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MICROPROCESSOR PRODUCTS

Harris Semiconductor is a pioneer in developing and producing advanced CMOS
microprocessor products for the most demanding commercial and military applica-
tions in this world -- and beyond. Microprocessors include the world’s fastest 80C286
microprocessor at 256MHz, along with the 80C86 and 80C88 microprocessors. These
are complemented with a full line of CMOS peripherals, data communication circuits,
and memory products. Additionally, the CDP1800-series microprocessor product line
is available with its associated peripheral and memory devices. The heart of this
series is the CDP1802A central processing unit (CPU) for use as a general-purpose
computing or control element in a wide range of stored-program systems or prod-
ucts. Enhanced versions of the CDP1802A are available which incorporate addi-
tional on-chip features.

This databook fully describes Harris Semiconductor’s line of CMOS microprocessor
products. It includes a complete set of data sheets for product specifications, appli-
cation notes with design details for specific applications of Harris products, and a
description of the Harris quality and high reliability program.

Other Harris Semiconductor advanced digital product lines include the CDP6805
Microcontroller family and a brand new line of Digital Signal Processing (DSP) prod-
ucts. Both families are fully covered in their respective databooks available from the
nearest Harris sales, representative, or distributor office; or from our literature
department (see previous page).

Harris Semiconductor products are sold by description only. All specifications in this product
guide are applicable only to packaged products; specifications for die are available upon
request. Harris reserves the right to make changes in circuit design, specifications and other
information at any time without prior notice. Accordingly, the reader is cautioned to verify that
information in this publication is current before placing orders. Reference to products of other
manufacturers are solely for convenience of comparison and do not imply total equivalency of
design, performance, or otherwise.

@HARRIS
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MICROPROCESSOR PRODUCTS
TECHNICAL ASSISTANCE

For technical assistance on the Harris products listed in this databook,
please contact Field Applications Engineering staff available at one of the following
Harris Sales Offices:

UNITED STATES
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NEW YORK Hauppauge. ............cooviiinn.n. 516-342-0291

Wappingers Falls . ................... 914-298-1920
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Harris High Reliability Products are offered in the following
Military grades:

¢ JAN (Joint Army Navy)

Registered trademark of the U.S. Government indicating that
a device is fully compliant to MIL-M-38510. The Defense
Electronics Supply Center (DESC) maintains a continuing
audit of manufactur-ing compliance. There are two product
assurance classes available for M38510 products (Class S
and B). Devices are defined and identified by their particular
detail specification or “slash sheet” number issued by DESC
(e.g. M38510/29104BJX). The IC manufacturers who are
qualified to supply products to a particular M38510 slash
sheet are identified in the Qualified Products List (QPL)
issued by DESC.

e SMD (Standard Military Drawing)

The SMD evolved from the DESC drawing program which
was viewed as a preliminary specification prior to JAN
approval. SMDs were created to control the proliferation of
non-standard Source Control Drawings. The Standard
Military Drawing provides standardized MIL-STD-883
processing in conjunction with non-JAN devices as specified
in paragraph 1.2.1 of MIL-STD-883. These devices are
defined and identified by their Standard Military Drawing
number issued by DESC (eg. 5962-8757701RA). The
manufacturers qualified to supply a particular SMD device
are listed in the back of the individual Standard Military
Drawing.

¢ Harris Class B Compliant

These devices are fully compliant to MIL-STD-883, Class B
and are identified by the /883 suffix on the Harris part
number. The parametric limits for an /883 data sheet are
controlled by the manufacturer rather than a governmental
agency, and therefore, there may be differences in the test
methodology and actual limits for “similar” devices made by
different manufacturers.

This manufacturer control of the /883 specifications allows
the offering of 883-level products long before they might
become available as MIL-M-38510 or SMD devices. In many
cases, Harris actually specifies /883 devices with more

Military Grade Product Offerings

stringent conditions than those appearing on the MIL-M-
38510 slash sheet or SMD describing the same generic
device. Harris recommends using our /883 data sheets as
the baseline for new military or aerospace source control
drawings.

e Harris Class B “Equivalent”

These devices are processed and tested in a manner
equivalent to the MIL-STD-883 compliant devices. They may
not be classified as compliant since government standards
have not been established for processing these types of
components (e.g. Ram Modules). The Class B “Equivalent”
products can be identified by the -8, /B, or /3 suffix on the
Harris part number.

Non-Standard Product Offerings

Harris understands the need for customer generated Source
Control Drawings with non-standard parameter and/or
screening requirements. A Customer Engineering Depart-
ment is responsible for efficiently expediting the SCDs
through a comprehensive review process. Our Customer
Engineering Group compares the SCD to its closest
equivalent product grade and works closely with the Product
Engineer, Manufacturing Engineer, Design Engineer, or
applicable individual to compare Harris’ screening ability
against the customer’s non-standard requirement(s). For
products processed to non-standard requirements, a unique
part number suffix is assigned.

Harris shares the military’s objective to utilize standards
wherever possible. We recommend using our /883 data
sheets as guidelines for generating new Source Control
Drawings. In instances where an available military
specification or Harris /883 data sheet is inappropriate, it is
Harris’ sincerest wish to work closely with the customer in
establishing an acceptable procurement document. For this
reason, the customer is requested to contact the nearest
Harris Sales Office or Representative before finalizing the
Source Control Drawing. Harris looks forward to working
with the customer prior to implementation of the formal
drawing so that both parties may create a mutually accept-
able procurement document.
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Military Grades Available

SMD/ SMD/

PRODUCT JAN DESC /883 /8,83 PRODUCT JAN DESC /8,-8,3
MICROPROCESSORS PERIPHERALS (Continued)
CDP1802A X MR82C54-10 pending X
CDP1802AC X MD82C55A X X
MG80C286-10 pending X MR82C55A X X
MG80C286-12 pending X MDB82C55A-5 X X
MD80C86 X X MR82C55A-5 X X
MR80C86 X X MD82C59A X X
MD80C86-2 X X MR82C59A X X
MR80C86-2 X X MD82C59A-5 X X
MDB80C88 X X MR82C59A-5 X X
MR80C88 X X MDB82C59A-12 pending X
MD80C88-2 X MR82C59A-12 pending X
MR80C88-2 X MD82C82 X X
PERIPHERALS MR82C82 X X
CDP1852 X MD82C83H X X
CDP1852C X MR82C83H X X
CDP1853 X MD82C84A X X
CDP1853C X MR82C84A X X
CDP1854A X MD82C85 X
CDP1854AC X MR82C85 X
CDP1857 X MD82C86H-5 X X
CDP1857C X MR82C86H-5 X X
MD82C237 pending X MD82C87H-5 X X
MR82C237 pending X MR82C87H-5 X X
MD82C237-12 pending X MD82C88 X X
MR82C237-12 pending X MR82C88 X X
MD82C284-10 X MD82C89 X X
MD82C284-12 MR82C89 X X
MD82C37A pending X DATA COMMUNICATIONS
MR82C37A pending X CDP1854A X
MD82C37A-12 pending X CDP1854AC X
MR82C37A-12 pending X HD1-15530 X X
MD82C37A-5 pending X HD4-15530 X X
MRB82C37A-5 pending X HD1-15531 pending X
MD82C50A-5 X HD1-15531B pending X
MD82C52 X X HD1-4702 pending
MR82C52 X X HD4-4702 X
MD82C54 X X HD1-6402R X
MR82C54 X X HD1-6402B
MD82C54-10 pending X HD1-6409




Military Grades Available

SMD/ SMD/

PRODUCT JAN DESC 883 /B,-8,3 PRODUCT JAN DESC 1883 /8,-8,/3
DATA COMMUNICATIONS {Continued) CMOS RAMs {Continued)
HD4-6409 X HM1-6551B X
HS1-3182 pending X HM1-6561 X
HS4-3182 pending X HM1-6561B X
HS1-3282 X X HM1-65642 X X
HS4-3282 X X HMA4-65642 X X
MDB82C50A-5 X HM1-656428 X X
MD82C52 X X HM4-656428 X X
MR82C52 X X HM1-65642C X
CMOS RAMs HM4-65642C X
CDP1821C X CMOS PROMS
CDP1822C X HM1-6617 X X
CDP1823C X HM6-6617 X X
CDP1824 X HM4-6617 X X
CDP1824C X HM1-66178 X X
HM1-6504 X X HM6-6617B X X
HM1-6504B X HM4-6617B X X
HM1-6504S X X X HM1-6642 X X
HM1-6508 X HM6-6642 X X
HM1-6508B X HM4-6642 X X
HM1-6514 X X HM1-66428 X X
HM1-6514B X X HM6-6642B X X
HM1-6514S X X HM4-6642B X X
HM1-6516 X X X CMOS RAM MODULES
HM4-6516 X X HM5-6564 X
HM1-6516B X X HM5-8808 X
HM4-6516B X X HM5-8808B X
HM1-65162 X X X HMS5-8808S X
HM4-65162 X X X HM5-8808A X
HM1-65162B X X X HM5-8808AB X
HM4-65162B X X X HM5-8808AS X
HM1-65162C X X HM5-8816H X
HM4-65162C X X HM5-8816HB X
HM1-6518 X HM5-8832 X
HM1-6518B X HM5-8832B X
HM1-65262 X X X HMS5-91M2 X
HM4-65262 X X X HM5-91M2B X
HM1-652628 X X X HM5-92560 X
HM4-65262B X X X HMS5-92570 X
HM1-6551 X

MILITARY
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Harris JAN-SMD-/883 Part Number Listing ——

HARRIS PART # | JAN PART # |  smomescParT+ | /883 PART #
MICROPROCESSOR PRODUCTS ’
MGB0C286-12 Pending MGBOC286-12/883
MGB0C286-10 Pending MGB0C286-10/883
MD80C86 8405201QA
MR80C86 8405201XA
MDB0C86-2 84052020A
MRB0C86-2 8405202XA
MDB0CS3 5962-86016010A
MR80C88 5962-8601601XA
MD82C237 Pending
MR82C237 Pending
MD82C237-12 Pending
MR82C237-12 Pending
MD82G284-10 MD82C284-10/883
MD82C284-12 MDB82C284-12/883
MD82C37A Pending
MRB2C37A Pending
MDB82C37A-12 Pending
MR82C37A-12 Pending
MDB82C37A-5 Pending
MR82C37A-5 Pending
MDB2C52 8501501XA
MR82C52 85015013A
MD82C54 8406501JA
MR82C54 84065013A
MD82C55A 8406602QA
MR82C55A 8406602XA
MDB82C55A-5 8406601QA
MR82C55A-5 8406601XA
MDB2C59A 5962-8501602YA
MR82C59A 5962-85016023A
MDB2C59A-5 5962-8501601YA
MR82C59A-5 5962-85016013A
MD82C82 8406701RA
MR82C82 84067012A
MD82C83H 8406702RA
MRB2C83H 84067022A
MDB2C84A 8406801VA
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Harris JAN-SMD-/883 Part Number Listing

HARRIS PART # JAN PART # | SMD/DESC PART # | /883 PART #
MICROPROCESSOR PRODUCTS (Continued)
MRB2C84A 84068012A
MDB2C86H-5 5962-8757701RA
MR82C86H-5 5962-87577012A
MD82C87H-5 5962-8757702RA
MRB2C87H-5 5962-87577022A
MD82C88 8406901RA
MR82C88 84069012A
MD82C89 5062-8552801RA
MR82C89 5962-85528012A
DATA COMMUNICATION PRODUCTS
HD1-15530 7802901JA
HD4-15530 78029013A
HD1-15531 HD1-15531/883
HD1-15531B HD1-155318/883
HD1-4702 Pending HD1-4702/883
HD1-64028 5962-9052502MQA HD1-64028/883
HD1-6402R 5962-9052501MQA HD1-6402R/883
HD1-6409 HD1-6409/883
HD4-6409 HD4-6409/883
HS1-3182 Pending
HS4-3182 Pending
HS1-3282 5962-8688001QA
HS4-3282 5962-8688001XA
CMOS MEMORY PRODUCTS
1K CMOS STATIC RAMs
HM1-6508 HM1-6508/883
HM1-65088 HM1-65085/883
HM1-6518 HM1-6518/883
HM1-65188 HM1-65188/883
HM1-6551 HM1-6551/883
HM1-6551B HM1-65515/883
HM1-6561 HM1-6561/883
HM1-65618 HM1-65618/883
4K CMOS STATIC RAMs
HM1-6504 8102405VA HM1-6504/883
HM1-65048 8102403VA HM1-65048/883
HM1-6504S M38510/24501BVA 8102401VA HM1-65045/883
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Harris JAN-SMD-/883 Part Number Listing

HARRIS PART # JAN PART # SMD/DESC PART # /883 PART #
HM1-6514 8102406VA HM1-6514/883
HM1-6514B 8102404VA HM1-6514B/883
HM1-6514S M38510/24502BVA 8102402VA HM1-65145/883
16K CMOS SYNCHRONOUS STATIC RAMs
HM1-6516 M38510/29102BJA 8403601JA HM1-6516/883
HM4-6516 M38510/29102BXA 8403601ZA HM4-6516/883
HM1-6516B 8403607JA HM1-6516B/883
HM4-6516B 8403607ZA HM4-65168/883
16K CMOS ASYNCHRONQUS STATIC RAMs
HM1-65162 M38510/29104BJA 8403602JA HM1-65162/883
HM4-65162 M38510/29104BXA 8403602ZA HM4-65162/883
HM1-65162B M38510/29110BJA 8403606JA HM1-65162B/883
HM4-65162B M38510/29110BXA 8403606ZA HM4-65162B/883
HM1-65162C 8403603JA HM1-65162C/883
HM4-65162C 8403603ZA HM4-65162C/883
HM1-65262 M38510/29103BRA 8413201RA HM1-65262/883
HM4-65262 M38510/29103BYA 8413201YA HM4-65262/883
HM1-65262B M38510/29109BRA 8413203RA HM1-65262B/883
HM4-65262B M38510/29109BYA 8413203YA HM4-65262B/883
64K CMOS STATIC RAMs
HM1-65642 8552514XA HM1-65642/883
HM4-65642 8552514YA HM4-65642/883
HM1-65642B M38510/29205BXA HM1-65642B/883
HM4-65642B M38510/29205BYA HM4-65642B/883
HM1-65642C HM1-65642C/883
HM4-65642C HM4-65642C/883
CMOS FUSE LINK PROMs
HM1-6617 5962-8954001JA HM1-6617/883
HM4-6617 5962-8954001XA HM4-6617/883
HM6-6617 5962-8954001LA HM6-6617/883
HM1-6617B 5962-8954002JA HM1-6617B/883
HM4-6617B 5962-8954002XA HM4-6617B/883
HM6-66178 5962-8954002LA HM6-66178/883
HM1-6642 5962-8869001JA HM1-6642/883
HM4-6642 5962-88690013A HM4-6642/883
HM6-6642 5962-8869001LA HM6-6642/883
HM1-6642B 5962-8869002JA HM1-6642B8/883
HM4-66428 5962-88690023A HM4-6642B/883
HM6-6642B 5962-8869002LA HM6-6642B/883
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—— Harris JAN-SMD-/883 Part Number Listing ———

HARRIS PART # |

JAN PART # | SMD/DESC PART # | /883 PART #

CMOS STATIC RAM MODULES

HM5-6564

HM5-8808

HM5-8808B

HM5-8808S

HM5-8808A

HM5-8808AB

HM5-8808AS

HM5-8816H

HM5-8816HB

HM5-8832

HM5-8832B

HM5-91M2

HM5-91M2B

HM5-92560

HM5-92570

Harris CMOS Static RAM Modules are available for military and high reliability applications processed

to our high-rel DASH 8 program flow. This includes burn-in and value added processing (temperature

cycling, SEM inspection, etc.). Please contact your local Harris sales office or representative for details
) 6 .
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Military Product Program Controls

REQUIREMENT REFéina:NCE JAN DESC/SMD /883 /B,-8,/3
SYSTEM CONTROLS
Product Assurance 1.2.1.B.21 Per Appendix A of MIL M38510 Per Harris R&QA
Plan Manual
Facility Certification 1.2.1.B.28 RADC/DESC Harris QC Harris QC Harris QC
Product Certification 1.2.1.B.26 RADC/DESC RADC/DESC Harris QA Not Required
Detail Specifications 1.2.1.A Slash Sheet DESC DWG/SMD g:rr: /883 Data Harris Catalog
o
Qualifying Activity 1.2.1.B.1 RADC/DESC Harris Harris Harris
Qualification Test GPC | 1.2.1.B.17 Required Per Governing Per Governing Per Harris Spec
Military Spec Military Spec
Qualification TestGPD | 1.2.1.B.17 Required Per Governing Per Governing Per Harris Spec
Military Spec Military Spec
QPL Listing MIL M38510 None None None
Change Controls 1.2.1.B.25 MiL M38510 DoD 480 DoD 480 Harris Internal ECN
paragraph 3.4.2 Controls
Change Notification 1.2.1.B.25 DESC DESC Data Sheet Catalog
Registration
Traceability 1.2.1.B.27 Water Lot 6 Week Seal 6 Week Seal 6 Week Seal
Deviations to 883 1.24 Per Slash Sheet g:ﬂr';)ESC DWG/ None Per Harris Spec
Product Construction 1.2.1.B.2-12 Compliant Compliant Compliant May Be Non-
Compliant
LOCATIONS
Fab USA Only USA USA USA
Assembly USA Only USA/Malaysia USAMalaysia Malaysia
Screening USA Only USA/Malaysia USAMalaysia Malaysia
Quality Conformance USA Only USA USA Malaysia

NOTE: -8 is available in support of programs with part requirements dated prior to Dec. 31, 1984 in accordance with paragraph 1.2. of
MIL-STD-883 or where 883 is not currently available.
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Tube-Launched, Optically Tracked, Wire-Guided Missile

Angle Rate Bombing Set

Advanced Medium Range Air-To-Air Missile
Advanced Capability (MK-48 Torpedo)
Position Location and Reporting System
Joint Tactical Information Distribution System
Target Acquisition System (MK-23)
Miniature Vehicle Sensors

Driver's Thermal Viewer

Detecting and Ranging Set

Fighting Vehicle System (Bradley)
Helicopter (or Hughes) Night Vision System
Advanced Optic Adjunct

Advanced Light Weight Torpedo

Ground Launched Cruise Missile

Air Launched Cruise Missile

Medium Range Air-To-Surface Missile
Modular Universal Laser Equipment

Low Altitude Navigation and Targeting Infrared
Anti-Submarine Warfare

Multiple Launch Rocket System

Advanced Self Protection Jammer

Global Positioning System

Distant Early Warning

High Speed Anti-Radar Missile

Rolling Airframe Missile

Medium Depth Mine

Terminal Guidance Small Missile

Time Division Multiple Access

Distributed Time Division Multiple Access
Long Range Search and Track

Glide Bomb Unit

Divisional Air Defense

Programs Served By Harris

Field Support Tracked Vehicle
Integrated Solar Sensor Assembly
Continuous Motion Gyro for ISSA
Advanced Warning and Control System
Forward Looking Infrared
Ring Laser Gyro Programs
Tail Warning System

Space Telescope

Mariner Series

MK 46 NEARTIP

AV8B HARRIER

F14/A6E SMS

Bearclaw

CAINS Ii

TAI/MK6

B1

F-16

Phalanx

Stinger

Locust

Sidearm

Rattler

Pavetack

Viking

Skylab

Shuttle

Intelsat

Spacelab

Voyager

Mark 50

Captor

Maverick

Phoenix
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CMOS Microprocessor Products

Comparison of Harris CMOS CDP1800-Series Microprocessors

CDP1802A
FEATURES CDP1802AC CDP1802BC CDP1805AC CDP1806AC
Memory Addressing (Bytes) 64K 64K 64K 64K
On-Chip RAM (Bytes) - - 64K -
Maximum Clock Frequency (MHz) 3.2 5 5 5
Instruction Time Min./Max. (us) 5/7.5 3.2/4.8 3.2/16 3.2/16
Timer/Counter Bits - - 8 8
Prescalers - - +32 +32
Bus Structure Multiplexed Address Lines
Interrupts Yes Yes Yes Yes
Latched I/O Lines Off-Chip
Maximum Operating -55°C to +125°C
Temperature Range (°C)
Number of Pins, Package 40D, E 40D, E 40D E 40D, E
44Q 44Q 44Q 4Q
Serial Interface Q-Line
Industry CMOS Microprocessor Cross Reference

HARRIS INTEL NEC OKi AMD
8-BIT MICROPROCESSOR
80C88 80088 nPD70108D-5 MSMBOCEBA -
80C88-2 i m2 uPD70108D-8 MSM80CB8A-2 -
16-BIT MICROPROCESSOR
80C86 80C886 uPD70116D-5 MSMB0OCBBA -
80C86-2 80C86-2 uPD70116D-8 MSMBOCBEA-2 -
80C286-10 80286-10 - - 80286-10

B0C286-10
80C286-12 80286-12 - 80286-12
‘80C286-12

80C286-16 ; « - . 80286-16
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HARRIS CDP1802A,CDP1802AC,
CDP1802BC

CMOS 8Bit Microprocessors

@

January 1992

Features Description

The CDP1802 family of CMOS microprocessors are 8-bit reg-
ister oriented central processing units (CPUs) designed for
use as general purpose computing or control elements in a
wide range of stored program systems or products.

¢ Input Clock Maximum Frequency Options:

Maximum @
VDD = 5V VDD = |°V
CDP1802A, AC 3.2MHz 6.4MHz
CDP1802BC 5.0MHz The CDP1802 types include all of the circuits required for
fetching, interpreting, and executing instructions which have

¢ Minimum Instruction Fetch-Execute Times been stored in standard types of memories. Extensive input/

(@ Vpp =5V): output (/O) control features are also provided to facilitate
CDP1802A,AC o eeeeannennns 5.0us SYystem design.
CDP1802BC. « o eeee e 32us The 1800 series architecture is designed with emphasis on

the total microcomputer system as an integral entity so that
systems having maximum flexibility and minimum cost can be
realized. The 1800 series CPU also provides a synchronous
interface to memories and external controllers for I/O devices,
and minimizes the cost of interface controllers. Further, the /O
interface is capable of supporting devices operating in polled,
interrupt driven, or direct memory access modes.

The CDP1802A and CDP1802AC have a maximum input
clock frequency of 3.2MHz at Vpp = 5 volts. The CDP1802A
and CDP1802AC are functionally identical. They differ in that
the CDP1802A has a recommended operating voltage range
of 4 to 10.5 volts, and the CDP1802AC a recommended
operating voltage range of 4 to 6.5 volts.

The CDP1802BC is a higher speed version of the
CDP1802AC, having a maximum input clock frequency of
5.0MHz at Vpp = 5 volt, and a recommended operating
voltage range of 4 to 6.5 volts.

¢ Any Combination of Standard RAM and ROM Up to
65,536 Byte

8-bit Parallel Organization With Bidirectional Data Bus
and Multiplexed Address Bus

* 16 x 16 Matrix of Registers for Use as Multiple
Program Counters, Data Pointers, or Data Registers

o

On-Chip DMA, Interrupt, and Flag Inputs

Ld

Programmable Single-Bit Output Port

91 Easy-to-Use Instructions

All types are supplied in 40-lead Dual-in-Line Sidebrazed
Ceramic Packages (D suffix), 40-lead Dual-In-Line Plastic
Packages (E suffix), and 44-lead Plastic Chip-Carrier (PLCC)
Packages (Q suffix). The CDP1802AC is also available in

CMOS MICRO-
PROCESSORS

Chip Form (H suffix).
Ordering Information
PACKAGE TEMPERATURE RANGE 10V - 6.4MHz 5V - 3.2MHz 5V - 5SMHz
Plastic DIP -40°C to +85°C CDP1802AE CDP1802ACE | CDP1802BCE
Burn-in CDP1802AEX | CDP1802ACEX | CDP1802BCEX
PLCC -40°C to +85°C CDP1802AQ CDP1802ACQ | CDP1802BCQ
Ceramic DIP -40°C to +85°C CDP1802AD CDP1802ACD | CDP1802BCD
Burn-in CDP1802ADX | CDP1802ACDX | CDP1802BCDX
*883B -55°C to +125°C CDP1802AD3 | CDP1802ACD3 -

*Respective specifications are included at the end of this data sheet.

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

File Number 1305.1
Copyright © Harris Corporation 1992 3-3



CDP1802A, CDP1802AC, CDP1802BC

Pinouts
40 LEAD PLASTIC DIP (PACKAGE TYPE E) 44 LEAD PLASTIC CHIP CARRIER (PLCC)
40 LEAD SIDEBRAZED CERAMIC DIP (PACKAGE TYPE D) (PACKAGE TYPE Q)

TOP VIEW TOP VIEW

DMA-OUT
INTERRUPT

- Eréd a2
303';6‘g>’>—<§
6 5 4 3 2 1 4443 4241 40

sCo L
WIRD
BUS7
BUS 6
BUS §
NC
BUS 4
BUS 3
BUS 2
BUS 1
BUS 0

18 19 26 25 24 23 22 21 20 27 28

N r O QITFI® N |- ©
82z2 B2RIEIEIE S

ADDRESS BUS
INPUT PORT
cs2}« NO MAO-7 MAO-7 MAO-4
cst
-~
WRD > VRO »| WRD
18 CDP1833 CDP1824
oI CPy 1K-ROM 32 BYTE RAM
MWR > MWR
\4
»|CS
SATA G5t I_ Nt TPA TPA  CEO
<: CDP1852  cs2f¢ TPB DATA DATA
OUTPUT
PORT CLOCK l | {}
1 :

FIGURE 1. TYPICAL CDP1802 SMALL MICROPROCESSOR SYSTEM
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Specifications CDP1802A, CDP1802AC, CDP1802BC

Absolute Maximum Ratings

DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor
(All Voltages Referenced to Vgg Terminal) Ta = Full Package Temperature Range ............... 100mwW
CDP1802A. ... ...ttt -0.5Vto +11V  Operating Temperature Range (T,)
CDP1802AC,CDP1802BC..........c.vvuen... 0.5V to +7V (Package TYPe D......oevveeeeniaaaanns -55°C to +125°C
Input Voltage Range, Ali lnputs .............. -0.5V to Vpp +0.5V (Package TypeEand Q ..........ovvvuint -40°C to +65°C
DC Input Current, anyOnelnput. ............coviuennn... +10mA  Storage Temperature Range (Tyyg) - ............ -65°C to +150°C
Power Dissipation Per Package (Pp) Lead Temperature (During Soldering):
Ta =40 to +60°C (Package Type E)................. 500mW At distance 1/16 +1/32 In. (1.59 + 0.79mm) from case for 10s
Ta = +60 to +85°C (Package Type E) ........ Derate Linearly at 17 1 +265°C
12mW/°C to 200mW  *Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm thick
Ta = -55 to +100°C (Package TypeD) ............... 500mW  G10 epoxy giass, or equivalent
Ta = +100 to +125°C (Package Type D) ...... Derate Linearly at
12mW/°C to 200mW
Ta = -40°C to +85°C (Package Type Q)*.............. 500mW

Recommended Operating Conditions T, = -40°C to +85°C. For maximum reliability, operating conditions should be
selected so that operation is always within the following ranges:

CONDITIONS LIMITS
CDP1802A CDP1802AC CDP1802BC
Veel Voo
CHARACTERISTIC (\)) (\)) MIN MAX MIN MAX MIN MAX UNITS
DC Operating Voltage Range - - 4 10.5 4 6.5 4 6.5 \
Input Voitage Range - - Vss Voo Vss Voo Vss Voo v
Maximum Clock Input Rise or 4106.5 4106.5 - - - 1 - 1 us
Fall Time
410105 | 410105 - 1 - - - - us
Minimum Instruction Time 2 5 5 5 - 5 - 32 - us
5 10 4 - - - - - us
10 10 25 - - - - - us
Maximum DMA Transfer Rate 5 5 - 400 - 400 - 667 KBytes
per
5 10 - 500 - - - - second
10 10 - 800 - - - -
Maximum Clock Input Frequency, 5 5 DC 32 DC 3.2 DC 5 MHz
feL, Load Capacitance
(Cy) = 50pF 5 10 DC 4 - - - - MHz
10 10 DC 6.4 - - - - MHz
NOTES:

1. Vg must never exceed Vpp.

2. Equals 2 machine cycles - one Fetch and one Execute operation
for all instructions except Long Branch and Long Skip, which re-
quire 3 machine cycles - one Fetch and two Execute operations.

CMOS MICRO-
PROCESSORS




Specifications CDP1802A, CDP1802AC, CDP1802BC

Static Electrical Characteristics at T, = -40°C to +85°C, Except as Noted

CONDITIONS LIMITS
CDP1802AC,
Vees CDP1802A CDP1802BC
Vour Voo
CHARACTERISTIC SYMBOL | (V) | VW) | V) MIN | TYP* | MAX | MIN | TYP* | MAX | UNITS
Quiescent Device Current Ipp - - 5 - 0.1 50 - 1 200 RA
- - 10 - 1 200 - - - pA
Output Low Drive (Sink)
Current loL 0.4 0,5 5 1.1 22 - 11 22 - mA
(Except XTAL) 0.5 0,10 10 22 44 - - - - mA
XTAL 0.4 5 5 170 | 350 - 170 | 350 . HA
Output High Drive (Source)
Current loH 4.6 0,5 5 -0.27 | -0.55 - -0.27 | -0.55 - mA
(Except XTAL) 9.5 0, 10 10 055 | -1.1 - - - - mA
XTAL 4.6 0 5 -125 -250 - -125 -250 - HA
Output Voltage - 0,5 5 - 0 0.1 - 0 0.1 "
Low-Level Vor - 0,10 10 - 0 0.1 - - - v
Output Voltage - 0,5 5 49 5 - 49 5 - \'
High Level Vou - 0,10 10 99 10 - - - . Y
Input Low Voltage Vi 05,45 - 5 - - 1.5 - - 1.5 v
0.5,4.5 - 5,10 - - 1 - - - \'
1,9 - 10 - - 3 - - - \
Input High Voltage Vi 0.5,4.5 - 5 35 - - 35 - - \
0.5,4.5 - 5,10 4 - - - - - \
1,9 - 10 7 - - - - - \"
CLEAR Input Voltage Vy - - 5 0.4 05 - 0.4 0.5 - v
Schmitt Hysteresis - - 5,10 0.3 0.4 - - - - \
- - 10 1.5 2 - - - - \
Input Leakage Current In Any 0,5 5 - 104 | - 104 +1 pA
Input 1550 10 o | t10% | =1 B N N WA
3-State Output Leakage 0,5 0,5 5 - +#104 |+ - £#04 | # pA
Current lout 0,10 | 0,10 10 - 104 | 1 - - - BA
Operating Current toor™*
CDP1802A, AC - - 5 - 2 4 - 2 4 mA
@ f=3.2MHz
CDP1802BC - - 5 - - - - 3 6 mA
@ f=5.0MHz
Minimum Data Retention VbR Vop = Vpr - 2 24 - 2 24 v
Voltage
Data Retention Current lor Vpp = 2.4V - 0.05 - - 0.5 - HA
Input Capacitance Cin - 5 7.5 - 5 75 pF
Output Capacitance Cout - 10 15 - 10 15 pF

*Typical values are for T, = +25°C and nominal Vpp.

*Idie 00" at M(0000), C, = 50pF.
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Performance Curves
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Performance Curves (Continued)
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Signal Descriptions
Bus 0 to Bus 7 (Data Bus):

8-bit bidirectional DATA BUS lines. These lines are used for
transferring data between the memory, the microprocessor,
and /O devices.

NO to N2 (/O Control Lines):

Activated by an 1/O instruction to signal the I/O control logic
of a data transfer between memory and /O interface. These
lines can be used to issue command codes or device selec-
tion codes to the /O devices (independently or combined
with the memory byte on the data bus when an 1/O instruc-
tion is being executed). The N bits are low at all times except
when an /O instruction is being executed. During this time
their state is the same as the corresponding bits in the N
register.

The direction of data flow is defined in the I/O instruction by
bit N3 (internally) and is indicated by the level of the MRD
signal.

MRD = V¢c: Data from I/0 to CPU and Memory
MRD = Vgg: Data from Memory to I/O
EF1 to EF4 (4 Flags):

These inputs enable the I1/O controllers to transfer status
information to the processor. The levels can be tested by
the conditional branch instructions. They can be used in
conjunction with the INTERRUPT request line to establish
interrupt priorities. These flags can also be used by I/O
devices to “call the attention” of the processor, in which
case the program must routinely test the status of these
flag(s). The flag(s) are sampled at the beginning of every St1
cycle.

INTERRUPT, DMA-IN, DMA-OUT (3 VO Requests)

These inputs are sampled by the CPU during the interval
between the leading edge of TPB and the leading edge of
TPA.

Interrupt Action: X and P are stored in T after executing
current instruction; designator X is set to 2; designator P is
set to 1; interrupt enable is reset to O (inhibit); and instruction
execution is resumed. The interrupt action requires one
machine cycle (S3).

DMA Action: Finish executing current instruction; R(0)
points to memory area for data transfer; data is loaded into
or read out of memory; and increment R(0).

NOTE: In the event of concurrent DMA and Interrupt requests,
DMA-IN has priority followed by DMA-OUT and then interrupt.

SCO0, SC1, (2 State Code Lines):

These outputs indicate that the CPU is: 1) fetchihg an
instruction, or 2) executing an instruction, or 3) processing a
DMA request, or 4) acknowledging an interrupt request. The
levels of state code are tabulated below. All states are valid
at TPA. H= Vg, L= Vss.

STATE CODE LINES
STATE TYPE SC1 SCo
SO0 (Fetch) L L
S1 (Execute) L H
S2 (DMA) H L
S3 (Interrupt) H H
TPA, TPB (2 Timing Pulses):

Positive pulses that occur once in each machine cycle (TPB
follows TPA). They are used by I/O controllers to interpret
codes and to time interaction with the data bus. The trailing
edge of TPA is used by the memory system to latch the
higher-order byte of the 16-bit memory address. TPA is sup-
pressed in IDLE when the CPU is in the load mode.

MAO to MA7 (8 Memory Address Lines):

In each cycle, the higher-order byte of a 16-bit CPU memory
address appears on the memory address lines MAO-7 first.
Those bits required by the memory system can be strobed
into external address latches by timing pulse TPA. The low
order byte of the 16-bit address appears on the address
lines after the termination of TPA. Latching of all 8 higher-
order address bits would permit a memory system of 64K
bytes.

MWR (Write Pulse):

A negative pulse appearing in a memory-write cycle, after
the address lines have stabilized.

MRD (Read Level):

A low level on MRD indicates a memory read cycle. It can be
used to control three-state outputs from the addressed mem-
ory which may have a common data input and output bus. If
a memory does not have a three-state high-impedance out-
put, MRD is useful for driving memory/bus separator gates. It
is also used to indicate the direction of data transfer during
an /O instruction. For additional information see Table 1.

Q:

Single bit output from the CPU which can be set or reset
under program control. During SEQ or REQ instruction exe-
cution, Q is set or reset between the trailing edge of TPA and
the leading edge of TPB.

CLOCK:

Input for externally generated single-phase clock. The clock
is counted down internally to 8 clock pulses per machine
cycle.

XTAL:

Connection to be used with clock input terminal, for an exter-
nal crystal, if the on-chip oscillator is utilized. The crystal is
connected between terminals 1 and 39 (CLOCK and XTAL)
in parallel with a resistance (10 megohms typ.). Frequency
trimming capacitors may be required at terminals 1 and 39.
For additional information, see ICAN-6565.
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WAIT, CLEAR (2 Control Lines):

Provide four control modes as listed in the following truth
table:

CLEAR WAIT MODE
L L LOAD
L H RESET
H L PAUSE
H H RUN

Vb Vss» Vec (Power Levels):

The internal voltage supply Vpp is isolated from the Input/
Output voltage supply Vg so that the processor may oper-
ate at maximum speed while interfacing with peripheral
devices operating at lower voltage. Vgc must be less than or
equal to Vpp All outputs swing from Vgg to V¢c. The recom-
mended input voltage swing is Vgg to Vgc.

Architecture

The CPU block diagram is shown in Figure 11. The principal
feature of this system is a register array (R) consisting of
sixteen 16 bit scratchpad registers. Individual registers in the
array (R) are designated (selected) by a 4 bit binary code
from one of the 4 bit registers labeled N, P, and X. The
contents of any register can be directed to any one of the
following three paths:

1. The external memory (multiplexed, higher-order byte
first, on to 8 memory address lines)

2. The D register (either of the two bytes can be gated to D)

3. The increment/decrement circuit where it is increased or
decreased by one and stored back in the selected 16 bit
register

The three paths, depending on the nature of the instruction,
may operate independently or in various combinations in the
same machine cycle.

With two exceptions, CPU instruction consists of two 8-clock-
pulse machine cycles. The first cycle is the fetch cycle, and
the second - and third if necessary - are execute cycles.
During the fetch cycle the four bits in the P designator select
one of the 16 registers R(P) as the current program counter.
The selected register R(P) contains the address of the
memory location form which the instruction is to be fetched.
When the instruction is read out from the memory, the higher
order 4 bits of the instruction byte are loaded into the | register
and the lower order 4 bits into the N register. The content of
the program counter is automatically incremented by one so
that R(P) is now “pointing” to the next byte in the memory.

The X designator selects one of the 16 register R(X) to
“point” to the memory for an operand (or data) in certain ALU
or /O operations.

The N designator can perform the following five functions
depending on the type of instruction fetched:

1. Designate one of the 16 registers in R to be acted upon

during register operations

2. Indicate to the 1/O devices a command code or device
selection code for peripherals

3. Indicate the specific operation to be executed during the
ALU instructions, types of test to be performed during the
Branch instruction, or the specific operation required in a
class of miscellaneous instructions (70-73 and 78-7B).

4. Indicate the value to be loaded into P to designate a new
register to be used as the program counter R(P)

5. Indicate the value to be loaded into X to designate a new
register to be used as data pointer R(X)

The registers in R can be assigned by a programmer in three
different ways: as program counters, as data pointers, or as
scratchpad locations (data registers) to hold two bytes of
data.

Program Counters

Any register can be the main program counter; the address
of the selected register is held in the P designator. Other
registers in R can be used as subroutine program counters.
By single instruction the contents of the P register can be
changed to effect a “call” to a subroutine. When interrupts
are being serviced, register R(1) is used as the program
counter for the user's interrupt servicing routine. After reset,
and during a DMA operation, R(0) is used as the program
counter. At all other times the register designated as
program counter is at the discretion of the user.

Data Pointers

The registers in R may be used as data pointers to indicate a
location in memory. The register designated by X (i.e., R(X))
points to memory for the following instructions (see Table 1).

1. ALU operations F1-F5, F7, 74, 75, 77

2. Output instructions 61 through 67

3. Input instructions 69 through 6F

4. Certain miscellaneous instructions - 70-73, 78, 60, FO

The register designated by N (i.e., R(N)) points to memory
for the “load D from memory” instructions ON and 4N and the
“Store D" instruction 5N. The register designated by P (i.e.,
the program counter) is used as the data pointer for ALU
instructions F8-FD, FF, 7C, 7D, 7F. During these instruction
executions, the operation is referred to as “data immediate”.

Another important use of R as a data pointer supports the
built-in Direct-Memory-Access (DMA) function. When a
DMA-In or DMA-Out request is received, one machine cycle
is “stolen”. This operation occurs at the end of the execute
machine cycle in the current instruction. Register R(0) is
always used as the data pointer during the DMA operation.
The data is read from (DMA-Out) or written into (DMA-In) the
memory location pointed to by the R(0) register. At the end
of the transfer, R(0) is incremented by one so that the
processor is ready to act upon the next DMA byte transfer
request. This feature in the 1800-series architecture saves a
substantial amount of logic when fast exchanges of blocks of
data are required, such as with magnetic discs or during
CRT-display-refresh cycles.

3-11
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Data Registers

When registers in R are used to store bytes of data, four
instructions are provided which allow D to receive from or
write into either the higher-order or lower-order byte portions
of the register designated by N. By this mechanism (together
with loading by data immediate) program pointer and data
pointer designations are initialized. Also, this technique
allows scratchpad registers in R to be used to hold general
data. By employing increment or decrement instructions,
such registers may be used as loop counters.

The Q Flip-Flop

An internal flip-flop, Q, can be set or reset by instruction and
can be sensed by conditional branch instructions. The output
of Q is also available as a microprocessor output.

Interrupt Servicing

Register R(1) is always used as the program counter
whenever interrupt servicing is initiated. When an interrupt
request occurs and the interrupt is allowed by the program
(again, nothing takes place until the completion of the
current instruction), the contents of the X and P registers
are stored in the temporary register T, and X and P are set
to new values; hex digit 2 in X and hex digit 1 in P. Interrupt
Enable is automatically deactivated to inhibit further
interrupts. The user’s interrupt routine is now in control; the
contents of T may be saved by means of a single instruction
(78) in the memory location pointed to be R(X). At the
conclusion of the interrupt, the user’s routine may restore
the pre-interrupted value of X and P with a single instruction
(70 or 71). The Interrupt Enable flip flop can be activated to
permit further interrupts or can be disabled to prevent them.

CPU Register Summary

D 8 Bits Data Register (Accumulator)

DF 1 Bit Data Flag (ALU Carry)

B 8 Bits Auxiliary Holding Register

R 16 Bits 1 of 16 Scratchpad Registers

P 4 Bits Designates which register is Program
Counter

X 4 Bits Designates which register is Data
Pointer

N 4 Bits Holds Low-Order Instruction Digit

| 4 Bits Holds High-Order Instruction Digit

T 8 Bits Holds old X, P after Interrupt (X is
high nibble)

IE 1 Bit Interrupt Enable

Q 1 Bit Output Flip Flop

CDP1802 Control Modes

The WAIT and CLEAR lines provide four control modes as
listed in the following truth table:

CLEAR WAIT MODE
L L LOAD
L H RESET
H L PAUSE
H H RUN

The function of the modes are defined as follows:
Load

Holds the CPU in the IDLE execution state and allows an 1/O
device to load the memory without the need for a “bootstrap”
loader. It modifies the IDLE condition so that DMA-IN opera-
tion does not force execution of the next instruction.

Reset

Registers I, N, Q are reset, IE is set and 0’s (Vgg) are placed
on the data bus. TPA and TPB are suppressed while reset is
held and the CPU is placed in S1. The first machine cycle
after termination of reset is an initialization cycle which
requires 9 clock pulses. During this cycle the CPU remains
in S1 and register X, P, and R(0) are reset. Interrupt and
DMA servicing are suppressed during the initialization cycle.
The next cycle is an SO, S1, or an S2 but never an S3. With
the use of a 71 instruction followed by 00 at memory loca-
tions 0000 and 0001, this feature may be used to reset IE,
so as to preclude interrupts until ready for them. Powerup
reset can be realized by connecting an RC network directly
to the CLEAR pin, since it has a Schmitt triggered input, see
Figure 13.

Vee
CDPIBO2
CLEAR The RC time constant

3 I > > should be greater than
the oscillator start-up time
(typically 20 ms).

T

FIGURE 13. RESET DIAGRAM
Pause

Stops the internal CPU timing generator on the first negative
high-to-low transition of the input clock. The oscillator contin-
ues to operate, but subsequent clock transitions are ignored.

Run

My be initiated from the Pause or Reset mode functions. If
initiated from Pause, the CPU resumes operation on the first
negative high-to-low transition of the input clock. When initi-
ated from the Reset operation, the first machine cycle follow-
ing Reset is always the initialization cycle. The initialization
cycle is then followed by a DMA (S2) cycle or fetch (SO) from
location 0000 in memory.
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Run-Mode State Transitions

The CPU state transitions when in the RUN and RESET
modes are shown in Figure 14. Each machine cycle requires
the same period of time, 8 clock pulses, except the initializa-
tion cycle, which requires 9 clock pulses. The execution of
an instruction requires either two or three machine cycles,
SO0 followed by a single S1 cycle or two S1 cycles. S2 is the
response to a DMA request and S3 is the interrupt response.
Table 2 shows the conditions on Data Bus and Memory-
Address lines during all machine states.

Instruction Set

The CPU instruction summary is given in Table 1. Hexadeci-
mal notation is used to refer to the 4 bit binary codes.

In all registers bits are numbered from the least significant
bit (LSB) to the most significant bit (MSB) starting with 0.

R(W): Register designated by W, where
W=NorX, orP
R(W).0: Lower order byte of R(W)
R(W).1: Higher order byte of R(W)
Operation Notation
M(R(N)) = D; R(N) + 1 = R(N)

This notation means: The memory byte pointed to by R(N)
is loaded into D, and R(N) is incremented by 1.

IDLEsDMASINT

FORCE S1
(LONG BRANCH,
LONG SKIP, NOP. ETC)

INTsDMA

PRIORITY FORCE S0, S1

INTeDMA

FIGURE 14. STATE TRANSITION DIAGRAM

TABLE 1. INSTRUCTION SUMMARY (See Notes at End of Table)

MOS MICRO-
PROCESSORS

INSTRUCTION l MNEMONIC I OP CODE | OPERATION
MEMORY REFERENCE
LOAD VIAN LDN ON M(R(N)) - D; for N not 0
LOAD ADVANCE LDA aN M(R(N)) - D; R(N) + 1 »R(N)
LOAD VIA X LDX Fo M(R(X)) > D
LOAD VIA X AND ADVANCE LDXA 72 M(R(X)) - D; R(X) + 1 — R(X)
LOAD IMMEDIATE LDI F8 M(R(P)) = D; R(P) + 1 — R(P)
STORE VIAN STR 5N D - M(R(N)
STORE VIA X AND DECREMENT STXD 73 D — M(R(X)); R(X) - 1 - R(X)
REGISTER OPERATIONS
INCREMENT REG N INC N R(N) + 1 - R(N)
DECREMENT REG N DEC 2N R(N) - 1 > R(N)
INCREMENT REG X IRX 60 R(X) + 1 — R(X)
GETLOW REG N GLO 8N R(N).0 » D
PUT LOW REG N PLO AN D - R(N).0
GETHIGH REG N GHI N R(N).1 — D
PUT HIGH REG N PHI BN D — R(N).1
LOGIC OPERATIONS*
OR OR Fi M(R(X)) OR D —» D
OR IMMEDIATE ORI F9 M(R(P)) OR D — D; R(P) + 1 - R(P)

*The arithmetic operations and the shift instructions are the only

instructions that can alter the DF. After an add instruction:
DF = 1 denotes a carry has occurred
DF = 0 Denotes a carry has not occurred

After a subtract instruction:

DF = 1 denotes no borrow. D is a true positive number
DF = 0 denotes a borrow. D is two’s complement
The syntax “-(not DF)” denotes the subtraction of the borrow

**This instruction is associated with more than one mnemonic. Each
mnemonic is individually listed.

tAn idle instruction initiates a repeating S1 cycle. The processor will
continue to idle until an I/O request (INTERRUPT, DMA-IN, or DMA-
OUT) is activated. When the request is acknowledged, the idle cycle
is terminated and the 1/O request is serviced, and then normal oper-
ation is resumed.
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TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End of Table)

INSTRUCTION MNEMONIC | OP CODE l OPERATION

LOGIC OPERATIONS* (Continued)
EXCLUSIVE OR XOR F3 M(R(X)) XORD — D
EXCLUSIVE OR IMMEDIATE XRI FB M(R(P)) XOR D - D; R(P) + 1 - R(P)
AND AND F2 M(R(X)) AND D - D
AND IMMEDIATE ANI FA M(R(P)) AND D - D; R(P) + 1 - R(P)
SHIFT RIGHT SHR F6 SHIFT D RIGHT, LSB(D) — DF, 0 — MSB(D)
SHIFT RIGHT WITH CARRY SHRC } 76* SHIFT D RIGHT, LSB(D) -» DF, DF - MSB(D)
RING SHIFT RIGHT RSHR
SHIFT LEFT SHL FE SHIFT D LEFT, MSB(D) - DF, 0 - LSB(D)
SHIFT LEFT WITH CARRY SHLC } 7E* SHIFT D LEFT, MSB(D) - DF,DF —> LSB(D)
RING SHIFT LEFT RSHL
ARITHMETIC OPERATIONS*
ADD ADD F4 M(R(X)) + D - DF, D
ADD IMMEDIATE ADI FC M(R(P)) + D - DF, D; R(P) + 1 — R(P)
ADD WITH CARRY ADC 74 M(R(X)) + D + DF — DF, D
ADD WITH CARRY, IMMEDIATE ADCI 7c M(R(P)) + D + DF —s DF, D,R(P) + 1 — R(P)
SUBTRACT D SD F5 M(R(X)) - D - DF, D
SUBTRACT D IMMEDIATE SDI FD M(R(P)) - D - DF, D; R(P) + 1 - R(P)
SUBTRACT D WITH BORROW SDB 75 M(R(X)) - D - (Not DF) - DF, D
SUBTRACT D WITH BORROW, IMMEDIATE SDBI 70 M(R(P)) - D - (Not DF) - DF, D; R(P) + 1 - R(P)
SUBTRACT MEMORY SM F7 D-M(R(X)) > DF, D
SUBTRACT MEMORY IMMEDIATE SMI FF D-M(R(P)) - DF, D; R(P) + 1 - R(P)
SUBTRACT MEMORY WITH BORROW SMB 77 D-M(R(X))-(NOT DF) - DF, D
SUBTRACT MEMORY WITH BORROW, SMBI 7F D-M(R(P))-(NOT DF) — DF, D, R(P) + 1 - R(P)

IMMEDIATE
BRANCH INSTRUCTIONS - SHORT BRANCH
SHORT BRANCH BR 30 M(R(P)) - R(P).0
NO SHORT BRANCH (SEE SKP) NBR 38+ R(P) + 1 - R(P)
SHORT BRANCH IFD = 0 BZ 32 I D = 0, M(R(P)) - R(P).0, Else R(P) + 1 - R(P)
SHORT BRANCH IF D NOT 0 BNZ 3A If D Not 0, M(R(P)) - R(P).0, Else R(P) + 1 - R(P)
SHORT BRANCH IF DF = 1 BDF 33+ If DF = 1, M(R(P)) - R(P).0, Else R(P) + 1 — R(P)
SHORT BRANCH IF POS OR ZERO BPZ
SHORT BRANCH IF EQUAL OR GREATER BGE
SHORT BRANCH IF DF = 0 BNF 3B+ If DF = 0, M(R(P)) - R(P).0, Else R(P) + 1 - R(P)
SHORT BRANCH IF MINUS BM
SHORT BRANCH IF LESS BL
SHORT BRANCH IFQ = 1 BQ 31 1fQ = 1, M(R(P)) - R(P).0, Else R(P) + 1 -> R(P)
SHORT BRANCHIFQ=0 ___ BNQ 39 IfQ = 0, M(R(P)) — R(P).0, Else R(P) + 1 - R(P)
SHORT BRANCH IF EF1 = 1 (EF1 = Vgg) B1 34 IfEF1 = 1, M(R(P)) - R(P).0, Else R(P) + 1 — R(P)
SHORT BRANCH IF EF1 = 0 (EFT = Vo) BN1 3c If EF1 = 0, M(R(P)) - R(P).0, Else R(P) + 1 — R(P)
SHORT BRANCH IF EF2 = 1 (EF2 = Vgg) B2 35 IFEF2 = 1, M(R(P)) — R(P).0, Else R(P) + 1 — R(P)
SHORT BRANCH IF EF2 = 0 (EF2 = Vcc) BN2 3D I EF2 = 0, M(R(P)) - R(P).0, Else R(P) + 1 — R(P)
SHORT BRANCH IF EF3 = 1 (EF3 = Vgg) B3 36 IfEF3 = 1, M(R(P)) - R(P).0, Else R(P) + 1 - R(P)
SHORT BRANCH IF EF3 = 0 (EF3 = Vo) BN3 3E If EF3 = 0, M(R(P)) - R(P).0, Eise R(P) + 1 - R(P)
SHORT BRANCH IF EF4 = 1 (EF4 = Vgg) B4 37 It EF4 = 1, M(R(P)) - R(P).0, Else R(P) + 1 — R(P)
SHORT BRANCH IF EF4 = 0 (EF4 = Vc) BN4 3F If EF4 = 0, M(R(P)) - R(P).0, Else R(P) + 1 — R(P)
BRANCH INSTRUCTIONS - LONG BRANCH
LONG BRANCH LBR co M(R(P)) - R(P).1, M(R(P) + 1) - R(P).0
NO LONG BRANCH (SEE LSKP) NLBR cs* R(P) = 2 - R(P)

*The arithmetic operations and the shift instructions are the only  **This instruction is associated with more than one mnemonic. Each

instructions that can alter the DF. After an add instruction:
DF = 1 denotes a carry has occurred
DF = 0 Denotes a carry has not occurred
After a subtract instruction:
DF = 1 denotes no borrow. D is a true positive number
DF = 0 denotes a borrow. D is two’s complement
The syntax “(not DF)” denotes the subtraction of the borrow

mnemonic is individually listed.

tAn idle instruction initiates a repeatin g S1 cycle. The processor will
continue to idle until an I/O request (INTERRUPT, DMA-IN, or DMA-
OUT) is activated. When the request is acknowledged, the idle cycle
is terminated and the I/O request is serviced, and then normal oper-
ation is resumed.
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TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End of Table)

INSTRUCTION MNEMONIC [ OP CODE | OPERATION

BRANCH INSTRUCTIONS - LONG BRANCH (Continued)

LONG BRANCHIFD =0 LBZ Cc2 IF D =0, M(R(P)) — R(P).1, M(R(P) + 1) —= R(P).0
Eise R(P) +2 —» R(P)

LONG BRANCH IF D NOT 0 LBNZ CA IF D Not 0, M(R(P)) - R(P).1,
M(R(P) + 1) - R(P).0
Else R(P) +2 — R(P)

LONG BRANCH IF DF = 1 LBDF C3 IF DF = 1, M(R(P)) — R(P).1, M(R(P) + 1) - R(P).0
Else R(P) + 2 - R(P)

LONG BRANCH IF DF = 0 LBNF cB IF DF =0, M(R(P)) — R(P).1, M(R(P) + 1) = R(P).0
Else R(P) +2 - R(P)

LONG BRANCHIFQ =1 LBQ Cc1 IF Q= 1, M(R(P)) — R(P).1, M(R(P) + 1) - R(P).0
Else R(P) +2 — R(P)

LONG BRANCH IFQ =0 LBNQ c9 IF Q =0, M(R(P)) - R(P).1, M(R(P) + 1) - R(P).0
Else R(P) +2 — R(P)

SKIP INSTRUCTIONS

SHORT SKIP (SEE NBR) SKP 38* R(P) +1— R(P)

LONG SKIP (SEE NLBR) LSKP c8* R(P) +2 - R(P)

LONG SKIPIFD =0 LSz CE 1f D =0, R(P) + 2 - R(P), Else Continue

LONG SKIP IF DNOT 0 LSNZ Ccé 1f D Not 0, R(P) + 2 - R(P), Else Continue

LONG SKIP IF DF = 1 LSDF CF If DF = 1, R(P) + 2 — R(P), Else Continue

LONG SKIP IF DF =0 LSNF c7 I1f DF = 0, R(P) + 2 — R(P), Else Continue

LONG SKIP IFQ =1 LsQ CD 1fQ =1, R(P) + 2 - R(P), Else Continue

LONG SKIPIFQ=0 LSNQ C5 IfQ =0, R(P) + 2 > R(P), Else Continue

LONG SKIP IF IE = 1 LSIE cC If IE = 1, R(P) + 2 — R(P), Else Continue

CONTROL INSTRUCTIONS

IDLE IDL 00t Wait for DMA or INTERRUPT; M(R(0)) — BUS

NO OPERATION NOP Cc4 Continue

SETP SEP DN N-P

SET X SEX EN N-X

SETQ SEQ 78 1-Q

RESET Q REQ 7A 0-Q

SAVE SAV 78 T - M(R(X))

PUSH X, P TO STACK MARK 79 (X, P) = T; (X, P) » M(R(2)) Then P - X;
R@2)-1 - R(2)

RETURN RET 70 M(R(X)) = (X, P); R(X) + 1 = R(X), 1 - IE

DISABLE DIS 71 M(R(X)) = (X, P); R(X) + 1 - R(X), 0 - IE

INPUT-OUTPUT BYTE TRANSFER

OUTPUT 1 OouT 1 61 M(R(X)) — BUS; R(X) + 1 - R(X); NLINES =1

OUTPUT 2 OouT 2 62 M(R(X)) - BUS; R(X) + 1 - R(X); NLINES =2

OUTPUT 3 ouT3 63 M(R(X)) — BUS; R(X) + 1 - R(X); NLINES =3

OUTPUT 4 ouT4 64 M(R(X)) - BUS; R(X) + 1 - R(X); N LINES = 4

OUTPUT 5 OuT 5 65 M(R(X)) - BUS; R(X) + 1 - R(X); NLINES =5

QUTPUT 6 ouT 6 66 M(R(X)) —» BUS; R(X) + 1 —» R(X); NLINES =6

OUTPUT 7 ouT7 67 M(R(X)) - BUS; R(X) + 1 - R(X); NLINES =7

INPUT 1 INP 1 69 BUS— M(R(X)); BUS — D; N LINES =1

INPUT 2 INP 2 6A BUS— M(R(X)); BUS - D; N LINES =2

INPUT 3 INP 3 6B BUS-» M(R(X)); BUS — D; N LINES =3

INPUT 4 INP 4 6C BUS— M(R(X)); BUS — D; N LINES =4

INPUT 5 INP 5 6D BUS— M(R(X)); BUS — D; N LINES =5

*The anthmetic operations and the shift instructions are the only

instructions that can alter the DF. After an add instruction:
DF = 1 denotes a carry has occurred
DF = 0 Denotes a carry has not occurred
After a subtract instruction:
DF = 1 denotes no borrow. D is a true positive number
DF = 0 denotes a borrow. D is two’s complement
The syntax “-(not DF)” denotes the subtraction of the borrow

**This instruction is associated with more than one mnemonic. Each

mnemonic is individually listed.

tAn idle instruction initiates a repeating S1 cycle. Mv&cesstﬂi_ll
continue to idle until an I/0 request (INTERRUPT, DMA-IN, or DMA-
OUT) is activated. When the request is acknowledged, the idle cycle
is terminated and the I/O request is serviced, and then normal oper-

ation is resumed.
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TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End of Table)

INSTRUCTION MNEMONIC [ OP CODE I OPERATION
INPUT-OUTPUT BYTE TRANSFER (Continued)
INPUT 6 INP 6 6E BUS— M(R(X)); BUS —» D; NLINES =6
INPUT 7 INP7 6F BUS— M(R(X)); BUS —» D; NLINES =7

*The arithmetic operations and the shift instructions are the only
instructions that can alter the DF. After an add instruction:
DF = 1 denotes a carry has occurred
DF = 0 Denotes a carry has not occurred
After a subtract instruction:
DF = 1 denotes no borrow. D is a true positive number
DF = 0 denotes a borrow. D is two’s complement
The syntax “-(not DF)” denotes the subtraction of the borrow

NOTES FOR TABLE 1

1. Long-Branch, Long-Skip and No Op instructions require three
cycles to complete (1 fetch + 2 execute).

Long-Branch instructions are three bytes long. The first byte
specifies the condition to be tested; and the second and third
byte, the branching address.

The long-branch instructions can:
a. Branch unconditionally
b. Testfor D=00orD =0
c. Testfor DF =0 or DF = 1
d. TestforQ=00rQ=1
e. Effect an unconditional no branch

If the tested condition is met, then branching takes place; the
branching address bytes are loaded in the high-and-low order
bytes of the current program counter, respectively. This
operation effects a branch to any memory location.

If the tested condition is not met, the branching address bytes
are skipped over, and the next instruction in sequence is fetched
and executed. This operation is taken for the case of uncondi-
tional no branch (NLBR).

2. The short-branch instructions are two bytes long. The first byte
specifies the condition to be tested, and the second specifies
the branching address.

The short branch instruction can:
a. Branch unconditionally
b. Testfor D=00orD+0
c. Test for DF = 0 or DF = 1
d. TestforQ=00rQ=1
e. Test the status (1 or 0) of the four EF flags
f. Effect an unconditional no branch

**This instruction is associated with more than one mnemonic. Each
mnemonic is individually listed.

tAn idle instruction initiates a repeating S1 cycle. The processor will
continue to idle until an /O request (INTERRUPT, DMA-IN, or DMA-
OUT) is activated. When the request is acknowledged, the idle cycle
is terminated and the 1/0 request is serviced, and then normal oper-
ation is resumed.

If the tested condition is met, then branching takes place; the
branching address byte is loaded into the low-order byte position
of the current program counter. This effects a branch within the
current 256-byte page of the memory, i.e., the page which holds
the branching address. If the tested condition is not met, the
branching address byte is skipped over, and the next instruction
in sequence is fetched and executed. This same action is taken
in the case of unconditional no branch (NBR).

. The skip instructions are one byte long. There is one Uncondi-

tional Short-Skip (SKP) and eight Long-Skip instructions.

The Unconditional Short-Skip instruction takes 2 cycles to
complete (1 fetch + 1 execute). Its action is to skip over the byte
following it. Then the next instruction in sequence is fetched and
executed. This SKP instruction is identical to the unconditional
no-branch instruction (NBR) except that the skipped-over byte is
not considered part of the program.

The Long-Skip instructions take three cycles to complete
(1 fetch + 2 execute).

They can:
a. Skip unconditionally
b. TestforD=00orD =0
c. Test for DF = 0 or DF =1
d. TestforQ=0o0orQ=1
e. Testfor IE =1

If the tested condition is met, then Long Skip takes place;
the current program counter is incremented twice. Thus two
bytes are skipped over and the next instruction in sequence
is fetched and executed. If the tested condition is not met,
then no action is taken. Execution is continued by fetching
the next instruction in sequence.
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Timing Waveforms
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NOTES:

1. This timing diagram is used to show signal relationships only
and does not represent any specific machine cycle.

2. All measurements are referenced to 50% point of the
waveforms.

3. Shaded areas indicate “Don’t Care” or undefined state.
Multiple transitions may occur during this period.

FIGURE 15. TIMING WAVEFORMS
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Dynamic Electrical Characteristics at T, = -40°C to +85°C, C|_ = 50pF; Vpp 5%

CDP1802A, CDP1802BC
CDP1802AC LIMITS LIMITS
Vee | Voo
CHARACTERISTIC SYMBOL v) ) TYP* MAX TYP* MAX UNITS
PROPAGATION DELAY TIMES
Clock to TPA, TPB toLHs tPHL 5 5 200 300 200 300 ns
5 10 150 250 - -
10 10 100 150 - -
Clock-to-Memory High-Address Byte teLHs tPHL 5 5 600 850 475 625 ns
5 10 400 600 - -
10 10 300 400 - -
Clock-to-Memory Low-Address Byte Valid teLHs tPHL 5 5 250 350 175 250 ns
5 10 150 250 - -
10 10 100 150 - -
Clock to MRD tomL 5 5 200 300 175 275 ns
5 10 150 250 - -
10 10 100 150 - -
Clock to MRD teLH 5 5 200 350 175 275 ns
5 10 150 290 - -
10 10 100 175 - -
Clock to MWR ot | 5 5 200 300 175 225 ns
5 10 150 250 - -
10 10 100 150 - -
Clock to (CPU DATA to BUS) Valid toLHs tPHL 5 5 300 450 250 375 ns
5 10 250 350 - -
10 10 100 200 - -
Clock to State Code teLns tPHL 5 5 300 450 250 400 ns
5 10 250 350 - -
10 10 150 250 - -
Clock to Q toLHs tPHL 5 5 250 400 200 300 ns
5 10 150 250 - -
10 10 100 150 - -
Clock to N (0-2) toLHs toHL 5 5 300 550 275 350 ns
5 10 200 350 - -
10 10 150 250 - -
MINIMUM SET UP AND HOLD TIMES:
Data Bus Input Set Up tsu 5 5 -20 25 -20 0 ns
5 10 0 50 - -
10 10 -10 40 - -
Data Bus Input Hold [T 5 5 150 200 125 150 ns
5 10 100 125 - -
10 10 75 100 - -
DMA Set Up tsu 5 5 0 30 0 30 ns
5 10 0 20 - -
\ 10 10 1] 10 - -
DMA Hold " 5 5 150 250 100 150 ns
5 10 100 200 - -
10 10 75 125 - -
Interrupt Set Up tsu 5 5 -75 0 -75 0 ns
5 10 -50 0 - -
10 10 -25 0 - -

*Typical values are for T, = +25°C and nominal Vpp.
**Maximum limits of minimum characteristics are the values above which all devices function
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Dynamic Electrical Characteristics at T, = -40°C to +85°C, C| = 50pF; Vpp 5% (Continued)

CDP1802A, CDP1802BC
CDP1802AC LIMITS LIMITS
Vee | Voo
CHARACTERISTIC symoL | (v | V) TYP l MAX TYP* I MAX | UNITS
MINIMUM SET UP AND HOLD TIMES: (Continued)
Interrupt Hold " 5 5 100 150 75 125 ns
5 10 75 100 - -
10 10 50 75 - -
WAIT Set Up tsu 5 5 10 50 20 40 ns
5 10 -10 15 - -
10 10 0 25 - -
EF1-4 Set Up tsu 5 5 -30 20 -30 0 ns
5 10 -20 30 - -
10 10 -10 40 - .
EF1-4 Hold [ 5 5 150 200 100 150 ns
5 10 100 150 - -
10 10 75 100 - -
Minimum Pulse Width Times:
CLEAR Pulse Width tw ™ 5 5 150 300 100 150 ns
5 10 100 200 - -
10 10 75 150 - -
CLOCK Pulse Width fwL 5 5 125 150 90 100 ns
5 10 100 125 - -
10 10 60 75 - -
*Typical values are for Ty = +25°C and nominal Vpp.
**Maximum limits of minimum characteristics are the values above which all devices function
Timing Specifications as a function of T(T = 1/fg ock) at Ty = -40 to +85°C
CDP1802A, CDP1802BC
CDP1802AC LIMITS LIMITS
Vee | Voo
CHARACTERISTIC SYMBOL | (V) V) MIN TYP* MIN TYP* UNITS
High-Order Memory-Address Byte tsu 5 5 2T-550 2T-400 2T-325 2T-275 ns
Set Up To TPA ™_ Time 5 10 2T-350 2T-250 - -
10 10 2T-250 2T-200 - -
High-Order Memory-Address Byte Hold t 5 5 T/2-25 T/2-15 T/2-25 T/2-15 ns
after TPA Time 5 10 T/2-35 T/2-25 - -
10 10 T/2-10 T/2-40 - -
Low-Order Memory-Address Byte Hold t 5 5 T-30 T+0 T-30 T+0 ns
after WR Time 5 10 T-20 T+0 - -
10 10 T-10 T+0 - -
CPU Data to Bus Hold after WR Time ty 5 5 T-200 T-150 T-175 T-125 ns
5 10 T-150 T-100 - -
10 10 T-100 T-50 - -
Required Memory Access Time tace 5 5 5T-375 5T-250 5T-225 5T-175 ns
Address to Data 5 10 5T-250 5T-150 - -
10 10 5T-190 5T-100 - -
RD to TPA ™ tsu 5 5 T/2-25 T/2-18 T/2-20 T/2-15 ns
5 10 T/2-20 T/2-15 - -
10 10 T/2-15 T/2-10 - -

*Typical values are for T, = +25°C and nominal Vpp
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES

DATA MEMORY N
STATE | I | N | MNEMONIC OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTESS
S1 RESET 0-1,N,Q,XP;1>IE 00 XXXX 1 1 0 A
Initialize 0000 - R 00 XXXX 1 1 0 B
Not Programmer
Accessible
SO FETCH MRP - |,N;RP +1 > RP MRP RP 0 1 0 [¢]
St 0o} o IDL IDLE MRO RO 0 1 0 D,3
0| 1-F LDN MRN - D MRN RN 0 1 (1] 3
1] O-F INC RN+1 -5 RN Float RN 1 1 0 1
2| 0F DEC RN-1 -5 RN Float RN 1 1 0
3| OF Short Taken: MRP — RP.0 MRP RP 0 1 0 3
Branch Not Taken; RP + 1 » RP
4| O-F LDA MRN — D; RN+ 1 - RN MRN RN 0 1 0 3
5| O-F STR D - MRN D RN 1 0 0 2
6] O IRX RX +1 - RX MRX RX 0 1 0 2
6| 1 OuT 1 MRX — BUS; RX + 1 > RX MRX RX 0 1 1 6
2 ouT2 2
3 OouT3 3
4 OouT 4 4
5 ouT 5 5
6 OouT 6 6
7 ouT7 7
9 INP 1 BUS - MRX, D Data RX 1 0 1 5
A INP 2 from VO 2
B INP 3 3
Cc INP 4 4
D INP 5 5
E INP 6 6
F INP7 7
71 0 RET MRX - (X,P); RX + 1 - RX; MRX RX 0 1 0 3
1-1E
1 DIS MRX - (X, P); RX + 1 - RX; MRX RX 0 1 0 3
0-IE
2 LDXA MRX - D; RX + 1 - RX MRX RX 0 1 0 3
3 STXD D — MRX; RX - 1 -»RX D RX 1 0 0 2
4 ADC MRX + D + DF - DF, D MRX RX 0 1 0 3
5 SDB MRX - D - DFN — DF, D MRX RX 0 1 0 3
NOTES: E. Suppress TPA, wait for DMA.
A. IE =1, TPA, TPB suppressed, state = S1. F. IN REQUEST has priority over OUT REQUEST.
B. BUS = 0 for entire cycle. G. Number refers to machine cycle. See Figure 16 timing waveforms
C. Next state always S1. for machine cycles 1 through 9.

D. Wait for DMA or INTERRUPT.
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued)

DATA MEMORY N
STATE | | N | MNEMONIC OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTES®
S1 7 6 SHRC LSB(D) — DF; DF — MSB(D) Float RX 1 1 0 1
(Cont) (:: 7 SMB D - MRX - DFN - DF, D MRX RX 0 1 0 3
nt s SAV T - MRX T RX 1 0 0 2
Y 9 MARK (X,P)> T,MR2; P 5 X; T R2 1 0 0 2
R2-1-R2
A REQ 0->Q Float RP 1 1 0 1
B SEQ 1-Q Float RP 1 1 0 1
C ADCI MRP + D + DF —» DF, D; RP + 1 MRP RP 0 1 0 3
D SsDBI MRP -D - DFN — DF, D; RP + 1 MRP RP 0 1 0 3
E SHLC MSB(D) — DF; DF — LSB(D) Float RP 1 1 0 1
F SMBI D - MRP - DFN — DF, D; RP + 1 MRP RP 0 1 0 3
8] O-F GLO RN.O->D RN.O RN 1 1 0 1
9| O-F GHI RN.1 - D RN.1 RN 1 1 0 1
A | O-F PLO D - RN.0 D RN 1 1 0 1
B | O-F PHI D — RN.1 D RN 1 1 0 1
S1#1 | C | 0-3, | Long Branch | Taken: MRP — B; RP + 1 —» RP MRP RP 0 1 0 4
#2 &8 Taken: B — RP.1; MRP — RP.0 M(RP +1) RP +1 0 1 0 4
St#1 Not Taken: RP + 1 — RP MRP RP 0 1 0 4
#2 Not Taken: RP + 1 - RP M(RP +1) RP +1 0 1 0 4
Si#1 5 Long Skip | Taken: RP + 1 — RP MRP RP 0 1 0 4
#2 s Taken: RP + 1 —» RP M(RP + 1) RP+1 0 1 0 4
St#1 C Not Taken: No Operation MRP RP 0 1 0 4
#2 2 Not Taken: No Operation MRP RP 0 1 0 4
F
Si# 4 NOP No Operation MRP RP 0 1 0 4
#2 No Operation MRP RP 0 1 0
S1 D| O-F SEP N-P NN RN 1 1 0 1
0-F SEX N - X NN RN 1 1 0 1
S1 F|l O LDX MRX > D MRX RX 0 1 0 3
1 OR MRXORD - D MRX RX 0 1 0
2 AND MRX AND D - D
3 XOR MRXXORD - D
4 ADD MRX + D - DF, D
5 SD MRX -D - DF,D
7 SM D -MRX - DF,D
6 SHR LSB(D) — DF; 0 — MSB(D) Float RX 1 1 0 1
NOTES: E. Suppress TPA, wait for DMA.
A. |IE =1, TPA, TPB suppressed, state = S1. F. IN REQUEST has priority over OUT REQUEST.
B. BUS = 0 for entire cycle. G. Number refers to machine cycle. See Figure 16 timing waveforms
C. Next state always S1. for machine cycles 1 through 9.

D. Wait for DMA or INTERRUPT.
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued)

DATA MEMORY N
STATE | | N | MNEMONIC OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTESS
St Fl 8 LDI MRP - D; RP + 1 —» RP MRP RP 0 1 0 3
(Cont) {(c| 9 ORI MRPORD - D;RP +1— RP
ol A ANI MRP ANDD - D;RP +1— RP
n| B XRI MRP XORD - D; RP + 1 - RP
| C ADI MRP +D — DF, D; RP + 1 —» RP
D SDI MRP-D — DF, D; RP +1 — RP
F SMi D-MRP - DF,D; RP + 1 - RP
E SHL MSB(D) — DF; 0 — LSB(D) Float RP 1 1 0 1
S2 DMA IN BUS — MRO; RO + 1 — RO Data RO 1 0 0 F,7
from /O
Device
DMA OUT MRO — BUS; RO + 1 — R0 MRO RO 0 1 0 F,8
S3 INTERRUPT X,P>T;0IE,1>P;25X Float RN 1 1 0 9
S1 LOAD IDLE (CLEAR, WAIT = 0) M(RO-1) RO-1 0 1 0 E,3
NOTES: E. Suppress TPA, wait for DMA.
A. IE =1, TPA, TPB suppressed, state = S1. F. IN REQUEST has priority over OUT REQUEST.
B. BUS = 0 for entire cycle. G. Number refers to machine cycle. See Figure 16 timing waveforms
C. Next state always S1. for machine cycles 1 through 9.
D. Wait for DMA or INTERRUPT.
T 2 3 4 S5 & 7 0 1 2 3 4 5 6 7 0 1 2 3 4 S5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4

wa_ [T 1 1 I Il
P8 l_—\ '—\ [——] [—1
TeSHINE T Cveiin T [S(AERRN I SEEE] T CVCLE s [ oeEmea
MA “HIGH ADD | LOWADDRESS _ JWIGH ADD] __LOW ADDHESS __[HIGH ADD] ___LOW ADDRESS __JHIGH ADD] __ LOW ADDRESS __HIGHADD] _ Low

GENERAL TIMING WAVEFORMS

INSTRUCTION FETCH (50 I EXECUTE (51 I FETCH (S0) I EXECUTE (S1) |__FETCH__(s0)
fo—MEMORY READ CYCLE - —afe  —~NONMEMORY CY(LE ——wfa MEMORY READ CYCLE ——a}a—— NON MEMORY CVCLE—*—-%EE':SRV
wro 1 1 J peveLe

MWR (HIGH)

MEMORY
ouTPUT
- JEm—— -—
ALLOWABLE MEMORY ACCESS VALID OUTPUL VALID OUTPUT

NO. 1 NON MEMORY CYCLE TIMING WAVEFORMS

7)) -oon't care” or INTeRNAL DELaYs [ wiGH mpEDANCE sTaTE
FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN)
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INSTRUCTION | FEICH (501 I VXECUTE I FETCH  (S0) T EXECUTE (S1) | FETCH (s0)

F—lemvmmuvu! e IORY L RITE OV +—— MEMORY READCVCLE—*—MEMORV WNTECVCLE—*—-MEEMOkV
READ
MRD ] | CYCLE

MwR

MEMORY
OUTPUT

- - —
ALLOWABLE MEMORY ACCESS ? - VALIDOUTPUT VALID QUTPUT

CPU OQUTPUT

O ¢ | VALIN DA | OF F | VALID DATA |__oFF

MEMORY

NO. 2 MEMORY WRITE CYCLE TIMING WAVEFORMS

INSTRUCTION T FETCH  150) [ EXECUTE 50 [ FETCH (SO) | EXECUTE (S1) T Fetch_so

fo——MIMORY READ (YO 1L = - afm-s = MEMORY READ (YOLE —  sb@—— MEMORY READ CVCLE—+—MEM0RV READ cvcm.s—-'.—ra%monv
| AD

P Y
‘ MRD [ cvoe
: MWR (HIGH)
| MEMORY 7 I m
L ooror L A A’AV 7
-—
ALLOWABIE “TEAIORY ACCESS T_— VALID OUTPUT L VALID QUTPUT VALID OUTPUT LVA\,IDOUTPUT

NO. 3 MEMORY READ CYCLE TIMING WAVEFORMS

INSTRUCTION _ | FETCH  (SOI EXECUTE (ST T EXECUTE (ST [ FETCH (S0 [ExecuTE " (s1)
fe—— MEMORY READ CYCLE —sfm——— MFMORY READ LY(LE ~af@——— MEMORY READ CYCLE -afut———MEMQRY READ CYCLE——ssfa——— MEMORY
READ

L ™ ™ L [ | cvee

MWR (HIGH)

ooresr LY 1 Y /%!Mf/ 7.

ALLOWABLE MEMORY ACCESS VALID OUTPUT LVALID ouTPUT VALID OUTPUT '

NO. 4 LONG BRANCH OR LONG SKIP CYCLE TIMING WAVEFORMS

7/} “pon't care” or INTERNAL DELAYS [ vicH vpeDANCE sTaTE

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued)
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TP ] 1

MACHINE CYCLE | CYCLE n [ CYCLE (n + 1) |

INSTRUCTION | FETCH (S0) | EXECUTE (S1) |
RO | |
NO-N2 [ N-9-F \
MwR —
ooreor Y 7m
ALLOWABLE MEMORY ACCESS t VALID OUTPUT

{ MEMORY ’ MEMORY
[ READ CYCLE — WRITE CYCLE

*User generated signal

NO. 5 INPUT CYCLE TIMING WAVEFORMS

o 1 2 3 a4 5 & 7 0o 1 2 3 4 5 6 7 0 1
TPA I I [—1
P8 1 1
“cncgreme ] CYCLEn H CYCLE (n + 1) T
INSTRUCTION __| FETCH (S0) T TR T
MRD [ [ —
NO - N2 [ S \

ALLOWABLE MEMORY ACCESS

oatasus 700 é{ | A_(__‘;___E-
[L

VALID DATA FROM MEMORY
ALLOWABLE MEMORY ACCESS t VALID OUTPUT

DATA STROBE *
(MRD TPB N)

| ! |
MEMORY MEMORY
-—————— S — - — e —_—]|
| READ CYCLE READ CYCLE
| |

*User generated signal

NO. 6 OUTPUT CYCLE TIMING WAVEFORMS

v/ A-bont care or iNTerNaL DELays [l o wpEDANCE sTaTE

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued)
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0 ' 2 3 4 5 6 7 0 1Y 2 3 4 5 6 7 0 1 2 3 4 5 & 1 0 1 2 3 4 5 & 1 0O
o LML N U U unouUrunLunururuUunuUnunUL
A M I L 1
P8 | M 1 1
MACHINE
cvele  —— CYCLE n [ CYCLEIn =1 1 CYCLE n+2) T CYCLE(n+3) 1
INSTRUCTION _J FETCH (S0 T EXECUTE (S1) T DMA (S2) 1 FETCH (SO I
DMA-IN * 2 N 7| \ /N 7. 74
MRD o i S —
MWR R | S—

MEMCRY > >
oowor 2227777777 L w
t VALID OUTPUT VALID OUTPUT
o4 sus* (1 57 o T D vice
H 1

1
| ! ! 1
|

|
MEMORY ! MEMORY N ! |
o READ CyCLE ————==——— READ WRITE OR —r MEMORY - MEMORY o
| v | NON MEMORY CYCLE \ WRITE CYCLE | READ CYCLE )
I | 1 | |
*User generated signal
NO. 7 DMA IN CYCLE TIMING WAVEFORMS
o 1 2 3 a4 5 6 7 0 1V 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3
cock JLMUMUyUyvUyvUyvuyuyyuyuyuuyuyuyuJUyuyuuyuuUuUuUIuU UL
TPA 1 1 1 B S
P8 1 (o ‘o)
MACHINE
cvele 1 CYCLE n L CYCLE (n+ 1) I CYCLE (n+2) [evelen v3)
INSTRUCTION FETCH (SO | EXECUTE (S1) 1 DMA (S2) [revcH (so)
DMA OUT L Z 995584 0 L %)\ | %, | \ YA
MRD 1 I C__________ 7 1 i . .
MWR e _J
MEMORY p—’
outeur T JL-/ . /N /}4:-’ 2
VALID DATA FROM MEMORY
DATA" VALID OUTPUT I-—l
STROBE | | 1 [
S2 TPB) | | MEMORY | |
MEMORY
b MEMORY sl READ WRITE OR ———tb——— NI ————slememory
! READ CYCLE ! NON MEMORY CYCLE ! |READ CYCLE

*User generated signal

NO. 8 DMA OUT CYCLE TIMING WAVEFORMS

Y )-bonT care” or INTerNaL DELaYs Il viah impEDANCE sTaTe

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued)
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o 1 2 3 a4 5 ¢ 7 0 ' 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 & 6 7 0
N inligigligipigigipigigigigigipgipipiplig il ainipiaininlpNaipioEplalp Ng i
wa__ [ M L M
T8 || 1 1 | .
g:g&'“‘ I CYClEn T CYCLE me 11 I CYCLEn =21 T CVCLE (n+ 3 T
INSTRUCTION _[ FETCH (SO T EXECUTE (S1) )| INTERRUPT (S3) | FETCH (S0) T
T S O H I
MWR L -
INTERRUPT * /77~ VL2722, 7, N 7777 T
(INTERNAL) 1E — 1
ooveor 77 7 Zw
| | | | |
R D CVCLE T R NN weMORY e i NONMENORY CvCLe ——ske——— (U ¢ ———f

I
*User generated signal

NO. 9 INTERRUPT CYCLE TIMING WAVEFORMS

7 “bont care” or INTerNAL DELAYs [l HiGH mpeDANCE sTaTE

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued)

Operating and Handling Considerations

1. Handling Input Signals
All inputs and outputs of Harris CMOS devices have a To prevent damage to the input protection circuit, input
network for electrostatic protection during handling. signals should never be greater than Vpp nor less than Vgs.
Input currents must not exceed 10mA even when the power
2. Operating supply is off.
Operating Voltage Unused Inputs

During operation near the maximum supply voltage limit, A connection must be provided at every input terminal. All
care should be taken to avoid or suppress power supply unused input terminals must be connected to either Vpp or
turn-on and turn-off transients, power supply ripple, or Vgg, whichever is appropriate.
ground noise; any of these conditions must not cause

Output Short Circuits

Vpp-Vss to exceed the absolute maximum rating.
Shorting of outputs to Vpp or Vgg may damage CMOS
devices by exceeding the maximum device dissipation.
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% SEMICONDUCTOR

CDP1802A/3
CDP1802AC/3

January 1992 High—Reliability CMOS 8-Bit Microprocessor

Features

e For Use In Aerospace, Military, and Critical
Industrial Equipment

Minimum Instruction Fetch-Execute time of
2.2ps (Maximum Clock Frequency of 7.4MHz) at
VDD = 10V, TA = +25°C

Operation Over the Full Military

L]

Temperature Range.......... -55°C to +125°C
* Any Combination of Standard RAM and ROM Up
To 65,536 Bytes

8-Bit Parallel Organization With Bidirectional
Data Bus and Multiplexed Address Bus

Description

The CDP 1802A/3 high-reliability LSI CMOS 8-bit register—
oriented central-processing unit (CPU) is designed for use as a
general-purpose computing or control element in a wide range of
stored-program systems or products.

The CDP1802A/3 includes all of the circuits required for fetching,
interpreting, and executing instructions which have been stored in
standard types of memories. Extensive input/output (I/O) control
features are also provided to facilitate system design.

The 1800 series architecture is designed with emphasis on the
total microcomputer system as an integral entity so that systems
having maximum flexibility and minimum cost can be realized. The
1800 series CPU also provides a synchronous interface to

i . memories and external controllers for I/O devices, and minimizes
* 16 x 16 Matrix of Registers for Use as Multiple the cost of interface controllers. Further, the /O interface is
Program Counters, Data Pointers, or Data capable of supporting devices operating in polled, interrupt-driven,

Registers or direct memory-access modes.
¢ On-Chip DMA, Interrupt, and Flag Inputs The CDP1802A/3 and CDP1802AC/3 are functionally identical.
« High Noise Immunity.............. 30% of Vpp They differ in that the CDP1802A/3 has a recommended operating

voltage range of 4V to 10.5 volts, and the CDP1802AC/3 a
recommended operating voltage range of 4 to 6.5 volts.

CMOS MICRO-
PROCESSORS

The CDP1802A/3 is functionally identical to its predecessor, the
CDP1802. The “A” version includes some performance
enhancements and can be used as a direct replacement in
systems using the CDP1802.

These types are supplied in 40 lead dual-in-line sidebrazed
ceramic packages (D suffix), that conforms to Mil-M-38510 case
outline D-5.

Pinout 40 LEAD SIDEBRAZED CERAMIC DIP (PACKAGE TYPE D)
TOP VIEW

BUS7
BUS 6
‘BUS §
BUS 4
BUS 3
BUS 2
BUS 1
BUS 0
Vee
N2

N1

No
Vss

CAUTION. These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 441 .1 |

Copynght © Harns Corporation 1991
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Specifications CDP1802A/3, CDP1802AC/3

Absolute Maximum Ratings
DC Supply Voltage Range, (Vpp):
(All Voltages Referenced to Vgg Terminal)

CDP1802A/3 ...\ttt 0.5V to +11V
CDP1802AC/3. ..ot iii i —0.5V to +7V
Input Voltage Range, Allinputs ............. —-0.5V to Vpp +0.5V
DC Input Current,any One lnput. ..............cooviu +10mA

Power Dissipation Per Package (Pp)
Ta =-55°C to +100°C (Package Type D) ............. 500mwW
Ta = +100°C to +125°C (Package Type D). ... Derate Linearly at
12mW/°C to 200mwW

Device Dissipation Per Output Transistor

Ta = Full Package Temperature Range

Operating Temperature Range (Ty):

Package Type D......... ...t
Storage Temperature Range (Tgg)

Lead Temperature (During Soldering):
At distance 1/16 +1/32 In. (1.59 £ 0.79mm)

from case for 10s

max.............

-55°C to +125°C
—65°C to +150°C

Recommended Operating Conditions T, = Full-Package Temperature Range. For maximum reliability, operating
conditions should be selected so that operation is always within the following ranges.

LIMITS
CDP1802A/3 CDP1802AC/3
CHARACTERISTIC MIN MAX MIN MAX UNITS
DC Operating Voltage Range 4 10.5 4 6.5 Vv
Input Voltage Range Vss Vpp Vss Vpp \
Maximum Clock Input Rise or Fall Time - 1 - 1 us
Performance Characteristics
LIMITS
Voo CDP1802A/3 CDP1802AC/3
CHARACTERISTIC v -55°C to +25°C +125°C ~55°C to +25°C +125°C UNITS
Minimum Instruction Time (Note 1) 5 4.5 5.9 4.5 59 us
10 22 2.8 - -
Maximum DMA Transfer Rate 5 450 340 450 340 Kbytes/s
10 925 700 - -
Maximum Clock Input Frequency, 5 DC-3.6 DC-2.7 DC-3.6 DC-2.7 MHz
Load Capacitance (C) = 50pF fc 10 DC-7.4 DC-5.6 - -
NOTES:
1. Equals 2 machine cycles - one Fetch and one Execute operation
for all instructions except Long Branch and Long Skip, which re-
quire 3 machine cycles — one Fetch and two Execute operations.
ADDRESS BUS
CDP1852 U ‘ I}‘
INPUT PORT ¢, No MAO-7 MAO-7 MAO—4
CS1
WRD —> o —1 wrD
CDP1802 CDP1833 CDP1824
8-BIT CPU 1K—ROM 32 BYTE RAM
MWR 2 MWR
DATA cs1
<: copissz  ©52[[¢ N1 ceo f——pf T
gg;gUT cLock j«¢ TPB DATA TPA j=———JppF TPA DATA DATA
8-BIT DATA BUS

FIGURE 1. TYPICAL CDP1802A/3 SMALL MICROPROCEéSOR SYSTEM

3-28




Specifications CDP1802A/3, CDP1802AC/3

Static Electrical Characteristics All Limits are 100% Tested

CMOS MICRO-
PROCESSORS

CONDITIONS LIMITS
-55°C, +25°C 125°
Vour Vin Vee: Voo e +125°C
CHARACTERISTIC SYMBOL v) ) ) MIN MAX MIN MAX UNITS
Quiescent Device Current lop - - 5 - 100 - 250 MA
- - 10 - 120 - 300
Output Low Drive (Sink) loL 0.4 0,5 5 1.20 - 0.90 - mA
Current
(Except XTAL) 0.5 0, 10 10 2.50 - 1.85 - mA
XTAL 0.4 5 5 185 - 140 - HA
Output High Drive (Source) lon 46 0,5 5 - -0.30 - -0.20 mA
Current
(Except XTAL) 9.5 0,10 10 - -0.60 - -0.40 mA
XTAL 4.6 0 5 - -135 - -100 pA
Output Voltage Vou - 0,5 5 - 0.1 - 0.2 )
Low—Level - 0,10 10 - 0.1 - 0.2 \
Output Voltage Vox - 0,5 5 4.9 - 4.8 - \
High Level - 0,10 10 9.9 - 9.8 - \
Input Low Voltage Vi 0.5, 4.5 - 5 - 1.5 - 15 \
1,9 - 10 - 3 - 3 \
Input High Voltage ViH 05,45 - 5 3.5 - 3.5 - v
1,9 - 10 7 - 7 - \"
Input Leakage Current Iin Any Input 0,5 5 - +1 - 5 pA
0,10 10 - 1 - 15 HA
3-State Output Leakage lout 0,5 0,5 5 - + - +5 HA
Current 0, 10 0, 10 10 - +1 - 5 pA
NOTE:
1. 5V level characteristics apply to part CDP1802AC/3.
5V and 10V level characteristics apply to part CDP1802A/3.
= B[ LOAD CAPACITANCE (C( =50 pF THTH T P LOAD CAPACITANGE (Cy )= 50 pF T 7o
= e e e z S s e i e S o
Lo I BEEEE SN = z L t T 1T
ke — e S R m . Lo S e
L B T = op=ioy 3 = "I“ 'Vﬂ;‘; |
S e 7 T y 5 S : e, : G iiaasuus
g I - —H e mw. : B 2 k T e Y AT A
5 = EEmEE : I8 8 ! T e 'L‘o'c' 7 :
= S s SNt
g4 ML 5 : o e :
o = o Vop=5v —7 2 AT s T Rummman
§ 3 TJ e — = = I g Elmt z‘?‘- 2 T !
= i‘ - —— E.‘ — T Tt H ““"‘ovl{
3 oaiini e EEEEPII EEEPEaE 3z oo :
== T : RS : :
B = S5 : B ipes :
5 T iy ! : = my Tt
2 t : T AT T T 1 T NN
9 O+ -t T a et = 0 H T 1 T
25 35 45 55 65 75 85 95 105 115 125 2 E 5 6 7 8 9 10
AMBIENT TEMPERATURE (Ta)=°C SUPPLY VOLTAGE (Vpp)=V
FIGURE 2. TYPICAL MAXIMUM CLOCK FREQUENCY AS A FIGURE 3. TYPICAL MAXIMUM CLOCK FREQUENCY AS A
FUNCTION OF TEMPERATURE FUNCTION OF SUPPLY VOLTAGE
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DRAIN-TO-SOURCE VOLTAGE (Vps)-V

0 -9 -8 -7 -6 -5 -4 -3 -2 - 0
400] AMBIENT TEMPERATURE (Ta)= 25°C HHHHHHHH H f
JEESERESRNENEEREARNEENEARUNNES! 11
SAARRAESRESSASIASERARNARERERSN) 11
[1- GATE-TO-SOURCE VOLTAGE (Vgg)= -5V [ ) <
" €
2 K H v
| & T
E < 2 5
ES . =
] -
F K z
- e w
- 3
o9 3 T
b4 =3
r _1 1 in . o
= H 4w
w N i &
£ O AMBIENT TEMPERATURE = -40 TO +85°C >
*‘ e T '1{ 5 2
g v th z
S ST
5 : 65
z L T 5
< Y { ] g
I se= 1
ad T a8 NCC Vw:.ua‘ 5
=g E{ Nanas o voo" 'OV it 705
Fvec Yoo Ly |
“‘M\ll 11 ST 1
11T IS ENEENEERNEES 1
0 25 50 00 125 178 200

™
LOAD CAPACITANCE (C )— pF
FIGURE 4. TYPICAL TRANSITION TIME VS. LOAD CAPACI-

TANCE
35
« - T T
R SEREQRSE RSS! SESREpES
a0 1H
—>0 I A : smapus
o -t H - -+
= gssgssvisgtnunEsnulfingunan T ;
z 25 4 FHEETTH [puan HA0 T
w H
[ I I ‘l j GATE-TO-SOURCE VOLTAGE (Vgg):1OV T
> Rubnubuubh b Tt I <
O 20 117 T _.“ ST
z 4 4+ 4441 -
@ 15
E3 HH T
g 1 =
= 10 AMBIENT TEMPERATURE :-40 T0+85°C—H
2 i
5 gusdpzaigugfunagun 5V,
o 5
“47 4T3 111
"'g 1 i1
11
11
(4] 3

aq S 6 7 8 9 10
DRAIN-TO-SOURCE VOLTAGE (Vpg) -V

FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT

FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT

CHARACTERISTICS
TO00p
: AMBIENT TEMPERATURE (Tp)=25°C
2
N
100, $O s
24 SN O]
’5 M Ké QA
L <
S 2 Q¢
o
~0 ////r |
N
8 o o
s o A -
Py WOt NO© 1
. N5
2 C
- I ‘{ A
[} W
.6 P otD \f‘ =
. 30
v
) aP%
ol -
4 68 4 68 4 68
NOTES: 0.0l 10

] 1
IDLE = *00" AT M(0000) CLOCK INPUT FREQUENCY (f¢|)—MHz
BRANCH = " 3707°AT M (8107)

Cp =50 pF
FIGURE 7. TYPICAL POWER DISSIPATION AS A FUNCTION

CHARACTERISTICS OF CLOCK FREQUENCY FOR BRANCH
INSTRUCTION AND IDLE INSTRUCTION
e | AMBIENT TEMPERATURE (Ta)+25°C
=
4
=t
] H
§ 125 )
; X
z
-
2 7 )
'g‘ sEEE ,\IQO.I! i
fysZdnaaaiyo LoV
8 s ) ) = eNOD
= lb ?\:‘\L;';p\\\- u! “‘vﬂ{
1”7 4\ BN SRS
25 10 IrFﬁ 7] ==y
H «NDD" " |
Hvce Vit
overHHH P
SPEC_ O %0 100 150 200
X#U;g of ALOAD CAPACITANCE (AC_)—pF  NOTE- ANY OUTPUT

EXCEPT XTAL

FIGURE 8. TYPICAL CHANGE IN PROPAGATION DELAY
AS A FUNCTION OF A CHANGE IN LOAD

CAPACITANCE
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Specifications CDP1802A/3, CDP1802AC/3

Timing Specifications as a function of T (T = 1/fc ock), C = 50pF

LIMITS*
Voo
CHARACTERISTIC SYMBOL (\)) -55°C, +25°C +125°C UNITS
High—Order Memory—Address Byte tsu 5 2T-450 2T-580 ns
Set Up to TPA "*_ Time 10 2T-210 2T-275 ns
High—-Order Memory—Address Byte th 5 T/2+0 T/2+0 ns
Hold After TPA Time 10 T/2/+0 T/2+0 ns
Low-Order Memory—Address Byte th 5 T-30 T-40 ns
Hold After WR Time 10 T-10 T-20 ns
CPU Data to Bus Hold t 5 T-170 T-250 ns
After WR Time 10 T-80 T-110 ns
Required Memory Access Time tace 5 5T-300 5T-400 ns
Address to Data 10 5T-150 5T-200 ns “
*These imits are not directly tested. )
O
o
Qo
- . =0
Implicit Characteristics** T, =-55°C to +25°C n “”,
Qo
TYPICAL 3 /4
CHARACTERISTICS SYMBOL Vpp (V) VALUES UNITS a
Typical Total Power Dissipation f = 2MHz 5 4 mwW
Idle “00” at M(000), C, = 50pF f = 4MHz 10 30 mw
Effective Input Capacitance Any Input Cin - 5 pF
Effective 3—State Terminal Capacitance DATA BUS - 7.5 pF
Minimum Data Retention Voltage VDR - 24 \"
Data Retention Current IDR 24 10 HA

**These characteristics are not tested. Typical values are provided for guidance only.

3-31



CDP1802A/3, CDP1802AC/3

H
MEMORY  [IPLH.'PHL }/HIGH ORDER _ 'PLH.IP
ADDRESS ADDRESS BYTE

|

! |

MRO tPLH tPHL
(MEMORY

READ CYCLE)

MWR
(MEMORY
WRITE CYCLE)

|

LOW ORDER 1

ADDRESS BYTE RLH '.'!P“L‘f‘m
|

tPLH
tPHL

+— — 4+ — 4+

l;

| .
DATA FROM | TR
CPU TOBUS 529 - ‘I < | 'RLH"PHF'Q__
X - . T
sTATE PLH, i i ! I BT
CODES  tpy/ | L | | __'PH
N - 1
o 1 ™ PLH. 'PHL reert
| [ = | | |
' ! T } | :
I '
| ' |
|

s ///////4////////////// T

DMA SAMPLED (S!,52,S3)

l"ﬂ_

WA | |
REQUEST ‘ INTERRUPT VAL
| N SAMPLED (S, S2) l
INTERRUPT ] ;
REQUEST FLAG LINES 'sul 'H
SAMPLED (IN SI) | A
— T T
EF 1-4 syl Mt |
. |
l T
! | ANY NEGATIVE
I | tsu TRANSITION
WAIT

i

CLEAR \ w /
NOTES:

1. This timing diagram is used to show signal relationships only and 3. Shaded areas indicate “don’t care” or undefined state. Multiple
does not represent any specific machine cycle. transitions may occur during this period.

2. Allmeasurements are referenced to 50% point of the waveforms.

FIGURE 9. TIMING WAVEFORMS

3-32




Specifications CDP1802A/3, CDP1802AC/3

Dynamic Electrical Characteristics C, = 50pF, Timing Measurement at 0.5 Vpp Point

CMOS MICRO-
PROCESSORS

LIMITS
-55°C TO +25°C +125°C
CHARACTERISTIC SYMBOL Voo (V) MIN MAX MIN MAX UNITS
Propagation Delay Times torrs tPHL 5 - 275 - 370 ns
Clock to TPA, TPB 10 - 125 - 170
Clock-to—Memory High Address teLHs trHL 5 - 725 - 950 ns
Byte 10 - 340 - 450
Clock-to—-Memory Low—Address teLns tPHL 5 - 340 - 425 ns
Byte Valid 10 - 150 - 200
Clock to MRD toL s toHL 5 - 340 - 425 ns
10 - 150 - 200
Clock to MWR toLs toL 5 - 275 - 370 ns
10 - 125 - 170
Clock to (CPU DATA to BUS) teLHs tPHL 5 - 430 - 550 ns
Valid 10 - 200 - 260
Clock to State Code teLHs tPHL 5 - 440 - 550 ns
10 - 200 - 260
Clock to Q oL, toHL 5 - 375 - 475 ns
10 - 175 - 230
Clock to N (0-2) teLHs tPHL 5 - 400 - 525 ns
10 - 200 - 260
Interface Timing Requirements: tsu 5 10 - 10 - ns
Data Bus Input Setup 10 20 - 20 -
Data Bus Input Hold (Note 1) ty 5 178 - 230 - ns
10 80 - 110 -
DMA Setup tsu 5 10 - 10 - ns
10 20 - 20 -
DMA Hold (Note 1) ty 5 200 - 270 - ns
10 100 - 135 -
Interrupt Setup tsu 5 10 - 10 - ns
10 20 - 20 -
Interrupt Hold (Note 1) th 5 175 - 230 - ns
10 80 - 110 -
WAIT Setup tsy 5 30 - 30 - ns
10 20 - 20 -
EF1-4 Setup tsu 5 20 - 20 - ns
10 50 - 50 -
EF1—4 Hold (Note 1) ty 5 100 - 135 - ns
10 50 - 65 -
Required Pulse Width Times (Note 1): twi 5 150 - 200 - ns
CLEAR Pulse Width (Note 1) 10 75 - 100 -
CLOCK Pulse Width twi 5 140 - 185 - ns
10 68 - 90 -

5V level characteristics apply to part CDP1802AC/3
5V level and 10V level characteristics apply to part CDP1802A/3

NOTE:

1. Minmum input Setup and Hold Times required by part CDP1802A/3
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Voo Voo
“MWA— 1 40
2 39
3 38
= 4 37|—W———
5 36— A—
6 [3s}—ww—
7 3} —w—
8 33} —ww—
NC < 2 M-
10) st —wW—
11 30— — > Ne
f [29}—WwW—
i 28— —
14 27—wW—
15 [2el—wW—
Vop 1 M VPD
17] 24—vWW
{ , =
1 2
21
- Al Resistors are 47kQ +20% -
TYPE Voo TEMPERATURE TIME
CDP1802A 11V +125°C 160 Hours
CDP1802AC N +125°C 160 Hours

FIGURE 10. BIAS/STATIC BURN-IN CIRCUIT
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- e CDP1805AC
HARRIS CDP1806AC

CMOS 8-Bit Microprocessor
December 1991 With On-Chip RAM* and Counter/Timer

Features

¢ Instruction Time of 3.2us, -40°C to
+85°C

123 Instructions - Upwards Software
Compatible With CDP1802

BCD Arithmetic Instructions
¢ Low-Power IDLE Mode

¢ Pin Compatible With CDP1802
Except for Terminal 16

¢ 64K-Byte Memory Address Capabil-
ity

¢ 64 Bytes of On-Chip RAM*
16 x 16 Matrix of On-Board Registers
* On-Chip Crystal or RC Controlled

Description

The CDP1805AC and CDP1806AC are functional and performance enhance-
ments of the CDP1802 CMOS 8-Bit register-oriented microprocessor series
and are designed for use in general-purpose applications.

The CDP1805AC hardware enhancements include a 64-byte RAM and an 8-bit
presettable down counter. The Counter/Timer which generates an internal
interrupt request, can be programmed for use in time-base, event-counting,
and pulse-duration measurement applications. The Counter/Timer underflow
output can also be directed to the Q output terminal. The CDP1806AC hard-
ware enhancements are identical to the CDP1805AC, except the CDP1806AC
contains no on-chip RAM.

The CDP1805AC and CDP1806AC are identical to the CDP1804AC, except for
the on-chip memory, and may be used for CDP1804AC development
purposes.

The CDP1805AC and CDP1806AC software enhancements include 32 more
instructions than the CDP1802. The 32 new software instructions add subrou-
tine call and return capability, enhanced data transfer manipulation, Counter/

Oscilltor Timer control, improved interrupt handling, single-instruction loop counting,
« 8-Bit Counter/Timer and BCD arithmetic.
*CDP1805AC Only Upwards software and hardware compatibility is maintained when substituting

a CDP1805AC or CDP1806AC for other CDP1800-series microprocessors.
Pinout is identical except for the replacement of Voo with ME on the
CDP1805AC and the replacement of V¢ with Vpp on the CDP1806AC.

The CDP1805AC and CDP1806AC have an operating voltage range of 4V to
6.5V and are supplied in a 40 lead hermetic dual-in-line ceramic package
(D suffix), 40 lead dual-in-line plastic package (E suffix) and 44 lead plastic
leaded chip carrier (PLCC) package (Q suffix).

Ordering Information

PACKAGE TEMPERATURE RANGE CDP1805AC CDP1806AC
Plastic DIP -40°C to +85°C CDP1805ACE CDP1806ACE
Burn-In CDP1805ACEX CDP1806ACEX
PLCC -40°C to +85°C CDP1805ACQ CDP1806ACQ
Ceramic DIP -40°C to +85°C CDP1805ACD CDP1806ACD
Burn-In CDP1805ACDX CDP1806ACDX
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 1 370-1
Copyright © Harris Corporation 1991
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Pinouts
40 LEAD DIP 44 LEAD PLASTIC CHIP CARRIER (PLCC)
(PACKAGE TYPES D AND E) (PACKAGE TYPE Q)
TOP VIEW TOP VIEW
crock [1] [%0] Voo . z B
war [2] [30] STAT N E g <E‘ <[5
TEAR ] BWATR 80"E6‘2>8E252
a[4] s7] GWAGUT 6 5 4 3 2 14443 42 41 40
sct [%] WTERRUPT -
sco [¢] [35] WWh
o [7] [34] TPA
BUS 7 BRL
suse [ 2] maz
BUS 5 [31] mas
BUS 4 [11] [20] mas
Bus 3 [12] [29] mas
sus 2 [i3} 28] Mas
BUS 1 [14] 27] MA2
Bl.lso EMM 18 19 20 21 22 23 24 25 26 27 28
- - - O
. %; 222 S EEEE 8
N1 [18] ] 272
ym 2] &
Vss |29 @ EFa
*ME For CDP1805AC
Vpp for CDP1806AC
Schematic
ADDRESS BUS
1;2‘ ::l'
MAO-MA7 ___ MAO - MA7 MAO-MA4
AD WIRD
N )
v CDP1805AC WITH coP1824
CcDP1851 RAM, COUNTERTIMER CDP1833 32 BYTE RAM
PO CDP1806AC WITH 1K BYTE ROM USED WITH
Sonror]  COUNTERTMER CDP1806AC ONLY)
VWA WA
C: TPA TPA
out
cEo =
BUSO - BUS7 BUSO - BUS7 e | BUSO - BUS7 € susoBuss
11
(CDP1805AC ONLY)
S6IT DATA BUS

FIGURE 1. TYPICAL CDP1805AC, CDP1806AC SMALL MICROPROCESSOR SYSTEM
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Absolute Maximum Ratings

DC Supply Voltage Range, (Vpp): Device Dissipation Par Output Transistor
(All Voltages Referenced to Vgg Terminal) ........ -0.5V to +7V Ta = Full Package Temperature Range .. ............. 100mwW

Input Voltage Range, All inputs ............. -0.5V to Vpp +0.5V  Operating Temperature Range (T,):

DC Input Current,any One Input...............covenenn.. +10mA Package Type D..........ccovvviininnnnnn. -55°C to +125°C

Power Dissipation Per Package (Pp) Package TypeEandQ ..................... -40°C to +85°C
T = -40°C to +60°C (Package Type E)............... 500mW  Storage Temperature Range (Tgg) - . ........... -65°C to +150°C
Ta = +60°C to +85°C (Package Type E) ........ Derate Linearly Lead Temperature (During Soldering):

At 12mW/°C to 200mW At distance 1/16 +1/32 In. (1.59 + 0.79mm) from case for 10s
Ta = -55°C to +100°C (Package Type D) ............. 500mwW INAX & vt ttee e eeeeneeoeneeenessaeronasannsannnen +265°C
Ta = +100°C to +125°C (Package Type D) ... . Derate Linearly at  *Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm

12mW/°C to 200mW thick G10 epoxy glass, or equivalent.
T = -40°C to +85°C (Package Type Q)*.............. 500mwW

Recommended Operating Conditions T, = Full-Package Temperature Range. For maximum reliability, operating conditions
should be selected so that operation is always within the following ranges.

LIMITS
CDP1805ACD, CDP1805ACE
CONDITION CDP1806ACD, CDP1806ACE
Voo
CHARACTERISTIC SYMBOL v) MIN MAX UNITS
DC Operating Voltage Range - 4 6.5 \ o' &’
£o
Input Voltage Range - Vss Vpp \ g g
w
Minimum Instruction Time* (fc, = 5MHz) 5 3.2 - us 8 8
=0
Maximum DMA Transfer Rate 5 - 0.625 Mbyte/s (S
Maximum Clock Input Frequency, 5 DC 5 MHz ‘
Load Capacitance (C) = 50pF
Maximum External Counter/Timer Clock tox 5 DC 2 MHz
Input Frequency to EF1, EF2

* Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch, Long Skip, NOP, and “68" family
instructions, which are more than two cycles.
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Static Electrical Characteristics at T, = -40°C to +85°C, Vpp +5%, Except as Noted

CONDITIONS LIMITS
CDP1805ACD, CDP1805ACE
CDP1806ACD, CDP1806ACE
CHARACTERISTIC SYMBOL X?) ) Il\ll'; ‘:3)0 MIN TYP* MAX UNITS

Quiescent Device Current loo - 0,5 5 - 50 200 us
Output Low Drive (Sink) Current loL 0.4 0,5 5 1.6 4 - mA

(Except XTAL)

XTAL Output loL 0.4 5 5 0.2 0.4 - mA
Output High Drive (Source) Current lon 4.6 0,5 5 -1.6 -4 - mA

(Except XTAL

XTAL lon 4.6 0 5 0.1 0.2 - mA
Output Voltage Low Level VoL - 0,5 5 - 0 0.1 v
Output Voltage High Level Vo - 0,5 5 49 5 - Vv
Input Low Voltage (BUSO - BUS7, ME) Vi 05,45| - 5 - - 15 v
Input High Voltage (BUSO - BUS7, ME) Viu 0.5,4.5 - 5 35 - - v
Schmitt Trigger Input Voltage
(Except BUSO - BUS7, ME)

Positive Trigger Threshold Ve 0.5,4.5 - 5 22 2.9 3.6 \"

Negative Trigger Threshold VN 0.5, 4.5 - 5 0.9 1.9 .2.8 \"

Hysteresis Vi 0.5,4.5 - 5 0.3 0.9 1.6 v
Input Leakage Current In - 0,5 5 - +0.1 15 pA
3-State Output Leakage Current lout 0,5 0,5 5 - 10.2 +5 pA
Input Capacitance Cin - - - - 5 7.5 pF
Output Capacitance Cout - - - - 10 15 pF
Total Power Dissipation**

Run - - - 5 - 35 50 mw

idle “00” at M (0000) - - 5 - 12 18 mw
Minimum Data Retention Voltage Vor Voo = Vpr - 2 24 v
Data Retention Current Ibr Vpp=2.4 - 25 100 HA

*Typical values are for T, = +25°C and nominal Vpp.

**External clock: f = 5SMHz, t,, = 10ns. C|_ = 50pF
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170 REQUESTS

MEMORY AD?RESS LINES 170 TLAGS / \

= CONTROL
/ \ [ \ !&‘!Té ]
ME FOR CDP1805AC MAG MA3 MA2MAO  EF EF3 oA
Vpp FOR CDPIBO6AC MA"lMAslMAS Mal lzrzlen | CLEAR WAIT
I
4 4
CDPIBOSAC | o l -
NLY
s I LOGIC""q I ﬁ [+ cLock
=X TAL
——— e —— e — — — ) — —
CONTROL AND [~SCO | STATE
| o sci | CODES
TIMING  LOGIC
EFY -+ q LosIC
MODE EF2 e TPA STEM
NTROL o T SY!
8-8IT . ©© TPA e 5 Wk [~TminG
TIMER/COUNTER|CL INSTRUCTION |-+ MRD
N IFRRUPT DECODE

A
(i6)
8 RIOL[RIO0] raamy =
(8 R.I[RD.0] R
R2).1|R2).0
S NO
—" LATCH 1/0
R(9).1[R(9).0 AND T I NI [ CoMMANDS
E R(A)I[R(A)0| " | DECODE (8 ) N2
] T
RELRED
R(F) 1| R(F).0)
U7 ]
O
8-BIT BIDIRECTIONAL DATA BUS | o
92CM-34988 On
=0
Fig. 2 - Block diagram for CDP1805AC and CDP1806AC. ) 3
Q9o
=@
Ooa

TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES

T INTERNAL RAM WRITE CYCLE «—-,
70 loo 10 20 30 40 %0 60 70

n o1 i 2| 31 4 51 61 7

r—INTERNAL RAM READ CYCLE

1020 30 40 50 60
CLOCK
o 20 3 4 51 el

TPA

TPB

MEMORY
ADDRESS

MRD ]

MWR

| I

LOW BYTE 1

] Hien BYTE |

|
Low BYTE |
|
|

J S
LI
|

92CM-34989

*

11|

VALID DATA FROM MEMORY —f==—1—e—{

VA

ME
IN

DATA BUS [/ VALID DATA FROM CPU

*NOTE

ME HAS A MINIMUM SETUP AND HOLD TIME WITH RESPECT TO THE
BEGINNING OF CLOCK 70. FOR A MEMORY READ OPERATION, RAM DATA
WILL APPEAR ON THE DATA BUS DURING THE TIME ME IS ACTIVE AFTER
CLOCK 31. THE TIME SHOWN CAN BE LONGER, IF FOR msnncs A DMA
OUT OPERATION IS PERFORMED ON INTERNAL RAM DATA, TO ALLOW DATA
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL
RAM IS AUTOMATICALLY DESELECTED AT THE END OF CLOCK 71,
INDEPENDENT OF

* FOR CDPIBOSAC ONLY

Fig. 3 - Internal memory operation timing waveforms for COP1805AC and CDP1806AC.
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»

EXTERNAL MEMORY READ CYCLE

—I—EXTERNAL MEMORY WRITE CYCLE

-

10 20 30 40 50 60 70 oo 10 20 30 40 50 60 70
CLOCK
o T T2 4 st e T o2 3 4 sl el 7
TPA I I N |
TPB | 1 ﬁ_
|
MEMORY
ADDRESS [mcn BYTE ] LOW BYTE | | HIGH BYTE l LOW BYTE ]
— |
MRD I | |
J— |
MWR | ‘l l
* MEIN .
(HIGH) +
1
DATA BUS p 7] oanaconcev w77 VALID DATA FROM CPU l/é

* FOR CDPIBO5AC ONLY

92CS-34990

Fig. 4 - External memory operation timing waveforms for COP1805AC and CDP1806AC.

ENHANCED CDP1805AC and CDP1806AC OPERATION

TIMING

Timing for the CDP1805AC and CDP1806AC is the same as
the CDP1802 microprocessor series, with the following
exceptions:
* 4.5 clock cycles are provided for memory access
instead of 5.
¢ Q changes 1/2 clock cycle earlier during the SEQ and
REQ instructions.
* Flag lines (EF1-EF4) are sampled at the end of the SO
cycle instead of at the beginning of the S1 cycle.
« Pause can only occur on the low-to-hgh transition of
either TPA or TPB, instead of any negative clock transition.

SPECIAL FEATURES
Schmitt triggers are provided on all inputs, except ME and

SIGNAL DESCRIPTIONS

BUS 0 to BUS 7 (Data Bus):

8-bitbidirectional DATA BUS lines. These lines are used for
transferring data between the memory, the microprocessor,
and 1/0 devices.

NO to N2 (1/0) Lines:

Activated by an I/0 instruction to signal the I/0 control
logic of a data transfer between memory and I/O interface.
These lines can be used to issue command codes or device
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BUS 0-BUS 7, for maximum immunity from noise and slow
signal transitions. A Schmitt trigger in the oscillator section
allows operation with an RC or crystal.

The CDP1802-series LOAD mode is not retained. This
mode (WAIT, CLEAR=0) is not allowed on the CDP1805AC
and CDP1806AC.

A low power mode is provided, which is initiated via the
IDLE instruction. In this mode all external signals, except
the oscillator, are stopped on the low-to-high transition of
TPB. All outputs remain in their previous states, MRD is set
to a logic “1”, and the data bus floats. The IDLE mode is
exited by a DMA or INT condition. The INT includes both
external interrupts and interrupts generated by the
Counter/Timer. The only restrictions are that the Timer
mode, which uses the TPA + 32 clock source, and the
underflow condition of the Pulse Width Measurement
modes are not available to exit the IDLE mode.

selection codes to the I/0 devices. The N bits are low at all
times except when an I/0 instruction is being executed.
During this time their state is the same as the corresponding
bitsin the N register. The direction of data flow is defined in
the I/0 instruction by bit N3 (internally) and is indicated by
the level of the MRD signal:

MRD = Voo:
MRD = Vss:

Input data from 1/0 to CPU and Memory
Output data from Memory to I/0
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EFT to EF4 (4 Flags):

These inputs enable the 1/0 controllers to transfer status
information to the processor. The levels can be tested by
the conditional branch instructions. They can be used in
conjunction with the INTERRUPT request line to establish
interrupt priorities. The flag(s) are sampled at the end of
every SO cycle. EF1 and EF2 are also used for event
counting and pulse-width measurement in conjunction
with the Counter/Timer.

INTERRUPT, DMA-IN, DMA-OUT (3 I/0 Requests)

DMA-IN and DMA-OUT are sampled during TPB every S1,
S2,and S3cycle. INTERRUPT is sampled during TPB every
S1 and S2 cycle.

Interrupt Action: X and P are stored in T after executing
current instruction; designator X is set to 2; designator P is
set to 1; interrupt enable (MIE) is reset to 0 (inhibit); and
instruction execution is resumed. The interrupt action
requires one machine cycle (S3).

DMA Action: Finish executing current instruction; R(0)
points to memory area for data transfer; data is lcaded into
or read out of memory; and R(0) is incremented.

Note: In the event of concurrent DMA and INTERRUPT
requests, DMA-IN has priority followed by DMA-OUT and
then INTERRUPT. (The interrupt request Is not internally
latched and must be held true after DMA.)

SCO0, SC1, (2 State Code Lines):

These outputs indicate that the CPU is: 1) fetching an
instruction, or 2) executing an instruction, or 3) processing
a DMA request, or 4) acknowledging an interrupt request.
The levels of state code are tabulated below. All states are
valid at TPA.

State Type State Code Lines
SC1 SCO
S0 (Fetch) L L
S1 (Execute) L H
S2 (DMA) H L
S3 (Interrupt) H H
H=Vpp, L=Vss.

TPA, TPB (2 Timing Pulses):

Positive pulses that occur once in each machine cycle (TPB
follows TPA). They are used by I/0 controllers to interpret
codes and to time interaction with the data bus. The trailing
edge of TPA is used by the memory-system to latch the
high-order byte of the multiplexed 16-bit memory address.

MAO to MA7 (8 Memory Address Lines):

In each cycle, the higher-order byte of a 16-bit memory
address appears on the memory address lines MAO-7 first.
Those bits required by the memory system can be strobed
into external address latches by timing pulse TPA. The
low-order byte of the 16-bit address appears on the address
lines 1/2 clock after the termination of TPA.

MWR (Write Pulse):

A negative pulse appearing in a memory-write cycle, after
the address lines have stabilized.
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MRD (Read Level):

Alow level on MRD indicates a memory read cycle. Itcan be
used to control three-state outputs from the addressed
memory and to indicate the direction of data transfer during
an 1/0 instruction.

Q:

Single bit output from the CPU which can be set or reset,
under program control. During SEQ and REQ instruction
execution, Q is setor reset between the trailing edge of TPA
and the leading edge of TPB. The Q line can also be
controlled by the Counter/Timer underflow via the Enable
Toggle Q instruction.

The Enable Toggle Q command connects the Q-line flip-
flop to the output of the counter, such that each time the
counter decrements from 01 to its next value, the Q line
changes state. This command is cleared by a LOAD
COUNTER (LDC) instruction with the Counter/Timer
stopped, a CPU reset, oraBRANCH COUNTER INTERRUPT
(BCI) instruction with the counter interrupt flip-flop set.

CLOCK:

Input for externally generated single-phase clock. The
maximum clock frequency is5 MHzatVpp=5V. The clockis
counted down internally to 8 clock pulses per machine
cycle.

XTAL:

Connection to be used with clock input terminal, for an
external crystal, if the on-chip oscillator is utilized.

WAIT, CLEAR (2 Control Lines):

Provide four control modes as listed in the following truth
table.

CLEAR WAIT MODE
L L NOT ALLOWED
L H RESET
H L PAUSE
H H RUN

'ME (Memory Enable CDP1805AC Only):

This active low input is used to select or deselect the
internal RAM. It must be active prior to clock 70 for an
internal RAM access to take place. Internal RAM data will
appear on the data bus during the time that is active
(after clock 31). Thus, if this data is to be latched into an
external device (i.e., during an OUTPUT instruction or DMA
OUT cycle), ME should be wide enough to provide enough
time for valid data to be latched. The internal RAM is
automatically deselected after clock 71."ME is ineffective
when MRD « MWR =1,

Theinternal RAMis notinternally mask-decoded. Decoding
of the starting address is performed externally, and may
reside in any 64-byte block of memory.

VpD (CDP1808AC Only):

This input replaces the ME signal of the CDP1805AC and
must be connected to the positive power supply.

VDD, Vss, (Power Levels):

Vss is the most negative supply voltage terminal and is
normally connected to ground. Voo is the positive supply
voltage terminal. All outputs swing from Vss to Voo. The
recommended input voltage swing is from Vss to Vpp.

CMOS MICRO-
PROCESSORS
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ARCHITECTURE

Fig. 2 shows a block diagram of the CDP1805AC and
CDP1806AC. The principal feature of this system is a
register array (R) consisting of sixteen 16-bit scratchpad
registers. Individual registers in the array (R) are designated
(selected) by a 4-bit binary code from one of the 4-bit
registers labeled N, P, and X. The contents of any register
can be directed to any one of the following paths:

1. the external memory (multiplexed, higher-order byte
first on to 8 memory address lines)

2. the D register (either of the two bytes can be gated to D)

3. the increment/decrement circuit where it is increased
or decreased by one and stored back in the selected
16-bit register.

4. to any other 16-bit scratch pad register in the array.

The four paths, depending on the nature of the instruction,
may operate independently or in various combinations in
the same machine cycle.

Most instructions consist of two 8-clock-pulse machine
cycles. The first cycle is the fetch cycle, and the second
—and more if necessary — are execute cycles. During the
fetch cycle the four bits in the P designator select one of the
16 registers R(P) as the current program counter. The
selected register R(P) contains the address of the memory
location from which the instruction is to be fetched. When
the instruction is read out from the memory, the higher-
order 4 bits of the instruction byte are loaded into the 1
register and the lower-order 4 bits into the N register. The
content ofthe program counter is automatically incremented
by one so that R(P) is now “pointing” to the next byte in the
memory.

The X designator selects one of the 16 registers R(X) to
“point” to the memory for an operand (or data) in certain
ALU or I/0 operations.

The N designator can perform the following five functions
depending on the type of instruction fetched:
1. designate one of the 16 registers in R to be acted
upon during register operations
2. indicate to the I/0O devices a command code or
device-selection code for peripherals
3. indicate the specific operation to be executed during
the ALU instructions, types of tests to be performed
during the Branch instructions, or the specific opera-
tion required in a class of miscellaneous instructions
4. indicate the value to be loaded into P to designate a
new register to be used as the program counter R(P)
5. indicate the value to be loaded into X to designate a
new register to be used as data pointer R(X).

The registers in R can be assigned by a programmer in three
different ways as program counters, as data pointers, or as
scratchpad locations (data registers) to hold two bytes of
data.

Program Counters

Any register can be the main program counter; the address
of the selected register is held in the P designator. Other
registers in R can be used as subroutine program counters.
By a single instruction the contents of the P register can be
changed to effect a “call” to subroutine . When interrupts
are being serviced, register R(1) is used as the program
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counter for the user's interrupt servicing routine. After
reset, and during a DMA operation, R(0) is used as the
program counter. At all other times the register designated
as program counter is at the discretion of the user.

Data Pointers

The registersin R may be used as data pointers toindicate a
location in memory. The register designated by X (i.e., R(X))
points to memory for the following instructions (see Tabie
I):

. ALU operations

. output instructions

. input instructions

. register to memory transfer

. memory to register transfer

. interrupt and subroutine handling.

The register designated by N (i.e., R(N)) points to memory
for the “load D from memory” instructions ON and 4N and
the “Store D” instruction 5N. The register designated by P
(i.e., the program counter) is used as the data pointer for
ALU instructions F8-FD, FF, 7C, 7D, 7F, and the RLDI
instruction 68CN. During these instruction executions, the
operation is referred to as “data immediate”.

Another important use of R as a data pointer supports the
built-in Direct-Memory-Access (DMA) function. When a
DMA-In or DMA-Out request is received, one machine
cycle is “stolen”. This operation occurs at the end of the
execute machine cycle in the current instruction. Register
R(0) is always used as the data pointer during the DMA
operation. The data is read from (DMA-Out) or written into
(DMA-In) the memory location pointed to by the R(0)
register. At the end of the transfer, R(0) is incremented by
one so thatthe processorisready to act upon the next DMA
byte transfer request. This feature in the CDP1805AC and
CDP1806AC architecture saves a substantial amount of
logic when fast exchanges of blocks of data are required,
such as with magnetic discs or during CRT-display-refresh
cycles.

Data Registers

When registers in R are used to store bytes of data,
instructions are provided which allow D to receive from or
write into either the higher-order- or lower-order-byte
portions of the register designated by N. By this mechanism
(together with loading by data immediate) program pointer
and data pointer designations are initialized. Also, this
technique allows scratchpad registers in R to be used to
hold general data. By employing increment or decrement
instructions, such registers may be used as loop counters.
The new RLDI, RLXA, RSXD, and RNX instructions also
allow loading, storing, and exchanging the full 16-bit
contents of the R registers without affecting the D register.
The new DBNZ instruction allows decrementing and
branching-on-not-zero of any 16-bit R register also without
affecting the D register.

ONHWN -

The Q Flip-Flop

An internal flip-flop, Q, can be set or reset by instruction
and can be sensed by conditional branch instructions. It
can also be driven by the underflow output of the
counter/timer. The output of Q is also available as a
microprocessor output.
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Register Summary

D 8 Bits Data Register (Accumulator)
DF 1 Bit Data Flag (ALU Carry)
B 8 Bits Auxiliary Holding Register
R 16 Bits 1 of 16 Scratchpad Registers
P 4 Bits Designates which Register is
Program Counter
X 4 Bits Designates which Register is
Data Pointer
N 4 Bits Holds Low-Order Instr. Digit
| 4 Bits Holds High-Order Instr. Digit
T 8 Bits Holds old X, P after Interrupt
(X is high nibble)
Q 1 Bit Output Flip-Flop
CNTR 8-Bits Counter/Timer
CH 8 Bits Holds Counter Jam Value
MIE 1 Bit Master Interrupt Enable
CIE 1Bit Counter Interrupt Enable
XIE 1Bit External Interrupt Enable
CIL 1Bit Counter Interrupt Latch

Interrupt Servicing

Register R(1) is always used as the program counter
whenever interrupt servicing isinitialized. When an interrupt
request occurs and the interrupt is allowed by the program
(again, nothing takes place until the completion of the
current instruction), the contents of the X and P registers
are stored in the temporary register T, and X and P are set to
new values, hex digit 2 in X and hex digit 1 in P. Master
Interrupt Enable is automatically deactivated to inhibit
further interrupts. The user's interrupt routine is now in
control; the contents of T may be saved by means of asingle
SAV instruction (78) in the memory location pointed to by
R(X) or the contents of T, D, and DF may be saved using a
single DSAV instruction (6876). At the conclusion of the
interrupt, the user's routine may restore the pre-interrupted
value of X and P with either a RET instruction (70) which
permits further interrupts, or a DIS instruction (71), which
disables further interrupts.

Interrupt Generation and Arbitration
(See Fig. 5)

Interrupt requests can be generated from the following
sources:
1. Externally through the interrupt input (Request not
latched)
2. Internally due to Counter/Timer response (Request is
latched)
a. Onthetransition from count (01)4e to its next value
(counter underfiow) —
b. On the A transition of EF1 in pulse measure-
ment mode 1
c. Onthe £
ment mode 2

transition of EF2 in puilse measure-

For an interrupt to be serviced by the CPU, the appropriate
Interrupt Enable flip-flops must be set. Thus, the External
Interrupt Enable flip-flop must be set to service an external
interrupt request, and the Counter Interrupt Enable flip-flop
must be set to service an internal Counter/Timer interrupt
request. In addition, the Master Interrupt Enable flip-flop
(as used in the CDP1802) must be set to service either type
of request. All 3 flip-flops are initially enabled with the
application of a hardware reset, and, can be selectively
enabled or disabled with software: CIE, CID instructions for
the CIE flip-flop; XIE, XID instructions for the XIE flip-flop;
RET, DIS instructions for the MIE flip-flop.

Short branch instructions on Counter Interrupt (BCl) and
External Interrupt (BXI) can be placed in the user's interrupt
service routine to provide a means of identifying and
prioritizing the interrupt source. Note, however, that since
the External Interrupt request is not latched, it must remain
active until the short branch is executed if this priority
arbitration scheme is used.

Interrupt requests can also be polled if automatic interrupt
service is not desired (MIE=0). With the Counter Interrupt
and External Interrupt shortbranch instructions, the branch
will be taken if aninterrupt requestis pending, regardless of
the state of any of the 3 Interrupt Enable flip-flops. The
latched counter interrupt request signal wili be reset when
the branch is taken, when the CPU is reset, or with a LDC
instruction with the Counter stopped. Note, that exiting a
counter-initiated interrupt routine without resetting the
counter-interruptlatch will resultinimmediately re-entering
the interrupt routine.

o
x o
On
=7
@8
go
@
oo

RET ]
Ij > MI
s
RESET: masTer @
INTERRUPT
s3 ENABLE COUNTER
__‘—SD‘R N UNDERFLOW
oIS PULSE MODE EFI §- s Q TO BRANCH
PULSE MODE EF2 COUNTER LOGIC (BCI)
8Cl INTERRUPT
RESET LATCH
SE R (ciL) cr
CIE LDC* COUNTER
STOPPED

S COUNTER

RESET INTERRUPT
ENéELE
CiD
(CIE)

INTERRUPT
REQUESTS

TO BRANCH

EXTERNAL INT LOGIC (BXI)

XIE s Q
EXTERNAL
RESET INTERRUPT
ENABLE
—R  FF
(XIE)

XID

92CM-33888R2

Fig. 5 - Interrupt logic-control diagram for CDOP1805AC and CDP1806AC.
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Counter/Timer and Controls (see Flg. 6)

This logic consists of a presettable 8-bit down-counter
(Modulo N type), and a conditional divide-by-32 prescaler.
After counting down to (01)+e the counter returns to its
initial value at the next count and sets the Counter Interrupt
Latch. It will continue decrementing on subsequent counts.
If the counter is preset to (00)+e a full 256 counts will occur.

During a Load Counter instruction (LDC) if the counter was
stopped with a STPC instruction, the counter and its
holding register (CH) are loaded with the value in the D
register and any previous counter interruptis cleared. If the
LDC is executed when the counter is running, the contents
of the D register are loaded into the holding register (CH)
only and any previous counter interrupt is not cleared.
(LDC RESETS the Counter Interrupt Latch only when the
Counter is stopped). After counting down to (01)16 the next
count will load the new initial value into the counter, set the
Counter Interrupt Latch, and operation will continue.

The Counter/Timer has the following five programmable
modes:

1. Event Counter 1: Input to counter is connected to the
EF1 terminal. The high-to-low transition decrements
the counter.

2. Event Counter 2: Input to counter is connected to the

terminal. The high-to-low transition decrements
the counter.

3. Timer: Input to counter is from the divide-by-32 pre-
scaler clocked by TPA. The prescaler is decremented
on the low-to-high transition of TPA. The divide-by-32
prescaler is reset when the counter is in a mode other
than the Timer mode, system RESET, or stopped by a
STPC.

4. Pulse Duration Measurement 1: Input to counter
connected to TPA. Each low-to-high transition of TPA

READ

decrements the counter if the input signal at EF1
terminal (gate input) is low. On the transition of EF1 to
the positive state, the count is stopped, the mode is
cleared, and the interrupt request latched. If the counter
underflows while the input is low, interrupt will also be
set, but counting will continue.

5. Pulse Duration Measurement 2: Operation is identical
to Pulse Duration Measurement 1, except EF2 is used
as the gate input.

The modes can be changed without affecting the stored
count.

Those modes which use EF1 and EF2 terminals as inputs do
not exclude testing these flags for branch instructions.

The Stop Counter (STPC) instruction clears the counter
mode and stops counting. The STPC instruction should be
executed prior to a GEC instruction, if the counter is in the
Event Counter Mode 1 or 2.

In addition to the five programmable modes, the Decrement
Counter instruction (DTC) enables the user to count in
software. In order to avoid conflict with counting done in
the other modes, the instruction should be used only after
the mode has been cleared by a Stop Counter instruction.

The Enable Toggle Q instruction (ETQ) connects the Q-line
flip-flop to the output of the counter, such that each time the
counter decrements from 01 to its next value, the Q output
changes state. This action is independent of the counter
mode and the Interrupt Enable flip-flops. The Enable
Toggle Q condition is cleared by an LDC with the
Counter/Timer stopped, system Reset, ora BCl withCl = 1.

Note: SEQ and REQ instructions are independent of
ETQ—they can SET or RESET Q while the Counter is
running.

TO INTERRUPT LATCH

1COUNTER

LOAD

B

COUNTER
UNDERFLOW
- Q OUTPUT
c >
QFF
ETQ
[} ]

(P

92CM-34758

Fig. 6 - Timer/Counter diagram for COP1805AC and CDP1806AC.
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On-Board Clock (see Figs. 7, 8 and 9)

Clock circuits may use either an external crystal or an RC
network.

A typical crystal oscillator circuit is shown in Fig. 7. The
crystal is connected between terminals 1 and 39 (CLOCK
and XTAL)in parallel with aresistance, RF (1 megohm typ.).
Frequency trimming capacitors, Cin and Cour, may be
required at terminals 1 and 39. For additional information
on crystal oscillators, see ICAN-6565.

Because of the Schmitt Trigger input, an RC oscillator can
be used as shown in Fig. 8. The frequency is approximately
1/RC (see Fig. 9).

RF

CLOCK* i XTAL”
XTAL
Cin Cout
I15pF T~ SMHz PARALLEL =T~ 27pF
RESONANT I
CRYSTAL

92Cs-38099

Fig. 7 - Typical 5 MHz crystal oscillator.

= 92CS-31056

*Pin numbers refer to 40-Pin DIP

Fig. 8 - RC network for oscillator.

Vpp= SV AT 25°C

T

/

T T1T],

— R (OHMS)

8
lmeb
)
»,
V
3
N 2
o

T TIT

1 11l 1Ll L1l 1 1 L
2 4682 468 2 468 2 4668 2
| 100 K
FREQUENCY (Hz)

92CS-34172

Fig. 9 - Nominal component values as a function
of frequency for the RC oscillator.

CDP1806AC
CONTROL MODES
CLEAR WAIT MODE
L L NOT ALLOWED
L H RESET
H L PAUSE
H H RUN

The function of the modes are defined as follows:
RESET

The levels on the CDP1805A and CDP1806A external signal
lines will asynchronously be forced by RESET to the
following states:

Q=0 SC1, SC0=0, 1 BUS 0-7=0

MRD=1 (EXECUTE) MAO0-7=RO.1

TPB=0 NO, N1, N2=0,0,0 TPA=0
MWR=1

Internal changes caused by RESET are:

I, Ninstruction register is cleared to 00. XIE and CIE are set
to allow interrupts following initialize. CIL is cleared (any
pending counter interrupt is cleared), counter is stopped,
the counter mode is cleared, and ETQ is disabled.

Initialization Cycle

The first machine cycle followiing termination of RESET is
aninitialization cycle which requires 9 clock puises. During
thiscycle the CPU remainsin S1andthe following additional
changes occur:

1—MIE

X, P —T (The old value of X, P will be putinto T. This only

has meaning following an orderly Reset with power

applied).

X, P, RO — 0 (X, P, and RO are cleared).
Interrupt and DMA servicing is suppressed during the
initialization cycle. The next cycle is an SO or an S2 but
neveran S10orS3. The use of a 71 instruction followed by 00
at memory locations 0000 and 0001, may be used to reset
MIE so as to preclude interrupts until ready for them.

Reset and Initialize do not affect:
D (Accumulator)
DF
R1,R2, R3, R4, R5,R6,R7,R8,RY, FA, RB,RC, RD, RE, RF
CH (Counter Holding Register)
Counter (the counter is stopped but the value is
unaffected)

Power-up Reset/Run Circuit

Power-up Reset/Run can be realized with the circuit shown
in Fig. 10.

Voo
CDPI805AC
R ___ | corigosac
P WAIT The RC time constant

should be greater
than the oscillator

Rx CLEAR start-up time
(typicaily 20 ms).

92CS-34991

Fig. 10 - Reset/run diagram.
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PAUSE

Pause is a low power mode which stops the internal CPU
timing generator and freezes the state of the processor. The
CPU may be held in the Pause mode indefinitely. Hardware
pause can occur at two points in a machine cycle, on the
low-to-high transition of either TPA or TPB. A TPB pause
can also be initiated by software with the execution of an
IDLE instruction. In the pause mode. the oscillator continues
to run but subsequent clock transitions are ignored. TPA
and TPB remain at their previous state (see Fig. 11).

Pause is entered from RUN by dropping WAIT low.
Appropriate Setup and Hold times must be met.

If Pause is entered while in the event counter mode, the
appropriate Flag transition will continue to decrement the
counter.

Hardware-initiated pause is exited to RUN by raising the
Wait line high. Pause entered with an IDLE instruction
requires DMA, INTERRUPT or RESET to resume execution.

TPA PAUSE TIMING

TPA PAUSE TIMING ENTER

PAUSE

RESUME
RUN

0o/ ol pause 10/ 1 lzo 21 \ 30
TPA t t
PLN——' I PHL
| ]
| !
WA \ | [
3 (o I
fsu_| th
oo = 15y
TPB PAUSE TIMING
TPB PAUSE TIMING ENTER  RESUME
PAUSE RUN
\PAUSE

70/ 71 \00/ 0!

51 fprusela 6l 10
8 ‘PLN——; F | — t'PHL
|
R
Vo |
{
t"su

WAIT 1

NOTE:
PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE
CLOCK CYCLE IN DURATION, COULD BE INFINITELY LONG.

92CM- 31944RI

|
|
I
i
|

Fig. 11 - Pause mode timing waveforms.

RUN

May be initiated from the Pause or Reset mode functions. If
initiated from Pause, the CPU resumes operation at the
point it left off. If paused at TPA, it will resume on the next
high-to-low clock transition, while if paused at TPB, it will
resume on the next low-to-high clock transition (see Fig.
11). When initiated from the Reset operation, the first
machine cycle following Reset is always the initialization
cycle. The initialization cycle is then followed by a DMA
(S2) cycle or fetch (S0) from location 0000 in memory.

SCHMITT TRIGGER INPUTS

All inputs except BUS 0—BUS 7 and ME contain a Schmitt
Trigger circuit, which is especially useful on the CLEAR
input as a power-up RESET (see Fig. 10) and the CLOCK
input (see Figs. 7 and 8).

STATE TRANSITIONS

The CDP1805A and CDP1806A state transitions are shown
in Fig. 12. Each machine cycle requires the same period of
time, 8 clock pulses, except the initialization cycle (INIT)
which requires 9 clock pulses. Reset is asynchronous and
can be forced at any time.

EeDMASINT
FORCE §1

(LONG BRANCH,
LONG SKIP, NOP, RSXD, ETC)

$1 EXECUTE

l
AT m

INT « DMA . FORCE S1

DMASTDLESINT o
FORCE s1

PRIORITY RESET
FORCE S0, S1
DMA IN

INTeDMA

92CS-
E‘ out CS-34778R1
INT

Fig. 12 - State transition diagram.

INSTRUCTION SET
1. Instruction Set - Refer to Harris Literature Department.

2. Conditions on data bus and memory address lines during
all machine states - refer to Harris Literature Department.
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CLOCK
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% NOTES:

1. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS ONLY
AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE.

2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE WAVE-
FORMS.

3 SHADED AREAS INDICATE “DON'T CARE” OR UNDEFINED STATE.
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD.

*FOR THE RUN (RAM ONLY) MODE ONLY.

4 FOR THE RUN (RAM/ROM) MODE ONLY.

92CL-34986R!

Fig. 13 - Timing waveforms for CDP1805AC and CDP1806AC.
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Specifications CDP1805AC, CDP1806AC

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C; Cy_ = 50 pF; Input tp,tf = 10 ns;

Input Pulse Levels = 0.1V to Vpp-0.1 V; Vpp =5 V, +5%.

LIMITS
CHARACTERISTIC CDP1805AC, CDP1806AC | UNITS
Typ.* Max.
Propagation Delay Times:
Clock !0 TPA, TPB teLH, tPHL 150 275
Clock-to-Memory High-Address Byte teen, teH 325 550
Clock-to-Memory Low-Address Byte teun, tere 275 450
Clock to MRD teun, teul 200 325
‘Clock to MWR teLH, teHL 150 275 ns
Clock to (CPU DATA to BUS) teun, teHL 375 625
Clock to State Code teiH, teHL 225 400
Clock to Q teLn, terL 250 425
Clockto N teun, tere 250 425
Clock to Internal RAM Data to BUS teLn, tene 420 650
Minimum Set Up and Hold Times:®
Data Bus Input Set-Up tsu -100 0
Data Bus Input Hold th 125 225
DMA Set-Up tsu -75 0
DMA Hold ty 100 175
ME Set-Up tsu 125 320
ME Hold th 0 50
Interrupt Set-Up tsu -100 0 ns
Interrupt Hold th 100 175
WAIT Set-Up tsu 20 50
EF1-4 Set-Up tsy -125 0
‘EF1-4 Hold ty 175 300
Minimum Pulse Width Times:®
CLEAR Pulse Width twe 100 175 ns
CLOCK Pulse Width tw 75 100
*Typical values are for Ta = 25°C and nominal Vpo.
®Maximum himits of minimum characteristics are the values above which all devices function.
TIMING SPECIFICATIONS as a function of T (T = 1/fcLOCK) at TA = -40 to +85°C, Vpp =5 V, £5%.
i LIMITS
CHARACTERISTIC CDP1805AC, CDP1806AC | UNITS
Min. Typ.*
High-Order Memory-Address Byte OT-275 2T-175
Set-Upto TPA X Time tsu
MRDto TPA . Time tsu| T/2-100 T/2-75
High-Order Memor.y-Address Byte T/2475 T/2+100
Hold after TPA Time th
Low-Order Memory-Address Byte T+180 T+240 ns
Hold after WR Time th
CPU Data to Bus Hold T+110 T+150
after WR Time tn
Required Memory Access Time 4.5T-440 45T-330
Address to Data tace

*Typical values are for Ta = 25°C and nominal Vpo.
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Operating and Handling Considerations
1. Handling
All inputs and outputs of Harris CMOS devices have a
network for electrostatic protection during handling.
2. Operating
Operating Voltage

During operation near the maximum supply voltage limit,
care should be taken to avoid or suppress power supply
turn-on and turn-off transients, power supply ripple, or
ground noise; any of these conditions must not cause
Vpp-Vss to exceed the absolute maximum rating.

Input Signals

To prevent damage to the input protection circuit, input
signals should never be greater than Vpp nor less than Vgg.
Input currents must not exceed 10mA even when the power
supply is off.

Unused Inputs

A connection must be provided at every input terminal. All
unused input terminals must be connected to either Vpp or
Vgs, whichever is appropriate.

Output Short Circuits

Shorting of outputs to Vpp or Vgg may damage CMOS
devices by exceeding the maximum device dissipation.
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80C286

High Performance Microprocessor

With Memory Management and Protection

Features
e Compatible with NMOS 80286
* Wide Range of Clock Rates:
-DC to 25MHz (80C286-25)
-DC to 20MHz (80C286-20)
-DC to 16MHz (80C286-16)
-DC to 12.5MHz (80C286-12)
-DC to 10MHz (80C286-10)
e Static CMOS Design for Low Power Operation
» ICCSB = 5mA Maximum
» ICCOP = 185mA Maximum (80C286-10)
220mA Maximum (80C286-12)
260mA Maximum (80C286-16)
310mA Maximum (80C286-20)
410mA Maximum (80C286-25)
® High Performance Processor (Up to 19 Times the 8086 Throughput)
® Large Address Space:
» 16 Megabytes Physical/1 Gigabyte Virtual per Task
® Integrated Memory Management, Four-Level Memory Protection
and Support for Virtual Memory and Operating Systems
e Two 80C86 Upward Compatible Operating Modes:
> 80C286 Real Address Mode » PVAM
e Compatible with 80287 Numeric Data Co-Processor
* High Bandwidth Bus Interface (25 Megabyte/Sec)
® Available in:
» 68 Pin PGA (Commercial, Industrial, and Military)
> 68 Pin PLCC (Commercial and Industrial)
Description

The Harris 80C286 is a static CMOS version of the NMOS 80286
microprocessor. The 80C286 is an advanced, high-performance micro-
processor with specially optimized capabilities for multiple user and
multi-tasking systems. The 80C286 has built-in memory protection that
supports operating system and task isolation as well as program and
data privacy within tasks. A 25MHz 80C286 provides up to nineteen
times the throughput of a standard 5MHz 8086. The 80C286 includes
memory management capabilities that map 230 (one gigabyte) of virtual
address space per task into 224 bytes (16 megabytes) of physical
memory.

The 80C286 is upwardly compatible with 80C86 and 80C88 sofware (the
80C286 instruction set is a superset of the 80C86/80C88 instruction
set). Using the 80C286 real address mode, the 80C286 is object code
compatible with existing 80C86 and 80C88 software. In protected virtual
address mode, the 80C286 is source code compatible with 80C86 and
80C88 software but may require upgrading to use virtual address as
supported by the 80C286’s integrated memory management and
protection mechanism. Both modes operate at full 80C286 performance
and execute a superset of the 80C86 and 80C88 instructions.

The 80C286 provides special operations to support the efficient
implementation and execution of operating systems. For example, one
instruction can end execution of one task, save its state, switch to a new
task, load its state, and start execution of the new task. The 80C286 also
supports virtual memory systems by providing a segment-not-present
exception and restartable instructions.

COD/INTA  W/IG

PIN 1 INDICATOR

Pin Configurations

Component Pad View — As viewed from underside of

the component when mounted on the board.
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P.C. Board View — As viewed from the component side

of the PC board.
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PIN 1 INDICATOR

RESET A3

CAUTION" Electronic devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed
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Ordering Information

TEMPERATURE
PACKAGE RANGE 10MHz 12.5MHz 16MHz 20MHz 25MHz
PGA 0°C to +70°C - CG80C286-12 CcG80C286-16 | CG80C286-20 -
-400C to +85°C | CG80C286-10 1G80C286-12 - - -
* -550C to +125°C | MG80C286-10/883 | MG80C286-12/883 - - -
PLCC 00C to +70°C - CS80C286-12 Cs80C286-16 CS80C286-20| CS80C286-25
-40°C to +85°C - 1S80C286-12 1S80C286-16 1S80C286-20 -

*Respective /883 specifications are included at the end of this data sheet.

Functional Diagram

r
ADDRESS UNIT (AU)

|
| ADDRESS A23 - Ao,
I LATCHES AND DRIVERS BHE. WG
| PHYSICAL !
! ADDRESS ! PROCESSOR | | PEACR
| ADDER | |preFetcHer| | ExTension || P
| SEGMENT | ! INTERFACE 1
| | | + READY, HOLD
| orrser \ | | ——t - — = - - | | BUS CONTROL . &7, 5. COD/ANTA
| ADDER SEGMENT | seament | | [OCK, HLDA
! CHECKER SIZES ] ! !
| DATA TRANSCEIVERS Dys - Do
| | I 1
rZ| Fzz=q fz======%¢ys-z====31[" ! 6 BYTE I
| I || ereretcn ]
! ALY \ [ QUEUE BUS UNIT (BU) |
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| |
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Pin Description
The following pin function descriptions are for the 80C286 microprocessor

TABLE 1.

PIN
SYMBOL | NUMBER TYPE DESCRIPTION

CLK 31 | SYSTEM CLOCK provides the fundamental timing for the 80C286 system It s divided
by two inside the 80C286 to genenerate the processor clock The internal divide-by-two
circuitry can be synchronized to an external clock generator by a LOW to HIGH
transition on the RESET input.

D15-Dg 36-51 1/0 DATA BUS nputs data during memory, /O, and interrupt acknowledge read cycles,
outputs data during memory and 1/0 write cycles. The data bus Is active HIGH and 1s
held at high impedance to the last valid logic level during bus hold acknowledge

A23-Ag 7-8 (¢} ADDRESS BUS. outputs physical memory and 1/0 port addresses. Ap3-A1g are LOW
10-28 during 1/0 transfers. Ag 1Is LOW when data Is to be transferred on pins D7-Dg (see table
32-43 below) The address bus is active High and floats to three-state off during bus hold
acknowledge

BHE 1 [¢] BUS HIGH ENABLE. indicates transfer of data on the upper byte of the data bus,
D15-Dg Eight-bit oriented devices assigned to the upper byte of the data bus would
normally use BHE to condition chip select functions BHE 1s active LOW and floats to
three-state OFF during bus hold acknowledge.

BHE and Ag Encodings

BHE Value Aq Value Function

0 Word transfer

1 Byte transfer on upper half of data bus (D15-Dg)
0 Byte transfer on lower half of data bus (D7-Dg)
1

0
0
1
1 Reserved

S$1,Sg 4,5 [e] BUS CYCLE STATUS: indicates initiation of a bus cycle and along with M/IO and
COD/INTA A, defines the type of bus cycle. The bus Is in a Tg state whenever one or both
are LOW S1 and So are active LOW and are held at a high impedance logic one during
bus hold acknowledge.

80C286 Bus Cycle Status Definition

So Bus Cycle Initiated

COD/INTA | M/IO

2

0(LOW)
0

Interrupt acknowledge
Reserved

Reserved

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

1/0O read

1/0 write

None; not a status cycle
Reserved

Memory Instruction read
Reserved

None, not a status cycle

[=NeNeNoNeNe)

1(HIGH)
1

“ 44420000424 2000O0
404020404040 -0=0

1
1
1
1
1
1

M/10 67 [¢] MEMORY /O SELECT: distinguishes memory access from 1/0O access. If HIGH during
Ts, a memory cycle or a halt/shutdown cycle i1s In progress. If LOW, an 1/O cycle oran
interrupt acknowledge cycle is in progress M/IO 1s held at high impedance to the last
valid logic state during bus hold acknowledge
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Pin Description

TABLE 1. CONTINUED

SYMBOL

PIN
NUMBER

TYPE

DESCRIPTION

COD/INTA

66

CODE/INTERRUPT ACKNOWLEDGE distinguishes instruction fetch cycles from
memory data read cycles Also distinguishes interrupt acknowledge cycles from 1/0
cycles COD/INTA 1s held at high impedance to the last valid logic state during bus hold
acknowledge Its timing Is the same as M/IO

LOCK

68

BUS LOCK indicates that other system bus masters are not to gain control of the system
bus for the current and following bus cycles The LOCK signal may be activated
explicitly by the “LOCK"” instruction prefix or automatically by 80C286 hardware during
memory XCHG instructions, interrupt acknowledge, or descriptor table access. LOCK
1s active LOW and 1s held at a high impedance logic one during bus hold acknowledge

READY

63

BUS READY terminates a bus cycle Bus cycles are extended without limit until
terminated by READY LOW READY s an active LOW synchronous input requiring
setup and hold times relative to the system clock be met for correct operation READY s
ignored during bus hold acknowledge (Note 1)

HOLD
HLDA

64
65

BUS HOLD REQUEST AND HOLD ACKNOWLEDGE control ownership of the 80C286
local bus The HOLD input allows another local bus master to request control of the
local bus When control is granted, the 80C286 will float its bus drivers and then activate
HLDA, thus entering the bus hold acknowledge condition The local bus will remain
granted to the requesting master untiit HOLD becomes inactive which results in the
80C286 deactivating HLDA and regaining control of the local bus This terminates the
bus hold acknowledge condition HOLD may be asynchronous to the system clock.
These signals are active HIGH Note that HLDA never floats.

INTR

57

INTERRUPT REQUEST requires the 80C286 to suspend its current program execution
and service a pending external request Interrupt requests are masked whenever the
interrupt enable bit in the flag word iscleared When the 80C286 responds to an interrupt
request, 1t performs two interrupt acknowledge bus cycles to read an 8-bit interrupt
vector that identifies the source of the interrupt To ensure program interruption, INTR
must remain active until an interrupt acknowledge bus cycle 1s initiated. INTR 1s
sampled at the beginning of each processor cycle and must be active HIGH at least two
processor cycles before the current instruction ends in order to interrupt before the next
instruction INTR 1s level sensitive, active HIGH, and may be asynchronous to the
system clock

NMI

59

NON-MASKABLE INTERRUPT REQUEST interrupts the 80C286 with an internally
supplied vector value of two No interrupt acknowledge cycles are performed. The
interrupt enable bit in the 80C286 flag word does not affect this input The NMI input 1s
active HIGH, may be asynchronous to the system clock, and is edge triggered after
internal synchronization For proper recognition, the input must have been previously
LOW for at least four system clock cycles and remain HIGH for at least four system clock
cycles

PEREQ
PEACK

PROCESSOR EXTENSION OPERAND REQUEST AND ACKNOWLEDGE: extend the
memory management and protection capabilities of the 80C286 to processor
extensions. The PEREQ input requests the 80C286 to perform a data operand transfer
for a processor extension. The PEACK output signals the processor extension when the
requested operand is being transferred. PEREQ is active HIGH. PEACK is active LOW
and is held at a high impedance logic one during bus hold acknowledge. PEREQ may be
asynchronous to the system clock.

54

PROCESSOR EXTENSION BUSY AND ERROR: indicates the operating condition of a
processor extension to the 80C286. An active BUSY input stops 80C286 program
execution on WAIT and some ESC instructions until BUSY becomes inactive (HIGH).
The 80C286 may be interrupted while waiting for BUSY to become inactive. An active
ERROR input causes the 80C286 to perform a processor extension interrupt when
executing WAIT or some ESC instructions. These inputs are active LOW and may be
asynchronous to the system clock
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Pin Description

TABLE 1. CONTINUED

SYMBOL

PIN
NUMBER

TYPE

DESCRIPTION

RESET

29

SYSTEM RESET: clears the internal logic of the 80C286 and 1s active HIGH. The 80C286
may be reinitialized at any time with a LOW to HIGH transition on RESET which remains
active for more than 16 system clock cycles. During RESET active, the output pins of the
80C286 enter the state shown below

80C286 Pin State During Reset

Pin Value ] Pin Names

1 (HIGH)
0 (LOW)
HIGH IMPEDANCE

8o, 51, PEACK, Apz-Ag, BHE, LOCK
M/IO, COD/INTA, HLDA (Note 2)
D15-D0

Operation of the 80C286 begins after a HIGH to LOW transition on RESET. The HIGH to
LOW transition of RESET must be synchronous to the system clock. Approximately 50
system clock cycles are required by the 80C286 for internal initializations before the first
bus cycle to fetch code from the power-on execution address is performed A LOW to
HIGH transition of RESET synchronous to the system clock will end a processor cycle at
the second HIGH to LOW transition of the system clock The LOW to HIGH transition of
RESET may be asynchronous to the system clock; however, in this case it cannot be
predetermined which phase of the processor clock will occur during the next system
clock period. Synchronous LOW to HIGH transitions of RESET are required only for
systems where the processor clock must be phase synchronous to another clock

Vss

9, 35, 60

SYSTEM GROUND-" are the ground pins (all must be connected to system ground)

Vce

30, 62

SYSTEM POWER: +5 volt power supply pins. A 0 1uF capacitor between pins 60 and 62

is recommended

NOTES:

1. READY is an open-collector signal and should be pulled inactive with an appropriate resistor

(6200 at 10MHz and 12.5 MHz, 470} at 16MHz, 39002 at 20MHz, 2700 at 25MHz).

2. HLDA is only Low if HOLD is inactive (Low).

3. All unused inputs should be pulled to their inactive state with pull up/down resistors.

Functional Description
Introduction

The Harris 80C286 microprocessor is a static CMOS
version of the NMOS 80286 microprocessor. The 80C286
is an advanced, high-performance microprocessor with
specially optimized capabilities for multiple user and
multi-tasking systems. Depending on the application, the
80C286’s performance is up to nineteen times faster than
the standard 5MHz 8086’s, while providing complete
upward software compatibility with Harris 80C86 and
80C88 CPU family.

The 80C286 operates in two modes: 80C286 real address
mode and protected virtual address mode. Both modes
execute a superset of the 80C86 and 80C88 instruction set.

In 80C286 real address mode programs use real addresses
with up to one megabyte of address space. Programs use
virtual addresses in protected virtual address mode, also
called protected mode. In protected mode, the 80C286
CPU automatically maps 1 gigabyte of virtual addresses per
task into a 16 megabyte real address space. This mode also
provides memory protection to isolate the operating system
and ensure privacy of each tasks’ programs and data. Both
modes provide the same base instruction set, registers and
addressing modes.

The Functional Description describes the following: Static
operation, the base 80C286 architecture common to both
modes, 80C286 real address mode, and finally, protected
mode.
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Static Operation

The 80C286 is comprised of completely static circuitry.
Internal registers, counters, and latches are static and
require no refresh as with dynamic circuit design. This
eliminates the minimum operating frequency restriction
typically placed on microprocessors. The CMOS 80C286
can operate from DC to the specified upper frequency
limit. The clock to the processor may be stopped at any
point (either phase one or phase two of the processor
clock cycle) and held there indefinitely. There 1s,
however, a significant decrease in power requirement if
the clock i1s stopped in phase two of the processor clock
cycle. Details on the clock relationships will be discussed
In the Bus Operation section. The ability to stop the clock
to the processor i1s especially useful for system debug or
power critical applications.

The 80C286 can be single-stepped using only the
CPU clock. This state can be maintained as long as
necessary. Single step clock information allows simpie
interface circuitry to provide critical information for
system debug.

Static design also allows very low frequency operation
(down to DC). In a power critical situation, this can
provide low power operation since 80C286 power
dissipation is directly related to operating frequency. As
the system frequency is reduced, so is the operating
power until, ultimately, with the clock stopped in phase
two of the processor clock cycle, the 80C286 power
requirement is the standby current (5mA maximum).

80C286 Base Architecture

The 80C86, 80C88, and 80C286 CPU family all contain the
same basic set of registers, instructions, and addressing
modes The 80C286 processor i1s upwardly compatible
with the 80C86 and 80C88 CPU's.

Register Set
The 80C286 base architecture has fifteen registers as

shown In Figure 1 These registers are grouped into the
following four categories.

GENERAL REGISTERS: Eight 16-bit general purpose
registers used to contain arithmetic and logical operands.
Four of these (AX, BX, CX and DX) can be used either in
their entirety as 16-bit words or split into pairs of separate
8-bit registers.

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

16-BIT SPECIAL
REGISTER REGISTER
NAME FUNCTIONS
7 07 0 15 0
BYTE AX AH AL MULTIPLY/DIVIDE cs CODE SEGMENT SELECTOR
ADDRESSABLE
(8-BIT DX DH DL VO INSTRUCTIONS 0s DATA SEGMENT SELECTOR
REGISTER
NAMES cx CH cL ) LOOP/SHIFT/REPEAT COUNT ss STACK SEGMENT SELECTOR
SHOWN
) BX BH BL ES EXTRA SEGMENT SELECTOR
BASE REGISTERS
BP SEGMENT REGISTERS
st 15 [}
INDEX REGISTERS
DI F FLAGS
SP ) STACK POINTER »P INSTRUCTION POINTER
15 0 MSW MACHINE STATUS WORD
GENERAL
REGISTERS STATUS AND CONTROL
REGISTERS
FIGURE 1. REGISTER SET
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STATUS FLAGS*
CARRY

PARITY
AUXILIARY CARRY
ZERO

SIGN

OVERFLOW

O\ I

o o Lo v [ Lo [ IO T T =]

CONTROL FLAGS
TRAP FLAG
INTERRUPT ENABLE
DIRECTION FLAG

SPECIAL FIELDS
VO PRIVILEGE LEVEL

Msw:

NESTED TASK FLAG

‘\\\\‘ RESERVED

TASK SWITCH
PROCESSOR EXTENSION EMULATED
MONITOR PROCESSOR EXTENSION

PROTECTION ENABLE

FIGURE 2. STATUS AND CONTROL REGISTER BIT FUNCTIONS

BASE AND INDEX REGISTERS: Four of the general
purpose registers may also be used to determine offset
addresses of operands in memory. These registers may
contain base addresses or indexes to particular locations
within a segment. The addressing mode determines the
specific registers used for operand address calculations.

STATUS AND CONTROL REGISTERS: Three 16-bit
special purpose registers record or control certain
aspects of the 80C286 processor state. These include the
Flags register and Machine Status Word register shown in

Figure 2, and the Instruction Pointer, which contains the
offset address of the next sequential instruction to be
executed.

Flags Word Description

The Flags word (Flags) records specific characteristics of
the result of logical and arithmetic instrucitons (bits 0, 2,
4, 6, 7 and 11) and controls the operation of the 80C286
within a given operating mode (bits 8 and 9). Flags is a
16-bit register. The function of the flag bits is given in
Table 2.

TABLE 2. FLAGS WORD BIT FUNCTIONS

BIT POSITION I NAME | FUNCTION

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

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

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

6 ZF Zero Flag — Set if result 1s zero, cleared otherwise

7 SF Sign Flag — Set equal to high-order bit of result (0 if positive, 1 if negative)

11 OF Overflow Flag — Set If result 1s a too-large positive number or a too-small negative
number (excluding sign-bit) to fit in destination operand, cleared otherwise

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

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

10 DF Direction Flag — Causes string Instructions to auto decrement the appropriate index
registers when set Clearing DF causes auto increment
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Instruction Set

The instruction set is divided into seven categories: data
transfer, arithmetic, shift/rotate/logical, string manipula-
tion, control transfer, high level instructions, and
processor control. These categories are summarized in
Figure 3.

An 80C286 instruction can reference zero, one, or two

Two-operand instructions (e.g. MOV and ADD) are
usually three to six bytes long. Memory to memory
operations are provided by a spécial class of string
instructions requiring one to three bytes. For detailed
instruction formats and encodings refer to the instruction
set summary at the end of this document.

operands, where an operand may reside In a register, in ADDITION
e i obeard [ 300 | Aayoorvor
long. One-operand Instructions (e.g. INC and DEC) are ADC Add byte or word with carry
usually two bytes long but some are encoded in only one INC Increment byte or word by 1
o memory ocation. Two-aperand mntructions permithe [—AA | ASClladlusor addtion
following );ix types .of instrSctlon operations® i DAA Decimal adjust for addition
® Register to Register ® Memory to Memory SUBTRACTION
e Memory to Register ® Register to Memory SuB Subtract byte or word
e I[mmediate to Register ¢ Immediate to Memory SBB Subtract byte or word with borrow
GENERAL PURPOSE DEC Decrement byte or word by 1
MOV Move byte or word NEG Negate byte or word ‘
PUSH Push word onto stack CMP Compare byte or word m
POP Pop word off stack AAS ASCII adjust for subtraction
PUSHA Push all registers on stack DAS Decimal adjust for subtraction o 2
POPA Pop all registers from stack MULTIPLICATION 5 8
XCHG Exchange byte or word MUL Multiply byte or word unsigned = m
XLAT Transiate byte IMUL Integer multiply byte or word 8 8
INPUT/OUTPUT AAM ASCII adjust for multiply E E
IN Input byte or word DIVISION
ouT Output byte or word DIV Divide byte or word unsigned
ADDRESS OBJECT IDIV Integer divide byte or word
LEA Load effective address AAD ASCl adyust for division
LDS Load pointer using DS CBW Convert byte to word
LES Load pointer using ES CWD Convert word to doubleword
FLAG TRANSFER FIGURE 3B. ARITHMETIC INSTRUCTIONS
LAHF Load AH register from flags
SAHF Store AH register in flags LOGICALS
PUSHF Push flags onto stack NOT “Not” byte or word
POPF Pop flags off stack AND “And” byte or word
FIGURE 3A. DATA TRANSFER INSTRUCTIONS OR “Inclusive or” byte or word
XOR “Exclusive or” byte or word
MOVS Move byte or word string TEST “Test” byte or word
INS Input bytes or word string SHIFTS
ouTS Output bytes or word string SHL/SAL Shift logical/arithmetic left byte or word
CMPS Compare byte or word string SHR Shift logical nght byte or word
SCAS Scan byte or word string SAR Shift anithmetic right byte or word
LODS Load byte or word string ROTATES
STOS Store byte or word string ROL Rotate left byte or word
REP Repeat ROR Rotate right byte or word !
REPE/REPZ Repeat while equal/zero RCL Rotate through carry left byte or word ‘
REPNE/REPNZ Repeat while not equal/not zero RCR Rotate through carry right byte or word

FIGURE 3C. STRING INSTRUCTIONS

FIGURE 3D. SHIFT/ROTATE LOGICAL INSTRUCTIONS
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CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS
JA/UNBE Jump if above/not below nor equal CALL Call procedure
JAE/UNB Jump If above or equal/not below RET Return from procedure
JB/UNAE Jump if below/not above nor equal JMP Jump
JBE/UNA Jump if below or equal/not above
JC Jump if carry ITERATION CONTROLS
JENZ Jump if equal/zero
JG/INLE Jump if greater/not less nor equal LOOP Loop
JGE/NL Jump If greater or equal/not less LOOPE/LOOPZ Loop If equal/zero
JULUNGE Jump If less/not greater nor equal LOOPNE/LOOPNZ Loop If not equal/not zero
JLE/UNG Jump If less or equal/not greater JCXZ Jump ifregister CX = 0
JNC Jump if not carry
INEAINZ Jump If not equal/not zero INTERRUPTS
JNO Jump if not overflow
JNP/JPO Jump If not parity/parity odd INT Interrupt
JNS Jump if not sign INTO Interrupt if overflow
JO Jump if overflow IRET Interrupt return
JP/IUPE Jump if parity/panty even
JS Jump if sign
FIGURE 3E. PROGRAM TRANSFER INSTRUCTIONS
Memory Organization
FLAG OPERATIONS Memory is organized as sets of variable-length segments.
STC Set carry flag Each segment Is a linear contiguous sequence of up to
CLC Clear carry flag 64K (216) 8-bit bytes. Memory is addressed using a
CMC Complement carry flag two-component address (a pointer) that consists of a
STD Setd on 16-bit segment selector and a 16-bit offset. The segment
et direction flag selector indicates the desired segment in memory. The
CLD Clear direction flag offset component indicates the desired byte address
STI Set interrupt enable flag within the segment. (See Figure 4).
CLI Clear interrupt enable flag All instructions that address operands in memory must
EXTERNAL SYNCHRONIZATION specify the segment and the offset. For speed and
AT Halt until mterrunt or reset compact instruction encoding, segment selectors are
p usually stored in the high speed segment registers. An
WAIT Wait for TEST pin active instruction need specify only the desired segment
ESC Escape to extension processor register and offset in order to address a memory operand.
LOCK Lock bus during next instruction
NO OPERATION > A
NOP I No operation
POINTER
EXECUTION ENVIRONMENT CONTROL =
LMSW Load machine status word [ secment | oreser |
3 16 15 0
SMSW Store machine status word OPERAND
SELECTED SELECTED
FIGURE 3F. PROCESSOR CONTROL INSTRUCTIONS SEGMENT
ENTER Format stack for procedure entry
LEAVE Restore stack for procedure exit AV =~
BOUND Detects values outside prescribed range MEMORY

FIGURE 3G. HIGH LEVEL INSTRUCTIONS

FIGURE 4. TWO COMPONENT ADDRESS
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TABLE 3. SEGMENT REGISTER SELECTION RULES

Memory Segment Register Implicit Segment
Reference Needed Used Selection Rule
Instructions Code (CS) Automatic with instruction prefetch
Stack Stack (SS) All stack pushes and pops Any memory reference which uses BP as a
base register
Local Data Data (DS) All data references except when relative to stack or string destination
External (Global) Data Extra (ES) Alternate data segment and destination of string operation

Most nstructions need not explicitly specify which
segment register 1s used The correct segment register is
automatically chosen according to the rules of Table 3. r——-=-1
These rules follow the way programs are written (see | |
Figure 5) as independent modules that require areas for
code and data, a stack, and access to external data areas

CODE
MODULE A
Special segment override instruction prefixes allow the DATA
implicit segment register selection rules to be overriden
for special cases. The stack, data and extra segments may !
coincide for simple programs. To access operands notre-
siding in one of the four iImmediately available segments, CODE cPy
a full 32-bit pointer or a new segment selector must be MODULE B l

loaded. DATA

CODE

Addressing Modes

1 | I DATA
The 80C286 provides a total of eight addressing modes for | |
instructions to specify operands. Two addressing modes STACK
are provided for instructions that operate on register or PROCESS
immediate operands: STACK

EXTRA

) SEGMENT
REGISTER OPERAND MODE: The operand is located in REGISTERS

one of the 8 or 16-bit general registers. ! |

IMMEDIATE OPERAND MODE: The operand is included

In the instruction. PROCESS
DATA

Six modes are provided to specify the location of an oper- BLOCK 1
and in a memory segment. A memory operand address

consists of two 16-bit components' segment selector and | |
offset. The segment selector is supplied by a segment ! 1
register either implicitly chosen by the addressing mode PROCESS
or explicitly chosen by a segment override prefix. The off- DATA

set I1s calculated by summing any combination of the BLOCK 2
following three address elements:

| |
the displacement (an 8 or 16-bit immediate value L — 1

contained In the instruction) MEMORY
the base (contents of either the BX or BP base registers)
FIGURE 5. SEGMENTED MEMORY HELPS
the index (contents of either the Sl or DI index registers) STRUCTURE SOFTWARE
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Any carry out from the 16-bit addition is ignored. Eight-bit
displacements are sign extended to 16-bit values.

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

DIRECT MODE. The operand’s offset is contained in the
instruction as an 8 or 16-bit displacement element.

REGISTER INDIRECT MODE: The operand’s offset is in
one of the registers Sl, DI, BX or BP.

BASED MODE: The operand’s offset is the sum of an 8 or
16-bit displacement and the contents of a base register
(BX or BP)

INDEXED MODE: The operand’s offset 1s the sum ofan 8
or 16-bit displacement and the contents of an index regis-
ter (Sl or DI).

BASED INDEXED MODE" The operand’s offset I1s the sum
of the contents of a base register and an index register.

BASED INDEXED MODE WITH DISPLACEMENT: The
operand'’s offset is the sum of a base register’s contents,
an index register’s contents, and an 8 or 16-bit displace-
ment.

Data Types
The 80C286 directly supports the following data types:

Integer: A signed binary numeric value contained in an
8-bit byte or a 16-bit word. All operationsassume
a 2’'s complement representation. Signed 32 and
64-bit integers are supported using the 80287
Numeric Data Processor.

Ordinal:  An unsigned binary numeric value contained in
an 8-bit byte or 16-bit word.

Pointer: A 32-bit quantity, composed of a segment
selector component and an offset component.
Each component is a 16-bit word.

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

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

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

Packed A byte (packed) representation of two decimal

BCD: digits 0-9 storing one digit in each nibble of the
byte.

Floating A signed 32, 64 or 80-bit real number

Point: representation. (Floating point operands are

supported using the 80287 Numeric Processor
extension).

Figure 6 graphically represents the data types supported
by the 80C286.

7 0

SIGNED
BYTE
SIGN BIT 4
MAGNITUDE

7 0
UNSIGNED
BYTE

L msB
MAGNITUDE

SIGN BIT - |-MSB

MAGNITUDE

SIGNED 31 *3 *2 4545 *1 0
DOUBLE

WORD*

SIGN BIT- L\— MSB |

MAGNITUDE
+7 +6 +5 +4 +3 +2 +1 0

SIGNED 63 48 47 32 31 16 15

woro | | [ [ [ [ |

SIGN BIT 4= MSB

MAGNITUDE
5 +1 0 0
UNSIGNED
WORD
L MSB
MAGNITUDE
+N +1 0
BINARY 7 0 7 07 0
CODED cee | ! I T I T I
DECIMAL
8cD) _BCD BCD BCD
DIGIT N DIGIT 1 DIGIT 0
7 *N 7 *1 97 0 o
ASCIl LR | l I I
ASCHI ASCIl  ASCll
CHARACTERN CHARACTER; CHARACTERq
7 *N 7 ¥l 97 0 o
PACKED
BCD cee | | I
| — | —
MOST EAST

L
SIGNIFICANT DIGIT SIGNIFICANT DIGIT

+N +1

115 0 s o7ms O 0
STRING | I R I I I |
BYTE/WORD N BYTE/WORD 1 BYTE/WORD 0
3 *3 +2 45 *1 0 0
POINTER
]
SELECTOR OFFSET
9+9 +8 +7 46 +5 +4 +3 +2 +1 0,
FLOATING
eone [ T T T T T T T T ]|
SIGN BIT-, ,
EXPONENT MAGNITUDE

*Supported by 80C286/80287 Numeric Data Processor Configuration
FIGURE 6. 80C286 SUPPORTED DATA TYPES
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TABLE 4. INTERRUPT VECTOR ASSIGNMENTS

DOES RETURN ADDRESS
INTERRUPT RELATED POINT TO INSTRUCTION
FUNCTION NUMBER INSTRUCTIONS CAUSING EXCEPTION?
Divide error exception 0 DIV, IDIV Yes
Single step interrupt 1 All
NMI interrupt 2 INT 2 or NMI pin
Breakpoint interrupt 3 INT 3
INTO detected overflow exception 4 INTO No
BOUND range exceeded exception 5 BOUND Yes
Invalid opcode exception 6 Any undefined opcode Yes
Processor extension not available exception 7 ESC of WAIT Yes
Reserved-do not use 8-15
Processor extension error interrupt 16 ESC or WAIT
Reserved 17-31
User defined 32-255

I/O Space

The 1/0 space consists of 64K 8-bit ports, 32K 16-bit ports,
or a combination of the two. 1/0 instructions address the
1/0 space with either an 8-bit port address, specified in the
instruction, or a 16-bit port address in the DX register.
8-bit port addresses are zero extended such that A15-Ag
are LOW. 1/0 port addresses 00F8(H) through OOFF(H)
are reserved.

Interrupts

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

A table containing up to 256 pointers defines the proper
interrupt service routine for each interrupt. Interrupts 0-
31, some of which are used for instruction exceptions, are
reserved For each interrupt, an 8-bit vector must be
supplied to the 80C286 which identifies the appropriate
table entry. Exceptions supply the interrupt vector inter-
nally INT instructions contain or imply the vector and
allow access to all 256 interrupts. Maskable hardware
initiated interrupts supply the 8-bit vector to the CPU
during an interrupt acknowledge bus sequence. Non-
maskable hardware interrupts use a predefined internally
supplied vector.

Maskable Interrupt (INTR)

The 80C286 provides a maskable hardware interrupt
request pin, INTR. Software enables this input by setting
the interrupt flag bit (IF) in the flag word. All 224
user-defined interrupt sources can share this input, yet
they can retain separate interrupt handlers. An 8-bit
vector read by the CPU during the interrupt acknowledge
sequence (discussed in System Interface section)
identifies the source of the interrupt.

The processor automatically disables further maskable
interrupts internally by resetting the IF as part of the
response to an interrupt or exception. The saved flag
word will reflect the enable status of the processor prior to
the interrupt. Until the flag word is restored to the flag
register, the interrupt flag will be zero unless specifically
set. The interrupt return instruction includes restoring the
flag word, thereby restoring the original status of IF.

Non-Maskable Interrupt Request (NM1)

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

While executing the NMI servicing procedure, the 80C286
will service neither further NMI requests, INTR requests,
nor the processor extension segment overrun interrupt
until an interrupt return (IRET) instruction is executed or
the CPU is reset. If NMI occurs while currently servicing
an NMI, its presence will be saved for servicing after
executing the first IRET instruction. IF is cleared at the
beginning of an NMI interrupt to inhibit INTR interrupts.
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Single Step Interrupt

The 80C286 has an internal interrupt thatallows programs
to execute one instruction at a time. It is called the single
step interrupt and is controlled by the single step flag bit
(TF) in the flag word. Once this bit is set, an internal single
step interrupt will occur after the next instruction has
been executed. The interrupt clears the TF bitand usesan
internally supplied vector of 1. The IRET instruction is
used to set the TF bit and transfer control to the next
instruction to be single stepped.

Interrupt Priorities

Initialization and Processor Reset

Processor initialization or start up is accomplished by
driving the RESET input pin HIGH. RESET forces the
80C286 to terminate all execution and local bus activity.
No instruction or bus activity will occur as long as RESET
is active. After RESET becomes Inactive, and an internal
processing interval elapses, the 80C286 begins execution
in real address mode with the instruction at physical
location FFFFFO(H). RESET also sets some registers to
predefined values as shown in Table 6.

TABLE 6. 80C286 INITIAL REGISTER STATE AFTER RESET

When simqltangous interrupt requests occur, they are Flag word 0002(H)

processed in a fixed order as shown in Table 5. Interrupt

processing involves saving the flags, return address, and Machine status word FFFO(H)

setting CS:IP to point at the first instruction of the Instruction pointer FFFO(H)

interrupt handler. If another enabled interrupt should

occur, it is processed before the next instruction of the Code segment Fooo(H)

current interrupt handler is executed. The last interrupt Data segment 0000(H)

roce is therefore the first one serviced.

procsssed is Extra segment 0000(H)

TABLE 5. INTERRUPT PROCESSING ORDER Stack segment 0000(H)
ORDER INTERRUPT

-

Instruction exception

Single step
NMI

Processor extension segment overrun
INTR

ojlolbsajlw]l N

INT instruction

HOLD must not be active during the time from the leading
edge of the initial RESET to 34 CLKs after the trailing edge
of the initial RESET of an 80C286 system.

Machine Status Word Description

The machine status word (MSW) records when a task
switch takes place and controls the operating mode of the
80C286. It is a 16-bit register of which the lower four bits
are used. One bit places the CPU into protected mode,
while the other three bits, as shown in Table 7, control the

TABLE 7. MSW BIT FUNCTIONS

BIT POSITION NAME FUNCTION

0 PE Protected mode enable places the 80C286 into protected mode and cannot be cleared
except by RESET.

1 MP Monitor processor extension allows WAIT instructions to cause a processor extension
not present exception (number 7)

2 EM Emulate processor extension causes a processor extension not present exception
(number 7) on ESC instructions to allow emulating a processor extension

3 TS Task switched Indicates the next instruction using a processor extension will cause
exception 7, allowing software to test whether the current processor extension context
belongs to the current task.
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TABLE 8. RECOMMENDED MSW ENCODINGS FOR PROCESSOR EXTENSION CONTROL

INSTRUCTIONS
CAUSING
TS MP EM RECOMMENDED USE EXCEPTION 7
0 0 0 Initial encoding after RESET 80C286 operation ts identical to None
80C86/88
0 0 1 No processor extension is avatlable Software will emulate its ESC
function
1 0 1 No processor extension is available Software will emulate its ESC
function The current processor extension context may belong to
another task
0 1 0 A processor extension exists None
1 1 0 A processor extension exists The current processor extension ESC or WAIT
context may belong to another task The exception7 on WAIT allows
software to test for an error pending from a previous processor
extension operation

processor extension interface After RESET, this register  Halt
contains FFFO(H) which places the 80C286 in 80C286 real
address mode The HLT instruction stops program execution and

prevents the CPU from using the local bus until restarted.

The LMSW and SMSW instructions can load and store the
MSW in real address mode The recommended use of TS,
EM, and MP 1s shown in Table 8.

Either NMI, INTR with IF = 1, or RESET will force the
80C286 out of halt. If interrupted, the saved CS:IP wili
point to the next instruction after the HLT.

80C286 Real Address Mode

The 80C286 executes a fully upward-compatible superset
of the 80C86 Instruction set in real address mode. In real
address mode the 80C286 I1s object code compatible with
80C86 and 80C88 software. The real address mode
architecture (registers and addressing modes) Is exactly
as described in the 80C286 Base Architecture section of

to wrap around the end of a segment (e.g. a word with its
low order byte at offset FFFF(H) and its high order byte at
offset 0000(H). If, in real address mode, the information
contained in a segment does not use the full 64K bytes,
the unused end of the segment may be overlayed by
another segment to reduce physical memory require-
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this Functional Description. ments.

Memory Size
15 0

OFFSET
loooo I OFFSET J ADDRESS

—

Physical memory 1s a contiguous array of up to 1,048,576
bytes (one megabyte) addressed by pins Ag through A1g
and BHE Apq through A23 should be ignored.

JU——

Memory Addressing
15 0
SEGMENT SEGMENT
SELECTOR 0000} AppRESS
———

ADDER

19 0

20-BIT PHYSICAL
MEMORY ADDRESS

In real address mode physical memory Is a contiguous
array of up to 1,048,576 bytes (one megabyte) addressed
by pin Ag through A1g and BHE. Address bits Agg-A23
may not always be zero in real mode. Apg-A23 should not
be used by the system while the 80C286 I1s operating in
Real Mode.

The selector portion of a pointer is interpreted as the
upper 16-bits of a 20-bit segment address. The lower four
bits of the 20-bit segment address are always zero.
Segment addresses, therefore, begin on multiples of 16
bytes See Figure 7 for a graphic representation of
address information. l

All segments In real address mode are 64K bytes In size
and may be read, written, or executed. An exception or in-
terrupt can occur if data operands or instructions attempt

FIGURE 7. 80C286 REAL ADDRESS MODE ADDRESS
CALCULATION
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TABLE 9. REAL ADDRESS MODE ADDRESSING INTERRUPTS

INTERRUPT RELATED RETURN ADDRESS
FUNCTION NUMBER INSTRUCTIONS BEFORE INSTRUCTION

Interrupt table hmit too small exception 8 INT vector 1s not within table limit Yes
Processor extension segment overrun 9 ESC with memory operand extending No
interrupt beyond offset FFFF(H)
Segment overrun exception 13 Word memory reference with offset = Yes

FFFF(H) or an attempt to execute past

the end of a segment

Reserved Memory Locations

The 80C286 reserves two fixed areas of memory in real ad-
dress mode (see Figure 8), system initialization area and
interrupt table area. Locations from addresses FFFFO(H)
through FFFFF(H) are reserved for system initialization.
Initial execution begins at location FFFFO(H) Locations
00000(H) through 003FF(H) are reserved for interrupt
vectors.

FFFFFH
RESET BOOTSTRAP
MP
| PROGRAM JU FFFFOM
v :
- . »
3IFFH
INTERRUPT POINTER
FOR VECTOR 255
3FCH
~ . A%
q: . *
™
INTERRUPY POINTER
FOR VECTOR 1 m
INTERRUPT POINTER 3H
FOR VECTOR 0
OH
INITIAL CS:IP VALUE IS FOOO:FFFO.

FIGURE 8. 80C286 REAL ADDRESS MODE INITIALLY
RESERVED MEMORY LOCATIONS

Interrupts

Table 9 shows the interrupt vectors reserved for excep-
tions and interrupts which indicate an addressing error.
The exceptions leave the CPU in the state existing before
attempting to execute the failing instruction (except for

PUSH, POP, PUSHA, or POPA). Refer to the next section
on protected mode Initiahzation for a discussion on
exception 8.

Protected Mode Initialization

To prepare the 80C286 for protected mode, the LIDT
instruction is used to load the 24-bit interrupt table base
and 16-bit limit for the protected mode interrupt table.
This instruction can also set a base and Iimit for the
interrupt vector table in real address mode. After reset, the
interrupt table base is initialized to 000000(H) and its size
set to 03FF(H). These values are compatible with 80C86
and 80C88 software. LIDT should only be executed in
preparation for protected mode.

Shutdown

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

e Exceptions 8 or 13 happen and the IDT Iimit does not
include the interrupt vector.

e A CALL INT or PUSH instruction attempts to wrap
around the stack segment when SP is not even.

An NMI input can bring the CPU out of shutdown if the
IDT limit is at least 000F(H) and SP is greater than
0005(H), otherwise shutdown can only be exited via the
RESET input.

Protected Virtual Address Mode

The 80C286 executes a fully upward-compatible superset
of the 80C86 Instruction set in protected virtual address
mode (protected mode). Protected mode also provides
memory management and protection mechanisms and
associated instructions.

The 80C286 enters protected virtual address mode from
real address mode by setting the PE (Protection Enable)
bit of the machine status word with the Load Machine
Status Word (LMSW) instruction. Protected mode offers

extended physical and virtual memory address space,
memory protection mechanisms, and new operations to
support operating systems and virtual memory.

All registers, Instructions, and addressing modes de-
scribed in the 80C286 Base Architecture section of this
Functional Description remain the same. Programs for
the 80C86, 80C88, and real address mode 80C286 can be
run in protected mode; however, embedded constants for
segment selectors are different.
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Memory Size

The protected mode 80C286 provides a 1 gigabyte virtual
address space per task mapped into a 16 megabyte
physical address space defined by the address pins
Ao3-Ag and BHE The virtual address space may be larger
than the physical address space since any use of an
address that does not map to a physical memory location

will cause a restartable exception
cPu

3 16 15 0
POINTER |SELECTOR| OFFSET
PHYSICAL MEMORY
~ ~\
~ ~
PHYSICAL gfg&%‘,’, SEGMENT
ADDRESS
ADDER
T BASE T !
DESCRIPTOR
ADDRESS DESCRIPTOR ’ TABLE
23 0 [
L ’J./

A A
FIGURE 9. PROTECTED MODEUMEMORY ADBRESSING

Memory Addressing

As In real address mode, protected mode uses 32-bit
pointers, consisting of 16-bit selector and offset
components The selector, however, specifies an index
into a memory resident table rather than the upper 16-bits
of a real memory address. The 24-bit base address of the
desired segment is obtained from the tables in memory.
The 16-bit offset is added to the segment base address to
form the physical address as shown in Figure 9 Thetables

are automatically referenced by the CPU whenever a
segment register is loaded with a selector. All 80C286
instructions which load a segment register will reference
the memory based tables without additional software. The
memory based tables contain 8 byte values called
descriptors

Descriptors

Descriptors define the use of memory. Special types of
descriptors also define new functions for transfer of
control and task switching. The 80C286 has segment
descriptors for code, stack and data segments, and
system control descriptors for special system data
segments and control transfer operations. Descriptor
accesses are performed as locked bus operations to
assure descriptor integrity in multi-processor systems.

Code and Data Segment Descriptors (S = 1)

Besides segment base addresses, code and data descrip-
tors contain other segment attributes including segment
size (1 to 64K bytes), access rights (read only, read/write,
execute only, and execute/read), and presence in
memory (for virtual memory systems) (See Figure 10).
Any segment usage violating a segment attribute
indicated by the segment descriptor will prevent the
memory cycle and cause an exception or interrupt.

CODE OR DATA SEGMENT DESCRIPTOR

7 o7 0
+7 :RESERVED" +6
oo e o [P[or[s[ e [ sz |
+3 BASEI 15-0 +2
+1 LIMI:I‘15_0 ]
15 8 7 ]

*Must be set to 0 for compatability with future upgrades

ACCESS RIGHTS BYTE DEFINITION

P o:':' on Name Function
7 Present (P) P=1 Segment is mapped into physical memory
P=0 No mapping to physical memory exits, base and imit are
not used
6-5 Descriptor Privilege Segment privilege attribute used in privilege tests.
Level (DPL)
4 Segment Descrip- S=1 Code or Data (includes stacks) segment descriptor
tor (S) S=0 System Segment Descriptor or Gate Descriptor
3 Executable (E) E=0 Data segment descriptor type is If
2 Expansion Direc- ED O Expand up segment, offsets must be < himit Data
tion (ED) ED =1 Expand down segment, offsets must be > hmit. Segment
1 Wniteable (W) W=0 Data segment may not be written into (S=1,
T W=1 Data segment may be written into. E =0)
Fnye’-:: 3 Executable (E) E=1 Code Segment Descriptor type Is: If
Definttion 2 Conforming (C) CcC=1 Code segment may only be executed Code
when CPL >DPL and CPL Segment
remains unchanged.
1 Readable (R) R=0 Code segment may not be read s=1,
R=1 Code segment may be read. E=1)
0 Accessed (A) A=0 Segment has not been accessed.
A=1 Segment selector has been loaded into segment register
or used by selector test instructions.

FIGURE 10. CODE AND DATA SEGMENT DESCRIPTOR FORMATS
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Code and data (including stack data) are stored in two
types of segments: code segments and data segments.
Both types are identified and defined by segment
descriptors (S = 1). Code segments are identified by the
executable (E) bit set to 1 in the descriptor access rights
byte. The access rights byte of both code and data
segment descriptor types have three fields in common:
present (P) bit, Descriptor Privilege Level (DPL), and
accessed (A) bit. If P = 0, any attempted use of this
segment will cause a not-present exception. DPL
specifies the privilege level of the segment descriptor.
DPL controls when the descriptor may be used by a task
(refer to privilege discussion below). The A bit shows
whether the segment has been previously accessed for
usage profiling, a necessity for virtual memory systems.
The CPU will always set this bit when accessing the
descriptor.

Data segments (S = 1, E = 0) may be either read-only or
read-write as controlied by the W bit of the access rights
byte. Read-only (W =0) data segments may not be written
into. Data segments may grow in two directions, as
determined by the Expansion Direction (ED) bit: upwards
(ED = 0) for data segments, and downwards (ED =1) fora
segment containing a stack. The limit field for a data
segment descriptor is interpreted differently depending
on the ED bit (see Figure 10).

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

System Segment Descriptors (S = 0, Type = 1-3)

In addition to code and data segment descriptors, the
protected mode 80C286 defines System Segment
Descriptors. These descriptors define special system data
segments which contain a table of descriptors (Local
Descriptor Table Descriptor) or segments which contain
the execution state of a task (Task State Segment
Descriptor).

Figure 11 gives the formats for the special system data
segment descriptors. The descriptors contain a 24-bit
base address of the segment and a 16-bit limit. The access
byte defines the type of descriptor, its state and privilege
level. The descriptor contents are valid and the segment is
in physical memory if P = 1. If P = 0, the segment is not
valid. The DPL field is only used in Task State Segment
descriptors and indicates the privilege level at which the
descriptor may be used (see Privilege). Since the Local
Descriptor Table descriptor may only be used by a special
privileged instruction, the DPL field is not used. Bit 4 of
the access byte is 0 to indicate that it is a system control
descriptor. The type field specifies the descriptor type as
indicated in Figure 11.

SYSTEM SEGMENT DESCRIPTOR

7 07 0
+7 RESERVED* +6
+5 | P IDIPLI0| TYPE 1 BASE 23.16 +4
+3 BASE 15-0 +2
+1 LIMIT 15.0 0
15 8 7 0

*Must be set to 0 for compatability with future upgrades
SYSTEM SEGMENT DESCRIPTOR FIELDS

Name | Value Description
TYPE 1 Available Task State Segment (TSS)
2 Local Descriptor Table
3 Busy Task State Segment (TSS)
P 0 Descriptor contents are not vald
1 Descriptor contents are valid
DPL 0-3 Descriptor Privilege Level
BASE 24-bit Base Address of special system data
number | segment in real memory
LIMIT | 16-bit | Offset of last byte in segment
number
FIGURE 11. SYSTEM SEGMENT DESCRIPTOR FORMAT

Gate Descriptors (S = 0, Type = 4-7)

Gates are used to control access to entry points within the
target code segment. The gate descriptors are call gates,
task gates, interrupt gates and trap gates. Gates provide a
level of indirection between the source and destination of
the control transfer. This indirection allows the CPU to
automatically perform protection checks and control
entry point of the destination. Call gates are used to
change privilege levels (see Privilege), task gates are used
to perform a task switch, and interrupt and trap gates are
used to specify Iinterrupt service routines. The interrupt
gate disables interrupts (resets IF) while the trap gate
does not.

Figure 12 shows the format of the gate descriptors. The
descriptor contains a destination pointer that pointsto the
descriptor of the target segment and the entry point
offset. The destination selector in an interrupt gate, trap
gate, and call gate must refer to a code segment
descriptor. These gate descriptors contain the entry point
to prevent a program from constructing and using an
illegal entry point. Task gates may only refer to a task state
segment. Since task gates invoke a task switch, the
destination offset is not used in the task gate.

Exception 13 is generated when the gate i1s used if a
destination selector does not refer to the correct
descriptor type. The word count field is used in the call
gate descriptor to indicate the number of parameters
(0-31 words) to be automatically copied from the caller’s
stack to the stack of the called routine when a control
transfer changes privilege levels. The word count field is
not used by any other gate descriptor.

The access byte format is the same for all descriptors. P =
1 indicates that th gate contents are valid. P = 0 indicates
the contents are not valid and causes exception 11 if
referenced. DPL is the descriptor privilege level and
specifies when this descriptor may be used by a task (refer
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to privilege discussion below). Bit 4 must equal 0 to
indicate a system control descriptor. The type field
specifies the descriptor type as indicated in Figure 12.

GATE DESCRIPTOR

7 07 0
+7 RESERVED* +6
WORD
+# |P[DPLJO| TYPE |X X X| COUNT4g +4
+3 DESTINATION SELECTOR 15_¢ x X| +2
+1 DESTINATION OFFSET 150 0
15 8 7 [

“Must be set to 0 for compatibihty with future upgrades

GATE DESCRIPTOR FIELDS

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

procedures stack Only used
with call gate

Selector to the target code
segment (Call, Interrupt or
Trap Gate)

Selector to the target task

state segment (Task Gate)

Entry point within the target
code segment

DESTINATION | 16-bit
SELECTOR | selector

DESTINATION | 16-bit
OFFSET offset

FIGURE 12, GATE DESCRIPTOR FORMAT

Segment Descriptor Cache Registers

A segment descriptor cache register I1s assigned to each
of the four segment registers (CS, SS, DS, ES). Segment
descriptors are automatically loaded (cached) into a
segment descriptor cache register (Figure 13) whenever
the associated segment register I1s loaded with a selector.

PROGRAM VISIBLE

SEGMENT SELECTORS

15 )
SEGMENT REGISTERS

(LOADED BY PROGRAM)
F T T T T T T Shocrammvisimee 7

ACCESS
RIGHTS SEGMENT PHYSICAL BASE ADDRESS  SEGMENT SIZE

a7 CE) 1615

SEGMENT DESCRIPTOR CACHE REGISTERS
L (AUTOMATICALLY LOADED BY CPU) B

FIGURE 13. DESCRIPTOR CACHE REGISTERS

Only segment descriptors may be loaded into segment
descriptor cache registers. Once loaded, all references to
that segment of memory use the cached descriptor
information instead of reaccessing the descriptor. The
descriptor cache registers are not visible to programs. No
instructions exist to store their contents. They only
change when a segment register i1s loaded.

Selector Fields

A protected mode selector has three fields: descriptor
entry index, local or global descriptor table indicator (T1),
and selector privilege (RPL) as shown in Figure 14. These
fields select one of two memory based tables of
descriptors, select the appropriate table entry and allow
high-speed testing of the selector’s privilege attribute
(refer to privilege discussion below).

SELECTOR
T
INDEX [.[m
) I I T N N N W W S A | e
15 8 7 2 10
BITS NAME FUNCTION
1-0 REQUESTED | INDICATES SELECTOR PRIVILEGE
PRIVILEGE LEVEL DESIRED
LEVEL
(RPL)
2 TABLE T = 0 USE GLOBAL DESCRIPTOR TABLE
INDICATOR (GDT)
(1) TI = 1USE LOCAL DESCRIPTOR TABLE
(LDT)
15-3 | INDEX SELECT DESCRIPTOR ENTRY IN TABLE

FIGURE 14. SELECTOR FIELDS

Local and Global Descriptor Tables

Two tables of descriptors, called descriptor tables,
contain all descriptors accessible by a task at any given
time A descriptor table is a linear array of up to 8192
descriptors The upper 13 bits of the selector value are an
index into a descriptor table. Each table has a 24-bit base
register to locate the descriptor table in physical memory
and a 16-bit limit register that confine descriptor access to
the defined limits of the table as shown in Figure 15. A
restartable exception (13) will occur if an attempt is made

to reference a descriptor outside the table limits.
MEMORY

cPU ] ~
15 [ T -
.
GDT LIMIT GDT
2 ! -
GDT BASE i
24-BIT PHYS AD T
15 0 |
LoT “+—-
DESCR
SELECTOR LDTq
— ==

CURRENT

23 | toTumIT Lot

LDT BASE
24-BIT PHYS AD

PROGRAM INVISIBLE LDT,
(AUTOMATICALLY
LOADED |
FROM LDT DESCR
WITHIN GDT)

o ool

INCREASING

MEMORY
ADDRESSES

FIGURE 15. LOCAL AND GLOBAL DESCRIPTOR TABLE
DEFINITION
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One table, called the Global Descriptor table (GDT),
contains descriptors available to all tasks. The othertable,
called the Local Descriptor Table (LDT), contains
descriptors that can be private to a task. Each task may
have its own private LDT. The GDT may contain all
descriptor types except interrupt and trap descriptors.
The LDT may contain only segment, task gate, and call
gate descriptors. A segment cannot be accessed by atask
if its segment descriptor does not exist in either descriptor
table at the time of access.

The LGDT and LLDT instructions load the base and limit
of the global and local descriptor tables. LGDT and LLDT
are privileged, 1.e. they may only be executed by trusted
programs operating at level 0. The LGDT instruction
loads a six byte field containing the 16-bit table limit and
24-bit physical base address of the Global Descriptor
Table as shown in Figure 16. The LDT instruction loads a
selector which refers to a Local Descriptor Table
descriptor containing the base address and limit for an
LDT, as shown in Figure 11.
7

0 7 0
+5 RESERVED* BASE 23.16 +4
+3 BASE 15-0 +2
+1 LIMIT 15-0 0

15 8 7 0

*Must be set to 0 for compatability with future upgrades

FIGURE 16. GLOBAL DESCRIPTOR TABLE AND
INTERRUPT DESCRIPTOR TABLE DATA TYPE

Interrupt Descriptor Table

The protected mode 80C286 has a third descriptor table,
called the Interrupt Descriptor Table (IDT) (see Figure
17), used to define up to 256 interrupts. It may contain
only task gates, interrupt gates and trap gates. The IDT
(Interrupt Descriptor Table) has a 24-bit physical base
and 16-bit limit register in the CPU. The priviledged LIDT
instruction loads these registers with a six byte value of
identical form to that of the LGDT instruction (see Figure
16 and Protected Mode Initialization).

MEMORY

GATE FOR
INTERRUPT #n

GATE FOR
INTERRUPT #n-1
v INTERRUPT

cPU : DESCRIPTOR
TABLE
GATE FOR (oT)
15 0 INTERRUPTZ1
107 LT 1 GATE FOR
L| INTERRUPT#O
1DT BASE

23 o A 4

INCREASING

MEMORY
ADDRESSES

FIGURE 17. INTERRUPT DESCRIPTOR TABLE DEFINITION

References to IDT entries are made via INT instructions,
external interrupt vectors, or exceptions. The IDT must be
at least 256 bytes in size to allocate space for all reserved
interrupts.

Privilege

The 80C286 has a four-level hierarchical privilege system
which controls the use of privileged instructions and
access to descriptors (and their associated segments)

within a task. Four-level privilege, as shown in Figure 18,
is an extension of the userssupervisor mode commonly
found in minicomputers. The privilege levels are
numbered 0 through 3. Level 0 is the most privileged level.
Privilege levels provide protection within a task. (Tasks
are isolated by providing private LDT'’s for each task.)
Operating system routines, interrupt handlers, and other
system software can be included and protected within the
virtual address space of each task using the four levels of
privilege. Each task in the system has a separate stack for
each of its privilege levels.

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

APPLICATIONS
cPu
ENFORCED
SOFTWARE
INTERFACES

KERNEL
PL=0

MOST
PRIVILEGED

HIGH SPEED
OPERATING
SYSTEM

INTERFACE

NOTE PL becomes numerically lower as privilege level increases
FIGURE 18. HIERARCHICAL PRIVILEGE LEVELS

Task Privilege

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

Descriptor Privilege

Descriptor privilege is specified by the Descriptor
Privilege Level (DPL) field of the descriptor access byte.
DPL specifies the least trusted task privilege level (CPL) at
which a task may access the descriptor. Descriptors with
DPL = 0 are the most protected Only tasks executing at
privilege level 0 (CPL = 0) may access them. Descriptors
with DPL = 3 are the least protected (1.e. have the least
restricted access) since tasks can access them when
CPL =0, 1, 2, or 3). This rule applies to all descriptors,
except LDT descriptors.
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TABLE 10. DESCRIPTOR TYPES USED FOR CONTROL TRANSFER

DESCRIPTOR DESCRIPTOR
CONTROL TRANSFER TYPES OPERATION TYPES REFERENCED TABLE
Intersegment within the same privilege levels JMP, CALL, RET, IRET* Code Segment GDT/LDT
Intersegment to the same or higher privilege CALL Call Gate GDT/LDT
level Interrupt within task may change CPL.
Interrupt Instruction, Exception Trap or Interrupt IDT
External Interrupt Gate
Intersegment to a lower privilege level RET, IRET" Code Segment GDT/LDT
(changes task CPL)
CALL, JMP Task State Segment GDT
Task Switch CALL, JMP Task Gate GDT/LDT
IRET**
Interrupt Instruction, Exception Task Gate IDT
External Interrupt

*NT (Nested Task bit of flag word) = 0

Selector Privilege

Selector privilege is specified by the Requested Privilege
Level (RPL) field in the least significant two bits of a
selector. Selector RPL may establish a less trusted
privilege level than the current privilege level for the use of
a selector. This level is called the task’s effective privilege
level (EPL). RPL can only reduce the scope of a task’s
access to data with this selector. A task’s effective
privilege is the numeric maximum of RPL and CPL. A
selector with RPL = 0 imposes no additional restriction on
its use while a selector with RPL = 3 can only refer to
segments at privilege Level 3 regardless of the task’s CPL.
RPL is generally used to verify that pointer parameters
passed to a more trusted procedure are notallowed to use
data at a more privileged level than the caller (refer to
pointer testing instructions).

Descriptor Access and Privilege Validation

Determining the ability of a task to access a segment
involves the type of segment to be accessed, the
instruction used, the type of descriptor used and CPL,
RPL, and DPL. The two basic types of segment accesses
are control transfer (selectors loaded into CS) and data
(selectors loaded into DS, ES or SS).

Data Segment Access

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

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

**NT (Nested Task bit of flag word) = 1

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

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

Control Transfer

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

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

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

When a JMP or CALL references a Task State Segment
descriptor, the descriptor DPL must be the same or less
privileged than the task’s CPL. Reference to a valid Task
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State Segment descriptor causes a task switch (see Task
Switch Operation). Reference to a Task State Segment
descriptor at a more privileged level than the task’'s CPL
generates exception 13.

When an instruction or interrupt references a gate
descriptor, the gate DPL must have the same or less
privilege than the task CPL. If DPL is ata more privileged
level than CPL, exception 13 occurs If the destination
selector contained in the gate references a code segment
descriptor, the code segment descriptor DPL must be the
same or more privileged than the task CPL. If not,
Exception 13 is issued. After the control transfer, the code
segment descriptors DPL s the task’s new CPL. If the
destination selector in the gate references a task state
segment, a task switch I1s automatically performed (see
Task Switch Operation).

The privilege rules on control transfer require:

» JMP or CALL direct to a code segment (code segment
descriptor) can only be a conforming segment with
DPL of equal or greater privilege than CPL or a non-
conforming segment at the same privilege level.

» interrupts within the task, or calls that may change
privilege levels, can only transfer control through a
gate at the same or a less privileged level than CPL toa
code segment at the same or more privileged level than
CPL.

» return instructions that don’t switch tasks can only
return control to a code segment at the same or less
privileged level.

» task switch can be performed by a call, jump or
interrupt which references either a task gate or task
state segment at the same or less privileged level.

Privilege Level Changes

Any control transfer that changes CPL within the task,
causes a change of stacks as part of the operation. Initial
values of SS:SP for privilege levels 0, 1, and 2 are kept in
the task state segment (refer to Task Switch Operation).
During a JMP or CALL control transfer, the new stack
pointer is loaded into the SS and SP registers and the
previous stack pointer is pushed onto the new stack.

When returning to the original privilege level, its stack is
restored as part of the RET or IRET instruction operation.
For subroutine calls that pass parameters on the stack

TABLE 11. SEGMENT REGISTER LOAD CHECKS
EXCEPTION
ERROR DESCRIPTION NUMBER
Descriptor table hmit exceeded 13
Segment descriptor not-present 11 or12
Privilege rules violated 13

Invalid descriptor/segment type segment
register load:

—Read only data segment load to SS
—Special control descriptor load to DS, ES, SS 13
—Execute only segment load to DS, ES, SS
—Data segment load to CS
—Read/Execute code segment load SS

and cross privilege levels, a fixed number of words, as
specified in the gate, are copied from the previous stack to
the current stack. The inter-segment RET instruction with
a stack adjustment value will correctly restore the
previous stack pointer upon return.

Protection

The 80C286 includes mechanisms to protect critical
instructions that effect the CPU execution state (e g HLT)
and code or data segments from improper usage. These
protection mechanisms are grouped into three forms:

» Restricted usage of segments (e.g. no write allowed to
read-only data segments). The only segments available
for use are defined by descriptors in the Local
Descriptor Table (LDT) and Global Descriptor Table
(GDT)

» Restricted access to segments via the rules of privilege
and descriptor usage.

» Privileged instructions or operations that may only be
executed at certain privilege levels as determined by
the CPL and 1/O Privilege Level (IOPL). The IOPL is
defined by bits 14 and 13 of the flag word

These checks are performed for all instructions and can
be sphit into three categories: segment load checks (Table
11), operand reference checks (Table 12), and privileged
instruction checks (Table 13). Any violation of the rules
shown will result in an exception A not-presentexception
related to the stack segment causes exception 12.

The IRET and POPF instructions do not perform some of
their defined functions if CPL is not of sufficient privilege
(numerically small enough). Precisely these are:

» The IF bit 1s not changed if CPL is greater than IOPL.

» The IOPL field of the flag word is not changed if CPL is
greater than 0.

No exceptions or other indication are given when these
conditions occur.

TABLE 12. OPERAND REFERENCE CHECKS

EXCEPTION
ERROR DESCRIPTION NUMBER
Write into code segment 13
Read from execute-only code segment 13
Write to read-only data segment 13
Segment limit exceeded (Note1) 12 or 13

NOTE 1 Carry out In offset calculations 1s ignored

TABLE 13. PRIVILEGED INSTRUCTION CHECKS

EXCEPTION

ERROR DESCRIPTION NUMBER

CPL # 0 when executing the following
instructions 13
LIDT, LLDT, LGDT, LTR, LMSW, CTS, HLT

CPT > IOPL when executing the following
instructions 13
INS, IN, OUTS, OUT, STI, CLI, LOCK
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TABLE 14. PROTECTED MODE EXCEPTIONS

RETURN ADDRESS
INTERRUPT AT FALLING ALWAYS ERROR CODE
VECTOR FUNCTION INSTRUCTION? | RESTARTABLE? ON STACK?
8 Double exception detected Yes No (Note 2) Yes
9 Processor extension segment overrun No No (Note 2) No
10 Invalid task state segment Yes Yes Yes
1 Segment not present Yes Yes Yes
12 Stack segment overrun or stack segment not present Yes Yes (Note 1) Yes
13 General protection Yes No (Note 2) Yes

NOTES 1 WhenaPUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception will not be restartabie
because stack segment wrap around i1s not permitted This condition is identified by the value of the saved SP being either 0000(H), 0001(H),

FFFE(H), or FFFF(H)

2 These exceptions indicate a violation to privilege rules or usage rules has occurred Restart is generally not attempted under those

conditions

Exceptions

The 80C286 detects several types of exceptions and
interrupts in protected mode (see Table 14). Most are
restartable after the exceptional condition is removed.
Interrupt handlers for most exceptions can read an error
code, pushed on the stack after the return address, that
identifies the selector involved (0 if none). The return
address normally points to the failing instruction,
including all leading prefixes. For a processor extension
segment overrun exception, the return address will not
point at the ESC instruction that caused the exception;
however, the processor extension registers may contain
the address of the failing instruction.

These exceptions indicate a violation to privilege rules or
usage rules has occurred. Restart is generally not
attempted under those conditions.

All these checks are performed for all instructions and can
be split into three categories: segment load checks (Table
11), operand reference checks (Table 12), and privileged
instruction checks (Table 13) Any violation of the rules
shown will result in an exception. A not-present exception
causes exception 11 or 12 and is restartable.

Special Operations
Task Switch Operation

The 80C286 provides a built-in task switch operation
which saves the entire 80C286 execution state (registers,
address space, and a link to the previous task), loads a
new execution state, and commences execution in the
new task. Like gates, the task switch operation is invoked
by executing an inter-segment JMP or CALL instruction
which refers to a Task State Segment (TSS) or task gate
descriptor in the GDT or LDT. An INT instruction,
exception, or external interrupt may also invoke the task
switch operation by selecting a task gate descriptor in the
associated IDT descriptor entry.

The TSS descriptor points at a segment (see Figure 19)
containing the entire 80C286 execution state while a task
gate descriptor contains a TSS selector. The limit field of
the descriptor must be greater than 002B(H).

Each task must have a TSS associated with it. The current
TSS is identified by aspecial register in the 80C286 called

the Task Register (TR). This register contains a selector
referring to the task state segment descriptor that defines
the current TSS. A hidden base and limit register
assoclated with TR are loaded whenever TR is loaded with
a new selector. The IRET instruction is used to return
control to the task that called the current task or was
interrupted. Bit 14 in the flag register is called the Nested
Task (NT) bit. It controls the function of the IRET
instruction. If NT = 0, the IRET instruction performs the
regular current task by popping values off the stack; when
NT =1, IRET performs a task switch operation back to the
previous task.

When a CALL, JMP, or INT instruction initiates a task
switch, the old (except for case of JMP) and new TSS will
be marked busy and the back link field of the new TSS set
to the old TSS selector. The NT bitof the new task is set by
CALL or INT inttiated task switches. An interrupt that
does not cause a task switch will clear NT. NT may also be
set or cleared by POPF or IRET instructions.

The task state segment is marked busy by changing the
descriptor type field from Type 1 to Type 3. Use of a
selector that references a busy task state segment causes
Exception 13.

Processor Extension Context Switching

The context of a processor extension is not changed by
the task switch operation. A processor extension context
need only be changed when a different task attempts to
use the processor extension (which still contains the con-
text of a previous task). The 80C286 detects the first use of
a processor extension after a task switch by causing the
processor extension not present exception (7). The inter-
rupt handler may then decide whether a contextchangeis
necessary.

Whenever the 80C286 switches tasks, it sets the Task
Switched (TS) bit of the MSW. TS indicates that a proces-
sor extension context may belong to a different task than
the current one. The processor extension not present ex-
ception (7) will occur when attempting to execute an ESC
or WAIT instruction if TS = 1 and a processor extension is
present (MP =1 in MSW).
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FIGURE 19. TASK STATE SEGMENT AND TSS REGISTERS

Pointer Testing Instructions

The 80C286 provides several instructions to speed selector value refers to an appropriate segment without
pointer testing and consistency checks for maintaining risking an exception. A condition flag (ZF) indicates
system integrity (see Table 15). These instructions whether use of the selector or segment will cause an
use the memory management hardware to verify that a  exception.

TABLE 15. 80C286 POINTER TEST INSTRUCTIONS

INSTRUCTION | OPERANDS FUNCTION
ARPL Selector, Adjust Requested Privilege Level: adjusts the RPL of the selector to the numeric maximum
Register of current selector RPL value and the RPL value in the register. Set zero flag if selector RPL
was changed by ARPL.
VERR Selector VERIify for Read: sets the zero flag If the segment referred to by the selector can be read
VERW Selector VERify for Write: sets the zero flag if the segment referred to by the selector can be written.
LSL Register, Load Segment Limit: reads the segment limit into the register if privilege rules and descrip-
Selector tor type allow. Set zero flag i1f successful
LAR Register, Load Access Rights. reads the descriptor access rights byte into the register if privilege
Selector rules allow. Set zero flag if successful
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Double Fault and Shutdown

If two separate exceptions are detected during a single
instruction execution, the 80C286 performs the double
fault exception (8). If an exception occurs during
processing of the double fault exception, the 80C286 will
enter shutdown. During shutdown no further instructions
or exceptions are processed. Either NMI (CPU remains in
protected mode) or RESET (CPU exits protected mode)
can force the 80C286 out of shutdown. Shutdown Is
externally signalled via a HALT bus operation with A4
LOW.

Protected Mode Initialization

The 80C286 initially executes in real address mode after
RESET To allow initialization code to be placed at the top
of physical memory, A23.og9 will be HIGH when the
80C286 performs memory references relative to the CS
register until CS 1s changed. A23.20 will be zero for refer-
ences to the DS, ES, or SS segments. Changing CSinreal
address mode will force A23.20 LOW whenever CS is

used again. The initial CS:IP value of FO00:FFFO provides
64K bytes of code space for initialization code without
changing CS.

Protected mode operation requires several registers to be
initialized. The GDT and IDT base registers must refertoa
valid GDT and IDT. After executing the LMSW instruction
to set PE, the 80C286 must immediately execute anintra-
segment JMP instruction to clear the instruction queue of
instructions decoded in real address mode.

To force the 80C286 CPU registers to match the initial
protected mode state assumed by software, execute a
JMP instruction with a selector referring to the initial TSS
used in the system. This will load the task register, local
descriptor table register, segment registers and initial
general register state. The TR should point at a valid TSS
since any task switch operation involves saving the
current task state.

System Interface

The 80C286 system interface appears in two forms. a local
bus and a system bus. The local bus consists of address,
data, status, and control signals at the pins of the CPU. A
system bus is any buffered version of the local bus. A
system bus may also differ from the local bus in terms of
coding of status and control lines and/or timing and
loading of signals

Bus Interface Signals and Timing

The 80C286 microsystems local bus interfaces the
80C286 to local memory and 1/0 components. The inter-
face has 24 address lines, 16 data lines, and 8 status and
control signals.

The 80C286 CPU, 82C284 clock generator, 82C288 bus
controller, 82289 bus arbiter, 82C86H/87H tranceivers,
and 82C82/83H latches provide a buffered and decoded
system bus interface. The 82C284 generates the system
clock and synchronizes READY and RESET. The 82C288
converts bus operation status encoded by the 80C286 into
command and bus control signals. The 82289 bus arbiter

BOND EXTERNAL
PIN

I\ ! PAD
l/

INPUT
PROTECTION
CIRCUITRY

FIGURE 20A. BUS HOLD CIRCUITRY — PINS 36-51, 66, 67

generates Multibus™ bus arbitration signals. These com-
ponents can provide the critical timing required for most
system bus interfaces including the Multibus.

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 80C286 pins 4-6, 36-51 and 66-68 (See Figure
20A and 20B). The circuit shown in Figure 20A will
maintain 'the last valid logic state if no driving source is
present (i.e. an unconnected pin oradriving source which
goes to a high impedance state). The circuit shown in
Figure 20B will maintain a high impedance logic one state
if no driving source is present. To overdrive the
“bus-hold” circuits, an external driver must be capable of
sinking or sourcing approximately 400 microamps at valid
input voltage levels. Since this “bus-hold” circuitry is
active and not a “resistive” type element, the associated
power supply current is negligible, and power dissipation
is significantly reduced when compared to the use of
passive pull-up resistors.
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FIGURE 20B. BUS HOLD CIRCUITRY — PINS 4-6, 68
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Multibus™ 1s a Registered Trademark of Intel
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Physical Memory and I/O Interface

A maximum of 16 megabytes of physical memory can be
addressed in protected mode. One megabyte can be
addressed in real address mode. Memory is accessible as
bytes or words. Words consist of any two consecutive
bytes addressed with the least significant byte stored in
the lowest address. Byte transfers occur on either half of
the 16-bit local data bus. Even bytes are accessed over
D7-0 while odd bytes are transferred over D15.g. Even
addressed words are transferred over D15.¢g in one bus
cycle, while odd addressed word require two bus
operations. The first transfers data on D15.8, and the
second transfers data on D7.g. Both byte data transfers
occur automatically, transparent to software.

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

The 1/0 address space contains 64K addresses in both
modes. The |/O space is accessible as either bytes or
words, as is memory. Byte wide peripheral devices may be
attached to either the upper or lower byte of the data bus.
Byte-wide 1/0 devices attached to the upper data byte
(D15-g) are accessed with odd 1/0 addresses. Devices on
the lower data byte are accessed with even I/O addresses.
An interrupt controller such as Harris’'s 82C59A must be
connected to the lower data byte (D7-g) for proper return
of the interrupt vector.

Bus Operation

The 80C286 uses a double frequency system clock (CLK
input) to control bus timing. All signals on the local bus
are measured relative to the system CLK input. The CPU
divides the system clock by 2 to produce the internal
processor clock, which determines bus state. Each
processor clock is composed of two system clock cycles
named phase 1 and phase 2. The 82C284 clock generator
output (PCLK) identifies the next phase of the processor
clock. (See Figure 21.)

[<&————— ONE PROCESSOR CLOCK CYCLE ———>

|<¢————————ONE BUS T STATE —— |
PHASE 1 PHASE 2
OF PROCESSOR —+—OF PROCESSOR —»-
CLOCK CYCLE CLOCK CYCLE

w N/ N o

ONE SYSTEM
CLK CYCLE

FIGURE 21.

[-—

SYSTEM AND PROCESSOR CLOCK
RELATIONSHIPS

Six types of bus operations are supported; memory read,
memory write, 1/0 read, |/O write, interrupt acknowledge,
and halt/shutdown. Data can be transferred ata maximum
rate of one word per two processor clock cycles.

The 80C286 bus has three basic states: idle (T)), send
status (Tg), and perform command (Tc). The 80C286
CPU also has a fourth local bus state called hold (TH). TH
indicates that the 80C286 has surrendered control of the
local bus to another bus master in response to a HOLD
request.

Each bus state is one processor clock long. Figure 22
shows the four 80C286 local bus states and allowed
transitions.

READY e NEW CYCLE

FIGURE 22. 80C286 BUS STATES

Bus States

The idle (T)) state indicates that no data transfers are in
progress or requested. The first active state Tg is signaled
by status line S1 or Sg going LOW and identifying phase 1
of the processor clock. During Tg, the command
encoding, the address, and data (for a write operation) are
available on the 80C286 output pins. The 82C288 bus
controller decodes the status signals and generates
Multibus compatible read/write command and local
transceiver control signals.

After Tg, the perform command (Tc) state is entered.
Memory or I/0 devices respond to the bus operation
during Tg, either transferring read data to the CPU or
accepting write data. T states may be repeated as often
as necessary to ensure sufficient time for the memory or
1/0 device to respond. The READY signal determines
whether T is repeated. A repeated T state is called a
wait state.

During hold (TH), the 80C286 will float all address, data,
and status output drivers enabling another bus master to
use the local bus. The 80C286 HOLD input signal is used
to place the 80C286 into the T state. The 80C286 HLDA
output signal indicates that the CPU has entered TH.

Pipelined Addressing

The 80C286 uses a local bus interface with pipelined
timing to allow as much time as possible for data access.
Pipelined timing allows a new bus operation to be initiated
every two processor cycles, while allowing each
individual bus operation to last for three processorcycles.
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The timing of the address outputs 1s pipelined such that
the address of the next bus operation becomes available
during the current bus operation. Or, in other words, the
first clock of the next bus operation i1s overlapped with the
last clock of the current bus operation. Therefore, address
decode and routing logic can operate in advance of the
next bus operation.

External address latches may hold the address stable for
the entire bus operation, and provide additional AC and
DC buffering.

The 80C286 does not maintain the address of the current
bus operation during all Tg states. Instead, the address
for the next bus operation may be emitted during phase 2
of any Tc. The address remains valid during phase 1 of
the first Tc to guarantee hold time, relative to ALE, for the
address latch inputs.

Bus Control Signals

The 82C288 bus controller provides control signals;
address latch enable (ALE), Read/Write commands, data
transmit/receive (DT/ﬁ), and data enable (DEN) that
control the address latches, data transceivers, write
enable, and output enable for memory and I/0O systems.

The Address Latch Enable (ALE) output determines when
the address may be latched. ALE provides at least one
system CLK period of address hold time from the end of
the previous bus operation until the address for the next
bus operation appears at the latch outputs. This address
hold time 1s required to support Multibus and common
memory systems.

The data bus transceivers are controlled by 82C288
outputs Data Enable (DEN) and Data Transmit/Receive
(DT/R). DEN enables the data transceivers, while DT/R
controls tranceiver direction. DEN and DT/R are timed to
prevent bus contention between the bus master, data bus
transceivers, and system data bus transceivers

Command Timing Controlis

Two system timing customization options, command
extension and command delay, are provided on the
80C286 local bus.

Command extension allows additional time for external
devices to respond to a command and i1s analogous to
inserting wait states on the 80C86. External logic can
control the duration of any bus opération such that the
operation is only as long as necessary The READY input
signal can extend any bus operation for as long as
necessary.

Command delay allows an increase of address or write
data setup time to system bus command active for any bus
operation by delaying when the system bus command
becomes active. Command delay 1s controlled by the
82C288 CMDLY input. After Tg, the bus controller
samples CMDLY at each failing edge of CLK. If CMDLY is
HIGH, the 82C288 will not activate the command signal.
When CMDLY is LOW, the 82C288 will activate the
command signal. After the command becomes active, the
CMDLY input is not sampled.

When a command is delayed, the available response time
from command active to return read data or accept write
data is less. To customize system bus timing, an address
decoder can determine which bus operations require
delaying the command. The CMDLY input does not affect
the timing of ALE, DEN or DT/R.

Figure 24 illustrates four uses of CMDLY. Example 1
shows delaying the read command two system CLKs for
cycle N-1 and no delay for cycle N, and example 2 shows
delaying the read command one system CLK for cycle N-1
and one system CLK delay for cycle N.

Bus Cycle Termination

At maximum transfer rates, the 80C286 bus alternates
between the status and command states. The bus status
signals become inactive after Tg so that they may cor-
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FIGURE 24. CMDLY CONTROLS THE LEADING EDGE OF COMMAND SIGNAL

rectly signal the start of the next bus operation after the
completion of the current cycle. No external indication of
Tc exists on the 80C286 local bus. The bus master and
bus controller enter Tg directly after Tg and continue
executing Tg cycles until terminated by the assertion of
READY.

READY Operation

The current bus master and 82C288 bus controller
terminate each bus operation simultaneously to achieve
maximum bus operation bandwidth. Both are informed in
advance by READY active (open-collector output from
82C284) which identifies the last T¢ cycle of the current
bus operation. The bus master and bus controller must
see the same sense of the READY signal, thereby
requiring READY to be synchronous to the system clock.

Synchronous Ready

The 82C284 clock generator provides READY synchroni-
zation from both synchronous and asynchronous sources
(see Figure 25). The synchronous ready input (SRDY) of
the clock generator is sampled with the falling edge of
CLK at the end of phase 1 of each TG. The state of SRDY is
then broadcast to the bus master and bus controller via
the READY output line.

Asynchronous Ready

Many systems have devices or subsystems that are
asynchronous to the system clock. As a result, their ready
outputs cannot be guaranteed to meet the 82C284 SRDY
setup and hold time requirements. But the 82C284
asynchronous ready input (ARDY) is designed to accept
such signals. The ARDY input is sampled at the beginning
of each TG cycle by 82C284 synchronization logic. This
provides one system CLK cycle time to resolve its value
before broadcasting it to the bus master and bus
controller.

ARDY or ARDYEN must be HIGH at the end of Tg. ARDY
cannot be used to terminate the bus cycle with no wait
states.

Each ready input of the 82C284 has an enable pin
(SRDYEN and ARDYEN) to select whether the current
bus operation will be terminated by the synchronous or
asynchronous ready. Either of the ready inputs may
terminate a bus operation. These enable inputs are active
low and have the same timing as their respective ready
inputs. Address decode logic usually selects whether the

current bus operation should be terminated by ARDY or

SRDY.
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Data Bus Control

Figures 26, 27, and 28 show how the DT/R, DEN, data bus,
and address signals operate for different combinations of
read, write, and idle bus operations. DT/R goes active
(LOW) for a read operation. DT/R remains HIGH before,
during, and between write operations.

The data bus is driven with write data during the second
phase of Ts. The delay in write data timing allows the read
data drivers, from a previous read cycle, sufficient time to
enter three-state OFF before the 80C286 CPU begins driv-
Ing the local data bus for write operations Write data will
always remain valid for one system clock past the last T¢
to provide sufficient hold time for Multibus or other similar
memory or |/O systems. During write-read or write-idle
sequences the data bus enters a high impedance state
during the second phase of the processor cycle after the
last Tc. In a write-write sequence the data bus does not
enter a high impedance state between Tc and Ts.

Bus Usage

The 80C286 local bus may be used for several functions:
instruction data transfers, data transfers by other bus
masters, instruction fetching, processor extension data
transfers, interrupt acknowledge, and halt/shutdown
This section describes local bus activities which have
special signals or requirements Note that |/O transfers
take place in exactly the same manner as memory
transfers (i.e. to the 80C286 the timing, etc. of an 1/0
transfer is 1dentical to a memory transfer).

HOLD and HLDA

HOLD and HLDA allow another bus master to gain control
of the local bus by placing the 80C286 bus into the TH
state. The sequence of events required to pass control
between the 80C286 and another local bus master are
shown in Figure 29.

In this example, the 80C286 is Initially in the TH state as
signaled by HLDA being active. Upon leaving TH, as
signaled by HLDA going Inactive, a write operation Is
started. During the write operation another local bus
master requests the local bus from the 80C286 as shown
by the HOLD signal. After completing the write operation,
the 80C286 performs one T| bus cycle, to guarantee write
data hold time, then enters T as signaled by HLDA going
active.

The CMDLY signal and ARDY ready are used to start and
stop the write bus command, respectively. Note that
SRDY must be inactive or disabled by SRDYEN to
guarantee ARDY will terminate the cycle.

HOLD must not be active during the time from the leading
edge of RESET until 34 CLKs following the trailing edge of
RESET unless the 80C286 is in the Halt condition. To
ensure that the 80C286 remains in the Halt condition until

the processor Reset operation i1s complete, no interrupts
should occur after the execution of HLT until 34 CLKs
after the trailing edge of the RESET pulse.

LOCK

The CPU asserts an active lock signal during Interrupt-
Acknowledge cycles, the XCHG instruction, and during
some descriptor accesses. Lock Is also asserted when the
LOCK prefix 1s used. The LOCK prefix may be used with
the following ASM-286 assembly instructions; MOVS, INS
and OUTS For bus cycles other than Interrupt-
Acknowledge cycles, Lock will be active for the first and
subsequent cycles of a series of cycles to be locked. Lock
will not be shown active during the last cycle to be locked.
For the next-to-last cycle, Lock will become inactive atthe
end of the first T regardless of the number of wait states
inserted. For Interrupt-Acknowledge cycles, Lock will be
active for each cycle, and will become inactive at the end
of the first T¢ for each cycle regardless of the number of
wait-states inserted.

Instruction Fetching

The 80C286 Bus Unit (BU) will fetch instructions ahead of
the current instruction being executed. This activity Is
called prefetching. It occurs when the local bus would
otherwise be idle and obeys the following rules.

A prefetch bus operation starts when at least two bytes of
the 6-byte prefetch queue are empty.

The prefetcher normally performs word prefetches
independent of the byte alignment of the code segment
base in physical memory.

The prefetcher will perform only a byte code fetch
operation for control transfers to an instruction beginning
on a numerically odd physical address

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

In real address mode, the prefetcher may fetch up to 6
bytes beyond the last control transfer or HLT instruction
in a code segment.

In protected mode, the prefetcher will never cause a
segment overrun exception. The prefetcher stops at the
last physical memory word of the code segment.
Exception 13 will occur if the program attempts to execute
beyond the last full instruction in the code segment.

If the last byte of a code segment appears on an even
physical memory address, the prefetcher will read the
next physical byte of memory (perform a word code
fetch). The value of this byte is ignored and any attempt to
execute it causes exception 13.
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MEMORY CYCLE N-1 MEMORY CYCLE N I
] T T T | T

c C [
| “ l ] I

CLK _] 'lsl []‘ L‘lﬂ T]‘ 'r i _l LT‘ |
TP T N

PROC CLK

A3 - Ao VALID ADDR /—X(<<<<<7 VALID ADDR / X<<<<<< V‘A’LID ADDR

wov WAWWNNWWNWN /7707777777700 7077 | \AWWINWWWW

READY (SEENOTE 1.) (SEENOTE 2.) \\_’ \

57 TTTTTLTTETTVTTTTRUT TR TN /7777777

(SEENOTE 3 )

NOTES:

1. SRDYEN is active low

2. If SRDYEN is high, the state of SRDY will not effect READY
3. ARDYEN 1s active low

FIGURE 25. SYNCHRONOUS AND ASYNCHRONOUS READY

READ CYCLE WRITE CYCLE |
1.

d Ts Te I Ts | Tc T.—»i
| 2 l l ] *2 | el 1 "2 | K 1 " l " ] “2 I ot | "2

VALID ADDR 7 xg SS ( /

T
VALID ADDR

Dig~Dg— === m e —————— - -(«{( [ VALID WRITE D;Tm [ \>>>>) -

s & 3

1
QNI
{

e
[

FIGURE 26. BACK TO BACK READ-WRITE CYCLE
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I WRITE CYCLE l READ CYCLE l
Il 1

CLK

Az3 = Ag

VALID
READ
DATA

Dis = Dp = = = = = = = — = — «(((« VALID WRITE DATA / Q))»))— -/ ————— cfm—————

MRD

&qﬁ

FIGURE 27. BACK TO BACK WRITE-READ CYCLE

I WRITE CYCLE N-1 WRITE CYCLE N I
! 1

vu.n;’: DATAN

oA (HIGH)

FIGURE 28. BACK TO BACK WRITE-WRITE CYCLE
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' BUS HOLD
|_._BUS HOLD ACKNOWLEDGE WRITE CYCLE ACKNOWLEDGE
——
BUS CYCLE TYPE T T T T T T T T
H H S c [ c 1 H
— I¢1|¢2|¢1|¢2|¢1|¢2l¢1|¢2'¢1|¢2|¢11¢2|¢11¢z|¢1|¢2 ¢14¢z|
CLK

(SEE NOTE 5)

HLDA }

2 _(SEENOTE 1) / ISEE NOTE 1)
g Sies0 . T T T T
) A23 -_AO \\\\\\\\\\\\\\\\\\\\\\\\
MO, = === — e —— VALID I7777777777777777777777777777707/77/ puiniuininiaint
COD/INTA (SEE NOTE 3)
o S o -
Dig-Dp m— === —=—m—mm e —— b ¢ VALID P ———————
[ I <<
8 NOT READY NOT READY
8 (SEE NOTE 7)
S| R T 7 NI
— NOT READY NOT REA
[ emoLv T\ L7077 ///f’////
DELAY ENABLE SEE NO
e \ S
] VOH
8 DT/R
DEN N
L ALE / \
TS - STATUS CYCLE
TC - COMMAND CYCLE
NOTES:

1. Status lines are held at a hlgh impedance logic one by the 80C286 during a HOLD state.

2. Address, M/AO and COD/INTA may start floating during any T depending on when internal 80C286 bus arbiter decides to release bus to external HOLD.

The float starts in 22 of Tg.

3. BHE and LOCK may start fioating after the end of any Tc depending on when internal 80C286 bus arbiter decides to release bus to external HOLD. The

float starts in 21 of Tc.
4. The minimum HOLD to HLDA time is shown. Maximum is one Tj longer.
5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown.

6. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other machine state (i.e., Interrupts, Waits,

Lock, etc.).

7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Synchronous ready state i1s ignored after

ready is signaled via the asynchronous input.

FIGURE 29. MULTIBUS WRITE TERMINATED BY ASYNCHRONOUS READY WITH BUS HOLD
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Processor Extension Transfers

The processor extension interface uses /O port
addresses 00F8(H), and 00FC(H) which are part of the /O
port address range reserved by Harris. An ESC instruction
with Machine Status Word bits EM = 0 and Tg = 0 will
perform 1/O bus operations to one or more of these 1/0
port addresses independent of the value of IOPL and CPL.

ESC instructions with memory references enable the CPU
to accept PEREQ inputs for processor extension operand
transfers. The CPU will determine the operand starting
address and read/write status of the instruction. For each
operand transfer, two or three bus operations are per-
formed, one word transfer with 1/0 port address 00FA(H)
and one or two bus operations with memory. Three bus
operations are required for each word operand aligned on
an odd byte address.

Interrupt Acknowledge Sequence

Figure 30 illustrates an interrupt acknowledge sequence
performed by the 80C286 in response to an INTR input.
An interrupt acknowledge sequence consists of two INTA
bus operations. The first allows a master 82C59A Pro-
grammable Interrupt Controller (PIC) to determine which
if any of its slaves should return the interrupt vector. An
eight bit vector is read on Dg-D7 of the 80C286 during the
second INTA bus operation to select an interrupt handler
routine from the interrupt table.

The Master Cascade Enable (MCE) signal of the 82C288 is
used to enable the cascade address drivers during INTA
bus operations (See Figure 30) onto the local adress bus
for distribution to slave interrupt controllers via the
system address bus. The 80C286 emits the LOCK signal
(active LOW) during Tg of the first INTA bus operation. A
local bus “hold” request will not be honored until the end
of the second INTA bus operation.

Three idle processor clocks are provided by the 80C286
between INTA bus operations to allow for the minimum
INTA to INTA time and CAS (cascade address) out delay
of the 82C59A. The second INTA bus operation must
always have at least one extra TC state added via logic
controlling READY Ap3-Ag are in three-state OFF until
after the first T state of the second INTA bus operation.
This prevents bus contention between the cascade
address drivers and CPU address drivers. The extra TC
state allows time for the 80C286 to resume driving the
address lines for subsequent bus operations.

Local Bus Usage Priorities

The 80C286 local bus is shared among several internal
units and external HOLD requests. In case of simulta-
neous requests, their relative priorities are:

(Highest) Any transfers which assert LOCK either
explicitly (via the LOCK instruction prefix) or
implicitly (i.e. some segment descriptor
accesses, an interrupt acknowledge se-
quence, or an XCHG with memory).

The second of the two byte bus operations
required for an odd aligned word operand.

The second or third cycle of a processor
extension data transfer.

Local bus request via HOLD input.

Processor extension data operand transfer via
PEREQ input.

Data transfer performed by EU as part of an
instruction.

(Lowest) An instruction prefetch request from BU. The
EU will inhibit prefetching two processor
clocks in advance of any data transfers to
minimize waiting by the EU for a prefetch to

finish.
Halt or Shutdown Cycles

The 80C286 externally indicates halt or shutdown
conditions as a bus operation. These conditions occur
due to a HLT instruction or multiple protection exceptions
while attempting to execute one instruction. A hait or
shutdown bus operation is signalled when S4, Sg, and
COD/INTA are LOW and M/IO is HIGH. Ay HIGH
indicates halt, and A1 LOW indicates shutdown. The
82C288 bus controller does not issue ALE, nor is READY
required to terminate a halt or shutdown bus operation.

During halt or shutdown, the 80C286 may service PEREQ
or HOLD requests. A processor extension segment
overrun during shutdown will inhibit further service of
PEREQ. Either NMI or RESET will force the 80C286 out of
either halt or shutdown. An INTR, if interrupts are
enabled, or a processor extension segment overrun
exception will also force the 80C286 out of halt.
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| INTA CYCLE 1 > | INTA CYCLE 2 |
BUS CYCLE TYPE | T I Ts Tc Tc n I T I n | s Te Te | Ts l
— w2 w2 b s Lo 12 I C 2 I S I 0 IS T A ) s be2 bt boz Lo | | aR
CLK
57 e 30 \
M/, CODANTA
TOCK q (SEE NOTE 4) \/7777777777777777777777777777777%,/ \m
2
N
é (SEE NOTE 5) (SEE NOTE 5.)
Az - Ag m- ——————————— ( DON'T CARE )— —————————— <
o - - - == ===~ -~ SRR SR <
PREVIOUS (SEENOTE 1)
Dis = Do waite cvcLe >‘ _______ D _______________ -
(SEE NOTE 2) (SEE NOTE 3)
ey \WW\ /07 NN\ 0T NS\ T
— NOT READY READY NOT READY READY
INTA \ / \ /
MCE ’ \ ’ \
©
g
ALE
8 /\ /\
[
DR \ / \ /
DEN / \ / \
NOTES
1 Data 1s ignored
2 First INTA cycle should have at least one wait state inserted to meet 82C59A minimum INTA pulse width
3 Second INTA cycle must have at least one wait state inserted since the CPU will not drive Apz-Ag, BHE, and LOCK until after the first T¢ state
The CPU imposed one/clock delay prevents bus contention between cascade address buffer being disabled by MCE | and address outputs
Without the wait state, the 80C286 address will not be valid for a memory cycle started immediately after the second INTA cycle. The 82C59A also
requires one wait state for minimum INTA pulse width
4 LOCK s active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in amulti-master system. LOCK is also active
far the second INTA cycle
5 Apz-Ag exits three-state OFF during ¢2 of the second T¢ in the INTA cycle

FIGURE 30. INTERRUPT ACKNOWLEDGE SEQUENCE
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Vee
Vee
AEN MRDC MEMORY READ
MWTC MEMORY WRITE
o _ mB
l—-i f—‘ R /0 READ
> CMOLY Bwe 110 WRITE
X2 X = INTA INTERRUPT ACKNOWLEDGE
RESET RES 5 % AL
§7 57 MCE Fe—==5
X READY READY DEN F—tt-——l - —> ADVANCED MEMORY
l i b cLk t cLK DTR | 44— — =l DECODE | —» ANDIO CHIP SELECTS
= — &R 82C288 BUS 4444421 r— 1 (OPTIONAL) |
7 | CONTROLLER 1 o
| ws |V CTTTTT I ry !
= | | | r- .[ 4 [
SYNC READY SADY _ RESET [T 1| frtt—*
ENABLE ———»| SRDYEN 1 # | [
ASYNC READY ———»| ARDY 1 RESET MWi0 | [ sT8
ENABLE —»| ARDVEN TocK 1 [ 2
pt ADDRESS BUS
82C284 l : LelCLK  CODANTA | — — 1 L] oF
GE%LEL;(/.:;OR [ READY 11 82cs2
| 57 Ay =Ag > or 82C83H
| 5 LATCH
[ J—
e —{Nmi HE
;' 3 —={HOLD
r——- <—{ HLDA
A
I Fm—————— | eARoR CASp 2 0
[ TS |=— CHIP SELECT
oyl rmme —| BUSY INTR INT
| Il r——- PEACK INTA
\ : | | | r——— —=|PEREQ WR
Pl 80C286 RD
‘ 11 ‘ | cPU SPEN
D5 — D IRy 1
R o — oo e w
| | 82C59A
|  PROCESSOR e — = INTERRUPT
EXTENSION [« CONTROLLER
: (OPTIONAL) R
S, 4
OF
82C86H DATA
) or 82C87H BUS
TRANS
CEIVER
T
FIGURE 31. BASIC 80C286 SYSTEM CONFIGURATION

System Configurations

The versatile bus structure of the 80C286 micro-system,
with a full complement of support chips, allows flexible
configuration of a wide range of systems. The basic
configuration, shown in Figure 31, is similar to an 80C86
maximum mode system. It includes the CPU pius an
82C59A interrupt controller, 82C284 clock generator, and
the 82C288 Bus Controller. The 80C86 latches (82C82
and 82C83H) and transceivers (82C86H and 82C87H)
may be used in an 80C286 microsystem.

As indicated by the dashed lines in Figure 31, the ability to
add processor extensions is an integral feature of 80C286
based microsystems. The processor extension interface
allows external hardware to perform special functions
and transfer data concurrent with CPU execution of other
instructions. Full system integrity is maintained because
the 80C286 supervises all data transfers and instruction
execution for the processor extension.

An 80C286 system which includes the 80287 numeric
processor extension (NPX) uses this interface. The
80C286/80287 system has all the instructions and data
types of an 80C86 or 80C88 with 8087 numeric processor
extension. The 80287 NPX can perform numeric calcula-

tions and data transfers concurrently with CPU program
execution. Numerics code and data have the same
integrity as all other information protected by the 80C286
protection mechanism.

The 80C286 can overlap chip select decoding and
address propagation during the data transfer for the
previous bus operation. This information is latched into
the 82C82/83H's by ALE during the middle of a Tg cycle.
The latched chip select and address information remains
stable during the bus operation while the next cycle’s
address is being decoded and propagated into the
system. Decode logic can be implemented with a high
speed PROM or PAL.

The optional decode logic shown in Figure 31 takes
advantage of the overlap between address and data of the
80C286 bus cycle to generate advanced memory and I/O-
select signals. This minimizes system performance
degradation caused by address propagation and decode
delays. In addition to selecting memory and 1/O, the
advanced selects may be used with configurations
supporting local and system buses to enable the appro-
priate bus interface for each bus cycle. The COD/INTA
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FIGURE 32. MULTIBUS

and M/IO signals are applied to the decode logic to
distinguish between interrupt, 1/0, code, and data bus
cycles.

By adding the 82289 bus arbiter chip the 80C286 provides
a Multibus system bus interface as shown in Figure 32.
The ALE output of the 82C288 for the Multibus bus is
connected to its CMDLY input to delay the start of
commands one system CLK as required to meet Multibus

Vee r—]svsefEse | 1
RESET INIT
Vee CBRQ __  BREG [——
ALCWAYS MULTIBUS
~—>1CBALCK BPRO " ) gy ARBITRATION
50 BPRN |4——
§ BUSY jo—>
READY  CBRG [—>
™ CLK OCK
AEN wio ]
82289
BUS ARBITER
Vee
AEN MRDC MEMORY READ
J__I o '—l MWTC MEMORY WRITE
iGRC /O READ
cuoLy oWC /O WRITE
X2 X INTA INTERRUPT ACKNOWLEDGE
S0 50 ALE
RESEY | AES 5 s MCE
- READY READY DEN
I PeLk CcLK g CLK DTR
= &R 82C2888US
™ FIE ! CONTROLLER
= | MAC
- |
SYNC READY — | SRDY  RESET T
ENABLE ———1 SRDVEN 1
ASYNC READY ———{ ARDY 1 RESET M0
ENABLE ——1 m's?zﬁc 284 (] cu TOTK ADDRESS BUS
CLOCK : : 7 HE;'EV COD/INTA |—
GENERATOR
1 ?6 A23-Ag
[
1 —>{ NMI BRE
:' J —{ HoLD ‘ | l
F———
<] HLDA
[ CASo-2 Ao
j T T —>| ERROR TS |« CHIP SELECT
' | pP—m——=——- —»{ BUSY INTR INT
L S PEACK INTA
{111 -~ —-=eRea WR
[ 80C286 RD
PEy cpu SPIEN
R R R o1 - Do — (o
| | 82C59A
PROCESSOR o INTERRUPT
: EXTENSION k I CONTROLLER
| (OPTIONAL) | N
b e - - - — 4 3
> ﬁ‘iaug“_ DATA BUS
l CEIVER
T

SYSTEM BUS INTERFACE

address and write data setup times. This arrangement will
add at least one extra T state to each bus operation
which uses the Multibus.

A second 82C288 bus controller and additional latches
and transceivers could be added to the local bus of Figure
32. This configuration allows the 80C286 to support an
on-board bus for local memory and peripherals, and the
Multibus for system bus interfacing.

N
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Absolute Maximum Ratings

SupplyVoltage ... .ooviin it e +8.0V
Input, Output or I/0 Voltage Applied ...GND - 1.0Vto VCC + 1.0V
Storage Temperature Range ................. -650C to +1500C
Junction Temperature .. ........c.oveiitiiinneneninnens +1750°C
Lead Temperature (Soldering, Ten Seconds) ............ +3000C

Reliability Information
Bjc eeens 179C/W (PGA Package), 99C/W (PLCC Package)

Bjg ..o 410C/W (PGA Package), 33°C/W (PLCC Package)
Maximum Package Power Dissipation
PLCCPackage . .....ooiuriiiiiiiiiiiiiiiiiinnennnnns 2.2W
PGAPackage .......ooieiiiiiiiiiiiii i 1.22wW
GateCount ..ottt ittt 22,500

CAUTION Stresses above those listed in the Absolute Maximum Ratings may cause permanent damage to the device. This i1s a stress only
rating and operation of the device at these or any other conditions above those indicated in the operations sections of this specification 1s not implied

Operating Conditions

Operating Voltage Range
(B0C286-10,-12) . .oviiiiiiiiiiiiiinnens +4.5V to +5.5V
(80C286-16, -20,-25) +4.75V to +5.25V

Operating Temperature Range
180C286-10,-12,-16,-20 ................. -400C to +85°C
C80C286-12,-16,-20,-25 .........coiuennnnn 00C to +70°C

D.C. Electrical Specifications Vvgg = +5V = 10%, T =
Vee=+5V £ 5%, TA =
Ve = +5V £ 10%, Tp =
Vcc=+5V £ 5%, Ta =

00C to +70°C (C80C286-12)

00C to +70°C (C80C286-16, -20, -25)
-40°C to +85°C (180C286-10, -12)
-400C to +85°C (180C286-16, -20)

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
ViL Input LOW Voltage -0.5 0.8 \
ViH Input HIGH Voltage 20 VCC+0.5 \
ViLc CLK Input LOW Voltage -0.5 1.0 \
VIHC CLK Input HIGH Voltage 3.6 Vcc+0.5 \
VoL Output LOW Voltage - 0.4 \ loL=20mA
VoH Output HIGH Voltage 3.0 - \ IoH =-2.0mA
Vcc-0.4 - \' loH =-100pA
] Input Leakage Current -10 10 pA VIN=GNDorVce
Pins 29, 31,57, 59, 61, 63-64
ISH Input Sustaining Current on -30 -500 pA VIN = GND (See Note 5)
BUSY and ERROR Pins
IBHL Input Sustaining Current LOW 38 200 pA ViN = 1.0V (See Note 1)
IBHH Input Sustaining Current HIGH -50 -400 pA ViN = 3.0V (See Note 2)
lo Output Leakage Current -10 10 uA Vo =GNDorVcg
Pins 1,7-8, 10-28,32-34
lccop Active Power Supply Current - 185 mA 80C286-10 (See Note 4)
- 220 mA 80C286-12 (See Note 4)
- 260 mA 80C286-16 (See Note 4)
- 310 mA 80C286-20 (See Note 4)
- 410 mA 80C286-25 (See Note 4)
lccse Standby Power Supply Current - 5 mA (See Note 3)
Capacitance (Tp = +259C; All Measurements Referenced to Device GND)
SYMBOL PARAMETER TYP UNITS TEST CONDITIONS
CcLK CLK Input Capacitance 10 pF FREQ = 1MHz
CiN Other Input Capacitance 10 pF
Ciyo 1/O Capacitance 10 pF
NOTES 1 Igyy should be measured after lowering Viy to GND and then raising to 1 OV on the following pins. 36-51, 66, 67
2 IgyH should be measured after raising Vi to Vo and then lowering to 3 OV on the following pins: 4-6, 36-51, 66-68.
3. IccsB tested with the clock stopped in phase two of the processor clock cycle VN = Vg or GND, Vo = VCC (Max), outputs unloaded.
4 lccop measured at 10MHz for the 80C286-10, 12.5MHz for the 80C286-12, 16MHz for the 80C286-16, 20MHz for the 80C286-20, and

25MHz for the 80C286-25 V| = 24V or 04V, Vo = VCC (Max), outputs unloaded

o

Isy should be measured after raising Vj\ to VoG and then lowering to GND on pins 53 and 54
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A.C. Electrical Specifications Vg =+5V +10%, To=0°C to +70°C (C80C286-12), TA = -40°C to +85°C (180C286-10, -12)
VGG = +5V £ 5%, Tp = 00C to +700C (C80C286-16), TA = -400C to +850C (180C286-16)

A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals
as lllustrated in Datasheet Waveforms, Unless Otherwise Specified.

10MHz 12.5MHz 16MHz
SYMBOL PARAMETER MIN | MAX | MIN | MAX | MIN | MAX UNIT TEST CONDITION
TIMING REQUIREMENTS
1 System Clock (CLK) Period 50 - 40 - 31 - ns
2 System Clock (CLK) LOW Time 12 - 1 - 7 - ns @ 1.0V
3 System Clock (CLK) HIGH Time 16 - 13 - 11 - ns @ 3.6V
17 System Clock (CLK) RISE Time - 8 - 8 - 5 ns 1.0V to 3.6V
18 System Clock (CLK) FALL Time - 8 - 8 - 5 ns 3.6Vto 1.0V
4 Asynchronous Inputs SETUP Time 20 - 15 - 5 - ns {Note 1)
5 Asynchronous Inputs HOLD Time 20 - 15 - 5 - ns {Note 1)
6 RESET SETUP Time 19 - 10 - 10 - ns
7 RESET HOLD Time (o] - [o] - [o] - ns
8 Read Data SETUP Time 8 - 5 - 5 - ns
9 Read Data HOLD Time 4 - 4 - 3 - ns
10 READY SETUP Time 26 - 20 - 12 - ns
1" READY HOLD Time 25 - 20 - 5 - ns
20 Input RISE/FALL Times - 10 - 8 - 6 . ns 0.8V to 2.0V
TIMING RESPONSES
12A Status/PEACK Active Delay 1 22 1 21 1 18 ns 1,(Notes 3,7)
128 Status/PEACK Inactive Delay 1 30 1 24 1 20 ns 1,(Notes 3, 6)
13 Address Valid Delay 1 35 1 32 1 27 ns 1,(Notes 2, 3)
14 Write Data Valid Delay o] 40 [o] 31 o] 28 ns 1,(Notes 2, 3)
15 Address/Status/Data Float Delay o] 47 (o] 32 (o] 29 ns 2, (Note 5)
16 HLDA Valid Delay 0 47 (o] 25 0 25 ns 1,(Notes 3, 8)
19 Address Valid to Status SETUP Time 27 - 22 - 16 - ns 1, (Notes 3, 4)

NOTES: 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification 1s given only for testing purposes, to assure
recognition at a specific CLK edge.
. Delay from 1.0V on the CLK to 0.8V or 2.0V.
. Output load: Cy_ = 100pF.

. Delay d from

. Delay from 1.0V on the CLK to 0.8V for min. (HOLD time) and to 2.0V for max (inactive delay).

. Delay from 1.0V on the CLK to 2.0V for min. (HOLD time) and to 0.8V for max. (active delay).
. Delay from 1.0V on the CLK to 2.0V.

A.C. Test Conditions

TEST CONDITION I (CONSTANT CURRENT SOURCE) CL
1 | 2.0mA| 100pF
2 -6mA (Vo to Float) 100pF
8mA (Vo to Float)

2

3

4 either hing 0.8V or 2.0V (valid) to status going active reaching 0.8V or status going inactive reaching 2 OV.
5. Delay from 1.0V on the CLK to Float (no current drive) condttion.
6.

7

8
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A.C. Electrical Specifications Vg =+5V x 5%, Tp =0°C to +70°C (C80C286-20, -25), Ta = -40°C to +85°C (I80C286-20)
A.C. Timings are Referenced to the 1.5V Point of the Signals

as lllustrated in Datasheet Waveforms, Unless Otherwise Specified.

CMOS MICRO-
PROCESSORS

20MHz 25MHz
SYMBOL PARAMETER MIN MAX MIN MAX UNIT TEST CONDITION
TIMING REQUIREMENTS
1 System Clock (CLK) Period 25 - 20 - ns
2 System Clock (CLK) LOW Time 6 - 5 - ns @ 1.0V
3 System Clock (CLK) HIGH Time 9 - 7 - ns @ 3.6V
17 System Clock (CLK) RISE Time - 4 - 4 ns 1.0Vto 3.6V
18 System Clock (CLK) FALL Time - 4 - 4 ns 3.6Vto 1.0V
4 Asynchronous Inputs SETUP Time 4 - 4 - ns (Note 1)
5 Asynchronous Inputs HOLD Time 4 - 4 - ns (Note 1)
6 RESET SETUP Time 10 - 10 - ns
7 RESET HOLD Time (o] - [o] - ns
8 Read Data SETUP Time 3 - 3 - ns
9 Read Data HOLD Time 2 - 2 - ns
10 READY SETUP Time 10 - 9 - ns
1 READY HOLD Time 3 - 3 - ns
20 Input RISE/FALL Times - 6 - 6 ns 0.8Vto 2.0V
TIMING RESPONSES
12A Status/PEACK Active Delay 1 15 1 12 ns 1, (Notes 3, 6)
128 Status/PEACK Inactive Delay 1 16 1 13 ns 1, (Notes 3, 6)
13 Address Valid Delay 1 23 1 20 ns 1,(Notes 2, 3)
14 Write Data Valid Delay [o] 27 (o] 24 ns 1,(Notes 2, 3)
15 Address/Status/Data Float Delay 0 25 o 24 ns 2, (Note 5)
16 HLDA Valid Delay [o] 20 [o] 19 ns 1,(Notes 2, 3)
19 Address Valid to Status SETUP Time 9 - 12 - ns 1, (Notes 3, 4)

NOTES" 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure
recognttion at a specific CLK edge.
2. Delay from 1.0V on the CLK to 1.5V,
3. Output load: C|_ = 100pF.
4. Delay measured from address reaching 1.5V to status reaching 1.5V.
5. Delay from 1.0V on the CLK to Float (no current drive) condition.
6. Delay from 1.0V on the CLK to 1.5V.

A.C. Test Conditions

TEST CONDITION I (CONSTANT CURRENT SOURCE) CL
1 [20mA| 100pF
2 -6mA (VoH to Float) 100pF
8mA (VoL to Float)
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A.C. Specifications (Continued)

C80C286-12, -16
180C286-10, -12, -16
A.C. DRIVE AND MEASURE POINTS-CLK INPUT

4.0v
CLK INPUT
0.45V
4.0v
3.6V 3.6V
CLK INPUT
\ 1.0v 1.0V
045V
I’ ISETUP -ofe— tHOLnal
24v
20V X
THE
DEVICE
NPUT
0.8V
0.4v
le— IDELAY (Max.) —}
= tDELAY (Min.)
RRIRTSSIEIN o
XXX X XA
DEVICE 0:.:,:.:.:’:‘:.4 X
OUTPUT KKKHEKXS

NOTE: For A.C testing, input nse and fall imes are driven at 1ns per volt.
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A.C. Specifications (Continued)

C80C286-20, -25
180C286-20
A.C. DRIVE AND MEASURE POINTS-CLK INPUT

4.0v
CLK INPUT

0.45V

4.0v
3.6v 3.6V

CLK INPUT

\ 1.0v 1.0v

0.45v

tSETUP ={e— tHOLD

XY
%,
S

EIAEREEHKIXIKRARIKLKIRK

O 000 020202020 %062 %6 %2622 %%
pevice BRI -

19626%0%02020%0%:900.0.0.0.90.0. 0000 0.
1902020209020 200:9.020.0 020200020005
190%0%6%0%6%6%909:0.0.02020-0.90°02020 7

NOTES. 1. Typical Output Rise/Fall Time 1s 6ns.
2. For A.C. testing, input nise and fall times are driven at 1ns per volts.

3-89

CMOS MICRO-
PROCESSORS




Specifications 80C286

A.C. Electrical Specifications (Continued) 82C284 and 82C288 Timing Specifications are given for reference only and no
guarantee is implied.

82C284 TIMING

10MHz 12.5MHz 16MHz

SYMBOL PARAMETER MIN J MAX MIN—I MAX MIN I MAX UNIT |TEST CONDITION
TIMING REQUIREMENTS

11 "SRDY/SRDYEN Setup Time 15 - 15 - 10 - ns

12 SRDY/SRDYEN Hold Time 2 - 2 - 1 - ns

13 ARDY/ARDYEN Setup Time 5 - 5 - 3 - ns | (Note1)

14 ARDY/ARDYEN Hold Time 30 - 25 - 20 - ns (Note 1)
TIMING RESPONSES

19 PCLK Delay 0 20 [¢] 16 0 15 ns CL =75pF

loL=5mA
loH=1mA
82C288 TIMING
10MHz 12.5MHz 16MHz

SYMBOL PARAMETER MIN | MAX | MIN | MAX | MIN | MAX UNIT | TEST CONDITION
TIMING REQUIREMENTS

12 CMDLY Setup Time 15 - 15 - 10 - ns

13 CMDLY Hold Time 1 - 1 - 0 - ns
TIMING RESPONSES

16 ALE Active Delay 1 16 1 16 1 12 ns

17 ALE Inactive Delay - 19 - 19 - 15 ns

19 DT/ﬁ Read Active Delay - 23 - 23 - 18 ns CpL =150pF

20 DEN Read Active Delay - 21 - 21 - 16 ns loL = 16mA Max

21 DEN Read Inactive Delay 3 23 3 21 5 14 ns loL = 1mA Max

22 DT/R Read Inactive Delay 5 24 5 18 5 14 ns

23 DEN Write Active Delay - 23 - 23 - 17 ns

24 DEN Write Inactive Delay 3 23 3 23 3 15 ns

29 Command Active Delay from CLK 3 21 3 21 3 15 ns Cy =300pF

30 Command Inactive Delay from CLK 3 20 3 20 3 15 ns loL = 32mA Max

NOTE 1. These times are given for testing purposes to ensure a predetermined action.
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Waveforms

BUS CYCLE TYPE
—

CLK

A23- A
M/i0, COD iNTA

80C286

BHE, LOCK

READY

SRDY + SRDYEN

82C284

ARDY + ARDYEN

820288

MRDC

DT/R

DEN

READ CYCLE WRITE CYCLE
ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE READ
WAIT STATES WAIT STATE (TJOR Tg)

Tc Ts Tc Tc

92 ¢1 2 Il 92 ] 92 #1

VA VA VE VA </ X/

@
I, VALID ADDRESS VALID ADDRESS YD VAo iFTs
(3 l (3 l
0 VALID CONTROL VALID CONTROL
@... .
oL @ ®
...................... EEETTER | --.m VALID WRITE DATA
VALID READ DATA
- '. -@
~ -
T T ity | 7z 7 777

-t®
DN 27772

.

L

@ -
S\ ./ N\
®~ ~ - @ .
RN d
@ @ =@
- ® @ e
o - G— —
e
- - (SEE NOTE - 1)
- @®

—_T--@ —
peilde; :,t

MAJOR CYCLE TIMING

NOTE 1 The modified timing is due to the CMDLY signal being active
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Waveforms (Continued)

80C286 ASYNCHRONOUS INPUT SIGNAL TIMING

BUS CYCLE TYPE

(SEE NOTE 1)
INTR, NMI

HOLD, PEREQ
(SEE NOTE 2) m

ERROR, BUsY /X
(SEE NOTE 2)

NOTES

:]
=
-
>

y

VeH
CLK

veL

Noe

@ i
f

}

PCLK -

—
—|

It
f -
®

|

1. PCLK Indicates which processor cycle phase will occur on the next
CLK. PCLK may not indicate the correct phase until the first cycle Is

performed.

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

80C286 RESET INPUT TIMING AND
SUBSEQUENT PROCESSOR CYCLE PHASE

RESET

NOTE

When RESET meets the setup time shown, the next CLK will start or repeat

¢2 of a processor cycle.

EXITING AND ENTERING HOLD

BUS CYCLE TYPE TH TSORT) T TH
_ Veu o1 02 o 02 o %2 1 02
cLK / /) S_/—SL/—!
VoL
HLDA O, e O
(SEE NOTE 4)
pe
—] |
_ ’—. (NOTE 3)
Siesd ‘ @ . —={(i8)=— (SEENOTED)
IF T, it |
o ] {—s__g
g | —{D—
g PEACK ’ NSFER S 1
IF NPX TRA
L-——-s (SEE NOTE 1)
BRE, [OCK —»] —
BHE, "_of (SEE NOTE 5) ) i 55
zaw% ------------ <SS§'§ VALID
COD/INTA (SEE NOTE 2)
—
(SEE NOTE 6)
D15-Dg
VALID
IF WRITE
g —/ . __/  __/
~
g l: PCLK 5/
NOTES

[ I N A R

The 80C286 puts 1ts status pins in a high impedance logic one state during Ty
For HOLD request set up to HLDA, refer to Figure 29
. BHE and LOCK are driven at this time but will not become valid until Ts
. The data bus will remain in @ high impedance state if a read cycle 1s performed

These signals may not be driven by the 80C286 during the time shown The worst case Iin terms of latest float time 1s shown
. The data bus will be driven as shown if the last cycle before T in the diagram was a write T¢

3-92




80C286

Waveforms (Continued)

80C286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY

BUS CYCLE TYPE . .
ven o2 | et B2 LI 2| @ a2 | a T o 4 T
oK * /Y
veL 1/0 READ IF PROC. EXT. T0 MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY
o MEMORY READ IF MEMORY T0 PROC. EXT. /" /0 WRITE IF MEMORY T0 PROC. EXT.
STe®

MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER 1/0 PORT
ADDRESS 00FA(H) IF MEMORY TO PROC. EXT. TRANSFER

A23- Ag
M/i0, cOD INTA DCX A\ 4 A
— t=— \I 1/0 PORT ADDRESS OOFA(H) IF PROC. EXT. T0 MEMORY TRANSFER
I MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER
PEACK X (SEENOTE-1) ¥

|<(SEE NOTE -z)’ -~ l—®)
N I m—

ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, 80C286 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES.

NOTES.
1 PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence The firstbus operation will be either
a memory read at operand address or I/O read at port address 00FA(H)

2 To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) 1s 3 x ® - 12Amax - ®min. The actual,
configuration dependent, maximum timeis 3x ®-12Amax - ®Omin * Nx2x® N s the number of extra T¢ states added to either the first or second
bus operation of the processor extension data operand transfer sequence

INITIAL 80C286 PIN STATE DURING RESET

BUS CYCLE TYPE T . T
VeH 62 o1 X 2 o1 X 42 o1 X g2
oLk \_/‘\_/—\_/_‘Ix_/_\_/“l:_/_hf“
\
— +—® (SEE NOTE - 1)
RESET _ J/AF. AT LEAST
16 CLK PERIODS
. Sl @ e
1250 55
e '4
SERCK UNKNOWN J o
—-]
A23-Ag 5
i UNKNOWN F
- fr—
m/io ®
COD/INTA UNKNOWN p B
3 <l
<
rock UNKNOWN 7 ”
—={ (5) |=— (SEE NOTE -3)
DATA EEEE»))}»))))))))»}))))})))))))2)22) _____ P
®——  —
HLDA UNKNOWN 3 4

NOTES

1 Setup time for RESET ! may be violated with the consideration that ¢1 of the processor clock may begin one system CLK period later
2 Setup and hold times for RESET | must be met for proper operation, but RESET | may occur during ¢1 or ¢2.

3 The data bus i1s only guaranteed to be in a high impedance state at the time shown
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BYVE 1

BYTE 2 BYTE 3 BYTE 4 BYTE S BYTE6
7 6 S 4 3 2t 07 6 5 43 210
(111 TTTTTTT] o oeons P . N
| 1
LOWDISP/IDATA | HIGH DISP/IDATA LOW DATA I HIGH DATA !
OPCODE | d|w|mod| reg wm ! | |
_______ [ A U U U UG R I U U U U |
L REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION
REGISTER OPERAND EXTENSION OF OPCODE
REGISTER MODE:MEMORY MODE WITH DISPLACEMENT LENGTH
WORD/BYTE OPERATION
DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER
OPERATION (INSTRUCTION) CODE
A. SHORT OPCODE FORMAT EXAMPLE
BYTE 1 BYTE2 BYTE3 BYTE 4 BYTE 5
7 6 54 3 2 1 07 6 54 3 2 107 6543 210
[TTTTTTITTITITTT000 00000 e . k
LOW DISP HIGH DISP
LONG OPCODE mod| reg W/m | |
1 e e —— - d - —— o — ]

B. LONG OPCODE FORMAT EXAMPLE

FIGURE 33. 80C286 INSTRUCTION FORMAT EXAMPLES

80C286 Instruction Set Summary
Instruction Timing Notes

The instruction clock counts histed below establish the
maximum execution rate of the 80C286. With no delays in
bus cycles, the actual clock count of an 80C286 program
will average 5% more than the calculated clock count, due
to instruction sequences which execute faster than they
can be fetched from memory.

To calculate elapsed times for instruction sequences,
multiply the sum of all instruction clock counts, as listed
in the table below, by the processor clock period. An
12.5MHz processor clock has a clock period of 80
nanoseconds and requires an 80C286 system clock (CLK
input) of 25MHz.

Instruction Clock Count Assumptions

1. The instruction has been prefetched, decoded and is
ready for execution. Control transfer instruction clock
counts include all time required to fetch, decode, and

prepare the next instruction for execution.
. Bus cycles do not require wait states.

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

. No exceptions occur during instruction execution.
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Instruction Set Summary Notes

Addressing displacements selected by the MOD field are
not shown. If necessary they appear after the instruction
fields shown.

Above/below refers to unsigned value

Greater refers to more positive signed values

Less refers to less positive (more negative) signed values

1f d =1, then “to” register, if d = 0 then “from” register

if w = 1, then word instruction; If w = 0, then byte
instruction

if s = 0, then 16-bit immediate data form the operand

if s = 1 then an immediate data byte is sign-extended to
form the 16-bit operand

x don’t care

z used for string primitives for comparison with ZF
FLAG

If two clock counts are given, the smaller refers to a
register operand and the larger refers to a memory
operand

* = add one clock if offset calculation requires summing
3 elements

n = number of times repeated

m = number of bytes of code in next instruction

Level (L)—Lexical nesting level of the procedure

The following comments describe possible exceptions,

side effects and allowed usage for instructions in both

operating modes of the 80C286.

Real Address Mode Only

1. This is a protected mode instruction. Attempted
execution in real address mode will result in an

undefined opcode exception (6).

2. A segment overrun exception (13) will occur if a word
operand reference at offset FFFF(H) is attempted.

3. This instruction may be executed in real address mode
to initialize the CPU for protected mode.

4. The IOPL and NT fields will remain 0.

5. Processor extension segment overrun interrupt (9) will
occur if the operand exceeds the segment limit.

Either Mode

6. An exception may occur, depending on the value of
the operand.

7 LOCK is automatically asserted regardless of the
presence or absence of the LOCK instruction prefix.

8. LOCK does not reamain active between all operand
transfers.

Protected Virtual Address Mode Only

9. A general protection exception (13) will occur if the
memory operand cannot be used due to either a
segment limit or access rights violation. If a stack
segment limit i1s violated, a stack segment overrun
exception (12) occurs.

10. For segment load operations, the CPL, RPL and DPL
must agree with privilege rules to avoid an exception.
The segment must be present to avoid a not-present
exception (11). If the SS register is the destination
and a segment not-present violation occurs, a stack
exception (12) occurs.

11. All segment descriptor accesses in the GDT or LDT
made by this instruction will automatically assert
LOCK to maintain descriptor integrity in multiproces-
sor systems.

12. JMP, CALL, INT, RET, IRET instructions referring to
another code segment will cause a general protection
exception (13) if any privilege rule is violated.

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

14. A general protection exception (13) occurs if CPL >
I0PL.

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

16. Any violation of privilege rules as applied to the
selector operand does not cause a protection
exception; rather, the instruction does not return a
result and the zero flag is cleared.

17. If the starting address of the memory operand
violates a segment limit, or an invalid access is
attempted, a general protection exception (13) will
occur before the ESC instruction is executed. A stack
segment overrun exception (12) will occur if the stack
limit is violated by the operand’s starting address. If a
segment limit I1s violated during an attempted data
transfer then a processor extension segment overrun
exception (9) occurs.

18. The destination of an INT, JMP, CALL, RET or IRET
instruction must be in the defined limit of a code
segment or a general protection exception (13) will
occeur.
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80C286 Instruction Set Summary

CLOCK COUNT COMMENTS
FUNCTION FORMAT Real mﬁ Real Pr:mhuc:l.d
Address Address
Mode Address Mode Address
Mode Mode
PATA TRANSFER
MOV =Move:
h!egustar to Register/Memory [ 1000100w l modreg r/m 2,3° 2,3° 2 9
Register/memory to register I 1000101w Lmod reg r/m I 2,5° 2,5* 2 9
mmediate to register/memory l 110001 1w l mod000 r/m | data rdatailw =1 2,3° 2,3* 2 9
mmediate to register l 1011w reg [ data I dataif w= T‘ 2 2
Memory to accumulator [ 1010000 wL addr-low —[ addr-high l 5 5 2 9
Accumulator to memory [ 1010001 w | addr-low l addr-high l 3 3 2 9
Register/memory to segment register I 10001110 Lmod Oreg r/m ] 2,5 17,19* 2 9,10,11
Segment register to register/memory bo 001100 J mod O reg r/mj 23 2,3 2 9
PUSH=Push:
Memory I11111111Lmod110r/m| 5* 5 2 9
Register 3 3 2 9
ISegment register 3 3 2 9
jmmediats {01101060] oan | demdte=0 | 3 s | 2 .
PUSHA= Push Al Tor1e0000] BRI BERY’ 2
fOP= Pop
Memory [10001111 lmodooo r/m| 5* 5* 2 9
heglsler 5 5 2 9
[Segment register (reg+01) 5 20 2 9,10,11
FOPA=Pop Al ' - 19 1 2 | e
&CNG= Exhcange:
Register/memory with register L1 00001 1w [mod reg r/m 3,5° 3,5°* 2,7 79
Register with accumulator 3 3
iN= Input from:
Fixed port L1110010w] port 5 5 14
IVanable port 5 5 14
OUT =Output to:
Fixed port [1110011»:[ port j 3 3 14
il pon s | s ”
LAT = Translate byte to AL 5 5 9
=Load EA to register [ 10001101Lmodrog r/nq 3 3
=Load pointer to DS l 11000101 Jmodreg r/v;l (mod+#11) 7* 21 2 9,10,11
= Load pointer to ES [11000100 [modreg  r/m]  (mod=1) 7* 210 2 | et01

Shaded areas indicate instructions not available in 80C86/88 microsystems.
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80C286 Instruction Set Summary (Continued)

CLOCK COUNT COMMENTS
FUNCTION FORMAT Real mv::‘ Real Pm‘
Address Address
Mode Address Mode Address
Mode Mode
DATA TRANSFER (Continued)
LAHF Load AH with flags 2 2
AHF = Store AH into flags 2 2
rUSHF = Push flags 3 3 2 9
POPF = Pop flags 5 5 24 9,15
ARITHMETIC
ADD = Add:
Reg/memory with registar to either [ 000000dw l modreg r/m l 27° 2,7° 2 9
diate to register/memory l 100000sw | mod00O0 r/m l data _l;ta fsw =01 37 3,7* 2 9
mmediate to accumulator I 0000010w 1 data l dataifw=1 ] 3 3
IADC = Add with carry:
Feg/ memory with register to either I 000100dw l modreg r/m I 2,7 2,7* 2 9
Jmmediate to register/memory [ 100000s wi mod010 r/m [ data Idatan' sw =01 3,7 3,7 2 9
mmediate to accumulator | 0001010w l data datafw=1 ] 3 3
INC = Increment:
heglster/memory [ 1111111w I mod 000 r/rl] 2,7 2,7* 2 9
Register 01000reg 2 2
FUB =Subtract:
Reg/memory and register to either ( 001010dw [ mod reg r/ﬂ 2,7° 2,7° 2 9
Immediate from register/memory l 100000s wi mod101 r/m l data [ dataffsw = 01] 3,7° 3,7° 2 9
fmmediate from accumulator I 0010110w | data l dataifw=1 —l 3 3
Faa = Subtract with borrow:
Feg/memory and register to either I 000110dw l modreg r/m I 27 2,7* 2 9
Jmmediate from register/memory I 100000sw l mod011 r/m I data T dataif sw=01 ] 3,7* 3,7 2 9
Immediate from accumulator MO 1110 L[ data l dataifw=1 I 3 3
DEC = Decrement
Register/memory I 1111111w Lmod 001 r/ml 2,7° 2,7 2 9
Register 2 2
ICMP = Compare
Register/memory with register ' 0011101w Imod reg r/m] 2,6° 2,6° 2 9
Register with register/memory ro 011100w lrnod reg v/mJ 2,7 2,7 2 9
mmediate with register/memory 100000sw l mod111 r/ml data l data if s w=01 ] 3,6* 3,6° 2 9
Jmmediate with accumulator WO 11110 'Ll data J datafw=1 l 3 3
NEG = Change sign I 1111011wlmod011 vlml 2 7* 2 7
JAAA = ASCII adjust for add 3 3
DAA = Decimal adjust for add 3 3
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80C286 Instruction Set Summary (Continued)

CLOCK COUNT COMMENTS
FUNCTION FORMAT Real Virtual Real Virtual
Address Address
Address Address
Mode Mode
”MHE“C (Continued)
P — A
PAS = Decimal adjust for subtract 3 3
MUL =Multply (unsigned). [1111011w [mod100 /m
Register-Byte 13 13
Register-Word 21 21
Memory-Byte 16° 16* 2 9
Memory-Word 24° 24° 2 9
JMUL = integer multiply (signed): [ 1111011w ]mod 101 r/ml
Register-Byte 13 13
Register-Word 21 21
Memory-Byte 16* 16* 2 9
Memory-Word 24 24* 2 9
b::bnmm 1 01101061 Imodreg  r/m]  dsts | detads=0 || 21240 | 21,24 2 °
PIV = Divide (unsigned) l 1111011w lmod 110 r/ml
Register-Byte 14 14 6 6
Register-Word 22 22 6 6
Memory-Byte 17° 17* 2,6 6,9
Memory-Word 25° 25° 26 69
thV=Imsger divide (signed) 1111011w lmod1 11 r/mJ
Register-Byte 17 17 6 6
Register-Word 25 25 6 6
Memory-Byte 20° 20° 26 6.9
Memory-Word 28° 28° 2,6 6,9
IAAM = ASCII adjust for multiply I 11010100 I 00001010] 16 16
IAAD =ASCII adjust for divide [ 11010101 | 00001010 | 14 14
ICBW = Convert byte to word 10011000 2 2
ICWD = Convert word to double word 10011001 2 2
LOGIC
[Bhift/Rotate instructions:
Register/Memory by 1 | 1101000w I mod TTT rﬂ 2,7° 2,7* 2 9
Register/Memory by CL l 1101001 w |modTTT r/:l 5+n8+n*|5+n8+n°* 2 9
Register/Memory by Count 11100000w imog T wm|  coust | Jetnstnt|senginr] 2 °
T Instruction

000 ROL

001 ROR

010 RCL

011 RCR

100 SHL/SAL

101 SHR

111 SAR

Shaded areas indicate instructions not available in 80C86/88 microsystems
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80C286 Instruction Set Summary (Continued)
CLOCK COUNT COMMENTS
FUNCTION FORMAT el o LT lvoven
Address Address
Mode Address Mode Address
Mode Mode
ARITHMETIC (Continued)
AND = And:
Reg/memory and register to erther | 001000dw I modreg r/m I 2,7 2,7* 2 9
jmmedhate to register/memory I 1000000w I mod100 r/m [ data | datarfw=1 I 3,7* 3,7 2 9
Jmmediate to accumulator | 0010010w l data Idatadw=1 ] 3 3
[TEST = And function to flags, no resuit:
Register/memory and register I 1000010w l mod reg r/mJ 26* 26° 2 9
Jmmediate data and register/memory l 1111011w l mod000 r/m I data | datafw=1 36° 3.6° 2 9
diate data and I [ 1010100w[ data |aamvw=1| 3 3
OR=0r:
Reg/memory and register to either {000010dw | modreg r/m ] 2,7° 27 2 9
diate to register/memory I 1000000w I mod001 r/ml data l dataifw=1 ] 37 3,7 2 9
Jmmediate to accumulator | 0000110w | data l dataif w=1 | 3 3
OR =Exclusive or:
Eeg/memory and register to either I 001100dw l modreg r/m I 27* 2,7* 2 9
mmediate to register/memory | 1000000w I mod110 r/m | data l dataifw = 1 3,7* 37 2 9
Jmmediate to accumulator 1 0011010w I data Idaumw = 1[ 3 3
OT = Invert register/memory I 1111011w l mod0 10 r/m] 2,7° 2,7° 2 9

ING MANIPULATION:

VS = Move byte/word 5 5 2 9
ICMPS = Compare byte/word 8 8 2 9
BCAS = Scan byte/word 7 7 2 9
1.ODS = Load byte/wd to AL/AX 5 5 2 9

S = Stor byte/wd from AL/A 3 3 2 9
e . bo e B T
|1111oo11l1o1oo10w| 5+4n 5+4n 2 9
=Compare string | 11110012 | 1010011w| 5+96n 5+9n 28 8,9
AS = Scan stnng |1111oou |1010111w| 5+8n 5+8n 28 8,9
= Load string I 11110011 I 1o1onowl 5+4n 5+4n 28 8,9
[11110011 [ 1010101w]

Shaded areas indicate instructions not available 1n 80C86/88 microsystems
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80C286 Instruction Set Summary (Continued)

CLOCK COUNT COMMENTS
Protected Protected
FUNCTION FORMAT Real Real
Virtual Virtual
Address Address
Mode Address Mode Address
Mode Mode
ICONTROL TRANSFER
ICALL =Call:
Direct within segment [ 11101000 I disp-low ] disp-high | 7+m 7+m 2 18
IRegister/memory I 11111111 Imod010 r/mI 7+m11+m*| 7+m, 11+m* 28 8,9,18
indirect within segment
Direct intersegment I 10011010 I segment offset l 13+m 26+m 2 11,12,18
Protected Mode Only (Direct intersegment): I segment selector l
Via call gate to same privilege level 41+m 8,11,12,18
Via call gate to diffi pnivilege level, no p. 82+m 8,11,12,18
Via call gate to privilege level, x p 86 +4x+m 8,11,12,18
Via TSS 177+m 8,11,12,18
Via task gate 182+m 8,11,12,18
Indirect intersegment 11111111 |mod011 r/m (mod+11) 16+m 29+m* 2 8,9,11,12,18
r Mode Only (| I )
Via call gate to same privilege level 44+ m* 8,9,11,12,18
Via call gate to different pnivilege level, no parameters 83 +m* 8,9,11,12,18
Via call gate to different privilege level, x parameters 90+4x +m* 8,9,11,12,18
ViaTSS 180+ m* 89,11,12,18
Via task gate 185+m* 89,11,12,18
[JMP = Unconditional jump:
Short/long I 11101011 | disp-low | 7+m 7+m 18
[Direct within segment | 11101001 l disp-low l disp-high | 7+m 7+ m 18
Register/memory indirect within segment | 11111111 lmod 100 r/ml 74+m11+m* | 7+m, 11+m* 2 9,18
Direct intersegment | 11101010 [ segment offset I 11+m 23+m 11,12,18
Protected Mode Only (Direct Intersegment): I segment selector !
Via call gate to same privilege level 38+m 8,11,12,18
ViaTSS 175+m 8,11,12,18
Via task gate 180+m 8,11,12,18
I gment 11111111 lmod101 r/rﬂ (mod=+11) 15+m* 26+m* 2 8,9,11,12,18
d Mode Only (| I )
Via call gate to same privilege level 41+m* 8,9,11,12,18
ViaTSS 178 +m* 8,9,11,12,18
Via task gate 183+m* 8,9,11,12,18
RET = Return from CALL:
Within segment 11000011 11+m 11+m 2 8,9,18
IWithin seg adding immed to SP | 11000010 | data-low I data-high | 11+m 11+m 2 8,9,18
intersegment 11001011 15+m 25+m 2 8,9,11,12,18
gment adding diate to SP ' 11001010 l data-low | data-high I 15+m 2 8,9,11,12,18
Protected Mode Only (RET):
To different privilege level 55+m 9,11,12,18
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80C286 Instruction Set Summary (Continued)
CLOCK COUNT COMMENTS

FUNCTION FORMAT Real Wm Real mv:‘:d

Address Address

Mode Address Mode Address
Mode Mode

CONTROL TRANSFER (Continued)
JE/JZ= Jump on equal zero [ 01110100 I disp ] 7+mor3 7+mor3 18
JL/JINGE = Jump on less/not greater or equal l_ 01111100 l disp 7+mor3 7+mor3 18
JLE/JNG = Jump on less or equal/not greater [ 01111110 rdlsp l 7+mor3 7+mor3 18
JB/JNAE = Jump on below/not above or equal ‘ 01110010 ‘ disp J 7+mor3 7+mor3 18
JBE/JNA = Jump on below or equal/not above [ 01110110 I disp J 7+mor3 7+mor3 18
JP/JPE = Jump on panty/parity even I 01111010 I disp I 7+mor3 7+mor3 18
JO = Jump on overflow l 01110000 I disp J 7+mor3 7+mor3 18
JS = Jump on sign r01111000 [ disp l 7+ mor3 7+mor3 18
|JNE/JNZ = Jump on not equal/not zero I 01110101 I disp J 7+mor3 7+mor3 18
JNL/JGE = Jump on not less/greater or equal r01 111101 rdlsﬂ 7+mor3 7+mor3 18
JNLE/JG = Jump on not less or equal/greater [ 01111111 I disp | 7+mor3 7+mor3 18 o' g
JNB/JAE = Jump on not below/above or equal [ 0111001 1J disp l 7+mor3 7+mor3 18 S 8
JNBE/JA = Jump on not below or equal/above l 01110111 l disp I 7+mor3 7+mor3 18 f’ g
JNP/JPO = Jump on not par/par odd r01 111011 J disp | 7+mor3 7+mor3 18 g 8
JNO = Jump on not overflow [ 01110001 I disp I 7+mor3 7+mor3 18 ©a
JNS = Jump on not sign l 01111001 J disp | 7+mor3 7+mor3 18
LOOP = Loop CX times I 11100010 ] disp I 8+mor4d 8+mord 18
LOOPZ/LOOPE = Loop while zero/equal [ 11100001 rdtsp J 8+mord 8+mor4d 18
LOOPNZ/LLOOPNE = Loop while not zero/equal l 11100000 l disp I 8+mor4 8+mor4d 18
JCXZ = Jump on CX zero [ 11100011J disp J 8+mord 8+mor4é 18
[ENTER = Enter Procecurs [11001000 | setmiow [ damngn | 1 | : ;
L=0 ‘ Py
Lot s, : P
L>1 WAL~ 1] 18+
INT = Interrupt:
Type specified [ 11001101 rtype | 23+m 2,78
Type 3 23+m 278
INTO = Interrupt on overfiow 24 +mor3 268

@3ifno (3ifno

interrupt) interrupt)
Shaded areas indicate instructions not available in 80C86/88 microsystems
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80C286 Instruction Set Summary (Continued)

CLOCK COUNT COMMENTS
Real Protected Real Protected
FUNCTION FORMAT Address Virtual Address Virtual
Address Address
Mode Mode
ICONTROL TRANSFER (Continued)
Protected Mode Only:
Viainterrupt or trap gate to same privilege level 40+ m 7.8,11,12,18
Via interrupt or trap gate to fit different privilege level 78+ m 7.8,11,12,18
Via Task Gate 167+m 7.8,11,12,18
JRET = Interrupt return 17+m 31+ m 24 8,9,11,12,15,18
Protected Mode Only:
To different pnivilege level 55+m 8,9,11,12,15,18
To different task (NT=1) 169+m 8,9,11,12,18
BOUND - Detectvake outofge [ 01700010 | medreg m ] 1 w | 28 |ssaiuste
count i
axception 8) .
PROCESSOR CONTROL
ICLC = Clear carry 2 2
CMC = Complement carry 2 2
pc=setcany 2 2
510~ o drecton 2 .
[570= e arcion 2 2
ICL1=Clear interrupt 3 3 14
Set interrupt 2 2 14
v 2 2 1
AT = War 3 2
.OCK =Bus lock prefix . 11110000 l 0 0 14
tnsk switchod flag ‘fﬁoﬁcnﬂ isoncni 10} 2 2 3 -
SC = Processor Extension Escape b1 011TTT l modLLL r/m I 9-20* 9-20° 58 8,17
(TTT LLL are opcode to processor extension)
20 = Sogment Overid Profx 0 0
4 "QWQQQGQ i .
§ 00000007 lmod0 1t Wil AR
‘ 31 jmod 06y e/
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80C286 Instruction Set Summary (Continued)

CLOCK COUNT COMMENTS
FUNCTION FORMAT Real Virtua! Real Virtuel
Address | MOV pirene
Mode Mode
v |1 | wnm
oo~ 2 ETE PR
trom seghserfmermcey 00003111 | 50000010 | mosrey vim] uwe
A8 Load segment limit : -
Horsragivhesmaenoey { 00001111 | 00000011 | modreg i "
ARPL = Adkt requestod peiviege ok (01100011 | modwg vm ] | e | 2 a0
from ragiuter/meemory .
[VERR~Verly rond socess: ogleberimamory | 00001111 | 00000000 | moatoonm | | s | 1 | sanm
(VIR = Verty wite scoves: { 00001111 | 00000000 | mdrotom ]| | e | 1 | asiie

Shaded areas indicate instructions not available in 80C86/88 microsystems

3-103

CMOS MICRO-
PROCESSORS



y0L-€

Lo
Hi
] 1 2 3 4 5 6 7 8 9 A B c D E F
0 ADD ADD ADD | ADD | ADD | ADD | PUSH | POP OR OR OR OR OR OR PUSH |PVAM n
bfr/m | wfr/m | btr/m|wtr/m| bia w,1a ES ES bfr/m | wfr/m|btr/m | wtr/m b, wil Ccs
1 ADC ADC ADC | ADC | ADC | ADC | PUSH | POP sBB SBB SBB SBB SBB SBB | PUSH | POP
b.f,r/m wfr/m | btr/mfwtr/m| bia w,ia Ss Ss b.f,r/m | wfr/m| btr/m | wtr/m b, w,l DS DS
2 AND AND AND | AND | AND | AND SEG DAA sus suB sus suB sus sus SEG DAS
bfr/m w,ifr/m | btr/m|wtr/m b,1a w,1a =ES b,fr/m | wf,r/m| btr/m| wtr/m b, w,! =CS:
3 XOR XOR XOR XOR XOR XOR SEG AAA | CMP | CMP | CMP | CMP | CMP | CMP | SEG AAS
b,f,r/m w,(fr/m | btr/m | wtr/m b,a w,ia =8S bfr/m | wf,r/m| btr/m| wtr/m b,i w,l =DS
4 INC INC INC INC INC INC INC INC DEC | DEC DEC | DEC | DEC | DEC DEC | DEC
AX CX DX BX SP BP S| o]} AX CcX DX BX SP BP SI DI
5 PUSH PUSH | PUSH | PUSH | PUSH | PUSH | PUSH | PUSH | POP POP POP POP POP POP POP POP
AX CX DX BX SP BP SI DI AX CcX DX BX SP BP Si DI
6 PUSHA POPA | BOUND| ARPL PUSH | IMUL | PUSH | IMUL | INSB | INSW | OUTSB|OUTSW
W, 1 w,t,r/m,1 b b,t,r/m,
7 JO JNO JB/ JNB/ JE/ JNE/ | JBE/ |JNBE/| JS JNS JP/ JNP/ Ju/ JINL/ | JLE/ | JNLE/
JINAE | JAE Jz JINZ JNA JA JPE JPO | JNGE | JGE JING JG
8 Immed | Immed | Immed | Immed | TEST | TEST | XCHG | XCHG | MOV | MOV | MOV | MOV | MOV LEA | MOV | POP
b,r/m w,r/m b,r/m | isr/m | be/m | wr/m | br/m | w,r/m | bfir/m| wir/m| btr/m | wtr/m |srfr/m srtr/m| r/m
9 XCHG XCHG | XCHG | XCHG | XCHG | XCHG | XCHG | XCHG | CBW | CWD | CALL | WAIT [PUSHF | POPF | SAHF | LAHF
AX CX DX BX SP BP SI DI 1,d
A MOV MOV MOV | MOV |MOVSB|MOVSW|CMPSB |CMPSW| TEST | TEST | STOSB|STOSW [LODSB |LODSW| SCASB|SCASW
m-AL m-AX AL-m | AX-m b,,a w,L,a
B MOV MOV MOV | MOV | MOV | MOV | MOV | MOV | MOV | MOV | MOV | MOV | MOV | MOV | MOV | MOV
1-AL -CL -DL -BL 1-AH 1-CH 1-DH 1-BH 1-AX 1-CX 1-DX -BX 1-SP -BP 1-Sl -DI
[ Shift Shift RET RET LES LDS | MOV | MOV |ENTER| LEAVE| RET RET INT INT INTO | IRET
b, w,i (1*SP) b,i,r/m | w,,r/m 1,(i+SP) | Type 3| (any)
D Shift Shift Shift | Shift | AAM | AAD XLAT | ESC ESC ESC ESC ESC ESC ESC ESC
b w b,CL | bCL 0 1 2 3 4 5 6 7
E |[LOOPNZ/| LOOPZ/| LOOP | JCXZ IN IN OUT | OUT | CALL | JMP JMP JMP IN IN OuT | ouT
LOOPNE | LOOPE b w b w d d ,d si,d DX.,b DX,w DX,b DX.w
F LOCK REP | REPZ | HLT | CMC | Grp1 | Grp1 CLC STC CLi STI CLD STD | Grp2 | Grp2
b,r/m | w,r/m b,r/m | w,r/m

x1pepy Buipoou3z uononnsuy eurysey 982908
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80C286

80C286 Machine Instruction Encoding Matrix (Continued)

where:

mod r/m 000 001 010 | 011 l 100 | 101 l 110 | m

Immed ADD OR ADC SBB AND suB XOR CMP
Shift ROL ROR RCL RCR | SHL/SAL | SHR —_ SAR
Grp 1 TEST —_ NOT NEG MUL IMUL Div IDIV
Grp 2 INC DEC CALL CALL JMP JMP PUSH -

id 1,1d id I,id

PVAM 0 SLDT STR LLDT LTR VERR VERW — -

PVAM 1 SGDT SIDT LGDT LIDT SMSW — LMSW -

PVAM 2 LAR

PVAM 3 LsL

PVAM 6 CLTS

b = byte operation m = memory

d = direct

f = from CPU reg

1 = immediate

1a = immediate to AX

1d = indirect

1s = immediate byte sign extension
| = long 1e. intersegment

n=2nd byte of PVAM instruction

r/m = EA 1s second byte
si = short intrasegment
sr = segment register

t = to CPU register

v = variable

w = word operation

z = zero

Footnotes

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

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 1s 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
if r/m = 100 then EA = (SI) + DISP

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

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

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

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

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

Segment Override Prefix

001reg110

reg is assigned according to the following:

REG SEGMENT REGISTER
00 ES
01 Ccs
10 SS
11 DS

REG is assigned according to the following table:

16-BIT (w=1) 8-BIT (w = 0)
000 AX 000 AL
001 cX 001 cL
010 DX 010 DL
011 BX o BL
100 spP 100 AH
101 BP 101 CH
110 sl 110 DH
1 DI 111 BH

The physical addresses of all operands addressed by the
BP register are computed using the SS segment register.
The physical addresses of the destination operands ofthe
string primitive operations (those addressed by the DI
register) are computed using the ES segment, which may
not be overridden.
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3 HARRIS

80C286/883

High Performance Microprocessor

January 1992

With Memory Management and Protection

Features

® This Circuit is Processed in Accordance to Mil-Std-883 and is Fully
Conformant Under the Provisions of Paragraph 1.2.1.

e Compatible with NMOS 80286/883
* 10MHz Operation (80C286-10/883)
* 12.5MHz Operation (80C286-12/883)
e Static CMOS Design for Low Power Operation
> ICCSB = 5mA Maximum
> ICCOP = 185mA Maximum (80C286-10/883)
> ICCOP = 220mA Maximum (80C286-12/883)
® Large Address Space:
> 16 Megabytes Physical
> 1 Gigabyte Virtual per Task
® Integrated Memory Management, Four-Level Memory Protection
and Support for Virtual Memory and Operating Systems
* Two 80C86 Upward Compatible Operating Modes:
> 80C286/883 Real Address Mode
> Protected Virtual Address Mode
* Compatible with 80287 Numeric Data Co-processor
® Available in 68 Pin PGA (Pin Grid Array) Package

* Wide Operating Temperature Range -550C to +1250C

Description

The Harris 80C286/883 is a static CMOS version of the NMOS 80286
microprocessor. The 80C286/883 is an advanced, high-performance
microprocessor with specially optimized capabilities for multiple user and
multi-tasking systems. The 80C286/883 has built-in memory protection
that supports operating system and task isolation as well as program and
data privacy within tasks. The 80C286/883 includes memory management
capabilities that map 230 (one gigabyte) of virtual address space per task
into 224 bytes (16 megabytes) of physical memory.

The 80C286/883 is upwardly compatible with 80C86 and 80C88 software
(the 80C286/883 instruction set is a superset of the 80C86/80C88
instruction set). Using the 80C286/883 real address mode, the 80C286/
883 is object code compatible with existing 80C86 and 80C88 software. In
protected virtual address mode, the 80C286/883 is source code compati-
ble with 80C86 and 80C88 software but may require upgrading to use
virtual address as supported by the 80C286/883’s integrated memory
management and protection mechanism. Both modes operate at full
80C286/883 performance and execute a superset of the 80C86 and
80C88 instructions.

The 80C286/883 provides special operations to support the efficient
implementation and execution of operating systems. For example, one
instruction can end execution of one task, save its state, switch to a new
task, load its state, and start execution of the new task. The segment-not-
present exception and restartable instructions.

Pin Configurations
COMPONENT PAD VIEWS

As viewed from underside of the component

when mounted on the board.
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Specifications 80C286/883

Absolute Maximum Ratings Reliability Information
SupplyVoltage ... .. coiiiiiiii i i it +8.0V 170C/W (PGA Package)
Input, Output or I/O Voltage Applied ....GND -1.0Vto Voc +1.0V 410C/W (PGA Package)
Storage Temperature Range ................. -650C 10 +1500C  Maximum Package Power Dissipation.................... 1.22W
JunctionTemperature ..............ooiiiiiiiaia., +1750C  Typical Derating Factor............ 17mA/MHz Increase in ICCOP
Lead Temperature (Soldering, 10 Seconds) ............. +3000C GateCount .......o.vvviniiniiniiiniiniiieniinanes 22,500 Gates
ESD Classification ..., Class 1
CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and oper-
ation of the deviice at these or any other conditions above those indicated in the operation section of this specification is not implied.
Operating Conditions
Operating VoltageRange .............cooceueeen +4.5Vto +5.5V  Input RISE/FALL Time (From 0.8V to 2.0V)
Operating Temperature Range ............... -550C to +125°C 80C286-10/883 10ns (Max)
System Clock (CLK) RISE Time (From 1.0Vto 3.6V) ..... 8ns (Max) 80C286-12/883 8ns (Max)
System Clock (CLK) FALL Time (From 3.6Vto 1.0V)..... 8ns (Max)
TABLE 1. 80C286/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested
LIMITS
GROUP A
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX UNITS
Input LOW Voltage ViL Ve =45V 1,2,3 -550C < Tp < +125°C -05 0.8 \"
Input HIGH Voltage ViH Vee =55V 1,2,3 -550C <Ta < +125°C 20 Vce +0.5 \"
CLK Input LOW Voltage ViLe Veco =45V 1,2,3 -550C < Tp < +125°C -05 1.0 Vv
CLK Input HIGH Voltage VIHC Vcc =55V 1,2,3 -550C < Tp < +1250C 36 Vcg +0.5 A
Output LOW Voltage VoL loL=2.0mA, 1,2,3 -550C < Ta < +1250C - 04 \"
Voo =45V
Output HIGH Voltage VoH IoH =-20mA, 1,2,8 -550C < TA < +1250C 30 - \
Vecc =45V,
loH =-100pA, Vcc-04 - \%
Voo =45V
Input Leakage Current Iy VIN=GND orVcc 1,2,3 -550C < Tp < +125°C -10 10 pA
Vce =5.5V, Pins 29,
31,57,59,61,63-64
Input Sustaining IBHL |Vcc=4.5Vand5.5V 1,2,3 -550C < TA £+1250C 38 200
Current LOW VIN = 1.0V, Note 1
Input Sustaining IBHH |Vcc=4.5Vand55V 1,2,3 -550C <TA <+1250C -50 -400
Current HIGH V|N = 3.0V, Note 2
Input Sustaining ISH Vce =4.5V and 5.5V 1,2,3 -550C < Ta < +125°C -30 -500
Currenton VIN = GND, Note 5
BUSY and ERROR Pins
Output Leakage Current lo Vo=GNDorVcc 1,2,8 -550C < TA <+125°C -10 10 pA
Vcc =5.5V,Pins 1,
7-8,10-28,32-34
Active Power Ilccop |80C286-10/883, 1,23 -550C <TA < +1250C - 185 mA
Supply Current Note 4
80C286-12/8883, - 220 mA
Note 4
Standby Power lccsB | Ve =55V 1,2,3 -550C <TALSH 250C - 5 mA
Supply Current Note 3
NOTES: 1. Igy should be measured after lowering Vi) to GND and then raising to 1.0V on the following pins: 36-51, 66, 67
2. IgHH should be measured after raising Vi to Vo and then lowering to 3.0V on the following pins: 4-6, 36-51, 66-68.
3. Iccsp should be tested with the clock stopped in phase two of the processor clock cycle. Vi = Vg or GND, Vg = 5 5V, outputs unloaded.
4. Iccop measured at 10MHz for the 80C286-10/883 and 12.5MHz for the 80C286-12/883. V) = 2.4V or 0.4V, Vg = 5.5V, outputs unloaded.
5. IgH should be measured after raising VyN to Vo and then lowerng to OV on pins 53 and 54.

CMOS MICRO-
PROCESSORS

CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed.
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Specifications 80C286/883

TABLE 2. 80C286/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals as lllustrated in Datasheet Waveforms, Unless Otherwise Noted.
Device Guaranteed and 100% Tested.

80C286/883
10MHz 12.5MHz
GROUP A
PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN | MAX | MIN | MAX [UNITS
System Clock 1 Veo =4.5V 9,10, 11 -550C <Tp <+1250C | 50 - 40 - ns
{CLK) Period and 5.5V
System Clock 2 Veg =4.5Vand 9,10, 1 -550C < TA<+1250C | 12 - 1 - ns
(CLK) Low Time 5.5V @ 1.0V
System Clock 3 Vee =4.5Vand 9,10, 11 -660C <Tpo<+1250C | 16 - 13 - ns
(CLK) High Time 5.5V @ 3.6V
Asynchronous 4 9,10, 11 ~550C <TA<+1250C | 20 - 15 - ns
Inputs SETUP Time
Note 1
Asynchronous 5 9,10, 11 -550C <TA<+1250C | 20 - 15 - ns
Inputs HOLD Time
Note 1
RESET SETUP Time 6 9,10, 11 -550C < TA<+1250C | 19 - 10 - ns
RESET HOLD Time 7 Vog =4.5V 9,10, 11 -550C <TA<+1250C| O - [¢] - ns
and 5.5V
Read Data 8 9,10, 11 -550C <TA<+1250C | 8 - 5 - ns
SETUP Time
Read Data 9 9,10, 11 -550C < Ta < +1250C 4 - 4 - ns
HOLD Time
READY SETUP Time 10 9,10, 11 ~-8560C < TA <+125°C 26 - 20 - ns
READY HOLD Time 1" v 9,10, 11 -550C <Tp<+1250C | 25 - 20 - ns
Status/PEACK 12A 9,10, 11 -550C < Tp < +1250C 1 22 1 21 ns
Active Delay
Note 4
Status/PEACK 128 9,10, 11 -560C < Tp < +1250C 1 30 1 24 ns
Inactive Delay
Note 3
Address Valid Delay 13 Vg =4.5Vand 9,10, 11 -550C < Tp < +1250C 1 35 1 32 ns
Note 2 5.5V, CL = 100pF
L= A
Write Data Valid 14 L=l2m 9,10, 11 -550C <Tp<+1250C | © 40 0 31 ns
Delay Note 2
HLDA Valid Delay 15 9,10, 11 -550C < Tp < +1250C (o] 47 (o] 25 ns
Note 5

NOTES: 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure
recognition at a specific CLK edge.
2. Delay from 1.0V on the CLK to 0.8V or 2.0V.
3. Delay from 1.0V on the CLK to 0 8V for Min (HOLD time) and to 2.0V for Max (inactive delay).
4. Delay from 1.0V on the CLK to 2.0V for Min (HOLD time) and to 0.8V for Max (active delay).
5. Delay from 1.0V on the CLK to 2.0V.

CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed.
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TABLE 3. 80C286/883 ELECTRICAL PERFORMANCE CHARACTERISTICS

80C286/883
10MHz 12.5MHz
PARAMETER SYMBOL | CONDITIONS | NOTES TEMPERATURE MIN | MAX | MIN | MAX |UNITS

CLK Input Capacitance CcLk FREQ = 1MHz 5 Ta=+25°C - 10 - 10 pF
Other Input Capacitance CIN 5 Ta = +250C - 10 - 10 pF
1/0 Capacitance Cyo 5 Ta=+250C - 10 | - 10 pF
Address/Status/Data 15 1,3,4,5 [-550C<TA<+125°C| O 47 0 32 ns
Float Delay

Address Valid to Status 19 IL=l2.0mAl 1,2,5 |-550C <TpA<+1250C | 27 - 20 - ns
SETUP Time

NOTES 1. Output Load: C|_ = 100pF
2 Delay measured from address either reaching 0 8V or 2 OV (valid) to status going active reaching 0.8V or status going inactive reaching 2.0V.
3 Delay from 10V on the CLK to Float (no current drive) condition.
4. I = -6mA (Vo to Float), I = 8mA (Vg to Float).
5. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are charac-
terized upon initial design and after major process and/or design changes.

TABLE 4. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -

Interim Test 100%/5004 17,9

PDA 100% 1

Final Test 100% 2,3,8A,88B,10, 11
Group A - 1,2,3,7,8A,8B,9,10, 11
GroupC&D Samples/5005 1,7,9

CMOS MICRO-
PROCESSORS

CAUTION. These devices are sensitive to electronic discharge Proper IC handling procedures should be followed
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A.C. Electrical Specifications (Continued)

82C284 and 82C288 TIMING SPECIFICATIONS ARE GIVEN FOR REFERENCE ONLY, AND NO GUARANTEE IS IMPLIED.
82C284 TIMING

10MHz 12.5MHz
SYMBOL PARAMETER MIN | MAX | MIN MAX UNIT TEST CONDITION
TIMING REQUIREMENTS
1 SRDY/SRDYEN Setup Time 15 - 15 - ns
12 SRDY/SRDYEN Hold Time 2 - 2 - ns
13 ARDY/ARDYEN Setup Time 5 - 5 - ns (Note 1)
14 ARDY/ARDYEN Hold Time 30 - 25 - ns (Note 1)
TIMING RESPONSES
19 PCLK Delay (o} 20 [0} 16 ns CL=75pF
loL=5mA
loH=-1mA
82C288 TIMING
10MHz 12.5MHz
SYMBOL PARAMETER MIN | MAX | MIN [ MAX UNIT TEST CONDITION
TIMING REQUIREMENTS
12 CMDLY Setup Time 15 - 15 - ns
13 CMDLY Hold Time 1 - 1 - ns
TIMING RESPONSES
16 ALE Active Delay 1 16 1 16 ns
17 ALE Inactive Delay - 19 - 19 ns
19 DT/R Read Active Delay - 23 - 23 ns C = 150pF
20 DEN Read Active Delay 0 21 0 21 ns loL = 16mA Max
21 DEN Read Inactive Delay 3 23 3 21 ns loH =-1mA Max
22 DT/R Read Inactive Delay 5 24 5 18 ns
23 DEN Write Active Delay - 23 - 23 ns
24 DEN Write Inactive Delay 3 23 3 23 ns
29 Command Active Delay from CLK 3 21 3 21 ns C = 300pF
30 Command Inactive Delay from CLK 3 20 3 20 ns loL = 32mA Max

NOTE 1. These limes are given for tesling purposes to ensure a predetermined action.
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A.C. Specifications (Continued)

A.C. DRIVE AND MEASURE POINTS - CLK INPUT

4.0v
CLK INPUT
045V
a0v
3.6V 3.6V
CLK INPUT
\ 1.0V 1.0V
045V
1
l. 1SETUP -ofa— tHOLDA‘
24v = '
OTHER
DEVICE
INPUT
0.4v
e— IDELAY (Max.) —]
= tDELAY (Min.)
DEVICE
OUTPUT

NOTE:. For A.C. testing, input nse and fall imes are driven at 1ns per volt.
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80C286/883

Waveforms

READ CYCLE WRITE CYCLE
ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE READ
WAIT STATES WAIT STATE (T OR Tg)
BUS CYCLE TYPE ul Ts Tc Ts Tc Tc
B VoH ~ 62 o1 62 ol 62 91 02 o1 $2 o1
CLK /) WA VA VA /Y
W@ @-
SieS0 P 4 /
N
l@3
8w, cﬁ?f‘ﬁ:_‘; ) VALID ADDRESS VALID ADDRESS W W VALID IF Tg
-® -® 1
g BHE, LOCK VALID CONTROL VALID CONTROL C
®~
@k [® 1@
Di5-Dy *=°=°=c=sc=c-ccccec- I EEEEE EXEEL - .ee VALID WRITE DATA
VALID READ DATA
O I' -®
= -
READY ST | 77
L T @

SRDY + SRDYEN WMWY

.

i

i

%mm
__..

)
X

(SEE NOTE - 1)

g ARDY + ARDYEN m (i NG,

= PCLK
| -
ALE
®

CMDLY
3 MwTC
DT/R
DEN

MAJOR CYCLE TIMING

NOTES: 1. The modified timing is due to the CMDLY signal being active.
2. 82C284 and 82C288 timing waveforms are shown for reference only, and no guarantee is implied.
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80cC2

86/883

Waveforms (Continued)

80C286/883 ASYNCHRONOUS INPUT SIGNAL TIMING

BUS CYCLE TYPE

NOTES: 1. PCLK indicates which processor cycle phase will occur on the
next CLK PCLK may not indicate the correct phase until the first

BUS CYCLE TYPE

80C286/883

VeH o X5
CLK J_\Lﬂ
VoL __

PCLK
(SEE NOTE 1)

~

/

INTR, NMI

HOLD, PEREQ
(SEE NOTE 2) M

-
—

©)

+

®

7 e i

X

@ =
ERROR, BUSY M
(SEE NOTE 2)

cycle i1s performed.

X

80C286/883 RESET INPUT TIMING AND
SUBSEQUENT PROCESSOR CYCLE PHASE

VCH

CLK

RESET

repeat 2

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

BHE, LOCK

PEACK

Az3 - Ag,
Mm/io,
COD/INTA

L S

EXITING AND

of a processor cycle

NOTE When RESET meets the setup time shown, the next CLK will start or

ENTERING HOLD

TH TsOR T} T TH
01 02 ﬁ 92 01 )
—(@)
(SEE NOTE 4)
c
'—' (NOTE 3)
' . @r— (SEENOTE3)

*w Ts
|

—

55
IF NPX TRANSFER
s

© p
------ LR

VALID ;})))

L

(SEE NOTE 1)
- ®

—
(SEE NOTE 6)

-.] (SEE NOTE 2)
@

VALID

IF WRITE

These signals may not be driven by the 80C286/883 during the time shown. The worst case in terms of latest float time is shown.
The data bus will be driven as shown if the last cycle before Tj in the diagram was a wnte Tg.
The 80C286/883 puts its status pins in a high impedance logic one state during T.

For HOLD request set up to HLDA, refer to Figure 29. )
‘BHE and LOCK are driven at this time but will not become valid until Ts-

The data bus will remain in a high impedance state if a read cycle is performed.
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80C286/883

Waveforms (Continued)
80C286/883 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY

BUS CYCLE TYPE . : :
o S ez LD w2 | & TS o € e | e T
CLK * / )
ver 1/0 READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY
MEMORY READ IF MEMORY TO PROC. EXT./_ 1/0 WRITE IF MEMORY TO PROC. EXT.
Sles0 — /
MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER 1/0 PORT
A23-Ag ADDRESS 00FA(H) IF MEMORY TO PROC. EXT. TRANSFER
e /
M/0, COD INTA :X:X AV X:X X
f— 1 1/0 PORT ADDRESS 00FA(H) IF PROC. EXT. TO MEMORY TRANSFER
I MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER
PEACK ™Y (SEE NOTE - 1
|<(SEE NOTE - 2) ~—»| le—(3) ‘
4 )-»{ 74—
PEREQ X )

ASSUMING WORD-ALIGNED MEMORY OPERAND. IF 0DD ALIGNED, 80C286/883 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES.

NOTES: 1. PEACK always goes active during the first bus operation of a processor ext on data d fer sequence. The first bus operation will be
either a memory read at operand address or I/O read at port address OOFA(H).
2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) 1s 3 x @ - 12Amax. -~ @pn, The

actual, config d t, timeis: 3x® - 12Amax, ~ @pyyn, +N x 2 x @. N 1s the number of extra T states added to erther the
first or second bus operahon of the processor extension data operand transfer sequence.

INITIAL 80C286/883 PIN STATE DURING RESET

BUS CYCLE TYPE
T TXx TXx

VcH $2 #1 62 ®1 %2 #1 62
oK \J‘YML/ML/‘*_/WL/W

L g e ® | seenote-n
RESET _ //Hf AT LEAST
o 16 CLKPERIODS i ”
%s_; UNKNOWN ;r -
A23-Ag — ® 55
e UNKNOWN ]

_ — @
.'.Jl.ﬁ.'.) UNKNOWN {

COD/INTA

LOCK UNKNOWN )

—=] (i5) l+— (SEE NOTE -3)

DATA 2)2»»222222}2}2}2}»2}2})}2}»}»2m» 222222>22222>22222222222222222q 45
@®—
HLDA UNKNOWN

£,

NOTES: 1. Setup time for RESET f may be violated with the consideration that ¢1 of the processor clock may begin one system CLK period later.
2. Setup and hold times for RESET | must be met for proper operation, but RESET | may occur during ¢1 or ¢2.
3. The data bus is only guaranteed to be in a high impedance state at the time shown.

3-114




80C286/883

Burn-In Circuit

80C286/883 PGA

Fs >
Fgqd>
F3 >
Voo v [
b 3
SS ZRIZRI SRIZRIZRIZRISRIZRIZRISRIZRISRISRISRIZRIZRI
< < < < < < 1 1 < < < < < < <
al ¢-}-5251 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34T——— RO
m M 53 33 rvves GRS
e 54 32 - RO
RO I 55 v‘v‘v‘j WA
AN~ 31 WW— F(y
RO 56 30 gf
VW WA 29 w <F
A 57 28 ~ ‘...790
Bl Wt 58 27 rvver SIS
R'I WWA——1- 59 26 ryvem BV}
RI @460 25 A AAA RO
e 1 24— e RO
TPV N 23 v L)
- W——W
Rl Tt 64 22 — RO
[ 3 21 YW w—
RO r 65 W——A
RO .‘.'.' by .'.‘.' 66 20 rvves SIS
RO AAA sl ::. 67 19 WA WA Ro
o o8 18 rvves SPPPLLY
VS Svve \ 1 2 3 4 5 6 7 89 10 11 12 13 14 15 16 17 b b
GND > v
ci=s 4 s ss
5.5V >——_g 331233 3| 3|3 3| 3| 3| 3| 3 3 3|3
1[— [ 2K K K S S Y = H ¢ o ¢ ¢ ¢ ¢ o
< < < < < < < L <
$33333333|333333z23
[} (o} (o]} (o]
CRERERLERLEIEBRLERIRIIRIZIR voo
NOTES' 1 Supply Voltage 5. Oven Type and Frequency Requirements
Vpp =55V Wakefield Oven Board fo = 100kHz, fz = 12.5kHz,
Vgg = 0.0V f4 = 6.25kHz, f5 = 3.125kHz, f7 = 781.25Hz.
2 Input Voltage Limits 6 Special Requirements
VL (Maximum) = 0.8V (a) ELECTROSTATIC  DISCHARGE  SENSITIVE.  Proper

ViH (Minimum) = 2 0V

3. Component Values
RC = 1k +5%
Rl = 10k £5%

RO = Two Series 2 7kQ +5%

»

. Capacttor Values

C1 = 0.1 Microfarads

Precautions Must be Used When Handling Units

(b) All Power Supplies Must be at Zero Volts When the Boards
are Inserted into the Ovens.

(¢) When Powering Up, the Inputs Must be Held Below the Vpp
Voltage.

(d) If an Excessive Current is Indicated at Final Inspection,
Check to See if a Part is Inserted Backwards or is Latched
Up

3-115

CMOS MICRO-
PROCESSORS




80C286/883

Metallization Topology

DIE DIMENSIONS: DIE ATTACH:
315 x 320 x 19 £ 1 mils Material: Si-Au Eutectic Alloy
METALLIZATION: Temperature: Ceramic PGA — 4200C (Max)
Type: Si-Al WORST CASE CURRENT DENSITY: 2 x 105A/cm2
Thickness: 8kA LEAD TEMPERATURE (10 Seconds Soldering): < 3000C
GLASSIVATION:
Type: Nitrox

Thickness: 10kA

Metallization Mask Layout

80C286/883
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Packaging

1.140

68 PIN GRID ARRAY (PGA)

1.180

1.000
BSC

(OJOROJOXOROXC,
oJoJoJoJoJoX =)

(0XO;

1.140
1.180

(OJOJOJOXOX=JO

O): A OJOJOXOXOJOJOX: O]
O]
O]

@6

1.000
BSC

&@@@@@@@@@*

®
QPEEO O

—'l L— 0.080 MAX

—-

INDEX CORNER ID

LEAD FINISH: Type C
MATERIALS: Compliant to MIL-M-38510

L— 0.003

280
120

1

100

BSC

|
140

t—

azs
.060

l=— SEATING PLANE

COMPLIANT OUTLINE: MIL-STD-1835, CMGA3-P68D

n

NOTE. All Dimensions are max , Dimensions are in inches

3-117

CMOS MICRO-
PROCESSORS




B HARRIS

January 1992

80C86

CMOS 16 Bit Microprocessor

Features Description
e Compatible with NMOS 8086 The Harris 80C86 high performance 16 bit CMOS CPU is
. . manufactured using a self-aligned silicon gate CMOS
L]
Completely Static CMOS Design process (Scaled SAJlI IV). Two modes of operation,
PDC e 5MHz (80C86) MINimum for small systems and MAXimum for larger
Ll = = 8MHz (80C86-2) applications such as multi-processing, allow user
o Low P o . configuration to achieve the highest performance level. Full
ow Power Operation TTL compatibility (with the exception of CLOCK) and
PICCSB coiiiiiiiiii i 500uA (Max) industry standard operation allow use of existing NMOS
L (o o] o 10mA/MHz (Typ) 8086 hardware and software designs.
* 1MByte of Direct Memory Addressing Capability Ordering Information
® 24 Operand Addressing Modes
) ) PACKAGE TEMP. RANGE S5MHz 8MHz
* Bit, Byte, Word and Block Move Operations Plastic 09C to +709C CPBOCE6 CPB00E6-2
* 8 Bit and 16 Bit Signed/Unsigned Arithmetic DIP -400C to +850C | IPBOC86 1P80C86-2
> Binary, or Decimal PLCC 00Cto+700C | CS80C86 | CS80C86-2
> Multiply and Divide -400C to +859C | 1S80C86 1S80C86-2
Ceramic 00C to +70°C CD80C86 CD80C86-2
* Wide Operating Temperature Range DIP -409C to +859C | ID80C86 1D80C86-2
P C8OCB6 .....ocvvvnnnnnnnnnnnnnnnnn 00Cto +700C -550C to +125°C | MD80C86/B | MD80C86-2/B
SMD# 8405201QA | 8405202QA
>I80C86 ...covveirriiiininnnnanns -400C to +859
. ¢ ¢ LCC -550C to +125°C | MR80C86/B | MR80C86-2/B
M80c86 ....................... -ssoc lo +1 25°c SMD# 8405201 XA 8405202XA
Pinouts
40 LEAD DIP 44 LEAD PLCC AND LCC PACKAGE
TOP VIEW TOP VIEW
MR M - s 2 £t g , o0 83 8
owo [1] 5] veo $2228¢¢82sz:5 s
AD14 [2] 39] AD1S MAX MODE = <. <
AD13 E m Ale/83 MIN MODE/- g g g g g g 8 E ﬁ g ”\’
Ap12 [7] A17/84 80css < < < <8 *® > <23
T T 70 T _Tr_ Tl IADML B LIS T LI 4
o1 5] [36] At8/ 85 (leiisiisiiaiiziiljiisyieianie
AD10 E [35] A19/ S6 AD10 | AD10 NC NC
a0s (7] [34] BHE/ s7 ADS | ADg A19 /56| A19 /58
#os 5] £ 'ﬁ" X AD8 | AD8 BHE /57| BHE /87
o7 [3] l32] RD — _
J— AD7 AD7 MN / MX | MN / MX
Ap6 [10] [31] Ra/&To  (HOLD) 3 _ —
ADS E E Ea/ GT1  (HLDA) AD8 AD8 RD RD
MME ock  (WR) ADS | ADS HOLD |RQ/GTO
AD3 @ 28] s2 (M/ 10) AD4 | AD4 HLDA |RQ /GT1|
AD2 E si (OT/R) AD3 | AD3 WR Lock
AD1 E so (OEN) AD2 | AD2 M/i0 s2
apo [i5] aso (ALE) | —
— AD1 AD1 DT /R 81
N [17] 24] @s1 (INTA) — —
INTR [i3] 23] TesT ADO | ADO DEN so
- - - - - - — - Y - T
o [@ ) merov £rek 0 foo} o Fot £t 5k Fook 308 7 201 o
GND [20] [21] RESET o 3z E %5 2 o & T r < u PRI
2z 205243 I'n‘-' z = MAX MODE
- s 80C86
s x a w o -
s3£38¢§3[¢z38
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2957

Copyright © Harris Corporation 1992
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Functional Diagram

EXECUTION UNIT  BUSINTERFACE UNIT

RELOCATION
I pecisren e | | pesgcaTion 1
DATA, SEGMENT
POINTER, & REGISTERS &
INDEX REGS lNSPBI::&T:‘on
8WOR
(8 wores) {5 WORDS)

16-8IT ALY .__4':> A19/S
A16/53
BUS AD15-ADg
FLacs INTERFACE
uNIT

Ly

:r:?; — LocK
NMI —]

#0/G7g CONTROL & TIMING 2_) 0Sg, 0S4
HoLD ) THRRG
T W

CLK RESET READY MN/MX GND
vee
MEMORY INTERFACE
INSTRUCTION
STREAM BYTE
QUEUE
ES
BUS cs )|
INTERFACE L
uNIT DS EXECUTION UNIT]
1P CONTROL
SYSTEM
AH '
[T} ARITHMETIC/
CH LOGIC UNIT
EXECUTION| _DH
UNIT SP
BP
St
DI
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80C86

Pin Description

The following pin function descriptions are for 80C86
systems in either minimum or maximum mode. The “Local

interface connection to the 80C86 (without regard to
additional bus buffers).

Bus” in these descriptions is the direct multiplexed bus

PIN

SYMBOL | NUMBER

TYPE

DESCRIPTION

AD15-ADO | 2-16,39

170

ADDRESS DATA BUS: These lines constitute the time multiplexed memory/IO address (T1)
and data (T2, T3, TW, T4) bus. AQ is analogous to BHE for the lower byte of the data bus, pins
D7-DO. Itis LOW during T1 when a byte is to be transferred on the lower portion of the bus in
memory or /O operations. Eight-bit oriented devices tied to the lower half would normally
use AQ to condition chip select functions (See BHE). These lines are active HIGH and are
held at high impedance to the last valid logic level during interrupt acknowledge and local
bus “hold acknowledge” or “grant sequence”.

A19/S6
A18/85
A17/84
A16/S3

35-38

ADDRESS/STATUS: During T1, these are the four most significant address lines for
memory operations. During /O operations these lines are LOW. During memory and I/0
operations, status information is available on these lines during T2, T3, TW, 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 are held at high impedance to the last valid logic level during local bus “hold
acknowledge” or “‘grant sequence”.

S4 S3

CHARACTERISTICS

Alternate Data
Stack

Code or None
Data

-0 =0

BHE/S7 34

BUS HIGH ENABLE/STATUS: During T1 the bus high enable signal (BHE) 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 T1 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 T2, T8 and T4. The signal is active LOW, and is held at high impedance to the last
valid logic level during interrupt acknowledge and local bus “hold acknowledge” or “grant
sequence”; itis LOW during T1 for the first interrupt acknowledge cycle.

BHE AO CHARACTERISTICS

(o] [o] Whole word

o] 1 Upper Byte from/to
odd address
Lower byte from/to
even address
None

1 o

1 1

READ: Read strobe indicates that the processor is performing a memory or 1/0 read cycle,
depending on the state of the M/IO or S2 pin. This signal is used to read devices which reside
on the 80C86 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 80C86 local bus has floated.

This line is held at a high impedance logic one state during “hold acknowledge” or “grant
sequence”.

READY 22

READY: is the acknowledgement from the addressed memory or I/O device that will com-

plete the data transfer. The RDY signal from memory or I/O is synchronized by the 82C84A
Clock Generator to form READY. This signal is active HIGH. The 80C86 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 acknowl-
edge 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.
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80C86

Pin Description (Continued)

The following pin function descriptions are for 80C86 interface connection to the 80C86 (without regard to
systems in either minimum or maximum mode. The “Local additional bus buffers).
Bus” in these descriptions is the direct multiplexed bus

PIN
SYMBOL | NUMBER TYPE DESCRIPTION
TEST 23 1 TEST: input is examined by the “Wait” instruction. If the TEST input is LOW execution con-
tinues, 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 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 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
transition LOW to HIGH and remain 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.

VCC 40 VCC: +5V power supply pin. A 0.1pF capacitor between pins 20 and 40 is recommended for
decoupling.

GND 1,20 GND: Ground. Note: both must be connected. A 0.1uF capacitor between pins 1 and 20 is
recommended for decoupling.

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 80C86 in  which are unique to minimum mode are described; all other
minimum mode (i.e. MN/MX = VCC). Only the pin functions  pin functions are as described below.

MINIMUM MODE SYSTEM

SYMBOL

PIN
NUMBER

TYPE

DESCRIPTION

M/i0

28

STATUS LINE: logically equivalent to S_2i1the maximum mode. It is used to distinguish

a memory access from an I/0 access. M/IO becomes valid in the T4 preceding a bus

cycle and remains valid until the final T4 of the cycle (M = HIGH, 10 = LOW). M/IO is held to
a high impedance logic one during local bus “hold acknowledge”.

29

WRITE: indicates that the processor is perf_oLming a write memory or write 1/0 cycle,
depending on the state of the M/IO signal. WR is active for T2, T3 and TW of any write
cycle. Itis active LOW, and is held to high impedance logic one during local bus “hold
acknowledge”.

INTA

24

INTERRUPT ACKNOWLEDGE: is used as a read strobe for interrupt acknowledge
cycles. ltis active LOW during T2, T3 and TW of eacn interrupt acknowledge cycle. Note
that INTA is never floated.

ALE

25

ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the
82C82/82C83 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. Itis used to control the direction of data flow through the transceiver.
Logically, DT/R is equivalent to S$1 in maximum mode, and its timing is the same as for
M/E(T = HIGH, R = LOW). DT/R is held to a high impedance logic one during local bus
“hold acknowledge”.

DEN

26

DATA ENABLE: provided as an output enable for a bus transceiver in a minimum system
which uses the transceiver. DEN is active LOW during each memory and I/O access and
for INTA cycles. For aread 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 is held to a high impedance logic one during local bus “hold acknowledge”.
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80C86

Pin Description (Continued)

The following pin function descriptions are for the 80C86 in  which are unique to minimum mode are described; all other
minimum mode (i.e. MN/MX = VCC). Only the pin functions  pin functions are as described below.

MINIMUM MODE SYSTEM (Continued)

PIN
SYMBOL | NUMBER TYPE DESCRIPTION
HOLD 31, I HOLD: indicates that another master is requesting a local bus “hold”. To be a acknowl-
HLDA 30 o edged, HOLD must be active HIGH. The processor receiving the “hold” will issue a “hold

acknowledge” (HLDA) in the middle of a T4 or Tl clock cycle. Simultaneously with the
issuance of HLDA, the processor will float the local bus and control lines. After HOLD is
detected as being LOW, the processor will lower HLDA, and when the processor needs
to run another cycle, it will again drive the local bus and control lines.

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

The following pin function descriptions are for the 80C86 pin functions which are unique to maximum mode are
system in maximum mode (i.e., MN/MX = GND). Only the described below.

MAXIMUM MODE SYSTEM

PIN
SYMBOL | NUMBER TYPE DESCRIPTION
@ 26 [¢] STATUS: is active during T4, T1 and T2 and is returned to the passive state (1, 1, 1) during
St 27 o T3 or during TW when READY is HIGH. This status is used by the 82C88 Bus Controller to
S2 28 (o} generate all memory and I/O 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.
These signals are held at a high impedance logic one state during “grant sequence”.
s2 s1 so CHARACTERISTICS
(o] (o] (o] Interrupt Acknowledge
0 0 1 Read I/O Port
0 1 [o] Write I/O Port
(o] 1 1 Halt
1 [o] [¢] Code Access
1 o] 1 Read Memory
1 1 [¢] Write Memory
1 1 1 Passive
E/CE 31, 1/0 REQUEST/GRANT: pins are used by other local bus masters to force the processor to
RQ/GT1 30 release the local bus at the end of the processor’s current bus cycle. Each pin is bi-girectional

with RQ/GTO having higher priority than RQ/GT1. RQ/GT has an internal pull-up bus hold _
device so it may be left unconnected. The request/grant sequence is as follows (see RQ/GT
Sequence Timing)

1. Apulse of 1 CLK wide from another local bus master indicates a local bus request
(“hold”) to the 80C86 (pulse 1).

2. During aT4 or Tl clock cycle, a pulse 1 CLK wide from the 80C86 to the requesting
master (pulse 2) indicates that the 80C86 has allowed the local bus to float and that it
will enter the “grant sequence” state at the next CLK. The CPU’s bus interface unitis
disconnected logically from the local bus during “grant sequence”.

3. Apulse 1 CLK wide from the requesting master indicates to the 80C86 (pulse 3) that
the “hold"” request is about to end and that the 80C86 can reclaim the local bus at the
next CLK. The CPU then enters T4 (or Tl if no bus cycles pending).

Each Master-Master exchange of the local bus is a sequence of 3 pulses. There must

be one idle CLK cycle after each bus exchange. Pulses are active low.
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Pin Description (Continued)

The following pin function descriptions are for the 80C86 pin functions which are unique to maximum mode are
system in maximum mode (i.e., MN/MX = GNP). Only the described below. '

MAXIMUM MODE SYSTEM (Continued)

PIN

SYMBOL | NUMBER TYPE DESCRIPTION

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:

. Request occurs on or before T2.
. Current cycle is not the low byte of a word (on an odd address).
. Current cycle is not the first acknowledge of an interrupt acknowledge sequence.

I

. Alocked instruction is not currently executing.
If the local bus is idle when the request is made the two possible events will follow:
1. Local bus will be released during the next cycle.

2. Amemory cycle will start within three clocks. Now the four rules for a cur-
rently active memory cycle apply with condition number 1 already satisfied.

LOCK 29 (o] LOCK: outputindicates 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 instruc-
tion and remains active until the completion of the next instruction. This signal is active
LOW, and is held at a high impedance logic one state during “grant sequence”. In MAX
mode, LOCK is automatically generated during T2 of the first INTA cycle and removed dur-

ing T2 of the second INTA cycle.

QS1,Qso0 24,25 o] QUEUE STATUS: The queue status is valid during the CLK cycle after

which the queue operation is performed.

QS1 and QSO provide status to allow external tracking of the internal
80C86 instruction queue. Note that QS1, QS0 never become high impedance.

Qs1

CMOS MICRO-
PROCESSORS

Qso

(o}
o

1

0 No Operation

1 First byte of op code
from queue

(o] Empty the Queue
Subsequent byte from
queue

-

&

Functional Description
Static Operation

All 80C86 circuitry is of static design. Internal registers,
counters and latches are static and require no refresh as
with dynamic circuit design. This eliminates the minimum
operating frequency restriction placed on other
microprocessors. The CMOS 80C86 can operate from DC
to the specified upper frequency limit. The processor clock
may be stopped in either state (HIGH/LOW) and held there
indefinitely. This type of operation is especially useful for
system debug or power critical applications.

The 80C86 can be single stepped using only the CPU
clock. This state can be maintained as long as is necessary.
Single step clock operation allows simple interface circuitry
to provide critical information for bringing up your system.

Static design also allows very low frequency operation
(down to DC). In a power critical situation, this can provide
extremely low power operation since 80C86 power dissipa-
tion is directly related to operating frequency. As the system

frequency is reduced, so is the operating power until,
ultimately, at a DC input frequency, the 80C86 power re-
quirement is the standby current, (500uA maximum).

Internal Architecture

The internal functions of the 80C86 processor are parti-
tioned 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 CPU functional diagram.

These units can interact directly but for the most part per-
form as separate asynchronous operational processors.
The bus interface unit provides the functions related to
instruction fetching and queuing, operand fetch and store,
and address relocation. This unit also provides the basic
bus control. The overlap of instruction pre-fetching provid-
ed 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.
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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 (follow-
ing 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 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.

Memory Organization

The processor provides a 20 bit address to memory, which
locates the byte being referenced. The memory 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 and stack segments of up to 64K bytes
each, with each segment falling on 16-byte boundaries.
(See Figure 1).

) FFFFFH
64K BIT CODE SEGMENT
3. XXXXOH
STACK SEGMENT
+OFFSET
]
X 1
T b
SEGMENT
REGISTER FILE DATA SEGMENT
[+]
SS
0s
ES A 1
EXTRA SEGMENT
T—— 00004

FIGURE 1. 80C86 MEMORY ORGANIZATION

TABLE A.
ALTER-
TYPE OF DEFAULT NATE
MEMORY SEGMENT | SEGMENT
REFERENCE BASE BASE OFFSET
Instruction Fetch Cs None P
Stack Operation SS None SP
Variable (except DS CS,ES,SS | Effective
following) Address

String Source DS CS,ES,SS | SI
String Destination ES None o]}
BP Used As Base SS CS,DS,ES | Effective
Register Address

All memory references are made relative to base addresses
contained in high speed segment registers. The segment
types were chosen based on the addressing needs of
programs. The segment register to be selected is automati-
cally chosen according to the specific rules of Table A. All
information in one segment type share the same logical attrib-
utes (e.g. code or data). By structuring memory into
relocatable areas of similar characteristics and by automati-
cally selecting segment registers, programs are shorter,
faster and more structured. (See Table A).

Word (16 bit) operands can be located on even or odd
address boundaries and are thus not constrained 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 significant 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 bound-
ary and two if it is on an odd byte boundary. Except for the
performance penalty, this double access is transparent to the
software. The performance penalty does not occur for
instruction fetches; only word operands.

Physically, the memory is organized as a high bank (D15-D8)
and a low bank (D7-D0) of 512K bytes addressed in parallel
by the processor’s address lines.

Byte data with even addresses is transferred on the D7-DO
bus lines while odd addressed byte data (AO HIGH) is trans-
ferred on the D15-D8 bus lines. The processor provides two
enable signals, BHE and AQ, to selectively allow reading from
or writing into either an odd byte location, even byte
location, or both. The instruction stream is fetched from mem-
ory as words and is addressed internally by the processor at
the byte level as necessary.

In referencing word data, the BIU requires one or two memory
cycles depending on whether the starting byte of the word is
on an even or odd address, respectively. Consequently, in
referencing word operands performance can be optimized by
locating data on even address boundaries. This is an espec-
ially useful technique for using the stack, since odd address
references to the stack may adversely affect the context
switching time for interrupt processing or task multiplexing.

Certain locations in memory are reserved for specific CPU
operations (See Figure 2). Locations from address FFFFOH
through FFFFFH are reserved for operations including a jump
to the initial program loading routine. Following RESET, the
CPU will always begin execution at location FFFFOH where
the jump must be located. Locations O0O000H through
O03FFH are reserved for interrupt operations. Each of the
256 possible interrupt service routines is accessed thru its
own pair of 16-bit pointers ~ segment address pointer and
offset address pointer. The first pointer, used as the offset
address, is loaded into the IP and the second pointer, which
designates the base address is loaded into the CS. At this
point program control is transferred to the interrupt routine.
The pointer elements are assumed to have been stored at the
respective places in reserved memory prior to occurrence of
interrupts.
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FIGURE 2. RESERVED MEMORY LOCATIONS

Minimum and Maximum Operation Modes

The requirements for supporting minimum and maximum
80C86 systems are sufficiently different that they cannot be
met efficiently using 40 uniquely defined pins. Consequent-
ly, the 80C86 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
80C86 defines pins 24 through 31 and 34 in maximum
mode. When the MN/MX pin is strapped to VCC, the 80C86
generates bus control signals itself on pins 24 through 31
and 34.

The minimum mode 80C86 can be used with either a multi-
plexed or demultiplexed bus. This architecture provides the
80C86 processing power in a highly integrated form.

The demultiplexed mode requires two 82C82 latches (for
64K addressability) or three 82C82 latches (for a full
megabyte of addressing). An 82C86 or 82C87 transceiver
can also be used if data bus buffering is required. (See
Figure 6a.) The 80C86 provides DEN and DT/R to control
the transceiver, and ALE to latch the addresses. This config-
uration 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 controller
(See Figure 6b). The 82C88 decodes status lines SO, 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 capability to the control lines, and frees the
80C86 pins for extended large system features. Hardware
lock, queue status, and two request/grant interfaces
are provided by the 80C86 in maximum mode. These fea-
tures allow coprocessors in local bus and remote bus con-
figurations.

Bus Operation

The 80C86 has a combined address and data bus com-
monly 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 through-
out the system with address latching provided on memory
and I/O modules. In addition, the bus can also be
demultiplexed at the processor with a single set of 82C82
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 T1, T2, T3 and T4 (see
Figure 3). 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 changing the direction of the bus
during read operations. In the event that a “NOT READY”
indication is given by the addressed device, “Wait” states
(TW) are inserted between T3 and T4. Each inserted wait
state is the same duration as a CLK cycle. Periods can
occur between 80C86 driven bus cycles. These are
referred to as idle” states (TI) or inactive CLK cycles. The
processor uses these cycles for internal housekeeping and
processing.

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 address and certain status
information for the cycle may be latched.

Status bits SO, S1 and S2 are used by the bus controller, in
maximum mode, to identify the type of bus transaction
according to Table B.

TABLE B.
52 s1 S0 CHARACTERISTICS
(o] (o] [} Interrupt
0 [} 1 Read l/O
0o 1 o] Write I/O
(o] 1 1 Halt
1 [o] (o] Instruction Fetch
1 [¢] 1 Read Data from Memory
1 1 (o] Write Data to Memory
1 1 1 Passive (no bus cycle)

3-125

CMOS MICRO-
PROCESSORS




80C86

(4+NwaIT) =Tey ! 4+ NwaiT) = Tcy
Tt | T2 | T3 |Twair| Ta | Ty | T2 | T3 |[Twair| Ta

e [\_I\J_\_[\_[\_/_\J_\_f\_/—\_[m

GOES INACTIVE IN THE STATE

— \
as | i \ i N
573 Xammzs X 57 X

BUS RESERVED
FOR DATA IN

A15-A(> ( /4 }3}5&% <A15-A0X DATA OUT (D15-Dg) > g—
RD, INTA __f

READY READY

ADDR/
STATUS

ADDR/DATA

READY

WAIT WAIT

oT/R —\ -/ \_
=T\ '

L‘- MEMORY ACCESS TIME -+|
e -/

FIGURE 3. BASIC SYSTEM TIMING

3-126




80C86

Status bits S3 through S7 are time multiplexed with high
order address bits and the BHE signal, and are therefore
valid during T2 through T4. S3 and S4 indicate which segment
register (see Instruction Set Description) was used for this bus
cycle in forming the address, according to Table C.

TABLE C.
s4 Ss3 CHARACTERISTICS
(o] 0o Alternate Data (extra segment)
o 1 Stack
1 (o] Code or None
1 1 Data

S5 is a reflection of the PSW interrupt enable bit. S6 is
always zero and S7 is a spare status bit.

1/0 Addressing

In the 80C88, I/0 operations can address up to a maximum
of 64K I/O byte registers or 32K 1/O word registers. The 1/O
address appears in the same format as the memory address
on bus lines A15-A0. The address lines A19-A16 are zero
in I/O operations. The variable 1/0O instructions which use
register DX as a pointer have full address capability while
the direct I/0O instructions directly address one or two of the
256 1/0 byte locations in page 0 of the I/O address space.

/O ports are addressed in the same manner as memory
locations. Even addressed bytes are transferred on the D7-
DO bus lines and odd addressed bytes on D15-D8. Care
must be taken to ensure that each register within an 8 bit
peripheral located on the lower portion of the bus be
addressed as even.

o R BOND
PAD
rt- sl);‘nnnn
|
ouTPUT !
DRIVER | |
| |
INPUT : :
BUFFER
M ' INPUT
PROTECTION
CIRCUITRY

FIGURE 4A. BUS HOLD CIRCUITRY PIN 2-16, 34-39

External Interface
Processor RESET and Initialization

Processor initialization or start up is accomplished with acti-
vation (HIGH) of the RESET pin. The 80C86 RESET is
required to be HIGH for greater than 4 CLK cycles. The
80C86 will terminate operations on the high-going edge of
RESET and will remain dormant as long as RESET is HIGH.
The low-going transition of RESET triggers an internal reset
sequence for approximately 7 clock cycles. After this inter-
val, the 80C86 operates normally beginning with the
instruction in absolute location FFFFOH. (See Figure 2). The
RESET input is internally synchronized to the processor
clock. At initialization, the HIGH-to-LOW transition of
RESET must occur no sooner than 50us (or 4 CLK cycles,
whichever is greater) after power-up, to allow complete
initialization of the 80C86.

NMI will not be recognized prior to the second CLK cycle
following the end of RESET. If NMl is asserted sooner than
nine clock cycles after the end of RESET, the processor
may execute one instruction before responding to the inter-
rupt.

Bus Hold Circuitry

To avoid high current conditions caused by floating inputs
to CMOS devices and to eliminate need for pull-up/down
resistors, “bus-hold” circuitry has been used on the 80C86
pins 2-16, 26-32 and 34-39. (See Figure 4a and 4b). These
circuits will maintain the last valid logic state if no driving
source is present (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 mustbe capable
of supplying approximately 400pA minimum sink or source
current at valid input voltage levels. Since this “bus hold”
circuitry is active and not a “resistive” type element, the
associated power supply current is negligible and power
dissipation is significantly reduced when compared to the
use of passive pull-up resistors.

BOND
PAD
-— EXTERNAL
v r B PIN
outeut CCl P
DRIVER 1 !
1 |
! |
INPUT | 1
BUFFER
-T-- INPUT
PROTECTION
CIRCUITRY

FIGURE 4B. BUS HOLD CIRCUITRY PIN 26-32
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Interrupt Operations

Interrupt operations fall into two classes: software or hard-
ware initiated. The software initiated interrupts and software
aspects of hardware interrupts are specified in the Instruc-
tion Set Description. Hardware interrupts can be classified
as non-maskable or maskable.

Interrupts result in a transfer of control to a new program lo-
cation. A 256-element table containing address pointers to
the interrupt service program locations resides in absolute
locations O through 3FFH, 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 interrupt acknow-
ledge sequence, which is used to “vector” through the
appropriate element to the new interrupt service program
location. All flags and both the Code Segment_and
Instruction Pointer register are saved as part of the INTA
sequence. These are restored upon execution of an Inter-
rupt Return (IRET) instruction.

Non-Maskable Interrupt (NMI)

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

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 clock. Any positive transition of NMl 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 multi-
ply, divide, and variable shift instructions. There is no
specification on the occurrence of the low-going edge; it
may occur before, during or after the servicing of NMI.
Another positive edge triggers another response if it occurs
after 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.

| T ] T2 | T3

ALE _/—_\

Maskable Interrupt (INTR)

The 80C86 provides a single interrupt request input (INTR)
which can be masked internally by software with the
resetting of the interrupt enable flag (IF) status 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 period preceding the end of the
current instruction or the end of a whole move for a block
type instruction. INTR may be removed anytime after the
falling edge of the first INTA signal. During the interrupt re-
sponse sequence further interrupts 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 register which is automatically pushed onto the
stack reflects 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 the response sequence (Figure 5) the processor
executes two successive (back-to-back) interrupt acknow-
ledge cycles. The 80C86 emits the LOCK signal (Max 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
supplied to the 80C86 by the 82CS59A Interupt
Controller, which identifies the source (type) of the interrupt.
This byte is multiplied by four and used as a pointer into the
interrupt vector look-up 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.

Halit

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 signals. In maximum mode the

processor issues appropriate HALT status on S2, S1, SO

[ Taml ™ | T2 | T3 | T4 |

J o\

LOCK \

¢

,./

FLOAT

¢

)]

ADg-AD15 /"

TYPE VECTOR

—(¢

FIGURE 5. INTERRUPT ACKNOWLEDGE SEQUENCE
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and the 82C88 bus controller issues one ALE. The 80C86
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 NMI or interrupt request (when interrupts enabled) or
RESET will force the 80C86 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 gives the processor the
capability of performing read/modify/write operations on
memory (via the Exchange Register With Memory instruc-
tion, for example) without another system bus master
receiving intervening memory cycles. This is useful in
multiprocessor system configurations to accomplish “test
and set lock” operations. the LOCK signal is activated
(forced LOW) in the clock cycle following decoding of the
software “LOCK?” prefix instruction. It is 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 interrupts, the 80C86 provides a single
software-testable input pin (TEST). This input is utilized by
executing 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
80C86 three-states all output drivers while inputs and I/O
pins are held at valid logic levels by internal bus-hold
circuits. If interrupts are enabled, the 80C86 will recognize
interrupts and process them when it regains control of the

bus. The WAIT instruction is then refetched, and
reexecuted.
TABLE D. 80C86 REGISTER MODEL
AX AH AL ACCUMULATOR
BX BH BL BASE
cX CH cL COUNT
DX DH oL DATA
"‘"‘{ SP STACK POINTER
BP BASE POINTER
sl SOURCE INDEX
ol DESTINATION INDEX
{ 14 INSTRUCTION POINTER
FLAGSY FLAGSL STATUS FLAGS
cs CODE SEGMENT
oS DATA SEGMENT
ss STACK SEGMENT
ES EXTRA SEGMENT

Basic System Timing

Typical system configurations for the processor operating
in minimum mode and in maximum mode are shown in
Figures 6A and 6B, respectively. In minimum mode, the
MN/MX pin is strapped to VCC and the processor emits bus
control signals (e.g. RD, WR, etc.) directly. In maximum
mode, the MN/MX pin is strapped to GND and the proces-
sor emits coded status information which the 82C88 bus
controller uses to generate MULTIBUS™ compatible
bus control signals. Figure 3 shows the signal timing
relationships.

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 address information,
which is valid on the address/data bus (ADO-AD15) at this
time, into the 82C82/82C83 latch. The BHE and A0 signals
address the low, high or both bytes. From T1 to T4 the M/IO
signal indicates a memory or I/O operation. At T2, the
address is removed from the address/data bus and the bus
is held at the last valid logic state by internal bus hold
devices. 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 addressed device will again
three-state its bus drivers. If a transceiver (82C86/82C87)
is required to buffer the 80C86 local bus, signals DT/R and
DEN are provided by the 80C86.

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/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 beginning of T2
as opposed to the read which is delayed somewhat into T2
to provide time for output drivers to become inactive.

The BHE and AO signals are used to select the proper
byte(s) of the memory/IO word to be read or written accord-
ing to Table E.

TABLE E.
BHE A0 CHARACTERISTCS
0o 0o Whole word
[o] 1 Upper byte from/to odd address
1 0 Lower byte from/to even address
1 1 None

1/0 ports are addressed in the same manner as memory lo-
cation. Even addressed bytes are transferred on the D7-DO
bus lines and odd address bytes on D15-D8.
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The basic difference between the interrupt acknowledge
cycle and a read cycle is that the interrupt acknowledge
signal (INTA) is asserted in place of the read (RD) signal and
the address bus is held at the last valid logic state by inter-
nal bus hold devices. (See Figure 4). In the second of two
successive INTA cycles a byte of information is read from
the data bus (D7-DO0) as supplied by the interrupt system
logic (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 interrupt vector lookup
table, as described earlier.

Bus Timing - Medium Size Systems

For medium complexity systems the MN/MX pin is con-
nected to GND and the 82C88 Bus Controller is added to
the system as well as an 82C82/82C83 latch for latching
the system address, and an 82C86/82C87 transceiver to
allow for bus loading greater than the 80C86 is capable of
handling. Signals ALE, DEN, and DT/R are generated by the
82C88 instead of the processor in this configuration,
although their timing remains relatively the same. The 80C86

status outputs (S2, S1 and SO) provide type-of-cycle
information and become 82C88 inputs. This bus cycle infor-
mation specifies read (code, data or I/O), write (data or 1/0),
interrupt acknowledge, or software halt. The 82C88 issues
control signals specifying memory read or write, 1/O read or
write, or interrupt acknowledge. The 82C88 provides two
types of write strobes, normal 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 82C86/82C87 transceiver
receives the usual T and OE inputs from the 82C88 DT/R
and DEN signals.

The pointer into the interrupt vector table, which is passed
during the second INTA cycle, can be derived from an
82C59A located on either the local bus or the system bus. If
the master 82C59A Priority Interrupt Controller is posi-
tioned on the local bus, the 82C86/82C87 transceiver must
be disabled when reading from the master 82C59A during
the interrupt acknowledge sequence and software “poll”.

3-131

i

CMOS MICRO-
PROCESSORS




Specifications 80C86

Absolute Maximum Ratings Reliability Information
SupplyVoltage . .covivniiiii et +8.0V  Thermal Resistance Gja Oic
Input, Output or I/0O Voltage Applied .... GND-0.5V to VCC+0.5V CeramicDIPPackage ..........ccovvnn. 27.50C/W 5.90C/W

Storage Temperature Range ... . -650C to +1500C Ceramic LCC Package 62.20C/W 8.6°C/W
JunctionTemperature .......oovviiiiiiiiiiiiiinn, Maximum Package Power Dissipation at +1250C

Lead Temperature (Soldering 10 sec) . CeramicDIPPackage .......oveeviiiuneininnneennns

ESD Classification ......cooviiiiiiiieiiiiaieenannnns Ceramic LCC Package ..

GateCount ....viiiiiiiiiiiiiiiiieii i

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational i of this specification is not implied.

Operating Conditions

Operating SupplyVoltage ...........ccvvuvnnn.n +4.5Vt0 +5.5V  Operating Temperature Range: C80C86/-2 ....... 00C to +70°C
M80OC86-2O0NLY .......coiiiiiiiininnnn, +4.75V to +5.25V I80C8B6/-2 ... ieiiiiiiiiiiiciiiiinnnnns . -40°C to +85°C
MBOCBE/~2. e eueeeeeneeaeennnne -550C to +1250C
D.C. Electrical Specifications Vg = 5.0V + 10%; Ta = 00C to +700C (C80C86, C80C86-2)
Ve = 5.0V £ 10%; Ta = -400C to +850C (I80C86, 180C86-2)
Ve = 5.0V £ 10%; Ta =-550C to +1250C (M80C86)
Vce = 5.0V £ 5%; TA =-550C to +1250C (M80C86-2)
SYMBOL I PARAMETER [ MIN rMAx [ UNITS | TEST CONDITIONS
VIH Logical One 2.0 " C80C86, 180C86 (Note 5)
Input Voltage 2.2 Vv M80C86 (Note 5)
VIL Logical Zero Input Voltage 0.8 Vv
VIHC CLK Logical One Input Voltage Vcc -0.8 \
VILC CLK Logical Zero Input Voitage 0.8 \"
VOH Output High Voltage 3.0 v IOH = -2.5mA
Vce -0.4 v 10H =-100uA
VoL Output Low Voltage 0.4 \ IOL = +2.5mA
I Input Leakage Current -1.0 1.0 HA VIN = GND or VCC DIP
Pins 17-19, 21-23, 33
IBHH Input Current-Bus Hold High -40 -400 MA VIN =3.0V  (Note 1)
IBHL Input Current-Bus Hold Low 40 400 uA VIN = 0.8V (Note 2)
10 Output Leakage Current — -10.0 HA VOUT = GND
(Note 4)
ICCSB Standby Power Supply Current — 500 HA Vece =55V (Note 3)
ICCOP Operating Power Supply Current - 10 mA/MHz FREQ = Max, VIN = VCC or
GND, Outputs Open
Capacitance Tp =250C
SYMBOL I PARAMETER TYPICAL UNITS l TEST CONDITIONS
CIN Input Capacitance 25 pF FREQ = 1MHz All

measurements are referenced
to device GND

couTt Output Capacitance 25 pF
Cl/o 1/0 Capacitance 25 pF

NOTES 1. IBHH should be measured after raising VIN to Ve and then lowering to 3.0V on the following pins. 2-16, 26-32, 34-39
IBHL should be measured after lowering VIN to GND and then raising to 0.8V on the following pins: 2-16, 34-39

ICCSB tested during clock high time after halt instruction executed. VIN = Vg or GND, Vg = 5.5V, Outputs unioaded
10 should be measured by putting the pin in a high impedance state and then driving VoyT to GND on the following
pins: 26-29 and 32.

5. MN/MX is a strap option and should be held to Vg or GND

RN

CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed.
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Specifications 80C86

A.C. Electrical Specifications Vo =5.0vV + 10%; Ta = 00C to +700C (C80C86, C80C86-2)
Ve = 5.0V £ 10%; Ta = -400C to +850°C (180C86, 180C86-2)
Vce = 5.0V £ 10%; Ta = -550C to +1250C (M80C86)
Vce =5.0VE 5%; Ta =-550C to +1250C (M80CB86-2)
MINIMUM COMPLEXITY SYSTEM
80C86-2 80C86
SYMBOL PARAMETER MIN I MAX MIN I MAX UNITS TEST CONDITIONS
TIMING REQUIREMENTS
M TCLCL CLK Cycle Period 125 200 ns
() TCLCH CLK Low Time 68 118 ns
(3)] _TCHCL CLK High Time 44 69 ns
(4)] TCH1CH2 | CLK Rise Time 10 10 ns From 1.0V to 3 5V
(5)] TCL2CL1 | CLK Fall Time 10 10 ns From 3.5V to 1.0V
(6)) TDVCL Data In Setup Time 20 30 ns
(7)_TCLDX1 Data In Hold Time 10 10 ns
(8)f TR1VCL | RDY Setup Time into 35 35 ns
82C84A (Notes 1, 2)
(9) TCLR1X | RDY Hold Time into 0 0 ns
82C84A (Notes 1, 2)
(10 TRYHCH | READY Setup Time 68 118 ns
into 80C86
(11| TCHRYX | READY Hold Time 20 30 ns
into 80C86
(12))  TRYLCL | READY Inactive to -8 -8 ns
CLK (Note 3)
(13 THVCH HOLD Setup Time 20 35 ns ('D [7)]
(14)] TINVCH INTR, NMI, TEST 15 30 ns o 5
Setup Time (Note 2) On
(18)[  TILH Input Rise Time 15 15 ns From 0.8V to 2.0V = m
(Except CLK) €N o
(16))  TIHIL Input Fall Time 15 15 ns From 2.0V to 0.8V Q0o
(Except CLK) 3¢C
TIMING RESPONSES
(17)] __ TCLAV Address Valid Delay 10 60 10 110 ns CL = 100pF
(18)] TCLAX Address Hold Time 10 10 ns
(19) TCLAZ Address Float Delay TCLAX 50 TCLAX 80 ns
(20)) TCHSZ Status Float Delay 50 80 ns
(21)] _TCHSV Status Active Delay 10 60 10 110 ns
(22)|  TLHLL ALE Width TCLCH-10 TCLCH-20 ns
(23)]  TCLLH ALE Active Delay 50 80 ns
(24)f TCHLL ALE Inactive Delay 55 85 ns
(25)]  TLLAX Address Hold Time |TCHCL-10 TCHCL-10 ns
to ALE Inactive
(26)] _TCLDV Data Valid Delay 10 60 10 110 ns
(27)] _TCLDX2 | Data Hold Time 10 10 ns
(28)] TWHDX Data Hold Time TCLCL-30 TCLCL-30 ns
After WR
(29)) TCVCTV | Control Active Delay1 10 70 10 110 ns
(30){ TCHCTV | Control Active Delay2 10 60 10 110 ns
(31)] TCVCTX | Control Inactive 10 70 10 110 ns |
Delay |
(32)) TAZRL Address Float to 0 0 ns !
READ Active
(33)] TCLRL RD Active Delay 10 100 10 165 ns
34| TCLRH RD Inactive Delay 10 80 10 150 ns
(35)) TRHAV RD Inactive to Next | TCLCL-40 TCLCL-45 ns
Address Active
(36)) TCLHAV | HLDA Vald Delay 10 100 10 160 ns
37) _ TRLRH RD Width 2TCLCL-50] 2TCLCL-75 ns
38 _TWLWH | WR Width 2TCLCL-40] 2TCLCL-60 ns
(39)) TAVAL Address Valid to TCLCH-40 TCLCH-60 ns
ALE Low
(40 _TOLOH Output Rise Time 15 20 ns From 0.8V to 2.0V
(41)] TOHOL Qutput Fall Time 15 20 ns From 2.0V to 0.8V
NOTES 1 Signal at 82C84A shown for reference only
2 Setup requirement for asynchronous signal only to guarantee recognition at next CLK
3 Applies only to Ty state (8ns into T3)
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80C86

Waveforms

BUS TIMING - MINIMUM MODE SYSTEM

Tq T2 T3 Ta
n G
le——TcLcL ——»] e TCL2CL1 J
TCH1CH2
CLK (82C84A OUTPUT) _]Z \ ,f !K L] 7(_‘ \ ;Z \;
(30} B @ — - TCHCTV
TCHCTV N TCHCL TCLCH [« 30)
M/T0
(17 (261 TCLDV [¢— i
TCLAVI4—> (1) réiax e—» TCLAV
BHE/S7, A19/S6-A16/S3 )( BHE, A9-A16 )( S7-S3
1 d
(23) TCLLH —»| | e
ALE /
TCHLL TRIVCL(B)
RDY (82C84A INPUT) \
o i LI
Vit = TCLR1X (9)
lnz -
TRYLCL -
l (1)
READY (80C86 INPUT) —> TCHRYX
—_ (10)
1) TRYHCH fe— Tcgllam
18]
e—»|TCLAZ |<— TI:[)V L—>
(AD15-ADg )( AD15-ADg ) DATA IN ) ‘—;F:
+ e e — —— —
32} TAZRL—] - (34) TCLRH [¢—> TRHAV (35)
AD Y,
30 (30}
__ READ CYCLE 0 TeLRL le—sle | tRLRH - TCHCTV
(WR, INTA = Voy) _— (33) 37
DT/R
(29) TCVCTV | Q{- TC\IS(I:]TX —»

v}
-4

NOTE: 1. Signals at 82C84A are shown for reference only. RDY is sampled near the end of T2, T3, TW to determine if
TW machine states are to be inserted.
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80C86

Waveforms
BUS TIMING - MINIMUM MODE SYSTEM (Continued)

T T2 T3 Tw Ta

Y\
(17) (21}

TCLAV TOLAX TCLDX2
t +
AD15-ADg AD15-ADg DATA OUT
4
TCVETV —]lm-r— TWHDX 28

' (4)

)
TCHICH2 TCL2CLY

CLK (82C84A OUTPUT) j A\

BITCVCTX —=
WRITE CYCLE __ \l\
(RD, INTA, DEN
DT/R = VOH
! (28) TCVCTV =i l:— 138

TWLWH S

WR \‘\ 7

(19) TCVCTX = (31) f=

TCLAZ{

~—TCLDX1(7)
— e

— e c——
i

[ S e e S

AD15-ADgo

— — e — —— — ] oo, ! — . — — —

TCHCTV - TCHCTV (30)
INTA CYCLE DT/R

NOTE 1
(7D, WA = VOH {29)TcVeTV >
BHE =V,
ot iNTA
[28) TCVCTV - TCVCTX -
31)
EN

SOFTWARE I
HALT - AD15-ADg INVALID ADDRESS SOFTWARE HALT
DEN, RD, . !
WR, INTA = Vgy TCLAV
- an
DT/R = INDETERMINATE

NOTE: 1. Two INTA cycles run back-to-back. The 80C86 local ADDR/DATA bus is floating during both INTA
cycles. Control Signals are shown for the second INTA cycle.
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Specifications 80C86

A.C. Electrical Specifications Vg = 5.0V £ 10%; Ta = 00C to +700C (C80C86, C80C86-2)
VGG = 5.0V £ 10%; Ta = -400C to +850C (I80C86, CBOC86-2)
Ve = 5.0V £ 10%; T = -550C to +1250C (M80C86)
VGC = 5.0V £ 5%; TA =-550C to +1250C (M80C86-2)

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER)

TIMING REQUIREMENTS 80C86-2 80C86
SYMBOL I PARAMETER MIN | MAX MIN MAX | UNITS | TEST CONDITIONS

(1) TCLCL CLK Cycle Period 125 200 ns
(2) TCLCH CLK Low Time 68 118 ns
(3) TCHCL CLK High Time 44 69 ns
(4)TCH1CH2 CLK Rise Time 10 10 ns From 1.0V to 3.5V
(5)TCL2CL1 CLK Fall Time 10 10 ns From 3.5V to 1.0V
(6 TDVCL Data in Setup Time 20 30 ns
(7) TCLDX1 Data In Hold Time 10 10 ns
(8) TR1VCL RDY Setup Time into 82C84A 35 35 ns

(Notes 1, 2)
(9) TCLR1X RDY Hold Time into 82C84A 0 0 ns

(Notes 1, 2)
(10TRYHCH READY Setup Time into 80C86 68 118 ns
(11)TCHRYX READY Hold Time into 80C86 20 30 ns
(12)TRYLCL READY Inactive to CLK (Note 3) -8 -8 ns
(13)TINVCH Setup Time for Recognition 15 30 ns

(INTR,NMI, TEST) (Note 2)
(14) TGVCH RQ/GT Setup Time 15 30 ns
(15) TCHGX RQ Hold Time into 80C86 (Note 4) 30 |TCHCL*| 40 |TCHCL+ ns

10 10

(16) TILIH Input Rise Time (Except CLK) 15 15 ns From 0.8V to 2.0V
(17) TIHIL Input Fall Time (Except CLK) 15 15 ns From 2.0V to 0.8V
TIMING RESPONSES
(18)TCLML Command Active Delay (Note 1) 5 35 5 35 ns
(19)TCLMH Command Inactive (Note 1) 35 5 35 ns
(20)TRYHSH READY Active to Status Passive 65 110 ns

(Notes 3, 5)
(21)TCHSV Status Active Delay 10 60 10 110 ns
(22) TCLSH Status Inactive Delay (Note 5) 10 70 10 130 ns
(23) TCLAV Address Valid Delay 10 60 10 110 ns
(24) TCLAX Address Hold Time 10 10 ns
(25) TCLAZ Address Float Delay TCLAX 50 TCLAX 80 ns
(26) TCHSZ Status Float Delay 50 80 ns
(27) TSVLH Status Valid to ALE High (Note 1) 20 20 ns
(28)TSVMCH Status Valid to MCE High (Note 1) 30 30 ns CL = 100pF
(29) TCLLH CLK low to ALE Valid (Note 1) 20 20 ns Om;‘:}'t :'('Ig‘):;?mon
(30)TCLMCH CLK low to MCE High (Note 1) 25 25 ns to 80C86 self-load)
(31) TCHLL ALE Inactive Delay (Note 1) 4 18 4 18 ns
(32)TCLMCL MCE Inactive Delay (Note 1) 15 15 ns
(33) TCLDV Data Valid Delay 10 60 10 110 ns
(34)TCLDX2 Data Hold Time 10 10 ns
(35) TCVNV Control Active Delay (Note 1) 5 45 5 45 ns
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Specifications 80C86

TIMING REQUIREMENTS 80C86-2 80C86

SYMBOL | PARAMETER MIN | MAX MIN l MAX | UNITS | TEST CONDITIONS |
TIMING RESPONSES
(36)TCVNX Control Inactive Delay (Note 1) 10 45 10 45 ns
(37) TAZRL Address Float to Read Active 0 0 ns
(38) TCLRL RD Active Delay 10 100 10 165 ns CL =100pF
(39)TCLRH RD Inactive Delay 10 80 10 150 ns
(400TRHAV RD Inactive to Next Address Active | TCLCL TCLCL ns

-40 -45
TCHDTL Direction Control Active Delay 50 50 ns
(41) (Note 1)
TCHDTH Direction Control Inactive Delay 30 30 ns
(42) (Note 1)
(43)TCLGL GT Active Delay 0 50 10 85 ns
(44TCLGH GT Inactive Delay 0 50 10 85 ns
(45)TRLRH RD Width 2TCLCL 2TCLCL| ns \
-50 -75
(46)TOLOH Output Rise Time 15 20 ns From 0.8V to 2.0V
(47)TOHOL Output Fall Time 15 20 ns From 2.0V to 0 8V
NOTES Signal at 82C84A or 82C88 shown for reference only

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

The 80C86 actively pulls the RQ/GT pin to a logic one on the following clock low time

1
2
3 Applies only to T2 state (8 nanoseconds into T3)
4
5

Status lines return to their inactive (logic one) state after CLK goes low and READY goes high
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80C86

Waveforms

BUS TIMING - MINIMUM MODE SYSTEM (Using 82C88)

T T
'1 L@ 2 6l T3 Ta
T&L TCH1CH2 TCL2CLYT Ty
cLK J{ \ / Sk AF \ Y \
(23) \ /
TCLAV TCHCL (3) [e— TCLCH —=
(2)
XX XC
(21) TCHsV ] TCLSH - (22) I-
2,1, S0 (EXCEPT HALT) \\ (SEE NOTE 3) \\-- T
(33) ~
TCLOV -T=="
(23)TcLAV TOLAX (24) TCLAV —= (23)
BHE/S7, Arg/Sg-Are/S3 | BHE, A19-A16 }( 57'-83
TSVLH —] 31
@7 teLiue] fe MY
ALE (82C88 OUTPUT) = /,- o
— y A
NOTE 1 TR1VCL 8) |—
LMY
TCLR1X —=| (9)
(12) TRYLCL
1 /
READY (80C86 INPUT) TCHRYX
TRYHSH
(24) (20)
—>|TCLAX f«—
TRYHCH (9
(25) 7
READ CYCLE TCLAV —| (23) —~{TCLAZ |~ TOVCL ——=f= TCL(D])H’
AD15-ADg AD15-ADo| ) DATA IN )
} —-————
(37)TAZRL —= TCLRH TRHAV
(39)
» 3 1
(42)
41)TcHD
“ T 4 TCLRL ‘ 145) TeneT
(3a| \ TRLRH
DT/R
TCLML~] (18] |=— TcLMH — (19)
82C88
OUTPUTS MRDC OR IORC
SEE NOTES 35)
1,2 TCVNV —={
DEN
TCVNX — (36)

NOTE: 1.

determine if TW machine states are to be inserted.

INTA, and DEN) lags the active high 82C88 CEN. ¥

. Status inactive in state just prior to T4.

Signals at 82C84A or 82C88 are shown for reference only. RDY is sampled near the end of T2, T3, TW to
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80C86

Waveforms (Continued)
BUS TIMING - MAXIMUM MODE (USING 82C88) (Continued)

T T2 T3 Ta

Tw

D A N 2 VA L

(21) TcHsv
W(;EE NOTE 3) ] K
23) N _j P R A
WRITE CYCLE 1-[(;LlAv-— TcLoy —=i33) N B ] TCLDX2 —mi (34) f=—
TCLAX =24
AD15-ADg DATA )(

"i:"lg;v —= (36) Tcvnx
DEN
(19)
(18) TCLML —= TCLMH -
82Ccs88 -
OUTPUTS [—— —
(SEE NOTES | AMWC OR ATOWC

§2. 87, Sp (EXCEPT HALT)

1,2)
(18) TCLML —= TCLMH —={
19)

MWTC OR IOWC

INTA CYCLE 6 @
—t o —— — __.___._._._..___.*.._._._____- mm
AD15-ADg ( RESERVED FOR ) o 8
(SEE NOTES 4, 5) -t ] A ADE AR e e e ) S0
(25) TcLaz - / (6) TcLoxa(7) o 3
—— —— - ——\ ————— — — — — ———— — — — o
o
AD15-ADg POINTER =0
— = A e —— o e —— — o — Oa
28) TCLMCL-—ESZ]
TSVMCH —=i S
MCE/ 41) Vi
PDEN TCHDTL
(30)TCLMCH-= —=1(42) |=—TcHDTH
DT/R
T
82C88 OUTPUTS N (18) TeLmL —=
(SEE NOTES 1, 2) INTA e ——
—
TCYNV —=| T(:(Iizi"
35)
BEN
SOFTWARE _ L "[:3‘8?)( -
HALT - RD, MRDC, iORC, MWTC, AMWC, IOWC, ATOWC, INTA, S, $1 = VoH
] |
T
AD15-ADg INVALID ADDRESS
—=|TCLAV
p— (23)
52
—=1(21) TCLSH ——'lZZ]
TCHSV

NOTES 1 Signals at 82C84A or 82C88 are shown for reference only.

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

w

Status inactive in state just prior to T4

»

. Cascade address 1s vald between first and second INTA cycles

Two INTA cycles run back-to-back. The 80C86 local ADDR/DATA bus s floating during both INTA
cycles Control for pointer address 1s shown for second INTA cycle

o
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80C86

Waveforms (Continued)
REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

Any > 0-CLK
CLK Cycle Cycles

CLK
TCLGH

y TeHax (18] X
o PULSE 2 T
RQ/GT % PULSE 1 80C86 GT PULSE 3
| COPROCESSOR ézs COPROCESSOR
PREVIOUS GRANT RQ TCLAZ RELEASE
I N
ADyg - ADg 80C86 ) COPROCESSOR
1 b
RD, LOCK —] TcHsz (26) (see note)
BHE/S7, A1g/So-A16/S3
B e —————

NOTE: The coprocessor may not drive the busses outside the region shown without risking contention

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

> 10K 10R2
| Cycles

CLK

N

3
j THVCH 1\ mvcn
HOLD >t
- }'TCLHAV |36] - TCLHAV (36)
HLDA @ [“____
] TCLAZ ) L
ADqg - ADg socss COPROCESSOR ) < 80C86
e vy
les] T
BAE/S7, A19/56-A16/53 ) e e gy I
AD, WR, M/i0, DT/R, DEN eS| e e e e e ——————————— -
ASYNCHRONOUS SIGNAL RECOGNITION BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY)

CLK

3
TINVCH (see note)

¢ 1

INTR SIGNAL

> _—

TEST

NOTE: Setup requirements for asynchronous signals only to guarantee
recognition at next CLK
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80C86

Waveforms (Continued)
RESET TIMING

I———— > 50usec

vcc /

CLK

N

(7) TcLDX1 f—

(6) TDVCL

RESET

L

>4 CLK CYCLES

A.C. Test Circuit

OUTPUT FROM

DEVICE UNDER TEST I POINT
C

L*

TEST

*Includes stay and jig capacitance

A.C. Testing Input, Output Waveform

INPUT ouTPUT
VIH + 20% VIH VOH
1.5v >< ><1.5v
IL - 50% VIL voL

A.C. Testing: All input signals (other than CLK) must switch between
ViLmax -50% VIL and VIHmin +20% VIH. CLK must switch
between 0.4V and VCC -0.4. Input rise and fall times are
driven at 1ns/V.
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80C86

Burn-In Circuits

GND
GND

2

j

R

VvCL
GND

R

E!

]

GND

VvCL
GND
GND

=

]

R

GND
VvCL
VCL
VvCL

OPEN
OPEN
OPEN
OPEN
GND
GND

2

f

=

GND

NOTES:
1. VCC = 5.5V x 0.5V, GND = 0V

2. Input Voltage Limits (Except Clock):

VIL (Maximum) = 0.4V

]

j

2

.

j

]
O
O
&)
(o)
RIO
8}
(8}
(8}
RIO
]

(¢}

3
({
8l{o

|

=y
-

-] -

=y

Lt

MD80C86 CERAMIC DIP

E |-c— GND
ano Y vee 40] vce
AD14 AD15 @—.Nvﬂg VCL
AD13 AD16 W VCC/2
AD12 AD17 E—wvs'l)- VCC/ 2
ADT1 AD18 W VCC/2
AD10 AD19 [B—AMES veor 2
AD9 BHE M vce/ 2
ADS WX [33)e———— GND
AD7 7D @—mﬂ vee/ 2
ADB RQO E_TI—vVV\i vCL
ADS RaQi W vCL
AD4 TocK M vcer 2
AD3 52 |28 RO veerz
AD2 s1 Z-/]—wvt& vce/ 2
AD1 6 [Z6F— AW vee/ 2
ADO Qso M VCC/ 2
NMI Qs2 E]—WV\E& vces2
INTR TEST |[28}———— GND
CIK  READY [Z}—AME— voL
GND RESET _Z_T]—wNV*-FL NODE @
FROM
PROGRAM
CARD

VIH (Minimum) = 2.6V, V""(Clock) = (VCC - 0.4V) Min
. VCC/2 is external supply set to 2.7V + 10%
. VCL is generated on program card (VCC - 0.65V)

"

from int

3.

4

5. Pins 13 - 16 input di
6. FO = 100kHz + 10%

7

. Node ) = a 40ps puise every 2.56ms

| hold devi

COMPONENTS:

1. Rl = 10k 5%, 1/4W
2. RO = 1.2kQ + 5%, 1/4W
3. RIO = 2.7k + 5%, 1/4W
4. RC = 1k % 5%, 1/4W
5. C = 0.01uF (Minimum)
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80C86

Burn-In Circuits (Continued)

MR80C86 CERAMIC LCC

vCcC

vCL

vecC/2

GND

NOTES:
1. VCC = 5.5V £ 0.5V, GND = 0V
2. Input Voltage Limits (Except Clock):
VIL (Maximum) = 0 4V
VIH (Minimum) = 2.6V, V'”(Clock) = (VCC - 0.4V) Min
3. VCC/2 is external supply set to 2.7V + 10%
4. VCL is generated on program card (VCC - 0.65V)
5. FO = 100kHz + 10%
6. Node ® = a 40ps pulse every 2.56ms

@ (FROM PROGRAM CARD)

COMPONENTS:

1.
2. RO = 1.2k} = 5%, 1/4W
3.
4
5

Rl = 10k + 5%, 1/4W

RIO = 2.7kQ £ 5%, 1/4W

. RC = 1kQ % 5%, 1/4W
. C = 0.01pF (Minimum)
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80C86

Metallization Topology

DIE DIMENSIONS:
249.2 x 2909 x 19 = 1 mils
METALLIZATION:
Type: Silicon - Aluminum
Thickness: 11kA * 2kA
GLASSIVATION:
Type: Nitrox
Thickness: 10kA + 2kA
DIE ATTACH:
Material: Gold - Silicon Eutectic Alloy
Temperature: Ceramic DIP — 460°C (Max)
Ceramic LCC — 420°C (Max)
WORST CASE CURRENT DENSITY:
1.5 x 105 A/cm2

Metallization Mask Layout
80C86

AD11 AD12 AD13 AD14 GND vcc AD15 A16/S3 A17/$4 A18/S5

A19/S6
AD10

AD9

AD8

AD7

AD6 RQ/GTO

ADS

RQ/GT1

AD4

AD3 LOCK

AD2

AD1

ADO

NMI INTR CLK GND RESET READY TEST QS1 Qso
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80C86

INSTRUCTION SET SUMMARY

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 | modregrim |
[ 1110010w ] port |
[ 1110011w | port

[ 10001101 |  modregr/m |
[ 11000101 [ modregr/m |
[ 11000100 | modregr/m |

10011110
10011100
10011101

R escation. instruction Code
DATA TRANSFER
MOV = Move: 76543210 76543210 765643210 76643210
Register/Memory to/from Register I 100010dw ] mod reg r/m ]
Immediate to Register/Memory [ _1100011w | modooorm | data [ dataitws ]
Immediate to Register [ 1011wreg [ data [ datalfw1 I
Memory to Accumulator [ 1010000w ] add-low I addr-high I
Accumulator to Memory [ 1010001w [ addr-low [ addr-high I
Register/Memory to Segment Register** [ 10001110 | modOregr/m |
Segment Register to Register/Memory [ 10001100 | modoregr/m |
PUSH = Push:
Register/Memory [ 11111111 | modttowvm |
Segment Register
POP = Pop:
Register/Memory [ 10001111 | modooorm |
Segment Register
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80C86

INSTRUCTION SET SUMMARY (Continued)

Mnemonic and
Description

|

Instruction Code

ARITHMETIC
ADD = Add:

Reg./Memory with Register to Either
Immediate to Register/Memory

Immediate to Accumulator

ADC = Add with Carry:
Reg /Memory with Register to Either
Immediate to Register/Memory

Immediate to Accumulator

INC = Increment:
Register/Memory

Register

AAA = ASCIl Adjust tor Add

DAA = Decimal Adjust for Add
SUB = Subtract:

Reg./Memory and Register to Either
Immediate from Register/Memory

Immediate from Accumulator

SBB = Subtract with Borrow
Reg./Memory and Register to Either
Immediate from Register/Memory
Immediate from Accumulator

DEC = Decrement:
Register/Memory

Register

NEG = Change Sign

CMP = Compare:
Register/Memory and Register
Immediate with Register/Memory
Immediate with Accumulator

AAS = ASCII Adjust for Subtract
DAS = Decimal Adjust for Subtract
MUL = Multiply (Unsigned)

IMUL = Integer Multiply (Signed)
AAM = ASCII Adjust for Multiply
DIV = Divide (Unsigned)

IDIV = Integer Divide (Signed)
AAD = ASCIi Adjust for Divide
CBW = Convert Byte to Word
CWD = Convert Word to Double Word

76543210 76543210 76543210 76543210
[ 0o0o0o0oo0dw modregr/m |

[ 100000sw mod000r/m | data [ dataitsw=o01 |
[ oo00010w data 1 dataitw=1_ ]

F 000100dw ] mod reg r/m l

[ 100000sw | modotowm ] dala [ dataitsw=o01 |
[ oooto010ow | data [ cataitw=1_]

[ 1111111w | modooorm |

[ oot1010dw | modregr/m |

[ 100000sw | modiotwm | data | dataitsw=01 |
[ oo10110w ] data [ dataitw=1_ |

[ 000110dw l mod reg r/'m ]

[ 100000sw | modotie/m | data [ dataitsw =01 |
[ ooot11ow | data [ dataitw=1 ]

[ 1111111iw | modootwm |

[ 1111011w [ modot1om |

L001110dw l mod reg r/m J

L 100000sw i mod111r/m [ data 1 dalauls:w=01J
[ oot111ow | data [ dataitw=1__ |

00111111
00101111

1111011w |

mod 100r/m

111101 1w

mod101r/m

11010100

00001010

mod110r/m

1111011w

mod111r/m

L

I [
( I
[ 1111011w ]
{ [
L I

11010101

00001010

| | |

l 10011000
10011001
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INSTRUCTION SET SUMMARY (Continued)

Mnemonic and

Instruction Code

Description
LOGIC 76543210 76543210 76543210 76543210
NOT = Invert [ 1111011w | modotorm |
SHL/SAL = Shift Logical/ArithmeticLeft [ 110100vw | mod100r/m |
SHR = Shift Logical Right [ 110100vw | modtotwm |
SAR = Shift Arithmetic Right [ 110100vw | modt1tivm |
ROL = Rotate Left [ 110100vw [ modooorm |
ROR = Rotate Right [ 110100ovw [ modootwm |
RCL = Rotate Through Carry Flag Left [ 110100vw [ modotovm |
RCR = Rotate Through Carry Right [ +10t0ovw [ modotivm |
AND = And:
Reg./Memory and Register to Either L 001000dw L mod reg r/m |
Immediate to Register/Memory r 1000000w ‘ mod100r/m I data J dataifw = 1 ]
Immediate to Accumulator [ ooto01ow [ data [ dataitw=1_ |
TEST = And Function to Flags, No Result:
Register/Memory and Register L 1000010w l mod reg r/m I
Immediate Data and Register/Memory [ 1111011w [ modocorm [ data | dataitw=1_]
Immediate Data and Accumulator L 1010100w 1 data | dataifw = 1 |
OR = Or:
Reg /Memory and Register to Either L 000010dw l mod reg r/m J
Immediate to Register/Memory | 1000000w l mod001r/m l data ] dataifw = 1 ]
Immediate to Accumulator [ oooot110w data | dataitw=1_ ]
XOR = Exclusive or:
Reg./Memory and Register to Either [ 001100dw ] mod reg r/m J
Immediate to Register/Memory [ 1000000w | modttowm | data | dataitw=1_ |
Immediate to Accumulator ] 0011010w l data ] dataifw = 1 J
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 l
Indirect Within Segment [ 11111111 | modotorm |
Direct Intersegment [ 10011010 [  offsetlow [ oftset-high |
L seg-low [ seg-high I
Indirect Intersegment [ 11111111 | mod011r/m l
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INSTRUCTION SET SUMMARY (Continued)

Mnemonic and

Description l 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 [ mod 100r/m ]
Direct Intersegment I 11101010 T offsel-low I offset-high
[ seg-low l seg-high

Indirect Intersegment [ 11111111 | mod1o1vm |
RET = Return from CALL:
Within Segment 11000011
Within Seg Adding Immed to SP | 11000010 ] data-low ] data-high
Intersegment I 11001011
Intersegment Adding Immediate to SP [ 11001010 | data-low [ data-high
JE/JZ = Jump on Equal/Zero [ 01110100 l disp ]
JL/UNGE = Jump on Less/Not Greater | 01111100 ] disp I

or Equal
JLE/JNG = Jump on Less or Equal/ 011111 ;i

Not Greater [ 1110 I disp l
JB/JNAE = Jump on Below/Not Above i

posii [ o1110010 T disp ]
JBE/JNA = Jump on Below or Equal/ i

e o 8 [ o1110110 ] disp ]
JP/JPE = Jump on Parity/Parity Even [ 01111010 ] disp ]
JO = Jump on Overflow [ 01110000 T disp ]
JS = Jump on Sign [ 01111000 [ disp ]
JNE/JINZ = JumponNotEqual/NotZero [ 01110101 | disp ]
JNL/JGE = Jump on Not Less/Greater [ 01111101 r disp I

or Equal
JNLE/JG = Jump on Not Less or Equal/ [ 01111111 I disp ]

Greater
JNB/JAE = Jump on Not Below/Above l 01110011 l disp ]

or Equal
JNBE/JA = Jump on Not Below or 1 "

Equals Above [ ot110111 ] disp ]
JNP/JPO = Jump on Not Par/Par Odd [ ot111011 ] disp ]
JNO = Jump on Not Overflow [ o1110001 T 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 i

Zore/ st [ 11100000 ] disp ]

JCXZ = Jump on CX Zero [ 11100011 ] disp ]
INT = Interrupt
Type Specified I 11001101 [ type l
Type 3 11001100

INTO = Interrupt on Overflow
IRET = Interrupt Return

11001110
11001111




80C86

INSTRUCTION SET SUMMARY (Continued)

Mnemonic and
Description

S

Instruction Code

76543210

PROCESSOR CONTROL
CLC = Clear Carry

CMC —= Complement Carry 11110101
STC = Set Carry 11111001
CLD = Clear Direction 11111100
STD = Set Direction 11111101
CLI = Clear Interrupt 11111010
STI = Set Interrupt
HLT = Halt 11110100

WAIT = Wait

76543210

1101 1xxx

—

ESC = Escape (to External Device)

mod x xx 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

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

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

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

if /m = 100 then EA = (SI) + DISP
if /m = 101 then EA = (DI) + DISP
ifr/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.

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

| ootreg110 |
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
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3 HARRIS

80C88

February 1992 CMOS 8/16 Bit Microprocessor

Features Description
* Compatible with NMOS 8088 The Harris 80C88 high performance 8/16-bit CMOS CPU is man-
* Direct Software Compatibility with 80C86, 8086, ufactured using a self-aligned silicon gate CMOS process (Scaled
8088 SAJI IV). Two modes of operation, MINimum for small systems
5 and MAXimum for larger applications such as multiprocessing,
* 8 Bit Data Bus Interface; 16 Bit Internal Architecture g\ user configuration to achieve the highest performance level.
* Completely Static CMOS Design Full TTL compatibility (with the exception of CLOCK) and
L oY o B PO 5MHz (80C88) industry-standard operation allow use of existing NMOS 8088
P DG 8MHz (80C88-2) hardware and Harris CMOS peripherals.
« Low Power Operation C9mplete software compatibility V\{Itfw. the 80C86, §086, and 8_088
. microprocessors allows use of existing software in new designs.
Ll T 0. - 500pA Maximum
PICCOP .evnennennnnnn. 10mA/MHz Maximum  Ordering Information
* 1 Megabyte of Direct Memory Addressing Capability |pAcKAGE| TEMP.RANGE 5MHz 8MHz
e 24 Operand Addressing Modes Plastic DIP| _ 0°C to +70°C CP80C88 CP80C88-2
- -400C to +850C | IPBOC88 1P80C88-2
* Bit, Byte, Word, and Block Move Operations PLCO 009G 1 47090 G008 Co80086-2
* 8 and 16 Bit Signed/Unsigned Arithmetic —409C 10 +850C | 1S80C88 1S80C88-2
* Bus-Hold Circuitry Eliminates Pull-up Resistors Ceramic | 00Cto+709C | CD80C88 CD80C88-2
® Wide Operating Temperature Ranges oF ~409C 10 857G _11D80CES ID80C8E-2
N P g Temp 9 . o ~559C 10 +1250C | MDBOCS8/B MDBOC88-2/8
CBOCB8....ccvivviirnncncnncnnn 00C to +70°C SMD# 5962-8601601QA _
> 180C88.....cccviiinncnranannn -400C to +859C [ cc -550C to +1250C | MR80OC88/B MR80C88-2/8
> M8BOC88....cccvvcvvvncccnnnnnn -550C to +1250C SMD# 5962-8601601XA -
Pinouts .4 eappip 44 LEAD PLCC/LCC
TOP VIEW TOP VIEW
MIN MAX P um——
MODE MODE r 8 @ ¥ 8 g g ® L]
- 8 o2 F g o
ano [7] 40 vee MAX MODE DR > g2 E g
A4 [2] Al5 soges ~ - 8 & e 8 o Q 3 3 8
MINMODE | T % X Z 5 2 8 % © ~ ®
m3[3] 38] 16 /53 8088 T T =
A12 E A17/S4 FRAHEEIH
A [5] [36] A18 /55 at0 Ne NG
A0 [6] [35] A19/56 ) 38lme /56 | mro/ss
a9 [7] [34] 550 (HIGH) A8 7] 586 | tuow
A8 E [33] MN /MX AD7 36|MN /MX | MN /MX
AD7 E RD ADS M RD
Aos [10] 3] HOLD  {RQ /GTO) ADS : HoLD |RQ/GTo|
ADs [17] [30] HLDA  (RG /GTT) AD4 33] HLoA |Ra/GT|
A4 [i2] [29] WR (Loce AD3 WR | Lock
03 [i3] 0/M  (52) A0z fom| sz
AD2 [14] DT/R  (81) Aot J or Mmoo
AD1 [E [26] DEN (50) apo =] e 5
ADo [ig] [25] ALE (aso0) 1
F ovts I e I sowte 1 e N e B e I i N it I i e I e |
N [i7 23] INTA  (as1) misisisinisisininicingg MIN MODE
J— - « a o ~ < 80C8s8
IP;T-:IEE 5 :ESA:’Y g 2 Z é ] g Q E IE |§ ; MAX MODE
19 s
= & o =) - /
GND [20] 21] RESET 2 3 ¢ 3 z ¢ é 5 g g §
Copyright ©Harris C 1992 File Number 2949
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Functional Diagram

EXECUTION UNIT BUS INTERFACE UNIT

[ 1 RELOCATION |
REGISTER FILE REGISTER FILE
SEGMENT
DATA,
POINTER, AND| B+
INDEX REGS INSTRUCTION]
(8 WORDS) m.,.ﬁ,.ou
(5 WORDS)

= { |— $S0/IGH

16-8IT ALU :> Avg/Sg
Aresss
FLAGS @ AD;- ADg
BUS
INTERFACE
uNIT :> As-As
4 ) DT/R, DEN, ALE, IO

1L

4-BYTE
INST
QUEUE
e =
¥ ——f
INT ——»] > Lock
NMI——]
— 7
AT @ CONTROL & TIMING 08, 084
HOLD ——) 3 )82.81.%
HLDA +—

LLLLY

CLK RESET READY MN/MX GND
Vee

INSTRUCTION

STREAM BYTE
QUEUE
€S
8US cs
INTERFACE ss
uNIT [B EXECUTION UNIT)
CONTROL
SYSTEM

AH
BH ARITHMETIC/
CH LOGIC UNIT
EXECUTION DH
UNIT SP
BP
sl
DI

CMOS MICRO-
PROCESSORS
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80C88

Pin Description

The following pin function descriptions are for 80C88 connection to the 80C88 (without regard to additional bus
systems in either minimum or maximum mode. The “local bus”  buffers).
in these descriptions is the direct multiplexed bus interface

SYMBOL

PIN
NUMBER

TYPE

DESCRIPTION

AD7-ADO

9-16

1/0

ADDRESS DATA BUS: These lines constitute the time muitiplexed memory/IO address (T1) and data
(T2, T3, Tw and T4) bus. These lines are active HIGH and are held at high impedance to the last valid
level during interrupt acknowledge and local bus “hold acknowledge” or “grant sequence”.

A15-A8

2-8,39

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 are held at high
impedance to the last valid logic level during interrupt acknowledge and local bus “hold acknowledge”
or “grant sequence”.

A19/S6,
A18/85,
A17/84
A16/S3

35
36
37
38

0000

ADDRESS/STATUS: During T1, These are the four most significant address lines for memory opera-
tions. During I/O operations, these lines are LOW. During memory and I/O operations, status infor-
mation is available on these lines during T2, T3,
Tw and T4. S6 is always LOW. The status of the sS4 S3 CHARACTERISTICS
interrupt enable flag bit (S5) is updated at the
beginning of each clock cycle. S4 and S3 are
encoded as shown.

Alternate Data
Stack

Code or None
Data

4400
- O =0

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

These lines are held at high impedance to the last valid logic level during local bus “hold acknowledge”
or “grant sequence”.

32

READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, depending
on the state of the 10/M pin or S2. This signal is used to read devices which reside on the 80C88 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 80C88 local bus has floated.

This line is held at a high impedance logic one state during “hold acknowledge” or ““grant sequence”.

READY

22

READY: is the acknowledgement from the addressed memory or /0O device that it will complete the
data transfer. The RDY signal from memory or 1/O is synchronized by the 82C84A clock generator to
form READY. This signal is active HIGH. The 80C88 READY input is not synchronized. Correct
operation is not guaranteed if the set up 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 acknowlege operation. A sub-
routine 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: inputis examined by the “wait for test” instruction. If the TEST input is LOW, execution contin-
ues, otherwise the processor waits in an “idle” state. This input is synchronized internally during each
clock cycle on the leading edge of CLK.

NMI

17

NONMASKABLE 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. NMlis not maskable inter-
nally 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 transition
LOW to HIGH and remain 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

CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with a 33%
duty cycle to provide optimized internal timing.

vCC

40

VCC: is the +5V power supply pin. A 0.1pF capacitor between pins 20 and 40 is recommended for
decoupling.

GND

1,20

GND: are the ground pins (both pins must be connected to system ground). A 0.1uF capacitor between
pins 1 and 20 is recommended for decoupling.

MN/MX

33

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

The following pin function descriptions are for the 80C88 functions which are unique to the minimum mode are
minimum mode (ie, MN/MX = VCC). Only the pin described; all other pin functions are as described above.

MINIMUM MODE SYSTEM

SYMBOL

PIN
NUMBER

TYPE

DESCRIPTION

I0/M

28

STATUS LINE: is an inverted maximum mode S2. Itis used to distinguish a memory access from an I/0|
access. 10/M becomes valid in the T4 preceding a bus cycle and remains valid until the final T4 of the
cycle (/O = HIGH, M = LOW). I