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NUMERIC INDEX

Description

8-BitComparator ...... ... i e e
8-Bit Multiplexer for Control Storage . ...................... P
8-Bit Decoder with Control Storage ... .. .... e e e
Chip Select Address Decoder with Acknowledge ........ e
Cascadable 16-Bit Error Detectionand Correction .......................
4-Bit Error Correction Multiple Bus Buffers .............................
DynamicMemory Controller .. ...ttt i i
Octal Dynamic Memory Driver with Three-State OQutput ..................
6-BitChip SelectDecoder i.........coiviiiiiiiiiiinnnenns, e
9-BitEqual-ToComparator ..........ccoouiiiiiiiiiiiiiinaneeninnn.
SSR Diagnostics/WCS PipelineRegister ... ..........coooviiviiin... .
10-Bit Noninverting Register ................. e
10-BitInvertingRegister ............... .. ..o e
9-Bit NoninvertingRegister .......... .. ..o i
9-BitInvertingRegister .............. i e
8-Bit Noninverting Register ..... e e
8-BitlnvertingRegister ......... ..o e e
10-Bit NoninvertingBus Buffer .............. ... i,
10-BitInvertingBusBuffer .......... ... . i
Parity Bus Transceiver with Noninverting Register Option ................
Parity Bus Transceiver with Inverting Register Option ....................
10-Bit NoninvertingLatch ....... oot i e
10-BitInvertingLatch ...... ... .o i
9-BitNoninvertingLatch ........ ... e e e
9-Bitlnvertinglatch ............. . i i i
8-BitNoninvertinglLatch ...
8-BitlnvertingLatch ............. e e :
Parity Bus Transceiver with Noninverting RegisterOption ................

Parity Bus Transceiver with Inverting RegisterOption ....................
10-Bit Noninverting Transceiver ................. et e
10-Bit Inverting Transceiver . ......... oo iiiiinnn. e
9-Bit Noninverting Transceiver...............covviennn... e ..
9-Bit Inverting Transceiver ..................... e i e
16-Bit MICrOProCESSOr ..ot i ittt ittt e e ceiet i eiiienieenens
16-Bit Microprocessor .......... e e ea e aa ettt e
DataTransferController .........coiiiiii ittt iiiiiiieiennanns
High Integration 16-Bit Microprocessor . .........c.oviiiiiiiiiiiinnan..

High Performance 16-Bit Microprocessor with Memory

Managementand Protection ......... ..ottt
Serial Communications Controller (SCC) .........ccivviiiin ...
Single-Chip 8-Bit Microcomputer ..............ciiiiiiiiiiiiini.,
Asynchronous Serial Communications Controller .............. T,
(0o TH 11 =Y 1
FIFO O INterface .....cooieiiiii ittt eeie it annanns
Single-Chip 8-Bit Microcomputer with Built-InROM .....................
CRT ControllerChipSet ..o e
FIFOBuffer/FIOEXpander ..........ooiiiiiiiiiiiiiieiieeeinanns
Burst Error Processor . ..ottt e
Data Ciphering ProCessor . . ....oovi i it iiieii et anaanes
System TimingController ............ ..., e

*These pages are included for reference only. For complete data sheets, refer to “Bipolar Microprocessor Logic and
Inteﬂace" data book, 1983 edition.
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Half-Power PAL Family ............iiuiiiiieii ittt e

*These pages are included for reference only. For complete data sheets, refer to “Bipolar Microprocessor Logic and
Interface” data book, 1983 edition.
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Z8001/2 Family
System Components

Bipolar Support
Circuits

8016
8030
8036
8038
8052
8060
8065
8068
8073
29861-4
8127
29827/28
8163
8167
20821-6
29841-6

25L52521
25L52536

'25L.52548

20821-6
29861-4
2960
2961/62
2964B
2965/66
29841-6

Data Transfer Controller .....

Serial Communication Controller ...... e,

Counterl/O ................
FIFO/OInterface ...........
CRT Controller ........... ‘.

FIFO Buffer/FIO Expander .....

" Burst Error Processor .........
Data Ciphering Processor . ...
System Timing Controller ....

High Performance Bus Transceivers ...........

Clock Generator and Controller
High Performance Bus Buffers

Refresh and EDC Controller (16 MHz) ...........
Refresh and EDC Controlter (22 MHz) ..........
High Performance Bus Registers ..............

High Performance Bus Latches

Octal Comparator ...........
Octal Address Decoder ......
Octal Decoder with ACK .....

High Performance Bus Registers ..............
High Performance Bus Transceiver ............

16-Bit Error Detection and Correction .......... '

EDCBuffers.................
Dynamic Memory Controller ..
RAMDrivers .......... ...
High Performance Bus Latches




MOS Microprocessor Family

Selection Guide

8086/88 8085A 8085A-2 8080A 28001/2+ Z8001/2-A
Clock Period 200ns 320ns 200ns 480ns 250ns 165ns
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 g6, 29648 29648 29648 29648 29648
Controller
8251A 8251A 8251A 8251A
8530A 8530 8530A 8030 8030A
Serial /O 8030A 8531 8531A 8031 8031A
8031A
8531A
8255A-5 8255A-5 8255A-5 8255A
Parallel /O 8036A 8036 8036A
9513 9513 . 9513 9513
%’::t;'o 8036A 8253-5 8253-5 8253
r 8073 8073 8073
FIFO I/O 8038 8038 8038 8038 8038 8038
Data Ciphering g4 8068 8068 9518 8068 8068
Processor
Error Detection  ,qq, 2960 2960 2960 2060 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 /O 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 20841-6
Bus Buffers 29827/28 20827/28 20827/28 29827/28 29827/28 20827/28
Bus )
T ceivers 20861-4 20861-4 29861-4 29861-4 29861-4 29861-4
EDC Buffers 2961/2 2061/2 2961/2 2961/2 2961/2 2961/2
RAM Drivers 2965/6 2965/6 2965/6 2965/6 2965/6 2965/6
+Z8000 is a trademark of Zilog, Inc.
1-5 04183A-MMP
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80186
80286

8284A
8286/8287
8288

9551

iAPX86 Family

Description

High Integration 16-Bit MiCrOprocesSor .. ........ovvvrunieeieriiinenennnns..
High Performance 16-Bit Microprocessor with Memory Management

FE LT £ (=T 2 1o
16-Bit Microprocessor...................

Numeric Data Processor
B-BiIt MICrOPIOCESSOr . . v vtvr vttt denee e it isneintenneres
O PIOCESSOL v vttt tete i it ia et i ienanens
Multimode DMA Controller .
Serial JOUSART .......cvvvnvniniinnn, .

Senial JOUSART ...ttt ci it
L0013 = 4T
Programmable Peripheral Interface ...
Interrupt Controller..................
{0711 g =TT =1 o PP
[0 01 1 = =T o= - P
BusControfler..................

Serial I/O USART




IAPX 186

High Integration 16-Bit Microprocessor

ADVANCE INFORMATION
DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
e Integrated feature set The iAPX 186 (80186 part number) is a highly integrated
— Enhanced 8086-2 CPU 16-bit microprocessor. It effectively combines 15-20 of
— Clock generator the most common iAPX 86 system components onto one.
- Two independent, high-speed DMA channels The 80186 provides two times greater throughput than the
— Programmable interrupt controller standard 5MHz iAPX 86. The iAPX 186 is upward com-
— Three programmable 16-bit timers patible with IAPX 86 and 88 software and adds 10 new
—~ Programmable memory and peripheral instruction types to the existing set.
chip-select logic The iAPX 186 gomes in a 68-pin package and requires a

— Programmable wait state generator
— Local bus controller
e High-performance 8MHz processor
— Two times the performance of the standard iAPX 86
— 4M byte/sec bus bandwidth interface
e Direct addressing capability to 1M 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
e Optional numeric processor extension
— iAPX 186 with a high-performance 80-bit numeric
data processor the 8087 ,

single +5V power supply.

Figure 1. iAPX*186 Block Diagram
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*iRMX, ICE and iAPX are trademarks of Intel Corporation. Reprinted by permission of Inte! Corp. copyright 1983. 03551A-MMP
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Figure 2. 80186 Pinout Diagram

PIN NO. 1 MARK

Table 1. 80186 Pin Description

Symbol

Pin
No.

Type

Name and Function

Vee. Vee

9,43

System Power: +5 volt power supply.

Vss. Vss

26,60,

System Ground.

RESET

57

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.

X1, X2

59,58

Crystal Inputs, X1 and X2, provide an external connection for a fundamental
mode parallel resonant crystal for the internal crystal oscillator. X1 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

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 8087 Numeric Processor Extension.

|
m
ol

24

System Reset causes 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 than4 clock cycles and is internally 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
tacilitate 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.

2-2




iAPX 186

Table 1. 80186 Pin Description (Continued)

Pin
Symbol No. Type Name and Function

TEST 47 | 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,

TMRIN O, 20 | Timer Inputs are used either as clock or control signals, depending upon the
TMR IN1 21 | programmed timer mode. These inputs are active HIGH (or LOW-to-HIGH
transitions are counted) and internally synchronized.

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

DRQO 18 | DMA Request is driven HIGH by an external device when it desires that a
DRQ1 19 | DMA channel (Channel 0 or 1) perform a transfer. These signals are active
. HIGH, level-triggered, and internally synchronized.

NMI 46 | 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 inputis
internally synchronized.

INTO, INT1, 45,44 | Maskable Interrupt Requests can be requested by strobing one of these pins.
INT2/INTAD 42 " 1I/O | When configured as inputs, these pins are active HIGH. Interrupt Requests are
INT3/INTAT 4 /0 synchronized internally. INT2 and INT3 may be configured via software to
provide active-LOW interrupt-acknowledge output signals. Allinterrupt inputs
may be configured via software to be either edge- or level-triggered. To ensure
recognition, all interrupt requests must remain 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
A18/85,
A17/84,
A16/S3

Address Bus Outputs (16-19) and Bus Cycle Status (3~6) reflect the four most
significant address bits during Ty. These signals are active HIGH. During Tp,
T3, Tw, and T4, status information is available on these lines as encoded
below:

0000

Low High
S6 Pracessor Cycle DMA Cycle
S3,54, and S5 are defined as LOW during Ta-T4.

AD15-ADO 10-17, [/]e} Address/Data Bus (0-15) signals constitute the time mutiplexed memory or I/O
1-8 . address (T4) and data (T2, T3, Tw, and T4) bus. The bus is active HIGH. Ag is
analogous to BHE for the lower byte of the data bus, pins D7 through Do. Itis
LOW during T1 when a byte is to be transferred onto the lower portion of the
bus in memory or /O operations.

BHE/S7 64 [0} During Ty 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 Dy5~Dg. BHE is
LOW during Ty for read, write, and interrupt acknowledge cycles when abyte is
to be transferred on the higher half of the bus. The S7 status information is
available during T2 T3, and T4. S7 is logically equivalent to BHE. The signal is
active LOW, and is tristated OFF during bus HOLD. -

BHE and A0 Encodings
HE Value AO Value Function

0 Word Transfer

1 Byte Transfer on upper half of data bus(D15 D8)
0 Byte Transfer on lower half of data bus (D7-Dp)
1 Reserved

2-3
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Table 1. 80186 Pin Description (Continued)

Symbol

Pin
No.

Type

Name and Function

ALE/QS0

61

(o)

Address Latch Enable/Queue Status 0 is provided by 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 Ty 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 Ty as
in the 8086. Note that ALE is never floated.

WrR/Qs1

63

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 Ty of any write
cycle. ltis 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/QS0 and WR/QS1 pins provide information about processor/instruction
queue interaction.

QS1 QS0 Queue Operation

No queue operation

First opcode byte fetched from the queue
Subsequent byte fetched from the queue
Empty the queue

- -0
oO==0

62

Read Strobe indicates that the 80186 is performing a memory or I/O read cycle.
RDis active LOW for T2, T3, and Ty of any read cycle. Itis guaranteed notto go
LOW in Ty 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.

ARDY

55

Asynchronous Ready informs the 80186 that the addressed memory space or
1/0 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 Vgog, no WAIT states are
inserted. Asynchronous ready (ARDY) or synchronous ready (SRDY) must be
active to terminate a bus cycle.

SRDY

49

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 Vg, no WAIT. states are inserted.
Asynchronous ready (ARDY) or synchronous ready (SRDY) must be active
before a bus cycle is terminated.

LOCK

48

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.

2-4
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Table 1. 80186 Pin Description (Continued)

Pin
No.

Type

Name and Function

52-54

(o]

Bus cycle status 50-52 are encoded to provide bus-transaction information:

80186 Bus Cycle Status Information

50 Bus Cycle Initiated

Interrupt Acknowledge
Read /O

Write 1/0

Halt

Instruction Fetch

Read Data from Memory
Write Data to Memory

NN - X=X =X=) %I

wa00-==00 |9

- O0O=20-=-20-<0

Passive (no bus cycle)

The status pins float during “HOLD.”
52 may be used as a logical M/ID indicator, and S1 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)
HLDA (output)

50
51

HOLD indicates that another bus master is requesting the localbus. The HOLD

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 Ty. 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.

34

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

33

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

38,37,36,35

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
MCSO0-3 are software programmable.

25,27-30

Peripheral Chip Selectsignals 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 PCS0-4 are software
programmable.

31

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 prevtously
latched value of A1 during a bus HOLD. A1 is active HIGH.

32

Peripheral Chip Select 6 or Latched A2 may be programmed to provide a
seventh peripheral chip select, or to provide an internally latched A2 signal.
The address range activating PCS6 is software programmable. 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.

DT/R

40

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

o
m
Z

39

Data Enable is provided as an 8286/8287 data bus transceiver outbut enable.
DEN is active LOW during each memory and I/0 access. DEN isHIGH whenever |-

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 the 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 DX) 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 indexes to particular locations 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 Register Set

16-BIT SPECIAL
REGISTER REGISTER
NAME FUNCTIONS
7 07 0 15 0
BYTE AX AH AL MULTIPLY/DIVIDE cs CODE SEGMENT SELECTOR
ADDRESSABLE 1/0 INSTRUCTIONS
(8-BIT bx DH oL 0s DATA SEGMENT SELECTOR
REGISTER
NAMES cx CH cL ) LOOP/SHIFT/REPEAT/COUNT SS STACK SEGMENT SELECTOR
SHOWN N
) Bx| " BH BL ES EXTRA SEGMENT'SELECTOR
BASE REGISTERS
8p SEGMENT REGISTERS
st 15 0
INDEX REGISTERS
DI F STATUS WORD
sP ) STACK POINTER 1] INSTRUCTION POINTER

GENERAL
REGISTERS

STATUS AND CONTROL
REGISTERS
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/ Figure 3b. Status Word Format

STATUS FLAGS:
CARRY

PARITY

AUXILIARY CARRY
ZERO

SIGN
OVERFLOW

STATUS WORD: M\\\l\\1\4\‘l\\\\\f\\\\\l or [or I

|

8 7 6 5 4 3 2 1 Yo
I S \\\\' IS \\\\ I N\

CONTROL FLAGS:
TRAP FLAG
INTERRUPT ENABLE

DIRECTION FLAG

RESERVED

‘Table 2. Status Word Bit Functions

Bit
Position

0 CF

Name Function

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

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

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

Zero Flag-Set if result is zero;
cleared otherwise

Sign Flag—Set equal to high-order
bitof result (0if positive, 1 if negative)

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

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

Direction Flag—Causes string
instructions to auto decrement
the appropriate index register
when set. Clearing DF causes
auto increment.

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

2 PF

4 AF

6 ZF

7 SF

10 DF

1 OF

Instruction Set

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

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 ina
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
218) 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 MByte: 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
IN Input byte or word ' REPNE/REPNZ Repeat while not equal/not zero
ouT Output byte or word LOGICALS
ADDRES,S OBJECT NOT “Not” byte or word
e
- - OR “Inclusive or” byte or word
LES Load pointer using ES XOR “Exclusive or” byte or word
FLAG TBANSFER TEST "“Test" byte or word
LAHF _ Load AH regl;ter l-rom flags - SHIFTS
iﬁ::m 2:"3':;;:;?:22’:01395 SHUSAL | Shiftlogicaliarithmetic left byte or word
POPF Pop flags off stack 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 : 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
SuUB 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 Setinterrupt 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
DIV 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
CWD Convert word to doubleword BOUND Detects values outside prescribed range

All mnemonics copyright Intel Corp.
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- ‘Figurie 4. IAPX 186 Instruction Set (continued)

CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS
JA/JUJNBE Jump if above/not below nor equal CALL Call procedure
JAE/UJNB Jump if above or equal/not below RET Return from procedure
JB/JNAE Jump if below/not above nor equal JMP Jump
JBE/UNA Jump if below or equal/not above
JC Jumpitcarry - ITERATION CONTROLS
JENZ Jump if equal/zero
JG/UNLE Jump if greater/not less nor equal LOOP Loop
JGE/JNL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero
JUUNGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero
JLE/NG Jump if less or equal/not greater JCXZ Jump if register CX = 0
JNC Jump if not carry
JINE/JNZ Jump if not equal/not zero INTERRUPTS
JNO Jump if not overtlow
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 Jump if sign '
All mnemonics copyright Intel Corp.
To access operands that do not reside in one of the Figure 6. Segmented Memory Helps
four immediately available segments, a full 32-bit Structure Software
pointer can be used to reload both the base (seg-
ment) and offset values. f===1
I 1
Figure 5. Two Component Address CODE
MODULE A
DATA
[0 L] P [0 —
5 v | oo 2z Jorrser p— cru
. Lg— 5 o 2 4] i ° MODULE B I
=15 [] DATA CODE
- o PHYSICAL ADDRESS . I‘_I oATA
TO MEMORY l !
STACK
paocess
Table 3. Segment Register Selection Rules S
| |
! 1
Memory Segment
Reference | Register Implicit Segment PROCESS
Needed Used Selection Rule oaTA
Instructions  |Code (CS)| Instruction. prefetch and
immediate data. | 1
Stack Stack (SS)| All stagk pushes and ! |
pops; any memory refer- PROCESS
ences which use BP Reg- DATA
| ister as a base register. BLOCK 2
External Extra (ES)| All string instruction " \
Data references which use L 3 '
(Global) the DI register as an MENORY
index.
Local Data Data (DS) | All other data references.
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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:

e 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

e the index (contents of either the S| or DI 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, DI, 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). i

¢ Indexed Mode: The operand’s offset is the sum of
an 8- or 16-bit displacement and the contents of an
index register (S| or DI).

e 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.

Data Types

The 80186 directly supports the following data types:

® Integer: A signed binary numeric value contained
in an B-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 Data 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.

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

® ASCII: Abyte répresentation of alphanumeric and
control characters using the ASCIl 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
Data 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.

1/0 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 DX regis-
ter. 8-bit port addresses are zero extended such that
Aq5-Ag are LOW. I/O port addresses OOF8(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.
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Figure 7. iIAPX 186 Supported Data Types

7
SIGNED
BYTE

SIGN BIT -
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7 0
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BYTE
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MAGNITUDE
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MAGNITUDE
siGNED 31 *3 +2 gg45 +1 0 o
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+7 +6 +5 +4 +3 +2 +1
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SIGN BIT /.- MSB

MAGNITUDE
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WORD
Lwms8
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0
FLO ‘
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SIGN BIT-|__ ) J
EXPONENT MAGNITUDE

NOTE:

*SUPPORTED BY iAPX 186 WITH A NUMERIC DATA PROCESSOR.

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 tabie
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, the 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

Interrupt Name | Type |Priority| Instructions

Divide Error 0 “1 DIV, IDWV
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 b ESC Opcodes
Exception

Timer O Interrupt 8 2A

Timer 1 Interrupt 18 2B**

Timer 2 Interrupt 19 20

Reserved 9 3

DMA 0 Interrupt 10 4

DMA 1 Interrupt 1 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 nave 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.

An escape opcode will cause a trap only |f the proper bit is

set in the peripheral control block relocation register.

eseg

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 DS), 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).

INTO DETECTED OVERFLOW EXCEPTION

(TYPE 4)

Generated during an INTO instruction if the OF blt 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.,, no instruc-
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

2-12




IAPX 186

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
thterrupt 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 LOW. 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 FO02(H)
Instruction Pointer 0000(H)
Code Segment FFFF(H)
Data Segment 0000(H)
Extra Segment 000Q(H)
Stack Segment 0000(H)

recommended with this oscillator. If an external oscil-
lator is used, it can be connected 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 clock 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 may be used to drive other system
components. All timings are referenced to the output
clock.

READY Synchronization

"The iAPX 186 provides both synchronous and asyn-

chronous ready inputs. Asynchronous ready syn-
chronization is accomplished by circuitry which
samples ARDY in the middle of T, and again in the
middle of each Ty 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 T, 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-
putis sampled at the end of T, and again at the end of
each Ty until it is sampled HIGH. By using this input
rather than the asynchronous ready input, the half-
clock cycle resolution time penalty is eliminated.

iAPX 186 CLOCK GENERATOR

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

Oscillator

The oscillator circuit 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

Figure 8. Recommended iAPX 186 Crystal
Configuration .

o E——

[——1 16 MHz CRYSTAL

I —

Xz
80186
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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 counting 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
all 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 protoco! 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 provndes ALE, RD, and WR bus contro!
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/l/O signal. If this is re-
quired, the user will have to use the 52 signal (which
will require external latching), make the memory and
/0 spaces nonoverlapping, or use only the in-
tegrated chip-select circuitry.

Transceiver Control

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

Table 6. Transcelver Control Signals Description

Pin Name Function

DEN (Data Enable) | Enables the output drivers of*
the transceivers. It is active
LOW during memory, 1/0, or

INTA cycles.

Determines the direction of
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-

DT/R (Data Transmit/
Receive)

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, S0-582, LOCK, ADO-
AD15, A16-A19, §_ 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.
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Local Bus Controller and Resét

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 S0-S2 to the passive state (all HIGH) and
then float.

Drive LOCK HIGH and then float.

Tristate AD0-15, A16-19, BHE, DT/R.

Drive ALE LOW (ALE is never floated).

Drive HLDA LOW.

INTERNAL PERIPHERAL INTERFACE \

All the iAPX 186 integrated peripherals are con-
trolled via 16-bit registers contained within an inter-
nal 256-byte control block. This control block may be
mapped into either memory or /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 D15-g, 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 biock 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).

In addition to providing relocation information for
the control block, the relocation register contains
bits which place the interrupt controller into iIRMX
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 A1 and
A2. The chip-select lines are active for all memory
and /O cycles in their programmed areas, whether
they be generated by the CPU or by the |ntegrated
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 1K 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 memory 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

8 7 6 § 4 3 2 1 0

© OFFSET: FEH| ET [RMX|  [mn0]

ET

Relocation Address Bits R19-R8 |

= ESC Trap/ No ESC Trap (1/0)
M/IO = Register block located in Memory / I/O Space (1/0)

RMX = Normal Interrupt Controller mode / IRMX compatible
Interrupt Controller mode (0/1)

Figure 10. Internal Register Map

OFFSET
Relocation Register FEH
DAH
. DMA Descriptors Channel 1
DOH
CAH
DMA Descriptors Channel! 0
COH
. A8H
Chip-Select Control Registers
AOH
) 66H
Timer 2 Control Registers :
80H
5EH
Timer 1 Control Registers
58H
, 56H
Timer 0 Control Registers
So0H
3EH
Interrupt Controller Registers
20H -

Upper Memory CS

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. '

Table 7.

UMCS Programming Values
Starting
Address Memory UMCS Value
. (Base Block (Assuming
Address) Size R0=R1=R2=0)
FFC00 1K FFF8H
FF800 2K FFB8H
FF000 4K FF38H
FEQ0O . 8K FE38H
FCO000 16K FC38H
F8000 32K F838H
FO000 64K FO38H
E0000 128K EO038H
C0000 256K CO038H

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 1K 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-R0 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 select for low memory
called LCS. The bottom of memory contains the inter-
rupt vector table, starting at location 00000H.

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.
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Table 8. LMCS Programming Values

. Memory " LMCS Value

Upper Block (Assuming
Address Size R0=R1=R2=0)

003FFH 1K 0038H
007FFH 2K 0078H
O00FFFH 4K O00F8H
01FFFH 8K 01F8H
03FFFH 16K 03F8H
07FFFH 32K - 07F8H
OFFFFH - 64K OFF8H
1FFFFH 128K 1FF8H
3FFFFH 256K 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-R0 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
1M 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

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 the MCS 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
MCSO0 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 0000001B
16K - 4K 0000010B
32K 8K 0000100B
64K 16K 00010008
128K 32K 0010000B
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-A0 of the
base address are always 0. 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
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Figure 12. LMCS Register
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Figure 13. MPCS Register

6 5 4 3 2 1 0

¥ 13 12 1110 9 8 7
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.
Figure 14. MMCS Register
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A13

MMCS bits R2-R0 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 00000H
or 80000H. If it were to be programmed at 00000H
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 00000H. 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 PCS0-6 aré generated by the
iAPX 186. The base address is user-programmable;

"however it can only be a rﬁultiple of 1K bytes, i.e., the

least significant 10 bits of the starting address are
always 0.

PCS5 and PCS6 can also be programmed to provide

_ latched address bits. A1, A2. If so programmed, they

cannot be used as peripheral selects. These outputs
can be connected directly to the A0, 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 1/0 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 Figure 15).
This register is located at offset A4H in the internal
control block. Bits 15-6 of this register correspond to
bits 19-10 of 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 l/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
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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 PCS0-PCS3.

Table 10. PCS Address Ranges

PCS Line Active between Locations
PCS0O 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
ABH 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 |/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 mappedinto memory space.
0 = Peripherals mapped into I/O space.

EX 0 =5PCS lines. A1, A2 provided.
1 =7 PCS lines. A1, 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

each chib-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 |0 wait states, external RDY also used.
0 0 1 |1 wait state inserted, external RDY also

) used.
0 1 0 |2 wait states inserted, external RDY also,
used.
0 1 1 (3 wait states inserted, external RDY also
used.
1 0 0 |0 wait states, external RDY ignored.
1 0 1 |1 wait state inserted, external RDY,
ignored.
1 1 |0 |2 wait states inserted, external RDY|
% |ignored.
1 1 1 |3 wait states inserted, external RDY]
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 by the external ready
signal. Note that the external ARDY and SRDY lines .
are always ignored during cycles accessing internal
peripherals.

R2-R0 of each control word specifies the READY
mode for the corresponding block, with the excep-
tion of the peripheral chip selects: R2-R0 of PACS
set the PCS0-3 READY mode, R2-R0 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:

o All chip-select outputs will be driven HIGH.

e Upon leaving RESET, the UCS line will be pro-
grammed to provide chip selects to a 1K block with
the a/ccompanying READY control bits setat 011 to

Figure 16. MPCS Register
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" allow the maximum number of internal wait states
in.conjunction with external Ready consideration

, (i.e,, UMCS resets to FFFBH).

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

- control registers. Both the PACS and MPCS 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
1/0) or within the same space (e.g., Memory to
Memory or l/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. 0 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
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Figure 18. DMA Control Register

15 14 13 12 1 10 9 8 7 6 5 4 2 1 0
. T
Q
X = DON'T CARE.
DMA Channel Control Word Register INT: Enable Interrupts to CPU on byte
count termination.
Each DMA Channel Control Word determines the TC: If set, DMA will terminate when the
mode of operation for thg 'partlcular 80186 DMA contents of the Transfer Count reg-
channel. This register specifies: ister reach zero. The ST/STOP bit
e the mode of synchronization; will also be reset at this point if TC is
e whether bytes or words will be transferred; set. If this bit is cleared, the DMA
* whether interrupts will be generated after the last unit will decrement the transfer
transfer; count register for each DMA cycle,
¢ whether DMA activity will cease after a pro- but the DMA transfer will not stop
grammed number of DMA cycles; when the contents of the TQ register
e the relative priority of the DMA channel with reach zero.
respect to the other DMA channel; SYN: 00 No synchronization.
® whether the source pointer will be incremented, (2 bits) NOTE: The ST bit will be cleared
decremented, or maintained constant after each automatically when the contents
transfer; : of the TC register reach zero re-
® ‘whether the source pointer addresses memory or gardless of the state of the TC bit.
1/O space; 01 S -
—_— . . . ource synchronization.
e whether the destination pqmtgr will be incre- 10 Destination synchronization.
vmented, decremented, or maintained constant af-
11 Unused.
ter each transfer; and ) .
® whether the destination pointer will address SOURCE:INC  Increment source pointer by 1 or 2
memory or I/O space. (depends on B/W) after each
. transfer. .
The DMA channel control registers may be changed MO Source pointer is in M/IO space
while the channel is operating. However, any (1/0). ,
changes made during operation will affect the cur- DEC Decrement source pointer by 1 or 2
rent DMA transfer. (depends on B/W) after each
transfer.
DMA Control Word Bit Descriptions DEST: INC Increment destination pointer by 1
or 2 (B/W) after each transfer.
B/w: Byte/Word (0/1) Transfers. M/IO Destination pointer is in M/IO space
ST/STOP:  Start/stop (1/0) Channel. (1/0).
: DEC Decrement destination pointer by 1
CHG/NOCHG: Change/Do not change (1/0) or 2 (depending on B/W) after each
ST/STOP bit. If this bit is set when transfer.
writing to the control word, the P Channel priority—relative to other

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.

channel.

0 low priority.

1 high priority.

Channels will alternate cycles if
both set at same priority level.
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TDRQ 0: Disable DMA requests from timer -

2.
1: Enable DMA requests from timer
2.
Bit 3 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
isincremented 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 this will 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 unsynchronized 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-
tion device 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 controlier 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 | 1.5MByles/sec

Figure 18a. DMA Memory Pointer Register Format

HIGHER
REGISTER XXX XXX
ADDRESS

XXX A19-A16

LOWER
REGISTER A15-A12 A11-A8
ADDRESS

AT7-A4 : A3-A0

15

XXX = DON'T CARE
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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, shou!d 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

are programmed, a DRQ must also have been
generated. Therefore, the source and destination
transfer pointers, and the transfegcount 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.
e 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

m @ 148 DMA
-
L IN A RouT) in A four, REQ.
T0 r ™ T2
INT. > INT. INT.
REQ. REQ. REQ.
T20UT
TIMER 0 TIMER 1
MAX COUNT VALUE MAX COUNT VALUE TIMER 2
A A
MAX COUNT VALUE| SLOCK T4AX COUNT VALUE MAX COUNT VALUE
B B
MODE/CONTROL MODE/CONTROL MODE/CONTROL
WORD ' WORD WORD
) INTERNAL ADDRESS/DATA BUS A
ALL 16 BIT REGISTERS

2-23




iAPX 186

Timer Operation

The timers are centrolled 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 aiter-
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 mode/
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 Format

Register Offset
Register Name Tmr.0|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 "

EN | iNH | INT| RW| o

MC | RTG P EXT | ALT |CONT
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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 wiil 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 CONT bit causes the associated timer to
run continuously, while resetting it causes the timer
to halt upon maximum count. If CONT = 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

the input pin is LOW, 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
CONT = 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 COUNT register. 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: :

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

o 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.

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
(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.
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Interrupt C_ontroller 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
(I1S) 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 controllier. 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
EOQI register. This is required to allow subsequent

interrupts from this interrupt source and to allow

servicing of lower-priority interrupts. An EOl com-
mand is issued at the end of the service routine just

before the issuance of the return from interrupt in-
struction. If the fully nested structure has been
upheld, the next highest-priority source w:th lts 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. INTQ is an
interrupt_input interfaced to an 8259A, while
INT2/INTAD 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 80186 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.

TIMER TIMER TIMER DMA DM

INTO INT1 INT2

Interrupt Controller Block Diagram
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ﬁ INTERRUPT U
REQUEST TO
PROCESSOR

INTERNAL ADDRESS/DATA BUS

D
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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 Iower—prlorlty 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 routine 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 highest-priority
source requesting service. Reading the Poll Word
causes the In-Service bit of the highest- pnonty
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 Word does not set
the associated in-service bit. These words are lo-
cated in two adjacent memory locations in the regis-
ter file.

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 defauit

priority levels (see Table 4).

If two requests 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 mterrupts 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 EOl com-
mand is issued by writing the proper pattern to the
EOI register. There are two types of EOl 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 EOl 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 has 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.
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Interrupt Vectoring

The 80186 Interrupt Controller will generate inter-
rupt vectors for the integrated DMA 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
D0 and D1 bits are the In-Service bits for the two DMA
channels; the 10-I3 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.

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 D1
are the interrupt request bits for the DMA 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
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Figure 23. Interrupt Controller Registers
(Non-IRMX 86 Mode)

OFFSET
INT3 CONTROL REGISTER 3EH
INT2 CONTROL REGISTER - 3CH
INT1 CONTROL REGISTER 3JAH
INTO_CONTROL REGISTER ) 38H
DMA 1 CONTROL REGISTER 36H
DMA 0 CONTROL REGISTER 34H
TIMER CONTROL REGISTER ) 32H

INTERRUPT CONTROLL.ER STATUS REGISTER | 30H

INTERRUPT REQUEST REGISTER 2EH
IN-SERVICE REGISTER 2CH
PRIORITY MASK REGISTER ! Z'AH
MASK REGISTER 28H

POLL STATUS REGISTER 26H
POLL REGISTER 24H

EOI REGISTER 22H

Priority Mask Register
This register is used to mask all interrupts below
particular interrupt priority levels. The format of this

‘register is shown in Figure 25. The code in the lower

three bits of this register inhibits interrupts of
priority lower (a higher priority number) than the
code specified. For example, 100 written into this
register masks interrupts of level five (101), six (110),
and seven (111). The register is reset to seven (111)
upon RESET so all interrupts are unmasked.

interrupt Status Register

This register contains general interrupt controller
status information. The format of this register is
shown in Figure 26. The bits in the status register
have the following functions:

DHLT: DMA Halt Transfer; setting this bit halts all
DMA transfers. It is automatically set
whenever a non-maskable interrupt occurs,
and it is reset when an IRET instruction is

“executed. The purpose of this bit is to allow
prompt service of all non-maskable inter-
rupts. This bit may also be set by the CPU.

IRTx: These three bits represent the individual
timer interrupt request bits. These bits are
used to differentiate the timer interrupts,
since the timer IR bit in the interrupt re-
quest register is the “OR” function of all
timer interrupt requests. Note that setting
any one of these three bits initiates an inter-
rupt request to the interrupt controller.

Figure 24. In-Service, Interrupt Request, and Mask Register Formats
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Figure 25. Priority Mask Register Format
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Figure 26. Interrupt Status Register Format
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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 individual 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 INT1 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;
0 = edge-triggered. Interrupt Input levels
are active high. In level-triggered mode, an
interrupt is generated whenever the exter-
nal line is high. In edge-triggered mode, an
interrupt will be generated only when this

The bits in the EOI register are encoded as follows:

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. i

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

Sy: 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, these bits should be
set to 01010, since the vector type for DMA
channel 0 is 10. Note that to reset the single
In-Service bit for any of the three timers, the
vector type for timer 0 (8) should be written
in this register.

Figure 27. Timer/DMA Control Register Formats

0

a3 2 1
| o |msk]| pr2]| PR1| PR

Figure 28. INTO/INT1 Control Register Formats

0

15 14
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Figure 29. INT2/INT3 Control Register Formats
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NSPEC/: A bit that determines the type of EOl com-
SPEC  mand. Nonspecific = 1, Specific = 0.

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 = 0.

iRMX 86 COMPATIBILITY MODE

This mode allows iRMX 86-80186 compatibility. The
interrupt mode! of iRMX 86 requires one master and
multiple slave 8259As 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
the non-iRMX 86 mode of operation. To set the con-
troller in the iRMX 86 mode, bit 14 of the Relocation
Register should be set.

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 internal
interrupt sources in iRMX mode are shown in Table
16. :

‘Table 16. Internal Source Priority Level

Priority Level Interrupt Source

Timer 0
(reserved)
DMA 0
DMA 1
Timer 1
Timer 2

asrON—=-O

These level assignments must femain 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

SPEC/
nspec| O | ©

Figure 31. Poll Register Format

15 14 13

INT
rea| ¢ | ©

0 $4 s3 S2 St S0
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Figure 32. iIRMX 86 Interrupt Controller Interconnection

80188 INT. IN

80186
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ADDRESS DECODER

80188 SLAVE INTERRUPT QUTPUT

Correct master-slave interface requires decoding of
the slave addresses (CAS0-2). Slave 8259As do this
internally. Because of pin limitations, the 80186 slave
address will have to be decoded externally. INT1 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 INTA 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 ail 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. The significant
five bits of the vector are user-programmable while
the lower three bits are generated by:the priority

Specitic End-of-Interrupt

In iIRMX mode the specific EOl 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

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.

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-of-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 EOl command

when written by the 80186 CPU.

The bits in the EOI register are encoded as follows:
Ly: 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

2-33
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interrupt sources. The format for this register is prx:  3-bit encoded field indicating a priority level
shown in Figure 35. Bit positions 2 and 3 correspond for the source; note that each source must
to the DMA channels; positions 0, 4, and 5 corre- be programmed at specified levels.
spond to the integral timers. The source’s IS bit is set
when the processor acknowledges its interrupt re- msk. mask bit for the priority level indicated by pry
quest. bits.

Interrupt Request Register
This register indicates which internal peripherals Figure 33. Interrupt Controller Registers
have interrupt requests pending. The format of this (iRMX 86 Mode)
register is shown in Figure 35. The interrupt request
bits are set when a request arrives from an internal OFFSET
source, and are reset when the processor acknowl-

d th t LEVEL 5 CONTROL REGISTER 3AH
edges the request. (TIMER 2)
Mgsk Rgglster . . . LEVEL4CngJJ§gli)HEGISTER 38H
This register contains a mask bit for each interrupt -
source. The format for this register is shown in Fig- LEVEL 3 CONTROL REGISTER 36H

e . ; (DMA 1)
ure 35. If the bit in this register corresponding to a
particular interrupt source is set, any interrupts from LEVEL 2 Cog;':OoL) REGISTER 34H
that source will be masked. These mask bits are {
exactly the same bits which are used in the individual LEVEL 0 CONTROL REGISTER a2H
control registers, i.e., changing the state of a mask (TIMER 0)
bit in this register will also change the state of the INTERRUPT-REQUEST REGISTER 2EH
mask bit in the individual interrupt control register
correspondlng to the bit. ' IN-SERVICE REGISTER 2CH
Control Registers PRIORITY-LEVEL MASK REGISTER 2AH
These registers are the control words for all the inter-
nal interrupt sources. The format of these registers is MASK REGISTER 28H
shown in Figure 36. Each of the timers and both of
‘the DMA channels have their own Control Register. SPECIFIC EOl REGISTER 22H
The bits of the Control Registers are encoded as ' INTERRUPT VECTOR REGISTER . 20H
follows:
Figure 34. Specific EOl Register Format \
15 14 13 ) 8 7 6 5 4 3 2 1 0
0 0 0 . . . . . 0 0 0 -0 ‘ 0 0 L2 L1 Lo

Figure 35. In-Service, Interrupt Request, and Mask Register Format

0 0 0 . . « e . 0 0 0 |TMR2|TMR1| D1 DO 0 |TMRO
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Interrupt Vector Register

This register provides the upper five bits of the 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:

t: 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:

my: 3-bit encoded field indication priority-level
value. All levels of lower priority will be
masked.

Interrupt Controller and Reset

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

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

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

e All LTM bits reset to 0, resulting in edge-sense

mode. .

All Interrupt Service bits reset to 0.

All Interrupt Request bits reset to 0. -

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, imblying no

levels masked.

Initialized to non-iRMX 86 mode.

Figure 36. Contro! Word Format

0 [ o 0 MSK [ PR2 | PR1 | PRO

Figure 37. Interrupt Vector Register Format

t4 t3 t2 11 0 ] 0 o
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Vce

Figure 39. Typical IAPX 186 Computer
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" Figure 40. Typical IAPX 186 Multi-Master Bus Interface
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PACKAGE NOTE: The IDT 3M Textoo! 68-pin JEDEC Socket

The 80186 is housed in a68-pin, leadless JEDECtype IS required for ICE™ operation. See Figure 40 for
A hermetic chip carrier. Figure 41 illustrates the details.
package dimensions.

Figure 41. 80186 JEDEC Type A Package
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Figure 42. Textool 68 Lead Chip Carrier Socket
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias
Storage Temperature
Voltage on Any Pin with

Respect to Ground
Power Dissipation

*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 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, Vcc = 5V =10%)

Symbol Parameter Min. Max. Units Test Conditions

ViL Input Low Voltage -05 +0.8 Volts ‘

VIH Input High Voltage 2.0 Vec+ 0.5 Volts

(All except X1 and RES) .

ViH1 Input High Voltage (RES) TBD Vee + 0.5 Volts

VoL Output Low Voltage 0.45 Volts Iz = 2.5 mA for S0-S2
la = 2.0 mA for all other
outputs

VoH Output High Voltage 24 Volts loa = —400 uA

lcc Power Supply Current 550 mA Ta = 25°C

I Input Leakage Current *10 uA 0V < V|N < Vce

ILo Output Leakage Current =10 nA 0.45V < VouT < Vee

Vclo Clock Output Low 0.6 Volts Clg=25mA

VecHo Clock Output High 4.0 Volts loga = —200 uA

Veu Clock Input Low Voltage -0.5 0.6 Volts

VecHI Clock Input High Voltage 3.9 Vee +1.0 Volts

CiN Input Capacitance 10 pF

Co 1/O Capacitance 20 pF

PIN TIMINGS

A.C. CHARACTERISTICS (Ta = 0°-70°C, Vgc = 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 (A/D) 20 ns
TCLDX Data in Hold (A/D) 10 ns
TARYHCH| Asynchronous Ready
) (AREADY) active setup
time* 20 ns
TARYLCL { AREADY inactive setup
time . 35 ns |
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, NM|, TEST, TIMERIN,
Setup* 25 ns .
TINVCL |DRQO, DRQ1, 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. Max. Units Test Conditions
TCLAV Address Valid Delay 10 44 ns Cp = 20-200 pF all outputs
TCLAX Address Hold 10 ns
TCLAZ Address Float Delay TCLAX 35 ns
TCHCZ | Command Lines Float Delay 45 ns
TCHCV Command Lines Valid Delay
(after float) 55 ns
TLHLL ALE Width TCLCL-35 ns
TCHLH ALE Active Delay 35 ns
TCHLL ALE Inactive Delay 35 ns
TLLAX Address Hold to ALE .
Inactive ’ TCHCL-25 ns
TCLDV Data Valid Delay 10 44 ns
TCHDX Data Hold Time 10 ns
TWHDX | Data Hold after WR TCLCL-40 ns
TCVCTV | Control Active Delay1 10 70 ns
TCHCTV | Control Active Delay2 10 55 ns
TCVCTX | Control Inactive Delay 10 55 ns
TAZRL | Address Float to RD Active 0 ns -
TCLRL | RD Active Delay 10 70 ns )
TCLRH RD Inactive Delay 10 55 ns
TRHAV | RD Inactive to Address
Active TCLCL-40 ns
TCLHAV | HLDA Valid Delay 10 50 ns
TRLRH | RD Width 2TCLCL-50 ns
TWLWH | WR Width 2TCLCL-40 ns
TAVAL Address Valid to ALE Low TCLCH-25 ns
TCHSV Status Active Delay 10 55 ns
TCLSH | Status Inactive Delay 10 55 ns
TCLTMV | Timer Output Delay 60 ns 100 pf max
TCLRO Reset Delay" 60 ns

80186 Chip-Select Timing Responses

Symbol Parameter Min. Max. Units Test Conditions
TCLCSV Chip-Select Active Delay 66 ns
TCXCSX Chip-Select Hold from
Command Inactive 35 -ns
" TCHCSX Chip-Select Inactive Delay 10 35 ns
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A.C. CHARACTERISTICS (Continued)
80186 CLKIN Requirements

CLKOUT Fall Time

Symbol Parameter Min. Max. Units Test Conditions
TCKIN CLKIN Period 62.5 250 ns
TCKHL CLKIN Fall Time 10 ns 3.5t0 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 15 ns 3.5to0 1.0 volts

All timings measured at 1.5 volts unless otherwise noted.

.
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WAVEFORMS

MAJOR CYCLE TIMING

Veu T Tw T
TCL2CL1 /
CLKOUT ' /N
— noTE N 7 N
Vo | _TCHs TOLSH TCLCH
A Y
52515 ANY I
TCHCZ
TCLAY —> ’ " NOTE 1
BHE/S,, 88
A1q/Ss-Ars/S; =
<]
ALE ' /
L
TCHLH - TCLAZ —»] —
TCLAV —>| «—TCHDX—>-|
.
AD,5-AD, DATA OUT S
WRITE CYCLE ] f TWHDX NOTE 1
) 'CVCTV —> IQ— Lo - TCVCTX
I o 7[2
RD, iNTA, TeveTV—>]
DT/R'= Vou . TWLWH
. WR * TCVCTX—>]  [e—
— TCLAZ TDVCL-> [— TCLDX -
(" AD,5-AD, POINTER ) {
hs: /l FLOAT FLOAT ) W
INTA CYCLE — <} TCHCTV - TCHCTV
DT/R '
v
— TCVCTV }
o INTA NOTE 2 ¢
D, WA, = Vou -
BHE = Vo, TCVCTV—>| |— TCVCTX —» . )
: DEN
~
SOFTWARE HALT—DEN =V,
RD, WA, INTA, DT/R = Vou INVALID ADDRESS
:“% TCLAV —» -— TCHCSX—»
'Lf_c.i — *«— TCLCSV TEXCSX —> -—
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NOTES:

WAVEFORMS (Continued)

MAJOR CYCLE TIMING (Continued)

T T2 T3 Tw Ts
N [ t——TCLCL ———f TCH1CHZ
Ven TCH1CH2 }
CLKOUT 7( X- 7! S( k / \
Vo TCHCL | ! TCLSH TCLCH ﬂ
hl > l ¢ (Note 3)
§,. 51, §p —>| TCHSV
‘ —>|TcLOV
. TCLAV-»] - [TCLAX TCHDX—>]
BHE/S;,
A1o/Ss~As6/S; B|HE Ayo-Asg $7-83
TLHLL
| TLLAX .
ALE ,’—
. /. -
TCHLH —»] TAVAL
TCHLL—>|
TLLAX TCLDX
TCLAV> TAVAL —» TCLAZ TOVCL.
- FLOAT a
AD;5-AD, Aqs-Ag Ton DATA IN
—— TCLRH THHAV‘bl
READ CYCLE TAZRL e
D ;I\
—>] TCHCTV  TCLRL t 1 TRLRH —> TCHCTV
- DT/R L ' /
WR, INTA = Vou |
TCVCTV—> ’rcvcrx——l
DEN
~ — . TCHCSX
" PCS, C .
Lcs, »—*q—mwsv — TCXCSX A~ <—
MCs

1. Following a Write cyclé, 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 T,
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WAVEFORMS (Continued)

A i \_—/___
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(
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TIMERIN . .
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WAVEFORMS (Continued)

HOLD-HLDATIMING
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WAVEFORMS (Continued)

TIMER ON 80186

TCKIN

| TCLCK —]

CLKIN

TCKHL.

TCICO —»

TCLCH

TCHICH2

TCHCK

~—TCH2CH1

TCHCL

CLKOUT

TCLCL

I NNV

— TINVCH

TIMERIN

TIMEROUT

2-8 CLOCKS

TCLTMV |-—

7

80186 INSTRUCTION TIMINGS

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

L]
required for execution of a particular instruction,
has been prefetched and resides in the queue at

the time it is needed.
No wait states or bus HOLDS occur.

. All word-data is located on even-address

The opcode, along with any data or displacement

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
OATA TRANSFER h
MOV = Move:
Register to Register’Memory [tooo0100w]| modreg rm | 2/12
Register’memory to register [t 000101 w/| modreg rm | 2/9
Immediate to registermemory [t100017w] mod000 rm | data | dataitw=1_ ) 12-13 8/16-bit
v
Immediate to register [To11w reg | data | dataifw=1 | ‘ 3-4 8/16-bit
Memory to accumulator [ 010000w]| addr-low | addr-high | 9
Accumulator to memory [ 010001 w] addrow |  adorhgh | 8
Register/memory to segment register {1 000111 0| modgOreg rm | 2/9
Segment register to registermemory  [1 000 110 0] modOreg rm | 2/11
PUSH = Push:
Memory [f1rrr119 1] modt110 rm | 16
Register 01010 reg 10
Segment register 000reg110 9
i i 7 o ;':, T ,,lo T1010s 01 T T ' G@S'Q r'l:‘:, T ,”/:f B e 10
SHA = PushAll
POP = Pop: .
Memory [fo00111 1] mod000 rm | 20
Register 10
Segment register 000reg 111 (reg+01) 8
POPR ="Pop Al | BB TXTREE

XCHG = Exchange:

Register/memory with register [t 000011 w| modreg rm | . 417
Register with . [oo10 e ) . 3
IN=tnput from:

Fixed port [frioo0tow] port ] 10
Variable port © 8
OUT = Outputto: -

Fixedport BIEEETEREE port | 9
Vanable port .

XLAT = Translate byte to AL . 11
LEA = Load EA to register {1 0001101] mod‘r‘eg rm_| '

LDS = Load pointer to DS [T 100010 1] modreg tm |  (mod = 11) 18
LES = Load pointer to ES [11000100] modreg vm |  (mod = 1) 18
LAHF = Load AH with flags 2
SAHF = Store AH into flags 3
PUSHF = Push fiags , 9
POPF = Pop flags 8

Shaded areas indicate instructions riot available iniAPX 86, 88 microsystems.

All mnemonics copyright of Intel Corp. 1983.

2-48



iAPX 186

INSTRUCTION SET SUMMARY (Continuéd)

Clock )
FUNCTION FORMAT Cycles Comments
ARITHMETIC
ADD = Add: \
Reg/memory with register to either [000000dw| modreg rm | 3/10
Immediate to register:memory [100000s w| mod000 rm [ gdata [ “cataifsw=01_| 4/16
immediate to accumulator [0 000010 w] data [ qaadw=1_| 3/4 8/16-bit
ADC = Add with carry:
Reg/memory with register to either [000100d w|[ modreg rm | 3/10
Immediate to registey/memory [100000s w[ mod010 rm | data [ cataifsw=01 | 4/16
Immediate to accumulator [0001010 w] data | dataifw=1 ] 3/4 8/16-bit
INC = Increment:
Register/memory [T1111 11 w| mod000 rm | 315
Register 01000 reg 3
SUB = Subtract:
Reg/memory and register to either [001010¢ w| modreg rm | 3/10
Immediate from registersmemory [100000s w[ mod101 rm | data [ datafsw=01 | 4/16
Immediate from accumulator [oot1o110w] data [ daadw=1_| 3/4 8/16-bit
SBB = Subtract with borrow:
Reg/memory and register to either [000110dw|] modreg rm | 3/10
Immediate from register/memory [ 00000s w[ mod011 rm | data [ dataitsw=01 ] 4/16
Immediate from accumulator [0001110w] data | cataiw=1 ] : 3/4 ~ 8/16-bit
DEC=Decrement:
Register/memory [T 1111711 w] modo01 rm | 3/15
Register 01001 reg 3
CMP = Compare: -
Register/memory with register [0011101 w| modreg rm | 3110
Register with register/memory [0011100w] modreg rm | 3/10
Immediate with register/memory [100000s w| mod111 ©m | data [ ataifsw=01 | 3/10
Immediate with accumulator [001v1110w] data | dataw=1 | 3/4 8/16-bit
" NEG = Change sign 171011 w| mod0t11 rm | 3
AAA = ASCI! adjust for add 8
DAA = Decimal adjust for add 00100111 4
AAS = ASCIl adjust for subtract 7
DAS = Decimal adjust for subtract 4
MUL = Multiply (unsigned): [P 111011 w] med100 rm |
Register-Byte 26-28
Register-Word 35-37
Memory-Byte 32-34
Memory-Word 41-43
IMUL = integer muttiply (signed): (1111011 w] mod101 rm |
Register-Byte 25-28
Register-Word 34-37
Memory-Byte 31-34
Memory-Word 40-43
DIV = Divide (unsigned): [T11r1 0117 w[ modt10rm |
Register-Byte 29
Register-Word , 38
Memory-Byte 35
Memory-Word 44

Shaded areas indicate instructions not availabie iniAPX 86, 88 microsystems.

All mnemonics copyright of Intel Corp. 1983.

2-49



iAPX 186 \

INSTRUCTION SET SUMMARY (Continued)

Clock
FUNCTION FORMAT Cycles Comments
ARITHMETIC (Continued): 3 .
10IV = Integer divide (signed): [T111011 w] mod11t rm | 44-52
Register-Byte .
Register-Word . 53-61
Memory-Byte 50-58
Memory-Word 59-67
AAM = ASCIl adjust for multipty [[7ororoo0fooo01010] 19
AAD = ASCI! adjust for divide [frot1o0101Joo0001010] . 15
CBW = Convert byte to word 10011000 2
CWD = Convert word to double word 10011001 4 l
LOGIC
Shift/Rotate instructions:
Register/Memory by 1 mod TTT rm | 2/15
Register/Memory by CL mod TIT rm_|
gy by G S " RS B v AL S0
TIT Instruction
000 ROL
0.01 ROR
010 RCL
011 RCR
100 SHLSAL
101 SHR
111 SAR
AND = And:
Reg'memory and register to either [0017000dw] modreg rm | 3/10
Immediate to register’memory [T 000000w] mod100 rm | data [ dataifw=1"] 4/16 .
Immediate to accumulator f0010010w] data [ “cataitw=1_ | 3/4 " 8/16-bit
TEST = And function 1o flags, no result:
Regrstersmemory and register {1000010w] modreg rm | 3/10
Immediate data and registerzmemory [T 111011 w]| mod000 rm | data [ cataitw=1 | 4/10
Immediate data and act [[o1or00w] data [ dataitw=1_ | 3/4 8/16-bit
OR=0r: ) .
Reg/memory and register to either 0000100 w] modreg rm | ' 3/10
Immediate to register:memory 1000000 w| mod001 rm | data | dataifw=1 | 4/16
Immediate to accumuiator [oo000110w] data - | datadw=1_ | 3/4 8/16-bit
XOR = Exclusive or: .
Reg/memaory and register to either [001100dw] modreg rm ] 3/10
Immediate to register'memary [1 000000 w] mod?10- rm | data [ cataifw=1_1] 4/16
Immediate to accumulator [0011010w] data 1 dataifw=1_ | 3/4 8/16-bit
NOT = Invert register/memary [ 197011 w] modo10 rm | 3
STRING MANIPULATION: .
MOVS = Move byterword 1010010w 8+8n
CMPS = Compare byte:word 5+22n
SCAS = Scan byte:word 5+15n
LODS = Load byte:wd to ALAX }' ) 6+11n
STOS = Stor byte:wd from ALA 6+9n
i it M0t 10w i

Shaded areas indicate instructions not available iniAPX 86, 88 microsystems.

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

CONTROL TRANSFER
CALL = Cail:
Direct within segment

Register memory
indirect within segment

Direct intersegment

Indirect intersegment

JMP = Unconditional jump:
Shorttong

Direct within segment

Direct intersegment

Indirect intersegment

RET = Return from CALL:
Within segment

Within seg adding immed to SP
Intersegment
Intersegment adding immediate to SP

Register memory indirect within segment[1 11 1 1 11 1]

171101000 dspow |  disphigh |
[[rri111 1] mod0i0rm |
[toor110r0] segment offset ]
' [ segment selector ]
1111111 1] mod0ftem | (mod =11

1110101 1] disp-low |
[fr10100 1] “dsplow [ “aisphgn |
mod 100 rm |
[Thror0r0] segment offset |
| segment selector ]

111111 1] mod10trm | (mod =11

1100001 1
100007 o]

[troo1o010f

data-low | data-hign |

data-low | data-nigh |

"Clock

FUNCTION FORMAT Cycles Comments
STRING MANIPULATION (Continued):
Repeated by count in CX
MOVS = Move string [fT11710070]1010010w] 14
CMPS = Compare string [Fir1001 21010011 w] 22
SCAS = Scan string 11001z [1o010111w] 15
LODS = Loadstring 0010 [1010110w] 12
sfns:smvesmng 0 f1o010101w]

T

14
©13/19

23

38

13
13
1117

13

26

16
18
22

25

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

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

Clock .
FUNCTION FORMAT Cycles '| Comments
CONTROL TRANSFER (Continued):
JE/JZ = Jumpon equal zer0 [or110100] disp | * 4/13 13 if JMP
JUJNGE = Jump on ess not greater or equal [or111100] disp ] 4/13 tgken
JLE/ING = Jumponiessorequatnotgreter [0 111111 0] disp | 4/13 :olt' t“gr:n
JB/INAE = Jumpondelownotaboveorequal [0 111001 0 disp ] 4/13
JBE/INA = Jumpondeloworequalnotadove [0 111011 0 [ disp | 4/13
JP/JPE = Jump on panty panty even [o1171010] 0isp ] 4113
40 = Jump on overfiow [C1110000] disp | 4/13
JS = Jumpon sign 01111000] disp ) 413
JNE/INZ = Jump on ot equal not 2610 f[or1r071017] disp |~ 4/13
JNL/JGE = Jump on notless greater or equal forir11071] disp | 4/13
JNLEZJG = Jump on notless or equa! greater [EEEEEEEER! disp ) 4/13
JNB/JAE = Jump on not below above or equal [O111001 1] disp | 4/13
JNBE/JA = lumponnatteloworequaiabowe [0 111011 1] disp | 4/13
JNP/JPO = Jump onnot gar par ocd forirtro1 1] disp ] 4/13
JNO = jump on ot overfiow f[orT1o00 1] disp } 4/13
JINS = Jumpon not sign 011110017 disp ] 4/13 ,
LGOP = LoopCXtimes fraroooio] disp | 5/15
LOOPZ/LOOPE = Loopwhie 210 ¢ [[11000071] a0 6/16
LOOPNZ/LOOPNE = Loop whieratzeraequst [1 11 0000 0 ] disp ] 61/;6 JMP taken/
JCXZ = Jump an CX zer0 [T10001 1] disp | ’ 5 JMP not taken

INT=Interrupt:
Type specified

Type3
INTO = Interrupt on overflow

IRET = Interrupt return

i W

[t1o001101] type |

71001100

11001111

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

All mnemonics copyright of Intel Corp. 1983.

47
45
48/4

28

if INT. taken/
if INT. not
taken
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INSTRUCTION SET SUMMARY (Continued)

Clock

FUNCTION FORMAT Cycles Comments
PROCESSOR CONTROL
CLC =Clear carry 2
CMC = Complement carry 2
STC =Set carry 2
CLD = Clear direction 2
STD = Set direction 2
CLI = Clear interrupt 2
STl =Setinterrupt 2
HLT = Halt 2
WAIT = Wait 6 iftest=0
LOCK = Bus lock prefix 2
ESC = Processor Extension Escape [fo01 17T T[] modLLL vm | 6

(TTT LLL are opcode to processor extension)

FOOTNOTES

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

ifmod = 11 then r/mis treated as a REG field

if mod = 00 then DISP = 0%, disp-low and disp-high
are absent

if mod = 01then DISP = disp-low sign-extended to
16-bits, disp-high is absent

ifmod = 10then DISP = disp-high: disp-low

if r/m = 000 then EA = (BX) + (SI) + DISP

if/m = 001 then EA = (BX) + (DI) + DISP

if r/m = 010then EA = (BP) + (SI) + DISP

ifr/m = 011then EA = (BP) + (DI) + DISP

if r/m = 100 then EA = (SI) + DISP

ifr/m = 101 then EA = (DI) + DISP

ifr/m = 110then EA = (BP) + DISP*

ifr/m = 111then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if

required)

*exceptifmod = 00 andr/m = 110thenEA = disp~high:disp-low.
SEGMENT OVERRIDE PREFIX

001reg110

reg is assigned according to the following:

‘Segment

reg Register
00 ES
01 Cs
10 SS
1 DS

REG is assigned according to the following table:

16-Bit(w = 1) 8-Bit(w=0)
000 AX 000 AL
001 CX 001 CL
010 DX 010 DL
011 BX 011 BL
100 SP 100 AH
101 BP 101 CH
110 Sl 110 DH
111 DI 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 DI register) are computed using the ES
segment, which may not be overridden.
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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 *
- 1gigabyte 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

o High bandwidth bus interface

(8 or 10 megabyte/sec)

. up to six times greater throughput than the standard 5SMHz

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 isglation as well as program
and data privacy within tasks. A 10MHz iAPX 286 provides

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 start 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
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! PHYSICAL ! !
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! SEGMENT | | INTERFACE 1
) BASES | | —— READY, HOLD
| offser \ | | p———t - — -~ | | BUS CONTROL 57, 50, CODANTA
| ADDER SEGMENT 1 seament l ", [OCR, HLDA"
! CHECKER SizES | ! !
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I
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Figure 2. 80286 Pin Configuration

Component Pad View - Viewed From Underside of Component When Mounted on Board
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Table 1. Pin Description
The following pin function descriptions are for the 80286 microprocessor:
Symbol | Type Name and Function
CLK | System Clock provides the fundamental timing for iAPX 286 systems. Itis 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.

D15-Do 110 Data Bus inputs data during memory, I/0, and interrupt acknowledge read cycles; outputs data
during memory and I/O write cycles. The data bus is active HIGH and floats to 3-state OFF during
bus hold acknowledge.

Ag3-Ag o} Address Bus outputs physical memory and I/0 port addresses. AO is LOW when data is to be

transferred on pins D7_g. Ap3-A1g are LOW during I/O transfers. The address bus is active HIGH
and floats to 3-state OFF during bus hold acknowledge.

BHE (0] Bus High Enable indicates transfer of data on the upper byte of the data bus, Dy5_g. Eight-bit
oriented devices assigned to the upper byte of the data bus would normally use BHE to con-
dition chip select functions. BHE is active LOW and floats to 3-state OFF during bus hold acknowledge.

BHE and A0 Encodings
HE Value AQ Value Function
0 0 Word transfer
0 1 Byte transfer on upper half of data bus (Dy5_g)
1 0 Byte transfer on lower half of data bus (D7-g)
1 1 Reserved
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Table 1. Pin Description (Cont.)

Symbol

Type

Name and Function

51,50

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

80286 Bus Cycle Status Definition
S1 S0 Bus cycle Initiated

Interrupt acknowledge
Reserved

Reserved

None; not a status cycle
IF A1 =1then halt; else shutdown
Memory data read
Memory data write
None; not a status cycle
Reserved

O read

/0 write

None; not a status cycle
Reserved

Memory instruction read
Reserved

None; not a status cycle

£
ol

COD/INTA
-0(LOW)

(HIGH)

MHdAaAaAaaaa000000O0
44 a4 0000—sawas0000
22004+ 00+200=-=00O
T - N N - R - X - -]

M0

Memory/IO Select distinguishes memory access from I/O access. If HIGH during Tg, @ 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/IO floats to 3-state OFF during bus hold acknowledge.

COD/INTA

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

LOCK

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 s active LOW and floats to 3-state OFF during bus hold acknowledge.

READY

Bus Ready terminates a bus cycle. Bus cycles are extended without limit until terminated by READY
LOW. 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
HLDA

Bus Hold Request and Hold Acknowledge contro!l ownership of the 80286 local bus. The HOLD
input allows another local bus master to request control of the local bus. When controlis 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

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.

NM!

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 NMl 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 tour system
clock cycles.
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Table 1. Pin Description (Cont.)

Symbol | Type : Name and Function
PEREQ | 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 | Processor Extension Busy and Error indicate the operating condition of a processor extension to
ERROR | 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 | 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) S0,51. PEACK A23-A0. BHE, LOCK
0 (LowW) MAO, COD/INTA, HLDA
3-state OFF D15-Dg

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 atthe 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 | System Ground: 0 VOLTS.
Vee | System Power: + 5 Volt Power Supply.
CAP | Substrate Filter Capacitor: a 0.047pf = 20% 12V capacitor must be connected between this pin

and ground. This capacitor filters the output of the internal substrate bias generator AmaximumDC
leakage current of 1 pais allowed through the capacitor.

For correct operation of the 80286, the substrate bias generator must charge this capacitor to its
operating voltage. The capacitor chargeup time is 5 milliseconds (max.) after Vo 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 operatesintwomodes: iAPX 86 real address
mode and protected virtual address mode. Both modes
execute asuperset of theiAPX 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.

 iIAPX 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 DX) 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 giventime, 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 détermine 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 contro!l 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

16-BIT SPECIAL
REGISTER REGISTER
NAME FUNCTIONS
7 07 0 15 0
BYTE Ax| AH AL MULTIPLY/DIVIDE cs CODE SEGMENT SELECTOR
ADDRESSABLE X I
(8-BIT DX OH DL 0 INSTRUCTIONS DS DATA SEGMENT SELECTOR
REGISTER -
NAMES [%3 CH cL ) LOOP/SHIFT/REPEAT COUNT SS STACK SEGMENT SELECTOR
SHOWN
) B8X BH BL ES EXTRA SEGMENT SELECTOR
BASE REGISTERS
BP SEGMENT REGISTERS
st 15 0
INDEX REGISTERS
DI F FLAGS
SP ) STACK POINTER 13 INSTRUCTION POINTER
15 0 MSW MACHINE STATUS WORD
GENERAL

REGISTERS

STATUS AND CONTROL
REGISTERS
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Figure 3a. Status and Control Register Bit Functions

STATUS FLAGS:
CARRY

PARITY

AUXILIARY CARRY

ZERO
SIGN
OVERFLOW

s R T e T T e T To e W > R = T e ]

CONTROL FLAGS:

TRAP FLAG

INTERRUPT ENABLE
DIRECTION FLAG

" SPECIAL FIELDS:

VO PRIVILEGE LEVEL
NESTED TASK FLAG

1 0

Y o T T ]

PROCESSOR EXTENSION EMULATED
MONITOR PROCESSOR EXTENSION

PROTECTION ENABLE

\\\\\‘ RESERVED usx‘swrrcn

Flags Word Description Table 2. Flags Word Bit Functions
The Flags word (Flags) records specific characteristics -
of the result of logical and arithmetic instructions (bits 0, PosBilttion Name Function
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 0 CF | Carry Flgg—Sgt lon h'gh't‘;fde{ bit
16-bit register. The function of the flag bits is given in carry or borrow; cleared otherwise
Table 2. 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
Instruction Set low order four bits of AL; cleared
The instruction setis divided into seven categories: data otherwise
transfer, arithmetic, shift/rotate/logical, string manipula- 6 ZF Zero Flag—Set if result is zero;
tion, control transfer, high level instructions, and pro- cleared otherwise
cessor control. These categories are summarized in 7 SF Sign Flag—Set equal to high-order |
Figure 4. bitof result (Qif positive, 1 if negative)
An 80286 instruction can reference zero, one, or two " OF g‘r’e;fb(::i';'\fg’;ﬁ‘;?r'Oers:'t:)ig_";r'ggl'l
pperanQS; vyhere an gperand residesina registgr, inthe negatﬁ/e number (excluding sign-bit)
instruction itself, or in memory. Zero-operand instruc- to fitin destination operand; cleared
tions (e.g. NOP and HLT) are usually one byte long. One- otherwise
operandinstructions (e.g. INC and DEC) are usually two 8 TE Single Step Flag—Once set, a sin-
bytes long but some are encoded in only one byte. One- gle step interrupt occurs after the
operand instructions may reference a register or mem- next- instruction executes. TF is
orylocation. Two-operand instructions permit the follow- cleared by the single step interrupt.
ing six types of instruction operations: 9 IF | Interrupt-enable Flag—When set,
maskable interrupts will cause the
i CPU to transfer control to an inter-
—Regster to Register rupt vector specified location.
—Memory o Reglstgr 10 DF Direction Flag—Causes string
—Immediate to Register : ‘ instructions to auto decrement
—Memory to Memory . the appropriate index registers

—Register to Memory

when set. Clearing DF causes
auto increment.

—Immediate to Memory
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Two-operand instructions (e.g. MOV and ADD) are usu-
ally three to six bytes long. Memory to memory opera-
tions are provided by a special class of string instructions
requiring one to three bytes. For detailed instruction for-
mats and encodings refer to the instruction set summary
atthe end of this document.

Figure 4a. Data Transfer Instructions

GENERAL PURPOSE
MOV Move byte or word
PUSH Push word onto stack
POP Pop word off stack
PUSHA Push all registers on stack
POPA Pop all registers from stack
XCHG Exchange byte or word
XLAT Translate byte

INPUT/OUTPUT
IN Input byte or word
ouT Output byte or word
ADDRESS OBJECT -
LEA Load effective address
LDS Load pointer using DS
LES Load pointer using ES
FLAG TRANSFER

LAHF | Load AHregister from flags
SAHF Store AH register in flags
PUSHF Push flags onto stack
POPF Pop flags off stack

~ Figure 4b. Arithmetic Instructions

ADDITION
ADD Add byte or word
ADC Add byte or word with carry
INC Increment byte or word by 1
AAA ASCII adjust for addition
DAA Decimal adjust for addition
SUBTRACTION

sSuB Subtract byte or word
SBB Subtract byte or word with borrow
DEC Decrement byte or word by 1
NEG Negate byte or word *
CMP Compare byte or word
AAS ASCII adjust for subtraction
DAS Decimal adjust for subtraction

MULTIPLICATION
MUL Multiply byte or word unsigned
IMUL Integer multiply byte or word
AAM ASCII adjust for multiply

DIVISION

DIV Divide byte or word unsigned
IDIV Integer divide byte or word
AAD ASCII adjust for division
CBW Convert byte to word
CWD Convert word to doubleword

\

Figure 4c. String Instructions

Figure 4d. Shift/Rotate/Logical Instructions

All mnemonics copyright Intel Corp.

MOVS Move byte or word string LOGICALS
INS ) Input bytes or word string NOT "“Not" byte or word
ouUTS Qutput 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 SHL/SAL 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 .
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Figure 4e. Program Transfer.Instructions

UNCONDITIONAL TRANSFERS

CONDITIONAL TRANSFERS
JA/JUNBE Jump if above/not below nor equal CALL Call procedure
JAE/UNB Jump'if above or equal/not below RET Return from procedure
JB/UNAE Jump if below/not above nor equal JMP Jump
JBE/JNA Jump if below or equal/not above
JC Jumpiif carry ITERATION CONTROLS
JE/JZ Jump if equal/zero
JG/NLE Jump if greater/not less nor equal LOOP Loop
JGE/NL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero
JUINGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero
JLE/JING Jumpifless or equal/not greater JCXZ Jump if register CX = 0
JNC Jump if not carry
JINE/INZ Jump if not equal/not zero INTERRUPTS
JNO . Jump if not overflow
JNP/JPO Jump if not parity/parity odd INT Interrupt
JNS Jumpif not sign INTO Interrupt if overflow
Jo Jump if overflow IRET Interrupt return
JP/JPE Jump if parity/parity even )
JS Jump if sign

~

Figure 4f. Processor Control Instructions

FLAG OPERATIONS
STC Set carry flag
CLC Clear carry flag
CMC Complement carry flag
STD Set direction flag
CLD Clear direction flag
STI Set interrupt enable flag
cu Clear interrupt enable flag
EXTERNAL SYNCHRONIZATION
HLT Halt until interrupt or reset
WAIT Wait for BUSY not active
ESC Escape to extension processor
LOCK Lock bus during next instruction
NO OPERATION
NOP I No operation

EXECUTION ENVIRONMENT CONTROL

LMSW

Load machine status word

SMSW

Store machine status word

Memory Organization

Memory is organized as sets of variable length seg-
ments. Each segment is a linear contiguous sequence
of up to 64K (216) 8-bit bytes. Memory is addressed us-
ing a two-component address (a pointer) that consists
of a 16-bit segment selector, and a 16-bit offset. The
segment selector indicates the desired segment in
memory. The offset component indicates the desired byte

address within the segment.

Figure 4g. High Level Instructions

Format stack for procedure entry

ENTER
LEAVE Restore stack for procedure exit
BOUND Detects values outside prescribed range

All mnemonics copyright Intel Corp.

Figure 5. Two Component Address

- -
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POINTER
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Table 3. Segment Register Selection Rules /

Memory Segment Register Implicit Segment
Reference Needed Used Selection Rule
Instructions Code (CS) Automatic with instruction prefetch
Stack Stack (SS) All stack pushes and pops. Any memory reference which uses BP asa
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 orimmediate operands: ,

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

Immediate Opérand 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 Sl or Dl 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 S|, DI, BX, or BP.

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

Figure 6. Segmented Memory Helps

Structure Software
r=—=13
1 1
CODE
MODULE A
DATA
1 1
1 1
CODE cPy
MODULEB l
DATA CODE
! | l DATA
1 1
STACK
PROCESS
STACK EXTRA
SEGMENT
REGISTERS
1 1
1 1
PROCESS N
DATA &
BLOCK 1 o
I 1
| !
PROCESS
DATA
BLOCK 2
1 1
Lo —d

MEMORY
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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 (Sl or DI).

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 following data types:

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

Integer:

Ordinal: An unsigned binary numeric value con-

tained in an 8-bit byte or 16-bit word.

Pointer: A 32-bit quantity, composed of a seg-
ment selector component and an offset
component. Each componentis a 16-bit

word. :

String: 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.

ASCII:

BCD: 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.

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

- Floating Point:

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

1/0 Space

The 1/0 space consists of 64K 8-bit or 32K 16-bit ports.
I/0 instructions address the I/0 space with either an 8-
bit port address, specified in the instruction, or a 16-bit
port address in the DX register. 8-bit port addresses are
zero extended such that Aj5—Ag are LOW. I/O port ad-
dresses O0F8(H) through 00FF(H) are reserved.

Figure 7. iAPX 286 Supported Data Types
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Table 4. Interrupt Vector Assignments

Return Address
Function Imf:;g In :::e&tggn s Before Instructjon
Causing Exception?
Divide error exception 0 DIv, IDIV Yes
Single step interrupt 1 All
NMl interrupt 2 All
Breakpoint interrupt 3 INT
INTO detected overflow exception 4 INTO No
BOUND range exceeded exception 5 BOUND Yes
Invalid opcode exception . 6 Any undefined opcode Yes
Processor extension not available exception 7 ESC or WAIT Yes
Reserved 8-15
Processor extension error interrupt 16 ESC or WAIT
Reserved 17-31
User defined 32--255
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:hardwareinitiated, INTinstructions, andinstruc-
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

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 sectlon) |dent|-
fies the source of the interrupt.

Further maskable interrupts are disabled while servic-
ing an interrupt by resetting 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 or the CPU is reset. [f NMI occurs while currently
servicing an NML, its presence will be saved for servic-
ing after executing the first IRET instruction. IF is cleared
at the beginning of an NM! interrupt to inhibit INTR
interrupts.
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SINGLE STEP INTERRUPT

The 80286 has an internal interrupt that allows pro-
grams to execute one instruction at atime. Itis 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 simultaneous interrupt requests occur, they are
processed in a fixed order as shownin 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 lastinterrupt processed

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 0000(H)
Extra segment 0000(H)
Stack segment 0000(H)

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
inIAPX 86 real address mode.

is therefore the first one serviced. Table 7. MSW Bit Functions
Bit .
Table 5. Interrupt Processing Order Position Name | Function,
Order Interrupt 0 PE Protected mode Enable places the
f : . 80286 into protected mode and can
1 INTmstruchon or exception not be cleared except by RESET.
2 Single step 1 MP Monitor Processor extension al-
3 NMI : lows WAIT instructions to cause a
4 Processor extension segment overrun processor extension not present
5 INTR exception (number 7).
2 EM Emulate processor extension
e e L. causes a processor extension not
Initialization and Processor Reset present exception (number 7) on
P initializati tart . lished b ESC instructions to allow emulat-
dr'ot':eSTr(:r IlglElisi!IEz'? _Ion ?r S al'rﬂéﬁilsRaECch'lnj? ishe thy ing a processor extension.
ag\éggt ? inat Inlfu plnt. d local b orcetg .te 3 TS .| Task Switched indicates the next
86 to terminate all execution and local bus activity. instruction using a processor ex-
No instruction or bus activity will occur as long as RE- tension will cause exception 7, al-
SET is active. After RESET becomes inactive and an lowing software to test whether the
internal processing interval elapses, the 80286 begins current processor extension con-
execution in real address mode with the instruction at text belongs to the current task.

physical location FFFFFO(H). RESET also sets some
registers to predefined values as shown as shownin
Table 6.

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
i Exception
0 0 0 iAPX 86 real address mode only. Initial encodmg aﬂer RESET. iAPX 286 operation | None
isidentical to iIAPX 86, 88.
0 0 1 No processor extension is available. Software will emulate its function. ESC
1 0 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 Figure 8. iAPX 86 Real Address Mode Address

The HLT instruction stops program execution and pre- Calculation
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. s ' o

OFFSET

OFFSET ADDRESS

jAPX 86 REAL ADDRESS MODE S ﬁ —

The 80286 executes a fully upward-compatible superset
of the 8086 instruction set in real address mode. In real 15 0

address mode the 80286 is object code compatible with SEGMENT Ioooo SEGMENT
8086 and 8088 software. The real address mode archi- ADDRESS
tecture (registers and addressing modes) is exactly as L
described in the iAPX 286 Base Architecture section
of this Functional Description.

‘
Memory Size

Physical memory is a contiguous array of up to 1,048,576
bytes (one megabyte) addressed by pins Ag through Aqg
and BHE. Ay through Aog are ignored.

20-8IT PHYSICAL
MEMORY ADDRESS

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-bit segment address. 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. :

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

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- FFFFFH
tempt to wrap around the end of a segment (e.g. a word Rﬁ:%‘g%gﬂﬁ}'g:"
with its low order byte at offset FFFF(H) and its high FFFFOH
order byte at offset 0000(H)). If, in real address mode, A . ~A
the information contained in a segment does not use the I» . »
full 64K bytes, the unused end of the segment may be 3FFH
overlayeq by another segment to reduce physical mem- ‘ |Ng§gp\z,tézrmpglgfn
ory requirements. 3FOH
- . rl
7H
INTERRUPT POINTER
. FOR VECTOR 1’
Reserved Memory Locations n

) . INTERRUPT POINTER 3H
The 80286 reserves two fixed areas of memory in real FOR VECTOR 0 OH

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 00000(H) through 003FF(H) are reserved for
interrupt vectors.
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Table 9. Real Address Mode Addressing Interrupts

3

‘Function Interrupt Related Return Address
Number Instructions Before Instruction?
Interrupt table limit too small exception 8 INT vector is not within table limit Yes
Processor extension segment overrun 9 ESC with memory operand extend- © No
interrupt ing beyond offset FFFF(H) :
Segment overrun gxception 13 Word memory reference with ofiset Yes
= FFFF(H) or an attempt to exe-
cute past the end of a segment

Interrupts

Table 9 shows the interrupt vectors reserved for excep-
tions and interrupts which indicate an addressmg error.
The exceptions leave the CPU in the state existing be-
fore attempting to execute the failing instruction (except
for PUSH, POP, PUSHA, or POPA). 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 LIDT 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 000000(H) and
its size set to O3FF(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 haltbus

operation. They can be distinguished by A; HIGH forhalt .

and Ay LOW for shutdown. In real address mode, shut-
down can occur under two conditions:

o Exceptions 8 or 13 happen and the IDT 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
IDT limit is at least 000F(H) and SP is greater than
0005(H), otherwise shutdown can only be exited via the
RESET input.

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 iIAPX 286 Base Architecture section of
this Functional Description remain the same. Programs
for the iIAPX 86, 88, 186, and real address mode 80286
can be runin protected mode; however, embedded con-
stants for 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 Ax3—
Ag and BHE. 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 causea 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
amemory resident table rather than the upper 16-bits of
areal memory address. The 24-bit base address of the
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desired segment is obtained from the tables in memory. DESCRIPTORS

The 16-bit offset is added to the segment base address Descriptors define the use of memory. Special types of
to form the physical address as shownin Figure 10. The descriptors also define new functions for transfer of con-
tables are automatically referenced by the CPU when- trol and task switching. The 80286 has segment de-
ever a segment register is loaded with a selector. All scriptors for code, stack and data segments, and system

" iIAPX 286 instructions which load a segment register will control descriptors for special system data segments and

reference the memory based tables without additional control transfer operations. Descriptor accesses are
software. The memory based tables contain 8 byte val- performed as locked bus operations to assure descrip-
ues called descriptors. tor integrity in multi-processor systems.

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,

Figure 10. Protected Mode Memory Addréssing

o wm . read/write, execute only, and execute/read), and pres-
POINTER p— ence in memory (for virtual memory systems) (Seg Fig-
ure 11). Any segment usage violating a segment attribute
PHYSICAL MEMORY indicated by the segment descriptor will prevent the
A v . memory cycle and cause an exception or interrupt.
PHYSICAL it SEGMENT 7 01 o
ADDER +7 RESE.RVED‘ +6
:I‘éiiETSSSBYTE +5 P| DfL | S 1 YIVPIE IAI BASE23-16 +4
+3 ‘ BASEjs-o +2
1
T BASE T ! '+1 LIMIT‘H 0
ADDRESS DESCRIPTOR f ?ESE;‘ IPTOR m 57 o
23 0
:: :: *Must be set to 0 for compatabllity with {APX 388.

Figure 11. Code and Data Segment Descriptors

Access Rights Byte Definition

Bit .
Position Name Function
7 Present (P) P=1 Segmentis mapped into physical memory.
) | P=0 Nomapping 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=0 Non-segment descriptor

l_ 3 Executable (E) E=0 Datasegmentdescriptor typeis: ]
c 2 Expansion Direc- ED=0 Grow up segment, offsets must be < limit.
3 tion (ED) ' |_Data
£ ED=1 Grow down segment, offsets mustbe > limit. Segment
3 1 Writeable (W) W=0 Datasegment may not be written into.
% W=1 Datasegmentmay be written into. |
E 3 Executable (E) E=1 Code Segment Descriptor type is: ]
2 2 Conforming (C) C=1  Code segmentmay only be executed when CPL = DPL. | Code
= 1 Readable (R) R=0 Code segmentmay notbe read. 599"‘9"‘ i
I_ R=1 Code segment may be read. |

0 Accessed (A) A=0 Segmenthas notbeen accessed.

A=1 Segment selector has been loaded into segment register or used by
selector test instructions. s
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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
1in 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 Leve! (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 discussion 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 limitfield
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 atwhich 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

7 07 0

i
+7 RESERVED* +6
I

PIDPL|O| TYPE |
1 | 1]

+ BASE23-16

o>

+3 BASE5-0 +2
I

LIMITys—o 0
1

15 87 0

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

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 | segmentin real memory
LIMIT | 16-bit | Offsetof 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-bit limit. 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 07 0
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WORD
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I 111 L1 COUNT4-o
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*Must be sst to 0 for compatabllity with IAPX 3886.

Figure 13. Gate Descriptor Format

Gate Descrlptbr Fields

Name Value Description
4 —Call Gate
. 5 —~Task Gate
TYPE 6 . | —Interrupt Gate
7 ~Trap Gate
P 0 . | —Descriptor Contents are not
valid
1 —Descriptor Contents are
valid
DPL 0-3 Descriptor Privilege Level
WORD Number of words to copy
COUNT 0-31 from callers stack to calied

procedures stack. Only used
with call gate.

Selector to the target code

DESTINATION | 16-bit segment (Call, Interrupt or

Trap Gate)
SELECTOR | selector 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. DPL 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 segmentdescriptor cache registeris assigned to each
of the four segment registers (CS, SS, DS, 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 (T),
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):

" Figure 15. Selector Fields

. SELECTOR
L INDEX I IRPLI
§ (N S U Y W U | | I 111
15 2 10
BITS NAME " FUNCTION

1-0 REQUESTED INDICATES SELECTOR PRIVILEGE
PRIVILEGE LEVEL DESIRED

LEVEL
(RPL)

2 TABLE Tl = 0 USE GLOBAL DESCRIPTOR TABLE
INDICATOR . GOT,
() Tl = 1USE LOCAL DESCRIPTOR TABLE
(LoT)
15-3 INDEX SELECT DESCRIPTOR ENTRY IN TABLE

Figure 14. Descriptor Cache Registers
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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.
Adescriptor table is a linear array of up to 8192 descrip-
tors. The upper 13 bits of the selector value are anindex
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 (GDT),

contains descriptors available to ali tasks. The otherta- -

ble, called the-Local Descriptor Table (LDT), contains
descriptors that can be private to a task. Each task may
have its own private LDT. The GDT may contain all de-
scriptor types exceptinterrupt and trap descriptors. The
LDT may contain only segment, task gate, and call gate
descriptors. A segment cannot be accessed by a task if
its segment descriptor does not existin elther descriptor
table at the time of access.

Figure 16. Local and Global Descriptor
Table Definition

_ MEMORY ~

|
| PROGRAM INVISIBLE

LOTy

~\ J
cpu Y 1%
‘5 j |
l GDT LIMIT 1
| GDT BASE
15
LoT LoTy
SELECTOR
N ettt CURRENT
| | Lot
I . LOT LIMIT T
1 [N
| LDT BASE T
|
|

o
p)
(49

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 0. 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 LDT, as shown in Fig-
ure 12.

Figure 17. Global Descriptor Tableand Interrupt
Descriptor Data Type

+5 RESERVED* BASE2j-15

+3 BASE1s-0
1

+1 LIMiT5-9 0
1

15 87 o

*Must be set to 0 for compatability with IAPX 386.

INTERRUPT DESCRIPTOR TABLE

The protected mode 80286 has a third descriptor table,
called the Interrupt Descriptor Table (IDT) (see Figure
18), used to define up to 256 interrupts. It may contain
only task gates, interrupt gates and trap gates. The IDT
(Interrupt Descriptor Table) has a 24-bit base and 16-bit
limit register in the CPU. The protected LIDT 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

g A~  MEMGRY
GATE FOR
- INTERRUPT #n
GATE FOR
INTERRUPT #n-1
. INTERRUPT
4 . DESCRIPTOR
CPU . TABLE
(IoT)
15 0 GATE FOR
orumt L INTERRUPT #1
GATE FOR
INTERRUPT #0
IDT BASE
0
~* ’J.J
v ~

References to IDT entries are made via INT instruc-
tions, external interrupt vectors, or exceptions. The IDT
must be at least 256 bytes in size to allocate space for
all reserved 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
atask. 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 most 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 systermn
software can be included and protected within the vir-
tual address space of each task using the four levels of
privilege. Tasks may alsc have a separate stack foreach
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

Atask 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. Atask’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 inthe 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

which atask 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 leastrestricted 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 trusted 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

_ referto adata 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 to 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 accessing data it cannot be trusted to use.

An exception to the rule is a readable conforming code
segment. This typé 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 anincorrect type
of descriptor is referenced (e.g. gate descriptor or exe-
cute only code segment) exception 13 occurs. If the seg-
mentis not present, exception 11 is generated.
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Instructions thatload 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 present fault 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 references the correct
descriptor type. Any violation of these descriptor usage
rules (e.g. JMP through acall gate or RET to 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-
scriptor. must 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

State Segment descriptor causes a task switch (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 DPL 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 than 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 switchis 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 privilegedlevel 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 performéd by a call, jump or inter-
rupt which references either a task gate or task state
segment at the same or less privileged level.

A

Table 10. Descriptor Types Used for Control Transfer

. Descriptor Descriptor
Control Transfer Types Operation Types Referenced Table
Intersegment within the same privilege level JMP, CALL, RET, IRET* Code Segment | GDT/LDT
In_te(segment to the same or higher privilege level Interrupt | CALL Call Gate GDT/LDT
within task may change CPL. Interrupt Instruction, Trap or DT
Exception, External " Interrupt
Interrupt Gate
Intersegment to a lower privilege level (changes task CPL) | RET, IRET* Code Segment GDT/LDT
: CALL, JMP Task State GDT
Segment
Task Switch CALL, JMP Task Gate GDT/LDT
IRET**
Interrupt Instruction,
Exception, External Task Gate DT
Interrupt

*NT (Nested Task bit of flag word) = 0
**NT (Nested Task bit of flag word) = 1
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PRIVILEGE LEVEL CHANGES

Any control transfer that changes CPL within the task,
causes achange of stacks as part of the operation. Initia!
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 previous 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-
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-
store;the 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 h:?\ve 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 (LDT) and Global Descriptor Ta-
ble (GDT).

Restricted access to segments via the rules of privi-
lege and descriptor usage.

Privileged instructions or operations that may only be
executed at certain privilege levels as determined by
the CPL and l/O Privilege Level (IOPL). The IOPL is
defined by bits 14 and 13 of the flag word.

These checks are performed for allinstructions 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 bitis not changed if CPL > IOPL.

The IOPL field of the flag word is not changed if CPL
>0.

Table 11
Segment Register Load Checks

Exception .
Number

13

Error Description

Descriptor table limit exceeded

110r12
13

Segment descriptor not-present
Privilege rules violated

Invalid descriptor/segment type seg-
ment registerload: .
—Read only data segment load to
SS
—Special control descriptor load to
DS, ES, SS
—Execute only segment load to
DS, ES, SS
—Data segmentloadto CS
—Read/Execute code segment
load to SS

13

Table 12 Operand Reference Checks

I Exception
Error Description Number
Write into code segment 13
Read from execute-only code
segment 13
Write to read-only data segment 13
Segment limit exceeded' 120r13

Note 1: Carry outin offset calculations is ignored.

Table 13. Privileged Instruction Checks

Error Description Esgﬁmgn
CPL # 0 when executing the following
instructions: 13
LIDT, LLDT, LGDT, LTR, LMSW,
CTS, HLT .
CPL > IOPL when executing the fol- -
lowing instructions: 13
INS, iN, OUTS, OUT, STI, CLI,
LOCK
EXCEPTIONS

The 80286 detects several types of exceptions and in-
terrupts, in protected mode (see Table 14). 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 AtFailing 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
i1 Segment not present Yes Yes Yes
12 Stack segment overrun or segment not present Yes Yes! Yes '~
13 General protection Yes No Yes

Note 1: 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 0000(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 resultin an exception. Anot-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) or
task gate descriptor in the GDT or LDT. An INT ninstruc-
tion, exception, or external interrupt may also invoke the
task switch operation by selecting a task gate descriptor
in the associated IDT 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.

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 = 1in MSW).

POINTER TESTING INSTRUCTIONS

The iIAPX 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 condition flag indicates whether
use of the selector or segment will cause an exception.
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cPU

Figure 20. Task State Segment and TSS Registers
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Table 15. Pointer TestInstructions

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 flagif 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,

Selector

Load Segment Limit: reads
the segment limit into the
registerif privilege rules and
descriptor type allow. Set
zero flag if successful.

Load Access Rights:reads
the descriptor access rights
byte into the register if priv-
ilege rules allow. Set zero
flag if successful.

LAR Register,

Selector

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. During 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 via-a HALT bus operation with A; HIGH.

PROTECTED MODE INITIALIZATION

The 80286 initially executes in real address mode after
RESET. To allow initialization code to be placed at the
top of physical memory, Axz_2q Will Be HIGH when the
80286 performs memory references relative to the CS
register, until CS is changed. Ax3_»q will be zero for ref-
erences to the DS, ES, or SS segments. Changing CS
in real address mode will force Ay3—Aoo LOW whenever
using CS thereafter. The initial CS:IP value of FFOO:FFFO
provides 64K bytes of code space for mltlahzatlon code
without changing CS.

Before placing the 80286 into protected mode, several
registers mustbeinitialized. The GDT and IDT base reg-
isters must refer to a valid GDT and IDT. 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.

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 state. 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 |/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 8282/
3 latches provide a buffered and decoded system bus’
interface. The 82284 generates the system clock and
synchronizes READY 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 canbe
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 storedin
the lowest address.

Byte transfers occur on either half of the 16-bit local data
bus. Even bytes are accessed over D;_g while odd bytes
are transferred over Dy5-g. Even-addressed words are
transferred over Dy5_g in one bus cycle, while odd-ad-
dressed words require two bus operations. The first
transfers data on D45-g, and the second transfers data
on D7_g. Both byte data transfers occur automatically,
transparent to software.

Two bus signals, Ag and BHE, control transfers over the
lower and upper halves of the data bus. Even address
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byte transfers are indicated by Ag LOW and BHE HIGH.
0Odd address byte transfers are indicated by Ag HIGH
.and BHE LOW. Both Ay and BHE are LOW for even ad-
dress word transfers.

The I/O address space contains 64K addresses in both
modes. The /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 1/O devices attached to the upper data’

byte (D15-g) are accessed with odd 1/0 addresses. De-
vices on the lower data byte are accessed with even /0
addresses. An interrupt controller such as the 8259A
must be connected to the lower data byte (D7_o) 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 of the processor
clock. (See Figure 21.)

Figure 21. System and Processor
. Clock Relationships

[——— ONE PROCESSOR CLOCK CYCLE———»

[«¢———————— ONE BUS T STATE ——————»{
PHASE 1 PHASE 2
r«—OF PROCESSOR—+‘OF PROCESSOR —3»{
CLOCK CYCLE CLOCK CYCLE

ONE SYSTEM

CLK CYCLE

PCLK _/—-—-\_—/_

Six types of bus operations are supported; memory read,
memory write, /O read, 1/0 write, interrupt acknow!-
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 (T;), send
status (Ts), and perform command (T¢). The 80286 CPU
also has a fourth local bus state called hold (Tp). T 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. «

Figure 22. 80286 Bus States
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Bus States

The idle (T;) state indicates that no data transfers are in
progress or requested. The first active state, T is sig-
nalled by either status line S1 or SO going LOW also
identifying phase 1 of the processor clock. During Tg,
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 Tg, the perform command (T,) state is entered.
Memory or I/O devices respond to the bus operation
during T, either transferring read data to the CPU or
accepting write data. T 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 is repeated.

During hold (T}), 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}, state. The 80286 HLDA
output signal indicates that the CPU has entered Tt,.

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 of the 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, states. Instead, the address
for the next bus operation may be emitted during phase
2 of any T,. The address remains valid during phase 1
of the first T to guarantee hold time, relative to ALE, for
the address latch inputs. i

Bus Control Signals

The 82288 bus controller provides control signals; ad-
dress latch enable (ALE), Read/Write 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 /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 next
bus operation appears atthe latch outputs. 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.

“is HIGH, the 82288 will not activate the command signal.

- not affect the timing of ALE, DEN, or DT/R.

Command Tirhing 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 READY input
signal can extend any bus operation for as long as
necessary.

Command delay allows an increase of address or write
data setup 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 T, the bus controller
samples CMDLY at each failing edge of CLK. If CMDLY

When CMDLY is LOW, the 82288 will activate the com-
mand signal. After the command becomes active, the
CMDLY inputis 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
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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 current bus operation. The bus master and bus control-
shows delaying the read command two system CLKs for ler must see the same sense of the READY signal, thereby
cycle N-1 and nodelay for cycle N, and example 2 shows requiring READY be synchronous to the system clock.
delaying the read command one system CLK for cycle '

N-1 and one system CLK delay for cycle N. Synchronous Ready

o The 82284 clock generator provides READY synchro-
Bus Cycle Termination nization from both synchronous and asynchronous

sources (see Figure 25). The synchronous ready input
(SRDY) of the clock generator is sampled with the falling
edge of CLK at the end of phase 1 of each T.. The state
of SRDY is then broadcast to the bus master and bus
controller via the READY output line.

Atmaximum transfer rates, the iAPX 286 bus alternates
between the status and command states. The bus status
signals become inactive after Ty 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 exists on the iIAPX 286 local bus. The bus master and Asynchronous Ready
bus controller enter T, directly after T and continue ex-

ecuting T, cycles until terminated by 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 SRDY -
- setup and hold time requirements. The 82284 asynchro-

READY Operation nous ready input (ARDY) is designed to accept such
The current bus master and 82288 bus controller termi- signals. The ARDY input is sampled at the beginning of
nate each bus operation simultaneously to achieve each T cycle by 82284 synchronization logic. This pro-
maximum bus bandwidth. Both are informed in advance vides a system CLK cycle time to resolve its value before
by READY active which identifies the last T, cycle of the broadcasting it to the bus master and bus controller.
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Figure 25. Synchronous and Asynchronous Ready
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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 ARDY
or SRDY.

P

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 gaes
active (LOW) for a read operaton. DT/R remains HIGH
before, during, and between write operations.

The data bus is driven with write data during the second
phase of Ts. The delay in write data timing allows the

read data drivers, from a previous readcycle, 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 to provide sufficient hold time for Multibus or other
similar memory or I/0 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.. In awrite-write sequence the data bus does not enter
3-state OFF between T and Ts.

Bus Usége

The 80286 local bus may be used for several functions:

instruction data transfers, data transfers by other bus

masters, instruction fetching, processor extension data

transfers, interrupt acknowledge, and halt/shutdown. This

section describes local bus activities which have special 1
signals or requirements.
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Figure 26. Back to Back Read-Write Cycles
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Figure 27. Back to Back Write-Read Cycles
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Figure 28. Back to Back Write-Write Cycles
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HOLD and HLDA A prefetch bus operation starts when at least two bytes

HOLD and HLDA allow another bus master to gain con-
trol of the local bus by placing the 80286 bus into the T,
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 Ty, state as
signaled by HLDA being active. Upon leaving T, 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 T; bus cycle, to guarantee write data

hold time, then enters Ty, 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
SRDY must be inactive or disabled by SRDYEN to guar-
antee ARDY will terminate the cycle.

Instruction Fetching

The 80286 Bus Unit (BU) will fetch instructions ahead of
the current instruction being executed. This activity is
called prefetching. It occurs when the local bus would
otherwise be idle and obeys the following rules:

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-
erationfor control transfers to aninstruction beginning
on a numerically odd physical address.

Prefetching stops whenever a control transfer or HLT
instruction is decoded by the 1U and placed into the
instruction queue.

.In real address mode, the prefetcher may fetch up to

5 bytes beyond the last control transfer or HLT instruc-
tionin 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.

2-83




iAPX 286

Figure 29. Multibus Write Terminated by Asynchronous Ready with Bus Hold
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NOTES
. Status lines are not driven by 80286, yet remain high due to pullup resistors in 82288 and 82289 during HOLD state.

2. Address, M/I0 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. BHE 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 ¥ to HLDA ¥ time is shown. Maximus is one Ty longer.
5. Theearliest HOLD 4 timeis shown whlchwﬂl always allow a subsequent memory cycle if pending.

6. The minimum HOLD 4 to HLDA 4 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
isignored after ready is signaled via the asynchronous input.
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Processor Extension Transfers

The processor extension interface uses 1/O port ad-
dresses 00F8(H), 00FA(H), and O0OFC(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 1/O bus operations to one or more of these
I/O port addresses independent of the value of IOPL
and CPL.

ESC instructions with memory references enable the
CPU to accept PEREQ inputs for processor extension
operand transfers. The CPU will determine the operand
starting address and read/write status of the instruction.
For each operand transfer, two or three bus operations
are performed, one word transfer with I/O port address
00FA(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 responsetoan 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-
dler routine from the interrupt table.

The Master Cascade Enable (MCE) signal of the 82288
is used to enable the cascade address drivers, during
INTA bus operations (See Figure 30), onto the local ad-
dress busfordistribution to slave interrupt controllers via
the system address bus. The 80286 emits the LOCK
signal (active LOW) during T of the 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
INTAto INTA time and CAS (cascade address) out delay
of the 8259A. The second INTA bus operation must al-
ways have at least one extra T, state added via logic
controlling READY. Ap3—Ag are in 3-state OFF until after
the first T, state of the second INTA bus operation. This
prevents bus contention between the cascade address
drivers and CPU address drivers. The extra T, state al-
lows time-for the 80286 to resume driving the address
lines for subsequent bus operations.

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 LOCK either ex-
plicitly (via the LOCK instruction prefix) or
implicitly (i.e.” 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 PEREQinput.

Data transfer performed by EU as part of an
instruction.

(Lowest) Aninstruction prefetch request from BU. The
EU will inhibit prefetching two processor
clocks in advance of any data transfers to
minimize waiting by EU for aprefetch 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 S1, S0 and COD/
INTA are LOW and M/ID is HIGH. A4 HIGH indicates
halt, and Ay LOW indicates shutdown. The 82288 bus
controller does notissue ALE, nor is READY required to
terminate a halt or shutdown bus operation.

During haltor shutdown, the 80286 mayservice PEREQ
or HOLD requests. A processor extension segment
overrun exception during shutdown will inhibit further
service of PEREQ. 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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Figure 30. Interrupt Acknowledge Sequence
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NOTES:

1. Dataisignored. .
2. First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width.

3. Second INTA cycle must have at least one wait state inserted since the CPU will not drive A,3 — Ao, BHE, and LOCK until after the first
TC state.

The CPU imposed one/clock delay prevents bus contention between cascade address buffer being disabled by MCE Vand 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
8259A also requires one wait state for minimum INTA pulse width.

4. LOCKiis active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycleé in a multi-master system.
5. Ay — Ag exits 3-state OFF during ¢2 of the second T 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-
tem, 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. Itincludes the CPU plus an
8259A interrupt controller, 82284 clock generator, and
the 82288 Bus Controller. The iAPX 86 laiches (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 abifity
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

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 Tg 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 h|gh 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. Multibus 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/INTA
and M/O signals are applied to the decode logic to dis-
tinguish between interrupt, /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

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 T state to each bus operatlon
which uses the Multibus.

A second 82288 bus controlier 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

8286

8287

DATA

DATA D15-Do

DTR

82288
BUS
CONTROLLER

I

DEN
16 MHz

aa

82284
CLOCK
GENERATOR

. f

READY

DRAM
2118, 2164

80286 READY

RAS
CAS

CPU

STATUS 50. 51, M/I0.

MULTIBUS SELECT

XACK

—— MULTIBUS
——— COMMAND

8207
DRAM

SELECT

CONTROL
(MRDC, MWTC)
SELECT
Mux
»

ADDRESS

ADDRESS A23-Ap, BHE, LOCK

Figure 33 shows the addition 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

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, leadiess JEDEC
type A hermetic chip carrier. Figure 34 illustrates the

package, and Figure 2 shows the pinout.

Figure 34. 80286 JEDEC Type A Package

.050
(1.27)

.800
(20.32)

(0.99)

PIN No.w/

L0000t

039

JOIOIOIT

|

WAL IO WICAE NI

.960

PIN NO. 1

(24.38)

\ PIN NO 1 MARK

094
(2.39)

066

(1.68)

130
(3.30) -

Ambient Temperature Under Bias
Storage Temperature . . .. ......... -65°Cto +150°C

Voltage on Any Pin with
RespecttoGround . . .. .............

Power Dissipation

ABSOLUTE MAXIMUM RATINGS*

*NOTICE: Stresses above those listed under “Absolute Max-
imum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice 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 ex-

tended periods may affect device reliability.

D.C. CHARACTERISTICS (80286: Tp = 0°C1070°C, Vg = 5V = 10%)

Symbol | Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 +0.8 \

VIH Input High Volitage 2.0 | Vgc+0.5 \Y

VoL Output Low Voltage 0.45 \J loL=3.0mA

VoH Output High Voltage 2.4 v loH= —400 LA

lcc Power Supply Current 600 ‘mA Tp=25°C

[T Input Leakage Current +10 pA OV<V|N=sVco
ILo Output Leakage Current +10 pA 0.45V = Vouyt < Ve
Vo8 Clock Input Low voltage ~-0.5 +0.6 \'] )
VcH Clock Input High Voltage 3.8 | Vgc+1.0 \Y

on | Cpecectis o | e |e=tue

Co Capacitance of I/O or outputs 20 pF fc=1MHz

CoLk Capacitance of CLK Input 12 pF fo=1MHz
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ents

+ IAPX 286

80286 Timing Requirem

Symbol | Parameter Min. | Max. | Units | TestConditions
1 System clock period 62.5 250 ns
2 System clock low time 15 230 ns at.6 Volts
3 System clock high time 20 235 ns at 3.2 Volts
4 Asynchronous input setup time 20 ns Seenote 1
5 Asynchronous input hold time 20 ns Seenote 1
6 RESET setup time 20 ns
7 RESET hold time 0 ns
8 " Read datain setup time * 10 ns
9 Read data in hold time 5 ns
10 READY setup time 38.5 ns
11 READY hold time 25 ns
12 STATUS/PEACK valid delay 0 40 ns
13 Address valid delay 0 60 ns
14 Write data valid delay -0 50 ns Cp = 100 Pfd max
15 Address/Status/Data fioat delay 0 60 ns
16 HLDA valid delay 0 60 ns
82284 Timing Requirements
Symbol | Parameter ’ Min. [ Max. | Units | Test Conditions
17 SRDY/SRDYEN setup time 15 ns
18 SRDY/SRDYEN hold time 0 ns v
19 ARDY/ARDYEN setup time (] ns Seenote 1
20 ARDY/ARDYEN hold time 16 . ns See note 1.
CL = 75pid
21 PCLK delay 0 40 ns loL = 5.25ma
loy = —1.05ma
NOTE 1: These times are given for testing purposes to assure a predetermined action.
82288 Timing Requirements
Symbol | Parameter Min. | Max. | Units | TestConditions
22 CMDLY setup time 20 ns
23 CMDLY hold time 0 ns
Cp = 300 pfd max
24 Command delay 3 15 ns loL = 32 ma max
loq = —5mamax
25 ALE active delay 3 15 ns '
26 ALE inactive delay 0 20 ns
27 DT/R réad active delay 0 20 ns
28 DT/R read inactive delay 10 40 ns | CL=80pfdmax
- loL = 16 mamax
29 DEN read active delay 10 50 ns lon = ~1mamax
30 DEN read inactive delay 3 15 ns
31 DEN write active delay 0 30 ns
32 DEN write inactive delay 3 30 ns
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- WAVEFORMS

MAJOR CYCLE TIMING

¢

| READ

BUS CYCLE TYPE
— Ven

CLK

i
Veu

51030 ‘

—| ® - — ® |<—~
Az-Ag S
WG, CODIRTA VALID ADDRESS VALID ADDRESS VALID IF Tg

® jo- — @ |4

—® — @ |4 — @
Dis-Dg = = m = m | R S - K VALID WRITE DATA -
VALIG READ DATA -

L ANNHITINHTIITIRNNNN \\\\\\\\\(\(’!( %///// T R T

'

B — @
saov--saoveR ATINTATLIRITTHRITA I \\\JK 4'}//// I

~
)

@;//_/////////// WIS, ®‘1;}}\_\\\ AL TANIRNAN AN RN

PCLK /_\ /_ * _7{ \ / \ / \ /— N

B —-@F@ _
ne J; / T\ PN
| @ @-afr B[ SR
cmoLy | I///////////// W | NS _L_ il

@)Lt* @4{:

. MWYT

82288

WRDT

DTR

DEN

A

NOTE:
1. MWTC is valid at this point only if CMDLY 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
et Ty — Veu

@2
—/_XL/_—N Veu ® (SEENOTE 1)
G
- @)= > ()| -— T
PCLK RESET —
(SEE NOTE 1) \
— el _ le . N
e | . :
HOLD,PEREQ
T m m : A

mm NMI RESET . 4
(szs NOTE z)

NOTES: NOTE 1: When RESET meets the setup time shown, the next CLK
. PCLKindicates which processor cycle phase will occur on the next will start or repeat ¢1 of a processor cycle.

CLK . PCLK may not indicate the correct phase until the flrst bus
cycle is performed.

2. These inputs are asynchronous. The setup and hold times shown
assure recognition for testing purposes.

CLK

CLK

EXITING AND ENTERING HOLD

BUS CYCLE TYPE Tw "TsORT,  TGcORT, n T
Veu 81 @ 8 @2 # @2
[ o L/—)k)g./_\_/—\_/_!
HLDA —»
EE .
s (SEE NOTE 4.
I ¢ :
5T e 50 _____‘Js_ssnotsa.)—>®}<"— 5, —>@l<——(SEENOTE3.)
- .

80286
l b
~
)
A
m
I
I
I
!
1
!
1
i
i
1

-ee(SEE NOT
®

82284

NOTES:

1. These signals may still be driven by the 80286 during the time shown. The worst case in terms of latest float time is shown.
2. The data bus will be driven as shown if the last cycle before T, in the diagram was a write T¢.

3. The 80286 floats its status pins during Ty. 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
T Ts
Veu o2 »1 *2
CLK .
Veu 1’0 READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY

I MEMORY READ IF MEMORY TO PROC. EXT. /_ 'O WRITE IF MEMORY TO PROC. EXT.

steso | \ _/_U

MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER
A A /O PORT ADDRESS QOFA(H) IF MEMORY TO PROC. EXT. TRANSFER
23 — Ao

- COD INTA | 10 PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER
. MEMORY ADDRESS F MEMORY TO PROC. EXT. TRANSFER

—
(SEENOTE 1)

PEACK
(SEENOTE 2) —{ -2 (5) |«— )

RN

NOTES:
1. PEACK always goes active during the firstbus operation of a proceSéor extension data operand transfer sequence. The first bus operation
will be either a memory read at operand address or I/O read at port address OOFA(H).
2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is: 3X® @max
@ min.- The actual, configuration dependent; maximum time is: 3X (D) ~ D max =@ min. + AX2 XD
A is the number of extra T¢ states added to either the first or second bus operation of the processor extension data operand transfer
sequence.

"

INITIAL 80286 PIN STATE DURING RESET

BUS CYCLE TYPE
VeH
CLK
Veu X (SEENOTE 2.)
—® (SEENOTE 1.) : 5y ® @I_,
RESET | T
:
® 53
5150 . TC
SEACK UNKNOWN
A A C _‘3()
23 — Ag
BRE UNKNOWN * ]
. = >>|
M ] Ek
UNKNOWN N
INTA 53X
COD/INTA L J 2
. : ® 52
L9
g UNKNOWN . *
mallO)
SSZSWW (SEENOTE3.)
DATA D)) ) IO O I I I OO OO —m e e e e e e - - = = ===

(i)
HLDA UNKNOWN : 33
¢
NOTES:

1. Setup time for RESET 4 may be violated with the consideration that ¢1 of the processor clock may begin one system CLK period later.

2. Setup and hold times for RESET v must be met for proper operation. -

3. Thedata 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 BYTE2 BYTE3
e85 4321076543210 _______
[Ll [ l l [ l I [ LOW DISP/DATA

’ OPCODE  |d|w|mod| reg vm | N

L_:

A. SHORT OPCODE FORMAT EXAMPLE

BYTE 1 BYTE 2 BYTE3
7 6 543 2107 6543210763543 210

REGISTER OPERAND/EXTENSION OF OPCODE

REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH
WORD/BYTE OPERATION .
DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER

OPERATION (INSTRUCTION) CODE

EENRERARERNES

LONG QPCODE . ] mod m

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
MHz 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 instruction clock
counts include all time required to fetch, decode, and
prepare the nextinstruction for execution.

. Bus cycles do not require wait states.

. There are no processor extension data transfer or
local bus HOLD requests. ,

. No exceptions occur during instruction execution.

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
-ifd

1 then to register; if d = 0then from register

if w = 1then word instruction; if w = 0 then byte
instruction
it s = 0 then 16-bitimmediate data form the operand
if s = 1 then an immediate data byte is sign-extended
to form the 16-bit operand
x don'tcare
z used for string primitives for comparison with ZF
FLAG

If two clock counts are given, the smaller refers to areg-
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 bytes of code in next instruction
Level (L)—Lexical nesting level of the procedure

i
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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. Thisis a protected mode instruction. Attempted ex-

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 0.

5. Processor extension segmeni 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. LOCK is automatically asserted regardless of the
presence or absence of the LOCK instruction prefix.

PROTECTED VIRTUAL ADDRESS MODE ONLY

8. Thedestination 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) WI|| 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.

ecution in real address mode will result in an unde-

10.

11.

12.

13.
14.

15.

16.

17,

For segment load operations, the CPL, RPL, and
DPL 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.

All segment descriptor accesses inthe GDT or LDT
made by this instruction will automatically assert
COCK to maintain descriptor integrity in muttipro-
cessorsystems. -

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.
A general protection exception (13) occurs if CPL
# 0.

A general protection exception (13) occurs if
CPL > IOPL.

The IF field of the flag word is not updated if
CPL > IOPL. The IOPL field is updated only if
CPL = 0.

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 zeroflag is cleared.

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
limitis violated by the operand’s starting address. If
asegment limitis 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
Reat | Protected | Real | Protected
FUNCTION FORMAT s | e | s |
: Mode Mode
DATA TRANSFER
MOV = Move:
Register to Register/Memory [T000100w][ modreg mm | 2,3 2,3* 2 9
Register/memory to register [1000101 w[ modreg ©vm | 2,5* 2,5 2 9
Immediate to register/memory [1 100011 w][ mod000 wm | data | dataifw=1_|| 23° 2,3 2 9
Immediate to register [To1 1w reg [ data [ dataifw=1_] 2 2
Memory to accumulator [fo10000w] addrlow |  ‘addrhigh | 5 5 2 9
Accumulator to memory [T 010001 w] addrlow | addrhigh | 3 3 2 9
Register/memory to segmentregister  [1 000111 0] modOreg vm | : 2,5 17,19 2 9,10,11
Segment register to register/memory  [1 000110 0] modOreg ©m | 2,3 2,3* 2 9
PUSH = Push:
Memory 111111 1] modito mm | 5* 5* 2 9
Register | 3 3 2 9
Segment register 3 3 2 .9
Immediate (0110105 0] data | dataifs=0_ | 3 3 2 9
PUSHA = Push Al 17 17 2 9
POP = Pop: ' :
Memory 1000111 1] mod000 mm | 5° 5° 2 9
Register 01011 reg 5 5 2 9
Segment register (reg#01) 5 20 2 9,10,11
)
POPA = Pop All 19 19 2 9
XCHG = Exchange: .
Register/memory with register [1000011 w[ modreg _vm | 35° 35" 2,7 79
Register with accumulator 10010 reg 3 3
IN=Inputfrom: -
Fixed port 110010 w] port } 5 5 14
Variable port 5 5 14
OUT = Output to:
Fixed port [T11o00ttw] port ] 3 3 14
Variable port 3 3 14
XLAT = Translate byte to AL 5 5 9
LEA = Load EA to register [fo00110 1] modreg m | 3 3
LDS = Load pointer to DS [{700010 1T modreg vm ]  (mod + 11) 7 21 2 9,10,11
LES = Load pointer to ES [1 1000100 modreg vm ]  (mod + 11) 7 21 2 9,10, 11
LAHF = Load AH with flags 2 -2
SAHF =Store AH into flags 2 2
PUSHF = Push flags 3 3 2 9
POPF = Pop flags 5 5 ‘2.4 9,15
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
Address | Virtual | Address | Virtual
FUNCTION FORMAT Mode Address Mode | Address
Mode Mode
ARITHMETIC
ADD = Add: ;
Reg/memory with register to either [o00000dw| modreg ©m | 2,7* 2,7 2 9
Immediate to register/memory [t 00000sw] mod000 rm | data [ dataiftsw=01 ] 3,7° 3,7 2 9
Immediate to accumulator [00000f0w]  daa | dataifw=1""| 3 3
ADC = Add with carry: .
Reg/memory with register to either [ooot100dw] modreg vm | 2.7 2,7 2 9
Immediate to register/memory [foo000sw[ modoto wm | data | dataitsw=01 | 37 | 37 2 9
Immediate to accumulator [ooot1o10w|]  data | dataitw=1_| 3 3
INC = Increment:
Register/memory (111111 w] modoo0 rm | 27 27 2 9
Register 01000 reg 2 2
SUB = Subtract: v
Reg/memory and register to either [001010dw] modreg vm | 2,7* 27" 2 9
Immediate from register/memory [100000s w[ mod101 wm | data | dataifsw=01 || 3,7° 3,7 2 9
Immediate from ac { [oo1o110w] data [ dataiftw=1_} 3 3
SBB = Subtract with borrow:
Reg/memory and register to either [000110dw| modreg vm | 1 7 2 9
Immediate from register/memory [To0000sw| modo11 rm | data | “dataitsw=01"]| 3.7* 3,7 2 9
Immediate from accumulator [oeot1Tow] data [ dataifw=1_] 3 3
DEC = Decrement:
Register/memory [[111 111 w] med001 rm | 2,7 2,7 2 9
Register 01001 reg 2 2
CMP =Compare: .
Register/memory with register [Co11101w[ modreg rm | 2,6 26° 2 9
Register with register/memory 0011100w] modreg r/m | 2,7* 2,7* 2 -9
Immediate with register/memory {1 00000sw] mod111 wm | data [ dataifsw=01 ][ 36 | 36 2 9
Immediate with foort11ow] data [ dataitw=1_| 3 3
NEG = Change sign 1111011 w] modo1l um | 2 I 2 7
AAA = ASCI| adjust fdr add 00110111 3 3
DAA = Decimal adjust for add 00100111 3 3
AAS = ASCl| adjust for subtract 00111111 3 3
DAS = Decimal adjust for subtract 00101111 3 3
MUL = Multiply (unsigned): 1111011 w|] med100 rm |
Register-Byte 13 13
Register-Word 21 21
Memory-Byte o 16* 16* 2 9
Memory-Word 24 24* 2 9
IMUL = [nteger multiply (signed): [T111011w] mod101 vm |
Register-Byte 13 13
Register-Word 21 21
Memory-Byte 16* 16* 2 9
Memory-Word . 24* 24 2 9
I(MULE)Integerimmediate multiply [0110710s 1] modreg rm | data | dataits=0 || 21,24* | 21,24* 2 9
signe "
DIV = Divide (unsigned): [t111011w] mod170vm |
Register-Byte . 14 14
Register-Word 22 22
Memaory-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
Address | Virtual | Address [ Virual
FUNCTION FORMAT Mode | Address | Mode | Address
Mode Mode
ARITHMETIC (Continued):
IDIV = Integer divide (signed): P11101 1wl mediil wm |
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 [f1010100 Joooo1o010] 16 16
AAD = ASCII adjust for divide [[1o1e101Joo0001010] 14 14
CBW = Convert byte to word 10011000 2 2
CWD = Convert word to double word 10011001 2 "2
LOGIC
Shift/Rotate Instructions:
Register/Memory by 1 [1101000w] ‘mod TTrm | 2.7 2,7 2 ]
Register/Memory by CL 1101001 w] mod TTTm | S+n8+nt | S+n8+nt 2 9
Register/Memory by Count [t 100000w[ modTITem [ count ] Seng+nt | 5+ng+n 2 9
TTT Instruction
000 R0L
001 ROR
010 RCL
011 RCR
100 SHUSAL
101 SHR
111 SAR
AND = And:
Reg/memory and register to either [001000dw| modreg ©m | 27" 2,7* 2 ]
Immediate to register/memory [1000000w] mod100 vm [ data | dataifw=1 3 37 2 9
Immediate to accumulator [oo1o0010w] data | dataitw=1_] 3 3
TEST=And tunction to flags, no result: '
Register/memory and register |1 000010w] modreg r/m 2.6* 2,6* 2 9
Immediate data and register/memory  [1 111011 w| mod000 rm | data | dataifw=1 36° 3.6° 2 9
I  data and 1ot1of100w] . data [ dataitw=1_] 3 3
OR=0r: .
Reg/memory and register to either [000010dw[ modreg vm | s 2,7* 2 9
Immediate to register/memory [{000000w[ mod001 mm | data | dataitw=1 3,7 3,7 2 9
Immediate to accumulator [o0001T0w] data | dataifw=1 | 3 3
XOR = Exclusive or:
Reg/memory and register to either {[001100dw] modreg rm | 2,7+ 2,7 2 9
Immediate to register/memory 11000000 w| mod110 rm | data | dataifw=1 3.7 3.7 2 9
Immegdiate to accumulator [oo11010w] data | dataitw=1 ] 3 3
NOT = Invert register/memory [P111011w] med010 vm | 21 27 2 9
STRING MANIPULATION:
MOVS = Move byte/word 1010010w 5 5 2 9
CMPS = Compare byte/word 1010011 w 8 8 2 9
SCAS = Scan byte/word 1010111 w 7 7 2 9
LODS = Load byterwd to ALAX 5 5 2 9
STOS = Stor byte/wd from AUA 1010101 w 3 "3 2 9
INS = Input byte/wd from DX port 0110110 w 5 5 2 9,14
OUTS = Output byte/wd to DX port 0110111 w 5 H 2 9,14

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
Address i Virtual | Address | Virtual
FUNCTION FORMAT Mode Address Mode Address
Mode Mode
STRING MANIPULATION (Continued):
Repeated by count in CX ,
MOVS =Move string [{11100tof1o010010w] 5+dn | 5+4n 2 9
CMPS = Compare string [ti111001z[1o010011w] 5+9n 5+9n 2 9
SCAS =Scan string IR KRS I ENEREERT | 5+8n [ 5+8n 2 9
LODS = Load string D1i10010J1010110w] 5+4n | 5+4n 2 9
STOS = Store string [T111001 010101071 w]| : 4+43n | 4+3n 2 9
INS = [nput string [t1110010fo110110w] 5+4n | 5+4n 2 9,14
OUTS =Output string ' 111001 0Jot110711w] 5+4n | 5+4n 2 9,14
CONTROL TRANSFER
CALL =Call:
Direct within segment 11101000 displow |  disphigh | 7+m 7+m 2 8
Register/memory 111111 1] modoiowm | TemMem| T4m i +me 2 8.9
indirect within segment ‘s .
Direct intersegment [foo1i10710] segment offset | 13+m | 26+m 2 8.11,12
. [ segment selector ] ’
Protected Mode Only (Direct intersegment);
Via call gate to same privilege leve! d+m 811,12
Via call gate to ditferent privilege level, no parameters A 82+m 811,12
Via call gate to different privilege level, x parameters B+d4m 811,12
ViaTsS 7+m 8,11,12
Via task gate 182+4m 811,12
Indirect intersegment 11111171 mod01ium | (mod # 11) 1B+m B+m* 2 891112
P d Mode Only ( ! )
Via call gate to same privilege Jevel d+m* 834112
Via call gate to different privilege level, no parameters 83+m* : 89.11.12
Via call gate to different privilege level, x parameters . . 90+4x+m* . 891112
ViaTsS 180+m* 891112
Via task gate . 185+m* 89,1112
JMP = Unconditional jump:
Short/long 110101 1] displow | 7+m 7+m 8
Direct within segment * [T1101001 displow | disphigh | i 7+m 7+m | 8
Register/memory indirect within segment[1 111111 1] mod100 vm |. - ) Temttem| Temttemt 2 8.9
Direct intersegment [11101010] segment offset ] +m | 23+m 8,11,12
| segment selector ]
Protected Mode Only (Direct intersegment):
Via call gate to same privilege level : B+m 8,11,12
ViaTSS 115+m 8,11,12
Via task gate 180+m 811,12
Indirect intersegment [T111111 1] modi0of wm |  (mod # 11) 15+m* 2%+m 2 8,9,11,12
P d Mode Only (Indirect interseg :
Via call gate to same privilege level : A+mt 89.11,12
Via TSS 178+m* 89,1112
Viatask gate 183+m* 8.9,11,12
RET = Return from CALL: ’
Within segment . 1100001 1 . . 11+m +m 2 8.9
Within seg adding immed to SP [{1ooo010] data-low [ data-high | M+em | 1+m 2 8.9
Intersegment 11001011 15+m 25+m 2 891112
Intersegment adding immediatetoSP [1 100101 0] data-low | data-high | S 15+m 2 89,1112
Protected Mode Only (RET):
To different privilege level 55+m
Shaded areas indicate instructions not available iniAPX 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
Address | Virtual [ Address | Virua!
FUNCTION FORMAT ' Mode Address { Mode | Address
Mode Mode
CONTROL TRANSFER (Continued):
JEAIZ = Jump cn equal zer0 [c1110100] disp ] 7+mord | 7+mor3 8
JL/JNGE = Jumponless not greater or equal IO 1111100 ] disp ] 7+mor3| 7+mor3 8
JLE/ING = Jump onless or equal not greater DEEEEEENN disp ] 7+mor3| 7+mor3 8
JB/INAE = Jumponbelow notaboveorequal [0 111001 0 [ disp ] 7+mor3 | 7+mor3 8
JBE/JNA = Jump on below or equal not above [0 1110110 ] disp ] 7+mor3| 7+mor3 8
JP/JPE = Jump on party party even [0r111010] disp | 7+mor3| 7+mor3 8
40 = Jumpon overfiow f [01110000] disp ] 7+mor3| 7+mor3 8
JS = Jumponsign [cr111000] disp ] 7+mor3| 7+mor3 8
JNE/INZ = Jump onnot equal not 260 [o1t1tot101] disp | 7+mor3| 7+mor3 8
JINL/JGE = Jumponnatess eater ot equal [ot111101] disp ] 7+mor3| 7+mor3 8
JNLEZJG = Jump onnotless or equal greater [0 1111111 ] disp ] 7+mor3| 7+mord 8
JNB/JAE = Jumponnot below above or equal |0 1110011 ] disp ] 7+mor3| 7+mord 8
JINBE/JA = Jumponnotbelworequai o [0 111011 1] disp ] 7+mor3| 7+mor3 8
JNP/JPO = Jump on not par gar odd [O111101 1] disp ] 7+mor3| 7+mord 8
JINO = Jump on notoverfiow [0 111000 1] disp | 7+mor3{ 7+mor3 8
INS = Jump onnotsign for11100 1] disp ] 7+mor3| 7+mor3 8
LOOP = LaopCX times [t1100010] disp | 8+mord [-8+mord 8
LOOPZ/LOOPE = Loop whil 2610 equal [ 110000 1] disp ] 8+mord | 8+mord 8
LOOPNZ/LOGPNE = Loophitenot zeroequal  [1 110000 0 | disp ] 8+mord | 8+mord 8
JCXZ = Jumpon L zero [T11o000t 1] disp | 8+mord | 8+mord 8
ENTER = Enter Procedure [T1oo01000] datalow | datahign | L ]
t=0 n 1 2 9
t=1 15 15 2 9
L>1 1B-4L-1) | 16-4L-1) 2 9
LEAVE = Leave Procedure 11001001 5 5 2 9
iNT=Interrupt:
Type specitied [t1001101] type 23+m 2
Type3 1T1001100] 23+m 2
INTO = Interrupt on overflow 11001110 A-mord A-mard 2
(310 [KREY
Protected Mode Only: . AR AT
Via interrupt or trap gate to same privilege level 40+m 8,11.12
Viainterrupt or trap gate to fit different privilege leve! 78+m 8,11.12
Via Task Gate 167-m 8,11.12
IRET = Interrupt return 17+m | 3+m 2.4 | 891255
Protected Mode Only: ’
To different privilege level 55+m 8.9.11.12.15
To different task (NT= 1) - 189-m 89.11.12
BOUND = Detect value out of range [011000710] modreg rm | 13 . 2.6 £89.11.12
. - {Use INT clock
countif
excepton S

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
Address | Virtual | Address | Virtual
FUNCTION FORMAT Mode | Address | Mode | Address
Mode Mode
PROCESSOR CONTROL
CLC =Clear carry 11111000 2 2
CMC = Complement carry 11110101 2 2
STC = Set carry 71111001 2 2
CLD = Clear direction 11111100 2 2
STD = Set direction 11111101 2 2
CLI=Clear interrupt 11111010 3 3 14
STI=Setinterrupt 11111011 2 v 2 14
LT =Halt [ 1110100 2 2 13
WAIT = Wait 3 3
LOCK = Bus lock prefix 11110000 0 0 14
CTS = Clear task switched flag foooo1111Joo0000110] 2 2 3 13 .
ESC = Processor Extension Escape [fo0o1 17T T[] mod LLL vm | 9-20 9-20° 5 17
' (TTT LLL are opcode to processor extension) ’
PROTECTION CONTROL
LGDT = Load global descriptor tabe register [00001111J00000001] mod010rm | " 1M 2,3 9,13
SGDT = Store global desciptortable register [oooo1111fo0000001] modo00 vm | 1* 1* 2.3 9
LIDT = Loadinteruptdescriptortableegiser [0 000 111 110000000 1] mod0i1 rim | 12 12 23 9,13
SIDT = Store nterruptcescriportableregistr [0 000111 1] 0000000 1] mod001 rm_| 12* 12* 23 9
LLDT = Load loca! descriptor table register
from register memory foooo01111]o0000000] wmodotovm |} 17,19 1 9,11,13
SLDT = Store Jocal descriptor table register
o registerimemory [ooo001111J00000000] mod000 m ] 2.3 1 9
LTR = Load task register
from tegistermemory fovoot1111J00000000] modotiwm | 17,19 1 9,113
STR = Store task register
1o tegister memory l[oooo1111Joo0000000] mod00t rm ] 2.3" 1 9,113
LMSW = Load machine status word
from registerimemory [ooo0o01111J00000001] modit10 vm | 36 38 .23 9,13
SMSW = Store machine status word 0000111 1J0000000 1] moed100vm | 2,3* 2,3 2,3 9
LAR = Load access fights
from register/memory 0000111 1] 00000010] modregrim | 14,16* 1 9,16
LSL = Load segment imit
rom tegisterimemory 0000111 1]J00000011] modregm | 14,16* 1 9.16
ARPL = Adjust requested privilege level;
from register/memory [0110001 1] modreg vm_| 10°,11° 2 9
VERR = Verfyread access: y [po001111Jo0o000000] mod100rm ] 14,16* 1 9,16
VERR = Verify wrte access: [00001111]00000000] mod101 t/im | 14,16* 1 9,16

Shaded areas indicate instructions not available iniAPX 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 r/m fields:

ifmod = 11 thenr/mis treated as a REG field

if mod = 00 then DISP = 0*, disp-low and disp-high
are absent

ifmod = 01 then DISP = disp-low sign-extended to
16-bits, disp-high is absent

ifmod = 10then DISP = disp-high: disp-low

.

ifr/m = 000then EA = (BX) + (Sl) + DISP
ifr/m = 001 then EA = (BX) + (DI) + DISP
ifr/m = 010then EA = (BP) + (SI) + DISP
if /m = 011 then EA = (BP) + (DI) + DISP
if/m = 100then EA = (Sl) + DISP

ifr/m = 101 then EA = (DI) + DISP

ifr/m = 110then EA = (BP) + DISP*

ifr/m = 111 then EA = (BX) + DISP

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

*exceptif mod = 00 and r/m = 110then EA = disp-high: disp-low.

SEGMENT,OVERRIDE PREFIX
001reg110

reg is assigned according to the following:

Segment
reg Register
00 ES
01 CS
10 SS
1 DS

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

16-Bit(w = 1)
000 AX
001 CX
010 DX
011 BX
100 SP
101 BP
110 SI
111 DI

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 DI register) are computed using the ES
segment, which may not be overridden.

000
001
010
011
100
101
110
111

AL
CcL
DL
BL
AH
CH
DH
BH
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16-Bit 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 BUS INTERFACE UNIT

RELOCATION
REGISTER FILE

REGISTER FILE

SEGMENT
DATA, REGISTERS
POINTER, AND AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER

(5 WORDS)

==l

16-BIT ALU

BRE/S,
A19/Sg
Ae/S3

>
BUs "
INTERFACE AD15:ADg
uNIT
S

FLAGS

ITA, RD, WR

3 OT/R, DEN, ALE

7

6-BYTE
INSTRUCTION
QUEUE

TEST ——

INT

NMl ———] 2 QSg. QS
CONTROL AND TIMING

RO/GTy3 2
CLK RESET | READY MN/MXG Vee

HOLD ———=

HLDA ~—rif

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 modes. 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
D-40-1, P-40-1

o] e 40 [ vee

1

a0y 2. 39 E ADy5

Aoy 3 38 At6/S3
Aoy )4
aop []s as
Ly =
ADg []7
a0y []8

ap; (]9 32 RD
ADg [] 10 8088 an RG/GTy (HOLD)
aDg [ 11 cry a0 RQ/GT; (HLDA)
-
-]
-
-]
-
-
|
]

A0y []12 29 LoCK  (WR)
Ap; [}13 2835 (W/10}
AD; [T] 14 27 5 (DT/R)
ADy 15 26 5 (DEN)
ADg é 16 25 Qsy ' (ALE)
NME 17 24 as, (INTR)
INTR [] 18 23 TesT
ok [ 19 22 READY
GND 20 2 RESET

Note: Pin 1 is marked for orientation.

01966B-1 01966B-2
"ORDERING INFORMATION
Package Clock Frequency

Type Ambient Temperature 5MHz 8MHz 10MHz
Molded DIP o o P8086 P8086-2 P8086-1
Hermetic DIP 0°C < Ta=70C D8086 D8086-2 | DB086-1 '
Hermetic DIP —40°C < Tp < 85°C ID8086 '
Hermetic DIP —-55°C = Tp < +125°C MD8086B

Multibus is a registered trademark of Intel Corp. 01966B-MMP

2-104




8086/8086-1/8086-2

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 i
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 of a destination

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 offsetaddress 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 shownin 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 always
begin execution at location FFFFOH, where the jump must
be located.

Addresses 00000H through OO3FFH 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 3a. Memory Organization

FFFFFH
-

o =

64KB CODE SEGMENT

ey ~ XXXXOH

STACK SEGMENT
+OFFSET

SEGMENT
REGISTER FILE

cs
SS
DS
ES

DATA ’SEG MENT

\
Y
\
Y

EXTRA DATA SEGMENT

T——T o0000H 019668-3

Figure 3b. Reservea Memory Locations

FFFFFH
RESET BOOTSTRAP
PROGRAM JUMP
FFFFOH

INTERRUPT POINTER
FOR TYPE 255

.

- . -

T .

INTERRUPT POINTER i
FOR TYPE 1

INTERRUPT POINTER
FOR TYPE 0

019668-4

Memory Segment Register .
Reference Need Used Segment Selection Rule

Instructions CODE (CS) Automatic for all prefetching of instructions.

Stack STACK (SS) All stack pushes and pops, and all memory references
relative to BP base register except data references.

Local Data DATA (DS) Data references which are relative to the stack, the destination
of a string operation, or explicitly overriden.

External (Global) Data EXTRA (ES) Destination of string operations, when they are explicitly
selected using a segment override.
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MINIMUM AND MAXIMUM MODES CPU. The CPU communicates status information to the 8288
The 8086 has two system configurations, minimum and through pins S(I,.' Sy, and Sp. In maX|mumhmode, the 8086 can
maximum mode. The CPU has a strap pin, MN/MX, which defines OPGrT%m afmu iprocessor system, using the LOCK signal within
the system configuration. The status of this strap pin defines the @ Mulli uSﬁmat.
function of pin numbers 24 through 31. When MN/MX is strapped to Vg, the 8086 operates in minimum
When MN/MX is strapped to GND, the 8086 operates in t’EOde'Jgf ?EU,se?‘dS bus ‘;‘,’”"OI signals 'tser:f througEh pms'24
maximum mode. The operations of pins 24 through 31 are rede- f'°‘,’9, : 'j is shown in Figure 2 (in parentheses.). xamples
fined. In maximum mode, several bus timing and control functions ~ ©f Minimum and maximum mode systems are shownin Figure 4.
are “off-loaded” to the 8288 bus controller, thus freeing up the
Figure 4a. Minimum Mode 8086 Typical Configuration
Vee I-IDH
82844 CLOCK MN/MX Vee
GeneraToR [ ] o1k W/
RES |—] REaoy  iNTA
RESET RD
1' RDY WR
GND 1 oT/R
BEN
WAIT 8086 CPU
STATE e e e e g
GENERATOR
ALE §TB
GND OF 282
AD:"::‘V: ADDR/DATA > 2‘3:',‘ ADDR 43
HE | | —
,————n
b—a]r
oF 8286
@ ] DATA B 3
OPTIONAL
G ol [ = w| [F e
2142 RAM (3) 2716-2 PROM (2) PE‘R‘I‘;?!‘E‘F?AI.
! wre | wae Kxs | 2Kx8 01966B-5
Figure 4b. Maximum Mode 8086 Typical Configuration
= [0 1
o) L MN/WX }=— GnD CLK  WRDC
! GENERATOR oK S0 : 5 wie
RES }—-] READY 5 5 AMWC }— NC
|—{reser 5 5 W% R
I RDY ) DEN CTALR 1owe
: 1 ——07/R  AlGWC NC
GND ALE iNTA
/
e ey p——eqy
GENERATOR
{OCK f—— NC
sTB
GND OF
' 8282
oo Qo oo
M—E -H
——
L.
_DO"‘ o 8286
) @ J< DATA 3
- it 1€
Tso, €50, & o] [ mowe
2142 RAM (4) 2716-2 PROM (2) PEROAL
n{?a | né?c 2Kx8 § 2Kx8 019668-6
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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 1/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 CLK cycles. These are
referred to as Tq, To, T3 and T4 (see Figure 5). The address is
sent from the processor during Ty. Data transfer occurs on the
bus during T3 and T4. T2 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 (Tyy)
are inserted between T3 and T4. Each inserted “Wait” state is of
the same duration as a CLK cycle. “Idle” states (Tq) or inactive

CLK cycles can occur between 8086 bus cycles. The processor ”
uses these cycles for internal housekeeping. .

During T4 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

8086 /O operations can address up to amaximum of 64K I/O byte
registers or 32K /O word registers. The 1/O address appears in
the same format as the memory address on bus lines A5-Ag. The
address lines A1g-A1g are zero in I/O operations. I/O instructions
which use register DX as a pointer have full address capability.
Direct I/O instructions directly address one or two of the 256 1/0
byte locations in page 0 of the /O address space. I/O ports are
addressed in the same manner as memory locations.

Figure 5. Basic System Timing

4 + Nwai) = Tey

(4 + Nwair) = Tey
| LU

Tt I T2 I T3 | Twarr I Ts l T3 I Twair | Ts
CLK
GOES INACTIVE IN THE STATE
JUSTPRIORTO T,
ALE _/—__\ m/\ / \
e\ i) N g \
BHE, A1g-Asg BHE, Atg-Ars
ADDR, o )
smrlfs >< X S783 >< X S7-S3 X
LD O e D et e e
AD, INTA %/
READY READY
READY QESSSMSE } ’ \m:tmﬁ ’

WAIT

WAIT

=T\

F——— MEMORY ACCESS TIME ~=——{

-
F—
— -

01966B-7
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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
CLK cycles. After this interval the 8086 operates normally begin-
ning with the instruction in absolute location FFFFOH (see Figure
3B). 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 50us 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.

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-
mentin 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 MULTIBUS compatible bus
control signals. Figure 5 illustrates the signal timing relationships.

INTERRUPT OPERATIONS BHE | Ag . Characteristics
Interrupt operations fall into two classes; software or hardware 0 0 | Whole word
initiated. The software initiated interrupts and software aspects of 0 1 Upper byte from/to odd address
hardware interrupts are described in the Instruction Set descrip- : (1) ',:l""r:e’ byte fromito even address
tion. Hardware interrupts are either non-maskable or maskable. one
Figure 6. 8086 Register Model
AX AH AL " ACCUMULATOR
BX BH BL BASE
cx CH cL COUNT
oX DH DL DATA
——{ sp STACK POINTER
BP’ BASE POINTER
S| SOURCE INDEX
DI DESTINATION INDEX
. P INSTAUCTION POINTER
FLAGSy | FLAGs_ STATUS FLAGS
c3 CODE SEGMENT
DS DATA SEGMENT
SS STACK SEGMENT
ES EXTRA SEGMENT’

01966B-8
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‘ : 6086/8086-1/8086-2
ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias 0to 70°C
Storage Temperature —-65 to +150°C
Voltage on Any Pin with Respect to Ground ‘ —-1.0to +7V
Power Dissipation 2.5 Watt

*NOTICE: Stresses above those listed uﬁder “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 = 0to70°C, Ta = —40t085°C, TA = —55 to 125°C, Vg = 5V = 10%)
(8086-1: Tp = 010 70°C, Vg = 5V + 5%)
(8086-2: Ta = 010 70°C, Vcg = 5V + 5%)

Parameter Description Test Conditions Min Max Units
ViL Input Low Voltage ~0.5 - +0.8 \
ViH Input High Voltage ' " 2.0 Vee +0.5 v
VoL Output Low Voltage loL = 25mA 0.45 v
VoH Output High Voltage loH = —400pA ’ 24 v

Power Supply Current: 8086 340
Icc 8086-1 | Ta=25C 360 . mA
8086-2 : . 350
Iu Input Leakage Current 0V < V|y < Voo * 10 HA
Lo *| Output Leakage Current 0.45V < Voyr < Vee * 10 HA
Voo Clock Input Low Voltage -0.5 +0.6 \
Veh Clock Input High Voltage . 3.9 Vee + 1.0 \Y
on - 2302?:ga1,;?e:;_g/lelgut Buffer (All input except fc = 1 MHz 15 oF
Cio Capacitance of I/O Buffer (ADy-AD1s, RQ/GT) fc = 1 MHz 15 pF
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AC CHARACTERISTICS (8086: T = 0to 70°C, Vgg = 5V + 10%)

(8086-1: Tp = 0 to 70°C, Vg = 5V + 5%)
(8086-2: Ty = 0 to 70°C, Vg = 5V + 5%)

MINIMUM COMPLEXITY SYSTEM
TIMING REQUIREMENTS

8086

Test 8086-1(Preliminary) 8086-2
Parameter Description Conditions Min Max Min Max Min Max | Units
TCLCL CLK Cycle Period 200 500 100 500 125 500 ns
TCLCH CLK Low Time (2/3 TCLCL) (2/3 TCLCL) (2/3 TCLCL) ns
-15 -14 -15
- . (1/3 TCLCL) (1/3 TCLCL) (1/3 TCLCL)
TCHCL CLK High Time 42 6 +2 ns
TCHICH2 | CLK Rise Time From 1.0 to 3.5V 10 10 10 ns
TCL2CL1 | CLK Fall Time From 3.5 to 1.0V 10 10 10 ns
TDVCL Data in Setup Time 30 5 20 ns .
TCLDX Data in Hold Time 10 10 10 ns
RDY Setup Time into 8284A
TRIVCL (See Notes 1, 2) 35 35 35 ns
RDY Hold Time into 8284A
TCLR1X - (See Notes 1, 2) 0 0 0 ns
TRYHCH | READY Setup Time into 8086 @3 TeLCY 53 (B8 TELOL ns
TCHRYX | READY Hold Time into 8086 30 20 20 ns
READY Inactive to CLK
TRYLCL (See Note 3) -8 -10 -8 ns
THVCH HOLD Setup Time 35 20 20 ns
INTR, NMI, TEST Setup
TINVCH Time (See Note 2) 30 15 15 ns
Input Rise Time
TILIH (Except CLK) From 0.8 to 2.0V 20 20 20 ns
TIHIL Input Fall Time (Except CLK) | From 2.0 to 0.8V 12 12 12 ns
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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
TCLAV Address Valid Delay 10 110 10 50 10 60 ns
TCLAX | Address Hold Time 10 10 10 , ns
TCLAZ Address Float Delay TCLAX 80 10 40 TCLAX 50 | ns
TLHLL ALE Width TCLCH -20 TCLCH -10 TCLCH -10 ns
TCLLH ALE Active Delay 80 40 50 ns
TCHLL ALE Inactive Delay 85 45 55 ns
Tuax | Address Hold Time to TCHCL ~10 TCHCL —10 TCHCL ~10 ns
TCLDV Data Valid Delay 10 110 ., 10 50 10 60 ns
TCHDX Data Hold Time 10 10 10 ns
TWHDX | Data Hold Time After WR TCLCH —30 TCLCH -25 TCLCH -30 ns
TCVCTV | Control Active Delay 1 10 110 10 50 10 70 ns
TCHCTV | Control Active Delay 2 *Cp = 20-100pF 10 110 10 45 10 60 ns
TCVCTX | Controt Inactive Delay thZ'LtBS O(BIg addition 10 110 10 50 10 70 ns
TAZRL gcézﬁgsi;ls:t to to 8086 self load) 0 0 0 ns
TCLRL RD Active Delay 10 165 10 70 10 100 ns
TCLRH RD Inactive Delay 10 150 10 60 10 80 ns
TRHAY | PO dnactve fo Next TCLOL 45 TOLCL ~35 TCLOL ~40 ns
TCLHAV | HLDA Valid Delay 10 160 10 60 10 100 ns
TRLRH RD Width 2TCLCL -75 2TCLCL —-40 2TCLCL ~50 ns
TWLWH | WR Width 2TCLCL -60 2TCLCL -35 2TCLCL -40 - ns
TAVAL Address Valid to ALE Low TCLCH —-60 TCLCH —-35 TCLCH —-40 ns
TOLOH Output Rise Time From 0.8 to 2.0V 20 20 20 ns
TOHOL Output Fall Time From 2.0 to 0.8V 12 ' 12 12 ns

Notes: 1. Signal at 8284A shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recogpnition at next CLK.
3. Applies only to T2 state (8 ns into T3).
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8086/8086-1/8085-2
AC CHARACTERISTICS (Cont.)

" TIMING RESPONSES

) Test 8086 8086-1(Preliminary) 8086-2
Parameter Description Conditions Min Max Min Max Min Max | Units
ToLmL | Gommand Active Delay - 10 35 10 35 10 35 ns
(See Note 1)
Command Inactive Delay
TCLMH. (See Note 1) . 10 35 10 35 10 35 ns
READY Active to Status
TRYHSH Passive (See Note 3) 110 45 65 . 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 80 10 40 TCLAX 50 ns
Status Valid to ALE High i
TSVLH (See Note 1) 15 15 15 ns
Status Valid to MCE High
TSVMCH (Ses Note 1) 15 15 15 ns
CLK Low to ALE Valid '
TCLLH (See Note 1) 15 15 15 ns
CLK Low to MCE High
TCLMCH (See Note 1) 15 15 15 ns
ALE Inactive Delay C_ = 20-100pF
TCHLL (See Note 1) for all 8086 15 15 % ns
- Outputs (In addition
MCE Inactive Delay :
TCLMCL (See Note 1) to 8086 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
Control Active Delay
TCVNV (See Note 1) 5 45 5 45 5 45 ns
Tounx | Gontrol Inactive Delay 10 45 10 45 10 45 ns
(See Note 1)
Address Float to
TAZRL Read Active 0 0 0 ns
TCLRL RD Active Delay 10 165 10 70 10 100 ns
TCLRH RD Inactive Delay 10 150 1 10 60 10 80 ns
RD Inactive to Next
TRHAV Address Active TCLQL —45 TCLCL -35 TCLCL —-40 ns
Direction Control Active
TCHDTL Delay (See Note 1) 50 50 50 ns
Direction Control Inactive :
TCHDTH Delay (See Note 1) 30 30 30 ns
TCLGL GT Active Delay 0 85 0 45 0 50 ns’
TCLGH GT Inactive Delay 0 85 0 45 0 50 ns
TRLRH RD Width 2TCLCL -75 2TCLCL —40 2TCLCL -50 ns
TOLOH Output Rise Time From 0.8 to 2.0V 20 20 20 ns
TOHOL Output Fall Time From 2.0 to o.gv 12 12 12 ns
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L 8086/8086-1/8086-2
AC CHARACTERISTICS (Cont.)
MAX MODE SYSTEM (USING 8288 BUS CONTROLLER)
TIMING REQUIREMENTS

Test 8086 8086-1(Preliminary) 8086-2
Parameter Description Conditions Min Max Min Max Min Max | Units
TCLCL CLK Cycle Period 200 500 100 500 125 500 ns
TCLCH CLK Low Time (2/3 TCLCL) (2/3 TCLCL) (2/3 TCLCL) ns
-15 -14 -15
. X (1/3 TCLCL) (1/3 TCLCL) (1/3 TCLCL)
TCHCL CLK High Time 42 +6 42 ns
TCH1CH2 | CLK Rise Time From 1.0 to 3.5V 10 10 10 ns
TCL2CL1 | CLK Fall Time ) From 3.5 to 1.0V 10 10 10 ns
TDVCL Data in Setup Time 30 5 20 X ns
TCLDX Data in Hold Time 10 10 10 ns
RDY Setup Time into 8284A '
TR1VCL (See Notes 1, 2) 35 35 35 ns
RDY Hold Time into 8284A
TCLR1X (See Notes 1, 2) -0 0 0 ns
TRYHCH | READY Setup Time into 8086 @3 TELCL) 53 @3 ToLey ns
TCHRYX | READY Hold Time into 8086 N 30 20 20 ns
READY Inactive to CLK
TRYLCL (See Note 4) -8 . —1‘0 -8 ns
. Setup Time for Recognition
TINVCH [ (INTR, NMI, TEST 30 15 15 ns
) (See Note 2)
TGVCH | RQ/GT Setup Time 30 12 15 ns
TCHGX RQ Hold Time into 8086 ! 40 20 30 ns
Input Rise Time :
TILIH (Except CLK) From 0.8 to 2.0V . 20 20 20 ns
) Input Fall Time o
TIHIL (Except CLK) From 2.0 to 0.8V 12 12 12 ns

Notes: 1. Signal at 8284A or 8288 shown for reference only.
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

WAVEFORMS

MINIMUM MODE

T T2 T3 Tw Ta
TeLeL TCHICH2 TCL2cL /
Veu
CLK (8284A OUTPUT) _7! 5§ 7‘ \ / 5‘ - 7[_\__
Veo
R T TCHCL - ToLCH —=
X
TCLAV —] e TcLov TCHDX —=
TCLAX —»]
BHE/S7, A1g/Se-A16/S3 >( BHE, Ajg-Avg $7-S3
TOLLH —= I~ TLHLL ——]
— TLLAX
. —_——
ALE ‘\ /
N\ VA
*fo— TAVAL —] -
TCHLL —-| ] [~— TRIVCL
ViH
RDY (82844 INPUT) \
SEE NOTE 4 &
vie L
— TCLRIX
TRYLCL —
READY
(8086 INPUT) — TCHRYX
TAVAL —=] -—]Ei:-
TLLAX
TCLAV —=] —] TCLAZ TovCL TCLDX
— TCLAX
AD,5-AD Aqs-AD DATAIN
0 e FLOAT ,ﬂ - FLOAT
TAZAL TCLRH —=| ‘ TRHAV
g 7
READ CYCLE /
(NOTE 1) — TCHCTY TCLRL TRLRH TCHCTY
(WP, INTA = Vo) I
‘DR
TeveTy —| TEVCTX — /
DEN

01966B-9
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8086/8086-1/8086-2

. WAVEFORMS (Cont.)

MINIMUM MODE

Ty T2 T3 Tw Ts
TCLCL ———={TCHICH2 TCL2CL1 /
Ve s
CLK (8284A OUTPUT) A / \ § 7[_\__—
Ve
—= TCHCTV TCHCL [—TCLCH—=
X
—{ TCLDV
TCLAV ——= TCLAX TCHDX —=]
BHE/S7, A1p/Se-A16/S3 BHE, Ayg-Ags S7-83
TCLLH
TLLAX
r—
ALE /
/ ———
TCLAV ~—] TCHDX —=t
ADy5-ADg DATA OUT
TAVAL | TWHDX
TCVCTV —] TeveTX
TLLAX
WRITE CYCLE
(NOTE 1) DEN
(RD,
DT/R = Vou)
TOVETV —=]  |=—
. TWLWH
R Sk 7(
. TCVCTX —=f [
— TCLAZ
TOVCL —| |=— TCLDX
(( /
ADy5-AD, . POINTER
5o / L)) FLOAT FLOAT \
— r TCHCTV — TCHCTV
DT/R
INTA CYCLE -
NOTES 1 & 3) . >
&5_ WR = Vou i TCVCTV —|
=Vou)
INTA
TCVCTV —= TCVCTX —e{
BEN
,
SOFTWARE HALT— INVALID ADDRESS SOFTWARE HALT
RD, WR, INTA = Vg, .
DT/R — INDETERMINATE TCLAV —»]
019668-10
Notes: 1. All signals switch between Vpu and Vo unless otherwise specified.

2. RDY is sampled near the end of Tp, T3, Ty to determine if Tyy 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 (Cont.)

MAXIMUM MODE .

T T2 . T3 T

.

TCLCL TCHICH2 TeLzcLt Tw

e e | = =
X

TCLAV —wi % TCHCL t=—TCLCH —=

%0 % X X i ) X
e TCHSV : — le— TCLSH
o X - \\ ——————
§. 57, Sg (EXCEPT HALT) ™ 7 (SEE NOTE 8)
' : |
TCLAV —={ ToLAX eLov TCHDX —»|
—
—_ ] S
BHE/S7, A9/Sg-A16/Sa BHE, Aqg-A $7-S3
TSVLH — —] TCHLL
TCLLH —=]
_—
ALE (8288 OUTPUT) //
SEE NOTE 5 le— TRIVCL

o AR MMM

— Me— TCLR1X

TRYLCL e .
/
READY (8086 INPUT) . —| TeLax fe— |TRYHSH F— — L TcHRYX
TRYHCH -
READ CYCLE TCLAY —o] —| ToLAZ fu— ToVCL 'rcuuxj
AD45-AD Aq5-AD, " DATAIN
15-ADg 15-ADg FLOAT j\ FLOAT
TAZRL —=| | . TCLRH TRHAV
" X /
| TRLRH
TCHDTL —=| T TCHDTH
TCLRL , .
_ )
D1/A \
TOLML —o| TCLMH —] : \\
8288 OUTPUTS | o oo
SZE NOTES 5,6 |  MADC ORIORC
TCVNV —]
DEN
TCVNX —=]

01966B-11
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80

WAVEFORMS (Cont.)

MAXIMUM MODE (Cont.)

86/8086-1/8086-2

T T2 T3 ' T
Tw
VCH e f— W
" N/ N/ \J N___JZ_\___
veL -
S TCHSV le— TcLSH
o q —————-
§,. Sy, 5g (EXCEPT HALT) 7 ~(SEE NOTE 8) \
. N |\ VR
—]TcLov
WRITE CYCLE TCLAV —o| ey TCHDX —=
AD;5-ADp ' AD5-AD, DATA
TCVNV—=] TCUNX —=|
DEN
— TCLML TCLMH —]
8288 OUTPUTS | s on TiGWE
SEE NOTES 5, 6 AMWC OR AIOWC
— TOLML el TCLMH
.
MWTC OR IOWC
INTA CYCLE
AD,5-ADy FLOAT / ReservEDFOR  \ _ /
(SEE NOTES 3 & 4) CASCADE ADDR /" FLOAT FLOAT N
TCLAZ \'; \ |7mvcu——1 TCLDX
ADy5-AD, 1} POINTER
5% AR FLOAT — N\ FLOAT
TSVMCH —] TCLMCL —
MCE, /’_
I A
TCLMCH —-4 — TCHDTL — TCHDTH
DT/R
8288 OUTPUTS '
SEE NOTES 5, 6 TCLML —| M
"INTA
— TCVNY TCLMH —e]
DEN
SOFTWARE HALT- TCUNX —=
(DEN = Vo ; A, MRDC, 10RC, MWTC, AMWC, TOWG, AJOWC, INTA, = Vo)
AD,5-ADy INVALID ADDRESS
.. TCLAV —=]
- ‘ ———————
52,5150 \
| 019668-12

i
"Notes: 1. All signals switch between Vi and Vo unless otherwise specified."

2
3. Cascade address is valid between first and second INTA cycle.
4
address is shown for second INTA cycle.
5. Signals at 8284A or 8288 are shown for reference only.
6.

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.

. RDY is sampled near the end of Ty, T3, Ty to determine if Tyy machines states are to be inserted.

The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN)

. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer
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8086/8086-1/8086-2
| WAVEFORMS (Cont.)

ASYNCHRONOUS SIGNAL RECOGNITION BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY)

ANY CLK cVCLE-eI

— TINVCH (SEE NOTE 1) CLK

CLK \
NMI
r !
INTR SIGNAL

TEST :
TocK
Note: Setup Requirements for Asychronous signals
01966B-14

only to guarantee recognition at.next CLK. 01966B-13

' - REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

>0-CLK CYCLE:

CLK

P

|=— TCLGH ——I TCLGL TCLCL.
TcLCL TCHGX: —1 TCLGH

RELEASE

. PULSE 1

RO/GT PULSE 2

RG/GT 7( copnongssson 8085 61

PREVIOUS GRANT — TCLAZ
AD45-ADg N N
A19/Sg-A16/S3 L 1 ¢
5,515 8086 : COPROCESSOR
RD, LOCK )k —_
BHE/S; vt (SEE NOTE 1)
Notes: The Coprocessor may not drive the buses outside the region shown without risking contention. - 019668-15

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

=1 CLK CYCLE ~={ . 1 0R 2 CYCLES —~={
o f ‘_/1 \\
THVCH ' THVCH .
)l
0
HOLD

, - —
—] TCLHAV —] TCLHAV
)}
«
HLDA
)} e——

— TCLAZ

P ’ i —ik ‘

A19/Sg-A18/S;

TaTJg,/ss /5% ‘ 8086 COPROCESSOR )——( 8086
BHE/S7, M/iO, _ by )

DT/R, WR, DEN ¢ : ¢

019668-16
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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

AD45-ADg 2-16, 39 I/0 | Address Data Bus: These lines constitute the time multiplexed memory/IO address (Ty) and data
(T2, Ta, Tw, T4) bus. Ag is analogous to BHE for the lower byte of the data bus, pins D7-Dy. It is LOW during
Ty when a byte is to be transferred on the lower portion of the bus in memory or /O operations. Eight-bit
oriented devices tied to the lower half would normally use Ay to condition chip select functions. (See BHE.)
These lines are active HIGH and float to 3-state OFF during interrupt acknowledge and Iocal bus
“hold acknowledge.”

Aq9/Se, 35-38 [0} Address/Status: During Ty these are the four most significant

A1g/Ss, address lines for memory operations. During I/O operations

A47/S4, these lines are LOW. During memory and I/O operations, Aq7/Ss | AtgSs | Characteristics

A16/S3 status information is available on these lines during Ta, T3, Tw,
and Ty4. The status of the interrupt enable FLAG bit (Ss) is g(LOW) ? gi::r:me Data
updated at the beginning of each CLK cycle. A{7/S4 and A1g/S3 1 (HIGH) 0 Code or None
are encoded as shown. 1 1 I Data
This information indicates which relocation register is presently Sgis 0
being used for data accessing. (Low)

These lines float to 3-state OFF during local bus “hold
acknowledge.”

BHE/S7 34 (o] Bus High Enable/Status: During T¢ the bus high enable _
signal (BHE) should be used to enable data onto the most BHE Ay Characteristics
significant half of the data bus, pins Dy5-Dg. Eight-bit oriented 0 0 Whole word
devices tied to the upper half of the bus would normally use BHE U byt
to condition chip select functions. BHE is LOW during Ty for 0 ! .OPEZQ a’::re'::'/
read, write, and interrupt acknowledge cycles when a byte is to be
transferred on the high portion of the bus. The S; status information 1 0 Lower byte from/
is available during T, T3, and T4. The signal is active LOW, and to even address
floats to 3-state OFF in “hold.” It is LOW during Ty for the first 1 1 None
interrupt acknowledge cycle.

RD 32 (o] Read: Read strobe indicates that the processor is performing a memory of I/O read cycle, depending
on the state of the S, pin. This signal is used to read devices which reside on the 8086 local bus. RD is
active LOW during Tp, T3 and Ty of any read cycle, and is guaranteed to remain HIGH in T untii the 8086
local bus has floated.

. This signal floats to 3-state OFF in “hold acknowledge.”

READY 22 | READY: Is the acknowledgment from the addressed memory or /O device that it will complete the data
transfer. The READY signal from memory/IO is synchronized by the 8284A Clock Generator to form
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 | 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 internally synchronized. This signal is active HIGH.

TEST 23 ] 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 CLK.

NMI 17 | 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 maskabie 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 | 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 | 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 Vee: +5V power supply pin.

GND 1,20 Ground ‘ ‘

MN/MX 33 1 Minimum/Maximum: indicates what mode the processor is to operate in. The two modes are discussed
in the following sections.
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8086/8086-1/8086-2
TABLE 1. PIN DESCRIPTION (Cont.)

The foliowing pin function descriptions are for the 8086/8288 system in maximum mode (i.e., MN/MX = Vgg). Only the pin functlons which
are unique to maximum mode are described; all other pin functions are as described above

Symbol Pin No. | Type . Name and Function
5, 51,5 " 26-28 0 Status: active during Ty, Ty, and T z:lnd is returned to the 5 s §° Charactoristios
passive state (1, 1, 1) during T3 or during Ty when READY is HIGH. % ol o m
This status is used by the 8288 Bus Controller to generate all o (oW Acﬁ;’:ﬁwge
memory and I/O access control signals. Any change by Sy, Sy, or 0 0| 1| Read 1O Port
.| So during T4 is used to indicate the beginning of a bus cycle, and 0 1| 0 [ write /O Port
the return to the passive state in T3 or Ty is used to indicate the ?(HIGH) ; ; g:'; Accoss
e
end of a bus cycle. . T o 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
RQ/GTU, 30,31 l{e} Request/Grant: pins are used by other local bus masters to force the processor to release the local bus
HQ/GT1 at the end of the processor's current bus cycle. Each pin is bidirectional with RQ/GTg having higher

priority than RQ/GT4. 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 |nd|cates a local bus request (“hold”) to the 8086
(pulse 1).

. 2. During a T4 or Ty 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 rectaim 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 Tp.

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:

. Local bus wili 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 29 0. | LOCK: output indicates that other system bus masters are not to gain control of the system bus while
LOCK is active LOW. The LOCK signal is 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.”

QS4, QSg . 24,25 o Queue Status: The queue status is valid during the CLK cycle after which the queue operation
‘| is performed.

QS and QSy 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 = V5c). 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

MO

28

(0]

Status line: logically equivalent to Sy in the maximum mode. It is used to distinguish a memory access
from an /O access. M/IO becomes valid in the T4 preceding a bus cycle and remains valid until the final T4
of the cycle (M = HIGH, 10 = LOW). M/IO floats to 3-state OFF in local bus “hold acknowledge.”

.29

Write: indicates that the processor is performing a write memory or write 1/O cycle, depending on the
state of the M/IO signal. WRis active for Tp, T3 and Tyy of any write cycle. Itis active LOW, and floats to 3-state
OFF in local bus "“hold acknowledge.”

24

INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW during Ty, T4 and
Tyw of each interrupt acknowledge cycle.

25

Address Latch Enable: provided by the processor to latch the address into 8282/8283 address latch.
Itis a HIGH pulse active during Ty of any bus cycle. Note that ALE is never floated.

27

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 DT/R is equivalent to
S in the maximum mode, and its timing is the same as for MIO. (T = HIGH, R = LOW.) This signal floats to
3-state OFF in local bus “hold acknowledge.”

o
m
P4

26

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 /O access and for INTA cycles. For a read or INTA
cycle it is active from the middle of T until the middle of T4, while for a write cycle itis active from the beginning
of T until the middle of T4. DEN floats to 3-state OFF in local bus “hold acknowledge.”

HOLD,
HLDA

31, 30

/10

HOLD: indicates that another master is requesting a local bus “hold.” To be acknowledged HOLD

must be active HIGH. The processor receiving the “hold” request will issue HLDA (HIGH) as an
acknowledgement in the middle of a T4 or T4 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.

2-121



38087

Numeric Data Processor

iAPX86 Family

functions in hardware
Supports 8-, 16-, 32-, 64-bit integer
Performs 32-, 64-, 80-bit floating point calculations

conforming to IEEE standard

DISTINCTIVE CHARACTERISTICS
o High performance arithmetic and transcendental

Standard 8086 instruction set and addressing modes

Built-in exception handling functions

Muitibus* 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 no round-off error.

The 8087 is built in N-channel depletion load technology, in
a 40 pin package. '

BLOCK DIAGRAM

8088
cLocK OR 8086 PROGRAM DATA
MEMORY MEMORY
rl D I'I REQUEST/ QUEUE
STATUS  TEST
Sa84n J\ BUS -
cLocK  {— LOCAL BUS SYSTEM BUS
DRIVER | INTERFACE
REQUEST/ QUEUE  BUSY
GRANT  STATUS
PERIPHERAL
cLocK 8087
86/20, 88/20
MMC-161
ORDERING INFORMATION
Ambient :
Package Type Temperature Spec Order Number
Hermetic Dip | 0°C <Tp <70°C D8087 |

*Multibus is a registered trademark of Intel Corporation.
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8087
PIN DESCRIPTION

Symbol

Type

Name and Function

AD;5-ADg

/(o]

Address Data: These lines constitute the time multiplexed memory address (Ty) and data (Tp, Ts, Ty, T) bus. Ag

is analogous to BHE for the lower byte of the data bus, pins D7-Dy. It is LOW during Ty when a byte isto 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 Ag
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.

A19/Se,
A1g/Ss,
Aq7/S4,

/0.

Address Memory: During Ty these are the four most significant address lines for memory operations. During memory
operations, status information is available on these lines during T, T3, Tw, and T4. For 8087 controlled bus cycles,
Sg, S4. and S are reserved and currently one (HIGH), while S is always LOW. These lines are inputs which the 8087
monitors when the 8086/8088 is in control of the bus.

BHE/S;

l[e}

Bus High Enable: During Ty the bus high enable signal (BHE) should be used to enable data onto the most st significant

half of the data bus, pins ns Dy5-Dg. 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 Ty for read and write cycles when a byte is to be transferred on the high portion of the
bus. The Sy status information is available during To, T3, Ty, and T4. The signal is active LOW. Sy is an input which the 8087
monitors during 8086/8088 controlled bus cycles.

S2,81, 8

lle}

Status: For 8087 driven bus cycles, these status lines are encoded as follows:
5 5 5

0 (LOW) X X Unused

1 (HIGH) 0 0 Unused

1 0 1 Read Memory

1 1 0 Write Memory

1 1 1 Passive

Status is driven active during T4, remains valid during Ty and T, and is returned to the passive state (1, 1, 1) during T

or during Tyy when READY is HIGH. This status is used by the 8288 Bus Controller to generate all memory access

control signals. Any change in Sy, Sy, or Sg during T, is used to indicate the beginning of a bus cycle, and the retum to the
passive state in Tg or Ty 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.

RQ/GT,

[/[e]

Request/Grant: This request/grant pin is used by the NDP fo 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. Apulse one clock wide is passed to the CPU to indicate alocal bus request by eltherthe 8087 orthe master connected tothe
8087 RQ/GT pin.

2. The NDP waits for the grant pulse and wheniitis received will either initiate bus transfer activity in the clock cycle following the
grant or pass the grant out on the RQ/G T4 pin in this clock if the initial request was for another bus master.

3. The 8087 will generate arelease pulse to the CPU one clock cycle after the completion of the last NDP bus cycle or onreceipt
of the release pulse from the bus master on RQ/GT;.

RQ/GT4

l{e]

Request/Grant: This request/grant pin is used by another local bus master to force the NDP to release the local bus

atthe endof the processor’s current bus cycle. Ifthe NDP is not in control of the bus when the request is made the request/gram
sequence is passed through the NDP on the HQ/GTO pinone 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 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:

1. 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 T4 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. Apulse 1 CLK wide from the requesting master indicates to the 8087 (pulse 3) thatthe “RQ/GT" request is about to 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.

QS4,QSp

QS4, QSg: QS¢ and QS provide the 8087 with status to allow tracking of the CPU instruction queue.

QsS4 QSy
0 (Low) 0 No Operation
0 1 . First Byte of Op Code from Queue
1 (HIGH) 0 Empty the Queue
1 1 Subséquent Byte from Queue

INT

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

Busy: This signal indicates that the 8087 NEU is executing a numeric instruction. It is connected to the CPU’s
TEST pinto provide CPU-NDP synchronization. Inthe case of an unmasked exception BUSY remains active until the exception
is cleared. BUSY is active HIGH.
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PIN DESCRIPTION (Cont.)
Symbol Type ‘ Name and Function
READY | Ready: READY is the acknowledgment from the addressed memory device that it will complete the data transfer.
The RDY signal from memory is synchronized by the 8284A Clock Generator to form READY. This signal is active HIGH.
RESET | 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.
CLK. | 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. '
Voo Power: Vcc is the-+5V power supply pin.
GND Ground: GND are the ground pins. N
CONNECTION DIAGRAMS
Top Views
D-40
?
MAX MAX
MODE  MODE
. 8086 8088
GNO[]1 @ N~ 40 [ vee GNO[]1 @ ~ 4017 Vee
Ay [ 2 39 7] Ays/Dys ADy [] 2 39 Ags
ADy3 [ 38 [ ] Avg/Sy ADyy 13 38 [ Avg/s3
ADyy [] 4 37 [ Ap/ss ADy; [T 4 37[7] Aqz/Sa
ADyy [ 5 36 [ ] Asa/Ss apy [ 36 [1 Ag/Ss
ADy 16 35 ] Ayg/Sg ADyg [ 8 35 [ Age/Ss
ADg 17 34 [ ] BHE/S; ADg []7 34 [ ] BHE/S; (HIGH)
Y 33 [] RO/GT, ADg [ 8 33 [ MN/MX
AD, []9 32 ] INT AD; [}9 32[] RD
Abg ({10 s0a? 31 [ ] rRo/GTy ADg [} 10 sues, a1 [ sa/aT,
AD; ] 11, NPX 30 [JNC . AD; [ 11 cPU 30 [] RG/GT,
ADy [ 12 29 []NC ADy [] 12 29 ] TOCK
AD3 []13 28[]s; . AD3 [] 13 2815,
« ADp [ 14 27 AD; [] 14 7%
ADy [] 15 2615, ADy [} 15 26175
ADy [] 16 25 [T]as, app [] 16 25 [ ] asg
NC [} 17 2a[7asy NMI ] 17 24 [] as,
NC [} 18 23[JBusy INTR [] 18 23 [ ) TEST
CLK [ 19 22 [ ] READY . CcLK [] 19 22 [ ] READY
GND [] 20 21 RESET GND [} 20 21 [_] RESET
1
MMC-162 . i MMC-163

Note: Pin 1 is marked for orientation.
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_ FUNCTIONAL DESCRIPTION System Configuration
The 8087 is a numeric processor extension that provides arith- As a coprocessor to an 8086 or 8088, the 8087 is wired in parallel
metic and logical instruction support for a variety of numeric data with the CPU as shownin Figure 4. The CPU's status (Sg-Sp) and
types. It also executes numerous built-in transcendental func- queue status lines (QSgp-QS1) enable the 8087 to monitor and
tions (e.g., tangent and log functions). The 8087 executes in- decode instructions in synchronization with the CPU and without
structions as a coprocessor to a maximum mode 8086 or 8088. any CPU overhead. Once started the 8087 can process in parallel
Figure 3 presents the registers of the 8087 plus CPU combina- with, and independent of the host CPU. The NPX caninterrupt the
tion. Table 2 shows the range of data types supported by the CPU when it detects an error or exception. The 8087’s interrupt
NDP. The 8087 is treated as an extension to the CPU, providing request line is typically routed to the CPU through an 8259A
register, data types, control, and instruction capabilities at the Programmable Interrupt Controller.
hardware level. At the programmers level the CPU and NDP is
viewed as a single unified processor.
Figure 3. 8087 Register Architecture
8086/88 DATA FIELD ATAG FIELD
16 FILE: 0 79 k{] 64 63 . 0 [}
AX Ry] SIGN EXPONENT SIGNIFICAND
BX Ry
; cx R3
DX Ry
S| Rs
Dt Rg
BP " Ry
spP Rg \
——l 15 . 1]
P l CONTROL REGISTER
FLAGS STATUS REGISTER
l—— — INSTRUCTION POINTER —
cs |
oS | poe DATA POINTER -
ES
\ s |
MMC-164
Table 2. 8087 Data Types
Data . Most Significant Byte
Formats Range |Precision |7 0[7 0|7 0|7 of[7 of[7 o]7 of7 0|7 of7 o
Byte Integer 102 8 Bits l7 lo | Two's Complement
Word Integer 104 16 Bits {15 lo | Two's Complement
Short Integer 109 32Bits | la1 Ip | Two's Complement
Two'
Long Integer 1018 64Bits |lea o] C‘g’;z,em ont'
Packed BCD 1018 18 Digits |[S[—  Di7 D] [ D4 Dol
Short Real 1038 24Bits | S|E; Ep | Fy F23 | Fo Implicit .
Long Real 10308 | s3Bits | S|Ero Eo|Fy Fs2 |Fo Implicit
Temporary Real 104932 64Bits | S|Eq4 Eo|Fo Fea)
Integer: 1 Real: (—1)S (2E-BIAS)(FyeFy. . )
Packed BCD: (1) (Dy7.. .Dg) Bias = 127 for Short Real
1023 for Long Real
16383 for Temp Real
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Figure 4. NDP System Configuration
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;}———— INTR
8259A ) '
PIc l CLK 8086/8088
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IRn | N
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IAPX86 BUS
INTERFACE
COMPONENTS
S, QS; BUSY
8284A -
CLOCK RQ/GTg
GENERATOR )
8087 < i >
cLK 1 CLX  Npp
INT

3|

o

o

i~
MULTIMASTER LOCAL BUS

L

MMC-165

The 8087 uses one of the request/grant lines (typically RQ/GT)
to obtain control of the local bus for data transfers. The other
request/grant line is available for general system use (for in-
stahce by an I/O processor in LOCAL mode). A bus master can
also be connected to the 8087's RQ/GT+ line. In this configuration
the 8087 will pass the request/grant handshake signals between
the CPU and the attached master when the 8087 is notin 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. A1g through Aqg are time multiplexed with four status lines
S3-Sg. S3. S4 and Sg are always one (high) for 8087 driven bus
cycles while Si is always zero (low). When the 8087 is monitoring
CPU bus cycles (passive mode) Sg 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 Sg low.) S7 is multiplexed
with and has the same value as BHE for all 8087 bus cycles.

The first three $tatus lines, Sy-Sp, are used with an 8288 bus
controller to determine the type of bus cycle being run:

52 0§ So

0 X X * Unused

1 0 0 Unused

1 0 1 Memory Data Read

1 1 0 Memory Data Write

1 1 1 Passive (no bus cycle)

Programming Interface

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 shownin 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 teraporary 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 round off, 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 executlon times of
some typlcal 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 numericinstructions,
while the CU receives and decodes instructions, reads and writes
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Figure 5. 8087 Block Diagram

NUMERIC EXECUTION UNIT

CONTROL UNIT /}
: EXPONENT FRACTION
BUS BUS
CONTROL WORD
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16 1 6 |1
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e @
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TABLE 3. EXECUTION TIME FOR SELECTED 8087
NUMERIC INSTRUCTIONS AND -
CORRESPONDING 8086 EMULATION

Approximate Execution

. Time (us)

Floating Point 8087 8086

Instruction (5MHz Clock) | Emulation

Add/Subtract Magnitude 14/18 1,600
Multiply (single precision) 19 1,600
Muitiply (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,
atlowing to CU to maintain synchronization with the CPUwhile 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

memory; by monitoring the status signals (Sp-Sg, Sg) emitted by
the CPU, the NPX contro! unit determines when an 8086 instruc-
tion is being fetched. The CU monitors the Data bus in paraliel
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 afterreset (by monitoring
the BHE/S7 line) and matches its queue length accordingly. By
monitoring the CPU’s queue status lines (QSg, QS4), 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 - may or 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 any one of its available addressing modes, and
then performs a “dummy read” of the word at that location. (Any
location within the 1M 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. i
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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 thatthe 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 protoco! 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 Executlon Unit

The NEU executes all instructions that involve the reglster stack;
these include arithmetic, logical, transcendental, constant and
data transferinstructions. 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.

Ata given point in time the TOP field in the contro! 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 implicitly 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 (Cg-Cg) are similar to the
flags in @ CPU: various instructions update these bits to reflect
the outcome of NDP operations. The effect of 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-of-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 : N

15

0

[Blc"l TOP |c2|c,lcolm xlpe UE oslzs DEllEI *

[ EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED)
INVALID OPERATION

DENORMALIZED OPERAND

ZERO DIVIDE

OVERFLOW .
UNDERFLOW '
PRECISION

( ED)
INTERRUPT REQUEST("

CONDITION CODE(2)

TOP OF STACK POINTER®)

NEU BUSY

(IR is set if any unmasked exception bit is set, cleared otherwise.
(2)see Table 3 for condition code interpretation.

(Top Values:

000 = Register 0 is Top of Stack.
001 = Register 1 is Top of Stack.

.

111 = Register 7 is Top of Stack. MMC-167
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" TABLE 4. CONDITION CODE INTERPRETATION.

Instruction

&
O
N
(o]
-

lnlerpretatidn

(2]
(=)

Compare, Test

A>B
A<B
A=8B
A ? B (not comparable)

O =0

Remainder

O X XXX

Complete reduction
Incomplete reduction

Examine

S Smaaasa00000C0O0QCO|CC|2=00
- 2 00=- 42004200 —=-=200|CC|XXXX

[N X = K=K = T S ey _ o Y

Valid, positive, unnormalized
Invalid, positive, exponent = 0
Valid, negative, unnormalized
Invalid, negative, exponent = 0
Valid, positive, normalized
Infinity, positive

Valid, negative, normalized
Infinity, negative

Zero, positive

Empty

Zero, negative

Empty

Invalid, positive, exponent = 0
Empty .

Invalid, negative, exponent = 0
Empty

-0+ 0—=-0—-0—=-0-=-0—=0-=0|CC

X = value is not affected by instruction
U = value is undefined following instruction

Figure 7. 8087 Tag Word

15 o

TAG (7) | TAG (6) | TAG (5) | TAG (4) | TAG (3) | TAG(2) | TAG (1) | TAG (0)
[ 1 M | L 1 1 1 1

TAG VALUES:
00 = VALID

01 = ZERO
10 = SPECIAL
11 = EMPTY

MMC-168

Figure 8. 8087 Instruction and Data Pointers

INSTRUCTION POINTER (15-0)

INSTRUCTION POINTER |
(19-16)

INSTRUCTION OPCODE (10-0)

DATA POINT’ER (15-0)

DATA POINTER (19-16) 0

MMC-169

Instruction and Data Pointers

The instruction and data pointers (see Figure 8) are provided for
user-written error handlers. Whenever the 8087 executes an
NEU instruction, the CU 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

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 rea! 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 specifiedin the proposed IEEE
standard. Contro! over closure of the number space at infinity is
also provided (either affine closure, + «, or projective closure, %,
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 and 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, » — «, 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-zerd 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
exponentis 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 result is not exactly represent-

able in the specified format, the resultis rounded according to
the rounding mode, and this flag is set. If this exception is
masked, processing will simply continue.

Figure 9. 8087 Contro! Word

15
I X X X JICLR c | P C|M|X IPMIUMIOM'ZM
L 1 1

[o

o
Ml M |
|_ EXCEPTION MASKS (1 = EXCEPTION IS MASKED)

INVALID OPERATION
DENORMALIZED OPERAND

—————— ZERO DIVIDE

OVERFLOW
UNDERFLOW
PRECISION

(RESERVED)

INTERRUPT MASK (1 = INTERRUPTS ARE MASKED)

PRECISION CONTROL("

ROUNDING CONTROL(?)

INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE)

(RESERVED)
(1)Precision Control (2)Rounding Control
00 = 24 bits 00 = Round to Nearest or Even
01 = Reserved 01 = Round Down (toward — <)
10 = 53 bits 10 = Round Up (toward + )
11 = 64 bits 11 = Chop (truncate toward zero) MMC-170
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MAXIMUM RATINGS*

Ambient Temperature Under Bias 0to 70°C
Storage Temperature . ~65 to +150°C
Voltage on Any Pin with Respect to Ground ’ -1.0to +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 thls specification is notimplied.
Exposure to maximum rating conditions for extended periods may affect devnce reliability.

DC CHARACTERISTICS (T = 0 to 70°C, Vog = +5V 10%)

Parameter Description Test Conditions Min Max Units
ViL Input Low Voltage -0.5 +0.8 \
ViH Input High Voltage 2.0 Ve +0.5 Vv
VoL Output Low Voltage loL = 2.0uA 045 v
Vo Output High Voltage loH = —400uA 24 Vv
lcc Power Supply Current Ta = 25°C 475 mA
M Input Leakage Current 0V =< Viy < Voo *10 pA
Lo Output Leakage Current 0.45V < Vout < Voe ' +10 nA
Veu Clock Input Low Voltage -0.5 +0.6 \J
VCH Clock Input High Voltage ' 3.9 Vec +1.0 A
CiN Capacitance of Inputs ! fc = 1MHz ’ 10 pF
co | Gmeed 0 nte (s gy | tom s |
Cout Capacitance of Outputs BUSY, INT ’ fc = 1MHz 10 pF

AC CHARACTERISTICS (Ta = 0 to 70°C, Vg = +5V £10%)
TIMING REQUIREMENTS

Parameter Description Test Conditions Min Max Units
TCLCL CLK Cycle Reriod 200 500 ns
TCLCH CLK Low Time ‘ @3 Ifs"c"’ ns
TCHOL CLK High Time (s ToLey ns
TCH CH» CLK Rise Time From 1.0 to 3.5V 10 ns
ITCLoCLy 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
TRYHCH READY Setup Time @3 ToLCL) ns
TCHRYX READY Hold Time ’ . 30 ns
TRYLCL READY Inactive to CLK (See Note 3) -8 ns
TGVCH RQ/GT Setup Time ) 30 ns
TCHGX RQ/GT Hold Time 40 ns
TQvCL QSy.4 Setup Time ’ 30 . ns
TCLQX QSg.1 Hold Time 10 ns
TSACH Status Active Setup Time ’ 30 ns
TSNCL Status Inactive Setup Time 30 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

rg
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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
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) 0 8087 selt-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 T5 and wait states.
3. Applies only to T, state (8ns into Tj).

AC TESTING INPUT, OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT

)
24 DEVICE
Xs ~—TEST Ponms——1.sX UTNEDsETR _L
045 i I €, = 100pF
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.”

C_ includes jig capacitance
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8087

TCLDV —] TCHDX
TCLAV TCLAX —=
f
BHE/S7, Ayg/So-Are/S3 BFE, Ayt S7°S3 FLOAT
(SEE NOTE 3)

TRYLCL 1 -
READY (8087 INPUT)
(SEE NOTES 2, 6) TAYHSH —=f] |+ - b— TCHRYX
pu— ’ -
~= TRYHCH |=—
READ CYCLE TCLAV —— — TCLAZ TOVEL TeLox
ADy5-AD, Ars-A D . DATA IN I
e 1570 /I foat FLOAT  \
TCHDTL o] TCHDTH —={
oT/R
TCLML —] TCLMH —|
s28gOUTPUTS | . .
(SEE NOTES 7, 8) MRDC
TCUNY —=
DEN
TCVNX —=q

8288 OUTPUTS
(SEE NOTES 7, 8)

Notes:

WRITE CYCLE : TCLAV TcLov TCLDX
AD,5-ADg Aqs-Ag DATA OUT

. All signals switch between V| and Vop unless otherwise specified.

. RDY is sampled near the end of T,, T3 and Tyy to determine if Tyy machine states are to be inserted.

. The local bus floats only if the 8087 is returning control to the 8086/8088.

. ALE rises at later of (TSVLH, TCLLH). E

. Status inactive in state just prior to T,. '

. Ready should remain active until Sg., become inactive. .

. Signals at 8284A or 8288 are shown for reference only. .

. The issuance of 8288 command and control signals MRDC, MWTC, AMWC and DEN lags the active high 8288 CEN. '
. All iming measurements are made at 1.5V unless otherwise noted.

WAVEFORMS
MASTER MODE

T T2 T3 Ty
TCH,CH, TCLCLy
|=—— Lol ——e] Tw
Vew — r~ =\
CLK 3 / \ N 7‘ \
Ver \___7
TCHSV TCHCL (=1 TcLsH TCLCH

|

|

4
17

A)
\
7 / %(sssno‘rss) N

¥
TSVLH —=f TOHLL .
. TCLLH —=] o
ALE (8288 OUTPUT) /
(SEE NOTES 4, 7) ya

i

FLOAT
(SEE NOTE 3)

TCVNV —=-| TCVNX

A

TCLML —+~ TCLMH

AMWTC

!

TCLML TCLMH

MMC-173
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8087

WAVEFORMS (Cont.)
PASSIVE MODE

«/ X ___#X /X /X /—y&

TaveL

Tw
Qsy, @Sy X
TSACH 'rsucr.—-l -

TCLAX

52515 S( AN
e v e e v
| mover | Tewox | ToveL TCLDX ‘ '
; FLOAT /
BHE/Sy, A19/Se-A1s/S3 BHE, A1g-Aqg $7-S3 \
Toved | TCLDX TOVCL TCLDX
FLOAT FLOAT
ADy5-ADg ARy DATA IN
b ' MMC-174
'y
RESET
.
|

| =50usec

Vi / . -
cc f———————— <20 CLK CYCLES

<8 CLK CYCLES
CLK &
l—

TCLDX
TDVCL——-I
RESET K

8087 TRACKS 8087 READY TO
>4 CLK CYCLES CPU ACTIVITY EXECUTE INSTRUCTIONS
- MMC-175
REQUEST/GRANT,

=1 CLK
CYCLE

=0 CLK
CYCLE

CLK

TCLGL '

AG/GT,

ADy5-AD,
At9/Se-A16/S3 |

2 911 50
BRE/S,

N K

CPU

MMC-176
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8087

WAVEFORMS (Cont.)
REQUEST/GRANT;

>1CLK
CYCLE
CLK
= N o
L arereL TCLGHH TaveH=
I ™ Tenex
RO/GT, ] . 8087 GT \
. : TCLAZ -]
{  f
A19/Sg-A16/S3 8087 ALTERNATE MASTER
55,5 { ¢ { ¢ i
BRE/S; L 7T (sEE NOTE)
MMC-177
Note: Alternate master may not drive the buses outside of the region shown without risking contention.
BUSY AND INTERRUPT
CLK \ 7‘ \
BUSY, INT
TCHBY — 1
MMC-178
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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

Powerful instruction set
Efficient high level language implementation

‘Two block options: 5MHz 8088
8MHz 8088-2

.
[
°
°
® 24 operand addressing modes
°
.
]

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.

BLOCK DIAGRAM

MEMORY INTERFACE

MMC-209

c-8uUs

4
INSTRUCTION 3
STREAM BYTE
QUEUE 2
ES B
cs BUS
sS INTERFACE __*
S UNIT
s EXECUTION UNIT
CONTROL SYSTEM

A-BUS

AH AL

BH BL

CH cL

DH bL EXECUTION
sp UNIT

BpP

CONNECTION DIAGRAM

Top View
D-40
P-40
MIN { MAX
! . MODE |MODE
GND 1o~ 4077 Vec
A2 39 ] Ars
A [] 3 38 [ ] Ae/S3
Az ] 37 Aw/Sa
An]s 36 ] A1g/Ss
A6 - 35 ] Ag/Ss
A []7 34| ] S50  (HIGH)
Ag s 33 [ ] MN/MX
AD; [} 32[ ] RD
ADg [] 10 8088 31[] HOLD  (RQ/GTy)
ADg [ 11 CPU - 30[JHDA (RQ/GTy)
ADy [] 12 29[ WR (LOCK)
apg [] 13 B[ JIOM (S
AD; [] 14 272[Jo/R sy
ADy [] 15 26[JDEN (59
ADp [] 18 25 [] ALE (Qsp)
N [C] 17 24[JWTRA  (asy)
INTR [] 18 23 [] TEST
CLK [] 19 22 [] READY
GND [] 20 21 [ ] RESET

Note: Pin 1 is marked for orientation. MMC-210
ORDERING INFORMATION
. Ambient
Package Type Temperature Order Number
Molded DIP PB0S8
HermeticDlp | O C - AST0C 0808-2
Hermetic DIP —40°C < Tp < 85°C “I)IggggB2
HermeticDIP | —55°C =< Ta < 125°C thlggggz_;gs
02338B-MMP
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8088/8088-2

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:

® Ag—Aji5 — 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.

e BHE has no meaning on the 8088 and has been eliminated.

® S50 provides the SO status information in the minimum
mode. This output occurs on pin 34 in minimum mode only.

DT/R, I0/M, and SSO provide the complete bus status in
minimum mode. .

e |O/Mhas been inverted to be compatible with the MCS-85 bus
structure. '

e ALE is delayed by one clock cycle in the minimum mode when
entering HALT, to allow the status to be latched with ALE.

/O ADDRESSING

In the 8088, I/O operations can address up to a maximum of 64K
I/O registers. The l/O address appears in the same format as the
memory address on bus lines Ajs—Ag. The address lines
A1g—Aqg are zeroin |/O operations. The variable /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 1/O byte locations in page 0 of the 1/0 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 (ADg —~AD7), the middle eight address
bits (Ag— A15), and the upper four address bits (A1g—A1g). 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-muitiplexed bus is desired for the system.

Figure 1. Interrupt Acknowledge Sequence

s

v

n

LT DT B B L T B T
ALE __/_\ ‘
[oeK \ ’
INTA \
\ FLoaT
ADg-AD; ) TYPE VECTOR

MMC-211
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8088/8088-2

Figure 2. Basic System Timing

{8 + Nyarr) = Tey

T | T | T3 | Twair I Ta ' T I T2 | Ta I Twar | Ta

S | ——

_/
ADDR/DATA )( Arhg >--/"< ng: Eﬁ:ﬁn 5 3;:.?3 T -< Arho X AT OO B0 4>-“<X:

(4 + Nwarr) = Tey

ADDR/STATUS

ADDR

D, INTA L& \ J)
' READY READY
p =
READY ;SESESEES& , ] QSSSSSSESS& ,
WAIT WAIT

w T\ / _
NS T

[~=——MEMORY ACCESS TIME —|

I

[=
m|
Z

MMC-212
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8088/8088-2

8288

8088

8288

CLK

Qsy, Qg

A19/S6-A16/S3

" ALE

RDY 8284

READY 8088

AD;-ADy

Ats-Ag

RD

DT/R

MRDC

DEN

T

T2

Figure 3. Medium Complexity System Timing

A19-A1e

_(

DATA IN

Ars-Ag

MMC-213
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80886/8088-2
MAXIMUM RATINGS

Storage Temperature ‘ —65 to +150°C
Voltége on any Pin with Respect to Ground . -1.0to +7V
Power Dissipation 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 sectxons of this specificationis not
implied. Exposure to maximum rating conditions for extended periods may affect device reliability.

DC CHARACTERISTICS (8088: Ta = 0to +70°C, —40 to +85°C, =55 to +125°C, Vcc = 5V +10%)
(8088-2: Tp = 0to +70°C, —40 to +85°C, —55 to +125°C, Vgg = 5V +10%)

Parameter Description Test Conditions Min Max Units
Vi Input Low Voltage ~0.5 +0.8 \
Vi Input High Voltage 2.0 Vee + 0.5 \'
Vo . Output Low Voltage loL = 2.0 mA 0.45 \
VoH Output High Voltage loyg = —400pA 24 \
lcc " Power Supply Current: 8088 Ta = 25°C | w0 mA

8088-2 . 350
I Input Leakage Current 0V =V|y=Vcc +10 nA
o Output Leakage Current 0.45V < Voyt = Vo : *10 nA
VoL Clock Input Low Voltage -05 +06 \
VcH Clock Input High Voltage ) 3.9 Vee + 1.0 \
C ggza_ci}\g:eﬁrg/lg%n Buffer (All input except fc = 1 MHz 15 oF
Cio Capacitance of I/O Buffer (ADg—AD7, RQ/GT) fc = 1 MHz 15 pF
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AC CHARACTERISTICS (soss:
(8088-2: Tp = 0 to 70°C, Voo = 5V £5%)

MINIMUM COMPLEXITY SYSTEM

TIMING REQUIREMENTS

Ta = 0to 70°C, VG = 5V =10%)

8088/8088-2

Test 8088 8088-2
Parameter Description Conditions Min Max Min Max Units
TCLCL CLK Cycle Period 200 500 125 500 ns
TCLCH CLK Low Time (2/3 TCLCL) —15 (2/3 TCLCL)-15 ns
TCHCL CLK High Time (1/3 TCLCL) +2 (1/3 TCLCL) +2 ns
TCH1CH2 | CLK Rise Time From 1.0 to 3.5V 10 10 ns
TCL2CL1 | CLK Fall Time From 3.5 to 1.0V 10 10 ns
TDVCL - | Datain Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
RDY Setup Time into 8284
TR1VCL (See Notes 1, 2) 35 35 ns
RDY Hold Time into 8284
TCLRIX (See Notes 1, 2) 0 0 ns
TRYHCH | READY Setup Time into 8088 (2/3 TCLCL) —15 (2/3 TCLCL) —15 ns
TCHRYX | READY Hold Time into 8088 30 20 ns
READY Inactive to CLK :
TRYLCL (See Note 3) -8 -8 ns
THVCH HOLD Setup Time 35 20 ns
INTR, NMI, TEST Setup
TINVCH | oo (See Note 2) 30 15 ns
. Input Rise Time .
TILIH (Except CLK) From 0.8 to 2.QV 20 20 ns
TIHIL Input Fall Time (Except CLK) From 2.0 to 0.8V 12 12 ns

2-141




8086/8088-2
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
Address Hold Time to
TLLAX 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
- for all 8088
TCVCTX | Control Inactive Delay outputs (in addition 10 110 10 70 ns
Address Float to to internal loads) ,
TAZRL | READ Active 0 0 ns
TCLRL RD Active Delay 10 165 10 100 ns
TCLRH RD Inactive Delay 10 150 10 80 ns
RD Inactive to Next
TRHAV 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 | WR Width 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
Input/Output
24 . DEVICE
UNDER
1.5 =+—TEST POINTS —~=1.5 TEST |
) Cy = 100pF
0.45 I
MMC-214 MMC-215

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.”

Cy Includes JIG Capacitance.
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‘ ) 8088/8088-2
AC CHARACTERISTICS (Cont.)

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER)
TIMING REQUIREMENTS

Test 8088 8088-2
Parameter Description Conditions , Min Max Min Max Units
TCLCL CLK Cytle Period 200 500 125 500 ns
TCLCH | CLK Low Time (@3 TeLeh (@3 TeLen) ns
. " (1/3 TCLCL) . (1/3 TCLCL)
TCHCL CLK High Time +2 42 ns
TCH1CH2 | CLK Rise Time From 1.0 to 3.5V 10 10 ns
TCL2CL1 | CLK Fall Time . From 3.5 to 1.0V 10 10 ns
TDVCL Data in Setup Time 30 20 ns .
TCLDX Data in Hold Time 10 10 ns
RDY Setup Time into 8284 - '
TR1VCL (See Notes 1, 2) 35 35 ) . ns
RDY Hold Time into 8284
TCLR1X (See Notes 1, 2) .0 0 ns
TRYHCH | READY Setup Time into 8088 @3 Ist L (@3 I?;' ey ns
TCHRYX | READY Hold Time into 8088 30 20 ns
READY Inactive to CLK '
TRYLCL (See Note 4) -8 -8 ns
Setup Time for Recognition
TINVCH | (INTR, NMI, TEST ’ 30 . 15 ns
(See Note 2) :
TGVCH RQ/GT Setup Time 30 15 ns
TCHGX RQ Hold Time into 8086 40 30 ns
Input Rise Time
TILIH (Except CLK) From 0.8 to 2.0V 20 20 ns
Input Fall Time }
TIHIL (Except CLK) From 2.0 to 0.8V 12 ) 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» state (8ns into T3 state).
4. Applies only to Ty state (8ns into T3 state).
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8088/8088-2 .
AC CHARACTERISTICS (Cont.)

TIMING RESPONSES

Test 8088 8088-2
Parameter Description Conditions Min Max Min Max Units

Command Active Delay

TCLML (See Note 1) 10 ‘ 35 10 35 ns
Command Inactive Delay

TCLMH (See Note 1) 10 35 10 35 ns
READY Active to Status )

TRYHSH Passive (See Note 3) 10 65 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 80 TCLAX 50 ns’
Status Valid to ALE High

TSVLH (See Note 1) . 15 15 ns
Status Valid to MCE High

TSVMCH (See Note 1) 15 15 ns
CLK Low to ALE Valid

TCLLH (See Note 1) 15 15 ns
CLK Low to MCE High '

TCLMCH (See Note 1) 15 15 ns
ALE Inactive Delay C = 20-100pF ‘

TCHLL (See Note 1) for all 8088 15 15 ns

" outputs (in addition -

MCE Inactive Delay :

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
Control Active Delay .

TCVUNV (See Note 1) 5 45 5 45 ns
Control Inactive Delay .

TCVNX (See Note 1) 10 45 10 45 ns
Address Float to

TAZRL Read Active 0 0 ns

TCLRL RD Active Delay 10- 165 10 100 ns

TCLRH RD Inactive Delay 10 150 10 80 ns
RD Inactive to Next

TRHAV Address Active TCLCL -45 TCLCL -40 ns
Direction Control Active

TCHDTL Delay (See Note 1) 50 50 ns
Direction Control Inactive

TCHDTH | Delay (see Note 1) 30 30 ns

TCLGL - | GT Active Delay 110 50 ns

TCLGH GT Inactive Delay 85 50 ns

TRLRH RD Width 2TCLCL ~75 2TCLCL -50 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
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WAVEFORMS

BUS TIMING — MINIMUM MODE SYSTEM

L] . T2 T Ts
TeLeL TCHICH2 TCL2CL1 Tw
Vew
CLK (8284 OUTPUT) / \ / \
Ver ; ‘ N/
—e| TCHCTV TCHCL |a—TCLCH —=]
1o/ o ' x
Ars-Ag Aq5-Ag (FLOAT DURING INTA}
—_j [=—Tetov TCHDX —=1.
TCLAX [ . .
A19/Se-A16/S3 Atg-Ats >< S7-S3
TLHL
- [—TLLAX
—_———
ALE //
TCHLL —| —TRIVCL

—_ A\ V@R AN

TRYLCL [—

READY (8088 INPUT) . ) — TCHRYX

Ve rnvncu#
’ ) TCLAZ . ToveL rcu:xj
AD;-ADy >< AD;-AD, DATAIN

FLOAT '{| FLOAT
TAZRL —={ TCLRH —=] I TRHAV
= | y

" READ CYCLE : |
___(NOTEY) TCHCTV TCLRL 1 TRLRH TCHCTV
(WR, INTA = Vo)

! DI/R

TCVCTV —=] TCVCTX —=] /
DEN

MMC-216
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8088/8088-2

WAVEFORMS (Cont.)

BUS TIMING — MINIMUM MODE SYSTEM (Cont.)

T T2 T T
TCHICH2 TeL2cL Tw
Veu -
cikezssoutrun Y 5 / 5 S
ToLay —] TCLDV TeHDX—
TCLAX
AD;-ADy AD;-AD, >( DATA OUT
[+— TWHDX
TCVCTV —| ADy TCVCTX
WRITE CYCLE DEN
NoTE1)]  PEN
TCVCTV —= l——
TWLWH
- Ny | 4
TCveTX
TCLAZ -
Fmvcn.—. TCLDX
AD;-ADg POINTER
FLOAT N FLOAT
L_{ renery — TCHCTV
OT/R 4‘ Ny
INTA CYCLE
__ NOTES 1,3 TCVETV —ef
(RD, WR = Vo)
INTA
TCVCTV —=] TCVCTX ~—ei
DEN )
SOFTWARE HALT -
DEN, AD, WR, INTA = Vo AD;-ADy INVALID ADDRESS SOFTWARE HALT

DR méﬂznmmns

Notes: 1. All signals switch between Vo and Vg unless otherwise specified.

TCLAV —

2. RDY is sampled near the end of Ty, T3, Ty to determine,if Ty machines states are to be inserted.
3. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Contro! signals are shown for

the second INTA cycle.

4. Signals at 8284 are shown for reference only.

(3]

. All timing measurements are made at 1.5V unless otherwise noted.

- MMC-217
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8088/8088-2

WAVEFORMS (Cont.)

BUS TIMING — MAXIMUM MODE

L T2 Ta Ta
TeLct TCHICH? H TeL2cLt T
Veu Tw
cLK / N / \ / \
Ve s 7
TCLAV —{ TCHCL e TCLCH —=-]
XX XX
TCHSV —=  |eToLsH
—— ‘5 (\
5, 5, 5 (EXCEPT HALT) K 7 (SEE NOTE 8)
Ays-Ag A1sRg
— TCLAY TeLov TCHDX —]
TCLAX —a={
A19/S5-A16/S3 Ag-Arg $7-53
TSVLH — ] L TCHLL
TCLLH
—_—
ALE (8288 OUTPUT) /
/
SEENOTE 5 ——1 l—TRIVCL
\
RDY (6264 INPUT) \ \ \\\\\ \\\\\\\\\\\\\&
\
—  H—TcLRix
muci e
READY (8088 INPUT) —] TCHRYX
TRYHSH —={ f—
—=1 TCLAX TRYHCH ———e=| b
READ CYCLE TCLAV —] — TCLAZ TOVCL Tcqu
AD,-Al AD;-AD, DATA IN
0;7-ADg O7-ADo FLOAT FLoar
TAZRL TCLRH 1o TRHAV
RO
F , ‘
TCHDTL —=] TCLRL TCHDTH
- TRLRH |
oT/R \
f
TOLML—~ TCLMH—=] \&
8288 OUTPUTS | ez o i
SEE NOTES 5, 6 | MRPC ORIORC
TCVNV —=|
DEN
TCVNX —={

MMC-218
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-Notes: 1.

oo A ON

@~

8288 OUTPUTS
SEE NOTES 5,6

 §,.8;, 50 (EXCEPT HALT)

WRITE CYCLE

AD;-AD,

AMWC OR AIOWC

MWTC OR IOWC

INTA CYCLE

Ars-Ag
(SEE NOTES 3, 4)

AD;-AD,

ok

DT/R
8288 OUTPUTS
SEE NOTES 5,6
INTA
DEN

SOFTWARE

HALT ~ (DEN = Vg ; A1, MAGC, ORG, MWTC, AMWC, lOWC, ATOWG, INTA, DT/ = Vop).

AD;-ADg, Ars-Ag

WAVEFORMS (Cont.)

BUS TIMINGb — MAXIMUM MODE SYSTEM (USING 8288)

All signals switch between Vo and Vg unless otherwise specified.

shown for second INTA cycle.

high 8288 CEN.

. Signals at 8284 or 8288 are shown for reference only.

T T2 T3 Ta
TCHSV o] Ty
K 7// /}[ SEE NOTE 8 \_
TCLAY ~—=] ]-— e — l——TCLsH TCHOX —
—e=| TCLAX
X DATA
TCVNV —=] TCVNX —=]
— TCLML TCLMH ~=]
.l
—e TCLML ——] TCLMH
/ RESERVED FOR \ V4
FLOAT CASCADE ADDR FLOAT FLOAT \
— TCLAZ F TOVCL ——] TCLOX
4§ POINTER
/ FLOAT FLOAT
) CLMCL —=]
TSYMCH — o] —
/
/
L
TCLMCH —={ — TCHDTL \—’ TCHOTH
TCLML —~] M \
—] TCLMH
— TCVNV
TCVNX —==
L]
INVALID ADDRESS
TCLAV —=
.
. \
\

o . e e s i

. RDY is sampled near the end of Ty, T3, Ty to determine if Tyy machines states are to be inserted.
. Cascade address is valid between first and second INTA cycles.
. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control for pointer address is

. All timing measurements are made at 1.5V unless otherwise noted.
. Status inactive in state just prior to Ty4.

. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA, and DEN) lags the active

MMC-219
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WAVEFORMS (Cont.)

ASYNCHRONOUS SIGNAL RECOGNITION

CLK

+
- TINVCH (SEE NOTE 1)
NMI

INTR SIGNAL

TEST

MMC-220

Note: Setup requirements for asynchronous signals
only to guarantee recognition at next CLK.

BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY)

CLK

LOCK

MMC-221

'REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

ANY CLK CYCLE

CLK _\

— . TCLGH

—0-1

PULSE 3

TCLCL TCHGX COPROCESSOR
R PULSE 1 RELEASE
AG/GT K *comggessonlZ
7 RQ
PREVIOUS GRANT
A19/S6-A16/S3 —_ )} )
AA“‘IS‘ 8088 C ' COPROCESSOR
- . E!
—ﬁ%t- §: 2 % 3 N
RO, LOCK ‘ U (see NOTE 1)
MMC-222
Note 1: The coprocessor may not drive the buses outside the region shown without riskihg contention.
HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)
=1 CLK CYCLE —| 1 0R 2 CYCLES —|
o N f ’\_.g v {_\__
THVCH  (SEE NOTE 1) THVCH
)L
¢ 1
HOLD
— ) )]
1 1
— TCLHAV . — TCLHAV
1 — )
y 1
HLDA
)L 3
{t -
— TCLAZ )
L —)
e ¢
8088 COPROCESSOR >_.<;u
) ) )
1 ( 1O
MMC-223

2-149



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-ADg '9-16 /0 Address Data Bus: These lines constitute the time multiplexed memory/IO address (Ty) and data
(Ta, Ta, Tw, and Ty4) bus. These lines are active HIGH and float to 3-state OFF during interrupt acknowledge
and local bus “hold acknowledge.”

Ay5—Ag 2-8, 39 o Address Bus: These lines provide address bits 8 through 15 for the entire bus cycle (T4 ~T4).

These lines do not have to be latched by ALE to remain valid. Ay5—Ag are active HIGH and float to 3-state
OFF during interrupt acknowledge and local bus “hold acknowledge.”

Aqg/Se, 34-38 o Address/Status: During T4, these are the four most significant

Aq5/Ss, address lines for memory operations. During I/O operations,

Aq7/S4 these lines are LOW. During memory and I/O operations, S ch Histl

Aq¢/S3 status information is available on these lines during To, T3, Tw, 3 Ss aracteristics | -
and T4. Sg is always LOW. The status of the interrupt enable 8 (Low) ? 2{';:3'9 Data
flag bit (Ss) is updated at the beginning of each clock cycle. 1 (HIGH) o Code or None
S4 and Sg are encoded as shown. 1 1 Data
This information indicates which segment register is presently Sgis 0
being used for data accessing. (LOW)

These lines float to 3-state OFF during local bus “hold
acknowledge.”
RD 32 [o] Read: Read strobe indicates that the processor is performing a memory or I/O read cycle, depending
. on the state of the |O/M pin or Sp. This signal is used to read devices which reside on the 8088 local bus. RD is
active LOW during Tp, T3 and Ty 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 | READY: isthe abknowledgement from the addressed memory or I/O device that it will complete the data
transfer. The RDY signal from memory or /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 | Interrubt Request: is alevel 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 internally synchronized. This signal is active HIGH.

TEST 23 I TEST: inputis examined by the “wait for test” 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 CLK.

NM! 17 ! 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 | 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 | 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 Veg: is the +5V +10% power supply pin.

GND 1,20 GND: are the ground pins.

MN/MX 33 1 Minimum/Maximum: indicates what mode the processor is to operate in. The two modes are discussed
in the following sections.
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TABLE 1. PIN DESCRIPTION (Cont.) -

The following pin function descriptions are for the 8088 minimum mode (i.e., MN/MX = V). 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

Io/M

28

(o]

Status Line: is an inverted maximum mode S,. Itis used to distinguish a memory access °
from an |/O access. I0/M becomes valid in the T4 preceding a bus cycle and remains valid until the final
T4 of the cycle (I/O = HIGH, M = LOW). I0/M floats to 3-state OFF in local bus “hold acknowledge.”

29

Write: strobe indicates that the processor is performing a write memory or write I/O cycle, depending on
the state of the IO/M signal. WR is active for Ty, T3, and Ty of any write cycle. It is active LOW, and floats to
3-state OFF in local bus “hold acknowledge.”

24

INTA: is used as a read strobe for interrupt acknowledge cycles. Itis active LOW during Tp, T3 and
Tw of each interrupt acknowledge cycle. ,

25

Address Latch Enable: is provided by the processor to latch the address into 8282/8283 address latch.
Itis a HIGH pulse active during clock low of T1 of any bus cycle. Note that ALE is never floated.

27

Data Transmit/Recelve: 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/Ris equivalent
to S in the maximum mode, and its timing is the same as for IO/M (T = HIGH, R = LOW. )Thls signal floats
to 3-state OFF in local bus “hold acknowledge.”

26

| transceiver. DEN is active LOW during each memory and I/O access and for INTA cycles. For a read or INTA

Data Enable: is provided as an output enable for the 8286/8287 in a minimum system which uses the

cycle, it is active from the middle of T, until the middle of T4, while for a write cycle, it is active from the beginning
of T until the middle of T4. DEN floats to 3-state OFF during local bus “hold acknowledge.”

HOLD,
HLDA

30,31

HOLD: indicates that another master is requesting a local bus “hold.” To be acknowledged, HOLD
must be active HIGH. The processor receiving the “hold” request will issue HLDA (HIGH) as an
acknowledgement, in the middle of a T4 or Ty 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.

34

Status Line: is logically equivalent to SOin the
maximum mode. The combination of SSO, I0O/M 10/M DT/R | S
and DT/R allows the system to completely T (iGH) o
decode the current bus cycle status.

Characteristics

ol ®

Interrupt
Acknowledge
Read I/O port
Wirite I/O port
Halt
Code Access
Read memory
Write memory
Passive

(Low)

OO 0O = = =
P = I a0y
L O RO = O -
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TABLE 1. PIN DESCRIPTION (Cont.)

The following pin function descriptions are for the 8088, 8228 system in maximum mode (i.e., MN/MX = GND). Only the pin functions
which are unique to maximum mode are described; all other pin functions are as described above

Symbol PinNo. | Type Name and Function

55,51, .26-28 O | Status: is active during clock high of T4, T¢, and Tp and is retumed _ :
to the passive state (1, 1, 1) during T3 or during Tyy when READY is S; | Sy |Sg| Characteristics
HIGH. This status is used by the 8288 bus controller to generate all oow) | o | o] mterrupt
memory and I/O access control signals. Any change by Sp, Sy, or Acknowledge
Sp during T4 is used to indicate the beginning of a bus cycle, and 0 0 |1 | Readl/OPort

' the return to the passive state in T3 or Ty is used to indicate the 0 1 |0 | Write VO Port

end of a bus cycle. 0 1|1 ] Hat
These signals float to 3-state OFF during “hold acknowledge”. During : (HIGH) g '1) gggz :,‘?r::fy
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.

RQ/GTy, 30,31 /10 Request/Grant: pins are used by other local bus masters to force the processor to release the local bus

RQ/GT4 at the end of the processor's current bus cycle. Each pin is bidirectional with RQ/GT having higher

priority than RQ/GT4. RQ/GT has an internal pull-up resistor, so may be left unconnected. The
request/grant sequence is as follows (See Figure 8):

1. Apulse of one CLK wide from another local bus master indiéates alocal bus request (“hold”) to the
8088 (pulse 1).

2. During a T4 or T4 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.

N ‘ 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
enters Ty.

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
T4 of the cycle when all the following conditions are met:

1. Request occurs on or before Ta.

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. Alocked 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 actlve memory cycle apply
with condition number 1 already satisfied.

LOCK T29 (o] 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.”
Q84,QSg 24,25 (o] Queue Status: provide status to allow external
tracking of the internal 8088 instruction queue. Qs, Qsy Characteristics
The queue status is valid during ?he CLK cycle 0(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 Suhsequent Byte from Queue

- 34 (o] Pin 34 is always HIGH in the maximum mode.
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1/0 Processor
iAPX86 Family

DISTINCTIVE CHARACTERISTICS
High speed DMA capability
Two DMA channels )
Removes I/O software overhead from 8086/8088

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 /O processing modes
e Multibus compatible system interface

GENERAL DESCRIPTION

The 8089 is a high performance |/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 IOP communicates with the CPU through.
shared memory blocks and 2 control lines.

The 8089 IOP can operate in LOCAL mode sharing the same
bus and buffer with the CPU, or in REMOTE mode on a
separate local bus. in REMOTE mode the 8089 is compat-
ible with any 8080 or 8085 CPU as well.

The 8089 IOP is particularly effective in |/O intensive appli-
cations like filter and buffer management, CRT control, and
other communications tasks. Itis implemented in N-channel
depletion load silicon, packaged in a 40-pin DIP.

/O CHANNEL 1

BLOCK DIAGRAM

CPU

MAIN
CONTROL
DMA REQ —| CHANNEL
DMA CONTROL BUS CONTROL
TERMINATE AND ARBITRATION j STATUS
. ALy
REGISTER N DDRESS,
FILE <j | vosus <:> oam
/O CHANNEL 2 i i
DMA REG; ——f CHANNEL j r
DMA CONTROL
TERMINATE; — |
REGISTER N ASSEMBLY N
FILE \J__— \,
INSTRUCTION
FETCH UNIT
020218-1
ORDERING INFORMATION
Package Ambient Order
Type Temperature Spec Number
Hermetic Dip 0°C < Tp =< 70°C D8089-3
\
Multibus is a trademark of Intel Corp.
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TABLE 1. PIN DESCRIPTION

Symbol Type Name and Function
Ag-Ats/ /O Multiplexed Address and Data Bus: The function of these lines are defined by the
Do-D1s state of Sg, S and Sy lines.
Atg-Atg/ o Address and Status: Multiplexed most significant address lines and status information. The
S3-Sg address lines are active only when addressing memory. Otherwise, the status lines are active.
BHE (o] Bus High Enable: The Bus High Enable is used to enable data operations on the most significant half of
the data bus (Dg-Dqs).
§0, §1, §2 (o] Status: These are the status pins that define the IOP activity during any given cycle.
' The status lines are utilized by the bus controller and bus arbiter to generate all memory and 1/O control signals.
READY | Ready: The ready signal received from the addressed device indicates that the device is ready for data transfer.
LOCK (o] Lock: The lock output signal indicates to the bus controller that the bus is needed for more than one contiguous cycle.
RESET | Reset:. The receipt of a reset signal causes the IOP to suspend all its activities and enter an idle state until
a channel attention is received.
CLK | Clock: Clock provides all timing needed for internal 10P operation.
CA | Channel Attention: Gets the attention of the IOP
SEL | Select: The first CA received after system reset informs the IOP via the SEL line, whether it is a Master or
Slave and starts the initialization sequence.
DRQ1-2 | Data Request: DMA request inputs which signal the IOP that a peripheral is ready to transfer/receive data.
RQ/GT /(o] Request Grant: Request Grant implements the communication dialogue required to arbitrate the use of the
system bus or I/O bus.
SINTR1-2 o Signal Interrupt: Signal Interrupt outputs from channels 1 and 2 respectively.
EXT1-2 | External Terminate: External terminate inputs for channels 1 and 2 respectively.
Vee Voltage: +5 volt power input.
Vss Ground.

CONNECTION DIAGRAM
Top View
D-40
Vss J1 @ 7 40 77 Vee
A1/Dyg [ 2 39 [ ] A5/D1s
Ag/Dyg [] 2 38 7] Asp/Sy
A12/Dy2 ] 4 37 [ Arz/Ss
Ay s 36 (] Avg/Ss
A/Dio [ 6 35 [ Avo/Ss
Ag/Dg []7 34 [] BRE
Ag/Dg (] 8 33 [] ExTy
AyDy [0 32| exm,
Ag/Dg [] 10 31[] DORQy
As/Ds [ 11 8089 30 [ ] DRQ,
Aq4/Dy [] 12 29 [] Tock
Ay/D3 [] 13 28[]S,
ny/D, ] 14 7[5
Ay [0 6] 5
Ag/Dp [] 16 25 ] RG/GT
SINTR-1 [ 17 ) 24 ] SEL
SINTR-2 [ ] 18 23[jca
clk [} 19 22 [] READY
vgs [] 20 21 7] RESET
020218-2

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
LOCAL bus 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.

A typical HEMO'TE configuration is shown in Figure 4. In this
mode, the IOP’s bus is physically separated from the system bus
by means of system buffers/latches. The IOP 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 PER¢ and PER 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 IOP 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 iOP, activating the
proper 1/O channel. Communication from the IOP 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 IOP
operation (CCW or Channel 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 IOP and CPU. Parameters

or variable information is passed from the CPU to its IOP 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 IOP and CPU.

The Task Block contains the instructions for the respective chan-
nel. This block can reside on the local bus of the IOP, allowing the
IOP to operate concurrently with the CPU, or reside in system
memory.

Register Set

The 8089 maintains separate registeré forits 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 IOP 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 IOP
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
1.0/2.4 1.0/2.4 1.0/2.4 1.0/2.4
Latency unsec* usec* usec* pusec*
2.4usec 1.6usec 0.8usec 0.8usec
3{;;2’30?3 Per Per Per Per
Transfer Transfer Transfer Transfer

*2.4usec if interleaving with other channel and no wait states. 1usec if
channel is waiting-for request.

WAVEFORMS

EXTERNAL TERMINATE SETUP

CLK
TINVCH

EXT1,2

02021B-15

SEL SETUP AND TIMING

TCAHCAL

CA

TCALSLX

Wi

02021B-16

SEL
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Figure 3. Typical Configuration with 8089 in LOCAL Mode, 8088‘, 8086 in MAX Mode

8284 CLOCK
GENERATOR

T 15 BIT /O
ADDR DECODE
GND

A

Note: Only one latch is needed if configured with 8086 and only 64K addressing is used. Only qne transceiver is needed if using a
physical 8-bit data bus (8088).

MN/MX GND =13 .
S S T
S 5 AMWC |—— NC
5 —-15; 8288BUS (5w
OEN owe
8086 CPU DYR AoWE NC
BRE ALE NTA
cLx
—1{ READY
reser  YH—H—— || [T —1
wwE  —— L
. sT8
e | -
3 OE
11 — 8282 ADDR 3
LATCH T
(1,L20R3) ] BHE
£ N ]
8 / o
- a— 2
RQ/GT — a
RESET So |— e .
L—{ READY $
ik 5 -1
BHE
T f
8089 - .
oP —DO—‘ OE
N
ADDR/DATA (10R2) DATA
CA < ‘l/
SEL s & " Ao
EXT1,2 g E
A CSoH tsoL WE 0D CE [ cs RD WR RD WR =3
N 2116-2 MCS-80 MCS-80
2142 RAM (4) EPROM PERIPHERAL PERIPHERAL
@ INT INT
2) 2
| Kx8 Kx8 Kx8 2Kx8 DMO DMAC DMO DMAC
02021B-3
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8089
LOCAL
BUS

Figure 4.

Typiéal REMOTE Configuration

ow
TO LOCAL __ R
1/0 BUS I/OR G
! INTA l
cLK
5;
LOCAL .
Mozu’l4 OR:A g 8289BUS muLTIBus
ROWRA 1 ARBITRATION ARprTRA
s—o —
/} { \ AEN .
(OPTIONAL-IF
NEEDED TO REDUCE
LOADING ON 8089) REN
pe——d
poEn AEN ||
DEN
N —— _
GE R < 8288 BUS
! ¢ ovA S2 CONTROLLER
g_; |—— WEWAD
8286 [PE—
f———= MEMWR
ALE ok
i 1
——————
———i-5 I il
. | sT8 o Aqgg-Ag. BHE
|
8282 N 8282/83
/ LATCH cpu
@a | | | SYSTEM
@ . BUS
g b
] 8
<
S, DD,
DRQ, T e
_—Do. OF .
- PERy §286/87
= —
‘ 8089 ( ADDRESS/OATA
—/ DRQ, CLK : AEN
PER. READY
2 RESET | le—— READY
EXT,
__> Fo/aT 8284
) |=—— ResET
. l
S o :
TO ANOTHER
oP
0202184
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Figure 5. Communication Data Structure Hierarchy Figure 6. Register Model

7 07 0

ADDRESS

LOCATION
[ svs ous J—— Locar
INCREASE

USER PROGRAMMABLE
SCB ADDRESS

TAG 19 0
SCB RELOCATION

GP ADDRESS A (GA)

GP ADDRESS 8 (GB)

I soc GP ADDRESS C (GC)
SYSTEM
CONFIGURATION CB ADDRESS o TASK POINTER (TP)
BLOCK
€B RELOCATION - 18T POINTER TO EITHER /O OR SYSTEM MEMORY SPACE

|5[ 0

CONTROL

INDEX (1) :
ar susy | cow
' PB ADDRESS BYTE COUNT (BC)
| PB RELOCATION CHANNEL 1 MASK | COMPARE (MC)
CHANNEL CONTROL (CC) —
: ' osy | cow -~ NON USER PROGRAMMABLE
: PB ADDRESS (ALWAYS POINTS TO SYSTEM MEMORY)
JANNEL 2 ol -
PARAMETER PB RELOCATION .
BLOCK [ PARAMETER POINTER (PP)
T8 ADDRESS ]
B RELOCATION J TASK BLOCK
L i | CHANNEL CONTROL POINTER (CP) |
NN | 10P TASK
USER DEFINED = -
T T PROGRAM 020218-6

02021B-5

Figure 7. 8089 Bus Operation

.

l-————(a + NwArl’) - ch - T— (8 + Nyam) = Tov’ﬁ
Twar | Ta I L S N .V, 0
oLk
i . GOES INACTIVE IN THE STATE
__/.__\ /__\ JUST PRIOR TO T, /__\—
=\ i \ ////// \

ADDR/STATUS

)( A|9-A.5X ) SrS3 X AgArg X $7°Sy X
ADDR/DATA / n =
Ay5-Ag Yo 15°00 Y o e DATA OUT (D. 'Do)
RD, INTA fj

READY . READY

' SEE NOTE 1

BUS RESERVED\y
FOR DATA IN

wAIT : : WAIT
bR \ j ’ \
|=—— MEMORY ACCESS TIME —=

02021B-7

Note: 1. BHE is stable (i.e., non multiplexed) throughout each transfer cycle. Ag-Aqg are also.stable on transfers to a physicél 8-bit bus.
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ABSOLUTE MAXIMUM RATINGS*

8089

Ambient Temperature Under Bias 0to 70°C
Storage Temperature —65 to +150°C
Voltage on Any Pin with Respect to Ground -1.0to +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 (T = 0 to 70°C, VoG = 5V £10%)

Parameter Description Test Conditions Min Max
ViL Input Low Voltage -0.5 +0.8 v
ViH Input High Voltage 20 Vec +1.0 \
VoL Output Low Voltage loL = 2.0mA 0.45 \
VoH Output High Voltage IoH = —400uA 24 v
lee Power Supply Current Tp = 25°C 350 mA
I Input Leakage Current (See Note 1) OV < VN < Vo +10 nA
to Output Leakage Current 0.45V = Vout < Ve +10 HA
VeL Clock Input Low Voltage -05 +0.6 \
VcH Clock Input High Voltage 3.9 Vee +1.0
Capacitance of Input Buffer _
Cin (Al input except ADp-AD45, RQ/GT). fo = 1MHz 15 PF
Capacitance of I/O Buffer _
Cio (ADo-ADys, RQ/GT) fc = 1MHz 15 pF
AC CHARACTERISTICS (Ta = 0 to 70°C, Vo = 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 (@3 TeLey) ns
TCHCL CLK High Time (s ':C;LCL) ns
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 tn 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 (213 I%C") ns
TCHRYX | READY Hold Time into 8089 30 ns
TRYLCL READY Inactive to CLK (See Note 4) -8 ns
Setup Time Recognition (DRQ 1, 2 RESET, Ext 1, 2)
TINVCH (See Note 2) ) 30 ns
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 70°C, Vo = 5V +10%)
TIMING RESPONSES

Parameter Description Test Conditions Min Max Units
TCLML Command Active Delay (See Note 1) Cy = 80pF 10 35 ns
TCLMH Command Inactive Delay (See Note 1) s 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 10 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 Ci = 100pF 0 85 ns
TCLGH RQ Inactive Delay Note 5: C__ = 30pF 85 ns
TCLSRV SINTR Valid Delay C, = 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 T3 and Tyy states.
4. Applies only to T state.
5.

Applies only if RQ/GT mode 1 C = 30pF, 2.7k2 pull up to Voc.

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

AC TESTING INPUT, OUTPUT WAVEFORM

24

X.s ~=~—TEST pomrs——1.5><

V2pzib-o

0.45

made at 1.5V for both a logic “1” and “0.”

AC TESTING LOAD CIRCUIT

DEVICE
UNDER
TEST l
I C, = 100pF
T 0202189
CL = 100pF

Cy includes jig capacitance
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8089

CLK

Ag-Ay5 ON TRANSFERS
SEE NOTE 7 [ TO AN 8-BIT PHYSICAL
BUS AND BHE

S, 57, By (EXCEPT HALT)
A9/Se-A1/S3
ALE (8288 OUTPUT)

SEE NOTE 4

RDY (8284 INPUT)}

READY (8089 INPUT)

READ - (MWTC, AMWC, iOWC, AIOWC = Vou)
SEE NOTE 7

AND ABOVE
BHE)

AD,5-AD,
(BHE)

o1/R

8288 OUTPUTS

SEE NOTES 4,5 MRDT OR IGRT

DEN

WRITE ~ (RD, MRDC, IORT, DT/R = V)

SEE NOTE 7
AND ABOVE ADy5-AD,
BHE)

AMWC OR AIOWC

8288 OUTPUTS
SEE NOTES 4,5

MWTC OR IOWC

Notes: 1.

WAVEFORMS
'8089 BUS TIMING USING 8288
n A T
TCHICH2 TeLct g, TeLeL
e O S e W o
TCLAY TCHCL I voLen =] - ToHoX
[+ TCHSV + | TeLSH (SE;LP?OAITE 3)
K T N
— T?LA¥CL‘X __-j TCLDV TCHDX =
Aqg-Arg Sg-S3 J:_C
T — TCHLL ‘SE;-’?OA;E 3
__f yan
- F=— TRIVCL
AN L
TRYLCL 1 T-— o
Rms'; 4} i L_TCHRYX
—] TOLAX o
TeLAV =] ] TCLAZ L TRVHC‘H 7] —-——mvc:_ |- TcLox :‘ I/_
Ars-ho J LOAT DATAIN / FLOAT  \__
TCHDTL —= )E 1!cun'ru
TCLML —=] { o _ﬂ )F
Tovwy —| F
— S
TCLAX 1
TCLAV 4 TCLDV TCHDX -—J
A1s-Ag DATA OUT
— ]F e R
] { TOLML Tcu:m — ——
— oML e TCLMH
02021B-10

All signals switch between Vgi and Vg, unless otherwise specified.

2. RDY is sampled near the end of T, T3, Ty to determine if Tyy machine states are to be inserted.

3. Following awrite cycle dataremains 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.

~N o

. All timing measurements are made at 1.5V unless otherwise noted. .
. Ag-Aqs are stable on transfers to an 8-bit physical data bus i.e., Ag-A1s don't float on a read from an 8-bit physical bus or multiplex with

data on a writa to an 8-bit physical bus BHE is stable (non multiplexed) for all transfers.
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8089

WAVEFORMS (Cont.)
ASYNCHRONOUS SIGNAL RECOGNITION

[

CLK \
' ' j TINVCH (SEE NOTE 1)

DRQ 1,2

SIGNAL

RESET
020218-11
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. DRQ becoming active greater than 30ns after the rising edge of CLK will guarantee non-recognition until the next rising clock edge.

BUS LOCK SIGNAL TIMING AND SINTR

ANY CLK CYCLE-'I

ANY CLK CVCLE—{

CLK
CLK
TCLSRV

SINTR 1,2
LOCK

02021B-12 . 02021B-13

. REQUEST/GRANT SEQUENCE

BN EEENANEREEE R

089 FLOATS A/D
MASTER l=— MASTER FLOATS A/D BUS 3033'&“; ks S A/D BUS
N
8089 AS SLAVE (MODE 0) STRI BUS
TCHGX | .
[~ elat —f o ToLom e e taveH TOLGL —=] = —|  |=—rTCLGH

YOO YL T LT

8089 RQ OUTPUT 8089 GT INPUT 8089 RELEASE OUTPUT
(TO MASTER) (FROM MASTER) (TO MASTER)
8089 REQUESTS BUS — 089 WAITS FOR BUS 8089 USES BUS 8089 RELEASES BUS

8089 AS MASTER (MODE 1)

TCHGX —=] —" |=— 8089 FLOATS STATUS BUS
—e| |=— TGVCH —=| |- TCLGL . |=— TCLGH
{(
. ! . ) J 8089 FLOATS
( -)- : ( A/D BUS:T
8089 RQ INPUT . 8089 GT OUTPUT
(FROM CURRENT SLAVE) (OLD MASTER
BECOMES NEW SLAVE) .
’ 8089 FLOATS A/D BUS
8089 AS MASTER (MODE . . |- TCLGH
TCHGX —e| . I —— TCLGL TCHGX —=] o
—w{ | TGVCH —.I |=— TGVCH
(c {(
A | : ’
8089 FLOATS
[ 1 STATUS BUS
. 8089 RQ INPUT 8089 GT OUTPUT 8089 RELEASE INPUT
(FROM CURRENT SLAVE) (OLD MASTER BECOMES (TO MASTER) 02021B-14
NEW SLAVE) .
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823 7A

Mulitimode 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 8237A-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 channe! 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
DECREMENTOR INC/DECREMENTOR .A0-A3
[ — 1
RESET ——erf t 1
16 BIT BUS
&8 —d 76 BITBUS -
= = ‘
CLOCK ——=1 1 minG READ BUFFER READ/WRITE BUFFER BUFFER
AEN coﬁ";:m. BASE | BASE CURRENT I CURRENT
ADSTE -— ADDRESS |  WORD ADDRESS | MOROD
WEMR —=———d] (16) | Cue (16) | o
MEMW ~e——df - &
fror — S| COMMAND
o ’ < CONTROL
I WRITE aurr:n] FtAD BUFFER |
. D001
4 L {} l} DB0-DBY
DREQO-DREQ3 ~—pl—ei PRIORITY COMMAND (8) INTERNAL DATA BUS _
HACK ——=]  ENCOOER @ ﬁ
HREQ ~——] ROTATING ‘
DACKG-DACK3 .7‘4- Pnglgv TE
x?(ﬂnf) rsrATus ua)—' |1EMPORARV (s)l .
REQUEST (4) :
' 03726A-1
ORDERING INFORMATION
Packége Ambient Maximum Clock Frequency
Type Temperature 3MHz 4MHz 5MHz
Hermetic DIP, )
Molded DlP/ 0°C < Ty < +70°C 8237ADC/PC 8237A-4DC/PC 8237A-5DC/PC
Hermetic DIP —40°C < Tp < +85°C 8237ADI
HermeticDIP | —55°C < Ta < +125°C 8237ADMB
03726A-MMP
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8237A -
MAXIMUM RATINGS above which useful life may be impaired

Storage Temperature —65to +150°C
Ambient Temperature Under Bias ' ' —55to +125°C
Supply Voltage - —-0.5t0 +7.0V
All Signal Voltages with Respect to Ground ) —0.5to0 +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 dunng storage, handling and use in order to
avoid exposure to excessive voltages.

CONNECTION DIAGRAM — Top View -
D-40-1, P-40-1

OPERATING RANGE

Part Number TA Vee
8237ADC/PC 0to +70°C 5.0V +5%
8237A-4DC/PC 0to +70°C 5.0V £5%
8237A-5DC/PC 0to +70°C 5.0V £5%
8237ADI -401o +85°C 5.0V +10%
8237ADMB -551t0 +125°C | 5.0V =10% ' ) poeen

03726A-4

ELECTRICAL CHARACTERISTICS over operating range (Note 1)

Parameters Description Test Conditions Min Typ Max Units
loH = —200uA 24
Vo Output HIGH Voltage ot e Volts
Ion = —100uA, (HREQ Only) 33
) loL = 2.0mA (Data bus; 45
VoL . Output LOW Voltage oL ( ) - Volts
loL = 3.2mA (Other outputs) 45
VIH Input HIGH Voltage . : .20 -~ Vcc + 0.5 Volts
ViL Input LOW Voltage -0.5 0.8 Volts
Io Input Load Current GND < Vi\ = Vee -0 +10 vA
loLk Output Leakage Current Voc <Vout <GND +.40 . -10 +10 )
Ta = +25°C 65 130
lcc Supply Current TA=0C 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 1/0 Capacitance ] 10 - . 18 pF
NOTES: 8. Output loading on the data bus is 1 Standard TTL gate

1. Typical values are for Tp = 25°C, nominal supply voltage plus 15pF for the minimum value and 1 Standard TTL gate
and nominal processing parameters. plus 100pF for the maximum value.

2. Input timing parameters assume transition times of 20ns or 9. Successive read andfor write operations by the external
less. Waveform measurement points for both input and . processor to program or examine the controller must be
output signals are 2.0V for High and 0.8V for Low, unless timed to allow at least 600ns for the 8237A, at least 450ns
otherwise noted. for the 8237A-4, and 400ns for the 8237A-5 as recovery

3. Output loading is 1 Standard TTL gate plus S0pF capaci- time between active read or write pulses.
tance unless noted otherwise. 10. Parameters are listed in alphabetical order.

4. The new IOW or MEMW pulse width for normal write will 11. Pin 5 is an input that should always be at'a logic High
be tcy-100ns and for extended write will be 2tcy-100ns. level. An internal pull-up resistor will establish a logic High
The net IOR or MEMR pulse width for normal read will be when the pin is left fioating. Alternatively, pin 5 may be tied
2tcy-50ns and for compressed read will be tcy-50ns to Vee. '

5. tpq is specified for two different output HIGH levels. tpq1 12. Signals READ and WRITE refer to 10R and MEMW re-
is measured at 2.0V. tpq2 is measured at 3.3V. The value spectively for peripheral-to-memory DMA operations and
for tpq2 assumes an external 3.3k pull-up resistor con- to MEMR and IOW respectively for memory-to-peripheral
nected from HREQ to Vgc. DMA operations.

6. DREQ should be held active until DACK is returned. 13. If N wait states are added during the write-to-memory haif

7. DREQ and DACK signals may be active High or active of a memory-to-memory transfer, this parameter will in-
Low. Timing diagrams assume the active High mode. crease by N (tcy).
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| 8237A
SWITCHING CHARACTERISTICS

Active Cycle (Notes 2, 3, 10, 11 and 12)

. 8237A 8237A-4 8237A-5
Parameters Description Min Max Min Max Min Max Units

tAEL AEN HIGH from CLK LOW (S1) Delay Time 300 225 B 200 ns
taAET AEN LOW from CLK HIGH (S1) Delay Time 200 150 130 ns
taAFaB | ADR Active to Float Delay from CLK HIGH 150 120 90 ns
tarc READ or WRITE Float from CLK HIGH 150 120 120 ns
taFDB DB Active to Float Delay from CLK HIGH . 250 190 170 ns
tAHR ADR from READ HIGH Hold Time tcy-100 tcy-100 tcy-100 - ns
tAHS DB from ADSTB LOW Hold Time 50 . 40 30 ns
tAHW ADR from WRITE HIGH Hold Time toy-50 tcy-50 tey-50 ns

DACK Valid from CLK LOW Delay Time 250 220 R 170
tAk EOP HIGH from CLK HIGH Delay Time 250 190 170 ns

EOP LOW to CLK HIGH Delay Time 250 190 100
tasm ADR Stable from CLK HIGH 250 190 170 ns
tass ‘| DB to ADSTB LOW Setup Time 100 100 100 . ns -
tcH Clock High Time (Transitions < 10ns) 120 100 80 ns
toL Clock Low Time (Transitions < 10ns) 150 110 68 . ns
tcy CLK Cycle Time 320 250 200 ) ns
tocL - CLK HIGH to READ or WRITE LOW Delay (Note 4) 270 ’ 200 190 ns
tocTR Read HIGH from CLK HIGH (S4) Delay Time (Note 4) 270 . 210 190 ns
toctw WRITE HIGH from CLK HIGH (S4) Delay Time (Note 4) 200 150 130 ns
foar HREQ Valid from CLK HIGH Delay Time (Note 5) 180 20| 129 ns’
toaz 250 190 120
teps EOP LOW from CLK LOW Setup Time 60 45 40 - ) ns
tepw EOP Pulse Width 300 ' 225 220 ‘ ns
traaB ADR Float to Active Delay from CLK HIGH - 250 190 170 ns
trac READ or WRITE Active from CLK HIGH 200 150 150 ns
traDB DB Float to Active Delay from CLK HIGH 300 225 200 ns
tHs HACK Valid to CLK HIGH Setup Time ‘ . 100 75 75 ns
tioH Input Data from MEMR HIGH Hold Time ’ 0 0 o] ns
tips Input Data to MEMR HIGH Setup Time - . 250 190 170 ns
topH Output Data from MEMW HIGH Hold Time 20 20 10 ns
topv Output Data Valid to MEMW HIGH (Note 13) 200 125 130 ns
tas DREQ to CLK LOW (S1, S4) Setup Time 120 90 0 ns
tRH CLK to READY LOW Hold Time 20 20 20 ns
trs READY to CLK LOW Setup Time 100 60 75 ns
tsTL ADSTB HIGH from CLK HIGH Delay Time 200 150 130 ns -
tsTT ADSTB LOW from CLK HIGH Delay Time ' 140 10 90 ns
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8237A
SWITCHING CHARACTERISTICS

Program Condition (Idle Cycle)
(Notes 2, 3, 10 and 11)

8237A 8237A-4 8237A-5
Parameters Description Min Max Min Max Min Max  Units
tan ADR Valid or CS LOW to READ LOW 50 50 50 ns
taw ADR Valid to WRITE HIGH Setup Time 200 150 160 ns
tow CS LOW to WRITE HIGH Setup Time 200 150 160 ns
tow Data Valid to WRITE HIGH Setup Time 200 150 160 ns
tRa ADR or CS Hold from READ HIGH ] 0 ] ns
trDE Data Access from READ LOW (Note 8) 200 200 140 ns
tDbRF DB Float Delay from READ HIGH 20 100 20 100 0 70 ns
tRsTD Power Supply HIGH to RESET LOW Setup Time 500 500 500 us
tRSTS RESET-to First IOWR 2 2 2 tey
trsTw | RESET Pulse Width 300 300 300 ns
taw READ Width 300 250 ’ 200 ns
twa ADR from WRITE HIGH Hold Time 20 20 20 ns
twe CS HIGH from WRITE HIGH Hold Time' .20 20 20 ns
two Data from WRITE HIGH Hold Time 30 30 30 ns
twws Write Width 200 200 160 ns
SWITCHING WAVEFORMS *
Timing Diagram 1. Program Condition Write Timing (Note 9)
= cw ..I(
—_— t
' t | "_ "
o\ wws il
X e r_tw‘
Ag-Ay m INPUT VALID Kxxxx’
tow —=] |e—tup
DBo-D8, m INPUT -VALID Kxxxx
03726A-2
Timing Diagram 2. Program Condition Read Cycle (Note 9)
s T\ [..____
Ag-A3z X ADDRESS MUST BE VALID Kxxxxxxm
o i
- 1
R y[
tRDE tRDF
DBy -DB; DATA OUT VALID B
03726A-3

!
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8251

* 9551

Programmable Communications Interface
Advanced MOS/LSI

DISTINCTIVE CHARACTERISTICS

® Separate control and transmit register input buffers

© 8080A/9080A compatible

® Synchronous or asynchronous serial data transfer

® Parity, overrun and framing errors detected

o 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 pattem

Fully TTL compatible logic levels

Commercial and military temperature range operation
lon-implanted N-channel silicon gate MOS technology

GENERAL DESCRIPTION

The 8251/9551 is a programmable serial data communica-
tion interface that provides an Universal Synchronous/
Asynchronous Receiver/Transmitter (USART) function. Itis
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.

BLOCK DIAGRAM

DBO-DB?

1l

TRANSMIT
DATA

COMMAND
REGISTER

| il

RECEIVE
DATA
BUFFER

STATUS
REGISTER

et
 —

RESET === CONTROL
LOGIC

BUFFER

~zt |

T

i

MODEM
CONTROL

TRANSMITTER
SECTION
1 TxD

Al =L AT

RxRDY SYNDET
02334B-1

RECEIVER
SECTION

CONNECTION DIAGRAM
Top View
D-28, P-28
B, =—=_| \* ~ 28 [ J=— DB,
ps; =—_|2 27 [} DBy
R0 —_|3 26 | F—— Ve (+5.0v)
(GND)Vgs ——{ | 4 25 [ J=— RxC
0By = |5 24| 1— BTR
pB; =—{ |6 23| }— RIS
pBg ~—=[ |7 8251/ 22 [_}=—— DSR
pB; =—={ |8 9551 21 [ J=— RST
™ —{] 9 20 [ }=— cK
w_n'——: 10 .19 [ TxD
o —={n 18 [ J—= TxE
c/b —={ |12 17| J=— €75
RD —={_|13 16 | J=— SYNDET
RxRDY =——{ | 14 15 | _}—= TxRDY
02334B-2

Note: Pin 1is marked for orientation.

ORDERING INFORMATION

Ambient Temperature 8251 9551 Standard | 9551 Upgraded
Package Type Specification 2.4MHz 2.4MHz 2.6MHz
Molded DIP P8251 Am9551PC Am39551-4PC
0°C=Tp<70°C .
Hermetic DIP D8251 Amg551DC Am9551-4DC
Hermetic DIP —40°C < Ty <85°C 1D8251 Am9551DI Am9551-4D}
Hemertic DIP —-55°C < Tp < 125°C MD8251B Am9551DMB
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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 Selectinputallows 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 levelis 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 th
processor to the 9551.

Control/Data (C/E)

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 g'ue, 9551 that the bus information
being written is a command if C/D is high and data if C/D is low.

c/D | RD R | Cs
0 0 1 0 9551 DATA— DATA BUS
0 1 0 0 DATA BUS — 9551 DATA
j 0 1 0 | 9551STATUS— DATABUS
1 1 0 0 DATA BUS — 9551 COMMAND
X X X 1 | DATABUS— 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 outputsignalindicates to the processor that data has

been shifted into the receiver buffer from the receiver section and
may be read. The signalis 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 (SYNDET)

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 the 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 datais 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 aflowing
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=0, TxEN=1). However, the
TxRDY bitin the status Buffer will always be set when the Trans-
mit Data Buffer is empty regardless of the state of TxENand 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 modeif the processor
does notload 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
aresponse to DTR, by the Modem, to indicate thatitis 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 5in Command Instruction. It is normally used to initiate

adata 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 aresponse to RTS by a modem to

indicate that transmission may begin. Designers notusing CTS in
their systems should remember to tie it low so that 8251/9551
data transmission will not be disabled

OPERATION AND PROGRAMMING

The microcomputer program controlling the 9551 performs
these tasks:

® Outputs control codes

® Inputs status

e Outputs data to be transmitted

o 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-
trolis 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
Bt { MODE CONTROL J INITIALING MODE CONTROL
SEQUENCE
COMMAND SYNC #1
5 { DATA (OPTIONAL)
c/b=0 .
: COMMAND
DATA
c/o=0 =
: 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 synchronaus 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.

MODE CONTROL CODES
The 9551 interprets mode control codes asillustrated in Figures
2and 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 every 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, andif 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%z, or 2 trailing stop bits. in-

- terpretation of subsequent bits differs for synchronous or asyn-

chronous modes.

Figure 2. Synchronous Mode Control Code.

7 6 5 4 3 2 1 0-=— BitNo.

| I l | 0|OI
‘L Sync mode

00 5 bits per character
01 6 bits per character
10 7 bits per character
11 8 bits per character

0 = Parity disable, 1= Parity enable

0 =0dd parity, 1 = Even parity

0 =SYNDEToutput
1 =SYNDETinput

0 =2SYNC characters
1

=18YNC character 02334B-4

Figure 3. Asynchronous Mode Control Code.

"7 6 5 4 3 2 1 O-e— BitNo.

e 00 Invalid '
01 Async mode, 1 x,Baud 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

0 = Parity disatle, 1= Parity enable

0 =0dd parity, 1 = Even parity

00 Invalid

01 1stop bit
10 1% stop bits
11 2stop bits

023348-5
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OPERATION AND PROGRAMMING (Cont.)

Control code bits 6 and 7 in asynchronous mode determine how
many stop bits will trail each data unit. 1%2 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-=— BitNo,

TxEN
1 = Enable transmission

0 = Disable transmission

DTR
1 =DTR output is forced to 0

RxE
1 = Enable RxRDY
0 = Disable RxRDY

SBRK
1 =TxD is forced low
0 = Normal operation

ER .
1 = Resets all error flags in

Status register (PE, OE, FE)
RTS

1 =RTS output is forced to 0

IR
1 = Reset format

EH
1 = Enter HUNT mode 02334B-6

Bit 0 of the Command Word is the Transmit Enable bit (TXEN).
Data transmission from the 9551 cannot take place unless TXEN
is setin 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).
DTRis used to advise amodem 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
‘willbe 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.

Bit3is the Send Break Command bit (SBRK). When SBRK is set,
the transmitter 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 regardiess 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. !f 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 2 momentary function
performed only when the command is issued.

Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt mode
command is only effective for the 9551 when itis 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 isin the
asynchronous mode. TxD will send
Sync pattern if 9551 is in the
Synchronous Mode. Data can be
entered into Buffer.

Transmit Output Register is shifting a
character. Transmit Character Buffer is
available to receive a new byte from the
processor.

Transmit Register has finished sending.
A new character is waiting for
transmission. This is a transient
condition.

\

Transmit Register is currently sending
and an additional character is stored
in the Transmit Character Buffer for
transmission.

(1] on 01 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 the 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.

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.

OE 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

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.

Figure 6. The 9551 Status Register.

7 6 56 4 3 2 1 O-— GgitNo. '

L TxRDY

RxRDY

TxE

PE
Farity error

0E
Qverrun error

FE

SYNDET

indicate that the communication Data Set s operational. All status

DSR 02334B-7
MAXIMUM RATINGS Above which the useful life may be impaired

Storage Temperature’ —65°C to +150°C
Ambient Temperature Under Bias —55°C to +125°C
Vcc with Respect to Vgg —0.5V to +7.0V
All Signal Voltages with Respect to Vgg —0.5V to +7.0V -
Power Dissipation 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.

OPERATING RANGE .
Ambient
Part Number Temperature Vee Vss
D8251, P8251 .
Am9551DC, Am9551PC 0to 70°C 5.0V £5% ov
Am9551-4DC, Am9551-4PC
1D8251 .
Am9551DI —40t085°C 5.0V +10% ov
Am9551-4DI :
MD8251B 0 1250 o
Am9551DMB —-5510125°C 5.0V %£10% ov
ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1) 8251 9551
Parameters Description Test Conditions Min. ' Typ. - Max. Min. Typ- Max. Units
) 10H = —200uA . 24
VOoH Output HIGH Voltage Tor = —T004A >3 Volts
VoL Output LOW Voltage | 0L = 3:2mA (Note 6) 045 Valts
oL = 1.6mA 0.45
VIH 1 Input HIGH Voltage 2.2 Vee 22 Vee Volts
ViL Input LOW Voltage -05 08. -05 08 Volts
I Input Load Current Vss < VN < Vee 10 . 10 KA
IpL Data Bus Leakage Vour =045V —50 - —50 uHA
VouT =Vce 10 10
Ta =+25°C . 45 45
Icc Ve Supply Current Ta =0°C 80 80 mA
Ta = —40°C, —55°C 120 120
Co Qutput Capacitance . 15 pF
C Input Capacitance 10 10 pF
- fc =1.0MHz, Inputs = 0V
Ci/o 1/O Capacitance 20 .20 pF

2-171



t

8251 - 9551
SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Note 2)

8251 9551 95514
Parameters Description Min. Max. Min. Max. Min. Max. Units
tAR CS, C/D Stable to READ Low Set-up Time 50 50 50 ns
tAW CS, C/D Stable to WRITE Low Set-up Time 20 20 20 ns
tcR DSR, CTS to READ Low Set-up Time 16 16 16 tCY
tcy Clock Period 420 135 . .380 1.35 .380 1.35 us
tpF READ High to Data Bus Off Delay 25 200 25 200 25 200 ns
tDTx TxC Low to TxD Delay 1.0 1.0 1.0 us
tpw Data to WRITE High Set-up Time 200 . 150 100 ns
tES External SYNDET to RxC Low Set-up Time 16 16 16 tCY
tHRx Sampling Pulse to Rx Data Hold Time 20 2.0 2.0 us
tis Data Bit (Center) to Internal SYNDET Delay 25 25 25 tCY
'mW Clock Pulse Width 220 0.7tCY 175 0.71CY 175 0.7tCY ns
tR, tF Clock Rise & Fall Time 0 50 0 50 0 50 ns
tRA READ High to CS, C/D Hold Time 5.0 5.0 5.0 ns
tRD READ Low to Data Bus On Delay 350 250 180 ns
1x Baud Rate 15 15 15 )
tRPD Receiver Clock High Time égﬁd&Ri‘:: 30 < 3.0 3.0 tCcY
1x Baud Rate 12 12 12
tRPW Receiver Clock Low Time
;‘Zz d&R‘Z‘:: 1.0 10 1.0 ey
tRR READ Pulse Width 430 380 250 . ns
tRv ?":lr;xtee%c;tween WRITE Pulses During Imtnahza-tlon 6.0 6.0 6.0 Y
tRx Data Bit (Center) to RxRDY Delay 20 20 20 ey
. tSRx Rx Data to Sampling Pulse Set-up Time 2.0 2.0 2.0 us
1x Baud Rate " 15 15 15
tTPD Transmitter Clock High Time A% Y
1 & o 30 30 3.0
1x Baud Rate 12 12, 12
tTpw Transmitter Clock Low Time 16x & 64x 10 10 10 tCcY
Baud Rate
CtTx Data Bit (Center) to TxRDY Delay 16 16 16 tCY
tTxE Data Bit {Center) to Tx EMPTY Delay 16 16 16 tCY
WA WRITE High to CS, C/D Hold Time .20 20 | 20 ns
twe WRITE High to TxE, DTR, RTS Delay 16 16. 16 tCY"
twD WRITE High to Data Hold Time 40" 40 40 ns
tww WRITE Pulse Width ’ 400 380 250 ns
: 1x Baud Rate DC 56 DC 56 DC 56
fRx Receiver Clock Frequency 16x & 64x be 520 oe 520 be 520 ° kHz
Baud Rate - .
; 1x Baud Rate DC 56, DC 56 DC 56 .
i \)
Tx Transmitter Clock Frequency égzd&:;:: \ b 520 e 520 be 520 - kHz
Notes: 1. Typical values are for T = 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 0.8V
and 2.0V.
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 (Ig) is 1.6mA at Vor_ = .45V max over the military temperature range (—55 to +125°C) and Vg = 5V +10%.

AC TESTING INPUT, OUTPUT WAVEFORM

24

P R ——T
0. ~—POINTS—__ oo

AC testing inputs are driven at 2.4V for a logic “1" and 0.45V for a Ioglc
“0.” Timing measurements are made at 2.0V for a logic “1” and 0.8V for”
alogic “0.”

02334B-8
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SWITCHING WAVEFORMS -

READ OPERATION

tAR =} tRR }—woF

DATA | FLOATING
BUS

tRD

WRITE OPERATION

02334B-9 02334B-10
TRANSMITTER CLOCK AND DATA RECEIVER CLOCK AND DATA
TPW I tTRC | RxC
- ] (16 xBAUD) -
%
1 x 8AUD) . | e o o
<——lGTxCFERIODS-—————| RXC
{1 x BAUD)
=N N\ S q | I o |
(16 x BAUD) INTERNAL [ (RPW 1 "
I.—.l_zmx SANPLING n
A S | oy
02334B-11 02334B-12
TxRDY TIMING (ASYNC MODE) RxRDY TIMING (ASYNC MODE)
START 1t ; START
PARITY | stop A g
TXEMPTY I H RxXD | S8 DATABITS . IS e 15 |
(
_—‘ e TX. . ——4 f—tRX
TxRpy \ / \ " -‘[ \ RxRpy 5 F\
¢ | 1/
)) i I
_— LS — 3 1
WA | l | | 7D v .
WRITE . WRITE WRITE .
1ST.BYTE  2ND.BYTE )y 3RD. BYTE ' 2334814
[0} -
TXD MARKING| STARTBIT %’ﬂs‘*\): IPAEHI'll:.W STOPBIT START BIT
N A4
| 1ST. DATA BYTE |- DAY TE—
02334B-13

INTERNAL SYNC DETECT (SYNC MODE ONLY)

o SYNC CHARACTER 01101001 ———=-|

LAST
RxD | 1ST. I I I I BIT
BIT
s RESET BY
SYNDET %_\ STATUS READ
OPERATION

(OUTPUT)
02334B-15

EXTERNAL SYNC DETECT (SYNC MODE ONLY)

i T e I

—=| f=—tes N

SYNDET U
(OUTPUT)

— J e

RxD I 148

) Lo
W
[ 1ST. DATABYTE

02334B-16
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Programmable Communication Interface

DISTINCTIVE CHARACTERISTICS

® Synchronous operation up to 64K baud

® Asynchronous operation up to 19.2K baud

o Full duplex, double-buffered trangmitter and réc_'eiver

e 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.

® Supports bi-sync

GENERAL DESCRIPTION

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 8251A interfaces easily with
amodem.

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.

The 8251A is fabricated with a N-channel silicon gate pro-
cess and is packaged in a plastic or ceramic 28-pin DIP.

Figure.1. Block Diagram

Figure 2. Pin Configuration

D-28
D;-Dp T P-28
TRANSMIT ™D
DATA BUS i
-9 \J
D, —f |1 . 28 ]
1 l D; —[]2 27 [J=— Do
:%ET—* /I—I\ TxRDY ARD —=|3 26 [ }F— V+(Vee)
c/D READ/ WRITE TV TRANSMIT TXE GND(Vss) —o 1 4 25 [J=— mxC
,_ER J tosc . CONTROL . Dy -5 2 [} B7A
=9 Ds ——={"l6 23 [ }— RTS
& : Dg = |7 22 [ Jw— DSA
B251A
D; =—{"18 21 [ J=— RST
BSR . - .
579 . ™ —{ |9 20 | Je— CLK
MODEM < RECEIVE RxD WR —=[ ] 19 [F— ™o
e - ONTROL BUFFER (S-P) [~ - .
:;z CONT! &P 6 — " 18 [T—= 1xempry
-—0 <z> c/b —e[]12 17 [ J=— ©T5
/ P : A6 —{ | 16 [ J=—= SYNDET/BO
RxRDY
INTERNAL DATA BUS : RxRDY ~—{ | 14 15 TxRDY
_| recewe AxC
CONTROL 04133A-2
SYNDET
— Note: Pin 1 is marked for orientation.
04133A-1
ORDERING INFORMATION
Ambient
Temperature Device Number
Package Type Specification 3MHz
Molded DIP o . P8251A
Hermetic DIP 0°C <Ta =< 70°C DB251A
Hermetic DIP —40°C < Tp < +85°C ID8251A
Hermetic DIP —55°C < Ty < +125°C MD8251AB
04133A-MMP
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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.

" The8251A 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, statys, Data In, and Data Out, which con-
siderably simplifies control programming and minimizes CPU
overhead.

Inasynchronous 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 USART.

Atthe conclusion of a transmission, TxD 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

been transmitted. 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.
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8251A
MAXIMUM RATINGS

Ambient Temperature Under Bias —5510 125°C
Storage Temperature —-65to +150°C
Voltage to Any Pin with Respect to Ground -0.5t0 +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 Ta Vee Vss
;ggg:ﬁ 0°C < Tp <70°C 50V=5% | OV
1D8251A -40°C<Tp<85C | 5.0V=10% ov
MD8251AB -55°C<Tp<125°C | 5.0V =10% ov

DC CHARACTERISTICS

Com’'l  Tp = 0to70°C, Vee = 5V 5%

Ind Ta = -401085°C, Voo = 5V =10%

Mil Ta = —-551t0 125°C, Vcc = 5V £10% Com’l and Ind Military

Parameter Description Test Conditions Min Max Min Max Units
Vit Input Low Voltage -05 0.8 -0.5 08 \
VIH Input High Voltage 2.0 Vee 2.2 Vee \
VoL Output Low Voltage loL = 2.2mA 045 045 v
Von Output High Voltage loL = —400pA 24 24 \
loFL Output Float Leakage Vout = Ve to 0.45V . +10 +10 HA
I Input Leakage VIN = Voo to 0.45V - =10 +10 pA
lcc Power Supply Current All Outputs = High Com - 19 150 mA

Ind . 150 150

CAPACITANCE (T = 25°C, Vo = GND = 0V)

Parameter Dbescription Test Conditions Min Max Units
CiN Input Capacitance fc = 1MHz 10 pF
Cio 1/O Capacitance Unmeasured Pins Returned to GND 20 pF

AC CHARACTERISTICS (GND = 0v) ' '

Com'l  Tp = 0to 70°C, Vee = 5V 5%

Ind Ta = -401085°C, Vgg = 5V =10%

Mil Ta = —5510 125°C,. Vgg = 5V =10%

Bus Parameters (Note 1) Com’l and Ind Military

Parameter Description Test Conditions Min Max Min Max Units

READ CYCLE '

taAR Address Stable Before READ (CS, C/D) Note 2 0 ~475 ns
tRA Address Hold Time for READ (CS, C/D) . Note 2 0 75 ns
tRR READ Pulse Width o 250 ) 300 ns
tro Data Delay from READ 3, CL = 150pF 200 280 ns
tor READ to Data Floating - 10 100 5 120 ns
WRITE CYCLE '

taw Address Stable Before WRITE 0 75

twa Address Hold Time for WRITE 0 75

tww 'WRITE Pulse Width 250 300

tow Data Setup Time for WRITE 150 200

two Data Hold Time for WRITE t 20 , 80

tRrv Recovery Time Between WRITES Note 4 ] 6
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AC CHARACTERISTICS (Cont.) (GND = 0V)

8251 « 9551

Com’l  Tp = 01to70°C, Ve = 5V 5%
Ind Ta= —40t085°C, Vcg = 5V=10%
Mil Ta = —551t0 125°C, Vgg = 5V =10%
Com'l and Ind Military
Parameter Description Test Conditions Min Max Min T Max Units
OTHER TIMINGS
tcy Clock Period Notes 5, 6 320 1350 320 1350 ns
te Clock High Pulse Width 120 toy —90 150 toy—100°] ns
to Clock Low Pulse Width 90 100 ns
R, tp Clock Rise and Fall Time 20 20 ns
toTx TxD Delay from Falling Edge of TxC 1 o1 us
frx Transmitter Input Clock Frequency
1x Baud Rate . DC 64 DC 64 kHz
X 16x Baud Rate ‘ DC 310 Dc | 310 kHz
64x Baud Rate DC 615 DC 615 kHz
trpw Transmitter Input Clock Pulse Width "
1x Baud Rate 12 12 toy
16x and 64x Baud Rate 1 1 toy
trep Transmitter Input Clock Pulse Delay '
1x Baud Rate 15 15 toy
16x and 64x Baud Rate 3 . '3 toy
fRx Receiver Input Clock Frequency ' .
1x Baud Rate DC 64 DC 64 kHz
16x Baud Rate : DC 310 DC 310 kHz
64x Baud Rate DC "615 DC 615 kHz
trRPwW Receiver Input Clock Pulse Width
1x Baud Rate 12 12 tcy
16x and 64x Baud Rate 1 1 toy
tRPD Receiver Input Clock Pulse Delay
1x Baud Rate 15 15 toy .
16x and 64x Baud Rate 3 3 toy
tYxRDY TxRDY Pin Delay from Center of Last Bit Note 7 8 8 tcy
g,’:g% TxRDY | from Leading Edge of WR Note 7 400 6 toy
trxRDY RxRDY Pin Delay from Center of Last Bit Note 7 26 24 - tcy
g‘i‘ggg RxRDY | from Leading Edge of RD Note 7 400 6 toy
tis Internal SYNDET Delay from Rising Edge of RxC Note 7 26 24 toy
tes External SYNDET Setup Time After Rising Edge of RxC Note 7 18 16 tey
trxeMPTY | TXEMPTY Delay from Center of Last Bit Note 7 20 20 toy
twe ((?rc;nEtrr:)I g.?’l:!ay F;[rosrr; Rising Edge of WRITE ' Note 7 8 8 - | toy
teR Control to READ Setup Time (DSR, CTS) Note 7 20 20 toy

Notes: 1. AC timings measured Vg = 2.0 Vg = 2.0, Vo = 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 Rp|.
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 tgy 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, f1x or fgy
_ 64x Baud Rate, f1y or fry <1/(4.5 tcy).
6. Reset Pulse Width = 6 tgy 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.

<1/(30 tgy): For 16x and
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+20
? /
c
| +10 7
z
-
w
a 0
=
2 SPEC
e
3 -10 ;
a //
-20
~100 -50 0 +50  +100

A CAPACITANCE - pF
04133A.3

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE — pF

AC TESTING INPUT, OUTPUT WAVEFORM

AC TESTING LOAD CIRCUIT

24
20

0.8

TEST POINTS

20

08 8251A

AC testing: Inputs are driven at 2.4V for a Jogic "1" and 0.45V for a logic

04133A-4

——I———O outr
CL

|||~—i

“0.” Timing measurements are made at 2.0V for a logic “1" and 0.8V for 041334-5
a logic “0.” CL = 150pF
WAVEFORMS
SYSTEM CLOCK INPUT -
tey
fe— 1, ——‘ A ——t
1y t f—
CLOCK /—\_—/___
04133A-6

trew

TxC 5
(1x MODE}

torx —| -

e '
(163 MOOE)

/ \ / o .

Tx DATA )

X

04133A-7

RxDATA S

(Rx BAUD COUNTER STARTS HERE)

RECEIVER CLOCK AND DATA

START BIT / DATA B

i ' x OATA BT

—_—
wC
. \

8 RXC PERIODS

) ]

W

(16x MODE)

Fal
(16 WODE)

INT SANPLING
PULSE

16 RxC PERIODS (16x

NNV VNNV

AVAVAVAVAVAVAVAVAVAVAVAN

ey _F tey

04133A-8
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TxRDY / \L
E"‘ 12 RDY CLEAR
tww

WAVEFORMS (Cont.)

WRITE DATA CYCLE (CPU — USART)

" N
tow two
DATA IN (DB) SonTcane ‘!7 DATA STABLE E DON'Y CARE
[—'Aw — o twa
¢/ : / -
| taw —=i f— twa l
\ S
’ - ‘ 04133A-9
READ DATA CYCLE (CPU <« USART)
RxRDY / \-
-—————I tRx ROY CLEAR
tRR
" /
tro tor
DATA OUT (DB) oo { " DATA OUT ACTIVE E_DA“ FLoar

e -
c/o \ | /_

. tan —— le— tha —=i
- A v
04133A-10

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)
DTR, ATS
(NOTE = 1) x
tww twe
WR
tow twp
DATA IN (DB) 7! N
\ )

l-‘"Aw——’ ———tw‘—.'

c/o

{ o | - 'w‘j/

04133A-11
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WAVEFORMS (Cont.)
READ CONTROL OR INPUT PORT‘(CPU | USART)

)
OSR, CTS
(NOTE = 2)

tch tRR )
" \ /
tRo tor
DATA OUT 7 }___
(0B) X

—— — .

/ -

tap —e-f . l=— tRa
s .

04133A-12

Notes: 1. Ty includes the response timing of a control byte.
2. Tcorincludes the effect of CTS on the TxENable circuitry.

TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE)

|

treempry ..{

Th EMPTY

4

A
(A S —
v /] / \ ‘ /

WROATA1 WRDATA2 WR D

ey \ |/
VAR WK

Tx DATA

|STATUS BIT)

WRDATA 4

\ |/ /\

WR SBAK

DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 © v 23 4 5 6
DATA CHAR 4

START BIT
DATA BIT
STOP BT

04133A-13

Example format = 7 bit character with parity and 2 stop bits.
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WAVEFORMS (Cont.)
RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE)

BREAK DETECT

FRAMING ERAOR
(STATUS BIT)
PR -
OVERRUN ERROR DATA
(STATUS BIT) CHAR 2
LosT
— [—
AxROY ,
RO DATA
i ‘ k l l
we Ran WRERR | Ry

T
U | | AN
: . Y T 7

Rx OATA
DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 " 0123456 0123458

BREAK

RxEn EnRes

START BIT
DATA BIT
PARITY BIT
STOP BIT
START BIT
DATA BIT
PARITY BIT
STOP BIT

B 04133A-14

Example Format = 7 bit character with parity and 2 stop bits.

TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE) ’ -

€78

T X r
T4 READY
(STATUS BITY X / K [
Tx REAOY
e
_
WRCOMMAND WR COMMAND
SBRK SBAK
ke /\ / \ / \ / / \m
WR WR
CH;

T
WRDATA  WRDATA WR DATA DATA ATA
CHAR1  CHAR2 CHARD a4 CHARS

" oata SYNC \.,’.'Zl DATA \ vm\_nﬁ SPACING MARKING| DATA SYNG
MARKING STATE CHAR 2 CHAR 1 SYNG CHAR Z CHAR 3 CHAR 4 SWTE STATE STATE | CHAR'S ' cHaAR erc
N
1 0ATA oY1 Yz2fa)e of1x2X3%4 of1X2Xa%e oR1Xz2 3X4 of1x2X3X4 of1X283%4 / of1Y2)3%4 ofkrl2X3)4 o)t
PAR PAR PaR PAR PAR PAR sAR PaR
04133A-15

Example Format = 5 bit character with parity, 2 éync characters.
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WAVEFORMS (Cont.)
RECEIVER CONTROL AND FLAG TIMING (SYNC MODE)

SYNDET .
(PININOTE 1 NOTE 2

Y —=f tes —=t| =t
SYNOET (58) ;
f———
OVERAUN DATA CHAR 2
ERROR (SB) 108t

Rx RDY (PIN) - .
. —_———

WREH .
AxEn RDSTATY! WR ERR Rat AD STATUS
<0 \ RO STATUS /
WREH ||
ROOATA RD DATA RO SYNG AD DATA
CHARY CHARY CHARY

=T N\ VT

OON'T | SYNC SYNC DATA DATA OATA s¥ne DATA DATA
CARE | CHAR 1 CHAR 2 CHAR 1| CHAR 2 CcHAR 3 CHAR 1 SYNC CHAR 2 DON'T CARE CHAR 1 CHAR 2 303
Bx XXX e XaXa Ko X1 Xz K XaX XoX1XzXaXeX XoX1X2X3XaX XoX1X2KaXeX XeX1X2KaXeX XoX1X2KaXeX XoX1X2XaXaX XaXxXeXsXXxXsXsXoX1X2X3XaX XoX1X2X3)a
T
PAR PAR PAR PAR PAR PAR PAR PAR PAR
CHAR ASSY
/—— CHAR ASSY BEGINS /7 BEGINS
fx ETOEK ” “ |
\_ £XIT HUNT MODE ) EXIT HUNT MOOE __/
T SET SYNC DET SET SYNDET (STATUS 81T) SET SYNDET (STATUS BIT)
04133A-16

Notes: 1. Internal sync, 2 sync characters, 5 bits, with parity.
2. External sync, 5 bits, with parity.
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Programmable Interval Timer
Advanced MOS/LSI

DISTINCTIVE CHARACTERISTICS

® Both Binary or BCD counting

® Single +5V supply

e Three independent 16-bit counters
e DC to 5MHz

® Programmable counter modes

® Bus oriented 1/0

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. '

BLOCK DIAGRAM

CONNECTION DIAGRAM — Top View
N D-24-1, P-24-1
. ./

D7 1 24 vee
os{_]2 23 EW
[‘ os[]3 2 []m0
. | CtKo ps{ ] 4 [ ]cs
<z> o K ﬁ ) <:> COUNTER | GATE NE . o
BUFFER ouT,
OrDy 0 o2 ]6 agggfs 19 pAO
o[ |7 8253-2 18 [ Jotk2
’ 00 8 17 | _Jourz2
RO cu(ng ) 16 [ Joate2
WR @« : St ournq 10 15 [Jeukr
A cvi??é § cou;l‘TER ﬂﬁ Gateo[ 1 14 [JoatE1
';‘:—— Loaic 3 ouTy ano[] 12 13 [TJourt
— & 04126A-2
s ] ] Note: Pin 1 is marked for orientation.
. PIN NAMES
CLK,
CONTROL D7-D0 Data bus (8-bit)
WORD | coinzren | AT -
|REGISTER \'__" ouT, CLKN Counter clock inputs
GATE N Counter gate inputs
I ’ f OUT N Counter outputs
— 04126A-1 —
RD Read counter
WR Write command or data
cs Chip select
AO-A1 Counter select
vCcC +5 Volts
GND Ground
ORDERING INFORMATION
‘ Ordering Numbers )
. trp = 300ns tRD = 200ns trRD = 120ns
Package Type Ambient Temperature tcy = 380ns tcy = 380ns tcy = 200ns
Molded DIP P8253 PB8253-5 P8253-2
0°C < Ty =< +70°C
Hermetic DIP D8253 D8253-5 D8253-2
Hermetic DIP —40°C < Tp < +85°C 1D8253 1D8253-5
Hermetic DIP ~55°C < Tp < +125°C MD8253B
04126A-MMP
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FUNCTIONAL DESCRIPTION

General

The 8253 is a programmable interval timer/counter specifically
designed for use with the 8080A Microcomputer systems. lts
function is that of a general-purpose, multitiming element thatcan
be treated as an array of 1/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
systems 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

e Event Counter )

e Binary Rate Multiplier

® Real-Time Clock

e 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 can occur to
change the function unless the device has been selected by the
system logic. :

RD (Read)

A “low” on this inpuf 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.

A0, At

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 A0, A1 are 11. It then
accepts information from the data bus buffer and stores it in a
register. The information stored in this register controls the oper-

ational MODE of 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 counter can be read “on the fly”
without having to inhibit the clock input.

CS | RD | WR | A1 | A0
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 #0 does nothave 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.
(SCO, 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 (RLO, RL1). 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 (RLO, RL1). 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, the 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, RL1) are
programmed. Then proceed with the restart operation.

Programming Format
' MODE Control Word

Counter n
LSB Count Register byte
Counter n
" MsB 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 A0

No. 1 MODE Control Word 1 1
Counter 0

No. 2 MODE Control Word 4 1
. Counter 1

No. 3 MODE Control Word 1 1
Counter 2

No. 4 LSB (?ount Register Byte 0 1
Counter 1

No. 5 MSB - Count Register Byte: 0o 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 o 0
Counter 0

Note: The exclusive addresses of each counter’s count register make the

task of programming the 8253 a very simple matter, 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.

There are two methods that the programmer can use to read the
value of the counters. The first method involves the use of simple .
1/0 read operations of the selected counter. By controlling the A0,
At inputs to the 8253 the programmer can select the counter tobe
read (remember that no read operation of the mode register is
allowed A0, 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 1/O Read contains the least significant byte (LSB).
second /O Read contains the most significant byte (MSB).

Due to the internal logic of the 8253 itis absolutely necessary to
complete the entire reading procedure. If 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

A1l A0 RD
0 0 0 Read Counter No. 0
0 1 0 Read Counter No. 1
1 0 0 Read Counter No. 2
1 1 0 lilegal

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
A0, A1 =11

D7 D6 Ds D4 D3 D2 Di Do

Lsc1LscoWo]o|x|x|xTx|

SC1, SCo — specify counter to be latched.
D5, D4 — 00 designates counter latching operation.
X — don't care. ¢

The same limitation 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
CLKX

*1.5MHz
CLK

8085

8253-5

04126A-9

*If an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2MHz or less.
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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 efficient 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 1/O operations.

Each counter of the 8253 is individually programmed by writing a
control word into the Control Word Register (A0, A1 = 11).
Control Word Format

D7 D6 D5 D4 D3 D2 D1 Do
| sct | sco | At | Ao [ m2 | w1 | mo | Beo|

Definition of Control
SC — Select Counter:

SC1 SCO
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 llegal
RL — Read/Load:
RL1 RLO
0 0 Counter Latching operation.
1 [} Read/Load most significant byte only.
0 1 Read/Load least significant byte only.
1 P Head/lfoafi. least significant byte first, then
? most significant byte.
M — MODE:
M2 M1 Mo
0 0 0 MODE 0
0 0 1 MODE 1
X 1 0 MODE 2
X 1 1 MODE 3
1 0 0 MODE 4
1 0 1 MODE 5
BCD:
0 Binary Counter 16-bits
1 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 arising edge and a falling edge of the clock. Any
read of the counter prior to thatfalling 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 s 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. Wirite 1st 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 untilthe succeeding trigger. The current countcan
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 thatthe outputwill remain high untilone
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
refiect the new value. The count will be inhibited while the gate

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 period 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.

MODE 0. Interrupt on Terminal Count.

Gate Pin Operations Summary

Signal Low
oo ML MLMLMLMLML LALLM $tatus|  or Going |
0 odes ow ising g
[ Mod L Risi High
o] [ " :
.I a2 4 0‘ Disables _ Enables
ERRUPY counting counting
win ] om0 I 1) Initiates
1 - counting _
GATE 2) Resets output )
after next clock
QUTPUT T ls | i 2 ! ‘i_— 1) D b|
« ) (m=9 isables :
— armem " 412643 counting R ?:Jz?:rs Enables
) 2 2) Sets output 2) Initiates counting
' immediately countin
high 9
MODE 1. Programmable One-Shot. R r?;iilt)ifgs
Initiates Enables
8 2 §ets ot:npul counting counting
cLock ||||||||||||||]|[||‘||||||| immediately
high
el ‘ Disables _ Enables
TRIGGER I counting counting
) 4 3 2 1 0 5 _ Initiates _
outPuT (n=a | l counting

TRIGGER I l I
4 3 2 ) 3 2 1 0

OUTPUT l

04126A-4

MODE 2. Rate Generator.

OuTPUT | I | | | I
Ut o3 3 2 1 K3 2 1 o3 2 . 1
outPU
wy L LI
RESET I |
04126A-5

MODE 3. Square Wave Generator.

o] LTLILILILLLIL LML

ouTRUT 4 2 4 2 4 2 4 2 4 2 4 2 4
w=4___| | | 1 | l I~
ouTPUT 5 4 2 5 2 5 4 2 5 2 5 4 2
=5 | | | 1 [ .
04126A-6

MODE 4. Software-Triggered Strobe.

WR n=4

4 3 2 1 o

outPUT | I

LoaDn n=4

GATE I '

4 4 3 2 1 0

OUTPUT I_.l

04126A-7

MODE 5. Hardware-Triggered Strobe.

GATE I

4 3 2 1 0
ouTPUT
(=2 LI
GATE I | |
4 34 3 2 1 0
outpuT
P LI

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

-0.5to +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. Itis suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid
exposure to excessive voltages.

OPERATING RANGE

Part Number Ta Vee Vss
Ds2ss, Pe2sS I soves% | ov
D8253-2, P8253-2 5.0V = 10% ov
:32255:33-5 —40°C < Ty < +85°C 50V +10% | OV
MD8253B -55°C < Tp < +125°C 5.0V + 10% ov
DC CHARACTERISTICS . .
Commercial 8263, 8253-5 Tp = 0to +70°C, Veg = 5.0V £ 5%;
Commercial 8253-2 Ta = 0to +70°C, Ve = 5.0V = 10%;
Industrial Ta = —40to +85°C, Vg = 5.0V = 10%;
Military Tp = —55 to +125°C, Voo = 5.0V = 10%
8253 8253-5 8253-2
Parameters Description Test Conditions | Min Max Min’ Max Min Max | Units
ViL Input Low Voltage -5 8 -5 8 -5 B \
Vi Input High Voltage Comm, Ind 22 |Veo+8V| 22 |Veg+.5V| 22 |Vgo+.8V v
Mil . 2.4
8253 loL = 1.6mA 45
VoL Output Low Voltage | 8253-5 loL = 2.2mA 45 v
8253-2 loL = 22mA 45
8253 IoH = —150pA 24
VoH Output High Voltage | 8253-5 loH = —400pA 24 v
8253-2 loH = —400uA 24
I Input Load Current Comm, ind ViN = Vg to OV =10 =10 =10 pA
Mil +20
lorL Output Float Leakage Comm, Ind Vout = Veg to OV =10 =10 =10
Mil +20
Comm 140 140 140
lcc Vcc Supply Current | Ind 160 160 ' mA
Mil -~ 160
CAPACITANCE T = 25°C; Vog = GND = OV
Parameters Description Test Conditions ' Min Typ Max Units
CiN Input Capacitance fe = IMHz 10 pF
Cio 1/0 Capacitance Unmeasured pins returned to Vgg 20 pF
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CLOCK AND GATE TIMING

8253

. 8253 8253-5 8253-2
Parameters Description Min Max Min Max Min Max Units

Comm, Ind 380 DC 380 DC 200 DC

tok Clock Period - - ns
Mil 400 DC -

. Hich Pulse Widih Comm, Ind 230 230 90

. ns

PwH an ruse 1 Mil 250

twiL Low Pulse Width 150 150 90 ns

tew Gate Width High 150 150 120 ns

taL Gate Width Low 100 100 80 ns

tes Gate Setup Time to CLK 1 100 100 60 ns
Comm, ind 50 50 50

taH Gate Hold Time After CLK 1 . ns
Mil 100

too Output Delay from CLK | (Note 1) 400 400 250 ns

toba Output Delay from Gate | (Note 1) 300 300 ) 150 ns

Note: 1. Test Conditions: 8253 C{ = 100pF; 8253-5, 8253-2 C_ = 150pF.

= 1CLK

/N
\

tGW

-—acl.——l

toD

OUTPUT O

tODG~~

04126A-10
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8253
AC CHARACTERISTICS
Commercial 8253, 8253-5 Ta = 0to +70°C, Veec = 5.0V = 5%, GND = 0V;

Commercial  8253-2 Ta = 0to +70°C, Voo = 5.0V = 10%, GND = 0V; .
Industrial Ta = —40to +85°C, Vcg = 5.0V = 10%, GND = 0V;
Military _ Ta = =55 to +125°C, Vg = 5.0V * 10%, GND = 0V
8253 8253-5 8253-2
Parameters ) Description Min Max Min Max Min Max - Units
Read Cycle
tAR Address Stable Before READ 50 30 25 ns
— Comm, Ind 5 ) 5 ' 5 ‘
tRA Address Hold Time for READ ns
: Mil 10
tRR READ Pulse Width ' 400 300 150 ns
tRD . | Data Delay from READ (Note 2) : 300 ) 200 120 ns
R Comm, Ind 25 125 25 100 25 100
tor READ to Data Floating ns
Mil 25 175
Recovery Time Between READ and Any Other A .
tRY Control Signal 1 ! 500 Tk
Write Cycle .
taw Address Stable Before WRITE 50 30 0 ns
twa Address Hold Time for WRITE ‘ 30 30 0 ns
tww . | WRITE Pulse Width 400 300 150 ns
tow Data Setup Time for WRITE 300 ) 250 100 ns
twp Data Hold Time for WRITE 40 30 0 ns
Recovery Time Between WRITE and Any Other
RV Control Signal (Note 3) 1 ! . 500 -

Notes: 1. AC timings measured at Vo = 2.2, VoL = 0.8.
2. Test Conditions: 8253, C|_ = 100pF, 8253-5, 8253-2, C| = 150pF.
3. try applies for any READ or WRITE that occurs regardiess of the state of the CS input.
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 affec'ted

Write Timing - ' Read Timing

I?O-1, cs X I( Ao, CS 4

1aw :L—-IWA AR 1A
DATA BUS X X RD : \ /
' le—! oW —e=-twp = tRD—={ | |
| —l Le—tDF
WR B IZ DATA BUS HIGH IMPEDANCE VALID [HIGH IMPEDANCE
ww 04126A-11 04126A-12

Input Waveforms for AC Tests

24
20~ qgsr - 20
08 =——POINTS——_ o0

0.45
04126A-13
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8255A

Programmable Peripheral Interface
Advanced MOS/LSI

DISTINCTIVE CHARACTERISTICS
® Direct bit set/reset capability easing control application

o0 0 00

Reduces system package count
Improved DC driving capability
24 programmable I/O pins
Completely TTL compatible
Fully compatible with 8080A and 8085A microprocessor

® Improved timing characteristics
e Military version available

GENERAL DESCRIPTION

The 8255A is a general purpose programmable /O device
designed for use yvith 8080A and 8085A microprocessors. It has
24 1/0 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 |/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.

POWER
SUPPLIES

— +5V

—————— GND

8255A BLOCK DIAGRAM

GROUP

A
CONTROL

GROUP

A
1o
K— = @PA:-%

@)

—

BI-DIRECTIONAL BUS
D7Dy

DATA /‘_ )
=, T —

8-BIT

!

RD —O]
WR ~—=0
Ay

READ/
WRITE

GROUP
A

/L:>|/o

PORT C R

<:> PORT & KV PEr-PC
|~y

@)

Ay ———e]

RESET ———*

CONTROL
LOGIC

INTERNAL GROUP
DATA BUS o
K N rorTc K b ec
LOWER | N 30
@ |
GROUP | 4 GHgUP
B LN o
conTroL [N <:> PORT \l_:>p57_,,50
. (8)

S—

04122A-1

ORDERING INFORMATION

Ambient Temperature

Order Numbers

Package Type Specification tww = 400ns | tww = 300ns
Molded DIP P8255A P8255A-5
0°C < Tp < 70°C
Hermetic DIP i D8255A ' D8255A-5
Hermetic DIP —40°C < Tp < 85°C ID8255A ID8255A-5
Hermetic DIP —55°C < Tp < 125°C MD8255AB
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8255A

CONNECTION DIAGRAM — Top View . PIN NAMES
D-40-1, P-40-1 .
= e pry D7-Dg Data Bus (Bi-Directional)
PA; (] 2 39[pa
P:‘ o w5 FA: Reset Reset Input
PA, ] 4 a7 [ pay CS Chip Select
RO (s 36 [T WR —
Y ) 35 [ 7] RESET RD Read Input
GND 7 341Dy —
A8 33{ 3o, WR Write Input
Ao ]9 2[Jo0:
pc, (] 10 [0, Ag, Aq Port Address
pcs 11 %% o, -
pCy [] 12 29 E D5 ) PA;-PAg Port A (Bit)
pc; T 13 28 D .,
_ poy 14 750 PB;-PBg Port B (Bit)
= b o] , PC;-PCo | Port C (Bit)
PCy 17 : 2 PB
PB; s z; % Paz Vee +5 Volts
PBy [] 19 22 (] P8,
vs; 0 20 o = PB; 012282 GND 0 Volts
MAXIMUM RATINGS above which useful life may be impaired
‘Storage Temperature , —651t0 +150°C
Ve vith Respect to Vss . -0.5to +7.0V
All Signal Voltages with Respect to Vgg ‘ —0.5to +7.0V
Power Dissipation 1.0W

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of
static charge. Itis suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid
exposure to excessive voltages.

CAPACITANCE T, = 25°C; Vgc = GND = 0V

Parameter Description . Test Conditions Min. Typ. . Max. Unit
Cin Input Capacitance fc = 1IMHz 10 pF
Ci/o 1/O Capacitance Unmeasured pins returned to GND " 20 pF

TEST LOAD CIRCUIT (FOR DATA BUS)

- 7500
-—r'\/\/\«——.D. T. O Vexr* L
c *VexT is set at various voltages during testing to guarantee the specification.

:—:E L

OPERATING RANGE ‘
Part Number Ambient Temperature Vee Vss

DUsSA'S, PasESA-S 0°C < Tp < 70°C SV'£5% | OV
:335222_5 ~40°C < Ty < 85°C 5V.=10% | OV
MD8255AB —55°C = Tp < 125°C 5V =10% ov

DC CHARACTERISTICS over operating range )

Parameters Description Test Conditions Min Max Units
ViL Input Low Voltage -05 08 - Volts

ViH Input High Voltage 2.0 Vee Volts

VoL (DB) Output Low Voltage (Data Bus) loL = 25mA ' 045 Volts
VoL(PER) Output Low Voltage (Peripheral Port) lot = 1.7mA 045 Volts
VoH(DB) Output High Voltagé (Data Bus) loH = —400uA 24 Volts
VoH(PER) Output High Voltage (Peripheral Port) loH = —200pA 24 ' Volts
IpaR (Note 1)|  Darlington Drive Current . REXT = 7500; VexT = 1.5V -1.0 -4.0 mA
lec Power Supply Current . : 120 mA
L Input Load Current’ ViN = Vg to OV =10 oA
loFL Output Float Leakage Vout = Vce to OV +10 kA

Note 1: Available on any 8 pins from Port B and C.
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AC CHARACTERISTICS Over Operating Range 8253
BUS PARAMETERS:
Read: 8255A 8255A-5
ID8255A ID8255A-5 MD8255AB
Parameter Description Min. Max. Min. Max. Min. Max. Unit
tar Address Stable Before READ 0 0 0 ns
tRA Address Stable After READ 0 0 0 ns
trRR READ Pulse Width 300 300 300 ] ns
trp Data Valid From READ (Note 1) 250 200 250 ns
toF Data Float After READ ) 10 150 10 100 10 150 ns
trv Time Between READs and/or WRITEs 850 850 850 ’ ns
Write: 8255A 8255A-5
ID8255A ID8255A-5 MD8255AB
Parameter Description Min. Max. Min. Max. Min. Max. Unit
taw Address Stable Before WRITE 0 0 0 ns
twa Address Stable After WRITE 20 20 20 ns
tww WRITE Pulse Width 400 300 400 ns
tow Data Valid to WRITE (T.E.) 100 100 100 ns
twp Data Valid After WRITE 30 30 30 ns
Other Timings: 8255A 8255A-5
ID8255A ID8255A-5 MD8255AB
Parameter Description Min. Max. Min. Max. Min. Max. Unit
twa WR = 1 to Output (Note 1) 350 ’ 350 350 ns
tir Peripheral Data Before RD [ 0 0 ‘ns
tHR Peripheral Data After RD 0 0 0 ns
tak ACK Pulse Width 300 300 300 ns
tsT STB Pulse Width 500 500 500 ns
tpg Per. Data Before T.E. of STB 0 0 0 ns
tpH Per. Data After T.E. of STB ‘ 180 180 180 ns
tap ACK = 0 to Output (Note 1) 300 300 300 ns
tkp ACK = 1 to Output Float 20 250 20 250 20 250 ns
twos WR = 1 to OBF = 0 (Note 1) 650 650 650 ns
taoB ACK = 0 to OBF = 1 (Note 1) 350 350 350 ns
tsig STB = 0to IBF = 1 (Note 1) 300 - 300 300 ns
tRIB RD = 1 to IBF = 0 (Note 1) 300 300 300 ns
taIT RD = 0 to INTR = 0 (Note 1) 400 400 400 ns
g7 STB = 1to INTR = 1 (Note 1) : 300 300 300 ns
tar ACK = 1to INTR = 1 (Note 1) ) 350 350 350 - ns
twit WR = 11to INTR = 0 (Note 1, 3) 450 450 450 ns

Notes: 1. Test Conditions: 8255A/ID8255A/MDB255AB: Cy = 100pF; 8255A-5: C| = 150pF.
2. Period of Reset pulse must be at least 50us during or after power on. Subsequent Reset pulse can be 500ns min.
3. INTR 1 may occur as early as WR |.

AC TESTING INPUT, OUTPUT WAVEFORM

24

20~—_ 1eer = 20 o = 1300r
0.8 =—POINTS ™o 44 Lo

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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8255A

WAVEFORMS

24

20~ 20
. TEST POINTS
i) GREERIES ¢

0.45

.

Input Waveforms For A.C. Tests

04122A-4

™ N_ /
|e—tR —=| thR
INPUT X K
I‘——'Ag _ [
TS Ay, A X
— S N  S—
tro ! tor
04122A-5
Mode 0 (Basic Input)
'vvvv
WA 3( 7
tow twn:—»‘
X X
taw twa i
CS, A, Ag j K
OUTPUT x
twp
04122A-6
Mode 0 (Basic Output)
o tgp ]
ST8 [
e tgy B —em|
IBF
e —
tsiT . | tais
INTR tar *
FD I A—
|-ty =]
INPUT FROM g \,
PERIPHERAL 4
tps
04122A-7

Mode 1 (Strobed Input)
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8255A

WAVEFORMS (Cont.)

fe————— ta0p

- N —

[=-twoa

INTR 7
ACK Yy —=] I.__. \

tak T tar ,

outPUT X «

tws

04122A-8

Mode 1 (Strobed Output)

DATA FROM

\

ACK twir — ‘ 3‘ : ;l

tst

tps —{tapje— —o tkD |—
PERIPHERAL _ _ _ ———— _— N i, N i -
BUS - [ER—— ) ~ >
/ —itpH [-— / tris
RO
DATA FROM DATA FROM
PERIPHERAL TO 8255A 8255A TO PERIPHERAL

DATA FROM 8255A

TO 8080A/8085A
0 04122A-9

Note: Any sequence where Vﬁ_o_cct_x_ri before / ACK and-STB occurs before RD is permissible.
(INTR = IBF « MASK « STB » RD + OBF « MASK « ACK « WR)

Mode 2 (Bi-directional)

©2-195



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

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. :

RD ———-O)

WR ——-O)

Ay

DATA
BUS
BUFFER

s 1

BLOCK DIAGRAM

NTA

4 |

CONTROL LOGIC

l—— IR,

le—— IR,

INTERRUPT

' PRIORITY REQUEST [~ Fa
RESOLVER REG e IR
(IRR)

je—— IR

le—— IRg

le—— IR,

| | |
CASCADE
CASy ———en] BUFFER/ e
COMPARATOR INTERRUPT MASK REG
CAS, (IMR)
- ) i 020658-1
SP/EN
ORDERING INFORMATION CONNECTION DIAGRAM - Top View
D-28, P-28
" T .\

Ambient Order Number ts [ 20 [ v
Package Temperature WA [] 2 7] A

Type Specification S5MHz 8MHz | 2MHz ws 2 [ WA
Molded DIP 0°C < Ta < 70°C P8259A PB8259A-2 | PB259A-8 o, )4 25 [7] 13

°C < Ty <70° -

Hermetic DIP A= D8259A | D8259A-2 | D8259A-8 o [+ 2R
HermeticDIP | —-40°C<T, <85°C | ID8259A o Lqe il
A D, []7 2["]R,
Hermetic DIP ~55°C < Tp < 125°C | MD8259AB oo 8250A 2 [ g
0, ]9 20 [T] Ry
o, 19wy
Do 1 18 [ ]Rg
CASy [ 12 17 [] INT

cas; [ }13 16 [ ] SP/EN

GND [} 14 ' 15 [] cAs,

02065B-2
Note: Pin 1 is marked for orientation.
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8259A
TABLE 1. PIN DESCRIPTION

Symbol Pin No. Type Name and Function

Vee 28 | Supply: +5V Supply.

GND 14 1 Ground. ‘

CS 1 | Chip Select: A low on this pin enables RD and WR communication between the CPU and the 8259A.
INTA functions are independent of CS.

WR 0 Write: A low on this pin when CS is low enables the 8259A to accept command words from the CPU.

RD " 3 | Read: A low on this pin when CS is low enables the 8259A to release status onto the data bus for
the CPU. .

D7-Dg 4-11 110 Bidirectional Data Bus: Control, .status and interrupt-vector information is transferred via this bus.

CASy-CAS, | 12,13, 15 1/0 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.

SPEEN 16 1/0 Slave Program/Enable Buffer: