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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 25MHz, 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. '
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TECHNICAL ASSISTANCE

Harris Marketing Support Services (HMSS), 1-800-4HARRIS

HMSS provides world-class service to customers requiring information on all products offered by Harris
Semiconductor. Ask Harris Marketing Support Services for answers conceming:

* Product Identification * Distributor Stocking Levels
¢ Availability * Requests for Literature and Samples
* Competitive and Obsolete Cross-Reference

HMSS services are available from 8:00am to 8:00pm EST. Callers from outside the United States, dial
(407) 727-9207.

HMSS is the initial contact for customers who need technical assistance with the selection and use of
our products. Callers have the option to be connected directly to the Central Applications Group.
Central Applications, 1-800-4HARRIS

Ask our experienced staff of engineers for assistance with:

« Device Selection
 Specification Interpretation
« Applications for Any Harris Product

Central Applications serves you Monday through Thursday 8:00am to 7:00pm and Friday 8:00am to
5:00pm EST. Callers from outside the United States dial (407) 727-9207.

Central Applications’ knowledge of our portfolio can provide you with a total system design solution
using the latest Harris devices!

Electronic Technical Support

Electronic services from Harris Semiconductor offer you the most current information possible.

— seml harris.com http://www.semi.harris.com
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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.

¢ 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.

+ 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.

MILITARY
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Military Grades Available

SMD/ SMD/
PRODUCT DESC | /83 | /883 PRODUCT JAN DESC B 8/3
MR82C54-10 pending X
CDP1802AC X MDB82C55A X X
MG80C286-10 pending MR82C55A X X
MG80C286-12 pending MDB82C55A-5 X X
MDBOC86 X X MR82C55A-5 X X
MR80C86 X. X MDB2C59A X X
MD80C86-2 X X MR82C59A X X
MRB0C86-2 X X MD82C59A-5 X X
MD80C88 X X MR82C59A-5 X X
MRS0C88 X X MD82C59A-12 pending X
MD80C88-2 X MR82C59A-12 pending X
MR80C88-2 X MD82C82 X X
P MR82C82 X X
CDP1852 X MDB2C83H X X
CDP1852C X MR82C83H X X
[copisss 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
MRB2C237-12 pending X MR82C88 X X
MD82C284-10 X MD82C89 X X
MD82C284-12 X MR82C89 X X
MDB82C37A pending X DATA
MR82C37A pending X CDP1854A X
MD82C37A-12 pending X CDP1854AC X
MRB2C37A-12 pending X HD1-15530 X X
MD82C37A-5 pending X HD4-15530 X X
MR82C37A-5 pending X HD1-15531 pending X
MD82C50A-5 X HD1-15531B pending X
MD82C52 X X HD1-4702 pending
MRB82C52 X X HD4-4702 X
MD82C54 X X HD1-6402R X
MR82C54 X X HD1-64028
MD82C54-10 pending X HD1-6409
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Military Grades Available

HD4-6409 HM1-6551B X
HS1-3182 pending X HM1-6561 X
HS4-3182 pending X HM1-6561B X
HS1-3282 X X HM1-65642 X 3
HS4-3282 X X HM4-65642 X X
MDB2C50A-5 X HM1-656428 X X
MDB2C52 X X HM4-656428 X X
MR82C52 X X HM1-65642C X
OMOS RAMS ] [rmaeseac X
CDP1821C 'CMOS PROM
CDP1822C HM1-6617 X X
CDP1823C HME-6617 X X
CDP1824 HM4-6617 X X
CDP1824C HM1-66178 X X
HM?1-6504 X X HM6-66178 X X
HM1-6504B X X HM4-66178 X X
HM1-6504S X X X HM1-6642 X X
HM1-6508 X HM6-6642 X X
HM1-65088 X HM4-6642 X X
HM1-6514 X X HM1-66428 X X
HM1-65148 X X HM6-66428 X X
HM1-6514S X X X HMA4-66428 X X
HM1-6516 X X X CMOS RAM MODUL ‘;

bt
HM4-6516 X X X HM5-6564 X
HM1-65168 X X HM5-8808 X
HM4-65168 X X HM5-8808B X
HM1-65162 X X X HM5-8808S X
HM4-65162 X X X HM5-8808A X
HM1-65162B X X X HM5-8808AB X
HM4-651628 X X X HM5-8808AS X
HM1-65162C X X HMS5-8816H X
HMA4-65162C X X HM5-8816HB X
HM1-6518 X HM5-8832 X
HM1-6518B X HM5-88328 3
HM1-65262 3 X X HMS5-91M2 X
HM4-65262 X X X HMS5-91M2B X
HM1-652628 X X X HMS5-92560 X
HM4-652628 X X X HMS-92570 X
HM1-6551 X

H
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Harris JAN-SMD-/883 Part Number Listing — ]

HARRIS PART # JAN PART # SMD/DESC PART # /883 PART #
MGB0C286-12 Pending MGB0C286-12/883
MG80C286-10 Pending MGS0C286-10/883
MDB0C86 84052010A
MRB0C86 8405201XA
MD80C86-2 8405202QA
MRB0C86-2 8405202XA
MDB0CS8 5962-86016010A
MRB0C88 5962-8601601XA
MD82C237 Pending
MR82C237 Pending
MD82C237-12 Pending
MRB82C237-12 Pending
MD82C284-10 MD82C284-10/883
MDB2C284-12 MD82C284-12/883
MD82C37A Pending
MR82C37A Pending
MDB82C37A-12 Pending
MRB2C37A-12 Pending
MDB2C37A-5 Pending
MRB2C37A-5 Pending
MD82C52 8501501XA
MR82C52 - 85015013A
MD82C54 8406501JA
MR82C54 84065013A
MD82C55A 8406602QA
MR82C55A 8406602XA
MD82CS5A-6 8406601QA
MRB82C55A-5 8406601XA
MD82C59A 5962-8501602YA
MRB2C59A 5962-85016023A
MDB82C59A-5 5962-8501601YA
MRB2C59A-5 5962-85016013A
MD82C82 8406701RA
MR82C82 84067012A
MD82C83H 8406702RA
MR82C83H 84067022A
MD82C84A 8406801VA
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Harris JAN-SMD-/883 Part Number Listing

HARRIS PART #

|

JAN PART #

SMD/DESC PART # _l

/883 PART # ]

MICROPROCESSOR PRODUCTS (Continued)

MR82C84;

84068012A

MDB82C86H-5 5962-8757701RA

MR82C86H-5 5962-87577012A

MDB82C87H-5 5962-8757702RA

MR82C87H-5 5962-87577022A

MD82C88 8406901RA

MR82C88 84069012A

MD82C89 5962-8552801RA

MR82C89 5962-85528012A

DATA COMMUNICATIO}:I PRODUCTS e e

HD1-15530 T 7862901 JA

HD4-15530 78029013A

HD1-15531 HD1-15531/883
HD1-15531B HD1-155318/883
HD1-4702 Pending HD1-4702/883
HD1-6402B 5962-9052502MQA HD1-6402B/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. o 2

1K CMOS STATIC RAMs o
HM1-6508 HM1-6508/883
HM1-6508B HM1-6508B/883
HM1-6518 HM1-6518/883
HM1-6518B HM1-6518B/883
HM1-6551 HM1-6551/883
HM1-6551B HM1-6551B/883
HM1-6561 HM1-6561/883
HM1-6561B HM1-6561B/883
HM1-6504 - o 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 HM1-6514S5/883
HM1-6516 W HM1-6516/883
HM4-6516 M38510/29102BXA ' 8403601ZA HM4-6516/883
HM1-6516B 8403607JA HM1-6516B/883
HM4-6516B

HM4-6516B/883

8403607ZA

16K CMOS ASYNCHRONOUS STATICRAMs
HM1-65162 M38510/29104BJA

HM1-65162/883
HM4-65162 M38510/29104BXA ( HM4-65162/883
HM1-65162B M38510/29110BJA 8403606JA HM1-651626/883
HM4-651628 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
HM1-652628 M38510/29109BRA 8413203RA HM1-652628/883
HM4-65262B M38510/29109BYA 8413203YA HM4-652628/883
v = . : -

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

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 HM1-66176/883
HM4-66178 5962-8954002XA HM4-66178/883
HM6-66178 5962-8954002LA HM-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 HM1-66428/883
HM4-66428 5962-88690023A HM4-66426/883
HM6-66428 5062-8869002LA HM6-66426/883
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Harris JAN-SMD-/883 Part Number Listing

HARRIS PART # | JAN PART # |  swomescparT# /883 PART # |

HM5-6564

MODULES .

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

HMS5-8808

to our high-rel DASH 8 program fiow. This includes burn-in and value added processing (temperature
cycling, SEM inspection, etc.). Please contact your local Harris sales office or representative for details

HM5-8808B

HMS5-8808S

HM5-8808A

HMS5-8808AB

HM5-8808AS

HMS5-8816H

HM5-8816HB

HM5-8832

HM5-88328

HMS5-91M2

HMS5-91M2B

HM5-92560

HMS5-92570

29
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Military Product Program Controls

REQUIREMENT REFERENCE JAN DESC/SMD /883 /B,-8,/3
Product Assurance 121821 Per Appendix A of MIL. M38510 Per Harris R&QA
Plan’ ) : Manual
Facllity 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 12.1.A Slash Sheet DESC DWG/SMD Harris /883 Data Harris Catalog

Sheet

Qualifying Activity 1.2.1.B.1 RADC/DESC Harris Harris Harris

Qualification TestGPC | 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 Wafer Lot 6 Week Seal 6 Week Seal 6 Week Seal

Deviations to 883 1.21 Per Slash Sheet Per DESC DWG/ None Per Harris Spec
SMD

Product Construction 1.2.1.B.2-12 Compliant Compliant Compliant May Be Non-

Compliant

Fab USA Only USA USA USA

Assembly USA Only USA/Malaysia USA/Malaysia Malaysia

Screening USA Only USA/Malaysia USA/Malaysia 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 Il

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 44Q
Serial Interface Q-Line
Industry CMOS Microprocessor Cross Reference

HARRIS NEC AMD
8-BIT MICROPROCESSOR
80C88 uPD70108D-5 -
80C88-2 pPD70108D-8 -
16-BIT MICROPROCESSOR |
80C86 wPD70116D-5 -
80C86-2 uPD70116D-8 -
80C286-10 - 80286-10
80C286-12 - 80286-12
80C286-16 - 80286-16
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M HARRIS CDP1802A,CDP1802AC,
CDP1802BC

CMOS 8 Bit Microprocessors

January 1992

Features Description

The CDP 1802 family of CMOS microprocessors are 8-bit reg-
ister oriented central processing units (CPUs) designed for

¢ Input Clock Maximum Frequency Options:

Ms’:;"f?v@ Vpp = 10V use as general purpose computing or control elements in a
CDP1802A, AC  3.2MHz 6.4MHz wide range of stored program systems or products.
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 (I/0) control features are also provided to facilitate
CDP1802A,AC ............ .....Bops Systemdesign.
CDP1802BC. . v v oo oo, 3.2us 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

:; )és(éoan;?einatlon of Standard RAM and ROM Up to realized. The 1800 series CPU also provides a synchronous

interface to memories and external controllers for I/O devices,

¢ 8-bit Parallel Organization With Bidirectional Data Bus and minimizes the cost of interface controllers. Further, the I/O

and Multiplexed Address Bus 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.

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

¢ On-Chip DMA, Interrupt, and Flag Inputs
¢ 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 1o +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
*8838 -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.

Copyright © Harris Corporation 1992

3-3

File Number 1305.1



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

z . "
§°§E§g3EEEf

6 5 4 3 2 1 4443424140

SCo ®
WRD
BUS7
BUS 6
BUSS
NC
BUS 4
BUS 3
BUS 2
BUS 1
BUS O

18 19 26 25 24 23 22 21 20 27 28

) OIFIO N |- ©
8922 F2EEEE 3

: ADDRESS BUS
pepen 15 e}
INPUT PORT
cs2}« No MAO-7 MAO-7 MAO-4
cs1
-»
MRD »| MRD »| MRD
CDP1833 CDP1624
son oy 1K-ROM 32BYTE RAM
NMWR > MWR
A\ 4
> »e
DATA G r— Nt TPA TPA  CEO
¢ copiss2  cs2)¢ TPB_DATA DATA
OUTPUT
PORT _ctock L
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FIGURE 1. TYPICAL CDP1802 SMALL MICROPROCESSOR SYSTEM




Specifications CDP1802A, CDP1802AC, CDP1802BC

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

CDP1802A. ..t it iiit ittt i eienaes -0.5Vto +11V
CDP1802AC,CDP1802BC.........cvvvuevennn -0.5V to +7V
Input Voltage Range, All Inputs .............. -0.5V to Vpp +0.5V
DC Input Current, anyOne Input...............ovevnnn., +10mA
Power Dissipation Per Package (Pp)
Ta = -40 to +60°C (Package Type E)................. 500mwW
Ta = +60 to +85°C (Package Type E) ........ Derate Linearly at
12mW/°C to 200mwW
Ta = -55 to +100°C (Package Type D) ............... 500mwW
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

Device Dissipation Per Output Transistor

Ta = Full Package Temperature Range . . ............. 100mwW
Operating Temperature Range (T,)

(Package Type D........ -55°C to +125°C

(Package Type E and Q ...-40°C to +65°C
Storage Temperature Range (Tyg) - . ..cv.vvnnnt -65°C to +150°C

Lead Temperature (During Soldering):
At distance 1/16 +1/32 In. (1.59 £ 0.79mm) from case for 10s
L4 +265°C
*Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm thick
G10 epoxy glass, or equivalent

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
Veet Voo
CHARACTERISTIC () () MIN MAX MIN MAX MIN MAX UNITS
DC Operating Voltage Range - - 10.5 4 6.5 4 6.5 v
Input Voltage Range - - Vss Voo Vss Voo Vss Voo v
Maximum Clock Input Rise or 4106.5 4106.5 - - 1 - 1 Hs
Fall Time
410105 | 410105 1 - - - - us
Minimum Instruction Time 2 5 5 - 5 - 32 - us
5 10 - - - - - 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 3.2 DC 3.2 DC 5 MHz
fo, Load Capacitance
(Cp) = 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-
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Specifications CDP1802A, CDP1802AC, CDP1802BC

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

CONDITIONS LIMITS
CDP1802AC,
Veer CDP1802A CDP1802BC
Vour Voo
CHARACTERISTIC SYMBOL [\ Vin(V) v) MIN | TYP* | MAX | MIN | TYP* | MAX | UNITS
Quiescent Device Current lop - - 5 - 0.1 50 - 1 200 HA
- - 10 - 1 200 - - - pA
Output Low Drive (Sink)
Current loL 0.4 0,5 5 11 22 - 1.1 2.2 - mA
(Except XTAL) 05 | 0,10 10 22 | 44 - - - - mA
XTAL 0.4 5 5 170 350 - 170 350 - HA
Output High Drive (Source)
Current lon 46 0,5 5 027 | -055 - -0.27 | -0.55 - mA
(Except XTAL) 95 0, 10 10 | -055 [ -1.1 - - - - mA
XTAL 46 0 5 -125 | -250 - -125 | -250 - HA
Output Voltage - 0,5 5 - 0 0.1 - 0 0.1 v
Low-Level Voo - 0, 10 10 - 0 0.1. - - - v
Output Voltage - 0,5 5 49 5 - 49 5 - v
High Level Vou - 0,10 10 99 10 - - - - v
input Low Voltage Vi 0.5,45 - 5 - - 15 - - 15 v
0.5,4.5 - 5,10 - - 1 - - - Vv
1,9 - 10 - - 3 - - - v
Input High Voltage Viu 05,45 - 5 35 - - 35 - - )
0.5,4.5 - 5,10 4 - - - - - \%
1,9 - 10 7 - - - - - \
[ CLEAR Input Voltage Va - - 5 04 | 05 - 04 | 05 - v
Schmitt Hysteresis - - 5,10 0.3 0.4 - - - - \"
- - 10 1.5 2 - - - - \'
Input Leakage Current In Any 0,5 5 - £104 | + - £10* | 1 pA
Input 550 | 10 R ST - - - WA
3-State Output Leakage 0,5 0,5 5 - 104 | 1 - £#104 | 1 pA
Current lout 0,10 | 0,10 10 - 104 | 1 - - - HA
Operating Current oo™
CDP1802A, AC - - 5 - 2 4 - 2 4 mA
@ f=23.2MHz
CDP1802BC - - 5 - - - - 3 6 mA
@ f=5.0MHz
Minimum Data Retention Vor Vpo = Vor - 2 24 - 2 24 v
Voltage
Data Retention Current lor Vpp =24V - 0.05 - - 0.5 - HA
Input Capacitance Cin - 5 75 - 5 75 pF
Output Capacitance Cout - 10 15 - 10 15 pF

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

**Idle 00" at M(0000), C,_ = 50pF.




CDP1802A, CDP1802AC, CDP1802BC

Performance Curves
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CDP1802A, CDP1802AC, CDP1802BC

Performance Curves (Continued)
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CDP1802A, CDP1802AC, CDP1802BC

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 I/O devices.

NO to N2 (/O Control Lines):

Activated by an 1/O instruction to signal the 1/O control logic
of a data transfer between memory and I/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 I/O instruc-
tion is being executed). The N bits are low at all times except
when an 1/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 = Vg: Data from {/0 to CPU and Memory
MRD = Vgg: Data from Memory to I/O
EF1 to EF4 (4 Flags):

These inputs enable the I/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 S1
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) 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
atTPA.H = Vcc, L=Vgs.

STATE CODE LINES

STATE TYPE SC1 SCO
S0 (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 1/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 MAQ-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

Vpp 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. Vg must be less than or
equal to Vpp. All outputs swing from Vgg to V. The recom-
mended input voltage swing is Vgg to V.

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 I/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 I/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 78-78B).

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-FS, 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.
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CDP1802A, CDP1802AC, CDP1802BC

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
] 4Bits 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:

-
WAIT

[ CLEAR 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 /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 |, 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,
so0 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
The RC time constant

3 should be greater than

the oscillator start-up time

(typically 20 ms).

CLEAR

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

Mg 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,
S0 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.

IDLE*DMA«INT

FORCE S1
(LONG BRANCH,
LONG SKiP, NOP ETC)

INTeDMA

INTeDMA

PRIORITY: FORCE S0. S1
MA IN

FIGURE 14. STATE TRANSITION DIAGRAM

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

INSTRUCTION MNEMONIC I OP CODE I 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 5R(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 LD! 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)
GET LOW REG N GLO 8N A(N).0 - D
PUT LOW REG N PLO AN D - R(N).0
GET HIGH REG N GHI 9N R(N).1 - D
PUT HIGH REG N PHI BN D - R(N).1
LOGIC OPERATIONS*
OR OR F1 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

Awer 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 idie 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 I OPERATION

LOGIC OPERATIONS* (Continued)

EXCLUSIVE OR XOR F3 M(R(X)) XOR D — 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 sm.c} 7€ SHIFT D LEFT, MSB(D) — DF.DF - LSB(D)
RING SHIFT LEFT RSHL
ARITHMETIC OPERATIONS®
ADD ADD Fa 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 — DF. D,A(P) + 1 - R(P)
SUBTRACT D SD F5 M(R(X)) - D — DF, D
SUBTRACT D IMMEDIATE SOl 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 ) 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, v 7F D-M(R(P))-(NOT DF) - DF, D, R(P) + 1 - R(P)

IMMEDIATE
BRANCH INSTRUCTIONS - SHORT BRANCH
SHORT BRANCH BR 30 MR(P) — R(P).0
NO SHORT BRANCH (SEE SKP) NBR 38" R(P) +1 — R(P)
SHORT BRANCH IF D = 0 Bz 32 1D = 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 BOF 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 3~ 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 IF Q = 1 BQ 31 I£Q = 1, M(R(P)) ~ R(P).0, Else R(P) + 1 - R(P)
SHORTBRANCHIFQ=0 BNQ 39 1fQ = 0. M(R(P)) — R(P).0, Else R(P) + 1 > R(P)
SHORT BRANCH IF EF1 = 1 (EFT = Vg) B1 34 IfEF1 = 1, M(R(P)) — R(P).0, Else R(P) + 1 - R(P)
SHORT BRANCH IF EF1 = 0 (EFT = Vo) | N1 ac IfEF1 =0, M(R(P)) — R(P).0, Else R(P) + 1 — R(P)
SHORT BRANCH IF EF2 = 1 (EFZ = Vgg) B2 35 IfEF2 = 1. M(R(P)) - R(P).0, Else R(P) + 1 — R(P)
SHORT BRANCH IF EF2 = 0 (EF2 = Vo) BN2 3D IfEF2 = 0, M(R(P)) = R(P).0, Else R(P) + 1 > R(P)
SHORT BRANCH IF EF3 = 1 (EF3 = Vss) 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 IfEF3 =0, M(R(P)) — R(P).0, Else R(P) + 1 - R(P)
SHORT BRANCH IF EF4 = 1 (EFA = V) B4 a7 IfEF4 =1, M(R(P)) — R(P).0, Else R(P) + 1 - R(P)
SHORT BRANCH IF EF4 = 0 (EFA = Voo) BN4 3F IFEF4 = 0, M(R(P)) — R(P).0, Else R(P) + 1 — R(P)
BRANCH INSTRUCTIONS - LONG BRANCH
LONG BRANCH LBR o M(R(P)) > R(P).1, M(R(P) + 1) — R(P).0
NO LONG BRANCH (SEE LSKP) NLBR ca 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: s
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 mdwndually listed.

tAn idie instruction lnmates a repeating S1 cycle. The processor will
continue to idle until an I/O request (INTERRUPT, DMA-IN, or DMA-
oun 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 | OPERATION

BRANCH INSTRUCTIONS - LONG BRANCH (Continued)

LONG BRANCH IF D = 0 LBZ c2 IF D = 0, M(R(P)) - R(P).1, M(R(P) + 1) » R(P).0
Else 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 BRANCH IF Q = 1 LBQ c1 IF Q =1, M(R(P)) = R(P).1, M(R(P) + 1) - R(P).0
Else R(P) +2 — R(P)

LONG BRANCH IF Q=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 ce R(P) +2 - R(P)

LONG SKIPIFD = 0 LSz CE IfD = 0, R(P) + 2 - R(P), Eise Continue

LONG SKIP IF D NOT 0 LSNZ c6 If 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 It DF = 0, R(P) + 2 - R(P), Else Continue

LONG SKIP IFQ = 1 Lsa cD IfQ = 1, R(P) + 2 - R(P), Else Continue

LONG SKIP IFQ=0 LSNQ cs 1fQ = 0, R(P) + 2 - R(P), Else Continue

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

CONTROL INSTRUCTIONS

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

NO OPERATION NOP c4 Continue

SETP SEP DN NoP

SETX 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@)

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

DISABLE DIS 7 M(R(X)) = (X, P); R(X) + 1 = R(X), 0 — IE

INPUT-OUTPUT BYTE TRANSFER

OUTPUT 1 OuT 1 61 M(R(X)) - BUS; R(X) + 1 — R(X); N LINES = 1

OUTPUT 2 ouT?2 62 M(R(X)) - BUS; R(X) + 1 — R(X); N LINES =2

OUTPUT 3 ouT3 63 M(R(X)) - BUS; R(X) + 1 - R(X); N LINES = 3

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

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

OUTPUT 6 ouT6 66 M(R(X)) —> BUS; R(X) + 1 - R(X); N LINES = 6

OUTPUT7 ouT? 67 M(R(X)) - BUS; R(X) + 1 — R(X); N LINES = 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 68 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 = §

*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 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; N LINES =6
INPUT 7 INP 7 6F BUS— M(R(X)); BUS — D; N LINES =7

*The arithmetic operations and the shift instructions are the only

instructions that can alter the DF. After an add instruction:

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

mnemonic is individually listed.

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. TestforD=00rD#0
c. Test for 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).

. 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

tAn idle instruction initiates a repeating S1 cycle. Thekprgcessor 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.

3.

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=00rQ=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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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
CHARACTERISTIC SYMBOL | (V) 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 toLms tPHL 5 5 600 850 475 525 ns
5 10 400 600 - -
10 10 300 400 - -

Clock-to-Memory Low-Address Byte Valid toLms tPHL 5 5 250 350 175 250 ns
5 10 150 250 - -
10 10 100 150 - -

Clock to MRD tpHL 5 5 200 300 175 275 ns
5 10 150 250 - -
10 10 100 150 - -

Clock to MRD tLu 5 5 200 350 175 275 ns
5 10 150 290 - -
10 10 100 175 - -

Clock to MWR toLms toHL 5 5 200 300 175 225 ns
5 10 150 250 - -
10 10 100 150 - -

Clock to (CPU DATA to BUS) Valid toLHs toHL 5 5 300 450 250 375 ns
5 10 250 350 - -
10 10 100 200 - -

Clock to State Code toLms teHL 5 5 300 450 250 400 ns
5 10 250 350 - -
10 10 150 250 - -

Clock to Q teLHy tPHL 5 5 250 400 200 300 ns
5 10 150 250 - -
10 10 100 150 - -

Clock to N (0-2) oL trHL 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 | Mo 5 5 150 200 125 150 ns
5 10 100 125 - -
10 10 75 100 - -

DMA Set Up tsy 5 5 0 30 0 30 ns
5 10 0 20 - -
10 10 0 10 - -

DMA Hold W 5 5 150 250 100 150 ns
5 10 100 200 - -
10 10 75 125 - -

Interrupt Set Up tsuy 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
VCC VDD
CHARACTERISTIC SYMBOL | (V) () TYP* l MAX TYP* 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 [T 5 5 150 200 100 150 ns
5 10 100 150 - -
10 10 75 100 - -
Minimum Pulse Width Times:
CLEAR Pulse Width ™ 5 5 150 300 100 150 ns
5 10 100 200 - -
10 10 75 150 - -
CLOCK Pulse Width twi 5 5 125 150 90 100 ns
5 10 100 125 - -
10 10 60 75 - -
*Typical values are for T = +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/fc; ock) at Ta = -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 ty 5 5 T/2-25 T/-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-+0 - -
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 W 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 - -
MRD 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| | | N | MNEMONIC OPERATION BUS | ADDRESS | MRD | MWR | LINES | NOTESS
S1 RESET 0->1,N,QX,P;1IE 00 XXXX 1 1 0 A
Initialize 0000 - R 00 XXXX 1 1 0 B
Not Programmer
Accessible
S0 FETCH MRP — |,N; RP + 1 - RP MRP RP 0 1 0 [¢]
S1 0] 0 DL IDLE MRO RO 0 1 0 D,3
0} 1-F LDN MRN - D MRN RN 0 1 0 3
1] O-F INC RN+1 - RN Float RN 1 1 0 1
2| O-F DEC RN-1 - RN Float RN 1 1 0 1
3] 0F Short Taken: MRP — RP.0 MRP RP 0 1 0
Branch Not Taken; RP + 1 — RP
4| 0-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 0 IRX RX+1 - RX MRX RX 0 1 0 2
6| 1 OouT 1 MRX — BUS; RX + 1 — RX MRX RX 0 1 1 6
2 ouT 2 2
3 ouT 3 3
4 ouT 4 4
5 ouTs 5
6 ouT 6 6
7 ouT7 7
9 INP 1 BUS - MRX, D Data RX 1 0 1 5
Al NP2 from Vo 2
B INP 3 3
[o] INP 4 4
D INP 5 5
E INP 6 6
F INP7 7
710 RET MRX — (X,P); RX + 1 — RX; MRX RX 0 1 0 3
1-IE .
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. |E = 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)

CMOS MICRO-
PROCESSORS

DATA MEMORY N
STATE | 1 | N | MNEMONIC OPERATION BUS | ADDRESS | MRD | MWR | LINES | NOTES®
st |7] s SHRC | LSB(D) — DF; DF - MSB(D) Float RX 1 1 0 1
Comt) 17T M8 | 0-mAx-DFN - OF, D MRX RX o [ 1] o 3
nt 8 SAV T - MRX T RX 0 0 2
Y 9 MARK X,P)>T,MR2; P > X; T R2 1 0 0 2
R2-1-5R2
A REQ 0-Q Float RP 1 1 0 1
B SEQ 1-5Q Float RP 1 1 0 1
C ADCI MRP + D + DF — DF, D; RP + 1 MRP RP 0 1 0 3
D sD8BlI 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] 0O-F GLO RN.0 > D RN.O RN 1 1 0 1
9] O-F GHI RN.1 D RN.1 RN 1 1 0 1
Al O-F PLO D — RN.O 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
Si#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
S1#1 5 Long Skip | Taken: RP + 1 — RP MRP RP 0 1 0 4
#2 g Taken: RP + 1 — RP M(RP +1) RP+ 1 0 1 0 4
S1#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#1 4 NOP No Operation MRP RP 0 1 0 4
#2 No Operation MRP RP 0 1 0 4
S1 0-F SEP NP NN RN 1 1 0
0-F SEX N- X NN RN 1 1 0 1
S1 0 LDX MRX - D MRX RX 1 0
1 OR MRXORD - D MRX RX 1 0
2 AND MRXANDD -» 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.
B. BUS = 0 for entire cycle.

C. Next state always S1.

D. Wait for DMA or INTERRUPT.

F. IN REQUEST has priority over OUT REQUEST.
G. Number refers to machine cycle. See Figure 16 timing waveforms

for machine cycles 1 through 9.
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued)

2 DATA MEMORY N
STATE | | | N | MNEMONIC OPERATION BUS ADDRESS | MRD | MWR | LINES | NOTES®
S1 F| 8 LD} MRP - D; RP + 1 - RP MRP RP 0 1 0 3
(Cont) | (c| 9 ORI MRPORD - D;RP +1 - RP
o]l 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 (] F.7
from /O
Device
DMA OUT MRO - BUS; RO + 1 - RO MRO RO 0 1 0 F,8
.83 INTERRUPT X,P>T;0>IE,15P;2- X Float AN 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. |E =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.
[ 2 3 4 5 b 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 70 1 2 3 4 5 6 7 /] 1 2 3 4
crock TUMLAUMLALALUMULUALUULULULUnUunL Lo oo nunununurnunununununuUnuYr
LLZ SN I m i _I1
P8 I I I L
ovee CYCiEn I Cveli 1 CVCLE (n e D) I CVCLEn+ 3 | CVCLEMm+ &l

MA THIGH ADD | LOW ADDRESS __JWIGH ADD].__COW ADDRESS __[WIGH ADD]___LOW ADDRESS __HIGHADD]  LOWADDRESS _ HIGHADD]  LOW

GENERAL TIMING WAVEFORMS

INSTRUCTION FETCH (S0 I EXECUTE (51 I FETCH_ (50 )| EXECUTE__(S1) [ __FETCH_(S0)
MEMORY READ CYCLE - - Ry CYCL YCLE —wla——— MEMORY
fo— Lt~ —efw  NONMEMORY CYCLE —ala— MEMORY READ CYCLE NON MEMORY CYCLE —uwja— MEND
TR — ]cvcu
MWR (HIGH)

MEMORY
QUTPUT

‘ -— ——
ALLOWABLE MEMORY ACCE $S VALID OUTPUT VALID OUTPUT

NO. 1 NON MEMORY CYCLE TIMING WAVEFORMS

V7 oont care” or inTernaL DeLavs [l ok mpeDance sTate

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN)
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—
INSTRUCTION | FETCH 1501 | FXECoT I FETCH (S0) | EXECUTE (S1) [ FercH so

}'Q—Ml MORY READ CYCLE e ORI YL -}'-— MEMORY READ CYCLE —esf@——— MEMORY WRITE CYCLE —*—-I:EEMORV
AD
MRD | l CYCLE

Wi 1 | | S—

MEMORY

ouTPUT
- — -— ——’f
ALLOWABLE MEMORY ACCESS S VALID DUTROT VALID OUTPUT
CPU QUTPUT
OF ¢ | VALID DATA [ OF F I VALID DATA [ off
[_MEMORY

NO. 2 MEMORY WRITE CYCLE TIMING WAVEFORMS

INSTRUCTION | FLTCH (SO0 | [EXRESX IS I FETCH (S0) 1 EXECUTE (S1) ] FeTcH_so
f——MEMORY READ CYCLE — e MEMOKY READ ( YULE — - afa—— MEMORY READ cvcu——'-——msmonv READ CYCLE ——efm— Mnimonv
AD
o 1 ] 1 ) 1 [ | CYCLE
| MWR (HIGH)
L ooreor M T 77 T 2
-— — -—
ALLOWARUE IEAVCHY ACCEDS {——— VALID OUTPUT VALID OUTPUT VALID OUTPUT LVALIDDUTWT

NO. 3 MEMORY READ CYCLE TIMING WAVEFORMS

INSTRUCTION _| FETCH (S0 | EXECUTE (ST [ EXECUTE (S I FETCH (S0} JEXECUTE (s1)
Je—— MEMORY READ CYCLE —#ft——— MEMORY READ CYCLE ~sj——— MEMORY READ CYCLE -wpa——MEMQRY READ CYCLE—wfa——— MEMORY
READ
MRD l l l CYCLE

MWR (HIGH)

ooreer LY T Y 1 7

ALLOWABLE MEMORY ACCESS VALID OUTPUT VALID OUTPUT VALID OUTPUT '

NO. 4 LONG BRANCH OR LONG SKIP CYCLE TIMING WAVEFORMS

V7 <oont care” or nterNaL DeLavs [l wioh mpeDaNcE sTaTe

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued)
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TPB 1 L

MACHINE CYCLE | CYCLE n T CYCLE (n+ 1) |
INSTRUCTION | FETCH (S0) | EXECUTE (S1) 1
MRD ]
NO-N2 I N-=9-F \__
MWR L

MEMORY
oot LY 2 _
ALLOWABLE MEMORY ACCESS VALID OUTPUT

“__ MEMORY ‘ MEMORY }
READ CYCLE = WRITE CYCLE |

NO. 5 INPUT CYCLE TIMING WAVEFORMS

*User generated signal

o 1 2 3 4 5 6 71 0 1 2 3 4 5 6 71 0 1
cLock
TPA I L mm B
P8 o e
ovece - CYCLEN 1 CYCLE (n + 1) B
INsTRUCTION __| FETCH (S0) T CXECUTE 811 T

NO - N2 Ji N=1-7 \

ALLOWABLE MEMORY ACCESS

oatasus 70X j | Y //x.:_;z_

ALLOWABLE MEMORY ACCESS t_ VALID DATA FROM MEMORY

DATA STROBE* VALID QUTPUT
(MRD - TPB-N) | — I eony |
t‘——“"“‘— READ CYCLE ™ " pgepp CYCLE“_—.:
‘ .
*User generated signal

NO. 6 QUTPUT CYCLE TIMING WAVEFORMS

) “oon't care” or nTernaL DeLavs [l ok iMpepance sate

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued)
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© ' 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 t 2 3 4 5 6 71 0 1 2 3 4 5 & 1 0O
ccocx LALLM UUrurunUnu Uy
A ___ T L 1 m
e L I i
MACHINE
cvore L CYCLE n T CYCLE (n - 11 T CYCLE (n+2) T CYCLE(n+3) 1
INSTRUCTION _ FETCH (SOl I EXECUTE (ST 1 DMA (S2) I FETCH (50) 1
DMA-IN * Ll A N/, A il
[ O o .
MWR N | S

MEMCRY . =
sy W77 77T D 2277 éw;
t VALID QUTPUT VALID OUTPUT
oaTa sus" (RN G O Ty o vic:
1

i

! : MEMORY H
MEMORY

[

|
|
|

! NON MEMORY CYCLE '; WRITE CYCLE
)

|
- |
MEMORY MEMORY !
! READ CYCLE READ. WRITE OR ‘:‘ READCYCLE T
1 | | |
*User generated signal
NO. 7 DMA IN CYCLE TIMING WAVEFORMS
0 1 2 3 a 5 8] 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3
cock LMLy unt
L e 1 1 I
P8 1 L 1
MACHINE
cvete . L CYCLE n [ CYCLE (n 1) T CYCLE (n+2) JeYcten+
iINsTRUCTION T FETCH 501 | EXECUTE (S1) T UMA (52) JrercH so)
OMA OUT * Ll : 5 DEOCSNS5 ) | d \ 7.
MRD 1 f e o o o J 1 [ 1
MWR ‘t_ —— - J’
VEMORY s
oy T — T — 2% T
; VALID DATA FROM MEMORY
DATA" VALID OUTPUT J—l
STROBE | | 1 |
(S2-TPB) | | MEMORY ! 1
- MEMORY e e MEMORY
READ. WRITE OR READ CYCLE MEMORY

; READ CYCLE : NON MEMORY CYCLE : |READ CYCLE

“User generated signal

NO. 8 DMA OUT CYCLE TIMING WAVEFORMS

V7 -oont care” or INTerNAL DELaYs [ o vpeDANCE sTaTe

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued)
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w1 M M —
P8 1 1 m M
MACHINE . - - ]
CYCLE 1 CYCLEN T CYCLE n s 1V CYClEn D) I CE T T T
INSTRUCTION _]_ FETCH (501 I EXECUTE (S T INTERRUPT (531 I FETCH (501 )|
MRD | R e e —— J 1 [
MWR ——
INTERRUPT * /7 L2 A |\ T
(INTERNAL) IE L
MEMORY
ooy IE Zl

-— > .

L VALID OUTPUT

| !
MEMORY

| READ CYCLE |

“User generated signal

NO. 9 INTERRUPT CYCLE TIMING WAVEFORMS

|
MEMORY READ. WRITE - NON-MEMORY CY!
OR NON.MEMORY CYCLE ORY CYCLE ——=e READCYCLE —

-— ;
VALID OUTPUT

! MEMORY !

77} “bont care” or nternaL DeLavs [ wian vpeoaNcE sTate

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

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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CDP1802A/3
CDP1802AC/3

High-Reliability CMOS 8-Bit Microprocessor

Features

For Use In Aerospace, Military, and Critical
Industrial Equipment

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

Operation Over the Full Military
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

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

On-Chip DMA, Interrupt, and Flag Inputs
High Noise Immunity.............. 30% of Vpp

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/0) 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
memories and external controllers for I/O devices, and minimizes
the cost of interface controllers. Further, the I/O interface is
capable of supporting devices operating in polled, interrupt-driven,
or direct memory-access modes.

The CDP1802A/3 and CDP1802AC/3 are functionally identical.
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.

The CDP1802A/3 is functionally identical to its predecessor, the
CDP1802. The “A” wversion 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

cLocK
WA
CLEAR

sct
sco
WRD
BUS 7
BUS 6
‘BUS 5
BUS 4
BUS3
BUS 2
BUS 1
BUSO

Ve

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

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

Copyright © Harris Corporation 1991
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Specifications CDP1802A/3, CDP1802AC/3

Absolute Maximum Ratings

DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor

(All Voltages Referenced to Vgg Terminal) Ta = Full Package Temperature Range . . ............. 100mw
CDP1802A/3 . ..o i ittt -0.5Vto +11V  Operating Temperature Range (T,):
CDP1802AC/3. . o ovii ittt i —0.5V to +7V Package Type D.........coviviiiiinnnt, -55°C to +125°C
Input Voltage Range, AllInputs ............. —0.5V to Vpp +0.5V  Storage Temperature Range (Tgg) - -« .« .o nv .. —65°C to +150°C
DC Input Current,anyOnelnput. . ...............cooenn.. +10mA  Lead Temperature (During Soldering):
Power Dissipation Per Package (Pp) At distance 1/16 +1/32 In. (1.59 + 0.79mm)

Ta = —55°C to +100°C (Package Type D) ............. 500mwW fromcasefor 10 mMaxX..........cevveennennennn.. +265°C

Ta = +100°C to +125°C (Package Type D) . . . . Derate Linearly at

12mW/C to 200mW

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 Voo Vss Voo v
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 59 4.5 5.9 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
INPUT PORT (g ket N0 MAO-7 MAO-7 MAG—4
CS1
WFD »| WD —p] WAD
CDP1802 CDP1833 CDP1824
8-BIT CPU 1K—-ROM 32 BYTE RAM
MWR preepd MWR
DATA  Cst
<___ copissz  Cs2 [« N1 ceo p—Pp] TS
gg;gUT CLOCK ¢ TPB DATA TPA ${ TPA DATA DATA
8-BIT DATA BUS

FIGURE 1. TYPICAL CDP1802A/3 SMALL MICROPROCESSOR SYSTEM
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Static Electrical Characteristics All Limits are 100% Tested

CMOS MICRO-
PROCESSORS

CONDITIONS LIMITS
Vour Vin Vee Voo -55°C, +25°C +125°C
CHARACTERISTIC SYMBOL (\)) ) v) MIN MAX MIN MAX UNITS
Quiescent Device Current oo - - 5 - 100 - 250 HA
- - 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
TXTAL 0.4 5 5 185 - 140 - HA
Output High Drive (Source) lon 4.6 0,5 5 - -0.30 - -0.20 mA
Current
(Except XTAL) 9.5 0,10 10 - -0.60 - -0.40 mA
XTAL 46 0 5 - -135 - -100 uA
Output Voltage VoL - 0,5 5 - 0.1 - 0.2 \
Low-Level - 0, 10 10 - 0.1 - 0.2 \
Output Voltage Vou - 0,5 5 49 - 48 - v
High Level - 0,10 10 9.9 - 9.8 - \
Input Low Voltage ViL 0.5, 4.5 - 5 - 1.5 - 1.5 Vv
1,9 - 10 - 3 - 3 "
Input High Voltage Viy 0.5,4.5 - 5 3.5 - 35 - v
1,9 - 10 7 - 7 - \"
Input Leakage Current Iin Any Input 0,5 5 - +1 - +5 A
0, 10 10 - +1 - 15 pA
3-State Output Leakage lout 0,5 0,5 5 - +1 - 5 A
Current 0,10 0,10 10 - +1 - 15 HA
NOTE:

1. 5V level characteristics apply to part CDP1802AC/3.
5V and 10V level characteristics apply to part COP1802A/3.

81+ LOAD CAPACITANCE (C)=50 pF {117 : - it :
2 8 ‘?“ PACITANCE (C( ) PP T i “ LOAD CAPACITANCE (C )* 50 pF [T ]
E R s - Susesnnan: H mnes . £ i . ma + + T
L7E= T = = =+ : T e e = : !
+ e T RS B T —- T 13 SN EEORN B L -
L Voo =Tov 1 I mua S RN AS R B ]
> e T 1 = e s 2 BERRE R ».
e T I : 9 e :
& e 1 T 5 T T ! 1'// T T
3 s - aa; . 2 s " X ‘ﬂ \'L"'c'
g - Sssaassas: S T t S 20 A T
o i * [ s m = A AT +
I BRRe M p * T T
g4 " e B EE TS § ‘e inue b ne: -
S v - S =t ;
o : = *Vop=5Vv T 3 1 v H
=3 T ™ = 3 Q. v
2 1 T v T s .,\Q/L ]
=z bt T + T = = X1
<5 T = Py nnangod ans
< it L < TR T
s i - = ETe™
1 <
= I I it A
z, ; z B~
- "‘_J AN +
73 i IR . 11 1
> B e HH B :
© Ottt I W SRS BB & off I
25 35 105 115 125 9 [T

3 4 5 7 8
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

45 55 85 75 85 95
AMBIENT TEMPERATURE (Ta)-°C
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DRAIN-TO-SOURCE VOLTAGE (Vpg)-V

40 -9 -8 -7 -6 -5 -4 -3 -2 -
400] AMBIENT TEMPERATURE (Ta)» 25°C A H
IEESENNENEEEEEREEANEEREARRENEE) 11
SRARRASSLESSASAASRNARARRRRRE N 11
{1 GATE-TO- SOURCE VOLTAGE (Vgg)=~5V [ = v 3
]
c Q) ]
i &) x
~ 29
b 4 o =
) [ =4
P K Z
- 3
-d
z 3
= 0 4w
w 4 3
= .0 AMBIENT TEMPERATURE =-40 T0 +85°C 5
) e int 5 2
& HHH 3
= : H
| + 6
] » X i 5V E’
(3 44 ERs gt .
d saes 11 HTTTH VCC‘VW 1t 7 §
TR P 00" 0 Y t
1 Neg 44 1
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1Ll 111 JIT1]
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LOAD CAPACITANCE (C_ )— pF

FIGURE 4. TYPICAL TRANSITION TIME VS. LOAD CAPACI- FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT

TANCE CHARACTERISTICS
|, §|AMBIENT TEMPERATURE (Ta):25°C
2 2
35 H §no.
E 1 ¢;E L]
L3 . e 27 4
] " =
z 25 THET TR H < 105 — L
4 ] GATE-TO-SOURCE VOLTAGE (Vgg)=1OV T 5 6 « 0
z g 11 1T T @ 4 \\"‘\ N 4
20 =y \y *
o . T ,].l 1T 4 o X» N5
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guzduvsc 2 4 8 4 68
H NOTES: 0.01 (X} 1 10
11
IDLE =" 00" AT M(0000) CLOCK INPUT FREQUENCY (fc|)—MHz
o ! 2 3 4 5 6 7 8 9 10 BRANCH = " 3707"AT M (8107)
DRAIN-TO-SOURCE VOLTAGE (VDS) -v CL =50 pF
FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT FIGURE 7. TYPICAL POWER DISSIPATION AS A FUNCTION
CHARACTERISTICS OF CLOCK FREQUENCY FOR BRANCH
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2 | AMBIENT TEMPERATURE (Ta)=25°C
]
I3
Q! 3
z X
g S
3 <
g )
=
> )
X 7 By
o NOO o1
sanmgul
8 fys i NCC o
»§-' = 1 Wﬁi‘ﬁ‘r
:"bwﬂ\- -
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Nee -
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SPEC_ O %0 100 150 200
e pf  OLOAD CAPACITANCE (ACL)—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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Timing Specifications as a function of T (T = 1/ ock), Cy = 50pF

LIMITS*
Voo
CHARACTERISTIC SYMBOL V) -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 27-210 27-275 ns
High—-Order Memory—Address Byte ty 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 tH 5 T-170 T-250 ns
After WR Time 10 T-80 T-110 ns
Required Memory Access Time tacc 5 5T-300 5T-400 ns
Address to Data 10 5T-150 5T-200 ns n
*These limits are not directly tested. )
O
ko
Qa
- -~ =0
Implicit Characteristics** T, = -55°C to +25°C 08
Q0
TYPICAL 3 o
CHARACTERISTICS SYMBOL Vpp (V) VALUES UNITS 6
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 - 75 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.
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N !‘—l—-—'s_u———-h—' |
MEMORY  IIPLH.PHLY/HIGH ORDER  TRLH | LOW ORDER I tain e
ADDRESS ADDRESS BYTE 7\ | ADORESS BYTE il g HLT
| | | ! ! I i |
m 1PLH TPHL ' | | | M
(MEMORY 7 ’ \ | | |
READ CYCLE) | T T | L
MWR | tPLH ! ! T PHL tPLH
(MEMORY tPHL | | [
WRITE CYCLE) |
! L I 1 |
DATA FROM ! | | !
CPU TOBUS I | * pLH U
— L N
i 1
state  PLH. I | ! l[ [ e
CODES tpn/, | 1 | tPH|
Pl 4 * + T
X |- L]
Q i I Lo 1PLH.TPHL 1T
| _ - | | |
- T t
NONINZ  _'eLn ' [ t —
(1/0 ‘——j J !
EXECUTION ! | RHL!
CYCLE) | DATA
: | | | LATCHED IN CPU
DATA FROM // / /N sy "y /
BUS TO CPU /1111171 / / /
| ! DMA | SAMPLED (S1,52,53)
DMA | f
REQUEST | INTERRUPT ~ \1SU__'H
l i SAMPLED (S1,52) |
TINTERRUPT !
REQUEST fLac Lnes | D]
SAMPLED (IN SI) T
— T
EF 1-4 syl e I !
N |
I T
; , | ANY NEGATIVE
S TRANSITION
WATT 1B SV
]
CLEAR \ 'w [
NOTES:

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

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

FIGURE 9. TIMING

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

WAVEFORMS
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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 | Vpp (V) MIN MAX MIN MAX UNITS
Propagation Delay Times tpLns tPHL 5 - 275 - 370 ns
Clock to TPA, TPB 10 - 125 - 170
Clock-to~-Memory High Address toLn, touL 5 - 725 - 950 ns
Byte 10 - 340 - 450
Clock-to-Memory Low-Address teuns tPHL 5 - 340 - 425 ns
Byte Valid 10 - 150 - 200
Clock to MRD toLms toHL 5 - 340 - 425 ns
10 - 150 - 200
Clock to MWR toyp, toHL 5 - 275 - 370 ns
10 - 125 - 170
Clock to (CPU DATA to BUS) toLm toHL 5 - 430 - 550 ns
Valid 10 - 200 - 260
Clock to State Code teLHy tPHL 5 - 440 - 550 ns
10 - 200 - 260
Clock to Q tpLhs tPHL 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) t 5 200 - 270 - ns
10 100 - 135 -
Interrupt Setup tsu 5 10 - 10 - ns
10 20 - 20 -
Interrupt Hold (Note 1) ty 5 175 - 230 ~ ns
10 80 - 110 -
WAIT Setup tsu 5 30 - 30 - ns
10 20 - 20 -
EF1—4 Setup tsu 5 20 - 20 - ns
10 50 - 50 -
EF1—4 Hold (Note 1) t 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 COP1802AC/3
5V level and 10V level characteristics apply to part CDP1802A/3

NOTE:

1. Minimum input Setup and Hold Times required by part COP1802A/3
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1

All Resistors are 47kQ +20%

TYPE Voo TEMPERATURE TIME
CDP1802A 1V +125°C 160 Hours
CDP1802AC v +125°C 160 Hours

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

CMOS 8-Bit Microprocessor
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
Oscillator

8-Bit Counter/Timer

*CDP1805AC Only

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/
Timer control, improved interrupt handling, single-instruction loop counting,
and BCD arithmetic.

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 |.C. Handling Procedures.

Copyright © Harris Corporation 1991

3-35

File Number 1370.1

CMOS MICRO-
PROCESSORS




CDP1805AC, CDP1806AC

Pinouts
40 LEAD DIP 44 LEAD PLASTIC CHIP CARRIER (PLCC)
(PACKAGE TYPES D AND E) (PACKAGE TYPE Q)
TOP VIEW TOP VIEW
cLock [1] y S
afa s BB L, ek
oEAn 3] [e] BWAT SolclEa e Zz
a4 7] BMAGUT € 5 4 3 2 1 44 43 42 41 40
sct [s] 36| TNTERRUPT ry
sco |6}
WRD | 7]
BuUS7 | 8]
Buse [9]
BUSS |10]
BUS4
BUS 3 [12]
BUS 2 [13]
BUS 1
suso [13] 18 19 20 21 22 23 24 25 26 27 28
222 32EERE 3
N2
N1 [18]
No [19]
Vss
*ME For CDP1805AC
Vpp for CDP1806AC
Schematic
ADDRESS BUS
MAO - MA7 MAO - MA7 MAO-MA4
WRD WRD
IN_ )
CDP1805AC WITH CDP1824
CDP1851 RAM, COUNTER/TIMER CDP1833 32 BYTE RAM
PIO CDP1806AC WITH 1K BYTE ROM USED WITH
CONTROL COUNTER/TIMER CDP1806AC ONLY)
WwR WWAR
<L; TPA TPA
ouT
CEO
BUSO - BUS7 BUSO - BUS? w l BUSO - BUS7 & BUS0-BUS4
11
(CDP1805AC ONLY)
8 BIT DATA BUS

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

DC Supply Voltage Range, (Vpp):
(All Voltages Referenced to Vgg Terminal) . . .
Input Voltage Range, All Inputs .............

DC Input Current, any One Input..............

Power Dissipation Per Package (Pp)
Ta =-40°C to +60°C (Package Type E). . ....
Ta = +60°C to +85°C (Package Type E) ... ..
At 12mW/°C to 200mW
Ta = -55°C to +100°C (Package Type D) .. ..

12mW/°C to 200mW
Ta = -40°C to +85°C (Package Type Q)*. . ...

..... -0.5Vto +7V

-0.5V to Vpp +0.5V

......... 500mwW

......... 500mwW
Ta = +100°C to +125°C (Package Type D). ...

Device Dissipation Per Output Transistor

Ta = Full Package Temperature Range . . ............. 100mwW
Operating Temperature Range (T,):

Package Type D.........cevvvuiennnnnenn. -55°C to +125°C

Package Type E and Q -40°C to +85°C

Storage Temperature Range (Tgg) ... ....o.. ... -65°C to +150°C
Lead Temperature (During Soldering):
At distance 1/16 +1/32 In. (1.59 + 0.79mm) from case for 10s
117 +265°C
*Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm
thick G10 epoxy glass, or equivalent.

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, COP1806ACE
Voo
CHARACTERISTIC SYMBOL ) MIN MAX UNITS
DC Operating Voltage Range - 4 6.5 v
Input Voltage Range - Vss Voo v
Minimum Instruction Time* (fc, = 5MHz) 5 3.2 - Hs
Maximum DMA Transfer Rate 5 - 0.625 Mbyte/s
Maximum Clock Input Frequency, 5 DC 5 MHz
Load Capacitance (Cy) = 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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Specifications CDP1805AC, CDP1806AC

Static Electrical Characteristics at T, = -40°C to +85°C, Vpp 5%, Except as Noted

CONDITIONS LIMITS
CDP1805ACD, CDP1805ACE
CDP1806ACD, CDP1806ACE
CHARACTERISTIC SYMBOL (‘(?) },\II')‘ ‘:3)0 MIN Tver | 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

XTAC loH 46 0 5 0.1 0.2 - mA
Output Voltage Low Level VoL - 0,5 5 - 0 0.1 v
Output Voltage High Level Von - 0,5 5 49 5 - \"
Input Low. Voltage (BUSO - BUS?, ME) v, |os45] - 5 . - 15 v
Input High Voltage (BUSO - BUS7, ME) Vin 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 29 3.6 \

Negative Trigger Threshold Vn 0.5, 4.5 - 5 0.9 1.9 .28 \"

Hysteresis Vy 0.5,45 - 5 0.3 0.9 1.6 v
Input Leakage Current In - 0,5 5 - 0.1 5 HA
3-State Output Leakage Current lout . 0,5 0,5 5 - +0.2 15 HA
Input Capacitance Cin - - - - 5 7.5 pF
Output Capacitance Cout - - - - 10 15 pF
Total Power Dissipation**

Run - - 5 - 35 50 mwW

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

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

**External clock: f = 5SMHz, t, , t; = 10ns. C|_ = 50pF
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1/0 REQUESTS
MEMORY ADDRESS LINES 1/0 FLAGS
A CONTROL
/ \ /
ME FOR CDP1805AC MAG MA4 MA2 MAO  EF1 EF3 Era
Vpp FOR CDP1806AC MA‘I m 1 lerzlen lmr CLsm Wart
|
CDPIBOSAC I
onu
et o cLock
r-lsa BVTE LJ i =X TAL
L CONTROL AND "’:::) AR
TIMING LOGIC e
COUNTER HOLDING
REGISTER (CH) = aLoac
Mope Ere > Tre | svsrem
ROL > Tl
i o0 S | e
TIMER/ COUNTER [CLK B INSTRUCTION |- MRD
FRRUPT DECODE

Lt

ARRAY
[R(D.1{ R(1).0}
- NO
LATCH T 1 N . 1/0
RO oD (8) @ || COMMANDS
E 1[RGA DECODE N2
R(E).I R(ELO
R(F).I[R(F).0
§

8-BI1T BIDIRECTIONAL DATA BUS |
92CM-34988

Fig. 2 - Block diagram for COP1805AC and CDP1806AC.

CMOS MICRO-
PROCESSORS

TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES

r—INTERNAL RAM READ CYCLE -TINTERNAL RAM WRITE CYCLE—"
00 70

020 30 40 S50 60 70 00 10 20 30 40 50 60

cLock
ot [} 21 3 41 L1] ey n ol n 21 3 4| 51 L} n
TPA J 1 | 1
[
P8 I Il 1 I
AR e | wevie | ] wowevie | Low evTe I
[T LT
!
WR ; ] f
I
* —
ME
iN Lt I
VALID DATA FROM MEMORY —j=—j—e=|
oata Bus [ 7| V771 vauo pama rrom cru v
92CM-34989
*NOTE

WE 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 INSTANCE, A DMA

out OPERATION IS PERFORMED ON INTERNAL RAM DATA, TOALLOWDATA
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL
RAM IS AUTOMATI LLV DESELECTED AT THE END OF CLOCK 71,
INDEPENDENT OF

* FOR CDPIBO5SAC ONLY

Fig. 3 - Internal memory operation timing waveforms for COP1805AC and CDP1806AC.
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'—EXTERNAL MEMORY READ CYCLE

10

20 30 40 50 60 70

—'—EXTERNAL MEMORY WRITE CYCLE
100

-

0 20 30 40 50 6070

CLOCK
oW T e s e T o2 3 4 s &7
a1 N ||
P8 ™1 |
| -
ADGRESS [ Mor BYTE] towevte | [ ok evTe | Low BYTE ]
— [
MRD I 1 I
— |
MWR ] I '7
* WEWN i
(HIGH) -
|
oaTA Bus |71 oata uarcieonceu  y  P7778 vauo oata FRom ceu |4
»
FOR CDPIBO5AC ONLY 925-34990

Fig. 4 - External memory operation timing waveforms for CDOP1805AC and CDP1806AC.

ENHANCED CDP1805AC and CDP1806AC OPERATION

TIMING

Timing for the CDOP1805AC 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.
e 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 I/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/0 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 triggerin 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 Puise 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: Input data from I/0 to CPU and Memory
MRD = Vss: Output data from Memory to I/0
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EF1 to EF4 (4 Flags):

These inputs enable the I/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,
§2,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 loaded 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 SCOo
SO (Fetch) L L
S1 (Execute) L H
S2 (DMA) H L
S3 (Interrupt) H H
H=Vpop, L =Vss.

TPA, TPB (2 Timing Pulses):

Positive pulses that occuronce 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
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):

A low level on MRD indicates a memory read cycle. It can be
used to control three-state outputs from the addressed
memory and to indicate the direction of data transfer during
an |/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 set or 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 is5MHz at Voo =5V. The clock is
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 ME is active
(after clock 31). Thus, if this data is to be latched into an
external device (i.e., duringan 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 RAM s not internally mask-decoded. Decoding
of the starting address is performed externally, and may
reside in any 64-byte block of memory.

Vpp (CDP1806AC 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 registersin 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 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 registers R(X) to
“point” to the memory for an operand (or data) in certain
ALU or I/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 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
registersin 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 registers in 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 Table
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”.

O G A WN =

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 processor is ready 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.

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 1Bit | DataFlag (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
I 4 Bits Holds High-Order Instr. Digit
T 8 Bits Holds old X, P after Interrupt
(X is high nibbie)
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 1 Bit Counter Interrupt Enable
XIE 1 Bit External Interrupt Enable
CiL 1 Bit Counter Interrupt Latch

Interrupt Servicing

Register R(1) is always used as the program counter
whenever interrupt servicing is initialized. 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 lnsgrucuon (71), which
disables further interrupts. :

CDP1806AC

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).e to its next value
(counter underflow)
b. Onthe £ transition of EF1 in pulse measure-
ment mode 1 —
c. Onthe « transition of EF2 in pulse measure-
ment mode 2

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-fiop.

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 short branch instructions, the branch
will be taken if an interrupt requestis pending, regardiess of
the state of any of the 3 Interrupt Enable flip-flops. The
latched counter interrupt request signal will 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-interrupt latch will result inimmediately re-entering

/ the interrupt routine.
RET
RESET- MASTER
INTERRUPT "
s3 ENABLE COUNTER
:,—-—D"R' ~iE UNDERFLOW
ois ’ - PULSE MODE EFi - COUNTER Iggg?:g’;
, PULSE MODE a;%{ TR
. RESEVEH)-R eI cx
CIE s LDC+ COUNTER
COUNTER STOPPED
RESET INTERRUPT
o EMABLE
clo— ey -
TO BRANCH e
INT T
EXTERNAL INT LosiC (B EQUESTS
XIE s Q
EXTERNAL
RESET INTERRUPT
ENABLE
XID IR “NFF
(XIE)

92CM-33888R2

Fig. 5 - Interrupt logic-cor..rol diagram for COP1805AC and CDP1806AC.
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Counter/Timer and Controls (see Fig. 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):s 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)+ 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 counterinterruptis 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)1e 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.

. Event Counter 2: Input to counter is connected to the
EF2 terminal. The high-to-low transition decrements
the counter.

. 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.

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

TPA

decrements the counter if the input signal at EFi
terminal (gate input) is low. On the transition of EFTto
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.

. 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 priorto 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 Qinstruction (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, oraBCl 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

INH

8-BIT
DOWN

READ

ouT

-t-COUNTER

LOAD

COUNTER
UNDERFLOW

Q OUTPUT,
o

1 O

ETQ

LOC

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 a resistance, 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).

—_—
XTAL

SN |
15pF

RESONANT

N 5MHz PARALLEL Izvpr
=L~ cRysTAL

92Cs-38099

Fig. 7 - Typical 5 MHz crystal oscillator.

—3 92Cs-31056

*Pin numbers refer to 40-Pin DIP

Fig. 8 - RC network for oscillator.
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Fig. 9 - Nominal component values as a function
of frequency for the RC oscillator.
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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) MAO-7=RO.1

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

Internal changes caused by RESET are:

1, N instruction 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
an initialization cycle which requires 9 clock pulses. During
this cycle the CPU remainsin S1and the following additional
changes occur:

11— 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 a71instruction 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.

The RC time constant
should be greater
than the oscillator
start<up time
(typically 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 Pausg 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  RESUME
PAUSE RUN
PAUS|
cLock 70/ 71 \oo/ o1 oause\ 10/ 11 2o/ 21 \ 30
| ; |
TPA tpLH t
— | PHL
| |
| |
WaIT 1_ | [l
el
tsu | th
nd f—1tsu
TPB PAUSE TIMING
TPB PAUSE TIMING ENTER  RESUME
PAUSE RUN
USE
cLock 20/ 5 \80 fouuse Isl rof 71 \oo/ o1 \ 10
|
TPB 'PLH—ﬂ | —l tPHL
|
! |
| |
+ t
__ Yo ! |
WAIT 1 \ | 92CM- 31944R1
' e "'su |
sy | W

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

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.

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

l

INT . DMA . FORCE 57

DMASIDLESINT o
FORCE s1

PRIORITY: RESET
FORCE S0, 1
DMA IN
DMA ouT
INT

INTeDMA

92CS-34778R1

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

TPA

|
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|
1

|
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t t
| |
v pLHY | TPHL
P8 / PLH"PHL |
| _re—f—'sy —Hel [ L —
MEMORY 7/ [TPLH, Pn MIGH ORDER ' | LOW ORDER " >
NooREss /7 DDRESS BYTE ADDRESS BYTE : | |. o
- T
MRD ! 'sube o | [ |
(memMory e YonL : | | by )',"_Lﬁl_
READ CYCLE) ' ' 7 T ! T L
—_—_ 1
MWR | T T T T : YPLH
(MEMOR Y | [ | 1PHL |
WRITE CYCLE) | | - + (.
* §E ! ! - 'su_|'y|!
(MEMORY ! I || 'su!S ALLOWABLE | 1
ENABLE) | Lo | INTERNAL RAM .
| . 1| ACCESS TIME |
( ‘EM A — 7 . — \ | 'Pw——"l o
EXTERNAL . '
MEMORY ; | | ‘l_"l ‘k_‘PHL P Iy
SELECT | .
1 | ' PLH | ! I | —’I | 'y
] il |
| | PHL 4 4t "
DATA FROM ! ] f
CPU TOBUS ’ f \ | o |
| K T
| | = P G —-1 tpLHtPHL
PA‘Té\ FiOM 1 | | | PHL T T '
NTERNAL + | N
MEMORY | VPLH. | ] O\ ! | [ >
10 BUS 1 |
(ME=LOw) I em ' | l | |
a ’ T | T T
state cores’ - foL4 YeLH PHL . [PLm-tenL —#X?
N T 1 T
I T TPLH TPHL =
T emewy T
NOINZ L_ : ; I = ‘r‘—' oL
1/0 "
EXECUTION PLH | / DATA LATCHED| | ! h
CYCLE) | T IN CPU tsu
DATA FROM / /A ) / g 'H
8US TO CPUY ’1/ N ’ Ao
- : : DM:‘TZ‘::Z:?(SLSZ'”)\.-_.
REQUEST | I SAMPLED(SI.SZ)\'E-Q ! |
1 4 y }
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RequesT. | ! k!su Th '7
! | " FLAG LINES
! | | SAMPLED END OF SO
EFT-EFR [ [ +
EFI-EF4
| I I X"su 5ux
1 ] T
|

WAIT

¥* 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.

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

92CL - 34986RI

Fig. 13 - Timing waveforms for COP1805AC and CDP1806AC.
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Specifications CDP1805AC, CDP1806AC

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C; C_ = 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 to TPA, TPB teLH, teme 150 275
Clock-to-Memory High-Address Byte teLn, teHL 325 550
Clock-to-Memory Low-Address Byte teLn, teHL 275 450
Clock to MRD teum, tene 200 325
‘Clock to MWR tovm, toe 150 275 ns
Clock to (CPU DATA to BUS) teLn, terL 375 625
Clock to State Code teen, tene 225 400
Clockto Q teLm, tene 250 425
Clock to N teun, teH 250 425
Clock to Internal RAM Data to BUS tein, trHL 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 th 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 tsu -125 0
EF1-4 Hold th 175 300
Minimum Pulse Width Times:®
CLEAR Pulse Width twe 100 175 e
CLOCK Pulse Width tw 75 100
*Typical values are for Ta = 25° C and nominal Vpo.
®Maximum limits 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%.
LIMITS
CHARACTERISTIC CDP1805AC, CDP1806AC | UNITS
Min. Typ.*
High-Order Memory-Address Byte 2T-275 2T-175
Set-Upto TPA X Time tsu
MRD to TPA . Time tsu| T/2-100 T/2-75
High-Order Memory-Address Byte T/2+75 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 th
Required Memory Access Time 4.5T-440 4.5T-330
Address to Data tacc

*Typical values are for Ta = 25° C and nominal Voo.
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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

® Large Address Space:

memory.

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)

» 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: et o ncze
» 80C286 Real Address Mode

* Compatible with 80287 Numeric Data Co-Processor
* High Bandwidth Bus Interface (25 Megabyte/Sec)

PPOOOVOO® ‘}
® Available in: v FoR | OOOOOOO@@®@ | o 4
» 68 Pin PGA (Commercial, Industrial, and Military) o [0 @@ & m
> 68 Pin PLCC (Commercial and Industrial) e g %% o v
Description ves vena | @ @ va @@ | ne s
The Harris 80C286 is a static CMOS version of the NMOS 80286 —r— oo =51 el
microprocessor. The 80C286 is an advanced, high-performance micro- conR Wi | @@ @@ | a0 an
processor with specially optimized capabilities for multiple user and T v | @QOEOODO@OO®@E| Az an
muiti-tasking systems. The 80C286 has built-in memory protection that E@@@@@@@ )
supports operating system and task isolation as well as program and PIN 1 INDICATOR s yszs ey

data privacy within tasks. A 25MHz 80C286 provides up to nineteen
times the throughput of a standard SMHz 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 P.C. Board View — As viewed from the component side

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.

Pin Configurations

Component Pad View — As viewed from underside of
the component when mounted on the board.

A

a0 oo | GG @ | &moR nc
2 a | @@ @ | N BUY
vee ok | @@ @ | W owe
a3 meset | @@ @ | N
s M| @@ PGA PEREQ Vgs
A oA | @ @ | AERDY vee
A9 a | @@ @ | wmoa wop
an A | @@ @ | wic coo/iNTA
w o |APPOOROOOD®) v ©x
L POOOOO6
P PIN 1 INDICATOR
< T T T << 3
RN LEY

P.C. Board View — As viewed from the component side
of the P.C. board.

Ate

§882¢2

of the P.C. board.

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. File Number 2947

Copyright © Harris Corporation 1991
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Ordering Information

TEMPERATURE
PACKAGE RANGE 10MHz 12.5MHz 16MHz 20MHz 25MHz
PGA 00C to +700C - CG80C286-12 CcG80C286-16 | CG80C286-20 -
-40°C to +85°C | CG80C286-10 1G80C286-12 - - -
* -550C to +125°C | MG80C286-10/883 | MG80C286-12/883 - - -
PLCC 0°C to +700C - CS80C286-12 CS80C286-16 CS80C286-20| CS80C286-25
~400°C to +85°C - 1S80C286-12 1S80C286-16 1S80C286-20 -

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

Functional Diagram

e — = = = = = — — — — — e —— —— ——————————5  r- === === B
{ ADDRESS UNIT (AU) | ' ,
| ADDRESS A23 - Ag,
! | LATCHES AND DRIVERS BHE, Wi
| PHYSICAL ! ‘
[ ADDRESS ! PROCESSOR || SEATR
| ADDER | |prerercher| | Exvension [ | reRea
! SEGMENT | | INTERFACE [*7
| BASES { | 1 READY, HOLD
| oFfFser \ | | ————t-—-——--1 | | BUS CONTROL 51, 50, CODANTA
| ADDER SEGMENT | seoment [ | TOCR, HLDA
! CHECKER SIZES ! ! !
| DATA TRANSCEIVERS Dis - Do
| | |
[N S N P S b o '
|l Tzl -z s C----=-— 6 BYTE |
I' {}- '; | PREFETCH |
! ALU \ \ | QuEUE BUS UNIT (BU) |
| Sppp———— — - ———— — - —— 4
| |
! REGISTERS | CONTROL i i‘ e s s 1 [oT Reser
! ‘ I | 3 pecoben | fe—cCLk
| —- +—— INSTRUCTION '"S;ggggg" mamrucnou | |—> Vss
w)
| EXECUTION UNIT (EU) T T QUEUE | [*— Vee
b e e e - e e = [ f ______ - b e e - e - — o — o — o ———— Bl
NmiT TBUSY
INTR' 'ERROR
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80C286

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 is 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-Dog 36-51 170 DATA BUS: inputs data during memory, |/0, and interrupt acknowledge read cycles;
outputs data during memory and 1/0 write cycles. The data bus is active HIGH and is
held at high impedance to the last valid logic level during bus hold acknowledge.

A23-Ag 7-8 o ADDRESS BUS: outputs physical memory and I/O port addresses. Ap3-A1g are LOW
10-28 during 1/0 transfers. Ag is 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 (o] BUS HIGH EN<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>