -5.2V ECL supply 
for Am8153 

Clock 1, Output, Non-TTL Compatible 
MCLK1 is a system clock with a 50% duty 

CLK2 DIVA are four inputs which control an 
internal divider to divide the dot clock frequency 
by a value of two, three, ... , or seventeen. 
CLK2 DIVA specifies the width of the dot data 
(width of parallel-to-serial shift register). 

MClK2 Output, Non-TTL Compatible 
MCLK2 is a character display clock. It is in
tended to control the character code and attri
bute data output rate from the appropriate 
Am8052 ports. 
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Output 
TCLK2 is a TTL compatible version of MCLK2. 

Vertical Sync, Input 
VSYNC is an input which must be synchronous 
to either MCLK1 (if SSEL is HIGH) or MCLK2, 
(if SSEL is LOW). 

Vertical Sync Delayed, Output 
VSLD is the delayed output of VSYNC, syn
chronous to MCLK1, (if SSEL is HIGH) or 
MCLK2, (if SSEL is LOW). 

Horizontal Sync, Input 
HSYNC is an input which must be synchronous 
to either MCLK1, (if SSEL is HIGH) or MCLK2, 
(if SSEL is LOW). 

Horizontal Sync Delayed, Output 
HSLD is .the delayed output of HSYNC, syn
chronous to MCLK1, (if SSEL is HIGH) or 
MCLK2, (if SSEL is LOW). 

Sync Select, Input 
The sync seiect line determines if the VSYNC, 
HSYNC and Blank are synchronized to the 
MCLK1 or TCLK2 signals. A HIGH on SSEL 
selects MCLK1 and a LOW selects TCLK2/ 
MCLK2 as the synchronizing clocks. SSEL also 
determines if CLK2 will be resynchronized to 
CLK1 during blanking. (SSEL HIGH = CLK2 

. resynchronization.) 

Input 
BLANK is an input normally synchronous to 
MCLK2, although it may' be synchronous to 
MCLK1 in proportional space applications. The 
active pulse width of BLANK usually overlaps 
the active to inactive waveforms of HSYNC and 
VSYNC, and also the active to inactive portion 
of VSYNC. BLANK may become inactive sooner 
than the HSYNC inactive edge, particularly 
when the HSYNC input is specified to be a hori
zontal drive. 

TCLK2/MCLK2 output may be optionally forced 
to synchronize to the MCLK1 clock (TCLK2/ 
MCLK2 output is equal to MCLK1) while BLANK 
is active. When BLANK goes inactive, the rising 
edges of MCLK1 and TCLK2/MCLK2 must be 
synchronized in order to prevent "dot walk" in 
proportional space applications. 

Blank active also forces the video output level to 
"blank" irrespective of DD, FORE and other 
inputs. 

Character Blank, Input 
CBLANK forces video output levels (VID1 and 
VID2) to switch to the background color level. It 
is used for blinking foreground information. 

Foreground Video, Input 
FORE Video input is "or'ed" with the dot data 
output by the parallel-to-serial shift register. 
Fore is an auxiliary input allowing the user to 
mix video dot data with dot data to achieve a 
similar output color level (Le., underlines). 

Reverse, Input 
REV input causes the foreground color levels to 
be transposed with the background color level 
for the total character period (including any 
trailing blank). 

7-127 

FS 

TBO, 1 

DOD-DDS 

BS 

VIDOUT, 
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Foreground Shift, Input 
FS input causes the shift in the video output 
levels to produce a highlight effect. 

Trailing Blanks, Inputs (2) 
TB concatenates "blank" video dots to the tail 
end of the dot data contained in the parallel-to
serial shift register. TB can be specified to con
catenate 0, 1, 2 or 3 dots. The TB value is also 
added to the CLK2 DIVR value to obtain the 
total dot length of TCLK2/MCLK2. 

Dot Data, Inputs (9) 
DD inputs accept parallel character dot matrix 
information for serial conversion for video out
put. DD data is accepted at the TCLK2IMCLK2 
clock rate. 

Background Select, Input 
BS input specifies' the color level of the 
background video. This input is overridden by 
BLANK active. 

Analog, Outputs, Non-TTL Compatible 
VIDOUT, VIDOUT outputs in a differential mode 
the composite blank, and video dot levels into a 
nominal 750 load impedance from switched 
current sources. 

Video Digital, Outputs (EeL Compatible with 
Am8153, TTL Compatible with Am8152) 
VID1 and VID2 are digitally encoded outputs of 
the video out. VID1 'is the LSB. Encoding is as 
follows: 

Blank Level 
Black 
Grey 
White 

o 
o 
1 
1 

o 
1 
o 
1 

Grey Level, Input, Non-TTL Compatible 
GRLVL input adjusts the current level output, via 
the VIDOUT and \,lIDOUT outputs, of the "grey" 
video level.' The input is a .voltage source 
derived from a resistor divider network. The 
voltage source can have any value between 0 
and +1V. 

Double Width, Input 
DW, when active high, causes the dot clock 
supplied to the TCLK2/MCLK2 clock divider to 
be divided by two. It is used to facilitate doubling 
the width of a character cell matrix in the hori
zontal direction. The trailing blank information is 
also widened during a double width character. 

External Dot Clock, Input (ECl Compatible 
with Am8153, TTL Compatible with Am8152) 
EXTDCLK is an external dot clock which serves 
as a reference clock for the internal VSC logic. It 
synchronizes the VSCs when used in a multiple 
configuration. 



AmZ8060 FI FO 
Butter Unit and FIFO Expander 

DISTINCTIVE CHARACTERISTICS 

• Bidirectional, asynchronous data transfer 
capability 

• Large 12S~bit-by-S-bit buffer memory 

• Two-wire, interlocked handshake protocol 

• 3-state data outputs. 

• Wire-ORing of empty and full outputs for sensing 
. of multiple-unit buffers 

• Connects any number of FIFOs in series to form 
buffer of any desired length 

• Connects any number of FIFOs in parallel to form 
buffer of any desired width 

GENERAL DESCRIPTION 

The AmZS060· First-In, First-Out (FIFO) buffer unit consists 
of a 12S-bit-by-S-bit memory, bidirectional data transfer and 
handshake 10gic.The structure of the FIFO unit is similar to 
that of other available buffer units. FIFO is a general
purpose unit; its handshake logic is compatible with that of 
other members of the AmZSOOO family. 

FIFOs can be cascaded end-to-end without limit to ·form a 
parallelS-bit byffer of any desired length (in 12S-byte incre
ments). Any number of single- or multiple-unit FIFO serial 
buffers can be connected in parallel to form buffers of any 
desired width (in S-bit increments). 

FIFO BLOCK· DIAGRAM 
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·Z8000 is a trademark of Zilog, Inc. 
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CONNECTION DIAGRAM - Top View 
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FUNCTIONAL DESCRIPTION 

Interlocked 2-Wire Handshake 

In interlocked 2-wire handshake operation, the action of FIFO 
must be acknowledged by the other half of the handshake before 
the next action can occur. In an Output Handshake mode, the 
FIFO indicates that new data is available only after the external 
device has indicated that .it is ready for the data. In an Input 
Handshake mode, the FIFO does not indicate that it is ready for 
new data unti,1 the data source indicates that the previous byte of 
the data is no longer available, thereby acknowledging the ac
ceptance of the last byte. This control feature allows the FIFO, 
with no external logic, to directly interface with the port of any 
CPU in the Z8 Family - a CIO, a UPC, an FlO, or another FIFO. 
The timing for the input and output handshake operations is 
shown in Figures 1 and 2, respectively. 

Resetting or Clearing the FIFO 

The CLEAR input is used to initialize and clear the FIFO. A Low 
level on this input clears all data from the FIFO, allows the EMPTY 
output to go High and forces both outputs RFD/DAV A and RFDI 
DAVs High. A High level on CLEAR allows the data to transfer 
through the FIFO. ' 

Bidirectional Transfer Control 

The FIFO has bidirectional data transfer capability under control 
of the DIR AlB input. When DIR AlB is set Low, port A becomes 

AmZ8060 

input handshake and port B becomes output handshake; data 
transfers are then made from port A to port B. Setting DIR AlB 
High reverses the handshake assignments and the direction of 
transfer. This bidirectional control is illustrated in Table 1. 

TABLE 1. BIDIRECTIONAL CONTROL FUNCTION TABLE 

DIR A/B 
Port A 

Handshake 
Port B 

Handshake Transfer 

o Input 
Output 

Output 
Input 

Ato B 
BtoA 

The FIFO buffer must be empty before the direction of transfer is 
changed; otherwise, the results of the change will be unpredicta
ble. If FIFO status is unknown when a transfer direction change is 
to be made, the recommended procedure is: 

(1) Force and hold CLEAR Low 
(2) Set DIR AlB to the level required for the desired 

direction 
(3) Force CLEAR High 

Figure 1. Two-Wire Interlocked Handshake Timing (Input) 

x X VALID DATA X 
\ l) \'. J) 

DATA IN ~ _ VALID DATA 

I ACKIN '\~ ____________ ~ \ I 

I RFD \"" _____ J \ / 
,r _l: 

AIZ-015 

Figure 2. Two-Wire Interlocked Handshake Timing (Output) 
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AmZ8060 

Empty and Full Operation 

The EMPTY and FULL output lines'can be wire-ORedwith the 
EMPTY and FULL lines of other FIFOs and FIOs. This capability 
~nables the user to determine the emptylfull status of a buffer 
consisting of multiple FIFOs, FIOs, or a combination of both. 
Table 2 shows the ,Various states of EMPTY and FULL. 

. TABLE 2. SIGNALS EMPTY AND FULL 
OPERATION TABLE 

Number of 
Bytes In FIFO Empty Full 

0 High Low 
1-127 Low Low 
128 Low High 

Interconnection Example 

A simplified block diagram showing the manner in which FIFOs 
can be interconnected to extend a FlO buffer is shown in Figure 3. 

Output Enable Operation 

The FIFO provides a separate Output Enable (OE) signal for each 
port of the buffer. An OE output is valid only when its port is in the 
Output Handshake mode. The control of this output function is 
shown in Table 3. Signal OE operates with lines DIR AlB. A High 
on a valid OE line 3-states its port's data bus but does not affect 
the handshake operation. A Low level on a valid OE enables 
the data bus outputs if its port is in the Output Handshake mode. 
Note that the handshake operation is unaffected by the output 
enable pin . 

TABLE 3. OUTPUT CONTROL FUNCTION TABLE 

DIR ~/B OEA OEB Function 

0 X 0 Disable Port A Output 
Enable Port B Output 

0 X 1 Disable Port A Output 
Di~able Port B Output 

1 0 X Enable Port A Output 
Disable Port B Output 

1 1 X Disable Port A Output 
Disable Port B Output 

Note: X = Don't Care. 

Figure 3. typical Interconnection (Simplified Diagram) 
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INTERFACE SIGNAL DESCRIPTION 

Vee: +5V Power Supply 

GND: Ground 

ACKIN Acknowledge Input (input, active Low). This line 
signals the FIFO that output data has been re
ceived by peripherals or that input data is valid. 

CLEAR Clear Buffer (input, active Low). When set to Low, 
this line causes all data to be cleared from the FIFO. 
buffer. 

. 00-07 Data Bus (inputs/outputs, bidirectional). These 
bidirectional lines are used by the FIFO to receive 
and to transmit data. 

DIR "A/B Direction Input AlB (input, two control states). A 
High on this line signals that input data is to be 
received at port B. A Low on this line signals that 
input data is to be received at port A. 

EMPTY Buffer Status (output, active High, open-drain). A 
High on this line indicates that the FIFO buffer 
is empty. 

FULL 

AmZ8060 

Buffer Status (output, active High, open-drain). A 
High on this line indicates that the FIFO buffer is full. 

OEA •. OEB Output Enable A, Output Enable B (inputs, active 
Low). When Low, OEA enables the bus drivers for 
port A; when. High, OEA causes the bus drivers to 
float to a high-impedance level. Input OEB controls 
the bus drivers for port B in the same manner as 
OEA controls those for port A. ' 

RFD/DAV.· Ready-for-DatalData Available (outputs RFD, active 
High, DAV active Low). RFD, when High, signals to 
the peripherals involved that the FIFO is ready to 
receive data. DAV, when Low, signals to the 
peripherals involved that FIFO has data available 
to send. 

ORDERING INFORMATION 

Example ZS060 A 

Basic Device -, . I 
speed~ 

Blank = 4MHz 
A = 6MHz 

D C B 

I '-Burn-in 

~ Temperature Range 
·C = 0 to +70°C 
I = -40 to +S5°C 
M = -55 to +125°C 

1...-_____ Package Type 

7-131 

D = Hermetic DIP 
P = Molded Plastic 



AmZ8060 
MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature -65 to + 150°C 

Voltage to any Pin Relative to VSS -0.5 to +7.0V 

Power Dissipation 1.BW 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 
(over which the DC, switching and functional specification apply) 

4MHz 6MHz 

Z8060 Z8060A 

Commercial Operating Range ZS0600C 
TA = 0 to +70°C Z8060PC 
Vee = 5V ± 5% 

Industrial Operating Range Z806001 
TA = -40 to +S5°C 
Vee = 5V ± 5% 

Military Operating Range Z80600MB 
TA = -55 to +125°C 
Vee = 5V ± 10% 

Notes: TA denotes ambient temperature. 
Add suffix B to indicate burn-in requirement. 

Standard Test Conditions 

Th~ 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: 

+4.75V ~ VCC ~ +5.25V 
GND = OV 
O°C ~ TA ~ +70°C 

Standard Test Load 

AIZ·042 
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Open-Drain Test Load 

+5V 

2.2K 

AIZ·043 



LECTRICAL CHARACTERISTICS over operating range unless otherwise specified (Note 1) 

uameter Description Test Conditions 

Vil Input LOW Voltage 

Standard Temp 
VIH Input HIGH Voltage 

Military Temp 

IOl = 3.2mA 
VOL Output LOW Voltage 

IOl = 2.0mA 

VOH Output HIGH Voltage IOH = -250JLA 

IOZl Output Leakage Current VOUT = 0.4V 

IOZH Output Leakage Current VOUT = Vee 

II Input Leakage Current 

CIN Input Capacitance 
Unmeasured pins returned 

ClIO I/O Capacitance to ground. f = 1 MHz over 

COUT Output Capacitance 
specified temperature range. 

lee Power Supply Current Vee = MAX 

lote 1. See table for operating range. Typical conditions apply at TA = 25°C, Vee = 5.0V. 

:IFO 2~WIRE HANDSHAKE TIMING 

liming for 2-wire interlocked handshake operation is shown in 
=igure 1. The symbol, description and values for the numbered 
)arameters (Figure 1) are given in AC Characteristics. 

~C CHARACTERISTICS 

Number Symbol Parameter 

1 TsDI(ACK) Data Input to ACKIN ~ to Setup Time 

2 TdACKf(RFD) ACKIN ~ to RFD ~ Delay 

3 TdRFDr(ACK) RFD j to ACKIN~ Delay 

4 
-, TsDO(DAV) Data Out to DAV ~ Setup Time 

5 TdDAVf(ACK) DAV ~ to ACKIN ~ Delay 

6 ThDO(ACK) Data Out to ACKIN j Hold Time 

7 TdACK(DAV) ACKIN ~ to DAV j Delay 

8 ThDI(RFD) Data Input to RFD ~ Hold Time 

9 TdRFDf(ACK) RFD ~ to ACKIN j Delay 

10 TdACKr(RFD) ACKIN j to RFD j Delay 

11 TdDAVr(ACK) DAV j to ACKIN j 

12 TdACKr(DAV) ACKIN j to DAV ~ 

13 TdACKINf(EMPTY) . 
(Input) ACKIN ~ to EMPTY! Delay 

(Output) ACKIN ! to EMPTY j Delay 

14 TdACKINf(F~LL) 
(Input) ACKIN ! to FULL j Delay 

(Output) ACKIN ~ to FULL! Delay 

15 ACKIN Clock Rate (Input) 

16 TdACKINf(DAVf) (Bubble Time) 

17 TwCLR Width of Clear to Reset FIFO 

18 TdOE(DO) OE'~ to Data Bus Driven 

19 TdOE(DRZ) OE j to Data Bus Float 

Note: All timing references assume 2.0V for a logic 1 and 0.8V for a logic O. 
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Min 

50 

0 

0 

25 

0 

50 

0 

0 

0 

0 

0 

0 

700 

0 

Min 

-0.3 

2.0 

2.2 

2.4 

4MHz 

Max 

500 

500 

400 

800 

600 

600 

1.0 

800 

150 

100 
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Typ Max Units 

+0.8 Volts 

Vee + 0.3 Volts 

0.5 
Volts 

0.4 

Volts 

10 JLA 

10 JLA 

±10 /LA 

10 pF 

20 pF 

15 pF 

250 mA 

6MHz 

Min Max Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 

ns 

ns 
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WAVEFORMS 

INPUT TIMING 

AIZ-044 

OUTPUT TIMING 

AIZ-045 

ACKNOWLEDGE INPUT DATA TO DATA AVAILABLE TIME (BUBBLE TIME) 

\~----------------
-~~ 

DAV 

~----------------------------~ 

OUTPUT ENABLE AND CLEAR 

~ CLEAR 
INPUT ~ 

DATA OUT 
AIZ-046 

Figure 4. Timing Diagrams 
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Am Z8065/Am 9520/Am 9521 
Burst Error Processor 

DISTINCTIVE CHARACTERISTICS 

• Provides for detection and correction of 
burst errors. 
Detects errors in serial data up to 585K bits long. 
Allows correction of error bursts of up to 12 bits. 

• High-Speed Operation. 
Effective data rates up to 20 Mbits/second for 
AmZ8065/Am9520/Am9521 and 30 Mbits/second 
for -1 versions. 
Fast enough for high~performance hard and soft 
disk systems. 

• Selectable Industry-Standard Polynomials. 
35- and 32-bit polynomials on Am9521. 
AmZ8065/Am9520 additionally has popular IBM 56-
and 48-bit versions. 

• Three correction algorithms provide flexibility. 
Full-period clock-around method for conforming to 
current practices. 
Chinese remainder theorem reduces correction time by 
orders of magnitude. 
Reciprocal polynomial makes correction possible with 
48-bit code. 

• Designed for use in both microprogrammed and 
microprocessor disk controller systems. 
Device complements both AmZ8000 and Am2900 
microprocessor families and can also be used with other 
microprocessors. 

GENERAL DESCRIPTION 

The Burst Error Processor (BEP) provides for error detec
tion and correction for high-performance disk systems and 
other systems in which high-speed serial data transfer 
takes place. As data density and transfer rates increase in 
both hard and floppy disks and other storage media, error 
detection and correction become increasingly important. 
The BEP is an LSI circuit that facilitates the most common 
error detection and correction schemes accommodating 
data streams of up to 585K bits at up to 20M bits/second 
effective data rate. 

The BEP provides a choice of four standard polynomials, 
including the popular 56- and 48-bit versions, to satisfy a 
broad range of applications. The device divides the data 
stream by the selected polynomial using the rules of algebra 
in polynomial fields. The resulting remainder is the check 
word which is then appended to the data for writing on the 
disk as a record. When the record is read back, the BEP 
computes the syndrome for data validation. If an error is 
detected, the location and pattern of this burst in the data 
stream is determined for corrections. 

TYPICAL APPLICATION DIAGRAM 

Am2900 OR EQUIVALENT DISK CONTROLLER • ,---------------------, 1,------, 

I 
I 

HARDWIRED { 
so 
SI 

Am2JlO6SIAma520/Am9521 AE 
BURST ERROR PROCESSOR EP 

DATA IN 
DO-D7 

PlU-PM2 

006178-1 

Figure 1. 
AmZ8065/Am9520/Am9521 

Burst Error Processor 
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AmZ8065/Am95201 Am9521 

BLOCK DIAGRAM 

TT 
RESET (Mi'i) --------. 

CLOCK (CP) -----, 

FUNCTION 
SELECT (C2-CO) 

READ ERROR 
PATTERN (REP) 

POLYNOMIAL SHIFT 
CONTROL (P3-PO) 

POLYNOMIAL 
SELECT (Sl-S0) 

POLYNOMIAL 
DIVIDE MATRIX 

1-1---- ERROR (ER) 

I-t--- ALIGNMENT EXCEPTION (A E) 

I-t--- ERROR PATTERN (EP) 

PAnERN MATCH (PM4-PM2) 

DATA OUT 
I------,,.........,~-v' (QrQol 

006176-2 

LOCATED ERROR 
PATTERN (LP3-LPol 

Figure 2. AmZ8065/Am9520/Am9521 Burst Error Processor 

FUNCTIONAL DESCRIPTION 
, Figure 2 is a conceptual block diagram. It consists of four major 

sections - Register Array, Polynomial Divide Matrix, Status 
Logic and Control Logic. 

Register Array 

This section consists of 56 flip-flops used for check bit computa
tion during write operation, syndrome computation during read 
operation and error pattern extraction during error correction 
operation. In general, the Polynomial Divide Matrix provides the 
bit patterns required for the Register Array. The combination of 
Register Array and Polynominal Divide Matrix mechanizes the 
familiar serial form of feedback shift register arrangement in an 
a-bit parallel form. The 0 0-07 outputs of the Am9520 are ob
tained from the Register Array. When correction operations are 
complete, the error pattern is available on 12 outputs: eight bits 
on the 0 0-07 outputs and remaining four bits on the LPO-LP3 
outputs. The Read Error Pattern (REP) input must be HIGH for 
the error pattern to be available. The Control Logic generates 
Clock signals for the Register Array. 

Status Logic 

This section monitors the register arrays to generate the various 
error detection outputs ofthe BEP, including ER, AE, PM2, PM3, 
PM4 and EP. 

Polynomial Divide Matrix 

Polynomial Divide Matrix is the heart of the BEP. The Control 
Logic decodes the Polynomial Select (SO-S1) and Function 
Select (CO-C2) inputs to generate the necessary gating signals to 
the matrix. The matrix establishes connections such that a byte of 
data presented on the Do-D7 inputs will be suitably divided by the 
selected generator polynomial. Four different polynomials are 
selected by logic levels on .the SO-S1 inputs (Table 1). 

These devices can be used in three fundamentally different types 
of operations: write, read and correct. The various functions are 

• selected by the CO-C2 control inputs. 

Write 

While data is being written on the disk, the BEP is in the Com
pute Check Bits mode looking at the data bytes without affecting 
the flow of data to the disk. After the last data byte, the BEP is 
switched into the Write Check Bits function outputting the 4, 5, 6 
or 7 check bytes. This is the additional information appended to 
the data stream that allows the detection and correction of pos
sible read errors. 

Read 

When information (data plus appended check bits) is being read, 
the BEP must be in either Read Normal mode or Read High 
Speed mode. These modes differ only in the correction algorithm 
that will be used if an error has occurred. In both modes parallel 
bytes are read into the device. After the last information byte has 
been entered the ER output is checked. If it is LOW, there is no 
error, if it is HIGH, there is an error. 

Correction 

After the read operation, the syndrome held in the register array 
contains all the information necessary to find the error location 
and the error pattern, i.e., to allow error correction. In the Correct 
Normal mode, the'error location is found by counting the number 
of clock pulses required to make the EP output go HIGH. The 
error pattern is then available on the LPo-LP3 and 0 0-07 outputs 
and can be used to Exclusive OR with data. 

In Correct High Speed mode, the error location is also found by 
counting clock pulses, but they are routed in succession to the 
different sections of the register array. This results in slightly more 
complicated but substantially faster operation. 
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AmZ80651 Am9520/Am9521 

TABLE 1. POLYNOMIALS 

Polynomial 

(X22 + 1) • (X11 + X7 + X6 + X + 1)' 
(X12 + X11 + X10 + ... + x + 1). 
(X11 + X9 + X7 + X6 + X5 + X + 1) 

(X21 + 1) • (X11 + X2 + 1) 

(X23 + 1) • (X12 + X11 + X8 + X7 + X3 + X + 1) 

(X13 + 1) • (X35 + X23 + X8 + X2 + 1) 

DETAILED FUNCTIONAL DESCRIPTION 

Compute Check Bits 

The check bits to be appended to the data are computed using 
this function. The SO-S1 inputs select the desired polynomial. The 
Polynomial Matrix will be configured such that the generator 
polynomial is in the expanded form. The expanded form of a 
polynomial is obtained by multiplying out its factors and com
bining proper terms using modul0-2 arithmetic. Assume that the 
32-bit polynomial is selected: "(he factored form of the 32-bit 
polynomial in Table 1 is (X21 + 1) (X11 + X2 + 1). The corre
sponding expanded form is X32 + X23 + X21 + X11 + X2 + 1. 

The sequence of events to compute the check bits is as follows: 

1. The CP input is in quiescent HIGH state. 
2. Initialize by activating the MR input LOW and return it to 

HIGH. 
3. Through appropriate logic levels on the SO-S1 inputs specify 

the desired polynomial. Also, select Compute Check Bits 
code through the CO-C2 inputs. 

4. Establish a byte of data on the 00-07 inputs. 
5. Make CP input LOW and then HIGH. See timing diagram for 

detailed timing specifications. 
6. Keep repeating from step 4 until all data bytes are entered. 

Write Check Bits 

In Compute Check Bits mode the polynomial matrix and the 
Register Array are mechanizing a feedback shift register config
uration. However, when write Check Bit Code is established on 
the CO-C2 inputs, the feedback paths are disabled such that the 
register array. will behave as a simple shift register. When the last 
data byte is entered in the Compute Check Bits mode, the register 
array holds the check bits. These check bits will be available on 
the 0 0-07 outputs, one byte at a time. The sequence of events to 
obtain the check bits is as follows: 

1. The CP is in quiescent HIGH state. 
2. Estaolish appropriate code on the SO-S1 inputs. This code 

. must be the same as that used for Compute Check Bits 
function. 

3. Establish Write Check Bits code on the CO-C2 inputs. 
4. After a propagation delay the 0 0-07 outputs will contain the 

first check byte. 
5. Make CP input LOW and then HIGH. The next check byte 

will be available on the 0 0-07 outputs. 
6. Keep repeating from step 5 until all check bytes that corre-

spond to the selected polynomial are read out. 

Read Normal 

Two methodologies are available for error correction with these 
devices: (a) Full period clock around (normal method) and (b) 
Chinese remainder theorem (high-speed method). The Read 
Normal function must be used for reading data from the disk if the 

Correctable 
Number of Period Burst Error 
Check Bits (Bits) Length (Bits) 

56 585,442 11 

32 42,987 11 

35 94,185 12 

48 13. (235 _1) 7 

normal method is used for error correction. When Read Normal is 
selected, the Polynomial Matrix establishes the polynomial in the 
expanded form. In this mode, the input stream consisting of data 
and check bytes is divided by the selected polynomial to obtain 
the syndrome. If the resulting syndrome is not zero, an error is 
detected. The ER output indicates whether the syndrome is zero 
or not. HIGH ~m the ER output indicates non-zero syndrome. 

The sequence of events for Read Normal is as follows: 

1. The CP input is in quiescent HIGH state. 
2. Initialize the Am9520 by activating the MR input LOW and 

then return it to HIGH. 
3. Establish proper code on the SO-S1 inputs. The polynomial 

selected for the read operation must be the same as the one 
originally used for generating the check bits. 

4. Establish Read Normal code on the CO-C2 inputs. 
5. Present a byte of information read from the disk on the 

00-07 inputs. 
6. Make the CP input LOW and then HIGH. 
7. Keep repeating from step 5 until the last check byte read 

from the disk is processed. 
8. After entering last check byte, test the ER output. HIGH on 

this output is indicative of an error and LOW means no error 
detected. 

Read High Speed 

This function must be used for reading data if the Chinese re
mainder theorem method is to be used for error correction. In 
general, the Chinese remainder method accomplishes error cor
rection in fewer clock cycles than the normal method. This 
method of correction, however, is not available for the 48-bit 
polynomial due to the nature of the. factors that make up this 
polynomial. As explained later, the reciprocal polynomial 
technique is used for error correction when the 48-bit polynomial 
is selected. 

The only difference between Read Normal and Read-High Speed 
Modes is as follows: In the Read Normal, the input stream is 
divided by the expanded version of the polynomial, whereas in 
the Read High-Speed Mode, the input stream is simultaneously 
divided by all factors of the polynomial. Thus, the high-speed 
mode results in as many syndromes as the number of factors of 
the polynomial. If all syndromes are zero after entering the last 
check byte, the ER output will be LOW indicating error-free oper
ation. If there was an error the ER will be HIGH. 

The sequence of events in this mode are as follows: 

1. The CP input is in its quiescent HIGH state. 
2. Specify the polynomial on he SO-S1 input. This must obvi

ously be the same polynomial that generated the check bits 
originally. 
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3. Specify Read High-Speed function on the CO-C2 inputs. 
4. Initialize by activating the MR input LOW and then return itto 

HIGH. 
5. Present a byte read from the disk on the 00-07 inputs. 
6. Make the CP input LOW and then HIGH. 
7. Keep repeating from step 5 until all data and check bytes are 

entered. 
8. Test the ER output after entering the last check byte. HIGH 

on this output is indicative of an error and LOW signifies no 
error. 

Correct Normal 

The syndrome obtained from Read Normal operation is manipu
lated to extract the error pattern as well as its location using the 
Correct Normal function. Of the four polynomials listed in Table 1, 
the 48-bit version requires a separate explanation. For all cases 
except the 48-bit version, the polynomial is established in the 
expanded form. 

In the Correct Normal, the syndrome is repeatedly divided by the 
polynomial until the error pattern is located. This division is 
accomplished by repeated clocking while ignoring the 00-07 
inputs. HIGH on the EP output signifies that the error pattern is 
found. The error pattern is always characterized by a known 
number of consecutive zeros at specified register array lo
cations. The exact number of zeros and their location is a func
tion of the select polynomial. The status logic detects this un
ique combination to generate the EP output. The number of 
clock cycles needed to locate the error pattern is a measure of 
the error location. If the number of clock cycles has exceeded 
the natural period of the selected polynomial without finding the 
error pattern, then an uncorrectable error has occurred. The AE 
output must also be considered in the Correct Normal mode 
of operation. 

The polynomial matrix is an 8-bit parallel mechanization of the 
familiar serial polynomial division scheme. Because of this, there 
are certain conditions under which the error pattern will not line up 
automatically. The Status Logic also monitors this condition. 
When such an alignment exception is detected, the AE output of 
the device goes HIGH. 

Internally, the device switches automatically into the one-bit shift 
mode. Let R1 be the number of clock cycles for the AE output to 
go HIGH. Let R2 be the number of clock cycles from AE output 
going HIGH to EP output going HIGH. Let N be the natural period 
of the selected polynomial. Then, N • K - 8R1 - R2 is the first bit 
in the error burst counting from the last check bit of the record, 
where K is the smallest positive integer to make this expression 
positive. If there is no alignment exception, then R2 = O. See 
Table 1 for periods of the polynomials. 

The error pattern provided is used externally to correct the error. 
The error pattern is available on the 0 0-07 and LPO-LP3 outputs 
when the REP input is HIGH. 0 7 corresponds to the first bit in 
error. When an error pattern bit is HIGH, then the corresponding 
bit in the data stream must be complemented to accomplish 

. correction. . 

The Correct Normal discussed so far can be summarized by the 
following sequence of events. 

1. The CP input is in the quiescent HIGH state. 
2. The ER output is HIGH indicating error from the previous 

Read Normal operation. 
3. Select appropriate polynomial (SO-S1)' 
4. Select Correct Normal Code (CO-C2). 
5. Let R1 and R2 be two external counters both initialized to 

zero. 
6. Check if the EP output is HIGH. If HIGH, the error pattern is 

found. The error location is given by L = N· K - (8R1 + R2) 
except for the 35-bit polynomial where L = N· K - (8R1 + 
R2 + 5). (R2 is always zero for this case.) 

7. If the EP output is LOW, test the AE output. If the AE output 
is HIGH, make the CP input LOW and then HIGH. Increment 
R2. If the AE output is LOW, make the CP input LOW and 
then HIGH. Increment R1 instead. 

8. If R1 + R2 is greater than N (N is the natural period of the 
selected polynomial) then an uncorrectable error ocurred. 
Abort the correction process. 

9. If the error is correctable repeat from step 6. 

The flowchart in Figure 3 explains the correction process. 

Figure 3. Flowchart 

Note: For the 48-bit polynomial N = number of actual data bits 
+48 check bits . 

Now consider the Correct Normal Mode of operation with the 
48-bit polynomial. The period of the 48-bit polynomial is so large 
that ordinary division is not practical. In this'case the Polynomial 
Matrix establishes the reciprocal of the expanded polynomial. If 
G(X) is a polynomial of degree K, then its reciprocal G* (X) = XK 
G(1/X). Because of this, the syndrome obtained using Read 
Normal Mode with the 48-bit polynomial is not used directly for 
extracting the error pattern and calculating its location. Instead 
the reciprocal of the syndrome must be used. 
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The procedure for forming the reciprocal must be accomplished 
externally as follows: Assume that Read Normal operation using 
48-bit polynomial was finished and an error was detected. Read 
out the syndrome using Write Check Bits function. Now reverse 
all these syndrome bits such that the previously most significant 
bit becomes the least significant bit and vice versa. The result is 
the reciprocal syndrome. 

Now load this reciprocal syndrome into the device using the Load 
function (see description of Load). Once the reciprocal syndrome 
is loaded, Correct Normal function is established 
on the CO-C2 inputs and the correction process can be start
ed. The actual correction process is exactly the same as be
fore except the error location in this case is given by 8R1 + 
R2 - 48. 

The sequence of events can be summarized as follows: 

1. Read out the syndrome using the Write Check Bits 
function. 

2. Form the reciprocal syndrome externally and enter it using 
the Load function. 

3. The CP input is in its quiescent HIGH state. 
4. Select the 48-bit polynomial on the SO-S1 inputs. 
5. Select Correct Normal mode on the CO-C2 inputs. 
6. Let R1 and R2 be two external counters initialized to zero. 
7. Test EP output. If it is HIGH, error pattern has already been 

found. The error location is 8R1 + R2 - 48. 
8. If EP output is LOW, test the AE output. If AE is HIGH, make 

CP input LOW and then HIGH. Increment R2.1f the AE output 
is LOW, make the CP input LOW and then HIGH. Increment 

R1' . 
9. If R1 + R2 - 48 is greater than the record length, the error IS 

uncorrectable, so abort the correction process. 
10. Keep repeating from step 7 until the error is located. 

Correct High Speed 

The maximum number of clock cycles needed to find the error 
pattern using the normal correction method is N where N is t~e 
period of the polynomial. Thus a polynomial with a large period 
may require a large number of clock cycles for error correction not 
acceptable in some applications. The BEP has facilities for high
speed correction using the Chinese remainder theorem method. 

Let a polynomial consist of m factors with periods P1, P2, ... Pm· 
The period N of the composite polynomial is the product of the 
periods of the individual factors; Le., N = P1 ·P2 ·P3 ... Pm. If the 
Chinese remainder theorem is used for correction, the maximum 
number of clock cycles needed is (P1+ P2+ ... Pm). This number 
is usually much smaller than N. Thus, the Chinese remainder 
theroem method is faster than the normal method for error cor
rection. 

To employ the Chinese, remainder theorem method, the syn
dromes must be obtained first using the Read High-Speed func
tion. This function gives as many syndromes as the number of 
factors in the polynomial. In other words, the register array is 
divided into a number of sections; each section implementing one 
factor of the polynomial. The first factor of every polynomial is of 
the form (XC + 1). This factor is sometimes called the error 
pattern polynomial. The Chinese remainder theorem method re
quires that the syndrome obtained by the error pattern polynomial 
be repeatedly divided by the error pattern polynomial until the 
error pattern is found. This is done in a fashion similar to the 
Correct Normal method described before. The register section 
corresponding to the error pattern polynomial is repeatedly 
clocked. The error pattern is always characterized by a known 
number of consecutive zeros at predetermined bit pOSitions. 
(There can be alignment exceptions while finding the error pat-

AmZ8065/Am9520/Am9521 

tern, but for the pu'rpose of this explanation, assume that align
ment exceptions do not occur.) 

After locating the error pattern the error pattern register is pre
vented from clocking. Next, the register corresponding to the 
second factor is repeatedly clocked until it matches the error 
pattern and then this register is' prevented from further clock
ing. This procedure is repeated for all remaining factors. As 
mentioned earlier, the PO-P3 inputs are provided to control 
clocking of the individual registers and the PM2-PM4 outputs 
are provided to indicate matching of each register with the 
error pattern. 

Let M1 be the number of clock cycles required to find the error 
pattern and ~2' M3, etc. be the number of clock cycles required to 
match subsequent factors as described above. The error location 
can then be computed by a formula of the form: 

L = N • K - (A1 M1 + A2M2 + A3M3 + ~M4 + .... ). 

Where A1, A2, etc. are predetermined constants for a given 
polynomial and K is th¥ smallest integer that makes the right hand 
side of the equation positive. Ao, A1 etc. are called Chinese 
remainder theorem coefficients. The number of coefficients 
equals the number of factors in the polynomial. Table 3 lists the 
coefficients for the polynomials. There is one additional adjust
ment for the 35-bit polynomial - the error location for this 
polynomial is computed by using the formula L = N • K - (A1 M1 + 
A2M2 + 5). This modification is required because 35 bits are 
really five bytes with the last five bits being unused. 

TABLE 2. POLYNOMIAL PERIODS 

Poly- Period Period Period Period Composite 
nomial Factor 1 Factor 2 Factor 3 Factor 4 Period (N) 

56-Bit 22 13 89 23 585442 

32-Bit 21 2047 - - 42987 

35-Bit 23 4095 - - 94185 

As in the normal method, every error detected may not necessar
ily be correctable. If the number of clock cycles to find the error 
pattern exceeds the period of the error pattern polynomial, or the 
number of clock cycles required to match a register exceeds the 
period of the polynomial corresponding to that register, the cor
rection process must be aborted. Table 2 lists the applicable 
periods for polynomials. 

TABLE 3. CHINESE REMAINDER THEOREM 
COEFFICIENTS 

Polynomial A1 A2 Aa A.J 
56-bit 452,387 2,521,904 578,864 2,647,216 

32-bit 311,144 32,760 - -
35-bit 32,760 720,728 - -

The sequence of events is as follows: 

1. The CP input is in the quiescent HIGH state. The ER output 
is HIGH indicating an error from the Read High Speed 
operations. 

2. Select the polynomial using the SO-S1 inputs and specify 
Correct High Speed code on the CO-C2 inputs. 

3. Set P1 = P2= P3= LOW, Po= HIGH. 
4. R1 and R2 are two external counters, initialized to zero. 
5. Test the' EP output. If the EP output is HIGH, error pattern 

is already found and M1 = 8R1 + R2 . Bring Po input LOW, 
and go to step 10. 
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6. Establish HIGH on the Po input. 
7. If the EP output is LOW, test the AE output. If the AE output 

is LOW, make the CP input LOW and then HIGH. Incre
ment R1. If the AE output is HIGH, make CP LOW and then 
HIGH, increment R2. 

8. If R1 + R2 is greater than the period of the first factor, abort 
the correction process; the error is not correctable. 

9. If the error is correctable repeat from step 5. 
10. Establish HIGH on the P1 input. 
11. M2 is an external counter initialized to zero. 
12. Test the PM2 output. If the PM2 output is HIGH, second 

factor located the matching error pattern. Bring P 1 LOW 
and go to step 16. 

13. If the PM2 output is LOW, make the CP input LOW and 
then HIGH. Increment M2. 

14. If M2 is greater than the period of the second factor, abort 
the correction process; the error is not correctable. 

15. If the error is correctable" repeat from step 12. 

The following additional steps are performed only for the 56-bit 
polynomial. In case of the 32-bit or 35-bit polynomial proceed with 
computations for error location. 

16. Establish HIGH on the P2 input. 
17. M3is an external counter initialized to zero. 
18. Test the PM3 output. If it is HIGH, the third factor located 

the matching error pattern. Bring P2 input back LOW and 
go to step 22. 

19. If the PM3 output is LOW, make the CP input LOW and 
then HIGH. Increment M3. 

20. If M3 is greater than the period of the third factor, abort the 
correction process; the error is not correctable. 

21. If the error is correctable repeat from step 18. 
22. Establish HIGH on the P3 input. 
23. M4 is an external counter initialized to zero. 
24. Test the PM4 output. If it is HIGH, the matching error 

pattern is found by the fourth factor. Compute the error 
location. 

25. If the PM4 output is LOW make CP input LOW and then 
HIGH. Increment M4. If M4 is greater than the period of the 
fourth factor, abort the correction process; the error is not 
correctable. 

26. If the error is correctable repeat from step 24. 

The following flowchart (Figure 4) summarizes the Correct High 
Speed function. 

Load 

This function enters the reciprocal of the syndrome into the 
Am9520. In the case of the 48-bit polynomial, the reciprocal of the 
syndrome must be formed externally and then entered into the 
Am9520 before error correction can start. 

When the Load function is selected, the register array is con
figured as a simple 8-bit wide 7 deep shift register. The Do-~ are 
the inputs to this shift register. Before starting the correction 
process, seven bytes must be shifted in using the Load function -
the first six bytes are the reciprocal of the syndrome and the last 
byte is an all-zero fill byte. 

Figure 4. Correct High-Speed Function 
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The sequence of events for accomplishing the Load function is as 
follows: 

1. The CP input is in its quiescent HIGH state. 
2. Select 48-bit polynomial on the SO-S1 inputs. 
3. Select Load function on the CO-C2 inputs. 
4. Set MR LOW, and then HIGH. 
5. Present a byte to be loaded on the 00-07 inputs. 
6. Make CP input LOW and then HIGH. 
7. Repeat from step 5 until all six by1es of the reciprocal 

are entered. 
8. Make 00-07 input LOW for the all-zero dummy fill by1e. 
9. Make CP input LOW and then HIGH. 

Error Pattern Information 

The discus'sion of Correct Normal and Correct High Speed func
tions described the procedure for finding the error pattern and 
calculating the location of the error burst. The devices provide 
the error pattern on 12 outputs - eight bits on the 0.07 outputs 
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and four bits on the LPo·LP3 outputs. It was also mentioned that 
the REP input must be HIGH to read the error pattern. 

The error location calculated using the formulas given is always in 
number of bits. In case of 56-bit, 35-bit and 32-bit polynomials, the 
calculated error location value corresponds to the beginning of 
the error burst counting from the last check bit. The calculated 
error location is such that when 12 consecutive bits of the record 
are exclusive ORed into the error pattern, then the error burst is 
corrected (see Figure 5). 

Figure 6 depicts error pattern information for the 48-bit pOlyno
mial. In this case, the computed error location refers in bits-to the 
first bit in the burst. However, the burst goes towards the begin
ning of the data. In the case of 56-, 32- and 35-bit, the burst was 
towards the check bits. This difference is caused by using the 
reciprocal of the syndrome. 

Figure 5. Error Pattern Format for 56-Bit, 35-Bit and 32-Bit 
Polynomials 

t----------------L (COMPUTED ERROR LOCATION), ______________ -I 

~----------------------RECORD'~\----------------------------_1 

t---------------------DATA----------------------~ 

Figure 6. Error Pattern Format for 48-Bit Polynomial 

7-141 



AmZ80651 Am95201 Am9521 

INTERFACE SIGNAL DESCRIPTION 

Vee +5V power supply 
VSS Ground 

SO-S1 Polynomial Select (Inputs) 

Logic levels on these two inputs select one of the four standard 
polynomials provided in the Am9520. The following table 
specifies the polynomial select codes. 

POLYNOMIAL SELECT CODES 

Number of 
S1 So Polynomial Check Bits 

L L 
(X22 + 1). (X11 + X7 + X6 + X + 1) • 
(X12 + X11 + X10 + ... + X + 1). 56 
(X11 + X9 + X7 + X6 + X5 + X + 1) 

L H (X21 + 1) • (X11 + X2 + 1) 32 

H L 
(X23 + 1). 
(X12 + X11 + XB + X7 + X3 + X + 1) 35 

H L 
(X13 + 1). 

48 (X35 + X23 + XB + X2 + 1) 

00-07 Data In (Inputs) 

These eight inputs are used for en.tering information. Do is the 
least significant bit and 0 7 is the most significant bit position. 
HIGH on any input corresponds to 1 and LOW represents O. Data 
entry occurs on the LOW-to-HIGH transition of the CP input. Any 
change on the 00-07 inputs must take place only when the CP 
input is HIGH. See timing diagram for details on setup and hold 
time specifications. 

CO-C2 Functi~n Select (Input~) 

These three inputs specify the desired function according to the 
following table. Detailed description of each function is found in 
later sections of this doc·ument. Any change on the CO-C2 inputs 
must take place only when the CP input is HIGH. See timing 
diagram for setup and hold time specifications. 

TABLE 4. FUNCTION SELECT CODES 

C2 C1 Co Function 

L L L Compute check bits 

L ·L H Write check bits 

L H. L Read normal 

L H H Read high speed 

H L L Load 

H L H Reserved 

H H L Correct normal (Full period clock around) 

H H H 
Correct high speed 
(Chinese remainder theorem method) 

CP Clock (Input) 

Operations are controlled by this input. Outputs become valid 
some propagation delay after the LOW-to-HIGH transition on the 
CP input. The quiescent state of the CP input is HIGH. Any 
changes on the data and control inputs must take place only 
when the CP input is HIGH. See timing diagrams for exact 
specifications. During operations, it may be required to stop the 

CONNECTION DIAGRAM 
Top View 
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PM2 (BEP) So 
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PM4 Co 
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05 C2 
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03 01 
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00617B-7 

Note: Pin 1 is marked for orientation. 

Figure 7. 

clock; the clock must be stopped in the HIGH state only. Also, 
note that requirements on the CP input during correction oper
ations differ from those during other functions. See timing dia
gram for details. 

MR Master Reset (Input) 

LOW on this input initializes the device. This input must remain 
LOW for a specified time to accomplish initialization before re
turning to the quiescent HIGH state. In general, the devices 
require initialization prior to performing Compute Check Bits, 
Read Normal, Read High Speed and Load functions. 

QO-Q7 Data Out (Outputs, 3-State) 

The check bits are made available on these eight outputs one 
byte at a time. 0 0 is the least significant bit position and 07 is the 
most significant. HIGH on these outputs represents 1 and LOW O. 

The 0 0-07 are active only during the following conditions: 

a) The CO-C2 inputs specify Write Check Bits Function. 
b) The REP input is HIGH. 

During all other conditions 0 0-07 are in a high-impedance state. 

LPo-LP3 Located Error Pattern (Outputs, 3-state) 

ThebPo-LP3 outputs together with the 00-07 outputs provide the 
12-bit error pattern in which 0 7 is the most significant bit and LPo 
is the least significant bit position. HiGH represents 1 and LOW 
represents O. The REP input must be HIGH to read the error 
pattern. If the REP input is LOW, the LPo-LP3 outputs are in the 
high-impedance state. 

REP Read Error Pattern (Input) 

A HIGH on this input activates the LPo-LP3 and 0 0-07 outputs. 
This error pattern information is valid only after a HIGH is indi
cated on the EP output during correction operations. 
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ER Error (Output) 

HIGH on this output indicates that the BEP has detected an error. 
This output must be considered valid only after the last check byte 
during Read Normal or Read High Speed functions has been 
entered. The resulting syndrome is then contained in the register 
array. A non-zero syndrome indicates error; zero syndrome indi
cates no error. The ER output always reflects the state of this 
register array (zero or non-zero). The ER output is LOW after 
initialization. 

EP Error Pattern (Output) 

HIGH on this output indicates that the error pattern has been 
found during the correction process. When the last check byte 
was entered during a Read function the resulting syndrome is 
contained in the register array. The error pattern information is 
buried in this syndrome. To extract the error pattern, the BEP is 
clocked while the appropriate (Correct Normal or Correct High 
Speed) code is applied to the CO-C2 inputs until EP goes HIGH. 
The number of clocks required to find the error pattern is used to 
calculate where in the data stream the error has occurred. 

The EP output will be LOW after initialization by the MR input. The 
EP output is valid only during the correction operations and must 
be ignored at all other times. See Correct Normal and Correct 
High· Speed. functional descriptions for further details. 

PM2-PM4 Pattern Match (Outputs) 

When using the Chinese remainder theorem for error correction, 
information is loaded into several feedback shift registers simul
taneously. The number of registers is equal to the number of 
factors of the polynomial. After a high speed'operation, there are 
as many syndromes as there are factors. For· correction, the 
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register corresponding to the first factor must be shifted until the 
EP output indicates HIGH. Then each register corresponding to 
the remaining factors must be shifted until a match occurs in each 
register with the error pattern contained in the first register. HIGH 
on PM2, PM3 or PM4 outputs indicates that corresponding reg
isters match. The PM2 corresponds to the second factor, PM3 
corresponds to the third and PM4 corresponds to the fourth factor. 
If a polynomial has only two factors, then PM3 and PM4 outputs 
have no meaning. Indications on the PM2-PM4 outputs must be 
considered valid only during high-speed correct function and 
should be ignored at all other times. 

PO-P3 Polynomial Shift Control (Inputs) 

Correction procedure using the Chinese remainder theorem 
method requires that each syndrome obtained from the High
Speed Read function be shifted individually. The PO-P3 inputs 
provide this capability: Po corresponds to the first factor, P1 
corresponds to the second factor and so on. HIGH on an input 
allows the corresponding register to shift and LOW causes it to 
hold. These inputs have an effect only during the Correct High
Speed function. Any change on these inputs must occur only 
when the CP input is HIGH. 

AE Alignment Exception (Output) 

The devices use an a-bit parallel mechanization of the feedback 
shift register configurations. Under certain conditions, the error 
pattern will not, therefore, automatically line up in predetermined 
pOSitions of the register array during the correction operations. 
HIGH on the AE output indicates that such a condition is detected. 
The Am9520 automatically .. switches into the one-bit shift mode. 
The number of clocks for which the AE output is HIGH is used in 
the error location calculation. See functional description for 
further details. . 
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MAXIMUM RATINGS beyond which useful life may be impaired 

Storage temperature -65to +150°C 

Voltage at any pin relative to VSS -0.5 to + 7.0V 

Power dissipation 1.5W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. . 

AmZ8065jAm9520jAm9521 
ELECTRICAL CHARACTERISTICS over operating range unless otherwise specified (Note 1) 

Parameter Description Test Conditions Min Typ Max Units 

VIL Input LOW Voltage -0.5 +.8 Volts 

VIH Input HIGH Voltage 2.0 Vee Volts 

VOL Output LOW Voltage IOL = 3.2rnA 0.45 Volts 

VOH Output HIGH Voltage IOH = -400/LA 2.4 Volts 

IOL Output Leakage Current Vour = O.4V 10 /LA 

ILOH Output Leakage Current Vour = Vee 10 /LA 

CIN Input Capacitance 15 pF 

CliO I/O Capacitance 25 pF 

ILL Input Leakage Current ±10 /LA 

lee Power Supply Current 275 rnA 

Note 1. Typical values apply at TA =" 25°C and Vee = 5.0V. See table above for operating range. 

7-144 



AmZ8065jAm9520jAm9521 
SWITCHING CHARACTERISTICS 

AmZ80651 Am95201 Am9521 

The table below specifies the guaranteed performance of this 
device over the commercial operating range of 0 to + 70°C with 
VCC from 4.75V to 5.25V. All data are in nanoseconds. Switching 
tests are made with inputs and outputs measured at O.BV for a 

LOW and 2.0V for a HIGH. Outputs are fully loaded, with CL ~ 
50pF. See switching waveform figures following table for graphic 
illustration of timing parameters. 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE 

AmZ8065 AmZ8065-1 
Am9520 Am9520-1 
Am9521 Am9521-1 

Number Parameter Description Units Min Max Min Max 

1 TWCPL CP Width LOW ns 180 105 

2 TCYCP CP Cycle Time ns 400 250 

3' TW'CPH CP Width HIGH ns 180 105 

4 TWMRL MRWidth LOW ns 800 500 

5 TREC MRt to cPt Time (Recovery) ns 250 250 

6 TSDCP Do-D7 to CPt Setup Time ns 350 200 

7 THDCP CPt to Do-D7 Hold Time ns 0 0 

8 TSCCP CO-C2 or SO-Sl to CPt Setup Time ns 400 200 

9 THCCP CPt to CO-C2, SO-Sl, PO-P3 Hold Time ns 0 0 

10 TSCCPL CO-C2 or SO-Sl to cPt Setup Time ns 180 95 

11 TVCO CO-C2, SO-Sl to 00-07 Valid Delay ns 200 150 

12 TIVCPO CPj to 00-07 Invalid Delay ns 0 0 

13 TVCPO CPj to 00-07 Valid Delay ns 200 150 

14 TIVCO CO-C2 to 00-07 Three-State Delay ns 100 100 

15 TMRERL MR! to ER! Delay ns 200 200 

16 TCPER CPj to ER Valid Delay ns 200 200 

17 TWCPCL CP Width LOW for Correct Functions ns 450 450 

18 TWCPCH CP Width HIGH for Correct Functions ns 450 450 

19 TCYCPC CP Cycle Time for Correct Functions ns 1000 1000 

20 TCEP CO-C2 to EP or AE Valid Delay ns 250 250 

21 TCPEP cPt to EP, AE, or PM2-PM4 Valid Delay ns 400 400 

22 TSCPS Po, Pl, P2, P3 to cPt Setup Time ns 400 400 

23 TCEP Po to EP or AE Delay ns 250 250 

24 TCPC CO-C2, SO-Sl to cPt Setup Time for Correct Functions ns 400 400 

25 TPPM P1, P2, P3 to Corresponding PM Output Delay ns 250 250 

26 TCPEPI cPt to EP, AE, PM2, PM3, and PM4 Invalid Delay ns 0 0 

27 TPEPI Po! to EP, AE Invalid Delay ns 0 0 

28 TWREP REP Pulse Width HIGH ns 250 250 

29 TREPO REPj to 00-07 and LPO-LP3 Delay ns 150 150 

30 TREPOI REP! to 00-07 and LPO-LP3 Three-State Delay ns 100 100 

31 TPPM Pl, P2, P3! to PM2,PM3, PM4 Invalid ns 0 0 

32 TCPM CO-C2 to EP, AE, PM2-PM4 Invalid ns 0 0 
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Figure 8. Clock Waveform for All Functions Except 
Correct Normal or Correct High-Speed 

Figure 9. Timing for Compute Check Bits or Load Function 

'-----1::1------
00617B·9 

Figure 10. Timing for Write Check Bits Function 

Notes: 1. REP input assumed low. 
2. Qo·~ outputs will be high impedance if Co·C2 inputs do not specify write check bits function. 
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Figure 11. Timing for Read Normal or Read High-Speed Function 

CP 

@ 

ER 

-------+--------~'~\------------------------..... 

Note: ER output is a function of the contents in the register array flip-flops. 

Figure 12. Input Output Waveforms for AC Tests 

2.4 ------........,X2.O ___ TEST ___ 2.0V 

0.45 _______ . _ 0.8 ___ POINTS __ 0.81\ ______ _ 

006178-12 

Figure 13. Clock Waveform for Correct Normal or Correct 
High-Speed Functions 

006178-13 

Figure 14. Timing for Correct Normal Function 

EP,AE ~ 

Note 1: Assumes AE or EP output becomes active without any clocking. 
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Figure 15. Timing for Correct High-Speed Function 

CP 

CO-c2 

Po 

\--
)--

EP, AE 

)--

P1-P3 

)--
PM2-PM4 

\--
006178-15 

Note 2: Assumes EP, AE becomes active without clocking. 

Note 3: Assumes corresponding PM output becomes active without clocking. 

Figure 16. Read Error Pattern Timing 

I @ I REP_A \_ 
I-®-I @+-\ 

~---}--
000176-16 
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APPLICATIONS FOR THE BEP 

The BEP is designed for use in both microprogrammed and 
microprocessor disk controller systems. The BEP operational 
flow diagram on page 1 shows the BEP interfacing to an Am2900 
bipolar bit-slice microprogrammed disk controller. The BEP can 
be interfaced to microprocessor-driven disk controller systems as 

The controller in these designs would implement the control and 
clocking signals for the BEP necessary to execute the write, read 
and correction functions for a given polynomial selec
tion. The operational flow for the methods available is shown in 
Figure 8. . 

well. '. , 

Figure 17. BEP Operational Flow Diagram. 

r--. ------1 

I I 

I SPEED SPEED I 
L ______ C_HI~I~~O_D _____ __.J 

~WRITE READ 
. ~MODES---+-MODES --1--------- CORRECTION 

MODES 

ORDERING INFORMATION 

Order Code 
Screening Operating 

32, 35, 48 and 56 32 and 35 Bit Level Range 
Bit Polynomials Polynomials Only (Note 1) (Note 2) 

AmZS065DC Am9521DC C-l 
Am9520DC O°C ,,;;; TA ,,;;; 70°C 

AmZS065DCB 
Am9521DCB B-1 

Vee = +5V ±5% 
Am9520DCB 

AmZS065DI 
Am9521DI C-l 

Am9520DI -40°C,,;;; TA";;; 55°C 

AmZS065DIB Am9521DIB B-1 
Vee = +5V ±10% 

Am9520DIB 

AmZS065DMB 
Am9521DMB B-1 -55°C,,;;; TA ,,;;; 125°C 

Am9520DMB Vee = +5V ±10% 

Am9520-1DC Am9521-1DC C-l O°C ,,;;; TA ,,;;; 70°C 

Am9920-1 DCB Am9521-1DCB B-1 Vee = +5V ±5% 

Clock 

2.5MHz 

4MHz 

Notes: 1. Level C-l conforms to MIL-STD-883, Class C: Level B-1 conforms to MIL-STD-883, Class B. 

Speed 

Effective 
Data Rate 

20 Mbits 
Per Second 

30 Mbits 
Par Second 

2. Range over which the DC, switching and functional specifications apply. Vss = OV; VIL = O.SV; VIH = 2.0V. 
3. All devices are packaged in 40-pin hermetic DIP. 
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AmZ8068/Am9518 
Data Ciphering Processor 

DISTINCTIVE CHARACTERSITICS 

• Encrypts and decrypts data 
Implements National Bureau of Standards standard data 
encryption algorithm. 

• High-Speed Operation 
AmZ8068 and AM9518 throughput over 1.7and 1.3M 
bytes per second respectively. Operates at data rates 
fast enough for disk controllers, high-speed DMA, 
telecommunication channels. 

• Supports three ciphering options 
Electronic Code Book for disk applications. 
Chain Block Cipher for high-speed telecommunications. 
Cipher Feedback for low- to medium-speedbyte oriented 
communications. 

• Three separate key registers on-chip 
Separate registers for encryption key, decryption key 
and master key improve system security and throughput 
by eliminating need to reload keys frequently. . 

• Three separate data ports provide flexible Interface, 
Improved securitY . 
The DCP utilizes a master port, slave port and key port. 
Functions of the three ports can be programmed by the 
user to provide for simple interface to AmZ8000 and 
Am2900 systems and to provide total hardware 
separation of encrypted data, clear data and keys. 

GENERAL DESCRIPTION 

The AmZ8068/Am9518 Data Ciphering Processor is an N
channel silicon gate LSI product containing the circuitry 
necessary to encrypt and decrypt data using the National 
Bureau of Standards encryption algorithm. It is designed to 
be used in a variety of environments, including dedicated 
controllers, communication concentrators, terminals and 
peripheral task processors in general processor systems. 

The DCP provides a high throughput rate using Cipher 
Feedback, Electronic Code Book or Cipher Block Chain 
operating modes. Separate ports for key input, clear data 
and enciphered data enhance security. 

The system communicates with the DCP using commands 
entered in the master port and through auxiliary control lines. 
Once set up, data can flow through the DCP at high speeds 
because input, output and ciphering activities are all per
formed concurrently. External DMA control can easily be 
used to enhance throughput in some system configurations. 

This device is designed to interface directly to the AmZ8000 
CPU bus and, with a minimum of external logic, to the 2900, 
8080, 8085, and 8048 families of processors. 

Export of this device from the United States is subject to control 
by the U.S. Department of State. 

DCP DATA FLOW OPTIONS 

AmZaooo 
CPU BUS 

A 
AUXILIARY (( MASTER KEY) 

PORT y--'-
AUXILIARY I( ( MASTER KEY) 

AmZBOOO PORT I y--'-

<: ~ ~~~~ER DCP 

CAUS ~ MASTER DCP 

<.., ~ .... _____ , ... / PORT 

'I COMMANDS. V 
ENCRYPT AND DECRYPT 

KEYS. CLEAR TEXT. 
CIPHER TEXT 

'I COMMANDS. V 
ENCRYPT AND DECRYPT 

KEYS, CLEAR TEXT A . "I PERIPHERAL I 
s~~~ CIPHER TEXT )I DEVICE OR 

1-. __ ---1 '>I V I BUFFER 

Single-Port Configuration, Multiplexed Control Dual-Port Configuration, Multiplexed Control 

STATUS 

r 
HIGH-SPEED [ } 

MICROPROGRAMMED l COMMANDSJ, AUXILIARY 
(Am • ., •• PROM. ETC.) PORT 

HOST 
SYSTEM 

DCP 

'" MASTER SLAVE .A .. I PERIPHERAL 1 
" CIPHER TEXT )I DEVICE OR 

.--____ -,~ / PORT PORT ~ V I BUFFER 
ENCRYPT AND DECRYPT V • 

KEYS. CLEAR TEXT 

Dual-Port Configuration, Direct Control 

ORDERING INFORMATION 

Screening Level Package Operating Range 
" Order Code (Note 1) Speed Type (Note 2) 

AmZ8068DC C-1 
4MHz TA = 0 to +70°C 

ArnZ8068DCB B-1 40 Pin Vee = 4.75 to 5.25V 

Am9518DC C-1 Hermetic DIP VIH = 2.2V 

Am9518DCB B-1 
3MHz VIL = O.8V 

Notes: 1. Level C-1 conforms to MIL-STD-883, Class C. 
Level B-3 conforms to MIL-STD-883, Class B. 

2. Range over which the DC, switching and functional specifications apply. 
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AmZ8068jAm9518 DCP BLOCK DIAGRAM 
PARITY BIT 

MUX/DIRECT Cli< 
CONTROL ----~----t-+-+_I 

CLOCK 

INPUT BUS 

FUNCTIONAL DESCRIPTION 

The overall design of the DCP, as shown in the block diagram, is 
optimized for high data throughput. Data bytes can be transferred 
through both the Master and Slave ports, and key bytes can be 
written through both the Auxiliary and Master ports_ Three 8-bit 
buses, Input, Output and C Bus, carry data and key bytes be
tween the ports and the internal registers. Three 56-bit, write-only 
key registers are provided for the Master (M) Key, the Encryption 
(E) Key and the Decryption (D) Key. Parity checking is provided. 
on incoming key bytes. Two 64-bit registers are provided for 
Initializing Vectors (IVE and IVD) required for chained (feedback) 
ciphering modes. Three 8-bit registers (Mode, Command and 
Status) are accessible through t~e Master Port for interfacing to a 
host microprocessor, such as the AmZ8000. 

Algorithm Processing 

The DCP's algorithm processing unit (see the block diagram) is 
designed to encrypt and decrypt data according to the National 
Bureau of Standards Data Encryption Standard (DES), as speci
fied in Federall~formation Processing Standards Publication 46. 

The DES specifies a method for encrypting 64-bit blocks of clear 
data ("plain text") into corresponding 64-bit blocks of "cipher 
text." The DCP offers three ciphering methods, selected by the 
Cipher Type field of the Mode Register: Electronic Code Book 
(ECB), Cipher Block Chain (CBC) and Cipher Feedback (CFB). 
These methods are implemented in accordance with Federal 
Information Processing Standards Publication 46. Electronic 
Code Book (ECB) is a straightforward implementation of the 
DES: 64 bits of clear data in, 64 bits of cipher text out, with no 
cryptographic dependence between blocks. Cipher Block Chain 
(CBC) also operates on blocks of 64 bits, but includes a feedback 
step which chains consecutive blocks so that repetitive data in the 
plain text (such as ASCII blanks) does not yield repetitive cipher 
text; CBC also provides an error extension characteristic valuable 
in protecting against fraudulent data insertions and deletions. 

7-151 

SPo-SP7 
(DATA) 

000186-2 

Cipher Feedback (CFB) is an additivo !Jtroam ciph~r mothod In 
which the DES generates a pseudorandom binary stream which 
is then exciusive-OR'd with the clear data to form the cipher text. 
The cipher text is then fed back to form a portion of the next DES 
input block. The DCP implements 8-bit cipher feedback, with data 
input, output, and feedback paths being one by to wido. Thl~ 
method is useful for low speed, charactor-at·LI·timo sorlal 
communications. 

Multiple Key Registers 

The D~P provides the necessary registers to implement a 
multiple-key or Master-Key system. In such an arrangement, a 
single Master Key, stored in the DCP M Key Register, is used only 
to encrypt session keys for transmission to remote DES equip
ment, and to decrypt session keys received from such equipment. 
The M Key Register may be loaded (with plain text) only through 
the Auxiliary Port, using the Load Clear Master Key command. 
(See Commands.) 

In addition to the M Key Register, the DCP contains two session 
key registers: the E Key Register, used to encrypt clear text, and 
the 0 Key Register, used to decrypt cipher text. 

All three registers are loaded by writing commands like Load 
Clear E Key through Master Port into the Command Register, 
and then writing the eight bytes of key data to the port when 
the Command Pending = "1" in the Status Register. (See 
Commands.) 

Operating Modes: Multiplexed Control vs. Direct Control 

The DCP can be operated in either of two basic interfacing 
modes, determined by the logic level on the cii< input pin. In 
Multiplexed Control Mode (C/K LOW), the DCP is internally 
configured to allow a host CPU to directly address five of the 
internal control/status/data registers and thereby control the de
vice via mode and command values written to these registers. 
Also, in Multiplexed Control Mode, the Auxiliary Port is enabled 
for key-byte input. 
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If the logic level on ciR is brought HIGH, the DCP enters Direct 
Control Mode, and the Auxiliary Port pins are converted into direct 
hardware status or control signals that are capable of instructing 
the DCP to perform a functionally complete subset of its cipher 
processing at very high throughputs. This operating mode is 
particularly well suited for ciphering data for high-speed 
peripheral devices such as magnetic disk or tape. 

Data Flow 

Bits M2, M3 of the Mode Register control the flow of data into and 
out of the DCP through the Master and Slave Ports. Three basic 
configurations are provided: Single Port, and two Dual Port con
figurations. 

Single Port Configuration 

The simplest configuration occurs when the Mode Register con
figuration bits are set to Master Port only. Under this operating 
configuration the EncrypVDecrypt bit (M4) controls the proces
sing of data. Data to be encrypted or decrypted is written to the 
Master Port Input Register address. To facilitate monitoring of the 
Input Register status, the MFLG signal goes LOW when the Input 
Register is not full. Data is read by the host .CPU through the 
Master Port Output Register address. Pin SFLG goes LOW when 
the Output Register is not empty. Thus, MFLG is redefined as a 
Master Input Flag and SFLG is redefined as a Master Output 
Flag. 

Dual Port, Master Port Clear Configuration 

In the dual port configurations, both the Master and Slave Ports 
are used for data entry and removal. In the Master Port Clear 
configuration, clear text for encryption can be entered only 
through the Master Port, and clear text resulting from decryption 
can be read out only through the Master Port. Cipher text can be 
handled only through the Slave Port. The actual direction of data 
flow is controlled either by the EncrypVDecrypt bit (M4) in the 
Mode Register, or by the Start Encryption or Start Decryption 
commands. If encryption is specified, clear data will flow through 
the Master Port to the Input Register, and cipher data will be 
available at the Slave Port when it is ready to be read out of the 
Output Register. For decryption, the process is'reversed, cipher 
data being'written to .the Input Register through the Slave Port, 
and Clear data being read from the Output Register through the 
Master Port. 

Dual Port, Slave Port Clear Configuration 

This configuration is identical to the previously de,scribed'Dual 
Port, Master Port Clear configuration, except that the direction of 
ciphering is reversed. That is, all data flowing in or out of 
the Master Port is cipher text, and all data at the Slave Port is 
clear text. 

Master Port Read/Write Timing 

The DCP's Master Port is designed to 'operate directly with the 
multiplexed address-data bus such of the AmZ8000 processor. 
Several features of the Master Port logic should be stressed. 

• The level on Master Port Chip Select (MCS) is latched inter
nally on the rising (trailing) edge of Master Port Address Strobe 
(MAS), thus 'relieving external address decode circuitry of the 
responsibility for latching chip select at address time. 

• The levels on MP1, MP2 are also latched internally on the rising 
edge of MAS, and are subsequently decoded to enable read
ing and writing of the DCP's internal registers (Mode, Com-

mand, Status, Input and Output). Again, this eliminates the 
need for external address latching and decoding. 

Data transfers through the Master Port are controlled by the 
levels and transitions on Master Port Data Strobe (MDS) and 
Master Port Read/Write (MR/W), the former controlling the 
timing and the latter controlling the transfer direction. Note that 
data transfers do not disturb either the chip-select or address 
latches, so that once the DCP and a particular register have 
been selected, any number of reads or writes of that register 
can be accomplished without intervening address cycles. This 
feature could greatly speed up loading keys and data, given the 
necessary transfer control external to the DCP. 

Loading Keys and Initializing Vector (IV) Registers 

Because the key and initializing vector registers are not directly 
addressable through any of the DCP's ports, keys and vector data 
must be loaded (and, in the case of vectors, read out) via "com
mand data sequences" (see Commands). Most of the commands 
recognized by the DCP are of this type: NLoad or Read command 
is written to the Command Register through the Master Port; the 
command processor responds by asserting the Command 
Pending output; the user then either writes eight bytes of key or 
vector data through the Master or Auxiliary Port, as appropriate to 
the specific command, or reads eight bytes of vector data from the 
Master. Port. 

In Direct Control Mode, only the E Key and D Key registers can be 
loaded; the M Key and IV Registers are inaccessible. Loading the 
E and D Key registers is accomplished by asserting the proper 
state on the AUXs-E/D input (HIGH for E Key, LOW for D Key) 
and then raising the AUXrKlD input, indicating that key loading is 
required. The command processor will attach the proper key 
register to the Master Port and assert the AUX3-CP (Command 

. Pending) signal (active LOW). The eight key bytes may then be 
written to the Master Port. In Multiplexed Control Mode, all key 
and vector registers are writeable and all but the Master (M) Key 
Register may be loaded with encrypted, as well as clear, data. If 
the operation is a Load Encrypted command, the subsequent 
data written to the Master or Auxiliary Port (as appropriate) is 
routed first to the Input Register and decrypted before being 
written into the specified key or vector register. 

Parity Checking of Keys 

Key bytes are considered to contain seven bits of key information 
and one parity bit. By DES designation, the low-order bit is the 
parity bit. The parity checking circuit is enabled whenever a byte 
is written to one of three key registers. The output of the parity 
detection circuit is connected to pin PAR and the state of this pin is 
reflected in Status Register bit PAR (S3)' Status Register bit PAR 
goes to "1" whenever a byte with even parity (an even number of 
"1"s) is detected. In addition to the PAR bit, the Status Register 
has a Latched Parity Bit (LPAR, S4) which is set to "1" whenever 
the Status Register PAR bit goes to "1 ." Once set, the LPAR bit is 
not cleared until a reset occurs or a new Load Key command 
is issued. 

When an encrypted key is entered, the parity detect logic oper
ates only after the decrypted key is available. The encrypted data 
is not checked for parity. The PAR signal will reflect the state of 
the decrypted bytes on a byte-to-byte basis, as they are clocked 
through the parity check logic on their way to the Key Register. 
Thus, the time PAR indicates the status of a byte of decrypted key 
data may be as short as four clock cycles. The LPAR bit in the 
Status Register will indicate if any erroneous bytes of data were 
entered. 
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Initialization 

The DCP can be reset in several ways: 
1. By the "Software Reset" command 
2. By a hardware reset, which occurs whenever both MAS and 

MDS go LOW simultaneously 
3. By writing to the Mode Register 
4~ By aborting any command 

All these sequences are the same internally, except that 
loading the Mode Register does not subsequently reset the Mode 
Register. 

REGISTER DESCRIPTION 

The registers in the DCP which can be directly addressed through 
the Master Port are shown with their addresses in Figure 1. A brief 
description of these registers and others not directly accessible is 
given below. 

Command Register 

Data written to the a-bit, write-only Command Register through 
the Master Port is interpreted as an instruction. A detailed de-

, scription of each command is given under Functional Description, 
and the 'commands and their binary representations are sum
marized in Figure 2. 

Status Register 

The bit assignments in the read-only Status Register are shown in 
Figure 4. The PAR, AFLG, SFLG and MFLG bits indicate the 
status of the like-named output pins, as do the bits Busy and 
Command Pending when the DCP is in Direct Control Mode (C/i< 
HIGH). In each case, the output signal will be active LOW when 
the corresponding status bit is a "1". The Parity bit indicates the 
parity of the most recently entered key byte. The LPAR bit, on the 
other hand, indicates whether any key byte with even parity has 
been encountered since the last Reset or Load Key command. 

The Busy bit will be a "1" whenever the ciphering algorithm unit is 
actively encrypting or decrypting data, either as a reponse to a 
command such as Load Encrypted Key (in which case the Com
mand Pending bit will be a "1 "), or in the ciphering of regular text 
(indicated by the Start/Stop bit being a "1"). The Busy bit will 
remain a "1" even after ciphering is complete if the ciphered data 
cannot be transferred to the Output Register because that regis
ter still contains output from a previous ciphering cycle. Busy will 
be "0" at all other times, including if no ciphering is possible 
because no data has been written to the Input Register. 

The Command Pending bit will be set to "1" by any command 
whose execution requires the transfer of data to or from a non
addressable internal register, such as when writing key bytes to 
the E Key Register or reading bytes from the IVE Register. Thus, 
Command Pending will be set following all commands except the 

elK MP2 MP1 MR/W MCS Register Addressed 

0 X 0 0 0 Input Register 

0 X 0 1 O' Output Register 

0 0 1 0 0 Command Register 

0 0 1 1 0 Status Register 

0 1 1 X 0 Mode Register 

X X X X 1 No Register Accessed 

1 X X 0 0 Input Register 

1 X X 1 0 Output Register 

Figure 1. Master Port Register Addresses 
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Once a reset process starts, the DCP is unable to respond to 
further commands for approximately five clock cycles. 

If a power-up hardware reset is used, the leading edge of the 
reset signal should not occur until approximately 1 ms after VCC 
has reached normal operating voltage. This delay time is needed 
for internal signals to stabilize. 

Hex 
Code Command 

90 Load Clear M Key through Auxiliary Port 
91 Load Clear E Key through Auxiliary Port 
92 Load Clear 0 Key through Auxiliary Port 
11 Load Clear E Key through Master Port 
12 Load Clear 0 Key through Master Port 

B1 Load Encrypted E Key through Auxiliary Port 
B2 Load Encrypted 0 Key through Auxiliary Port 
31 Load Encrypted E Key through Master Port 
32 Load Encrypted 0 Key through Master Port 

85 Load Clear IVE through Master Port 
84 Load Clear IVD through Master Port 
AS Load Encrypted IVE through Master Port 
A4 Load Encrypted IVD through Mastor Port 

_.' 

80 Read Clear IVE througll M;I~.ter Port 
8C Read Clear IVD through Ma~tor Port 
A9 Read Encrypted IVE tllrolJ[lh Master Port 
A8 Read Encrypted IVD through Master Port 

39 Encrypt with Master Key 
41 Start Encryption 
40 Start Decryption 
CO Start 

--
EO Stop 
00 SoHware Reset 

Figure 2. Command Codes in Multiplexed Control Mode 

C/K 

H 

H 

H 

H 

H 

H 

HI 

L 

Pins Command 
AUX7-K/D AUX6-E/D AUX5-S/S Initiated 

L L t Start Decryption 

L H t Start Encryption 

L X ! Stop 

t L L 
Load 0 Key Clear 
through Master Port 

t H L 
Load E Key Clear 
through Master Port 

! X L 
. End Load Key 
Command 

H X H NotA"owed 

Data Data Data 
AUX Pins Become 
Key-Byte Inputs 

Figure 3. Implieit Command Sequences in 
Direct Control Mode 
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I~I~I~I~I~I~I~I~I 

L Master Port Flag 
0= Inactive 
1 = Active 

Slave Port Flag 
0= Inactive 
1 = Active' 

Auxiliary Port Flag 
0= Inactive 
1 = Active 

Parity (PAR) 
o = Odd parity 
1 = Even parity 

LPAR 
o = All bytes had 

odd parity 
1 = One or more bytes 

had even parity 

Busy 
0= Not busy 
1 = Busy 

Command Pending 
0= Inactive 
1 = Active 

StartiStop 
o = Stop entered 
1 = Start entered 

Figure 4. Status, Register Bit Assignments 

three Start commands, the Stop command and the Software 
Reset command. Command Pending will return to "0" after all 
eight bytes have been transferred following Load Clear, Read 
Clear or Read Encrypted commands; and after data has been 
transferred, decrypted and loaded into the desired register fol
lowing Load Encrypted commands. 

The StartiStop bit is set to "1" when one of the Start commands is 
entered, and is reset to, "0" whenever a reset occurs or when a 
new command other than a Start is entered. 

Mode Register 

Bit assignments in this 5-bit read/write register are shown in 
Figure 5. The Cipher Type bits (M 1 ' Mo) indicate to the DCP which 
Ciphering algorithm is to be used. On reset, the Cipher Type 
defaults to Electronic Code Book. 

Configuration bits (M3' M2) indicate which data ports are to be 
associated with the Input and Output Registers and flags. When 
these bits are set to the Single Port, Master-only configuration 
(M3, M2 = 10) the Slave Port is disabled and no manipulation of 
Slave Port Chip Select (SCS) or Data Strobe (SDS) can result in 
data movement through the Slave Port; ,all data transfers are 
accomplished through the Master Port, as described more fully in 
the Functional Description. Both MFLG and SFLG are used in this 
configuration; MFLG gives the status of the Input Register and 
SFLG the Output Register. 

When the Configuration Bits are set to one of the Dual' Port 
configurations (M3,M2 = 00 or 01), both the Master and Slave 
Ports are available for input and output. When M3, M2 = 01 (the 
default configuration), the Master Port handles clear data while 
the Slave Port handles encrypted data. Configuration M3, M2 = 
00 reverses this assignment. Actual data direction at any par
ticular moment is controlled by the Encrypt/Decrypt bit. 

The Encrypt/Decrypt bit (M4) instructs the DCP algorithm proces
sor to encrypt or decrypt the data from the Input Register using 
the ciphering method specified by the Cipher Type bits. The 
Encrypt/Decrypt bit also controls data flow within the DCP. For 
example, when the configuration bits are "01" (Dual Port, Master 
Clear, Slave encrypted) and the Encrypt/Decrypt bit is "1" 
(encrypt), clear data will flow into the DCP through the Master 

-----Reserved 

L Cipher type 
00 = Electronic Code Book 

(default) 
01 = Cipher Feedback 
10 = Cipher Block Chain 
11 = Reserved 

Port Configuration 

Encrypt/Decrypt 
1 = Encrypt 
0= Decrypt 

00 = Dual Port, Master Encrypted, 
Slave Clear 

01 = Dual Port, Master Clear, 
Slave Encrypted (default) 

10 = Single Port, Master Only 
11 = Reserved 

Figure 5. Mode Register Bit Assignments 

Port and encrypted data will flow out through the Slave Port. 
When the Encrypt/Decrpyt bit is set to "0" (decrypt), data flow 
reverses. 

Input Register 

The 64-bit, write-only Input Register is organized to appear to the 
user as eight bytes of push down storage. A status circuit 
monitors the n~mber of bytes that have been stored. The register 
is considered empty when the data stored in it has been or is 
being processed; it is considered full when one byte of data has 
been entered in Cipher Feedback or when eight bytes of data 
have been entered in Electronic Code Book or Cipher Block 
Chain. If the user attempts to write data into the Input Register 
when it is full, the Input Register will disregard the attempt; no 
data in the register will be destroyed. 

Output Register 

The 64-bit, read-only Output Register is organized to appear to 
the user as eight bytes of pop-up storage. A status circuit detects 
the number of bytes stored in the Output Register. The register is 
considered empty when all the data stored in it has been read out 
by the host CPU, and is considered full if it still contains one or 
more bytes of output data. If a user attempts to read data from the 
Output Register when it is empty, the buffers driving the output 
bus will remain in a three-state condition. 

The following multibyte registers cannot be directly addressed, 
but are loaded or read in response to Gommands written to the 
Command Register. (See Commands.) 

M, E, D Key Registers • 

There are three 64-bit, write-only key registers in the DCP: the 
Master (M) Key Register; the Encrypt (E) Key Register; and the 
Decrypt (D) Key Register. The Master Key can be loaded only 
with clear data through the Auxiliary Port. The Encrypt and 
Decrypt Keys can be loaded in any of four ways: (1) as clear data 
through the Auxiliary Port; (2) as clear data through the Master 
Port; (3) as encrypted data through the Auxiliary Port; or (4) as 
encrypted data through the Master Port. In the last two cases, the' 
encrypted data is first routed to the Input Register, decrypted 
using the M Key, and finally written to the target key register from 
the Output Register. 

Initializing Vector Registers 

Two 64-bit registers are provided to store feedback values for 
Cipher Feedback and Chained Block ciphering methods. One 
Initializing Vector (IVE) register is used during encryption, the 
other (IVD) during decryption. Both registers can be loaded with 
either clear or encrypted data through the Master Port (in the 
latter case, the data is decrypted before being loaded into the IV 
register), and both may be read out either clear or encrypted 
through the Master Port. (See Commands.) 
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Encrypt! Port Input Output 
Decrypt Configuration Register Register 

M4 M3 M2 Flag Flag 

0 0 0 MFLG SFLG 
0 0 1 SFLG MFLG 
0 1 0 MFLG SFLG 
1 0 0 SFLG MFLG 
1 0 1 MFLG SFLG 
1 1 0 MFLG SFLG 

Figure 6. Association of Master Port Flag (MFLG) and Slave Port Flag (SFLG) 
with Input and Output Registers 

COMMANDS 

All operations of the DCP result from command inputs, which are 
entered in Multiplexed Control Mode by writing a command byte 
to the Command Register. Command inputs are entered in Direct 
Control Mode by raising and lowering the logic levels on the 
AUXrKJD, AUX6-Ei'O and AUX5-S/S pins. Figure 2 shows all 
commands that may be given in Multiplexed Control Mode. Fig
ure 3 shows that subset executable in Direct Control Mode. 

Load Clear M Key Through Auxiliary Port (90 Hex) 

Load Clear E Key Through Auxiliary Port (91) 

Load Clear 0 Key Through Auxiliary Port (92) 

These commands override the data flow specifications set in the . 
Mode Register and cause the Master (M), Encrypt (E), or Decrypt 
(D) Key Register to be loaded with eight bytes written to the 
Auxiliary Port. After the Load command is written to the Com
mand Register, the Auxiliary Port Flag (AFLG) will go' active 
(LOW) and the corresponding bit in the Status Register (S2) will 
go to "1 ," indicating that the device is able to accept key bytes at 
the Auxiliary Port pins. Additionally, the Command Pending bit 
(S6) will go to "1" during the entire loading process. 

Each byte is written by placing an active LOW signal on the 
Auxiliary Port Strobe (ASTB) once data has been setup on the 
Auxiliary Port pins. The actual write process occurs on the rising 
(trailing) edge of ASTB. (See Switching C~aracteristics for exact 
setup, strobe width, and hold times.) 

The Auxiliary Port Flag (AFLG) will go inactive immediately after 
the eighth strobe goes active (LOW). However, the Command 
Pending bit (S6) will remain "1" for several more clock cycles, 
until the key loading process is completed. All key bytes are 
checked for correct (odd) parity as they are entered (see Parity 
Checking). 

Load Clear E Key Through Master Port (11 Hex) 

Load Clear 0 Key Through Master Port (12) 

These commands are available in both multiplexed control and 
direct control modes. They override the data flow specifications 
set in the Mode Register and attach the Master Port inputs to the 
Encrypt (E) or Decrypt (D) Key Register, as appropriate, until 
eight key bytes have been written. In,Multiplexed Control Mode, 
the command is initiated by writing the Load command to the 
Command Register. In Direct Control Mode, the command is 
initiated..!>y raising the AUXTK/O control input while th~ 
AUX5-S/S input is LOW. In this later case, the level on AUX6-E/D 
determines which key register is written (HIGH = E Register). 

Once the command has been recognized, the Command Pend
ing bit (S6 in the Status Register) will go to "1" and in Direct 
Control Mode AUX3-CP will go active (LOW), indicating that key 

entry may proceed. The host system then writes exactly eight 
bytes to the Master Port (at the Input Register address in Multi
plexed Control Mode). When the key register has been loaded~ 
Command Pending will return to "0," and in Direct Control Mode 
the AUX3-CP output will go inactive, indicating that the DCP can 
accept the next command. 

Load Encrypted E Key Through Auxiliary Port (81 Hex) 

Load Encrypted 0 Key Through Auxiliary Port (82) 

Execlltion of these commands (in Multiplexed Control Mode only) 
is similar to the Load Clear E (D) Key Through Auxiliary Port, 
except that key bytes are first decrypted using the Electronic 
Code Book algorithm and the Master (M) key, and thon loaded 
into the appropriate key register, after having pas sod through Iho 
parity check logic (see Parity Checking). 

The Command Pending bit (S6) will be "1" during the entiro 
decrypt-and-Ioad operation. In addition, the Busy bit (S5) will be 
"1" during the actu~1 decryption process. 

Load Encrypted E Key Through Master Port (31 Hex) 

Load Encrypted 0 Key Through Master Port (32) 

These commands (in Multiplexed Control Mode only) are similar 
in effect to Load Clear!; (D) Key Through Master Port, except that 
key bytes 'are initially decrypted using the Electronic Code Book 
algorithm and the Master (M) Key, and then loaded byte-by-byte 
into the target key register, after having passed through the parity 
check logic (see Parity Checking)., 

The Command Pending bit (S6) will be "1'; during the entire 
decrypt-and-Ioad operation. In addition, the Busy bit (S5) will be 
"1" during the actual decryption process. 

Load Clear IVE Register Through Master Port (85 hex) 

Load Clear IVO Register Through Master Port (84) 

These commands (in Multiplexed Control Mode only) are virtually 
identical to Load Clear E (or D) Key Through Master Port except 
that the data written to the Input Register address is routed to the 
Encryption Initializing Vector (IVE) or Decryption Initializing Vec
tor (IVD) Register instead of a key register, and no parity checking 

, occurs. Command Pending (S6) is a "1" during the entire loading 
process. 

Load Encrypted IVE Register Through Master Port (A5 Hex) , 

Load Encrypted IVO Register Through Master Port (A4) 

These commands are analogous to the Load Encrypted E (or D) 
Key Through Master Port commands. The data flow specifica

. tions set in the Mode Register are overridden and the eight vector 
bytes are decrypted using the Decryption (0) Key and the Elec
tronic Code Book algorithm. The resulting clear vector bytes are 
loaded into the target Initializing Vector register, and no parity 
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checking occurs. The Busy bit (S5) does not go to "1" during the 
decryption process, but Command Pending (S6) will be "1" 
during the entire decryption-and-Ioad operation. 

Read Clear IVE Register Through Master Port (80 Hex) 

Read Clear IVO Register Through Master Port (8C) 

The effect of these commands (in Multiplexed Control Mode 
only) is to override the data flow specifications set in the Mode 
Register and to connect the appropriate Initializing Vector Re
gister to the Master Port at the Output Register address. In this 
state, each IV register appears as eight bytes of FIFO storage. 
The first byte of data will be available 6 clocks after the loading 
the command register. The command pending bit will be set to 
"1" and will remain a "1" until sometime after the eighth byte is 
read out. The host system has the responsibility to read out 
exactly eight bytes. 

Read Encrypted IVE Register Through Master Port (A9 Hex) 

Read Encrypted IVO Register Through Master Port (A8) 

The effect of these commands (in Multiplexed Control Mode only) 
is to override the specifications set in the Mode Register and to 
encrypt the contents of the specified Initializing Vector Register 
using the Electronic Code Book algorithm and the Encrypt (E) 
Key. The resulting cipher text is placed in the Output Register, 
from which it can be read out as eight bytes through the Master 
Port. During the actual encryption process the Busy bit (S5) will be 
"1." When Busy goes to "a," the encrypted vector bytes are ready 
to be read out. Command Pending (S6) will be "1" during the 
entire encryption-and-output process, and will go to "a" wHen the 
eighth byte is read out. The host system is responsible for reading 
out exactly eight bytes. 

Encrypt with Master (M) Key (39 Hex) 

This command in Multiplexed Control Mode only, overrides the 
data flow specifications set in the Mode Register and causes the 
DCP to accept eight bytes from the Master Port, written to the 
Input Register. When eight bytes have been received, the DCP 
encryptes the input using the Master (M) Key. The encrypted data 
is loaded into the Output Register, where it may be read out 
through the Master Port. The Command Pending (S6) and Busy 
(S5) bits are used to sense th~ three phases of this operation. 
Command Pending goes to "1" as soon as the Input Register can 
accept data. When exactly eight bytes have been entered, the 
Busy bit will go to "1" until the encryption process is complete. ' 

When Busy goes to "0," the encrypted data is available to be read 
out. Command Pending will return to "a" when the eighth byte has 
been read. 

Start Encryption (41 Hex) 

Start Decryption (40) 

Start (CO) 

The three "Start" commands begin normal data ciphering by 
setting the Start/Stop bit (S7) in the Status Register to "1." The 
Start Encryption and Start Decryption commands explicitly 
specify the ciphering direction by forcing the Encrypt/Decrypt bit 
(M4) in the Mode Register to "1" of "0," respectively, whereas 
Start uses the current state of the Encrypt/Decrypt bit, as 
specified in a previous Mode Register load. 

When a Start command ~as' been entered, the Port Status Flag 
(MFLG or SFLG) associated with the Input Register will become, 
active (LOW), indicating that data may be written to the Input' 
Register to begin ciphering. 

In Direct Control Mode, the Start command is issued by raising 
the level on the AUx5-sis input (see Figure 3). The ciphering 
direction is specifie~ by the level on AUX6-EiB. If AUX6-E/D is 
high when AUXQ:S/S goes HIGH, the command is Start Encryp
tion; if AUX6-E/D is low, it is Start Decryption. 

Stop (EO Hex) 

The Stop command clears the Start/Stop bi~in the Status 
Register to "a." This causes the input flag (MFLG or SFLG) to 
become inactive and inhibits the loading of any further input into 
the algorithm unit. If ciphering is in progress (Busy bit (S5) is "1" or 
AUX2-BSY is active), it will finish and any data in the Output 
Register will remain accessible. 

In Direct Control Mode, the Stop command is implied when the 
signal level on the AUx5-SiSinput goes from HIGH to LOW (see 
Figure 3). 

Software Reset (00) 

This command has the same effect as a hardware reset (MAS 
and MDS low): it forces the DCP back to its default configuration, 
and all processing flags go into inactive mode. The default con
figuration includes setting the Mode Register to Electronic Code 
Book cipher type, and Dual Port Configuration with Master Port 
clear, Slave Port encrypted. 
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INTERFACE SIGNAL DESCRIPTION 

Vee: +5V power supply 
Vss: ground (2 pins) 

ClK (Clock, Input, TTL levels) 

An external timing source is input via the CLK pin. The Master 
and Slave Port Data Strobe signals, MDS, SDS and also 
AUXs-S/S in Direct Control Mode (CiK HIGH) must change syn
chronously with this clock input. In addition, the Auxiliary, Master 
and Slave Port Flag outputs (AFLG, MFLG andSFLG) will 
c~ange synchronously with the clock. When using the DCP with 
the AmZ8000 in multiplexed control mode, the clock input must 
agree in frequency and phase with the processor clock; how
ever, the DCP does not require the high voltage levels of the 
processor clock. 

clK (Control/Key Mode Control, Input) 

This input is the primary control over the operating characteristics 
of the DCP. A LOW input on clK places the DCP into Multiplexed 
Control Mode, enabling programmed access to internal registers 
through the Master Port and enabling input of keys through the 
Auxiliary Port. A HIGH input on C/K specifies operation in Direct 
Control Mode, wherein several of the Auxiliary Port pins become 
direct control/status signals which can be driven/sensed by 
high-speed controller logic (such as the Am29116 or Am2901/ 
Am2903-based processors), and access to internal registers 
through the Master Port is limited to the Input or Output Register. 

MPo-MP7 (Master Port Bus, Input/Output) 

These eight bidirectional lines are used to specify internal register 
addresses in Multiplexed Control Mode (see ClK) and to input 
and output data. The Master Port provides software access to the 
Status. Command and Mode Registers, as well as the Input and 
Output Registers. The three-state Master Port outputs will be 
enabled only when the Master Port is selected by Master Port 
Chip Select (MCS) LOW. with Master Port Read/Write (MR/W) 
HIGH, and strobed by Master Port Data Strobe (MDS) LOW. 
MPo is the low-order bit. Data and key information entered is 
through into this port with most significant byte in first. 

MCS (Master Port Chip Select, Input) 

This active LOW input signal is used to select the Master Port. In 
Multiplexed Control Mode (ClK low). the level on MCS is latched 
internally on the rising edge of Master Port Address Strobe 
(MAS). This latched level is retained as long as MAS is HIGH; 
when MAS is LOW. the latch becomes invisible and the internal 
signal will follow the MCS input. In Direct Control Mode (C/K 
HIGH). no latching of Master Port Chip Select occurs; the level on 
MCS is passed directly to the internal select circuitry irrespective 
of state of Address Strobe (MAS). 

MAS (Master Port Address Strobe, Input) 

In Multiplexed Control Mode (C/Klow), an active LOW signal on 
this pin indicates the presence of valid address and chip select 
information at the Master Port. This information will be latched 
internally on the rising edge of Address Strobe. When clK is 
HIGH (Direct Control Mode). MAS may be HIGH or LOW without 
affecting DCP operation. except that. irregardless of C/K state. if 
both Master Port Address Strobe (MAS) and Data Strobe (MDS) 
are LOW simultaneously, the DCP will be reset to ECB mode 
and all flags inactive. 

MDS (Master Port Data Strobe, Input) 

This active LOW input is used in coincidence with a valid Master 
Port Chip Select (MCS), to indicate that valid data is present on 
MPo-MP7 for an input operation or that data is to be placed on 
MPo-MP7 during outpllt. Master Port Data Strobe and Address 
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Strobe (MAS) are normally mutually exclusivo; it both go LOW 
simultaneously. the DCP is reset to ECB mode and all IIags 
inactive. 

MR/W (Master Port Read/Write, Input) 

This input signal indicates to the DCP whether the curront Mastor 
Port operation is a r!3ad (HIGH) or a write (LOW). thereby indicat
ing that data is to be transferred from or to an internal register. 
respectively. MRIW is not latched internally and must be held 
stable while Master Port Data Strobe (MDS) is LOW. 

MFlG (Master Port Flag, Output) 

This active LOW flag is used to indicate the need for a data 
transfer into or out of the Master Port during normal ciphering 
operation. Depending upon control bits written to the Mode Re
gister (see Register Description). the Master. Port will be as
sociated with either the Input Register or the Output Register. 

If data is to be transferred through the Master Port to the Input 
Register, the MFLG reflects the contents of the Input Register; 
after any Start command is entered. MFLG will go active (LOW) 
whenever the Input Register is not full. MFLG is forced HIGH by 
any command other than a Start. Conversely. if the Master Port is 
associated with the Output Register, MFLG reflects the contents 
of the Output Register (except in Single Port configuration; see 
Functional Description). MFLG will go active (LOW) whenever 
the Output Register is not empty. In Single Port Configuration. the 
Master Port Flag reflects the contents of the Input Register, while 
the Slave Port Flag (SFLG. see below) is associated with the 
Output Register. 

SPO-SP7 (Slave Port Bus, Bidirectional) 

The Slave Port provides a second data inpuVoutput interface to 
the DCP. allowing overlapped input. output and ciphering opera
tions. The tri-state Slave Port outputs will be driven only when 
Slave Port Chip Select (SCS) and Slave Port Data Strobe (SDS) 
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are both LOW and SFLG = 0, and the internal Port Control 
Configuration allows output to the Slave Port. SPo is the LOW 
order bit. Data entered or retrieved through this port is most 
significant byte in/out first. 

SCS (Slave Port Chip Select, Input) 

This active LOW signal is logically combined with Slave Port Data 
Strobe (SDS) to facilitate Slave Port data transfers in a bus 
environment. SCS is not latched internally, and may be tied 
permanently LOW without impairing Slave Port operation. 

SOS (Slave Port Data Strobe, Input) 

This active LOW input, in coincidence with Slave Port Chip Select 
(SCS) LOW, indicates to the DCP that valid data is on the SPo-
SP7 lines for an input operation, or that data is to be driven onto 
the SPO-SP7 lines for output. The direction of data flow is deter
mined by control bits in the Mode Register"(see Register Descrip
tion). 

SFLG (Slave Port Flag, Output) 

This active LOW output indicates the state of .either the Input 
Register or the Output Register, depending on control bits in the 
Mode Register. In Single Port Configuration, SFLG will go active 
whenever the Output Register is not empty during normal pro
cessing. In Dual Port Configuration, SFLG will reflect the content 
of whichever register is associated with the Slave Port. If the Input 
Register is assigned to the Slave Port, SFLG will go active 
whenever the Input Register is not full, once any of the Start 
commands has been entered; SFLG will be forced inactive if any 
other command is entered. Conversely, if the Slave Port is as
signed to the Output Register, SFLG will go active whenever the 
Output Register is not empty. 

AUXo-AUX7 (Auxiliary Port Bus, Bidirectional) 

When the DCP is operated in Multiplexed Control Mode (Cii< 
LOW), these eight lines form a key-byte ·input port which may be 
used to enter the Master and Session Keys. In fact, this port is the 
only path available for entering the Master Key. (Session Keys 
may alternatively be entered via the Master Port.) AUXo is the 
low-order bit, and is considered to be the parity bit in key bytes. 
Most significant byte entered first. 

When the DCP is operated in Direct Control Mode, (C/K HIGH, 
the Auxiliary Port's key-entry function is disabled and five of the 
eig~t lines become direct control/status lines for interfacing to 
high-speed microprogrammed controllers. In this case, AUXo, 
AUX1 and AUX4 have no function, and the other pins are defined 
as follows: 

AUx5-sis (Start/Stop, Input) 

When this pin goes LOW (Stop) the DCP will follow the sequence 
that would normally occur woro a Stop command to be entered. 
Conversely, when this pin goes HIGH, a sequence equivalent to 
a Start Encryption or Start Decryption command will be followed. 
At the time Auxs-sis goes HIGH, the level on AUXs-E/O (see 
below) selects either the Start Encryption or Start Decryption 
interpretation. 

AUXrKio (Key/Data, Input) 

When this Signal goes HIGH, the DCP initiates a key-data input 
sequence as if a Load Clear E or 0 Key through Master Port 

command had been entered. The level on AUXs-Eio will deter
mine whether the subsequently entered clear-key bytes are writ
ten into the E Key Register (EiO HIGH) or the 0 Key Register 
(E/OLOW). 

AUX7-Ki5 and Auxs-sis are mutually exclusive control lines; 
when one goes active (HIGH), the other must be and remain 
inactive (LOW) until the first returns to an inactive state. In addi
tion, both lines must be inactive (LOW) whenever a transition 
occurs on cii< (entering or exiting Direct Control Mode). 

AUX6-Ei5 (Encrypt/Decrypt, Input) 

When AUXs-S/S' goes HIGH, initiating a normal data Ciphering 
operation, this input specifies whether the Ciphering a!gorithm is 
to encrypt (E/O HIGH) or decrypt (LOW). 

When AUXTKlD goes HIGH, initiating entry of key bytes, the 
level on AUXs-Eio specifie!. whether the bytes are to be writte..!! 
into the E Key Register (E/D HIGH) or the 0 Key Fiegister (E/D 
LOW). 

The AUXs-Ei5 input is not latched internally, an~ must be h~· 
consta~henever ~ or more of AUXs-S/S, AUX7 -K/D, 
AUX2 -BSY, or AUX~P are active. Failure to maintain the pro
per level on AUXs-E/D during·loading or ciphering operations will 
result in scrambled data in the internal registers. 

AUX2-BSY (Busy, Output) 

This active LOW status output gives a hardware indication that 
the ciphering algorithm is in operation. AUX2-BSY is driven by the 
BSY bit in the Status Register (see Register Description), such 
that when the BSY bit is "1" (active), AUX2-BSY is LOW. 

AUX3-CP (Command Pending Output) 

This active LOW status output gives a hardware indication that 
the DCP is ready to accept input of key bytes following a LOW
to~HIGH transition on AUX7 -KlO. AUX3-CP is driven by the CP bit 
in the Status Register, such that when the CP bit is "1" (active), 
AUX3-CP is LOW. 

ASTB (Auxiliary Port Strobe, Input) 

The rising (trailing) edge of ASTB strobes the key data on pins 
AUXo-AUX7 into the apP.!:9priate internal key register in Multi
plexed Control Mode (C/K LOW). This input is ignored unless 
AFLG and C/K are both LOW. One byte of key data is entered on 
each ASTB, Most Significant byte first. 

AFLG (Auxiliary Port Flag, Output) 

This active LOW output signal indicates that the DCP is expecting 
key dataJ,o be entered on pins AUXo-AUX7. This can occur only 
when C/K is LOW and a Load Key Through AUX Port command 
has been entered. AFLG will remain active (LOW) during input of 
all eight bytes, and will go inactive with the leading edge of the 
eighth strobe (ASTB). 

PAR (Parity, Output) 

The DCP checks all key bytes for correct (odd) parity as they are 
entered through either the Master Port (Multiplexed or Direct 
Control Mode) or the Auxiliary Port (Multiplexed Control Mode 
only). If any key byte contains even parity, the PAR bit in the 
Status Register is set to "1" and PAR goes LOW. (See Parity 
Che~king of Keys.) Least significant bit of key data is the parity. 
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MAXIMUM RATINGS (Above which useful life may be impaired) 

Storage Temperature -65 to +150°C 

Ambient Temperature Under Bias 

Voltage on Any Pin with Respect to Ground -0.5 to + 7.0V 

Power Dissipation 1.5W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested ne.vertheless, that conventional precautions be observed during storage, hanc;lling and use in order to avoid 
exposure to excessive voltages. ' 

AmZ8068, Am9518 ELECTRICAL CHARACTERISTICS (over operating range unless otherwise specified) 

T A =- 0 to 70°C, Vee = +5.0V ±5%, Vss = OV 

Parameters Description Test Conditions Min Typ Max 

VIL Input Low Voltage -0.5 .8 

VIH Input High Voltage 2.2 Vee 

VOL Output Low Voltage IOL = 3.2rnA .40 

VOH Output High Voltage IOH = -400/LA 2.4 

II Input Leakage Current Vss ,,;; VIN ,,;; Vee ±10 

loz Output Leakage Current VSS + .40 ,,;; VIN ,,;; Vee ±10 

lee Supply Current (AVER.) 150 250 
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AmZ8068jAm9518 SWITCHING CHARACTERISTICS (Note 1) 

The table below specifies the guaranteed performance of this 
device over the commercial operating range of 0 to + 70°C with 
VCC from 4.75 to 5.25V. All data are in nanoseconds. Switching 
tests are made with inputs and outputs measured at 0.8V for a ' 

SWITCHING CHARACTERISTICS over operating range 

'. 

Parameter Number Description 

Clock 

TWH 1 Clock Width (HIGH) 

TWL 2 Clock Width (LOW) 

TC 3 Clock HIGH to Next Clock HIGH (Clock Cycle) 

Reset 

TG1LG1H 5 
MDS • MAS LOW to MDS • MAS HIGH 
(Reset Pulse Width) 

TCHG1H 6 Clock HIGH to MDS • MAS HIGH 

Direct Control Mode 

TNLMH 9 SIS LOW to C/K HIGH (Setup) 

TKLMH 10 KID LOW to C/K HIGH (Setup) 

TMHNH 11 C/K HIGH to SIS HIGH 

TMHKH 12 C/K HIGH TO KID HIGH 

TEVKH 14 E/D VALID to KID HIGH (Setup) 

TKHRL 15 KID HIGH to CP LOW 

TKLEX 17 KID LOW to E/D INVALID (Hold) 

TCLNV 19 Clock LOW to SIS VALID 

TEVNH 20 E/D VALID to SIS HIGH (Setup) 

TNHF1L 21 SIS HIGH to MFLG (SFLG) LOW (Port Input Flag) 

TCHF1L 22 
Clock HIGH to MFLG (SFLG) LOW (Port Input Flag) 
(Note 2) 

TCHBL \ 24 Clock HIGH to BSY LOW 

TCLBH 25 Clock LOW to BSY HIGH 

TCHF1L 27 
Clock HIGH to MFLG (SFLG) LOW 
(Port Output Flag) 

TNLF1H 28 
SIS LOW to MFLG (SFLG) HIGH (Port Input Flag) 
(Note 3) 

Multiplexed Control Mode - Master Port 

TWA 32 MAS Width (LOW) 

TS1LAH 34 MCS LOW to MAS HIGH (Setup) 

TAHS1H 35 MAS HIGH to MCS HIGH (Hold) 

TD1VAH 36 
Address-In VALID to MAS HIGH 
(Address Setup Time) 

TAHD1X 37 
MAS HIGH to Address-In INVALID 
(Address Hold Time) 

7-160 

LOW and 2.0V for a HIGH. Outputs are fully loaded, with CL ~ 
50pF. See switching waveform figures following table for graphic 
illustration of timing parameters. 

AmZ8068 Am9518 

Min Typ Max Min Typ Max Units 

115 150 ns 

115 150 ns 

250 1000 320 1000 ns 

TC TC ns 

0 50 0 50 ns 

3TC 3TC ns 

3TC 3TC ns 

6TC 6TC ns 

6TC 6TC ns 

3TC 3TC ns 

300 300 ns 

TC TC ns 

20 80 20 80 ns 

3TC 3TC ns 

230 300 ns 

230 300 ns 

300 400 ns 

230 300 ns 

230 300 ns 

230 300 ns 

80 115 ns 

0 0 ns 

60 60 ns 

55 90 ,ns 

60 , 60 ns 
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AC SWITCHING CHARACTERISTICS 

AmZ8068 Am9518 

Param~ter Number Description Min Typ Max Min Typ Max Units 

Master (Slave) Port Read/Write 

TS1LG1L 40 MCS (SCS) LOW to MDS (SDS) LOW (Select Setup) (Note 4) 100 100 ns 

TG1HS1H 41 MDS (SDS) HIGH to MCS (SCS) HIGH (Select Hold Time) 25 25 ns (Note 4) 

TWVG1L 42 MR/W VALID to MDS LOW (Setup) 100 100 ns 

TG1HWX 43 MDS HIGH to MR/W INVALID (Hold) 25 25 ns 

Width - Write, Data Read 125 1000 160 1000 
MDS(~LOWto TG1LG1H 44 Width - Status Register ns MDS (SDS) HIGH 

Read 
200 1000 300 1000 

TCLG1H 45 Clock LOW to MDS (SDS) HIGH (Note 11) 0 
TWL-

0 
TWL-

65 100 

TGIHG1L 46 MDS (SDS) HIGH to MDS (SDS) LOW (Data Strobe 
125 160 ns Recovery Time) 

Setup Time - Key Load 
125 160 

(Note 8) 

TD1VG1H 47 
Write-Data VALID 
MDS (SDS) HIGH Setup Time - Data Write 125 160 ns 

Setup Time - Command/ 
125 160 

Mode Register Write 
I 

MDS (SDS) HIGH to Write-Data INVALID ! TG1HD1X 48 25 25 ns 
i 

(Hold Time - All Writes) 

I Read Access Time -
MDS (SDS) LOW to 200 300 

TG1LQ1V 49 Status Register 
n~ 

I 

Read-Data VALID 
Read Access.Time - Data 120 150 

.. 
TG1HQ1V 50 MDS (SDS) HIGH to Read-Data INVALID (Read Hold Time) 5 5 ns 

TG1LF1H 51 
MDS (SDS) LOW to MFLG (SFLG) HIGH (Last Strobe) 

125 160 ns 
(Note 5) 

TG1LRH 52 MDS HIGH to CP, HIGH Last Strobe, Key Load TC+500 TC+500 ns 

TG1HNL 53 MDS (SDS) HIGH to SIS LOW (Hold Time) (Note 9) 4TC 4TC ns 

TG1HPV 54 MDS HIGH to PAR VALID (Key Write) 200 250 ns 

Auxiliary Port Key Entry 

TG3LG3H 61 ASTB LOW to ASTB HIGH (Width) 160 160 ns 

TCLG3H 62 Clock LOW to ASTB HIGH 0 50 0 50 ns 

TG3H~3L 63 ASTB HIGH to Next ASTB LOW (Recovery Time) 250 320 ns 

TD3VG3H 64 Write-Data VALID to ASTB HIGH (Data Setup Time) 200 300 ns 

TG3HD3X 65 ASTB HIGH to Write-Data INVALID (Data Hold Time) 80 80 ns 

TG3HPV 66 ASTB HIGH to PAR VALID 200 300 ns 

TG3LF3H 67 ASTB LOW to AFLG HIGH (Last Strobe) 230 300 ns 

Notes: 1. All input transition times assumed .:;20ns. 
2. Parameter TCHF1L applies to all input blocks except the first (when sis first goes HIGH). 
3. When sis goes inactive (LOW) in direct control mode, the flag associated with the input port will turn off. 
4. Direct control mode only. 
5. In Cipher Feedback, the port flag (MFLG or SFLG) will go inactive following the leading edge of the first data strobe (MDS or SOS); in all other 

modes and operations, the flags go inactive on the eighth data strobe. 
6. Do not remove KID until CP is inactive (HIGH). 
7. Do not change EiD until MFLG (SFLG) is inactive (HIGH). 
8. 300ns Min if parity check is needed. 
9. In Cipher Feedback mode BSY must be inactive before sis goes LOW. 

10. AFLG must go active (LOW) before ASTB goes active (LOW). 
11. This limit is valid when the clock frequency is 4MHz. At slower clock rates, the range is wider. 
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AmZ80681 Am9518 

Parameter Naming Convention for DCP 

Name: T A [N] B C [N] D 

A C Signal names (see below) 

B D Signal States: 

(N) 

H High 
L Low 
V Valid 
X Not Valid 
Z High Impedance 

Optional Port number (modifies signal name): 

1 ~ Master Port 
2 = Slave Port 
3 = AUX (Key) Port 

Signal Name Characters 

A Address Strobe 
B BSY 
C Clock 
0* Data In (or address at Master Port) 01, 02, 03 
E E/D 
F* Flag (MFLG, SFLG, AFLG) 
G* Data Strobe (MOS, SOS, ASTB) 
K KID 
M C/K(Mode) 
N SIS (Start) 
P PAR 
Q* Data Out (Master or Slave Port) 
R CP 
S* Chip Select (Master or Slave Port) 
W MR/W 

·Modified by Port number. Example: D1= Data In, Master Port; F2 = 
SFLG; G3 = ASTB; Q2 = Data Out, Slave Port; S1 = MeS. 

2.4 --------.X 2.O -'--- TEST ___ 2.0V 

0.45 ______ . _0.8 -:---POINTS __ 0.8:1\",. _____ _ 

006188-4 

INPUT WAVEFORMS FOR A.C. TESTS 

elK 

006188-5 

CLOCK AND RESET 
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MFLG I (INPUT PORT) 
SFLG 

MA:G I (OUTPUT PORT) SFLG 

"LJ9I-+-------J 
l~l ----------~t~~----~/ 

CONTROL AND STATUS SIGNALS (DIRECT CONTROL MODE) 

MASTER PORT, MULTIPLEXED CONTROL MODE READ/WRITE 

7·163 
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ArnZ80681 Am9518 

ClK 

SIS 

MFlG I 
SFlG 

MCS I scs 

MR/W 

WRITE 
DATA 

MDS I 
SDS 

~:)-
'"----~---+-----+-~:r_ 

~~~~ ------------( 

---------------I----------'('""r-----'T''7'--------
X X 

006186·8 

MASTER (SLAVE) PORT READ/WRITE 

ClK 

AUX 

.,;------------~_T, 
l ~------

006186·9 

AUXILIARY-PORT KEY ENTRY 
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AmZ8068/ Am9518 

TIMING FOR PIPELINED, DUAL-PORT OPERATION 

Detailed Timing of 1 Block 

Input 8 ByI.s 
Encryption/Decryption In Progre •• 

I In Flags In the Algorithm Unit Out Flags Output 8 Byle. 

Clock 
L....- 39 Finished Reading 64·Blt Block Out 01 Output Port 

31 Output Port Flag becomes Active 

26 Algorithm Unit Finishes Processing Block 

13 Input Port Flag becomes Active for Next Input Block 

Algorithm Unit Starts Processing Block 

Start Writing 64·Blt Block Into Input Port 

111111111111111 1111111111111111111111 
13 26 31 39 

Time, In Z8068 Clock Periods 00618B·10 

Note: AmZ8068 clock period = 250 nanoseconds 

Pipelining Scheme A: Minimum Timing Operation 

Clocks: r--.,;._.,-___ 1...;.8 ___ ...,. __ ......,_...;..--, 

In 1 ~ Algorithm 

fFi39Sl 
Flags Out 1 

In 2 ~ Algorithm 

fFi89Sl 

,~, '" Th" ........ -""'.,., J 
of Output Block n Leads the Writing 
In of Input Block n + 2 by S Clock Cycles 

18 18 

Flags 

18 

Out 2 

Algorithm Flags Out3 I· 

In 4 Algorithm Flags Out 4 

In S ~ Algorithm 

fFi?l 

18 18 

Flags 

18 

OutS 

006186-11 

For n blocks, total time = (n + 1) x 18 + 3 
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AmZ8068/ Am9518 

CLOCK 
MASTER KEY 

INPUT 

1 ( , 
CLK 

.~ ~ siN p- AUX0-7 y--, 
Am25LS2538 AFLG " 1\. ST0-3 

V ~,,~,~ 
~ CLK 

ASTB 

LG b-
~ 

CIK 

p- Am9518 
AmZ8002 AmZ8068 

DCP 
Am25LS2538 

~ MCS 

P---/1-r ~ ~ ADO-7 MP0-7 

i'r V 
~ MAS 

Os MDs 
R/W 

I 

MRiW 

TO OTHER DEVICES 006188-12 

MINIMUM AmZ8068/Am9518 INTERFACE 

ADO_7 MPO_7 

AS-IS 

101M 
8085 

MCS 
Am9518 

74LS30 AmZ8068 

AD 
WR MDS 

51 Rlii 
74LS30 

ALE 
MAS 

74LS30 
CLK 

CLK 
Xl X2 

006188-13 

MINIMUM 8085 TO AmZ8068/Am9518 INTERFACE 
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8231A' 
Arithmetic Processor 

DISTINCTIVE CHARACTERISTICS 

• 2,3 and 4MHz operation 
• Fixed point 16 and 32 bit operations 
• Floating pOint 32 bit operations 
• Binary data formats 
• Add, Subtract, Multiply and Divide 
• Trigonometric and inverse trigonometric functions 
• Square roots, logarithms, exponentiation 
• Float to fixed and fixed to float conversions 
• Stack-oriented operand storage 
• DMA or programmed I/O data transfers 
• End signal simplifies concurrent processing 
• Synchronous/Asynchronous operations 
• General purpose 8-bit data bus interface 
• Standard 24 pin package 
• +12 volt and +5 volt power supplies 
• Advanced N-channel silicon gate MaS technology 

BLOCK DIAGRAM 

cs 
RJj 

WR 

ole 

PAUSE 

EACK 

SVACK 

E? 

GENERAL DESCRIPTION 

The 8231A Arithmetic Processing Unit (APU) is a monolithic 
MaS/LSI device that provides high performance fixed and 
floating point arithmetic and a variety of floating point 
trigonometric and mathematical operations. It may be used to 
enhance the computational capability of a wide variety of 
processor-oriented systems. 

All transfers, including operand, result, status and command 
information, take place over an 8-bit bidirectional data bus. 
Operands are pushed onto an internal stack and a command 
is issued to perform operations on the data in the stack. Re
sults are then available to be retrieved from the stack, or addi
tional commands may be entered. 

Transfers to and from the APU may be handled by the 
associated processor using conventional programmed I/O, or 
may be handled by a direct memory access controller for im
proved performance. Upon completion of each command, the 
APU issues an end of execution signal that may be used as 
an interrupt by the CPU to help coordinate program execution. 

CONNECTION DIAGRAM 
Top View 

0·40 

(GND) VSS 24 LNU 

(+5V) VCC 23 

EACK 22 

SVACK 21 c,Li 

SVREQ 20 AD 

DO 19 WR 
NOT 8231A 
USE 18 cs 
DBO 17 PAUSE 

OBI 16 VDD (+12V) 

DB2 10 . 15 DB7 

DB3 11 14 DB6 

DB4 12 13 DBS 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Package Ambient 
Maximum Clock Frequency 

Type Temperature 2MHz 3MHz 4MHz -
O°C,,;; TA";; +70°C D8231A-8 D8231A-3 D8231A 

Hermetic DIP -40°C,,;; TA ,,;; +85°C ID8231A-8 ID8231A-3 

-55°C,,;; TA ,,;; +125°C MD8231A-8B MD8231A-3B 

04101A-MMP 
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8231A 

INTERFACE SIGNAL DESCRIPTION 

VCC: +5V Power Supply 
VOD: +12V Power Supply 
VSS: Ground 

ClK (Clock, Input) 

An external timing source connected to the ClK input provides 
the necessary clocking. The ClK input can be asynchronous to 
the RD and WR control signals. 

RESET (Reset, Input) 

A HIGH on this input causes initialization. Reset terminates any 
operation in progress, and clears the status register to zero. The 
internal stack pointer is initialized and the contents of the stack 
may be affected but the command register is not affected by the 
reset operation. After a reset the END output will be HIGH, and 
the SVREQ output will be LOW. For proper initialization, the 
RESET input must be HIGH for at least five CLK periods following 
stable power supply voltages and stable clock. 

ciD (Command/Data Select, Input) . 

The C/O input together with the RD and WR inputs determines 
the type of transfer to be performed on the data bus as follows: 

C/O RD 

L H 

L L 

H H 

H L 

X L 

l ~ LOW 
H = HIGH 

WR 

L 

H 

L 

H 

L 

X = DON'T CARE 

Function 

Push data byte into the stack 

Pop data byte from the stack 

Enter command byte from the data bus 

Read Status. 

Undefined 

END (End of Execution, Output) 

A LOW on this output indicates that execution of the current 
command is complete. This output will be cleared HIGH by ac
tivating the EACK input LOW or performing any read or write 
operation or device initialization using the RESET. If EACK is 
tied LOW, the END output will be a pulse (see EACK descrip
tion). This is an open drain output and requires a pull up to + 5V. 

Reading the status register while a command execution is in 
progress is allowed. However any read or write operation clears 
the flip-flop that generates the END output. Thus such continu
ous reading could conflict with internal logic setting the END 
flip-flop at the completion of command execution. 

EACK (End Acknowledge, Input) 

This input when lOW makes the END output go HIGH.As men
tioned earlier LOW on the END output signals completion of a 
command execution. The END output signal is derived from an, 
internal flip-flop which is clocked at the completion of a com
mand. This flip-flop is clocked to the reset state when EACK is 
LOW. Consequently, if the EACK is tied lOW, the END output 
will be a pulse that is approximately one ClK period wide.' 

SVREQ (Service Request, Output) 

A HIGH on this output indicates completion of a command. In 
this sense this output is same as the END output. However, 
whether the SVREQ output will go HIGH at the completion of a 
command or not is determined by a service request bit in the 
command register. This bit must be 1 for SVREQ to go HIGH. 
The SVREQ can be cleared (i.e., go LOW) by activating the 
SVACK input lOW or initializing the device using the RESET. 

Also, the SVREQ will be automatically cleared after completion 
of any command that has the service request bit as O. 

SVACK (Service Acknowledge, Input) 

A LOW on this input activates the reset input of the flip-flop 
generating the SVREQ output. If the SVACK input is perma
nently tied LOW, it will conflict with the internal setting of the 
flip-flop to generate the SVREQ output. 'Thus the SVREQ indi
cation cannot be relied upon if the SVACK is tied LOW. 

DBD-DB7 (Bidirectional Data Bus, Input/Output) 

These eight bidirectional lines are used to transfer command, 
status and operand information between the device and the host 
processor. DBD is the least significant and DB7 is the most 
significant bit position. HIGH on the data bus line corresponds to 
1 and lOW corresponds to O. 

When pushing operands on the stack using the data bus, the 
least significant byte must be pushed first and most significant 
byte last. When popping the stack to read the result of an opera
tion, the most significant byte will be available on the data bus 
first and the least significant byte will be the last. Moreover, for 
pushing operands and popping results, the number of transac
tions must be equal to the proper number of bytes appropriate 
for the chosen format. Otherwise, the internal byte pointer will 
not be aligned properly. The Am9511A single precision format 
requires 2 bytes, double precision and floating-point formats re
quire 4 bytes. 

CS (Chip Select, Input) 

This input must be LOW to accomplish any read or write opera
tion to the Am9511A. 
To perform a write operation data .is presented on DBD through 
DB7 lines, C/O is driven to an appropriate level and the CS input 
is made LOW. However, actua'i writing into the Am9511 A cannot 
start until WR is made LOW. After initiating the write operation 
by a WR HIGH to LOW transition, the PAUSE output will go 
LOW momentarily (TPPWW). 

The WR input can go HIGH after PAUSE goes HIGH. The data 
lines, C/O input and the CS input can change when appropriate 
hold time requirements are satisfied. See write timing diagram 
for details. 

To perform a read operation an appropriate logic level is estab
lished on the C/O input and CS is made LOW. The Read opera
tion does not start until the RD input goes tOW. PAUSE will go . 
lOW for a period of TPPWR. When PAUSE goes back HIGH 
again, it indicates that read operation is complete and the re
quired information is available on the DBD through DB7 lines. 
This information will remain on the data lines as long as RD input 
is LOW. The RD input can return HIGH anytime after PAUSE 
goes HIGH. The CS input and cm inputs can change anytime 
after RD returns HIGH. See read timing diagram for details. 

RD (Read, Input) 

A LOW on this input is used to read information from an internal 
location and gate that information on to the data bus. The CS 
input must be LOW to accomplish the read operation. The cio 
input determines what internal location is of interest. See cio, 
CS input descriptions and read timing diagram for details. If the 
END output was LOW, performing any read operation will make 
the END output go HIGH after the HIGH to LOW transition of the 
RD input (assuming CS is LOW). 
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WR (Write, Input) 

A LOW on this input is used to transfer information from the data 
bus into an interl'"1al location. The CS must be LOW to ac
complish the write operation. The C/O determines which internal 
location is to be written. See ciiS, CS input descriptions and 
write timing diagram for details. 

If the END output was LOW, performing any write operation will 
make the END output go HIGH after the LOW to HIGH transition 
of the WR input (assuming CS is LOW). 

PAUSE (Pause, Output) 

This output is ahandshake signal used while performing read 
or write transactions with the 8231A. A LOW at this output indi
cates that the 8231A has not yet completed its information 
transfer with the host over the data bus. During a read operation, 
after CS went LOW, the PAUSE will become LOW shortly (TRP) 
after RD goes LOW. PAUSE will return high only after the data 
bus contains valid output data. The CS and RD should remain 
LOW when PAUSE is LOW. The RD may go high anytime after 
PAUSE goes HIGH. During a write operation, after CS went 
LOW, the PAUSE will be LOW for a very short duration 
(TPPWN) after WR goes LOW. Since the minimum of TPPWW 
is 0, t.he PAUSE may not go LOW at all for fast devices. WR may 
go HIGH anytime after PAUSE goes HIGH. -

FUNCTIONAL DESCRIPTION 

Major functional units of the 8231A are shown in the block 
diagram. The 8231A employs a microprogram controlled stack 
oriented architecture with 16-bit wide data paths. 

The Arithmetic Logic Unit (ALU) receives one of its operands 
from the Operand Stack. This stack is an 8-word by 16-bit 2-port 
memory with last in-first out (LIFO) attributes. The second 
operand to the ALU is supplied by the internal 16-bit bus. In 
ad~ition to supplying the second operand, this bidirectional bus 
also carries the results from the output of the ALU when re
quired. Writing into the Operand Stack takes place from this 
internal 16-bit bus when required. Also connected to this bus are 
the Constant ROM and Working Registers. The ROM provides 
the required constants to perform the mathematical operations 
(Chebyshev Algorithms) while the Working Registers provide 
storage for the intermediate values during command execution. 

Communication between the external world and the Am9511A 
takes place on eight bidirectional input/output lines DBO through 
DB? (Data Bus). These signals are gated to the internal eight-bit 

8231A 

bus through appropriate interface and buffer circuitry. Multi
plexing facilities exist for bidirectional communication between 
the internal eight and sixteen-bit buses. The Status Register and 
Command Register are also accessible via the eight-bit bus. 

The 8231A operations are controlled by the microprogram 
contained in the Control ROM. The Program Counter supplies 
the microprogram addresses and can be partially loaded from 
the Command Register. Associated with the Program Counter is 
the Subroutine Stack where return addresses are held during 
subroutine calls in the microprogram. The Microinstruction 
Register holds the current microinstruction being executed. This 
register facilitates pipelined microprogram execution. The In
struction Decode logic generates various internal control signals 
needed for the 8231A operation. 

The Interface Control logic receives several external inputs and 
provides handshake reJated outputs to facilitate interfacing the 
8231A to microprocessors. 

COMMAND FORMAT 

Each command entered into the 8231A consists of a single 
8-bit byte having the format illustrated below: 

SVREQ SINGLE FIXED' CODE I r
_----OPERATION 

. (sr) 1 I. -I 
7 4 

Bits 0-4 selecUhe operation to be performed as shown in the 
table. Bits 5-6 select the data format for the operation. If bit 5 
is a 1, a fixed point data format is specified. If bit 5 is a 0, 
floating point format is specified. Bit 6 selects the precision of 
the data to be operated on by fixed point commands (if bit 5 
= 0, bit 6 must be 0). If bit 6 is a 1, single-precision (16-bit) 
operands are indicated; if bit 6 is a 0, double-precision (32-bit) 
operands are indicated. Results are undefined for all illegal 
combinations of bits in the command byte. Bit, 7 indicates 
whether a service request is to be issued after the command 
is executed. If bit 7 is a 1, the service request output 
(SVREQ) will go high at the conclusion of the command and 
will remain high until reset by a low level on the service 
acknowledge pin (SVACK) or until completion of execution of 
a succeeding command where bit 7 is O. Each command is
sued to the 8231A requests post execution service based upon 
the state of bit 7 in the command byte. When bit 7 is a 0, 
SVREQ remains low. 
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8231A 

MAXIMUM .RATINGS beyond which the useful life may be impaired 

Storage Temperature -65 to +150°C 

VDD with Respect to Vss -0.5 to +15.0V 

VCC with Respect to Vss -0.5 to +7.0V 

/,\11 Signal Voltages with Respect to Vss -0.5 to + 7.0V 

Power Dissipation (Package Limitation) 2.0W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is sugg.ested, nevertheless, that conventional precautions be observed during storage, handling and use in order to 
avoid exposure to excessive voltages. 

OPERATING RANGE' 
Part Number Ambient Temperature Vss Vee VDD 

D8231A-8 O°C.;;; TA';;; 70°C OV +5.0V ±5% +12V ±5% 

D8231A-3 O°C.;;; TA';;; 70°C OV +5.0V ±5% +12V ±5% 

D8231A O°C.;;; TA';;; 70°C OV +5.0V ±5% +12V ±5% 

1D8231A-8 -40°C.;;; TA .;;; 85°C OV +5.0V ±10% +12V ±10% 

IDB231A-3 -40°C.;;; TA .;;; 85°C OV +5.0V ±10% +12V ±10% 

MD8231A-8 -55°C.;;; TA';;; 125°C OV +5.0V ±10% +12V ±10% 

MD8231A-3 -55°C.;;; TA .;;; 125°C OV +5.0V ±10% +12V ±10% 

ELECTRICAL CHARACTERISTICS 'Over Operating Range (Note 1) 

Parameters Description Test Conditions Min. Typ. Max. Units 

VOH Output HIGH Voltage 10H = -2OO#LA 3.7 Volts 

VOL Output LOW Voltage 10L = 3.2rnA 0.4 Volts 

VIH Input HIGH Voltage 2.0 VCC Volts '~ 

VIL Input LOW Voltage -0.5 0.8 Volts 

IIX Input Load Current VSS.;;; VI.;;; VCC ±10 #LA 

10Z Data Bus Leakage 
VO = O.4V 10 

#LA 
VO = VCC 10 

TA = +25°C 50 90 

ICC VCC Supply Current TA = O°C 95 rnA 

TA = -55°C 100 

TA = +25°C 50 90 

IDD VDD Supply Current TA = O°C 95 rnA 

TA = -55°C 100 

CO Output Capacitance 8 10 pF 

CI Input Capacitance fc = 1.0MHz, Inputs = OV 5 8 pF 

CIO I/O Capacitance 10 12 pF 
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8231A 

SWITCHING CHARACTERISTICS 

-
8231A-8 8231A-3 8231A 

Parameters Description Min Max Min Max Min Max Units 

TAPW EACK LOW Pulse Width 100 75 50 ns 

TCDR C/D to RD LOW Set-up Time 0 0 0 ns 

TCDW C/D to WR LOW Set-up Time 0 0 0 ns 

TCPH Clock Pulse HIGH Width 200 140 100 ns 

TCPL Clock Pulse LOW Width 240 160 120 ns 

TCSR 
CS LOW to RD LOW 

0 Set-up Time 0 0 ns 

TCSW CS LOW to WR LOW Set-up Time 0 0 0 ns 

TCY Clock Period 4SO 5000 320 3300 250 2500 ns 

TOW 
Data Bus Stable to WR 

150 100 (Note 9) 100 HIGH Set-up Time ns 

TEAE EACK LOW to END HIGH Delay 200 175 150 ns 

TEPW END LOW Pulse Width (Note 4) 400 300 200 ns 

TOP 
Data Bus Output Valid to 

0 0 0 ns PAUSE HIGH Delay 

TPPWR PAUSE LOW Pulse I Data 3.5TCY+50 5.5TCY+300 3.5TCY+50 5.5TCY+200 3.5TCY+50 5.5TCY+200 

Width Read (Note 5) I Status 
ns 

1.5TCY+50 3.5TCY+300 1.5TCY+50 3.5TCY+200 1.5TCY+50 3.5TCY+200 

TPPWW 
PAUSE LOW Pulse Width Write 

50 (NoteS) 50 50 ns 
_ .. -

TPR 
PAUSE HIGH to RD 

0 0 0 HIGH Hold Time n5 
--

TPW 
PAUSE HIGH to WR 

0 0 0 HIGH Hold Time ns 

TRCD RD HIGH to C/D Hold Time 0 0 0 ns 

TACS RD HIGH to CS HIGH Hold Time 0 0 0 ns 

TRO RD LOW to Data Bus ON Delay 50 50 25 ns 

TRP 
RD LOW to PAUSE LOW 

150 100 (Note 9) 100 
Delay (Note 6) 

ns 

TRl RD HIGH to Data Bus OFF Delay 50 200 50 150 25 100 ns 

TSAPW SVACK LOW Pulse Width 100 75 50 ns 

TSAR 
SVACK LOW to SVREQ 

300 200 150 
LOW Delay 

ns 

TWCD WR HIGH to C/D Hold Time 60 30 30 ns 

TWCS WR HIGH to CS HIGH Hold Time 60 30 30 ns 

TWD WR HIGH to Data Bus Hold Time 20 20 20 ns 

l Command 3TCY 3TCY 3TCY 
TWI Write Inactive Time I Data 4TCY 

ns 
4TCY 4TCY 

TWP 
WR LOW to PAUSE LOW 

150 100 (Note 9) 100 Delay (Note 6) ns 

Notes: 1. Typical values are for T A = 25°C, nominal supply voltages and nominal processing parameters. 
2. Switching parameters are listed in alphabetical order. 
3. Test conditions assume transition times of 20ns or less, output loading of one TTL gate plus 100pF and timing reference levels of O.SV 

and 2.0V. 
4. END low pulse width is specified for EACK tied to VSS. Otherwise TEAE applies. 
5. Minimum values shown assume no previously entered command is being executed for the data access. If a previously entered command is 

being executed, PAUSE LOW Pulse Width is the time to complete execution plus the time shown. Status may be read at any time without 
exceeding the time shown. 

6. PAUSE is pulled low for both command and data operations. 
7. TEX is the execution time of the current command (see the Command Execution Times table). 
S. PAUSE low pulse width is less than 50ns when writing into the data port or the control port as long as the duty requirement (TWI) is observed 

and no previous command is being executed. TWI may be safely violated up to 500ns as long as the extended TPPWW that results is 
observed: If a previously entered command is being executed, PAUSE LOW Pulse Width is the time to complete execution plus the 
time shown. 

9. 150nsfortheMDS231A-3B. 
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8232 
Floating Point Processor 

DISTINCTIVE CHARACTERISTICS 

• Single (32-bit) and double (64-bit) precision capability 
• Add, subtract, multiply and divide functions 
• Compatible with proposed IEEE format 
• Easy interfacing to microprocessors 
• 8-bit data bus 
• ' Standard 24-pin package 
• 12V and 5V power supplies 
• Stack oriented operand storage 

GENERAL DESCRIPTION 

The 8232 is a high performance floating-point processor unit 
(FPU). It provides single precision (32-bit) and double precision 
(64-bit) add, subtract, multiply and dividE) operations. It can be 
easily interfaced to enhance the computational capabilities of 
the host microprocessor. 

• Direct memory access or programmed I/O Data Transfers 

The operand, result, status and command information transfers 
take place over an 8-.bit bidirectional data bus. Operands are 
pushed onto an internal stack by the host processor and a com
mand is issued to perform an operation on the data stack. The 
results of this operation are available to the host processor by 
popping the stack. 

• End of execution signal 
• Error interrupt 
• All inputs and outputs TTL level compatible 
• Advanced N-channel silicon gate MOS technology Information transfers between the 8232 and the host proces

sor can be handled by using programmed I/O or direct memory 
access techniques. After completing an operation, the 8232 
activates an "end of execution" signal that can be used to inter
rupt the host processor. 

VDD 

C> 
vee 
C> 
vss 
C> 

Ambient 
Package . Temperature 

O°C .;; TA .;; 70°C 

Hermetic DIP -40°C.;; TA .;; +85°C 

-55°C.;; TA';; +125°C 

BLOCK DIAGRAM 

TWO PORT DATA STACK 
8 X 17 

ORDERING INFORMATION 

CONTROL ROM 
768 X 16 

ERR 

04100A-1 

Maximum Clock .Frequency 

Vss Vee Voo 2MHz 3MHz 

OV +5.0V ± 5% +12V ± 5% D8232-8 D8232-3 

OV +5.0V ± 10% +12V ± 10% ID8232-8 ID8232-3 

OV +5.0V ± 10% +12V ± 10% MD8232-88 MD8232-38 

04100A-MMP 
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CONNECTION DIAGRAM - Top View 
0-24 

VSS END 

VCC ClK 

EACK RESET 

SVACK cio 

SVREQ AD 

ERR WR 

DO NOT cs USE 

DBD PAUSE 

DB1 VDD 

DB2 DB7 

DB3 DB6 

DB4 DBS 

Note: Pin 1 is marked for orientation. 

INTERFACE SIGNAL DESCRIPTION 

VCC: +5V Power Supply 

VDD: +12V Power Supply 

VSS: Ground 

ClK (Clock, Input) 

04100A-2 

An external timing source connected to the ClK input provides 
the necessary clocking. 

RESET (Reset, Input) 

A HIGH on this input causes initialization. Reset terminates any 
operation in progress, and clears the status regist~r to zero. The 
internal stack pointer is initialized and the contents of the stack 
may be affected. After a reset the END output, the ERR output 
and the SVREQ output will be lOW. For proper initialization, 
RESET must be HIGH for·at least five ClK periods following 
stable power supply voltages and. stable clock. 

ci5 (Command/Data Select, Input) 

The C/O input together with the RD and WR inputs determines the 
type of transfer to be performed on the data bus as follows: 

C/O 

l 

l 

H 

H 

X 

L = LOW 
H = HIGH 

RD 

H 

l 

H 

l 

l 

X = DON'T CARE 

WR Function 

l Push data byte into the stack 

H Pop data byte from the stack 

l Enter command 

H Read Status 

l Undefined 

END (End of Execution, Output) 

A HIGH on this output indicates that execution of the current 
command is complete. This output will be cleared LOW by ac
tivating the EACK input lOW or performing any read or write 
operation or device initialization using the RESET. If EACK is tied 
lOW, the END output will be a pulse (see EACK description). 

Reading the status register while a command execution is in 
progress is allowed. However any read or write operation clears 
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the flip-flop that generates the END output. Thus such continu
ous reading could conflict with internal logic setting of the END 
flip-flop at the end of command execution. 

EACK (End Acknowledge, Input) 

This input when lOW makes the END output go lOW. As men
tioned earlier HIGH on the END output signals completion of a 
command execution. The END signal is derived from an internal 
flip-flop which is clocked at the completion of a command. This 
flip-flop is clocked to the reset state when EACK is lOW. Con
sequently, if EACK is tied lOW, the END output will be a pulse 
that is approximately one ClK period wide. 

SVREQ (Service Request, Output) 

A HIGH on this output indicates completion of a command. In 
this sense this output is the same as the END output. However. 
the Service Bit in the Command Register determines whether 
the SVREQ output will go HIGH at the completion of a com
mand. This bit must be 1 for SVREQ to go HIGH. The SVREQ 
can be cleared (i.e., go lOW) by activating the SVACK input 
lOW or initializing the device using the RESET. Also, the 
SVREQ will be automatically cleared after completion of any 
command that has the service request bit as O. 

SVACK (Service Acknowledge, Input) 

A lOW on this input clears SVREQ. If the SVACK input is per
manently tied lOW, it will conflict with the internal setting of ttl!! 
SVREQ output. 'Thus the SVREQ indication cannot be rcli()d 
upon if the SVACK is tied lOW. 

DBO-DB7 (Data Bus, Input/Output) 

These eight bidirectional lines are used to transfer command, 
status and operand information between the device and the host 
processor. DBO is the least significant and DB7 is the most 
significant bit position. HIGH on a data bus line corresponds to 1 
and lOW corresponds to O. 

When pushing operands on the stack using the data bus, the least 
significant byte must be pushed first and most significant byte 
last. When popping the stack to read the result of an operation, 
the most significant byte will be available on the data bus first and 
the least significant byte will be the last. Moreover, for pushing 
operands and popping results, the number of transactions must 
be equal to the proper number of bytes appropriate for the chosen. 
format. Otherwise, the internal byte pointer will not be aligned 
properly. The 8232 single precision format requires 4 bytes 
and doubl~ precision format requires 8 bytes. 

ERR (Error, Output) 

This output goes HIGH to indicate that the current command 
execution resulted in an error condition. The error conditions 
are: attempt to divide by zero, exponent overflow and exponent 
underflow. The ERR output is cleared lOW on read status reg
ister operation or upon RESET. 

The ERR output is derived from the error bits in the status 
register. These error bits will be updated internally at an appro
priate time during a command execution. Thus ERR output going 
HIGH may not correspond with the completion of a command. 
Reading of the status register can be performed while a com
mand execution is in progress. However it should be noted that 
reading the status register clears the ERR output. Thus reading 
the status register while a command execution in progress may 
result in an internal conflict with the ERR output. 



8232 

CS (Chip Select, Input) 

This input must be LOW to accomplish any read or write operation 
to the 8232. 

To perform a write operation, appropriate data is presented on 
DBO through DB7 lines, appropriate logic level on the C/O input 
and the CS input is made LOW. Whenever WR and RD inputs 
are both HIGH and CS is LOW, PAUSE goes LOW. However 
actual writing into the 8232 cannot start until WR is made 
LOW. After initiating the write operation by the HIGH to LOW 
transition on the WR input, the PAUSE output will go HIGH 
indicating the write operation has been acknowledged. The WR 
input can go HIGH after PAUSE goes HIGH. The data lines, C/O 
input and the CS input can change when appropriate hold time 
requirements are satisfied. See write timing diagram for details. 

To perform a read operation an appropriate logic level is estab
lished on the cio input and CS is made LOW. The PAUSE output 
goes LOW because WR and RD inputs are HIGH. The read 
operation does not start until the RD input goes Law. PAUSE will 
go HIGH indicating that read operation is complete and the re
quired information is available on the DBO through DB7lines. This 
information will remain on the data lines as long as RD is LOW. 
The RD input can return HIGH anytime after PAUSE goes 
HIGH. The CS input and C/O input can change anytime after RD 
returns HIGH. See rea'd timing diagram for details. If the CS is 
tied LOW permanently, ,PAUSE will remain LOW until the next 
8232 read or write access. 

RD (Read, Input) 

A LOW on this input is used to read information from an internal 
location and gate that information onto the data bus. The'CS input 
must be LOW to accomplish the read operation. The cio input 
determines what internal location is of interest. See cio, CS input 
descriptions and read timing diagram for details. If the END 

FUNCTIONAL DESCRIPTION 

Major functional units of the 8232 are shown in the block 
diagram. The 8232 employs a microprogram controlled stack 
oriented architecture with 17-bit wide data paths. 

The Arithmetic Unit receives one of its operands from the 
Operand Stack. This stack is an eight word by 17-bit two port 
memory with last in - first out (LIFO) attributes. The second 
operand to the Arithmetic Unit is supplied by the internal 17-bit 
bus. In addition to supplying the second operand, this bidirec
tional bus also carries the results from the output of the Arithmetic 
Unit when required. Writing into the Operand Stack takes place 
from this internal 17-bit bus when required. Also connected to this 
bus are the Constant ROM and Working Registers. The ROM 
provides the required constants to perform the mathematical 
operations while the Working Registers provide storage for the 
intermediate values during command execution. 

Communication between the external world and the 8232 
takes place on eight bidirectional input/output lines, DBO through 
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output was HIGH, performing any read operation will make the 
END output go LOW after the HIGH to LOW transition of the RD 
input (assuming CS is LOW). If the ERR output was HIGH per
forming a status register read operation will make the ERR out
put LOW. This will happen after the HIGH to LOW transition of 
the RD input (assuming CS is LOW). 

WR (Write, Input) 

A LOW on this input is used to transfer information from the data 
bus into an internal location. The CS must be LOW to accomplish 
the write operation. The C/O determines which internal location is 
to be written. See C/O, CS input descriptions and write timing 
diagram for details. 

If the END output was HIGH, performing any write operation will 
make the END output go LOW after the LOW to HIGH transition of 
the WR input (assuming CS is LOW). 

PAUSE (Pause, Output) 

This' output is a handshake signal used while performing read or 
write transactions with the 8232. If the WR and RD inputs are 
both HIGH, the PAUSE output goes LOW with the CS input in 
anticipation of a transaction. If WR goes LOW to initiate a write 
transaction with proper signals established on the DBO-DB7, C/O 
inputs, the PAUSE will return HIGH indicating that the write 
operation has been accomplished. The WR can be made HIGH 
after this event. On the other hand, if a read operation is desired, 
the RD input is made LOW after activating CS LOW and estab
lishing proper ci5 input. (The PAUSE will go LOW in response to 
CS going LOW.) The PAUSE will'return HIGH indicating comple
tion of read. The RD can return HIGH after this event. It should be 
noted that a read or write operation can be initiated without any 
regard to whether a command execution is in progress or not. 
Proper device operation is assured by obeying the PAUSE output 
indication as described. 

DB7 (Data Bus). These signals are gated to the internal8-bit bus 
through appropriate interface and buffer Circuitry. Multiplexing 
facilities exist for bidirectional communication between the inter
nal eight and 17-bit buses. The Status Register and Command 
Register are also located on the 8-bit bus. 

The 8232 operations are controlled by the microprogram 
contained in the Control ROM. The Program Counter supplies the 
microprogram addresses and can be partially loaded from the 
Command Register. Associated with the Program Counter is the 
Subroutine Stack where return addresses are held during sub
routine calls in the microprogram. The Microinstruction Register 
holds the current microinstruction being executed. The register 
facilitates pipe lined microprogram execution. The Instruction De
code logi"c generates various internal control signals needed for 
the 8232 operation. . 

The Interface Control logic receives several external inputs and 
provides handshake related outputs to facilitate interfacing the 
8232 to microprocessors. 



MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature 

VDD with Respect to Vss 

VCC with Respect to VSS 

All Signal Voltages with Respect to Vss 

Power Dissipation (Package Limitation) 

8232 

-65 to +150°C 

-0.5 to +1S.0V 

-0.5 to + 7.0V 

-0.5 to +7.0V 

2.0W 

The products described by this specification include internal Circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to 
avoid exposure to excessive voltages. 

ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1) 

Parameters Description Test Conditions Min. Typ. Max. Units 

VOH Output HIGH Voltage 10H = -200JLA 3.7 Volts 

VOL Output LOW Voltage 10L = 3.2rnA 0.4 Volts 

VIH Input HIGH Voltage 2.0 vec Volts 

VIL Input LOW Voltage -O.S 0.8 Volts 

IIX Input Load Current VSS..:;; VI..:;; VCC ±10 JLA 

10Z Data Bus Leakage 
VO = 0.4V 10 

JLA 
VO;' VCC 10 

TA = +2SoC SO 90 

ICC VCC Supply Current TA = O°C 95 rnA 
----

TA = -SsoC 100 

TA = +2SoC SO 90 

IDD VDD Supply Current TA ";' O°C 95 rnA 

TA = -SsoC 100 

CO Output Capacitance 8 10 pF 
--

CI Input Capacitance fc = 1.0MHz, Inputs = OV S 8 pF 

CIO I/O Capacitance 10 12 pF 
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8232 
SWITCHING. CHARACTERISTICS 

Parameters Description 

TAPW EACK LOW Pulse Width 

TCDR C/D to RD LOW Set-up Time 

TCDW C/D to WR LOW Set-up Time 

TCPH Clock Pulse HIGH Width 

TCPL Clock Pulse LOW Width 

TCSP CS LOW to PAUSE LOW Delay (Note 5) 

TCSR CS to RD ~OW Set-up Time . 

TCSW CS LOW to WR LOW Set-up Time 

TCY Clock Period 

TDW Data Valid to WR HIGH Delay 

TEAE EACK LOW to END LOW Delay 

TEHPHR END HIGH to PAUSE HIGH Data Read when Busy 

TEHPHW END HIGH to PAUSE HIGH Write when Busy 

TEPW END HIGH Pulse Width 

TEX Execution Time 

TOP Data Bus Output Valid to PAUSE HIGH Delay 

TPPWR PAUSE LOW Pulse Width Read 
Data 

Status 

Data 
END HIGH to PAUSE HIGH Read when Busy TPPWRB 

Status 

TPPWW PAUSE LOW Pulse Width Write when Not Busy 

TPPWWB PAUSE LOW Pulse Width Write when Busy 

TPR PAUSE HIGH to Read HIGH Hold Time 

TPW PAUSE HIGH to Write HIGH Hold Time 

TRCD RD HIGH to C/D Hold Time 

TRCS RD HIGH to CS HIGH Hold Time 

TRO RD LOW to Data Bus On Delay 

TRZ RD HIGH to Data Bus Off Delay 

TSAPW SVACK LOW Pulse Width 

TSAR SVACK LOW to SVREQ LOW Delay 

TWCD WR HIGH to.C/D Hold'Time 

TWCS WR HIGH to CS HIGH Hold Time 

TWD WR HIGH to Data Bus Hold Time 

NOTES: 
1. Typical values are for T A == 25°C, nominal supply voltages 

and nominal processing parameters. 
2. Switching parameters are listed in alphabetical order. 
3. Test conditions assume transition times of 20ns or less, out

put loading of one TTL gate plus 1 OOpF and timing reference 
levels of O.8V and 2.0V. 
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8232·8 8232·3 
Min Max Min Max Units 

100 75 ns 

0 0 ns 

0 0 ns 

200 500 140 500 ns 

240 160 ns 

150 100 ns 

0 0 ns 

0 0 ns 

480 5000 320 2000 ns 

150 100 ns 

200 175 ns 

5.5TCY+300 5.5TCY+200 ns 

200 175 ns 

400 300 ns 

See Table 2 ns 

0 0 ns 

3.5TCY+50 5.5TCY+300 3.5TCY+50 5.5TCY+200 
ns 

1.5TCY+50 3.5TCY+300 1.5TCY+50 3.5TCY+200 

See Table 2 
ns 

1.5TCY+50 3.5TCY+300 1.5TCY+50 3.5TCY+200 

TCSW+50 TCSW+50 ns 

See Table 2 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

50 50 ns 

50 200 50 150 ns 

100 75 ns 

300 200 ns 

60 30 ns 

60 30 ns 

20 20 ns 

4. END HIGH pulse width is specified for EACK tied to VSS. 
Otherwise TEAE applies. 

5. PAUSE is pulled low for both command and data operations. 
6. TEX is the execution time of the current command (see the 

Command Execution Times table). 
7. PAUSE will go low at this point if CS is low and RD and WR are 

high. 



EF9340/41 
~ideofex CRT Display Processor 

DISTINCTIVE CHARACTERISTICS 

• 21 or 25 rows of 40 characters 
• On-chip character generator 
• 128 alphanumeric and 128 graphic characters 
• Expandable character set 
• On-chip R, G, S, registers 
• Double height, width, reverse, blink, underline, 

box, conceal attributes 
• Two-color graphic symbols 
• Programmable roll up, roll down, zoom and cursor 

display. 

GENERAL DESCRIPTION 

The EF9340 and EF9341 together with a 1 k x 16 RAM 
comprise a complete video display unit. Thepisplay unit is 
organized around a 16-bit internal bus controlled by the 
9340, which contains a timing generator and display ac
cess interface logic. The 9341 consists of a character 
generator and two 8-bit registers which provide a buffered 
interface with any general purpose 8-bit bus. 

A full alphanumeric font of 128 characters is provided, as 
are 128 separate semi-graphics characters. Also, provi
sion is made for easy character set expansion by the 
simple addition of one (96 characters) or two (192 charac
ters) standard 1k x 8 memory components. 

BLOCK DIAGRAM 

SYT 

This document contains information on- a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 035668-MMP 
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EF9340/41 

MICROPROCESSOR 
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Am9511A 
Arithmetic Processor 

DISTINCTIVE CHARACTERISTICS 

• 2, 3 and 4MHz operation 
• Fixed point 16 and 32 bit operations 
• Floating point 32 bit operations 
• Binary data formats 
• Add, Subtract, Multiply and Divide 
• Trigonometric and inverse trigonometric functions 
• Square roots, logarithms, exponentiation 
• Float to fixed and fixed to float conversions 
• Stack-oriented operand storage 
• DMA or programmed I/O data transfers 
• End signal simplifies concurrent processing 
• Synchronous/Asynchronous operations 
• General purpose 8-bit data bus interlace 
• Standard 24 pin package 
• +12 volt and +5 volt power supplies 
• Advanced N-channel silicon gate ~OS technology 

END 

EACR 
SVREQ 

S\IAEK 
RESET 

elK 

BLOCK DIAGRAM 

GENERAL DESCRIPTION 

The Am9511A Arithmetic Processing Unit (APU) is a monolithic 
MOS/LSI device that provides high perlormance fixed' and 
floating point arithmetic and a variety of floating point 
trigonometric and mathematical operations. It may be used to 
enhance the computational capability of a wide variety of 
processor-oriented systems. 

All transfers, including operand, result, status and command 
information, take place over an 8-bit bidirectional data bus. 
Operands are pushed onto an internal stack and a command 
is issued to perlorm operations on the data in the stack. Re
sults are then available to be retrieved from the stack, or addi
tional commands may be entered. 

Transfers to and from the APU may be handled by the 
associated processor using conventional programmed I/O, or 
may be handled by a direct memory access controller for im
proved perlormance. Upon completion of each command, the 
APU, issues an end of execution signal that may be used as 
an interrupt by the CPU to help coordinate program execution. 

(GNO) vss 

(+5V)VCC 

EACK 

SVREQ 

DO 
NOT 
USE 

OBO 

DBl 

DB2 

DB3 

CONNECTION DIAGRAM 
Top View 

D-24-2 

RESET 

VOO (+12V) 

OB7 

DB6 

018926-1 OB4 OB5 

018926-2 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Package Ambient 
Maximum Clock Frequency 

Type Temperature 2MHz 3MHz 4MHz 

O"C ~ TA ~ +70°C, Am9511ADC Am9511A-1DC Am9511A-4DC 

Hermetic DIP -40°C ~ TA ~ +8SoC Am9S11ADI Am9S11A-1D1 

-55°C ~ TA ~ + 125°C Am9S11ADMB Am9S11A-1DMB 

01892B-MMP 
7-179 



Am9S11A 

INTERFACE SIGNAL DESCRIPTION 

VCC: +5V Power Supply 
VOD: + 12V Power Supply 
VSS: Ground 

ClK (Clock, Input) 

An external timing source connected to the ClK input provides 
the necessary clocking. The ClK input can be asynchronous to 
the RD and WR control signals. 

RESET (Reset, Input) 

A HIGH on this input causes initialization. Reset terminates any 
operation in progress, and clears the status register to zero. The 
internal stack pointer is initialized and the contents of the stack 
may be affected but the command register is not affected by the 
reset operation. After a reset the END output will be HIGH, and 
the SVREQ output will be lOW. For proper initialization, the 
RESET input mu.st be HIGH for at least five ClK periods following 
stable power supply voltages and stable clock. 

ciD (Command/Data Select, Input) 

The C/O input together with the RD and WR inputs determines 
the type of transfer to be performed on the data bus as follows: 

C/D RD 

L H 

L L 

H H 

H L 

X L 

L = LOW 
H = HIGH 

WR 

L 

H 

L 

H 

L 

X = DON'T CARE 

Function 

Push data byte into the stack 

Pop data byte from the stack 

Enter command byte from the data bus 

Read Status 

Undefined 

END (End of Executio.n, Output) 

A lOW on this output indicates that execution of the current 
command is complete. This output will be cleared HIGH by ac
tivating the EACK input lOW or performing any read or write 
operation or device initialization using the RESET. If EACK is 
tied lOW, the END output will be a pulse (see EACK descdp
tion). This is an open drain output and requires a pull up to +5V. 

Reading the status register while a command execution is in 
progress is allowed. However any read or write operation clears 
the flip-flop that generates the END output. Thus such continu
ous reading could conflict with internal logic setting the END 
flip-flop at the completion of command execution. 

EACK (End Acknowledge, Input) 

This input when lOW makes the END output go HIGH. As men
tioned earlier lOW on the END output signals completion of a 
command execution. The END output signal is derived from an 
internal flip-flop which is clocked at the completion of a com
mand. This flip-flop is clocked to the reset state when EACK is 
lOW. Consequently, if the EACK is tied lOW, the END output 
will be a pulse that is approximately one CLK period wide. 

SVRE:Q (Service Request, Output) 

A HIGH on this output indicates completion of a command. In 
this sense this output is same as the END output. However, 
whether the SVREQ output will go HIGH at the completion of a 
command or not is determined by a service request bit in the 
command register. This bit must be 1 for SVREQ to go HIGH. 
The SVREQ can be c;:leared (Le., go lOW) by activating the 
SVACK input lOW or initializing the device using the RESET. 

Also, the SVREQ will be automatically cleared after completion 
of any command that has the service request bit as O. 

SVACK (Service Acknowledge, Input) 

A lOW on this input activates the reset input of the flip-flop 
generating the SVREQ output. If the SVACK input is perma
nently tied LOW, it will conflict with the internal setting of the 
flip-flop to generate the SVREQ output. Thus the SVREQ indi
cation cannot be relied upon if the SVACK is tied lOW .. 

DBO-DB7 (Bidirectional Data Bus, Input/Output) 

These eight bidirectional lines are used to transfer command, 
status and operand information between the device and the host 
processor. DBO is the least significant and DB? is the most 
significant bit position. HIGH on the data bus line corresponds to 
1 and LOW corresponds to O. 

When pushing operands on the stack using the data bus, the 
least significant byte must be pushed first and most significant 
byte last. When popping the stack to read the result of an opera
tion, the most significant byte will be available on the data bus 
first and the least significant byte will be the last. Moreover, for 
pushing operands and popping results, the number of transac
tions must be equal to the proper number of bytes appropriate 
for the chosen format. Otherwise, the internal byte pointer will 
not be aligned properly. The Am9511A single precision format 
requires 2 bytes, double precision and floating-point formats re
quire 4 bytes. 

CS (Chip Select, Input) 

This input must be LOW to accomplish any read or write opera
tion to the Am9511A. 

To perform awrite operation data is presented on DBO through 
, DB? lines, C/O is driven to an appropriate level and the CS input 
is made LOW. However, actual writing into the Am9511 A cannot 
start until WR is made LOW. After initiating the write operation 
by a WR HIGH to lOW transition, the PAUSE output will go 

. LOW momentarily (TPPWW). 

The WR input can go HIGH after PAUSE goes HIGH. The data 
lines, ciB input and the CS input can change when appropriate 
hold time requirements are satisfied. See write timing diagram 
for details. 

To perform a read operation an appropriate logic level is estab
lished on the ciB input and CS is made lOW. The ~ead opera
tion does not start until the RD input goes LOW. PAUSE will go 
LOW for a period of TPPWR. When PAUSE goes back HIGH 
again, it indicates that read operation is complete and the re
quired information is available on the DBO through DB? lines. 
This information will remain on the data lines as long as RD input 
is lOW. The RD input can return HIGH anytime after PAUSE 
goes HIGH. The CS input and cio inputs can change anytime 
after RD returns HIGH. See read timing diagram for details. 

RD (Read, Input) 

A LOW on this input is used to read information from an internal 
location and gate that information on to the data bus. The CS 
input must be lOW to accomplish the read operation. The cio 
input determines what internal location is of interest. See cio, 
CS input descriptions and read timing diagram for details. If the 
END output was LOW, performing"any read operation will make 
the END output go HIGH after the HIGH to LOW transition of the, 
RD input (assuming CS is LOW). 
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WR (Write, Input) 

A LOW on this input is used to transfer information from the data 
bus into an internal location. The CS must be LOW to ac
complish the write operation. The ci5 determines which internal 
location is to be written. See C/O, CS input descriptions and 
write timing diagram for details. 

If the END output ,was LOW, performing any write operation will 
make the END output go HIGH after the LOW to HIGH transition 
of the WR input (assuming CS is LOW). 

PAUSE (Pause, Output) 

This output is a handshake signal used while performing read or 
write transactions with the Am9511A. A LOW at this output indi
cates that the Am9511A has not yet completed its information 
transfer with the host over the data bus. During a read operation, 
after CS went LOW, the PAUSE will become LOW shortly (TRP) 
after RD goes LOW. PAUSE will return high only after the data 
bus contains valid output data. The CS and RD should remain 
LOW when PAUSE is LOW. The RD may go high anytime after 
PAUSE goes HIGH. During a write operation, after CS went 
LOW, the PAUSE will be LOW for a very short duration 
(TPPWN) after WR goes LOW. Since the minimum of TPPWW 
is 0, the PAUSE may not go LOW at all for fast devices. WR may 
go HIGH anytime after PAUSE goes HIGH. 

FUNCTIONAL DESCRIPTION 

Major functional units of the Am9511A are shown in the block 
diagram. The Am9511A employs a' microprogram controlled 
stack oriented architecture with 16-bit wide data paths. 

The Arithmetic Logic Unit (ALU) receives one of its operands 
from the Operand Stack. This stack is an 8-word by 16-bit 2-port 
memory with last in-first out (LIFO) attributes. The second 
operand to the ALU is supplied by the internal 16-bit bus. In 
addition to supplying the second operand, this bidirectional bus 
also carries the results from the output of the ALU when re
quired. Writing into the Operand Stack takes place from this 
internal 16-bit bus when required. Also connected to this bus are 
the Constant ROM and Working Registers. The ROM provides 
the required constants to perform the mathematical operations 
(Chebyshev Algorithms) while the Working Registers provide 
storage for the int.ermediate values during command execution. 

Communication between the external world and the Am9511A 
takes place on eight bidirectional input/output lines DBO through 
DB? (Data Bus). These signals are gated to the internal eight-bit 

Am9S11A 

bus through appropriate interface and buffer circuitry. Multi
plexing facilities exist for bidirectional communication between 
the internal eight and sixteen-bit buses. The Status Register and 
Command Register are also accessible via the eight-bit bus. , 

The Am9511A operations are controlled by the microprogram 
contained in the 'Control ROM. The Program Counter supplies 
the microprogram addresses and can be partially loaded from 
the Command Register. Associated with the Program Counter is 
the Subroutine Stack where return addresses are held during 
subroutine calls in. the microprogram. The Microinstruction 
Register holds the current microinstruction being executed. This 
register facilitates pipelined microprogram execution. The In
struc~ion Decode logic generates various internal control signals 
needed for the Am9511A operation. 

The Interface Control logic receives several external inputs and 
provides handshake related outputs to facilitate interfacing the 
Am9511A to microprocessors. 

COMMAND FORMAT 

Each command entered into the Am9511A consists of a single 
8-bit byte having the format illustrated below: 

SVREQ SINGLE FIXED" CODE I 
,----- OPERATION 

. (sr) I I . 
4 

01892B·3 

Bits 0-4 select the operation to be performod as shown in tho 
table. Bits 5-6 select the data format for tho operation. If bit 5 
is a 1, a fixed point data format is specified. If bit 5 Is 0 0, 
floating point format is specified. Bit 6 selects the precision of 
the data to be operated on by fixed point commands (if bit 5 
= 0, bit 6 must be 0). If bit 6 is a 1, single-precision (16-bit) 
operands are indicated; if bit 6 is a 0, double-precision (32-bit) 
operands are indicated. Results are undefined for all illegal 
combinations of bits in the command byte. Bit 7 indicates 
whether a service request is to be issued after the command 
is executed. If bit? is a 1, the service request output 
(SVREQ) will go high at the conclusion of the command and 
will remain high until reset by a low level on the service 
acknowledge pin (SVACK) or until completion of execution of 
a succeeding command where bit 7 is O. Each command is
sued to the Am9511A requests post execution service based 
upon the state of bit? in the command byte. When bit 7 is a 
0, SVREQ remains low. 
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COMMAND SUMMARY 

Command Code Command 
7 6 5 4 3 .2 1 0 Mnemonic 

Command Description 

FIXED-POINT 16-BIT 

sr 1 1 0 1 1 0 0 SADD Add TOS to NOS. Result to NOS. Pop Stack. 
sr 1 1 0 1 1 0 1 SSUB Subtract TOS from NOS. Result to NOS. Pop Stack. 
sr 1 1 0 1 1 1 0 SMUL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack. 
sr 1 1 1 0 1 1 0 SMUU Multiply NOS by TOS. Upper half of result to NOS. Pop Stack. 
sr 1 1 0 1 1 1 1 SDIV Divide NqS by TOS. Result to NOS. Pop Stack. 

FIXED-POINT 32-BIT 

sr 0 1 0 1 1 0 0 DADD Add TOS to NOS. Result to NOS. Pop Stack. 
sr 0 1 0 1 1 0 1 DSUB Subtract TOS from NOS. Result to NOS. Pop Stack. 
sr 0 1 0 1 1 1 0 DMUL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack. 
sr 0 1 1 0 1 1 0 DMUU Multiply NOS by TOS. Upper half of result to NOS. Pop Stack. 
sr 0 1 0 1 1 1 1 DDiV Divide NOS by TOS. Result to NOS. Pop Stack. 

FLOATING-POINT 32-BIT 

sr 0 0 1 0 0 0 0 FADD Add TOS to NOS. Result to NOS. Pop Stack. 
sr 0 0 1 0 0 0 1 FSUB Subtract TOS from NOS. Result to NOS. Pop Stack. 
sr 0 0 1 . 0 0 1 0 FMUL Multiply NOS by TOS. Result to NOS. Pop Stack. 
sr 0 0 1 0 0 1 1 FDIV Divide NOS by TOS. Result to NOS. Pop Stack. 

DERIVED FLOATING-POINT FUNCTIONS 

sr 0 0 0 0 0 0 1 SORT Square Root of TOS. Result in TOS. 
sr 0 0 0 0 0 1 0 SIN Sine of TOS. Result in TOS. 
sr o· 0 0 0 0 1 1 COS Cosine of TOS. Result in TOS. 
sr 0 0 0 0 1· O· 0 TAN Tangent of TOS. Result in TOS. 
sr 0 0 0 0 1 0 1 ASIN Inverse Sine of TOS. Result in TOS. 
sr 0 0 0 0 1 1 0 ACOS Inverse Cosine of TOS. Result in TOS. 
sr 0 0 0 0 1 1 1 ATAN Inverse Tangent of TOS. Result in TOS. 
sr 0 0 0 1 0 0 0 LOG Common Logarithm (base 10) of TOS. Result in TOS. 
sr 0 0 0 1 0 0 1 LN Natural Logarithm (base e) of TOS. Result in TOS. 
sr 0 0 0 1 0 1 0 EXP Exponential (ex) of TOS. Result in TOS. 
sr 0 0 0 1 0 1 1 PWR NOS raised to the power in TOS. Result in NOS. Pop Stack. 

DATA MANIPULATION COMMANDS 

sr 0 0 0 0 0 0 0 Nap No Operation 
sr 0 0 1 1 1 1 1 FIXS Convert TOS from floating point to 16-bit fixed point format. 
sr 0 0 1 1 1 1 0 FIXD Convert TOS from floating point to 32-bit fixed point format. 
sr 0 0 1 1 1 0 '1 FLTS Convert TOS from 16-bit fixed point to floating point format. 
sr 0 0 1 1 1 0 0 FLTD Convert TOS from 32-bit fixed point to floating point format. 
sr 1 1 1 0 1 0 0 CHSS Change sign of 16-bit fixed point operand on TOS. 
sr 0 1 1 0 l' 0 0 CHSD Change sign of 32-bit fixed point operand on TOS. 
sr 0 0 1 0 1 0 1 CHSF Change sign of floating point operand on TOS. 
sr 1 1 1 0 1 1 1 PTOS Push 16-bit fixed point operand on TOS to NOS (Copy) 
sr 0 1 .1 0 1 1 1 PTOD Push 32-bit fixed point operand on TOS to NOS. (Copy) 
sr 0 0 1 0 1 1 1 PTOF Push floating paint operand on TOS to NOS. (Copy) 
sr 1 1 1 1 0 0 0 POPS Pop 16-bit fixed point operand from TOS. NOS becomes TOS. 
sr 0 1 1 1 0 0 0 POPD Pop 32-bit fixed point operand from TOS. NOS becomes TOS. 
sr 0 0 1 1 0 0 0 POPF Pop floating point operand from TOS. NOS becomes TOS. 
sr 1 1 1 1 0 0 1 XCHS Exchange 16-bit fixed point operands TOS and NOS. 
sr 0 1 1 1 0 0 1 XCHD Exchange 32-bit fixed point operands TOS and NOS. 
sr 0 0 1 1 0 0 1 XCHF Exchange floating point operands TOS and NOS. 
sr 0 0' 1 1 0 .1 0 PUPI Push floating paint constant "1T" onto TOS. Previous TOS becomes NOS. 

NOTES: 
1. TOS means Top of Stack. NOS means Next on Stack. 4. The trigonometric functions handle angles in radians, not 

degrees. 2. AMD Applicati6n Brief "Algorithm Details for the Am9511A 
APU" provides detailed descriptions of each command func
tion, including data ranges, accuracies, stack configurations, 
etc. 

3. Many commands destroy one stack. location (bottom of 
stack) during development of the result. The derived func
tions may destroy several stack locations. See Application 
Brief for details. 

5. No remainder is available for the fixed-point divide functions. 
6. Results will be undefined for any combination of command 

coding bits not specified in this table. 

7-182 



COMMAND INITIATION 

After properly positioning the required operands on the stack, a 
command may be issued. The procedure for initiating a com
mand execution is as follows: 

1. Ente; the appropriate command on the DBO-DB? lines. 
2. Establish HIGH on the C/O input. 
3. Establish LOW on the CS input. 
4. Establish LOW on the WR input after an appropriate set up 

time (see timing diagrams). 
5. Sometime after the HIGH to LOW level transition of WR 

input, the PAUSE output will become LOW. After a delay of 
TPPWW, it will go HIGH to acknowledge the write operation. 
The WR input can return to HIGH anytime after PAUSE going 
HIGH. The DBO-DB?, cin and CS inputs are allowed to 
change after the hold time requirements are satisfied (see 
timing diagram). 

An attempt to issue a new command while the current command 
execution is in progress is allowed. Under these circumstances, 
the PAUSE output will not go HIGH until the current command 
execution is completed. 

OPERAND ENTRY 

The Am9S11A commands operate on the operands located at 
the TOS and NOS and results are returned to the stack at NOS 
and then popped to TOS. The operands required for the 
Am9S11A are one of three formats - single precision fixed-point 
(2 bytes), double precision fixed-point (4 bytes) or floating-point 
(4 bytes). The result of an operation has the same format as the 
operands except for float to fix or fix to float commands. 

Operands are always entered into the stack least significant byte 
first and most significant byte last. The following procedure must 
be followed to enter operands onto the stack: 

1. The lower significant operand byte is established on the 
DBO-DB? lines. 

2. A LOW is established on the cio input to specify that data is 
to be entered into the stack. 

3. The CS input is made LOW. 
4. After appropriate set up time (see timing diagrams), the WR 

input is made LOW. The PAUSE output will become LOW. 
5. Sometime after this event, the PAUSE will return HIGH to 

indicate that the write operation has been acknowledged. 
6. Any time after the PAUSE output goes HIGH the WR'input 

can be made HIGH. The DBO-DB7, C/D and CS inputs can 
change after appropriate .hold time requirements are satisfied 
(see timing diagrams). 

The above procedure must be repeated until all bytes of the 
operand are pushed into the stack. It should be noted that for 
single precision fixed-point operands 2 bytes should be pushed 
and 4 bytes must be pushed for double precision fixed-point or 
floating-point. Not pushing all the bytes of a quantity will result in 
byte pointer misalignment. 

The Am9S11A stack can accommodate 8 single precision 
fixed-point quantities or 4 double precision fixed-point or float
ing-point quantities. Pushing more quantities than the capacity 
of the stack will result in loss of data which is usual with any 
LIFO stack. 

DATA REMOVAL 

Am9S11A 

except for format conversion commands. Thus when the result 
is taken from the stack, the total number of bytes popped out 
should be appropriate with the precision - single precision re
sults are 2 bytes and double precision and floating-point results 
are 4 bytes. The following procedure must be used for reading 
the result from the stack: 

1. A LOW is established on the cio input. 
2. The CS input is made LOW. 
3. After appropriate set up time (see timing diagrams); the RD 

input is made LOW. The PAUSE will become LOW. 
4. Sometime after this, PAUSE will return HIGH indicating that 

the data is available on the DBO-DB? lines. This data will 
remain on the DBO-DB7 lines as long as the RD input rE3-
mains LOW. 

5. Anytime after PAUSE goes HIGH, the RD input can return 
HIGH to complete·transaction. 

6. The CS and cio inputs can change after appropriate hold 
time requirements are satisfied (see timing diagram). ' 

7. Repeat this procedure until all bytes appropriate for the pre-
cision of the result are popped out. 

Reading of the stack does not alter its data; it only adjusts the 
byte pointer. If more data is popped than the capacity of the 
stack, the internal byte pointer will wrap around and older data 
will be read again, consistent with the LIFO stack. 

STATUS READ 

The Am9S11A status register can be read without any regard to 
whether a command is in progress or not. The only implication 
that has to be considered is the effect this might havo on tho 
END output discussed in the signal descriptions. 

The following procedure must be followed to accomplish statu~ 
register reading. 

1. Establish HIGH on the cio input. 
2. Establish LOW 011 the CS input. 
3. After appropriate set up time (see timing diagram) RD input is 

made LOW. The PAUSE will become LOW. 
4. Sometime after the HIGH to LOW transition of RD input, the 

PAUSE will become HIGH indicating that status register 
contents are available on the DBO-DB7 lines. The status data 
will remain on DBO-DB7 as long as RD input is LOW. 

5. The RD input can be returned HIGH anytime after PAUSE 
goes HIGH. 

6. The C/O input and CS input can change after satisfying ap
propriate hold time requirements (see timing diagram). 

DATA FORMATS 

The Am9S11A Arithmetic Processing Unit handles operands in 
both fixed-point and floating-point formats. Fixed-point operands 
may be represented in either single (16-bit operands) or double 
precision (32-bit operands), and are always represented as 
binary, two's complement values. 

16-BIT FIXED-POINT FORMAT 

I S----VALUE 
I I I I I I 

15 
(MSB) 

018928·4 

32-BIT FIXED-POINT FORMAT 
Result from an operation will be available at the TOS. Results 
can be transferred from the stack to the data bus by reading the 
stack. When the stack is popped for results, the most significant 
byte is available first and the least significant byte last. A result is 
always of the same precision as the operands that produced it 

I 
S -----------VALUE--------~-I 
I I I I I I I I I J 
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The sign (positive or negative) of the operand is located in the 
most significant bit (MSB). Positive values are represented by 
a sign bit of zero (S == 0). Negative values are represented by 
the two's complement of the corresponding positive value with 
a sign bit equal to 1 (S == 1). The range of values that may be 
accomodated by each of these formats is -32,767 to 
+32,767 for single precision and -2,147,483,647 to 
+2,147,483,647 for double precision. 

Floating point binary values are represented in a format that 
/ permits arithmetic to be performed in a fashion analogous to 

operations with decimal values expressed in scientific nota
tion. 

(5.83 x 102)(8.16 x 101
) == (4.75728 X 104

) 

In the decimal system, data may be expressed as values be
tween a and 10 times 10 raised to a power that effectively 
shifts the implied decimal point right or left the number of 
places necessary to express the result in conventional form 
(e.g., 47,572.8). The value-portion of the data is called the 
mantissa. The exponenlmay be either negative or positive. 

The concept of floating point notation has both a gain and a 
loss associated with it. The gain is the ability to represent the 
significant digits of data with values spanning a large dynamic 
range limited only by the capacity of the exponent field. For 
example, in decimal notation if the exponent field is two digits 
wide, and the mantissa is five digits, a range of values (posi
tive or negative) from 1.0000 x 10-99 to 9.9999 x 10+99 can 
be accommodated. The loss is that only the significant digits 
of the value can be represented. Thus there is no distinction 
in this representation between the values 123451 and 
123452, for example, since each would be expressed· 
as: 1.2345 x 105. The sixth digit has been discarded. In most 
applications where the dynamic range of values to be rep
resented is large, the loss of significance, and hence accuracy 
of results, is a minor consideration. For greater precision a , 
fixed point format could be chosen, although with a loss of po
tential dynamk range. 

The Am9511 is a binary arithmetic processor and requires 
that floating point data be represented by a fractional man
tissa value between .5 and 1 multiplied by 2 raised to an ap
propriate power. This is expressed as follows: 

value ~ mantissa x 2exponent 

For example, the value 100.5 expressed in this form is 
0.11001001 x 27. The decimal equivalent of this value may be 
computed by summing the components (powers of two) of the 
mantissa and then multiplying by the exponent as shown be
low: 

value == (2-1 + 2-2 + 2-5 + 2-8 ) X 27 
== (0.5 + 0.25 + 0.03125 + 0.00290625) x 128 
== 0.78515625 x 128 
== 100.5 

FLOATING POINT FORMAT 

The format for floating-point values in the Am9511A is given 
below. The mantissa is expressed as a 24-bit (fractional) value; 
the exponent is expressed as an unbiased two's complement 
7-bit value having a range of -64 to +63. The most significant 
bit is the sign of the mantissa '(0 = positive, 1 == negative), for a 
total of 32 bits. The binary point is assumed to be to the left of 
the most significant mantissa bit (bit 23). All floating-point data 
values must be normalized. Bit 23 must be equal to 1, except for 
the value zero, which is represented by all zeros. 

IMIE- EXPONENT~i""'------ MANTISSA -------11 
.SISI I I I ! LJ I I I I I I I I I I 
3130 2423 0 

018928·6 

The range of values that can be represented in this format is 
±(2.7 x 10-20 to 9.2 X 1018

) and zero. 

STATUS REGISTER 

The Am9511A contains an eight bit status register with the fol
lowing bit assignments: 

I BUSY I SIGN I ZERO I ERROR CODE 

7 6 4 3 2 o 
018928·5 

BUSY: Indicates that Am9511A is currently executing a com
mand (1 == Busy). 

SIGN: Indicates that the value on the top of stack is negative 
(1 == Negative). 

ZERO: Indicates that the value on the top of stack is zero 
(1 == Value is zero). 

ERROR This field contains an indication of the validity of the 
CODE: result of the last operation. The error codes are: 

0000 - No error 
1 000 - Divide by zero 
0100 - Square root or log of negative number 
1100 - Argument of inverse sine, cosine, or eX too 

large 
XX10 - Underflow 
XX01 - Overflow 

CARRY: Previous operation resulted in carry or borrow from 
most significant bit. (1 == Carry/Borrow, a == No 
Carry/No Borrow) 

If the BUSY bit in the status register is a one, the other status 
bits are not defined; if zero, indicating not busy,. the operation is 
complete and the other status bits are defined as given above. 
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Table 1. 

Command Hex Code Hex Code ExecutIon Summary 
Mnemonic (sr = 1) (sr = 0) Cycles Description 

16-81T FIXED-POINT OPERATIONS 

SADD EC 6C 16-18 Add lOS to NOS. Result to NOS. Pop Stack. 

SSU8 ED 6D 30-32 Subtract lOS from NOS. Result to NOS. Pop Stack. 

SMUL EE 6E 84-94 Multiply NOS by lOS. Lower result to NOS. Pop Stack. 

SMUU F6 76 80-98 Multiply NOS by lOS. Upper result to NOS. Pop Stack. 

SDIV EF 6F 84-94 Divide NOS by lOS. Result to NOS. Pop Stack. 

32-81T FIXED-POINT OPERATIONS 

DADD AC 2C 20-22 Add lOS to NOS. Result to NOS. Pop Stack. 

DSU8 AD 2D 38-40 Subtract lOS from NOS. Result to NOS. Pop Stack. 

DMUL AE 2E 194-210 Multiply NOS by lOS. Lower result to NOS. Pop Stack. 

DMUU 86 36 182-218 Multiply NOS by lOS. Upper result to NOS. Pop Stack. 

DDIV AF 2F 196-210 Divide NOS by lOS. Result to NOS. Pop Stack. 

32-81T FLOATING-POINT PRIMARY OPERATIONS 

FADD 90 10 54-368 Add lOS to NOS. Result to NOS. Pop Stack. 

FSU8 91 11 70-370 Subtract lOS from NOS. Result to NOS. Pop Stack. 

FMUL 92 12 146-168 Multiply NOS by lOS. Result to NOS. Pop Stack. 

FDIV 93 13 154-184 Divide NOS by lOS. Result to NOS. Pop Stack. 

32-81T FLOATING-POINT DERIVED OPERATIONS 

SORI 81 01 782-870 Square Root of lOS. Result to lOS. 

SIN 82 02 3796-4808 Sine of lOS. Result to lOS. 

COS 83 03 3840-4878 Cosine of lOS. Result to lOS. 

IAN 84 04 4894-5886 langent of ros. Result to lOS. 

ASIN 85 
.-

05 6230-7938 Inverse Sine of lOS. Result to lOS. 

ACOS 86 06 6304-8284 Inverse Cosine of lOS. Result to lOS. 

AlAN 87 07 4992-6536 Inverse langent of lOS. Result to lOS. 

LOG 88 08 4474-7132 Common Logarithm of lOS. Result to lOS. 

LN 89 09 4298-6956 Natural Logarithm of lOS. Result to lOS. 

EXP 8A OA 3794-4878 e raised to power in lOS. Result to lOS. 

PWR 88 08 8290-12032 NOS raised to power in lOS. Result to NOS. Pop Stack. 

DATA AND STACK MANIPULATION OPERATIONS 

NOP 80 00 4 No Operation. Clear or set SVREO. 

FIXS 9F 1F 90-214} . 
FIXD 9E 1E 90-336 

Convert lOS from floating point format to fixed point format. 

FLIS 9D 1D 62-156 } 
FLID 9C 1C 56-342 

Convert lOS from fixed point format to floating point format. 

CHSS F4 74 22-24 } 
CHSD 84 34 26-28 

Change sign of fixed point operand on lOS. 

CHSF 95 15 16-20 Change sign of floating point operand on lOS. , 
PIOS F7 77 

16 } 
PlOD 87 37 20 Push stack. Duplicate NOS in lOS. 

PIOF 97 17 20 . 

POPS F8 78 
10 } 

POPD 88 38 12 Pop stack. Old NOS becomes new lOS. Old lOS rotates to bottom. 

POPF 98 18 12 

XCHS F9 79 
18 } 

XCHD 89 39 26 Excha~ge lOS and NOS. 

XCHF 99 19 26 

PUPI 9A 1A 16 Push floating point constant 1T onto lOS. Previous lOS becomes NOS. 
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COMMAND DESCRIPTIONS 

This section contains detailed descriptions of the APU com
mands. They are arranged in alphabetical order by command 
mnemonic. In the descriptions, TOS means Top Of Stack and 
NOS means Next On Stack. . 

All derived functions except Square Root use Chebyshev 
polynomial approximating algorithms. This approach is used 
to help minimize the internal microprogram, to minimize the 
maximum error values and to provide a relatively even dis
tribution of errors over the data range. The basic arithmetic 
operations are used by the derived functions to compute the 
various Chebyshev terms. The basic operations may produce 
error codes in the status register as a result. 

Execution times are listed in terms of clock cycles and may 
be converted into time values by multiplying by the clock 
period used. For example, an execution time of 44 clock cy-

c1es when running at a 3MHz rate translates to 14 micro
seconds (44 x 32/Ls = 14/Ls). Variations in execution cycles 
reflect the data dependency of the algorithms. 

In some operations exponent overflow or· underflow may be 
possible. When this occurs, the exponent returned in the re
sult will be 128 greater or smaller than its true value. 

Many of the functions use portions of the data stack as 
scratch storage during development of the results. Thus pre
vious values in those stack locations will be lost. Scratch loca
tions destroyed are listed in the command descriptions and 
shown with the crossed-out locations in the Stack Contents 
After diagram. 

Table 1 is a summary of all the Am9511A commands. It shows 
the hex codes for each command, the mnemonic abbreviation, a 
brief description and the execution time in clock cycles. The 
commands are grouped by functional classes. 

The command mnemonics in alphabetical order are shown 
below in Table 2. 

Table 2. 

ACOS 
ASIN 
ATAN 
CHSD 
CHSF 
CHSS 
COS 

,DADD 
DDIV 
DMUL 
DMUU 
DSUB 
EXP 
FADD 
FDIV 

. FIXD 
FIXS 
FLTD 
FLTS 
FMUL 
FSUB 

Command Mnemonics In Alphabetical Order. 

ARCCOSINE 
ARCSINE 
ARCTANGENT 
CHANGE SIGN DOUBLE 
CHANGE SIGN FLOATING 
CHANGE SIGN SINGLE 
COSINE 
DOUBLE ADD 
DOUBLE DIVIDE 
DOUBLE MULTIPLY LOWER 
DOUBLE MULTIPLY UPPER 
DOUBLE SUBTRACT 
EXPONENTIATION (eX) 
FLOATING ADD 
FLOATING DIVIDE 
FIX DOUBLE 
FIX SINGLE 
FLOAT DOUBLE 
FLOAT SINGLE 
FLOATING MULTIPLY 
FLOATING SUBTRACT 
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LOG 
LN 
NOP 
POPD 
POPF 
POPS 
PTOD 
PTOF 
PTOS 
PUPI 
PWR 
SADD 
SDIV 
SIN 
SMUL 
SMUU 
SQRT 
SSUB 
TAN 
XCHD 
XCHF 
XCHS 

COMMON LOGARITHM 
NATURAL ,LOGARITHM 
NO OPERATION 
POP STACK DOUBLE 
POP STACK FLOATING 
POP STACK SINGLE 
PUSH STACK DOUBLE 
PUSH STACK FLOATING 
PUSH STACK SINGLE 
PUSH 1T 

POWER (Xv) 
SINGLE ADD 
SINGLE DIVIDE 
SINE 
SINGLE MULTIPLY LOWER 
SINGLE MULTIPLY UPPER 
SQUARE ROOT 
SINGLE SUBTRACT 
TANGENT 
EXCHANGE OPERANDS DOUBLE 
EXCHANGE OPERANDS FLOATING 
EXCHANGE OPERANDS SINGLE 



ACOS 
32-81T FLOATING-POINT INVERSE COSINE 

7 6 5 4 3 2 ° 
Binary Coding: LI_s_r JI_0-----1_0---L_0--L_o_l.-_l.-----.JL-0----' 

Hex Coding: 86 with sr = 1 
06 with sr = ° 

Execution Time: 6304 to 8284 clock cycles 
Description: 
The 32-bit floating-point operand A at the TOS is replaced by the 
32-bit floating-point inverse cosine of A. The result R is a value in 
radians between ° and rr. Initial operands A, B, C and D are lost. 
ACOS will accept all input data values within the range of -1.0 to 
+ 1.0. Values outside this range will return an error code of 1100 
in the status register. 
Accuracy: ACOS exhibits a maximum relative error of 2.0 x 

10-7 over the valid input data range. 

Status Affected: Sign, Zero, Error Field 

STACK CONTENTS 

ATAN 
32-81T FLOATING-POINT 

INVERSE TANGENT 

7 6 5 4 3 2 

Am9S11A 

° 
Binary Coding: LI _s_r -L-_0----L_0----L_0-L_O_L-_l-----1_----' 

Hex Coding: 87 with sr = 1 
07 with sr = ° 

Execution Time: 4992 to 6536 clock cycles 
Description: 
Tr.d 32-bit floating-point operand A at the TOS is replaced by the 
32-bit floating-point inverse tangent of A. The result R is a value in 
radians between -rr/2 and +rr/2. Initial operands A, C and Dare 
lost. Operand B is unchanged. 
AT AN will accept all input data values that can be represented in 
the floating point format. 
Accuracy: ATAN exhibits a maximum relative error of 3.0 x 

10-7 over the input data range. 
Status Affected: Si.gn, Zero 

STACK CONTENTS 

BEFORE AFTER BEFORE AFTER 

m~ ._TOS_~. mB _TOS_~:_~_ 
C C ______ ----. __ _ 

D D ~.~~ 
1-32-1 1-32-1 1-;--32-1 1-32----':1 

ASIN 
32-81T FLOATING-POINT INVERSE SINE 

7 6 543 2 ° 
Binary Coding: LI_s_r -L-_0----L_0----L_0-L_O_l-_l-0---'_----' 

Hex Coding: 85 with sr = 1 
05 with sr = ° 

Execution Time: 6230 to 7938 clock cycles 
Description: 
The 32-bit floating-point operand A at the TOS is replaced by the 
32-bit floating-point inverse sine of A. The result R is a value in 
radians between -rr/2 and +rr/2. Initial operands A, B, C and D 
are lost. 
ASIN will accept all input data values within the range of -1.0 to 
+ 1.0. Values outside thi!; range will return an error code of 1100 
in the status register. 
Accuracy: ASIN exhibits a maximum relative error of 4.0 x 

10-7 over the valid input data range. 
Status Affected: Sign, Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

m_TOS_~ 

1-32-1 1-32-1 

CHSD 
32-81T FIXED-POINT SIGN CHANGE 

7 6 5 4 3 2 ° 
Binary Coding: lL-sr-----1_0---L_-L_--L_O_L-_L-0----1_o---' 

Hex Coding: B4 with sr = 1 
34 with sr = ° 

Execution Time: 26 to 28 clock cycles 
Description: 
The 32-bit fixed-point two's complement integer operand A at 
the TOS is subtracted from zero. The result R replaces A at 
the TOS. Other entries in the stack are not disturbed. 
Overflow status will be set and the TOS will be returned un
changed when A is input as the most negative value possible 
in the format since no positive equivalent exists. 

Status Affected: Sign, Zero, Error Field (overflow) 

STACK CONTENTS 

BEFORE AFTER 

m-TOS - R 

B 

C 

D 

1-32-1 1-32-1 
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CHSF 
32-BIT FLOATING-POINT SIGN CHANGE 

7 6 543 2 ° 
Binary Coding: LI_s_r J...._0---L_0-.L_--L_0--L_...J..._O---,_........J 

Hex Coding: 95 with sr = 1 
15 with sr = ° 

Execution Time: 16 to 20 clock cycles 
Description: 
The sign of the mantissa of the 32-bit floating-point operand A at 
the TOS is inverted. The result R replaces A at the TOS. Other 
stack entries are unchanged. 
If A is input as zero (mantissa MSB = 0), no change is made. 
Status Affected: Sign, Zero 

STACK CONTENTS 

cos 
32-BIT FLOATING-POINT COSINE 

7 6 5 4 3 2 ° 
Binary Coding: LI_s_r .J....._0--1_0.-l_0-.L_0-L_0_L-_L--_ 

Hex Coding: 83 with sr = 1 
03 with sr = ° 

Execution Time: 3840 to 4878 clock cycles 
Description: 
The 32-bit floating-paint operand A at the TOS is replaced by 
R, the 32-bit floating-point cosine of A. A is assumed to be in 
radians. Operands A, C and D are lost. B is unchanged. 
The COS function can accept any input data value that can 
be represented in the data format. All input values are range 
reduced to fall within an interval of -rr/2 to +rr/2 radians. 
Accuracy: COS exhibits a maximum relative error of 5.0 x 

BEFORE AFTER 10-7 for all input data values in the range of -2rr 

~ ~ 
to+2rrradians. 

A ---- TOS - R Status Affected: Sign, Zero 

B B STACK CONTENTS 
C' C 

I~~~ I_~~I I SErE I_TOS~ 

CHSS 1---32-1 1---32-1 

16-BIT FIXED-POINT SIGN CHANGE 

7 6 5 4 3 2 ° 
Binary Coding: LI _s_r J...._-L._.l.-_..L......0_.L...._L....0-,J_O_ 

Hex Coding: F4 with sr = 1 
74 with sr = ° 

Execution Time: 22 to 24 clock cycles 
Description: 
16·bit fixed-point two's complement integer operand A at the TOS 
is subtracted from zero. The result R replaces A at the TOS. All 
other operands are unchanged. 

. Overflow status will be set and the TOS will be returned un
changed when A is input as the most negative value possible in 
the format since no positive equivalent exists. 
Status Affected: Sign, Zero, Overflow 

STACK CONTENTS 

BEFORE AFTER 

A .. TOS . R 

B B 

C C 

D D 

E E 

F F 

G G 

H H 

7-188 

DADO 
32-BIT FIXED-POINT ADD 

7 6 5 4 3 2 ° 
Binary Coding: LI _s_r -L._0.......L_.......L_0--L_--L_....L.._0-,J_0........J 

Hex Coding: AC with sr = 1 
2Cwith sr = ° 

Execution Time: 20 to 22 clock cycles 
Description~ 
The 32-bit fixed-point two's complement integer operand A at the 
TOS is added to the 32-bit fixed-point two's complement integer 
operand B at the NOS. The result R replaces operand B and the 
Stack is moved up so that R occupies the :rOS. Operand B is lost. 
Operands A, C and D are unchanged. If the addition generates a 
carry it is reported in the status registar. 
If the result is too large to be represented by the data format, the 
least" significant 32 bits of the result are returned and overflow 
status is reported. 
Status Affected: Sign, Zero, Carry, Error Field 

STACK CONTENTS 

BEFORE AFTER 

~_TOS_~ 

1---32~ .1---32-1 



DDIV 
32-BIT FIXED-POINT DIVIDE 

7 6 5 4 

Binary Coding: I sr 0 0 

Hex Coding: AF with sr = 1 
2F with sr = 0 

3 2 o 

Am9511A 

DMUU 
32-BIT FIXED-POINT MUL TIPL V, UPPER 

7 6 5 4 3 2 0 

Binary Coding: I sr 0 0 0 

Hex Coding: B6 with sr = 1 
36 with sr = 0 

Execution Time: 196 to 210 clock cycles when A i= 0 Execution Time: 182 to 218 clock cycles 
18 clock cycles when A = O. Description: 

Description: . The 32-bit fixed-point two's complement integer operand A at 
The 32-bit fixed-point two's complement integer operand B at the TOS is multiplied by the 32-bit fixed-point two's comple-
NOS is divided by the 32-bit fixed-point two's complement in- ment integer operand B at the NOS. The 32-bit most signifi-
teger operand A at the TOS. The 32-bit integer quotient R re- cant half of the product R replaces B and the stack is moved 
places B and the stack is moved up so that R occupies the up so that R occupies the TOS. The least significant half of 
TOS. No remainder is generated. Operands A and B are lost. the product is lost. Operands A and B are lost. Operands C 
Operands C and D are unchanged. 'and D are unchanged. 
If A is zero, R is set equal to B and the divide-by-zero error If A or B was the most negative value possible in the format, 
status will be reported. If either A or B is the most negative overflow status is set and R is meaningless. 
value possible in the format, R will be meaningless and the Status Affected: Sign, Zero, Overflow 
overflow error status will be reported. STACK CONTENTS 
Status Affected: Sign, Zero, Error Field BEFORE AFTER 

BEFORE S.TACKCONTENTS AFTER ~_TOS~ ... 
ER-TOS-~ ~ . ~ 
E8 . ~ I~~----i 1~32-=---1 
1--32-1 1---32-1 DSUB 

DMUL 32-BIT FIXED-POINT SUBTRACT 

32-BIT FIXED-POINT MUL TIPL V, LOWER 

7 6 5 432 0 

Binary Coding: Ll _sr----l_o---"-_---L_o_.l..--_.l..--~1____L_O_____' 
Hex Coding: AE with sr = 1 

2E with sr = 0 
Execution Time: 194 to 210 clock cycles 
Description: . 
The 32-bit fixed-point two's complement integer operand A at the 
TOS is multiplied by the 32-bit fixed-point two's complement in
teger operand B at the NOS. The 32-bit least significant half of the 
product R replaces B and the stack is moved up so that R oc
cupies the TOS, The most significant half of the product is lost. 
Operands A and B are lost. Operands C and D are unchanged. 
The overflow status bit is set if the discarded upper half was 
non-zero. If either A or B is the most negative value that can 
be represented in the format, that value is returned as Rand 
the overflow status is set. 
Status Affected: Sign, Zero, Overflow 

BEFORE 
STACK CONTENTS 

AFTER 

7 6 5 4 

Binary Coding: I sr 0 0 

Hex Coding: AD with sr = 1 
2D with sr = 0 

Execution Time: 38 to 40 clock cycles 
Description: 

3 2 o 
0 

The 32-bit fixed-point two's complement operand A at the 
'lOS is subtracted from the 32-bit fixed-point two's comple
ment operand B at the NOS. The difference R replaces 
operand B and the stack is moved up so that R occupies the . 
TOS. Operand B is lost. Operands A, C and D are un
changed. 
If the subtraction generates a borrow it is reported in,the carry 
status bit. If A is the most negative value that can be rep
resented in the format the overflow status is set. If the result 
cannot be represented in the data format range, the overflow 
bit is set and the 32 least significant bits of the result are re
turned as R. 
Status Affected: Sign, Zero, Carry, Overflow 

BEFORE 
STACK CONTENTS 

AFTER 

~B . _TOS_~R ~:. _TOS_~R . 

C . D C D 

D D . A 

1-32-1 1---32---1 1--32-1 1--32-1 
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'EXP 
32-81T FLOATING-POINT eX 

7 ,6 5 4 3 2 ° o ° ° ° Binary Coding~ I sr ° L--J __ ~ __ -L __ -L __ -L __ -L __ J-__ ~ 

Hex Coding: 8A with sr -= 1 
OA with sr = ° 

Execution Time: 3794 to 4878 clock cycles for IAI ~ 1.0 x 25 

34 clock cycles for IAI > 1.0 x 25 

Description: 
The base of natural logarithms, e, is raised to an exponent value 
specified by the 32-bit floating-point operand A at the TOS. The 
result R of eA replaces A. Operands A, C and D are lost. Operand 
B is unchanged. 
EXP accepts all input data values within the range of -1.0 x 2+5 

to + 1.0 X 2+5• Input values outside this range will return a code of 
1100 in the error field of the status register. 
Accuracy: EXP exhibits a maximum relative error of 5.0 x 

10-7 over the valid input data range. 
Status Affected: Sign, Zero, Error Field 

BEFORE 
STACK CONTENTS 

AFTER 

FDIV 
32-81T FLOATING-POINT DIVIDE 

7 6 5 4 3 2 ° 
° ° ° Binary Coding: I sr ° 

L-~ __ ~ __ ~ __ -L __ ~ __ -L __ J-__ ~ 

Hex Coding: 93 with sr = 1 
13 with sr = ° 

Execution Time: 154 to 184 clock cycles for A t= ° 
22 clock cycles for A = ° 

Description: 
32-bit floating-point operand B at NOS is divided by 32-bit 
floating-point operand A at the TOS. The result R replaces Band 
the stack is moved up so that R occupies the TOS. Operands A 
and B are lost. Operands C and D are unchanged. 
If operand A is zero, R is set equal to B and the divide-by-zero 
error is reported in the status register.- Exponent overflow or 
underflow is reported in the status register, in which case the 
mantissa portion of the result is correct and the exponent portion 
is offset by 128. 
Status Affected: Sign, Zero, Error Field 

BEFORE 
STACK CONTENTS 

AFTER 

~-TOSW ~TOS_W 
1-32-1 1----32-1 1---32---1 1---32-1 

FADD 
32-81T FLOATING-POINT ADD 

7 6 5 4 3 2 ° 
Binary Coding: ~LI _o----'--! -rl0---'-_-'--_0-L-_o----'--_0-..L_o---' 

Hex Coding: 90 with sr = 1 
10 with sr = ° 

Execution Time: 54, to 368 clock cycles for A#;O 
24 clock cycles for A = ° 

Description: 
32-bit floating-point operand A at the TOS is added to 32-bit, 
floating-point operand B at the NOS. The result R replaces Band 
the stack is moved up so that R occupies the TOS. Operands A 
and B are lost. Operands C and D are unchanged. 
Exponent alignment before the addition and normalization of the 
result accounts for the variation in execution time. Exponent 
overflow and underflow are reported in the status register, in 
which case the mantissa is correct and the exponent is offset by 
128. 
Status Affected: Sign, Zero, Error Field 

BEFORE 
STACK CONTENTS 

AFTER 

FIXD 
32-81T FLOATING-POINT TO 

32-81T FIXED-POINT CONVERSION 

7 6 5 4 3 2 ° 
Binary Coding: I sr ° ° 

L-~ __ ~ __ -L __ -L __ -L __ ~ __ J-__ ~ 

Hex Coding: 9E with sr = 1 
1E with sr = ° 

Execution Time: 90 to 336 clock cycles 
Description: 
32-bit floating-point operand A at the TOS is converted to a 
32-bit fixed-point two's complement integer. The result R re
places A. Operands A and D are lost. Operands Band Care 
unchanged. 
If the integer portion of A is larger than 31 bits when con
verted, the overflow status will be set and A will not be 
changed. Operand D, however, will still be lost. 
Status Affected: Sign, Zero Overflow 

BEFORE 
STACK CONTENTS 

AFTER 

~TOS_W ~_TOS~ 

1-32-1 1----32-1 1----32-1 k---32-1 
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FIXS 
32-81T FLOATING-POINT TO 

16-81T FIXED-POINT CONVERSION 

7 6 5 4 

Binary Coding: I sr ° ° Hex Coding: 9F with sr = 1 
1F with sr = ° 

Execution Time: 90 to 214 clock cycles 
Description: 

3 2 ° 

32-bit floating-point operand A at the TOS is converted to a 
16-bit fixed-point two's complement integer. The result R re
places the lower half of A and the stack is moved up by two 
bytes so that R occupies the TOS. Operands A and Dare 
lost. Operands Band C are unchanged, but appear as upper 
(u) and lower (I) halves on the 16-bit wide stack if they are 
32-bit operands. 
If the integer portion of A is larger than 15 bits when con
verted, the overflow status will be set and A will not be 
changed. Operand D, however, will still be lost. 
Status Affected: Sign, Zero, Overflow 

BEFORE 
STACK CONTENTS 

AFTER 

~I--.-TOS R 

Bu 

BI 

Cu 

1---32---J CI 

FLTD 
32-81T FIXED-POINT TO 

32-81T FLOATING-POINT CONVERSION 

7 6 5 4 3 2 ° 
Binary Coding: I '-_s_r -'-_O---'_O--'-_--'-_--'-_-L.._O---'_O---' 

Hex Coding: 9C with sr = 1 
1C with sr = ° 

Execution Time: 56 to 342 clock cycles 
Description: 
32-bit fixed-point two's complement integer operand A at the TOS 
is converted to a 32-bit floating-point number. The result R re
places A at the TOS. Operands A and D are lost. Operands Band 
C are unchanged. 
Status Affected: Sign, Zero 

BEFORE 
STACK CONTENTS 

AFTER 

Am9511A 

FLTS 
16-81T FIXED-POINT TO 

32-81T FLOATING-POINT CONVERSION 

7 6 5 4 

Binary Coding: I sr ° ° 
Hex Coding: 9D with sr = 1 

10 with sr = ° 
Execution Time: 62 to 156 clock cycles 
Description: 

3 2 

° 
° 

16-bit fixed-point two's complement integer A at the TOS is 
converted to a 32-bit floating-point number. The lower half of the 
result R (RI) replaces A, the upper half (Ru) replaces H and the 
stack is moved down so that Ru occupies the rOS. Operands A, 
F, G and H are lost. Operands B, C, D and E are unchanged. 
Status Affected: Sign, Zero 

BEFORE 
STACK CONTENTS 

AFTER 

A . TOS----I 

B 

C 

D 

E 

F 

G 
I 

H 

FMUL 
32-81T -FLOATING-POINT 

MULTIPLY 

7 6 5 4 3 

Binary Coding: I sr ° ° 0 

Hex Coding: 92 with sr = 1 
12 with sr = ° 

Execution ~ime: 146 to 168 clock cycles 
Description: 

2 

° 

Ru 

RI 

B 

C 

D 

E 

° 
° 

32-bit floating-point operand A at the TOS is multiplied by the 
32-bit floating-point operand B at the NOS. The normalized result 
R replaces B and the stack is moved up· so that R occupies the 
TOS. Operands A and B are lost. Operands C and D are un
changed. 
Exponent overflow or underflow is reported .in the status register, 
in which case the mantissa portion of the result is correct and the 
exponent portion is offset by 128. 
Status Affected: Sign, Zero, Error Field 

BEFORE 
STACK CONTENTS 

AFTER 

~TOS_W ~_TOS_W 

1-32-1 1--32---1 1---32-1 1-32----1 
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FSUB 
32-BIT FLOATING-POINT SUBTRACTION 

7 6 5 4 3 2 ° 
Binary Coding: \ L _s_r --L-_0--L_0----L_--L_O_L-0_L-0--'_----' 

Hex Coding: 91 with sr = 1 
11 with sr = ° 

Execution Time: 70 to 370 clock cycles for A oj ° 
26 clock cycles for A = ° 

Description: 

LN 
32-BIT FLOATING-POINT 
NATURAL LOGARITHM 

76543 2 ° 
Binary Coding: LI_s_r ....l-_0-1_0--L_0-----L_--L_0_-'--0_'--_ 

Hex Coding: 89 with sr = 1 
09 with sr = ° 

Execution Time: 4298 to 6956 clock cycles for A > ° 
32-bit floating-point op'erand A at the TOS is subtracted from Description: 
32:bit floating-point operand B at the NOS, The normalized The 32-bit floating-point operand A at the TOS is replaced by 

20 clock cycles for A~ ° 
difference R replaces B and the stack is moved up so that R R, the 32-bit floating-point natural logarithm (base e) of A. 
occupies the TOS. Operands A and B are lost. Operands C Operands A, C and D are lost. Operand B is unchanged. 
and D are unchanged. The LN function accepts all positive input data values that can 
Exponent alignment before the subtraction and normalization be represented by the data format. If LN of a non-positive 
of the result account for the variation in execution time. number is attempted an error status of 0100 is returned. 
Exponent overflow or underflow is reported in the status regis- Accuracy: LN exhibits a maximum absolute error of 2 x 10-7 

ter in which case the mantissa portion of the result is correct for the input range from e-:-1 to e, and a maximum 
and the exponent portion is offset by 128. relative error of 2.0 x 10-7 for positive values less 
Status Affected: Sign, Zero, Error Field (overflow) than e-1 or greater than e. 

BEFORE STACK CONTENTS AFTER Status Affected: Sign, Zero, Error Field 

~_TOS_W ~=;::=~ 
1-:-1 . ~.~ ~ ~ 

LOG 1---32-1, 1---32-1 

32-BIT FLOATING-POINT 
COMMON LOGARITHM 

7 6 5 4 

Binary Coding: \ sr \ ° I ° I 0 

Hex Coding: 88 with sr = 1 
08 with sr = ° 

3 2 

o 

Execution Time: 4474 to 7132 clock cycles for A> ° 
20 clock cycles for A ~ ° 

Description: 

° 
° 

The 32-bit floating-point operand A at the TOS is replaced by R, 
the 32-bit floating-point common logarithm (base 10) of A. 
Operands A, C and D are lost. Operand B is unchanged. 
The LOG function accepts any positive input data value that can 
be represented by the data format. If LOG of a non-positive value 
is attempted an error status of 0100 is returned. 
Accuracy: LOG exhibits a maximum absolute error of 2.0 x 10-7 

for the input range from 0.1 to 10, and a maximum 
relative error of 2.0 x 10-7 for positive values less 
than 0.1 or greater than 10. 

Status Affected: Sign, Zero, Error Field 

BEFORE STACK CONTENTS AFTER 

~TOS_~ 

1---32-1 1-32-1 
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NOP 
NO 

OPERATION 

7654320 

Binary Coding: LI_s_r -L-_0--1._0----1_0----L_0_.L--0_.L-0_L-0--.-J 

Hex Coding: 80 with sr = 1 
00 with sr = a 

Execution Time: 4 clock cycles 
Description: 
The NOP command performs no internal data manipulations. It 
may be used to set or clear the service request interface line 
without changing the contents of the stack. 
Status Affected: The status byte is cleared to all zeroes. 



POPD 
32-81T 

STACK POP 

7 6 5 

Binary Coding: I sr 0 

Hex Coding: B8 ~ith sr = 1 
38 with sr = 0 

Execution Time: 12 clock cycles 
Description: 

4 3 2 0 

0 0 0 

The 32-bit stack is moved up so that the old NOS becomes the 
new TOS. The previous TOS rotates to the bottom of the stack. All 
operand values are unchanged. POPD and POPF execute the 
same operation. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

~-TOS_~ 

1---32-1 1---32-1 

POPF 
32-81T 

STACK POP 

7 6 5 

Binary Coding: I sr 0 0 

Hex Coding: 98 with sr = 1 
18 with sr = 0 

Execution Time: 12 clock cycles 
Description: 

4 3 2 0 

0 0 0 

The 32-bit stack is moved up so that the old NOS becomes the 
new TOS. The old TOS rotates to the bottom of the stack. All 
operand values are unchanged. POPF and POPD execute the 
same operation. 
Status Affected: Sign, Zero 

STACK CONTENTS 

7 

POPS 
16-81T 

STACK POP 

6 5 4 

Am9S11A 

3 2 0 

Binary Coding: LG_s~_r -L._1...-L1_1--L_--L_--L_0_L-0~_0---.J 
Hex Coding: F8 with sr = 1 

78 with sr = 0 
Execution Time: 10 clock cycles 
Description: 
The 16-bit stack is moved up so that the old NOS becomes the 
new TOS. The previous TOS rotates to the bottom of the stack. All 
operand values are unchanged. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE 

A .. TOS----e-I 

AFTER 

B 

B 

C 

0 

E 

F 

G 

H 

PlOD 
PUSH 32-81T 

TOS ONTO STACK 

7 6 5 

Binary Coding: I sr 0 

Hex Coding: B7 with sr = 1 
37 with sr = 0 

Execution Time: 20 clock cycles 
Description: 

4 3 

0 

c 
o 
E 

F 
----.-- .. 

G 

H 

A 

2 0 

The 32-bit stack is moved down and the previous TOS is 
copied into the new TOS location. Operand 0 is lost. All other 
operand values are unchanged. PTOD and PTOF execute the 
same operation. . 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER BEFORE AFTER 

~
. A· _TOS_~B ~_TOS_~. 

. B C B' A 

CDC B 

o ' ,A 0 C 

1---32-1 1---32-1 1-32-1 1-32-1 
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PTOF 
PUSH 32-BIT 

TOSONTO STACK 

7 6 543 

Binary Coding: I sr I 0 I 0 0 

Hex Coding: 97 with sr = 1 
17 with sr = 0 

Execution Time: 20 clock cycles 
Description: 

21 o 

The 32-bit stack is moved down and the previous TOS is copied 
into the new TOS location. Operand 0 is lost. All other operand 
values are unchanged. PTOF and PTOD execute the same op
eration. 
Status Affected: Sign, Z~ro 

STACK CONTENTS 

PUPI 
PUSH 32-BIT 

FLOATING-POINT 7T 

7 6 5 

Binary Coding: I sr 0 0 

Hex Coding: 9A with sr =1 
1Awith sr = 0 

Execution Time: 16 clock cycles 
Description: 

4 3 2 0 

0 0 

The 32-bit stack is moved down so that the previous TOS oc
cupies the new NOS location. 32-bit floating-point constant 1T is 
entered into the new TOS location. Operand 0 is lost. Operands 
A, Band C are unchanged. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER BEFORE AFTER 

m_TOs~m m-Tos--m 
1---32-1 1-32---1 1-32---1 1-32-1 

PTOS 
PUSH 16-BIT 

TOS ONTO STACK 

7 6 543 

Binary Coding: I sr I 1 I 1 0 

Hex Coding: F7 with sr = 1 
77 with sr = 0 

Execution Time: 16 clock cycles 
Description: 

2 o 

The 16-bit stack is moved down and the previousTOS is copied 
into the new TOS location. Operand H is lost and all other 
operand values are unchanged. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

A . TOS A 

B A 

C B 

0 C 

E 0 

F E 

G F 

H G 
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PWR 
32-81T 

FLOATING-POINT XY 

7 6 5 4 3 2 1 ° 
Binary Coding: LI_sr----L_0----L_0----L_0--1_--1_0----lI_iIiJ 

Hex Coding: 8B with sr = 1 
OB with sr = ° 

Execution Time: 8290 to 12032 clock cycles 
Description: 
32-bit floating-point operand B at the NOS is raised to the power 
specified by the 32-bit floating-point operand A at the TOS. The 
result R of BA replaces B and the stack is moved up so that R 
occupies the TOS. Operands A, B, and D are lost. Operand C is 
unchanged. 
The PWR function accepts all input data values that can be 
represented in the data format for operand A and all positive 
values for operand B. If operand B is non-positive an error status 
of 0100 will be returned. The EXP and LN functions are used to 
implement PWR using the relationship BA = EXP [A(LN B)]. 
TlJus if the term [A(LN B)] is outside the range of -1.0 x 2+5 to 
+ 1.0 X 2+ 5 an error status of 1100 will be returned. Underflow and 
overflow conditions can occur. 

Accuracy: The error performance for PWR is a function of 
the LN and EXP performance as expressed by: 
I(Relative Error)pWRI= I(Relative Error)EXP+ IA(Absolute 
Error)LNI 

The maximum relative error for PWR occurs when 
A is at its maximum value while [A(LN B)] is near 
1.0 x 25 and the EXP error is also at its maxi
mum. For most practical applications the relative 
error for PWR will be less than 7.0 x 10-7. 

Status Affected: Sign, Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

~TOS_~ 
1-32-1 1-32~1 
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SADD 
16-81T 

FIXED-POINT ADD 

Am9S11A 

7 6 5 4 320 

Binary Coding: LI _s_r ....L_---L_....L_0--.JL------1 __ L-0-----1_0-,--J 

Hex Coding: EC with sr = 1 
6C with sr= ° 

Execution Time: 16 to 18 clock cycles 
Description: 
16-bit fixed-point two's complement integer operand A at the 
TOS is added to 16-bit fixed-point two's complement integer 
operand B at the NOS. The result R replaces B and the stack 
is moved up so that R occupies the TOS. Operand B is lost. 
All other operalilds are unchanged. 
If the addition generates a carry bit it is reported in the status 
register. If an overflow occurs it is reported in the status regis
ter and the 16 least significant bits of the result are returned. 

Status Affected: Sign, Zero, Carry, Error Field 

STACK CONTENTS 

BEFORE AFTER 

A TOS R 

B C 

C D 

D E 

E F 

F G 

G H 

H A 

1---16--1 
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SDIV 
16-81T 

FIXED-POINT DIVIDE 

7 6 543 2 ° 
Binary Coding: I L _s_r -L-_-L-_...l.-_0---L_---L_---L_....I1_·_1.....J! 

Hex Coding: EF with sr = 1 

6F with sr = ° 
Execution Time: 84 to 94 clock cycles for A oJ ° 

14 clock cycles for A = 0 
Description: 
16-bit fixed-point two's complement integer operand B at the 
NOS is divided by 16-bit fixed-point two's complement integer 
operand A at the TOS. The 16-bit integer quotient R replaces B 
and the stack is moved up so that R occupies the TOS. No 
remainder is generated. Operands A and B are lost. All other 
operands are unchanged. 
If A is zero, R will be set equal to B and the divide-by-zero error· 
status will be reported. 
Status Affected: Sign, Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

A TOS R 

B C 

C D 

D E 

E F 

F G 

G H 

H >< 
1--16--1 

7-196 

SIN 
32-81T 

FLOATING-POINT SINE 

7 6 5 4 3 2 o 
Binary Coding: I sr 0 ° 0 0 0 0 

Hex Coding: 82 with sr = 1 

02 with sr = ° 
Execution Time: 3796 to 4808 clock cycles for IAI > 2-12 

radians 
30 clock cycles for IAI ~ 2-12 radians 

Description: 
The 32-bit floating-point operand A at the TOS· is replaced by 
R, the 32-bit floating-point sine of A. A is assumed to be in 
radians. Operands A, C and D are lost. Operand B is un
changed. 

The SIN function will accept any input data value that can be 
represented by the data format. All input values are range re
duced to fall within the interval -1T/2 to +1T/2 radians. 
Accuracy: ~IN exhibits a maximum relative· error of 5.0 x 

10-7 for input values in the range of -21T to +27T 
radians. 

Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

TOS~ A I-
B 

C 

D 

1-32-1 .1-32-1 



SMUL 
16-BIT FIXED-POINT 
MULTIPLY, LOWER 

7 6 5 4 3 2 ° 
Binary Coding: I sr I 1. I 1 ° ° 
Hex Coding: EE with sr == 1 

6E with sr == ° 
Execution Time: 84 to 94 clock cycles 
Description: 
16-bit fixed-point two's complement integer operand A at the TOS 
is multiplied by the 16-bit fixed-point two's complement integer 
operand B at the NOS. The 16-bit least significant half of the 
product R replaces B and the stack is moved up so that R 
occupies the TOS. The most significant half of the product is lost. 
Operands A and B are lost. All other operands are unchanged. 
The overflow status bit is set if the discarded upper half was 
non-zero. If either A or B is the most negative value that can be 
represented in the format, that value is returned as R and the 
overflow status is set. 
Status Affected: Sign, Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

A .. TOS R 

B C 

C D 

D E 

E F 

F G 

G H 

H >< 
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SMUU 
16-BIT FIXED-POINT 
MULTIPLY, UPPER 

7 6 5 4 

Am9511A 

° 
Binary Coding: LI_sr--.J_--'-_--'-_--'--_O_-'---_-'-----l_o--'--' 

Hex Coding: F6 with sr == 1 
76 with sr == ° 

Execution Time: 80 to 98 clock cycles 
Description: 
16-bit fixed-point two's complement integer operand A at the 
TOS is multiplied by the 16-bit fixed-point two's complement 
integer operand B at the NOS. The 16-bit most significant half 
of the product R replaces B and the stack is moved up so that 
R occupies the TOS. The least significant half of the product 
is lost. Operands A and B are lost. All other operands are un
changed. 
If either A or B is the most negative value that can be rep
resented in· the format, that value is returned as R and the 
overflow status is set. 
Status Affected: Sign, Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

A TOS R 

B C 

C D 

D E 

E F 

F G 

G H 

H >< 
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SQRT 
32-BIT FLOATING-POINT SQUARE ROOT 

7 6 5 4 3 2 ° 
° Binary Coding: 1 sr ° ° ° ° 'I ° 

~~--~--~--~--~--~--~~ 

Hex Coding: 81 with sr = 1 
01 with sr = ° 

Execution Time: 782 to 870 clock cycles 
Descriptio'n: 
32-bit floating-point operand A at the TOS is replaced by R, the 
32-bit floating-point square root of A. Operands A and D are lost. 
Operands Band C are not changed. 
SORT will accept any non-negative input data value that can be 
represented by the data format. If A is negative an error code of 
0100 will be returned in the status register. 
Status Affected: Sign, Zero, Error Field 

BEFORE STACK CONTENTS AFTER 

m-TOS~ 
1-32-1 '1-32-1 

SSUB 
16-BIT FIXED-POINT SUBTRACT 

7 6 5 4 3 2 o 

Binary Coding :1 L.. _sr--l.. __ ---L __ --L_O __ .l....-__ '----__ L---0---'-__ --' 

Hex Coding: ED with sr = 1 
6D with sr = ° 

Execution Time: 30 to 32 clock cycles 
Description: 
16-bit fixed-point two's complement integer operand A at the 
TOS is subtracted from 16-bit fixed-point two's complement in
teger operand B at the NOS. The result R replaces B al"'d the 
stack is moved up so that R occupies the TOS. Operand B is 
lost. All other operands are unchanged. 
If the subtraction generates a borrow it is reported in the carry 
status bit. If A is the most negative value that can be rep
resented in the format the overflow status is set. If the result 
cannot be represented in the format range, the overflow 
status is set and the 16 least significant bits of the result are 
'returned as R. 
Status Affected: Sign, Zero, Carry, Error Field 

BEFORE STACK CONTENTS AFTER 

A ... TOS R 

B C 

C D 

D E 

E F 

F G 

G H 

H A 

~16--l 
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TAN 
32-BIT FLOATING-POINT TANGENT 

7 6 5 432 ° 
Binary Coding: LI _sr---'-__ 0---.L. __ O-----'-_O __ -'-O __ L-,_L---0--'-__ O--' 

Hex Coding: 84 with sr = 1 
04 with sr = ° 

Execution Time: 4894 to 5886 clock cycles for IAI > 2- 12 

radians 
30 clock cycles for IAI ~ 2- 12 radians 

Description: 
. The 32-bit floating-point operand A at the TOS is replaced by 
the 32-bit floating-point tangent of A. Operand A is assumed 
to be in radians. A, C and D are lost. B is unchanged. 
The TAN function will accept any input data value that can be 
represented in the data format. All input data values are 
range-reduced to fall within -rr/4 to +rr/4 radians. TAN is un
bounded for input values near odd multiples of rr/2 and in 
such cases the overflow bit is set in the status register. For 
angles smaller than 2- 12 radians, TAN. returns A as the tan
gent of A. 

Accuracy: TAN exhibits a maximum relative error of 5.0 x 
10-7 for input data values in the range of -2rr to 
+2rr radians except for data values near odd mul
tiples of rr/2. 

Status Affected: Sign, Zero, Error Field (overflow) 

BEFORE STACK CONTENTS AFTER 

m-TOS_~ 

1-32-1 1-32-1 

XCHD 
EXCHANGE 32-BIT STACK OPERANDS 

7 6 5 43 2 ° 
Binary Coding: IL---sr---'-__ 0---L __ -----'-__ .....l-_.....l-_O---'L---0---'-_~ 
Hex Coding: B9 with sr = 1 

39 with sr = 0 
Execution Time: 26 clock cycles 
Description: 
32-bit operand A at the TOS and 32-bit operand B at the NOS 
are exchanged. After execution, B is at the TOS and A is at 
the NOS. All operands are unchanged. XCHD and XCHF 
execute the same operation. 
Status Affected: Sign, Zero 

BEFORE STACK CONTENTS AFTER 

~_TOS_~ 

1-32-1 1-32-1 



XCHF 
EXCHANGE 32-BIT 
STACK OPERANDS 

7 6 5 4 3 2 ° 
Binary Codi ng: L-I _sr--'-_o_-'--0--l'----'-_--'-_o_-'--o--'-_--'l 

Hex Coding: 99 with sr = 1 
19 with sr = ° 

Execution Time: 26 clock cycles 
Description: 
32-bit operand A at the TOS and 32-bit operand B at the NOS 
are exchanged. After execution, B is at the TOS and A is at 
the NOS. All operands are unchanged. XCHD and XCHF 
execute the same operation. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

~
B ---TOS_~B 
C ' C 

o 0 

1-32-1 1-32-1 
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XCHS 
EXCHANGE 16-BIT 
STACK OPERANDS 

7 6 5 4 3 2 

Am9S11A 

° 
Bi nary Codi ng: I'--sr--'-_--'-_-'--_...l...-_-'--O_L-I ,_0----'-_--' 

Hex Coding: F9 with sr = 1 
79 with sr = ° 

Execution Time: 18 clock cycles 
Description: 
16-bit operand A at the TOS and 16-bit operand B at the NOS 
are exchanged. After execution, B is ~t the TOS and A is at 
the NOS. All operand values are unchanged. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 
~----

A TOS B 
r-----

B A 

C C 

0 0 

E E 

F F 

G G 

H H 

\--16--1 



Am9511A 
MAXIMUM RATINGS beyond which usefuJlife may be impaired 

Storage Temperature -65 to +150oe 
VDD with Respect to VSS -0.5V to + 15.0V 

vee with Respect to VSS -0.5V to + 7.0V 

All Signal Voltages with Respect to VSS -0.5V to +7.0V 

Power Dissipation (Package Limitation) 2.0W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to 
avoid exposure to excessive voltages. 

OPERATING RANGE 
Part Number Ambient Temperature VSS VCC VDD 

Am9511ADC O"C ..:::; TA":::; 70"C OV +5.0V ±5% +12V ±5% 

Am9511A-1DC O"C ..:::; TA ..:::; 70"C OV +5.0V ±5% +12V ±5% 

Am9511A-4DC O"C..:::; TA":::; 70"C OV +5.0V ±5% +12V ±5% 

Am9511ADI -40"C ..:::; TA ..:::; 85°C OV +5.0V ±10% +12V ±10% 

Am9511A-1D1 -40"C ..:::; TA ..:::; 85°C OV +5.0V ±10% +12V ±10% 

Am9511ADM -55°C..:::; TA ..:::; 125°C OV +5.0V ±10% +12V ±10% 

Am9511A-1DM -55°C..:::; TA ..:::; 125°C OV +5.0V ±10% +12V ±10% 

ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1) 

Parameters Description Test Conditions Min. Typ. Max. Units 

VOH Output HIGH Voltage 10H = -2OOItA 3.7 Volts 

VOL Output LOW Voltage 10L = 3.2rnA 0.4 Volts 

VIH Input HIGH Voltage 2.0 VCC Volts 

VIL Input LOW Voltage -0.5 0.8 Volts 

IIX Input Load Current VSS..:::; VI..:::; VCC ±10 itA 

10Z Data Bus Leakage 
VO = O.4V 10 

itA 
VO = VCC 10 

TA = +25°C 50 90 

ICC VCC Supply Current TA = O°C 95 rnA 

TA = -55°C 100 

TA = +25°C 50 90 

IDO VOD Supply Current TA = O°C 95 rnA 

TA = -55°C 100 

CO Output Capacitance 8 10 pF 

CI Input Capacitance fc = 1.0MHz, Inputs = OV 5 8 pF 

.CIO I/O Capacitance 10 12 pF 
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Am9511A 
SWITCHING CHARACTERISTICS 

Am9511A Am9511A-1 Am9511A-4 
Parameters Description Min Max Min Max Min Max Units 

TAPW EACK LOW Pulse Width 100 75 50 ns 

TCDR CID to RD LOW Set-up Time 0 0 0 ns 

TCDW C/D to WR LOW Set-up Time 0 0 0 ns 

TCPH Clock Pulse HIGH Width 200 140 100 ns 

TCPL Clock Pulse LOW Width 240 160 120 ns 

TCSR 
CS LOW to RD LOW 

0 0 0 Set-up Time ns 

TCSW CS LOW to WR LOW Set-up Time 0 0 0 ns 

TCY Clock Period 4BO 5000 320 3300 250 2500 ns 

TOW 
Data Bus Stable toWR 

150 100 (Note 9) 100 HIGH Set-up Time ns 

TEAE EACK LOW to END HIGH Delay 200 175 150 ns 

TEPW END LOW Pulse Width (Note 4) 400 300 200 ns 

TOP 
Data Bus Output Valid to 

0 0 0 ns 
PAUSE HIGH Delay 

TPPWR PAUSE LOW Pulse l Data 3.5TCY+50 5.5TCY+300 3.5TCY+50 5.5TCY+200 3.5TCY+50 5.5TCY+200 
ns 

Width Read (Note 5) I Status 1.5TCY+50 3.5TCY+300 1.5TCY+50 3.5TCY+200 1.5TCY+50 3.5TCY+200 

TPPWW 
PAUSE LOW Pulse Width Write 

50 50 50 (Note B) 
ns 

TPR 
PAUSE HIGH to RD 

0 0 0 
HIGH Hold Time 

ns 

TPW 
PAUSE HIGH to WR 

0 0 0 
HIGH Hold Time 

ns 

TRCD RD HIGH to C/D Hold Time 0 0 0 ns 

TRCS RD HIGH to CS HIGH Hold Time 0 0 0 ns 

TRO RD LOW to Data Bus ON Delay 50 50 25 ns 

TRP 
RD LOW to PAUSE LOW 

150 100 (Note 9) 100 
Delay (Note 6) 

ns 

TRZ RD HIGH to Data Bus OFF Delay 50 200 50 150 25 100 ns 

TSAPW SVACK LOW Pulse Width 100 75, 50 ns 

TSAR 
SVACK LOW to SVREQ 

300 200 150 
LOW Delay 

ns 

TWCD WR HIGH to C/D Hold Time 60 30 30 ns 

TWCS WR HIGH to CS HIGH Hold Time 60 30 30 ns 

TWD WR HIGH to Data Bus Hold Time 20 20 20 ns 

l Command 3TCY 3TCY 3TCY 
TWI Write Inactive Time I Data 4TCY 4TCY 4TCY 

ns 

TWP 
WR LOW to PAUSE LOW 

150 100 (Note 9) 100 Delay (Note 6) ns 

Notes: 1. Typical values are for T A = 25°C, nominal supply voltages and nominal processing parameters. 
2. Switching parameters are listed in alphabetical order. 
3. Test conditions assume transition times of 20ns or less, output loading of one TTL gate plus 100pF and timing reference levels of O.BV 

and 2.OV. 
4. END low pulse width is specified for EACK tied to VSS. Otherwise TEAE applies. 
5. Minimum values shown assume no previously entered command is being executed for the data access. If a previously entered command is 

being executed, PAUSE LOW Pulse Width is the time to complete execution plus the time shown. Status may be read at any time without 
exceeding the time shown. 

6. PAUSE is pulled low for both command and data operations. 
7. TEX is the execution time of the current command (see the Command Execution Times table). 
B. PAUSE low pulse width is less than 50ns when writing into the data port or the control port as long as the duty requirement (TWI) is observed 

and no previous command is being executed. TWI may be safely violated.up to 500ns as long as the extended TPPWW that results is 
observed. If a previously entered command is being executed, PAUSE LOW Pulse Width is the time to complete execution plus the 
time shown. . 

9. 150ns for the Am9511A-1 DM. 
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Am9S11A 

CLOCK 

SWITCHING WAVEFORMS 

INPUT WAVEFORMS FOR AC TESTS 

2.4 --------.X 2.O ___ TEST __ 2;OV 

{).4S _____ ---'. .0.8 _POINTS __ 0.81\ ..... _____ _ 
018926·6 

READ OPERATIONS 

\~~-TCS-R~---------------~ 
COMM~~ _ 

______ I-_T_CD_R_j-,l t==-TRCD 

\'" f--TPPWR--l ~,=iI 
---------~-~. 

TRO 

~ ITRZIMAX.) 

r- TOP ----I I--- TRZ 1M IN.) 

D~A_--------__ ~~~~~~~~=====:OU:TP~UT~V:A~lID~==~I~I ______ __ BUS 

01892B-7 

WRITE OPERATIONS 

SE~~TCSW---j ~I = 
COMM~QL I 

DATA 

~~~----~------------------------------~~~~~~~-------
I-TCDWj ~TWCD 

~:~:: ~9==r~=tT= M,:Jr
M~:~ :=-I~ 

TEAE . 

f-~", \\ m~: 
TAPW-y....------

~TEXI, 

SVREQ ________________ --. __________ INO_.O_7_' __ J(_r-_-_------=:i:.....Jo. ____ __ 
TSAR ---f-----<l 

I--TSAPW---1 

'i T 
01892B-6 
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Am9S11A 

APPLICATION INFORMATION 

The diagram in Figure 2 shows the interface connections for 
the Am9511 A APU with operand transfers handled by an 
Am9517 DMA controller, and CPU coordination handled by an 
Am9519 Interrupt Controller. The APU interrupts the CPU to 
indicate that a command has been completed. When the per
formance enhancements provided by the DMA and Interrupt 

operations are not required, the APU interface can be 
simplified as shown in Figure 1. The Am9511A APU is de
signed with a general purpose a-bit data bus and interface 
control so that it can be conveniently used with any general 
a-bit processor. 

Am8224 
CLOCK 

GENERATOR 

XTAl 

OI-:L 
SYNCr--SYNC 

"r--- " .2r--- .. 

ADDRESS BUS 

CPU iOR Ri5 C/O cs 
iOW WR Am9511A 

ARITHMETIC 

CLK CLK PROCESSOR 
UNIT 

RDY PAUSE 

SYSTEM DATA BUS 

018928·9 

Figure 1. Am9511A Minimum Configuration Example. 

r;::===1;E~j:!!:::j~=::!1i§:~:C===:;;:=::::;;:::====:=:==::==~~====:;:===:"':» ""-... 

~
G~te3 11··-A'5 y 

AD A15 

Am90BOA CPU 

B ~8 :~ J- 00-07 I 
A ~G~ YO t-+-+---I1 :' AD~~;;;~~~CH 

HOLOt------tj--+-t----i 

,-----t-"""T"--..... --t-t---t-t-t---t-t-,.----il------ lOW 

Y-+-----,j t . 
t--t---t--t--t+-t-hL CS RD A::SI9 AII' :e~ j 

GINT INTERRUPT 

WR t>--r--o ~LDA B~:~: P- r iACi( CONTROLlE~ 
MEMW~ I~~. 

caiN _~ CBIN ~p---- DBO-DBl PAUSE ___ 7{ 

CS SVREQ SVACK CI5 

Am9511A 
ARITHMETIC 

PAOCESSING UNIT 

P'AiJSEOBO-DB7 fAC"K 

-RrSi"NRESETr-----RESET 

r--' ROYIN!READY r-- READY 

;.~ 1 INiff~~:T~' t 1 ... 
DO-D7 ~~ DO- D7 g:~-k,,::=====::!:SV~ST~'M~D~ATl!AEBU[S ]£IDB~0~_D~B7tl ~~===~~~=====~===:~ y> 080-0B7 

ffi'fii 1O--r--------+-OIffifB 

T 
Am8238 
SYSTEM 
CONTROllER 

\.. L 

Figure 2.' Am9511 A High Performance Configuration Example. 
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Am9512 
Floating Point Processor 

DISTINCTIVE CHARACTERISTICS 

• Single (32-bit) and double (64-bit) precision capability 
• Add, subtract, multiply and divide functions 
• Compatible with proposed IEEE format 
• Easy interfacing to microprocessors 
• 8-bit data bus 
• Standard 24-pin package 
• 12V and 5V power supplies 
• Stack oriented operand storage 
• Direct memory access or programmed I/O Data Transfers 
• End of execution Signal 
• Error interrupt 
• All inputs and outputs TTL level compatible 
• Advanced N-channel silicon gate MOS technology 

GENERAL DESCRIPTION 

The Am9512 is a high performance floating-point processor unit 
(FPU). It provides single precision (32-bit) and double precision 
(64-bit) add, subtract, multiply and divide operations. It can be 

. easily interfaced to enhance the computational capabilities of 
the host microprocessor. 

The operand, result, status and command information transfers 
take place over an 8-pit bidirectional data bus. Operands are 
pushed onto an internal stack by the host processor and a com
mand is issued to perform an operation on the data stack. The 
results of this operation are available to the host processor by 
popping the stack. 

Information transfers between the Am9512 and the host proces" 
sor can be handled by using programmed I/O or direct memory 
access techniques. After completing an operation, the Am9512 
activates an "end of execution" signal that can be used to inter
rupt the host processor. 

BLOCK DIAGRAM 

Ambient 
Package Temperature 

O°C .;;; TA .;;; 70°C 

Hermetic DIP -40°C.;;; TA .;;; +85°C 

-55°C.;;; TA';;; +125°C 

TWO PORT DATA STACK 
8 X 17 

ORD.ERING INFORMATION 

CONTROL ROM 
768 X 16 

</>1 </>2 

ERR 

MOS·203 

Maximum Clock Frequency 

Vss Vee Voo 2M Hz 3MHz 

OV +5.0V ±5% +12V ±5% Am9512DC Am9512-1DC 

OV +5.0V ±10% +12V ±10% Am9512DI Am9512-1D1 

OV +5.0V ±10% +12V ±10% Am9512DMB Am9512-1DMB 

02047B-MMP 
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CONNECTION DIAGRAM 
Top View 

vss 24 END 

VCC 23 ClK 

EACK 22 RESET 

SVACK 21 cio 

SVREQ 20 AD 

ERR 19 WR 

00 NOT 
Am9S12 

USE 
18 cs 

OBO 17 PAUSE 

OBI 16 VOO 

DB2 10 15 OB7 

DB3 11 14 OB6 

DB4 12 13 OB5 

Note: Pin 1 is marked for orientation. 

INTERFACE SIGNAL DESCRIPTION 

vce: +5V Power Supply 

VDD: +12V Power Supply 

VSS: Ground 

ClK (Clock, Input) 

MOS-204 

An external timing source connected to the ClK input provides 
the necessary clocking. 

RESET (Reset, Input) 

A HIGH on this input causes initialization. Reset terminates any 
operation in progress, and clears the status· register to zero. The 
internal stack pointer is initialized and the contents of the stack 
may be affected. After a reset the END output, the ERR output 
and the SVREQ output will be lOW. For proper initialization, 
RESET must be HIGH for at least five ClK periods following 
stable power supply voltages and stable clock. 

ci5 (Command/Data Select, Input) 

The C/O inputtogetherwith the RD and WR inputs determines the 
type of transfer to be performed on the data bus as follows: 

·C/D 

l 

l 

H 

H 

X 

L = LOW 
H = HIGH 

RD 

H 

l 

H 

l 

l 

X = DON'T CARE 

WR Function 

l Push data byte into the stack 

H Pop data byte from the stack 

l Enter command 

H Read Status 

l Undefined 

END (End of Execution, Output) 

A HIGH on this output indicates that execution of the current 
command is complete. This output will be cleared lOW by ac
tivating the EACK input lOW or performing any read or write 
operation or device initialization using the RESET. If EACK is tied 
lOW, the END output will be a pulse (see EACK description). 

Reading the status register while a command execution is in 
progress is allowed. However any read or write operation clears 

Am9512 

the flip-flop that generates the END output. Thus such continu
ous reading could conflict with internal logic setting of the END 
flip-flop ~t the end of command execution. 

EACK (End Acknowledge, Input) 

This input when lOW makes the END output go lOW. As men
tioned earlier HIGH on the END output signals completion of a 
command execution. The END signal is derived from an internal 
flip-flop which is clocked at the completion of a command. This 
flip-flop is clocked to the reset state when EACK is lOW. Con
sequently, if EACK is tied lOW, the END output will be a pulse 
that is approximately one ClK period wide. 

SVREQ (Service Request, Output) 

A HIGH on this output indicates completion of a command. In 
this sense this ciutput is the same as the END output. However, 
the Service Bit in the Command Register determines whether 
the SVREQ output will go HIGH at the completion of a com
mand. This bit must be 1 for SVREQ to go HIGH. The SVREQ 
can be cleared (Le., go lOW) by activating the SVACK input 
lOW or initializing the device using the RESET. Also, the 
SVREQ will be automatically cleared after completion of any 
command that has the service request bit as O. 

SVACK (Service Acknowledge, Input) 

A lOW on this input clears SVREQ. If the SVACK input is per
manently tied lOW, it will conflict with the internal setting of the 
SVREQ output. Thus the SVREQ indication cannot be relied 
upon if the SVA9K is tied lOW. 

DBO·DB7 (Data Bus, Input/Output) 

These eight bidirectional lines are used to transfer command, 
status and operand information between the device and the host 
processor. DBO is the least significant and DB? is the most 
significant bit position. HIGH on a data bus line corresponds to 1 
and lOW corresponds to O. 

When pushing operands on the stack using the data bus, the least 
significant byte must be pushed first and most significant byte 
last. When popping the stack to read the result of an operation, 
the most significant byte will be available on the data bus first and 
the least significant byte will be the last. Moreover, for pushing 
operands and popping results, the number of transactions must 
be equal to the proper number of bytes appropriate for the chosen 
format. Otherwise, the internal byte pointer will not be aligned 
properly. The Am9S12 single precision format requires 4 bytes 
and double precision format requires 8 bytes. 

ERR (Error, Output) 

This output goes HIGH to indicate that the current command 
execution resulted in an error condition. The erro"r conditions 
are: attempt to divide by zero, exponent overflow and exponent 
underflow. The ERR output is cleared lOW on read status reg
ister operation or upon RESET. 

The ERR output is derived from the error bits in the status 
register. These error bits will be updated internally at an appro
priate time during a command execution. Thus ERR output going 
HIGH may not correspond with the completion of a command. 
Reading of the status register can be performed while a com
mand execution is in progress. However it should be noted that 
reading the status register clears the ERR output. Thus reading 
the status register while a command execution in progress may 
result in an internal conflict with the ERR output. 
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Am9S12 

CS (Chip Select, Input) 

This input must be LOW to accomplish any read or write operation 
to the Am9512 

To perform a write operation, appropriate data is presented on 
DBO through DB7 lines, appropriate logic level on the C/O input 
and the CS input is made LOW. Whenever WR and RD inputs 
are both HIGH and CS is LOW; PAUSE goes LOW. However 
actual writing into the Am9512 cannot start until WR is made 
LOW. After initiating the write operation by the HIGH to LOW 
transition on the WR input, the PAUSE output will go HIGH 
indicating the write operation has been acknowledged. The WR 
input can go HIGH after PAUSE goes HIGH. The data lines, C/O 
input and the CS input can change when appropriate hold time 
requirements are satisfied. See write timing diagram for details. 

To perform a read operation im appropriate logic level is estab
lished on the ci5 input and CS is made LOW. The PAUSE output 
goes LOW because WR and RD inputs are HIGH. The read 
operation does not start until the RD input goes Law. PAUSE will 
go HIGH indicating t~at read operation is complete and the re
quired information is available on the DBO through DB7lines. This 
information will remain on the data lines as long as RD is LOW. 
The RD input can return HIGH anytime after PAUSE goes 
HIGH. The CS input and C/O input can change anytime after AD 
returns HIGH. See read timing diagram for details. If the CS is 
tied LOW permanently, PAUSE will remain LOW until the next 
Am9512 read or write access. 

RD (Read, Input) 

A LOW on this input is used to read information from an internal 
location and gate that information onto the data bus. The CS input 
must be LOW to accomplish the read operation. The cio input 
determines what internal location is of interest. See cio, CS input 
descriptions and read timing diagram for details. If the END 

FUNCTIONAL DESCRIPTION 

Major functional units of the Am9512 are shown in the block 
diagram. The Am9512 employs a microprogram controlled stack 
oriented architecture with 17-bit wide data paths. 

The Arithmetic Unit receives one of its operands from the 
Operand Stack. This stack is an eight word by 17-bit two port 
memory with last in - first out (UFO) attributes. The second 
operand to the Arithmetic Unit is. supplied by the internal 17-bit 
bus. In addition to supplying the second operand, this bidirec
tional bus also carries the results from the output of the Arithmetic 
Unit when required. Writing into the Operand Stack takes place 
from this internal 17-bit bus when required. Also connected to this 
bus are the Constant ROM and Working Registers. The ROM 
provides the required constants to perform the mathematical 
operations while the Working Registers provide storage for the 
intermediate values during command execution. 

Communication between the external world and the Am9512 
takes place on eight bidirectional input/output lines, DBO through 

COMMAND FORMAT 

The Operation of the Am9512 is controlled from the host proces
sor by issuing instructions. called commands. The command for
mat is shown below: 

I,~:~al OP CODe 

r 
The command consists of 8 bits; the least significant 7 bits specify 
the operation to be performed as detailed in the accompanying 

output was HIGH, performing any read operation will make the 
END output go LOW after the HIGH to LOW transition of the RD 
input (assuming CS is LOW). If the ERR output was HIGH per
forming a status register read operation will make the ERR out
put LOW. This will happen after the HIGH to LOW transition of 
the RD input (assuming CS is LOW). 

WR (Write, Input) 

A LOW on this input is used to transfer information from the data 
bus into an internal location. The CS must be LOW to accomplish 
the write operation. The ciB determines which internal location is 
to be written. See ci5, CS input descriptions and write timing 
diagram for details. 

If the END output was HIGH, performing any write operation will 
make the END output go LOW after the LOW to HIGH transition of 
the WR input (assuming CS is LOW). ' 

PAUSE (Pause, Output) 

This output is a handshake signal used while performing read or 
write transactions with the Am9512. If the WR and RD inputs are 
both HIGH, the PAUSE output goes LOW with the CS input in 
anticipation of a transaction. If WR goes LOW to initiate a write 
transaction with proper signals established on the DBO-DB7, ci5 
inputs, the PAUSE will return HIGH indicating that the write 
operation has been accomplished. The WR can be made HIGH 
after this event. On the other hand, if a read operation is desired, 
the RD input is made LOW after activating CS LOW and estab
lishing proper cii5 input. (The PAUSE will go LOW in response to 
CS going LOW.) The PAUSE will return HIGH indicating comple
tion of read. The RD can return HIGH after this event. It should be 
noted that a read or write operation can be initiated without any 
regard to whether a command execution is in progress or not. 
Proper device operation is assured by obeying the PAUSE output 
indication as described. 

DB7 (Data Bus); These Signals are gated to the internal8-bit bus 
through appropriate interface and buffer circuitry. Multiplexing 
facilities exist for bidirectional communication between the inter
nal eight and 17-bit buses. The Status Register and Command 
Register are also located on the 8-bit bus. 

The Am9512 operations are controlled by the microprogram 
contained in the Control ROM. The Program Counter supplies the 
microprogram addresses and can be partially loaded from the 
Command Register. Associated with the Program Counter is the 
Subroutine Stack where return addresses are held'during sub
routine calls in the microprogram. The Microinstruction Register 
holds the current microinstruction being executed. The register 
facilitates pipelined microprogram execution. The Instruction De
code logic generates various internal control signals needed for 
the Am9512 operation. 

The Interface Control logic receives several external inputs and 
provides handshake related outputs to facilitate interfacing the 
Am9512 to microprocessors. 

table. The most significant bit is the Service Request Enable bit. 
This bit must be a 1 if SVREQ is to go high at end of executing a 
command. 

The Am9512 commands fall into three categories: Single preci
sion arithmetic, double preCision arithmetic and data' manipula
tion. There are four arithmetic operations that can be performed 
with single precision (32 cbit), or double precision (64-bil) 
floating-point numbers: add, subtract, multiply an'd divide. These 
ope'rations require two operands. The Am9512 assumes thai 
these operands are located in the internal stack as Top of Stack 

7-206 



Am9512 

(TOS) and Next on Stack (NOS). The result will always be re
turned to the previous NOS which becomes the new TOS. Re
sults from an operation are of the same precision and format as 
the operands. The results will be rounded to preserve the accu
racy. The actual data formats and rounding procedures are de
scribed in a later section. In addition to the arithmetic operations, 
the Am9512 implements eight data manipulating operations. 
rhese include changing th~ sign of a double or single precision 

operand located in TOS, exchanging single precision operands 
located at TOS and NOS, as well as copying and popping single 
or double precision operands. See also the' sections Qn status 
register and operand formats. 

Command Bits 

7 6 5 4 3 2 0 

x 0 0 0 0 

X 0 0 0 0 

X 0 0 0 0 

X 0 0 0 0 0 

X 0 0 0 

X 0 0 1 0 

X 0 

X 0 0 0 

X 0 1 

X 0 

X 

X 0 0 

X 0 0 

X 0 0 

X 0 

X 0 0 

Mnemonic 

SADD 

SSUB 

SMUL 

SDIV 

CHSS 

PTOS 

POPS 

XCHS 

CHSD 

PTOD 

POPD 

CLR 

DADO 

DSUB 

DMUL 

DDIV 

The Execution times of the Am9512 commands are all data 
dependent. Table 2 shows one example of each command exe
cution time: 

Table 1. Command Decoding Table. 

Description 

Add TOS to NOS Single Precision and result to NOS. Pop stack. 

Subtract ros from NOS Single Precision and result to NOS. Pop stack. 

Multiply NOS by ros Single Precision and result to NOS. Pop stack. 

Divide NOS by ros Single Precision and result to NOS. Pop stack. 

Change sign of ros Single Precision operand. 

Push Single Precision operand on ros to NOS. 

Pop Single Precision operand from lOS. NOS becomes lOS. 

Exchange ros with NOS Single Precision. 

Change sign of ros Double Precision operand. 

Push Double Precision operand on ros to NOS. 

Pop Double Precision operand from ros. NOS becomes lOS. 

CLR status. 

Add ros to NOS Double Precision and result to NOS. Pop stack. 

Subtract ros from NOS Double Precision and result to NOS. Pop stack. 

Multiply NOS by ros Double Precision and result to NOS. Pop stack. 

Divide NOS by ros Double Precision and result to NOS. Pop Stack. 

Notes: X = Don't Care Operation for bit combinations not listed above is undefined. 

Table 2. Am9512 Execution Time in Cycles. 

Single Precision Double Precision 

Min Typ Max Min Typ Max 

Add 58 220 512 Add 578 1200 3100 

Subtract 56 220 512 Subtract 578 1200 3100 

Multiply 192 220 254 Multiply 1720 1nO 1860 

Divide 228 240 264 Divide 4560 4920 5120 

Note: Typical for add and subtract, assumes the operands are within six decimal orders of magnitude. Max is derived from the 
maximum execution time of 1000 executions with random 32-bit or 64-bit patterns. 

Table 3. Some Execution Examples. 

Command TOS NOS Result Clock periods 

SADD 3F800000 3F800000 40000000 58 

SSUB 3F800000 3F800000 00000000 56 

SMUL 40400000 3FCOOOOO 40900000 198 

SDIV 40000000 3F800000 3FOOOOOO 228 

CHSS 3F800000 BF800000 10 

pros 3F800000 16 

POPS 3F800000 14 

XCHS 3F800000 4000000 26 

CHSD 3FFOOOOOOOOOOOOO BFFOOOOOOOOOOOOO 24 

ProD 3FFOOOOOOOOOOOOO 40 

POPD 3FFOOOOOOOOOOOOO 26 

CLR 3FFOOOOOOOOOOOOO 4 

DADD 3FFOOOOOAOOOOOOO 8000000000000000 3FFOOOOOAOOOOOOO 578 

DSUB 3FFOOOOOAOOOOOOO 8000000000000000 3FFOOOOOAOOOOOOO 578 

DMUL BFF8000000000000 3FF8000000000000 C002000000000000 1748 

DDIV BFF8000000000000 3FF8000000000000 BFFOOOOOOOOOOOOO 4560 

Note: TOS, NOS and Result are in hexadecimal; Clock period is in decimal. 
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COMMAND INITIATION 

After properly positioning the required operands in the stack, a 
command may be issued. The procedure for initiating a command 
execution is as follows: 

1. Establish appropriate command on the DBO-DB7 lines. 
2. Establish HIGH on the C/O input. 
3. Establish LOW on the CS input. Whenever WR and RD inputs 

are HIGH the PAUSE output follows the CS input. Hence 
PAUSE will become LOW. 

4. Establish LOW on the WR input after an appropriate set up 
time (see timing diagrams). 

5. Sometime after the HIGH to LOW level transition of WR input, 
the PAUSE output will become HIGH to acknowledge the write 
operation. The WR input can return to HIGH anytime after 
PAUSE goes HIGH. The DBO-DB7, C/O and CS inputs are 
allowed to change after the hold time requirements are satis
fied (see timing diagram). , 

, An attempt to issue a new command while the current command 
execution is in progress is allowed. Under these circumstances, 
the PAUSE output will not go HIGH until the current command 
execution is completed. 

OPERAND ENTRY 

The Am9512 commands operate on the operands located at the 
TOS and NOS and results are returned to the stack at NOS and 
then popped to TOS. The operands required for the Am9512 are 
one of two formats - single precision floating-point (4 bytes) or 
double precision floating-point (8 bytes). The result of an opera
tion has the same format as the operands. In other words, op
erations using single precision quantities always result in a 
single precision result while operations involving double preci
sion quantities will result in double precision result. 

Operands are always entered into the stack least significant byte 
first and most significant byte last. The following procedure must 
be followed to enter operands into the stack: 

1. The lower significant operand byte is established on the 
DBO-DB7 lines. 

2. A LOW is established on the C/O input to specify that data is to 
be entered into the stack. 

3. The CS input is made LOW. Whenever the WR and RD inputs 
are HIGH, the PAUSE output will follow the CS input. Thus 
PAUSE output will become LOW. 

4. After appropriate set up time (see timing diagrams), the WR 
input is made LOW. 

5. Sometime after this event, PAUSE will return HIGH to indi
cate that the write operation has been acknowledged. 

6. Anytime after the PAUSE output goes HIGH the WR input can 
be made HIGH. The DBO-DB7, C/O and CS inputs can change 
after appropriate hold time requirements are satisfied (see 
timing diagrams). 

The above procedure must be repeated until all bytes of the 
operand are pushed into the stack. It should be noted that for 
single precision operands 4 bytes should be pushed and 8 bytes 
must be pushed for double precision. Not pushing all the bytes of 
a quantity will result in byte pointer misalignment. 

The Am9512 stack can accommodate 4 single precision quan
tities or 2 double precision quantities. Pushing more quantities 
than the capacity of the stack will result in loss of data which is 
usual with any LIFO stack. 

REMOVING THE RESULTS 

Result from an operation will be available at the TOS. Results can 
be transferred from the stack to the data bus by reading the stack. 

When the stack is popped for results, the most significant byte is 
available first and the least significant byte last. A result is always 
of the same precision as the operands that produced it. Thus 
when the result is taken from the stack, the total number of bytes 
popped out should be appropriate with the precision - single 
precision results are 4 bytes and double precision results are 8 
bytes. The following prodedure must be used for reading the 
result from the stack: 

1. A LOW is established on the C/O input. 
2. The CS input is made LOW. When WR and RD inputs are both 

HIGH, the PAUSE output follows the CS input, thus PAUSE 
will be LOW. 

3. After appropriate set up time (see timing diagrams), the RD 
input is made LOW. 

4. Sometime after this, PAUSE will return HIGH indicating that 
the data is available on the DBO-DB7 lines. This data will 
remain on the DBO-DB7 lines as long as the RD input remains 
LOW. 

5. Anytime after PAUSE goes HIGH, the RD input can return 
HIGH to complete transaction. 

6. The CS and C/O inputs can change after appropriate hold time 
requirements are satisfied (see timing diagram). 

7. Repeat this procedure until all bytes appropriate for the preci-
sion of the result are popped out. 

Reading of the stack does not alter its data; it only adjusts the byte 
pointer. If more data is popped than the capacity of the stack, the 
internal byte pointer will wrap around and older data will be read 
again, consistent with the LIFO stack. 

READING STATUS REGISTER· 

The Am9512 status register can be read without any regard to 
whether a command is in progress or not. The only implication 
that has to be considered is the effect this might have on the END 
and ERR outputs discussed in the signal descriptions. 

The following procedure must be followed to accomplish status 
register reading. 

1. Establish HIGH on the ciiS input. 
2. Establish LOW on the CS input. Whenever WR and RD in

puts are HIGH, PAUSE will follow the CS input. Thus, 
PAUSE will go LOW. 

3. After appropriate set up time (see timing diagram) RD -is 
made LOW. . 

4. Sometime after the HIGH to LOW transition of RD, PAUSE 
will become HIGH indicating that status register contents are 
available on the DBO-DB7 lines. These lines will Gontain this 
information as long as RD is LOW. 

5. The RD input can be returned HIGH anytime after PAUSE 
goes HIGH. 

6. The C/D input and CS input can change after satisfying ap
propriate hold time requirements (see timing diagram). 

DATA FORMATS 

The Am9512 handles floating-point quantities in two different 
formats - single precision and double precision. The single pre
cision quantities are 32-bits long as shown below. 

F '.""0 .'~ 

I 
M 

31 30 23 22 

Bit 31: 
S = Sign of the mantissa. 1 represents negative and 0 repre

sents positive. 
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Bits 23-30 
E = These 8-bits represent a biased exponent. The bias is 

27 -1 = 127 

Bits 0-22 
M = 23-bit mantissa. Together with the sign bit, the mantissa 

represents a signed fraction in sign-magitude notatiof). 
There is an implied 1 beyond the most significant bit (bit 22) 
of the mantissa. In other words, the mantissa is assumed to 
be a 24-bit normalized quantity and the most significant bit 
which will always be 1 due to normalization is implied. The 
Am9512 restores this implied bit internally before performing 
arithmetic; normalizes the result and strips the implied bit 
before returning the results to the external data bus. The 
binary point is between the implied bit and bit 22 of the 
mantissa. 

The quantity N represented by the above notation is 

.----'--- Bias 

J-. .-Binary Point 
N = (-1)s 2E-(2

L
l1 (1~M) 

Provided E of. 0 or all 1 'So 

A double precision quantity consists of the mantissa sign bit(s), 
an 11 bit biased exponent (E), and a 52-bit mantissa (M). The bias 
for double precision quantities is 210 - 1. The double precision 
format is illustrated below. 

M 

63 62 52 51 

Bit 63: 
S = Sign of the mantissa. 1 represents negative and 0 repre

sents positive. 

Bits 52-62 
E = These 11 bits represent a biased exponent. The bias is 

210 - 1 = 1023. 

Bit 0-51 
M = 52-bit mantissa. Together with the sign bit, the mantissa 

represents a signed fraction in sign-magnitude notation. 
There is an implied 1 beyond the most significant bit (bit 51) 
of the mantissa. In other words, the mantissa is assumed to 
a 53-bit normalized quantity and the most significant bit, 

. which will always be a 1 due to normalization, is implied. The 
Am9512 restores this implied bit internally before perform
ing arithmetic; normalizes the result and strips the implied bit 
before returning the result to the external data bus. The 
binary point is between the implied bit and bit 51 of the 
mantissa. 

The quantity N represented by the above notation is 

,r-_---Bias 

r-- Binary point 
N = (-1)s 2E-(2

10
- 11 (1~M) 

Provided E f. 0 or all 1 'So 
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STATUS REGISTER 

The Am9512 contains an 8-bit status register with the following 
format. 

Bit 0 and bit 4 are reserved. Occurrence of exponent oerflow (V), 
exponent underflow (U) and divide exception (D) are indicated 
by bits 1,2 and 3 respectively. An attempt to divide by zero i~ the 
only divide exception. Bits 5 and 6 represent a zero result and 
the sign of a result respectively. Bit 7 (Busy) of the status regis
ter indicates if the Am9512 is currently busy executing a com
mand. All the bits are initialized to zero upon reset. Also, 
e~ecuting a CLR (Clear Status) command will result in all zero 
status register bits. A zero in Bit 7 indicates that the Am9512 is 
not busy and a new command may be initiated. As soon as a 
new command is issued, Bit 7 becomes 1 to indicate the device 
is busy and remains 1 until the command execution is complete, 
at which time it will become O. As soon as a new command is 
issued, status register bits 0, 1,2, 3, 4, 5 and 6 are cleared to 
zero. The status bits will be set as required during the command 
execution. Hence, as long as bit 7 is 1, the remainder of the 
status register bit indications should not be relied upon un
less the· ERR occurs. The following is a detailed status bit 
description. 

Bit 0 Reserved 
Bit 1 Exponent overflow (V): When 1, this bit indicates that 

exponent overflow has occurred. Cleared to zero 
otherwise. 

Bit 2 Exponent Underflow (U): When 1, this bit indicates that 
exponent underflow has occurred. Cleared to zero 
otherwise. 

Bit 3 Divide Exception (D): When 1, this bit indicates that an 
attempt to divide by zero is made. Cleared to zero 
otherwise. 

Bit 4 Reserved 
Bit 5 Zero (Z): When 1, this bit indicates that the result returned 

to TOS after a command is all zeros. Cleared to zero 
otherwise. 

Bit 6 Sign (S): When 1, this bit indicates that the result returned 
to TOS is negative. Cleared to zero otherwise. 

Bit 7 Busy: When 1, this bit indicates the Am9512 is in the 
process of executing a command. It will become zero after 
the command execution is complete. 

All other status register bits are valid when the Busy bit is zero . 

ALGORITHMS OF FLOATING-POINT ARITHMETIC 

1. Floating Point to Decimal Conversion 
As an introduction to floating-point arithmetic, a brief descrip
tion of the Decimal equivalent of the Am9512 floating-point 
format should help the reader to understand and verify the 
validity of the arithmetic operations. The Am9512 single preci
sion format is used for the following discussions. With a minor 
modification of the field lengths, the discussion would also 
apply to the double precision format. 

There are three parts in a floating point number: 
a. The sign - the sign applies to the sign of the number. Zero 

means the number is positive or zero. One means the 
number is negative. 
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b. The exponent - the exponent represents the ~agnitude of 
the humber. The Am9512 single precision format has an 
excess 12710 notation which means the code representa
tion is 12710 higher than the actual value. The following are 
a few examples of actual versus coded exponent. 

Actual Coded 

+12710 
o 

-12610 

+25410 
12710 

+1 10 

c. The mantissa - the mantissa.is a 23-bit value with the 
. binary point to the left of the most significant bit. There is a 

hidden 1 to the left of the binary point so the mantissa is 
always less than 2 and greater than or equal to 1. 

To find the Decimal equivalent of the floating point number, 
the mantissa is multiplied by 2 to the power of the actual 
exponent. The number is negated if the sign bit = 1. The 
following are two examples of conversion: 

Example 1 

Floating Point No. = 0 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 

Sign ~ Exponent Mantissa 

Coded Exponent = 10000 (f1 1 B 
Actual Exponent = 1 0 0 0 0 0·1 1 B - 0 1 1 1 1 1 1 1 B = 0 0 0 0 0 1 0 0 B = 410 
Mantissa = 1.1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 

= 1 + 1/2 + 1/4 = 1.7510 
Decimal No. = 24 x 1.75 = 16 x 1.75 = 2810 

Example 2 

Floating Point No. = 1 0 1 1 1 1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 

Sign ~ Exponent Mantissa 

Code Exponent = 0 1 1 1 1 0 1 0 B 
Actual Exponent = 0 1 1 1 1 01 0 B - 01 1 1 1 1 1 1 B = 1 1 1 1 1 01 1 B = -510 
Mantissa = 1.0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 

= 1 + 1/4 + 1/8 = 1.37510 
Decimal No. = _2- 5 x 1.375 = -.0429687510 

2. Unpacking of the Floating-Point Numbers 
The Am9512 unpacks the floating point number into three 
parts before any of the arithmetic operation. The number is 
divided into three parts as described in Section 1. The sign and 
exponent are copied from the original number as 1 and 8-bit 
numbers respectively. The mantissa is stored as a 24-bit 
number. The least significant 23 bits are copied from the 
original number and the MSB is set to 1. The binary point is 
assumed to the right of the MSB. 

The abbreviations listed below are used in the following sec-
tions of algorithm description: -

SIGN - Sign of Result 
EXP - Exponent of Result 
MAN - Mantissa of Result 
SIGN (TOS) - Sign of Top of Stack 
EXP (TOS) - Exponent of Top of Stack 
MAN (TOS) - Mantissa of Top of Stack 
SIGN (NOS) - Sign of Next on Stack 
EXP (NOS) - Exponent of Next on Stack 
MAN (NOS) - Mantissa of Next on Stack 

3. Floating-Point Add/Subtract 
The floating-point add and subtract essentially use the same 
algorithm. The only difference is that floating-point subtract 
changes the sign of the floating-point number at top of stack 
and then performs the floating-point add. 

The following is a step by step description of a floating-point 
add algorithm (Figure 1): 

a. Unpack TOS and NOS. 
b. The exponent of TOS is compared to the exponent of 

NOS. 
c. If the exponents are equal, go to step f. 
d. Right shift the mantissa of the number with the smaller 

exponent. 
e. Increment the smaller exponent and go to step b. 
f. Set sign of result to sign of larger number. 
g. Set exponent of result to exponent of larger number. 
h. If sign of the two numbers are not equal, go to m. 

Add Mantissas. . 
j. Right shift resultant mantissa by 1 and increment expo~ 

nent of result by 1. 
k. If MSB of exponent changes from 1 to 0 as a result of the 

increment, set overflow status. 
Round if necessary and exit. 

m. Subtract smaller mantissa from larger mantissa. 
n. Left shift mantissa and decrement exponent of result. 
o. If MSB of exponent changes from 0 to 1 as a result of the 

decrement, set underflow status and exit. 
p. If the MSB of the resultant mantissa = 0, go to n. 
q. Round if necessary and exit. 

4. Floating-Point Multiply 
Floating-point multiply basically involves the addition of the 
exponents and multiplication of the mantissas. The following 
is a step by step description of a floating multiplication al
gorithm (Figure 2): 

a. Check if TOS or NOS = 0. 
b. If either TOS or NOS = 0, Set result to 0 and exit. 
c. Unpack TOS and NOS. 

. d. Convert EXP (TOS) and EXP (NOS) to unbiased form. 
EXP (TOS) = EXP (TOS) -12710 
EXP (NOS) = EXP (NOS) -12710 

e. Add exponents. -
EXP = EXP (TOS) + EXP (NOS) 

f. If MSB of EXP (TOS) = MSB of EXP (NOS) = 0 and MSB 
of EXP = 1, then set overflow status and exit. 

g. If MSB of EXP (TOS) = MSB of EXP (NOS) = 1 and MSB 
of EXP, = 0, then set underflow status and exit. 

h. Convert Exponent back to biased form. 
EXP = EXP + 12710 . 

If sign of TOS = sign of NOS, set sign of result to 0, else set 
sign of result to 1. 

j. Multiply mantissa. 
k. If MSB of reSUltant = 1, right shift mantissa by 1 . and 

increment exponent of resultant. 
If MSB of exponent changes from 1 to 0 as a result of the 
increment, set overflow status. 

m. Round if necessary and exit. 

5. Floating-Point Divide 
The floating-point divide basically involves the subtraction of 
exponents and the division of mantissas. The following is a 

. step by step description of a division algorithm (Figure 3). 

a. If TOS = 0, set divide exception error and exit. 
b. If NOS = 0, set result to 0 and exit. 
c. Unpack TOS and NOS. 
d. Convert EXP (TOS) and EXP (NOS) to unbiased form. 

EXP (TOS) = EXP (TOS) - 12710 
EXP (NOS) = EXP (NOS) - 12710 

e. Subtract exponent of TOS from exponent of NOS. 
EXP = EXP (NOS) - EXP (TOS) 

f. If MSB of EXP (NOS) = 0, MSB of EXP (TOS) = 1 and 
MSB of EXP = 1, then set overflow status and exit. 

g. If MSB of EXP (NOS) = 1, MSB of EXP (TOS) = 0, and 
MSB of EXP = 0, then set underflow status and exit. 
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Figure 1. Conceptual Floating-Point Addition/Subtraction. 
MOS·205 

h. Add bias to exponent of result. 
EXP = EXP + 12710 
If sign of TOS = sign of NOS, set sign of result to 0, else set· 
sign of result to 1. 

j. Divide mantissa of NOS by mantissa of TOS. 
k. If MSB = 0, left shift mantissa and decrement exponent of 

resultant, else go to n. 
If MSB of exponent changes from 0 to 1 as a result of the 
decrement, set underflow status. 

m. Go to k. 
n. Round if necessary and·exit. 

The algorithms described above provide the user a means of 
verifying the validity of the result. They do not necessarily 
reflect the exact internal sequence of the Am9512. 

6. Rounding 
The Am9512 adopts a rounding algorithm that is consistent 
with the Intel® standard for floating-point arithmetic. The fol- . 
lowing description is an excerpt from the paper published in 
proceedings of Compsac 77, November 1977, pp. 107-112 by 
Dr. John F. Palmer of Intel Corporation. 
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The method used for doing the rounding during floating-point 
arithmetic is known as "Round to Even", i.e., if the resultant 
number is exactly halfway between two floating point num
bers, the number is rounded to the nearest floating-point 
number whose LSB of the mantissa is O. In order to simplify the 
explanation, the algorithms will be illustrated with 4-bit arith
metic. The existence of an accumulator will be l;I.ssumed as 
shown: 

OF B1 B2 B3 B4 

The bit labels denote: 

OF - The overflow bit 
B1-B4 - The 4 mantissa bits 
G - The Guard bit 
R - The Rounding bit 
ST - The "Sticky" bit 

G R ST 
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Figure 2. Conceptual Floating·Polnt Multiplication. 

The Sticky bit is set to one if any ones are shifted right of the 
rounding bit in the process of denormalization. If the Sticky bit 
becomes set, it remains set throughout the operation. All 
shifting in the Accumulator involves the OF, G, Rand ST bits. 
The ST bit is not affected by left shifts but, zeros are introduced 
into OF by right shifts. 

Rounding during addition of magnitudes - add 1 to the G 
position, then if G=R=ST=O, set B4 to 0 ("Rounding to 
Even"). 

Rounding during subtraction of magnitudes - if more than one 
left shift was performed, no rounding is needed, otherwise 
round the same way as addition of magnitudes. 

Rounding during multiplication - let the normalized double 
length product be: 
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B1 B2 B3 B4 B5 B6 B7 B8 

Then G=BS, R=B6, ST=B7 V B8. The rounding is then per
formed as in addition of mag'nitudes. 

Rounding during divLsion - let the first six bits of the nor
malized quotient be 

B1 B2 B3 B4 B5 B6 

Then G=BS, H=B6, ST=O if and only if remainder = O. The 
rounding is then performed as in addition of magnitudes. 
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Figure 3. Conceptual Floating-Point Division. 
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CHSD 
CHANGE SIGN DOUBLE PRECISION 

7 6 5 4 3 2 ° 
Binary Coding: I LS_R_E--'I_0----'_1----L_0---L_----L_--'--_0_L------l 

Hex Coding: AD IF SRE = 1 
2D IF SRE = ° 

Execution Time: See Table 2 
Description: 
The sign of the double precision TOS operand A is com
plemented. The double precision result R is returned to TOS. If 
the double precision operand A is zero, then the sign is not 
affected. The status bit Sand Z indicate the sign of the result and if 
the result is zero. The status bits U, V and D are always cleared to 
zero. 
Status Affected: S, Z. (U, V, 0 always zero.) 

BEFORE 

A 

B 

STACK CONTENTS 

TOS 

NOS 

AFTER 

R 

B 

CHSS 
CHANGE SIGN SINGLE PRECISION 

7 6 543 2 ° 
Binary Coding: LIS_R_E...LI_0--L_o -L_0---L_0--L_-L_0---L_ 

Hex Coding: 85 IF SRE = 1 
05 IF SRE = ° 

Execution Time: See Table 2 
Description: 
The sign of the single precision operand A at TOS is com
plemented. The single precision result R is returned to TOS_lfthe 
exponent field of A is zero, all bits of R will be zeros. The status 
bits Sand Z indicate the sign of the result and if the result is zero. 
The status bits U, V and D are cleared to zero_ 

Status Affected: S, Z. (U, V, D always zero.) 

BEFORE 

A 

B 

c 
D 

STACK CONTENTS 

I--

I--

TOS 

NOS 
--

AFTER 

R 

B 

C 

D 

7-213 



Am9S12 

CLR 
CLEAR STATUS 

7 6 5 

Binary Coding: ISRE I 0 0 

Hex Coding: 80 IF SRE = 1 
00 IF SRE = 0 

Execution Time: 4 clock cycles 
Description: 

4 3 

0 0 

2 0 

0 0 0 

The status bits S, Z, 0, U, V are cleared to zero. The stack is not 
affected. This essentially is a no operation command as far as 
operands are concerned. 

Status Affected: S, Z, 0, U, V always zero. 

DADD 
DOUBLE PRECISION FLOATING-POINT ADD 

7 {) 5 

Binary Coding: ISREI. 0 

Hex Coding: A9 IF SRE = 1 
29 IF SRE = 0 

Execution Time: See Table 2 
Description: 

4 3 2 0 

0 0 0 

The double precision operand A from TOS is added to the double 
precision operand B from NOS. The result is rounded to obtain 
the final double precision result R which is returned to TOS. The 
status bits S, Z, U and V are affected to report sign of the result, if 
the result is zero, exponent underflow and exponent overflow 
respectively. The status bit 0 will be cleared to zero. 

Status Affected: S, Z, U, V. (0 always zero.) 

STACK CONTENTS 

BEFORE AFTER 

DSUB 
DOUBLE PRECISION 

FLOATING-POINT SUBTRACT 

7 6 5 4 

Binary Coding: ISRE i 0 0 

Hex Coding: AA IF SRE = 1 
2A iF SRE = 0 

Execution Time: See Table 2 
Description: . 

3 2 

o 
o 
o 

The double precision operand A at TOS is subtracted from the 
double precision operand B at NOS. The result is rounded to 
obtain the final double precision result R which is returned to 
TOS. The status bits S, Z, U and V are affected to report sign of 
the result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit 0 will be cleared to zero. 

Status Affected: S, Z, U, V. (D always zero.) 

STACK CONTENTS 

BEFORE AFTER 

~----_A------~r---TNOOSS-1~----_R------~ 
B r- ~ Undefined 

DMUL 
DOUBLE PRECISION 

FLOATING-POINT MULTIPLY 

7 6 5 4 

Binary Coding: ISREI 0 0 

Hex Coding: AB IF SRE = 1 
2B IF SRE,= 0 

Execution Time: See Table 2 
Description: 

3 2 

o 
o 

The double precision operand A from TOS is multiplied by the 
double precision operand B from NOS. The result is rounded to 
obtain the final double precision result R which is returned ,to 
TOS. The status bits S, Z, U and V are affected to report sign of 
the result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit 0 will be cleared to zero. 

Status Affected: S, Z, U, V. (D always zero.) 

STACK CONTENTS 

A r- TNOOSS -1 A I BEFORE AFTER 

~=======B======~r- ~L. ____ u_n_d_ef_in_e_d __ ~ ~I ------~:------~~:~~~~----U-n-d-:-in-e-d--~ 
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DDIV 
DOUBLE PRECISION 

FLOATING-POINT DIVIDE 

7 6 5 

Binary Code: ISREI 0 

Hex Coding: AC IF SRE = 1 
2C IF SRE = 0 

Execution Time: See Table 2 
Description: 

4 3 2 

0 1. 

0 

0 0 

The double precision operand B from NOS is divided by the 
double precision operand A from TOS. Th~ result (quotient) is 
rounded to obtain the final double precision result R which is 
returned to TOS. The status bits, S, Z, D, U and V are affected to 
report sign of the result, if the result is zero, attempt to divide by 
zero, exponent underflow and exponent overflow respectively. 

Status Affected: S, Z, D, U, V 

STACK CONTENT 

BEFORE AFTER 

~TOS A R (see note) 

B NOS Undefined 

Note: If A is zero, then R = 8 (Divide exception). 

SADD 
SINGLE PRECISION FLOATING-POINT ADD 

7 6 5 4 

Binary Coding: ISRE I 0 0 0 

Hex Coding: 81 IF SRE = 1 
01 IF SRE = 0 

Execution Time: See Table 2 
Description: 

3 2 o 
o o o 

The single precision operand A from TOS is added to the single 
precision operand B from NOS. The result is rounded to obtain 
the final single precision result R which is returned to TOS. The 
status bits S, Z, U and V are affected to report the sign of the 
result, if the result is zero, exponent underflow and exponent 
overflow r~spectively. The status bit D will be cleared to zero. 

Status Affected: S, Z, U, V. (D always zero.) 

STACK CONTENT 

BEFORE AFTER 

A. ~TOS- R 

B ~NOS- C 

C D 

D Undefined 

SSUB 
SINGLE PRECISION 

FLOATING-POINT SUBTRACT 

7 6 5 4 

Binary Coding: ISREI 0 0 0 

Hex Coding: 82 IF SRE = 1 
02 IF SRE = 0 

Execution Time: See Table 2 
Description: 

3 2 

o o 

Am9S12 

o 
.1 o 

The single precision operand A at TOS is subtracted from the 
single precision operand B at NOS. The result is rounded to 
obtain the final single precision result R which is returned to TOS. 
The status bits S, Z, U and V are affected to report the sign of the 
result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit D will be cleared to zero. 

Status Affected: S, Z, U, V. (D always zero.) 

STACK 'CONTENTS 

BEFORE AFTER 

A --TOS- R 

B --NOS- C 

C D 

D Undefined 

SMUL 
SINGLE PRECISION 

FLOATING-POINT MULTIPLY 

7 6 5 4 

Binary Coding: ISREI 0 0 0 

Hex Coding: 83 IF SRE = 1 
031F SRE = 0 

Execution Time: See Table 2 
Description: 

3 2 

o o 
o 

The single precision operand A from TOS is multiplied by the 
single precision operand B from NOS. The result is rounded to 
obtain the final single precision result R which is returned to TOS. 
The status bits S, Z, U and V are affected to report the sign of the 
result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit D will be cleared to zero. 

Status Affected: S, Z, U. V. (D always zero.) 

STACK CONTENTS 

BEFORE AFTER 

A I-TOS- R 
r-------------~ ~------------~ 

B '~NOS- C 
r-------------~ ~------------~ 

C D 

D Undefined 
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SDIV 
SINGLE PRECISION 

FLOATING-POINT DIVIDE 

7 6 5 4 

Binary Coding: ISRE I 0 0 0 

Hex Coding: 84 IF SRE = 1 
04 IF SRE = 0 

Execution Time: See Table 2 
Description: 

3 2 

o 
o 

o o 

The single precision operand B from NOS is divided by the 
single precision operand A from TOS. The result (quotient) is 
rounded to obtain the final result R which is returned to TOS. 
The status bits S, Z, D, U and V are affected to report the sign of 
the result, if the result is zero, attempt to divide by zero, expo
nent underflow and exponent overflow respectively. 

Status Affected: S, Z, D, U, V 

BEFORE 

A 

B 

c 
D 

STACK CONTENTS 

I--

f---

TOS 

NOS 
--

AFTER 

R (see note) 

C 

D 

Undefined 

Note: If exponent field of A is zero then R = B (Divide exception). 

POPS 
POP STACK SINGLE PRECISION 

7 6 5 4 3 

Binary Coding: ISRE I 0 0 0 0 

Hex Coding: 87 IF SRE = 1 
07 IF SRE = 0 

Execution Time: See Table 2 
Description: 

2 o 

The single precision operand A is popped from the. stack. The 
internal stack control mechanism is such that A will be written at 
the bottom of the stack. The status bits Sand Z are affected to 
report the sign of the new operand at TOS and if it is zero, 
respectively. The status bits U, V and D will be cleared to zero. 
Note that only the exponent field of the new TOS is checked for 
zero, if it is zero status bit Z will set to 1. 

Status Affected: S, Z. (U, V, D always zero.) 

BEFORE 

A 

B 

c 
D 

STACK CONTENTS 

I--

f---

TOS 

NOS 
--

AFTER 

B 

C 

D 

A 
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PTOD 
PUSH STACK DOUBLE PRECISION 

7 6 5 4 

Binary Coding: ISREI 0 1 0 

Hex Coding: AE IF SRE = 1 
2E IF SRE = 0 

Execution Time: See Table 2 
Description: 

3 2 o 
o 

The double precision operand A from the TOS is pushed back on 
to the stack. This is effectively a duplication of A into two con
secutive stack locations. The status Sand Z are affected to report 
sign of the new TOS and if the new TOS is zero respectively. The 
status bits U, V and D will be cleared to zero. 

Status Affected: S, Z. (U, V, D always zero.) 

STACK CONTENTS 

BEFORE AFTER 

~-----:----~~:~:~~------:----~ 

PTOS 
PUSH STACK SINGLE PRECISION 

7 6 5 4 

Binary Coding: ISREI 0 0 0 

Hex Coding: 86 IF SRE = 1 
06 IF SRE = 0 

Execution Time: See Table 2 
Description: 

3 2 

o 
o 
o 

This instruction effectively pushes the single precision operand 
from TOS on to the stack. This amounts to duplicating the 
operand at two locations in the stack. However, if the operand at 
TOS prior to the PTOS command has only its exponent field as 
zero, the new content of the TOS will all be zeroes. The contents . 
of NOS will be an exact copy of the old TOS. The status bits S 
and Z are affected to report the sign of the new TOS and if the 
content of TOS is zero, respectively. The status bits U, V and D 
will be cleared to zero. 

Status Affected: S, Z. (U, V, D always zero.) 

BEFORE 

A 

B 

C 

D 

STACK CONTENTS 

I----

I---

TOS 

NOS 
--

Note: A' = A if Exponent field of A is not zero. 
A* = 0 if Exponent field of A is zero. 

AFTE;R 

A' See note 

A 

B 

C 



POPD 
POP STACK DOUBLE PRECISION 

7 6 5 4 

Binary Coding: ISRE I 0 1 0 

Hex Coding: AF IF SRE = 1 
2F IF SRE = 0 

Execution Time: See Table 2 
Description: 

3 2 o 

XCHS 
EXCHANGE TOS AND NOS' 

SINGLE-PRECISION 

7 6 5 

Binary Coding: ISRE I 0 0 

Hex Coding: 88 IF SRE = 1 
08 IF SRE = 0 

Execution Time: See Table 2 
Description: 

4 3 2 

0 0 

Am9512 

0 

0 0 

The double' precision operand A is popped from the stack. The 
internal stack control mechanism is such that A will be written at 
the bottom of the stack. This operation has the same effect as 
exchanging TOS and NOS. The status bits Sand Z are affected to 
report the sign of the new operand at TOS and if it is zero, 
respectively. The status bits U, V and D will be cleared to zero. 

The single precision operand A at the TOS and the single preci
sion operand B at the NOS are exchanged. After execution, B is at 
the TOS and A is at the NOS. All other operands are unchanged. 

. Status Affected: S, Z (U, V and D always zero.) 

Status Affected: S, Z (U, V and D always zero.) STACK CONTENTS 

STACK CONTENTS 

BEFORE AFTER 

~-----:----~~:~:~~------:----~ 

Am25LS138 

IOiM 1-----1 Gl 

A15 G2A 

A14 G2B 

A13 C 

BEFORE 

A 

B 

C 

D 

I---

I---

TOS 

NOS 

A12 B 

All A 
Voo Vee Vss 

Y 1n----cI CS 

A8 ~-------------I C/O I 

Am9512 

ADO-AD7 K, r-___ ....:8:..:-B:.:.:IT:....:D:.:.:A~TA:...:B:.:U_=_S ___ __,/; DBO-DB7 

"I V 

M~-------------~ M 

--

...-----1 RST6.5 WR I--------------~I WR ERR 1--__ -. 

r---- RST5.5 CLK OUT 1--------------1 CLK END r----r READY RESET OUT RESET PAUSE h 
I~-----~ +5V~o--:1~OK~-<t~~EA~C~K---JI I 

Figure 4. Am9512 to Am8085 Interface. 
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B 
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Am9512 
MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature -65 to +150°C 

VDD with Respect to VSS -0.5 to +15.0V 

VCC with Respect to Vss -0.5 to +7.0V 

All Signal Voltages with Respect to VSS -0.5 to +7.0V 

Power Dissipation (Package Limitation) 2.0W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to 
avoid exposure to excessive voltages. 

ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1) 

Parameters Description Test Conditions Min. Typ. Max. Units 

VOH Output HIGH Voltage 10H = -200JLA 3.7 Volts 

VOL Output LOW Voltage 10L = 3.2rnA 0.4 Volts 

VIH Input HIGH Voltage 2.0 VCC Volts 

VIL Input LOW Voltage -0.5 0.8 Volts 

IIX Input Load Current VSS,,;;; VI,,;;; VCC ±10 JLA 

IOZ Data Bus Leakage 
VO = O.4V 10 

JLA 
VO = VCC 10 

TA = +25°C 50 90 

ICC VCC Supply Current TA = O°C 95 rnA 

TA = -55°C 100 

TA = +25°C 50 90 

IDD VDD Supply Current TA = O°C 95 rnA 

TA = -55°C 100 

CO Output Capacitance 8 10 pF 

CI Input Capacitance fc = 1.0MHz, Inputs = OV 5 8 pF 

CIO I/O Capacitance 10 12 pF 

INPUT AND OUTPUT WAVEFORMS FOR AC TESTS 

U\t:: yro~ ::~ 
O.45~-----";'-------~ 
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;WITCHING CHARACTERISTICS 

Parameters Description 

TAPW EACK LOW Pulse Width 

TCDR C/O to RD LOW Set-up Time 

TCDW C/D to WR LOW Set-up Time 

TCPH Clock Pulse HIGH Width 

TCPL Clock Pulse LOW Width 

TCSP CS LOW to PAUSE LOW Delay (Note 5) 

TCSR CS to RD LOW Set-up Time 

TCSW CS LOW to WR LOW Set-up Time 

TCY Clock Period 

TOW Data Valid to WR HIGH Delay 

TEAE EACK LOW to END LOW Delay 

TEHPHR END HIGH to PAUSE HIGH Data Read when Busy 

lEHPHW END HIGH to PAUSE HIGH Write when Busy 

TEPW END HIGH Pulse Width 

TEX Execution Time 

TOP Data Bus Output Valid to PAUSE HIGH Delay 

TPPWR PAUSE LOW Pulse Width Read 
Data 

Status 

Data 
TPPWRB END HIGH to PAUSE HIGH Read when Busy 

Status 

TPPWW PAUSE'LOW Pulse Width Write when Not Busy 

TPPWWB PAUSE LOW Pulse Width Write when Busy 

TPR PAUSE HIGH to Read HIGH Hold Time 

TPW PAUSE HIGH to Write HIGH Hold Time 

TACD RD HIGH to C/D Hold Time 

TRCS RD HIGH to CS HIGH Hold Time 

TAO RD LOW to Data Bus On Delay 

TAZ RD HIGH to Data Bus Off Delay 

TSAPW SVACK LOW Pulse Width 

TSAR SVACK LOW to SVREQ LOW Delay 

TWCD WR HIGH to C/D Hold Time 

TWCS WR HIGH to CS HIGH Hold Time 

TWD WR HIGH to Data Bus Hold Time 

NOTES: 
1. Typical values are for T A = 25°C, nominal supply voltages 

and nominal processing parameters. 
2. Switching parameters are listed in alphabetical order. 
3. Test conditions assume transition times of 20ns or less, out

put loading of one TIL gate plus 1 OOpF and timing reference 
levels of O.BV and 2.0V. 
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Am9512DC Am9512-1 DC 
Min Max Min Max Units 

100 75 ns 

0 0 ns 

0 0 ns 

200 500 140 500 ns 

240 160 ns 

150 100 ns 

0 0 ns 

0 0 ns 

480 5000 320 2000 ns 

150 100 ns 

200 175 ns 

5.5TCY+300 5.5TCY+200 ns 

200 175 ns 

400 300 ns 

See Table 2 ns 

0 0 ns 

3.5TCY+50 5.5TCY+300 3.5TCY+50 5.5TCY+200 
ns 

1.5TCY+50 3.5TCY+300 1.5TCY+50 3.5TCY+200 

See Table 2 
ns 

1.5TCY+50 3.5TCY+300 1.5TCY+50 3.5TCY+200 

TCSW+50 TCSW+50 ns 

See Table 2 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

50 50 ns 

50 200 50 150 ns 

100 75 ns 

300 200 ns 

60 30 ns 

60 30 ns 

20 20 ns 

4. END HIGH pulse width is specified for EACK tied to VSS. 
Otherwise TEAE applies. 

5. PAUSE is pulled low for both command and data operations. 
6. TEX is the execution time of the current command (see the 

Command Execution Times table). 
7. PAUSE will go low at this point if CS is low and RD and WR are 

high. 
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TIMING DIAGRAMS 

READ OPERATION 

MOS-20B 

OPERAND READ WHEN Am9512 IS BUSY 

ClK 

- I----TCDR 

\ t( 

Ir-r-
.', ~. 

-< i---TCSR TPR !--TRCS-

~ I----I--TRO 

~V-1/ 

TPPWRB TRCD 

1\ ,- II NOt 7 

- I----TOP TRZ ___ l-
. ( 

00-07 
\. ~II IIAAAI IIA DATA ~K :I II IIXYYIXX IYIXXI XI IXX VALID / ..IX IXIIIXX ,XXIXXXI 

\~ (( 
r-.., 

Cli> 

)) 
TEHPHR_ 

END i 
------------~ff~----~ \~------~------

MOS-209 
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TIMING DIAGRAMS (Cent.) 

OPERAND ENTRY 

MOS-210 

COMMAND OR DATA WRITE WHEN Am9512 IS BUSY 

~-------------------TPPWWB--------------------~ 

00-07 

c/o 

} TEHPHW 

END \ 11 If 

MOS-211 
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TIMING DIAGRAMS (Cont.) 

COMMAND INITIATION 

\'----
1, 

\ 
i 

Jl I 
I--TC5W -TWC5 

\ 7 
l 

TC5P_ - i TPW
-

\ NotE 7 

i 

11 TOW-- I----TWO 

00-07 

Ii j 

Xf- K 
/ 

DATA VALID , 
I =W) - I- TWC0"1 

) 

I / 
TEX 

J "~] I j 
i 

I i f'" TAPWY 

END 

TEX 

""0 .. ) -} 

SVACK ===================:::: =======================:;~;:====~----f '~:Wr 
M05·212 
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Am9513 • AmZ8073 
System Timing Controller 

DISTINCTIVE CHARACTERISTICS 

• F:ive independent 16-bit counters 

• High speed counting rates 

• Up/down and binary/BCD counting 

• Internal oscillator frequency source 

• Tapped frequency scaler 

• Programmable frequency output 

• 8-bit or 16-bit bus interface 

• Time-of-day option 

• Alarm comparators on counters 1 and 2 

• Complex duty cycle outputs 

• One-shot or continuous outputs 

• Programmable count/gate source selection 

• Programmable input and output polarities 

• Programmable gating functions 

• Retriggering capability 

• +5 volt power supply 

• Standard 40-pin package 

(+SV) VCC 

OUT 2 

OUT 1 

GATE 1 
X1 

X2 

FOUT 

c/o 
WR 
cs 
AD 

DBO 
DB1 

DB2 

DB3 

DB4 
DBS 

DBB 
DD7 

GATE 1A1DBB 

CONNECTION DIAGRAM 

D-40 
P-40 

Pin 1 is marked for orientation. 

Figure 1. 

Z8000 is a trademark of Zilog, Inc. 

OUT 3 

. GATE 2 

OUT 4 

OUTS 

GATE 3 

GATE 4 

GATES 

SOURCE 1 

SOURCE 2 

SOURCE 3 

SOURCE 4 

SOURCES 

DB1S 

DB14 

DB13 
DB12/GATE SA 
DB11/GATE 4A 

DB10/GATE 3A 
DD9/GATE 2A 

VSS(GND) 

MMC-088 

GENERAL DESCRIPTION 

The Am9513 System Timing Controller is an LSI circuit designed 
to service many types of counting, sequencing and timing appli
cations. It provides the capability for programmable frequency 
synthesis, high resolution programmable duty cycle waveforms, 
retriggerable digital one-shots, time-of-day clocking, coincidence 
alarms, complex pulse generation, high resolution baud rate 
generation, frequency shift keying, stop-watching timing, event 
couDt accumulation, waveform analysis and many more. A vari
ety of programmable operating modes and control features allow 
the Am9513 to be personalized for particular applications as well 
as dynamically reconfigured under program control. 

The STC includes five general-purpose 16-bit counters. A variety 
of internal frequency sources and external pins may be selected 
as inputs for individual counters with software selectable active
high or active-low input polarity. Both hardware and'software 
gating of each counter is available. Three-state outputs for each 
counter provide pulses or levels and can be active-high or ac
tive-low. The counters can be programmed to count upordown in 
either binary or BCD. The host processor may read an accumu
lated count at any time without disturbing the counting process. 
Any of the counters may be internally concatenated to form any 
effective counter length up to 80 bits. 

The AmZ8073 is functionally equiyalent to the Am9513 with 
timing enhancements which allow it to be fully speed compatible 
with the AmZ8001 and AmZ8002 microprocessors. 

ORDERING INFORMATION 

Counting 

Package Temperature Frequency 

Type Range 7MHz 

Molded AM9513PC 

Hermetic 
O°C.;::; TA';::; +7~oC 

AM9513DC 

Hermetic -40°C.;::; TA';::; +85°C AM9513DI 

Hermetic -55°C.;::; TA';::; +125°C AM9513DMB 

Molded AMZ8073PC 

Hermetic 
O°C ~ TA .;::; + 70°,? 

AMZ8073DC' 

Hermetic -40°C.;::; TA .;::; +S5°C AMZS073DI 

See the "A1l,l9513 System Timing Controller Handbook" -
1983 edition (034028) for detailed technical information, 
application examples and software considerations. 

01731C-MMP 
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Am9513· AmZ8073 
Am9513 MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature 

Ambient Temperature Under Bias 

vee with Respect to VSS -O.5V to + 7.0V 

All Signal Voltages with Respect to VSS -O.5V to + 7.0V 

Power Dissipation (Package Limitation) 1.5W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. . 

. OPERATING RANGE 

Part Number Temperature VCC VSS 

Am9513DC/PC O°C "" TA "" +70°C +5V ±5% OV 

Am9513DI -40°C"" TA "" +S5°C +5V ±5% OV 

Am9513DM -55°C"" TA "" +125°C +5V ±5% OV 

AmZS073DC/PC O°C "" TA "" +70°C +5V.±5% OV 

AmZS073DI -40°C"" TA "" +S5°C +5V ±5% OV 

ELECTRICAL CHARACTERISTICS over operating range (Notes 1 and 2) 

Parameter Description Test Conditions Min Typ Max Units 

All Inputs Except X2 VSS-0.5 O.S 
VIL Input Low Voltage Volts 

X2 Input VSS-0.5 O.S 

All Inputs Except X2 2.2V VCC 
VIH Input High Voltage Volts 

X2 Input 3.S VCC 

VITH Input Hysteresis (SRC and GATE Inputs Only) 0.2 0.3 Volts 

VOL Output Low Voltage 10L = 3.2mA 0.4 Volts 

VOH Output High Voltage 10H = -200/LA 2.4 Volts 

IIX Input Load Current (Except X2) VSS "" VIN "" VCC ±10 /LA 

10Z Output Leakage Current (Except X1) 
VSS + 0.4 "" VOUT .;; VCC 

±25 /LA High Impedance State 

TA = -55°C 275 

ICC VCC Supply Current (Steady State) TA = O°C 255 mA 

TA = +25°C 190 235 

CIN Input Capacitance f = 1MHz, TA= +25°C, 10 

COUT Output Capacitance All pins not under 15 pF 

CIO IN/OUT Capacitance test at OV. 20 

INPUT WAVEFORMS FOR AC TESTS 

2.4 ------""'X2.O-- TEST ---2.0X 
0.45 ______ ...... _ 0.8 __ POINTS __ 0.8.. '-. _~ ___ _ 
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Am9513· AmZ8073 
SWITCHING CHARACTERISTICS over operating range (Notes 2, 3, 4) 

Am9513 AmZ8073 

Parameter Description Figure Min Max Min Max Units 

TAVRL C/O Valid to Read Low 23 25 25 ns 

TAVWH C/D Valid to Write High 23 170 170 ns 

TCHCH • X2 High to X2 High (X2 Period) 24 145 145 ns 

TCHCL X2 High to X2 Low (X2 High Pulse Width) 24 70 70 ns 

TCLCH X2 Low to X2 High (X2 Low Pulse Width) 24 70 ' 70 ns 

TDVWH Data In Valid to Write High 23 80 80 ns 

TEHEH Count Source High to Count Source High 24 145 , 145 ns 
(Source Cycle Time) (Note 10) 

TEHEL 
TELEH 

Count Source Pulse D~ration (Note 10) 24 70 70 ns 

TEHFV Count Source High to FOUT Valid (Note 10) 24 500 500 ns 

TEHGV 
Count Source High to Gate Valid (Level Gating Hold Time) 

24 10 10 ns 
(Notes 10,12,13) 

TEHRL Count Source 'High to Read Low (Set-up Time) (Notes 5, 10) 23 190 190 ns 

TEHWH Count Source High to Write High (Set-up Time) (Notes 6, 10) 23 -100 -100 ns 

TC Output 24 300 300 

TEHYV Count Source High to Out Valid (Note 10) Immediate or Delayed Toggle Output 24 300 300 ns 

Comparator Output 24 350 350 

TFN FN High to FN+1 Valid (Note 14) 24 75 75 I ns 

TGVEH 
Gate Valid to Count Source High (Level Gating Set-up Time) 

24 100 100 ns 
(Notes 10, 12, 13) 

TGVGV Gate Valid to Gate Valid (Gate Pulse Duration) (Notes 11, 13) 24 145 145 ns 

TGVWH Gate Valid to Write High (Notes 6, 13) 23 -100 -100 ns 

TRHAX Read High to C/D Don't Care 23 0 0 ns 

TRHEH Read High to Count Source High (Notes 7, 10) 23 0 0 ns 

TRHQX Read High to Data Out Invalid 23 10 10 ns 

TRHQZ 
Read High to Data Out at High Impedance 

23 85 85 ns 
(Data Bus Release Time) 

TRHRL Read High to Read Low (Read Recovery Time) 23 1000' 1000 ns 

TRHSH Read High to CS High (Note 15) 23 0 0 ns 

TRHWL Read High to Write Low (Read Recovery Time) 23 1000 1000 ns 

TRLQV Read Low to Data Out Valid 23 110 110 ns 

TRLQX Read Low to Data Bus Driven (Data Bus Drive Time) 23 20 20 ns 

TRLRH Read Low to Read High (Read Pulse Duration) (Note 15) 23 160 160 ns 

TSLRL CS Low to Read Low (Note 15) 23 20 20 ns 

TSLWH CS Low to Write High (Note 15) 23 170 170 ns 

TWHAX Write High to C/D Don't Care 23 20 20 ns 

TWHDX Write High to Data In Don't Care 23 20 20 ns 

TWHEH Write High to Count Source High (Notes 8, 10, 17) 23 475 475 ns 

TWHGV Write High to Gate Valid (Notes 8, 13, 17) 23 500 500 ns 

TWHRL Write High to Read Low (Write Recovery Time) 23 1500 1000 ns 

TWHSH Write High to CS High (Note 15) 23 20 20 ns 

TWHWL Write High to Write Low (Write Recovery Time) 23 1500 1000 ns 

TWHYV Write High to Out Valid (Note 9, 17) 23 650 650 ns 

TWLWH Write Low to Write High (Write Pulse Duration) (Note 15) 23 150 150 ns 
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ENABLED 
COUNT 

SOURCE 
(NOTE 10) 

GATE INPUT 
(NOTE 13) 

Bus Transfer Switching Waveforms 

--------r---------+-------------------------------J 

cs 
(NOTE 15) 

c/o 

IN~~~~ ------'H-O(I 

OUT 

ENABLED 
COUNT 

SOURCE 
(NOTE 10) ---....I 

GATE 
(NOTE 13) 

FOUT 

Counter Switching Waveforms 

TEHGV 

MOS·183 

OUT 
TEHYV-3<-i '--_______ _ 

\ ~ 
TCHCH ~ 

(NOTE ~~ . }-----.I'7 
TCHCL 

FN\ ~\ / \ 
FN+1 

~ = TFN (NO" "I 

\'"----

MOS·184 
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NOTES: 

1. Typical values are for T A = 2SoC, nomirral supply voltage 
and nominal processing parameters. 

2. Test conditions assume transition times of 10ns or less, 
timing reference levels of 0.8V and 2.0V and output loading 
of one TTL gate plus 100pF, unless otherwise noted. 

3. Abbreviations used for the switching parameter symbols are 
given as the letter T followed by four or five characters. The 
first and third characters represent the signal names on 
which the measurements start and end. Signal abbrevia
tions used are: 

A (Address) = ciEi 
C (Clock) = X2 
o (Data In) = 080-081S 
E (Enabled counter source input) SRC1-SRCS, 

GATE1-GATES, F1-FS, TCN-1 
F = FOUT 
G (Counter gate input) = GATE1-GATES, TCN-1 
Q (Data Out) = 080-081S 
R (Read) = RO 
S (Chip Select) = CS 
W (Write) = WR 
Y (Output) = OUT1-0UTS 

The second and fourth letters designate the reference 
states of the signals named in the first and third letters 
respectively, using the following abbreviations. 

H = High 
L = Low 
V = Valid 
X = unknown or don't care 
Z = high impedance . 

4. Switching parameters are listed in alphabetical order. 
S. Any input transition that occurs before this minimum setup 

requirement will be reflected in the contents read from the 
status register. 

6. Any input transition that occurs before this minimum setup 
requirement will act on the counter before the execution of 
the operation initiated by the write. Failure to meet this setup 
time when issuing commands to the counter may result in 
incorrect counter operation. 

Am9513 • AmZ8073 

7. Any input transition that occurs after this minimum hold time 
is guaranteed to not influence the contents read from the 
status register on the current read operation. 

8. Any input transition that occurs after this minimum hold time 
is guaranteed to be seen by the counter as occurring after the 
action initiated by the write operation. Failure to meet this 
hold time when issuing commands to the counter may.result 
in incorrect counter operation. 

9. This parameter applies to cases where the write operation 
causes a change in the output bit. 

10. The enabled count source is one of F1-FS, TCN-1, 
SRC1-SRCS or GATE1-GATES, as selected in the applica
ble Counter Mode register. The timing diagram assumes 
the counter counts on rising source edges. The timing spec
ifications are the same for falling-edge counting. 

11. This parameter applies to edge gating (CM1S-CM13 = 110 
or 111) and gating when both CM7 = 1 and CM 1S-CM 13 =t

ODD. This parameter represents the minimum GATE pulse 
width needed to ensure that the pulse initiates counting or 
counter reloading. 

12. This parameter applies to both edge and level gating 
(CM1S-CM13 = 001 through 111) and gating when both 
CM7 = 1 and CM1S-CM13 = 000. This parameter repre
sents the minimum setup or hold times to ensure that the 
Gate input is seen at the intended level on tho active 
source edge. Failure to meet the required setup and hold· 
times may result in incorrect counter operation. 

13. This parameter assumes that the GATENA input is unused 
(16-bit bus mode) or is tied high. In cases where the 
GATENA input is used, this timing specification must be met 
by bOth the GATE and GATENA inputs. 

14. Signals F1-FS cannot be directly monitored by the user. The 
phase difference between these signals will manifest itself 
by causing counters using two different F signals to count at 
different times on nominally simultaneous transitions in the 
F signals. 

1S. This timing speCification assumes that CS is active' 
whenever RO or WR are active. CS may be hold active 
indefinitely. 

16. This parameter assumes X2 is driven from an external gate 
with a square wave. 

17. This parameter assumes that the write operation IS to the 
command register. 
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Am9516 
Universal DMA Confroller(UDCJ 

DISTINCTIVE CHARACTERISTICS 

.' Two independent multi-function channels 
• Transfer Modes: Single, demand dedicated with 

bus hold, demand dedicated with bus release, 
demand interleave 

• Data types: Byte-to-Byte, Word-to-Word, Byte/ 
Word funnelling 

• 16 Megabyte physical addressing range in each 
address space 

• Address increment, decrement or hold 
• Automatic loading/reloading of control parameters by 

each channel 
• Optional automatic chaining of operations 
o Channel interleave operations 
• Interleave operations with system bus 
• Base registers for efficient repetitive operations 
• Reload word table for efficient channel initialization 
• Masked data pattern matching for search operations' 
o Vectored interrupts on selected transfer conditions 
o Software DMA request 
• Software or hardware wait state insertion 
o Memory/peripheral transfer up to 2.66 Megabyte/second 

at 4MHz and 4 Megabyte/second at 6MHz 
o Memory/memory transfer up to 1.33 Megabyte/second at 

4MHz and 2 Megabyte/second at 6MHz 

Figure 1. Block Diagram 

SYSTEM BUS 

t 
I BUS I INTERFACE 

CHANNEL 1 t CHANNEL 2 
REGISTERS INTERNAL BUS REGISTERS 

H MASTER MODE I 
H COMMAND J-

INTERFACE TO 

H CHAIN I CONTROL 
PERIPHERALS 

CONTROL LOGIC I-

H TEMPORARY I 
H POINTER I 
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GENERAL DESCRIPTION 

The Am9516 Universal DMA Controller (UDC) is a high 
performance peripheral interface circuit for 8086 and 68000 
CPUs. In addition to providing data block transfer capability 
between memory and peripherals, each of the UDC'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 UDC can operate with either byte or word 
data sizes. In some system configurations it may be neces
sary to transfer between, word-organized memory and a 
byte-oriented peripheral. The UDC provides a byte 
packing/unpacking capability through its byte-word funnel
ling transfer or transfer-and-sea~ch option. Some DMA 
applications may continuously transfer data between the 
same two memory areas. These applications may not re
quire the flexibility inherent in reloading registers from 
memory tables. To service these repetitive DMA opera
tions, base registers are provided on each channel which 
re-initialize the current source and destination Address and 
Operation Count registers. To change the data transfer 
direction under CPU control, provision is made for reas
signing the source address as a destination and the desti
nation 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 Am9516 UDC allows the user to select indepen
dently, for both source and destination addresses, auto
matic 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 Am9516 UDC 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's Chain Address register 
and then issue a "Start Chain" Command to start the 
register loading operation. 

The Am9516 UDC is packaged in a 48-pin DIP and uses a 
single + 5V power supply. 

,ORDERING INFORMATION 

Example Am9516 A 

Basic Device ~ I 
speed~ 

Blank = 4MHz 
A = 6MHz 

DeB 

e
LBurn-in 

~ Temperature Range 
C = 0 to +70°C 
I = -40 to +85°C 
M = -55 to +125°C 

Package Type 
D = Ceramic DIP 
P = Plastic DIP 

03242B-MMP 
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LOGIC SYMBOL 

AlB ADo 

A17 ADI 

A18 AD2 

UPPER A19 AD3 

ADDRESS BUS A20 AD4 

A21 ADs 

A22 ADs 

A23 A~ ADDRESS 

ADa DATA BUS 

M/iO ADg 

1 
N/S ADIO 

STATUS 
B/Vi ADll 

R/W 
Am9516 

AD12 UDC 

TBEN AD13 

RBEN AD14 

P/C ADIS 
BUS BREQ CONTROL 

BACK 
/' 

OREQ1' OREQ2 cs 
WAIT OACK1• DACK2 

EOP 

RESET 

iNr } INTERRUPT 
BUS Os INTACK CONTROL 

TIMING ALE 

+5V GNO CLOCK 

INTERFACE SIGNAL DESCRIPTION 
All inputs to the UDC, except the clock are directly TTL 
compatible; 

vce: + 5V Power Supply 
VSS: Ground 

CLOCK: (Clock, Input) 

032428·2 

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. Many UDC input signals can make transi
tions independent of the UDC Clock, these Signals can be 
asynchronous to the UDC clock. On other signals, such as WAIT 
inputs, transitions must meet setup and hold requiremen'ts rela
tive to the UDC clock. See the timing diagrams for details. 

ADo-AD15 (Address-Data Bus, Input/Output, Three-state) 
The Address-Data Bus is a time-multiplexed, bidirectional, 
active High, three-state bus used for all I/O and memory 
transactions. HIGH on the bus corresponds to 1 and LOW cor
responds to O. ADO is the least significant bit position and AD15 
is the most significant. The presence of addresses is defined by 
the timing edge of ALE and the asserted or requested presence 
of data is defined by the OS signal. The status output lines M/IO 
and N/'S indicate the type of transaction, either memory or I/O. 
The R/W line indicates the direction of the transaction. When the 
UDC is in control of the system bus, it dominates the AD Bus; 
when the UDC is not in control of the system bus, the CPU or 
other external devices dominate the AD Bus. 

Am9516 

CONNECTION DIAGRAM 
Top View 

0-48 
P-48 

iNT i'NTAci( 

BACK RESET 

BREQ CLOCK 

Vee ALE 

ADo P/D 

ADI OS 
AD2 cs 
AD3 R/W 

AD4 DACK1 
ADs DACK2 
ADs EOP 

Ao., DREQ2 

ADa DREQI 

AD9 B/W 

ADIO WAiT 
ADll TeEN 
AD12 RBEN 

AD13 M/iO 
A014 N/S 
AD15 AIS 

A23 A17 

A22 Ala 

A21 VSS 

A20 A19 
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Note: Pin 1 is marked for orientation. 

The presence of address or data on the ADo-AD15 bus is 
defined only by ALE and OS. When the UDC is not in control of 
the bus; there is no required relation between the presence of 
address or data and the UDC clock. This allows the UDC to 
be used with a system bus which does not have a bussed 
clock Signal. 

OS (Data Strobe, InputjOutput, Three-State) 
Data Strobe is a bidirectional, active-low, three-state. signal. A 
LOW on this signal indicates that the ADo-AD15 bus is being 
used for data transfer. When the UDC is not in control of the 
system bus and the external system is transferring information to 
or from the UDC, OS is a timing input used by the UDC to move 
data to or from the ADo":" AD15 bus. Data is written into the UDC 
by the external system on the LOW-to-HIGH DS transition. Data 
is read from the UDC by the external system while OS is LOW. 
There are no timing requirements between OS as an input and the 
UDC clock; this allows use of the UDC with a system bus which 
does not have a bussed clock. During a DMA operation when 
the UDC is in control of the system, OS is an output generated by 
the UDC and used by the system to move data to or from the 
ADo-AD15 bus. When the UDC has bus control, it writes to the 
external system by placing data on the ADo - AD15 bus before the 
HIGH-to-LOW OS transition and holding the data stablo until 
after the LOW-to-HIGH OS transition; while reading from the 
external system the LOW-to-HIGH transition of OS inputs data 
from the ADo-AD15 bus into the UDC (see timing diagram). 
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R/W (Read/Write, InputjOutput, Three-State) 
Read/Write is a bidirectional, three-state signal. Read polarity is 
HIGH and write polarity is Law. R/W indicates the data direc
tion of the current bus transaction, and is stable starting when 
ALE is HIGH until the bus transaction ends (see timing dia
gram). When the UDC is not in control of the system bus and the 
external system is transferring information to or from the UDC, 
R/W is a status input used by the UDC to determine if data is 
entering or leaving on the ADo-AD15 bus during DS time. In 
such a case, Read (HIGH) indicates that the system is request
ing data from the UDC and Write (LOW) indicates that the 
system is presenting data to the UDC. There are no timing 
requirements between R/W as an input and the UDC clock; 
transitions on R/W as an input are only defined relative to DS. 
When the UDC is in control of the system bus, R/W is an output 
generated by the UDC, with Read indicating that data is being 
requested from the addressed location or device, and Write indi
cating 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. 

TBEN (Transmit Buffer Enable, Output, Open Drain) 
Transmit Buffer Enable is an actiye-Iow, open drain output. 
When UDC is a bus master, a LOW on this output indicates that 
the data is being transferred from the UDC to the data bus lines 
through the buffer. The purpose of this signal is to eliminate bus 
contention. When UDC is not in control of the system bus, these 
pins float to three-state OFF. 

RBEN (Receive Buffer Enable, Output, Open Drain) 
Receive Buffer Enable is an active-low, open drain output. 
When UDC is in control of system bus, a LOW on this output 
indicates that/the data is being transferred from the data bus 
lines to the UDC through the buffer. The purpose of this signal is 
to eliminate bus contention. This pin floats to three-state OFF 
when the UDC is not in control of the system bus. 

ALE (Address Latch Enable, Output) 
This active HIGH signal is provided by the UDC to latch the 
address signals ADO-AD15 into the address latch. This pin is 
never floated. 

P/D (Pointer/Data, Input) 
Pointer/Data is an input signal to indicate the information on the 
ADo-AD15 bus only when the UDC is the bus slave. A HIGH on 
this signal indicates the information on the AD bus is an 
address of the internal register to be accessed. The data on 
AD-bus is loaded into the Pointer register of UDC. A LOW on 
this signal indicates that a data transfer is taking place between 
the bus and the internal register designated by the Pointer 
register. Note that if a transaction is c~lJried out with R(W HIGH 
and p(B HIGH, the contents of the Pointer register will be read. 

M/Io (Memory/Input-Output, Output, Three-state) 
This signal specifies the type of transaction. A HIGH on this pin 
indicates a memory transaction. A LOW on this pin indicates an 
I/O transaction. It floats to three-state OFF when !JDC is not in 
control of the system bus. 

NjS (Normal/System, Output, Three-state) 
This output is a three-state signal activated only when the UDC 
is the bus master. Normal is indicated when N/S is HIGH and 
System is indicated when N/S is LOW. This signal supplements 
the MliD line and is used to indicate which memory or I/O space 
is being accessed. 

B/W (Byte/Word, Output, Three-state) 
This output indicates the size of data transferred on the 
ADo-AD15 bus. HIGH indicates a byte (a-bit) and LOW indi
cates a word (-16-bit) transfer. This output is activated when ALE 
is HIGH and remains valid for the duration of the whole transac
tion (see timing diagram). All word-sized data are word aligned 
and must be addressed by even addresses (Ao == 0). When 
addressing byte read transactions, the least significant address 
bit determines which byte is needed; an even address specifies 
the most sighificant byte (ADa - AD15) and an odd address 
specifies the least significant byte (ADo-AD7)' (Note that the 

. higher address specifies the least significant byte!) This 
addressing mechanism applies to memory accesses as well as 
I/O accesses. When the UDC is a slave, it ignores the B/W 
signal and this pin floats to three-state OFF. 

CS (Chip Select, Input) 
This pin is an active-low input. A CPU or other external device 
uses CS to activate the UDC for readil')g and writing of its 

Figure 2. UDC Configurations 

cPU 
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internal registers. There are no timing requirements between the 
CS input and the UDC clock; the CS input timing requirements 
are only defined relative to OS. This pin is ignored when UDC is 
in control of system bus. 

WAIT (Wait, Input) 
This pirr is an active-low input. Slow memories and peripheral 
devices may use WAIT to extend OS and RBEN or TBEN 
during operation. Unlike the CS input, transitions on the WAIT 
input must meet certain timing requirements relative to the UDC 
clock. See Timing Diagram 4 for details. The Wait function may 
be disabled using a control bit in the Master Mode 

. register (MM2). 

BREQ (Bus Request, Output) 
Bus Request is an active-HIGH signal used by the UDC 
to obtain control of the bus from the CPU. BREQ lines from 
multiple devices are connected to a priority encoder. 

BACK (Bus Acknowledge, Input) 
BACK is an active-HIGH,.asynchronous input indicating that the 
CPU has relinquished the bus and that no higher priority device 
has assummed bus control. Since BACK is internally 
synchronized by the UDC before being used, transitions on 
BACK do not have to be synchronous with the UDC clock. The 
BACK input is usually connected to the HLDA line from the CPU 
or to the output of a priority decoder. 

INT (Interrupt Request, Output, Open Drain) 
Interrupt Request is an active-low output used to interrupt the 
CPU. It is driven LOW whenever the IP and CIE bits of the 

• Status Register are set. It is cleared by UDC after receiving a 
. clear IP command. 

INTACK (Interrupt Acknowledge, Input) 
Interrupt Acknowledge is an active-low input indicating that the 
request for interrupt has been granted. The UDC will place a 
vector onto the AD bus if the No Vector or Interrupt bit (MM3) 
is reset. 

REGISTER DESCRIPTION 
The Am9516 UDC block diagram illustrates the internal regis
ters. Figure 3 lists each register along with its size and read/write 
access restrictions. Registers which can be read by the CPU are 
filither fast (F) or slow (S) readable. Fast registers can be read by 
a normal CPU I/O operation without additional wait states. 
Reading slow registers requires multiple wait states. 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 UDC ignores the B/W line in 
slave mode. It is the responsibility of the user to supply the 
necessary external logic if slow readable registers are to be 
read. 

The UDC registers can be categorized into chip-level registers, 
which control the overall operation and configuration of the 
UDC, and channel-level registers which are duplicated for each 
channel. The five chip-level registers are the Master Mode 
register, the Command register, the Chain Control register, the 
Pointer register, and the Temporary register. The Master Mode 
register selects the way the UDC chip interfaces to the system. 
The Command register is written to by the host CPU to initiate 
certain operations within the UDC 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 Pointer 
register is written to by the host CPU when the p/O input is 
HIGH. The data in Pointer register is the address of the internal 
register to be accessed. The Temporary register is used to hold 
data for Flowthru Transfer/Transfer-and-Searches. 

Am9516 

RESET (Reset, Input) 
Reset is an active-low input to disable the UDC and clear its 
Master Mode register. ' 

DREQ1, DREQ2 (DMA Request, Inputs) 
The DMA Request lines are two active-low inputs, one per 
channel. They may make transitions independent of the UDC 
clock and are used by external logic to initiate and control DMA 
operations performed by the UDC. 

DACK1, DACK2 (DMA Acknowledge, Output) 
The DMA Acknowledge lines are active-low outputs, one per 
channel, which indicate that the channel is performing a DMA 
operation. DACK is pulsed, held active or held inactive during 
DMA operations as programmed in the Channel Mode register. 
For Flowthru operations, the peripheral is fully addressed using 
the conventional I/O 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 chaining operations. 

EOP (End of Process, Input/Output) 
EOP is an active-low, open-drain, bidirectional signal. It must be 
pulled up with an external resistor of 1.8kohm or more. The UDC 
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 progress by driving EOP low. EOP always 
applies to the active channel; if no channel is activo, EOP 
is, ignored . 

A16- A23 (Upper Address Bus, Output, Three-state) 
The A16-A23 address lines are three-stato outputs activatod 
only when the UDC is controlling the system bus. Combined with 
the lower 16 address bits appearing on ADo through AD15 
respectively, this 24-bit linear address allows the UDC to access 
anywhere within 16 Megabytes of memory. 

'The channel-level registers' can be divided into two sub
categories: general purpose registers, which would be found on 
most DMA chips,'and special purpose registers, which provide 
additional features and functionality. The seven'general purpose 
registers are the Base and Current Operation Count registers, 
the Base and Current Address registers A and B, and the 
Channel Mode register. The special purpose registers are the 
Pattern and Mask registers, the Status register, the Interrupt 
Vector register, the Interrupt Save register, and the Chain Ad
dress register. -

The internal registers are read or written in two steps. First, the 
address of the register to be accessed is written to the Pointer 
register, when the p/B input is HIGH. Then, the data is read from 
or written into the desired register which is indicated by t~e 
Pointer register, when P/D input is LOW. Note that a read with 
P/O HIGH causes the contents of the Pointer register to be read 
on AD1 through AD6. 

MASTER MODE REGISTER 

The 4-bit Master Mode register, shown in Figure 4, controls the 
chip-level interfaces. It can' be read from and written to by the 
host CPU without wait states through pins ADO - AD3, but it is 
not load able 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 UDC to request the bus. 
When enabled, the UDC can perform DMA Operations and 
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Figure 3. UDC Internal Register 

Name Size 

Master Mode Register 4 bits 

Pointer Register 6 bits 

Chain-Control Register 10 bits 

Temporary Register 16 bits 

Command Register 8 bits 

Current Address Register - A: 
Up-Addr/Tag field 14 bits 
Lower Address field 16bits 

Current Address Register - 8: 
Up-Addr/Tag field 14 bits 
Lower Address fiel~ 16 bits 

Base Address Register - A: 
Up-Addr/Tag field 14 bits 
Lower Address field 16 bits 

Base Address Register - B: 
Up-Addr/Tag field 14 bits 
Lower Address field 16 bits 

Current Operation Count 16 bits 

Base Operation Count 16 bits 

Pattern Register 16 bits 

Mask Register 16 bits 

Status Register 16 bits 

Interrupt Save Register 16 bits 

Interrupt Vector Register 8 bits 

Channel Mode Register - High 5 bits 

Channel Mode Register - Low 16 bits 

Chain Address Register: 
Up-Addr/Tag field 10 bits 
Lower Address field 16 bits 

Access Codes: Chain Loadable C 
D 
F 
S 

Accessible by UDC channel 
Fast Readable 
Slow Readable 

W= Write able by CPU 

Number 

2 
2 

2 
2 

2 
2 

2 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
2 

Access 
Type 

FW 

FW 

C 

D 

Port Address 
CH-1/CH-2 

38 

W 2E/2C· 

CFW 
CFW 

CFW 
CFW 

CFW 
CFW 

CFW 
CFW 

CFW 

CFW 

CSW 

CSW 

F 
F 

CSW 

CS 

CSW 

CFW 
CFW 

1A/18 
OA/08 

12/10 
02/00 

1E/1C 
OE/OC 

16/14 
06/04 

32/30 

36/34 

4A/48 

4E/4C 

2E/2C 

2A/28 

SA/58 

56/54 

52/50 

26/24 
22/20 

Note: The address of the register to be accessed is stored in the Pointer register. 

·Port addresses of Command register can be used alternately for both channels .except 
when issuing a "set or clear IP" command. 

reload registers. It can always issue interrupts and respond to 
interrupt acknowledges. When the Chip Enable bit is cleared, 
the UDC is inhibited from requesting control of the system bus 
and, therefore, inhibited from performing chaining 

. or DMA operations. 

The CPU Interleave bit enables interleaving between the CPU 
and the UDC. 

Figure 4. Master Mode Register 

I MM31 MM21 MM1 I MMO I 
I L Chip Enable 

~ CPU Interleave 
Enable 

Walt Line Enable 

No Vector on 
Interrupt 
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The Wait Line Enable bit is used to enable sampling of the WAIT 
line during Memory and I/O transactions. Because the UDC 
provides the ability to insert software programmable wait states, 
many users may disable sampling of the WAIT pin to eliminate 
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 "No Vector on Interrupt" bit selects whether the UDC 
channel or a peripheral returns a vector during interrupt 
acknowledge cycles. When this bit is cleared, a channel receiv
ing an interrupt acknowledge will drive the contents of its .Inter
rupt Save register onto the ADo-AD15 data bus while INTACK 
is LOW. If this bit is set, interrupts are serviced in an identical 
manner, but the ADo - AD15 data bus remains' in a high impe
dance state throughout the acknowledge cycle. 

POINTER REGISTER 

The Pointer register contains the address of the internal register 
to be accessed. It can be read or written by CPU when the P/O 
line is HIGH. 
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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 (Figure 11). 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 funnelling, 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. 

COMMAND REGISTER 

The UDC Command register (Figure 20) is an B-bit write-only 
register written to by the host CPU. The Command register is 
loaded from the data on AD7-ADo; the data on AD15-ADa is 
disregarded. A complete discussion of the commands is given in 
the "Command Descriptions" section. 

CURRENT AND BASE ADDRESS REGISTER 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 contents of the Base ARA and ARB 
registers are loaded 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 6-bit Tag Field and an 8-bit Upper 
Address in one word and a 16-bit Lower Address in the other. 
See Figure 5. 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/O 
accesses addressed by the offset and segment fields. 

Am9516 

The Address Reference Select Field in the Tag field selects 
whether the address pertains to memory space or I/O space. 
Note that the N/§" output pin may be either HIGH (indicating 
Normal) or LOW (indicating System) for space. 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 register's 
Operation field) and by 2 if the address points to a word 
operand. Note that if an I/O or memory address is used to point 
to a word operand, the address must be even to avoid unpre
dictable results. An address used to point to a byte operand may 
be even or- odd. Since memory byte operand addresses will 
incremenVdecrement by 1, they will toggle be~ween even and 
odd values. Since I/O byte operand addresses will incremenV 
decrement by 2, once programmed to an even or odd value, 
they will remain even or odd, allowing consecutiva I/O oper
ations to access the same half of the data bus. High bus is for 
even address and low bus for odd. 

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 Operatiqn Count register is used to specify 
the number of words or bytes to be transferred, soarched or 
transferred-and-searched. For word-to-word oporation~; and 
byte-word funnelling, the Current Operation Count registor mu~1 
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 
zeroes, 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. 

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 Operatiol"') Count 
register to 0000. 

Figure 5. Address Register A and B 

15 

Address Reference Field 

00 System I/O 
01 System Memory 
10 Normall/O 
11 Normal Memory 
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,------ ADDRESS CONTROL FIELD 

00 = Increment Address 
01 = Decrement Address 
1X = Hold Address 

r WAIT CONTROL FIELD 

00 0 Wait States 
01 1 Wait States 
10 2 Wait States 
11 4 Wait States 

'2 1 0 
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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 
(egisters 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 com
pared 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 6, 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 contain.s the 
Channel Interrupt Enable (CIE), and Interrupt Pending (lP) bits. 
These bits are described in detail in the "Interrupt" section of 
this document. 

·The UDC status field contains the current channel status. The 
"channel initialized and waiting for request" status is not 
explicitly stated - it is reflected by Status register bits ST12 
through ST9 being all zero. The "Waiting for Bus" (WFB) status 
will cause bit STlO to be set and indicates that the channel wants 
bus control to perform a DMA operation. The channel mayor 
may not actually be asserting BREQ HIGH, depending on the 
programming of the Master Mode Chip Enable bit (MMO) when 
the channel decided it wanted the bus. See the "Bus Request! 
Grant" section for details. If a channel completes a DMA opera
tion 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 Chaining Abort 
(CA), and the NAC will be set. These bits are also set when a 
"reset" is issued to the UDC. The CA bit holds the NAC bit in the 
set state. The CA bit is cleared when a new Chain Upper Ad
dress and Tag word or Lower Address 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 UDC 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 Completion Field stores data at the end of each DMA oper
ation. 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 MC 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 external EOP ends a DMA transfer; it is 
not set for EOP 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. Regard
less 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 did 
not match when using 8-bit matches with word searches and 
transfer-and-searches. The three reserved' bits return zeroes 
during reads: 

INTERRUPT VECTOR AND INTERRUPT SAVE REGISTERS 

Each channel has an Interrupt Vector register and an Interrupt 
Save register. The Interrupt Vector is 8-bit wide and is written to 
and read from on ADo - AD7. The Interrupt Save register may 
be read 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 EOP 
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 7). 

Figure 6. Status Register 

HARDWARE 

INTERRUPT UDC RESERVED STATUS COMPLETION 1 
INTERFACE 

STATUS l __ S_T""T_U_S _ ~ [ STATUS 

CIE 

RESERVED 

IP 

CA MCl 

NAC MC 

WFB EOP 

SIP TC 
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Figure 7. Interrupt Save Register 

115 114113112111 110 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 11 I 0 I 

Because the vector and status are stored, a new vector can be 
loaded into Interrupt Vector register 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 ~ommand is issued, the status and 
vector for the second interrupt is loaded into the Interrupt Save 
register and channel operation resumes. The UDC can retain 
only two interrupts for each channel; a third operation cannot 
be initiated until the first interrupt has been cleared. See the 
"Interrupt" section for further details. 

CHANNEL MODE REGISTER 

The channel Mode registers are two words wide. There are 21 
bits defined in each Channel Mode register, the other 11 bits are 
unused. See Figure 8. The Channel Mode registers may be 
loaded during chaining and may be read by the host CPU. CPU 
reads of the Channel Mode register are slow reads and require 
insertion of multiple wait states. The Channel Mode Low word 
(bits 0-15) may be written to directly by the host CPU. 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. It also selects the 
operand size of bytes or words (see Figure 9 for code
definition). The different types of operations are described 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. 

Figure 8. Channel Mode Register 

DACKCONTROL ---------, 

HARDWARE MASK -------, 

SOFTWARE REQUEST -------, 

CHAIN B-C RELOAD INTERRUPT OPERATION 
TCMCEO!!~~B 

EN.ABlE ENABLE ENABLE FIELD 
FLIP BIT 

COMPLETION FIELD 0 - ARA = SRC, ARB = DEST 
1 - ARA = DEST, ARB = SRC 

TRANSFER TYPE FIELD 
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I Vector 

Channel Number 
(O=ch. 1, 1 =ch. 2) 

TC 

EOP 

MC 

Chain Aborted 

MCl 

MCH 

Hardware Request 
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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-an-match or stop-on-no-match. 
See Figure 9 and the "Search" section for details. The Software 
Request bit and Hardware Mask bit can be set and cleared by 
software command in addition to being loaded in parallel with 
other Channel Mode bits. These bits are described in detail in 
the "Initiating DMA Operations" section. 

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 Oper
ation, 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 inactiv~ during chaining, during both Flowthru 

Figure 9. Channel Mode Coding 

DATA OPERATION FIELD 

Operand Size Transaction 
Coqe/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 
1111 Byte Byte N/A 
1110 Word Word N/A 

101X Illegal 

TRANSFER TYPE FIELD AND MATCH CONTROL FIELD 

Transfer Type Code Match Control 

Single Transfer 00 . Stop (.tn No Match 
Demand Dedicated/Bus Hold 01 Stop on No Match 
Demand Dedicated/Bus Release 10 Stop on Word Match 
Demand Interleave 11 Stop on Byte Match 
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Transfers and FI9wthru Transfer-and-Searches and during 
Searches, but DACK will be pulsed active during Flyby Trans
fers 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 Transactions" 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 10, is two words long. The first word consists of an Upper 
Address and Tag field. The second word contains the 16-bit 

Lower Address portion of the memory address. 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 UDC 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. 

Figure 10. Chain Address Register 

15 

FUNCTIONAL 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 UDC can be reset either by hardware or software. The 
software reset command is described in the "Commands" 
section. Hardware resets are applied by pulling RESET LOW. 
The UDC may be in control of the bus when a reset is applied. 
BACK is removed internally causing the outputs to go tri-state. If 
BACK remains HIGH after reset the UDC will not drive the bus 
unless BREQ is active. As soon as BACK goes inactive, the 
UDC places the ADo-A015, A16-AD23, R/W, DS, N/S, M/TB 
B/W, TBEN and RBEN signals in the high impedance state. 

Both software and hardware resets clear the Master Mode 
register, clear the CIE, IP and SIP bits, and set the CA and NAC 
bits in each Channel's Status register. The contents of all other' 
UDC registers will be unchanged for a software reset. Since a 
hardware reset may have been applied partway through a DMA 
operation being performed by a UDC channel, the channel's 
registers should be assumed to contain indeterminate data 
following a hardware reset. 

The Master Mode register contains all zeroes after a reset. The 
UDC is disabled and the CPU interleave and hardware wait 
are inhibited. 

Because the CA and NAC bits in the Status register are set by a 
reset, the channel will be prevented from starting a OMA op
eration until its Chain Address register's Segment, Tag and 
Offset fields are programmed and the channel is issued a "Start 
Chain" Command. 

I 
PROGRAMMABLE WAIT FIELD 

00 = 0 Walt States 
01 = 1 Walt States 
10 = 2 Walt States 
11 = 4 Walt States 

2 1 0 
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CHANNEL INITIALIZATION 

The philosophy behind the Am9516 YOC design is that the UOC 
should be able to operate with a minimum of interaction with the 
host CPU. This goal is achieved by having the UOC load its own 
control parameters from memory into each channel. The CPU 
has to program only the Master Mode register and each Chan
nel's Chain Address register. All other registers are loaded by 
the channels themselves from a table located in the System 
memory space and pointed to by the Chain Address register. 
This reloading operation is called chaining and the table is called 
the Chain Control Table. 

The Upper and Lower Address fields of the Chain Address 
Register form a 24-bit address which points to a location in 
system memory space. Chaining is performed by repetitively 
reading words from memory. Note that the Chain Address 
register should always be loaded with an even Address; loading 
an odd Address 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 UDC will 
automatically insert the programmed number of wait states in 
each memory access d~ring chaining. 

The Chain Address register points to the first word in the Chain 
Control Table. This word is called the Reload Word. See Figure 
11. 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 ttnd 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 12). 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 (Le., the data are stored at successively lar~er memory 
addresses). The Chain Control Table is a variable length tablo. 
Only the data to be loaded are in' the table and the data are 
packed together. 
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Figure 11. Chaining and Chain Control Tables· 
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Figure 12. Reload Word/Chain Control Register 

.--------------- CURRENT ARA (2 WORDS) 

.----------~-- CURRENT ARB (2 WORDS) 

.----------- CURRENT OP-COUNT (1 WORD) 

.---------- BASE ARA (2 WORDS) 

r-------- BASE ARB (2 WORDS) 

.------- BASE OP-COUNT (1 WORD) 

...----- PATTERN AND MASK (2 WORDS) 

.----- INTERRUPT VECTOR (1 WORD) 

When the channel is to reload itself, it first uses the Chain 
Address register contents to load the Reload Word into the 
UDC'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 the Reload Word register from 
bit 9 down to bit 0 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 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 reloading 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: Current ARA, Current 
ARB, Current Operation Count, ... Channel Mode and Chain 
Address. Figure 13 shows two examples of Chain Control 
Tables. Example 1 shows the ordering of data when all registers 
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 registers, the Upper 
Address and Tag word are loaded first, then the Lower 
Address word. Also, the Pattern Register is loaded before the 
Mask Register. 

CHANNEL MODE (2 WORDS) 

CHAIN ADDRESS (2 WORDS) 

03242B-12 

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 softwa,re 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 the 
software request command for details. 
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Figure 13. Examples of Chain Control Table 

EXAMPLE-1: _11111~~GG~GJGJQ~8 

~~ ~r 

EXAMPLE-2: 11101110101010101111 

CURRENT ARA (2 WORDS)' 

CURRENT OP COUNT (1 W.ORD) 

CHANNEL MODE (2 WORDS) 

CHAIN ADDRESS (2 WORDS)' 

_k.-
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"Load the Upper Address and Tag Word first, then the Lower 
Address Word. 

Hardware Requests 
DMA operations will often be started by applying a LOW on the 
channel's DREO input. The "Channel Response" section 
describes when the LOW DREQ signals are sampled and when 
the DREQ requests can be applied to startthe next DMA oper
ation after chaining (see Timing Diagrams 1 and 2). 

BUS REQUEST/GRANT 

Before the UDC can perform a DMA Operation, it must gain 
control of the system bus. The. BREQ and BACK interface pins 
provide connections between the UDC and the host CPU and 
other devices, if present, to arbitrate which device has control of 
ttl'e system bus. When the UDC wants to gain bus control, it 
drives BREO HIGH. 

Some period of time after the UDC drives BREO HIGH, the CPU 
will relinquish bus control and drive its HLDA signal HIGH. When 
the UDC's BACK input goes HIGH, it may begin performing 
operations on the system bus. When the'UDC finishes its oper
ation, it stops driving BREQ HIGH. 

When more than one device is used, a priority encoder and a 
priority decoder are used to decide the bus grant priority. 

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 

soarce 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 vari
able 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 registers; the 
Current Operation Count register; and the Channel Mode 
register. Channel Mode register bit CM4 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-CMO in the Channel Mode register program whether 
a Flowthru or Flyby transfer is to be performed. Flowthru trans
fers are performed in either two or three steps. First, the channel 
outputs the address of the source and reads the source data into 
the UDC's Temporary register. In two-step Flowthru Transfer, 
the channel will then address the destination and write the 
Temporary register data to the destination location. The three
step Flowthru operation (Le., the byte-word funnelling) is 
described later in this section. The source and destinati6n for 
Flowthru Transfers can both be memory locations or both peri
pheral 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 controlled by bit CM18 in the 
Channel Mode register. 

Flyby transfers provide improved transfer throughput over 
Flowthru but are restricted to transfers between memory and 
peripherals or betw~en 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 Oper
ation 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 a memory space (TGs = 2) and 
by ±2 if the register points to an I/O space (TGs = 0). 

Flowthru word-to-word transfers require that the Current Oper
ation Count specify the number of words to be transferred. Both 
the Current ARA and Current ARB registers, if programmed to 
increment/decrement, will change by ±2 regardless of whether 
the register points memory or I/O space. 

Byte-word funnelling provides packing and unpacking of byte 
data to facilitate high speed transfers between byte and word 
peripherals and/or memory. This funnelling option can only be 
used in Flowthru mode. Funnelled Flowthru transfers are per
formed 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 UDC's 
Temporary register. In the third step, the Temporary register 
data is written to the destination address in a word transfer. 
Funnelled transfers from a word source to a byte destination are 
performed by first loading a word from the source into the UDC's 
Temporary register. The word is then written out to the destin
ation in two byte writes. For funnel operations, the byte-oriented 
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address must be in the Current ARA register and the word
oriented address must be in the Current ARB register. The Flip 
bit (CM4) 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 operation occurs after each of the two 
reads or writes. The Current Operation Count Register must be 
loaded with the number of words to be transferred. 

In byte-to-word funnelling 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 
funnelling operations it is necessary to define which half of the 
Temporary regjster is written out first. Figure 14 summarizes 
these characteristics for both byte-to-word and word-to-byte 
funnelling 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 unchanged (Le., if 
bit TG4 in the Tag Field of the Current ARB register is 1), the 
increment/decrement bit (bit TG3) still specifies the· 
packing order. 

Search 
Searches use five of the Channel registers to control the oper
ation: either the Current ARA or ~RB; the Operation Count; the 
Pattern and Mask registers;. and the Channel Mode register. 
Chan[lel Mode register bit CM4 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 des
tination address required. 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 pro
grammed, 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 CM18 in the Channel Mode register. The reads 
from the peripheral or memory performed during search follow 
the timing sequences described in the "Flowthru Transactions" 
sections. . 

Am9516 

On each read during a Search operation, the UDC's Temporary 
register is loaded with data and compared 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. CM2 is 
an enable for the output of the comparator and allows the MC 
signal to be generated. A Mask register allows the user to 
exclude or mask selected Temporary register bits from the com
parison 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 conjunction 
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 CM16. In an 8-bit, 
Stop-an-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-an-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-an-Match with byte-reads, the Search will stop 
if 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 compari
son criteria being used for the upper and 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-an-Match, the search will end if all the 
unmasked bits in either the upper or lower byte match, and for 
S-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 lowbytes are loaded from AD1s-ADa and AD7-ADo 
respectively. In byte reads, the read byte is duplicated in both 
halves of the Temporary register except in funnelling. 

Figure 14. Byte/Word Funnelling 

Funnelling Current ARB Increment/Decrement and 
Direction Tag Field Packing/Unpacking Rules 

TG4 TG3 

Word-to-Byte 0 0 Increment ARB, Write High Byte First 
(C~= 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 First 
(CM.4 = 0) 0 1 Decrement ARB, Read Low Half of Word First I 

1 0 Hold ARB, Read High Half of w'0rd First 
1 1 Hold ARB, Read Low Half of Word First 
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:rransfer-and-Search 
Transfer-and-Search combines the operations of the Transfer 
and the Search functions. The registers used to control 
Transfer-and-Searches are the Current ARA and ARB 
registers; the Operation Count register; the Pattern and Mask 
registers; and the Channel Mode register. 

A Transfer-and-Search operation will end when the data trans
ferred meets the match condition specified in Channel Mode 
register bits CM17-CM16' The Mask and Pattern registers 
indicate those bits being compared with the Temporary register 
contents. Like Transfers and Searches, Transfers-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 Te, Me or 
EOP, it will always complete the iteration by writing to the 
destination address before ending (writing twice for word-to
byte funnelling). 

In Flowthru mode, the Transfer-and-Search 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 AD15 - ADs and AD7 - ADo 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 AD15 - ADo bus. 
Transfer-and-Search can also be used with byte word funnel
ling. In funnelling, the match is an 8-bit match or 16-bit match as 
determined by the setting of bit CM16. 

Flyby Transfer-and-Search can be used to increase throughput 
for transfer between two peripherals or between memory and a 
peripheral. Memory-to-Memory Flyby is not supported. Also, in 
Flyby, the operand sizes of the source and destination must be 
the same, funnelling is not supported. 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 AD15 - ADS bus if the Current ARA 
register is even and from AD7 - ADo 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 - ADs and 
AD7-ADo into the Temporary register's high and low bytes 
respectively. . 

CHANNEL RESPONSE 

Channel Mode register bits CM6 - CM5 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 discussions clear, it is neces
sary to define the term "single iteration of a DMA operation". For 
Search operations, one iteration consists of a single read oper
ation and a comparison of the read data to the unmasked 
Pattern register bits. The Operation 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 funnelling, a single 
iteration consists of two reads followed by a write (Byte-to-Word 
funnelling) or one read followed by two writes (Word-to-Byte 
funnelling). 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. See Appendix B for flowchart. 

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 oper
ation. 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 tran
sition on the DREO input will also cause a single iteration of the 
DMA operation. If the Hardware mask bit is set when the tran
sition 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 DREO. The 
new transition can occur anytime after the HIGH-to-LOW ALE 
transition of a read or Flyby memory or I/O 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. 

TIMING DIAGRAM 1_ Sampling DREQ During Single Transfer DMA Operations· 

r-- DMA ITERATION DMA ITERATION 
1 READ OR FLYBY ~ ~ LAST ACCESS OF 

I-----T1- I T2 TWAO'T2-_I-I---
CLK 

032426-14 

Notes: 1. HIGH-to-LOW DREQ transitions will only be recognized after the HIGH-to-LOW transition of the clock during T 1 of a read or flyby 
DMA iteration. 

2. A HIGH-to-LOW DREQ transition must meet the conditions in Note 1 and must occur TsDRQ(c) before state T 3 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 TsDRQ(c) if it has 
met the TwDRQ parameter. 

3. Flyby and Search transactions have only a Single access; parameter TsDRQ(c) should be referenced to the start of T 3 of the access. All other 
operations will always have two or three accesses per iteration. 

·See Appendix 0 for timing parameters (page 7 -26S) 
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Demand Dedicated With Bus Hold an iteration of the DMA operation is performed. If DREQ is 
HIGH, the channel retains bus control and continues to drive a" 
bus control signals active or inactive, but performs no DMA 
operation. Thus 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 wi" relinquish 
bus control unless a LOW DREQ level occurs within the 
time limits. 

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 wi" cause the channel to acquire bus 'control. 

If DACK is programmed as a level output (CM18 = 0), DACK wi" 
be active from when the channel acquires bus control to when it 
relinquishes control. A Software Request wi" cause the channel 
to request the bus and perform the DMA operations until TC, 
MCorEOP. 

Once the channel gains bus control due to a LOW DREQ level, it 
samples DREQ as shown in Timing Diagram 2. If DREQ is LOW, 

TIMING DIAGRAM 2. DREQ Sampling in Demand Mode 

a) Sampling of DREQ while in Bus Hold Mode 

r---THLD I THLD THLD T. ---..I--

CLOCK 

T. DRO(e) 1@11 (4&) I 

\\ \\\\\\\\\1 ~ . wi$/ij;ji/ //II/!!III! !//////!I////I!I//;ji$I$////J/ IZ 

CLOCK 

b) DREQ Sampling in Demand Mode During DMA Operations 

LAST ACCESS 
OF DMA ITERATION 

FIRST ACCESS 
OF NEXT ITERATION 

032428-15 

[---T2 0rT1 TWA or T2 I T3 Tl T2---

\\\ \\ \\\\'W \\\\\\\\\ ~\~ 1J dld;;ji /////J I! 1/////// /I ;jill! I!!II I! J/ 
032428-16 

c) Sampling DREQ at the End of Chaining 

-----~--Tl-.---

CLOCK 

(C) Sampling DR EO at the end 01 Chaining 032428-17 

d) Sampling DREQ at the End of Base·to~Current Reloading 

CLOCK 

~ If In ThDRO(e) 

Mro ~\\\\\\\\ \\\\\\\ \\\\ \\\\\ \\\\\\\\\\\l@ ¥!WI ffll)) o!/M II !II)II fI/J/I/)))@)!lulijjj)llll/l!; 
032428-18 

Notes: 1. DREQ must be LOW from the start of TsDRQ(c) to the end of ThDRQ(c) to ensure that the request is recognized. 
2. Failure to meet this setup time will result in the channel releasing the bus. 
3. Ts is a setup state, generated before entering DMA operation cycle. 
4. TAU2, TAU3 and TAU4 are auto-reload states, followed by TeO (chain decision) state. 
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Demand Dedicated With Bus Release 
In Demand Dedicated with Bus Release (abbreviated Bus 
Release), the application of a Software Request will cause the 
channel to request the bus and perform the programmed DMA 
operation until TC, MC or EOP." If the channel was programmed 
for Bus Rei'ease 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 
performing the operation until TC, MC or EOP. 

When an active LOW DREQ' is applied to a channel pro
grammed for Bus Release, the channel will acquire the bus and 
perform DMA operations (a) until TC, MC or EOP or (b) until 
DREQ goes inactive. Timing Diagram 2 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 oper
ations immediately, without releasing the bus. When a TC, MC 
or EOP occurs, terminating a Bus Release mode operation, the 
channel, if enabled for chaining and/or Base-to-Current 
reloading, will perform reloading and/or chaining (assuming the 
Status register's SIP bit is clear) without releasing the bus. 

If the SIP bit of Channel Mode register is set when a DMA termi
nation occurs, the channel will relinquish the bus control until an 
Interrupt Acknowledge has been received and the SIP bit is 
cleared. After an interrupt has been serviced, the channel will 
perform the Base-to-Current reloading and/or chaining, if 
enabled for the termination. 

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 D~mand 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 
(Le., the request is not latched by the channel). 

Demand Interleave 
Demand Interleave behaves in different ways depending on the 
setting of Master Mode register bit MM2. If MM2 is set, the. UDC 
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. If MM2 is clear, control can pass from one UDC 
channel to the other without requiring the UDC to release bus 

control. If both channels have active requests, control will pass 
to the channel which did n6t just have control. For instance if 
MM2 is clear and both channels have active requests and are in 
Demand Interleave mode, control will toggle between the chan
nels after each DMA operation iteration and the UDC will retain 
bus control until both channels are finished with the bus. If MM2 
is set and both channels 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, they may gain control during 
the part of the sequence labelled CPU. See Appendix B for 
flowchart. 

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 a 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 again 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 ChannE11 Mode 
Register (CM1S)' 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 pro
grammed. For more than one iteration, the level DACK output 
would stay active during the time the channel had bus control. 
When CM1S is set, the DACK output will be inactive for all non
flyby modes. 

WAIT STATES 

The number of wait states to be added to the memory or I/O 
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 peripherals 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 programmable wait states will not 

TIMING DIAGRAM 3. DACK Timing 

T2 T3 T1P TAU1---

CLOCK 

LEVEL 
®Ir= 

DACK 

PULSED 
DACK 

(FLYBY) 

Os 
03242B·19 __ I . 

Note: Level DACK RE occurs as shown if auto-reloading is not programmed, otherwise it stays LOW for three additional clocks. 
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need the ability to generate hardware wait states through the 
WAIT pin, the wait function can be disabled by clearing the 
Wait Line Enable bit (MM2) in the Master Mode register. 

During DMA transactions, the WAIT input is sampled in the 
middle of the T 2 state. If WAIT is HIGH, and if no programmable 
wait states are selected, the UDC will proceed to state T3. 
Otherwise, at least one wait state will be inserted. The WAIT line 
is then sampled in the middle of state TWA. If WAIT is HIGH the 
UDC will proceed to state T 3. Otherwise additional wait states 
will be inserted. (See Timing Diagram 4.) 

Consider what happens in a transaction when both hardware 
and software wait states are inserted. Each time the 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 sus
pended until 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 I/O Transaction ~~at 
a user has programmed 4 software wait states. Driving a LOW 
on the WAIT input during T2 for 2 cycles would insert 2 hardware 
wait states. Driving WAIT HIGH for 3 cycles would allow 
insertion of three of the four software wait states. Driving WAIT 
LOW for 2 more cycles would insert 2 more hardware wait 
states. Finally, driving WAIT HIGH would allow the final $oftware 
wait state to be inserted. During this last software wait state, 
the WAIT pin would be sampled for the last time. If it is HIGH, 
the channel will proceed to state T 3. If the pin is LOW, the 
channel will insert hardware wait states until the pin goes HIGH 
and the channel would then enter state T 3 to complete the 
I/O transaction. 

Am9516 

DMA TRANSACTIONS 

There are three types of transactions performed by the Am9516 
UDC: Flowthru, Flyby and Search. Figures 15 and 16 show the 
configurations of Flowthru and Flyby Transactions. 

Flowthru Transactions 
A Flowthru Transaction consists of Read and Write cycles. Each 
cycle consists of three states: T1, T2, and T3 as shown in 
Timing Diagram 5. The user may select to insert software wait 
states through the Tag fields of the Current ARA and ARB 
registers. In addition, if Master Mode register bit MM2 = 1, 
hardware wait states may be inserted by driving a LOW Signal 
on the WAIT pin. 

The M/io and N/S lines will reflect the appropriate level for the 
current cycle early in h The TGS and TG7 bits of the current 
ARA and ARB registers should be programmed properly. The 
ALE output will be pulsed HIGH to mark the beginning of the 
cycle. The offset portion of the address for the periphera!Eeing 
accessed will appear on ADo-AD15 during h The R/W and 
B/W lines will select a read or write operation for bytes or words. 
The R/W, N/S, M/IO and B/W lines will become stable during T1 
and will remain stable until after T 3. 

I/O address space is byte-addressed but both 8- and 16-bit data 
sizes are supported. During I/O transactions the B/W output 
signal will be HIGH for byte transactions and LOW for word 
transactions. For I/O transactions, both even and odd addresses 
can be output, hence the address bit output on ADo may be 
Oor 1. 

The channel can perform both I/O read and I/O write operations, 
the M/ra line will be LOW. During. an I/O read, the ADo - AD15 

TIMING DIAGRAM 4. WAIT Timing 
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. Figure 15. Configuration of Flowthru Transaction 
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Figure 16. Configuration of Flyby Transaction 
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bus will be placed in the high impedance state by the UDC 
during T 2. The UDC will drive the DS output LOW to signal the 
peripheral that data can be gated onto the bus. The ~C will 
strobe the data into its Temporary register during T 3. DS will be 
driven HIGH to signal the end of the I/O transaction. During I/O 
write the UDC will drive the contents of the Temporary register 
onto'the ADo-AD15 bus and shortly after will drive the DS 
output LOW until T 3. Peripherals may sttobe the data on AD bus 
into their internal registers on either the falling or rising edge. If 
the peripheral is to be accessed in a Flyby transaction also, data 
should be written on the rising edge of DS only. 

For byte I/O writes, the channel will drive the same data on data 
bus lines ADo-AD7 and ADa-AD15' During byte I/O reads 
when the address bit on ADo is 0, the UDC will strobe data in 
from data lines ADa - AD15. During byte I/O reads when the 
address bit on ADO is 1, the UDC will strobe data in from data 
lines ADo-AD7' Thus, when an a-bit peripheral is connected to 
the bus, its internal registers will typically be mapped at all even 
or all odd addresses. To simplify accesses to a-bit peripherals, 
byte oriented I/O addresses are incremented/decremented by 2. 

The channel can perform the I/O read and memory write oper
ation, the memory read and I/O write operation, and the memory 

read and memory write operation, also. The timing for all Flow
thru transactions is the same. 

During chaining operations the UDC reads words from an 
address in System memory pointed to by the active channel's 
Chain Address register. Those' chaining operations are per
formed identically to the Flowthru memory read transactions, 
except that the data is loaded into an internal UDC 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 states: T1, T2, and T3, as shown in 
Timing Diagram 5. The user may select to insert 1, 2 or 4 
software wait states after state T 2 and before state T 3 by pro
gramming the Tag field of the Current Address register or the 
chain address register. If the Wait Line Enable bit in the Master 
Mode register is set, the user may also insert hardware wait 
states after state T 2 and before state T 3 by driving a LOW on the 
WAIT line. The operation of Flowthru memory transactions is 
performed identical to the Flowthru 1/0 transactions. (See Timing 
Diagram 5.) 

Flyby Transactions 

Flyby transfer and Flyby transfer-and-search operations are 
performed in a single cycle, providing a transfer rate significantly 

TIMING DIAGRAM 5. Flowthru Transactions 
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faster than that available from Flowthrus. In Flyby, operations 
can only be performed between memory and peripheral or 
between peripheral and peripheral. Memory-to-memory 
operations can not be performed in Flyby mode; these must be 
done using Flowthru. ' 

The Flyby Transaction can only be used with peripherals having a 
special Flyby signal input or with external logic. This Flyby input is 
connected to the channel's OACK output. For memory-peripheral 
Flyby, the address of the source memory location, must be pro
grammed in the Current ARA register. The Current ARB register 
must be programmed with the destination memory location for 
peripheral-memory Flyby. For Flyby peripheral-to-peripheral 
transaction, if both peripherals have a Flyby input, only one 
(called "flyby peripheral") should be connected to OACK; the 
other peripheral's Flyby input should be held high during the Flyby 
operation. The address of the peripheral (called "non-flyby 
peripheral") not connected to the channel's OACK output should 
be programmed in the Current ARB register when it is a destina
tion. When the non-flyby peripheral is a source, its address 
should be programmed in the current ARA register. Note that a 
set Flip bit (CM4 = 1) is for Flyby peripheral to Non-Flyby 
peripheral or Memory Write transaction (defined as "From Flyby 
Transaction") and a clear Flip bit (CM4 = 0) is for the membry or 
non-flyby peripheral read to Flyby peripheral transaction, (de
fined as "To Flyby Transaction"). 

Transaction 
Address of Memory or 
Non-Flyby Peripheral 

To Flyby 
From Flyby 

o HIGH 
1 LOW 

ARA 
ARB 

A Flyby operation is performed using three states: T1, T 2, and 
T 3. During T1 the channel pulses ALE and oJ:!Y>uts the address 
information. See Timing Diagram 6. The R/W line is HIGH for 
"To Flyby" Transaction a,nd R/W line is LOW for "From Flyby" 
Transaction. 

The channel's MilO and N/"§' lines 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 register Opera
tion field. During state T1 the channel drives R/W line to indicate 
the transaction direction. during state T2 the channel drives both 
OS and OACK active. The Flyby Peripheral connected to DACK 
inverts the R/W signal to determine whether it is being read from 
or writtin to (see Figure 17). 

R/W 

os 

OACK 

BACK 

Figure 17. Flyby Peripheral Interface 

4>0-
A1 

"~---]bW' B1 . , 

74lS157 

A2 

B2 
os' RD 

Y2 ----

SELB 
USE FOR INTEL INTERFACE 

I 

R/W' = BACK· R/W + BACK· R/W 

OS· = BACK· OACK + BACK· OS 

RD, = OACK· R/W· BACK + OS· R/W· BACK 

WR = OACK· R/W • BACK + OS • R/W • BACK 
03242B-24 
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The pulsed 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 ADo-A015 
bus. Note that because the "Flyby Peripheral" never gets 
explicitly addressed by AOo-AD15, it must know which internal 
register is to be loaded from or driven onto the AOo- A015 bus. 
On state T 3: the OS and OACK lines are driven inactive to con
clude the transfer. In Transfer-and-Search mode, data is loaded 
into the UOC's Temporary register on the LOW-to-HIGH OS 
transition in order to perform the 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 2 and T 3. 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 WAIT LOW if the Wait Line 
Enable bit in the Master Mode register is set. The WAIT line is 
sampled in the middle of the T 2 or TWA state. 

TERMINATION 

There are three ways a Transfer-and-Search or Search oper
ation can end and two ways a Transfer operation can end. When 
a channel's Current Operation Count goes to 0, the DMA oper
ation being performed will end. This is called a TC or Terminal 
Count te(mination. 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. 

End-of- Process 
The End-of-Process (EOP) interface pin is a bi-directional sig
nal. Whenever a TC, MC or EOP termination occurs, the UDC 
will drive the EOP pin LOW. During DMA operations, the EOP 
pin is sampled by the UOC to determine if EOP is being driven 
LOW by external logic. Timing Diagram 7 shows when internal 
EOPs are generated marking termination of all Transfers. These 
figurAs also show the, point during the OMA iteration when the 
EOP pin is sampled. The generation of internal EOPs and sam
pling 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 (CMR18 = 0) and gating each 
channel's EOP request with DACK, as shown in Figure 18. 

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 OMA operation, the reason for ending is 
stored in the Completion Status Field of the channel's Status 
register. See Figure 6. 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 its 
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CLOCK 

A16 -A23' 
B/Vi, NIS, MjiO 

TO 
FLYBY 

TRANS· 
ACTION 

FROM 
FLYBY 

TRANS· 
ACTION 

ALE 

R/Vi 

xxx 

TIMING DIAGRAM 6. Flyby Transactions 

~--------~--------·~I----------~--------~~--------~--------~ 

I ~ I 
x x x x Xl'l 'J: l xxxV0x Xi xx x x xx xx xx xx xx x x X I xx xx X xxx xx xx x x x x n. I..XXXXXX xxx X xx xx X IX xx x X 

'----INSERT WAIT STATES 

(TO FLYBy) -------,------- / (FROM FLYBy) 

(FROM I FLYBy) 

\ J ~ 
\ ____ ~O.!~Y~ __ _ -J1 

ADDRESS (ARA) \ / DATA ON 
/ \ SYSTEM BUS 

(HIGH) 

ADDRESS (ARB) DATA ON SYSTEM BUS 

(LOW) 
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TIMING DIAGRAM 7. EOP Timing 

a) EOP Sampling and Generation During DMA Operations 

b) Sampling of EOP During Bus Hold 

CHANNEL HOLDS BUS 

032428-27 

Notes: 1_ The diagram lists state names for both I/O and memory accesses_ Sampling of EOP will occur on the falling edge of state T3. 
2. State T1 P is a pseudo-T1 state, generated following termination of any DMA operation. 
3. TAU1 is an auto-initialization state, generated following the TC, MC or EOP termination. 

UDC 

Figure 18., EOP Conne?tion 

DREQ 1 t-----------t 

DACKi t-----------t 

.....--'VV'v--- + 5V 

PERIPHERAL 1 

EOP~---"-------------+ 

DREQ 2 t-----------t 

DACK 2 t-----------t 
PERIPHERAL 2 

~--~~--~ ~----------------

032428-28 
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Current Operation Count to zero, causing a TC termination; 
input data from the source generated a match causing an MC 
termination; and there was a LOW on EOP pin 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) Issue an Interrupt request (Le., setting the IP or SIP bit of the 
channel's Status register); 

(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 sele~ts 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 reloading is selected 
for the type of termination that occurred, the NAC bit in the Status 
register will be set. 

More than one action can occur when a DMA operation ends. 
This may arise because more than one action was programmed 
for the applicable termination. The priorities of those actions are 
Interrupt request first, Base-to-Current reloading second, and, 
then chaining. The Interrupt can not be serviced unless the UDC 
has relinquished the bus. 

Interrupts 
In order to allow the UDC to start executing a new DMA oper
ation after issuing an interrupt, but before an interrupt acknow~ 
ledge is received, a two-deep interrupt queue is implemented on 
each channel. The following discussion will describe the stan
dard interrupt structure and then elaborate on the additional 
interrupt queuing capability of the UDC. 

A complete interrupt cycle consists of an interrupt request 
followed by an interrupt-acknowledge transaction. The request, 
which consists of INT being pulled LOW, 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 operation; cause of interrupt. 

A peripheral can have one or more sources of interrupt. Each 
interrupt source has two bits that control how it generates inter
rupts. These bits are a Channel Interrupt Enable bit (CIE), and an 
Interrupt Pending bit (IP). On the UDC, each ,channel is 1:\n inter
rupt source. The two interrupt control bits are located in bits CM15 
and 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 trans
action. There is one bit (MM3) in the Master Mode register used 
for controlling interrupt behavior for the whole device. 

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 
UDC 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 UDC 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 8. 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 acknow
ledged. 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 
compatibility with polled interrupt schem~s, 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 
registers. 

Note that the SIP bit is transferred to the IP bit when IP is cleared 
by the host CPU. Whenever CIE is set INT will go LOW as soon 
as IP is set. 

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 in this document.) 
In this type of reload, the Current Address Registers A and Bare 
loaded with the data in the Base Address Registers A and B 
respectiv'ely, 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 required by chaining. Although 
the channel must have bus control to perform Base-to-Current 
reloading, the complete reloading operation occurs in four clock 
cycles (i.e., TAU1 through TAU4). Note that if the channel had to 
relinquish the bus because two unacknowledged 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 system bus once an interrupt acknowledge is 
received, even if it immediately afterward will relinquish the bus 
because no hardware software request is present. 

Chaining 
if the channel is programmed to chain at the end of a DMA oper
ation,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 the, 
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. 

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 to point to the next word in 
memory and at the end of the all Zero-Reload word chain oper
ation, 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 hcmd, care must be taken in their use since the channel 
may perform an erroneous operation if it is unintentionally started 
after the chaining operation. 

7-248 



COMMAND DESCRIPTIONS 
Figure 19 shows a list of UDC commands. The commands are 
executed immediately after being written by the host CPU into 
the UDC's Command register (Figure 20). A description of each 
command follows. 

Reset (00) 
This command causes the UDC to be set to the same state gen
erated by a Hardware Reset. The Master Mode register is set to 
all zeros, the CIE, IP and SIP bits are cleared, the NAC and CA 
bits in each channel's Status register are set and the channel 
activity is forbidden. The Chain Address must be programmed 
since its state may be indeterminate after a Reset. The lockout 
preventing channel activity is cleared by issuing a Start Chain 
command. 

Am9516 

Start Chain Channel1/Channel2 (Ao/A1) 
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. 

When the Waiting For Bus (WFB) bit of Status Register is set, if 
the "Start Chain" command is issued, the channel will honor the 

Figure 19. UDC Command Summary 

Opcode Bits 
Example 

Command 7654 3210 Code HEX 

Reset OOOX XXXX 00 
Start Chain Channel 1 101X XXXO AO 
Start Chain Channel 2 101X XXX1 A1 

- Set Software Request Channel 1 010X XX10 42 
Set Software Request Channel 2 010X XX11 43 
Clear Software Request Channel 1 010X XXOO 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 XXOO 80 
Clear Hardware Mask Channel 2 100X XX01 81 

Set CIE, or, IP Channel 1 001E XP10 32' 
Set CIE, or, IP Channel 2 001E XP11 33' 
Clear CIE, or, IP Channel 1 001E XPOO 30' 
Clear CIE, or, IP Channel 2 001E XP01 31' 

Set Flip Bit Channel 1 011X XX10 62 
Set Flip Bit Channel 2 011X XX11 63 
Clear Flip Bit Channel 1 011X XXOO 60 
Clear Flip Bit Channel 2 011X XX01 61 

'Notes: 1. E = Set to 1 to perform set/clear on CIE; Clear to 0 for no effect on CIE 
2. P = Set to 1 to perform set/clear on IP; Clear to 0 for no effect on IP 
3. X = "don't care" bit. This bit is not decoded and may be 0 or 1 

FUNCTION FIELD ~ 
000 Reset 
001 Interrupt Control 
010 Software Request 
011 Flip Bit 
100 Hardware Mask 
101 Start Chain 
110 Not Recognized 
111 Not Recognized 

Figure 20. Command Register 

I L Channel 2/Cha~nel' 1 

~set/clear 
L...-_____ Interrupt Pending 

L...-_______ Don't Care 

L...-_________ Channel Interrupt Enable 
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command after one DMA iteration. It is nearly impossibie for 
the CPU to issue a command when WFB = 1 and the UDC 
is enabled. 

Software Request Channel 1/Channel 2 
(Set: 42/43, Clear: 40/41) . 
This command sets or clears the software request bit 1n 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 cleared, 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 com
mand, 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. 

Set/Clear Hardware Mask 1/Mask 2 
(Set: 82/83; Clear: 80/81) 
This command sets or clears the Hardware Mask bit in the 
seiected 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. 
Transitions occurring while the Hardware Mask bit is set will be 
stored and serviced when the Hardware Mask is cleared, 
assuming the Channel has riot chained. The UDC 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 service is cleared. 

Timing Diagrams 1 and 2 show the minimum times when a new 
DREQ can be applied if it is to be serviced by the new DMA 
operation. Note in Diagram 1 the notation of First iteration and 
Last iteration. This means for example, DREQ may be asserted 
during the write cycle T1 of a Flowthru transaction, but may never 
be asserted during T1 of a Flyby transaction since Flyby is done in 
one iteration. 

Set/Clear CIE, and IP Channel1/Channel 2 (see Figure 19) 
This command allows the user to either set or clear any com
bination of the CIE, and IP bits in the selected channel's Status 
register. These bits control the operation of the channel's inter
rupt structure and are described in detail in the "Interrupts" 
section. Setting the IP bit causes the Interrupt Save register to 
be loaded with the current Vector and Status. The IP bit is 
cleared to facilitate an efficient conclusion to the processing of 
an interrupt. 

Set/Clear Flip Bit Channel1/Channel 2 
(Set: 62/63; Clear: 60/61) 
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 repetitive 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. 

TIMING DIAGRAM 8. AC Timing when UDC is a Bus Slave 
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TIMING DIAGRAM 11. Bus Exchange Timing 
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TIMING DIAGRAM 12. Reset Timing 

03242B-34 

7-252 



Am9516 

TIMING DIAGRAM 13. Clock Waveform 
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TIMING DIAGRAM 14. Timing During Chaining 
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APPLICATION INFORMATION 
Figures 21(a) and 21(b) show the configuration of an Am9516 
UDC and an Am8086 microprocessor on the same board. 
Figure 22 shows a configuration for them when the Am9516 
UDC is on a different board. The configuration of an Am9516 
UDC to 68000 CPU interface is shown in Figure 23. An example 

7-253 

:.f;' .". 
'X :X Yxx 

, x 

:" /X :X . x 

-C ADDRESS DATA )-I IN 

, 

032428-36 

of an Am8086 initialization program is shown in Figure 24. Fi
gure 25 shows the reload table for chaining. The details of the 
Programmable Array Logic (PAL*) for those interfaces are de
scribed in Appendix B. 
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Figure 21(a). Am9516 UDC to 8086 CpU Interface (Minimum Mode) 
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Am25LS373 R Am2949 
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AmPAL 16L8 PALASM FILE 

PAL16L8 
Pat 001 
Am9516 to 8086 min mode interface chip 
Advanced Micro Devices 

NC ALED ALEP HLDA BW ADo DT /DEN /SEL GND 
NC /ABEN /AD ALE AO /AW /DS /WA /TBEN Vee 
If (lHLDA) DS = AD + WA 

If (/HLDA) AW = DT 

If (/HLDA) TBEN = /DP/SEL*DEN 

If (/HLDA) RBEN = DP/SE~ * DEN 

If (HLDA) AD = /AW * DS 

If (HLDA) WA = AW * DS 

ALE = /ALEP * /ALED 

Ao = /ADo*/BW*HLDA*ALED + 
ADo*BW*HLDA*ALED + 
/ADo*/HLDA*ALEP + Ao*/ALEP + Ao */ALED 

DESCRIPTION 

I 

This PAL converts the control signals to interface the 8086 in 
min mode to the Am9516 DMA controller. Another example 
shows how this is done in max mode. 

·PAL is a trademark of Monolithic Memories, Inc. 7-254 
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Figure 21 (b). Am9516 UDC to 8086 CPU Interface (Maximum Mode) 
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Timing Diagram of AmPAL16R6 

8284 CLOCK 

AmPAL16R6 PALASM FILE 

AmPAL16R6 
PAT003 
8086 to 85XX Peripheral Interface 
Advanced Micro Devices 

CLOCK RESET ClK ISo /S1 /S2 NC NC NC GND 
/OE/AS/P1 /RW /DS/PO/IACK/RDYClKDVc,c 

Po := /RESET*So*/PO*/P1 + 
/RESET*S1*/PO*/P1 + 
/RESET* S2* /PO* /P1 + 
/RESET*SO*P1 + 
/RESET*S1*P1 + 
/RESET*S2*P1 

P1 := /RESET*PO*/P1 + 
/RESET*P1*SO + 
/RESET*P1*S1 + 
/RESET*P1*S2 

DS :=/IACK*/PO*P1*SO*/S1*S2 + 
/IACK*/PO*P1*/SO*S1*S2 + 
IACK*SO*S1*S2 + 
DS*PO*P1 

032429·39 

RW:= SO*/S1 

lACK := /RESET*So*Sf*S2 + IACK*Po*P1*/DS + 
IACK*/Po*/P1 

RDY:= /RESET*So*/S1*S2*PO*P1 + 
/RESET*/SO*S1*S2*PO*P1 + 
/RESET*DS*RDY*PO*P1 

/ClKD = ClK 

AS = /ClKD*Po*/P1*/IACK*ClK 

DESCRIPTION 

This PAL translates 8086 bus signals into compatible signals for 
the 9516. It is also applicable to 85XX peripherals by altering 
/RW and /DS to /RD and /WR.One flip flop is available to give 
the necessary delay to the falling edge of /WR. 

Note: The ClK signal must be externally' inverted for this 
design. 
A> 
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AmPAL 16R4 Timing 

AmPAL 16R4 PALASM FILE 

B > Type Am9516 PAL 
PAL16R4 

8086 to Am9516 interface 
. Advanced Micro Devices 
CLK /RQGT HOLD NC NC NC /RW /DS Mia GND 
JOE /MWTC /MRDC HLDA /D2 /R2 /R1 /IOWC /IORC Vee 
If (HLDA) IORC = /MIO*DS*/RW 
If (HLDA) IOWC = (MIO*DS*RW 
If (HLDA) MRDC = MIO*DS*/RW 
If (HLDA)· MWTC = MIO*DS*RW 

R1:= HOLD 

R2 :=/R1 

D2:= R1 

/HLDA:= /R1 + /D2*/HLDA +/RQGP/HLDA 

DESCRIPTION 

This device converts the min mode signals HOLD and HLDA to 
the max mode /RQGT protocol. Additionally it generates the 
8288 equivalent control outputs /MRDC, /MWTC, /lORC, and 
/IOWC. This PAL was used to connect the Am9516 to the 8086 
in max mode. 

B> 

7-257 

Am9516 

032428·40 



..... 
N 
01 
(Xl 

Figure 22. Am9516 UDC to Multibus System Interface Configuration 
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Figure 23. Am9516 UDC to 68000 CPU Interface Configuration 
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AmPAL 16L8 PALASM FILE 

PAL16L8 
Pat 001 
68000 to Am9516 interface PAL 
Advanced Micro Devices 

NC BACK NC ALE ICS RW FCo FC1 Ao GND 
FC2 ITB IINTA IDS IBW lAS ILDS IUDS IRB Vee 
If (BACK) UDS = DS*/Ao*BW + DS*/BW 

If, (BACK) LDS = DS*Ao*BW + DS*/BW 

If (BACK) AS = IALE 

If (/BACK) DS = UDS + LDS 

If (I BACK) BW = UDS * LDS 

If (/BACK) TB = CS*RW*LDS + CS*RW*UDS + 
TB*DSD*/RW + CS*/RW*UDS 

If (/BACK) RB = CS*/RW + RB*DSD 

INTA = FCO*FC1 *FC2 

DESCRIPTION 

This PAL provides the necessary bidirectional buffering as well 
as translating signals as appropriate. The first four equations 
apply when the Am9516 is bus master the others apply when it 
is a slave. Note that the IRW terms of TB latch the data to meet 
the Am9516 data hold time requirement. 

Figure 24. Initialization Program for 8086 CPU 

BO 38 MOV AL,38H ;LOADING POINTER OF MASTER 

E6 12 OUT 12H ;MODE REGISTER 

B8 07 00 MOV AX,007H ;LOADING MMR CODE 

E7 10 OUTW 10H 

B026 MOV AL,26H ;LOADING POINTER OF CHAIN 

E6 12 OUT 12H ;ADDRESS REGISTER'S SEGMENT 

B8 00 00 MOV AX,OOOOH ;LOADING SEGMENT OF CAR-1 

E7 10 OUTW 10H 

BO 22 MOV AL,22H ;LOADING POINTER OF CHAIN 

E6 12 OUT 12H ;ADDRESS REGISTER'S OFFSET 

B8 20 10 MOV AX,1020H ;LOADING OFFSET OF CAR-1 

E7 10 OUTW 10H 

BO 2C MOV AL,2CH ;LOADING POINTER OF COMMAND 

E6 12 OUT 12H ;REGISTER 

BO AO MOV AL,AOH ;LOADING "START CHAIN" COMMAND 

E6 10 OUT 10H ;ISSUING "START CHAIN" COMMAND 

Notes: The p/5 input is connected to A1 line; es is decoded from A7 through A4 (all 0). 

Figure 25. Reload Table for Chaining 



Address 

Address 

Fast Readable 
Writeable 

A7 

x 0 1 

X 0 1 

X 0 1 

X 0 1 

X 1 0 

X 1 0 

X 1 0 

X 1 0 

Chain Loadable 

Writeable 

APPENDIX A 
UDC REGISTER SUMMARY 

A7 

x 

1 

1 

1 

1 

0 

0 

0 

0 

Master Mode Register 

o o 

Chip Enable 

CPU Interleave 
Enable 

Walt Line Enable 

No Vector on 
Interrupt 

AO 

o x 

03242B-43 

Miscellaneous Registers 

AO 

0 0 1 X Current Operation Count 

0 0 0 X Current Operation Count 

0 1 1 X Base Operation Count 

0 1 0 X Base Operation Count 

1 0 1 X Pattern 

1 0 0 X Pattern 

1 1 1 X Mask 

1 1 0 X Mask 

Pattern and Mask - Slow Readable 

Operation Count - Fast Readable 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

03242B-44 

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) 

7-261 

Channel Mode (2 Words) 

Chain Address (2 Words) 

03242B-45 

Am9516 
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Address 

Writeable Only 

000 Reset 
001 Interrupt 

A7 

x 
x 

Command Register 

o o 
o o 

AO 

x 
0' X 

Channel 2/Channel 1 

Set/Clear 
L-_____ Interrupt Pending 

CH1 

CH2 

010 Software Request 
011 Flip Bit 
100 Hardware Mask 
101 Start Chain 

1--_________ Channel Interrupt Enable 

110 Not Recognized 
111 Not Recognized 

Status Register 

A7 AO 

032429-46 

Address X 0 0 X CH1 
~-------------------------------~ 

X 0 0 0 X CH2 

Fast Readable 

STATUS RESERVED INTERFACE 

~
UDC IHARDWARE 

INTERRUPT '. I STATUS [ COMPLETION 
STATUS ~ .-l- STATUS 

CIE 

RESERVED 
IP ____ -l 

CA --------

NAC -----------

WFB-------------l 

SIP -----------

MCl------l 

MC-------

EOP------------~ 

TC-------------~ 
032429-47 

Interrupt Save Register 

A7 AO 

Address X 0 0 0 X I CHi 
X 0 0 0 0 X CH2 

Fast Readable 

\15\14\13\12\11 \10 \ 9 \ 8 \ 7 \ 6\ 5 \ 4 \ 3 \ 2 \1 \ 0 \ 
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Lvector 
Channel Numb er 

2) (O=ch.l, 1 =ch. 

TC 

EOP 

MC 

Chain Aborted 

MCl 

MCH 

Hardware Requ est 032429'48 



Channel Mode Register 

A7 

X 1 0 1 

X 1 0 1 

X 1 0 1 

X 1 0 1 

Chain Loadable 

Writable (Lower 16 bits) 

Slow Readable 

5ACK CONTROL 

0 1 

0 1 

0 0 

0 0 

HARrNVARE MASK ----------, 

SOFTWARE REQUEST ------, 

TC MC EOP TC MC EOP TC MC EOP -.---.---.-
CHAIN B-C RELOAD INTERRUPT 

1 

0 

1 

0 

AO 

X 

X 

X 

X 

High CH1 

High CH2 

LowCH1 

LowCH2 

MATCH CONTROL FIELD 

00 Stop on No Match 
Ot Stop on No Match 
10 Stop on Word Match 
11 Stop on Byte Match 

ENABLE ENABLE ENABLE DATA OPERATION FIELD 

COMPLETION FIELD 

TRANSFER TYPE FIELD ___ ---J 

Code Transfer Type 

00 Single Transfer 
01 Demand Dedicated/Bus Hold 
10 Demand Dedicated/Bus Release 
11 Demand Interleave 

FLIP BIT ------------' 

o - ARA = SRC, ARB = DEST 
1 - ARA = DEST, ARB = SRC 

Code/Operation 

Transfer 

0001 
100X 
0000 
0011 
0010 

Transfer-
and-Search 
0101 
110X 
0100 
0111 
0110 

Search 

1111 
1110 
101X 

Chain Address Register 

A7 

Operand Size 

ARA ARB 

Byte Byte 
Byte Word 
Word Word 
Byte Byte 
Word Word 

Byte Byte 
Byte Word 
Word Word 
Byte Byte 
Word Word 

Byte Byte 
Word Word 

Illegal 

AO 

Transaction 

Type 

Flowthru 
Flow1hru 
Flow1hru 
Flyby 
Flyby 

Flow1hru 
Flow1hru 
Flow1hru 
Flyby 
Flyby 

N/A 
N/A 

03242B-49 

Address X 0 1 0 

X 0 1 0 

X 0 1 0 

X 0 1 0 

0 1 

0 1 

0 0 

0 0 

1 

0 

1 

0 

X 

X 

X 

X 

Up-Addr CH1 

Up-Addr CH2 

Low-Addr CH1 

Low-Addr CH2 

PROGRAMMABLE WAIT FIELD 

00 = 0 Wait States l 
01 = 1 Wait States 
10 = 2 Wait States 
11 = 4 Wait States 

15 87 32 10 p--------------------

u3~ ... 2B-5v 
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Address Registers 

A7 

Address x 0 0 1 1 0 

X 0 0 1 1 0 

X 0 0 0 1 0 

X 0 0 0 1 0 

X 0 0 t 0 0 

X 0 0 1 0 0 

X 0 0 0 0 0 

X 0 0 0 0 0 

X 0 0 1 1 1 

X 0 0 1 1 1 

X 0 0 0 1 1 

X 0 0 0 1 ' 1 

X 0 0 

X 0 0 

X 0 0 

X 0 0 

Chain Loadable 

FastAeadable and Writeable 

1 

1 

0 

0 

ADDRESS REFERENCE FIELD 

0 

0 

0 

0 

MEMORY/(I/O):-==-l 

NORMAL/SYSTEM I I 

1 

1 

1 

1 ' 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

15 7 6 5 4 

UP-ADDR 1"':':".1 
LOWER ADDRESS 

7-264 

AO 

X Current ARA Up-Addr/Tag 

X Current ARA Up-Addr/Tag 

X Current ARA Low-Addr 

X Current ARA Low-Addr 

X Current ARB Up-Addr/Tag 

X Current ARB Up-Addr/Tag 

X Current ARB Low-Addr 

X Current ARB Low-Addr 

X Base ARA Up-Addr/Tag 

X Base ARA Up-Addr/Tag 

X Base ARA Low-Addr 

X Base ARA Low-Addr 

X Base ARB Up-Addr/Tag 

X Base ARB Up-Addr/Tag 

X Base ARB Low-Addr 

X Base ARB Low-Addr 

r------ ADDRESS CONTROL FIELD 

00 = Increment Address 
01 = Decremenl Address 
IX = Hold Address 

r PROGRAMMABLE WAIT FIELD 
00 = 0 Wall Slates 
01 = 1 Wall Slate 
10 = 2 Wall Slates 
11 = 4 Wall Slates . 

2 1 0 

TAG 

032429-51 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 1 



Am9516 

APPENDIX B 
(1) Flow Charts of DMA Operations: 

Figure 8-1 shows the basic DMA operations with· software 
or hardware request. The Demand Interleave operations are 
shown in Figure 8-2. 

(2) Designs of PAL for UDC Interface: 
Figure 8-3 is the PAL for 6800 CPU to Am9516 UDC 
interface. Figure 8-4 and 8-5 are for the interface between 
UDC and Multibus". 

Figure B·1 .. Basic DMA Operations of Am9516 UDC 

032426·52 

a) Single Operation 

OTHER 
CHANNEL 

OR . 
RELEASE BUS 

INTERRUPT 
BTOCLOAD 

CHAINING 

b) Demand Operation when Software Requesting 

032428-54 

··Multibus is a trademark of Intel Corp. 

INTERRUPT 
BTOCLOAD 

CHAINING 

OTHER 
CHANNEL 

OR 
RELEASE BUS 

7-265 

c) Demand Dedicated with Bus Release 
(Hardware Request) 

INTERRUPT 
BTOCLOAD 

CHAINING 

OTHER 
CHANNEL 

OR 
RELEASE BUS 

032426-53 

d) Demand. Dedicated with Bus Hold 
(Hardware Request) 

INTERRUPT 
BTOCLOAD 

CHAINING 

OTHER 
CHANNEL 

OR 
RELEASE BUS 

032428-55 
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Figure 8-2. Demand Interleave Operations of Am9516 UDC 

CH·l: INTERLEAVE 
CH·2: INTERLEAVE 
CPU: INTERLEAVE 

CH·l: DEMAND INTERLEAVE 
CH·2: DEMAND/BUS RELEASE 
CPU: NO INTERLEAVE 

CH·l: INTE.RLEAVE 
CH·2: INTERLEAVE 
CPU: NO INTERLEAVE 

CH·l: INTERLEAVE 
CH·2: SOFTWARE DEMAND 
CPU: INTERLEAVE 

CH·l: DEMAND INTERLEAVE 
CH·2: DEMAND/BUS HOLD 
CPU: NO INTERLEAVE 

7-266 

CH·l: DEMAND INTERLEAVE 
CH·2: DEMAND/BUS RELEASE 
CPU: INTERLEAVE 

DREQI 
ACTIVE 

CH·l: DEMAND INTERLEAVE 
CH·2: DEMAND/BUS HOLD OR BUS RELEASE 
CPU: INTERLEAVE 

03242B·56 
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APPENDIXC 

Am9516 STATE DIAGRAM 

1------------- CHAINING ------------1 

ACKNOWLEDGE I-UPPER ADDRESS UPDATING --J...-- TRANSFER/SEARCH -t-SETUP I I IDLE -I 

Am9516 INTERNAL OPERATION ROUTINES 

1. "Start Chain" command issued or start updating routine" 
after an interrupt has been served .. " 

2. Normal DMA operation. 
3. Demand with Bus hold while DREQ is inactive. 
4. DREQ is active while bus held. 
5. Single transfer, CPU interleave enabled, or demand with 

bus release while current DREQ is inactive and no DMA 
request is pending. 

6. Single Transfer or Demand/Bus release while current 
DREQ is inactive, but the other DMA request is pending. 

7. TC, MC or EOP termination occurs. 
8. One DMA or chain transaction is done and the upper 

address is not changed. 
9. One DMA or chain transaction is done and the upper 

address is changed. 

7-267 

10. Base-to-current auto-reloading is enabled. 
1.1. Base-to-current auto-reloading is disabled. 
12. Chaining is enabled. 

032428·57 

13. Chaining is disabled and another DMA request is pending. 
14. Chaining is disabled and no DMA request is pending. 
15. Chaining ends and another DMA request is pending. 
16. Chaining ends and no DMA request is pending. 
17. EOP termination of Bus Hold. 

"Updating routine includes base-to-current auto-reloading and 
chaining. 

"When a second interrupt is to be issued before the first interrupt is 
acknowledged, the SIP bit of a Status Register is set and the channel 
relinquishes the bus until the first interrupt has been served. If the 
channel was to perform the updating routine, once the SIP bit is 
cleared, DTC will re-acquire the bus and perform the appropriate 
operation (i.e., 1). 
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Appendix D. 

SWITCHING CHARACTERISTICS 
TIMING FOR UDC AS BUS MASTER 
S TIMING DIAGRAMS 2 240) ( ee startmg on page -

Number Parameter Description 

1 TcC Clock Cycle Time 

2 TwCh Clock Width (HIGH) 

3 TwCI Clock 'vVidth (LOW) 

4 TfC Clock Fall Time 

5 TrC Clock Rise Time 

6 TdC(AUv) Clock RE to Upper Address (A16-A23) Valid Delay 

7 ThC(AUv) Clock RE to Upper Address Valid Hold Time 

8 TdC(ST) Clock RE to R/W and B/W Valid Delay 

9 TdC(A) Clock RE to Lower Address (Ao-A1s) Valid Delay 

10 TdC(Az) Clock RE to Lower Address (Ao-A1S) Float Delay 

11 TdC(ALr) Clock RE to ALE RE Delay 

12 TdC(AL) . Clock FE to ALE FE Delay 

13 TdC(DS) Clock RE to DS (Read) FE Delay 

14 TdC(DSf) Clock FE to DS (Write) FE Delay 

15 TdC(DSr) Clock FE to DS RE Delay 

16 TdC(DO) Clock RE to Data Out Valid Delay 

17 TsDI(C) Data In to Clock FE Setup Time 

18 TdA(AL) Address Valid to ALE FE Delay 

19 ThAL(A) ALE FE to Lower Address Valid Hold Time 

20 TwAL ALE Width (HIGH) 

21 TdAz(DS) Lower Address Float to DS FE Delay 

22 TdAL(DS) ALE FE to DS (Read) FE Delay 

23 TdAL(DI) ALE FE to Data In Required Valid Delay 

24 TdA(DI) Address Valid to Data In Required Valid Delay· 

25 TdDS(A) OS RE to Address Active Delay 

26 TdDS(AL) OS RE to ALE RE Delay 

27 TdA(DS) Address Valid to DS (Read) FE Delay 

28 TdDO(DSr) . Data Out Valid to DS RE Delay 

29 TdDO(DSf) Data Out Valid to DS FE Delay . 
30 ThDS(DO) OS RE to Data Out Valid Hold Time 

31 TdDS(DI) OS (Read) FE to Data In Required Valid Delay 

33 ThDI(DS) DS RE to Data In Hold Time 
I 

34 TwDSmw DS (Write) Width (LOW) 

35 TwOSmr DS (Read) Width (LOW) 

36 TdC(RBr) Clock FE to RBEN RE Delay· 

37 ThDS(ST) OS RE to B/W, N/S, R/W and MIlO Valid Hold Time 

38 TdC(TRf) Clock RE to TBEN or RBEN FE Delay 

39 TdC(TRr) Clock RE to TBEN RE Delay 

40 TdC(ST) Clock RE to MIlO and N/S Valid Delay 

41 TdS(AL) R/W, MIlO, B/W and N/S Valid to ALE FE Delay 

42 TsWT(C) WAIT to Clock FE Setup Time 

·These must not occur simultaneously. 
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4MHz 5MHz 

Min Max Min Max Units 

250 2000 200 ns 

105 69· ns 

105 85· ns 

20 10 or 15 ns 

20 100r 15 ns 

90 85 ns 

20 10 ns 

110 100 ns 

90 85 ns 

60 60 ns 

70 70 ns 

70 70 ns 

60 60 ns 

60 60 ns 

60 60 ns 

90 85 ns 

20 20 ns 

50 40 ns 

60 50 ns 

80 twCh-15 ns i 
0 0 ns I 

75 60 ns 

300 250 ns 

410 350 ns 

80 60 ns 

75 60 ns 

160 150 ns 

230 215 ns 

55 45 ns 

85 65 ns 

205 180 ns 

0 0 ns 

185 150 ns 

275 250 ns 

70 65 ns 

75 60 ns 

60 60 ns 

60 60 ns 

90 80 ns 

60 45 ns 

20 20 ns 
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WITCHING CHARACTERISTICS 
MING FOR UDC AS BUS MASTER (Cont.) 

umber Parameter Description 

43 ThWT(C) WAIT to Clock FE Hold Time 

44 TwDRQ DREQ Pulse Width (Single Transfer Mode)' 

45 TsDRQ(C) DREQ Valid to Clock RE Setup Time 

46 ThDRQ(C) Clock RE to DREQ Valid Hold Time 

47 TdC(INTf) Clock FE to INT FE Delay 

"his parameter is slower than parameter 15, 

ote: RE = rising edge 
FE = falling edge 

;WITCHING CHARACTERISTICS 
IDC AS BUS SLAVE BUS EXCHANGE 

lumber Parameter Description 

61 TdIN(DO) INTACK FE to Data Output Valid Delay 

62 TdIN(DOz) INTACK RE to Data Output Float Delay 

63 TdDS(DO) DS FE (lOR) to Data Output Driven Delay 

64 TdDS(DOz) DS RE (lOR) to Data Output Float Delay 

65 TsDI(DS) Data Valid to DS RE (lOW) Setup Time 

66 ThDS(DI) DS RE (lOW) to Data Valid Hold Time 

67 TwDS DSlowWidth 

68 TwiN INTACK low Width 

69 ThDS(CS) DS RE to CS Valid Hold Time. 

70 ThDS(PD) DS RE to P/D Valid Hold Time 

P/D Valid to DS FE Setup Time (lOR) 
71 TsPD(DS) 

P/D Valid to DS FE Setup Time (lOW) 

72 TsCS(DS) CS Valid to DS FE Setup Time 

73 TrDS DS RE to DS FE Recovery Time (for Commands Only) 

74 TwRST RESET low Width 

75 TdC(BROf) Clock RE to BREQ RE Delay 

76 TdC(BRQr) Clock FE to BREQ FE Delay 

77 TdBRQ(CTRz) BREQ FE to Control Bus Float Delay 

78 TdBRQ(ADz) BREQ FE to AD Bus Float Delay 

79 TdBRQ(BAK) BREQ RE to BACK RE Required Delay 

80 TsBAK(C) BACK Valid to Clock RE Setup Time 

81 TdBAK(ADz) BACK FE to A and AD Buses Float Delay (Reset) 

82 TdBAK(CTRz) BACK FE to Control Bus Float Delay (Reset) 

83 TdBAK(DSz) BACK FE to DS Float Delay (Reset) 

84 TsRW(DS) R/W Valid to DS FE Setup Time (lOW) 

85 ThDS(RW) DS RE to R/W Valid Hold Time (lOW) 

86 TsRW(DS) R/W Valid to DS FE Setup Time (lOR) 11 

87 ThDS(RW) DS RE to R/W Valid Hold Time (lOR) 

"2000ns for slow readable registers (worst case) 

Noto: RE = rising edge 
FE = falling edge 
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4MHz 5MHz 

Min Max Min Max Units 

20 15 ns 

20 20 ' ns 

50 50 ns 

20 20 ns 

150 150 ns 

4MHz 5MHz 

Min Max Min Max Units 

135 135 ns 

75 75 ns 

135" 135" ns 

75 75 ns 

40 40 ns 

30 30 ns 

150" 150" ns 

150 150 ns 

20 20 ns 

20 20 ns 

10 10 
ns 

50 50 

30 30 ns 

4TcC 4TcC ns 

3TcC 3TcC ns 

150 
~ 

150 ns 

150 150 ns 

140 140 ns 

140 140 ns 

0 0 ns 

40 35 ns 

135 135 ns 

100 100 ns 

80 80 ns 

2 2 ns 

-10 -10 ns 

20 20 ns 

20 20 ns 



Am9516 
SWITCHING CHARACTERISTICS 
~DC-PERIPHERAL INTERFACE 

Number Parameter 

90 TCHDL 

91 TCHDH 

92 TDSK 

93 TDAD 

94 TDAH 

95 TEIDL 

96 TEIDH 

97 TES 

98 TEW 

99 TES(BH) 

100 TEW(BI;I) 

Note: RE = rising edge 
FE = falling edge 

I Description 

Clock RE to Pulsed DACK FE Delay 
(Flyby Transactions Only) 

Clock RE to Pulsed DACK RE Delay 
(To Flyby Transactions Only) 

DS RE to Pulsed DACK RE Delay 
(FROM Flyby Transactions Only) 

Clock RE to Level DACK Valid Delay 

Clock FE to Level DACK Valid Hold Time 

Clock FE to Internal EOP LOW Delay 

Clock FE to Internal EOP RE Delay 

External EOP Valid to Clock FE Setup 
Time During Operation 

External EOP Pulse Width Required During Operation 

External EOP Valid to Clock FE Setup Time During Bus Hold 

External EOP Pulse Width Required During Bus Hold 
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4MHz 5MHz 

Min Max Min Max Units 

100 90 ns 

100 90 ns 

30 30 ns 

100 90 ns 

100 90 ns 

100 85 ns 

100 85 ns 

10 10 ns 

20 20 ns 

10 10 ns 

20 20 ns 
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Mulfimode DMA Controller 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• Four independent DMA channels, each with separate reg
isters for Mode Control, Current Address, Base Address, 
Current Word Count and Base Word Count. 

The Am9517A Multimode Direct Memory Access (DMA) Con
troller is a peripheral interface circuit for microprocessor sys
tems. It is designed to improve system performance by allowing 
external devices to directly transfer information to or from the 
system memory. Memory-~o-memory transfer capability is also 
provided. The Am9517 A offers a wide variety of programmable 
control features to enhance data throughput and system opti
mization and to allow dynamic reconfiguration under program 
control. 

• Transfer modes: Bltck, Demand, Single Word, Cascade 
• Independent autoinitialization of all channels 
• Memory-to-memory transfers 
• Memory block initialization 
• Address increment or decrement 
• Master system disable 
• Enable/disable control of individual DMA requests 
• Directly expandable to any number of channels 
• End of Process input for terminating transfers 
• Software DMA requests 
• Independent polarity control for DREQ and DACK signals 

The Am9517 A is designed to be used in conjunction with an ex
ternal 8-bit address register such as the Am74LS373. It con
tains four independent channels and may be expanded to any 
number of channels by cascading additional controller chips. 

The three basic transfer modes allow programmabil ity of the 
types of DMA service by the user. Each channel can be indi
vidually programmed to Autoinitialize to its original condition 
following an End of Process (EOP). 

• Compressed timing option speeds transfers - up to 2.5M 
bytes/second 

• +5 volt power supply 
• Advanced N-channel silicon gate MOS·technology 
• 40 pin Hermetic DIP package 
• New 9517 A-5 5MHz version for higher speed 

CPU compatability 

EO? 

RESET 

cs 
READY 

CLOCK 

AEN 

ADSTB 

MEMR 

MEMW 

iDA 

iOW 

HACK 

HREO 

DACKO·DACK3 

Each channel has a full 64K address and word count capability. 
An external EOP signal can terminate a DMA or memory-to
memory transfer. This is useful for block search o'r compare 
operations using external comparators or for intelligent peri
pherals to abort erroneous services. 

BLOCK DIAGRAM 

DBO·DB7 

030406-1 

ORDERING INFORMATION 

Package 
Maximum Clock Frequency 

Type Ambient Temperature 3MHz 4MHz 5MHz 

Hermetic DIP/ 
O°C ,,;;; TA";;; +70°C AM9517ADC/PC AM9517A-4DC/PC AM9517A-5DC/PC 

Molded DIP AM9517A-1DC/PC 
.-

AM9517ADI Hermetic DIP -40°C,,;;; TA ,,;;; +85°C AM9517A-1D1 AM9517A-4DI/PI 

Hermetic DIP -55°C,,;;; TA ,,;;; + 125°C AM9517ADMB 
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Figure 1. Connection Diagram 
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Pin 1 is marked for orientation. 

INTERFACE SIGNAL DESCRIPTION 

VCC: +5 Volt Supply 
VSS: Ground 

ClK (Clock, Input) 

This input controls the internal operations of the Am9517A and 
its rate of data transfers. The input may be driven at up to 3MHz 
for the standard Am9517A, up to 4MHz for the Am9517A-4, and 
upto 5~Hz for the Am9517A-5. 

CS (Chip Select, Input) 

Chip Select is an active low input used to select the Am9517 A as 
an I/O device during an I/O Read or I/O Write by the host CPU. 
This allows CPU communication on the data bus. During mUlti
ple transfers to or from the Am9517A by the host CPU, CS may 
be held low providing lOR or lOW is toggled following each 
transfer. . 

RESET (Reset, Input) 

Reset is an asynchronous active high input which clears the 
Command, Status, Request and Temporary registers. It also 
clears the First/last Flip/Flop and sets the Mask register. Fol
lowing a Reset the device is in the Idle cycle .. 

READY (Ready, Input) 

Ready is an input used to extend the memory read and write 
pulses from the Am9517A to accommodate slow memories or 
I/O peripheral devices. 

HACK (Hold Acknowledge, Input) 

The active high Hold Acknowledge from the CPU indicates that 
control·of the system buses has been relinquished. 

DREQO-DREQ3 (DMA Request, Input) 

The DMA Request lines are individual asynchronous channel 
request inputs used by peripheral circuits to obtain DMA service. 
In Fixed Priority, DREQO has the highest priority and DREQ3 
has the lowest priority. Polarity of DREQ is programmable. 
Reset initializes these lines to active high. 

DBO-DB7 (Data Bus, Input/Output) 

The Data Bus lines are bidirectional three-state signals con
nected to the system data bus. The outputs are enabled during 

the I/O Read by the host CPU, permitting the' CPU to examine 
the contents of an Address register, the Status register, the 
Temporary register or a Word Count register. The Data Bus is 
enabled to input data during a host CPU I/O write, allowing the 
CPU to program the Am9517 A control registers. During DMA 
cycles the most significant eight bits of the address are output 
onto the data bus to be strobed into an external latch by ADSTB. 
In memory~to-memory operations data from the source memory 
location comes into the Am9517A's Temporary register on the 
read-from-memory half of the operation. On the write-to-memory 
half of the operation, the data bus outputs the Temporary regis
ter data into the destination memory location. 

lOR (I/O Read, Input/Output) 

I/O Read is a bidirectional active low three-state line. In the Idle 
cycle, it is an input control signal used by the CPU to read the 
control registers. In the Active cycle, it is an output control signal 
used by the Am9517A to access data from a peripheral during a 
DMA Write transfer. 

lOW (I/O Write, Input/Output) 

I/O Write is a bidirectional active low three-state line. In the Idle 
cycle it is an input control signal used by the CPU to load infor
mationinto the Am9517A. In the Active .cycle it is an output 
control signal used by the Am9517A to load data to the 
peripheral during a DMA Read transfer. 

Write operations by the CPU to the Am9517A require a rising 
lOW edge following each data byte transfer. It is not sufficient to 
hold the lOW pin low and toggle CS. I 

EOP (End of Process, Input/Output) 

EOP is an active low bidirectional open-drain signal providing 
information concerning the completion of DMA service. When a 
channel's Word Count goes to zero, the Am9517A pulses EOP 
low to provide the peripheral with a completion signal. EOP may 
also be pulled low by the peripheral tocause premature comple
tion. The reception of EOP, either internal or external, causes the 
currently active channel to terminate the service, to set its TC bit 
in the Status register and to reset its request bit. If Autoinitial
ization is selected for the channel, the current registers will be 
updated from the base registers. Otherwise the channel's mask 
bit will be set and the register contents will remain unaltered. 
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Juring memory-to-memory transfers, EOP will be output when 
he TC ,for channell occurs, EOP always applies to the channel 
Nith an active DACK; external EOPs are disregarded when 
)ACKO-DACK3 are all inactive if the DMA is in state SI. 

n situations where two or more Am9517A DMAs are cascaded 
:he EOP pins should be logically OR'ed (notwire-OR'ed). ' 

Because EOP is an open-drain signal, an external pullup resis
tor is required. Values of 3.3K or 4.7K are recommended; the 
EOP pin cannot sink the current passed by a 1 K pullup. 

AO-A3 (Address, Input/Output) 

The four least significant address lines are bidirectional 3-state 
signals. During DMA Idle cycles they are inputs and allow the 
host CPU to load or read control registers. When the DMA is 
active, they are outputs and provide the lower 4-bits of the out
put address. 

A4-A7 (Address, Output) 

The four most significant address lines are three-state outputs 
and provide four bits of address. These lines are enabled only 
during DMA service. 

HREQ (Hold Request, Output) 

The Hold Request to the CPU is used, by the DMA to rpquest 
control of the system bus. Software requests or unmasked 
PREQs cause the Am9517A to issue HREQ. 

DACKO-DACK3 (DMA Acknowledge, Output) 

The DMA Acknowledge lines indicate that a channel is active. In 
many systems they will be used to select a peripheral. Only one 
DACK will be active at a time and none will be active unless the 
DMA is in control of the bus. The polarity of these lines is pro
grammable. Reset initializes them to active-low. 

AEN (Address Enable, Output) 

Address Enable is an active high signal used to disable the 
system bus during DMA cycles to enable the output of the exter
nal latch which holds the upper byte of the address. Note that 
during DMA transfers HACK and AEN should be used to de
select all other I/O peripherals which may erroneously be acces
sed as programmed 110 during the DMA operation. The 
Am9517A automatically deselects itself by disabling the CS 
input during DMA transfers.' 

ADSTB (Address Strobe, Output) 

The active high Address Strobe is used to strobe the upper 
address byte from DBO-DB7 into an external latch. 

Figure 2. Am9S17A Internal Registers. 

Name Size Number 

Base Address Registers 16 bits' 4, 
Base Word Count Registers 16 bits 4 
Current Address Registers 16 bits 4 
Current Word Count Registers 16 bits 

I 
4 

Temporary Address Register 16 bits 1 
Te'mporary Word Count Register 16 bits 1 
Status Register 8 bits 1 
Command Register 8 bits 1 
Temporary Register 8 bits 1 
Mode Registers 6 bits 4 
Mask Register 4 bits 1 
Request Register 4 bits 1 

Am9517A 

MEMR (Memory Read, Output) 

The Memory Read signal is an active low three-state output 
used to access data from the selected memory, location during a 
memory-to-peripheral or a memory-to-memory transfer. 

MEMW (Memory Write, Output) 

The Memory Write signal is an active low three-state output 
used to write data to the selected memory location during a 
peripheral-to-memory or a memory-to-memory transfer. 

FUNCTIONAL DESCRIPTION 

The Am9517 A block diagram includes the major logic blocks and 
all of the internal registers. The data interconnection paths are 
also shown. Not shown are the various control signals between 
the blocks. The Am9517A contains 344 bits of internal memory 
in the form of registers. Figure 2 lists these registers by name 
and shows the size of each. A detailed description of the regis
ters and their functions can be found under Register Description. 

The Am9517A contains three basic blocks of control logic. The 
Timing Control block generates internal timing and external 
control signals for the Am9517A. The Program Command Con
trol block decodes the various commands given to the Am9517 A 
by the microprocessor prior to servicing a DMA Request. It also 
decodes each channel's Mode Control word. The Priority En
coder block resolves priority contention among DMA channels 
requesting service simultaneously. 

The Timing Control block derives internal timing from tllO clock 
input. In Am9080A systems this input will usually bo tllO .,,2 TTL 
clock from an Am8224. However, any appropriate system clock 
will suffice. 

DM~ Operation 

The Am9517A is designed to operate in two major cycles. These 
are called Idle and Active cycles. Each device cycle is made up 
of a number of states. The Am9517A can assume seven sepa
rate states, each composed of one full clock period. State I (SI) 
is the inactive state. It is entered when the Am9517A has no 
valid DMA requests pending. While in SI, the DMA controller is 
inactive but may be in the Program Condition, being program
med by the processor. State 0 (SO) is the first state of a DMA 
service. The Am9517A has requested a hold but the processor 
has not yet returned an acknowledge. An acknowledge from the 
CPU will signal that transfers may begin. Sl, S2, S3 and S4 are 
the working states of the DMA service. If more time is needed to 
complete a transfer than is available with normal timing, wait 
states (SW) can be inserted before S4 by the use of the Ready 
line on the Am9517A. 

Memory-to-memory transfers require a read-from and a 
write-to-memory to complete each transfer. The states, which 
resemble the normal working states, use two digit numbers for 
identification. Eight states are required for each complete' 
transfer. The first four states (Sll, S12, S13, 814) are used for 
the read-from-memory half and the ,last four states (S21 , S22, 
S23 and S24) for the write-to-memory half of the transfer. The 
Temporary Data register is used for intermediate storage of the 
memory byte. 

IDLE Cycle 

When no channel is requesting service, the Am9517A will enter' 
the Idle cycle and perform "SI" states. In this cycle the 
Am9517A will sample the DREQ lines every clock cycle to de
termine if any channel is requesting a DMA service. The device 
will also sample CS, looking for an attempt by the microproces
sor to write or read the internal registers of the Am9517A. When 
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CS is low and HACK is low the Am9517A enters the Program 
Condition. The CPU can now establish, change or inspect the 
internal definition of the part by reading from or writing to the 
internal registers. Address lines AO-A3 are inputs to the device 
and select which registers will be read or written. The lOR and 
lOW lines are used to select and time reads or writes. Due to the 
number imd size of the internal registers, an internal fliplflop is 
used to generate an additional bit of address. This bit is used to 
determine the upper or lower byte of the 16~bit Address and 
Word Count registers. The fliplflop is reset by Master Clear or 
Reset. A separate software command can also reset this flip/ 
flop. 

Special software commands can be ex~cuted by the Am9517A 
in the Program Condition. These commands are decoded as 
sets of addresses when both CS and lOW are active and do not 
make use of the data bus. Functions include Clear First/Last 
Flip/Flop and Master Clear. 

ACTIVE CYCLE 

When the Am9517A is in the Idle cycle and a channel requests a 
DMA service, the device will output a HREQ to the micropro- . 
cessor and enter the Active cycle. It is in this cycle that the DMA I 

service will take place; in one of four modes: 

Single Transfer Mode: In Single Transfer mode, the Am9517 A 
will make a one-byte transfer during each HREQ/HACK hand
shake. Wh~n DREQ goes active,HREQ will go active. After the 
CPU responds by driving HACK active,a one-byte transfer will 
take place. Following the transfer, HREQ will go inactive, the 
word count will be decremented and the address will be either 
incremented or decremented. When the word count goes to zero 
a Terminal Count (TC) will cause an Autoinitialize if the channel 
has been programmed to do so. 

To perform a single transfer, DREQ must be held active only 
until the corresponding DACK goes active. If DREQ is held con
tinuously active, HREQ will go inactive following each transfer 
and then will go active again and a new one-byte transfer will be 
made following each riSing edge of HACK. In 8080Al9080A 
systems this will ensure one full machine cycle of execution 
between DMA transfers. Details of timing between the Am9517 A 
arict other bus control protocols will depend upon the charac
teristics of the microprocessor involved. 

Block Transfer Mode: In Block Transfer mode, the Am9517A 
will continue making transfers until a TC (caused by the word 
count going to zero) or an external End of Process (EOP) is 
encountered. DREQ need be held active only until DACK be
comes active. An autoinitialize will occur at the end of the ser
vice if the channel has been programmed for it. 

Demand Transfer Mode: In Demand Transfer mode the de
vice will continue making transfers until a TC or external EOP is 
encountered or until DREQ goes inactive. Thus, the device re
questing serVice may discontinue transfers by bringing DREQ 
inactive. Service may be resumed by asserting an active DREQ 
once again. During the time between se·rvices when the micro
processor is allowed to operate, the intermediate values of ad
dress and word count may be read from the Am9517A Current 
Address and Current Word Count registers. Autoinitialization will 
only occur following a TC or EOP at the end of service. Follow
ing Autoinitialization, an active-going DREQ edge is required to 
initiate a new DMA service. 

Cascade Mode: This mode is used to cascade more than one 
Am9517A together for simple system expansion. The HREQ and 
HACK signals from the additional Am9517A are connected to 
the DREQ and DACK signals of a channel of the initial 

Am9517A. This allows the DMA requests of the additional device 
to propagate through the priority network circuitry of the pre
ceding device. The priority chain is preserved and the new de
vice must wait for its turn to acknowledge requests. Since the 
cascade channel in the initial device is used only for prioritizing 
the additional device, it does not output any address or control 
signals of its own. These would conflict with the outputs of the 
active channel in the added device. The Am9517A will respond 
to DREQ with DACK but all other outputs except HREQ will be 
disabled. 

Figure 3 shows two additional devices cascaded into an initial 
device using two of the previous channels. This forms a two 
level DMA system. More Am9517As could be added at the sec
ond level by using the remaining channels of the first level. 
Additional devices can also be added by cascading into the 
channels of the second level devices forming a third level. 

Figure 3. Cascaded Am9517As .. 
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Each of the three active transfer modes can perform three dif
ferent types of transfers. These are Read, Write and Verify. 
Write transfers move data from an I/O device to the memory by 
activating lOR and MEMW. Read transfers move data from 
memory to an I/O device by activating MEMR and lOW. Verify 
transfers are pseudo transfers; the Am9517A operates as in 
Read or Write transfers generating addresses, responding to 
EOP, etc., however, the memory and I/O control lines remain 
inactive. 

Memory-to-Memory: The Am9517A includes a block move 
capability that allows blocks of data to be moved from one mem
ory address space to .another. When Bit CO in the Command 
register is set to a logical 1, channels 0 and 1 will operate as 
memory-to-memory transfer channels. Channel 0 forms the 
source address and channel 1 forms the destination address. 
The channel 1 word count is used. A memory-to-memory trans
fer is initiated by setting a software DMA request for channel o. 
Block Transfer Mode should be used for memory-to-memory. 
When channel 0 is programmed for a fixed source address, a 
single source word may be written into a block of memory. 

When' setting up the Am9517A for memory-to-memory opera
tion, it is suggested that both channels 0 and 1 be masked out. 
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Further, the channel 0 word count should be initialized to the 
same value used in channel 1. No DACK outputs will be active 
during memory-to-memory transfers. 

The Am9517Awili respond to external EOP signals during 
memory-to-memory transfers. Data comparators in block search 
schemes may use this input to terminate the service when a 
match is found. The timing of memory-to-memory transfers may 
be found in Timing Diagram 4. 

Autointialize: By programming a bit in the Mode register a 
channel may be set up for an Autoinitialize operation. During 
Autoinitialization, the original values of the Current Address and 
Current Word Count registers are automatically restored from 
the Base Address and Base Word Count registers of that chan
nel following EOP. The base registers· are loaded simultane
ously with the current registers by the microprocessor and re
main unchanged throughout the DMA service. The mask bit is 
not set by EOP when the channel is in Autoinitialize. Following 
Autoinitialize the channel is' ready to repeat its service without 
CPU intervention. 

Priority: The Am9517A has two types of priority encoding 
available as software selectable options. The first is Fixed Prior
ity which fixes the channels in priority order based upon the 
descending value of their number. The channel with the lowest 
priority is 3 followed by 2, 1 and the highest priority channel, O. 

The second scheme is Rotating Priority. The last channel to get 
service becomes the lowest priority· channel with the others 
rotating accordingly. With Rotating Priority in a single chip DMA 
system, any device requesting service is guaranteed to be rec
ognized after no more than three higher priority services have 
occurred. This prevents anyone channel from monopolizing the 
system. \ 

1st Service 2nd Service 3rd Service 

highest o 2 _ service~3 ---- service 
1 - service~ 3 - request 0 
2 ,,0 1 
3 1 2 lowest 

The priority encoder selects the highest priority channel re
questing service on each active-going HACK edge. Onte a 
channel is started, its operation will not be suspended if are
quest is received by a higher priority channel. The high priority 
channel will only gain control after the lower priority channel 
releases HREQ. When control is passed from one channel to 
another, the CPU will always gain bus control. This ensures 
generation of rising HACK edge to be used to initiate selection of 
the new highest-priority requesting channel. 

Compressed Timing: In order to achieve even greater 
throughput where system characteristics permit, the Am9517A 
can compress the transfer time to two clock cycles. From Timing 
Diagram 3 it can be seen that state S3 is used to extend the 
access time of the read pulse. By removing state S3 the read 
pulse width is made equal to the write pulse width and a transfer 
consists only of state S2 to change the address and state'S4 to 
perform the read/write. S1 states will still occur when A8-A15 
need updating (see Address Generation). Timing for compres
sed transfers is found in Timing Diagram 6. 

Am9517A 

Extended Write: For Flyby Transactions late write is normally 
used, as this allows sufficient time for the lOR signal to get data 
from the peripheral onto the bus before MEMW is activated. In 
some systems, performance can be improved by starting the 
write cycle earlier. This is especially true for memory-to-memory 
transactions. 

Address Generation: In order to reduce pin count, the 
Am9517A multiplexes the eight higher order address bits on the 
data lines. State S1 is used to output the higher order address 
bits to an external latch from which they may be placed on the 
address bus. The falling edge of Address Strobe (ADSTB) is 
used to load. these bits from the data lines to the latch. Address 
Enable (AEN) is used to enable the bits onto the address bus 
through a 3-state enable. The lower order address bits are out
put by the Am9517A directly. Lines.AO-A7 should be connected 
to the address bus. Timing Diagram 3 shows the time relation
ships between ClK, AEN, ADSTB, DBO-DB7 and AO-A7. 

During Block and Demand Transfer mode services which in
clude multiple transfers, the addresses generated will be se
quential. For many transfers the data held in the external ad
dress latch will remain the same. This data need only change ' 
when a carry or borrow from A7 to A8 takes.place in the normal 
sequence of addresses. To save time and sp~ed transfers, the 
Am9517A executes S1 states only when updating of A8-A15 in 
the latch is necessary. This means for long services, S1 states 
may occur only once every 256 transfers, a savings of 255 clock 
cycles for each 256 transfers. 

REGISTER DESCRIPTION 

Current Address Register: Each channel has a 16-bit Current 
Address register. This register holds the value of tho address 
used during DMA transfers. The address is automatically in
cremented or decremented after each transfer and the inter
mediate values of the addres·s are stored in the Current Address 
register during the transfer. This register is written or read by the 
microprocessor in successive 8-bit bytes. It may also be 
reinitialized by an Autoinitialize back to its original value. Au
toinitialization takes place only after an EOP. 

Current Word Count Register: Each channel has a 16-bit Cur
rent Word Count register. This register should be programmed 
with, and will return on a CPU read, a value one less than the 
number of words to be transferred. The word count is dec
remented after each transfer. The intermediate value of the word 
count is stored in the register during the transfer. When the 
value in the register goes to zero, a TC will be generated. This 
register is loaded or read in successive 8-bit bytes by the micro
processor in the Program Condition. Following the end of a DMA 
service it may also be reinitialized by an Autoinitialize back to its 
original value. ·Autoinitialize can occur only when an EOP oc-

. curs. Note that the contents of the Word Count register will be 
FFFF (hex) following on internally generated EOP. 

Base Address and Base Word Count Registers: Each chan
nel has a pair of Base Address and Base Word Count registers. 
These 16-bit registers store the original values of their as
sociated current registers. During Autoinitialize these value~ are 
used to restore the current registers to their original values. The 
base registers are written simultaneously with their correspond
ing current register in 8-bit bytes during DMA programming by 
the microprocessor. Accordingly, writing to these registers when 
intermediate values are in the Current registers will overwrite the 
intermediate values. The Base registers cannot be read by the 
microprocessor. 
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Command Register: This a-bit register controls the operation 
of the Am9517A. It is programmed by the microprocessor in the 
Program Condition and is cleared by Reset. The following table 
lists the function of the command bits. See Figure 4 for address 
coding. 

6 5 4 3 2 o - Bit Number 

o Memory-to-memory disable 

1 Memory-to-memory enable 

0 Channel 0 address hold disable 

Channel 0 address hold enable 

X IfbitO=O 

0 Controller enable 

Controller disable 

0 Normal timing 

Compressed timing 

X If bit 0 = 1 

0 Fixed Priority 

Rotating Priority 

0 Late write selection 

Extended write selection 

X If bit 3 = 1 

0 DREQ sense active high 

DREQ sense active low 

0 DACK sense active low 

DACK sense active high 

Mode Register: Each channel has a 6-bit'Mode register as
sociated with it. When the register is being written to by the 
microprocessor in the Program Condition, bits 0 and 1 deter
mine which channel Mode register it to be written. 

6 5 4 3 2 o --Bit Number 

Channel 0 select 

Channel 1 select 

Channel 2 select 

Channel 3 select 

00 Verify transfer 

01 Write transfer 

10 Re~d transfer 

11 Illegal 

XX If bits 6 and 7 = 11 

0 Autoinitialize disable 

Autoinitialize enable 

0 Address increment select 

Address decrement select 

00 Demand mode select 

01 Single mode select 

10 Block mode select 

11 Cascade mode select 

Request Register: The Am9517A can respond to requests for 
DMA service which are initiated by software as well as by a 
DREQ. Each channel has a request bit associated with it in the 
4-bit Request register. These are nonmaskable and subject to 
prioritization by the Priority Encoder network. Each register bit is 
set or reset separately under software control or is cleared upon 
generation of a TC or external EOP. The entire register is 
cleared by a Reset. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for address coding. 

6 5 4 3 o -- Bit Number 

Select channel 0 

Select channel 1 

Select channel 2 

Select channel 3 

o Reset request bit 

Set request bit 

Software requests will be serviced only if the channel is in Block 
mode_ When initiating a memory-to-memory transfer, the 
software request for channel 0 should be set. 

Mask Register: Each channel has associated with it a mask bit 
which can be set to disable the incoming DREQ. Each mask bit 
is set when its associated channel produces an EOP if the 
channel is not programmed for Autoinitialize. Each bit of the 4-bit 
Mask register may also be set or cleared separately under 
software control. The entire register is also set by a Reset. This 
disables all DMA requests until a clear Mask register instruction 
allows them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. See Figure 4 for instruction addressing. 

6 5 4 3 2 o -- Bit Number 

Select channel 0 mask bit 

Select channel 1 mask bit 

Select channel 2 mask bit 

Select channel 3 mask bit 

o Clear mask bit 

Set mask bit 

All four bits of the Mask Register may also be written with a 
single command. 

6 5 4 3 2 o -Bit,Number 

0 Clear Channel 0 mask bit 

Set Channel 0 mask bit 

0 Chiar Channel 1 mask bit 

Set Channel 1 mask bit 

0 Clear Channel 2 mask bit 

Set Channel 2 mask bit 

0 Clear Channel 3 mask bit 

Set Channel 3 mask bit 
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Status Register: The Status registers may be read out of the 
Am9517A by the microprocessor. It indicates which channels 
have reached a terminal count and which channels have pend
ing DMA requests. Bits 0-3 are set each time a TC is reached by 
that channel, including after each Autoinitialization. These bits 
are cleared by Reset and each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting service. 

6 5 4 3 2 o - Bit Number 

I I I I I I I I I 

'--

'-----

Channel 0 has reached TC 

Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 

Channel 0 request 

Channel 1 request 
Channel 2 request 
Channel 3 request 

Am9S17A 

Temporary Register: The Temporary register is used to hold 
data during memory-to-memory transfers. Following the com
pletion of the transfers, the last word moved can be read by the 
microprocessor in the Program Condition. The Temporary reg
ister always contains the last byte transferred in the previous 
memory-to-memory operation, unless cleared by a Reset. 

Software Commands: There. are two special software com
mands which can be executed in the Program Condition. They 
do not depend on any specific bit pattern on the data bus. The 
two software commands are: 

Clear First/Last Flip/Flop: This command may be issued prior 
to writing or reading Am9517A address or word count infor
mation. This initializes the Flip/Flop to a known state so that 
subsequent accesses to register contents by the micro
processor will address lower and upper bytes in the correct 
sequence. When the Flip/Flop is cleared it addresses the 
lower byte and when set it addresses the upper byte. 

Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
Temporary and Internal First/Last Flip/Flop registers are 
cleared and the Mask register is set. The Am9517A will enter 
the Idle cycle. 

Figure 4 lists the address codes for the software command's. 

/ 

Figure 4. Register and Function Addressing. 

Interface Signals 

A3 A2 A1 AO lOR lOW Operation 

1 0 0 0 0 1 Read Status Register 

1 0 0 0 1 0 Write Command Register 

1 0 0 1 0 1 Illegal 

1 0 0 1 1 0 Write Request Register 

1 0 1 0 0 1 Illegal 

1 O' 1 0 1 0 Write Single Mask Register Bit 

1 0 1 1 0 1 Illegal 

1 0 1 1 1 0 Write Mode Register 

1 1 0 0 0 1 Illegal 

1 1 0 0 1 ·0 Clear Byte Pointer Flip/Flop 

1 1 0 1 0 1 Read Temporary Register 

1 1 0 1 1 0 Master Clear 

1 1 1 0 0 1 Illegal 

1 1 1 0 1 0 Illegal 

1 1 1 1 0 1 Illegal 

1 1 1 1 1 0 Write All Mask Register Bits 
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Am9517A 
Figure 5. Word Count and Address Register Command Codes. 

Channel Register Operation 
Signals Internal Data Bus 

CS lOR lOW A3 A2 A1 AO Flip/Flop DBO-DB7 

Base & Current 0 1 0 0 0 0 0 0 AO-A7 
0 Write 

Address 0 1 0 0 0 0 0 1 A8-A15 

Current 0 0 1 0 0 0 0 0 AO-A7 
Address 

Read 
0 0 1 0 0 0 0 1 'A8-A15 

Base & Current 0 1 0 0 0 0 1 0 WO-W7 
Word Count Write 

0 1 0 0 0 0 1 1 W8-W15 

Current 0 0 1 0 0 0 1 0 WO-W7 
Word Count 

Read 
0 0 1 0 0 0 1 1 W8-W15 

i 

Base & Current 0 1 0 0 0 1 0 0 AO-A7 
\ 1 Write 

Address 0 1 0 0 0 1 0 1 A8-A15 

Current 0 0 1 0 0 1 0 0 AO-A7 
Read 

Address 0 0 1 0 0 1 0 1 A8-A15 

Base & Current 0 1 0 0 0 1 1 0 WO-W7 
Write 

Word Count 0 1 0 0 0 1 1 1 W8-W15 

Current 0 0 1 0 0 1 1 0 WO-W7 
Read 

Word Count 0 0 1 0 0 1 1 1 W8-W15 

Base & Current 0 1 0 0 1 0 0 0 AO-A7 
2 Address Write 

0 1 0 0 1 0 0 1 A8-A15 

Current 
Read 

0 0 1 0 1 0 0 0 AO-A7 
Address 0 0 1 0 1 0 0 1 A8-A15 

Base & Current 0 1 0 0 1 0 1 0 WO-W7 
Write 

Word Count 0 1 0 0 1 0 1 1 W8-W15 

Current 0 0 1 0 1 0 1 0 WO-W7 
Word' Count Read 

0 0 1 0 1 0 1 1 W8-W15 

3 Base & Current Write 
0 1 0 0 1 1 O. 0 AO-A7 

Address 0 1 0 0 1 1 0 1 A8-A15 , 
Current 0 0 1 0 1 1 0 0 AO-A7 
-Address 

Read 
0 0 1 0 1 1 0 1 A8-A15 

Base & Current 0 1 0 0 1 1 1 0 WO-W7 
Write 

Word Count 0 1 0 0 1 1 1 1 W8-W15 

Current 0 0 1 0 1 1 1 0 WO-W7 
Word Count 

Read 
0 0 1 0 1 1 1 1 W8-W15 
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Am9517A 
.VlAXIMUM RATINGS above which useful life may be impaired 

3torage Temperature -65 to + 150°C 

ICC with Respect to VSS -0.5to +7.0V 

~II Signal Voltages with Respect to VSS -0.5Vto +7.0V 

:Jower Dissipation (Package Limitation) 1.5W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
:;tatic charge. It is suggested, nevertheless; that conventional precautions be observed during storage, handling and use in order to avoid 
3xposure to excessive voltages. 

OPERATING RANGE 
Part Number 

Am9517ADC/PC Oto +70°C 

Am9517 A-1DC/PC Oto +70°C 

Am9517A-4DC/PC Oto +70°C 

Am9517A-5DC/PC Oto +70°C 

Am9517ADI -40 to +85°C 

Am9517A-1D1 -40 to +85°C 

Am9517A-4DI -40to +85°C 

Am9517ADMB -55 to +125°C 

Vee 
5.0V±5% 

5.0V±5% 

5.0V±5% 

5.0V±5% 

5.0V ±10% 

5.0V ±10% 

5.0V ±10% 

5.0V±10% 

ELECTRICAL CHARACTERISTICS over operating range (Note 1) 

Parameter Description Test Conditions Min Typ Max Unit 

IOH = -200",A 2.4 
·VOH Output HIC;>H Voltage Volts 

10H = -100J,lA, (HREQ Only) 3.3 

VOL Output LOW Voltage 10L = 3.2mA 

VIH Input HIGH Voltage 

VIL Input LOW Voltage 

IIX Input Load Current VSS';;; VI.;;; VCC 

102 Output Leakage Current VCC .;;; VO .;;; VSS+.40 

TA = +25°C 

ICC VCC Supply Current TA = O°C 

TA = -55°C 

CO Output Capacitance 

CI I nput Capacitance fc = 1.0MHz, Inputs = OV 

CIO I/O Capacitance 

NOTES: 

1. Typical values are for T A = 25°C, nominal supply voltage 
and nominal processing parameters. 

2. Input timing parameters assume transition times of 20ns or 
less. Waveform measurement points for both input and out
put signals are 2.0V for High and O.BV for Low, unless 
otherwise noted. 

3. Output loading is 1 Standard TTL gate plus 50pF capaci
tance unless noted otherwise. 

4. The new lOW or MEMW pulse width for normal write will be 
TCY-100ns and for extended write will be 2TCY -1 OOns. The 
net lOR or MEMR pulse width for normal read will be 
2TCY-50ns and for compressed read will be TCY-50ns. 

5. TOO is specified for two different output HIGH levels. TD01 
is measured at 2.0V. TD02 is measured at 3.3V. The value 
for TD02 assumes an external 3.3kO pull-up resistor con
nected from HREO to VCC. 

6. DREQ should be held active until DACK is returned. 
7. DREO and DACK signals may be active high or active low. 

Timing diagrams assume the active high mode. 
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0.45 Volts 

2.0 VCCiO.5 Volts 

-0.5 O.B Volts 

-10 +10 ",A 

-10 +10 ",A 

65 130 

75 150 rnA 

175 

4 8 pF 

8 15 pF 

10 18 pF 

B. Output loading on the data bus is 1 Standard TTL gate plus 
15pF for the minimum value and 1 Standard TTL gate plus 
100pF for the maximum value. 

9. Successive read and/or write operations by the external 
processor to program or ·examine the controller must be 
timed to allow at least 600ns for the Am9517A or 
Am9517A-1, at least 450ns for the Am9517A-4 and 400ns 
for the Am9517 A~5 as recovery time between active read or 
write pulses. 

10. Parameters are listed in alphabetical order. 
11. Pin 5 is an input that should always be at a logic high level. 

An internal pull-up resistor will establish a logic high when 
the pin is left floating. Alternatively, pin 5 may be tied 
toVCC. 

12. Signals READ and WRITE refer to lOR and MEMW respec
tively for pe~ral-to-memory DMA operations and to 
MEMR and lOW respectively for memory-to-peripheral 
DMA operations. 

13. If N wait states are added during the write-to-memory half of 
a memory-to-memory transfer, this parameter will increase 
byN (TCY). 



Am9517A 
SWITCHING CHARACTERISTICS 
ACTIVE CYCLE (Notes 2, 3,10,11 and 12) 

Parameters Description 

TAEL AEN HIGH from CLK LOW (S1) Delay Time 

TAET AEN LOW from CLK HIGH (S1) Delay Time 

TAFAB ADR Active to Float Delay from CLK HIGH 

TAFC READ or WRITE Float from CLK HIGH 

TAFDB DB Active to Float Delay from CLK HIGH 

TAHR ADR from READ HIGH Hold Time 

TAHS DB from ADSTB LOW Hold Time 

TAHW ADR from WRITE HIGH Hold Time 

DACK Valid from CLK LOW Delay Time 

TAK EOP HIGH from CLK HIGH Delay Time 

EOP LOW to CLK HIGH Delay Time 

TASM ADR Stable from CLK HIGH 

TASS DB to ADSTB LOW Setup Time 

TCH Clock High Time (Transitions.;:; iOns) 

TCL Clock Low Time (Transitions.;:; iOns) 

TCY CLK Cycle Time 

TOCL 
CLK HIGH to READ or WRITE L?W Delay 
(Note 4) 

TOCTR 
Read HIGH from CLK HIGH (S4) 
Delay Time (Note 4) 

TDCTW 
WRITE HIGH from CLK HIGH (S4) 
Delay Time (Note 4) 

TOO1 HREO Valid from CLK HIGH Delay Time 

T002 (Note 5) 

TEPS EOP LOW from CLK LOW Setup Time 

TEPW EOP Pulse Width 

TFAAB ADR Float to Active Delay from CLK HIGH 

TFAC READ or WRITE Active from CLK HIGH 

TFADB DB Float to Active Delay from CLK HIGH 

THS HACK Valid to CLK HIGH Setup Time 

TIDH Input Data from MEMR HIGH Hold Time 

TIDS Input Data to MEMR HIGH Setup Time 

TODH Output Data from MEMW HIGH Hold Time 

TODV Output Data Valid to MEMW HIGH (Note 13) 

TaS DR EO to CLK LOW (~1, S4) Setup Time 

TRH CLK to READY LOW Hold Time 

TRS READY to CLK LOW Setup Time 

TSTL ADSTB HIGH from CLK HIGH Delay Time 

TSTT ADSTB LOW from CLK HIGH Delay Time 

TQH DREO from DACK Valid Hold Time 

TROHA H REO to HACK Delay Time 

Am9517A 
Min Max 

300 

200 

150 

150 

250 

TCY-100 

50 

TCY-50 

280 

250 

250 

250 

100 

120 

150 

320 

270 

270 

200 

160 

250 

60 

300 

250 

200 

300 

100 

0 

250 

20 

200 

120 

20 

1<10 

200 

140 

0 

1 

7-280 

Am9517A-1 Am9S17A-4 Am9S17A-5 
Min Max Min Max Min Max Units 

300 225 200 ns 

200 150 130 ns 

150 120 90 ns 

150 120 120 ns 

250 190 170 ns 

TCY-100 TCY-100 TCY-100 ns 

50 . 40 30 ns 

TCY-50 TCY-50 TCY-50 ns 

280 220 170 ns 

250 190 170 ns 

250 190 100 ns 

250 190 170 ns 

100 100 100 ns 

120 100 80 ns 

150 110 68 ns 

320 250 200 ns 

270 200 190 ns 

270 210 190 ns 

200 150 130 ns 

160 120 120 ns 

250 190 120 ns 

60 45 40 ns 

300 225 220 ns 

250 190 170 ns 

200 150 150 ns 

300 225 200 ns 

100 75 75 ns 

0 0 0 ns 

250 190 170 ns 

20 20 10 ns 

200 125 125 ns 

0 0 0, ns 

20 20 20 ns 

100 60 60 ns 

200 150 130 ns 

140 110 90 ns 

0 0 0 ns 

1 1 1 elk 
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SWITCHING WAVEFORMS 

Timing Diagram 1. Active Cycle Timing Diagram 

OREQ.~ J \ 
TDO 

TCH M
I SISO 

ClK 

mr 
so 51 S2 S3 S4 '52 53 S4 SI SI 

HREQ 

I I 

HACK ------\\1'1--1 _----J ~~TST--.,;.T _______ I_T~T___.T2t\\\\\ 
AOSTB 

DBO-DB7 -----II------~----.-l;'----~-~-...,..--~-T-AF-AB---

AO-A7 ----~I__------.;____< 

OACK 

HAC 

READ ----~~---___'I 

WRITE ----~I__---___JJ 

INTEOP ----~~----+__------.;...---~ 

J TEPS, bEPW TAK 

~~\ /~7~V~7~V~7~V~7~7------EXTEOP ------\'\ 

Note: EOP must precede AEN in single transfer mode. 030408-4 

INPUT WAVEFORMS FOR AC TESTS 

2.4 

2.0 \ I 2.0 

TEST POINTS 

0.8 --.J' ~ 0.8 

0.45 

030408-5 
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SWITCHING WAVEFORMS (Cont.) 

Timing Diagram 2. Memory-to-Memory 

ClK 

ADSTB 

AO-A7 ~----'~---~I ----:...-{ 

DBO-DB7 

INT EoP 

EXT EoP aEpw 

TEPS 
. TEPW 

---'T"'\Sr-T'S~\\~\T"T\\"T""\\r-T'S~\S~ST"T\\"T""\\r-T'S~~/"""'Z~7Z"""II""""Z'7""7/1""7""7"""---
030408-6 

Timing Diagram 3. Ready Timing Timing Diagram 4.' Compressed Timing 

eLK 

AO-A7 

WRITE I II 
TRH t- TRH-:-HI-

READY~~_ 
030408-7 030408-8 

Timing Diagram 5. Reset Timing 

030408-9 

vce --.llf-__ TRSTD __ --l~:i' 
rl-----TRSrw----'-l 

RESET _________ 'Jf"'----------..", . 

-----------------------------------------'.~~~. iORORIOW 
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SWITCHING CHARACTERISTICS 
PROGRAM CONDITION (IDLE CYCLE) 
(Notes 2, 3,10, and 11) 

Am9S17A 

Am9517A Am9517A-1 Am9517A-4 Am9517A-5 
Parameters 

TAR 

TAW 

TCW 

TOW 

TRA 

TRDE 

TRDF 

TRSTD 

TRSTS 

TRSTW 

TRW 

TWA 

TWC 

TWD 

TWWS 

Description Min Max Min Max Min 

ADR Valid or CS LOW to READ LOW 50 50 50 

ADR Valid to WRITE HIGH Setup Time 200 200 150 

CS LOW to WRITE HIGH Setup Time 200 200 150 

Data Valid to WRITE HIGH Setup Time 200 200 150 

ADR or CS Hold from READ HIGH 0 0 0 

Data Access from READ LOW (Note 8) 300 200 

DB Float Delay from READ HIGH 20 150 20 100 20 

Power Supply HIGH to RESET LOW 
500 500 500 

Setup Time 

RESET to First IOWR 2TCY 2TCY 2TCY 

RESET Pulse Width 300 300 300 

READ Width 300 300 250 

ADR from WRITE HIGH Hold Time 20 20 20 

CS HIGH from WRITE HIGH Hold Time 20 20 20 

Data from WRITE HIGH Hold Time 30 30 30 

Write Width 200 200 200 

SWITCHING WAVEFORMS (Cont.) 

, 

Timing Diagram 6: Program Condition Write Timing (Note 9) 

f--------TCW-----_J 

f--------TWWS-------~1--------

~-----TAW-----_J 

AO·A3 CJL.:\Qj'+-_________ I_NP_UT __ VA_L_ID ________ -4-+~:lQ~ 

~-----.,.TDW -----_1 

INPUT VALID DBO-DB7 

~~------------------~~~ 

Timing Diagram 7. Program Condition Read Cycle (Note 9) 

-/ 

Max Min 

50 

130 

130 

130 

0 

200 

100 0 

500 

2TCY 

300 

200 

20 

20 

30 

160 

AO·A3 X Jl X Jl X JI ADDRESS MUST BE VALID It. X'X x x x x x x x x ~ 

-TARj ~ _TRA 

lOR ----"'lit:, =--=--=--TR-DE_TRW==-:-t ------lL""=:j 
DBO-DB7 ( DATA OUT VALID")=--
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Max Units 

ns 

ns 

ns 

ns 

ns 

140 ns 

70 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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APPLICATION INFORMATION 
Figure 6 shows a convenient method for configuring a DMA 
system with the Am9517A Controller and a microprocessor 
system. The Multimode DMA Controller issues a Hold Request 
to the processor whenever there is at least one valid DMA Re
quest from a peripheral device. When the processor replies with 
a Hold Acknowledge signal, the Am9517A takes control of the 
Address Bus, the Data Bus and the Control Bus. The address for 
the first transfer dperation comes out in two bytes - the least 
significant eight bits on the eight Address outputs and the most 

significant eight bits on the Data Bus. The contents of the Data 
Bus are then latched into the Am74LS373 register to complete 
the full 16 bits of the Address Bus. The Am74LS373 is a high 
speed, low power, 8-bit, 3-state register in a 20-pin package. 
After the initial transfer takes place, the register is updated only 
after a carry or borrow is generated in the least significant ad
dress byte. Four DMA channels are provided when one 
Am9517A is used. 

Figure 6. Basic DMA Configuration. 

ADDRESS BUS AO-A1S 

1:> /). ~~ 

AB-A1S 

r-- BE 

1 
..... Am74LS373 

CP 

"\./ J 8·BIT LATCH 
r----

~ AO-A1S 
f- 74LS74 AEN AO-A3 A4-A7 CS ADSTB 

BUSEN 

vt HLDA t--- 0 Q I-- HACK ~ Am9S17A 
M M DBO-

r- CP I 

~ DB7 ~ ~ .... 

I~ I~ 12 I~ ~ i.--

d 
w 
en 

HLDRQ HREQ w « 
a: c c 

CPU 

t t 41 41 CLOCK 

RESET 

MEMR 

MEMW } '"'''' iOR ;BUS 

lOW 

, 
DBO-DB7 \ 

~~ SYSTEM DATA BUS 

V 

03040B·12 
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Am9519A 
Universal Interrupt Controller 

DISTINCTIVE CHARACTERISTICS 

• Eight individually maskable interrupt inputs reduce 
CPU overhead 

• Unlimited interrupt channel expansion with no extra 
hardware 

• Programmable 1-to 4i byte response provides vector 
address and message protocol for 8-bit CPUs 

• Rotating and fixed priority resolution logic 
• Software interrupt request capability 
• Common vector and polled mode options 
• Automatic hardware clear of in-service interrupts 

reduces software overhead 
• Polarity control of interrupt inputs and outputs 
• Reset minimizes software initialization by 

automatically generating CALL to location zero 

GENERAL DESCRIPTION 

The Am9519A Universal Interrupt Controller is a processor 
support circuit that provides a powerful interrupt structure to 
increase the efficiency and versatility of microcomputer
based systems. A single Am9519A manages up to eight 
maskable interrupt request inputs, resolves priorities and 
supplies up to four bytes of fully programmable response for 
each interrupt. It uses a simple expansion structure that 
allows many units to be cascaded for control of large num
bers of interrupts. Several programmable control features 
are provided to enhance system flexibility and optimization. 

The Universal Interrupt Controller is designed with a gen
eral purpose interface to facilitate its use with a wide range 
of digital systems, including most popular 8-bit micro
processors. Since the response bytes are fully program
mable, any instruction or vectoring protocol appropriate for 
the host processor may be used. 

When the Am9519A controller receives an unmasked Inter
rupt Request, it issues a Group Interrupt output to the CPU. 
When the interrupt is acknowledged, the controller outputs 
the one-to-four byte response associated with the highest 
priority unmasked interrupt request. The ability of the CPU 
to set interrupt requests under softytare control permits 
hardware prioritization of software tasks and aids 'system 
diagnostic and maintenance procedures. 

BLOCK DIAGRAM 

EO 

BYTE 
CONTROL 
MEMORY 

8X2 RESPONSE 
MEMORY 

8 X 32 
RIW RAM 

IRR 

L.. 
_____ --r _____ --It---------i I~~~~~~~T 

REGISTER 

GINT _________________ --' 

ORDERING INFORMATION 

Package Ambient 
Type Temperature Timing Options 

Molded DIP 
O°C ~ TA ~ +70°C 

Am9519APC Am9519A-1PC 

Hermetic DIP Am9519ADC Am9519A-1DC 

Hermetic DIP -AO°C ~ T A ~ +85°C Am9519ADI 

Hermetic DIP -55°C ~ TA ~ +125°C Am9519ADMB 
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Am9519A 

CONNECTION DIAGRAM - Top View 
D-28,P-28 

vee (+5V) 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DBl 

DBa 

EI 

(GND) vss 

Top View 

Pin 1 is marked for orientation. 

INTERFACE SIGNAL DESCRIPTION 

VCC: +5 Volt Power Supply 
VSS: Ground 

DBO - D~7 (Data Bus, Input/Output) 

elD 

IRE07 

IRE06 

IREQ5 

IRE04 

IRE03 

IRE02 

IREOl 

IREOO 

GINT 

EO 

oo147B·2 

The eight bidirectional data bus signals are used to trans
fer information between the Am9519A and the system data 
bus. The direction of transfer is controlled by the lACK, 
WR and RD input signals. Programming and control in
formation are written into the device; status and response 
data are output by it. 

CS (Chip Select, Input) 

The active low Chip Select input enables read and write 
operations on the- data bus. Interrupt acknowledge re
sponses are not conditioned by CS. 

RD (Read, Input) 

The active low Read signal is conditioned by CS and indi
cates that information is to be transferred from the 
Am9519A to the data bus. 

WR (Write, Input) 

The active low Write signal is conditioned by CS and indi
cates that data bus information is to be transferred from 
the data bus to a location within the Am9519A. 

CIO (Control/Data, Input) 

The C/O control signal selects source and destination loca
tions for data bus read and write operations. Data read or 
write transfers are made to or from preselected internal 
registers or memory locations. Control write operations 
load the command register and control read operations 
output the status register. 

IREQO -IREQ7 (Interrupt Request, Input) 

The Interrupt Request signals are used by external de
vices to indicate that service by the host CPU is desired. 
IREO inputs are accepted asynchronously and they may 
be programmed for either a high-to-Iow or low-to-high 

edge transition. Active inputs are latched internally in the 
Interrupt Request Register. After the IRR bit is cleared, an 
IREO transition of the programmed polarity must occur to 
initiate another req':lest. 

RIP (Response In Process, Input/Output) 

Response In Process is a bidirectional signal used when 
two or more Am9519A circuits are cascaded. It permits 
multibyte response transfers to be completed without in
terference from higher priority interrupts. An Am9519A that 
is responding to an acknowledged interrupt will treat RIP 
as an output and hold it low until the acknowledge re
sponse is finished. An Am9519A without an acknowledged 
interrupt will treat RIP as an input and will ignore lACK 
pulses as long as RIP is low. The RIP output is open drain 
and requires an external pullup resistor to VCC. 

lACK (Interrupt Acknowledge, Input) 

The active low Interrupt Acknowledge line indicates that 
tl'\8 external system is asking for interrupt response in
formation. Depending on the programmed state of the 
Am9519A, it will accept 1, 2, 3 or 4 lACK pulses; one re
sponse byte is transferred per pulse. The first lACK pulse 
causes selection of the highest priority unmasked pending 
interrupt request and generates a RIP output signal. 

PAUSE (Pause, Output) 

The active-low Pause signal is used to coordinate, interrupt 
responses with data bus and control timing. Pause goes 
low when the first lACK is received and remains low until 
Ri'P goes low. The external system can use Pause to stretch 
the acknowledge cycle and allow the control timing to au
tomatically adjust to the actual priority resolution delays in 
the interrupt system. Second, third and fourth response 
bytes do nqt cause Pause to go low. Pause is an open drain 
output and requires an external pullup resistor to VCC. 

EO (Enable Out, Output) 

The active high EO signal is used to -implement daisy
chained cascading of several Am9519A circuits. EO is con
nected to the EI input of the next lower priority chip. On 
receipt of an interrupt acknowledge, each EO will go inactive 
until it has been determined that no valid interrupt request is 
pending on that chip. If an active request is present, EO 
remains low. EO is also held low when the master mask bit is 
active, thus disabling all lower priority chips. 

EI (Enable In, Input) 

The active high EI signal is used to implement daisy
chained cascading of several Am9519A circuits. EI is con
nected to EO of the next higher priority chip. It may also be 
used as a hardware disable input for the interrupt system. 
When EI is low lACK inputs will not affect ISR, however. 
PAUSE will go low until RIP goes low. EI is internally pulled 
up to VCC so that no external pullup is needed when EI is 
not used. 

GINT (Group Interrupt, Output) 

The Group Interrupt output signal indicates that at least one 
unmasked interrupt request is pending. It may be pro
grammed for active high or active low polarity. When active 
low, the output is open drain and requires an external pull 
up resistor to VCC. Since a glitch on GINT occurs approxi
mately 100nsec after the last lACK pulse this pin should not 
be connected to edge sensitive devices. 
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REGISTER DESCRIPTION 

Interrupt Request Register (lRR): The 8-bit IRR is used to 
store pending interrupt requests. A bit in the IRR is set 
whenever the corresponding IREa input goes active. Bits 
may also be set under program control from the CPU, 
thus permitting software generated interrupts. IRR bits 
may be cleared under program control. An IRR bit is au
tomatically cleared when its interrupt is acknowledged. All 
IRR bits are cleared by a reset function. 

Interrupt Service Register (lSR): The 8-bit ISR contains 
one bit for each IREa input. It is used to indicate that a 
pending interrupt has been acknowledged and to mask all 
lower priority interrupts. When a bit is set by the acknow
ledge logic in the ISR, the corresponding IRR bit is 
cleared. If an acknowledged interrupt is not programmed 
to be automatically cleared, its ISR bit must be cleared by 
the CPU under program control when it is desired to 
permit interrupts from lower priority devices. When the 
interrupt is programmed for automatic clearing, the ISR 
bit is automatically reset during the acknowledge se
quence. All ISR bits are cleared by a reset function. 

Interrupt Mask Register (lMR): The 8-bit IMR is used to 
enable or disable the individual interrupt inputs. The IMR 
bit's correspond to the IREa inputs and all eight may be 
loaded, set or cleared in parallel under program control. In 
addition, individual IMR bits may be set or cleared by the 
CPU. Care must be taken therefore when disabling a specific 
channel by setting its IMR bit. If that bit is causing the GINT 
pin to be active a lock-up condition can occur if the CPU 
recognizes the interrupt and then the Am9519A removes the 
request. During the lACK cycle PAUSE will go low and stay 
low. The solution is to disable CPU interrupts prior to writ
ing to the IMR and then re-enable them. A reset function will 
set all eight mask bits, disabling all requests. A mask bit that 
is set does not disable the IRR; and an IREa that arrives 

• while a corresponding mask bit is set will cause an interrupt 
later when the mask bit is cleared. Only unmasked interrupt 
,inputs can generate a Group Interrupt output. 

Response Memory: An 8 x 32 read/write response mem
ory is included in the Am9519A. It is used to store up to 
four bytes of response information for each of the eight 
interrupt request in'puts. All bits in the memory are pro
grammable, allowing any desired vector, opcode, instruc
tion or other data to be entered. The Am9519A transfers 
the interrupt response information for the highest priority 
upm~sked interrupt from the memory to the data bus 
when the lACK input is active. 

Am9519A 

Auto Clear Register: The 8-bit Auto Clear register contains 
one bit for each IREa input and specifies the operating 
mode for each of the ISR bits. When an auto clear bit is off, 
the corresponding ISR bit is set when that interrupt is 
acknowledged and is cleared by software command. When 
an auto clear bit is on, the corresponding ISR bit is cleared 
by the hardware by the rising edge of the last acknowledge 
pulse. A reset function clears all auto clear bits. 

Status Register: The 8-bit Status register contains infor
mation concerning the internal state of the chip. It is 
especially useful when operating in the polled mode in 
order to identify interrupting devices. Figure 1 shows the' 
status register bit assignments. The polarity of the GINT 
bit 7 is not affected by the GINT polarity control (Mode bit 
status register bit assignments. Bits SO-S2 are set asyn-

. chronously to a status register read operation. It is recom
mended to read the register twice and to compare the binary 
vectors for equality prior to the proceeding with device ser
vice in polled mode. The polarity of the GINT bit 7 is not 
affected by the GINT polarity control (Mode bit 3). The Status 
register is read by executing a read operation (CS = 0, RS = 0) 
with the control location selected (C/O = 1). 

Mode Register: The 8-bit Mode register controls the 
operating options of the Am9519A. Figure 2 shows the bit 
assignments for the Mode register. The five low order 
mode bits (0 through 4) are loaded in parallel by com
mand. Bits 5, 6 and 7 are controlled by separato commands. 
(See Figure 4.) The Mode register cannot bo rood out dl· 
rectly to the data bus, but Mode bits 0, 2 and 7 oro availablo 
as part of the Status register. 

Command Register: The 8-bit Command register stores 
the last command entered. Depending upon the com
mand opcode, it may initiate internal actions or precondi
tion the part for subsequent data bus transfers. Tile 
Command register is loaded by executing a write opera
tion (WR = 0) with the control location selected (CiD = 1), 
as shown in Figure 3. 

Byte Count Register: The length in bytes of the response 
associated with each interrupt is independently program
med so that different interrupts may have different length 
responses. The byte count for each response is stored in 
eight 2-bit Byte Count registers. For a given interrupt the 
Am9519A will expect to receive a number of lACK pulses 
that equals the corresponding byte count, and will hold RIP 
low until the count is satisfied. 
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1 s71 s61 s51 s41 s31 s21 S1 1 so J 

--c: Binary vector indicating the 
number of the highest priority 
unmasked bit that is set in IRR. 
Valid only when S7 = O. 

Master Mask Bit 
o Chip disarmed 
1 Chip armed 

Interrupt Mode 
o Interrupt 
1 Polled 

Priority Mode 
o Fixed 
1 Rotating 

Enable Input 
o Chip disabled 
1 Chip enabled 

Group Interrupt 
1 No unmasked 

IRR bit set 
o At least one unmasked 

IRR bitset 

Figure 1. Status Register Bit Assignments. 001478-3 

FUNCTIONAL DESCRIPTION 

Interrupts are used to improve system throughput and re
sponse time by eliminating heavy dependence on 
software polling procedures. Interrupts allow external de
vices to asynchronously modify the instruction sequence 
of a program being executed. In systems with multiple in
terrupts, vectoring can further improve performance by al
lowing direct identification of the interrupting device and 
its associated service routine. The Am9519A Universal Inter
rupt Controller contains, on one chip, all of the circuitry 
necessary to detect, prioritize and manage eight vectored 
interrupts. It includes many options and operating modes 
that permit the design of sophisticated interrupt systems. 

Reset 

The reset function is accomplished ~y software command 
or automatically during power-up. The reset command 
may be issued by the CPU at any time. Internal power up 
circuitry is triggered when VCC reaches a predetermined 
threshold, causing a brief internal res.et pulse. In both 
cases, the resulting internal state of the machine is that all 
registers are cleared except the Mask register which is 
set. Thus no Group Interrupt will be generated and no in
terrupt requests will be recognized. The response memory 
and Byte Count registers are not affected by reset. Their 
contents after power-up are unpredictable and must be 
established by the host CPU during initialization. 

Operating Sequence 

A brief description of a typical sequence of events in an 
operating interrupt system will illustrate the general interac
tions among the host CPU, the interrupt controller and the 
interrupting peripheral. 

1. The Am9519A controller is initialized by the CPU in 
order to customize its configuration and operation for 
the application at hand. Both the controller and the 
CPU are then enabled to accept interrupts. 

Priority Mode 
o Fixed 
1 Rotating 

Vector Selection 
o Individual vector 
1 Common vector 

'--___ Interrupt Mode 
o Interrupt 
1 Polled 

L-_____ GINTPoiarity 

o Active low 
1 Active high 

L.-_______ IREO Polarity 

o Active low 
1 Active high 

L-_________ Register Preselection 

00 Interrupt service register 
01 Interrupt mask register 
10 Interrupt request register 
11 Auto clear register 

L.-___________ Master Mask Bit· 

o Chip disarmed 
1 Chip armed 

Figure 2. Mode Register Bit Assignments. 001478-4 

2. One (or more) of the interrupt request inputs to the 
controller becomes active indicating that peripheral 
equipment is asking for service. The controller asyn
chronously accepts and latches the request(s). 

3. If the request is masked, no further action takes place. 
If the request is not masked, a Group Interrupt output 
is generated by the controller. 

4. The GINT signal is recognized by the CPU which nor
mally will complete the execution of the current in-' 
struction, insert an interrupt acknowledge sequence 
into its instruction execution stream, and disable its 
internal interrupt structure. The controller expects to 
receive one or more lACK signals from the CPU during 
the acknowledge sequence. 

5. When the controller receives the lACK signal, it brings 
PAUSE low and selects the highest priority unmasked 
pending request. When selection is complete, the RIP 
output is brought low and the first byte in the response 
memory associated with the selected request is output 

. on the data bus. PAUSE stays low until RIP goes low. RIP 
stays low until the last byte of the response has been 
'transferred. 

6. During the acknowledg.e sequence, the IRR bit corre
sponding to the selected request is automatically 
cleared, and the corresponding ISR bit is set by the fail
ing edge of lACK. When the ISR bit is set, the Group 
Interrupt output is disabled until a higher priority request 
arrives or the ISR bit is cleared. The ISR bit will be cleared 
by either hardware or. software. 

7. If a higher priority request arrives while the current re
quest is being serviced, GINT will be output by the con
troller, but will be recognized and acknowledged only if 
the CPU has its interrupt input enabled. If acknowledged, 
the corresponding higher priority ISR bit will be set and 
the requests nested. 
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Information Transfers 

Figure 3 shows the control signal configurations for all 
information transfer operations between the Am9519 and 
the data bus. The following conventio~ a~ssume~: ~D 
and WR active are mutually exclusive; RD, WR and C/D have 
no meaning unless CS is low; active lACK pulses occur only 
when CS is high. 

For reading; the Status register is selected directly by the 
C/D control input. Other internal registers are read by pre
selecting the desired register with mode bits 5 and 6, and 
then executing a data read. The response memory can be 
read only with lACK pulses. For writing, the Command 
register is selected directly by the C/O control input. The 
Mask and Auto Clear registers are loaded following 
specific commands to that effect. To load each level of the 
response memory, the response preselect command is is
sued to select the desired level. An appropriate number of 
data write operations are then executed to load that level. 

CONTROL INPUT 
DATA BUS 

CS C/D RD WR lACK OPERATION 

Transfer contents of 
0 0 0 1 1 preselected data register 

to data bus 

0 0 1 
Transfer contents of data bus 

0 1 
to preselected data register 

1 0 1 1 
Transfer contents of status 

0 
register to data bus 

0 1 1 0 1 
Transfer contents of data 
bus to command register 

r-
Transfer contents of selected 

1 X X X 0 response memory location 
to data bus 

1 X X X 1 No information transferred 

Figure 3. Summary of Data Bus Transfers. 

The Pause output may be used by the host CPU to ensure that 
proper timing relationships are maintained with the Am9519A 
when lACK is active. The lACK pulse width required depends 
on several variables, including: operating temperature, in
ternal logic delays, number of interrupt controllers chained 
together, and the priority level ofthe interrupt being acknow
ledged. When delays in these variables combine to delay 
selection of a request following the falling edge of the first 
lACK, the Pause output may be used to extend the lACK 
pulse, if necessary. Pause will remain low until a request 
has been selected, as indicated by the falling edge of RIP. 
Typically, the internal interrupt selection process is quite 
fast, especially for systems with a single Am9519A and Pause 
will consequently remain low for only a very brief interval 
and will not cause extension of the lACK timing. 

Operating Options 

The Mode register specifies the various combinations of 
operating options that may be selected by the CPU. It is 
cleared by power-up or by a reset command. 

Mode bit 0 specifies the rotating/fixed priority mode (see 
Figure 2). In the fixed mode, priority is assigned to the re
quest inputs based upon their physical location at the 
chip interface, with IREOO the highest and IRE07 the low
est. In the rotating mode, relative priority is the same as 

Am9519A 

for the fixed mode and the most recently serviced request 
is assigned the lowest priority. In the fixed mode, a lower 
priority request might never receive service if enough 
higher priority requests are active. In the rotating mode, 
any request .will receive service within a maximum of 
seven other service cycles no matter what pattern the re
quest inpl!ts follow. 

Mode bit 1 selects the individuall common vector .option. 
Individual vectoring provides a unique location in the re
sponse memory for each interrupt request. The common 
vector option always supplies the response associated 
with IREOO no matter which request is being acknow
ledged. 

Mode bit 2 specifies interrupt or polled operation. In the 
polled mode the G roup Interrupt output is disabled. The CPU 
may read the Status register to determine if a request is 
pending. Since lACK pulses are not normally supplied in 
polled mode, the IRR bit is not automatically cleared, but may 
be cleared by command. With no lACK input the ISR and the 
response memory are not used. An Am9519A in the polled 
mode has EI connected to EO so that in multichip interrupt 
systems the polled chip is functionally removed from the 
priority hierarchy. 

Mode bit 3 specifies the sense of the GINT output. When 
active high polarity is selected the output is a two-state 
configuration. For active low polarity, the output is open 
drain and requires an external pull-up resistor to provide 
the high logic level. The open drain output allows wired
or configurations with other similar output signals. 

Mode bit 4 specifies the sense of the IREO inputs. When 
active low polarity is selected, the IRR responds to falling 
edges on the request inputs. When active high is selected, 
the .IRR responds to rising edges. 

Mode bits 5 and 6 specify the register that will be read on 
subsequent data read operations (C/O = 0, RD = 0). This 
preselection remains valid until changed by a reset or a 
command. 

Mode bit 7 is the master mask bit that disables all request 
inputs. It is used to disable all interrupts without modify
ing the IMR sO that the previous IMR contents are valid 
when interrupts are re-enabled. When the master mask bit 
is low, it causes the. EO line to remain disabled (low). 
Thus, for multiple-chip interrupt systems, one master 
mask bit can disable the whole interrupt structure. Alter
natively, portions of the structure may be disabled. The 
state of the master mask bit is available as bit S3 of the 
Status register. 

Programming 

After reset, the Am9519A must be initialized by the CPU in 
order to perform useful work. At a minimum, the master 
mask bit and at least one of the IMR bits should be enabled. 
If vectoring is to be used, the response memory must be 
loaded; if not, the mode must be changed to a non-vectored 
configuration. Normally, the first step will be to modify the 
Mode register and the Auto clear register in order to estab
lish the configuration desired for the application. Then the 
response memory and byte count will be loaded for those 
request levels that will be in use. The response memory for 
every channel must be written even if the channel is not 
used. Every byte need not be written only those specified by 
the byte count. Finally, the master mask bit and at least 
portions of the IMR will be enabled to allow interrupt pro
cessing to proceed. 
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Commands 

The host CPU configures, changes and inspects the internal 
condition of the Am9519A using the set of commands shown 
in Figure 4. An "X" entry in the table indicates a. "don't 
care" state. All commands are entered by directly loading 
the Command register as shown in Figure 3'(C/D = 1, WR 
= 0). Figure 5 shows the coding assignments for the Byte 
Count registers. A detailed description of each command is 
contained in the Am9519A Application Note AMPUB-071. 

COMMAND CODE 

7 6 5 4 3 2 1 

0 0 0 0 0 0 0 

0 0 0 1 0 X X 

0 0 0 1 1 B2 B1 

0 0 1 0 0 X X 

0 0 1 0 1 B2 81 

0 0 1 1 0 X X 

0 0 1 1 1 82 81 

0 1 0 0 0 X X 

0 1 0 0 1 82 81 

0 1 0 1 0 X X 
0 1 0 1 1 82 81 

0 1 1 0 X X X 

0 1 1 1 0 X X 
0 1 1 1 1 82 B1 

1 0 0 M4 M3 M2 M1 

1 0 1 0 M6 M5 0 

1 0 1 0 M6 M5 0 

1 0 1 0 M6 M5 1 

.1 0 1 1 X X X 

, 1 0 0 X X X 

1 , , 
BY' 8YO L2 L1 

BV1 evo COUNT 

0 0 1 

0 1 2 

1 0 3 
1 1 4 

Figure 5. Byte Count Coding. 

COMMAND 
0 DESCRIPTION 

0 Reset 
X Clear all IRR and all IMR bits 

BO Clear IRR and IMR bit specified by 82,81,80 

X Clear all IMR bits 

80 Clear IMR bit specified by 82, B1, 80 

X Set all IMR bits 

80 Set IMR bit specified by 82, 81, 80 

X Clear all IRR bits 

80 Clear IRR bit specified by 82, B1, 80 

X Set all IRR bits 

80 Set IRR bit specified by 82, 81, 80 

X Clear highest priority ISR bit 

X Clear all ISR bits 

80 Clear ISR bit specified by 82, B1, 80 

MO Load Mode register bits 0-4 with specified pattern 

0 Load Mode register bits 5, 6 with specified pattern 

1 Load Mode register bits 5, 6 and set mode bit 7 

0 Load Mode register bits 5, 6 and clear mode bit 7 

X 
Preselect IMR for subsequent loading from data 
bus 

X 
Preselect Auto Clear register for subsequent 
loading from data bus 

Load BY1, 8VO into byte count register and 
LO . preselect response memory level specified by L2, 

L1; LO for subsequent loading from data bus· 

Figure 4. Am9519A Command Summary. 
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XIMUM RATINGS above which useful life maybe impaired 

ito rage Temperature 

~l11bient Temperature Under Bias 

ICC with Respect to VSS -O.5V to +7.0V 

~II Signal Voltages with Respect to VSS -O.5V to +7.0V 

lower Dissipation (Package Limitation) 1.5W 

, products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
ic charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
osure to excessive voltages. 

'ERATING RANGE 

rtNumber 

\m9519APC, Am9519ADC 

\m9519A-1 PC, Am9519A-1DC 

~m9519ADI 

~m9519ADMB 

Ambient Temperature Vee 

O°C.:; TA':; 70°C 
5.0V::!:5% 

-40°C.:; TA':; 85°C 5.0V::!:10% 

-55°C.:; TA':; 125°C 5.0V::!:10% 

)C CHARACTERISTICS Over Operating Range (Note 1) 

Vss 
OV 

OV 

OV 

)arameter Description Test Conditions 

VOH Output High Voltage (Note 12) 
10H = -2OOILA 

10H = -100ILA (EO only) 

VOL Output Low Voltage 
10L = 3.2mA 

10L = 1.0mA (EO only) 

VIH Input High Voltage 

VIL Input Low Voltage 

IIX Input Load Current VSS .:; VIN .:; VCC I Ellnput 

I Other Inputs 

10Z Output Leakage Current VSS .:; VOUT .:; VCC, Output Off 

TA = +25°C 

ICC VCC Supply Current TA = O°C 

TA = -55°C 

CO Output Capacitance fq= 1.0MHz 

CI Input Capacitance TA = 25°C 

CIO I/O Capacitance All pinsatOV 

AC TESTING INPUT, OUTPUT WAVEFORM 
. Input/Output 

Min 

2.4 

2.4 

2.0 

-0.5 

-60 

-10 

-10 

2.4 ------..... X2,0 __ TEST ____ 2.0X 

0.45 _______ . _ 0.8 _____ POINTS_ 0.8 _. '-. _____ _ 

7-291 

Typ Max Units 

Volts 

_ .. 

0.'1 
Volt:; 

004 
.. _- -----. 

vec Volts 

0.8 Volts 

10 
ILA 

10 

10 ILA 

80 125 

100 145 mA 

200 

15 

10 pF 

20 
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AC CHARACTERISTICS Over Operating Range (Notes 2, 3, 4, 5) 

Am9519A Am9519A-1 
Parameters Description Min Max Min Max Units 

TAVRl C/o Valid and CS lOW to Read lOW 0 O· ns 

TAVWl C/O Valid and CS lOW to Write lOW 0 0 ns 

TClPH RIP lOW to PAUSE HIGH (Note 6) 75 375 75 375 ns 

TelQV RIP lOW to Data Out Valid (Note 7) 50 40 ns 

TDVWH Data In Valid to Write HIGH 250 200 ns 

TEHCl Enable in HIGH to RIP lOW (Notes 8,9) 30 300 30 300 ns 

TIVGV Interrupt Request Valid to Group Interrupt Valid 100 800 650 .ns 

TIVIX 
Interrupt Request Valid to Interrupt Request Don't Care 

250 250 ns (IREQ Pulse Duration) 

TKHCH lACK HIGH to RIP HIGH (Note 8) 450 350 ns 

TKHKl lACK HIGH to lACK lOW (lACK Recovery) 500 300 ns 

TKHNH lACK HIGH to EO HIGH (Notes 10, 11) 975 750 ns 

TKHQX lACK HIGH to Data Out Invalid 20 200 20 100 ns 

COM'l 75 600 75 450 ns 

TKlCl lACK lOW to RIP LOW (Note 8, 13) IND 75 600 ns 

Mil 75 650 ns 

TKlKH lACK LOW to lACK HIGH.(1st lACK) (Note 13) 975 800 ns 

TKlNl lACK lOW to EO lOW (Notes 10, 11, 13) 125 100 ns 

TKlPl lACK lOW to PAUSE lOW (Note 13) 25 175 25 125 ns 

TKlQV lACK lOW to Data Out Valid (Note 7, 13) 25 300 25 200 ns 

TKlQV1 1 st lACK lOW to Data Out Valid (Note 13) 75 650 75 490 ns 

TPHKH PAUSE HIGH to lACK HIGH 0 0 ns 

TRHAX Read HIGH to C/O and CS Don't Care 0 0 ns 

TRHQX Read HIGH to Data Out Invalid 20 200 20 100 ns 

TRlQV Read lOW to Data Out Valid 300 200 ns 

TRlQX Read lOW to Data Out Unknown 50 50 ns 

TRlRH Read lOW to Read HIGH (RD Pulse Duration) 300 250 ns 

TWHAX Write HIGH to C/O and CS Don't Care 25 25 ns 

TWHDX Write HIGH to Data In Don't Care 25 25 ns 

TWHRW Write HIGH to Read or Write lOW (Write Recovery) 600 400 ns 

TWlWH Write lOW to Write HIGH (WR Pulse Duration) 300 250 ns 

NOTES: selected. RIP cannot be pulled low until EI is high following an internal 
delay. TKlCl will govern the falling edge of RIP when EI is always 

1. Typical values for TA = 25°C, nominal supply voltage and nominal high or is high early in the acknowledge cycle. TEHCl will govern 
processing parameters. when EI goes high later in the cycle. The rising edge of EI will be 

2. Test conditions assume transition times of 20ns or less, timing refer- determined by the length of the preceding priority resolution chain. 
ence levels of 0.8V and 2.0V and output loading of one TTL gate plus RIP remains low until after the rising edge of the lACK pulse that 
100pF, unless otherwise noted. transfers the la~t response byte for the selected IREQ. 

3. Transition abbreviations used for the switching parameter symbols 9. Test conditions for the Elline assume timing reference levels of 0.8V 
include: H = High, l = low, V = Valid, X = unknown or don't care, Z and 2.0V with transition times of 10ns or less. 
= high impedance. 10. Test conditions for the 1:0 line assume output loading of two lS TTL 

4. Signal abbreviations used for the switching parameter symbols gates plus 30pF and timing reference levels of 0.8V and 2.0V. Since 
include: R = Read, W = Write, Q = Data Out, 0 = Data In, EO normally only drives EI of another Am9519A, higher speed opera-
A = Address (CS and C/O), K = Interrupt Acknowledge, tion can be specified with this more realistic test condition. 
N = Enable Out, E = Enable In, P = Pause, C = RIP. 11. The arrival of lACK will cause EO to go low, disabling additional 

5. Switching parameters are listed in alphabetical order. circuits that may be connected to EO. If no valid interrupt is pending, 
6. During the first lACK pulse, PAUSE will be low long enough to allow EO will return high when EI is high. If a pending request is selected. 

for priority resolution and will not go high until after RIP goes low EO will stay low until after the last lACK pulse for that interrupt is 
(TClPH). complete and RIP goes high. 

7. TKlQV applies only to second, third and fourth lACK pulses while 12. VOH specifications do not apply to RIP or to GINT when active-low. 
RIP is low. During the first lACK pulse, Data Out will be valid following These outputs are open-drain and VOH levels will be determined by 
the falling edge of RIP (TClQV). external circuitry. 

8. RIP is pulled low to indicate that an interrupt request has been 13. CS must be High for at least 1 OOns prior to lACK going low. 
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SWITCHING WAVEFORMS 

IREO =9;;:
IVIX 

---"\ .,.--~ r--

-""'=t: e---~-----= ~:= GINT 

""~-# 
------------------------------~------7_----------------~I~-------------------------------

EI 

TKLNL=ft''--...1 ---- r---__ ILTKHNH ------------ I (Not. 11) 

'~--~-----~II 

,,~,~ ~F" 
I 

EO 

TKHOX 
DB 

Interrupt Operations 001470·6 

\ 
'--

DB----------~X 

Data Bus Transfers 001478-7 
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APPLICATIONS 

" ADDRESS BUS 

I 
V 

+ 

AO-A15 

CS C/O 

iOR Ri5 tffII 

lOW WR 
Am9519A 

f--+-IRE 
CPU 

INT GINT a 

INTA lACK 

ROY PAUSE 

DB 

DBO-DB7 

1'1" 
+ 

~ SYSTEM DATA BUS 

Figure 6. Base Interrupt System Configuration. oo147B-8 

"-
AO-A15 ¥ f ADDRESS BUS 

~ 
V 

'n 

B ~ Y2 P----
HLDA G ~ Y3 P-

INT 1 ""p-."-----

rXDL~ 
AmBOBOAI 

TANK 
Am90BOA 

~ ~ - HLDA 

INTA 
WR ~ WR 

~1 r--- ~1 iOW 

RESIN ~2r--- ~2 
DBIN r--- DBIN 

fOR - RDY r--- ROY 

RESET r--- RESET 

~ 
AmB22B l/L-SYNC I- SYNC + 

RDYIN N-

L~ 
+ .----

STSTB STSTB 

J 
TAl:R RO WR CS lACK C/D RO WR CS C/O 

AmB224 '---- - -
GINT L-( GINT 

Am9519A RiP 1m' Am9519A 
+ 

_EI EO EI 

--
PAUSE IRED PAUSE IREQ 

lr B l~ 8,V 

~~ 
INTERRUPT 

~7 
INTERRUPT 

REQUESTS REQUESTS 

"-
. SYSTEM DATA BUS (OBO-OB7) 

-v 

Figure 7. Expanded Interrupt System Configuration. oo147B-9 
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Bus Translator 

ABSTRACT 

This paper describes an interface technique that permits all 
speed versions of the 68000 CPU to communicate with all 
Z8000 peripherals. Further, the microprogrammable nature of 
this interface allows intermixing of various speed peripherals on 
the same Z-Bus by dynamically modifying the bus translator's 
timing characteristics on a cycle by cycle basis. Included are a 
circuit description, PROM programs, PAL equations and a dis· 
cussion on a typical systems architecture. 

BUS TRANSLATOR CIRCUIT DESCRIPTION 
(Figures 1 and 2) 

The bus multiplexer contains one 8 bit bus buffer (Am29827) and 
two bus transceivers (Am29863). These components accept the 
separate address and data buses of the 68000 and using 
three-state techniques, multiplexes them together to form the 
Z-Bus address/data path (AD Bus). Only six address lines are 
required to directly address all control and data registers in the 
Z8000 peripherals. The timing sequence of this multiplexing 
operation is derived from the state ,sequencer and the trans
lator logic. 

The translator logic contains hard-wire~gic elements that ac
cept 68000 bus control signals (CLK, AS, OS, R/W) as inputs 
and in conjunction with the state sequencer inputs (T 1.!J 2, T3, 
T4, Ts), produces Z-Bus control signals (AS, OS, Ao,R/W, B/W), 
68000 DTACK, and the bus multiplexer control signals. 

In addition, a Z8000 peripheral inhibit input (ZINH) is provided to 
prevent the bus translator from responding to 68000 bus opera
tions when none of the Z8000 peripherals are being accessed 
(Le., a 68000 instruction fetch). Also, a translator output enable 
(TOE) is provided, so that control of the Z-Bus can be relin
quished to another master, such as a DMA Controller, if required 
(see Figure 9). Both TOE and ZINH are generated by an ex
ternal chip select decoder (see systems architecture section). 
This translator logic can easily be implemented utilizing a PAL 
(Am PAL 16R4) as shown in Figure 3. The fuse map for this PAL 
is detailed in Figure 4 and the design equations are: 

AOE = /T2· MAS 
ZAS = /T1 • MAS 
DOE:= T3· MUDS + T3· MLDS 
ZDS:= T4· MUDS + T4· MLDS 
ZB/W:= /MUDS :+:/MLDS 
MDTACK: = T5· MUDS + T5· MLDS 
/ZAo + MLDS 
;when TOE is LOW I 

The state sequencer, shown in Figure 2, is a registered PROM 
(Am27S35) which provides microprogramming ability for the bus 
translator. The registered PROM contains a fusible-link PBOM 
memory array, an output register, and a (user-programmable) 
initialize word (Figure 5). When INIT is pulled LOW, the contents 
of the initialize word is sent to the output, regardless of the state 
of the clock or the address inputs. In this application, the in
itialize word is programmed to OOH. Outputs 00 through 04 
generate timing signals T1 through T5, which are used as gating 
inputs by the translator logiC. These gating signals along with the 
68000 control signals determine when the Z-Bus control signals 
will be activated and the duration of these signals. The program 
sequences stored in this PROM are user definable and are a 
function of the CPU and peripheral types and speeds im
plemented in the system. 

The next address to be accessed is determined by the· clock 
strobed data outputs, 00 through 07. In order for this to work 
properly, a unique and non-redundant output word must exist for 
every clock cycle. Since there will be instances where T 1 

M ADDRESS ----I 

MDATA ----I 

MCONTROL 

BUS 
MUX 

lCONTROI. 

Figure 1. 

lOBUS 
(AD BUS) 
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through T 5 will not change for many clock cycles, a "counter" 
function must be included via 05, 06 and 07. This counter func
tion allows up to 8 idle states (83.3ns per idle state) to be 
inserted between T 1 through T5 transitions. Address lines As 
and Ag provide the ability to dynamically select up to 4 individual 
sequences. Figure 6 is a PROM program required to generate 
the read and write cycles shown in Figure 8. When As is LOW, a 
read cycle is selected, with As in the HIGH state, a write cycle is 
selected; with As LOW and Ag HIGH, a "read interrupt" cycle is 
selected. Other possible sequences would support intermixing 
of 4 and 6MHz peripherals on a cycle by cycle basis. 

This state ,. sequencer design assumes that a minimum chip 
count is preferred and that PROM space is inexpensive. In the 
example of Figure 6, only 29 locations out of 1,00g are used. If 
smaller memories are, preferred and chip count is not critical, 
then the state sequencer in Figure 7 can be SUbstituted. In this 
example a hardware counter is provided so that no "counter" 
function is required in the PROM. Also, the PROM array need 
only be 64 words deep. This approach also allows more se
quences to be added without drastically increasing the PROM 
array size. For instance, a separate read and write cycle for 4 
and 6MHz peripherals, a separate read interrupt vector for 4 and 
6MHz peripherals, and a two speed CPU cycle would require 
only 256 words of PROM space. 

It should be noted that the address inputs, used to select the 
'sequence to be enabled, are generated by the same external 
chip select decoder that generates ZINH. 

BUS TRANSLATOR TIMING ANALYSIS 

Figure 8 illustrates the timing, relationships between a 12MHz 
68000 and all 4MHz Z8000 peripherals. The Signals shown are 
the 68000 control, address and data inputs to the busttranslator 
of Figure 2 and the corresponding Z-Bus control, address and 
data outputs. The following discussion assumes that the 68000 
CPU, bus translator and Z8000 peripherals are physically lo
cated on the same circuit board. If a backplane is used, its 
propagation delays must also be conSidered, however the setup 
and hold times in this illustration will be sufficient for most sys
tem architectures. 
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During So the read/write line from the 68K will be set HIGH to 
indicate a read operation. MR/W puts the transceivers in the 
receive mode and is used by the Z-8us as ZR/W. In a read 
operation, the 68K address will become valid sometime during 

, S1, and the external chip select decoder will read this address 
and determine whether a Z8000 I/O operation is being started. If 
it is a Z8000 I/O operation, ZINH,' As,and Ag will be appro
priately set. MAS will be assert~during S2. This action: 1) 
releases the state sequencer via INIT and begins the Tx state on 

E----"----' 

04193A·5 

128 X 64 
PROGRAMMABLE 

ARRAY 

Figure 5. Am27S35 Block Diagram 

ADDRINPUT 

INIT CLOCK Ao A1 A2 A3 A4 As At; A7 As Ag HEX Po 
0 X 0 0 0 0 0 0 0 0 0 0 000 0 
1 01 0 0 0 0 0 1 0 0 0 0 020 1 
1 02 OW 1 0 0 0 0 0 0 0 0 0 001 1 
1 03 <...I 1 1 0 1 0 0 0 0 0 0 OOB 1 
1 04 ~~ 1 1 0 1 0 1 0 0 0 0 02B 1 
1 05 1 1 0 1 1 0 0 0 0 0 01B 1 
1 06 1 1 1 1 1 0 0 0 0 0 01F 1 
0 X 0 0 0 0 0 0 0 0 1 0 100 0 
1 01 0 0 0 0 0 1 0 0 1 0 120 1 
1 02 1 0 0 0 0 0 0 0 ,1 0 101 1 
1 03 1 1 1 0 0 0 0 0 1 0 107 1 
1 ,04 ww 1 1 1 1 0 0 0 0 1 0 10F 1 
1 05 1-...1 1 1 1 1 0 1 0 0 1 0 12F 1 -0 
1 06 a:> 1 1 1 1 0 0 1 0 1 0 14F 1 
1 07 

:=0 1 1 1 1 0 1 1 0 1 0 1SF 1 
1 Os 1 1 1 1 1 0 0 0 1 0 11F 1 
1 09 1 1 1 0 1 0 0 0 1 0 117 1 
0 X 0 0 0 0 0 0 0 0 0 1 200 0 
1 01 0 0 0 0 0 1 0 0 0 1 220 1 
1 O2 1 0 0 0 0 0 0 0 0 1 201 1 
1 03 1 1 0 0 0 0 0 0 0 1 203 1 
1 04 Ii::~ 1 1 0 0 0 1 0 0 0 1 223 1 
1 05 ~~ 1 1 0 0 0 0 1 0 0 1 243 1 
1 06 150 1 1 0 0 0 1 1 0 0 1 263 1 
1 '07 I-a: 1 1 0 0 0 0 0 1 0 1 283 1 
1 Os ~I=! 1 1 0 0 0 1 0 1 0 1 2A3 1 
1 09 00 1 1 0 0 0 0 1 1 0 1 2C3 1 <w 
1 010 ~> 1 1 0 0 0 1 1 1 0 1 2E3 1 
1 011 1 1 0 1 0 0 0 0 0 1 20B 1 
1 012 1 1 0 1 0 1 0 0 0 1 22B 1 
1 013 1 1 0 1 1 0 0 0 0 1 21B 1 

P1 

0 
0 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

the next positive edge of MCLK (shown as 01), 2) causes AOE 
to go active, thus driving the AD bus with the address, and 3) 
asserts ZAS. MUDS and/or MLDS are also asserted, in S2, and 
causes ZAo and Z8/W to be appropriately set. At 02 the state 
sequencer asserts T 1, causing ZAS to be negated. This phase 
was chosen to meet the required 70ns (min) ZAS pulse width 
(TwAS), and 30ns (min) address to ZAS setup time (TsA (AS)). 
At 03 the state sequencer asserts T2 and T4. T2 causes the 
AOE line to negate which removes the address and three-states 
the AD bus. This meets the required SOns (min) address to ZAS 
hold time (ThA (AS)). T 4 causes the ZDS to be asserted on 
the negative edge of 03. This meets the ZAS to ZDS delay of 
60ns (min). 

On the falling edge of ZDS the peripheral will drive the AD bus 
and data on the AD bus will be valid 250ns later (an exception to 
this occurs in the Z8030 which requires 520ns from rising edge 
of ZAS to valid read data). At 05 the sequencer sets T 5, which in 
turn causes MDTACK to be asserted on the negative edge of 05. 
The 68K samples this line on the negative edge of 06 and ac
cepts the input data on the negative edge of 07. At 06 the T31ine 
is asserted, which activates DOE on the negative edge of 06. 
This enables AD bus data to the 68K data bus. T 3 may be set to 
occur anytime before the negative edge of 07. During S7 the 68K 
will negate MAS, MUDS, and MLDS. This action causes the 
sequencer to reset (via INIT), and on the negative edge of Os 
ZDS, MDTACK, and DOE will be negated to end the read cycle. 
Note that the peripheral provides the zero data hold time re
quired by the 68000. It should also be noted that DTACK is used 
to insert wait states (2 wait states = 1 MCLK). The assertion of 
DTACK via T5 is a function of the minimum required ZDS pulse 
width (in this case 390ns), and the minimum time required for 
the peripheral to provide valid data to the AD bus. Therefore, in 
using the Z8030, T 5 would not occur (this is accomplished by 
inserting 2 idle states in the sequencer) until 07, and the rest of 
the read cycle would be proportionately extended. 

PROM OUTPUT REG. OUTPUT 

P2 P3 P4 Ps P6 P7 HEX 0 0 °1 °2 03 °4 Os °6 ~ HEX 

0 0 0 1 0 0 20 0 0 0 0 0 0 0 0 00 
0 0 0 0 0 0 01 0 0 0 0 0 1 0 0 20 
0 1 0 0 0 0 OB 1, 0 0 0 0 0 0 0 01 
0 1 0 1 0 0 2B 1 1 0 1 0 0 0 0 OB 
0 1 1 0 0 0 1B 1 1 0 1 0 1 0 0 2B 
1 1 1 0 0 0 IF 1 1 0 1 1 0 0 0 1B 
1 1 1 0 0 0 1F 1 1 1 1 1 0 0 0 1F 
0 0 0 1 0 0 20 0 0 0 0 0 0 0 0 00 
0 0 0 0 0 0 01 0 0 0 0 0 1 0 0 20 
1 0 0 0 0 0 07 1 0 0 0 0 0 0 0 01 
1 1 0 0 0 0 OF 1 '1 1 0 0 0 0 0 07 
1 1 0 1 0 0 2F 1 1 1 1 0 0 0 0 OF 
1 1 0 0 1 0 4F 1 1 1 '1 0 1 0 0 2F 
1 1 o ' 1 1 0 SF 1 1 1 1 0 0 1 0 4F 
1 1 1 0 0 0 1F 1 1 1 1 0 1 1 0 SF 
1 0 1 0 0 0 17 1 1 1 1 1 0 0 0 IF 
1 0 1 0 0 0 17 1 1 1 0 1 0 0 0 17 
0 0 0 1 0 0 20 0 0 0 0 0 0 0 0 00 
0 0 0 0 0 0 01 0 0 0 0 0 1 0 0 20 
0 0 0 0 0 0 03 1 0 0 0 0 0 0 0 01 
0 0 0 1 0 0 23 1 1 0 0 0 0 0 0 03 
0 0 0 0 1 0 43 1 1 0 0 0 1 0 0 23 
0 0 0 1 1 0 63 1 1 0 0 0 0 1 0 43 
0 0 0 0 0 1 83 1 1 0 0 0 1 1 0 63 
0 0 0 1 0 1 A3 1 1 0 0 0 0 0 1 83 
0 0 0 0 1 1 C3 1 1 0 0 0 1 0 1 A3 
0 0 0 1 1 1 E3 1 1 0 0 0 0 1 1 C3 
0 1 0 0 0 0 OB 1 1 0 0 0 1 1 1 E3 
0 1 0 1 0 0 2B 1 1 0 1 0 0 0 0 OB 
0 1 1 0 0 0 1B 1 1 0 j 0 1 0 0 2B 
1 1 1 0 0 0 1F 1 1 0 1 1 '0 0 0 1B 

04193A·6 

FigureS. 
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The write cycle operates in a similar manner with two excep
tions. First, there is a required data setup time of 30ns with 
respect to the falling edge of ZDS (TsDW (DSF)). Therefore, one 
sequencer idle state is required between T 2 and T 4. Secondly, 
there is a required data hold time of 30ns with respect to the 
rising edge of ZOS (ThDW(DS)). Therefore T 5 is asserted at 08 
while T 4 is negated at 09: If bidirectional registers are substi
tuted for the data transceivers, four wait states can be eliminated 
from the write cycle. 

TIMING PARAMETERS 

During a read interrupt vector cycle, timing parameters are the 
same as a normal read operation with the exception of the ZAS 
to ZDS delay. In a normal read this parameter is 60ns. However, 
during an interrupt this parameter (TdDCST) must be equal to or 
greater than the interrupt daisy chain settling time. When five 
Z8000 peripherals are in this chain, this parameter is approxi
mately 710ns. To accommodate this requirement, 8 idle states 
must be inserted between T 2 and T 4 by the state sequencer. 
The state sequencer detects an interrupt operation via Ag (ref
erence Figure 6). 

SYSTEM ARCHITECTURE 

Figure 9 illustrates an architecture that allows the 68K to perform 
other tasks while an I/O operation is in progress. The ZI/O chip 
select decoder accepts: 

1) CPU Status - indicates an interrupt read cycle is required. 
This activates RIV (Read Interrupt Vector). 

2) R/W - indicates that the current cycle is a read or a write. 
This activates I/ORNi. 

3) MAn - A user-definable number of address lines (6 lines 
minimum) that identifies which per!Eberal is being 
addressed. This activates the appropriate CS line, ZI/O REO, 
ZINH and 4/SMHz. ' 

The ZI/O bus arbiter is used to determine who has I/O bus 
control and is only required if a DMA controller is part of the Z 
peripheral chain. 

It accepts 

1) ZI/O REO - indicates the CPU is requesting the I/O bus. 
2) DMA BUS REO - indicates the DMA controller is requesting 

the I/O bus. 
3) M BUS REO - Allowsthe 68K to request the I/O bus before 

the I/O cycle is started. 

and generates 

1) ZBUS ERR - flags the S8K when the CPU starts a ZI/O 
operation and t~e I/O bus is busy. 

2) ZI/O BUS BUSY - A Z-bus status line that can be polled by 
the CPU. 

3) DMA BUS ACO - grants control of the ZI/O bus to the 'DMA 
controller. 

4) TOE - grants control of the ZI/O bus to the Bus Translator. 

,: 
<, 

8-7 

MCLK 

PROM ARRAY 
(64x8) 

PIPELINE REG, 

TO TRANSLATOR 
LOGIC 

Figure 7. 

Bus Translator 
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This type of architecture is useful in I/O intonsivo npplicntiom; 
where the data must be operated on concurrontly by tllo CPU 
(Le., PBX systems, disk controllers, etc.): Data Is rocolvod and 
transmitted by this system via the OMA controllor. Trun~;ll1ittod 
data is loaded into the Buffer Memory by tllo CPU und Is tllon 
transmitted via a DMA operation. Receivod data is loadod Into 
the Buffer Memory via a DMA operation and is tllOn road by ttlO 
CPU. In extreme cases this Buffer Memory can bo dual portod 
so that true concurrent operation between CPU and I/O is 
achieved. In single ported Buffer Memory architectures, a Bus 
Arbiter is required. to grant ZI/O bus control to CPU or DMA 
controller. In this example, the CPU can-poll the arbiter for ZI/O 
bus control and lock out the DMA controller until the CPU has 
completed its I/O operation. Alternately, the CPU can start a 
ZI/O bus operation, and if the bus is busy, a bus error is gener
ated. The operation of this arbiter is straightforward and can be 
constructed using a minimal number of gates and flip-flops. 

The I/O chip select decoder is a combination chip selector and 
memory mapper. Note that the 4MHz/SMHi signal is used by 
the bus translator to allo~ intermixing of slow and fast periph
eral chips. 

The DMA controller is a Z8016 which utilizes "link-lists" to up
date its control registers. This further reduces the need for CPU 
intervention, thus increasing system performance. 
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Figure 9. 

CONCLUSIONS 

This circuit is a highly efficient and flexible. bus translator that 
allows Z8000 peripherals and a 68000 CPU to intercommuni-

8-9 

cate in a uniform manner; the same technique is also applicable 
to other CPU's such as iAPX86, LSI-11 and N16000. 
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INTRODUCTION 

AMD manufactures a large number of microprocessor peripher
als, and because of the large number of CPU types available it is 
desirable to have a standard bus interface specification. 

Since it is impossible for our designers to know the characteristic 
of every processor and its subtleties, this document is intended 
to provide guide lines based on a study of the 8086, Z8000, and 
68000. One of the goals has been to specify setup and hold 
times such that peripherals will work with both fast and slow 
CPU's. The only requirement is the insertion of a wait state in 
some cases. 

PIN DESCRIPTIONS (Not all will be used in all devices) 

ADo-ADN (Data Bus, Input/Output) 

The bidirectional Data Bus lines are used for information ex
changes with the host processor. HIGH on a Data Bus line cor
responds to one and LOW corresponds to zero. When operating 
in the slave mode these lines act as inputs when WR and CS are 
active and as outputs when RD and CS are active. When CS is 
inactive, these pins are placed in a high-impedance state. For 
Bus Masters, data is driven onto these lines when WR is active 

. and read from .these lines when RD is active. 

CS (Chip Select, Input) 

The active-LOW Chip Select input enables Read and Write op
erations to the peripheral. When Chip Select is HIGH, the Read 
and Write inputs are ignored. The circuit should be designed so 
that CS may be tied LOW. This input is ignored when the 
peripher~1 is in control of the Bus (i .e. Bus Master). 

C/O (Control/Data, Input) 

The Control-Data signal selects destination locations for Read 
.and Write operations to the peripheral. Control Write operations 
load the Command register and the Data Pointer, while Control 
Read operations make the Status register output available. Data 

c/o 

is 

Interface Standards for Peripherals 

Read and Data Write transfers communicate with all other inter
nal registers. Indirect addressing at the data port is controlled 
internally by the Data Pointer register. It is important to make the 
Data Pointer readable as this simplifies interrupt service routines 
(see FiQure 2). 

ClK (Clock/Input) 

This input is required on all Bus Masters and is optional on Bus' 
Slaves. It controls the internal operations of the device and its 
rate of data transfers. 

RESET (Reset, Input) 

Reset is an asynchronous active LOW input which initializes the 
registers and state machine internally to a state at which it can 
respond to CPU commands. This signal is optional on slave 
peripherals but is required on Bus Masters. All peripherals 
should also have a software reset command, capable of reset
ting the peripheral even if no hardware reset occurs. 

TBEN ---~f>o~--- DT/R 

RD:3=D I~ ~----DEN 

WR 
04195A-1 

Figure 2b. Implementing DT/R' and DEN 

,. 
DATA 

REGISTERS 

04195A-2 

Figure 2a. C/O Operation 
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AS: Address Strobe (Input), (Output), or (Input, Output) 

LOW on this pin indicates the bus contains address information. 
The address information is stable by the time of the LOW-to
HIGH transition of the AS output (see timing diagrams). This is 
driven by the peripheral when it is a Bus Master to indicate when 
the address is on the bus. When in the slave mode this signal is 
a don't care. A Bus Master which does not useAS as an input 
now has the option £!.programming its"polarity~nother possible 
variation is to use AS to latch CS, C/O, or R/W, which reduces 
external logic in systems with multiplexed buses. When not used 
in multiplexed address data systems, this pin can be grounded 
to make RNi, C/O and CS transparent. See Figure 2a. 

OS: Data Strobe (Input, Output) 

LOW on this pin indicates that the AD bu~ is bein!Ulsed for data 
transf~r. When operating as Bus Master the R/W output indi
cates the direction of data transfer ~ Read (or in) means data 
into the peripheral an"d Write (or out) means data from the 
peripheral. During a read operation, data can be gated on to the 
bus when OS goes LOW. A LOW-to-HIGH transition on the OS 
output indicates that the peripheral has accepted the,data (see 
timing diagram). During a write operation, LOW on the OS out
put indicates that data is setup on the bus. Data will be removed 
sometime after the LOW-to-HIGH transition of the OS output 
(see timing diagram). When operating as Bus Slave, Read (or 
out) means the peripheral gates data onto the data bus whe'n OS 
is LOW. Write (or in) means the peripheral will accept data from 
the bus on the LOW-to-HIGH transition of Data Strobe. 

R/W: Read/Write (Input, Output) 

When the peripheral is Bus Master, this output indicates the 
direction of data flow on the AD bus. HIGH indicates a read 
operation while LOW,indicates a write. This output is activated at 
the same time as AS goes LOW and remains stable for the 
duration of the whole transaction (see timing diagram). When 

BUSREQ 

I 
DMAREQ, 

BUSACK DMAACKI, DMAACKO, 

CPU 

BUS MASTER 

CLOCK 1 t 

l 

the peripheral is a slave, HIGH indicates data out of the 
peripheral and a LOW indicates data into the peripheral. 

RBEN Receive Buffer Enable (Output, Open Drain) 

When the peripheral is Bus Master, RBEN is driven LOW when 
doing a read and it is inactive when dOing a write. The purpose 
of this signal is to eliminate bus contention. When the peripheral 
Is a slave, RBEN will be inactive. See timi~gdiagram. 

TBEN Transmit Buffer Enable (Output, Open Drain) 

When the peripheral is Bus Master, TBEN is driven LOW when 
doing a write. It is inactive during reads. This signal is also used 
to eliminate bus contention and EMI. See timing diagram. 

RBEN and TBEN provide control of all transceivers in the sys
tem in such a way that no bus contention occurs. In some sys
tems, contention results as a result of propagation delays in a 
cable or through the buffers/transceivers control logic. 

Note that TBEN is generated early so that it can function as a 
RJW indication as well as buffer' control. Although TBEN goes 
LOW during the address portion of the cycle in the LANCE Chip, 
it is not required in general as only the 8030 and 8036 require 
addresses to be available during the first part of the cycle. TB-Ef\i 
cannot be used to generate DT/R in the case of the LANCE 
Chip. Another reason for not perpetuating this form of TBEN is 
that our address period and ALE (AS) are too short for easy 
interfacing when buffer delays and skews are accounted for. 

When the peripheral is a slave and CS is active, TBEN will be 
LOW when the CPU is reading from the peripheral. See timing 
diagram. 

IRA1-IRAK Internal Register Address 

These optional address pins may provide for direct addressing 
of registers in a peripheral in lieu of using C/O' and setting a data 
pOinter. This is always the more desirable approach but due to 
pin limitations is less often implemented. 

I I 
DMAREQ2 DMAREQ3 

Di.inCKi2 DMAACK02 DMAACKI3 ~ r--

BUS MASTER 

1 t 
0419SA·3 

Figure3a. 
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B/W: Byte/Word Output Optional 

This output, present on Bus Masters only, indicates the tYpe of 
data transferred on the ADo-AD15 bus. HIGH indicates byte 
(a-bit) and '--OW indicates word (16-bit) transfer. This output is 
activated at the same time as AS'" goes LOW and remains valid 
for the duration of the whole transaction (see timing diagram). 
The address generated by the peripheral is always a byte ad
dress, however the memory is organized as 16-bit words. All 
instructions and word operands are word aligned and are ad
dressed by even addresses. Thus, for all word transactions with 
the memory the least significant address bit will be zero. When 
addressing the memory for byte transactions, the least signifi
cant address bit determines which byte of the memory word is 
needed; an even address specifies the most significant byte and 
an odd address specifies the least significant byte. When possi
ble, the bus interface should contain Byte Swap Logic to make 
the even address' be the least significant byte and odd ad
dress be the most significant byte to be more compatible with 
Intel parts. 

Note: The Bus exchange protocol described here although 
slanted towards the zaooo can be used with HOLD, HLDA pro
tocol simply by adding two inverters. Thus the added advantage 
of being able to daisy chain parts with no external logic! 

DMAREQ: Bus Request (Input/Output, Open Drain) 

On Bus Masters only, a LOW on this output indicates to the CPU 
that the peripheral is requesting to take control of the bus. The. Figure 3c. Preemptive Bus Request Protocol 
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peripheral samples DMAREQ to see if it is LOW before driving it 
active. The DMAREQ output can be driven LOW anytime with 
respect to the CPU since the CPU synchronizes this input inter
nally. Figure 3a shows how Bus Masters are connected. Figure 
3b shows conventional bus exchange timing. 

The CPU responds by activating the DMAACK output LOW to 
indicate that the bus has been relinquished. The peripheral 
should control the bus in an identical fashion to the CPU to 
accomplish transactions. The DMAREQ input must remain LOW 
as long as needed to perform all the transactions, and the CPU 
will keep the DMAACK output LOW. After completing the trans
actions, the peripheral device must disable driving the bus and 
stop driving the DMAREQ input LOW. The CPU will make 

f5MAACR output HIGH sometime later and resume bus control. 
The DMA device must not reassert DMAREQ until DMAACK 
has gone inactive and 2 clock cycles have elapsed. 

DMAACKI: Bus Acknowledge (Input) 

LOW on this input indicates that the CPU has relinquished con
trol of the bus in response to a bus request. The peripheral 
synchronizes the acknowledge then enables its drivers to as
sume bus control. If DMAACKI is removed while the peripheral 
has control of the bus, it will release the bus after it completes 
the current transaction. DMAREQ will be driven HIGH, indicating 
to the higher priority device the bus was released. This allows 
preemptive DMA. The preempted device waits 2 clock periods 

HREQ ,,--,...-....... -------------------t HREQ1 

"lO--I----SQ 
CPU PREEMPTEE 

HACK I-~>CI--_I_--_ _L~ 

HREQ2 HACK2 

PREEMPTOR 

0419SA-6 

Figure 3d. Implementation of Preemptive DMA #1 
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and then reasserts DMAREQ. and on receipt of DMAACKI re
sumes from where it left off. Figure 3c. show preemptive opera
tion. The preemption protocol defined allows two types of 
preemption to be implemented. In Implementation #1 the 
preemptor and preemptee can exchange the bus with the CPU 
unaware of the exchange. Alternately in Implementation #2 the 
CPU is allowed to do one bus cycle. Preemption has also been 
called Control Override Sequence in previous documents. See 
Figures 3d through 3g for timing and implementation examples. 

WAIT or READY: Walt (Input, Output, Open Drain) 

When peripheral is a Bus Master a LOW on this input indicates 
to the peripheral that memory or I/O is not ready for the data 

DMA 1 TRANSFERS 

Interface Standards for Peripherals 

transfer and hence the current transaction should be stretched. 
The WAIT input is sampled by the peripheral at certain iristances 
during the transaction (see timing diagram). If WAIT input is 
LOW at these instances. the peripheral will go into a wait state to 
prolong the transaction. The wait state will repeat until the WAIT 
input is HIGH at the sampling instant. This signal should be 
sampled as late in the cycle as possible. 

When operating as a slave this line indicates to the processor 
that the peripheral has accepted data during a write or that data 
is present on the AD Bus during a read. The time this Signal is 
asserted is determined by the slave. The mode register should 
never require a wait state during a write and the status register 
should never require a wait state during a read. 

DMA 2 TRANSFERS DMA 1 COMPLETE 

---<J:::[ 
HREQI 

HREQ 

HREQ2 

=r=r=i= "'''' 
~~. ~ ~ 

HREQ2 HACK2 04195A·7 

Figure 3e. Preemptive DMA Notes 
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ARBITRATION 
CLOCK 

HREOI 

HREO 

HACK 

HACKl 

HACK2 

HRE02 LOCKED OUT DURING THIS TIME 

HREOI 

HACKl 

HREO 

HACK 

HRE02 

HACK2 

~CPU TRANSFER-1 ~DMA 2 TRANSFER--1 

Figure 3f. Alternate Preemption Scheme 

NOTE 2 

DMA I TRANSFER 

04195A·8 

DMA 2 TRANSFER 

04195A·9 

Notes: 1. Arbiter must be designed such that if HREQ is active and HACK is inactive any other request that occurs is ignored. 
2. HREQ1 must go LOW before HACK goes LOW or bus contention could result. One way to ensure this is by gating HREQ2 with DS. 

This ensures the minumum amount of time between HACK1 going inactive and HREQ1 going inactive is met. 

Figure 3g. Implementation of Preemptive DMA #2 
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XACK Transfer Acknowledge 

This is preferred over READY/WAIT as it makes system design 
easier due to timing requirements. See Figure 4a for timing 
examples. 

ADRN - ADRK: Extended Address (Output, Three-State) 

The extended address lines may be used to extend the address 
space of the peripheral. This applies to Bus Masters only. If pin 
limitations do not allow for this a second address strobe may be 
added thus the upper address may be latched and then the 
lower address latched by the second strobe. This imposes a 
slight time penalty but only when a 64K boundary is crossed. 
See timing diagram Figure 5 for this option. 

INT: INTERRUPT (Output, Open Drain) 

This active Low output is 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 re
sistor is required. 

OPTIONAL PINS 

ADRACK: Address Acknowledge (Input) 

This is an option 0(1 Bus Masters, used to extend the time the 
address is held on the bus. This is a valuable function in systems 
with a multi master multiplex back plane bus. It is also valuable in 
hierarchical bus structures where extra delays may be in the 
address path (see timing diagram Figure 4b for effe'ct of this pin). 
An additional advantage of including this function is that the 
wider address latch and additional address setup time is com
patible with DEC's II Bus. 

M/iO: Memory/Input-Output (Output, Three-State) 

This pin is only used by Bus Masters to indicate when it is doing 
a me~ory or I/O transaction and is under the optional heading 

Interface Standards for Peripherals 

because not all Bus Masters need this capability. For example, 
in a system with only memory mapped I/O it is not required. For 
parts such as the CRT or LAN the source on destination is 
always memory, hence it is not required. Indeed the only time it 
is required is when it makes sense to use a DMA to control data 
transfers one peripheral to another. A possible example would 
be dumping a disk file to a printer. 

LW: Long Word (Input, Output) 

This pin is required on any 32-bit peripheral. When HIGH it 
indicates a 16-bit operation; when LOW it indicates a 32-bit 
operation. 

INTA: Interrupt Acknowledge (Input) 

This pin is only required if it is desired to support vectored inter
rupts without requiring an interrupt controller. It is used to gate 
the vector onto the bus. Otherwise the interrupt can be cleared 
by software. 

LEN: Latch Enable (Output) 

. This pin is only used by Bus Masters that multiplex both the 
HIGH and LOW addresses on the bus. This is done whenever a 

. 64K boundary is crossed, hence the extra overhead required is 
not excessive. This can be used to save package pin count. 
See Figure 5. 

lEI: Interrupt Enable In (Input) 

This signal is used to implement a daisy chain priority scheme. 
When HIGH the part responds to INTA. 

lEO: Interrupt Enable Out (Output) 

This signal is HIGH to indicate the next device has priority and 
no higher priority device is generating an interrupt. For further 
details of interrupt structure see the ZBUS specification. Note 
that this interrupt architecture is' compatible with Intel devices. 

BUS, MASTER READY/WAIT, XACK, TIMING 

READY/WAlT \\\ 0 11// \\\ 

BUS SLAVE READY/WAIT, XACK, TIMING 

READY/WAIT 

-----------------" ,.---
XACK '\~----------------~I' 04195A·10 

Figure4a. 
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04195A-ll 

Figure 4b. Effect of AD RACK 

ADA --------~<~ ____ A_16_--__ A_31_M_A_X_· __ _J)~----~(~ ______ ~ __ --__ Al_5 ____ -J~~\ ______ D_A_JA ______ ~)~--------

LEN ----.I \~---------------------------------------------------
\_-------_/ 

\'----__ ----J/ 

04195A-12 

Figure 5. Lens Option 
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APPENDIX A 

1) Slave Peripheral Interface 
2) DMA Peripheral Interface 
3) R/W and OS to RD, WR and vice/Versa 
4) 286 Bus Exchange 

.A "-
8.16.32 ) DATA BUS 

... V' 

f AS OPTIONAL FOR Z8000 COMPATIBIUTY 

R/W 

os 

.CS 

C/O (Ao) 

-- -- -- -- -- -- -- -- -
DREQ OPTIONAL REQUIRED 

DACK FOR EXTERNAL DMA 

-- -- -- -- -- -- -- -- -
iNf OPTIONAL REQUIRED 

FOR INTERRUPT -- -- -- -- -- -- -- -- -
iEi OPTIONAL NOT REQUIRED 

FOR INTERRUPT 

iEo 

INTACK 

-- -- -- -- -- -- -- -- -
AI OPTIONAL IF PIN COUNT 

· · ALLOWS REGISTERS SHOULD 
BE DIRECTLY ADDRESSABLE · · · · AN 

-- -- -- -- -- -- -- -- -
RESET WHEN REQUIRED 

04195A-i3 

Figure A~1. Slave Peripheral Interface 
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r---
I 
I 
I 
I ADORES 
I BUS 

I 
I L __ 

S 

A 

"'f 

A 

"'f 

A 

~ 

8,16,32 

I---
LATCH 
~ 

I .A 
........ 

DATA BUS 
r---

AS FOR 16·BIT PERIPHERALS 

ADR16 
ADR23 

RBEN } FOR BUFFER CONTENTION AND 
TBEN DIRECTION WHEN SLAVE OR MASTER 

R/W 

RESET 

os 
READY OR WAIT 

Cs 
C/o (AO) 

DMAREQ 

DMAACKI PREEMPTIVE 

- - - - - - - - - - - - - - - ~OPTIONAL - - - - - - - - - - - - - -
DMAACKO 

INT 

LEN 

B/W (REQUIRED BY 16·BIT PERIPHERAL) 

ADRACK 

M/io (PREEMPTOR CAPABILITY OPTIONAL) 

LW- (REQUIRED BY 32·BIT PERIPHERAL) 

IRA1 
} COULD BE MULTIPLEXED ON A16 - A23 IRAN 

INTACK 

iEf 
} OPTIONAL FOR INTERRUPTS iEO 

iNf 

04195A·14 

Figure A-2. Peripheral with DMA Interface 
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a} b) 

os ~~ Os 
INTA 

1 
AS 

INTA os 

AS INTA 

04195A-15 

a) In non-Z8000· applications, parallel prioritization or an inter-
rupt controller is required. In the case of parallel prioritization, 
the falling edge of INTA freezes the prioritization process. 
When using an interrupt controller, the interrupt pending bit is 
cleared by a software command. The OR gate shown is used 
for processors that do not generate OS or RO during interrupt 
acknowledge gates. 

b) To use serial prioritization, AS is required to indicate priority 
chain must be frozen. The INTA status combined with OS is 
then used to place the vector on the bus. 

FigureA-3. 

R/Vi 

I f>o 

c~: 
AD 0[)o os 

A B [ 
os WR R/Vi 

0419"A-16 04195A-17 

\ TIMING FOR "B" 

READ 

\"-_------11 
NVi -----------------------------------------

WRITE 

os \ ( ""--_____________ j NOTE NO HOLD TIME ON NW 

R/Vi \_ _ 

04195A-1B 

FigureA-4. 
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TC TC TI TH TH 

HOLD 

HLDA 

ADDRESS 

CONTROL 

DATA 

Figure A·5. iAPX286 Bus Exchange 

TH TH TH TH TS 

HOLD 

HLDA 

ADDRESS -----------------------------~ 

CONTROL---------------------------------~ 

DMA------------------------------------~ 

Figure A·6. iAPX286 Bus Exchange 
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APPENDIXB 

3 Cycle Bus Master and Slave Timing 

~--------(~~------~ 

Rfii.8/W 

04195A-21 

Min Max Min Max 

1 tpHL ClKt toASt 30 14 tpHl ClK! to RBEN ! 30 

2 tplH ClK! toASj 30 . 15 tpLH DSj to RBENj 0 

3 tpw AS PULSE WIDTH 45 16 tr, tf Rise and Fall Time 10 

4 ts Address to AS j 40 17 tpHl ClK j to TBEN ! 20 

5 th Address to AS j 40 18 tplH ClK j to TBEN j 30 

6 tpHL ClKj to OS! 30 19 tpw ClK HIGH PULSE WIDTH 45 

7 ts DATAtoClK! 10 20 tpw ClK lOW PULSE WIDTH 45 

8 th DATAtoDSj 0 40 tcyc Clock Period 125 

9 tplH ClK! toDSj· 30 

10 tpd ClKj to RIW. B/WVALID 30 
41 tAVDV 

Address VALID to DATA in 260 
Required VALID 

11 tpd ClKj to RIW, B/W NOT VALID 30 42 tASDV AS j to DATA VALID 205 

12 ts WAITtoClK! 10 43 tDSDV OS! to DATA VALID 150 

13 th WAITtoClK! 20 

Figure B-1. 8052 Bus Master Read 
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, II 
1\ I 

.fW-- @f-
'AS I 

v-

:=j@ 1-. - @I-
ADO-AD15 

~ 

25 - @f--
\ 

~ 
II 

1\ ) 

28 29 

V " j 1\ 

- @f- - @)f--, 1/ 
1\ ~ 

04195A-22 

Min Max 

21 ts cst toASj 0 

22 th CSj toASj 20 

23 ts C/O to ASj 0 

24 th C/DtoASj 20 

25 tpd cst to OS! 30 

26 tA OS! to DATA VALID 150 

27 th OSj to DATA NOT VAllO 15 

28 ts R/Wto OS! 0 

29 th R/Wto OS! 40 

30 tPHL OS! toTBEN! 30 

31 tpLH OSj toTBENj 30 

Figure B-2. 8052 Bus Slave Read Latched 
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ADDRE~S 

TBEN-------------------------------------------------------------------
04195A-23 

Min Max 

32 th DSj to DATA NOT VALID 0 

33 ts DATA VALID to DSj 80 

34 tpw DS J. to DSj Write 100 

35 tAP Recovery Time Read or Write 2tAP 

Figure B-3. 8052 Bus Slave Write 
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\ V 
1\ J 

I-®-
I----@I '\ 

-I 

f-®-
C/O 'V j VI 

JI\ \ 

I--®-
I--® ~ 26 

V 
~ J 

f-® 39 

V \ j 

f-€r-
'\ 

1\ 
04195A-24 

Min Max 

36 th DSj toCSj 5 

37 th DSj toC/D 5 

38 tz DSj to DATA NOT VALID 10 50 

39 tpw 5St to DSj Read 150 

44 ts C/Dto DSt 30 

Figure B-4. 8052 Bus Slave Read Unlatched 
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i----{52}__---i r---------------

AS __ i_' 
-------------~~-------------{51r_----------~r_------------

~---__{M}__---__t 
1._---+--"'\.1 

ADO-AD15 -----------+---------------+----------------<1 

lEI 

lEO 

04195A-25 

Min Max 

50 td INTACK to DS! Delay 200 

51 tpw DS! to DSf Acknowledge 150 

52 tpd DS! to DSf 200 

53 th INTACK to DSf Hold Time 0 

54 tA DS! to Vector VALID 150 

55 tpd DSf to Vector NOT VALID 0 

56 ts lEI to DS! 80 

57 th lEI to DSf 0 

58 tpd lEI to lEO 80 

59 tpd INTACK to lEO 150 

Figure B-S. Interrupt Acknowledge Timing 
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~----------------------~----~ 

rvW,BtW X X 
WAIT x==x 
RBEN 

TBEN \ / 
04195A·26 

Min Max 

60 tpHL CLKt toDSt 30 

61 ts DATA VALID to OS t 40 

62 tpw DSftoDSj 110 

63 tpd CLHj to DATA NOT VALID 30 

Figure B-6. Bus Master Write 
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04195A·27 

Min Max 

70 tpd CLKttoBREO 100 

71 tpz CLKt to Bus Float 100 

72 tzd CLKt to Bus Driven 100 

73 tpd BAIto BAO 40 

74 tpd BREO to BAI Delay . 0 

75 ts BAI to CLKt Setup 20 

Figure B-7. 8052 Bus Exchange 
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APPENDIXC 

4 Cycle Bus Master and Slave Timing 

ALE 

READYfWAIT,DTACK 

TBEN--------------------------------------------------~------------------
04195A·28 

Min Max 

1 tPLH ClKt to AlEt 30 

2 tpw ALE PULSE WIDTH 30 

3 ts Address to ALE t 40 

4 th ALE to Address V ALI 0 40 

5 ts DATA to ClKt 10 

6 th ClKt to DATA 10 

7 tpHL ClKt toROt 30 

8 tpLH GlKt to ROt 30 

9 tpd ClKt to B/WVALIO 30 

10 ts Ready to ClK t 20 

11 th ClK t to Ready 0 

12 tpHL ClKt to RBEN t 30 

13 tpLH ROt to RBENt 0 

14 tpw Clock HIGH 30 

15 tpw Clock lOW 30 

16 tcyc Clock Period 100 

17 th RO or WR to B/W 40 

Figure C-1. Bus Master Read (4 Cycles) 
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RBEN------4----------------------------------------------------------------------

04195A·29 

Min Max 

20 tpHL CLKt toWRt 30 

21 th WRtoDATA 40 

22 ts DATAtoWRt 40 

23 tpLH CLKt tOWRj 30 

24 tpLH CLKj to TBEN 30 

Figure C-2. Bus Master Write (4 Cycles) 
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~ 
\ I 
~ 1 

~ 
ADDRESS \V \/ 

/1\ 1\ 

~ 
I \ 
1\ 1 

DATA 

I-~ 34 ®--I-
\ V 

1\ J 
~ 

\ 
\ 

- @ I- - @ f- - @ -
READY -------'"" 

D~CK --------------------------~ 
04195A·30 

Min Max 

30 th ROt toCS 10 

31 th ROt to Address 10 

32 ts CSto ROt 10 

33 ts Address to RD t or WR 20 

34 tpd ROt to DATA VALID 150 

35 tpz ROt to DATA FLOAT 30 

36 ts B/WtoRDt 10 

37 tpZL cst to Ready 30 

38 tpd DATA VALID to Ready 0 

39 tpd ROt to Ready 30 

Figure C-3. Slave Read 
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cs \ / 
ADDRESS X X 

DATA 

WR 

ejw 

READY 

04195A-31 

Min Max 

40 ts DATAtoWRj 150 

41 th WRj to DATA 10 

42 tpd WRto Ready 100 

43 ts DATA to Ready 50 

44 tr Write Recovery Time 200 

Figure C-4. Slave Write 
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APPENOIXO 

Multiple Preemptive Arbiter 

ClK 

DEVICE 
REQUEST 

I 
V 

2Kx8 
REGISTERED 

PROM 

CPUACK 

CPUREQ 

A>S 

! 
3: 8 

('138) 

Figure 0-1. Priority Based Preemptive Arbiter (PROM Version) 

8 
(REQUEST) 

ClK 

CPUACK 

· 
· 
· 

200R 
24 PIN 
PAL 

·PAL is a trademark of Monolithic Memories, Inc. 

CPUREQ 
ACK 

A>S 

I 

Figure 0-2. Priority Based Preemptive Arbiter (PAL * Version) 
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CPURE Q 

· 
® 

A>S · · 
S=A CPUACK 

t--

~ · · L....--.; 

'138 

· CD '--- ® EQUIV. · 
· · 

I-----

04195A· 

Figure 0-3. Multiple Priority Based Preemptive Arbiter Logic 
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"l---- CPUREQ 

r--~ __ ~----~ 

04195A-35 

Figure 0·4. 
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BIT 2 BIT1 BITO 

~ ~ 
-

"'7 
A> 5 CPUREQ A=S 

ARo · - 1-1' 
· 

t::D-
BITO · 

--' - tfJ-
I--' · 
I 

BIT 1 

~ 
~ 

'--------

~ __ A=S 

~ 
E[-)J .-----' - -----: 

.1--' ~ 

· 
BIT2 I 

FD-· ClK ' 

04195A-36 
I 

- r::r-
· 

AR7 
I 

Y) - 04195A-37 

Figure 0-5. Figure 0-6. 
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S2-0 
A7-0 000 

00000001 0 

0000001X 1 

000001XX ' 1 

00001XXX 1 

0001 XXXX 1 

001XXXXX 1 

01XXXXXX f 

1XXXXXXX 1 

S1 So 

-

~ 
r--- -
~7 ~7 

~ 

~ 

9.J 

0--r--

~ 

7 

b--J 
~ 

5)--

"'"-
~ 

3' 
.J 

Figure D-6a. 

001 010 011 100 101 110 111 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

1 0 0 0 0 0 0 

1 1 0 0 0 0 0 

1 1 1 0 0 0 0 

1 1 1 1 0 0 0 

1 1 1 1 1 0 0 

1 1 1 1 1 1 0 

Figure D-6b. A> S K-Map 
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PACKAGE OUTLINES (Cont.) 

HERMETIC DUAL IN~LlNE PACKAGES (Cont.) 
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PACKAGE OUTLINES (Cont.) 

HERMETIC DUAL IN-LINE PACKAGES (Cont.) 
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PACKAGE OUTLINES (Cent.) 

. HERMETIC DUAL IN· LINE PACKAGES (Cont.) 
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PACKAGE OUTLINES (Cont.) 
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PACKAGE OUTLINES (Cont.) 

HERMETIC DUAL IN-LINE PACKAGES (Cont.) 
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L-20-1 
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o 

PACKAGE OUTLINES (Cont.) 
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PACKAGE OUTLINES (Cont.) 
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DICE POLICY 

Advanced Micro Devices, interface and linear products are all available in dice form. 

ELECTRICAL CHARACTERISTICS 

Each die is electrically tested to the commercial or military grade DC parameters to 
guardbanded limits at 25°C to ensure performance over the temperature range. 

QUALITY ASSURANCE 

All dice are glass passivated with only the bonding pads exposed to provide scratch 
protection. All dice are provided without gold backing. 

SHIPPING PACKAGES/ORDER INFORMATION 

All dice are packaged in containers with individual compartments which prevent 
damage to the die during shipping. 

Minimum order for AMD dice is10 pcs. 

SPECIAL CHIP PROCESSING 

If there is a need for additional testing or processing, contact AMD for detailed 
information. 

See following pages on ordering information for detail ordering number. 
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World-Wide 
Sales 
Offices 

Advanced 
Micro 
Devices 

Advanced Micro Devices maintains a network of representatives and distributors in the U.S. and 
around the world. For a sales agent nearest you, call one of the AMD offices listed below. 

U.S. AND CANADIAN SALES OFFICES 

SOUTHWEST AREA 

Advanced Micro Devices 
360 N. Sepulveda, Suite 2075 
EI Segundo, California 90245 
Tel: (213) 640-3210 

Advanced Micro Devices 
10050 N. 25th Street 
Suite 235 
Phoenix, Arizona 85021 
Tel: (602) 242-4400 

Advanced Micro Devices 
4000 MacArthur Boulevard 
Suite 5000 
Newport Beactl, California 92660 
Tel: (714) 752-6262 ' 

Advanced Micro Devices 
5955 De Soto Avenue, Suite 241 
Woodland Hills, California 91367 
Tel: (213) 992-4155 

Advanced Micro Devices 
9455 Ridgehaven Court 
Suite 230 . 
San Diego, California 92123 
Tel: (619) 560-7030 

NORTHWEST AREA 

Advanced Micro Devices 
2700 Augustine Drive, Suite 109 
Santa Clara, California 95051 
Tel: (408) 727-1300 ' 

Advanced Mf6ro Devices 
1873 South Bellaire Street 
Suite 920 
Denver, Colorado 80222 
Tel: (303) 691-5100 

NORTHWEST AREA (Cont.) 

Advanced Micro Devices 
One Lincoln Center, Suite 230 
10300 Southwest Greenburg Road 
Portland. Oregon 97223 
Tel: (503) 245-0080 

Advanced Micro Devices 
Honeywell Ctr" Suite 1002 
600 108th Avenue N.E. 
Bellevue, Washington 98004 
Tel: (206) 455-3600 

MID-AMERICA AREA 

Advanced Micro Devices 
500 Park Boulevard, Suite 940 
Itasca, Illinois 60143 
Tel: (312) 773-4422 

Advanced Micro Devices 
9900 Bren Road East, Suite 601 
Minnetonka, Minnesota 55343 
Tel: (612) 938-0001 

Advanced Micro Devices 
3592 Corporate Drive, Suite 108 
Columbus, Ohio 43229 
Tel: (614) 891-6455 

Advanced Micro Devices 
8240 MoPac Expressway 
Two Park North, Suite 385 
Austin, Texas 78759 
Tel: (512) 346-7830 

Advanced Micro Devices 
6750 LBJ Freeway, Suite 1160 
Dallas, Texas 75240 
Tel: (214) 934-9099 

INTERNATIONAL SALES OFFICES 

BELGIUM 
Advanced Micro Devices 
Overseas Corporation 
Avenue de Tervueren, 412, bte 9 
B-1150 Bruxelles 
Tel: (02) 771 9993 
TELEX: 61028 

FRANCE 
Advanced Micro Devices, S.A. 
Silic 314, Immeuble Helsinki 
74, rue d'Arcueil 
F-94588 Rungis Cedex 
Tel: (01) 687.36.66 
TELEX: 202053 

GERMANY 
Advanced Micro Devices GmbH 
Rosenheimer Str. 139 
0-8000 Muenchen 80 
Tel: (089) 401976 
TELEX: 05-23883 

Advanced Micro Devices GmbH 
Harthaeuser Hauptstrasse 4 
0-7024 Filderstadt 3 
Tel: (07158) 30 60 
TELEX: 07-21211 

Advanced Micro Devices GmbH 
ZurWorth 6 
0-3108 Winsen/Aller 
Tel: (05143) 53 62 
TELEX: 925287 

MID-ATLANTIC AREA 

Advanced Micro Devices 
40 Crossways Park Way 
Woodbury, New York 11797 
Tel: (516) 364-8020 

Advanced Micro Devices 
290 Elwood Davis Road 
Suite 316 
Liverpool, New York 13088 
Tel: (315) 457-5400 

Advanced Micro Devices 
2 Kilmer Road 
Edison, New Jersey 08817 
Tel: (201) 985-6800 

Advanced Micro Devices 
107 Lakeside Drive 
Horsham, Pennsylvania 19044 
Tel: (215) 441-8210 . 
TWX: 510-665-7572 

Advanced Micro Devices 
205 South Avenue 
Poughkeepsie, New York 12601 
Tel: (914) 471-8180 
TWX: 510-248-4219 

NORTHEAST AREA 

Advanced Micro Devices 
6 New England Executive Park 
Burlington, Massachusetts 01803 
Tel: (617) 273-3970 

SOUTHEAST AREA 

Advanced Micro Devices 
Parkway Center 
One Parkway Drive Building 
7257 Parkway Drive, Suite 204 
Dorsey, Maryland 21076 
Tel: (301) 796-9310 

Advanced Micro Devices 
7850 Ulmerton Road, Suite lA 
Largo, Florida 33541 
Tel: (813) 535-9811 

Advanced Micro Devices 
4740 North State Road #7 
Suite 102 
Ft. Lauderdale, Florida 33319 

• Tel: (305) 484-8600 

Advanced Micro Devices 
6755 Peachtree Industrial Boulevard 
Suite 104 
Atlanta, Georgia 30360 
Tel: (404) 449-7920 

Advanced Micro Devices 
8 Woodlawn Green, Suite 220 
Woodlawn Road 
Charlotte, North Carolina 28210 
Tel: (704) 525-1875 

Advanced Micro Devices (Canada) Ltd. 
2 Sheppard Avenue East 
Sui,te 1610 
Willowdale, Ontario 
Canada M2N5Y7 
Tel: (416) 224-5193 

HONG KONG 
Advanced Micro Devices 
1303 World Commerce Centre 
Harbour City 
11 Canton Road 
Tsimshatsui, Kowloon 
Tel: (852) 3 695377 
TELEX: 50426 
FAX: (852) 1234276 

ITALY 
Advanced Micro Devices S.R.L. 
Centro Direzionale 
Palazzo Vasari, 3° Piano 
1-20090 MI2 - Segrate (MI) 
Tel: (02) 2154913-4-5 
TELEX: 315286 

JAPAN 
Advanced Micro Devices, K.K. 
Dai 3 Hoya Building 
8-17, Kamilakaido 1 chome 
Suginami-ku, Tokyo 168 
Tel: (03) 329-2751 
TELEX: 2324064 
FAX: (03) 3260262 
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SWEDEN 
Advanced Micro Devices AB 
Box 7013 
5-17207 Sundbyberg 
Tel: (08) 98 1235 
TELEX: 11602 

UNITED KINGDOM 
Advanced Micro Devices (U.K.) Ltd: 
A,M,D, House, 
Goldsworth Road, 
Woking, 
Surrey GU21 lJT 
Tel: Woking (04862) 22121 
TELEX: 859103 

01886B-CPM 
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03845A-MMP 

ADVANCED 
MICRO 

DEVICES, INC. 
901 Thompson Place 

P.O. Box 3453 

Sunnyvale. 

California 94088 

(408) 732-2400 

TWX: 910-339-9280 

TELEX: 34-6306 

TOLL FREE 

(800) 538-8450 

LB-RRD-80M-6/83-0 


