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The microprocessor has been the integral device in translating unlimited ideas into solid reality. Our
microprocessors work in close conjunction with our family of peripherals to form complete microcomputer i
chip set solutions that will help you develop and build tomorrow’s electronic systems. i
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Intel the Microcomputer Company:

When Intel invented the microprocessor in 1971, it created the era of

microcomputers. Whether used as microcontrollers in automobiles or microwave

ovens, or as personal computers or supercomputers, Intel’s microcomputers

have always offered leading-edge technology. In the second half of the 1980s, Intel
architectures have held at least a 75 % market share of microprocessors at 16 bits and above.
Intel continues to strive for the highest standards in memory, microcomputer components,
modules, and systems to give its customers the best possible competitive advantages.
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CUSTOMER SUPPORT

INTEL’S COMPLETE SUPPORT SOLUTION WORLDWIDE

Customer Support is Intel’s complete support service that provides Intel customers with hardware support, software
support, customer training, consulting services and network management services. For detailed information contact
your local sales offices.

After a customer purchases any system hardware or software product, service and support become major factors in
determining whether that product will continue to meet a customer’s expectations. Such support requires an inter-
national support organization and a breadth of programs to meet a variety of customer needs. As you might expect,
Intel’s customer support is quite extensive. It can start with assistance during your development effort to network
management. 100 Intel sales and service offices are located worldwide — in the U.S., Canada, Europe and the Far
East. So wherever you're using Intel technology, our professional staff is within close reach.

HARDWARE SUPPORT SERVICES

Intel’s hardware maintenance service, starting with complete on-site installation will boost ydur productivity from
the start and keep you running at maximum efficiency. Support for system or board level products can be tailored
to match your needs, from complete on-site repair and maintenance support economical carry-in or mail-in factory
service. .

Intel can provide support service for not only Intet systems and emulators, but also support for equipment in your
development lab or provide service on your product to your erid-user/customer.

SOFTWARE SUPPORT SERVICES

Software products are supported by our Technical Information Phone Service (TIPS) that has a special toll free
number to provide you with direct, ready mformatlon on known, documented problems and def1c1enc1es, as well as
work-arounds, patches and other solutions.

Intel’s software support consists of two levels of contracts. Standard support includes TIPS (Technical Information
Phone Service), updates and subscription service (product-specific troubleshooting guides and; COMMENTS
Magazine). Basic support consists of updates and the subscription service. Contracts are sold in environments which
represent product groupings (e.g., 1RMX® environment).

CONSULTING SERVICES

Intel provides field system engineering consulting services for any phase of your development or application effort.
You can use our system engineers in a variety of ways ranging from assistance in using a new product, developing
an application, personalizing training and customizing an Intel product to providing technical and management
consulting. Systems Engineers are well versed in technical areas such as microcommunications, real-time applica-
tions, embedded microcontrollers, and network services. You know your application needs; we know our products.
Working together we can help you get a successful product to market in the least possible time.

CUSTOMER TRAINING

Intel offers a wide range of instructional programs covering various aspects of system design and implementation.
In just three to ten days a limited number of individuals learn more in a single workshop than in weeks.of self-study.
For optimum convenience, workshops are scheduled regularly at Training Centers worldwide or we can take our
workshops to you for on-site instruction. Covering a wide variety of topics, Intel’s major course categories include:
architecture and assembly language, programming and operating systems, BITBUS™ and LAN applications.

NETWORK MANAGEMENT SERVICES

Today s networking products are powerful and extremely flexible. The return they can provide on your mvestment
via increased productivity and reduced costs can be very substantial.

Intel offers complete network support, from definition of your network’s physical and functional design, to imple-
mentation, installation and maintenance. Whether installing your first network or adding to an existing one, Intel’s
Networking Specialists can optimize network performance for you.

CG/CUST/100188
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1044 pl0ds R286SSC PR286SSC
1252KIT PI252KIT R86FOR PRSGFOR
1452KIT pl452KIT RCB4410 SRCB4410
I186ASM pI86ASM RCX920 PRCX920
ICE386 pICE386 RMX286 pRMX286
111010 pI1I010 RMXNET PRMXNET
111086 pII1086 S301 pS301
111086 TIIIO86 S386 pS386
111t JJ11008¢ SBCO010 pSBC010
111186 pllI186 SBCO012 pSBCO12 sSBC012
11186 TII86 SBC020 pSBC020
111198 pIIII98 SBC028 pSBC028
212 plI212 SBC040 pSBC040
11286 plI286 SBC0S6 pSBCOS6
111286 TII286 SBC108 pSBC108
111515 pllI51S SBC116 pSBC116
111520 TIII520 SBC18603 pSBC18603 sSBC18603
111520 pIII520 SBC186410 PSBC186410
111531 pIIIs31 SBC18651 pSBC18651 sSBC18651
111532 pIIIs32 SBC186530 PSBC186530
111533 plIIS33 SBC18678 PSBC18678
1621 pIII621 SBC18848 PSBC18848 sSBC18848
111707 pll1707 SBC18856 pSBC18856 sSBC18856
111707 THIT07 SBC208 PSBC208 sSBC208
INAS61 P INASS1 SBGa1s RSBt
) 1 P!
IPATS6 pIPATS6 SBC220 PSBC220 $SBC220
KAS pKAS SBC221 pSBC221
KC pKC SBC28610 PSBC28610 $SBC28610
KH pKH SBC28612 pSBC28612
KMI pKM1 SBC28614 pSBC28614
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SBC28616 pSBC28616 SBCMEM310 pSBCMEM310
SBC300 pSBC300 Y SBCMEM312 pSBCMEM312
SBC301 pSBC301 SBCMEM320 pSBCMEM320
SBC302 pSBC302 SBCMEM340 pSBCMEM340
SBC304 pSBC304 SBE96 PSBE96
SBC307 pSBC307 SBX217 pSBX217 h
SBC314 pSBC314 SBX218 pSBX218
SBC322 pSBC322 SBX270 pSBX270
SBC324 pSBC324 SBX311 . pSBX311
SBC337 pSBC337 SBX328 pSBX328
SBC341 pSBC341 : SBX331 pSBX331
SBC386 pSBC386 sSBC386 SBX344 pSBX344
SBC386116 pSBC386116 SBX350 pSBX350
SBC386120 pSBC386120 . SBX351 pSBX351
SBC38621 pSBC38621 SBX354 pSBX354
SBC38622 pSBC38622 SBX488 pSBX488
SBC38624 pSBC38624 SBX586 sSBX586
SBC38628 pSBC38628 SCHEMAIIPLD pSCHEMAIIPLD
SBC38631 pSBC38631 SCOM pSCOM
SBC38632 pSBC38632 SDKS51 pSDKS51
SBC38634 pSBC38634 SDKS85 pSDK8S5
SBC38638 pSBC38638 SDK86 pSDK86
SBC428 pSBC428 sSBC428 SXM217 pSXM217
SBC464 pSBC464 SXM28612 pSXM28612
SBC517 pSBC517 SXM386 ' pSXM386

. SBC519 pSBC519 sSBC519 SXM544 pSXM544
SBC534 pSBC534 sSBC534 SXMS552 pSXM552
SBC548 pSBC548 SXM951 pSXM951
SBC550 TSBC550 SXM955 pSXM9I55
SBC550 pSBC550 © SYP120 pSYP120
SBC550 pSBC550 . SYP301 pSYP301
SBC552 pSBC552 SYP302 pSYP302
SBC556 pSBC556 sSBC556 SYP31090 pSYP31090
SBC569 pSBC569 SYP311 pSYP311
SBC589 pSBC589 SYP3847 pSYP3847
SBC604 pSBC604 SYR286 pSYR286
SBC608 pSBC608 SYRS86 pSYR86
SBC614 pSBC614 SYS120 pSYS120
SBC618 pSBC618 SYS310 pSYS310
SBC655 pSBC655 ' SYS311 pSYS311
SBC6611 pSBC6611 T60 pT60

SBC8010 pSBC8010 TA096 pTA096
SBC80204 pSBC80204 TA252 pTA252
SBC8024 pSBC8024 sSBC8024 TA452 pTA452
SBC8030 pSBC8030 W140 pW140
SBC8605 pSBC8605 . sSBC8605 W280 pW280
SBC8612 pSBC8612 W40 pW40

SBC8614 pSBC8614 ws8o pW80

SBC8630 pSBC8630 sSBC8630 XNX286DOC pXNX286DOC
SBC8635 pSBC8635 sSBC8635 XNX286DOCB  pXNX286DOCB
SBC86C38 sSBC86C38 XNXIBASE pXNXIBASE
SBC8825 pSBC8825 sSBC8825 XNXIDB pXNXIDB

' SBC8840 pSBC8840 XNXIDESK pXNXIDESK
SBC8845 pSBC8845 sSBC8845 - XNXIPLAN pXNXIPLAN
SBC905 pSBC905 XNXIWORD pXNXIWORD
SBCLNKO001 pSBCLNKO001 :

CG/PCPN/102488
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INTRODUCTION

Intel microprocessors and peripherals provide a complete
solution in increasingly complex application environ-
ments. Quite often, a single peripheral device will replace
anywhere from 20 to 100 TTL devices (and the associated
design time that goes with them).

Built-in functions and standard Intel microprocessor/
peripheral interface deliver very real time and perfor-
mance advantages to the designer of microprocessor-
based systems. :

REDUCED TIME TO MARKET

When you can purchase an off-the-shelf solution that
replaces a number of discrete devices, you're also replac-
ing all the design, testing, and debug time that goes with
them.

INCREASED RELIABILITY

At Intel, the rate of failure for devices is carefully tracked.
Highest feliability is a tangible goal that translates to
higher reliability for your product, reduced downtime,
and reduced repair costs. And as more and more
functions are intergrated on a single VLSI device, the
resulting system requires less power, produces less heat,
and requires fewer mechanical connections—again re-
sulting in greater system reliability.

LOWER PRODUCTION COST

By minimizing design time, increasing reliability, and

", replacing numerous parts, microprocessor and peripheral

solutions can contribute dramatically to lower product
costs.

HIGHER SYSTEM PERFORMANCE

Intel microprocessors and peripherals provide the highest
system performance for the demands of today’s (and
tomorrow’s) microprocessor-based applications. For exam-
ple, the 80386 32 bit offers the highest performance for
multitasking, multiuser systems. Intel’s peripheral pro-
ducts have been designed with the future in mind. They
support all of Intel’s 8, 16 and 32 bit processors.

'~ HOW TO USE THE GUIDE

. The following application guide illustrates the range of

microprocessors and peripherals that can be used for the
applictions in the vertical column of the left. The
peripherals are grouped by the 1/O function they control.
CRT datacommunication, universal (user programmable),
mass storage dynamic RAM controllers, and CPU/bus
support.

An “X” in a horizontal application row indicates a
potential peripheral or CPU, depending upon the features

- desired. For example, a conversational terminal could °

use either of the three display controllers, depending
upon features like the number of characters per row or
font capability. A “Y” indicates a likely candidate, for
example, the 8272A Floppy Disk Controller in a small
business computer.

The Intel microprocessor and peripherals family provides
a broad range of time-saving, high performance solutions.

MEMORY CONTROLLERS
84K RAM CONTROL
286K RAM CONTROL
ERROR CORRECTION

BUS SUPPORT
DMA CONTROL

INTERRUPT CONTROL.
BUS CONTROL

FLOPPY DISKS
HARD DISKS

UNIVERSAL
PERIPHERALS/SLAVE
SYSTEM PERIPHERALS

GRAPHICS

PERIPHERALS
(KEYBOARD, PRINTERS)
MATH PROCESSORS

GLOBAL DATA
COMMUNICATION
ASYC, BISYNC
SDLC, HDLC,

PROCESSORS
CUSTOM
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Get Your Kit Together!

MICRO-
PROCESSOR
8088/80C88
8086/80C86
80186
80188
80286
386™
386SX™

SUPER CHIP SET
82310/11
82230/31
82335
82350

NUMERIC
PROCESSORS
8087
80287
80387
80387SX

CPU SUPPORT
8231A

8253
8254/82C54
8255A/82C55A
8256AH

8279
82389
82370

CACHE CONTROL
82385

MEMORY
SUPPORT
8203
8206
8207
82C08

i CRT
CONTROL
82706
82716
82786

SPECIAL
PERIPHERAL
CONTROL
UPI™ 8041A/8741A
UPI™ 8042/8742
UPI™ 80/83/87C452

4

$ 4 ¢ ¢ ¢ ¢ ¢ ¢

UPRI™ 8042/8742

KEYBOARD
CONTROL
8279-5
UPI™ 8042/8742

FLOPPY DISK
CONTROL

8272A
82077

HARD DISK
CONTROL
82064

GLOBAL :
COMMUNICATION
8251A

82050

82510

8273

8274
8291A/92/94
82530
8044/8344/8744

LOCAL AREA
NETWORKING -
82C501
82586
82588
82560
82590/92

ﬁ INSTRUMENTATION

BUS (GPIB)
8291
8292

TELE-
COMMUNICATIONS
2910/11/12
29C13/C14/C16/C17
29C48

29C53AA

ISP 188

89024

89C024XE

Intel’s Microsystem Components Kit Solution

Order Numb

“January 1!
er: 230664-
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8086
16-BIT HMOS MICROPROCESSOR
8086/8086-2/8086-1" |

m Direct Addressing Capability 1 MByte
of Memory

m Architecture Designed for Powerful
Assembly Language and Efficient High
Level Languages

m 14 Word, by 16-Bit Register Set with
Symmetrical Operations

B 24 Operand Addressing Modes
@ Bit, Byte, Word, and Block Operations

m 8 and 16-Bit Signed and Unsigned
Arithmetic in Binary or Decimal
Including Multiply and Divide

The Intel 8086 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is .

® Range of Clock Rates:
5 MHz for 8086,
8 MHz for 8086-2,
10 MHz for 8086-1

m MULTIBUS® System Compatible
Interface

| Avallable in EXPRESS
— Standard Temperature Range
— Extended Temperature Range

m Avallable in 40-Lead Cerdip and Plastic
Package
(See Packaging Spec. Order #231369)

implemented in N-Channel, depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CERDIP
or plastic package. The 8086 operates in both single processor and multiple processor configurations to

achieve high performance levels.

*Changes from the 1985 handbook specification have been made for the 8086-1. See A.C. Characteristics TGVCH and TCLGL.

EXECUTION UNIT BUS INTERFACE UNIT

RELOCATION |

REGISTER FILE
o

REGISTER FiLE [\ o]
] SEGMENT GNo G « P vee
DATA. REGISTERS AD14 [] 2 39 [ AD1S
pnon‘:g':is‘c? INSTAUCTION Ao 3 a [ a1eis3
(8 WORDS) POINTER aD12 ] e 31 [0 Atisa
{5 WORDS) a0 (]s 36 [ awiss
AD10 (6 35 [ A19i56
a9 (7 [ BHEIST
aps (]s 33 [ mNIMX
}—— BFES, a0? (9 2] RO
16817 ALU :> Aw'Se aos o P 3 [ AUGTO HoLD)
AwgSy aos (I % [ AQIGTT (HLDA)
FLAGS BUS Ao., 206 ape 12 2 {GCK (WA
'“'5:;‘55 A3 (13 »[)§2  (wio)
jmﬁ'ﬁ s i 271§ oA
aor ] s »P % (BN
:‘3—'>m,§_m,“g a0 (] 16 s aso  (aLE
M (7 aflas1 (NTA)
JL INTR ] 18 n[) TEsT
cuk [ 19 22[] READY
L msf:u"c'aou GND [ 20 211 RESET
— aueve
231455-2
40 Lead
S W _
N — — tock Figure 2. 8086 Pin
ST <:Z:> CONTROL & TIMING Z> 050,08, Configuration
HOLD——— Z>s_, $.5
HLDA

|

CLK  RESET ﬂEAbV MN/MX  GND
Vee

Figure 1. 8086 CPU Block Diagram

231455-1

September 1988
Order Number: 231455-003
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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

ADy5-ADg | 2-16,39 | 1/0 .| ADDRESS DATA BUS: These lines constitute the time multiplexed

‘ memory/10 address (T+), and data (T, T3, Tw, T4) bus. Agis
analogous to BHE for the lower byte of the data bus, pins D7-Dy. Itis
LOW during T1 when a byte is to be transferred on the lower portion

of the bus in memory or |I/0 operations. Eight-bit oriented devices tied
to the lower half would normally use Ag to condition chip select
functions. (See BHE.) These lines are active HIGH and float to 3-state |
OFF during interrupt acknowledge and local bus “hold acknowledge”.

A19/Se, 35-38 (o] ADDRESS/STATUS: During T these are the four most significant
A18/Ss, address lines for memory operations. During I/0 operations these
A47/S4, ) lines are LOW. During memory and I/0 operations, status information
A16/S3 is available on these lines during T, T3, Tw, T4. The status of the

interrupt enable FLAG bit (Ss) is updated at the beginning of each
CLK cycle. A17/S4 and A16/S3 are encoded as shown.

- This information indicates which relocation reglster is presently being
used for data accessing.
These lines float to 3-state OFF during local bus “hold acknowledge.”

A17/S4 A16/S3 Characteristics
0 (LOW) 0 Alternate Data
0 1 Stack
1 (HIGH) 0 Code or None
1 1 Data
Sgis 0
(LOW)
BHE/S7 34 (0] BUS HIGH ENABLE/STATUS: During T4 the bus high enable signal

(BHE) should be used to enable data onto the most significant half of
the data bus, pins D15-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 T4 for read, write, and interrupt
acknowledge cycles when a byte is to be transferred on the high
portion of the bus. The S7 status information is available during T»,
Tg, and T4. The signal is active LOW, and floats to 3-state OFF in
“hold”. It is LOW during T4 for the first interrupt acknowledge cycle.

BHE Ao Characteristics
0 0 Whole word
0 1 Upper byte from/to odd address
1 0 Lower byte from/to even address
1 1 None
RD 32 (0] READ: Read strobe.indicates that the processor is performmg a

memory of I/0 read cycle, depending on the state of the S pin. This_
S|gnal is used to read devices which reside on the 8086 local bus. RD
is active LOW during T, T3 and Ty of any read ¢ycle, and is
guaranteed to remain HIGH in T until the 8086 local bus has floated.
This signal floats to 3-state OFF in “hold acknowledge”.

2-2
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

READY

22

READY: is the acknowledgement from the addressed memory or |/0
device that it will complete the data transfer. The READY signal from
memory/10 is synchronized by the 8284A Clock Generator to form
READY. This signal is active HIGH. The 8086 READY inputis 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.

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 maskable internally
by software. A transition from 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.

Vce

40

Vce: +5V power supply pin.

GND

1,20

GROUND

MN/MX

33

MINIMUM/MAXIMUM: indicates what mode the processor is to
operate in. The two modes are discussed in the following sections.

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

described above.

S2.51,%0

26-28

(0]

STATUS: active during T4, T1, and T2 and is returned to the passive state
(1, 1, 1) during T3 or during Ty when READY is HIGH. This status is used
by the 8288 Bus Controller to generate all memory and I/0 access control
signals. Any change by Sy, S, or Sg during T is used to indicate the
beginning of a bus cycle, and the return to the passwe statein Tg or Ty is
used to indicate the end of a bus cycle.
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

52,51, 5
(Continued)

26-28

These signals float to 3-state OFF in “hold acknowledge”. These status
lines are encoded as shown.

Sz

0|
-

Characteristics

0 (LOW)
0
0
0
1 (HIGH)
1

Interrupt Acknowledge
Read I/0 Port

Write |/0 Port

Halt

Code Access

Read Memory

1 Write Memory

1 Passive

RQ/GTo,
RQ/GT,

30, 31

1/0

REQUEST/GRANT: pins are used by other local bus masters to force
the processor to release the local bus at the end of the processor’s
current bus cycle. Eac%_gn is bidirectional with RQ/GTq having higher
priority than /GT pins have internal pull- up resistors and
may be left unconnected The request/grant sequence is as follows
(see Figure 9):

1. A pulse of 1 CLK wide from another local bus master indicates a local
bus request (“‘hold’’) to the 8086 (pulse 1).

2. During a T4 or T4 clock cycle, a pulse 1 CLK wide from the 8086 to
the requesting master (pulse 2), indicates that the 8086 has allowed the
local bus to float and that it will enter the “hold acknowledge” state at
the next CLK. The CPU’s bus interface unit is disconnected logically
from the local bus during “hold acknowledge”.

3. A pulse 1 CLK wide from the requesting master indicates to the 8086
(pulse 3) that the “hold” request is about to end and that the 8086 can
reclaim the local bus at the next CLK.

Each master-master exchange of the local bus is a sequence of 3
pulses. There must be one dead CLK cycle after each bus exchange.
Pulses are active LOW.

If the request is made while the CPU is performing a memory cycle, it
will release the local bus during T4 of the cycle when all the following
conditions are met:

1. Request occurs on or before To.

2. Current cycle is not the low byte of a word (on an odd address).

3. Current cycle is not the first acknowledge of an interrupt acknowledge
sequence.

4. A locked instruction is not currently executing.

If the local bus is idle when the request is made the two possible events
will follow:

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks. Now the four rules for a
currently active memory cycle apply with condition number 1 already
satisfied.

29

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”.
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type Name and Function

QS4, QSy

24, 25

(0] QUEUE STATUS: The queue status is valid during the CLK cycle after
which the queue operation is performed.

QS4 and QSg provide status to allow external tracking of the internal
8086 instruction queue.

Qs, QSy Characteristics

0 (LOW) 0 No Operation

0 1 First Byte of Op Code from Queue

1 (HIGH) 0 Empty the Queue
1

1 Subsequent Byte from Queue

The following pin function descriptions are for the 8086 in minimum mode (/le., MN/MX = Vo). Only the pin
functions which are unique to minimum mode are described; all other pin functions are as described above.

M/10

28

o

STATUS LINE: logically equivalent to S, in the maximum mode. Itis used to
distinguish a memory access from an 1/0 access. M/10 becomes valid in
the T4 preceding a bus cycle and remains valid until the final T4 of the cycle
(M = HIGH, IO = 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
1/0 cycle, depending on the state of the M/10 signal. WR is active for To, T3
and Ty of any write cycle. It is active LOW, and floats to 3-state OFF in
local bus “hold acknowledge”.

E

24

INTA: is used as a read strobe for interrupt acknowledge cycles. It is active
LOW during T, T3 and Ty of each interrupt acknowledge cycle.

ALE

25

ADDRESS LATCH ENABLE: provided by the processor to latch the
address into the 8282/8283 address latch. It is a HIGH pulse active during
T4 of any bus cycle. Note that ALE is never floated.

DT/R

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

O
m
Z|

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 |I/0 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
it is active from the beginning of T until the middle of T4. DEN N floats to 3-
state OFF in local bus “hold acknowledge”.

HOLD,
HLDA

31,30

110

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 T; 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 the 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 RQ/GT GT 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.

' 2-5
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FUNCTIONAL DESCRIPTION

General Operation

The internal functions of the 8086 processor are
partitioned logically: into-two ‘processing units. The
first is the Bus Interface Unit (BIU) and the second is
~ the Execution Unit (EU) as shown in the block dia-
gram of Figure 1.

These units can .interact directly but for the most
part perform as separate asynchronous operational
processors. The bus interface unit provides the func-
tions related to instruction fetching and queuing, op-

erand fetch and store, and address relocation. This
unit also provides the basic bus control. The overlap -

of instruction pre-fetching provided by this unit
serves to increase processor performance through
improved bus bandwidth utilization. Up to 6 bytes of
the instruction stream can be queued while waiting
for decoding and.execution.

The instruction stream queuing mechanism allows -

the BIU to keep the memory utilized very efficiently.
Whenever there is space for at least 2 bytes in the
queuse, the BIU will attempt a word fetch memory
cycle. This greatly reduces “dead time” on the
memory bus. The queue acts as a First-In-First-Out
(FIFO) buffer, from which the EU extracts instruction
bytes as required. If the queue is empty (following a
branch instruction, for example), the first byte into
the queue immediately becomes available to the EU:

The execution unit receives pre-fetched instructions
from the BIU queue and provides un-relocated oper-
and addresses to the BIU. Memory operands are
passed through the BIU for processing by the EU,
which passes results to the BIU for storage. See the
Instruction Set description for further register set
and architectural descnpt»ons .

MEMORY ORGANIZATION ’

The processor prowdes a 20-bit address to memory-

which locates the byte being referenced. The memo-

ry is organized as a linear array of up to 1 million.

bytes, addressed as 00000(H) to FFFFF(H). The
memory is logically divided into code, data, extra
data, and stack segments of up to 64K bytes each,
with each segment falling on 16-byte boundaries.
(See Figure 3a.)

All memory references are made relative to base ad-

- dresses contained in high speed segment registers.

The segment types were chosen based on the ad-
dressing needs of programs. The segment register

-to be selected is automatically chosen according to

the rules of the following table. All information in one
segment type share the same logical attributes (e.g.
code or data). By structuring memory into relocat-
able areas of similar characteristics and by automati-
cally selecting segment registers, programs are
shorter, faster, and more structured. i

Word (16-bit) operands can be located on even or
odd address  boundaries and are thus not con-
strained to even boundaries as is the case in many
16-bit computers. For address and data operands,
the least significant byte of the word is stored in the

- lower valued address location and the most signifi-

cant byte in the next higher address location. The
BIU automatically performs the proper number of
memory accesses, one if the word operand is on an
even byte boundary and two if it is on an odd byte
boundary. Except for the performance penalty, this
double access is transparent to the software. This
performance penalty does not occur for instruction
fetches, only word operands.

Physically, the memory is organized as a high bank
(D15-Dg) and a low bank (D7-Dg) of 512K 8-bit
bytes addressed in parallel by the processor’s ad-
dress lines A1g—Aj. Byte data with even addresses
is transferred on the D7-Dg bus lines while odd ad-
dressed byte data (Ag HIGH) is transferred on the

'Di5-Dg bus lines. The processor provides two en-

able signals, BHE and ‘Ag, to selectively allow read-
ing from or writing into either an odd byte location,
even byte location, or both. The instruction stream is
fetched. from memory as words and is addressed

- internally by the processor to the byte Ievel as nec-

essary.

Memory Segment Reglster _ Segment

Reference Need Used. Selection Rule
vlnstructlons CODE (CS) Automatic with all instruction prefetch.
Stack STACK (SS) Ali stack pushes and pops. Memory references relative to BP

s base register except data references.
Local Data DATA (DS) Data references when: relative to stack, destination of string
L e operation, or explicitly overridden.
External (Global) Data [ EXTRA (ES) | Destination of string operations: explicitly selected using a
segment override.
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Figure 3a. Memory Organization

In referencing word data the BIU requires one or two
memory cycles depending on whether or not the
starting byte of the word is on an even or odd ad-
dress, respectively. Consequently, in referencing
word operands performance can be optimized by lo-
cating data on even address boundaries. This is an
especially useful technique for using the stack, since
odd address references to the stack may adversely
affect the context switching time for interrupt pro-
cessing or task multiplexing.

FFFFFH
RESET BOOTSTRAP

PROGRAM JUMP

1 J
7

FFFFOH

[

3FFH

INTERRUPT POINTER
FOR TYPE 255

- IFCH

™
INTERRUPT POINTER

FOR TYPE 1 P

3H

INTERRUPT POINTER
FOR TYPE 0

OH

231455-4

Figure 3b. Reserved Memory Locations

Certain locations in memory are reserved for specific
CPU operations (see Figure 3b). Locations from
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address FFFFOH through FFFFFH are reserved for
operations including a jump to the initial program
loading routine. Following RESET, the CPU will al-
ways begin execution at location FFFFOH where the
jump must be. Locations 00000H through 003FFH
are reserved for interrupt operations. Each of the
256 possible interrupt types has its service routine
pointed to by a 4-byte pointer element consisting of
a 16-bit segment address and a 16-bit offset ad-
dress. The pointer elements are assumed to have
been stored at the respective places in reserved
memory prior to occurrence of interrupts.

MINIMUM AND MAXIMUM MODES

The requirements for supporting minimum and maxi-
mum 8086 systems are sufficiently different that
they cannot be done efficiently with 40 uniquely de-
fined plns Consequently, the 8086 is equipped with
a strap pin (MN/MX) which defines the system con-
flguratlon The definition of a certain subset of the
pins changes dependent on the condition of the
strap pin. When MN/MX pin is strapped to GND, the
8086 treats pins 24 through 31 in maximum mode.
An 8288 bus controller interprets status information
coded into S, Sp, Sz to generate bus timing and
control signals compatlble with the MULTIBUS® ar-
chitecture. When the MN/MX pin is strapped to VCC,
the 8086 generates bus control signals itself on pins
24 through 31, as shown in parentheses in Figure 2.
Examples of minimum mode and maximum mode
systems are shown in Figure 4.

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 “local bus” can be
buffered directly and used throughout the system
with address latching provided on memory and I/0
modules. In addition, the bus can also be demulti-
plexed at the processor with a single set of address
latches if a standard non-multiplexed bus is desired
for the system.

Each processor bus cycle consists of at least four
CLK cycles. These are referred to as T4, T, T3 and
T4 (see Figure 5). The address is emitted from the
processor during T1 and data transfer occurs on the
bus during T3-and T4. Ta is used primarily for chang-
ing the direction of the bus during read operations. In
the event that a “NOT READY” indication is given
by the addressed device, “Wait” states (Ty) are in-
serted between T3 and T4. Each inserted “Wait”
state is of the same duration as a CLK cycle. Periods
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Figure 4a. Minimum Mode 8086 Typical Configuration -
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Figure 4b. Maximum Mode 8086 Typical Configuration
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can occur between 8086 bus cycles. These are re- = = | &
ferred to as “Idle” states (T)) or inactive CLK cycles. S2 51| So Characteristics
The processor uses these cycles for internal house- 0 (LOW) 0 0 | Interrupt Acknowledge
k H . - ”
eeping 0 0 | 1 | Readl/O
During T4 of any bus cycle the ALE (Address Latch 0 1 0 | Writel/O0
Enable) signal is emitted (by either the processor or
the 8288 bus controller, depending on the MN/MX 0 1] 1 | Hait
strap). At the trailing edge of this pulse, a valid ad- 1(HIGH) | 0 | 0 [ Instruction Fetch
dress and certain status information for the cycle
may be latched. 1 0 1 Read Data from Memory
Status bits Sp, Sy, and S; are used, in maximum L ! 0_| Write Data to Memory
mode, by the bus controller to identify the type of 1 1 1 Passive (no bus cycle)
bus transaction according to the following table:
14 + Mwarr) = Tey | (4 + Nwair) = Tey
L I S I R (R " S I I ol omo ] ow | twr | W

CLK

GOES INACTIVE IN THE STATE

w_ [\ [\ __— " [\
P ] a——
doow ﬁhrlx " X-—ni.m-A,X - X

W ) S eV W e
- F

READY READY

T\ m_f

WAIT WAIT

3

ADDR/DA’

v |\
- L= ’

d -/

231455-8

Figure 5. Basic System Timing
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Status bits S through S7 are multiplexed with high-
order address bits. and the BHE signal, and are
therefore valid during T2 through T4. S3 and-Sy indi-
cate which segment register (see Instruction Set de-
scription) was used for this bus cycle in forming the
address, according to the following table:

S4 S3 Characteristics
0 (LOW) 0 | Alternate Data (extra segment)
0 1 .| Stack
1(HIGH) | 0 | Code or None
1 1 Data

S5 is a reflection of the PSW interrupt enable bit.
Seg = 0 and Sy is a spare status bit.

1/0 ADDRESSING

In the 8086, /O operations can address up to a
maximum of 64K 1/0 byte registers or 32K |/0 word
registers. The 1/0 address appears in the same for-
mat as the memory address on bus lines A15-Aq.
The address lines A1g-A4g are zero in 1/0 opera-

- tions. The variable 1/0 instructions which use regis-
ter DX as a pointer have full address capability while
the direct 1/0 instructions directly address one or
two. of the 256 1/0 byte locations in page 0 of the
170 address space.

I1/0 ports are addressed in the same manner.as
memory locations. Even addressed bytes are trans-
ferred on the D7-Dg bus lines and odd addressed

bytes on D15-Dg. Care must be taken to assure that.

each register within an 8-bit peripheral located on
the lower portion of the bus be addressed as even.

External Ihterface

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 dor-
mant as long as RESET is HIGH. The low-going
transition of RESET triggers an internal reset se-
quence for approximately 10 CLK cycles. After this
interval the 8086 operates normally beginning with
the instruction in absolute location FFFFOH (see Fig-
ure 3b). The details of this operation are specified in
the Instruction Set description of the MCS-86 Family
User’'s Manual. The RESET input is internally syn-
chronized to the processor clock. At initialization the
HIGH-to-LOW transition of RESET must occur no
* sooner than 50 us after power-up, to allow complete
initialization of the 8086.

NMI asserted prior to the 2nd clock after the end of
RESET will not be honored. If NMI is asserted after
that point and during the internal reset sequence,
the processor may execute one instruction before
responding to the interrupt. A hold request active
immediately after RESET will be honored before the
first instruction fetch.

All 3-state .outputs float to 3-state OFF during
RESET. Status is active in the idle state for the first
clock after RESET becomes active and then floats
to 3-state OFF. ALE and HLDA are driven low.

INTERRUPT OPERATIONS

Interrupt operations fall into two classes; software or
hardware initiated. The software initiated interrupts
and software aspects of hardware interrupts are
specified in the Instruction Set description. Hard-
ware interrupts can be classified as non-maskable or
maskable.

Interrupts result in a transfer of control to a new pro-
gram location. A 256-element table containing ad-
dress pointers to the interrupt service program loca-
tions resides in absolute locations 0 through 3FFH
(see Figure 3b), which are reserved for this purpose.
Each element in the table is 4 bytes in size and
corresponds to an interrupt “type”. An interrupting
device supplies an 8-bit type number, during the in-
terrupt acknowledge sequence, which is used to
“vector” through the appropriate element to the new
interrupt service program location.

NON-MASKABLE INTERRUPT (NMI)

The processor provides a single non-maskable inter-
rupt pin (NMI) which has higher priority than the

. maskable interrupt request pin (INTR). A typical use
would be to -activate a power failure routine. The
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NMI is edge-triggered on a LOW-to-HIGH transition.
The activation of this pin causes a type 2 interrupt.
(See Instruction Set description.)

NMI is required to have a duration in the HIGH state
of greater than two CLK cycles, but is not required to
be synchronized to the ciock. Any high-going tran-
sition of NMI is latched on-chip and will be serviced
at the end of the current instruction or between
whole moves of a block-type instruction. Worst case
response to NMI would be for multiply, divide, and
variable shift instructions. There is no specification
on the occurrence of the low-going edge; it may oc-
cur before, during, or after the servicing of NMI. An-
other high-going edge triggers another response if it
occurs after the start of the NMI procedure. The sig-
nal must be free of logical spikes in general and be
free of bounces on the low-going edge to avoid trig-
gering extraneous responses.
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MASKABLE NTERRUPT (INTR)

The 8086 provides a single interrupt request input
(INTR) which can be masked internally by software
with the resetting of the interrupt enable FLAG
status bit. The interrupt request signal is level trig-
gered. It is internally synchronized during each clock
cycle on the high-going edge of CLK. To be re-
sponded to, INTR must be present (HIGH) during
the clock period preceding the end of the current
instruction or the end of a whole move for a block-
type instruction. During the interrupt response se-
quence further interrupts are disabled. The enable

bit is reset as part of the response to any interrupt -

(INTR, NMI, software interrupt or single-step), al-
though the FLAGS register which is automatically
pushed onto the stack reflects the state of the proc-
essor prior to the interrupt. Until the old FLAGS reg-
ister is restored the enable bit will be zero unless
specifically set by an instruction.

During the response sequence (Figure 6) the proc-
essor executes two successive (back-to-back) inter-
rupt acknowledge cycles. The 8086 emits the LOCK
signal from Ta of the first bus cycle until T2 of the
second. A local bus “hold” request will not be hon-
ored until the end of the second bus cycle. In the
second bus cycle a byte is fetched from the external
interrupt system (e.g., 8259A PIC) which identifies
the source (type) of the interrupt. This byte is multi-
plied by four and used as a pointer into the interrupt
vector lookup table. An INTR signal left HIGH will be
continually responded to within the limitations of the
enable bit and sample period. The INTERRUPT RE-
TURN instruction includes a FLAGS pop which re-
turns the status of the original interrupt enable bit
when it restores the FLAGS.

HALT

When a software “HALT"” instruction is executed the
processor indicates that it is entering the “HALT”
state in one of two ways depending upon which
mode is strapped. In minimum mode, the processor
issues one ALE with no qualifying bus control sig-
nals. In maximum mode, the processor issues ap-
propriate HALT. status on S, Sq, and Sp; and the
8288 bus controller issues one ALE. The 8086 will
not leave the “HALT" state when a local bus “hold”
is entered while in “HALT”. In this case, the proces-
sor reissues the HALT indicator. An interrupt request
or RESET will force the 8086 out of the “HALT”
state.

READ/MODIFY/WRITE (SEMAPHORE)
OPERATIONS VIA LOCK

The LOCK status information is provided by the
processor when directly consecutive bus cycles are
required during the execution of an instruc-
tion. This provides the processor with the capability
of performing read/modify/write operations on
memory (via the Exchange Register With Memory
instruction, for example) without the possibility of an-
other system bus master receiving intervening mem-
ory cycles. This is useful in multi-processor system
configurations to accomplish “test and set lock™ op-
erations. The LOCK signal is activated (forced LOW)
in the clock cycle following the one in which the soft-
ware “LOCK” prefix instruction is decoded by the
EU. It is deactivated at the end of the last bus cycle
of the instruction following the “LOCK” prefix in-
struction. While LOCK is active a request on a RQ/
GT pin will be recorded and then honored at the end
of the LOCK.

Yo | T T | T T3 Ta

\ FLOAT

1

ADo-ADss J

— - — TYPE VECTOR —

231455-9

Figure 6. Interrupt Acknowledge Sequence
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EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to the interrupts and general 1/0
capabilities, the 8086 provides a single software-
" testable input known as the TEST signal. At any time
the program may execute a WAIT instruction. If at
that time the T g§! signal is inactive (HIGH), pro-
gram execution becomes suspended while the proc-
essor waits for to become active. It must
remain active for at least 5 CLK cycles. The WAIT
instruction is re-executed repeatedly until that time.
This activity does not consume bus cycles. The
processor remains in an idle state while waiting. All
8086 drivers go to 3-state OFF if bus “Hold” is en-
tered. If interrupts are enabled, they may occur while

the processor is waiting. When this occurs the proc-

essor fetches the WAIT instruction one extra time,
processes the interrupt, and then re-fetches and re-
-executes the WAIT instruction upon returning from
the interrupt. .

Basic Syétem Timing

Typical system configurations for the processor op-
erating in minimum mode and in maximum mode are
shown in Figures 4a_and 4b, respectively. In mini-
mum mode, the MN/MX pin is strapped to Vg and
the processor emits bus control signals in a manner
similar to the 8085. In maximum mode, the MN/MX
pin is strapped to Vgg and the processor emits cod-

ed status information which the 8288 bus controller

uses to generate MULTIBUS compatible bus control
signals. Figure § illustrates the signal timing relation-
ships. ‘ o ' '

AX an AL ACCUMULATOR
BX BH BL BASE
cx cH cL COUNT
ox[ ow DL " DATA
— SP STACKPOINTER
B8P ‘ BASE POINTER
st SOURCE INDEX
oI DESTINATION INDEX
P INSTRUCTION POINTER
FLAGSy | FLAGS, STATUS FLAGS
cs CODE SEGMENT
DS DATA SEGMENT
ss STACK SEGMENT
Es EXTRA SEGMENT
231455-10

Figure 7. 8086 Register Model

SYSTEM TIMING—MINIMUM SYSTEM

The read cycle begins in T4 with the assertion of the
Address Latch Enable (ALE) signal. The trailing (low-
going) edge of this signal is used to latch the ad-
dress information, which is valid on the local bus at
this time, into the address latch. The BHE and Ag
signals address the low, high, or both bytes. From T4
to T4 the M/IO signal indicates a memory or 1/0
operation. At To the address is removed from the
local bus and the bus goes to a high impedance
state. The read control signal is also asserted at T».
The read (RD) signal causes the addressed device
to enable its data bus drivers to the local bus. Some
time later valid data will be available on the bus and
the addressed. device will drive the READY line
HIGH. When the processor returns the read signal to
a HIGH level, the addressed device will again 3-
state its bus drivers. If a transceiver is required to
buffer the 8086 local bus, signals DT/R and DEN
are provided by the 8086.

A write cycle also begins with the assertion of ALE
and the emission of the address. The M/10 signal is
again asserted to indicate a memory or 1/0 write
operation. In the Ty immediately following the ad-
dress emission the processor emits the data to be
written .into the addressed location. This data re-
mains valid until the middle of T4. During T, T3, and
Tw _the processor asserts the write control signal.
The write (WR) signal becomes active at the begin-

" ning of T2 as opposed to the read which is delayed
~ somewhat into T3 to provide time for the bus to float.

The BHE and A signals are used to select the prop-
er byte(s) of the memory/IO word to be read or writ-
ten according to the following table:

BHE A0 Characteristics
0 0 Whole word
0 1 Upper byte from/to
odd address
1 0 Lower byte from/to
even address
1 1 None

I1/0 ports are addressed in the same manner as
memory location. Even addressed bytes are trans-
ferred on the D7-Dg bus lines and odd addressed
bytes on D15~Dg. '

The basic difference between the interrupt acknowl-
edge cycle and a read cycle is that the interrupt ac-
knowledge signal (INTA) is asserted in place of the
read (RD) signal and the address bus is floated.
(See Figure 6.) In the second of two successive
INTA cycles, a byte of information is read from bus

212
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lines D7-Dg as supplied by the inerrupt system logic
(i.e., 8269A Priority Interrupt Controller). This byte
identifies the source (type) of the interrupt. It is multi-
plied by-four and used as a pointer into an interrupt
vector lookup table, as described earlier.

BUS TIMING—MEDIUM SIZE SYSTEMS

For medium size systems the MN/MX pin is con-
nected to Vgg and the 8288 Bus Controller is added

to the system as well as a latch for latching the sys-:

tem address, and a transceiver to allow for bus load-
ing greater than the 8086 is  capable of handling.
Signals ALE, DEN, and DT/R are generated by the
8288 instead of the processor in this configuration
although their timing remains relatively the same.
The 8086 status outputs (Sz, Sy, and Sp) provide
type-of-cycle information and become 8288 inputs.
This bus cycle information specifies read (code,
data, or 1/0), write (data or 1/0), interrupt

acknowledge, or software halt. The 8288 thus issues
control signals specifying memory read or write, |/0
read or write, or interrupt acknowledge. The 8288
provides two types of write strobes, normal and ad-
vanced, to be applied as required. The normal write
strobes have data valid at the leading edge of write.
The advanced write strobes have the same timing
as read strobes, and hence data isn't valid at the
leading edge of write. The transceiver receives the
usual DIR and G inputs from the 8288's DT/R and
DEN. - .

" The pointer into the interrupt vector table, which is

2-13

passed during the second INTA cycle, can derive
from an 8259A located on either the local bus or the
system bus. If the master 8259A Priority Interrupt
Controller is positioned on the local bus, a TTL gate
is required to disable the transceiver when reading
from the master 8259A during the interrupt acknowl-
edge sequence and software “poll”.
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ABSOLUTE MAXIMUM RATINGS™

Ambient Temperature Under Bias ..... .0°Cto 70"C
Storage Temperature .......... —65°C to + 150°C
Voltage on Any Pin with’ '

~ RespecttoGround. ............. —1.0Vto + v
waer Dissipation. S it 2.8W

DC CHARACTERISTICS (8086 TA

*Notice: Stresses. above.those: listed .under: "“Abso-
lute Maximum Ratings'' may cause permanent dam-
age to the device. This is a stress rating -only and
functional operation of the device at these or any
other conditioris-above those indicated.in'the opera-
tional sections of this specification is not implied. Ex-
posure to. absolute -maximum rating conditions. for
extanded per/ods may affect dewcs re//ab///ty

0°Cto 70°C VCC = 5V 110%)

. (8086-1: Tp = 0°Ct0 70°C, Ve = 5V +5%)

(8086-2: TA 0°C to 70°C Vee = 5V ﬂ:5%)

Symbol |’

' Parameter Min | . Max Unlts |" . Test Conditions. -
ViL input Low Voltage —05 | 4+ 08 - | WV ' 3
VIH Input High Voltage " 20 Vce + 0.5 v T
VoL Output Low Voltage : 045 | V. loL=25mA °,
" VoH Output High Voltage 2.4 ’ v loH = — 400 pA
lcc Power Supply Current 8086 340
) 8086-1 360 mA Ta = 25°C
8086-2 350
I Input Leakage Current +10 pA OV < ViN < Voo
Lo Output Leakage Current +10 RA 0.45V < VouTt < Voo
Voo Clock Input Low Voltage —0.5 .+0.6 \
VeH Clock Input High Voltage 3.9 Vcc + 1.0 v
CiN Capacitance of Input Buffer 15 pF fc = 1 MHz
(All'input except
ADg-AD45, RQ/GT)
Cio Capacitance of I/0 Buffer 15 pF fc = 1 MHz
(ADp~AD45, RQ/GT) ‘
NOTES:

1. Vy__ tested with MN/MX Pin = OV.
2. V| tested with MN/MX Pin = 5V.
MN/MX Pin is a Strap Pin.

2-14
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A.C. CHARACTERISTICS (8086: Ta = 0°Cto 70°C, Vgg = 5V * 10%)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

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

Symbol | Parameter 8086 808e-1 8086-2 | ynits | TestConditions
Min | Max | Min | Max | Min | Max
TCLCL CLK Cycle Period 200 | 500 100 | 500 | 125 | 500 ns
TCLCH CLK Low Time 118 53 68 ns
TCHCL CLK High Time 69 39 44 ns
TCH1CH2 | CLK Rise Time 10 10 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 10 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time | 30 5 20 ns
TCLDX Data in Hold Time 10 10 10 ‘ns
TR1VCL RDY Setup Time 35 35 35 ns
’ into 8284A (See
Notes 1, 2)
' TCLR1X | RDY Hold Time 0 0 0 ns
into 8284A (See
Notes 1, 2)
TRYHCH | READY Setup 118 53 68 ns
Time into 8086
TCHRYX | READY Hold Time | 30 20 20. ns
into 8086
TRYLCL READY Inactiveto | —8 -10 -8 ns
CLK (See Note 3) )
THVCH HOLD Setup Time 35 20 20 ns
TINVCH INTR, NMI, TEST 30 - 15 15 ns
Setup Time (See
Note 2)
TILIH Input Rise Time 20 20 20 ns | From 0.8V to 2.0V
(Except CLK) .
TIHIL ~ | InputFall Time 12 | 12 12 | ns | From2.0Vto0.8V
(Except CLK) )

2-15
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES )
Symbol Parameter Soes sose-1 8086-2 Units Test
: Min |Max| Min (Max| Min [Max Conditions
TCLAV -|Address Valid Delay 10 1110 10 50 10 60 | ns
TCLAX |Address Hold Time 10 10 10 ‘ns
TCLAZ |[Address Float TCLAX | 80 10 40 | TCLAX | 50| ns
Delay
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
TLLAX |[Address Hold Time | TCHCL-10 TCHCL-10| .= | TCHCL-10 ns
TCLDV |Data Valid Delay 10 110 10 | 50 10 60 | ns |[*C_ = 20-100 pF
TCHDX | Data Hold Time 10 10 10 ns |for all 8086
Outputs (In
TWHDX |Data Hold Time TCLCH-30 TCLCH-25 TCLCH-30 ns |addition to 8086
After WR selfload)
TCVCTV | Control Active 10 110 10 50 10 70 | ns
Delay 1
TCHCTV | Control Active 10 110 10 45 10 60 | ns
Delay 2 :
TCVCTX | Control Inactive 10 110 10 50 10 70 | ns
Delay
TAZRL |Address Float to 0 0 ) ns
READ Active
TCLRL |RD Active Delay 10 165 10 70 10 100| ns
TCLRH |RD Inactive Delay 10 150 10 60 10 80 | ns
TRHAV |RD Inactive to Next | TCLCL-45 TCLCL-35 TCLCL-40 ns
Address Active
TCLHAV |HLDA Valid Delay 10 160 10 60 10 |100] ns |
TRLRH ﬁﬁ Width 2TCLCL-75 2TCLCL-40 2TCLCL-50 ns
TWLWH |WR Width 2TCLCL-60 2TCLCL-35 2TCLCL-40 ns
TAVAL |Address Valid to TCLCH-60 TCLCH-35 TCLCH-40 ns
ALE Low
TOLOH |Output Rise Time 20 20 20 | ns |[From0.8Vto 2.0V
TOHOL |Output Fall Time 12 12 12 | ns |From 2.0V to 0.8V

NOTES:

1. Signal at 8284A shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state. (8 ns into T3).
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

24

1.5 <—— TEST POINTS —> 1.5

0.45

231455:11

A.C. Testing: Inputs are driven at 2.4V for a Logic “1"-and 0.45V
for a Logic “0". Timing measurements are made at 1.5V for both
a Logic “1” and “0".

DEVICE
UNDER

1CL=WOpF

I

Cy Includes Jig Capacitance

231455-12

MINIMUM MODE
Ty T2 T3 Tw Ta
TCLCL [TCH1CH2. TCL2CLY
Veu /
CLK (8284A Output) vj k ’t Y ! 4 s\ ! ]# \
-gh TCHCTV TCHCL te— TCLCH —»f
- X
—| TCLOV|
LU R S P TCHDX ~
BHEIS?, A19/S¢-A10/S3 )( BHE, A1o-Ars S7-S3
TeuH~| et TLHLL— TLLAX
-
ALE \\ /
S e
—| TAVAL [(«F
TCHLL—| 1 «— TRI1VCL
ViH =t
RDY (8284A Input)
SEE NOTE 4 Vi -
—{ |=TCLRIX
TRYLCL—=|  [+—
R Y (8086 Input) '
EADY (8086 tnput ' —|  |e—TCHRYX
— —
TAVAL =t —] <—TRYHCH
TLLAX—»| fo—
TCLAV —» —| =-TCLAZ TOVCL TCLDX
—_ l<TCLAX
- Ars-Al ATA | —
AD1s-ADo 15-ADo FLOAT DATAIN FLOAT <
TAZRL—e| |- TCLRH—| I TRHAV &
= /
READ CYCLE [
HCTV T TRL N
(NOTE 1) : TCHC TCLRL RH «—TCHCTV
(R, INTA = Vou) DTR
TCVCTV —»| TCVCTX —| l
DEN
231455-13
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lnte[ 8086
WAVEFORMS (Continued)
MINIMUM MODE (Continued)
Ty T2 T3 Tw Ta
TeLcL TCHICH2 TCL2CL
) Veu
CLK (8284A Output) v_/‘ \ / N N\ / \
< reHerv TCHCL e TCLCH —|
s \ X
—| TCLD!
TCLAV-+] TCLAX~) TCHDX -»
BHEIS;, A19/Se-A10/S3 BHE, Aip-Ate $7-S3
TCLLH—+ TLHLL TLLAX ‘
r—
ALE /
TAVAL  |&F AR
TCHLL—] L
TCLAV~ l o TcHDX
T .
ADys-ADo ADy5-ADg DATA OUT
i L L
TCVETV |ravaL [+ TWHDX
WRITE CYCLE —J TLLAX - TCVCTX
NOTE 1) DEN
(::rsti Vow)
=Vo ,
M TCVCTV—»| L TwwH
WR )! '
: - TCVCTX— l—
— TCLAZ
\J‘ ‘/—-—TDVCL——
ADy5-A POINT
15-ADo P TLOAT OINTER
— - TCHCTV
INTA CYCLE DTR
(NOTES 14 3) ——
RD, WR = vou — N
IHE- Vou)
iNTA
- TCVCTV— TCVCTX—~
DEN
INVALID ADDRESS SOFTWARE HALT
TCLAV L—
. 231455-14
SOFTWARE HALT—
RD, WR, INTA = Vou
DT/R = INDETERMINATE

NOTES:

1. All signals switch between Von and VoL unless otherwise specified.
2. RDY is sampled near the end of Ty, 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

A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER)

TIMING REQUIREMENTS

Symbol Parameter 8086 8086-1 8086-2 | ynits Test
Min | Max | Min | Max | Min | Max Conditions
TCLCL CLK Cycle Period 200 | 500 | 100 | 500 | 125 | 500 ns
TCLCH CLK Low Time 118 53 68 ns
TCHCL CLK High Time 69 39 44 ns
TCH1CH2 | CLK Rise Time 10 10 10 ns From 1.0V to 3.5V
TCL2CL1 | CLKFall Time 10 10 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 30 5 20 ns
TCLDX Data in Hold Time 10 10 10 ns
TR1VCL RDY Setup Time 35 35 35 ns
into 8284A
(Notes 1, 2)
TCLR1X RDY Hold Time 0 0 0 ns .
into 8284A
(Notes 1,2)
TRYHCH | READY Setup 118 53 68 ns
Time into 8086
TCHRYX | READY Hold Time 30 20 20 ns
. into 8086
TRYLCL | READY Inactiveto | —8 -10 -8 .'ns
CLK (Note 4)
TINVCH Setup Time for 30 15 15 ns
Recognition (INTR,
NM|, TEST)
(Note 2)
TGVCH RQ/GT Setup Time | 30 15 15 ns
(Note 5)
TCHGX RQHold Timeinto | 40 20 30 ns
8086
TILIH Input Rise Time 20 20 20 ns From 0.8V to 2.0V
(Except CLK) .
TIHIL Input Fall Time 12 12 12 ns From 2.0V to 0.8V
(Except CLK)




intgl

8086
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
Symbol Parameter 8086 8066:1 8066-2 Units Test
Min | Max | Min | Max | Min | Max Conditions .
TCLML Command Active 10 35 | 10 | 35 10 35 ns
Delay (See Note 1) )
TCLMH | Command Inactive 10 35 | 10 | .35 10 35 | ns
Delay (See Note 1)
TRYHSH | READY Active to 110 45 65 ns
Status Passive (See
Note 3)
TCHSV | Status Active Delay 10 110 | 10 | 45 10 60 ns
TCLSH | Status Inactive 10 130 | 10 | 55 10 70 ns
Delay
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
TSVLH Status Valid to ALE 15 15 15 ns
High (See Note 1)
TSVMCH | Status Valid to 15 15 15'| ns
MCE High (See
Note1) ‘
TCLLH CLK Low to ALE 15 15 15 ns | C_ = 20-100pF
Valid (See Note 1) ‘ foor all 808|6
TCLMCH | CLK Low to MCE 15 15 15 | ns | ogmeln 66
‘ High (See Note 1) self-load)
TCHLL ALE Inactive Delay 15 15 15 ns
(See Note 1)
TCLMCL | MCE Inactive Delay 15 15 15 ns
(See Note 1)
TCLDV Data Valid Delay 10 110 | 10 50 10 60 ns
TCHDX | Data Hold Time 10 10 10 ns
TCVNV | Control Active 5 45 5 45 5 45 ns
‘ Delay (See Note 1) .
TCVNX | Control Inactive 10 | 45 | 10| 45| 10 | 45 | ns
Delay (See Note 1)
TAZRL Address Float to 0 0 0 ns
READ Active .
TCLRL RD Active Delay 10 165 | 10 | 70 10 100 ns
TCLRH RD Inactive Delay 10 150 | 10 | 60 10 80 ns

2-20
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Inte[ 8086
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES (Continued)
Symbol |  Parameter 8086 808e-1 80862 |ynits Test
Min  |Max| Min [Max| Min [Max Conditions
TRHAV |RD Inactive to Next| TCLCL-45 TCLCL-35 TCLCL-40 ns
Address Active
TCHDTL | Direction Control 50 50 50 [ ns |C_= 20-100 pF
) Active Delay for all 8086
(Note 1) Outputs (In
— addition to 8086
TCHDTH)| Direction Control 30 30 30 [ ns |self-load)
Inactive Delay
(Note 1)
TCLGL |GT Active Delay 0 85 0 38 0 50 | ns
(Note 5)
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 20 20 20 | ns (From 0.8V to 2.0V
TOHOL |Output Fall Time 12 12 12 | ns |From 2.0V to 0.8V
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 (8 ns into T3).
5. Change from 1985 Handbook.
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8086

WAVEFORMS

MAXIMUM MODE

‘LK
Q80,08
52,515 (EXCEPT HALT)

BHES, Aw/Se-A1e/Sy

ALE (8288 OUTPUT) -

SEE NOTE §

RDY (8284A INPUT)

READY (80868 INPUT)

READ CYCLE
ADy5-ADg
AD
DT/R
8288 OUTPUTS
SEE NOTES 5,6 WINGE ok FORD
DEN

: VCLJ

Ty T2 T3 Ta
véreL *cmcnzal ToLcL  py,
VCH (—\ [—\ rl—-\
N / K /| N\ A\
TCLAV~ E TCHCL +—TCLCH —
TCHSV — | TCLSH
1 < ——-=—=-
// /(ses NOTE 8) \
N Vi N
] TCLAV TCLOV TCHDX—+]
TCLAX —=|
HE, A19-Ate $7:S3
TSVLH—=]
YCLLHﬂ — -TCHLL _—
/‘
[e—TRIVCL
— \chm X .
TRYLCL —
— [4— TCHRYX
TRYHSH —»| _ o |
o
TCLAV—] TDVCL ———+{=- TCLDX —
DATA IN ) ___:fﬂ‘ o
TCLRH TRHAV
—
TCHOTL —| = TeL ni‘ TRLRH F TCHOTH
ToLML—~ \( \ “TCLMH—»|
TCVNV—| r
TCUNX—>|  |=—

231456-15

2-22




intd 8086

WAVEFORMS (Continued)

MAXIMUM MODE (Continued)

) T 1) T
: Tw
VeH
- Y /" %
TCHSV — le—TCLEH

8:.5.5 (EXCEPT HALY) )(//////” (a0 note 8 \-__..

WRITE CYCLE TCLAV | = TCLOV TCHDX —*|
AD45-ADo AD15-ADo DATA
TCVNV | TCVNX—|
oen AP
"

—| [—TCLML TCLMH —|
8288 OUTPUTS J\

SEENOTES 56 | AMWC OR AIOWC

— TCLML ~ —=| [« TCLW
WMWYC OR iIOWE L

AD15-ADy
(8EE NOTES 3 & 4) ADDR /™ FLOAT FLOAT e

- TCLAZ \ b TDVCL—| TC|
ADys-ADo { + - POINTER

" "FLOAT FLOAT
TCLMCL | |-
MCE/

0X
FOER TCLMCH—=| [+ —| ~~TCHDTL — TCHOTH
oTR ____.___\L
8288 OUTPUTS TCLML —|
SEENOTES 5,6 | INTA
- = TCLMH

INTA CYCLE

—e|\ |*—TCVNV

SOFTWARE HALT — ) TCVNX—=
(DEN = VoKD, WD TORC, MWTT, AMWC, iOWC ATOWC,INTA, = Von)

ADys-ADo INVALID ADDRESS
TCLAV —=|

231455-16

NOTES:
1. All sugnals switch between Vpp and Vo, unless otherwise specified.
2. RDY is sampled near the end of Ty, T3, Ty to determine if Tyy machines states are to be inserted.
3. Cascade address is valid between first and second INTA cycle.
4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for
pointer address is shown for second INTA cycle.
5. Stgnals at 8284A or 8288 are shown for reference only.
" 8. The issuance of the 8288 command and control signals (MRDG MWTC, AMWC, IORC, TOWC, AIOWC, INTA and DEN)
lags the active high 8288 CEN.
7. All timing measurements are made at 1.5V unless otherwise noted.
8. Status inactive in state just prior to T4.
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ir‘g | | - 8086

WAVEFORMS (Continued)

ASYNCHRONOUS SIGNAL RECOGNITION

cLK
NMI : ) —— TINVCH (see note 1)
N L N - - o d
: - ; 4

INTR signal
~ .
¥ ) )

TesT ’

231455-17

NOTE:
1. Setup requirements for asynchronous signals only to'guarantee recognmon at next CLK.

BUS LOCK SIGNAL TIMING (MAXIMUM MODE v

ONLY) RESET TIMING

Any CLK Cyelo—-—l

CLk

TCLAV |+— . o . —\__
: TCLDX e—
tock S Tover
1 | meser k ’k

231455-18 ’ ) 24 CLK CYCLES
' : 231455-19

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

Any CLK Cycle —] >0-CLK Cym ‘ ) :
F{_ 2 AN
TCLGH fe—TGVCH - ch;n »
8086 GT

TCLCL

DUI.SE i
RGIGT COPWEESOH

Previous grant § Ry TCLAZ
ADys-ADy . N g
%%us; ‘ , 2086 - o COPROCESSOR
BREIS? - N A (SEE NOTE 1)
231455-20 ' |
NOTE:

The coprocessor may not dnve the buses oulsude the region shown wuthout nskmg contentlon
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WAVEFORMS (Continued)

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

| omeee 2 1 CLK CYCLE | @1 OR 2 CYCLES
o ,_/__\ \——4 I\ \__j/_-\__Q
| —THVCH - | ——THVCH --
HOLD
4t -
—i TCLHAV —l TCLHAV
I 4 -
HLDA
‘ {4 1
e iy
1 J A Tcw d A
(e Y = A
ADs5-ADo, 8086 COPROCESSOR 8086
%d&-hds;.
N A J ) J A J
BAES7, WD,
oA, WA, BEN

231455-21
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8086

Table 2. Instruction Set Summary

Mnemonic and

XLAT = Translate Byte to AL

11010111

Description lnstructlonACode
DATA TRANSFER ‘ .
MQV=Movo: 76543210 76543210 76543210 76543210
Register/Memory to/from Register l 100010dw ] mod reg r/m I
Immediate to Register/Memory ] 1100011w I mod000r/m L data I dataifw = |
Immediate to Register | 1011wreg | data j dataifw = 1 I
Memory to Accumulator f 1010000w [ addr-low ] addr-high l
Accumulator to Memory l 1010001w I addr-low ] addr-high I
Register/Memory to Segment Register I 10001110 I mod O reg r/m ]
Segment Register to Register/Memory [ "~ 10001100 l mod Oregr/m" l
PUSH = Push:
Register/Memory [ 11111111 [ mod110r/m |
Segment Register
POP = Pop: .
Register/Memory [ 10001111 [ modooorm
Segment Register
XCHG = Exchange:
Register/Memory with Register I 1000011w l mod reg r/m '
Register with Accumulator
IN = Input from:
Fixed Port [ 1110010w ] port ]
Variable Port
OUT = Output to:
Fixed Port [ 1110011w ] port ]
Variable Port 1110111w

LEA = Load EA to Register . [ 10001101 | modregrrm |
LDS = Load Pointer to DS I 11000101 I mod reg r/m |
LES = Load Pointer to ES [ 11000100 | modregrrm |
LAHF = Load AH with Flags 10011111
SAHF = Store AH into Flags [ 10011110
PUSHF = Push Flags 10011100
POPF = Pop Flags 10011101
Mnemonics © Intel, 1978
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8086

Table 2. Instruction Set Summary (Continued)

"3::‘;{:;:““" Instruction Code
ARITHMETIC 76543210 76543210 76543210 76543210
ADD = Add: :
Reg./Memory with Register to Either | o0o0oo0oodw | modregr/m ]
Immediate to Register/Memory | 100000sw I mod000r/m l data [ dataifs:w = 01 ]
Immediate to Accumulator | ooooo0t1ow ] data | dataitw=1 |
ADC = Add with Carry:
Reg./Memory with Register to Either r 000100dw L mod reg r/m |
immediate to Register/Memory [ 100000sw | modotorm | data | dataitssw=101 |
Immediate to Accumulator [ 0001010w I data | dataifw = 1 |
INC = Increment:
Register/Memory [ 1111111w | mod0ooor/m |
Register - .
AAA = ASCII Adjust for Add
BAA = Decimal Adjust for Add
SUB = Subtract: :
Reg./Memory and Register to Either | 001010dw I mod reg r/m l
Immediate from Register/Memory [ 100000sw | mod1o1rm | data [ dataitsw=o01_ |
Immediate from Accumulator [ 0010110w I data | dataifw = 1 |
SSB = Subtract with Borrow ‘ .
Reg./Memory and Register to Either [ 000110dw l mod reg r/m |
Immediate from Register/Memory | _100000sw | modot1rm | data | dataitsw=o01 |
I;'nmediate from Accumulator [ 000111w | data l dataifw = 1 I
DEC = Decrement: .
Register/memory | 1111111w I mod001r/m ]
NEG = Change sign [ 1111011w | modot1wm |
CMP = Compare:
Register/Memory and Register l 001110dw ] mod reg r/m |
Immediate with Register/Memory [ _100000sw [ modit1e/m | data | dataitsw =01
Immediate with Accumulator [ oot11110w | data’ | daaifw=1_ |
AAS = ASCII Adjust for Subtract
DAS = Decimal Adjust for Subtract ;
MUL = Multiply (Unsigned) ‘ [ 1111011w | mod100r/m |
IMUL = Integer Multiply (Signed) [ 1111011w | modi0t1e/m |
AAM = ASCII Adjust for Multiply [ 11010100 | oo0oo01010 | (
DIV. = Divide (Unsigned) [ 1111014w | moed1t0e/m |
IDIV = Integer Divide (Signed) [ 1111011w | mod1t1e/m |
AAD = ASCII Adjust for Divide (11010101 | 00001010 |

CBW = Convert Byte to Word
CWD = Convert Word to Double Word

10011000
10011001

Mnemonics © Intel, 1978
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Table 2. Instruction Set Summary (Continued)

11111111

"m‘m" | Instruction Code ;
LoGIC 76543210 76543210 76543210 76543210
NOT = Invert . [ 1111011w | modotorm | '
SHL/SAL = Shift Logical/ArithmeticLeft | 110100vw | mod100r/m |
SHR = Shift Logical Right L 110100vw | modi01r/m |
SAR = Shift Arithmetic Right | 110100vw | - modi1t1r/m - |
ROL = Rotate Left | 110100vw | modooorm |
ROR = Rotate Right [ 110100vw | modoo1em |
RCL = Rotate Through Carry Flag Left | 110100vw | modo1oe/m |
RCR = Rotate Through Carry Right [ _110100vw | ‘modot11rm -]
AND = And: .
Reg./Memory and Register to Eiti\er l 001000dw mod reg r/m I
Immediate to Register/Memory [ 1000000w mod100r/m | data | dataifw=1
Immediate to Accumulator |_oo10010w | data | daaifw=1_|
TEST = And Function to Flags, No Resuit:
Register/Memory and Register I 1000010w l mod reg r/m I
Immediate Data and Register/Memory I 1111011w | mod 0 0 Or/m ] data I dataifw = 1
Immediate Data and Accumulator I 1010100w ] data - | dataifw = 1 l
OR = Or '
Reg./Memory and Register to Either [ 000010dw l mod reg r/m |
Immediate to Register/Memory [ 1000000w | modooirm | - data | dataifw =1
Immediate to Accumulator [ 10000110w l data ] dataifw = 1 l
XOR = Exclusive or: )
Reg./Memory and Register to Either l 001100dw [ mod reg r/m ]
Immediate to Register/Memory | 1000000w- l mod110¢/m 1 data I dataifw = 1
Immediate to Accumulator [ 0011010w l data J dataifw = 1 I )
STRING MANIPULATION
REP = Repeat
MOVS = Move Byte/Word
CMPS = Compare Byte/Word
SCAS = Scan Byte/Word
LODS = Load Byte/Wd to AL/AX
STOS = Stor Byte/Wd from AL/A
CONTROL TRANSFER ’ »
CALL = Call:
Direct within Segment | 11101000 | disp-low | disp-high |
Indirect within Segment [ 11111111 | modotorm |
Direct Intersegment | 10011010 | offset-low | oftsethigh |
| seg-low [ seg-high J
Indirect Intersegment { " modot1te/m |

Mnemonics © Intel, 1978
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Table 2. Instruction Set Summary (Continued)

INTO = Interrupt on Overfiow
IRET = Interrupt Return

11001110
11001111

Mnemonic and
Description Instruction Code
JMP = Unconditional Jump: 76543210 76543210 76543210
Direct within Segment I 11101001 I disp-low I disp-high I
Direct within Segment-Short [ 11101011 | disp ]
Indirect within Segment I 11111111 | mod100r/m I
Direct Intersegment [ 11101010 T offset-low ] offset-high J
( seg-low | seg-high ]
Indirect Intersegment I 11111111 —[ mod101r/m l
RET = Return from CALL:
Within Segment 11000011
Within Seg Adding Immed to SP [ 11000010 | dataslow . | data-high ]
Intersegment 11001011
Intersegment Adding Immediate to SP [ 11001010 |  datalow | data-high |
JE/JZ = Jump on Equal/Zero | 01110100 | disp |
JL/INGE = Jump on Less/Not Greater [o1111100 | disp ]
or Equal
JLE/JNG = Jump on Less or Equal/ "
Nt G [ ot1111110 | disp |
JB/JNAE = Jump on Below/Not Above i 01110010 I disp J
or Equal -
JBE/JNA = Jump-on Below or Equal/ :
PO , [ o1110110 | disp |
JP/JPE = Jump on Parity/Parity Even [ o1111010 | disp |
JO = Jump on Overflow [ 01110000 | disp |
JS = Jump on Sign [ 01111000 | disp ]
JNE/JNZ = Jump on NotEqual/NotZero | 01110101 | disp |
JNL/JGE = Jump on Not Less/Greater l 01111101 [ disp I
or Equal
JNLE/JG = Jump on Not Less or Equal/ ) p 1 "
—p o1 [ Cot111111 ] disp ]
JNB/JAE = Jump on Not Below/Above - I 01110011 [ disp I
or Equal
JNBE/JA = Jump on Not Below or 1 1 "
Eouals Above | o111011 B disp ]
JNP/JPO = Jump on Not Par/Par Odd [ 01111011 | disp ]
JNO = Jump on Not Overflow [ o1110001 | disp B
JNS = Jump on Not Sign [ 01111001 [ disp I
LOOP = Loop CX Times [ 11100010 | disp. |
LOOPZ/LOOPE = Loop While Zero/Equal [ 11100001 | disp ]
'LOOPNZ/LOOPNE = Loop While Not "
e [ 11100000 | disp |
JCXZ = Jump on CX Zero [ 11100011 | disp ]
INT = Interrupt
Type Specified [ 11001101 | type ]
Type 3 11001100
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Table 2. Instruction Set Summary(Continued)

M eneton I Instruction Code
76543210 76543210

PROCESSOR CONTROL

CLC = ClearCary

CMC = Complement Carry

STC = Set Carry

CLD = Clear Direction

STD = Set Direction -

CLI = Clear Interrupt ‘

STI = Set Interrupt

HLT = Halt

WAIT = Wt

ESC = Escape (to External Device) I 1101.1xxx | mod x xxr/m ]
LOCK = Bus Lock Prefix

NOTES:

AL = 8-bit accumulator

AX = 16-bit accumulator

CX = Count register

DS = Data segment

ES = Extra segment

Above/below refers to unsigned value

Greater = more positive; ) :

Less = less positive (more negative) signed values

ifd = 1 then “to” reg; if d = 0 then “from” reg

if w = 1 then word instruction; if w = 0 then byte-instruc-
tion

if mod = 11 then r/m is treated as a REG field

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

if mod = 01 then DISP =
16 bits, disp-high is absent

if mod = 10 then DISP = disp-high; disp-low

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

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

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

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

disp-low sign-extended to

if /m = 100 then EA = (SI) + DISP
if /m = 101 then EA = (DI) + DISP
if /m = 110 then EA = (BP) + DISP*
it r/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if re-
quired) .

*except if mod = 00 and r/m = 110 then EA = disp-high;
disp-low.

Mnemonics © Intel, 1978

DATA SHEET REVISION REVIEW

if s w = 01 then 16 bits of immediate data form the oper-
and .

if s w = 11 then an immediate data byte is sign extended
to form the 16-bit operand

+ if v = 0 then “count” = 1;if v =1 then “count” in (CL)

= don't care
z is used-for string primitives for.comparison with ZF FLAG
SEGMENT OVERRIDE PREFIX '
| o0o01regi10 |
REG is assigned according to the following table:
16-Bit (w = 1) 8-Bit (w = 0) Segment
000 AX 000 - AL 00 ES
001 CX 001 CL 01.CS
010 DX 010 DL 10 SS
011 BX 011 BL 11" DS
100 -SP 100 AH
101 BP 101 CH
110 S| 110 DH
111 DI 111 BH

Instructions which reference the flag register file as a 16-bit
object use the symbol FLAGS to represent the file:
FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

The following list represents key differences between this and the -002 data sheet. Please review this summa-

ry carefully.

1. In the Pin Description Table (Table 1), the description of the HLDA signal being issued has been corrected.
HLDA will be issued in the middle of either the T4 or T; state.
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80C86A

16-BIT CHMOS MICROPROCESSOR

Pln-fdr-PIn and Functionally Compatible

to Industry Standard HMOS 8086

Fully Static Design with Frequency
Range from D.C. to:
— 8 MHz for 80C86A-2

Low Power Operation
— Operating Icc = 10 mA/MHz
— Standby Igcs = 500 nA max

Bus-Hold Circuitry Eliminates Pull-Up

Resistors

Direct Addressing Capability of
1 MByte of Memory

m Architecture Designed for Powerful
Assembly Language and Efficient High
Level Languages

® 24 Operand Addressing Modes
m Byte, Word and Block Operations

m 8 and 16-Bit Signed and Unsigned
Arithmetic
— Binary or Decimal
~— Multiply and Divide

m Avallable in 40-Lead Plastic DIP

The Intel 80C86A is a high performance, CHMOS version of the industry standard HMOS 8086 16-bit CPU.
The 80CB6A available in 8 MHz clock rates, offers two modes of operation: MINimum for small systems and
MAXimum for larger applications such as multiprocessing. It is available in 40-pin DIP package.

EXECUTION UNIT BUS INTERFACE UNIT

nacisTen P AEGTER Pie wooe {wove
DATA, reaTane GND [ 40 PlVec
DB AEGS INSTRUCTION AD14 (}2 B paois
& woron & Wonoe) AD13[J3 1 aD1e/83
- ; — AD12 (4 srhiase
AD11 ]85 36 [JAt8/85
<5 = AD10 C] 8 haeise
|— SAES, vy i [ 8nE's7
10-8IT ALV At
s, aps CJ 0 ol e
AD7 (]9 2[R0
FLAGS mﬁ.’n:m @n,,m, ADs (] 10 [1RG/a70 (HOLD)
5 T 5, ADs (] 11 [ RG/GTT (HLDA)
AD4 [ 12 201LocK (WR)
P_—a>nmm AE a3 282  (NMi0)
I ap2]1e 2h ﬁ 1@)
AD1 218  ©EN)
L] o5 oure ADO [] 16 [1Qs0  (ALE)
aueve ™= i 241081 (iNTA)
TR [] 18 23 [1TEST
g
et cuk 19 22 ) REaDY
::g‘__.. | [ocK ano [ 20 21 [ Reser
R cz:b CONTROL & TIMING 3 )as,0s, 240029-2
oo e LTS Figure 2. 80C86A
] I ] l Er 40-Lead DIP Configuration
CLK  RESET READY MN/MX GND
cc
240029-1
Figure 1. 80C86A
CPU Block Diagram
September 1988

Order Number: 240029-002
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80C86A

Table 1 Pin Descrlptlon

The following pin funct/on descnpt/ons are for B0C86AA systems in e/rher minimum’ or maximum mode. The
“Local Bus” in these descriptions is the direct mu/t/plexed bus /nterface connect/on to the 80086,4 (w:thout

regard to additional bus buffers).

Symbol

Pin No.

"-'VP;e

Name and Functlon .

AD45-ADg

- 2-16, 39

10 -

‘memory/I0 address (T1) and data (T2, T3, Twi, T4) bus. Agis -
‘analogous to BHE for the lower byte of the data bus, pins D7-Dp. It

‘portion of the bus in memory or 1/0 operations. Elght-brt onented

. chip select functions. (See BAE.) These lines are active HIGH and

ADDRESS DATA BUS: These lines constitute the trme muluplexed

is LOW during T4 when a byte is to be transferred on the lower
devices tied to the lower half would normally use Ag to condition

float to 3-state OFF(1) during mterrupt acknowledge and Iocal bus
“hold acknowledge.”

A19/Ss,
A1g/Ss,
A17/S4,
A16/S3

35-38

" these lines are LOW. During memory and |70 operations,

ADDRESS/STATUS: During Ty these are the four most srgnlflcant
address lines for memory operations. During /0 operations

status information is available on these lines during T2, T3, Tw,
and Ty. The status of the interrupt enable FLAG bit (Ss) is updated
at the beginning of each CLK cycle. A17/S4 and A1g/S3 are
encoded as shown.

This information indicates which relocation register is presently
being used for data accessing.

These lines float to 3-state OFF(1) during Iocal bus “hold
acknowledge.”

Aq7/S4 A16/S3 _ Characteristics

Alternate Data
Stack

Code or None
Data

0 (LOw) 0
0 1
1 (HIGH) 0
1 1
Sgis 0
(Low)

34.

BUS HIGH ENABLE/STATUS During T4 the bus high enable srgnal
(BHE) should be used to enable data onto the most significant half
of the data bus, pins D15-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 T4 for read, write, and interrupt
acknowledge cycles when a byte is to be transferred on the high
portion of the bus. The Sy status information is available during T,
Ta, and T4. The signal is active LOW, and floats to 3-state OFF(1) in
“hold.” It is LOW during T4 for the first interrupt acknowledge cycle.

BHE Ao Characteristics
"0 -0 Whole word
0 1 B Upper byte from/
» to odd address
1 0 Lower byte from/
to even address
1 1 None
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

RD

32

o)

READ: Read strobe indicates that the processor is performing a
memory of I/0 read cycle, depending on the state of the S pin.
This signal is used to read devices which reside on the 80C86A
local bus. RD is active LOW during T, T3 and Ty of any read cycle,
and is guaranteed to remain HIGH in T2 until the 80C86A local bus
has floated.

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

READY

22

READY: is the acknowledgement from the addressed memory or
1/0 device that it will complete the data transfer. The READY signal
from memory/|0 is synchronized by the 82C84A Clock Generator
to form READY. This signal is active HIGH. The 80C86A 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.

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
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. Itis asymmetric with a 33% duty cycle to provide
optimized internal timing.

Vce

40

Vec: +5V power supply pin.

GND

1,20

GROUND: Both must be connected.

MN/MX

33

MINIMUM/MAXIMUM: indicates what mode the processor is to
operate in. The two modes are discussed in the following sections.
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tions are as described above.

Table 1. Pin Description (Continued)

- 'The following pin function descriptions are for the 80C86A/82C88 system in maximum mode (i.e.,
MN/MX=Vsg). Only the pin functions which are unique to maximum mode are described; all other p/n func-

Symbol

Pin No.

Type

Name and Function

26-28

0

| is used to indicate the beginning of a bus cycle, and the return to the
| passive state in T3 or Ty is used to indicate the end of a bus cycle.

STATUS: active during T4, T4, and T3 and is returned to the passive
state (1,1,1) during T3 or during Ty when READY: is HIGH. This
status is used by the 82C88 Bus Controller to generate all memory
and I/0 access control signals. Any change by Sz, S1, Sg during T4

These signals float to 3-state OFF(1) in “hold acknowledge.” These
status lines are encoded as shown.

Sz Characteristics

0 (LOW) 0 Interrupt

) Acknowledge
Read 170 Port
Write I/0 Port
Halt
Code Access
Read Memory
Write Memory
Passive

(HIGH)

- ek - - OO0
w0020 oY

O o YO o P Y, Y

RQ/ _To
RQ/GT G—1

. 30,31 .

1/0

‘REQUEST/GRANT: pins are used by other local bus masters to

1. A pulse of 1 CLK wide from another local bus master indicates a

i condmons are met:

| acknowledge sequence.

force the processor to release the local bus 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 timing diagram):

local bus request (“hold”) to the 80C86A (pulse 1).

2. During-a T4 or T4 clock cycle, a pulse 1 CLK wide from the
80C86A to the requesting master (pulse 2), indicates that the
80CB86A 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 Iogncally from the local bus during “hold
acknowledge.”

3. A pulse 1 CLK wide from the requestmg master indicates to the
80C86A (pulse 3) that the “hold” request is about to end and that
80CB86A can reclaim the.local bus at the next CLK.

Each master-master exchange of the local bus is a sequence of 3
pulses. There must be one dead CLK cycle after each bus exchange.
Pulses are active LOW.

If the request is made while the CPU is performmg a memory cycle it
will release the local bus dunng T4 of the cycle when all the following

1. Request occurs on or before To. -
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

4. A locked instruction is not currently executing.
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

If the local bus is idle when the request is made the two possible
events will follow:

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks. Now the four rules for a
currently active memory cycle apply with condition number 1 already
satisfied.

LOCK

29

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(1) in “hold acknowledge.”

QS+, QSy

24,25

QUEUE STATUS: The queue status is valid during the CLK cycle
after which the queue operation is performed.

QS4 and QS provide status to allow external tracking of the internal
80CB86A instruction queue.

QsS4 QSy Characteristics
0 (LOW) 0 No Operation
0 ‘ 1 First Byte of Op Code from Queue
1 (HIGH) 0 Empty the Queue
1 1 Subsequent Byte from Queue

The following pin function descriptions are for the 80C86A in minimum mode (i.e., MN/MX=Vgc). Only the
pin functions which are unique to minimum mode are described; all other pin functions are described above.

ol

M/

28

o

STATUS LINE: logically equivalent to Sy in the maximum mode. It
is used to distinguish a memory access from an 1/0 access. M/10
becomes valid in the T4 preceding a bus cycle and remains valid
until the final T4 of the cycle (M=HIGH, |0 =LOW). M/i0 floats to
3-state OFF(1) in local bus “hold acknowledge.”

29

WRITE: indicates that the processor is performing a write memory
or write 170 cycle, depending on the state of the M/10 signal. WR is
active for Tp, T3 and Tw of any write cycle. It is active LOW, and
floats to 3-state OFF(1) in local bus “hold acknowledge.”

24

INTA is used as a read strobe for interrupt acknowledge cycles. ltis
active LOW during T, T3 and Tyy of each interrupt acknowledge
cycle.

ALE

25

ADDRESS LATCH ENABLE: provided by the processor to latch
the address into an address latch. Itis a HIGH pulse active during
T4 of any bus cycle. Note that ALE is never floated.

DT/R

27

DATA TRANSMIT/RECEIVE: needed in minimum system that
desires to use a data bus transceiver. It is used to control the
direction of data flow through the transceiver. Logically DT/R is
equivalent to S7 in the maximum mode, and its timing is the same
as for M/10. (T =HIGH, R=LOW.) This signal floats to 3-state
OFF(1) in local bus “hold acknowledge.” '
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Table 1. Pin Description (Continued)

Symbol Pin No. Type:

Name and Function

DEN. . 26 (o

DATA ENABLE: provided as an output enable for the transceiver in
a minimum system which uses the transceiver. DEN is active LOW
during each memory and 1/0 access and for INTA cycles. For a
read or INTA cycle it is active from the middle of T until the middle
of T4, while for a write cycle it is active from the beginning of T
until the middle of T,4. DEN floats to 3-state OFF(1) in local bus
“hold acknowledge.”

HOLD,
HLDA

31,30 170

control lines.

setup time.

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 T; 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 the HLDA, and when the processor
needs to run another cycle, it will again drive the local bus and

The same rules as for RQ/GT apply regarding when the local bus
will be released. ‘ ‘

HOLD is not an asynchronous input. External synchronization
should be provided if the system cannot otherwise guarantee the

NOTE:
1. See the section on Bus Hold Circuitry.

FUNCTIONAL DESCRIPTION

STATIC OPERATION |

All 80C86A circuitry is of static design. Internal regis-
ters, counters and latches are static and require no
refresh as with dynamic circuit design. This elimi-
nates the minimum operating frequency restriction
placed on other microprocessors. The CMOS
80C86A can operate from DC to the appropriate up-
per frequency limit. The processor clock may be
stopped in either state (high/low) and held there in-
definitely. This type of operation is especially useful
for system debug or power critical applications.

The 80C86A can be single stepped using only the
CPU clock. This state can be maintained as long as
is necessary. Single step clock operation allows sim-
ple interface circuitry to provide critical information
for bringing up your system.

Static design also allows very low frequency opera-
tion. In a power critical situation, this can provide
extremely low power operation since. 80C86A power

_dissipation is directly related to operating frequency.
As the system frequency is reduced, so is the oper-
ating power until, ultimately, at a DC input frequency,
the 80C86A power requirement is the standby cur-
rent.
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INTERNAL ARCHITECTURE

The internal functions of the 80C86A processor are
partitioned logically into two processing units. The
first is the Bus Interface Unit (BIU) and the second is
the Execution Unit (EU) as shown in the block dia-
gram of Figure 1.

These units can interact directly but for the most
part perform as separate asynchronous operational
processors. The bus interface unit provides the func-
tions related to instruction fetching and gueuing, op-
erand fetch and store, and address relocation. This
unit also.provides the basic bus control. The overlap

. of 'instruction pre-fetching provided by this unit

serves to increase processor performance through
improved bus bandwidth utilization. Up to 6 bytes of
the instruction stream can be queued while waiting
for decoding and execution.

The instruction stream queuing mechanism allows
the BIU to keep the memory utilized very efficiently.
Whenever there is space for at least 2 bytes in the
queue, the BIU will attempt a word fetch memory
cycle. This greatly reduces ‘““dead time” on the
memory bus. The queue acts as a First-In-First Out
(FIFO) buffer, from which the EU extracts instruction
bytes as required. If the queue is empty (following a
branch instruction, for example), the first byte into
the queue immediately becomes available to the EU.
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Memory Segment Register Segment
‘Reference Need Used Selection Rule
Instructions CODE (CS) Automatic with all instruction prefetch.
Stack STACK (SS) - All stack pushes and pops. Memory references relative to BP
base register except data references.
Local Data DATA (DS) Data references when: relative to stack, destination of string
operation, or explicitly overridden.
External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected using a
’ segment override.

The execution units receives pre-fetched instruc-
tions from the BIU queue and provides un-relocated
operand addresses to the BIU. Memory operands
are passed through the BIU for processing by the
EU, which passes results to the BIU for storage. See
the Instruction Set description for further register set
and architectural descriptions.

MEMORY ORGANIZATION

The processor provides a 20-bit address to memory
which locates the byte being referenced. The memo-
ry is organized as a linear array of up to 1 million
bytes, addressed as 00000(H) to FFFFF(H). The
memory is logically divided into code, data, extra
data, and stack segments of up to 64k bytes each,
with each segment falling on 16-byte boundaries.
(See Figure 3a.)

= FFFFFH

ulxs CODE SEGMENT
l » XXXXOH
,_; STACK SEGMENT
+ OFFSET
SEGMENT
REGISTER FILE . ~ DATA SEGMENT
EXTRA DATA SEGMENT

240029-3

Figure 3a. Memory Organization
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All memory references are made relative to base ad-
dresses contained in high speed segment registers.
The segment types were chosen based on the ad-
dressing needs of programs. The segment register
to be selected is automatically chosen according to
the rules of the following table. All information in one
segment type share the same logical attributes (e.g.
code or data). By structuring memory into relocat-
able areas of similar characteristics and by automati-
cally selecting segment registers, programs are
shorter, faster, and more structured.

Word (16-bit) operands can be located on even or
odd address boundaries and are thus not con-
strained to even boundaries as is the case in many
16-bit computers. For address and data operands,
the least significant byte of the word is stored in the
lower valued address location and the most signifi-
cant byte in the next higher address location. The
BIU automatically performs the proper number of
memory accesses, one if the word operand is on an
even byte boundary and two if it is on an odd byte
boundary. Except for the performance penalty, this
double access is transparent to the software. This
performance penalty does not occur for instruction
fetches, only word operands.

Physically, the memory is organized as-a high bank
(D15-Dg) and a low bank (D7-Dp) of 512k 8-bit
bytes addressed in parallel by the processor’'s ad-
dress lines.

A1g9-Aq. Byte data with even addresses is trans-
ferred on the D7-Dg bus lines while odd addressed
byte data (Ag HIGH) is transferred on the D15-Dg
bus lines. The processor provides two enable sig-
nals, BHE and Ao, to selectively allow reading from
or writing into either an odd byte location, even byte
location, or both. The instruction stream is fetched
from memory as words and is addressed internally
by the processor to the byte level as necessary.

In referencing word data the BIU requires one or two
memory cycles depending on whether or not the
starting byte of the word is on an even or odd ad-
dress, respectively. Consequently, in referencing
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word operands performance can be optimized by lo-
cating data on even address boundaries. This is an
especially useful technique for using the stack, since
odd address references to the stack may adversely
affect the context switching time for interrupt pro-
cessing or task multiplexing. = -

Certain locations in memory are reserved for specrfrc ‘

CPU operations (see Figure 3b.) Locations from ad-
dress FFFFOH through FFFFFH are reserved for op-
erations including a jump to the initial program load-
ing routine. Following RESET, the CPU will always
begin execution at location FFFFOH where the jump
must be. Locations 00000H through 003FFH are re-
served for interrupt operations. Each of the 256 pos-
sible interrupt types has'its service routine pointed to
by a4-byte pointer element consisting of a 16-bit
segment address and a 16-bit offset address. The
pointer elements are assumed to have been stored
at the respective places in reserved memory pnor to
occurrence of interrupts.

FPPPFHN
RESET BOOTSTRAP
PROGRAM JUMP
FFFFOH
o 3
T T
' — . 3FFH
INTERRUPT POINTER
__FOR TYPE 255 1 -
; —{ 3FcH
. R ., N
ie ; 1
T , e
N o 4 .
™
INTERRUPT POINTER
FOR TYPE 1
aH
_ INTERRUPT POINTER | °H
FOR TYPE 0 :
oH :
2400294

Figure 3b. Reserved Memory Locations

MINIMUM AND MAXIMUM MODES
The requirements for supporting minimum and maxi-
mum 80C86A systems'are sufficiently different that

they cannot be done efficiently with 40 uniquely de-
fined pins. Consequently, the 80C86A is equipped
with a strap pin' (MN/MX) which defines the system
conflguratron The definition of a certain subset of
the prns changes dependent on the condition of the
strap pin. When MN/MX pin is strapped to GND, the
B80CB6A treats pins 24 through 31 in maximum
mode. An 82C88 bus controller interprets status in-

. formation coded into Sg, 51, Sz -to generate bus tim-
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ing ‘and control. signals compatible with the MULT!-
BUS® architecture.. When  the MN/MX pin - is
strapped to V¢, the 80C86A generates bus control
signals itself on pins 24 through 31, as shown in
parentheses in Figure 2. Examples of minimum
mode and maximum mode systems are shown in
Frgure 4,

/

BUS OPERATION

The 80C86A 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. This “local bus” can be buff-
ered ‘directly and used throughout the system with
address latching provided on memory and 1/0 mod-
ules. In addition, the bus can also be demultiplexed
at the processor with a single set of address latches
if a standard non-multrplexed bus i is desrred for the
system.

Each processor bus cycle consists of at least four
CLK cycles. These are reférred to as T1, To, T3 and
T4 (see Figure 5). The address is emitted from the
processor during T1 and data transfer occurs on the
bus during T3 and T4. T is used primarily for chang-.
ing the direction of the bus during read operations. In
the event that a “NOT READY"” indication is given
by the addressed device, “Wait” states (T\y) are in-
serted between T3 and T4. Each inserted “Wait”
state is of the same duration as a CLK cycle. Periods
can occur between 80C86A bus cycles. These are
referred to as “Idle” states (T1) or inactive CLK cy-
cles. The processor uses these cycles for internal
housekeeprng :

During T4 of any bus cycle the ALE (Address Latch
Enable) signal is emitted (by either the processor or
the 82C88 bus controller, depending on the MN/MX
strap). At the trailing edge of this pulse, a valid ad-
dress and certain status information for the cycle
may be latched, " - :
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Figure 4a. Minimum Mode IAPX 80C86A Typical Configuration
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Figure 4b. Maximum Mode 80C86A Typical Configuration
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Figure 5. Basic System Timing

Status bits Sp, Sy, and S, are used, in maximum
mode, by the bus controller to identify the type of
bus transaction according to the following table:

S, S| So Characteristics
0 (LOW) 0 0 Interrupt Acknowledge
0 0 1 Read I/0
0 1 0 Write i/0°
0 1911 Halt
1 (HIGH) 0 0 Instruction Fetch
1 ‘0 | 1 | Read Datafrom Memory
1 1 0 | Write Data to Memory
1 1 1 | Passive (no bus cycle)

Status bits Sg through S7 are multiplexed with high-
order address bits and the BHE signal, and are
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therefore valid during T through T4. S3 and S4 indi-
cate which segment register (see Instruction Set de-
scription) was used for this bus cycle in forming the

address, according to the following table:

S4 S3 Characteristics
0 (LOW) 0 | Alternate Daté (extra segment)
0 1 Stack
1 (HIGH) 0 Code or None
1 1 Data

85 is a reflection of the PSW interrupt enable bit.
Sg=0 and Sy is a spare status pin.
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1/0 ADDRESSING

In the 80C86A, 1/0 operations can address up to a
maximum of 64k |/O byte registers or 32k 1/0 word
registers. The 1/0 address appears in the same for-
mat as the memory address on bus lines Aq5-Ag.
The address lines Aig—~A4g are zero in 1/0 opera-
tions. The variable 1/0 instructions which use regis-
ter DX as a pointer have full address capability while
the direct 1/0 instructions directly address one or
two of the 256 1/0 byte locations in page 0 of the
1/0 address space.

1/0 ports are addressed in the same manner as
memory locations. Even addressed bytes are trans-
ferred on the D7-Dg bus lines and odd addressed
bytes on D15-Dg. Care must be taken to assure that
each register within an 8-bit peripheral located on
the lower portion of the bus be addressed as even.

EXTERNAL INTERFACE

PROCESSOR RESET AND INITIALIZATION

Processor initialization or start up is accomplished
with activation (HIGH) of the RESET pin. The
80C86A RESET is required to be HIGH for four or
more CLK cycles. The 80C86A will terminate opera-
tions on the high-going edge of RESET and will re-
main dormant as long as RESET is HIGH. The low-
going transition of RESET triggers an internal reset
sequence for approximately 7 CLK cycles. After this
interval the 80C86A operates normally beginning
with the instruction in absolute location FFFFOH
(see Figure 3b). The details of this operation are
specified 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 50 us after power-up, to
allow complete initialization of the 80C86A.

NMI asserted prior to the 2nd clock after the end of
RESET will not be honored. If NMI is asserted after
that point and during the internal reset sequence,
the processor may execute one instruction before
responding to the interrupt. A hold request active
immediately after RESET will be honored before the
first instruction fetch.

All 3-state outputs float to 3-state OFF(1) during RE-
SET. Status is active in the idle state for the first
clock after RESET becomes active and then floats
to 3-state OFF(1). ALE and HLDA are driven low.

NOTE:
1. See the section on Bus Hold Circuitry.

BUS HOLD CIRCUITRY

To avoid high current conditions caused by floating
inputs to CMOS devices and eliminate the need for
pull-up/down resistors, ‘“bus-hold” circuitry has
been used on the 80C86A pins 2-16, 26-32, and
34-39 (Figures 6a, 6b). These circuits will maintain
the last valid logic state if no driving source is pres-
ent (i.e. an unconnected pin or a driving source
which goes to a high impedance state). To overdrive
the “bus hold” circuits, an external driver must be
capable of supplying 350 pA minimum sink or
source current at valid input voltage levels. Since
this “bus hold” circuitry is active and not a “resis-
tive” type element, the associated power supply cur-
rent is negligible and power dissipation is significant-
ly reduced when compared to the use of passive
pull-up resistors.

“PULL-UP/PULL-DOWN"

OUTPUT - o] BOND | EexTERNAL
DRIVER 4 PAD I"PIN
INPUT
| PROTECTION
CIRCUITRY

240029-8

Input Buffer exists only on I/0 pins

“PULL-UP”
OUTPUT o BOND EXTERNAL
DRIVER h PAD PIN
CGe \
L INPUT
mlfm PROTECTION
CIRCUITRY
240029-9
Input Buffer exists only on 1/0 pins

Figure 6a. Bus hold circuitry pin 2-16, 34-39.

2-41

Figure 6b. Bus hold circuitry pin 26-32.
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INTERRUPT OPERATIONS

Interrupt operations fall into two classes; software or
hardware initiated. The software initiated interrupts
and software aspects of hardware interrupts are
specified in the Instruction Set description. Hard-
ware interrupts can be classified as non-| maskable or
maskable.

Interrupts result in a transfer of control to a new pro-
gram location. A 256-element table containing ad-
dress pointers to the interrupt service program loca-
tions resides in absolute locations 0 through 3FFH
(see Figure 3b), which are reserved for this purpose.

Each element in the table is 4 bytes in size and cor-,

responds to an interrupt “type”. An interrupting de-
vice supplies an 8-bit type number, during the inter-
rupt acknowledge sequence, which is used to ‘“‘vec-
tor” through the appropriate element to the new in-
terrupt service program location.

NON-MASKABLE INTERRUPT (NMI)

The processor provides a single non-maskable inter-
rupt pin' (NMI) which has higher priority than the
maskable interrupt request pin (INTR). A typical use
would be to activate a power failure routine. The
NMI is edge-triggered on a LOW-to-HIGH transition.
The activation of this pin causes a type 2 interrupt.
(See Instruction Set description.) NMI is required to
have a duration in the HIGH state of greater than
two CLK cycles, but is not required to'be synchroniz-
ed to the clock. Any-high-going transition of NMI is
latched on-chip and will be serviced at the end of the

- current instruction or between whole moves of a

block-type instruction. Worst case response to NMI
would be for multiply, divide and variable shift in-
structions. There is no specification on the occur-
rence of the low-going edge; it may occur before,
during, or after the servicing of NMI. Another high-
going edge triggers another response if it occurs af-
ter the start of the NMI procedure. The signal must
be free of logical spikes in general and be free of
bounces on the low-going edge to avond triggering
extraneous responses.

MASKABLE INTERRUPT (INTR)

The 80C86A provides a single interrupt request input
(INTR) which can be masked internally by software
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with the resetting of the interrupt enable FLAG
status bit. The interrupt request signal is level trig-
gered. It is internally synchronized during each clock
cycle on the. high-going edge of CLK. To. be re-
sponded to, INTR must be present (HIGH) during
the clock period preceding the end of the current
instruction or the end of a whole move for a block-
type instruction. During the interrupt response se-
quence further interrupts are disabled. The enable
bit is reset as part of the response to any interrupt
(INTR, NMI, software interrupt or single-step), al-
though the FLAGS register which is automatically
pushed onto the stack reflects the state of the proc-
essor prior to the interrupt. Until the old FLAGS reg-
ister is restored the enable bit will be zero unless
specifically set by an instruction.

During the response sequence (Figure 7) the proc-
essor executes two successive (back-to-back) inter-
rupt acknowledge cycles. The 80C86A emits the
LOCK signal from Ty of the first bus cycle until T2 of
the second. A local bus “hold”’ request will not be
honored until the end of the second bus cycle. In the
second bus cycle a byte is fetched from the external
interrupt system (e.g., 82C59 PIC) which identifies
the source (type) of the interrupt. This byte is multi-
plied by four and used as a pointer into the interrupt
vector lookup table. An INTR signal left HIGH will be
continually responded to within the limitations of the
enable bit and sample period. The INTERRUPT RE-
TURN . instruction includes a FLAGS pop which re-
turns the status of the original interrupt enable bit
when it restores the FLAGS.

HALT

When a software “HALT” instruction is executed the
processor indicates that it is entering the “HALT”
state in ‘one ‘of two ways depending upon which
mode is strapped. In minimum mode, the processor
issues one ALE with no.qualifying bus control sig-
nals. In Maximum Mode, the processor_issues ap-
propriate HALT status on Sy, Sy and Sp and the
82C88 bus controller issues one ALE. The 80C86A
will not leave the “HALT” state when a local bus
“hold” is entered while in “HALT”. In this case, the
processor reissues.the HALT indicator. An interrupt
request or RESET will force the BOCBSA out of the
“HALT” state.
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Figure 7. Interrupt Acknowledge Sequence

READ/MODIFY/WRITE (SEMAPHORE)
OPERATIONS VIA LOCK

The LOCK status information is provided by the
processor when directly consecutive bus cycles are
required during the execution of an instruction. This
provides the processor with the capability of per-
forming read/modify/write operations on: memory
(via the Exchange Register With Memory instruction,
for example) without the possibility of another sys-
tem bus master receiving intervening memory cy-
cles. This is useful in mutliprocessor system configu-
rations to accomplish “test and set lock” operations.
The LOCK signal is activated (forced LOW) in the
clock cycle following the one in which the software
“LOCK” prefix instruction is decoded by the EU. Itis
deactivated at the end of the last bus cycle of the
instruction following the “LOCK” prefix instruction.
While LOCK is active a request on a RQ/GT pin will
be recorded and then honored at the end of the
LOCK.

EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to the interrupts and general 1/0
capabilities, the 80C86A provides a single software-
testable input known as the TEST signal. At any time
the program may execute a WAIT instruction. If at
that time the TEST signal is inactive (HIGH), pro-
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gram execution becomes suspended while the proc-
essor waits for TEST to become active. It must re-
main active for at least 5 CLK cycles. The WAIT in-
struction is re-executed repeatedly until that time.
This activity does not consume bus cycles. The
processor remains in an idle state while waiting. All
80CB86A drivers go.to 3-state OFF if bus “Hold” is
entered. If interrupts are enabled, they may occur
while the processor is waiting. When this occurs the
processor fetches the WAIT instruction one extra
time, processes the interrupt, and then re-fetches
and re-executes the WAIT instruction upon returning
from the interrupt.

BASIC SYSTEM TIMING

Typical system configurations for the processor op-
erating in minimum mode and in maximum mode are
shown in Figures 4a and 4b, respectively. In mini-
mum mode, the MN/MX pin is strapped to Ve and
the processor emits bus control signals in a manner
similar to the 8085. In maximum mode, the MN/MX
pin is strapped to Vgg and the processor emits cod-
ed status information which the 82C88 bus control-
ler uses to generate MULTIBUS compatible bus
control signals. Figure 5 illustrates the S|gnal timing
relationships. .
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AX
BX
cx
ox

AH
BH
CH
OM

AL
BL
CL
DL

ACCUMULATOR
BASE

COUNT

DATA

SP
8P
SI
DI

STACK POINTER

BASE POINTER
SOURCE INDEX
DESTINATION INDEX - -

[ ] INSTRUCTION POINTER
STATUS FLAGS

cs
oS
ss
€S

CODE SEGMENT _
DATA SEGMENT

STACK SEGMENT
EXTRA SEGMENT
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Figure 8. 80C86A Register Model

SYSTEM TIMING—MINIMUM SYSTEM

The read cycle begins in T1 with the assertion of the
Address Latch Enable (ALE) signal. The trailing (low-
going) edge of this signal is used to latch the ad-
dress information, which is valid on the local bus at
this time, into a latch. The BHE and Ag signals ad-
dress the low, high, or both bytes. From T to T4 the
M/10 signal indicates a memory or I/0 operation. At
T, the address is removed from the local bus and
the bus goes to a high impedance state. The read
control signal is also asserted at To. The read (RD)
signal causes the addressed device to enable its
data bus drivers to the local bus. Some time later
valid data will be available on the bus and the ad-
dressed device will drive the READY line HIGH.
When the processor returns the read signal to a
HIGH level, the addressed device will again 3-state
its bus drivers. If a transceiver is required to buffer
the 80C86A local bus, signals DT/R and DEN are
provided by the 80C86A.

A write cycle also begins with the assertion of ALE
and the emission of the address. The M/10 signal is
again asserted to indicate a memory or 1/0 write
operation. In the Ty immediately following the ad-
dress emission the processor emits the data to-be
written into the addressed location. This data re-
mains valid until the middle of T4. During T2, T3, and
Tw the processor asserts the write control signal.
The write (WR) signal becomes active at the begin-
ning of T as opposed to the read which is delayed

somewhat into T to provide time for the bus to float.

The BHE and Ag signals are used to select the prop-
er byte(s) of the memory/IO word to be read or writ-
ten according to the following table:
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BHE Characteristics
0 Whole word
0 Upper byte from/
to odd address
Lower byte from/
to even address
None

1
1

I1/0 ports are addressed in the same manner as
memory location. Even addressed bytes are trans-
ferred on the D7-Dg bus lines and odd addressed
bytes on D15-Dsg.

The basic difference between the interrupt acknowl-
edge cycle and a read cycle is that the interrupt ac-
knowledge signal (INTA) is asserted in place of the
read (RD) signal and the address bus is floated.
(See Figure 7.) In the second of two successive
INTA cycles, a byte of information is read from bus
lines D7-Dg as supplied by the interrupt system log-
ic (i.e., 82C59A Priority Interrupt Controller). This
byte identifies the source (type) of the interrupt. It is
multiplied by four and used as a pointer into an inter-
rupt vector lookup table, as described earlier.

BUS TIMING—MEDIUM SIZE SYSTEMS

For medium size systems the MN/MX pin is con-
nected to Vgg and the 82C88 Bus Controller is add-
ed to the system as well as a latch for latching the
system address, and a transceiver to allow. for bus
loading greater than the 80C86A is capable of han-
dling. Signals ALE, DEN, and DT/R are generated
by the 82C88 instead of the processor in this config-
uration although their timing remains relatively the
same. The 80C86A status outputs (Sp, S, and Sp)
provide type-of-cycle information and become
82C88 inputs. This bus cycle information specifies
read (code, data, or 1/0), write (data or 1/0), inter-
rupt acknowledge, or software halt. The 82C88 thus
issues control signals specifying memory read or
write, 1/0 read or write, or interrupt acknowledge.
The 82C88 provides two types of write strobes, nor-
mal and advanced, to be applied as required. The
normal write strobes have data valid at the leading
edge of write. The advanced write strobes have the
same timing as read strobes, and hence data isn’t
valid at the leading edge of write. The transceiver
receives the usual T and OE inputs from the 82C88
DT/R and DEN.

The pointer into the interrupt vector table, which is
passed during the second INTA cycle, can derive
from an 82C59A located on either the local bus or
the system bus. If the master 82C59A Priority Inter-
rupt Controller is positioned on the local bus, a TTL
gate is required to disable the transceiver when
reading from the master 82C59A during the interrupt
acknowledge sequence and software “‘poll”.
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ABSOLUTE MAXIMUM RATINGS*

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings’’ may cause permanent dam-

Supp[y Voltage age to the device. This is a stress rating only and
(With respecttoground) ........... —0.5t0 7.0V functional operation of the device at these or any
Input Voltage Applied other conditions above those indicated in the opera-
(w.rt.ground) ............. —0.5to.Vge + 0.5V tional sections of this specification is not implied. Ex-
Outout Voltage Applied posure to ab.?o/ute maximum ra(/ng cqnqif/ons for
(v':.r.t. grougnd) pp i, —-0.510 Vg + 0.5V extended periods may affect device reliability.
Power Dissipation.............oocvvveenn. . 1.OW
Storage Temperature.............—65°Cto 150°C
Ambient Temperature Under Bias ...... 0°Cto 70°C
D.C. CHARACTERISTICS
(TA = 0°Cto0 70°C, Voc = 5V £5%)
Symbol Parameter 90C06A-2 Units Test Conditions
Min Max
ViL Input Low Voltage -0.5 +0.8 Vv
VIH Input High Voltage 2.0 v
(All inputs except clock)
VcH Clock Input High Voltage Vec—0.8 \']
VoL Output Low Voltage : 0.45 'R loL = 25 mA
VoH Output High Voltage 3.0 v loH = —25mA
Voc—0.4 loH = —100 pA
lcc Power Supply Current 10 mA/MHz ViL = GND, Vi4 = Vo
lccs Standby Supply Current 500 pA VIN = Vg or GND
Outputs Unloaded
CLK = GND or Voo
M Input Leakage Current +1.0 pA 0V < VN < Voo
IBHL Input Leakage Current 50 400 pA Vin = 0.8V
(Bus Hold Low) (Note 4)
IBHH Input Leakage Current -50 —400 pA ViN = 3.0V
(Bus Hold High) . (Note 5)
‘IgHLO Bus Hold Low Overdrive 600 pA (Note 2)
IBHHO Bus Hold High Overdrive —600 pA (Note 3)
ILo Output Leakage Current +10 pA Vout = GND or Ve
CiNn Capacitance of Input Buffer 5 pF . (Note 1)
(All inputs e)gedpt
ADo-AD45, RQ/GT)
"Cio Capacitance of I/0 Buffer 20 pF (Note 1)
(ADg-AD15, RQ/GT)
Cout Output Capacitance 15 pF (Note 1)
NOTES:

1. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; ¢) Vj\ at +5.0V or GND.
2. An external driver must source at least Igp o to switch this node from LOW to HIGH.
3. An external driver must sink at least IgHo to switch this node from HIGH to LOW.

4. Test Condition is to lower Vi to GND and then raise Vyy to 0.8V on pins 2-16 & 34-39.
5. Test Condition is to raise Vjy to Vcc and then lower Vi to 3.0V on pins 2-16, 26-32 & 34-39.
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A.C. CHARACTERISTICS
(Ta = 0°C 10 70°C, Vg = 5V £5%)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

‘ o 80C86A-2 , Test
Symbol Parameter - Units
; “Min Max Conditions
TCLCL CLK Cycle Period 125 D.C. ns
TCLCH CLK Low Time 68 ns
TCHCL CLK High Time 44 ns
TCH1CH2 CLK Rise Time 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 ns From 3.5V to 1.0V - -
TDVCL Data in Setup Time 20 ns )
TCLDX Data in Hold Time 10 ns
TR1VCL RDY Setup Time 35 ns
into 82C84A
) (Notes 1, 2)
TCLR1X RDY Hold Time 0 ns
into 82C84A
(Notes 1, 2)
TRYHCH READY Setup 68 ns
Time into 80C86A
TCHRYX READY Hold Time 20 ns
into 80C86A o
TRYLCL READY Inactive to - -8 ns
‘CLK (Note 3)
THVCH HOLD Setup Time 20 ns
TINVCH INTR, NMI, TEST 15 ns
Setup Time ‘
(Note 2)
TILIH Input Rise Time 15 ns From 0.8V to 2.0V
(Except CLK)
TIHIL Input Fall Time 15 ns From 2.0V to 0.8V
-(Except CLK)
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A.C. CHARACTERISTICS (Continued)
(Ta = 0°Cto 70°C, Voo = 5V £5%)
Timing Responses
80C86A-2 Test
Symbol Parameter Units
Min Max Conditions
TCLAV Address Valid Delay 10 60 ns
TCLAX Address Hold Time 10 ns
TCLAZ Address Float - TCLAX 50 ns
Delay
TLHLL ALE Width TCLCH-10 ns
TCLLH ALE Active Delay 50 ns
TCHLL ALE Inactive Delay 55 ns
TLLAX Address Hold Time TCHCL-10 ns
to ALE Inactive
TCLDV Data Valid Delay 10 60 ns
TCHDX Data Hold Time 10 ns
TWHDX Data Hold Time TCLCH—-30 ns
After WR
TCVCTV | Control Active 10 70 ns
Delay 1
TCHCTV Control Active 10 60 ns
Delay 2
TCVCTX Control Inactive 10 70 ns
Delay
TAZRL Address Float to 0 ns
READ Active
TCLRL RD Active Delay 10 100 ns
TCLRH RD Inactive Delay 10 80 ns
TRHAV RD Inactive to Next TCLCL—40 ns
Address Active
TCLHAV HLDA Valid Delay 10 100 ns
TRLRH . RD Width 2TCLCL—-50 ns
TWLWH - WR Width 2TCLCL—40 ns
TAVAL Address Valid to TCLCH—40 ns
ALE Low
TOLOH Output Rise Time 15 ns From 0.8V to 2.0V
TOHOL Output Fall Time 15 ns From 2.0V to 0.8V
NOTES: ‘

1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state. (8 ns into T3).
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT'

INPUT / OUTPUT

24 wWE

X 5 1 EX C_ = 100 pF
0.45 .T.
240029-12 . = Ty

A.C. Testing inputs are driven at 2.4V for-a logic “1” and 0.45V : 240029-14
f logic “0”. Timi t 1.5V.

or a logic iming measurements are made at 1.5 CL Includes Jig Capacitance

WAVEFORMS

MINIMUM MODE

T T2 T3 Tw Ta
TeLeL TCHICH2+] - oot
Veu /_‘
CLK (82C04A Output) N\ /] \ 7 N\ Y, \
=< remer TCHCL ~ J-ToLen ]
e | X
LY I S Pt i TeHoX
BRES?, Aw'Se-Arw'Ss )( BHE, Avs-Ave $1-85
TCLLH+] - TLHLL—sy TLLAX
r—
ALE \\ - I,
E7 i ool v § == TRIVCL
Vi i
RDY (82C84A Input) \k ‘
SEE NOTE 4 Ve =1 = TScirix
TRYLCL—] -
READY (8086 Input) { S P A
TLLAX—»{ L_ |
TCLAV. L. TCLAZ TOVCL——+fe—TCLDX
= [-TCLAX l :
- - A <
ADy5-ADg A1s-ADo T DATA IN s
TAZRL—+]  TCLRH—| TRHAV. ‘
RD ) A
"E“:Nz"z"; — TCHCTV  TCLAL } L rhuam TCHCTV
(WR, INTA = Von) oTR /
TCVCTV—| TCVeTX '

240029-13
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WAVEFORMS (Continued)

MINIMUM MODE (Continued) r ' l

T T2 T Tw T

Vew je—— TCLCL TCL2CLY
CLK (82C84A Output) 4 .\ £ X F *[ /_/ .—\\ / \

=t venerv ' TCHCL . ke~ TCLCH —=]
wid

—| TCLD

olS

TCLAV~ Touax TCHDX —=,
BHES,, AwSe-Awsy BHE, Ayg-As $1-83
TCLLH—=] TLHLL TLLAX
: -
ALE /
TAVAL 2 S e s e
TCHLL—! L
TCLOV-~|
TCLAV +| TOLAX—~| TCHOX —~{ =
T
ADy3-ADo ADy5-ADo DATA OUT )____C
TAVAL [« TWHDX —
TCVCTV.
WRITE CYCLE TLLAX | — TCVCTX
NOTE D BEN
(:TBIi Vo)
=Vo TCVCTV
vev—| = TWLWH
R ‘k ¥

TCVCTX—| fe—

! TCLAZ
\I‘ I;rnvm—-_\[—-'rcmx
AD15-ADg 0

POI
/ FLOAT |. NTER| R FLOAT

—| - TCHCTV : - TCHCTV
INTA CYCLE OTIR

(NOTES 14 3) Tovery
o *{( /
iNTA )
TCVCTV—| TCVCTX: )
DEN

SOFTWARE HALT—
INVALID ADDRESS SOFTWARE HALT
-

M

RD, WR, INTA = Vo
' DT/R = INDETERMINATE TCLAV

240029-15

NOTES:

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

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

3. Two INTA cycles run back-to-back. The 80C86A local ADDR/DATA BUS is floating during both INTA cycles. Control
signals shown for second INTA cycle. ’

4. Signals at 82C84A are shown for reference only.
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A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER)

TIMING REQUIREMENTS

Symbol Parameter 80ceeA-2 Units ¢ T;:it
; Min Max onditions
TCLCL CLK Cycle Period 125 D.C. ' ns
TCLCH CLK Low Time 68 ns
TCHCL CLK High Time 44 ns
TCH1CH2 CLK Rise Time : 10 ns -From 1.0V to 3.5V
TCL2CL1 CLK Fall Time _ 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 20 ns
TCLDX Data in Hold Time 10 ns
TR1VCL RDY Setup Time into 82C84A 35 ns
‘ (Notes 1, 2)
TCLR1X RDY Hold Time into 82C84A 0 ns
‘(Notes 1, 2)
TRYHCH READY Setup Time into 80C86A 68 ns
TCHRYX READY Hold Time into 80C86A 20 ns
TRYLCL READY Inactive to -8 ns
) CLK (Note 4)
~ TINVCH Setup Time for Recognition 15 ns
: (INTR, NMI, TEST)
(Note 2)
" TGVCH RQ/GT Setup Time 15 ns
TCHGX RQ Hold Time into 80C86A 30 ns
TILIH Input Rise Time 15 ns From 0.8V to 2.0V
(Except CLK) (Note 5)
TIHIL Input Fall Time 15 ns From 2.0V to 0.8V

(Except CLK) (Note 5)
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
Symbol Parameter Msi:casA 2 e Units c o;‘l' ;I:lton s
TCLML Command Active 5 35 ns
Delay (Note 1)
TCLMH Command Inactive 5 35 ns
Delay (Note 1)
TRYHSH READY Active to 65 ns
Status Passive (Note 3)
TCHSV Status Active Delay 10 60 ns
TCLSH Status Inactive Delay 10 70 ns
TCLAV Address Valid Delay 10 60 ns
TCLAX Address Hold Time 10 ns
TCLAZ Address Float Delay TCLAX 50 ns
" TSVLH Status Valid to ALE High (Note 1) ) 20 ns
TSVMCH Status Valid to 30 ns
i MCE High (Note 1)
TCLLH CLK Low to ALE Valid (Note 1) 20 ns
TCLMCH CLK Low to MCE High (Note 1) 25 ns
TCHLL ALE Inactive Delay (Note 1) 4 18 ns
TCLDV Data Valid Delay 10 60 ns -
TCHDX Data Hold Time - -10 | ns
TCVNV Control Active Delay (Note 1) . 5 45 ns
TCVNX Control Inactive Delay (Note 1) 10 45 ns
TAZRL Address Float to Read Active 0 ns
TCLRL RD Active Delay 10 100 ns
TCLRH RD Inactive Delay 10 80 ns
TRHAV RD Inactive to TCLCL—40 ns
Next Address Active
TCHDTL Direction Control 50 ns
Active Delay (Note 1)
TCHDTH Direction Control 30 ns
Inactive Delay (Note 1)
TCLGL . GT Active Delay 0 50 ns
TCLGH GT Inactive Delay 0 50 ns
TRLRH RD Width 2TCLCL—50 ns
TOLOH Output Rise Time 15 ns From 0.8V to 2.0V
TOHOL Output Fall Time 15 ns From 2.0V to 0.8V
NOTES:

1. Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 for the most recent specifications.

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 (8 ns into T3).
5. These parameters are characterized and not 100% tested.
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.

C. TESTING LOAD CIRCUIT

INPUT / OUTPUT

X

240029-16

A.C. Testing inputs are driven at 2.4V for a logic “1” and 0.45V for
a logic “0”. Timing measurements are made at 1.5V

WAVEFORMS

MAXIMUM MODE

DEVICE
UNDER

iy

C, = 100 pF

240029-17

Cy Includes Jig Capacitance

080,08y

52,515 (EXCEPT HALT)

BHES7, AwSe-A1eSy

ALE (82C88 OUTPUT)

SEE NOTE §

RDY (82C84 INPUT)

\

READY (80C86 INPUT)

AD15-ADg
A0

oTR

.::.!.NWH 56 FRBE on IORC
DEN

— .

VCLJ

o TCLCL ———§

T

T2 Ty Ta

Tw

H TCL2CLY

VCH
Sy 2 W YA\
TCLAV-~] i : TCHCL - ToLCH —~ )
X X X X
TCHSV —s| e TCLSH
* 1 -
] TCHDX

TCLAV TcLov
TCLAX —*]
) Arg-Arg §rSs

;zttn:F [-.rcuu.

—>|TCLAX|
TCLAV—+ ~={TCLAZ
. A15-ADo
TAZRL—=
TCHOTL —| f

‘.\‘ \ \

== 4 TCHRYX
TRYHSH —=| fo—
] | tRvHCH |
TOVEL——={= TCLOX —=
DATA IN i

g

TRLRH

\ TCLMH -+ (- %
. TCVNX —*

240029-18
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WAVEFORMS (Continued)

MAXIMUM MODE (Continued)

T, T, T, T,

Tw
VCH
cLK
vcu.-1 N K. A N /-‘ “( F\
_ TCHSV |-— TCLSH
§,.5,.5, (EXCEPT HALT) _W NOTET) 'y

)

WRITE CYCLE TCLAV -~ TCLOV - TCHDX
AD,-AD, AD,5-AD, DATA )
TCVNV =~
DEN ¢ )F_ [chnx
-~ |-TCLML TCLMH -+
82C88 OUTPUTS

- NOTES 5,6 | AMWC OR AIOWC

N TCLML —~| TCLMH
MWTC OR iOWC L

RESERVED FOR

INTA CYCLE CASCADE ADDR
AD;5-ADg FLOAT __.C
NOTES34 FLOAT FLOAT
- r TCLAZ l-toveL~| - TcLox
AD,,-AD —s POINTER <
15-ADg FLOAT FLOAT =
TSVMCH—| (o™ I ~-
( MCE/ v ," -
PDEN TCLMCH -~ TCHDTL - TCHDTH
oTR T
82C88 OUTPUTS TCLML
NOTES 5,6 ] INTA
p— = TCLMH
\ DEN
TCVNX —
SOFTWARE HALT —
(DEN = V,,;RD,MRDC,iORC,MWTC,AMWC,
IOWC.AIOWC,INTA, = Vo) p,.AD, INVALID ADDRESS
TCLAV —

. ~-=--
§,8,5, \ _/ P

240029-19

NOTES:

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

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

3. Cascade address is valid between first and second INTA cycle.

4. Two INTA cycles run back-to-back. The 80C86A local ADDR/DATA BUS is floating during both INTA cycles. Control for
pointer address is shown for second INTA cycle.

5. Sngnals at 82C84A or 82C88 are shown for reference only.

6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN)
lags the active high 82C88 CEN.

7. Status inactive in state just prior to T4.
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WAVEFORMS (Continued)

ASYNCHRONOUS SIGNAL RECOGNITION

INTR

SIGNAL X

CLK \ T \
NMI ] -—-1 TINVCH (see note)

TEST
240029-~20

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

BUS LOCK SIGNAL TIMING " RESET TIMING

(MAXIMUM MODE ONLY)

e 504
ANY CLK CYCLE ANY CLK CYCLE '

"l - Vee ___/
cLK

TcLAV o TCLAV T _\_
= =l |
otk Tovel

'RESET J—‘

240029-21

24 CLK CYCLES
240029-22

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

ANY CLK > 0 CLK
CYCLE
CLK
TCLGH] = reLeL
RO/GT / 5; PULSE 1 /
PREVIOUS COPROCESSOR COPROCESSOR
GRANT ARG RELEASE
AD 5-AD,
A19/Sg-A14/S; 80C86A COPROCESSOR 80C86A
S5 5. 5 '
RD, LOCK . (SEE NOTE)

/S,
240029-23

NOTE: The coprocessor may not drive the buses outside the region shown without risking contention.
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-WAVEFORMS (Continued)
HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

HLDA

AD5-ADy,
atv’sc"u"a-

: THVCH
Ser—
HOLD

21 CLK CYCLE
—

—ef

1 OR 2 CYCLES

TCLHAV
m————

JCLAZ -

- -te

_ COPROCESSOR

(e,

!F!_zs%gnﬁ.
DT/R, WR, DEN

240029-24
Table 2. Instruction Set Summary
M etmmion. l instruction Code
DATA TRANSFER
MOV = Move: 76543210 76543210 76543210 76543210
Register/Memory to/from Register** { 100010dw |  mod reg r/m |
Immediate to Register/Memory | 1100011w | mod000r/m | data ] dataitw =1
Immediate to Register [ 1011wreg [ data 1 dataifw = 1 |
Memory to Accumulator | 1010000w | addr-low | addr-high ]
Accumulator to Memory [ 1010001w | addriow T addr-high |
Register/Memory to Segment Register** [ 10001110 | modOregr/m |
Segment Register to Register/Memory [ 10001100 | mod O reg r/m |
PUSH = Push:
Register/Memory | 11111111 | mod110r/m |
Regster |
Segment Register
POP = Pop:
Register/Memory [ 10001111 | mod000r/m ]
Register
Segment Register
XCHG = Exchange:
Register/Memory with Register [ 1000011w | mod reg r/m |
Register with Accumulator
IN = Input from:
Fixed Port | 1110010ow | port |
Vatatio P
OUT = Output to:
Fixed Port [ 1110011w | port 1
varaioPor
XLAT = Translate Byte to AL
LEA = Load EA to Register | 10001101 | mod reg r/m |
LDS = Load Pointer to DS [ 11000101 I mod reg r/m |
LES = Load Pointer to ES [ 11000100 I mod reg r/m ]
LAHF = Load AH with Flags
SAHF = Store AH into Flags
PUSHF = Push Flags
POPF = Pop Flags
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Table 2. Instruction Set Summary (Continued)

Mg:':;’:;:""d Instruction Code
ARITHMETIC 76543210 76543210 76543210 76543210
ADD = Add: .
Reg./Memory with Register to Either I 000000dw l mod reg r/m l
Immediate to Register/Memory 100000sw I mod000r/m I data L dataifsw = 01 ]
Immediate to Accumulator 0000010w I data I dataifw = 1 l
ADC = Add with Carry:
Reg./Memory with Register to Either [ 000100dw l mod reg r/m ]
Immediate to Register/Memory [ 100000sw I mod010r/m T data l dataif sw = 01 I
Immediate to Accumulator I ~_0001010w r data ] dataifw = 1 ]
INC = Increment:
Register/Memory I 1111111w r mod000r/m ]
AAA = ASCII Adjust for Add
DAA = Decimal Adjust for Add
SUB = Subtract:
Reg./Memory and Register to Either- | 001010dw ] mod reg r/m ]
Immediate from Reéister/ Memory ‘ 100000sw l mod101r/m ] data I dataif sw =.01
Immediate from Accumulator l 0010110w [ data [ dataifw = 1 ]
SBB = Subtract with Borrow
Reg./Memory and Register to Either I 000110dw [ mod reg r/m ]
Immediate from Register/Memory | 100000sw I mod011r/m [ data | data if; w =01 I
Immediate from Accumulator ] 0001110w ' data I dataifw = 1 I
DEC = Decrement:
Register/Memory [ 1111111w | modoo1rm |
NEG = Change Sign I 1111011w | mod011 r/m I
CMP = Compare:
Register/Memory and Register | 001110dw I mod reg r/m I
Immediate with Register/Memory l 100000sw | mod111r/m | data I dataifsw = 01 J
Immediate with Accumulator I 0011110w ] data ] dataifw = 1 I
AAS = ASCII Adjust for Subtract
DAS = Decimal Adjust for Subtract
MUL = Multiply (Unsigned) [ 1111011w | modioowm |
IMUL = Integer Multiply (Signed) [ 1111011w [ mod101e/m |
AAM = ASCIl Adjust for Multiply [ 11010100 [ oo0o00t10t0 |
DIV = Divide (Unsigned) [ 1111011w | modt110rm |
IDIV = Integer Divide (Signed) [ 1111011w [ ‘mod111em |
AAD = ASCII Adjust for Divide [ 11010101 ] ]

CBW = Convert Byte to Word
CWD = Convert Word to Double Word

10011000
10011001

00001010
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8086/8088 Instruction Set Summary (Continued)

Mnemonic and | Instruction Code
LOGIC 76543210 76543210 76543210 76543210
NOT = Invert [ 1111011w | modotorm |
SHL/SAL = Shift Logical/ArithmeticLeft | 110100vw | mod100r/m |
SHR = Shift Logical Right { 110100vw | mod101e/m |
SAR = Shift Arithmetic Right | 110100vw | modt1tiwm |
ROL = Rotate Left [ 110100vw | modooorm |
ROR = Rotate Right L 110100vw | modo01r/m |
RCL = Rotate Through Carry Flag Left | 110100vw | modoiorm |
RCR = Rotate Through Carry Right [ 110100vw | modo11e/m |
AND = And:
Reg./Memory and Register to Either [ o001000dw | modregr/m |
Immediate to Register/Memory L 1000000w L mod100r/m j data I dataifw = 1 I
Immediate to Accumulator l 0010010w | data l dataifw = 1 |
TEST = And Function to Flags, No Resuit:
Register/Memory and Register I 1000010w [ mod reg r/m |
Immediate Data and Register/Memory l 1111011w l mod000r/m I data ] dataifw =1~ ]
Immediate Data and Accumulator I 1010100w I data [ dataifw = 1 l
OR =Or: . :
Reg./Memory and Register to Either [ 000 ‘0 10dw | mod reg r/m |
Immediate to Register/Memory [ 1000000w I mod001r/m l data r dataifw =1 ]
Immediate to Accumulator [ 0000110w l data I dataifw = 1 ]
XOR = Exclusive OR:
Reg./Memory and Register to Either l 001100dw l mod reg r/m l
| immediate to Register/Memory [ 100000ow | moditorvm | data [ daaitw=1_ |
Immediate to Accumulator ‘ 0011010w I data | dataifw = 1 ]
STRING MANIPULATION
REP = Repeat
MOVS = Move Byte/Word '
CMPS = Compare Byte/Word
| SCAS = Scan Byte/Word
LODS = Load Byte/Wd to AL/AX
STOS = Stor Byte/Wd from AL/A
CONTROL TRANSFER
CALL = Call:
Direct Within Segment | 11101000 | disp-low | disp-high |
Indirect Within Segment [ 11111111 | modo1owm |
Direct Intersegment [ 10011010 | offsstlow |  offsethigh |
( seg-low ] seg-high ]
Indirect Intersegment [ 11111111 | modot1vm |
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Table 2. Instruction Set Summary: (Continued)

INTO = Interrupt on Overflow
IRET = Interrupt Return

11001110
11001111

Mnemonic and
Description Instruction Code
CONTROL TRANSFER (Continued)
JMP = Unconditional Jump: 76543210 76543210 76543210
Direct Within Segment [ 11101001 ] disp-low | disp-high |
Direct Within Segment-Short [ 11101011 [ disp I
Indirect Within Segment [ 11111111 | modioowm |
Direct Intersegment [ 11101010 I offset-low [ offset-high |
[ soglow | seg-high |
Indirect Intersegment [ 11111111 [ mod101r/m ]
RET = Return from CALL:
Within Segment 11000011
Within Seg. Adding Immed to SP [ 11000010 | data-low [ data-high |
Intersegment 11001011
Intersegment Adding Immediate to SP [ 11001010 [  datatow [  datahigh |
JE/JZ = Jump on Equal/Zero | 01110100 l disp . I
JL/JNGE = Jump on Less/Not Greater | 01111100 I disp J
or Equal
JLE/JING = Jump on Less or Equal/ 11111 "
Not Greater L 01111110 l disp J
JB/JNAE = Jump on Below/Not Above I 01110010 | disp l
] or Equal
JBE/JNA = Jump on Below or Equal/ 011101 "
Not Above I o110 | disp I
JP/JPE = Jump on Parity/Parity Even " 01111010 | disp ]
JO = Jump on Overflow | 01110000 I disp I
JS = Jump on Sign l 01111000 I disp I
JNE/JNZ = Jump on Not Equal/Not Zero | 01110101 ] disp I
JNL/JGE = Jump on Not Less/Greater I 01111101 l disp l
or.Equal
JNLE/JG = Jump on Not Less or Equal/ l 01111111 [ disp’ I
Greater
JNB/JAE = Jump on Not Below/Above ‘ 01110011 I disp l
or Equal -
JNBE/JA = Jump on Not Below or 1110111 i
Equal/Above | 9111011 [ disp J
JNP/JPO = Jump on Not Par/Par Odd [ o1111011 ] disp ]
JNO = Jump on Not Overflow | o1110001 | disp |
JNS = Jump on Not Sign | 01111001 I disp J
LOOP = Loop CX Times [ 11100010 | disp ]
LOOPZ/LOOPE = Loop While Zero/Equal | 11100001 | disp ]
LOOPNZ/LOOPNE = Loop While Not 1110000 i
Zero/Equal [7 9000 l disp I
JCXZ = Jump on CX Zero [ 11100011 | disp |
INT = Interrupt
Type Specified - | 11001101 | type |
Type 3 11001100 ’
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Table 2. Instruction Set Summary (Continued)

Mnemonic and | Instruction Code
PROCESSOR CONTROL 76543210 76543210
CLC = Clear Carry
CMC = Complement Carry [att0101 |
src - Setcary
CLD = Clear Direction
STD = Set Direction
CLI = Clear Interrupt
STI = Set Interrupt
WAIT = Wait
ESC = Escape (to External Device) [ 110t1xxx | modxxxe/m ]
LOCK = Bus Lock Prefix

NOTES:

AL = 8-bit accumulator

AX = 16-bit accumulator

CX = Count register

DS = Data segment

ES = Extra segment

Above/below refers to unsigned value.

Greater = more positive:

Less = less positive (more negative) signed values

if d = 1 then “to” reg; if d = 0 then “from” reg

if w = 1 then word instruction; if w = 0 then byte instruc-
tion .

if mod = 11 then r/m is treated as a REG field

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

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

if mod = 10 then DISP = disp-high: disp-low

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

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

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

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

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

if r/m = 101 then EA = (Dl) + DISP

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

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

DISP follows 2nd byte of instruction (before data if re-

quired) :

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

**MOV CS, REG/MEMORY not allowed.

DATA SHEET REVISION REVIEW

if s w.= 01 then 16 bits of immediate data form the oper-
and

if sw = 11 then an immediate data byte is sign extended
to form the 16-bit operand :

if v = 0 then “count” = 1;if v = 1 then “count” in (CL)
register )

x = don’t care

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

[ 001reg110 I
REG is assigned according to the following table:

16-Bit(w = 1) | 8-Bit(w = 0) | Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
011 BX 011 BL 11 DS
100 SP 100 AH
101 BP 101 CH
110 Sl 110 DH
111 DI 111 BH

Instructions which reference the flag register file as a 16-bit
object use the symbol FLAGS to represent the file: .
FLAGS =
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

Mnemonics © Intel, 1978

The following list represents key differences between this and the -001 data sheet. Please review- this summa-

ry carefully.

1. In the Pin Description Table (Table 1), the description of the HLDA signal being issued has been corrected.
HLDA will be issued in the middle of either the T4 or T; state.
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80C86AL
16-BIT CHMOS MICROPROCESSOR

m Pin-for-Pin and Funcﬂonally Compatible m Architecture Designed for Powerful

to Industry Standard HMOS 8086 Assembly Language and Efficient High
m Fully Static Design with Frequency . Level Languages

Range from D.C. to: ® 24 Operand Addressing Modes

— 5 MHz for 80C86AL

— 8 MHz for 80C86AL-2 " :‘"‘; ‘:’:’B‘: ’;‘l" B':"" :‘Le”:!”:
m Low Power Operation = AI:t"hmet;c t Signed and Unsigne

— Operating Icc = 10 mA/MHz
— Standby Iccs = 500 wA Max

m Bus-Hold Circuitry Eliminates Pull-Up m Available in 40-Lead Plastic DIP and

Resistors 44-Lead PLCC Packages
m Direct Addressing Capability of (See Packaging Spec., Order #231369)
1 MByte of Memory

— Binary or Decimal
— Multiply and Divide

The Intel 80C86AL is a high performance, CHMOS version of the industry standard HMOS 8086 16-bit CPU. It
is available in 5 and 8 MHz clock rates. The 80C86AL offers two modes of operation: MINimum for small
systems and MAXimum for larger applications such as multiprocessing. It is available in 40-pin DIP and 44-pin
plastic leaded chip carrier (PLCC) package.

[ MIN
REQISTER FILE m’m . “o‘:g im
| | B | it T A
“wwonos, o aowec]2 - 3 hao1s
] aD13 3. ssao1es3 Camee 86%%%
A aD120}4 T RA78e 355582555455
» = e, Ao .48 3 D atess s asaen] M ()
187 MY Aty Apvo C}6 s [1A1988 otoc}7 N o 39| N
m“‘"’ ADe 47 4 [IBRES? []= L} 38f3 a19/s6
FLAGS . sus AD, AD, — ¢ (1=} 3710 8HE/s7
wreseace ADs []8 33 7 M/MX a7} 10 . 363 MN /WX
T ) INTARD.WR s 32 F0 X a0s 11 — shwo
IO VR ) = T I A o
TIT ADs O} 11 30 [1RG/GT1 (HLDA) avs ] 14 | npl® @
ADs (] 12 2 [1TocK (WR) Anzg 15 . 31 :;’z (M/B)
sore 1o ‘DSE 3 2 :'—z (WiD) Adi cf16 p s (o1/R)
J - ‘ AD2(] 14 Ed sk (OTAR) Amq"u 19 20 nzznu:}lz::g_lz;zgzﬁ o
D1 (18 2218 (DEN) ooooTuUuUoouyg
E—:—- [ o= ’ Apo J 16 shaso  ae) 2;;33252“93
o) omesme ) aseen, wac]r upos @A) -
HoL —— [ o WTR ] 18 23 [ TesT . ST
A = ok 22 I Reaoy 240074-3
R axocjo 1 Binaser Figure 2b. 80C86AL
S e o oo S *: 44-Lead PLCC Configuration
240074-1 240074-2
Figure 1. 80C86AL ‘ Figure 2a. 80C86AL
CPU Block Diagram 40-Lead P-DIP Configuration
September 1988
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Table 1. Pin Description

The following pin function descriptions are for 80C86AL systems in either minimum or maximum mode. The
“Local Bus” in these descriptions is the direct multiplexed bus interface connection to the 80C86AL (without
regard to additional bus buffers).

P-DIP Contfig.
Symbol Pin No.

Type | Name and Function

ADy5-ADg 2-16,39 I/0 | ADDRESS DATA BUS: These lines constitute the time

. multiplexed memory/I0 address (T4) and data (Tz, T3, Tw, T4)
bus. Ag is analogous to BHE for the lower byte of the data bus,
pins D7-Dy. Itis LOW during T4 when a byte is to be transferred
on the lower portion of the bus in memory or 1/0 operations. Eight-
bit oriented devices tied to the lower half would normally use Ag to
condition chip select functions. (See BHE.) These lines are active
HIGH and float to 3-state OFF(1) during interrupt acknowledge and
| local bus “hold acknowledge.”

A19/Se, 35-38 (0] ADDRESS/STATUS: During T these are the four most significant
A1g/Ss, address lines for memory operations. During /O operations
Aq7/84, these lines are LOW. During memory and I/O operations,

A16/S3 N status information is available on these lines during T, T3, Tw,
and T4. The status of the interrupt enable FLAG bit (Ss) is updated
at the beginning of each CLK cycle. A17/S4 and A4g/S3 are
encoded as shown.

This information indicates which relocation register is presently
being used for data accessing.

These lines float to 3-state OFF(1) during local bus “hold
acknowledge.”

A417/84 A4¢/S3 : Characteristics

Alternate Data
Stack

Code or None
Data

0 (LOW) : 0
0 ‘ 1
1 (HIGH) 0
1 ) 1
Sgis 0

_(LOW)

BHE/Sy 34 O | BUS HIGH ENABLE/STATUS: During T4 the bus high enable signal
(BHE) should be used to enable data onto the most significant half
of the data bus, pins D15-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 T+ for read, write, and
‘| interrupt acknowledge cycles when a byte is to be transferred on
the high portion of the bus. The S7 status information is available
during Tp, T3, and T4. The signal is active LOW, and floats to
3-state OFF(1) in “hold.” Itis LOW during T4 for the first interrupt
acknowledge cycle

BHE

Chéracterlstics

0
0

1

1

Whole word

"Upper byte from/

to odd address
Lower byte from/
1o even address
None
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Table 1. Pin Description ‘(Continued)

P-DIP Config.
Pin No.

Type

Name and Function

32

(o}

READ: Read strobe indicates that the processor is performing a
memory of |/0 read cycle, depending on the state of the S5 pin.
This signal is used to read devices which reside on the 80C86AL

‘local bus. RD is active LOW during Tz, T3 and Ty of any read

cycle, and is guaranteed to remain HIGH in T until the 80C86AL
local bus has floated.

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

READY

22

" | READY: is the abknOwIedgement from the addressed memory or

1/0 device that it will complete the data transfer. The READY
signal from memory/1O is synchronized by the 82C84A Clock
Generator to form READY. This signal is active HIGH. The
80C86AL 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.

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. NMl 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 pracessor 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

Vce: +5V power supply pin.

GND

1,20

GROUND: Both must be connected.

MN/MX

- 33

MINIMUM/MAX]MUM: 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 (Continued)

The following pin function descriptions are for the B0CS86AL/82C88 system in maximum mode (i.e.,
MN/MX= Vgg). Only the pin functions which are unique to maximum mode are described; all other pin func-
tions are as described above.

Symbol

P-DIP Contfig.
Pin No.

Type

Name and Function

82,51, %0

26-28

o)

STATUS: active during T4, T4, and T and is returned to the passive
state (1,1,1) during T3 or during Ty when READY is HIGH. This
status is used by the 82C88 Bus Controller to generate all memory
and I/0 access control signals. Any change by Sz, S7, Sg during T4
is used to indicate the beginning of a bus cycle, and the return to
the passive state in T3 or Ty is used to indicate the end of a bus
cycle. :

These signals float to 3-state OFF(1) in “hold acknowledge.” These
status lines are encoded as shown.

[} So Characteristics

LY

0 (LOW) 0 Interrupt
Acknowledge
Read 1/0 Port
Write /0 Port
Halt

Code Access
Read Memory
Write Memory
Passive

(HIGH)

e Y e o Xe)
“ w002+ 0. 0O
-_- OO =00 -

RQ/GTo,
RQ/GT4

30, 31

170

REQUEST/GRANT: pins are used by other local bus masters to
force the processor to release the local bus at the end of the
processor’s current bus cycle. Each pin is bidirectional with

'RQ/GT having higher priority than RQ/GT. RQ/GT has an

internal pull-up resistor so'may be left unconnected. The
request/grant sequence is as follows (see timing diagram):

1. A pulse of 1 CLK wide from another local bus master indicates a
local bus request (“hold”) to the 80C86AL (pulse 1).

2. During a T4 or T4 clock cycle, a pulse 1 CLK wide from the
80C86AL to the requesting master (pulse 2), indicates that the
80CB86AL 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

‘| 80C86AL (pulse 3) that the “*hold” request is about to end and that

80CB86AL can reclaim the local bus at the next CLK.

Each master-master exchange of the local bus is a sequence of 3
pulses. There must be one dead CLK cycle after each bus
exchange. Pulses are active LOW.

If the request is made while the CPU is performing a memory cycle,
it will release the local bus during T4 of the cycle when all the
following conditions are met:

1. Request occurs on or before Ta.

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.
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Table 1. Pin Descriptlon (Contmued)

. Symbol

P-DIP Config. |

Pin No.

Type

Name and Function

If the local bus is idle when the request is made the two possnble
events will follow: N

1. Local bus will be released during the next clock.

| 2. A memory cycle will start within 3 clocks. Now the four rules for a

currently active memory cycle apply with condition number 1 already
satisfied.

29

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(1) in ““hold
acknowledge.” -

Qs,QSo.

24,25

QUEUE STATUS: The queue status is valid during the CLK cycle
after which the queue operation is performed.

QS4 and QSg provide status to allow external tracking of the internal
80CB86AL instruction queue.

Qs QS Characteristics

0 (Low) No Operation
First Byte of Op Code from Queue
Empty the Queue

Subsequent Byte from Queue

1 (HIGH)
A

- O - O

The following pin function descr/pt/ons are for the 80086AL in minimum mode (i.e., MN/MX= V¢ ). On/y the
pin functions which are unique to minimum mode are described; all other pin functions are described above.

ol

M/

28

o

STATUS LINE: logically equivalent to Sy in the maximum mode. It
is used to distinguish a memory access from an I/0O access. M/10
becomes valid in the T4 preceding a bus cycle and remains valid
until the final T4 of the cycle (M= HIGH, 0= LOW). M/0 floats to
3-state OFF(1) in local bus “hold acknowledge.”

E

29

WRITE: indicates that the processor is performing a 2 write memory
or write 1/0 cycle, depending on the state of the M/10 signal. WR is

-| active for Tp, T3 and Ty of any write cycle. It is active LOW, and

floats to 3-state OFF(1) in local bus “hold acknowledge.”

3
>

24

INTA is used as a read strobe for interrupt acknowledge cycles. It is
active LOW during Ty, T3 and Ty of each lnterrupt acknowledge
cycle

ALE

25

ADDRESS LATCH ENABLE: provided by the processor to latch

| the address into an address latch. It is a HIGH pulse active during
| T4 of any bus cycle. Note that ALE is never floated.

DT/R

27

‘DATA TRANSMIT/RECEIVE: needed in minimum system that

_desires to use a 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 M/10. (T=HIGH, R=LOW.) This signal floats to 3-state

OFF(1) in Iocal bus “hold acknowledge.”
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Table 1. Pin Description (Continued)

Symbol

P-DIP Config.
Pin No.

Type

Name and Function

DEN

26

(o)

DATA ENABLE: provided as an output enable for the transceiver
in a minimum system which uses the transceiver. DEN is active
LOW during each memory and I/0 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 it is active from the beginning
of T until the middle of T4. DEN floats to 3-state OFF(1) in local
bus “hold acknowledge.”

HOLD,
HLDA

31,30

110

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 T; 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 the 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 RQ/GT apply regarding when the local bus

setup time.

will be released.
HOLD is not an asynchronous input. External synchronization
should be provided if the system cannot otherwise guarantee the

NOTE:
1. See the section on Bus Hold Circuitry.

FUNCTIONAL DESCRIPTION

STATIC OPERATION

All 80C86AL circuitry is of static design. Internal reg-
isters, counters and latches are static and require no
refresh as with dynamic circuit design. This elimi-
nates the minimum operating frequency restriction
placed on other microprocessors. The CMOS
80C86AL can operate from DC to the appropriate
upper frequency limit. The processor clock may be
stopped in either state (high/low) and held there in-
definitely. This type of operation is especially useful
- for system debug or power critical applications.

The 80C86AL can be single stepped using only. the
CPU clock. This state can be' maintained as long as
is necessary. Single step clock operation allows sim-
ple interface circuitry to provide critical information
for bringing up your system.

Static design also allows very low frequency opera-
tion. In a power critical situation, this can provide
extremely low power operation since 80C86AL pow-
er dissipation is directly related to operating frequen-
cy. As the system frequency is reduced, so is the
operating power until, ultimately, at a DC input fre-
quency, the 80C86AL power requirement is the
standby current.

2-65

INTERNAL ARCHITECTURE

The internal functions of the B0C86AL processor are
partitioned logically into two processing units. The
first is the Bus Interface Unit (BIU) and the second is
the Execution Unit (EU) as shown in the block dia-
gram of Figure 1.

These units can interact directly but for the most
part perform as separate asynchronous operational
processors. The bus interface unit provides the func-

tions related to instruction fetching and queuing, op-.

erand fetch and store, and address relocation. This
unit also provides the basic bus control. The overlap
of instruction pre-fetching provided by this unit
serves to increase processor performance through
improved bus bandwidth utilization. Up to 6 bytes of
the instruction stream can be queued while waiting
for decoding and execution. ,

The instruction stream queuing mechanism allows
the BIU to keep the memory utilized very efficiently.
Whenever there is space for at least 2 bytes in the
queuse, the BIU will attempt a word fetch memory
cycle. This greatly reduces “dead time"” on the
memory bus. The queue acts as a First-In-First Out
(FIFO) buffer, from which the EU extracts instruction
bytes as required. If the queue is empty (following a
branch instruction, for example), the first byte into
the queue immediately becomes available to the EU.
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Segment Register

Memory Segment
Reference Need Used Selection Rule
Instructions CODE (CS) Automatic with all instruction prefetch.
Stack: STACK:(SS) All stack pushes and pops. Memory references relative to BP
base register except data references.
Local Data DATA (DS) ‘ Data references when: relative to stack, destination of string
) operation, or explicitly overridden.
External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected using a
segment override.

The execution units receives pre-fetched instruc-
tions from the BIU queue and provides un-relocated
operand addresses to the BIU. Memory operands
are passed through the BIU for processing by the
EU, which passes results to the BIU for storage. See
the Instruction Set description for further register set
and architectural descriptions.

MEMORY ORGANIZATION

The processor provides a 20-bit address to memory
which locates the byte being referenced. The memo-
ry is organized as a linear array of up to 1 million
bytes, addressed as 00000(H) to FFFFF(H). The
memory is logically divided into code, data, extra
data, and stack segments of up to 64k bytes each,
with each segment falling on 16-byte boundaries.
(See Figure 3a.)

oy FFFFFH

64 KB CODE SEGMENT

! 'g STACK SEGMENT

+ OFFSET :
I >
SEGMENT
REGISTER FILE DATA SEGMENT
EXTRA DATA SEGMENT
Cenmsnend O000OH :
240074-4

Figure 3a. Memory Organization

All memory references are made relative to base ad-

. dresses contained in high speed segment registers.
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The segment types were chosen based on the ad-
dressing needs of programs. The segment register
to be selected is automatically chosen according to
the rules of the following table. All information in one
segment type share the same logical attributes (e.g.
code or data). By structuring memory into relocat-
able areas of similar characteristics and by automati-
cally selecting segment registers, programs are
shorter, faster, and more structured.

Word (16-bit) operands can be located on even or
odd address boundaries and are thus not con-
strained to even boundaries as is the case in many
16-bit computers. For address and data operands,
the least significant byte of the word is stored in the
lower valued address location and the most signifi-
cant byte in the next higher address location. The
BIU automatically performs the proper number of
memory accesses, one if the word operand is on an
even byte boundary and two if it is on ‘an odd byte
boundary. Except. for the performance penalty, this
double access is transparent to the software. This
performance penalty does not occur for mstructlon
fetches, only word operands.

Physncally, the memory is organized as a high bank
(D1s-Dg)- and a low bank (D7-Dg) of 512k 8-bit
bytes addressed in parallel by the processors ad-
dress lines. ;

A19—-A4. Byte data with even addresses is trans--
ferred on the D7-Dg bus lines while odd addressed
byte data (Ag HIGH) is transferred on the D15-Da
bus lines. The processor provides two enable sig-
nals, BHE and Ay, to selectively allow reading from
or writing into either an odd byte location, even byte
location, or both. The instruction stream is fetched
from memory as words and is addressed internally
by the processor to the byte level as necessary

In referencing word data the BIU requires one or two
memory ‘cycles dependlng on whether: or not the
starting byte of the word is on an everi ‘or-odd ad-
dress, respectively. Consequently, in referencmg
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word operands performance can be optimized by lo-
cating data on even address boundaries. This is an
especially useful technique for using the stack, since
odd address references to the stack may adversely
affect the context switching time for interrupt pro-
cessing or task multiplexing.

Certain locations in memory are reserved for specific
CPU operations (see Figure 3b.) Locations from ad-
dress FFFFOH through FFFFFH are reserved for op-
erations including a jump to the initial program load-
ing routine. Following RESET, the CPU will always
begin execution at location FFFFOH where the jump
must be. Locations 00000H through 003FFH are re-
served for interrupt operations. Each of the 256 pos-

sible interrupt types has its service routine pointed to

by a 4-byte pointer element consisting of a 16-bit
segment address and a 16-bit offset address. The
pointer elements are assumed to have been stored

at the respective places in reserved memory prior to

occurrence of interrupts.

— . FFFFFH
RESET BOOTSTRAP :
PROGRAM JUMP 3
FFFFOH
1 1
I ’ I
3FFH
INTERRUPT POINTER
FOR TYPE 255
i 3FCH
i : )
T ’ T
.
TH.
INTERRUPT POINTER
FOR TYPE 1 aH
INTERRUPT POINTER 3H
FOR TYPE 0
oH
240074-5

Figure 3b. Reserved Memory Locations

MINIMUM AND MAXIMUM MODES

The requirements for supporting minimum and maxi-
mum 80C86AL systems are sufficiently different that
they cannot be done efficiently with 40 uniquely de-
fined pins. Consequently, the 80C86AL is equipped
with a strap pin (MN/MX) which defines the system
configuration. The definition of a certain subset of
the pins changes dependent on the condition of the
strap pin. When MN/MX pin is strapped to GND, the
80C86AL treats pins 24 through 31 in maximum
mode. An 82C88 bus controller interprets status in-
formation coded into Sg, S1, So to generate bus tim-
ing and control signals compatible with the MULTI-
BUS® architecture. When the MN/MX pin is
strapped to Vgc, the 80C86AL generates bus con-
trol signals itself on pins 24 through 31, as shown in
parentheses in Figure 2. Examples of minimum
mode and maximum mode systems are shown in
Figure 4.

BUS OPERATION

The 80C86AL 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. This “local bus” can be buff-
ered directly and used throughout the system with
address latching provided on memory and I/0 mod-
ules. In"addition, 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 processor bus cycle consists of at least four

CLK cycles. These are referred to.as T4, Tp, T3 and
T4 (see Figure 5). The address is emitted from the
processor during T+ and data transfer occurs on the
bus during T3 and T4. T2 is used primarily for chang-
ing the direction of the bus during read operations. In
the event that a “NOT READY” indication is given
by the addressed device, “Wait” states (Ty) are in-
serted between T3 and T4. Each inserted “Wait”
state is of the same duration as a CLK cycle. Periods
can occur between 80C86AL bus cycles. These are
referred to as “Idle” states (T1) or inactive CLK cy-

. cles. 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 82C88 bus controller, depending on the MN/MX
strap). At the trailing edge of this pulse, a valid ad-
dress and certain status information for the cycle
may be latched.
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ATCH ; " PERIPHERAL
2Kx8 | 2kx8 ]
. ' 240074-6
Figure 4a. Minimum Mode iAPX 80C86AL Typical Configuration
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Figure 4b. Maximum Mode 80C86AL. Typical Configuration
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Figure 5. Basic System Timing

Status bits Sp, Sy, and S, are used, in maximum
mode, by the bus. controller to identify the type of
bus transaction according to the following table:

S, S| So Characteristics
0 (LOW) 0 0 | Interrupt Acknowledge
0 0 1 Read I/0
0 1 0 | Writel/0
0 1 1 Halt
1 (HIGH) 0 0 | Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 | Write Data to Memory
1 1 1 Passive (no bus cycle)

Status bits Sg through S7 are multiplexed with high-
order address bits and the BHE signal, and are
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therefore valid during T through T4. S and S indi-
cate which segment register (see Instruction Set de-
scription) was used for this bus cycle in forming the
address, according to the following table:

S4 S3 Characteristics
0 (LOW) 0 | Alternate Data (extra segment)
0 1 Stack
1(HIGH) | 0 | Code or None
1 1 Data

S5 is a reflection of the PSW interrupt enable bit.
Sg=0 and Sy is a spare status pin.

TR T
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I1/0 ADDRESSING

In the 80C86AL, |/0 operations can address up to a
maximum of 64k |/0 byte registers or 32k I/0 word
registers. The 1/0 address appears in the same for-
mat as the memory address on bus lines A15-Ag.
The address lines A1g—A1g are zero in 1/0 opera-
tions. The variable 1/0 instructions which use regis-
ter DX as a pointer have full address capability while
the direct 1/0 instructions directly address one or
two of the 256 1/0 byte locations in page 0 of the
1/0 address space.

/0 ports are addressed in the same manner as
memory locations. Even addressed bytes are trans-
ferred on the D7-Dg bus lines and odd addressed
bytes on D15-Dg. Care must be taken to assure that
each register within an 8-bit peripheral located on
the lower portion of the bus be addressed as even.

EXTERNAL INTERFACE

PROCESSOR RESET AND INITIALIZATION

Processor initialization or start up is accomplished
with activation (HIGH) of the RESET pin. The
80C86AL RESET is required to be HIGH for four or
more CLK cycles. The 80C86AL will terminate oper-
ations 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 7 CLK cycles. Af-
ter this interval the 80C86AL operates normally be-
ginning with the instruction in absolute location
FFFFOH (see Figure 3b). The details of this opera-
tion are specified in the Instruction Set description of
the MCS®-86 Family User’'s Manual. The RESET in-
put is. internally synchronized to the processor

clock. At initialization the HIGH-to-LOW transition of
RESET must occur no sooner than 50 us after pow-
er-up, to allow complete initialization of the
80C86AL.

NMI asserted prior to the 2nd clock after the end of
RESET will not be honored. If NMI is asserted after
that point and during the internal .reset sequence,
the processor may execute one instruction before
responding to the interrupt. A hold request active
immediately after RESET will be honored before the
first instruction fetch.

All 3-state outputs float to 3-state OFF(1) during RE-
SET. Status is active in the idle state for the first
clock after RESET becomes active and then floats
to 3-state OFF(1), ALE and HLDA are driven low.

NOTE:
1. See the section on Bus Hold Circuitry.

BUS HOLD CIRCUITRY

To avoid high current conditions caused by floating
inputs to CMOS devices and eliminate the need for
pull-up/down resistors, “bus-hold” circuitry has
been used on the 80C86AL pins 2-16, 26-32, and
34-39 (Figures 6a, 6b). These circuits will maintain
the last valid logic state if no driving source is pres-
ent (i.e. an unconnected pin or a driving source
which goes to a high impedance state). To overdrive
the “bus hold” circuits, an external driver must be
capable of supplying 350 pA minimum sink or
source current at valid input voltage levels. Since
this “bus hold” circuitry is active and not a “resis-
tive” type element, the associated power supply cur-
rent is negligible and power dissipation is significant-
ly reduced when compared to the use of passive
pull-up resistors.

“PULL-UP/PULL-DOWN"

BOND

! LPao

EXTERNAL
PIN

recoccamy
teccaeed

INPUT
PROTECTION
CIRCUITRY

24007424

Input Buffer exists only on 1/0 pins

“PULL-UP”
OUTPUT BOND | EXTERNAL
DRIVER recondy PAD [ PIN
Veer e p Y
' ]
] ]
'
- '
[
. INPUT
| PROTECTION
CIRCUITRY
) 240074-25
Input Buffer exists only on 1/0 pins

Figure 6a. Bus hold circuitry pin 2-16,
34-39 for P-DIP package.
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Figure 6b. Bus hold circuitry
pin 26-32 for P-DIP package.
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INTERRUPT OPERATIONS

Interrupt operations fall into two classes; software or
hardware initiated. The software initiated interrupts
and software aspects of hardware interrupts are
specified in the Instruction Set description. Hard-
ware interrupts can be classified as non-maskable or
maskable.

Interrupts result in a transfer of control to a new pro-
gram location. A 256-element table containing ad-
dress pointers to the interrupt service program loca-
tions resides in absolute locations 0 through 3FFH
(see Figure 3b), which are reserved for this purpose.
Each element in the table is 4 bytes in size and cor-
responds to an interrupt “type”. An interrupting de-
vice supplies an 8-bit type number, during the inter-
rupt acknowledge sequence, which is used to “vec-
tor” through the appropriate element to the new in-
terrupt service program location.

NON-MASKABLE INTERRUPT (NMI)

The processor provides a single non-maskable inter-
rupt pin (NMI) which has higher priority than the
maskable interrupt request pin (INTR). A typical use
would be to activate a power failure routine. The
_NMI is edge-triggered on a LOW-to-HIGH transition.
The activation of this pin causes a type 2 interrupt.
(See Instruction Set description.) NMI is required to
have a duration in the HIGH state of greater than
two CLK cycles, but is not required to be synchroniz-
ed to the clock. Any high-going transition of NMI is
latched on-chip and will be serviced at the end of the
current instruction or between whole moves of a
block-type instruction. Worst case response to NMI
would be for multiply, divide and variable shift in-
structions. There is no specification on the occur-
rence of the low-going edge; it may occur before,
during, or after the servicing of NMI. Another high-
doing edge triggers another response if it occurs af-
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ter the start of the NMI procedure. The signal must
be free of logical spikes in general and be free of
bounces on the low-going edge to avoid triggering
extraneous responses.

MASKABLE INTERRUPT (INTR)

The 80C86AL provides a single interrupt request in-
put (INTR) which can be masked internally by soft-
ware with the resetting of the interrupt enable FLAG
status bit. The interrupt request signal is level trig-
gered. It is internally synchronized during each clock
cycle on the high-going edge of CLK. To be re-
sponded to, INTR must be present (HIGH) during
the clock period preceding the end of the current
instruction or the end of a whole move for a block-
type instruction. During the interrupt response se-
quence further interrupts are disabled. The enable
bit is reset as part of the response to any interrupt
(INTR, NMI, software interrupt or single-step), al-
though the FLAGS register which is automatically
pushed onto the stack reflects the state of the proc-
essor prior to the interrupt. Until the old FLAGS reg-
ister is restored the enable bit will be zero unless
specifically set by an instruction. :

During the response sequence (Figure 7) the proc-
essor executes two successive (back-to-back) inter-
rupt acknowledge cycles. The 80C86AL emits the
LOCK signal from T of the first bus cycle until Tz of
the second. A local bus “hold” request will not be
honored until the end of the second bus cycle. In the
second bus cycle a byte is fetched from the external
interrupt system (e.g., 82C59 PIC) which identifies
the source (type) of the interrupt. This byte is multi-
plied by four and used as a pointer into the interrupt
vector lookup table. An INTR signal left HIGH will be
continually responded to within the limitations of the
enable bit and sample period. The INTERRUPT RE-
TURN instruction includes a FLAGS pop which re-
turns the status of the original interrupt enable bit
when it restores the FLAGS.

L Tl T T
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Figure 7. Interrupt Acknowledge Sequence

HALT

When a software “HALT"” instruction is executed the
processor indicates that it is entering the “HALT”
state in one of two ways depending upon which
mode is strapped. In minimum mode, the processor
issues one ALE with no qualifying bus control sig-
nals. In Maximum Mode, the processor issues ap-
propriate HALT status on S, Sy and Sp and the
82C88 bus controller issues one ALE. The 80C86AL
will not leave the “HALT” state when a local bus
“hold” is entered while in “HALT"”. In this case, the
processor reissues the HALT indicator. An interrupt
request or RESET will force the 80C86AL out of the
“HALT” state. i

READ/MODIFY/WRITE (SEMAPHORE)
OPERATIONS VIA LOCK

The LOCK status information is provided by the
processor when directly consecutive bus cycles are
required during the execution of an instruction. This
provides the processor with the capability of per-
forming read/modify/write operations on memory
(via the Exchange Register With Memory instruction,
for example) without the possibility of another sys-

tem bus master receiving intervening memory cy- -

cles. This is useful in mutliprocessor system configu-
rations to accomplish “test and set lock” operations.
The LOCK signal is activated (forced LOW) in the
clock cycle following the one in which the software
“LOCK?” prefix instruction is decoded by the EU. Itis
deactivated at the end of the last bus cycle of the
instruction followmg the “LOCK” prefix instruction.
While LOCK is active a request on a RQ/GT pin will
be recorded and then honored at the end of the
LOCK.
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EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to the interrupts and general 1/0
capabilities, the 80C86AL provides a single - soft-
ware-testable input known as the TEST signal. At
any time the program may execute a WAIT instruc-
tion. If at that time the TEST signal is  inactive
(HIGH), program execution becomes suspended
while the processor waits for TEST to become ac-
tive. It must remain active for at least 5 CLK cycles.
The WAIT instruction is re-executed repeatedly until
that time. This activity does not consume bus cycles.
The processor remains in an idle state while waiting.
All 80C86AL drivers go to 3-state OFF if bus “Hold"
is entered. If interrupts are enabled, they may occur
while: the processor is waiting. When this occurs the
processor fetches the WAIT instruction one extra
time, processes the interrupt, and then re-fetches
and re-executes the WAIT instruction upon returning
from the interrupt.

BASIC SYSTEM TIMING

Typical system configurations for the processor op-
erating in minimum mode and in maximum mode are
shown in Figures 4a_and 4b, respectively. In mini-
mum mode, the MN/MX pin is strapped to Vg and
the processor emits bus control signals in a manner
similar to the 8085. In maximum mode, the MN/MX
pin is strapped to Vgg and the processor emits cod-
ed status information which the 82C88 bus control-
ler uses to generate MULTIBUS compatible bus
control signals. Figure 5 illustrates the signal timing
relationships.



]
intel 80C86AL
_ BHE A0 Characteristics
ax[ an AL ACCUMULATOR 0 0 Whole word
sx[ _en BL BASE 0 1 Upper byte from/
cx cH cL COUNT to odd address
ox|[ oM [ DATA 1 0 Lower byte from/
to even address
~— P STACK POINTER 1 1 None
B8P BASEPOINTER
st SOURCE INDEX I1/0 ports are addressed in the same manner as
ol DESTINATION INDEX memory location. Even addressed bytes are trans-
ferred on the D7-Dg bus lines and odd addressed
E INSTRUCTION POINTER bytes on Dy5-Dg.
| _FLAGSw | FLaas, | STATUS FLAGS
o CODE SEGMENT The basic difference between the interrupt acknowl-
rm DATASEGMENT edge cycle and a read cycle is that the interrupt ac-
L] ss STACK SEGMENT knowledge signal (INTA) is asserted in place of the
€S EXTRA SEGMENT read (RD) signal and the address bus is floated.
24007410 (See Figure 7.) In the second of two successive
INTA cycles, a byte of information is read from bus

Figure 8. IAPX 80C86AL Register Model

SYSTEM TIMING—MINIMUM SYSTEM

The read cycle begins in T4 with the assertion of the‘

Address Latch Enable (ALE) signal. The trailing (low-
going) edge of this signal is used to latch the ad-
dress information, which is valid on the local bus at
this time, into a latch. The BHE and Ag signals ad-
dress the low, high, or both bytes. From T4 to T4 the
M/10 signal indicates a memory or /O operation. At
To the address is removed from the local bus and
the bus goes to a high impedance state. The read
control signal is also asserted at To. The read (RD)
signal causes the addressed device to enable its
data bus drivers to the local bus. Some time later
valid data will be available on the bus and the ad-
dressed device will drive the READY line HIGH.
When the processor returns the read signal to a
HIGH level, the addressed device will again 3-state
its bus drivers. If a transceiver is required to buffer
the 80C86AL local bus, signals DT/R and DEN are
provided by the 80C86AL.

A write cycle also begins with the assertion of ALE
and-the emission of the address. The M/IO signal is
again asserted to indicate .a memory or I/0 write
operation. In the Ty immediately following the ad-
dress emission the processor emits the data to be
written into the addressed location. This data re-
mains valid until the middle of T4. During T, T3, and
Tw the processor. asserts the write control signal.
The write (WR) signal becomes active at the begin-
ning of To as opposed to the read which is delayed
somewhat into T2 to provide time for the bus to float.

The BHE and Ag signals are used to select the prop-

er byte(s) of the memory/IO word to be read or writ-’

ten according to the following table:
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lines D7-Dg as supplied by the interrupt system log-
ic (i.e., 82C59A Priority Interrupt Controller). This
byte identifies the source (type) of the interrupt. It is
multiplied by four and used as a pointer into an inter-
rupt vector lookup table, as described earlier.

BUS TIMING—MEDIUM SIZE SYSTEMS

For medium size systems the MN/MX pin is con-
nected to Vgg and the 82C88 Bus Controller is add-
ed to the system as well as a latch for latching the
system address, and a transceiver to allow for bus
loading greater than the 80C86AL is capable of han-
dling. Signals ALE, DEN, and DT/R are generated
by the 82C88 instead of the processor in this config-
uration although their timing remains relatively the
same. The 80C86AL status outputs (S, S4, and Sp)
provide type-of-cycle information and become
82C88 inputs. This bus cycle information specifies
read (code, data, or 1/0), write (data or 1/0), inter-
rupt acknowledge, or software halt. The 82C88 thus
issues control signals specifying memory read or
write, 1/0 read or write, or interrupt acknowledge.
The 82C88 provides two types of write strobes, nor-
mal and advanced, to be applied as required. The
normal write strobes have data valid at the leading
edge of write. The advanced write strobes have the
same timing as read strobes, and hence data isn’t
valid at the leading edge of write. The transceiver
receives the usual T and OE inputs from the 82C88
DT/R and DEN.

The pointer into the interrupt vector table, which is
passed during the second INTA cycle, can derive
from an 82C59A located on either the local bus or
the system bus. If the master 82C59A Priority Inter-
rupt Controller is positioned on the local bus, a TTL
gate is required to disable the transceiver when
reading from the master 82C59A during the interrupt
acknowledge sequence and software ‘“poll”.
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ABSOLUTE MAXIMUM RATINGS* Case Temperature (PDIP) ............. .0°C t0 80°C
‘ : Case Temperature (PLCC) ............ 0°C to 85°C
Suppl_y Voltage ’
(With respectto ground) . .......... —0.5t0 8.0V *Notice: Stresses above those /I:gted under “Abso-
Input Voltage Applied lute Maximum Ralings” may cause permanent dam-
(wrt.ground) ............. —2.0to Vgc + 0.5V age to the device. This is a stress rating only and
0utput Voltage Applied functional operation of the device at these or any
(wrt.ground) ............. —0.5t0 Vgg + 0.5V other conditions above those indicated in-the opera-
Power Dissipation. ........ T 1.0W tional sections.of this sp egiﬁcation / s not im;? {ied. Ex-
‘ . N posure to absolute maximum rating conditions for
Storage Temperature............. —65°C to 150°C extended periods may affect device reliability.
Ambient Temperature Under Bias ...... 0°C to 70°C
D.C. CHARACTERISTICS

(Ta = 0°Cto 70°C, Tcasg (Plastic) =

0°C t0'80°C, Tcase (PLCC) = 0°C to 85°C)

(Vcec = 5V £ 10% for B0C86AL, Vcc = 5V £5% for 80C86AL-2)

Symbol Parameter Min Max Units Test Conditions
Vi Input Low Voltage +0.8 LV (Note 4)
VIH Input High Voltage 2.0 v (Note 5)

(Allinputs except . .

clock and MN/MX)
VeH Clock and MN/MX Vcc—0.8 v

Input High Voltage L
VoL : Output Low Voltage 204 Voo loL =25mA
VoH Output High Voltage 3.0 v " loy = —25mA

Vcc—0.4 loq = —100 pA
Icc - Power Supply Current 10 mA/MHz Vi =GND, Vi = Vce
Iccs Standby Supply Current 500 pA ViN = Vg or GND
’ Outputs Unloaded
i CLK = GND or V¢

Iy Input Leakage Current +1.0 rA 0V < VN < Ve
IBHL Input Leakage Current 50 300 HA ViN = 0.8V

(Bus Hold Low)
IBHH | Input Leakage Current -50 —300 CpA ‘ViNy = 3.0V

(Bus Hold High) "
IBHLO " Bus Hold Low Overdrive 400 .| pA (Note 2)
IBHHO Bus Hold High Overdrive —400 | - pA - (Note 3)
Lo Output Leakage Current +10° kA Vout = GND or Voo
CN &~ Capacitance of Input Buffer 5 pF (Note 1) '

- (Allinputs except

ADo-AD;s, RQ/GT)
Cio Capacitance of I/0 Buffer 20 pF (Note 1)

(ADg~AD45, RQ/GT) .
Cout Output Capacitance 15 . pF (Note 1)

NOTES:

1. Characterization conditions are a) Frequency = 1 MHz, b) Unmeasured pins at GND; ¢) Vy at +5.0V or GND
2. An external driver must-source at least lgpLo to switch this node from LOW to HIGH.

3. An-external driver must sink. at least IgHHo to switch this node from HIGH to LOW.

4.’V for all input pins (except MN/MX pin) tested with MN/MX pin-= GND.

5. V| tested with MN/MX pin = Vg,

274
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80C86AL

A.C. CHARACTERISTICS
(Ta = 0°C to 70°C, Tcask (Plastic) = 0°C to 80°C, Tcasg (PLCC) = 0°C to 85°C)
(Voo = 5V +10% for B0C86AL, Vo = 5V +5% for BOC8BAL-2)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

Symbol Parameter 80CEEAL 80CAGAL-2 Units c T;:It
Min Max Min Max on ‘ ons
TCLCL CLK Cycle Period 200 D.C. 125 D.C. ns
TCLCH CLK Low Time 118 68 ns
TCHCL CLK High Time 69 44 ns
TCH1CH2 CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time 35 35 ns
into 82C84A ’
(Notes 1, 2)
TCLR1X RDY Hold Time ° -0 0 ns
into 82C84A
(Notes 1, 2)
TRYHCH READY Setup 118 68 ns
Time into 80C86AL
TCHRYX READY Hold Time 30 20 ns
into 80C86AL
TRYLCL READY Inactive to -8 -8 ns
CLK (Note 3)
THVCH HOLD Setup Time 35 20 ns
TINVCH INTR, NMI, TEST 30 15 ns
Setup Time
(Note 2)
TILIH Input Rise Time 15 15 ns From 0.8V to 2.0V
(Except CLK)
TIHIL Input Fall Time 15 15 ns From 2.0V to 0.8V
(Except CLK) . :
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80C86AL

A.C. CHARACTERISTICS (Continued)
(Ta = 0°C to 70°C, Toase (Plastic) = 0°C to 80°C, Tcage (PLCC) = 0°C to 85°C).
(Vog = 5V +10% for B0CB6AL, Vg = 5V +5% for B0CB6AL-2)

Timing Responses

1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3. Applies only to T2 state. (8 ns into T3).

4. These parameters are characterized and not 100% tested.
2-76

80C86AL 80C86AL-2 Test
Symbol Parameter - Units
. Min Max Min Max Conditions
TCLAV Address Valid Delay 10 110 10 60 ns
TCLAX Address Hold Time 10 10 ns
TCLAZ Address Float TCLAX 80 TCLAX 50 ns
Delay
TLHLL ALE Width . TCLCH-—20 TCLCH—-10 ns
TCLLH ALE Active Delay 80 50 ns
TCHLL ALE Inactive Delay 85 55 ns
TLLAX Address Hold Time TCHCL—-10 TCHCL-10 ns
to ALE Inactive
TCLDV Data Valid Delay 10 110 10 60 ns
TCHDX Data Hold Time 10 10 ns
TWHDX | Data Hold Time TCLCH—-30 TCLCH-30 ns
After WR
TCVCTV | Control Active 10 110 10 70 ns
) Delay 1
TCHCTV | Control Active 10 110 10 60 ns
Delay 2
TCVCTX | Control Inactive 10 110 10 70 ns
Delay '
TAZRL Address Float to 0 0 ns
READ Active
TCLRL | RD Active Delay 10 165 10 100 ns
TCLRH | RD Inactive Delay 10 150 10 80 ns
TRHAV RD Inactive to Next TCLCL—45 TCLCL—40 ns
Address Active '
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 TCLCH—-60 TCLCH—40 ns
) ALE Low
TOLOH " | Output Rise Time 15 15 ns From 0.8V to
(Note 4) 2.0V
TOHOL Output Fall Time - 15 15 ns From 2.0V to
(Note 4) 0.8v
NOTES:




Inter 80C86AL | , %

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
i
INPUT/OUTPUT . IF
Viy + 0.4V ‘L
N DEVICE
v UNDER
C, = 100 pF i
Vi - 04V I i
Jf
240074-26 = . ‘5
A.C. Testing inputs are driven at V|4 + 0.4V for a logic “1” and 240074-27 I3
V)L — 0.4V for a logic ““0". The clock is driven at Vcy + 0.4V and : . !
Ve — 0.4V. Timing measurements are made at 1.5V. C_ Includes Jig Capacitance |
\:
|
|
|
WAVEFORMS |
MINIMUM MODE
T T2 Ta Tw Ta I
Ven TCLCL .-mcnzl Hl. TeLact [ ,
CLK ($2C84A Output) T/F %\ )r ‘\ )r R ;‘ \
R TCHCL le— TCLCH —]
- X 5
—=| TCLDV] k
TeLavsl ke o TCHDX = i
BRE/S?, Aw'Se-Aww'Ss /( BFE, Avg-Aus -85 ‘
TCLLH | - TLHLL—f TUAX !
. -
ALE \\ //
oA o |- TRIVCL )
Vin —
RDY (82C84A Input) i
SEE NOTE 4 Vip — —T" o :
TRYLCL—>]  [+— :
READY (8088 Input) ] —|  |e—TcHRYX i
|
— |
TAVAL ﬁ TRYMCH— — i
TLLAX—» |
TCLAV—={ — TCLAZ TOVCL ——+{e—TCLDX
== TCLAX
AD15-ADg A15-ADo TLORT DATA IN ;T’T‘.—————F .
TAZRL . TCLRH—| ( TRHAV. (“
RD y, i
READ CYCLE — TCHCTV TCLRL 1 | TRLRH +—TCHCTV
(NOTE 1) — . !
(WR, INTA = Vo) ot \
TeVeTV—| TeveTx — ‘|
|
DEN ’
240074-13 i
|
|
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WAVEFORMS (Continued)

MINIMUM MODE (Continued)

T T2 T3 Tw Ta
- [+—— TCLCL ——={TCHICH2 TeLzcLt
cLxszcsaoupu) A \ ) N /-/ N\ /| \
<t renerv TCHCL e TCLCH -]
wio ><
—|Tcup
TOLAV-= TCLAX+] TCHOX —~
BHEISy, Aww/Ss-Are/S3 BHE, Ays-Are $7-S3
TCLLH-| TLHLL TLAX
. [
ALE J/
TAVAL = _——
TCHLL— L
TCLOV: -
TCLAV =~ ToLAY~ TCHDX
t
ADy5-ADg | AD15-ADg DATA OUT
—_— IL
TAVAL ; [~ TWHDX
TOVCTV
WRITE CYCLE - TLLAX b — TCVCTX
(NOTE 1) BEN'
(°I1§,* Vo) .
=VoH) v
Teven—~ = TWLWH
R \l\ ' £
' TCVCTX—+ f—
— TCLAZ
FTDVCL—‘
AD15-ADg
) onT - POINTER|
— - TCHCTV

INTA CYCLE OTR
(NOTES 1 & 3)

R, WR=Vox Teverv—el  o—
I'Ht =Vol)
INTA .
TCVCTV—+| TCVCTX—
DEN

SOFTWARE HALT—
INVALID ADDRESS SOFTWARE HALT
-

RD, WR, INTA = Voi
DT/R = INDETERMINATE TCLAV

240074-14

NOTES:

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

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

3. Two INTA cycles run back-to-back. The 80C86AL local ADDR/DATA BUS is floating during both INTA cycles. Control
signals shown for second INTA cycle.

4. Signals at 82C84A are shown for reference only.
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80C86AL

A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER)
TIMING REQUIREMENTS ‘

80C86AL

Symbol Parameter 80CBBAL-2 | pitg c Tde:it
Min | Max | Min | Max oncitions
TCLCL CLK Cycle Period 200 | D.C. | 125 D.C. ns
TCLCH CLK Low Time 118 68 ns
TCHCL CLK High Time 69 44 ns .
TCH1CH2 | CLK Rise Time 10 10 ns | From 1.0V to 3.5V
TCL2CL1 | CLKFall Time 10 10 ns | From 3.5V to 1.0V
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 82C84A 35 35 | ns
(Notes 1, 2) i :
TCLR1X RDY Hold Time into 82C84A 0 0 ns
(Notes 1, 2) :
TRYHCH | READY Setup Time into 80C86AL | 118 68 ns
TCHRYX | READY Hold Time into 80C86AL | 30 20 ns
TRYLCL | READY Inactive to -8 -8 ns .
CLK (Note 4)
TINVCH . | Setup Time for Recognition 30 15 ns .
(INTR, NMI, TEST)
(Note 2)
TGVCH RQ/GT Setup Time 30 15 )
TCHGX RQ Hold Time into 80C86AL 40 30 ns
TILIH Input Rise Time ' 15 15 | ns | FromO0.8V to2.0V
(Except CLK) (Note 5) Lo o
TIHIL Input Fall Time 15 15 ns From 2.0V t0.0.8V:
(Except CLK) (Note 5)
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80C86AL
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
80C86AL 80C86AL-2 Test
Symbol Parameter i Tax i Fro Units Conditions
TCLML |Command Active 5 45 5 35| ns
Delay (Note 1) ‘
TCLMH |Command Inactive 5 45 5 35| ns
Delay (Note 1)
TRYHSH |READY Active to 110 65| ns
Status Passive (Note 3)
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
TSVLH |Status Valid to ALE High (Note 1) 35 20 | ns
TSVMCH | Status Valid to 35 30 | ns
MCE High (Note 1)
TCLLH |CLK Low to ALE Valid (Note 1) 35 20 | ns
TCLMCH |CLK Low to MCE High (Note 1) 35 25| ns
TCHLL |ALE Inactive Delay (Note 1) 4 35 4 25| ns
TCLDV |Data Valid Delay 10 110 10 60 | ns
TCHDX |Data Hold Time 10 10 ns
TCVNV |Control Active Delay (Note 1) 5 45 5 45| ns
TCVNX | Control Inactive Delay (Note 1) -} 45 10 45 | ns
TAZRL |Address Float to Read Active 0 0 ns
TCLRL |RD-Active Delay 10 165 10 100| ns
TCLRH |RD Inactive Delay 10 150 10 80| ns
TRHAV |RD Inactiveto TCLCL—45 TCLCL—40 ns
Next Address Active
TCHDTL |Direction Control 50 50 | ns
Active Delay (Note 1)
TCHDTH | Direction Control 35 30 | ns
Inactive Delay (Note 1)
TCLGL |GT Active Delay 0 85 0 50 | ns
TCLGH |GT Inactive Delay 0 85 0. 50 | ‘ns
TRLRH |RD Width 2TCLCL—-75 2TCLCL—50 ns
TOLOH |Output Rise Time 15 15 | ns |From 0.8V to 2.0V
TOHOL |Output Fall Time 15 15 | ns [From 2.0V to 0.8V
NOTES:

1. Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 for the most recent specifications.

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 (8 ns into T3).
5. These parameters are characterized and not 100% tested.
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80C86AL

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

Vi + 04V ><
Vi - 0.4V

A.C. Testing inputs are driven at Vi + 0.4V for a logic “1” and
V|L — 0.4V for a logic “0”. The clock is driven at Vg + 0.4V and
VoL — 0.4V. Timing measurements are made at 1.5V.-

240074-11

DEVICE
UNDER

Cy = 100 pF

i

240074-12

Cy Includes Jig Capacitance

WAVEFORMS

MAXIMUM MODE

T2

Ts Ta

- ToL2cLt 4,

e Ul e U
TCLAV~] TCHCL [ TeLeH
980,081 % X )( X )C
4 TCHSV . | et 4
52,51.55 (EXCEPT HALT) ﬂ\ }(/// / (et woTe 1 \\. .....
‘ . . TCHDX —~]

WS, AwBe-AwSs -

ALE (82C88 OUTPUT)
SEE NOTE §
RDY (82C84 INPUT)

|

READY (80C86AL INPUT) .

AD15-ADo

AD

" ovR

'::m WRDE OR ORE
DEN ‘

LAV
C|

TCLOV
—
Aw-Ase

8783

TSVLH— ] Crondi
rcuqu [— TeMLL
——— ) g

—*ITCLAX

TCLAV—] —=|TCLAZ
Avs-ADo

TAZRL—

TRYLCI
et

TRIVCL

1A
[iatan

+— TCHRYX

[ TCLOX —

> FLOAT I(
TRHAV .

TCHOTL —=| [

TCHOTH

TCLML |

TCVNV—+|

240074-15
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WAVEFORMS (Continued)

MAXIMUM MODE (Continued)

o T T T, Te
VCH T ’
CLK 4 \ o /‘ 7\
. VoL .. g N ‘-\t y ,
—| |~ TCLSH
§,.5,.5, (EXCEPT HALT) , (NOTE7) 'y
WRITE CYCLE TCLAV -~ [~ TCLDV ] TCHDX
AD,;-AD, A AD:s-AD, DATA
bEN TCVNV~{ |- +| |- TevNx

[

82C88 OUTPUTS
NOTES 5,6 AMWC OR ATOWC

— [TCLML -~ TCLMH
MWTC OR IOWC

RESERVED FOR

— { TCLML TCLMH =

INTA CYCLE . CASCADE ADDR
AD¢5-ADg V ———C
-NOTES 3,4 FLOAT [ FLOAT
|- toveL+| |- TcLOX
AD,-AD, POINTER e C
TSVMCH ] \ -
cks A

PDEN TCLMCH -~ TCHDTL \-d TCHDTH
OT/R ——J F—'—

82C88 OUTPUTS " TCLML—~}
NOTES 5,6 | INTA ‘

— TCLMH

TCVNV

\ DEN
TCVNX —1

SOFTWAhE ‘HALT —

TOWC, ATOWC, INTA = vo,,) ADL.,-ADQ ‘ TPy e
TcLAV —

_ B R . N T - e wm -
$,.5,.5,. \ / L QU

240074-16

NOTES:

1. Al timing measurements are made at 1.5V unless otherwise noted.

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

3. Cascade address is valid between first and second INTA cycle.

4. Two INTA cycles run back-to-back. The 80C86AL local ADDR/DATA BUS is floating durmg both INTA cycles. Control for
pointer. address is shown for second INTA cycle.

5. Signals at 82C84A or 82C88 are shown for reference only.

6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, 1 T’A and DEN)
lags the active high 82C88 CEN.

7. Status inactive in state just prior to T4.
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WAVEFORMS (Continued)

ASYNCHRONOUS SIGNAL RECOGNITION

NMI —-l TINVCH (see note)

o]

TEST

240074-17

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

BUS LOCK SIGNAL TIMING RESET TIMING
(MAXIMUM MODE ONLY)

ANY CLK CYCLE ANY CLK CYCLE

’ I
|
. w [/
CLK

ToLAY v TcLAV o \____%Tcm ;_\— \ ‘1
WU I i i TN |

240074-18
24 CLK CYCLES
240074-19
REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)
ANY CLK >0 CLK v
S0CBBAL ‘v
[
!
240074-20

NOTE: The coprocessor may not drive the buses outside the region shown without risking contention.
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WAVEFORMS (Continued)

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

21 CLK CYCLE 1 OR 2 CYCLES

TCLHAV LHAV

HLDA'

P—

S

ot
3:';;:::“’3" 80C86AL o COPROCESSOR )—@c-u:x. ‘
b P
240074-21
Table 2. Instruction Set Summary
Wnemonic and | Instruction Code

DATA TRANSFER
MOV = Move: 76543210 76543210 76543210 76543210
Register/Memory to/from Register** [ 100010dw |  mod reg r/m |
Immediate to Register/Memory [ 110001tw [  modooor/m | data 1 dataifw = 1 ]
Immediate to Register ; | 1011wreg | data | dataifw = 1 ]
Memory to Accumulator [ 1010000w | addr-low | addr-high |
Accumulator to Memory [ 1010001w | addr-low | addr-high |
Register/Memory to Segment Register** | 10001110 | modOregr/m |
Segment Register to Register/Memory | 10001100 | mod 0 reg r/m |
PUSH = Push:
Register/Memory L 11111111 | mod110r/m |
Register
Segment Register
POP = Pop:
Register/Memory [ 10001111 [ mod 000 r/m ]
Register
Segment Register '
XCHG = Exchange: B :
Register/Memory with Register [ 1000011w | mod reg r/'m .
Register with Accumulator
IN = Input from:
Fixed Port [ 1110010w [ port ]
Variable Port
OUT = Output to:
Fixed Port | 1110011w__ | port ]
Variable Port
XLAT = Translate Byte to AL
LEA = Load EA to Register | 10001101 | mod reg r/m |
LDS = Load Pointer to DS 11000101 ] mod reg r/m |
LES = Load Pointer to ES (11000100 [  modregr/m ]
LAHF = Load AH with Flags
SAHF = Store AH into Flags
PUSHF = Push Flags
POPF = Pop Flags
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. 80C86AL

Table 2. Instruction Set Summary (Continued)

M;::\cor:::::d Instruction Code
ARITHMETIC 76543210 76543210 76543210 76543210
ADD = Add:
Reg./Memory with Register to Either I 000000dw I mod reg r/m ]
Immediate to Register/Memory [ 100000sw | modooorm | data | detaifsw=01 |
Immediate to Accumulator I 0000010w ] data L dataifw = 1 I
ADC = Add with Carry:
Reg./Memory with Register to Either r 000100dw l mod reg r/m l
Immediate to Register/Memory [ 100000sw | modotorm | data | dataitsw=o01 |
Immediate to Accumulator | 0001010w [ data I dataifw = 1 j
INC = Increment:
Register/Memory [ 1111111w | modooorm |
AAA = ASCII Adjust for Add
DAA = Decimal Adjust for Add
SUB = Subtract:
Reg./Memory and Register to Either I 001010dw | mod reg r/m I
Immediate from Register/Memory r 100000sw T mod101r/m I data I dataifsw = 01
Immediate from Accumulator [ oot1o110w | data | dataitw=1 |
SBB = Subtract with Borrow
Reg./Memory and Register to Either [ 000110dw [ mod reg r/m
Immediate from Register/Memory I 100000sw I mod011r/m data I dataifsw = 01
Immediate from Accumulator [ 0001110w l data ] dataifw = 1 |
DEC = Decrement:
Register/Memory r 1111111w T mod 00 1r/m I
NEG = Change Sign [ 1111011w | modot11vm |
CMP = Compare:
Register/Memory and Register I 001110dw [ mod regr/m ]
Immediate with Register/Memory | 100000sw | modi1irm | data | dataitsw = o1
Immediate with Accumulator l 0011110w I data I dataifw =1 |
AAS = ASCII Adjust for Subtract
DAS = Decimal Adjust for Subtract
MUL = Multiply (Unsigned) [ 1111011w | mod100vm |
IMUL = Integer Multiply (Signed) | 1111011w | mod101r/m |
AAM = ASCII Adjust for Multiply [ 11010100 [ oo0o001010 |
DIV = Divide (Unsigned) [ 111i011w | mod110e/m |
IDIV. = Integer Divide (Signed) [ 1111011w | mod111vm |
AAD = ASCII Adjust for Divide [ 11010101 | ooo0o01010 |

CBW = Convert Byte to Word
CWD = Convert Word to Double Word

10011000
10011001
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80C86AL

Table 2. Instruction Set Summary (Continued)

Mg:r‘nc::::::':: ? Instruction Code
Loaic 76543210 76543210 76543210 76543210
NOT = Invert [1111011w_ | modoi1owm | ’
SHL/SAL = Shift Logical/ArithmeticLeft [ 110100vw | mod100r/m - |
SHR = Shift Logical Right [[ 110100vw [ modiotwm |
SAR = Shift Arithmetic Right [ 110100vw [ mod111wvm |
ROL = Rotate Left [ 110100vw | modooorm |
ROR = Rotate Right [ 110100vw | modootwm |
RCL = Rotate Through Carry Flag Left [ 110100vw | modotorm |
RCR = Rotate Through CaryRight | 110100vw [ - modo11rm |
.| AND = Ana:

Reg./Memory and Register to Either I 001000dw [ mod reg r/m |
Immediate to Register/Memory [ 1000000w [ modioorm | data | daaiftw=1
Immediate to Accumulator | 0010010w I data [ dataifw = 1 J
TEST = And Function to Flags, No Resuit:
Register/Memory and Register [ 1000010w [ mod reg r/m l
Immediate Data and Register/Memory [ 1111011w |  modooorm | data | dataifw =1
Immediate Data and Accumulator [ i 1010100w l data . | dataifw = 1 J
OR = Or: ’
Reg./Memory and Register to Either I 000010dw [ mod reg r/m l
Immediate to Register/Memory I 1000000w l mod001r/m: ] data I dataifw = 1
Immediate to Accumulator [ ooooitow | _ data [ dataifw=1_ |
XOR = Exclusive OR: R
Reg./Memory and Register to Either ] 001100dw T mod reg r/m ]
Immediate to Register/Memory [ 1000000w | modt10mm | data | dataifw=1
Immediate to Accumulator | oo11010w | data [ dataitw=1 |
STRING MANIPULATION
REP = Repeat
MOVS = Move Byte/Word
CMPS = Compare Byte/Word
SCAS = Scan Byte/Word
LODS = Load Byte/Wd to AL/AX
STOS = Stor Byte/Wd from AL/A
CONTROL TRANSFER
CALL = Call: :
Direct Within Segment l 11101000 l disp-low I disp-high J
Indirect Within Segment [ 11111111 [ modotorm |
Direct intersegment [ 10011010 , . offset-low | offset-high l

‘ [ seg-low ] seg-high I
Indirect Intersegment I 11111111 I mod011r/m l

n
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80C86AL

Table 2. Instruction Set Summary (Continued)

Mnemonic and

Zero/Equal

Description T Instruction Code
CONTROL TRANSFER (Continued)
JMP = Unconditional Jump: 76543210 76543210 76543210
Direct Within Segment [ 11101001 [ disp-low [ disp-high |
Direct Within Segment-Short [ 11101011 ] disp |
Indirect Within Segment [ 11111111 | mod100rm |
Direct Intersegment I 11101010 l offset-low i offset-high J
I seg-low ] seg-high l
Indirect Intersegment [ 11111111 | mod101r/m |
RET = Return from CALL:
Within Segment
Within Seg. Adding Immed to SP [ 11000010 | data-low ] data-high ]
Intersegment 11001011
Intersegment Adding Immediate to SP I 11001010 L data-low L data-high J
JE/JZ = Jump on Equal/Zero | o1110100 | disp |
JL/JNGE = Jump on Less/NotGreater [~ 01111100 | disp ]
or Equal
JLE/JNG = Jump on Less or Equal/ 1 "
Not Greater [ ° 1 11110 I disp I
JB/JNAE = Jump on Below/Not Above i
parsi [ o 01110010 | disp |
JBE/JNA = Jump on Below or Equal/ )
Junipon8 [ o1110110 | disp |
JP/JPE = Jump on Parity/Parity Even [ ot111010 | disp ]
JO = Jump on Overflow [ o1110000 | disp |
JS = Jump on Sign [ o1111000 | disp |
JNE/JINZ = Jump on NotEqual/NotZero | 01110101 | disp ]
JNL/JGE = Jump on Not Less/Grea(er I 01111101 [ disp I
or Equal
JNLE/JG = Jump on Not Less or Equal/ [ 01111111 l disp l
Greater
JNB/JAE = Jump on Not Below/Above [ 01110011 I disp ]
or Equal
JNBE/JA = Jump on Not Below or "
oot [ ot1110111 | disp |
JNP/JPO = Jump on Not Par/Par Odd [ o1111011 ] disp |
JNO = Jump on Not Overflow [ ot1110001 | disp ]
JNS = Jump on Not Sign | 01111001 | disp ]
LOOP = Loop CX Times [ 11100010 | disp B
LOOPZ/LOOPE = Loop While Zero/Equal | 11100001 | disp ]
LOOPNZ/LOOPNE = Loop While Not [ 11100000 | disp l

JCXZ = Jump on CX Zero

INT = Interrupt

Type Specified

Type 3

INTO = Interrupt on Overflow
IRET = Interrupt Return

[ 11100011

disp

[ 11001101

11001100

1 type |

11001110
11001111
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80C86AL

Table 2. Instruction Set Summary (Continued)

Mnemonic and

Description | Instruction Code

PROCESSOR CONTROL 76543210 76543210
CLC = Clear Carry

CMC = Complement Carry

ST = Setary

CLD = Clear Direction

STD = Set Direction

CLI = Clear Interrupt

STl = Set Interrupt

HLT = Halt

WAIT = Wait

ESC = Escape (to External Device) I 11011xxx T mod X x X r/m |

LOCK = Bus Lock Prefix 11110000

NOTES:

AL = 8-bit accumulator

AX = 16-bit accumulator

CX = Count register

DS = Data segment

ES = Extra segment

Above/below refers to unsigned value.

Greater = more positive:

Less = less positive (more negative) signed values

ifd = 1 then “to” reg; if d = 0 then “from” reg

if w = 1 then word instruction; if w = 0 then byte instruc-
tion

if mod = 11 then r/m is treated as a REG field

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

if mod = 01 then DISP =
16 bits, disp-high is absent

if mod = 10 then DISP =’ disp-high: disp-low

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

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

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

disp-low sign-extended to

[

ifr/m = 011 then EA = (BP) + (DI) + DISP
ifr/m = 100 then EA = (SI) + DISP

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

ifr/m = 110 then EA = (BP) + DISP*
ifr/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if re-
quired)

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

**MOV CS, REG/MEMORY not allowed.

DATA SHEET REVISION REVIEW

if s w = 01 then 16 bits of immediate data form the oper-
and .

if s w = 11 then an immediate data byte is sign extended
to form the 16-bit operand

if v. = 0 then “count” = 1;if v = 1 then “count” in (CL)
register ' '

x = don't care

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

| oo01reg110 | ‘
REG is assigned according to the following table:

16-Bit (w = 1) 8-Bit (w = 0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
011 BX 011 BL 11 DS
100 SP 100 AH
101 BP 101 CH
110 .Sl 110 -DH
111 DI 111 BH

Instructions which reference the flag register file as a 16-bit
object use the symbol FLAGS to represent the file: '
FLAGS = .
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

Mnemonics © Intel, 1978

The following list represents key differences between this and the -001 data sheet. Please review this summa-

ry carefully.

1. In the Pin Description Table (Table 1), the description of the HLDA signal being issued has been corrected.
HLDA will be issued in the middle of either the T4 or T; state. : ’

n
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m 8-Bit Data Bus Interface
= 16-Bit Internal Architecture

8088
8-BIT HMOS MICROPROCESSOR
8088/8088-2

m Byte, Word, and Block Operations

m 8-Bit and 16-Bit Signed and Unsigned
Arithmetic In Binary or Decimal,

| Direct Addressing Capablllty to1 Mbyte

Including Multiply and Divide

of Memory
m Direct Software Compatibility with 8oss ' Two Clock Rates:

CPU — 5 MHz for 8088
m 14-Word by 16-Bit Register Set with —8 MHz for 5068-2

-Word by 16-Bit Register Set w
Symmetrical Operations m Available in EXPRESS
. — Standard Temperature Range

B 24 Operand Addressing Modes — Extended Temperature Range

The Intel® 8088 is a high performance microprocessor implemented in N-channel, depletion load, silicon gate
technology (HMOS), and packaged in a 40-pin CERDIP package. The processor has attributes of both 8- and
16-bit microprocessors. It is directly compatible with 8086 software and 8080/8085 hardware and peripherals.

C MEMORY INTERFACE )

MIN MAX
MODE *  |MODE|
GND 1~ w [ Vee
A14 ]2 39[] A5
A13 []3 38[] At6IS3
INSTRUCTION
STREAM BYTE . m2 [a 37[] Asa
QUEUE 2 A1 []5 38 [] At8Iss
a10 e 351 At9se
1 as 7 a7 % (HIGH)
BUS cs A8 []8 33[] MNIMX
mrzns‘m:: ss a07 o 2
[\ 8088
EXECUTION UNIT ape []10 cpy 3|0 oo (RGIGTO)
CONTROL
SYSTEM ADS []1 30[7] HLDA (RQ/GTY)
ADa []12 20[7 WR (TOCK)
AD3 []13 28] 10/ 82)
AD2 Q 14 27[] OTiR 81)
AD1 []15 26{] DEN (80)
ADO []16 25[] ALE (@so)
Nm [ 17 247 NTA (@s1)
EXECUTION INTR []18 23] TEST
UNIT 'SP cLK []19 22% READY
i 8P GND [ 20 21 RESET
T :
DI 231456-2

2314561
Figure 1. 8088 CPU Functional Block Diagram

Figure 2. 8088 Pin Configuration
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Table1 Pin Descrlptlon :

The fo//owmg pin function descnpt/ons are for 8068 systems.in elther minimum or maximum mode. The “local
bus” in these descriptions is the direct mu/tlp/exed bus interface connection to the 8088 (without regard to
additional bus buffers). ; . .

Symbol | Pin No.| Type - ‘Name and Function

AD7-ADO . |.9-16 | I/0, ADDRESS DATA BUS: These lines constitute the time multlplexed

' Co | memory/10 address (T1) and data (T2, T3, Tw; T4) bus: These lines are
| active HIGH and float to 3-state OFF during interrupt acknowledge and
-local bus “hold-acknowledge”.

A15-A8 2-8,39/| O .| ADDRESS BUS: These lines provide address bits 8 through 15 for the

: .. | entire bus cycle (T1-T4). These lines do not have to be latched by ALE
to remain valid. A15-A8 are active'HIGH and float to 3-state OFF
‘during interrupt acknowledge and local bus “*hold acknowledge”.

A19/S6,A18/S5, | 35-38 | O | ADDRESS/STATUS: During T1, these are the four most significant
A17/84, A16/S3 o address lines for memory operations. During I/0 operations, these lines
are LOW. During memory and 1/0 operations, status informationis .
‘| available on these lines during T2, T3, Tw, and T4. S6 is always low. .

| The status of the interrupt enable flag bit (S5) is updated at the ‘
beginning of each clock cycle. S4 and S3 are encoded as shown.

This information indicates which segment register is presently being

used for data accessing. i
These lines float to 3-state OFF during local bus “hold acknowledge .
S4 S3 ‘ charactenstlcs
0 {LOW) 0 | Alternate Data
1 | Stack . )
} 1 (HIGH) 0 | Code or None
: 1 Data -
86 is0 (LOW)
RD 32 O | READ: Read strobe indicates that the processor is performing a

memory or 1/0 read cycle, depending on the state of the 10/M pin or
S2. This S|gnal is used to read devices which reside on the 8088 local
‘| bus. RD is active LOW during T2, T3 and Tw of any.read cycle, and is
guaranteed to remain HIGH in T2 until the 8088 local bus has floated.

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

READY' 22 I | READY: is the acknowledgement from the addressed memory or I/0

- device that it will complete the data transfer. The RDY signal from
memory or /0 is synchronized by the 8284 clock generator to form
READY. This signal is active HIGH. The:8088 READY input is not
synchronized. Correct operatlon is'not guaranteed if the set up and hold
| times are not met. -

INTR 18 | . | INTERRUPT REQUEST: is a level triggered input whach 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 S|gnal is active
HIGH.

TEST ~] ~28 -} ‘I .| TEST:inputis examlned 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.
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Table 1. Pin Description (Continued)

Symbol | PinNo. | Type ) . Name and Function
NMI 17 1 .| 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. Itis

) | asymmetric with a 33% duty cycle to provide optimized internal timing.

Vce 40 Vegiisthe +5V + 10% power supply pin.

GND 1,20 GND: are the ground pins.

MN/MX 33 | MINIMUM/MAXIMUM: indicates what mode the processor is to operate in.
The two modes are discussed in the following sections.

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

10/M

28

(0]

STATUS LINE: is an inverted maximum mode S2. It is used to distinguish a
memory access from an 1/0 access. |0/M becomes valid in the T4 preceding a
bus cycle and remains valid until the final T4 of the cycle (I/0 = HIGH, M = -
LOW). |I0/M floats to 3-state OFF in local bus “‘hold acknowledge”.

29

1/0 cycle, depending on the state of the 10/M signal. WR is active for T2, T3, and
Tw of any write cycle. Itis active LOW, and floats to 3-state OFF in local bus
*“hold acknowledge”.

WRITE: strobe indicates that the processor is performing a write memory or write *

24

INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW
during T2, T3, and Tw of each interrupt acknowledge cycle.

ALE

25

ADDRESS LATCH ENABLE: is provided by the processor to latch the address
into an address latch. It is a HIGH pulse active during clock low of T1 of any bus
cycle. Note that ALE is never floated.

DT/R

27

DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use
a data bus transceiver. It is used to control the direction of data flow through the
transceiver. Logically, DT/R is equivalent to ST in the maximum mode, and its
timing is the same as for IO/M (T = HIGH, R = LOW). This signal floats to
3-state OFF in local ““hold acknowledge”’. '

26

DATA ENABLE: is provided as an output enable for the data bus transcerver ina
minimum system which uses the transceiver. DEN is active LOW during each
memory and I/0 access, and for INTA cycles. For a read or INTA cycle, it is
active from the middle of T2 until the middle of T4, while for a write cycle, itis
active from the beginning of T2 until the middle of T4. DEN floats to 3-state OFF
during local bus “hold acknowledge”. :
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Table 1. Pin Description: (Contlnued)

" | Symbol | Pin No. | Type s _ Name and Function
HOLD, |'31,30 | 1,0 | HOLD: indicates that another master is requesting a local bus “hold” To be
|HLDA s acknowledged, HOLD must be active HIGH. The processor receiving the “hold”

‘| requést will issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or
Ti 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. Extérnal synchromzatlon 'should be prowded if
the system cannot otherwise guarantee the set up time.

34 O | STATUS LINE: s logically equivalent to SO in the maximum mode. The
‘ combination of SSO, 10/M and DT/R allows the system to completely decode the |

o)
[
O

current bus cycle status. - ..
10/M DT/R §S0 : Charao‘lerlstlcs
1(HIGH) 0 0 Interrupt Acknowledge
1 - 0 o1 Read 1/0 Port
1 1 0 Write 1/0 Port
1 1 1 Halt
o(LOW) 0 0 | Code Access
0 0 1 Read Memory -
0 1 0 Write Memory
0. 1 o1 Passrve

The fo/low:ng p/n funct/on descnpt/ons are for: the 8088/8288 system in maximum mode (i.e., MN/MX =
GND). Only the pin functions which are unlque to maxlmum mode are descr/bed all other pin functions are as-
described above. y )

Symbol ' |Pin No. | Type T T Name and Functlon

§2,51,50| 26-28 | O |STATUS: is active during clock high of T4, T1, and T2, and is returned to the
passive state (1,1,1) during T3 or during Tw when READY is HIGH. This status is.
used by the 8288 bus controller to generate all memory and 1/0 access control
signals. Any change by S2, §7, or SO dunng T4 is Used to indicate the beginning
of a bus cycle, and the return to the passuve statein T3 and Tw is used to
indicate the end of a bus cycle, -

These signals float to 3-state OFF durmg “hold acknowledge”. During the first
clock cycle after RESET becomes active, these signals are active HIGH After

| this first clock, they float to3-state OFF. =~

. 82 s1 . S0 ) Characterlstics
o(LOwW) . 0 0 " | Interrupt Acknowledge
0 0 1 Read 1/O Port

0 1 0 .|Write 1/Q Port

O .l 1 .| 1. |Halt

1HIGH) .| ~ O .0 Code Access

1. - 0 .1 . .| Read Memory

1. 1 -0 | Write Memory .

1 1 .1 .|Passive
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

RQ/GTO,
RQ/GTT

30, 31

1/0

REQUEST/GRANT: pins are used by other local bus masters to force the

processor to release the local bus at the end of the processor’s current bus
cycle. Eac G_Eln is bidirectional with RQ/GTO having higher priority than RQ/

é T has an internal pull-up resistor, so may be left unconnected.

The request/ grant sequence is as follows (See Figure 8):

1. A pulse of one CLK wide from another local bus master indicates a local

bus request (*‘hold”) to the 8088 (pulse 1).

2. During a T4 or Tl clock cycle, a pulse one clock wide from the 8088 to the

requesting master (pulse 2), indicates that the 8088 has allowed the local

bus to float and that it will enter the “hold acknowledge” state at the next

CLK. The CPU’s bus interface unit is disconnected logically from the local

bus during “hold acknowledge’. The same rules as for HOLD/HOLDA apply

as for when the bus is released.

3. A pulse one CLK wide from the requesting master indicates to the 8088

(pulse 3) that the “hold” request is about to end and that the 8088 can

reclaim the local bus at the next CLK. The CPU then enters T4.

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 T2.

2. Current cycle is not the low bit of a word.

3. Current cycle is not the first acknowledge of an interrupt acknowledge

sequence.

4. A locked instruction is not currently executing.

If the local bus is idle when the request is made the two possible events will

follow: .

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks. Now the four rules for a currently

active memory cycle apply with condition.number 1 already satisfied.

LOCK

29

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’.

Qs1, QS0

24,25

QUEUE STATUS: provide status to allow external tracking of the internal
8088 instruction queue.

The queue status is valid during the CLK cycle after which the queue
operation is performed.

Qs Qso Characteristics

o(LOW) 0 No Operation

0 1 First.Byte of Opcode from Queue
1(HIGH) 0 Empty the Queue

1 1 Subsequent Byte from Queue

34

Pin 34 is always high in the maximum mode.
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00004
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Figure 3. Memory Organization

FUNCTIONAL DESCRIPTION

Memory Organization

The processor provides a 20-bit address to memory
which locates the byte being referenced. The memo-
ry is organized as a linear array of up to 1 million
bytes, addressed as. 00000(H) to FFFFF(H). The
memory is logically divided into code, data, extra
data, and stack segments of up to 64K bytes each,
with each segment falling on 16-byte boundaries
(See Figure 3).

All memory references are made relative to base ad-
dresses contained in high speed segment registers.
The segment types were chosen based on the ad-

dressing needs of programs. The segment register
to be selected is automatically chosen according to
the rules of the following table. All information in one
segment type share the same logical attributes (e.g.
code or data). By structuring memory into relocat-
able areas of similar characteristics and by automati-
cally selecting segment registers, programs are
shorter, faster, and more structured.

Word. (16-bit) operands can be located on even or
odd address boundaries. For address and data oper-
ands, the least significant byte of the word is stored
in the lower valued address location and the most
significant byte in the next higher address location.
The BIU will automatically execute two fetch or write
cycles for 16-bit operands. /

* Memory Segment
Reference Used Register Used Segment Selection Rule
Instructions CODE (CS) Automatic with all instruction prefetch.
Stack STACK (SS) All stack pushes and pops. Memory references
- relative to BP base register except data references.
Local Data DATA (DS) Data references when: relative to stack, destination
of string operation, or explicity overridden.
External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected
: using a segment override.
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Certain locations in memory are reserved for specific
CPU operations (See Figure 4). Locations from ad-
dresses FFFFOH through FFFFFH are reserved for
operations including a jump to the initial system ini-
tialization routine. Following RESET, the CPU will al-
ways begin execution at location FFFFOH where the
jump must be located. Locations 00000H through
003FFH are reserved for interrupt operations. Four-
. byte pointers consisting of a 16-bit segment address
and a 16-bit offset address direct program flow to
one of the 256 possible interrupt service routines.
The pointer elements are assumed to have been
stored at their respective places in reserved memory
prior to the occurrence of interrupts.

Minimum and Maximum Modes

The requirements for supporting minimum and maxi-
mum 8088 systems are sufficiently different that
they cannot be done efficiently with 40 uniquely de-
fined plns Consequently, the 8088 is equipped with
a strap pin (MN/MX) which defines the system con-

FFFFFH
RESET BOOTSTRAP
Pl
ROGRAM JUMP FFFFOH
JL ® b~
T. L o
(]
INTERRUPT POINTER SFFH
FOR TYPE 255
3FOH
L ]
1 e i
1 1
[ ) ( .
7H
“INTERRUPT POINTER
FOR TYPE 1 aH
INTERRUPT POINTER 3H
R TYP
FOR TYPE 0 oH
231456-4

Figure 4. Reserved Memory Locations

flguratnon The definition of a certain subset of the
pins changes, dependent on the condition of the
strap pin. When the MN/MX pin is strapped to GND,
the 8088 defines pins 24 through 31 and 34 in maxi-
mum mode. When the MN/MX pin is strapped to
Ve, the 8088 generates bus control signals itself on
pins 24 through 31 and 34. .

The minimum mode 8088 can be used with either a
multiplexed or demultiplexed bus. The multiplexed

_bus configuration is compatible with the MCS-85™

multiplexed bus peripherals. This configuration (See
Figure 5) provides the user with a minimum chip
count system. This architecture provides the 8088
processing power in a highly integrated form.

The demultiplexed mode requires one latch (for 64K
addressability) or two latches (for a full megabyte of
addressing). A third latch can be used for buffering if
the address bus loading requires it. A transceiver
can also be used if data bus buffering is required
(See Figure 6). The 8088 provides DEN and DT/R to
control the transceiver, and ALE to latch the ad-
dresses. This configuration of the minimum mode
provides the standard demultiplexed bus structure

with heavy bus buffering and relaxed bus timing re-

quurements

The maximum mode employs the 8288 bus control-

ler (See Figure 7). The 8288 decodes status lines .

S0, S1, and S2, and provides the system with all bus
control signals. Moving the bus control to the 8288
provides better source and sink current capability to
the control lines, and frees the 8088 pins for extend-
ed large system features. Hardware lock, queue
status, and two request/grant interfaces are provid-
ed by the 8088 in maximum mode. These features
allow co-processors in local bus and remote bus
configurations.
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Bus Operation

The 8088 address/data bus is broken into three
parts—the lower eight address/data bits (ADO-
AD?7), the middle eight address bits (A8-A15), and
the upper four address bits (A16-A19). The ad-
dress/data bits and the highest four address bits are
time muitiplexed. 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 val-

id throughout each bus cycle. In addition, the bus
can be demultiplexed at the processor with a smgle
address latch if a standard, non- multlplexed bus is
desired for the system.

Each processor bus cycle consists of at least four
CLK cycles. These are referred to as T1, T2, T3, and
T4 (See Figure 8). The address is emitted from the
processor during T1 and data transfer occurs on the
bus during T3 and T4. T2 is used primarily for chang-

’

| @4 Nwair) = Tey — {

4+ Nwaim) =T
Twan | Ta

l T l T2 I T3 l Twair I Ta I
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JUST PRIOR TO Ty
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i

\
\ i
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\
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X awae . X
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N
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o
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Figure 8. Basic System Timing
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ing the direction of the bus during read operations. In
the event that a “NOT READY” indication is given
by the addressed device, “‘wait” states (Tw) are in-
serted between T3 and T4. Each .inserted ‘“‘wait”
state is of the same duration as a CLK cycle. Periods
can occur between 8088 driven bus cycles. These
are referred to as “idle” states (Ti), or inactive CLK
cycles. The processor uses these cycles for internal
housekeeping. .

During T1 of any bus cycle, the ALE. (address latch
enable) signal is emitted (by either the processor or
the 8288 bus controller, depending on the MN/MX
strap). At the trailing edge of this pulse, a valid ad-
dress and certain status information for the cycle
may be latched.

Status bits S0, ST, and 52 are used by the bus con-
troller, in maximum mode, to identify the type of bus
transaction according to the following table:

S2 S1 | S0 Characteristics
o(LOW) 0 0 Interrupt Acknowledge
0 : 0 |. 1 Read I/0 ‘
0 1 0 | Writel/O
0 1 (1 Halt
1(HIGH) 0 0 | Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 | Write Data to Memory
1 1 1 |. Passive (No Bus Cycle)

Status bits S3 through S6 are multlplexed with high
order address bits and are therefore valid during T2
through T4. S3 and S4 indicate which segment reg-
ister was used for this bus cycle in forming the ad-
dress according to the following table:

Sy S3 Characteristics
0(LOW) | 0 | Alternate Data (Extra Segment)
0 1 Stack
1(HIGH) | 0 | Code or None,

1 1 Data

' SS isa reflectlon of the PSW mterrupt enable but S6
is always equal to 0.

I/O Addressmg

In the 8088, 1/0O operatlons can: address up to a
maximum of 64K 1/0 registers. The I/0 address ap-
pears in the same format as the memory address on
bus lines A15-A0. The address lines A19-A16 are
zero in 1/0 operations. The variable 1/0 instructions,

which use register DX as a pointer, have full address
capability, while the direct 1/0 instructions directly
address one or two of the 256 1/0 byte locations in
page 0 of the 1/0 address space. I/0O ports are ad-
dressed in the same manner as memory locations.

Designers familiar with the 8085 or upgrading an
8085 design should note that the 8085 addresses
1/0 with an 8-bit address on both halves of the 16-
bit address bus. The 8088 uses a full 16-bit address
on its lower 16 address lines.

EXTERNAL INTERFACE

Processor Reset and Initialization

Processor initialization or start up is accomplished
with activation (HIGH) of the RESET pin. The 8088
RESET is required to be HIGH for greater than four
clock cycles. The 8088 will terminate operations on
the high-going edge of RESET and will remain dor-
mant as long as RESET is HIGH. The low-going
transition of RESET triggers an internal reset se-
quence for approximately 7 clock cycles. After this
interval the 8088 operates. normally, beginning with
the instruction in absolute locations FFFFOH (See
Figure 4). The RESET input is internally. synchroniz-
ed to the processor clock. At initialization, the HIGH
to LOW transition of RESET must occur no sooner
than 50 us after power up, to allow complete |n|t|ah-
zation of the 8088.

NMI asserted prior to the 2nd clock after the end of

RESET will not be honored. If NMI is asserted after
that point and during the internal reset sequence,
the processor may execute one instruction before
responding to the interrupt. A hold request active
immediately after RESET will be honored before the
first instruction fetch.

All 3-state outputs float to 3-state OFF during
RESET. Status is active in the idle state for the first
clock after RESET becomes active and then floats
to 3-state OFF. ALE and HLDA are driven low.

Interrupt Ope_ratidns

Interrupt operations fall ihto two classes: software or
hardware initiated. The software initiated interrupts

and software aspects of hardware interrupts are -

specified in the instruction set description in the
iAPX 88 book or the iAPX 86,88 User's Manual.
Hardware interrupts can be classified as nonmaska-
ble or maskable. ‘
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Interrupts result in a transfer of control to a new pro-
gram location. A 256 element table containing ad-
dress pointers to the interrupt service program loca-
tions resides in absolute locations 0 through 3FFH
(See Figure 4), which are reserved for this purpose.
Each element in the table is 4 bytes in size and cor-
responds to an interrupt “type.” An interrupting de-
vice supplies an 8-bit type number; during the inter-
rupt acknowledge sequence, which is used to vector
through the appropriate element to the new interrupt
service program location.

Non-Maskable Interrupt (NMl)

The processor provides a single non-maskable inter-
rupt (NMI) pin- which has higher priority than the
maskable interrupt request (INTR) pin. A typical use
would be to activate a power failure routine. The
NMI is edge-triggered on a LOW to HIGH transition.

The activation of this pin causes a type 2 interrupt.

NMI is required to have a duration in the HIGH state
of greater than two clock cycles, but is not required
to be synchronized to the clock. Any higher going
transition of NMI is latched on-chip and will be serv-
iced at the end of the current instruction or between
whole moves (2 bytes in the case of word moves) of
a block type instruction. Worst case response to
NMI would be for multiply, divide, and variable shift
instructions. There is no specification on the occur-
rence of the low-going edge; it may occur before,
during, or after the servicing of NMI. Another high-
going edge triggers another response if it occurs af-
ter the start of the NMI procedure. The signal must
be free of logical spikes in general and be free of
bounces on the low-going edge to avoid triggering
extraneous responses.

Maskable Interrupt (INTR)

The 8088 provides a single interrupt request input
(INTR) which :can:be masked internally.by software
with the resetting of the interrupt enable (IF) flag bit.
The interrupt request signal is level triggered. It is
internally synchronized during each clock cycle on
the high-going edge of CLK. To be responded to,
INTR must be present (HIGH) during the clock peri-
od preceding the end of the current instruction or the
end of a whole move for a block type instruction.
During - interrupt response sequence,. further inter-
rupts are disabled. The enable bit is reset as part of
the response to any interrupt (INTR, NMI, software
interrupt, or single step), although the FLAGS regis-
ter which is automatically pushed onto the stack re-
flects the state of the processor prior to the inter-
rupt. Until the old FLAGS register is restored, the

enable bit will be zero unless specmcally set by an
mstruction

During the response sequence (See Figure' 9), the
processor executes two successive (back to back)
interrupt acknowledge- cycles. The 8088 emits the
LOCK signal (maximum mode only) from T2: of the
first bus cycle until T2 of the 'second. A local bus
“hold” request will not be honored until the end of
the second bus cycle. In the second bus cycle, a
byte is fetched from the external interrupt system
(e.g., 8259A PIC) which identifies the source (type)
of the interrupt. This byte is multiplied by four and
used as a pointer into the interrupt vector lookup
table. An INTR signal left HIGH will be’ continually
responded to within the limitations of the enable bit
and sample period. The interrupt return instruction
includes a flags pop which returns the status of the
original interrupt enable bnt when' it' restores the
flags.

HALT

When a software HALT instruction is executed, the
processor indicates that it is entering the HALT state
in one of two ways, depending upon which mode is
strapped. In minimum mode, the processor issues
ALE, delayed by one clock cycle, to allow the sys-:
tem to latch the halt status. Halt status is available’
on I0/M, DT/R, and-SSO. In maximum mode, the
processor ‘issues appropriate HALT status on S2,
S1, and S0, and the 8288 bus controller issues one
ALE. The 8088 will not leave the HALT state when a
local bus hold is.entered while in. HALT. In this case,

the processor reissues the HALT indicator at the
end of the local bus hold. An interrupt request or
RESET will force the 8088 out of the HALT state.

Read/Modify/Write (Semaphore)
Operations via LOCK

The LOCK status information is provided by the
processor when consecutive bus cycles are required:
during the execution of an instruction. This ‘allows
the processor to perform read/modify/write opera-
tions -on memory (via the “exchange register with
memory” instruction), without another system bus.
master receiving intervening memory cycles. This is
useful in multiprocessor system configurations to ac-
complish “‘test and set lock” operations. The LOCK
signal is activated (LOW) in the clock cycle following
decoding of the LOCK prefix instruction. It is deacti-
vated.at the end of the last bus cycle of the instruc-
tion following the LOCK prefix. While LOCK is active,

arequest on a RQ/GT pin will be recorded, and then
honored at the end of the- LOCK.
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Figure 9. Interrupt Acknowledge Sequence

External Synchronization via TEST

As an alternative to interrupts, the 8088 provides a
single software-testable input pin (TEST). This input
is utilized by executing a WAIT instruction. The sin-
gle WAIT instruction is repeatedly executed until the
TEST input goes active (LOW). The execution of
WAIT does not consume bus cycles once the queue
is full.

If a local bus request occurs during WAIT execution,
the 8088 3-states all output drivers. If interrupts are
enabled, the 8088 will recognize interrupts and pro-
cess them. The WAIT instruction is then refetched
and reexecuted.

Basic System Timing

In minimum mode, the MN/MX pin is strapped to
Vce and ‘the: processor emits. bus control signals
compatible with the 8085 bus:structure. In maximum
mode, the MN7MX pin'is strapped to GND and the
processor emits coded status information which the
8288 bus controller uses to generate MULTIBUS
compatible bus control signals.

System Timing—Minimum System

(See Figure 8)

The read cycle begins in T1 with the assertion of the
address latch enable (ALE) signal. The trailing (low

going) edge of this signal is used to latch the ad-
dress information, which is valid on-the address/
data bus (ADO-AD7) at this time, into the
8282/8283 latch. Address lines A8 through A15 do
not need to be latched because they remain valid
throughout the bus cycle. From T1 to T4 the IO/M
signal indicates a memory or /0O operation. At T2
the address is removed from the address/data bus
and the bus goes to a high impedance state. The
read control signal is also asserted at T2. The read
(RD) signal causes the addressed device to enable
its data bus drivers to the local bus. Some time later,
valid data will be available on the bus and the ad-
dressed device will drive the READY line HIGH.
When the processor returns the read signal to a
HIGH level, the addressed device will again 3-state
its bus drivers. If a transceiver is required to buffer
the 8088 local bus, signals DT/R and DEN are pro-
vided by the 8088.

A write cycle also begins with the assertion of ALE
and the emission of the address. The 10/M signal is
again asserted to indicate a memory or I/0 write
operation. In T2, immediately following the address
emission, the processor emits the data to be written
into the addressed location. This data remains valid
until at least the middle of T4. During T2, T3, and
Tw, the processor asserts the write control signal.
The write (WR) signal becomes active at the begin-
ning of T2, as opposed to the read, which is delayed
somewhat into T2 to provide time for the bus to
float.
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The basic difference between the interrupt acknowl-
edge cycle and a read cycle is that the interrupt ac-
knowledge (INTA) signal is asserted in place of the
read (RD) signal and the address bus is floated.
(See Figure 9) In the second of two successive INTA
cycles, a byte of information is read from the data
bus, as supplied by the interrupt system logic (i.e.
8259A priority interrupt controller). This byte identi-
fies the source (type) of the interrupt. It is multiplied
by four and used as a pointer into the interrupt vec-
tor lookup table, as described earlier.

Bus Timing—Medium Complexity
Systems

(See Figure 10)

For medium complexity systems, the MN/MX pin is
connected to GND and the 8288 bus controller is
added to the system, as well as a latch for latching
the system address, and a transceiver to allow for
bus loading greater than the 8088 is capable of han-
dling. Signals ALE, DEN, and DT/R are generated
by the 8288 instead of the processor in this configu-
ration, although their timing remains_ relativse_ly the
same. The 8088 status outputs (S2, S1, and S0) pro-
vide type of cycle information and become 8288 in-
puts.  This bus cycle information specifies read
(code, data, or 1/0), write (data or1/0), interrupt ac-
knowledge, or software halt. The 8288 thus issues
control signals specifying memory read or write, /0
read or write, or interrupt acknowledge. The 8288
provides two types of write strobes, normal and ad-
vanced, to be applied as required. The normal write
strobes have data valid at the leading edge of write.
The advanced write strobes have the same-timing
as read strobes, and hence, data is not valid at the
leading edge of write. The transceiver receives the
usual T and OE inputs from the 8288’s DT/R and
DEN outputs.

The pointer into the interrupt vector table, which is
passed during the second INTA cycle, can derive
from an 8259A located on either the local bus or the
system bus. If the master 8289A priority interrupt
controller is positioned on the local bus, a TTL gate
is required to disable the transceiver when reading
from the master 8259A. during the interrupt acknowil-
edge sequence and software “poll”.

The 8088 Compared to the 8086

The 8088 CPU is an 8-bit processor designed

around the 8086 internal structure. Most internal
functions of the 8088 are identical to the equivalent
8086 functions. The 8088 handles the external bus

the same way the 8086 does with the distinction of
handling only 8 bits at a time. Sixteen-bit operands
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
internal register structure is identical and all instruc-
tions have the same end result. The differences be-
tween the 8088 and 8086 are outlined below. The
engineer who is unfamiliar with the 8086 is referred
to the iIAPX 86, 88 User’s Manual, Chapters 2 and 4,
for function description and instruction set informa-
tion. Internally, there are three differences between
the 8088 and the 8086. All changes are related to
the 8-bit bus interface.

® The queue length is 4 bytes in the 8088, whereas
the 8086 queue contains 6 bytes, or three words.
The queue was shortened to prevent overuse of
the bus by the BIU when prefetching instructions.
This was required, because of the additional time
necessary to fetch instructions 8 bits at a'time.

e To further optimize the queue, the prefetching al-

gorithm 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.

e The internal execution time of the instruction set
is affected by the 8-bit interface. All 16-bit fetches:
and writes from/to .memory 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 exe-
cution unit will allow. .

The 8088 and 8086 are completely software com-
patible by virtue of their identical execution units.
Software that is system dependent may not be com-
pletely transferable, but software that is not system

~ dependent will operate equally as well on an 8088

and an 8086.

The hardware interface of the 8088 contains the ma-
jor differences. between the two CPUs. The pin-as-
signments are nearly identical, however, with the fol-
lowing functional changes:

e A8-A15—These pins are only address outputs
on the 8088. These address lines are latched in-
ternally and remain valid throughout a bus cycle
in a manner snmllar to the 8085 upper address
lines:

¢ BHE has no meaning on the 8088 and has been
eliminated.
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® SSO provides the SO status information in the
minimum mode. This output occurs on pin 34 in
minimum mode only. DT/R, 10/M, and SSO pro-
vide the complete bus status in minimum mode.

* 10/M has been inverted to be compatible with the
MCS-85 bus structure.

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

Ty T2 T3 Ta
’ w__ /N /) /1 /~\ /\
Qs1,0s0 X X X —
8088
5.5 77777 A
| At19rs6 - Ateis3 — X ae-ate X $6-53 . ) 4
ae /:: :
8288{ RDY 8284 A X
| READY 8088 X

AD7 - AD0 ————t—( A7 - R0 :>—————-< DATAIN H

RD N\ /
oTR AN /—————
ss{ WADC AN /
DEN / N\

231456-10

Figure 10. Medium Complexity System Timing
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bpas

..0°Cto + 70°C

Case Temperature (Plastic) ......... .0°Cto +95°C
Case Temperature (CERDIP) .......: :0°C'to +75°C
Storage Temperature .......... —65°C to +150°C
Voltage on Any Pin with

RespecttoGround ............... —1.0to +7V

Power Dissipation............coc.uue.... 2.5 Watt

D.C. CHARACTERISTICS
(TA = 0°C to 70°C, Tcase (Plastic) =

*Notice: Stresses above those listed under. “Abso-
lute Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation-of the device atthese or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

0°C to 95°C, Tcase (CERDIP) = 0°C to 75°C,

Ta = 0°C to 55°C and Tcase = 0°C to 75°C for P8088-2 only
Ta is guaranteed as long as Tcaskg is not exceeded)

(Vcc = 5V £10% for 8088, Vo = 5V *+5% for 8088-2 and Extended Temperature EXPRESS)

Symbol Parameter Min_ Max . | Units Test Conditions
ViL Input Low Voltage -05 408 |V ‘(Note 1)
ViH Input High Voltage 2.0 Vge + 0.5 \ (Notes 1, 2)
VoL Output Low Voltage 7 0.45 Vo | lop=20mA
VOH Output High Voltage 2.4 v lon = —400 pA
Icc . 8088 340 mA | Tpo=25°C
Power Supply Current: 8088-2 350
S P8088 250
I Input Leakage Current - £10 uA 0V < Vin £ Voo
Lo Output and I/0 Leakage Current , +10 nA 0.45V < Vout < Voo
VoL Clock Input Low Voltage —0.5 +0.6 v -
VGCH Clock Input High Voltage 3.9 Ve + 1.0 \ R
CiN Capacitance If input Buffer 15 pF fc = 1 MHz
(All Input Except
ADg-AD7, RQ/GT) -
Cio Capacitance of 1/0 Buffer 15 pF fc = 1 MHz
ADo-AD>, RQ/GT)
NOTES:

1. Vi tested with MN/MX Pin = 0V
V|4 tested with MN/MX Pin = 5V
MN/MX Pin is a strap Pin

2. Not applicable to RQ/GT0 and RQ/GT1 Pins (Pln 30 and 31)
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A.C. CHARACTERISTICS
(Ta = 0°C to 70°C, Tcase (Plastic) = 0°C to 95°C, Tcase (CERDIP) = 0°C to 75°C,

Ta = 0°C to 55°C and Tcasg = 0°C to 80°C for P8088-2 only
Tpa is guaranteed as long as Tcasg is not exceeded)

(Vce = 8V +£10% for 8088, Voo = 5V 15%. for. 8088-2 and Extended Temperature EXPRESS)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

2-105

Symbol Paramet 8088 80882 | units Test
'mbol arameter
4 Min | Max | Min | Max Conditions
TCLCL CLK Cycle Period 200 | 500 | 125 | 500 ns
TCLCH CLK Low Time 118 68 ns
TCHCL CLK High Time 69 44 ns
TCH1CH2 | CLK Rise Time 10 10 ns | From1.0Vto 3.5V
TCL2CL2 | CLKFall Time 10 10 ns | From3.5Vto 1.0V
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 8284 35 35 ns

(Notes 1, 2)
TCLR1X RDY Hold Time into 8284 0 0 ns

(Notes 1, 2) )
TRYHCH | READY Setup Time 118 68 ns

‘| into 8088
TCHRYX READY Hold Time 30 20 ns
. into 8088

TRYLCL READY Inactive to CLK —8 -8 ns

(Note 3)
THVCH HOLD Setup Time 35 20 ns
TINVCH INTR, NMI, TEST Setup Time 30 15 ns

(Note 2) .
TILIH Input Rise Time (Except CLK) 20 20 ns From 0.8V to 2.0V
TIHIL Input Fall Time (Except CLK) 12 12 ns From 2.0V to 0.8V

e
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES ' ) . R o
8088 " 8088-2 : © Test
Symbol Parameter Min | Max i Max Units | Conditions
TCLAV | Address Valid Delay 10 110 10 60 | ns
TCLAX | Address Hold Time 10 10 ' ns
TCLAZ | Address Float Delay TCLAX 80 TCLAX 501" ns
TLHLL ALE Width TCLCH—20 TCLCH=-10 ns
TCLLH | ALE Active Delay | 80 50 | ns
TCHLL | ALE Inactive Delay . 85 55 | ns |
TLLAX | Address Hold Time.to TCHCL—-10 TCHCL—-10 “ns
ALE Inactive
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 10 110 10 60 | ns
TCVCTX | Control Inactive Delay 10 110 10 70 ns
TAZRL |Address FloattoREAD - { . 0 0 ' ns .
Active ‘ ‘
TCLRL | RD Active Delay 10 165 10 100 | . ns
TCLRH | RD Inactive Delay 10 150 10 80 | ns
TRHAV | RD Inactive to Next TCLCL—45 TCLCL—40 ns
L Address Active :
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 " | 20 ' 20 | ns | From 0.8V to 2.0V
TOHOL | Output Fall Time 12 12 ns | From 2.0V to 0.8V
NOTES:

1. Signal at 8284A shown for reference only. See 8284A data sheet for the most

2. Set up requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state (8 ns into T3 state).
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

24

1.5 «—— TEST POINTS — 1.5

0.45

231456-11

A.C. 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”.

DEVICE
UNDER
TEST

Cy Includes Jig Capacitance

Ilq = 100 pF

231456-12

WAVEFORMS

BUS TIMING—MINIMUM MODE SYSTEM

T T2 T3 Tw Ta
TCLCL TCHICH2 TeL2cL
Vewu /
CLK (8284 Output) v] 4 ) K 7‘ 5{ j‘ \
= renerv TCHCL le—TCLCH—]
10/M, $S0 ><
Ats-Ag Ays5 - Ag (Float during INTA)
— TCLOV
ToLAV~ TCLAX~ F: . TCHDX ]
A19/Sg-A1¢/S3 A1g-Atg )( S6-S3
TCLLH~] TLHLL e riiax
-
ALE /
— fo e
TCHLL—] - - TRIVCL .
Vin
Ror 84 ot B AT
SEENOTES viL - N\
—~ F—rcimx
RYLCL—>] |
READY (8088 | .
(8088 Input | — 1CHRYX
—f— _
— l-TCLAZ |;-——mvm—~ l—TCLDX:
AD; - A - DATA! l—
7~ Ao }( AD:-A%0 FLOAT N FLOAT
1
TAZRL—] TCLRH— { TRHAV —]
RD )
READ CYCLE i
(NOTE 1) — TCHCTV TCLRL ! TRLRH TCHCTV
(WR, INTA = Vou) _ =
OTR
TCVCTV— TeveTx—|
DEN

231456-13
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WAVEFORMS (Continued)

DT/R INDETERMINATE

NOTES:

CLK (8284 Output)

ADy -
WRITE CYCLE
NOTE 1
AD7 -
INTA CYCLE
NOTES 1,3
(RD, WR = Vou)
SOFTWARE HALT -
DEN,RD.WR.INTA Vo AD; -

BUS TIMING—MINIMUM MODE SYSTEM (Continued)

Ty T2 Ta.
[TCHICH2 - TCL2CL1. / "
N S e | 7F ) N\
o ! LS . ’ L b
TCLAV= — o] - TCHOX—~]  |o—
ADg ADJ-AD,) DATA OUT '
TeveTv— 0 f-TwHDx~ cverx
TCVCTV— l...
TWLWH
WA \k , 7!
i -rcu‘\z TOVCTX={  |f—
—]
“ ‘ o l«-wvct.— ——TCLDX
ADo 3
A : FLOAT J\__POINTER FLOAT <
— -TCHCTV — TCHCTV ’
DTR .
reverv—|  je— P
INTA
TCVCTV—] . TeveTx—] -
DEN
ADo INVALID ADDRESS SOFTWARE HALT

TCLAV—+

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

2. RDY is sampled near the end of Ta, T3, Ty to determine if T,, 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. Control
signals are shown for the second INTA cycle.

4. Signals at 8284 are shown for reference only.

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

231456-14
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A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER)

TIMING REQUIREMENTS

Symbol Parameter 8088 8088-2 Units Test
Min | Max | Min | Max Conditions

TCLCL CLK Cycle Period 200 | 500 | 125 | 500 ns
TCLCH CLK Low Time 118 68 ns
TCHCL CLK High Time 69 44 ns
TCH1CH2 | CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 8284 35 35 ns

(Notes 1, 2)
TCLR1X RDY Hold Time into 8284 0 0 ns

(Notes 1, 2) )
TRYHCH READY Setup Time into 8088 | 118 68 ns
TCHRYX READY Hold Time into 8088 30 20 ns
TRYLCL READY Inactive to CLK -8 -8 ns

(Note 4)
TINVCH Setup Time for Recognition 30 15 ns

(INTR, NMI, TEST) (Note 2)
TGVCH RQ/GT Setup Time 30 15 ns
TCHGX RQ Hold Time into 8088 - 40 30 ns
TILIH Input Rise Time (Except CLK) 20 20 ns From 0.8V to 2.0V
TIHIL Input Fall Time (Except CLK) 12 12 ns From 2.0V to 0.8V
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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 wait states.
4. Applies only to T2 state (8 ns into T3 state).
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Inte[ 8088 -
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES .
8088 8088-2 . Test
Symbol Parameter Min Max Min Max Units| . conditions
TCLML | Command Active Delay 10 35 10 35| ns
(Note 1)
TCLMH | Command Inactive Delay 10 35 10 35| ns
(Note 1)
TRYHSH [ READY Active to 110 65 | ns
Status Passive (Note 3)
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
TSVLH | Status Valid to ALE High 15 15 | ns
(Note 1)
TSVMCH | Status Valid to MCE High 15 15 | ns
(Note 1)
TCLLH [CLK Low to ALE Valid 15 15 | ns
(Note 1)
TCLMCH | CLK Low to MCE (Note 1) 15 15 | ns
TCHLL | ALE Inactive Delay (Note 1) 15 15 | ns
TCLMCL | MCE Inactive Delay (Note 1) 15 15 | ns
TCLDV |Data Valid Delay 10 110 10 60 | ns.
TCHDX |Data Hold Time 10 10 ns
- - G = 20-100 pF for
TCVNV %&gc;l)Actlve Delay 5 45 5 45 | ns All 8088 Outputs
in Addition to
TCVNX | Control Inactive Delay 10 45 10 45 | ns ||nternal Loads
(Note 1)
TAZRL |Address Float to 0 0 .ns
Read Active
TCLRL - |RD Active Delay 10 165 10 100 | ns
TCLRH |[RD Inactive Delay 10 150 10 80 | ns
TRHAV |RD Inactive to Next TCLCL—45 TCLCL—40 ns
Address Active
TCHDTL | Direction Control 50 50 | ns
Active Delay (Note 1)
TCHDTH | Direction Control 30 30 | ns
Inactive Delay (Note 1)
TCLGL |GT Active Delay 85 50 | ns
TCLGH | GT Inactive Delay 85 50 | ns
TRLRH - |RD Width 2TCLCL—75 2TCLCL—50 ns
TOLOH | Output Rise Time 20 20 | ns |From0.8Vto 2.0V
TOHOL | Output Fall Time 12 12 | ns |From 2.0V to 0.8V
NOTES:
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

24

1.5 «—— TEST POINTS —» 1.5

0.45
 231456-11
A.C. 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".

DEVICE

UNDER
TEST |
I C_- 100 pF

231456-12
Cy Includes Jig Capacitance

WAVEFORMS (Continued)

BUS TIMING—MAXIMUM MODE SYSTEM

T Te

f+—TCLCH —{

FA
T

n T.
TCLCL
VCH
cLK 4 \ Y/ \
VCLJ L__J L——?
TCLAV-~
Q5,051 X

' i TCHSV ' -

t=TCLS!

§2,51.50 (EXCEPT HALT)

/// //(SEE NOTE®) \\-

Ars-Ag

oV

TCHDX—=]

Avs-Ag

. ' - TCLAV TG

JCLAX —=

AyoiSe-Are/S3 Arg-Avef .
TSVLH— ] LrenuL

l ALE (8288 OUTPUT)

SEE NOTE 5

TCLLH={ "
I RDY (8284 INPUT) §

TRYLC

READY (8088 INPUT)

TCLR1 .

§jIZ“N\\\\\\\\\\\\\VM

~o{ TCLAX

—] [-—TCHRYX

READ CYCLE TeLAV—] —frcLaz |—
AD;-ADy AD7-ADo

* TCLRH

\TA I - ‘
DATA IN FLOAT

?
1
RI

TCHDTH

TCHDTL ~~] | TCL
OTR LL

ST

8288 OUTPUTS

© TCLML==|
MRDC OR IORC . )

TCVNV—|

SEE NOTES 5.8
DEN

TCVYNX—

231456-15
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WAVEFORMS (Continued) < -~ =~ . TR

BUS TIMING—MAXIMUM MODE SYSTEM (USING 8288)

T T2 T Te
.TCHSV- : - c

- mm jmk . ;F—\ A F -
§2. 51, 8o (EXCEPY HALT) K : ‘ 7%‘("" " \

- TCLD' 1
WRITE CYCLE TCLAV—~| - —fretou— — —TCLSH | TeHDX—|  |—
AD; - AD, DATA
. TCVNV-! TCVNX—,
DEN
— TCLML TCLMH—]

8288 OUTPUTS
SEE NOTES 5.6 AMWC OR AIOWC

’ : -] [tcmu ] |—TcLmH
WWTC OR iIGWE 1 ‘ .

INTA CYCLE

FLOAT < RESERVED FOR \

Ats - Ag * {
(SEE NOTES 3.9) CASCADE ADDR / FLOAT FLOAT \

cLAZ TCLOX
ADy POINTER e
ABrADs FL AN : FLOAT
‘ - e o . ;
TSVMCH—] ‘ ——
- /
MCE/ ; ' A Y AR
PDEN TeLmMcH—] CHDTL , ‘ —_ TCHDTH
' ) DT/R - ¢ .

DEN
SOFTWARE ] TCVNX—
HALT - (DEN = Vo ;AD,MRDC,IORC, MWTC AMWC,JOWC,ATOWC.INTA.OT/f = Vou. . \

AD7-ADg, Ats-Ay - a— :
"INVALID ADDRESS ) )
. ‘ TCLAV—] {— o . N
N/ R
U : \
$2.51.80 o | VPP,
NOTES: ) 231456-16
1. Al sugnals switch between Von and Vo|_ unless otherwise speclﬁed
2. RDY is sampled near the end of T, Tg, Ty to determine if Ty machines states are to be inserted.
3. Cascade address is valid between first and second INTA cycles.
4. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control for
pointer address is shown for second INTA cycle. -,
5. Signals at 8284 or 8288 are shown for reference only.
6. The issuance of the 8288 command and control S|gnals (MRDC, MWTC, AMWC, TORC, TOWC, AIOWC, INTA and
DEN) lags the active high 8288 CEN.
7. -All timing measurements are made at 1.5V unless otherwise noted
8. Status inactive in state just prior to Ty4.

' e28 OUTPUTS s "TCLML—]
SEENOTES 5.6, ) INTA §
‘ . |\ f—TeVNY . | ";T LMH
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WAVEFORMS (Continued) :
) B BUS LOCK SIGNAL TIMING
'ASYNCHRONOUS SIGNAL RECOGNITION (MAXIMUM MODE ONLY)

Any CLK Cycla—l Any CLK c,m~|

NMI TINVCH (see note 1) CLK
¥ =)
INTR signal
’ | ' tock
TEST '
NOTE: 231456-17 231456-18

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

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

/{ Any CLK c;tu Cycle—
[ 7
:L = feroven » —
! reLet == TCLGH
— PULSE 1
RGIGT - M. coprocessor PULSE 2
7 6 088 GT
TCLAZ
ot o '
7~ 088 COPROCESSOR
5,855 X , N

D, COTR I T (SEE NOTE 1)
NOTE: 231456-19
1. The coprocessor may not drive the busses outside the region shown without risking contention.

PULSE 3
'OPROCESSOR,
RELEASE

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

2 1 CLK CYCLE— 10R 2 CYCLES ——sf
. f \_4 y—/_—\- L J [—\_Q
THVCH je=THVCH
e
i
HOLD
} 4 1
— TCLHAV — TCLHAV
- ‘
¥ ¥
HLDA
[} -4 D ———
J M h— TCLAZ J A J
ok 14 L {
8088 COPROCESSOR : ’—-< 8088
‘ s 14 {

231456-20
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8086/8088 Instruction Set Summary -

Mnemonic and

XCHG = Exchange:
Register/Memory with Register
Register with Accumulator

IN = Input from:

Fixed Port

Variable Port

OUT = Output to:

Fixed Port

Variable Port

XLAT = Translate Byte to AL
LEA = Load EA to Register
LDS = Load Pointer to DS
LES = Load Pointer to ES
LAHF = Load AH with Flags
SAHF = Store AH into Flags
PUSHF = Push Flags

POPF = Pop Flags

[ 1000011w

—

mod reg r/m ]

10010reg

[ 1110010w

—

port ]

1110110w

[ 1110011w | port g
[ 10001101 | modregr/m |
I 11000101 I mod regr/m I
[__11000100 [ modregrm |

10011111
10011110
10011100

10011101

Description I , Instruction _c°dq
DATA TRANSFER
MOV = Move: 76543210 76543210 76543210 76543210
Register/Memory to/from Register I 100010dw I mod reg r/m [
Immediate to Register/Memory [ 1100011w | modooorm | data [ dataitw=1_ |
Immediate to Register r 1011wreg T data T dataifw = 1 J
Memory to Accumulator I 1010000w l addr-low l addr-high j
Accumulator to Memory [ 1010001 w | addr-low l addr-high —l
Register/Memory to Segment Register r 10001110 ] mod O regr/m ]
Segment Register to Register/Memory [ 10001100 | modoregr/im |
PUSH = Push:
Register/Memory [ 11111111 [ moditowm |
Register
Segment Register
POP = Pop: ’ '
Register/Memory [ 10001111 [ modoo0r/m
Segment Register
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8086/8088 Instruction Set Summary (Continued)

Mnemonic and

Description Instruction Code
ARITHMETIC 76543210 76543210 76543210 76543210
ADD = Add:
Reg./Memory with Register to Either I 000000dw l mod reg r/m I
Immediate to Register/Memory [ 100000sw | modooorm | data | dataitsw=o01_|
Immediate to Accumulator [ oooootow | data | detaifw=1__ |
ADC = Add with Carry: ’
Reg./Memory with Register to Either [ ooot100dw | modregr/m - |
Immediate to Register/Memory [ 100000sw [ mod010r/m L data l dataif ssw = 01 ]
Immediate to Accumulator [ 0001010w l data [ dataifw = 1 J )
INC = Increment: .
Register/Memory [ 1111111w l mod000r/m ]
AAA = ASCII Adjust for Add
BAA = Decimal Adjust for Add
SUB = Subtract:
Reg./Memory and‘Register to Either [ 001010dw l mod reg r/m J
Immediate from Register/Memory L 100000sw L mod101r/m i data : | dataif s:w = 01
Immediate from Accumulator | 0010110w | data [ dataifw = 1 I
SSB = Subtract with Borrow
Reg./Memory and Register to Either [ 000110dw L mod reg r/m J
Immediate from Register/Memory L 100000sw l mod011r/m l data I dataif ssw = Ll
Immediate from Accumulator [ 000111w | data [ data ifw=1 I
DEC = Decrement:
Register/memory | 1111111 w l mod001r/m 4[
NEG = Change sign [ 1111011w | modot1em |
CMP = Compare:
Register/Memory and Register L 001110dw 4L mod reg r/m J
Immediate with Register/Memory [ 100000sw I mod111r/m I data I data if ssw = 01
Immediate with Accumulator [ oo11110w | data. [ daaifw=1 |
AAS = ASCII Adjust for Subtract S
DAS = Decimal Adjust for Subtract
MUL = Multiply (Unsigned) [ 1111011w | mod1oorm |
IMUL = Integer Multiply (Signed) [ 1111011w | mod101rm |
AAM = ASCII Adjust for Multiply [ 11010100 [ 00001010 |
DIV = Divide (Unsigned) [ 1111011w | mod1iorm |
IDIV = Integer Divide (Signed) [ 111101tw | modt11rm |
AAD = ASCII Adjust for Divide [ 11010101 | 00001010 ]

CBW = Convert Byte to Word
CWD = Convert Word to Double Word

10011000
10011001
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~ 8086/8088 Instruction Set Summary (Continued)‘

Mnemonic and

Description , . . Instruction Code e

LoGIC _ 76543210 76543210, 76543210 76543210
NOT = Invert [ 1111011w | modotorwm |
SHL/SAL = Shift Logical/ArithmeticLeft | 110100vw |  mod100r/m |
SHR = Shift Logical Right [ 110100vw [ modiotem |
SAR = Shift Arithmetic Right [ 110100vw | modit11r/m |
ROL = Rotate Left [ 110100vw | modooor/m |'

{ ROR = Rotate Right [ 110100vw | modootrm | ‘ :

| ReL = Rotate Through Carry Flag Left- [ 110100vw | modotorm. |
RCR = Rotate Through Carry Right | 710100vw I modot11r/m |
AND = And: -
Reg./Memory and Register to Either [ oo1000dw [ modregrm ]
Immediate to Register/Memory ‘ I 1000000w | mod100r/m._ - I data ] dataifw = 1
Immediate to Accumulator [ oo10010w ] data | dataitw=1_ |
TEST = And Function to Flags. No Resuit:
Register/Memory and Register | 1000010w I mod reg r/'m I .
Immediate Data and Register/Memory [ 1111011w. | modooorm | data | dataifw=1 |
Immediate Data and Accumulator | 1010100w | data | dataifw=1 |
OR = Or: :
Reg./Memory and Register to Either | 000010dw T mod regr/m ]
Immediate to Register/Memory I 1000000w ] mod001r/m - | data L -dataifw = 1
Immediate to Accumulator [ . 0o00110w [ data I dataifw = 1 j :
XOR = Exclusive or:
Reg./Memory and Register to Either I 001100dw I mod reg r/m i s
Iinmediate to Register/Memory | “1000000w | mod1 10r/m [ data | dataifw=1 .-
Immediate to Accumulator [ oot1101ow | " data [ dataitw=1 |
STRING MANIPULATION . ‘
REP = Repeat (1110012 |
MOVS = Move Byte/Word
CMPS = Cdmpare’Byte/Word ' - ‘
SCAS = Scan Byte/Word -
LODS = Load Byte/Wd to AL/AX
STOS = Stor Byte/Wd from AL/A
CONTROL TRANSFER '
CALL = Call: , o
Direct Within Segment [ 11101000 | displow | disp-high ]
Indirect Within Segment [ *1111111 [ modotowm |
Direct Intersegment [ 10011 010- | offsetlow [ oftsethigh |

" [ segiow [ seghigh |

Indirect Intersegment [ 11111111 | modoiirm |
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8086/8088 Instruction Set Summary (Continued)

INTO = Interrupt on Overflow
IRET = Interrupt Return

11001110
11001111

Mnemonic and
Description Instruction Code
JMP = Unconditional Jump: 76543210 76543210 76543210
Direct Within Segment [ 11101001 ] disp-low | disp-high
Direct Within Segment-Short [ 11101011 | disp |
Indirect Within Segment [ 11111111 | mod100r/m |
Direct Intersegment [ 11101010 | offset-low | offset-high |
| seg-low | seg-high I
Indirect Intersegment [ 11111111 | mod1otem |
RET = Return from CALL:
Within Segment 11000011
Within Seg Adding Immed to SP | 11000010 | data-low ] data-high ]
Intersegment 11001011
Intersegment Adding Immediate to SP [ 11001010 ] data-low [ data-high |
JE/JZ = Jump on Equal/Zero | 01110100 I disp |
JL/JNGE = Jump on Less/Not Greater I 01111100 I disp '
‘or Equal
JLE/JNG = Jump on Less or Equal/ ;
R on L . [ ot1111110 T disp ]
JB/JNAE = Jump on Below/Not Above I 01110010 l disp I
or Equal
JBE/JNA = Jump on Below or Equal/ "
Rrip on B , » [ o1110110 ] disp ]
JP/JPE = Jump on Parity/Parity Even [ o1111010 | disp B
JO = Jump on Overflow [ 01110000 ] disp ]
JS = Jump on Sign [ o1111000 | disp ]
JINE/JNZ = Jump on Not Equal/NotZero [ 01110101 | dsp |
JNL/JGE = Jump on Not Less/Greater { 01111101 I disp |
. orEqual
JNLE/JG = Jump on Not Less or Equal/ -
o [ ot111111 | disp |
JNB/JAE = Jump on Not Below/Above "
potidd [ o1110011 ] disp ]
JNBE/JA = Jump on Not Below or y
B Aows [ o1110111 | disp ]
JNP/JPO = Jump on Not Par/Par Odd [ o1111011 ] disp |
JNO = Jump on Not Overflow [ ot1110001 | disp |
JINS = Jump on Not Sign [ 01111001 [ disp |
LOOP = Loop CX Times [ 11100010 | disp ]
LOOPZ/LOOPE = Loop While Zero/Equal [ 11100001 ° | disp. ]
' LOOPNZ/LOOPNE = Loop While Not [ 71100000 | . |
Zero/Equal
JCXZ = Jump on CX Zero [ 11100011 ] disp ]
INT = Interrupt
Type Specified [ 11001101 ] type ]
Type 3 11001100
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8086/8088 Instruction Set Summary (Continued)

ESC = Escape (to External Device)

Mg::vcor::g::d l Instruction Code
76543210 76543210
PROCESSOR CONTROL B '
CLC = Clear Carry
CMC = Complement Carry
STC = Set Carry (IEREEERTT T
CLD = Clear Direction w
STD = Set Direction
CLI = Clear Interrupt
STI = Set Interrupt
HLT = Halt
WAIT = Wait
| 1101 1xxx l modxxxr/m ]

LOCK = Bus Lock Prefix 11110000

NOTES:

AL = 8-bit accumulator

AX = 16-bit accumulator

CX = Count register

DS = Data segment

ES = Extra segment

Above/below refers to unsigned value

Greater = more positive:

Less = less positive (more negative) signed values

itd = 1 then “to” reg; if d = 0 then "“from” reg

if w = 1 then word instruction; if w = 0 then byte

instruction

if mod = 11 then r/m is treated as a REG field

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

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

if mod = 10 then DISP = disp-high; disp-low

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

if r/m = 101 then EA = (DI) + DISP

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

if r/m = 111 then EA = (BX) + DISP .
DISP follows 2nd byte of instruction (before data if re-
quired)

*except if mod = 00 and r/m = then EA = disp-high:
disp-low. '
if ssw = 01 then 16 bits of immediate data form the oper-

. and .

if ssw = 11 then an immediate data byte is sign extended
to form the 16-bit operand

if v= 0 then “count” = 1;if v = 1 then “count” in (CL)
register

x = don’t care

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

| oo1treg110

REG is assigned according to the following table:

16-Bit (w = 1) 8-Bit (w = 0) Segment
000 AX 000 AL | 00 ES
001 CX 001 CL 01 CS.
010 DX 010 DL 10 SS
011 BX 011 BL 11 DS
100 SP 100 AH
101 BP 101 - CH
110 SI 110 DH
111 DI ‘111 BH

instructions which reference the flag register file as a 16-bit
object use the symbol FLAGS to represent the file: '
FLAGS =
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

Mnemonics © Intel, 1978

DATA SHEET REVISION REVIEW

The following list represents key differences be-
tween this and the -003 data sheet. Please review
this summary carefully.

1.In the Pin Description Table (Table 1), the descrip-
tion of the HLDA signal being issued has been cor-
rected. HLDA will be issued in the middle of either
the T4 or Ti state. :

2-118



intel

80C88A

8-BIT CHMOS MICROPROCESSOR

m Pin-for-Pin and Functionally Compatible [ ]
to_Industry Standard HMOS 8088

m Direct Software Compatibllity with ]
80C86, 8086, 8088 . ,

m Fully Static Design with Frequency _
Range from D.C. to: ' [ |
— 8 MHz for 80C88A-2 ' -

m Low Power Operation -
— Operating Icc = 10 mA/MHz
— Standby Iccs = 500 pA max

m Bus-Hold Circuitry Eliminates Pull-Up
Resistors .

The Intel SOCBBA is a high performance, CHMOS version of the industry standard HMOS 8088 8-bit CPU. The ,

Direct Addressing Capability of 1
MByte of Memory

Architecture Designed for Powerful
Assembly Language and Efficient High
Level Languages

24 Operand Addressing Modes
Byte, Word and Block Operations

8 and 16-Bit Signed and Unsigned
Arithmetic

— Binary or Decimal

— Multiply and Divide

Available in 40-Lead Plastic DIP
(See Packaging Spec., Order #231369)

processor has attributes of both 8 and 16-bit microprocessors. The 80C88A, available in 8 MHz clock rate,
offers two modes of operation: MiNimum for small systems and MAXimum for larger applications such as

multi-processing. It is available in 40-pin DIP.

MEMORY INTERFACE

|

GND [ ~ 4[] vee
A4 2 3[] A5
A3 []3 38[] Av6/83
INSTRUCTION A1z 4 [0 At7is4
STI'IEMSS;E " A1t s 36[] A18IS5
a10 []e 5[] A19iS6
ES 1 A 7 3a[] S8 (HIGH)
T sus cs A8 8 © 33 MNIMX
INTERFACE sS AD? ]9 327 RD
o EXECUTION UNIT AD6 []10 "mm 31[] HOLD  (RG/GTO)
°&'§E&‘ AD5 [] 11 30[] HLDA (RO/GTY)
Aba []12 29[ WR (COCK)
AD3 []13 287 10W (7))
' AD2 []14 27[] DTR (3]
m AD1 []1s 2[] DEN 80)
B . A0 (16 257 ALE (@so)
CH (TS Logic unIT . NMI []17 24[] INTA (@s1)
EXECUTION | DH - oL . INTR []18 2] TEST
8P cLk []19 22{7] READY
:u GND []20 21[] RESET
J]
240028-1 240028-2
Flgure 1. 80C88A CPU Figure 2. 80C88A 40-Lead
Functional Block Diagram DIP Configuration
September 1988
2-119 or
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80C88A

Table. 1 Pln Descriptlon

The fo//owmg pin funct/an descr/pﬂoné are for 80C88A systems in either minimum or maximum mode. The
“local bus” in these descriptions is ’th’e d/rect mu/t/p/exed bus /nterface connecllon to the BOCBBA (without

regard to additional bus buffers)

4 e

Symbol

~ Pin No.

Type |

Name and Function.

AD7-ADO

. :9-16 o

170

‘ADDRESS DATA BUS: These lines constitute the tame

multiplexed memory/IO address (T1) and data (T2, T3, Tw, and
T4) bus. These lines are active HIGH and float to 3-state OFF(1)
during interrupt acknowledge and local bus “hold acknowledge

A15-A8 -

2-8,39 |

| the entire bus cycle (T1-T4). These Imes do nothavetobe
| latchied by ALE to remain valid. A15-A8 are active HIGH and float

" “*hold acknowledge”.

ADDRESS BUS: These lines provide address bits 8 through 15 for

to 3-state OFF(1) during interrupt acknowledge and local bus ‘

A17/84, A16/S3

A19/S6, A18/8S5,

.- 356-38

‘enable flag bit (85) is updated at the beginning of each clock

ADDRESS/STATUS: During T1, these are the four most
significant address lines for memory operations. During I/0
operations, these linés are LOW. During memory and I/0
operations, status information is available on these lines during
T2, T3, Tw, and T4. S6 is always low. The status of the interrupt

cycle. S4 and S3 are encoded as shown.

This information indicates which segment register is presently
being used for data accessing. :

These lines float to 3-state OFF(1) during local bus “hold
acknowledge”.

S4 S3 CHARACTERISTICS

0(LOW)
0

1(HIGH)

]

S6 is O(LOW)

Alternate Data
Stack

Code or None
Data

- O = O

32

| This signal floats to 3-state OFF(1) in ““hold acknowledge”.

READ: Read strobe indicates that the processor is performing a
memory or |/Q read cycle, depending on the state of the IO/M pin
or S2. This signal is used to read devices which reside on the
80C88A local bus. RD is active LOW during T2, T3 and Tw of any
read cycle, and is guaranteed to remain HIGH in T2 until the
80C88A local bus has floated.

READY

22

| I/0 device that it will complete the data transfer. The RDY signal

READY: is the acknowledgement from the addressed memory or

from memory or 170 is synchronized by the 82C84A clock
generator to form READY. This signal is active HIGH. The 80C88A
READY input is not synchronized. Correct operation is not
guaranteed if the set up and hold times are not met.
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Table 1. Pin Description (Continued)
Symbol PinNo. | Type . Name and Function

INTR . 18 2 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 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.

NMI . 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. NMl 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 I~ | CLOCK: provides the basic timing for the processor and bus
controller. It is asymmetric with a 33% duty cycle to provide
optimized internal timing.

Veoo 40 Vgc: is the +5V +10% power supply pin.
GND 1,20 GND: are the ground pins. Both must be connected.
MN/MX 33 I MINIMUM/MAXIMUM: indicates what mode the processor is to

operate in. The two modes are discussed in the following sections.

The following pin function descriptions are for the 80C88A minimum mode (i.e., MN/MX = Vec). Only the pin
functions which are unique to minimum mode are described; all other pin functions are as described above.

I0/M 28 O | STATUS LINE: is an inverted maximum mode S2. It is used to
distinguish a memory access from an 170 access. I0/M becomes
valid in the T4 preceding a bus cycle and remains valid until the final
T4 of the cycle (I/0 = HIGH, M = LOW). I0/M floats to 3-state
OFF(1) in local bus “hold acknowledge”.

WR 29 (0] WRITE: strobe indicates that the processor is performing a write

: : : memory or write 1/0 cycle, depending on the state of the I0/M
signal. WR is active for T2, T3, and Tw of any write cycle. It is active
LOW, and floats to 3-state OFF(1) in local bus “hold acknowledge”.

24 (0] INTA: is used as a read strobe for interrupt acknowledge cycles. It is
active LOW during T2, T3, and Tw of each interrupt acknowledge
cycle.

Z|
i
>
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

ALE

25

o

ADDRESS LATCH ENABLE: is provided by the processor to latch
the address into an address latch. Itis a HIGH pulse active during
clock low of T1.of any bus cycle. Note that ALE is never floated.

DT/R

27

DATA TRANSMIT/RECEIVE: is needed in a minimum system that
desires to use a data bus transceiver. It is used to control the
direction of data flow through the transceiver. Logically, DT/R is
equivalent to ST in the maximum mode, and its timing is the same as
for IO/M«(T = HIGH, R = LOW). This signal floats to 3-state OFF(1)
in local “‘hold acknowledge™.

26

DATA ENABLE: is provided as an output enable for the transceiver
in a minimum system which uses the transceiver. DEN is active LOW
during each memory and I/0 access, and for INTA cycles. For a read
or INTA cycle, it is active from the middle of T2 until the middle of T4,
while for a write cycle, it is active from the beginning of T2 until the
middle of T4. DEN floats to 3-state OFF(1) 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 Ti 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 set up
time.

[3]
Ol

34

STATUS LINE: is logically equivalent to S0 in the maximum mode.
The combination of SSO, I0/M and DT/R allows the system to
completely decode the current bus cycle status.

Io/M DT/R §S0 CHARACTERISTICS
1(HIGH) 0 -0 Interrupt Acknowledge
1 0 1 Read 1/0 port
1 1 0 Write 170 port
1 . 1 1 Halt
o(LOW) 0 0 Code access
0 0 1 Read memory
0 1 0 Write memory
0 1 1 Passive
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Table 1. Pin Description (Continued)

The following pin function descriptions are for the 80C88A/82C88 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 Pin No. Type Name and Function

§2,81,50 26-28 O | STATUS: is active during clock high of T4, T1, and T2, and is

: ' returned to the passive state (1,1,1) during T3 or during Tw when
READY is HIGH. This status is used by the 82C88 bus controller to
generate all memory and /0 access control signals. Any change by
$2, S1, or S0 during T4 is used to indicate the beginning of a bus
cycle, and the return to the passive state in T3 or Tw is used to
indicate the end of a bus cycle.

These signals float to 3-state OFF(1) during “hold acknowledge”.
During the first clock cycle after RESET becomes active, these
signals are active HIGH. After this first clock, they float to 3-state

OFF.
§2 §1 S0 CHARACTERISTICS

o(LOW) 0 0 Interrupt Acknowledge

0 0 1 Read 1/0 port

0 1 0 Write 1/0 port

0 1 1 Halt

1(HIGH) 0 0 Code access

1 0 1 Read memory

1 1 0 Write memory

1 1 1 Passive
E/ GTO, 30, 31 170 | REQUEST/GRANT: pins are used by other local bus masters to
RQ/GT1 force the processor to release the local bus at the end of the

processor’s current bus cycle. Each pin is bidirectional with RQ/GTO
having higher priority than RQ/GT1. RQ/GT has an internal pull-up
resistor, so may be left unconnected. The request/grant sequence is
as follows (see timing diagram):

1. A pulse of one CLK wide from another local bus master indicates a
local bus request (“hold’’) to the 80C88A (pulse 1).

2. During a T4 or T1 clock cycle, a pulse one clock wide from the
80CB88A to the requesting master (pulse 2), indicates that the
80C88A has allowed the local bus to float and that it will enter the
“hold acknowledge” state at the next CLK. The CPU'’s bus interface
unit is disconnected logically from the local bus during “hold
acknowledge”. The same rules as for HOLD/HOLDA apply as for
when the bus is released.

3. A pulse one CLK wide from the requesting master indicates to the
80CB88A (pulse 3) that the “hold” request is about to end and that the
80CB88A can reclaim the local bus at the next CLK. The CPU then

enters T4.
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Symbol

Pin No.

Table 1. Pin Descriptions (Continued)

Type

Name and Function

RQ/GTO,
RQ/GTT

30, 31

1/0

Each master-master exchangé of the local bus is a seddence of
three pulses. There must be one idle CLK cycle after each bu:
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 qonditions are met:

1. Request occurs on or before T2.

2. Current cycle is not the low bit of a word.

3. Current cycle is not the first acknowledge of an interrupt
acknowledge sequence.

4. A locked instruction is not currently executing.

If the local bus is idle when the request is made the two possible
events will follow:

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks. Now the four rules for a
currently active memory cycle apply with condition number 1
already satisfied.

LOCK

29

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(1) in “hold acknowledge”.

Qs1, Qso

24,25

QUEUE STATUS: provide status to allow external tracking of the
internal 80C88A instruction queue.

The queue status is valid during the CLK cycle after which the
queue operation is performed.

Qs1 Qso CHARACTERISTICS

No operation

First byte of opcode from queue
Empty the queue

Subsequent byte from queue

o(LOW)
0

1(HIGH)
1

- O = O

34

(@)

Pin 34 is always high in the maximum mode.

NOTE:

1. See the section on Bus Hold Circuitry.
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FUNCTIONAL DESCRIPTION

STATIC OPERATION

All 80C88A circuitry is of static design. Internal regis-
ters, counters and latches are static and require no
refresh as with dynamic circuit design. This elimi-

nates the minimum operating frequency restriction '
placed  on other microprocessors. The CMOS. -

80C88A can operate from DC to the appropriate up-
per frequency limit. The processor clock may be
stopped in either state (high/low) and held there in-
definitely. This type of operation is especially useful
for system debug or power critical applications.

The 80C88A can be single stepped using only the
CPU clock. This state.can be maintained as long as
is necessary. Single step clock operation allows sim-
ple interface circuitry to provide critical information
for bringing up your system.

Static design also allows very low frequency opera-
tion.. In a power critical situation, this can provide
extremely low power operation since 80C88A power
dissipation is directly related to operatmg frequency.
As the system frequency.is reduced, so is the oper-
ating power until ultimately, at a DC input frequency,
the 80C88A power requirement is the standby cur-
rent.

HFFFFFH

saxe| | }|cooe seament

» XXXXOH

! 'E STACK SEGMENT
+ OFFSET

| ,
SEGMENT

REGISTER FILE WORD [ MSB

DATA SEGMENT

EXTRA DATA SEGMENT

>

C—J 0000OH

240028-3

Figure 3. Memory Organization

MEMORY ORGANIZATION

The processor provides a 20-bit address to memory
which locates the byte being referenced. The memo-
ry is organized as a linear array of up to 1 million
bytes, addressed as 00000(H) to FFFFF(H). The
memory is logically divided into code, data, extra
data, and stack segments of up to 64K bytes each,
with each segment falling on 16-byte boundanes
(See Figure 3.) - .

All memory references are made relative to base ad-

. dresses contained in high speed segment registers.

The segment types were chosen based on the ad-
dressing needs of programs. The segment register
to be selected is automatically chosen according to
the rules of the following table. All information in one
segment type share the same logical attributes (e.g.
code or data). By structuring memory into relocat-
able areas of similar characteristics and by automati-
cally selecting segment registers, programs are
shorter, faster, and more structured.

Word (16-bit) operands can be located on even or
odd address boundaries. For address and data oper-
ands, the least significant byte of the word is stored

in the lower valued address location and the most.

significant byte in the next higher address location.
The BIU will automatically execute two fetch or write
cycles for 16-bit operands.

Certain locations in memory are reserved for specific:

CPU operations. (See Figure 4.) Locations from ad-
dresses FFFFOH through FFFFFH are reserved for

-operations including a jump to the initial system

RESET BOOTSTRAP

PROGRAM JUMP FEFFOH

° T

- 3FFH
INTERRUPT POINTER

FOR TYPE 255
J .

- L) 3
.

3FOH

™

INTERRUPT POINTER
FOR TYPE 1 aH
INTERRUPT POINTER 3H
FOR TYPE 0 on

240028-4

Figure 4. Reserved Memory Locations
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Memory Segment Register Segment

Reference Need . . Used . Selection Rule

Instructions CODE (CS) Automatic with all instruction:prefetch.
. All stack pushes and pops. Memory references relative to BP
St§Ck STACK(SS) base register except data references. ‘
Data references when: relative to stack, destlnatlon of string
Local Data DATA (DS) operation, or explicitly overridden.
External (Global) Data | EXTRA (ES) Destination of _stnng operations: Explicitly selected using a
L g . segment override.

initialization routine. Following RESET, the CPU will
always begin execution at location FFFFOH where
the jump must be located. Locations 00000H
through 003FFH are reserved for interrupt opera-
tions. Four-byte pointers consisting of a 16-bit seg-
- ment address and a 16-bit offset address direct pro-
gram flow to one of the 256 possible interrupt serv-
ice routines. The pointer elements are assumed to
have been stored at their respective. places in re-
served memory prior-to the occurrence of interrupts.

MINIMUM AND MAXIMUM MODES

The requirements for supporting minimum and maxi-
mum 80C88A systems are sufficiently different that
they cannot be done efficiently with 40 uniquely de-
fined pins. Consequently, the 80C88A is equipped
with a strap pin (MN/MX) which defines the system
configuration. The definition of a certain subset of
the pnns changes, dependent on the condition of the
strap pin. When the MN/MX pin is strapped to GND,
the BOC88A defines pins 24 through 31 and 34 in
maximum mode. When the MN/MX pin is strapped
to Vcc, the 80C88A generates bus control signals
itself on pins 24 through 31 and 34.

The minimum mode 80C88A can be used with either
a multiplexed or demultiplexed bus. The multiplexed
bus configuration is compatible with the MCS®-85

multiplexed bus peripherals (8155, 8156, 8355,
8755A, and 8185). This configuration (See Figure 5)
provides the user with a minimum chip count sys-
tem. This architecture provides the 80C88A ‘pro-
cessing power in a highly integrated form.

The demultiplexed mode requires one latch (for 64k
addressability) or two latches (for a full megabyte of
addressing). A third latch can be used for buffering if
the address bus loading requires it. A transceiver
can also be used if data bus buffering is required.
(See Figure 6.) The 80C88A provides DEN and DT/
R to control the transceiver, and ALE to latch the
addresses. This configuration of the minimum mode
provides the standard demultiplexed bus structure
with heavy bus buffering and relaxed bus timing re-
quirements.

The maximum mode employs the 82C88 bus con-
troller. (See Figure 7.) The 82C88 decodes status
lines S0, S1, and S2, and provides the system with
all bus control signals. Moving the bus control to the
82C88 provides better source and sink current capa-
bility to the control lines, and frees the 80C88A pins
for extended large system features. Hardware lock,
queue status, and two request/grant interfaces are
provided by the 80C88A -in maximum mode. These
features allow co-processors in Iocal bus and re-
mote bus configurations.
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Bus Operation

The 80C88A address/data bus is broken into three
parts—the lower eight address/data bits (ADO-AD?7),
the middle eight address bits (A8—-A15), and the up-
per four address bits (A16-A19). The address/data
bits and the highest four address bits are time multi-
plexed. This technique provides the most efficient
use of pins on the processor. The middle eight ad-
dress 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 ad-
dress latch if a standard, non-multiplexed bus is de-
sired for the system.

Each processor bus cycle consists of at least four
CLK cycles. These are referred to as T1, T2, T3, and
T4. (See Figure 8). The address is emitted from the
processor during T1 and data transfer occurs on the
bus during T3 and T4. T2:is used primarily for chang-
ing the direction of the bus during read operations. In
the event that a “NOT READY” indication is given
by the addressed device, “‘wait” states (Tw) are in-
serted between T3 and T4. Each inserted ‘‘wait”
state is of the same duration as a CLK cycle. Periods
can occur between 80C88A driven bus cycles.

These are referred to as “idle” states (Ti), or inac-

tive CLK cycles. The processor uses these cycles
for internal housekeeping.

I (44 Nwar) = Tey

ALE ’ \ .

ln|n|v,|mm|r. I-T'|V:|Va|1'wm|'0|

I 4+ Nwarr)= Ty 1
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Figure 8. Basic System Timing
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During - T1 of any bus cycle, the. ALE (address latch
enable) signal is emitted (by either the processor or
the 82C88 bus controller, depending on the MN/MX
strap). At the trailing edge of this pulse, a valid ad-
dress and certain status -information for the cycle
may be latched.

Status bits 50, 57, and S2 are used by the bus con-
troller, in maximum mode, to.identify the type of bus
transaction according to the following table:

Sz S; | So CHARACTERISTICS
0 (LOW) 0 0 Interrupt Acknowledge
0 0 1 Read 170
0 1 0 | Writel/O
0 1 1 Halt
1 (HIGH) 0 0 Instruction Fetch
1 0 1 Read Data from Memory
1 1 0. | Write Data to Memory
1 1 1 | Passive (no bus cycle)

Status bits S3 through S6 are multiplexed with high
order address bits and are therefore valid during T2
through T4. S3 and S4 indicate which segment reg-
ister was used for this bus cycle in forming the ad-
dress according to the following table:

Sy S3 CHARACTERISTICS
0 (LOW) 0 | Alternate Data (extra segment)
0 1 Stack
1 (HIGH) | 0 | Code or None
1 1 Data

S5 is a reflection of the PSW interrupt enable bit. S6
is equal to 0.

1/0 ADDRESSING

In the 80C88A, 1/0 operations can address up to a
maximum of 64k 1/0 registers. The I/0 address ap-
pears in the same format as the memory address on
bus lines A15-A0. The address lines A19-A16 are
zero in |/0 operations. The variable 1/0 instructions,
which use register DX as a pointer, have full address

capability, while the direct 1/0 instructions. directly
address one or two of the 256 1/0 byte locations in
page 0 of the I/O address space. I/0. ports are ad-
dressed in.the same manner as memory locations.

Designers familiar with the 8085 or upgrading an
8085 design should note that.the 8085 addresses
1/0 with an 8-bit address, on both halves of the 16-
bit address bus. The 80C88A uses a full 16-bit ad-
dress on its lower 16 address lines.

EXTERNAL INTERFACE

PROCESSOR RESET AND INITIALIZATION

Processor initialization or start up is accomplished
with activation (HIGH) of the RESET pin. The
80C88A RESET is required to be HIGH for four or
more clock cycles. The 80C88A will terminate oper-
ations 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 7 clock cycles. Af-
ter this interval the 80C88A operates normally, be-
ginning with the instruction in absolute location
FFFFOH. (See Figure 4.) The RESET input is inter-
nally synchronized to the processor clock. At initiali-
zation, the HIGH to LOW transition of RESET must
occur no sooner than 50 us after power up, to allow
complete initialization of the 80C88A.

NMI asserted. prior to the 2nd clock after the end of
RESET will not be honored. If NMI is asserted after
that point and during the internal reset sequence,
the processor may execute one instruction before
responding to the interrupt. A hold request active
immediately after RESET will be honored before the
first instruction fetch.

All 3-state outputs float to 3-state OFF(1) during RE-
SET. Status is active in the idle state for the first
clock after RESET becomes active and then floats
to 3-state OFF(1). ALE and HLDA are driven low.

NOTE:
1. See the section on Bus Hold Circuitry.
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BUS HOLD CIRCUITRY

To avoid high current conditions caused by floating
inputs to CMOS devices and to eliminate the need
for puli-up/down resistors, “bus-hold” circuitry has
been used on the 80C88A pins 2-16, 26-32, and
34-39 (Figure 9a, 9b). These circuits will maintain
the last valid logic state if no driving source is pres-
ent (i.e. an unconnected pin or a driving source
which goes to a high impedance state). To overdrive
the “bus hold” circuits, an external driver must be
capable of supplying 350 pA minimum sink or
source current at valid input voltage levels. Since
this “bus hold™ circuitry is active and not a ‘“‘resis-
tive” type element, the associated power supply

current is negligible and power dissipation is signifi-'

cantly reduced when compared to the use of pas-
sive pull-up resistors.

INTERRUPT OPERATIONS

Interrupt operations fall into two classes: software or
hardware initiated. The software initiated interrupts
and software aspects of hardware interrupts are
specified in" the instruction set description in the
iAPX 88 book or the iAPX 86,88 User’s Manual.
Hardware interrupts can be classmed as nonmaska-
ble or maskable.

“Pull-Up/Pull-Down”

BOND | EXTERNAL

PAD | PIN

Proccawy

INPUT
PROTECTION g~
] CIRCUITRY

Input buffer exists only on I/0 pins

240028-9

Figure 9a. Bus hold circuitry pin'2-16, 35-39.

“Pull-Up”

BOND | EXTERNAL

PAD PIN

~INPUT
PROTECTION
CIRCUITRY

Input buffer exists only on 1/0 pins

240028-10

Figure 9b. Bus hold circuitry pin 26-32, 34.
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Interrupts result in a transfer. of control.to a new pro-
gram ‘location. :A- 256 element. table containing ad-
dress pointers to the interrupt service program loca-
tions resides in absolute locations 0 through 3FFH
(See Figure 4), which are reserved for this purpose.
Each element in the table is 4 bytes in size and cor-
responds to an interrupt “type.” An interrupting de-
vice supplies an 8-bit type number, during the inter-
rupt acknowledge sequence, which is used to vector

" through the appropriate element to the new mterrupt
service program location.

NON-MASKABLE INTERRUPT (NMI)

The processor provides a single non-maskable inter-
rupt (NMI) pin- which has higher priority than the

maskable interrupt request (INTR) pin. A typical use -

would be to activate a power failure routine. The
NMI is edge-triggered on a LOW to HIGH. transition.
The activation of this pin causes a type 2 interrupt.

NMI is required to have a duration in fhe HIGH state
of greater than two clock cycles, but is not required
to be synchronized to the clock. Any higher going

transition of NMI is latched on-chip and will be serv- -

iced at the end of the current instruction or between
whole moves (2 bytes in the case of word moves) of
a block type instruction. Worst case response to
NMI would be for multiply, divide, and variable shift
instructions. There is no specification on the occur-
rence of the low-going edge; it may occur before,
during, or after the servicing of NMI. Another high-
going edge triggers another response if it occurs af-
ter the start of the NMI procedure. The signal must

be free of logical spikes in general and be free of
bounces on the low-gomg edge to avord tnggenng
extraneous responses

MASKABLE INTERRUPT (INTR)

The 80C88A provides a single interrupt request input
(INTR) which can be masked internally by software
with the resetting of the |nterrupt enable (IF) flag bit.

The, interrupt request signal is level triggered. It is
internally synchronized during each clock cycle on
the high-going edge of CLK. To be responded to,
INTR must be present (HIGH) during the clock peri-
od preceding the end of the current instruction or the
end of a whole move for a block type instruction.

During interrupt response sequence, further inter-
rupts are disabled. The enable bit is reset as part of
the response to any interrupt (INTR, NMI, software
interrupt, or single step), although the FLAGS regis-
ter which is automatically pushed onto the stack re-
flects the state of the processor prior to the inter-
rupt. Until the old FLAGS register is restored, the,
enable bit will be zero unless specifically set by an

instruction.

During fhe response sequence (See Figure 10), the

processor executes two successive (back to back)

~interrupt acknowledge cycles. The 80C88A emits

the LOCK signal (maximum mode only) from T2 of,
the first bus cycle until T2 of the second. A local bus
“hold” request will not be honored until the end of:
the second bus cycle. In the second bus cycle, a

| | T T Te

-\

ADo-ADy

TYPE VECTOR

240028-11

Figure 10. Interrupt Acknowledge Sequence
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byte is fetched from the external interrupt system
(e.g., 82C59A PIC) which identifies the source (type)
of -the interrupt. This byte is multiplied by four and
used as a pointer into the interrupt vector lookup
table. An INTR signal left HIGH will be continually
responded to within the limitations of the-enable bit
and sample period. The interrupt return instruction

includes a flags pop which returns the status of the

original interrupt enable bit when it restores the
flags.

HALT

When a software HALT instruction is executed, the
processor indicates that it is entering the HALT state
in one of two ways, depending upon which mode is
strapped. In minimum. mode, the processor issues
ALE, delayed by one clock cycle, to allow the. sys-
tem to latch the halt status. Halt status is available
on I0/M, DT/R, and SSO. In maximum mode, the
processor_issues appropriate HALT status on S2,
S1, and S0, and the 82C88 bus controller issues one
ALE. The 80C88A will not leave the HALT state
when a local bus hold is entered whilé in HALT. In
this case, the processor reissues the HALT indicator
at the end of the local bus hold. An interrupt request
or RESET will force the 80C88A out of the HALT
state.

READ/MODIFY/WRITE (SEMAPHORE)
OPERATIONS VIA LOCK

The LOCK status information is provided by the
processor when consecutive bus cycles are required
during the execution of an instruction. This allows
the processor to perform read/modify/write opera-
tions on memory (via the “exchange register with
memory” instruction), without another system bus
master receiving intervening memory cycles. This is
useful in multiprocessor system configurations to ac-
complish “test and set lock” operations. The LOCK
signal is activated (LOW) in the clock cycle following
decoding of the LOCK prefix instruction. It is deacti-
vated at the end of the last bus cycle of the instruc-
tion following the LOCK prefix. While LOCK is active,
a request on a RQ/GT pin will be recorded, and then
honored at the end of the LOCK.

EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to interrupts, the 80C88A provides '

a single software-testable input pin (TEST). This in-
put is utilized by executmg a WAIT instruction. The
single WAIT instruction is repeatedly executed until
the TEST input goes active (LOW). The execution of
WAIT does not consume bus cycles once the queue
is full.

If a local bus request occurs during WAIT execution,
the 80C88A 3-states all output drivers. If interrupts

are enabled, the 80C88A will recognize interrupts

and process them. The WAIT instruction is then re-
fetched, and reexecuted.

BASIC SYSTEM TIMING

In minimum mode, the MN/MX _pin is strapped to
Vcc and the processor emits bus control signals
compatible with the 8085 bus structure. In maximum
mode, the MN/MX pin is strapped to GND and the
processor emits coded status information which the
82C88 bus controller uses to generate MULTIBUS
compatible bus control signals.

System Timing — Minimum System

(See Figure 8.)

The read cycle begins in T1 with the assertion of the
address latch enable (ALE) signal. The trailing (low
going) edge of this signal is used to latch the ad-
dress information,: which is valid on the address/
data bus (ADO-AD7) at this time, into a latch. Ad-
dress lines A8 through A15 do not need to be
latched because they remain valid throughout the
bus cycle. From T1 to T4 the 10/M signal indicates a
memory or |/O operation. At T2 the address is re-
moved from the address/data bus and the bus goes
to'a high impedance state. The read control signal is
also asserted at T2. The read (RD) signal causes the
addressed device to enable its data bus drivers to
the local bus. Some time later, valid data will be
available on the bus and the addressed device will
drive the READY line HIGH. When the processor
returns the read signal to a HIGH level, the ad-
dressed device will again-3-state its bus drivers. If a
transceiver is required to buffer the 80C88A local
bus, signals DT/R and DEN are provided by the
80C88A.

A write cycle also begins with the assertion of ALE
and the emission of the address. The I0/M signal is
again asserted to indicate a memory or I/O write
operation. In T2, immediately following the address
emission, the processor emits the data to be written
into the addressed location. This data remains valid
until at least the middle of T4. During T2, T3, and
Tw, the processor asserts the write control signal.
The write (WR) signal becomes active at the begin-
ning of T2, as opposed to the read, which is delayed
somewhat into T2 to provide time for the bus to
float. .
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The basic difference between the interrupt acknowl-
edge cycle and a read cycle; is that the interrupt ac-
knowledge (INTA) signal is asserted in place of the
read. (RD) signal .and the-address bus is- floated.
(See Figure 10.) In the second of two successive
INTA cycles, a byte of information is read from the
data bus, as supplied by the interrupt system logic

(i.e. 82C59A priority interrupt controller). This byte

identifies the source (type) of the interrupt. It is multi-
plied by four and used as a pointer into the interrupt
vector lookup table, as described earlier. -~

BUS TIMING MEDIUM COMPLEXITY
SYSTEMS' :

(See Figure 11.)

For medium complexity systems, the MN/MX pin is
connected to, GND and the 82C88 bus controller is
added to the system, as well as a latch for latching
the system address, and a transceiver to allow for
bus loading greater than the 80C88A is capable of
handling. Signals ALE, DEN, and DT/R are generat-
ed by the 82C88 instead of the processor in' this
configuration, although their timing remains relatively
the same. The 80CB8A status outputs: (S2, S1, and
'80) provide type of cycle information and become
82C88 inputs. This bus cycle information specifies
read (code, data, or-1/0), write (data or. 1/0), inter-
rupt acknowledge, or software halit. The 82C88 thus
issues control signals specifying memory.read or
write, 1/0 read or write, or. interrupt acknowledge.
The 82C88 provides two. types of write strobes, nor-
mal and advanced, to be applied as required. The
normal write strobes have data valid at the leading
edge of write. The advanced write strobes have the
same timing as read'strobes, and hence, data is not
valid at the leading edge of write. The transceiver
receives the usual T and’ OE mputs from - the
82C88’s:DT/R and DEN outputs. .

The pointer ihto the interrdpt vector table, which is:
passed during the second INTA cycle, can derive

from an 82C59A located. on either:the local bus or
the system bus. .If the - master 82C59A priority inter-
rupt controller is positioned on the local bus, a TTL
gate 'is required to disable the transceiver when
reading from the master 82C59A during the interrupt
acknowledge sequence and software “poll”.

THE adCBBA COMPARED TO THE 80C86 .
The BOCBBA CPU is an 8-b|t processor designed

around the 80C86 internal structure. Most mternal»

functions of the 80C88A are identical to the equiva-

lent 80C86 functions. The 80C88A handles the ex-
ternal bus the same way the:80C86 does with the
distinction of handling only 8 bits at a time. Sixteen-
bit. operands are fetched or written in two consecu-
tive bus cycles. Both processors will appear identical
to the software engineer, with the exception of exe-
cution time. The internal register structure is identi-
cal'and all instructions have the same:end resuit.
The differences between the 80C88A and 80C86
are outlined below. The engineer who is unfamiliar
with the 80C86 is referred to the iAPX 86, 88 User’s
Manual, Chapters 2 and 4, for function description
and instruction set information. Internally, there are
three differences between the 80C88A and the
80C86. All changes are related to the 8-bit bus |nter-
face. .

® The queue length is 4" bytes in the 80CB8A,
whereas the 80C86 queue contains 6 bytes, or
three words. The queue was shortened to pre-
“vent overuse of the bus by the BIU when pre-
fetching instructions. This was required becausé’
of the additional time necessary to fetch mstruc-
tions 8 bits at a time."

e To further optimize the queue, the prefetchlng al-
gorithm-was changed. The 80C88A 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 80C86 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 memory 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 B0C88A are being used, the queue has

~ time to fill and the execution proceéds as fast as
the execution unit will allow.

The .80C88A and 80086_are completely software
compatible by virture of their identical execution
units, Software that is system dependent may not be
completely transferable, but software that is not sys-
tem dependent will operate equally as well on an
80C88A or an 80C86. .

The ha’rdware interface of the 80C88A contains the
major differences between the two CPUs. The pin
assignments are nearly identical, however with the
following functional changes:

® A8-A15 — These pins are only address outputs
on the 80C88A. These address lines are latched
lnternally and remain valid throughout a bus cycle
in & manner sumllar to the 8085 upper: address
Imes
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¢ BHE has no meaning
been eliminated.

on the 80088A and has

© SSO provides the SO status |nformat|on in the

minimum mode. This output occurs on
minimum mode only. DT/R, I0/M, and SS

vide the complete bus

in 34 in
pro-
status in minimum mode.

e |0/M has been inverted to be compatible with the
MCS-85 bus structure.

® ALE is delayed by one clock cycle in the mini-
mum mode when entering HALT, to allow the
status to be latched with ALE.

. T, T, Ts Ta

CLK_FL - - M / / \
Qst, Qso X ) G X X D
80C88A ————
52,51, 50 n V77744 N e
Avorse-Aters3_ T I RTS-ATS X S6-S3 » -
—

YT — ‘.

82C88 { RDY 82C84A - X
RDY 80C88 X
Ap7.Apo____@p——--< DATAIN D——-C ’
80C88A{ A15-A8 Y AT5-A8 X
RD. :

DT/ﬁ———-—-ﬂ R
s2css{ MRDC /
DEN / N

240028-12

Figure 11. Medium Complexity System Timing
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‘ABSOLUTE MAXIMUM RATINGS"* :

Supply Voltage . P

(With respect to ground) . ... ... heta -0.5t07.0vV
Input Voltage Applied o

(wrt.ground) ............. —0.5to Vg + 0.5V
Output Voltage Applied :

(w.rt.ground) ............ .—0.5t0 Vg + 0.5V
Povo(er Dissipation..............cooviiina.. 1.0W
Storage Temperature .......... —65°Cto +150°C

Ambient Temperature Under Bias . ...0°Cto +70°C

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings’’ may cause permanent dam-
age. 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. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. CHARACTERISTICS T4 = 0°Cto 70°C, Vgg = 5V 5%

: . 80C88A-2
Symbol Parameter - Units | Test Conditions
Min Max

ViL Input Low Voltage - -05 | +08 | V
ViH Input-High Voltage (All inputs 2.0 "

except clock) ) )
VcH Clock High Voltage Vec—0.8 v
VoL Output Low Voltage, ) 0.45 v loL = 2.5mA
VOH Output High Voltage 30 | V| loy=-25mA

. - . Vcc—0.4 : loy = —100 pA
lcc Power Supply Current ’ 10 mA/MHz | VjL = GND, Vi4 = Vo
lccs Standby Supply Current 500 pA | ViN = Vo or GND
. Outputs Unloaded
CLK = GND or V¢

I Input Leakage Current - £1.0 | pA | OVEViNSVoo
IBHL Input Leakage Current 50 400 HA ViN = 0.8V

(Bus Hold Low) . . : . (Note 4)

' IBHH Input Leakage Current —50 —400 HA ViN = 3.0V
' (Bus Hold High) uE 1 (Note 5)

lsHLo | Bus Hold Low Overdrive 600 | uA | (Note2)
IBHHO Bus Hold High Overdrive —600 uA (Note 3)
Lo Output Leakage Current +10 HA Vout = GND or V¢
CiN Capacitance of Input Buffer o 5 pF | (Note 1)

(All inputs except ADg-AD7, RQ/GT)
Cio Capacitance of /0 Buffer 20 pF | (Note 1)

(ADp-AD7, RQ/GT)
CouT Output Capacitance 15° pF (Note 1)

NOTES:

1. Characterization conditions are a) Frequency = 1 MHz, b) Unmeasured pins at GND

¢) V|n at +5.0V or GND.

2. An external driver must source at least Igpo to switch this node from LOW to HIGH.

3. An external driver must sink at least IgHo to switch this node from HIGH to LOW.

4. Test condition is to lower Vy to GND and then raise Vy to 0.8V on pins 2-16 and 34-39.

5. Test condition is to raise VN to V¢ and then lower V| to 3.0V on pins 2-16, 26-32 and 34-39.
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A.C. CHARACTERISTICS T = 0°Cto0 70°C, Vgc = 5V £5%

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS'

Symbol Parameter M:‘OCBMM";X Units c o:;:;) n s
TCLCL CLK Cycle Period ‘ 125 D.C. ns
TCLCH CLK Low Time 68 ns
TCHCL CLK High Time 44 ns o
TCH1CH2 CLK Rise Time 10 ns From 1.0V to 3.5V
TCL2CLA CLK Fall Time . 10 ‘ns .From 3.5V to 1.0V
TDVCL Data in Setup Time 20 ns
TCLDX Data in Hold Time 10 ns
TR1VCL RDY Setup Time into 82C84A 35 ns
(Notes 1, 2)
TCLR1X RDY Hold Time into 82C84A 0 ns
(Notes 1, 2)
TRYHCH READY Setup Time into 80C88A 68 ns
TCHRYX READY Hold Time into 80C88A 20 ns
TRYLCL READY Inactive to CLK (Note 3) -8 ns
THVCH HOLD Setup Time : 20 ns
TINVCH INTR, NMI, TEST Setup Time 15 ns
(Note 2) ‘ : )
TILIH | Input Rise Time (Except CLK) 1 15 'ns From 0.8V to 2.0V
(Note 4) '
TIHIL Input Fall Time (Except CLK) ‘ 15 ns From 2.0V to 0.8V
(Note 4)
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES ‘ SERAE
Symbol Parameter 80C88A-2 Units c 0: c::Ito ns
' Min Max
TCLAV Address Valid Delay 10 60 ns
TCLAX | Address Hold Time 10 | s
TCLAZ Address Float Delay TCLAX 50 ns
TLHLL ALE Width TCLCH-10 ns
TCLLH ALE Active Delay 50 ns
TCHLL ALE Inactive Delay 55 ns
TLLAX Address Hold Time to ALE Inactive TCHCL-10 ns
| TCLDV Data Valid Delay 10 60 ns
TCHDX Data Hold Time 10 ns >
TWHDX Data Hold Time After WR TCLCH-30 ns
TCVCTV | Control Active Delay 1 10 70 ns
TCHCTV | Control Active Delay 2 10 60 ns.
TCVCTX Control Inactive Delay 10 70 ns
TAZRL Address Float to READ Active -0 ns
TCLRL RD Active Delay 10 100 ns
TCLRH RD Inactive Delay 10 80 ns
TRHAV RD Inactive to Next Address Active TCLCL-40 ns
TCLHAV | HLDA Valid Delay 10 100 ns
TRLRH RD Width 2TCLCL-50 ns
TWLWH WR Width 2TCLCL-40 ns
TAVAL Address Valid to ALE Low TCLCH-40 ns
TOLOH Output Rise Time (Note 4) 15 ns From 0.8V to 2.0V
TOHOL Output Fall Time (Note 4) 15 ns From 2.0V to 0.8V
NOTES:

1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3. Applies only to T2 state (8 ns into T3 state).
4. These parameters are characterized and not 100% tested.
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
Input/Output '
* mE
>< l.>< TeST —-—-Lq 100 pF
0.45

240028-13
A.C. Testing inputs are driven at 2.4 for a logic “1” and 0.45 for a
logic “0”. Timing measurements are made at 1.5V

240028-14

C Includes Jig Capacitance

WAVEFORMS

BUS TIMING — MINIMUM MODE SYSTEM

T2

Ty Tw

TCHCL

v aa

N

Ta

/ \
le— TCLCH —f

CL
—=1 TCHCTV
10/M, 80

S
l

— |=-TcLAZ

S S

READ CYCLE

Avs-As Ays — Ag (Float during INTA)
rotax] [+ TpLov TCHOX | |
A19/S¢-A10/S3 LI ( 8¢-8
b |-— TLLAX
|
ALE /
/. -
TCHLL—+! + e TRIVCL
v
o v s T [ MR
SEE NOTE 1 v B=ET
RYLCL—|  |e—

_jk;:h

~— 'CHRYX

TOVeL —of

DATA IN

l—TCLOX:

FLOAT l<
TRHAV

(NOTE 1) - TCHCTV TCLAL
R, [RTA = Von) _ =
DTIR

TALRH

FYCNC'N

TCVCTV—~| TCVCTX ]
DEN

240028-15
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WAVEFORMS (Continued)'

BUS TIMING — MINIMUM MODE SYSTEM (Continued)

T T2 . T3 Tw Ta
) TCHICH2 Tezen
~Veu .
CLK (820844 Output) vjt s\ , N ’ : Jr-‘ N ){——\_
L . . . .
R ToLAV + — ;gtz)‘(’; pa— TCHOX—+ |+ )
AD7-ADq AD-ADo | DATA OUT
|+ TWHDX .
TeVCTV-+ { WHDX > —
WRITE CYCLE — l; |
NOTE 1 DEN )
TCVCTV—| i ‘ :
"_ TWLWH
WA b 4
TOVETX—~| |
— ~TCLAZ i
\l : [~—TDVCL—] «——TCLDX
AD7-A __<
7= Ao /l FLOAT | | l\ﬂi FLOAT
— -TCHCTY ) ) T TCHCTV
DR ) ;

|

lNT:o?r:::: | . TCVCTV— V Z i
(RD, WR = Vop) iNTA
‘ : TeveTv—| . TCVCTX—
DEN ) J

SOFTWARE HALT - , ‘
OEN,AD,WR,INTA = Vou AD; - ADg . INVALID ADDRESS SOFTWARE HALT
DT/ INDETERMINATE - TOLAV- Py

240028-16

NOTES:

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

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 80C88A local ADDR/Data bus is floating during both INTA Cycles. Control
signals are shown for the second INTA cycle.

4. Signals at 82C84A are shown for reference only.
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A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER)

TIMING REQUIREMENTS

80C88A-2

2-141

Symbdl Parameter Units Test Conditions
Min Max
TCLCL CLK Cycle Period 125 | D.C. ns
TCLCH CLK Low Time 68 ns
TCHCL CLK High Time 44 ns
TCH1CH2 CLK Rise Time 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 ns From 3.5V to 1.0V
TDVCL Data In Setup Time 20 ns
TCLDX Data In Hold Time 10 ns
TR1VCL RDY Setup Time into 82C84 ' 35 ns
(See Notes 1, 2)
TCLR1X RDY Hold Time into 82C84 0 ns
(See Notes 1, 2)
TRYHCH READY Setup Time into 80C88A 68 ns
TCHRYX READY Hold Time into 80C88A 20 ns
TRYLCL READY Inactive to CLK -8 ns
(See Note 4)
TINVCH Setup Time for Recognition 15 ns
(INTR, NMI, TEST) (See Note 2) '
- TGVCH RQ/GT Setup Time 15 ns
TCHGX RQ Hold Time into 80C88A 30 ns
TILIH Input Rise Time (Except CLK) 15 ns From 0.8V to 2.0V
: (Note 5)
TIHIL Input Fall Time (Except CLK) 15 ns From 2.0V to 0.8V
(Note 5) B

i
|
|
|
|
|
|
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A.C. CHARACTERISTICS

TIMING RESPONSES

80C88A-2

Symbol Parameter Units | Test COndIfions
. Min Max
TCLML Command Active Delay (Note 1) 5 35 ns
TCLMH Command Inactive Delay (Note 1) 5 35 ns
TRYHSH | READY Active to Status Passive (Note 3) 65 ns
TCHSV Status Active Delay 10 60 ns
TCLSH Status Inactive Delay 10 70 ns
TCLAV Address Valid Delay 10 60 ns
TCLAX Address Hold Time 10 ns
TCLAZ Address Float Delay TCLAX 50 ns’
TSVLH Status Valid to ALE High (Note 1) ‘ 20 ns
TSVMCH | Status Valid to MCE High (Note 1) 30 ns
TCLLH CLK Low to ALE Valid (Note 1) 20 ns
TCLMCH | CLK Low to MCE High (Note 1) 25 ns
TCHLL ALE Inactive Delay (Note 1) 4 18 ns
TCLDV | Data Valid Delay 10 60 ns
TCHDX Data Hold Time 10 ns
TCVNV | Control Active Delay (Note 1) 5 45 | ns
TCVNX | Control Inactive Delay (Note 1) 10 45 | ns
TAZRL Address Float to Read Active 0 ns
TCLRL RD Active Delay 10 100 ns
TCLRH RD Inactive Delay 10 80 ns
TRHAV RD Inactive to Next Address Active TCLCL-40 ns
TCHDTL | Direction Control Active Delay (Note 1) 50 ns
TCHDTH | Direction Control Inactive Delay (Note 1) 30 ns
TCLGL GT Active Delay 0 50 ns
TCLGH GT Inactive Delay 0 50 ns
TRLRH RD Width 2TCLCL-50 ns
TOLOH | Output Rise Time (Note 5) 15 | ns | From0.8Vto 2.0V
TOHOL Output Fall Time (Note 5) 15 ns From 2.0V to 0.8V
NOTES:

1. Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 data sheets for the most recent

specifications.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3. Applies only to T3 and wait states (8 ns into T3 state).
4. Applies only to T2 state (8 ns into T3 state).
5. These parameters are characterized and not 100% tested.
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

Input/Output

24

0.45

A.C. Testing inputs are driven at 2.4V for a logic “1” and 0.45V

240028-17

for a logic “0”. Timing measurements are made at 1.5V.

DEVICE

UNDER
TEST I P

100 pF

240028-18

Cy Includes Jig Capacitance

WAVEFORMS

BUS TIMING—MAXIMUM MODE

52.57.50 (EXCEPT HALT)

Ars - Ay

AwSeAgSy

ALE (82C88 OUTPUT)

SEE NOTES
l RDY (82C84 INPUT)

READY (80C88A INPUT) '

READ CYCLE,
AD; - ADy
RD
oTR
82088 OUTPUTS | pore (0 v
SEE NOTES 5.6
DEN

T
TCLCL.

TCLAV~

T T Te
|cnz~‘ H TCLct g,
2 20 U S
TCHCL le—TCLCH —

<

e

TCHSV

— f= TCLS!

{// //(“ENOYE"

e | W,
A5 - Ag
— TCLAV TcLov TCHOX—|
TCLAX —=]
ArgArg 85:S3
12&:: — LTCHLL
-
/
—_— /.

T

—-I t=—TRIVCL

TRYLCL—s|  fe—
= o TCHAYX
TRYHSH —| e
Lol TCLAX fo— | —| TRYHCH =
TCLAV—| —|rcLaz ovCL
. TAIN
AD:-ADo /| ST DATA I
TAZRL— S TCLRM

TCHDTL —|

1
RL
1

TCLML | jo—

T

\ TCLMH »|

TCVYNV—=|

J—

TCVNX —=|

} TCHDTH

240028-19
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WAVEFORMS (Continued)

BUS TIMING — MAXIMUM MODE SYSTEM (USING 82C88)

T, T, T T,

TCHS 3 Ty ‘
VCH Tl \
el £ Y v Y X /'_\__
—_— — _‘
5,.S,. S, (EXCEPT HALT) \ L/ # (See wor
WRITE CYCLE TcLAv~] TGOV _reLsH-— .
AD,-AD, TCLAX DATA
TCUNV = [~ TCVNX +
DEN
c o leTom TCLMH-+| =
8288
AMWC 4
OUTPUTS{ o SoC y

SEE — TCLML=> | TCLMH
NOTES 5.6 "MWTC ‘I :
OR IOWC ' : L/

RESERVED FOR

INTA CYCLE CASCADE ADDR
—_— A FLOATI \ : Vel
15°Ag \ FLOAT FLOAT \—
(SEE NOTES34) 10 x7 || / I__ : \ . L TOVCL~] < TCLDX
. AD;-AD, /)T T FLOAT [POINTER FLOAT \m
TSVMCH-H 1= TCYNX o \ r—
MCE!/ B . (e

PDEE TCLMCH-+| > TCHDTL ] TCHDTH :
DT/R {‘ , »
82088 OUTPUTS | . _ TCLML -] :
SEE NOTES 5.6 'N .
S ctr) = I+, TCLMH

— ETCVNV

DEN
S TCVNX —
SOFTWARE =~ _ ‘ _
HALT — (DEN = V,,; RD. MRDC. IORC. MWTC, AMWC. IOWC, AIOWC. INTA,DT/R =
AD;-AD,, A,s-Aq ~ | Y NvALID ADDRESS

: TCLAV—~  |—

. —————

5..5,.5, —\_____/ : e

’ : 240028-20
NOTES:

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

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

3. Cascade address is valid between first and second INTA cycles.

4. Two INTA cycles run back-to-back. The 80C88A local ADDR/Data bus is floatmg during both INTA cycles. Control for
pointer address is shown for second INTA cycle.

5. Slgnals at 82C84A or 82C88 are shown for reference only.

6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC JORC, TOWC, AIOWC, INTA and
DEN) lags the active high 82C88 CEN.

7. Status inactive in state just prior to Ty
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WAVEFORMS (Continued)

ASYNCHRONOUS SIGNAL RECOGNITION

BUS LOCK SIGNAL TIMING
(MAXIMUM MODE ONLY)

CLK \ [\
— TINVCH (see note)
- —

NMI l
INTR signal
[o— ) —

TEST
240028-21

NOTE: Setup requirements for asynchronous signals

ANY CLK CYCLE
ey

CLK

TCLAV

_ ANY CLK CYCLE

£

TCLAV

240028-22

only to guarantee recognition at next CLK.

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

ANY CLK

CYCLE I> 0-CLK CYCLE

TCHGX

COPROCESSOR RG

’\_/-j\
TCLGL~
=

PULSE 1

PULSE 3

COPROCESSOR
RELEASE

A|5 A.
AD,-AD, 80C88A COPROCESSOR Y eocssa
5,5,5,
RD, TOCR (see note)

240028-23

NOTE: The coprocessor may not drive the busses outside the region shown without risking contention.

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

2 1 CLK CYCLE—

—=] THVCH

s
I

A

HOLD

- - = TCLHAV
. .
-
HLDA /J/-‘
\ "

»—l «—THVCH

«- - 10R 2 CYCLES —

_/—\\__w/_\_.

— b L

aks nls

— TCLHAV

L

—= |«=—TCLAZ

3
aly

~ {
COPROCESSOR " soces
-

240028-24
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80C86A/80C88A INSTRUCTION SET SUMMARY

Mnemonic and

LAHF = Load AH with Flags
SAHF = Store AH into Flags
PUSHF = Push Flags \
POPF = Pop Flags

10011111
10011110
10011100
10011101

Description ] Instruction Code.
DATA TRANSFER .
MOV = Move: ) 76543210 76543210 76543210 76543210
Register/Memory to/from Register l 100010dw [ mod reg r/m ] )
Immediate to Register/Memory [ 1100011w | modooorm | data | dataif w1 |
Immediate to Register | 1011wreg I -data I dataif w1 |
Memory to Accumulator i 1010000w ] add-low | addr-high |
Accumulator to Memory [ - 1010001w I addr-low T addr-high —l
Register/Memory to Segment Register** I 10001110 I mod 0 regr/m |
Segment Register to Register/Memory I 10001100 I mod 0 regr/m ]
PUSH = Push: .
Register/Memory [ 11111111 | modi1owm |
Segment Register
POP = Pop: - )
Register/Memory [ 10001111 I mod000r/m I
Segment Register - ’
XCHG = Exchange:
Register/Memory with Register : l 1000011w I mod reg r/m
Register with Accumulator
IN = Input from: \
Fixed Port [ 1110010w ] port
Variable Port
QUT = Output to: '
Fixed Port [ 1110011w ] port
Variable Port
XLAT = Translate Byte to AL
LEA = Load EA to Register [ 10001101 ] mod re§ vm |
LDS = Load Pointer to DS [ 11000101 | modreg/m |
LES = Load Pointer to ES [ 11000100 | modregr/im | ‘ .
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued) '

CBW = Convert Byte to Word
CWD = Convert Word to Double Word

10011000
10011001

M;::::::i::d Instruction Code
ARITHMETIC 76543210 76543210 76543210 76543210
ADD = Add:
Reg./Memory with Register to Either r 000000dw I modreg r/m
Immediate to Register/Memory [ 100000sw | modooorm data | dataifsw=o01 |
Immediate to Accumulator | 0000010w | data | dataifw = 1 ]
ADC = Add with Carry:
Reg./Memory with Register to Either | .000100dw I mod reg r/m |
Immediate to Register/Memory | 100000sw I mod010r/m —[ data [ data if sw = 01 I
Immediate to Accumulator [ 0001010w | data —[ dataifw = 1 —]
INC = Increment:
Register/Memory [ 1111111w | modooo0 m i
AAA = ASCII Adjust for Add
DAA = Decimal Adjust for Add ’
SUB = Subtract: )
Reg./Memory and Register to Either [ oot1o010dw | modregrm |
immediate from Register/Memory [ 100000sw | modt1o1em | data | dataitsw =01
Immediate from Accumulator I 0010110w T data I dataifw = 1 I
SBB = Subtract with Borrow
Reg./Memory and Register to Either [ oo0o110dw |  modregrm |
Immediate from Register/Memory [ 100000sw —[ mod011r/m | data I data if ssw = 01 —]
Immediate from Accumulator I 0001110w ] data T dataifw = 1 |
DEC = Decrement:
Register/Memory [ 1111111w | modootwm |
Register
NEG = Change Sign [ 1111011w | modot1em |
CMP = Compare:
Register/Memory and Register l 001110dw I mod reg r/m —I
Immediate with Register/Memory [ 100000sw | modi11wm | data | dataifsw = 01
Immediate with Accumulator . [ 0011110w I data [ dataifw = 1 —I
AAS = ASCIl Adjust for Subtract
DAS = Decimal Adjust for Subtract
MUL = Multiply (Unsigned) [ 1111011w | mod1oorm |
IMUL = Integer Multiply (Signed) [ 1111011w | wmodiotwm |
AAM = ASCII Adjust for Multiply I 11010100 | oo0oo0t1010 |
DIV = Divide (Unsigned) [ 1111011w | modi1orm -]
IDIV = Integer Divide (Signed) [ 1111011w | modt11vm |
AAD = ASCII Adjust for Divide [ 11010101 | ooooio10 |

2-147




lnter 80C88A

80C86A/80C88A INSTRUCTION SET SUMMARY (Continued)

Mnemonic and

Description Instruction Code
LOGIC 76543210 76543210 76543210 76543210
NOT = Invert [ 1111011w | modotorm ]
SHL/SAL = Shift Logical/ArithmeticLeft | 110100vw | mod1060r/m |
SHR = Shift Logical Right [ 110100vw | mod101rm |
SAR = Shift Arithmetic Right [ 110100vw | mod111e/m |
ROL = Rotate Left [ 110100vw | modooorm |
ROR = Rotate Right | _110100vw [ modoot1rm |
RCL = Rotate Through Carry Flag Left | 110100vw I mod010r/m I
RCR = Rotate Through Carry Right [ 110100vw | modo11rm |
AND = And:
Reg./Memory and Register to Either | 001000dw r mod reg r/m —I
Immediate to Register/Memory I 1000000w | mod100r/m l data l data if w‘ =1
Immediate to Accumulator I 0010010w I data [ dataifw = 1 I
TEST = And Function to Flags, No Result:
Register/Memory and Register I 1000010w l mod reg r/m ]
Immediate Data and Register/Memory [ 1111011w | modooorm | data [ dataifw=1
Immediate Data and Accumulator [ 1010100w | data | dataitw=1_ ]
OR = Or: s
Reg./Memory and Register to Either [ 000010dw I mod reg r/m \ I R
Immediate to Register/Memory [ 1000000w [ modootrm | data [ dataifw =1
Immediate to Accumulator [ 0000110w J data [ dataifw = 1 j
XOR = Exclusive or:
Reg./Memory and Register to Either | 001100dw l ~__modregt/m | ;
Immediate to Register/Memory r 1000000w T mod110r/m T data I dataifw = 1
Immediate to Accumulator I 0011010w I data I dataifw = 1 I
STRING MANIPULATION
|| REP = Repeat ' .
MOVS = Move Byte/Word
CMPS = Compare Byte/Word
SCAS = Scan Byte/Word
LODS = Load Byte/Wd to AL/AX
STOS = Stor Byte/Wd fromAL/A -
CONTROL TRANSFER '
CALL = Call:
Direct Within Segment [ 11101000 | displow | disp-high |
Indirect Within Segment [ 11111111 [  modotowm |
Direct Intersegment [ 10011010 | offset-low [ offset-high |
r - __seg-low T seg-high I
Indirect Intersegment I 11111111 I mod011r/m |
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80C86A/80C88A INSTRUCTION SET SUMMARY  (Continued)

INTO = Interrupt on Overfiow
IRET = Interrupt Return

11001110 '

11001111

Mnemonic and
De scription Instruction Code
JMP = Unconditional Jump: 76543210 76543210 76543210
Direct Within Segment [ 11101001 ] disp-low [ disp-high
Direct Within Segment-Short [ 11101011 | disp |
Indirect Within Segment [ 11111111 | mod1oorm |
Direct Intersegment | 11101010 I offset-low I offset-high
' I seg-low I seg-high
Indirect Intersegment [ 11111111 | mod1o1wm |
RET = Return from CALL:
Within Segment 11000011
Within Seg Adding Immed to SP [ 11000010 | data-low | data-high
Intersegment 11001011
Intersegment Adding Immediate to SP [ 11001010 ] datalow | data-high
JE/JZ = Jump on Equal/Zero [ 01110100 | disp ]
JL/JNGE = Jump on Less/Not Greater | 01111100 T disp I
or Equal
JLE/JING = Jump on Less or Equal/ 0111 "
Not Greater I - 1110 | disp I
JB/JNAE = Jump on Below/Not Above | 01110010 l disp I
) or Equal
JBE/JNA = Jump on Below or Equal/ T "
ot o » [ 01110110 | disp ]
JP/JPE = Jump on Parity/Parity Even [ 01111010 ] disp |
JO = Jump on Overflow [ ot110000 | disp |
| 9s = Jump on'sign [ 01111000 | disp |
JNE/JINZ = Jump on NotEqual/NotZero [~ 01110101 | disp ]
JNL/JGE = Jump on Not Less/Greater [ 01111101 I disp I
or Equal
JNLE/JG = Jump on Not Less or Equal/ | 01111111 I disp | .
Greater
JNB/JAE = Jump on Not Below/Above 111 i
poid [ ot110011 ] disp |
JNBE/JA = Jump on Not Below. or 1 i
Equal/Above Lo 110111 I disp i
JNP/JPO = Jump on Not Par/Par Odd [ o1111011 ] disp ]
JNO = Jump on Not Overflow [ 01110001 | disp ]
JNS = Jump on Not Sign I 01111001 T disp ]
LOOP = Loop CX Times [ 11100010 | disp ]
LOOPZ/LOOPE = Loop While Zero/Equal | 11100001 | disp ]
LOOPNZ/LOOPNE = Loop While Not I 11100000 I disp I
Zero/Equal
JCXZ = Jump on CX Zero [ 11100011 ] disp j|
. INT = Interrupt .o
Type Specified [ 11001101 T type ]
s
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued)

Mgee::::g::d _[ Instruction Code
76543210 76543210

PROCESSOR CONTROL

CLC = Clear Carry

CMC = Complement Carry

STC = Set Carry

CLD = Clear Direction

STD = Set Direction

CLI = Clear Interrupt

STI = Set Interrupt

WAIT = wa

‘| ESC = Escape (to External Device) [ 1101 1xxx [ mod xxxr/m ]

LOCK = Bus Lock Prefix } ‘

NOTES:

AL = 8-bit accumulator

AX = 16-bit accumulator

CX = Count register

DS = Data segment

ES = Extra segment :

Above/below refers to unsigned value.

Greater = more positive; :

Less = less positive (more negative) signed values

ifd = 1 then “to” reg; if d = 0 then “from” reg

if w = 1 then word instruction; if w = 0 then byte instruc-
tion .

it mod = 11 then r/m is treated as a REG field

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

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

if mod = 10 then DISP = disp-high: disp-low

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

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

ifr/m = 010 then EA = (BP) + (Sl) + DISP

ifr/m = 011 then EA = (BP) + (DI) + DISP
if r/m = 100 then EA = (Sl) + DISP

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

ifr/m = 110 then EA = (BP) + DISP*
ifr/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if re-

quired) - '

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

**MOV CS, REG/MEMORY not allowed.

DATA SHEET REVISION REVIEW

if s:w = 01 then 16 bits of immediate data form the oper-
and. ‘ ‘ )

if ssw = 11 then an immediate data byte is sign extended
to form the 16-bit operand.

if v.= 0 then “count” = 1;if v = 1 then “count” in (CL) -

x = don’t care . :

z is used for string.primitives for comparison with ZF FLAG.

SEGMENT OVERRIDE PREFIX

r 001reg110 J

REG is assigned according to the following table:

16-Bit (w = 1) 8-Bit (w = 0) Segment
000 AX 000 AL 00 ES
‘001 CX 001 CL ‘01 CS
010 DX 010 DL 10 SS
011 BX 011 BL 11 DS
100 SP 100 AH ‘
101 BP 101 -CH
110 SI 110 DH -
111 DI 111 BH

Instructions which reference the flag register file as a 16-bit
object use the symbol FLAGS to represent the file:

FLAGS =
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

Mnemonics © intel, 1978

The following list represents key differences between this and the -001 data sheet. Please review this summa-

ry carefully.

1. In.the Pin Description Table (Table 1), the description of the HLDA signal being issued has been corrected.
HLDA will be issued in the middle of either the T4 or Ti state. .
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8-BIT CHMOS MICROPROCESSOR

m Pin-for-Pin and Functionally Compatible m Direct Addressing Capability of 1

to Industry Standard HMOS 8088 MByte of Memory
m Direct Software Compatibility with m Architecture Designed for Powerful
80C86AL, 8086, 8088 ) Assembly Language and Efficient High
m Fully Static Design with Frequency - Level Languages

Range from D.C. to: M 24 Operand Addressing Modes
—5 MHz for 80C8BAL m Byte, Word and Block Operations

— 8 MHz for 80C88AL-2 8 and 16-Bit i d and Unsi d
m Low Power Operation n A:tnhmet;c gned and Unsigne

—Operatlng Icc = 10 mA/MHz — Binary or Decimal
—Standby lccS =’ 750 M:A max —_— Multirpy|y and Divide

W Dus-Hold Circuitry Eliminates Pull-Up m Avallable in 40-Lead Plastic DIP and 44-
esistors Lead PLCC Packages
(See Packaging Spec., Order #231369)

The Intel 80C8BAL is a high performance, CHMOS version of the industry standard HMOS 8088 8-bit CPU.
The processor has attributes of both 8 and 16-bit microprocessors. It is available in 5 and 8 MHz clock rates.
The 80C8BAL offers two modes of operation: MINimum for small systems and MAXimum for larger applica-

tions such as multi-processing. It is available in 40-pin DIP and 44-pin plastic leaded chip carrier (PLCC)

package. :

MEMORY INTERFACE

e [

ao v~ wh v 238
A 2 [ a5 :'1'2!“281’2':5
4 a s s awss RS EE R SRR
INSTRUCTION | 3 a1z (e 7] amse 65 4321 uaeaw ] wn  {wd
STREAM BYTE AN []s 367 A18iS8 ao]7? (o) 3903 N
QUEVE | a0 e s awise sds 38 ate/s6
= 7 a7 1) S (HIGH) =1 37[0 556
" = a8 Ol 3] MR a7 10 seguwi
Bl - AD? (]9 320 WD A06 O 11 35 ro
INTERFACE s Avs [0 S9C8AL 31 5 woro  (RG/ATO) awsdiz ”::I’J"‘ 4P o (R6/ET0)
Lad . EXECUTION UNIT aps 11 0[] HLOA (RGBT w0413 33fI WA (RO/GTI)
1P Csﬁvﬁszzal ava [J12 » Wh (TOTR) a3 14 3200 W (LOCK)
ap3 (13 2007 oW &3 a2} 15 oM (32)
u) &
Y Aoz []1e 223 bR &) 01 C1s Rl =17 )
a0t O 1s %[ bER & . avo 17 293 oiN (50)
mE-o = e oo igpggapepegipigigs
NMI 7 24 1as1) o3 x a g & ]
ARITHMETICI wrn o =0 T frEa Eé'ﬁ-'f:
OH oL CLK: E{ 19 22[] READY § 2
UNIT ) GND. [J20 20[] Reser e
:v 240075-2 . 240075-3
1 -
o rﬂ.ms I Flgure 2a. 80C8SAL Figure 2b. 80C88AL 44-Lead
- , ) - .
. 1. 5OCBBAL O ;:Jows ‘ 40-Lead PLCC Configuration
gure 1. { : DIP Configuration

Functional Block Diagram

. : September 1988
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Table 1. Pin Descriptlon

The fo//owmg pin funct/on descr/pt/oné are for 8OC88AL systems in either minimum or maximum mode. The
“local bus” in these descriptions is the direct mu/tlp/exed bus /nterface connect/on to.the 80088A1. (without
regard to additional bus buffers). ‘

| P-DIP cOnﬂg. , Lo
; Sytf\bol | PinNo._ Type Name’‘and Functlon

AD7-ADO 9-16 . . |. I/Q ADDRESS DATA BUS: These lines constltute the tlme -
' multiplexed memory/10 address (T1) and data (T 2,73, Tw,and
T4) bus. These lines are active HIGH and float to 3-state OFF(1)
ol o during interrupt acknowledge and local bus “hold acknowledge”.
A15-A8 . ... | . 2-8,39 O | ADDRESS BUS: These lines provide address bits 8 through 15
) - | for the entire bus cycle (T1-T4). These lines do not have to be

/| latched by ALE to remain valid. A15- A8 are active HIGH and
float to 3-state OFF(1) during lnterrupt ‘acknowledge and Iocal bus

. ; - : : : “hold acknowledge”.
A19/S6, A18/S5, 35-38 O |/ ADDRESS/STATUS: During T1, these are the four most
A17/S4, A16/S3 | significant address lines for memory operations. During 1/0

operations, these lines are LOW. During memory and 1/0
operations, status information is available on these lines during
T2, T3, Tw, and T4. S6 is always low. The status of the interrupt
! : enable flag bit (S5) is updated at the beginning of each clock

) cycle S4 and S3 are encoded as shown.

This information indicates which segment register is presently
being used for data accessing.

These lines float to 3-state OFF(1) during local bus “hold

acknowledge”.
S4 83 CHARACTERISTICS
o(LOW) 0 Alternate Data
0 R Stack
1(HIGH) 0 Code or None
1 1 Data
S6 is O(LOW) .
RD - 32 O | READ: Read strobe indicates that the processor is performmg a

memory or |/0 read cycle, depending on the state of the I0/M
pin or S2. This signal is used to read devices which reside on the
80C88AL local bus. RD is active LOW during T2, T3 and Tw of
any read cycle, and is guaranteed to remain HIGH.in T2 until the
| 80C88AL local bus has floated.

This signal floats to 3-state OFF(1) in “hold acknowledge”.

READY 22 | READY: is the acknowledgement from the addressed memory or
‘ 170 device that it will complete the data transfer. The RDY signal
from memory orl/O is synchronized by the 82C84A clock
generator to form READY. This signal is active HIGH. The
80C88AL READY input is not synchronlzed Correct operation is
not guaranteed if the set up and hold times are not met.
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Table 1. Pin Description (Continued)

Symbol

P-DIP Config.
Pin No.

Type

Name and Function

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 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.

NMI

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. NMl 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

Vec: is the +5V +10% power supply pin.

GND

1,20

GNBD: are the ground pins. Both must be connected.

"MN/MX

33

MINIMUM/MAXIMUM: indicates what mode the processor is to

operate in. The two modes are discussed in the following sections.

The following pin function descriptions are for the 80C88AL minimum mode (i.e., MN/MX = Ve ). Only the
pin functions which are unique to minimum mode are described; all other pin functions are as described above.

I0/M

28

(0]

STATUS LINE: is an inverted maximum mode S2. It is used to
distinguish a memory access from an I/0 access. |0/M becomes
valid in the T4 preceding a bus cycle and remains valid until the final
T4 of the cycle (I/0 = HIGH, M = LOW). |O/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/0 cycle, depending on the state of the I0/M
signal. WR is active for T2, T3, and Tw of any write cycle. It is active
LOW, and floats to 3-state OFF(1) in local bus “hold acknowledge”.

3
>

24

INTA: is used as a read strobe for interrupt acknowledge cycles. It is
active LOW during T2, T3, and Tw of each interrupt acknowledge

cycle.
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Table 1. Pin Description (Continued)

Symbol

P-DIP Config.
Pin No.

Type

Name and Function

ALE

25

(0]

ADDRESS LATCH ENABLE: is provided by the processor to latch
the address into an address latch. It is a HIGH pulse active during
clock low of T1 of any bus cycle. Note that ALE is never floated.

DT/R

27

DATA TRANSMIT/RECEIVE: is needed in a minimum system that
desires to use a data bus transceiver. It is used to control the
direction of data flow through the transceiver. Logically, DT/R is
equivalent to ST in the maximum mode, and its timing is the same
as for IO/M (T = HIGH, R = LOW). This signal floats to 3-state
OFF( in'local “hold acknowledge”.

26

DATA ENABLE: is provided as an output enable for the transceiver
in a minimum system which uses the transceiver. DEN is active
LOW during each memory and 1/0 access, and for INTA cycles. For
aread or INTA cycle, it is active from the middle of T2 until the
middie of T4; while for a:write cycle, it is active from the beginning
of T2 until the middle of T4. DEN floats to 3-state OFF(1) 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 Ti 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.

(7]
(=

34

STATUS LINE: is logically equivalent to_S_O in the maximum mode.
The combination of SSO, I0O/M and DT/R allows the system to

‘completely decode the current bus cycle status.

I0/M DT/R | SSO CHARACTERISTICS
1(HIGH) 0 0 Interrupt Acknowledge
1 0 1 Read |70 port
1 1 0 Write I/0 port
1 1 1 Halt
o(LOW) 0 0 Code access
0. 0 1 Read memory
0 1 0 Write memory
0 1 1 Passive
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Table 1. Pin Description (Continued)

The following pin function descriptions are for the 80C88AL/82C88 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.

P-DIP Config.
Pin No.

2,51,50 26-28 O | STATUS: is active during clock high of T4, T1, and T2, and is
returned to the passive state (1,1,1) during T3 or during Tw when
READY is HIGH. This status is used by the 82C88 bus controller to
generate all memory and I/0 access control signals. Any change by
S2, S1, or SO during T4 is used to indicate the beginning of a bus
cycle, and the return to the passive state in T3 or Tw is used to
indicate the end of a bus cycle.

Type _ Name and Function

These signals float to 3-state OFF(1) during ““hold acknowledge”.
During the first clock cycle after RESET becomes active, these
signals are active HIGH. After this first clock, they float to 3-state
OFF.

7]
0(LOW)
0
0
0
1(HIGH)
1

CHARACTERISTICS

Interrupt Acknowledge
Read I/0 port

Write 1/0 port

Halt

Code access

Read memory

1 Write memory

1 Passive

T0, 30, 31 1/0 | REQUEST/GRANT: pins are used by other local bus masters to
T1 _ | force the processor to release the local bus at the end of the
processor’s current bus cycle. Each pin is bidirectional with RQ/
GTO having higher priority than RQ/GT1. RQ/GT has an internal
pull-up resistor, so may be left unconnected. The request/grant
sequence is as follows (see timing diagram):

~200a-00 |9

1. A pulse of one CLK wide from another local bus master indicates
a local bus request (“hold”) to the 80C88AL (pulse 1).

2. During a T4 or T1 clock cycle, a pulse one clock wide from the
80C8BAL to the requesting master (pulse 2), indicates that the
80C88AL has allowed the local bus to float and that it will enter the
“hold acknowledge” state at the next CLK. The CPU’s bus interface
unit is disconnected logically from the local bus during “hold
acknowledge”. The same rules as for HOLD/HOLDA apply as for
when the bus is released.

3. A pulse one CLK wide from the requesting master indicates to
the 80C88AL (pulse 3) that the “hold” request is about to end and
that the 80C88AL can reclaim the local bus at the next CLK. The
CPU then enters T4.
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Table 1. Pin Descrlption (Continued)

P-DIP COnﬂg
Pin No.

Type

Name and Functlon ‘

30, 31

1710

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 r'eduesf 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 T2.

2. Current cycle is not the low bit of a word.

3. Current cycle is not the first acknowledge of an mterrupt
acknowledge sequence..

4. A locked instruction is not currently executing.

If the local bus is idle when the request is made the two possible
events will follow:

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks. Now the four rules for a
currently active memory cycle apply with condition number 1
already satisfied.

29

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(1) in “hold acknowledge”.

Qs1, Qso

24,25

QUEUE STATUS: provide status to allow external tracking of the
internal 80C88AL instruction queue.

The queue status is valid during the CLK cycle after which the

queue operation is performed.
- Qs1 Qso CHARACTERISTICS

o(LOW) 0 No operation

0 : 1 First byte of opcode from queue
1(HIGH) 0 Empty the queue

1 1 Subsequent byte from queue

34

0

'NOTE:

1. See the section on Bus Hold Circuitry.

Pin 34 is always high in the maximum mode.
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FUNCTIONAL DESCRIPTION

STATIC OPERATION

All 80C88AL circuitry is of static design. Internal reg-
isters, counters and latches are static and require no
refresh as with dynamic circuit design. This elimi-
nates the minimum operating frequency restriction
placed on other microprocessors. The CMOS
80C88AL can operate from DC to the appropriate
upper frequency limit. The processor clock may be
stopped in either state (high/low) and held there in-
definitely. This type of operation is especially useful
for system debug or power critical applications.

The 80C88AL can be single stepped using only the
CPU clock. This state can be maintained as long as
is necessary. Single step clock operation allows sim-
ple interface circuitry to provide critical information
for bringing up your system.

Static design also allows very low frequency opera-
tion. In a power critical situation, this can provide
extremely low power operation since 80C88AL pow-
er dissipation is directly related to operating frequen-
cy. As the system frequency. is reduced, so is the
operating power until ultimately, at a DC input fre-
quency, the 80C8B8AL power requirement is the
standby current. ’

}—-:FFFFFH .

64 KB CODE SEGMENT

XXXXOH

' STACK SEGMENT

+ OFFSET

SEGMENT

) MSB
REGISTER FILE WORD [ s | DATA SEGMENT

A 4

EXTRA DATA SEGMENT

&7 00000H
240075-4

Figure 3. Memory Organization

MEMORY ORGANIZATION

The processor provides a 20-bit address to memory
which locates the byte being referenced. The memo-
ry is organized as a linear array of up to 1 million
bytes, addressed as 00000(H) to FFFFF(H). The
memory is logically divided into code, data, extra
data, and stack segments of up to 64K bytes each,
with each segment falling on 16-byte boundaries.
(See Figure 3.)

All memory references are made relative to base ad-
dresses contained in high speed segment registers.
The segment types were chosen based on the ad-
dressing needs of programs. The segment register
to be selected is automatically chosen according to
the rules of the following table. All information in one
segment type share the same logical attributes (e.g.
code or data). By structuring memory into relocat-
able areas of similar characteristics and by automati-
cally selecting segment registers, programs are
shorter, faster, and more structured. ‘

Word (16-bit) operands can be located on-even or:

odd address boundaries. For address and data oper-
ands, the least significant byte of the word is stored
in the lower valued address location and the most

significant byte in the next higher address location.

The BIU will automatically execute two fetch or write
cycles for 16-bit operands. ’

Certain locations in memory are reserved for specific
CPU operations. (See Figure 4.) Locations from ad-
dresses FFFFOH through FFFFFH are reserved for
operations including a jump to the initial system

RESET BOOTSTRAP

PROGRAM JUMP FEFFOH

o
T . 7
.

3FFH
INTERRUPT POINTER

FOR TYPE 255

3FOH
.
]
]

£
R aw
r

™
INTERRUPT POINTER

FOR TYPE 1 aH
INTERRUPT POINTER 3H
FOR TYPE 0 oH

240075-5

Figure 4. Reserved Memory Locations -
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Memory - .| Segment Register Segment
. Reference Need Used Selection Rule
Instructions CODE (CS) Automatic with all instruction prefetch.
Stack STACK (SS) All stack pushes and pops. Memory references relative to BP
: base register except data references.
Local Data DATA (DS) Data rgferences v'vh.en. relat_lve to stack, destination of string
operation, or explicitly overridden.
External (Global) Data | EXTRA (ES) Destination of §trmg operations: Explicitly selected using a
segment override.

initialization routine. Following RESET, the CPU will
always begin execution at location FFFFOH where
the jump must be located. Locations 00000H
through 003FFH are reserved for interrupt opera-
tions. Four-byte pointers consisting of a 16-bit seg-
ment address and a 16-bit offset address direct pro-
gram flow to one of the 256 possible interrupt serv-
ice routines. The pointer elements are assumed to
have been stored at their respective places in re-
served memory prior to the occurrence of interrupts.

MINIMUM AND MAXIMUM MODES

The requirements for supporting minimum and maxi-
mum 80C88AL systems are sufficiently different that
they cannot be done efficiently with 40 uniquely de-
fined pins. Consequently, the 80C88AL is equipped
with a strap pin (MN/MX) which defines the system
configuration. The definition of a certain subset of
the pins changes, dependent on the condition of the
strap pin. When the MN/MX pin is strapped to GND,
- the BOC8BAL defines pins 24 through 31 and 34 in
maximum mode. When the MN/MX pin is strapped
to Vcc, the 80C88AL generates bus control signals
itself on pins 24 through 31 and 34.

The minimum mode 80C88AL can be used with ei-
ther a multiplexed or demultiplexed bus. The multi-
plexed bus configuration is compatible with the

MCS®-85 multiplexed bus peripherals (8155, 8156,
8355, 8755A, and 8185). This configuration (See
Figure 5) provides the user with a minimum chip
count system. This architecture provides the
80CBBAL processing power in a highly mtegrated
form.

The demultiplexed mode requires one latch (for 64k
addressability) or two latches (for a full megabyte of
addressing). A third latch can be used for buffering if
the address bus loading requires it. A transceiver
can also be used if data bus buffering is_required.
(See Figure 6.) The 80C88AL provides DEN and
DT/R to control the transceiver, and ALE to latch
the addresses. This configuration of the minimum
mode provides the standard demultiplexed bus
structure with heavy bus buffering and relaxed bus
timing requirements.

The maximum mode employs the 82C88 bus con-
troller. (See Figure 7.) The 82C88 decodes status
lines S0, S1, and S2, and provides the system with
all bus control signals. Moving the bus control to the
82C88 provides better source and sink current capa-
bility to the control lines, and frees the 80C88AL
pins for extended large system features. Hardware:
lock, queue status, and two request/grant interfaces
are provided by the 80C88AL in maximum mode.
These features allow co-processors in local-bus-and
remote bus configurations.
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Figure 6. Demultiplexed Bus Configuration

ADDRESS
—
l Y lll

ol

N 51C67 SRAM(2)
s2cson [¢

C:mw

CONTROL

240075-8

Figure 7. Fully Buffered System Using Bus Controlier ’
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Bus Operation

The 80C8BAL address/data bus is broken into three
parts—the lower eight address/data bits (AD0-AD7),
the middle eight address bits (A8-A15), and the up-
per four address bits (A16-A19). The address/data
bits and the highest four address bits are time multi-
plexed. This technique provides the most efficient
use of pins on the processor. The middle eight ad-
dress 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 ad-
dress latch if a standard, non-multiplexed bus is de-
sired for the system.

Each processor bus cycle consists of at least four
CLK cycles. These are referred to as T1, T2, T3, and
T4. (See Figure 8). The address is emitted from the
processor during T1 and data transfer occurs on the
bus during T3 and T4. T2 is used primarily for chang-
ing the direction of the bus during read operations. In
the event that a “NOT READY” indication is given
by the addressed device, “wait” states (Tw) are in-
serted between T3 and T4. Each inserted “wait”
state is of the same duration as a CLK cycle. Periods
can occur between 80C8BAL driven bus cycles.
These are referred to as “idle” states (Ti), or inac-
tive CLK cycles. The processor uses these cycles
for internal housekeeping.
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Figure 8. Basic System Timing
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During T1 of any bus cycle, the ALE (address latch
enable) signal is emitted (by either the processor or
the 82C88 bus controller, depending on the MN/MX
strap). At the trailing edge of this pulse, a valid ad-
dress and certain status information for the cycle
may be latched.

Status bits S0, ST, and 52 are used by the bus con-
troller, in maximum mode, to identify the type of bus
transaction according to the following table:

() S; | So | CHARACTERISTICS
0 (LOwW) 0 0 | Interrupt Acknowledge
0 0 1 Read I/0
0 1 0 | Writel/O
0 1 1 Halt
1 (HIGH) 0 0 | Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 | Write Data to Memory
1 1 1 Passive (no bus cycle)

Status bits S3 through S6 are multiplexed with high
order address bits and are therefore valid during T2
through T4. S3 and S4 indicate which segment reg-
ister was used for this bus cycle in forming the ad-
dress according to the following table:

S4 S3 CHARACTERISTICS
0(LOW) | O | Alternate Data (extra segment)
0 1 Stack
1 (HIGH). | 0 | Code or None
1 1 Data

S5 is a reflection of the PSW interrupt enable bit. S6
is equal to 0.

170 ADDRESSING

In the 80C88AL, 1/0 operations can address up to a
maximum of 64k |/0 registers. The I/0 address ap-
pears in the same format as the memory address on
bus lines A15-A0. The address lines A19-A16 are
zero in 1/0 operations. The variable 1/0 instructions,
which use register DX as a pointer, have full address

capability, while the direct 1/0 instructions directly
address one or two of the 256 1/0 byte locations in
page 0 of the I1/0 address space. I/0O ports are ad-
dressed in the same manner as memory locations.

Designers familiar with the 8085 or upgrading an
8085 design should note that the 8085 addresses '
1/0 with an 8-bit address on both halves of the 16-
bit address bus. The 80C88AL uses a full 16-bit ad-
dress on its lower 16 address lines.

EXTERNAL INTERFACE

PROCESSOR RESET AND INITIALIZATION

Processor initialization or start up is accomplished
with activation (HIGH) of the RESET pin. The
80C88AL RESET is required to be HIGH for four or
more clock cycles. The 80C88AL will terminate op-
erations 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 7 clock cycles. Af-
ter this interval the 80C88AL operates normally, be-
ginning with the instruction in absolute location
FFFFOH. (See Figure 4.) The RESET input is inter-
nally synchronized to the processor clock. At initiali-
zation, the HIGH to LOW transition of RESET must
occur no sooner than 50 us after power up, to allow
complete initialization of the 80C88AL.

NMI asserted prior to the 2nd clock after the end of
RESET will not be honored. If NMI is asserted after
that point and during the internal reset sequence,
the processor may execute one instruction before
responding to the interrupt. A hold request active
immediately after RESET will be honored before the
first instruction fetch.

All 3-state outputs float to 3-state OFF(1) during RE-
SET. Status is active in the idle state for the first
clock after RESET becomes active and then floats
to 3-state OFF(1). ALE and HLDA are driven low.

NOTE:
1. See the section on Bus Hold Circuitry.
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BUS HOLD CIRCUITRY

To avoid high current conditions caused by floating
inputs to CMOS devices and to eliminate the need
for pull-up/down resistors, “bus-hold” circuitry has
been used on the B0C88AL pins 2-16, 26-32, and
34-39 (Figure 9a, 9b). These circuits will maintain
the last valid logic state if no driving source is pres-
ent (i.e. an unconnected pin or a driving source
which goes to a high impedance state). To overdrive
the “bus hold” circuits, an external driver must be
capable of supplying 350 pA minimum sink or
source current at valid input voltage levels. Since
this “bus hold” circuitry is active and not a “resis-
tive” type element, the associated power supply

current is negligible and power dissipation is signifi-
cantly reduced when compared to the use of pas-
sive pull-up resistors. : i

INTERRUPT OPERATIONS

Interrupt operations fall into two classes: software or
hardware initiated. The software initiated interrupts
and software aspects of hardware interrupts are
specified in the instruction set description in the
iAPX 88 book or the iAPX 86,88 User's Manual.
Hardware interrupts can be classified as nonmaska-
ble or maskable.

“Pull-Up/Pull-Down”

o—{ BOND | EXTERNAL

prcanvagy
toonoand

PAD PIN

INPUT
PROTECTION
CIRCUITRY

Input buffer exists only on /0 pins

240075-24

- Figure 9a. Bus hold circuitry pin 2-16, 35-39 for P-DIP package.

“Pull-Up”

BOND |_ EXTERNAL

PAD | PIN

INPUT
PROTECTION
CIRCUITRY

Input buffer exists only on /0 pins

240075-25

Figure 9b. Bus hold circuitry pin 26-32, 34 for P-DIP package.
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Interrupts result in a transfer of control to a new pro-
gram location.-A 256. element table .containing ad-
‘dress poi‘nters to the interrupt service program loca-
tions resides in absolute locations 0 through 3FFH
(See Figure 4), which are reserved for this purpose.
Each element in the table is 4 bytes in size and cor-
responds to an interrupt “type.” An interrupting de-
vice supplies an 8-bit type number, during the inter-
rupt acknowledge sequence, which is used to vector
through the appropriate element to the new interrupt
service program focation.

NON-MASKABLE INTERRUPT (NMI)

The processor provides a single non-maskable inter-
rupt (NMI) pin which has higher priority than the
maskable interrupt request (INTR) pin. A typical use
would be to activate a power failure routine. The
NMI is edge-triggered on a LOW to HIGH transition.
The activation of this pin causes a type 2 interrupt.

NMI is required to have a duration in the HIGH state
of greater than two clock cycles, but is not required
to be synchronized to the clock. Any higher going

transition of NMI is latched on-chip and will be serv+

iced at the end of the current instruction or between
whole moves (2 bytes in the case of word moves) of
a block type instruction. Worst case response to
NMI would be for multiply, divide, and variable shift

instructions. There is no specification on the occur-

rence. of the low-going edge; it may occur before,
during, or after the servicing of NMI. Another high-

going edge triggers another response if it occurs af-"

ter the start of the NMI procedure. The signal must

_ be free of logical spikes in general and be. free of

bounces on the low-going edge to avoid triggering
extraneous responses.

MASKABLE INTERRUPT (INTR)

The 80CBBAL provides a single interrupt request in-
put (INTR) which can be masked internally by soft-
ware with the resetting of the interrupt enable (IF)
flag bit. The interrupt request signal is level trig-
gered. It is internally synchronized during each clock
cycle on the high-going edge of CLK. To be re-
sponded to, INTR must be present (HIGH) durmg
the clock period preceding the end of the ‘current
instruction or the end of a whole move for ‘a block
type instruction. During interrupt response se-
quence, further interrupts are disabled. The enable
bit is reset as part of the response to any interrupt
(INTR, NMI, software interrupt, or single step), al-
though the FLAGS register which is automatically
pushed onto the stack reflects the state of the proc-
essor prior to the interrupt. Until the old FLAGS reg-

_ister-is restored, the enable bit will be zero uniess
specifically set by an instruction.

During the response sequence (See Figure 10), the
processor executes two successive (back to back)
interrupt acknowledge cycles. The 80C88AL emits
the LOCK signal (maximum mode only) from T2 of
the first bus cycle until T2 of the second. A local bus
“hold” request will not be honored until the end of
the second bus cycle. In the second bus cycle, a

| | T [ Te

="

TYPEVECTOR

ADo-ADy

240075-10

Figure 10. Interrupt Acknowledge Sequence

2-164



intel

80C88AL

byte is fetched from the external interrupt system
(e.g., 82C59A PIC) which identifies the source (type)
of the interrupt. This byte is multiplied by four and
used as a pointer into the interrupt vector lookup
table. An INTR signal left HIGH will be continually
responded to within the limitations of the enable bit
and sample period. The interrupt return instruction
includes a flags pop which returns the status of the
original interrupt enable bit when it restores the
flags.

HALT

When a-software HALT instruction is executed, the
processor indicates that it is entering the HALT state
in one of two ways, depending upon which mode is
strapped. In minimum mode, the processor issues
~ ALE, delayed by one clock cycle, to allow the sys-
- tem tolatch the halt status. Halt status is available
on I0/M, DT/R, and SSO. In maximum mode, the
processor_issues appropriate HALT status on S2,
S1, and SO, and the 82C88 bus controller issues one
ALE. The 80C88AL will not leave the HALT state
when a‘local bus hold is entered while in HALT. In
this case, the processor reissues the HALT indicator
at the end of the local bus hold. An interrupt request
or RESET will force the 80C88AL out of the HALT
state. :

READ/MODIFY/WRITE (SEMAPHORE) v
OPERATIONS VIA LOCK

The LOCK status information is provided by the
processor when consecutive bus cycles are required
during the execution of an instruction. This allows
the processor to perform read/modify/write opera-
tions on memory (via the “exchange register with
memory” instruction), without another system bus
master receiving intervening memory cycles. This is
useful in multiprocessor system configurations to ac-

complish “test and set lock” operations. The LOCK-

signal is activated (LOW) in the clock cycle following
decoding of the LOCK prefix instruction. It is deacti-
vated at the end of the last bus cycle of the instruc-
tion following the LOCK preflx While LOCK is active,
arequest on a RQ/GT pin will be recorded, and then
honored at the end of the LOCK.

EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to interrupts, the 80C88AL pro-
vides a single software-testable input pin (TEST).
This input is utilized by'executlng a WAIT instruction.
. The single WA WAIT instruction is repeatedly executed
until the TEST input goes-active (LOW). The execu-
tion of WAIT does not consume bus cycles once the
queue is full. -

If a local bus request occurs during WAIT execution,
the 80C88AL 3-states all output drivers, If interrupts
are enabled, the 80C88AL will recognize interrupts
and process them. The WAIT instruction is then re-
fetched, and reexecuted.

BASIC SYSTEM TIMING

In minimum’ mode, the MN/MX pin is strapped to
Vce and the processor emits bus control signals
compatible with the 8085 bus structure. In maximum
mode, the MN/MX pin is strapped to GND and the
processor emits coded status information which the
82C88 bus controlier uses to generate MULTIBUS
compatible bus control signals.

System Timing — Minimum System

(See Figure 8.)

The read cycle begms in T1 with the assertlon of the
address latch enable (ALE) signal. The trailing (low
going) edge of this signal is used to latch the ad-
dress information, which is valid on the address/
data bus (ADO-AD7) at this time, into a latch. Ad-
dress lines A8 through A15 do not need to be
latched  because they remain valid throughout the
bus cycle. From T1 to T4 the |I0/M signal indicates a
memory or 1/O operation. At T2 the address is re-
moved from the address/data bus and the bus goes

to a high impedance state. The read control signal is

also asserted at T2. The read (RD) signal causes the
addressed device to enable its data bus drivers to
the local bus: Some time later, valid data will be
available on the bus and the addressed device will
drive the READY line HIGH: When the processor
returns the read signal to a HIGH level, the ad-
dressed device will again 3-state its bus drivers. If a
transceiver is required to_buffer the 80C88AL local
bus, signals DT/R and DEN are provided by the
80C88AL.

A write cycle also begins with the assertion of ALE
and the emission of the address. The IO/M signal is
again asserted to indicate a memory or 1/O write
operation. In T2, immediately following the address
emission, the processor emits the data to be written
into the addressed location. This data remains valid
until at least the middle of T4. During T2, T3, and
Tw, the processor asserts the write control signal.
The write (WR) signal becomes active at the begin-
ning of T2, as opposed to the read, which is delayed
somewhat into T2 to provide time for the bus to
float. . .

2-165 .



inte

80C88AL

The basic difference between the interrupt .acknowl-
edge cycle and a read cycle is-that the interrupt ac-
knowledge (INTA) signal is asserted in place of the
read (RD) signal and the address bus is floated.
(See Figure 10.) In the second of two successive
INTA cycles, a byte of information is read from the
data bus, as supplied by the interrupt system logic
(i.e. 82C59A priority interrupt controlier). This byte
identifies the source (type) of the interrupt. It is multi-
plied by four and used as a pointer‘into the mterrupt
vector lookup table, as described earlier.

BUS TIMING — MEDIUM COMPLEXITY
SYSTEMS

(See Figure 11.)

For medium complexity systems, the MN/MX pin is
connected to GND and the 82C88 bus controller is
added to the system, as well as a latch for latching
the system address, and a transceiver to allow for
bus loading greater than the 80C88AL is capable of
handling. Signals ALE, DEN, and DT/R are generat-
ed by the 82C88 instead of the processor in this
configuration, although their timing remains relatively
the same. The 80C88AL status outputs (S2, ST, and
80) provide type of cycle information and become
82C88 inputs. This bus cycle information specifies
read (code, data, or 1/0), write (data or 1/0), inter-
rupt-acknowledge, or software halt. The 82C88 thus
issues control signals specifying memory read or
write, .I/O read or write, or interrupt acknowledge.
The 82C88 provides two types of write strobes, nor-
mal and advanced, to be applied as required. The
normal write strobes have data valid at the leading
edge of write. The advanced write strobes have the
same timing as read strobes, and hence, data is not
valid at the leading edge of write. The transceiver
receives the usual T and OE inputs from the
82C88’s DT/R and DEN outputs.

The pointer into the interrupt vector table, which is
passed during the second INTA cycle, can derive
from an 82C59A located on either the local bus or
the system bus. If the master 82C59A priority inter-
rupt controller is positioned on the local bus, a TTL
‘gate is required to disable the transceiver when
reading from the master 82C59A during the interrupt
acknowledge sequence and software “poll”.

THE 80C88AL COMPARED TO THE 80C86AL

The 80C88AL CPU . is an 8-bit processor designed
around the 80C86AL internal structure. Most internal
functions of the 80C88AL are identical to the equiva-

lent 80C86AL functions. The 80C88AL handles the
external bus the same way the 80C86AL does with
the distinction of handling only 8 bits at a time. Six-
teen-bit operands are fetched or written in two con-
secutive. bus cycles. Both- processors .will appear
identical to the software engineer,:with the excep-
tion of execution time. The internal register structure
is.identical and all instructions have the same end
result. The. differences between the 80C88AL and

. B80CB6AL are outlined below. The engineer who is

unfamiliar with the 80C86AL is referred to the
iAPX 86, 88 User's Manual, Chapters 2 and 4, for
function description and instruction set information.
Internally, there are three differences between the
80C88AL and the 80C86AL. All changes are related
to the 8-bit bus interface. -

e The queue length is 4 bytes in the 80C88AL,
whereas the 80C86AL queue contains 6 bytes, or
three words. The queue was shortened to pre-
vent overuse of the bus by the BIU when pre-

fetching instructions. This was required because
of the additional time necessary to fetch instruc-
tions 8 bits at a time.

e To further optimize the queue, the prefetchmg al- -
‘gorithm was changed. The 80C88AL 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 80C86AL 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 memory 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 80C88AL are being used, the queue has
time to fill and the execution proceeds as fast as
the execution unit will allow.

The 80C88AL and 80C86AL are completely soft-
ware compatible by virture of their identical execu-
tion units. Software that .is system dependent may
not be completely transferable, but software that is
not system dependent will operate equally as well
on an 80C88AL or an 80C86AL.

The hardware interface of the 80C88AL contains the
major differences between the two CPUs. The pin
assignments are nearly ‘identical, however with the
following functional changes:

e A8-A15 — These pins are only address outputs
on the 80C88AL. These address lines are latched
|nternally and remain valid throughout a bus cycle
in a manner similar to the 8085 upper address
lines. :
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® BHE has no meaning on the 80C88AL and has ¢ |0/M has been inverted to be compatible with the

been eliminated. MCS-85 bus structure.

o SSO provides the SO status information in the e ALE is delayed by one clock cycle in the mini-
minimum mode. This output occurs on pin 34 in mum mode when entering HALT, to allow the
minimum mode only. DT/R, I0/M, and SSO pro- status to be latched with ALE.

vide the complete bus status in minimum mode.

T1 Tz T3 T4
ST 2 WY o WY 2 W 2h WD 20
Qs1, Qso X X X p ¢ )
80CBBAL
§2, §1, S0 \ - yI/7 94 M e
|A19/S6-A16/S3 Y A19-A16 X S6-S3 X
o
PYY S N /
82C88 { RDY 82C84A X
RDY 80C88 A
AD7-ADO — AT [ )———ORAN | >—
80C88AL { A15-A8 ) 4 A15-A8 X
RD .
N /
DT/R
N\ /
82css{ MRDC \ [
DEN / M
240075-11

Figure 11. Medium Complexity System Timing
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ABSOLUTE MAXIMUM RATINGS* Case Temperature (Plastic). ........ ...0°C1080°C
: ' ‘ Case Temperature (PLCC) ...... R 0°C to 85°C
Supply Voltage L ‘ , o ‘
(With respect to ground) ... ... —05t08.0V  *Notice: Stresses above those listed under “Abso-
Input Voltage Applied - lute Maximum Ratings” may cause permanent dam-
(wrt.ground) ............. —2.0to Vgc + 0.5V age to the device. This is a.stress rating only and
Output Voltage Applied functional operation of the device at these or any
(wrt.ground) ............ —0.5t0.Vgg + 0.5V other conditions above those indicated in the opera-
Power Dissipation i 1.0W tional sections of this specification is not implied. Ex-
""""""""" SRR posure to absolute maximum rating conditions for
Storage Temperature .......... —65°C to +150°C extended periods may affect device reliability.

Ambient Temperature Under Bias ....0°C to +70°C

D.C. CHARACTERISTICS Ta = 0°C to 70°C, Tcasg (Plastic) = 0°C to 80°C, Tcase (PLCC) = 0°C to
85°C, Vicg = 5V +10% for 80C88AL, Vg = 5V +5% for B0CSBAL-2

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage +0.8 : \' (Note 4)

Input High Voltage 1 .
ViH ' (Allinputs except \ (Note 5)

clock and MN/MX) .
Vel - |  Clock and MN/MX Input .. B ) .

. High Voltage ‘ Vec—08 v )
VoL Output Low Voltage 0.4 \'] loL = 2.5 mA
v A ' lon = —2.5mA
VoH Output ngh Voltage VCC‘ 0.4 \ loq = —100 A
Icc .| . Power Supply Current 10 mA/MHz ViL = GND, Vjy = Vg
' ViN = Vg or GND
lccs - _ Standby Supply Current 750 RA Outputs Unloaded
e CLK = GND or Voo

1L _ Input Leakage Current +1.0 MA OV<V|NSVeo

Input Leakagé Current VIN = 0.8V
lBHL (Bus Hold Low) 800 KA

) Input Leakage Current & _ ViN = 3.0V

l8HH (Bus Hold High) 50 300 HA
IBHLO Bus Hold Low Overdrive 400 HA (Note 2)
IBHHO Bus Hold High Overdrive —400 MA (Note 3)
Ito Output Leakage Current +10 pA Vout = GND or Voo

Capacitance of Input Buffer . . )
CiN: | (Allinputs except 5 pF (Note 1)

ADg-AD7, RQ/GT). - )

Capacitance of 1/0 Buffer
Cio (ADo-AD;, RQ/GT) 20 pF (Note 1)
Cout Output Capacitance 15 pF (Note 1)

NOTES: ‘ ‘

1. Characterization conditions are a) Frequency = 1 MHz, b) Unmeasured pins at GND

c) ViN at +5.0V or GND.

2. An external driver must source at least g o to switch this node from LOW to HIGH
3. An external driver must sink at least IgyHo to switch this node from HIGH to LOW.
4.V for all input pins (except MN/MX pin) tested with MN/MX pin = GND.

5. V) tested with MN/MX pin = Vgc.
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A.C. CHARACTERISTICS T, = 0°C to 70°C, Tcask (Plastic) = 0°C to 80°C, Tcase (PLCC) = 0°C to
85°C, Vo = 5V +10% for B0CB8AL, Ve = 5V +5% for 80C8BAL-2

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

80C88AL 80C88AL-2
S m‘bbl V Parameter Min Max Min Max Units " Test
ym Conditions
TCLCL CLK Cycle Period 200 D.C. 125 D.C. ns .
TCLCH CLK Low Time 118 68 : ns
TCHCL CLK High Time 69 44 ns :
. . . From 1.0V
TCH1CH2 CLK Rise Time ‘ 10 10 ns 10 3.5V
. ’ From 3.5V
TCL2CL1 CLK Fall ’Tlme’ 10 10 ns t0 1.0V
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in'Hold Time 10 10 ns
, RDY Setup Time N
TR1VCL into 82C84A . 35 35 ns
(Notes 1, 2) ‘
| RDY Hold Time
TCLR1X into.82C84A 0 0 ns
(Notes 1, 2) :
' READY Setup .
TRYHCH | Time into 80C8BAL 118 68 ns
READY Hold Time ’
- TCHRYX | into 80C8SAL 30 20 ns
READY Inactive to
TRYLCL CLK (Note 3) 8 8 ns
THVCH HOLD Setup Time 35 20 ns
INTR, NMI, TEST
TINVCH Setup Time 30 15 ns
(Note 2)
Input Rise Time ' From 0.8V
TILIH (Except CLK) (Note 4) 15 15 Sl 020V
Input Fall Time o : From 2.0V
THIL (Except CLK) (Note 4) 15 15 " o8V
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
80C88AL " 80C88AL-2 :
' " o . Test
Symbol Parameter Min Max Mln Max | Units Conditions
TCLAV | Address Valid Delay 10 70 10 60 | ns ‘ :
TCLAX | Address Hold Time 10 0 ; ns
TCLAZ | Address Float Delay TCLAX 80 TCLAX 50 | ns
TLHLL | ALE Width TCLCH-20 TCLCH-10 ) ns
TCLLH | ALE Active Delay 80 50 ns
TCHLL | ALE Inactive Delay 85 55 | - ns
: Address Hold Time to
TLLAX ALE Inactive TCHCL-25 TCHCL-25 ns
TCLDV | Data Valid Delay 10 110 10 60 ns
TCHDX | Data Hold Time 10 10 ns
Data Hold Time
TWHDX After WR TCLCH-30 - - TCLCH-30 \ ns
TCVCTV | Control Active Delay 1 10 110 10 70 ns
TCHCTV | Control Active Delay 2 10 110 10 60 ns
TCVCTX | Control Inactive Delay 10 110 10 70 ns
Address Float to READ
TAZRL 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 (Note 4) 15 15 ns | From 0.8V to 2.0V
TOHOL | Output Fall Time (Note 4) 15 15 | ns From 2.0Vto 0.8V
NOTES:

1. Signal at 82C84A shown for reference only See 82C84A data sheet for the most recent specifications.
2. Setup requirement for asynchronous signal only to guarantee recogmtlon at next CLK. =~
3. Applies only to T2 state (8 ns into T3 state).

4, These parameters are characterized and not 100% tested.
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

Input/Output
Vin + 0.4V
15
Vi - 0.4V
240075-12

A.C. Testing inputs are driven at Vi + 0.4V for a logic “1” and
VL — 0.4V for a logic “0”. The clock is driven at Vg + 0.4V and
VgL — 0.4V. Timing measurements are made at 1.5V.

DEVICE
UNDER

r

Ci Includes Jig Capacitance

1C 100 pF

240075-13

WAVEFORMS

BUS TIMING — MINIMUM MODE SYSTEM

i 0 T2 T Tw Ta
v TeLeL HICH2 TeLzcLy .
CH
CLK (82C84A Output) r}‘ X K )F *; ;{_\__
—CL TCHCTV TCHCL fa "CLC‘N —
10/M, $50 ><
Ars-Ae Aus - Ag (Float during INTA)
— t=— TELDV '
TCLAV-> — | reuaxd el TCHOX
AniSe-ArgSa D 88
TCLLH -~ TLHLL: le— TLLAX
p—
ALE
TCHLL—] L le- TRIVCL .
1 VT 3
— Ry aA T
L \
SEE NOTE 1 viL = e
RYLCL—s]  |o—
ut) .
READY (80C88AL input) I P
TRYHCH |[=—
— le-TcLAZ TOVCL——fe—TCLDX
AD; - ADy )( AD7-ADo )'—4 DATA IN FLOAT <
TAZRL—+] TCLRH—=| TRHAV —
AD
READ CYCLE 1 /
(NOTE 1) — TCHCTV TCLAL | TRLAH TCHCTV
(R, INTA = Vox) _ =
oTR
TeveTV— ToveTX —
DEN

240075-14
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WAVEFORMS (Continued)
BUS TIMING — MINIMUM MODE SYSTEM (Continued)
T T2 T3 Tw Ta
Ve TCHICH2 TCL2CLY .
H
ok ezcsoupy A N / N } }r‘/'—\ A(—\_
cL .
Tl j— TSN T TCHDX—~ o
AD7 -~ ADg AD7-ADo DATA OUT
: [~ TWHDX -
TCV‘C‘I'V—> \j; — TCVCTX
WRITE CYCLE — ——
NOTE 1 DEN
TCVCTV—+|
l‘- TWLWH
‘w‘~ X e
TCVCTX ~»| e
— «-TCLAZ
J *+—TDOVCL—| «—TCLDX
AD7 - ADg /! TLOAT —‘\ POINTER FLOAT
— ~TCHCTV TCHCTV
DTR :
INTA CYCLE
NOTES 1.3 Toverv—
(RD, WR = Von) TR . .
" revorv—| b |- TeveTX—
- \
SOFTWARE HALT -
DEN,RD,WR,INTA = Vo AD; - ADy INVALID ADDRESS SOFTWARE HALT
DT/ INDETERMINATE TOLAV— Pumy
‘ 240075-15
NOTES:
1. All output timing measurements are made at 1.5V unless otherwise noted.
2. RDY is sampled near the end of Ty, T3, Ty to determine if T\y machines states are to be mserted
3. Two INTA Cycles run back-to-back. The 80C88AL Iocal ADDR/Data bus is floating during both INTA Cycles. Control
signals are shown for the second INTA cycle. .
4. Signals at 82C84A are shown for reference only.
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80C88AL

A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER)
TIMING REQUIREMENTS

Symbol Parameter 8ocssAL 80C8BAL-2 Units | Test Conditions
. Min | Max | Min Max
TCLCL CLK Cycle Period 200 | D.C. | 125 | D.C. ns
TCLCH CLK Low Time 118 68 . ns
TCHCL CLK High Time 69 44 ns ‘
TCH1CH2 | CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CL1 | CLK Fall Time ) 10 10 ns From 3.5V to 1.0V
TDVCL Data In Setup Time 30 20 ns
TCLDX Data In Hold Time 10 10 ns
TRVCL :;2: N I"z;* into 82C84 35 35 ns
TOLR1X ?SZZ :g't‘;:;':‘g)'"m 82Cs4 0 0 ns
TRYHCH gfé‘&fet“p Time into 118 68 ' ns
TCHRYX READY Hold Time into 80C88AL | 30 20 ns
TRYLCL EEQEL\)( Inactive to CLK (See —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 80C88AL 40 30 ns
TILIH '('l‘s')’(‘;;';‘tis&g“&ote 5 15 15 | ns | From0.8Vto20V
TIHIL Input Fall Time (Except CLK) 15 15 ns From 2.0V to 0.8V
(Note 5) :
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80C88AL
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES ' S
. ~ 80CBBAL 80C8BAL-2 .
Symbol Parameter Min Max. Min Max | Units | Test Conditions
: TCLML Command Active Delay (Note 1) .5 45 5 35 | ns
TCLMH | Command Inactive Delay (Note 1) 5 45 5 35 | ns
: READY Active to Status Passive ’ :
1 TRYHSH (Note 3) : | 110 65 ns
TCHSV | Status Active Delay 10 © | 100 10 60 | ns
|TCLSH | Status Inactive Delay 10 130 10 70 | ns
TCLAV . | Address Valid Delay 10 70 10 60 | ns
TCLAX * | Address Hold Time 10 10 ns
TCLAZ |Address Float Delay- » TCLAX | 80 | TCLAX | 50 | ns
TSVLH | Status Valid to ALE High (Note 1) 35 : 20 | ns
TSVMCH | Status Valid to MCE High (Note 1) 35 30 | ns
TCLLH | CLK Low to ALE Valid (Note 1) - 35 20 | ns
TCLMCH | CLK Low to MCE High (Note 1) . 35 25 | ns
TCHLL | ALE Inactive Delay (Note 1) 4 35 4 25 | ns
TCLDV | Data Valid Delay ' 10 | 110 10 60 | ns
TCHDX | Data Hold Time 10 10 ns
TCVNV | Control Active Delay (Note 1) 5 45 5 45 | ns
{TCVNX | Control Inactive Delay (Note 1) 5 45 10 45 | ns
TAZRL | Address Float to Read Active 0 0. ns
TCLRL |RD Active Delay 10 165 10 100 | ns
TCLRH | RD Inactive Delay 10 150 10 80 | ns
TRHAY | AD Inactive to Next Address TCLOL-45 TCLOL-40 ns
Direction Control Active Delay i
TCHDTL (Note 1) 50 50 | ns
4 | Direction Control Inactive Delay : :
TCHDTH (Note 1) 35 30| ns
TCLGL | GT Active Delay 0 85 0 50 | ns
TCLGH. | GT Inactive Delay 0 85 0 50 | ns
TRLRH |RD Width 2TCLCL-75 2TCLCL-50 ns
TOLOH | Output Rise Time (Note 5) 15 15 | ns |Flom08VIo .
TOHOL | Output Fall Time (Note 5) 15 15 | ns | 2OVIe
NOTES:

1. Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 data sheets for the most recent
specifications.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3. Applies only to T3 and wait states (8 ns into T3 state).
4. Applies only to T2 state (8 ns into T3 state).
5. These parameters are characterized and not 100% tested.

4
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

Input/Output

ViH + 0.4V

viL - 0.4V

A.C. Testing inputs are driven at V| + 0.4V for a logic “1” and
Vi — 0.4V for a logic “0”. The clock is driven at Vg + 0.4V and
VcL — 0.4V. Timing measurements are made at 1.5V.

240075-12

DEVICE
UNDER

Il L

Cy Includes Jig Capaci

C. 100pF

240075-13

tance

WAVEFORMS

CLK

Q50,054
57,5150 (EXCEPT HALT)
A1s - Ag
A19/Se-A1¢/S3
ALE (82C88 OUTPUT)
SEENOTE S
RDY (82C84 INPUT)
READY (80C88AL INPUT)
READ CYCLE,
AD7 - ADo
D
oTR
82C88 OUTPUTS | L 0 oo
SEE NOTES 5,6
DEN

BUS TIMING—MAXIMUM MODE

Ta T2 T3 Ts
le——TetLeL Tecu g,
VCH
T X 20 W
veL
TCLAV~ f TcneL le—TCLCH
1 TCHSV —|  |eTCLS!
v ————--
(SEE NOTE 7} \
ﬂs bl AN
Avs - Ag
— TCLAV - TcLov TCHOX—]
CLAX —]
Arg-Atg . $6-S3
TSVLH— N
ToLLH~] — TCHLL
[
/
—»’ le—TRIVCL
g — \Evcuu
TRYLCL e
I == «—— TCHRYX
I TRYHSH —| |-

) —= TCLAX —=! TRYHCH |=—
TCLAV—| —{TcLAZ [——TDVCL——=
' - ATA IN
AD7-ADo | o o
TAZ m.j — TCLRH
TCHDTL —| TCLRL TCHDTH
‘\ TRLRH
TCLML | \J;—- \ TCLMH -]
TCUNV—~ —

TCVNX —

240075-16
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WAVEFORMS (Continued) -

BUS TIMING — MAXIMUM MODE SYSTEM (USING 82C88)

T T
TCHSY) T T2 - Ty ‘
VCH ~ ‘
N MM
veL VA S— /
S,. S,. S, (EXCEPT HALT)
WRITE CYCLE TCLAVH | =T
AD,-AD, X [ TOLAX
TCVNV + =
DEN
c —| feToLmL
82C88 AMWG
OUTPUTSY R AlOWC
SEE : ]
OR IOWC
RESERVED FOR |
INTA CYCLE CASCADE ADDR -
—_—— A, ELOATLL Y \ : —~
¢ \ -/ FLOAT FLOAT \
(SEE NOTES 3.4) TCLAZ - \ - TDVCL| - TCLDX
\ —
AD7-AD, FLOAT, POINTER A—TFroAT \—
- TSVMCH-H pad CYNX \ r—
(MCE/ ¢
PDEN  TCLMCH+{ l~ |

N TCHDTL ) —] .}« TCHDTH
DT/R , 3[ F_—
82C88 OUTPUTS | TCLML . ‘

SEE NOTES 5,6 ) INTA Rl '
=+l TcLmH

—] ?rcvnv ,
DEN -

‘ TCVNX—
"SOFTWARE _ . _
HALT — (DEN = V,,: RD. MRDC. IORC. MWTC, AMWC. IOWC, AIOWC, INTA,DT/R = V.
AD;-ADg, Ayz-Ag Y INVALID ADDRESS
‘ TCLAVS  (—
L (———
$,.5,.5, _—\_____/ e
240075-17
NOTES:

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

2. RDY is sampled near the end of Ty, T3, Tw to determine if Ty machines states are to be lnserted

3. Cascade address is valid between first and second INTA cycles.

4. Two INTA cycles run back-to-back. The 80C88AL local ADDR/Data bus is floating during both INTA cycles. Control
for pointer address is shown for second INTA cycle.

5. Signals at 82C84A or 82C88 are shown for reference only.

8. The issuance of the 82C88 command and contro! signals (MRDC, MWTC, AMWC, IORC, IOWC, AIGWC, INTA and
DEN) lags the active high 82C88 CEN. :
7. Status inactive in state just prior to Ty4.
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WAVEFORMS (Continued)

ASYNCHRONOUS SIGNAL RECOGNITION

BUS LOCK SIGNAL TIMING
(MAXIMUM MODE ONLY)

CLK
ANY CLK CYCLE ANY CLK CYCL'E‘I
NMI E — TINVCH (see note) -
- ', CLK:
INTR signal
; . TCLAV TCLAV.
TEST —
240075-18 Lock
NOTE: Setup requirements for asynchronous, signals 240075-19
only to guarantee recognition at next CLK.

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

ANY CLK
CYCLE ?MLK CYCLE

CLK A ’_\
TCLGH TGVCH -+

T
clt Tonax | e

RQ/GT

COPROCESSOR RQ PULSE 1 COPROCESSOR

RELEASE

/Ll

A /S-AyS, PREVIOUS

AD-é_sAD. 80C88AL , COPROCESSOR 80C88AL
s I'-'&i (see note)

240075-20

NOTE: The coproéessor may not drive the busses outside the region shown without risking contention.

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

2 1 CLK CYCLE—, 10R 2 CYCLES —1

o f \____‘ ’_/—\ L—.\J [_\__1
l-—THVCH —| o —THVCH )
HOLD .

el ~ TCLHAV ’ — TCLHAY
L 4 &
HLDA
) s

—f [«— TCLAZ 3 N

4 1
B0CBEBAL COPROCESSOR >-—< B0CS8AL
A g 3 A )

mn
¢ V4 o <

240075-21

T

T
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80C86AL/80C88AL INSTRUCTION SET SUMMARY

Mnemonic and
Description

Instruction Code

DATA TRANSFER
‘| MOV = Move:

Register/Memory to/from Register
Immediate to Register/Memory
Immediate to Register

Memory to Accumulator

Accumulator to Memory
Register/Memory to Segment Register**

Segment Register to Register/Memory

PUSH = Push:
Register/Memory
Register

Segment Register

POP = Pop:
Register/Memory
Register

Segment Register

XCHG = Exchange:
Register/Memory with Register
Register with Accumulator

IN = Input from:

Fixed Port

Variable Port

OUT = Output to:

Fixed Port

Variable Port

XLAT = Translate Byte to AL
LEA = Load EA to Register
LDS = Load Pointer to DS
LES = Load Pointer to ES
LAHF = Load AH with Flags
SAHF = Store AH into Flags
PUSHF = Push Flags

POPF = Pop Fiags

76543210 76543210 76543210 76543210
l 100010dw i mod reg ‘r/m ]
[ 1100011w | modooorm | data [ datajifw 1
[ 1011wreg | data | dataitw1 |
[ 1010000w | add-low | addr-high |
[__1o10001w ] addr-low | addr-high |
{ 10001110 | modoregr/m |
[ 10001100 | modoregr/m |
[ 11111111 [ modtiorm |
[ 10001111 [ rhod000r/m
[ 1o00011w | mod reg /m ]
[ 1110010w | port
[ 1110011w ] port
[ oot ]
[ 10001101 | modregr/m |
[ 11000101 | modreg/m |

11000100

—

mod reg r/m

10011111
10011110
10011100
10011101

i
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80C86AL/80C88AL INSTRUCTION SET SUMMARY (Continued)

Mnemonic and

CBW = Convert Byte to Word
CWD = Convert Word to Double Word

[ 10011000
10011001

Description Instruction Code
ARITHMETIC 76543210 76543210 76543210 76543210
ADD = Add:
Reg./Memory with Register to Either [ 0o0oo0oodw | modregr/m |
Immediate to Register/Memory [ 100000sw [ modooorm | data | dataitsw =01
Immediate to Accumulator [ oooootow | data |  daaitw=1 |
ADC = Add with Carry:
Reg./Memory with Register to Either 000100dw l mod reg r/m I
Immediate to Register/Memory 100000sw l mod010r/m l data L data if ssw = 01 J
Immediate to Accumulator 0001010w | data | dataitw=1_ |
INC = Increment:
Register/Memory [ 1111111w | modooorm |
Register v
AAA = ASCII Adjust for Add
DAA = Decimal Adjust for Add
SUB = Subtract:
Reg./Memory and Register to Either [ 001010dw [ mod reg r/m J
Immediate from Register/Memory | 100000sw L mod101r/m L data L data if ssw = 01 {
Immediate from Accumulator L 0010110w L data J dataifw = 1 l
SBB = sub!ract with Borrow ,
Reg./Memory and Register to Either [ 000110dw [ mod reg r/m ’
Immediate from Register/Memory L 100000sw L mod011r/m L data J data if ssw = 01
Immediate from Accumulator | 0001110w L data l dataifw = 1 I
DEC = Decrement:
Register/Memory [ 1111119w | modootwm |
NEG = Change Sign I 1111011w l mod011 r/m ]
CﬁP = Compare:
Register/Memory and Register I 001110dw l mod reg r/m |
Immediate with Register/Memory [ 100000sw [ modt11rm ]| data [ cataitsw =01
Immediate with Accumulator [ 0011110w | data | dataifw = 1 I
AAS = ASCII Adjust for Subtract
DAS = Decimal Adjust for Subtract
MUL = Multiply (Unsigned) [ 1111011w | modioorm |
IMUL = Integer Multiply (Signed) [ 1111011w [ mod10t1r/m |
AAM = ASCIl Adjust for Multiply [ 11010100 [ oooo01010 |
DIV = Divide (Unsigned) [ 1111011w | moditovm |
IDIV = Integer Divide (Signed) [ 1111011w | moditivm |
AAD = ASCII Adjust for Divide 11010101 | 00001010 |
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80C86AL/80C88AL INSTRUCTION SET SUMMARY (Continued) -

MB:::::&::“ ’ ' Instruction Code . .
LoGIC ' ~ 76543210 76543210 76543210 76543210
NOT = Invert [ 1111011w [ modotowm |
SHL/SAL = Shift Logical/Arithmetic Left [  110100vw | mod100r/m |
SHR = Shift Logical Right [ 110100vw | modicivm |
SAR = Shift Arithmetic Right [ 110100vw | mod111vm |
ROL = Rotate Left | 110100vw | modooowrm . |
‘ ROB%RotateHight [ 110100vw | modoot1wm |
RCL = Rotate Through Carry Flag Left [ 110100vw | modot1orm ]
RCR = Rotate Through Carry Right [ 110100vw | modot1wm |
AND = And: ‘ )
Reg./Memory and Register to Either [ 001000dw | mod reg r/m |
Immediate to Register/Memory [ 100000ow | ‘mod1oorm | data [ dataitw =1
Immediate to Accumulator [ 0010010w I data | dataifw = 1 I
TEST = And Function to Flags, No Result: ) .
Register/Memory and Register i 1000010w | mod reg r/m ]
Immediate Data and Register/Memory [ 1111011w | modooorm | data | dataifw =1
Immediate Data and Accumulator | 1010100w I data I _ dataifw =1 l
OR = Or:
Reg./Memory and Register to Either [ 000010dw —I mod reg r/m | o
Immediate to Register/Memory - | 1000000w I __mod001r/m I data | dataifw = 1
Immediate to Accumulator [ oooot1t1ow | data | dataifw=1_ |
XOR = Exclusive or:
Reg./Memory and Register to Either I 001100dw ] mod reg r/m ] )
Immediate to Register/Memory f 1000000w ] - mod110r/m l data [ dataifw = i
Immediate to Accumulator ] 0011 ‘0 10w I data [ dataifw = 1 J )
STRING MANIPULATION v
REP = Repeat
MOVS = Move Byte/Word
CMPS = Compare Byte/Word ~ [ 1010011w__|
SCAS = Scan Byte/Word
LODS = Load Byte/Wd to AL/AX
STOS = Stor Byte/Wd from AL/A
CONTROL TRANSFER o
CALL = Call: o ,
Direct Within Segment [ 11101000 | disp-low. | disp-high ]
Indirect Within Segment [ 11111111 ] modotorm |
Direct intersegment [ 10011010 | offsetlow | offset-high ]
} [ ] seg-ldw _ { seg-high .|
Indirect Intersegment [ 11111111 | moiot1e/m k ] '
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80C86AL/80C88AL INSTRUCTION SET SUMMARY (Continued)

* Mnemonic and

INTO = Interrupt on Overflow
IRET = Interrupt Return

11001110 .
11001111

Description Instruction Code
JMP = Unconditional Jump: 76543210 76543210 76543210
Direct Within Segment I 11101001 I disp-low I disp-high ]
Direct Within Segment-Short [ 11101011 I disp l
Indirect Within Segment [ 11111111 ] mod100r/m |
Direct Intersegment r 11101010 T offset-low | offset-high J
| seg-low. | seg-high I
Indirect Intersegment | 11111111 | mod101r/m I
RET = Return from CALL:
Within Segment 11000011 )
Within Seg Adding Immed to SP [ 11000010 ] data-low | data-high |
Iintersegment 11001011
Intersegment Adding Immediate to SP r 11001010 ] data-low ] data-high 1
JE/JZ = Jump on Equal/Zero I 01110100 T disp I
JL/JINGE = Jump on Less/Not Greater [ 01111100 l disp ‘
or Equal
JLE/JNG = Jump on Less or Equal/ "
rmp on Lo [ 01111110 ] disp ]
JB/JNAE = Jump on Below/Not Above I 01110010 | disp I
or Equal -
JBE/JNA = Jump on Below or Equal/ 1 "
e on B [ 01110110 ] disp ]
JP/JPE = Jump on Parity/Parity Even [ ot1111010 ] disp ]
JO = Jump on Overflow [ 01110000 | disp ]
JS = Jump on Sign ) [ 01111000 | disp ]
JNE/JINZ = Jump on NotEqual/NotZero | 01110101 | disp
JNL/JGE = Jump on Not Less/Greater [ 01111101 | disp I
or Equal
JNLE/JG = Jump on Not Less or Equal/ | 01111111 | disp ]
Greater
JNB/JAE = Jump on Not Below/Above [ 01110011 | disp - i I
or Equal ’
JNBE/JA = Jump on Not Below or :
Bt Abews [ ot110111 disp |
JNP/JPO = Jump on Not Par/Par Odd [ o1111011 ] disp ]
| JNO = Jump on Not Overflow [ e1110001 [ disp ]
JNS = Jump on Not Sign [ 01111001 | disp ]
LOOP = Loop CX Times [ 11100010 | disp ]
LOOPZ/LOOPE = Loop While Zero/Equal | 11100001 | disp ]
LOOPNZ/LOOPNE = Loop While Not [ 11100000 | disp |
 Zero/Equal
JCXZ = Jump on CX Zero [ 11100011 ] disp ]
INT = Interrupt
Type Specified [ 11001101 | type |
Type 3 11001100
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80C86AL/80C88AL INSTRUCTION SET SUMMARY ' (Continued)

Mnemonic and

Description ' l Instruction Code
76543210 76543210 .

PROCESSOR CONTROL .

CLC = Clear Carry

CMC = Complement Carry

STC = Set Carry

CLD = Clear Direction

STD = Set Direction

CL! = Clear Interrubt

STI = Set Interrupt

HLT = Halt

WAIT = Wait :

ESC = Escape (to External Device) I 11011xxXx 4[ mod x X X r/m I

LOCK = Bus Lock Prefix 11110000

NOTES:

AL = 8-bit accumulator

AX = 16-bit accumulator

CX = Count register

DS = Data segment

ES = Extra segment -

Above/below refers to unsigned value.

Greater = more positive; )

Less = less positive (more negative) signed values

ifd = 1 then “to” reg; if d = 0 then “from” reg

if w = 1 then word instruction; if w = 0 then byte instruc-
tion

if mod = 11 then r/m is treated as a REG field

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

if mod = 01 then DISP = disp-low sign-extended to

16 bits, disp-high is absent
if mod = 10 then DISP = disp-high: disp-low
if r/m = 000 then EA = (BX) + (SI) + DISP

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

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

if r/m = 110 then EA = (BP) + DISP*
ifr/m = 111 then EA = (BX) + DISP

.~ DISP follows 2nd byte of instruction (before data ‘if re-
" quired) '

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

**MOV CS, REG/MEMORY not allowed.

DATA SHEET REVISION REVIEW

if ssw = 01 then 16 bits of immediate data form the oper-
and.

if ssw = 11 then an immediate data byte is sign extended
to form the 16-bit operand. . )

if v =0 then “count” = {1;if v = 1 then “count” in (CL)

x = don’t care :

z:is used for string primitives for comparison with ZF FLAG.

SEGMENT OVERRIDE PREFIX

I -001reg110 J
REG is assigned according to the following' table:

-16-Bit (w = 1) 8-Bit (w = 0). | Segment

000 AX 000 AL 00 ES
001 CX 001 CL 01 CS

010 DX ‘010 DL 10 * SS
011 BX - 011 BL 11 DS
100 SP 100 AH o
101 BP 101. CH
110 SI - 110 DH
111 DI 111 BH

Instructions which reference the flag register file as a 16-bit
object use the symbol FLAGS to represent the file:

FLAGS =
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

Mnemonics © Intel, 1978’

The following list represents key differences between this and the -001 data sheet.‘ Pleasé review this summa-

ry carefully.

1. in the Pin Description Table (Table 1), thé description of the HLDA signal being issued has been corrected.
HLDA will be issued in the middle of either T4 or Ti state. ’ . L
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NUMERIC DATA COPROCESSOR

High Performance Numeric Data

Coprocessor

Adds Arithmetic, Trigonometric,
Exponential, and Logarithmic

8087/8087-2/8087-1

m Available in 5 MHz (8087), 8 MHz (8087-

' 2) and 10 MHz (8087-1): 8 MHz 80186/

80188 System Operation Supported
with the 8087-1

Instructions to the Standard 8086/8088 B Adds 8 x 80-Bit Individuaily

and 80186/80188 Instruction Seg for All

Addressable Register Stack to the

Data Types 8086/8088 and 80186/80188
CPU/8087 Supports 7 Data Types: 16-, Architecture
32-, 64-Bit Integers, 32-, 64-, 80-Bit . MW 7 Built-In Exception Handling Functions

Floating Point, and 18-Digit BCD

Operands

Compatible with IEEE
Standard 754

Interface
Floating Point

m MULTIBUS® System Compatible

The 8087 Numeric Data Coprocessor provides the instructions and data types needed for high performance
numeric applications, providing up to 100 times the performance of a CPU alone. The 8087 is implemented in
N-channel, depletion load, silicon gate technology (HMOS Ill), housed in a 40-pin package. Sixty-eight numeric
processing instructions are added to the 8086/8088, 80186/80188 instruction sets and eight 80-bit registers
are added to the register set. The 8087 is compatible with the IEEE Floating Point Standard 754.

DATA

STATUS

ADDRESS

CONTROL WORD

|
|
:
|

NEU INSTRUCTION

EXPONENT
BUS

EXPONENT
MODULE

MICROCODE
CONTROL
UNIT

TEMPORARY
REGISTERS

ADDRESSING &
BUS TRACKING

EXCEPTION
POINTERS

|- REGISTERSTACK —f

O20F O>—

~—  0BTs  —et |

205835-1

Figure 1. 8087 Block Diagram

T\ )
GND [+ ] vee
(A14) AD14 []2 0[] AD1S
(A13) AD13 E 3 387 A16/83
(a12) AD12 [+ ] A17/84
(1) ap11 [ 3] A18/S5
(A10) AD10 [] & 3s[7] A19/S6
(a9) Apg 7 [ BREMST?
(A8) AD8 []¢ »[] RGET1
ap7 [ 27 INT
ADS [0 e 31{7] RO/GTO
AD5 [ %] Ne
ADS [ 2 207 NC
ap3 O+ 0[] §
AD2 q 1 271 §
AD1 s {7 5B
ADO []16 2501 Qso
Ne O [ as1
NC [ e 23] BuUsY
CLK 1o 22[7] READY
GND [0 21[7] RESET
205835-2
Figure 2. 8087 Pin
Configuration
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Table 1. 8087 Pin Description

Symbol

Type

Name and Function

AD15-ADO

110

ADDRESS DATA: These lines constitute the time multiplexed memory address (T+)
and data (T, T3, Tw, T4) bus. A0 is analogous to the BHE for the lower byte of the data
bus, pins D7-DO. Itis LOW during T4 when a byte is to be transferred on the lower
portion of the bus in memory operations. Eight-bit oriented devices tied to the lower half
of the bus would normally use A0 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 CPU is in control of the bus. A15-A8 do not require
an address latch in an 8088/8087 or 80188/8087. The 8087 will supply an address for
the T1-T4 period.

A19/S6,
A18/S5,
A17/84,
A16/S3

170

ADDRESS MEMORY: During T4 these are the four most significant address lines for
memory operations. During memory operations, status information is available on these
lines during To, T3, Tw, and T4. For 8087-controlled bus cycles, S6, S4, and S3 are
reserved and currently one (HIGH), while S5 is always LOW. These lines are inputs
which the 8087 monitors when the CPU is in control of the bus.

BHE/S7

1/0

BUS HIGH ENABLE: During T4 the bus high enable signed (E'I-TI?) should be used to
enable data onto the most significant half of the data bus, pins D15-D8. 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 T4 for read and write cycles when a byte is to
be transferred on the high portion of the bus. The S7 status information is available
during Ty, T3, Tw, and T4. The signal is active LOW. S7 is an input which the 8087
monitors during the CPU-controlled bus cycles.

1/0

STATUS: For 8087-driven, these status lines are encoded as follows:

S§2 §1 S0
0(LOW) X X Unused
1(HIGH) 0 0 Unused
1 0 Read Memory
1 1 Write Memory
1 1 Passive
Status is driven active during T4, remains valid during T4 and T, and is returned to the
passive state (1, 1, 1) during T3 or during Tyy when READY is HIGH. This status is used
by the 8288 Bus Controller (or the 82188 Integrated Bus Controller with.an 80186/
80188 CPU) to generate all memory access control signals. Any change in $2,51, or
SO during T4 is used to indicate the beginning of a bus cycle, and the return to the
passive state in T3 or Ty is used to indicate the end of a bus cycle. These signals are
monitored by the 8087 when the CPU is in control of the bus.

—_ O -

1/0

REQUEST/GRANT: This request/grant pin is used by the 8087 to gain control of the
local bus from the CPU for operand transfers or on behalf of another bus master. It
must be connected to one of the two processor request/grant pins. The request/ grant
sequence on this pin is as follows:

1. A pulse one clock wide is passed to the CPU to indicate a local bus request by either
the 8087 or the master connected to the 8087 RQ/GT1 pin.

2. The 8087 waits for the grant pulse and when it is received will either initiate bus
transfer activity in the clock cycle following the grant or pass the grant out on the
RQ/GT1 pin in this clock if the initial request was for another bus master.

3. The 8087 will generate a release pulse to the CPU one clock cycle after the
completion of the last 8087 bus cycle or on receipt of the release pulse from the bus
master on RQ/GT1.

For 80186/80188 systems the same sequence applies except RQ/GT signals are

converted to appropriate HOLD, HLDA signals by the 82188 Integrated Bus Controller.

This is to conform with 80186/80188’s HOLD, HLDA bus exchange protocol. Refer to

the 82188 data sheet for further information.

2-184




intel

8087

Table 1. 8087 Pin Description (Continued)

Symbol

Type

Name and Function

RQ/GT1

110

REQUEST/GRANT: This request/grant pin is used by another local bus master to
force the 8087 to request the local bus. If the 8087 is not in control of the bus when the
request is made the request/grant sequence is passed through the 8087 on the RQ/
GTO pin one cycle later. Subsequent grant and release pulses are also passed through
the 8087 with a two and one clock delay, respectively, for resynchronization. RQ/GT1
has an internal pullup resistor, and so may be left unconnected. If the 8087 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 8087’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 8087’s control unit
is disconnected logically from the local bus during “RQ/GT acknowledge.”

3. A pulse 1 CLK wide from the requesting master indicates to the 8087 (pulse 3) that
the “RQ/GT" request is 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 a sequence of 3 puises. There must

be one dead CLK cycle after each bus exchange. Pulses are active LOW.

For 80186/80188 system, the RQ/GT1 line may be connected to the 82188 Integrated

Bus Controlier. In this case, a third processor with a HOLD, HLDA bus exchange

system may acquire the bus from the 8087. For this configuration, RQ/GT1 will only be

used if the 8087 is the bus master. Refer to 82188 data sheet for further information.

Qs1, QS0

QS1, QS0: QS1 and QSO0 provide the 8087 with status to allow tracking of the CPU
instruction queue.”
Qs1 Qso
0 (LOW) 0 No Operation
0 1 First Byte of Op Code from Queue
1 (HIGH) 0 Empty the Queue
1 1 Subsequent 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 for 8086/8088 systems and to INTO for 80186/80188

.systems. 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 pin to provide synchronization. In the case of an
unmasked exception BUSY remains active until the exception is cleared. BUSY is
active HIGH.

READY

READY: READY is the acknowledgement 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  for 8086 systems. For 80186/80188 systems,
RDY is synchronized by the 82188 Integrated Bus Controller 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 HlGH 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.

Vee

POWER: Vg is the + 5V power supply pin.

'GND

GROUND: GND are the ground pins.

NOTE

For the pin descriptions of the 8086, 8088, 80186 and 80188 CPUs, reference the respectwe data sheets (8086, 8088,

80186, 80188).
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APPLICATION AREAS

The 8087 provides functions meant.specifically for
high performance numeric processing requirements.
Trigonometric, logarithmic, and exponential func-
tions are built into the coprocessor hardware. These
functions are essential in scientific, engineering,
navigational, or military applications.

The 8087 also has capabilities meant for business or
commercial computing. An 8087 can process Binary
Coded Decimal (BCD) numbers up to 18 digits with-
out roundoff errors. It can also perform arithmetic on
integers as large as 64 bits £ 1018).

PROGRAMMING LANGUAGE
SUPPORT

Programs for the 8087 can be written in Intel’s high-
level languages for 8086/8088 and 80186/80188
Systems; ASM-86 (the 8086, 8088 assembly lan-
guage), PL/M-86, FORTRAN-86, and PASCAL-86.

RELATED INFORMATION

For 8086, 8088, 80186 or 80188 details, refer to the
respective data sheets. For 80186 or 80188 sys-
tems, also refer to the 82188 Integrated Bus Con-
troller data sheet.

FUNCTIONAL DESCRIPTION

The 8087 Numeric Data Processor’s architecture is
designed for high performance numeric computing
in conjunction with general purpose processing.

The 8087 is a numeric processor extension that pro-
vides arithmetic and logical instruction support for a
variety of numeric data types. It also executes nu-
merous built-in transcendental functions (e.g., tan-
gent and log functions). The 8087 executes instruc-
tions as a coprocessor to a maximum mode CPU. It
effectively extends the register and instruction set of
the system and adds several new data types as well.
. .Figure 3 presents the registers of the CPU+ 8087.
Table 2 shows the range of data types supported by
the 8087. The 8087 is treated as an extension to the
CPU, providing register, data types, control, and in-
struction capabilities at the hardware level. At the
programmer’s level -the. CPU and the 8087 are
- viewed as a single unified processor.

System Configuration

As a coprocessor to an 8086 or 8088, the 8087 is
wired in parallel with the CPU as shown in Figure 4.
Figure 5 shows the 80186/80188 system configura-

. tion. The CPU’s status (S0-S2) and queue status

lines (QS0-QS1) enable the 8087 to monitor and

.. decode instructions in synchronization with the CPU

and without any CPU overhead. For 80186/80188
systems, the queue status signals of the 80186/
80188 are synchronized to 8087 requirements by
the 8288 Integrated Bus Controller. Once started,

- the 8087 can process in parallel with, and indepen-

dent of, the host CPU. For resynchronization, the
8087’s-BUSY signal informs the CPU that the 8087
is" executing an instruction and the CPU WAIT in-
struction tests this signal to insure that the 8087 is
ready to execute subsequent instructions. The 8087
can interrupt. the CPU when it detects an error or
exception. The 8087’s interrupt request line is typi-
cally routed to the CPU through an 8259A Program-
mable Interrupt Controller for 8086, 8088 systems
and INTO for 80186/80188.

: ~ sog7 ;
. oy . .. ~-PATAFIELD TAG FIELD
Rt FILE o| 79 78 64 63 0 1, 0
AX | R1 | SIGN | EXPONENT - SIGNIFICAND
8x R2
cx : R3
oX | R4
,s‘ | RS .
ol | e
8P | ®
sP | R8
. I S .
i ’I 15 "0
[ | . CONTROL REGISTER'
FLAGS | STATUS REGISTER
v TAG WORD
————

cs } |- INSTRUCTION POINTER ]

os : . oar

s = APOINTER ]

s ! R -

I 205835-3.. ..

Figure 3. CPU + 8087 Architecture

2-186



intd. 8087

The 8087 uses one of the request/grant lines of the
8086/8088 architecture (typically RQ/GT0) to ob-
tain control of the local bus. for data transfers. The
'other request/grant line is available for general sys-
tem use (for instance by an 1/0 processor in LOCAL
mode). A bus master can also be connected to the
8087’s RQ/GT1 line. In this configuration the 8087
will pass the request/grant handshake signals be-
tween the CPU and the attached master when the
8087 is not in control of the bus and will relinquish
the bus to the master directly when the 8087 is in
control. In this way two additional masters can be
configured in an 8086/8088 system; one will share
the 8086/8088 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.

For 80186/80188 systems, RQ/GT0 and RQ/GT1
are connected to the corresponding inputs of the
82188 Integrated Bus Controller. Because the
80186/80188 has a HOLD, HLDA bus exchange
protocol, an interface is needed which will translate
RQ/GT signals to corresponding HOLD, HLDA sig-
nals and vice versa. One of the functions of the

82188 IBC is to provide this translation. RQ/GTO is’

translated to HOLD, HLDA signals which are then
directly connected to the 80186/80188. The RQ/
GT1 line is also translated into HOLD, HLDA signals
(referred to as SYSHOLD, SYSHLDA signais) by the
82188 {BC. This allows a third processor (using a
HOLD, HLDA bus exchange protocol) to gain control
of the bus.

Unlike an 8086/8087 system, RQ/GT is only used
when the 8087 has bus control. If the third processor
requests the bus when the current bus master is the
80186/80188, the 82188 IBC will directly pass the
request onto the 80186/80188 without going
through the 8087. The third processor has the high-
est bus priority in the system. If the 8087 requests
the bus while the third processor has bus control,
the grant pulse will not be issued until the third proc-
essor releases the bus (using SYSHOLD). In this
configuration, the third processor has the highest
priority, the 8087 has the next highest, and the
80186/80188 has the lowest bus priority.

Bus Operation

The 8087 bus structure, operation and timing are
identical to all other processors in the 8086/8088
series (maximum mode configuration). The address
is time multiplexed with the data on the first 16/8
lines of the address/data bus. A16 through A19 are

. time multiplexed with four status lines S3-S6. 83,

S4 and S6 are always one (HIGH) for 8087-driven
bus cycles while S5 is always zero (LOW). When the
8087 is monitoring CPU bus cycles (passive mode)
S6 is also monitored by the 8087 to differentiate
8086/8088 activity from that of a local 1/0 proces-
sor or any other local bus master. (The 8086/8088
must be the only processor on the local bus to drive
86 LOW). 87 is multiplexed with and has the same
value as BHE for all 8087 bus cycles.

Table 2. 8087 Data Types

Data

- Most Significant Byte

Range |Precision

Formats 7 o]7 ol7

oz oz o7 o7 oz o7 o7 o

Word Integer 104 | 16Bits |ly5 lblTwo’s Complement

Short Integer 109 32 Bits |34

IolTwo's Complement

Long Integer 1018 | 64 Bits |lgg lo| Complgr:\veo;\s{

Packed BCD | 1018 |18 Digits |S|— Dy7Dqg] [D4 D]

Short Real 10%38 | 24Bits [S|[E;  EglFy Fas|Fo Implicit

LongReal | 10%308| 53Bits e EoFy Fsa|Fo Implicit

Temporary Real|10£4932] 64 Bits |S|E1 EolFo ’ . Fes
Integer: | '

Packed BCD: (—1)S(Dy7...Dg)

Real: (—1)S(2E—Bias)(FgeF...)

bias = 127 for Short Real
1023 for Long Real
16383 for Temp Real
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The first three status lines, SO-S2, are used with an
8288 bus controller or 82188 Integrated Bus Con-
troller to determine the type of bus cycle being run:

Table 3. Execution Times for Selected
8086/8087 Numeric Instructions and

Unused
Memory Data Read

S2
0
1
1
1 Memory Data Write
1

~s00x|9

S0

X Unused
-0

1

0

1

Passive (no bus cycle)

Programming Interface

The 8087 includes the standard 8086, 8088 instruc-
tion set for general data manipulation and program
control. It also includes 68 numeric instructions for
extended precision integer, floating point, trigono-
metric, logarithmic, and exponential functions. Sam-
ple execution times for several 8087 functions are
shown in Table 3. Overall performance is up to 100
times that of an 8086 processor for numeric instruc-
tions.

_Any instruction executed by the 8087 is the com-
bined result of the CPU and 8087 activity. The CPU
and the 8087 have specialized functions and regis-
ters providing fast concurrent operation. The CPU
controls overall program execution while the 8087
uses the coprocessor interface to -recognize and
perform numeric operations.

Table 2 lists the seven data types the 8087 supports
and presents the format for each type. Internally, the
8087 holds all numbers in the temporary real format.
Load and store instructions automatically 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 8087 also provides the
capability to control round off, underflow, and over-
flow errors in each calculation.

Computations in the 8087 use the processor’s regis-
ter stack. These eight 80-bit registers provide the
- equivalent capacity of 20 32-bit registers. The 8087
register set can be accessed as a stack, with in-
structions operating on the top one or two stack ele-
ments, or as a fixed register set, with instructions
operating on explicitly designated registers.

Table 5 lists the 8087’s instructions by class. All ap-
pear as ESCAPE instructions to the host. Assembly
language programs are written in ASM-86, the 8086,
8088 assembly language.

Corresponding 8086 Emulation

Approximate Execution
Floating Point Time (us)
Instruction 8086/3087 8086
(8 MHz Emulation
. Clock)
Add/Subtract 10.6 1000
Multiply (Single
Precision) 11.9 1000
Multiply (Extended
Precision) ©16.9 1312
Divide . 24.4 2000.
Compare -5.6 812
Load (Double Precision) -6.3 1062
Store (Double Precision) 13.1 750
Square Root 225 12250
Tangent C 56.3 ‘ 8125
Exponentiation 62.5 10687

NUMERIC PROCESSOR
EXTENSION ARCHITECTURE

As shown in Figure 1, the 8087 is internally divided.
into two processing elements, the control unit (CU)
and the numeric execution unit (NEU). The NEU ex-
ecutes all -numeric instructions, while the CU re-
ceives and decodes instructions, reads and writes
memory operands and executes 8087 control in-
structions. The two elements dre able to operate in-
dependently of one another, allowing the CU to
maintain synchronization with the CPU while the
NEU is busy processing a numeric instruction.

Control Unit

The CU keeps the 8087 operating in synchronization
with its host CPU. 8087 ‘instructions are intermixed
with CPU instructions in asingle instruction stream.
The CPU fetches all instructions from memory; by
monitoring the status (S0-S2, S6) emitted by the
CPU, the control unit determines when an instruction
is being fetched. The CPU monitors the data bus in
parallel with the CPU to obtain instructions that per-
tain to the 8087.

‘
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Figure 4. 8086/8087, 8088/8087 System ‘Conﬁguratlon
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Figure 5. 80186/8087, 80188/8087 System Configuration
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The CU maintains an instruction queue that is identi-
cal to the queue in the host CPU. The CU automati-
cally determines if the CPU is an 8086/80186 or an
8088/80188 immediately after reset (by monitoring
the BHE/S7 line) and matches its queue length ac-
cordingly. By monitoring the CPU’s queue status
lines (QS0, QS1), the CU obtains and decodes in-
structions from the queue in synchronization with the
CPU. k

A numeric instruction appears as an ESCAPE in-
struction to the CPU. Both the CPU and 8087 de-
code 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 per-
forms 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 receives. If the ESC instruc-
tion does not contain a memory reference (e.g. an
8087 stack operation), the CPU simply proceeds to
the next.instruction.

An 8087 instruction can have one of three memory
reference options: (1) not reference memory; (2)
load an operand word from memory into the 8087; or
(3) store an operand word from the 8087 into memo-
ry. If no memory reference is required, the 8087 sim-
ply executes its instruction. If a memory reference is
required, the CU uses a “dummy read” cycle initiat-
ed by the CPU to capture and save the address that
the CPU places on the bus. If the instruction is a
load, the CU additionally captures the data word
when it becomes available on the local data bus. If
data required is longer than one word, the CU imme-
diately obtains the bus from the CPU using the
request/grant protocol and reads the rest of the in-
formation in consecutive bus cycles. In a store oper-
ation, 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 spec-
ified address.

Numeric Execution Unit

The NEU executes all instructions that involve the
register stack; these include arithmetic, logical, tran-
scendental, constant and data transfer instructions.
The data path in the NEU is 84 bits wide (68 frac-
tions 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 CPU + 8087 register set is shown in Figure 3.
Each of the eight data registers in the 8087’s regis-
ter stack is 80 bits and is divided into “fields” corre-
sponding to the 8087’s temporary real data type.

At a given point in time the TOP field in the control
word identifies the current top-of-stack register. A
“push” operation decrements TOP by-1 and loads a
value into the new top register. A “pop” operation
stores the value from the current top register and
then increments TOP by 1. Like CPU stacks in mem-
ory, 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 instruc-
tions implicitly address the register pointed to by the
TOP. Other instructions allow the programmer to ex-
plicitly-specify. the register which is to be used. Ex-
plicit register addressing is “top-relative.”

Status Word

The status word shown in Figure 6 reflects the over-
all 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.
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e e e =]

EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED)

INVALID OPERATION
DENORMALIZED OPERAND
ZERO DIVIDE

OVERFLOW
UNDERFLOW

PRECISION

(RESERVED)

INTERRUPT REQUEST!"

CONDITION CODE®
TOP OF STACK POINTER®

NEU BUSY

NOTES:

2. See Table 3 for condition code interpretation.
3. Top Values: :
000 = Register 0 is Top of Stack.
001 = Register 1 is Top of Stack.
L]

111 = Register 7 is Top of Stack.

205835-6

1. IR is set if any unmasked exception bit is set, cleared otherwise.

Figure 6. 8087 Status Word

The four numeric condition code bits (Co—-C3) are
similar to flags in a CPU: various instructions update
these bits to reflect the outcome of the 8087 opera-
tions. The effect of these instructions on the condi-
tion code bits is summarized in Table 4.

Bits 14-12 of the status word point to the 8087 reg-
ister that is the current top-of-stack (TOP) as de-
scribed above.

Bit 7 is the interrupt request bit. This bit is set if any
unmasked exception bit is set and cleared other-
wise.

Bits 5-0 are set to indicate that the NEU has detect-
ed an exception 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 8087’s performance. The tag
word can be used, however, to interpret the con-
tents of 8087 registers.

Instruction and Data Pointers

The instruction and data pointers (see Figure 8) are
provided for user-written error handlers. Whenever
the 8087 executes a math instruction, the CU saves
the instruction' address, the operand address (if
present) and the instruction opcode. 8087, instruc-
tions can store this data into memory

15

0

TAG |(7) TAGI(6) TAG l(5) TAGI(4)

TAG l(3) TAGI(2) TAG l( 1) TAGI(O)

TAG VALUES:
00 = VALID
01 = ZERO
10 = SPECIAL
11 = EMPTY

Figure 7. 8087 Tag Word
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Table 4a. Condition Code Interpretation

Ins¥::;ion C3 C2 Cq Co Interpretation
Compare, Test 0 0 X 0 ST > Source or 0 (FTST)
0 0 X 1 ST < Source or 0 (FTST)
1 0 X 0 ST = Source or 0 (FTST)
1 1 X 1 ST is not comparable
Remainder Q4 0 Qo Qo Complete reduction with
three low bits of quotient
(See Table 4b)
U 1 U V) Incomplete Reduction
Examine 0 0 0 0 Valid, positive unnormalized
0 0 0 1 Invalid, positive, exponent = 0
0 0 1 0 Valid, negative, unnormalized
0 0 1 1 Invalid, negative, exponent = 0
0 1 0 0 Valid, positive, normalized
0 1 0 1 Infinity, positive
0 1 1. "0 Valid, negative, normalized
0 1. 1 1 Infinity, negative
1 0 0 0 Zero, positive
1 0 0 1 Empty
1 0 1 0 Zero, negative
1 0 1 1 Empty
1 1 0 0 Invalid, positive, exponent = 0
1 1 0 1 Empty
1 1 1 0 Invalid, negative, exponent = 0
1 1 1 1 Empty
NOTES:
1. ST = Top of stack
2. X = value is not affected by instruction
3. U = value is undefined following instruction
4. Qn = Quotient bit n
Table 4b. Condition Code Interpretation
after FPREM Instruction As a MEMORY
; Function of Divided Value OFFSET
15 0
Dividend Range Qz Q4 Qg CONTROL WORD +0
Dividend < 2 * Modulus 031 C11 Qo STATUS WORD . +2
Dividend < 4 * Modulus Ca! Q4 Qo
Dividend > 4* Modulus | Q> | Qi | Qo TAG WORD 4
INSTRUCTION POINTER (15-0) +6
NOTE: . INSTRUCTION INSTRUCTION
1. Previous value of indicated bit, not affected by FPREM POINTER (19-16) 0 OPCODE (10-0) +8
instruction execution.
k DATA POINTER (15-0) +10
DATA POINTER
(19-16) 0 +12
15 12 11 0
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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 encod-
ing 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, round-
ing, and infinity controls. The precision control bits
(bits 9-8) can be used to set the 8087 internal oper-
ating precision at less than the default of temporary
real precision. This can be useful in providing com-
patibility with earlier- generation arithmetic proces-
sors of smaller precision than the 8087. The round-
ing control bits (bits 11-10) provide for directed
rounding and true chop as well as the unbiased
round to nearest mode specified in the proposed
|IEEE standard. Control over closure of the number
space at infinity is also provided (either affine clo-
sure, t o, or projective closure, o, 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.

If interrupts are disabled the 8087 will simply contin-
ue 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 allowing processing to continue.
The exceptions that the 8087 detects are the follow-
ing:

1. INVALID OPERATION: Stack overflow, stack un-
derflow, indeterminate form (0/0, «© — oo, etc.)
or the use of a Non-Number (NAN) as an oper-
and. 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 exception is masked, th