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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 BOC86 and 80CS8 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 
Microcontrolier 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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CMOS MEMORY DATASHEETS 

$1 K· ASYNCHRONOUS RAMs 

CDP1821C/3 1K x 1 Asynchronous RAM. . . . . . . . . . .. . . . . . . . . . . . . . .. . . . .. . . . . .. . . . . . . . 6-5 

CDP1822, C 

CDP1822C/3 

CDP1823, C 

CDP1823C/3 

CDP1824, C 

CDP1824/3, C/3 

CDP1826C 

256 x 4 Asynchronous RAM..... .. . .............. . . . .... . .. ....... . .. . .. 6-10 

High-Reliability 256 x 4 Asynchronous RAM. . . . . . . . . . .. .. . .. . . . . . . .. . . . . . . . 6-16 

128 x 8 Asynchronous RAM. . . . . .. . . . . . . . . . . . . . .. . . . . . . . . .. . . . . .. . . . . . . . 6-21 

High-Reliabilty 128 x 8 Asynchronous RAM ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-27 

32 x 8 Asynchronous RAM. . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-32 

High-Reliability 32 x 8 Asynchronous RAM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-37 

64 x 8 Asynchronous RAM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-42 
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PRODUCT INDEX BY FAMILY (Continued) 
PAGE 

MWS5101, A 256 x 4 Asynchronous RAM.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-49 

1 K· SYNCHRONOUS RAMs 

HM-6508 

HM-6508/883 

HM-6518 

HM-6518/883 

HM-6551 

HM-6551/883 

HM-6561 

HM-6561/883 

1 K x 1 Synchronous RAM ............................... . 6-54 

1 K x 1 Synchronous RAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-59 

1 K x 1 Synchronous RAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-67 

1 K x 1 Synchronous RAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-72 

256 x 4 Synchronous RAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-80 

256 x 4 Synchronous RAM ............................................. 6-85 

256 x 4 Synchronous RAM ............................................. 6-93 

256 x 4 Synchronous RAM ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-98 

4K· SYNCHRONOUS RAMs 

HM-6504 

HM-6504/883 

HM-6514 

HM-6514/883 

4K x 1 Synchronous RAM ............................................. . 

4K x 1 Synchronous RAM ............................................. . 

1 K x 4 Synchronous RAM ............................................. . 

1 K x 4 Synchronous RAM ............................................. . 

6-106 

6-112 

6-120 

6-126 

4K· ASYNCHRONOUS RAM 

MWS5114 1 K x 4 Asynchronous RAM .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-134 

16K· SYNCHRONOUS RAM 

HM-6516 

HM-6516/883 

2K x 8 Synchronous RAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-138 

2K x 8 Synchronous RAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-144 

16K· ASYNCHRONOUS RAMs 

HM-65162 

HM-651621883 

HM-65262 

HM-652621883 

2K x 8 Asynchronous RAM .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-152 

2K x 8 Asynchronous RAM .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-159 

16K x 1 Asynchronous RAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-169 

16K x 1 Asynchronous RAM .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-175 

64K • ASYNCHRONOUS RAM 

HM-65642 

HM-656421883 

8K x 8 Asynchronous RAM .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-183 

8K x 8 Asynchronous RAM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-190 

CMOS RAM MODULES 

HM-6564 

HM-8808,A 

HM-8816H 

HM-8832 

HM-92560 

HM-92570 

HM-91M2 

CMOS PROMs 

HM-6642 

HM-6642/883 

HM-6617 

HM-6617/883 

IM6654 

64K Synchronous RAM Module. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-199 

8K x 8 Asynchronous RAM Modules. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-205 

16K x 8 Asynchronous RAM Module. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-213 

32K x 8 Asynchronous RAM Module. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-218 

256K Synchronous RAM Module. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-222 

256K Buffered Synchronous RAM Module. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-227 

1 M-Bil Asynchronous RAM Module. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-232 

512 x 8 Fuse Link PROM .............................................. . 

512 x 8 Fuse LinkPROM .............................................. . 

2K x 8 Fuse Link PROM ............................................... . 

2K x 8 Fuse Link PROM ............................................... . 

512 x 8 UV EPROM .................................................. . 
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Military Grade Product Offerings 

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 M3851 0 products (Class S 
and B). Devices are defined and identified by their particular 
detail specification or "slash sheet" number issued by DESC 
(e.g. M3851 0/291 04BJX). 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. 5962-8757701 RA). 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-BB3, Class B 
and are identified by the 1883 suffix on the Harris part 
number. The parametric limits for an 1883 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 1883 specifications allows 
the offering of BB3-level products long before they might 
become available as MIL-M-38510 or SMD devices. In many 
cases, Harris actually specifies 1883 devices with more 

stringent conditions than those appearing on the MIL-M-
38510 slash sheet or SMD describing the same generic 
device. Harris recommends using our 1883 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, IB, or 13 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 1883 data 
sheets as guidelines for generating new Source Control 
Drawings. In instances where an available military 
specification or Harris 1883 data sheet is inappropriate, it is 
Harris' sincerest wish to work closely with the customer in 
establishing an acceptable procurement document. For this 
reason, the customer is requested to contact the nearest 
Harris Sales Office or Representative before finalizing the 
Source Control Drawing. Harris looks forward to working 
with the customer prior to implementation of the formal 
drawing so that both parties may create a mutually accept
able procurement document. 
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MTt II ary G d ra es val a A ". bl e 
SMOI SMOI 

PRODUCT JAN DESC 1883 18,-8,13 PRODUCT JAN DESC 1883 18,-8,13 

MICROPROCESSORS PERIPHERALS (Continued) 

CDPl802A X MR82C54-10 pending X 

CDPl802AC X MD82C55A X X 

MG8OC286-10 pending X MR82C55A X X 

MGSOC286-12 pending X MD82C55A-5 X X 

MD8OC86 X X MR82C55A-5 X X 

MR8OC86 X X MD82C59A X X 

MD8OC86-2 X X MR82C59A X X 

MR8OC86-2 X X MD82C59A-5 X X 

MD8OC88 X X MR82C59A-5 X X 

MR8OC88 X X MD82C59A-12 pending X 

MD8OC86-2 X MR82C59A-12 pending X 

MR8OC88-2 X MD82C82 X X 

PERIPHERALS MR82C82 X X 

CDPl852 X M082C83H X X 

COP1852C X MR82C83H X X 

COP1853 X M082C84A X X 

COP1853C X MR82C84A X X 

COP1854A X M082C85 X 

COP1854AC X MR82C85 X 

COP1857 X M082C86H-5 X X 

COP1857C X MR82C86H-5 X X 

M082C237 pending X M082C87H-5 X X 

MR82C237 pending X MR82C87H-5 X X 

M082C237-12 pending X M082C88 X X 

MR82C237-12 pending X MR82C88 X X 

M082C284-10 X MD82C89 X X 

M082C284-12 X MR82C89 X X 

M082C37A pending X DATA COMMUNICATIONS 

MR82C37A pending X COP1854A X 

M082C37A-12 pending X COP1854AC X 

MR82C37 A-12 pending X HOl-15530 X X 

M082C37A-5 pending X HD4-15530 X X 

MR82C37A-5 pending X HOl-15531 pending X X 

M082C50A-5 X HOl-15531B pending X X 

M082C52 X X HOl-4702 pending X 

MR82C52 X X H04-4702 X 

M082C54 X X HOl-6402R X X 

MR82C54 X X HOl-6402B X X 

M082C54-10 pending X HOl-6409 X 
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MTt II ary G d ra es A "I bl ~ala e 
&MOl &MOl 

PRODUCT JAN DESC /883 18 .... ,13 PRODUCT JAN DESC /883 18,-8,13 

DATACOMMUNIOATIONS (ConIInuad) CMOS RAM$ (00nIInued) 

HD4-6409 X HMl-6551B X 

HSl-3182 pending X HMl-6561 X 

HS4-3182 pending X HMl-6561B X 

HS1-3282 X X HMl-65642 X X 

HS4-3282 X X HM4-65642 X X 

MD82C50A-5 X HMHI5642B X X 

MD82C52 X X HM4-65642B X X 

MR82C52 X X HMl-65642C X 

CMOSRAM$ HM4-65642C x 
CDPl821C X CMOS PROMS 

CDPl822C x HMl-6617 X X 

CDPl823C X H~17 X X 

CDPl824 X HM4-6617 X X 

CDPl824C X HMl-6617B X X 

HMl-6504 X X HM6-6617B X X 

HM1-6504B X X HM4-6617B X X 

HMl-6504S X X X HMl-6642 X X 

HM1-6506 X HM6-6642 X X 

HMl-6506B X HM4-6642 X X 

HMl-6514 X X HMl-6642B X X 

HMl-6514B X X HM6-6642B X X 

HMl-6514S X X X HM4-6642B X X 

HMl-6516 X X X CMOS RAM MODULES 

HM4-6516 X X X HM5-6564 X 

HMl-6516B X X HM5-6608 X 

HM4-6516B X X HM5-6608B X 

HMl-65162 X X X HM5-6608S X 

HM4-65162 X X X HM5-6608A X 

HM1-65162B X X X HM5-6608AB X 

HM4-65162B X X X HM5-6608AS X 

HMl-65162C X X HM5-6616H X 

HM4-65162C X X HM5-6616HB X 

HMl-6518 X HM5-6632 X 

HMl-6518B X HM5-6632B X 

HMl-65262 X X X HM5-91M2 X 

HM4-65262 X X X HM5-91M2B X 

HM1-65262B X X X HM5-92560 X 

HM4-65262B X X X HM5-92570 X 

HM1-6551 X 
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r---- Harris JAN-SMD-/883 Part Number Listing ------., 

HARRIS PART • JAN PART. SMDlDESC PART. 1883 PART. 

MICROPROCESSOR PRODUCTS 

MG8OC286-12 Pending MG80C286-121883 

MG8OC286-1 0 Pending MG8OC286-1 01883 

MD8OC86 8405201QA 

MR8OC86 8405201XA 

MD8OC86-2 8405202QA 

MR8OC86-2 8405202XA 

MD8OC88 5962-8601601QA 

MR8OC88 5962-8601601XA 

MD82C237 Pending 

MR82C237 Pending 

MD82C237-12 Pending 

MR82C237-12 Pending 

MD82C284-10 MD82C284-1 01883 

MD82C284-12 MD82C284-121883 

MD82C37A Pending 

MR82C37A Pending 

MD82C37A-12 Pending 

MR82C37 A-12 Pending 

MD82C37A-5 Pending 

MR82C37A-5 Pending 

MD82C52 8501501XA 

MR82C52 85015013A 

MD82C54 8406501JA 

MR82C54 84065013A 

MD82C55A 8406602QA 

MR82C55A 8406602XA 

MD82C55A-5 8406601QA 

MR82C55A-5 8406601XA 

MD82C59A 5962-8501602YA 

MR82C59A 5962-85016023A 

MD82C59A-5 5962-8501601YA 

MR82C59A-5 5962-85016013A 

MD82C82 8406701RA 

MR82C82 84067012A 

MD82C83H 8406702RA 

MR82C83H 84067022A 

MD82C84A 840680WA 
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.----- Harris JAN-SMD-/883 Part Number Listing -----, 

HARRIS PART • JAN PART. SMDlDESC PART. 1883 PART. 

MICROPROCESSOR PRODUCTS (ContinUed) 

MR82C84A 84068012A 

MD82C86H-5 5962-875n01 RA 

MR82C86H-5 5962-875n012A 

M082C87H-5 5962-875n02RA 

MR82C87H-5 5962-875n022A 

M082C86 8406901RA 

MR82C86 84089012A 

MD82C89 5962-8552801RA 

MR82C89 5962-85528012A 

DATA COMMUNICATION PRODUCTS 

H01-15530 7802901JA 

H04-15530 78029013A 

H01-15531 H01-155311883 

H01-15531B H01-1553181883 

H01-4702 Pending H01-47021883 

H01-8402B 5962-9052502MQA H01-640281883 

H01-6402R 5962-9052501 MQA H01-8402R1883 

H01-6409 H01-8409I883 

HD4-8409 HD4-8409I883 

H51-3182 Pending 

H54-3182 Pending 

HS1-3282 5962-8688001 QA 

H54-3282 5962-8688001XA 

CMOS MEMORY PRODUCTS 

1 K CMOS STATIC RAMs 

HM1-6508 HM1-65081883 

HM1-6508B HM1-650881883 

HM1-6518 HM1-65181883 

HM1-6518B HM1-651881883 

HM1-6551 HM1-65511883 

HM1-6551B HM1-6551 B/883 

HM1-6561 HM1-65611883 

HM1-6561B HM1-6561B1883 

4K CMOS STATIC RAMs 

HM1-6504 8102405VA HM1-65041883 

HM1-8504B 8102403VA HM1-6504B1863 

HM1-6504S M38510124501BVA 8102401VA HM1-6504S1883 
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,....------ Harris JAN-SMD-/883 Part Number Listing ------. 

HARRIS PART • JAN PART. SMDIDESC PART. 1883 PART. 

HMl-6514 8102406VA HMl-65141883 

HMl-6514B 8102404VA HMl-6514B1883 

HMl-6514S M38510124502BVA 8102402VA HMl-6514S1883 

16K CMOS SYNCHRONOUS STATIC RAMs 

HMl-6516 M3851 01291 02BJA 8403601JA HMl-65161883 

HM4-6516 M3851 01291 02BXA 8403601ZA HM4-65161883 

HMl-6516B 8403607JA HMl-6516B1883 

HM4-6516B 8403607ZA HM4-6516B1883 

16K CMOS ASYNCHRONOUS STAnc RAMs 

HMl-65162 M3851 01291 04BJA 8403602JA HMl-651621883 

HM4-65162 M38510129104BXA 8403602ZA HM4-651621883 

HMl-65162B M38510129110BJA 8403606JA HMl-65162B1883 

HM4-65162B M38510129110BXA 8403606ZA HM4-65162B1883 

HM1-65162C 8403603JA HMl-65162C/883 

HM4-65162C 8403603ZA HM4-65162C/883 

HM1-65262 M3851 01291 03BRA 8413201RA HMl-652621883 

HM4-65262 M38510129103BYA 8413201YA HM4-652621883 

HMl-65262B M3851 01291 09BRA 8413203RA HM1-65262B1883 

HM4-65262B M3851 01291 09BYA 8413203YA HM4-65262B1883 

64K CMOS STAnc RAMs 

HM1-65642 8552514XA HMl-656421883 

HM4-65642 8552514YA HM4-656421883 

HMl-65642B M38510129205BXA HMl-65642B1883 

HM4-65642B M38510129205BYA HM4-65642B1883 

HMl-65642C HM1-65642C/883 

HM4-65642C HM4-65642C1883 

CMOS FUSE LINK PROMs 

HMl-6617 5962-8954001JA HMl-66171883 

HM4-6617 5962-8954OO1XA HM4-6617/883 

HM6-6617 5962-8954001 LA HMG-66171883 

HMl-6617B 5962-6954OO2JA HMl-6617B1883 

HM4-6617B 5962-8954OO2XA HM4-6617B1883 

HM6-6617B 5962-6954002LA HM6-6617B1883 

HMl-6642 5962-8869001JA HMl-66421883 

HM4-6642 5962-88690013A HM4-66421883 

HMG-6642 5962-8869001 LA HM6-66421883 

HMl-6642B 5962-8869002JA HMl-6642B1883 

HM4-6642B 5962-88690023A HM4-6642B1883 

HM6-6642B 5962-8869002LA HM6-6642B1883 
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~-- Harris JAN-SMD-/883 Part Number Listing ----, 

HARRIS PART • JAN PART. I SMDIDESC PART. I 1883 PART. 

CMOS STATIC RAM MODUlES 

HM5-6564 Harris CMOS Static RAM Modules are available for military and high reliability applications processed 

HM5-880B 
to our high-rei DASH B program flow. This Includes burn-In and value added processing (temperature 
cycling, SEM inspection, etc.). Please conteet your local Harris sales office or representative for detailS 

HM5-880BB .~ 

HM5-880BS 

HM5-880BA 

HM5-880BAB 

HM5-880BAS 

HM5-8816H 

HM5-8816HB 

HM5-8832 

HM5-8832B 

HM5-91M2 

HM5-91M2B 

HM5-92560 

HM5-92570 
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,..-----Military Product Program Controls ------, 

1883 
REQUIREMENT REFERENCE JAN DESCISMD 1883 18,-8,13 

SYSTEM CONTROLS 

Product Assurance 1.2.1.8.21 Per Appendix A of MIL M38510 Per Harris R&QA 
Plan Manual 

FacUlty Certification 1.2.1.8.28 RADCIDESC Harris QC HarrlsQC HarrIs QC 

Product Certification 1.2.1.8.26 RADCIDESC RADClDESC HarrlsQA Not Required 

DetaIl Speclftcatlons 1.2.1.A Slash Sheet OESC DWGlSMO Harris 1883 Data Harris Catalog 
Sheet 

Qualifying AclMty 1.2.1.8.1 RADCIDESC Harris Harris Harris 

Qualification Test GPC 1.2.1.8.17 Required Per Governing Per Governing Per HarrIs Spec 
MlHtary Spec Military Spec 

Qualification Test GPO 1.2.1.8.17 Required Per Governing Per Governing Per Harris Spec 
Military Spec Military Spec 

QPL Ustlng MIL M3851 0 None None None 

Change Controls 1.2.1.8.25 MIL M3851 0 000480 000480 Harris Internal ECN 
paragraph 3.4.2 Controls 

Change NotIfication 1.2.1.8.25 OESC OESC Data Sheet Catalog 
Registration 

Traceability 1.2.1.8.27 Wafer Lot 6WeekSeai 6 Week Seal 6 Week SeaJ 

DevIations to 883 1.2.1 Per Slash Sheet Per OESC DWG/ None Per Harris Spec 
SMO 

Product Construction 1.2.1.8.2-12 Compliant Compliant Compliant May Be Non-
Compliant 

LOCATIONS 

Fab USA Only USA USA USA 

Assembly USA Only USAIMaJaysia USAIMaiaysia Malaysia 

Screening USA Only USAIMaJaysia USAIMalaysia Malaysia 

Quality Conformance USA Only USA USA Malaysia 

NOTE: -8 is avalable In support of programs with par1 requlrernentsdated prior to Dec. 31, 1984 In accordance WIth paragraph 1.2. of 
MIL-8TD-883 or where 88315 not currently available. 
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Programs Served By Harris 

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 

Field Support Tracked Vehicle 

Integrated Solar Sensor Assembly 

Continuous Motion Gyro for ISSA 

Advanced Warning and Control System 

Forward Looking Infrared 

Ring Laser Gyro Programs 

Tail Warning System 

Space Telescope 

Mariner Series 

MK 46 NEARTIP 

AV8B HARRIER 

F14/A6E SMS 

Bearclaw 

CAINS II 

TAI/MK6 

B1 

F-16 

Phalanx 

Stinger 

Locust 

Sidearm 

Rattier 

Pavetack 

Viking 

Skylab 

Shuttle 

Intelsat 

Spacelab 

Voyager 

Mark 50 

Captor 

Maverick 

Phoenix 
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CMOS MICROPROCESSOR PRODUCTS 
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CDP1802BC 
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CMOS Microprocessor Products 

Comparison of Harris CMOS CDP1800-5eries 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 MinJMax. (j.ls) 5n.5 3.214.8 3.2116 3.2116 

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 (OC) 

Number of Pins. Package 400. E 400. E 400.E 400. E 
440 440 440 440 

Serial Interface O-Line 

Industry CMOS Microprocessor Cross Reference 

HARRIS INTEL NEC 01<1 AMD 

8-BIT MICROPROCESSOR 

8OC88 8OC88 " IlP0701080-5 MSM8OP88A -
8OC88-2 8OC88-2 IlP0701080-8 ~2 -
16-BIT MICROPROCESSOR 

8OC86 8OC8e IlPD701160-5 MSM8OC86A -
8OC86-2 8OC86-2 IlP070116D-8 MS~2 -
8OC286-10 80286-10 - * 80286-10 

8OC28&-10 

8OC286-12 80286-12 - 80286-12 
'800286-12 

8OC286-16 . - . 80286-16 

3-2 



CDP1802A,CDP1802AC, 
CDP1802BC 

January 1992 

Features 

• Input Clock Maximum Frequency Options: 

Maxlmum@ 
Voo=5V Voo=IOV 

CDP1802A, AC 3.2MHz 6.4MHz 
CDP1802BC 5.0MHz 

• Minimum Instruction Fetch·Execute Times 
(@ Voo = 5V): 

CMOS 8 Bit Microprocessors 

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

CDP1802A, AC ••••••••••••••••• 5.011s 

CDP1802BC. • • • • • • • • • • • • • • • • • •• 3.211S 

The CDP1B02 types include all of the circuits required for 
fetching, interpreting, and executing instructions which haw 
been stored in standard types of memories. Extensiw inpuV 
output (I/O) control features are also provided to facilitate 
system design. 

The lBoo series architecture is designed w~h emphasis on 
the total microcomputer system as an integral entity so that 
systems having maximum flexibil~y and minimum cost can be 
realized. The lBOO 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 driwn, or direct memory access modes. 

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

• 8-blt 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 

• Programmable Single-Bit Output Port 

• 91 Easy-to-Use Instructions 

Ordering Information 

PACKAGE TEMPERATURE RANGE 

Plastic DIP 40°C to +85°C 

Burn-in 

PLCC 40°C to +85°C 

Ceramic DIP 40°C to +85°C 

Burn-In 

"883B -55OC to + 125°C 

The CDP1B02A and CDPHI02AC have a maximum input 
clock frequency of 3.2MHz at Voo = 5 volts. The CDP1B02A 
and CDPl B02AC are functionally identical. They differ in that 
the CDP1B02A has a recommended operating voltage range 
of 4 to 10.5 volts, and the CDP1B02AC a recommended 
operating voltage range of 4 to 6.5 voils. 

The CDP1B02BC is a higher speed version of the 
CDPl B02AC, having a maximum input clock frequency of 
5.0MHz at Voo = 5 volt, and a recommended operating 
voltage range of 4 to 6.5 volts. 

All types are supplied in 40-Iead Dual-In-Une Sidebrazed 
Ceramic Packages (D suffix), 40-Iead Dual-In-Une Plastic 
Packages (E suffix), and 44·lead Plastic Chip-Carrier (PLCC) 
Packages (0 suffix). The CDP1B02AC is also available in 
Chip Form (H suffix). 

10V -6.4MHz 5V-3.2MHz 5V-5MHz 

CDP1802AE CDP1802ACE CDP1802BCE 

CDP1802AEX CDP1802ACEX CDP1802BCEX 

CDP1802AO CDP1802ACO CDP1802BCO 

CDP1802AD CDPl802ACD CDP1802BCD 

CDP1802ADX CDP1802ACDX CDP1802BCDX 

CDP1802AD3 CDPl802ACD3 -
"Respective specifications are included at the end of this data sheet 

CAUTION: These devices are sensrtlve 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) 

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

CLOCK 1 

WAiT 2 

CLEAR 3 

SC1 

SCO 

Mii5 7 

BUS7 

BUS6 

-". ____ --1-

~ 
CDP1852 

INPUT PORT 
CS2 

CS1 

~r ! 

Voo 
iTA[ 

DMAIN 

'6MAOii'i' 
INTERRUPT 
MWR 
TPA 

TPB 

MA7 

MAl 
MAl 

lAM 

MA3 

MA2 

MA1 

MAO 

m 
m 
m 
m 

NO 

II 
MAO-7 

MRD 

SCO 
MR5 

BUS 7 

BUSS 

BUS5 

NC 

BUS 4 

BUS3 

BUS2 

BUS 1 

BUSO 

44 LEAD PLASTIC CHIP CARRIER (PLCC) 
(PACKAGE TYPE Q) 

TOP VIEW 

ADDRESS BUS 

{7 0 
MAO-7 MAG-4 

MRD MR5 
CDP1833 CDP1824 

MWR 
TPA 
TPB 
MA7 

MAl 
NC 

MAl 

lAM 
MA3 

MA2 

MA1 

CDP1802 

~J ! 
8-BITCPU 1K-ROM 32 BYTE RAM 

MWR MWR 

N1 TPA TPA CEO CS 

<: 
DATA CS1 ~ CDP1852 CS2 ~ TPB DATA DATA 

OUTPUT I II {7 II PORT CLOCK 

t I 

FIGURE 1. TYPICAL CDP1802 SMALL MICROPROCESSOR SYSTEM 

3-4 



Specifications CDP1802A, CDP1802AC, CDP1802BC 

Absolute Maximum Ratings 
DC Supply Voltage Range, (VOO): 

(All Voltages Referenced to V ss Terminal) 
CDP1S02A .................•..........••..• -Q.5V to +llV 
CDP1S02AC, COP 1802BC ................••.. -0.5V to +7V 

Input Voltage Range, All Inputs ............•• -0.5V to Voo +D.5V 
DC Input Current, any One Input ..............•........•. ±10mA 
Power Dissipation Per Package (Po) 

TA = -40 to +60oC (Package Type E) .....•........••. 500mW 
TA = +80 to +S5°C (Package Type E) •.•.••.. Derate Linearly at 

12mW/"C to 200mW 
TA = -55 to + 100°C (Package Type D) ..••........•.. 500mW 
TA = +100 to +125°C (Package l)'pe D) ...... Derate Linearly at 

12mWI"C to 200mW 
TA = -40oC to +85°C (Package Type 0)' .............. 500mW 

Device Dissipation Per Output Transistor 
TA = Full Package Temperature Range .......•....... 100mW 

Operating Temperature Range (TA) 
(Package l)'pe D ........•......•.......... -55°C to + 125°C 
(Package Type E and 0 ..................... -40"C to +65°C 

Storage Temperature Range (T atg) ...••..•.•••. -65°C to + 150°C 
Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) from case for lOs 
max .......................................... +265°C 

·Printed CircUit board mount: 57mm x 57mm minimum area x 1.6mm thick 
G 1 0 epoxy glass. or equivalent 

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

CONDITIONS 

CDP1802A 
Vcc1 Veo 

CHARACTERISTIC (V) (V) MIN 

DC Operating Voltage Range - - 4 

Input Voltage Range - - Vss 

Maximum Clock Input Rise or 4 to 6.5 4t06.5 -
Fall Time 

4 to 10.5 4 to 10.5 -
Minimum Instruction Time 2 5 5 5 

5 10 4 

10 10 2.5 

Maximum DMA Transfer Rate 5 5 -
5 10 -
10 10 -

Maximum Clock Input Frequency, 5 5 DC 
fCl' Load Capacitance 
(CLl = 50pF 5 10 DC 

10 10 DC 

NOTES: 

1. V CC must never exceed V OD-

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

3-5 

MAX 

10.5 

Voo 

-
1 

-
-
-

400 

500 

SOO 

3.2 

4 

6.4 

LIMITS 

CDP1802AC CDP1802BC 

MIN MAX MIN MAX UNITS 

4 6.5 4 6.5 V 

Vss Voo Vss Voo V 

- 1 - 1 IlS 

- j!S 

5 - 3.2 j!S 

- - j!S 

- - - j!S 

- 400 - 667 KBytes 
per 

- - second 

- -
DC 3.2 DC 5 MHz 

- - - MHz 

- - - - MHz 
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Specifications CDP1802A, CDP1802AC, CDP1802BC 

Static Electrical Characteristics at T A = -400C to +850C, Except as Noted 

CONDITIONS LIMITS 

CDP1802AC, 
Vee, CDP1802A CDP1802BC 

VOUT Voo 
CHARACTERISTIC SYMBOL (V) VIN(V) (V) MIN TYP* MAX MIN TYp· MAX UNITS 

Quiescent Device Current 100 - - 5 0.1 50 1 200 ~ 

- - 10 - 1 200 - - ~ 
Output Low Drive (Sink) 

Current IOl 0.4 0,5 5 1.1 2.2 1.1 2.2 - mA 

(Except XTAL) 0.5 0,10 10 2.2 4.4 - - rnA 

XTAL 0.4 5 5 170 350 - 170 350 - ~ 

Output High Drive (Source) 

Current IOH 4.6 0,5 5 -0.27 -0.55 - -0.27 -0.55 - rnA 

(Except XTAL) 9.5 0,10 10 -0.55 -1.1 - - - mA 

XTAL 4.6 0 5 -125 -250 - -125 -250 - !1A 

Output Voltage - 0,5 5 0 0.1 - 0 0.1 V 

Low-Level VOL - 0,10 10 0 0.1 - V 

Output Voltage - 0,5 5 4.9 5 - 4.9 5 - V 

High Level VOH 0,10 10 9.9 10 - - - - V 

Input Low Voltage Vil 0.5,4.5 - 5 - - 1.5 - 1.5 V 

0.5,4.5 - 5,10 - 1 - - V 

1,9 - 10 - 3 - - V 

Input High Voltage VIH 0.5,4.5 - 5 3.5 - 3.5 - - V 

0.5,4.5 - 5,10 4 - - - - - V 

1,9 - 10 7 - - - - V 

CLEAR Input Voltage VH - - 5 0.4 0.5 0.4 0.5 - V 

Schmitt Hysteresis - - 5,10 0.3 0.4 - - - - V 

- - 10 1.5 2 - - - V 

Input Leakage Current liN Any 0,5 5 ±10-4 ±1 - ±10-4 ±1 ~ 
Input 0,10 10 ±10-4 ±1 - - - ~ 

3-State Output Leakage 0,5 0,5 5 - ±10-4 ±1 - ±10-4 ±1 ~ 
Current lOUT 0,10 0,10 10 ±10-4 ±1 ;:A 

Operating Current 1001 
.. 

CDPI802A, AC - - 5 - 2 4 - 2 4 rnA 
@f=3.2MHz 

CDP1802BC - 5 - - - 3 6 rnA 
@f=5.0MHz 

Minimum Data Retention VOR VOO= VOR - 2 2.4 - 2 2.4 V 
Voltage 

Data Retention Current lOR VOO = 2.4V - 0.05 - - 0.5 - ~ 

Input Capacitance CIN - 5 7.5 - 5 7.5 pF 

Output Capacitance COUT - 10 15 10 15 pF 

"Typical values are for TA = +25°C and nominal VOO' 

"Idle ·00' at M(OOOO), Cl = 50pF. 
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CDP1802A, CDP1802AC, CDP1802BC 

Performance Curves 

FIGURE 2. CDPl802A, AC TYPICAL MAXIMUM CLOCK 
FREQUENCY AS A FUNCTION OF 
TEMPERATURE 

~ll\1L"

tiHL 

~!'>'.J 

_\ICC"'\lOD~\o\J 

25 50 75 100 125 150 175 200 

LOAD CAPACITANCE (Cl)- pF 

FIGURE 4. TYPICAL TRANSITION TIME vs LOAD 
CAPACITANCE FOR ALL TYPES 

DRAIN-TO-souRCE VOLTAGE (VOS)-V 

FIGURE 6. CDPl802A, AC MINIMUM OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 
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2!!i 35 45 55 65 75 85 95 105 115 125 
AMBIENT TEMPERATURE ITAI--C 

FIGURE 3. CDP1802BC TYPICAL MAXIMUM CLOCK 
FREQUENCY A A FUNCTION OF 
TEMPERATURE. 

DRAIN -TO-SOURCE VOL TAGE (VOS)-V 
-9 -8 -7 -6 -5 -4 -3 -2 

.ILllmlllllIITillill\UWW 
iHI!IIH' . 
II -llili + + 

~- .'0 11 11 
~ ,. MBIENT ~1~PERATURE' -40 TO "e5"C , .,l ~11 , 
rl II ;Ii -, I-

Il WW 
II Him 

I ~ 
x 

2 g 
z , " 
B 

4 ~ 
5 " r 
~ x 

6 ~ 
75 

FIGURE 5. CDP1802A, AC MINIMUM OUTPUT HIGH 
(SOURCE) CURRENT CHARACTERISTICS 

DRAIN-TO-SOURCE VOLTAGE (VOSI-V 
-4 -3 -2 -f 

GATE - TO-SOURCE VOLTAGE (VGS '--5V 

c • 
) 

FIGURE 7. CDP1802BC MINIMUM OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS 



CDP1802A, CDP1802AC, CDP1802BC 

Performance Curves (Continued) 

AMBIENT TEMPERATURE--40 TO tS,·C 

i 
~ 

~ GATE·TO-SOURCE VOLTAGE (V. Sl- ,V 

~ 
1 2 3 

DRAIN-lO-SOURCE VOLTAGE 1VOSI-V 

NOTES: 001 
lOLE- WOCj- AT MfOOOOI 
BRANC' •• W 3707"AT M 18101} 
Cv 50 pf 

1 
CLOCI( INPUT fREQUENCY ('etl-MHz 

FIGURE 8. CDP1802BC MINIMUM OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 

FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION 
OF CLOCK FREQUENCY FOR BRANCH 
INSTRUCTION AND IDLE INSTRUCTION 

! 
AMBIENT TEMPERATURE (TA)-2!i°C 

I 
~ 
<i 150 

x 
~ 12 

!i 

~ 
~ 1 

~ 
~ 50 
~ 

I " 
SPEC 0 
VALUE 
AT 50 (IF 

. ·Itm 

·lHi1 
PJ~ 

:a(ffl .~~ 

·ltlilHW~ . 
I~ . '\Ic,c, _ ~>,J 

... q ..... ~ ~j 
.~. ~\ •• J HI 

.\0\1 

'Wi11't~ln tfffIl b'f"~;:n' 
50 1 0 0 150 

ALOAD CAPACITANCE lo.CLI- pF 

FOR ALL TYPES 

200 
NOTE. ANY OUTPUT 

EXCEPT XTAL 

FIGURE 10. TYPICAL CHANGE IN PROPAGATION DELAY AS A FUNCTION OF A 
CHANGE IN LOAD CAPACITANCE FOR ALL TYPES 
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CDP1802A, CDP1802AC, CDP1802BC 

CONTROL 

~ 

'---t+XrAL 
CONTROL AND 
TIM ING LOG IC 

SCOLSTATE 
SCI) CODES 

Q LOGIC 

~~~fYSTEM MWR IMING 
MRil 

:tIO NO} 
NI OMMANDS 

8-BIT BIDIRECTIONAL DATA 

FIGURE 11. CDP1B02A BLOCK DIAGRAM 

CLOCK 

BUS 
BUSS 

BUS6 

BUS 

N2 

AOORESS~~~H~I~BY~T~E_~ ______ ~L~OW~B~Y~TE~ ______ ~~H~I~BY~T~E~-L ______ ~L~OW~B~Y~T~E ________ L__ 

TPA -F'li--________ --IIlL.. ________ _ 
TPB __________ ..... IlL.. __________ 1L 

L..--_ ...... r-
~A----------_1c:::::~VA~L~ID~I~NP~U~TJD~A~TA~::::J~L ______ ~VA~L~ID~OU~T~P~U~T~DA~~~~~ __ __Jr_ 

FIGURE 12. BASIC DC TIMING WAVEFORMS, ONE INSTRUCTION CYCLE 
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CDP1802A, CDP1802AC, CDP1802BC 

Signal Descriptions 

Bus 0 to Bus 7 (Data Bus): 

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

NO to N2 (110 Controll..lnes): 

Activated by an 1/0 instruction to signal the 1/0 control logic 
of a data transfer between memory and 1/0 interface. These 
lines can be used to issue command codes or device selec
tion codes to the 1/0 devices (independently or combined 
with the memory byte on the data bus when an 1/0 instruc
tion is being executed). The N bits are low at all times except 
when an 1/0 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 1/0 instruction by 
bit N3 (internally) and is indicated by the level of the MRD 
signal. 

MAo = Vee: Data from 110 to CPU and Memory 

MAo = V ss: Data from Memory to 1/0 

m to EF4 (4 Flags): 

These inputs enable the 1/0 controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by 1/0 
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 81 
cycle. 

INTERRUPT, DMA-iN, DMA-OUT (3 110 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 a (inhibit); and instruction 
execution is resumed. The interrupt action requires one 
machine cycle (83). 

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

NOTE: In the event of concurrent DMA and Interrupt requests, 
DMA-IN has priority followed by DMA-OUT and th8n Interrupt. 

SCO, SC1, (2 State Code Unes): 

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. H = Vee, L = Vss. 

STATE CODE UNES 

STATE TYPE SCl SCO 

SO (Fetch) L L 

SI (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 1/0 controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
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 MA0-7 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 a 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. 

MAo (Read Level): 

A low level on MRi5 indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed mem
ory which may have a commpn data input and output bus. If 
a memory does not have a three-state high-impedance out
put, MRD is useful for driving memorylbus separator gates. It 
is also used to indicate the direction of data transfer during 
an 1/0 instruction. For additional information see Table 1. 

Q: 

Single bit output from the CPU which can be set or reset 
under program control. During SEa or REO instruction exe
cution, a 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 

Vee Vss. Vee (Power Levels): 

The internal voltage supply Voo is isolated from the Input! 
Output voltage supply Vee so that the processor may oper
ate at maximum speed while interfacing with peripheral 
devices operating at lower voltage. Vee must be less than or 
equal to Vo[} All outputs swing from Vss to Vee. The recom
mended input voltage swing is Vss to Vee. 

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 anyone 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 I 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 
"poinr' 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 78-7B). 

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

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

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

Program Counters 

Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By single instruction the contents of the P register can be 
changed to effect a ·call" to a subroutine. When interrupts 
are being serviced, register R(1) is used as the program 
counter for the user's interrupt servicing routine. After reset, 
and during a DMA operation, R(O) 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 (Le., 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 (Le., R(N)) points to memory 
for the "load D from memory" instructions ON and 4N and the 
"Store D" instruction SN. The register designated by P (Le., 
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(O) 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(O) register. At the end 
of the transfer, R(O) 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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Data Registers CDP1802 Control Modes 

When registers in R are used to store bytes of data, four The WAiT and CLEAR lines provide four control modes as 
instructions are provided which allow 0 to receive from or listed in the following truth table: 
write into either the higher-order or lower-order byte portions CLEAR WAIT MODE 
of the register designated by N. By this mechanism (together 
with loading by data immediate) program pointer and data L L LOAD 

pointer designations are initialized. Also, this technique L H RESET 
allows scratchpad registers in R to be used to hold general H L PAUSE 
data. By employing increment or decrement instructions, H H RUN 
such registers may be used as loop counters. 

The Q Alp-Aop The function of the modes are defined as follows: 

An internal flip-flop, a, can be set or reset by instruction and 
Load 

can be sensed by conditional branch instructions. The output Holds the CPU in the IDLE execution state and allows an 110 
of a is also available as a microprocessor output. device to load the memory without the need for a "bootstrap" 

Interrupt Servicing 
loader. It modifies the IDLE condition so that DMA-IN opera-
tion does not force execution of the next instruction. 

Register R(l) is always used as the program counter Reset 
whenever interrupt servicing is initiated. When an interrupt 

Registers I, N, a are reset, IE is set and O's (Vss) are placed request occurs and the interrupt is allowed by the program 
(again, nothing takes place until the completion of the on the data bus. TPA and TPB are suppressed while reset is 

current instruction), the contents of the X and P registers held and the CPU is placed in 81. The first machine cycle 

are stored in the temporary register 1; and X and P are set after termination of reset is an initialization cycle which 

to new values; hex digit 2 in X and hex digit 1 In P. Interrupt requires 9 clock pulses. During this cycle the CPU remains 

Enable is automatically deactivated to inhibit further in 81 and register X, p, and R(O) are reset. Interrupt and 

interrupts. The user's interrupt routine is now in control; the DMA servicing are suppressed during the initialization cycle. 

contents of T may be saved by means of a single instruction The next cycle is an 80, 81, or an 82 but never an 83. With 

(78) in the memory location pointed to be R(X). At the the use of a 71 instruction followed by 00 at memory loea-

conclusion of the interrupt, the user's routine may restore tions 0000 and 0001, this feature may be used to reset IE, 

the pre-interrupted value of X and P with a single instruction so as to preclude interrupts until ready for them. Powerup 

(70 or 71). The Interrupt Enable flip flop can be activated to reset can be realized by connecting an RC network directly 

permit further interrupts or can be disabled to prevent them. to the CLEAR pin, since it has a Schmitt triggered Input, see 
Figure 13. 

CPU Register Summary 

Vcc 
0 8 Bits Data Register (Accumulator) 

CDPI802 

OF 1 Bit Data Flag (ALU Carry) RS; 
CLEAR 

~ 
The RC tIme constant 

B 8 Bits AUXiliary Holding Register 3 should be greater than 
c-'- the oscillator start-up tIme 

R 16 Bils 1 of 16 Scratchpad Registers J (typically 20 ms). 

+--1 
P 4 Bits Designates which register is Program 

Counter FIGURE 13. RESET DIAGRAM 

X 4 Bits Designates which register Is Data Pause 
Pointer 8tops the internal CPU timing generator on the first negative 

N 4 Bits Holds Low-Order Instruction Digit 
high-ta-Iow transition of the input clock. The oscillator contin-
ues to operate, but subsequent clock transitions are ignored. 

I 4 Bits Holds High-Order Instruction Digit Run 

T 8 Bits Holds old X, P after Interrupt (X is Mif be initiated from the Pause or Reset mode functions. If 

high nibble) initiated from Pause, the CPU resumes operation on the first 
negative high-to-Iow transition of the input clock. When initi-

IE 1 Bit Interrupt Enable ated from the Reset operation, the first machine cycle follow-
ing Reset is always the initialization cycle. The initialization 

a 1 Bit Output Flip Flop cycle is then followed by a DMA (82) cycle or fetch (80) 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, 
SO 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 O. 

R(W): Register designated by W. where 

W = N or X, or P 

R(W).O: 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. 

PRIORITY FORCE SQ, 51 
DiiAIN 
OMA OUT 
INT 

(LONG BRANCH, 
LONG SKIP, NOP, ETC) 

531NT 

FIGURE 14. STATE TRANSITION DIAGRAM 

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

INSTRUCTION MNEMONIC 

MEMORY REFERENCE 

LOADVIAN LDN 
LOAD ADVANCE LOA 
LOAD VIA X LDX 
LOAD VIA X AND ADVANCE LDXA 
LOAD IMMEDIATE LDI 
STORE VIAN STR 
STORE VIA X AND DECREMENT STXD 

REGISTER OPERATIONS 

INCREMENT REG N INC 
DECREMENT REG N DEC 
INCREMENT REG X IRX 
GET LOW REG N GLO 
PUT LOW REGN PLO 
GET HIGH REG N GHI 
PUT HIGH REG N PHI 

LOGIC OPERATIONS' 

OR OR 
OR IMMEDIATE ORI 

'The arithmetic operations and the shift instructions are the only 
instructions that can alter the OF. After an add instruction: 

DF = 1 denotes a carry has occurred 
OF = 0 Denotes a carry has not occurred 

After a subtract instruction: 

OF = 1 denotes no borrow. 0 is a true positive number 
OF = 0 denotes a borrow. 0 is two's complement 
The syntax "-(not OF)" denotes the subtraction of the borrow 

OPCODE OPERATION 

ON M(R(N» .... 0; for N not 0 
4N M(R(N» .... 0; R(N) + 1 .... R(N) 
FO M(R(X» .... D 
72 M(R(X» .... 0; R(X) + 1 .... R(X) 
F8 M(R(P» .... 0; R(P) + 1 .... R(P) 
SN D .... M(R(N) 
73 o .... M(R(X»; R(X) - 1 .... R(X) 

1N R(N) + 1 .... R(N) 
2N R(N)-l .... R(N) 
60 R(X) + 1 .... R(X) 
8N R(N).O .... D 
AN D .... R(N).O 
9N R(N).l .... D 
BN D .... R(N).l 

F1 M(R(X» OR 0 .... 0 
F9 M(R(P» OR 0 -> 0; R(P) + 1 -> R(P) 

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

tAn idle instruction initiates a repeating Sl cycle. ~r.2!:essor 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 01 Table) 

INSTRUCTION MNEMONIC 

LOGIC OPERATIONS* (Continued) 

EXCLUSIVE OR XOR 
EXCLUSIVE OR IMMEDIATE XRI 
AND AND 
AND IMMEDIATE ANI 
SHIFT RIGHT SHR 
SHIFT RIGHT WITH CARRY SHRC} 
RING SHIFT RIGHT RSHR 
SHIFT LEFT SHL 
SHIFT LEFT WITH CARRY SHLC} 
RING SHIFT LEFT RSHL 

ARITHMETIC OPERATIONS* 

ADD ADD 
ADD IMMEDIATE ADI 
ADD WITH CARRY ADC 
ADD WITH CARRY, IMMEDIATE ADCI 
SUBTRACT D SD 
SUBTRACT D IMMEDIATE SDI 
SUBTRACT D WITH BORROW SDB 
SUBTRACT DWITH BORROW, IMMEDIATE SDBI 
SUBTRACT MEMORY SM 
SUBTRACT MEMORY IMMEDIATE SMI 
SUBTRACT MEMORY WITH BORROW 5MB 
SUBTRACT MEMORY WITH BORROW, 5MBI 
IMMEDIATE 

BRANCH INSTRUCTIONS - SHORT BRANCH 

SHORT BRANCH BR 
NO SHORT BRANCH (SEE SKP) NBR 
SHORT BRANCH IF 0 = 0 BZ 
SHORT BRANCH IF D NOT 0 BNZ 
SHORT BRANCH IF DF = 1 

BOF} 
SHORT BRANCH IF POS OR ZERO BPZ 
SHORT BRANCH IF EQUAL OR GREATER BGE 
SHORT BRANCH IF DF = 0 

BNF} 
SHORT BRANCH IF MINUS BM 
SHORT BRANCH IF LESS BL 
SHORT BRANCH IF a = 1 BO 
SHORT BRANCH IF Q = 0 BNO 
SHORT BRANCH IF EFI = 1 (EFI = Vss) Bl 
SHORT BRANCH IF EFI = 0 (~ = Vce! BNl 
SHORT BRANCH IF EF2 = 1 (ill = Vss) B2 
SHORT BRANCH IF EF2 = 0 (EF2 = Vcc) BN2 
SHORT BRANCH IF EF3 = 1 ~ = Vss) B3 
SHORT BRANCH IF EF3 = 0 (EF3 = Vce! BN3 
SHORT BRANCH IF EF4 = 1 (EF4 = Vss) B4 
SHORT BRANCH IF EF4 = 0 (EF4 = Vce! BN4 

BRANCH INSTRUCTIONS - LONG BRANCH 

LONG BRANCH LBR 
NO LONG BRANCH (SEE LSKP) NLBR 

*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: 

OF = 1 denotes no borrow. D is a true positive number 

DF = 0 denotes a borrow. D is two's complement 

The syntax "-(not OF)" denotes the subtraction of the borrow 

OPCODE OPERATION 

F3 M(R(X» XOR D --> D 
FB M(R(P» XOR D --> D; R(P) + 1 --> R(P) 
F2 M(R(X» AND D --> D 
FA M(R(P» AND D --> D; R(P) + 1 --> R(P) 
F6 SHIFT D RIGHT, LSB(D) --> DF, 0 --> MSB(D) 
76** SHIFT D RIGHT, LSB(D) --> DF, DF --> MSB(D) 

FE SHIFT D LEFT, MSB(D) --> DF, 0 --> LSB(D) 
7E** SHIFT D LEFT, MSB(D) --> DF,DF --> LSB(D) 

F4 M(R(X» + D --> DF, D 
FC M(R(P» + D --> DF, D; R(P) + 1 --> R(P) 
74 M(R(X» + D + DF --> DF, D 
7C M(R(P» + D + DF -> DF, D,R(P) + 1 -> R(P) 
F5 M(R(X» - D -> DF, D 
FD M(R(P» - D -> DF, D; R(P) + 1 --> R(P) 
75 M(R(X» - D - (Not DF) --> DF, D 
7D M(R(P» - D - (Not DF) --> DF, D; R(P) + 1 -> R(P) 
F7 D-M(R(X» --> DF, D 
FF D-M(R(P» --> DF, D; R(P) + 1 --> R(P) 
n D-M(R(X»-(NOT OF) --> DF, 0 
7F D-M(R(P»-(NOT OF) --> DF, D, R(P) + 1 --> R(P) 

30 M(R(P)) --> R(P).O 
3S** R(P) + 1 --> R(P) 
32 I! D = 0, M(R(P)) -> R(P).O, Else R(P) + 1 -> R(P) 
3A If D Not 0, M(R(P» --> R(P).O, Else R(P) + 1 --> R(P) 
33** I! DF = 1, M(R(P» --> R(P).O, Else R(P) + 1 --> R(P) 

3B** I! OF = 0, M(R(P» --> R(P).O, Else R(P) + 1 --> R(P) 

31 I! a = I, M(R(P» -> R(P).O, Else R(P) + 1 --> R(P) 
39 If Q = 0, M(R(P» --> R(P).O, Else R(P) + 1 --> R(P) 
34 If EFI = I, M(R(P» --> R(P).O, Else R(P) + 1 -> R(P) 
3C If EFI = 0, M(R(P)) --> R(P).O, Else R(P) + 1 --> R(P) 
35 If EF2 = I, M(R(P» --> R(P).O, Else R(P) + 1 -> R(P) 
30 If EF2 = 0, M(R(P» --> R(P).O, Else R(P) + 1 --> R(P) 
36 I! EF3 = I, M(R(P» --> R(P).O, Else R(P) + 1 --> R(P) 
3E I! EF3 = 0, M(R(P» --> R(P).O, Else R(P) + 1 --> R(P) 
37 I! EF4 = I, M(R(P» -> R(P).O, Else R(P) + 1 --> R(P) 
3F If EF4 = 0, M(R(P» --> R(P).O, Else R(P) + 1 --> R(P) 

CO M(R(P» --> R(P).I, M(R(P) + 1) --> R(P).O 
CS** R(P) = 2 --> R(P) 

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

tAn idle instruction initiates a repeating S 1 cycle. 1!!2.Er~~1 
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 01 Table) 

INSTRUCTION MNEMONIC 

BRANCH INSTRUCTIONS - LONG BRANCH (Continued) 

LONG BRANCH IF D = 0 LBZ 

LONG BRANCH IF D NOT 0 LBNZ 

LONG BRANCH IF DF = 1 LBDF 

LONG BRANCH IF DF = 0 LBNF 

LONG BRANCH IF a = 1 LBO 

LONG BRANCH IF a = 0 LBNa 

SKIP INSTRUCTIONS 

SHORT SKIP (SEE NBR) SKP 
LONG SKIP (SEE NLBR) LSKP 
LONG SKIP IF D = 0 LSZ 
LONG SKIP IF D NOT 0 LSNZ 
LONG SKIP IF DF = 1 LSDF 
LONG SKIP IF DF = 0 LSNF 
LONG SKIP IF a = 1 LSa 
LONG SKIP IF a = 0 LSNa 
LONG SKIP IF IE = 1 LSIE 

CONTROL INSTRUCTIONS 

IDLE IDL 
NO OPERATION NOP 
SETP SEP 
SETX SEX 
SETa SEa 
RESET 0 REa 
SAVE SAV 
PUSH X, P TO STACK MARK 

RETURN RET 
DISABLE DIS 

INPUT·OUTPUT BYTE TRANSFER 

OUTPUT 1 OUT 1 
OUTPUT 2 OUT2 
OUTPUT 3 OUT3 
OUTPUT 4 OUT4 
OUTPUT 5 OUT5 
OUTPUT 6 OUT6 
OUTPUT 7 OUT7 
INPUT 1 INP 1 
INPUT2 INP2 
INPUT3 INP 3 
INPUT4 INP4 
INPUT 5 INP5 

'The arithmetic operations and the shift instructions are the only 
instructions that can aiter 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: 
OF = 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 

OPCODE OPERATION 

C2 IF D =0, M(R(P)) ... R(P).I, M(R(P) + 1) ... R(P).O 
Else R(P) + 2 ... R(P) 

CA IF D Not 0, M(R(P)) ... R(P).I, 
M(R(P) + 1) ... R(P).O 
Else R(P) + 2 ... R(P) 

C3 IF DF = I, M(R(P)) ... R(P).I, M(R(P) + 1) ... R(P).O 
Else R(P) + 2 ... R(P) 

CB IF DF = 0, M(R(P)) ... R(P).I, M(R(P) + 1) ... R(P).O 
Else R(P) + 2 ... R(P) 

Cl IF a = I, M(R(P)) ... R(P).I, M(R(P) + 1) ... R(P).O 
Else R(P) + 2 ... R(P) 

C9 IF a = 0, M(R(P)) ... R(P).I, M(R(P) + 1) ... R(P).O 
Else R(P) + 2 ... R(P) 

38" R(P) + 1 ... R(P) 
C8" R(P) + 2 ... R(P) 
CE II D = 0, R(P) + 2 ... R(P), Eise Continue 
C6 II D Not 0, R(P) + 2 ... R(P), Else Continue 
CF 11 DF = I, R(P) + 2 ... R(P), Else Continue 
C7 If DF = 0, R(P) + 2 ... R(P), Else Continue 
CD 11 a = I, R(P) + 2 ... R(P), Else Continue 
C5 II a = 0, R(P) + 2 ... R(P), Else Continue 
CC II IE = I, R(P) + 2 ... R(P), Else Continue 

OOt Wait for DMA or INTERRUPT; M(R(O)) ... BUS 
C4 Continue 
DN N ... P 
EN N ... X 
7B 1 ... 0 
7A 0 ... a 
78 T ... M(R(X)) 
79 (X, P) ... T; (X, P) ... M(R(2)) Then P ... X; 

R(2) - 1 ... R(2) 
70 M(R(X)) ... (X, P); R(X) + 1 ... R(X), 1 ... IE 
71 M(R(X» ... (X, P); R(X) + 1 ... R(X), 0 ... IE 

61 M(R(X» ... BUS; R(X) + 1 ... R(X); N LINES = 1 
62 M(R(X» ... BUS; R(X) + 1 ... R(X); N LINES = 2 
63 M(R(X)) ... BUS; R(X) + 1 ... R(X); N LINES = 3 
64 M(R(X» ... BUS; R(X) + 1 ... R(X); N LINES = 4 
65 M(R(X» ... BUS; R(X) + 1 ... R(X); N LINES = 5 
66 M(R(X» ... BUS; R(X) + 1 ... R(X); N LINES = 6 
67 M(R(X» ... BUS; R(X) + 1 ... R(X); N LINES = 7 
69 BUS ... M(R(X)); BUS ... D; N LINES = 1 
6A BUS ... M(R(X»; BUS ... D; N LINES = 2 
6B BUS ... M(R(X)); BUS ... 0; N LINES = 3 
6C BUS ... M(R(X)); BUS ... D; N LINES = 4 
6D BUS ... M(R(X)); BUS ... 0; N LINES = 5 

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

tAn idle instruction initiates a repeating SI cycle. ~r2?essor will 
continue to idle until an 1/0 request (INTERRUPT, DMA-IN, or DMA· 
OUT) is activated. When the request is acknowledged, the idle cycle 
is terminated and the 1/0 request is serviced, and then normal oper· 
ation is resumed. 
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TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End 01 Table) 

INSTRUCTION 1 MNEMONIC 1 OP CODE .1 OPERATION 

INPUT-OUTPUT BYTE TRANSFER (Continued) 

INPUT 6 J INP 6 
INPUT7 INP7 

"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 OF)" denotes the subtraction 01 the borrow 

NOTES FOR TABLE 1 

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

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

The long·branch instructions can: 
a. Branch unconditionally 
b. Testfor D = 0 or D"O 
c. Test lor DF = 0 or DF = 1 
d. Testfor Q = 0 or Q = 1 
e. Effect an unconditional no branch 

II the tested condition is met, then branching takes place; the 
branching address bytes are loaded in the high-and-Iow order 
bytes 01 the current program counter, respectively. This 
operation effects a branch to any memory location. 

II 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 01 uncondi
tional no branch (NLBR). 

2. The short· branch Instructions are two bytes long. The lirst byte 
specilies the condition to be tested, and the second specilies 
the branching address. 

The short branch instruction can: 
a. Branch unconditionally 
b. TestforD=OorD"O 
c. Testfor DF = 0 or DF = 1 
d. TestforQ=OorQ=l 
e. Test the status (1 or 0) 01 the four EF Ilags 
I. Effect an unconditional no branch 

1
6E 6F 1 BUS--. M(R(X)); BUS --. D; N LINES - 6 

BUS--. M(R(X)); BUS --. D; N LINES = 7 

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

tAn idle instruction initiates a repeating Sl cycle. ~r!2!iessor will 
continue to idle until an 1/0 request (INTERRUPT, DMA-IN, or DMA
OUn is activated. When the request Is acknowledged, the Idle cycle 
is terminated and the 1/0 request is serviced, and then normal oper
ation is resumed. 

II the tested condition is met, then branching takes place; the 
branching address byte IS loaded into the low-order byte position 
01 the current program counter. This effects a branch within the 
current 256-byte page 01 the memory, i.e., the page which holds 
the branching address. II the tested condition is not met, the 
branching address byte is skipped over, and the next instruction 
in sequence is letched and executed. This same action Is taken 
In the case 01 unconditional no branch (NBR). 

3. The skip instructions are one byte long. There is one Uncondi
tional Short·Sklp (SKP) and eight Long-Skip instructions. 

The Unconditional Short-Skip instruction takes 2 cycles to 
complete (1 letch + 1 execute). Its action is to skip over the byte 
lollowing 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 01 the program. 

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

They can: 
a. Skip unconditionally 
b. Testfor D = 0 or D " 0 
c. Test lor DF = 0 or DF = 1 
d. Testfor Q '" 0 or Q = 1 
e. Test lor IE = 1 

II 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 letched and executed. II the tested condition is not met, 
then no action Is taken. Execution is continued by letching 
the next Instruction in sequence. 
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CDP1802A, CDP1802AC, CDP1802BC 

Timing Waveforms 

I 
TPA I I I 

TPB 

I I I 

r---~--:-~-+.I-"""---'r----------~ 
MEMORY 
ADDRESS 

STATE 
CODES 

Q 

NO,NI,N2 ~ 
(I/O 
EXECUTION 
CYCLE) 

DATA FROM 
BUS TO CPU 

DMA 
REQUEST 

INTERRUPT 
REQUEST I 

I FLAG LINES I 
SAMPLED (IN 51) 

EFI-4 ~L----+-: ___ _ 
I\::=: ANY NEGATIVE 

TRANSITION 

---------~~r-~-------------------------------------

NOTES: 

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

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

3. Shaded areas indicate "Don't Care" or undefined slate. 
Multiple transitions may occur during this period. 

FIGURE 15. TIMING WAVEFORMS 
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CDP1802A, CDP1802AC, CDP1802BC 

Dynamic Electrical Characteristics at TA = ·40"C to +8SOC. CL = SOpF; Voo ±5% 

CDP1802A. CDP1802BC 
CDPl802AC LIMITS UMITS 

Vee Veo 
CHARACTERISTIC SYMBOL M M TYp· MAX TV ... MAX UNITS 

PROPAGATION DELAY TIMES 

Clock to TPA. TPB IpLH. tPHL 5 5 200 300 200 300 ns 
5 10 150 250 · . 
10 10 100 150 · · 

Clock·to·Memory Hlgh·Address Byte tpLH• IpHL 5 5 600 850 475 525 ns 
5 10 400 600 · · 
10 10 300 400 · · 

Clock·to·Memory Low·Address Byte Valid tPLH. tpHL 5 5 250 350 175 250 ns 
S 10 150 250 · · 
10 10 100 150 · · 

ClocktoMRD tpHL 5 5 200 300 175 275 ns 
5 10 150 250 · · 
10 10 100 150 · · 

ClocktoMRD tpLH 5 5 200 350 175 275 ns 
5 10 150 290 · · 
10 10 100 175 · · 

ClocktoMWR ~H.tPHL 5 5 200 300 175 225 ns 
5 10 150 250 · · 
10 10 100 150 · · 

Clock to (CPU DATA to BUS) Valid tPLH. tpHL S 5 300 450 250 375 ns 
S 10 250 350 · · 
10 10 100 200 · · 

Clock to State Code tpLH. tPHL 5 5 300 450 250 400 ns 
5 10 250 350 · · 
10 10 150 250 · · 

ClocktoQ ~.IpHL 5 5 250 400 200 300 ns 
5 10 150 250 · · 
10 10 100 150 · · 

Clock to N (0·2) IpLH. tPHL 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 Isu S 5 ·20 25 ·20 0 ns 
5 10 0 50 · · 
10 10 ·10 40 · · 

Data Bus Input Hold tH** 5 5 150 200 125 150 ns 
5 10 100 125 · · 
10 10 75 100 · · 

DMASetUp Isu 5 5 0 30 0 30 ns 
5 10 0 20 · -
10 10 0 10 - -

DMAHold lti·· 5 5 150 250 100 150 ns 
5 10 100 200 - -
10 10 75 125 - -

Interrupt Set Up Isu 5 5 ·75 0 -75 0 ns 
5 10 -50 0 - -
10 10 -25 0 - -

*Typical values are for TA = +25"0 and nominal Voo-
··Maximum Imlts of minimum characteristics are the values above which aU devices function 
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CDP1802A, CDP1802AC, CDP1802BC 

Dynamic Electrical Characteristics at TA = -40°C to +8SoC, C L = SOpF; Voo ±S% (Continued) 

CDP1802A, CDP1802BC 
CDP1802AC LIMITS LIMITS 

Vcc Voo 
CHARACTERISTIC SYMBOL (V) (V) TV ... MAX TY ... MAX 

MINIMUM SET UP AND HOLD TIMES: (Continued) 

Interrupt Hold tH** 5 5 100 150 75 125 
5 10 75 100 -
10 10 50 75 - -

WAIT Set Up tsu 5 5 10 50 20 40 
5 10 -10 15 - -
10 10 0 25 - -

EFl-4 Set Up tsu 5 5 -30 20 -30 0 
5 10 -20 30 - -
10 10 -10 40 -

EFl-4 Hold tH•• 5 5 150 200 100 150 
5 10 100 150 - -
10 10 75 100 -

Minimum Pulse Width nmes: 

CLEAR Pulse Width tWL 
.. 5 5 150 300 100 150 

5 10 100 200 -
10 10 75 150 -

CLOCK Pulse Width tWL 5 5 125 150 90 100 
5 10 100 125 -
10 10 60 75 - -

·Typical values are for TA = +25°C and nominal Voo-
··Maximum limits of minimum characteristics are the values above which all devices function 

Timing Specifications as a function of T(T = 1IfCLOCK) at TA = -40 to +8SoC 

CDP1802A, CDP1802BC 
CDP1802AC LIMITS LIMITS 

Vce Voo 
CHARACTERISTIC SYMBOL (V) (V) MIN TYp· MIN TV'" 

High-Order Memory-Address Byte tsu 5 5 2T-550 2T-400 2T-325 2T-275 
Set Up To TPA "-- Time 5 10 2T-350 2T-250 -

10 10 2T-250 2T-200 -
High-Order Memory-Address Byte Hold Iti 5 5 TI2-25 T/2-15 T/2-25 T/2-15 
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 Iti 5 5 T-30 T+O T-30 T+O 
after WR Time 5 10 T-20 T+O 

10 10 T-10 T+O 

CPU Data to Bus Hold after WR Time tH 5 5 T-200 T-150 T-175 T-125 
5 10 T-150 T-100 -
10 10 T-100 T-50 

Required Memory Access Time tAcc 5 5 5T-375 5T-250 5T-225 5T-175 
Address to Data 5 10 5T-250 5T-150 -

10 10 5T-I90 5T-IOO 

MRD to TPA "-- Isu 5 5 TI2-25 T/2-18 T/2-20 TI2-15 
5 10 T/2-20 T/2-15 -
10 10 T/2-15 T/2-10 

·Typical values are for TA = +25°C and nominal Voo 
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CDP1802A, CDP1802AC, CDP1802BC 

TABLE 2_ CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 

STATE I N MNEMONIC OPERATION 

SI RESET o -+ I, N, Q, X, P; 1 -+ IE 

Initialize 0000 -+ R 
Not Programmer 

Accessible 

SO FETCH MRP -+ I, N; RP + 1 -+ RP 

SI 0 0 IDL IDLE 

0 l-F LDN MRN -+ D 

1 O-F INC RN+l-+RN 

2 O-F DEC RN-l-+RN 

3 O-F Short Taken: MRP -+ RP.O 
Branch Not Taken; RP + 1 -+ RP 

4 O-F LDA MRN -+ D; RN + 1 -+ RN 

S O-F STR D -+ MRN 

6 0 IRX RX+l-+RX 

6 1 OUT 1 MRX -+ BUS; RX + 1 -+ RX 

2 OUT2 

3 OUT3 

4 OUT 4 

S OUTS 

6 OUT 6 

7 OUT7 

9 INP 1 BUS-+MRX, D 

A INP2 

B INP3 

C INP4 

D INPS 

E INP6 

F INP7 

7 0 RET MRX -+ (X,P); RX + 1 -+ RX; 
1 -+ IE 

1 DIS MRX -+ (X, P); RX + 1 -+ RX; 
0-+ IE 

2 LDXA MRX -+ D; RX + 1 -+ RX 

3 STXD D -+ MRX; RX - 1 -+RX 

4 ADC MRX + D + DF -+ DF, D 

5 SDB MRX - D - DFN -+ DF, D 

NOTES: 

A. IE = 1, TPA, TPB suppressed, state = SI. 

B. BUS = 0 for entire cycle. 

C. Next state always SI. 

D. Wait for DMA or INTERRUPT. 

DATA MEMORY N 
BUS ADDRESS Miffi MWii LINES NOTESG 

00 XXXX 1 1 0 A 

00 XXXX 1 1 0 B 

MRP RP 0 1 0 C 

MRO RO 0 1 0 D,3 

MRN RN 0 1 0 3 

Float RN 1 1 0 1 

Float RN 1 1 0 1 

MRP RP 0 1 0 3 

MRN RN 0 1 0 3 

D RN 1 0 0 2 

MRX RX 0 1 0 2 

MRX RX 0 1 1 6 -
2 -
3 -
4 -
S -
6 

r--
7 

Data RX 1 0 1 S 
from 1/0 r--
Device 2 

r--
3 

r--
4 

r---
S 

r--
6 

r---
7 

MRX RX 0 1 0 3 

MRX RX 0 1 0 3 

MRX RX 0 1 0 3 

D RX 1 0 0 2 

MRX RX 0 1 0 3 

MRX RX 0 1 0 3 

E. Suppress TPA, wait for DMA. 

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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CDP1802A, CDP1802AC, CDP1802BC 

TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 

STATE I N MNEMONIC OPERATION 

S1 7 6 SHRC LSB(D) -> DF; DF -> MSB(D) 
(ConI.) (c 

7 5MB D - MRX • DFN -> DF, D 
0 

n 8 SAV T -> MRX 
I.) 

9 MARK (X, P) -> T, MR2; P -> X; 
R2-1->R2 

A REQ 0-> Q 

B SEQ 1->Q 

C ADCI MRP + D + DF -> DF, D; RP + 1 

D SDBI MRP· D - DFN -> DF, D; RP + 1 

E SHLC MSB(D) -> DF; DF -> LSB(D) 

F 5MBI D· MRP - DFN -> DF, D; RP + 1 

8 O-F GLO RN.O -> D 

9 O-F GHI RN.1 -> D 

A O-F PLO D -> RN.O 

B O-F PHI D-> RN.1 

S1#1 C 0-3, Long Branch Taken: MRP -> B; RP + 1 -> RP 

#2 
8-B 

Taken: B -> RP.1; MRP -> RP.O 

S1#1 Not Taken: RP + 1 -> RP -
#2 Not Taken: RP + 1 -> RP 

S1#1 5 Long Skip Taken: RP + 1 -> RP 

#2 
6 

Taken: RP + 1 -> RP 7 

S1#1 C Not Taken: No Operation 
D 

#2 E Not Taken: No Operation 

F 

S1#1 4 NOP No Operation 

#2 No Operation 

S1 D O-F SEP N->P 

E O-F SEX N->X 

S1 F 0 LDX MRX-> D 

1 OR MRXOR D -> D 
2 AND MRXAND D-> D 
3 XOR MRXXOR D-> 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) 

NOTES: 

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. 

DATA MEMORY N 
BUS ADDRESS Miii5 MWR LINES NOTESG 

Float RX 1 1 0 1 

MRX RX 0 1 0 3 

T RX 1 0 0 2 

T R2 1 0 0 2 

Float RP 1 1 0 1 

Float RP 1 1 0 1 

MRP RP 0 1 0 3 

MRP RP 0 1 0 3 

Float RP 1 1 0 1 

MRP RP 0 1 0 3 

RN.O RN 1 1 0 1 

RN.1 RN 1 1 0 1 

D RN 1 1 0 1 

D RN 1 1 0 1 

MRP RP 0 1 0 4 

M(RP+1) RP+ 1 0 1 0 4 

MRP RP 0 1 0 4 

M(RP+1) RP+1 0 1 0 4 

MRP RP 0 1 0 4 

M(RP+1) RP+ 1 0 1 0 4 

MRP RP 0 1 0 4 

MRP RP 0 1 0 4 

MRP RP 0 1 0 4 

MRP RP 0 1 0 4 

NN RN 1 1 0 1 

NN RN 1 1 0 1 

MRX RX 0 1 0 3 

MRX RX 0 1 0 3 

Float RX 1 1 0 1 

E. Suppress TPA, wait for DMA. 

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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CDP1802A, CDP1802AC, CDP1802BC 

TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 

STATE I N MNEMONIC OPERATION 

Sl F B LOI MRP -+ 0; RP + 1 -+ RP 
(ConI.) (c 9 ORI MRP OR 0 -+ 0; RP + 1 -+ RP 

0 A ANI MRP AND 0 -+ 0; RP + 1 -+ RP 
n B XRI MRP XOR 0 -+ 0; RP + 1 -+ RP 
I) C AOI MRP + 0 -+ OF, 0; RP + 1 -+ RP 

0 SOl MRP - 0 -+ OF, 0; RP + 1 -+ RP 
F SMI 0- MRP -+ OF, 0; RP + 1 -+ RP 

E SHL MSB(O) -+ OF; 0 -+ LSB(O) 

S2 OMAIN BUS -+ MRO; RO + 1 -+ RO 

OMAOUT MRO -+ BUS; RO + 1 -+ RO 

S3 INTERRUPT X, P -+ T; 0 -+ IE, 1 -+ P; 2-+ X 

Sl LOAD IDLE (CLEAR, WAIT = 0) 

NOTES: 

A. IE = 1, TPA, TPB suppressed, slale = Sl. 

B. BUS = 0 for enlire cycle. 

C. Next slate always S 1-

O. Wail for OMA or INTERRUPT. 

DATA MEMORY N 
BUS ADDRESS MRo MWii LINES NOTESG 

MRP RP 0 1 0 3 

Floal RP 1 1 0 1 

Data RO 1 0 0 F,7 
fromVO 
Device 

MRO RO 0 1 0 F,B 

Floal RN 1 1 0 9 

M(RO-1) R0-1 0 1 0 E,3 

E. Suppress TPA, wail for OMA. 

F. IN REQUEST has priority over OUT REQUEST. 

G. Number refers 10 machine cycle. See Figure 16 liming waveforms 
lor machine cycles 1 through 9. 

012345 b' a I"} 14':> 6 7 012345610 12345670123" 

CLOCK 

TPA -rI n n ~ ________ ~r1L __________ ~~ 

TPB n n ~ ________ ~r1L ______ __ n 
MACHINE 

CYCU" CYClE I., , 
CYCLE 

CYCLE In. 21 CYCLE In + 31 ClE In+41 

MA HIGH ADD lOW ADDRESS Hl(,H A[)O lOWA!)()IUSS HIGH ADD LOW ADDRESS IGH ADO LOW ADDRESS IGHAOD LOW 

GENERAL TIMING WAVEFORMS 

INSTRUCTION ===:!FIET~C,!:!:H:§!I""[!:'==:::J==:lIX~~'~(-'~JlI' :::1!:2"'!:!:'==C==::JF::IE~TC~H3IS02I'===r==::EEX~E£CU~T!E~IS1!I)=:::J1::!.!ET!]C'!:!:H:'i!SO[)= 
~MfMORY RfAI) CYLlf _ -----+-- -_N()N MfM(JHY CYCLf ------+---MEMORY READ CYCLE -+-NON MEMORY CYCLE--+----~~~AY 

MR'D -----, ~ 

MWR IHIGH! ----------------------------------------

NO.1 NON MEMORY CYCLE TIMING WAVEFORMS 

~·DON'T CARE" OR INTERNAL DELAYS _ HIGH IMPEDANCE STATE 

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) 
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CDP1802A, CDP1802AC, CDP1802BC 

f r TCH 1501 EXECUTE IS1) FETCH !SOI rNSTRUCTI()N I I! !( It (',UI 

r--- Mt \111HY In 1\11 (Viii 

wm ~~ ______________ ~ 
~- M[ MORY RE AD CYCLE -+-MEMOAY WRITE CYCLE ---J.-~~~gRY 

I I ~ 

4------- '., I 

I ~~~;~'ry :::-•• ::lI;::====:;;f::. •••••••••• l:;zJ'~;~;;;~?~:;:;:~~~:1f ••••••••••• ~0~0~~~~:i:~~~~; 
U ALLOWAHLf~I-M(JflY~i71~t-- V[1111111lIll'111 LVAUOOUTPUT 

~.~u OUTru T -,----------;-:;-;-----------~----==-c;-:-:---~----------;-;Of"f-----------r----7:vA~L;-;m=DA;:;r;;;A---'-0;;;':-::'--
MEMORY 

NO.2 MEMORY WRITE CYCLE TIMING WAVEFORMS 

PSTRUCTlllN I rl T( H 1'>01 IXi(1111 FETCH ISOl EXECUTE (S1) FETCH (SO) 

I f---",1i r-.1()HY HI A" (V r I t -- -+- HI r,,1(lIiY HI A[I ( 'd II - +----- ME MURY REAl) CYCLE--+--MEMORY READ CYCLE-~.t'I.o-- ~~~gRY 

I ~RD ~ ____ ---'nL _____ -'nL.. _____ -J~ 

I ;:;we IHI(,H' 

L ~"J~;~R/ ...,;-~:%7:$170T;0'7M;7;:%%'7»77»7Z;77/7::"T/::7T~--_77;;;7t;;t~-;77,7,~/-;-/7?T::'Ir·~·..,»'7azF77;;"". -.7""'7n(;;?;;0'7?7?ACW*--"':;;;'7;t;"''7~77;0?;»'7:::%'''»'7~n»'7%07';~'::1n-"'OO~»'7;0n»=~ 

All(J\''.!\H~f \'I)HY ,"II ~ C:L:l(~UTPlJT - L VALID O~TPU! L VALID OUTPUT lVALIDOUTPUT 

NO.3 MEMORY READ CYCLE TIMING WAVEFORMS 

INSTRUCTION ,---7f ;C,r;;:cC;;H--;;'S:;;O;-' ---,-------;;fX;;;f;;:C-;;U"1f--;;,"S._'~,_-~_,;:~~~~~~~,_x;-~E;;:C~U~l'T_E'=.~I"S_'''I~~_-I~~~~~~~J'IE''_r;;:c~7:H~..:-;,'''SO':.I~~~~11~;:;E-:;xIE"C::-U::..~TSE:-"I;:S;:1'_1:..-

r------- MEMORY READ CYCU -T----- Mf~,l()HY fH AD LYl U -+---- MEMORY READ CYCLE ...f.--MEMQAY READCYClE---..f--- MEMORY 
REAO 

MRDI! II II II ~ 

MWR (HIGH) -------------------------------------------------------------------------------------------

~C~pOUR/ ;W:a:0///////~~ 
AllOWAB:E MEMORY ACCES: VALm O~TPUT 

NO.4 LONG BRANCH OR LONG SKIP CYCLE TIMING WAVEFORMS 

~ "DON'T CARE" OR INTERNAL DELAYS _ HIGH IMPEDANCE STATE 

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued) 
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CDP1802A, CDP1802AC, CDP1802BC 

CLOCK 

TPA~ __________________ ~r-l~ __________________ __ 
TPB ________________________ -Jr--l~ ______________________ ~~ 

MACHINECYCLE~ __________ ~CY~C~L~E~' ______________ ~ ________ ~C~Y~CL~E~I~'~'~'I~ ________ ~ __ __ 

INSTRUCTION ~ __________ F_ET_C_H_IS_O_I ____________ ..L ________ --"E.:.:XE::cC:..:U.:.:T;;;.E .:.:IS.:.:' I~ ________ ~ __ __ 

MRD ~~ ____________________ -J 

NO-N2 ______________________________ ~ N 9 F 

DATABUS' 11I1I1I1I1I1I1I1I1I1I1I1I1I1I1I~'==3v~A~L~ID~D~A~T~A!F~R£O~M~IN~P~uIT~DIEV~IIC~E======_ 

1
"'.>------ MEMORY ------... _rl~o------ MEMORY ------... \ 

READ CYCLE - WRITE CYCLE 

'User generated signal 

NO.5 INPUT CYCLE TIMING WAVEFORMS 

CLOCK 

TPA -FI'--________________ ---'n~ ____________________ _ 
TPB ________________________ ~r_lL _________________________ ~ 

MACHINE 
CYCLE 

CYCLE n CYCLE (n + 1) 

INSTRUCTION --l __________ ~F.::E.::TC:::H.:...::IS::::OI'----_______ .....L ______ =:EXccE.::Co:U.::TE=__!:IS::.''_1 _____ ~ ____ __ 

MRD ~~ ________________ ~~~ ________________ ~~ 

NO - N2 

--------------------------~ L-

DATA BUS 

DATA STROBE· 

(MRD TPa N) 

"User generated signal 

. .. 
ALLOWABLE MEMORY ACCESS 

MEMORY 
1oI1 .. ..------ READ CYCLE 
I 

NO.6 OUTPUT CYCLE TIMING WAVEFORMS 

ALLOWABLE MEMORY ACCESS . ~ 

VALID DATA FROM MEMORY ~ 
VALID OUTPUT n~ ____ __ 

MEMORY I 
READ CYCLE--------< 

I 

~"DON'T CARE" OR INTERNAL DELAYS _ HIGH IMPEDANCE STATE 

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

TPA~~ ____________ ~r-l~ ____________ ~r-lL ______________ ~r-lL-____________ _ 

TPB~!!n i!n~r-l ~r-"'L-MACHINE 
CYCLE CYCLE r"I CYCLE In .. 11 CYCLE In + 21 CYCLE !n + 31 

INSTRUCTION FETCH 1501 EXECUTE ($1( OMA 1521 FETCH (SO! 

DMA-'N' ;:Z:W/z@A?'0;~?~~A W'//0VMWA \/'W/Z0"/Wffi%WffA 
MRO ---, ',- _________ _ oJ' 

MWR \ ... __ ...J L-.J 
MEMORY 
OUTPUT 

t VALID OUTPUT 
//h?Z/Zl/Zl/7/j 

VALID OUTPUT 

DATABUS· ........................ ~ .................... ~~V~AgLl£DQDEAT~A~F~RQD~M~'N~P~UT~D~E~V~'C~E:J ...................... , 

: MEMORY MEMORY MEMORY MEMORY: 

~ READ CYCLE ---..... ~--NO:E~~ M~:I:~~;LE --•• .,.: .. ~-- WRITE CYCLE ---~. : ... ~-- REAO CYCLE ~ 

·User generated signal 

NO.7 5MAiN CYCLE TIMING WAVEFORMS 

CLOCK 

TPA~ ________________ ~r_lL ______________ ~r_lL _______________ ~ 

TPB ______________ ~r_lL ______________ ~r_lL ______________ ~r_lL ______ __ 

~;Z~N~ ~----~C~YC~L~f~,-,-----r---~C~y7C~LE~'~,,-.~,~,----,r---~c~y7C~LE~I~n-.~,71----Ir.c~y~C~L~E7,n-.73~1-

INSTRUC TION -'-___ --'-F:..ET:..:L:.:.H:..:':..:SO;::, ____ ....L ___ ....:o.;EX"'E:..:L:..:U:..:Tc:.E:..:'S:..:'.:.' ___ ---''--___ -'"'''M'''A.:.:..:IS::'.:..1 ____ IL.;F..;:E:..:T.;:;C:..:H.;.;IS"'O.:..1 _ 

D"A OUT :ZZy::Z ;; .: 
"HD ----, ... _________ ...... 1'- __________ 1 

M\J\IR 

~~J~~l~\y ; a; 
DATA· 

STROBE I 
152 TPSI I 

~_MEM()RY 

READ CYCLE 

'User generated signal 

~---j 
>t ?( : :/) 2> ; / /;«<;:::<2 ?/Z02Z?/227~t:: zaa 

VALID OUTr'lJT VALID DATA FROM MEMORY rt 
, , '--,-----

.. ~ REA~E~~I~~ OR .:~ RE~~MC~~:E .~"MEMORY 
I NON MEMORY CYCLE : :READ CYCLE 

NO.8 DMA OUT CYCLE TIMING WAVEFORMS 

~ "DON'T CARE" OR INTERNAL DELAYS _ HIGH IMPEDANCE STATE 

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued) 
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CDP1802A, CDP1802AC, CDP1802BC 

3 4 ; 6 ) 0 3 4 ; 6 ) 0 3 4 ; 6 ) 0 , 3 4 ) 0 
CLOCK 

TPA~ n n n 
TPB n n n rL 

MACHINE I CYCLE n CYCLE (n + 11 CYCLE In + 21 CYCLE In + 3! 
CYCLE 

INSTRUCTION I FETCH 1501 EXECUTE (51) INTERRUPT (531 FETCH ISO) 

-----, , I r MRO ~ _.I 

MWR 
\ ___ ...i 

INTERRUPT' ",;;;;7//,"'07;;;:"';//,"/;7;//,"/;:7://,"07;;;:"';//,'7;;"'//,";;7://"/7//"/7/"')/,7/"'//,7:%"'//,7;;"'//,7;;"'//,7;;"'//,'7;;"'//,7;;;:"'//,'7:%'7.l~MW/##/##/##///////##/#//#//#/#//#//-0 
(lNTERNAU IE ------------------------L _______________ _ 

~G~~UR/ •• .:;(;~~~~;;~»::~»::~/::~;;;:~//~?~0§/::~//~~~:jp.I(;»Z//':2Z02:2:'L/:'L2;::?;2%222//Z2//22?2? ••••••••••• %:;:;;~::::~~~~%~~~r:~%~%~2~;//;~%~2~ap •• 
. .. l VALID OUTPUT • VALID OUTP~T' 

MEMORY I 
NON MEMORY CYCLE -_I :.'--READCYCLE ~ 

'User generated signal 

NO.9 INTERRUPT CYCLE TIMING WAVEFORMS 

~ "DON'T CARE" OR INTERNAL DELAYS _ HIGH IMPEDANCE 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 
Voo·Vss to exceed the absolute maximum rating. 

Input Signals 

To prevent damage to the input protection circuit, input 
signals should never be greater than Voo nor less than Vss. 
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 Voo or 
V ss, whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Voo or Vss may damage CMOS 
devices by exceeding the maximum device dissipation. 
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HARRIS 
SEMICONDUCTOR 

CDP1802A13 
CDP1802ACI3 

January 1992 High-Reliability CMOS 8-Bit Microprocessor 

Features 

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

• Minimum Instruction Fetch-Execute time of 
2.2~s (Maximum Clock Frequency of 7.4MHz) at 
Voo = 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 Voo 

Description 

The CDP 1802A13 high-reliability LSI CMOS B-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 CDP1802A13 includes all of the circuits required for fetching, 
interpreting, and executing instructions which have been stored in 
standard types of memories. Extensive inpuVoutput (110) 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 110 devices, and minimizes 
the cost of interface controllers. Further, the 110 interface is 
capable of supporting devices operating in polled, interrupt--<lriven, 
or direct memory-access modes. 

The CDP1802A13 and CDP1802AC/3 are functionally identical. 
They differ in that the CDP1802A13 has a recommended operating 
voltage range of 4V to 10.5 volts, and the COP1802AC/3 a 
recommended operating voltage range of 4to 6.5 volts. 

The CDP1802A13 is functionally identical to its predecessor, the 
CDP1802. The "A" version includes some performance 
enhancements and can be used as a direct replacement in 
systems using the COP1802. 

These types are supplied in 40 lead dual-in-line sidebrazed 
ceramic packages (0 suffix), that conforms to Mil-M.,38510 case 
outline 0-5. 

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

CLOCK 1 voo 
WAiT 2 mr 

CffiII 3 l5i.il"iN 
DMAOUT 

iN'i'ERliiiPi' 
sea MWR 

MIib 7 TPA 

TPB 

BUS 6 MA7 

'BUSS 1 

BUS 3 MA. 

BUS 2 1 MA3 

BUS 1 MA2 

BUS 0 MAl 

Vee MAO 

N2 4 m 
Nl ffi 
NO 

Vss 

CAUTION. These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1441.1 
COPYright © Hams Corporation 1991 
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Specifications CDP1802A13, CDP1802AC13 

Absolute Maximum Ratings 
DC Supply Voltagll Rangll, (Voo): Device DIssipation Per Output Transistor 

(All Voltages Referenced to Vss Terminal) TA = Full Package Temperature Range ......•..•...•• 100mW 
CDP1802A13 ..•••••.••..................... -{).5V to + 11 V Operating Temperature Range (TA): 
CDP1802AC/3 •••.••.•...•..•..•....•.•.....• -{).5V to +7V Package Type D ................•....•..• -55°C to +125°C 
Input Voltage Range, All Inputs .•..•....•.•. -{).5V to Veo +0.5V Storage Temperature Range (Totg) •••••••••••• ~5°C to +1500C 
DC Input Current, any One Input. ....•.........•......... ±10mA Lead Temperature (During Soldering): 
Power Dissipabon Per Package (Po) At distance 1/16 ±1/32In. (1.59±0.79mm) 

TA = -55°C to + 1 OOOC (Package Type D) ••.•.•.•••... 500mW from case for 10s max •..•.••..•••••.•••..•..•.. +265°C 
TA = +1000C to +125°C (Package Type D) .... Derate Linearly at 

12mWfOC to 200mW 

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

LIMITS 

CDP1802A13 CDP1802AC13 

CHARACTERISTIC MIN MAX MIN MAX UNITS 

DC Operating Voltage Range 4 10.5 4 6.5 V 

Input Voltage Range Vss Voe Vss Voo V 

MaXImum Clock Input Rise or Fall Time - 1 - 1 I1S 

Performance Characteristics 
LIMITS 

Voo CDP1802A13 CDP1802AC13 

CHARACTERISTIC V -5SoC to +2SOC +12SoC -5SOC to +2SoC +125°C UNITS 

Minimum Instruction Time (Note 1) 5 4.5 5.9 4.5 5.9 I1S 
10 2.2 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 D0-3.6 DC-2.7 MHz 
Load Capacitance (Cd = 50pF fCL 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 

J I ~ 
~ 

CDP1852 
INPUT PORT CS2 NO MAo-7 MAo-7 MA0-4 

CS1 

·t t 
Mii6 Mii6 

... 
Mii6 r r 

CDP1802 CDP1833 CDP1824 

~~ ~ 
8-BITCPU 1K-ROM 32 BYTE RAM 

iiWR .. iiWR r 
DATA CS1 

¢: CDP1852 CS2 := N1 CEO Cs 
OUTPUT CLOCK I--- TPB DATA TPA .. TPA DATA DATA PORT r 

I {7 I 
8-8IT DATA BUS 

FIGURE 1. TYPICAL CDP1802A13 SMAll MICROPROCESSOR SYSTEM 
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Specifications CDP1802A13, CDP1802AC13 

Static Electrical Characteristics All Limits are 100% Tested 

CONDtTIONS 

VOUT VIN 
CHARACTERISTIC SYMBOL (V) (V) 

QUiescent DevICe Current 100 - -
- -

Output Low Drive (Sink) IOL 0.4 0,5 
Current 

(Except XTAL) 0.5 0,10 

XTAL 0.4 5 

Output High Drive (Source) IOH 4.6 0,5 
Current 

(Except XTAL) 9.5 0,10 

XTAL 4.6 0 

Output Voltage VOL - 0,5 

Low-Level - 0,10 

Output Voltage VOH - 0,5 

High Level - 0,10 

Input Low Voltage VIL 0.5,4.5 -
1,9 -

Input High Voltage VIH 0.5,4.5 -
1,9 -

Input Leakage Current liN Any Input 0,5 

0,10 

3-State Output Leakage lOUT 0,5 0,5 

Current 0,10 0,10 

NOTE: 

1. 5V level characteristics apply to part CDPI802ACI3. 
5V and 10V level characteristics apply to part CDPI802A13. 

~ 8 ±;:..';.O~.,CA~~~!T~NCE (CL)' 50 pF 

-S 7 , 

~ 
~ 6 I 

W 
:0 
a 5 
W 
a: ... 
~ 4 
g 
u 
~ 3 
:0 
~ 

;;;: 2 
~ 

~ 
WI ... 
'" ,. 
'" 0 

25 35 45 55 65 75 85 95 105 115 125 
AMBIENT TEMPERATURE (TA)-·C 

Vcc,Voo 
(V) 

5 
10 

5 

10 

5 

5 

10 

5 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

LIMITS 

-55°C, +25°C +125°C 

MIN MAX MIN MAX 

- 100 - 250 
- 120 - 300 

1.20 - 0.90 -

2.50 - 1.85 -
185 - 140 -
- -{l.30 - -{l20 

- -{l.60 - -{l.4O 

- -135 - -100 

- 0.1 - 0.2 

- 0.1 - 0.2 

4.9 - 4.8 -
9.9 - 9.8 -
- 1.5 - 1.5 

- 3 - 3 

3.5 - 3.5 -
7 - 7 -

- il - i5 

- il - i5 

- il - i5 

- il - i5 

4 5 6 7 B 9 
SUPPLY VOLTAGE (VDD)-V 

UNITS 

I1A 

rnA 

rnA 

I1A 
rnA 

rnA 

IIA 

V 

V 

V 

V 

V 

V 

V 

V 

I1A 
I1A 
IIA 

I1A 

10 II 

FIGURE 2. TYPICAL MAXIMUM CLOCK FREQUENCY AS A 
FUNCTION OF TEMPERATURE 

FIGURE 3. TYPICAL MAXIMUM CLOCK FREQUENCY AS A 
FUNCTION OF SUPPLY VOLTAGE 
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CDP1802A13, CDP1802AC/3 

'KXJ AMBIENT TEMPERATURE (TA)" 25"C 

~ 

I 
:z: 
..J 

t 

~ 
"' " i l 

... 
!Ji loe 

'" a: ... VCC"VOO"~ v 
VCC"VOO"\O V 

o ~ ~ ~ 00 ~ ~ ~ ~ 
LOAD CAPACITANCE (CL)- pF 

FIGURE 4. TYPICAL TRANSITION TIME VS. LOAD CAPACI
TANCE 

35 

DRAIN-TQ-SOURCE VOLTAGE(VOS)-V 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 

-10 

" AMBIENT TEMPERATURE: 40 TO-+85"C 
• tH-

E-

FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 

IVVV: AMBIENT TEMPERATURE (TA)"2S"C 

...!.. 30 
J ..J g 

~ 25 
a: 
a: a 20 
i< z 
!!! 15 
~ 

9 ... 10 
:> 
~ 
::> 

5 0 

t 
GATE-TO-SOURCt'.}OLT~GE IVGS)'lov' 

..... ..~ 1 j 

.-

AMBIENT TEMPERATURE: 40 TO .a5°C 

5V 

012345678910 

ORAIN-TO-SOURCE VOLTAGE (Vos)-V 

88 2468 2468 
NOTES: 0_01 

IDLE" '00' AT MIOOOO) 
BRANCH"' 3707"AT M (SlOT) 
CL. '0 pF 

01 I 10 
CLOCK INPUT FREQUENCY (fC~-MHl 

FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 

FIGURE 7. TYPICAL POWER DISSIPATION AS A FUNCTION 
OF CLOCK FREQUENCY FOR BRANCH 
INSTRUCTION AND IDLE INSTRUCTION 

SPEC 0 
VALUE 

AMBIENT TEMPERATURE (TA)'2S"C 

~ 100 150 

6LOAD CAPACITANCE (6CL)- of 
200 

NOTE' ANY OUTPUT AT SO pF 
EXCEPT XTAL 

FIGURE 8. TYPICAL CHANGE IN PROPAGATION DELAY 
AS A FUNCTION OF A CHANGE IN LOAD 
CAPACITANCE 
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Specifications CDP1802A13, CDP1802AC/3 

Timing Specifications as a lunction 01 T (T ~ lIfCLOCK). CL ~ SOpF 

LIMITS· 
Voo 

CHARACTERISTIC SYMBOL (V) -55°C.+25°C 

High-Order Memory-Address Byte tsu S 2T-450 

Set Upto TPA '- Time 10 2T-21 0 

Hlgh-Order Memory-Address Byte tH S T/2+0 

Hold After TPA Time 10 T/2I+O 

Low--{)rder Memory-Address Byte tH S T-30 

Hold After WR Time 10 T-l0 

CPU Data to Bus Hold 4i S T-170 

AfterWRTime 10 T-80 

ReqUired Memory Access Time tAce S ST-300 

Address to Data 10 5T-1S0 

'These limits are not directly tested. 

Implicit Characteristics·· TA ~ -S5°C to +25°C 

CHARACTERISTICS SYMBOL Voo(V) 

TYPical Total Power DIssipation 1 ~2MHz 5 

Idle "00· at M(OOO). CL ~ 50pF I ~4MHz 10 

Effective Input Capacitance Any Input C'N 

Effective 3-State Terminal Capacitance DATA BUS 

MInimum Data Retention Voltage VDR 

Data Retention Current lOR 2.4 

""These characteristics are not tested. Typical values are provided lor guidance only. 
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+125"C 

2T-S80 

2T-27S 

T/2+0 

T/2+0 

T-40 

T-20 

T-2S0 

T-110 

ST-400 

ST-200 

TYPICAL 
VALUES 

4 

30 

5 

7.S 

2.4 

10 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNITS 

mW 

mW 

pF 

pF 

V 

itA 

'en o a:: 
a:: 0 
~en 
:::i: en 
en W 
0 0 
:::i: 0 Og: 



TPA 

TPB 

MEMORY 
ADDRESS 

MRo 
(MEMORY 
READ CYCLE) 

MWR 
(MEMORY 
WRITE CYCLE) 

DATA FROM 
CPU TO BUS 

STATE 
CODES 

Q 

CDP1802A13, CDP1802AC/3 

60 00 

I I 
I I I 
I I I I 

r-____ ~--~~--4-~~_+--------~--------~~-t-PL-HJ ~ 
I 'RLH '~PHL 

I . I 

~ I '-----:---11 

NO, NI ,N2 =..J 
(1/0 
EXECUTION 
CYCLE) 

DATA FROM 
BUS TO CPU 

DMA 
REQUEST 

INTERRUPT 
REQUEST 

EFI-4 

NOTES: 

I INTERRUPT .tsu tH 
SAMPLED (SI, S2) I 

II FLAG LINES : ~& 
SAMPLEO (IN SI) I I 

~*~t~:.tH~~~: _________________________ __ 
I I ANY NEGATIVE 

___________ ~~r-~~l--T-RA-N-S-I-T-IO-N----------------------------------

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

3. Shaded areas indicate "don't care" or undefined state. Multiple 
transitions may occur during this penod. 

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

FIGURE 9. TIMING WAVEFORMS 
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Specifications CDP1802A13, CDP1802AC/3 

Dynamic Electrical Characteristics cL = 50pF. Timing Measurement at 0.5 Voo Point 

LIMITS 

-55°C TO +25°C 

CHARACTERISTIC SYMBOL Voo (V) MIN MAX MIN 

Propagation Delay Times IpLH. IpHL 5 - 275 -
Clock to TPA. TPB 10 - 125 -
Clock-to--Memory High Address IpLH. tpHL 5 - 725 -
Byte 10 - 340 -
Clock-to--Memory Low-Address tpLH. tpHL 5 - 340 -
Byte Valid 10 - 150 -
Clock to MRD tpLH. tpHL 5 - 340 -

10 - 150 -
Clock to MWR tpLH. tpHL 5 - 275 -

10 - 125 -
Clock to (CPU DATA to BUS) tpLH. IpHL 5 - 430 -
Valid 10 - 200 -
Clock to State Code tpLH• tpHL 5 - 440 -

10 - 200 -
Clock to Q tpLH. IpHL 5 - 375 -

10 - 175 -
Clock to N (0-2) tpLH • tpHL 5 - 400 -

10 - 200 -
Interface Timing ReqUirements: tsu 5 10 - 10 

Data Bus Input Setup 10 20 - 20 

Data Bus Input Hold (Note 1) tH 5 175 - 230 

10 80 - 110 

DMASetup tsu 5 10 - 10 

10 20 - 20 

DMA Hold (Note 1) tH 5 200 - 270 

10 100 - 135 

Interrupt Setup tsu 5 10 - 10 

10 20 - 20 

Interrupt Hold (Note 1) tH 5 175 - 230 

10 80 - 110 

WAIT Setup tsu 5 30 - 30 

10 20 - 20 

EFI-4 Setup tsu 5 20 - 20 

10 50 - 50 

EF1-4 Hold (Note 1) tH 5 100 - 135 

10 50 - 65 

ReqUired Pulse Width Times (Note 1): tWL 5 150 - 200 

CLEAR Pulse Width (Note 1) 10 75 - 100 

CLOCK Pulse Width tWL 5 140 - 185 

10 68 - 90 

5V level charactenstlcs apply to part CDP1802AC/3 
5V level and 10V level characteristics apply to part CDP1802A13 

NOTE: 
1. MInimum Input Setup and Hold Times required by part CDP1802A13 
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CDP1802A13, CDP1802AC/3 

Veo Voo 

All Resistors are 47kn ±20% 

TYPE Voo TEMPERATURE TIME 

CDP1802A llV +12SoC 160 Hours 

CDP1802AC 7V +12SoC 160 Hours 

FIGURE 10. BIASISTATIC BURN-IN CIRCUIT 
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HARRIS 
SEMICONDUCTOR 

December 1991 

Features 
o Instruction Time of 3.21ls, -400 C to 

+85°C 

o 123 Instructions - Upwards Software 
Compatible With CDP1802 

o BCD Arithmetic Instructions 

o Low-Power IDLE Mode 

o Pin Compatible With CDP1802 
Except for Terminal 16 

o 64K-Byte Memory Address Capabil-
Ity 

o 64 Bytes of On-Chip RAM" 

o 16 x 16 Matrix of On-Board Registers 

o On-Chlp Crystal or RC Controlled 
Oscillator 

o 8-Blt Counterromer 

'CDP1805AC Only 

Ordering Information 

CDP1805AC 
CDP1806AC 

CMOS 8-Bit Microprocessor 
With On-Chip RAM· and CounterlTimer 

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

The COP 1805AC hardware enhancements include a 64·byte RAM and an 8-bit 
presettable down counter. The Counterrrimer which generates an internal 
interrupt request, can be programmed for use in time-base, event-counting, 
and pulse-duration measurement applications. The Countermmer underflow 
output can also be directed to the 0 output terminal. The CDP180SAC hard
ware enhancements are identical to the CDP1805AC, except the CDP180SAC 
contains no on-chip RAM. 

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

The CDP1805AC and CDP180SAC 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, Counterl 
Timer control, improved interrupt handling, single-instruction loop counting, 
and BCD arithmetic. 

Upwards software and hardware compatibility is maintained when substituting 
a CDP1805AC or CDP180SAC for other CDP18OQ-series micro.£!:..ocessors. 
Pinout is identical except for the replacement of Vee with ME on the 
CDP1805AC and the replacement of Vcc with Voo on the CDP180SAC. 

The CDP1805AC and CDP180SAC have an operating voltage range of 4V to 
S.5V and are supplied in a 40 lead hermetic dual-in-line ceramic package 
(0 suffix), 40 lead dual-in-line plastic package (E suffix) and 44 lead plastic 
leaded chip carrier (PLCC) package (0 suffix). 

PACKAGE TEMPERATURE RANGE CDP1805AC CDP1806AC 

Plastic DIP _40°C to +85°C CDP180SACE CDP1806ACE 

Burn-In CDP180SACEX CDP1806ACEX 

PLCC -40°C to +8500 CDP1805ACa CDP1806ACa 

Ceramic DIP -4Q0C to +8SoC CDP180SACD CDP1806ACD 

Bum-In CDP180SACDX CDP1806ACDX 

CAUTION: These devices are sensitiWl 10 aleclroslatic discharge. Users should follow proper I.C. Handling Procadures. 
Copyright @Harris Corporation 1991 

File Number 1370.1 
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Pinouts 

CDP1805AC, CDP1806AC 

40LEAD.DIP 
(PACKAGE TYPES D AND E) 

TOP VIEW 

Voo 
mr 
liMAiN 
DMAOUT 

iNTEiiiiiiPT 
Mwfi 
TPA 

TPB 

MA7 

BUSS MA6 

BUS4 MAS 

BUS 3 MA4 

BUS 2 MA3 

BUS 1 MA2 

BUS 0 MAl 

MAO 

N2 m 
Nl m 
NO rn 

v .. En 

44 LEAD PLASTIC CHIP CARRIER (PLCC) 
(PACKAGE TYPE Qj 

sco 
Iii!iI5 

BUS 7 

BUS6 

BUSS 

NC 

BUS 4 

BUS 3 

BUS 2 

BUS 1 

BUS 0 

*ME For CDP1805AC 
Vee for CDP1806AC 

TOP VIEW 

• 

31 

i.iWii 
TPA 

TPB 

MA7 

MAG 

NC 

MAS 

MA4 

MA3 

MA2 

MAl 

Schematic 

OUT 

CDPI851 
PIO 

CONTROL 

.---------:===-=--_ ............................. .. 

CDPI805AC WITH 
RAM, COUNTERITIMER 

CDPI806AC WITH 
COUNTERITIMER 

TPA TPA 

r=~--......................... .. 

CDPI833 
lKBYTEROM 

11'1 ........ 11.11:::"::::111 ......... 1 
: MA().MA4 

l:::MFiii 32 Wri,~iM 
ce~~~;16~LY) 

····1 i.iWii 

.... ~ Cii BUso.BUS4 ·· .... · ..... · .. TT ............... , 
L... _______________ ~8~B!!.IT!-'e~A~I~A.2B!:::US2-_________ :::::::::::::::::::::~ ••• J 

FIGURE 1. TYPICAL CDP1805AC, CDP1806AC SMALL MICROPROCESSOR SYSTEM 
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CDP1805AC, CDP1806AC 

Absolute Maximum Ratings 

DC Supply Voltage Range, (V DO): 
(All Voltages Referenced to Vss Terminal) ........ -O.5V to +7V 

Input Voltage Range, All Inputs ............. -O.5V to Voo +O.5V 
DC Input Current, any One Input. ........................ ±IOmA 
Power Dissipation Per Package (Po) 

TA = _40°C to +60oC (Package Type E) ............•.. SOOmW 
TA = +60oC to +85°C (Package Type E) ........ Derate Linearly 

At 12mWf'C to 200mW 
TA = -55°C to + 100°C (Package Type D) ............. SOOmW 
TA = +IOO°C to +1 25°C (Package Type D) .... Derate Linearly at 

12mWf'C to 200mW 
TA = _40°C to +85°C (Package Type Q)' .............. SOOmW 

Device Dissipation Par Output Transistor 
TA = Full Package Temperature Range ............... 100mW 

Operating Temperature Range (T,.): 
Package Type D ............•............. -55°C to + 125°C 
Package "TYpe E and Q ..................... -4QOC to +85°C 

Storage Temperature Range (Tstg) ............. -65°C to +ISOoC 
Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) from case for lOs 
max .•........................................ +265°C 

'Printed Circuit board mount: 57mm x 57mm minimum area x 1.6mm 
thick G I 0 epoxy glass, or equivalent. 

Recommended Operating Conditions TA = 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 CDPI806ACD, CDP1806ACE 

Voo 
CHARACTERISTIC SYMBOL (V) MIN MAX UNITS 

DC Operating Voltage Range - 4 6.5 V 

Input Voltage Range Vss Voo V 

Minimum InstructJon Time' (fCl = 5MHz) 5 3.2 lIS 

Maximum DMA Transfer Rate 5 0.625 Mbytels 

Maximum Clock Input Frequency, 5 DC 5 MHz 
Load Capacitance (Cd = 50pF 

Maximum External CounteriTimer Clock tCLX 5 DC 2 MHz 
Input Frequency to m, ill 
'Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch, Long Skip, NOP, and "6S" family 

instructions, which are more than two cycles. 
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Specifications CDP1805AC, CDP1806AC 

Static Electrical Characteristics at TA = -4O"C to +85"C, VOO ±5%, Except as Noted 

CHARACTERISTIC SYMBOL 

Qulascent Device Current 100 

Output Lo!!.Q!:,ive (Sink) Current 10L 
(Except XTAL) 

XTALOutput 10L 

Output High Drive (Source) Current IOH 
(Except XTAL 

XTAL IOH 

Output Voltage Low Level VOL 

Output Voltage High Level VOH 

Input Low Voltage (BUSO - BUS7, ME) VIL 

Input High Voltage (BUSO - BUS7, ME) VIH 

Schmitt Trigger Input Voltage 
(Except BUSO - BUS7, ME) 

Positive Trigger Threshold Vp 

Negative Trigger Threshold VN 

Hysteresis VH 

Input Leakage Current liN 

3-State Output Leakage Current lOUT 

Input Capacitance CIN 

Output Capacitance COUT 

Total Power Dissipation"" 

Run 

Idle -00" at M (0000) 

Minimum Data Retention Voltage VOR 

Data Retention Current lOR 

" 'TYPICal values are lor TA = +25°C and nommal V 00-

""External clock: I = 5MHz, t, , " = IOns. CL = 50pF 

CONDITIONS 

Vo VIN Veo 
M (V) M 

- 0,5 5 

0.4 0,5 5 

0.4 5 5 

4.6 0,5 5 

4.6 0 5 

- 0,5 5 

- 0,5 5 

0.5,4.5 - 5 

0.5,4.5 - 5 

0.5,4.5 - 5 

0.5,4.5 5 

0.5,4.5 - 5 

- 0,5 5 

0,5 0,5 5 

- -
- - -

- - 5 

- - 5 

VOO= VOR 

Voo =2.4 
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LIMITS 

CDP180SACD, CDP180SACE 
CDP1806ACD, CDP1806ACE 

MIN TV ... MAX 

- 50 200 

1.6 4 -

02 0.4 -
-1.6 -4 -

-0.1 -0.2 -
- 0 0.1 

4.9 5 -
- - 1.5 

3.5 - -

2.2 2.9 3.6 

0.9 1.9 .2.8 

0.3 0.9 1.6 

- ±0.1 ±5 

- ±0.2 ±5 

- 5 7.5 

- 10 15 

35 50 

- 12 18 

- 2 2.4 

- 25 100 

UNITS 

lIS 

rnA 

rnA 

rnA 

rnA 

V 

V 

V 

V 

V 

V 

V 

IlA 

I1A 

pF 

pF 

mW 

mW 

V 

I1A 



BUSO 

BUS I 

BUS 2 

BUS 3 

BUS 4 

BUS 5 

BUS 6 

BUS 7 

CDP1805AC, CDP1806AC 

1/0 REQUESTS 

MEMORY ADDRESS LINES 1/0 FLAGS 

I ~ 
~ 

CONTROL 

ME FOR COP 1805AC 
VOO FOR CDPIB06AC 

I 

~ 

CDPI805AC I 
ONL'J I 

i1-l64-=-B~~I.J 
! I 1_~~M.._r---------

CONTROL 

TIMING LOGIC 

8- BIT BIDIRECTIONAL DATA BUS 

92CM-34988 

Fig. 2 - Block diagram for CDP1805AC and CDP1806AC. 

TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES 

CLOCK 

r INTERNAL RAM READ CYCLE --r- INTERNAL RAM WRITE CYCLE---J 

00 D ro ~ ~ ~ w ro ~ D ro ~ ~ ~ ~ ro I 
" ~ ________ ~ __ ~r-r~ ____________ __ 

TPB ~ 

A~~:~:;=;I~H;IG;H~.;Y;'TE~I====~w;W;;.;YT;E~~~~I;H;'G;H~.;YT;E=I~====l;"'~~;;TE;:-~;: 
MRD-----,L ________________ ~ 

MWR I ~ 
I * ME ---------, ,..--------" r-

IN L+-J L--..J 
VALID DATA FROM MEMORY~ 

DATA BUS -"-to .... %"'_% .... y~'"'%'_'%;...:% .... % ... % .... %"'_% .... »:;<...%'_';...:L-__ I0 ... ~'"'%'_'/1'_' __ vA_"_'O_OA_T._FR_OM_c_PU __ 1<.oo12 

92CM-34989 

-NOTE 

m 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 ~ IS ACTIVE AFTER 
CLOCK 31. THE TIME SHOWN CAN BE LONGER, IF FOR INSTANCE, A OMA 
OUT OPERATION IS PERFORMED ON INTERNAL RAM DATA, TO ALLOW DATA 
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL 
r::E~~~~~~~~~litLLY DESELECTED AT THE END OF CLOCK 71, 

* FOR CDPI805AC ONLY 

NO} 1/0 
NI COMMANDS 
N2 

Fig. 3 - Internal memory operation timing waveforms for CDP1805AC and CDP1806AC. 
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tEXTERNAL MEMORY READ CYCLE I:EXTERNAL MEMORY WRITE CYCLE 1 
CLOCK 00 10 20 30 40 50 60 70 00 10 20 30 40 50 60 70 

51 61 71 

TPB=r~~~====;;;;~r+l~=;;;;;;~====;:;;~~~~ A~~~~~~ I HIGH BYTE t LOW BYTE : I HIGH BYTE I LOW BYTE 

I 
MRD~L _____________ I~r--------------------

I 
~------------------~--------------~ 

* ME IN 
(HIGH) I 

I 
DATA BUS ~ DATA LATCHED IN CPU i I?@a VAllO DATA FROM CPU 

* FOR COPI805AC ONLY 
92CS-34990 

Fig. 4 - Elrternal memory operation timing waveforms for CDP1805AC and CDP1806AC. 

ENHANCED CDP1805AC and CDP1806AC OPERATION 

TIMING 

Timing for the CDP180SAC and CDP1806AC is the same as 
the CDP1802 microprocessor series, with the following 
exceptions: 

o 4.S clock cycles are provided for memory access 
instead of S. 
o 0 changes 1/2 clock cycle earlier during the SEO and 
REO instructions. 
o Flag lines (m-'EF'4) are sampled at the end of the SO 
cycle instead of at the beginning of the Sl cycle. 
o Pause can only occur on the low-to-hgh transition of 
eitherTPA orTPB, 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-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 

NO to N2 (I/O) Lines: 

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

The CDP1802-series LOAD mode is not retained. This 
mode (WATT, CLEAR=O) is not allowed on the CD P180SAC 
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 "I", 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 7 32 clock source, and the 
underflow condition of the Pulse Width Measurement 
modes are not available to exit the IDLE mode. 

selection codes to the I/O devices. The N bits are low at all 
times except when an I/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 isdefined in 
the I/O instruction by bit N3 (internally) and is indicated by 
the level of the 'liARD signal: 

MRD = Voe: Input data from I/O to CPU and Memory 

MRD = Vss: Output data from Memory to I/O 
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EF1 to EF4 (4 Flagl): 

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. The flagj&are sampled at the end of 
every 80 cycle. m 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/O Requelts) 

DMA-IN and DMA-OUT are sampled during TPB every 81, 
82, and 83 cycle. INTERRUPT issampled during TPB every 
81 and 82 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 (83). 

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

SCO, 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 Llnel 

SC1 SCO 

SO (Fetch) L L 

81 (Execute) L H 

82 (DMA) H L 

83 (Interrupt) H H 

H = Voo, L = Vss. 

TPA, TPB (2 Timing Pulses): 

Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory' system to latch the 
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 ofthe 16-bit address appears on tlie 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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L1RD(Read Level): 

A low level on MRD indicates a memory read cycle.ltcan be 
used to control three-state outputs from the addressed 
memory and to indicate the direction of data transfer during 
an I/O instruction. 

Q: 

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

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

CLOCK: 

Input for externally generated Single-phase clock. The 
maximum clock frequency is 5 MHz at Voo = 5 V. 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 Llnel): 

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

CLEAR WAIT MODE 

L L NOT ALLOWED 

L H RESET 

H L PAUSE 

H H RUN 

ME (Memory Enable CDP1805AC Only): 

This active low input is used to select or deselect the 
internal RAM. It must be active prior to clock 70 for an 
internal RAM access to take place. Internal RAM data will 
appear on the data bus during the time that ~ is active 
(after clock 31). Thus, if this data is to be latched into an 
external devi.£!!.(Le., during an OUTPUT instruction or DMA 
OUT cycle), ME should be wide enough to provide enough 
time for valid data to be latched. The internal RAM is 
automatically ~selected after clock 71."U1: is ineffective 
when MRD. M R =1. 

The internal RAM is not internally mask-decoded. Decoding 
of the starting address is performed externally, and may 
reside in any 64-byte block of memory. 

VDD (CDP1808AC Only): 

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

VDD, VSS, (Power Levell): 

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 Voo. 
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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 scratch pad 
registers. Individual registers in the array (R) are designated 
(selected) by a 4-blt binary code from one of the 4-bit 
registers labeled N. p. and X. The contents of any register 
can be directed to anyone of the following paths: 

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

2. the 0 register (either ofthe two bytes can be gated to D) 
3. the incremenVdecrement circuit where it is increased 

or decreased by one and stored back in the selected 
16-blt 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 fr6m the memory. the higher
order 4 bits of the instruction byte are loaded into the i 
register and the lower-order 4 bits into the N register. The 
content ofthe program counter Is automatically incremented 
by one so that R(P) Is now "pointing" to the next byte in the 
memory. 

The X designator selects one of the 16 registers R(X) to 
"point" to the memory for an operand (or data) in certain 
ALU or 1/0 operations. 

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

1. designate one of the 16 registers in R to be acted 
upon during register operations 

2. Indicate to the 1/0 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. 

Progrlm Counler. 

Any register can be the main program counter; the address 
of the selected register Is held in the P designator. Other 
registers In R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a "call" to subroutine. When interrupts 
are being serviced. register R(l) 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(O) is used as the 
program counter. At all other times the register deSignated 
as program counter is at the discretion of the user. 

Dill Polnlers 

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 
i): 

1. ALU operations 
2. output instructions 
3. input instructions 
4. register to memory transfer 
5. memory to register transfer 
6. interrupt and subroutine handling. 

The register designated by N (i.e .• R(N» points to memory 
for the "load 0 from memory" instructions ON and 4N and 
the "Store 0" 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. 70. 7F. and the RLDI 
instruction 68CN. During these instruction executions. the 
operation is referred to as "data immediate". 

Another important use of R as a data pOinter supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-In or DMA-Out request is received. one machine 
cycle is "stolen". This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R(O) 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(O) 
register. At the end of the transfer. R(O) is incremented by 
one so that the 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. 

Olta Register. 

When registers in R are used to store bytes of data. 
instructions are provided which allow.o 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 scratch pad 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 0 register. 
The new DBNZ instruction allows decrementing and 
branching-on-not-zero of any 16-bit R register also without 
affecting the 0 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 

0 8 Bits Data Register (Accumulator! 
OF 1 Bit Data Flaa (AlU Carry) 
B 8 Bits Auxiliary Holdina Register 
R 16 Bits 1 of 16 Scratch pad Registers 
P 4 Bits Designates which Register is 

Proaram Counter 
X 4 Bits Designates which Register is 

Data Pointer 
N 4 Bits Holds low-Order Instr. Digit 

I 4 Bits Holds Hiah-Order Instr. Digit 
T 8 Bits Holds old X, P after Interrupt 

(X is hiQh nibble) 
Q 1 Bit Outout Flip-Flop 

CNTR 8-Bits Counter/Ti mer 
CH 8 Bits Holds Counter Jam Value 

MIE 1 Bit Master Interrupt Enable 

CIE 1 Bit Counter I nterruot Enable 

XIE 1 Bit External Interruot 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 registerT, and X and P are set to 
new values, hex digit 2 in X and hex digit 1 in P. Master 
I nterrupt 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 
SAV instruction (78) in the memory location pointed to by 
R(X) or the contents of T, 0, and OF may be saved using a 
single DSAV instruction (6876). At the conclusion of the 
interrupt, the user's routi ne may restore the pre-interrupted 
value of X and P with either a RET instruction (70) which 
permits further interrupts, or a DIS instruction (71), which 
disables further interrupts. 

RET 

S3 

MASTER 
INTERRUPT 

ENABLE COUNTER 

Interrupt Generation and Arbitration 
(See Fig. 5) 

I nterrupt requests can be generated from the following 
sources: 

1. Externally through the interrupt input (Request not 
latched) 

2. I nternally due to Counter/Timer response (Request is 
latched) 

a. On the transition from count (01 he to its next value 
(counter underflow) 

b. On the :1 transition of min pulse measure
ment mode 1 

c. On the :1 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 CI E flip-flop; XIE, XID instructions for the XIE flip-flop; 
RET, DIS instructions for the MIE flip-flop. 

Short branch instructions on Counter Interrupt (BCI) and 
External I nterrupt (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=O). With the Counter Interrupt 
and External Interrupt short branch instructions, the branch 
will be taken if an interrupt request is pending, regardless of 
the state of any of the 3 Interrupt Enable flip-flops. The 
latched counter interrupt request signal wil; 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 in immediately re-entering 
the interrupt routine. 

MIE 

DIS 
nIFEI UNDERFLOW 

'-------' PULSE MODE EFI j 
PULSE MODE EF2i 

BCI 
RESET 

CIE LOC· COUNTER 
STOPPED 

RESET 

CID---~ 

5 COUNTER 
INTERRUPT 

ENABLE (c'lE) Qf------------------l 

EXTERNAL INT --cc~~..-rgG~!f~~W 

XIE 
~--~ 

S Q~----------~======~ EXTERNAL 
RESET INTERRUPT 

XID.----R EN~~LE 
(XI E) 

NTERRUPT 
REQUESTS 

92CM-33S88R2 

Fig. 5 - Interrupt logic-control diagram for CDP1B05AC and CDP1B06AC. 
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Count.rlTlmer end 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 ),. the counter returns to its 
initial val ue 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 0 
register and any previous counter interrupt is cleared. If the 
LDC is executed when the counter is running, the contents 
of the 0 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 ),. 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-Iow transition decrements 
the counter. 

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

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

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

INH 

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

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

The modes can be changed without affecting the stored 
count. 

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

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

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

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

Note: SEa and REO instructions are independent of 
ETa-they can SET or RESET a while the Counter is 
running. 

COUNTER 
UNDERFLOW 

TO INTERRUPT LATCH 

OUTr-----.-----~~ ~ a a OUTPUT 

8 - BIT 
DOWN 

lCOUNTER 

READ 

92CM-34758 

Fig. 6 - TimerlCaunterdiagram far CDP1805AC and CDPI806AC. 
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On-Board Clock (see Fig •. 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, C,N and COUT, 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. B. The frequency is approximately 
1/RC (see Fig. 9). 

RF 

XTAL 
CIN COUT 

j 5PF15MHZ PARALLEL I27PF 
RESONANT 

-=- CRYSTAL -=-

92CS-38099 

FIg. 7 - Typical 5 MHz crystal oscillator. 

R 

'Pm numbers refer to 40-Pin DIP 

FIg. 8 - RC network for oscillator. 

2 
4 

2 468 2 468 2 468 2468 2 468 2 468 
10 100 IK 10K lOOK 1M 

FREQUENCY (Hz) 
92CS-34172 

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 CDP1B05A and CDP1806A external signal 
lines will asynchronously be forced by RESET to the 
following states: 

0=0 
MRD=1 
TPB=O 

SC1, SCO=O, 1 
(EXECUTE) 

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

BUS 0-7=0 
MAO-7=RO.1 
TPA=O 

Internal changes caused by RESET are: 

I, 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 ETO 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 remains in S1 and the following additional 
changes occur: 
1- MIE 
X, P - T (The old value of X, P will be put into 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 
never an S1 or S3. The use of a 71 instruction followed by 00 
at memory locations 0000 and 0001, may be used to reset 
MIE so as to preclude interrupts until ready for them. 

Reset and Initialize do not affect: 
D (Accumulator) 
DF 
R1, R2, R3, R4, R5, R6, R7, RB, R9, 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. 

VDD 

Rp 

RX 

CDPI805AC 
CDPI806AC 

The RC time constant 
should be greater 
than the oscillator 
start-up time 
(tYPically 20 rna). 

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. 

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

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

TPA PAUSE TIMING 

TPA PAUSE TIMING 

CLOCK 

TPA I F_IPHL 

TPB PAUSE TIMING 

TPB PAUSE TIMING 

CLOCK 

TPB 

92CM- 31944RI 

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

Fig. 11 - Pause mode timing waveforms. 
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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-Iow 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 (SO) from location 0000 in memory. 

SCHMITT TRIGGER INPUTS 

All inputs except BUS O-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. 

PRIORITY RESET 
FORCE so, S1 
5MAIN 
~OUT 
INT 

92CS-3477&Rl 

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 

I I 20 I 

TPA--~------,~-.--~---------+--------~--~--.-~r-------
I I I' 

I , I 

MEMORY 
.ADDRESS 

~~~~4,~~~~~~4J 

MRD 
( MEMORY 

READ CYCLE) 

MWR 
(MEMORY 

WRITE CYCL E) 
~LI~P~H~L~_-r __ -I 

*ME 
IMEMORY 
ENABLE) 

-EMS 
(EXTERNAL 
MEMORY 
SELECT) 

ISUIS ALLOWABLE 

INTER NAL RAM 
ACCESS TIME 

~ t---- IpHL F 
, I 

~ ::~:f;- , I -j , r- IH 

~~0~/B~OSM --1-------+1--------\\ i: ;: I }-
I 1_:IPLHr ; ~ ~ 
I , IlpHL __ II I I IpLH·lpHL 

DATA FROM I I 'i-
INTERNAL , 
MEMORY I 1 PLH. ,I t I 

lfii'.tuOSWI ,lpHL , I I 

STATE COQES~IPLH.IPHL :IPL~.IPHL~~ 
Q : ~_tpLH' tpHL ,X I: J 

NO.NI,N2 I '---/ : I C:1PHL 
1110 1---1 PLH I 
EXECUTION I ' DATA LATCHED, I 
CYCLE) , I IN CPU ~I SU I 

B~~T~O~:~M ~}2;?;~;;;~~~~ 
DMA 
REQUEST 

INTERRUPT 
REQUEST 

EFI-EF4 

, J~' DMA SAMPLEDISI,S2.S31~ 
, I 
I I 

I 

FLAG LINES 
SAMPL ED END OF SO 

--~----+:----------------------~r-----~ , , 
-----r--\ 1 S U, 1 H "r--------------------\I .1~S>.!:UWI..'.!1 H~rJ --------

WAIT I \' 'I" 7 \" 'I' 7 
I , 

* 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. 
'FuR THE RUN (RAM ONl Y) MODE ONLY . 
• FOR THE RUN (RAM/ROM) MODE ONLY. 

9ZCL - 34986RI 

Fig. 13 - Timing waveforms for CDP1805AC and CDP1IJ06AC. 
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Specifications CDP18D5AC, CDP18D6AC 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85° C; CL = 50 pF; Input tr,tf = 10 ns; 

Input Pulse Levels = 0.1 V to VDD-O.l V; VDD = 5 V, ±5%. 

LIMITS 

CHARACTERISTIC CDP1805AC, CDP1806AC 

Typ.- Max. 

Propagalion Delay Times: 

Clock \0 TPA, TPB tPLH, tpHL 150 275 

Clock-la-Memory High-Address Byle tpLH. tPHl 325 550 

Clock-la-Memory Low-Address Byle tPLH, tPHL 275 450 

Clock to MRD tPLH • tPHL 200 325 

'Clock 10 MWR tPLH, tpHL 150 275 

Clock 10 (CPU DATA 10 BUS) tPlH. tpHL 375 625 

Clock 10 Siale Code IpLH. IpHL 225 400 

Clock 10 Q tpLH, tPHL 250 425 

Clock 10 N tPLH. tpHL 250 425 

Clock 10 Inlernal RAM Dala to BUS tPlH, tPHL 420 650 

Minimum Sel Up and Hold Times:-

Data Bus I nput Set-Up Isu -100 0 

Dala Bus Input Hold tH 125 225 

DMA Set-Up Isu -75 0 

DMA Hold IH 100 175 

ME Set-Up Isu 125 320 

ME Hold IH 0 50 

Inlerrupl Set-Up Isu -100 0 

Interrupt Hold tH 100 175 

WAIT Set-Up tsu 20 50 

EFl-4 Set-Up tsu -125 0 

EFl-4 Hold tH 175 300 

Minimum Pulse Width Times:-

CLEAR Pulse Width tWL 100 175 

CLOCK Pulse Width tw 75 100 

-Typical values are forT. = 25°C and nominal Voo. 

-Maximum limits of minimum characteristics are the values above which all devices function. 

TIMING SPECIFICATIONS as a function of T (T = llfCLOCK) at T A = -40 to +85°C, VDD = 5 V, ±5%. 

LIMITS 

CHARACTERISTIC CDP1805AC, CDP1806AC 

Min. Typ.-

High-Order Memory-Address Byte 
2T-275 2T-175 

Set-Up to TPA "'- Time tsu 

MRDtoTPA .. Time tsu T/2-100 T/2-75 

High-Order Memory-Address Byte 

Hold after TPA Time tH 
T/2+75 T/2+100 

Low-Order Memory-Address Byte 
T+180 T+240 

Hold after WR Time tH 

CPU Data to Bus Hold 
T+ll0 T+150 

after WR Time tH 

Required Memory Access Time 
4.5T-440 4.5T-330 

Address 10 Dala IACC 

-Typical values are for T. = 25° C and nominal Voo. 
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CDP1805AC, CDP1806AC 

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 
Voo-Vss to exceed the absolute maximum rating. 

Input Signals 

To prevent damage to the input protection circuit. input 
signals should never be greater than Voo nor less than Vss. 
Input currents must not exceed lOmA 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 Voo or 
Vss. whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Voo or Vss may damage CMOS 
devices by exceeding the maximum device dissipation. 
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mHARRIS 80C286 
January 1992 

High Performance Microprocessor 
With Memory Management and Protection 

Features 
• Compatible with NMOS 80286 

• Wide Range of Clock Rates: 
-DC to 25M Hz (80C286-2S) 
-DC to 20MHz (80C286-20) 
-DC to 16MHz (80C286-16) 
-DC to 12.SMHz (80C286-12) 
-DC to 10MHz (80C286-10) 

• Static CMOS Design for Low Power Operation 
~ ICCSB = SmA Maximum 
~ ICCOP = 18SmA Maximum (80C286-10) 

220mA Maximum (80C286-12) 
260mA Maximum (80C286-16) 
310mA Maximum (80C286-20) 
410mA Maximum (80C286-2S) 

• High Performance Processor (Up to 19 Times the 8086 Throughput) 
• Large Address Space: 

~ 16 Megabytes Physica1l1 Gigabyte Virtual per Task 

• Integrated Memory Management, Four-Level Memory Protection 
and Support for Virtual Memory and Operating Systems 

• Two 80C86 Upward Compatible Operating Modes: 
~ 80C286 Real Address Mode ~ PVAM 

• Compatible with 80287 Numeric Data Co-Processor 

• High Bandwidth Bus Interface (25 Megabyte/Sec) 

• Available in: 
~ 68 Pin PGA (Commercial, Industrial, and Military) 
~ 68 Pin PLCC (Commercial and Industrial) 

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

The 80C286 is upwardly compatible with 80C86 and 80C88 solware (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 01 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. 

e a a E ; D a E a 

8al:;Sa8Zs11 

@@l@)@@@@)@® 
., @@@@@@®@@@@ 

v: c~: :~ 0:: :" ::v 
.. 3 RESET @@ @@ NMI NC 

AS .. 4 ®@ PSA @)@ ",REQ Vss 

A,1 A8 @@ @l@ iiEADV Vee 

AI A8 @ @ @ @) HLD.. HOLD 

~ - 8@ @@ - --
- - @@@@@@®®®.@ -

@@@@®0®3 1 

P.C. Board View - As viewed from the component side 
of the PC board. 
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Vss PEREQ @@ PG' ®8 A. M 

Vee iiiAi5V @@ 8@ M ., 
HOLD HLP .. @@ @@ .. .. 

CODliiii'A MliO ®® @8 '" '" 
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P.C. Board View - As viewed from the component side 
of the PC. board 
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CAUTION' Electronic devices are sensItive to electrostatic discharge. Proper IC handling procedures should be followed 
Copynght © Hams CorporatIOn 1991 

File Number 2947 
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Ordering Information 

TEMPERATURE 
PACKAGE RANGE 10MHz 12.5MHz 16MHz 20MHz 25M Hz 

PGA OOCto+700C - CG80C286-12 CcG80C286-16 CG80C286-20 -

-400C to +850C CG80C286-10 IG80C286-12 - - -

* -550C to + 1250C MG80C286-10/883 MG80C286-12/883 - - -
PLCC OOCto +700C - CS80C286-12 CS80C286-16 CS80C286-20 CS80C286-25 

-400C to +850C - IS80C286-12 IS80C286-16 IS80C286-20 -
*Respectlve /883 specifications are Included at the end of this data sheet. 

Functional Diagram 

~ ADDRESS UNIT (AU) 
, r , 
I I 

I ~A23-AO' I 

I 
I 

ADDRESS 
LATCHES AND DRIVERS ~ !!HE.MliD I 

PHYSICAL 
I I 

I ADDRESS I I PROCESSOR I PEACi< 
I ADDER I PREFETCHER EXTENSION I PEREQ 
I I SEGMENT I I INTERFACE I 
I BASES I I READY, HOLD 

I / OFFSET \ 
- - -- I I BUS CONTROL -'> !IT. so. cocm,fA 

I ADDER SEGMENT 
SEGMENT I I ~ =.HlCA 

:~ 
LIMIT 

SIZES I I CHECKER 
DATA TRANSCEIVERS M- 015- 0 0 

I I ,- ---- t-------a - - I 6 BYTE I r- ---- ------- ------, 
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I PREFETCH I 
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L =U -------I I 

I ---v1 REGISTERS CONTROL l L-L r -- ----- ---------, I--- RESET 
I I II~S~~~~~~gN INSTRUCTION 
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:r-t=t=fK 
INSTRUCTION I f--- V5S 

~ EXECUTION UNIT (EU) 
QUEUE DECODER UNITIIUI I I--- Vee - , -----_ .... 

N~~TA I I ER::V 
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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 I 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 dlvide-by-two 
circuitry can be synchronized to an external clock generator by a LOW to HIGH 
transition on the RESET input. 

D1S-DO 36-S1 1/0 DATA BUS Inputs data dUring memory, 110, 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-AO 7-8 0 ADDRESS BUS. outputs physical memory and 1/0 port addresses. A23-A16 are LOW 
10-28 dUring 1/0 transfers. AO IS LOW when data IS to be transferred on pinS D7-DO (see table 
32-43 below) The address bus IS active High and floats to three-state off dunng bus hold 

acknowledge 

BHE 1 0 BUS HIGH ENABLE. indicates transfer of data on the upper byte of the data bus, 
D1S-DS Elgh!:£!.!.. oriented devices aSSigned to the upper byte of the data bus would 
normally use BHE to condition chip select functions BHE IS active LOW and floats to 
three-state OFF dUring bus hold acknowledge. 

BHE and AO Encodlngs 

BHE Value AO Value Function 

a a Word transfer 
a 1 Byte transfer on upper half of data bus (DIS-DS) 
1 0 Byte transfer on lower half of data bus (D7-DO) 
1 1 Reserved 

S" So 4, S 0 BUS CYCLE STATUS: indicates Initiation of a bus cycle and along with MilO and 
CODII NT ~ defln~ the type of bus cycle. The bus IS in a TS state whenever one or both 
are LOW SI and So are active LOW and are held at a high Impedance logic one dUring 
bus hold acknowledge. 

SOC2S6 Bus Cycle Status Definition 

CODIINTA MilO SI So Bus Cycle Initiated 

O(LOW) a a a I nterrupt acknowledge 
a a a 1 Reserved 
a 0 1 a Reserved 
0 a 1 1 None; not a status cycle 
a 1 a a If Al=1 then halt, else shutdown 
a 1 a 1 Memory data read 
0 1 1 0 Memory data write 
a 1 1 1 None, not a status cycle 

I(HIGH) a a a Reserved 
1 a a 1 1/0 read 
1 a 1 a 1/0 write 
1 0 1 1 None; not a status cycle 
1 1 a a Reserved 
1 1 a 1 Memory Instruction read 
1 1 1 a Reserved 
1 1 1 1 None, not a status cycle 

MilO 67 0 MEMORY 1/0 SELECT: dlsllngUishes memory access from 1/0 access. If HIGH dUring 
TS, a memory cycle or a halt/shutdown cycle IS.!!! progress. If LOW, an 1/0 cycle or an 
interrupt acknowledge cycle IS In progress MilO IS held at high impedance to the last 
valid logic state dUring bus hold acknowledge 
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Pin Description 

TABLE 1. CONTINUED 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

COD/INTA 66 0 CODE/INTERRUPT ACKNOWLEDGE distingUishes Instruction fetch cycles from 
memory data read cycles Also distingUishes Interrupt acknowledge cycles from 1/0 
cycles COD/INTA IS held at high Impedanc~to the last valid logic state dUring bus hold 
acknowledge Its timing IS the same as MilO 

LOCK 68 0 BUS LOCK indicates that other system bus masters are not to gain control of the system 
bus for the current and following bus cycles The LOCK signal may be activated 
explicitly by the "LOCK" instruction prefix or automatically by 80C286 hardware dUring 
memory XCHG instructions. Interrupt acknowledge, or descriptor table access. LOCK 
IS active LOW and IS held at a high Impedance logic one dUring bus hold acknowledge 

READY 63 I BUS READY terminates a bus cycle Bus cycles are extended without limit until 
terminated by READY LOW READY IS an active LOW synchronous Input requIring 
setup and hold times relative to the system clock be met for correct operation READY IS 
Ignored dUring bus hold acknowledge (Note 1) 

HOLD 64 I BUS HOLD REQUEST AND HOLD ACKNOWLEDGE control ownership of the 80C286 
HLDA 65 0 local bus The HOLD Input allows another local bus master to request control of the 

local bus When control IS granted, the 80C286 will float ItS bus drivers and then activate 
HLDA, thus entering the bus hold acknowledge condition The local bus will remain 
granted to the requesting master until HOLD becomes inactive which results In the 
80C286 deactivating HLDA and regaining control of the local bus This terminates the 
bus hold acknowledge condition HOLD may be asynchronous to the system clock. 
These signals are active HIGH Note that HLDA never floats. 

INTR 57 I INTERRUPT REQUEST reqUires the 80C286 to suspend ItS current program execution 
and service a pending external request Interrupt requests are masked whenever the 
Interrupt enable bit In the flag word IS cleared When the 80C286 responds to an Interrupt 
request, It performs two Interrupt acknowledge bus cycles to read an 8-blt Interrupt 
vector that Identifies the source of the Interrupt To ensure program interruption, INTR 
must remain active until an Interrupt acknowledge bus cycle IS Initiated, INTR IS 
sampled at the beginning of each processor cycle and must be active HIGH at least two 
processor cycles before the current instruction ends In order to Interrupt before the next 
instruction INTR IS level sensitive, active HIGH, and may be asynchronous to the 
system clock 

NMI 59 I NON-MASKABLE INTERRUPT REQUEST Interrupts the 80C286 with an Internally 
supplied vector value of two No Interrupt acknowledge cycles are performed. The 
Interrupt enable bit In the 80C286 flag word does not affect this Input The NMllnput IS 
active HIGH, may be asynchronous to the system clock, and is edge triggered after 
Internal synchronization For proper recognition, the Input must have been previously 
LOW for at least four system clock cycles and remain HIGH for at least four system clock 
cycles 

PEREQ 61 I PROCESSOR EXTENSION OPERAND REQUEST AND ACKNOWLEDGE: extend the 
PEACK 6 0 memory management and protection capabilities of the 80C286 to processor 

extensions, The PEREQ input requests the 80C286 to perform a data operand transfer 
for a processor extension, The PEACK output signals the processor extension when the 
requested operand is being transferred, PEREQ is active HIGH. PEACK is active LOW 
and IS held at a high impedance logic one dUring bus hold acknowledge. PEREQ may be 
asynchronous to the system clock. 

BUSY 54 I PROCESSOR EXTENSION BUSY AND ERROR: I~tes the operating condition of a 
ERROR 53 I processor extension to the 80C286. An active BUSY Input stops 80C286 program 

execution on WAIT and some ESC instructions until BDSv becomes inactive (HIGH). 
The 80C286 may be Interrupted while waiting for BDSv to become Inactive, An active 
ERROR input causes the 80C286 to perform a processor extension interrupt when 
executing WAIT or some ESC Instructions, These Inputs are active LOW and may be 
asynchronous to the system clock 
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Pin Description 

TABLE 1. CONTINUED 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

RESET 29 I SYSTEM RESET: clears the internal logic of the 80C286 and IS active HIGH. The 80C286 
may be relnitlalized at any time with a LOW to HIGH transition on RESET which remains 
active for more than 16 system clock cycles. DUring RESET active. the output pinS of the 
80C286 enter the state shown below 

80C286 Pin State DUring Reset 

Pin Value Pin Names 

1 (HIGH) SOJ:>l. PEACK. A23-AO, SHE, LOCK 
o (LOW) MilO, COD/INTA, HLDA (Note 2) 
HIGH IMPEDANCE 015-00 

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

VSS 9,35,60 I SYSTEM GROUND' are the ground pins (all must be connected to system ground) 

VCC 30,62 I SYSTEM POWER: +5 volt power supply Pins. A 0 l/lF capacitor between pinS 60 and 62 
is recommended 

NOTES: 1. READY Is an open-collector signal and should be pulled inactive with an appropriate resistor 
(6200 at 10MHz and 12.5 MHz, 4700 at 16MHz, 3900 at 20M Hz, 2700 at 25MHz). 

2. HLDA is only Low W HOLD is inactive (Low). 
3. All unused Inputs should be pulled to their inactive state with pull up/down reSistors. 

Functional Description 

Introduction 

The Harris 8OC286 microprocessor is a static CMOS 
version of the NMOS 80286 microprocessor. The 80C286 
is an advanced, high-performance microprocessor with 
specially optimized capabilities for multiple user and 
multi-tasking systems. Depending on the application, the 
80C286's performance is up to nineteen times faster than 
the standard 5MHz 8086's, while providing complete 
upward software compatibility with Harris 80C86 and 
80C88 CPU family. 

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

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

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

The 80C286 is comprised of completely static circuitry. 
Internal registers, counters, and latches are static and 
reqUIre no refresh as with dynamic circuit design. This 
eliminates the minimum operating frequency restriction 
tYPically placed on microprocessors. The CMOS 80C286 
can operate from DC to the specified upper frequency 
limit. The clock to the processor may be stopped at any 
pOint (either phase one or phase two of the processor 
clock cycle) and held there Indefinitely. There IS, 
however, a significant decrease In power requirement If 
the clock IS stopped In phase two of the processor clock 
cycle. Details on the clock relationships Will be discussed 
In the Bus Operation section. The ability to stop the clock 
to the processor IS espeCially useful for system debug or 
power Critical applications. 

80C286 Base Architecture 

The 80C86, 80C88, and 80C286 CPU family all contain the 
same baSIC set of registers, Instructions, and addreSSing 
modes The 80C286 processor IS upwardly compatible 
With the 80C86 and 80C88 CPU's. 

Register Set 

The 80C286 base architecture has fifteen registers as 
shown In Figure 1 These registers are grouped into the 
follOWing four categories. 

BYTE 
ADDRESSABLE 
(8·BIT 

16·BIT 
REGISTER 

NAME 

AX 

OX 

AH 

DH 

07 0 

AL 

DL 

SPECIAL 
REGISTER 

FUNCTIONS 

} 
MULTIPLY/DIVIDE 
I/O INSTRUCTIONS 

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

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

GENERAL REGISTERS: Eight l6-bit general purpose 
registers used to contain arithmetic and logical operands. 
Four of these (AX, BX, CX and OX) can be used either in 
their entirety as l6-blt words or split into pairs of separate 
8-bit registers. 

SEGMENT REGISTERS: Four l6-bit special purpose 
registers select, at any given time, the segments of 
memory that are immediately addressable for code, stack 
and data. (For usage, refer to Memory Organization.) 

15 0 

OS DATA SEGMENT SELECTOR I REGISTER 
NAMES CX 
SHOWN) 

BX 

CH 

BH 

BP 

CL 

BL 

) LOOPiSHIFTIREPEAT COUNT 

} BASE REGISTERS 

cs ~ CODE SEGMENT SELECTOR 

SS STACK SEGMENT SELECTOR 

ES EXTRA SEGMENT SELECTOR 

SEGMENT REGISTERS 

SI 

01 

SP 

15 

GENERAL 
REGISTERS 

} INDEX REGISTERS 

) STACK POINTER 

15 0 

IP INSTRUCTION POINTER 
F§FLAGS 

MSW MACHINE STATUS WORD 

FIGURE 1. REGISTER SET 
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STATUS FLAGS' 

CARRY 
PARITY 

AUXILIARY CARRY 
ZERO 

1. 
SIGN 

L OVERFLOW 

~11 I. I. 13 ,. I. • • • • 3 • 1 • 
FLAGS: 1\\ \\\J NT I IOPL I OF I DF I IF I TF I SF I ZF I\\\\\J AF I\\\\'J PF 1\\\\\1 CF I 

1 CONTROL FLAGS 

TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 

SPECIAL FIELDS 

UO PRIVILEGE LEVEL 
NESTED TASK FLAG 

MSW: 

RESERVED TASK SWITCH 
PROCESSOR EXTENSION EMULATED ____ oJ 

MONITOR PROCESSOR EXTENSION ______ ...J 
PROTECTION ENABLE ________ ...J 

FIGURE 2. STATUS AND CONTROL REGISTER BIT FUNCTIONS 

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

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

Flags Word Description 

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

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

TABLE 2. FLAGS WORD BIT FUNCTIONS 

BIT POSITION NAME FUNCTION 

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

2 PF Parity Flag - Set If low-order 8-blts of result contain an even number of 1-bltS, cleared 
otherWise 

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

6 ZF Zero Flag - Set If result IS zero, cleared otherwise 

7 SF Sign Flag - Set equal to hl9h-order bit of result (0 If pOSitive, 1 If negative) 

11 OF Overflow Flag - Set If result IS a too-large positive number or a too-small negative 
number (excluding Sign-bit) to fit In destination operand, cleared otherwise 

8 TF Single Step Flag - Once set, a Single step Interrupt occurs aiter the next instruction 
executes TF IS cleared by the Single step Interrupt 

9 IF Interrupt-enable Flag - When set, maskable Interrupts Will cause the CPU to transfer 
control to an mterrupt vector speCified location 

10 OF Direction Flag - Causes string mstructlons to auto decrement the appropriate Index 
registers when set Clearing OF causes auto Increment 
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Instruction Set 

The instruction set IS divided Into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipula
tion, control transfer, high level instructions, and 
processor control. These categories are summarized In 

Figure 3. 

An 80C286 Instruction can reference zero, one, or two 
operands, where an operand may reside In a register, in 
the instruction itself, or In memory. Zero-operand 
instructions (e.g. NOP ane HL T) are usually one byte 
long. One-operand instructions (e.g. INC and DEC) are 
usually two bytes long but some are encoded in only one 
byte. One-operand instructions may reference a register 
or memory location. Two-operand instructions permltthe 
follOWing six types of instruction operations' 

• Register to Register • Memory to Memory 
• Memory to Register • Register to Memory 
• Immediate to Register • Immediate to Memory 

GENERAL PURPOSE 
MOV Move byte or word 

PUSH Push word onto stack 

POP Pop word off stack 

PUSHA Push all registers on stack 

POPA Pop all registers from stack 

XCHG Exchange byte or word 

XLAT Translate byte 

INPUT/OUTPUT 
IN Input byte or word 

OUT Output byte or word 

ADDRESS OBJECT 
LEA Load effective address 

LDS Load pOinter uSing DS 

LES Load pointer using ES 

FLAG TRANSFER 
LAHF Load AH register from flags 

SAHF Store AH register in flags 

PUSHF Push flags onto stack 

POPF Pop flags off stack 

FIGURE 3A. DATA TRANSFER INSTRUCTIONS 

MOVS Move byte or word string 

INS Input bytes or word string 

OUTS Output bytes or word string 

CMPS Compare byte or word string 

SCAS Scan byte or word string 

LODS Load byte or word string 

STOS Store byte or word string 

REP Repeat 

REPE/REPZ Repeat while equal/zero 

REPNEIREPNZ Repeat while not equal/not zero 

FIGURE 3C. STRING INSTRUCTIONS 

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

ADDITION 
ADD Add byte or word 

ADC Add byte or word with carry 

INC Increment byte or word by 1 

AAA ASCII adjust for addition 

DAA DeCimal adjust for addition 

SUBTRACTION 
SUB Subtract byte or word 

SBB Subtract byte or word with borrow 

DEC Decrement byte or word by 1 

NEG Negate byte or word 

CMP Compare byte or word 

AAS ASCII adjust for subtraction 

DAS DeCimal adjust for subtraction 

MULTIPLICATION 
MUL Multiply byte or word unsigned 

IMUL Integer multiply byte or word 

AAM ASCII adjust for multiply 

DIVISION 
DIV DIvide byte or word unsigned 

IDIV Integer divide byte or word 

AAD ASCII adjust for diVISion 

CBW Convert byte to word 

CWD Convert word to doubleword 

FIGURE 38. ARITHMETIC INSTRUCTIONS 

LOGICALS 
NOT "Not" byte or word 

AND "And" byte or word 

OR "Inclusive or" byte or word 

XOR "Exclusive or" byte or word 

TEST '"Test" byte or word 

SHIFTS 
SHLISAL Shift logical/arithmetic left byte or word 

SHR Shift logical right byte or word 

SAR Shift arithmetic right byte or word 

ROTATES 
ROL Rotate left byte or word 

ROR Rotate right byte or word 

RCL Rotate through carry left byte or word 

RCR Rotate through carry right byte or word 

FIGURE 3D. SHIFT/ROTATE LOGICAL INSTRUCTIONS 
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CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS 
JAlJNBE Jump If above/not below nor equal CALL Call procedure 

JAE/JNB Jump If above or equaVnot below RET Return from procedure 

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

JBE/JNA Jump If below or equal/not above 

JC Jump If carry ITERATION CONTROLS 
JE/JZ Jump If equal/zero 

JG/JNLE Jump If greater/not less nor' equal LOOP Loop 

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

JL/JNGE Jump If less/not greater nor equal LOOPNE/LOOPNZ Loop If not equal/not zero 

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

JNC Jump If not carry 

JNE/JNZ Jump If not equal/not zero INTERRUPTS 
JNO Jump If not overflow 

JNP/JPO Jump If not panty/panty odd INT Interrupt 

JNS Jump If not sign INTO Interrupt If overflow 

JO Jump If overflow IRET Interrupt return 

JP/JPE Jump If panty/panty even 

JS Jump If sign 

FIGURE 3E. PROGRAM TRANSFER INSTRUCTIONS 

FLAG OPERATIONS 
STC Set carry flag 

CLC Clear carry flag 

CMC Complement carry flag 

STD Set direction flag 

CLD Clear direction flag 

STI Set mterrupt enable flag 

CLI Clear Interrupt enable flag 

EXTERNAL SYNCHRONIZATION 
HLT Halt until mterrupt or reset 

WAIT Walt for TEST, pm active 

ESC Escape to extension processor 

LOCK Lock bus dunng next Instruction 

NO OPERATION 
NOP No operation 

EXECUTION ENVIRONMENT CONTROL 
LMSW Load machine status word 

SMSW Store machine status word 

FIGURE 3F. PROCESSOR CONTROL INSTRUCTIONS 

ENTER Format stack for procedure entry 

LEAVE Restore stack for procedure eXit 

BOUND Detects values outside prescnbed range 

FIGURE 3G. HIGH LEVEL INSTRUCTIONS 

Memory Organization 

Memory is organized as sets of variable-length segments. 
Each segment IS a linear contiguous sequence of up to 
64K (216) 8-bit bytes. Memory is addressed using a 
two-component address (a pointer) that consists of a 
16-bit segment selector and a 16-blt offset. The segment 
selector indicates the desired segment in memory. The 
offset component indicates the desired byte address 
within the segment. (See Figure 4). 

All Instructions that address operands in memory must 
specify the segment and the offset. For speed and 
compact instruction encoding, segment selectors are 
usually stored in the high speed segment registers. An 
instruction need specify only the desired segment 
register and offset in order to address a memory operand. 
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TABLE 3. SEGMENT REGISTER SELECTION RULES 

Memory Segment Register Implicit Segment 
Reference Needed Used Selection Rule 

Instructions Code (CS) Automatic with instruction prefetch 

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

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

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

Most instructions need not explicitly specify which 
segment register IS used The correct segment register IS 
automatically chosen according to the rules of Table 3, 
These rules follow the way programs are written (see 
Figure 5) as Independent modules that require areas for 
code and data. a stack. and access to external data areas 

Special segment override Instruction prefixes allow the 
Implicit segment register selection rules to be overnden 
for special cases. The stack. data and extra segments may 
cOincide for Simple programs. To access operands not re
siding In one of the four Immediately available segments. 
a full 32-blt pOinter or a new segment selector must be 
loaded, 

Addressing Modes 

The 80C286 provides a total of eight addressing modes for 
: Instructions to specify operands. Two addressing modes 

are provided for instructions that operate on register or 
immediate operands: 

REGISTER OPERAND MODE: The operand IS located in 
one of the 8 or 16-bit general registers. 

IMMEDIATE OPERAND MODE: The operand is Included 
In the instruction. 

Six modes are provided to specify the location of an oper
and In a memory segment. A memory operand address 
consists of two 16-blt components' segment selector and 
offset. The segment selector IS supplied by a segment 
register either Implicitly chosen by the addressing mode 
or explicitly chosen by a segment overnde prefix, The off
set IS calculated by summing any combination of the 
following three address elements: 

the displacement (an 8 or 16-blt Immediate value 
contained I n the instruction) 

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

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

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

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

REGISTER INDIRECT MODE: The operand's offset is In 
one of the registers SI, DI, BX or BP. 

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

INDEXED MODE: The operand's offset IS the sum of an 8 
or 16-blt displacement and the contents of an Index regis
ter (SI or DI). 

BASED INDEXED MODE· The operand's offset IS the sum 
of the contents of a base register and an index register. 

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

Data Types 

The 80C286 directly supports the following data types: 

Integer: 

Ordinal: 

Pointer: 

String: 

ASCII: 

BCD: 

Packed 
BCD: 

Floating 
Point: 

A signed binary numeric value contained In an 
8-blt byte or a 16-bit word. All operations assume 
a 2's complement representation. Signed 32 and 
64-blt Integers are supported uSing the 80287 
Numeric Data Processor. 

An unsigned binary numeric value contained In 
an 8-blt byte or 16-blt word. 

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

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

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

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

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

A signed 32, 64 or 80-blt real number 
representation. (Floating pOint operands are 
supported uSing the 80287 Numeric Processor 
extenSion). 
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Figure 6 graphically represents the data types supported 
by the 80C286. 
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TABLE 4. INTERRUPT VECTOR ASSIGNMENTS 

DOES RETURN ADDRESS 
INTERRUPT RELATED POINT TO INSTRUCTION 

FUNCTION NUMBER 

D,v,de error exception 0 

Single step Interrupt 1 

NMI Interrupt 2 

Breakpoint Interrupt 3 

INTO detected overflow exception 4 

BOUND range exceeded exception 5 

Invalid opcode exception 6 

Processor extension not available exception 7 

Reserved-do not use 8-15 

Processor extension error Interrupt 16 

Reserved 17-31 

User defined 32-255 

I/O Space 

The I/O space consists of 64K S-blt ports. 32K 16-bit ports. 
or a combination of the two. I/O instructions address the 
I/O space with either an S-bit port address. specified in the 
instruction. or a 16-blt port address in the DX register. 
S-blt port addresses are zero extended such that A15-AS 
are LOW. 1/0 port addresses OOF8(H) through OOFF(H) 
are reserved. 

Interrupts 

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

A table containing up to 256 pOinters defines the proper 
Interrupt service routine for each interrupt. Interrupts 0-
31. some of which are used for Instruction exceptions. are 
reserved For each interrupt. an S-bit vector must be 
supplied to the SOC286 which Identifies the appropriate 
table entry. Exceptions supply the interrupt vector inter
nally INT Instructions contain or imply the vector and 
allow access to all 256 Interrupts. Maskable hardware 
Initiated Interrupts supply the S-blt vector to the CPU 
during an interrupt acknowledge bus sequence. Non
maskable hardware Interrupts use a predefined Internally 
supplied vector. 

INSTRUCTIONS CAUSING EXCEPTION? 

DIV.IDIV Yes 

All 

INT 2 or NMI pin 

INT3 

INTO No 

BOUND Yes 

Any undefined opcode Yes 

ESC of WAIT Yes 

ESC or WAIT 

Maskable Interrupt (lNTR) 

The SOC2S6 provides a maskable hardware interrupt 
request pin. INTR. Software enables this input by setting 
the interrupt flag bit (IF) in the flag word. All 224 
user-defined interrupt sources can share this input. yet 
they can retain separate interrupt handlers. An S-bit 
vector read by the CPU during the interrupt acknowledge 
sequence (discussed in System Interface section) 
identifies the source of the interrupt. 

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

Non-Maskable Interrupt Request (NMI) 

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

While executing the NMI servicing procedure. the SOC2S6 
Will service neither further NMI requests. INTR requests. 
nor the processor extension segment overrun interrupt 
until an interrupt return (IRET) Instruction is executed or 
the CPU is reset. If NMI occurs while currently servicing 
an NM I. its presence will be saved for servicing after 
executing the first IRET instruction. IF is cleared at the 
beginning of an NMI interrupt to inhibit INTR interrupts. 
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Single Step Interrupt 

The 8OC286 has an internal interruptthatallows programs 
to execute one instruction at a time. It is called the single 
step interrupt and is controlled by the single step flag bit 
(TF) in the flag word. Once this bit is set, an internal single 
step interrupt will occur after the next instruction has 
been executed. The interrupt clears the TF bit and uses an 
internally supplied vector of 1. The IRET instruction is 
used to set the TF bit and transfer control to the next 
instruction to be single stepped. 

Interrupt Priorities 

When simultaneous interrupt requests occur, they are 
processed in a fixed order as shown in Table 5. Interrupt 
processing involves saving the flags, return address, and 
setting CS:IP to point at the first instruction of the 
interrupt handler. If another enabled interrupt should 
occur. it is processed before the next instruction of the 
current interrupt handler is executed. The last Interrupt 
processed is therefore the first one serviced. 

TABLE 5. INTERRUPT PROCESSING ORDER 

ORDER INTERRUPT 

, Instruction exception 

2 Single step 

3 NMI 

4 Processor extension segment overrun 

5 INTR 

6 INT instruction 

Initialization and Processor Reset 

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

TABLE 6. 80C286 INITIAL REGISTER STATE AFTER RESET 

Flag word 0OO2(H) 

Machine status word FFFO(H) 

Instruction pOinter FFFO(H) 

Code segment FOOO(H) 

Data segment OOOO(H) 

Extra segment OOOO(H) 

Stack segment OOOO(H) 

HOLD must not be active during the time from the leading 
edge of the Initial RESET t034CLKsafterthetrailing edge 
of the initial RESET of an 80C286 system. 

Machine Status Word Description 

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

TABLE 7. MSW BIT FUNCTIONS 

BIT POSITION NAME FUNCTION 

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

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

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

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

INSTRUCTIONS 
CAUSING 

TS MP EM RECOMMENDED USE EXCEPTION 7 

a a a Initial encoding after RESET 8aC286 operation IS Identical to None 
8aC86/88 

a a 1 No processor extension IS available Software will emulate ItS ESC 
function 

1 a 1 No processor extension IS available Software will emulate ItS ESC 
function The current processor extension context may belong to 
another task 

a 1 a A processor extension eXists None 

1 1 a A processor extension eXists The current processor extension ESC or WAIT 
context may belong to another task The exception 7 on WAIT allows 
software to test for an error pending from a prevIous processor 
extension operation 

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

prevents the CPU from using the local bus until restarted. 
The LMSW and SMSW instructions can load and store the Either NMI. INTR with IF = 1. or RESET will force the 
MSW In real address mode The recommended use of TS. 80C286 out of halt. If Interrupted, the saved CS:IP will 
EM, and MP IS shown In Table 8. pOint to the next Instruction after the HL T. 

80C286 Real Address Mode 

The 80C286 executes a fully upward-compatible superset to wrap around the end of a segment (e.g. a word with its 
of the 80C86 instruction set In real address mode. In real low order byte at offset FFFF(H) and its high order byte at 
address mode the 80C286 IS object code compatible with offset OOOO(H). If, In real address mode, the Information 
80C86 and 80C88 software. The real address mode contained In a segment does not use the full 64K bytes, 
architecture (registers and addressing modes) IS exactly the unused end of the segment may be overlayed by 
as desCribed In the 80C286 Base Architecture section of another segment to reduce physical memory require-
this Functional Description. ments. 

Memory Size 
15 0 

Physical memory IS a contiguous array of up to 1,048,576 

100001 
OFFSET I OFFSET 

bytes (one megabyte) addressed by PinS AO through A19 ADDRESS 

and BHE A20 through A23 should be Ignored. '- ,.--' 

Memory Addressing 
15 0 

In real address mode physical memory IS a contiguous I SEGMENT BSEGMENT 
array of up to 1,048,576 bytes (one megabyte) addressed SELECTOR 0000 ADDRESS 

by Pin AO through A19 and SHE. Address bits A20-A23 

f ----
may not always be zero in real mode. A20-A23 should not 
be used by the system while the 80C286 IS operating In 
Real Mode. 

\ ADDER / 
The selector portion of a pOinter IS Interpreted as the 
upper 16-blts of a 20-blt segment address. The lower four 

T bits of the 20-blt segment address are always zero. 
Segment addresses, therefore, begin on multiples of 16 
bytes See Figure 7 for a graphiC representation of " 0 

address information. I 2O-BIT PHYSICAL I MEMORY ADDRESS 

All segments In real address mode are 64K bytes In Size 
a'nd may be read, written, or executed. An exception or In- FIGURE 7. 80C286 REAL ADDRESS MODE ADDRESS 
terrupt can occur If data operands or instructions attempt CALCULATION 
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TABLE 9. REAL ADDRESS MODE ADDRESSING INTERRUPTS 

INTERRUPT RELATED RETURN ADDRESS 
FUNCTION NUMBER INSTRUCTIONS BEFORE INSTRUCTION 

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

Processor extension segment overrun 9 ESC With memory operand extending No 
Interrupt beyond offset FFFF(H) 

Segment overrun exception 13 Word memory reference With offset = Yes 
FFFF(H) or an attempt to execute past 
the end of a segment 

Reserved Memory Locations 

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

INITIAL CS:P VALUE IS FOOO:FFFO. 

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

Interrupts 

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

Protected Virtual Address Mode 

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

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

PUSH, POP, PUSHA, or paPA). Refer to the next section 
on protected mode initialization for a diSCUSSion on 
exception 8. 

Protected Mode Initialization 

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

Shutdown 

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

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

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

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

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

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

The protected mode 80C286 provides a 1 gigabyte virtual 
address space per task mapped Into a 16 megabyte 
physical address space defined by the address pins 
A23-AO and BHE The virtual address space may be larger 
than the physical address space Sl nce any use of an 
address that does not map to a physical memory location 
will cause a restartable exception 

CPU 

MEMORY ) OPERAND SEGMENT 

SEGMENT 
DESCRIPTOR 

'" 'V FIGURE 9. PROTECTED MODE MEMORY ADDRESSING 

Memory Addressing 

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

Descriptors 

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

Code and Data Segment Descriptors (S = 1) 

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

CODE OR DATA SEGMENT DESCRIPTOR 

o 7 

As In real address mode, protected mode uses 32-blt +7 RESERVED- +6 

pOinters, consisting of 16-blt selector and offset ACCESS +5 

components The selector, however, specifies an Index RIGHTS BYTE pi OPL I S I TYPE I AI BASE 23-16 

Into a memory resident table rather than the upper 16-bits +3 BASE t5-O 

of a real memory address. The 24-blt base address of the +1 LIMIT 16-0 

desired segment IS obtained from the tables In memory. 15 8 7 

The 16-bit offset is added to the segment base address to 
form the physical address as shown In Figure 9 The tables 'Must be set to 0 for compatablhty with future upgrades 

Type 
Field 
Definlbon 

Bit 
Poaltlon 
7 

6-5 

4 

3 
2 

1 

3 
2 

1 

0 

ACCESS RIGHTS BYTE DEFINITION 

Name Function 

Present (P) P ~ 1 Segment IS mapped Into phYSical memory 
P~O No mapping to phYSical memory eXits, base and limit are 

not used 
Descnptor PriVilege Segment pnvllege attribute used In priVilege tests. 
Level (DPL) 
Segment Descnp- 5 ~ 1 Code or Data (Includes stacks) segment deSCriptor 
tor (5) S~O System Segment Descnptor or Gate Descnptor 

Executable (E) E~O Data segment deSCriptor type IS 

1 
If 

ExpanSion Dlrec- ED 0 Expand up segment, offsets must be ,;; limit Data 
tlon(ED) ED ~ 1 Expand down segment, offsets must be > limit. Segment 
Wrlteable rNl W ~ 0 Data segment may not be written Into (S ~ 1, 

W~ 1 Data segment may be written into. E ~ 0) 

Executable (E) E ~ 1 Code Segment Descriptor type IS: 

1 
If 

Conforming (C) C ~ 1 Code segment may only be executed Code 
when CPL ;;, DPL and CPL Segment 
remains unchanged. 

Readable (R) R ~O Code segment may not be read (S ~ 1, 
R ~ 1 Code Jl9gment may be read. E ~ 1) 

Accessed (A) A~O Segment has not been accessed. 
A ~ 1 Segment selector has been loaded Into segment register 

or used by selector test InstruCllons. 

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

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

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

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

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

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

+7 

+5 

+3 

+1 

SYSTEM SEGMENT DESCRIPTOR 
o 7 

RESERVED· 

P I DPl I 0 I TYPE I BASE 23-16 

BASE 15-0 

LIMIT 15-0 

15 8 7 

+6 

+4 

+2 

"Must be set to 0 for compatability With future upgrades 

SYSTEM SEGMENT DESCRIPTOR FIELDS 

Name Value Description 

TYPE 1 Available Task State Segment (TSS) 
2 Local DeSCriptor Table 
3 Busy Task State Segment (TSS) 

P 0 DeSCriptor contents are not valid 
1 DeSCriptor contents are valid 

DPL 0-3 DeSCriptor PriVilege Level 

BASE 24·blt Base Address of speCial system data 
number segment In real memory 

LIMIT 16·blt Offset of last by1e In segment 
number 

FIGURE 11. SYSTEM SEGMENT DESCRIPTOR FORMAT 

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

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

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

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

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

GATE DESCRIPTOR 
o 7 

+7 RESERVED* +6 

+5 P 1 DPL 101 1 :1 WORD 
TYPE X X X COUNT 4-0 +4 

+3 DESTINATION SELECTOR 15-0 Ix X +2 

+1 DESTINATION OFFSET 15-0 o 

15 8 7 o 
*Must be set to 0 for compatibility With future upgrades 

GATE DESCRIPTOR FIELDS 

Name V.'ue Description 

4 -Call Gate 

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

P 0 - Descnptor Contents are not 
valid 

1 - Descnptor Contents are 
valid 

DPL 0-3 Descnptor Privilege level 

WORD Number of words to copy 
COUNT 0-31 

from callers stack to called 
procedures stack Only used 
wrth call gate 

Selector to the target code 

DESTINATION 16·b,t segment (Call, Interrupt or 

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

DESTINATION 16·b,t Entl)f pa,nt w,th,n the target 
OFFSET offset code segment 

FIGURE 12, GATE DESCRIPTOR FORMAT 

Segment Descriptor Cache Registers 

A segment deSCriptor cache register IS assigned to each 
of the four segment registers (CS, SS, OS, ES). Segment 
descriptors are automatically loaded (cached) Into a 
segment deSCriptor cache register (Figure 13) whenever 
the associated segment register IS loaded with a selector. 

PROGRAII V1118LE 

SEGMENT SELECTORS 

:~ 
E.~ 

" , 
SEGll£NT REGISTERS 

(LOADED IV PROGRAM) 

r----------~~;~k~---------, 
I ACCESS I 
I RtGHTS SEGMENT PH'tSICAlIAIE ADORESI SEGMENT SIZE I 

! I I I : 
I 47 40. 1.15 

I SEGMENT DESCRlPrOR CACHE REGISTERS I L ______ ~~_~~~ ________ J 

FIGURE 13, DESCRIPTOR CACHE REGISTERS 

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

Selector Fields 

A protected mode selector has three fields: descriptor 
entry Index, local or global deSCriptor table Indicator (TI), 
and selector priVilege (RPL) as shown in Figure 14. These 
fields select one of two memory based tables of 
deSCriptors, select the appropriate table entry and allow 
high-speed testing of the selector's privilege attribute 
(refer to priVilege diSCUSSion below), 

SELECTOR 

I, INDEX 
! ! ! ! ! ! 

15 • 7 , 1 0 

BITS NAME FUNCTION 

1-0 REQUESTED INDICATES SELECTOR PRIVILEGE 
PRIVILEGE LEVEL DESIRED 
LEVEL 
(RPL) 

2 TABLE TI = 0 USE GLOBAL DESCRIPTOR TABLE 
INDICATOR (GOT) 
(TI) TI = 1 USE LOCAL DESCRIPTOR TABLE 

(LOT) 

15-3 INDEX SELECT DESCRIPTOR ENTRY IN TABLE 

FIGURE 14. SELECTOR FIELDS 

Local and Global Descriptor Tables 

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

MEMORY 

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

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

o 7 

+5 RESERVED* I BASE 23-16 +4 

+3 BASE 15-0 +2 

+1 LIMIT 15-0 

15 • 7 

*Must be set to 0 for compatability with future upgrades 

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

Interrupt Descriptor Table 

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

"CPU 0 I 
~J 

I lOT BASE 

MEMORY 

tNTERRUPT#n 

GATE FOR 
INTERRUPT#n_l 

GATE FOR 
INTERRUPT#l 

GATE FOR 
INTERRUPT#O 

DESCRIPTOR 
TABLE 
(lOT) 

FIGURE 17. INTERRUPT DESCRIPTOR TABLE DEFINITION 

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

Privilege 

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

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

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

ENFORCED 
SOFTWARE 
INTERFACES 

OPERATING 
SYSTEM 

NOTE PL becomes numerically lower as privilege level Increases 

FIGURE 18. HIERARCHICAL PRIVILEGE LEVELS 

Task Privilege 

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

Descriptor Privilege 

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

DESCRIPTOR DESCRIPTOR 
CONTROL TRANSFER TYPES OPERATION TYPES REFERENCED TABLE 

Intersegment within the same privilege levels JMP, CALL, RET, IRET' Code Segment GOT/LOT 

Intersegment to the same or higher privilege CALL Call Gate GOT/LOT 
level Interrupt within task may change CPL. 

Interrupt Instruction, Exception Trap or Interrupt lOT 
External Interrupt Gate 

Intersegment to a lower privilege level RET,IRET' Code Segment GOT/LOT 
(changes task CPL) 

CALL, JMP Task State Segment GOT 

Task Switch CALL, JMP Task Gate GOT/LOT 

IRET" 
Interrupt Instruction, Exception Task Gate lOT 
External Interrupt 

'NT (Nested Task bit of flag word) = 0 "NT (Nested Task bit of flag word) = 1 

Selector Privilege 

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

Descriptor Access and Privilege Validation 

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

Data Segment Access 

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

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

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

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

Control Transfer 

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

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

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

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

When an instruction or Interrupt references a gate 
descriptor, the gate DPL must have the same or less 
privilege than the task CPL. If DPL is at a more pnvlleged 
level than CPL, exception 13 occurs If the destination 
selector contained in the gate references a code segment 
descriptor, the code segment descriptor DPL must be the 
same or more privileged than the task CPL. If not, 
Exception 13 is issued. After the control transfer, the code 
segment descriptors DPL IS the task's new CPL. If the 
destination selector In the gate references a task state 
segment, a task sWitch IS automatically performed (see 
Task SWitch Operation). 

The privilege rules on control transfer require: 

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

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

~ return Instructions that don't switch tasks can only 
return control to a code segment at the same or less 
privileged level. 

~ task sWitch can be performed by a call, Jump or 
interrupt which references either a task gate or task 
state segment at the same or less priVileged level. 

Privilege Level Changes 

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

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

TABLE 11. SEGMENT REGISTER LOAD CHECKS 

EXCEPTION 
ERROR DESCRIPTION NUMBER 

Descriptor table limit exceeded 13 

Segment descriptor not-present 11 or 12 

PriVilege rules violated 13 

Invafid descriptor/segment type segment 
register load' 
-Read on Iy data seg ment load to SS 
-Special control descriptor load to DS, ES, SS 13 
-Execute only segment load to DS, ES, SS 
-Data segment load to CS 
-Read/Execute code segment load SS 

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

Protection 

The 80C286 Includes mechanisms to protect cntlcal 
Instructions that effect the CPU execution state (e g HL T) 
and code or data segments from Improper usage, These 
protection mechanisms are grouped IntO three forms: 

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

~ Restricted access to segments via the rules of priVilege 
and descriptor usage. 

~ PriVileged instructions or operations that may only be 
executed at certain privilege levels as determined by 
the CPL and I/O PriVilege Level (IOPL). The 10PL is 
defined by bits 14 and 13 of the flag word 

These checks are performed for all Instructions and can 
be split Into three categones: segment load checks (Table 
11), operand reference checks (Table 12), and prIVileged 
instruction checks (Table 13). Any violation of the rules 
shown will result in an exception A not-present exception 
related to the stack segment causes exception 12. 

The IRET and POPF Instructions do not perform some of 
their defined functions If CPL IS not of sufficient priVilege 
(numerically small enough). Precisely these are: 

~ The IF bit IS not changed If CPL is greater than 10PL. 

~ The 10PL field of the flag word is not changed If CPL is 
greater than O. 

No exceptions or other indication are given when these 
cond Itlons occur. 

TABLE 12. OPERAND REFERENCE CHECKS 

EXCEPTION 
ERROR DESCRIPTION NUMBER 

Write mto code segment 13 
Read from execute-only code segment 13 
Write to read-only data segment 13 
Segment limit exceeded (Note1) 12 or 13 

NOTE 1 Carry out In offset calculations IS Ignored 

TABLE 13. PRIVILEGED INSTRUCTION CHECKS 

EXCEPTION 
ERROR DESCRIPTION NUMBER 

CPL "" 0 when executing the following 
Instructions 13 

L1DT, LLDT, LGDT, L TR, LMSW, CTS, HL T 

CPT> IOPL when executing the follOWing 
instructions 13 

INS, IN, OUTS, OUT, STI, CLI, LOCK 
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TABLE 14. PROTECTED MODE EXCEPTIONS 

RETURN ADDRESS 
INTERRUPT AT FALLING ALWAYS ERROR CODE 

VECTOR FUNCTION INSTRUCTION? RESTARTABLE? ON STACK? 

8 Double exception detected Yes No (Note 2) Yes 
9 Processor extension segment overrun No No (Note 2) No 
10 Invalid task state segment Ves Ves Ves 
11 Segment not present Ves Yes Yes 
12 Stack segment overrun or stack segment not present Ves Ves (Note 1) Ves 
13 General protection Ves No (Note 2) Ves 

NOTES 1 When a PUSHA or POPA Instrucllon attempts to wrap around the stack segment. the machlnestate aftertheexcepllon will not be re81artable 
because stack segment wrap around IS not permitted This condition IS Identified by thevalueofthesavedSP beingeltherOOOO(H), 0001(H), 
FFFE(H). or FFFF(H) 

These exceptIOns indicate a Violation to privilege rules or usage rules has occurred Restart IS generally not attempted under those 
conditions 

Exceptions 

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

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

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

Special Operations 

Task Switch Operation 

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

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

Each task must have a TSS associated with it. The current 
TSS is identified by a special register in the 80C286 called 
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the Task Register (TR). This register contains a selector 
referring to the task state segment descriptor that defines 
the current TSS. A hidden base and limit register 
associated with TR are loaded whenever TR is loaded with 
a new selector. The IRET instruction is used to return 
control to the task that called the current task or was 
Interrupted. Bit 14 in the flag register is called the Nested 
Task (NT) bit. It controls the function of the IRET 
instruction. If NT = 0, the IRET instruction performs the 
regular current task by popping values off the stack; when 
NT = 1, I RET performs a task switch operation back to the 
previous task. 

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

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

Processor Extension Context Switching 

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

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

Pointer Testing Instructions 

The 80C286 provides several instructions to speed 
pointer testing and consistency checks for maintaining 
system integrity (see Table 15). These instructions 
use the memory management hardware to verify that a 

selector value refers to an appropriate segment without 
risking an exception. A condition flag (ZF) indicates 
whether use of the selector or segment will cause an 
exception. 

TABLE 15. 80C286 POINTER TEST INSTRUCTIONS 

INSTRUCTION OPERANDS FUNCTION 

ARPL Selector, Adjust Requested Privilege Level: adjusts the RPL of the selector to the numeric maximum 
Register of current selector RPL value and the RPL value in the register. Set zero flag If selector RPL 

was changed by ARPL. 

VERR Selector VERify for Read: sets the zero flag If the segment referred to by the selector can be read 

VERW Selector VERify for Write: sets the zero flag if the segment referred to by the selector can be written. 

LSL Register, Load Segment Limit: reads the segment limit into the register if privilege rules and descrlp-
Selector tor type allow. Set zero flag If successful 

LAR Register, Load Access Rights. reads the deSCriptor access rights byte Into the register If priVilege 
Selector rules allow. Set zero flag if successful 
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Double Fault and Shutdown 

If two separate exceptions are detected during a single 
instruction execution, the 80C286 performs the double 
fault exception (8). If an exception occurs during 
processing of the double fault exception, the 80C286 will 
enter shutdown. OUring shutdown no further instructions 
or exceptions are processed. Either NMI (CPU remains in 
protected mode) or RESET (CPU eXits protected mode) 
can force the 80C286 out of shutdown. Shutdown IS 
externally signalled via a HALT bus operation with A1 
LOW, 

Protected Mode Initialization 

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

System Interface 

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

Bus Interface Signals and Timing 

The 80C286 mlcrosystems local bus interfaces the 
80C286 to local memory and I/O components. The inter
face has 24 address lines, 16 data lines, and 8 status and 
control signals. 

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

EXTERNAL 
PIN 

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

MultlbusT~ IS a Registered Trademark of Intel 
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used again. The initial CS:IP value of FOOO:FFFO provides 
64K bytes of code space for initialization code without 
changing CS. 

Protected mode operation requires several registers to be 
initialized. The GOT and lOT base registers must refer to a 
valid GOT and lOT. After executing the LMSW instruction 
to set PE, the 80C286 must immediately execute an intra
segment JMP instruction to clear the instruction queue of 
Instructions decoded in real address mode. 

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

generates Multibus'· bus arbitration signals. These com
ponents can provide the critical timing required for most 
system bus Interfaces Including the Multibus. 

Bus Hold Circuitry 

To avoid high current conditions caused by floating 
inputs to CMOS devices, and to eliminate the need for 
pull-up/down resistors, "bus-hold" circuitry has been 
used on the 80C286 pins 4-6, 36-51 and 66-68 (See Figure 
20A and 20B). The circuit shown in Figure 20A will 
maintain 'the last valid logic state if no driving source is 
present (i.e, an unconnected pin or a driving source which 
goes to a high impedance state). The circuit shown in 
Figure 20B will maintain a high impedance logic one state 
if no driving source is present. To overdrive the 
"bus-hold" circuits, an external driver must be capable of 
sinking or sourcing approximately 400 microamps atvalid 
input voltage levels. Since this "bus-hold" circuitry is 
active and not a "resistive" type element, the associated 
power supply current is negligible, and power dissipation 
is significantly reduced when compared to the use of 
passive pull-up resistors. 

EXTERNAL 
PIN 

FIGURE 20B. BUS HOLD CIRCUITRY - PINS 4-6, 68 
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Physical Memory and 1/0 Interface 

A maximum of 16 megabytes of physical memory can be 
addressed in protected mode. One megabyte can be 
addressed in real address mode. Memory is accessible as 
bytes or words. Words consist of any two consecutive 
bytes addressed with the least significant byte stored in 
the lowest address. Byte transfers occUJ on either half of 
the 16-bit local data bus. Even bytes are accessed over 
07-0 while odd bytes are transferred over 015-8. Even 
addressed words are transferred over 015-0 in one bus 
cycle, while odd addressed word require two bus 
operations. The first transfers data on 015-8, and the 
second transfers data on 07-0. Both byte data transfers 
occur automatically, transparent to software. 

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

The 1/0 address space contains 64K addresses in both 
modes. The 1/0 space is accessible as either bytes or 
words, as is memory. Byte wide peripheral devices may be 
attached to either the upper or lower byte of the data bus. 
Byte-wide 1/0 devices attached to the upper data byte 
(015-8) are accessed with odd 1/0 addresses. Devices on 
the lower data byte are accessed with even 1/0 addresses. 
An interrupt controller such as Hams's 82C59A must be 
connected to the lower data byte (07-0) for proper return 
of the Interrupt vector. 

Bus Operation 

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

ClK 

ir0NE SYSTEM _I 
ClK CYCLE ---. 

PCLK Y \'-___ ---J1 
FIGURE 21. SYSTEM AND PROCESSOR CLOCK 

RELATIONSHIPS 

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

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

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

RESET 

FIGURE 22. 80C286 BUS STATES 

Bus States 

The idle (TI) state indicates that no data transfers are in 
progress or requested. The first active state TS is signaled 
by status line S; or SO going LOW and identifying phase 1 
of the processor clock. During TS, the command 
encoding, the address, and data (fora write operation) are 
available on the 80C286 output pins. The 82C288 bus 
controller decodes the status signals and generates 
Multibus compatible readlwrite command and local 
transceiver control signals. 

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

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

Pipellned Addressing 

The 80C286 uses a local bus interface with pipellned 
timing to allow as much time as possible for data access. 
Pipelined timing allows a new bus operation to be initiated 
every two processor cycles, while allOWing each 
individual bus operation to last for three processorcycles. 
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FIGURE 23. BASIC BUS CYCLE 

The timing of the address outputs IS plpelined such that 
the address of the next bus operation becomes available 
during the current bus operation. Or. In other words, the 
first clock of the next bus operation IS overlapped with the 
last clock of the current bus operation. Therefore, address 
decode and routing logiC can operate in advance of the 
next bus operation. 

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

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

Bus Control Signals 

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

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

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

Command Timing Controls 

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

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

Command delay allows an Increase of address or write 
data setup time to system bus command active for any bus 
operation by delaYing when the system bus command 
becomes active. Command delay IS controlled by the 
82C288 CMDlY input. After TS, the bus controller 
samples CMDlY at each failing edge of ClK. If CMDl Y IS 
HIGH, the 82C288 Will not activate the command signal. 
When CMDl Y is lOW, the 82C288 will activate the 
command signal. After the command becomes active, the 
CMDl Y input is not sampled. 

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

Figure 24 illustrates four uses of CMDl Y. Example 1 
shows delaying the read command two system ClKs for 
cycle N-1 and no delay for cycle N, and example 2 shows 
delaYing the read command one system ClK for cycle N-1 
and one system ClK delay for cycle N. 

Bus Cycle Termination 

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

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

iiE'ADY Operation 

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

Synchronous Ready 

The 82C284 clock generator provides READY synchroni
zation from both synchronous and asynchronous sources 
(see Figure 25). The synchronous ready input (SRDY) of 
the clock generator is sampled with the falling edge of 
ClK at the end of phase 1 of each TC. The state ofSR'i5Y is 
then broadcast to the bus master and bus controller via 
the READY output line. 

Asynchronous Ready 

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

AR5Y or ARDYEN must be HIGH at the end of TS. ARDY 
cannot be used to terminate the bus cycle with no wait 
states. 

Each ready input of the 82C284 has an enable pin 
(§"Ri5YEiiJ and ARDYEN) to select whether the current 
bus operation will be terminated by the synchronous or 
asynchronous ready. Either of the ready inputs may 
terminate a bus operation. These enable inputs are activ~ 
low and have the same timing as their respective ready 
inputs. Address decode logic usually selects whether the 
current bus operation should be terminated by ARDY or 
S'R'D'Y. 
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Data Bus Control 

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

The data bus is driven with write data dUring the second 
phase of TS. The delay in write data timing allows the read 
data drivers, from a prevIous read cycle, sufficient time to 
enter three-state OFF before the 80C286 CPU begins driv
Ing the local data bus for write operations Write data will 
always remain valid for one system clock past the last TC 
to provide sufficient hold time for Multibus or other similar 
memory or 1/0 systems. DUring write-read or write-Idle 
sequences the data bus enters a high impedance state 
during the second phase of the processor cycle after the 
last TC. In a write-write sequence the data bus does not 
enter a high impedance state between TC and TS. 

Bus Usage 

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

HOLD and HLDA 

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

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

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

HOLD must not be active during the time from the leading 
edge of RESET until34 CLKs following the trailing edge of 
RESET unless the 80C286 is in the Halt condition. To 
ensure that the 80C286 remains in the Halt condition until 
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the processor Reset operation IS complete, no interrupts 
should occur after the execution of HL T until 34 CLKs 
after the trailing edge of the RESET pulse. 

LOCK 

The CPU asserts an active lock Signal during Interrupt
Acknowledge cycles, the XCHG instruction, and during 
some deSCriptor accesses. Lock IS also asserted when the 
LOCK prefix IS used. The LOCK prefix may be used with 
the follOWing ASM-286 assembly instructions; MOVS, INS 
and OUTS For bus cycles other than Interrupt
Acknowledge cycles, Lock will be active for the first and 
subsequent cycles of a series of cycles to be locked. Lock 
Will not be shown active during the last cycle to be locked. 
For the next-to-Iast cycle, Lock will become inactive atthe 
end of the first TC regardless of the number of wait states 
Inserted. For Interrupt-Acknowledge cycles, Lock will be 
active for each cycle, and Will become Inactive at the end 
of the first TC for each cycle regardless of the number of 
walt-states Inserted. 

Instruction Fetching 

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

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

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

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

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

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

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

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

.c/) 
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80C286 

MEMORY CYCLE N-1 I MEMORY CYCLE N I 
---<.o-I...--TS----.I.....--.TC ·I....--.TC~ 

,." I."l ,'" I 0/12 ,~1 I ~'>2 

AD-~ __________________ ~J~~~f_-----~-U-D~--DR--------~~~~~--~-------------

IIPII' (SEE NOTE 1.) (SEE NOTE 2.) 

-~~ 
(SEE NOTE 3 ) 

NOTES: 

1. SRDYEN is actIve low 

2. II SRDYEN is hIgh. the state of SRDY wIll not effect READY 

3. ARDYEN IS actIve low 

FIGURE 25. SYNCHRONOUS AND ASYNCHRONOUS READY 

R~CYCLE 

CLK 

DEN ----------------lo------.J 

FIGURE 26. BACK TO BACK READ-WRITE CYCLE 
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WRITE CYCLE READ CYCLE 

elK 

A23 - Ao 
__ .-J"\LLll 

015 - Do - - - - - - - - - - VALID WRITE DATA 

DEN 

DTJI! 

FIGURE 27. BACK TO BACK WRITE-READ CYCLE 

WRITE CYCLE N-1 WRITE CYCLE N 

elK 

DEN ______ ---J 

DT~ _________________________________________________________________________________ (H~H) 

FIGURE 28. BACK TO BACK WRITE-WRITE CYCLE 
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80C286 

BUS HOLD 
BUS HOLD ACKNOWLEDGE WRITE CYCLE 

BUS CYCLE TYPE 
TH I TH I TH TS TC I TC I TC I I ACKNOWL;DGE 

TI TH 
I ~2 ~I I ~21 ~1 I ~2 ~1 I ~2 ~I ) ~2 ~I ) ~2 ~I ) ~2 ~1 I ~2 ~1 I ¢2 ¢1 

CLK 

HOLD 

HLDA 

)SEE NOTE 1) 
51-Sci ------------

A23 -AO 

wffi ----------------
COD/INTA 

BHE, LOCK __________________ _ 
(SEE NOTE 3) 

C=t=~V~A~L~I~O==]~~~~~~tl~~~~~--------
015 - DO ------------------------~\. ______ V_A_L_ID _____ __4»r'.t.J --------

MWTC \ ..... ______ .-J 

VOH ---------------------------------------------------------------------
DT/R 

--------------------------------------~\ DEN ~. ____ _ 

ALE ______________________ ~~~ ____________________________ __ 

TS - STATUS CYCLE 
TC - COMMAND CYCLE 

NOTES: 

I. Status lines are held at a high impedance logic one by the 8OC286 during a HOLD state. 

2. Address, M/io and CODIINTA may start floating dudng any T C depending on when internal 8OC286 bus arbller decides to release bus to extemal HOLD. 
The flost starts in 112 of T C. 

3. SHE and LOCK may start floating after the end of any T C depending on when internal 8OC286 bus arb~er decides to release bus to external HOLD. The 
float starts in ,,1 of T C. 

4. The minimum HOLD to HLDA time is shown. Maximum IS one T H longer. 

5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown. 

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

7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Synchronous ready state IS Ignored after 
ready is signaled via the asynchronous input. 

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

The processor extension interface uses 1/0 port 
addresses 00F8(H), and OOFC(H) which are part of the 1/0 
port address range reserved by Harris. An ESC instruction 
with Machine Status Word bits EM = 0 and TS = 0 will 
perform 1/0 bus operations to one or more of these 1/0 
port addresses independent of the value of 10PL and CPL. 

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

Interrupt Acknowledge Sequence 

Figure 30 illustrates an interrupt acknowledge sequence 
performed by the 80C286 in response to an INTR input. 
An interrupt acknowledge sequence consists of two INTA 
bus operations. The first allows a master 82C59A Pro
grammable Interrupt Controller (PIC) to determine which 
if any of its slaves should return the Interrupt vector. An 
eight bit vector is read on 00-07 of the 80C286 during the 
second INTA bus operation to select an interrupt handler 
routine from the interrupt table. 

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

Three idle processor clocks are provided by the 80C286 
between INTA bus operations to allow for the minimum 
INTA to INTA time and CAS (cascade address) out delay 
of the 82C59A. The second INTA bus operation must 
always have at least one extra TC state added via logic 
controlling READY A23-AO are in three-state OFF until 
after the first TC state of the second INTA bus operation. 
This prevents bus contention between the cascade 
address drivers and CPU address drivers. The extra TC 
state allows time for the 80C286 to resume driving the 
address lines for subsequent bus operations. 

Local Bus Usage Priorities 

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

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

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

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

Local bus request via HOLD input. 

Processor extension data operand transfer via 
pE;REa input. 

Data transfer performed by EU as part of an 
instruction. 

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

Halt or Shutdown Cycles 

The 80C286 externally indicates halt or shutdown 
conditions as a bus operation. These conditions occur 
due to a HL T instruction or multiple protection exceptions 
while attempting to execute one instruction. A halt or 
shutdown bus operation is signalled when 51, SO, and 
COD/INTA are LOW and M/iO is HIGH. A1 HIGH 
indicates halt, and A1 LOW indicates shutdown. The 
82C288 bus controller does not issue ALE, nor is READY 
required to terminate a halt or shutdown bus operation. 

During halt or shutdown, the 80C286 may service PEREa 
or HOLD requests. A processor extension segment 
overrun during shutdown will inhibit further service of 
PEREa. Either NMI or RESET will force the 80C286 out of 
either halt or shutdown. An INTR, if interrupts are 
enabled, or a processor extension segment overrun 
exception will also force the 80C286 out of halt. 
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NOTES 

80C286 

'\\\\'\'\ (SEE NOTE S I '-- ______ IS_EE_NO_TE_Sol-< 
A" - Ao LLLLff - - - - - - - - - - - <'-___ D_O_N_o_T_C_A_R_E ___ -ir '-0 ____ _ 

BHE »»»»»- -----------<'-__ D_ON_oT_CA_RE_----J)- - - - - - - - - - - -c= 
015 - Do PREVIOUS 

WRITE CYCLE 

(SEE NOTE 1 I 
-------<=>--------------------fECTO~--

(SEE NOTE 2 I (SEE NOTE 3 I 

lfEADv m\\\\ m7l!0II11!1 \\\\\\ mmlOOllROllomI7lll!b'i!11!7 \\\\\\ !1T!111 
NOT READY READY NOT READY READY 

\ I \ r-
MCE I~ 1\ 

ALE n n 
DTIR \ I \ I 

DEN / \ / '--
Data IS Ignored 

FIrst INTA cycle should have at least one walt state Inserted to meet 82C59A minimum INTA pulse width 

Second INTA cycle must have at least one walt state Inserted since the CPU will not dnve A23-AO, SHE, and LOCK until after the first Te state 

The CPU Imposed one/clock delay prevents bus contention between cascade address buffer bemg disabled by MCE i and address outputs 

Without the walt state, the BOC286 address will not be valid for a memory cycle started Immediately after the second INTA cycle. The 82C59A also 
requires one walt state for minimum INTA pulse width 

LOCK IS active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles In a multi-master system. LOCK IS also active 
fev the second INTA cycle 

A23-AO eXits three-state OFF dUring </>2 of the second T C In the INTA cycle 

FIGURE 30. INTERRUPT ACKNOWLEDGE SEQUENCE 
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VCC 

Vee 

< AEN MFiDe MEMORY READ 

~ rD1 if 
MB M\'i'!'l: MEMORY WRITE 

= 110 READ 
CMOLY lowe 110 WRITE 

x, X, 
INTA INTERRUPT ACKNQWLE -

REs So so Al E 

Sf 51 MCE ~----, 

DGE 

READY READY DEN c- -- ..... 1 r -- AD VANCED MEMORY ! - PCLK 
ClK el K DT/A ~ I --~I DECODE r .... AN c T 

o I 0 CHIP SELECTS 
- HI 82C288 BUS ..J I r - 1 I (OPTIONAL) I 

FtC I CONTROLLER 
r-

I r" ~ I I I r -~ 
M/io --r--

I ~_1 
I r- ~ I 

L. ____ ..I 

EADY_ SRQY RESET I I r _J 

ABlE_ SRDYI:N I I • I I I 
SYNC R 

EN 
EADY _____ ARDv I I RESET MIlO 
ABlE ____ 

~ LOCK I I 
82C284 

I I 
__ ClK COOIINTA 

CLOCK --+ READY 
GENERATOR I I 

I I 
~ 51 A2J-/\0 

So I I 
~ 

ASYNC A 

EN 

r---J I - NMI BHE 

I r---J - HOLD 

I I - HLDA 

r------- ERROR I I 
I r--"---- BUSY INTR 

I I 
I I I r----- PEACK 

I 
I I I I r---- PEREa 

I 
I I 

I I I I 80C286 H: I ~: 
CPU 

DIS - Do ,.. ____ 1- __ , 

I I 
I PROCESSOR 1"-- ____ 

I 
EXTENSION ~-r----(OPTIONAL) 

I I "'- _______ J 

I 
-. I 
-~ 

I I L.-

h=> I 
STB 

I 
~ 

DE 
I I 

82C82 
or 82CB3H 

LATCH 

~'''"' Ao I--
E I-- CHIP 

INT 
INTA 

WR 
RD 

l 
sp.JE'N 
~ 

,--;/ 
00 - 07 Y-

82C59A 
INTERRUPT 

CONTROLLER 

r----- l5E 

~ 
82C86H 

¢=) or 82C87H 
TRANS 
CEIVER 

T 

ADDRESS BUS 

SELECT 

DATA 
BUS 

FIGURE 31. BASIC 80C286 SYSTEM CONFIGURATION 

System Configurations 

The versatile bus structure of the 80C286 micro-system, 
with a full complement of support chips, allows flexible 
configuration of a wide range of systems. The basic 
configuration, shown In Figure 31, is similar to an 80C86 
maximum mode system. It includes the CPU plus an 
82C59A Interrupt controller, 82C284 clock generator, and 
the 82C288 Bus Controller. The 80C86 latches (82C82 
and 82C83H) and transceivers (82C86H and S2C87H) 
may be used in an 80C2S6 microsystem. 

As indicated by the dashed lines in Figure 31, the ability to 
add processor extensions is an integral feature of SOC286 
based microsystems. The processor extension interface 
allows external hardware to perform special functions 
and transfer data concurrent with CPU execution of other 
instructions. Full system integrity is maintained because 
the SOC2S6 supervises all data transfers and instruction 
execution for the processor extension. 

An SOC286 system which includes the S0287 numeric 
processor extension (NPX) uses this interface. The 
SOC286180287 system has all the instructions and data 
types of an SOCS6 or SOC88 with 8087 numeric processor 
extension. The S02S7 NPX can perform numeric calcula-

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

The SOC2S6 can overlap chip select decoding and 
address propagation during the data transfer for the 
previous bus operation. ThiS information is latched into 
the S2CS2/S3H·s by ALE dunng the middle of a TS cycle. 
The latched chip select and address information remains 
stable during the bus operation while the next cycle's 
address is being decoded and propagated into the 
system. Decode logiC can be implemented with a high 
speed PROM or PAL. 

The optional decode logic shown in Figure 31 takes 
advantage of the overlap between address and data of the 
SOC286 bus cycle to generate advanced memory and 1/0-
select signals. This minimizes system performance 
degradation caused by address propagation and decode 
delays. In addition to selecting memory and 1/0, the 
advanced selects may be used with configurations 
supporting local and system buses to enable the appro
priate bus interface for each bus cycle. The COD/INTA 
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Vee 

VCC 
C 

> 
~ 

80C286 

_!Ii Iillfi-

~ j: 5 ~ ) BUS~~'ii,':iTION 
'--+-H ...... -tREADY Ciiiiii -

• ClK ~----
'-+-+-+++-I1m" Mno -

82289 
BUS ARBITER 

iiIi5C t-+-1I-------I-+-- MEMORY READ 
iiW'fe MEMORY WRITE 

iOliC ~O READ 
illWC I/O WRITE 
iiffA INTERRUPT ACKNOWLEDGE 

Q r--~X r,l D~l~L-....w, t.-.L--t-++-~CMDlY 
[ if, 11ft So r-r Iii ALE 1-+-1f--+-H-----I ..... 

== I - PClK 
_ -EFI 

!I114f-++-if-+~!Ii MCE I-+-II--+-H---, 
IIfAIIY li!AliY DEN t-t-l-, 

ClK T C;:C288 BU:liR I-
CONTROllER 

MOO 

SYNC READY _ IImV RESET H-i-+-H+--, , 
ENABLE _ IImml 1 I ~ r--

-r~ 
ASYNC READY - ~ 1 RESET M,il! .. STB 

ENABLE - AlmftIi 1 [OC"R' r-- ""-- l5E 
~'fC:: 1 .. ClK CDDII"NfA I- Jo.. 

GENERATOR : ......:::::: ~ A23-Aut::::~:~~:~~:~~:~::~>: 82C83H 
1 '----- 10 r "i 'U-: lATCH 

r - - - J - NMI mI! t---+++-H-illi<= 
I -HOLD 

,..--- _HlDA 
I 1 ,.. _ _ _ _ _ _ __ EIIImlI CASo.-, 

1 I 1 ,.. - - - - - __ IillIV INTR ..... --+++-H----'INT 

: : 1 1 r - - - - - JImK L-------<~Jm 
I I 1 I I ,.. - - - -- PEREO '------oiWII 
1 1 1 1 1 I 81lC286 '-------IlIIf 

I I I 1 CPU 
r _ttl_I_'_I_, 015 -Do 

I I " '" 

SPiEN 

r-v" Do-o, 
82C59A 

INTERRUPT 

~ ADDRESS BUS 

Au I-
l:S I- CHIP SELECT 

,I"l-- lAo - IR7 
"-r--

I PROCESSOR L, 1.... - - - -
1 EXTENSION ~ ,r- ___ _ l CONTROLLER 

I (OPTIONAL) I' 
L. _______ .I 

f---- l5E 

~ 82C87H ~ DATA BUS 
TRANS-
CEIVER 

T 

FIGURE 32. MUL TIBUS SYSTEM BUS INTERFACE 

and Miio signals are applied to the decode logic to 
distinguish between interrupt, 110, code, and data bus 
cycles. 

By adding the 82289 bus arbiter chip the 80C286 provides 
a Multibus system bus interface as shown in Figure 32. 
The ALE output of the 82C288 for the Multibus bus is 
connected to its CMDL Y input to delay the start of 
commands one system CLK as required to meet Multibus 
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address and write data setup times. This arrangement will 
add at least one extra TC state to each bus operation 
which uses the Multibus. 

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



Specifications 80C286 

Absolute Maximum Ratings Reliability Information 

Supply Voltage ........................................ +8.0V sic, ........... 170C/W (PGA Package), 90C/W (PlCC Package) 
Input, Output or 110 Voltage Applied ... GND - 1.0V to VCC + 1.0V 6ja ....... ' .... 41 0C/W (PGA Package), 330C/W (PlCC Package) 
Storage Temperature Range ................. -650C to +1500C Maximum Package Power Dissipation 
Junction Temperature ................................ +1750C PlCC Package ....................................... 2.2W 
lead Temperature (Soldering, Ten Seconds) " ........ " +3000C PGA Package ....................................... 1.22W 

Gate Count .......................................... 22,500 
CAUTION Stresses above those fisted In the Absolute Maximum Ratings may cause permanent damage to the device. This IS a stress only 
ratmg and operation of the device at these or any other conditions above those mdlcated In the operations sectIons of this specification IS not Implied 

Operating Conditions 

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

Operating Temperature Range 
180C286-10, -12, -16, -20 ........ " . " ... , -400C to +850C 
C80C286-12, -16, -20, -25 ................ '" OoC to +700C 

D.C. Electrical Specifications vcc = +5V ± 10%, TA = Ooc to +700C (C80C286-12) 

SYMBOL 

Vil 

VIH 

VllC 

VIHC 

VOL 

VOH 

II 

ISH 

IBHl 

IBHH 

10 

ICCOp 

ICCSB 

VCC = +5V ± 5%, TA = DoC to +700C (C80C286-16, -20, -25) 
VCC = +5V ± 10%, TA = -400C to +850C (180C286-10, -12) 
VCC = +5V ± 5%, T A = -400C to +850C (180C286-16, -20) 

PARAMETER MIN MAX UNITS TEST CONDITIONS 

Input lOW Voltage -0.5 0.8 V 

Input HIGH Voltage 2.0 VCC+0.5 V 

ClK Input lOW Voltage -0.5 1.0 V 

ClK Input HIGH Voltage 3.6 VCC+0.5 V 

Output lOW Voltage - 004 V IOl=2.0mA 

Output HIGH Voltage 3.0 - V IOH=-2.0mA 

VCC-004 - V 10H =-100~A 

Input leakage Current -10 10 ~A VIN = GND or VCC 

Pins 29, 31, 57, 59, 61, 63-64 

Input Sustaining Current on -30 -500 ~A VIN = GND (See Note 5) -- ---
BUSY and ERROR Pins 

Input Sustaining Current lOW 38 200 ~A VIN = 1.0V (See Note 1) 

Input Sustaining Current HIGH -50 -400 ~A VIN = 3.0V (See Note 2) 

Output leakage Current -10 10 ~A VO=GNDorVCC 

Pins 1,7-8, 10-28,32-34 

Active Power Supply Current - 185 mA 80C286-10 (See Note 4) 

- 220 mA 80C286-12 (See Note 4) 

- 260 mA 80C286-16 (See Note 4) 

- 310 mA 80C286-20 (See Note 4) 

- 410 mA 80C286-25 (See Note 4) 

Standby Power Supply Current - 5 mA (See Note 3) 

Capacitance (TA = +250 C; All Measurements Referenced to Device GND) 

SYMBOL PARAMETER TYP UNITS TEST CONDITIONS 

CClK ClK Input Capacitance 10 pF FREQ = 1MHz 

CIN Other Input Capacitance 10 pF 

CliO I/O Capacitance 10 pF 

NOTES 1 IBHL should be measured after lowenng VIN to GND and then raising to 1 OV on the following pms. 36-51, 66, 67 

2 ISHH should be measured after ralsmg VIN to Vee and then lowenng to 30V on the followmg pins' 4-6, 36-51,66-68. 

3. leess tested with the clock stopped In phase two of the processor clock cycle VIN = Vec or GND, Vec = vce (Max), outputs unloaded. 

4 lecop measured at 1 OM Hz for the 80C286-1 0, 12.5MHz for the 80C286-12, 16MHz for the 80C286-16, 20MHz for the 80C286-20, and 

25M Hz for the BOC286-25 VIN = 2 4V or 0 4V, Vee = vce (Max), outputs unloaded 

ISH should be measured after ralsmg VIN to Vee and then lowenng to GND on PinS 53 and 54 
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Specifications 80C286 

A.C. ElectrIcal Specifications vcc = +5V ± 10%, T A = ooc to +700 C (C80C286-12), T A = -400 C to +850 C (180C286-1 0, -12) 
VCC = +5V ± 5%, TA = ooc to +700 C (C80C286-16), TA = -400C to +850 C (180C286-16) 
A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals 
as Illustrated in Datasheet Waveforms, Unless Otherwise Specified. 

10MHz 12.5MHz 16MHz 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNIT TEST CONDITION 

TIMING REQUIREMENTS 

1 System Clock (CLK) Period 50 - 40 - 31 - ns 

2 System Clock (ClK) LOW Time 12 - 11 - 7 - ns @1.0V 

3 System Clock (ClK) HIGH Time 16 - 13 - 11 - ns @3.6V 

17 System Clock (ClK) RISE Time - 8 - 8 - 5 ns 1.0Vto 3.6V 

18 System Clock (ClK) FALL Time - 8 - 8 - 5 ns 3.6Vto 1.0V 

4 Asynchronous Inputs SETUP Time 20 - 15 - 5 - ns (Note 1) 

5 Asynchronous Inputs HOLD Time 20 - 15 - 5 - ns (Note 1) 

6 RESET SETUP Time 19 - 10 - 10 - ns 

7 RESET HOLD Time 0 - 0 - 0 - ns 

8 Read Data SETUP Time 8 - 5 - 5 - ns 

9 Read Data HOLD Time 4 - 4 - 3 - ns 

10 READY SETUP Time 26 - 20 - 12 - ns 

11 READY HOLD Time 25 - 20 - 5 - ns 

20 Input RISE/FAll Times - 10 - 8 - 6 ns 0.8Vto 2.0V 

TIMING RESPONSES 

12A Status/PEACK Active Delay 1 22 1 21 1 18 ns 1, (Notes 3, 7) 

12B Stalus/PEACK Inaclive Delay 1 30 1 24 1 20 ns 1, (Notes 3, 6) 

13 Address Valid Delay 1 35 1 32 1 27 ns 1, (Noles 2, 3) 

14 Wrile Dala Valid Delay 0 40 0 31 0 28 ns 1, (Noles 2, 3) 

15 Address/Status/Dala Floal Delay 0 47 0 32 0 29 ns 2,(Nole 5) 

16 HlDA Valid Delay 0 47 0 25 0 25 ns 1, (Notes 3, 8) 

19 Address Valid 10 Stalus SETUP Time 27 - 22 - 16 - ns 1, (Noles 3, 4) 

NOTES: 1. Asynchronous Inputs are INTR, NMI, HOLD, PER EO, ERROR. and BUSY. This specification IS gwen only for testing purposes, to assure 
recognition at a specJflc eLK edge. 

2. Delay from 1 .OV on tile eLK to O.SV or 2.0V. 
3. Output load: CL = 100pF. 
4. Oelay measured from address either reaching O.SV or 2.0V (valid) to status gOing achve reaching O.8V or status gOing inactive reachmg 2 OV. 
5. Delay from 1.0V on the eLK to Float (no current drive) condition. 
6. Delay from 1.0V on the eLK to O.8V for min. (HOLD time) and to 2.0V for max (Inactive delay). 
7. Oelay from 1.0V on the elK to 2.0V for min. (HOLD time) and to O.BV for max. (acllve delay). 
8. Delay from 1.0V on t~e ClK to 2.0V. 

A.C. Test Conditions 

TEST CONDITION IL (CONSTANT CURRENT SOURCE) CL 

1 12.0mAI 100pF 

2 -6mA (YOH to Floal) 100pF 
8mA (VOL 10 Floal) 
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Specifications 80C286 

A.C. Electrical Specifications vcc = +5V ± 5%, TA = ooc to HOoC (C80C286--20, -25), TA = -40OC to +850 C (I80C286-20) 
AC. Timings are Referenced to the 1.5V Point of the Signals 
as Illustrated in Datasheet Waveforms, Unless Otherwise Specified. 

20MHz 25MHz 

SYMBOL PARAMETER MIN MAX MIN MAX UNIT TEST CONDITION 

TIMING REQUIREMENTS 

1 System Clock (ClK) Period 25 - 20 - ns 

2 System Clock (ClK) lOW Time 6 - 5 - ns @1.0V 

3 System Clock (ClK) HIGH Time 9 - 7 - ns @3.SV 

17 System Clock (ClK) RISE Time - 4 - 4 ns 1.0Vto3.6V 

18 System Clock (CLK) FALL Time - 4 - 4 ns 3.6Vto 1.0V 

4 Asynchronous Inputs SETUP Time 4 - 4 - ns (Note 1) 

5 Asynchronous Inputs HOLD Time 4 - 4 - ns (Note 1) 

6 RESET SETUP Time 10 - 10 - ns 

7 RESET HOLD Time 0 - 0 - ns 

8 Read Data SETUP Time 3 - 3 - ns 

9 Read Data HOLD Time 2 - 2 - ns 

10 READY SETUP Time 10 - 9 - ns 

11 READY HOLD Time 3 - 3 - ns 

20 Input RISE/FALL Times - 6 - 6 ns 0.8Vto 2.0V 

TIMING RESPONSES 

12A Status/PEACK Active Delay 1 15 1 12 ns 1 , (Notes 3, 6) 

12B Status/PEACK Inactive Delay 1 16 1 13 ns 1, (Notes 3, 6) 

13 Address Valid Delay 1 23 1 20 ns 1, (Notes 2, 3) 

14 Write Data Valid Delay 0 27 0 24 ns 1, (Notes 2, 3) 

15 Address/Status/Data Float Delay 0 25 0 24 ns 2,(Note5) 

16 HLDA Valid Delay 0 20 0 19 ns 1, (Notes 2, 3) 

19 Address Valid to Status SETUP Time 9 - 12 - ns 1, (Notes 3, 4) 

NOTES' 1. Asynchronous inputs are INTR, NMI, HOLD. PEREa, ERROR. and BUSY. This speclficaUon is given only for testing purposes, to assure 
recognition at a specific elK edge. 

2. Delay from 1.0V on the eLK to 1.SV, 
3. Output load: CL ~ 'OOpF. 
4. Delay measured from address reaching 1.5V to status reaching 1.SV. 
5. Delay from 1.0V on the elK to Float (no current drive) condition. 
6. Delay from 1.0V on the elK to 1.SV. 

A.C. Test Conditions 

TEST CONDITION IL (CONSTANT CURRENT SOURCE) Cl 

1 12.0mAI 100pF 

2 -6mA (VOH to Aoat) 100pF 
8mA (VOL to Float) 
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A.C. Specifications (Continued) 

4.DV 

CLKINPUT 

D.45V 

4.DV 

CLKINPUT 

O.45V 

2.4V 

OTHER 
DEVICE 
INPUT 

DEVICE 
OUTPUT 

O.4V 

C80C286-12, -16 
180C286-10, -12, -16 

A.C. DRIVE AND MEASURE POINTS-ClK INPUT 

t.DV t.DV 

3.GV 

-'\ t.DV 

, 
_ tSETUP _ _ tHOLO_ 

<.,{)(x x. 
2.DV 2.DV \ 

><1 ;(-

~ 
l. 

~O.BV D.BV I 

t.DV 

i-- tOELAV (Max.)_ 

.... tOELAV (Min.)-

II 2.0V 

:11'" )I 
D.BV 

)1\ 

I I 

NOTE: For A.C testmg, Input rise and fall times are driven at 1 ns per volt. 
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A.C. Specifications (Continued) 

4.0V 

CLKINPUT 

O.45V 

4.0V 

CLKINPUT 

O.45V 

2.4V 

OTHER 
DEVICE 
INPUT 

DEVICE 
OUTPUT 

O.4V 

C80C286-20, -25 
180C286-20 

A.C. DRIVE AND MEASURE POINTS-ClK INPUT 

LOV LOV 

tHOLO 

2.0V 

O.BV O.BV 

tDELAY 

NOTES. 1. Typical Output Rise/Fail Time IS 6ns. 

1.5V 

2. For A.C. testing, input nse and fall times are draven at 1 ns per volts. 
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Specifications 80C286 

A.C. Electrical Specifications (Continued) 82C284 and 82C288 Timing Specifications are given for reference only and no 
guarantee is implied. 

82C284 TIMING 

10MHz 12.SMHz 16MHz 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNIT TEST CONDITION 

TIMING REQUIREMENTS 

11 SRDY /SRDYEN Setup TIme 15 - 15 - 10 - ns 

12 SRDY /SRDYEN Hold Time 2 - 2 - 1 - ns 

13 ARDY /ARDYEN Setup TIme 5 - 5 - 3 - ns (Notel) 

14 ARDY /ARDYEN Hold Time 30 - 25 - 20 - ns (Notel) 

TIMING RESPONSES 

19 PClKDeiay 0 20 0 

I 
16 0 15 ns Cl ;75pF 

IOl;5mA 
IOH; lmA 

82C288 TIMING 

10MHz 12.SMHz 16MHz 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNIT TEST CONDITION 

TIMING REQUIREMENTS 

12 CMDl Y Setup Time 15 - 15 - 10 - ns 

13 C MOLY Hold Time 1 - 1 - 0 - ns 

TIMING RESPONSES 

16 ALE Active Delay 1 16 1 16 1 12 ns 

17 ALE Inactive Delay - 19 - 19 - 15 ns 

19 DT/R Read Active Delay - 23 - 23 - 18 ns Cl; 150pF 

20 DEN Read Active Delay - 21 - 21 - 16 ns IOl ; 16mA Max 

21 DEN Read Inactive Delay 3 23 3 21 5 14 ns IOl; lmAMax 

22 DT /R Read Inactive Delay 5 24 5 18 5 14 ns 

23 DEN Write Active Delay - 23 - 23 - 17 ns 

24 DEN Write Inactive Delay 3 23 3 23 3 15 ns 

29 Command Active Delay from ClK 3 21 3 21 3 15 ns Cl ;300pF 

30 Command Inactive Delay from ClK 3 20 3 20 3 15 ns IOl; 32mA Max 

NOTE 1. These times are given for testing purposes to ensure a predetermined action. 
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Waveforms 

A23 - Au 

!!! MIiii. COD INTA 

80C286 

READ CYCLE 
ILLUSTRATED WITH ZERO 
WAIT STATES 

WRITE CYCLE 
ILLUSTRATED WITH ONE 
WAIT STATE 

/ 

- "-----

READ 
(TI DR Tsl 

VALID ADDRESS DW'hl VALID ADDIIESS 1)f(//4 )f(//4 VALID 'TS 

... 
:;: ~1 ~i 

BHE. LOCK m~m:m~~~ct:~V~ALI~DI~ CDN~TrR~D~LjDW'~/4~t=t:!!!VAI.I~DI~ CDN~T~D[:L===>XCj= 
®- I- LIi4\..I 

11ill1- I ~ I - @ 
••••••••••••••••• f·· .•.•• ··l:~~~··~I,,""'I+-~-V~ALI~ _[I~@ WR~II:l~: D~ATr---.A.J....--jI»M~ 

.j@)- -!@-
-~ ~\.\.\.\.\. READY 

-
MWTC 

,-'--
~ 
~ g 

MRDC 

-@I-
DT/A 

@- t®~~ I-~ @ 
- @~~----------------+-~ DEN ____________ .; f- ~ 

-@I--

MAJOR CYCLE TIMING 

NOTE 1 The modified timing IS due to the CMDL Y signal being active 
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Waveforms (ContInued) 

80C286 ASYNCHRONOUS INPUT SIGNAL TIMING 
BOC286 RESET INPUT TIMING AND 

SUBSEQUENT PROCE~OR CYCLE PHASE 

NOTES 

BUS CYCLE TYPE 

ClK 

PClK 
ISEE NOTE 1) 

INTR.NMI 

HOLD. PERED ~7J747J(::t~~~~ 
ISEE NOTE 21 " 

0-
ERROR.BUSY~~-+~~LU~~ __ -/~ 
ISEE NOTE 21 

RESET ___ ~W'I 

ClK 

RESET 

NOTE 

1. PClK Indicales which processor cycle phase will occur on Ihe nexl 
ClK. PClK may not Indlcale Ihe correcl phase unlll Ihe flrsl cycle IS 
performed. 

When RESET meels Ihe selup lime shown. Ihe nexi ClK Will slarl or repeal 
</>2 of a processor cycle. 

2. These Inpuls are asynchronous The selup and hold limes shown 
assure recognition for testing purposes 

EXITING AND ENTERING HOLD 

BUS CYCLE TYPE 

ClK 

HlDA __ --+~ 

ii.iii --------@j-l-----
! PEACK --------~:--r-I--4....,r-:=~===~;s---+~ 

BHE. lOCK 
A23 - AO. ISEE NOTE 51 l.n'""*----+---~i,...,:tt'm~;. 

M/W. ------------
CDD/INTA 

g[ PClK ___ J 

NOTES 

1 These signals may nOI be driven by Ihe 80C286 dUring Ihe lime shown The worsl case In lerms of lalesl floal lime IS shown 

2. The data bus Will be driven as shown If the last cycle before T I In the diagram was a write T C 

3 The 80C286 puts Its status pins In a high Impedance logic one state during TH 

4 For HOLD requesl sel up 10 HlDA, refer 10 Figure 29 

5. BHE and i:OCi< are drIVen al Ihls lime bul Will not become valid unlll T S 

6. The data bus Will remain In a high Impedance state If a read cycle IS performed 
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Waveforms (Continued) 

A21- AD 

M/iii. CO 0 iiiTA 

PEREQ 

80C286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 

MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER 110 PORT 
ADDRESS DDFA(H) IF MEMORY TO PRDC. EXT. TRANSFER 

ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED. 8OC286 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES. 

NOTES. 

PEACK always goes active dUring the first bus operation of a processor extension data operand transfer sequence Thefirst bus operation will beelther 
a memory read at operand address or 1/0 read at port addrp.ss OOFA(H) 

2 To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) IS 3 x (D-12Amax - <Dmtn. The actual, 
configuration dependent, maximum time IS 3 x (D-12Amax - CDmln + N x 2 xC!) N IS the number of extra Testates added to either the first or second 
bus operation of the processor extension data operand transfer sequence 

NOTES 

BUS CYCLE TYPE 

VCH 
ClK 

RESET 

$i.Sli 

INITIAL 80C286 PIN STATE DURING RESET 

PEACK ----------~~~~------r----------+--~ 

A23- AO --------------~~------_+----------_+----_+--~~~~'r_------

~ ----------~~~~------r----------+----_r--~ 

M/rn----------~~~~------r_--------_+----~--~ 
COD/INTA ------------~~~~----_+----------_+----_+--_f~--~!r_-------

lOCK ------------~~~~-----+--------------_1 

HlDA ------------===--~--'---t 
IS 

Setup time for RESET t may be violated with the conSideration that 4>1 of the processor clock may begin one system elK period later 

Setup and hold limes for RESET j must be met for proper operation, but RESET j may occur dUring 4>1 or 4>2. 

The data bus IS only guaranteed to be 10 a high Impedance state at the time shown 
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80C286 

BYTE t BYTE 2 BYTE 3 BYTE 4 BYTES BYTE 6 

7654321076543210 

I -------~-------~-------~-------~ 
I I' I J .1 I I I I I I I I LOW DISplDATA I HIGH DISPIDATA I LOW DATA I HIGH DATA I 1 OPCODE Id/wlmodl reg I rim , _______ l _______ l _______ l _______ ~ 

I L REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION 

REGISTER OPERAND, EXTENSION OF OPCODE 
REGISTER MODE, MEMORY MODE WITH DISPLACEMENT LENGTH 

WORD/BYTE OPERATION 
DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER 

OPERATION (INSTRUCTION) CODE 

A. SHORT OPCODE FORMAT EXAMPLE 

BYTE I BVTE2 BYTE 3 BYTE 4 BYTE S 

B. LONG OPCODE FORMAT EXAMPLE 

FIGURE 33. 80C286 INSTRUCTION FORMAT EXAMPLES 

80C286 Instruction Set Summary 

Instruction Timing Notes 

The Instruction clock counts listed below establish the 
maximum execution rate of the 80C286. With no delays In 
bus cycles, the actual clock count of an 80C286 program 
Will average 5% more than the calculated clock count, due 
to Instruction sequences which execute faster than they 
can be fetched from memory. 

To calculate elapsed times for instruction sequences, 
multiply the sum of all instruction clock counts, as listed 
In the table below, by the processor clock period. An 
12.5MHz processor clock has a clock period of 80 
nanoseconds and requires an 80C286 system clock (ClK 
input) of 25M Hz. 
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Instruction Clock Count Assumptions 

1. The Instruction has been prefetched, decoded and IS 

ready for execution. Control transfer instruction clock 
counts include all time required to fetch, decode, and 
prepare the next Instruction for execution. 

2. Bus cycles do not require wait states. 

3. There are no processor extension data transferor local 
bus HOLD requests. 

4. No exceptions occur during instruction execution. 



80C286 

Instruction Set Summary Notes 

Addressing displacements selected by the MOD field are 
not shown. If necessary they appear after the instruction 
fields shown. 

Above/below refers to unsigned value 

Greater refers to more positive signed values 

Less refers to less positive (more negative) signed values 

If d = 1, then "to" register, if d = 0 then "from" register 

if w = 1, then word instruction; If w = 0, then byte 
instruction 

if s = 0, then 16-blt immediate data form the operand 

if s = 1 then an Immediate data byte is sign-extended to 
form the 16-blt operand 

x don't care 

z used for string primitives for comparison with ZF 
FLAG 

If two clock counts are given, the smaller refers to a 
register operand and the larger refers to a memory 
operand 

• - add one clock if offset calculation requires summing 
3 elements 

n = number of times repeated 

m = number of bytes of code in next instruction 

Level (L)-Lexical nesting level of the procedure 

The following comments describe possible exceptions, 
side effects and allowed usage for instructions in both 
operating modes of the 80C286. 

Real Address Mode Only 

1. This is a protected mode instruction. Attempted 
execution in real address mode will result in an 
undefined opcode exception (6). 

2. A segment overrun exception.(13) will occur if a word 
operand reference at offset FFFF(H) is attempted. 

3. This instruction may be executed in real address mode 
to initialize the CPU for protected mode. 

4. The IOPL and NT fields will remain O. 

5. Processor extension segment overrun interrupt (9) will 
occur if the operand exceeds the segment limit. 

Either Mode 

6. An exception may occur, depending on the value of 
the operand. 

7 LOCK is automatically asserted regardless of the 
presence or absence of the LOCK instruction prefix. 

8. LOCK does not reamain active between all operand 
transfers. 

Protected Virtual Address Mode Only 

9. A general protection exception (13) will occur if the 
memory operand cannot be used due to either a 
segment limit or access rights violation. If a stack 
segment limit IS violated, a stack segment overrun 
exception (12) occurs. 

10. For segment load operations, the CPL, RPL and DPL 
must agree with privilege rules to avoid an exception. 
The segment must be present to avoid a not-present 
exception (11). If the 55 register is the destination 
and a segment not-present violation occurs, a stack 
exception (12) occurs. 

11. All segment descriptor accesses in the GDT or LDT 
made by thiS instruction will automatically assert 
LOCK to maintain descriptor integrity in multiproces
sor systems. 

12. JMP, CALL, INT, RET, IRET instructions referring to 
another code segment will cause a general protection 
exception (13) if any privilege rule is violated. 

13. A general protection exception (13) occurs if CPL ;eo. 

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

15. The IF field of the flag word is not updat~d if CPL > 
IOPL. The IOPL field is updated only if CPL = O. 

16. Any violation of privilege rules as applied to the 
selector operand does not cause a protection 
exception; rather, the instruction does not return a 
result and the zero flag is cleared. 

17. If the starting address of the memory operand 
violates a segment limit, or an invalid access is 
attempted, a general protection exception (13) will 
occur before the ESC instruction is executed. A stack 
segment overrun exception (12) will occur ilthe stack 
limit is violated by the operand's starting address. If a 
segment limit IS violated during an attempted data 
transfer then a processor extension segment overrun 
exception (9) occurs. 

18. The destination of an INT, JMP, CALL, RET or IRET 
instruction must be in the defined limit of a code 
segment or a general protection exception (13) will 
occur. 
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80C286 Instruction Set Summary 

CLOCK COUNT COMMENTS 

FUNCTION R .. I 
p-

R ... Protected 
FORMAT VlrtueI Virtue! 

Add ..... 
~ 

A_ 
~ -- Mode - --PATA TRANSFER 

~OV = Mo".: 

~egtster to Regtster/Memory 1000100w I modreg rIm 2,3' 2,3' 2 9 

~egtster/memory to regtSter 1000101w I modreg rIm 2,5' 2,5' 2 9 

mmedlate to reglster/memory 11000 t 1 wi modOOO rIm data I data~w = 1 1 2,3' 2,3' 2 9 

mmedl8te to regISter 1011w reg I data datadw=1 1 2 2 

Memory to accumulator 1010000w I addr-Iow addr-h19h 1 5 5 2 9 

ccumulator to memory 1010001w 1 addr-Iow addr-h'9h 1 3 3 2 9 

Reglster/memory to segment register 1000111 0 I mod 0 reg rIm 2,5' t7,19' 2 9,10,11 

Segment register to register/memory I 1 000 1 1 00 I mod 0 reg rIm I 2,3' 2,3' 2 9 

PUSH= ..... h: 

~emory I 11111111 I mod 1 1 0 rIm 1 5' 5' 2 9 

~eglster I 01010 reg 1 3 3 2 9 

~ment register 1000regll01 3 3 2 9 

~ {Ot .'010.0'[ 
. ... I 

, 
1 "'" -' 

... " .. 0 » , ,. • 
~ .. I'IIIbAa " 'I 01100000 I ' ,~ ... , -., , -

17 17 • • pop = Pop 

~emory I 10001111 ImodOOO r/mj 5' 5' 2 9 

~eglster I 01011 reg 1 5 5 2 9 

~egment register I OOOreglll 1 (reg"'OI) 5 20 2 9,10,11 

FWA-hIIM 101100001 r " ," 'v, , " " I. tI • • 
CHG = Exhcange: 

~eglster/memory WIth register I 1000011 w I mod reg r/ml 3,5' 3,S' 2,7 7,9 

~eglster With accumulator I 10010 reg 1 3 3 

N = Input from: 

IXed port 1111001 Ow I port 1 5 5 14 

Wensble port I 111011 Ow 1 5 5 14 

PUT = Output to: 

oced port 1110011 wi port 1 3 3 14 

Variable port 1110111w 1 3 3 14 

LAT = Translate byte to AL 11010111 1 5 5 9 

EA = Load EA to r&glster 10001101 I mod reg r/ml 3' 3' 

DS= Load pointer to OS 11000101 I mod reg r/ml (mod'" 11) 7' 21' 2 9,10,11 

LES = Load pointer to ES 11000100 I mod reg r/ml (mod" 1) 7' 21' 2 9,10,11 

Shaded areas indicate instructions not available In BOe86/88 mlcrosystems. 
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80C286 Instruction Set Summary (Continued) 

FUNCTION FORMAT 

DATA TRANSFER (Conllnued) 

LAHF Load AH Wllh 'lags I 10011111 I 
SAHF ~ Slore AH Inlo 'lags I 10011110 I 
PUSHF ~ Push 'lags I 10011100 I 
POPF ~ Pop 'lags I 10011101 I 
ARITHMETIC 
ADD~Add: 

Reg/memory with reglstar to either I OOOOOOdw I mod reg rim I 
mmedlate to register Imemory 1I00000sw I modOOO rim I data 

mmedlate to accumulator I 0000010w I data I datal'w~1 

ADC ~ Add with carry: 

Reg/memory with register to Bither I 000100dw I modreg rim I 
mmedlate to register/memory II OOOOOsw I modO I 0 rim I data 

mmedlata to accumulator 10001010wl data datadw~1 

He = Increment: 

Register/memory I 1 1 I I 1 1 I w I mod 0 0 0 rim I 
Register I 01000reg I 
SUB ~ Subtract: 

Reg/memory and register to Bither I 001010dw I modreg rim I 
mmedlate from register/memory I 100000sw I modlOl rim I data 

mmedlate from accumulator 10010110wl data I datalfw~1 

SBB ~ Subtract with borrow: 

Reg/memory and register to Bither I 00011 Odw I modreg rim I 
mmedlate from register/memory I 1 OOOOOsw I modO I 1 rim I data 

mmadlate from accumulator I 000111 Ow I data I data dw~ 1 

DEC = Decrement 

Register/memory I l111111w ImodOOl r/ml 

Register I 01001 reg I 
CMP ~ Compara 

Register Imemory With register I 0011101w lmodreg r/ml 

Register with register/memory I 0011100w lmodreg r/ml 

mmedlate with register/memory 11 OOOOOsw lmodlll llml data 

mmedlate with accumulator 1001111 Ow I data I datadw~1 

NEG ~ Change Sign I 1111011w ImodOl1 r/ml 

AAA ~ ASCII ad,usl for add I 00110111 I 
DM ~ Decimal adiusl for add I 00100111 I 
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CLOCK COUNT 

..... Pro-.cI -Add ... -- -
2 2 

2 2 

3 3 

5 5 

2.7' 2.7' 

ldatadsw ~ 011 3,7· 3.7' 

I 3 3 

2.7' 2,7· 

I datadsw ~ 011 3,7· 3,7· 

I 3 3 

2,7' 2,7· 

2 2 

2,7" 2,7· 

ldatal'sw ~ 011 3,7· 3,7· 

I 3 3 

2,7· 2,7· 

I datadsw~OI I 3,7' 3,7' 

I 3 3 

2,7' 2.7' 

2 2 

2,6· 2,6· 

2,7· 2,7· 

I datadsw~OI I 3,S' 3,6· 

I 3 3 

2 7· 

3 3 

3 3 

COMMENTS 

R_ Pro-.cI 
YIrIUII - -- -

2 9 

2,4 9,15 

2 9 

2 9 

2 9 

2 9 

2 9 

2 9 

2 9 

2 9 

2 9 

2 9 

2 9 

2 9 

2 9 

2 7 

,t/) 
00: 
0:0 
~t/) 
:it/) 
t/)W 
O() 
:i 0 ()g: 
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80C286 Instruction Set Summary (Continued) 

CLOCK COUNT COMMENTS 

FUNCTION R .. I 
Prol_ 

R .. I 
Pro_ 

FORMAT Virtual VlrIuIIl 
Add .... 

Add .... 
Addreaa 

Made Made 
Add .... 

Made Made 

"RITHMETIC (Continued) 

MS = ASCII adjust for subtract I 00111111 I 3 3 

DAS = Doclmaladjust for subtract I 00101111 I 3 3 

IIUL = MultIply (unsigned), I 1111011w Imodl00 r/ml 

RegIster-Byte 13 13 
Register·Word 21 21 
Memory-Byte 16' 16' 2 9 
Memory-Word 24' 24' 2 9 

MUL= Integer multIply (sIgned): I 1111011w Imodl01 r/ml 

Register-Byte 13 13 
Aegister~Word 21 21 
Memory-Byte 16' 16' 2 9 
Memory-Word 24' 24' 2 9 

-. ............. lIIIIIIfp(f 1011010.1 ImocI!!!J r/ml .. I dlllah"O I tt,t4· 21M' 2 • ... 
DIV = DIvide (unSIgned) I 1111011w Imod 110 r/ml 

Reglsler-Byte 14 14 6 6 
Register-Word 22 22 6 6 
Memory-Byte 17' 17' 2,6 6,9 
Memory-Word 25' 25' 2,6 6,9 

DIV = Inleger dIVIde (sIgned) I 1111011w Imodl11 r/ml 

RegIster-Byte 17 17 6 6 
RegIster-Word 25 25 6 6 
Memory-Byte 20' 20' 2,6 6,9 
Memory-Word 28' 28' 2,6 6,9 

Mil = ASCII adjust for mulbply I 11010100 I 00001010 I 16 16 

MD = ASCII adlusl for diVIde I 11010101 I 00001010 I 14 14 

caw ~ Convert byte to word I 100110001 2 2 

CWD = Convert word to double word I 10011001 I 2 2 

OGIC 
""llt/Rotate Instruction.: 

~eglster/Memory by 1 1,,0, OOOw ImodTTT r/ml 2,7' 2,7' 2 9 

~eglster/Memory by CL 1,10100,W ImodTTT r/ml 5+n,8+n· 5+n,8+n· 2 9 

~1MItm!i!Iy bl'0IuIt 11100000.. ImocI'm rlml CIOUIII I &+n,II+I'I' S+I\II+It' 1 • 
TTT Inatructlon 

000 ROL 

001 ROA 

010 ACL 

011 ACA 

100 SHL/SAL 

101 SHA 

111 SAR 

Shaded areas mdlcate instructions not available in SOCB6/S8 mlcrosystems 
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80C286 Instruction Sst Summary (Continued) 

- ....- -....-
FORMAT v ....... YIrtMI - - - --- IIoda 

IIoda 
IIoda 

(Conbnuad) 

I 001 OOOdw I modreg rim I 2.7· 2,7' 2 9 

11 OOOOOOw I mod 1 00 rim I dala dala~w-l 3,7· 3,7' 2 9 

I 0010010w I dala I dala~w-l I 3 

tuncaontollqe,no_ 

and reg_ 1100001 Ow I modrag rim I 2,6' 2,6' 2 9 

11 1 1 1 01 1 w I mod 0 0 0 rim I dala dala~w-l 3,6' 3,S- 2 9 

11010100w I data I dala~w-l I 3 

raglller to_ I 000010dw I mod rag rim I 2,7- 2,7' 2 

11 OOOOOOw I modOO 1 rim I dala dala~w-l 3,7' 3,7' 2 9 den 
I 0000110w I I dalaKw-l I 

a: a: 
dala 3 0° _en 

:sen 
en W 

I 001100dw I modreg rim I 0 0 
register to erthar 2,7' 2,7' 2 9 :sO 

to ~er/rnernory 11 OOOOOOw I mod 110 rim I da1a dalalfw - 1 3,7' 3,7' 9 
olf 

2 

I 0011010w I da1a IdaladW - 11 3 3 

11 1 1 1 0 1 1 w I mod 0 1 0 rim I 2,7' 2,7' 2 9 

1010010w 2 9 

bytelword 1010011w 6 2 9 

1010111 w 2 9 

byte/wd to ALI AX 1010110w 5 2 9 

1010101w 2 9 

.".-~.'" .-.... -······,':"·Ie-., .,-: ' V~""", v ~ ... , .... y"" "'; , . ,~ " ... , , " .... , 
'. 

,,I.,:" •• 

string 11110011 11010010W 5+4n 5+4n 2 9 

1111001·ll0l00llW 5+9n 5+9n 2,6 6,9 

1111001. 11010111W 5+6n 5+6n 2,8 8,9 

11110011 11010110W 5+4n 5+4n 2,8 8,9 

Shaded areas indicate Instructions not available In BOCS6/88 mlcrosystems 
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80C286 Instruction Set Summary (Continued) 

CLOCK COUNT COMMENTS 

R_I 
Prot_ 

R ... 
Proleclecl 

FUNCTION FORMAT Virtual Vlrt .... 
Add .... AcI_ - -Mode 

Mode 
M ..... 

Mode 

FONTROL TRANSFER 
ALL ~Call: 

Direct within segment I 11101000 I dlsp-Iow I dlsp-hlgh I 7+m 7+m 2 18 

Register/memory I 11111111 Imod010 r/ml 7+m.l1+m' 7+m,11+m' 2,8 8,9,18 
Indirect within segment 

D,rect Intersegment I 10011010 I segment offset I 13+m 26+m 2 11,12,18 

Protect.d Mode Only (Direct Inte"'lIm.nt~ I segment selector I 
V,a call gate to same prMlega level 41+m 8,11,12,18 
VIS call gate to different pnvllege level. no parameters 82+m 8,11,12,18 
Via call gate to different privilege level, x parameters 86 +4x+m 8,11,12,18 
V,aTSS 177+m 8,11,12,18 
VIa task gate 182+m 8,11,12,18 

Indirect Intersegment I 11111111 I mod01 1 r/ml (mod"") 18+m 29-tm' 2 8,9,11,12,18 

Protected Mode Only (Indirect Int .... llm.nt): 
Via call gate to same priVilege level 44+m' 8,9,11,12,18 
Via call gate to different priVilege level, no parameters 83 +m' 8,9,11,12,18 
Via call gate to different prIVilege lavel, x parameters 9O+4x +m' 8,9,11,12,18 
V,aTSS 180+m" 8,9,11,12,18 
VIa task gate 185+m" 8,9,11,12,18 

JMP ~ Unconditional Jump: 

Short/long I 11101011 I dlsp-Iow I 7+m 7+m 18 

Direct Within segment I 11101001 I dlsp-Iow I dlsp-hlgh I 7+m 7+ m 18 

Register/memory Indirect Within segment I 11111111 Imod100 r/ml 7+m,11+m' 7+m,11+m' 2 9,18 

DIrect Intersegment I 11101010 I segment offset I 11+m 23+m 11,12,18 

Protected Mod. Only (Direct Inter.gm.nt~ I segment salector I 
Via call gate to same pnvllege level 38+m 8,11,12,18 
VlaTSS 175+m 8,11,12,18 
VIa task gate 180+m 8,11,12,18 

IndIrect Intersegment I 11111111 Imod101 r/ml (mod"'11) 1S+m- 26+m- 2 8,9,11,12,18 

Protected Mode Only (Indirect Int.r.gment): 
VIS call gate to same pnvllege level 41+m- 8,9,11,12,18 
VlaTSS 178+m- 8,9,11,12,18 
V,a task gate 183+m- 8,9,11,12,18 

RET ~ Retum from CALL: 

Wrthln segment I 11000011 I 11+m 11+m 2 8,9,18 

Iw~h," sag addIng Immed to SP I 11000010 I data-low I data-high I 11+m 11+m 2 8,9,18 

Intersegment I 11001011 I 1S+m 2S+m 2 8,9,11,12,18 

Intarsegment addIng Immedlata to SP I 11001010 I data-low I data-hogh I 15+m 2 8,9,11,12,18 

Pro\ecIecI Mode Only (R~ 
To different PrMiege level 55+m 9,11,12,18 
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80C286 Instruction Set Summary (Continued) 

FUNCTION FORMAT 

CONTROL TRANSFER (Connnued) 

JE/ JZ = Jump on equal zero I 01110100 dlsp 

JL/ JNGE = Jump on lass/not greater or equal [01111100 drsp 

JLEI JNG = Jump on tess or equal/not greater 01111110 drsp 

JB/JNAE = Jump on below/not above or equal 01110010 drsp 

JBElJNA = Jump on below or equal/not above 01110110 dlsp 

JPlJPE = Jump on panty/parIty aven 01111010 dlsp I 
JO = Jump on overflow 01110000 dlsp I 
JS = Jump on SIgn 01111000 dlsp I 
JNE/ JNZ = Jump on not equal/not zero 01110101 dlsp 

JNL/JGE=Jump on not less/greater or equal 01111101 dlsp 

JNLE/JG = Jump on not lass or equal! greater 01111111 dlsp 

JNB/JAE=Jump on not below/above or equal 01110011 dlop 

JNBE/JA=Jump on nol below or equal/above 01110111 dosp 

JNP/JPO=Jump on not par/par odd 01111011 dlsp 

JNO = Jump on not overflow 01110001 dlsp 

JNS = Jump on notolgn 01111001 dlsp 

LOOP = Loop ex tlmas 11100010 dlsp 

LOOPZ/LOOPE = Loop whIle zero/equal 11100001 dlsp 

LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 disp 

JCXZ = Jump on ex zero ~'000" dlsp I 
~ ............ ( HOftOcO I .... I~I I. I 
t.-O 
I.'" 
L>' 

"",.-.... ~. ". I ~ 1021;; . .] .. ~ _. ~ ," .. ,,~. 

INT = Intarnupt 

Type Speclloe<l I 11001101 I type I 
Typa3 I 11001100 I 
INTO = Interrupt on overflow I 11001110 I 

Shaded areas Indicate instructions not available In BOCS6/S8 mlcrosystems 
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CLOCK COUNT 

_I -VlI'IuIII 
AcId ... -M_ -
7+mor3 7+mor3 

7+mor3 7+mor3 

7+mor3 7+mCl'3 

7+mor3 7+mor3 

7+mor3 7+mor3 

7+mor3 7+mor3 

7 +mor3 7+mor3 

7+ mor3 7+mor3 

7+mor3 7+mor3 

7+mor3 7+mor3 

7+mor3 7+mor3 

7+mor3 7+mor3 

7+mor3 7+mor3 

7+mor3 7+mor3 

7+mor3 7+mor3 

7 +mor3 7+mor3 

8 +mor4 8+mor4 

8+mor4 8+mor4 

8+mor4 8+mor4 

8 +mor4 8+mor4 

: 

:"1 ' tt 
. .•. '. " ,,;.~;. ........ ,,;.: . .......... 

' •.. ,I. '" ~ . ~, ~,:,~. :~ ::~'~': 

23+m 

23+m 

24 +mor3 
(3Wno (Uno 

in'-'! in'-'! 

COMMENTS 

..... -VIrtu8I 
AcId ... --- -

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

. I:' /' 
.~. .. .'.' .~ ,~, t 

:;;':ifr; ~I f>' ;;", .. ;' . ,..;,-,"':'" 

2,7,8 

2,7,8 

2,8,8 

'(IJ 
O!:C 
!:Co 
!:?(IJ 
:::E(IJ 
(lJW 

0 0 
:::EO 
olE 



80C286 

80C286 Instruction Set Summary (Continued) 

FORMAT 

Via in1errupt or lrap gate to same pnvllege level 

Voa ln1errupl or Irap gate to f~ different pnvilege level 
Via Task Gate 

11001111 

11111000 I 
11110101 

11111001 

11111100 I 
11111101 I 
11111010 I 
11111011 I 
11110100 I 
10011011 I 
11110000J 

, [o ••• tl ttJII.OIl1l1 io I 
111 011 T TTl mod LLL rim I 
(ITT LLL are opcode to processor extension) 

I 001 reg 110 I, 
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CLOCK COUNT 

Real 
Protected 

Acid .... 
VIrtual - Add .... 
Mode 

40+ m 

78+ m 
167+m 

17+m 31+ m 

55+m 

169+m 

1'" 'It> 
(UN1IiIf~ 

IIOIIIIIlt 

~-
2 

2 2 

2 

2 2 

2 

3 

2 2 

3 3 

0 0 

II II 

9-20' 9-20' 

0 0 

U~ 

'U* 

COMMENTS 

Real 
Protected 

Acid .... 
VlrtUIII 

Mode 
Acid .... 

Mode 

7,8,11,12,18 

7,8,11,12,18 

7,8,11,12,18 

2,4 8,9,11,12,15,18 

8,9,11,12,15,18 
8,9,11,12,18 

~ ....... M .. ft 

14 

14 

13 

14 

$ t. 
5,8 8,17 
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80C286 Instruction Set Summary (Continued) 

CLOCK COUNt COIIMEJI1'S - - - .....-
FUNCTION FORMAT ".,.... ........ 

AdcIrwe -- -- --...... ...... ...... ...... 
-' ,',\ ....... .' 

~ ...... ~ ... " . . ;,'" 

.... , ... 1,'111 • ., I otiiit, t; ] iiiiiti:l;;,L ;)" •. If." t .""i. ........ .,<, '/ 

,;;;iilii'iiaii'i;;it: . .. --....... U' :1 .. •• 
~ ...... ~~ .. .. f:=!~liiilii~ . . II1II'1,1111 tIIIIII.~ . 

" . .,.., U· ... . " r--r .............. , .... • ~ .. '.: ... 
ru-~ ... ,..." ,I,' 

IItO"f1HI •• "ou~ I~t;: ~l'; 
':'"., . . , 

_1·fIIII • ...., ' .... 1 . ,110ft 

1*&""""'- ( .0001H1 I ~"OO'H 1,,*,;' -I -' ....... *-> ...... t "'''if 
jwL-"'1l1 •• '.~'" t t:U!.OH I;;;; ;; J ".11,' I ... .. ~ . ",' 
1--_""11111 , .- I 1i1lM.. t .... , Ht I ..... 000.1 """-.1 , , ..... , • .,ft ... _ .. .,.,,-- I Otoo11 n I ........ l'IIIWc"01l1111 I 1<f,.W. 1 .. ,..'It 
Shaded areas indicate instructions not available In Boca6/8S mlcrosystems 
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LO 
HI 

0 1 2 3 4 5 6 7 8 

0 ADD ADD ADD ADD ADD ADD PUSH POP OR 
b,l,r/m w,l,r/m b,t,r/m w,t,r/m b,la W, IS ES ES b,l,r/m 

1 AOC AOC AOC ADC AOC AOC PUSH POP SBB 
b,l,r/m w,f,r/m b,t,r/m w,t,r/m b,ia W,la SS SS b,l,r/m 

2 AND AND AND AND AND AND SEG OAA SUB 
b,t,r/m w,t,r/m b,t,r/m w,t,r/m b,I8 W,la =ES b,l,r/m 

t--
3 XOR XOR XOR XOR XOR XOR SEG AAA CMP 

b,l,r/m w,f,r/m b,t,r/m w,t,r/m b,18 w,la =SS b,t,r/m 

I---
4 INC INC INC INC INC INC INC INC DEC 

AX CX OX BX SP BP SI 01 AX 

t--
5 PUSH PUSH PUSH PUSH PUSH PUSH PUSH PUSH POP 

AX CX OX BX SP BP SI 01 AX 

I---
6 PUSHA POPA BOUND ARPL PUSH 

W,I 

Cf 
t--

7 JO JNO JBI JNBI JEI JNEI JBEI JNBEI JS 

~ JNAE JAE JZ JNZ JNA JA 

8 Immed Immed Immed Immed TEST TEST XCHG XCHG MOV 
b,r/m w,r/m b,r/m IS,r/m b,r/m w,r/m b,r/m w,r/m b,t,r/m 

9 XCHG XCHG XCHG XCHG XCHG XCHG XCHG XCHG CBW 
AX CX OX BX SP BP SI 01 

A MOV MOV MOV MOV MOVSB MOVSW CMPSB CMPSW TEST 
m-AL m-AX AL-m AX-m b,l,a 

B MOV MOV MOV MOV MOV MOV MOV MOV MOV 
I-AL I-CL I-OL I-BL I-AH I-CH I-OH I-BH I-AX 

C Shift Shift RET RET LES LOS MOV MOV ENTER 
b,1 W,I (I+SP) b,l,rim w,I,r/m 

D Shift Shift Shift Shift AAM AAO XLAT ESC 
b W b,CL b,CL 0 

E LOOPNZI LOOPZI LOOP JCXZ IN IN OUT OUT CALL 
LOOPNE LOOPE b W b w d 

t--
F LOCK REP REPZ HLT CMC Grp 1 Grp 1 CLC 

b,r/m w,r/m 

9 A B C 

OR OR OR OR 
w,f,r/m b,t,r/m w,t,r/m b,1 

SBB SBB SBB SBB 
w,f,r/m b,t,r/m w,t.r/m b,1 

SUB SUB SUB SUB 
w,f,r/m b,t,r/m w,t,r/m b,1 

CMP CMP CMP CMP 
w,f,r/m b,t,r/m w,t,r/m b,i 

DEC DEC DEC DEC 
CX OX BX SP 

POP POP POP POP 
CX OX BX SP 

IMUL PUSH IMUL INSB 
w,t,r/m,1 b,1 b,t,r/m,1 

JNS JPI JNPI JLI 
JPE JPO JNGE 

MOV MOV MOV MOV 
w,t,r/m b,t,r/m w,t,r/m .r,t,r/m 

CWO CALL WAIT PUSHF 
I,d 

TEST STOSB STOSW LOOSB 
W,I,a 

MOV MOV MOV MOV 
I-CX I-OX I-BX I-SP 

LEAVE RET RET INT 
1,(i+SP) I Type 3 

ESC ESC ESC ESC 
1 2 3 4 

JMP JMP JMP IN 
d I,d sl,d OX,b 

STC CLI STI CLO 

D E 

OR PUSH 
W,I CS 

SBB PUSH 
W,I OS 

SUB SEG 
W,I =CS, 

CMP SEG 
W,I =OS 

DEC DEC 
BP SI 

POP POP 
BP SI 

INSW OUTSB 

JNLI JLEI 
JGE JNG 

LEA MOV 
sr,t,r/m 

POPF SAHF 

LOOS\,\ SCASB 

MOV MOV 
I-BP I-SI 

INT INTO 
(any) 

ESC ESC 
5 6 

IN OUT 
OX,W OX,b 

STD Grp 2 
b,r/m 

F 

PVAM n 

POP 
OS 

OAS 

AAS 

DEC 
01 

POP 
01 

OUTSW 

JNLEI 
JG 

POP 
rIm 

LAHF 

SCASW 

MOV 
1-01 

IRET 

ESC 
7 

OUT 
DX,w 

Grp 2 
w,r/m 

~ 
~ 
~ 
S
::;' 
CD 

:;-
til 
:::r:: 
CO) 

g' 
h'I g 
~ 
~ ::: 
)c' 

~ 
~ 
co 
0) 



80C286 

80C286 Machine Instruction Encoding Matrix (Continued) 

where: 

mod rim 000 

Immed ADD 

Shift ROL 

Grp 1 TEST 

Grp 2 INC 

PVAMO SLOT 

PVAM 1 SGDT 

PVAM2 

PVAM 3 

PVAM6 

b ;:. byte operation 
d; direct 
f ; from CPU reg 
I = Immediate 

001 

OR 

ROR 

DEC 

STR 

SlOT 

18 = Immediate to AX 

Id = indirect 

010 

ADC 

RCL 

NOT 

CALL 
Id 

LLDT 

LGDT 

IS = Immediate byte Sign extension 
I :; long Ie. Intersegment 
n = 2nd byte of PVAM instruction 

011 

SBB 

RCR 

NEG 

CALL 
1,ld 

LTR 

LlDT 

100 101 110 

AND SUB XOR 

SHL/SAL SHR 

MUL IMUL DIV 

JMP JMP PUSH 
Id 1,ld 

VERR VERW 

SMSW LMSW 

LAR 

LSL 

CLTS 

m = memory 
rim = EA IS second byte 
51 ;;: short Intrasegment 
sr:;: segment register 
t ; to CPU register 
v = variable 

w = word operation 
z:;: zero 

111 

CMP 

SAR 

IDIV 

Footnotes Segment Override Prefix 

The Effective Address (EA) of the memory operand is I 0 0 1 reg 1 1 0 
computed according to the mod and rim fields: 

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

if mod = 00 then OISP ; 0·, disp-Iow and disp-high are absent 

if mod = 01 then OISP = disp-Iow sign extended to 16 bits, disp
high IS absent 

If mod = 10 then OISP = disp-hlgh: dlsp-Iow 

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

If rim = 001 then EA = (BX) + (01) + OISP 

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

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

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

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

If rIm = 110 then EA + (BP) + OISp· 

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

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

• except if mod = 00 and rim = 110 then EQ = disp-high: 
disp-Iow. 

reg is assigned according to the following: 

REG SEGMENT REGISTER 

00 
01 
10 
11 

ES 
CS 
SS 
OS 

REG is assigned according to the following table: 

16-BIT (w = 1) 8-BIT (w = 0) 

000 AX 000 AL 
001 CX 001 CL 
010 OX 010 OL 
011 BX all BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 OH 
111 01 111 BH 

The physical addresses of all operands addressed by the 
BP register are computed using the SS segment register. 
The physical addresses of the destination operands of the 
string primitive operations (those addressed by the DI 
register) are computed using the ES segment, which may 
not be overridden. 
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Em HARRIS 80C286/883 
January 1992 

High Performance Microprocessor 
With Memory Management and Protection 

Features 

• This Circuit is Processed in Accordance to Mil-Std-883 and is Fully 
Conformant Under the Provisions of Paragraph 1.2.1. 

• Compatible with NMOS 80286/883 

• 10MHz Operation (80C286-10/883) 

• 12.SMHz Operation (80C286-12/883) 

• Static CMOS Design for Low Power Operation 

~ ICCSB = SmA Maximum 

~ ICCOP = 18SmA Maximum (80C286-10/883) 

~ ICCOP = 220mA Maximum (80C286-12/883) 

• Large Address Space: 

~ 16 Megabytes Physical 

~ 1 Gigabyte Virtual per Task 

• Integrated Memory Management, Four-Level Memory Protection 
and Support for Virtual Memory and Operating Systems 

• Two 80C86 Upward Compatible Operating Modes: 

~ 80C286/883 Real Address Mode 

~ Protected Virtual Address Mode 

• Compatible with 80287 Numeric Data Co-processor 

• Available in 68 Pin PGA (Pin Grid Array) Package 

• Wide Operating Temperature Range ..•.••.•.•. -SSoC to +12S0 C 

Description 

The Harris 80C286/883 is a static CMOS version of the NMOS 80286 
microprocessor. The 80C286/883 is an advanced, high-performance 
microprocessor with specially optimized capabilities for multiple user and 
multi-tasking systems. The 80C286/883 has built-in memory protection 
that supports operating system and task isolation as well as program and 
data privacy within tasks. The 80C286/883 includes memory management 
capabilities that map 230 (one gigabyte) of virtual address space per task 
into 224 bytes (16 megabytes) of physical memory. 

The 80C286/883 is upwardly compatible with 80C86 and 80C88 software 
(the 80C286/883 instruction set is a superset of the 80C86/80C88 
instruction set). Using the 80C286/883 real address mode, the 80C286/ 
883 is object code compatible with existing 80C86 and 80C88 software. In 
protected virtual address mode, the 80C286/883 is source code compati· 
ble with 80C86 and 80C88 software but may require upgrading to use 
virtual address as supported by the 80C286/883's integrated memory 
management and protection mechanism. Both modes operate at full 
80C286/883 performance and execute a superset of the 80C86 and 
80C88 instructions. 

The 80C286/883 provides special operations to support the efficient 
implementation and execution of operating systems. For example, one 
instruction can end execution of one task, save Its state, switch to a new 
task, load its state, and start execution of the new task. The seg ment-not
present exception and restartable instructions. 

Copyright © Harris Corporation 1992 
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Pin Configurations 

COMPONENT PAD VIEWS 
As viewed from underside of the component 

when mounted on the board. 

.. "" ., ., 
v" '" ., RESET .. M 

., .. .. .. 
." .,. 
." ." 

;~~aaoaoo 

go~EC'i~~ol; 
@®@@@@@@@ 

@@@@@@@@@@l@ ERROR file 

~~ [J~~ ::" ::" 
@@ @@ IIIMI lIIe 

@ @ PGA €V @J PEREa vss 

@@ @@ READY Vee 

@ @ @ i§ HLOA HOLD 

8@ @8 - --@@@@®@®002 @ file 

@@@@000 3 , 

< < < < ~ ~ I~ '. I~) < < < ~ ~ ~ 
,. 

~ 

P.C. BOARD VIEWS 
As viewed from the component side of the 

P.C. board. 

0 ~ 0 5 0 E ~ ~ ~ 

Ii 8 ~ ~ ~ 8 8 0 8 

@@@@@@@®® 
NC ERROA @@@@@@@@@@@ "" .. 

9USV Ne <§@ @@ ., ., 
@@ @@ '" v" 

88 88 RESET A3 

Vss PEREa @J@ PGA @@.44 
Vee READY @@ @@ A6 

!iDLQ HLDA r§ @ @ @ A8 

- 8@ @8 - ~ 
Ne @ch0®®®@@@@@ A12 A13 

!S~®0®@@8@ 

\ ,: I. I~ ~ ~ , • , :; 
I~ ~ 1l7l ~ ~ ~ ~ ~ ~ 

eOD/iNTA 

File Number 2948 



Specifications 80C286/883 

Absolute Maximum Ratings Reliability Information 

Supply Voltage .•............•.......•......•.•.....•.. +8.0V 
Input, Output or I/O Voltage Applied .... GND -1.0V to VCC +1.0V 
Storage Temperature Range ......•.......... -650C to +1500C 

0jc •....................•......•...... 170C/W (PGA Package) 
Cja ..................•................ 41 °C/W (PGA Package) 
Maximum Package Power Dissipation ...............•.... 1.22W 

Junction Temperature ................................ +1750C Typical Derating Factor ........... 17mA/MHz Increase in ICCOP 
lead Temperature (Soldering, 10 Seconds) ...........•• +3000C 
ESD Classification ...........................•....•... Class 1 

Gate Count ...........•........................ 22,500 Gates 

CAUTION; Stresses above those listed to the "Absolute Maximum Ratmgs" may cause permanent damage to the device. This IS a stress onfy ratmg and oper
ation of the devllce at these or any other conditions above those mdicated to the operation sectIOn of thiS specification IS not Implied. 

Operating Conditions 

Operating Voltage Range ..................••... +4.5V to +5.5V Input RISE/FAll Time (From 0.8V to 2.0V) 
Operating Temperature Range ............... -550C to +1250C 
System Clock (ClK) RISE Time (From 1.0V to 3.6V) ..... 8ns (Max) 

80C286-10/883 .••...•••...................... 1 Ons (Max) 
80C286-12/883 ...............................•. 8ns (Max) 

System Clock (ClK) FAll Time (From 3.6V to 1.0V) ..... 8ns (Max) 

TABLE 1. 80C286/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

GROUP A 
LIMITS 

PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX UNITS 

Input lOW Voltage Vil VCC=4.5V 1,2,3 -550C.$.TA.$.+1250C -0.5 0.8 V 

Input HIGH Voltage VIH VCC= 5.5V 1,2,3 -55°C <TA < +1250C 2.0 VCC+0.5 V 

ClK Input lOW Voltage VllC VCC=4.5V 1,2,3 -55°C <TA <+1250C -0.5 1.0 V 

ClK Input HIGH Vo~age VIHC VCC=5.5V 1,2,3 -55°C :O;TA :O;+1250C 3.6 VCC+0.5 V 

Output lOW Voltage VOL IOl=2.0mA, 1,2,3 -55°C :o;TA::;: +1250C - 0.4 V 
VCC=4.5V 

Output HIGH Voltage VOH 10H = -2.0mA, 1,2,3 -55°C .$.TA::;: +1250C 3.0 - V 
VCC= 4.5V, 

10H =-100IlA, VCC -0.4 - V 
VCC= 4.5V 

Input leakage Current II VIN= GNDorVCC 1,2,3 -55°C :o;TA::;: +1250C -10 10 IlA 
VCC = 5.5V, Pins 29, 
31,57,59,61,63-64 

Input Sustaining ISHl VCC = 4.5V and 5.5V 1,2,3 -550C::;:TA::5.+1250C 38 200 IlA 
Current lOW VIN = 1.0V, Note 1 

Input Sustaining ISHH VCC = 4.5V and 5.5V 1,2,3 -55°C ::;.TA::;: +125OC -50 -400 IlA 
Current HIGH VIN = 3.0V, Note 2 

Input Sustaining ISH VCC = 4.5V and 5.5V 1,2,3 -550C:S:TA:S:+1250C -30 -500 IlA 
Current on VIN = GND, Note 5 
BUSY and ERROR Pins 

Output leakage Current 10 Vo=GNDorVcc 1,2,3 -550C ::;.TA.$.+1250C -10 10 IlA 
VCC = 5.5V, Pins 1, 
7-8,10-28,32-34 

Active Power ICCOp 8OC286-1 0/883, 1,2,3 -550C ~TA::;' +1250C - 185 mA 
Supply Current Note 4 

8OC286-12/883, - 220 mA 
Note 4 

Standby Power ICCSS VCC= 5.5V 1,2,3 -55°C::;. TA ::;'+1250C - 5 mA 
Supply Current Note 3 

NOTES: 1. ISHL should be measured after lowering VIN to GND and then raiSing to 1.0Von the follOWing pins: 36-51,66,67 
2. ISHH should be measured after raising VIN to Vee and then lowenng to 3.0V on the following pins: 4-6, 36-51, 66-68. 
3. ICCSB should be tested with the clock stopped in phase two of the processor clock cycle. VIN = VCC or GND, VCC = 5 5V, outputs unloaded. 
4. lecop measured at 10MHz for the 80C286-10/883 and 12.5MHz forth. 80C286-12/883. VIN = 2.4V or O.4V. Vec = 5.5V. outpuls unloaded. 
5. ISH should be measured after raiSing VIN to VCC and then towerng to OV on pins 53 and 54. 

CAUTION: These devices are sensitive to electroniC discharge. Proper IC handling procedures should be followed. 
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Specifications 80C286/883 

TABLE 2. 80C286/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Datasheet Waveforms, Unless Otherwise Noted. 
Device Guaranteed and 100% Tested. 

80C286/883 

GROUP A 
10MHz 12.5MHz 

PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX MIN MAX UNITS 

System Clock 1 VCC=4.5V 9,10, 11 -550C ~TA ~ +1250C 50 - 40 - ns 
(ClK) Period and 5.5V 

System Clock 2 VCC = 4.5Vand 9,10,11 -550C ~ TA ~ +1250C 12 - 11 - ns 
(ClK) low Time 5.5V@ 1.0V 

System Clock 3 VCC = 4.5V and 9,10, 11 -550C ~TA~ +1250C 16 - 13 - ns 
(ClK) High Time 5.5V@3.6V 

Asynchronous 4 9,10,11 -550C ~TA~ +1250C 20 - 15 - ns 
Inputs SETUP Time 
Note 1 

Asynchronous 5 9,10,11 -55°C ~TA~ +1250C 20 - 15 - ns 
Inputs H OLD Time 
Note 1 

RESET SETUP Time 6 9,10,11 -550C ~TA~ +1250C 19 - 10 - ns 

RESET HOLD Time 7 VCC=4.5V 9,10,11 -55°C ~ TA~ +1250C a - a - ns 
and 5.5V 

Read Data 8 9,10,11 -550C ~TA~ +1250C 8 - 5 - ns 
SETUP Time 

Read Data 9 9,10,11 -550C ~TA~ +1250C 4 - 4 - ns 
HOLD Time 

READY SETUP Time 10 9,10,11 -550C~TA~+1250C 26 - 20 - ns 

READY HOLD Time 11 9,10,11 -550C ~TA~ +1250C 25 - 20 - ns 

Status/PEACK 12A 

I 
9,10,11 -55°C ~TA ~ +1250C 1 22 1 21 ns 

Active Delay 
Note 4 

Status/PEACK 128 9,10,11 -550C ~TA~ +1250C 1 30 1 24 ns 
Inactive Delay 
Note 3 

Address Valid Delay 13 VCC = 4.5V and 9,10,11 -550C ~TA ~ +1250C 1 35 1 32 ns 
Note 2 5.5V, Cl = 100pF 

Write Data Valid 14 ',.1'1' 9,10,11 -55°C ~ TA ~ +1250C a 40 a 31 ns 
Delay Note 2 

HlDA Valid Delay 15 9,10,11 -550C~TA~+1250C a 47 a 25 ns 
Note 5 

NOTES: 1. Asynchronous inputs are INTR, NMI. HOLD, PEREa, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific elK edge. 

2. Delay from 1.0V on the elK to O.SV or 2.0V. 

3. Delay from I.OVon the eLK to 08V for Min (HOLD lime) and to 2.0V for Max (Inactive delay). 

4. Delay from I.OV on the eLK to 2.0V for Min (HOLD time) and to O.8V for Max (active delay). 

5. Delay from I.OV on the eLK to 2.0V. 

CAUTION: These devices are sensitive to electrOniC discharge. Proper Ie handling procedures should be followed. 
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Specifications 80C286/883 

TABLE 3. 80C286/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 

8OC286/883 

10MHz 12.5MHz 

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX MIN MAX UNITS 

ClK Input Capacitance CClK FREQ=1MHz 5 TA=+250 C - 10 - 10 pF 

Other Input Capacitance CIN 5 TA=+250 C - 10 - 10 pF 

I/O Capacitance CliO 5 TA=+250 C - 10 - 10 pF 

Address/Status/Oata 15 1,3,4,5 -550 C :£TA:£ +1250 C 0 47 0 32 ns 
Float Delay 

Address Valid to Status 19 Il=12.0mAI 1,2,5 -550 C :£TA~ +1250 C 27 - 20 - ns 
SETUP Time 

NOTES 1. Output Load: CL = 100pF 
2 Delay measured from address either reaching 0 8V or 20V (valid) to status gOing active reaching O.BV or status gOing inactive reaching 2.0V. 

3 Delay from 1 OV on the elK to Float (no current drive) condition. 

4. IL = -6mA (VOH to Float), IL = SmA (VOL to Float). 
5. The parameters listed In Table 3 are controlled Via. design or process parameters and are not directly tested. These parameters are charac-

tenzed upon Initial design and after malor process and/or design changes. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 100%/5004 -
Interim Test 100%/5004 1,7,9 

PDA 100% 1 

Final Test 100% 2,3,8A,8B,10,11 

Group A - 1,2,3, 7,8A, 8B,9,10,11 

GroupC&D Samples/5005 1,7,9 

CAUTION. These devices are senSitive to electrOniC discharge Proper Ie handling procedures should be followed 
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Specifications 80C286/883 

A.C. Electrical Specifications (Continued) 

82C284 and 82C288 TIMING SPECIFICATIONS ARE GIVEN FOR REFERENCE ONLY, AND NO GUARANTEE IS IMPLIED. 

82C284 TIMING 

10MHz 12.5MHz 

SYMBOL PARAMETER MIN MAX MIN MAX I UNIT TEST CONDITION 

TIMING REQUIREMENTS 

11 SRDY /SRDYEN Setup Time 15 - 15 - ns 

12 SRDY /SRDYEN Hold Time 2 - 2 - ns .-
13 ARDY/ARDYEN Setup Time 5 - 5 - ns (Note 1) 

14 ARDY/ARDYEN Hold Time 30 - 25 - ns (Note 1) 

TIMING RESPONSES 

19 PClKDeiay 0 20 0 16 ns Cl=75pF 

IOl=5mA 

IOH=-lmA 

82C288 TIMING 

10MHz 12.5MHz 

SYMBOL PARAMETER MIN MAX MIN MAX UNIT TEST CONDITION 

TIMING REQUIREMENTS 

12 CMDlY Setup Time 15 - 15 - ns 

13 CMDl Y Hold Time 1 - 1 - ns 

TIMING RESPONSES 

16 ALE Active Delay 1 16 1 16 ns 

17 ALE Inactive Delay - 19 - 19 ns 

19 DT/R Read Active Delay - 23 - 23 ns Cl = 150pF 

20 DEN Read Active Delay 0 21 0 21 ns IOl = 16mA Max 

21 DEN Read Inactive Delay 3 23 3 21 ns IOH = -1 mA Max 

22 DT /R Read Inactive Delay 5 24 5 18 ns 

23 DEN Write Active Delay - 23 - 23 ns 

24 DEN Write Inactive Delay 3 23 3 23 ns 

29 Command Active Delay from ClK 3 21 3 21 ns Cl=300pF 

30 Command Inactive Delay from ClK 3 20 3 20 ns IOl = 32mA Max 

NOTE 1. These times are given for testing purposes to ensure a predetermined action. 
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80C286/883 

A.C. Specifications (Continued) 

4.0V 

CLKINPUT 

O.45V 

4.0V 

CLKINPUT 

O.4SV 

2.4V 

OTHER 
DEVICE 
INPUT 

DEVICE 
OUTPUT 

O.4V 

A.C. DRIVE AND MEASURE POINTS - ClK INPUT 

'\ '7 1.0V 1.0V 

3.GV 

...; K. 1.0V 

~ tSETUP .. t-- tHOLO_ 

~?~2.0V 2.0V \~ 

•• BY 

~ 

O.BV,k: 

t-- tOELAY (Max.) __ 

r-tOELAY (Min.)-

X .;(-
'X' X 

» 0. )l\i 'X 
.) .X 'X' .x ~ 

I 

NOTE:. For A.C. testing, input nse and fall times are driven at 1 ns per volt. 
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Waveforms 

80C286/883 

READ CYCLE 
ILLUSTRATED WITH ZERD 
WAIT STATES 

WRITE CYCLE 
ILLUSTRATED WITH ONE 
WAIT STATE 

READ 
(TI DR Ts) 

BUS CYCLE TYPE ~ ~ ~ ~ ~ ~ 

'~r~~CD~~~~,_/\.:;n~J"'~J"'~J"lf../ 
- @- - I-

VOL 

CLK 

'It / 

I.@-
..;j]). ~J 

4@.H 

-A23 - AO 

M/ili, COD INTA 
VALID ADDRESS )W~ VA LID ADDI )Q'J'})J( lESS R///X. VALID TS -

N 

~ 
Z .. .. 
'" 

READY 

SRDY + SRDYE 

~i 

----.------------

N 

H~2_i 
VALID CDNTR IL w//4 -

®- I- r@1 
~~f:; ---- ._ •• I" ~---,~ 

~A@~~D:m 

j®-

- -@' 

..:l@1-

-@ 

VAliD CDNTIIDL 

VALI~ WRITE DATA 

-i@r 
1-1 @ I-

~\\~ 

I- -® I-
..:l@~ 

~ ARDY + ARDYE N "////, ~~ ~\.~ 

K_~~-:' ~~ 
-i~,--,,--i'-PCL ...r 

AL F. 
@- ;..: 

"" r ""\ 
-@ - @-- ~ i@1-- t@. -j@- I-

CMDL Y ~ 

- @ @-
MWT C ~ 

~ MRD 

-i@- -i®t NDTE -1) 

C -F 
-@-

DT/ jj f 
- - '~ ~@ 

@- t®- I-
@~ -

DE N ~ ~ 

MAJOR CYCLE TIMING 

NOTES: 1. The modified timing IS due to the CMDLY signal being active. 

2. 82C284 and 82C288 timing waveforms are shown for reference only, and no guarantee is Implied. 
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80C286/883 

Waveforms (Continued) 

80C286/883 ASYNCHRONOUS INPUT SIGNAL TIMING 
80C286/883 RESET INPUT TIMING AND 

SUBSEQUENT PROCESSOR CYCLE PHASE 

BUS CYCLE TYPE 

ClK 

PCLK 
(SEE NOTE 1) 

INTR, NMI 
H 0 l 0, PE R En TT7:r77mrn\lr''''"""1"\J/1T,'7T.r77n 
(SEE NOTE 21 ~LL/..",+t...LI.<'l'--+-'1'LL/..<..L.L.UJ.L 

0-
ERROR,BUSY~~ __ ~~~~~~ ____ J'~ 
(SEE NOTE 2) 

NOTES: 1. PCLK Indicates which processor cycle phase will occur on the 
next elK PCLK may not md lCate the correct phase until the first 
cycle IS performed. 

NOTE When RESET meets the setup time shown, the next eLK will start or 
repeat 412 of a processor cycle 

2 These Inputs are asynchronous The setup and hold times 
shown assure recognition for testmg purposes 

EXITING AND ENTERING HOLD 

BUS CYCLE TYPE 

ClK 

HlDA ______ +",,\ 
(SEE NOTE 4) 

PEACK ------------
IF NPX TRANSFER 

BHE, lOCK 
A23 - AU, 

MIlO, 
CODIINTA 

~~~ ______ -+~V=Al=I~D __ ~~~~~~-------------------

PClK __ .....il \,-------,1 \,-------,1 \,-------,r 

NOTES: 1. These signals may not be driven by the 80C286/883 during the time shown. The worst case in terms of latest float time is shown. 

2. The data bus will be dnven as shown If the last cycle before TI in the diagram was a wnte TC' 

3. The 80C286/883 puts Its status pins In a high impedance logiC one state during TH' 

4. For HOLD request set up to HLDA, refer to Figure 29. 

5. BHE and LO"C'K. are driven at this time but will not become valid until TS' 

6. The data bus Will remain In a high Impedance state If a read cycle is performed. 
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80C286/883 

Waveforms (Continued) 

A23 - AO 

M/iii. CO D iNTA 

PEREO 

80C286/883 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 

MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER 110 PORT 
ADDRESS OOFA(H) IF MEMORY TO PROC. EXT. TRANSFER 

ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED. 8DC286/883 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TiME WITH TWO MEMORY CYCLES. 

NOTES: ,. PEACK always goes active dUring the first bus operation of a processor extension data operand transfer sequence. The first bus operation will be 
either a memory read at operand address or I/O read at port address OOFA(H). 

2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) IS 3 x ill - 12Amax. - @mm. The 
actual, configuration dependent, maximum time is: 3 x (j) - 12Amax. -@mln. +N x 2 x (1). N IS the number of extra T C states added to erther the 
first or second bus operation of the processor extension data operand tr<$nsfer sequence. 

INITIAL 80C286/883 PIN STATE DURING RESET 

BUS CYCLE TYPE 

RESET 

~.~ ------------~~~==------_t------------+_~_in_--------~l~--------
PEACK ____________ ~U_N_K_N_O_W_N ______ _+------------+_---'I 

A23- AO ------------~~~~----~----------+_----r_~r_~~.~-------
BHE ____________ ~U~N~K~N~O~W~N~ ____ _+------------+_----~--J 

M/rn--------------~~ __ ------~----------+_----+_~ 
COD/INTA _____________ U~N~K~N~O~W~N ______ _r----------_+----_+--_f----~jr--------

LOCK _____________ U~N~K2N~O~W~N~ ____ ~--------------~ 

HLDA _____________ U~N~K2N~O~W~N~ ________ ~----------------------~5SS---------

NOTES: 1. Setup time for RESET t may be violated with the consideration that 411 of the processor clock may begin one system elK period later. 

2. Setup and hold times for RESET t must be met for proper operation, but RESET t may occur during <1>1 or tjl2. 

3. The data bus is only guaranteed to be in a high impedance state at the lime shown. 
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Burn-In Circuit 

F 5 
F4 

F3 

VOO 
VSS 

RI 

RI 

RO 

RO 

RI 

RI~ 

RI 

~ 
RI 

~ 

RI 

RI~ 
~ 

RO 

RO 

RO 

RO 

GNO 

5.5V 

NOTES' 1 Supply Voltage 
VOO = 55V 
VSS - O.OV 

C1 ~ 

2 Input Voltage limits 
VIL (Maximum) = O.SV 
VIH (Minimum) = 20V 

3. Component Values 
RC = 1kn ±5% 
RI = 10kn ±5% 

5251 

53 

54 
55 

56 

57 

58 

59 

60 
61 

62 
63 

64 

65 

66 

67 

68 

'\. 1 

0 
a: 

RO = Two Senes 2 7kO ±5% 

4. Capacitor Values 
Cl = 0.1 Microfarads 

80C286/883 

80C286/883 PGA 

RI RltRI RI AI RI RI RI RI ~I RI RI RI RI RI RII 

50 49 48 47 46 45 44 43 42 41 40 39 38 37 363534 

2 3 

0 0 
a: a: 

33 

32 

31 
30 
29 
28 
27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

4 5 6 7 8 9 10 11 12 13 14 15 16 17 

VSS 

0 0 0 0 0 0 0 0 0 0 0 0 0 VOO a: a: a: a: a: a: a: a: a: a: a: a: a: 

5. Oven Type and Frequency Requirements 
Wakefield Oven Board fO = 100kHz, f3 = 12.5kHz, 
f4 = 6.25kHz, f5 = 3.125kHz, f7 = 7S125Hz. 

6 Special Requirements 
(8) ELECTROSTATIC DISCHARGE SENSITIVE. Proper 

Precautions Must be Used When Handling Umts 
(b) All Power Supphes Must be al Zero Volts When the Boards 

are Inserted Into the Ovens. 
(c) When Powe.,ng Up,the Inputs Must be Held Below the VOO 

Voltage. 
(d) If an ExceSSive Current IS Indicated at Final Inspection. 

Check to See If a Part is Inserted Backwards or IS Latched 
Up 

3-115 

RO 

RO 

RO 

RC FO 

RI F7RO 

RO 

RO 

RO 

RO 

RO 

RO 

RO 

RO 

RO 

RO 



Metallization Topology 

DIE DIMENSIONS: 
315 x 320 x 19 ± 1 mils 

METALLIZATION: 
Type: Si-AI 
Thickness: akA 

GLASSIVATION: 
Type: Nitrox 
Thickness: 10kJl. 

Metallization Mask Layout 

80C286/883 

DIE ATTACH: 
Material: Si-Au Eutectic Alloy 
Temperature: Ceramic PGA - 4200C (Max) 

WORST CASE CURRENT DENSITY: 2 x 105A/cm2 

LEAD TEMPERATURE (10 Seconds Soldering): $. 3000 C 

80C286/883 
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Packaging 

1.140 
1.180 

80C286/883 

68 PIN GRID ARRAY (PGA) 

t------ ::::: ~ 
sse~1 

o @ @ @ @ @ 0 0 lot-+-+--, 
@0@@00@0@ 

0@ @@ 
0@ 

D 
@@ 

@@ 0@ 
@@ @@ 1.000 

sse 
0@ @@ 
00 @@ 
0@ @@ 
@@@0@@@@0@o 

Lo.003 

.080 

.140 

LEAD FINISH: Type C COMPLIANT OUTLINE: MIL-STD-1835, CMGA3-P68D 
MATERIALS: Compliant to MIL-M-38510 

NOTE. All DimenSions are .l:ill.!l... , Dimensions are In Inches 
Max 
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mlHARRIS 80C86 
January 1992 CMOS 16 Bit Microprocessor 

Features Description 

• Compatible with NMOS SOS6 The Harris SOCS6 high performance 16 bit CMOS CPU is 

• Completely Static CMOS Design 
manufactured using a self-aligned silicon gate CMOS 
process (Scaled SAJI IV). Two modes of operation, 

~ DC ............................... 5MHz (SOCS6) MINimum for small systems and MAXimum for larger 
~ DC ••••••••••••••••••••••••••••• SMHz (SOCS6-2) applications such as multi-processing, allow user 

• Low Power Operation 
configuration to achieve the highest performance level. Full 
TTL compatibility (with the exception of CLOCK) and 

~ ICeSB .............................. 500llA (Max) industry standard operation allow use of existing NMOS 
~ Iceop .......................... 10mA/MHz (Typ) SOS6 hardware and software designs. 

• 1MByte of Direct Memory Addressing Capability Ordering Information 
• 24 Operand Addressing Modes 

PACKAGE TEMP. RANGE 5MHz 8MHz 
• Bit, Byte, Word and Block Move Operations Plastic OOCto +700 C CP80C88 CP80C86-2 
• S Bit and 16 Bit Signed/Unsigned Arithmetic DIP -400C to +850 C IP80C88 IP80C86-2 

~ Binary, or Decimal PLCC OOCto +700 C C880C86 C880C86-2 

~ Multiply and Divide 
-400 C to +850 C 1880C86 1880C86-2 

Ceramic OOCto +700 C C080C86 C080C86-2 
• Wide Operating Temperature Range DIP -400 C to +850 C ID80C86 1080C86-2 

~ CSOCS6 ........................... 00Cto+700C -550 C to +1250 C M080C86/B M080C86-2/B 

~ ISOCS6 ......................... -400C to +S50C 
8MO# 8405201QA 8405202QA 

LCC -550C to +1250C MR80C86/B MR80C86-2/B 
~ MSOCS6 ....................... -550e to +1250C 8MO# 8405201XA 8405202XA 

Pinouts 
40 LEAD DIP 44 LEAD PLCC AND LCC PACKAGE 

TOP VIEW TOP VIEW 

-1= (MIN) .. .. .. 
~ 

.. 
GND !;b N .. 0 

" " ~ ~ 
r-- ;:; ;:; ;:; ;:; z z " ;:; .. .... .. 

AD14~ 
C C C C " > c :c :c :c 39 AD15 MAX MODE 

80e88 
N .. .. .. .. 

~ 
.. 

~'~i 38 1.16/83 -r M'NMOD~ 0 

" g ~ ~ ;:; ;:; ;:; ;:; z z ;:; .. .... .. 
AD12 4 ~ A17/S4 80Ct 

c c c c " c :c :c :c 
ADll 5 ~ Al6/S5 

18: • 5' I'" •• 3 I • 2' I 1 114411431142' 141' '40' 
10_ .. 10_.1 ,,_"" .. _ ..... _ .. L_J "_001 10_01 ... _"' .. _"" ,,_'" 

ADl0~ -~ r-
35 1.19/56 AD10 AD10 7 • '39 NC Ne 

~ BHE/~ -" L_ 

ADS 7 -~ r-
AD9 AD9 a. '38 A19/88 Ala/se 

AD8~ -" L_ 

33 MN/MX -~ r-
BHE/S BHE 187 

AD7 :;: iiiffi AD8 AD8 9 • '37 -" L_ 
-~ r-

~RO!GTO 
AD7 AD7 10' ~~ MN/MX MN/Mx 

AD810 (HOLD) -" -~ 

AD~~ I RQ/Gn 
(HLDA) ADa ADa 11' '3S RD RD -" L_ 

-~ r-
Re /GTO AD4 12 29 LOCK (WR) AD5 ADS 12' '34 HOLD _ . L _ 

AD3~ Ii> (MliO) 
-~ r-

RQ IGll AD. AD. 13' '3. HLDA 
-" L_ 

(DT/ii) -~ r- - -AD2~ 27 51 AD3 AD3 14' '32 WR LOCK 

26 so -" L_ 
ADl 15 (DEN) -~ r- - -

AD2 AD2 15' '31 MilO 8. 

ADO~ ~OSO (ALE) -" L_ 
-~ r- - S1 ADl ADl 16' '30 DT fR -:i ~OSl (INTA) -" L_ 
-~ r- - -

.NTR 18 ~TEST ADO ADO 17' '29 DEN 80 
-" L_ 

CIJ( 19 ~ READY 
r-' r-, r-, r-, r-, r-' r-, r-., r-, r-, r-, 

M,JMODE_) 
11811191120112111221 '231 12'" 1251 1281'271 128' 

GND 1!2 ~ RESET 

" :ii I!' ~ 0 

" ~ :; 
1M Ii w i---' 80086 , z ili ... z z ;! " " 

Z < MAX MODE a: a: 

" :ii I!' ~ 0 

" 
Iii 1; 

1M 
;;; 

2 ~aoc86 
z .. < Z Z ;! " " 

Z W ~ a a a: 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
COpyright C> Harris Corporation 1992 

File Number 2957 
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Functional Diagram 

EXECUTIDN UNIT 

I REGISTER FILE I 
DATA, 

PDINTER,& 
INDEX REGS 
(BWORDS) 

80C86 

BUS INTERFACE UNIT 
I RELOCATION I 

REGISTER FILE 
SEGMENT 

REGISTERS & 
INSTRUCTION 

POINTER 
(SWORDS) 

r-'-::;'oL--, _ BHE/S7 

FLAGS 

6-BYTE 
INSTRUCTION 

QUEUE 

A19/Ss 
A161Sl 

AD1S-AOO 

INTA, iiD,WR 

DTlii, DEN, ALE,M/iii 

TEST--~~------~~--------~ 
INTR 

NMI 

iiiiJGTO,l 

HOLD 
HLDA'-~~~ __ r-__ ~ __ -r __ ~~ 

BUS 
INTERFACE 

UNIT 

EXECUTION 
UNIT 

CLK RESET READY MNtMX GNO 
VCC 

CS 
SS 

DS 
IP 

AH 
BH 
CH 
OH 

SP 
BP 
SI 
01 

AL 
BL 
CL 
DL 

C-BUS 

A-BUS 
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80C86 

Pin Description 

The following pin function descriptions are for BOCB6 interface connection to the BOCB6 (without regard to 
systems in either minimum or maximum mode. The "Local additional bus buffers). 
Bus" in these descriptions is the direct multiplexed bus 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

AD15-ADO 2-16,39 I/O ADDRESS DATA BUS; These lines constitute the time multiplexed memory/IO address (Tl) 
and data {T2, T3, TW, T4) bus.AO is analogous to BHE for the lower byte of the data bus, pins 
D7 -DO. It is LOW during Tl when a byte is to be transferred on the lower portion of the bus in 
memory or I/O operations. Eight-bit oriented devices tied to the lower half would normally 
use AO to condition chip select functions (See BHE). These lines are active HIGH and are 
held at high impedance to the last valid logic level during interrupt acknowledge and local 
bus "hold acknowledge" or "grant sequence". 

A19/S6 35-38 0 ADDRESS/STATUS; During Tl, these are the four most significant address lines for 
A18/S5 memory operations. During I/O operations these lines are LOW. During memory and I/O 
A17/S4 operations, status information is available on these lines during T2, T3, TW, T4. S6 is always 
A16/S3 LOW. The status of the interrupt enable FLAG bit (S5) is updated at the beginning of each 

clock cycle. S4 and S3 are encoded as shown. 

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

These lines are held at high impedance to the last valid logic level during local bus "hold 
acknowledge" or "grant sequence". 

54 53 CHARACTERISTICS 

0 0 Alternate Data 
0 1 Stack 
1 0 Code or None 
1 1 Data 

BHE/S7 34 0 BUS HIGH ENABLE/STATUS; During Tl the bus high enable signal (BHE) should be used 
to enable data onto the most significant half of the data bus, pins D15-D8. Eight bit oriented 
devices tied to the upper half of the bus would normally use BHE to condition chip select 
functions. BHE is LOW during Tl for read, write, and interrupt acknowledge cycles when a 
byte is to be transferred on the high portion of the bus. The S7 status information is available 
during T2, T3and T4. The signal is active LOW, and is held at high impedance to the last 
valid logic level during interrupt acknowledge and local bus "hold acknowledge" or "grant 
sequence"; it is LOW during Tl for the first interrupt acknowledge cycle. 

BHE AO CHARACTERISTICS 

0 0 Whole word 
0 1 Upper Byte from/to 

odd address 
1 0 Lower byte from/to 

even address 
1 1 None 

RD 32 0 READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, 
depending on the state of the M/iO or 52 pin. This signal is used to read devices which reside 
on the 80C86 local bus. RD is active LOW during T2, T3 and TW of any read cycle, and is 
guaranteed to remain HIGH in T2 until the 80C86 local bus has floated. 

This line is held at a high impedance logic one state during "hold acknowledge" or "grant 
sequence". 

READY 22 I READY; is the acknowledgement from the addressed memory or I/O device that will com-
plete the data transfer. The RDY signal from memory or I/O is synchronized by the 82C84A 
Clock Generator to form READY. This signal is active HIGH. The 80CS6 READY input is not 
synchronized. Correct operation is not guaranteed if the Setup and Hold Times are not met. 

INTR 18 I INTERRUPT REQUEST; is a level triggered input which is sampled during the last clock 
cycle of each instruction to determine if the processor should enter into an interrupt acknowl-
edge operation. A subroutine is vectored to via an interrupt vector lookup table located in 
system memory. It can be internally masked by software resetting the interrupt enable bit. 
INTR is internally synchronized. This signal is active HIGH. 
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Pin Description (Continued) 

The following pin function descriptions are for BOCB6 
systems in either minimum or maximum mode. The "Local 
Bus" in these descriptions is the direct multiplexed bus 

interface connection to the BOCB6 (without regard to 
additional bus buffers). 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

TEST 23 I TEST: input is examined by the "Wait" instruction. If the TEST input is lOW execution con-
tinues, otherwise the processor waits in an "Idle" state. This input is synchronized internally 
during each clock cycle on the leading edge of ClK. 

NMI 17 I NON-MASKABlE INTERRUPT: is an edge triggered input which causes a type 2 interrupt. A 
subroutine is vectored to via an interrupt vector lookup table located in system memory. NMI 
is not maskable internally by software. A transition from lOW to HIGH initiates the interrupt 
at the end of the current instruction. This input is internally synchronized. 

RESET 21 I RESET: causes the processor to immediately terminate its present activity. The signal must 
transition LOW to HIGH and remain active HIGH for at least four clock cycles. It restarts 
execution, as described in the Instruction Set description, when RESET returns LOW. RESET 
is internally synchronized. 

CLK 19 I CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with 
a 33% duty cycle to provide optimized internal timing. 

VCC 40 VCC: +5V power supply pin. A 0.1 ~F capacitor between pins 20 and 40 is recommended for 
decoupling. 

GND 1,20 GND: Ground. Note: both must be connected. A 0.1 ~F capacitor between pins 1 and 20 is 
recommended for decoupling. 

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

The following pin function descriptions are for the BOCB6 in 
minimum mode (i.e. MN/MX = VCC). Only the pin functions 

which are unique to minimum mode are described; all other 
pin functions are as described below. 

MINIMUM MODE SYSTEM 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

M/IO 28 0 STATUS LINE: logically equivalent to S2 in the maximum mode. It is used to distinguish 
a memory access from an I/O access. M/IO becomes valid in the T 4 preceding ~us 
cycle and remains valid until the final T4 ofthe cycle (M = HIGH,IO = LOW). M/IO is held to 
a high impedance logic one during local bus "hold acknowledge". 

WR 29 0 WRITE: indicates that the processor is performing a write memory or write I/O cycle, 
depending on the state of the M/iO signal. WR is active for T2, T3 and TW of any write 
cycle. It is active LOW, and is held to high impedance logic one during local bus "hold 
acknowledge". 

INTA 24 0 INTERRUPT ACKNOWLEDGE: is used as a read strobe for interrupt acknowledge 
cycles. It is active LOW during T2, T3 and TW of eacn interrupt acknowledge cycle. Note 
that INTA is never floated. 

ALE 25 0 ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the 
82C82/82C83 address latch. It is a HIGH pulse active during clock LOW of T1 of any bus 
cycle. Note that ALE is never floated. 

DT/R 27 0 DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use a data 
bus transceiver. It is used to control the direction of data flow through the transceiver. 
Lo~ally, DT /A is equivalent to ~ in maximum mode, and its timing is the same as for 
M/IO (T = HIGH, R = LOW). DT/R is held to a high impedance logic one during local bus 
"hold acknowledge". 

DEN 26 0 DATA ENABLE: provided as an output enable for a bus transceiver in a minimum system 
which uses the transceiver. DEN is active LOW during each memory and I/O access and 
for INTA cycles. For a read or INTA cycle it is active from the middle of T2 until the middle 
ofT 4, while for a write cycle it is active from the beginning ofT2 until the middle ofT 4. 
DEN is held to a high impedance logic one during local bus "hold acknowledge". 
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Pin Description (Continued) 

The following pin function descriptions are for the 80C86 in 
minimum mode (Le. MN/MX = VCC). Only the pin functions 

which are unique to minimum mode are described; all other 
pin functions are as described below. 

MINIMUM MODE SYSTEM (Continued) 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

HOLD 31, I HOLD: indicates that another master is requesting a local bus "hold". To be a acknowl-
HlDA 30 0 edged, HOLD must be active HIGH. The processor receiving the "hold" will issue a "hold 

acknowledge" (HlDA) in the middle of a T4 or TI clock cycle. Simultaneously with the 
issuance of HlDA, the processor will float the local bus and control lines. After HOLD is 
detected as being lOW, the processor will lower HlDA, and when the processor needs 
to run another cycle, it will again drive the local bus and control lines. 

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

The following pin function descriptions are for the 80C86 
system in maximum mode (Le., MN/MX = GNO). Only the 

pin functions which are unique to maximum mode are 
described below. 

MAXIMUM MODE SYSTEM 

SYMBOL 

SO 
51 -
S2 

RO/GTO 
RO/GT1 

PIN 
NUMBER 

26 
27 
28 

31, 
30 

TYPE 

0 
0 
0 

I/O 

DESCRIPTION 

STATUS: is active during T4, T1 and T2 and is returned to the passive state (1,1,1) during 
T3 or during TW when READY is HIGH. This status is used by the 82C88 Bus Controller to 
generate all memory and 110 access control signals. Any change by 82, S1 or So during T4 is 
used to indicate the beginning of a bus cycle, and the return to the passive state in T3 orTW 
is used to indicate the end of a bus cycle. 

These signals are held at a high impedance logic one state during "grant sequence". 

S2 S1 SO CHARACTERISTICS 

0 0 0 Interrupt Acknowledge 
0 0 1 Read I/O Port 
0 1 0 Write I/O Port 
0 1 1 Halt 
1 0 0 Code Access 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive 

REOUEST/GRANT: pins are used by other local bus masters to force the processor to 
release the local bus at the end of the processor's current bus cycle. Each pin is bi-liirectional 
with RO/GTO having higher priority than RO/GT1. RO/GT has an internal pull-up bus hold 
device so it may be left unconnected. The request/grant sequence is as follows (see RO/GT 
Sequence Timing) 

1. A pulse of 1 ClK wide from another local bus master indicates a local bus request 
("hold") to the 80C86 (pulse 1). 

2. During a T4 orTI clock cycle, a pulse 1 ClK wide from the 80C86 to the requesting 
master (pulse 2) indicates that the 80C86 has allowed the local bus to float and that it 
will enter the "grant sequence" state at the next ClK. The CPU's bus interface unit is 
disconnected logically from the local bus during "grant sequence". 

3. A pulse 1 ClK wide from the requesting master indicates to the 80C86 (pulse 3) that 
the "hold" request is about to end and that the 80C86 can reclaim the local bus at the 
next ClK. The CPU then enters T4 (orTI if no bus cycles pending). 

Each Master-Master exchange of the local bus is a sequence of 3 pulses. There must 
be one idle ClK cycle after each bus exchange. Pulses are active low. 
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Pin Description (Continued) 

The following pin function descriptions are for the SOCS6 
system in maximum mode (i.e., MN/MX = GN!,). Only the 

pin functions which are unique to maximum mode are 
described below. 

MAXIMUM MODE SYSTEM (Continued) 

PIN 
SYMBOL NUMBER TYPE 

LOCK 29 0 

QS1,QSO 24,25 0 

Functional Description 

Static Operation 

DESCRIPTION 

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

1. Request occurs on or belore T2. 

2. Current cycle is not the low byte 01 a word (on an odd address). 

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

4. A locked instruction is not currently executing. 

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

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

2. A memory cycle will start within three clocks. Now the four rules lor a cur-
rently active memory cycle apply with condition number 1 already satisfied. 

LOCK: output indicates that other system bus masters are not to gain control 01 the system 
bus while LOCK is active LOW. The LOCK signal is activated by the "LOCK" prefix instruc-
tion and remains active until the completion of the next instruction. This signal is active 
LOW, and is held at a high impedance logic one state during "grant sequence". In MAX 
mode. LOCK is automatically generated during T2 olthe first INT A cycle and removed dur-
ing T2 01 the second INTA cycle. 

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

QS1 and QSO provide status to allow external tracking of the internal 
BOCB6 instruction queue. Note that QS1, QSO never become high impedance. 

QS1 QSO 

0 a No Operation 
a 1 First byte 01 op code 

Iromqueue 
1 a Empty the Queue 
1 1 Subsequent byte Irom ~ 

queue 

All SOCS6 circuitry is of static design. Internal registers, 
counters and latches are static and require no refresh as 
with dynamic circuit design. This eliminates the minimum 
operating frequency restriction placed on other 
microprocessors. The CMOS SOCS6 can operate from DC 
to the specified upper frequency limit. The processor clock 
may be stopped in either state (HIGH/LOW) and held there 
indefinitely. This type of operation is especially useful for 
system debug or power critical applications. 

frequency is reduced, so is the operating power until, 
ultimately, at a DC input frequency, the SOCS6 power re
quirement is the standby current, (500flA maximum). 

Internal Architecture 

The internal functions of the SOCS6 processor are parti
tioned logically into two processing units. The first is the 
Bus Interface Unit (BIU) and the second is the Execution 
Unit (EU) as shown In the CPU functional diagram. 

These units can interact directly but for the most part per
form as separate asynchronous operational processors. 
The bus interface unit provides the functions related to 
instruction fetching and queuing, operand fetch and store, 
and address relocation. This unit also provides the basic 
bus control. The overlap of instruction pre-fetching provid
ed by this unit serves to increase processor performance 
through improved bus bandwidth utilization. Up to 6 bytes 
of the instruction stream can be queued while waiting for 
decoding and execution. 

The SOCS6 can be single stepped using only the CPU 
clock. This state can be maintained as long as is necessary. 
Single step clock operation allows simple interface circuitry 
to provide critical information for bringing up your system. 

Static design also allows very low frequency operation 
(down to DC). In a power critical situation, this can provide 
extremely low power operation since SOCS6 power dissipa
tion is directly related to operating frequency. As the system 
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The instruction stream queuing mechanism allows the BIU 
to keep the memory utilized very efficiently. Whenever there 
is space for at least 2 bytes in the queue, the BIU will 
attempt a word fetch memory cycle. This greatly reduces 
"dead-time" on the memory bus. The queue acts as a First
In-First-Out (FIFO) buffer, from which the EU extracts 
instruction bytes as required. If the queue is empty (follow
ing a branch instruction, for example), the first byte into the 
queue immediately becomes available to the EU. 

The execution unit receives pre-fetched instructions from 
the BIU queue and provides un-relocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
resu,lts to the BIU for storage. 

Mem'ory Organization 

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

SEGMENT 
REGISTER FILE 

CS }-
OS 

~ 

ES 

.r--:,.. FFF FFH 

T 
64181T 

• OFfSET 

;.....-......: 

~ 

~ 

~ 

} CODE SEGMENT 

XXXXOH 

} STACK SEGMENT 

} DATA SEGMENT 

} EXTRA SEGMENT 

~OOOOOH 

FIGURE 1. SOCSS MEMORY ORGANIZATION 

TABLE A. 

ALTER-
TYPE OF DEFAULT NATE 
MEMORY SEGMENT SEGMENT 

REFERENCE BASE BASE OFFSET 

Instruction Fetch CS None IP 
Stack Operation SS None SP 
Variable (except OS CS,ES,SS Effective 
following) Address 

String Source OS CS,ES,SS SI 
String Destination ES None 01 
BP Used As Base SS CS,DS,ES Effective 
Register Address 

All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of 
programs. The segment register to be selected is automati
cally chosen according to the specific rules of Table A. All 
information in one segment type share the same logical attrib
utes (e.g. code or data). By structuring memory into 
relocatable areas of similar characteristics and by automati
cally selecting segment registers, programs are shorter, 
faster and more structured. (See Table A). 

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

Physically, the memory is organized as a high bank (015-08) 
and a low bank (07-00) of 512K bytes addressed in parallel 
by the processor's address lines. 

Byte data with even addresses is transferred on the 07-00 
bus lines while odd addressed byte data (AO HIGH) is trans
ferred on the 015-08 bus lines. The processor provides two 
enable signals, BI-jE and AO, to selectively allow reading from 
or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched from mem
ory as words and is addressed internally by the processor at 
the byte level as necessary. 

In referencing word data, the BIU requires one or two memory 
cycles depending on whether the starting byte of the word is 
on an even or odd address, respectively. Consequently, in 
referencing word operands performance can be optimized by 
locating data on even address boundaries. This is an espec
ially useful technique for using the stack, since odd address 
references to the stack may adversely affect the context 
switching time for interrupt processing or task multiplexing. 

Certain locations in memory are reserved for specific CPU 
operations (See Figure 2). Locations from address FFFFOH 
through FFFFFH are reserved for operations including a jump 
to the initial program loading routine. Following RESET, the 
CPU will always begin execution at location FFFFOH where 
the jump must be located. Locations OOOOOH through 
003FFH are reserved for interrupt operations. Each of the 
256 possible interrupt service routines is accessed thru its 
own pair of 16-bit pointers - segment address pointer and 
offset address pointer. The first pointer, used as the offset 
address, is loaded into the IP and the second pointer, which 
designates the base address is loaded into the CS. At this 
point program control is transferred to the interrupt routine. 
The pointer elements are assumed to have been stored at the 
respective places in reserved memory prior to occurrence of 
interrupts. 
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FIGURE 2. RESERVED MEMORY LOCATIONS 

Minimum and Maximum Operation Modes 

The requirements for supporting minimum and maximum 
80C86 systems are sufficiently different that they cannot be 
met efficiently using 40 uniquely defined pins. Consequent
ly, the 80C86 is equipped with a strap pin (MN/MX) which 
defines the system configuration. The definition of a certain 
subset of the pins changes, dependent on the condition of 
the strap pin. When the MN/MX pin is strapped to GND, the 
80C86 defines pins 24 through 31 and 34 in maximum 
mode. When the MN/MX pin is strapped to VCC, the 80C86 
generates bus control signals itself on pins 24 through 31 
and 34. 

The minimum mode 80C86 can be used with either a multi
plexed or demultiplexed bus. This architecture provides the 
80C86 processing power in a highly integrated form. 

The demultiplexed mode requires two 82C82 latches (for 
64K addressability) or three 82C82 latches (for a full 
megabyte of addressing). An 82C86 or 82C87 transceiver 
can also be used if data bus buffering is required. (See 
Figure 6a.) The 80C86 provides DEN and DT/R to control 
the transceiver, and ALE to latch the addresses. This config
uration of the minimum mode provides the standard 
demultiplexed bus structure with heavy bus buffering and 
relaxed bus timing requirements. 

The maximum mode employs the 82C88 bus controller 
(See Figure 6b). The 82C88 decodes status lines SO, S1 
and S2, and provides the system with all bus control 
signals. 

Moving the bus control to the 82C88 provides better source 
and sink current capability to the control lines, and frees the 
80C86 pins for extended large system features. Hardware 
lock, queue status, and two requesVgrant interfaces 
are provided by the 80C86 in maximum mode. These fea
tures allow coprocessors in local bus and remote bus con
figurations. 

Bus Operation 

The 80C86 has a combined address and data bus com
monly referred to as a time multiplexed bus. This technique 
provides the most efficient use of pins on the processor 
while permitting the use of a standard 40 lead package. 
This "local bus" can be buffered directly and used through
out the system with address latching provided on memory 
and I/O modules. In addition, the bus can also be 
demultiplexed at the processor with a single set of 82C82 
address latches if a standard non-multiplexed bus is 
desired for the system. 

Each processor bus cycle consists of at least four ClK 
cycles. These are referred to as Tl, T2, T3 and T4 (see 
Figure 3). The address is emitted from the processor during 
T1 and data transfer occurs on the bus during T3 and T4. T2 
is used primarily for changing the direction of the bus 
during read operations. In the event that a "NOT READY" 
indication is given by the addressed device, "Wait" states 
(TW) are inserted between T3 and T4. Each inserted wait 
state is the same duration as a ClK cycle. Periods can 
occur between 80C86 driven bus cycles. These are 
referred to as idle" states (TI) or inactive ClK cycles. The 
processor uses these cycles for internal housekeeping and 
processing. 

During Tl of any bus cycle, the ALE (Address Latch Enable) 
Signal is emitted (by either the processor or the 82C88 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid address and certain status 
information for the cycle may be latched. 

Status bits SO, S 1 and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to Table B. 

TABLEB. 

- - -
S2 Sl SO CHARACTERISTICS 

0 0 0 Interrupt 

0 0 1 Read I/O 

0 1 0 Write 1/0 
0 1 1 Halt 

1 0 0 Instruction Fetch 

1 0 1 Read Data from Memory 

1 1 0 Write Data to Memory 

1 1 1 Passive (no bus cycle) 
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FIGURE 3. BASIC SYSTEM TIMING 
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Status bits S3 through S7 are time multiplexed with high 
order address bits and the SHE signal, and are therefore 
valid during T2 through T 4. S3 and S4 indicate which segment 
register (see Instruction Set Description) was used for this bus 
cycle in forming the address, according to Table C. 

TABLE C. 

S4 S3 CHARACTERISTICS 

0 0 Alternate Data (extra segment) 

0 1 Stack 

1 0 Code or None 

1 1 Data 

S5 is a reflection of the PSW interrupt enable bit. S6 is 
always zero and S7 is a spare status bit. 

I/O Addressing 

In the BOCB6, I/O operations can address up to a maximum 
of 64K I/O byte registers or 32K I/O word registers. The I/O 
address appears in the same format as the memory address 
on bus lines A 15-AO. The address lines A 19-A 16 are zero 
in I/O operations. The variable I/O instructions which use 
register DX as a pointer have full address capability while 
the direct I/O instructions directly address one or two of the 
256 I/O byte locations in page 0 of the I/O address space. 

I/O ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the D7-
DO bus lines and odd addressed bytes on D15-DB. Care 
must be taken to ensure that each register within an B bit 
peripheral located on the lower portion of the bus be 
addressed as even. 

FIGURE 4A. BUS HOLD CIRCUITRY PIN 2-16, 34-39 

External Interface 
Processor RESET and Initialization 

Processor initialization or start up is accomplished with acti
vation (HIGH) of the RESET pin. The SOCS6 RESET is 
required to be HIGH for greater than 4 ClK cycles. The 
BOCB6 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal reset 
sequence for approximately 7 clock cycles. After this inter
val, the SOCB6 operates normally beginning with the 
instruction in absolute location FFFFOH. (See Figure 2). The 
RESET input is internally synchronized to the processor 
clock. At initialization, the HIGH-to-lOW transition of 
RESET must occur no sooner than 50 lis (or 4 ClK cycles, 
whichever is greater) after power-up, to allow complete 
initialization of the SOCB6. 

NMI will not be recognized prior to the second ClK cycle 
following the end of RESET. If NMI is asserted sooner than 
nine clock cycles after the end of RESET, the processor 
may execute one instruction before responding to the inter
rupt. 

Bus Hold Circuitry 

To avoid high current conditions caused by floating inputs 
to CMOS devices and to eliminate need for pull-up/down 
resistors, "bus-hold" circuitry has been used on the SOCB6 
pins 2-16,26-32 and 34-39. (See Figure 4a and 4b). These 
circuits will maintain the last valid logic state if no driving 
source is present (i.e. an unconnected pin or a driving 
source which goes to a high impedance state). To overdrive 
the "bus hold" circuits, an external driver mustbe capable 
of supplying approximately 400IlA minimum sink or source 
current at valid input voltage levels. Since this "bus hold" 
circuitry is active and not a "resistive" type element, the 
associated power supply current is negligible and power 
dissipation is Significantly reduced when compared to the 
use of passive pull-up resistors. 

FIGURE 4B. BUS HOLD CIRCUITRY PIN 26-32 
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Interrupt Operations 

Interrupt operations fall into two classes: software or hard
ware initiated. The software initiated interrupts and software 
aspects of hardware interrupts are specified in the Instruc
tion Set Description. Hardware interrupts can be classified 
as non-maskable or maskable. 

Interrupts result in a transfer of control to a new program lo
cation. A 256-element table containing address pointers to 
the interrupt service program locations resides in absolute 
locations 0 through 3FFH, which are reserved for this 
purpose. Each element in the table is 4 bytes in size and 
corresponds to an interrupt "type". An interrupting device 
supplies an B bit type number during the interrupt acknow
ledge sequence, which is used to "vector" through the 
appropriate element to the new interrupt service program 
location. All flags and both the Code Segment and 
Instruction Pointer register are saved as part of the "iiiITA 
sequence. These are restored upon execution of an Inter
rupt Return (IRET) instruction. 

Non-Maskable Interrupt (NMI) 

The processor provides a single non-maskable interrupt 
pin (NMI) which has higher priority than the maskable inter
rupt request pin (INTR). A typical use would be to activate a 
power failure routine. The NMI is edge-triggered on a 
lOW-to-HIGH transition. The activation of this pin causes a 
type 2 interrupt. 

NMI is required to have a duration in the HIGH state of 
greater than two ClK cycles, but is not required to be 
synchronized to the clock. Any positive transition of NMI is 
latched on-chip and will be serviced at the end of the 
current instruction or between whole moves of a block-type 
instruction. Worst case response to NMI would be for multi
ply, divide, and variable shift instructions. There is no 
specification on the occurrence of the low-going edge; it 
may occur before, during or after the servicing of NMI. 
Another positive edge triggers another response if it occurs 
after the start of the NMI procedure. The Signal must be free 
of logical spikes in general and be free of bounces on the 
low-going edge to avoid triggering extraneous responses. 

Maskable Interrupt (INTR) 

The BOC86 provides a single interrupt request input (INTR) 
which can be masked Internally by software with the 
resetting of the interrupt enable flag (IF) status bit. The 
interrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of ClK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a block 
type instruction. INTR may be removed anytime after the 
falling edge of the first INTA signal. During the interrupt re
sponse sequence further interrupts are disabled. The 
enable bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), although the 
FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the inter
rupt. Until the old FLAGS register is restored the enable bit 
will be zero unless specifically set by an instruction. 

During the response sequence (Figure 5) the processor 
executes two successive (back-to-back) interrupt acknow
ledge cycles. The BOCB6 emits the lOCK Signal (Max mode 
only) from T2 of the first bus cycle until T2 of the second. A 
local bus "hold" request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a byte is 
supplied to the BOCB6 by the B2C59A Interupt 
Controller, which identifies the source (type) of the interrupt. 
This byte is multiplied by four and used as a pointer into the 
interrupt vector look-up table. An INTR signal left HIGH will 
be continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RETURN 
instruction includes a FLAGS pop which returns the status 
of the original interrupt enable bit when it restores the 
FLAGS. 

Halt 

When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" state in 
one of two ways depending upon which mode is strapped. 
In minimum mode, the processor issues one ALE with no 
qualifying bus control signals. In maximum mode the 
processor Issues appropriate HALT status on S2, S1, SO 

T1 T2 T3 I T4 I Til T1 I T2 T3 

ALE 1\ 1\ --1 \~ ____________ ~~,~ \~ ______________ __ 

LOCK \'-------.ll~l -~/ 
INTA \'----.-Jr 

=> FLOAT 
AOO-A015 >-=-=:.=.:-=----------.(~-----{ 

'--____ -J 

FIGURE 5. INTERRUPT ACKNOWLEDGE SEQUENCE 
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BOCB6 

and the 82C88 bus controller issues one ALE. The 80C86 Basic System Timing 
will not leave the "HALT" state when a local bus "hold" is 
entered while in "HALT". In this case, the processor 
reissues the HALT indicator at the end of the local bus hold. 
An NMI or interrupt request (when interrupts enabled) or 
RESET will force the 80C86 out of the "HALT" state. 

Read/Modify/Write (Semaphore) 
Operations Via Lock 

The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the 
execution of an instruction. This gives the processor the 
capability of performing read/modify/write operations on 
memory (via the Exchange Register With Memory instruc
tion, for example) without another system bus master 
receiving intervening memory cycles. This is useful in 
multiprocessor system configurations to accomplish "test 
and set lock" operations. the LOCK signal is activated 
(forced LOW) in the clock cycle following decoding of the 
software "LOCK" prefix instruction. It is deactivated at the 
end of the last bus cycle of the instruction following the 
"LOCK" prefix instruction. While LOCK is active a request 
on a RQ/GT pin will be recorded and then honored at the 
end of the LOCK. 

External Synchronization Via TEST 

As an alternative to interrupts, the 80C86 provides a single 
software-testable input pin (TEST). This input is utilized by 
executing a WAIT instruction. The single WAIT instruction is 
repeatedly executed until the TEST input goes active 
(LOW). The execution of WAIT does not consume bus 
cycles once the queue is full. 

If a local bus request occurs during WAIT execution, the 
80C86 three-states all output drivers while inputs and I/O 
pins are held at valid logic levels by internal bus-hold 
circuits. If interrupts are enabled, the 80C86 will recognize 
interrupts and process them when it regains control of the 
bus. The WAIT instruction is then refetched, and 
reexecuted. 

AX 

BX 

CX 

OX 

{I 

[I 
I 

TABLE D. 80C86 REGISTER MODEL 

AH 

BH 

CH 

OH 

SP 

BP 

SI 

01 

IP 

FLAGSH 

CS 

os 

SS 

ES 

AL 

BL 

CL 

OL 

FLAGSL 

ACCUMULATOR 

BASE 

COUNT 

OATA 

STACK POINTER 

BASE POINTER 

SOURCE INDEX 

DESTINATION INDEX 

INSTRUCTION POINTER 

STATUS FLAGS 

CODE SEGMENT 

DATA SEGMENT 

STACK SEGMENT 

EXTRA SEGMENT 

Typical system configurations for the processor operating 
in minimum mode and in maximum mode are shown in 
Figures 6A and 6B, respectively. In minimum mode, the 
MN/MX pin is strapped to VCC and the processor emits bus 
control signals (e.g. RD, WR, etc.) directly. In maximum 
mode, the MN/MX pin is strapped to GND and the proces
sor emits coded status information which the 82C88 bus 
controller uses to generate MUL TIBUSN compatible 
bus control signals. Figure 3 shows the signal timing 
relationships. 

System Timing - Minimum System 

The read cycle begins in T1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low-going) 
edge of this signal is used to latch the address information, 
which is valid on the address/data bus (ADO-AD15) at this 
time, into the 82C82/82C83 latch. The BHE and AO signals 
address the low, high or both bytes. From T1 to T4 the M/IO 
signal indicates a memory or I/O operation. At T2, the 
address is removed from the address/data bus and the bus 
is held at the last valid logic state by internal bus hold 
devices. The read control signal is also asserted at T2. The 
read (RD) signal causes the addressed device to enable its 
data bus drivers to the local bus. Some time later, valid data 
will be available on the bus and the addressed device will 
drive the READY line HIGH. When the processor returns the 
read signal to a HIGH level, the addressed device will again 
three-state its bus drivers. If a transceiver (82C86/82C87) 
is required to buffer the 80C86 local bus, signals DT /R and 
DEN are provided by the 80C86. 

A write cycle also begins with the assertion of ALE and the 
emission of the address. The M/IO signal is again asserted 
to indicate a memory or I/O write operation. In T2, 
immediately following the address emission, the processor 
emits the data to be written into the addressed location. This 
data remains valid until at least the middle of T4. During T2, 
T3 and TW, the processor asserts the write control signal. 
The write (WR) signal becomes active at the beginning of T2 
as opposed to the read which is delayed somewhat into T2 
to provide time for output drivers to become inactive. 

The BHE and AO signals are used to select the proper 
byte(s) of the memory/IO word to be read or written accord
ing to Table E. 

TABLE E. 

--
BHE AO CHARACTERISTCS 

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

I/O ports are addressed in the same manner as memory lo
cation. Even addressed bytes are transferred on the D7-DO 
bus lines and odd address bytes on D 15-D8. 
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80C86 

The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge 
signal (INTA) is asserted in place of the read (RD) signal and 
the add ress bus is held at the last valid logic state by inter
nal bus hold devices. (See Figure 4). In the second of two 
successive INTA cycles a byte of information is read from 
the data bus (07-00) as supplied by the interrupt system 
logic (i.e. 82C59A Priority Interrupt Controller). This byte 
identifies the source (type) of the interrupt. It is multiplied by 
four and used as a pointer into an interrupt vector lookup 
table, as described earlier. 

Bus Timing - Medium Size Systems 

For medium complexity systems the MN/MX pin is con
nected to GND and the 82C88 Bus Controller is added to 
the system as well as an 82C82/82C83 latch for latching 
the system address, and an 82C86/82C87 transceiver to 
allow for bus loading greater than the 80C86 is capable of 
handling. Signals ALE, DEN, and DT/R are generated by the 
82C88 instead of the processor in this configuration, 
although their timing remains relatively the same. The 80C86 

status outputs (S2, S1 and SO) provide type-of-cycle 
information and become 82C88 inputs. This bus cycle infor
mation specifies read (code, data or I/O), write (data or I/O), 
interrupt acknowledge, or software halt. The 82C88 issues 
control signals specifying memory read or write, I/O read or 
write, or interrupt acknowledge. The 82C88 provides two 
types of write strobes, normal and advanced, to be applied 
as required. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not valid at 
the leading edge of write. The 82C86/82C87 transceiver 
receives the usual T and OE inputs from the 82C88 DT/R 
and DEN signals. 

The pointer into the interrupt vector table, which is passed 
during the second INTA cycle, can be derived from an 
82C59A located on either the local bus or the system bus. If 
the master 82C59A Priority Interrupt Controller is posi
tioned on the local bus, the 82C86/82C87 transceiver must 
be disabled when reading from the master 82C59A during 
the interrupt acknowledge sequence and software "poll". 
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Specifications 80C86 

Absolute MaxImum RatIngs 

Supply Voltage .•.••••...•••...•.•.......•.•••...•..••• +S.OV 
Input, Output or I/O Voltage Applied .••• GND-0.5V to VCC+0.5V 
Storage Temperature Range •..•....•...••..• -650C to +1500C 
Junction Temperature •••••••..••.••..••.••••.•••.•... +1750C 
Lead Temperature (Soldering 10 sec) .••.•••••.•••••••• +3000C 
ESD Classification •.••...•••..•...••....•..••....•.... Class 1 

Reliability InformatIon 

Thermal Resistance Sja Sjc 
Ceramic DIP Package. • • . • . • • • • • • • • . •• 27.50C/W 5.90C/W 
Ceramic LCC Package. . • • . • • . • • • . . . •. 62.20C/W S.60C/W 

Maximum Package Power Dissipation et +1250C 
Ceramic DIP Package •••••••••••.••••••..•••.•••••• 620mW 
Ceramic LCC Package. • • • • . • • • • . . • • • • • • • • . • • • • . • •• 664mW 

Gate Count ••.••••••••..••.•.•••••.••.••••.••••.• 9750 Gates 

CAUTION: Stresses above those listed in '~bsolute Maximum Ratings" may cause permanent damage to the deVIce. This is a stress only rating and operation 
of the device at these or any other conditions above those md,catad in the operational sections of this specification is not implied. 

Operating CondItions 

Operating Supply Voltage •••..•.•.•...•....•••. +4.5V to +5.5V Operating Temperature Range: CSOCS6/-2 ••••.•• OOC to + 700C 
MSOCS6-2 ONLY ••...........••....••..• +4.75Vto +5.25V 180CS6/-2 .••.•...••.•••.•.••.••.•••.•••.• -400C to +S50C 

MSOCS6/-2 •••.•••..••.....•..••••...••.. -550C to +1250C 

D.C. Electrical Specifications vee = 5.0V ± 10%; TA = ooe to +700 e (C80C86, C80C86-2) 
Vee = 5.0V ± 10%; TA = -400 e to +850 C (180C86,180C86-2) 
Vee = 5.0V ± 10%; TA = -550 e to +1250 e (M80C86) 
Vee = 5.0V ± 5%; TA = -550 e to +1250 e (M80e86-2) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

VIH Logical One 2.0 V CBOCB6, IBOC86 (Note 5) 
Input Voltage 2.2 V MBOCB6 (Note 5) 

VIL Logical Zero Input Voltage O.B V 

VIHC CLK Logical One Input Voltage VCC-O.B V 

VILC CLK Logical Zero Input Voltage O.B V 

VOH Output High Voltage 3.0 V 10H = -2.5mA 
VCC -0.4 V 10H =·-l00J.lA 

VOL Output Low Voltage 0.4 V 10L - +2.5mA 

" Input Leakage Current -1.0 1.0 J.IA VIN = GND or VCC DIP 
PinS 17-19, 21-23, 33 

IBHH Input Current-Bus Hold High -40 -400 J.lA VIN = 3.0V (Note 1) 

IBHL Input Current-Bus Hold Low 40 400 J.lA VIN = O.BV (Note 2) 

10 Output Leakage Current - -10.0 J.lA VOUT= GND 
(Note 4) 

ICCSB Standby Power Supply Current - 500 J.IA VCC = 5.5V (Note 3) 

ICCOP Operating Power Supply Current - 10 mA/MHz FREQ = Max, VIN = VCC or 
GND, Outputs Open 

Capacitance T A = 250 e 

SYMBOL PARAMETER TYPICAL I UNITS TEST CONDITIONS 

CIN Input Capacitance 25 pF FREQ = lMHz All 
measurements are referenced 
to device GND 

COUT Output Capacitance 25 pF 

CliO I/O Capacitance 25 pF 

NOTES 1. ISHH should be measured after raising VIN to Vee and then lowering to 3.0V on the follOWing pins. 2-16, 26-32, 34-39 
2. IBHL should be measured after lowering VIN to GND and then raising to O.8V on the follOWing pins: 2-16, 34-39 
3. leess tested dUring clock high time after halt Instrucllon executed. VIN = Vee or GND, Vee = 5.5V. Outputs unloaded 
4 10 should be measured by putting the Pin In a high Impedance state and then driVing VOUT to GND on the follOWing 

Pins: 26-29 and 32. 
5. MN/MX Is a strap option and should be held to Vee or GND 

CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications BOCB6 

A.C. Electrical Specifications vcc = 5.0V ± 10%; TA = ooc to +70oC (C80C86, C80C86-2) 
Vcc = 5.0V ± 10%; T A = -40oC to +850 C (180C86, 180C86-2) 
Vcc = 5.0V ± 10%; TA = -550 C to +1250 C (MBOCB6) 
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MINIMUM COMPLEXITY SYSTEM 

SYMBOL PARAMETER I 
TIMING REQUIREMENTS 

TClCl ClK Cycle Period 
TClCH ClK low Time 
TCHCl ClK HIQh Time 

TCH1CH2 ClK Rise Time 
TCl2CL1 ClK Fall Time 
TDVCl Data In Setup Time 

TClDX1 Data In Hold Time 
TR1VCl RDY Setup Time into 

B2CB4A (Notes 1, 2) 
TClR1X RDY Hold Time into 

B2CB4A (Notes 1, 2) 
TRYHCH READY Setup Time 

Into BOCB6 
TCHRYX READY Hold Time 

Into BOCB6 
TRYlCl READY Inactive to 

ClK (Note 3) 
THVCH HOLD SetuD Time 
TINVCH INTR, NMI, TEST 

Setup Time (Note 2) 
TlLlH Input Rise Time 

(Except ClK) 
TIHll Input Fall Time 

(Except ClK) 
TIMING RESPONSES 

TClAV Add ress Valid Delay 
TClAX Address Hold Time 
TClAZ Address Float Delay 
TCHSZ Status Float Delay 
TCHSV Status Active Delay 
TlHll ALE Width 
TCllH ALE Active Delay 
TCHll ALE Inactive Delay 
TllAX Address Hold Time 

to ALE Inactive 
TClDV Data Valid Delay 
TClDX2 Data Hold Time 
TWHDX Data Hold Time 

AfterWR 
TCVCTV Control Active Delay1 
TCHCTV Control Active Delay2 
TCVCTX Control Inactive 

Delay 
TAZRl Address Float to 

READ Active 
TClRl RD Active Delay 
TClRH RD Inactive Delay 
TRHAV ~D Inactive to Next 

Address Active 
TClHAV HlDA Valid Delay 
TRlRH RDWldth 
TWlWH WR Width 
TAVAl Address Valid to 

ALE low 
TOLOH Outout Rise Time 
TOHOl Output Fall Time 

Vcc = 5.0V ± 5%; TA = -550 C to +1250 C (MBOCB6-2) 

BOCB6-2 BOC86 I 
MIN MAX MIN MAX UNITS 

125 200 ns 
6B 11B ns 
44 69 ns 

10 10 ns 
10 10 ns 

20 30 ns 
10 10 ns 
35 35 ns 

0 0 ns 

6B 11B ns 

20 30 ns 

-B -B ns 

2C 35 no 
15 30 ns 

15 15 ns 

15 15 ns 

10 60 10 110 ns 
10 10 ns 

TClAX 50 TClAX BO ns 
50 BO ns 

10 60 10 110 ns 
TClCH-10 TClCH-20 ns 

50 BO ns 
55 B5 ns 

TCHCl-10 TCHCl-10 ns 

10 60 10 110 ns 
10 10 ns 

TClCl-30 TClCl-30 ns 

10 70 10 110 ns 
10 60 10 110 ns 
10 70 10 110 ns 

0 0 ns 

10 100 10 165 ns 
10 BO 10 150 ns 

TClCl-40 TClCl-45 ns 

10 100 10 160 ns 
2TClCl-5C 2TClCl-75 ns 
2TClCl-4 2TClCl-60 ns 
TClCH-40 TClCH-60 ns 

15 20 ns 
15 20 ns 

NOTES Signal at 82C84A shown for reference only 
Setup reqUirement for asynchronous Signal only to guarantee recognition at next elK 
Applies only to T 2 state (8ns Into T 3) 
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TEST CONDITIONS 

From 1.0V to 3 5V 
From 3.5V to 1.0V 

From O.BV to 2.0V 

From 2.0V to O.BV 

Cl = 100pF 

From O.BV to 2.0V 
From 2.0V to 0.8V 



80C86 

Waveforms 

BUS TIMING - MINIMUM MODE SYSTEM 
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NOTE: 1. Signals at 82C84A are shown for reference only, RDY is sampled near the end of T2, T3. TW to determine If 
TW machine states are to be Inserted. 
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Waveforms 

BUS TIMING - MINIMUM MODE SYSTEM (Continued) 

ClK (82C84A OUTPUT) 

WRITE CYCLE 

(Ro,INTA, 
DT/R = VOH) 

I 

80C86 

AD 1 S-ADO--+---+-----' 1=1== 

TW 

DATA OUT 

INTA CYCLE DT/R I 
-4--~~----~--+-----~~~--------4_----~--------NOTE 1 

(Ro,iNA =VOH 

BHE = VOL 

SOFTWARE 
HALT -

DEN, RD, 
WR, INTA = VOH 

DT/R = INDETERMINATE 

SOFTWARE HALT 

NOTE: 1. Two INTA cycles run back-Io-back. The SOCB6 local ADDR/DATA bus is floating during both INTA 
cycles. Control Signals are shown for the second INTA cycle. 

3·135 

'I/) 
00:: 
0::0 
~I/) 
~I/) 
I/)W 

0 0 
~~ 
00. 



Specifications 80C86 

A.C. Electrical Specifications vee = 5.0V ± 10%; TA = ooe to +700 e (CBOCB6, CBOCB6-2) 
Vee = 5.0V ± 10%; TA = -400 e to +B50e (IBOCB6, CBOC86-2) 
Vee = 5.0V ± 10%; TA = -550 e to +1250 e (MBOeB6) 
Vee = 5.0V ± 5%; TA = -550 e to +1250e (MBOe86-2) 

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 

TIMING REQUIREMENTS 80C86-2 80C86 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS 

(1) TCLCl ClK Cycle Period 125 200 ns 

(2) TClCH ClK low Time 68 11B ns 

(3) TCHCl ClK High Time 44 69 ns 

(4)TCH1CH2 ClK Rise Time 10 10 ns From 1.0V to 3.5V 

(5)TCl2Cl1 ClK Fall Time 10 10 ns From 3.5V to 1.0V 

(6 TDVCl Data in Setup Time 20 30 ns 

(7) TClDX1 Data In Hold Time 10 10 ns 

(8) TR1VCl RDY Setup Time IOto 82CB4A 35 35 ns 
(Notes 1, 2) 

(9)TClR1X RDY Hold Time into 82CB4A 0 0 ns 
(Notes 1, 2) 

(10rrRYHCH READY Setup Time IOto 80C86 68 11B ns 

(11)TCHRYX READY Hold Time into BOCB6 20 30 ns 

(12)TRYlCl READY Inactive to ClK (Note 3) -8 -8 ns 

(13)TINVCH Setup Time for Recognition 15 30 ns 
(INTR,NMI, TEST) (Note 2) 

(14)TGVCH RQ/GT Setup Time 15 30 ns 

(15)TCHGX RQ Hold Time into 80CB6 (Note 4) 30 TCHCl+ 40 TCHCl+ ns 
10 10 

(16) TILIH Input Rise Time (Except ClK) 15 15 ns From O.BV to 2.0V 

(17) TIHll Input Fall Time (Except ClK) 15 15 ns From 2.0V to 0.8V 

TIMING RESPONSES 

(18)TClMl Command Active Delay (Note 1) 5 35 5 35 ns 

(19)TClMH Command Inactive (Note 1) 5 35 5 35 ns 

(20)TRYHSH READY Active to Status Passive 65 110 ns 
(Notes 3, 5) 

(21)TCHSV Status Active Delay 10 60 10 110 ns 

(22)TClSH Status Inactive Delay (Note 5) 10 70 10 130 ns 

(23) TCLAV Address Valid Delay 10 60 10 110 ns 

(24) TClAX Address Hold Time 10 10 ns 

(25) TCLAZ Address Float Delay TCLAX 50 TCLAX 80 ns 

(26) TCHSZ Status Float Delay 50 80 ns 

(27) TSVLH Status Valid to ALE High (Note 1) 20 20 ns 

(28)TSVMCH Status Valid to MCE High (Note 1) 30 30 ns CL = 100pF 

(29) TCLLH CLK low to ALE Valid (Note 1) 20 20 ns for all 80C86 
Outputs (In addition 

(3oil'CLMCH CLK low to MCE High (Note 1) 25 25 ns to 80C86 self-load) 

(31) TCHLL ALE Inactive Delay (Note 1) 4 18 4 18 ns 

(32)TCLMCL MCE Inactive Delay (Note 1) 15 15 ns 

(33) TCLDV Data Valid Delay 10 60 10 110 ns 

(34)TClDX2 Data Hold Time 10 10 ns 

(35)TCVNV Control Active Delay (Note 1) 5 45 5 45 ns 
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Specifications BOCB6 

TIMING REQUIREMENTS aoC86-2 SOCS6 

SYMBOL I PARAMETER I MIN I MAX I MIN I MAX I UNITS 

TIMING RESPONSES 

(36)TCVNX Control Inactive Delay (Note 1) 10 45 10 45 

(37)TAZRL Address Float to Read Active 0 0 

(3B)TCLRL RD Active Delay 10 100 10 165 

(39)TCLRH RD Inactive Delay 10 80 10 150 

(40)TRHAV RD Inactive to Next Address Active TCLCL TCLCL 
-40 -45 

TCHDTL Direction Control Active Delay 50 50 
(41) (Note 1) 

TCHDTH Direction Control Inactive Delay 30 30 
(42) (Note 1) 

(43)TCLGL GT Active Delay 0 50 10 85 

(44)TCLGH GT Inactive Delay 0 50 10 85 

(45)TRLRH RD Width 2TCLCL 2TCLCL 
-50 -75 

(46)TOLOH Output Rise Time 15 20 

(47)TOHOL Output Fall Time 15 20 

NOTES Signal at B2C64A or B2CBB shown for reference only 
2 Setup requirement for asynchronous signal only to guarantee recognition at next elK 
3 Applies only to T2 state (B nanoseconds Into T3) 
4 The BOeB6 actively pulls the RQ/GT pon to a logic one on the followong clock low time 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

5 Status lines return to thel( Inactive (logic one) state after CLK goes low and READY goes high 
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TEST CONDITIONS 

t 
CL = l00pF 

From 0.8V to 2.0V 

From 2.0V to 08V 



Waveforms 

BUS TIMING - MINIMUM MODE SYSTEM (Using 82C88) 

CLK 

121 

S2. 8,. So (EXCEPT HAL T) 

NOTE 1 jALE (82C88 OUTPUT) 

RDY (82C84 INPUT) 

READ CYCLE 

82C88 
OUTPUTS 

SEe NOTES 
1.2 

RD 

DT/A 

MADe OR ffiiiC 

80C86 

~'-'~-----------+------J~I--T~~~ 

1451 
~-r~-------TRLRH------+---~ 

NOTE: 1. Signals at ,S2C84A or 82C88 are shown for reference only. RDY is sampled near the end of T2, T3, TW to 
determine If TW machine states are to be inserted. 

2. The issuance of the 82C88 command and control signals (MR'D'C. MWTC, AMWC, IORC, lOWe, AIOWC, 
(NTA, and DEN) lags the active high 82C88 CEN .• " 

3. Status inactive in state just prior to T 4. 
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80C86 

Waveforms (Continued) 

BUS TIMING - MAXIMUM MODE (USING 82C88) (Continued) 

2 T 3 4 

CLK r--\ r-'I r-'I L/~ I~~-J ~ i~ 

121)TCH SV co--- -- --\ i!llllf (SEE NOTE 3) I ~ ~ 
123) -- --t TCLDV,~ 13~1 i:= ~ TCLDX2_ 

S2. 51, SO (EXCEPT HAL TI 

82C88 
OUTPUTS 

(SEE NOTES 

1,2) 

WRITE CYCLE 

AMWC OR Alowe 

MWTCOR lowe 

INTA CYCLE 

AD1S-ADO 

(SEE NOTES 4, 5) 

TCLAV-

1--
-1- .-

25) TCLAZ_ 

12 8)1 
TSV MCH_ 

MCE/ 

PDEN 13 

OT/A 

I 
O)TCLMCH_ 

TCLSH 
relAX 24 ~ 

DATA 

TNV
-

-135) 

119) 
IIB)TcLML_ - TCLMH -

118)TcLML- t T«(~~H_ 

t-- ( RESERVED FOR 
- r--------

CASCADE ADDR -
- --I;~;-V~-=-

I~-- -- -
===-J I( _____ POINTER - -. 

\ TCLMCL -132) I J-

~' TCHOTl 

L_ fo-

134) -
~ 

'-
136) TCVNX tt 

J--

~ 

I-

-------C 
--------

!--TcLDx,17) 

--
----~C 
----

\ / 
\ - 142fTCHDTH 

82C88 OUTPUTS 

(SEE NOTES 1, 2) 

118) TCLML-

fj \ 

~ T'35'V-
TCI~mH-

SOFTWARE 
TCVNX .... 

HALT - Ro, MROc, IORC, MWTC, AMWC, iCiWC, Alowe, INTA,SO.S, = VOH 
136) 

-4----+-~Ir-----~-----------
INVALID ADDRESS 

NOTES 1 Signals at 82C84A or 82C88 are shown for reference only. 

2 The Issuance of the 82C88 command and control signals (MRDe, MWTC, AMWC, IORC, lOWe, 
"A"iQWc, INTA and 5"EN) lags the active high B2CBB GEN. 

3 Status mactlve m state Just prior to T4 

4. Cascade address IS valid between first and second INTA cycles 

5 Two INTA cycles run back-to-back. The BOCB6 local AD DR/DATA bus IS floating dUring both INTA 
cycles Control for pomter address IS shown for second iNTA cycle 
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80C86 

Waveforms (Continued) 

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLy) 

ClK 

ADU- ADO 
--------1 

ftfi,~ ________________________________ ~~ 

8HE1S7, A1g1s.-A1s1S3 __________________________ -J~ 

NOTE: The coprocessor may not drive the busses outside the region shown wdhout risking contention 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

10R2 

elK 

HOLD 

HlDA 

TClHAvI36) ~TClHAVI36) 
1 I 

(19) 
TCLAZ 

AD11- ADO SOCS6 COPROCESSOR 
____ --11-+--' 

F r-= 
120) 

iiiiEIS7, A191S6-A161S3 -----------------f;::..;".!~"!~ -- ---- - -- ------
RD,WR,M/ili,DT/R,DEN-----------------+-J -- - - ----------- ----

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

,:~~ } SIGNAd------f 

TEST 

NOTE: Setup requirements for asynchronous signals only to guarantee 
recognition at next elK 
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80C86 

Waveforms (Continued) 

RESET TIMING r-- ~ 50!,sec 

vee 

eLK 

RESET 

A.C. Test Circuit 

OUTPUT FROM 0-----11--- TEST 
DEVICE UNDER TEST I POINT 

cL* 

~ 
*Includes stay and jig capacitance 

A.C. Testing Input, Output Waveform 

INPUT 

VlH + 2O%VlH 

OUTPUT 

VOH 

1.SV 1<E'-______ -J~ 1.SV 

VlL - !Dl(, VlL VOL 
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A.C. Testing: All input signals (other than elK) must switch between 
VILmax -50% VIL and VIHmln +20% VIH. elK must sWitch 
between O,4V and vee -0.4. Input rise and fall times are 
driven at 1 nsN. 



80C86 

Burn-In Circuits 
MD80C86 CERAMIC DIP 

GND 
r~GND 

VCC 

GND RIO RIO VCl 

VCl 
RIO RO VCC/2 

GND RIO RO VCC/2 
GND RIO RO VCC/2 

VCl 
RIO RO VCC/2 

GND 
RIO RO VCC/2 

GND RIO 
GND 

GND 
RIO RO VCC/2 

VCl 
RIO RI VCl 

VCl RIO RO VCl 

VCl 
RIO RO VCC/2 

OPEN RO VCC/2 

OPEN RO VCC/2 

OPEN RO VCC/2 

OPEN RO VCC/2 

GND RO VCC/2 

GND GND 

FO 
RC RI VCl 

GND RI 
NODE 0 
FROM 
PROGRAM 
CARD 

NOTES: COMPONENTS: 
1. VCC = 5.5V:I: 0.5V. GND = OV 1. RI = 10kfl ± 5%, 1/4W 
2. Input Voltage Limns (Except Clock): 

VIL (Maximum) = 0.4V 
VIH (Minimum) = 2.6V, VIH(Clock) = (VCC - 0.4V) Min 

3. VCC/2 is external supply set to 2.7V ± 10% 

4. VCl is generated on program card (VCC - 0.65V) 

2. RO = 1.2kfl ± 5%, 1/4W 

3. RIO = 2.7kfl ± 5%, 1/4W 

4. RC = 1kfl ± 5%, 1/4W 

5. C = 0.01 pF (Minimum) 

5. Pins 13 - 16 input sequenced instructions from internal hold devices. 

6. FO - 100kHz ± 10% 

7. Node ® = a 40J,l.S pulse every 2.56ms 
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BOCB6 

Burn-In Circuits (Continued) 
MR80C86 CERAMIC LCC 

C 

Q: >Q. ~Q. 0 ~. O· q: g: 
O:c 1'"'. ;."' ~;;: ~ ~"' > "'. "',;-

'6' 1 5' '4' '3 .12"1.144: 1431 =421 1411140' .. _ .... _"" 1._" "_..I ,,_ ... L_J ,,_"' ,,_ .... _"" l._ioI .. _"" 

-A~'! -. p-
7 I 139 

-A~~ 
_ .. 

L_ 

.:r;.A. -. r-
8 I 138 

~;oy 
_. .- ::!~ 

-A'A" -. r- .:fA. 9 I 137 
~;O"-

_ .. .- .... 
-A'AA -. r-

101 136 
~;O" 

_. .- RO 
-A'A" -. r-

.AAA. 111 135 

J.~O" 
_. .- "RI 

12i [~~ ~;O"-
_ .. 

.,.RI -A'AA -. r-
131 133 yy _. .- .i2A -. r-
141 132 _. .- .. ~. -. r- ,ARfA. 151 131 _. .- "RO -. r- .AA 16 1 130 _. .- -Y;1 ;'71 r-

129 _. .- -yyy 

r-, r-, r-., r-, r-., r-, r-., r-., r-., r-" r-' 
1181 '191 1201 1211 1221 1231 1241 1251 12611271 1281 

oJ; .:. 

GND 

FO 

NOTES: 

I, VCC = 5,5V ± 0.5V, GND = OV 

2. Inpul Voltage Limas (Except Clock): 
Vil (Maximum) = 04V 
VIH (Minimum) = 2.6V, VIH(Clock) = (VCC - O.4V) Min 

3. VCCI2 is external supply sella 2.7V ± 10% 

4. VCl is generated on program card (VCC - 0.65V) 

5. FO = 100kHz ± 10% 

6. Node ® = a 40ps pulse every 2.56ms 

;;:. > -~ O· =~ = ~;;:~ "' 

o (FROM PROGRAM CARD) 
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COMPONENTS! 

1. RI = 10kO ± 5%, 1/4W 

2, RO - 1.2kO ± 5%,1/4W 

3. RIO = 2.7kO ± 5%, 1/4W 

4. RC = lkO ± 5%, 1/4W 

5, C - 0.D1 pF (Minimum) 

v CC 
CL v 

VCC(2 



Metallization Topology 

DIE DIMENSIONS: 
249.2 x 290.9 x 19 ± 1 mils 

METALLIZATION: 
Type: SlIlcon - Aluminum 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA ± 2kA 

DIE ATTACH: 
Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 4600 C (Max) 

Ceramic LCC - 4200 C (Max) 

WORST CASE CURRENT DENSITY: 
1.5 x 105 A/cm2 

Metallization Mask Layout 

80C86 

SOCS6 

ADtt ADt2 ADt3 ADt4 GND vee ADtS At6/S3 A17/\l4 AtB/S5 

ADtO 

AD9 
liHEtS7 

MNtMX 

ADS 

AD7 

AD6 

ADS 

Ra/cffi 

AD4 

AD3 

AD2 

ADt 

ADO 

NMI INTR elK GND REseT READY fill ast aso 
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INSTRUCTION SET SUMMARY 

Mnemonic and 
Oe.crlptlon 

DATA TRANSFER 

MOV = Move: 

Register/Memory tolfrom Register 

Immediate to Register/Memory 

Immediate to Register 

Memory to Accumulator 

Accumulator to Memory 

Register/Memory to Segment Register" 

Segment Register to Register/Memory 

PUSH = Pu.h: 

Register/Memory 

Register 

Segment Register 

POP = Pop: 

Register/Memory 

Register 

Segment Register 

XCHG = Exchange: 

Register/Memory with Register 

Register with Accumulator 

IN = Input from: 

Fixed Port 

Variable Port 

OUT = Output to: 

Fixed Port 

Variable Port 

XLAT = Translate Byte to AL 

LEA = Load EA to Register 

LOS = Load Pointer to OS 

LES = Load Pointer to ES 

LAHF = Load AH with Flags 

SAHF = Store AH into Flags 

PUSHF = Push Flags 

POPF = Pop Flags 

I 

80C86 

In.tructlon Code 

78543210 78543210 78543210 78543210 

100010dw mod reg rim 

1100011 w modOOOr/m data dataHwl 

1011 wreg data dataHwl 

1010000w add-low addr-hillh 

1010001w addr-Iow addr-hlgh 

10001110 modOregr/m 

10001100 modO reg r/m 

11111111 mod 11 Or/m 

01010reg 

OOOreg 11 0 

10001111 modOOOr/m 

01011 reg 

OOOreg 111 

1000011w modregr/m 

10010reg 

1110010w port 

1110110w 

1110011 w port 

1110111w 

11010111 

10001101 modregr/m 

11000101 modregr/m 

11000100 modregr/m 

10011111 

10011110 

10011100 

10011101 
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80C86 

INSTRUCTION SET SUMMARY (Continued) 

Mnemonic and I Instruction Code 
Description 

ARITHMETIC 765432tO 76543210 78543210 78543210 

ADD = Add: 

Reg.lMemory with Register to Eilher OOOOOOdw mod reg rim 

Immediate to Register/Memory 100000sw rnodOOOr/m dala dala if s:w = 01 

Immediate to Accumulator 0000010w data dala ifw = 1 

ADC ~ Add with Carry: 

Reg IMemory with Register to Either 000100dw mod reg rim 

Immediate to Register/Memory 100000sw mod 0 1 Or/m dala data if s:w = 01 

Immediate to Accumulator 0001010w data data ifw = 1 

INC = Increment: 

RegisterlMemory 1111111 w modOOOrlm 

Register 01000reg 

AAA = ASCII Adjust lor Add 00110111 

DAA = Decimal Adjust for Add 00100111 

SUB = Subtract: 

Reg.lMemory and Register to Either L0010l0dw mod reg rim 

Immediate from Register/Memory Ll00000sw mod 1 01 rim data data if s:w = 01 

Immediate from Accumulator [ 0010110w data dataifw = 1 

SBB = Subtract with Borrow 

Reg.lMemory and Register to Either 000110dw mod reg rim 

Immediate from Register/Memory Qiiooosw modO 11 rim data data ifs:w = 01 

Immediate Irom Accumulator 0001110w data dataifw = 1 

DEC = Decrement: 

Register/Memory I l111111w mod 0 01 rim 

Register 01001 reg 

NEG = Change Sign 1111011 w modOll rim 

CMP = Compare: 

RegisterlMemory and Register 001110dw mod reg rim 

Immediate with Register/Memory 100000sw mod 111 rim data data If s:w = 01 

Immediate with Accumulator 0011110w data dataifw = 1 

AAS = ASCII Adjust for Sublract 00111111 

DAS = DeCimal Adjust for Subtracl 00101111 I 
MUL = Multiply (Unsigned) 1111011 w I mod 1 OOr/m 

IMUL = Inleger MUltiply (Signed) 1111011 w I mod 1 0 1 rim 

AAM = ASCII Adjust for Muiliply 11010100 I 00001010 

DIY = DiVide (Unsigned) 1111011 w I mod 11 Or/m 

IDlY = Integer Divide (Signed) I 1111011 w I mod 111 rim 

AAD = ASCII Adjust for Divide 11010101 I 00001010 

CBW = Convert Byte to Word 110011000 I 
CWO = Convert Word to Double Word I 10011001 I 
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BOCB6 

INSTRUCTION SET SUMMARY (Continued) 

Mnemonic and I Instruction Code Description 

LOGIC 76543210 76543210 76543210 78543210 

NOT = Invert 1111011 w modOl0r/m 

SHL/SAL = Shift Logical/ Arithmetic Left 110100vw mod 1 00 rIm 

SHR = Shift Logical RIght 110100vw mod 1 0 1 rIm 

SAR = Shift ArithmetIc Right 110100vw mod 111 rIm 

ROL = Rotate Left 110100vw modOOOr/m 

ROR = Rotate RIght 110100vw modOO t rIm 

RCL = Rotate Through Carry Flag Left 110100vw modO 1 Or/m 

RCR = Rotale Through Carry Right 110100vw modOl1 rIm 

AND = And: 

Reg.lMemory and Register to EIther 001000dw modregr/m 

Immediate to RegIster/Memory 1000000w mod 1 OOr/m data datalfw = 1 

Immediate to Accumulator 0010010w data datailw = 1 

TEST = And Function to Flags, No Result: 

Register/Memory and RegIster 1000010w mod reg r/m I(J) 
011: 

Immediate Data and Register/Memory 1111011w modOOOr/m data datailw = 1 11:0 
~(J) 

Immediate Data and Accumulator 1010100w data datallw = 1 ::E(J) 
(J)W 

OR = Or: 0 0 
::E~ 

Reg /Memory and Register to Either 000010dw mod reg r/m On. 

Immediate to RegIster/Memory 1000000w modOO 1 rIm data dataifw= 1 

ImmedIate to Accumulator 0000110w data data II w = 1 

XOR = Exclusive or: 

Reg.lMemory and Register to EIther 001100dw mod reg r/m 

Immediate to Register/Memory 1000000w mod 11 Or/m data datailw = 1 

ImmedIate to Accumulator 0011010w data dataifw = 1 

STRING MANIPULATION 

REP = Repeat 1111001 z 

MOYS = Move Byte/Word 1010010w 

CMPS = Compare Byte/Word 1010011w 

SCAS = Scan Byte/Word 1010111w 

LODS = Load Byte/Wd to ALI AX 1010110w 

STOS = StorByte/WdlromAL/A 1010101 w 

CONTROL TRANSFER 

CALL = Call: 

Direct WIthin Segment 11101000 dlsp-Iow disp-high 

Indirect Within Segment 11111111 modOIOr/m 

Direct Intersegment 10011010 offset-low offset-high 

seg-Iow seg-high 

Indirect Intersegment 11111111 modOl1 rIm 
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INSTRUCTION SET SUMMARY (Continued) 

Mnemonic and 
Description 

JMP = Unconditional Jump: 

Direct Within Segment 

Direct Within Segment-Short 

Indirect Within Segment 

Direct Intersegment 

Indirect Intersegment 

RET = Return from CALL: 

Within Segment 

Within Seg AddIng Immed to SP 

Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 

JL/JNGE = Jump on Less/Not Greater 
or Equal 

JLE/ JNG = Jump on Less or Equal/ 
Not Greater 

JB/JNAE = Jump on Below/Not Above 
or Equal 

JBE/ JNA = Jump on Below or Equal/ 
Not Above 

JP/JPE = Jump on Parity/Parity Even 

JO = Jump on Overflow 

JS = Jump on Sign 

JNE/JNZ = Jump on Not Equal/Not Zero 

JNLlJGE = Jump on Not Less/Greater 
or Equal 

JNLE/JG = Jump on Not Less or Equal/ 
Greater 

JNB/JAE = Jump on Not Below/Above 
or Equal 

JNBE/ JA = Jump on Not Below or 
Equal! Above 

JNP/JPO ~ Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = loop ex Times 

LOOPZ/LOOPE = loop While Zero/Equal 

LOOPNZ/LOOPNE = loop While Not 
Zero/Equal 

JCXZ = Jump on ex Zero 

INT = Interrupt 

Type SpecHled 

Type 3 

INTO = Interrupt on Overflow 

IRET = Interrupt Return 

I 

80C86 

Instruction Code 

76543210 76543210 76543210 

11101001 disp-Iow disp-high 

11101011 disp 

11111111 mod 1 OOr/m 

11101010 offsel-Iow offset-high 

seg-Iow seg-high 

11111111 mod 101 rim 

11000011 

11000010 data-low data-high 

1 1001011 

11001010 data-low data-high 

01110100 disp 

01111100 disp 

01 t 11110 disp 

01110010 disp 

01110110 disp 

01111010 disp 

01110000 disp 

01111000 disp 

01110101 disp 

01111101 disp 

01111111 disp 

01110011 disp I 
01110111 disp ~ 
01111011 disp I 
01110001 disp I 
01111001 disp I 
11100010 disp I 
11100001 disp I 
11100000 disp 

11100011 disp 

11001101 type 

11001100 

11001110 

11001111 
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80C86 

INSTRUCTION SET SUMMARY (Continued) 

Mnemonic and 
Description 

PROCESSOR CONTROL 

CLC = Clear Carry 

CMC ~ Complement Carry 

STC = Set Carry 

CLD = Clear Dorection 

STD = Set Direction 

CLI = Clear Interrupt 

STI = Set Interrupt 

HLT = Hall 

WAIT = Wait 

ESC = Escape (10 External Device) 

LOCK = Bus Lock Prefix 

NOTES: 
Al = 8-bit accumulator 
AX = 16-bit accumulator 
CX = Count register 
OS = Oata segment 
ES = Extra segment 
Above/below refers to unsigned value. 
Greater = more positive; 

I 
76543210 

11111000 

11110101 

11111001 

11111100 

11111101 

11111010 

11111011 

11110100 

10011011 

11011 x xx 

11110000 

less = less positive (more negative) signed values 
if d = 1 then "to" reg; if d = 0 then "from" reg 
if w = 1 then word instruction; if w = 0 then byte instruc

tion 
if mod = 11 then rIm is treated as a REG field 
if mod = 00 then OISP = 0·, disp-Iow and disp-high are 

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

16 bits, disp-high is absent 
if mod = 10 then OISP = disp-high: disp-Iow 
if rIm = 000 then EA = (BX) + (51) + OISP 
if rIm = 001 then EA = (BX) + (01) + OISP 
if rIm = 010 then EA = (BP) + (51) + OISP 
if rIm = 011 then EA = (BP) + (01) + OISP 
if rIm = 100 then EA = (51) + OISP 
if rIm = 101 then EA = (01) + DISP 
if rIm = 110 then EA = (BP) + DlSp· 
if rIm = 111 then EA = (BX) + DISP 
OISP follows 2nd byte of instruction (before data if re
quired) 
·except if mod = 00 and rIm = 110 then EA = disp
high: disp-Iow. 

"MOV CS, REG/MEMORY not allowed. 

Instruc1lon Code 

76543210 

modxxx rIm 

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

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

if v = 0 then "count" = 1; if v = 1 then "count" in (Cl) 
x = don't care 
z is used for string primitives for comparison with ZF FLAG. 
SEGMENT OVERRIDE PREFIX 

I 001re9110 I 
REG is assigned according to the following table: 

16-Blt (w = 1) 8-Blt(w = 0) Segment 

000 AX 000 AL 00 E5 
001 CX 001 CL 01 C5 
010 OX 010 OL 10 55 
011 BX 011 BL 11 05 
100 SP 100 AH 
101 BP 101 CH 
110 51 110 OH 
111 01 111 BH 

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

Mnemonics @ Intel, 1978 
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m HARRIS 

February 1992 

Features 
• Compatible with NMOS 8088 

• Direct Software Compatibility with 80C86, 8086, 
8088 

• 8 Bit Data Bus Interface; 16 Bit Internal Architecture 

• Completely Static CMOS Design 

~ DC •••••••••••••••••••• : ••.•••••• 5MHz (80C88) 

~ DC ••••••••••••••••.•.•••.••••• 8MHz (80C88-2) 

• Low Power Operation 
~ ICCSB ••.•••.•.•.•..••...•.•.. 5001JA Maximum 

~ ICCOP ••••••••••••••••••• 10mAlMHz Maximum 

• 1 Megabyte of Direct Memory Addressing Capability 

• 24 Operand Addressing Modes 

• Bit, Byte, Word, and Block Move Operations 

• 8 and 16 Bit SignedlUnsigned Arithmetic 

• Bus-Hold Circuitry Eliminates Pull-up Resistors 

• Wide Operating Temperature Ranges 

~ C80C88 .•••••••••••••••••••••••• OOC to +700 C 

~ 180C88 ••.•.••••••••••••••••••• -400 C to +850 C 

~ M80C88 •••••••••••••••••••••• -550 C to +1250 C 

Pinouts 40 LEAD DIP 
TOP VIEW 

MIN MAX 
MODE MODE 

80e88 
CMOS 8/16 Bit Microprocessor 

Description 

The Harris 80C88 high performance 8/16·bit CMOS CPU is man· 
ufactured using a self-aligned silicon gate CMOS process (Scaled 
SAIl IV). Two modes of operation, MINimum for small systems 
and MAXimum for larger applications such as multiprocessing, 
allow user configuration to achieve the highest performance level. 

Full TTL compatibility (with the exception of CLOCK) and 
industry-standard operation allow use of existing NMOS 8088 
hardware and Harris CMOS peripherals. 

Complete software compatibility with the BOC86, B086, and 8088 
microprocessors allows use of existing software in new designs. 

Ordering Information 

PACKAGE 

Plastic DIP 

PLCC 

Ceramic 
DIP 

SMD# 

LCC 

SMD# 

N 

TEMP. RANGE 5MHz 

00Cto+70OC CP80CSS 

-400C to +S5OC IPSOC88 

OOCto+700C CS80C88 

-400C to +850C IS80C88 

00Cto+700C CDSOCSS 

-400C to +S5OC IDSOC8S 

-550C to +1250C MD80CS8/B 

5962-S601601 QA 

-55OC to +1250C MR80C8S/B 

5962-8601601 XA 

44 LEAD PLCC/LCC 
TOP VIEW 

" .. on .. .. " on '" '" '" 

8MHz 

CPSOCSS-2 

IPSOCSS-2 

CS80C88-2 

IS80CS8-2 

CDSOCSS-2 

IDSOCSS-2 

MD80C88-2/B 

-
MR80C88-2/B 

-

r- " ~ ~ :c :c :c z z :c .. ... .. 
" :;: :c :c MAX MODE 

80CM T M'NMOOE 80(88 
N .. 

:c :c :c 
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Pin Description 
The following pin function descriptions are for BOCBB 
systems in either minimum or maximum mode. The "local bus" 
in these descriptions is the direct multiplexed bus interface 

connection to the BOCBB (without regard to addITional bus 
buffers). 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

AD7-ADO 9-16 I/O ADDRESS DATA BUS: These lines constitute the time multiplexed memory/IO address (T1) and data 
(T2, T3, Tw and T4) bus. These lines are actiye HIGH and are held at high impedance to the lastyalid 
leyel during interrupt acknowledge and local bus "hold acknowledge" or "grant sequence". 

A15-A8 2-8,39 0 ADDRESS BUS: These lines provide address bits 8 through 15 for the entire bus cycle (T1-T4). These 
lines do not have to be latched by ALE to remain yalid. A15-A8 are active HIGH and are held at high 
impedance to the last yalid logic leyel during interrupt acknowledge and local bus "hold acknowledge" 
or "grant sequence". 

A19/S6, 35 0 ADDRESS/STATUS: During T1, These are the four most significant address lines for memory opera-
A18/S5, 36 0 tions. During I/O operations, these lines are LOW. During memory and I/O operations, status infor-
A17/S4 37 0 mation is ayailable on these lines during T2, T3, 
A16/S3 38 0 Tw and T4. S6 is always LOW. The status of the S4 S3 CHARACTERISTICS 

interrupt enable flag bit (S5) is updated at the 
beginning of each clock cycle. S4 and S3 are 0 0 Alternate Data 
encoded as shown. 0 1 Stack 

1 0 Code or None 
This information indicates which segment register 1 1 Data 
is presenlly being used for data accessing. 

These lines are held at high impedance to the last yalid logic leyel during local bus "hold acknowledge" 
or "grant sequence". 

RD 32 0 READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, depending 
on the state of the 10/M pin or 52. This signal is used to read devices which reside on the 80C88 local 
bus. RD is active LOW during T2, T3 and Tw of any read cycle, and is guaranteed to remain HIGH in T2 
until the 80C88 local bus has floated. 

This line is held at a high impedance logic one state during "hold acknowledge" or "grant sequence". 

READY 22 I READY: is the acknowledgement from the addressed memory or I/O dey ice that it will complete the 
data transfer. The RDY signal from memory or I/O is synchronized by the 82C84A clock generator to 
form READY. This signal is active HIGH. The 80C88 READY input is not synchronized. Correct 
operation is not guaranteed if the set up and hold times are not met. 

INTR 18 I INTERRUPT REQUEST: is a leyel triggered input which is sampled during the last clock cycle of each 
instruction to determine if the processor should enter into an interrupt acknowlege operation. A sub-
routine is vectored to via an interrupt vector lookup table located in system memory. II can be internally 
masked by software resetting the interrupt enable bit.INTR is internally synchronized. This signal is 
active HIGH. 

TEST 23 I TEST: input is examined by the "wait for test" instruction. If the TEST input is LOW, execution contin-
ues, otherwise the processor waits in an "idle" state. This input is synchronized internally during each 
clock cycle on the leading edge of CLK. 

NMI 17 I NONMASKABLE INTERRUPT: is an edge triggered input which causes a type 2 interrupt. A subroutine 
is vectored to via an interrupt vector lookup table located in system memory. NMI is not maskable inter-
nally by software. A transition from a LOW to HIGH initiates the interrupt at the end of the current 
instruction. This input is internally synchronized. 

RESET 21 I RESET: causes the processor to immediately terminate its present activity. The signal must transition 
LOW to HIGH and remain active HIGH for at least four clock cycles. II restarts execution, as descnbed 
in the instruction set description, when RESET returns LOW. RESET is internally synchronized. 

CLK 19 I CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with a 33% 
duty cycle to provide optimized internal timing. 

VCC 40 VCC: is the +5V power supply pin. A 0.1 ~F capacilor between pins 20 and 40 is recommended for 
decoupling. 

GND 1,20 GND: are the ground pins (both pins must be connected to system ground), A 0.1 ~F capacitor between 
pins 1 and 20 is recommended for decoupling. 

MN/MX 33 I MINIMUM/MAXIMUM: indicates the mode in which the processor is to operate. The two modes are 
discussed in the following sections. 
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Pin Description 

The following pin function descriptions are for the 80e88 
minimum mode (Le., MN/MX = Vee). Only the pin 

functions which are unique to the minimum mode are 
described; all other pin functions are as described above. 

MINIMUM MODE SYSTEM 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

10iM 28 a STATUS LINE: is an inverted maximum mode S2. It is used to distinguish a memory access from an I/O 
access.IO/M becomes valid in the T4 preceding a bus cycle and remains valid until the final T4 of the 
cycle (I/O = HIGH, M = LOW). 10/M is held to a high impedance logic one during local bus 
"hold acknowledge". 

WR 29 a Write: strobe indicates that the processor is performing a write memory or write I/O cycle, depending 
on the state of the 10iM signal. WR is active for T2, T3 and Tw of any write cycle. It is active LOW, and 
is held to high impedance logic one during local bus "hold acknowledge". 

INTA 24 a INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW during T2, T3 andTw 
of each interrupt acknowledge cycle. Note that iNTA is never floated. 

ALE 25 a ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the 82C82/82C83 
address latch. It is a HIGH pulse active during clock low ofn of any bus cycle. Note that ALE is never 
floated. 

DT/R 27 a DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use an 82C86/82C87 
data bus transceiver. It is used to control the direction of data flow through the transceiver. Logically, 
DT/R is equivalentto Si in the maximum mode, and its timing is the same as for 10/M (T = HIGH, 
R = LOW). This signal is held to a high impedance logic one during local bus "hold acknowledge". 

DEN 26 a DATA ENABLE: is provided as an output enable for the 82C86/82C87 in a minimum system which 
uses the transceiver. DEN is active LOW during each memory and I/O access, and for INTA cycles. For 
a read or INTA cycle, it is active from the middle of T2 until the middle of T 4, while for a write cycle, it 
is active from the beginning ofT2 until the middle ofT4. DEN is held to high impedance logic one during 
local bus "hold acknowledge". 

HOLD, 31 I HOLD: indicates that another master is requesting a local bus "hold". To be acknowledged, HOLD 
HLDA 30 a must be active HIGH. The processor receiving the "hold" request will issue HLDA (HIGH) as an 

acknowledgment, in the middle of a T4 orTI clock cycle. Simultaneous with the issuance of HLDA the 
processor will float the local bus and control lines. After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle, it will again drive the 
local bus and control lines. 

Hold is not an asynchronous input. External synchronization should be provided if the system cannot 
otherwise guarantee the set up time. 

SSO 34 a STATUS LINE: is logicallyequivalentto SO in the -
maximum mode. The combination of SSO, 10/M 10/M DT/R SSO CHARACTERISTICS 
and DT /R allows the system to completely 
decode the current bus cycle status. SSO 1 0 0 Interrupt Acknowledge 
is held to high impedance logic one during 1 0 1 Read I/O Port 
local bus "hold acknowledge". 1 1 0 Write I/O Port 

1 1 1 Halt 
0 0 0 Code Access 
0 0 1 Read Memory 
0 1 0 Write Memory 
0 1 1 Passive 
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Pin Description 
The following pin descriptions are for the 80C88 
system in maximum mode (i.e., MN/MX = GND). Only the 

pin functions which are unique to maximum mode are 
described; all other pin functions are as described above. 

MAXIMUM MODE SYSTEM 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

SO 
Sf 
S2 

RQ/GTO, 
RQ/GT1 

lOCK 

QS1, 
QSO 

26 
27 
28 

31 
30 

29 

24,25 

34 

a STATUS: is active during clock high of T 4, T1 S2 S1 SO CHARACTERISTICS a and T2, and is returned to the passive state 
a (1, 1 , 1) during T3 or during Tw when READY a a a Interrupt Acknowledge 

is HIG H. This status is used by the 82C88 a a 1 Read 110 Port 
bus controller to generate all memory and I/O a 1 a Write I/O Port 
access control signals. Any change by S2, Sf or a 1 1 Halt 
SO during T4 is used to indicate the beginning of 1 a a Code Access 
a bus cycle, and the return to the passive state 1 a 1 Read Memory 
in T3 or Tw is used to indicate the end of a bus 1 1 a Write Memory 
cycle. 1 1 1 Passive 

These signals are held at a high impedance logic 
one state during "grant sequence". 

I/O REQUEST/GRANT: pins are used by other local bus masters to force the processor to release the local 
bus at the end of the processor's current bus cycle. Each pin is bidirectional with RQ/GTO having 
higher priority than RQ/GT1. RQ/GT has internal bus-hold high circuitry and, if unused, may be left 
unconnected. The request/grant sequence is as follows (see RQ/GT Timing Sequence): 

a 

a 

a 

1. A pulse of one ClK wide from another local bus master indicates a local bus request ("hold") to the 
BOCBB (pulse 1 ). 

2. During a T4 orTI clock cycle, a pulse one clock wide from the BOCBB to the requesting master 
(pulse 2), indicates that the BOC8B has allowed the local bus to float and that it will enter the 
"grant sequence" state at the next ClK. The CPUs bus interface unit is disconnected logically from 
the local bus during "grant sequence". 

3. A pulse one ClK wide from the requesting master indicates to the BOCaa (pulse 3) that the "hold" 
request is about to end and that the BOCBB can reclaim the local bus at the next ClK. The CPU 
then enters T 4 (or TI if no bus cycles pending). 

Each master-master exchange of the local bus is a sequence of three pulses. There must be one idle 
ClK cycle after bus exchange. Pulses are active lOW. 

If the request is made while the CPU is performing a memory cycle, it will release the local bus during 
T 4 of the cycle when all the following conditions are met 

1. Request occurs on or before T2. 
2. Current cycle is nolthe low bit of a word. 
3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
4. A locked instruction is not currently executing. 

If the local bus Is Idle when the request is made the two possible events will follow: 
1. Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a currently active memory cycle 

apply with condition number 1 already satisfied. 

lOCK: indicates that other system bus masters are not to gain control of the system bus while lOCK 
is active (lOW). The lOCK signal is activated by the "lOCK" prefix instruction and remains active until 
the completion of the next instruction. This signal is active lOW, and is held at a high Impedance logic 
one state during "grant sequence". In Max Mode, LoCK is automatically generated during T2 of the 
first iiii'fA cycle and removed during T2 of the second INTA cycle. 

QUEUE STATUS: provide status to allow 
external tracking of the internal80C88 

aS1 QSO CHARACTERISTICS 

instruction queue. a a No Operation 
a 1 First Byte of Opcode From 

The queue status is valid during the ClK cycle Queue 
after which the queue operation is performed. 1 a Empty the Queue 
Note that the queue status never goes to a 1 1 Subsequent Byte From 
high impedance state (floated). Queue 

Pin 34 is always a logic one in the maximum mode and is held at a high impedance logic one during a 
"grant sequence". 
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Functional Description 
Static Operation 

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

The BOCBB can be single stepped using only the CPU 
clock. This state can be maintained as long as is necessary. 
Single step clock operation allows simple interface circuitry 
to provide critical information for start-up. 

Static design also allows very low frequency operation (as 
low as DC). In a power critical situation, this can provide 
extremely low power operation since BOCBB power dissipa
tion is directly related to operation frequency. As the system 
frequency is reduced, so is the operating power until, at a 
DC input frequency, the power requirement is the BOCBB 
standby current. 

Internal Architecture 

The internal functions of the BOCBB processor are parti
tioned logically into two processing units. The first is the 
Bus Interface Unit (BIU) and the second is the Execution 
Unit (EU) as shown in the CPU block diagram. 

These units can interact directly but for the most part per
form as separate asynchronous operational processors. 
The bus interface unit provides the functions related to 
instruction fetching and queuing, operand fetch and store, 
and address relocation. This unit also provides the basic 
bus control. The overlap of instruction pre-fetching provid
ed by this unit serves to increase processor performance 
through improved bus bandwidth utilization. Up to 4 bytes 
of the instruction stream can be queued while waiting for 
decoding and execution. 

The instruction stream queuing mechanism allows the BIU 
to keep the memory utilized very efficiently. Whenever there 
is space for at least 1 byte in the queue, the BIU will attempt 
a byte fetch memory cycle. This greatly reduces "dead 
time" on the memory bus. The queue acts as a First-In
First-Out (FIFO) buffer, from which the EU extracts instruc
tion bytes as required. If the queue is empty (following a 
branch instruction, for example), the first byte into the queue 
immediately becomes available to the EU. 

The execution unit receives pre-fetched instructions from 
the BIU queue and provides unrelocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. 

Memory Organization 

The processor provides a 20 bit address to memory which 
locates the byte being referenced. The memory is organized 
as a linear array of up to 1 million bytes, addressed as 
OOOOO(H) to FFFFF{H). The memory is logically divided into 
code, data, extra, and stack segments of up to 64K bytes 

each, with each segment falling on 16 byte boundaries. 
(See Figure 1). 

7 0 
.r--:l. FFFFFH 

I ~ } CODE SEGMENT 

~!" XXXXDH 

_1_ = } STACK SEGMENT 

+ OFrSET 

SEGMENT ~} 
REGISTER FILE -

{ :J:]L DATA SEGMENT 
CS WORD BYTE 

~:::1S~S::::~b::::====~-1[~=M=S=B] OS 
ES 

-}~ .. ~.,~ 
~ OOOOOH 

FIGURE 1. MEMORY ORGANIZATION 

All memory references are made relative to base addressBs 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of prog
rams. The segment register to be selected is automatically 
chosen according to specific rules as shown in Table A. All 
information in one segment type share the same logical 
attributes (e.g., code or data). By structuring memory into 
relocatable areas of similar characteristics and byautomati
cally selecting segment registers, programs are shorter, 
faster, and more structured. 

TABLE A 

MEMORY SEGMENT 
REFERENCE REGISTER SEGMENT 

NEED USED SELECTION RULE 

Instructions CODE (CS) Automatic with all instruction 
prefetch. 

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

Local Data DATA (OS) Data references when: relative 10 
stack, destination of string oper-
ation, or explicitly overridden. 

External Data EXTRA (ES) Destination of string operations: 
(Global) Explicitly selected using a 

segment override. 

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

Certain locations in memory are reserved for specific CPU 
operations. (See Figure 2). Locations from addresses 
FFFFOH through FFFFFH are reserved for operations 
including a jump to the initial system initialization routine. 
Following RESET, the CPU will always begin execution at 
location FFFFOH where the jump must be located. Loca
tions OOOOOH through 003FFH are reserved for interrupt 
operations. Each of the 256 possible interrupt service 
routines is accessed through its own pair of 16 bit pointers 
- segment address pointer and offset address pointer. The 
first pointer, used as the offset address, is loaded into the IP, 
and the second pointer, which designates the base 
address, is loaded into the CS. At this point program control 
is transferred to the interrupt routine. The pointer elements 
are assumed to have been stored at their respective places 
in reserved memory prior to the occurrence of interrupts. 

Minimum and Maximum Modes 

The requirements for supporting minimum and maximum 
80C88 systems are sufficiently different that they cannot be 
done efficiently with 40 uniquely defined pins. Consequently, 
the 80C88 is equipped with a strap pin (MN/MX) which 
defines the system configuration. The definition of a certain 
subset of the pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, the 
80C88 defines pins 24 through 31 and 34 in maximum mode. 
When the MN/MX pin is strapped to VCC, the 80C88 gener
ates bus control signals itself on pins 24 through 31 and 34. 

The minimum mode 80C88 can be used with either a multi
plexed or demultiplexed bus. This architecture provides the 
80C88 processing power in a highly integrated form. 
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E EN 
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FIGURE 2. RESERVED MEMORY LOCATIONS 

The demultiplexed mode requires one latch (for 64K 
addressability) or two latches (for a full megabyte of 
addressing). An 82C86 or 82C8? transceiver can also be 
used if data bus buffering is required. (See Figure 3). The 
80C88 provides DEN and DT/R to control the transceiver, 
and ALE to latch the addresses. This configuration of the 
minimum mode provides the standard demultiplexed bus 
structure with heavy bus buffering and relaxed bus timing 
requirements. 

ADDRESS 

DATA 

jJ li! L 1T 111. 
HM-65162 HM-6616 82CXX 

I II O~II CS AD W:I 
~ ~2C59A CMOS RAM CMOS PROM PERIPHERALS 

V INTER~UPT 
CONTROL 

INT 

~1~7 

FIGURE 3. DEMULTIPLEXED BUS CONFIGURATION 
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The maximum mode employs the 82C88 bus controller 
(See Figure 4). The 82C88 decodes status lines SO, S1 and 
S2, and provides the system with all bus control signals. 
Moving the bus control to the 82C88 provides better source 
and sink current capability to the control lines, and frees the 

Vee rDl 

80C88 pins for extended large system features. Hardware 
lock, queue status, and two request/grant interfaces 
are provided by the 80C88 in maximum mode. These 
features allow coprocessors in local bus and remote bus 
configu rations. 

1 MN/M~ _GND ClK MR~ 
82C84A/85 ClK s.S(0;1------I~ so MWTC ~-----------._If___----+_------

~ RES - READY S, S; AiiWC r---- N.C. 

b 
RDY - RESET S, s;- 82C88 10RC ~----__.------+_II_----+_---..... --

r---- DEN 10WC~---~_+------~I_----+_---_r~-

r-- DTiii AIOWC r--- N.C. 
GND ALE iNTA 
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P OE CS RDWR 

L....-------.l\J~IN~~~~~PT • HM-65162 
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HM-6616 82CXX 
CMOS PROM PERIPHERALS 

V CONTROL _ 

A 
l"\r ___ IRO-7 

'----......,,~ 

FIGURE 4. FULLY BUFFERED SYSTEM USING BUS CONTROLLER 

Bus Operation 

The 80C88 address/data bus is broken into three parts: the 
lower eight address/data bits (ADO-AD7), the middle eight 
address bits (A8-A 15), and the upper four address bits 
(A 16-A 19). The address/data bits and the highest four 
adddress bits are time multiplexed. This technique provides 
the most efficient use of pins on the processor, permitting 
the use of a standard 40 lead package. The middle eight 
address bits are not multiplexed, i.e., they remain valid 
throughout each bus cycle. In addition, the bus can be 
demultiplexed at the processor with a single address latch if 
a standard, non multiplexed bus is desired for the system. 

Each processor bus cycle consists of at least four ClK 
cycles. These are referred to as T1, T2, T3 and T4. (See 
Figure 5). The address is emitted from the processor during 

T1 and data transfer occurs on the bus during T3 and T4. T2 
is used primarily for changing the direction of the bus 
during read operations. In the event that a "Not Ready" 
indication is given by the addressed device, "wait" states 
(Tw) are inserted between T3 and T 4. Each inserted "wait" 
state is of the same duration as a ClK cycle. Periods can 
occur between 80C88 driven bus cycles. These are referred 
to as "idle" states (Ti), or inactive ClK cycles. The proces
sor uses these cycles for internal housekeeping. 

During T1 of any bus cycle, the ALE (Address latch enable) 
signal is emitted (by either the processor or the 82C88 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid address and certain status infor
mation for the cycle may be latched. 
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FIGURE 5. BASIC SYSTEM TIMING 

5tatus bits 50, 51, and 52 are used by the bus controller, in TABLE C. 
maximum mode, to identify the type of bus transaction 
according to Table B. 

TABLE B. 

S2 Sl SO CHARACTERISTICS 

0 0 0 Interrupt Acknowledge 
0 0 1 Read I/O 
0 1 0 WriteI/O 
0 1 1 Halt 
1 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (No Bus Cycle) 

5tatus bits 53 through 56 are multiplexed with high order 
address bits and are therefore valid during T2 through T4. 
53 and 54 indicate which segment register was used for 
this bus cycle in forming the address according to Table C. 

55 is a reflection of the P5W interrupt enable bit. 56 is 
always equal to O. 

S4 S3 CHARACTERISTICS 

0 0 Alternate Data (Extra Segment) 
0 1 Stack 
1 0 Code or None 
1 1 Data 

I/O Addressing 

In the BOCBB, I/O operations can address up to a maximum 
of 64K I/O registers. The I/O address appears in the same 
format as the memory address on bus lines A15-AO. The 
address lines A 19-A 16 are zero in I/O operations. The vari· 
able I/O instructions, which use register DX as a pointer, 
have full address capability, while the direct I/O instructions 
directly address one or two of the 256 I/O byte locations in 
page a of the I/O address space. I/O ports are addressed in 
the same manner as memory locations. 

Designers familiar with the BOBS or upgrading an BOB5 
design should note that the BOBS addresses I/O with an B bit 
address on both halves of the 16 bit address bus. The BOCBB 
uses a full 16 bit address on its lower 1 6 add ress lines. 
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External Interface 
Processor Reset and Initialization 

Processor initialization or start up is accomplished with acti
vation (HIGH) of the RESET pin. The SOCSS RESET is 
required to be HIGH for greater than four clock cycles. The 
SOCSS will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal reset 
sequence for approximately 7 clock cycles. After this inter
val the SOCSS operates normally, beginning with the 
instruction in absolute location FFFFOH (see Figure 2). The 
RESET input is internally synchronized to the processor 
clock. At initialization, the HIGH to lOW transition of RESET 
must occur no sooner than 50l1s after power up, to allow 
complete initialization of the SOCSS. 

NMI will not be recognized if asserted prior to the second 
ClK cycle following the end of RESET. 

Bus Hold Circuitry 

To avoid high current conditions caused by floating inputs 
to CMOS devices and to eliminate the need for pull-up/ 
down resistors, "bus-hold" circuitry has been used on 
SOCSS pins 2-16, 26-32 and 34-39 (see Figure 6a and 6b). 
These circuits maintain a valid logic state if no driving 
source is present (i.e., an unconnected pin or a driving 
source which goes to a high impedance state). 

To override the "bus hold" circuits, an external driver must 
be capable of supplying 400l1A minimum sink or source 
current at valid input voltage levels. Since this "bus hold" 
circuitry is active and not a "resistive" type element, the 
associated power supply current is negligible. Power dissi
pation is significantly reduced when compared to the use of 
passive pull-up resistors. 

Interrupt Operations 

Interrupt operations fall into two classes: software or hard
ware initiated. The software initiated interrupts and software 
aspects of hardware interrupts are specified in the instruc-

EXTERNAL 
PIN 

FIGURE SA. BUS HOLD CIRCUITRY PIN 2-15, 35-39 

tion set description. Hardware interrupts can be classified 
as nonmaskable or maskable. 

Interrupts result in a transfer of control to a new program lo
cation. A 256 element table containing address pointers to 
the interrupt service program locations resides in absolute 
locations 0 through 3FFH (see Figure 2), which are reserved 
for this purpose. Each element in the table is 4 bytes in size 
and corresponds to an interrupt "type". An interrupting 
device supplies an S bit type number, during the interrupt 
acknowledge sequence, which is used to vector through 
the appropriate element to the new interrupt service 
program location. 

Non-maskable Interrupt (NMI) 

The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable inter
rupt request (INTR) pin. A typical use would be to activate a 
power failure routine. The NMI is edge-triggered on a lOW 
to HIGH transition. The activation ofthis pin causes a type 2 
interrupt. 

NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 
synchronized to the clock. Any high going transition of NMI 
is latched on-chip and will be serviced at the end of the 
current instruction or between whole moves (2 bytes in the 
case of word moves) of a block type instruction. Worst case 
response to NMI would be for multiply, divide, and variable 
shift instructions. There is no specification on the 
occurrence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high-going 
edge triggers another response if it occurs after the start of 
the NMI procedure. 

The signal must be free of logical spikes in general and be 
free of bounces on the low-going edge to avoid triggering 
extraneous responses. 

EXTERNAL 
PIN 

FIGURE SB. BUS HOLD CIRCUITRY PIN 25-32, 34 
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Maskable Interrupt (INTR) 

The 80C88 provides a single interrupt request input (INTR) 
which can be masked Internally by software with the 
resetting of the interrupt enable (IF) flag bit. The interrupt 
request signal is level triggered. It is internally synchronized 
during each clock cycle on the high-going edge of CLK. 

To be responded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current instruction 
or the end of a whole move for a block type instruction. INTR 
may be removed anytime after the falling edge of the first 
INTA signal. During interrupt response sequence, further 
interrupts are disabled. The enable bit is reset as part of the 
response to any interrupt (INTR, NMI, software interrupt, or 
single step). The FLAGS register, which is automatically 
pushed onto the stack, reflects the state of the processor 
prior to the interrupt. The enable bit will be zero until the old 
FLAGS register is restored, unless specifically set by an 
instruction. 

During the response sequence (see Figure 7), the proces
sor executes two successive (back-to-back) interrupt 
acknowledge cycles. The 80C88 emits the LOCK signal 
(maximum mode only) from T2 of the first bus cycle until T2 
of the second. A local bus "hold" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external inter
rupt system (e.g., 82C59A PIC) which identifies the source 
(type) of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup table. 

An INTR signal left HIGH will be continually responded to 
within the limitations of the enable bit and sample period. 
INTR may be removed anytime after the falling edge of the 
first INTA signal. The interrupt return instruction includes a 
flags pop which returns the status of the original interrupt 
enable bit when it restores the flags. 

Halt 

When a software HALT instruction is executed, the proces
sor indicates that it is entering the HALT state in one of two 
ways, depending upon which mode is strapped. In mini
mum mode, the processor issues ALE, delayed by one 
clock cycle, to allow the system to latch the halt status. Halt 
status is available on 10/M, DT/R, and SSO. In maximum 
mode, the processor issues appropriate HALT status on S2, 

S1 and SO, and the 82C88 bus controller issues one ALE. 
The 80C88 will not leave the HALT state when a local bus 
hold is entered while in HALT. In this case, the processor 
reissues the HALT indicator at the end of the local bus hold. 
An interrupt request or RESET will force the 80C88 out of 
the HALT state. 

Read/Modify/Write (Semaphore) Operations Via LOCK 

The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the 
execution of an instruction. This allows the processor to 
perform read/modify/write operations on memory (via the 
"exchange register with memory" instruction), without 
another system bus master receiving intervening memory 
cycles. This is useful in multiprocessor system configura
tions to accomplish "test and set lock" operations. The 
LOCK signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deactivated at 
the end of the last bus cycle of the instruction following the 
LOCK prefix. While LOCK is active, a request on a RQ/GT 
pin will be recorded, and then honored at the end of the 
LOCK. 

External Synchronization Via TEST 

As an alternative to interrupts, the 80C88 provides a single 
software-testable input pin (TEST). This input is utilized by 
executing a WAIT instruction. The single WAIT instruction is 
repeatedly executed until the TEST input goes active 
(LOW). The execution of WAIT does not consume bus 
cycles once the queue is full. 

If a local bus request occurs during WAIT execution, the 
8OC88 three-states all output drivers while inputs and I/O 
pins are held at valid logic levels by internal bus-hold circuits. 
If interrupts are enabled, the 80Caa will recognize interrupts 
and process them when it regains control of the bus. 

Basic System Timing 

In minimum mode, the MN/MX pin is strapped to VCC and 
the processor emits bus control signals (RD, WR, 10/~:;' 
etc.) directly. In maximum mode, the MN/MX pin is strapped 
to GND and the processor emits coded status information 
which the 82C88 bus controller uses to generate 
MULTIBUSw compatible bus control signals. 

I T, I T, T, T, I T, I T, T, 

ALE J\'-----______ n>---__ 
\\--__ ----t/ 

.. ---..;; \'---__ _ --Ju/_ n __ ~_----\ 
AD,·AD, ~ _ _ _ _ _ _ _ _ _ _ • TYPE VECTOR ) 

FIGURE 7. INTERRUPT ACKNOWLEDGE SEQUENCE 
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System Timing - Minimum System 

The read cycle begins in T1 with the assertion of the address 
latch enable (ALE) signal (See Figure 5). The trailing (low 
going) edge of this signal is used to latch the address informa
tion, which is valid on the address data bus (ADO-AD7) at this 
time, into the 82C82/82C83 latch. Address lines A8 through 
A 1 5 do not need to be latched because they remain valid 
throughout the bus cycle. From T1 to T4 the 101M signal 
indicates a memory or I/O operation. At T2 the address is 
removed from the address data bus and the bus is held at the 
last valid logic state by internal bus-hold devices. The read 
control signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be available on 
the bus and the addressed device will drive the READY line 
HIGH. When the processor returns the read signal to a HIGH 
level, the addressed device will again three-state its bus driv
ers. If a transceiver (82C86/82C87) is required to buffer the 
local bus, signals DT /R and DEN are provided by the 80C88. 

A write cycle also begins with the assertion of ALE and the 
emission of the address. The 10/M signal is again asserted to 
indicate a memory or I/O write operation. In T2, immediately 
following the address emission, the processor emits the data 
to be written into the addressed location. This data remains 
valid until at least the middle of T 4. During T2, T3, and Tw, the 
processor asserts the write control signal. The write (WR) 
signal becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide time 
for output drivers to become inactive. 

The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge 

(INTA) signal is asserted in place of the read (RD) signal and 
the address bus is held at the last valid logic state by internal 
bus-hold devices (see Figure 6). In the second of two suc
cessive INT A cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic (I.e., 
82C59A priority interrupt controller). This byte identifies the 
source (type) of the interrupt. It is multiplied by four and used 
as a pointer into the interrupt vector lookup table, as de
scribed earlier. 

Bus Timing - Medium Complexity Systems 

For medium complexity systems, the MN/MX pin is con
nected to GND and the 82C88 bus controller is added to the 
system, as well as an 82C82/82C83 latch for latching the sys
tem address, and an 82C86/82C87 transceiver to allow for 
bus loading greater than the 80C88 is capable of handling 
(see Figure 8). Signals ALE, DEN, and DT/R are generated by 
the 82C88 instead of the processor in this configuration, al
though their timing remains relatively the same. The 80C88 
status outputs (S2, 51 and SO) provide type of cycle informa
tion and become 82C88 inputs. This bus cycle information 
specifies read (code, data or I/O), write (data or I/O), interrupt 
acknowledge, or software halt. The 82C88 thus issues control 
signals specifying memory read or write, I/O read or write, or 
interrupt acknowledge. The 82C88 provides two types of write 
strobes, normal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading edge of 
write. The advanced write strobes have the same timing as 
read strobes, and hence, data is not valid at the leading edge 
of write. The 82C86/82C87 tranceiver receives the usual T 
and OE inputs from the 82C88 DT/R and DEN outputs. 
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FIGURE 8. MEDIUM COMPLEXITY SYSTEM TIMING 
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The pointer into the Interrupt vector table, which is passed 
during the second INTA cycle, can derive from an 82C59A 
located on either the local bus or the system bus. If the 
master 82C59A priority interrupt controller is positioned on 
the local bus, the 82C86/82C87 transceiver must be 
disabled when reading from the master 82C59A during the 
interrupt acknowledge sequence and software "poll". 

The SOCSS Compared To The SOCS6 

The 80C88 CPU is an 8 bit processor designed around the 
8086 internal structure. Most internal functions of the 
80C88 are identical to the equivalent 80C86 functions. The 
80C88 handles the external bus the same way the 80C86 
does with the distinction of handling only 8 bits at a time. 
Sixteen-bit operands are fetched or written in two consecu
tive bus cycles. Both processors will appear identical to the 
software engineer, with the exception of execution time. The 
internal register structure is identical and all instructions 
have the same end result. Internally, there are three differ
ences between the 80C88 and the 80C86. All changes are 
related to the 8 bit bus interface. 

• The queue length is 4 bytes in the 80C88, whereas the 
80C86 queue contains 6 bytes, or three words. The 
queue was shortened to prevent overuse of the bus by 
the BIU when prefetching instructions. This was required 
because of the additional time necesssary to fetch 
instructions 8 bits at a time. 

• To further optimize the queue, the prefetching algorithm 
was changed. The 80C88 BIU will fetch a new instruc
tion to load into the queue each time there is a 1 byte 
space available in the queue. The 80C86 waits until a 2 
byte space is available. 

• The internal execution time of the instruction set is affect
ed by the 8 bit interface. All 16 bit fetches and writes 

fromlto memory take an additional four clock cycles. The 
CPU is also limited by the speed of instruction fetches. 
This latter problem only occurs when a series of simple 
operations occur. When the more sophisticated instruc
tions of the 80C88 are being used, the queue has time to 
fill and the execution proceeds as fast as the execution 
unit will allow. 

The 80C88 and 80C86 are completely software compatible 
by virtue of their identical execution units. Software that is 
system dependent may not be completely transferable, but 
software that is not system dependent will operate equally 
as well on an BOCB8 or an 80C86. 

The hardware interface of the 80C88 contains the major 
differences between the two CPUs. The pin assignments 
are nearly identical, however, with the following functional 
changes: 

• A8-A 15: These pins are only address outputs on the 
80C88. These address lines are latched internally and 
remain valid throughout a bus cycle in a manner similar 
to the 8085 upper address lines. 

• BHE has no meaning on the 80C88 and has been elimi
nated. 

• SSO provides the SO status information in the minimum 
mode. This output occurs on pin 34 in minimum mode 
only. DT/R, 101M and SSO provide the complete bus sta
tus in minimum mode. 

• 101M has been inverted to be compatibie with the 8085 
bus structure. 

• ALE is delayed by one clock cycle in the minimum mode 
when entering HALT, to allow the status to be latched 
with ALE. 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage ......................................•. +B.OV Thermal Resistance eja ejc 
Input. Output or I/O Voltage Applied .... GND-0.5V to VCC+0.5V Ceramic DIP Package. . • . . . . . •• . . . .. .. 27.50C/W 5.90C/W 

Ceramic LCC Package. . . . . . . . . . . . . . .. 62.20C/W B.60C/W 
Maximum Package Power Dissipation at +1250C 

Storage Temperature Range ................. -650C to +1500C 
Junction Temperature .........................•...... +1750C 
Lead Temperature (Soldering 10 sec) .................. +3000C Ceramic DIP Package ................................ 1.B2W 
ESD Classification .................................... Class 1 Ceramic LCC Package ............................. B06mW 

Gate Count ...................................... 9750 Gates 

CAUTION: Stresses above those listed In "Absolute MaxImum Ratmgs" may cause permanent damage to the device. This IS a stress only rating and operation 
of the device at these or any other conditions above those mdicated In the operational sections of this specification IS not implied. 

Operating Conditions 

Operating Voltage Range ....................... +4.5V to +5.5V Operating Temperature Range 
MBOCBB-2 Only .......................... +4.75V to +5.25V CBOCBB/-2 .................................. OOC to + 700C 

IBOCBB/-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -400C to +B50C 
MBOCBB/-2 ........ , ..................... -550Cto+1250C 

D.C. Electrical Specifications vcc ~ 5.0V ± 10%; TA ~ OoC to +700 C (CSOCSS) (CSOCSS-2) 
VCC ~ 5.0V ± 10%; TA ~ -400 C to +S50 C (ISOCSS) (ISOCSS-2) 
VCC ~ 5.0V ± 10%; TA ~ -550 C to +1250 C (MSOCSS) 

SYMBOL 

VIH 

VIL 

VIHC 

VILC 

VOH 

VOL 

II 

IBHH 

IBHL 

10 

ICCSB 

ICCOP 

NOTES 

VCC ~ 5.0V ± 5%; TA ~ -550 C to +1250 C (MSOCSS-2) 

PARAMETER MIN MAX UNITS TEST CONDITIONS 

Logical One 2.0 V CBOCBB. IBOCBB (Note 4) 
Input Voltage 2.2 V MBOCBB (Note 4) 

Logical Zero Input Voltage O.B V 

CLK Logical One Input Voltage VCC -O.BV V 

CLK Logical Zero Input Voltage O.B V 

Output High Voltage 3.0 V IOH ~ -2.SmA 
VCC -0.4 V 10H = -100/lA 

Output Low Voltage 0.4 V 10L = +2.SmA 

Input Leakage Current -1.0 1.0 /lA VIN = OV or VCC. 
DIP Pins 17-19, 21-23, 33 

Input Current -40 -400 /lA VIN = 3.0V 
Bus Hold High (Note 1) 

Input current 40 400 /lA VIN = O.BV 
Bus Hold Low (Note 2) 

Output Leakage Current -10.0 /lA va = OV (Note 5) 

Standby Power Supply 500 /lA VCC = 5.5V 
Current (Note 3) 

Operating Power 10 rnA/MHz Freq = max, 
Supply Current VIN = GND or VCC, 

Outputs Open 

IBHH should be measured after raising VIN to vee and then lowenng to 3.0V on the following PinS 2-16,26-32,34-39 
IBHL should be measured after lowenng VIN to GNO and then raising to 0 8V on the following PinS 2-16,35-39 
leess tested dunng clock high time after HALT instruction execution VIN = vee or GND vee = 5 5V outputs unloaded 
MN/MXls a strap option and should be held to vee or GND 

10 should be measured by putting the Pin In a high Impedance state and then dnvlng VOUT to GND on the follOWing 
pms 26-29 and 32 
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Specifications 80C88 

Capacitance T A = 250C 

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 

CIN Input Capacitance 25 pF FREQ = 1MHz 
All measurements are 
referenced to device GND 

COUT Output Capacitance 25 pF -
CliO 1/0 Capacitance 25 pF 

A.C. Electrical Specifications vcc = 5.0V ± 10%; TA = ooc to +700C (Cl 'C88) (C80C88-2) 
VCC = 5.0V ± 10%; TA = -400 C to +85oC (180C88) (180C88-2) 
VCC = 5.0V ± 10%; TA = -550 C to +1250 C (M80C88) 
VCC = 5.0V ± 5%; TA = -550C to +1250C (M80C88-2) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 

aoCB8-2 BocaB 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS 

(1lTClCl ClK Cycle Penod 125 200 ns 

(2) TClCH ClK low Time 68 118 ns 

(3) TCHCl ClK High Time 44 69 ns 

(4jTCH1CH2 ClK Rise Time 10 10 ns From 1.0V to 3.5V 

(S)TCL2CL1 ClK Fall Time 10 10 ns From 3.5V to 1.0V 

(6) TDVCl Data In Setup Time 20 30 ns 

(7) TClDX1 Data In Hold Time 10 10 ns 

(8)TR1VCl RDY Setup Time Into 35 35 ns 
82C84A (See Notes I, 2) 

(9)TClR1X RDY Hold Time Into 0 0 ns 
82C84A (See Notes 1, 2) 

TRYHCH READY Setup Time 68 118 ns 
(10) Into 8OC88 

TCHRYX READY Hold Time 20 30 ns 
(11) into BOC88 

TRYlCl READY InaCltve to -8 -8 ns 
(12) ClK (See Note 3) 

13rrHVCH HOLD Setup Time 20 35 ns 

TINVCH INTR, NMI, TEST 15 30 ns 
(14) Setup Time (See 

Note 2) 

(1S)TllIH Input Rise Time 15 15 ns From 0.8V to 2.0V 
(Except ClK) 

(16)TIHIL Input Fall Time 15 15 ns From 2.0V to O.8V 
(Except ClK) 
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A.C. Electrical Specifications vcc = 5.0V ± 10%; TA = ooc to +700C (C80C88) (C80C88-2) 
VCC = 5.0V ± 10%; TA = -400C to +850C (180C88) (180C88-2) 
VCC = 5.0V ± 10%; TA = -550C to +1250C (M80C88) 
VCC = 5.0V ± 5%; TA = -550C to +1250C (M80C88-2) 

MINIMUM COMPLEXITY SYSTEM TIMING RESPONSES 

BOCBB-2 BOCBB 

SYMBOL PARAMETER MIN MAX MIN MAX 

(17)TCLAV Address Valid Delay 10 60 10 110 

(18)TCLAX Address Hold Time 10 10 

(19\TCLAZ Address Float Delay TCLAX 50 TCLAX 80 

(20)TCHSZ Status Float Delay 50 80 

(21)TCHSV Status Active Delay 10 60 10 110 

(22)TLHLL ALE Width TCLCH-l0 TCLCH-20 

(23)TCLLH ALE Active Delay 50 80 

(24)TCHLL ALE Inactive Delay 55 85 

(25)TLLAX Address Hold Time TCHCL-l0 TCHCL-l0 
to ALE Inactive 

(26)TCLDV Data Valid Delay 10 60 10 110 

(27TCLDX2 Data Hold Time 10 10 

TWHDX Data Hold Time TCLCL-30 TCLCL-30 
(28) 

AfterWR 

(29TCVCTV Control Active Delay 1 10 70 10 110 

30TCHCTV Control Active Delay 2 10 60 10 110 

(31TCVCTX Control Inactive Delay 10 70 10 110 

(32)TAZRL Address Float to 0 0 
READ Active 

(33)TCLRL RD Active Delay 10 100 10 165 

(34)TCLRH RD Inactive Delay 10 80 10 150 

(35)TRHAV RD Inactive to Next TCLCL-40 TCLCL-45 
Address Active 

36jT"CLHAV HLDA Valid Delay 10 100 10 160 

(37)TRLRH RD Width 2TCLCL-50 2TCLCL-75 

(38jTWLWH WRWidth 2TCLCL-40 2TCLCL-60 

(39)TAVAL Address Valid to TCLCH-40 TCLCH-60 
ALE Low 

(40)TOLOH Output Rise Time 15 15 

(41)TOHOL Output Fall Time 15 15 

NOTES 1 Signal al 82C84A shown for reference only 
2 Setup requirement for asynchronous signal only to guarantee recognition at next clock 

3 Applies only 10 T2 slale (8 nanoseconds Inlo T3) 
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TEST CONDITIONS 

CL = 100pF for all 
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Waveforms 

BUS TIMING - MINIMUM MODE SYSTEM 

T, (4) T, (5) T, Tw T. 

~Tdtb~ TCH1CH211- -+lCCL2CL1 J 
CLK (82C84A Output) r--\~. ) ~ r~ ~ 

30 -I - 1'---':2-) __ -'I _ I'-TC-H-C-TV-
( ITCHCTv.. , r,:. +-----+ TCHCL (3) +-TCLCH-+ (30) 

loiii SSO =-t~..I'II'-+--t--t--+----t--+---t--+----I-I'I'\.+--- (17) 
, __ _TCLAV 

-+--~~r~--+----+---4---~---t----r--~r-
A15-As (Float dunng INTA) 

TCLAV~ (171 _ - (26) __ 'TICLDV _ =TJ~lv 
,~ TCLAX. (IB) -, 

-+---r~lr-+==~~lj~---+---~---+----+---+-_Ir-
V' A ,9-A '6 56-53 

-+---+--' '--+---::::;t-.JJ '-+--+--+--4----t---I--'I~ 
TCLLH-+ JI-TLHLL=C 2 ~TLLAX(25) 

(23) ~- / 

-I---.ITCHLLJ (24) 1+~--+-+-_--(B-I+_-'T-R1-V-C-L 1---+---+---""---
ALE 

ROY (82C84A Input) 
SEE NOTES 1,2 ~Tii'~L-+ :!:~~~ ~\\ ~\\~~\\\\~~\\\\~~ 

READ CYCLE 
(WR, iNi'A = VOH) 

DTlii 

I I-=- j+-TCLR1X (9) 

TRYLCL_ (12)_ 1-, 
(II) 

1.1r_---+\.I-TCHRYX 

(10) 
TRYHCH _' 

--+ (19) ~TCLAZ ~TO ~L __ ~TC!lbx1. 
--1---""J--AD-r-AD-o+-.... )~-~~l-n_ = -.K DATA IN - - --~ 

(32)TAZRL_ ~ TCLRH_ (34) (+- -T-:";--=.:I~ 
-+------~-~ 

~~ \ 
T~~kL I+-_-+fool~~f------fl'~::.-T-R-LR-H-------------++ ----+I.I~I -J-. ;-TCHCTV 130) --~ 130) 

TCHCTV 
(37) 1/ ~_ 

(29)TCVCTV_ t-f-- TCYCTX_ rt 
.11 (31) r1f-------l ____ --' 

NOTES: 1. ROY IS sampled near the end of T2, T3. Tw to determine If Tw machine states are to be inserted. 
2. Signals at 82C84A are shown tor reference only. 

3-166 



80C88 

Waveforms (Continued) 

BUS TIMING - MINIMUM MODE SYSTEM (Continued) 

T, T, Tw T. 

CL K 182CB4A OUTPUT) 

TCLAV-

AD,-ADo DATA OUT 

WRITE CYCLE 
DEN 

(38) 
TWLWH 

Wii 

119) -TCLAZ 

_.L __ 
AD7-ADo I 0(1) ---- a: a: 

0 0 _(I) 
:i!(I) 

DT/~ (l)W 
INTA CYCLE 0 0 

__ (Natet) :i!~ 
(RD, WR = VOH) 00. 

INTA 

TCVCTX 

DEN 

SOFTWARE HALT -

D!IiI,lm,Q,iRTl- VOH AD,-ADo SOFTWARE HALT 

TCHLL (Z4) 

ALE 

TCVCTX (311 
101M 
DT/Ii 
SSO 

-I 
TCHCTV 

(3D) 

NOTES: t. Two INTA cycles run back-to-back. The BOCBB local ADDR/DATA bus is floating during both INTA cycles. 
Control Signals are shown for the second INTA cycle. 

2. Signals at 82C84A are shown for reference only. 
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Specifications 80C88 

A.C. Electrical Specifications vcc = 5.0V ± 10%; TA = ooc to +700 C (C80C88) (C80C88-2) 
VCC = 5.0V ± 10%; TA = -400 C to +850 C (180C88) (180C88-2) 
VCC = 5.0V ± 10%; TA = -550 C to +1250 C (M80C88) 
VCC = 5.0V ± 5%; T A = -550 C to +1250 C (M80C88-2) 

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

80C88-2 80C88 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS 

(l)TClCl ClK Cycle Period 125 200 ns 

(2) TClCH ClK Low Time 68 118 ns 

(3) TCHCl ClK High Time 44 69 ns 

(4jl'CH1CH2 ClK Rise Time 10 10 ns From 1.0V to 3.5V 

(5)TCL2Cl1 ClK Fall Time 10 10 ns From 3.5V to 1.0V 

(6) TDVCl Data in Setup Time 20 30 ns 

(7)TCLDX1 Data in Hold Time 10 10 ns 

(8)TR1VCl ROY Setup Time into 35 35 ns 
82C84 (See Notes 1, 2) 

(9)TClR1X ROY Hold Time Into 0 0 ns 
82C84 (See Notes 1, 2) 

(10)TRYHCH READY Setup Time 68 118 ns 
into 80C88 

(ll)TCHRYX READY Hold Time 20 30 ns 
into 80C88 

(12)TRYLCL READY Inactive to -8 -S ns 
ClK (See Note 3) 

(13)TINVCH Setup Time for 15 30 ns 
R~(INTR, 
NMI, T) (See 
Note 2) 

(14)TGVCH ROIGT Setup Time 15 30 ns 

(15)TCHGX RQ Hold Time Into 30 TCHCl+10 40 TCHCl+10 ns 
SOC8S (See Note 4) 

(16)TILIH Input Rise Time 15 15 ns From 0 SV to 2.0V 
(Except ClK) 

17)TIHll Input Fall Time 15 15 ns From 2.0V to O.SV 
(Except ClK) 
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Specifications 80C88 

A.C. Electrical Specifications vcc = 5 OV ± 10%, TA = ooC to +700C (CSOCSS) (CSOCSS-2) 
VCC = 5.0V ± 10%, T A = -400 C to +S50 C (ISOCSS) (ISOCSS-2) 
VCC = 5.0V ± 10%; T A = -550 C to +1250 C (MSOCSS) 
VCC = 5.0V ± 5%, TA = -550 C to +1250 C (MSOCSS-2) 

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) TIMING RESPONSES 

80C88-2 80C88 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS 

(18)TClMl Command Active 5 35 5 35 ns 
Delay (See Note 1) 

(19)TClMH Command InactIve 5 35 5 35 ns 
Delay (See Note 1) 

(20!RYHSH READY Active to Status 65 llu ns 
PassIve (See Notes 3, 5) 

(21)TCHSV Status ActIve Delay 10 60 10 110 ns 

(22)TClSH Status InactIve Delay 10 70 lU I;>U ns 
(See Note 5) 

(23)TCLAV Address Valid Delay 10 60 10 110 ns 

(24)TCLAX Address Hold TIme 10 10 ns 

(25)TCLAZ Address Float Delay TCLAX 50 TCLAX 80 ns 

(26)TCHSZ Status Float Delay 50 tlU ns 

(27)TSVlH Status Valid to ALE 20 20 ns 
HIgh (See Note 1) 

TSVMCH Status Valid to MCE 30 30 ns 
(28) High (See Note 1) 

(29)TCllH ClK low to ALE Valid 20 20 ns 
(See Note 1) 

(30)TClMCH ClK low to MCE HIgh 25 25 ns 
(See Note 1) 

(31)TCHll ALE InactIve Delay 4 18 4 18 ns 
(See Note 1) 

TClMCl MCE Inactive Delay 15 15 ns CL = 100 pF for all 
(32) (See Note 1) 80C88 Outputs in 

(33)TClDV Data Valid Delay 10 60 10 110 ns addition to internal loads 

(34jTCLDX2 Data Hold TIme 10 10 ns 

(35)TCVNV Control Active Delav 5 45 5 45 ns 
(See Note 1) 

(36)TCVNX Control InactIve 10 45 10 45 ns 
Delay (See Note 1) 

(37)TAZRl Address Float to 0 0 ns 
Read ActIve 

(38)TClRl RD ActIve Delay 10 100 10 165 ns 

(39)TClRH RD Inactive Delay 10 80 10 150 ns 

(40)TRHAV RD InactIve to Next TClCl-40 TClCl-45 ns 
Address ActIve 

(41)TCHDTl DIrectIon Control 50 50 ns 
Acllve Delay (See 
Note 1) 

(42)TCHDTH DIrectIon Control 30 30 ns 
InactIve Delay 
(See Note 1) 

(43)TClGl GT ActIve Delay 0 50 0 85 ns 

(44)TClGH GT InactIve Delay 0 50 0 85 ns 

(45)TRlRH RD Width 2TClCl-50 2TClCl-75 ns ~ 
(46l0l0H Output RIse TIme 15 15 ns From 0.8V to 2.0V 

(47)TOHOl Output Fall TIme 15 15 ns From 2.0V to 0.8V 

NOTES 1 SIgnal at 82C84A or 82C88 shown for reference only 
2. Setup reqUIrement for asynchronous sIgnal only to guarantee recognItIon at next clock 
3. Applies only to T2 state (8 nanoseconds Into T3) 
4 The 80C88 actIvely pulls the RQ/GT pIn to a logIC one on the follOWIng clock low tIme. 
5 Status lines return to theIr InactIve (logIC one) state after ClK goes low and READY goes hIgh. 
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80C88 

Waveforms 
BUS TIMING - MAXIMUM MODE (USING 82C88) 

CLK 

l~' 141 T, 151T, T. 

V'"'~TCLC~ TCH1CH4!HII+-TCL2CL~~ Ir""""" 

...J 1231 131 J 1\., .1\ 
TCLA'y"'I~~I-- - Iy 1'--

~~~A .~--+-aSs. as, 

I+---. TCH SV 121 I - 1221 .... TCLSH 
---,:+--~-I--+----+--+4"'1"rr,.j.,.,.'1T""+---+_· - - --W/,« W(SEE NOTE 3) \ 

1~----+---4----~---~~4U ~ 
5,,5,,50 (EXCEPT HALT) 

----~~r~---+----~~~--~--+----+--~V_ 
A'5-Aa 

----++JI~~~~==+--4-+--~-+--~--~~ 
1231 1241 FfTCLDVI331 

TCLAV 1-. I+- TCL~ TCL;;w+ 1231 I+-
---+-+-"", A"-A,, 5.-5, ~It--
~~~J~~--~-JI~4---4-4-__ ~~----~--~JI~ 

127/ TSVLH-. J+-_ {TCHLLl31 1 
1291 TCLLH_ I+-

{

ALE (82C88 OUTPUT) .I 
NOTES ~~~ TR1VCL -+j 181 - --

ROY (82C84INPUT) 1121~~ t\~~~,~\\~~~~~ 

r--
I 

READ CYCLE 

AD/ADo 

TRYLC~~ _ 

J'-+-+--+-JI 1111 - t-TCHRYX 
1201···- _-
TRYHSH"' 1 

_+-_J} 1101 
T~~ 1241 I+- _ TRYHCH - 171 

14-- TCL~ 1251 I+-~ 161 *--TDVCL_ * TCLDXl +I 

____ J*I~~_I_A-D,.-A-D_!O _,14-'= ~ ( DATAIN 1 - - -~ 
137ITAZRL_ _ 1391 TCLRH i4-----t-l+--'t"I- ;;H:.:..t;'" 

1231 
TCLAV--+ 

13811V , 
1411 TCLRL ~H--------+-', 1421 

TCHDTL_ ,1_ 1451 \ ~ 
\ 4- --~TRLRH---+--_+I L-

----------~---+~--------~----~\1 
1181 TCLML--+ Tg~~H_ ~~~_~ ,, ____ _ 

82C88 OUTPUTS -- --{ 

DTR 

SEE NOTES 2. 4 MRDC OR I: \'---H,~:-__ -_-___ --_-_-++-I_I,- / 
DEN 

1351 TCVNV ~ ;:- V 
___________ --J 1361 1"--

TCVNX_ j+-

NOTES. 1 ROY IS sampled near the end of T2, T3. Tw to determine If Tw machine states are to be Inserted 

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

3 Status mactlve In state lust pnor to T4. 

4 The Issuance of the 82C88 command and control sIgnals (MRDC. MWTC. AMWC. IORC.IOWC. AIOWC. 
INTA and DEN) lags the actove hIgh 82C88 CEN 
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BoeBB 

Waveforms (Continued) 

BUS TIMING - MAXIMUM MODE SYSTEM (USING 82C88) (Continued) 

CLK 

5,,5,",50 (EXCEPT HALT) 

82C88 OUTPUTS 
SEE NOTES 1, 2 

WRITE CYCLE 

AD7~ADo 

DEN 

AMWC OR AIOWC 

MWTCOR IOWC 

INTA CYCLE 

A15 - A8 
(SEE NOTES 4, 5) 

1231 TCLAV 

I 

I 
I 

I 

T, T, 

---
~ 

1 ",,+_-:"_+-~133-11::-:-+_""':"::~+ __ + __ XL"'f"'W~~'I//~ (see note 3) :." _ _ _ 
:;:~~~~: 24) I:: - i22) j.!£LSH TCL~ 134) _ -. 

'if DATA r-
~--+-/~-+--~----~~~~I'-

TCVNV- t+- --- 13~ r- TCVNX 

135) I[ "\ 

~~~ ~ 

TCL.~ J.
liB) -~ .1- TCLM"it ,,1+--_-+ _____ _ 

(19) 
} 

- - - < RESERVED FOR } I- - - - - - -- ---- --C 
_ _ _ _ CASCADE ADDR -t- _____ -=- __ :-__ T~I.!!. __ 

1 1()1 4-_ _ _ __ {POINTER '_I- ___ _ 
-+ (Cf~2~_~t--- 16!l:'=.TDVCL- - --C 

1 \ 132)TCLMCL_ 7 
MCE. 12B)TSV~ i~ J \ / 

PDEN !.... II IJO)TCLMCH_ i+- .1_ TCHDTL ,- ::=TCHDTH (42) 

82C88 OUTPUTS 
SEE NOTES 1, 2, 4 

DTiA '\ (41) L 

II
B
)TCLML_

1 
~,---\II ___ --:+-'Fi

l 
(35)ICVNV~ _If.!-TCLMHII9) 

DEN [, 'v/. 
SOFTWARE ________ 1 ______ 1_ --+ FTCVNXI36) 

HALT - RD, MRDC, IORC, MWTC, AMWC, IOWC, AIOWC, INTA, so, SI = VOH 

) J 
ADrADo• A,s-Ae V 

If\. INVALID ADDRESS 

~,s,,~--_~~----,-~-"I~'\...--Tf-~-f-V~-------

---.11211~ --OOl2L 
TCHSV TCLSH 

NOTES' 1 Signals at 82C84A or 82C88 are shown for reference only. 

2. The Issuance 01 Ihe 82C88 command and conlrol signals (MRDC, MWTC, AMWC, IORC,IOWC, AIOWC, 
INTA and DEN) lags the actIve hIgh 82C88 CEN. 

3 Status mactlVe in state lust prior to T4. 

4. Cascade address IS valid between first and second INTA cycles 

5 Two INTA cycles run back-la-back The 80C88 local ADDR/DATA bus IS Iloallng dunng both INTA cycles. 
Control for pOinter address IS shown for second INTA cycle 
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80C88 

Waveforms (Continued) 

REOUEST/GRANT SE~UENCE TIMING (MAXIMUM MODE ONLY) 

A"·,, -----------__c 
AOrADc, soc .. COPROCESSOR 

A, ..... ·A,,;S, --~dj---- ---- -------AD,lOCK TCHSZ J,SEE NOTE 'J., RTCHSVI211 
s"S"S. ___________________ '1 ____________________ _ 

NOTE: The coprocessor may nol drIVe the busses outside the region shown without nsking contention 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

~
1CLKCYCLE 

ClK 
1131 

1~SEENOTE1) 

HOLD~ 

4 0R1CYClES 

1131 f\--"ir, ~ 
T~lHAv1361 I~ClHAV 1361 

1191 

HLOA 

TCLAZ 

80C88 COPROCESSOR 

A~-ADo 

RD, WR, 101M, DT/R, DEN, sso ______ TC_HSZ-+_

12

.J" == ==== = = ===== ==== = =:f!:i. 

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

ASYNCHRONOUS SIGNAL RECOGNITION 

CLK~ 
(131 

NMI} ==X TINVCH( .... ot.,) 

INTR signal 

TEsT 

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

BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 

Any elK CYCI8-; 
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Waveforms (Continued) 

RESET TIMING 

A. C. Test Circuit 

vee 

elK 

RESET 

OUTPUT FROM TEST 
DEVICE UNDER TEST 00---1 .... --- POINT 

cL* 

~ 
~Includes stay and jig capacitance 

80C88 

A.C. Testing Input, Output Waveform 

INPUT 

V1H + 2O%VIH 

OUTPUT 

VOH 

1.5V ~'-___ ---J~ 1.5V 

VlL - 00% VlL VOL 

A C Testing' All input signals (other than elK) must switch between 
Vilmax -50% Vil and VIHmin +20% VIH. elK musl swilch 
between O.4V and vee -O.4V.lnput rise and fall times are 
driven at 1 nsN. 
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Burn-In Circuits 

-,,~O 
....ARID 

RIO 

.~o 
RIO 

R~<i 
RIO 

GND 

NOTES: 
1. VCC = 5.5V ± 0.5V, GND = OV 
2. Input Voltage Limtls (Except Clock): 

Vil (Maximum) = 0.4V 

80C88 

MD80C88 (CERAMIC DIP) 

_r--"-"\ r---~ rl ~ GND 
GND ----+I 40 -L- VCC 

GND RIO RIO VCl 

vel RIO RD vee! 2 

GND RIO RD VCC/2 

GND RIO RO VCC/2 

VCl RIO RO VCC!2 

GND RIO RO VCC!2 

GND ~R::IO""'/VI;---1 

GND ~R,,-IO~/VI;---l 

OPEN 

OPEN 

OPEN 

OPEN 

GND 

GND 

FO 
RC 

VII 
RI 

VCl 
RO 

VCl 
RO 

VCC!2 
RO 

VCC/2 
RO 

VCC/2 
RO 

VCC/2 
RO 

VCC!2 
RO 

VCC!2 

GND 
RI 

VCl 

GND 
RI 

NODE 0 
FROM 
PROGRAM 
CARD 

MR80C88 (CERAMIC LCC) 

c 
0 Q 0-;'0 Q >0 ~~~l a: " a:~a:. " " 
'6" 5"4 I. 3 •• 2" 1 • '44' '43' '420 '41' '40-10_01 .. _~ 10_" 10-001 .. _'" L_J "_01 10_ .. ,,_"" "_01 "_01 

-, r-
7 • '3. -" L_ RO -, r-
~J '3. L_ 

.:'1.,,--, r-
O· '37 -" L_ -, r-
'2J t~6 

R~ ... -, r-
11' 135 
-" L_ 

RI -, r-
12' '34 -" L_ 

RI -, r-
l~J t~3 
-, r- RO 

14' L~,2 -" RO -, r-
'2J t~l 

RO -, r-
l~J '30 L_ 

RO -, .-
17' -" t~9 

r-, r-, r-, r-, r-' r-, r-, r-, r-, r-, r-, 
1181119112011211 1221 1231 1241 1251 12611271 1281 

g~ 
!o ~~~~ a:~ a: 

FO o (FROM PROGRAM CARD) 

VIH (Minimum) = 2.6V, VIH(Clock) = (VCC - O.4V) Min 
3. VCC/2 is external supply set to 2.7V ± 10% 
4. Vel is generated on program card (Vee - O.65V) 
5. Pins 13 - 16 input sequenced instructions from internal hold devices, 

(DIP Only). 
6. FO = 100kHz ± 10% 
7. Node ® = a 40MS pulse every 2.56ms 
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COMPONENTS: 
1. RI = 10kO ± 5%, 1/4W 
2. RO = 1 2kO ± 5%, 1/4W 
3. RIO = 2.7kO ± 5%, 1/4W 
4. RC = lkO ± 5%,1/4W 
5. C = 0.01 MF (Minimum) 

v 
v 
cc 
CL 

VCC/2 



Metallization Topology 
DIE DIMENSIONS: 

249.2 x 290.9 x 19 ± 1 mils 

METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 
Type: Si02 
Thickness: 8kA ± 1 kA 

DIE ATTACH: 
Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 4600 C (Max) 

Ceramic LCC - 4200 C (Max) 

WORST CASE CURRENT DENSITY: 
1.5 x 105 A/cm2 

Metallization Mask Layout 

All A12 A13 A14 

Al0 

A9 

A8 

AD7 

ADS 

ADS 

AD. 

AD3 

AD2 

ADl 

ADO 

NMI INTR elK GND 

80C88 

BOCBB 

GND vee ......... A15 A16/$3 A17/54 A18/55 

'C/) 
00: 

A19/56 0:0 
~C/) 
:!:C/) 
C/)W 

SSO 0 0 

MN/Mx :!:~ 
Oc.. 

iW 

HOLD 

HLOA 

loiM 

DT/R 

RESET READY TEST INTA ALE 
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Instruction Set Summary 

Mnemonic and 
Descrtptlon 

DATA TRANSFER 

MOV = Move: 

RegisterlMemory tolfrom Register 

Immediate to RegisterlMemory 

Immediate to Register 

Memory to Accumulator 

Accumulator to Memory 

RegisterlMemory to Segment Register" 

Segment Register to RegisterlMemory 

PUSH = Push: 

ReglsterlMemory 

Register 

Segment Register 

POP = Pop: 

ReglsterlMemory 

Register 

Segment Register 

XCHG = Exchange: 

Register/Memory with Register 

Register with Accumulator 

IN = Input from: 

Fixed Port 

Variable Port 

OUT = Output to: 

Fixed Port 

Variable Port 

XLAT = Translate Byte to AL 

LEA = Load EA to Register 

LOS = Load Pointer to OS 

LES = Load Pointer to ES 

LAHF = Load AH with Flags 

SAHF = Store AH into Flags 

PUSHF = Push Flags 

POPF = Pop Flags 

I 
78543210 

100010dw 

1100011 w 

1011wreg 

1010000w 

1010001w 

10001110 

10001100 

1 1 1 1 1 1 1 1 

01010reg 

000regl10 

10001111 

01011reg 

OOOreg 111 

1000011w 

10010reg 

1110010w 

1110110w 

1110011 w 

1110111 w 

11010111 

10001101 

11000101 

11000100 

10011111 

1001 11 10 

10011100 

10011101 

80C88 

In.tructlon Code 

78543210 78543210 78543210 

mod reg rIm 

modOOOrlm data dataHw 1 

data data Hw 1 

add-low addr-hlgh 

addr-Iow addr-high 

modO reg rIm 

mod 0 reg rIm 

modl10r/m 

modOO Or/m 

mod reg rIm 

port 

port 

mod reg rIm 

mod reg rIm 

mod reg rIm 
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Instruction Set Summary (Continued) 

ARITHMETIC 

ADD = Add: 

Mnemonic end 
Deecrlptlon 

Reg I Memory with RegIster to Either 

ImmedIate to RegIster IMemory 

ImmedIate to Accumulator 

ADC = Add with Carry: 

Reg I Memory with Register to Either 

ImmedIate to RegisterlMemory 

ImmedIate to Accumulator 

INC = Increment: 

Register/Memory 

Register 

AAA = ASCII Adjust for Add 

DAA = DecImal Adjust for Add 

SUB = Subtract: 

Reg.lMemory and Register to EIther 

ImmedIate from RegisterlMemory 

ImmedIate from Accumulator 

SBB = Subtract with Borrow 

Reg.lMemory and RegIster to Either 

ImmedIate from ReglsterlMemory 

ImmedIate from Accumulator 

DEC ~ Decrement: 

RegisterlMemory 

Register 

NEG ~ Change SIgn 

CMP = Compara: 

ReglsterlMemory and Register 

Immediate with ReglsterlMemory 

Immediate wIth Accumulator 

AAS = ASCII Adlust for Subtract 

DAS = DecImal Adjust for Subtract 

MUL ~ Multiply (UnsIgned) 

IMUL = Integer Multiply (SIgned) 

AAM = ASCII Adjust for MultIply 

DIY = D,v,de (Unsigned) 

IDlY = Integer D,v,de (Signed) 

AAD = ASCII Adlust for D,v,de 

CBW ~ Convert Byte to Word 

CWD = Convert Word to Double Word 

C0010l0dW 

I 100000sw 

[ 0010110w 

000110dw 

L:=i OOOOOsw 

0001110w 

Lll11111W 

01001 reg 

1111011 w 

001110dw 

100000sw 

0011110w 

00 111111 

00101111 

Ljill0llw 

I 1111011 w 

I 11010 1 00 

Lijll0llW 

I 1111011 w 

I 11010101 

Cl00ll000 

I 10011001 

Boe88 

In.tructlon Code 

78543210 78543210 

mod reg rIm 

modOOOr/m data 

data dataolw = 1 

mod reg rIm 

modO 1 Or/m data 

data dataifw = 1 

modOOOr/m 

mod reg rIm 

mod 1 a 1 rIm data 

data datalfw = 1 

mod reg rIm 

mod 011 rIm data 

data data 01 w = 1 

mod 00 1 rIm 

modO 11 rIm 

mod reg rIm 

mod 111 rIm data 

data dataifw = 1 

mod 1 OOr/m 

mod 1 a 1 rIm 

00001010 

mod 11 0 rIm 

mod 11 1 rIm 

00001010 

3·1n 

78643210 

data If Sow = 01 

data 01 sow = 01 

data If sow = 01 

data if sow = 01 

data if sow = 01 

.c/) 
Oa: 
a:0 
~C/) 
:::!iC/) 
C/)W 
0 0 
:::!i0 
O~ 



80e88 

Instruction Set Summary (Continued) 

Mnemonic and I Instruction Code Description 

LOGIC 76543210 76543210 76543210 76543210 

NOT = Invert 1111011w modO 1 Or/m 

SHLISAL = Shift Logicall ArithmetIc Left 110100vw mod 1 OOr/m 

SHR = Shift LogIcal RIght 110100vw mod 1 0 1 rIm 

SAR = ShIft ArithmetIc RIght 110100vw modll1 rIm 

ROL = Rotate Left 110100vw modOOOr/m 

ROR = Rotate RIght 110100vw modOO 1 rIm 

RCL = Rotate Through Carry Flag Left 110100vw modO 1 o rIm 

RCR = Rotate Through Carry Right 110100vw modOll rIm 

AND = And: 

Reg IMemory and RegIster to Erther 001000dw mod reg rIm 

ImmedIate to RegIster/Memory 1000000w mod 1 OOr/m data datalfw = 1 

ImmedIate to Accumulator 0010010w data datalfw = 1 

TEST = And Function to Flags, No Result: 

RegIster I Memory and Register 1000010w mod reg rIm I· 
ImmedIate Data and Reglster/Memory 1111011w modOOOr/m data dataifw = 1 

ImmedIate Data and Accumulator 1010100w data datalfw = 1 

OR = Or: 

Reg IMemory and Register to EIther 000010dw mod reg rIm 

ImmedIate to RegIster/Memory 1000000w modOO 1 rIm data dataifw = 1 

ImmedIate to Accumulator 0000110w data dataifw = 1 

XOR = Exclusive or: 

Reg IMemory and RegIster to EIther 001100dw mod rag rIm 

Immediate to RegIster/Memory 1000000w mod 11 o rIm data dataifw = 1 

ImmedIate to Accumulator 0011010w data dataifw = 1 

STRING MANIPULATION 

REP = Repeat 1111001 z 

MOYS = Move Byte/Word 1010010w 

CMPS = Compare Byte/Word 1010011 w 

SCAS = Scan Byte/Word 1010111 w 

LODS = Load Byte/Wd to ALI AX 1010110w 

STOS = Stor Byte/Wd from ALI A 1010101w 

CONTROL TRANSFER 

CALL = Call: 

Direct W,th,n Segment 11101000 dlsp-Iow dlsp-hlgh 

Indorect WIth", Segment 11111111 modO 1 o rIm 

Dorectlntersegment 10011010 offset-low offset-high 

seg-Iow sag-high 

Indirect Intersegment 11111111 modOll rIm 
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Instruction Set Summary (Continued) 

Mnemonic and 
Description 

JMP = Unconditional Jump: 

Direct Within Segment 

Direct Within Segment-Short 

Indirect Within Segment 

Direct Intersegment 

Indirect Intersegment 

RET = Return Irom CALL: 

Within Segment 

Within Seg Adding Immed to SP 

Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 

JL/JNGE = Jump on Less/Not Greater 
or Equal 

JLEI JNG = Jump on Less or Equal/ 
Not Greater 

JBI JNAE = Jump on Below/Not Above 
or Equal 

JBE/JNA = Jump on Below or Equal/ 
Not Above 

JP/JPE = Jump on Panty/Parity Even 

JO = Jump on Overflow 

JS = Jump on Sign 

JNE/JNZ = Jump on Not Equal/Not Zero 

JNL/JGE = Jump on Not Less/Greater 
or Equal 

JNLE/JG = Jump on Not Less or Equal/ 
Greater 

JNB/JAE = Jump on Not Below/ Above 
or Equal 

JNBEI JA = Jump on Not Below or 
Equal/ Above 

JNP/JPO = Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop ex Times 

LOOPZ/LOOPE = Loop While Zero/Equal 

LOOPNZ/LOOPNE = Loop While Not 
Zero/Equal 

JCXZ = Jump on ex Zero 

INT = Interrupt 

Type Specified 

Type 3 

INTO = Interrupt on Overflow 

IRET = Interrupt Return 

I 
76543210 

11101001 

11101011 

Cllllllll 

11101010 

11111111 

11000011 

11000010 

11001011 

11001010 

01110100 

01111100 

01111110 

01110010 

01110110 

01111010 

01110000 

01111000 

01110101 

01 1 1 1 1 01 

01111111 

01110011 

01110111 

01111011 

01110001 

01111001 

11100010 

11100001 

11100000 

11100011 

11001101 

11001100 

1100 111 a 

11001111 

80C88 

Instruction Code 

76543210 76543210 

disp-Iow dlsp-hlgh 

dlsp 

mod 1 OOr/m 

offsel-Iow Offset-high 

seg-Iow seg-hlgh 

mod 10 1 rim 

data-low data-high 

data-low data-high 

dlsp 

dlsp 

dlsp 

dlsp 

dlsp 

dlsp 

dlsp 

dlsp 

dlsp 

dlsp 

disp 

disp I 
disp ~ 
dlSp I 
disp I 
disp I 
disp I 
dlsp I 
dlsp I 
disp I 

type 

3·179 
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80e88 

Instruction Set Summary (Continued) 

Mnemonic end 
D.acrlptlon 

PROCESSOR CONTROL 

CLC = Clear Carry 

CMC = Ccmplement Carry 

STC = Set Carry 

CLD = Clear Direction 

STD = Set Direction 

CLI = Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT = Wait 

ESC = Escape (to External Device) 

LOCK = Bus Lock Prefix 

NOTES: 
AL = 8-bit accumulator 
AX = 16-bit accumulator 
ex = Count register 
OS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value. 
Greater = more positive; 

I 
76543210 

11111000 

11110101 

11111001 

11111100 

11111101 

11111010 

11111011 

11110100 

10011011 

11011xxx 

11110000 

Inatrucllon Cod. 

78543210 

modxxxr/m 

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

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

if v = 0 then "count" = 1; if v = 1 then "count" in (CL) 
x = don't care 
z is used for string primitives for comparison with ZF FLAG. 
SEGMENT OVERRIDE PREFIX 

Less = less positive (more negative) signed values 
if d = 1 then "to" reg; if d = 0 then "from" reg I 001r89110 I 
if w = 1 then word instruction; if w = 0 then byte instruc

tion 
If mod = 11 then rIm is treated as a REG field 
if mod = 00 then DISP = 0·, disp-Iow and disp-high are 

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

16 bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-Iow 
if rIm = 000 then EA = (BX) + (51) + DISP 
if rIm = 001 then EA = (BX) + (01) + DISP 
if rIm = 010 then EA = (BP) + (51) + DISP 
if rIm = 011 then EA = (BP) + (01) + DISP 
if rIm = 100 then EA = (51) + OISP 
if rIm = 101 then EA = (01) + OISP 
if rIm = 110 then EA = (BP) + DISp· 
if rIm = 111 then EA = (BX) + OISP 
OISP follows 2nd byte of instruction (before data if re
quired) 
·except if mod = 00 and rIm = 110 then EA = disp
high: dlsp-Iow. 

"MOV CS, REG/MEMORY not allowed. 

3-180 

REG is aSSigned according to the following table: 

16·Blt (w = 1) B-Blt(w = 0) Segment 

000 AX 000 AL 00 E5 
001 CX 001 CL 01 C5 
010 OX 010 OL 10 55 
011 BX 011 BL 11 05 
100 5P 100 AH 
101 BP 101 CH 
110 51 110 OH 
111 01 111 BH 

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

Mnemonics @ Intel, 1978 



CMOS PERIPHERALS 

INDUSTRY CMOS PERIPHERAL CROSS REFERENCE ........................................ . 

CMOS PERIPHERAL DATASHEETS 

CDP1851, C 

CDP1852, C 

CDP185213, C/3 

CDP1853, C 

CDP185313, C/3 

CDP1854A, AC 

CDP1855, C 

CDP1857, C 

CDP1871A, AC 

CDP1872C 

CDP1874C 

CDP1875C 

CDP1877, C 

CDP1878, C 

CDP1879, C-1 

CDP1881, C 

CDP1882, C 

CDP1883, C 

ICM7170 

82C237 

82C284 

82C284/883 

82C37A 

82C50A 

82C52 

82C54 

82C55A 

82C59A 

82C82 

82C83H 

Programmable I/O Interface ............................................ . 

Byte-Wide I/O Port ................................................... . 

High-Reliability Byte-Wide I/O Port ...................................... . 

N-Bit 1 of 8 Decoder .................................................. . 

High-Reliability N-Bit 1 of 8 Decoder ..................................... . 

Programmable UART ................................................. . 

8-Bit Programmable Multiply/Divide Unit .................................. . 

4-Bit Bus Buffer/Separator ............................................. . 

Keyboard Encoder ................................................... . 

High Speed 8-Bit Input Port ............................................ . 

High Speed 8-Bit Input Port ............................................ . 

High Speed 8-Bit Output Port ......•..................................... 

Programmable Interrupt Controller (PIC) .................................. . 

Dual Counter-Timer .................................................. . 

Real-Time Clock ..................................................... . 

6-Bit Latch and Decoder Memory Interface ................................ . 

6-Bit Latch and Decoder Memory Interface ................................ . 

7-Bit Latch and Decoder Memory Interface ................................ . 

Microprocessor Compatible Real-Time Clock .............................. . 

Enhanced Programmable DMA Controller ................................. . 

Clock Generator and Ready Interface for 80C286 Processors ................. . 

Clock Generator and Ready Interface for 80C286 Processors ................. . 

Programmable DMA Controller .................................•........ 

Asynchronous Communications Element. ................................. . 

Serial Controller Interface .............................................. . 

Programmable Interval Timer ........................................... . 

Programmable Peripheral Interface ...................................... . 

Priority Interrupt Controller ............................................. . 

Octal Latching Bus Driver .............................................. . 

Octal Latching Inverting Bus Driver ...................................... . 

CMOS PERIPHERALS INDEX Continued on Page 4-2 

4-1 

PAGE 

4-3 

4-5 

4-17 

4-25 

4-30 

4-34 

5-41 

4-38 

4-51 

4-55 

4-64 

4-64 

4-64 

4-69 

4-78 

4-91 

4-107 

4-107 

4-113 

4-118 

4-131 

4-157 

4-167 

4-176 

5-3 

5-23 

4-198 

4-215 

4-237 

4-256 

4-263 
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82C84A 

82C85 

82C86H 

82C87H 

82C88 

82C89 

Clock Generator Driver ............................................... . 

Static Clock Controller/Generator ....................................... . 

Octal Bus Transceiver ................................................ . 

Octal Inverting Bus Transceiver ......................................... . 

Bus Controller ...................................................... . 

Bus Arbiter ......................................................... . 

4-270 

4·280 

4·299 

4·306 

4·313 

4·322 

RELATED APPUCATION NOTES 

App Note 109 

App Note 7275 

App Note 7374 

82C59A Priority Interrupt Controller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7·15 

User's Guide to the CDP1879 and CDP1879C1 CMOS Real·lime Clocks. . . . . . . . . 7·70 

The CDP1871A Keyboard Encoder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7·88 
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CDP1800-Series CMOS Peripherals 
can be used with CMOS and NMOS Processors 

MICROPROCESSOR BUS 

MULTIPLEXED NONMUL TIPLEXED 

RCAlMO- INTEU ROCK· 
RCA TOROLA INTEL NSC ZILOG WELL 

8048,8051 (NOTE 2) 
8OC48, 80C51 8085 FANOUT 

DESCRIPTION AND 1800 68HC05 8049,80C49 8OC85 6502 INPUT (TTL 
RCA I/O TYPE FUNCTION SERIES 6805 8088 NSC800 Z80 65C02 LEVELS LOADS) 

I/OPORTS 

CDP1B5l Programmable 1/0 pon Yes Note 1 Note 1 Note I Yes Yes CMOS I 

CDPIB52 Byte·Wide 1/0 pan Yes Yes Yes Yes Yes Yes CMOS I 

CDPIB57 4·Bit Bus Bufferl Yes Yes Yes Yes Yes Yes CMOS I 
Separator 

CDPIB72 B·Blt Input pon Yes Yes Yes Yes Yes Yes CMOS 3 

CDPIB74 B-Blt Input pon Yes Yes Yes Yes Yes Yes CMOS 3 

CDPIB75 B-Blt Input pon Yes Yes Yes Yes Yes Yes CMOS 3 

MEMORY I/O DECODERS , 
CDPIB53 N-Bit I of B Decoder Yes Yes Yes Yes Yes Yes CMOS I 

CDPIBBI 6-Bit Latch/Decoder Yes Yes Yes Yes Yes Yes CMOS 1 

CDPIBB2 6· Bit Latch/Decoder Yes Yes Yes Yes Yes Yes CMOS I 

CDPIBB3 7 -Bit Latch/Decoder Yes Yes Yes Yes Yes Yes CMOS I 

SERIAL 110 
CDPI854A UART Yes Note I Note I Note 1 Note 1 Note I CMOS I 
(Note 3) 

CDP6402 UART Note I Note 1 Note I Note I Note I Note I CMOS I 

MUl TtPL YlDlVlDE 

CDPIB55 8-Blt Programmable Yes Note I Note I Note I Note I Note I CMOS 1 
MDU 

KEYBOARD INTERrAOe 
CDPIB71A Keyboard Encoder Yes I Note I Note I Note I I Note I Note I CMOS 

TIMER FUNCTIONS 
CDPIB7B Dual Counter·Timer Yes Note I Note 1 Note I Yes Yes CMOS I 

CDP1879 Real-Time Clock Yes Use681B, Use6BI8, A Use6B18, Yes Yes CMOS 1 
A A 

INTERRUPT CONTROL 
CDPI877 Programmable Interrupt Yes No No No No No CMOS 1 

Controller 

NOTES: 
1. Yes but requires additional "glue parts". 
2. I TTL load, i.e., S 0.4V at 1.6mA 

3. Operating In 1800 compatible mode (mode I). Otherwise see CDP6402 for mode 0 information. 
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HARRIS INTEL 

PERIPHERALS 

82C37A-5 82C37A-5 

82C37A 
82C237 

82C37A-12 
82C237-12 

82C54 82C54 

82C54-10 82C54-2 

82C55A-5 

82C55A 82C55A-2 

82C59A-5 

82C59A 82C59A-2 

82C59A-12 

tJAATS 

82C50A 

82C52 

B\JS SUPPORT 

82C284-10 82C284-1 0 

82C284-12 82C284-12 

82C82 

82C83H 

82CB4A 82CB4A 
82CB4A-5 

82C85 

82C86H 

B2C87H 

82C88 82C88 

82C89 

80CXXX Family 
Peripheral Cross Reference 

NEe OKI MITSUBISHI 

J!PD71037 MSM82C37 A-5 M5M82C37 A-4, -5 
J!PD8237A-5 

MSM82C37A 

J!PD71054 MSM82C54 M5M82C54-6 
M5M82C54 

MSM82C54-2 

J!PD82C56A-5 MSM82C55A-5 M5M82C55A-5 

J!PD71 055 MSM82C55A-2 
J!PD8255A-2 

M5M82C59A 

J!PD71059 MSM82C59-2 
J!PD8259A 

J!PD71082 

J!PD71083 

J!PD71 084 MSM82CB4A 
MSM82CB4A-5 
MSM82CB4A-2 

J!PD71086 

J!PD71087 

J!PD71088 MSMB2C88 
J!PD8288 MSM82C88-2 

4-4 

VLSI OTHER 

VL82C37A-4 TMP82C37A-5 
VL82C37A-5 CA82C37A-5 

VL82C37A-8 KS82C37A 
SMC82C37A 

VL82C54-8 AM82C54 
KS82C54 
CA82C54 
TMP82C54 

AM82C54-2 
KS82C54-10 
TMP82C54-2 

AM82C55A 
KS82C55A 
CA82C55A 
UM82C55A 

VL82C59A-8 AM82C59A-2 
CA82C59A 
KS82C59A 
TMP82C59 

VL82C50A INS82C50A 
CA82C50A 
WD82C50A 
KS82C50A 

CA82C52 
KS82C52 

KS82C2B4-10 

KS82C284-12 

VL82CB4A-8 CA82C84A 
KS82CB4A 

MMI82C86 

MMIB2C87 

VL82C88-8 CAB2C88 
KS82C88 
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SEMICONDUCTOR 

February 1992 

Features 

• 20 Programmable 110 Lines 

CDP1851 
CDP1851C 

CMOS Programmable 110 Interface 

Description 

THE CDP1851 and CDP1851C are CMOS programmable 

• Programmable for Operation In Four Modes: 
two-port 1I0s designed for use as general-purpose 110 
devices. They are directly compatible with CDP1800-series 

- Input microprocessors functioning at maximum clock frequency. 
- Output Each port can be programmed in either byte-IIO or bit-pro-
- Bidirectional grammable modes for interfacing with peripheral devices 

- Bit-programmable such as printers and keyboards. 

• Operates in Either 110 or Memory Space Both ports A and B can be separately programmed to be 8 
bit input or output ports with handshaking control lines, ROY 
and STROBE. Only port A can be programmed to be a bidi-

Ordering Information rectional port. This configuration provides a means for com-
municating with a peripheral device or microprocessor 

TEMPERATURE system on a Single 8 bit bus for both transmitting and receiv-
PACKAGE RANGE 5V 10V ing data. Handshaking signals are provided to maintain 

proper bus access control. Port A handshaking lines are 
Plastic DIP -40°C to +85°C CDP1851CE CDP1851E used for input control and port B handshaking lines are used 

for output; therefore port B must be in the bit-programmable 
Burn-in CDP1851CEX mode where handshaking is not used. 

Ceramic DIP -40°C to +85°C CDP1851CD CDP1851D Ports A and B can be separately bit programmed so that 
each individual line can be designated as an input or output 

Burn-In CDP1851CDX CDP1851DX line. The handshaking lines may also be individually pro-
grammed as input or output when port A is not in bidirec-
tional mode. 

The CDP1851 has a supply-voltage range of 4V to 10.5V, 
and the CDP1851C has a range of 4V to 6.5V. Both types 
are supplied in 40-lead dual-in-line plastic (E suffix) or her-
metic ceramic (D suffix) packages. The CDP1851C is also 
available in chip form (H suffix). 

Pinout CDP1851 Programming Modes 
40 LEAD DIP 

TOP VIEW (2) (2) 

CLOCK ~ 
~ 

1:00 

(8) PORTA (8) PORTB 
cs 2 RDIWE PORTA HANDSHAKING PORTB HANDSHAKING 

RAO 3 WRIRE MODE DATA PINS PINS DATA PINS PINS 

RA1 ~ I~PB BUSO 5 ARDY Input Accept Input READY, STROBE Accept Input Data READY, STROBE 

BUS1 ~ I~TROBE 
Data 

BUS2 B 34 AO 

BUS3 8 33 A1 
Output Output Data READY, STROBE Output Data READY,STROBE 

BUM~ IA2 Bidirectional Transfer InpuV Input Handshaking Must be Previous- Output Handshaking 
BUSS 1 31 A3 

~A4 
(Port A Only) Output Data for Port A Iy Set to Bit-Pro- for Port A 

BUSS 11 
grammable Mode 

BUS7 ~ 1~5 CLEAR 1 A6 Bit-Program- Programmed In- Programmed Individ- Programmed Indi- Programmed Individ-
AINT 1 A7 mabie dividually as In- ually as Inputs or vidually as Inputs ually as Inputs or 

iiNl~ =~7 puts or Outputs Outputs or Outputs Outputs 
BRDY 1 

;~ STROB~ W BO 1 B4 

B1 1 B3 

Vss ffi :mB2 

CAUTION: These devices are sens~ive 10 electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1991 

File Number 1056.1 
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Specifications CDP1851, CDP1851C 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltage referenced to VSS Terminal) 
CDPl851 .•...•...................•.......•............••.......................•............................... -0.5 to +11 V 
CDPl851C •...•.........•...........•........•.•.•...........•.........•....•.•...................•......•...•... -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ............................................•......................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .....................•.......•..............................................•... ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For TA = -40 to +60·C (PACKAGE TYPE E) ....•..........••.....................•...................•.............•.. 500 mW 
For T A = +60 to +85· C (PACKA '3E TYPE E) ...•...••...•........•...•................... Derate Lineary at 12 mW/· C to 200 mW 
For T A = -55 to loo·C (PACKAC E TYPE D) .•............•.•....................................••.................... 500 mW 
ForTA = +100 to +125·C (PACK \GE TYPE D) .....................................•....• Derate Lineary at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPJT TRANSISTOR 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Type) ................••.•............................. 40 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE 0, H ............••...•...................••........•...............•.....•................... -55 to +125·C 
PACKAGE TYPE E ..................•.....................••...•....•...................•....•.................. -40 to +85·C 

STORAGE TEMPERATURE RANGE (Tstg) .................•........•............................................. -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for lOs max ...................•...•........................... +265·C 

OPERATING CONDITIONS at T A = Full Package-Temperature Range. For maximum reliability, operating conditions should 
be selected so that operation I, always within the following ranges: 

CHARACTERISTIC 

DC Operating Voltage Range 

Input Voltage Range 

DATA 
BUS 

CLOCK 

CS 
RAO 
RAI 

WR/mi 
RDI 
TPB 

A 1Ni' 

B INT 

MIN. 

4 

VSS 

DATA 
BUS 

BUFFER 

ADDRESS 
DECODE 

AND 
READI 
WRITE 
LOGIC 

INTERRUPT 
MASKING 

AND 
LOGIC 

LIMITS 

CDP1851 CDP1851C 

MAX. MIN. MAX. 

10.5 4 6.5 

VDD VSS VDD 

92CM-34326RI 

Fig. I - Functional diagram for COPI851 and COPI85IC. 
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Specifications CDP1851, CDP1851C 

STATIC ELECTRICAL CHARACTERISTICS It TA = -40 to +8So C, VDD ± 5"10, Except a. noted 

CONDITIONS 
CHARACTERISTIC Vo VIN 

(V) (V) 

Quiescent Device Current 100 
- 0,5 

- 0, 10 
Output Low Drive 0.4 0,5 

(Sink) Current IOL 0.5 0, 10 
Output High Drive 4.6 0,5 

(Source) Current IOH 9.5 0, 10 
Output Voltage - 0,5 

Low-Level VOL:t: - 0, 10 
Output Voltage - 0,5 

High Level VOH:t: - 0, 10 

Input Low Voltage VIL 
0.5,4.5 -
0.5,9.5 -

Input High Voltage VIH 
0.5,4.5 -
0.5,9.5 -

liN 
Any 0,5 

Input Leakage Current 
Input 0, 10 

3-State Output Leakage 0,5 0,5 

Current lOUT 0, 10 0, 10 

Operating Current 1001 
b. - 0,5 

- 0, 10 

Input Capacitance CIN - -
Output Capacitance COUT - -

-Typical values are for T A = 25° C and nominal VOO. 

:t:IOL = IOH = 1 pA. 

VDD 
(V) 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

-
-

Min. 

-
-
1.6 

2.6 

-1.15 

-2.6 

-
-
4.9 

9.9 

-
-
3.5 

7 

-
-
-
-
-
-
-
-

LIMITS 

CDP1851 CDP18S1C UNITS 

Typ.- Max. Min. Typ.- Max. 

0.01 50 - 0.02 200 
pA 

1 200 - - -
3.2 - 1.6 3.2 -
5.2 - - - -

mA 
-2.3 - -1.15 -2.3 -
-5.2 - - - -

0 0.1 - 0 0.1 

0 0.1 - - -
5 - 4.9 5 -
10 - - - -

V 
- 1.5 - - 1.5 

- 3 - - -
- - 3.5 - -

- - - - -
- ±1 - - ±1 

- ±2 - - -

- ±1 ±1 
pA - -

- ±1 - - -
1.5 3 - 1.5 3 

6 12 - mA - -
5 7.5 - 5 7.5 

10 15 10 15 
pF -

b.Operating current is measured at 200 kHz for VOO = 5 V and 400 kHz for VOO = 10 V, with open outputs (worst-case 

frequencies for COP1802A system operating at maximum speed of 3.2 MHz). 

FUNCTIONAL DESCRIPTION 

The COP1851 has four modes of operation: input, output, 
bidirectional, and bit-programmable. Port A is program
mable in all modes; port B is programmable in all but the 
bidirectional mode. A control byte must be loaded into the 
control register to program the ports. In the input and 
output modes, each port has two handshaking signals, 
STROBE and ROY. In the bidirectional mode, port A has 
four handshaking signals: A ROY and A STROBE for input, 
B ROY and B STROBE for output. If port A is programmed in 
the bidirectional mode, port B must be programmed in the 
bit-programmable mode. Each terminal of port A or B may 
be individually programmed for input or output in the bit
programmable mode. Since handshaking is not used in this 
mode, the ROY and STROBE lines may also be used for 
bit-programming if port A is not In the bidirectional mode. 

Input Mode 
When a peripheral device has data to input, it sends a 

4-7 

ST.ROBE pulse to the PIO. The leading edge of this pulse 
clears the ROY line, inhibiting further transmission from the 
peripheral. The trailing edge of the STROBE pulse latches 
the data into the PIO buffer register and also activates the 
TliIT line to signal the CPU to read this data. The iNT pin can 
be wired to the iliI't pin ofthe CPU or theEF lines for polling. 
The CPU then executes an input or a load instruction, 
depending on the mapping technique used. In either case 
the proper code must be asserted on the RAO, RA 1, and CS 
lines to read the buffer register (see Table VI). 

The TNT line is deactivated on the leading edge of TPB. The 
trailing edge of TPB sets the ROY line to signal the 
peri pheral that the port is ready to be loaded with new data. 
If ROY is low when the input mode is entered (I.e. after a 
reset), a "dummy" read must be done to set ROY high and 
signal the peripheral device that the port is ready to be 
loaded. 
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CDP1851, CDP1851C 

FUNCTIONAL DESCRIPTION (Cont'd) 

Output Mode 

A peripheral STROBE pulse sent to the PIO generates an 
interrupt to signal the CPU that the peripheral device is 
ready for data. The CPU executes the proper output or store 
instruction. Data are than read from memory and placed on 
the bus. The data are latched into the port buffer at the end 
of the window when REIWE = 0 and WRIRE = 1. The ROY 
line is also set at this time, indicatil!9...to the peripheral that 
there is data in the port buffer. The Il'iIi line is deactivated at 
the beginning of the window. After the peripheral reads 
valid port data, it can send another STROBE pulse. clearing 
the ROY line and activating the INT line as in the input 
mode. 

Bidirectional Mode 

This mode programs port A to function as both an input and 
output port. The bidirectional feature allows the peripheral 
to control port direction by using both sets of handshake 
signals. The port A handshaking pins are used to control 
input data from peripheral to PIO, while the port B 
handshaking pins are used to control output data from PIO 
to peripheral. Data are transferred in the same manner as 
the input and output modes. Since ATIiIi is used for both 

TPB 

MRD 

MWR 

TPA 

AO 

AI 

A2 

COPIBOO A3 
FAM ILY A4 ,--

!,-P 
A5 r-
A6 r--
A7 

VOO 

10 k!l. 

-
INT 

BUS 0-7 

fi 

--
ADDRESS REGISTER 

ADDRESS SELECTS 

NO I CONTROL I BOO I 
STATUS REG 

B002 NO I PORT A 

B003 NO I PORT B 

NO 2 CONTROL! 
B004 STATUS REG 

BOOB NO.2 PORT A 

BOOC NO.2 PORT B 

input and output, the status retster must be read to 
determine what condition caused INT to be activated (see 
Table V). 

Bit-Programmable Mode 

This mode allows individual bits of port A or port B to be 
programmed as inputs or outputs. To output data to bits 
programmed as outputs, the CPU loads a data byte into the 
8 bit port as in the output mode (no handshaking). Only bits 
programmed for outputs latch this data. Data must be stable 
when reading from bits programmed as inputs. since the 
input bits do not latch. When the CDP1851 inputs data to the 
CPU the CPU also reads the output bits latched during the 
last output cycle. The ROY and STROBE lines may be used 
for 1/0 by using the STROBEIRDY 1/0 control byte in table 
II. An additional feature available in the bit-programmable 
mode is the ability to generate interrupts based on 
input/output byte combinations. These interrupts can be 
programmed to occur on logic conditions (AND. OR, 
NAND, and NOR) generated by the eight 1/0 lines of each 
port (The STROBE and ROY lines cannot generate 
interrupts). 

TPB 

~ WR/RE 
-

RD/WE ::= CLOCK 

RAO 
RAI => PIO 

NO. I 

~ 
COPl851 

CS 

1- B INT 

A INT 

BUS 0-7 

;:. 

L_TPB 

7-
BUS 0 7 

f---+ 
~ WR/RE --+ 

RD/WE --CLOCK --RAO 

=> RAI 

CS 
--

L 
A INT 

B INT => 
PIO 

NO 2 
COPI851 

92CM- 31924 

A RDY 

B ROY 
A STROBE 

B STROBE 

PORT AO-A7 

PORT 80-87 

A ROY 

B ROY 

A STROBE 

B STROBE 

PORT AO -A7 

PORT BO-87 

Fig. 2 - Memory space 110. This configuration allows up to four CDP1851s to occupy 
memory space 8XXX with no additional hardware (A4 - AS and A6 - A 7 are used as 
RAO and RA1 on the third and fourth PIO·s). 
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CDP1851, CDP1851C 

PROGRAMMING 

1. Inltlellzellon end Control. 
The COP1851 PIO must be cleared by a low on the 
CLEAR input during power-on to set it for programming. 
Once programmed, modes can be changed without 
clearing except when exiting the bit-programmable 
mode. A low on the CLEAR input sets both ports to the 
input modes, disables interrupts, unmasks all bit
programmed interrupt bits, and resets the status 
register, A ROY, and B ROY. 

2. Mode Setting 
The control register must be sequentially loaded with 
the appropriate mode set control bytes in order as 
shown in table I (Le. input mode then output mode, 
etc.). Port A is set with the SET A bit = 1 and port B is set 
with the SET B bit = 1. If a port is set to the bit
programmable mode, the bit-programming control byte 
from table II must be loaded. A bit is programmed for 
output with the I/O bit = 1 and for input with the I/O bit = 
O. The STROBE and ROY lines may be programmed for 
input or output with the STROBE/ROY control byte of 

table II. Input data on the STROBE and ROY lines is 
detected by reading the status register. When using the 
STROBE or ROY lines for output, the control byte must 
be loaded every time output data is to be changed. To 
program logical conditions that will generate an 
interrupt, the interrupt control byte of table III must be 
loaded. An interrupt mask of the eight I/O lines may be 
loaded next, if bit 04 (mask follows) of the interrupt 
control byte = 1. The I/O lines are masked if the 
corresponding bit of the interrupt mask register is 1, 
otherwise it is monitored. Any combination of masked 
bits are permissable, except all bits masked (mask = 
FF). 

3. INT Eneble/DI .. ble 
To enable or disable the INT line in all modes, the 
interrupt ENABLE/DISABLE byte must be loaded (see 
Table IV). Interrupts can also be detected by reading 
the status register see table V. All interrupts should be 
disabled when programming or false interrupts may 
occur. The INT outputs are open drain NMOS devices 
that allow wired ORing (use 10K pull-up registers). 

A FLOW CHART GUIDE TO CDP1851 MODE PROGRAMMING 

REPEAT FOR EACH 
BIT-PROGRAMMABLE 
PORT 

REPEAT FOR EACH 
BIT- PROGRAMMABLE 
PORT 

PERFORM FOLLOWING 
SEQUENCE BEFOR E 
PROGRAMMING PORT A TO 
BIDIRECTIONAL MODE 

4-9 

NOTES 

SET MASTER INTERUPT 
ENABLEI DISABLE 
USING TABLE Dr 

I STROBE I READY I.IO CONTROL BYTE (TABLE II) 
IS ALSO USED TO OUTPUT DATA TO STROBE AND 
READY LINES WHEN BIT-PROGRAMMED. 

2 STATUS REGISTER (TABLE .II) IS USED TO 
INPUT DAllI FROM STROBE AND READY LINES 
WHEN BIT-PROGRAMMED. 

3. INTERRUPT STATUS IS ALSO READ FROM 
STATUS REGISTER. 

92CM- ~4508 

~ 
c( 

Ula:: ow 
:::El: oe: 

a:: 
w 
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CDP1851, CDP1851C 

TABLE I [RA1=O, RAO=1] 

MODE SET * 7 6 5 4 3 2 1 
Input 0 0 X Set B SetA X 1 
Output 0 1 X Set B SetA X 1 
Bit-Programmable 1 1 X Set B SetA X 1 
Bidirectional 1 0 X X SetA X 1 

• Modes should be set in order as shown in Table I 

If either port is set for bit-programmable mode, the two following control bytes should immediately follow: 

TABLE II [RA1=O, RAO=1] 

Bit-Programming 

STROBE/ROY 1/0 Control.A 

.AOutput = 1 

.Alnput = 0 

(01) 0 = Port A, 1 = Port B 

7 

1/07 

07 

6 5 4 
1/06 1/05 1/04 

06 05 04 

(02) 0 = No change to ROY line function, 1 = Change per bit (06) 

(03) 0 = No change to STROBE line function, 1 = Change per bit (07) 

(04) ROY line output data 

(05) STROBE line output data 

(06) ROY line used as: 

Output = 1 

Input = 0 

(07) STROBE line used as: 

Output = 1 

Input = 0 

3 2 

1/03 1/02 

03 02 

If interrupts will be used for either bit-programmed port, the following control bytes should be loaded: 

TABLE III [RA1=O, RAO=1] 

INTERRUPT CONTROL 

Logical Conditions and Mask 

(03) 0 = Port A, 1 = Port B 

(04) 0 = No change in mask, 1 = Mask follows (See TABLE lila) 

(05) (06) 0,0 = NAND; 1,0 = OR; 0,1 = NOR; 1, 1 = AND 

TABLE ilia [RA1=O, RAO=1] 

INTERRUPT CONTROL 7 6 5 

Mask Register B7 B6 B5 
(Ir 04 = 1) Mask Mask Mask 

Ir Bn Mask = 1 then mask ,Bintor n = 0 to 7) 

4-10 

4 3 2 

B4 B3 B2 
Mask Mask Mask 

1 

1/01 

01 

1 

B1 
Mask 

0 

1 

1 

1 

1 

0 

1/00 

DO 

0 

BO 
Mask 



CDP1851, CDP1851C 

TABLE IV [RA1=O, RAO=1] 

Interrupt 

Enable/Oisable 

TNT Enable = 1, I NT Enabled 

= 0, INT Oisabled 

TABLE V [RA1=O, RAO=1] 

Status Register 

7 

INT 

Enable 

7 

07 

6 

X 

A/B = 0, Port A 

= 1, Port B 

6 

06 

-- All Modes 
A INT status (1 means set) 

5 

X 

5 

05 

4 3 2 1 0 

X A/B 0 0 1 

4 3 2 1 0 
04 03 02 01 00 

(00) 

(01) 

(02) 

(03) 

B INT status (1 mealls set) ! 
1 = A INT was caused by A STROBE 1 Bidirectional Mode 

1 = A INT was caused by B STROBE ~ Only 

(05) A STROBE input data 

(06) B ROY input data 

(04) A ROY input data \ 

Bit-Programmable 
MOde 

(07) B STROBE input data 

TABLE VI - CPU CONTROLS 

CS' RA1 RAO RD/WE WR/RE Action 
0 X X X X No-op bus 3-stated 

X 0 0 X X No-op bus 3-stated 
X X X 0 0 No-op bus 3-stated 
X X X 1 1 No-op bus 3-stated 
X X X 1 1 No-op bus 3-stated 
1 0 1 1 0 Read • status register 
1 0 1 0 1 Load control register 
1 1 0 1 0 Read' port A 
1 1 0 0 1 Load port A 

1 1 1 1 0 Read' port B 
1 1 1 0 1 Load port B 

• Read = RO/WE = 1 and WR/RE = 0 is latched on trailing edge of CLOCK. 

TABLE VII - MEMORY I/O USE 

RD/WE Input WR/RE Input TPB Inout 1 
1 

PIO Terminals 
I/O Space MRO TPB TPB 

Memory Space -- --
MWR MRO TPB 

CPU Terminals 

CLOCK (Input): 

FUNCTION PIN DEFINITION 

BUSO- BUS 7: 

Positive input pulse that latches REAO and CS on its trailing 
edge. 

CS - CHIP SELECT (Input) 

A high-level voltage at this input selects the COP1851 PIO. 

RAO - REGISTER ADDRESS 0 (Input): 

This input and RA 1 are used to select either the ports or the 
control/status registers. 

RA1 - REGISTER ADDRESS 1 (Input): 

See RAO 

4·11 

Bidirectional CPU data bus. 

CLEAR (Input) 

A low-level voltage at this input resets both ports to the 
input mode, and also resets the status register. A ROY, B 
ROY, and interrupt enable (disabling interrupts). . 

AiNf - A INTERRUPT (Output): 

A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed in Table III. This 
output is an open-drain NMOS device (to allow wired 
ORing) and must be tied to a pull up resistor, normally 10 
kn. 

(J) 
...J 
< (J)a: 

ow 
:il:t: 
o!:!: 

a: 
w 
D.. 



CDP1851, CDP1851C 

FUNCTION PIN DEFINITION (Cont'd) 

B INT - B INTERRUPT (Output): 

A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed in Table III. This 
output is also an open-drain NMOS device and must be tied 
to a pullup resistor. 

B ROY - B READY (Output): 

This output is a handshaking or data bit I/O line in the 
bit-programmable mode. 

B STROBE (Input): 

An input handshaking line for port B in the input and output 
modes, and for port A when it is in the bidirectional mode. It 
can be used as a data bit I/O line in the bit-programmable 
mode except when port A is not programmed as 
bidirectional. 

BO-B7: 

Data input or output lines for port B. 

VSS: 

Ground 

NO 

NI 

N2 

TPA 
-
MRD 

TPB 

CDPl602 1\7 F' ( 

10 kll 

-
lIlT 

BUS 0-7 

if 

AO-A7: 

Data input or output lines for port A. 

A STROBE (Input): 

An input handshaking line for port A in the input, output, 
and bidirectional modes. It can also be used as a data bit I/O 
line when port A is in the bit-programmable mode. 

A ROY - A READY (Output): 

A output handshaking line or data bit I/O line. 

TPB (Input): 

A positive input pulse used as a data load, set, or reset 
strobe. 

WR/RE - WRITE/READ ENABLE (Input): 

A positive input used to write data from the CDP1851 to the 
CPU bus. 

RDlWE - READ/WRITE ENABLE (Input): 

A positive input used to read data from the CPU bus to the 
CDP1851 bus. 

VDD: 

Positive supply voltage. 

L 

L 

~ 

~ 

L 

L 

RAO 

RAI 
CS 

CLOCK 

RD/WE 

WR/RE 

TPe 

COPI85! 

BiNT 
AINT 

~A 
~B 

ROY 

ROY 

STROBE 

STROBE 
~A 
~8 

~P ORT AO-A? 

~ PORT BO-87 

BUS 0-7 

L 

r 
~ 
v 
, 

BUS 0-7 

RAO 

R/",I 

CS 

CLOCK 
-

RD/WE 
-

WR/RE 

TPB 

CDPI95! 
--
A INT 

B INT 

r----. 
~ 
~ 

A ROY 

B ROY 

A STROBE 

B STROBE 

~ PORT AO-A? 

==> PORT BO-87 

92CM-31925 

Fig. 3 -I/O space I/O. 
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Specifications CDP1851, CDP1851C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +850 C. VDD ± 5Ofa. 
tr• tf = 20 n •• VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pF 

CHARACTERISTIC VDD CDP1851 

(V) Min. Typ.-

Input Mod •••• Fig .. 4 and 5 

Minimum Setup Times: 5 - 50 
Chip Select to CLOCK tCSCL 10 - 25 

5 - 75 

RDIWE to CLOCK tRWCL 10 - 40 
5 - 75 -

WR/RE to CLOCK tWRCL 10 - 40 

5 - 75 

Data in to STROBE tDIST 10 - 40 

Minimum Hold Times: 5 - 75 

Chip Select After CLOCK tHCSCL 10 - 40 
5 - -50 

Address After TPB THATPB 10 - -25 
5 - 50 

Data In After STROBE tHSTDI 10 - 25 
5 50 325 

Data Bus Out After Address tHADOH 10 25 165 
Propagation Delay Times: 5 - 200 

TPB to INT tPINT 10 - 100 

5 - 200 
STROBE to INT tSTINT 10 - 100 

5 - 250 
TPB to ROY tTPRDY 10 - 125 

5 - 260 
STROBE to ROY tSTRDY 10 - 130 

Minimum Pulse Widths: 5 - 75 
CLOCK twCL 10 - 40 

5 - 75 

TPB tWTPB 10 - 40 
5 - 100 

STROBE tWST 10 - 50 
Access Time. Address to Data 5 - 325 

Bus Out tADA 10 - 165 

-Typical values are for T A = 250 C and nominal voltages. 

LIMITS 

Max.+ Min. 

75 -
40 -
120 -
60 -
120 -
60 -
120 -
60 -
120 -
60 -
0 -
0 -
75 -
40 -
500 50 
250 -
300 -
150 -
300 -
150 -
375 -
200 -
400 -
200 -
120 -
60 -
120 -
60 -
150 -
75 -
500 -
250 -

+Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP1851C 

Typ.-

50 

-
75 

-
75 

-
75 

-
75 

-
-50 

-
50 

-
325 

-
200 

-
200 
-

250 

-
260 

-
75 

-
75 

-
100 

-
325 

-

Max.+ 

75 

-
120 

-
120 
-

120 

-
120 

-
0 

-
75 

-
500 

-
300 

-
300 
-

375 

-
400 

-
120 

-
120 

-
150 

-
500 

-

UNITS 

ns 

~ 
<C 

(I) a: ow 
:::&l: 
09: a: 

w 
D. 



CDP1851, CDP1851C 

Ikn 

INPUT~ 
SIGNAL i :~ ... 
~I~% i ~ 

A,B I : tpINT! I 
--t t- tWINT t-tSTINT-1 

IK .J;50 PF 

CDPI851 

BINTr---*-~------------{J 

92CS-31927 

Fig. 4 - Interrupt signal propagation delay time test circuit and waveforms. 

ROY 

STROBE 

DATA-IN 

TPB 

CLOCK'(TPA) 

CS 

RD/WE'(MWR) )"'---tRWCL ---l : 
RD/WE.(iiRiiJ --.-JI-' -----------+!-----

110 SPACE ' 

WR/iiE'(TPB) nl-' ____ _ 
--: I--t HATPB 

-------~X~~~~~LI~O~P~O~~A~D~~~* 
______________ J. I ' 19 OR II . I ~'_ _____ _ 

, 'I 
~tADA ~tHADOH ---c:::x C 

RAI/RAO 

DATA BUS 

92CM-31928 

Fig. 6 - Input mode timing waveforms. 
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CDP1851, CDP1851C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = ·40 to +85° C. VDD ± 5%. 
tr• tf = 20 ne. VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pF 

CHARACTERISTIC VDD 

Output Mode see Figs. 4 and 6 

Minimum Setup Times: 

Chip Select to CLOCK tCSCL 

-
RD/WE to CLOCK tRWCL 

WR/RE to CLOCK tWRCL 

Address to WRITE * tAW 

Data Bus to WRITE * tow 
Minimum Hold Times: 

Chip Select After CLOCK tHCSCL 

Address After WRITE * tHAW 

Data Bus After WRITE * tHDW 
Propagation Delay Times: 

WRITE * to Data Out tWDO 

-
WRITE * to INT tWINT 

WRITE * to ROY tWRDY 

STROBE to INT tSTINT 

STROBE to ROY tSTRDY 
Minimum Pulse Widths: 

CLOCK tWCL 

STROBE tWST 

WRITE * tww 

* WRITE is the overlap of RD/WE = 0 and WR/RE = 1. 

-Typical values are for TA = 25°C and nominal voltages. 

(V) 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

CDP1851 

Min. Typ.-

- 50 

- 25 

- 75 

- 40 

- 75 

- 40 

- 50 

- 25 

- 80 

- 40 

- 75 

- 40 

- 50 

- 25 
- 50 

- 25 

- 225 

- 125 

- 300 

- 150 

- 350 

- 175 

- 200 

- 100 

- 260 

- 130 

- 75 

- 40 

- 100 

- 50 

- 175 

- 90 

LIMITS 

Max.+ Min. 

75 -
40 -
120 -
60 -
120 -
60 -
75 -
40 -
120 -
60 -
120 -
60 -
75 -
40 -
75 -
40 -

350 -
200 -
450 -
225 -
525 -
275 -
300 -
150 -
400 -
200 -
120 -
60 -
150 -
75 -

275 -
150 -

+Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP1851C 

Typ.-

50 

-
75 

-
75 

-
50 

-
80 

-
75 

-
50 

-
50 

-
225 

-
300 

-
350 

-
200 

-
260 

-
75 

-
100 

-
175 

-

Max.+ 

75 

-
120 

-
120 

-
75 

-
120 

-
120 

-
75 

-
75 

-
350 

-
450 

-
525 

-
300 

-
400 

-

120 

-
150 

-
275 

-

UNITS 

ns 

UJ 
..oJ 
< UJa:: ow 

:EJ: 
o!!: 
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w 
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CDP1851, CDP1851C 

iNr ______ -!! !-
tWINT i t-- 1STINT ----: t--

RDY _______________ '~' __ ~r-------~~ 

I I tSTRDY t--l : 
---j I--- t WROY I I 

I ~ 
I.---..C- tWTPB I 1 

----t tWSTi--

STROBE 

~IWCL 

CLOCK'(TPA) ~'-____ -+-__ -+ _________________ _ 
t Hesel ----l I--

, I 

CS~ 
--1 tcSCL 1--'--+--+----------

1 

DATA- OUT : X VALID DATA OUT 
~~----~--~r_~,I~-------------
:-- tWRCL --j r------rtWDO 

WR/Re"(MRo)}J ! i 
MEMORY SPAC~ I: 

RD/WE-(MWR) : Wr----------
I r-----r-tww * 

WR/RE.(TPB} : n 
I/O SPACE: : I 

_ __ --I tRWCLi I I 

RD/WE'(MRD) n I :: 

I--tAW----t ----t tHAWr--

RAI/RAO -----j( VALlD,J'g~T, ~DDR *,.-------
t--tow : I tHDW 

DATA BUS --0 VALID DATA j('-_______ _ 
* WRITE IS THE OVERLAP OF WR/RE'I AND RD/WE. 0 92CM- 31920 

Fig. 6 - Output mode timing weveforms. 

4-16 



HARRIS 
SEMICONDUCTOR 

February 1992 

Features 

• Static Silicon-Gate CMOS Circuitry 

• Parallel 8 Bit Data Register and Buffer 

• Handshaking Via Service Request Flip-Flop 

• Low Quiescent and Operating Power 

• Interfaces Directly with CDP1800-Series 
Microprocessors 

• Single Voltage Supply 

• Full Military Temperature Range (-SSOC to +12S0C) 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 5V 10V 

Plastic DIP -40°C to +85°C CDPt852CE CDPI852E 

Burn-in CDPI852CEX CDPI852EX 

Ceramic DIP -400C to +85°C CDPI852CD CDPI852D 

• 883B -55°C to +125°C CDPI852CD3 CDPI852D3 

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

CDP1852 
CDP1852C 

Byte-Wide Input/Output Port 

Description 
The CDP1852 and CDPI852C are parallel, 8 bit, mode-pro
grammable inpuVoutput ports. They are compatible and will 
interface directly with COP1800-series microprocessors. They 
are also useful as 8 bit address latches when used with the 
COPI800 multiplexed address bus and as I/O ports in general
purpose applications. 

The mode control is used to program the device as an input port 
(mode = 0) or as an output port (mode = 1). The SA/SR output 
can be used as a Signal to indicate when data is ready to be 
transferred. In the input mode, a peripheral device can strobe 
data into the COP1852, and microprocessor can read that data 
by device selection. In the output mode, a microprocessor 
strobes data into the CDP1852, and handshaking is established 
with a peripheral device when the CDP1852 is deselected. 

In the input mode, data at the data-in terminals (010-017) is 
strobed into the port's 8 bit register by a high (1) level on the 
clock line. The negative high-to-Iow transition of the clock 
latches the data in the register and sets the service request out
E!:!!...!0w (SRtSR = 0). When CS1/CSl and CS2 are high (CSI/ 
CSI and CS2 = 1), the 3-state output drivers are enabled and 
data in the 8-bit register...!el?ear at the data-out ter~s (000-
007). When either CS1/CSl or CS2 goes low (CS1/CSl or CS2 
= 0), the data-out terminals are tristated and the service request 
output returns high (SA/SR =1). 

In the output mode, the output drivers are enabled at all times. 
Data at the data-in ~inals (010-D.:!Zl.Js strobed into the 8 bit 
register when CS1/CSl is low (CS1/CSl = 0) and CS2 and the 
clock are high (1), and are present at the data-out terminals 
(000-007). The negative high-to-Iow transition of the clock 
I~hes the data in the register. The SA/SR outpu!Jj£es high 
(SA/SR = 1) when the device is deselected (CS1/CSl = 1 or 
CS2 = 0) and returns low (SA/SR = 0) on the following trailing 
edge of the clock. 

Pinout Typical CDP1802 Microprocessor System 

csvCSi I 

24-LEAD DIP 
TOP VIEW 

4Voo 
SRtSR 

017 

007 

ROM 

II 

--
AOOR BUS ---

TPA 

RAM 

MRD 

CEO 

II 

H'VV'1 
AODR BUS 

TPA --

CPU 
CDPl802 

MRD -
MWR 

BIDIRECTIONAL DATA BUS 

FIGURE 1. 

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

Copyright © Harris Corporation 1992 4-17 

~ 

NO-N2 MRO 

TPB 

Q 

~ 
seQ SCI I/O 

INTERRUPT CDPI852 CONTROL 

DMA-IN DMA-OUT 

EFI EF4 

~ 

File Number 1166.1 

til 
...I 
oct 

til a: 
OW :=:I: 
u!:!: 

a: 
w 
0.. 



Specifications CDP1852, CDP1852C 

A CLEAR control is provided for resetting 
the port's register (000-007 = 0) and ser
vice request flip-flop (input mode: SRI 
SR=1 and output mode, SR/SR=O) 

The COP1852 is functionally identical to 
the COP1852C. The COP1852 has a recom
mended operating voltage range of 4 to 10.5 
volts, and the COP1852C has a recom-

mended operating voltage range of 4 to 6.5 
volts. 

The COP1852 and COP1852C are supplied 
in 24-lead, hermetic, dual-in-line ceramic 
packages (0 suffix), in 24-lead dual-in-line 
plastic packages (E suffix). The COP1852C 
is also available in chip form (H suffix). 

MAXIMUM RATINGS. Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 

(Voltage referenced to Vss Terminal 
CDP1852 .. ......................................... ~O 5 to+ 11 V 
CDP1852C ........ . 

INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Po) 

For TA = ~40 to + 60' C (PACKAGE TYPE E) 

. .......................... ~O 5 to + 7 V 

. .................... ~O 5 to Voo +0.5 V 
............................. ± 10 mA 

............................. 500 mW 
For TA = + 60 to -+- 85° C (PACKAGE TYPE E). .. Derate Linearly at 12 mwr C to 200 mW 
ForTA= ~55 to-+-10QoC (PACKAGE TYPE D) .......................................... 500 mW 
For TA = -+- 100 to -+- 125° C (PACKAGE TYPE D) ......... Derate Linearly at 12 mW/o C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .............. 100 mW 

OPERATING-TEMPERATURE RANGE (TA) 
PACKAGE TYPES 0, H. ................. ~ 55 to -+- 125° C 
PACKAGETYPEE ................ . 

STORAGE TEMPERATURE RANGE (T"g) ..... 
LEAD TEMPERATURE (DURING SOLDERING) 

. .............................. ~40 to -+-85°C 
. ..................... ~65 to -+- 150°C 

At distance 1/16:1: 1/32 Inch (1 59 ± 079 mm) from case for 10 s max ................... -+-265°C 

RECOMMENDED OPERATING CONDITIONS at TA = Full Package Temperature Range. 
For maximum reliability, operating conditions should be selected so that operation is always 
within the following ranges: 

LIMITS 

CHARACTERISTIC CDP1852 CDP1852C 

Min. Max. Min. 

DC Operating Voltage Range 4 10.5 4 

Input Voltage Range Vss Veo 

MODE ... 2~_-+-__ --, 

CLEAR 14 CLOCKjlt' =,==:;==~~ 

Vss 

000 

001 
002 

DO' 
DO' 
DO. 
006 

'--___ ~-OO7 

ft POLARITY DEPENDS ON MOOE 

PI >--"-"''--1--'''''---1 
P23 '---"'-'---'_=-1 92CS- 21574RI 

Fig 2 - Block diagram of CDP1852. 
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FIg 3 - CDP1852 logIc dIagram 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C 

CONDITIONS LIMITS 

CHARACTERISTIC Va VIN VOO CDP1852 CDP1852C UNITS 

(V) (V) (V) Min. Typ." Max. Min. Typ." Max. 
Quiescent Device - 0,5 5 - - 10 - - 50 IlA 

Current, ioo - 0,10 10 - - 100 - - -
Output Low Drive 0.4 0,5 5 1.6 3.2 - 1.6 3.2 -

(Sink) Current, IOL 0.5 0,10 10 3 6 - - - -
Output High Drive 

rnA 

(Source) Current, 4.6 0,5 5 -1.15 -2.3 - 1.15 -2.3 -
IOH 9.5 0,10 10 -3 -6 - - - -

Output Voltage - 0,5 5 - 0 0.1 - 0 0.1 

Low Level, VOLt - 0,10 10 - 0 0.1 - - -
Output Voltage - 0,5 5 4.9 5 - 4.9 5 -

High Level, VOH - 0,10 10 9.9 10 - - - -
Input Low Voltage, 0.5,4.5 5 1.5 1.5 

V - - - - -
VIL 0.5,9.5 - 10 - - 3 - - -

Input High Voltage, 0.5,4.5 - 5 3.5 - - 3.5 - -
VIH 0.5,9.5 - 10 7 - - - - -
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Specifications CDP1852, CDP1852C 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +850 C (Cont'd) 
CONDITIONS LIMITS 

CHARACTERISTIC Va V,N Voo CDP1852 CDP1852C UNITS 

(V) (V) (V) Min. 
Input Current, - 0,5 5 -

liN - 0,10 10 -
3-State Output 

Leakage Current, 0,5 0,5 5 -
lOUT 0,10 0,10 10 -

Operating - 0,5 5 -
Current, 1001:j: - 0,10 10 -

Input 
Capacitance, C'N - - - -

Output 
Capacitance, COUT - - - -

'TYPical values are for T. = 25°C and nommal Voo. 
tlO\. = lOti = 1 pA 

Typ." Max. Min. Typ.* Max. 

- ±1 - - ±1 

- ±2 - - -

- ±1 - - ±1 IIA 

- ±2 - - -
130 300 - 150 300 
550 800 - - -

5 7.5 - 5 7.5 pF 

5 7.5 - - -

*Operatlng current is measured at 2 MHz in an CDP1802 system with open outputs and a 
program of 8N55, SNAA, SN55, SNAA, -----

DYNAMIC ELECTRICAL CHARACTERISTICS at T. = -40 to + 850 C, Voo = ± 5%, 
t" tf = 20 ns, V,H = 0.7 Voo, V,L = 0.3 Voo, CL = 100 pF, and 1 TTL Load 

CHARACTERISTIC Voo LIMITS UNITS 
(V) Min. Typ.* Max. 

MODE 0 - Input Port (Fig. 4) 
Minimum Select Pulse Width, Isw 5 - 180 360 

10 - 90 180 

Minimum Write Pulse Width, tww 5 - 90 180 
10 - 45 90 

Minimum Clear Pulse Width, !cLR 5 - 80 160 

10 - 40 80 

Minimum Data Setup Time, tos 5 - -10 0 
10 - -5 0 

Mininum Data Hold Time, tOH 5 - 75 150 
10 - 35 75 ns 

Data Out Hold Time, tOOHt 5 30 185 370 

10 15 100 200 

Propagation Delay Times, tPLH, tpHL: 5 30 185 370 

Select to Data Outt , tsoo 10 15 100 200 

Clear to SR, T ASR 5 - 170 340 

10 - 85 170 

Clock to SR, lesR 5 - 110 220 
10 - 55 110 

Select to SR, IssR 5 - 120 240 
10 - 60 120 

tMinimum value is measured from CS2. maximum value is measured from CSlICS1 
'TYPical values are for T. = 25° C and nominal Voo 

INPUT PORT MODE 0 - TYPICAL OPERATION 

General Operation 

When the mode control is tied to VSS, the 
CDP1852 becomes an input port. In this 
mode, the peripheral del/ice places data 
into the CDP1852 with a strobe pulse and 
the CDP1852 signals the microprocessor 
that data is ready to be transferred on the 
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strobe's trailing edge via the SR output line. 
The CDP1802 then issues an input instruc
tion that enables the CDP1852 to place the 
information from the peripheral device on 
the data bus to be entered into a memory 
location and the accumulator of the 
microprocessor. 



CDP1852, CDP1852C 

cSI-cn * r...--' sw--

CLOCk 
1--. ww -----0: 

I--'D~_ 
I X 
I-'DS~ 

HIGH I-'SD"1. -'DD~ 
DATA IN 

IMPEDANCE 

I 1--' ~I 
DATA aus 

I 
'RSA..j f--'cs~ 

55 1 
~ '11. I '1 

~ 
* CSI"CS2 IS THE OVERLAP OF eSla, AND eS2-' 

iC$1·CS2 CL'EAIf Data Oul Equal$ 

teS1 

Hlghlmpedanee , 
Data Latch 

92CM-31292R2 

Fig 4 - MODE 0 mput port tlmmg waveforms and truth tables. 

MEMORY CDP1B02 

NX 
ADDRESS 

LINES MRD 

EFx 

VSS 

DATA BUS 

STROBE ------' 

PERIPHERAL 
DATA ------' 

~/SR--------~--. 

NX 

MiiD ______________________ + __ ...J 

DATA BUS -----------------------1!---...1 

CDPI852 

CLOCK 

SA 
01 

MODE 
DO 

SL 
STROBE 

DATA FROM 
PERIPHERAL 

} 

PERIPHERAL DEVICE 
PLACES DATA IN CDPIB52 
AND CDPI852 SIGNALS 
CDPI802 THAT DATA IS READY 

} 

CDPI802 SELECTS 
CDPI852 AND DATA 
IS TRANSFERRED 
TO MEMORY AND 
THE MICROPROCCESSOR 

92CM- 33205 

Fig 5 - Input port mode 0 functIOnal diagram and waveforms - typical operation. 

Detailed Operation (See Fig 5) 

The STROBE from the peripheral deVice 
places DATA Into the 8-blt register of the 
CDP1852 when It goes high and latches the 
DATA on Its trailing edge The SR output IS 
set low on the strobe's trailing edge This 
output IS connected to a flag line of the 
CDP1802 microprocessor and software 
polling will determine that the flag line has 
gone low and peripheral data is ready to be 
transferred. The CDP1802 then Issues an 
Input instruction that places an N, line high. 
With the MRD line also high, the CDP1852 
IS selected and Its output drivers place the 
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DATA from the peripheral deVice on the 
DATA BUS When the CDP1802 selected 
the CDP1852, it also selected and ad
dressed the memory via one of the 16 inter
nal address registers selected by an inter
nal "X" register The data from the CDP1852 
IS therefore entered into the memory [Bus 
- M(R(X))] The data IS also transferred to 
the D register (accumulator) in the micro
processor (Bus - D). When the CDP1802's 
execute cycle is completed, the CDP18521s 
deselected by the Nx line returning low and 
its data output pins are trl-stated The SR 
output returns high 
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Specifications CDP1852, CDP1852C 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Voo = ±5%, 
t" tf = 20 ns, V,H = 0.7 Voo, V,l = 0.3 Voo, Cl = 100 pF, and 1 TTL Load 

CHARACTERISTIC Voo LIMITS UNITS 

(V) Min. Typ." Max. 

MODE 1 - Output Port (Fig. 6) 
Minimum Clock Pulse Width, tClK 5 130 260 

10 - 65 130 

Minimum Write Pulse Width, tww 5 130 260 

10 - 65 130 

Minimum Clear Pulse Width, tClR 5 60 120 

10 - 30 60 

Minimum Data Setup Time, tos 5 - -10 0 

10 - -5 0 

Minimum Data Hold Time, tOH 5 - 75 150 

10 - 35 75 ns 

Minimum Select-after-Clock 5 10 0 

Hold Time, tSH 10 - -5 0 

Propagation Delay Times, tplH, tpHl 5 140 280 

Clear to Data Out, tROD 10 - 70 140 

Write to Data Out, twoo 5 - 220 440 

10 - 110 220 

Data In to Data Out, tooo 5 100 200 

10 - 50 100 

Clear to SR, tRSR 5 - 120 240 

10 - 60 120 

Clock to SR, tCSR 5 120 240 

10 - 60 120 

Select to SR, tSSR 5 - 120 240 

10 - 60 120 

'TYPical values are for TA = 25° C and nomonal VDD 

OUTPUT PORT MODE 1 - TYPICAL OPERATION 

General Operation 

Connecting the mode control to Voo config
ures the CDP1852 as an output port. The 
output drivers are always on in this mode, 
so any data In the 8-bit register will be pres
ent at the data-out lines when the CDP1852 
is selected. The N line and MRD connec
tions between the CDP1852 and CDP1802 
remain the same as in the input mode con
figuration, but now the clock input of the 
CDP1852 is tied to the TPB output of the 

4-22 

CDP1802 and the SR output of the 
CDP1852 will be used to signal the periph
eral device that valid data is present on its 
input lines The microprocessor issues an 
output instruction, and data from the mem
ory IS strobed Into the CDP1852 with the 
TPB pul~e When the CDP1852 is de
selected, the SR output goes high to signal 
the peripheral device. 
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C51 CS2*~---------------' 

CLOCK -----------------'1 

DATA IN 

DATA. OUT 

--+-----~~--~I~~I~------------------~---

SR 

* C51 C52 IS THE OVERLAP OF CSi =0 AND C52 = I 
.. WRITE IS THE OVERLAP OF CSI C52 AND CLOCK SERVICE REQUEST TRUTH TABLE 

CLEAR Data Qut Equals 

o 0 
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Fig 6 - MODE 1 output port timing waveforms and truth tables 

TPB 

DATA 
BUS 

DATA TO 

MEMORY 

II 

CDPIB02 Nt. 

MRD 
ADDRESS 

LINES 
TPB 

DATA BUS 

PERI PH ER AL -------------------------' 
DEVICE 

VDD 

SRISR -------------------------------" 

CDPIB52 
CS2 

CSI 

CLOCK DATA 
OUT 

MODE SR 

DATA OUT TO 
PERI PHERAL DEVI CE 

SIGNAL THAT 
INDI CATES DATA 
IS READY 

CDPIB52 IS SELECTED 
AND DATA IS 
STROBED INTO 
IT'S REGISTER 
WITH TPB 

1 DATA IS OUTPUTTED 
FROM THE CDPIB52 
AND THE PERIPHERAL 
DEVICE IS SIGNALED 

92CM-33204 

Fig 7 - Output port mode 1 functional diagram and waveforms - tYPical operation 

Detailed Operation (See Fig 7) 

The CDP1802 issues an output Instruction 
The N, line goes high and the MRD line 
goes low. The memory IS accessed M(R(X)) 
- BUS and places data on the DATA BUS. 
This data are strobed Into the 8-blt register 
of the CDP1852 when TPB goes high and 
latched on the TPB's trailing edge. The 

valid data thus appears on the CDP1852 
output lines When the CDP1802 output in
struction cycle is complete, the N, line goes 
low and the SR output goes high. SR will 
remain high until the trailing edge of the 
next TPB pulse, when it will return low. 
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~~------------------_I 
~'---

NI-------------------------------------------------------------

"-
SELECT_....t./~ __ 6_D ___ LZ ________ 65 ___________ \.~_ 

SR ="- I 
92CM- 31293RI 

Fig. 8 - Execution of 8 "65" output Instruction showing momentary selection of Input port "0". 

Application Information 

In a CDP1800 series microprocessor-based 
system where MRD is used to distinguish 
between INP and OUT instructions, an INP 
instruction is assumed to occur at the be
ginning of every I/O cycle because MRD 
starts high. Therefore, at the start of an 
OUT instruction, which uses the same 3-blt 
N code as that used for selection of an input 
port, the input device is selected for a short 
time (see Fig. 8). This condition forces SR 
low and sets the internal SR latch (see Fig. 
3). In a small system with unique N codes 

TPA 

TPB 

OUTPUT 

• OUTPUT ENABLED WHEN EN' HIGH 
INTERNAL SIGNAL SHOWN FOR RE~ERENCE ONLY (SEE FIG Il 

92CS-29024 

Fig. 9 - COP1853 timing waveforms. 
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for inputs and outputs, this situation does 
not arise. Using the CDP1853 N-bit decoder 
or equivalent logic to decode the N lines 
after TPA prevents dual selection in larger 
systems (see Fig. 9 and Fig. 10). 

4 OUT 0 
NO 

5 OUT I 
IOFS ~ OUT 2 

DECODER 
NI 12 OUT 3 

N214 
" g~i~ 
10 OUT 6 

EN 
9 OUT 7 

CLOCK A I 
(TPA) 

CLOCKS 15 
(TPB) 

9'2CS-29022 

Fig. 10 - COP1853 functional diagram. 



HARRIS 
SEMICONDUCTOR 

February 1992 

Features 

• Static Silicon-Gate CMOS Circuitry 

• Parallel 8-Bit Data Register and 
Buffer 

• Handshaking Via Service Request 
Flip-Flop 

• Low Quiescent and Operating Power 

• Interfaces Directly with CDP180o
Series Microprocessors 

• Single Voltage Supply 

• Full Military Temperature Range 
(-55°C to +125°C) 

CDP185213 
CDP1852C/3 

High-Reliability Byte-Wide Input/Output Port 

Description 
The COPt 85213 and COPt852C/3 are parallel, 8-bit, mode-programmable input/output 
ports. They are compatible and will interiace directly with COPt8oo-series microproces
sors. They are also useful as 8 bit address latches when used with the COPt8DD mulU
plexed address bus and as I/O ports in general-purpose applications. 

The mode control IS used .!2..Program the device as an input port (mode = D) or as an out
put port (mode = I). The SFVSR output can be used as a signal to indicate when data is 
ready to be transferred. In the input mode, a peripheral device can strobe data into the 
COP I 85213, and microprocessor can read that data by device selection. In the output 
mode, a microprocessor strobes data into the COPt85213, and handshaking is estab
lished with a peripheral device when the COPt85213 is deselected. 

In the input mode, data at the data-in terminals (010-017) is strobed into the porfs 8-bit 
regISter by a high (I) level on the clock line. The negative high-to-low transition of the 
clock latches the data In the register and sets the service request output low (SFVSR = 
D). When CSI/CSI and CS2 are high (CSI/CSI and CS2 = I), the 3-state output drivers 
are enabled and data In the 8-bit register appear at the data-out terminals (000-OD7). 
When either CSt/CSI or CS2 goes low (CSI/CSt or CS2 = D), the data-out terminals 
are tnstated and the service request output returns high (SFVSR =1). 

In the output mode, the output drivers are enabled at all times. Data at the data-in termi
nals (0ID-017) is strobed into the 8 bitregisterwhen CSI/CSt is low (CSt/CS1 = D) and 
CS2 and the clock are high (t), and are present at the data-out terminals (ODO-ODZ2:,. The 
negative hlgh-to-Io!!..transition of the clock latches the data in the ~ster. The SFVSR 
output goes high..l§.FVSR = I) when the device is deselected (CSI/CSI = I or CS2 = D) 
and returns low (SFVSR = D) on the following trailing edge of the clock. 

A CLEAR control is provided for reselling the port's register j£00-007 = D) and service 
request flip-flop (input mode: SFVSR = I and output mode: SFVSR = D). 

The COPI85213 is functionally idenlicalto the COPI852C/3. The COP t 85213 has a rec
ommended operating voltage range of 4 to ID.5 volts, and the COPI852C/3 has a rec
ommended operating voltage range of 4 to 6.5 volts. 

The COP1852/3 and COPI852C/3 are supplied in 24-lead, dual-in-line side-brazed 
ceramic packages (0 suffix) that conforms to the requirements and dimensions specified 
In MIL-3851 D Case Outline 0-3. 

Pinout Block Diagram of CDP185213 

MODE 

DID 

24-LEAD DIP 
TOP VIEW csvCSF I 

SRiSW 

MODE ~ ______ ~~ ______ ~ 
CLOCK ~ ________________ ~ 

CLEAR ~4L---~~--~:::::::::::J 

DID 
011 
012 
013 
Dl4 
015 
016 
017 

8 BIT 
DATA 

REGISTER 

ENABLE 

THREE
STATE 

OUTPUT 
DRIVERS 

• POLARITY DEPENDS ON MODE 

PI 

P23 

MODE=D 

CSI 

SR 

FIGURE 1. 

MODE =1 

CSI 

SR 

CAUTION' These devices are sensitive to electrostatic discharge Users should follow proper I.C. Handling Procedures. 
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Specifications CDP1852!3, CDP1852CI3 
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L ________________________________ -.l 

Absolute Maximum Ratings 
DC Supply Voltage Range. (Voo): 

(All Voltages Referenced to Vss Terminal) 

92CL-3L293RI 

FIGURE 2. CDP185213 LOGIC DIAGRAM 

Device Dissipation Per Output Transistor 
TA = Full Package Temperature Range 

CDPl85213 ........•....................... --{).5V to +11V 
CDP1852C/3 •............................... --{).5V to +7V 
Input Voltage Range. All Inputs ...•......... --{).5V to V DO +O.5V 

(All Package Types) ....•......................... 100mW 
Operating Temperature Range (TA): 

DC Input Current. any One Input. ........................ ±10mA 
Power Dissipation Per Package (Po) 

TA = -55°C to +l00oC (Package Type D) ............. 500mW 
TA = + 100°C to + 125°C (Package Type D) .... Derate Linearly at 

12mWI"C to 200mW 

Package Type D .....•.................. -55°C to + 125°C 
Storage Temperature Range (Tstg) ...•.....•.. -65°C to + 150°C 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 In. (1.59 ± 0.79mm) 
from case for lOs max ............................ +265°C 

Recommended Operating Conditions TA = Full-Package Temperature Range. For maximum reliability, operating 

conditions should be selected so that operation is always within the following ranges. 

LIMrrs 

CDP185213 CDP1852C/3 

CHARACTERISTIC MIN MAX MIN MAX UNrrs 

DC Operating Voltage Range 4 10.5 4 6.5 V 

Input Voltage Range Vss Voo Vss Voo V 
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Specifications CDP185213, CDP1852C/3 

Static Electrical Characteristics VIN = 0 or V DO. Except as Noted 

LIMITS 

--550 C, +25°C +125°C 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN MAX MIN MAX UNITS 

Quiescent Device Current (Note 1) 100 Voo: 5V - 10 - 100 IlA 
Voo = 10V - 20 - 300 IlA 

Output Low Drive (Sink) Current IOl Voo: 5V, Vo: O.4V 2.6 - 1.9 - rnA 

Voo: 10V, Vo: O.SV 6.1 - 4.1 - rnA 

Output High Drive (Source) Current IOH Voo: SV, Va : 4.6V -1.8 - -1.3 - rnA 

Voo: 10V, Va: 9.5V -4.4 - -2.9 - rnA 

Output Voltage Low Level VOL Voo: SV, IOl: 01lA - 0.1 - 0.2 V 

Voo: 10V, IOl: 01lA - 0.1 - 0.2 V 

Output Voltage High Level VOH Voo: SV, IOl: 01lA 4.9 - 4.8 V 

Voo: 10V, IOl: 01lA 9.9 - 9.8 V 

Input Low Voltage Vil Voo: SV, Va: 0.2, 4.8V - 1.S - 1.5 V 

Voo: 10V, Va: 0.2, 9.BV - 3 - 3 V 

Input High Voltage VIH Voo: SV, Va: 0.2, 4.8V 3.S 3.S V 

Voo: 10V, Va: 0.2, 9.BV 7 7 V 

Input Leakage Low III Voo: SV, VIN : OV -1 - -S I1A 

Voo: 10V, VIN : OV -1 -S I1A 

Input Leakage High IIH VOD : SV, VIN : SV 1 - S I1A 

Voo: 10V, VIN : 10V 1 - S IlA 
3-State Output Leakage Low IOZl VOD : SV, Va: OV -1 - -S I1A 

Voo: 10V, Va: OV - -1 -S IlA 
3-State Output Leakage High IOZH Voo: SV, Va : SV - 1 S IlA 

Voo: 10V, Va: 10V - 1 S IlA 
Input Capacitance CIN Note 2 - 10 10 pF 

Output Capacitance COUT Note 2 - lS lS pF 

NOTES: 

1. The CDP18S2C/3 meets ailS volt Static Electrical Characteristics 2. Input and Output Capacitance are guaranteed but not tested. 
01 the CDPI8S2I3 except +12SoC Quiescent Device Current lor 
which the limit is 100 : 300I1A. 

Static Burn-in Circuit 
Voo 

~r-v-~ 
TYPE NO. Voo TEMPERATURE TIME 

VOO CDPI8S2I3 11V +125°C 160 Hrs. Min. 
~ ~ S' ~ 
~ ~ CDP1852C/3 7V +125°C 160 Hrs. Min. 

~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
== == -'8 if ..". .!.!.I 
~ fsi 
== ~ r:;o 1? """ ..... 7i 'f? 
== == '12 ~ 

Vss 
All RESISTORS 47Kn (±20%) 

Vss 
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Specifications CDP185213, CDP1852C/3 

Dynamic Electrical Characteristics Mode = 0 Input Port, See Figure 3, Input tr, If S 15ns; Cl = 50pF 

LIMITS' 

-55°C. +25°C +125"C 

Voo {Note 1) (Note 1) 
CHARACTERISTIC SYMBOL VOLTS MIN MAX MIN MAX UNITS 

Select Duration tsw 5 250 - 360 - ns 

10 150 - 180 - ns 

Clock Pulse Width Iww 5 150 - 200 - ns 

10 90 - 110 - ns 

Clear Pulse Width IelR 5 110 - 160 - ns 

10 50 - 80 - ns 

Data-In to Clock Fall Setup Time los 5 -10 - -10 - ns 

10 -5 - -5 - ns 

Data-In After Clock Fall Hold Time tOH 5 150 - 170 - ns 

10 70 - 100 - ns 

Propagatl0.!!Eelay Times: 
Clear to SR tRsR 5 - 200 - 340 ns 

10 - 110 - 170 ns 

ClocktoSR IeSR 5 - 175 - 220 ns 

10 - 110 - 130 ns 

Deselect to SR tSSR 5 - 175 - 240 ns 

10 - 110 - 120 ns 

NOTE: 1. Time required by a device to allow for the indicated function. 

I 
* Jc-- taw----": CSI"CS2 

I 
I 

CLOCK /--'ww ---.l 
I .='" tDH ,I!:::. 

DATA IN I 
-I - 'os ~GH 

DATA BUS ""-
IMPEDANCE ""-

I - tSSR 10&-
SA -'RSR 1-- - tCSR~ 1 

I I_ 
I 

". CI'EiR ~ ~tCLR-t{ 

* CSI, CS2 IS THE OVEJLAP OF Cst. t AND CS2. t 

MODE = 0 TRUTH TABLE SERVICE REQUEST 
CLOCK CS1-CS2 (Note 1) CLEAR DATA OUT EQUALS TRUTH TABLE 

X 0 X High Impedance Clock """- CSlorCS2 """-
0 1 0 0 orCLEAFi 

0 1 1 Data Latch 

1 1 X Data In SRlSR=O SRlSR= 1 

NOTE: 1. CSl - CS2 = CSl = 1, CS2 = 1 

FIGURE 3. MODE = 0 INPUT PORT TIMING WAVEFORMS AND TRUTH TABLES 

4-28 



Specifications CDP185213, CDP1852C/3 

Dynamic Electrical Characteristics Mode = 1 Output Port, See Figure 4, Input te, If S 15ns; Cl = 50pF 

LIMITS· 

-5SoC. +2SoC +12SoC 

Voo (Note 1) (Note 1) 
CHARACTERISTIC SYMBOL VOLTS MIN MAX MIN MAX 

Clock Pulse Width IclK 5 170 - 260 -
10 90 - 130 -

Write Width Duration tww 5 200 260 

10 110 - 130 -
Clear Pulse Width telR 5 110 - 135 -

10 60 - 75 -
Data-In to Clock Fall Setup Time tos 5 -10 - -10 

10 -5 - -5 -
Data Hold from Write Termination tOH 5 130 170 

10 70 - 90 -
Select-After Clock-Fall Hold Time tSH 5 0 0 -

10 0 0 -
Propagation Delay Times: 

Clear to Data tROO 5 - 215 290 

10 - 140 190 

Write to Data Out twoo 5 250 - 350 

10 - 130 - 190 

Data In to Data Out tooo 5 150 - 200 

10 - 80 - 100 

Clear to SR tRSR 5 - 175 240 

10 - 120 - 160 

Clock to SR IesR 5 - 170 - 240 

10 - 90 - 120 

Deselect to SR tSSR 5 - 170 - 240 

10 90 - 120 

NOTE: 1. Time reqUired by a deVice to allow for the Indicated function. , 
-'WW=-

cs, .csz* 
'SH - I--

t-"' H'" 
CLOCK -'05-- ~ 1-

DATA 'N 

-- '000..::::1 
DATA OUT i--'RDO ---' ;f----A 

CLOCK 

0 

0 

X 

1 

-'RSR---o\ 

l-'wD '1 r--' .--1 
SSR 1 SR 

---.. 
tCLR -+ 

-~I 
*CSI-CS2 IS THE OV[RL,AP OF CSI-O ANOCSZ.. I 
, WRITE'S THE OVERLAP OF CSI' CS2 AND CLOCK 

MODE = 1 TRUTH TABLE 

CS1-CS2 (Note 1) CLEAR DATA OUT EQUALS 

X 0 0 

X 1 Data Latch 

0 1 Data Latch 

1 X Data In 

'I 

NOTE: 1. CS1 - CS2 = CS1 = 0, CS2 = 1 

.1 
'CSR- ~ 

SERVICE REQUEST 
TRUTH TABLE 

CS1 f Clock 

or or 

CS2 "'- CLEAR 

SAlSR= 1 SAISR = 0 

FIGURE 4. MODE = 1 OUTPUT PORT TIMING WAVEFORMS AND TRUTH TABLES 
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HARRIS 
SEMICONDUCTOR 

February 1992 

Features 

• Provides Direct Control of Up to 7 Input and 7 Output 
Devices 

• CHIP ENABLE (CE) Allows Easy Expansion for Multi· 
level 110 Systems 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE SV 10V 

Plastic DIP -4O"C to +85°C CDPI853CE CDP1853E 

Burn-in CDPI853CEX -
Ceramic DIP -40°C to +85°C CDP1853CD CDP1853D 

Burn-in CDP1853CDX 

'883B -55°C to + 125°C CDP1853CD3 CDP1853D3 

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

Description 

CDP1853 
CDP1853C 

N-Bit 1 of 8 Decoder 

The CDP1853 and CDP1853C are 1 of 8 decoders designed for 
use in general purpose microprocessor systems. These 
devices, which are functionally identical, are specifically 
designed for use as gated N-bit decoders and interface directly 
with the 1800-series microprocessors with out additional com
ponents. The CDP1853 has a recommended operating voltage 
range of 4 to 10.5 volts, and the CDP1853C has a recom
mended operating voltage range of 4 to 6.5 volts. 

When CHIP ENABLE (CE) is high, the selected output will be 
true (high) from the trailing edge of CLOCK A (high-to-Iow tran
sition) to the trailing edge of CLOCK B (high-to-Iow transition). 
All outputs will be low when the device is not selected (CE = 0) 
and during conditions of CLOCK A and CLOCK B as shown in 
Figure 2. The CDP1853 inputs NO, Nl, N2, CLOCK A, and 
CLOCK B are connected to an 1800-series microprocessor out
puts NO, Nl, N2, TPA, and TPB respectively, when used to 
decode 1/0 commands as shown in Figure 5. The CHIP 
ENABLE (CE) input provides the capability for multiple levels of 
decoding as shown in Figure 6. 

The CDP1853 can also be used as a general 1 of 8 decoder for 
I/O and memory system applications as shown in Figure 4. 

The CDP1853 and CDP1853C are supplied in hermetic 16-lead 
dual-in-line ceramic (D suffix) and plastic (E suffix) packages. 

Pinout CDP1853 Functional Diagram TRUTH TABLE 

16-LEAD DIP 
TOP VIEW 

ClKA Voo 

NO ClK B 

Nl N2 

OUT 0 CE 

OUT 1 OUT 4 

OUT 2 OUTS 

OUT 3 OUT 6 

vss-,, ___ ..... _OUT 7 

r---"'L!..4 OUT 0 

OUTI 
6 OUT2 

7 OUT3 
12 OUT4 

11 OUTS 

10 OUT6 

L.....;;;r.;-..,,_9- OUT7 

FIGURE 1. 

CE CLA CLB EN 

1 0 0 an-I' 

1 0 1 1 

1 1 0 0 

1 1 1 1 

0 X X 0 

N2 Nl NO EN 0 1 2 3 4 5 6 7 

0 0 0 1 1 0 0 0 0 0 0 0 

0 0 1 1 0 1 0 0 0 0 0 0 

0 1 0 1 0 0 1 0 0 0 0 0 

0 1 1 1 0 0 0 1 0 0 0 0 

1 0 0 1 0 0 0 0 1 0 0 0 

1 0 1 1 0 0 0 0 0 1 0 0 

1 1 0 1 0 0 0 0 0 0 1 0 

1 1 1 1 0 0 0 0 0 0 0 1 

X X X 0 0 0 0 0 0 0 0 0 

1 = High level, 0 = Low level, X = Don't care 
, an-l = Enable remains in previous state. 

CAUTION: These devices are sens~ive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1189,1 
Copyright @ Harris Corporation 1992 
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Specifications COP1853, COP1853C 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(All voltage values referenced to V SS terminal 
CDP1853 ....................................................... -0.5to+ll V 
CDP1853C .. ....... ................... ............................. -0.5 to + 7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ................................ -0.5 to VOO + 0.5 V 
DC INPUT CURRENT, ANY ONE INPUT. ......... . ............................ ± 10 mA' 
OPERATING-TEMPERATURE RANGE (TA): ° 

CERAMIC PACKAGES (0 SUFFIX TYPES) ................................. -55 to + 125oC 
PLASTIC PACKAGES (E SUFFIX TYPES) . .. .......................... -40 to + 85 C 

STORAGE TEMPERATURE RANGE (Ts~ .................................. -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING). ° 

At distance 1/16 ±1/32 inch (1.59±0.79 mm) from case for 10 s max ...................... +265 C 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C. Except as noted 

CONDITIONS LIMITS 

CHARACTERISTIC COP1853 CDP1853C UNITS 

vo VIN VDD 
Typ.t t (V) (V) (V) Min. Max. Min. Typ. Max. 

Quiescent Device - - 5 - 1 10 - 5 50 
/lA 

Current, I L - - 10 - 10 100 - - -
Output Low Drive 

(Sink) Current, 0.4 0,5 5 1.6 3.2 - 1.6 3.2 -
mA 

IOL 0.5 0,10 10 2.6 5.2 - - - -
Output High Drive 

(Source Current) 4.6 0,5 5 -1.15 -2.3 - -1.15 -2.3 - mA 
IOH 9.5 0,10 10 -2.6 -5.2 - - - -

Output Voltage 
Low-Level· - 0,5 5 - 0 0.1 - 0 0.1 

VOL - 0,10 10 - 0 0.1 - - -
Output Voltage V 

High Level - 0,5 5 4.9 5 - 4.9 5 -
VOH - 0,10 10 9.9 10 - - - -

Input Low Voltage 0.5,4.5 - 5 - - 1.5 - - 1.5 
V IL 1,9 - 10 - - 3 - - - V 

Input High Voltage 0.5,4.5 - 5 3.5 - - 3.5 - -
V IH 1,9 - 10 7 - - - - -

I n put Lea kage Any 0,5 5 - - ±1 - - ±1 
Current liN Input 0,10 10 - - ±1 - - - /lA 

Operating Current 0,5 0,5 5 - 50 100 - 50 100 

1001 
. 

0,10 0,10 10 - 150 300 - - - /lA 

Input Capacitance - - - - 5 7.5 - 5 7.5 pF 
CIN 

Output Capacitance 
COUT 

- - - - 10 15 - 10 15 pF 

t Typical values are for T A = 25°C and nominal voltage . 
• Operating current measured In a CDP1802 system at 2M Hz with outputs floating. 

• IOL = IOH = l/lA 
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Specifications CDP1853, CDP1853C 

OPERATING CONDITIONS at T A = Full Package-Temperature Range. For maximum 
reliability, operating conditions should be selected so that operation is always within 
the following ranges: 

LIMITS 

CHARACTERISTIC CDP1853 CDP1853C UNITS 

Min. Max. Min. Max. 

Supply-Voltage Range 4 10.5 4 6.5 V 

Recommended Input Voltage Range VSS VDD VSS VDD V 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85°C, VDD=± 5%, 

VIH = 0.7 VDD, Vil = 0.3 VDD, tr,!t = 20 ns, Cl = 100pF 

CHARACTERISTIC VDD LIMITS UNITS 
(VI 

CDP1853 CDP1853C 

Typ. Max. Typ. Max. 

Propagation Delay Time: 5 175 275 175 275 ns 
CE to Output, tEOH' t EOl 10 90 150 - -

5 225 350 225 350 ns 
N to Outputs, tNO H' t NOl 10 120 200 - -

5 200 300 200 300 ns 
Clock A to Output, tAO 10 100 150 - -
Clock B to Output, tBO 5 175 275 175 275 ns 

10 90 150 - -

Minimum Pulse Widths: 5 50 75 50 75 
Clock A, tCACA 10 25 50 - -
Clock B, tCBCB 5 50 75 50 75 

ns 

10 25 50 - -

Note 1: Maximum limits of minimum characteristics are the values above which all devices 
function. 

Note 2: Typical values are for T A = 25°C and nominal voltages. 

tEO~ .. - lEO 

CE~ 
OUTPUT~ 

ol CE TO OUTPUT (O-r) DELAY TIME 

INO~!4--- INO 

N--'" : '--
OUTPUT~ 

b) N LINES TO OUTPUT (0-7) DELAY TIME 

5:CACA --1 
CLOCK A tAO --.J--
OUTPUT 

cl CLOCK A TO OUTPUT (0-7) DELAY TIME 

5""3-CLOC' B 'BO 

OUTPUT 
d) CLOCK B TO OUTPUT (0-7) DELAY TIME 

Fig. 2 - Propagation delay tIme diagrams. 

TPA 

TPB 

EN" 

OUTPUT 

# OUTPUT ENABLED WHEN EN. HIGH 
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG I) 

Fig. 3 - TIming dIagram. 
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NO 
NO 
N2 

CHIP ENABLE CE 

'DO 

Fig. 4 - N'b't decoder used as a 1 of 8 
decoder. 



CDP1853, CDP1853C 

VDD 

7 OUTPUT PORTS 

= CLOCK , 
7 INPUT PORTS 

FIg. 5 - N"blt decoder In a one4evel I/O system 

~JOTE SYSTEM SHOWN WilL SELECT 
UP TO 56 INPUT AND 46 OUTPUT 
PORTS WITH ADDITIONAL DECODING 

r-----------, THE TOTAL NUMBER OF INPUT 

COP 1800SERIES 

NO, NI, N2 

NO, NI, N2 

SECTIONS 3-7 

NO, NI, N2 

AND OUTPUT PORTS CAN BE 
FURTHER EXPANDED 

INTERCONNECTEEl 
AS IN FIGURE 4 

1'0 
7 INPUT, 

6 OUTPUT 
INST PORTS 

CLOCK A 

CLOCK 8 c, rIo 
COPI853 
"62-6F" 

INST PORTS 

CLOCK A 
CLOCK 8 C, IIO 
CDPI853 ?INPUT, 
"52-6F" 6 OUTPUT 

INST PORTS 

FIg. 6 - Two-level 110 usmg COP 1853 and COP1852. 
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CDP1853/3 
CDP1853C/3 

February 1992 High-Reliability CMOS N-Bit 1 of 8 Decoder 

Features 

• Provides Direct Control of Up to 7 Input and 7 Out· 
put Devices When used with a CDP1800-Serles 
Microprocessor 

• CHIP ENABLE (CE) Allows Easy Expansion for 
Multl·level VO Systems 

Pinout 

CLKA 

NO 

Nl 

OUTO 

16-LEAD DIP 
TOP VIEW 

OUT 1 OUT 4 

OUTS 

OUT3 

Vss OUT 7 

CDP185313 Functional Diagram 

FIGURE 1. 

Description 

The COPl85313 and COP1853C/3 are high-reliability 1 of 8 
decoders designed for use in general purpose microprocessor 
systems. These devices, which are functionally identical, are 
specifically designed for use as gated N-bit decoders and 
interface directly with the l800-series microprocessors without 
additional components. The COPl85313 has a recommended 
operating voltage range of 4 to 10.5 volts, and the COP1853C/3 
has a recommended operating voltage range of 4 to 6.5 volts. 

When CHIP ENABLE (CE) is high, the selected output will be 
true (high) from the trailing edge of CLOCK A (high-to-Iow 
transition) to the trailing edge of CLOCK B (high-to-Iow 
transition). All outputs will be low when the device is not 
selected (CE = 0) and during conditions of CLOCK A and 
CLOCK B as shown in Figure 2 when used with the l800-series 
microprocessor. The COP185313 inputs NO, N1, N2, CLOCK A, 
and CLOCK B are connected to outputs NO, N1, N2, TPA, and 
TPB respectively, when used to decode 1/0 commands as 
shown in Figure 5. The CHIP ENABLE (CE) input provides the 
capability for multiple levels of decoding as shown in Figure 6. 

The COP185313 can also be used as a general purpose 1 of 8 
decoder for 1/0 and memory system applications as shown in 
Figure 4. 

The COP185313 and COP1853C/3 are supplied in hermetic 
l6-lead dual-in-line ceramic packages (0 suffix). 

TRUTH TABLE 

CE CLA CLB EN 

1 0 0 On-l" 

~ 0 1 1 

1 1 0 0 

1 1 1 1 

0 X X 0 

N2 Nl NO EN 0 1 2 3 4 5 6 7 

0 0 0 1 1 0 0 0 0 0 0 0 

0 0 1 1 0 1 0 0 0 0 0 0 

0 1 0 1 0 0 1 0 0 0 0 0 

0 1 1 1 0 0 0 1 0 0 0 0 

1 0 0 1 0 0 0 0 1 0 0 0 

1 0 1 1 0 0 0 0 0 1 0 0 

1 1 0 1 0 0 0 0 0 0 1 0 

1 1 1 1 0 0 0 0 0 0 0 1 

X X X 0 0 0 0 0 0 0 0 0 

1 = High level, 0 = Low level, X = Don't care 
" On-l = Enable remains in previous state. 

CAUTION: These devices are sensU,,", to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1713.1 
Copyright © Harris Corporation 1992 4-34 



Specifications CDP185313, CDP1853C13 

Static Electrical Characteristics 

CONDITIONS 

Vo VIN 
CHARACTERISTIC SYMBOL (V) (V) 

Quiescent Device Iss 0,5 
Current (Note t) 0, to 

Output Low Drive 10l 0.4 
(Sink) Current 0.5 

Output High Drive 10H 4.6 
(Source) Current 9.5 

Output Voltage VOL 0,5 
Low-Level (Note 2) - 0,10 

Output Voltage VOH - 0,5 
High-Level (Note 2) - 0,10 

Input Low Voltage Vil 0.8,4.2 -
1,9 -

Input High Voltage VIH 0.8,4.2 

1,9 

Input Leakage Low III 0 

0 

Input Leakage High IIH - 5 

10 

Input Capacitance CIN (Note 2) 

Output Capacitance COUT (Note 2) 

NOTES: 
1. The CDP1853C meets all5-volt static electrical characteristics of 

the CDP1853 except quiescent device current for which the 
limits are: Iss = -500IlA @ -55°C and +250C and Iss = -1 OOOIlA 
@ +125°C. 

LIMITS 

Veo .55°C, +25°C +125°C 

(V) MIN MAX MIN MAX 

5 -50 . -tOO 

to -500 - ·1000 

5 2.3 1.6 . 
10 3.7 - 2.6 -
5 · -1.7 - -1.2 

10 -3.7 -2.6 

5 0.1 0.2 

10 0.1 0.2 

5 4.9 4.8 

10 9.9 9.8 

5 1.5 1.5 

10 · 3 - 3 

5 3.5 - 3.5 -
10 7 - 7 

5 -1 - ·5 

10 -1 - -5 -
5 · 1 - 5 

10 - 1 - 5 

- 10 - 10 

- 15 - 15 

2. Guaranted but not tested. 

Dynamic Electrical Characteristics See Figure 2, Cl = 100pF, tr, If = 15ns 

LIMITS 

Vee -55°C, +25°C +125°C 

CHARACTERISTIC SYMBOL (V) MIN MAX MIN MAX 

Propagation Delay Time: teoH 5 - 175 275 

Chip Enable (CE) to Output High 10 - 90 - 150 

Disable to Output Low teal 5 - 295 - 400 

10 - 200 250 

N Input to Output tNO 5 - 225 315 

10 - 120 - 165 

Clock A to Output Low tAO 5 · 210 - 300 

10 - 110 - 150 

Clock B to Output Low tBO 5 - 295 - 400 

10 - 200 250 

Pulse Width: lcACA 5 50 - 75 -
Clock A 10 25 - 50 -
Clock B tcaca 5 50 - 75 . 

10 25 - 50 -

UNITS 

IIA 
IIA 
rnA 

rnA 

rnA 

rnA 

V 

V 

V 

V 

V 

V 

V 

V 

IIA 
IIA 
IIA 
IIA 
pF 

pF 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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

LIMITS 

CDP185313 CDP1853CI3 

CHARACTERISTIC MIN MAX MIN MAX UNITS 

DC Operating Voltage Range 4 10.5 4 6.5 V 

Input voltage Range Vss Veo Vss Veo V 
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Specifications CDP185313, CDP1853C13 

Absolute Maximum Ratings 

DC Supply Voltage Range, (Voo): 
(All Voltages Referenced to V ss Terminal) 

CDP185313 •••.•.•..••••.......••.•...•••.. -o.5V to +11V 
CDPI853C/3 . ............................... -o.5V to +7V 
Input Voltage Range, All Inputs ...•......••. -o.5V to Voo +0.5V 
DC Input Current, Any One Input. ..........•............. ±10mA 
Power Dissipation Per Package (Po) 

TA = -55°C to + 1 OOOC (Package Type D) .......••.... SOOmW 
TA = + 100°C to + 125°C (Package Type D) .... Derate Linearly at 

12mWfC to 200mW 

Timing Diagrams 

NO-N2 
:=*-----

I 

OUTPUT 0-7---+-: --*------
--, TNO ~ 

101 N- I NPUTS TO OUTPUTS DELAY TIME 

CE --{ "-
I )t 'l..-OUTPUT 0-7 I I 

I I 
-'"1 TEOH ~ -l TEOL r-

Ibl CE TO OUTPUT DELAY TI ME 

Device Dissipation Per Output Transistor 
TA = Full Package Temperature Range 
(All Package Types) ..........•.•....•.......•.... 100mW 

Operating Temperature Range (TA): 
Package Type D. . . . . . . . . . . . . . . . . . . . . . . . . -55°C to + 125°C 

Storage Temperature Range (T stg) ••.•..••.... -65°C to + 150°C 
Lead Temperature (During Soldering): 

At distance 1/16 ±1132 In. (1.59 ± 0.79mm) 
from case for lOs max ............................ +265°C 

MIN.CLOCK ~ TCBCB---1 
PULSE WIDTH I 

I I 
CLOC K B --{-----------).----

I I 

:k-I Teo I 

OUTPUT 0-7 ____ -J/ 

Ie I CLOCK B TO OUTPUT DELAY TI ME 

MI N.CLOC K A 
PULSE WIDT~TCACA ~ 

I I 
----1' " CLOCK A 

OUTPUTO-7 "- r-I 
*ro MEASURE TAO CLOCK B -l TAO*r--

MUST BE TI ED LOW I 

Idl CLOCK A TO OUTPUT DELAY TIME 

FIGURE 2. PROPAGATION DELAY TIME DIAGRAMS 

TPA----Il~----~rl~----~r1~--------
TPB--~--~CJ~----~rl~---r:-----
cE--l I I I 

OUTPUT __ ~ 

# OUtput Enabled When EN = High Internal Signal 
Shown for Reference Only (See Figure 1) 

FIGURE 3. TIMING DIAGRAM 

I 
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FIGURE 4. N-BIT DECODER USED AS A 1 OF 8 DECODER 



CDP185313, CDP1853C/3 

I.OAD VIA 
611NSRUCTION 

AVAILABLE 

COPI&02 CPU 

7 OUTPUT PORTS 
i 

7 INPUT PORTS 

FIGURE 4. N-BIT DECODER IN A ONE-LEVEL 110 SYSTEM 

Bias/Static Burn-in Circuit 

6/---.... -ovoo 

LtJ----'W\,.....-VDO 

All Resistors are 47kO ±20% 
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NOTE S'/STEM SHOWN WILL SELECT 
UP TO 56 INPUT AND 48 OUTPUT 
_TS WITH ADDITIONAL OECOOING 
THE TOTAL NUMBER OF INPUT 

COPI800 SERIES 
ANO OUTPUT PORTS CAN BE 
FURTHER EXPANO£D 

NO.NI, N2 

NO. NI. NZ 

SECTIONS 3-7 

'-+-+-----iCLOCK A 

'--t::::::::~CLOCK8 CE 
L-_NO~.~N~I.~N~2 ________ ~~~~~;. 

IN5T 

IIO 
7 INPUT. 

OUTPUT 
PORTS 

I/O 
7 INPUT, 
6 OUTPUT 

PORTS 

FIGURE 5. TWO-LEVEL I/O USING CDP1853 AND CDP1852 

TYPE VDO TEMPERATURE TIME 

CDPl853 llV +125"C 160 Hrs. 

CDPl853C 7V +125"C 160 Hrs. 
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CDP1855 
CDP1855C 

February 1992 8-Bit Programmable Multiply/Divide Unit 

Features 

• Cascadable Up to 4 Units for 32·Blt by 32·Blt Multiply 
or 64+32 Bit Divide 

• II-Bit by II-Blt Multiply or 16+8 Bit Divide In 5.6j.ls at 5V 
or 2.8j.ls at 10V 

• Direct Interface to CDP180G-Serles Microprocessors 

• Easy Interface to Other II-Blt Mlcroprocassors 

• Significantly Increases Throughput of Microprocessor 
Used for Arithmetic Calculations 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 5V 10V 

Plastic DIP ·4O"C to +85OC CDP1855CE CDP1855E 

Burn-in CDP1855CEX -
Ceramic DIP -40"C to +85°C CDP1855CD CDP1855D 

Burn-in CDP1855CDX 

Description 

The CDP1855 and CDP1855C are CMOS 8-bit multiply/ 
divide units which can be used to greatly increase the capa
bilities of 8-bit microprocessors. They perform multiply and 
divide operations on unsigned, binary operators. In general, 
microprocessors do not contain multiply or divide instruc· 
tions and even efficiently coded multiply or divide subrou
tines require considerable memory and execution time. 
These multiply/divide units directly interface to the 
CDP1800-series microprocessors via the N-lines and can 
easily be configured to fit in either the memory or VO space 
of other 8-bit microprocessors. 

The multiple/divide unit is based on a method of multiplying 
by add and shift right operations and dividing by subtract and 
shift left operations. The device is structured to permit cas
cading identical units to handle operands up to 32 bits. 

The CDP1855 and CDP1855C are functionally identical. 
They differ in that the CDP1855 has a recommended operat
ing voltage range of 4V to 10.5V, and the CDP1855C, a rec
ommended operating voltage range of 4V to 6.5V. 

The CDP1855 and CDP1855C types are supplied in a 28-
lead hermetic dual-in-line ceramic package (D suffix) and in 
a 28 lead dual-in-line plastic package (E suffix). The 
CDP1855C is also available in chip form (H suffix). 

Pinout Circuit Configuration 
28 LEAD DIP 

TOP VIEW 

CE voo 

I , 1 +v 

mAR CNO CLEAR CLEAR 

CTI. CN1 i'I'Al: ClK CE ---< 

c.-0.ii57. Ci NO RAO C1 ---< 

Vl VR N1 RA1 CNO ---< 

Zl ZR N2 RA2 CN1 -
SiiiFi' BUS 7 TPB STB 

ClK BUS 6 iiR5 ROiWE 

STB BUSS CDP1802 CDP1855 

RDiWE BUS 4 

RA2 BUS3 

RA1 BUS 2 E 
Vl 

ZR 

CTI. 

RAO BUS1 Ell co 
vss BUS 0 

C 
VR 

ZL 

BUS BUS 

I I I I \ 
FIGURE 1. MDU ADDRESSED AS 110 DEVICE 

CAUTION: These d8\llces are sensItive to electrostabc dIscharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 

File Number 1053.1 
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Specifications CDP1855, CDP1855C 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltage referenced to VSS Terminal) 

CDP1855 ••••••••.•••...•..••.•••••.••••••••....••••••••..•.••••...••....••••••••••.•.••••••••.•••.•••••••••••••. -0.5 to +11 V 
CDP1855C .....••..•••••...••.•••.••.....•.•••......••..•••••.••••.••••..•••...•••.•.•••••.•.•••••.•••••••••••••• -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ••.•.•••........••.••••••••.••.•..•..••.•.•••••••.••••..•••.•..•.••••••• -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ............................................................. , .................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For TA = -40 to +60·C (PACKAGE TYPE E) .............................................................................. 500 mW 
For TA = +60 to +85·C (PACKAGE TYPE E) ................................................ Derate Linearyat 12 mwrc to 200 mW 
ForTA = -55 to 1OO·C (PACKAGE TYPE D) .............................................................................. 500 mW 
For TA = +100 to +125·C (PACKAGE TYPE D) ............................................. Derate Lineary at 12 mwrc to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................................. 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGETYPED ............................................................................................... -55to+125·C 
PACKAGE TYPE E ................................................................................................. -40 to +85·C 

STORAGE TEMPERATURE RANGE (Tstg) .......................................................................... -85 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 s max ...................................................... +265·C 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85·C, VDD ± 10%, Except .. noted 

CONDITIONS 
CHARACTERISTIC Vo VIN VDD 

(V) (V) (V) 
Quiescent Device - 0,5 5 

Current IDD - 0, 10 10 
Output Low Drive 0.4 0,5 5 

(Sink) Current IOL 0.5 0, 10 10 
Output High Drive 4.6 0.5 5 

(Source) Current IOH 9.5 O. 10 10 
Output Voltage - 0.5 5 

Low-Level VOLt - 0,10 10 
Output Voltage - 0,5 5 

High Level VOH:j: - 0, 10 10 
Input Low 0.5.4.5 5 

Voltage VIL 0.5,9.5 - 10 
Input High 0.5,4.5 - 5 

Voltage VIH 0.5,9.5 - 10 
Input Leakage - 0,5 5 

Current liN - 0, 10 10 
3-State Output Leakage 0,5 0,5 5 

Current lOUT 0,10 0.10 10 

Operating Current 1001# 
u,O 0 

- O. 10 10 
Input Capacitance CIN 
Output Capacitance COUT 

-Typical values are for T A = 25· C and nominal VDD. 

#Operating current is measured at 3.2 MHz with open outputs. 

;IOL = IOH = 1pA. 
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LIMITS 
CDPl855 CDP1855C 

Min. Typ.- Max. Min. Typ.-
- 0.01 50 0.02 
- 1 200 - -
1.6 3.2 - 1.6 3.2 
2.6 5.2 - - -

-1.15 -2.3 - \-1.15 1-2.3 
-2.6 -5.2 - - -
- 0 0.1 - 0 
- 0 0.1 - -
4.9 5 - 4.9 5 
9.9 10 - - -

1.5 

- - 3 - -
3.5 - - 3.5 -
7 - - - -
- - ±1 - -
- - ±1 - -
- - ±1 - -
- - ±10 - -

1.0 1.0 

- 6 12 - -
5 7.5 5 
10 15 10 

UNITS 
Max. 
200 

pA -
-
- mA -
-
0.1 

-
-
-
1.5 

V 

-
-
-
±1 
-
±1 

pA 

-
;, 

mA -
7.5 

pF 
15 

~ 
til 

, 

....I 
c( 

til a: ow 
:5:1: 
O!!: 

a: w 
0. 
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OPERATING CONDITIONS at T A = Full Package-Temperature Range. For maximum reliability. operating conditions should 
be selected so that operation Is always within the following ranges: 

CONDITIONS LIMITS 
CHARACTERISTIC VDD CDP1855 CDP1855C 

-.i~ Min. Max. Min. 
DC Operating Voltage Range - 4 10.5 4 
Input Voltage Range - VSS VDD VSS 
Maximum Input Clock 5 3.2 3.2 

Frequency 10 6.4 - -
Minimum 8 x 8 Multiply 5 - 5.6 -

(16 7 8 Divide) Time 

CE 
I 

SELECT CONTROL 

10 

RA2 RAt RAil! 

III 
REGISTER I 

SELECT 
LOGIC 

SELECT Z J J 
SELECT Y 

SELECT X 

- 2.8 -

SELECT STATUS 

L-.:.I X cSOEU~TE~~ E I I I r--"'l J X'''REGISTER P--; 

@r--+ __ -l-t-ESE---jTl-UT---j-:=-r-----o~nLJ"-O ----.-T. -, 1----' ~ / 

LOCK .. 

·)-+H+t---++---- SHIFT ~ 
eNt r-- GENERATOR 6 Se~~:ACT 
2'6J----t--HI--t--t-I CH1P - 1 co STATUS V 

CNt2I NUM REG V 
2 BER f--t-t-------+---j-t-t-----I. V 

'-- ~ 
Y SEaUENCE V 

COUNTER HSH'FT Y REGISTER ~ V 
~ RESET OUT I / 

r--::nJ---tt::::J1i1i-t11ir=::::::'.JA_O ~RrT I " 8 
1C.~j B~~ 

H z REGISTER FrY: 
H 

Z SEQUENCE 
COUNTER 

RESET OUT 

SHIFT v 

j 1 '1!p'-0 'TRE TSE~T I:-~~.c~-,~,;.a~ 1~~-TI--j----jlTrr~~ - ~~ 
~ L'eR ~ 

~~~ V 
~<:J;:::=rtl===~ ~ i I/;:'A"-rT7"T"T/-rJ/ LEV 

Max. 
6.5 

VDD 

-
5.6 

--{?)CTl 

AOR ~I--
L-+.f:Ifl=L}-------i-t-------' 118US BUS BUS BUS BUS BUS BUS BUS I 

7 6 5 4 3 2 I OJ 

_@3} @j) @?J (2) (!Y Q!) ~ I!§I 

STB =-SHIFT 

VSS--® 

Fig. 2 - Block diagram of CDP1855 and CDP1855C. 
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FUNCTIONAL DESCRIPTION 
The CDP1855 is a multiply-divide unit (MDU) designed to When multiple MDU's are cascaded, the loading of each 
be compatible with CDP1800 senes microprocessor register IS done sequentially. For example, the first selection 
systems. It can, In fact, be Interfaced to most 8-blt of register X for loading loads the most significant CDP1855, 
microprocessors (see Fig. 5) The CDP1855 performs binary the second loads the next significant, and so on. Registers 
multiply or divide operations as directed by the micro- are also read out sequentially This is accomplished by 
processor It can do a 16N-bit by 8N-blt divide Yielding ao. Internal counters on each MDU which are decremented by 
8N-blt result plus and BN-blt remainder The multiply IS an STB during each register selection. When the counter 
8N-bit by BN-blt operation with a 16N-blt result The "N" matches the chip number (CN1, CNO lines), the device IS 
represent the number of cascaded CDP1855's and can be 1, selected. These counters must be cleared with a clear on 
2, 3 or 4 All operations require 8N + 1 shift pulses (See pin 2 or with bit 6 In the control word (See "CONTROL 
"DELAY NEEDED WITH AND WITHOUT PRESCALER" Pg REGISTER BIT ASSIGNMENT TABLE") In order to start 
7) each sequence of accesses with the most significant device. 

The CDP1B55 contains three registers, X, Y, and Z, which The CDP1B55 has a built in clock prescaler which can be 
are loaded with the operands prior to an operation and selected via bit7 in the control register. The prescaler may 
contain the results at the completion In addition, the be necessary In cascaded systems operating at high 
control register must be loaded to Initiate a multiply or frequencies Orin systems where a sUitable clock frequency 
divide There IS also a status register which contains an IS not readily available. Without the prescaler select, the 
overflow flag as shown In the "CONTROL REGISTER BIT shift frequency IS equal to the clock Input frequency With· 
ASSIGNMENT TABLE" The register address lines (RAO- the prescaler selected, the rate depends on the number of 
RA 1) are used to select the appropriate register for loading MDU's as defined by bits 4 and 5 of the control word (See 
or reading The RD/WE and STB lines are used In "CONTROL REGISTER BIT ASSIGNMENT TABLE") 
conlunctlon with the RA lines to determine the exact MDU 1 For one MDU, the clock frequency IS diVided by 2 
response (See "CONTROL TRUTH TABLE") 2 For two MDU's the clock frequency IS divided by 4. 

3 For 3 or 4 MDU's, the clock frequency is divided by 8 

OPERATION 
1. Initialization and Controls 

The CDP1855 must be cleared by a low on pin 2 dUring 
power-on which prevents bus contention problems at the 
YL, YR and ZL, ZR terminals and also resets the sequence 
counters and the shift pulse generator 

Prior to loading any other registers the control register must 
be loaded to speCify the number of MDU's being used (See 
"CONTROL REGISTER BIT ASSIGNMENT TABLE") 

Once the number of deVices has been speCified and the 
sequence counters cleared with a clear pulse or bit 6 of the 
control word, the X, Y, and Z registers can be loaded as 
defined In the "CONTROL TRUTH TABLE" All bytes of the 
X register can be loaded, then all bytes of the Y, and then all 
bytes of the Z, or they can be loaded randomly Succcessive 
loads to a given register Will always proceed sequentially 
from the most Significant byte to the least Significant byte, 
as previously deSCribed Resetting the sequence counters 
select the most significant MDU In a four MDU system, 
loading all MDU's results In the sequence counter pOinting 
to the first MDU again In all other configurations (1, 2, or 3 
MDU's). the sequence counter must be reset prior to e3ch 
senes of register reads or writes 

2. Divide Operation 

For the diVide operation, the diVisor IS loaded In the X 
register The dividend IS loaded In the Y and Z registers With 
the more Significant half In the Y register and the less 
Significant half In the Z register These registers may be 
loaded In any order, and after loading IS completed, a 
control word IS loaded to speCify a diVide operation and the 
number of MDU's and also to reset the sequence counters 
and Y or Z register and select the clock option If deSired 
Clearing the sequence'counters With bit 6 Will set the MDU's 
up for reading the results 

The X register will be unaltered by the operation The 
quotient will be In the Z register while the remainder will be 
In the Y register An overflow Will be indicated by the 
c:o:7QF: of the most Significant MDU and can also be 
determined by reading the status byte 

While the CDP1855 IS specified to perform 16 by B-bIt 
diVides. lithe quotient of a diVide operation exceeds the Size 
of the Z register(s) (8N-blts - where N is the number of 

cascaded CDP1B55's) the overflow bit In the Status Register 
will be set Neither the quotient In Z nor the remainder In Y 
will represent a valid answer ThiS will always be the result 
of a diVISion performed when the diVisor (X) IS equal to or 
less than the most Significant BN-blts of the diVidend (Y) 

The MDU can stili be used for such computations If the 
diVide IS done In two steps The diVidend IS split Into two 
parts-the more slgnlflcantBN-blts and the less significant 
BN-blts-and a diVide done on each part Each step Yields 
an 8N-blt result for a total quotient of 16N-blts 

The first step consists of diViding the more Significant BN
bits by the diVisor ThiS IS done by clearing the Y reglster(s), 
loading the Z reglster(s) With the more slgnlflcant8N-blts of 
the diVidend, and loading the X reglster(s) With the diVISOr. 
A diVISion IS performed and the resultant value In Z 
represents the more Significant BN-bltsof the final quotient 
The Z reglster(s) value must be unloaded and saved by the 
processor 

A second diVISion IS performed uSing the remainder from 
the first diVISion (In Y) as the more Significant BN-blts of the 
diVidend and the less Significant half of the Original diVidend 
loaded Into the Z register The diVisor in X remains unaltered 
and IS, by definition, larger than the remainder from the first 
diVISion which IS In Y The resulting value In Z becomes the 
less Significant BN-blts of the final quotient and the value in 
Y IS, as usual, the remainder. 

Extending thiS technique to more steps allows diVISion of 
any Size number by an BN-blt diVisor. 

Note that diVISion by zero IS never permitted and must be 
tested for and handled In software 

The follOWing example Illustrates the use of thiS algorithm 

Example: 
Assume three MDU's capable of a by 24-bit diVISion. The 
problem IS to divide 00F273,491C06H by 0003B4H 

Step 1 000000 00F273 0003B4 000041 R:OOOI BF 
Y Z(MS) X ZI Yl 

Step 2. 0001 BF 491 C06 0003B4 78C936 R:OOOOOE 
Yl Z(LS) X Z2 Y2 

Result· 000041 
ZI 
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OPERATION (Cont'd) 

The Z register can simply be reset using bit 2 of the control 
word and another divide can be done in order to further 
divide the remainder. 

3. Multiply Operation 

For a multiply operation the two numbers to be multiplied 
are loaded in the X and Z registers. The result IS in the Yand 

Z register with Y being the more significant half and Z the 
less significant half The X register will be unchanged after 
the operation IS completed 

The onglnal contents of the Y register are added to the 
product of X and Z Bit 3 of .the control word will reset 
register Y to 0 If desired 

CE - CHIP ENABLE (Input): 

FUNCTIONAL DESCRIPTION OF CDP1855 TERMINALS 

ClK - CLOCK (Input): 

A high on this pin enables the CDP1855 MDU to respond to 
the select lines. All cascaded MDU's must be enabled 
together. CE also controls the tristate C.O./O.F., output of 
the most significant MDU. 

CLEAR (Input): 

The CDP1855 MDU(s) must be cleared upon power-on with 
a low-on this pin. The clear signal resets the sequence 
counters, the shift pulse generator, and bits 0 and 1 of the 
control register. 

CTL - CONTROL (Input): 

This is an input pin. All CTl pins must be wired together and 
to the Yl of the most significant CDP1855 MDU and to the 
ZR of the least significant CDP1855 MDU. This signal is 
used to indicate whether the registers are to be operated on 
or only shifted. 

C.O.lO.F. - C;;";A""R""R""y""O;;";U-=T:"7/:CO"""VE=:R=-=FL"'O""'W'" (Output): 

This is a tristate output pi.!!" It is the CDP1855 Carry Out 
signal and is connected to CI (CARRY-IN) of the next more 
significant CDP1855 MDU, except for on the most significant 
MDU. On that MDU it is an overflow indicator and is enabled 
when chip enables is true. A low on this pin indicates that an 
overflow has occured. The overflow signal is latched each 
time the control register is loaded, but is only meaningful 
after a divide command. 

YL, YR - Y-LEFT, Y-RIGHT: 

These are tristate bi-directional pins for data transfer 
between the V registers of cascaded CDP1855 MDU's. The 
VR pin is an output and Vl is an input dUring a multiply and 
the reverse is true at all other times. The VL pin must be 
connected to the VR pin of the next more significant MDU. 
An exception is that the Vl pin of the most significant 
CDP1855 MDU must be connected to the ZR pin of the least 
significant MDU and to the CTl pins of all MDU's. Also the 
VR pin of the least significant MDU is tiexd to the Zl pin of 
the most significant MDU. 

ZL, ZR - Z-LEFT, Z-RIGHT: 

These are tristate bi-directional pins for data transfers 
between the "Z" registers of cascaded MDU's. The ZR pin is 
an output and Zl is an input during a multiply and the 
reverse is true at all other times. The Zl pin must be tied to 
the VR pin of the next more significant MDU. An exception 
is that the ZL pin of the most significant MDU must be 
connected to the VR pin of the least significant MDU. Also, 
the ZR pin ofthe least significant MDU is tied to the VL of the 
most significant MDU. 

SHIFT - SHIFT CLOCK: 

This is a tristate bi-directional pin. It is an output on the 
most significant MDU. And an input on all other MDU's. It 
provides the MDU system timing pulses. All SHIFT pins 
must be connected together for cascaded operation. A 
maximum of the 8N +1 shifts are required for an operation 
where "N" equals the number of MDU devices that are 
cascaded. 

This pin should be grounded on all but the most significant 
MDU. There IS an optIOnal reduction of clock frequency 
available on this pin if so desired, controlled by bit 7 of the 
control byte 

STB - STROBE (Input): 

When RD/WE is low data IS latched from bus lines on the 
failing edge of this signal It may be asynchronous to the 
clock. Strobe also increments the selected register's 
sequence counter dunng reads and writes TPB would be 
used In CDP1800 systems 

RD/WE - READ/W"'R~I"'T"'E-=E""NO-OA~BCC'L=E (Input): 

This signal defines whether the selected re~r IS to be 
read from or wntten to. In 1800 systems use MRD if MDU's 
are addressed as I/O devices, MWR is used if MDU's are 
addressed as memory devices 

RA2, RA1, RAO - REGISTER ADDRESS (Input): 

These Input signals define which register IS to be read from 
or wntten to It can be seen in the "CONTROL TRUTH 
TABLE" that RA2 can be used as a chip enable It IS 
Identlfical to the CE pin, except only CE controls the tristate 
CO /O.F. o~ the most significant MDU. In 1800systems use 
N lines if MDU's are used as I/O devices, use address lines 
or function of address lines if MDU's are used as memory 
deVices. 

BUS D - BUS 7 - BUS LINES: 

Tristate bi-directlonal bus for direct interface with CDP1800 
series and other 8-blt microprocessors. 

ZR - Z-RIGHT: 

See Pin 6. 

YR - Y-RIGHT: 

See Pin 5. 

CI - CARRY IN (Input): 

ThiS is an Input for the carry from the next less significant 
MDU. On the least significant MDU It must be high (VDD) 
on all others it must be connected to the CO pin of the next 
less significant MDU. 

CN1, CND - CHIP NUMBER (Input): 

4-42 

These two input PinS are wired high or low to Indicate the 
MDU position in the cascaded chain. Both are high for the 
most significant MDU regardless of how many CDP1855 
MDU's are used Then CN1 = high and CNO = low for the 
next MDU and so forth. 

VSS - GROUND: 

Power supply line. 

VDD -V+' 

Power supply line. 
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CONTROL TRUTH TABLE 

INPUTS· 
RA2 RA1 RAO RD/WE STB RESPONSE 

CE (N2) ~N1) (NO) (MRD) (TPB) 
0 X X X X X NO ACTION (BUS FLOATS) 
X 0 X X X X NO ACTION (BUS FLOATS) 
1 1 0 0 1 X X TO BUS l'NCREMENT SEOUENCE 
1 1 0 1 1 X Z TO BUS COUNTER WHEN 
1 1 1 0 1 X Y TO BUS STB AND RD = 1 
1 1 1 1 1 X STATUS TO BUS 
1 1 0 0 0 1 LOAD X FROM BUS 1 INCREMENT 
1 1 0 1 0 1 LOAD Z FROM BUS SEQUENCE 
1 1 1 0 0 1 LOAD Y FROM BUS COUNTER 
1 1 1 1 0 1 LOAD CONTROL REGISTER 
1 1 X X 0 0 NO ACTION (BUS FLOATS) 

• ( ) = 1800 system signals. 1 = High Level, 0 = Low Level, X = High or Low Level. 

CONTROL REGISTER BIT ASSIGNMENT TABLE 

I BUS 7 I BUS 6 I BUS 5 I BUS 4 I BUS 3 I BUS 2 I BUS 1 I BUSO J 

+ , 
, ~ 

B1 BO OPERATION SELECT 

REGISTER 
0 0 NO OPERATION 

RESET 0 1 MULTIPLY , , ....---- 1 0 DIVIDE 

1 1 ILLEGAL STATE 

B2 = 1, RESET Z REGISTER 

B3 = 1, RESET Y REGISTER 

B5 B4 # of MDU's 

1 1 ONE MDU , 1 0 TWO MDU's 

0 1 THREE MDU's 

0 0 FOUR MUD's 
#OF MDU's SHIFT RATE 

1 CLOCK + 2 

B6 = 1, RESET SEQUENCE COUNTER 2 CLOCK+4 

3 CLOCK + 8 
B7 = 1, SELECT SHIFT RATE OPTIONS: .-
B7 = 0, SHIFT = CLOCK FREQUENCY RATE 

4 CLOCK + 8 

STATUS REGISTER 

StatuI Byte 
Bit 7 6 5 4 3 2 1 0 
Output 0 0 0 0 0 0 0 O.F. 

O.F. - 1 if overflow (only valid 
after a divide has been done) 

NOTE. Bits 1 - 7 are read as 0 always 
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DELAY NEEDED WITH AND WITHOUT PRESCALER 

SN+1 Shifts/Operation at 1 Clock Cycle/Shift 
N = Number of MDU's S = Shift Rate 

No Prascaler With Prescaler 
Number Machine Machine 

of Shifts = SN+1 Cycles Shifts = S (SN+1) Cycles Shift 
MDU's Needed Needed" Needed Needed" Rate 

1 9 2J.1 NOP) 18 3 (1 NOP) 2 
2 17 2 (1 NOP) 68 9 (3 NOPs) 4 
3 25 3(1 NOP) 200 25 (9 NOPs) ~ 
4 33 4 (2 NOPs) 264 33 (11 NOPs) 8 

"NOP instruction is shown for machine cycles needed (3/NOP). Other instructions may be used. 

CDP1S55 INTERFACING SCHEMES 

CI."E'AR CLEAR +Voo 
XTAL CLOCK 
MAO RAO 
MAl RAI 

MAX 

1802 

TPA 

MiiiR RE/WE 

MRO CE 

TPB 

92CS-33173RI 

Fig. 3 - Required connection for memory 
mapped addressing of the MDU, 
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CDPI855 
MDU 

CmR 
ClK 

10 
RD/WE 

9 

YR 

Yl 
ZR 

BUS 7 

BUS 6 

8US 5 

BUS 4 

BUS 3 

BUS 2 

BUS I 

24 

DATA 
BUS 

..J 
<t 
Z 

'" u; 

'" CD 
o '-+--------_ A8 CD 

'--+---------A9 
'--+--~~---------IWM 

L--+-----~---------WR 

'------<...s~---lm 
114 CD4011 

L..-------------ClK(OUT) 

RESET OUT 

1/4 CD4011 92CS -31870 

FIg. 4 - Interfacing the CDP1855 to an 8085 
microprocessor as an 110 device. 



CDP1855, CDP1855C 

PROGRAMMING EXAMPLE FOR MULTIPLICATION 

Fora 24-bit x 24-bit multiply using the system shown in Figure 5, the following is an assembly listing of a program to multiply 
201F7C16 by 723C0916: 

MEMORY OP LINE ASSEMBLY 
LOCATION CODE NO. LANGUAGE 

(tOIJ( ) FS::":O: (l()Ol LD[ o::'UH 
00U2 A'" 000:- f'LO R" · • LOAD 30 INTO R~.O 
OOCl:' F800= ()(IO-=:. LDI (lOH 
0005 a~: ()'J04 PHI R::: · • LOAD 00 INTO R:::. I (R2=OO:'--:O) 
OU06 6758; (l()O5 our 7: DC 058H • .LOAD CONTROL REGISTERS 
OU08 0006 · • SPECIFYING THREE MDt)" S, 
(1008 CHJOJ · .RESET THE Y REGISTER AND 
0008 0008 •. SE~UENCE COUNTER 
u008 6420= uuo9 llUT 4: DC o:20H • .LUAD Msa OF x REGISTER 
()(lOA OU10 · .WITH :20 
(lIHJA 641F: 0011 OUT 4: DC ()IFH · • LOAD NEXT Msa OF X REG 
uooc n01 :~. • .WITH IF 
(HlI)C 647(,: u01"3 OUT 4; DC 07CH · • LOAD LSB OF X REGISIER 
OOoE 0014 · .WlTH 7C 
uoOE 657:2: 0015 OUT 5; DC 07:2H · • I_OI4D MSB OF REGISTER 
0010 U016 · .WITH 7~; 

0010 65::::C: 0017 uur 5. DC ()~:CH • .LUAD NEXT I"ISB OF Z RE(, 
00]:2 0018 · .WlTH :,C 
()O12 6509. t)(119 UIJT ::J; DC '-''''H · .LOAD LSI-< OF Z REGISIER 
(H)t4 (111:'::'0 · .WITH 09 
uOL4 b7~J9; 00::1 llU r 7. DC O~)9H · • LOAD CONTROL REGISTERS 
(u)16 lIO:-::'~ .• RESETTING Y REGISTERS 
(III l6 ()(J2 :. • .AND SE.OUENCE COUNTERS 
001.6 uO::"4 · .AND STARTING MUL TI~'L Y 
uU16 ()(J.25 · • Of'EoRATI ON 

DELAY FOR MULTIPLY TO FINISH 
(1016 E"· U():~6 

0017 6E6(1~ ()()~7 

OU1'T nO:'8 
nOl9 6E60: (HI'.:29 

()tIIB 6E60: 0030 
()lltD 6D60~ On31 
00lF 6060; O()"5~\ 

0021 6D: Ot):'3 

002:2 (HJ".";4 

t)u:2:" 0055 
OO~:2 0036 
(H)22 3(1:22~ Oo~,7 STOP 
C)()~4 uO:'8 
t,.H I(lt) 

The result of 201F7C16 x 723C0916 is OE558DBA2B5C = 
1576061279727610. It will be stored in memory as follows: 

LOC BYTE 
0030 OE 

31 55 
32 8D 
33 BA 
34 2B 
35 5C 

SEX 
lNF' 

[NP 
INf' 
INP 
INf' 
INP 

BR 
END 

R" 
6: IRX • .MSB OF RESULTS IS STORED 

· .AT LOCATION 0030 
6; lRX 
6, IRX 
5, IRX 
5: lRX 
5 · • COMPLE TE LOADING RESULT 

•• INTO MEMORY LOCATIONS 
• .. (1030 TO 00:'5 
.• RESULTS=OE55SDBA2B5C 

STOP 

BEFORE MUL TIPL Y 

MDU1 
Register X 20 
Register Y 00 
Register Z 72 

AFTER MULTIPLY 

Register X 
Register Y 
Register Z 

MDU1 
20 
OE 
BA 

MDU2 MDU3 
1F 7C 
QQ QQ 
3C 09 

MDU2 MDU3 
1F 7C 
55 8D 
2B 5C 
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PROGRAMMING EXAMPLE FOR DIVISION 

MEMORY OP LINE ASSEMBLY 
LOCATION CODE NO. LANGUAGE 
0000 0001 Program example for a 16 bit by 8 bit divide using 1 CDP1855 MDU 
0000 0002 . Gives a 16 bit answer with 8 bit remainder 
0000 0003 
0000 68C22000; 0004 RLDI R2,2000H · Answer is stored at 2000 hex 
0004 0005 Register 2 pOints to it 
0004 68C33OO0; 0006 RLDI R3,3000H Dividend is stored at 3000 hex 
0008 0007 · Register 3 pOints to it 
0008 68C44000; 0008 RLDI R4,4000H D,v,sor is stored at 4000 hex 
OOOC 0009 · Register 4 POints to It 
OOOC 0010 
OOOC E067FO; 0011 SEX RO; OUT 7; DC OFOH Write to the control register to use 
OOOF 0012 clock 12; 1 MDU; reset sequence 
OOOF 0013 .. counter; and no operation 
OOOF 0014 
OOOF E464; 0015 SEX R4; OUT 4 Load the divisor into the X register 
0011 0016 
0011 E06600; 0017 SEX RO, OUT 6; DC 0 · Load 0 into the Y register 
0014 E365, 0018 SEX R3; OUT 5 Load the most significant 8 bits of 
0016 0019 the dividend into the Z register 
0016 0020 
0016 E067F2; 0021 SEX RO, OUT 7; DC OF2H Do the first divide, also resets the 
0019 0022 sequence counter 
0019 0023 
0019 E26D60; 0024 SEX R2; INP 5; IRX · Read and store the most significant 
001C 0025 · 8 bits of the answer at 2000 hex 
001C 0026 
001C E067FO, 0027 SEX RO; OUT 7, DC OFOH Reset the sequence counter 
001F 0028 
001F E365; 0029 SEX R3, OUT 5 Load the 8 least significant 8 bits 
0021 0030 · of the onglnal dividend into the Z 
0021 0031 register 
0021 0032 
0021 E067F2, 0033 SEX RO; OUT 7; DC OF2H Do the second division 
0024 0034 
0024 E26D60, 0035 SEX R2; INP 5; IRX Read and store the least significant 
0027 0036 · 8 bits of the answer at 2001 hex 
0027 6E; 0037 INP6 Read and store the remainder at 2002 
0028 0038 hex 
0000 
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CDP1855, CDP1855C 

For the divide operation (Fig. 5), the formula is: 

Y3Y2Y'Z3Z2Z, Y3Y2Y, 
------- = Z3Z2Z, + -------

X3X2 X, X3X2 X, 

V 8 tOO BUS ~ 

CNI .!... 
W 

CN0 E 

CLOCK f-- CLK 

r-- SHIFT 

S 
T 
B 

r-YL YRi------HYL YR\-----HYL 

ZL ZR ZL ZR ZL 

Of CI co Cf "(;IT 

L-_C~E~_C~TrL~~ ~_C~Er-_~CTT~L~ 

8 

L 
R 

RA¢ 

RAI

RA2-

IT 

BUS 

M~o 

TPB 
CLEAR 
N2 
NI 
Nil" 

Voe 
L-------r--~-------+_-~~----~~OR 

TO 
CPU 

I/O SELECT 

MOST SIGNIFICANT LEAST SIGNIFICANT 

92CM-31850 

Fig. 5 - Cascading three MDU's (CDP1855) in an 1800 system with MDU's being accessed as 
I/O ports in programming example. 

MOST SIGNIFICANT LEAST SIGNIFICANT 

Fig. 6 - Cascading four MDU's (CDP1855). 
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Specifications CDP1855, CDP1855C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +850 C, VDD ±5"1t tro tf = 20 n., VIH = 0.7 VDD, VIL = 0.3 VDD, 
CL = 100 pF (S .. Fig. 7) 

LIMITS 
CHARACTERISTIC· VDD CDP1855 CDP1855C 

(V) Min. 1 Typ. *1 Mu. Min. 1 Typ.* I Mo. 

Operation Timing 

Maximum Clock Frequency+ 
5 3.2 4 - 3.2 
10 6.4 8 - -

Maximum Shift Frequency 5 1.6 2 - 1.6 
(1 Device)t. 10 3.2 4 - -

Minimum Clock Width tClKO 5 - 100 150 -
tCLK1 10 - 50 75 -

Minimum Clock Period tClK 5 - 250 312 -
10 - 125 156 -

Clock to Shift Prop. Delay tCSH 
5 - 200 300 -
10 - 100 150 -

Minimum C.1. to Shift Setup tsu 5 - 50 67 -
10 - 25 33 -

C.O. from Shift Prop. Delay tPlH 5 - 450 600 -
tpHl 10 - 225 300 -

Minimum C.1. from Shift Hold tH 5 - 50 75 
10 25 40 - -

Minimum Register Input Setup tsu 5 - -20 10 -
10 - -10 10 -

Register after Shift Delay tPlH 5 - 400 600 -
tpHl 10 - 200 300 -

Minimum Register after Shift Hold tH 5 - 50 100 -
10 - 25 50 -

C.O. from C.I. Prop. Delay tplH 5 - 100 150 -
tPHl 10 - 50 75 -

Register from C.1. Prop. Delay tPlH 5 - 60 120 -
tPHl 10 - 40 60 -

.Maximum limits of minimum characteristics are the values above which all devicas function. 

·Typical values are for T A = 250 C and nominal voltages. 

4 -
- -
2 -
- -

100 150 
- -

250 312 
- -

200 300 

- -
50 67 

- -
450 600 
- -
50 75 

- -
-20 10 
- -

400 600 
- -
50 100 
- -
100 150 
- -
80 120 
- -

UNITS 

MHz 

ns 

+Clock frequency and pulse width are given for systems using the internal clock option of the CDP1855. Clock frequency 
equals shift frequency for systems not using the internal clock option. 

t.Shift period for cascading of devices is increased by an amount equal to the C.I. to C.O. Prop. Delay for each device added. 

r-t CLOei<--J 
CLK I 

t CLK 1-1 -lol0o---o!--* 

SIITFi' (PRESCAL ER OFF) 

Fig. 7 - Operation timing diagram. 
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Specifications CDP1855, CDP1855C 

DYNAMIC ELECTRICAL CHARACTERISTICS II TA = -4010 +15° C. VDD ±5'1i Ir• If = 20 nt. Vltf.= 0.7 VDD. VIL = 0.3 VDD. 
CL = 100 pF (S .. Fig. 8) 

LIMITS 
CHARACTERISTIC- VDD CDP1155 I CDP1155C 

(¥) Min. \ Typ." \ MIX'l Min. I Typ." I MIx. 

Wrlle Cycle 

Minimum Clear Pulse Width tCLR 5 50 75 -
10 - 25 40 -

Minimum Write Pulse Width tww 5 - 150 225 -
10 - 75 115 -

Minimum Data-In Setup tosu 5 -75 0 
10 - -40 0 -

75 Minimum Oata-In-Hold tOH 5 - 50 -
10 - 25 40 

Minimum Address to Write Setup tASU 5 - 50 75 
10 25 40 

Minimum Address after Write Hold tAH 5 - 50 75 -
10 - 25 40 -

-Maximum limits of minimum characteristics are the values above which all devices function. 

'Typical values are for T A = 25° C and nominal voltages. 

50 
-

150 
-
-75 

-
50 

50 

50 
-

j t CLR 

CLEAR ~--------------------------------------------------

CE 

RD/WE 

ST8 

/ 

t DH * WRITE IS OVERLAP OF 
~ • CE'I,ROIWE = !II , AND ST8- l-

' ''';j ~ . I *-------.-.C-M-S-48-41--~ '[ tAH 

Fig. 8 - Write timing diagram. 
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Specifications CDP1855. CDP1855C 

DYNAMIC ELECTRICAL CHARACTERISTICS al TA = -4010 +8So C. VDD ±S"Iolr.lf= 20n •• VIH = 0.7VDD. VIL = 0.3VDD. 
CL = 100 pF (See Fig. 9) 

LIMITS 
CHARACTERISTIC- VDD _CDP185 

(V) Min. Typ." Max. Min. 

R.ad Cycle 

CE to Data Out Active tcoo 5 - 200 300 -
10 - 100 150 -

CE to Data Access tCA 5 - 300 450 -
10 - 150 225 -

Address to Data Access tAA 5 - 300 450 -
10 - 150 225 -

Data Out Hold after CE tOOH 5 50 150 225 50 
10 25 75 115 -

Data Out Hold after Read tOOH 5 50 150 225 50 
10 25 75 115 -

Read to Data Out Active tROO 5 - 200 300 -
10 - 100 150 -

Read to Data Access tRA 5 - 200 300 -
10 - 100 150 -

Strobe to Data Access tSA 5 50 200 300 50 
10 25 100 150 -

Minimum Strobe Width tsw 5 - 150 225 -
10 - 75 115 -

-Maximum limits of minimum characteristics are the values above which all devices function. 

"Typical values are for T A = 25° C and nominal voltages. 

CE 1 \ 
I I 

RO/WE' 

~ t I 
I 

ADVANCE I 
~,::ENCE COUNTER 

I 
I 

STB 
I 
I 

I 
1 I 

RA¢-2~ i ~ I 
I I 

-I 'SA i i'AA-j ....., 'OOHr-- I I 
DOUT ~ ~ ~ I 0 I 

'coo --l 'ROoi l- I t-- I I I I 

I' -I teA I' .1 
'RA I 

~..1I5i~ 
Typ." 

200 
-

300 
-

300 
-
150 
-

150 
-

200 
-

200 
-

200 
-

150 
-

.. : 1DOH 

I 

'}-

92CM-31852 

Fig. 9 - Read timing diagram. 
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HARRIS 
SEMICONDUCTOR 

February 1992 

Features 

• Provides Easy Connection of 110 to CDP180o
Series Microprocessor Data Bus. 

• Non-Inverting Fully Buffered Data Transfer 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE SV 10V 

Plastic DIP ·40oC to +85°C COP I 857CE 

Ceramic DIP ·40oC to +85°C CDPI857CD . 

TABLE 1. CDP1857 FUNCTION FOR I/O BUS SEPARATOR 
OPERATION 

DATA BUS OUT DATA OUT 
CS MRD DBD-DB3 DOD-003 

0 X High Impedance High Impedance 

I 0 High Impedance Data 6us 

I I Data In High Impedance 

Description 

CDP1857 
CDP1857C 

4-Bit Bus Buffer/Separator 

The COPI857 and COPI857C are 4 bit CMOS non·inverting bus 
separators designed for use in COPI800·series microprocessor 
systems. They can be controlled directly by a 1800-series 
microprocessor without the use of additional components. 

The COPI857 is designed for use as a bus buffer or separator between 
the 1800-series microprocessor data bus and 110 devices. It provides a 
chip·select (CS) input signal Which, when high (I), enables the bus·sep· 
arator three-state output drivers. The direction of data flow, when 
enabled, is controlled by the MAD input signal. 

In the CDPI857, when MRO = I, it enables the three·state bus drivers 
(OBO·~ and transfers data from the DATA·IN lines onto the data bus. 
When MRO = 0, it disables the three-state bus drivers (060-063) and 
enables the three-state data output drivers (000-003), thus 
transferring data from the data bus to the DATA-OUT terminals. 

The CDPI857 can be used as a bi-directional bus buffer b~necting 
the corresponding 01 and DO terminals (Figure I). The MRO output 
signal from the I BOO-series microprocessor has the correct polarity to 
control the COPI857 when it is used as I/O bus buffer/separator. There
fore, the 1800-series microprocessor MAD signal can be connected 
directly to the MRO Input of COP1857. See Function Table 1 for use of 
the COPI857 as an 110 bus buffer/separator. 

The COPI857 is functionally identical to the CDPI857C. The COPI857 
has a recommended operating-voltage range of 4 to 10.5 volts, and the 
COPI857C has recommended operating-voltage range of 4 to 6.5 volts. 
The COPI857 and CDP1857C are supplied in 16-lead hermetic, dual
in-line ceramic packages (0 suffix), and in 16-lead plastiC packages (E 
suffiX). 

Pinout Functional Diagram for CDP1857 

012 

l6-LEAD DIP 
TOP VIEW 

cs 

DBO 

OBI 

DB2 

DB3 

MRD 

orl 

001 

on 

002 

on 

CAUTION. These devICes are senSItive to electrostatic discharge. Users should follow proper I.e Handling Procedures. 

Copyright © Harns Corporation 1992 
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Specifications CDP1857, CDP1857C 

Static Electrical Characteristics At TA = -40°C to +85°C, Except as Noted: 

CONDITIONS LIMITS 

Va VIN Voo 
CHARACTERISTIC SYMBOL (V) (V) (V) 

Quiescent Device 100 - 0,5 5 
Current - 0,10 10 

Output Low Drive IOl 0.4 0,5 5 
(Sink) Current 0.5 0,10 10 

Output High Drive IOH 4.6 0,5 5 
(Source) Current 

9.5 0,10 10 

Output Voltage VOL - 0,5 5 
Low-Level (Note 3) - 0,10 10 

Output Voltage VOH - 0,5 5 
High-Level (Note 3) - 0,10 10 

Input Low Voltage Vil 0.5,4.5 - 5 

0.5,9.5 - 10 

Input High Voltage VIH 0.5,9.5 - 5 

0.5,9.5 10 

Input Leakage Current liN Any 0,5 5 
Input 0,10 10 

Operating Current 1001 0,5 0,5 5 
(Note 2) 

0,10 0,10 10 

Input Capacitance CIN - -
Output Capacitance COUT -

NOTES: 

1. Typical values are for TA = +25°C and nominal voijage. 

2. Operating current measured in a CDP1802 system at3.2MHz 
with outputs floating. 

CDP1857 

TYP 
MIN (Note 1) MAX MIN 

1 10 -
- 10 100 -

1.6 3.2 - 1.6 

2.6 5.2 - -
-1.15 -2.3 - -1.15 

-2.6 -5.2 - -
0 0.1 -
0 0.1 

4.9 5 - 4.9 

9.9 10 -
- 1.5 

- 3 

3.5 - - 3.5 

7 - - -
- 1 -

1 

50 100 

150 300 

- 5 7.5 

10 15 -

3. IOl = IOH = lilA. 

CDP1857C 

TYP 
(Note 1) MAX UNITS 

5 50 IlA 

- IlA 

3.2 mA 

mA 

-2.3 mA 

mA 

0 0.1 V 

V 

5 - V 

- - V 

- 1.5 V 

- - V 

- - V 

V 

1 i!A 
IlA 

50 100 IlA 

- - IlA 

5 7.5 pF 

10 15 pF 

Dynamic Electrical Characteristics At TA = -40°C to +85°C, Voo = 5%, V IH = 0.7 VOIft Vil = 0.3 VOIft t r, ,,= 20ns, Cl = loopF 

LIMITS 

CDP1857 CDP1857C 

Voo TYP TYP 
CHARACTERISTIC SYMBOL (V) (Note 1) MAX (Note 1) MAX UNITS 

Propagation Delay Time: tEO 5 150 225 150 225 ns 

MR5 or CS to DO 10 75 125 - ns 

MRD or CS to DB tEB 5 150 225 150 225 ns 

10 75 125 - - ns 

01 to DB tlB 5 100 150 100 150 ns 

10 50 75 - - ns 

D8 to DO too 5 100 150 100 150 ns 

10 50 75 - ns 

NOTE: 1. TYPical values are for TA = 2SoC and nominal voijages. 

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

LIMITS 

CDP1857 CDP1857C 

CHARACTERISTIC MIN MAX MIN MAX UNITS 

Supply-Voltage Range 4 10.5 4 6.5 V 

Recommended Input voltage Range Vss VDO Vss Voo V 
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Specifications CDP1857, CDP1857C 

Absolute Maximum Ratings 

DC Supply Voltage Range, (Voo): 
(All Voltages Referenced to Vss Terminal) 
CDP1857 ................................ -O.5V to + 11 V 
CDP1857C .........•....................•. -O.5V to +7V 

Input Voltage Range, All Inputs ............. -O.5V to Voo +0.5V 
DC Input Current, Any One Input. ........................ ±10mA 
Power Dissipation Per Package (Po) 

T ... = -4O"C to +60oC (Package Type E) .............. SOOmW 
TA = +60oC to +85OC (Package Type E) ...... Derate Linearly at 

12mWfC to 200mW 
TA = -55°C to + 100°C (Package Type D) ............. SOOmW 
TA = + 100°C to + 125°C (Package Type D) .... Derate Linearly at 

12mWfC to 200mW 

Timing Diagrams 

CS __ -J 

DI 

~------;"l90% DB _________ ~ __________ ~~--
10% 

(a) ENABLE TO DB TIME 

CS~ "" t..fim / "" DI 

2r'tJ<"f 
DB IB :iLlD DATA 

(b) DI TO DB TIME 

Device Dissipation Per Output Transistor 
TA = Full Package Temperature Range 
(All Package Types) .............................. 100mW 

Operating Temperature Range (TA): 
Package Type D .... . . . . . . . . . . . . . . . . . . . . -55°C to + 125°C 
Package Type E ..•....................... -40oC to +8SoC 

Storage Temperature Range (Tatg ) •••••••••••• -65°C to + 150°C 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 In. (1.59 ± 0.79mm) 
from case for 10s max ............................ +26SoC 

CS __ -J 

DI 

B .r--------x. 90% D _______ ~'_ ________ ~~~-
10% 

(b) ENABLE TO DO TIME 

CS~ 

"" wm '" / 
DI 

2r,~J<'"f 
DB BO :iLID DAT~ 

(b) DB TO DO TIME 

FIGURE 2. TIMING DIAGRAMS FOR CDP1857 
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Typical Applications 

CoPI857 

000-003 

"r~--,c/I oBO-oB3 

ENABLE BUS-TO-BUS 
DATA TRANSFER 

92CS-28096 

FIGURE 3. CDP1857 BIDIRECTIONAL BUS 
BUFFER OPERATION 

CDP1857, CDP1857C 

I 
NRo 

CDPI800 
SERIES 

CPU 

NO.NI. MWR 
OR N2 

DATA 
BUS 

CS 

CoPI857 

000-003 

(4) oBIif-oB3 ~ 
0111'-013 

~ NRo -
J ~ 

I/O (4 en 
~ 

(4) ! '" 
(B) .. .. ! NRo 

.. 
0 

(4) COP 1857 

0191-013 

0e¢-oB3 ~ 
D00-D03 

"--

cS 

j 

FIGURE 4. CDP1857 BUS SEPARATOR OPERATION 
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HARRIS 
SEMICONDUCTOR 

REFERENCE APP NOTE 7374 
February 1992 

Features 

• Directly Interfaces with CDP180o-Series Microprocessor 

• Low Power Dissipation 

• 3-State Outputs 

• Scans and Generates Code for 53 Key ASCII Keyboard Plus 
32 HEX Keys (SPST Mechanical Contact Switches) 

• Shift, Control, and Alpha Lock Input 

• RC-Controlled Debounce Circuitry 

• Single Supply 4V to 10.5V ........•......... (CDPI871A) 
4V to 6.5V ....•............. (CDP1871AC) 

• N-Key Lockout 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 5V 10V 

Plastic DIP ·40oC to +85°C CDP1871ACE CDP1871AE 

Burn'ln CDP1871ACEX CDP1871AEX 

PLCC ·40°C to +8SoC CDP1871ACQ CDP1871AQ 

Ceramic DIP -40°C to +85°C CDP1871ACD CDP1871AD 

Burn·in CDP1871ACDX CDP1871ADX 

Pinouts 
40 LEAD DIP 

TOP VIEW 

01 voo 
02 SHIFT 
03 CONTROL 
04 ALPHA 
05 OEBOUNCE 
D6 RTP D5 
07 TPB 

D6 
08 DA 

07 
D9 BUS7 

010 BUS6 
D8 

011 BUS5 D9 

SI BUS4 010 

S2 BUS3 011 

S3 BUS2 SI 

54 BU51 S2 

55 BU50 S3 

56 C54 S4 
S7 C53 
58 C52 

vss Csi 

CDP1871A 
CDP1871AC 
CMOS Keyboard Encoder 

Description 

The CDP1871A is a keyboard encoder designed to 
directly interface between a COP180o-series micro
processor and a mechanical keyboard array, providing 
up to 53 ASCII coded keys and 32 HEX coded keys, 
as shown in the system diagram (Figure 1). 

The keyboard may consist of simple single-pole sin
gle-throw (SPST) mechanical switches. Inputs are pro
vided for alpha-lock, control, and shift functions, 
allowing 160 unique codes. An external R-C input is 
available for user-selectable debounce times. The N
key lock·out feature prevents unwanted key codes if 
two or more keys are pressed simultaneously. 

The CDP1871A and COP1B71AC are functionally 
identical. They differ in that the COP1B71A has a rec
ommended operating voltage range of 4V to 10.5V, 
and the CDPB171AC has a recommended operating 
voltage range 4V to 6.5V. These types are supplied in 
40 lead dual-in-line ceramic packages (0 suffix), and 
40 lead dual-in-line plastic packages (E suffix), and 44 
lead plastic chip-carrier packages (Q suffix). 

44 LEADPLCC 
(Q Suffix) TOP VIEW 

w 
-' u 
~ .. z 

:> 

1: ~ ~ ~ 
0 

(j 
., 

(j 
Z 1!i 8 S is > en (J C i!i Z 

6 5 4 3 2 1 44 43 42 41 40 

• 39 RPi' 
39 TPB 

iiA 
BUS 7 

35 BUS 6 

34 BUSS 

33 BUS 4 

32 BUS 3 

31 BUS 2 

BUS 1 

N.C. 

}3 ~ Ii; ~ Z! liii I)l iii i7i 0 (j 
> u u u u !!l z ., 

CAUTION· These devICes are sensitive to electrostatic discharge Users should follow proper I C Handltng Procedures. File Number 1374.1 
CopYright © HarriS Corporation 1992 
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CDP1871A, CDP1871AC 

H t lOOK 
o I ~F 

40f 136 

~ 

21 - DEBOUNCE 

" CSI. 0111 NO-N2 CONTROL C52, 

23 
C53 I I 

MRD 24 
CS4 I I 

I 
UP TO II SETS 

34 OF e SWITCHES EACH 
rPB rPB 

I I 
I / 

COPI871A I COPIBOQ- SERIES I CPU Voo I SHIFT I 
~---.L~ SHIFT 

01 

I I~V~I~V~V~ {{rtf ffj CONTROL 

,,1' rr ~...Lo-l.!!. CONTROL $I 

52 13 
14 

53 
15 

I 

~HA LOCK 54 
55 /6 

~ALPHA 56 
17 

57 IB 

r-0RMAl BUD BUS7 5B 
/. 

BUSO - BUS? 

/' 
2!J" 

8 BIT DATA BUS 

FIGURE 1. TYPICAL CDP1800 SERIES MICROPROCESSOR SYSTEM USING THE CDP1871A 

BUS 0 

"'---'-....... " .. BUS 7 

011 ALPHA SHIFT CONTROL 

FIGURE 2. CDP1871A BLOCK DIAGRAM 
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CDP1871A, CDP1871AC 

Absolute Maximum Ratings 
(All Voltages Referenced to Vss Terminal) 

CDPI871A •..••........................•.•. -o.5V to +11V 
CDPI871AC ................................ -o.5Vto+7V 

Input Voltage Range, All Inputs .•.•.•....... -o.5V to Voo +O.5V 
DC Input Current, any One Input. ........................ ±10mA 
Power Dissipation Per Package (Po) 

TA = -4Q°C to +60oC (Package Type E) ..••...•.•.•.. 500mW 
TA = +6QoC to +65°C (Package Type E) ...... Derate Linearly at 

12mWf'C to 200mW 
TA = -55°C to +1000C (Package Type D) ...•.•.....•• 500mW 
TA = +100oC to +125°C (Package Type D) .... Derate Linearly at 

12mWf'C to 200mW 

T" = -4Q°C to +85O"C (Package Type Q)Note 1 ........ 500mW 
Device Dissipation Per Output Transistor 

TA = Full Package Temperature Range 
(All Package Types) ................••••..•....•.. 100mW 

Operating Temperature Range (TA): 
Package Type D ....•......••..•.••...... -55°C to +125°C 
Package Type E and Q .....•......•......• -400C to +65°C 

Storage Temperature Range (T.tg) ........•... -65°C to +150oC 
Lead Temperature (During Soldering): 

At distance 1/16 ±1132In. (1.59± 0.79mm) 
from case for lOS max ............................ +265°C 

NOTE: 1: Printed-circuit board mount: 57mm x 57mm minimum area x 1.6mm thick G 1 0 epoxy glass, or equivalent. 

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

LIMITS 

Voo 
CDPI871AD, CDPI871AE CDP1871 ACD, CDP1871ACE 

CHARACTERISTIC (V) MIN MAX MIN MAX UNITS 

Supply Vottage Range 4 10.5 4 6.5 V 

Recommended Input Voltage Vss Voo Vss Voo V 
Range 

Clock Input Frequency, TPB 5 DC 0.4 DC 0.4 

(Keyboard Capacitance = 200 pF) 
fel 

10 DC 
MHz 

0.8 - -
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Specifications CDP1871A, CDP1871AC 

STATIC ELECTRICAL CHARACTERISTIC at TA = -40 to +85°C, except as noted 

CONDITIONS LIMITS 
CHARACTERISTIC CDP1871AD CDP1871ACD UNITS 

Vo VIN Voo CDP1871AE CDP1871ACE 

(V) (V) (V) MIN. TYP.' MAX. MIN. TYP.' MAX. 

Quiescent Device - 0,5 5 - 0.1 50 - 1 200 

Current 100 0,10 10 1 200 -
JiA 

- - - -

Output Low Drive (sink) Current 0.4 0,5 5 0.5 1 - 0.5 1 -
(except debounce and 01-011) IOl 0.5 0,10 10 1 2 - - - -

0.4 0,5 5 0.75 1.5 - 0.75 1.5 -
Debounce IOl 0.5 0,10 10 1 2 - - - -

mA 
0.4 0,5 5 .05 0.1 - .05 0.1 -

01-011 IOl 0.5 0,10 10 0.1 02 - - - -
Output High Drive (Source) Current 4.6 0,5 5 -0.3 -0.6 - -0.3 -0.6 -

IOH 9.5 0,10 10 -0.75 -1.5 - - - -
Input Low Voltage 0.5,4.5 - 5 - - 1 5 - - 1.5 

(except Debounce) V,l 1,9 - 10 - - 3 - - -
Input High Voltage 05,4 5 - 5 3.5 - - 3.5 - -

(except Debounce) V,H 1,9 - 10 7 - - - - -

Debounce Schmitt Trigger 

Input Voltage 0.4 - 5 2.0 3.3 4.0 2.0 3.3 4.0 

Positive Trigger Voltage Vo 0.5 - 10 4.0 6.3 8.0 - - -
0.4 - 5 0.8 1.8 3.0 0.8 1.8 3.0 V 

Negative Trigger Voltage VN 0.5 - 10 1.9 4.0 60 - - -
0.4 0,5 5 0.3 1.6 2.6 0.3 1.6 2.6 

Hysteresis VH 0.5 0,10 10 0.7 2.3 4.7 - - -
Output Voltage Low Level - 0,5 5 - 0 .05 - 0 .05 

VOL - 0,10 10 - 0 .05 - - -
Output Voltage High Level - 0,5 5 4.95 5 - 495 5 -

VOH - 0,10 10 9.95 10 - - - -
Input Leakage Current - 0,5 5 - .01 1 - .01 1 

(except Sl-S8, Shift, Control) liN - 0,10 10 - 01 1 - - -
3-State Output Leakage Current 0.5 0,5 5 - 01 1 - .02 2 

JiA 

louT 0,10 0,10 10 - .02 2 - - -
Pull-Down Resistor Value 

7 - - -
(Sl-S8, Shift, Control) Rpo 

14 24 7 14 24 kO 

Operating Current loper 

(All-outputs tCl = 0.4 MHz 0.5,4.5 0,5 5 - 0.6 - - 0.6 - rnA 
unloaded) tCl = 0.8 MHz 1,9 0,10 10 - 2.7 - - - -

'Typical values are tor TA = +25'C and nominal Voo 
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FUNCTIONAL DESCRIPTION OF CDP1871A TERMINALS 

D1 - D11 (Outputs): 

Dnve lines for the 11 x 8 keyboard switch matrix. These 
outputs are connected through the external switch matrix 
to the sense lines (S1 - S8). 

S1 - S8 (Inputs): 

Sense lines for the 11 x 8 keyboard maxtrix. These inputs 
have internal pull-down resistors and are driven high by 
appropriate drive line when a keyboard switch is closed. 

CS1, CS2, CS3, CS4 (Inputs): 

Chip select Inputs, which are used to enable the tri-state 
data bus outputs (BUS 0 - BUS 7) and to enable the 
resetting of the status flag (DA), which occurs on the low
to-high transition of TPB. These four inpR6s are normally 
connected to the N-lines (NO-N2) and M output of the 
CDP1800-senes microprocessor. (Table 2) 

BUS 0 - BUS 7 (Outputs): 

Tri-state data bus outputs which provide the AS" and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUSO- BUS 7 terminals oftheCDP1800-
senes microprocessor. 

DA (Output): 

The data available output flag which is set low when a valid 
key closure is detected. It IS reset high by the low-to-high 
transition of TPB when data is read from the CDP1871A. 
This output IS normally connected to a flag Input (~-EF4) 
of the CDP1800-series microprocessor. 

TPB (Input): 
The input clock used to drive the scan generator and reset 

the status flag (DA). This input is normally connected to the 
TPB output of the CDP1800-series microprocessor. 

iiPf (Output): 
The repeat output flag which is used to indicate that a key is 
still closed after data has been read from the CDP1871A 
(DA = high). It remains low as long as the key is closed and 
is used for an autorepeat function, under CPU £2!!!rol. This 
output is normally connected to a flag input (EF1-EF4) of 
the CDP1800-series microprocessor. 

DEBOUNCE(lnput): 
This input is connected to the junction of an external resis
tor to Voo and capacitor to Vss. It provides a debounce time 
delay (t "" RC) after the release of a key. If a debounce is not 
deSired, the external pull-up resistor is still required. 

ALPHA, SHIFT, CONTROL (Inputs): 

A high on the SHIFT or CONTROL inputs will be internally 
latched (after the debounce time) and the drive and sense 
line decoding will be modified as shown inTable3. They are 
normally connected to the keyboard, but produce no code 
by themselves The SHIFT and CONTROL inputs have in
ternal pull-down resistors to simplify use with momentary 
contact switches. The ALPHA input is not latched and is 
deSigned for a standard SPDT switch to provide an alpha
lock function. When ALPHA = 1 the drive and sense line 
decoding will be modified as shown in Table 3. 

Voo, Vss: 

Voo is the positive supply voltage input. Vss is the most 
negative supply voltage terminal and is normal connected 
to ground. All outputs swing from Vss to Voo. The recom
mended input voltage swing is from Vss to Voo. 

TABLE 1 - SWITCH INPUT FUNCTIONS 

CONTROL SHIFT ALPHA KEY FUNCTION 

0 0 0 NORMAL 

1 X X CONTROL 

0 1 X SHIFT 

0 0 1 ALPHA 

X = DON'T CARE 

TABLE 2 - VALID N-L1NE CONNECTIONS 

CPU CDP1871A SIGNAL CPU INPUT 

CS4 CS3 CS2 CS1 INSTRUCTION 

CDP1800- MRD N2 NO N1 INP5 

SERIES MRD NO N1 N2 INP3 

SIGNAL MRD N2 N1 NO INP6 
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TABLE 3 - DRIVE AND SENSE LINE KEYBOARD CONNECTIONS; 

SENSE DRIVE LINES 
LINES D D D3 D. Di D~ D7 Dat 

S, 
SP 0 ( 8 @ H H P P X X 

SPACE 80,6 
0 ~~;~~;:;:~~tt 8 ":.:::::::: @ NUL h BS p DLE x CAN 

S. 
! 1 ) 9 A A I I Q Q Y Y 

81,6 
1 ~::~:: ':;:~~~::: 9 ':',:';:;':,' a SOH i HT q DC1 y EM .. 

2 . : B B J J R R Z Z LINE 
S3 82,6 

2 .:/.::.;::', : ..... b STX j LF r DC2 z SUB FEED 

S. 
# 3 + ; C C K K S S· { [ 

ESCAPE 83,6 .. 
3 j ....... ; c ETX k VT s DC3 [ ESC 

$ 4 < D D L L T T 
, 

\ So I 
84,6 .. 

4 " . .... d EOT I FF t DC4 \ FS 

% 5 = - E E M M U U I 1 CARRAIGE 
S. 85,. 

5 : .... - .. e ENQ m CR u NAK 1 GS RETURN ........ .' 
& 6 > F F N N V V - I 

S7 
6 ACK I n SO v SYN I RS 

7 ? / G G W -
S. 

0 0 W DEL 

7 
,":" 

/ BEL ETB US 
DELETE 

SI '. 9 0 w -:. :", 

KEY: I SHIFT" I ALPHA" I 
NORMAL I CONTROL" I 

"CONTROL overrides SHIFT and ALPHA D = NO RESPONSE 

~Showing ASCII outputs for all combInations with and WIthout SHIFT, ALPHA LOCK and CONTROL 
tDrive lines 8, 9,10, and 11 generate non-ASCII hex values whIch can be used for specIal codes. 

TABLE 4 - HEXIDECIMAL VALUES OF ASCII CHARACTERS 

MSD 

b7- 0 0 0 0 1 1 

b6- 0 0 1 1 0 
bS .. 0 1 0 1 0 

BITS 
He}!. 

b4 b3 b2 b1 r 0 1 2 3 4 

0 0 0 0 0 NUL DLE SP 0 @ 

0 0 0 1 1 SOH DC1 ! 1 A 

0 0 1 0 2 STX DC2 .. 2 B 

0 0 1 1 3 ETX DC3 # 3 C 

0 1 0 0 4 EOT DC4 $ 4 D 

0 1 0 1 5 ENQ NAK % 5 E 

0 1 1 0 6 ACK SYN & 6 F 

LSD 0 1 1 1 7 BEL ETB / 7 G 

1 0 0 0 8 BS CAN ( 8 H 

1 0 0 1 9 HT EM ) 9 I 

1 0 1 0 A LF SUB " J 
1 0 1 1 B VT ESC + K 

1 1 0 0 C FF FS < L 

1 1 0 1 D CR GS - = M 

1 1 1 0 E SO RS > N 

1 1 1 1 F SI US / ? 0 

4-60 

0 

86,6 

87,. 

1 

5 
P 

Q 

R 

S 

T 

U 

V 

W 

X 

Y 

Z 

[ 

\ 

1 
t 

-

Dot D,ot D,d 

88,6 90,6 98,6 

89,6 91,6 99,6 

8A'6 92,6 9A'6 

8B'6 93,6 9B'6 

8C'6 94,6 9C'6 

8D'6 95,6 9D'6 

8E,. 96,6 9E,. 

8F'6 97,. 9F,. 

1 1 

1 1 

0 1 

6 7 

\ P 
a q 

b r 
c s 
d t 

e u 

I v 

9 w 

h x 
i 'L 

1 z 
k { 

I I 
1 

m I 
n 
0 DEL 
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OPERATION 
The COP1871A is made up of two major sections: the is removed, allowing the scancounters to advance on the 
counter/scan-selection logic and the control logic (Fig. 2). following high-to-Iow transitions of TPB. This provides an 
The counter and scan-selection logic scans the keyboard N-key lockout feature, which prevents the entry of errone-
array using the drive lines (01-011) and the sense lines ous codes when two or more keys are pressed simulta-
(S1-S8). The outputs of the internal 5-stage scancounter neously. The first key pressed in the scanning order is 
are conditionally encoded by the ALPHA, SHIFT, and CON- recognized, while all other keys pressed are ignored until 
TROL inputs (Table 1, Table 3) and are used to drive the the first key is released and read by the CPU, at which time 
01-011 output lines high one at a time. Each 01-011 output the next key pressed in the scanning order is detected. If the 
may drive up to eight keys, which are sampled by the sense first key remains closed after the CPU reads the data and 
line inputs (S1-S8). The S1-S8 Inputs are enabled by the resets the DA output, on the low-to-high transition of TPB, 
internal 3-stage scancounter. an auxiliary signal (RPT) is generated and is available to the 
The control logic interfaces with the CDP1800-series I/O CPU to indicate an auto-repeat condition. The RPT output 
and timing signals to establish timing and status conditions is reset high at the end of the debounce delay after the 
for the CDP1871 A. depressed key is released. 

The TPB input clocks the scancounters and is also used to The DEBOUNCE input provides a terminal connection for 
reset the Data Available output (DA). When a valid keydown an external user-selected RC circuit to eliminate false de-
condition IS detected on a sense line, the control logic tectlon of a keydown condition caused by keyboard noise. 
inhibits the clock to the scancounters on the next low-to- The operation of the DEBOUNCE circuit is shown in Fig. 2 
high transition of TPB and the DA output is set low. The (Pin 36). When a valid keydown is detected, the on-chip 
scancounter outputs (C1-C8) represent the ASCII and HEX active-resistor device (RN) IS enabled and the external ca-
key codes and are used to drive the BUS 0 - BUS 7 outputs, pacitor (Cx) is discharged, providing a key closure de-
which interface directly to the CDP1800-Series data bus. bounce time"" RNCX • This discharge is se~d by the 
The BUS 0 - BUS 7 outputs, which are normally tri-stated, Schmltt-tigge.!..Jnverter, which clocks the DA flip-flop 
are enabled by decoding the CS inputs during a CPU input (Iatch~ the DA output low and inhibiting the scan clock). 
instruction (Table 2). The low-to-high transition of TPB (The DA F/F is reset by the low-to-high transition of TPB 
during thunput instruction resets the OA output high. when the CS inputs are enabled). When a valid key-release 
Once the DA output has been reset, it cannot go low again is detected RN is disabled and Cx begins to charge through 
until the present key IS released and a new keydown condi- the external resistor (Rx), providing a key-release debounce 
tion is detected. (This prevents unwanted repeated keycode time"" RxCx. This charge time IS again sensed by the 
outputs which may be caused by fast software routines). Schmitt-trigger inverter, enabling the scan clock to con-
After the depressed key is released and the debounce delay tinue on the next high-to-Iow transitions of TPB, after the 
(determined by RX, CX) has occurred, the scan clock inhibit current keycode data is read by the CPU. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA -40 to +85 0 C Voo ±5% 

CHARACTERISTIC Voo 
(V) 

Clock Cycle Time 5 

tcc 10 

Clock Pulse Width High 5 

\cWH 10 

Oata Available Valid 5 

Delay tOAL 10 
Data Available Invalid 5 
Delay tOAH 10 

Scan Count Delay 5 
(Non-Repeat) tCOI 10 

Data Out Valid Delay 5 

teov 10 

Oata Out Hold Time 5 

teoH 10 

Repeat Valid Delay 5 

tRPL 10 

Repeat Invalid Delay 5 

tRPH 10 

"Typical Values are for T A = + 25' C and nom mal Voo 
Note 1. tee = kWH + tCWL 

tewL = Icol + KC 
k ; 0.9 ns per pF 
c = keyboard capacitance (pF) 

LIMITS 
CDP1871AD 
CDP1871AE 

MIN. TYP.' MAX. MIN. 
- - - -
- - - -

100 40 - 100 

50 20 
- 260 500 -
- 130 250 -
- 70 150 -
- 35 75 -
- 850 1900 -
- 425 950 

- 120 250 -
- 60 125 -
- 100 200 -
- 50 100 -
- 150 400 -
- 75 200 -
- 350 700 -
- 170 350 -
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CDP1871ACD 
CDP1871ACE 

TYP.' MAX. 
- -
- -
40 -

260 500 

- -
70 150 
- -

850 1900 

120 250 
- -
100 200 

- -
150 400 

- -
350 700 

- -

UNITS 

NOTE 
1 
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~~~--~~---------------+--~----------
I 

U I 
----I I-!--tOAH 

I I: 11 

1 

i2 
I 

r--RXCx--j 

~----~i2------~-~--------~1 -----

,'CD11--

______ ~~~~~~----~:~--------~:~------~:~-----------------------~NT 

i2 
-I 'CDVi- ~ 'CDH I-

--------~--------~i2~----~----_,~------~<: VALID >---
* -CS= CSI-CS2.CS3-CS4 

CST, CS2, CS3' CPU N-LiNES 
CS4 (MliOlIS HIGH FOR CPU INPUT INSTRUCTlDN 

Fig 3 - CDP1871A dynamiC timing diagram (non-repeat) 

TPB ________ ~r__l~ ____ ~~--------~r--l~---------

KEY 
DEPRESSED I 

~ 

CLOSED 

r- tOAH 

~L_+----~----__ ~O~P;E~N--------------------. N 

i2 II 

i-'RP..-j 
: ~r--------------------

I--RxCx~ 

---I r-- 'RPL 
---------+1---.. 

II 

DEBOUNCE ________________________ ~~----------------------------

DI - DII ______ P_R_E_S_E_NT ___ CO_U_N_T ________ ~:----------__;::==::==x N EXT COUNT 

CS* ----.J 
-j'CDV I-

EPJSO-BUS7 ---< 
I II II 

~'CDH r-
VALID ~~I----------~n~--------------------------

* CS '" CST. CS2 -CS3 ·CS4 92CM- 35007 
CS' CST, CS2 ,CS3' (CPU N-L1NES) 

CS4 (MRD) IS HIGH FOR CPU INPUT INSTRUCTION 

Fig 4 - CDP1871A dynamiC timing diagram (repeat) 
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OA 
• 0 ? 

92CM- 32530RI 

Fig 5 - Typical system software flowchart 
lor CDP1871A, CDP1871AC 

4-63 

(f) 
..J 
ct (f)a: 

OW 
:EJ: 
O~ 

a: w 
D.. 



I-IARRIS 
SEMICONDUCTOR 

CDP1872C, 
CDP1874C, CDP1875C 

February 1992 High-Speed a-Bit Input and Output Ports 

Features 

• Parallel 8-Bit Input/Output Register with Buffered Outputs 

• High-Speed Data-In to Data-Out •••• 85ns (Max.) at Voo = 5V 

• Flexible Applications In Microprocessor Systems as Buffers 
and Latches 

• High Order Address-Latch Capability in CDP1800-Series 
Microprocessor Systems 

• Output Sink Current = 5mA (Min.) at VDD = 5V 

• 3-State Output - CDP1872C and CDP1874C 

Ordering Information 

TEMP. 
PKG RANGE CDP1872C CDP1874C CDP1875C 

Plastic .40oC to CDP1872CE CDP1874CE CDP1875CE 
DIP +85°C 

Burn·in CDP1872CEX 

Ceramic • 40oC to CDP1872CD CDP1875CD 
DIP +85°C 

Burn·in . . CDP1875CDX 

Pinouts 

Description 

The CDP1872C, CDP1874C and CDP1875C devices 
are high-speed 8·bit parallel input and output ports 
designed for use in the CDP1800 microprocessor 
system and for general use in other microprocessor 
systems. The CDP1872C and CDP1874C are 8-bit 
input ports; the CDP1875C is an 8·bit output port. 

These devices have flexible c~ilities as buffers and 
data latches and are reset by CLR input when the data 
strobe is not active. 

The CDP1872C and CDP1874C are functionally iden
tical except for device selects. The CDP1872C has one 
active low and one active high select; the CDP1874C 
has two active high device selects. These devices also 
feature 3-state outputs when deselected. Data is 
strobed into the register on the leading edge of the 
CLOCK and latched on the trailing edge of the 
CLOCK. 

The CDP1875C is an output port with data latched into 
the registers when the device selects are active. There 
are two active high and one active low selects. The 
output buffers are enabled at all times . 

These devices are supplied in 22-lead hermetic, dual
in-line side·brazed ceramic packages (D suffix) and in 
22·lead dual-in·line plastic package (E suffix). 

CDP1872C INPUT PORT CDP1874C INPUT PORT CDP1875C OUTPUT PORT 
TOP VIEW mpVIEW TOP VIEW 

Cs1 voo CSl voo Cs1 voo 

010 017 010 017 010 017 

000 007 000 007 DOO 007 

011 016 011 016 011 016 

001 D06 001 D06 001 006 

012 015 012 015 012 015 

002 005 002 005 002 005 

013 014 013 014 013 014 

003 D04 003 D04 003 004 

CLOCK CLR CLOCK CLR CS3 CLR 

vss CS2 vss CS2 vss CS2 

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

Copyright © Harris Corporation 1992 
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Specifications CDP1872C, CDP1874C, CDP1875C 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Voo) .................................................................................. -O.S to +7 V 
(Voltage referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS .......................................................................... -o.S to Voo +O.S V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po) 

ForT. = -40'C to +60'C (PACKAGE TYPE E) ............................................................................ 500 mW 
ForT. = +60'C to +8S'C (PACKAGE TYPE E) .............................................. Derate Linearly at 12 mW/'C to 200 mW 
ForT. = -5S'C to +100'C (PACKAGE TYPE D) ........................................................................... SOO mW 
For T. = +100'C to +12S'C (PACKAGE TYPE D) ............................................ Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Tr FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................................. 100 mW 

OPERATING-TEMPERATURE RANGE (T.) 
PACKAGE TYPE D ......................................... ........................................ . ...... -S5'C to +125'C 
PACKAGE TYPE E .............................................................................................. -40' C to +85'C 

STORAGE TEMPERATURE RANGE (T".) .......................................................................... -6S'C to +1S0'C 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 In (1.S9 ± 0 79 mm) from case for 10 s max ........................................................ +26S'C 

RECOMMENDED OPERATING CONDITIONS at T. = -40°C to +85°C. 
For maximum reliability, operating conditions should be selected so that operation Is always within the following ranges: 

CHARACTERISTIC 
LIMITS 

UNITS 
ALL TYPES 

DC Operating-Voltage Range 4 to 6.5 
V 

Input Voltage Range Vss to Voo 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40°C to +85°C, Voo ± 5%, except as noted 

TEST CONDITIONS 
LIMITS 

ALL TYPES 
CHARACTERISTIC UNITS 

Vo V,N Voo 
MIN. TYP .• MAX. 

(V) (V) (V) 

Quiescent Device Current 100 - 0, 5 5 - 25 50 f./A 

Output Low Drive (Sink) Current 10L 0.4 0, 5 5 5 10 -
rnA 

Output High Drive (Source) Current 10H 4.6 0,5 5 -4 -7 -

Output Voltage Low-Level' VOL - O. 5 5 - 0 0.1 

Output Voltage High-Level' VOH - O. 5 5 4.9 5 -
V 

Input Low Voltage V,L 0.5,4.5 - 5 - - 1.5 

Input Hig h Voltage V,H 0.5,4.5 - 5 3.5 - -

Input Leakage Current liN - O. 5 5 - - ±1 
f./A 

3-State Output Leakage Current # louT O. 5 0, 5 5 - - ±5 

Input Capacitance C'N - - - - 15 -
pF 

Output Capacitance # COUT - - - - 15 -

• Typical values are for TA = 25° C and Voo ±5% . 
• 10L = 10H = 1 f./A. 
# For CDP1872C and CDP1874C only. 
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Specifications CDP1872C, CDP1874C, CDP1875C 

CS2 

DI------------~ 

CLOCK ---,------------1 DO 

92CS-33OO8 

CSI--.r------.. 

CS2 /--------, 

OI------------~ 

CLOCK --~-----------1 

92CS-33009 

DO 

Fig. 1 - Equivalent logic diagram (1 of 8 latches shown) 
for CDP1872C. 

Fig. 2 - Equivalent logic diagram (1 of 8 latches shown) 
for CDP1874C. 

CSi 
CS2 
CS3 

DI 

DO 

92CS~33007 

Fig. 3 - Equivalent logic diagram (1 of 8 latches shown) 
for CDP1875C. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Voo = 5 V, t" tf = 10 ns, VIH = 0.7 Voo, 
VIL = 0.3 VDO, CL = 150 pF 

LIMITS 

CHARACTERISTIC 
CDP1872C 
CDP1874C 

TYP .• MAX.t 

Input Port (Fig. 4) 

Output Enable tEN 45 90 

OU'I-Jt Disable tOIS 45 90 

Clock to Data Out teLa 45 90 

Clear to Output teRo 80 160 

Data In to Data Out tOiO 50 85 

Minimum Data Setup Time tosu 10 30 

Data Hold Time tOH 10 30 

Minimum Clock Pulse Width teL 30 60 

Minimum Clear Pulse Width teR 30 60 

UNITS 

ns 

• Typical values are for TA = 25° C and Voo ±5%. t Maximum values are for TA = 85°C and Voo ±5%. 
,-------------------------

~PlmC) i X-
CSI- CS2 -"I ffij'DSU i : 'OH I\----(COPIB74C) I ~ I 

---;-_-----' _----'If !\~I __ 
r'cL---i I 

--'----.JO~I:-------:----'--I --
CLOCK 

I 
DATA IN I 

I 'CLOl F ~'DIS}-

,----;--,JJ 1 \j...----
M 92eM-33()(). 

DATA BUS r'EN\ 
(HIGH Z) 

m 

Fig. 4 - Timing waveforms for CDP1872C and CDP1874C (input-port types). 
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DYNAMIC ELECTRICAL CHARACTERISTICS al TA = 25°C, Voo = 5 V, I" I, = 10 "8, V,H = 0.7 Voo, 
V,l = 0.3 Voo, Cl = 150 pF 

LIMITS 

CHARACTERISTIC CDP1875C 

TYP .• MAX.t 

Oulpul Pori (Fig. 5) 

Clock to Data Out tCla 50 

Clear to Output tCRa 80 

Data In to Data Out tDia 50 

Minimum Data Setup Time tos 10 

Data Hold Time tOH 10 

Minimum Clear Pulse Width tCR 30 

• Typical values are for TA = 25° C and Voo ±5%. 
t Maximum values are for TA = 85°C and Voo ±5%. 

CSi· CS2 • CS3 ~ CLOCK J '\ 
. '--- 'DS ----< '---------
I' I 

I' ..- tDH---: 

" , 
DATA IN ----,:--1 -""""X *r-----

----~I -~~~-t-D-I-o-----<--~I~-----

DATA OUT i d L 
----,...i-""'t-C-LO-~ , '--:t-CR-o-g----, I" 

CLR 

tCR~ 

92CM-33005 

Fig. 5 - Timing waveforms for CDP1875C (output port). 

CLOCK I--CSI 

I ,--
DO 01 b r- DATA IN 

MRD CDPI874C 

TPA CLOCK 
001-- r- CS2 
011-

ADDRESS 
D2f-
03 f-M~8 BUS CDPIB74C 04 

f-
MAI5 05f-

CDPIBOl 061- CDPIB75C 

071-- r- CS2 

CSI CS2 '- CS3 

I" To - 01 DOPI TPB - DATA OUT 

DATA BUS 
0-7 CSI 

~r DATA BUS 

I 92CM-

Fig. 6 - CDP1874C used as an input port and address latch with 
CDP1875C used as an output port. 
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CLOCK I--
T 

CS2 
DATA BUS 

~ Ii - CDPI872C 
DATA IN 

DO -07 
Yi IT! 
T21--
Y31-

NO I-- I-- AO Y41-
NIl-- I-- AI \'51-

L- MRo N21-- I-- A2 T61- CLOCK ~ 
ViI-

L- CS2 

~ CSI 
CD74HC138 

k= CDPI802A DATA BUS CDPI872C 
+--

DATA IN 

92CS-33003A2 

Fig. 7 - CDP1872C used as an input port and selected by CD74HC138. 

1 
MRD 

CDPI802 

NO NI N2 00-07 ,--

I 
I 

CSI CSI 
CS2 CS2 

~ 
TPB- CS3 

I'" 
Dr DO 01 DO 

v 
DATA OUT DATA IN 

CDPI874C COPI875C 

CSI CSI 
CS2 CS2 

-"' 
DATA IN Dr DO Dr DO 

-v v 
DATA OUT 

TP8- CS3 
CDPI874C CDPI875C 

MEMORY 

Fig. 8-CDP1874C and CDP1875C used as input/output buffers. 
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Features 

• Compatible with CDP1800 Series 

• Programmable Long Branch Vector Address and 
Vector Interval 

• 8 Levels of Interrupt Per Chip 

• Easily Expandable 

• Latched Interrupt Requests 

• Hard Wired Interrupt Priorities 

• Memory Mapped 

• Multiple Chip Select Inputs to Minimize Address 
Space Requirements 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 5V 10V 

PlastIC DIP -40°C to +8SoC CDPI877CE CDPI877E 

Ceramic -40°C to +8SoC CDPIB77CD CDPIB77D 
DIP 

Burn-In CDPIB77CDX 

CDP1877 
CDP1877C 

Programmable Interrupt Controller (PIC) 

Description 
The CDPIB77 and CDPI877C are programmable 8-level interrupt control
lers designed for use in CDPI800 series microprocessor systems. They 
provide added versatility by extending the number of permissible interrupts 
from I to N in increments of 8. 

When a high to low transition occurs on any of the PIC interrupt lines (i'Fili to 
ii"fh it will be latched and, unless the request is masked, it will cause the 
INTERRUPT line on the PIC and consequently the INTERRUPT input on 
the CPU to go low. 

The CPU accesses the PIC by having interrupt vector register R(I) loaded 
with the memory address of the PIC. Alter the interrupt S3 cycle, this regis
ter value will appear at the CPU address bus, causing the CPU to fetch an 
Instruction from the PIC. This fetch cycle clears the interrupt request latch 
bit to accept a new high-to-Iow transition, and also causes the PIC to issue a 
long branch instruction (CO) followed by the preprogrammed vector address 
written into the PIC's address registers, causing the CPU to branch to the 
address corresponding to the highest priority active interrupt request. 

If no other unmasked Interrupts are pending, the INTERRUPT output of the 
PIC will return high. When an interrupt is requested on a masked interrupt 
line, it Will be latched but it will not cause the PIC INTERRUPT output to go 
low. All pending interrupts, masked and unmasked, will be indicated by a "I" 
in the corresponding bit of the status register. Reading of the status register 
will clear all pending Interrupt request latches. 

Several PICs can be cascaded together by connecting the INTERRUPT out
put of one chip to the CASCADE input of another. Each cascaded PIC pro
vides 8 additional interrupt levels to the system. The number of units 
cascadable depends on the amount of memory space and the extent of the 
address decoding in the system. 

Interrupts are prioritized in descending order; iR7 has the highest and IRO 
has the lowest priority. 

The CDPI B77 and CDPI877C are functionally identical. They differ in that 
the CDPIB77 has a recommended operating voltage range of 4V to 10.SV, 
and the CDPI B77C has a recommended operating voltage range of 4V to 
6.SV. These types are supplied in 28 lead dual-in-line ceramic packages (D 
suffix), and 28-lead dual-in-line plastic packages (E suffix). 

Pinout Programming Model 
28 LEAD DIP PROGRAMMABLE INTERRUPT CONTROLLER (PIC) 

TOP VIEW BUS7 

CAsCADE Voo 
iR7 BUS7 A,sl A'41 

I PAGE REGISTER I 
AI3 1 AI2 1 All 1 

iRs BUS6 BUS7 

iRs BUSS 

iR4 BUS4 B7 I I I CONTROL REGISTER I 
B6 BS I B4 I B3 I 

iRa BUS3 BUS7 

iR2 BUS2 

iR1 BUS 1 M7 1 I I MASK REGISTER J 
M6 MS J M4 1 M3 J 

iRa BUSO BUS7 
TPA CSiAx 

TPB CSiAy 

MWR CS 
S7 I I I STATUS REGISTER I 

S6 SS I S4 I S3 I 
BUS7 

MRD Cs 
vss iNi' 

P7 I I I POLLING REGISTER I 
P6 PS I P4 I P3 I 

CAUTION. These deviCes are senSitive to electrostatic discharge Users should follow proper I.C. Handling Procedures. 
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B2 I BI 

M2 1 MI 

S2 1 SI 

BUSO 

I AS 

BUSO 

I BO 

BUS 0 

1 MO 

BUS 0 

J so 
BUSO 

WRITE 
ONLY 

WRITE 
ONLY 

WRITE 
ONLY 

READ 
ONLY 

P2 I PI 1 po 
READ 
ONLY 
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Specifications CDP1877, CDP1877C 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltage referenced to VSS terminal) 

CDP1877 ....................................................................................................... --0.5 to +11 V 

CDP1877C ...................................................................................................... --0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ...................................................................... -0.5 to VDD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ................................................................................. ±10 rnA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A=-40 to +60°C (PACKAGE TYPE E) .......................•.........••••..........•....••....••.••.•••.....•.•• 500 mW 

For TA=+60 to +85°C (PACKAGE TYPE E) ............................................. Derate Linearly at 12 mW/oC to 200 mW 

For T A=-55 to +100° C (PACKAGE TYPE D) •.............•.............•..........••.•......••..•••.•...•.••..•••••.. 500 mW 

For TA=+100 to 125°C (PACKAGE TYPE D) ............................................ Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................................................ 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPE D ............................................................................................ --55 to +125°C 

PACKAGE TYPE E .............................................................................................. -40 to +85°C 

STORAGE-TEMPERATURE RANGE (Tstg) ........................................................................ --65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max .................................................... +265°C 

STATIC ELECTRICAL CHARACTERISTICS at TA=-40 to +85°C, VOO ±5%, Except as noted 

CONDITIONS LIMITS 
CHARACTERISTIC Vo VIN VDD COP1877 

(V) (V) (V) Min. Typ. . Max. 
Quiescent Device - 0, 5 5 - 0.01 50 

Current IDD - 0,10 10 - 1 200 

Output Low Drive 0.4 0, 5 5 1.6 3.2 -
(Sink) Current IOL 0.5 0, 10 10 2.6 5.2 -

Output High Drive 4.6 0, 5 5 -1.15 -2.3 -
(Source) Current IOH 9.5 0, 10 10 -2.6 -5.2 -

Output Voltage - 0,5 5 - 0 0.1 

Low-Level VOLt - 0, 10 10 - 0 0.1 

Output Voltage - 0, 5 5 4.9 5 -
High Level VOH* - 0,10 10 9.9 10 -

Input Low 0.5,4.5 - 5 - - 1.5 

Voltage VIL 0.5,9.5 - 10 - - 3 

Input High 0.5,4.5 - 5 3.5 - -
Voltage VIH 0.5,9.5 - 10 7 - -

Input Leakage Any 0,5 5 - - ±1 

Current liN Input 0, 10 10 - - ±2 

3-State Output Leakage 0,5 0, 5 5 - ±10 4 ±1 

Current lOUT 0, 10 0, 10 10 - ±10-4 ±10 

Input Capacitance CIN - - - - 5 7.5 

Output Capacitance COUT - - - - 10 15 

Operating Device 5 - 0.5 1.0 
Current IOPER# 

10 1.9 3.0 -

·Typical values are for TA=25°C and nominal VDD· 

/I Operating current measured under worst-case conditions in a 3.2-MHz CDP1802A system: 
one PIC access per instruction cycle. 
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Min. 
-
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1.6 

-

-1.15 

-
-
-
4.9 

-
-
-
3.5 

-
-
-
-
-
-
-
-
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::DP1877C UNITS 
Typ.· Max. 
0.02 200 

/lA 
- -
3.2 -
- -

rnA 
-2.3 -
- -
0 0.1 
- -
5 -
- -

V 
- 1.5 

- -
- -
- -
- ±1 

- -
±10 4 ±1 

/lA 

- -
5 7.5 
10 15 

pF 

0.5 1.0 
rnA - -



CDP1877, CDP1877C 

OPERATING CONDITIONS at TA=Full Package-Temperature Range. For maximum reliability, 
operating condltlonl Ihould be lelected 10 that operation Is alwaYI within the following ranges: 

LIMITS 

CHARACTERISTIC CDP1877 CDP1877C UNITS 

Min. Max. Min. 

DC Operating Voltage Range 4 10.5 4 

Input Voltage Range VSS VDD VSS 

TPA 

CS 

CA/AJ. 

CA/Ay 

READ 
STATUS 

REGISTER 

INTERRUPT 
LATCH I 
STATUS 

REGISTER 

READ POLLING REGISTER 

WRITE 
MASK 

REGISTER 

EN 

MASK 
REGISTER 

PRIORITY 
ENCODERI 

VECTO~ 
ADDRESS 

WRITE 
PAGE 

REGISTER 

HIGH 
VECTOR 

ADDRESS 

READ 
LONG BRANCH 

EN 

LONG 
BRANCH 

INSTRUCTION 
GENERATE 

LOGIC 
GENERATION t---+':t---------i 

CLEAR INTERVAL 

WRITE 
CONTROL CONTROL REGISTER 
REGISTER 

Fig. 1 - Functional diagram for CDP1877. 

MWlfOOlli 

DATA 
BUS 

BUFFERS 

92CL-34372 

Functional Definitions for CDP1877 and CDP1877C Terminals 

TERMINAL USAGE 

VDD-VSS Power 

BUSO-BUS7 Data bus-Communicates information to and from CPU 

iR"o-iR7 Interrupt Request Lines 

INTERRUPT Interrupt to CPU 

MRD,MWR Read/Write controls from CPU 

TPA,TPB Timing pulses from CPU 

CS,CS Chip selects, Enable Chip if valid during TPA 

CS/Ax, CS/Ay Used as a Chip Select during· TPA and as a Register address during 
Read/Write Operations 

CASCADE Used for cascading several PIC units. The INTERRUPT output from a higher 
priority PIC can be tied to this input, orthe input can be tied to Vdd if cascading 
is not used. 
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CDP1877, CDP1877C 

PIC Programming Model 

INTERNAL REGISTERS 
The PIC has three write-only programmable registers and 
two read-only registers. 

Page Regilier 
This write only register contains the high order vector 
address the device will issue in response to an interupt 
request. This high-order address will be the same for any of 

BUS 7 

the 8 possible interrupt requests; thus, interrupt vectoring 
differs only in location within a specified page. 

BUSO 
pAGE REGisTER SiTS I 

'--__ A_15_-'-_A_1_4_-'-_A_1_3--1L...--..:..A.;...1.;;.2_.LI_.;...A..;.,1.;..1 _-,-~A..;..10~-,-_.;..A..;..9_",--_;..;A..;..8 ~ WRITE ONLY 

Conlrol Regisler 
The upper nibble of this write-only register contains the low 
order vector address the device will issue in response to an 

interrupt request. The lower nibble is used for a master 
interrupt reset, master mask reset and for interval select. 

WRITE ONLY 

INTERVAL SELECT 
DETERMINES NUMBER OF 
BYTES ALLOCATED TO EACH 
INTERRUPT SERVICE ROUTINE 

Bit 1 
o 
o 
1 
1 

BilO 
o 
1 
o 
1 

Inlerval 
2 
4 
8 
16 

MASTER MASK RESET 
o RESETS ALL MASK REGISTER BITS 
1 NO CHANGE 

MASTER INTERRUPT RESET 
o RESETS ALL INTERRUPT LATCHES 
CLEARS ANY PENDING INTERRUPTS 

1 NO CHANGE 

SETS UPPER BITS OF THE LOW ORDER 
VECTOR ADDRESS AS A FUNCTION OF THE 
INTERVAL SELECT 

THE LOW ORDER VECTOR ADDRESS WILL BE SET ACCORDING TO THE TABLE BELOW: 

INTERVAL SELECTED
NO. OF BYTES 

X=DON'T CARE 

2 
4 
8 
16 

BIT B7 
SETS A7 
SETS A7 
SETS A7 
SETS A7 

LOW ADDRESS BITS 
BIT B6 BIT BS 

SETS A6 SETS A5 
SETS A6 SETS A5 
SETS AS X 

X X 

NOTE: All DON'T CARE Addresses and Addresses AO-A3 are determined by interrupt request. 
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CDP1877, CDP1877C 

Mask Regllter 
A "1" written into any location in this write only register will 
mask the corres80ndin%interrupt request line. All interrupt 
inputs (except ASCA E) are maskable. 

BUS 7 BUSO 

... ____ --' ____ L....-__ --L ___ M_A_S_KL....-B_IT_S __ --L ___ ~ ___ "__ __ ___'I WRITE ONLY M7 M6 M5 M4 I M3 M2 M1 MO. 

StetUI Regllter 
In this read only register a "1" Will be present in the 
corresponding bit location for every masked or unmasked 
pending interrupt. 

BUS 7 BUS 0 
STATUS BITS I READ ONLY S7 S6 S5 S4 I S3 S2 Sl SO 

Polling Regllter 
This read only register provides the low order vector 
address and is used to identify the source of interrupt if a 
polling technique. rather than interrupt servicing. is used. 

BUS 7 BUS 0 
POLLING BITS I READ ONLY P7 P6 P5 P4 I P3 P2 P1 PO 

RESPONSE TO INTERRUPT (AFTER S3 CYCLE) 
The PIC's response to interrogation by the CPU is always 3 
bytes long. placed on the data bus in consecutive bytes in 
the following format: 

FI ... t (Inltructlon) Byte: 
LONG BRANCH INSTRUCTION - CO (Hex) 

BUS7 BUSO 

0 0 0 0 0 0 

Second (High-Order Addre .. ) Byte 
This byte is the High-Order vector Address that was written 
into the PIC's Page Register by the user. The PIC does not 
alter this value in any way. 

High-Order Vector Addrel. 

BUS 7 BUS 0 

A15 A14 A13 A12 All Al0 A9 AS 
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Third (Low-Order Addre .. ) Bytes 

INTERVAL 2 
BUS 7 

A7 

INTERVAL 4 
BUS 7 

A7 

INTERVAL 8 
BUS 7 

A7 

INTERVAL 16 
BUS 7 

A7 

AS 

AS 

AS 

CDP1877, CDP1877C 

AS A4 

AS 

o 

o o 

Indicates active interrupt input number (binary 0 to 7). 

Bits indicated by Ax (x=4 to 7) are the same as programmed 
into the Control Register. All other bits are generated by the 
PIC. 

REGISTER ADDRESSES 

BUSO 

o 

BUSO 

o o 

BUSO 

o o 

BUS 0 

o o 

In order to read/write or obtain an interrupt vectorfrom!!!y 
PIC in the system, all chip selects (CS/Ax, CS/Ay, CS, CS) 
must be valid during TPA. 

CSt Ax and Cst Ay are multiplexed addresses; both must be 
high during TPA, and set according to this table during TPB 
to access the proper register. 

-CS/Ax CS/Ay RD WR ACTION TAKEN 

1 0 0 1 READ Long Branch instruction and vector for highest priority unmasked 
interrupt pending. 

1 0 1 0 WRITE to Page Register 

0 1 1 0 WRITE to Control Register 

0 0 0 1 READ Status Register 

0 0 1 0 WRITE to Mask Register 

0 1 0 1 READ Polling Register (Used to identify INTERRUPT source if Polling tech-
nique rather than INTERRUPT service is used.) 

1 1 X X Unused condition 
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PIC Application Examples 

Example I-Single PIC Application 
Fig. 2 shows all the connections required between CPU and 
PIC to handle eight levels of interrupt control. 

MA7 

MA6 

MA5 

MA4 

CPU MWR 

MRo 

TPA 

TPB 

-
INT 

COPI802 

BUS~ 
N => 

CS/Ax 

CS/Ay 

CS 

Cs 

MWR PIC 

MRO 

TPA 

TPB 

-
INT 

COPIS77 

BUS 

CASc -

I---
I--

I--
I--
I---
I---
I---
I--

IR3 

iR2 
WI 
IRO 

92CS- 34376 

Fig. 2 - PIC and CPU connection diagram. 

Programming 
Programming the PIC consists of the following steps: 

1. Disable interrupt at CPU. 
2. Reset Master I nterrupt Bit, B3, of Control Register. 
3. Write a "1" into the Interrupt Input bit location of the 

Mask Register, if masking is desired. 
4. Write the High-Order Address byte into the Page 

Register. 
5. Write the Low-Order Address and the vector interval 

into the Control Register. 
6. Program R(1) of the CPU to point to the PIC so that the 

Long Branch instruction can be read from the PIC 
during the Interrupt Service routine. 

Table I - Register Address Values 

REGISTER REGISTER ADDRESS 

MASK EOOOH 

CONTROL E040H 

PAGE E080H 

STATUS EOOOH 

POLLING E040H 

R(1) (IN CPU) E080H 

Values for Example I with LOCATION 84EO arbitrarily 
chosen as the Vector Address with interval of eight bytes, 
IR4 pending, is shown in Table I 

In deriving the above addresses, all DON'T CARE bits are 
assumed to be O. 

When an INTERRUPT (IR4) IS received by the CPU, it will 
address the PIC and Will branch to the Interrupt service 
routine. 

The three bytes generated by the PIC will be: 
1 st Byte=COH 
2nd Byte=84H 
3rd Byte=EOH 

OPERATION DATA BYTE 
WRITE OOH 

WRITE CEH 

WRITE 84H 

READ 10H 

READ EOH 
- -
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Example II-Multi-PIC Application 
Fig. 3 shows all the connections required between CPU and 
PICs to handle sixteen levels of interrupt control. 

CPU 
MA7 

MA6 

MA5 

MAl 

MAO 

VWP 
M1!tI 
TPA 

TPB 
iNT 

'/1 I 
BUS 

~ 
I I I I 

COPla02 

~ 
I I I I I I 

~ 

.l'\. 
v 

CS/Ax 

CS/Ay 

CS CA"Sl: 
cs 

ill 
MWI! ffi 
MRii nrn 
TPA IR4 

TPB iR3 
rnT m 
BUS TRT 

iRO 
PIG I 

cOPlan 

+v 

W HIGHEST 
PRIORln 
INTERRUPT 

~ 
~ 

t= 
~ 

.-
~ 

CS/AII ~~ 
CS/Ay 

CS IR7 := cs Tif6 
MWR ill 

~ MRO Tii4 
TPA iR3 t= TPB Tiff 
INT TRi .-

PIC 2 fRO ~ 
BUS 
COPla77 

92CfIII-34375 

LOWEST 
PRIORITY 
INTERRUPT 

Fig. 3 - PICs and CPU connection diagram. 

Register Address Assignments 
The low-byte register address for any WRITE or READ 
operation is the same as shown in Table I. 

The high-byte register differs for each PIC because of the 
linear addressing technique shown in the example: 

PIC 1=111XXX01 (E1H FOR X=O) 
PIC 2=111XXX10 (E2H FOR X=O) 

The R(1) vector address is unchanged. This address will 
select both PICs simultaneously (R(1).1 =111XXXOO=EOH). 
Internal CDP1877 logic controls which PIC will respond 
when an interrupt request is serviced. 

Additional PIC Application Comments . 
The interval select options provide significant flexibility for 
interrupt routine memory allocations: 

• The 2-byte interval allows one to dedicate a full page to 
interrupt serviCing, with variable space between 
routines, by specifying indirect vectoring with 2 byte 
short branch instructions on the current page. 

• The 4-byte interval allows for a 3 byte long branch to 
any location in memory where the interrupt service 
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routine is located. The branch can be preceded by a 
Save Instruction to save previous contents of X and P 
on the stack. 

• The 8-byte and 16-byte intervals allow enough space to 
perform a service routine without indirect vectoring. 
The amount of interval memory can be increased even 
further if ali 8 INTERRUPTS are not required. Thusa4-
level interrupt system could use alternate 1J!f Inputs, 
and expand the interval to 16 and 32 bytes, respectively. 

The 4 Chip Selects allow one to conserve total allotted 
memory space to the PIC. For one chip, a total of 4 
address lines could be used to select the device, 
mapping it into as little as 4-K of memory space. Note 
that this selection technique is the only one that allows 
the PIC to work properly in the system: I/O mapping 
cannot be used because the PIC must work within the 
CDP1800 interrupt structure to define the vector 
address. Decoded signals also will not work because 
the chip selects must be valid on the trailing edge of 
TPA. 



Specifications COP1877, COP1877C 

DYNAMIC ELECTRICAL CHARACTERISTICS II TA=-40 10 +85°C, VDD ±5%, Ir,I,=20 ne, 
VIH=O.7 VDD, VIL =0.3 VDD, CL =50 pF 

LIMITS 
CHARACTERISTIC VDD CDP1877 CDP1877~ 

(V) Min. Typ." Max. Min. Typ." 

Address to TPA Setup Time 5 60 60 
tAS 10 40 - - - -

Address to TPA Hold Time 5 60 - - 60 
tAH 10 40 - - - -

Data Valid after TPB 5 370 - - 370 -
tOTPB 10 210 310 - - -

Data Hold Time from Write 5 30 - - 30 
tHW 

10 40 - - - -
Address to Valid Data Access Time tOR 

5 - 340 490 - 340 
10 - 125 230 - -

Data Setup Time to Write tosu 
5 0 - - 0 -
10 0 - - - -

Address Hold from TPB 5 80 - 80 -
tHTPB 10 40 - - - -

Minimum MWR Pulse Width 5 130 - - 130 -
tMW'R 

10 60 - - - -
Minimum mPulse Width ti'RX 

5 130 - - 130 -
10 60 - - - -

• Typical values are for TA=25°C and VOO ±5%. 

i--'AS J---IAH 

TPA --2:Jr------
MEMORY ADDRESS HIGH BYTE LOW BYTE 

-- I--
TPB r-

\ 

j--'oR - '0 

DATA FROM PIC TO BUS ~ '" 

bt:d t:' 
DATA FROM BUS TO PIC __________________ ---lff-V_A_LI_O_D_A"r_A..Jr,....._O_H 

92CM-34&04 

Fig. 4 - Timing waveforms for CDP1877. 
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Features Description 

CDP1878 
CDP1878C 

CMOS Dual Counter-Timer 

• Compatible with General Purpose and CDP1800-
Series Microprocessor Systems 

The CDP1878 and CDP1878C are dual counter-timers con
sisting of two 16-bit programmable down counters that are 
independently controlled by separate control registers. The 
value in the registers determine the mode of operation and 
control functions. Counters and registers are directly addres
sable in memory space by any general industry type micro
processors, in addition to inpuVoutput mapping with the 
CDP1800 series microprocessors. 

• Two 16-Blt Down Counters and Two 8-Blt Control 
Registers 

• 5 Modes Including a Versatile Variable-Duty Cycle 
Mode 

• Programmable Gate-Level Select 

• Two-Complemented Output Pins for Each Counter
Timer 

Each counter-timer can be configured in five modes with the 
additional flexibility of gate-level control. The control regis
ters in addition to mode formatting, allow software start and 
stop, interrupt enable, and an optional read control that 
allows a stable readout from the counters. Each counter
timer has software control of a common interrupt output with 
an interrupt status register indicating which counter-timer 
has timed out. 

• Software-Controlled Interrupt Output 

• Addressable In Memory Space or CDP1800-Series I/O 
Space 

Ordering Information 

PACKAGE 

Plastic DIP 

Ceramic DIP 

Burn·ln 

Pinout 

TEMP. 
RANGE SV 

-4O"C to +85°C CDP1878CE 

-40°C to +85°C CDP1878CD 

CDP1878CDX 

28 LEAD DIP 
TOP VIEW 

I-OIMEM 7 

TPBJWR 8 

1 rna 
1 TBG 

1 TBCl 

1 REsE'f --...----...-

10V 

CDP1878E 

CDP1878D 

1 

2 

3 

4 

5 

In addition to the interrupt output, true and complemented 
outputs are provided for each counter-timer for control of 
peripheral devices. 

The CDP1878 and CDP878C are functionally identical. They 
differ in that the CDP1878 has a recommended operating 
voltage range of 4 to 10.5 volts, and the CDP1878C has a 
recommended operating voltage range of 4 volts to 6.5 volts. 
These types are supplied in 28-lead dual-in-line ceramic 
packages (D suffix), and 28-lead dual-in-line plastic pack
ages (E suffix). 

TABLE 1. MODE DESCRIPTION 

MODE FUNCTION APPLICATION 

Timeout Outputs change when clock Event counter 
decrements counter to "0" 

Timeout Strobe One clockwide output pulse when Trigger pulse 
clock decrements counter to "0· 

Gate-Controlled Outputs change when clock Time-delay 
One Shot decrements counter to "0". generation 

Retriggerable 

Rate Generator Repetitive clockwide output pulse Time-base 
generator 

Variable-Duty Repetitive output with Motor control 
Cycle programmed duty cycle 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1341.1 
Copyright © Harris Corporation 1992 
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Specifications CDP1878, CDP1878C 

Absolute Maximum Ratings 
DC Supply Voltage Range, (Voo): 

(All Voltages Referenced to V ss Terminal) 
CDP1878 ................................ -O.SV to + II V 
CDPI878C ................................ -O.SV to +7V 

Input Voltage Range, All Inputs ............. -O.SV to Voo +O.SV 
DC Input Current, Any One Input. ........................ ±IOmA 
Power Dissipation Per Package (Po) 

TA = -4Q°C to +60oC (Package Type E) .............. 500mW 
TA = +60oC to +8SoC (Package Type E) ...... Derate linearly at 

12mWfC to 200mW 
TA = -SSoC to +1 OO°C (Package Type D) ............. SOOmW 
TA = +IOOoC to +12SoC (Package Type D) .... Derate linearly at 

12mWfC to 200mW 

Device Dissipation Per Output Transistor 
TA = Full Package Temperature Range 
(All Package Types) .............•................ 100mW 

Operating Temperature Range (TA): 
Package Type D. . . . . . . . . . . . . . . . . . . . . . . . . -SSoC to + 12SoC 
Package Type E .......................... -40oC to +85°C 

Storage Temperature Range (T stg) ...••.•••.•• -6SoC to + ISOoC 
Lead Temperature (During Soldering): 

At distance 1116 ±1I32 In. (1.S9 ± 0.79mm) 
from case for I Os max ............................ +265°C 

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

LIMITS 

CDP1878 CDP1878C 

CHARACTERISTIC SYMBOL MIN MAX MIN MAX UNITS 

DC Operating Voltage Range 4 10.S 4 6.S V 

Input Voltage Range Vss Voo Vss Voo V 

MaXimum Clock Input Rise or Fall Time t"t, - S S IlS 

Minimum Clock Pulse Width tWl, tWH 200 200 ns 

MaXimum Clock Input Frequency fCl DC I DC I MHz 

Static Electrical Characteristics At TA = -40°C to +8SoC, VDD ± S% Except as Noted: 

CONDITIONS 

Vo Y,N 
CHARACTERISTIC SYMBOL (V) (V) 

Quiescent Device 100 O,S 
Current - 0,10 

Output Low Dnve IOl 0.4 O,S 
(Sink) Current O.S 0,10 

Output High Drive IOH 4.6 O,S 
(Source) Current 9.S 0,10 

Output Voltage Val 0, S 
Low-Level (Note 2) 0,10 

Output Voltage VOH - O,S 
High-Level (Note 2) - 0,10 

Input Low Voltage V,l 0.S,4.S 

0.S,9.S 

Input High Voltage V,H 0.S,9.S 

0.5,9.S -
Input Leakage Current liN Any 0, S 

Input 0, 10 

Operating Current 1001 - 0,5 
(Note 3) - 0,10 

Input Capacitance C'N -
Output Capacitance COUT -

NOTES: 

I. Typical values are for TA = +2SoC and nominal Voo-

2. IOl = IOH = lilA. 

Voo 
(V) 

S 

10 

S 

10 

S 

10 

S 

10 

S 

10 

S 

10 

S 

10 

S 

10 

S 

10 

LIMITS 

CDP1878 CDPI878C 

(Note I) (Note 1) 
MIN TYP MAX MIN TYP MAX UNITS 

- .01 SO - .02 200 IlA 

- I 200 - - IlA 

1.6 3.2 1.6 3.2 mA 

2.6 S.2 - - mA 

-1.15 -2.3 -1.1S -2.3 - mA 

-2.6 -S.2 - - mA 

0 0.1 0 0.1 V 

0 0.1 - - V 

4.9 S 4.9 S - V 

9.9 10 - - - V 

- I.S - 1.S V 

- 3 - - V 

3.S - 3.S - - V 

7 - - V 

±1 - ±I IlA 

- ±2 - - IlA 

I.S 3 - 1.5 3 mA 

6 12 - mA 

S 7.S S 7.5 pF 

10 IS 10 t,S pF 

3. Operating current measured at 200kHz for Voo = SV and 400kHz 
for V DO = I OV, with open outputs (worst-case frequencies for 
CDPI802A system operating at maximum speed of 3.2MHz). 
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TNT AND 
STATUS REGISTER 

GATE A 

CLOCK A 

GATE B 

r-------------~-L-LTBO 

TBO 

CLOCK B 

92CL-34627 

Fig. 1 - Functional diagram CDP1878 and CDP1878C. 

Functional Definitions for CDP1878 and CDP1878C Terminals 

TERMINAL USAGE TERMINAL USAGE 

VDD-VSS Power 
DBO-DB7 Data to and from device CS Active high input that enables device 

TPB/INr!, J!m Directional control signals iN"f Low when counter is "0" 
AO, A1, A2 Addresses that select counters REsET When active, TAO, TBO are low, 

or registers TAO, i'BO are high. Interrupt status 
TACL, TBCL Clocks used to decrement counters register is cleared 
TAG, TBG Gate inputs that control counters I-O/Mail Tied high in CDP1800 input/output 
TAO,TAO Complemented outputs of Timer A mode, otherwise tied low 
TBO, rna Complemented outputs of Timer B 

TPA Used with CDP1800-series processors, 
tied high otherwise 
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REGISTER TRUTH TABLE 

ADDRESS ACTIVE 

A2 A1 AO TPB/WR RD 
REGISTER OPERATION 

1 1 0 X Write Counter A MSB 
1 1 0 X Read Counter A MSB 

0 1 0 X Write Counter A LSB 

0 1 0 X Read Counter A LSB 

1 0 0 X Control R~llter A 
1 1 1 X Write Counter B MSB 

1 1 1 X Read Counter B MSB 

0 1 1 X Write Counter B LSB 

0 1 1 X Read Counter B LSB 

1 0 1 X Control Regjlter B 
1 0 0 X 
1 0 1 X 

Interrupt Status Register 

0 0 0 Not Used 

0 0 1 Not Used 

PROGRAMMING MODEL 

Counter A Registers Counter B Registers 

BUS 7 BUS 0 
BUS 7 BUS 0 

CONTROL REGISTER 
CONTROL REGISTER 

WAITE ONl Y 
WRITE ONLY 

HOLDING REGISTER LSB 

READ ONl Y WAITE ONLY 
READ ONLY 

HOLDING REGISTER MSB 
HOLDING REGISTER MSB 

Interrupt Status Register 

BUS 7 BUS 0 
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Functional Description-See Fig. 1 

The dual counter-timer consists of two programmable 16-
bit down counters, separately addressable and controlled 
by two independent 8-bit control registers. The word in the 
control register determines the mode and type of operation 
that the counter-timer performs. Writing to or reading from 
a counter or register is enabled by selective addressing 
during a write or read cycle. The data is placed on the data 
bus by the microprocessor during the write cycle or read 
from the counter during the read cycle. Data to and from 
the counters and to the control registers is in binary format. 

Each counter-timer consists of three parts. The first is the 
counter itself, a 16-bit down counter that is decremented on 
the trailing edge of the clock input. The second is the jam 
register that receives the data when the counter is written 
to. The word in the control register determines when the 
jam register value is placed into the counter. The third part 
is the holding register that places the counter value on the 
data bus when the counter is read. 

When the counter has decremented to zero, three events 
occur. The first involves the common interrupt output pin 
that, if enabled, becomes active low. The second is the 
setting of a bit in the interrupt status register. This register 
can be read to determine which counter-timer has timed 
out. The third event is the logiC change of the complemented 
output pins. 

In addition to the clock input used to decrement the 
counter, a gate input is available to enable or initiate 
operation. The counter-timers are independent and can 
have different mode operations. 

Write Operation 

The counters and registers are separately addressable and 
are programmed via the data bus when the chi p is selected 
with the TPB/WA pin active. Normal sequencing requires 
that the counter jam register be loaded first with the 
required value (most significant and least significant byte 

Control Register 

[!]!Is I 

in any order), and then the control register be accessed and 
loaded with the control word. The trailing edge of the 
TPB/WA pulse will latch the control word into the control 
register. The trailing edge of the first clock to occur with 
gate valid will cause the counter to be jammed with Its initial 
value. The counter will decrement on the trailing edge of 
succeeding clocks as long as the gate is valid, until it 
reaches zero. The output levels will then change, and if 
enabled, the interrupt output will become active and the 
appropriate timer bit will be set in the interrupt status 
register. The interrupt output and the interrupt status 
register can be cleared (to their inactive state) by addressing 
the control register with the TPB/WA line active. For 
example, if counter A times out, control register A must be 
accessed to reset the interrupt output high and reset the 
timer A bit in the status register low. Timer B bit in the status 
register will be unaffected. 

Read Operation 

Each counter has a holding register that is continuously 
being updated by the counter and IS accessed when the 
counter is addressed during read cycles. Counter reads are 
accomplished by halting the holding register and then 
reading it, or by reading the holding register directly. If the 
holding register is read directly, data will appear on the bus 
if the counters are addressed with the RD line active. 
However, if the clock decrements the counter between the 
two read operations (most and least significant byte), an 
inaccurate value will be read. To preclude this from 
happening, writing a "1" into bit 6 of the control register and 
then addressing and reading the counter will result in a 
stable reading. This operation prevents the holding register 
from being updated by the counter and does not affect the 
counter's operation. 

The interrupt status register is read by addressing either 
control register with the RD line active. A "1" in bit 7 
indicates Timer A has timed out and a "1" in bit 6 indicates 
Timer B has timed out. Bits 0-5 are zeros. 

Jam Enable ~ J 1=Enabled 
O=DIsabled ltG= 1=PosltlVe (HIgh) 

O=Negatlve (low) 

Interrupt Enable 
1 = Enabled 
O=D.sabled 

Mode Select I 
001=Mode 1 
OlD-Mode 2 

·011=Mode 3 
100=Mode 4 
101=Mode 5 

·Plus B,t 7=0 

Holding Register Control 
1" Freeze Holding Register 
0= Update Continuously 

Start/Slop Control 
1 "Start Counter -----' 
O=Stop Counter 

Blta 0,1 and 2 - Mode Selects-See Mode Timing Diagrams (Figs. 2, 3, 4, 5 and 6). 

Mode 1 - Timeout 
Mode 2 - Timeout Strobe 
Mode 3 - Gate Controlled One Shot 
Mode 4 - Rate Generator 
Mode 5 - Variable-Duty Cycle 

No Mode selected. Counter outputs unaffected 

Note: When selectinlL!...!!]ode, the timer outputs TAO and 
TBO are set low, and TAO and fBO are set high. If bits 0,1 
and 2 are all zero's when the control register is loaded, no 
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Bit 7 Bit 2 Bit 1 Bit 0 
- 0 0 1 
- 0 1 0 
0 0 1 1 
- 1 0 0 
- 1 0 1 

- 0 0 0 

mode is selected, and the counter-timer outputs are 
unaffected. Issuing mode 6 will cause an indeterminate 
condition of the counter, issuing mode 7 is equivalent to 
issuing mode 5. 
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Bit 3-Gate level select-All modes require an enabling 
signal on the gate to allow counter operation. This enabling 
signal is either a level or a pulse (edge). Positive gate level 
or edge enabling is selected by writing a "1" into this bit and 
negative (low) enabling is selected when bit 3 is "0". 

~4-lnterrupt enable-Setting this bit to "1" enables the 
INT output, and setting it to "0" disables it When reset, the 
INT output is at a high level. If the interrupt enable bit in the 
control r~ster is enabled and the counter decrements to 
zero, the INT output will go low and will not return high until 
the counter-timer is reset or the selected control register is 
written to Example: If timer B times out, control register B 
must be accessed to reset the INT output high. If the 
interrupt enable bit is set to "0", the counter's timeout will 
have no effect on the INT output. 

In mode 5, the variable-duty cycle mode, the INT pin will 
become active low when the MSB in the counter has 
decremented to zero. 

Bit 5-Startlstop control-This bit controls the clock input 
to the counter and must be set to "1" to enable it. Writing a 
"0" into this location will halt operation of the counter. 
Operation will not resume until the bit is set to "1" 

Bit 6-Holding register control-Since the counter may be 
decrementing dUring a read cycle, writing a "1" into this 
location will hold a stable value in the hold register for 

MODE DESCRIPTIONS 

subsequent read operations. Rewriting a "1" into bit 6 will 
cause an update in the holding register on the next trailing 
clock edge. If this location contains a "0", the holding 
register will be updated continuously by the value in the 
counter. 

Bit 7-Jam enable-When this bit issetto "1" during a write 
to the control register, the 16-bit value in the jam register 
will be available to the counter; TAO and TBO are reset low 
and TAO andTBO are set high. On the trailing edge of the 
first input clock signal with the gate valid this value will be 
latched in the counter, the counter outputs TAO and TBO 
will be set high and the TAO and 'i'BO will be reset low. 
Setllng bit 7 to "0" will leave the counter value unaffected. 
This location should be set to "0" any time a write to the 
control register must be performed without changing the 
present counte. value. If the value in the jam register has not 
been changed, writing a "1" into bit 7 of the control register 
with zeros in bits 0, 1, and 2 (mode select) will reload the 
counter with the old value and leave the mode unchanged. If 
the value in the jam register is changed, then the next write 
to the control register (with bit 7 a "1") must include a valid 
mode select (i.e., at least 1 of the bits 0, 1, or 2 must be a "1"). 

I n mode 3, the hardware start is enabled by writing a "0" into 
bit 7 If a "1" is written to bit 7, the timeout will start 
Immediately and mode 3 will resemble mode 1. 

Mode Control Realster Gate Control 

I xIxIxIxIxiolol11 

Selectable 

1 
Timeout High or Low Level 

Enables Operation 
BUS 7 

Mode 1: 
After the count is loaded into the Jam register and the 
control register is written to with the jam-enable bit high on 
the trailing edge of the first clock after the gate is valid, TXO 
goes high and TXO goes low. The input clock decrements 
the counter as long as the gate remains valid. When it 
reaches zero, TXO goes low and TXO goes high, and if 

COUNTER VALUE 

CLOCK 

WR 
CONTROL 
REGISTER 

GATE 

TXO 
----- .3J 

BUSO 

enabled, the interrupt output is set low. Writing to the 
counter while it is decrementing has no effect on the 
counter value unless the control register is subsequently 
written to with the jam-enable bit high. After timeout the 
counter remains at FFFF unless reloaded. 

STALL COUNTER 

~ 

LOAD COUNT = 5 

92CM-34628R3 
Fig. 2 - Timeout (mode 1) timing waveforms. 
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Mode Control Realster Gate Control 

\ X\X\X\X\X\O\1\ol 

Selectable 

2 
Timeout Strobe High or Low Level 

Enables Operation 
BUS 7 

Mode 2: 
Operation of this mode is the same as mode 1, except the 
outputs will change for one clock period only and then 

CLOCK 

ViR 
CONTROL 

REGISTER 

GATE 

TXO 

o 

* WRITE TO CONTROL REGISTER WITH 
MODE SELECTS==Q 

BUS 0 

return to the condition of TXO high andTXC> low, and the 
counter is reloaded. 

* 

92CM-34629R'2 

Fig. 3 - Timeout strobe (mode 2) timing waveforms. 

Mode Control Realster Gate Control 
Selectable 

loIX\X\X\X\O\11 1 \ 

3Positive or Negative 

3 
Gate Controlled One Shot ~Oing Edge Initiates 

Operation 
BUS 7 

Mod. 3: 
After the jam register is loaded with the required value, the 
gate edge will initiate this mode. TXO will be set high, and 
T)U5 will be set low. The clock will decrement the counter. 
When zero is reached, TXO will go low and"'fXO' will be 
high, and the interrupt output will be set low. The counter is 

COUNTE R VALUE 

CLOCK 

Wll 
CONTROL 

REGISTER 

GATE 

TXO 

BUSO 

retriggerable: While the counter is decrementing, a gate 
edge or write to the control register with the jam-enable bit 
high, will load the counter with the jam register value and 
restart the one-shot operation. 

2 o 

92CM-3463QR2 

Fig. 4 - Gate controlled one-shot (mode 3) timing waveforms. 
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Mode Control Register Gate Control 

I xlxlxlxlxl11olo1 
Selectable 

4 
Rate Generator High or Low Level 

Enables Operation 
BUS 7 BUS 0 

Mode 4: 
A repetitive clock-wide output pulse will be output, with the 
time between pulses equal to the counter's value, (trailing 
edge to leading edge). ThiS model is software started with a 
write to the control register If the gate level is valid If the 
counter is written to while decrementing, the new value will 

not affect the counter's operation until the present timeout 
has concluded, unless the control register is written to with 
the Jam-enable bit high If the gate Input (TAG or TBG) is 
used to start thiS mode. The first cycle following the gate 
going true IS indeterminate. 

COUNTER VALUE 

CLOCK 

iVA 
CONTROL 
REGISTER 

GATE 

TXO 

5 

Mode 5: 

o o N 

LOAD COUN T = 3 

Fig. 5 - Rate generators (mode 4) timing waveforms. 
92CM- 34631R2 

Mode Control Register Gate Control 

I xlxlxlxlxl1lo\11 
Selectable 

Variable Duty Cycle High or Low Level 
Enables Operation 

BUS 7 BUS 0 

After the mode is initiated, the outputs will remain at one 
level until the clock decrements the least significant byte of 
the counter to N+1. The outputs will then change level and 
the counter decrements the most significant byte to N+1. 
The process will then repeat, resulting in a repetitive output 

with a duty cycle directly controlled by the value in the 
counter. The output period will be equal to LSB+MSB+2. 

COUNTER VALUE 

CLOCK 

WR 
CONTROL 

REGISTER 

GATE 

TXO 

The interrupt output will become active after the MSB is 
loaded into the counter and decrements to zero. 

o o 

o 

LSB 

LOAD COUNT LSB =2 AND MSB = I 

Fig. 6 - Variable-duty cycle (mode 5) timing waveforms. 

Note: 
In order to avoid unwanted starts when selecting mode 3 or 
4, the gate signal must be set to the opposite level that will 
be programmed. 
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Setting the Control Regllter 

The following will illustrate a counter write and subsequent 
reads that places stable, accurate values on the data bus 
from the counter-timer. 

The counter is addressed and the required values are 
loaded with a write operation. The control register is 
addressed next and loaded with B9H. 

aUS7 auso 

Holding regll'er continuously 
updated by counter 

II '----..-----'t Control R.gl.ter~ a9H 

Mode 1 selecled 

Po,itlve gale enabling 
required 

Interrupt output enabled 

Counler S'I,t 

The counter will now decrement with each input clock pulse 
while the gate IS valid Assuming the counter has not 
decremented to zero and its value is to be read without 
affecting the counter's operation, a write to the control 
register is performed. 78H IS loaded into the control 
register. 

BUS7 BUSO 

I I. I· I· I 0 I 0 I 0 I 
f 1 Tf,ontrol reglsl.r~78H 

Counler value Unchanged I 
unaffected Counler outputs unalfecled 

Freeze holding register 

The counter is addressed and read operations are per
formed. 
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Function Pin Definition 
DB7-DBD-8-bit bidirectional bus used to transfer binary 
information between the microprocessor and the dual 
counter-timer. 
VDD. Vss-Power and ground for device. 
AD, A1. and A2-Addresses used to select counters or 
registers. 
TPB/WR, RD-Directional signals that determine whether 
data will be placed on the bus from a counter or the 
interrupt status register (Rt5 active) (memory mapped), or 
data on the bus will be placed into a counter or control 
register (TPB/WR active). The following connections are 
required between the microprocessor and the counter
timer in the CDP1800-series input/output mapping mode. 

Microprocessor 

MRD 

TPB 

TPA 

N Lines 

and I-O/MEM to VDD. 

Counter-Timer 

TPB/WR 

TPA 

Address Lines 

During an output instruction, data from the memQ.IY is 
strobed into the counter-timer during TPB when l1IJ is 
active, and latched on TPB's trailing edge. Data is read from 
the counter-timer when AD is not active between the 
trailing edges of TPA and TPB. (See Figs. 10, 11, and 12.) 

TACL, TBCL-Clocks used to decrement the counter. 
TAG, TBG-Gate inputs used to control counter. 
TAO, TAO-Complemented outputs of Timer A. 
TBO, TBO-Complemented outputs of Timer B. 
iiii't -Common interrupt output. Active when counter 
decrements to zero. 
RESET-Active low s~ that resets counter outputs 
(TAO, TBO low, TAO, TBO high). The interrupt output is 
set high and the status register is cleared. 
I-O/~-Tied high in CDP1800-series input/output mode, 
otherwise tied low. 
TPA-Tied to TPA of the CDP1800-series microprocessors. 
During memory mapping, it is used to latch the high order 
address bit for the chip select. In the CDP1800 input/output 
mode, it is used to gate the N lines. When the counter-timer 
is used with other microprocessors, or when the high order 
address of the CDP1800-series microprocessors is ex
ternally latched, it is connected to VDD. 
CS-An active high Signal that enables the device. 
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LJ 
CLOCK XTAL -TACL,TBCL ~ 

CLEAR RESET 

MWR TPB/WR +--
MRD Rb 
TPA TPA f----

K MAO AO 

~ MAl AI f----
ADDRESS 

LINES MA2 A2 

MA7 CS f----
VSS--

I-O/MEM 

INT INT r--
MEMORY CDPI802 

COUNTER-TIMER 
DBO - DB7 

D,",,," 
DATA 8US 

Fig. 7 - Typical CDP1802 memory-mapped system. 

TPA 

ADDRESS 

TPB/WR 

DATA FROM CPU 
TO COUNTER-TIM E R 

LATCH HI- ORDER 

___ --'~ADDRESS FOR CS 

H' - BYTE LOW BYTE 

VALID DATA 

92CS -34634 

TAG 
GATE 

I N PUTS 
TBG 

TAO 

TBO 

TIMER 
OUTPUTS 

Fig. 8 - CDP1800-series memory-mappmg write cycle tlmmg waveforms. 

TPA __ ---'Il~ ______________ __ 
ADDRESS HI-BYTE LOW BYTE 

OUTPUT DRIVERS 

rENABLED DISABLED =i 
DATA FROM -------IV7%l 

COUNTER-TIMER I//'//j VAllO DATA 
TO CPU 1<_'-"-.£....<...1.. _________ -' 

92CS-3463f:i 

Fig. 9 - CDP1800-serles memory-mappmg read cycle timing waveforms. 
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CO I 
CLOCK XTAL 

4 TACL,TBCL 

CLEAR RESET 

TPA TPA 

MRD Rii 

~ 
TPB TPB/WR 

NO AO 
r-..... 

ADDRESS 
NI AI 

LINES N2 A2 

VDD - CS 

L- I.-O/MEM 

INT I.NT 

MEMORY CDPI802 
COUNTER-TIMER 

080- DB7 

'\ 
~ 

+--

+----
--+ 

--+ 

TAG 
GATE 

INPUTS 
TBG 

TAO 

TBO 

TIMER 
OUTPUTS 

DATA BUS 92C M- 34636 

Fig. 10 - Typical CDP1802 input/output-mapped system. 

TPA~~ ___________ ___ 

N LINES J 
TPB/WR 

DATA FROM MEMORY 
TO COUNTER-TIMER 

L 

92CM- 34631 

Fig. 11 - CDPl800-series input/output-mapping timing waveforms with output instruction. 

TPA ~OUTPUT DRIVERS ENABLED 

TP8/WR _____________ -1!t--0UTPUT DRIVERS DISA8LED 

N LINESJ 

DATA FROM ~ 
COUNTER- TIM ER -----I VALID DATA 

TO MEMORY '-_________ ~ 92CM- 34638 

Fig. 12 - CDPI800-series input/output· mapping timing waveforms with input instruction. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A=-40 to +850 C, VDD=5 V ± 5%, 

Input tr,t,=10 ns; CL =50 pF and 1 TTL Load 

CHARACTERISTIC 

Read Cycle Times (see Fig 13) 

Oata Access from Address tOA 
Read Pulse Width tRO 
Oata Access from Read tOR 
Address Hold after Read tRH 
Output Hold after ffii'BcI" tOH 
Chip Select Setup to TPA tcs 

tTl me required by a limit device to allow for the indicated function. 
·TYPlcal values are for T A=25' C and nominal VDD 

TPA J I 

- 350 
400 -
- 250 
0 -
50 -
50 -

-

-
-

-- r--'CS 1--' RH-

ADDRESS/CHIP SELECT 
\11 \11 
JI\ jl\ 

'RD 
READ 

il 
, 1\ 

\V 
DATA TO CPU 

JI\ 
'DR 

\j 
\ 

'DA j--'DH-

Fig. 13 - Read cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA=-40 to +850 C, VDD=5 V ± 5%, 

Input tr,t,=10 nl; CL =50 pF and 1 TTL Load 

CHARACTERISTIC 

Write Cycle Tlmel (lee Fig 14) 

Address Setup to Write tAS 
Write Pulse Width tWR 
Data Setup to Write tDS 
Address Hold after Wrlie tAH 
Data Hold after Write tWH 
Chip Select Setup to TPA tcs 

tTime required by a limit device to allow for the Indicated function 
"TYPical values are for TA=2So C and nominal VOO. 

TPA J l -- r-- tcs 

\1 
ADDRESS/CHIP SELECT 

J\ 
i--- tAS , 

1\ 

DATA TO COUNTER TIME R 

150 -
150 -

200 -
50 -
5'0 -
50 -

tWR 

• J 

W 
/~ 

f4--t os -

Fig. 14 - Write cycle timing waveforms. 
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REFERENCE APP NOTE 7275 
February 1992 

Features 
o CPU Interface for Use with General-Purpose Microprocessors 

o TIme Of DaylCalendar 

o Reads Seconds, Minutes, Hours 

o Reads Day of Month and Month 

o Alarm Circuit With Seconds, Minutes or Hours Operation 

o Power Down Mode 

o Separate Clock Output Selects 1 of 15 Square Wave Signals 

o Interrupt Output Activated By Clock Output and/or Alarm Circuit 

o Date Integrity Sampling for Clock Rollover Eliminated 

o On-Board OsCillator: 

- Crystal Operation CDP1879 at 10V . . • . • • • • • • • • • •• 4.19MHz, 
2.09MHz or 1.048MHz 

Crystal Operation CDP1879C-l at 5V ••••••••••••• 4.19MHz, 
2.09MHz or 1.048 or 32kHz 

External Clock Operation at 10V or 5V •••••••••.•• 4.19MHz, 
2.09MHz 1.048MHz or 32kHz 

o Addressable In Memory Space or CDPI800 Series I/O Mode 

o Low Standby (TImekeeping) Voltage with External Clock 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 5Y lOY 

Plastic DIP -4O"C to +85°C CDPI879CEI CDP1879E 

Ceramic DIP -4O"C to +85°C CDPI879CDI 

Bum-In CDPI879CD1X CDP1879DX 

CDP1879 
CDP1879C-1 

CMOS Real-Time Clock 

Description 
The COP1879 real-time clock supplies time and calendar 
information from seconds to months in BCD format. It 
consists of 5 separately addressable and programmable 
counters that divide down an oscillator Input. The clock input 
can have any one of 4 possible frequencies, allowing 
flexibility in the choice of crystal or extemal clock sources. 
Using an extemal 32kHz clock source, timekeeping can be 
performed down to 2.5V (see Standby (TImekeeping) 
Voltage Operation). 

The device can be memory-mapped for use with any gen
eral-purpose microprocessor and has the additional capabil
ity of operating in the CDP1800 series inpuVoutput mode. 

The real-time clock functions as a time-of-day/calendar with 
an alarm capability that can be set for combinations of 
seconds, minutes or hours. Alarm time is configured by 
loading alarm latches that activate an interrupt output 
through a comparator when the counter and alarm latch 
values are equal. 

Fifteen selectable square-wave signals are available as a 
separate clock output signal and can also activate the 
interrupt output. A status register is available to indicate the 
interrupt source. The value in an 8 bit control register 
determines the operational characteristics of the device, by 
selecting the prescaler divisor and the clock output, and 
controls the load and alarm functions. 

A transparent "freeze" circuit preclude clock rollover during 
counter and latch access times to assure stable and 
accurate values In the counters and alarm latches. 

The COP1879 is functionally identical to the COPI879C-l. 
The COP1879 has a recommended operating voltage range 
of 4V to 10.5V, and the COPI879C-l has a recommended 
operating voltage range of 4V to 6.5V. The COP1879 and the 
COPI879C-l are supplied in 24 lead hermetic dual-in-line 
side-brazed ceramic packages (0 suffix) and 24 lead dual-in
line plastiC packages (E suffix). 

Pinout CDP1879 Modes of Operation 
24 LEAD DIP 

TOP VIEW 

REsET 2 

POWERDOWN 3 

iii) 

l-OIiffii 
TPEIiW"R 

TPA 

Yoo 
XTAl 

Xi'Al 
ClK 
OUT 
DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DBI 

DBD 

OPERATION 

Read 

Write 

Power Down 

Interrupt 

FUNCTION 

1. Seconds, minutes, hours, date and month counters 
2. Status register to Identity interrupt source 

1. Control register to set device operation 
2. Seconds, minutes, hours, date and month counters 
3. Alarm latches for alarm time 

1. Tri-state interrupt output with active alarm or clock out circuitry 
for wake-up control 

2. Data bus and address inputs are 'DONT CARE" 

1. Clock out as source 
2. Alarm time as source 
3. Either Interrupt can occur during normal or power down mode 

CAUTION: These d8Yices are sensHive to electrostatic discharge. Users should follow proper I.C Handling Procedures. 
Copyright @ Harris Corporation 1992 

File Number 1360.1 
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CDP1879, CDP1879C-1 

MAXIMUM RATINGS, Absolute-Maximum Velues: 

DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltage referenced to Vss Terminal) 
CDP1879 ........................................................................................................... -0.5 to +11 V 
CDP1879C-l ••.••...••••..........•...•..•....••..••....•••.....•.•••.....•.•.•.•....•••....•..............•...•..•. -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ..•.....••••..••...•.•.....••.•.•.•.•.••••••....•........................• -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ........••.........•.............•......................•..........•..••••.•......• ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For TA = -40 to +60· C (PACKAGE TYPE E) ............................................................................... 500 mW 
For TA = +60 to +85·C (PACKAGE TYPE E) ................................................. Derate Linearly at 12 mW/·C to 200 mW 
For TA = -55 to +1 OO·C (PACKAGE TYPE D) ........ _ ..................................................................... 500 mW 
ForTA = +100 to +125·C (PACKAGE TYPE D) .............................................. Derate Linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................................... 40 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE D, H ............................................................................................. -55 to +125·C 
PACKAGE TYPE E ........................................................................................ . ..... -40 to "'85·C 

STORAGE TEMPERATURE RANGE (Tslg) ........................................................................... -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING). 

At dIstance 1/16 ± 1/32 in. (1 59 ± 0.79 mm) from case for 10 s max ..................................................... +265· C 

OPERATING CONDITIONS at TA=Full Package-Temperature Range, unless otherwise noted. 
For maximum reliability, operating conditions should be selected 10 that operation Is always within the following rango: 

LIMITS 
CHARACTERISTIC CDP1879 CDP1879C-1 

Min. Max. Min. 
DC Operating Voltage Range 4 10.5 4 
Input Voltage Range Vss Vee Vss 
DC Standby (Timekeeping) Voltage' VSTBV 
T A = -40· to +85· ct 3 - 3 
TA = O· to +70·C 2.5 - 2.5 

Clock Input Rise or Fall Time t"t, 
Vee = 5 V - 10 -
Vee-10V - 1 -

'Timekeeping function only, no READ/WRITE accesses, 32-kHz externallrequency source only, 
no crystal operation. 

tSee Standby (Timekeeping) Voltage Operation, Page 11. 
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AI 

A2 -TPA 

:t-O/l.inl 
ADDRESS DECODE 

AND 
CONTROL LOGIC 

TPB/Wi! 

CS 

POWER DOWN 

TABLE I 

Control Register Bit As.lgnment 

Bit 1, 0 

Frequency 00 
Select 01 

10 
11 

Bit 2 
Start/Stop 

Blt3 
Counter/Latch Control 
"0" = Write to counter and 
disable alarm 
"1" = Wnte to & enable alarm 
Clock Select 
Bit. 7, 6, 5, 4 
0000 - disable IlS 
0001 - 488.2 IlS 
0010 - 976.5 IlS 
0011 - 1953.1 IlS 
0100 - 3906.2 Ils 
0101 - 7812.5 iJS 
0110 - 15.625 ms 
0111 - 31.25 ms 

32768 Hz 
1.048576 MHz 
2.097152 MHz 
4.194304 MHz 

1 = Start 
o = Stop 

1000 - 62.5 ms 
1001 - 125 ms 
1010 - 250 ms 
1011 - 500 ms 
1100 - sec. 
1101 - min. 
1110 - hour 
1111 - day 

Fig. 1 - Real-tIme clock functional diagram. 

TABLE II 

Addre •• e. A2 A1 AO 

Latch, Counter Seconds 0 1 0 
Latch, Counter Minutes 0 1 1 

Latch, Counter Hours 1 0 0 

Counter, Day 1 0 1 

Counter, Month 1 1 0 

Control, Register 1 1 1 
Status Register 1 1 1 

MSB of hours counters (Bit 7) is an AM-PM bit. 0 = AM; 

1 = PM. 

Bit 6 of hours counter controls 12124 hr. 1 = 12 hr: 

0= 24 hr. 

Status Register: Bit 7 MSB = alarm 

Interrupt Source: Bit 6 = clock 

MSB of Month Counter (Bit 7) is a Leap Year Bit 0 = No, 

1 = Yes. 
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Specifications CDP1879, CDP1879C-1 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C VDD ± 5%, Except 81 noted 

CONDITIONS LIMITS 

CHARACTERISTIC Vo VIN VDD CDP1879 CDP1879C-1 UNITS 

(V) (V) (V) 
Min. Typ.- Max. Min. Typ.- Max. 

Quiescent Device Current 100 0,5 5 - 0.01 50 - 0.02 200 
Jl.A 

0, 10 10 - 1 200 - - -
Output Low Drive (Sink) 0.4 0,5 5 1.8 4 - - - -
Current, Data Bus & INT IOL 0.5 0, 10 10 3.6 7 - - - -
Output High Drive (Source) 4.6 0,5 5 -1.1 -2.3 - -1.1 -2.3 -
Current, Data Bus & INT IOH 9.5 0, 10 10 -2.6 -4.4 - - - -
Output Low Drive (Sink) 0.4 0, 5 5 0.6 1.4 - 0.6 1.4 -
Current, Clock Out IOL 0.5 0, 10 10 1.2 3 - - - -

mA 
Output High Drive (Source) 4.6 0, 5 5 -1.1 -2.3 - -1.1 -2.3 -
Current Clock Out IOH 9.5 0, 10 10 -2.6 -4.4 - - - -
Output Low Drive (Sink) 0.4 0,5 5 0.2 0.9 - 0.2 0.9 -
Current, XTAL Out IOL 0.5 0, 10 10 0.4 2 - - - -
Output High Drive (Source) 4.6 o 5 5 -0.15 -0.4 -0.15 -0.4 -
Current XTAL Out IOH 9.5 0, 10 10 -0.3 -0.7 - - - -
Output Voltage - 0,5 5 - 0 0.1 - 0 0.1 

Low-Level VOL:!: - 0, 10 10 - 0 0.1 - - -
Output Voltage - 0, 5 5 4.9 5 - 4.9 5 -
High Level VOHt - 0, 10 10 9.9 10 - - - -

0.5,4.5 1.5 1.5 
V - 5 - - - -

Input Low Voltage VIL 
0.5,9.5 - 10 - - 3 - - -
0.5,4.5 - 5 3.5 - - 3.5 - -

Input High Voltage VIH 
0.5,9.5 - 10 7 - - - - -

Input Leakage Current liN 
Any 0, 5 5 ±1 ±1 

Input 0, 10 10 - - ±2 - - -
3-State Output 0,5 0,5 5 ±1 ±1 

Jl.A - - - -
Leakage Current lOUT 0, 10 0, 10 10 - - ±1 - - -
Operating Current * 

External Clock 32 kHz - - 5 - 0.01 0.15 - 0.01 0.15 

1 MHz - - 5 - 0.2 1 - 0.2 1 

2 MHz - - 5 - 0.35 1.5 - 0.35 1.5 

4MHz - - 5 - 0.7 2 - 0.7 2 

32 kHz - - 10 - 0.03 0.25 - - -
1 MHz - - 10 - 0.4 2 - - -
2 MHz - - 10 - 0.8 3 - - -
4 MHz - - 10 - 1.6 4.5 - - - mA 

XTAL Oscillator** 32 kHz - - 5 - 0.1 0.25 - 0.1 0.25 

1 MHz - - 5 - 0.3 0.5 - 0.3 0.5 

2MHz - - 5 - 0.4 0.6 - 0.4 0.6 

4 MHz - - 5 - 0.6 0.8 - 0.6 0.8 

1 MHz - - 10 - 1.6 3 - - -
2 MHz - - 10 - 1.8 3.5 - - -
4MHz - - 10 - 2 5 - - -

Input Capacitance CIN - - - - 5 7.5 - 5 7.5 

Output Capacitance COUT 10 15 - 10 15 
pF 

- - - -
Maximum Clock Rise tr,t! - - 5 - - 10 - - 10 

and Fall Times - 10 - - 1 - - JI.S - -
-Typical values are for TA = 25°C and nominal Voo. 
:t:IOL = IOH = 1 Jl.A. 

*Operating current measured with clockout = 488.2 IJS and no load; 
** See Table III and Fig 6 for oscillator circuit information. 
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PROGRAMMING MODEL 

WRITE AND READ REGISTERS 

BCD FORMAT 
DB? 

TENS 0-5 
I I 

i i 

UNITS 0-9 
I I I 

SECONDS COUNTER (00-59) 

DB? 

DBO 

DBO 
I I I I 
I TENS 0-5 UNITS 0-9 I 
LI _-LI_-LI_-L_-LI _-L __ IL-_~ 

MINUTES COUNTER (00-59) 

DB? DB6 DBO 

I X I X I T~NS I UNITS 0-9 1 I 
LI _-LI __ IL-_0IL-2_--"'L---.JI_--.JI_--.JI_ ~ 
HOURS COUNTER (01-12 or 00-23) 
DB? O=AM, 1 =PM 
DB6 0=24 HR, 1=12 HR 

DB? DBO 

I TENS 0-3 'UNITk 0-9 I I 
~ I I I I I 
DAY OF MONTH COUNTER 
(01-28,29,30,31 ) 

DB? DBO 

I I I I 

I'-x-r', -T-E'N-S-'oro-r-1-'-'U-N-I-T~--9-'-' 
MONTH COUNTER 

(JAN=1 DEC=12) 
DB? O=NO LEAP YEAR 

1=LEAP YEAR 

REGISTER TRUTH TABLE 

ADDRESS ACTIVE SIGNAL 

--
A2 A1 AD TPB/WR RD 

0 1 0 X -
0 1 0 - X 

0 1 1 X -
0 1 1 - X 

1 0 0 X -
1 0 0 - X 

1 0 1 X -

1 0 1 - X 

1 1 0 X -
1 1 0 - X 

0 1 0 X -

0 1 1 X -

1 0 0 X -

1 1 1 X -

1 1 1 - X 
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WRITE ONLY REGISTERS 

DB? 

I ? I 6 5 4 3 2 

CONTROL REGISTER 

DBO-DB1 - FREQUENCY SELECT 
DB2 - START/STOP 

DBO 

DB3 - COUNTER/ALARM LATCH CONTROL 
DB4-DB? - CLOCK OUTPUT SELECT 

DB? DBO 

I TfNS 0
1
-5 yNIT~ 0-9 

SECONDS ALARM LATCH (00-59) 

DB? DBO 

UEN~0-5 : ~ NIT~ 0-9 I J 
I I I 

MINUTES ALARM LATCH (00-59) 

DB? DB6 DBO 

ixnx -T-E~'N-S-'I -'0-N-I-TS'I-0--9-'1-~ 
0-2 

_~_-L_' . _-LI _-LI _-L_~ 
HOURS ALARM LATCH (01-12 or 00-23) 
12 HR, DB?=O AM, 1 =PM 
24 HR, DB?=X 

READ ONLY REGISTER 

DB? DB6 DBO 

I X ! X ! 0 ! 0 I 0 ! 0 ! 0 I 0 ! 
INTERRUPT STATUS REGISTER 
DB?=1 ALARM CIRCUIT ACTIVATED INT 
DB6=1 CLOCK OUTPUT ACTIVATEDINT. 

BIT 3 

CONTROL REGISTER OPERATION 

REGISTER 

0 Write Seconds Counter 

0 Read Seconds Counter 

0 Write Minutes Counter 

0 Read Minutes Counter 

0 Write Hours Counter 

0 Read Hours Counter 

0 Write Date Counter 

0 Read Date Counter 

0 Write Month Counter 

0 Read Month Counter 

1 Write Seconds Alarm Latch 

1 Write Minutes Alarm Latch 

1 Write Hours Alarm Latch 

- Write Control Register 

- Read Int. Status Register 
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CDP1879, CDP1879C-1 

GENERAL OPERATION 

The real-time clock contains seconds, minutes, and hours, 
date and month counters that hold time of day/calendar 
information (see Fig. 2). The frequency of an intrinsic 
oscillator is divided down to supply a once-a-second signal 
to the counter series string. The counters are separately 
addressable and can be written to or read from. 

The real-time clock contains seconds, minutes and hour 
write-only alarm latches that store the alarm time (see Fig. 
3). When the value of the alarm latches and counters are 
equal, the interrupt output is activated. The interrupt output 
can also be activated by a clock output transition. The clock 
output is derived from the prescaler and counters and can 
be one of 15 square-wave signals. The value in the read
only interrupt status register identifies the interrupt source. 

ill 
I 

A/ 

A 

TPA 

I.-O/MEM 

TPB/W1f 

cs 
POWER DOWN 

AQDRESS DECODE 
AND 

CONTROL LOGIC 

Operational control of the real-time clock is determined by 
the byte in a write-only control register. The 8-bit value in 
this register determines the correct divisor for the prescaler, 
a data direction and alarm enable bit, clock output select, 
and start/stop control (see Fig. 4). 

Data transfer and addressing are accomplished in two 
modes of operation, memory mapping and I/O mapping 
using the CDP1800-series microprocessors. The mode is 
selected by the level on an input pin. (I-O/MEM). Memory 
mapping implies use of the address lines as chip selects and 
address inputs using linear selection or partial or full 
decoding methods. I/O mapping with the CDP1800-series 
microprocessors involves use of the N line outputs in 
conjunction with input and output instructions to transfer 
data to and from memory. 

92CL-34913 

Fig. 2 - Functional diagram - time counters highlighted. 
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AI 

A2 

TPA 

:L-o/Mfil 
TPB/WR 

CS 

POWER DOWN 

ADDRESS DECODE 
AND 

CONTROL LOGIC 

9ZCL-34914 

FIg. 3 - FunctIonal diagram - alarm ClfCUlt, clock output, mterrupt, and status registers highlIghted. 

OPERATIONAL SEQUENCE 

Power is applied and the real-time clock is reset. This sets 
the interrupt output pin high. After the CS pin is set high and 
with address 7 on the address input lines, the control 
register is loaded via the data bus to configure the clock. 

With selective addressing, the seconds through month 
counters are then written to and loaded to set the current 
time. The real-time clock will now hold the current "wall 
clock" time, with an accuracy determined by the crystal or 
external clock used. If the alarm function is desired, the 
control register is accessed and loaded again This new 
byte Will allow subsequent time data to be entered into the 
seconds, minutes and hours alarm latches. This sequence 
is also used when selecting one of the 15 available clock-out 
signals. 

If the alarm function was selected, the interrupt output pin 
will be set low when the values in the seconds, minutes and 
hour alarm latches match those in the seconds, minutes and 
hour counters 

If one of the 15 sub second-to-day clock outputs is selected 
by the byte in the control register, the clock output pin 
toggles at that frequency (50% duty cycle). The interrupt 

output will also be set low on the first clock out negative 
transition. The interrupt source (alarm or clock out) can be 
determined by reading the interrupt status register. The 
clock output can be deselected by placing zero in the upper 
nibble of the control register If the alarm function is selected 
as the only interrupt source. 

COUNTERS (See Fig. 2) 

The counter section consists of an on-board oscillator, a 
prescaler and 5 counters that hold the time of day/calendar 
Information. 

4-97 

1 of 4 possible external crystals determine the frequency of 
the on-board oscillator (32,768 Hz, 1 048576 MHz, 2.097152 
MHz, 4.194304 MHz). The oscillator output is divided down 
by a prescaler that supplies a once-a-second pulse to the 
counters. The seconds counter divides the pulse by 60 and 
its output clocks the minute counter every 60 seconds. 
Further division by the minutes, hours, day of month and 
month counters result in 5 counters holding data that 
reflects the time/calendar from seconds to months. The 
counters are addressed separately and BCD data is 
transferred to and from via the data bus. The most significant 
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CLOCK OUT 

VOD 
0--
~ 

AO 

AI 

A2 

TPA 

I-O/MEM 

TP'8/WR 

CS 

POWER DOWN 

ADDRESS DECODE 
AND 

CONTROL LOGIC 

92CL-34915 

Fig. 4 - Functional diagram - control register highlighted. 

bit of the hours counter (Bit 7) is user programmed to 
indicate AM or PM and will be inverted every 12th hour. (0 = 
AM, 1 = PM). Bit 6 of the hours counter is user programmed 
to enable the hours counter for 12 or 24 houroperation. (0 = 
24,1 = 12). If 24-hour operation is selected, the AM-PM bit is 
"don't care", but stili toggles every 12th hour. Writing to the 
seconds counter resets the last 7 stages of the prescaler, 
allowing time accuracy to approximately 1/100 of a second. 

The most significant bit of the month counter is a Leap Year 
bit. If it is set to "1", the counter will count to February 29, 
then roll to March 1. If set to "0" It will go to March 1st after 
February 28th. 

ALARM AND INTERRUPT STATUS REGISTER (See Fig. 3) 

The alarm circuit consists of 1) seconds, minutes and hour 
alarm latches that hold the alarm time, 2) the outputs of the 
seconds, minutes and hour counters, and 3) a comparator 
that drives an interrupt output. The comparator senses the 
counter and alarm latch values and activates the interrupt 
output (active low) when they are equal. 

The write-only alarm latches have the same addresses as 
their comparable counters. Bit 3 in the control register 

determines data direction to the latches or counters and 
alarm enabling. For example, during a write cycle, if bit 3 in 
the control register IS a "1", addressing the seconds counter 
or alarm latch will load the seconds alarm latch from the 
data bus and will enable the alarm function. Conversely, if 
bit 3 in the control register is a "0", addressing the seconds 
counter or alarm latch during a write cycle will place the 
value on the data bus into the seconds counter and will 
disable the alarm function. The interrupt output can be 
activated by the alarm circuit or the clock output. When an 
interrupt occurs, the upper two bits of the interrupt status 
register identify the interrupt source. The interrupt status 
register has the same address as the control ~ster. 
Addressing the interrupt status register with the RD line 
active will place these register bits on the data bus. Bits 0-5 
are held low. A "1" in bit 6 represents a clock output 
transition as the interrupt source. A "1" in bit 7 will identify 
the alarm circuit as the interrupt source. 

Activating the reset pin (active low) resets the hour latch to 
"30" which prevents a match between alarm and time 
registers during an initialization procedure. Activating the 
reset pin or writing to the control register resets the 
interrupt output (high) and clears the interrupt status 
register. 
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CLOCK OUTPUT (See Table I and Fig. 3) 

One of 15 counter and prescaler overflows can be selected 
as a 50% duty cycle output signal that is available at the 
"clock out" pin. The frequency is selected by the upper 
nibble in the control register. For example, selecting a one
second clock output will result in a repetitive signal that will 
be high for 500 ms and low forthe same period The high-to
low transition of the output signal will set the clock bit in the 
status register and activate the interrupt output. The level of 
the "clock out" Signal is derived from the value in the 
counter Example' if hours clock IS selected and the minutes 
counter holds 4 minutes, the clock out Will be low for 26 
minutes and high for 30 minutes. Thereafter, the clock out 
will toggle at a 50% duty cycle rate 

CONTROL REGISTER (See Table I and Fig. 4) 
BIT BIT 

7 6 I 5 4 I 3 2 o 

CONTROL REGISTER BYTE 

The 8-blt value In the control register determines the 
following. 
1. Bit 0 and 1 - Frequency Select - Since there are one of 

4 possible crystals the oscillator In the real-time clock 
can operate with, these bit levels determine the prescaler 
divisor so that an accurate one second pulse is supplied 
to the counter series string 

BIT 1 

a 
a 
1 
1 

BITO 

a 
1 
a 
1 

FREQUENCY 

32,768 Hz 
1.048576 MHz 
2 097152 MHz 
4.194304 MHz 

2. Bit 2 - Start-Stop Control - Counter enabling is 
controlled by the value at thiS location A "1" will allow 
the counters to function and a "a" In this location Will 
disable the counters. 

3 Bit 3 - Counter/Latch Control - The level at this 
locatIOn controls two functions. It is required since the 
counters and alarm latches have the same addresses 
1) A "a" in bit 3 will direct subsequent data to or from 

the counter selected and the alarm function Will be 
disabled. 

2) A "1" In bit 3 will direct subsequent data to or from 
the alarm latch and will enable the alarm. 

4. Bits 4 to 7 - Clock Select - These bits select one of 15 
square-wave signals that will be present at the "clock
out" pin. If bits 4to 7 are zero's, the clock output pin will 
be high. If a clock is selected, the first high-to-Iow clock 
out transition Will activate the interrupt pin (active low) 
and place a "1" in bit 6 of the status register. Writing to 
the control register or activating the reset pin will set the 
interrupt pin high and resetthe interrupt status register. 

Normal operation requires the control register to be written 
to and loaded first With a control word. However, subsequent 
writing to a counter if a "clock out" is selected may cause an 
interrupt out signal. Therefore, "clock-out" should be 
deselected by writing zero's into bits 4 through 7 if the 

interrupt is used. When the counters are loaded, the control 
register is again written to with the value in the upper nibble 
selecting the "clock out" signal. See Table I. 

READ AND WRITE SIGNALS 

When the I-O/MEM pin is low, the real-time clock is enabled 
for memory mapped operation. Data on the bus IS placed in, 
or read from a counter, alarm latch or register by 1) placing 
the C.§J>in high, 2) selective addressing, :ll...Placing the 
TPB/WR pin low dUring a write cycle with the RD pin high or 
4) se!!illg the RD pin low dUring a read cycle with the 
TPB/WR pin high. 

The I/O mapping mode used With the CDP1800 series 
microprocessor~ selected by setting the I-O/MEM pin 
high The TPB/WR pin on the real-time clock IS connected 
to the TPB output pin of the microprocessor. Data on the 
bus IS written to or read from the counters, latches and 
registers by 1) plaCing the CS pin high, 2) selective 
addressing utilizing the microprocessor N lines and I/O 
instructions, 3) placing the TPB/WR pin high with theRo 
pin low during an output or write operation (data is latched 
on TPB's trailing edge), 4) setting the RD line high dUring an 
input or read operation. Data is placed on the bus by the 
real-time clock between the trailing edges of TPA and TPB. 

FREEZE CIRCUIT 

Since writing to or reading from the counters or alarm 
latches IS performed asynchronously, the once-a-second 
signal from the prescaler may pulse the counter series 
string during these operations. This can result in erroneous 
data. To avoid this occurring, a transparent "freeze" Circuit 
IS Incorporated Into the real-time clock ThiS circuit is 
deSigned to trap and hold the one-second Input clock 
transition If It occurs dUring access times. When the 
operations are completed, it IS Inserted Into the counter 
series string. To utilize the "freeze" cirCUit, address "1" (AO = 
1, A1 = 0, A2 = 0) is selected first while performing a wnte 
operation. Read or write accesses may now be performed 
with assurance the data is stable. All operations must be 
concluded within 250 ms of the address "1" access. If 
memory mapping any dummy write operation after selecting 
address "1" will set the "freeze" cirCUIt. If uSing the I/O 
mode, a 61 output instruction Will perform the same 
function. There is no time restriction on subsequent 
accesses as long as the read or write operations are 
preceded by selecting address "1". 

POWER DOWN 

Power down operation is initiated With a low signal on the 
"POWER DOWN" input pin. In conjunction with the interrupt 
output, it is used to supply external control CirCUitS with a 3 
level control signal. The operating current is not appreciably 
reduced during "POWER DOWN" operation. When power 
down IS initiated, any inputs on the address or data bus are 
Ignored. The clock output is set low. The interrupt output is 
tn-stated. If enabled previously, the alarm Circuitry is active 
and will set the Interrupt output pin low when alarm time 
occurs. The Interrupt output will also go low if a clock was 
selected and an internal high-to-Iow transition occurs 
during power down The clock output Pin will remain low. If 
power down IS Initiated In the middle of a read or wnte 
sequence, it Will not become activated until the read or write 
cycle IS completed. 
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CDP1879, CDP1879C-1 

PIN FUNCTIONS 

VDD, VSS - Power and ground for device. 

DBO - DB7 - DATA BUS - 8-bit bidirectional bus that 
transfers BCD data to and from the counters, latches and 
registers. 

AO, A1, A2 - Address inputs that select a counter, latch or 
register to read from or write to. 

TPA - Strobe input used to latch the value on the chip 
select pin. CS is latched on the trailing edge of TPA. During 
memory mapping, it is used to latch the high order address 
bit used forthe chip select. When the real-time clock is used 
with other microprocessors, or when the high order adqress 
of the CDP1800 series microprocessor is externally latched, 
it is connected to VDD.ln the input/output mode, it is used to 
gate the N lines. 

I-O/MEM - Tied low during memory mapping and high 
when the input/output mode of the CDP1800 series 
microprocessor is used. 

RD. TPB/WR - DIRECTION SIGNALS - Active signals 
that determine data direction flow. In the memory mapped 
mode, data is ~ed on the bus from the counters or status 
register when RD pin is active. 

Data is transferred to a counter, latch or the control register 
when RD is high and TPBIWR is active and latched on the 
trailing edge (low to high) of the TPB/WR signal. 

In the input/output mode, dataJ!.placed on the bus from a 
counter or status register when RD is not active between the 
trailing edgesofTPA and TPB. Data on the bus is written to 
a counter, latch, or the control register during TPB when AD 

is active and latched on TPB's trailing edge. The following 
connections are required between the microprocessor and 
real-time clock in the CDP1800 series I/O mode. 

MICROPROCESSOR REAL-TIME CLOCK 

MRD ................ RD 
TPB ...........•....• TPB/WR 
TPA .•............ , .. TPA 
N LINES ............. ADDRESS LINES 
I-O/MEM ............ VDD 

CS - CHIP SELECT - Used to enable or disable the inputs 
and outputs. TPA is used to strobe and latch a positive level 
on this pin to enable the device. 

XTALAND XTAL - The frequency olthe internal oscillator 
is determined by the value of the crystal connected to these 
pins. "XTAL" may be driven directly by an external frequency 
source. 

CLOCK OUT -1 of 15 square wave frequencies will appear 
at this pin when selected. During power down, this pin will 
be placed low, and will be high dunng normal operation 
when the clock is deselected. 

POWER DOWN - POWER DOWN CONTROL - A low on 
this pin will place the device in the power down mode. 

iNT - Interrupt Output - A low on this pin indicates an 
active alarm time or high-to-Iow transition of the "clock out" 
signal. 

RESET - A low on this pin clears the status register and 
places the interrupt output pin high. 

FREQUENCY INPUT REQUIREMENTS 

The Real-Time Clock operates with the following frequency 
input sources: 

1. An external crystal that is used with the on-board 
oscillator. The oscillator is biased by a large feedback 
resistor and oscillates althe crystal frequency (see Fig. 
6, Table Ill). 

2. An external fre;rCency input that is supplied at the 
XTAL input. XT is left open (see Fig. 5). A typical 
external oscillator circuit is shown in Fig. 7 in section, 
"Standby (Timekeeping) VOLTAGE OPERATION". 

TABLE III· Typical OSCillator Circuit Parameters for Suggested Oscillator Circuit. see Fig. 6 

PARAMETERS 4.197 MHz 2.097 MHz 1.049 MHz 32768 Hz· UNITS 
R, 22 22 22 22 MO 

Co 39 39 39 39 pF 
Co 5 5 5 5 pF 
Rs - - - 200 KO 
CL - - - 91 pF 

Crystal Impedance 73 200 200 50K (max.) 0 

·CDP1879C-1 only. 
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CDP1879, CDP1879C·1 

FREQUENCY INPUT REQUIREMENTS (Cont'd) 

Design Considerations for Stable Crystal Oscillation 

1. Stray capacitances should be minimized for best 
oscillator performance. Circuit board traces should be 
kept to a maximum of 1 inch, and there should be no 
parallel traces. 

COPI879 

_.,.X_T_AL-+p.!!:IN~23~ ~~;~~~~~Y 
SOURCE 

PIN22 

92CS-36886 

Fig. 5 - Connections for an external-frequency source 
applied to real-time clock. 

2. A signal line or power source line must not cross or go 
near the oscillator circuit line. 

3. It is advisable to put a 0.1-microfarad capacitor between 
Voo and Vss of the CDP1879. 

COPI879 

XTAL PIN23 

PIN22 

XTAL R. 

PARALLEL 
RESONANT 
CRYSTAL 

92CS~3688!5RI 

C:J: 

Fig 6 - Suggested oscillator circuit applied to real-time 
clock (see Table IJI). 

STANDBY (TIMEKEEPING) VOLTAGE OPERATION 

When anyone of the four specified crystals is used with the 
on-board oscillator, the Real-Time Clock can operate at a 
minimum of 4 volts Voo. However, at 32 kHz the clock will 
run (timekeeping only, no device READIWRITE accesses) 
down to 3 volts at -40· to +85· C and 2.5 volts atO· to +70· C. 
To achieve this low voltage operation, an external 32-kHz 

5pF 

clock source must be supplied at the XTAL input (see Fig. 
7). The standby requi rements for CHI P SELECT IDESELECT 
are listed in Table IV, and Fig. 8 indicates the timing 
waveforms. Fig. 9 illustrates the typical timekeeping curve 
over the full temperature range. 

+3V 

14 24 

113 C054174HC04 COPle79 

92CS- 37290 

Fig. 7 - Typical external clock-source circuit. 

Table IV - Standby (Timekeeping) Characteristics at Full-Temperature Range 

LIMITS 
CHARACTERISTIC VDD VSTBY CDP1879 CDP1879C-1 UNITS 

(V) (V) Min. Max. Min. Max. 
Chip Deselect to Standby 

tCSTBY 
5 2.5,3 2 - 2 -

(Timekeeping) Voltage Time 10 2.5,3 1 - - - JlS 
Recovery to Normal 

tAC 
5 2.5,3 2 - 2 -

Operation Time 10 2.5,3 1 - - -
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CDP1879, CDP1879C-1 

STANDBY (TIMEKEEPING) VOLTAGE OPERATION (Cont'd) 

STANDBY ,..".,~ __ -I 
VOL TAG E MODE 

'::'t 
~~ ______________________ V~I"'L~ 

*tt, tf 2:1,..5 
92CM~37291 

Fig. 8 - Standby (timekeepmg) voltage- and tlmmg-waveforms. 

iEXTERNAL CLOCK SOURCE OF 32 kHl 
TYPICAL STANDBY (TIMEKEEPING) VOLTAGE 
31/ (-40o C:s Ts + 85-C) Ii 525VI0·C,T5+70·CI 

! 

" L- TE .PERI URE ANGE C 
92CS- 31292 

Fig. 9 - Typical standby (tlmekeepmg) voltage vs. full-temperature range. 

APPLICATIONS 

A typical application for this real-time clock is as a wake-up 
control to a CPU to reduce total system power in inter
mittent-use systems. A hookup diagram illustrating this 
feature is shown in Fig. 10. In this configuration, the alarm 
and power-down features of the CDP1879 are utilized in the 
control of the sleep and wake-up states of the CPU. A 
typical shu:-down/start-up sequence for this system could 
proceed as follows: 

N0r---------~AO 

1. The CPU has finished a current task and will be inactive 
for the next six hours. 

2. The CPU loads the CDP1879 alarm registers with the 
desired wake-up time. 

3. The CDP1800 Q output is set high, which stops the 
CPU oscillator (as an alternative, in an NMOS system, 
power to all com ponents except the clOCk chip could be 
shut off). 

4. This Q output signal is received by the CDP1879 as a 
power-down signal. 

5. The CDP1879 tri-states the interrupt output pin. 
6. The CDP1879 eventually times out, and sets an alarm 

by driving the INT output low. 
7. The alarm signal resets the CPU (to avoid oscillator 

start-up problems) and flags the processor for a warm
start routine. 

8. The CPU, once into its normal software sequence, 
writes to the CDP1879 control register to reset the 
interrupt request. 

Nt A I 

N2 A2 

CDPl800 CDPI879 

Fig. 10 - CPU wake-up circuit using the CDP1879 real-time clock. 
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CDP1879, CDP1879C-1 

APPLICATIONS (Cont'd) 

rO~ 
XTAL XTAL 

CLEAR RESET C5Si K r--+ 
MWR TPS/iNA: 

MRD Rii 

~ 
TPA TPA 

INTERRUPT INTERRUPT 
f--.... MAD AD 

ADDRESS 
MAl AI LINES 
MA2 A2 

MA7 CS I*O/MEM -
COP 1879 

MEMORY CDPI802 080- DB? 

D 
DATA BUS 

92CM-34909 

Fig. 11 - Typical CDP1802 memory-mapped system 

TPA 

ADDRESS 

TPB!WR 

LATCH HI-ORDER 

____ ... ~ADDRESS FOR CS 

HI- BYTE LOW BYTE 

92 CS - 34910 

Fig 12 - CDPl800-sefles memory-mapped wflte-cycle timing waveforms. 

TPA __ ~Il~ ________________ _ 
ADD RESS HI-BYTE LOW BYTE 

OUTPUT DRIVERS 

t:-ENABLED DISABLED =-:f 
DATA FROM REAL ~ 
TIME CLOCK TO -----.... VALID DATA 

CPU ~ _______ ~~~ _________ ... 

92C5-349\1 

Fig 13 - CDPl800-sefles memory-mapped read-cycle timing waveforms. 
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CDP1879, CDP1879C-1 

APPLICATIONS (Cont'd) 

ro1 
XTAL. lmIt 

f-+ CLOCK 
mAR RESET OUT 

TPA TPA 

MRli R1i 

.A 
TPB TPB/WIi 

< INTERRUPT INTERRUPT 

NO AO 
ADDRESS 

NI AI LINES 

N2 A2 

:EO/imiI ~v 
CS 

CDPl879 

MEMORY CDPI802 DBO-DB7 

{\ 
~ ~ 
M 

92CM- ~4905 

Fig. 14 - Typical CDP1802 input/output-mapped system. 

TPA~L-________________________ _ 

N LINES J 
TPB/WR 

DATA FROM MEMORY 
TO REAL TIME CLOCK 

L 

92CM- 34906 

DO 

Fig. 15 - CDP1800-series mput/output-mapping tlmmg waveforms with output instruction. 

TPA ~OUTPUT DRIVERS ENABLED 

ROJ 
TPB/WR _____________ ..... !r-0UTPUT DRIVERS DISABLED 

N LlNESJ 

DATA FROM REAL TIME 
CLOCK TO MEMORY -------I VALID DATA I 

'--___ ---Ir 92CM-34807 

Fig. 16 - CDP1800-series Input/output-mappmg timing waveforms with input instruction. 
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Specifications CDP1879, CDP1879C-1 

DYNAMIC ELECTRICAL CHARACTERISTICS al TA = -4010 +85 0 C, 
Inpullr,lf = 10 ns, CL = 50 pF 

LIMITS 

CHARACTERISTIC VDD CDP1879 CDP1879C-1 

Read Cycle Times (see Fig. 17) (V) Mln.t Max. Mln.t Max. 

Data Access from Address 
5 - 400 - 400 

toA 
10 - 190 - -

Read Pulse Width 
5 270 - 270 -

tRD 
160 10 - - -

Data Access from Read 
5 - 375 - 375 

toR 
10 170 - - -

Address Hold after Read 
5 0 - 0 -

tRH 
10 0 - - -

Output Hold after Read 
5 50 230 50 230 

toH 
10 40 130 - -

Chip Select Setup to TPA 
5 50 - 50 -

tcs 
10 30 - - -

tTl me required by a limit device to allow for the indicated function 

TPA I l -- f-t cs r- t RH-

\1 \11 
ADDRESS/CHIP SELECT 

I 11\ 

i-----tRD 

, ~ 

W \/ 
DATA TO CPU 

/1\ /\ 

tOR 

tDA i--- I DH -

FIg. 17 . Read-cycle tIming waveforms. 
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Specifications CDP1879, CDP1879C-1 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +850 C, 
Input tr,tf = 10 n., CL = 50 pF 

LIMITS 

CHARACTERISTIC VDD CDP1879 CDP1879C-1 

Write Cycl. Time. (H. Fig. 18) (V) Mln.t Max. Mln.t Max. 

Address Setup to ""'Wriiii 5 225 - 225 -tAS 
10 110 - - -

""Wrlie Pulse Width 
5 150 - 150 -

tWA 
10 70 - - -

Data Setup to Write tDS 
5 65 - 65 -
10 30 - - -

Address Hold after Write 
5 0 - 0 -tAH 
10 0 - - -

Data Hold after Write tWH 5 150 - 150 -
10 80 - - -

Chip Select Setup to TPA 
5 50 - 50 -

tes 
10 30 - - -

tTime required by a limit device to allow lor the indicated lunction. 

TPA I I -- r-'CS ~'AH-

ADDRESS/CHIP SELECT 
\f \11 
/\ /1\ 
-'AS 'WR 

-J-
I 

I \V CK DATA TO REAL TIME CLO 

1\ I~ 

-'05- 'WH f--
92CM- 34908 

Fig. 18 - Write-cycle timing waveforms. 
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HARRIS 
SEMICONDUCTOR 

CDP1881, CDP1881C 
CDP1882, CDP1882C 

February 1992 

Features 

• Performs memory address latch and decoder 
functions multiplexed or non-multiplexed 

• Decodes up to 16K bytes of memory 

• Interfaces directly with CDP1800-series microproces
sors at maximum clock frequency 

• Can replace CDP1866 and CDP1867 (upward speed 
and function capability) 

Ordering Information 

PACKAGE 

PlastIC DIP 
Burn·ln 

Plastic DIP 
Burn·ln 

Ceramic DIP 
Burn·ln 

Pinouts 

TEMP. 
RANGE 5V 10V 

-'lDoC to CDP1881CE CDP1881E 
+8SoC CDP1881CEX CDP1881EX 

-'lDoC to CDP1882CE CDP1882E 
+8SoC CDP1882CEX -

-'lDoC to CDP1882CD CDP1882D 
+8SoC CDP1882CDX -

CDP1881, CDP1881C 20 LEAD DIP 
TOP VIEW 

Veo 
A8 

A9 

Al0 

All 

CSo 
CSl 

CS2 

Cs3 
Vss CE 

CMOS 6-Bit Latch and Decoder 
Memory Interfaces 

Description 

The CDP1881 and CDP1882 are CMOS 6 bit memory latch 
and decoder circuits intended for use in CDP1800 series 
microprocessor systems. They can interface directly with the 
multiplexed address bus of this system at maximum clock 
frequency, and up to four 4K x 8 bit memories to provide a 
16K by1e memory system. With four 2K x 8 bit memories an 
8K by1e system can be decoded. 

The devices are also compatible with non-multiplexed 
address bus microprocessors. By connecting the clock input 
to VDD, the latches are in the data-following mode and the 
decoded outputs can be used in general purpose memory
system applications. 

The CDP1881 and CDP1882 are intended for use with 2K or 
4K by1e RAMs and are identical except that in the CDP1882 
MWR and MRD are excluded. 

The CDP1881 and CDP1882 are functionally identical to the 
COP1881C and the CDP1882C. They differ in that the 
CDP1881 and CDP1882 have recommended operating 
voltage range of 4 to 10.5 volts and their C versions have a 
recommended operating voltage range of 4 to 6.5 volts. 

The CDP1881 and CDP1882 are supplied in 20 lead and 
18 lead packages, respectively. The COP1881 is supplied 
only in a dual-in-line plastic package (E suffix). The 
CDP1882 is supplied in dual-in-line, hermetic side-brazed 
ceramic (0 suffix) and in plastic (E suffix) packages. 

CDP1882, CDP1882C 18 LEAD DIP 
TOP VIEW 

Veo 

A8 

A9 

Al0 

All 

MAl CSo 

Cs1 

CS2 

Cs3 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1367.1 
Copyright © Harris Corporation 1992 
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Specifications CDP1881, CDP1881C, CDP1882, CDP1882C 

Absolute Maximum Ratings 
DC Supply Voltage Range, (Voo): 

(All Voltages Referenced to Vss Terminal) 
CDPl881 and CDP1882 •••••.....•..••..•.. -Q.5V to +llV 
CDPl881C and CDP1882C ....••.....••..•... -Q.5V to +7V 

Input Voltage Range, All Inputs .•....••....• -Q.5V to Voo +0.5V 
DC Input Current, Any One Input. ..••....•........• , ...•• ±10mA 
Power Dissipation Per Package (Po) 

TA = -4Q°C to +BOoC (Package Type E) ••••...••••.•• 500mW 
TA = +60oC to +85°C (Package Type E) ..••.• Derate Unearly at 

12mWI"C to 200mW 
TA = -ss°C to +1000C (Package "TYPe D) ••.•••..•.••• 500mW 
TA = +l00OC to +125°C (Package Type D) .•.• Derate Unearly at 

12mWI"C to 200mW 

Device Dissipation Per Output Transistor 
TA = Full Package Temperature Range 
(All Package Types) •..•••...•..•••.••..••...•..•• l00mW 

Operating Temperature Range (TAl: 
Package Type D ••.•.•••...••..•..•...••. -55OC to +1250C 
Package lYpe E •..••••...••.•..••...•...• -40"C to +85°C 

Storage Temperature Range (T atg) ...•....•••. -65OC to + 150°C 
Lead Temperature (During Soldering): 

At distance 1/16 ±ll32ln. (1.59± 0.79mm) 
from case for lOs max .••••••••...••..•......••.•• +265°C 

Recommended Operating Conditions At TA = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selec1ed so that operation is always within the following ranges: 

LIMITS 

CDPl881, CDP1882 / CDP1881C, CDPl882C 

CHARACTERISTIC MIN MAX MIN MAX UNITS 

DC Operating Voltage Range 4 10.5 4 6.5 V 

Input Voltage Range Vss Voo Vss Voo V 

Static Electrical Characteristics At TA = -40°C to +85OC, Voo ± 5%, Except as Noted: 

CONDITIONS 

Vo VIN Voo 
CHARACTERISTIC SYMBOL (V) (V) (V) 

Quiescent Device 100 - 0,5 5 
Current - 0,10 10 

Output Low Drive 10L 0.4 0,5 5 
(Sink) Current 0.5 0,10 10 

Output High Drive 10H 4.6 0,5 5 
(Source) Current 9.5 0, 10 10 

Output Voltage VOL - 0,5 5 
Low-Level (Note 2) - 0, 10 10 

Output Voltage VOH - 0,5 5 
High-Level (Note 2) - 0,10 10 

Input Low Voltage VIL 0.5,4.5 - 5 

1,9 - 10 

Input High Voltage VIH 0.5,9.5 - 5 

1,9 - 10 

Input Leakage Current liN Any 0,5 5 
Input 0, 10 10 

Operaling Current 1001 0.5 0,5 5 
(Note 3) -0,10 0, 10 10 

Input Capacitance CIN - - -
Output Capacitance COUT - - -
Minimum Data VOR Voo= VOR 
Retention Voltage 

Data Retention Current lOR VOO = 2.4V 

NOTES: 
1. lYPical valuas are for TA = +250C. 

2. IOL = IOH = lIlA. 

LIMITS 

CDP1878 CDP1878C 

(Note 1) (Note 1) 
MIN TYP MAX MIN TYP MAX UNITS 

- 1 10 - 5 50 IIA 
- 10 100 - - - I1A 

1.6 3.2 - 1.6 3.2 - rnA 

3.2 6.4 - - - - rnA 

-1.15 -2.3 - -1.15 -2.3 - rnA 

-2.3 -4.6 - - - - rnA 

- 0 0.1 - 0 0.1 V 

- 0 0.1 - - - V 

4.9 5 - 4.9 5 - V 

9.9 10 - - - - V 

- - 1.5 - - 1.5 V 

- - 3 - - - V 

3.5 - - 3.5 - - V 

7 - - - - - V 

- - ±1 - - ±1 I1A 

- - ±2 - - - IIA 
- - 2 - - 2 rnA 

- - 4 - - - rnA 

- 5 7.5 - 5 7.5 pF 

- 10 15 - 10 15 pF 

- 2 2.4 - 2 2.4 V 

- 0.01 1 - 0.5 5 IIA 

3. Operating current measured at 200kHz for Voo = 5V and 400kHz 
for Voo = 10V, with outputs open circuits (Equivalent to typical 
CDPl800 system at 3.2MHz, 5V; and 6.4MHz. 10V). 
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CDP1881, CDP1881C, CDP1882, CDP1882C 

92CS· 35001 

Fig. 1 - Functional diagram for the CDP1881, CDP1881C. Fig. 2 - Functional diagram for the CDP1882, CDP1882C. 

TRUTH TABLES for the CDP1881, CDP1881C and CDP1882, CDP1882C. 

INPUTS OUTPUTS 

MWRt. MRDt. CE -- -- -- --
ClK MA4 MAS CSO CS1 CS2 CS3 

1 1 X X X X 1 1 1 1 

X X 1 X X X 1 1 1 1 

0 X 0 1 0 0 0 1 1 1 

0 X 0 1 1 0 1 0 1 1 

0 X 0 1 0 1 1 1 0 1 

0 X 0 1 1 1 1 1 1 0 

0 X 0 0 X X PREVIOUS STATE 

X 0 0 1 0 0 0 1 1 1 

X 0 0 1 1 0 1 0 1 1 

X 0 0 1 0 1 1 1 0 1 

X 0 0 1 1 1 1 1 1 0 

X 0 0 0 X X PREVIOUS STATE 

t.CDP1881, CDP1881C Only 

INPUTS OUTPUTS 
r----

MAO, MA1, A8,A9, 
-
CE ClK MA2, MA3 A10. A11 

X 1 1 1 

X 1 0 0 

X 0 X PREVIOUS 
STATE 

logic 1 = High, Logic 0 = Low, X = Don't Care 
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CDP1881, CDP1881C, CDP1882, CDP1882C 

DYNAMIC ELECTRICAL CHARACTERISTICS al TA = -4010 +85°C, VDD ± 5%, Ir, I. = 20 ns, 
VIH = 0.7 VDD, VIL = 0.3 VDD, CL = 100 pF, See Fig. 3. 

LIMITS 

CHARACTERISTIC CDP1881, CDP1882 CDP1881C, CDP1882C 
VDD 
(V) Min. Typ.- Max.ll. Min. 

Minimum Setup Time, 5 - 10 35 -
Memory Address to CLOCK, tMACl 10 - 8 25 -

Minimum Hold Time, 5 - 8 25 -

Memory Address After CLOCK, tClMA 10 - 8 25 -

5 - 50 75 -
Minimum CLOCK Pulse Width tClCl 

10 - 25 40 -
Propagation Delay Times 5 - 75 150 -

Chip Enable to Chip Select tCECS 10 - 45 100 -

5 - 75 150 -
MRD or MWR to Chip Select' tMCS 

10 - 40 100 -

5 - 100 175 -
CLOCK to Chip Select tClCS 

10 - 65 125 -

5 - 100 175 -
CLOCK to Address telA 

10 - 65 125 -

5 - 100 175 -
Memory Address to Chip Select tMACS 

10 - 75 125 -

5 - 80 125 -
Memory Address to Address tMAA 

10 - 40 60 -
-Typical values are for TA = 25° C. 
ll.Maxlmum limits of minimum characteristics are the values above which all devices function. 
'For the CDP1881 and CDP1881C types only. 

CsO, CSi.CS2. CS3 

(01 CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY 

MRDQRMWR 

Typ.- Max.ll. 

10 35 

- -

8 25 

- -

50 75 

- -
75 150 

- -

75 150 

- -

100 175 

- -

100 175 

- -
100 175 

- -
80 125 

- -

(b) MRD OR MWR TO CHIP SELECT PROPAGATION DELAY (CDPI881,CDPI88IC ONLY) 

MAO- MA5 

CLOCK 

CSO, CSI,CS2'~ ______ 4-________ ~ ______ ~~ ________________ ~-J~-+ ____ ~ __ 

A 8 -All 

(e) MEMORY ADDRESS SETUP AND HOLD TIME 
92CM- 37295 

Fig. 3 - CDP1881 and CDP1882 tlmmg waveforms. 
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CDP1881, CDP1881C, CDP1882, CDP1882C 

SIGNAL DESCRIPTIONS/PIN FUNCTIONS 

CLOCK: Latch-Input Control - a high at the clock Input 
will allow data to pass through the latch to the output pin. 
Data IS latched on the high to low transition of the clock 
Input ThiS Input IS connected to TPA in CDP1800-serles 
systems 

MAO-MA3: Address Inputs to the high-byte address 
latches 

MA4, MAS: '::!!Jl..h-~address Inputs decoded to produce 
chip selects CSO - CS3 

MRDI MWR: MEMORY READ (MRD) and MEMORY WRITE 
(MWR) signal Inputs on the CDP1881, CDP1881C A low at 
either Input, when the CE pin IS low, Will enable the decoder 
chip select outputs (CSO - CS3) 

CE: CHIP ENABLE Input - a low at the CElnput of 
CDP1882, CDP1882C Will enable the chip select decoder A 
low at the IT Input of CDP1881, CDP1881 C, cOincident 
with a low at either the MRD or MWR pin, will enabl~ 
~ selec~coder. A high on this pin forces CSO, CS1, 
CS2, and CS3 to a high (false) state 

A8-A11: Latched high-byte address outputs 

CSO-CS3: One of four latched and decoded Chip Select 
outputs 

Voo, Vss: Power and ground pins, respectively 

WAIT TPA TPA 

( R 
CDPI800 CDPI833 
SERIES IK It 8 

CPU ROM 

= 

CEO 

MRD MRD 

MWR -----

APPLICATION INFORMATION 

The CDP1881 and CDP1882 can Interface directly with the 
multiplexed address bus of the CDP1800-series 
microprocessor family at maximum clock frequency. A 
single CDP1881 or CDP1882 IS capable of decoding up to 
16K-bytes of memory 

The CDP1881 IS provided with MRD and MWR Inputs for 
controlling bus contention, and is especially useful for 
I nterfacing with RAMs that do not have an output enable 
function (OEj Fig 4 shows the CDP1881 in a minimum 
system configuration which includes the CDP1833 ROM 
(1K x 8) and two 2K x 8 RAMS. The CDP1881, in this 
example performs the following functions: 

(1) Latch and decode high-order address bits for use as 
chip selects 

(2) Gate chip selects with MRD and MWR to prevent bus 
contention with the CPU 

(3) Latch high-order address bits A8 to A 11. 

A system using the CDP1882 is shown in Fig 5. The 
CDP1882 performs the memory address latch and decoder 
functions Note that the RAM has an output enable (OE) pin 
which eliminates the need for MRD and MWR inputs on the 
latch/decoder Instead, the MRD line is connected directly 
to the RAM output enable (OE) pin 

I n Fig. 6 the CDP1 882 is used to decode a 16K-byte ROM 
system consisting of four CDM5332s 

BUS 

ClK 

C DPI8BI 
lATCH/ 

DECODER 

(21 2Kx8 
RAMS 

Allt-..... ---~ 

CSO 

CST t-----~ CS 

CS2 

t-----~R/W 

DATA BUS 

92CM-37294RI 

*crA"cr RAM No I 
CEB"n RAM No 2 

Fig. 4 - Mmimum 1800-system usmg the CDPI881 
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W"iT 
CLR 

~1 
TPA f-

CDP1881, CDP1881C, CDP1882, CDP1882C 

TPA 

CDPISOO 
SERIES 
CPU 

CDPISS2 
LATCHI 

DECODER 

r-------+I CLK 
m 

CDM5332 
4Kx 8 

ROM 

I TO OTHER 
\ CHI P SELECTS 

CDM6116A 
2K 11.8 

RAM 

MRDI-------+iCSl/OE Of 

MWRI---------1- - -- -I-------~WE 

DATA SUS 

Fig. 5 - CDP1800-series system using the CDP1882. 
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CE CSO -

~ 
MAO-
MA5 

AS-All 

I 
ADDRESS BUS 

~J u ~J 
AS -All A8-AII AS -All 

ill CS2 en k ~ ~ ADDRESS BV AO-A7 AO-A7 AO-A7 r---v 11/ r--v 
CDPlaoo CDM5332 CDM5332 CDM5332 
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Fig. 6 - 16K-byte ROM systems usmg the CDP1882. 
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February 1992 

Features 

CDP1883 
CDP1883C 

CMOS 7-Bit Latch and Decoder 
Memory Interfaces 

Description 

• Performs Memory Address Latch And Decoder 
Functions Multiplexed Or Non-multiplexed 

The CDP1883 is a CMOS 7-bit memory latch and decoder 
circuit intended for use in CDP18OQ-series mircoprocessor 
systems. It can serve as a direct interface between the multi
plexed address bus of this system and up to four 8K x 8-bit 
memories to implement a 32K-byte memory system. With 
four 4K x 8-bit memories. a 16K-byte system can be 
decoded. 

• Interfaces Directly With the CDP1800-Serles 
Mircoprocessors 

• Allows Decoding for Systems Up To 32K Bytes 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 5V 

Plastic DIP -4O"C to +85°C CDPl883CE 

Burn-In CDP1883CEX 

Pinout 

10V 

The device is also compatible with non-multiplexed address 
bus microprocessors. By connecting the clock input to VDD. 
the latches are in the data-following mode and the decoded 
outputs can be used in general-purpose memory-system 
applications. 

The CDP1833 is compatible with CDP1800-series micropro
cessors operating at maximum clock frequency. 

CDP1883E 

Vss 

-
The CDP1883 and CDP1883C are functionally identical. 
They differ in that the CDP 1883 has a recommended operat
ing voltage range of 4 volts to 10.5 volts and the C version 
has a recommended operating voltage range of 4 volt to 6.5 
volts. 

The CDPl883 and CDP1BB3C are supplied in 20-Iead dual
in-line plastic packages (E suffix) 

20 LEAD DIP 
TOP VIEW 

Veo 
AS 

AD 

A10 

A11 

A12 

---..---~-

CAUTION: These devices are senshive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1507_1 
Copyright @ Harris Corporation 1992 4-113 
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Specifications CDP1883, CDP1883C 

Absolute Maximum Ratings 
DC Supply Voltage Range, (Voo): 

(All Voltages Referenced to Vss Terminal) 
CDP1883 .........•.........•...........• -{).5V to + 11V 
CDP1883C ......•...................•..... -{).5V to +7V 

Input Voltage Range, All Inputs .......•..... -{).5V to Voo +O.5V 
DC Input Current, Any One Input. ........................ ±10mA 
Power Dissipation Per Package (Po) 

TA = -4Q°C to +60oC (Package Type E) .............. 500mW 
TA = +60oC to +85°C (Package Type E) ...... Derate Linearly at 

12mWf'C to 200mW 

Device Dissipation Per Output Transistor 
TA = Full Package Temperature Range ....•.......... 100mW 

Operating Temperature Range (TA): 
Package Type E .................•..•..... -400C to +85°C 

Storage Temperature Range (T 019) .••••.•••••. ~50C to + 150°C 
Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 
from case for 1 Os max ............................ +265°C 

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

LIMITS 

CDP1883 CDP1883C 

CHARACTERISTIC SYMBOL MIN MAX MIN MAX UNITS 

DC Operating Voltage Range 4 10.5 4 6.5 V 

Input Voltage Range Vss Voo Vss Voo V 

Static Electrical Characteristics At TA = -40°C to +85°C, Voo ± 5%, Except as Noted: 

CONDITIONS 

Vo VIN Voo 
CHARACTERISTIC SYMBOL (V) (V) (V) 

Quiescent Device 100 0,5 5 
Current 0,10 10 

Output Low Drive IOl 0.4 0,5 5 
(Sink) Current 0.5 0,10 10 

Output High Drive IOH 4.6 0,5 5 
(Source) Current 9.5 0,10 10 

Output Voltage VOL 0,5 5 
Low-Level (Note 2) 

0,10 10 

Output Voltage VOH 0,5 5 
High-Level (Note 2) 

0,10 10 

Input Low Voltage V1l 0.5,4.5 - 5 

0.5,9.5 - 10 

Input High Voltage V1H 0.5,9.5 5 

0.5,9.5 10 

Input Leakage Current liN Any 0,5 5 
Input 0,10 10 

Operating Current 1001 0,5 0,5 5 
(Note 3) 

0,10 0,10 10 

Minimum Data VOR Voo = VOR 
Retention Voltage 

Data Retention Current lOR Voo = 2.4V 

Input Capacitance CIN - - -
Output Capacitance COUT - - -

NOTES: 

1. Typical values are for TA = +25°C. 

2. 10l = IOH = itA 

LIMITS 

CDP1883 CDP1883C 

(Note 1) (Note 1) 
MIN TYP MAX MIN TYP MAX UNITS 

- 1 10 5 50 itA 

10 100 - - ItA 
1.6 3.2 1.6 3.2 - rnA 

3.2 6.4 - - rnA 

-1.15 -2.3 -1.15 -2.3 rnA 

-2.3 -4.6 - rnA 

- 0 0.1 0 0.1 V 

0 0.1 - - V 

4.9 5 - 4.9 5 - V 

9.9 10 - - - V 

1.5 - 1.5 V 

- - 3 - - V 

3.5 - 3.5 V 

7 - - - - V 

- - ±1 - ±1 itA 

- ±2 - - - itA 

- - 2 - - 2 rnA 

- - 4 - - - rnA 

- 2 2.4 2 2.4 V 

- 0.01 1 0.5 5 ItA 
- 5 7.5 - 5 7.5 pF 

- 10 15 - 10 15 pF 

3. Operating current measured at 200kHz for Voo = 5V and 400kHz 
for Voo = 10V, with outputs open circuit. 
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CDP1883, CDP1883C 

voo .@ 

Vss·@ 92CM- 37285 

Fig 1 - Functional diagram for the CDP1883, CDP1883C 

TRUTH TABLES FOR CDP1883, CDP1833C 

SIGNAL DESCRIPTIONS/PIN FUNCTIONS 

CLOCK: Latch Input Control-a high on the clock Input 
will allow data to pass through the latch to the output pin. 
Data is latched on the hlgh-to-Iow transition of the clock 
input. This pin is connected to TPA In the CDP18aa system 
and tied to Voo for other applications. 

MAO-MA4: address inputs to the high byte address latches. 

MAS-MA6: 1"!.i..9.J:1.. byte address inputs decoded to produce 
chip selects ~-CS3. 

CE: CHIP ENABLE input. A Iowan this pin will enable the 
.£!!!E select decoder A high on this pin forces the csa, CS1 , 
CS2, and ~ outputs to a high (false) state. 

A8-A12: latched high-byte address outputs. 

CSO-CS3: one of four latched and decoded Chip Select 
outputs. 

Voo, Vss: power and ground pins, respectively. 

4-115 
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~ ClK MAS MA6 

a 1 a a 
a 1 1 a 
a 1 a 1 
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a a x x 
1 X X X 
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CDP1883, CDP1883C 

DYNAMIC ELECTRICAL CHARACTERISTIC~ al T A=-40 10 +85 0 C, VDD ± 5%, Ir,lr=20 ns, 
VIWO•7 VDD, VIL =0.3 VDD, CL =100 pF. See Fig. 2. 

LIMITS 
CHARACTERISTIC VDD CDP1883 CDP1883C 

(V) Min. Typ.- Max.~ Min. Typ.- Max.~ 

Minimum Setup Time, 5 - 10 35 - 10 35 
Memory Address to CLOCK tMACL 10 - 8 25 - - -
Minimum Hold Time, 5 - 8 25 - 8 25 
Memory Address After CLOCK tClMA 10 - 8 25 - - -

5 - 50 75 - 50 75 
Minimum CLOCK Pulse Width tClCL 

10 25 40 - -- -
Propagation Delay Times: 5 - 75 150 - 75 150 
Chip Enable to Chip Select teEes 10 - 45 100 - - -

5 100 175 100 175 
CLOCK to Chip Select tCLCS 

10 - 65 125 - - -
5 - 100 175 - 100 175 

CLOCK to Address, teLA 
10 - 65 125 - - -
5 100 175 100 175 

Memory Address to Chip Select tMACS 
10 - 75 125 - - -
5 - 80 125 - 80 125 

Memory Address to Address tMAA 
10 - 40 60 - - -

oTyplcal values are for TA = 250 C 
Ll.Maximum limits of minimum charactenstlcs are the values above which all devices function 

CE ----, VALID CHIP ENABLES d 
CSO,csl,m,ffi --r'---L--t-C.:..E;.;;CS.;.;;....:..---=~----t-CE-C-S r= 

(0) CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY 

MAO-MA6-~~---~~----~---------~--~~----

CLOCK 

A8-AI2 _________ ~'---~----------_1'---_1~ 

(b) MEMORY ADDRESS SETUP AND HOLD TIME 

92CM-37284 

Fig. 2 - CDP1BB3 timing waveforms. 
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CDP1883, CDP1883C 

APPLICATION INFORMATION 

The CDP1883 and CDP1883C can be interfaced, without 
external components, with CDP1800-series microprocessor 
systems. These microprocessors feature a multiplexed 
address bus and provide an address latch signal (TPA) that 
IS used as the Clock input of the CDP1883. 

This signal is used to latch 7 bits of the high-order address. 
The lower five high-order address inputs are latched and 
held to be used with the eight lower-order address inputs to 

WiIT'f 
CLR 

CDPI800 
SERIES CDPI837C 

CPU 4K x 8 
ROM 

MRD MRo 
MWR ----

access an 8K x 8-bit memory. The two upper high-order 
address inputs are latched and decoded for use as chip 
selects. 

The latched address and decoding functions ofthe CDP1883 
and CDP1883C allow them to operate with 32K-byte memory 
systems. In addition, smaller memory systems can be 
configured with 4K x 8-bit or smaller memories, or a mix of 
memory sizes up to 8K x 8-bit. 

CLK A8-A12 
CDPI883 CDM6264 

LATCH I 8K II: 8 

DECODER RAM 

m 
CSi CE 
rn 
CS3 

M 
---- WE" 

92CN- 37281 

Fig 3 - Mmlmum 1800-system usmg the CDPl883 to mterface With an 8K x 8-blt memory. 

TPA 

CDPI800 
SERI ES 

CPU 

CDPI883 
LATCHI 

DECODER 

r-------~CLK ~r_----------------------------------------~ 
r-----~CE ~r_-------------------------. 

ADDRESS BUS 

~r_---------------, 
CSO 

CDM5364 
BKx8 
ROM 

CDM5364 
8Kx8 
ROM 

CDM5364 
BKxS 

ROM 

Fig 4 - 32K-byte ROM system usmg the CDP1883 
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m HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The ICM7170 real time clock is a microprocessor bus 

compatible peripheral, fabricated using Harris' silicon gate 
CMOS LSI process. An 8-bit bidirectional bus is used for the 
data I/O circuitry. The clock is set or read by accessing the 
8 internal separately addressable and programmable coun
ters from 1/100 seconds to years. The counters are con
trolled by a pulse train divided down from a crystal OSCillator 
circuit, and the frequency of the crystal is selectable with 
the on-chip command register. An extremely stable oscilla
tor frequency is achieved through the use of an on-chip reg
ulated power supply. 

The device access time (tacel of 300ns eliminates the 
need for wait states or software overhead with most micro
processors. Furthermore, an ALE (Address Latch Enable) 
input is provided for interfacing to microprocessors with a 
multiplexed address/data bus. With these two special fea
tures, the ICM7170 can be easily interfaced to any available 
microprocessor. 

The ICM7170 generates two types of interrupts, periodic 
and alarm. The periodic interrupt (100Hz, 10Hz, etc.) can be 
programmed by the internal interrupt control register to pro
vide 6 different output signals. The alarm interrupt is set by 
loading an on-chip 51-bit RAM that activates an interrupt 
output through a comparator. The alarm interrupt occurs 
when the real time counter and alarm RAM time are equal. 
A status register is available to indicate the interrupt source. 

An on-9hip Power-Down Detector eliminates the need for 
external components to support the battery back-up func
tion. When a power-down or power failure occurs, internal 
logic switches the on-chip counters to battery back-up oper
ation. Read/write functions become disabled and operation 
is limited to time-keeping and interrupt generation, resulting 
in low power consumption. 

Internal latches prevent clock roll-over during a read cy
cle. Counter data is latched on the chip by reading the 
100th-seconds counter and is held indefinitely until the 
counter is read again, assuring a stable and reliable time 
value. 

ORDERING INFORMATION 
Part Temperature 

Package 
Number Range 

ICM7170lPG -40"Cto + 85"C 24-Pin Plastic Dip 

ICM7170lDG -40"Cto + 85"C 24-Pin Ceramic 

ICM7170lBG -40"Cto + 85"C 24-PinSOIC 

ICM7170MDG - 55"C to + 125"C 24-Pin Ceramic 

ICM7170AIPG -40"Cto + 85"C 24-Pin Plastic Dip 

ICM7170AIDG -40"Cto +85"C 24-Pin Ceramic 

ICM7170AIBG -40"Cto +85"C 24-PinSOIC 

ICM7170AMDG - 55"C to + 125"C 24-Pin Ceramic 

"AU Parts Screened to <5 /LA ISTBY @ 32 KHz 

ICM7170 
J-LP - Compatible 

Real-Time Clock 
FEATURES 
• 8-Blt fJoP Bus Compatible 

-Multiplexed or Direct Addressing 

• Regulated Oscillator Supply Ensures Frequency 
Stability and Low Power 

• Time From 11100 Seconds to 99 Years 
• Software Selectable 12/24 Hour Format 
• Latched Time Data Ensures No Roll-Over During 

Read 
• Full Calendar With Automatic Leap Year Correction 
• On-Chip Battery Backup Swltchover Circuit 
• Access Time Less Than 300ns 
• 4 Programmable Crystal OSCillator Frequencies over 

Industrial Temp Range 
• 3 Programmable Crystal Oscillator Frequencies over 

Military Temp Range 

• On-Chip Alarm Comparator and RAM 
• Interrupts from Alarm and 6 Selectable Periodic 

Intervals 
• Standby Micro-Power Operation: 1.2fJoA Typical at 

3.0V and 32kHz Crystal 

APPLICATIONS 
• Portable and Personal Computers • Data Logging 
• Industrial Control Systems • Point Of Sale 

Plastic & Ceramic 

iiii 
ALE 

A' 
AI .. ., 

'IT SOURCf 
tlTERRUPT 

0372-1 

S.O.I.C. 

AI A2 

AO A3 

ose OUT .. 
OSC ~ cs 

tNT SOURCE ill 

iNT ViR 
Vss iffi 

VBACKUP V .. 

00 D7 

DI D6 

D2 D. 

OJ D4 

0372-11 

Figure 1: Pin Configurations 

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHEA WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 

WARRANTIES OF MERCHANTABILlTV AND FITNESS FOR A PARTICULAR USE File Number 3019 
NOTE All typICal values have been charactenzed but are not tested 4-118 



ICM7170 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .................................... 8V Operating Temperature ............... - 40'C to + 85'C 
Power Dissipation (Note 1) ...................... 500mW Storage Temperature ................ - 65'C to + 150'C 
Input Voltage (Any Terminal) Lead Temperature (Soldering, 10sec) ............. 300'C 
(Note 2) ..................... VDD + 0.3V to VSS -0.3V 
NOTE 1: TA~ 25"G. 

NOTE 2: Due to the SeA structure Inherent In the CMOS process, connecting any terminal at voltages greater than VDO or less than Vss may,cause destructive 
device latchup For this reason, It IS recommended that no Inputs from external sources not operating on the same power supply be applied to the device before Its 
supply IS estabhshed, and that In multiple supply systems, the supply to the ICM7170 be turned on first 

NOTE: Stresses above those listed under "Absolute M8)amum Ratmgs" may cause permanent damage to the devIce. These are stress ratmgs only and functional 
operation of the device at these or any other conditions above those indicated In the operational sections of the specifications IS not Implied Exposure to absolute 
maximum ratmg conditions for extended penods may affect device reliability. 

OSCllLATOII 
CRYSTAL 

Figure 2: Functional Diagram 

ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 
(TA= -40'C to +85'C, VDD= +5V ±10%, VSACKUP=VDD, VSS = ov unless otherwise specified) 
All IDD specifications Include all input and output leakages (7170 and 7170A) 

0372-2 

Symbol Parameter Test Conditions 
Specification 

Min Typ Max 

VDD VDD Supply Range 
FOSG = 32kHz 1.9 5.5 

FOSG = 1, 2, 4MHz 2.6 5.5 

FOSG = 32kHz 
7170 1.2 20.0 

ISTSY(1) Standby Current Pins 1-8, 15-22 & 24 = VDD 

VDD = VSS; VSAGKUP = VDD - 3.0V 
For 7170A See General Note (5) 7170A 1.2 5.0 

Fosc = 4MHz 

ISTSY(2) Standby Current Pins 1-8, 15-22 & 24 = VDD 20 150 

VDD = VSS; VSACKUP = VDD - 3.0V 

IDD(1) Operating Supply Current 
FOSG = 32kHz 

0.3 1.2 
Read/Write Operation at 100Hz 

IDD(2) Operating Supply Current 
FOSG = 32kHz 

1.0 2.0 
Read/Write Operation at 1 MHz 

.. An Parts Screened to < 5 IJ-A ISTBY @ 32 KHz 

NOTE All typICal values have been charactenzed but are not tested 
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ICM7170 

ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 
(TA= -40·C to + 85·C, Voo= +5V ± 10%, VBACKUP=VOO, VSS = OV unless otherwise specified)(Continued) 
All 100 specifications include all input and output leakages (7170 and 7170A) 

Symbol Parameter Test Conditions 
Specification 

Min Typ Max 

Vil Input low voltage (Except Osc.) Voo=5.0V 0.8 

VIH Input high voltage (Except Osc.) Voo=5.0V 2.4 

VOL Output low voltage (Except Osc.) IOl =1.6mA 0.4 

VOH 
Output high voltage except 

IOH= -400fJoA 2.4 
INTERRUPT (Except Osc.) 

III Input leakage current VIN=VOOorVss -10 0.5 +10 

IOl(1) Tristate leakage current (Do-D7) Vo=Voo or Vss -10 0.5 +10 

VBATTERY Backup Battery Voltage Fosc = I, 2, 4MHz 2.6 Voo-l.3 

VBATTERY Backup Battery Voltage Fosc=32kHz 1.9 Voo-l.3 

INTSOURCE IOl(2) Leakage current INTERRUPT Vo=Voo connected to Vss 
0.5 10 

ClIO CAPACITANCE Do-D7 8 

CAOORESS CAPACITANCE Ao-A4 6 

CCONTROl CAP. RD, WR, CS ALE 6 

CIN Osc. TotalOsc. Input Cap. 3 

AC CHARACTERISTICS (TA= -40·Cto + 85·C, Vo = +5V ±10%, VBACKUP=VOO, Do-D7 Load 

Capacitance = 150pF, Vil = 0.4V, VIH = 2.8V unless otherwise specified) 

Units 

V 

V 

V 

V 

fJoA 

fJoA 

V 

V 

fJoA 

pF 

pF 

pF 

pF 

Symbol Parameter Min Max Units 

READ CYCLE TIMING 

trd READ to DATA valid 250 ns 

taee ADDRESS valid to DATA valid 300 ns 

tcve READ cycle time 400 ns 

trh Read high time 150 ns 

t", RD high to bus tristate 25 ns 

tas ADDRESS to READ set up time 50 ns 

tar ADDRESS HOLD time aiter READ 0 ns 

WRITE CYCLE TIMING 

tad ADDRESS valid to WRITE strobe 50 ns 

twa ADDRESS hold time for WRITE 0 ns 

Iwl WRITE pulse width, low 100 ns 

twh WRITE high time 300 ns 

~w DATA IN to WRITE set up time 100 ns 

twd DATA IN hold time aiter WRITE 30 ns 

!eve WRITE cycle time 400 ns 

MULTIPLEXED MODE TIMING 

tn ALE Pulse Width, High 50 ns 

tal ADDRESS to ALE set up time 30 ns 

tla ADDRESS hold time aiter ALE 30 ns 

NOTE. AU typtcal values have been Charactenzed but are not tested 
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ICM7170 

READ CYCLE TIMING FOR NON·MUL TIPLEXED BUS (ALE = VIH. WR = VIH) 

AIIIIIIEII ...... "8 LOW 

iii 

- ---- ----:3 -:::d-------
0372-3 

WRITE CYCLE TIMING FOR NON·MULTIPLEXED BUS (ALE = VIH. RD = VIH) 

ADDRESS VALlD."'Cf LOW 

r-
~----------~------------~ 

Dt-II7 
_____ ~""'::::::::::-""'-I.-:'P-UT---D:A:TA:V~AL-I-D--_1wd_3 _______ _ 

0372-4 

Figure 3: Timing Diagrams - Nonmultlplexed Bus 

NOTE AU /ypIcS1 vaIu6s have been chsrBcf6nZ8d but SI'6 not tested 
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ICM7170 

READ CYCLE TIMING FOR MULTIPLEXED BUS (WR = VIH) 

AO-A .. 00-07 fi 

.... ---q,----I 

ALE 

\4---- .. , 

iiIi 

0372-5 

WRITE CYCLE TIMING FOR MULTIPLEXED BUS (RD = VIH) 

Ao-A., 00-07 Cf - - -

1-':'--- III ---..j 

ALE 

1----.. , 

0372-6 

NOTE: The AD to A4 address inputs may be connected to the DO to D4 data hnes when a multiplexed bus,s used. 

Signal 

WR 

ALE 

CS 

A4-AO 

OSC OUT 

OSCIN 

INT SOURCE 

INTERRUPT 

Vss(GND) 

VBACKUP 

DQ-D7 

Voo 

RD 

Figure 4: Timing Diagrams - Multiplexed Bus 

Table 1: Pin Description 
DETAILED DESCRIPTION 
Oscillator 

Pln# 
sOle 
Pln# 

1 19 

2 20 

3 21 

4-8 22-2 

9 3 

10 4 

11 5 

12 6 

13 7 

14 8 

15-22 9-16 

23 17 

24 18 

Description 

Write input 

Address latch enable input 

Chip select input 

Address inputs 

Oscillator output 

Oscillator input 

Interrupt source 

Interrupt output 

Digital common 

Battery negative side 

Data 110 

Positive digital supply 

Read input 

The ICM7170 has an onboard CMOS Pierce oscillator 
with an internally regulated voltage supply for maximum ac
curacy, stability, and low power consumption. It operates at 
any of four popular crystal frequencies: 32.768kHz, 
1.048576MHz, 2.097152MHz, and 4.194304MHz.· The 
crystal should be designed for the parallel resonant mode of 
oscillation. In addition to the crystal, 2 or 3 load capacitors 
are required, depending on the circuit topology used. 

The oscillator output is divided down to 4000Hz by one of 
four divider ratios, determined by the two frequency selec
tion bits in the Command Register (DO and D1 at address 
$11). This 4000Hz is then divided down to 100Hz, which is 
used as the clock for the counters. 

Time and calendar information is provided by 8 consecu
tive, programmable counters: 100ths of seconds, seconds, 
minutes, hours, day of week, date, month, and year. The 
data is in binary format with 8 bits per digit. See Table 4 for 
address information. Any unused bits are held to a logic "0" 
during a read and ignored during a write operation. 
*NOTE: 4.194304MHz is not available over military temperature range. 

NOTE. All typtcs/ values have been characfBrlZ8d but are not tested 
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Alarm Compare RAM 
On the chip are 51 bits of Alarm Compare RAM grouped 

into words of different lengths. These are used to store the 
time, ranging from 100ths of seconds to years, for compari
son to the real-time counters. Each counter has a corre
sponding RAM word. In the Alarm Mode an interrupt is gen
erated when the current time is equal to the alarm time. The 
RAM contents are compared to the counters on a word by 
word basis. If a comparison to a particular counter is unnec
essary, then the appropriate 'M' bit in Compare RAM should 
be set to logic "1". 

The 'M' bit, referring to Mask bit, causes a particular RAM 
word to be masked off or ignored during a compare. Table 4 
shows addresses and Mask bit information. 

Periodic Interrupts 
The interrupt output can be programmed for 6 periodic 

signals: 100 Hz, 10Hz, once per second, once per minute, 
once per hour, or once per day. The 100 Hz and 10Hz 
interrupts have instantaneous errors of ± 2.5% and 
±0.15% respectively. This is because non-integer divider 
circuitry is used to generate these signals from the crystal 
frequency, which is a power of 2. The time average of these 
errors over a 1 second period, however, is zero. Conse
quently, the 100 Hz or 10Hz interrupts are not suitable as 
an aid in tuning the oscillator; the 1 second interrupt must 
be used instead. 
See General Note (6). 
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The periodic interrupts can occur concurrently and in ad
dition to alarm interrupts. The periodic interrupts are con
trolled by bits in the interrupt mask register, and are enabled 
by setting the appropriate bit to a "1" as shown in Table 5. 
Bits 01 through 06 in the mask register, in conjunction with 
bits 01 through D6 of the status register, control the gener
ation of interrupts according to Figure 5. 
The interrupt status register, when read, indicates the cause 
of the interrupt and resets itself on the rising edge of the RO 
signal. When any of the counters having a corresponding bit 
in the status register increments, that bit is set to a "1" 
regardless of whether the corresponding bit in the interrupt 
mask register is set or not. 
Consequently, when the status register is read it will always 
indicate which counters have increments and if an alarm 
compare occurred, since the last time it was read. This re
quires some special software considerations. If a slow inter
rupt is enabled (i.e. hourly or daily), the program must al
ways check the slowest interrupt that has been enabled 
first, because all the other lower order bits in the status 
register will be set to "1" as well. 

Bit 07 is the global interrupt bit, and when set to a "1", 
indicates that the 7170 did indeed generate a hardware in
terrupt. This is useful when other interrupting devices in ad
dition to the 7170 are attached to the system microproces
sor, and all devices must be polled to determine which one 
generated the interrupt. 
See General Note (6). 

Table 2: Command Register Format 

COMMAND REGISTER ADDRESS (10001b, 11h) WRITE·ONL Y 

07 06 05 04 03 02 01 00 

n/a n/a 
Normal/Test Interrupt 

Run/Stop 
12/24 Hour Crystal Crystal 

Mode Enable Format Frequency Frequency 

Table 3: Command Register Bit Assignments 

D5 Test Bit D4 
Interrupt 

D3 Run/Stop D2 
24/12 Hour 

D1 DO 
Crystal 

Enable Format Frequency 

0 Normal Mode 0 I nterrupt disabled 0 Stop 0 12 hour mode 0 0 32.768kHz 

1 Test Mode 1 Interrupt enable 1 Run 1 24 hour mode 0 1 1.048576MHz 

1 0 2.097152MHz 

1 1 4.194304MHz 

NOTE. All typICSf values have b8en chsractenzed but IU8 not tsstBd. 
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Table 4: Address Codes and Functions 

Address Function OATA 

A4 A3 A2 A1 AO HEX 07 06 

0 0 0 0 0 00 Counter -1 11 00 seconds -
0 0 0 0 1 01 Counter-hours - -

12 Hour Mode . -
0 0 0 1 0 02 Counter-minutes - -
0 0 0 1 1 03 Counter-seconds - -
0 0 1 0 0 04 Counter-month - -
0 0 1 0 1 05 Counter-date - -
0 0 1 1 0 06 Counter-year -
0 0 1 1 1 07 Counter -day of week - -
0 1 0 0 0 08 RAM-1 11 00 seconds M 
0 1 0 0 1 09 RAM-hours - M 

12 hour Mode . M 
0 1 0 1 0 OA RAM-minutes M -
0 1 0 1 1 OB RAM-seconds M -
0 1 1 0 0 OC RAM-month M -
0 1 1 0 1 OD RAM-date M -
0 1 1 1 0 OE RAM-year M 
0 1 1 1 1 OF RAM-day of week M -
1 0 0 0 0 10 

Interrupt Status 
and Mask Register 

+ 

1 0 0 0 1 11 Command register - -

NOTES: Addresses 10010 to 11111 (12h to 1Fh) are unused 

'+' Unused bit for Interrupt Mask Register, MSB bit for Interrupt Status Register. 

'-' Indicates unused bits. 

'*' AM/PM Indicator bit in 12 hour format Logic "0" Indicates AM, logic "1" Indicates PM 

'M' Alarm compare for partIcular counter will be enabled If bit IS set to logic "0". 

05 04 03 

-
- -

- -
-

- - -

-
- -

- -
-

- - -

Table 5: Interrupt and Status Registers Format 

INTERRUPT MASK REGISTER ADDRESS (10000b, 10h) WRITE-ONLY 

D7 D6 D5 D4 D3 D2 D1 

Not Used Day Hour Min. Sec. 1/10 sec. 1/100 sec. 

~ Periodic Interrupt Mask Bits --+ 

02 

INTERRUPT STATUS REGISTER ADDRESS (10000b, 10h) READ-ONLY 

D7 D6 D5 D4 D3 D2 D1 

Global 
Day Hour Min. Sec. 1/10 sec. 1/100 sec. 

Interrupt 

Periodic 
and 

Periodic Interrupt Flags ~ --+ 
Alarm 
Flags 

NOTE All typical values have been charactenzed but are not tested' 
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Value 
01 00 

0-99 
0-23 
1-12 
0-59 
0-59 
1-12 
1-31 
0-99 
0-6 

0-99 
0-23 
1-12 
0-59 
0-59 
1-12 
1-31 
0-99 
0-6 

DO 

Alarm 

AlarmlCompare 
Mask Bit 

DO 

Alarm 

Alarm 
Compare 

Flag 



Interrupt Operation 
The Interrupt qutput N-channel MOSFET (Figure 5) is 

eliabled whenever both the Interrupt Enable bit (04 of the 
Command Register) and a mask bit (00-06 of the Interrupt 
Mask Register) are set. The transistor is turned ON when a 
fla!) bit is set that corresponds to one of the set mask bits. 
this also sets the Global Interrupt Flag Bit (07 of the Inter
rupt Status Register). It is turned OFF when the Interrupt 
Status Register is read. An interrupt can occur in both the 
operational and standby modes of operation. 

Since system power is usually applied between Voo and 
Vss, the user can connect the Interrupt Source (pin II 11) to 
Vss. This allows the Interrupt Output to turn on only while 
system power is applied and will not be pulled to Vss during 
standby operation. If interrupts are required only during 
standby operation, then the interrupt source pin should be 
connected to the battery's negative side (VSACKUP). In this 
configuration, for example, the interrupt could be used to 
turn on power for a cold boot. 

Power-Down Detector 
The ICM7170 contains an on-chip power-down detector 

that eliminates the need for external components to support 

ICM7170 

the battery-backup switchover function, as shown in Figure 
6. Whenever the voltage from the Vss pin to the VSACKUP 
pin is less than approximately 1.0V (the Vth of the N-chan
nel MOSFET), the data bus 1/0 buffers in the 7170 are au
tomatically disabled and the chip cannot be read or written 
to. This prevents random data from the microprocessor be
ing written to the clock registers as the power supply is go
ing down. 

Actual switchover to battery operation occurs when the 
voltage on the VSACKUP pin is within ± 50 mV of Vss. This 
switchover uncertainty is due to the offset voltage of the 
CMOS comparator that is used to sense the battery voltage. 
During battery backup, device operation is limited to time
keeping and interrupt generation only, thus achieving micro
power current drain. If an external battery-backup switch
over circuit is being used with the 7170, or if standby battery 
operation is not required, the VSACKUP pin should be pulled 
up to Voo through a 2k reSistor. 

r----ALAR .. MASK BIT 

INTERRUPT .. ASK 
REGISTER ........... ,..,."T"'I-r ...... ,..,."T"'I-r .......... 

INTERRUPT STATUS 
REGISTER 

Not 
used 

NOTE AIlIyplcSI values havs bflen charactenzed but 8r8 not tested 

1+--- RD OF ADO HEX 10 => RESET 

ALAR.. FLAG BIT 

Figure 5: Interrupt Output Circuit 
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Time Synchronization 
Time synchronization is achieved through bit 03 of the 

Command Register, which is used to enable or disable the 
100Hz clock from the counters. A logic "1" allows the coun
ters to function and a logic "0" disables the counters. To 
accurately set the time, a logic "0" should be written into 03 
and then the desired times entered into the appropriate 
counters. The clock is then started at the proper time by 
writing a logic "1" into 03 of the Command Register. 

Latched Data 
To prevent amb~guity while the processor is gathering 

data from the registers, the ICM7170 incorporates data 
latches and a transparent transition delay circuit. 

By accessing the 100ths of seconds counter an internal 
store signal is generated and data from all the counters is 
transferred into a 36-bit latch. A transition delay circuit will 
delay a 100Hz transition during a READ cycle. The data 
sto~ed by the latches is then available for further processing 
until the 100ths of seconds counter is read again. If a RD 
signal is wider than 0.01 sec., 100Hz counts will be ignored. 

Control Lines 
. The RD, WR, and CS signals are active low inputs. Data 
IS placed on the bus from counters or registers when RD is 
a 10gi~0". Data is transferred to counters or registers 
when WR is a 101!!2. "0". RD and WR must be accompanied 
by a logical "0" CS as shown in Figures 3 and 4. The 7170 
will also work satisfactorily with CS grounded. In this mode, 
access to the 7170 is controlled by RD and WR only. 

POSITIVE SUPPLY RAil 
(+5V) 
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With the ALE (Address Latch Enable) input, the ICM7170 
can be interfaced directly to microprocessors that use a 
multiplexed address/data bus by connecting the address 
lines AO-A4 .to the data lines 00-04. To address the chip, 
the address IS placed on the bus and ALE is strobed. On the 
falling edge, the address and CS information is read into the 
address latch and buffer. RD and WR are used in the same 
way as on a non-multiplexed bus. If a non-multiplexed bus is 
used, ALE should be connected to Voo. 

Test Mode 
The test mode is entered by setting 05 of the Command 

Register to a logic "1". This connects the 100Hz counter 
directly to the oscillator's output. 

Oscillator Considerations 
. Load Design: A new oscillator load configuration, shown 
In Figure 7, has been found that eliminates startup problems 
sometimes encountered with 32kHz tuning fork crystals. 

Two conditions must be met for best oscillator performance: 
the capacitive load must be matched to both the inverter and 
crystal to provide the ideal conditions for oscillation, and the 
resonant frequency of the oscillator must be adjustable to the 
desired frequency. In the original design (Figure 8), these two 
goals ~ere often at odds with each other; either the oscillator 
was tnmmed to frequency by detuning the load circuit or 
stability was increased at the expense of absolute freque~cy 
accuracy. 

Voo r-----------------------------------~~---------+VDO 

+ 
BATTERY ..;. 

Pin 25 

L--'VVIr--l VBACK 1---.----------.... ---. 
2k 

Pin 14 

DIGITAL GROUND 

, __ ...... __ ...... __ ...... __ + VIG 
INTERNAL GROUND 

0372-9 

Figure 6: Simplified 7170 Battery Backup Circuit 

NOTE All typical values have been charactenzed but are not tested 
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The new load configuration (Figure 7) allows these two 
conditions to be met independently. The two load capacI
tors, Cl and C2, provide a fixed load to the oscillator and 
crystal. C3 adjusts the frequency that the circuit resonates 
at by reducing the effective value of the crystal's motional 
capacitance, Co. ThiS minute adjustment does not appreCi
ably change the load of the overall system, therefore stabili
ty is no longer affected by tuning. Typical values for these 
capaCitors are shown in Table 6. Cl and C2 must always be 
greater than twice the crystal's recommended load capaci
tance in order for C3 to be able to trim the frequency. Some 
experimentation may be necessary to determine the Ideal 
values of Cl and C2 for a particular crystal. 

This three capacitor tuning method will be more stable than 
the original design and is mandatory for 32 kHz tuning fork 
crystals: without it they may leap into an overtone mode when 
power is initially applied. 

The original two-capacitor circuit (Figure 8) will continue to 
work as well as it always has, and may continue to be used 
in applications where cost or space is a critical considera
tion. It is also easier to tune to frequency since one end of 
the trimmer capacitor is fixed at the AC ground of the circuit 
(VDD), minimizing the disturbance cause by contact between 
the adjustment tool and the trimmer capaCitor. Note that in 
both configurations the load capacitors are connected bet
ween the oscillator pins and VDD-do not use VSS as an 
AC ground. 

Table 6: Typical Load Capacitor Values 

Crystal Load Caps Trimmer Cap 
Frequency (Cl,C2) (C3) 

32kHz 33 pF 5-50 pF 
1 MHz 33 pF 5-50 pF 
2 MHz 25pF 5-50 pF 
4MHz 22pF 5-100 pF 

Layout: Due to the extremely low current (and therefore 
high impedance) design of the ICM7170's oscillator, special 
attention must be given to the layout of this section. Stray 
capacitance should be minimized. Keep the oscillator traces 
on a single layer of the PCB. AVOId putting a ground plane 
above or below this layer. The traces between the crystal, 
the capacitors, and the 7170 OSC pins should be as short 
as possible. Completely surround the oscillator components 
with a thick trace of VDD to minimize coupling with any digi
tal Signals. The final assembly must be free from contami
nants such as solder flux, moisture, or any other potential 
sources of leakage. A good solder mask will help keep the 
traces free of moisture and contamination over time. 

Oscillator Tuning 
Trimming the OSCillator should be done indirectly. Direct 

monitoring of the OSCillator frequency by probing OSC IN or 
OSC OUT is not accurate due to the capacitive loading of 
most probes. One way to accurately trim the 7170 is by 
turning on the 1 second periodic interrupt and trimming the 
oscillator until the interrupt period is exactly one second. 
This can be done as follows: 
1) Turn on the system. Write a $00 to the Interrupt Mask 

Register (location $10) to clear all Interrupts. 

2) Set the Command Register (location $11) for the appro
priate crystal frequency, set the Interrupt Enable and 
Run/Stop bits to 1, and set the Test bit to O. 

NOTE All fypICs/ values have be8n characf8nzed but are not tested 
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3) Write a $08 to the Interrupt Mask Register to turn on the 
1 second interrupt. 

4) Write an interrupt handler to read the Interrupt Status 
Register after every interrupt This resets the interrupt 
and allows it to be set again. A software loop that reads 
the Interrupt Status Register several times each second 
will accomplish this also. 

5) Connect a precision period counter capable of measur
ing 1 second within the accuracy desired to the Interrupt 
output. If the interrupt is configured as active low, trigger 
on the falling edge. If the interrupt is active high, trigger 
on the riSing edge. Be sure to measure the period be
tween when the transistor turns ON, and when the tran
sistor turns ON a second later. 

6) Adjust C3 (C2 for the two-capacitor load configuration) 
for an interrupt period of exactly 1.000000 seconds. 

C2 

V 23 
DO 

ICII7170 

0372-13 

Figure 7: New Oscillator Configuration 

Xl 
OSC OUT 

ICII7170 

9 
Voo 23 

Cl"'2xLoad 
C2'" 5-35 pF 

0372-14 

Figure 8: Original Oscillator Configuration 

APPLICATION NOTES 
Digital Input Termination During Backup 

To ensure low current drain during battery backup opera
tion, none of the digital inputs to the 7170 should be al
lowed to float. This keeps the input logic gates out of their 
transition region, and prevents crossover current from flow
ing which will shorten battery life. The address, data, CS, 
and ALE pins should be pulled to either VDD or Vss, and the 
RD and WR inputs should be pulled to Voo. This is neces
sary whether the internal battery switchover circuit is used 
or not. 
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IBM/PC Evaluation Circuit 
Figure 9 shows the schematic of a board that has been 

dasigned to plug into an IBM PC/XT* or compatible computer. 
In this example CS is permanently tied low and access to 
the chip is controlled by the RD and WR pins. These signals 
are generated by U1, which gates the IBM's lOR and lOW 
with a device select signal from U3, which is functioning as 
an 110 block address decoder. DS1 selects the interrupt 
priority. 

Since the IBM PC/XT* requires a positive interrupt tran
sition, the 7170's interrupt output transistor has been con
figured as a source follower. As a source follower, the inter
rupt output signal will swing between OV and 2.SV. When 
trimming the oscillator, the frequency counter must be trig
gered on the rising edge of the interrupt signal •• 

US Is used to isolate the ICM7170 from the PC databus for 
test purposes. It is only required on heavily-loaded TTL 
databusses-the ICM7170 can drive most TTL and CMOS 
databusses directly. 

BaHerles 

Panasonic 
Rayovac 

Crystals 

Saronix 32kHz 
Statek 32kHz 
Seiko 2MHz 

"'T"""T" cs 1 1 -0- 16 I T C6 

NTF3238 
CX-1V 
GT-38 

All AEN >--------~' ......., 20 T I .----=2'-t ~ ~ -,.. r-___ 2 ... U3 1-':;:9 __ V.:...._-, ---.!. Ul r.'4:--_......;V:-___ -<iOiiBI4 

~S:2~' ~Ji;~ r----'f: 74LS688:it M ~ 74LS139 ...... :: ___ , iiiW B13 

• 0""'" 14+-__ ~5 ~t V !. ~ 
I 6 ~ 7 10 

051 SRI L-=:t:j~::;-i17 r!; 1"'""""'-;8 ___ QI 9 

~ ~ 
A26A5 I L.......2 ~ 

:: t ---1 ~---~~~~~~~~~1~-l 
A22M )--------------~ 

Jl 

~ 
...! r::::r ~ T _ r- ~ r"'T"""7" C7 1:: 5V B3. B29 

)----------f----, I 2" '23 V 1 I"""" 20 ::r A31 AO "'"'"'= V r<GNO Bl. 
A30 AI .c: U2 222, ~ 2 a:1J~9 __ .. V B31 

rl+--~_:_I.. 1C117170 ~ 3' US .. '~8---_<D7 A2 
r-f,++-""";S:i 20 ~ 4 74lS2451-';.;.7 ___ -<D6 A3 

>----------I--+-H1+--:..6 19 ~ 5 16 os M 
A29 A2 I 7 18 J"NV 6 IS ft. A5 
A28 A3 ~ 17 ~ 7 t:,~4-----<~ 
A27"M ~ 16 tNv 8 13 D3 A6 

~----<D2 A7 
l.J~lonL 10 15 ~ 9 12 01 AS 
I-!r~r~ 14 + SR2 10 11 

B41m~ 1='Fb.C3 X~~~:~'2 ~[M~=_Bl f" 1....-...... ----<00 M 

823 1RQ5~ !~ r-LTP]'~POS~ITIVE~IN~TE~RRU~PT~~==~~ . V . 01 OPTIONAL DIODE I: RESISTOR 
B24 IRQ4~of - SEE N0TE8 

B25 IRQ3~oJ Rl lk 
051 

-r-

INTERRUPT 
SELECT 

0372-12 

Figure 9: IBM PC Interface 'or ICM7170 

'IBM, IBM PC, and IBM XT are trademarks of IBM Corp. 

NOTE: All typK;SI WI/u8s hIWe bssn cIJilnICtenzfJd but IUfI not IfISted 
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GENERAL NOTES: 
(1) TIME ACCESS 

To update the present time registers (Hex 00-07) the 
1/100 register must be read first. The 7 real time coun
ter registers (Hours, Minutes, Seconds, Month, Date, 
Day, and Year) data are latched only if the 1/100 sec
ond counter register is read. The 1/100 seconds data 
itself is not latched. The real time data will be held in 
the latches until the 1/100 seconds is read again. See 
the data sheet section on LATCHED DATA. None of 
the RAM data is latched since it is static by nature. 

(2) REGULATED OSCILLATOR 
The oscillator's power supply is voltage regulated 

with respect to Vdd. In the 32 kHz mode the regulator's 
amplitude is l:Vtn + Vtp ( .. 1.8). In the 1, 2, and 4 MHz 
mode the regulator's amplitude is l:Vtn + Vtn + Vtp 
("" 2.6V). As a result, signal conditioning is necessary to 
drive the oscillator with an external signal. In addition, it 
is also necessary to buffer the oscillator's signal to drive 
other external clocks because of its reduced amplitude 
and offset voltage. 

(3) INTERNAL BATTERY BACKUP 
When the 7170 is using its own internal battery back

up circuitry, no other circuitry interfaced to the 7170 
should be active during standby operation. When Vdd 
(+5V) is turned off (Standby operation), Vdd should 
equal Vss = OV. All 7170 1/0 should also equal Vss. At 
this time, the Vbackup pin should be 2.8V to 3.5V below 
Vss when using a Lithium battery. 

(4) EXTERNAL BATTERY BACKUP 
The 7170 may be placed on the same power supply 

as battery-backed up RAM by keeping the 7170 in its 
operational state and having an external circuit switch 
between system and backup power for the 7170 and 
the RAM. In this case VSACKUP should be pulled up to 
VDD through a 2k resistor. Although the 7170 is always 
"on" in this configuration, its current consumption will 
typically be less than a microamp greater than that of 
standby operation at the same supply voltage. (See 
Note 9.) 

Proper consideration must be given to disabling the 
7170's and the RAM's 1/0 before system power is re
moved. This is important because many microproces
sors can generate spurious write signals when their 
supply falls below their specified operating voltage lim
its. NAN Ding CS (or WR) with a POWERGOOD signal 
will create a CS (or WR) that is only valid when system 
power is within specifications. The POWERGOOD sig
nal should be generated by an accurate supply monitor 
such as the ICL7665 underlover voltage detector. 

An alternate method of disabling the 7170's 1/0 is to 
pull VSACKUP down to under a volt above Vss (Vss < 
VSACKUP < 1.0V). This will cause the 7170 to internally 
disable all 1/0. Do not allow VSACKUP to equal VSS, 
since this could cause oscillation of the battery backup 
comparator (See Figure 6). VSACKUP = Vss + 0.5V 
will disable the 1/0 and provide enough overdrive for 
the comparator. 

(5) 7170A PART 
The 7170A part is binned at final test for a 32.768 

kHz maximum current of 5 pA All other specifications 
remain the same. 

NOTE AU typlcallIIIIuss have bBsn chtuactenzed but are not ttlBtsd 
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(6) INTERRUPTS 
The Interrupt Status Register (address $10) always 

indicates which of the real time counters have been in
cremented since the last time the register was read. 
NOTE: This is independent of whether or not any mask 
bits are set. 

The status register is always reset immediately aiter it 
is read. If an interrupt from the 7170 has occurred since 
the last time the status register was read, bit 07 of the 
register will be set. If the source was an alarm interrupt, 
bit DO will also be set. If the interrupt transistor has 
been turned on, reading the Interrupt Status Register 
will reset it. 

To enable the periodic interrupt, both the Command 
Register's Interrupt Enable bit (04) and at least one bit 
in the Interrupt Mask Register (01 -06) must be set to a 
1. The periodic interrupt is triggered when the counter 
corresponding to a mask bit that has been set is incre
mented. For example, if you enable the 1 second inter
rupt when the current value in the 1 Oaths counter is 57, 
the first interrupt will occur 0.43 seconds later. All sub
sequent interrupts will be exactly one second apart. The 
interrupt service routine should then read the Interrupt 
Status Register to reset the interrupt transistor and, if 
necessary, determine the cause of the interrupt (period
ic, alarm, or non-7170 generated) from the contents of 
the status register. 

To enable the alarm interrupts, both the Command 
Register's Interrupt Enable bit (04) and the Interrupt 
Mask Register's Alarm bit (DO) must be set to a 1. Each 
time there is an exact match between the values in the 
alarm register and the values in the real time counters, 
bits DO and 07 of the Interrupt Status Register will be 
set to a 1 and the N-channel interrupt transistor will be 
turned on. As with a periodic interrupt, the service rou
tine should then read the Interrupt Status Register to 
reset the interrupt transistor and, since periodic and 
alarm interrupts may be Simultaneously enabled, deter
mine the cause of the interrupt if necessary. 

Mask bits: The 7170 alarm interrupt compares the 
data in the alarm registers with the data in the real time 
registers, ignoring any registers with the mask bit set. 
For example, if the alarm register is set to 11-23-95 
(Month-Day-Year), 10:59:00:00 (Hour-Minutes-Sec
onds-Hundredths), and DAY = XX (XX = masked off), 
the alarm will generate a single interrupt at 10:59 on 
November 23, 1995. If the alarm register is set to 11-
XX-95, 10:XX:00:OO, and DAY = 2 (2 = Tuesday); the 
alarm will generate one interrupt every minute from 
10:00-10:59 on every Tuesday in November, 1995. 

NOTE: Masking off the l00ths of a second counter has the same effect as 
setting it to 00. 

(7) RESISTOR IN SERIES WITH BATTERY 
A 2k resistor (R2) must be placed in series with the 

battery backup pin of the 7170. The UL laboratories 
have requested the resistor to limit the charging and 
discharging current to the battery. The resistor also 
serves the purpose of degenerating paraSitic SCR ac
tion. This SCR action may occur if an input is applied to 
the 7170, outside of its supply voltage range, while it is 
in the standby mode. 
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GENERAL NOTES: (Continued) 

(8) VBACKUP DIODE 
Uthium batteries may explode if charged or if dis

charged at too high a rate. These conditions could oc
cur if the battery was installed backwards or in the case 
of a gross component failure. A 1N914-type diode 
placed in series with the battery as shown in Figure 9 
will prevent this from occurring. A resistor of 2 MO or so 
should parallel the diode to keep the VBACKUP terminal 
from drifting toward the V 58 terminal and shutting off 
7170 I/O during normal operation. 

NOTE. AH/ypaJ_"" .. __ bullllflnot .... /od 
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(9) SUPPLY CURRENT 
n70 supply current is predominantly a function of 

oscillator frequency and databus activity. The lower the 
oscillator frequency, the lower the supply current. When 
there is little or no activity on the data, address or control 
lines, the current consumption of the n70 in its opera
tional mode approaches that of the backup mode. 



February 1992 

Features 
Fully Compatible with Harris 82C37A 

- 82C237 May be Used in 8MHz and 12.5MHz 82C37 A 
Sockets 

• Optimized for 10MHz and 12.5MHz 80C286 Systems 

• Special Mode Permits 16-Blt, Zero Wait State DMA 
Transfers 

• High Speed Data Transfers: 
- Up to 6.25 MBytesisec with 12.5MHz Clock In 

Normal Mode 

- Up to 12.5 MBytesisec with 12.5MHz Clock In 16-Bit 
Mode 

• Compatible with the NMOS 8237A 

• Four Independent Maskable Channels with Autoinitial-
ization Capability 

• Cascadable to any Number of Channels 

• Memory-t~Memory Transfers 

• Static CMOS Design Permits Low Power Operation 

- ICCSB = 101JA Maximum 

- ICCOP = 2mAIMHz Maximum 

• Fully TTUCMOS Compatible 

• Internal Registers may be Read from Software 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 

PlasticOIP O"C to +70"C 

-40°C to +85°C 

PLCC DoC to +700C 

-40°C to +85°C 

CeramicOIP DoC to +700C 

-400 C to +85°C 

-55°C to + 125°C 

5MO# 

LCC -55°C to + 125°C 

5MO# 

82C237 
CMOS High Performance 

Programmable DMA Controller 

Description 
The 82C237 is a modified version of the 82C37A. The 
82C237 is fully software and pin for pin compatible with the 
82C37A but provides an additional mode for 16-bit DMA 
transfers, as well as enhanced speed. Each channel may be 
individually programmed for 8-bit or 16-bit data transfers. 

The 82C237 controller can improve system performance by 
allowing external devices to transfer data directly to or from 
system memory. Memory-to-memory transfer capability is 
also provided, along with a memory block initialization fea
ture. DMA requests may be generated by either hardware or 
software, and each channel is independently programmable 
with a variety of features for flexible operation. 

The 82C237 is designed to be used with an external address 
latch, such as the 82C82, to demultiplex the most significant 
8 bits of address. An additional latch is required to 
temporanly store the most significant 8 bits of data if 16-bit 
memory-to-memory transfers are desired. The B2C237 can 
be used with industry standard microprocessors such as 
8OC286, 80286, 8OC86, 80C88, 8086, 8088, 8085, Z80, 
NSC800, 80186 and others. Multimode programmability 
allows the user to select from three basic types of DMA 
services, and reconfiguration under program control is 
possible even with the clock to the controller stopped. Each 
channel has a full 64K address and word count range, and 
may be programmed to autoinitialize these registers 
following DMA termination (end of process). 

8MHz 12.SMHz 

CP82C237 CP82C237-12 

IP82C237 IP82C237-12 

C582C237 C582C237-12 

1582C237 1582C237-12 

C082C237 C082C237-12 

1082C237 1082C237-12 

M082C2371B M082C237-12IB 

Pending Pending 

MR82C2371B MR82C237-12IB 

Pending Pending 

CAUTION: These devices are senshive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 

File Number 2965 
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Pinouts 

lOR 

lOW 

MEMR 

MEMW 

*DWLE 

READY 

HLDA 

ADSTB 

AEN 

DREQ2 

DREQl 

DREQO 

(GND)VSS 

Block Diagram 

DWLE 

EOP 

ADSTB 

MEMR 

MEMW 

DREOO-...,1.:.... 
DREQ3 

HLDA-

HRQ 
DACI<O - 4 
DACK3 

40 LEAD DIP 
TOP VIEW 

PRIORITY 
ENCODER 

AND 
ROTATING 
PRIORITY 

LOGIC 

82C237 

44 LEAD LCC/PLCC 
TOP VIEW 

"6"15"14'13' "2" 01 "44" 1 43" 142" 141"140' 
~_ .. ,,_"" 10_"" ,,_ ....... ..t L_J ,,_'" 10_'" 10 ... ", 10_" 10_01 

"' N.C. !ol 
"' N.C. '!ol 

HLDA ~] 

r-' r-' r-, r-, ,-, r-' r-, r-, r-, r-, r-, 
11811191 12011211122112311241125112611271128' 

DECREMENTOR 
TEMP WORD 

COUNT REG (16) 

Q '" 0 
() UJ 
< cr c c 

* See Pin Description 

INC DECREMENTOR 
TEMP ADDRESS 

REG (16) 

CII 
0 
UJ 
cr 
c 

,. BITBUS~~~=~~=~ 
~::~R;;E::A=D!!':...;~B;U~F';F:-:E~Rt~~;W READ WRITE BUFFER 

BASE I BASE CURRENT CURRENT 
WORD ADDRESS I WORD 

ADDRESS I COUNT (16) I COUNT 
(16) (16) (16) 
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Pin Description 

PIN 
SYMBOL NUMBER 

VCC 31 

GND 20 

CLK 12 

CS 11 

RESET 13 

READY 6 

HLDA 7 

DREQO- 16-19 
DREQ3 

DBO- 21-23 
DB7 26-30 

lOR 1 

lOW 2 

EOP 36 

TYPE 

I 

I 

I 

I 

I 

I 

I/O 

I/O 

I/O 

I/O 

82C237 

TABLE 1. 

DESCRIPTION 

VCC: is the +5V power supply pin. A 0.1uF capacitor between pins 31 and 20 is recommended 
for decoupling. 

Ground 

CLOCK INPUT: The Clock Input is used to generate the timing signals which control 82C237 
operations. This input may be driven from DC to 12.5MHz for the 82C237-12, or from DC to 8MHz 
for the 82C237. The Clock may be stopped in either state for standby operation. 

CHIP SELECT: Chip Select is an active low input used to enable the controller onto the data bus 
for CPU communications. 

RESET: This is an active high input which clears the Command, Status, Request, and Temporary 
registers, the First/Last Flip-Flop, and the mode register counter. The Mask register is set 
to ignore requests. The Data-Width register is set to petiorm 8-bit transfers on all channels 
(82C237 only). Following a Reset, the controller is in an idle cycle. 

READY: This signal can be used to extend the memory read and write pulses from the 82C237 to 
accommodate slow memories or I/O devices. Ready must not make transitions during its 
specified set-up and hold times. See Figure 14 for timing. Ready is ignored in verify transfer mode. 

HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU indicates that it has 
relinquished control of the system busses. HLDA is a synchronous input and must not transition 
during its specified set-up time. There is an implied hold time (HLDA inactive) of TCH from the 
rising edge of clock, during which time HLDA must not transition. 

DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous channel request 
inputs used by peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest 
priority and DREQ3 has the lowest priority. A request is generated by activating the DREQ line of a 
channel. DACK will acknowledge the recognition of a DREQ signal. Polarity of DREQ is program' 
mabie. Reset initializes these lines to active high. DREQ must be maintained until the correspond· 
ing DACK goes active. DREQ will not be recognized while the clock is stopped. Unused DREQ 
inputs should be pulled High or Low (inactive) and the corresponding mask bit set. In 16-bit 
Transfer mode (82C237 only), each DREQ channel may be programmed to petiorm either 8-bit 
or 16-bit DMA transfers. 

DATA BUS: The Data Bus lines are bidirectional three-state signals connected to the system data 
bus. The outputs are enabled in the Program condition during the I/O Read to output the contents 
of a register to the CPU. The outputs are disabled and the inputs are read during an I/O Write 
cycle when the CPU is programming the 82C237 control registers. During DMA cycles, the most 
significant 8 bits of the address are output onto the data bus to be strobed into an external latch 
by ADSTB. In memory-to-memory operations, data from the memory enters the 82C237 on the 
data bus during the read-from-memory transfer, then during the write-to-memory transfer, the 
data bus outputs write the data into the new memory location. 

I/O READ: I/O Read is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to read the control registers. In the Active cycle, it is an output 
control signal used by the 82C237 to access data from a peripheral during a DMA Write transfer. 

I/O WRITE: I/O Write is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to load information into the 82C237. In the Active cycle, it is an 
output control Signal used by the 82C237 to load data to the peripheral during a DMA Read transfer. 

END OF PROCESS: End of Process (EOP) is an active low bidirectional signal. Information 
concerning the completion of DMA services is available at the bidirectional EOP pin. 

The 82C237 allows an external signal to terminate an active DMA service by pulling the EOP pin 
low. A pulse is generated by the 82C237 when terminal count (TC) for any channel is reached, 
except for channel 0 in memory-to-memory mode. During memory-to-memory transfers, EOP will 
be output when the TC for channel 1 occurs. 

The EOP pin is driven by an open drain transistor on-chip, and requires an external pull-up 
resistor to VCC. 

When an EOP pulse occurs, whether internally or externally generated, the 82C237 will terminate 
the service, and if autoinitialize is enabled, the base registers will be written to the current registers 
of that channel. The mask bit and TC bit in the status word will be set for the currently active 
channel by EOP unless the channel is programmed for autoinitialize. In that case, the mask bit 
remains clear. 
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82C237 

Pin Description 

TABLE 1. 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

AO-A3 32-35 I/O ADDRESS: The four least significant address lines are bidirectional three-state signals. In the Idle 
cycle, they are inputs and are used by the 62C237 to address the control register to be loaded or 
read. In the Active cycle, they are outputs and provide the lower 4 bits of the output address. When 
in 16-bit mode (62C237 only), and the active channel is a 16-bit channel (as defined by the Data-
Width register), then AO will remain low during the entire transfer (i.e. an even word address will 
always be generated). 

A4-A7 37-40 0 ADDRESS: The four most significant address lines are three-state outputs and provide 4 bits of 
address. These lines are enabled only during the DMA service. 

HRQ 10 0 HOLD REQUEST: The Hold Request (HRQ) output is used to request control of the system bus. 
When a DREQ occurs and the corresponding mask bit is clear, or a software DMA request is 
made, the 82C237 Issues HRQ. The HLDA signal then informs the controller when access to the 
system busses is permitted. For stand-alone operation where the 82C237 always controls the 
busses, HRQ may be tied to HLDA. This will resull in one SO state before the transfer. 

DACKO- 14,15 0 DMA ACKNOWLEDGE: DMA acknowledge is used to notify the individual peripherals when one 
DACK3 24,25 has been granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to 

active low. 

AEN 9 0 ADDRESS ENABLE: Address Enable enables the 8-bit latch containing the upper 8 address b~s 
onto the system address bus. AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 

ADSTB 8 0 ADDRESS STROBE: This is an active high signal used to control latching of the upper address 
byte. II will drive directly the strobe input of external transparent octal latches, such as the 82C82. 
During block operations, ADSTB will only be issued when the upper address byte must be up' 
dated, thus speeding operation through elimination of Sl states. ADSTB timing is referenced to the 
falling edge of the 82C237 clock. 

MEMR 3 0 MEMORY READ: The memory Read Signal is an active low three-state output used to access 
data from the selected memory location during a DMA Read or a memory-to-memory transfer. 

MEMW 4 0 MEMORY WRITE: The Memory Write is an active low three-state output used to write data to the 
selected memory location during a DMA Write or a memory-to-memory transfer. 

DWLE 5 0 DATA-WIDTH, LATCH ENABLE: In normal8-bittransfer mode (16-bit transfer mode not enabled), 
this output is always high impedance tri-stated. In l6-bit transfer mode (82C237 only), this output 
serves a dual purpose. During S 1 cycles, the DWLE output indicates the data width 
(0 = l6-bit, 1 = 8-bit) of the active channel. During memory-to-memory transfers, the DWLE 
output is used to enable an external latch which temporarily stores the 8 most significant bits of 
data during the read-from-memory transfer. DWLE enables this byte of data onto the data bus 
during the write-to-memory transfer of a memory-to-memory operation. 
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Functional Description 

The 82C237 is an improved version of the Harris 82C37A 
DMA controller and is fully software and pin for pin 
compatible with the 82C37A. All operational and pin 
descriptions of the 82C37A apply to the 82C237 with 
additional features noted in the section titled 82C237 
Operation. 

The 82C237 direct memory access controller is designed to 
improve the data transfer rate in systems which must trans
fer data from an I/O device to memory, or move a block of 
memory to an I/O device. It will also perform memory-to
memory block moves, or fill a block of memory with data 
from a single location. Operating modes are provided 
to handle single byte transfers as well as discontinuous 
data streams, which allows the 82C237 to control data 
movement with software transparency. 

The DMA controller is a state-driven address and control 
signal generator, which permits data to be transferred 
directly from an I/O device to memory or vice versa without 
ever being stored in a temporary register. This can greatly 
increase the data transfer rate for sequential operations, 
compared with processor move or repeated string instruc
tions. Memory-to-memory operations require temporary 
internal storage of the data byte between generation of the 
source and destination addresses, so memory-to-memory 
transfers take place at less than half the rate of I/O 
operations, but still much faster than with central processor 
techniques. The maximum data transfer rates obtainable 
with the 82C237 are shown in Figure 1. 

The block diagram of the 82C237 is shown on page 2. The 
timing and control block, priority block, and internal 
registers are the main components. Figure 2 lists the name 
and size of the internal registers. The timing and control 
block derives internal timing from the clock input, and 
generates external control signals. The Priority Encoder 
block resolves priority contention between DMA channels 
requesting service simultaneously. 

8MHz 12.5MHz 

82C237 8- 16- 8- 16-
TRANSFER TYPE BIT BIT BIT BIT UNIT 

Compressed 4.00 8.00 6.25 12.5 MByle/sec 

Normal I/O 2.67 5.34 4.17 8.34 MByle/sec 

Memory-to- 1.00 2.00 1.56 3.12 MByle/sec 
Memory 

FIGURE 1. DMA TRANSFER RATES 

DMA Operation 

In a system, the 82C237 address and control outputs and 
data bus pins are basically connected in parallel with the 
system busses. An external latch is required for the upper 
address byte. While inactive, the controller's outputs are in a 
high impedance state. When activated by a DMA request 
and bus control is relinquished by the host, the 82C237 
drives the busses and generates the control signals to 

perform the data transfer. The operation performed by 
activating one of the four DMA request inputs has previously 
been programmed into the controller via the Command, 
Mode, Address, and Word Count registers. 

For example, if a block of data is to be transferred from RAM 
to an I/O device, the starting address of the data is loaded 
into the 82C237 Current and Base Address registers for a 
particular channel, and the length of the block is loaded into 
that channel's Word Count register. The corresponding 
Mode register is programmed for a memory-to-I/O 
operation (read transfer), and various options are selected 
by the Command register and other Mode register bits. The 
channel's mask bit is cleared to enable recognition of a 
DMA request (DREO). The DREO can either be a hardware 
signal or a software command. 

Once initiated, the block DMA transfer will proceed as the 
controller outputs the data address, simultaneous MEMR 
and lOW pulses, and selects an I/O device via the DMA 
acknowledge (DACK) outputs. The data byte flows directly 
from the RAM to the I/O device. After each byte is 
transferred, the address is automatically incremented (or 
decremented) and the word count is decremented. The 
operation is then repeated for the next byte. The controller 
stops transferring data when the Word Count register 
underflows, or an external EOP is applied. 

NAME SIZE NUMBER 

Base Address Registers 16 Bits 4 

Base Word Count Registers 16 Bits 4 

Current Address Registers 16 Bits 4 

Current Word Count Registers 16 Bits 4 

Temporary Address Register 16 Bits 1 

Temporary Word Count Register 16 Bits 1 

Status Register 8 Bits 1 

Command Register 8 Bits 1 

Temporary Register 8 Bits 1 

Mode Registers 6 Bits 4 

Mask Register 4 Bits 1 

Request Register 4 Bits 1 

Data-Width Register' 4 Bits 1 

""82C237 only 

FIGURE 2. 82C237 INTERNAL REGISTERS 

To further understand 82C237 operation, the states 
generated by each clock cycle must be considered. The 
DMA controller operates in two major cycles, active and 
idle. After being programmed, the controller is normally idle 
until a DMA request occurs on an unmasked channel, or a 
software request is given. The 82C237 will then request 
control of the system busses and enter the active cycle. 
The active cycle is composed of several internal states, 
depending on what options have been selected and what 
type of operation has been requested. 
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82C237 

The 82C237 can assume seven separate states, each 
composed of one full clock period. State I (SI) is the idle 
state. It is entered when the 82C237 has no valid DMA 
requests pending, at the end of a transfer sequence, or 
when a Reset or Master Clear has occurred. While in SI, 
the DMA controller is inactive but may be in the Program 
Condition (being programmed by the processor). 

State 0 (SO) is the first state of a DMA service. The 82C237 
has requested a hold but the processor has not yet returned 
an acknowledge. The 82C237 may still be programmed 
until it has received HLDA from the CPU. An acknowledge 
from the CPU will signal that DMA transfers may begin. Sl, 
S2, 83 and 84 are the working states of the DMA service. If 
more time is needed to complete a transfer than is available 
with normal timing, wait states (SW) can be inserted 
between 83 and 84 in normal transfers by the use of the 
Ready line on the 82C237. For compressed transfers, wait 
states can be inserted between 82 and S4. See timing 
Figures 14 and 15. 

Note that the data is transferred directly from the I/O device 
to memory (or vice versa) with lOR and MEMW (or MEMR 
and lOW) being active at the same time. The data is not read 
into or driven out of the 82C237 in I/O-to-memory or 
memory-to-I/O DMA transfers. 

Memory-to-memory transfers require a read-from and a 
write-to memory to complete each transfer. The states, 
which resemble the normal working states, use two-digit 
numbers for identification. Eight states are required for a 
single transfer. The first four states (Sll, S12, S13, S14 are 
used for the read-from-memory half and the last four states 
(S21, S22, S23, S24) for the write-to-memory half of the 
transfer. 

Idle Cycle 
When no channel is requesting service, the 82C237 will 
enter the Idle cycle and perform "SI" states. In this cycle, the 
82C237 will sample the DREO lines on the falling edge of 
every clock cycle to determine if any channel is requesting a 
DMA service. 

Note that for standby operation where the clock has been 
stopped, DMA requests will be ignored. The device will 
respond to CS (chip select), in case of an attempt by the 
microprocessor to write or read the internal registers of the 
82C237. When CS is low and HLDA is low, the 82C237 
enters the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part by 
reading from or writing to the internal registers. 

The 82C237 may be programmed with the clock stopped, 
provided that HLDA is low and at least one rising clock 
edge has occurred after HLDA was driven low, so the 
controller is in an SI state. Address lines AO-A3 are inputs to 
the device and select which registers will be read or written. 
The lOR and lOW lines are used to select and time the read 
or write operations. Due to the number and size of the 
internal registers, an internal flip-flop called the First/Last 
Flip-Flop is used to generate an additional bit of address. 
The bit is used to determine the upper or lower byte of the 
16-bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. Separate software 
com mands can also set or reset th is flip-flop. 

Special software commands can be executed by the 
82C237 in the Program Condition. These commands are 
decoded as sets of addresses with CS, lOR, and lOW. The 
commands do not make use of the data bus. Instructions 
include Set and Clear First/Last Flip-Flop, Master Clear, 
Clear Mode Register Counter, and Clear Mask Register. 

Active Cycle 

When the 82C237 is in the Idle cycle, and a software 
request or an unmasked channel requests a DMA service, 
the device will issue HRO to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA service will 
take place, in one of four modes: 

Single Transfer Mode - In single transfer mode, the device 
is programmed to make one transfer only. The word 
count will be decremented and the address decremented or 
incremented following each transfer. When the word count 
"rolls over" from zero to FFFFH, a terminal count bit in the 
status register is set, an EOP pulse is generated, and the 
channel will autoinitialize if this option has been selected. If 
not programmed to autoinitialize, the mask bit will be set, 
along with the TC bit and EOP pulse. 

DREO must be held active until DACK becomes active. If 
DREO is held active throughout the single transfer, HRO 
will go inactive and release the bus to the system. It will 
again go active and, upon receipt of a new HLDA, another 
single transfer will be performed, unless a higher priority 
channel takes over. In 8080A, 808SA, 80C88, or 80C86 
systems, this will ensure one full machine cycle execution 
between DMA transfers. Details of timing between the 
82C237 and other bus control protocols will depend upon 
the characteristics of the microprocessor involved. 

Block Transfer Mode - In Block Transfer mode, the device 
is activated by DREO or software request and continues 
making transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of Process 
(EOP) is encoutltered. DREO need only be held active until 
DACK becomes active. Again, an Autoinitialization will 
occu r at the end of the service if the channel has been 
programmed for that option. 

Demand Transfer Mode - In Demand Transfer mode the 
device continues making transfers until a TC or external 
EOP is encountered, or until DREQ goes inactive. Thus, 
transfers may continue until the I/O device has exhausted 
its data capacity. After the I/O device has had a chance to 
catch up, the DMA service is reestablished by means of a 
DREO. During the time between services when the 
microprocessor is allowed to operate, the intermediate val
ues of address and word count are stored in the 82C237 
Current Address and Current Word Count registers. Higher 
priority channels may intervene in the demand process, 
once DREO has gone inactive. Only an EOP can cause an 
Autoinitialization at the end of the service. EOP is generated 
either by TC or by an external signal. 

Cascade Mode - This mode is used to cascade more than 
one 82C237 for simple system expansion. The HRO and 
HLDA signals from the additional 82C237 are connected to 
the DREO and DACK signals respectively of a channel for 
the initial 82C237. This allows the DMA requests of the 
additional device to propagate through the priority network 
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circuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn to 
acknowledge requests. Since the cascade channel of the 
initial 82C237 is used only for prioritizing the additional 
device, it does not output an address or control signals of its 
own. These could conflict with the outputs of the active 
channel in the added device. The initial 82C237 will 
respond to DREQ and generate DACK but all other outputs 
except HRQ will be disabled. An external EOP will be 
ignored by the initial device, but will have the usual effect on 
the added device. 

Figure 3 shows two additional devices cascaded with an 
initial device using two of the initial device's channels. This 
forms a two-level DMA system. More 82C237s could be 
added at the second level by using the remaining channels 
of the first level. Additional devices can also be added by 
cascading into the channels of the second level devices, 
forming a third level. 

8OC86J88 
MICRO -

PROCESSOR 1ST LEVEL 

~ HRQ DREQ 

I-- HLDA DACK 

82C237 

DREQ 
DACK 

INITIAL DEVICE 

-'-+ 

~ 
r---

2ND LEVEL 

82C237 

HRQ 
HLDA 

HRQ 
HLDA 

82C237 

ADDITIONAL 
DEVICES 

FIGURE 3. CASCADED 82C237s 

When programming cascaded controllers, start with the first 
level device (closest to the microprocessor). After RESET, 
the DACK outputs are programmed to be active low and are 
held in the high state. If they are used to drive HLDA directly, 
the second level device(s) cannot be programmed until 
DACK polarity is selected as active high on the initial device. 
Also, the initial device's mask bits function normally 
on cascaded channels, so they may be used to inhibit 
second-level services. 

Transfer Types 

Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and 
Verify. Write transfers move data from an I/O device to the 
memory by activating MEMW and lOR. Read transfers 
move data from memory to an I/O device by activating 
MEMR and lOW. 

Verify transfers are pseudo-transfers. The 82C237 
operates as in Read or Write transfers generating 

addresses and responding to EOP, etc., however the 
memory and I/O control lines all remain inactive. Verify 
mode is not permitted for memory-to-memory operation. 
Ready is ignored during verify transfers. 

Autoinitialize - By setting bit 4 in the Mode register, a 
channel may be set up as an AutOinitialize channel. During 
Autoinitialization, the original values of the Current Address 
and Current Word Count registers are automatically 
restored from the Base Address and Base Word Count 
registers of that channel following EOP. The base registers 
are loaded simultaneously with the current registers by the 
microprocessor and remain unchanged throughout the 
DMA service. The mask bit is not set when the channel is in 
Autoinitialize mode. Following Autoinitialization, the channel 
is ready to perform another DMA service, without CPU 
intervention, as soon as a valid DREQ is detected, or 
software request made. 

Memory-to-Memory - To perform block moves of data 
from one memory address space to another with minimum 
of program effort and time, the 82C237 includes a memory
to-memory transfer feature. Setting bit 0 in the Command 
register selects channels 0 and 1 to operate as memory-to
memory transfer channels. 

The transfer is initiated by setting the software or hardware 
DREQ for channel O. The 82C237 requests a DMA service 
in the normal manner. After HLDA is true, the device, using 
four-state transfers in Block Transfer mode, reads data 
from the memory. The channel 0 Current Address register is 
the source for the address used and is decremented or 
incremented in the normal manner. The data byte read from 
the memory is stored in the 82C237 internal Temporary 
register. Another four-state transfer moves the data to 
memory using the address in channel one's Current 
Address register and incrementing or decrementing it in 
the normal manner. The channel 1 Current Word Count is 
decremented. 

When the word count of channel 1 decrements to FFFFH, 
a TC is generated causing an EOP output, terminating 
the service, and setting the channel 1 TC bit in the Status 
register. The channel 1 mask bit will also be set, unless 
the channel 1 mode register is programmed for 
autoinitialization. Channel 0 word count decrementing to 
FFFFH will not set the channel 0 TC bit in the status register 
or generate an EOP, or set the channel 0 mask bit in this 
mode. It will cause an autoinitialization of channel 0, if that 
option has been selected. 

if full Autoinitialization for a memory-to-memory operation 
is desired, the channel 0 and channel 1 word counts must 
be set to equal values before the transfer begins. Otherwise, 
if channel 0 underflows before channel 1, it will autoin itialize 
and set the data source address back to the beginning of 
the block. If the channel 1 word count underflows before 
channel 0, the memory-to-memory DMA service will termi
nate, and channel 1 will autoinitialize but channel 0 will not. 

In memory-to-memory mode, Channel 0 may be pro
grammed to retain the same address for all transfers. This 
allows a single byte to be written to a block of memory. This 
channel 0 address hold feature is selected by setting bit 1 in 
the Command register. 
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The 82C237 will respond to external EOP signals during 
memory-to-memory transfers, but will only relinquish the 
system busses after the transfer is complete (i.e., after an 
S24 state). It should be noted that an external EOP cannot 
cause the channel 0 Address and Word Count registers to 
autoinitialize, even If the Mode register is programmed for 
autoinitialization. An external EOP will autoinitialize the 
channell registers, if so programmed. Data comparators in 
block search schemes may use the EOP input to terminate 
the service when a match Is found. The timing of memory
to-memory transfers is found in Figure 13. Memory-to
memory operations can be detected as an active AEN with 
no DACK outputs. 

Priority - The 82C237 has two types of priority encoding 
available as software selectable options. The first is Fixed 
Priority which fixes the channels In priority order based 
upon the descending value of their numbers. The channel 
with the lowest priority is 3 followed by 2, 1 and the highest 
priority channel, O. After the recognition of anyone channel 
for service, the other channels are prevented from interfering 
with the service until It Is completed. 

The second scheme is Rotating Priority. The last channel to 
get service becomes the lowest priority channel with the 
others rotating accordingly. The next lower channel from 
the channel serviced has highest priority on the following 
request. Priority rotates every time control of the system 
busses Is returned to the processor. 

Rotating Priority 

1st 2nd 3rd 
Service Service Service 

highest 0 2 _service~3 
1 _service~ 3 _request 0 

lowest 2 \0 1 

3 1 2 

_service 

With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recognized 
after no more than three higher priority services have 
occurred. This prevents anyone channel from monopolizing 
the system. 

Regardless of which priority scheme is chosen, priority is 
evaluated every time a HlDA Is returned to the 82C237. 

Compressed Timing - In order to achieve even greater 
throughput where system characteristics permit, the 
82C237 can compress the transfer time to two clock 
cycles. From Figure 12 it can be seen that state S3 is used 
to extend the access time of the read pulse. By removing 
state S3, the read pulse width Is made equal to the write 
pulse width and a transfer consists only of state S2 to 
change the address and state S4 to perform the read/write. 
Sl states will still occur when A8-A15 need updating (see 
Address Generation). Timing for compressed transfers Is 
found in Figure 15. EOP will be output in S2 if compressed 
timing is selected. Compressed timing is not allowed for 
memory-to-memory transfers. 

Address Generation - In order to reduce pin count, the 
82C237 multiplexes the eight higher order address bits on 

the data lines. State S 1 is used to output the higher order 
address bits to an external latch from which they may be 
placed on the address bus. The falling edge of Address 
Strobe (ADSTB) Is used to load these bits from the data 
lines to the latch. Address Enable (AEN) is used to enable 
the bits onto the address bus through a three-state enable. 
The lower order address bits are output by the 82C237 
directly. Lines AO-A7 should be connected to the address 
bus. Figure 12 shows the time relationships between ClK, 
AEN, ADSTB, DBO-DB7 and AO-A7. 

During Block and Demand Transfer mode service, which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held in the external 
address latch will remain the same. This data need only 
change when a carry or borrow from A7 to A8 takes place 
in the normal sequence of addresses. To save time and 
speed transfers, the 82C237 executes Sl states only when 
updating of A8-A 15 in the latch is necessary. This means 
for long services, S 1 states and Add ress Strobes may occur 
only once every 256 transfers, a savings of 255 clock 
cycles for each 256 transfers. 

Programming 

The 82C237 will accept programming from the host 
processor anytime that HlDA is inactive, and at least one 
rising clock edge has occurred after HlDA went low. It is 
the responsibility of the host to assure that programming 
and HlDA are mutually exclusive. 

Note that a problem can occur if a DMA request occurs 
on an unmasked channel while the 82C237 is being 
programmed. For instance, the CPU may be starting to 
reprogram the two byte Address register of channell when 
channel 1 receives a DMA request. If the 82C237 is 
enabled (bit 2 in the Command register is 0), and channel 1 
is unmasked, a DMA service will occur after only one byte 
of the Address register has been reprogrammed. This 
condition can be avoided by disabling the controller (setting 
bit 2 in the Command register) or masking the channel 
before programming any of its registers. Once the program
ming is complete, the controller can be enabled/unmasked. 

After power-up it is suggested that all intemal locations be 
loaded with some known value, even if some channels are 
unused. This will aid in debugging. 

Register Description 

Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of 
the address used during DMA transfers. The address Is 
automatically incremented or decremented by one after 
each transfer and the values of the address are stored in the 
Current Address register during the transfer. This register is 
written or read by the microprocessor in successive 8-bit 
bytes. See Figure 6 for programming information. It 
may also be reinitialized by an Autoinitialize back to its origi
nal value. Autoinitialize takes place only after an EOP. In 
memory-to-memory mode, the channel 0 Current Address 
register can be prevented from incrementing or 
decrementing by setting the address hold bit in the 
Command register. 
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Current Word Count Register - Each channel has a 
16-Bit Current Word Count register. This register deter
mines the number of transfers to be performed. The actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e., 
programming a count of 100 will result in 101 transfers). 
The word count is decremented after each transfer. When 
the value in the register goes from zero to FFFFH, a TC will 
be generated. This register is loaded or read in successive 
8-bit bytes by the microprocessor in the Program 
Condition. See Figure 6 for programming information. 
Following the end of a DMA service it may also be 
reinitialized by an Autoinitialization back to its original value. 
Autoinitialization can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of FFFFH 
after TC. 

Base Address and Base Word Count Registers - Each 
channel has a pair of Base Address and Base Word Count 
registers. These 16-bit registers store the original value of 
their associated current registers. During Autoinitialize 
these values are used to restore the current registers to their 
original values. The base registers are written simultaneously 
with their corresponding current register in 8-bit bytes in 
the Program Condition by the microprocessor. See Figure 6 
for programming information. These registers cannot be 
read by the microprocessor. 

Command Register - This 8-bit register controls the 
operation of the 82C237. It is programmed by the 
microprocessor and is cleared by Reset or a Master Clear 
instruction. The following diagram lists the function of the 
Command register bits. See Figure 4 for Read and Write 
addresses. 

Command Register 

171 615 4 31 211 101 8ft Number 

o Memory - to - memory disable 
1 Memory - to - memory enable 

Channel 0 address hold disable 
Channel 0 address hold enable 
If bit 0 = 0 

o Controller enable 
1 Controller disable 

o Normal timing 
"------<lx1 Compressed timing 

, If bit 0 = 1 

Fixed priority 
Rotating priority 

Late write selection 
Extended write selection 
If bit 3 = 1 

"-_____ ----<0 DREQ sense active high 
1 DREQ sense active low 

"-______ ---<0 DACK sense active low 
11 DACK sense active high 

Mode Register - Each channel has a 6-bit Mode register 
associated with it. When the register is being written to by 
the microprocessor in the Program Condition, bits 0 and 1 
determine which channel Mode register is to be written. 
When the processor reads a Mode register, bits 0 and 1 will 
both be ones. See the following diagram and Figure 4 for 
Mode register functions and addresses. 

Mode Register 

1716151413211 01 Bit Number 

00 Channel 0 select 
01 Channell select 

----< 10 Channel 2 select 
11 Channel 3 select 
XX Readback 

00 Verify transfer 
01 Write transfer 
10 Read transfer 
11 Illegal 
XX If bits 6 and 7 = 11 

0 Autoinitialization disable 
1 Autoinitialization enable 

0 Address increment select 
1 Address decrement select 

00 Demand mode select 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 

Request Register - The 82C237 can respond to requests 
for DMA service which are initiated by software as well as 
by a DREQ. Each channel has a request bit associated with 
it in the 4-bit Request register. These are non-maskable 
and subject to prioritization by the Priority Encoder network. 
Each register bit is set or reset separately under software 
control. The entire register is cleared by a Reset or Master 
Clear instruction. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for register ad
dress coding, and the following diagram for Request regi
ster format. A software request for DMA operation can be 
made in block or singie modes. For memory-to-memory 
transfers, the software request for channel 0 should be set. 
When reading the Request register, bits 4-7 will always 
read as ones, and bits 0-3 will display the request bits of 
channels 0-3 respectively. 

Request Register 

1716 514131211 01 Bit Number 
~ 

Don't Care, 00 Select channel 0 
Write 01 Select channel 1 

Bits 4 -7 ----< 
10 Select channel 2 

All Ones, 
,11 Select channel 3 

Read 

}O Reset request bit 
II Set request bit 
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Mask Register - Each channel has associated with it a mask 
bit which can be set to disable an incoming DREO. Each 
mask bit is set when its associated channel produces an EOP 
if the channel is not programmed to Autoinitialize. Each bit of 
the 4-bit Mask register may also be set or cleared separately 
or simultaneously under software control. The entire register is 
also set by a Reset or Master Clear. This disables all hardware 
DMA requests until a Clear Mask Register instruction allows 
them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. Refer to the following diagram and Figure 4 for 
details. When reading the Mask register, bits 4-7 will always 
read as logical ones, and bits 0-3 will display the mask bits of 
channels 0-3, respectively. The 4 bits of the mask register 
may be cleared simultaneously by using the Clear Mask 
Register command (see software commands section). 

Mask Register 

7 6 5 4 3 210 Bit Number 

Don't Care y~ Select channel 0 mask bit 
Select channel 1 mask bit 

10 Select channel 2 mask bit 
11 Select channel 3 mask bit 

0 Clear mask bit 
1 Set mask bit 

All four bits of the Mask register may also be written with a 
single command. 

1716151413211101 
---y----' 

Don't Care, 
Write 

All Ones, 
Read 

Bit Number 

o Clear channel 0 mask bit 
1 Set channel 0 mask bit 

o Clear channel 1 mask bit 
1 Set channel 1 mask bit 

Clear channel 2 mask bit 
Set channel 2 mask bit 

'--__ ~JO Clear channel 3 mask bit 
II Set channel 3 mask bit 

OPERATION A3 A2 

Read Status Register 1 0 
Write Command Register 1 0 
Read Request Register 1 0 
Write Request Register 1 0 
Read Command Register 1 0 
Write Single Mask Bit 1 0 
Read Mode Register 1 0 
Write Mode Register 1 0 
Set First/Last F/F 1 1 
Clear FirSVLast F/F 1 1 
Read Temporary Register 1 1 
Master Clear 1 1 
Clear Mode Reg. Counter 1 1 
Clear Mask Register 1 1 
Read All Mask Bits 1 1 
Write All Mask Bits 1 1 

Status Register - The Status register is available to be 
read out of the 82C237 by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which Channels have reached a 
terminal count and which channels have pending DMA 
requests. Bits 0-3 are set every time a TC is reached by that 
channel or an external EOP is applied. These bits are 
cleared upon Reset, Master Clear, and on each Status 
Read. Bits 4-7 are set whenever their corresponding 
channel is requesting service, regardless of the mask bit 
state. If the mask bits are set, software can poll the Status 
register to determine which channels have DREOs, and 
selectively clear a mask bit, thus allowing user defined 
service priority. Status bits 4-7 are updated while the clock 
is high, and latched on the falling edge. Status Bits 4-7 are 
cleared upon Reset or Master Clear. 

Status Register 

17161514131211101 Bit Number 

L1 Channel 0 has reached TC 

~1 Channel 1 has reached TC 

"-------1 Channel 2 has reached TC 

1 Channel 3 has reached TC 

'-----1 Channel 0 request 

L------1 Channell request 

'-------1 Channel 2 request 

'--------1 Channel 3 request 

Temporary Register - The Temporary register is used to 
hold data during memory-to-memory transfers. Following 
the completion of the transfers, the last byte moved can be 
read by the microprocessor. The Temporary register always 
contains the last byte transferred in the previous memory-to
memory operation, unless cleared by a Reset or Master Clear. 

A1 AO lOR lOW 

0 0 0 1 
0 0 1 0 
0 1 0 1 
0 1 1 0 
1 0 0 1 
1 0 1 0 
1 1 0 1 
1 1 1 0 
0 0 0 1 
0 0 1 0 
0 1 0 1 
0 1 1 0 
1 0 0 1 
1 0 1 0 
1 1 0 1 
1 1 1 0 

FIGURE 4. SOFTWARE COMMAND CODES AND REGISTER CODES 
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Software Commands 

There are special software commands which can be 
executed by reading or writing to the 82C237. These 
commands do not depend on the specific data pattern on 
the data bus, but are activated by the I/O operation itself. On 
read type commands, the data value is not guaranteed. 
These commands are: 

Clear First/last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 82C237. This command initializes the 
flip-flop to a known state (low byte first) so that subsequent 
accesses to register contents by the microprocessor will 
address upper and lower bytes in the correct sequence. 

Set First/last Flip-Flop: This command will set the flip
flop to select the high byte first on read and write operations 
to address and word count registers. 

Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask 
register is set. The 82C237 will enter the Idle cycle. 

Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 

Clear Mode Register Counter: Since only one address 
location is available for reading the Mode registers, an 
internal two-bit counter has been included to select Mode 
registers during read operations. To read the Mode 
registers, first execute the Clear Mode Register Counter 
command, then do consecutive reads until the desired 
channel is read. Read order is channel 0 first, channel 3 last. 
The lower two bits on all Mode registers will read as ones. 

External EOP Operation 

The EOP pin is a bidirectional, open drain pin which may be 
driven by external signals to terminate DMA operation. 
Because EOP is an open drain pin an external pull-up 
resistor to VCC is required. The value of the external pull-up 
resistor used should guarantee a rise time of less than 
125ns. It is important to note that the 82C237 will not 
accept external EOP signals when it is in an SI (Idle) state. 
The controller must be active to latch EXT EOP. Once 
latched, the EXT EOP will be acted upon during the next S2 
state, unless the 82C237 enters an idle state first. In the 
latter case, the latched EOP is cleared. External EOP pulses 
occurring between active DMA transfers in demand mode 
will not be recogr>ized, since the 82C237 is in an SI state. 

16-Bit Transfer Mode 

The 82C237 is fully software and pin for pin compatible with 
the 82C37A. Therefore, the 82C237 may be used as a 
faster 82C37A without modifications to software or hard
ware. The 82C237 may be used as an 82C37A, however, 
the 82C237 has an additional feature in that it may 
be programmed to perform 16-bit DMA transfers, thus 
doubling data transfer rate. In 16-bit transfer mode the 
device operates the same as in normal (8-bit) transfer mode 
with exceptions noted in this section. 

16-81t Transfer Mode Initialization - To initialize the 
82C237 to 16-bit Transfer Mode, a specific sequence 
of software commands must be written to the device 
immediately after a hardware Reset or a Master Clear 
instruction. The sequence to initialize 16-bit Transfer Mode 
is as follows: 

1) Hardware Reset or Master Clear 
2) Set First/last Flip-Flop 
3) Clear First/last Flip-Flop 

These software commands must occur sequentially with no 
communication to or from the 82C237 between commands. 
Once in 16-bit mode, the device will remain in this mode 
until a hardware Reset or Master Clear sets it back to 
normal (8-bit) transfer mode. If this initialization sequence is 
not followed exactly, the 82C237 will operate exactly like 
the 82C37A or the 82C237 in normal 8-bit mode. 

16-81t DMA Transfers - In 16-bit transfer mode, each 
DMA channel may be programmed to perform 8-bit or 
16-bit transfers. Channels which are programmed to 
perform 8-bit transfers will operate like a normal 82C37A 
transfer. On channels programmed to perform 16-bit 
transfers, the Current Address register, which is normally 
incremented or decremented by one after each transfer, is 
incremented or decremented by two after each transfer. 
Also, the Current Word Count register, which is normally 
decremented by one after each transfer, is decremented by 
two after each transfer. 

16-8it Memory-to-Memory Transfers - 16-bit memory
to-memory transfers require an external latch to temporarily 
store the 8 most significant bits of data. When 16-bit 
transfer mode is enabled, Pin 5 (DWLE) becomes an active 
output which may be used to enable the external data latch 
during memory-to-memory operations. See Figure 9 for 
a 16-bit DMA application. Channels 0 and 1 operate as 
memory-to-memory transfer channels. If either channel 0 
or channel 1 is programmed to perform 16-bit transfers 
when a memory-to-memory transfer is initiated, the transfer 
will be a 16-bit transfer. If 8-bit memory-to-memory 
transfers are desired while the 82C237 is in 16-bit transfer 
mode, channels 0 and 1 must both be programmed for 8-bit 
transfers. 

Pin 5 DWlE Output - When the 82C237 is not initialized 
to 16-bit transfer mode, pin 5 is always high impedance 
tri-stated. This insures compatibility with the 82C37 A pin 5 
description. In 1 6-bit transfer mode, this output becomes 
active and serves a dual purpose. 

During the S1 cycle of a transfer, the DWLE output indicates 
the data width (0 = 16-bit, 1 = 8-bit) of the active channel. 
This signal may be used with the AO output to generate a 
High Byte Enable signal for use in chip select decode logic. 
Since DWLE is a multiplexed pin, Data Width information 
needs to be captured in an external latch on the falling edge 
of ADSTB. See Figure 9 for a 16-bit DMA application. 

During memory-to-memory transfers, the DWLE output is 
used to enable an external latch which temporarily stores 
the 8 most significant bits of data during the read-from
memory half of the transfer. DWLE enables this byte of data 
onto the data bus during the write-to-memory half of the 
transfer. See Figure 9 for a 16-bit DMA application. 
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If an active channel is cascaded, as defined by its mode 
register, DWLE will be driven low at the start of the transfer, 
and will remain low for the entire transfer. This allows the 
DWLE signal from the slave a2C237 to control the system. 
To form the system DWLE signal for cascaded a2C237s, 
simply "OR" the individual DWLE outputs of the Master and 
Slaves. 

Registers Affected By 16-Bit 
Transfer Mode 
Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of 
the address used during DMA transfers. On channels 
programmed to perform a-bit DMA transfers, the address is 
automatically incremented or decremented by one after 
each transfer. On channels programmed for 16-bit DMA 
transfers, the address is automatically incremented or 
decremented by two after each transfer. 

During all 16-bit transfers, the AO output will remain low for 
the entire transfer, even if an odd address is programmed 
into the channel's Current Address register (i.e. only even 
word addresses will be generated). 

The Current Address register is written or read by the 
microprocessor in successive a-bit bytes. See Figure 6 for 
programming information. It may also be reinitialized by an 
Autoinitialize back to its original value. Autoinitialize takes 
place only after an EOP. In memory-to-memory mode, the 
channel 0 Current Address register can be prevented from 
incrementing or decrementing by setting the address hold 
bit in the Command register. 

Current Word Count Register - Each channel has a 
16-bit Current Word Count register. This register 
determines the number of transfers to be performed. On 
channels programmed for a-bit transfers, the actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e. 
programming a count of 100 will result in 101 transfers). 
The word count is decremented by one after each transfer 
on a-bit transfer channels. 

On channels programmed for 16-bit transfers, the word 
count is decremented by two after each transfer. This 
means that for even values In the Current Word Count 
register, the actual number of transfers will' be n/2 + 1, 
where n Is the value in the Current Word Count register. For 
odd values in this register, the actual number of transfers 
will be (n+l)/2. When the value in the Current Word Count 
register decrements past zero (i.e. 0 to FFFEH or 1 to 
FFFFH), a TC will be generated. 

This register is loaded or read In successive a-bit bytes by 
the microprocessor in the Program Condition. See Figure 6 
for programming information. Following the end of a DMA 
service it may also be relnitlalized by an Autoinitialization 
back to its original value. Autoinitialization can occur only 
when an EOP occurs. If it is not Autoinitialized, this register 
will have a count of FFFFH after TC on a-bit transfers, or 
FFFEH after TC on 16-bit transfers. 

Data-Width Register - When 16-bit transfer mode is 
enabled, the Data-Width register becomes accessible and 
is used to program each DMA channel to perform either 

a-bit transfers or 16-bit transfers. Data bits 4-7 represent 
DREQ channels 0-3 respectively and determine the data 
width (a-bit or 16-bit) of each channel during DMA 
transfers. When programming this register, bit 3 of the data 
must be set to "0". Since the address of the Data-Width 
register is the same as the Mask register, bit 3 selects which 
register is actually written. 

Data-Width Register - 16-bit transfer mode enabled 

17161514131211101 Bit Number 

L X Don't Care 

o Must be 0 to write all 
data - width bits 

Ji 
l 
o Channel 0 = 16 - bit transfers 
1 Channel 0 = 8 - bit transfers 

JI 
l 
o Channel 1 = 16 - bit transfers 
1 Channel 1 = 8 - bit transfers 

JI 
l 
o Channel 2 = 16 - bit transfers 
1 Channel 2 = 8 - bit transfers 

JI 
1 
o Channel 3 = 16 - bit transfers 
1 Channel 3 = 8 - bit transfers 

Mask Register - In 16-bit transfer mode this register 
operates the same as the previous Mask register description 
with the exception of bit 3 when writing the instruction to 
separately set or clear a mask bit. Bit 3 of the data must be 
"1" when writing a single mask bit. Bits 4-7 are ignored 
when this instruction is written. Refer to the following 
diagram for writing single mask bits. 

Mask Register - 16-bit transfer mode enabled 

Don't Care 

Bit Number 

00 Select channel 0 mask bit 
01 Select channel 1 mask bit 

'-----< 10 Select channel 2 mask bit 
11 Select channel 3 mask bit 

'----_---<0 Clear mask bit 
1 Set mask bit 

Must be 1 to write single 
mask bit 

The software command to write all four bits of the Mask 
register has no affect on the state of the Data-Width bits. 

When reading the Mask/Data-Width register (they share 
the same address), bits 0-3 will always display the mask 
bits of channels 0-3, respectively. With 16-bit transfer 
mode not enabled, bits 4-7 will always read as logical ones. 
With 16-bit transfer mode enabled, bits 4-7 will display the 
data-width bits for channels 0-3 respectively. 
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The Mask and Data-Width registers are set by Reset or 
Master Clear. This disables all hardware DMA requests until 
a clear mask bit instruction allows them to be recognized. 
Reset or Master Clear forces the Mask and Data-Width 
registers to operate as in normal mode (Data-Width register 
not accessible) until 16-bit transfer mode is again entered. 
The four mask bits may also be cleared simultaneously by 
using the Clear Mask Register command (see software 
commands section). This command has no effect on the 
data-width bits. 

Temporary Register - The internal Temporary register 
is used to hold data during memory-to-memory transfers. 
Following the completion of the transfers, the last byte 
moved can be read by the microprocessor. In the case of 
16-bit transfers, only the least significant 8 bits of the last 
word transferred are stored in this register. The Temporary 
register always contains the last byte transferred in the 
previous memory-to-memory operation, unless cleared by 
a Reset or Master Clear. 

OPERATION A3 

Read Status Register 1 
Write Command Register 1 
Read Request Register 1 

Write Request Register 1 
Read Command Register 1 
Write Single Mask Bit (Note 1) 1 
Write All Data-Width Bits (Notes 1,2) 1 
Read Mode Register 1 

Write Mode Register 1 
Set First/Last F/F 1 

Clear First/Last F /F 1 
Read Temporary Register 1 

Master Clear 1 
Clear Mode Reg. Counter 1 
Clear Mask Register 1 
Read All Mask/Data-Width Bits (Note 2) 1 

Write All Mask Bits 1 

NOTES 1 The regIster to be wntten IS determined by data bit 3 

2 Data-Width bits eXist In 82C237. l6-bit mode only. 

Software Commands Affected by 
16-Bit Mode 

Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask 
register is set. When the Master Clear instruction occurs 
while in 16-bit transfer mode, the 82C237 enters normal 
(8-bit) transfer mode in the Idle cycle. 

Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 
This command has no effect on data-width bits in 16-bit 
transfer mode. 

A2 A1 AO lOR lOW 

0 0 0 0 1 

0 0 0 1 0 

0 0 1 0 1 
0 0 1 1 0 

0 1 0 0 1 
0 1 0 1 0 

0 1 0 1 0 

0 1 1 0 1 
0 1 1 1 0 

1 0 0 0 1 
1 0 0 1 0 

1 0 1 0 1 
1 0 1 1 0 

1 1 0 0 1 
1 1 0 1 0 

1 1 1 0 1 
1 1 1 1 0 

FIGURE 5. 16-BIT MODE SOFTWARE COMMAND CODES AND REGISTER CODES 
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SIGNALS FIRST/LAST 
FLIP-FLOP DATA BUS 

CHANNEL REGISTER OPERATION CS lOR lOW A3 A2 Al AO STATE DBO-DB7 

0 Base and Current Write 0 1 0 0 0 0 0 0 AO-A7 
Address 0 1 0 0 0 0 0 1 A8-A15 

Current Address Read 0 0 1 0 0 0 0 0 AO-A7 
0 0 1 0 0 0 0 1 A8-A15 

Base and Current Write 0 1 0 0 0 0 1 0 WO-W7 
Word Count 0 1 0 0 0 0 1 1 W8-W15 

Current Word Count Read 0 0 1 0 0 0 1 0 WO-W7 
0 0 1 0 0 0 1 1 W8-W15 

1 Base and Current Write 0 1 0 0 0 1 0 0 AD-A7 
Address 0 1 0 0 0 1 0 1 A8-A15 

Current Address Read 0 0 1 0 0 1 0 0 AO-A7 
0 0 1 0 0 1 0 1 A8-A15 

Base and Current Write 0 1 0 0 0 1 1 0 WO-W7 
Word Count 0 1 0 0 0 1 1 1 W8-W15 

Current Word Count Read 0 0 1 0 0 1 1 0 WO-W7 
0 0 1 0 0 1 1 1 W8-W15 

2 Base and Current Write 0 1 0 0 1 0 0 0 AO-A7 
Address 0 1 0 0 1 0 0 1 A8-A15 

Current Address Read 0 0 1 0 1 0 0 0 AO-A7 
0 0 1 0 1 0 0 1 A8-A15 

Base and Current Write 0 1 0 0 1 0 1 0 WO-W7 
Word Count 0 1 0 0 1 0 1 1 W8-W15 

Current Word Count Read 0 0 1 0 1 0 1 0 WO-W7 
0 0 1 0 1 0 1 1 W8-W15 

3 Base and Current Write 0 1 0 0 1 1 0 0 AD-A7 
Address 0 1 0 0 1 1 0 1 A8-A15 

Current Address Read 0 0 1 0 1 1 0 0 AO-A7 
0 0 1 0 1 1 0 1 A8-A15 

Base and Current Write 0 1 0 0 1 1 1 0 WO-W7 
Word Count 0 1 0 0 1 1 1 1 W8-W15 

Current Word Count Read 0 0 1 0 1 1 1 0 WO-W7 
0 0 1 0 1 1 1 1 W8-W15 

FIGURE 6. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 
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82C237 

Application Information 

Figure 7 shows an application for a DMA system 
utilizing the 82C237 DMA controller and the SOCS8 
Microprocessor. In this application, the 82C237 DMA 
controller is used to improve system performance by 
allowing an I/O device to transfer data directly to or from 
system memory. 

Components 

The system clock is generated by the 82CS4A clock driver 
and is inverted to meet the clock high and low times 
required by the S2C237 DMA controller. The four OR gates 
are used to support the 80CS8 Microprocessor in minimum 
mode by producing the control signals used by the proces
sor to access memory or 1/0. A decoder is used to generate 
chip select for the DMA controller and memory. The most 
significant bits of the address are output on the addressl 
data bus. Therefore, the 82C82 octal latch is used to 
demultiplex the address. Hold Acknowledge (HLDA) and 

82C84A 
OR 

82CS5 

HLDA 

MN/MX 

80C88 

MEMR 

MEMW 

lOR 

lOW 
MEMCS-

MEMR __ 

VCC 

47KA 

MEMORY 

MEMW ______ _ 

NOTE The address tmes need pull-up resistors. 

Address Enable (AEN) are "ORed" together to insure that 
the DMA controller does not have bus contention with the 
microprocessor. 

Operation 

A DMA request (DREQ) is generated by the I/O device. After 
receiving the DMA request, the DMA controller will issue 
a Hold request (HRQ) to the processor. The system 
busses are not released to the DMA controller until a Hold 
Acknowledge signal is returned to the DMA controller from 
the SOCSS processor. After the Hold Acknowledge has 
been received, addresses and control signals are generated 
by the DMA controller to accomplish the DMA transfers. 
Data is transferred directly from the I/O device to memory 
(or vice versa) with lOR and MEMW (or MEMR and lOW) 
being active. Note that data is not read into or driven out of 
the DMA controller in I/O-to-memory or memory-to-I/O 
data transfers. 

DATA BUS 

ADDRESS BUS 

DATA BUS 

VCC 

82C37AJ82C237 1 CLK 
CS 
ADSTB 

AEN 

AO-7 

DBO-7 

EOP 
HLDA -lOR 

lOW 
MEMR 
MEMW 

HRQ 
DREQO 

DACK 

CS 
DREQI----J 

I/O 
DEVICE 

-lOR 

-lOW 

FIGURE 7. APPLICATION FOR DMA SYSTEM 
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82C237 

Figure 8 shows an application for a DMA system using the 
82C37A or 82C237 DMA controller and the 80C286 
Microprocessor. 

In this application, the system clock comes from the 
82C284 clock generator PCLK signal which is inverted to 
provide proper READY setup and hold times to the DMA 
controller in an 80C286 system. The Read and Write 
signals from the DMA controller may be wired directly to 
the Read/Write control signals from the 82C288 Bus 

80C286 

10RC 
10WC 
MRDC 
MWTC 

CLK 

lOR 
lOW 
MEMR 
MEMW 

I=> CHIP SELECT I DECODE TO MEMORYI 
PERIPHERALS 

AEN EOP DO - rIT 
'-----I ADSTB 

'-----I HRQ 82C37A}82C237 
'-----I HLDA 

>0----+1 CLK 

Controller. The octal latch for A8 - A15 from the DMA 
controller's data bus is on the local80C286 address bus so 
that memory chip selects may still be generated during 
DMA transfers. The transceiver on AO - A7 is controlled 
by AEN and Is not necessary, but may be used to drive a 
heavily loaded system address bus during transfers. The 
data bus transceivers simply Isolate the DMA controller 
from the local microprocessor bus and allow programming 
on the upper or lower half of the data bus. 

lOR 
lOW 

MEMR 

MEMORY - MEMR 
-MEMW 

I"T"T"-'" • ___ .. - MEMCS 

I/O -lOR 
DEVICE -lOW 

DREQ 

CS -DACK -_ ... 

- :g~ } TO CORRESPONDING 
- -- 82C288 SIGNALS AND 

MEMR MEMORY/PERIPHERALS 
MEMW 

FIGURE 8. 80C286 DMA APPLICATION 
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Figure 9 shows the data bus for a 16-bit DMA application 
with the 82C237. High memory and low memory are 
selected accordingly with AD and the 8/16 signal during 
DMA transfers. The 8/16 signal is formed from DWlE with a 
D flip-flop and ADSTB. ADSTB must be inverted to the D 
flip-flop since DWlE is set up to the falling edge of ADSTB 
and the 74F74 latches data on the rising edge of ClK. 

8DC286 

The ADSTB inverted could be eliminated by using a 74F75 
falling edge D latch. The latch on D8 - D15 is needed for 
16-bit memory-to-memory transfers. The upper eight bits 
of data are latched by MEMR during the read half of the 
transfer. The data is then enabled onto the data bus during 
the write half of the transfer. 

TRANSCEIVER HIGH 
MEMORY 

CS 

82C237 

DO - D7 

lOR 

lOW 

MEMR tr=::=:j~t1 
MEMW 

DW~~----~->~~~~ 

AO ADSTB 

MEMCS----------~ 

FROM DECODER 

"Only needed for memory-la-memory transfers 

TRANSCEIVER 

FIGURE 9. DATA BUS FOR 16 BIT DMA APPLICATION 
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Specifications 82C237 

Absolute Maximum Ratings 

Supply Voltage .................................... +8.0 Volts 
Input, Output or I/O Voltage Applied .... GND -0.5V to VCC +0.5V 
Storage Temperature Range ................. -650C to +1500C 
Junction Temperature ................................ +1750C 
Lead Temperature (Soldering, Ten Seconds) ............ +3000C 

Reliability Information 

Thermal Resistance 
Ceramic DIP Package ............. . 
LCC Package .................... . 

9ja 
280C/W 
660 C/W 

Maximum Package Power Dissipation .................... 1 Watt 
Gate Count ...................................... 2325 Gates 

CAUTION Stresses above those listed In the Absolute Maximum Ratmgs" may cause permanent damage to the device This IS a stress only ratmg and opera
tIOn of the device at these or any other conditions above those mdlcated In the operational sections of this specification IS not Implied. 

Operating Conditions 

Operating Voltage Range ....................... +4.5V to +5.5V Operating Temperature Ranges 
C82C237 .................................... OOC to + 700C 
182C237 .................................. -400C to +850C 
M82C237 ............................... -550C to + 1250C 

D.C. Electrical Specifications vcc = +5.0V ±10%, TA = ooc to +700C (C82C237) 

SYMBOL PARAMETER MIN 

VIH Logical One Input Voltage 2.0 
2.2 

VIL logical Zero Input Voltage -
VOH Output HIGH Voltage 3.0 

VCC-O.4 

VOL Output lOW Voltage -

II Input leakage Current -1.0 

10 Output leakage Current -10.0 

ICCSB Standby Power Supply -
Current 

ICCOP Operating Power Supply -
Current 

Capacitance TA = +250C 

SYMBOL PARAMETER TYPE 

CIN Input CapaCitance 20 

COUT Output Capacitance 20 

CI/O I/O Capacitance 20 

TA = -40°C to +850C (182C237) 
TA = -550C to +1250C (M82C237) 

MAX UNITS TEST CONDITIONS 

- V C82C237,182C237 
- V M82C237 

0.8 V 

- V IOH=-2.5mA 
- V 10H=-lOOflA 

0.4 V 10l = +2.5mA all output except EOP, 
10l = +3.2 for EOP pin 36 only. 

+1.0 flA VIN = GND orVCC, Pins 6, 7, 11, 12, 13, 16-19 

+10.0 flA VOUT = GND or VCC, Pins 1-5, 21-23, 
26-30,32-40. 

10 flA VCC = 5.5V, VIN = VCC or GND, 
Outputs Open 

2 mA/MHz VCC = 5.5V, ClK FREQ = Maximum, 
VIN = VCC or GND, Outputs Open 

UNITS TEST CONDITIONS 

pF FREQ = 1 MHz, All measurements are 

pF 
referenced to device G ND 

pF 
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Specifications 82C237 

A.C. Electrical Specifications vcc = +5.0V ±10%, GND = OV, 
TA = oOC to +700C (C82C237), 

SYMBOL 

TA = ·400C to +85°C (182C237), 
TA = ·55°C to + 125°C (M82C237) 

PARAMETER MIN 

82C237 

DMA (MASTER) MODE 

(I)TAEl AEN HIGH from ClK lOW (SI) Delay 
Time 

(2)TAET AEN lOW from ClK HIGH (SI) Delay 
Time 

(3)TAFAB ADR Active to Float Delay from ClK 
HIGH 

(4)TAFC READ or WRITE Float Delay from ClK 
HIGH 

(5)TAFDB DB Active to Float Delay from ClK HIGH 

(6)TAHR ADR from READ HIGH Hold Time TCY·75 

(7)TAHS DB from ADSTB lOW Hold Time TCl·18 

(8)TAHW ADR from WRITE HIGH Hold Time TCY·65 

(9)TAK DACK Valid from ClK lOW 
Delay Time 

EOP HIGH from ClK HIGH 
Delay Time 

EOP lOW from ClK HIGH 
Delay Time 

(10)TASM ADR Stable from ClK HIGH 

(11)TASS DB to ADSTB lOW Setup Time TCH·20 

(12)TCH Clock HIGH Time (Transitions IOns) 55 

(13)TCl Clock lOW Time (Transitions IOns) 43 

(14)TCY ClK Cycle Time 125 

(15)TDCl ClK HIGH to READ or WRITE lOW 
Delay 

(16)TDCTR READ HIGH from ClK HIGH (S4) Delay 
Time 

(17)TDCTW WRITE HIGH from ClK HIGH (S4) Delay 
Time 

(18)TDO HRO Valid from ClK HIGH 1 
Delay Time 

(19)TEPH EOP Hold Time from ClK lOW (S2) 90 

(20)TEPS EOP lOW to ClK lOW Setup Time 25 

(21)TEPW EOP Pulse Width 135 

(22)TFAAB ADR Valid Delay from ClK HIGH 

(23)TFAC READ or WRITE Active from . 
ClK HIGH 

(24)TFADB DB Valid Delay from ClK HIGH . 

(25)THS HlDA Valid to ClK HIGH Setup Time 45 

4-149 

MAX 

105 

80 

55 

75 

135 

· 

105 

105 

60 

60 

· 

· 

130 

115 

80 

75 

· 

60 

90 

60 

82C237·12 

MIN MAX 

50 

50 

55 

50 

90 

TCY·65 

TCl·18 · 

TCY·50 

· 69 

90 

35 

50 

TCH·20 · 
30 · 

30 · 

80 · 
· 120 

80 

70 

30 

50 · 

0 

50 · 

50 

· 50 

45 

10 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Specifications 82C237 

A.C. Electrical Specifications vcc = +5.0V ±10%, GND = OV, (Continued) 
TA = OoC to +700 C (C82C237), 
TA = .400 C to +85°C (I82C237), 
TA = ·55°C to +125°C (M82C237) 

82C237 

SYMBOL PARAMETER MIN MAX 

DMA (MASTER) MODE (Continued) 

(26)TIDH Input Data from MEMR HIGH 0 -
Hold TIme 

(27)TIDS Input Data to MEMR HIGH 90 -
Setup Time 

(28)TODH Output Data from MEMW HIGH 15 -
Hold Time 

(29)TODV Output Data Valid to MEMW HIGH TCY-35 -
(30)TQS DREQ to ClK lOW (SI, S4) 0 · 

Setup Time 

(31)TRH ClK to READY lOW Hold Time 20 -
(32)TRS READY to ClK lOW Setup Time 35 · 
(33)TClSH ADSTB HIGH from ClK lOW . 70 

Delay Time 

(34)TClSl ADSTB lOW from ClK lOW . 120 
Delay TIme 

(35)TWRRD READ HIGH Delay from WRITE HIGH 0 · 
(36)TRlRH READ Pulse Width, Normal Timing 2TCY·60 -
(37)TSHSl ADSTB Pulse Width TCY·50 · 
(38)TWlWHA Extended WRITE Pulse Width 2TCY·85 · 

(39)TWlWH WRITE Pulse Width TCY·85 -
(40)TRlRHC READ Pulse Width, Compressed TCY·60 · 
(56)TAVRl ADR Valid to READ lOW 17 · 

(57)TAVWl ADR Valid to WRITE lOW 7 -
(58)TRHAl READ HIGH to ~EN lOW 15 -
(59)TRHSH READ HIGH to ADSTB HIGH 13 · 
(60)TWHSH WRITE HIGH to ADSTB HIGH 15 -
(61)TDVRl DACK Valid to READ lOW 25 · 
(62)TDVWl DACK Valid to WRITE lOW 25 · 
(63)TRHDI READ HIGH to DACK Inactive 12 · 

(64)TAZRl ADR Float to READ lOW ·2.5 -
(65)TOEV OUtput Enable Valid Before WRITE HIGH TCY+20 · 
(66)TOEH Output Enable Hold Time from TCY·50 · 

WRITE HIGH 

4-150 

82C237·12 

MIN MAX UNITS 

0 ns 

45 - ns 

TCY-50 - ns 

TCY-10 · ns 

0 · ns 

10 · ns 

15 · ns 

. 70 ns 

. 60 ns 

5 · ns 

2TCY·55 - ns 

TCY·35 ns 

2TCY-80 · ns 

TCY·80 · ns 

TCY·55 ns 

17 ns 

7 · ns 

15 · ns 

13 - ns 

15 ns 

25 · ns 

25 · ns 

12 · ns 

-2.5 · ns 

TCY+20 · ns 

TCY-50 - ns 



Specifications 82C237 

A.C. Electrical Specifications vcc = +5.0V ±1 0%, GND = OV, (Continued) 
TA = OoC to +70oC (C82C237), 
TA = -40°C to +85°C (182C237), 
TA = -55°C to +125°C (M82C237) 

82C237 

SYMBOL PARAMETER MIN MAX 

PERIPHERAL (SLAVE) MODE 

(41)TAR ADR Valid or CS LOW to READ LOW 10 

(42)TAWL ADR Valid to WRITE LOW Setup Time 0 

(43)TCWL CS LOW to WRITE LOW Setup Time 0 

(44)TDW Data Valid to WRITE HIGH Setup Time 100 -
(45)TRA ADR or CS Hold from READ HIGH 0 

(46)TRDE Data Access from READ 120 

(47)TRDF DB Float Delay from READ HIGH 5 85 

(48)TRSTD Power Supply HIGH to RESET LOW Set- 500 
upTime 

(49)TRSTS RESET to First lOR or lOW 2TCY 

(50)TRSTW RESET Pulse Width 300 

(51)TRW READ Pulse Width 155 -

(52)TWA ADR from WRITE HIGH Hold Time 0 

(53)TWC CS HIGH from WRITE HIGH 0 -
Hold Time 

(54)TWD Data from WRITE HIGH Hold Time 10 

(55)TWWS WRITE Pulse Width 100 
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82C237-12 

MIN MAX 

0 

0 

0 

60 

0 

- 80 

5 55 

500 

2TCY 

300 -
85 

0 

0 

10 -
45 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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82C237 

Waveforms 

SLAVE MODE WRITE TIMING 

CS "x-
l-TWC(53) (43) r--- TCWl. (55) --

lOW "'\ TWWS j? 
(42) '--TAWl. -- I--- TWA (52) 

fJO-1(J ){ INPUT VAUD 
",_~_~_-_-_-_-_-_-_-_-_-_-_--:,,-_-_--:,....;.~.;;;.-::.;;.;J,_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-----:1:.::_-, r TWD (54) 

om -DB7---..... >i'--__________ IN_PUT __ V_AU_D ________ -'X 

FIGURE 10. SLAVE MODE TIMING 
NOTE: Successive WRITE ace ••••• to the 82C237 mu.t allow at lea.t TCY as recov.ry time betwe.n ace •••••• A TCY recovery tim. must be allowed before 

executing a WRITE access after a READ access. 

SLAVE MODE READ TIMING 

., -~~--------------AD~D~R~E~SS~~M~U~S~T~B~E~V~AU~D~---------------:r':------
TAR ~TRA 

===============-_T_(~_!"_) =================J-:=(45) 

om _ DB7 ______ ~============_~_~_~)_E~~~~~~~_-_-_-_-_~_<.-I~---D4--A-TA-O-U-T-v-:-4~-:-3-
lOR 

FIGURE 11. SLAVE MODE READ 
NOTE: Successive READ accesses to the 82C237 must allow at least ley as recovery time between accesses A ley recovery time must be allowed before 

executing a WRITE access after a READ access. 
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Waveforms 

DMA TRANSFER TIMING 

CLK 

OREO 

HRO 

'DWLE 

HLDA 

AEN 

ADSTB 

000 - DB7 

NJ - A7 

DACK 

INT EOP 

EXT EOP 

~ "~~ "rl"~rl:' '~rtrl" " " t I""'i 1--1 1--1 rl j..J io-I r. ~ trl\-
(30) oJ TCY T 

1(30) TO~ - ::? (14) 1-(1 
CH 
2) 

TOS -
~. ~ 

~ .. -
~~~-

~ 
(18)-

.r~ TOO 

~~ ,., s 
h~s~ L (25~11- TAHS THS -

~T ///X 

TAEL 

-~ - ~_(2) 
(1) TAET 

~ III" 

(33) _ 

~ 
- T~~L -

i-TEPS (20) 
TCLSH _ 

'\ hrsHrL (37) 

:-- I TEPH r-f-- TRHAL 

- (19) (58) 

~~ 

r-o-TAS~(II) 
(24) - 1- i.-TAK (9) 

TFAOB - ~rHS 

~: 
--.I (7) 

AB-AI5 -.. 
+FOB 

- _TASM ~TAFAB(3) (22) --- - I (10) r TFAAB Ir TA~i hlTAHW (5) (8) (8) 

~~ ADDRESS VALID ADDRESS VAll 0 .. 
TAK - -=-' (84) TAHR - TAHR (6) 

(9) TAZRL (6) - __ TRHOI (83) 

~~ (16) :- _ TAVRL 

TDCTR I (56) .... CTAFC 
(23)- [ i15i i-

(15) f- 16 (4) 
TFAC ~WR~~ TDCL D,TA 

TOCL =- ITRLRH 

~ 
(35) 

(36) 

TOVAL~61)- (17)_ -- - TAVWL .I 
(57) I TDCTW :...- i--(17)TDCTW 

~~ 
T~~15) .1-1-J!!!!JWLWH 

TOVWL Jf' --1j.- /' -;;t-~ 
(62) Z. TWLWHA V TDCL TAK(9) 

(38) (15) 

S~ 
(FOR EXTENDED WRITE) 

-,q x 
_·~AK 

f- TEPW (21) 

s: " " 
FIGURE 12. DMA TRANSFER 

*For l6-blt mode, 82C237 only In a-bit mode this signal IS always high Impedance tn-stated Waveform shown IS for an a-bit. transfer with the 
82C237 programmed In l6-blt mode For a l6-blt transfer, DWlE Will go low at least TASS before the falling edge of AnSrB In 82, and remam low 
for the enllre transfer 
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82C237 

Waveforms 

MEMORY-TO-MEMORY TRANSFER TIMING 

elK 

ADSTB-----1 

*DWlE ____________ ~~ ____________ ~ 

EOP --------------------------------------~----------~I 
(20) TEPS 

(21) 

EXT EOP __ ~~~~~~~~~~~~~~~,.....~,ITEPW 1""...,..,,..,,..,..,...,..,,..,,..,..,...,..,,..,,..,...----

FIGURE 13. MEMORY-TO-MEMORY TRANSFER 

*For l6-blt mode, 82C237 only. In 8-blt mode this signal IS always high impedance tri-stated. Waveform shown is for a l6-blt memory-te-memory 
transfer. For an a-bit transfer In l6-btt mode, DWLE will go high at least TASS before the fallmg edge of ADSTB In 82, then low TAHS after the falling 
edge of ADSTB, and will remain low until the next ADSTB where the cycle IS repeated. 
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Waveforms 

READY TIMING 

CLK 

READ 

WRITE 

TDCL 

EXTENDED-' 
WRITE 

82C237 

READY 

(31) TRH 

(32)TRS~ 

"0SSSSS~ 

FIGURE 14. READY 

NOTE: READY must not transition during the specified setup and hold times. 

COMPRESSED TRANSFER TIMING 

CLK --_../ 

READ 

WRITE 

TRS (32) 

READY 

(32) TRS -;- (32) TRS -;-

,~----~ ,~-----
FIGURE 15. COMPRESSED TRANSFER 
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82C237 

Waveforms A. C. Test Circuits 

RESET TIMING 

Vee / ~s 
.....::..:=.-/ 1..-.-(48) TRSTD ~ 

F(50)TR~ 

':":~O.=:::;;ET::;;O~R-IO-W-..J T~4:S-~-~TS---

V1 

OUTPUT FROM ~1 
DEVICE UNDER TEST POINT 

TEST ~C1* 

~~ 
*Includes STRAY and FIXTURE CapacItance 

FIGURE 16. RESET 
TEST CONDITION DEFINITION TABLE 

PINS V1 

All Outputs Except EOP 1.7V 

EOP vee 

A.C. Testing Input, Output Waveforms 

INPUT OUTPUT 

VIH + O.4V VOH 
~_1~.5~V ______________ ~1.~5V~>e::: 
VlL - 0.4V VOL 

OUTPUT 
Z-LOR H 

-:(: 2.0V 
O.BV 

VOH 

VOL 

VOH 

OUTPUT 
LOR H-Z 

VO.O.45:r-
0.45 

VOL 

R1 

52011 

1.6KI1 

A.C. Testing: All A.C. Parameters tested as per test circuits. Input RISE and FAll times are driven at InsN. 
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February 1992 

Features 
• Generates System Clock for 8OC286 Processors 

• Generates System Reset Output from Schmitt 
Trigger Input 
• Improved Hysteresis 

• Uses Crystal or External Signal for Frequency 
Source 
• Dynamically Swltchable between lWo Input 

Frequencies 

• Provides Local READY and MULTIBUS<!!> READY 
Synchronization 

• Static CMOS Technology 

• Single +5V Power Supply 

• Available In 18 Lead Cerdlp Package 

82C284 
Clock Generator and Ready Interface 

for 80C286 Processors 

Description 
The Harris 82C284 is a clock generator/driver which provides 
clock signals for BOC286 processors and support components. 
It also contains logic to supply REAi5Y to the CPU from either 
asynchronous or synchronous sources and synchronous 
RESET from an asynchronous input with hysteresis. 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 10MHz 12.5MHz 

Ceramic DIP O"C to +70"C - CD82C284-12 

-40"C to +85°C ID82C284-10 ID82C284-12 

"/883 -55°C to +125"C MD82C284- MD82C284-
101883 121883 

.. 
" Respective 1883 specifICations are Included at the end of thIS data 

sheet. 

Pinout Functional Diagram 
18 LEAD CERAMIC DIP 

TOP VIEW 

8 VCC 

7 ARDYEN 

NC 

REi 
elK 

RESET 

REs .u 
SYNCHRONIZER 

XI 

X2 

EFI 

Fie 

Aiii5YEN 
AiffiY 

SFi5YEN 
SFffiV 

SI 
SO 

CAUTION: These devices are sensHlve to electrostallc dISCharge. Users should follow preper I.C. Handling Procedures. 
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82C284 

Pin Description The following pin function descriptions are for the 82C284 clock generator. 

TABLE 1. PIN DESCRIPTION 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

ClK 10 0 SYSTEM CLOCK: the signal used by the processor and support devices which must 
be synchronous with the processor. The frequency of the ClK output has twice 
the desired internal processor clock frequency. ClK can drive both TTL and CMOS 
CMOS level inputs. 

F/C 6 I FREQUENCY/CRYSTAL SELECT: this pin selects the source for the ClK output. 
When there is a lOW level on this input, the internal crystal oscillator drives ClK. 
When there is a HIGH level on F/C, the EFI input drives the ClK input. This pin 
can be dynamically switched, which allows changing the processor ClK frequency 
while running for low-power operation, etc. 

X1,X2 7,8 I CRYSTAL IN: the pins to which a parallel resonant, fundamental mode crystal is 
attached for the internal oscilator. When F/C is lOW, the internal oscillator 
will drive the ClK output at the crystal frequency. The crystal frequency must 
be twice the desired internal processor clock frequency. 

EFI 5 I EXTERNAL FREQUENCY IN: drives ClK when the F/C input is HIGH. The EFI 
input frequency must be twice the desired internal processor clock frequency. 

PClK 13 0 PERIPHERAL CLOCK: the output which provides a 50% duty cycle clock with 
one-half the frequency of ClK. PClK will be in phase with the internal processor 
clock following the first bus cycle after the processor has been reset. 

ARDYEN 17 I ASYNCHRONOUS READY ENABLE: an active lOW input which qualifies the 
ARDY input. ARDYEN selects ARDY as the source of READY for the 
current bus cycle. Inputs to ARDYEN may be applied asynchronously to CLK. 
Setup and hold times are given to assure a guaranteed response to synchronous 
outputs. 

ARDY 1 I ASYNCHRONOUS READY: an active lOW input used to terminate the current bus 
cycle. The ARDY input is qualified by ARDYEN.lnputs to ARDY may be applied 
asynchronously to ClK. Setup and hold times are given to assure a guaranteed 
response to synchronous outputs. 

SRDYEN 3 I SYNCHRONOUS READY ENABLE: an active lOW input which qualifies SRDY. 
SRDYEN selects SRDY as the source for READY to the CPU for the 
current bus cycle. Setup and hold time must be satisfied for proper operation. 

SRDY 2 I SYNCHRONOUS READY: an active lOW input used to terminate the current bus 
cycle. The SRDY input is qualified by the SRDYEN input. Setup and hold time 
must be satisfied for proper operation. 

READY 4 0 READY: an active lOW output which signals to the processor that the current 
bus cycle is to be completed. The SRDY, SRDYEN, ARDY, ARDYEN, S1, 
Sci, and RES inputs control READY as explained later in the READY 
generator section. READY is an open drain output requiring an external 
pull-up resistor. 

SO,S1 15,16 I STATUS: these inputs prepare the 82C284 for a subsequant bus cycle. So and 
S1 synchronize PClK to the internal processor clock and control READY. 
Setup and hold times must be satisfied for proper operation. 

RESET 12 0 RESET: an active HIGH output which is derived from the RES input. RESET 
is used to force the system into an initial state. When RESET is active, 
READY will be active (lOW). 

RES 11 I RESET IN: an active lOW input which generates the system reset signal (RESET). 
Signals to RES may be applied asynchronously to ClK. A Schmitt trigger input 
is provided on RES, so that an RC circuit can be used to provide a time delay. 
Setup and hold times are given to assure a guaranteed response to synchronous 
inputs. 

VCC 18 SYSTEM POWER: The +5V Power Supply Pin. A 0.111F capacitor between VCC and 
GND is recommended fordecoupling. 

GND 9 SYSTEM GROUND: OV 
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Functional Description 
INTRODUCTION 

The 82C284 generates the clock, ready, and reset signals 
required for 80C286 processors and support components. 
The 82C284 is packaged in an 18-pin DIP and contains a 
crystal controlled oscillator, clock generator, peripheral 
clock generator, MUlTI8USC!) ready synchronization logic, 
and system reset generation logic. 

CLOCK GENERATOR 

The ClK output provides the basic timing control for an 
80C286 system. ClK has output characteristics sufficient 
to drive CMOS devices. ClK is generated by either an 
internal crystal oscillator, or an external source as selected 
by the FIC input pin. When FIC is lOW, the crystal 
oscillator drives the ClK output. When FIC is HIGH, the EFI 
input drives the ClK output. 

The FIC pin on the Harris 82C284 is dynamically 
switchable. This allows the ClK frequency to the processor 
to be changed from one frequency to another in a run
ning system. With this feature, a system can be designed 
which operates at maximum speed when needed, and 
then dynamically switched to a lower frequency to 
implement a low-power mode. The lower frequency can be 
anything down to, but excluding, D.C. The following 3 
conditions apply when dynamically switching the FIC pin 
(see Figure 1): 

1) The ClK is stretched in the low portion of the <1>2 
phase of it's cycle during transition from one ClK 
frequency to the other (see Waveforms). 

CLK 

PClK 

FiG 

X1 

2) When switching ClK frequency sources, there is a 
maximum transition latency of 2.5 clock cycles of 
the frequency being switched to, from the time ClK 
freezes low, until ClK restarts at the new frequency 
(see Waveforms). 

3) The maximum latency from the time FIC is 
dynamically switched, to the time ClK freezes low, 
is 4 ClK cycles (see Waveforms). 

The following steps describe the sequence of events that 
transpire when F/C is dynamically switched: 

(A) FIC switched from high (using EFI input) to low (using 
the crystal input X 1 - see Figure 1 A). 

1) The state of FIC is sampled when both ClK and 
PClK are high until a change is detected. 

2) On the second following falling edge of PClK, ClK 
is frozen low. 

3) ClK restarts at the crystal frequency on the rising 
edge of X1, after the second falling edge of X1. 

(8) FIC switched from low (using the crystal input X1) to 
high (using the EFI input - see Figure 18). 

1) The state of FIC is sampled when both ClK and 
PClK are high until a change is detected. 

2) On the second following falling edge of PClK, ClK 
is frozen low. 

3) ClK restarts at the EFI input frequency on the falling 
edge of EFI after the second rising edge of EFI. 

(A) FIC SWITCHED FROM HIGH (USING EFIINPUT) TO LOW (USING THE CRYSTAL INPUT X1) 

CLK 

~.--+---- ¢2 ----\--

PCLK ® r--"-\ 

FiG 

EFI 

(8) FIe SWITCHED FROM LOW (USING THE CRYSTAL INPUT X1) TO HIGH (USING THE EFI INPUT) 

FIGURE 1. DYNAMICALLY SWITCHING THE FIC PIN 
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82C284 

The 82C284 provides a second clock output, PClK, for 
peripheral devices. PClK is ClK divided by two. PClK has 
a duty cycle of 50% and CMOS output drive characteristics. 
PClK is normally synchronized to the internal processor 
clock. 

After reset, the PClK signal may be out of phase with the 
internal processor clock. The S 1 and SO signals of the first 
bus cycle are used to synchronize PClK to the internal 
processor clock. The phase of the PClK output changes by 
extending its HIGH time beyond one system clock (see 
Waveforms). PClK is forced HIGH whenever either SO or 
Sl were active (lOW) for the two previous ClK cycles. 
PClK continues to oscillate when both SO and Sl are 
HIGH. 

Since the phase of the internal processor clock will not 
change except during reset, the phase of PClK will not 
change except during the first bus cycle after reset. 

OSCillATOR 

The oscillator circuit of the 82C284 is a linear Pierce 
oscillator which requires an external parallel resonant, 
fundamental mode, crystal. The output of the oscillator is 
internally buffered. The crystal frequency chosen should be 
twice the required internal processor clock frequency. The 
crystal should have a typical load capacitance of 32pF. 

Xl and X2 are the oscillator crystal connections. For stable 
operation of the oscillator, two loading capacitors are 
recommended, as shown in Table 2. The sum of the board 
capacitance and loading capacitance should equal the 
values shown. It is advisable to limit stray board 
capacitances (not including the effect of the loading 
capacitors or crystal capacitance) to less than 10pF 
between the Xl and X2 pins. Decouple VCC and GND as 
close to the 82C284 as possible with a 0.1 flF 
polycarbonate capacitor. 

TABLE 2. 82C284 CRYSTAL LOADING CAPACITANCE 
VALUES 

C1 C2 
CRYSTAL CAPACITANCE CAPACITANCE 

FREQUENCY (PIN 7) (PIN 8) 

1 to8MHz 60pF 40pF 

8to20MHz 25pF 15pF 

20 to 25MHz 15pF 15pF 

ClK TERMINATION 

Due to the ClK output having a very fast rise and fall time, it 
is recommended to properly terminate the ClK line at 
frequencies above 10MHz to avoid signal reflections and 
ringing. Termination is accomplished by inserting a small 
resistor (typically 10-740) in series with the output, as 
shown in Figure 2. This is known as series termination. The 
resistor value plus the circuit output impedance (approxi
mately 250) should be made equal to the impedance of the 
transmission line. 

FIGURE 2. SERIES TERMINATION 

RESET OPERATION 

The reset logic provides the RESET output to force the 
system into a known, initial state. When the RES input is ac
tive (lOW), the RESET output becomes active (HIGH), RES 
is synchronized internally at the falling edge of ClK before 
generating the RESET output (see Waveforms). 
Synchronization of the RES input introduces a one or two 
ClK delay before affecting the RESET Output. 

At power up, a system does not have a stable VCC and 
ClK. To prevent spurious activity, RES should be 
asserted until VCC and ClK stabilize at their operating 
values. 80C286 processors and support components also 
require their RESET inputs be HIGH a minimum of 16 ClK 
cycles. An RC network, as shown in Figure 3, will keep RES 
lOW long enough to satisfy both needs. 

A Schmitt trigger input with hysteresis on RES assures a 
single transition of RESET with an RC circuit on RES. The 
hysteresis separates the input voltage level at which the 
circuit output switches from HIGH to lOW from the input 
voltage level at which the circuit output switches from lOW 
to HIGH. The RES HIGH to lOW input transition voltage is 
lower than the RES lOW to HIGH input transition voltage. 
As long as the slope of the RES input voltage remains in the 
same direction (increasing or decreaSing) around the RES 
input transition voltage, the RESET output will make a single 
transition. 

VCC 

82C284 
lN914 10kO 

11 
RES 

% 
470 + 

~10J.!F 

FIGURE 3. TYPICAL RC RES TIMING CIRCUIT 

READY OPERATION 

Thtt 82C284 accepts two ready sources for the system 
ready signal which terminates the current bus cycle. Either 
a synchronous (SRDy) or asynchronous ready (ARDY) 
source may be used. Each ready input has an enable 
(SRDYEN and ARDYEN) for selecting the type of ready 
source required to terminate the current bus cycle. An 
address decoder would normally select one of the enable 
inputs. 
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READY is enabled (lOW), if either SRDY + SRDYEN = 0 or 
ARDY + ARDYEN = 0 when sampled by the 82C284 
READY generation logic. READY will remain active for at 
least two ClK cycles. 

The READY output has an open-drain driver allowing 
other ready circuits to be wire or'ed with it, as shown in 
Figure 4. The READY signal of an 80C286 system 
requires an external pull-up resistor. To force the READY 
signal inactive (HIGH) at the start of a bus cy~le, the 

D 

Cl~ ~C2 
SEE TABLE 2 

FOR CAPACITOR 
VALUES 

7 
Xl 

8 
X2 

6 
FIC 

CLK 
10 

CLK 
8OC286 

Vcc CPU OR 
SUPPORT 

82C284 
4 

COMPONENT 

READY READY 

18 
vcc vcc 

I DECOUPUNG 
V CAPACITOR 

FIGURE 4. RECOMMENDED CRYSTAL AND 
READY CONDITIONS 

TS 

ClK 

PClK 

TC 

READY output floats when either Sl or SO are 
sampled lOW at the falling edge of ClK. Two system clock 
periods are allowed for the pull-up resistor to pull the 
READY signal to VIH. When RESET is active, READY is 
forced active one ClK later (see Waveforms). 

Figure 5 illustrates the operation of SRDY and SRDYEN. 
These inputs are sampled on the falling edge of ClK when 
51 and SO are inactive and PClK is HIGH. READY is forced 
active when both SRDY and SRDYEN are sampled 
as lOW. 

Figure 6 shows the operation of ARDY and ARDYEN. These 
inputs are sampled by an internal synchronizer at each fail
ing edge of ClK. The output of the synchronizer Is then 
sampled when PClK is HIGH. If the synchronizer 
resolved both the ARDY and ARDYEN as active, the SRDY 
and SRi5YErii inputs are ignored. Either ARDY or ARDYEN 
must be HIGH at the end of TS, therefore at least one wait 
state is required when using the ARDY and ARDYEN inputs 
as a basis for generating READY. 

READY remains active until either Sl or SO are 
sampled lOW, or the ready inputs are sampled as inactive. 

TC 

VIH 
ARDYEN------------+f--------------+--------------------4------+----------

SRDYEN 
+ 

SRDY 

~----------------~ 
RGURE 5. SYNCHRONOUS READY OPERATION 

TS TC TC 

ClK 

PClK 

~------------------~ 
FIGURE 6. ASYNCHRONOUS READY OPERATION 

4-161 

Ul 
....I 
-< Ula: ow 

:!EX 
(')9: 

a: 
w 
Q. 



Specifications 82C284 

Absolute Maximum Ratings 

Supply Voltage ••••••••••••••.•••••••••••••••••.•••••.• +8.0V 
Input, Output, or I/O Voltage Applied ••• GND - O.SV to VCC + O.SV 
Storage Temperature Range. '" ••••••••••••• -6SoC to +1S00 C 
Junction Temperature ••••••••.•..•••••.•••••••••••••• +17SoC 
Lead Temperature (Soldering, 10 Sec) .....•..•...•....• +3000 C 
ESD Classification •..•••...••..•••••••.••••••••••••••• Class 2 

Reliability Information 

Thermal Resistance ala 
Ceramic DIP Package. • • • • • • • 88.00 C/W 

Maximum Package Power Dissipation at +12SoC 

°jc 
27.00 C/W 

Ceramic DIP Package ••••••••••.•.••••••••••••••••• S70mW 
Gate Count ••••••••••••••••..•••.•••..••....••..•• 200 Gates 

CAUTION: Slresses above those listed in the Absolute Maximum Ra#ngs may cause permanent damage to the device. This is a stress only rating and opera#on 
of the device at these or any other condmons above these Indicated in the operations sec#ons of this speclflca#on Is not Implied. 

Operating Conditions 

Operating Temperature Range: 
C82C284 •••••••••••••••••.•••••••••••••••••• OoC to +700 C 
182C284. • . • • • . • • • • • • • • • • • • • • • • • • • • • • • • • •• -400c to +8SoC 

Operating Supply Voltege •••••••••••••••••••••• +4.5V to +S.SV 
EFI Rise Time (from 0.8V to 3.2V) ••••••••••••.•••••••• 8ns (Max) 
EFI Fall Time (from 3.2V to 0.8V) •••••••••••••••••••••. 8ns (Max) 

D.C. Electrical Specifications TA = OOC to +700C (CD82C284); VCC = SV:!: 10% 
TA" -400C to +8SoC (ID82C284) 

SYMeOL PARAMETER MIN 

VIL Input LOW Voltage -
VIH Input HIGH Voltage 2.2 

VIHC ER, F/C Input HIGH Voltage 3.2 

VIHR RES HIGH Voltage VCC-o·8 

VHYS RES Input Hysteresis O.S 

VOL RESET, PCLK Output LOW Voltage -
VOH RESET, PCLK Output HIGH Voltage VCC-0.4 

VOLR READY Output LOW Voltage -
VOLC CLK Output LOW Voltage -
VOHC CLK Output HIGH Voltage VCC-0.4 

IlL Input Leakage Current -10 

ICCOp Active Power Supply Current -
-

NOTES: I. ICCOP measured at IOMHz for the 82C284-1 0 and at 12.5MHz 
for the 82C284-12. VlN - GND or VCC, VCC - 5.5V, output. 
unloaded. 

MAX UNITS TEST CONDITIONS 

0.8 V VCC=4.SV 

- V VCC= S.5V 

- V VCC= S.5V 

- V VCC=S.5V 

- V VCC= S.SV 

0.4 V 10L = SmA, VCC = 4.5V, Note 2 

- V 10H =-1mA, VCC= 4.SV, Note 2 

0.4 V 10L = 10mA, VCC .. 4.SV, Note 2 

0.4 V 10L" SmA, VCC = 4.5V, Note 2 

- V 10H = -SmA, VCC = 4.SV, Note 2 

10 pA VIN = VCC or GND, VCC 0: S.SV 

60 mA 82C284-12 (Note 1) 

48 mA 82C284-10 (Note 1) 

2. tnterchanglng 01 forca and sense condHions is permillsd. 

CAUTION: These devices are sensHIve to electronic discharge. Proper I.C. handling procsdur •• should be followed. 
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Specifications 82C284 

A.C. Electrical Specifications TA = ooc to +700C (CD82C284); vcc = 5V ± 10% 
TA = -4QOC to +850 C (ID82C284) 
A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Waveforms, 
Unless Otherwise Noted. 

10MHz 

SYMBOL PARAMETER MIN MAX 

t1 EFllOWTime 20 -

t2 EFI HIGH Time 20 -
5A Status Setup Time for Status 20 -

Going Active 

5B Status Setup Time for Status 20 -
Going Inactive 

t6 Status Hold Time 1 -

t7 F IC Setup Time 15 -

t8 F/C Hold Time 15 -

t9 SRDY or SRDYEN Setup Time 15 -

t10 SRDY or SRDYEN Hold Time 2 -

t11 ARDY or ARDYEN Setup Time 5 -

t12 ARDY or ARDYEN Hold Time 30 -

113 RES Setup Time 20 -

t14 RES Hold Time 10 -

t16 ClK Period 50 -

t17 ClKlOWTime 12 -

t18 ClK HIGH Time 16 -

t21 READY Inactive Delay 5 -

t22 READY Active Delay - 24 

t23 PClKDeiay - 20 

t24 RESET Delay - 27 

t25 PCLK LOW Time t16 -
-10 

t26 PCLK HIGH Time t16 -
-10 

NOTES: 

1. vee = 4.5V and 5.5V unless otherwise specified elK loading: 

CL = 100pF 

2 With the Internal crystal OSCillator using recommended crystal and 
capacItive loadmg, or With the EFI mput meetmg specifications 11 and 12-
The recommended crystal loading for elK frequencIes of 8MHz to 
20MHz are 25pF from pm Xl to ground, and 15pF from pm X2 to 
ground; for eLK frequencies from 20MHz to 25MHz the recommended 
loadang IS 15pF from pin Xl to GND, and 15pF from pm X2 to GND. 
These recommended values are + SpF and Include all stray capacI
tance. Decouple Vee and GNO as close to the 82C284 as possible. 

3. This is an asynchronous input. This specification IS gIVen for testing 
purposes only, to assure recogntilon at a specific ClK edge. 

12.5MHz 

MIN MAX UNIT TEST CONDITIONS 

16 - ns At VCC/2 (Note 8) 

20 - ns At VCC/2 (Note 8) 

18 - ns 

16 - ns 

1 - ns 

15 -

15 -

15 - ns 

2 - ns 

5 - ns (Note 3) 

25 - ns (Note 3) 

18 - ns (Notes 3, 7) 

8 - ns (Notes 3, 7) 

40 - ns 

11 - ns (Notes 2, 6) 

13 - ns Notes 2, 6) 

5 - ns At O.BV (Note 4), 
Test Condition 2 

- 18 ns At O.BV (Note 4) 

- 16 ns Cl = 75pF, Test Condition 1 

- 26 ns Cl = 75pF, Test Condition 3 

t16 - ns CL = 75pF (Note 5) 
-10 

t16 - ns CL = 75pF (Note 5) 
-10 

4 The pull-up resistor value for Ihe Fi'EADY Pin is 6200 with the raled 
150pF load. 

5. 116 refers to any allowable ClK penod. 

6. When uSing a crystal With the recommended capacitive loading, elK 
output HIGH and LOW times are guaranteed to meet 80C286 reqUire· 
ments 

7. Measured from 1.0V on the ClK to O.8V on the RES waveform for RES 
active, and to 4.2V on the RES waveform for RES inactive. 

8. Input test waveform charactenstlcs: Vil = OV, VIH = 4.SV. 

CAUTION: These devices are sensitive to electromc discharge. Proper IC handling procedure should be followed. 
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Specifications 82C284 

UNTESTED SPECIFICATIONS 

10MHz 12.5MHz 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS CONDITIONS (Note 1) 

CIN Input Capacitance - 10 - 10 pF FREQ = 1 MHz, All measurements are 
referenced to device GND, TA = +250C 

t15A EFI HIGH to ClK - 30 - 25 ns (Note 2) 
lOW Delay 

t15B EFI lOW to ClK - 35 - 30 ns (Note 3) 
HIGH Delay 

t19 ClK Rise Time - 8 - 8 ns 1.0V to 3.6V, Cl = 100pF 

t20 ClKFaliTime - 8 - 8 ns 3.6V to 1.0V, Cl = 100pF 

t27 X1 HIGH to ClK - 35 - 30 ns (Note 4) 

NOTES: 1. The parameters listed in this table are controlled via design or 2. Measured from 3.2V on the EFI waveform to 1.0V on the elK. 
process parameters and are not directly tested. These 3. Measured from O.BV on the EFI waveform to 3.eV on the eLK. 
parameters are characterized upon Initial design and after major 

4. Measured from 3.6V on the X1 Input to 3.6V on the elK. process and/or design changes. 

A. C. Specifications A. C. Test Condition 

A.C. DRIVE, SETUP, HOLD AND DELAY TIME MEASUREMENT POINTS 

3.BV 
VCC 

EFIINPUT 
3.2; 

O.BV 
O.4V --lRC I-- t DELAY (max)-1 DEVICE 

VCC - O.4V OUTPUT 
CLK 3.6V 3.6V 

~ CL OUTPUT 
~ 1.0V 1.0V 

O.4V 
tSETUP_ .-

-+ ~ tHOLD 
F,c 

< ~ 
3.BV 

INPUT 3.2V 3.2V 
O.BV O.BV 

O.4V 

TEST CONDITION Rl Cl 

VCC - O.4V 1 7500 75pF 
""\ CC - p.BV V RES 

INPUT ~.B~ O.BV 2 6200 150pF 
O.4V 

3 00 75pF 

2.4V OTHER 

~ DEVICE 
2.0V 2.0V 

INPUT O.BV O.BV 
O.4V 

t DELAy (max) I~ 
t DELAY (min) .-, 

DEVICE 

t~ 
2.0V 

OUTPUT O.BV 

CAUTION: These devices are sensitive to electroniC discharge. Proper I.e handlmg procedures should be followed. 
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Waveforms 

82C284 

ClK AS A FUNCTION OF EFI 

EFI 

CLK 

NOTE: The EFI input lOW and HIGH times as shown are required to 
guarantee the elK lOW and HIGH times shown. 

RESET AND READY TIMING AS A FUNCTION OF RES 
WITH S1, SO, ARDY + ARDYEN, AND SRDY + SRDYEN HIGH 

CLK 

RES 

RESET 

READY ___ --=--~7 
NOTE: This is an asynchronous input. The setup and hold times shown 

are required to guarantee the response shown. 

CLK 

PCLK 

SRDY 
+ 

SRDYEN 

ARDY 
+ 

ARDYEN 

READY 

READY AND PClK TIMING WITH RES HIGH 

NOTES. 1. This is an asynchronous input. The setup and hOld times shown are required to guarantee the response 
shown. 

2. IfSRDY + SRDYEN or ARDV + AiiiiYEN are act.ve before andl or during the first bus cycle after RESET, 

READY may not be deasserted until the falling edge of <1>2 of TS' 
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Waveforms (Continued) 

eLK 

PCLK 

Fie 

EFI 

82C284 

ClK AS A FUNCTION OF FIC, PClK, Xl, AND EFI 
DURING DYNAMIC FREQUENCY SWITCHING 

NOTE: This is an asynchronous input. The setup and hold times are required to guarantee the response shown. 

4-166 



HARRIS 
SEMICONDUCTOR 82C2841883 

February 1992 

Clock Generator and Ready Interface 
for 80C286 Processors 

Features 

• This Circuit is Processed in Accordance to Mil-Std-883 and is 
Fully Conformant Under the Provisions of Paragraph 1.2.1. 

• Generates System Clock for 80C286 Processors 

• Generates System Reset Output from Schmitt Trigger Input 

- Improved Hysteresis 
• Uses Crystal or External Signal for Frequency Source 

- Dynamically Switch able Between TW?®lnput Frequencies 
• Provides Local READY and MULTIBUS READY Synchroniza-

tion 

• Static CMOS Technology 

• Single +5V Power Supply 

• Available in 18 Lead Cerdip Package 

Description 

The Hams 82C284/883 is a clock generator/driver 
which provides clock signals for 8OC286 proces
sors and ~ components. It also contains logic 
to supply READY to the CPU from either asynchro
nous or synchronous sources and synchronous 
RESET from an asynchronous input with hystere
sis. 

Pinout Functional Diagram 
82C284/883 (CERAMIC DIP) 

TOP VIEW 

RES RESET 

X1 
NC X2 CLK 

EA 

FIC 

RES ARDYEN 

CLK ARDY 

SRDYEN 
SRDY READY 

S1 PCLK 
So GENERATOR PCLK 

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

Copyright © Harris Corporation 1992 4-167 
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Specifications 82C284/883 

Absolute Maximum Ratings Reliability Information 

Supply Voltage ........................................ +8.0V Thermal Resistance 8ja 8jc 
Input, Output or I/O Voltage Applied ...... GND-0.1V to VCC+1.0V Ceramic DIP Package ................. 88.00C/W 27.00C/W 
Storage Temperature Range ................. -650C to +1500C Maximum Package Power Dissipation at +1250C 
Junction Tem perature ................................ + 1750C Ceramic DIP Package .............................. 570mW 
Lead Temperature (Soldering 10 sec) ................... +3000C Gate Count ....................................... 200 Gates 
ESD Classification .................................... Class 2 

CAUTION. Stresses above those listed In "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only ratmg and operation 
of the device at these or any other conditIOns above those mdlcated In the operational sectIOns of this specification IS not Implied 

Operating Conditions 

Operating Temperature Range ............... -550C to +1250 C EFI Rise Time (From 0.8V to 3.2V) . .................... 8ns (Max) 
Operating Supply Voltage ...................... +4.5V to +5.5V EFI Fall Time (From 3.2V to 0.8V) . ..................... 8ns (Max) 

TABLE 1. 82C284/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

LIMITS 
GROUP A 

PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX UNITS 

Input LOW Voltage VIL VCC=4.5V 1,2,3 -55°C :'O.T A="-+ 1250 C - 0.8 V 

Input HIGH Voltage VIH VCC= 5.5V 1,2,3 -55°C < TA < +1250C 2.2 - V 

EFI, F/C Input High Volt. VIHC VCC= 5.5V 1,2,3 -550C < TA < +1250C 3.2 - V 

RES HIGH Voltage VIHR VCC= 5.5V 1,2,3 -55°C .::.T A.:'5.. + 125°C VCC - V 
-0.8 

RES Input Hysteresis VHYS VCC=5.5V 1,2,3 -550 C =,,-TA =,,-+1250C 0.5 - V 

RESET, PCLK Output VOL IOL=5mA, 1,2,3 -55°C ="-TA ="-+1250C - 0.4 V 
LOWVoliage VCC = 4.5V, Note 2 

RESET, PCLK Output VOH IOH=-1mA, 1,2,3 -550C.::TA.:'5..+125OC VCC - V 
Voltage VCC = 4.5V, Note 2 -0.4 

READY Output LOW VOLR IOH=10mA, 1,2,3 -55°C =,,-TA.:'5.. +1250C - 0.4 V 
Voltage VCC = 4.5V, Note 2 

CLK Output LOW VOLC IOL=5mA, 1,2,3 -55°C =,,-TA.:'5.. +1250C - 0.4 V 
Voltage VCC = 4.5V, Note 2 

CLK Output HIGH VOHC IOH =-5mA, 1,2,3 -55°C =,,-TA =,,-+1250C VCC - V 
Voltage VCC = 4.5V, Note 2 -0.4 

Input Leakage Current II VIN = GND orVCC, 1,2,3 -550C =,,-TA="-+1250C -10 10 ~A 
VCC=5.5V 

Active Power Supply ICCOP 82C284-10/883, 1,2,3 -55°C ="-TA ="-+1250C - 48 mA 
Current Note 1 

82C284-12/883, 1,2,3 -550C.::. TA ="-+1250C - 60 mA 
Note 1 

NOTES' 1. ICCOP measured a1 10MHz for the 82C284-10/883 and at 12.5MHz for the 82C284-12/883. VIN ~ GND or VCC. VCC ~ 5.5V, outputs 
unloaded. 

2. Interchanging of force and sense conditions IS permittad. 

CAUTION: These devices are sensitIVe to electronic discharge. Proper Ie handling procedures should be followed. 
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Specifications 82C284/883 

TABLE 2. 82C284/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested. A.C. timings are referenced to 0.8V and 2.0V points of the signals as illustrated in datasheet 
waveforms, unless otherwise specified. 

82C284/883 

10MHz 12MHz 
(NOTE 1) GROUPA 

PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX MIN MAX UNITS 

EFILOWTime tl At VCC/2, Note 8 9,10,11 -550C 5:TA5: +1250C 20 - 16 - ns 

EFI HIGH Time t2 At VCC/2, Note 8 9,10,11 -550C 5: T A 5: +1250C 20 - 20 - ns 

Status Selup Time 15A 9,10,11 -550C~TA~ +1250C 20 - 18 - ns 
forSlalus 
Going Active 

Slatus Selup Time 158 9,10,11 -550C~TA~+1250C 20 - 16 - ns 
forSlalus 
Going Inactive 

Sialus Hold Time 16 9,10,11 -550C~TA~+1250C 1 - 1 - ns 

F/C Selup Time t7 9,10,11 -550C~TA~+1250C 15 - 15 - ns 

F/C Hold Time 18 9,10,11 -550C ~TA~ +1250C 15 - 15 - ns 

SRDY or SRDYEN 19 9,10,11 -550C~TA~+1250C 15 - 15 - ns 
Setup Time 

SRDY or SRDYEN 110 9,10,11 -550C~TA~ +1250C 2 - 2 - ns 
Hold Time 

ARDY or ARDYEN 111 Nole3 9,10,11 -550C~TA~+1250C 5 - 5 - ns 
Setup Time 

ARDY or ARDYEN t12 Nole3 9,10,11 -5S0C~TA~ +1250C 30 - 25 - ns 
Hold Time 

RES Setup Time t13 Noles 3, 7 9,10,11 -5SoC <TA~ +1250C 20 - 18 - ns 

RES Hold Time 114 Noles 3, 7 9,10,11 -550C~TA~ +1250C 10 - 8 - ns 

CLKPeriod t16 9,10,11 -S50C 5: TA 5:. +12SoC 50 - 40 - ns 

CLK LOW Period 117 Notes 2,6 9,10,11 -550C5:TA~+1250C 12 - 11 - ns 

CLK HIGH Time 118 Noles 2,6 9,10,11 -550C~TA5:.+1250C 16 - 13 - ns 

READY Inaclive 121 At 0.8V. Note 4, 9,10,11 -55°C ~ TA 5:. +12SoC S - 5 - ns 
Delay Tesl Condition 2 

READY Aclive 122 At 0.8V. Nole 4, 9,10,11 -5SoC~TA5:.+1250C - 24 - 18 ns 
Delay 

PCLKDelay 123 CL = 75pF, 9,10,11 -550C~TA~+1250C - 20 - 16 ns 
Tesl Condition 1 

RESET Delay 124 CL =7SpF, 9,10,11 -S50C!£TA!£+12S0C - 27 - 26 ns 
Tesl Condition 3 

PCLK LOW Time t25 CL =7SpF, 9,10,11 -SSOC5:.TA~+12SoC t16- - 116- - ns 
NoteS 10 10 

PCLK HIGH Time t26 CL=7SpF, 9,10,11 -SsoC 5:TA!£ +12SoC t16- - t16- - ns 
NoteS 10 10 

NOTES 1 vee = 45V and 55V unless otherwise specified elK loading. Cl = 100pF 

2 With the Internal crystal OSCillator usmg recommended crystal and capacitive loading, or With the EFllnput meeting specifications 11 and 12 The 
recommended crystal loading for elK frequencies of 8MHz to 20MHz are 25pF from Pin X1 to GNO, and lSpF from pin X2 to GND, for elK 
frequencies from 20MHz to 25MHz the recommended loading IS lSpF from pin X1 to GND, and lSpF from pin X2 to GND These recommended 
values are ±SpF and Include all stray capacitance Decouple VCC and GNO as close to the 82C284/883 as possible 

3 
4 

5 

6 
7 

8 

This IS an asynchronous mput This specification IS given for testing purposes only, to assure recogmtion at a specifiC CLK edge 

The pull-up resistor value for the REA'5'Y pin IS 6200 with the rated 150pF load 

116 refers to any allowable eLK penod 
When usmg a crystal With the recommended capacitive loadIng, CLK output HIGH and LOW times are guaranteed to meet 80C286 requirements 

Measured from 1 OV on the CLK to 0 8V on the RES waveform for RES acllve, and to 4 2V on the RES waveform for RES Inactive 

Input test waveform charactenstlcs VIL == 0 av, VIH == 4 5V. 

CAUTION These deVices are senSitive to electronic discharge Proper IC handling procedures should be followed 
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Specifications 82C284/883 

TABLE 3. 82C284/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 

82C284/883 

10MHz 12.SMHz 

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX MIN MAX UNITS 

Inpul Capacitance CIN FREQ = 1 MHz, All 1 TA=+2S0C - 10 - 10 pF 
measurements are 
referenced to device 
GND 

EFI HIGH 10 CLK 115A 1,2 -55°C S:TA~ +1250C - 30 - 25 ns 
LOW Delay 

EFI LOW 10 CLK 115B 1,3 -550C~TA~+12S0C - 35 - 30 ns 
HIGH Delay 

CLK Rise Time 119 1.0V to 3.6V, 1 -550C ~ TA~ +1250C - S - S ns 
CL= 100pF 

CLKFallTime t20 3.6V 10 1.0V, 1 -550C~TA~ +1250C - S - S ns 
CL=100pF 

X1 HIGH 10 CLK 127 1,4 -550C~TA~+1250C - 35 - 30 ns 

NOTES: 1. The parameters listed In Table 3 are controlled via design or process parameters and are not directly tested. These parameters are charactenzed 
upon initial design and after major process and/or design changes. 

2. Measured from 3.2V on the EFI waveform to 1.0V on the eLK. 

3. Measured from O.SV on the EFI waveform to 3.eV on the elK. 

4. Measured from 3.6V on the Xl input to 3.6V on the eLK. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 100%/5004 -

Interim Test 100%/5004 1,7,9 

PDA 100% 1 

Final Test 100% 2,3, SA, SB, 10, II 

Group A - 1,2,3,7, SA, SB, 9,10,11 

GroupsC&D Samples/5005 1,7,9 

CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
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82C284/883 

A. C. Specifications (Continued) 

A.C. DRIVE, SETUP, HOLD AND DELAY TIME MEASUREMENT POINTS 

EFIINPUT 

CLK 
OUTPUT 

FJC 
INPUT 

3.BV 

O.4V 

VCC - O.4V 

O.4V 

3.BV 

------~_I_~I_--_ O.4V 

-----...c-:1i-=-=--lc:-:::~I__7--- VCC - O.4V 
RES 

INPUT 

------.,...."--+-~'t_---- O.4V 

OTHER 
DEVICE 

INPUT 

DEVICE 
OUTPUT 

A.C. Test Condition 

VCC 

DEVICE 
OUTPUT 
-fRL 

~CL 

2.6V 

O.4V 

TEST CONDITION 

1 

2 

3 
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Waveforms 

82C284/883 

ClK AS A FUNCTION OF EFI 

EFI 

CLK 

NOTE The EFI input LOW and HIGH times as shown are required to 
guarantee the eLK LOW and HIGH times shown 

RESET AND READY TIMING AS A FUNCTION OFREs 
WITH 51, SO, Ai'i'5Y + ARDYEN, AND SRDY + SRDYEN HIGH 

CLK 

RES 

RESET 

READY 

NOTE: ThIs is an asynchronous input. The setup and hold times shown 
are required to guarantee the response shown. 

CLK 

PCLK 

SRDY 
+ 

SRDYEN 

ARDY 
+ 

ARDYEN 

FiEAi:iYAND PClK TIMING WITH RES HIGH 

NOTES: 1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response 
shown. 

2. If"SR'i3Y + SRDYEN or ARDY + ARDYEN are active before and! or during the first bus cycle after RESET, 

READY may not be deasserted until the falling edge of $2 of TS' 
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Waveforms (Continued) 

CLK 

PCLK 

FIC 

Xl 

CLK 

PCLK 

FIC 

EFI 

82C284/883 

ClK AS A FUNCTION OF Fie, PClK, Xl, AND EFI 
DURING DYNAMIC FREQUENCY SWITCHING 

NOTE: This is an asynchronous input. The setup and hold times are required to guarantee the response shown. 
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82C284/883 

Burn-In Circuit 

18 PIN CERAMIC DIP 

F7 vee 
Rl 

F5 F8 
Rl 

F6 F9 

Rl 
VCC/2 FlO 

Rl 
Fl NC 

Rl 
F12 veC/2 

Rl 
FO veC/2 

Rl 
VCC/2 Fl1 

Rl 
GND VCC/2 

NOTES: 1. Supply Voltage: VCC = 5.5V, ±O.5V, GNO = OV 6. Special requirements: 
Driver Voltage VIH = 4.SV ± 10%, VIL = OV (a) Electrostaflc Discharge Sensitive. Proper precautions must 

be used when handling units. 2. Input Voltage Lima.: VIL (Max) = O.4V, 
VIH (Min) = 2.6V 

3. Component Values: R1 = 47kO 
Cl = O. I ~F (Min) 

4. Oven type and frequency requirements microtest, 
FO through F12 

5, Approximate current per unit. ICC = 03mA 

Packaging 

(b) All power supplies must be at zero volts when the boards are 
inserted into the ovens. After insertion, apply vee first, then 
activate the driver power supplies. 

7. Oscilloscope measurements: To be on loaded boards before 
insertion into the oven. 

18 PIN CERAMIC DIP 

.882 

.915 

.005 MIN ~ 
I ~========~ 

'''T::: t 
.125 

.180 

LEAD FINISH: Type A 
MATERIALS: Compliant to MiI-M-38510 

NOTE: All Dimensions are ~x • Dimensions are in inches. 

.065 

.100 
BSC 
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MAX 
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1~':p:30S==i1 

0" 
lS" 

• INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 

" SOLDER FINISH 

COMPLIANT OUTLINE: 
Mil-Std-1835, GDIP1-T18 



Metallization Topology 
DIE DIMENSIONS: 

63 x 69 x 19 ± 1 mils 

METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 8kA 

GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA 

DIE ATTACH: 
Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 4600 C (Max) 

WORST CASE CURRENT DENSITY: 
2 x 105 Ncm 2 

82C284/883 

LEAD TEMPERATURE (10 Seconds Soldering): ~ 3000 C 

Metallization Mask Layout 
82C284/883 

vcc Aiii5YEN 

X2 GND CLK RES 
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m HARRIS 
SEMICONDUCTOR 

Februar.y 1992 

Features 

• Compatible with the NMOS 8237A 

82C37A 
CMOS High Performance 

Programmable DMA Controller 

Description 

• Four Independent Maskable Channels with Autoinitial
Ization Capability 

The 82C37A is an enhanced version of the industry standard 
8237 A Direct Memory Access (DMA) controller, fabricated 
using Harris' advanced 2 micron CMOS process. Pin com
patible with NMOS designs, the 82C37 A offers increased 
functionality, improved performance, and dramatically 
reduced power consumption. The fully static design permits 
gated clock operation for even further reduction of power. 

• Cascadable to any Number of Channels 

• High Speed Data Transfers: 
- Up to 4 MByteslsec with 8MHz Clock 
- Up to 6.25 MByteslsec with 12.SMHz Clock 

• Memory-to-Memory Transfers 

• Static CMOS Design Permits Low Power Operation 
- ICCSB = 10~A Maximum 

The 82C37A controller can improve system performance by 
allowing external devices to transfer data directly to or from 
system memory. Memory-to-memory transfer capability is 
also provided, along with a memory block initialization fea
ture. DMA requests may be generated by either hardware or 
software, and each channel is independently programmable 
with a variety of features for flexible operation. - ICCOP = 2mAIMHz Maximum 

• Fully TTUCMOS Compatible 

• Internal Registers may be Read from Software 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 

Plastic DIP OOC to +70oC 

-40°C to +8SoC 

PLCC OOC to +70oC 

·40oC to +8SoC 

Ceramic DIP OOC to +70oC 

-40oC to +8SoC 

·SSoC to + 12SoC 

SMD# 

LCC ·SsoC 10 + 12SoC 

SMD# 

The 82C37 A is designed to be used with an external 
address latch, such as the 82C82, to demultiplex the most 
significant 8 bits of address. The 82C37A can be used with 
industry standard microprocessors such as 8OC286, 80286, 
80C86, 8OC88, 8086, 8088, 8085, zao, NSC800, 80186 and 
others. Multimode programmability allows the user to select 
from three basic types of DMA services, and reconfiguration 
under program control is possible even with the clock to the 
controller stopped. Each channel has a full 64K address and 
word count range, and may be programmed to autoinitialize 
these registers following DMA termination (end of process). 

5MHz 8MHz 12.5MHz 

CP82C37A·S CP82C37A CP82C37A-12 

IP82C37A-S IP82C37A IP82C37A-12 

CS82C37A-S CS82C37A CS82C37 A-12 

IS82C37A·S IS82C37A IS82C37A-12 

CD82C37A·S CD82C37A CD82C37A·12 

1D82C37A-S ID82C37A I D82C37 A-12 

MD82C37A·5IB MD82C37A1B MD82C37A·121B 

Pending Pending Pending 

MR82C37·SAlB MR82C37A1B MR82C37A-121B 

Pending Pending Pending 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I C. Handling Procedures. File Number 2967 
Copyright © Harris Corporation 1992 
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Pinouts 

lOR 

lOW 

MEMR 

N.C. 

READY 

HLDA 

ADSTB 

AEN 

HRO 

CS 

RESET 

DACK2 

DRE03 

DRE02 

DRE01 

DREOO 

(GND) VSS 

40 LEAD DIP 
TOP VIEW 

Block Diagram 

ADSTB 

MEMR 

MEMW 

DREao-~ 
DRE03 

PRIORITY 
ENCODER 

AND 
ROTATING 

4, PRIORITY 
LOGIC 

HRO 
DACKO -
DACK3 

82C37A 

> 
~ w e,j 
II: i 

44 LEAD LCC/PLCC 
TOP VIEW 

"6"5 "4 113' 12"" "'44"'43' 1421 '41' '40, 1._" 1._"" ._'" ._"" ._'" L_J 1.-;" 1._'" 1._;.1 1._" "'_.I 
N.C. 

N.C. 

-, 
7 I 
-" -, 
8 I -, -, 

HLDA '!.J 
-, 

ADSTB '!'J 

DB2 

DB3 

DB4 

DACKO 

DACK1 

r-, r-, r-' r-' r-" r-, r-, r-' r-, r-, r-, 
11811191120112111221123112411251126112711281 

~ '" 0 
U W 
< CC 
0 0 

DECREMENTOR INC DECREMENTOR 
TEMP WORD 

COUNT REG (16) 

16 BIT BUS 

TEMP ADDRESS 
REG (16) 

'" 0 
W 
CC 
0 

READ BU FF~~ BIT BUS rR:O::E~A:":D~W"::'R:':'IT~E""':':B":":U':""F:"!:FE:'".R~ 
BASE I BASE CURRENT CURRENT 

WORD ADDRESS I WORD 
ADDRESS I COUNT COUNT 

( 16) (16) I (16) (16) 
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82C37A 

Pin Description 
TABLE 1. 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

VCC 31 VCC: is the +5V power supply pin. A 0.1 uF capacitor between pins 31 and 20 is recommended 
for decoupling. 

GND 20 Ground 

CLK 12 I CLOCK INPUT: The Clock Input is used to generate the timing signals which control 82C37A 
operations. This input may be driven from DC to 12.5MHz for the 82C37 A-12, from DC to 8M Hz 
for the 82C37A, or from DC to 5MHz for the 82C37A-5. The Clock may be stopped in either state 
for standby operation. 

CS 11 I CHIP SELECT: Chip Select is an active low input used to enable the controller onto the data bus 
for CPU communications. 

RESET 13 I RESET: This is an active high input which clears the Command, Status, Request, and Temporary 
registers, the First/Last Flip-Flop, and the mode register counter. The Mask register is set 
to ignore requests. Following a Reset, the controller is in an idle cycle. 

READY 6 I READY: This signal can be used to extend the memory read and write pulses from the 82C37A to 
accommodate slow memories or 1/0 devices. Ready must not make transitions during its 
specified set-up and hold times. See Figure 14 for timing. Ready is ignored in verify transfer mode. 

HLDA 7 I HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU indicates that it has 
relinquished control of the system busses. HLDA is a synchronous input and must not transition 
during its specified set-up time. There is an implied hold time (HLDA inactive) of TCH from the 
rising edge of clock, during which time HLDA must not transition. 

DREQO- 16-19 I DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous channel request 
DREQ3 inputs used by peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest 

priority and DREQ3 has the lowest priority. A request is generated by activating the DREQ line of a 
channel. DACK will acknowledge the recognition of a DREQ signal. Polarity of DREQ is program· 
mabie. Reset initializes these lines to active high. DREQ must be maintained until the correspond· 
ing DACK goes active. DREO will not be recognized while the clock is stopped. Unused DREO 
inputs should be pulled High or Low (inactive) and the corresponding mask bit set. 

DBO- 21-23 1/0 DATA BUS: The Data Bus lines are bidirectional three-state signals connected to the system data 
DB7 26-30 bus. The outputs are enabled in the Program condition during the 1/0 Read to output the contents 

of a register to the CPU. The outputs are disabled and the inputs are read during an 1/0 Write 
cycle when the CPU is programming the 82C37A control registers. During DMA cycles, the most 
significant 8 bits of the address are output onto the data bus to be strobed into an external latch 
by ADSTB. In memory-to-memory operations, data from the memory enters the 82C37A on the 
data bus during the read-from-memory transfer, then during the write-to-memory transfer, the 
data bus outputs write the data into the new memory location. 

lOR 1 1/0 1/0 READ: 110 Read is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to read the control registers. In the Active cycle, it is an output 
control signal used by the 82C37A to access data from a peripheral during a DMA Write transfer. 

lOW 2 1/0 110 WRITE: 1/0 Write is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to load information into the 82C37A. In the Active cycle, it is an 
output control signal used by the 82C37A to load data to the peripheral during a DMA Read transfer. 

EOP 36 110 END OF PROCESS: End of Process (EOP) is an active low bidirectional signal. Information 
concerning the completion of DMA services is available at the bidirectional EOP pin. 

The 82C37A allows an external signal to terminate an active DMA service by pulling the EOP pin 
low. A pulse is generated by the 82C37A when terminal count (TC) for any channel is reached, 
except for channel 0 in memory-ta-memory mode. During memory-to-memory transfers, EOP 
will be output when the TC for channell occurs. 

The EOP pin is driven by an open drain transistor on-chip, and requires an external pull-up 
resistor to VCC. 

When an EOP pulse occurs, whether internally or externally generated, the 82C37 A will terminate 
the service, and if autoinitialize is enabled, the base registers will be written to the current registers 
of that channel. The mask bit and TC bit in the status word will be set for the currently active 
channel by EOP unless the channel is programmed for autoinitialize. In that case, the mask bit 
remains clear. 
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Pin Description 

PIN 
SYMBOL NUMBER 

AO-A3 32-35 

A4-A7 37-40 

HRQ 10 

DACKO- 14,15 
DACK3 24,25 

AEN 9 

ADSTB 8 

MEMR 3 

MEMW 4 

NC 5 

TYPE 

110 

0 

0 

0 

0 

0 

0 

0 

82C37A 

TABLE 1. 

DESCRIPTION 

ADDRESS: The four least significant address lines are bidirectional three-state signals. In the Idle 
cycle, they are inputs and are used by the 82C37A to address the control register to be loaded or 
read. In the Active cycle, they are outputs and provide the lower 4 bits of the output address. 

ADDRESS: The four most significant address lines are three-state outputs and provide 4 bits of 
address. These lines are enabled only during the DMA service. 

HOLD REQUEST: The Hold Request (HRQ) output is used to request control of the system bus. 
When a DREO occurs and the corresponding mask bit is clear, or a software DMA request is 
made, the 82C37A issues HRO. The HLDA signal then informs the controller when access to the 
system busses is permitted. For stand-alone operation where the 82C37 A always controls the 
busses, HRO may be tied to HLDA. This will result in one SO state before the transfer. 

DMA ACKNOWLEDGE: DMA acknowledge is used to notify the individual peripherals when one 
has been granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to 
active low. 

ADDRESS ENABLE: Address Enable enables the 8-bit latch containing the upper 8 address bits 
onto the system address bus. AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 

ADDRESS STROBE: This is an active high signal used to control latching of the upper address 
byte. It will drive directly the strobe input of external transparent octal latches, such as the 82C82. 
During block operations, ADSTB will only be issued when the upper address byte must be up' 
dated, thus speeding operation through elimination of S1 states. ADSTB timing is referenced to the 
falling edge of the 82C37 A clock. 

MEMORY READ: The memory Read signal is an active low three-state output used to access 
data from the selected memory location during a DMA Read or a memory-to-memory transfer. 

MEMORY WRITE: The Memory Write is an active low three-state output used to write data to the 
selected memory location during a DMA Write or a memory-to-memorytransfer. 

NO CONNECT: Pin 5 is open and should not be tested for continuity. 
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82C37A 

Functional Description 

The 82C37A direct memory access controller is designed 
to improve the data transfer rate in systems which must 
transfer data from an I/O device to memory, or move a block 
of memory to an I/O device. It will also perform memory-to
memory block moves, or fill a block of memory with data 
from a single location. Operating modes are provided 
to handle single byte transfers as well as discontinuous 
data streams, which allows the 82C37A to control data 
movement with software transparency. 

The DMA controller is a state-driven address and control 
signal generator, which permits data to be transferred 
directly from an I/O device to memory or vice versa without 
ever being stored in a temporary register. This can greatly 
increase the data transfer rate for sequential operations, 
compared with processor move or repeated string instruc
tions. Memory-to-memory operations require temporary 
internal storage of the data byte between generation of the 
source and destination addresses, so memory-to-memory 
transfers take place at less than half the rate of I/O 
operations, but still much faster than with central processor 
techniques. The maximum data transfer rates obtainable 
with the 82C37A are shown in Figure 1. 

The block diagram of the 82C37 A is shown on page 2. The 
timing and control block, priority block, and internal 
registers are the main components. Figure 2 lists the name 
and size of the internal registers. The timing and control 
block derives internal timing from the clock input, and 
generates external control signals. The Priority Encoder 
block resolves priority contention between DMA channels 
requesting service simultaneously. 

82C37A 
TRANSFER TYPE 5MHz 8MHz 12.5MHz UNIT 

Compressed 2.50 4.00 6.25 MByle/sec 

Normal 110 1.67 2.67 4.17 MByle/sec 

Memory-to- 0.63 1.00 1.56 MByle/sec 
Memory 

FIGURE 1. DMA TRANSFER RATES 

DMA Operation 

In a system, the 82C37A address and control outputs and 
data bus pins are basically connected in parallel with the 
system busses. An external latch is required for the upper 
address byte. While inactive, the controller's outputs are in a 
high impedance state. When activated by a DMA request 
and bus control is relinquished by the host, the 82C37A 
drives the busses and generates the control signals to 
perform the data transfer. The operation performed by 
activating one of the four DMA request inputs has previously 
been programmed into the controller via the Command, 
Mode, Address, and Word Count registers. 

For example, if a block of data is to be transferred from RAM 
to an I/O device, the starting address of the data is loaded 
into the 82C37A Current and Base Address registers for a 
particular channel, and the length of the block is loaded into 
that channel's Word Count register. The corresponding 
Mode register is programmed for a memory-to-I/O 
operation (read transfer), and various options are selected 
by the Command register and other Mode register bits. The 
channel's mask bit is cleared to enable recognition of a 
DMA request (DREQ). The DREQ can either be a hardware 
signal or a software command. 

Once initiated, the block DMA transfer will proceed as the 
controller outputs the data address, simultaneous MEMR 
and lOW pulses, and selects an I/O device via the DMA 
acknowledge (DACK) outputs. The data byte flows directly 
from the RAM to the I/O device. After each byte is 
transferred, the address is automatically incremented (or 
decremented) and the word count is decremented. The 
operation is then repeated for the next byte. The controller 
stops transferring data when the Word Count register 
underflows, or an external EOP is applied. 

NAME SIZE NUMBER 

Base Address Registers 16Bits 4 

Base Word Count Registers 16Bits 4 

Current Address Registers 16 Bits 4 

Current Word Count Registers 16Bits 4 

Temporary Address Register 16 Bits 1 

Temporary Word Count Register 16 Bits 1 

Status Register BBits 1 

Command Register B Bits 1 

Temporary Register BBits 1 

Mode Registers 6 Bits 4 

Mask Register 4 Bits 1 

Request Register 4 Bits 1 

FIGURE 2. 82C37A INTERNAL REGISTERS 

To further understand 82C37A operation, the states 
generated by each clock cycle must be considered. The 
DMA controller operates in two major cycles, active and 
idle. After being programmed, the controller is normally idle 
until a DMA request occurs on an unmasked channel, or a 
software request is given. The 82C37A will then request 
control of the system busses and enter the active cycle. 
The active cycle is composed of several internal states, 
depending on what options have been selected and what 
type of operation has been requested. 
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The 82C37A can assume seven separate states, each 
composed of one full clock period. State I (SI) is the idle 
state. It is entered when the 82C37A has no valid DMA 
requests pending, at the end of a transfer sequence, or 
when a Reset or Master Clear has occurred. While in SI, 
the DMA controller is inactive but may be in the Program 
Condition (being programmed by the processor). 

State 0 (80) is the first state of a DMA service. The 82C37A 
has requested a hold but the processor has not yet returned 
an acknowledge. The 82C37A may still be programmed 
until it has received HLDA from the CPU. An acknowledge 
from the CPU will signal that DMA transfers may begin. 81, 
82, S3 and S4 are the working states of the DMA service. If 
more time is needed to complete a transfer than is available 
with normal timing, wait states (SW) can be inserted 
between S3 and S4 in normal transfers by the use of the 
Ready line on the 82C37A. For compressed transfers, wait 
states can be inserted between S2 and 84. See timing 
Figures 14 and 15. 

Note that the data is transferred directly from the I/O device 
to memory (or vice versa) with lOR and MEMW (or MEMR 
and lOW) being active at the same time. The data is not read 
into or driven out of the 82C37A in I/O-to-memory or 
memory-to-I/O DMA transfers. 

Memory-to-memory transfers require a read-from and a 
write-to memory to complete each transfer. The states, 
which resemble the normal working states, use two-digit 
numbers for identification. Eight states are required for a 
single transfer. The first four states (811, S12, S13, S14 are 
used for the read-from-memory half and the last four states 
(821, S22, S23, S24) for the write-to-memory half of the 
transfer. 

Idle Cycle 
When no channel is requesting service, the 82C37A will 
enter the Idle cycle and perform "81" states. In this cycle, the 
82C37A will sample the DREO lines on the falling edge of 
every clock cycle to determine if any channel is requesting a 
DMA service. 

Note that for standby operation where the clock has been 
stopped, DMA requests will be ignored. The device will 
respond to CS (chip select), in case of an attempt by the 
microprocessor to write or read the internal registers of the 
82C37A. When CS is low and HLDA is low, the 82C37A 
enters the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part by 
reading from or writing to the internal registers. 

The 82C37A may be programmed with the clock stopped, 
provided that HLDA is low and at least one rising clock 
edge has occurred after HLDA was driven low, so the 
controller is in an 81 state. Address lines AO-A3 are inputs to 
the device and select which registers will be read or written. 
The lOR and lOW lines are used to select and time the read 
or write operations. Due to the number and size of the 
internal registers, an internal flip-flop called the First/Last 
Flip-Flop is used to generate an additional bit of address. 
The bit is used to determine the upper or lower byte of the 
16-bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. 8eparate software 
commands can also set or reset this flip-flop. 

Special software commands can be executed by the 
82C37A in the Program Condition. These commands are 
decoded as sets of addresses with CS, lOR, and lOW. The 
commands do not make use of the data bus. Instructions 
include Set and Clear First/Last Flip-Flop, Master Clear, 
Clear Mode Register Counter, and Clear Mask Register. 

Active Cycle 
When the 82C37 A is in the Idle cycle, and a software 
request or an unmasked channel requests a DMA service, 
the device will issue HRO to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA service will 
take place, in one of four modes: 

Single Transfer Mode - In single transfer mode, the device 
is programmed to make one transfer only. The word 
count will be decremented and the address decremented or 
incremented following each transfer. When the word count 
"rolls over" from zero to FFFFH, a terminal count bit in the 
status register is set, an EOP pulse is generated, and the 
channel will autoinitialize if this option has been selected. If 
not programmed to autoinitialize, the mask bit will be set, 
along with the TC bit and EOP pulse. 

DREO must be held active until DACK becomes active. If 
DR EO is held active throughout the single transfer, HRO 
will go inactive and release the bus to the system. It will 
again go active and, upon receipt of a new HLDA, another 
single transfer will be performed, unless a higher priority 
channel takes over. In 8080A, 808SA, 80C88, or 80C86 
systems, this will ensure one full machine cycle execution 
between DMA transfers. Details of timing between the 
82C37A and other bus control protocols will depend upon 
the characteristics of the microprocessor involved. 

Block Transfer Mode - In Block Transfer mode, the device 
is activated by DREO or software request and continues 
making transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of Process 
(EOP) is encountered. DREO need only be held active until 
DACK becomes active. Again, an Autoinitialization will 
occur at the end of the service if the channel has been 
programmed for that option. 

Demand Transfer Mode - In Demand Transfer mode the 
device continues making transfers until a TC or external 
EOP is encountered, or until DREO goes inactive. Thus, 
transfers may continue until the I/O device has exhausted 
its data capacity. After the I/O device has had a chance to 
catch up, the DMA service is reestablished by means of a 
DREO. During the time between services when the 
microprocessor is allowed to operate, the intermediate val
ues of address and word count are stored in the 82C37A 
Current Address and Current Word Count registers. Higher 
priority channels may intervene in the demand process, 
once DREO has gone inactive. Only an EOP can cause an 
Autoinitialization at the end of the service. EOP is generated 
either by TC or by an external signal. 

Cascade Mode - This mode is used to cascade more than 
one 82C37A for simple system expansion. The HRO and 
HLDA signals from the additional 82C37A are connected to 
the DREO and DACK signals respectively of a channel for 
the initial 82C37A. This allows the DMA requests of the 
additional device to propagate through the priority network 
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circuitry of the preceding device. The priority chain is 
preserved and the new device must wait for Its turn to 
acknowledge requests. Since the cascade channel of the 
initial 82C37A is used only for prioritizing the additional 
device, it does not output an address or control signals of its 
own. These could conflict with the outputs of the active 
channel in the added device. The initial 82C37A will 
respond to DREQ and generate DACK but all other outputs 
except HRQ will be disabled. An external EOP will be 
ignored by the initial device, but will have the usual effect on 
the added device. 

Figure 3 shows two additional devices cascaded'with an 
initial device using two of th,e initial device's channels. This 
forms a two-level DMA system. More 82C37As could be 
added at the second level by using the remaining channels 
of the first level. Additional devices can also be added by 
cascading into the channels of the second level devices, 
forming a third level. 

8OC86188 
MICRO -

PROCESSOR 1ST LEVEL 

1- HRQ DREQ 

r- HLDA DACK 

82C37A 

DREQ 
DACK 

INITIAL DEVICE 

1-
f---+ 

~ 
r--

2ND LEVEL 

82C37A 

HRQ 
HLDA 

HRQ 
HLDA 

82C37A 

ADDITIONAL 
DEVICES 

FIGURE 3. CASCADED 82C37As 

When programming cascaded controllers, start with the first 
level device (closest to the microprocessor). After RESET, 
the DACK outputs are programmed to be active low and are 
held in the high state. If they are used to drive HLDA directly, 
the second level device(s) cannot be programmed until 
DACK polarity is selected as active high on the initial device. 
Also, the initial device's mask bits function normally 
on cascaded channels, so they may be used to inhibit 
second-level services. 

Transfer Types 

Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and 
Verify. Write transfers move data from an I/O device to the 
memory by activating MEMW and lOR. Read transfers 
move data from memory to an I/O device by activating 
MEMR and lOW. 

Verify transfers are pseudo-transfers. The 82C37A 
operates as in Read or Write transfers generating 

aeeresses and responding to EOP, etc., however the 
memory and I/O control lines all remain inactive. Verify 
mode is not permitted for memory-to-memory operation. 
Ready is Ignored during verify transfers. 

Autoinitialize - By setting bit 4 in the Mode register, a 
channel may be set up as an Autoinitialize channel. During 
Autoinitialization, the original values of the Current Address 
and Current Word Count registers are automatically 
restored from the Base Address and Base Word Count 
registers of that channel following EOP. The base registers 
are loaded simultaneously with the current registers by the 
microprocessor and remain unchanged throughout the 
DMA service. The mask bit is not set when the channel is in 
Autoinitialize mode. Following Autoinitialization, the channel 
is ready to perform another DMA service, without CPU 
intervention, as soon as a valid DREQ is detected, or 
software request ,made. 

Memory-to-Memory - To perform block moves of data 
from one memory address space to another with minimum 
of program effort and time, the 82C37 A includes a memory
to-memory transfer feature. Setting bit 0 in the Command 
register selects channels 0 and 1 to operate as memory-to
memory transfer channels. 

The transfer is initiated by setting the software or hardware 
DREQ for channel O. The 82C37A requests a DMA service 
in the normal manner. After HLDA is true, the device, using 
four-state transfers in Block Transfer mode, reads data 
from the memory. The channel 0 Current Address register is 
the source for the address used and is decremented or 
incremented in the normal manner. The data byte read from 
the memory is stored in the 82C37A internal Temporary 
register. Another four-state transfer moves the data to mem
ory using the address in channel one's Current 
Address register and incrementing or decrementing it in 
the normal manner. The channel 1 Current Word Count is 
decremented. 

When the word count of channel 1 decrements to FFFFH, 
a TC is generated causing an EOP output, terminating 
the service, and setting the channel 1 TC bit in the Status 
register. The channel 1 mask bit will also be set, unless 
the channel 1 mode register is programmed for 
autoinitialization. Channel 0 word count decrementing to 
FFFFH will not set the channel 0 TC bit in the status register 
or generate an EOP, or set the channel 0 mask bit in this 
mode. It will cause an autoinitialization of channel 0, if that 
option has been selected. 

If full Autoinitialization for a memory-to-memory operation 
is desired, the channel 0 and channel 1 word counts must 
be set to equal values before the transfer begins. Otherwise, 
if channel 0 underflows before channel 1, it will autoin itialize 
and set the data source address back to the beginning of 
the block. If the channel 1 word count underflows before 
channel 0, the memory-to- memory DMA service will termi
nate, and channel 1 will autoinitialize but channel 0 will not. 

In memory-to-memory mode, Channel 0 may be pro
grammed to retain the same address for all transfers. This 
allows a single byte to be written to a block of memory. This 
channel 0 address hold feature is selected by setting bit 1 in 
the Command register. 
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The 82C37A will respond to external EOP signals during 
memory-to-memory transfers, but will only relinquish the 
system busses after the transfer is complete (i.e., after an 
S24 state). It should be noted that an external EOP cannot 
cause the channel 0 Address and Word Count registers to 
autoinitialize, even if the Mode register is programmed for 
autoinitialization. An external EOP will autoinitialize the 
channel 1 registers, if so programmed. Data comparators in 
block search schemes may use the EOP input to terminate 
the service when a match is found. The timing of memory
to-memory transfers is found in Figure 13. Memory-to
memory operations can be detected as an active AEN with 
no DACK outputs. 

Priority - The 82C37 A has two types of priority encoding 
available as software selectable options. The first is Fixed 
Priority which fixes the channels in priority order based 
upon the descending value of their numbers. The channel 
with the lowest priority is 3 followed by 2, 1 and the highest 
priority channel, O. After the recognition of anyone channel 
for service, the other channels are prevented from interfering 
with the service until it is completed. 

The second scheme is Rotating Priority. The last channel to 
get service becomes the lowest priority channel with the 
others rotating accordingly. The next lower channel from 
the channel serviced has highest priority on the following 
request. Priority rotates every time control of the system 
busses is returned to the processor. 

Rotating Priority 

1st 
Service 

2nd 
Service 

3rd 
Service 

highest 0 2 _service~3 _service 

1 _service~ 3 _request 0 

lowest 2 \0 1 

312 

With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recognized 
after no more than three higher priority services have 
occurred. This prevents anyone channel from monopolizing 
the system. 

Regardless of which priority scheme is chosen, priority is 
evaluated every time a HlDA is returned to the 82C37A. 

Compressed Timing - In order to achieve even greater 
throughput where system characteristics permit, the 
82C37A can compress the transfer time to two clock 
cycles. From Figure 12 it can be seen that state S3 is used 
to extend the access time of the read pulse. By removing 
state S3, the read pulse width is made equal to the write 
pulse width and a transfer consists only of state S2 to 
change the address and state S4 to perform the read/write. 
S1 states will still occur when A8-A15 need updating (see 
Address Generation). Timing for compressed transfers is 
found in Figure 15. EOP will be output in S2 if compressed 
timing is selected. Compressed timing is not allowed for 
memory-to-memory transfers. 

Address Generation - In order to reduce pin count, the 
82C37A multiplexes the eight higher order address bits on 

the data lines. State S1 is used to output the higher order 
address bits to an external latch from which they may be 
placed on the address bus. The falling edge of Address 
Strobe (ADSTB) is used to load these bits from the data 
lines to the latch. Address Enable (AEN) is used to enable 
the bits onto the address bus through a three-state enable. 
The lower order address bits are output by the 82C37A 
directly. Lines AO-A7 should be connected to the address 
bus. Figure 12 shows the time relationships between ClK, 
AEN, ADSTB, DBO-DB7 and AO-A7. 

During Block and Demand Transfer mode service, which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held in the external 
address latch will remain the same. This data need only 
change when a carry or borrow from A7 to A8 takes place 
in the normal sequence of addresses. To save time and 
speed transfers, the 82C37A executes S1 states only when 
updating of A8-A 15 in the latch is necessary. This means 
for long services, S1 states and Address Strobes may occur 
only once every 256 transfers, a savings of 255 clock 
cycles for each 256 transfers. 

Programming 

The 82C37A will accept programming from the host 
processor anytime that HlDA is inactive, and at least one 
rising clock edge has occurred after HlDA went low. It is 
the responsibility of the host to assure that programming 
and HlDA are mutually exclusive. 

Note that a problem can occur if a DMA request occurs 
on an unmasked channel while the 82C37A is being 
programmed. For instance, the CPU may be starting to 
reprogram the two byte Address register of channel 1 when 
channel 1 receives a DMA request. If the 82C37A is 
enabled (bit 2 in the Command register is 0), and channel 1 
is unmasked, a DMA service will occur after only one byte 
of the Address register has been reprogrammed. This 
condition can be avoided by disabling the controller (setting 
bit 2 in the Command register) or masking the channel 
before programming any of its registers. Once the program
ming is complete, the controller can be enabled/unmasked. 

After power-up it is suggested that all internal locations be 
loaded with some known value, even if some channels are 
unused. This will aid in debugging. 

Register Description 

Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of 
the address used during DMA transfers. The address is 
automatically incremented or decremented by one after 
each transfer and the values of the address are stored in the 
Current Address register duririg the transfer. This register is 
written or read by the microprocessor in successive 8-bit 
bytes. See Figure 6 for programming information. It 
may also be reinitialized by an Autoinitialize back to its origi
nal value. Autoinitialize takes place only after an EOP. In 
memory-to-memory mode, the channel 0 Current Address 
register can be prevented from incrementing or 
decrementing by setting the address hold bit in the 
Command register. 
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Current Word Count Register - Each channel has a 
16-Bit Current Word Count register. This register deter
mines the number of transfers to be performed. The actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e., 
programming a count of 100 will result in 101 transfers). 
The word count is decremented after each transfer. When 
the value in the register goes from zero to FFFFH, a TC will 
be generated. This register is loaded or read in successive 
8-bit bytes by the microprocessor in the Program 
Condition. See Figure 6 for programming information. 
Following the end of a DMA service it may also be 
reinitialized by an Autoinitialization back to its original value. 
Autoinitialization can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of FFFFH 
after TC. 

Base Address and Base Word Count Registers - Each 
channel has a pair of Base Address and Base Word Count 
registers. These 16-bit registers store the original value of 
their associated current registers. During Autoinitialize 
these values are used to restore the current registers to their 
original values. The base registers are written simultaneously 
with their corresponding current register in 8-bit bytes in 
the Program Condition by the microprocessor. See Figure 6 
for programming information. These registers cannot be 
read by the microprocessor. 

Command Register - This 8-bit register controls the 
operation of the 82C37A. It is programmed by the 
microprocessor and is cleared by Reset or a Master Clear 
instruction. The following diagram lists the function of the 
Command register bits. See Figure 4 for Read and Write 
addresses. 

Command Register 

171 6JSL41312j 1J 0 I Bit Number 

L{ o Memory - to - memory disable 
1 Memory - to - memory enable 

o Channel 0 address hold disable 
1 Channel 0 address hold enable 
X If bit 0 = 0 

o Controller enable 
1 Controller disable 

o Normal timing 
1 Compressed timing 
X IfbitO= 1 t 
o Fixed priority 
1 Rotating priority 

o late write selection 
1 Extended write selection 
X Ifbit3= 1 

o DREQ sense active high 
1 DREQ sense active low 

JI 
l 
o DACK sense active low 
1 DACK sense active high 

Mode Register - Each channel has a 6-bit Mode register 
associated with it. When the register is being written to by 
the microprocessor in the Program Condition, bits 0 and 1 
determine which channel Mode register is to be written. 
When the processor reads a Mode register, bits 0 and 1 will 
both be ones. See the following diagram and Figure 4 for 
Mode register functions and addresses. 

Mode Register 

17161s1413211 01 Bit Number 

00 Channel 0 select 
01 Channell select 

-< 10 Channel 2 select 
11 Channel 3 select 
XX Readback 

00 Verify transfer 
01 Write transfer 
10 Read transfer 
11 Illegal 
XX If bits 6 and 7 = 11 

0 Autoinitialization disable 
1 Autoinitialization enable 

0 Address increment select 
1 Address decrement select 

00 Demand mode select 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 

Request Register - The 82C37A can respond to requests 
for DMA service which are initiated by software as well as 
by a DREQ. Each channel has a request bit associated with 
it in the 4-bit Request register. These are non-maskable 
and subject to prioritization by the Priority Encoder network. 
Each register bit is set or reset separately under software 
control. The entire register is cleared by a Reset or Master 
Clear instruction. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for register ad
dress coding, and the following diagram for Request regi
ster format. A software request for DMA operation can be 
made in block or single modes. For memory-to-memory 
transfers, the software request for channel 0 should be set. 
When reading the Request register, bits 4-7 will always 
read as ones, and bits 0-3 will display the request bits of 
channels 0-3 respectively. 

Request Register 

-----v--
Don't Care, 

Write 
Bits4 -7 
All Ones, 

Read 

Bit Number 

00 Select channel 0 
01 Select channel 1 
10 Select channel 2 
11 Select channel 3 

L-__ -<O Reset request bit 
1 Set request bit 
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Mask Register - Each channel has associated with it a mask 
bit which can be set to disable an incoming DREO. Each 
mask bit is set when its associated channel produces an EOP 
if the channel is not programmed to Autoinitialize. Each bit of 
the 4-bit Mask register may also be set or cleared separately 
or simultaneously under software control. The entire register is 
also set by a Reset or Master Clear. This disables all hardware 
DMA requests until a Clear Mask Register instruction allows 
them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. Refer to the following diagram and Figure 4 for 
details. When reading the Mask register, bits 4-7 will always 
read as logical ones, and bits 0-3 will display the mask bits of 
channels 0-3, respectively. The 4 bits of the mask register 
may be cleared simultaneously by using the Clear Mask 
Register command (see software commands section). 

Mask Register 

7 6 543 210 Bit Number 
'---y-

Don't Care TJ~ 
[11 

Select channel 0 mask bit 
Select channel 1 mask bit 
Select channel 2 mask bit 
Select channel 3 mask bit 

Clear mask bit 
Set mask bit 

All four bits of the Mask register may also be written with a 
single command. 

1716151413211101 
'----y---' 

Don't Care, 
Write 

Bit Number 

o Clear channel 0 mask bit 
1 Set channel 0 mask bit 

All Ones, 
Read J01 Clear channel 1 mask bit 

~ 1 Set channel 1 mask bit 

Clear channel 2 mask bit 
Set channel 2 mask bit 

L-. __ --<;O Clear channel 3 mask bit 
[1 Set channel 3 mask bit 

OPERATION A3 A2 

Read Status Register 1 0 
Write Command Register 1 0 
Read Request Register 1 0 
Write Request Register 1 0 
Read Command Register 1 0 
Write Single Mask Bit 1 0 
Read Mode Register 1 0 
Write Mode Register 1 0 
Set First/Last F IF 1 1 
Clear First/Last FIF 1 1 
Read Temporary Register 1 1 
Master Clear 1 1 
Clear Mode Reg. Counter 1 1 
Clear Mask Register 1 1 
Read All Mask Bits 1 1 
Write All Mask Bits 1 1 

Status Register - The Status register is available to be 
read out of the 82C37A by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which channels have reached a 
terminal count and which channels have pending DMA 
requests. Bits 0-3 are set every time a TC is reached by that 
channel or an external EOP is applied. These bits are 
cleared upon Reset, Master Clear, and on each Status 
Read. Bits 4-7 are set whenever their corresponding 
channel is requesting service, regardless of the mask bit 
state. If the mask bits are set, software can poll the Status 
register to determine which channels have DREOs, and 
selectively clear a mask bit, thus allowing user defined 
service priority. Status bits 4-7 are updated while the clock 
is high, and latched on the falling edge. Status Bits 4-7 are 
cleared upon Reset or Master Clear. 

Status Register 

(7161514131211101 Bit Number 

L1 Channel 0 has reached TC 

- 1 Channel 1 has reached TC 

- 1 Channel 2 has reached TC 

L-.---1 Channel 3 has reached TC 

'------1 Channel 0 request 

'--------1 Channel 1 request 

'--------1 Channel 2 request 

'--------- 1 Channel 3 request 

Temporary Register - The Temporary register is used to 
hold data during memory-to-memory transfers. Following 
the completion of the transfers, the last byte moved can be 
read by the microprocessor. The Temporary register always 
contains the last byte transferred in the previous memory-to
memory operation, unless cleared by a Reset or Master Clear. 

A1 AO iOR lOW 

0 0 0 1 
0 0 1 0 
0 1 0 1 
0 1 1 0 
1 0 0 1 
1 0 1 0 
1 1 0 1 
1 1 1 0 
0 0 0 1 
0 0 1 0 
0 1 0 1 
0 1 1 0 
1 0 0 1 
1 0 1 0 
1 1 0 1 
1 1 1 0 

FIGURE 4. SOFTWARE COMMAND CODES AND REGISTER CODES 
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There are special software commands which can be 
executed by reading or writing to the 82C37 A. These 
commands do not depend on the specific data pattern on 
the data bus, but are activated by the I/O operation itself. On 
read type commands, the data value is not guaranteed. 
These commands are: 

Clear First/Last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 82C37A. This command initializes the 
flip-flop to a known state (low byte first) so that subsequent 
accesses to register contents by the microprocessor will 
address upper and lower bytes in the correct sequence. 

Set First/Last Flip-Flop: This command will set the flip
flop to select the high byte first on read and write operations 
to address and word count registers. 

Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask 
register is set. The 82C37 A will enter the Idle cycle. 

Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 

CHANNEL REGISTER OPERATION CS lOR 

0 Base and Current Write 0 1 
Address 0 1 

Current Address Read 0 0 
0 0 

Base and Current Write 0 1 
Word Count 0 1 

Current Word Count Read 0 0 
0 0 

1 Base and Current Write 0 1 
Address 0 1 

Current Address Read 0 0 
0 0 

Base and Current Write 0 1 
Word Count 0 1 

Current Word Count Read 0 0 
0 0 

2 Base and Current Write 0 1 
Address 0 1 

Current Address Read 0 0 
0 0 

Base and Current Write 0 1 
Word Count 0 1 

Current Word Count Read 0 0 
0 0 

3 Base and Current Write 0 1 
Address 0 1 

Current Address Read 0 0 
0 0 

Base and Current Write 0 1 
Word Count 0 1 

Current Word Count Read 0 0 
0 0 

Clear Mode Register Counter: Since only one address 
location is available for reading the Mode registers, an 
internal two-bit counter has been included to select Mode 
registers during read operations. To read the Mode 
registers, first execute the Clear Mode Register Counter 
command, then do consecutive reads until the desired 
channel is read. Read order is channel 0 first, channel 3 last. 
The lower two bits on all Mode registers will read as ones. 

External EOP Operation 
The EOP pin is a bidirectional, open drain pin which may be 
driven by external signals to terminate DMA operation. 
Because EOP is an open drain pin an external pull-up 
resistor to VCC is required. The value of the external pull-up 
resistor used should guarantee a rise time of less than 
125ns. It is important to note that the 82C37 A will not 
accept external EOP signals when it is in an SI (Idle) state. 
The controller must be active to latch EXT EOP. Once 
latched, the EXT EOP will be acted upon during the next S2 
state, unless the 82C37 A enters an idle state first. In the 
latter case, the latched EOP is cleared. External EOP pulses 
occurring between active DMA transfers in demand mode 
will not be recognized, since the 82C37A is in an SI state. 

SIGNALS 
FIRST/LAST 
FLIP-FLOP DATA BUS --

lOW A3 A2 Al AO STATE DBO-DB7 

0 0 0 0 0 0 AO-A7 
0 0 0 0 0 1 A8-A15 

1 0 0 0 0 0 AO-A7 
1 0 0 0 0 1 A8-A15 

0 0 0 0 1 0 WO-W7 
0 0 0 0 1 1 W8-W15 

1 0 0 0 1 0 WO-W7 
1 0 0 0 1 1 W8-W15 

0 0 0 1 0 0 AD-A7 
0 0 0 1 0 1 A8-A15 

1 0 0 1 0 0 AO-A7 
1 0 0 1 0 1 A8-A15 

0 0 0 1 1 0 WO-W7 
0 0 0 1 1 1 W8-W15 

1 0 0 1 1 0 WO-W7 
1 0 0 1 1 1 W8-W15 

0 0 1 0 0 0 AO-A7 
0 0 1 0 0 1 A8-A15 

1 0 1 0 0 0 AO-A7 
1 0 1 0 0 1 A8-A15 

0 0 1 0 1 0 WO-W7 
0 0 1 0 1 1 W8-W15 

1 0 1 0 1 0 WO-W7 
1 0 1 0 1 1 W8-W15 

0 0 1 1 0 0 AO-A7 
0 0 1 1 0 1 A8-A15 

1 0 1 1 0 0 AO-A7 
1 0 1 1 0 1 A8-A15 

0 0 1 1 1 0 WD-W7 
0 0 1 1 1 1 W8-W15 

1 0 1 1 1 0 WO-W7 
1 0 1 1 1 1 W8-W15 

FIGURE 5. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 
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82C37A 

Application Information 

Figure 6 shows an application for a DMA system 
utilizing the 82C37A DMA controller and the 80C88 
Microprocessor. In this application, the 82C37A DMA 
controller is used to improve system performance by 
allowing an 110 device to transfer data directly to or from 
system memory. 

Components 

The system clock is generated by the 82C84A clock driver 
and is inverted to meet the clock high and low times 
required by the 82C37 A DMA controller. The four OR gates 
are used to support the 80C88 Microprocessor in minimum 
mode by producing the control signals used by the proces
sor to access memory or I/O. A decoder is used to generate 
chip select for the DMA controller and memory. The most 
significant bits of the address are output on the addressl 
data bus. Therefore, the 82C82 octal latch is used to 
demultiplex the address. Hold Acknowledge (HlDA) and 

82C84A 
OR 

82C85 

HlDA 

80C88 

MEMR 

MEMW 

lOR 

lOW 
MEMCS

MEMR_ 

VCC 

47KA 

MEMORY 

MEMW _____ _ 

NOTE The address lines need pull-up resIstors 

Address Enable (AEN) are "ORed" together to insure that 
the DMA controller does not have bus contention with the 
microprocessor. 

Operation 

A DMA request (DREa) is generated by the I/O device. After 
receiving the DMA request, the DMA controller will issue 
a Hold request (HRa) to the processor. The system 
busses are not released to the DMA controller until a Hold 
Acknowledge signal is returned to the DMA controller from 
the 80C88 processor. After the Hold Acknowledge has 
been received, addresses and control signals are generated 
by the DMA controller to accomplish the DMA transfers. 
Data is transferred directly from the I/O device to memory 
(or vice versa) with lOR and MEMW (or MEMR and lOW) 
being active. Note that data is not read into or driven out of 
the DMA controller in I/O-to-memory or memory-to-I/O 
data transfers. 

ADDRESS BUS 

DATA BUS 

VCC 

82C37A 1 ClK 
CS 
ADSTB 

AEN 

AO-7 

DBO-7 

-

CS 
DREal----I 

110 
DEVICE 

-lOR 
-lOW 

FIGURE 6. APPLICATION FOR DMA SYSTEM 
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82C37A 

Figure 7 shows an application for a DMA system using the 
82C37A DMA controller and the 80C286 Microprocessor. 

In this application, the system clock comes from the 
82C284 clock generator PCLK signal which is Inverted to 
provide proper READY setup and hold times to the DMA 
controller in an 80C286 system. The Read and Write 
signals from the DMA controller may be wired directly to 
the Read/Write control signals from the 82C288 Bus 

80C286 

CLK HLDA 

82C288 

10RC 
10WC 
MRDC 
MWTC 

J:::> CHIP SELECT I DECODE TO MEMORY/ 
PERIPHERALS 

AEN EOP DO-07 
L..----t ADSTB 

L..----tHRO 82C37A 

Controller. The octal latch for A8 - A15 from the DMA 
controller's data bus Is on the local 80C286 address bus so 
that memory chip selects may still be generated during 
DMA transfers. The transceiver on AO - A7 is controlled 
by AEN and is not necessary, but may be used to drive a 
heavily loaded system address bus during transfers. The 
data bus transceivers simply isolate the DMA controller 
from the local microprocessor bus and allow programming 
on the upper or lower half of the data bus. 

MEMR 

MEMORY - MEMR 
-MEMW 

....... .,.... ........... __ .... _MEMCS 

110 -lOR 
DEVICE -lOW 

DREO 

CS -DACK ..... ---. .... 

lOW 82C288 SIGNALS AND 
MEMR MEMORY/PERIPHERALS 

MEMW 
DREQO-3 DACKO-3 

lOR } TO CORRESPONDING 

MEMW 

t 

FIGURE 7. 80C286 DMA APPLICATION 

4-188 



Specifications 82C37A 

Absolute Maximum Ratings Reliability Information 

Supply Voltage .................................... +8.0Volts Thermal Resistance Sja Sjc 
Input, Output or I/O Voltage Applied ••.. GND -o.5V to vcc +0.5V Ceramic DIP Package. • • • • • • . • • • • • . 280C/W 60 C/W 
Storage Temperature Range ................. -650C to +1 500C lCC Package.. .. .. .. .. .. .. .. .. .. . 660C/W 120C/W 
Junction Temperature ................................ +1750C Maximum Package Power Dissipation •••...•••.•••.•••••• 1 Watt 
Lead Temperature (Soldering, Ten Seconds) ••..•...•••• +3000C Gate Count ...................................... 2325 Gates 
CAUTION: Stresses above those listed 1(1 the Abso/ute Maximum Ratings" may CBuse permanent damage to the device. Th,s,s 8 stress only ,atlng and opera~ 
lion of the device at theN or any other conditions above those indicated in the operational sections of this speCIfication ;s not Implied. 

Operating Conditions 

Operating Voltage Range •.•••.•••••••••••.••••• +4.5V to +S.SV Operating Temperature Ranges 
C82C37A ................................... OoC to +700C 
182C37A ................................. -400C to +8SoC 
M82C37A ............................... -SSOCto+12SoC 

D.C. Electrical Specifications vcc = +5.0V :1:10%, TA = ODC to +70OC (C82C37A) 

SYMBOL PARAMETER MIN 

VIH Logical One Input Voltage 2.0 
2.2 

Vil Logical Zero Input Voltage -
VOH Output HIGH Voltage 3.0 

VCC-0.4 

VOL Output lOW Voltage -

" Input Leakage Current -1.0 

10 Output Leakage Current -10.0 

ICCSB Standby Power Supply -
Current 

ICCOP Operating Power Supply -
Current 

CapaCitance TA = +2SoC 

SYMBOL PARAMETER TYPE 

CIN Input CapaCitance 20 

COUT Output Capacitance 20 

ClIO I/O Capacitance 20 

TA = -4ODC to +8SoC (182C37 A) 
TA = -5SoC to +12SOC (M82C37A) 

MAX UNITS TEST CONDITIONS 

- V C82C37A,182C37A 
- V M82C37A 

0.8 V 

- V IOH=-2.SmA 
- V IOH=-100JlA 

0.4 V 10l = +2.SmA all output except EOP, 
10l = +3.2 for E6P pin 36 only. 

+1.0 JlA VIN = GND orVCC, Pins 6, 7, 11,12,13, 16-19 

+10.0 JlA VOUT= GNDorVCC,Pins 1-4,21-23, 
26-30,32-40. 

10 JIA VCC = S.5V, VIN = VCC or GND, 
Outputs Open 

2 mNMHz VCC = S.SV, ClK FREQ = Maximum, 
VIN = VCC or GND, Outputs Open 

UNITS TEST CONDITIONS 

pF FREQ = 1 MHz, All measurements are 

pF 
referenced to device GND 

pF 
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Specifications 82C37 A 

A.C. Electricai Specifications vcc = +5.0V ±10%. GND = OV. 

SYMBOL 

TA = oOC to +70OC (C82C37A). 
TA = -40°C to +85°C (182C37A). 
TA= -55°C to +125°C (M82C37A) 

82C37A-5 

PARAMETER MIN MAX 

DMA (Master) Mode 

(l)TAEl AEN HIGH from ClK lOW (Sl) Delay - 175 
lime 

(2)TAET AEN lOW from ClK HIGH (SI) Delay - 130 
lime 

(3)TAFAB ADR Active to Float Delay from ClK - 90 
HIGH 

(4)TAFC READ or WRITE Float Delay from - 120 
ClKHIGH 

(5)TAFDB DB Active to Float Delay from ClK - 170 
HIGH 

(6)TAHR ADR from READ HIGH Hold lime TCY-l00 -
(7)TAHS DB from ADSTB lOW Hold lime TCl-18 -
(8)TAHW ADR from WRITE HIGH Hold lime TCY-65 -
(9)TAK DACK Valid from ClK lOW - 170 

Delay lime 

-ems HIGH from ClK HIGH 170 
Delay lime 

-ems lOW from ClK HIGH - 100 
Delay lime 

(10)TASM ADR Stable from ClK HIGH - 110 

(ll)TASS DB to ADSTB lOW Setup lime TCH-20 -
(12)TCH Clock HIGH lime (Transitions 10ns) 70 -

(13)TCl Clock lOW lime (Transitions 10ns) 50 -
(14)TCY ClK Cycle lime 200 -
(15)TDCl ClK HIGH to READ or WRITE lOW - 190 

Delay 

(16)TDCTR READ HIGH from ClK HIGH (S4) - 190 
Delay lime 

(17)TDCTW WRITE HIGH from ClK HIGH (S4) - 130 
Delay lime 

(18)TOQ HRQ Valid from ClK HIGH - 120 
Delay lime 

(19)TEPH -ems Hold lime from ClK lOW (S2) 90 -

(20)TEPS -ems lOW to ClK lOW Setup lime 40 -
(21)TEPW -ems Pulse Width 220 -
(22)TFAAB ADR Valid Delay from ClK HIGH - 110 

(23)TFAC READ or WRITE Active from - 150 
ClKHIGH 

(24)TFADB DB Valid Delay from ClK HIGH - 110 
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82C237A 

MIN MAX 

- 105 

- 80 

- 55 

- 75 

- 135 

TCY-75 -

TCl-18 -
TCY-65 -

- 105 

- 105 

- 60 

- 60 

TCH-20 -
55 

43 

125 -
- 130 

- 115 

- 80 

- 75 

90 -
25 

135 -
- 60 

- 90 

- 60 

82C37A-12 

MIN MAX UNITS 

- 50 ns 

- 50 ns 

- 55 ns 

- 50 ns 

- 90 ns 

TCY-65 - ns 

TCl-18 - ns 

TCY-50 - ns 

- 69 ns 

90 ns 

- 35 ns 

- 50 ns 

TCH-20 - ns 

30 - ns 

30 - ns 

80 - ns 

- 120 ns 

- 80 ns 

- 70 ns 

- 30 ns 

50 - ns 

0 - ns 

50 - ns 

- 50 ns 

- 50 ns 

- 45 ns 



Specifications 82C37 A 

A.C. Electrical Specifications vcc = +5.0V ±10%, GND = OV, (Continued) 
TA = oOC to +700 C (CS2C37A). 
TA = -400C to +S5°C (IS2C37A), 
TA= -55°C to +125OC (MS2C37A) 

82C37A·5 82C237A 

SYMBOL PARAMETER MIN MAX MIN MAX 

DMA (Master) Mode (Continued) 

(25)THS HlDA Valid to ClK HIGH Setup Time 75 - 45 -

(2S)TIDH Input Data from ~ HIGH 0 - 0 -
Hold Time 

(27)TIDS Input Data to ~ HIGH 155 - 90 -
Setup Time 

(28)TODH Output Data from JJEIiilW HIGH 15 - 15 -
Hold Time 

(29)TODV Output Data Valid to JJEIiilW HIGH TCY-35 - TCY-35 

(30)TOS DREO to ClK lOW (SI, S4) 0 - 0 
Setup Time 

(31)TRH ClK to READY lOW Hold Time 20 - 20 

(32)TRS READY to ClK lOW Setup Time 60 - 35 

(33)TClSH ADSTB HIGH from ClK lOW 80 - 70 
Delay Time 

(34)TClSl ADSTB lOW from ClK lOW 120 - 120 
Delay Time 

(35)TWRRD REAl5 HIGH Delay from WFIlTE" HIGH 0 - 0 -
(3S)TRlRH REAl5 Pulse Width, Normal Timing 2TCY-SO - 2TCY-60 -

(37)TSHSl ADSTB Pulse Width TCY-SO - TCY-50 -

(38)TWlWHA Extended WFIlTE" Pulse Width 2TCY-l00 - 2TCY-85 -
(39)TWlWH WFIlTE" Pulse Width TCY-loo - TCY-85 

(40)TRlRHC REAl5 Pulse Width, Compressed TCY-60 - TCY-60 -
(5S)TAVRl ADR Valid to REAl5 lOW 17 - 17 -

(57)TAVWl ADR Valid to WFIlTE" lOW 7 - 7 

(58)TRHAl "READ HIGH to AEN LOW 15 - 15 -

(59)TRHSH "READ HIGH to ADSTB HIGH 13 - 13 -

(60)TWHSH WFIlTE" HIGH to ADSTB HIGH 15 - 15 -

(SI)TDVRl DACK Valid to "READ lOW 25 - 25 

(S2)TDVWl DACK Valid to WFIlTE" lOW 25 - 25 -
(63)TRHDI "READ HIGH to DACK Inactive 12 - 12 -
(S4)TAZRl ADR Float to REAl5 lOW -2.5 - -2.5 -
Peripheral (Slave) Mode 

(41)TAR ADR Valid or "OS lOW to REAl5 lOW 10 - 10 -
(42)TAWl ADR Valid to WRITE lOW Setup Time 0 - 0 -
(43)TCWl "OS lOW to WFIlTE" lOW Setup Time 0 - 0 -
(44)TDW Data Valid to WFIlTE" HIGH Setup Time 150 - 100 -
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82C37A·12 

MIN MAX 

10 -
0 -

45 -

TCY-50 -

TCY-l0 -

0 -

10 -
15 -

70 

- 60 

5 -
2TCY-55 

TCY-35 -
2TCY-80 -
TCY-SO -

TCY-55 -

17 -
7 -

15 -
13 -
15 -

25 -
25 -

12 -
-2.5 -

0 -
0 -

0 -
60 -

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Specifications 82C37 A 

A.C. Electrical Specifications vee = +5.0V ±10%. GND = OV. (Continued) 
TA = O"C to +7O"C (C82C37A). 
TA = -4O"C to +85°C (182C37A). 
TA = -5500 to +1250C (M82C37A) 

82C37A-5 82C237A 

SYMBOL PARAMETER MIN MAX MIN MAX 

Peripheral (Slave) Mode (Continued) 

(45)TRA ADR or C§ Hold from READ HIGH 0 - 0 -
(46)TRDE Data Access from READ - 140 - 120 

(47)TRDF DB Float Dalay from READ HIGH 5 85 5 85 

(48)TRSTD Power Supply HIGH to RESET LON 500 - 500 -
SetupTme 

(49)TRSTS RESET to First lOR or ION 2TCY - 2TCY -
(50)TRSlW RESET Pulse Width 300 - 300 -
(51)TRW READ Pulse Width 200 - 155 -
(52)TWA ADR from WRITE HIGH Hold Time 0 - 0 -
(53)TWC CS HIGH from WRITE HIGH 0 - 0 -

Hold Time 

(54)TWD Data from WRITE HIGH Hold Time 10 - 10 -
(55)TWWS WRITE Pulse Width 150 - 100 -
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82C37A-12 I 
MIN MAX UNITS 

0 - ns 

- 80 ns 

5 55 ns 

500 - ns 

2TCY - ns 

300 - ns 

85 - ns 

0 - ns 

0 - ns 

10 - ns 

45 - ns 



82C37A 

Waveforms 

SLAVE MODE WRITE TIMING 

CS 

(43) _TCWL 
(55) -- I-- TWC (53) 

lOW "- TWWS Jz 
(42) _ 

TAW'- -- r--- TWA (52) 

~ INPUT VAUD 

L... ___ ~ __ ~ ______________________ -::,-,{.;;.44.;.;) ________ --I __ ..., r TWO (54) 

DB) - DBl---~>t ___________ T_~N_:rr_ -_ -_V~AU~~D~~~~~~~~~~~~~-i~:_--.,;X 

FIGURE 8. SLAVE MODE TIMING 

NOTE SuccesSIve WRITE accesses to the 82C37 A must allow at least rCY as recovery time between accesses. A rCY recovery time must be allowed before 
executing a WRITE access after a READ access 

SLAVE MODE READ TIMING 

., "~~--------AD-D-R-E-S-S-M-U-S-T-B-E-V-AL-ID--------~ 
~~=:lr-----------------i~~-----------------

lOR 

(46) ________ TR_D_F_=:1 

LI-:'----_ -_ -_ -_ -_ -_-_ -_ -_ -_ -_ -T-R-D-E-_-_-_-_-_-_-_-_-_ -_ -_ -_ -~-, --- (47) 

DB) - DBl _____________________ --< DATA OUT VALID ~ 

FIGURE 9. SLAVE MODE READ 

NOTE SuccesSive READ accesses to the 82C37 A must allow at least rcY as recovery time between accesses A TCV recovery time must be allowed before 
executmg a WR ITE access after a READ access, 
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82C37A 

itVaveforms 

DMA TRANSFER TIMING 

(25~--f '
THS ,'-

HLDA--------~S;,~~/~··~Z'/~·K~,~~r_~11--~----~1I_r----r_--1I~~ssssssss~----
TAEL_h 

(1) II 
AEN--------~S,s_------~_Hrt_t~:J----~r_t_--1r--_r_t_t~---------

(33) f---~ f--- T~~L - i-TEPS (20) 
TCLSH I _ ~ 1 t-+TEPH r-r- TRHAL 

TSH1SL (37) (19) (58) 

ADSTB--------iSr---------~ ~~1--+--~+_~--~--~~H_~---------
t-fo-TAS~(ll) 

l-itjAHS 1- r- TAK (9) 
f--oI (7) 

DBO - DB7--------~S;S-,--------==~~=t~~----ii--tt----r_--1_--tH--------------
AS -M5 r--"' J. _ t-- TASM ~I ~TAFAB (3) 

(22) L-- 1 (10) 
TFAAB r- ,-- TtFDB I r- TAHW r H"h TAHW 

,(5) I' (8ii II (8) 

AO -A7--------~S;'S_----------t_1<~~A~D~D~R~E~SS~V~A~LI~D~~~A~D~D~R~E~S~S~V~A#LI~D~~-----------
1-- (64) 

TAZRL 
TAHR 

(6) 

1-

:-
TAHR (6) 

I--TRHDI (63) 

DACK-------~S)s_---------r--JII (16) 
TDCTR 

_ TAVRL 

t- '" 1(56) r- rTAFC 

TFAC (15) WRR[ I- TDCL TDCTR 
(23)- [i~ (15) I- 16 (4) 

_ TDCL (35)~ t:... ITRLRH j 
READ --------~S)S_------------_rT--"II .--- (36) 

TDVAd61)1---1't'-(1-7-))_ -t-t-t'I-'I_ I- it7~WL .I 
" TDCTW _ 1--(17)TDCTW 

______ ~s.------rlr-::tT;.;;~;.;;C~L~(15) ,1-t-~1WLWH 
WRITE S, ~. _'I. _ ,~ ~_~_+.I""-''1''----

TDVWL l' J<o--~ V J<o-~. 
(62) - / TWLWHAV TDCL TAK (9) 

.. L. (38) (15) 
INT EOP _______ ~S;~,--------_;;.(F.;;O.;.;R....;E;;;.XT=E;.;.ND;;.E;;.D;.....;.W;.;.R.;;.IT....;E;.:.)+_+----+"N..I.. JrJr-------------

_ [:;,.AK 

~TEPW(21) 

EXTEOP--------~S;s-------------~~SSSSSSSS~~~ZZ2Z2Z2Z~~~ •• ~ rL.L.LLLL,'LLLL, 'L.. '/ 

FIGURE 10. DMA TRANSFER 
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82C37A 

Waveforms 

MEMORY-TO-MEMORY TRANSFER TIMING 

ClK 

ADSTB ----.... r 

DBO - DB7 -----t---t~~~I-<?:~~~:t!!I:t:~ 

MEMR -----I-~r----...!1<-___ ..;.....;.;1 

TFAC 
(23) 

MBMW---~~--4~-------~E:XT;,E~N~D:E~D~-:::~~-t-~ 
WRITE 

EOP --------------------~------,I 

FIGURE 11. MEMORY-TO-MEMORY TRANSFER 
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lltlaveforms 

READY TIMING 

CLK 

READ 

WRITE 

READY 

TDCL 

EXTENDED~" 
WRITE 

82C37A 

(31) TRH 

(32)TRS~ 

'\S\SSSS'\S"'0 
FIGURE 12. READY 

NOTE: READY must not transition during the specified setup and hold times 

COMPRESSED TRANSFER TIMING 

CLK 

NJ -A7 

READ 

WRITE 

READY 

FIGURE 13. COMPRESSED TRANSFER 
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Waveforms 

RESET TIMING 

~1----(48) TRSTD ~ 
L(50)TR~ 

82C37A 

A. C. Test Circuits 

~R=E=S=ET~ ____ J~ ~lEL) 

V1 

OUTPUT FROM~l 
DEVICE UNDER TEST POINT 

lOR OR lOW TRSTS 
~ 

TEST *"C1* 

"'Includes STRAY and FIXTURE Capacitance 

FIGURE 14. RESET 
TEST CONDITION DEFINITION TABLE 

PINS V1 

All Outputs Except EOP 1.7V 

EOP vee 

A. C. Testing Input, Output Waveforms 

INPUT OUTPUT 

VIH + O.4V VOH 
~~1~.5~V ______________ ~1.~5V_~ 
V1L - o.4V VOL 

OUTPUT 
Z-LOR H 

----{: 2.0V 
O.8V 

VOH 

VOL 

VOH 

OUTPUT 
LOR H-Z 

VO-O.45:}:--
0.45 

VOL 

R1 

5200 

1.SKO 

A.C. Testing: All A C. Parameters tested as per test circuits. Input RISE and FALL times are driven at InsN. 
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HARRIS 
SEM!CONDUCTOR 

February 1992 

Features 

• 1 OM Hz or 8MHz Clock Input Frequency 

• Compatible with NMOS 8254 
- Enhanced Version of NMOS 8253 

• Three Independent 16 Bit Counters 

• Six Programmable Counter Modes 

• Status Read Back Command 

• Binary or BCD Counting 

• Fully TTL Compatible 

• Single 5V Power Supply 

• Low Power 
- ICCSB .................•..•............. 101lA 

- ICCOP •....•...•••........•....• 10mA at 8MHz 

• Operating Temperature Ranges 
- C82C54 •..•..•.......•........... OoC to +70oC 

- 182C54 •....•......•............ -40oC to +850 C 

- M82C54 ....•...•....•.•..•..•. -55°Cto+125°C 

Ordering Information 

82C54 
CMOS Programmable Interval Timer 

Description 
The Harris 82C54 is a high performance CMOP Programma
ble Interval Timer manufactured using an advar, ~ed 2 micron 
CMOS process. 

The 82C54 has three independently programmable and 
functional 16-bil counters, each capable of handling clock 
input frequencies of up to 8MHz (82C54) or 10MHz 
(82C54-10). 

The high speed and industry standard configuration of the 
82C54 make it compatible with the Harris 80C86, 80C88, 
and 8OC286 CMOS microprocessors along with many other 
industry standard processors. Six programmable timer 
modes allow the 82C54 to be used as an event counter, 
elapsed time indicator, programmable one-shot, and many 
other applications. Static CMOS circuit design insures low 
power operation. 

The Harris advanced CMOS process results in a significant 
reduction in power with performance equal to or greater than 
existing equivalent products. 

PACKAGE TEMPERATURE RANGE 8MHz 10MHz 

Pinouts 

Plastic DIP 

PLCC 

Ceramic DIP 

SMD # 8406501JA 

LCC, SMD# 84065013A 

24 LEAD DIP 
TOP VIEW 

""""L ___ -J-

vcc 

Wii 
iii5 

Al 

AO 

CLK2 

OUT 2 

GATE 2 

CLKl 

GATE 1 

OUll 

OOC to +70oC 

-40oC to +85°C 

OOC to +70°C 

-40oC to +85°C 

OOC to +70oC 

-40oC to +85°C 

-55°C to + 125°C 

-55°C to + 125°C 

CP82C54 CP82C54-10 

IP82C54 IP82C54-10 

CS82C54 CS82C54-10 

IS82C54 IS82C54·10 

CD82C54 CD82C54-10 

ID82C54 ID82C54-10 

MD82C541B MD82C54-10/B 

MR82C541B M R82C54-1 OIB 

28 LEAD PLCC AND Lce 
TOP VIEW 

i!l/S~~~I~1Ii! 

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

Copyright © Harris Corporation 1992 
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Functional Diagram 

A, 
A, 

cs-----' 

Pin Description 

DIPPIN 
SYMBOL NUMBER 

07-00 1-8 

CLKO 9 

OUTO 10 

GATEO 11 

GND 12 

OUT1 13 

GATE 1 14 

CLK 1 15 

GATE 2 16 

OUT2 17 

CLK2 18 

AO,A1 19-20 

CS 21 

RD 22 

WR 23 

VCC 24 

TYPE 

I/O 

I 

0 

I 

0 

I 

I 

I 

0 

I 

I 

I 

I 

I 

CLKD 

GATE 0 

OUT 0 

eLK 1 

GATE 1 

OUT 1 

elK 2 

GATE 2 

OUT 2 

82C54 

COUNTER INTERNAL BLOCK DIAGRAM 

DEFINITION 

DATA: Bi-directional three state data bus lines, connected to system data bus. 

CLOCK 0: Clock input of Counter O. 

OUT 0: Output of Counter O. 

GATE 0: Gate input of CounterO. 

GROUND: Power supply connection. 

OUT 1: Output of Counter 1. 

GATE 1: Gate input of Counter 1. 

CLOCK 1: Clock input of Counter 1. 

GATE 2: Gate input of Counter 2. 

OUT2: Output of Counter 2. 

CLOCK 2: Clock input of Counter 2. 

ADDRESS: Select inputs for one of the three counters or Control Word Register 
for read/write operations. Normally connected to the system address bus. 

A1 AO SELECTS 

0 0 Counter 0 

0 1 Counter 1 

1 0 Counter 2 

1 1 Control Word Register 

CHIP SELECT: A low on this input enables the 82C54 to respond to RD and 
WR signals. RD and WR are ignored otherwise. 

READ: This input is low during CPU read operations. 

WRITE: This input is low during CPU write operations. 

VCC: The +5V power supply Pin. AO.1 ~F capacitor between pins VCC and GND is 
recommended for decoupling. 
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82C54 

Fu;:ctional Descriptioii 
General 

The 82C54 is a programmable interval timer/counter 
designed for use with microcomputer systems. It is a gener
al purpose, multi-timing element that can be treated as an 
array of 110 ports in the system software. 

The 82C54 solves one of the most common problems in 
any microcomputer system, the generation of accurate time 
delays under software control. Instead of setting up timing 
loops in software, the programmer configures the 82C54 to 
match his requirements and programs one of the counters 
for the desired delay. After the desired delay, the 82C54 will 
interrupt the CPU. Software overhead is minimal and varia
ble length delays can easily be accommodated. 

Some of the other computer/timer functions common to 
microcomputers which can be implemented with the 82C54 
are: • Real time clock 

• Event counter 
• Digital one-shot 
• Programmable rate generator 
• Square wave generator 
• Binary rate multiplier 
• Complex waveform generator 
• Complex motor controller 

Data Bus Buffer 

This three-state, bi-directional, 8-bit buffer is used to 
interface the 82C54 to the system bus (see Figure 1). 

CLKO 

07-00 GATE 0 

OUTO 

eLK 1 

GATE 1 
AO 

OUT 1 

cs----..... 

CLK2 

GATE 2 

DUl2 

FIGURE 1. DATA BUS BUFFER AND READ/WRITE LOGIC 
FUNCTIONS 

Read/Wrlte Logic 

The Read/Write Logic accepts inputs from the system bus 
and generates control signals for the other functional blocks 
of the 82C54. Aland AD select one of the three counters or 
the Control Word Register to be read from/written into. A 
"low" on the RD input tells the 82C54 that the CPU is read
ing one of the counters. A "low" on the WR input tells the 
82C54 that the CPU is writing either a Control Word or an 
initial count. Boih RD and WR are qualified by CS; RD and 
WR are ignored unless the 82C54 has been selected by 
holding CS low. 

Control Word Register 

The Control Word Register (Figure 2) is selected by the 
Read/Write Logic when A1, AD = 11.lfthe CPU then does a 
write operation to the 82C54, the data is stored in the Con
trol Word Register and is interpreted as a Control Word 
used to define the Counter operation. 

The Control Word Register can only be written to; status 
information is available with the Read-Back Command. 

Counter 0, Counter 1, Counter 2 

These three functional blocks are identical in operation, so 
only a single Counter will be described. The internal block 
diagram of a single counter is shown in Figure 3. The 
counters are fully independent. Each Counter may operate 
in a different Mode. 

07-00 

iiii 
iiii 

AO 

Al 

cs 

CLKO 

GATE 0 

OUTO 

elK 1 

GATE 1 

OUTI 

CLK2 

GATE 2 

OUTZ 

FIGURE 2. CONTROL WORD REGISTER AND COUNTER 
FUNCTIONS 
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The Control Word Register is shown in the figure; it is not 
part of the Counter itself, but its contents determine how the 
Counter operates. 

The status register, shown in the figure, when latched, 
contains the current contents of the Control Word Register 
and status of the output and null count flag. (See detailed 
explanation of the Read-Back command.) 

The actual counter is labeled CE (for Counting Element). It is 
a 16 bit presettable synchronous down counter. 

OlM and Oll are two 8-bit latches. Ol stands for "Output 
latch"; the subscripts M and l for "Most significant byte" 
and "least significant byte", respectively. Both are normally 
referred to as one unit and called just OL. These latches 
normally "follow" the CE, but if a suitable Counter latch 
Command is sent to the 82C54, the latches "latch" the pre
sent count until read by the CPU and then return to 
"following" the CEo One latch at a time is enabled by the 
counter's Control logic to drive the internal bus. This is how 
the 16-bit Counter communicates over the 8-bit internal 
bus. Note that the CE itself cannot be read; whenever you 
read the count, it is the Ol that is being read. 

Similarly, there are two 8-bit registers called CRM and CRl 
(for "Count Register"). Both are normally referred to as one 
unit and called just CR. When a new count is written to the 
Counter, the count is stored in the CR and later transferred 
to the CEo The Control logic allows one register at a time to 
be loaded from the internal bus. Both bytes are transferred 
to the CE simultaneously. CRM and CRl are cleared when 
the Counter is programmed for one byte counts (either most 
significant byte only or least significant byte only) the other 
byte will be zero. Note that the CE cannot be written into; 
whenever a count is written, it is written into the CR. 

FIGURE 3. COUNTER INTERNAL BLOCK DIAGRAM 

The Control logic is also shown in the diagram. ClK n, 
GATE n, and OUT n are all connected to the outside world 
through the Control logic. 

82C54 System Interface 

The 82C54 is treated by the system software as an array of 
peripheral I/O ports; three are counters and the fourth is a 
control register for MODE programming. 

Basically, the select inputs AD, A1 connect to the AD, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method 
or it can be connected to the output of a decoder, such as a 
Harris HD-644D for larger systems. 

Operational Description 
General 

After power-up, the state of the 82C54 is undefined. 
The Mode, count value, and output of all Counters are 
undefined. 

How each Counter operates is determined when it is 
programmed. Each Counter must be programmed before it 
can be used. Unused counters need not be programmed. 

Programming The 82C54 

Counters are programmed by writing a Control Word and 
then an initial count. 

All Control Words are written into the Control Word Regi
ster, which is selected when A 1, AD = 11. The Control Word 
specifies which Counter is being programmed. 

By contrast, initial counts are written into the Counters, not 
the Control Word Register. The A 1, AD inputs are used to 
select the Counter to be written into. The format of the initial 
count is determined by the Control Word used. 

00- 07 
82C54 

COUNTER COUNTER 

1 ,2 
'OUT GATE eLK I i OUT GATE eLK I 

FIGURE 4. 82C54 SYSTEM INTERFACE 
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82C54 

Write Operations 
.. ---.- i i 

A1 AO 
The programming procedure for the 82C54 is very flexible. 

Control Word - Counter 0 1 1 
Only two conventions need to be remembered: 

1. For each Counter, the Control Word must be written be-
LSB of Count - Counter 0 0 0 

fore the initial count is written. MSB of Count - Counter 0 0 0 

2. The initial count must follow the countformat specified in Control Word - Counter 1 1 1 

the Control Word (least significant byte only, most signifi- LSB of Count - Counter 1 0 1 
cant byte only, or least significant byte and then most MSB of Count - Counter 1 0 1 
significant byte). 

Control Word - Counter 2 1 1 
Since the Control Word Register and the three Counters 

LSB of Count - Counter 2 1 0 
have separate addresses (selected by the A 1, AO inputs), 
and each Control Word specifies the Counter it applies to MSB of Count - Counter 2 1 0 

(SCO, SC1 bits), no special instruction sequence is 
required. Any programming sequence that follows the A1 AO 

conventions above is acceptable. Control Word - Counter 0 1 1 

Control Word Format Control Word - Counter 1 1 1 

A 1, AO = 11; CS = 0; R D = 1; WR = 0 Control Word - Counter 2 1 1 

07 OS 05 I 04 I 03 I 02 I 01 I DO LSB of Count - Counter 2 1 0 

SC1 SCO RW1 I RWO I M2 I Ml I MO I BCD LSB of Count - Counter 1 0 1 

SC - Select Counter: 
LSB of Count - Counter 0 0 0 

MSB of Count - Counter 0 0 0 
SC1 SCO 

MSB of Count - Counter 1 0 1 
0 0 Select Counter 0 

MSB of Count - Counter 2 1 0 
0 1 Select Counter 1 

1 0 Select Counter 2 A1 AO 

1 1 Read-Back Command (See Read Operations) Control Word - Counter 2 1 1 

RW - Read/Write: Control Word - Counter 1 1 1 

RWl RWO Control Word - Counter 0 1 1 

0 0 Counter Latch Command (See Read Operations) 
LSB of Count - Counter 2 1 0 

MSB of Count - Counter 2 1 0 
0 1 Read/Write least significant byte only. 

LSB of Count - Counter 1 0 1 
1 0 Read/Write most significant byte only. 

MSB of Count - Counter 1 0 1 
1 1 Read/Write least significant byte first, 

then most significant byte. LSB of Count - Counter 0 0 0 

MSB of Count - Counter 0 0 0 
M-Mode: 

M2 M1 MO A1 AO 

0 0 0 ModeO Control Word - Counter 1 1 1 

0 0 1 Mode 1 Control Word - Counter 0 1 1 

X 1 0 Mode 2 LSB of Count - Counter 1 0 1 

X 1 1 Mode 3 Control Word - Counter 2 1 1 

1 0 0 Mode 4 LSB of Count - Counter 0 0 0 

1 0 1 Mode 5 MSB of Count - Counter 1 0 1 

BCD - Binary Coded Decimal: 
LSB of Count - Counter 2 1 0 

MSB of Count - Counter 0 0 0 
0 Binary Counter 1S-bits 

MSB of Count - Counter 2 1 0 
1 Binary Coded Decimal (BCD) Counter (4 Decades) 

NOTE: n al our examples, all counters are programmed to ead/Wrlte 

NOTE: Don't Care bits (X) should be 0 to insure compatibility With future two-byte counts. These are only four of many programming 
products. sequences. 

FIGURE 5. CONTROL WORD FORMAT FIGURE S. A FEW POSSIBLE PROGRAMMING SEQUENCES 
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A new initial count may be written to a Counter at any time 
without affecting the Counter's programmed Mode in any 
way. Counting will be affected as described in the Mode 
definitions. The new count must follow the programmed 
count format. 

If a Counter is programmed to read/write two-byte counts, 
the following precaution applies: A program must not trans
fer control between writing the first and second byte to 
another routine which also writes into that same Counter. 
Otherwise, the Counter will be loaded with an incorrect 
count. 

Read Operations 

It is often desirable to read the value of a Counter without 
disturbing the count in progress. This is easily done in the 
82C54. 

There are three possible methods for reading the Counters. 
The first is through the Read-Back command, which is 
explained later. The second is a simple read operation of the 
Counter, which is selected with the A1, AO inputs. The only 
requirement is that the CLK input of the selected Counter 
must be inhibited by using either the GATE input or external 
logic. Otherwise, the count may be in process of changing 
when it is read, giving an undefined result. 

Counter Latch Command 

The other method for reading the Counters involves a 
special software command called the "Counter Latch 
Command". Like a Control Word, this command is written to 
the Control Word Register, which is selected when A 1, AO = 
11. Also, like a Control Word, the SCO, SC1 bits select one 
of the three Counters, but two other bits, 05 and 04, distin
guish this command from a Control Word. 

A1, AO = 11; CS = 0; RO = 1; WR = 0 

SC 1 , SCO - specify counter to be latched 

SC1 SCO COUNTER 

0 0 0 
0 1 1 
1 0 2 
1 1 Read-Back Command 

05, 04 - 00 designates Counter Latch Command 
X - Don't Care 
NOTE: Don't Care blls (X) should be 0 to Insure compatibility With future 

products. 

FIGURE 7. COUNTER LATCH COMMANO FORMAT 

The selected Counter's output latch (OL) latches the count 
when the Counter Latch Command is received. This count 
is held in the latch until it is read by the CPU (or until the 

Counter is reprogrammed). The count is then unlatched 
automatically and the OL retu rns to "following" the counting 
element (CE). This allows reading the contents of the Coun
ters "on the fly" without affecting counting in progress. 
Multiple Counter Latch Commands may be used to latch 
more than one Counter. Each latched Counter's OL holds 
its count until read. Counter Latch Commands do not affect 
the programmed Mode of the Counter in any way. 

If a Counter is latched and then, some time later, latched 
again before the count is read, the second Counter Latch 
Command is ignored. The count read will be the count at the 
time the first Counter Latch Command was issued. 

With either method, the count must be read according to the 
programmed format; specifically, if the Counter is 
programmed for two byte counts, two bytes must be read. 
The two bytes do not have to be read one right after the 
other; read or write or programming operations of other 
Counters may be inserted between them. 

Another feature of the 82C54 is that reads and writes of the 
same Counter may be interleaved; for example, if the Coun
ter is programmed for two byte counts, the following 
sequence is valid. 1. Read least significant byte. 

2. Write new least significant byte. 
3. Read most significant byte. 
4. Write new most significant byte. 

If a Counter is programmed to read or write two-byte 
counts, the following precaution applies: A program MUST 
NOT transfer control between reading the first and second 
byte to another routine which also reads from that same 
Counter. Otherwise, an incorrect count will be read. 

Read-Back Command 

The read-back command allows the user to check the 
count value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected counter(s). 

The command is written into the Control Word Register and 
has the format shown in Figure 8. The command applies to 
the counters selected by setting their corresponding bits 
03,02,01 = 1. 

AO, A1 = 11; CS = 0; RO = 1; WR = 0 

07 06 05 04 03 02 

1 1 COUNT STATUS CNT2 CNT1 

05: 0 = Latch count of selected Counter(s) 

04: 0 = Latch status of selected Counter(s) 

03: 1 = Select Counter 2 

02: 1 = Select Counter 1 

01: 1 = Select Counter 0 
DO: Reserved for future expansion; Must be 0 

01 

CNTO 

FIGURE 8. READ-BACK COMMANO FORMAT 

DO 

0 
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The read-back command may be used to latch multiple Definitions, but until the counter is loaded into the counting 
counter output latches (Ol) by setting the COUNT bit element (CE), it can't be read from the counter. If the count 
D5 = 0 and selecting the desired counter(s). This single is latched or read before this time, the count value will not 
command is functionally equivalent to several counter latch reflect the new count just written. The operation of Null 
commands, one for each counter latched. Each counter's Count is shown in Figure 10. 
latched count is held until it is read (or the counter is 

THIS ACTION: CAUSES: reprogrammed). That counter is automatically unlatched 
when read, but other counters remain latched until they are A. Write to the control word register: (1) ......... NullCount=l 
read. If multiple count read-back commands are issued to 

B. Write to the count register (CR): (2) ........... NullCount=l the same counter without reading the count, all but the first 
are ignored; i.e., the count which will be read is the count at C. New count is loaded into CE (CR - CE) ....... Null Count =0 
the time the first read-back command was issued. 

(1) Only the counter specified by the control word will have its null 
The read-back command may also be used to latch status count set to 1. Null count bits of other counters are unaffected. 
information of selected counter(s) by setting STATUS bit D4 (2) If ~e counter Is programmed for two-byte counts (least slgnlfl· 
= O. Status must be latched to be read; status of a counter is cant byte then most significant byte) null count goes to 1 when 
accessed by a read from that counter. the second byte is written. 

The counter status format is shown in Figure 9. Bits D5 FIGURE 10. NUll COUNT OPERATION 

through DO contain the counter's programmed Mode exact· If multiple status latch operations of the counter(s) are 
Iy as written in the last Mode Control Word. OUTPUT bit D7 performed without reading the status, all but the first are 
contains the current state of the OUT pin. This allows the ignored; i.e., the status that will be read is the status of the 
user to monitor the counter's output via software, possibly counter at the time the first status read-back command was 
eliminating some hardware from a system. issued. 

D7 D6 D5 04 D3 D2 D1 DO Both count and status of the selected counter(s) may be 
latched simultaneously by setting both COUNT and OUTPUT NUll RWl RWO M2 Ml MO BCD 
STATUS bits D5, D4 = O. This is functionally the same as COUNT 
issuing two separate read-back commands at once, and 

D71 = Out pin Is 1 the above discussions apply here also. Specifically, if multi· 
0= OutpinlsO pie count and/or status read-back commands are issued to 

D6 1 = Null count the same counter(s) without any intervening reads, all but 
o = Count available for reading the first are ignored. This is illustrated in Figure 11. If both 

05-00 = Counter programmed mode (See Figure 5) 
count and status of a counter are latched, the first read 

FIGURE 9. STATUS BYTE operation of that counter will return latched status, regard· 
less of which was latched first. The next one or two reads 

NUll COUNT bit D6 indicates when the last count written (depending on whether the counter is programmed for one 
to the counter register (CR) has been loaded into the count· or two type counts) return latched count. Subsequent reads 
ing element (CEI. The exact time this happens depends on return unlatched count. 
the Mode of the counter and is described in the Mode 

COMMAND 

07 06 05 04 03 D2 D1 DO DESCRIPTION RESULT 

1 1 0 0 0 0 1 0 Read Back Count and Status Count and Status latched for 
of Counter 0 Counter 0 

1 1 1 0 0 1 0 0 Read-Back Status of Counter 1 Status Latched for Counter 1 

1 1 1 0 1 1 0 0 Read-Back Status of Status Latched for Counter 2, 
Counters 2, 1 But Not Counter 1 

1 1 0 1 1 0 0 0 Read Back Count of Counter 2 Count Latched for Counter 2 

1 1 0 0 0 1 0 0 Read-Back Count and Status of Count Latched for Counter 1 
Counter 1 But Not Stetus 

1 1 1 0 0 0 1 0 Read-Back Status of Counter 1 Command Ignored, Status 
Already Latched for Counter 1 

FIGURE 11. READ-BACK COMMAND EXAMPLE 
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CS RD WR A1 AO 

0 1 0 0 0 Write into Counter 0 

0 1 0 0 1 Write into Counter 1 

0 1 0 1 0 Write into Counter 2 

0 1 0 1 1 Write Control Word 

0 0 1 0 0 Read from Counter 0 

0 0 1 0 1 Read from Counter 1 

0 0 1 1 0 Read from Counter 2 

0 0 1 1 1 No-Operation (Three-State) 

1 X X X X No-Operation (Three-State) 

0 1 1 X X No-Operation (Three-State) 

FIGURE 12. READ/wRITE OPERATIONS SUMMARY 

Mode Definitions 

The following are defined for use in describing the operation 
of the 82C54. 

ClK PULSE: 
A rising edge, then a falling edge, in that order, of a Coun
ter's ClK input. 

TRIGGER: 
A rising edge of a Counter's Gate input. 

COUNTER lOADING: 
The transfer of a count from the CR to the CE 
(See "Functional Description") 

Mode 0: Interrupt on Terminal Count 

Mode 0 is typically used for event counting. After the 
Control Word is written, OUT is initially low, and will remain 
low until the Counter reaches zero. OUT then goes high and 
remains high until a new count or a new Mode 0 Control 
Word is written to the Counter. 

GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. 

After the Control Word and initial count are written to a 
Counter, the initial count will be loaded on the next ClK 
pulse. This ClK pulse does not decrement the count, so for 
an initial count of N, OUT does not go high until N + 1 ClK 
pulses after the initial count is written. 

If a new count is written to the Counter it will be loaded on 
the next ClK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 

(1) Writing the first byte disables counting. Out is set low 
immediately (no clock pulse required). 

(2) Writing the second byte allows the new count to be 
loaded on next ClK pulse. 

This allows the counting sequence to be synchronized by 
software. Again OUT does not go high until N + 1 ClK 
pulses after the new count of N is written. 

If an initial count is written while GATE = 0, it will still be 
loaded on the next ClK pulse. When GATE goes high, OUT 
will go high N ClK pulses later; no ClK pulse is needed to 
load the counter as this has already been done. 

Mode 1: Hardware Retrlggerable One-Shot 

OUT will be initially high. OUT will go low on the ClK pulse 
following a trigger to begin the one-shot pulse, and will 
remain low until the Counter reaches zero. OUT will then 
go high and remain high until the ClK pulse after the next 
trigger. 

After writing the Control Word and initial count, the Counter 
is armed. A trigger results in loading the Counter and setting 
OUT low on the next ClK pulse, thus starting the one-shot 
pulse N ClK cycles in duration. The one-shot is 
retriggerable, hence OUT will remain low for N ClK pulses 
after any trigger. The one-shot pulse can be repeated with
out rewriting the same count into the counter. GATE has no 
effect on OUT. 

If a new count is written to the Counter during a one-shot 
pulse, the current one-shot is not affected unless the Coun
ter is retriggered. In that case, the Counter is loaded with the 
new count and the one-shot pulse continues until the new 
count expires. 

Mode 2: Rate Generator 

This Mode functions like a divide-by-N counter. It is typical
ly used to generate a Real Time Clock interrupt. OUT will 
initially be high. When the initial count has decremented to 
1, OUT goes low for one ClK pulse. OUT then goes high 
again, the Counter reloads the initial count and the process 
is repeated. Mode 2 is periodic; the same sequence is 
repeated indefinitely. For an initial count of N, the sequence 
repeats every N ClK cycles. 

GATE = 1 enables counting; GATE = 0 disables counting. If 
GATE goes low during an output pulse, OUT is set high 
immediately. A trigger reloads the Counter with the initial 
count on the next ClK pulse; OUT goes low N ClK pulses 
after the trigger. Thus the GATE input can be used to 
synchronize the Counter. 

After writing a Control Word and initial count, the Counter 
will be loaded on the next ClK pulse. OUT goes low N ClK 
pulses after the initial count is written. This allows the Coun
ter to be synchronized by software also. 

Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after writ
ing a new count but before the end of the current period, the 
Counter will be loaded with the new count on the next ClK 
pulse and counting will continue from the new count. Other
wise, the new count will be loaded at the end of the current 
counting cycle. 
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CW=10 LSB=4 

WRlJU 
elK 

GATE 

OUT =-::=l 
I N I N I N I N I o I I FF I FF I 

FF FE 

CW=10 LSB=3 

WlIlJU 
elK 

GATE 

OUT~ ~ __________ ~r-----
I N I N I N I N I I ~ I ~ I I ~ I ~~ I 

WR 
elK 

GATE 

OUT =:J ~ __________ ~r----
I N I N I N I N I I 0 I ~ I ~~ I 

NOTE: The following conventions apply to all mode timing diagrams. 

1. Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (lSB) only. 

2. The counter IS always selected (CS always low). 

3. CW stands for "Control Word"; CW = 10 means a control word of 
'0, Hex IS wntten to the counter. 

4. LSB stands for least significant "byte" of count. 

5. Numbers below diagrams are count values. The lower number IS 

the least sIgnificant byte The upper number is the most significant 
byte. Since the counter IS programmed to read/wnte LSB only. the 
most significant byte cannot be read. 

6. N stands for an undefined count. 

7. Vertical lines show transitions between count values. 

FIGURE 13. MODE 0 

CW=12 LSB=3~ __________________________ __ 

WRLJU 
elK 

GATE ------ .. n---------~n-----

OUT 

I 0 

cw = 12 lSB = 3,.-_________________________ __ 

WlI ULJ 
elK 

GATE -------"1n----1n----------

OUT ~ IL.. ____ ..JI 
I N I N I N I N I N I ~ I I 0 I ~ I 

elK 

GATE -------"1n--------"rt-----
OUT 

I FFIFFI' FF FE 

FIGURE 14. MODE 1 
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Mode 3: Square Wave Mode 

Mode 3 is typically used for Baud rate generation. Mode 3 is 
similar to Mode 2 except for the duty cycle of OUT. OUT will 
initially be high. When half the initial count has expired, OUT 
goes low for the remainder of the count. Mode 3 is periodic; 
the sequence above is repeated indefinitely. An initial count 
of N results in a square wave with a period of N ClK cycles. 

GATE = 1 enables counting; GATE = 0 disables counting. If 
GATE goes low while OUT is low, OUT is set high 
immediately; no ClK pulse is required. A trigger reloads the 
Counter with the initial count on the next ClK pulse. Thus 
the GATE input can be used to synchronize the Counter. 

After writing a Control Word and initial count, the Counter 
will be loaded on the next ClK pulse. This allows the Coun
ter to be synchronized by software also. 

CW=14 lSB=3 

WliLJU 
elK 

GATE 

OUT 

I N I N I N I N I 
CW=14 lSB=3 

Wli LJU 
elK 

GATE LJ 
OUT ==..! 

I N I N I N I N I 

Wli 

elK 

GATE 

OUT =.J 
I N I N I N I N I 

FIGURE 15. MODE 2 

Writing a new count While counting does not affect the cur
rent counting sequence. If a trigger is received after writing 
a new count but before the end of the current half-cycle of 
the square wave, the Counter will be loaded with the new 
count on the next ClK pulse and counting will continue 
from the new count. Otherwise, the new count will be 
loaded at the end of the current half-cycle. 

Mode 3 Is Implemented as Follows: 

EVEN COUNTS: OUT is initially high. The initial count is 
loaded on one ClK pulse and then is decremented by two 
on succeeding ClK pulses. When the count expires, OUT 
changes value and the Counter is reloaded with the initial 
count. The above process is repeated indefinitely. 

CW=16 LSB=4 

WR~ 

eLK 

GA.TE --------------------

I ~ I 
CW=16 lSB=5 

~ILJILJ~------------------

eLK 

GATE-----------------------------

I ~ I I ~ I 
CW",16 lSB=4 ______________________ _ 

WlIL...Il....J 
eLK 

GATE 

OUT 

FIGURE 16. MODE 3 
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82C54 

ODD COUNTS: OUT is initially high. The initial count is 
loaded on one ClK pulse, decremented by one on the next 
ClK pulse, and then decremented by two on succeeding 
ClK pulses. When the count expires, OUT goes low and the 
Counter is reloaded with the initial count. The count is dec
remented by three on the next ClK pulse, and then by two 
on succeeding ClK pulses. When the count expires, OUT 
goes high again and the Counter is reloaded with the initial 
count. The above process is repeated indefinitely. So for 
odd counts, OUT will be high for (N + 1)/2 counts and low 
for (N - 1 )/2 counts. 

Mode 4: Software Triggered Mode 

OUT will be initially high. When the initial count expires, 
OUT will go low for one ClK pulse then go high again. 
The counting sequence is "Triggered" by writing the initial 
count. 

GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. 

CW=18 LSB=3 
~~~~~~~~~~-

elK 

GATE -----------------

OUT =-.J u 
o I 0 I FF I FF I FF I 
1 0 FF FE FD 

CW=18 lSB=3~----______ _ 

~~ 

elK 

GATE ~ _____ ...J 

OUT~ LJ 
o I 0 I FF I 
1 0 FF 

elK 

GATE -----------------

OUT~ LJ 
ININININI~I~I~I~1 I~I~~I 

FIGURE 17. MODE 4 

After writing a Control Word and initial count, the Counter 
will be loaded on the next ClK pulse. This ClK pulse does 
not decrement the count, so for an initial count of N, OUT 
does not strobe low until N + 1 ClK pulses after the initial 
count is written. 

If a new count is written during counting, it will be loaded on 
the next ClK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 

(1) Writing the first byte has no effect on counting. 

(2) Writing the second byte allows the new count to be 
loaded on the next ClK pulse. 

This allows the sequence to be "retriggered" by software. 
OUT strobes low N + 1 ClK pulses after the new count of N 
is written. 

Mode 5: Hardware Triggered Strobe (Retriggerable) 

OUT will initially be high. Counting is triggered by a rising 
edge of GATE. When the initial count has expired, OUT will 
go low for one ClK pulse and then go high again. 

CW=1A LSB:3,-_________ _ 

WA\....JU 
elK 

QATE -------1 n---------lrc= 
OUT 

CW=1A LSBz3,-____________ _ 

WIi\....JU 
elK 

GATE - - - - - - -- -lrc.=JJ\ - -- -- --- ----

OUT =.:J 
ININININININI~1 

OUT~ U 
I N I N I N I N I N I ~ I ~ I : I ~ I ~~ I ~~ I 

FIGURE 18. MODE 5 
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After writing the Control Word and initial count, the counter 
will not be loaded until the CLK pulse after a trigger. This 
CLK pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe low until N + 1 CLK pulses 
after trigger. 

A trigger results in the Counter being loaded with the initial 
count on the next CLK pulse. The counting sequence is 
triggerable. OUT will not strobe low for N + 1 CLK pulses 
after any trigger. GATE has no effect on OUT. 

If a new count is written during counting, the current count
ing sequence will not be affected. If a trigger occurs after 
the new count is written but before the current count 
expires, the Counter will be loaded with the new count on 
the next CLK pulse and counting will continue from there. 

Operation Common to All Modes 
Programming 

When a Control Word is written to a Counter, all Control 
Logic is immediately reset and OUT goes to a known initial 
state; no CLK pulses are required for this. 

Gate 

The GATE input is always sampled on the rising edge of 
CLK. In Modes 0, 2,3 and 4 the GATE input is level sensi
tive, and logic level is sampled on the rising edge of CLK. In 
modes 1,2,3 and 5 the GATE input is rising-edge sensitive. 
In these Modes, a rising edge of Gate (trigger) sets an 
edge-sensitive flip-flop in the Counter. This flip-flop is then 
sampled on the next rising edge of CLK. The flip-flop is 
reset immediately after it is sampled. In this way, a trigger 
will be detected no matter when it occurs - a high logic level 
does not have to be maintained until the next rising edge of 
CLK. Note that in Modes 2 and 3, the GATE input is both 
edge-and level-sensitive. 

Counter 

New counts are loaded and Counters are decremented on 
the falling edge of CLK. 

The largest possible initial count is 0; this is equivalent to 
216 for binary counting and 104 for BCD counting. 

counting, and continues counting. Modes 2 and 3 are 
periodic; the Counter reloads itself with the initial count and 
continues counting from there. 

SIGNAL LOW 
STATUS OR GOING 
MODES LOW RISING HIGH 

0 Disables - Enables 
counting counting 

1 - 1) Initiates -

counting 
2) Resets output 

after next clock 

2 1) Disables 
counting Initiates Enables 

2) Sets output counting counting 
immediately 
high 

3 1) Disables 
counting Initiates Enables 

2) Sets output counting counting 
immediately 
high 

4 1) Disables - Enables 
counting counting 

5 - Initiates -
counting 

FIGURE 19. GATE PIN OPERATIONS SUMMARY 

MIN MAX 
MODE COUNT COUNT 

0 1 0 

1 1 0 

2 2 0 

3 2 0 

4 1 0 

5 1 0 

The counter does not stop when it reaches zero. In Modes NOTE: 0 is equivalent to 21 6 for binary counting and 104 for BCD counting. 
0, 1, 4 and 5 the Counter "wraps around" to the highest 
count, either FFFF hex for binary counting or 9999 for BCD FIGURE 20. MINIMUM AND MAXIMUM INITIAL COUNTS 
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Specifications 82C54 

Absolute Maximum Ratings 
Supply Voltage .•...........•...•.....•........•.... +8.0V 
Input, Output or 110 Voltage ............ GND-0.5V to VCC+0.5V 
Storage Temperature Range .•............•.• -65°C to + 150°C 
Junction Temperature ....••••...........•.•••.•••.. + 175°C 
Lead Temperature (Soldering lOs) ..••.....•.......... +300oC 
ESD Classification ...•..•........•........•....... Class 1 

Reliability Information 
Thermal Resistance ............... eJ8 

Ceramic DIP Package............ 47°CIW 
Ceramic lCC Package . . . . • . . . . . . 49°CIW 

Maximum Package Power Dissipation at + 125°C 
Ceramic DIP Package ....•••.......•.............. 1.07W 
Ceramic LCC Package ..••.•......••.•.•...•...... 1.03W 

Gate Count .•....••..•••..•••....•.•.....•••.. 2250 Gates 
CAUTION: Stresses above thoselistad in "Absolute Maximum RaUngs" may causa permanent damage to the device. This is a stress only raUng and operation 
of the device at thess or any other conditions above those indicatad in the operational sactions of this spacificaUon is not impliad. 

Operating Conditions 
Operating Voltage Range ..................... +4.5V to +5.5V Operating Temperature Range 

C82C54, C82C54-10 ......•.......•...••.••. OOC to +70oC 
182C54, I82C54-10 . . .. . . . .. .. .. . .. .. . .... -40°C to +85°C 
M82C54, M82C54-10 ....•.••..•.......... -55°C to +125°C 

DC Electrical Specifications vcc = +5.0V ± 10%, TA = COC to +70OC (C82C54, C82C54-10) 
TA= -40°C to +85OC (182C54,I82C54-10) 
TA = -55°C to +125°C (M82C54, M82C54-10) 

SYMBOL PARAMETER MIN MAX UNrrS TEST CONDITIONS 

VIH Logical One Input Voltage 2.0 V C82C54, 182C54 

2.2 V M82C54 

VIL Logical Zero Input Voltage - 0.8 V 

VOH Output HIGH Voltage 3.0 - V IOH=-2.5mA 

VCC-OA V IOH = -1 001lA 

VOL Output LOW Voltage - 0.8 V IOL=+2.5mA 

II Input Leakage Current -1 +1 IlA VIN = GND or VCC 
DIP Pins 9,11,14-16,18-23 

10 Output Leakage Current -10 +10 IlA VOUT = GND or VCC 
DIP Pins 1-8 

ICCSS Standby Power Supply 10 IlA vcc = 5.5V, VIN = GND or 
Current VCC, Outputs Open, 

Counters Programmed 

ICCOP Operating Power Supply - 10 rnA VCC = 5.5V, CLKO = 
Current CLKI = CLK2 = BMHz, 

VIN = GND or VCC, 
Outputs Open 

Capacitance TA = +25OC; All Measurements Referenced to Device GND, Note 1 

SYMBOL PARAMETER TYP UNrrS TEST CONDITIONS 

CIN Input Capacitance 15 pF FREQ= lMHz 

COUT Output Capacitance 15 pF FREQ= lMHz 

CliO 110 Capacitance 15 pF FREQ= lMHz 

NOTE: 

1. Not tested, but characterized at Initial design and at major process/design changes. 
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Specifications 82C54 

AC Electrical Specifications vcc = +5.0V ± 10%, TA = Ooc to +70"C (C82C54, C82C54-10) 
TA = -4O"C to +MoC (182C54, 182C54-10) 
TA = -55°C to +125°C (M82C54, M82C54-10) 

PRELIMINARY 

82C54 82C54-10 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS 

READ CYCLE 

(1) TAR Address Stable Before RD 30 10 - ns 

(2) TSR CS Stable Before RD 0 0 - ns 

(3) TRA Address Hold Time After RD 0 - 0 - ns 

(4) TRR RD Pulse Width 150 - 95 ns 

(5) TRD Data Delay from RD - 120 - 85 ns 

(6) TAD Data Delay from Address 210 185 ns 

(7) TDF RD to Data Floaling 5 85 5 65 ns 

(8) TRV Command Recovery Time 200 - 165 ns 

WRITE CYCLE 

(9) TAW Address Stable Belore WR 0 0 ns 

(10) TSW CS Stable Before WR 0 0 ns 

(11) TWA Address Hold Time After WR 0 0 - ns 

(12) TWW WR Pulse Width 95 95 - ns 

(13) TDW Data Selup Time Before WR 140 95 ns 

(14) TWD Data Hold Time After WR 25 0 ns 

(15) TRV Command Recovery TIme 200 165 ns 

CLOCK AND GATE 

(16) TClK Clock Period 125 DC 100 DC ns 

(17) TPWH High Pulse Width 60 30 ns 

(18) TPWl low Pulse Width 60 40 ns 

(19) TR Clock Rise Time 25 25 ns 

(20) TF Clock Fall Time - 25 25 ns 

(21) TGW Gate Width High 50 50 ns 

(22) TGl Gale Width low 50 50 ns 

(23) TGS Gate Selup Time 10 ClK 50 - 40 - ns 

(24) TGH Gate Hold Time After ClK 50 - 50 - ns 

(25) TOD Output Delay from ClK 150 - 100 ns 

(26) TODG Output Delay from Gate 120 - 100 ns 

(27) TWO OUT Delay from Mode Write 260 - 240 ns 

(28) TWC ClK Delay for loading 0 55 0 55 ns 

(29) TWG Gate Delay for Sampling -5 40 -5 40 ns 

(30) TCl ClK Setup for Count latch ·40 40 -40 40 ns 

NOTE: 

1. Nol tested, but characterized at inillal design and al major process/design changes. 
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Timing Waveforms 
WRITE 

AO -1 

CS 

DATA BUS 

WR 

READ 

AO -1 

CS 

RD 

82C54 

DATA BUS -----

RECOVERY 

RD,WR 

CLOCK AND GATE 

MODE 

WR 

ClK 
-----t-~I 

GATE 

COUNT" 

OUT 
--------~----------~r_-l~----~ 

(27) 1---rtODG(26) 
~ _______ two ____________ ~ 
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Burn-In Circuits 
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vee = 5.5V ± 0.5V, 

GND = OV 

VIN =45V± 10% 

VIL = -0.2V to O.4V 

R1 = 47kn ± 5% 

R2 = 1.0kn ± 5% 

R3 = 2.7kn ± 5% 
R4 = 1.8kn ± 5% 

R5 = 1.2kn ± 5% 

C1 = 001)lF Minimum 

10 = 100kHz ± 10% 
11 = 10/2, 12 = 11/2, ... 112 = 111/2 
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l'vietallization Topoiogy 
DIE DIMENSIONS: 

183.5 x 215.7 X 19 ± 1 mils 

METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 
Type: Si02 
Thickness: 8kA ± 1 kA 

DIE ATTACH: 

82C54 

Material: Gold - Silicon Eutectic Alloy (LCC has Gold 
Preform) 
Temperature: Ceramic DIP - 4600 C (Max) 

Ceramic LCC - 4200 C (Max) 

WORST CASE CURRENT DENSITY: 
0.26 x 105 Ncm2 

Metallization Mask Layout 

05 06 

04 

03 

02 

01 

DO 

82C54 

07 

CLKO OUTO GATEO GNO 
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Features 

o Pin Compatible with NMOS B255A 

o 24 Programmable 110 Pins 

o Fully TIL Compatible 

o High Speed, No "Walt State" Operation with 5MHz and 
BMHz BOCB6 and BOCBB 

o Direct Bit SeVReset Capability 

o Enhanced Control Word Read Capability 

o Scaled SAJIIV CMOS Process 

o 2.5mA Drive Capability on All 110 Ports 

o Low Standby Power (ICCSB) •..••••••...••..• 101J.A 

Ordering Information 
TEMPERATURE 

PACKAGE RANGE 

Plastic DIP O"C to +7O"C 

·4O"C to +85°C 

PLCC OOC to +7000 

-40°C to +85°C 

Ceramic DIP OOC to +700C 

-4000 to +85°C 

·55°C to +12500 

SMD# 

LCC ·55°C to +125°C 

SMD# 

Pinouts 
40 LEAD DIP 

TOP VIEW 

5MHz 8MHz 

CP82C55A·5 CP82C55A 

IP82C55A·5 IP82C55A 

CS82C55A·5 CS82C55A 

IS82C55A·5 IS82C55A 

CD82C55A·5 CD82C55A 

ID82C55A·5 ID82C55A 

MD82C55A·5/B MD82C55AIB 

84066010A 84066020A 

MR82C55A·5/B MR82C55AIB 

8406601XA 8406602XA 

Description 

82C55A 
CMOS Programmable 

Peripheral Interface 

The Harris 82C55A is a high performance CMOS version of 
the industry standard 8255A and is manufactured using a 
self·aligned silicon gate CMOS process (Scaled SAJI IV). It 
is a genE-ral purpose programmable I/O device which may be 
used with many different microprocessors. There are 24 I/O 
pins which may be individually programmed in 2 groups of 
12 and used in 3 major modes of operation. The high 
performance and industry standard configuration of the 
82C55A make it compatible with the 80C86, 80C88 and 
other microprocessors. 

Static CMOS circuit design insures low operating power. TTL 
compatibility over the full military temperature range and bus 
hold circuitry eliminate the need for pull·up resistors. The 
Harris advanced SAJI process results in performance equal 
to or greater than existing functionally equivalent products at 
a fraction of the power. 

44 LEAD PLCC 
TOP VIEW 

15l~iil!i!~f~!I~ 
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82C55A 

Pin Description 

DIPPIN 
SYMBOL NUMBER TYPE DESCRIPTION 

VCC 26 VCC: the +5V power supply pin. A 0.1 ~F capacitor between pins 26 and 7 is 
recommended for decoupling. 

GND 7 GROUND 

00-07 27-34 I/O DATA BUS: The Data Bus lines are bidirectional three-state pins connected to the 
system data bus. 

RESET 35 I RESET: A high on this input clears the control register and all ports (A, B, C) are set to 
the input mode with the "Bus Hold" circuitry turned on. 

CS 6 I CHIP SELECT: Chip select is an active low input used to enable the 82C55A onto the 
Data Bus for CPU communications. 

RD 5 I READ: Read is an active low input control signal used by the CPU to read status 
information or data via the data bus. 

WR 36 I WRITE: Write is an active low input control signal used by the CPU to load control words 
and data into the 82C55A. 

AO-A1 8,9 I ADDRESS: These input signals, in conjunction with the RD and WR inputs, control the 
selection of one of the three ports orthe control word register. AD and A 1 are normally 
connected to the least significant bits of the Address Bus AD, A 1 ). 

PAO-PA7 1-4,37-40 I/O PORT A: 8 Bit input and output port. Both bus hold high and bus hold low circuitry are 
present on this port. 

PBO-PB7 18-25 I/O PORT B: 8 Bit input and output port. Bus hold high circuitry is present on this port. 

PCO-PC7 10-17 I/O PORT C: 8 Bit input and output port. Bus hold high circuitry is present on this port. 

Functional Description 

POWER {_+5V 
SUPPLIES _ GND 

BI-DIR£CTIONSl 
DATA BUS 

01-00 
v---VI 

AD 

WR 
AI 

A. 

RESET 

DATA 
.US 

BUffeR 

READ 
WRITE 

CONTROL 
lOGIC 

cs-----.J 

GROUP 

CON~ROL I'r---. 

GROUP 

• CONTROL 

8-BIT 
INTERNAL 
DATA BUS 
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82C55A 

Functional Description 
Data Bus Buffer 

This three-state bi-directional 8 bit buffer is used to 
interface the 82C55A to the system data bus. Data is trans
mitted or received by the buffer upon execution of input or 
output instructions by the CPU. Control words and status 
information are also transferred through the data bus buffer. 

Read/Write and Control Logic 

The function of this block is to manage all of the internal and 
external transfers of both Data and Control or Status words. 
It accepts inputs from the CPU Address and Control busses 
and in turn, issues commands to both of the Control 
Groups. 

(CS) Chip Select. A "low" on this input pin enables the 
communication between the 82C55A and the CPU. 

(RD) Read. A "low" on this input pin enables the 82C55A to 
send the data or status information to the CPU on the data 
bus. In essence, it allows the CPU to "read from" the 
82C55A. 

(WR) Write. A "low" on this input pin enables the CPU to 
write data or control words into the 82C55A. 

(AO and A 1) Port Select 0 and Port Select ,. These input 
signals, in conjunction with the RD and WR inputs, control 
the selection of one of the three ports or the control word 
register. They are normally connected to the least signifi
cant bits of the address bus (AO and A 1). 

82C55A BASIC OPERATION 

IN PUT OPERATION 

A1 AO RD WR CS (READ) 

0 0 0 1 0 PortA ... Data Bus 

0 1 0 1 0 Port B ... Data Bus 

1 0 0 1 0 Port C .. Data Bus 

1 1 0 1 0 Control Word ... Data Bus 

OUTPUT OPERATION 
(WRITE) 

0 0 1 0 0 Data Bus .. Port A 

0 1 1 0 0 Data Bus .. Port B 

1 0 1 0 0 Data Bus ... Port C 

1 1 1 0 0 Data Bus ... Control 

DISABLE FUNCTION 

X X X X 1 Data Bus .. Three-State 

X X 1 1 0 Data Bus .. Three-State 

FIGURE 1. 82C55A BLOCK DIAGRAM. DATA BUS BUFFER, 
READ/WRITE, GROUP A & B CONTROL LOGIC 
FUNCTIONS 

(RESET) Reset. A "high" on this input initializes the control 
register to 9Bh and all ports (A, B, C) are set to the input 
mode. "Bus hold" devices internal to the 82C55A will hold 
the I/O port inputs to a logic "'" state with a maximum hold 
current of 400fjA. 

Group A and Group B Controls 

The functional configuration of each port is programmed by 
the systems software. In essence, the CPU "outputs" a 
control word to the 82C55A. The control word contains 
information such as "mode", "bit set", "bit reset", etc., that 
initializes the functional configuration of the 82C55A. 

Each of the Control blocks (Group A and Group B) accepts 
"commands" from the Read/Write Control Logic, receives 
"control words" from the internal data bus and issues the 
proper commands to its associated ports. 

Control Group A - Port A and Port C upper (C7 - C4) 

Control Group B - Port B and Port Clower (C3 - CO) 

The control word register can be both written and read as 
shown in the "Basic Operation" table. Figure 4 shows the 
control word format for both Read and Write operations. 
When the control word is read, bit D7 will always be a logic 
",", as this implies control word mode information. 
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82C55A 

Ports A, Band C 

The 82C55A contains three 8 bit ports (A, B, and C). All can 
be configured to a wide variety of functional characteristics 
by the system software but each has its own special 
features or "personality" to further enhance the power and 
flexibility of the 82C55A. 

Port A One 8 bit data output latch/buffer and one 8 bit data 
input latch. Both "pull-up" and "pull-down" bus~hold de
vices are present on Port A. See Figure 2a. 

Port BOne 8 bit data input/output latch/buffer and one 8 
bit data input buffer. See Figure 2b. 

Port COne 8 bit data output latch/buffer and one 8 bit data 
input buffer (no latch for input). This port can be 
divided into two 4 bit ports under the mode control. Each 4 
bit port contains a 4 bit latch and it can be used for the control 
signal outputs and status signal inputs in conjunction with 
ports A and B. See Figure 2b. 

a) 
MASTER INPUT MODE 

RESET~ OR MODE 

CHANGE ~ 
IN6~~~~~ ~;~~R~~~N 
b~~~R~~i ----------[ ) ____ .....J 

(LATCHED) OUTPUT MODE 

ADDRESS BUS 

CONTROL BUS 

MODE D--i~:..-_....,;;;;==;;;~_ ..... ~J 

r 8 

~o ! III t If I 
A 1 
~o 

P'7·PIO CONTROL CONTROL PA7-PAa 
OR 110 OR I/O 

r 8 

$0 
I " I 1111 

A 1 
U'-O'RECTlONAl 

PIJ·PIo 
. 

i PA7-PAO 
CONTROL 

FIGURE 3. BASIC MODE DEFINITIONS AND BUS INTERFACE 

b) vee 

EXTERNAl 
INTERNAL ---+--<<:1---0<1--'--- PORT S. C 

DATA IN PIN 

b~~~R~~i ------r.>O----..I 
(LATCHED) OUTPUT MODE 

FIGURE 2. PORT A, PORT C BUS-HOLD CONFIGURATION 

Operational Description 
Mode Selection 
There are three basic modes of operation than can be 
selected by the system software: 
Mode 0 - Basic Input/Output 
Mode 1 - Strobed Input/Output 
Mode 2 - Bi-directional Bus 

When the reset input goes "high", all ports will be set to the 
input mode with all 24 port lines held at a logic "one" level 
by internal bus hold devices. After the reset is removed, the 
82C55A can remain in the input mode with no additional 
initialization required. This eliminates the need to pullup or 
pulldown resistors in all-CMOS designs. The control word 
register will contain 9Bh. During the execution of the system 
program, any of the other modes may be selected using a 
single output instruction. This allows a single 82C55A to 
service a variety of peripheral devices with a simple soft
ware maintenance routine. Any port prog ram med as an out
put port is initialized to all zeros when the control word is 
written. 
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CONTROL WORD 

l. 07 1 06 051 041 0'1 0'1 0, I 0'1 
L,J 

GROUP B \ 
"-

PORT C (LOWER) 
''''INPUT 
0= OUTPUT 

'---
PDRTB 
1 = INPUT 
0= OUTPUT 

MODE SELECTION 
O"'MOOEO 
1 "MODE 1 

/ GRDUPA \ 
PORT C (UPPER) 
t c INPUT 
0'" OUTPUT 

PORT A 
t -INPUT 
0= OUTPUT 

MODE SELECTION 
DO'" MODE 0 
01"MOOE 1 
IX =MODE 2 

MODE SET FLAG 
,'" ACTIVE 

FIGURE 4. MODE DEFINITION FORMAT 
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The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, 
including the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be "tailored" to almost any I/O 
structure. For instance: Group B can be programmed in 
Mode 0 to monitor simple switch closings or display 
computational results, Group A could be programmed in 
Mode 1 to monitor a keyboard or tape reader on an inter
rupt-driven basis. 

The mode definitions and possible mode conbinations may 
seem confuSing at first, but after a cursory review of the 
complete device operation a simple, logical I/O approach 
will surface. The design of the 82C55A has taken into 
account things such as efficient PC board layout, control 
signal definition vs. PC layout and complete functional flexi
bility to support almost any peripheral device with no exter
nal logic. Such design represents the maximum use of the 
available pins. 

Single Bit Set/Reset Feature (Figure 5) 

Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in control-based applications. 

When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit SeVReset 
operation just as if they were data output ports. 

CONTROL WORD 

L[ BIT SET/RESET 
1 - SET 
0- RESET 

BIT SELECT 

01234517 
~---+-·lollI011101110111~ 

001100118, 

'--------If-- 0 0 0 0 1 1 1 1 B,I 

BIT SET/RESET FLAG 
0- ACTIVE 

FIGURE 5. BIT SET/RESET FORMAT 

Interrupt Control Functions 

When the 82C55A is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt request 

signals, generated from port C, can be inhibited or enabled 
by setting or resetting the associated INTE flip-flop, using 
the bit seVreset function of port C. 

This function allows the programmer to enable or disable a 
CPU interrupt by a specific I/O device without affecting any 
other device in the interrupt structure. 

INTE Flip-Flop Definition: 

(BIT -SET)-INTE is SET - Interrupt Enable 
(BIT-RESET)-INTE is RESET - Interrupt Disable 

NOTE: All Mask flip-flops are automatically reset dunng mode selection and 
device Reset. 

Operating Modes 
Mode 0 (Basic InpuVOutput). This functional configuration 
provides simple input and output operations for each of the 
three ports. No handshaking is required, data is simply 
written to or read from a specific port. 

Mode 0 Basic Functional Definitions: 
• Two 8 bit ports and two 4 bit ports 
• Any Port can be input or output 
• Outputs are latched 
• Input are not latched 
• 16 different InpuVOutput configurations possible 

MODE 0 PORT DEFINITION 

A B GROUPA GROUPB 

PORTC PORTC 
04 03 01 DO PORTA (Upper) # PORTB (Lower) 

0 0 0 0 Output Output 0 Output Output 

0 0 0 1 Output Output 1 Output Input 

0 0 1 0 Output Output 2 Input Output 

0 0 1 1 Output Output 3 Input Input 

0 1 0 0 Output Input 4 Output Output 

0 1 0 1 Output Input 5 Output Input 

0 1 1 0 Output Input 6 Input Output 

0 1 1 1 Output Input 7 Input Input 

1 0 0 0 Input Output 8 Output Output 

1 0 0 1 Input Output 9 Output Input 

1 0 1 0 Input Output 10 Input Output 

1 0 1 1 Input Output 11 Input Input 

1 1 0 0 Input Input 12 Output Output 

1 1 0 1 Input Input 13 Output Input 

1 1 1 0 Input Input 14 Input Output 

1 1 1 1 Input Input 15 Input Input 
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MODE 0 (Basic Input) 

__________ ..... t----·RR;---<o1, _________ _ 
iii! 

INPUT 

CS.AI,AO 

07-00---- -- - - --
'OF 

MODE 0 (Basic Output) -... ,... "l 

~tow two 

tAW twA 

CS.AI.AO )( 

OUTPUT 

I---twB---l 

MODE 0 CONFIGURATIONS 

CONTROL WORD #0 CONTROL WORD #2 

C, D. Os D, D, D, D, D. D, D. D. D, D, D, D, D. 

1,10101010101 o I 0 I I , I 0 I 0 I 0 I 0 I 0 I ' I 0 I 
A • PA7·PAO A • PA,·PA, 

82C55A 82C55A , "".pc, 
, "".pc, 

c{ c{ D,-OO °7-°0 , 
PC3·PCO 

, 
pc,·pCo 

B • ps,.'Bg B • Ps,·PBg 

CONTROL WORD #1 CONTROL WORD #3 

0., D. Os D, D, D, D, D. 0, D. D, D, D, D, D, D. 

I, I 0 I 0 I 0 I 0 I 0 I o I ' I I , I 0 I 0 I 0 I 0 I 0 I ' I, I 
A • 'A,.pA, A 

B 
'A,.pA, 

82C55A 82C55A 

• "".pc, 
, 

PC7-PC. c{ c{ °7-00 °7-°0 , 
pc'-PCo . " pc3.pcO , 

B 8 
Ps,-PBg 8 • Ps,.'Bg 
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CONTROL WORD #4 CONTROL WORD #8 

0, 0, 0, 0, 0, 0, 0, D. 0, 0, D. 0, 0, 0, 0, D. 

I I I I I I I I I I I I I I I I o I 0 1 
A ''''·'Ao A ''''·'Ao 

82C55A 82C55A 

c{ "",.pc, 

c{ "",.fOe, 

°7-00 • D7-DO • 

PC,''"o PC,''"o 

,s, ...... ,., ...... 

CONTROL WORD #5 CONTROL WORD #9 

0, D. 0, 0, 0, 0, 0, D. 0, 0, 0, 0, 0, 0, 0, D. 

1 I I I I I I o I, 1 I I I I I I I o I, 1 
A ,.., .. Ao A ·"'·'Ao 

82C55A 82C55A 

c{ "",-PC, c{ "",.fOe, 

D,..o. ~.Do 

"".'"0 "".'"0 

,., ...... ,., ...... 
rn 
...I 
01( 

rna: 
CONTROL WORD #6 CONTROL WORD #10 OU! 

0, 0, 0, 0, 0, 0, 0, D. 0, D. 0, 0, 0, 0, 0, D. ::EX 

1 I I I I I I ' I 0 1 I I I I I I I ' I 0 1 u!!: a: 
U! 
A. 

A PA, "Act A ,.., .. Ao 
82C55A 82C55A 

c{ PC7-PC .. c{ "".fOe, 

°7 -00 I °7-0 0 

"".'"0 "".fOCo 
,.,., .. ,., ...... 

CONTROL WORD #7 CONTROL WORD #'1 

0., 0, 0, D, D. D, 0, D. 0., D. 0, D, 0, D, D, 0, 

I, I 0 1·1·1, I 0 I, I, 1 I I I I I I I ' 1,1 
A PA7,'", A ·.., .. Ao 

82C55A 82C55A 

c{ "",.fOe, c{ "",-PC, 

°7-0. 0.,.0. 

"".fOCo "".fOCo 
,., ...... 8 ,., ...... 
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CONTROL WORD #12 

A 
8 

82C55A 
4 

c{ 
4 

8 • P~·PBo 

CONTROL WORD #13 

07 De Os 04 03 02 0, Do 

I I I I I I I 0 I, I 
A 

8 

82C55A 
4 

c{ 
4 

8 • 

Operating Modes 
Mode 1 (Strobed InpuVOutput). This functional configura
tion provides a means for transferring I/O data to or from a 
specified port in conjunction with strobes or "hand shak
ing" signals. In mode 1, port A and port B use the lines on 
port C to generate or accept these "hand shaking" signals. 

A I---P'- PA,-PAo 

82C55A 

I 

CONTROL WORD #15 

I~I~I~I~I?I~I?I~I 
A 

8 

82C55A 
4 

. c{ 
4 

B 
8 

Mode 1 Basic Functional Definitions: 
• Two Groups (Group A and Group B) 
• Each group contains one 8 bit port and one 4 bit control! 

data port. 
• The 8 bit data port can be either input or output. Both 

inputs and outputs are latched. 
• The 4 bit port is used for control and status of the 8 bit 

port. 
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Input Control Signal Definition 
(Figures 6 and 7) 

STB (Strobe Input) 
A "low" on this input loads data into the input latch. 

ISF (Input Buffer Full F/F) 

A "high" on this output indicates that the data has been 
loaded into the input latch: in essence, an acknowledge
ment. IBF is set by STB input being low and is reset by the 
rising edge of the RD input. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the CPU 
when and input device is requesting service. INTR is set by 
the condition: STB is a "one", IBF is a "one" and INTE is a 
"one". It is reset by the falling edge of RD. This procedure 
allows an input device to request service from the CPU by 
simply strobing its data into the port. 

INTEA 

Controlled by bit seVreset of PC4. 

INTE B 

Controlled by bit seVreset of PC2. 

CONTROL WORD 

CONTROL WORD 

0 7 0, Os 04 D3 02 0, Do 

I· t><WX1><J • I· t><l 

MODE. IPORT AI 

MODE. IPORT BI 

pe2 - SiBs 

INT", 

FIGURE 6. MODE 1 INPUT 

IBF 

INTR 

INPUT FROM 
PERIPHERAl 

---

_tST_ 

-'SIB-~P 

J 
\ 

ISIT -.RIB_j 

~7 / 
/ 

-'PH-/ 
---------------------

'PS 

FIGURE 7. MODE 1 (STROBED INPUT) 
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Output Control Signal Definition 
(Figures 8 and 9) 

OBF (Output Buffer Full F/F). The OBF output will go "low" 
to indicate that the CPU has written data out to the specified 
port. This does not mean valid data is sent out of the part at 
this time since OBF can go true before data Is available. 
Data is ~nteed valid at the rising edge of OBF. See Note 
1. The OBF FIF will be set by the rising edge of the WR 
input and reset by ACK input being low. 

ACK (Acknowledge Input). A "low" on this input informs the 
82C55A that the data from Port A or Port B is ready to be 
accepted. In essence, a response from the peripheral 
device indicating that is is rady to accept data. See Note 1. 

INTR (Interrupt Request). A "high" on this output can be 
used to interrupt the CPU when an output device has 
accepted data transmitted by the CPU. INTR Is set when 
ACK is a "one", OBF is a "one" and INTE Is a "one". It is 
reset by the falling edge of WR. 

INTEA 

Controlled by Bit Set/Reset of PC6. 

INTEB 

Controlled by Bit Set/Reset of PC2. 

NOTE: 1. To slrobe data Inlo Ihe peripheral device. the user must operale 
the strobe lina in a hand shaking mode. The user needs to send 
OaF 10 the peripheral device. generale. an ACK from Ihe periph· 
eral device and Ihan latch data inlo Ihe peripheral device on Ihe 
rising edge of OaF. 

CONTROL WORD 

WR----

CONTROL WORD 

OJ' 0, Os 0" 03 02 01 Do 

11lXD<NXJ11 0 M 

WR-

MODE 1 IPORT AI 

r - - , 
r INTE I 
r A r __ J 

PA, Plio 8 

PC 1 --- OM A. 

MODE 1 IPORT 81 

r - - , 
I INTE I 
r 8 r __ J 

FIGURE 8. MODE 1 OUTPUT 

twOI 

FIGURE II. MODE 1 (STROBED OUTPUT) 
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INTRA 

2 

PC',7 --+-- I/O 

PB7·PBO 

PORT A - (STROBEO INPUT) 
PORT B - (STROBEO OUTPUT) 

INTR. 

PORT A - (STROBED OUTPUT) 
PORT B - (STROBED INPUT) 

IBF. 

INTR. 

FIGURE 10. COMBINATIONS OF MODE 1 

Combinations of Mode 1: Port A and Port B can be individually 
defined as input or output in Mode 1 to support a wide variety of 
strobed I/O applications. 

Operating Modes 
Mode 2 (Strobed Bi-directlonal Bus 1/0) 

The functional configuration provides a means for commu
nicating with a peripheral device or structure on a single a 
bit bus for both transmitting and receiving data 
(bi-directional bus 1/0). "Hand shaking" signals are provid
ed to maintain proper bus flow discipline similar to Mode 1. 
Interrupt generation and enableldisable functions are also 
available. 

Mode 2 Basic Functional Definitions: 
• Used in Group A only 
• One a bit, bi-directional bus Port (Port A) and a 5 bit 

control Port (Port C) 
• Both inputs and outputs are latched 
• The 5 bit control port (Port C) is used for control and 

status for the a-bit, bi-directional bus port (Port A) 

BI-directlonal Bus 1/0 Control Signal Definition 
(Figures 11, 12, 13, 14) 

INTR (Interrupt Request). A high on this output can be used 
to interrupt the CPU for both input or output operations. 

Output Operations 

OBF (Output Buffer Full). The OBF output will go "low" to 
indicate that the CPU has written data out to port A. 

ACK (Acknowledge). A "low" on this input enables the 
three-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be in the high impedance 
state. 

INTE 1 (The INTE flip-flop associated with OBF). Con
trolled by bit seVreset of PC4. 

Input Operations 

STB (Strobe Input). A "low" on this input loads data into the 
input latch. 

IBF (Input Buffer Full F/F). A "high" on this output indicates 
that data has been loaded into the input latch. 

INTE 2 (The INTE flip-flop associated with IBF). Controlled 
by bit seVreset of PC4. 
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WR 

INTR 

IBF 

PERIPHERAL 

BUS 

iiii 

CONTROL WORD 

82C55A 

Pe.<l 
, -INPUT 
0- OUTPUT 

.... ---.. PORTB 
'-INPUT 
0- OUTPUT 

L... _____ .. GROUP B MODE 

0- MODE 0 
,- MODE 1 

i'ift---OI 

iffi---OI 
FIGURE 11. MODE CONTROL WORD 

DATA FROM 
CPU TO 82C55A 

DATA FROM 
PERIPHERAL TO 82C55A 

FIGURE 13. MODE 2 (BI-DIRECTIONAL) 

J----INTR ... 

1-----... em: ... 

.... ---ACK ... 

.----fi'ii ... 

Pes J----IBF ... 

FIGURE 12. MODE 2 

DATA FROM 
82C55A TO CPU 

3 

NOTE: Any sequence where WR occurs before ACK and STB occurs bafore RD is permissible. 
(INTR = IBF • MASK • STB • RD + OBF • MASK • ACK • WR) 
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MODE 2 AND MODE 0 (INPUT) 

CONTROL WORD 

0, 0, Os 0 4 03 02 0, DO 

I, I, t><t><t><1 0 I JO I 
pc,. 
1" INPUT 
0" OUTPUT 

00_ 

WR-

PC, 1---- INTRA 

PC,I---- OBF ... 

PC, -ACKA 

3 

PC2(1 --f--- If a 

MODE 2 AND MODE 1 (OUTPUT) 

PC,I---- INTRA 

PC, OBF", 

CONTROL WORD 
Pee ACKA 

OJ O. Os D. 03 0.. 0, DO 

I' I' [X1XtxH 0 txJ PC, ST8,., 

PC, IBFA 

PB, PBo 

PC, OBFs 

iiii---~ PC, ACKa 

PCo INTRg 

MODE 2 AND MODE 0 (OUTPUT) 

CONTROL WORD PC, -ACKA 

0, 0, Os D. OJ 02 01 DO 

I, I, txI>0<J 0 I 0}j"1 
pc,. PC, ---- !BFA 
l .. INPUT 
0 .. OUTPUT , 

PC' 2(1 --f--- 1/0 

1\5---

WR_ 

MODE 2 AND MODE 1 (INPUT) 

PC, 1---- INTR ... 

CONTROL WORD 
PC, ---- ACKA 

Peet----

RO_ PC, 1---- 1BFa 

WR_ PC, 1---- INTRa 

FIGURE 14. MODE 2 COMBINATIONS 
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MODE DEFINITION SUMMARY 

IN 

PAO In 
PAl In 
PA2 In 
PA3 In 
PA4 In 
PAS In 
PA6 In 
PA7 In 

PBO In 
PBl In 
PB2 In 
PB3 In 
PB4 In 
PBS In 
PB6 In 
PB7 In 

PCO In 
PCl In 
PC2 In 
PC3 In 
PC4 In 
PCS In 
PC6 In 
PC7 In 

Special Mode Combination 
Considerations: 

MODEO 

OUT IN 

Out In 
Out In 
Out In 
Out In 
Out In 
Out In 
Out In 
Out In 

Out In 
Out In 
Out In 
Out In 
Out In 
Out In 
Out In 
Out In 

Out INTRB 
Out IBFB 
Out STBB 
Out INTRA 
Out STBA 
Out IBFA 
Out I/O 
Out I/O 

There are several combinations of modes possible. For any 
combination, some or all of Port C lines are used for control 
or status. The remaining bits are either inputs or outputs as 
defined by a "Set Mode" command. 

During a read of Port C, the state of all the Port Clines, 
except the ACK and STB lines, will be placed on the data 
bus. In place of the ACK and STB line states, flag status will 
appear on the data bus in the PC2, PC4, and PC6 bit posi
tions as illustrated by Figure 17. 

Through a "Write Port C" command, only the Port C pins 
programmed as outputs in a Mode 0 group can be written. 
No other pins can be affected by a "Write Port C" com
mand, nor can the interrupt enable flags be accessed. To 
write to any Port C output programmed as an output in a 
Mode 1 group or to change an interrupt enable flag, the 
"Set/Reset Port C Bit" command must be used. 

With a "Set/Reset Port C Bit" command, any Port Cline 
programmed as an output (including IBF and OBF) can be 
written, or an interrupt enable flag can be either set or reset. 
Port C lines programmed as inputs, including ACK and STB 
lines, associated with Port C fare not affectged by a "Set/ 
Reset Port C Bit" command. Writing to the corresponding 
Port C bit positions of the ACI( and STB lines with the "Set/ 
Reset Port C Bit" command will affect the Group A and 
Group B interrupt enable flags, as illustrated in Figure 17. 

MODEl MODE2 

07 

OUT 

Out 
Out 
Out 
Out 
Out 
Out 
Out 
Out 

Out 
Out 
Out 
Out 
Out 
Out 
Out 
Out 

INTRB 
OBFB 
ACKB 
INTRA 

I/O 
I/O 

ACKA 
OBFA 

GROUPAONLY 

• • • • • • • • • • • • • • • • 

I/O 
I/O 
I/O 

INTRA 
STBA 
IBFA 
ACKA 
OBFA 

INPUT CONFIGURATION 

03 02 

ModeO 
Or Made 1 
Only 

Dl DO 

GROUPA GROUPB 

OUTPUT CONFIGURATION 

GROUPA GROUPB 

FIGURE 15. MODE 1 STATUS WORD FORMAT 

D6 05 04 D3 D2 Dl DO 

I OBFA liNTEl IBFA IINTE211NTRA I x x x 
Jl~ ______ ~ ____ ~ 

GROUPA GROUPB 

(DEFINED BY MODE 0 OR MODE 1 SELECTION) 

FIGURE 16. MODE 2 STATUS WORD FORMAT 
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Current Drive Capability: 

Any output on Port A, B or C can sink or source 2.5mA. This 
feature allows the 82C55A to directly drive Darlington type 
drivers and high-voltage displays that require such sink or 
source current. 

Reading Port C Status (Figures 15 and 16) 

In Mode 0, Port C transfers data to or from the peripheral 
device. When the 82C55A is programmed to function in 
Modes 1 or 2, Port C generates or accepts "hand shaking" 
signals with the peripheral device. Reading the contents of 

INTERRUPT 
ENABLE FLAG· 

INTEB 

INTEA2 

INTEA1 

ALTERNATE PORTC 
POSITION PIN SIGNAL (MODE) 

PC2 ACKB (Output Mode 1) 
or STBB (Input Mode 1) 

PC4 STBA (Input Mode 1 
or Mode 2) 

pce ACKA (Output Mode 1 
or Mode 2) 

Port C allows the programmer to test or verify the "status" of FIGURE 17. tNTERRUPT ENABLE FLAGS IN MODES 1 AND 2 
each peripheral deVice and change the program flow 
accordingly. 

There is no special instruction to read the status information 
from Port C. A normal read operation of Port C is executed 
to perform this function. 

Applications of the 82C55A 
The 82C55A is a very powerful tool for interfacing peripher
al equipment to the microcomputer system. It represents 
the optimum use of available pins and is flexible enough to 
interface almost any I/O device without the need for addi
tional external logic. 

IflTlRRY" 
REOUlST 

PA, ,., 
, .. ,., 
' .. ,., 

MODE t ' .. Each peripheral device in a microcomputer system usually 
has a "service routine" associated with it. The routine man
ages the software interface between the device and the 
CPU. The functional definition of the 82C55A is 
programmed by the I/O service routine and becomes an 
extension of the system software. By examining the I/O 
devices interface characteristics for both data transfer and 
timing, and matching this information to the examples and 
tables in the detailed operational description, a control word 
can easily be developed to initialize the 82C55A to exactly 
"fit" the application. Figures 18 through 24 present a few 
examples of typical applications of the 82C55A. 

IOUTPUTI ,., 
PC, 
PC, 

PC, 
PCe 

82C55A 

'" 
'" 
'" 
'" 
"e 

MODE t '" IDunun ' .. 
PI, 

PC, 

pc. ... 
PC, 

CO.TROL lOCle AIID OIlIVERS 

."tURU" 
REaUEST 

FIGURE 18. PRINTER INTERFACE 
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REOUErT 
IIITERRLI"i 

~, ... -, . " -, 
'" -, 
'" -, ... -, fULLY 

DECODED 

'" -. IIIODEI '" IIIlfT (lWlIT) . " 
.~ 

'" 

82C55A 
~, " '" 
~, 

" IURROUG"S 
~, 

" S£LF-SCAII ... " 
'" " IIIOOEI 

(DUll'UT) '" ." 
'" 
'" 
.~ 

'" 
IIITEARII~T~ 
AUWUT 

FIGURE 19. KEYBOARD AND DISPLAY 
INTERFACE 

u.nRRU'l 
AfOUEST 

~, 

MODEl 
IOUTPUTI 

82C55A 

'" '" 
'" ... 
'" '" ." 
'" ~. 
'" '" 

1
'" '" 
'" 
'" 

MDDE~ 'AD 
(OUT'UT) "I 

~, 

'" N, 

'" '" 

" " 

}

CUASOR'"OW/COlUIIIII 
ADDRESS 

'" 

FIGURE 22. BASIC CRT CONTROLLER 
INTERFACE 

IIITERRUPT 
IIEOUEST 

82C55A 

'" '" .. 
'" 
'" " '" " FULLY 

' .. .. DECODED 
KEYIDAID 

'" " IIIOOEI ... • "'UT) 

82C55A '" 
'" 
'" 
'" 
'" TERM'I"l 

'" ADDRESS 

'" 
MODE. 
III1'UT! ." 

'" 
'" '" 

FIGURE 20. KEYBOARD AND 
TERMINAL ADDRESS 
INTERFACE 

'" '" ", 
82C55A PCe 

'" '" 
'" 

{'" '" '" MOOED '13 
IOUTPUli PI, 

'" n. 
'" 

FORWARD/AlV 

RUDEliIAIU 

FIGURE 23. BASIC FLOPPY DISC 
INTERFACE 
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r 
'" 
'" '" ' .. 

MOOED '''5 
(OUTPUn ''''' 

'" .~ 
n. 

'" 
82C55A 'C1 

r '" ." IlTfRESfT n, 

'" 

COlll/UTEA 
10Ati 

SA.pun 
m 

"IIAlOGOUTPUl 
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Specifications 82C55A 

Absolute Maximum Ratings 
Supply Voltage •••••.•••••••••••••••••••••.••••••••• +B.ov 
Input, Output or VO Voltage ••••••••••••• GND~.SV to Vc~.SV 
Storage Temperature Range .•••..••••••••.•. -6S"O to + 15O"C 
Junction Temperature ••.••••••••••••••••••••••••••• +17SoC 
Lead Temperature (Soldering lOs) •.....•.••..•......• +300"C 
ESD Classification .••••••..••.•••..•••.••••.•.•••• Class 1 

Reliability Information 
Thermal Resistance Oja 

Ceramic DIP Package •••.•••••• , • • 4O"C1W 
Ceramic LCC Package •••••••••••. 7O"C1W 

Maximum Package Power Dissipation at +12S"O 

Ojc 
10"C1W 
l6"CIW 

Ceramic DIP Package ..••.......••...........•••.• 1.23W 
Ceramic LCC Package •.••••.••••••••••••..•••.•• 71 BmW 

Gate Count ..••••••••••..•••.••.••••••••.•••.• 1000 Gates 

CAUTION: SlrIIsses abo"" thosB listed m 'AbsolufB Maxrmum Rabngs' may cause permanent damage to the davIca. This is a stress only raUng and operation 
of /he device at these or any o/her conditions abo"" /hose indicated In the operational sacbons of /his specIfication is not i"",Had. 

Operating Conditions 
Operating Voltage Range. . • • . . • . • • • • . . • . • . • •. -+4.SV to +S.SV Operating Temperature Range 

CB2CSSA ................................. O"C to +70"C 
IB2C55A ................................. -40"C to +B5°C 
MB2CSSA ............................... -SS"O to + 12S"O 

DC Electrical Specifications Vee = 5.0V ±10%; TA = O"C to +70"C (C82C55A); 

SYMBOL PARAMETER 

VIH Logical One Input Voltage 

VIL Logical Zero Input Voltage 

VOH Logical One OUtput Voltage 

VOL Logical Zero Output Voltage 

II Input Leakage Current 

10 VO Pin Leakage Current 

IBHH Bus Hold High Current 

IBHL Bus Hold Low Current 

IDAR Darlington Drive Current 

ICCSB Standby Power Supply Current 

ICCOP Operating Power Supply Current 

NOTES: 

TA = -40°C to +B50C (I82C55A); 
TA = -55"C to +1250C (M82C55A) 

LIMITS 

MIN MAX UNITS TEST CONDITIONS 

2.0 - V IB2CSSA, CB2C55A, 
2.2 MB2CS5A 

- O.B V 

3.0 - V 10H = -2.5mA, 
Vee-0•4 10H = -1001iA 

- 0.4 V IOL +2.5mA 

-1.0 +1.0 IIA VIN = Vee or GND, 
DIP Pins: S, 6, B, 9, 35, 36 

-10 +10 IIA Vo = Vcc or GND DIP Pins: 27 - 34 

-SO -400 IIA Vo = 3.0V. Ports A, B, C 

SO 400 IIA Vo= 1.0V. PortA ONLY 

-2.0 Note 1 mA Ports A, B, C. Test Condition 3 

- 10 IIA Vee = S.SV, VIN = Vee or GND. Output Open 

- 1 mAl TA = +2SoC, Vee = S.OV, Typical (See Nole2) 
MHz 

1. No internal current limiting exists on Port Outputs. A resistor must 
be added externally to limit the current. 

2. ICCOP = 1 mAlMHz of Peripheral ReadlWrite cycle time. 
(Example: 1.01lS VO ReadlWrlle cycle time = 1 mAl 

Capacitance TA = 25°C 

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 

CIN Input Capacitance 10 pF FREQ = lMHz, All Measurements are 

CliO 1/0 Capacitance 20 pF 
referenced to device GND 
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Specifications 82C55A 

AC Electrical Specifications Vee = +5V:t 10%, GND = Oil; TA = -ssOC 10 +12S"C (M82CSSA) (M82CSSA-S); 
TA = -40OC 10 +8SOC (I82C55A) (I82CSSA-S); 
TA = OOC 10 +70oC (C82CSSA) (C82CSSA-S) 

82CS5A-5 82C55A 
TEST 

SYMBOL PARAMETER MIN MAX I MIN MAX I UNrrs CONDITIONS 

READ TIMING 

(1) tAR Address Stable Before RD 0 - 0 - ns 

(2) IRA Address Stable After RD 0 - 0 - ns 

(3)IRR RD Pulse Width 250 - 150 - ns 

(4)IRD Data Valid From RD - 200 - 120 ns 1 

(5)IDF Data Floal After RD 10 75 10 75 ns 2 

(6)IRV Time Between RDs and/or WRs 300 - 300 - ns 

WRITE TIMING 

(7) tAW Address Stable Before WR 0 - 0 - ns 

(S)IWA Address Stable After WR 20 - 20 - ns 

(9)tww WR Pulse Width 100 - 100 - ns 

(10) lOW Data Valid 10 WR High 100 - 100 - ns 

(11)twD Data Valid After WR High 30 - 30 - ns 

OTHER TIMING 

(12)twB WR = 1 10 Output - 350 - 350 ns 1 

(13)IIR Peripheral Data Before RD 0 - 0 - ns 

(14)IHR Peripheral Data After RD 0 - 0 - ns 

(15) tAK ACK Pulse Width 200 - 200 - ns 

(16) 1ST STB Pulse Width 100 - 100 - ns 

(17) IPS Peripheral Data Before STB High 20 - 20 - ns 

(IS)IPH Peripheral Data After STB High 50 - 50 - ns 

(19) tAD ACK = 0 10 Output - 175 - 175 ns 1 

(20)tKD ACK = 1 to Output Float 20 250 20 250 ns 2 

(21)IWOB WR= 1 toOBF=O - 150 - 150 ns 1 

(22)tAOB ACK=Olo OBF= 1 - 150 - 150 ns 1 

(23) ISIB STB = Oto IBF = 1 - 150 - 150 ns 1 

(24)tRIB RD = 1 to IBF = 0 - 150 - 150 ns 1 

(25)tRIT RD=Oto INTR=O - 200 - 200 ns 1 

(26)tSIT STB= 1 to INTR = 1 - 150 - 150 ns 1 

(27)tAIT ACK=ltoINTR=1 - 150 - 150 ns 1 

(28)IWIT WR=OIo INTR= 0 - 200 - 200 ns 1 

(29)tRES Reset Pulse Width 500 - 500 - ns I, (Note 1) 

NOTE: 

1. Period of initial Resel pulse after power-on must be at least 501IS8C. Subsequent Reset pulses may be 500ns minimum. 
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Timing Waveforms 
MODE 0 (BASIC INPUT) 

RO 

INPUT 

Cs,AI,AO 

-' 

~13) 
IIR-

J=:=:..IAR--

----------

MODE 0 (BASIC OUTPUT) 

OUTPUT 

82C55A 

(3) 

'RR 

t- -F-
(14) _I 

I--IHR-

(1) (2)f---'RA-j 

-( 
)---'RO -I '0' 

(4) (5) 

---------------------r------J 

MODE 1 (STROBED INPUT) 

(16) 

iii 

18' 

ISIT 

INTH 
--------------_--;-~I 

iiii 

INPUT 'ROM 
PERIPHERAL 

'PS 
(17) 
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Timing Waveforms (Continued) 

MODE 1 (STROBED OUTPUT) 

INTA 

OUTPUT 

MODE 2 (BI-DIRECTIONAL) 

INTR 

DATA FROM 
CPU TO 82C55A 

(21) 
twOB 

82C55A 

(22) 

(15) 
-tAK-

INOlE 11 

------------------~------------_4~ ~r_--~~--------

iii 

IBF 

PERIPHERAL ______ ___ _ 

IUS 

'AlB (24) 

iiii 

NOTE: 1. Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 

(INTR - IBF • MAsK • STB • Ro • OBF • MASK • ACK • WR) 

DATA FROM 
82C55A TO CPU 

WRITE TIMING 

AD_l.Cs'~ y~ 
l== a~ ---I -l 1..: I£~ 

DATA BUS -------)(B; i -y
: 'DW--l-IWD:JI~ 

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

IWW 
(9) 

READ TIMING 

AD-l. Ts =:>tE Y 
'---, -R--------'tl: 'RA(2) 

1 ~ ______ __ 

(4)'RD 1-= 'Df(S) 

DATA BUS ~~~~~~~~~t~VA~~~ID~~i. 
~ HIGH IMPEDANCE '"7 
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82C55A 

AC Test Circuit 

Vl 

Rl 

FROM OUTPUTo-____ ~~----~----~TEST 
UNDER TEST POINT 

R2 ~ Cl* 

*Includes Stray and Jig Capacitance 

AC Testing Input, Output Waveforms 

INPUT 
VIH +O.4V 

1.5V ~'-______ --'~ 1.5V 

VIL - O.4V 

OUTPUT 
VOH 

VOL 

AC Testing All parameters tested as per test circuits. Input nse and fall 
times are driven at 1 nsN 

TEST CONDITION DEFINITION TABLE 

TEST CONDITION 

1 

2 

3 

Burn-In Circuits 

F6--'YVv--l 

F7--'YVv---I 

FB--'YVv---I 

F9--'YVv--l 

F4--'YVv---I 

F3--'YVv--l 

GND----\2J 
FO--'YVv---I 

F 1--'YVv---I 

Fl0'--'YVv---I 

F6,--'YVv---I 

F7--'YVv---I 

FB--'YVv--I 

F9--'YVv---I 

FlO'--'YVv--I 

F6--'YVv---I 

F7--'YVv---I 

FB--'YVv---I 

F9--'YVv--I 

Fl0--'YVv--l 

vee = 5 5V ± a 5V 
VIH = 4 5V ± 10% 
VIL = -0.2V to 04V 
GNO = OV 

MD82C55A CERAMIC DIP 

Vl 

1.7V 

vee 
1.5V 

Rl R2 Cl 

5230 Open 150pF 

2kO 1.7kO 50pF 

7500 Open 50pF 

MR82C55A CERAMIC LCC 

L!'; L~': :.!; L!J L!] l~j !.~"..i ~:!?J L"!!J L!.1,; :.!~ 

GND----l~J 

'!1 
FO--'YVv--II!.J 

F1 l~J 

FlO '1J 

F6 '31 
F7 l~J 

Fa l~J 

F9 ':J 
FlO--'YVv---Il,!iJ 

F6 'IJ 

C1 = 0.01 J.lF minimum 
All resistors are 47kn ± 5% 
to = 100kHz ± 10% 
fl = fO + 2; f2 = fl + 2; ... ; fl 5 = f14 + 2 
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Metallization Topology 
DIE DIMENSIONS: 

131.4 x 167.7 x 19 ±1 mils 

METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11 kA ± 1 kA 

GLASSIVATION: 
Type: Si02 
Thickness: 8kA ± 1 kA 

DIE ATTACH: 

82C55A 

Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 4600 C (Max) 

Ceramic LCC - 4200 C (Max) 

WORST CASE CURRENT DENSITY: 
0.78 x 105 A/cm2 

Metallization Mask Layout 
82C55A 

Rii PAD PAl PA2 PA3 

GNO 

AI 

AD 

PC7 

PA5 

PBO 

4-236 

PA7 WR 

RESET 

DO 

01 

02 

03 

04 

05 

08 

07 

VCC 

PB7 



82C59A 
REFERENCE APP NOTE 109 
February 1992 CMOS Priority Interrupt Controller 

Features Description 

• 12.5MHz, 8MHz and 5MHz Versions Available 
- 12.5MHz Operation •....••..•••••••••• 82C59A-12 

The Harris 82C59A is a high performance CMOS Priority 
Interrupt Controller manufactured using an advanced 2 
micron CMOS process. The 82C59A is designed to relieve 
the system CPU from the task of polling in a multi-level 
priority system. The high speed and industry standard 
configuration of the 82C59A make it compatible with micro
processors such as 8OC286, 80286, 80C86I88, 8086188, 
8080185 and NSC800. 

- 8MHz Operation .•••••••••••••••••••••• 82C59A 
- 5MHz Operation •••••••••••••••••••••• 82C59A-5 

• High Speed, "No WaH-S1ate" Operation with 12.5MHz 
8OC286 and 8MHz 8OC86188 

• Pin Compatible with NMOS 8259A 

• 80C86I88I286 and 80801851861881286 Compatible 
The 82C59A can handle up to eight vectored priority inter
rupting sources and is cascadable to 64 without additional 
circuitry. Individual interrupting sources can be masked or 
prioritized to allow custom system configuration. Two modes 
of operation make the 82C59A compatible with both 8080/85 
and 8OC861881286 formats. 

• Eight-Level Priority Controller, Expendable to 
64 Levels 

• Programmable Interrupt Modes 

• Individual Request Mask capability 

• Fully Static Design 

• Fully TTL Compatible 

Static CMOS circuit design insures low operating power. The 
Harris advanced CMOS process results in performance 
equal to or greater than existing equivalent products at a 
fraction of the power. 

• Low Power Operation 
- ICCSS ••••••••••••••••••.•.•••. 201lA Maximum 
- ICCOP ••••••••••.•••.••..•. 1 mAIM Hz Maximum 

• Single 5V Power Supply 

• Operating Temperature Ranges 
- C82C59A ••••••••••••••••••••••••• OoC to +70oC 
- 182C59A ..•.•••••••••••••••••••• -40°C to +850 C 
- M82C59A •.....•••••••••••••••• -55°C to + 125°C 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 5MHz &MHz 12.5MHz 

PlastIC DIP O"C to +70"C CP82C59A-5 CP82C59A CP82C59A-12 

·40"C to +85°C IP82C59A-5 IP82C59A IP82C59A-12 

PLCC O"C to +70"C CS82C59A-5 CS82C59A CS82C59A-12 

-4O"C to +85°C 1S82C59A-5 IS82C59A IS82C59A-12 

Ceramic DIP O"C to + 70"C CD82C59A-5 CD82C59A CD82C59A-12 

-40"C to +85°C ID82C59A-5 ID82C59A IDB2C59A-12 

-55°C to +125°C MD82C59A-5IB MD82C59AIB -
SMD# 5962-8501601 VA 5962-8501602VA -

LCC -55°C to + 125°C MR82C59A-5IB MR82C59AIB -
SMD# 5962-85016013A 5962-85016023A -

CAUTION: These devices are sensitIve to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2784.1 
Copyright @ Harrl. Corporation 1992 
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Pinouts 

01 

os 
D4 
D3 

D2 

28 LEAD DIP 
TOP VIEW 

Functional Diagram 

SPIiN--_ ...... 

PIN 

07-00 

RD 

WR 

AO 

CS 

CAS2-CASO 

SP/EN 

INT 

INTA 

IRO-IR7 

INTERNAL BUS 

82C59A 

28 LEAD PLCC AND LCC 
TOP VIEW 

_'I L~.J L.!J L~J t~J L~8.J L~J L~~ p-

OI !J ~~S IR7 

os ~] 
D4i] 

DESCRIPTION 

Data Bus (Bi-Directional) 

Read Input 

Write Input 

Command Select Address 

Chip Select 

Cascade Unes 

Slave Program Input Enable 

Interrupt Output 

Interrupt Acknowledge Input 

Interrupt Request Inputs 
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82C59A 

Pin Description 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

VCC 28 I VCC: The +5V power supply pin. A 0.1 ~F capacitor between pins 28 and 14 is recommended for 
decoupling. 

GND 14 I GROUND 

CS 1 I CHIP SELECT: A low on this pin enables RD and WR commUnications between the CPU and the 
82C59A.INTA functions are Independent of CS. 

WR 2 I WRITE: A low on this Pin when CS IS low enables the 82C59A to accept command words from 
the CPU. 

RD 3 I READ: A low on this pin when CS is low enables the 82C59A to release status onto the data bus 
for the CPU. 

D7-DO 4 - 11 I/O BI-DIRECTIONAL DATA BUS: Control, status, and Interrupt-vector information is transferred via 
this bus. 

CASO- 12,13,15 I/O CASCADE LINES: The CAS lines form a private 82C59A bus to control a multiple 82C59A 
CAS2 structure. These pins are outputs for a master 82C59A and Inputs for a slave 82C59A. 

SP/EN 16 I/O SLAVE PROGRAM/ENABLE BUFFER: This is a dual function pin. When in the Buffered Mode it 
can be used as an output to control buffer transceivers (EN). When not in the buffered mode it is 
used as an input to designate a master (SP = 1) or slave (SP = 0). 

INT 17 0 INTERRUPT: This pin goes high whenever a valid Interrupt request is asserted. It is used to 
interrupt the CPU, thus It is connected to the CPU's Interrupt pin. 

IRO-IR7 18- 25 I INTERRUPT REQUESTS: Asynchronous inputs. An Interrupt request is executed by raising an IR 
input (low to high), and holding It high until it is acknowledged (Edge Triggered Mode), or just by a 
high level on an IR Input (Level Triggered Mode). Internal pull-up resistors are implemented on 
IRO-7. 

INTA 26 I INTERRUPT ACKNOWLEDGE: This pin is used to enable 82C59A interrupt-vector data onto the 
data bus by a sequence of interrupt acknowledge pulses issued by the CPU. 

AO 27 I ADDRESS LINE: This pin acts In conjunction with the CS, WR, and RD pins. It is used by the 
82C59A to decipher various Command Words the CPU writes and status the CPU wishes to read. 
It is typically connected to the CPU AO address line (A 1 for 80C86/88/286). 

Functional Description ---
Interrupts in Microcomputer Systems 

Microcomputer system design requires that I/O devices such 
as keyboards, displays, sensors and other components CPU - DRIVEN 

MULTIPLEXOR 
receive servicing in an efficient manner so that large 
amounts of the total system tasks can be assumed by the CPU ----y microcomputer with little or no effect on throughput. 

The most common method of servicing such devices is the '" ::. 

Polled approach. This is where the processor must test 

B=> ¢= each device in sequence and in effect "ask" each one if it I/O (1) 
needs servicing. It is easy to see that a large portion of the 
main program is looping through this continuous polling 
cycle and that such a method would have a serious, 
detrimental effect on system throughput, thus limiting the 

I ~ ¢::) tasks that could be assumed by the microcomputer and ROM I/O (2) -
reducing the cost effectiveness of using such devices. 

A more desirable method would be one that would allow the 
microprocessor to be executing its main program and only r--, 
stop to service peripheral devices when it is told to do so 

~ IIO(N) ~ by the device itself. In effect, the method would provide I I 
an external asynchronous input that would inform the .. 7 

L __ .I 
processor that it should complete whatever instruction that 
is currently being executed and fetch a new routine that 
will service the requesting device. Once this servicing is 
complete, however, the processor would resume exactly 
where it left off. POLLED METHOD 
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82C59A 

This is the Interrupt-driven method. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 

INTERRUPT METHOD 

The Programmable Interrupt Controller (PIC) functions as 
an overall manager in an Interrupt-Driven system. It accepts 
requests from the peripheral equipment, determines which 
of the incoming requests is of the highest importance (prior
ity), ascertains whether the incoming request has a higher 
priority value than the level currently being serviced, and 
issues an Interrupt to the CPU based on this determination. 

07- DO 

Each peripheral device or structure usually has a special 
program or "routine" that is associated with its specific 
functional or operational requirements; this is referred to as 
a "service routine". The PIC, after issuing an interrupt to the 
CPU, must somehow input information into the CPU that 
can "point" the Program Counter to the service routine 
associated with the requesting device. This "pointer" is an 
address in a vectoring table and will often be referred to, in 
this document, as vectoring data. 

82C59A Functional Description 

The 82C59A is a device specifically designed for use in real 
time, interrupt driven microcomputer systems. It manages 
eight levels of requests and has built-in features for 
expandability to other 82C59As (up to 64 levels). It is 
programmed by system software as an I/O peripheral. A 
selection of priority modes is available to the programmer 
so that the manner in which the requests are processed by 
the 82C59A can be configured to match system require
ments. The priority modes can be changed or reconfigured 
dynamically at any time during main program operation. 
This means that the complete interrupt structure can be 
defined as required, based on the total system environment. 

Interrupt Request Register (IRR) and 
In-Service Register (ISR) 

The interrupts at the IR input lines are handled by two regi
sters in cascade, the Interrupt Request Register (IRR) and 
the In-Service Register (ISR). The IRR is used to indicate all 
the interrupt levels which are requesting service, and the 
ISR is used to store all the interrupt levels which are current
ly being serviced. 

Priority Resolver 

This logic block determines the priorities of the bits set in 
the IRR. The highest priority is selected and strobed into the 
corresponding bit of the ISR during the INTA sequence. 

INTA INT 

CONTROL LOGIC 

r"""'-...10. ..... 'L-._ IRO 
RD 
WR 
AO 

CS 

IN
SERVICE 

REG 
(ISR) 

PRIORITY .,,--.. 
RESOLVER ..... ~-.. 

IR1 
IR2 
IR3 
IR4 
IRS 
IRS 

SP/EN---......I 

INTERRUPT MASK REG 
(IMR) 

___ -,r--IR7 

82CS9A FUNCTIONAL DIAGRAM 
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82C59A 

Interrupt Mask Register (IMR) 

The IMR stores the bits which disable the interrupt lines to 
be masked. The IMR operates on the output of the IRR. 
Masking of a higher priority input will not affect the interrupt 
request lines of lower priority. 

Interru pt (INT) 

This output goes directly to the CPU interrupt input. The 
VOH level on this line is designed to be fully compatible with 
the 8080, 8085, 8086/88, 80C86/88, 80286, and 80C286 
input levels. 

Interrupt Acknowledge (iNTA) 

INTA pulses will cause the 82C59A to release vectoring 
information onto the data bus. The format of th is data 
depends on the system mode (iJPM) of the 82C59A. 

Data Bus Buffer 

This 3-state, bi-directional 8-bit buffer is used to interface the 
82C59A to the system Data Bus. Control words and status 
information are transferred through the Data Bus Buffer. 

Read/Write Control Logic 

The function of this block is to accept output commands 
from the CPU. It contains the Initialization Command Word 
(ICW) registers and Operation Command Word (OCW) 
registers which store the various control formats for device 
operation. This function block also allows the status of the 
82C59A to be transferred onto the Data Bus. 

Chip Select (CS) 

A LOW on this input enables the 82C59A. No reading or 
writing of the device will occur unless the device is selected. 

Write (WR) 

A LOW on this input enables the CPU to write control words 
(ICWs and OCWs) to the 82C59A. 

ADDRESS BUS (16) 

CS Ao 

CAS 0 
CAS 1 CASCADE { ::::: 

LINES +-+ CAS 2 IRQ IRQ 
SP,1ON 7 

SLAVE PROGRAMI 
ENABLE BUFFER 

6 

Read (RD) 

A LOW on this input enables the 82C59A to send the status 
of the Interrupt Request Register (IRR), In-Service Register 
(ISR), the Interrupt Mask Register (IMR), or the interrupt 
level (in the poll mode) onto the Data Bus. 

AO 

This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as to read the various status registers of 
the chip. This line can be tied directly to one of the system 
address lines. 

The Cascade Buffer/Comparator 

This function block stores and compares the IDs of all 
82C59As used in the system. The associated three I/O pins 
(CASO - 2) are outputs when the 82C59A is used as a 
master and are inputs when the 82C59A is used as a slave. 
As a master, the 82C59A sends the 10 of the interrupting 
slave device onto the CASO - 2 lines. The slave thus 
selected will send its preprogrammed subroutine address 
onto the Data Bus during the next one or two consecutive 
INTA pulses. (See section "Cascading the 82C59A".) 

Interrupt Sequence 

The powerful features of the 82C59A in a microcomputer 
system are its programmability and the interrupt routine ad
dressing capability. The latter allows direct or indirect jump
ing to the specified interrupt routine requested without any 
polling of the interrupting devices. The normal sequence of 
events during an interrupt depends on the type of CPU be
ing used. 

These events occur in an 8080/8085 system: 

1. One or more of the INTERRUPT REQUEST lines (IRO -
IR7) are raised high, setting the corresponding IRR bit(s). 

D7 -DO RD 

82C59A 

IRQ 
5 

IRQ IRQ 
4 3 

INTERRUPT 
REQUESTS 

WR INT INTA 

IRQ IRQ IRQ 
2 0 

82C59A STANDARD SYSTEM BUS INTERFACE 
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82C59A 

2. The 82CS9A evaluates these requests in the priority 
resolver and sends an interrupt (INT) to the CPU, if 
appropriate. 

3. The CPU acknowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the highest 
priority ISR bit is set, and the corresponding IRR bit is re
set. The 82CS9A will also release a CALL instruction code 
(11001101) onto the 8-bit data bus through DO - 07. 

S. This CALL instruction will initiate two additional INTA 
pulses to be sent to 82CS9A from the CPU group. 

6. These two INTA pulses allow the 82CS9A to release its 
preprogrammed subroutine address onto the data bus. 
The lower 8-bit address is released at the first INTA 
pulse and the higher 8-bit address is released at the 
second INTA pulse. 

7. This completes the 3-byte CALL instruction released by 
the 82CS9A. In the AEOI mode, the ISR bit is reset at the 
end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOI command is issued 
at the end of the interrupt sequence. 

The events occurring in an 80C86/88/286 system are the 
same until step 4. 

4. The 82CS9A does not drive the data bus during the first 
INTA pulse. 

S. The 80C86/88/286 CPU will initiate a second INTA 
pulse. During this INTA pulse, the appropriate ISR bit is 
set and the corresponding bit in the IRR is reset. The 
82CS9A outputs the 8-bit pointer onto the data bus to be 
read by the CPU. 

6. This completes the interrupt cycle. In the AEOI mode, the 
ISR bit is reset at the end of the second INT A pulse. Other
wise, the ISR bit remains set until an appropriate EOI 
command is issued at the end of the interrupt subroutine. 

If no interrupt request is present at step 4 of either sequence 
(i.e. the request was too short in duration), the 82CS9A will 
issue an interrupt level 7. If a slave is programmed on IR bit 7, 
the CAS lines remain inactive and vector addresses are 
output from the master 82C59A. 

Interrupt Sequence Outputs 
8080, 8085 Interrupt Response Mode 

This sequence is timed by three INTA pulses. During the first 
INTA pulse, the CALL opcode is enabled onto the data bus. 

First Interrupt Vector Byte Data: Hex CD 

During the second INTA pulse, the lower address of the ap
propriate service routine is enabled onto the data bus. When 
interval = 4 bits, AS - A7 are programmed, while AO - A4 are 
automatically inserted by the 82CS9A. When interval = 8, 
only A6 and A7 are programmed, while AO - AS are automati
cally inserted. 

CONTENT OF SECOND INTERRUPT VECTOR BYTE 

IR Interval = 4 

07 06 05 04 03 02 01 00 

7 A7 A6 A5 1 1 1 0 0 
6 A7 A6 A5 1 1 0 0 0 
5 A7 A6 A5 1 0 1 0 0 
4 A7 A6 A5 1 0 0 0 0 
3 A7 A6 A5 0 1 1 0 0 
2 A7 A6 A5 0 1 0 0 0 
1 A7 A6 A5 0 0 1 0 0 
0 A7 A6 A5 0 0 0 0 0 

IR Interval = 8 

07 06 05 04 03 02 01 00 

7 A7 A6 1 1 1 0 0 0 
6 A7 A6 1 1 0 0 0 0 
5 A7 A6 1 0 1 0 0 0 

4 A7 A6 1 0 0 0 0 0 
3 A7 A6 0 1 1 0 0 0 
2 A7 A6 0 1 0 0 0 0 
1 A7 A6 0 0 1 0 0 0 

0 A7 A6 0 0 0 0 0 0 

During the third INTA pulse, the higher address of the appro
priate service routine, which was programmed as byte 2 of the 
initialization sequence (A8 - A 1S), is enabled onto the bus. 

CONTENT OF THIRD INTERRUPT VECTOR BYTE 

80CS6, SOCSS, SOC2S6 Interrupt Response Mode 

80C86/88/286 mode is similar to 8080/85 mode except that 
only two Interrupt Acknowledge cycles are issued by the 
processor and no CALL opcode is sent to the processor. The 
first interrupt acknowledge cycle is similar to that of 8080/8S 
systems in that the 82CS9A uses it to internally freeze the 
state of the interrupts for priority resolution and, as a master, it 
issues the interrupt code on the cascade lines. On this first 
cycle, it does not issue any data to the processor and leaves 
its data bus buffers disabled. On the second interrupt 
acknowledge cycle in the 86/88/286 mode, the master (or 
slave if so programmed) will send a byte of data to the pro
cessor with the acknowledged interrupt code composed as 
follows (note the state of the ADI mode control is ignored and 
AS - A 11 are unused in the 86/88/286 mode). 

CONTENT OF INTERRUPT VECTOR BYTE FOR 
80C86/88/286 SYSTEM MOOE 

07 06 05 04 03 02 01 

IR7 T7 T6 T5 T4 T3 1 1 
IR6 T7 T6 T5 T4 T3 1 1 
IR5 T7 T6 T5 T4 T3 1 0 
IR4 T7 T6 T5 T4 T3 1 0 
IR3 T7 T6 T5 T4 T3 0 1 

IR2 T7 T6 T5 T4 T3 0 1 

IRl T7 T6 T5 T4 T3 0 0 
IRO T7 T6 T5 T4 T3 0 0 

00 

1 
0 
1 
0 
1 

0 
1 
0 
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Programming the 82C59A 

The 82C59A accepts two types of command words 
generated by the CPU; 

1. Initialization Command Words (ICWs): Before normal 
operation can begin, each 82C59A in the system must 
be brought to a starting point - by a sequence of 2 to 4 
bytes timed by WR pulses. 

LTIM: If LTIM = 1, then the 82C59A will operate in the 
level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 

ADI: ALL address interval. ADI = 1 then interval = 4; 
ADI = 0 then interval = 8. 

SNGL: Single. Means that this is the only 82C59A in the 
system. If SNGL = 1, no ICW3 will be issued. 

2. Operation Command Words (OCWs): These are the IC4: 
command words which command the 82C59A to operate 

If this bit is set - ICW4 has to be issued. If ICW4 is 
not needed, set IC4 = O. 

in various interrupt modes. Among these modes are: 

a. Fully nested mode 

b. Rotating priority mode 

c. Special mask mode 

d. Polled mode 

The OCWs can be written into the 82C59A anytime after 
in itialization. 

Initialization Command Words (ICWs) 

General 

Whenever a command is issued with AO = 0 and 04 = 1, 
this is interpreted as Initialization Command Word 1 (ICW1). 
ICWl starts the initialization sequence during which the 
following automatically occur. 
a. The edge sense circuit is reset, which means that follow

ing initialization, an interrupt request (IR) input must 
make a low-to-high transition to generate an interrupt. 

b. The Interrupt Mask Register is cleared. 
c. IR7 input is assigned priority 7. 

d. Special Mask Mode is cleared and Status Read is set to 
IRR. 

e. If IC4 = 0, then all functions selected in ICW4 are set 
to zero. (Non-Buffered mode*, no Auto-EOI, 8080/85 
system). 

""'NOTE; Master/Slave in ICW4 1$ only used In the buffered mode. 

Initialization Command Words 1 and 2 (ICW1, ICW2) 

A5 - A 1 5: Page starting address of service routines. In an 
8080/85 system, the 8 request levels will generate CALLS 
to 8 locations equally spaced in memory. These can be 
programmed to be spaced at intervals of 4 or 8 memory 
locations, thus the 8 routines will occupy a page of 32 or 64 
bytes, respectively. 

The address format is 2 bytes long (AO - A 15). When the 
routine interval is 4, AO - A4 are automatically inserted by 
the 82C59A, while A5 - A 15 are programmed externally. 
When the routine interval is 8, AO - A5 are automatically 
inserted by the 82C59A while A6 - A15 are programmed 
externally. 

The 8-byte interval will maintain compatibility with current 
software, while the 4-byte interval is best for a compact 
jump table. 

In an 80C86/88/286 system, A 15 - All are inserted in the 
five most significant bits of the vectoring byte and the 
82C59A sets the three least significant bits according to 
the interrupt level. Al0 - A5 are ignored and ADI (Address 
interval) has no effect. 

82C59A INITIALIZATION SEQUENCE 

Initialization Command Word 3 (ICW3) 

This word is read only when there is more than one 82C59A 
in the system and cascading is used, in which case SNGl = 
O. It will load the 8-bit slave register. The functions of this 
register are: 

a. In the master mode (either when SP = 1, or in buffered 
mode when MIS = 1 in ICW4) a "1" is set for each slave 
in the bit corresponding to the appropriate IR line for the 
slave. The master then will release byte 1 of the call se
quence (for 8080/85 system) and will enable the corre
sponding slave to release bytes 2 and 3 (for 80C86/881 
286, only byte 2) through the cascade lines. 

b. In the slave mode (either when SP = 0, or if BUF = 1 and 
MIS = 0 in ICW4), bits 2 - 0 identify the slave. The slave 
compares its cascade input with these bits and if they 
are equal, bytes 2 and 3 of the call sequence (or just byte 
2 for 80C86/88/286) are released by it on the Data Bus 
(Note: the slave address must correspond to the IR line it 
is connected to in the master 10). 

4-243 

til 
...J 
< 

til a: ow 
:E:I: 
o~ 

a: 
w 
0.. 



ICW1 

I AO I 07 I 06 I Os I 
I a I A7 I A6 I A5 I 

I I 

ICW2 

AO 07 06 Os 

1 l?< ~ X T7 T6 T5 

ICW3 (MASTER DEVICE) 

82C59A 

04 I 03 I 02 

1 I LTIM I AOI 

04 03 02 

l>< ~ A10 
T4 T3 

I 01 I 
I SNGL I 

01 

Ag 

DO I 
IC4 I 
L-

DO 

A8 

1 = ICW4 needed 
a = No ICW4 needed 

1 = Single 
a = Cascade Mode 

CALL address interval 
1 = Interval of 4 
a = Interval of 8 

1 = Level triggered mode 
a = Edge triggered mode 

ArA5 of Interrupt vector address 
(MCS-80/85 mode only) 

A15-A8 of interrupt vector address 
(MCS80/85 mode) 

T r T 3 of interrupt vector address 
(8086/8088 mode) 

L.. __ ..I-__ ..J.... __ ....1... __ --1.. __ --L __ ---'~ __ l_ __ __;_1 = IR input has a slave 

ICW3 (SLAVE DEVICE) 

I AO I 0 7 I 0 6 I 
I 1 I a I a I 

ICW4 

I AO I 0 7 I 0 6 I 
I 0 I 0 I 

(1) Slave ID IS equal to the corresponding 
master IR input. 

Os 

a 

05 

0 

a = IR input does not have a slave 

I 0 4 I 0 3 I 0 2 I 0 1 I DO I 
I 0 I 0 I 102 I 101 I 100 

SLAVE 10(1) 

o 1 2 3 4 5 6 7 

'-- o 1 o 1 o 1 o 1 

0 o 1 1 0 0 1 1 

0 0 001 1 1 1 

I 0 4 I 0 3 I 0 2 I 0 1 I DO I 
I SFNM I BUF I M/S I AEOI I ~PM I 

I 
L-1 = 8086/8088 mode 

o = MCS-80/85 mode 

1 = Auto EOI 
o = Normal EOI 

I 0 I X I - Non buffered mode 

f--7--1-....:0~-i - Buffered mode slave 
1L.. __ l.-I_--I1 - Buffered mode master 

1.-------------__ 1 = Special fully nested moded 
o = Not special fully nested mode 

82CS9A INITIALIZATION COMMAND WORD FORMAT 
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Initialization Command Word 4 (ICW4) 

SFNM: If SFNM = 1, the special fully nested mode is 
programmed. 

BUF: If BUF = 1, the buffered mode is programmed. In 
buffered mode, SP/EN becomes an enable output 
and the masterlslave determination is by MIS. 

Operation Command Words (OCWs) 

After the Initialization Command Words (ICWs) are 
programmed into the 82C59A, the device is ready to accept 
interrupt requests at its input lines. However, during the 
82C59A operation a selection of algorithms can command 
the 82C59A to operate in various modes through the 
Operation Command Words (OCWs). 

MIS: If buffered mode is selected: MIS = 1 means the OPERATION CONTROL WORDS (OCWs) 
82C59A is programmed to be a master, MIS = 0 
means the 82C59A is programmed to be a slave. If AO 107 I 06 I OS I 04 I 03 I 02 I 01 I DO 

BUF = 0, MIS has no function. OCW1 

AEOI: If AEOI = 1, the automatic end of interrupt mode is 1 I M7 I M6 I M5 I M4 I M3 I M2 I Ml I Ma 

programmed. 

MPM: Microprocessor mode: MPM = 0 sets the 82C59A 
for 8080/85 system operation, MPM = 1 sets the 
82C59A for 80C86/88/286 system operation. 

OCW1 

a 

a 

I R 

I a 

OCW2 

I SL I EOI I a 

OCW3 

I ESSM I SMM I a 

'---C:::::::Jt::::::t==::t::::::::J==:t==f::::::r==::t:'llnterrupt Mask 
1 = Mask set 

OCW2 
a = Mask reset 

I AO I 0 7 I 0 6 I Os I 0 4 I 0 3 I 0 2 I 0 1 I Do I IR LEVEL TO BE 
I a I R I SL I EOI I a I a I L2 I Ll I La I ACTED UPON 

I I I I L~ 1 2 3 4 5 6 
1 a 1 a 1 a 

+ t 
a a 1 1 a a 1 

a a a a 1 1 1 

a a 1 Non-specific EOI command 

a 1 1 * Specific EOI command 
End of interrupt 

1 a 1 Rotate on non-specific EOI command 
} Automatic rotation s-'o '0 Rotate in automatic EOI mode (set) 

'0'0 '0 Rotate in automatic EOI mode (clear) 

} Specific rotation 
s-~ "1 * Rotate on specific EOI command 

1~ '0 * Set priority command 

'o~ '0 No operation * La - L2 are used 
-l.- I.- } 
OCW3 

I AO 10 7 I 0 6 I Os I 0 4 I 03 I 0 2 I 0 1 I DO I 

I a IL21LliLa 

I 1 I P I RR IRIS 

7 
1 
1 

1 

I a I a I ESMM I SMM I a I 1 I P I RR I R1S I READ REGISTER COMMAND 

I ~ a I 1 a 1 

a I a 1 1 

Read IR reg on Read IS reg on 
No Action next RD pulse next RD pulse 

1 = Poll command 
a = No poll command 

SPECIAL MASK MODE 

a I 1 a 1 

a I a 1 1 

Reset special Set special 
No Action mask mask 

82CS9A OPERATION COMMAND WORD FORMAT 
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Operation Control Word 1 (OCW1) 

OCW1 sets and clears the mask bits in the Interrupt Mask 
Register (IMR). M7 - MO represent the eight mask bits. M = 1 
indicates the channel is masked (inhibited), M = ° indicates 
the channel is enabled. 

Operation Control Word 2 (OCW2) 

R, SL, EOI - These three bits control the Rotate and End of 
Interrupt modes and combinations of the two. A chart of these 
combinations can be found on the Operation Command 
Word Format. 

L2, L 1, LO - These bits determine the interrupt level acted 
upon when the SL bit is active. 

Operation Control Word 3 (OCW3) 

ESMM - Enable Special Mask Mode. When this bit is set to 
1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM = 0, the SMM bit becomes a 
"don't care". 

SMM - Special Mask Mode. If ESMM = 1 and SMM = 1, the 
82C59A will enter Special Mask Mode. If ESMM = 1 and 
SMM = 0, the 82C59A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 

Fully Nested Mode 

This mode is entered after initialization unless another mode 
is programmed. The interrupt requests are ordered in priority 
from ° through 7 (0 highest). When an interrupt is acknow
ledged the highest priority request is determined and its 
vector placed on the bus. Additionally, a bit of the Interrupt 
Service register (ISO - 7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOI) command 
immediately before returning from the service routine, or if the 
AEOI (Automatic End of Interrupt) bit is set, until the trailing 
edge of the last INTA. While the IS bit is set, all further 
interrupts of the same or lower priority are inhibited, while 
higher levels will generate an interrupt (which will be acknow
ledged only if the microprocessor internal interrupt enable 
flip-flop has been re-enabled through software). 

After the initialization sequence, IRa has the highest priority 
and IR7 the lowest. Priorities can be changed, as will be 
explained in the rotating priority mode or via the set priority 
command. 

End of Interrupt (EOI) 

The In-Service (IS) bit can be reset either automatically 
following the trailing edge of the last in sequence INTA pulse 
(when AEOI bit in ICWl is set) or by a command word that 
must be Issued to the 82C59A before returning from a 
service routine (EOI Command). An EOI command must be 
issued twice if servicing a slave in the Cascade mode, once 
for the master and once for the corresponding slave. 

There are two forms of EOI command: Specific and Non
Specific. When the 82C59A is operated in modes which 
preserve the fully nested structure, it can determine which IS 
bit to reset on EOI. When a Non-Specific command is issued 
the 82C59A will automatically reset the highest IS bit of those 
that are set, since in the fully nested mode the highest IS level 

was necessarily the last level acknowledged and serviced. A 
non-specific EOI can be issued with OCW2 (EO I = 1, SL = 0, 
R = 0)., 

When a mode is used which may disturb the fully nested 
structure, the 82C59A may no longer be able to determine 
the last level acknowledged. In this case a Specific End of In
terrupt must be issued which includes as part of the com
mand the IS level to be reset. A specific EOI can be issued 
with OCW2 (EOI = 1, SL = 1, R = 0, and La - L2 is the binary 
level of the IS bit to be reset). 

An IRR bit that is masked by an IMR bit will not be cleared by 
a non-specific EOI if the 82C59A is in the Special Mask 
Mode. 

Automatic End of Interrupt (AEOI) Mode 

If AEOI = 1 in ICW4, then the 82C59A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 82C59A will automatically perform a non-specific 
EOI operation at the trailing edge of the last interrupt acknow
ledge pulse (third pulse in 8080/85, second in 80C86/88/ 
286). Note that from a system standpoint, this mode should 
be used only when a nested multi-level interrupt structure is 
not required within a single 82C59A. 

Automatic Rotation (Equal Priority Devices) 

In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after being 
serviced, receives the lowest priority, so a device requesting 
an interrupt will have to wait, in the worst case until each of 7 
other devices are serviced at most once. For example, if the 
priority and "in service" status is: 

Before Rotate (IR4 the highest priority requiring service) 

157 156 155 154 153 152 151 150 

"IS" Status 0 1 0 1 0 0 0 0 

Priority 7~ 6 5 4 3 2 1 ,,0 
STATUS lowest~ Lhighest 

After Rotate (IR4 was serviced, all other priorities rotated 
correspondingly) 

157 156 155 154 153 152 151 150 

"IS" Status 0 1 0 0 0 0 0 0 

Priority 2"" 1 0 7 6 5 4 ~3 
Status highest-::::'" L.lowest 

There are two ways to accomplish Automatic Rotation using 
OCW2, the Rotation on Non-Specific EOI Command (R = 1, 
SL = 0, EOI = 1) and the Rotate in Automatic EOI Mode 
which is set by (R = 1, SL = 0, EOI = 0) and cleared by 
(R = 0, SL = 0, EOI = 0). 
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Specific Rotation (Specific Priority) 

The programmer can change priorities by programming the 
lowest priority and thus fixing all other priorities; Le., if IR5 is 
programmed as the lowest priority device, then IR6 will 
have the highest one. 

The Set Priority command is issued in OCW2 where: R = 1, 
SL = 1, LO - L2 is the binary priority level code of the lowest 
priority device. 

Observe that in this mode internal status is updated by soft
ware control during OCW2. However, it is independent of 
the End of Interrupt (EOI) command (also executed by 
OCW2). Priority changes can be executed during an EOI 
command by using the Rotate on Specific EOI command in 
OCW2 (R = 1, SL = 1, EOI = 1, and LO - L2 = IR level to 
receive lowest priority). 

Interrupt Masks 

Each Interrupt Request input can be masked individually by 
the Interrupt Mask Register (IMR) programmed through 
OCW1. Each bit in the IMR masks one interrupt channel if it 
is set (1). Bit 0 masks IRO, Bit 1 masks IRl and so forth. 
Masking an IR channel does not affect the operation of 
other chan nels. 

Special Mask Mode 

Some applications may require an interrupt service routine 
to dynamically alter the system priority structure during its 
execution under software control. For example, the routine 
may wish to inhibit lower priority requests for a portion of its 
execution but enable some of them for another portion. 

The difficulty here is that if an Interrupt Request is acknow
ledged and an End of Interrupt command did not reset its IS 
bit (Le., while executing a service routine), the 82C59A 
would have inhibited all lower priority requests with no easy 
way for the routine to enable them. 

That is where the SpeCial Mask Mode comes in. In the 
SpeCial Mask Mode, when a mask bit is set in OCW1, it 
inhibits further interrupts at that level and enables interrupts 
from all other levels (lower as well as higher) that are not 
masked. 

Thus, any interrupts may be selectively enabled by loading 
the mask register. 

The special Mask Mode is set by OCW3 where: ESSM = 1, 
SMM = 1, and cleared where ESSM = 1, SMM = O. 

Poll Command 

In this mode, the INT output is not used or the 
microprocessor internal Interrupt Enable flip-flop is reset, 
disabling its interrupt input. Service to devices is achieved 
by software using a Poll command. 

The Poll command is issued by set1ing P = 1 in OCW3. 
The 82C59A treats the next RD pulse to the 82C59A (Le., 
RD = 0, CS = 0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a request, and reads the priority 
level. Interrupt is frozen from WR to RD. 

The word enabled onto the data bus during RD is: 

WO - W2: Binary code of the highest priority level 
requesting service. 

Equal to a "1" if there is an interrupt. 

This mode is useful if there is a routine command common to 
several levels so that the INTA sequence is not needed (saves 
ROM space). Another application is to use the poll mode to 
expand the number of priority levels to more than 64. 

LTIM BIT 
0= EDGE 
1 = lEVEL 

TO OTHER PRIORITY CELLS 

vcc 

IR 

EDGE 
SENSE 
LATCH 

8080/85 ( ( { 
INTA~ 

MODE FREEZE C "-r 
{ -80C86/ INTA 

88/288 __ _ 
MODE FREEZE ~ FREEZE READ WRITE 

IRR MASK 

READ IMR 
READ ISR 
MASTER CLR 

PRIORITY CELL - SIMPLIFIED LOGIC DIAGRAM 
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Reading the 82C59A Status 

The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via OCW3 (IRR and ISR) or OCW1 
(IMR). 

Interrupt Request Register (IRR): 8-bit register which 
contains the levels requesting an interrupt to be acknow
ledged. The highest request level is reset from the IRR when 
an interrupt is acknowledged. IRR is not affected by IMR. 

In-Service Register (ISR): 8-bit register which contains 
the priority levels that are being serviced. The ISR is 
l!pdated when an End of Interrupt Command is issued. 

Interrupt Mask Register: 8-bit register which contains 
the interrupt request lines wh ich are masked. 

The IRR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 0). 

The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 1). 

There is no need to write an OCW3 before every status read 
operation, as long as the status read corresponds with the 
previous one: i.e., the 82C59A "remembers" whether the 
IRR or ISR has been previously selected by the OCW3. This 
is not true when poll is used. In the poll mode, the 82C59A 
treats the RD following a "poll write" operation as an INTA. 
After initialization, the 82C59A is set to IRR. 

For reading the IMR, no OCW3 is needed. The output data 
bus will contain the IMR whenever RD is active and AO = 1 
(OCW1). Polling overrides status read when P = 1, R R = 1 
in OCW3. 

IR 

INT __ -+J 

INTA ---t---t-.. 

LATCH" 
ARMED 

EARUEST IR 
CAN BE 

REMOVED 

Edge and Level Triggered Modes 

This mode is programmed using bit 3 in ICW1. 

If LTIM = "0", an interrupt request will be recognized by a 
low to high transition on an IR input. The IR input can remain 
high without generating another interrupt 

H LTIM = "1", an interrupt request will be recognized by a 
"high" level on an IR input, and there is no need for an edge 
detection. The interrupt request must be removed before the 
EOI command is issued or the CPU interrupt is enabled to 
prevent a second interrupt from occurring. 

The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 
82C59A. Be sure to note that the request latch is a transpar
ent D type latch. 

In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first INTA. 
If the IR input goes low before this time a DEFAULT IR7 will 
occur when the CPU acknowledges the interrupt. This can 
be a useful safeguard for detecting interrupts caused by 
spurious noise glitches on the IR inputs. To implement this 
feature the IR7 routine is used for "clean up" simply execut
ing a return instruction, thus ignoring the interrupt. If IR7 
is needed for other purposes a default IR7 can still be 
detected by reading the ISR. A normal IR7 interrupt will set 
the corresponding ISR bit, a default IR7 won't. If a default 
IR7 routine occurs during a normal IR7 routine, however, 
the ISR will remain set. In this case it is necessary to keep 
track of whether or not the IR7 routine was previously 
entered. If another IR7 occurs it is a default. 

In power sensitive applications, it is advisable to place the 
82C59A in the edge-triggered mode with the IR lines 
normally high. This will minimize the current through the 
internal pull-up resistors on the IR pins. 

8OC861881286 
8080185 

LATCH" 
ARMED 

'EDGE TRIGGERED MODE ONLY 

IR TRIGGERING TIMING REQUIREMENTS 
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The Special Fully Nested Mode 

This mode will be used in the case of a big system where 
cascading is used, and the priority has to be conserved 
within each slave. In this case the special fully nested mode 
will be programmed to the master (using ICW4). This mode 
is similar to the normal nested mode with the following 
exceptions: 

a. When an interrupt request from a certain slave is in 
service, this slave is not locked out from the master's 
priority logic and further interrupt requests from higher 
priority IRs within the slave will be recognized by the 
master and will initiate interrupts to the processor. (In the 
normal nested mode a slave is masked out when its 
request is in service and no higher requests from the 
same slave can be serviced. 

b. When exiting the Interrupt Service routine the software 
has to check whether the interrupt serviced was the only 
one from that slave. This is done by sending a non
specific End of Interrupt (EOI) command to the slave and 
then reading its In-Service register and checking for 
zero. If it is empty, a non-specified EOI can be sent to the 
master, too. If not, no EOI should be sent. 

Buffered Mode 

When the 82C59A is used in a large system where bus 
driving buffers are required on the data bus and the 
cascading mode is used, there exists the problem of 
enabling buffers. 

The buffered mode will structure the 82C59A to send an 
enable signal on SP/EN to enable the buffers. In this mode, 
whenever the 82C59A's data bus outputs are enabled, the 
SP/EN output becomes active. 

This modification forces the use of software programming 
to determine whether the 82C59A is a master or a slave. Bit 
3 in ICW4 programs the buffered mode, and bit 2 in ICW4 
determines whether it is a master or a slave. 

Cascade Mode 

The 82C59A can be easily interconnected in a system of 
one master with up to eight slaves to handle up to 64 priority 
levels. 

The master controls the slaves through the 3 line cascade 
bus (CAS2 - 0). The cascade bus acts like chip selects to 
the slaves during the INTA sequence. 

In a cascade configuration, the slave interrupt outputs (INT) 
are connected to the master interrupt request inputs. 
When a slave request line is activated and afterwards 
acknowledged, the master will enable the corresponding 
slave to release the device routine address during bytes 
2 and 3 of INTA. (Byte 2 only for 80C86/88/286). 

The cascade bus lines are normally low and will contain the 
slave address code from the leading edge of the first INTA 
pulse to the trailing edge of the last INTA pulse. Each 
82C59A in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EOI command must be issued twice: once for the 
master and once for the corresponding slave. Chip select 
decoding is required to activate each 82C59A. Note: Auto 
EOI is supported in the slave mode for the 82C59A. 

The cascade lines of the Master 82C59A are activated only 
for slave inputs, non-slave inputs leave the cascade line 
inactive (low). Therefore, it is necessary to use a slave 
address of 0 (zero) only after all other addresses are used. 

CS AO D7 - Do INTA INT 

82C59A SLAVE A 82CS9A SLAVE B 
CAS 0 
CAS 1 
CAS 2 

MASTER 82C59A CAS 1 
CAS 2 

76543210 76543210 76543210 

GND 7 6 5 4 3 2 1 0 GND 7 6 5 4 3 2 1 0 

INTERRUPT REQUESTS 

CASCADING THE 82C59A 
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82C59A 

Absolute Maximum Ratings Reliability Information 
Supply Voltage •.••••••.•.•••••••.•..•••••••..••.•.. +II.ov Thermal Resistance 018 OJC 

100CIW 
fJOClW 

Ceramic DIP Package. • • • . . . . • • • • 47OC1W 
Ceramic LCC Package • • . • • • • • • . • 530CIW 

Input, Output or I/O Voltage ••••••••..••• GND-O.SV to Vcc+O.SV 
Storage Temperature Range .•.••••.••••.•••• ~SoC to + 1 SOOC 
Junction Temperature. • • . . . • • • . • • • . • . • • • . • • • • . . • . . . + 17SOC 
lead Temperature (Soldering lOs) ••.•..••••.•....•••. +3OOOC 

Maximum Package Power Dissipation at + 12SOC 

ESD Classification •••••••.•••.••••..••••••••...••. Class 1 
Ceramic DIP Package •..•••.•••..•••.•••••...••.•• 1.00W 
Ceramic LCC Package •.•...••••••••••••••••••••• 932mW 

Gate Count ••••.•••••••.•.•.•....•••••••••..•• 1250 Gates 

CAUTION; stresses above tho/Je listed In "Absolute Maximum RaNngs" may CS/JS8 permanent damage to the devlca. This Is a stress only ra~ng and operation 
0/ /he devlca at these or any other conditions above /hose indicated In the operational sections 0/ Ih/s spscifIca~on Is not impIisd. 

Operating Conditions 
Operating Voltage Range ••..••..•••.••••••••. +4.SV to +S.SV Operating Temperature Range 

C02CS9A •••••..•••••.•.•..••••••••••.•••• OOC to +70oC 
182CS9A ...••••••...•.•••.•.•••••••.•.•.. -400c to +85°C 
M02CS9A •••••.....••.••••.•••.•••.••••• -SSOC to + 12SoC 

DC Electrical Specifications vcc = +S.OV±10%, TA= ooc to +700C (C82CS9A), TA= -400e to +8SOC (182eS9A), TA= -SSOC to 
+12SoC (M82CS9A) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

VIH Logical One Input Voltage 2.0 V C82CS9A, IB2CS9A 
2.2 - V M82CS9A 

VIL LogiCal Zero Input Voltage - O.B V 

VOH Output HIGH Voltage 3.0 - - VV IOH=-2.SmA 
VCC -0.4 IOH m -10011A 

VOL Output LOW Voltage - 0.4 V IOL= +2.SmA 

II Input Leakage Current -1.0 +1.0 j1A VIN = GND or vee, Pins 1-3, 26-27 

10 Output Leakage Current -10.0 +10.0 I1A VOUT = GND or VCC, Pins 4-13, lS-16 

ILiR IR Input Load Current - -200 I1A VIN = OV, VIN = VCC 
- 10 I1A 

ICeSB Standby Power Supply - 10 j1A VCC = S.SV, VIN = VCC or GND Outputs 
Current Open, (Note 1) 

ICCOP Operating Power Supply - 1 mNMHz vee = 5.0V, CLK FREQ = 5MHz, VIN = vee 
Current or GND, Outputs Open, TA = +25oC, (Note 2) 

NOTES: 

1. Except for IRO - IR7 where VIN = VCC or open. 

2. Iceop = 1 rnNMHz of peripheral readlwrite cycle time, (ex: 1.OJ1s I/O readlwrite cycle time = 1 rnA). 

SYMBOL PARAMETER TYP UNITS TEST CONDITIONS . 

CIN Input Capacitance 15 pF FR~Q = lMHz, all measurements reference to 
device GND. 

COUT Output Capacitance 15 pF 

ClIO VOCapacitance 15 pF 
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Specifications 82C59A 

AC Electrical Specifications vcc = +5.0V ±lO%, GND = OV, TA = O"C 10 +7rf'C (C82C59A), TA = -40"C to +sSOC (I82C59A), 
TA = -55"C to + 12SOC (M82C59A) 

82C59A-5 82C59A 82C59A -12 
TEST 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS CONDITIONS 

TIMING REQUIREMENTS 

(l)TAHRL AOIICS Setup to RD/INTA 10 - 10 - 5 ns 

(2)TRHAX AOICS Hold after RD/INTA 5 - 5 - 0 - ns 

(3)TRlRH RDIINTA Pulse Width 235 - 160 - 60 - ns 

(4)TAHWL AOICS Setup to WR 0 - 0 0 0 - ns 

(5)TWHAX AOICS Hold after WR 5 - 5 - 0 - ns 

(6)TWlWH WR Pulse Width 165 - 95 - 60 - ns 

(7)TDVWH Data Setup to WR 240 - 160 - 70 - ns 

(S)TWHDX Data Hold after WR 5 - 5 - 0 - ns 

(9)TJWH Interrupt Request Width Low) 100 - 100 - 40 - ns 

(10)TCVIAL Cascade Setup to Second or Third 55 - 40 - 30 - ns 
INTA Slave Only) 

(ll)TRHRL End of RD to next RD, End of INTA 
wRhin an iNi'A sequence only 

160 - 160 - 90 - ns 

(12)TWHWl End of WR to next WR 190 - 190 - 60 - ns 

(13)TCHCL* End of Command to next command 500 - 400 - 90 - ns 
notsamecomman.2!L2e), End of INTA 
sequence to next INTA sequence 

TIMING RESPONSES 

(14)TRlDV Data Valid from RDiINTA - 160 - 120 - 40 ns 1 

(15)TRHDZ Data Float after RD/INTA 5 100 5 S5 5 22 ns 2 

(16)TJHIH Interrupt Output Delay - 350 - 300 - 90 ns 1 

(17)TIAlCV Cascade Valid from First INTA - 565 - 360 - 50 ns 1 
(Master Only) 

(lS)TRlEl Enable Active from RD or INTA - 125 - 100 - 40 ns 1 

(19)TRHEH Enable Inactive from RD or INTA - 60 - 50 - 22 ns 1 

(20)TAHDV Data Valid from Stable Address - 210 - 200 - 60 ns 1 

(21)TCVDC Cascade Valid to Valid Data - 300 - 200 - 70 ns 1 

* Worst case timing for TCHCl in an actual microprocessor system is typically greater than the values specified for the S2C59A. 
(i.e. SOSSA = 1.6J1S, S065A -2 = lJ1S, SOCS6 = lJ1S, SOC2S6 -10 = 131ns, SOC286 -12 = 98ns) 
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A. C. Test Circuit 

82C59A 

V1 
~ 

fR1 
OUTPUT FROM -? 
DEVICE UNDER -0---""'---+----0"" TEST 

TEST 1 POINT 
C1* ~R2 

~ 
* Includes Stray and Jig Capacitance 

TEST CONDITION DEFINITION TABLE 

TEST 
CONDITION 

2 

Vl 

1.7V 

vee 

Rl R2 

5230 Open 

1.BkO 1.BkO 

Cl 

100pF 

50pF 

A.C. Testing Input, Output Waveform 

INPUT 
VIH - OAV 

VIL- O.4V 

1.5V~ '--______ -'~ 1.5V 

OUTPUT 

VOH 

VOL 

A.C. Testing: All input signals must switch between VIL - O.4V and VIH + O.4V.lnput rise and fall 
times are driven at 1 nsN. 
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82C59A 

Timing Waveforms 
WR (6) 

WRITE 

READ/INTA 

OTHER TIMING 

INTA SEQUENCE 

NOTES: 

\t 
TWLWH 

V 

(4) Lr--I (5) 
TAHWL ----I TWHAX 

CS 

)if ADDRESS BUS 

AO 
(7) (8) 

TDVWH TWHDX 

DATA BUS ~ :K 

RDANTA 
(3) 

TRLRH 

EN---------------r~ 

(1) 
TAHRL 

(2) 
TRHAX 

CS--------~~--~----------~--~ ,--------------
ADDRESS BUS 

AO ---------/ 
(14) (15) 

DATA BUS __ _ ~ 
RD 

INTA \ 1 (11) } / TRHRL 

WR 

\ 1 } / (12) 

RD TWHWL 

INTA 

\ 1. WR (13) 
TCHCL 

RD " 
INTA / WR 

IR 

SEE NOTE 3 SEE NOTE 4 

INT __________ -J 

INTA ----------------, 
SEE NOTE 1 -~ 

DB--------

CAS 0 -2 __________________ ~--~~----~--~----------~-------
(17) (21) 

TIALCV TCVDV 

1. Interrupt Request (lR) must remain HIGH until leading edge of first INTA. 3. 80C86/88/286 mode. 

2. During first INTA the Data Bus is not active in 80C86/88/286 mode 4. 808018085 mode. 
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Burn-In Circuits 

NOTES: 
VCC = 5.5V ± 0.5V 
VIH = 4.5V ± 10% 
VIL = -0.2V to O.4V 
GND=OV 
R1 = 47kO ± 5% 
R2=5100±5% 
R3 = 10kO ± 5% 
R4 = 1.2kO ± 5% 
C1 = 0.01~F min 
FO = 100kHz ± 10% 

GNO 

WR 
ii5 
07 

D6 

OS 

04 

03 

02 

01 

DO 

CASO 

CAS 1 

GNO 

F1 = FO/2, F2 = F1/2, ... FB = F7/2 

R1 

R1 

R1 

R1 

R1 

R1 

R1 

R1 

R1 

R1 

R1 

R3 

R3 

D6 
R1 

OS 
R1 

D4 
R1 

03 
R1 

02 
R1 

01 
R1 

DO 
R1 

82C59A 

MDB2C59A CERAMIC DIP 

VCC 
R1 

AO ~C1 R1 
iNi'A 

R2 
IR7 

R2 
IR6 

R2 IRS 

R2 
IR4 

R2 
IR3 

R2 
IR2 

VCC 

R2 
IR1 

R2 R3 
IRO 

A 
A 

R3 
SP/EN R3 

R3 
CAS2 

MR82C59A CERAMIC LCC 

R2 
IR7 

~) t~4 R2 IR6 
-, 

f23 R2 
7' IRS -, "-

R2 IR4 ~] [~2 
~] [~1 R2 IR3 

1'01 [~o R2 IR2 -, 
1j} R2 IR1 
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82C59A 

Metallization Topology 

DIE DIMENSIONS: 
154.3 x 173.2 x 19 ± 1mils 

METALLIZATION: 
Type: Si· AL 
Thickness: 11kA ± 1kA 

GLASSIVATION: 
Type: Si02 
Thickness: akA ± 1 kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIp· 460°C (Max) 

Ceramic LCC • 420°C (Max) 

WORST CASE CURRENT DENSITY: 
1.64 x 105 Alcm2 

Metallization Mask Layout 

82C59A 

07 RO WR es vce AO INTA 

06 

05 

04 

D3 

02 

01 

DO 

CASO CASI GNO CAS2 INT 
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Features 

• Full Eight-Bit Parallel latching Buffer 

• Bipolar 8282 Compatible 

• Three-State Nonlnvertlng OUtputs 

• Propagation Delay ••••••••••••••••••••• 35ns Max. 

• Gatedlnputs: 
- Reduce Operating Power 

- Eliminate the Need for Pull-Up Resistors 

• Single SV Power Supply 

• Low Power Operation •••••••••••••• ICCSB = 10llA 

• Operating Temperatura Ranges 
- C82C82 •••••••••••••••••••••••••• OOC to +70oC 

- 182C82 •••••••••••.••••••••••••• -40°C to +8SoC 

- M82C82 •••••••.••••••.•••..••• -sSOC to + 125°C 

Pinouts 

82C82 
CMOS Octal Latching Bus Driver 

Description 
The Harris 82C82 is a high performance CMOS Octal latch
ing Buffer manufactured using a self·aligned silicon gate 
CMOS process (Scaled SAlI IV). The 82C82 provides an 
eight-bit parallellatchlbuffer in a 20 pin package. The active 
high strobe (STB) input allows transparent transfer of data 
and latches data on the neQ!!!.ve transition of this signal. The 
active low output enable (OE) permits simple interface to 
state·of-the-art microprocessor systems. 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE ORDER CODE 

PlasticOIP O"C to +7000 CP82C82 

-4O"C to +8500 IP82C82 

PLCC O"C to +7O"C CS82C82 

-4O"C to +8500 IS82C82 

CeramlcOIP OOC to + 70"C C082C82 

-40"C to +8500 I082C82 

-5500 to +125°C M082C82/B 

SMOII 8406701RA 

LCC ·5500 to +125OC MR82C82/B 

SMOII 84067012A 

TRUTH TABLE 
20 LEAD DIP 20 LEAD PLCC AND LCC 

STB oe III 00 
TOP VIEW TOP VIEW 

-B If 0 ~ ~ i5 

DOo • 
001 

002 

DOa 
004 

DOs 
00. 
!lOr 

0 ... 8 ~ Z l-
e:! '" 

CAUTION: Thea. davicea are aensH1Y8 to electrostaUc discharge. Users should follow propar I.C. Handling Procedures. 
Copyright 0 Harris Corporation 11192 

4-256 

X H X H~Z 

H L L L 

H L H H 

J. L X 

H = Logic One 
L = Logic Zero 
X = Don't Care 

= Latched to Value of Last 
Data 

Hi-Z ~ High Impedance 
J. = Neg. TransHlon 

PIN NAMES 

PIN DESCRIPTION 

010-017 Data Input Pins 

000-007 Data Output Pins 

STB ActIY8 High Strobe 

OE Active Low Output 
Enable 

File Number 2975 



82C82 

Functional Diagram 

Gated Inputs 
During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input 
switching threshold. Additionally, if the driving signal be
comes high impedance ("float" condition), it could create an 
indeterminate logic state at the input and cause a disruption 
in device operation. 

The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device 
is disabled (OE = logic one for 82C86H/87H). These gated 
inputs disconnect the input circuitry from the VCC and 
ground power supply pins by turning off the upper 
P-channel and lower N-channel (see Figures 1, 2). No new 
current flow from VCC to GND occurs during input transi
tions and invalid logic states from floating inputs are not 
transmitted. The next stage is held to a valid logic level 
internal to the device. 

vee 

STB 

DATAIN----~------------__+ 

FIGURE 1. 82C82/83H 

INTERNAL 
DATA 

D.C. input voltage levels can also cause an increase in ICC 
if these input levels approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input 
circuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this condi
tion will occur only during the time the device is in the trans
parent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10mA during the 
time inputs are disabled, thereby greatly reducing the 
average power dissipation of the 82C8X series devices. 

Typical 82C82 System Example 

In a typical 80C86/88 system, the 82C82 is used to latch 
multiplexed addresses and the STB input is driven by ALE 
(Address Latch Enable) (see Figure 3). The high pulse width 
of ALE is approximately 1 DOns with a bus cycle time of 
800ns (80C86/88 @ 5MHz). The 82C82 inputs are active 
only 12.5% of the bus cycle time. Average power dissipation 
related to input transitioning is reduced by this factor also. 

vcc 

DATA IN ---t------------4 INTERNAL 
DATA 

FIGURE 2. 82C86H/87H GATED INPUTS 
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82C82 

Application Information 

Decoupling Capacitors 

The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C82 data sheet 
is determined by 

I = CL (dv/dt) 

Assuming that all outputs change state at the same time 
and that dv/dt is constant; 

1= CL 

(VCC x 80%) 

tR/tF 

where tR = 20ns, VCC = 5.0V, CL = 300pF on each of eight 
outputs. 

1= (S x 300 x 10-12) x (5.0V x 0.S)/(20 x 10-9) 

=4S0mA 

ALE 

This current spike may cause a large negative voltage spike 
on VCC, which could cause improper operation of the 
device. To filter out this noise, it is recommended that a 
O.ljlF ceramic disc decoupling capacitor be placed 
between VCC and GND at each device, with placement 
being as near to the device as possible. 

vee 

STB 
MULTI
PLEXED ::xADDRES§>----«::=::JXADDRESS>c: 

BUS DATA IN --11--------+ INTERNAL 
DATA 

lee--A~ ________________ ~A ________ __ 

FIGURE 3. SYSTEM EFFECTS OF GATED INPUTS 
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Specifications 82C82 

Absolute Maximum Ratings 
Supply Voltage •...•...............•................ +B.OV 
InpU1, Output or I/O Voltage ..••......... GND-O.5V to Vcc+O.5V 
Storage Temperature Range •........•.•••..• -65°C to +150oC 
Junction Temperature .............................. + 175°C 
Lead Temperature (Soldering lOs) ............•....... +3OOoC 
ESD ClassifICation ........•....•...........•...... Class 1 

Reliability Information 
Thermal Resistance .... • .. • • .. • • • .. a.. 

Ceramic DIP Package. . . . . . . . . . . . . 79"C1W 
Ceramic LCC Package •. • . • • • • . . • . 76°CIW 

Maximum Package Power Dissipation at + 125°C 

8)0 
200CIW 
19"CIW 

Ceramic DIP Package •••.•••..•.•...•••.•........ 638mW 
CeramIC LCC Package ........................... 664mW 

Gate Count ..................................... 65 Gates 
CAUTION Stresses abo ... those lIsted In "Absolute MaxImum RatIngs" may cause permanent damage to the device. ThIs IS a stress only rabng and operabon 
of the deVIce at these or any other conditions abo ... those indIcated In the operational sectIOns of thIS speclflcabon IS not implIed. 

Operating Conditions 
Operating Voltage Range. . • . . . . . • . . . . . . . . . . .. -t4.5V to +5.5V Operating Temperature Range 

DC Electrical Specifications vcc = 5.0V ± 10%; 

SYMBOL PARAMETER MIN 

VIH Logical One Input Voltage 2.0 

2.2 

VIL LogICal Zero Input Voltage 

VOH Logical One Output Voltage 2.9 

VCC-0.4V 

VOL Logical Zero Output Voltage -
II Input Leakage Current -1.0 

10 Output Leakage Current -10.0 

ICCSB Standby Power Supply Cur- -
rent 

ICCOP Operating Power Supply 
Current 

NOTES: 

C82C82 .................................. OOC to +700C 
182C82 ...•....•.......................•. -40"C to +85°C 
M82C82 ..•.........................•... -55°C to + 125°C 

TA = OOC to +700C (C82C82); 
TA = -40°C to +85"0 (I82C82); 
TA = -55°C to +125°C (M82C82) 

MAX UNITS TEST CONDITIONS 

- V C82C82, 182C82 (Note 1) 

- V M82C82 (Note 1) 

0.8 V 

V 10H = -8mA, OE = GND 

- V 10H = -loollA, OE = GND 

0.4 V 10L = 8mA, OE = GND 

1.0 IIA VIN = GND or VCC, DIP Pins 1-9, 11 

10.0 IIA VO = GND or VCC, OE ~ VCC -0.5V 
DIP Pins 12-19 

10 IIA VIN = VCC or GND, VCC = 5.5V, Outputs Open 

1 mAIMHz TA = +25°C, VCC = 5V, Typical (See Note 2) 

1. VIH is measured by applying a pulse of magnitude = VIHmln to 
one data Input at a time and checking the corresponding device 
oU1put for a valid logical "I" dUring valid input high nme. Control 
pins (STB, OE) are tested separately With all device data Input 
pins at VCC -0.4 

2. TYPICal ICCOP = 1 mAlMHz of STB cycle time. (Example: 5MHz 
1lP. ALE = 1.25MHz, ICCOP = 1.25mA). 

Capacitance TA = +25°C 

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 

CIN Input Capacitance 13 pF Freq = 1 MHz, all measurements are 
referenced to devICe GND 

COUT Output Capacitance 20 pF 
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Specifications 82C82 

AC Electrical Specifications vcc z 5.0V ±10%; 
CL = 300pF", Freq = lMHz 

SYMBOL PARAMETER 

(1) TIVOV Propagation Delay Input to Oulput 

(2) TSHOV Propagation Delay STB to Oulput 

(3) TEHOZ Oulput Disable Time 

(4) TELOV Oulput Enable Time 

(5) TIVSL Input to STB Setup Time 

(6) TSLiX Input to STa Hold Time 

(7) TSHSL STB High Time 

(S) TR,TF Input RIseJF all Times 

MIN 

-
-
-
-
0 

25 

25 

-

T A = O"C to + 7O"C (C82C82); 
TA = -40"C to +85"C (I82C82); 
TA • -55"C to + 125°C (MS2C82) 

MAX UNITS 

35 ns 

55 ns 

35 ns 

50 ns 

- ns 

- ns 

- ns 

20 ns 

"Output load capacitance is rated at 300pF lor ceramic and plastic packages. 

NOTES: 

TEST CONDITIONS 

Notes I, 2 

Notes I, 2 

Notes I, 2 

Notes I, 2 

Notes I, 2 

Notes I, 2 

Notes I, 2 

Notes 1,2 

1. All AC parameters tested as per test circuits and delinitions 
below. Input rise and lall times are driven at 1 nsN. 

2. InputtestsignalsmusiswitchbetweenVIL-O.4VandVIH+O.4V. 

Timing Waveforms 

INPUTS 

nVSL (5) TSLiX __ -I=~::::::;~ (6) -

STB 

OUTPUTS 

Test Load Circuits 

1.7V 

1500 

OUTPUT 
TEST 
POINT 

TIVOV, TSHOV, TELOV 

TEHOZ(3) 

O.6V 

T- TEST 
OUTPUT 

± 
POINT 

0 0 

-~ 
TEHOZ OUTPUT HIGH DISABLE 

" Includes stray and jig capacitance 
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Burn-In Circuits 

F2 _R_3--''''',..,.--I ~] 
F2 _R_3--''''',..,.--I 

F2 _R-,3--''''',..,.--I 

NOTES: 
VCC = 5.5V ± 0.5V, GND = OV 
VIH = 4.5V ± 10% 
VI L = -0.2V to O.4V 
Rl = 47kn ± 5% 
R2 = 2.0kQ ± 5% 
R3 = 4.2kQ ± 5% 
R. = 470kQ ± 5% 
Cl = O.OII1F minimum 
FO = 100kHz ± 10% 
F1 = FO/2, F2 = FII2 

82C82 

MD 82C82 CERAMIC DIP 

VCC 

C1 

1----11. 

1----11. 

1----11. 

1-----11. VCC 

1----11. 

1----11. 

1-----11. 

I--M_- F1 

A 

MR 82C82 CERAMIC LCC 

VCC C1 

F2 F2 F2 VCCl2 

r-., r-., r-., r-., r-., 
19 11 10' 111111211131 
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E41--R,.;.31V'\I\o_- VCCl2 
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Metallization Topology 

DIE DIMENSIONS: 
118.1 x92.1 x 19± 1mils 

METALLIZATION: 
Type: Si - AI 
Thickness: 11 kA ± 1 kA 

GLASSIVATION: 
Type: Si02 
Thickness: 8kA ± 1 kA 

DIE ATTACH: 

82C82 

Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 
2.00 x 105 Ncm2 

Metallization Mask Layout 

82C82 
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February 1992 

Features 

• Full Eight-Bit Parallel Latching Buffer 

• Bipolar 8283 Compatible 

• Three State Inverting Outputs 

• Propagation Delay ••..•.••.••••••••••••• 25ns Max 

• Gated Inputs: 

- Reduce Operating Power 

- Eliminate the Need for Pull-up Resistors 

• Single SV Power Supply 

• Low Power Operation 

- ICCSB .•..••.•..•.......•..•.....•..•.. 10mA 

• Operating Temperature Ranges 

- C82C83H •.••••..•..•..•..••.••..• OOC to +70oC 

- 182C83H •............••.••••••.• -40°C to +8SoC 

- M82C83H .•.•.••.•••••.•••••••• -55°C to + 125°C 

Pinouts 

Description 

82C83H 
CMOS Octal Latching 

Inverting Bus Driver 

The Harris 82C83H is a high performance CMOS Octal 
Latching Buffer manufactured using a self-aligned silicon 
gate CMOS process (Scaled SAJIIV). The 82C83H provides 
an eight-bit parallel latchlbuffer in a 20 pin package. The 
active high strobe (STB) input allows transparent transfer of 
data and latches data on the negative transition of this 
signal. The active low output enable (OE) permits simple 
interface to microprocessor systems. The 82C83H provides 
inverted data at the outputs. 

Ordering Information 
TEMPERATURE 

PACKAGE RANGE ORDER CODE 

Plastic DIP 0"0 to +70"C CP82C83H 

-40°C to +8SoC IP82C83H 

PLCC 0"0 to + 70°C CS82C83H 

-40oC to +8SoC IS82C83H 

Ceramic DIP OOC to +70oC CD82C83H 

_40°C to +8SoC ID82C83H 

-SSoC to + 12SoC MD82C83H1B 

SMD# 8406702RA 

LCC -SSoC to + 12SoC MR82C83HIB 

SMDII 84067022A 

TRUTH TABLE 
20 LEAD DIP 

20 LEAD PLCC AND LCC 
TOP VIEW STB OE 01 DO TOP VIEW 

010 Vcc € is '5 ~ 18 
Dll Doo 
Dl2 001 • 
Dl3 DOz 
Dl4 00, 
Dis 004 

Dis 005 
Dl7 00. 
OE COr 

GNO STB 

~ 0 I!! 18 18 z 

" .. 

X 
H 
H 
J. 

H = Logic One 
L = Logic Zero 
X = Don't Care 

H 
L 
L 
L 

X Hi-Z 
L H 
H L 
X . 

Hi-Z = High Impedance 
J. = Neg. Transition 

• = Latched to Value of Last Data 

PIN NAMES 

PIN DESCRIPTION 

010 - 017 Data Input Pins 

Data Output Pins 

Active High Strobe 

Active Low OUtput Enable 

CAUTION: These devices are sensHive to electroslaUc discharge. Users should follow proper I.C. Handling Procedures. File Number 2971 
Copyright @ Harris Corporation 1992 
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82C83H 

Functional Diagram 

sTa 

Gated Inputs 

During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated Input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input 
switching threshold. Additionally, if the driving signal 
becomes high impedance ("float" condition), it could create 
an indeterminate logic state at the inputs and cause a 
disruption in device operation. 

The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device 
is disabled (OE = logic one for the 82C86H/87H). These 
gated inputs disconnect the input circuitry from the VCC 
and ground power supply pins by turning off the upper 
P-channel and lower N-channel (See Figures 1 and 2). No 
current flow from VCC to GND occurs during input 
transitions and invalid logic states from floating inputs are 
not transmitted. The next stage is held to a valid logic level 
internal to the device. 

vee 

STB 

DATA IN --;---------1 

FIGURE 1. 82C82/83H 

INTERNAL 
DATA 

D.C. input voltage levels can also cause an increase in ICC 
if these Input levels approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input 
circuitry in its linear operating region (partially conducting 

state). The 82C8X series gated inputs mean that this 
condition will occur only during the time the device is in the 
transparent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 101lA during the 
time inputs are disabled, thereby greatly reducing the 
average power dissipation of the 82C8X series devices. 

vcc 

DATA IN --4--------+ INTERNAL 
DATA 

FIGURE 2. 82C86H/87H GATED INPUTS 

Decoupling Capacitors 
The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C83H data 
sheet is determined by 

I = CL (dv/dt) 

Assuming that all outputs change state at the same time 
and that dv/dt is constant; 

(VCcx80%) 
I=CL ------

tR/tF 

where tR = 20ns, VCC = S.OV, CL = 300pF on each eight 
outputs. 

I = (8 x300x 10-1 2) x (S.OV x 0.8)/(20 x 10-9)= 480mA 

This cu rrent spike may cause a large negative voltage spike on 
VCC which could cause improper operation of the 
device. To filter out this noise, it is recommended that a O.lIlF 
ceramic disc capacitor be placed between VCC and GND at 
each device, with placement being as near to the device as 
possible. 

ALE 

~~~~~==~A~D~D~R~~~---~:::::)~A~D@D~R~~~C:: 
BUS 
Icc--AI....-_________ ./'AL-___ _ 

vcc 

8TB 

DATA IN--t-------t INTERNAL 
DATA 

FIGURE 3. SYSTEM EFFECTS OF GATED INPUTS 
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Specifications 82C83H 

Absolute Maximum Ratings 
Supply Voltage .•..••.•..........•.•..•..••..•••••.. +8.ov 
Input, Output or VO Voltage •....•..••... GNDoO.SV to Vee+O.SV 
Storage Temperature Range •••....••••.•.••• -6S"O to + 150°C 
Junction Temperature. . • • • • • . • • . . . • • • . • • • • • . • • • • . •. + 17SoC 
Lead Temperature (Soldering lOs) .................... +300oC 
ESD Classification •••••••.•..••••.••••.•...•••..•. Class 1 

Reliability Information 
Thermal Resistance OJ. 

Ceramic DIP Package. • • • • • • • • • • •• 700c/w 
Ceramic LCC Package .••• . • • • • • • • 76"O/w 

Maximum Package Power Dissipation at + 12S"O 

9 .. 
lS"CIW 
19"CIW 

Ceramic DIP Package •.••.••..•...•••.•••.•••.••• 720mW 
Ceramic LCC Package •.•••.•.••••••••...••••••.. 664mW 

Gate Count •••.•••••..••..••.•••..••••••••••••• 265 Gates 

CAUTION: Stresses abOII8 those listed In "Absolultl Maximum Ratings" may cause permanent damage to the device. This Is a stress only /BUng and Op8/B/ion 
of the device at these or any other conditions aboll8 those IndICated In the ",e/Bttonal sections of this specification Is not l".,ned. 

Operating Conditions 
Operating Voltage Range .••...•.•...•••••.•.. +4.SV to +S.SV Operating Temperature Range 

C62C63H ••...••••.••••.•.••••..•.••.••••• O"C to +70"C 
I62C63H •••••••..•..••.•••.••...••.•••.. -40"C to +85°C 
M82C83H •••.••••.••.•••.•••••...•••.•• -5500 to + 12SoC 

DC Electrical Specifications Vee = 5.0V ± 10%; TA = oOC to +70oC (C82C83H); 
TA = -40OC to +850C (I82C83H); 
TA = -55°C to +1250C (M82C83H) 

SYMBOL PARAMETER MIN 

VIH Logical One Input Voltage 2.0 
2.2 

VIL Logical Zero Input Voltage 

VOH Logical One Output Voltage 3.0 
Vee OO.4V 

VOL Logical Zero Output Voltage 

II Input Leakage Current -10 

10 Output Leakage Current -10 

ICCSB Standby Power Supply Current -

ICCOP Operating Power Supply Current -

NOTES: 

1. VIH is measured by applying a pulse of magnitude = VIHmon to one 
data input at a bme and checking the corresponding device 
output for a valid logical "1" dUring valid input high time. Control 
pins (STB, OE) are tested separately with all device data input 
pins at Vec oO.4V. 

Capacitance TA = +250C 

SYMBOL PARAMETER TYPICAL 

CIN Input Capacitance 13 

COUT Output CapaCitance 20 

MAX UNITS TEST CONDmONS 

- V C82C63H, IB2C63H 
MB2C63H, (Note 1) 

0.8 V 

- V IOH=-8mA, 
10H = -l00mA, OE = GND 

0.45 V IOL = 20mA, OE = GND 

10 IIA VIN = GND or Vee, DIP Pins 1-9, 11 

10 !LA Vo = GND or OE ~ Vee -O.SV 
DIP Pins 12-19 

10 !LA VIN = Vee or GND 
Vee = 5.SV Outputs Open 

1 mAl TA = +2SoC, Vee = 5V, Typical 
MHz (See Note 2) 

2. TypicallCCOP = 1 mAlMHz of STB cycle time. (Example: SMHz 
liP, ALE = 1.25MHz, ICCOP = 1.2SmA). 

UNITS TEST CONDmONS 

pF FREQ = 1 MHz, all measurements are 

pF 
referenced to device GND 
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Specifications 82C83H 

AC Electrical Specifications Vee = 5.0V ± 10%; CL = 300pF', FREQ = 1MHz 
TA = oOC to +70oC (C82C83H); 
TA -40°C to +85°C (182C83H); 
TA = -55°C to +1250C (M82C83H) 

LIMITS 

SYMBOL PARAMETER MIN MAX 

(l)TIVOV Propagation Delay Input to Output 5 25 

(2) TSHOV Propagation Delay STB to Output 10 50 

(3)TEHOZ Output Disable Time 5 22 

(4)TELOV Output Enable Time 10 45 

(5) TIVSL Input to STB Set Up Time 0 -

(6) TSLIX Input to STB Hold Time 30 

(7) TSHSL STB High Time 15 -

(8)TR, TF Input Rise/Fall Times - 20 

NOTES: 

UNITS TEST CONDITIONS 

ns See Notes 1 , 2 

ns See Notes 1, 2 

ns See Notes 1 , 2 

ns See Notes 1 , 2 

ns See Notes 1 , 2 

ns See Notes 1, 2 

ns See Notes 1, 2 

ns See Notes 1 , 2 

• OUtput load capacttance is rated 300 pF for both ceramic and 
plastic packages 1. All A.C. Parameters tested as per test load circuits. Input rise and 

fall times are driven at 1 nsIV. 

2. Input test signals must switch between V ,L -O.4V and V,H +O.4V. 
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Timing Waveform 

INPUTS 

STB 

OUTPUTS 

82C83H 

TIVSL (5) TSUX 
(6) -

TEHOZ(3)-

3.0V 
O.45V 

All timing measurements are made at 1. 5V unless otherwise noted. 

Test Load Circuits 

2.27V 1.SV 

~t.n. 
OUTPUT TEST 

POINT 

3OOPF*~ 

~aon. 
OUTPUT TEST 

POINT 

3OOPF*~ 

TIVOV, TSHOV TELOV OUTPUT HIGH ENABLE 

loSV 2.27V 

~1.n. 
OUTPUT TEST 

POINT 

3OOPF*~ 

~1.n. 
OUTPUT TEST 

POINT 

5OpF* ~ 

TELOV OUTPUT LOW ENABLE TEHOZ OUTPUT LOW/HIGH DISABLE 

*Includes Jig and stray capacitance 
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Burn-In Circuits 

F2 

F2 

F2 

F2 

F2 

F2 

F2 

F2 

FO 

NOTES: 

vee = 5.5V ± 0.5V GND = OV 
VIH = 4.5V ± 10% 
VIL = -0.2 10 0.4V 
R1 = 47kO ± 5% 
R2 = 2.okO ± 5% 
R3 = 1.0kO ± 5% 
R4 = 5.0kO ± 5% 
C1 - O.01J1F Minimum 
FO = 100kHz ± 10% 
F1 = FO/2. F2 = F1/2. F3 = F2/2 

82C83H 

MD82C83H CERAMIC DIP 

vee 

e1 

~ 
A 

A 

A 

A 
R1 

A 
R1 

A 
R1 A 

A 
R1 

F1 

MR82C83H CERAMIC LCC 

vee e1 

F2 F2 F2 t-:-=-I~ 

R4 
F2-.....IV\J'\,...--! 

R4 
F2-.....IV\J'\,...--! 

R4 
F2-.....IV\J'\,...--! 

R4 
F2---JW"---I 

R4 _. 
F2--I\I'."'---f IlJ 

_--"VV'.-.... vee -2-

r-"I P-" .-., p-., p-" 
'9' 'lO! '11"12' '13' 
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Metallization Topology 
DIE DIMENSIONS: 

138.6 x 155.5 x 19 ± 1 mils 

METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 
Type: Si02 
Thickness: 8kA ± 1 kA 

DIE ATTACH: 

82C83H 

Material: Gold - Silicon Eutectic Alloy (LCC has Gold 
Preform) 
Temperature: Ceramic DIP - 4600 C (Max) 

Ceramic LCC - 4200 C (Max) 

WORST CASE CURRENT DENSITY: 
2.0 x 105 A/cm2 

Metallization Mask Layout 

012 011 

Dl3 

Dl4 

015 

016 

82C83H 

DID vee 
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February 1992 

Features 
• Generates the System Clock For CMOS or NMOS 

Microprocessors 

• Up to 25MHz Operation 

• Uses a Parallel Mode Crystal Circuit or External 
Frequency Source 

• Provides Ready Synchronization 

• Generates System Reset Output From Schmitt Trigger 
Input 

• TTL Compatible InputS/Outputs 

• Very Low Power Consumption 

• Single SV Power Supply 

• Operetlng Temperature Ranges 

· C82C84A ......................... + 
• 182C84A ........................ -40°C to +&soC 

• M82C84A •••••••••••••••••••••• -SS°C to +125°C 

Pinouts 
18 LEAD DIP 

TOP VIEW 

82C84A 
CMOS Clock Generator Driver 

Description 
The Harris 82C84A is a high performance CMOS Clock 
Generator-driver which is designed to service the require
ments of both CMOS and NMOS microprocessors such as 
the 8OC86, 8OC88, 8086 and the 8088. The chip contains a 
crystal controlled oscillator, a divide-by-three counter and 
complete "Ready" synchronization and reset logic. 

Static CMOS circuit design permits operation with an exter
nal frequency source from DC to 25M Hz. Crystal controlled 
operation to 25MHz is guaranteed with the use of a parallel, 
fundamental mode crystal and two small load capacitors. 

All inputs (except Xl and RES) are TIL compatible over 
temperature and voltage ranges. 

Power consumption is a fraction of that of the equivalent 
bipolar circuits. This speed-power characteristic of CMOS 
permits the designer to custom tailor his system design with 
respect to power and/or speed requirements. 

PACKAGE 

Plastic DIP 

PLCC 

Ceramic DIP 

SMD# 

LCC 

SMD# 

TEMPERATURE 
RANGE ORDER CODE 

ooc to+700C CP82C64A 

-40"C to +85"C IP82C84A 

OOC to +700C CS82C84A 

-400C to +85OC IS82C84A 

OOC to+700C CD82C84A 

-4ooC to +85°C ID82C84A 

-55°C to +12500 MD82C84NB 

8406801VA 

-55"C to +12500 MR82C84AIB 

84068012A 

20 LEAD PLCC AND LCC 
TOP VIEW 

l!J L!J l~J L2JJ ::'.!..: -, 
RIJVI ~J X2 

ASVNC 

ER 

Fie 
-, 
!oj NC 

r-.. p-.. p-.. r-... p-, 

'9' '10' 'II' '12' '13' 

CAUTION: Th"". devices ara eansIIiva to alactroatatlc discharge. Users should follow proper I.e. Handling Procedures. File Number 2974 
Copyright @ Hatrls Corporation 1992 
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Functional Diagram 

RES 

Xl 

X2 

Fie 

EF1 
CSYNC 

RDY1 

RDY2 

'AEN'2 

ASYNc 

CONTROL PIN 

FIC 

RES 

RDY1, RDY2 

AEN1, AEN2 

ASYNC 

82C84A 

LOGICAL 1 

External Clock 

Normal 

Bus Ready 

Address Disabled 

1 Stage Ready 
Synchronization 
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LOGICAL 0 

Crystal Drive 

Reset 

Bus Not Ready 

Address Enable 

2 Stage Ready 
Synchronization 

PCLK 

CLK 

READY 
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82C84A 

Pin Description 

SYMBOL NUMBER TYPE DESCRIPTION 

AEN1, 3,7 I ADDRESS ENABLE: AEN is an active lOW signal. AEN se~ qualify its respective.!!!!! 
'AE'N2 Ready Signal (RDYl or RDY2). AENl validates RDYl while AEN2 validates RDY2 Two AEN 

signal inputs are useful in system configurations which permit the~essor to access two Multi-
Master System Busses. In non-Multi-Master conligurations, the AEN Signal inputs are tied true 
(lOW). 

RDY1, 4,6 I BUS READY (Transfer Complete). ROY is an active HIGH signal which Is an indication from a 
RDY2 device located on the system data bus th~ has been received, or is available RDYl is qual-

ified by AENl while RDY2 is qualified by AEN2. 

ASYNC 151 READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization 
mode of the ~Iogic. When ASYNC is low, two stages of READY synchronization are pro-
vided. When ASYNC is left open or HIGH a single stage of READY synchronization Is provided. 

READY 5 0 READY: READY Is an active HIGH signal which is the synchronized ROY signal input. READY 
is cleared after the guaranteed hold time to the processor has been met. 

Xl,X2 17,16 10 CRYSTAL IN: Xl and X2 are the pins to which a crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency." 

Fie 13 I FREQUENCY/CRYSTAl SELECT: FIe is a strapping option. ~hen strapped lOW. F/C permits 
the processor's clock to be generated by the crystal. When F/C is strapped HIGH, ClK is gen-
erated for the EFI input." 

EFI 14 I EXTERNAL FREQUENCY IN: When F/C is strapped HIGH, ClK is generated from the input 
frequency appearing on this pin. The input signal is a square wave 3 times the frequency of the 
deSired ClK output. 

ClK 8 0 PROCESSOR CLOCK: ClK is the clock output used by the processor and all devices which 
directly connect to the processor's local bus. ClK has an output frequency which is 113 of the 
crystal or EFI input frequency and a 1/3 duty cycle. 

PClK 2 0 PERIPHERAL CLOCK: PClK is a peripheral clock signal whose output frequency is 1/2 that of 
ClK and has a 50% duty cycle. 

OSC 12 0 OSCilLATOR OUTPUT: OSC IS the output of the internal oscillator circuitry. Its frequency is 
equal to that of the crystal. 

RES 11 I RESET IN: RES is an active lOW signal which is used to generate RESET. The 82C84A 
provides a Schmitt trigger input so that an RC connection can be used to establish the power-up 
reset of proper duration. 

RESET 10 0 RESET: RESET Is an active HIGH signal~h is used to reset the 8OC86 family processors. Its 
timing characteristics are determined by RES. 

CSYNC 1 I CLOCK SYNCHRONIZATION: CSYNC Is an active HIGH signal which allows multiple 82C84As 
to be synchronized to provide clocks that are in phase. When CSYNC Is HIGH the internal 
counters are reset. When CSYNC goes lOW the internal counters are allowed to resume count-
ing. CSYNC needs to be externally synchronized to EFI. When using the internal oscillator 
CSYNC should be hardwired to ground. 

GND 9 Ground 

VCC 18 VCC: the +5V power supply pin. A 0.1 ~F capacitor between VCC and GND is recommended for 
decoupling. 

" If the crystal inputs are not used Xl must be tied to VCC or GND and X2 should be left open. 
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82C84A 

Functional Description 
Oscillator 

The oscillator circuit of the 82C84A is designed primarily for 
use with an external parallel resonant, fundamental mode 
crystal from which the basic operating frequency is derived. 

The crystal frequency should be selected at three times the 
required CPU clock. X1 and X2 are the two crystal input 
crystal connections. For the most stable operation of the 
oscillator (OSC) output circuit, two capacitors (C1 = C2) as 
shown in the waveform figures are recommended. The out
put of the oscillator is buffered and brought out on OSC so 
that other system tim ing signals can be derived from this sta
ble, crystal-controlled source. 

TABLE 1. CRYSTAL SPECIFICATIONS 

PARAMETER TYPICAL CRYSTAL SPEC 

Frequency 2.4 - 25M Hz, Fundamental, -AT' cut 

Type of Operation Parallel 

Unwanted Modes 6dS (Minimum) 

Load Capacitance 18 - 32pF 

Capacitors C1, C2 are chosen such that their combined 
capacitance 

CT = C1 x C2 (Including stray capacitance) 
C1 +C2 

matches the load capacitance as specified by the crystal 
manufacturer. This insures operation within the frequency 
tolerance specified by the crystal manufacturer. 

Clock Generator 

The clock generator consists of a synchronous divide-by
three counter with a special clear input that inhibits the count
ing. This clear input (CSYNC) allows the output clock to be 
synchronized with an external event (such as another 
82C84A clock). It is necessary to synchronize the CSYNC 
input to the EFI clock external to the 82C84A. This is accom
plished with two flip-flops. (See Figure 1). The counter output 
is a 33% duty cycle clock at one-third the input frequency. 

• The Fie Input is a strapping pin that selects either the crystal 
oscillator or the EFI input as the clock lor the + 3 counter. II the 
EFI input is selected as the clock source, the oscillator section can 
be used independently lor another clock source. Output is taken 
IromOSC. 

Clock Outputs 

The ClK output is a 33% duty cycle clock driver designed to 
drive the 80C86, 80C88 processors directly. PClK is a 
peripheral clock signal whose output frequency is 112 that of 
ClK. PClK has a 50% duty cycle. 

Reset logic 

The reset logic provides a Schmitt trigger input (RES) and a 
synchronizing flip-flop to generate the reset timing. The reset 
signal is synchronized to the falling edge of ClK. A simple 
RC network can be used to provide power-on reset by utiliz
ing this function of the 82C84A. 

READY Synchronization 

Two READY input (RDY1, RDY2) are provided to accommo
date two system busses. Each ~ has a qualifier (AENl 
and AEN2, respectively). The AEN signals validate their 
respective ROY signals. If a Multi-Master system is not being 
used the AEN pin should be tied lOW. 

Synchronization is required for all asynchronous active-going 
edges of either RDY input to guarantee that the ROY setup and 
hold times are met. Inactive-going edges of ROY in normally 
ready systems do not require synchronization but must satisfy 
RDY setup and hold as a matter of proper system deSign. 

The ASYNC input defines two modes of READY synchroni
zation operation. 

When ASYNC is lOW, two stages of synchronization are pro
vided for active READY input signals. Positive-going asynchro
nous READY inputs will first be synchronized to flip-flop one a 
the rising edge of ClK (requiring a setup time tR1VCH) and 
the synchronized to flip-flop two at the next falling edge of ClK, 
after which time the READY output will go active (HIGH). Neg
ative-going asynchronous READY inputs will be synchronized 
directly to flip-flop two at the falling edge of ClK, after which 
the READY output will go inactive. This mode of operation is 
intended for use by asynchronous (normally not ready) devices 
in the system which cannot be guaranteed by design to meet 
the required RDY setup timing, TRWCl, on each bus cycle. 

When ASYNC is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. READY inputs 
are synchronized by flip-flop two on the falling edge of ClK 
before they are presented to the processor. This mode is 
available for synchronous devices that can be guaranteed to 
meet the required ROY setup time. 

ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in the 
system. 

CLOCK Irl;::o =Q:;=jt-:o==:-I~~2C84A 
SYNCHRONIZE ..... 1 Q - - CSYNC 

EFI ~-t::::"""-I > t > t 
...... """"':"---iI """"':"---iI 

- (TO OTHER 82C84Aa) 

FIGURE 1. CSYNC SYNCHRONIZATION 

NOTE: If EFI input is used, then crystal input X1 must be tied to VCC or GND and X2 should be left open. If the crystal inputs are used, then 
EFI should be tied to VCC or GND. 
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Specifications 82C84A 

Absolute Maximum Ratings 
Supply Voltage ....•...................••••......... +8.0V 
Input, Output or I/O Voltage .•..•...•••.. GND-0.5V to Vcc+O.5V 
Storage Temperature Range ..........••....• -65°C to + 150°C 
Junction Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • + 175°C 
Lead Temperature (Soldering lOs) ...•................ +300oC 
ESD Classification .......•........................ Class 1 

Reliability Information 
Thermal Resistance 0,8 

Ceramic DIP Package. . • . • • . . . . . .. 86°CIW 
Ceramic LCC Package . . . . . . . . . . • . 73°CIW 

Maximum Package Power Dissipation at + 125°C 

Ojc 
24°CIW 
200CIW 

Ceramic DIP Package .....•..........•........... 580mW 
Ceramic LCC Package ............•••..••..•..... 532mW 

Gate Count .............................•.•...•. 50 Gates 

CAUTION: Strssses above those listed in "Absolute Maximum Ratings' may cause permanent damage to the riBvice. This IS a str8SS only ISting and opslS/ion 
of the device at these or any other conditions above those indicated in the opelStional ssetions of this spseification is not implied. 

Operating Conditions 
Operating Voltage Range .•.....•............. +4.5V to +5.5V Operating Temperature Range 

DC Electrical Specifications vcc = +5.0V ±10% 
TA = ooc to +700C (C82C84A) 

C82C84A .•........................•...... OOC to +70oC 
182C84A .....•........•.................. -400C to +85°C 
M82C84A .....................•......... -55°C to + 125°C 

TA = -40°C to +85°C (182C84A) 
TA = -55°C to +125°C (M82C84A) 

SYMBOL PARAMETER MIN 

VIH Logical One Input Voltage 2.0 
2.2 

VIL Logical Zero Input Voltage 

VIHR Reset Input High Voltage VCC -0.8 

VILR Reset Input Low Voltage 

VT+-VT- Reset Input Hysteresis 0.2VCC 

VOH Logical One Output Current VCC -0.4 

VOL Logical Zero Output Voltage 

II Input Leakage Current -1.0 

ICCOP Operating Power Supply Current 

NOTES: 

1. F/C is a strap option and should be held either s 0.8V or;>: 2.2V. 
Does not apply to Xl or X2 pins. 

2. Due to test equipment limitations related to noise, the actual test
ed value may differ from that specified, but the specified limit is 
guaranteed. 

3. CSYNC pin is tested with VIL s 0.8V. 

Capacitance TA = +25°C 

MAX UNITS TEST CONDITIONS 

V C82C84A, I82C84 
V M82C84A, Notes 1, 2 

0.8 V Notes 1, 2, 3 

V 

0.5 V 

V 10H = -4.0mA for CLK Output 
10H = -2.5mA for All Others 

0.4 V 10L = +4.0mA for CLK Output 
10L = +2.5mA for All Others 

1.0 IiA VIN = VCC or GND except ASYNC, 
Xl: (Note 4) 

40 mA Crystal Frequency = 25MHz 
Outputs Open, Note 5 

4. ASYNC pin includes an in~.5kQ nominal pull-up resistor. 
For ASYNC input at GND, ASYNC input leakage current = 3001iA 
nominal, Xl - crystal feedback input. 

5. f = 25M Hz may be tested using the extrapolated value based on 
measurements taken at f = 2M Hz and f = 10MHz. 

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 

CIN Input Capacitance 10 pF FREQ = lMHz, all measurements are 
referenced to device GND 

COUT Output Capacitance 15 pF 
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Specifications 82C84A 

AC Electrical Specifications vee = +5V± 10% 

SYMBOL 

TIMING REQUIREMENTS 

(1) TEHEl 

(2) TElEH 

(3) TElEl 

(4) TR2VCl 

(5) TR1VCH 

(6) TR1VCl 

(7) TClR1X 

(8) TAYVCl 

(9) TCLAYX 

(10) TA1VR1V 

(11) TCLA1X 

(12) TYHEH 

(13) TEHYl 

(14) TYHYl 

(15) TllHCl 

(lS) TCLllH 

TIMING RESPONSES 

(17) TClCl 

(18) TCHCl 

(19) TClCH 

(20) TCH1CH2 
(21) TCL2Cll 

(22) TPHPl 

(23) TPlPH 

(24) TRYlCl 

(25) TRYHCH 

(26) TCLIl 

(27) TClPH 

(28) TClPl 

(29) TOlCH 

(30) TOlCl 

NOTES: 

TA = O"C to +70oC (C82CB4A) 

TA = _40°C to +85°C (182C84A) 

TA = -55°C to +125°C (M82CB4A) 

LIMITS 

PARAMETER MIN 

External Frequency HIGH nme 13 

External Frequency lOW nme 13 

EFI Period 36 

XTAl Frequency 2.4 

RDY1, RDY2 Active Setup to ClK 35 

RDY1, RDY2 Active Setup to ClK 35 

RDY1, RDY2 Inactive Setup to elK 35 

RDY1, RDY2 Hold to ClK 0 

ASYNC Setup to ClK 50 

ASYNC Hold to ClK 0 

AEN1, AEN2 Setup to RDY1, RDY2 15 

AEN 1, AEN2 Hold to ClK 0 

CSYNC Setup to EFI 20 

CSYNC Hold to EFI 20 

CSYNCWidth 2TElEl 

RES Setup to ClK 65 

RES Hold to ClK 20 

ClK Cycle Period 125 

ClK HIGH Time ('/3 TClCl) +2.0 

ClK lOW Time (2/3 TClCl) -15.0 

ClK Rise or Fall Time -

PClK HIGH Time TClCl-20 

PClK lOW Time TClCl-20 

Ready Inactive to ClK (See Note 4) -8 

Ready Active to ClK (See Note 3) (2ta TClCl) -15.0 

ClK to Reset Delay 

ClK to PClK HIGH Delay -
ClK to PClK lOW Delay 

OSC to ClK HIGH Delay -5 

OSC to ClK lOW Delay 2 

MAX UNITS 

ns 

ns 

- ns 

25 MHz 

- ns 

- ns 

- ns 

ns 

- ns 

ns 

- ns 

ns 

- ns 

- ns 

- ns 

- ns 

- ns 

ns 

- ns 

ns 

10 ns 

- ns 

ns 

- ns 

- ns 

40 ns 

22 ns 

22 ns 

22 ns 

35 ns 

2. Tested using EFI or Xl input pin .. 

(NOTE 1) TEST 
CONDITIONS 

9O%-90%VIN 

10%-10%VIN 

Note 2 

ASYNC=HIGH 

ASYNC = lOW 

Note 3 

Note 3 

Note 6 

Note 6 

Note 6 

1.0Vto 3.0V 

Note 6 

NoteS 

Note 4 

Note 5 

1. Tested as follows: f = 2.4MHz, VIH = 2.6V, Vil = O.4V, Cl = 5OpF, 
VOH ~1.5V, Val sl.5V, unless otherwise specified. RES and Fie 
must switch between 0.4V and VCC -O.4V. Input rise and fall times 
driven at 1 ns/V. Vil s Vil (max) - 0.4V for CSYNC pin. VCC = 4.5V 
and 5.5V. 

3. Setup and hold necessary only to guarantee recognition at next 
clock. 

4. Applies only to T2 states. 

5. Applies only to T3 TW states. 

6. Tested with EFI input frequency = 4.2MHz. 
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82C84A 

Timing Waveforms 

NAME 
HI 

OSC 

ClK 0 

PClK 

CSVNC 

RES 

RESET 

CLK 

RDV1.2 

READY 

CLK 

RDY1,2 

READY 

WAVEFORMS FOR CLOCKS AND RESET SIGNALS 

(261 

ICLIl C __ --1,,.-----...:..:.:.:..----'--

NOTE: All timing measurements are made at 1.5 Volts, unless otherwise noted. 

WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 

--------'1 

WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 

--------'1 
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82C84A 

Test Load Circuits 

TEST lOAD MEASUREMENT CONDITIONS 

2.2SV 

~ R. 7400 FOR All OUTPUTS 

OUTPUT FROM EXCEPT CLK 
DEVICE UNDER TEST 4630 FOR ClK OUTPUT 

NOTES: 

1. Cl =100pF for ClK output 

2. Cl = SOpF for all outputs except ClK 

3. Cl = Includes probe and jig capacitance 

TCHCl, TClCH lOAD CIRCUIT 

Xl ClK 

Cl ~ 
X2 

~C2 
F/C 

CSYNC 

TRYlCl, TRYHCH lOAD CIRCUIT 

VCC 

AENl CLK 

r---..-IXl 

24MHZ CJ Cl~ READY 

'---..... -IX2 
C2 I 

PULSE V 
GENERATOR 1-----'--1 RDY2 OSC 

TRIGGER f.!.£... 
AEN2 
CSYNC 

A.C. Testing Input, Output Waveform 

INPUT 

VIH + O.4V 

TCl "¢' (SEE NOTE 3) 

TCHCl, TClCH LOAD CIRCUIT 

EFl ClK 

VCC 

F/C 

CSYNC 

TRYlCl, TRYHCH lOAD CIRCUIT 

"'---1 EFl ClK 

F/C 

AENl 
1----1 RDY2 READY 

AEN2 
CSYNC 

OUTPUT 

VOH 
-----.. 

1.SV ~'-_______ J~ 1.SV 

Vll- O.4V VOL 

NOTE: Input test signals must switch between Vil (maximum) -O.4V and VIH (minimum) +O.4V. RES and Fie must switch between O.4V 
and VCC -O.4V. Input rise and fall times driven at 1 ns/V. Vll,; Vil (max) -D.4V for CSYNC pin. VCC -4.SV and S.SV. 
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Burn-In Circuits 

Fe 
vee 
GND 

F6 

FS 
vee 
GND 

F7 

FB 
vee 
GND 

NOTES: 

VCC = 5.5V ±0.5V, GND = OV 
VIH = 4.5V ±l 0% 
VIL = -0.2 to OAV 
R1 = 47kil, ±5%, 
R2 = 10kil, ±5%, 
R3 = 2.2kil, ±5%, 
R4 = 1.2kil, ±5%, 
C1 = 0.0111F (minimum) 
FO = 100kHz ±10% 

R2 

R2 

R2 

R2 

R2 

R2 

FS 

vee/2 

F7 

F8 

F1 = FO/2, F2 = F1/2, ... F12 = F1112 

Rl 

R4 

R4 

R4 

R4 

OPEN 

82C84A 

MD82C84A CERAMIC DIP 

0 

FlO 

Fl 

R2 
Fll 
vee 

R2 
GND 
F12 

R2 vee 
R2 

GND 

MR82C84A CERAMIC LCC 

OPEN 

R4 FlO 

R4 Fl 

R4 Fll 

OPEN 
r-" r-" r- .. "-""1 r-'" 
1911101111111211131 

.. a: 

~ ~ '" ~ 
0 0 u:: 0 
0 0 0 
> > > 
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Metallization Topology 

DIE DIMENSIONS: 
66.1 x 70.5 x 19 ± 1 mils 

METALLIZATION: 
Type: Si - AI 
Thickness: 11 kA ± 1 kA 

GLASSIVATION: 
Type: Si02 
Thickness: BkA ± 1 kA 

DIE ATTACH: 

82C84A 

Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 
1.42 x 105 Alcm 2 

Metallization Mask Layout 

AENl 

RDY1 

READY 

RDY2 

AEN2· 

CLK 

82C84A 

PCLK CSYNC 
T 

GND RESET 
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F/C 
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February 1992 

Features Description 

82C85 
CMOS Static Clock 

Controller/Generator 

• Generates the System Clock For CMOS or NMOS 
Microprocessors and Peripherals 

The Harris 82C85 Static CMOS Clock Controller/Generator 
provides complete control of static CMOS system operating 
modes and supports full speed, slow, stop·clock and stop
oscillator operation. While directly compatible with the Harris 
80C86 and 80C88 16·bit Static CMOS Microprocessor 
Family, the 82C85 can also be used for general system clock 
control. 

• Complete Control Over System Operation for Very 
Low System Power 
- Stop-Oscillator 
- Low Frequency 
- Stop-Clock 
- Full Speed Operation 

• DC to 25MHz Operation (DC to 8MHz System Clock) 

For static system designs, separate signals are provided on 
the 82C85 for stop (SO, Sl, S2ISTOP) and start (START) 
control of the...£lstal oscillator and system clocks. A Single 
control line (SLO/FSn determines 82C85 fast (crystal/EFI 
frequency divided by 3) or slow (crystal/EFI frequency 
divided by 768) mode operation. Automatic maximum mode 
80C86 and 80C88 software HALT instruction decode logic in 
the 82C85 enables software· based clock control. Restart 
logic insures valid clock start· up and complete synchroniza· 
tion of system clocks. 

• Generates 50% and 33% Duty Cycle Clocks 
(Synchronized) 

• Uses a Parallel Mode Crystal Circuit or External 
Frequency Source 

• TTL Compatible Inputs/Outputs 

• 24 Pin Slim line Dual-In-Line or 28 Pad Square LCC 
Package Options 

• Single 5V Power Supply 

• Operating Temperature Range 
- C82C85 ••••••.•••••••..••••.••.•. OOC to +70oC 
- 182C85 ••••••••••••••.•••.•.•••• -40oC to +850 C 

The 82C85 is manufactured using the Harris advanced 
Scaled SAJI IV CMOS process. In addition to clock control 
circuitry, the 82C85 also contains a crystal controlled 
oscillator (up to 25MHz), clock generation logic, complete 
"Ready· synchronization and reset logic. This permits the 
designer to tailor the system power·performance product to 
provide optimum performance at low power levels. 

- M82C85 •••...••••••..•••...... -55°C to +125°C 

Ordering Information 

TEMPERATURE ORDER 
PACKAGE RANGE CODE 

PLCC OOC to +700C CS82C85 

·400C to +85°C IS82C85 

Ceramic DIP OOCto +700C CD82C85 

-40oC to +85°C ID82C85 

·55°C to + 125°C MD82C85/B 

LCC ·55°C to + 125°C MR82C8518 

Pinouts 

24 LEAD SLiMLINE DIP 
TOP VIEW 

-----..~I CSYNC, ~ .., 24 Yee 
PCLK 2 23 X1 

A'EN1 3 2 X2 

RDY1 [! ~ASYNC 
READY~ ~EA 

RDY2 ~ ~FiC 
AENi~ ~OSC 
CLK~ ~iiES 
GND~ 1 RESET 

CLKSO @. ~ S2tSTOP 
START ~11 14 S1 

SLOIFST ~ ~ so 

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

Copyright © Harris Corporation 1992 
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Pin Descriptions 
DIP PIN 

SYMBOL NUMBER 

XI 23 
X2 22 

EFI 20 

F/C 19 

START 11 

SO 
SI 

S2ISTOP 

SlO/FST 

ClK 

ClKSO 

PClK 

OSC 

13 
14 
15 

12 

8 

10 

2 

18 

TYPE 

I 
o 

o 

o 

o 

o 

82C85 

DESCRIPTION 

CRYSTAL CONNECTIONS: XI and X2 are the crystal oscillator connections. The crystal 
frequency must be 3 times the maximum desired processor clock frequency. XI is the oscillator 
Circuit input and X2 IS the output of the oscillator circulI. If the crystal inputs are not used, XI must 
be tied to Vcc or GND, and X2 should be left open. 

EXTERNAL FREQUENCY IN: When Fie is HIGH, ClK IS generated from the EFI input Signal. ThiS 
Input signal should be a square wave with a frequency of three times the maximum desired ClK 
output frequency. If the crystal inputs are not used. XI must be tied to Vcc or GND, and X2 should 
be left open. 

FREQUENCY/CRYSTAl SELECT: F/C selects either the crystal OSCillator or the EFI input as the 
main frequency source. When Fie is lOW, the 82C85 clocks are derived from the crystal oscillator 
circuit. When Fie is HIGH, ClK is generated from the EFI input. Fie cannot be dynamically 
switched during normal operation. 

A low-to-high transition on START will restart the ClK, ClK50 and PClK outputs after the appro
priate restart sequence is completed. 

When in the crystal mode (Fie lOW) with the oscillator stopped. The oscillator will be restarted 
when a Start command is received. The ClK, ClK50 and PClK outputs will start after the oscilla
tor input signal (Xll.!eaches the Schmitt trigger input threshold and 8K internal counter reaches 
terminal count. If F/C is HIGH (EFI mode), ClK, ClK50 and PClK Will restart within 3 EFI cycles 
after START is recognized. 

The 82C85 will restart in the same mode (SlO/FST) in which it stopped. A high level on START 
disables the STOP mode. 

S2/STOP, SI, SO are used to stop the 82C85 clock outputs (ClK, ClK50, PClK) and are sampled 
by the rising edge of ClK, ClK50 and PClK are stopped by S2ISTOP, SI, SO being in the lHH 
state on the low-to-high transition of ClK. This lHH state must follow a passive HHH state occur
ring on the previous low-to-hlgh ClK transition. ClK and ClK50 stop in the high state when Fie 
is low and may stop in either the high or low state when Fie is high. PClK stops in its current state 
(high or low). 

When in the crystal mode (Fie) low and a STOP command is issued, the 82C85 oscillator will stop 
along with the ClK, ClK50 and PClK outputs. When in the EFI mode, only the ClK, ClK50 and 
PClK outputs will be halted. The oscillator circuit if operational, Will continue to run. The oscillator 
and/or clock is restarted by the START input signal going true (HIGH) or the reset input (RES) 
going low. 

SlO/FST is a level-triggered input. When HIGH, the ClK and ClKSO outputs run at the maximum 
frequency (crystal or EFI frequency divided by 3). When lOW, ClK and ClK50 frequencies are 
equal to the crystal or EFI frequency divided by 768. SlO/FST changes are internally synchro
nized so proper ClK and ClK50 phase relationships are maintained and minimum pulse width 
speCifications are met. START and STOP control of the oscillator or EFI is available in either the 
SLOW or FAST frequency modes. The SlO/FST input must be held lOW for at least 195 OSCI 
EFI clock cycles before it will be recognized. This eliminates unwanted frequency changes which 
could be caused by glitches or noise transients. The SLc5/FST input must be held HIGH for at least 
6 OSC/EFI clock pulses to guarantee a transition to FAST mode operation. 

PROCESSOR CLOCK: ClK is the clock output used by the 80C86 or 80C88 processor and other 
peripheral devices. When SLc5/FST is high, ClK has an output frequency which is equal to the 
crystal or EFI input frequency divided by three. When SlO/FST is low, ClK has an output frequen
cy which is equal to the crystal or EFI input frequency divided by 788. ClK has a 33% duty cycle. 

50% DUTY CYCLE CLOCK: CLK50 is an auxiliary clock with a 50% duty cycle and is synchronized 
to the falling edge of ClK. When SlO/FST is high, ClK50 has an output frequency which is equal 
to the crystal or EFI input frequency divided by 3. When SlO/FST is low, ClK50 has an output 
frequency equal to the crystal or EFI input frequency divided by 768. 

PERIPHERAL CLOCK: PClK is a peripheral clock signal whose output frequency is equal to the 
crystal or EFI input fre~cy divided by 6 and has a 50% duty cycle. PClK frequency is unaffect
ed by the state of the SlO/FST input. 

OSCILLATOR OUTPUT: OSC is the output ofthe internal oscillator circuitry. Its frequency Is equal 
to that of the crystal oscillator circuit. OSC is unaffected by the state of the SLc5/FST input. 

When the 82C85 is in the crystal mode (Fie low) and a STOP command is issued, the OSC output 
will stop in the HIGH state. When the 82C85 is in the EFI mode (Fie HIGH, the oscillator (if 
operational) will continue to run when a STOP command is issued and OSC remains active. 
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82C85 

Pin Descriptions (Continued) 

DIP PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

RES 17 I RESET IN: RES is an active lOW signal which is used to generate RESET. The 82C85 provides 
a Schmitt trigger~t so that an RC connection can be used to establish the power-up reset of 
proper duration. RES starts crystal oscillator operation. 

RESET 16 0 RESET: RESET is an active HIGH signa.!!!!:!.ich is used to reset the 80C86 lamily processors. Its 
timing characteristics are determined bl!!.§S. RESET is guaranteed to be HIGH for a minimum 01 
16 ClK pulses after the rising edge of RES. 

CSYNC 1 I CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple 82C85 and 
82C84A to be synchronized to provide multiple in-phase clock signals When CSYNC is HIGH, the 
internal counters are reset and force ClK, ClK50 and PClK into a HIGH state. When CSYNC is 
lOW, the internal counters are allowed to count and the ClK, ClK50 and PClK outputs are active. 
CSYNC must be externally synchronized to EFI. 

AEN1 3 II ADDRESS ENABLE: AEN is an active lOW signal. AEN se~o qualify Hs respective Bus 
AEN2 7 Ready Signal (RDY1 or RDY2). AEN1 validates RDY1 while AEN2 validates RDY2. Two AEN 

signal inputs are useful in system configurations which permit the processor to access two Multi-
Master System Buses. 

RDY1 4 I BUS READY: (Transfer Complete). ROY is an active HIGH signal which is an indication from a 
RDY2 6 device located on the system data bus that~ has been received, or is available RDY1 is 

qualified by AEN1 while RDY2 is qualified by AEN2. 

ASYNC 21 I READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization 
mode of the READY logic. When ASYNC is lOW, two stages of READY synchronization are pro-
vided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided. 

READY 5 0 READY: READY is an active HIGH signal which is the synchronized ROY signal input. 

GND 9 I Ground 

Vcc 24 I V cc: is the +5V power supply pin. A 0.1 mF capacitor between V cc and GND is recommended. 

Functional Block Diagram 
RE&(T 

RESH (181 'iiiT 1111 

L-r""ARTLOGIC 

PUUE 
COMDITIONIMG 
lOGIC 

J 1111-.-
START 

RUUIIT 

111 o-f!."NC I sn.e 
LOGIC SYNC 

ClOCKLOIlIC CLK 
'" JI21 SlOffST jOlVIOEIY31 

"'''SIlICT,~ ClK~~lrOI .- OIYmOROIYI 

'---
r"l~f/C r-

'" 
EXTERNAL PUIIPM(IIAl pell( 

'" "~ 
FRfOI£UCT smeTED CLOCK ,so IDIVIDE 

Ii! 
lUI 

IZlI...-. ll 

" 
OSCILlATOR 

OBCr-\.1111 1231 

L 
1151r"-,ji,STOr ~ 

I "OPlOGIC 
HALT 

II~Jo!!-- ,L 1131~ _______ 

14]r-""\RDYI 
RU,DY"-j51 

'" 
AENI 

i11 00 
REAorS[uCT - RuurSYNe 

161~1I1Il2 vee [2~1 
liND 191 

Ill! iSviiC 
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82C85 

Functional Description 
The 82C85 Static Clock Controller/Generator provides 
simple and complete control static CMOS system operating 
modes. The 82C85 supports full speed. slow. stop-clock and 
stop-oscillator operation. While it is directly compatible with 
the Harris 8OC86 and 8OC88 CMOS 16-bit static 
microprocessors. the 82C85 can also be used for general 
purpose system clock control. 

The 82C85 pinout is a superset of the 82C84A Clock 
GeneratorlDriver. 82C85 pins 1-9. 16-24 are compatible with 
82C84A pins 1-9. 10-18 respectively. An 82C84A can be 
placed in the upper 18 pins of an 82C85 socket and it will 
operate correctly (without the ability to control the clock and 
oscillator operation.) This allows dual design for simple 
system upgrades. The 82C85 will also emulate an 82C84A 
when pins 11-15 on the 82C85 are tied to Vee. 

For static systems deSigns. separate signals are provided on 
the 82C85 for stop and start control of the crystal oscillator 
and clock outputs. A single control line determines 82C85 
fast (crystaVEFI frequency divided by 3) or slow (crystaVEFI 
frequency divided by 768) mode operation. The 82C85 also 
contains a crystal controlled OSCillator. clock generation 
logic. complete "Ready· synchronization and reset logic. 

Automatic 8OC86188 software HALT instruction decode logic 
is present to ease the design of software-based clock control 
systems and provide complete software control of STOP 
mode operation. Restart logic insures valid clock start-up 
and complete synchronization of ClK. ClK50 and PClK. 

Static Operating Modes 

In static CMOS system design. there are four basic 
operating modes. The 82C85 Static Clock Controller 
supports each of them. These modes are: FAST, SLOW. 
STOP-CLOCK and STOP-OSCilLATOR. Each has distinct 
power and performance characteristics which can be 
matched to the needs of a particular system at a speCific 
time (See Table 1). 

Keep in mind that a single system may require all of these 
operating modes at one time or another during normal 
operation. A design need not be limited to a Single operating 
mode or a specific combination of modes. The appropriate 
operating mode can be matched to the power-performance 
level needed at a specific time or in a particular 
circumstance. 

Reset Logic 

The 82C85 reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset timing. 
The reset signal is synchronized to the falling edge of ClK. A 
simple RC network can be used to provide power-on reset 
by utilizing this function of the 82C85. 

When in the crystal oscillator (Fie = ~ or the EFI (Fie = 
HIGH) mode. a lOW state on the RES input will set the 
RESET output to the HIGH state. It will also restart the 
oscillator circuit if it is in the idle state. The RESET output is 
guaranteed to stay in the HIGH state for a minimum of 16 
ClK cycles after a low-to-high transition of the RES input. 

An oscillator restart count sequence will not be disturbed by 
RESET if this count is already in progress. After the restart 
counter expires. the RESET output will stay HIGH at least for 
16 periods of ClK before going lOW. RESET can be ~ 
high beyond this time by a continuing low input on the RES 
input. 

If Fie is low (crystal oscillator mode). a low state on RES 
starts the crystal oscillator circuit. The stopped outputs 
remain inactive. until the oscillator signal amplitude reaches 
the X1 Schmitt trigger input threshold voltage and 8192 
cycles of the crystal oscillator output are counted by an 
internal counter. After this count is complete. the stopped 
outputs (ClK. ClKSO. PClK. and OSC) start cleanly with 
the proper phase relationships. 

This 8192 count requirement insures that the CLK. ClKSO 
and PClK outputs will meet minimum clock requirements 
and will not be affected by unstable oscillator characteristics 
which may exist during the oscillator start-up sequence. This 
sequence is also followed when a START command is 
issued while the 82C85 oscillator is stopped. 

Oscillator/Clock Start Control 

Once the oscillator is stopped (or committed to stop) or at 
power-on. the restart sequence is initiated by a HIGH state 
on START or lOW state on RES. If F/G is HIGH. then restart 
occurs immediately after the START or RES input is 
synchronized internally. This insures that stopped outputs 
(ClK. PClK. OSC and ClK50) start cleanly with the proper 
phase relationship. 

If F/G is low (crystal oscillator mode). a HIGH state on the 
START input or a low state on RES causes the crystal 
oscillator to be restarted. The stopped outputs remain 

TABLE 1. STATIC SYSTEM OPERATING MODE CHARACTERISTICS 

OPERATING 
MODE DESCRIPTION POWER LEVEL PERFORMANCE 

Stop-Oscillator All system clocks and main clock oscillator are Maximum savings Slowest responsa due to oscillator 
stopped restart time 

Stop-Clock System CPU and peripherals clocks stop but main Reduced system Fest restart-no OSCillator restart time 
clock oscillator continues to run at rated frequency power 

Slow System CPU clocks are slowed while peripheral Power dissipation Continuous operation at low 
clock and main clock oscillator run at rated slightly higher than frequency 
frequency Stop-Clock 

Fast All clocks and oscillators run at rated frequency Highest power Faslest responsa 
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82C85 

stopped. until the oscillator signal amplitude reaches the X1 When the INT output becomes active. the oscillator/clock 
Schmitt trigger input threshold voltage and 8192 cycles of circuit on the 82C85 will restart. Upon completion of the 
the crystal oscillator output are counted by an internal appropriate restart sequence. the CLK signal to the CPU will 
counter. After this count is complete. the stopped outputs become active. The CPU can then respond to the still 
(CLK. CLK50. PCLK. and OSC) start cleanly with the proper pending interrupt request. 
phase relationsh ips. If the 82C59A182C85 restart combination is used in 
Typically. any input signal which meets the START input conjunction with an 82C55A S'f5i5 control. the 82C55A 
timing requirements can be used to start the 82C85. In many must be initialized prior to the 82C59A after reset. The 
cases. this would be the INT output from an 82C59A CMOS 82C59A interrupt output is driven high at reset. causing the 
Priority Interrupt Controller (See Figure 1). This output. 82C85 .!£.r~ in the START mode regardless of the state 
which is active high. can be connected to both the 82C85 of the S2ISTOP input. This will ~id stopping the 82C85 
START pin and to the appropriate interrupt request input on due to negative transitions on the S2ISTOP input which may 
the microprocessor. occur during a mode change on the 82C55A or during the 

operation of any peripheral 110 device prior to initialization. 

80C86/88 Another method of insuring proper operation of the START 
INTR function upon reset or system initialization is to bias the S2I 

S'f5i5 input low with an external pull-down resistor. The S2! 
81C85 S'i'5P input will remain low until driven high by the 82C55A 

CLK CLK port pin or by external logiC. This insures that the 82C85 
81C59A 

=.jVCC 
STOP command (HHH prior to LHH requirement on the 

INT START SO status inputs) will not be satisfied. To minimize po~r 
SI dissipation in this case (using a pulldown resistor). the S2I 

Si/STOP 1l STOP input should be normally LOW and pulsed HIGH to 

SLO/FST 1 develop the necessary HHH-to-LHH STOP sequence. In this 
manner. the output driving the S2ISTOP input will be 

I 
PAO PAl 

I 
normally LOW and will not be driving to the opposite state of 

81C55A the pull-down resistor. 

Fast Mode 

FIGURE 1. CMOS PERIPHERAL CONTROL OF 82C85 STOP, 
The most common operating mode for a system is the FAST 
mode. In this mode. the 82C85 operates at the maximum fre-

START AND SLOWIFAST OPERATIONS quency determined by the main oscillator or EFI frequency. 

TABLE 2. TYPICAL SYSTEM POWER SUPPLY CURRENT FOR STATIC CMOS OPERATING MODES 

FAST SLOW STOP-CLOCK STOP-OSC 

CPU Frequency 5MHz 20 KHz DC DC 

XTAL Frequency 15MHz 15MHz 15MHz DC 

ICC 

82C85 24.7mA lB.9mA 14.1mA 24.4mA 

80C88 23.8mA 173.0mA 10B.6mA 10B.6mA 

82C82 1.7mA 6.5mA 1.0mA 1.0mA 

B2C8B 1.4mA 14.0mA 1.0mA 1.0mA 

82C88 3.5mA 14.3mA 3.BmA 3.BmA 

82C52 151.2mA 72.0mA 1.0mA 1.0mA 

82C54 943.0mA 915.0mA 3.5mA 1.0mA 

82C55A 3.2mA 1.2mA 1.0mA 1.0mA 

82C59A 580.0mA 520.0mA 1.0mA 1.0mA 

74HCXX + other 2.9mA 10.0mA 90.0mA 9O.0mA 

HM-6516 820.0mA 32.0mA 1.9mA 1.9mA 

HM-6616 6.3mA 52.5mA 12.0mA 12.0mA 

Tolal 66.8mA 18.9mA 14.3mA 244.7mA 

All measurements taken at room temperature. V cc = +5.0 Volts. Power supply current levels will be dependent upon system 
configuration and frequency of operation. 
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FAST mode operation is enabled by each of two conditions: 

• The SiJ5lFST Input Is HIGH and a START or reset 
command Is Issued 

• The SLOIFST Input Is held HIGH for at least 6 
oscillator or ER cycles. 

Altemate Operating Modes 

Using alternate modes of operation (slow, stop-clock, stop
oscillator) will reduce the average system operating power 
dissipation in a static CMOS system (See Table 2). This 
does not mean that system speed or throughput must be 
reduced. When used appropriately, the slow, stopclock, stop
oscillator modes can make your design more power efficient 
while maintaining maximum system performance. 

Sto~sclllator Mode 

When the 82C85 is stopped while in the crystal mode (Fie 
lOW), the OSCillator, in addition to all system clock Signals 
(ClK, ClK50 and PClK), are stopped. CLK and CLK50 stop 
in the high state. PClK stops in it's currant state (high or low). 

With the oscillator stopped, 82C85 power drops to it's lowest 
level. All clocks and oscillators are stopped. All devices in 
the system which are driven by the 82C85 go into the lowest 
power standby mode. The 82C85 also goes into standby and 
requires a power supply current of less than 100 microamps. 

Stop-Clock Mode 

When the 82C85 is in the EFI mode (FIe HIGH) and a STOP 
command is issued, all system clock signals (ClK, ClK50, 
and PClK) are stopped. ClK and ClK50 stop in the high 
state when FIe is low and may stop in either the high or low 
state when FIe is high. PClK stops in its current state (high 
or low). ' 

" 
The 82C85 can also provide it's own EFI source SimPl~y 
connecting the OSC output to the EFI input and pulling e 
F/C input HIGH. This puts the 82C85 into the Externa 
Frequency Mode using it's own oscillator as an external' 
source signal (See Figure 2). In this configuration, when the 
82C85 is stopped in the EFI mode, the oscillator continues to 
run. Only the clocks to the CPU and peripherals (CLK, 
ClK50 and PClK) are stopped. 

osc 
VCC 82C85 

STOP [ 
CONTROL START ]START 

CONTROL 

FIGURE 2. STOP-CLOCK MODE USING 82C85 IN EFI MODE 
WITH OSCILLATOR AS FREQUENCY SOURCE 

Oscillator/Clock Stop Operation 

Three control lines determine when the 82C85 clock outputs 
or oscillator will stop. These are SO, S1 and S2ISTOP. These 
three lines are designed to connect directly to the MAXimum 
mode 8OC86 and 8OC88 status lines or to be driven by 
external 110 signals (such as an 82C55A output port). 

In the MAXimum mode configuration, the 82C85 will 
automatically recognize a software HALT command from the 
8OC86 or 8OC88 and stop the system Clocks or oscillator. 
This allows complete software control of the Si'OP function. 

If the 80C86 or 8OC88 is used in the MINimum mode, the 
82C85 can be controlled using the S2ISi'OP input (with SO 
and S1 held high). This can be done using an external 1/0 
control line, such as from an 82C55A or by decoding the 
state of the 8OC86 MINimum mode status signals. 

82C85 status inputs wS'fQP. S1, SO are sampled on the 
rising edge of ClK. The oscillator (FIe lOW only) and clock 
outputs are stopped by S2IS'fQP. S1, SO being in the lHH 
state on a low-to-high transition of ClK. This lHH state must 
follow a passive HHH state ocurring on the previous low-to
high ClK transition. ClK and ClK50 will stop in the logiC 
HIGH state after two additional complete cycles of ClK. 
PClK stops in it's current state (HIGH or lOW). This is true 
for both SLOW and FAST mode operation. 

80C86188 Maximum Mode Clock Control 

The 82C85 STOP function has been optimized for 8OC861 
88 MAXimum mode o.l?!r!!!!2!:!.:.. In this mode, the three 
82C85 status inputs (S2/STOP, 51, SO) are connected 
directly to the MAXimum mode status lines (S2, 51, SO) of 
the Harris 8OC86 or 80C88 static CMOS microprocessors 
(See Figure 3). 

When in the MAXimum mode, the 8OC86188 status lines 
identify which t~ ..EL£.us cycle the CPU is starting to 
execute. 82C85 S2I5TOP, 51 and SO control input logic will 
recognize a valid MAXimum mode software HALT executed 
by the 80C86 or 8OC88. Once this state has been 
recognized, the 82C85 stops the clock (FIe HIGH) and 
oscillator (FIe lOW) operation. 

52 
Si 
SO 

MN/MX 

HARRIS 
8OC86/88 

1-----.fS2/STOP 

I-----+\SI 

1----.,.80 

":' 

HARRIS 
82C85 

FIGURE 3. 82C85 STOP CONTROL USING 8OC86188 MAXIMUM 
MODE STATUS LINES 
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82C85 

The 82C85 S2tSTOP. 51 and SO control lines were designed 
to detect a passive 111 state followed by a HALT 011 logic 
state before recognizing the HALT instruction and stopping 
the system clocks. In the MAXimum mode, the 8OC86188 
status lines go into a passive (no bus cycle) logic 111 state 
prior to executing a HALT instruction. The qualification of a 
passive no bus cycle logic 111 state insures that random 
transitions of the status lines into a logic 011 state will not 
stop the system clock. This is necessary since the status 
lines of the 8OC86188 transition through an unknown state 
during T3 of the bus cycle. 

Once the HALT instruction is decoded by the 82C85, either 
the oscillator is stopped (STOP-OSCilLATOR mode FIe tied 
low) or the external frequency source is gated off internally 
(STOP-CLOCK mode FIe HIGH). When the HALT 
instruction is decoded with FIe low, the ClK and ClK50 will 
be stopped in a logic high state after 2 additional cycles of 
the clock. PClK stops in it's current state (high or low). This 
is true for both SLOW and FAST mode operation. The HALT 
instruction is detected in the same manner whether the 
82C85 is in the SLOW or FAST mode. 

Independent Stop Control for Minimum Mode Operation 

When the 8OC86 and 8OCB8 microprocessors are 
configured in MINimum Mode (MN/MX pin tied high), their 
status lines SO, S1, and S2 assume alternate functions. The 
logic states and sequences (passive before a HALT) 
necessary for automatic HALT detect in the 82C85 do not 
occur as in the MAXimum mode. The 82C85 controller 
cannot use the microprocessor status lines to detect a 
software Halt instruction when operating in MINimum mode. 

However, the negative edge-activatedWS'f0i5 pin provides 
a simple means for clock control in MINimum mode 80C86 
and 8OC88 systems. S2/STOP can be used as an 
independent STOP control when 51 and SO are held in the 
logical HIGH state. Kee~g the SO and S1 inputs at a logic 1 
level and transitioning S21STOP from high to low will meet 
the passive 111 state prior to a 011 state requirement of the 
82C85. This feature allows 82C85 operation with the 80C86 
and 80CB8 in the MINimum mode, provides compatibility 
with other static CMOS microprocessors and allows 
maximum flexibility in a system. 

With S2IS'f0i5 being used as a stand-alone STOP 
command line, system clocks can be controlled via an 
82C55A programmable peripheral interface or other similar 
interface circuits. This is accomplished by driving the S2I 
S'foi5 input with a PORT pin on the 82C55A (See Figure 1). 
The 82C55A port pin should be configured as an output and 
must present a logic HIGH to the S21STOP input for at least 
one ClK cycle, followed by a lOW state. This will meet the 
82C85 status input requirement of 111 followed by a 011. 

When a logic 0 is written to a 82C55A port pin, the S2IS'f0i5 
pin is pulled low, stopping the system clocks (ClK, ClK50, 
PClK). In essence, the 82C85 is software controlled via the 
82C55A. As with the SW/FST interface, PORT C is a logical 
choice for this job since the individual bit set and reset 
commands available for this port make control of the S2I 
Si'5P input Simple. 

A START command issued to the 82C85 will override a 
STOP command and the 82C85 will begin no!:!!!.~ation. 
The low state of the negative-edge triggered S21STOP input 
will not prohibit the clocks from restarting. After a START or 
RES command, the 82C85 must see a passive (111) state 
followed by a HALT (011) state to stop the system clocks. To 
accomplish this, the 82C55A port output must be brought 
high and then returned low again for the 82C85 to recognize 
the next STOP command. 

External Decode Adds Halt Control 

SSO, 101M and DT/R can identify a MINimum mode 80C88 
HALT execution. During T2 of the system timing (while ALE 
is high), SSO, 101M, and DT/R go into a 111 state when the 
80C88 is executing a software HALT. These signals cannot 
be tied directly to the S2ISTOP. S1 and SO inputs since they 
are not guaranteed to go into a passive state prior to their 
111 state. These signals can be decoded during the time 
ALE is high to indicate a software HALT execution. 

Slow Mode 

When continuous operation is critical but power consumption 
remains a concern, the 82C85 SLOW mode operation 
provides a lower frequency at the ClK and ClK50 outputs 
(crystaVEFI frequency divided by 768). The frequency of 
PClK is unaffected. The SLOW mode allows the CPU and 
the system to operate at a reduced rate which, in turn, 
reduces system power. 

For example, the operating power for the 80C86 or 80CB8 
CPU is 10 mNMHz of clock frequency. When the SLOW 
mode is used in a typical5MHz system, ClK and CLK50 run 
at approximately 20kHz. At this reduced frequency, the 
average operating current of the CPU drops to 200 
microamps. Adding the 80C86188 500 microamps standby 
current brings the total current to 700 microamps. 

While the CPU and peripherals run slower and the 82C85 
ClK and ClK50 outputs switch at a reduced frequency, the 
main 82C85 oscillator is still running at the maximum 
frequency (determined by the crystal or EFI input frequency.) 
Since CMOS power is directly related to operating 
frequency, B2C85 power supply current will typically be 
reduced by 15-20%. 

Clock Slow/Fast Operation 

The SW/FST input determines whether the ClK and ClK50 
outputs run at full speed (crystal or EFI frequency divided by 
3) or at slow speed (crystal or EFI frequency divided by 768) 
(See Figure 4). When in the SLOW mode, 82CB5 stop-clock 
and stop-OSCillator functions operate in the same manner as 
in the FAST mode. 

Internal logic requires that the SW/FST pin be held low for 
at least 195 oscillator or EFI clock pulses before the SLOW 
mode command is recognized. This requirement eliminates 
unwanted FAST-to-SlOW mode frequency changes which 
could be caused by glitches or noise spikes. 

To guarantee FAST mode recognition, the SlO/FST pin 
must be held high for at least 6 OSC or EFI pulses. The 
82C85 will begin FAST mode operation on the next PCLK 
edge after FAST command recognition. Proper ClK and 
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CLK 50 phase relationships are maintained and minimum 
pulse width specifications are met. 

FAST-to-SLOW or SLOW-to-FAST mode changes will occur 
on the next rising or falling edge of PCLK. It is important to 
remember that the transition time for operating freqeuncy 
changes, which are dependent upon PCLK, will vary with the 
82C85 oscillator or EFI frequency. 

Slow Mode Control 

The 82C55A programma~ripheral interface can be used 
to provide control of the SLO/FST....e!!:!. by connecting a port 
pin of the 82C55A directly to the SLO/FST pin (See Figure 
1). With the ~ pin configured as an output, software 
control of the SLO/FST pin is provided by simply writing a 
logical one (FAST mode) or logical zero (SLOW Mode) to the 
corresponding port. PORT C is well-suited for this function 
due to it's bit set and reset capabilities. Since PCLK 
continues to run at a frequency equal to the oscillator or EFI 
frequency divided by 6, it can be used by other devices in the 
system which need a fixed high frequency clock. For 
example, PCLK could be used to clock an 82C54 
programmable interval timer to produce a real-time clock for 
the system or as a baud rate generator to maintain serial 
data communications during SLOW mode operation. 

Oscillator 

The oscillator circuit of the 82C85 is designed primarily.for 
use with an external parallel resonant, fundamental mode 
crystal from which the basic operating frequency is derived. 
The crystal frequency should be selected at three times the 
required CPU clock. X1 and X2 are the two crystal input 
connections. The output of the oscillator is buffered and 
available at the OSC output (pin 18) for generation of other 
system timing signals. 

For the most stable operation of the oscillator (OSC) output 
circuit, two capacitors (C1 = C2) are recommended. 
Capacitors C1 and C2 are chosen such that their combined 
capacitance matches the load capacitance as specified by 
the crystal manufacturer. This insures operation within the 
frequency tolerance specified by the crystal manufacturer. 

The crystaVcapacitor configuration and the formula used to 
determine the capacitor values are shown in Figure 5. Crys
tal Specifications are shown in Table 3. 

CT 
C1·C2 

C1 +C2 
(Including stray capacitance) 

~--1"---t X2 

B2CB5 

FIGURE 5. 82C85 CRYSTAL CONNECTION 

TABLE 3. CRYSTAL SPECIFICATIONS 

TYPICAL CRYSTAL 
PARAMETER SPECIFICATION 

Frequency 2.4 to 25MHz 

Type of Operation Parallel Resonent, Fund. Mode 

Load Capacitance 20 or 32pF 

RSERIES (Max) 35X (f = 25M Hz, CL = 32pF) 
66X (f = 25M Hz, CL = 20pF) 

Frequency Source Selection 

The FIe input is a strapping pin that selects either the crystal 
oscillator or the EFI input as the source frequency for clock 
generation. If the EFI input is selected as the source, the 
oscillator section (OSC output) can be used independently 
for another clock source. If a crystal is not used, then crystal 
input X1 (pin 23) must be tied to Vee or GND and X2 (pin 22) 
should be left open. If the EFI mode is not used, then EFI 
(pin 20) should be tied to Vee or GND. 

~~IIIIIIIIIIIIIIIIIIII~~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1111111111111111111/1111111111111111111111111111111111111/111111111111111111/1111/111/1111111111111 
osc • 

SUiIFST ~.t-l-------------------' 

eLK ~J1'-----------' LJLJUUUUUL 

CLK50 UlI111J1,{l'-------.....I 

FIGURE 4. SLo/FST TIMING OVERVIEW 
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Clock Generator 

The clock generator consists of two synchronous divide-by
three counters with special clear inpulS that inhibit the 
counting. One counter generates a 33% duty cycle 
waveform (ClK) and the other generates a 50% duty cycle 
waveform (ClK50). These two counters are negative-edge 
synchronized, with the low-going transitions of both 
waveforms occurring on the same oscillator transition. The 
ClK and ClKSO output frequencies are one-third of the base 
input frequency when SlO/FST is high and are equal to the 
base input frequency divided by 768 when SlO/FST is low. 

The ClK output is a 33% duty cycle clock signal designed to 
drive the 8OC86 and 80Cas miCroprocessors directly. ClK50 
has a 50% duty cycle output synchronous with CLK, 
designed to drive coprocessors and peripherals requiring a 
50% duty cycle clock. When Si15/FST is high, ClK and 
ClK50 have ~ut frequencies which are 1/3 that of EFV 
OSC. When SlO/FST is low, ClK and ClK50 have output 
frequencies which are OSC (EFI) divided by 768. 

PClK is a peripheral clock signal with an output frequency 
equal to the oscillator or EFI frequency divided by 6. PClK 
has a 50% duty cycle. PClK is unaffected by SlO/FST. 
When the 82C85 is placed in the Si'OP mode, PClK will 
remain in it's current state (logic high or logic low) until a 
RESET or START command restarts the 82C85 clock 
Circuitry. PClK is negative-edge synchronized with ClK and 
ClK50. 

Clock Synchronization 

The clock synchronization (CSYNC) input allows the output 
clocks to be synchronized with an external event (such as 
another 82C85 or 82C84A clock signal). CSYNC going 
active causes all clocks (ClK, ClK50 and PClK) to stop in 
the HIGH state. 

It is necessary to synchronize the CSYNC input to the EFI 
clock external to the 82C85. This is accomplished with two 
flip-flops when synchronizing two 82C85s and with three 
flip-flops when synchronizing an 82C85 to an 82C84A 
(See Figure 6). Multiple external flip-flops are necessary to 
minimize the occurence of metastable (or indeterminate) 
states. 

Ready Synchronization 

Two READY inputs (RDY1, RDY2) are provided to 
accommodate two system busses. Each READY input is 
qualified by (AEN1 and A'EN2, respectively). The AEN 
signals validate their respective RDY signals. 

Synchronization is required for all asynchronous active
going edges of either RDY input to guarantee that the RDY 
set up and hold times are met. Inactive-going edges of RDY 
in normally ready systems do not require synchronization 
but must satiSfy RDY setup and hold as a matter of proper 
system design. 

The ASYNC input defines two modes of READY 
synchronization operation. When ASYNC is lOW, two 
stages of synchronization are provided for active READY 
input signals. Positive-going asynchronous READY inputs 
will first be synchronized to flip-flop one at the rising edge of 
ClK (requiring a setup time TR1VCH) and then 
synchronized to flip-flop two at the next falling edge of CLK, 
after which time the READY output will go HIGH. 

Negative-going asynchronous READY inputs will be 
synchronized directly to flip-flop two at the falling edge of 
ClK, after which time the READY output will go Inactive. 
This mode of operation is intended for use by asynchronous 
(normally not ready) devices in the system which cannot be 
guaranteed by design to meet the required RDY setup timing 
(TR1VCl) on each bus cycle. 

When ASYNC is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. READY 
inputs are synchronized by flip-flop two on the fallng edge of 
ClK before they are presented to the processor. this mode 
is available for synchronous devices that can be guaranteed 
to meet the required RDY setup time. ASYNC can be 
changed on every bus cycle to select the appropriate mode 
of synchronization for each device in the system. 

CSYNC WITH 82C85(sl 

HI >t >t 

'------I>t 

(TD OTHER 
82C85sl 

FIGURE 6. 82C85 AND 82C84A CSYNC SYNCHRONIZATION 
METHODS 
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Specifications 82C85 

Absolute Maximum Ratings 
Supply Voltage ...•.................•............... +8.ov 
Input, Output or I/O Voltage ............. GND-O.5V to Vcc+O.5V 
Storage Temperature Range .........•....... -65°C to + 150°C 
Junction Temperature .............................. + 175°C 
Lead Temperature (Soldenng lOs) .................... +300°C 
ESD Classification ................................ Class 1 

Reliability Information 
Thermal Resistance Sia 

Ceramic DIP Package............. 53°Crw 
Ceramic LCC Package............ 61°Crw 

Maximum Package Power Dissipation at + 125°C 

S)O 
18°CIW 
II°CIW 

CeramIC DIP Package ............................. 1.07W 
Ceramic LCC Package ............................ 1.03W 

Gate Count .................................... 500 Gates 

CAUTION Str8SsBs above those listed In "Absolute Maximum Ratmgs" may cause permanent damage to the devics. This IS a stress only rating and operation 
of the deVIce at these or any other conditIOns above those indicated In the operatIonal sections of this specification IS not impIJed. 

Operating Conditions 
Operating Voltage Range ..................... +4.5V to +5.5V Operating Temperature Range 

C82C85 .......•.......................... OOC to +70oC 
182C85 ...........•...................... -4OOC to +85°C 
M82C85 ........•....••................. -55°C to + 125°C 

DC Electrical Specifications vcc = 5.0V 10%; TA = OOC to +700C (C82C85); 

TA = -400C to +85°C (182C85); 

TA = -55°C to + 125°C (M82C85) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

VIH Logical One Input Voltage 2.0 V C82C85, 182C85 
2.2 V M82C85 

VIHR Reset Input High Voltage 2.8 V 

VIL Logical Zero Input Voltage 0.8 V Note 1 

Vr • - Vr Reset Input Hysteresis 0.25 V 

VOH Logical One Output Voltage Vcc-O.4 V IOH = -5.0 rnA (CLK, CLK50) 
IOH = -1.0mA (X2) 
IOH = -2.5mA (all other outputs) 

VOL Logical Zero Output Voltage 0.4 V IOL = +2.5mA (X2) 
IOL = +5.0mA (all other outputs) 

II Input Leakage Current -1.0 1.0 j.lA VIN = Vcc or GND, except DIP 
Pins 11 - 15,21,23 

IBHH Bus-hold High Leakage Current -10 -200 j.lA VIN = 3.0V; Pins 11 - 15, 21 

ICCSB Standby Power Supply Current 100 j.lA 82C85 in HALT state with oscillator 
stopped 

ICCOP Operating Power Supply Current 50 rnA Crystal Frequency = 15 MHz, outputs 
open, inputs = GND or Vcc 

70 rnA Crystal Frequency = 25 MHz, outputs 
open, inputs = GND or V cc 

ICCSLOW Slow Mode Operating Current 40 rnA Crystal Outputs Open; SLO/FST = GND, 
Freq = 15MHz START = Vcc, Other inputs - VIN = 

60 rnA Crystal 
VccorGND 

Freq = 25MHz 

NOTE: 1. For CSYNC, VIL = GND 

Capacitance TA = 25°C 

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 

CIN Input Capacitance 15 pF FREQ = 1 MHz, all measurements are referenced to deVice 

Cour Output Capacitance 20 pF 
GND 
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82C85 

AC Electrical Specifications vcc = 5V ±10%; TA = O"C to+70"C (C82C85); TA = -4O"C to +85°C (182C85); 

TA = -5500 to +125°C (M82C85) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS 

TIMING REQUIREMENTS 

(1) TEHEl External Frequency HIGH Time 15 - ns 90%-90% VIN, Note 1, 
f=25MHz 

(2) TElEH External Frequency lOW Time 15 - ns 10%-10% VIN' Note 1, 
f=25MHz 

(3) TElEl EFI or Crystal Period 40 - ns Note 1 

(4) TEFIDC External Frequency Input Duty Cycle 45 55 % f = 25M Hz, Note 1 

(5) Fx Crystal Frequency 2.4 25 MHz Note 1 

(6) TR1VCl RDY1, RDY2 Active Setup to ClK 35 ns ASYNC= HIGH 

(7) TR1VCH RDY1, RDY2 Active Setup to ClK 35 ns ASYNC = lOW 

(8) TR1VCl RDY1, RDY2 Inactive Setup to ClK 35 - ns 

(9) TClR1X RDY1, RDY2 Hold to ClK 0 - ns 

(10) TAYVCl ASYNC Setup to ClK 50 ns 

(11 ) TCLAYX ASYNC Hold to ClK 0 ns 

(12) TA1VR1V AEN1, AEN2 Setup to RDY1, RDY2 15 ns 

(13) TCLA1X AEN1, AEN2 Hold to ClK 0 ns 

(14) TYHEH CSYNC Setup to EFI 10 ns 

(15) TEHYl CSYNC Hold to EFI 10 - ns 

(16) TYHYl CSYNC Pulse Width 2TElEl - ns 

(17) TllHCl RES Setup to ClK 65 - ns Note 2 

(18) TSVCH SO, Sl , S2ISTOP Setup to ClK 35 ns 

(19) TCHSV SO, Sl , S2ISTOP Hold to ClK 35 ns 

(20) TRSVCH RES, START Setup to ClK 65 - ns Note 2 

(21) TSHSl RES (low) or START (High) Pulse Width TClCLs3 - ns 

(22) TSFPC SlO/FST Setup to PClK TEHEl+ 100 ns Note 2 

(23) TSTART RES or START Valid to ClK low 2TElEl +2 ns 

(24) TSTOP STOP Command Valid to ClK High 2TCHCH + 3TCHCH ns TCHCH = TClCl 
TRSVCH +34 

TIMING RESPONSES 

(25) TClCl ClKlClK50 Cycle Period 125 ns Note 1 

(26) TCHCl ClK HIGH Time (1/3 TClCl)+2 ns 

(27) TClCH ClKlOWTime (2/3 TClCl)-15 ns 

(28) T5CHCl ClK50 HIGH Time (112 TClCl)-7.5 - ns 

(29) T5ClCH ClK50 lOW Time (112 TClCl)-7.5 - ns 

(30) TCH1CH2 ClKlClK50 Rise Time - 8 ns 1.0V to 3.5V 

(31) TCL2Cll ClKlClK50 Fall Time - 8 ns 1.0V to 3.5V 

(32) TPHPl PClK HIGH Time TClCl-20 ns 

(33) TPlPH PClK lOW Time TClCl-20 - ns 

(34) TRYlCl Ready Inactive to ClK -8 - ns Note 4 
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82C85 

AC Electrical Specifications vcc = 5V ±10%; TA = O"C to+700C (C82C85); TA = -40"C to +85°C (182C85); 

TA = -55°C to +125°C (M82C85) (Continued) 

SYMBOL PARAMETER 

(35) TRYHCH Ready Active to ClK 

(36) TCLIl ClK to Reset Delay 

(37) TClPH ClK to PClK HIGH Delay 

(38) TClPl ClK to PClK lOW Delay 

(39) TOST Start/Reset Valid to Clock lOW 

(40) TOlOH Output Rise Time (except ClK) 

(41) TOHOl Output Fall Time (except ClK) 

(42) TRST RESET output HIGH Time 

(43) TClC50l ClK lOW to ClK50 lOW Skew 

NOTES: 

1. Slow and Fast Modes. 

2. Setup and hold necessary only to guarantee recognition at nex1 
clock. 

3. Applies only to T3, TW states. 

4. Applies only to T2 states. 

5. All timing delays are measured at 1.5 volts unless otherwise 
noted. 

LIMITS 

MIN MAX UNITS CONDITIONS 

213(TClCl)-15 ns Note 3 

- 40 ns 

- 22 ns 

22 ns 

- 2 ms Typ. - Note 8 

15 ns From 0.8V to 2.0V 

- 12 ns From 2.0V to 0.8V 

16 x TClCl - ns 

- 5 ns 

6. Input signals must switch between VIL max - 0.4 and VIH min + 
0.4 volts 

7. Timing measurements made with EFI duty cycle = 50%. 

8. Oscillator start up time depends on several factors including 
crystal frequency, crystal manufacturer, capacitive load, 
temperature, power supply voltage, etc. This parameter is given 
for information only. 

9. Output signals switch between VOH and VOL unless otherwise 
specified. 
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Timing Waveforms 

13} I 
TElEl r 

82C85 

WAVEFORMS FOR CLOCKS 

PClKO----~--lft--~,~,~ ____________ ~~------------~----------~~r---------
./~ 

CSYNC 1 

ClK & ClK50 

NOTE: All Timing Mesurements are made at 1.5 Volts Unless Otherwise Noted. 

WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 

elK 

RDY1.1 ------------'1 

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

ASYNC ------------------------"\1 

READY -------------------------J! 
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82C85 

Timing Waveforms (Continued) 

WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 

RDYI2---______ --'! 

~---------,I 

~---------~ 

'''''------------'1 

CLOCK STOP (Fie HIGH OR Fie LOW) 

Efl 

eLK 
SEE NOTE 1 

GlK50 

I I I 
peLK-I-IIT I 

SOi~-1 ~ I TeH" 119) 
TsveK-! H I 

ffi~ -1 ~ TRSVCH (20) 

START~~ _________________________ _ 

NOTE: 1. When FIC is low, ClK and ClK50 stop high. When FIC is high, ClK and ClK50 may stop either high or low. 

CLOCKS START (F/C HIGH) 

Efl 

eLK -----------, 
(' 

: I eLK50 __________ -! .. 

(23) TSTART -+l 
peLK --------t--"""'~ __ r--\.. __ _I,----, 

~---------\~--------------------
I 

START ------~/,-----------------
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82C85 

Timing Waveforms (Continued) 

--j (21) f--TSHSL 
CLOCK START (Fie LOW) 

START~--------------------------

\. i~~)T --------i.! 

Xl --~I-, =1~?~~;~%~~~~/,~~2:~, ~I ~~~~~~~~~~~~~~~~~~~~~~~~ 
OSCILLATOR 8192 CYCLES 1 

STARTUP TIME 
CLK-----------------------~ 

CLK50 ---------------------------------. 

PCLK -----------------.\'-__ ---11 \'-__ --1 
NOTE: Start up count begins when the crystal oscillator reaches a suHabie threshold level. 

RESET TIMING (CLK RUNNING WITH FIe LOW-OSC MODE) 
(CLK RUNNING-OR STOPPED WITH FIe HIGH EFI MODE) 

RES ~ F=: l/ l/ ==-; 
(21)TSHSL ~))..----'--- 1I -------l/ 

/' -1(17)1-- II r/ Til HCL T(lll~CL--j r-
CLK!~l/~l/ 

: ~ f-i~~:L ~ ~mlL 
L - - ___ d /l--:...-\------1I---...:,\ 

RESET lI------lo--

r-i~n--i 
RESET TIMING (OSCILLATOR STOPPED, FIe LOW) 

"":::~~~;;;---(f'~ 
CLKI ~1I 

~ I mlLlr 

\'---

,...---+----1I-------:., 
\'----------------

(42) I 
I------TRST ' 

NOTE: 1. ClK, CLK50, PCLK Remain in the High State until RES goes high and 8192 valid oscillator cycles have 
been registered "" the 82C85 internal counter (TOST lime period). After RES goes high and ClK, ClK50, 
PCLK become active, the RESET output will remain high for minimum of t 6 ClK cycles (TRST) 
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Timing Waveforms (Continued) 

SLOIFST TIMING OVERVIEW 

~~I1I1II1I11I11I11I11~~11I1II1I1II1II1II1I1II1I1I1II1I1II1II1I1I1II11I1II1I1II1I1II1I1II11I1II1II11I1II1II1I11II1II1II1I111111111111111111111111111111111111111111111111111 
OSC • 

SUi/FST ~'~2 ________________ --' 

CLK ~}I'-----------' 

CLK50 

NOTE: See Fast to Slow Clock Mode Transition lor Detailed Timing 
See Slow to Fast Clock Mode Transition lor Detailed Timing 

FAST TO SLOW CLOCK MODE TRANSrTlON 

(~ _ ____ 197 TO 200(FI I r--- DR OSC CYCLES ~ 

~F~ J1JlJ1IUUU1l1Jlnr! 
OSC I 
~

r----: , 
PCLK 1... _____ .... 

TSFPC'1 :J L 
(22) II w:r 

ru/FST ---,- - -, 

SLOW TO FAST CLOCK MODE TRANSITION 

~~ J1fU1J1I1IUlJUUIlfl 
OSC 

(22) .1 L II (22) 
TSFPC', ,--J t-TSFPC' 

SlO/FST ------------__ ..... ,_-_--_-. .,.,-'----------

CLK -----,L ______ -' 

t-~~:~S_j 
L-____ -'r-~ 

• IF TSFPC is not met on one edge of PLCK. SLOIFST will be recognized on the next edge of PLCK. 
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Test Load Circuits 

PASSIVE lOAD 

FROM OUTPUT 
UNDER TEST 

V 

~R 
Cl 

~ SEEN0TE3 

R = 360 @ V = 2.25 for CLK and CLKSO outputs 
R = 470 @ V = 2.87 for all other outputs (Except X2) 

82C85 

DYNAMIC lOAD 

v 

~ FROM OUTPUT 
UNDER TEST 

CL 
~ SEEN0TE3 

IOL = 5mA, IOH = -5mA for CLK and CLKSO outputs 
IOL = 5mA, IOH = -2.5mA for all other outputs (Except X2) 
IOL = 2.5mA, IOH = -1.0mA for X2 output 

(DC Performance characteristic only) 

NOTES: I. CL = lOOpFforCLK and CLK50 output 
2. CL = 50pF minimum for all other outputs 
3. CL = Includes probe and jig capacitance 

TCHCL, TClCH lOAD CIRCUIT (USING XI, X2) 

,..---1---1 X1 
CLK 

... ;....--IX2 

CLK50 
CSYNC 

TRYLCl, TRYHCH lOAD CIRCUIT (USING XI, X2) 

Vee 

AEN1 CLK 

r---±-I X1 

24MHZ CI 
READY 

X2 

PULSE 
GENERATOR RDY2 OSC 

TRIGGER Fie 
AEN2 
CSYNC 

A.C. Testing Input, Output Waveform 

INPUT 

VIH + G.4V 

TCHCl, TClCH lOAD CIRCUIT (USING EFI) 

Vcc 

EF1 CLK 

Fie 

CLKSO 
CSYNC 

TRYLCl, TRYHCH lOAD CIRCUIT (USING EFI) 

...... ---1 EF1 CLK 

Fie 
AENi 

t----I RDY2 READY 

AEN2 
CSYNC 

OUTPUT 

VOH 

1.SV 1('-_______ .J~ 1.5V 

VIL +O.4V VOL 
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Burn-In Circuits 

GND 
A, 

A 

GND 

Vee 
A2 

NC 

lit 
Vee 

GND 

A 

GND 

A 

Vee 
A2 

Vee 
A2 

82C85 

MD82C8S CERAMIC DIP 

Vee 

Ne 

Vee 

FO 

Vee 

A 

B 

Ne 

Vee 

Vee 

Vee 

MR82C85 CERAMIC LCC 
BOTTOM VIEW 

Vee C2 

Vee 

R4 

A 

A4 

EACH INPUT 
Ne. NO CONNECT 

veeNn 
A2 

GND A GND NC 

Vee A2 - .. L~J L!J LlJ l~J l!.8J L!.7J L!6J p-

-"V1>IV-" ~J L~51----- Ne 
AZ Ne ___ -\ 1-"""""11-- Vee 

AZ 
Vee -"V1>IV-" _""V\I\I_IIt_ FO 

GND ----I Az 1-"""""11-- Vee 
A ___ ~ 

t----A 

GND ---~ B 

NOTES: 
Vee = 5.5V ±O.5V, GND = OV 
V,H = 4.5V ±1 0% 
V,L = -0.2 to 0.4V 
R, = l00kO, ±5% 
R2 = 1011.0, ±5% 
R3 = 4711.0, ±5% 
R. = 47011.0, ±5% 
Cl = O.OIj1F (minimum) 
FO = 100kHz ±10% 

Ne -----1111 f111 ... ---- Ne 
• .1 p_" p_" r-.. p_ .. p_" r-.. r-.. L. 

'12"13' '14' 'IS' '16' '17' ',.' 

AZ Az lit lit Rz 

A Vee Ne Vee Vee 
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82C85 

Metallization Topology 

DIE DIMENSIONS: 
107.9 x 122.0 x 19 ± 1mils 

METALLIZATION: 
Type: Si· AL 
Thickness: 11 kA ± 1 kA 

GLASSIVATlON: 
Type: Si02 
Thickness: akA ± 1 kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIp· 460°C (Max) 

Ceramic LCC • 420°C (Max) 

WORST CASE CURRENT DENSITY: 
2.26x 105 Ncm2 

This device meets glassivation integrity test requirements per 
MIL·STD·883 Method 2021 and MIL·M·38510, Paragraph 
3.5.5.4. 

Metallization Mask Layout 

82C85 

AENl PCLK CSYNC VCC 

l(flY 1 

HEADY 

nDY? 

AE'N? 

eLK 

CLK50 START SLO/FST 
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HARRIS 
SEMICONDUCTOR 

February 1992 

Features 

• Full Eight Bit Bi-directional Bus Interface 

• Industry Standard 8286 Compatible Pinout 

• High Drive Capability 
- B Side IOl ...........•...•......... 20mA 

- A Side IOl ......................... 12mA 

• Three-State Outputs 

• Propagation Delay .........•....... 35ns Max. 

• Gated Inputs 
- Reduce Operating Power 
- Eliminate the Need for Pull-Up Resistors 

• Single 5V Power Supply 

• low Power Operation ....•.... , ICCSB = 10llA 

• Operating Temperature Range 
- C82C86H .................... OOC to +70oC 
- 182C86H .................... -40oC to +85°C 
- M82C86H .................. -550 C to +125°C 

Pinouts 

82C86H 
CMOS Octal Bus Transceiver 

Description 

The Harris B2CB6H is a high performance CMOS Octal Trans
ceiver manufactured using a self-aligned silicon gate CMOS pro
cess (Scaled SAJI iV). The B2CB6H provides a full eight-bit bi
directional bus interface in a 20 pin package. The Transmit (T) con
trol determines the data direction. The active low output enable 
(OE) permits simple interface to the BOCB6, BOCBB and other 
microprocessors. The B2CB6H has gated inputs, eliminating the 
need for pull-up/pull-down resistors and reducing overall system 
operating power dissipation. 

Ordering Information 
TEMPERATURE 

PACKAGE RANGE 5MHz 8MHz 

Plastic DIP O°C to +70oC CP82C86H-5 CP82C86H 

-40oC to +85°C IP82C86H-5 IP82C86H 

PLCC OOC to +70oC CS82C86H·5 CS82C86H 

-40oC to +85°C IS82C86H-5 IS82C86H 

Ceramic DIP OOC to +70°C CD82C86H·5 CD82C86H 

-40oC to +85°C ID82C86H-5 ID82C86H 

-55°C to + 125°C MD82C86H-51B -
SMD# 5962-8757701RA 

LCC -55°C to +125°C MR82C86H-51B -
SMD# 5962-87577012A 

20 LEAD DIP 
TOPVI~ 

20 LEAD PLCC AND LCC 
TOP VIEW 

TRUTH TABLE 

T OE A B 

X H Hi-Z H~Z 

H L I 0 

L L 0 I 

H = LogiC One 
L = Logic Zero 
I = Input Mode 
o = Output Mode 
X = Don't Care 
H,-Z = High Impedance 

PIN NAMES 

PIN DESCRIPTION 

Ao-A7 Local Bus Data 110 Pins 

Bo-B7 System Bus Data 110 Pins 

T Transmit Control Input 

OE Active Low Output Enable 

CAUTION: These devices are sensitive to electrostatic discharge. Users should Iollow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 

File Number 2977 
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82C86H 

Functional Diagram 

Gated Inputs 
During normal system operation of a latch. signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input 
switching threshold. Additionally. if the driving signal 
becomes high impedance ("float" condition). it could create 
an indeterminate logic state at the inputs and cause a 
disruption in device operation. 

The Harris B2C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = 1000000zero for the B2C82183H) and when the device is 
disabled (OE = logic one for the 82C86H/87H). These gated 
inputs disconnect the input circuitry from the VCC and 

STB 

DATA IN --+--------+ 

FIGURE 1. 82C82183H 

INTERNAL 
DATA 

ground power supply pins by turning off the upper P·channel 
and lower N·channel (See Figures 1 and 2). No current flow 
from VCC to GND occurs during input transitions and invalid 
logic states from floating inputs are not transmitted. The next 
stage is held to a valid logic level internal to the device. 

D.C. input voltage levels can also cause an increase in ICC if 
these input levels approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input 
circuitry in its linear operating region (partially conducting 
state). The B2C8X series gated inputs mean that this 
condition will occur only during the time the device is in the 
transparent mode (STB = logic one). ICC remains below the 
maximum ICC standby speCification of 10llA during the time 
inputs are disabled. thereby greatly reducing the average 
power dissipation of the 82C8X series devices. 

Decoupling Capacitors 
The transient current required to charge and discharge the 
300pF load capacitance specified in the B2C86H/87H data 
sheet is determined by 

I = CL (dv/dt) 

Assuming that all outputs change state at the same time and 
that dv/dt is constant; 

I = CL (VCC x 80%) 

tRltF 

where tR = 20ns. VCC = S.OV. CL = 300pF on each eight 
outputs. 

I = (8 x 300 x 10.12) x (S.OV x 0.8)/(20 x 10-9) 

= 480mA 

This current spike may cause a large negative voltage spike 
on VCC which could cause improper operation of the device. 
To filter out this noise. it is recommended that a 0.11lF 
ceramic disc capacitor be placed between VCC and GND at 
each device. with placement being as near to the device as 
possible. 

vee 

DATAIN---;-------+ 
INTERNAL 
DATA 

FIGURE 2. 82C86H187H GATED INPUTS 
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Specifications 82C86H 

Absolute Maximum Ratings 
Supply Voltage •••.••••••••••••••••••••••••••••••••• +8.ov 
Input, Output or VO Voltage ....••..••••• GND-O.5V to Vcc+O.5V 
Storage Temperature Range •..••.•••••.••.•• -6500 to + 150°C 
Junction Temperature. • • • • • • • • • • • • • . • • • • . • . • • • • . • . • + 175°C 
Lead Temperature (Soldering lOs) •••..•....•......... +300"C 
ESD Classification . . . • • • • • • . . . • . • . • . • • • • . . . • . • . • . . Class 1 

Reliability Information 
Thermal Resistance 11-.. 

Ceramic DIP Package. • • • • . . . • . • .• 700c/w 
Ceramic LCC Package ••••••••.••• 76OC/W 

Maximum Package Power Disslpetion at +12500 

910 
15°C/W 
19"CIW 

Ceramic DIP Package .........................••. 720mW 
Ceramic LCC Package .•••....•..••.••••••...•... 664mW 

Gate Count •••.•••••...•••••...•••.•••••••••..• 265 Gates 
CAUTION: Stl'llSSSS abow those lIsted in 'Absolute Maximum RaUngs' may cause permanent damage to the davIce. ThIs IS a stl'llSS only raUng and operation 
of the detnce at these or any other condiUons abo ... those indicated in the opflraUonaJ sections of this specification is not ImpHed. 

Operating Conditions 
Operating Voltage Range •••••••••••••••..•••. +4.5V to +5.5V Operating Temperature Range 

DC Electrical Specifications vcc = 5.0V ± 10%; 

SYMBOL PARAMETER MIN 

VIH Logical One 2.0 

Input VoHage 2.2 

VIL Logical Zero Input Voltage -
VOH Logical One Output Voltage 

B Outputs 3.0 

A Outputs 3.0 

A or B Outputs VCC-0.4 

VOL Logical Zero Output Voltage 

B Outputs 

A Outputs 

\I Input Leakage Current -10.0 

10 Output Leakage Current -10.0 

ICCSB Standby Power Supply -
Current 

ICCOP Operating Power Supply -
Current 

NOTES: 

C92C86H ••.•••..••..•••.••••.•.•..••••.•• O"C to +70"C 
I92C86H •••••••••••••••.•.•••.••...••.•• -40"C to +85°C 
M92C86H •••.•••••.••••••••.••.•.•••••• -5500 to +1250C 

TA = O"C to +70"C (C92C86H); 
TA = -40"C to +8500 (182C86H); 
TA = -55°C to +1250C (M82C86H) 

MAX UNITS TEST CONDITIONS 

- V C82C86H, 182C86H 

V M92C86H (Note 1) 

0.8 V 

V 10H=-BmA 

V 10H=-4mA 

V 10H = -1001JA 

0.45 V IOL=20mA 

0.45 V IOL=12mA 

10.0 jlA VIN = GND or VCC DIP Pins 9, 11 

10.0 jlA VO = GND or VCC, OE ~ VCC -O.5V 
DIP Pins 1 - 8, 12 - 19 

10 IJA VIN = VCC or GND, VCC = 5.5V, Outputs Open 

1 mAfMHz T A = +25°C, Typical (See Note 2) 

1. VIH Is measured by applying a pulse of magnitude = VIHmin to 
one data Input at a time and checking the corresponding device 
output for a valid logical '1' during valid input high time. Control 
pins (T, OE) are tested separately with all device data input pins 
atVCC-O.4 

2. TypicallCCOP = 1 mAfMHz of readl cycle time. (Example: 1.0115 
reacllwrite cycle time = 1 mAl. 

Capacitance TA = +2500 

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 

CIN Input CapaCitance 

B Inputs 18 pF Freq = 1MHz, all measuremenls are 
referenced to device GND 

A Inputs 14 pF 
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Specifications 82C86H 

AC Electrical Specifications vcc = 5.0V ± 10%; TA = O"C to +70"C (C82CB6H); 
Freq = lMHz TA = -40"C to +850C (I82CB6H); 

TA = -55°C to +125°C (M82CB6H) 

NOTE 4 

82C86H 82CB6H-5 
SYMBOL PARAMETER MIN MAX MAX UNITS TEST CONDITIONS 

(1) TIVOV Input to Output Delay Notes I, 2 

Inverting 5 30 35 ns 

Non-Inverting 5 32 35 ns 

(2) TEHTV TransmiVReceive Hold Time 5 - ns Notes I, 2 

(3) TTVEL TransmiVReceive Setup Time 10 - - ns Notes I, 2 

(4) TEHOZ Output Disable Time 5 30 35 ns Notes 1,2 

(5) TELOV Output Enable Time 10 50 65 ns Notes I, 2 

(6) TR,TF Input Rise/Fall Times 20 20 ns Notes I, 2 

(7) TEHEL Minimum Output Enable High Time Note 3 

82C86H 30 - - ns 

82C86H-5 35 - - ns 

NOTES: 

1. All AC parameters tested as per test circuits and definitions in tim- 4. 82C86H is available in commercial and industrial temperature 
ing waveforms and test load cirCUits. Input rise and fall times are ranges only. 82C86H-5 is available in commercial, industrial and 
driven at 1 nsN. military temperature ranges. 

2. Input test signals must switch between VIL - OAV and VIH +OAV. 

3. A system limitation only when changing direction. Not a mea-
sured parameter. 

Timing Waveform 

... =-1 C TR, TF (6) 

INPUTS 2.0V )7'" 
O.8V ~ 

TEHEL(7) -
- /' "', OE 

--- (1) -- (4) -- ,-TELOV(S) TIVOV TEHOZ 
VOH -O.W ~3.0V OUTPUTS ---
VOL+O.W O.4SV 

r--TEHTV (2) TTVEL(3) 

* T 

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

A SIDE OUTPUTS 

2.36V J:6OO 

TEST 
OUTPUT POINT 

100pP ¢. 

TIVOV 
LOAD CIRCUIT 

B SIDE OUTPUTS 

2.27V J:1!l 

OUTPUT TEST 
POINT 

300pP ¢. 

TIVOV 
LOAD CIRCUIT 

82C86H 

1.5V J:7S!l 

OUTPUT TEST 
POINT 

100pP ¢. 

TELOV 
OUTPUT HIGH ENABLE 

LOAD CIRCUIT 

1.SV J:8OO 

OUTPUT TEST 
POINT 

300pF· ¢. 

TELOV 
OUTPUT HIGH ENABLE 

LOAD CIRCUIT 

1.SV J:1!l 

TEST 
OUTPUT POINT 

100pP ¢. 

TELOV 
OUTPUT LOW ENABLE 

LOAD CIRCUIT 

1.5V J:1!l 

TEST 
OUTPUT POINT 

300pP ¢. 

TELOV 
OUTPUT LOW ENABLE 

LOAD CIRCUIT 

·Includes jig and stray capacitance 
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2.36V J:6OO 

TEST 
OUTPUT POINT 

SOpP ¢. 

TEHOZ 
OUTPUT LOWIHIGH DISABLE 

LOAD CIRCUIT 

2.27V J:1!l 

• TEST 
OUTPUT POINT 

SOpF· ¢. 

TEHOZ 
OUTPUT LOWIHIGH DISABLE 

LOAD CIRCUIT 

~ 
cC 
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Burn-In Circuits 

NOTES: 
VCC = S.SV ± O.SV, GND = OV 
VIH = 4.SV ± 10% 
VIL = -0.2V to 0.4V 
R1 = 47kn±S% 
R2 = 2.4kn ± S% 
R3 = 1.Skn± S% 
R4=1kn±S% 
RS = Skn± S% 
C1 = 0.0111F minimum 
FO = 100kHz ± 10% 

F2 

F2 

F2 

F2 

F2 

F1 = FOI2, F2 = F112, F3 = F212 

RS 

RS 

RS 

RS 

R5 

82C86H 

MD82C86H CERAMIC DIP 

vee 

e1 

~ 
A 

A 

A 

A vee 

A 
R2 

A 

A 
A 

R1 R3 
vee 

MR82C86H CERAMIC LCC 

vee e1 

F2 F2 F2 F3 

R5 RS RS R5 

RS 
F3 

;1 RS 
F3 

_J 
R5 -, 

F3 6 1 
_J 

R5 r-
F3 115 

L_ 
r- RS 

F3 114 
L_ 

r-, r-'" r-, r-., r-'" 
, 9"10"11"12"13' 

R4 R4 R5 RS 
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Metallization Topology 

DIE DIMENSIONS: 
138.6 x 155.5 x 19 ± 1mils 

METALLIZATION: 
Type: Si - AI 
Thickness: 11 kA ± 1 kA 

GLASSIVATION: 
Type: Si02 
Thickness: 8kA ± 1 kA 

DIE ATTACH: 

82C86H 

Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 
1.47 x 105 Alcm 2 

Metallization Mask Layout 
82CB6H 

A2 A1 AO vee 

A3 

A4 

A5 

A6 

A7 OE GND T 
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February 1992 

Features 

• Full Eight Bit BI-dlrectlonal Bus Interface 

• Industry Standard 8287 Compatible Pinout 

• High Drive Capability: 
- BSlde IOL_ •••••••••• _ •• _ •••••••••• 20mA 
- A Side IOL ••••••••••••••••••••••• _. 12mA 

• Three-State Inverting Outputs 

• Propagation Delay ••••••••••••••••• 3Sns Max. 

• Gated Inputs· 
- Reduce Operating Power 
- Eliminate the Need for Pull-Up Resistors 

• Single SV Power Supply 

• Low Power Operation •••••••••• ICCSB = 10(.tA 

• Operating Temperature Range 
- C82C87H •••••••••••••••••••• OOC to +70oC 
- 182C87H •••••••••••••••••••• -40oC to +8SoC 
- M82C87H •••••••••••••••••• -5SoC to + 12SoC 

Pinouts 

82C87H 
CMOS Octal Inverting Bus Transceiver 

Description 
The Harris 82C87H is a high performance CMOS Octal Transceiver 
manufactured using a seH-aligned silicon gate CMOS process 
(Scaled SAJI IV). The 82C87H provides a full eight-bit bi-directional 
bus interface in a 20 pin package. The TransmH (T) control deter
mines the data direction. The active low output enable (OE) permits 
simple interface to the 8OC86, BOC88 and other microprocessors. 
The 82C87H has gated inputs, eliminating the need for pull-up/pull
down resistors and reducing overall system operating power dissi
pation. The 82C87H provides inverted data at the outputs. 

Ordering Information 
TEMPERATURE 

PACKAGE RANGE 5MHz 8MHz 

Plastic DIP O"C to +70"C CP82C87H-5 CP82C87H 

-40°C 10 +85OC IP82C87H-5 IP82C87H 

PLCC OOClo +700C CS82C87H-5 CS82C87H 

-40°C 10 +8500 IS82C87H-5 IS82C87H 

Ceramic DIP OOC 10 +70"C CD82C87H-5 CD82C87H 

-400C 10 +85°C ID82C87H-5 ID82C87H 

-55°C to +125°C MD82C87H-51B -
SMD# 5962-875n02RA -

LCC -55°C 10 +125°C MR82C87H-51B -
SMD# 5962-875n022A -

20 LEAD DIP 
TOP VIEW 

20 LEAD PLCC AND LCC 
TOP VIEW 

TRUTH TABLE 

T OE 

X H 

H L 

L L 
H = LogIC One 
L = Logic Zero 
I = Input Mode 
o = Output Mode 
X = Don~Care 

A 

Hi-Z 

I 

0 

H~Z = High Impedance 

PIN NAMES 

B 

Hi-Z 

0 

I 

PIN DESCRIPTION 

AO-A7 Local Bus Data 1/0 Pins 
BO-B7 System Bus Data va Pins 

T Transmit Control Input 
~ Active Low Output Enable 

CAUTION: These devices are sensltlva to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2978 
Copyright @Harris Corporation 1992 
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82C87H 

Functional Diagram 

Gated Inputs 

During normal system operation of a latch, Signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input switch
ing threshold. Additionally, if the driving signal becomes high 
impedance ("float" condition), it could create an indetermi
nate logic state at the inputs and cause a disruption in 
device operation. 

The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = I~zero for the 82C82183H) and when the device is 
disabled (OE = logic one for the 82C86H/87H). These gated 
inputs disconnect the input circuitry from the VCC and 

STB 

DATA IN ---i-------.. 

FIGURE 1. 82C82183H 

INTERNAL 
DATA 

ground power supply pins by turning off the upper P-channel 
and lower N-channel (See Figures 1 and 2). No current flow 
from VCC to GND occurs during input transitions and invalid 
logic states from floating inputs are not transmitted. The next 
stage is held to a valid logic level internal to the device. 

D.C. input voltage levels can also cause an increase in ICC if 
these input levelS approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input cir
cuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this condi
tion will occur only during the time the device is in the trans
parent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10j.J.A during the time 
inputs are disabled, thereby greatly reducing the average 
power dissipation of the 82C8X series devices. 

Decoupling Capacitors 

The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C86H/87H data 
sheet is determined by 

I = CL (dv/dt) 

Assuming that all outputs change state at the same time and 
that dv/dt is constant; 

I = CL (VCC x 80%) 

tRltF 

where tR = 20ns, VCC = 5.0V, CL = 300pF on each eight 
outputs. 

I = (8 x 300 x 10-12) x (5.0V x 0.8)/(20 x 10-9) 

= 480mA 

This current spike may cause a large negative voltage spike 
on VCC which could cause improper operation of the device. 
To filter out this noise, it is recommended that a 0.1j.lF 
ceramic disc capacitor be placed between VCC and GND at 
each device, with placement being as near to the device as 
possible. 

vce 

DATA IN --ii--------. INTERNAL 
DATA 

FIGURE 2. 82C86H187H GATED INPUTS 
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Absolute Maximum Ratings 

Specifications 82C87H 

Reliability Information 
Thermal Resistance aja 

Ceramic DIP Package. . . . . . . . . . . . . 700Cm 

Ceramic LCC Package . . . . . . • . . . . • 76°Cm 

Maximum Package Power Dissipation at + 125°C 

aJC 
15°Cm 

19°CIW 

Supply Voltage •.......••....•.••...............••.. +B.OV 
Input, Output or 1/0 Voltage .••....••.•.. GND-0.5V to Vcc+O.5V 
Storage Temperature Range ......•........•. -65°C to + 150°C 
Junction Temperature. . • . • . • • . . . . • . . . . . . . . • • . . • . . . . + 175°C 
Lead Temperature (Soldering 1 Os) ..•........•........ +300oC 
ESD Classification ................................ Class 1 Ceramic DIP Package ....................•....... 720mW 

Ceramic LCC Package ..............•....•....... 664mW 
Gate Count •.....•••.............•..•.......... 265 Gates 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and oparalion 
of the device at these or any other conditions above those indicated in the operational sections of this sp&eification is not implied. 

Operating Conditions 
Operating Voltage Range. . • . . . • . . • . . . • . . . . . .. +4.5V to +5.5V Operating Temperature Range 

C82CB7H ................................. OOC to +70oC 
182C87H .•.............................. -40°C to +8SoC 
MB2CB7H .............................. -55°C to + 125°C 

VCC = 5.0V ± 10%; DC Electrical Specifications 
TA = OoC to +70oC (C82C87H); 
TA = -40°C to +85°C (I82C87H); 
TA = -55°C to +125°C (MB2C87H) 

SYMBOL PARAMETER MIN MAX 

VIH Logical One 2.0 
I nput Voltage 2.2 

VIL Logical Zero Input Voltage - 0.8 

VOH Logical One Output Voltage 

B Outputs 3.0 

A Outputs 3.0 -
A or B Outputs VCC -0.4 -

VOL Logical Zero Output Voltage 

B Outputs 0.45 

A Outputs 0.45 

II Input Leakage Current -10.0 10.0 

10 Output Leakage Current -10.0 10.0 

ICCSB Standby Power Supply Current 10.0 

ICCOP Operating Power Supply Current - 1 

NOTES: 

1. VIH is measured by applying a pulse of magnitude = VIH min to 
one data input at a time and checking the corresponding device 
output for a valid logical "1" during valid input high time. Control 
pins (T, OE) are tested separately with all device data input pins 
at VCC -O.4V. 

CapaCitance TA = +25°C 

UNITS TEST CONDITIONS 

V C82C87H, 182C87H, 
M82C87H (Note 1) 

V 

V IOH=-8mA 

V 10H= -4mA 

V 10H = -1001lA 

V IOL=20mA 

V 10L= 12mA 

IlA VIN = GND or VCC, DIP Pins 9, 11 

IlA VO = GND or VCC, OE ;" VCC -0.5V 
DIP Pins 1-B, 12-19 

IlA VIN = VCC or GND, VCC = S.SV, Outputs Open 

mAIMHz TA = +25°C, VCC = 5V, Typical (See Note 2) 

2. TypicaliCCOP = 1 mAIMHz of read/write cycle time. (Example: 
1.01lS, read/write cycle time = 1 mAl. 

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 

CIN Input Capacitance Freq = 1 MHz, all measurements are 
referenced to device GND 

B Inputs 18 pF 

A Inputs 14 pF 
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Specifications 82C87H 

AC Electrical Specifications VCC = 5.0V ± 10%; T" = O"C to +70"C (C82C87H); 
Freq = lMHz TA = -40"C to +85"C (182C87H); 

TA = -ssoC to + 125°C (M82C87H) 

NOTE 4 NOTE 4 
82C87H 82C87H-5 

SYMBOL PARAMETER MIN MAX MAX UNrrs TEST CONDITIONS 

(1) TIVOV Input to Output Delay Notes 1, 2 

Inverting 5 30 35 ns 

Non-Inverting 5 32 35 ns 

(2) TEHTV Transmit/Receive Hold Time 5 - - ns Notes 1, 2 

(3) TTVEL Transmit/Receive Setup Time 10 - ns Notes 1, 2 

(4) TEHOZ Output Disable Time 5 30 35 ns Notes 1,2 

(5) TELOV Output Enable Time 10 50 65 ns Notes 1, 2 

(6) TR, TF Input Rise/Fall Times 20 20 ns Notes 1, 2 

(7) TEHEL Minimum Output Enable High Time Note 3 

82C87H 30 - - ns 

82C87H-5 35 - - ns 

NOTES: 

1. All AC parameters tested as per test circuits and definitions in tim- 4. 82C87H Is available in commercial and industrial temperature 
ing waveforms and test load cirCUits. Input rise and fall times are ranges only. 82C87H-5 is available in commercial, industrial and 
driven at 1 ns/V. military temperature ranges. 

2. Input test signals must switch between VIL - 0.4V and VIH +DAV. 

3. A system limitation only when changing direction. Not a mea-
sured parameter. 

Timing Waveform 

-=1 C TR, TF (6) 

INPUTS 2.0V ~i;>!' 
O.IV .i"1X 

TEHEL(7) --
- I.( 

"" OE ./ I'\. -- (1) - (4) - LTELOV(S) TIVOV TEHOZ 
VOH-O.1V 

1-13.0V OUTPUTS ---
VOL+O.1V O.4SV 

I--TEHTV (2) TTVEL(3) 

>k T 
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Test Load Circuits 

A SIDE OUTPUTS 

2.36V J:600 

OUTPUT TEST 
POINT 

100pP ~ 

TIVOV 
LOAD CIRCUIT 

B SIDE OUTPUTS 

2.27V J10 

TEST 
OUTPUT POINT 

300pP ~ 

TIVOV 
LOAD CIRCUIT 

82C87H 

1.SV J:750 

OUTPUT TEST 
POINT 

100pP ~ • 

TELOV 
OUTPUT HIGH ENABLE 

LOAD CIRCUIT 

1.SV J:SOO 

OUTPUT TEST 
POINT 

300pP ~ 

TELOV 
OUTPUT HIGH ENABLE 

LOAD CIRCUIT 

1.SV J:10 

TEST 
OUTPUT POINT 

100pF· ~ 

TELOV 
OUTPUT LOW ENABLE 

LOAD CIRCUIT 

1.SV J:10 

TEST 
OUTPUT POINT 

300pF· ~ 

TELOV 
OUTPUT LOW ENABLE 

LOAO CIRCUIT 

• Includes jig and stray capacitance 
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2.36V J:600 

TEST 
OUTPUT POINT 

SOPP~ 

TEHOZ 
OUTPUT LOWIHIGH DISABLE 

LOAD CIRCUIT 

2.27V J:10 

OUTPUT TEST 
POINT 

SOpP ~ 

TEHOZ 
OUTPUT LOWIHIGH DISABLE 

LOAD CIRCUIT 



Burn-In Circuits 

NOTES: 

R1 

F2 _R_S-"oAIv-_'" 

F2 _R_S-"oAIv-_'" 

F2 _R_S"""',"''_""_ 

F2 _R_S-"fV'Ir---I 

VCC = 5.5V ± 0.5V, GND = OV 
VIH=4.5V±10% 
VIL = -0.2V to O.4V 
R1 = 47kn±5% 
R2 = 2.4kn± 5% 
R3 = 1.5kn ± 5% 
R4= 1kn±5% 
R5=5kn±5% 
C1 = 0.0111F minimum 
FO = 100kHz ± 10% 
F1 = F012, F2 = F112, F3 = F212 

82C87H 

MD82C87H CERAMIC DIP 

vee 

e1 

~ 
A 

A 

A 

A vee 

A 

A 

A 
A 

R1 
vee 

MR82C87H CERAMIC LCC 

vee e1 

F2 F2 F2 F3 

RS RS RS RS 

I-"';';';JV'VI_- F3 

I---'V'",,"-- F3 

..... -JV'VI..-- F3 

I-~""""-- F3 

I---'V'",,"-- F3 

r-., r-'"I p-., r-., r-., 
I 8 I '10' '111 112' 1131 

R4 R4 R5 R5 
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Metallization Topology 

DIE DIMENSIONS: 
138.6 x 155.5 x 19 ± lmils 

METALLIZATION: 
Type: Si·AI 
Thickness: 11 kA ± 1 kA 

GLASSIVATION: 
Type: Si02 

Thickness: 8kA ± 1 kA 

DIE ATTACH: 

82C87H 

Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP· 460°C (Max) 

Ceramic LCC • 420°C (Max) 

WORST CASE CURRENT DENSITY: 
1.47 x 105 A1cm2 

Metallization Mask Layout 

82C87H 

A2 A1 AO vee 

A3 

A4 

AS 

A6 

A7 DE GND T 
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SEMICONDUCTOR 

February 1992 

Features 

Compatible with Bipolar 8288 

• Performance Compatible with: 
- 80C86180C88 ....•..••••..••••••...•..• (518MHz) 
- 80186180188 ...•.......•.............. (6I8MHz) 
- 808618088 ............................ (518MHz) 

- 8089 

• Provides Advanced Commands for Multi-Master 
Busses 

• Three-State Command Outputs 

• Bipolar Drive Capability 

• Scaled SAJI IV CMOS Process 

• Single 5V Power Supply 

• Low Power Operation 
- ICCSB ••••••••••.•••••••••••••..•• 10llA (Max) 
- ICCOP •.••.••••••••..•....••••. 1mAIMHz (Max) 

• Operating Temperature Ranges 
- C82C88 ••.••..•••••.••.•.••.••... OoC to +70°C 
- 182C88 ••.•••..••••••.•....•.••. -40°C to +85°C 
- M82C88 •..•...•••............. -55°C to +125°C 

Pinouts 

GND 

20 LEAD DIP 
TOP VIEW 

vcc 

So 

S2 

MCEIPliEN 

DEN 

CEN 

iNi'A 

10RC 

82C88 
CMOS Bus Controller 

Description 

The Harris 82C88 is a high performance CMOS Bus 
Controller manufactured using a self-aligned silicon gate 
CMOS process (Scaled SAJi IV). The 82C88 provides the 
control and command timing signals for 80C86, 80C88, 
8086, 8088, 8089, 80186, and 80188 based systems. The 
high output drive capability of the 82C88 eliminates the need 
for additional bus drivers. 

Static CMOS circuit design insures low operating power. The 
Harris advanced SAJI process results in performance equal 
to or greater than existing equivalent products at a significant 
power savings. 

Ordering Information 
TEMPERATURE 

PACKAGE RANGE ORDER CODE 

PlastiC DIP OOC to +70oC CP82C88 

·40oC to +85°C IP82C88 

PLCC OOC to +70oC CS82C88 

·40oC to +85°C IS82C88 

Ceramic DIP OOC to +70oC CD82C88 

SMD# 

LCC 

SMD# 

·40oC to +85OC ID82C88 

·55°C to +125°C MD82C88/B 

8406901RA 

-55°C to +125°C MR82C88/B 

84069012A 

20 LEAD PLCC AND LCC 
TOP VIEW 

l~J l!J t~J t~.oJ n?J 
DTIR [{a S2 

ALE [{7 MCE/PliEN 

AEN [{s DEN 

MRl5C [{s CEN 

[{4 iNi'A 
r-" r-., r-, r-., r-.., 
19 1 '10' 1111 1121 113 1 

~ ~ ~ ~ ~ IUOIUIUIU 
:=; -,,-

CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper I.e Handling Procedures. File Number 2979 
Copyright © Harris Corporation 1992 4·313 
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82C88 

Functional Diagram - r- MRDc 
iQ- :3 STATUS I - r- MWTC }WuadW sf- DECODER COMMAND - r-AMWC 

COMMAND §2- SIGNAL - r-IORC SIGNALS 

I~ 
GENERATOR - r-IOWC - r-AIOWC - I-- iN'I'A 

{ CLK-§ CONTROL t- DTIR } ADDRESS LATCH 
CONTROL m- CONTROL SIGNAL ~ DEN __ DATA TRANSCEIVER, 

INPUT CEN- LOGIC GENERATOR MCElPDEN AND INTERRUPT 
lOB- I-- ALE CONTROL SIGNALS 

vtc GLD TIIMULTIBUS IS AN INTEL CORP, TRADEMARK 

Pin Description 
PIN 

SYMBOL NUMBER TYPE DESCRIPTION 

vee 20 VCC: The +5V power SLWIY pin. A O.IIlF capacitor between pins 10 and 20 is recommended fordecoupling. 

GND 10 GROUND. 

SO, SI, 52 19,3,18 I STATUS INPUT PINS: These pins are the input pins from the 8OC86, 8OC88,8086I88, 8089 processors. The 
82C88 decodes these inputs to generate command and control signals at the appropriate time. When Status 
pins are not in use (passive), command outputs are held HIGH (See Tablel). 

CLK 2 I CLOCK: This is a CMOS compatible input which receives a clock signal from lhe 82C84A or 82C85 clock gen-
erator and serves to establish when command/control signals are generated. 

ALE 5 0 ADDRESS LATCH ENABLE: This signal serves to strobe an address into the address latches. This signal is 
active HIGH and latching occurs on the falling (HIGH to LOW) trans~ion. ALE is intended for use ~h transpar-
ent 0 typa latches, such as the 82C82 and B2C83H. 

DEN lB 0 DATA ENABLE: This signal serves to enable data transceivers onto e~her the local or system data bus. This 
signal is active HIGH. 

DTiR 4 0 DATA TRANSMIT/RECEIVE: This signal establishes the direction of data flow through the transceivers. A HIGH 
on this line indicates TransmH (wr~e to VO or memory) and a LOW indicates Receive (read from VO or memory). 

AEN 6 I ADDRESS ENABLE: AEN enables command outputs of the 82C88 Bus Controller a minimum of lIOns (25Ons 
maximu~fter ~ becomes active (LOW). AEriI going inactive immediately three-states the command output 
drivers. AEN does not affect the VO command lines W the 82C88 is in the VO Bus mode (lOB tied HIGH). 

CEN 15 I COMMAND ENABLE. When this signal is LOW all 82C88 command outputs and the DEN and PDEN control 
outputs are forced to their Inactive state. When this signal is HIGH, these same outputs are enabled. 

lOB 1 I INPUT/OUTPUT BUS MODE: When the lOB pin is strapped HIGH, the 82088 functions in the va Bus mode. 
When ~ is strapped LOW, the 82CBB functions in the System Bus mode (See va Bus and System Bus sections). 

AIOWC 12 0 ADVANCED VO WRITE COMMAND: The AIOWC issues an VO Write Command earlier in the machine cycle 
to give I/O devices an early indication of a wrfte instruction. Its timing is the same as a read command signal. 
AIOWC is active LOW 

10WC 11 0 VO WRITE COMMAND: This command line instructs an I/O device to read the data on the data bus. The signal 
is active LOW. 

10RC 13 0 VO READ COMMAND: This command line instructs an VO device to drive fts data onto the data bus. This signal 
is active LOW. 

AMWC B 0 ADVANCED MEMORY WRITE COMMAND: The AMWC issues a memory wr~e command earlier in the ma-
chine cycle to giv~ry devices an early indication of a wr~e instruction. Its timing is the same as a read 
command signal. AMWC is active LOW. 

MWTC 9 0 MEMORY WRITE COMMAND: This command line instructs the memory to record the data present on the data 
bus. ThIS sIgnal os actove LOW. 

MRDC 7 0 ~RY READ COMMAND: This command line instructs the memory to drive ~s data onto the data bus. 
MRDC is active LOW. 

INTA 14 0 INTERRUPT ACKNOWLEDGE: This command line tells an interrupting device that fts interrupt has been ac-
knowledged and that ~ should drive vectoring information onto the data bus. This signal is active LOW. 

MCE! 17 0 This is a dual function pin. MCE (lOB IS TIED LOW) Master Cascade Enable occurs during an interrupl se-
P'i5EN quence and serves to read a Cascad~ess from a master 82C59A Prionly Interrupt Controller onto the data 

bus. The MCE signal is active HIGH. PDEN (lOB IS TIED HIGH): Peripheral Data Enable enables the data bus 
transceiver for the VO bus that DEN parforms for the system bus. PO EN is active LOW. 
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82C88 

Functional Description 
The command logic decodes the three 8OC86, 8086, 80C88, 
8088, 80186, 80188 or 8089 status lines (SO, Sl, S2) to 
determine what command is to be issued (see Table 1). 

TABLE 1. COMMAND DECODE DEFINITION 

82C88 
52 Sl SO PROCESSOR STATE COMMAND 

0 0 0 Interrupt Acknowledge INTA 

0 0 1 Read VO Port IORC 

0 1 0 WriteVOPort IOWC,AIOWC 

0 1 1 Halt None 

1 0 0 Code Access MRDC 

1 0 1 Read Memory MRDC 

1 1 0 Write Memory MWTC,AMWC 

1 1 1 Passive None 

I/O Bus Mode 

The 82C88 is in the I/O Bus mode if the lOB pin is strapped 
HIGH. In the I/O Bus mode, all I/O command lines 10RC, 
10WC, AIOWC, INTA) are always enabled (Le., not depen
dent on AEN). When an I/O command is initiated by the pro
cessor, the 82C88 immediately activates the command lines 
using PDEN and DTJR to control the I/O bus transceiver. The 
I/O command lines should not be used to control the system 
bus in this configuration because no arbitration is present. 
This mode allows one 82C88 Bus Controller to handle two 
external busses. No waiting is involved when the CPU wants 
to gain access to the I/O bus. Normal memory access 
requires a "Bus Ready· signal (AEiii LOW) before it will pro
ceed. It is advantageous to use the lOB mode if I/O or per
pherals dedicated to one processor exist in a multi
processor system. 

System Bus Mode 

The 82C88 is in the System Bus mode if the lOB pin is 
strapped LOW. In this mode, no command is issued until a 
specified time period after the AEN line is activated (LOW). 
This mode assumes bus arbitration logic will inform the bus 
controller (on the AEN line) when the bus is free for use. 
Both memory and I/O commands wait for bus arbitration. 
This mode is used when only one bus exists. Here, both I/O 
and memory are shared by more than one processor. 

Command Outputs 

The advanced write commands are made available to initiate 
write procedures early in the machine cycle. This signal can 
be used to prevent the processor from entering an unneces
sary wait state. 

iN'i'A (Interrupt Acknowledge) acts as an I/O read during an 
interrupt cycle. Its purpose is to inform an interrupting device 
that its interrupt is being acknowledged and that it should 
place vectoring information onto the data bus. 

The command outputs are: 

MRi5C -Memory Read Command 

MWTC - Memory Write Command 

10RC - I/O Read Command 

10WC - I/O Write Command 

AMWc -Advanced Memory Write Command 

AIOWC - Advanced I/O Write Command 

iN'i'A - Interrupt Acknowledge 

Control Outputs 

The control outputs of the 82C88 are Data Enable (DEN), 
Data TransmitIReceive (DTJR) and Master Cascade Enable/ 
Peripheral Data Enable (MCElPDEN). The DEN signal 
determines when the external bus should be enabled onto 
the local bus and the DTiFi determines the direction of data 
transfer. These two signals usually go to the chip select and 
direction pins of a transceiver. 

The MCEli5"5EN pin changes function with the two modes of 
the 82C88. When the 82C88 is in the lOB mode (lOB HIGH), 
the i5"5EN signal serves as a dedicated data enable signal 
for the I/O or Peripheral System bus. 

Interrupt Acknowledge and MCE 

The MCE signal is used during an interrupt acknowledge 
cycle if tt}e 82C88 is in the System Bus mode (lOB LOW). 
During any interrupt sequence, there are two interrupt 
acknowledge cycles that occur back to back. During the first 
interrupt cycle no data or address transfers take place. Logic 
should be provided to mask off MCE during this cycle. Just 
before the second cycle begins the MCE signal gates a mas
ter Priority Interrupt Controller'S (PIC) cascade address onto 
the processor's local bus where ALE (Address Latch Enable) 
strobes it into the address latches. On the leading edge of 
the second interrupt cycle, the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is read by 
the processor. 

If the system contains only one PIC, the MCE signal is not 
used. In this case, the second Interrupt Acknowledge signal 
gates the interrupt vector onto the processor bus. 

Address Latch Enable and Halt 

Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
82C82182C83H address latches. ALE also serves to strobe 
the status (sci, 81, S2) into a latch for halt state decoding. 

Command Enable 

The Command Enable (CEN) input acts as a command 
qualifier for the 82C88. If the CEN pin is high, the 82C88 
functions normally. If the CEN pin is pulled LOW, all com
mand lines are held in their inactive state (not 3-state). This 
feature can be used to implement memory partitioning and 
to eliminate address conflicts between system bus devices 
and resident bus devices. 
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Specifications 82C88 

Absolute Maximum Ratings 
Supply Voltage .....•................•.............. +8.0V 
Input, Output or 1/0 Voltage ............ GND-0.5V to VCC+0.5V 
Storage Temperature Range .............•... -65°C to +150°C 
Junction Temperature ......•............•.......... + 175°C 
lead Temperature (Soldering lOs) .........•.......... +300oC 
ESD Classification .....................•.......... Class 1 

Reliability Information 
Thermal Resistance 0la 

Ceramic DIP Package ............. 77.SOC/W 
Ceramic lCC Package .. . . . . . . . • .. 76.00C/W 

Maximum Package Power Dissipation at +125°C 

OJ< 
18.9°CIW 
19.0oCIW 

Ceramic DIP Package ................•.....•••..• 646mW 
Ceramic lCC Package ........................•.• 664mW 

Gate Count .....•.............................• 100 Gates 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicat6d in the operational sections of this specification is not implied. 

Operating Conditions 
Operating Voltage Range. . . . . . . . . . . . . . . . . . . •. +4.5V to +5.5V Operating Temperature Range 

DC Electrical Specifications VCC = 5.0V ± 10%; 

SYMBOL 

VIH 

Vil 

VIHC 

VllC 

VOH 

VOL 

II 

IBHH 

10 

ICCSB 

ICCOP 

NOTES: 

TA = O°C to +70oC (C82C88); 
TA = -40°C to +85°C (I82C88); 
TA = -55°C to +125°C (M82C88) 

PARAMETER MIN MAX 

logical One Input Voltage 2.0 
2.2 

logical Zero Input Voltage 0.8 

ClK logical One Input Voltage VCC-O.B 

ClK logical Zero Input Voltage 0.8 

Output High Voltage 3.0 -
Command Outputs VCC -0.4 

Output High Voltage 3.0 -
Control Outputs VCC -0.4 

Output low Voltage - 0.5 
Command Outputs 

Output low Voltage - 0.4 
Control Outputs 

Input leakage Current -1.0 1.0 

Input leakage Current-Status Bus -50 -300 

Output leakage Current -10.0 10.0 

Standby Power Supply 10 

Operating Power Supply Current 1 

C82C88 ...•••...........................• OOC to +70oC 
182C88 .....•............................ -400C to +85°C 
M82C88 ....................•........... -55°C to + 125°C 

UNITS TEST CONDITIONS 

V C82C88, 182C88 
V M82C88 

V 

V 

V 

V 10H =-8.0mA 
V 10H =-2.5mA 

V 10H =-4.0mA 
V 10H =-2.5mA 

V 10l= +12.0mA 

V 10l= +B.OmA 

j1A VIN = GND or VCC, except SO, SI, S2, 
DIP Pins 1-2,6,15 

j.lA VIN = 2.0V, SO, SI, S2 (See Note 1) 

itA VO = GND or VCC, lOB = GND, AEN = VCC, 
DIP Pins 7-9,11-14 

j1A VCC = 5.5V, VIN = VCC or GND, Outputs Open 

rnA/MHz VCC = 5.5V, Outputs Open (See Note 2) 

1. IBHH should be measured after raising the VIN on SO, SI, S2 to 
VCC and then lowering to valid input high level of 2.0V. 

2. ICCOP = 1 mAIMHz of ClK cycle time (TClCl) 

Capacitance TA = +25°C 

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 

CIN Input Capacitance 10 pF FREQ = 1 MHz, all measurements are 

COUT Output Capacitance 17 pF 
referenced to device GND 
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Specifications 82C88 

AC Electrical Specifications vcc = 5.0V ± 10%; 

SYMBOL 

TA = O"C to +70"C (C82C88); 
TA = -40"C to +85°C (182C88); 
TA = -55°C to + 125°C (M82C88) 

PARAMETER MIN 

TIMING REQUIREMENTS 

(1 ) TClCl ClK Cycle Period 125 

(2) TClCH ClKlowTime 55 

(3) TCHCl ClK High Time 40 

(4) TSVCH Status Active Setup Time 35 

(5) TCHSV Status Inactive Hold Time 10 

(6) TSHCl Status Inactive Setup Time 35 

(7) TClSH Status Active Hold Time 10 

TIMING RESPONSES 

(8) TCVNV Control Active Delay 5 

(9) TCVNX Control Inactive Delay 10 

(10) TCllH. ALE Active Delay (from ClK) 

(11) TCLMCH MCE Active Delay (from ClK) -
(12) TSVlH ALE Active Delay (from Status) -
(13) TSVMCH MCE Active Delay (from Status) -
(14) TCHll ALE Inactive Delay 4 

(15) TCLMl Commend Active Delay 5 

(16) TCLMH Command Inactive Delay 5 

(17) TCHDTl Direction Control Active Delay -
(18) TCHDTH Direction Control Inactive Delay -
(19) TAElCH Command Enable Time (Note 1) -
(m) TAEHCZ Command Disnable Time (Note 2) -
(21) TAElCV Enable Delay Time 110 

(22) TAEVNV AENto DEN -
(23) TCEVNV CEN to DEN, PDEN -
(24) TCElRH CEN to Command 

(25) TlHll ALE High Time TClCH -10 

NOTES: 

MAX 

-
-
-

45 

45 

20 

25 

20 

30 

18 

35 

35 

50 

30 

40 

40 

250 

25 

25 

TCLML+10 

-

UNITS TEST CONDITIONS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 1 

ns 1 

ns 1 

ns 1 

ns 1 

ns 1 

ns 1 

ns 2 

ns 2 

ns 1 

ns 1 

ns 3 

ns 4 

ns 2 

ns 1 

ns 1 

ns 2 

ns 1 

1. TAElCH measurement is between 1.5V and 2.5V. 2. TAEHCZ measured at 0.5V change in VOUT. 

AC Testing Input, Output Waveform 

INPUT 

V1H+G.4V 

V1l -O.4V 

1.SV~ .... ______ ~~ I.SV 

OUTPUT 

VOH 

VOL 

A.C. Test Circuit 

• Includes Stray and Jig 
Capacitance 

V1 

~ OUTPUT FROM 
DEVICE TEST 

UNDER TEST POINT 

~C1. 

A.C. Testing: . All input signals (other than ClK) must swnch 
between Vil -O.4V and VIH +0.4. ClK must swnch 
between 0.4V and VCC -O.4V. Input rise and fall times 
are driven at 1 nsIV. 

TEST CONDITION DEFINITION TABLE 

TEST CONDITION VI Rl Cl 

1 2.13V 2200 80pF 

2 2.29V 910 300pF 

3 1.5V 1870 300pF 

4 1.5V 1870 50pF 

4-317 

I/) 
..J 
c( 

1/)0:: ow 
:EJ: 
09: 

0:: w 
Q. 



82C88 

Timing Waveforms (Note 3) 

STATE 
_T. _ ___ T, 

T2---- T3 T._ 
--TClCl~ 

ClK v---\ h u: 11\ (1) V"""' t--TClCH~ 
-.l 1\ J 1\ (2) J 1"-.- -.l 1\ 

ADOAESSIOATA 

Al " 

DENCWRIT 

POEN(WAIT 

DTtR(REA 
(INT 

C 

I 
I 

01 
AI 

"I 

"I 

01 
AI 

MC " 

NOTES: 

TCHSV~ (5) I-

\ 
~ 

'(,'~'i~ 

JCHOTH .. .!..8)t ---'-

----IJ 

TClMCH-
(11 ) 

-- TSVCtI-
(4) 

1\ 

X AOOR 
VALID 

Y r 
1.-

SVl 12 

fr 

-. 

(8) 
CVNV -

- 1 
i I 

V<D 

r- . 
TSVMCH 

13 ( ) 

1. Address/Data Bus is shown only for reference purposes. 

TCHCL- I-,. (7)-TSHCl r--
(3) - leLSH 

V 
J 

WRITE 
'0 <D DATA V 

CHLL(14) 

- (16) 
r-TClMH 

\ 
[\ I 

- TCLML - _TClMl 

i15) (15) 

\ I 
[\ J 

- (8) I-- TCVNV 

\ 

-.l 1\ 

TCYNX - (9) -

\ 

J 
-
V \ 

I ~ 
. - - TCVNX(9) 

\ V 
~ 

V 
-.l 

rCHo"(17) 

\ " ( 18)1cHOTlI- l-

rCVNX (9) 

2. Leading edge of ALE and MCE Is determined by the falling edge 
of CLK or status going active. Whichever occurs last. 

3. All timing measurements are made at 1.5V unless otherwise 
specified. 
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82C88 

Timing Waveforms (Continued) (Note 3) 

DEN, POEN QUALIFICATION TIMING 

~ )K -------------------------' ,-------------------------

DEN 
£ , ..... "" ~,....----""\.)K--------

r--- TCEVNV (23) -

)K --------------------------------------------' '--------

ADDRESS ENABLE (AEN) TIMING (THREE-STATE ENABLEIDISABLE) 

OUTPUT 
COMMAND 

CEN 

NOTES: 

1.5V 

v---=.:~~._+-------:-r-+-v-'- O.5V VOH 

-------------+--~ 

NOTE: CEN must be low or invalid prior to T2 to prevent the command from being generated. 

1. Address/Data Bus is shown only for reference purposes. 3. All bmlng measurements are made at 1.5V unless otherwise 
specified. 2. leading edge of ALE and MCE is determined by the falling edge 

01 elK or status going active. Whichever occurs last. 
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Burn-In Circuit 

NOTES: 

1. VCC = 5.5V ± 0.5V 
GND=OV 

2. VIH = 4.5V ± 10% 
VIL = -0.2V to +<l.4V 

3. Component Values: 
R1 = 47kn, 1/4W, 5% 
R2 = 1.51<0, 1/4W, 5% 
R3 = 10kn, 1/4W, 5% 
R4 = 1.2kn, 1/4W, 5% 
C1 = O.OlI1F (Min) 
FO = 100kHz ± 10% 
F1 = FOI2 
F2 = Fll2 ... F7 = F612 

82C88 

MD82C88 CERAMIC DIP 

F7 vee 

FO F4 

Fa F2 

A A 

A A 

F5 F. vee 
A A 

A A 

A A A 

vcc-l A 
C1 

MR82C88 CERAMIC LCC 

Fa FO F7 vee F4 

R4 R1 R1 R4 

l!": L!": l~l L~.J L'i.!J 
VCCl2 --vv,--{J [£81---''''''''""- F2 

VCCl2 VCCl2 

F5 VCCl2 

VCCl2 FI 

VCCl2--W\r-~ €J 1---'''''",""- VCCl2 
p-.. r- .. r-.. p-.. p-" 

'I • '10' '11' '12' '13' 

R4 R4 R4 R4 

C1 
VCC ---1~-+-4 
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Metallization Topology 
DIE DIMENSIONS: 

103.5 x 116.5 x 19 ± 1mils 

METALLIZATION: 
Type: Si - AI 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 
1.9 x 105 A/cm2 

Metallization Mask Layout 

DT/R 

ALE 

AEN 

MRDC 

82C88 

82C88 

II) 
....I 
ct 

II) a: oW 
MCE :eJ: 
/PDEN 09: 

a: 
w 
0.. 

DEN 

CEN 

INTA 
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February 1992 

Features 

• Pin Compatible with Bipolar 8289 

• Performance Compatible with: 
- 8OC86180C88 •••••••••••••••••••••••••• (518MHz) 

• Provides Multi-Master System Bus Control and 
Arbitration 

• Provides Simple Interface with 82C8818288 Bus 
Controller 

• Synchronizes 80C8618086. 80C8818088 Processors 
with Multi-Master Bus 

• Bipolar Drive Capability 

• Four Operating Modes for Rexlble System Configura
tion 

• Low Power Operation 
- ICCSB ••• • • • • • • • • • • • • • • • • • • • • • • • •• 10J.tA (Max) 

- ICCOP ••••••••••••••••••.•••••• 1 mAlMHz (Max) 

• Operating Temperature Ranges 
- C82C89 •••••••••••••••••••••••••• OOC to +700 C 

- 182C89 ••••••••••••••••••••••••• -40°C to +850 C 

- M82C89 ••••••••••••••••••••••• -55°C to +1250 C 

Pinouts 

SYSBlRESB 3 

iImQ 7 

iiPFiO 8 

GND 

20 LEAD DIP 
TOP VIEW 

Si 

so 
ClK 

ANYRQST 

iER 

82C89 
CMOS Bus Arbiter 

Description 
The Harris 82C89 Bus Aribiter is manufactured using a self
aligned silicon gate CMOS process (Scaled SAJI IV). This 
circuH, along with the 82C88 bus controller, provides full bus 
arbitration and control for multi·processor systems. The 
82C89 is typically used in medium to large 80C86 or 80CBB 
systems where access to the bus by several processors 
must be coordinated. The 82C89 also provides high output 
current and capacitive drive to eliminate the need for addi· 
tional bus buffering. 

Static CMOS circuit design insures low operating power. The 
advanced Harris SAJI CMOS process results in perfor· 
mance equal to or greater than existing equivalent products 
at a significant power savings. 

Ordering Information 

PACKAGE 

PlastiC DIP 

PLCC 

Ceramic DIP 

SMD# 

lCC 

SMD# 

TEMPERATURE 
RANGE ORDER CODE 

O"C to +70"C CP82C89 

·4O"C to +85°C IP82C89 

O"C to +70"C CS82C89 

-4O"C to +85°C IS82C89 

O"C to +70"C CD82C89 

·4O"C to +85°C ID82C89 

·55OC to + 125°C MD82C89/B 

5962·8552801 RA 

-55°C to +125°C MR82C891B 

5962·85528012A 

20 LEAD PlCC AND lCC 
TOP VIEW 

~!J L!J t!J LtOJ L1.!JJ 

il [ia So 
[17 ClK 

[1& LOCK 

[15 CRQlCK 

iiPFiO iJ [14 ANYRQST 
r-.. p-", p-", p-"" r-", 
· e' '10' '11' 1121 113 1 

CAUTION: These devices are sansltlw 10 electroslatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2980 
Copyright @ Harris Corporation 1992 
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Functional Diagram 

eOC86/ { eocee 
STATUS 

82C89 

MULnBUS 
INTERFACE 

~ MULnBUS™ 
"'-+--BPRN COMMAND 

BPRO SIGNALS 
BUSY 

I+--t--~~:K } 

~--r-~--~ CBRQ 

CONTROU 
STRAPPING 

OPTIONS 
{ 

CR:~: 
RESB 

ANYR~ ill } SYSTEM 
lOB -.--...----T'"--..... IiXliBl SIGNALS 

L---------------------~--RESB 

+5V GND 

MULTIBUS™ IS AN INTEL CORP. TRADEMARK 

Pin Description 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

VCC 20 VCC: The +5V Power supply pin. A 0.111F capacitor between pins 10 and 20 is recommened for 
decoupling. 

GND 10 GROUND. 

SO,S1,S2 1,18-19 I STATUS INPUT PINS: The status Input pins from an 80C86, 8OC88 or 8089 processor. The 
82C89 decodes these pins to initiate bus request and surrender actions. (See Table 1). 

ClK 17 I CLOCK: From the 82C84A or 82C85 clock chip and serves to establish when bus arbiter actions 
are Initiated. 

lOCK 16 I lOCK: A processor generated signal which when activated (low) prevents the arbiter from sur-
rendering the multi-master system bus to any other bus arbiter, regardless of its priority. 

CRQLCK 15 I COMMON REQUEST lOCK: An active low Signal which prevents the arbiter from s~dering 
the multi-master system bus to any other bus arbiter requesting the bus through the CBRQ input 
pin. 

RESB 4 I RESIDENT BUS: A strapping option to configure the arbiter to operate in systems having both a 
multi-master system bus and a Resident Bus. Strapped high, the multi-master system bus is re-
quested or surrendered as a function of the SYSBIRESB input pin. Strapped low, the SYSBI 
RESB input is Ignored. 

ANYRQST 14 I ANY REQUEST: A strapping option which permits the multi-master system bus to be surren-
dered to a lower priority arbiter as if it were an arbiter of higher priority (I.e., when a lower priority 
arbiter requests the use of the multi-master system bus, the bus is surrendered as soon as ~ is 
possible). When ANYRQST is strapped low, the bus ~endered according to Table A in De-
sign Information. If ANYRQST is strapped hig'l.!!!!!.. CBRQ is activated, the bus is surrendered 
at the end of the present bus cycle. Strapping CBRQ low and ANYRQST high forces the 82C89 
arbiter to surr~e mUlti-master system bus after each transfer cycle. Note that when sur-
render occurs BREQ is driven false (high). 
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82C89 

Pin Description (Continued) 

PIN 
SYMBOL NUMBER TYPE DESCRIPTION 

lOB 2 I 10 BUS: A strapping option which configures the 82C89 Arbiter to operate in systems having both 
an 10 Bus (Peripheral Bus) and a multi-master system bus. The arbite~quests and surrenders 
the use of the multi-master system bus as a function of the status line, S2. The multi-master sys-
tem bus is permitted to be surrendered while the processor is performing 10 commands and is 
requested whenever the processor performs a memory command.lnterrupt cycles are assumed 
as coming from the peripheral bus and are treated as an 10 command. 

AEN 13 0 ADDRESS ENABLE: The output of the 82CB9 Arbiter to the proc~or's address latches, to the 
82C88 Bus Controller and B2CB4A or 82CB5 Clock Generator. AEN serves to instruct the Bus 
Controller and address latches when to three-state their output drivers. 

INIT 6 I INITIALIZE: An active low multi-master system bus input signal used to reset all the bus arbiters 
on the multi-master system bus. After initialization, no arbiters have the use of the multi-master 
system bus. 

SYSBI 3 I SYSTEM BUS/RESIDENT BUS: An input signal when the arbiter is configured in the System/ 
RESB Resident Mode (RESB is strapped high) which determines when the multi-master system bus is 

requested and mUlti-master system bus surrendering is permitted. The signal is intended to orig-
inate from a form of address-mapping circuitry, such as a decoder or PROM attached to the res-
ident address bus. Signal transitions and glitches are permitted on this pin from 91 of T4 to 91 of 
T2 of the processor cycle. During the period from 91 of T2 to 91 of T4, only clean transitions are 
permitted on this pin (no glitches). If a glitch occurs, the arbiter may capture or miss it, and the 
multi-master system bus may be requested or surrendered,depending upon the state of the glitch. 
The arbiter requests the mUlti-master system bus in the System/Resident Mode when the state 
of the SYSBIRESB pin is high and permits the bus to be surrendered when this pin is low. 

CBRQ 12 I/O COMMON BUS REQUEST: An input signal which instructs the arbiter If there are any other arbi-
ters of lower priority requesting the use of the mUlti-master system bus. 

The Ci3RQ pins (open-drain output) of all the B2CB9 Bus Arbiters which surrender to the mUlti-
master system bus upon request are connected together. 

The Bus Arbiter running the current transfer cycle will not itself pull the Ci3RQ line low. Any other 
arbiter connected to the CDRQ line can requ~ milti-master system bus. The arbiter presently 
running the current transfer cycle drops its BREQ signal and surrenders the bus whenever the 
proper surrender conditions exist. Strapping CBRQ low and ANYRQST high allows the multi-
master system bus to be surrendered after each transfer cycle. See the pin definition of 
ANYRQST. 

BClK 5 I BUS CLOCK: The multi-master system bus clock to which all multi-master system bus interface 
signals are synchronized. 

BREQ 7 0 BUS REQUEST: An active low output signal in the Parallel Priority Resolving Scheme which the 
arbiter activates to request the use of the mUlti-master system bus. 

BPRN 9 I BUS PRIORITY IN: The active low Signal returned to ~b~instruct it that it may acquire 
the multi-master system bus on the next falling edge of BClK. BPRN active indicates to the arbiter 
that it is the highest priority requesting arbiter presently on the bus. The loss of BPRN instructs 
the arbiter that it has lost priority to a higher priority arbiter. 

BPRO 8 0 BUS PRIORITY OUT: An active low output signal used in the serial priority resolving scheme 
where BPRO is daisy-chained to BPRiii of the next lower priority arbiter. 

BUSY 11 I/O BUSY: An active low open-drain mUlti-master system bus interface signal used to instruct all the 
arbiters on the bus when the mUlti-master system bus is availabl~n the multi-master system 
bus is available the highest requesting arbiter (determined by BPRN) seizes the bus and pulls 
BUSY low to keep other arbiters off of the bus. When the arbiter is done with the bus, it releases 
the BUSY signal, permitting it to go high and thereby allowing another arbiter to acquire the multi-
master system bus. 
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Functional Description 
The 82C89 Bus Arbiter operates in conjunction with the 
82C88 Bus Controller to interface 8OC86, 8OC88 processors 
to a multi-master system bus (both the 8OC86 and 8OC88 
are configured in their max mode). The processor is 
unaware of the arbiter's existence and issues commands as 
though it has exclusive use of the system bus. If the proces
sor does not have the use of the multi-master system bus, 
the arbiter prevents the Bus Controller (82C88), the data 
transceivers and the address latches from accessing the 
system bus (e.g. all bus driver outputs are forced into the 
high impedance state). Since the command sequence was 
not issued by the 82C88, the system bus will appear as "Not 
Ready" and the processor will enter wait states. The proces
sor will remain in Wait until the Bus Arbiter acquires the use 
of the multi-master system bus whereupon the arbiter will 
allow the bus controller, the data transceivers, and the 
address latches to access the system. Typically, once the 
command has been issued and a data transfer has taken 
place, a transfer acknowledge (XACK) is returned to the pro
cessor to indicate "READY" from the accessed slave device. 
The processor then completes its transfer cycle. Thus the 
arbiter serves to multiplex a processor (or bus master) onto 
a multi-master system bus and avoid contention problems 
between bus masters. 

Arbitration Between Bus Masters 

In general, higher prior~y masters obtain the bus when a 
lower priority master completes its present transfer cycle. 
Lower priority bus masters obtain the bus when a higher pri
ority master is not accessing the system bus. A strapping 
option (ANYRaST) is provided to allow the arbiter to surren
der the bus to a lower priority master as though ~ were a 
master of higher priority. If there are no other bus masters 
requesting the bus, the arbiter maintains the bus so long as 
its processor has not entered the HALT State. The arbiter will 
not voluntarily surrender the system bus and has to be forced 
off by another master's bus request, the HALT State being 
the only exception. Additional strapping options permit other 
modes of operation wherein the multi-master system bus is 
surrendered or requested under different sets of conditions. 

Priority Resolving Techniques 

Since there can be many bus masters on a multi-master sys
tem bus, some means of resolving priority between bus 
masters simultaneously requesting the bus must be pro
vided. The 82C89 Bus Arbiter provides several resolving 
techniques. All the techniques are based on a priority con
cept that at a given time one bus master will have priority 
above all the rest. There are provisions for using parallel pri
ority resolving techniques, serial priority resolving tech
niques, and rotating priority techniques. 

Parallel Priority Resolving 

The parallel priority resolving technique uses a separate bus 
request line BREa for each arbiter on the multi-master sys
tem bus, see Figure 1. Each BREa line enters into a priority 
encoder which generates the binary address of the highest 
priority BREa line which is active. The binary address is 
decoded by a decoder to select the corresponding i3PR'N 

(Bus Priority In) line to be returned to the highest priority 
requesting arbiter. The arbiter receiving priority (BPRN true) 
then allows its associated bus master onto the multi-master 
system bus as soon as it becomes aveilable (I.e., the bus is 
no longer busy). When one bus arb~er gains priority over 
another arbiter it cannot immediately seize the bus, it must 
wait until the present bus transaction is complete. Upon 
completing its transaction the present bus occupant recog
nizes that~onger has priority and surrenders the bus by 
releasing BUSY. BUSY is an active low "OR" tied signal line 
which goes to every bus arbiter on the system bus. When 
BUSY goes ~e (high), the arbiter which presently has 
bus priority (BPRN true) then seizes the bus and pulls BUSY 
low to keep other arbiters off of the bus. See waveform tim
ing diagram, Figure 2. Note that all multimaster system bus 
transactions are synchronized to the bus clock (BCLK). This 
allows the parallel priority resolving circuitry or any other pri
ority resolving scheme employed to settle. 

Ciii: :00 

74HCIM 
3101 

DECOOU 

FIGURE 1. PARALLEL PRIORITY RESOLVING TECHNIQUE 

NOTES: 

1. Higher priority bus arbiter requests the Multi-Master system bus. 

2. Attains priority. 

3. Lower priority bus arbiter releases BuSY. 
4. Higher priority bus arbiter then acquires the bus and pulls BuSY 

down. 

FIGURE 2. HIGHER PRIORITY ARBITER OBTAINING THE BUS 
FROM A LOWER PRIORITY ARBITER 

Serial Priority Resolving 

The serial priority resolving technique eliminates the need 
for the priority encoder-decoder arrangement by daisychain
ing the bus arbiters together, connecting the higher priority 
bus arbiter's BPRO (Bus Priority Out) output to the BPRN of 
the next lower priority. See Figure 3. 
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82C89 

NOTE: The number of arbiters that may be daisy-chained together 
in the serial priority resolving scheme is a function of BCLK and the 
propagation delay from arbiter to arbiter. Normally, at 1 OMHz only 3 
arbiters may be daisychained. 

FIGURE 3. SERIAL PRIORITY RESOLVING 

Rotating Priority Resolving 

The rotating priority resolving technique is similar to that of 
the parallel priority resolving technique except that priority is 
dynamically re-assigned. The priority encoder is replaced by 
a more complex circuit which rotates priority between 
requesting arbiters thus allowing each arbiter an equal 
chance to use the multi-master system bus, over time. 

Which Priority Resolving Technique To Use 

There are advantages and disadvantages for each of the 
techniques described above. The rotating priority resolving 

X' azcstil85 ~VCC 
~ RDY2GE~~~~~ 

"EHZ 

technique requires substantial external logic to implement 
while the serial technique uses no external logic but can 
accommodate only a limited number of bus arbiters before 
the daisy-chain propagation delay exceeds the multimaster's 
system bus clock (BCLK). The parallel priorny resolving tech
nique is in general a good compromise between the other 
two techniques. It allows for many arbiters to be present on 
the bus while not requiring too much logic to implement. 

82C89 Modes Of Operation 

There are two types of processors for which the 82C89 will 
provide support: An InpuVOutput processor (i.e. an NMOS 
8089 lOP) and the 8OC86, 80C88. Consequently, there are 
two basic operating modes in the 82C89 bus arbiter. One, 
the lOB (110 Peripheral Bus) mode, permits the processor 
access to both an 110 Peripheral Bus and a multi-master sys
tem bus. The second, the RESB (Resident Bus mode), per
mits the processor to communicate over both a Resident 
Bus and a multi-master system bus. An 110 Peripheral Bus is 
a bus where all devices on that bus, including memory, are 
treated as 110 devices and are addressed by 110 commands. 
All memory commands are directed to another bus, the 
multi-master system bus. A Resident Bus can issue both 
memory and 110 commands, but it is a distinct and separate 
bus from the multi-master system bus. The distinction is that 
the Resident Bus has only one master, providing full avail
ability and being dedicated to that one master. 

The i5B strapping option configures the 82C89 Bus Arbiter 
into the i5B mode and the strapping option RESB config
ures it into the RESB mode. It might be noted at this point 
that if both strapping options are strapped false, the arbiter 
interfaces the processor to a multi-master system bus only 
(see Figure 4). With both options strapped true, the arbiter 
interfaces the processor to a multi-master system bus, a 
Resident Bus, and an 110 Bus. 

eLK AEM I 82C89 SYSTEM 8US J READY RDRDliYlr----,=:::::~::;_---------- XACK MULTl·MASTER 

,US ~---------" MUlTI·MASTER 
ARBITER t,,----------.J COHTROl8US 

READY elK Lt--r-----~--II~K_ Am~I--,-4----_vcc 
I SO·S2 ill IIEsa-, 

~ -± BOCHS 
CPU 

w~ __ ~ ____ ~1 m 
AOO-AOI5 Si STATUS so, ~ 82C811 

"'16·419 82 I I CO:~:OL _1==========) :~~A~~S:~: SYSTEM 

PROCESSOR 
LOCAL BUS 

eLK LO 1 .--- AlE 10'-, 
DEN DT/A-:!:-

"ADORES.'" I I-=-
'-----'II LATCN '""===~=:;:==========:> MULTI·MASTER SYSTEM 82C82! I- I ADDRESS BUS 

82C83H I __ . J 
&.-..:;12..;,;"..;,;3'--,1 r«"....J C ____ -+-< XCvii I DISABLE 

DE DT/II 

L-'===~ TRANSCEIVER K~==============:) 82C86H/82C87H MULTI·MASTER SYSTEM 
~ ~m 

FIGURE 4. TYPICAL MEDIUM COMPLEXITY CPU SYSTEM 
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In the lOB mode, the processor communicates and controls 
a host of peripherals over the Peripheral Bus. When the I/O 
Processor needs to communicate with system memory, it 
does so over the system memory bus. Figure 5 shows a pos
sible I/O Processor system configuration. 

The 8OC86 and 80G88 processors can communicate with a 
Resident Bus and a multi-master system bus. Two bus con
trollers and only one Bus Arbiter would be needed in such a 
configuration as shown in Figure 6. In such a system config-

uration the processor would have access to memory and 
peripherals of both busses. Memory mapping techniques are 
applied to select which bus is to be accessed. The SYSBI 
RESB input on the arbiter serves to instruct the arbiter as to 
whether or not the system bus is to be accessed. The signal 
connected to SYSB/REsB also enables or disables com
mands from one of the bus controllers. A summary of the 
modes that the 82G89 has, along with its response to its sta
tus lines inputs, is shown in Table 1. 

K:=====:; MULnMUH~ COlIlRDl 
lUI 

t-::=====::> MUlfiMUHRsnTEM t- COMM~NO BUS 

MULllMASTER 
&TSHMBUS 

vo 
A!lDRESS 
BUS r===r=r=5===~~=~ MULTI IUSHR $1STEM AODREueU8 

XCVR 
ilium 

'" nATA 

'"S 1-'=:==========::; MULHMUTEHSVSUM (\f om BUS 

FIGURE 5. TYPICAL MEDIUM COMPLEXITY lOB SYSTEM 

::i~tu'OI -----~I 

MUtTi 'I!ASH~ 
SYS!lflliUS 

FIGURE 6. 82C89 BUS ARBITER SHOWN IN SYSTEM - RESIDENT BUS CONFIGURATION 

• By adding another 82C89 arbiter and connecting its Am to the 82C88 whose Am is presently grounded, the processor 
could have access to two multi-master buses. 
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TABLE 1. SUMMARY OF 82C89 MODES, REQUESTING AND RELINQUISHING THE MULTI-MASTER SYSTEM BUS 

SINGLE LINES FROM RESB MODE ONLY lOB MODE RESB MODE 
8OC86 OR 8OC88 OR 8088 lOB MODE iOB = HIGH, RESB = HIGH iOB = LOW, RESB = HIGH SINGLE BUS 

ONLY MODE 
iOB=LOW SYSBlRESB= SYSBlRESB = SYSBIRESB = SYSBlRESB = iOB=HIGH 

S2 51 SO RESB=LOW HIGH LOW HIGH LOW RESB = LOW 

1/0 0 0 0 X t X X X t 
Commands 0 0 1 X t X X X t 

0 1 0 X t X X X t 

HaH 0 1 1 X X X X X X 

Memory 1 0 0 t t X t X t 
Commands 1 0 1 t t X t X t 

1 1 ot t t X t X t 

Idle 1 1 1 X X X X X X 

NOTES: 

1. X = Multi-Master System Bus is allowed to be Surrendered. 

2. t = Multi-Master System Bus is Requested. 

MULTI-MASTER SYSTEM BUS 
MODE PIN 

STRAPPING REQUESTED" SURRENDERED' 

Single Bus Multi-Master Mode lOB = High Whenever the processor's status lines HLT + TI· CBRQ + HPBRQ t 
RESB= Low go active 

RESB Mode Only lOB = High SYSBIRESB + High· (SYSBIRESB = Low + TI)· 
RESB= High ACTIVE STATUS CBRQ + HL T + HPBRQ 

lOB Mode Only 10B= Low Memory Commands (I/O Status + TI) • CBRQ + HL T + 
RESB= Low HPBRQ 

lOB Mode RESB Mode 10B= Low (Memory Command) • (I/O St~ommand~ 
RESB = High (SYSBIRESB = High) SYSBIRESB = Low) • CBRQ + 

HPBRQt+HLT 

NOTES: 

• LOCK prevents surrender of Bus to any other arbiter, CRQLCK prevents surrender of Bus to any lower priority arbiter . 

•• Except for HALT and Passive or IDLE Status. 

t HPBRQ, Higher priority Bus request or i'iPfijij = 1. 

1. iOB Active Low. 

2. RESB Active High. 

3. + is read as "OR" and • as "AND" 

4. TI = Processor Idle Status 52, ST, SO = 111 

5. HL T = Processor Halt Status S2, ST, SO = 011 
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Specifications 82C89 

Absolute Maximum Ratings 
Supply Voltage ..................................... +8.0V 
Input, Output or 1/0 Voltage ............ GND-0.5V to VCC+0.5V 
Storage Temperature Range ................. -65°C to + lSOOC 
Junction Temperature .............................. + 175°C 
lead Temperature (Soldering lOs) .................... +300°C 
ESD Classification ................................ Class 1 

Reliability Information 
Thermal Resistance alo 

Ceramic DIP Package............. 800 CNI 
Ceramic lCC Package .. . . . . . . . . .. 76°CNI 

Maximum Package Power Dissipation at + 125°C 

alC 

21°C/W 
19°CNI 

Ceramic DIP Package ......................... " . 620mW 
Ceramic lCC Package ..............•............ 664mW 

Gate Count .................................... 200 Gates 

CAUTION: Stresses above those listed In -Absolute Maximum Ratmgs" may cause permanent damage to the deVice. This IS a stress only ratmg and operation 
of the deVice at these or any other conditions above those indicated In the operational sections of thIS specification is not Implied 

Operating Conditions 
Operating Voltage Range. . . . . . . . . . . . . . . . . . . .. +4.5V to +5.5V Operating Temperature Range 

DC Electrical Specifications VCC = 5.0V ± 10%; 
TA = OOC to +70oC (C82C89); 
TA = -40°C to +85°C (182C89); 
TA = -55°C to +125°C (M82C89) 

SYMBOL PARAMETER MIN MAX 

VIH logical One Input Voltage 2.0 -
2.2 

Vil logical Zero Input Voltage - 0.8 

VIHC ClK logical One Input Voltage 0.7VCC -

C82C89 .................................. COC to +70oC 
182C89 .............................•.... -40°C to +85°C 
M82C89 ................................ -55°C to + 125°C 

UNITS TEST CONDITIONS 

V C82C89, 182C89 
V M82C89, Note 1 

V Note 1 

V 

VllC ClK logical Zero Input Voltage - 0.2VCC V 

VOL Output low Voltage 
BUSY,CBRQ - 0.45 V IOl=20mA 
AEN 0.45 V 10l= 16mA 
BPRO,BREQ - 0.45 V IOl=8mA 

VOHl Output High Voltage Open-Drain 
BUSY,CBRQ 

VOH2 Output High Voltage 3.0 - V 10H =-2.5mA 
All Other Outputs VCC-O.4 V 10H = -l00~A 

11 Input leakage Current -1.0 1.0 ~A VIN = GND or VCC, DIP Pins 1-6,9,14-19 

10 1/0 leakage -10.0 10.0 ~A VO = GND or VCC, DIP Pins 11-12 

ICCSB Standby Power Supply 10 ~A VCC = 5.5V, VIN = VCC or GND, Outputs Open 

ICCOP Operating Power Supply Current 1 rnA/MHz VCC = 5.5V, Outputs Open, Note 2 

NOTES: 

1. Does not apply to iOB, RESB, or ANYRQST. These are strap op
tions and should be held to VCC or GND. 

2. Maximum current defined by ClK or BelK, whichever has the 
highest operating frequency 

Capacitance TA = +25°C 

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 

CIN Input Capacitance 10 pF FREQ = 1 MHz, all measurements are 
referenced to device GND 

COUT Output Capacitance 10 pF 

CIO 1/0 Capacitance 15 pF 
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Specifications 82C89 

AC Electrical Specifications vcc = 5.0V ± 10%; GND = OV: 

SYMBOL 

(1 ) TCLCL 

(2) TCLCH 

(3) TCHCL 

(4) TSVCH 

(5) TSHCL 

(6) THVCH 

(7) THVCL 

(8) TBYSBL 

(9) TCBSBL 

(10) TBLBL 

(11 ) TBHCL 

(12) TCLLL1 

(13) TCLLL2 

(14) TPNBL 

(15) TCLSR1 

(16) TCLSR2 

(17) TIVIH 

(18) TBLBRL 

(19) TBLPOH 

(20) TPNPO 

(21) TBLBYL 

(22) TBLBYH 

(23) TCLAEH 

(24) TBLAEL 

(25) TBLCBL 

(26) TBLCBH 

(27) TOLOH 

(28) TOHOL 

(29) TILIH 

(30) TIHIL 

NOTES: 

TA = ooc to +70oC (C82C89); 
TA = -40°C to +85°C (182C89); 
TA = -55°C to + 125°C (M82C89) 

PARAMETER MIN 

CLK Cycle Period 125 

CLKLowTime 55 

CLK High Time 35 

Status Active Setup 65 

Status Inactive Setup 50 

Status Inactive Hold 10 

Status Active Hold 10 

BUSY J, t Setup to BCLKJ. 20 

CBRaJ. t Setup to BCLKJ. 20 

BCLK Cycle Time 100 

BCLK High Time 30 

LOCK Inactive Hold 10 

LOCK Active Setup 40 

BPRNJ. t to BCLK Setup Time 20 

SYSBIRESB Setup 0 

SYSBIRESB Hold 30 

Initialization Pulse Width 675 

BCLK to BREa DelayJ. t 

BCLK to BPROJ. t -
BPRNH to BPROH Delay 

BCLK to BUSY Low 

BCLK to BUSY Float 

CLK to AEN High -
BCLK to AEN Low -
BCLK to CBRa Low 

BCLK to CBRa Float -
Output Rise Time 

Output Fall Time -
Input Rise Time 

Input Fall Time -

MAX 

-

-

TCLCL-
10 

TCLCL-
10 

-

-
-

0.65 
(TBLBL) 

-

-
35 

35 

22 

60 

35 

65 

40 

60 

40 

20 

12 

20 

20 

UNIT TEST CONDITIONS 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 1 and 3 

ns Note 1 and 3 

ns Note 3 

ns Note 2 and 3 

ns Note 3 

ns Note 3 

ns Note 3 

ns Note 2 and 3 

ns From 0.8V to 2.0V, Note 4 

ns From 2.0V to 0.8V, Note 4 

ns From 0.8V to 2.0V 

ns From 2.0V to O.8V 

1. BCD< generates the first 'i'iPRO wherein subsequent 'i'iPRO 
changes lower in the chain are generated through BPRON. 

3. All AC parameters tested as per AC test load circuits. Input rise 
and fall times are driven at 1 nsIV. 

2. Measured at 0.5V above GND. 4. Except BUSY and CBRa 
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AC Test Load Circuits 

BUSY, CBRQ LOAD CIRCUIT AEN LOAD CIRCUIT iPRci, BREQ LOAD CIRCUIT 

~2.5:0211 
OUTPUT FROM TEST 

UNDE~E:~;~ POINT 

~l00PP 

4=2.9: 57•211 

OUTPUT FROM TEST 

UNDE~.re;~ POINT 

~l00PP 

4=2.9:411.&0 

OUTPUT FROM TEST 

UNDE~:~~ POINT 

~l00PP 

• Includes Stray and Jig Capacitance 

AC Testing Input, Output Waveform 

INPUT 

VIH +::O.;:;4V:......._...., 

1.5V ~'-______ J~ 1.5V 

VIL-o.4V 

OUTPUT 

VOH 

VOL 

AC Testing: Inputs are driven at VIH +<lAV for a logic "1" and VIL 
-O.4V for a logic ·0". The clock is driven at VCC -O.4V and O.4V. Tim
ing measurements are made at 1.SV for both a logic "1" and "0". 
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Timing Waveform 

NOTES: 

STATE 

iUf. iii 

rlmR 
IS!! NOT! II 

SYSB/iiEiB 

AEi 
ISEE NOTE 31 

PROCESSOR ClK RELATED 

BUS ClK RElATED 

iPiiii N2 

IIPRN #31 

1. LOCK active can occur during any state, as long as the relation
ships shown above with respect to the CLK are maintained. 
LOCK inactive has no critical time and can be asynchronous. 
CRQLCK has no critical timing and is considered an asynchro
nous input signal. 

ADDITIONAL NOTES: 

2. Glitching of SYSBIRESB IS permitted dunng this time. After 92 of 
n, and before 91 of T4, SYSBIRESB should be stable to main
tain system efficiency. 

3. AEN leading ed~ related to BCLK, trailing edge to CLK. The 
trailing edge of AEN occurs after bus prionty is lost. 

The signals related to CLK are typical processor signals, and do not relate to the depicted sequence of events of the signals referenced to 
BelK. The signals shown related to the BelK represent a hypothetical sequence of events for illustration. Assume 3 bus arbiters of priori
ties 1, 2 and 3 configured in serial priority resolving scheme (~wn in Figure 3). Assume arbiter 1 has the bus and is holding BUSY low. 
Arbiter #2 detects its processor wants the bus and pulls low BREQ #2. If BPRN #2 is high (as shown), arbiter #2 will pull low CBRQ line. 
CB'RQ signals to the higher priority arbiter #1 that a lower priOrity arbHer wants the bus. [A higher prionty arbiter would be granted BPi'iN 
when it makes the bus request rather than having to wait for another arbiter to release the ~ough CBRQ). 'Arbiter #1 will relinqu~ 
multi-master system bus when It enters a sta!!!..!!!!!.requlrlng It (see Table 1), by lowering Its BPRO #1 (tied to BPRN #2) and releasing BUSY. 
Arbiter #2 now sees that Is has priority from BPRN #2 being low and releases CBRQ. As soon as BUSY signifies the bus is available (high), 
arbiter #2 pulls BuSY low on next falling edge of BelK. Note that If arbiter #2 didn't want the bus at the time It received priority, It would pass 
priority to the next lower priority arbiter by lowering Its BPRO #2 [TPNPOj. 

'Note that even a higher priority arbiter which is acquiring the bus through BPi'iN will momentarily drop CBRQ until It has acquired the bus. 
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Burn-In Circuits 

82C89 

MD82C88 CERAMIC DIP 

vee 

1-.JVV\r-- FI 

1-.JVV\r-- FO 

_-JVV\r-'FI 

1-.JVV\r-- F1D 

1-.JVV\r-- F11 

MR82C89 CERAMIC LCC 

F14 F13 F7 

L!J L.!J t~J L~Oj ~J 
-,. p- 1-.JVV\r--

F12 --JVV\r--l '!l Lt' F5 

'--.JVV\r---I iJ 

NOTES: 

I, VCC = 5.5V ± O.5V, GND = OV 

2. VIH = 4.5V ± 10%, VlL = -o.2V to +O.4V 

3. Components Values: 
Al = 1.2kn, 1/4W, 5% 
R2 = 47kn, 1/4W, 5% 
Cl = O.OlIlF minimum 
FO = 100kHz ± 10% 
F1 = FOI2 
F2 = Fll2 ... 
F14 = Fl312 

r-.. r-", r-", p-", r-" I,' "0' "1' '12' '13' 

FI VCCl2 
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Metallization Topology 

DIE DIMENSIONS: 
92.9 x 95.7 x 19 ± 1 mils 

METALLIZATION: 
Type: Si - AI 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA ± 2kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 
1.8 x 105 A1cm2 

Metallization Mask Layout 

RESI 

iCLii 

INIT 

IREQ 

15 

82C89 

82C89 

ell( 

iFci 

CiiQLci 

ANYRQST 

If .. Ii II 1~ 
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Features 
• Single Chip UART /BRG 
• DC to 625K Baud (DC to 10MHZ Clock) 
• Crystal or External Clock Input 
• On Chip Baud Rate Generator 

1 to 65535 Divisor Generates 16X Clock 
• Prioritized Interrupt Mode 
• Fully TTL/CMOS Compatible 
• Microprocessor Bus Oriented Interface 
• 80C86/80C88 Compatible 
• Scaled SAJI IV CMOS Process 

82C50A 
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• Line Break Generation and Detection 
• Loopback and Echo Modes 
• Doubled Buffered Transmitter and Receiver 
• Single 5V Supply 

Description 
The 82C50A Asynchronous Communication Element (ACE) IS a 
high performance programmable Universal Asynchronous Re
ceiver/Transmitter (UART) and Baud Rate Generator (BRG) on a 
single chip USing HarriS Semiconductor's advanced Scaled 
SAJI IV CMOS Process, the ACE Will support data rates from DC 
to 625K baud (0-10 MHz clock) 

The ACE's receiver circuitry converts start, data, stop, and panty 
bits Into a parallel data word The transmitter circUitry converts a 
parallel data word Into serial form and appends the start, panty, 
and stop bits. The word length IS programmable to S, 6, 7, or 8 
data bits. Stop bit selection provides a chOIce of 1, 1 5, or 2 stop 
bits 

Functional Diagram 
MICROPROCESSOR INTERFACE 

CSO 12 2' CSQUT 

CSI /3 

CS2 14 23 DOIS 

iDs 25 

I 
INTERRUPT 30 INTIIPT 

" " 
ENABLE. 

ID. & CONTROL 

" 21 
A2 " UART 

RECEIVER 

MR 35 

HAl2 C 17 2. P CSDUT 
DDSTR C 16 23 ~ DDiS 
DDSTR C 19 22 ~ DlSTR 

GND C 20 21 P DISTil 

The Baud Rate Generator divides the clock by a diVisor 
programmable from 1 to 216_1 to provide standard RS-232C 
baud rates when uSing anyone of three Industry standard baud 
rate crystals (1.8432 MHz, 2.4576 MHz, or 3.072 MHz). A 
programmable buffered clock output (BAUDOUT) provides 
either a buffered OSCillator or 16X (16 times the data rate) baud 
rate clock for general purpose system use 

To meet the system requirements of a CPU interfaCing to an 
~chron0..L!..s channel, the modem control signals RTS, CTS, 
DSR, DTR, RI, DCD are provided. Inputs and outputs have been 
deSigned with full TTL/CMOS compatability In order to faCilitate 
mixed TTL/NMOS/CMOS system deSign. 

Ordering Information 

PACK 
-AGE TEMP RANGE 625KBAUD 

Plastic OOC to +70oC CP82CSOA-S 
DIP 

-400C to +8SoC IP82CSOA-S 

ID SIN 
PLCC OOC to +700C CS82CSOA-S 9 ReLK 

15 BAUDour -40°C to +8SoC IS82CSOA-S 
DIVISOR LATCH 

LINE STAlUS AND 
DlSTR 22 AND CONTROL BAUD RATE 16 XTAll Ceramic OOCto +70oC CD82CSOA-S 
DiSTR 21 GENERATOR 17 XTA12 

DIP 

DOSTR " 11 SOUT -40°C to +8SoC ID82CSOA-S 

18 
TRANSMITTER 

DOSTR 
-5SoC to + 12SoC MDB2CSOA-S/B 

MODEM 

DO I 32 RTS 

n1 2 " TR 
D2 , MODEM CONTROL " OUTI 
D3 • 3/ iiiiTl. 
D4 5. 

36 Cr D5 8 
08 I 31 DSR 
01 8 MODEM STATUS 38 DCD 

39 Iii 

CAUTION Electronic deVices are senSitive to electrostatiC discharge Proper I C handling procedures should be followed 
File Number 2958 
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Pin Description 
PIN ACTIVE 

SYMBOL NUMBER TYPE LEVEL DESCRIPTION 

DISTR, 22 I H DATA IN STROBE, DATA IN STROBE: DISTR, DISTR are read inputs 
DISTR 21 I L which cause the 82C50A to output data to the data bus (DO-D7), The 

data output depends upon the register selecte~ the address Inputs 
AO, A1, A2, The chip select inputs CSO, CS1, CS2 enable the DISTR, 
DISTR inputs, 

Only an active DISTR or DISTR, not both, is used to receive data from 
the 82C50A during a read operation, If DISTR is used as the read input, 
5iSTR should be tied high, If BiSffi is used as the active read Input, 
DISTR should be tied low, 

DOSTR, 19 I H DATA OUT STROBE, DATA OUT STROBE: DOSTR, i50STR are write 
DOSTR 18 I L inputs which cause data from the data bus (DO-D7) to be input to the 

82C50A, The data Input depends upon the register selec~ by the 
address Inputs AO, A 1, A2, The chip select inputs CSO, CS1, CS2 enable 
the DOSTR, DOSTR inputs, 

Only an active DOSTR or DOSTR, not both, is used to transmit data to 
the 82C50A during a write operation, If DOSTR is used as the write 
input, DOSTR should be tied high, If DOSTR is used as the write input, 
DOSTR should be tied low, 

DO-D7 1-8 I/O DATA BITS 0-7: The Data Bus provides eight, 3-state input/output lines 
for the transfer of data, control and status information between the-
82C50A and the CPU, For character formats of less than 8 bits, D7, D6 
and D5 are "don't cares" for data write operations and 0 for data read 
operations, These lines are normally in a high impedance state except 
during read operations, DO is the Least Significant Bit (LSB) and is the 
first serial data bit to be received or transmitted, 

AO, AI, 28,27, I H REGISTER SELECT: The address lines select the internal registers 
A2 26 I during CPU bus operations, See Table I, 

XTAL1, 16 I CRYSTAL/CLOCK: Crystal connections for the internal Baud Rate 
XTAL2 17 0 Generator, XTALI can also be used as an external clock Input, in which 

case XTAL2 should be left open, 

SOUT 11 0 SERIAL DATA OUTPUT: Serial data output from the 82C50A 
transmitter circuitry, A Mark (1) is a logic one (high) and Space (0) IS a 
logic zero (low), SOUT IS held In the Mark condition when the 
transmitter is disabled, MR IS true, the Transmitter Register IS empty, or 
when In the Loop Mode, SOUT is not affected by the CTS input. 

GND 20 L GROUND: Power supply ground connection (VSS), 

CTS 36 I L CLEAR TO SEND: The logical state of the CTS pin IS reflected in the 
CTS bit of the (MSR) Modem Status Register (CTS IS bit 4 of the MSR, 
written MSR(4)), A change of state in the CTS pin since the previous 
reading of the MSR cause~e setting of DCTS (MSR(O)) of the Modem 
Status Register, When CTS pin is ACTIVE (low), the modem IS 
Indicating that data on SOUT can be transmitted on the 
communications link. If CTS pin goes INACTIVE (high), the 82C50A 
should not be allowed to transmit data out of SOUTo CTS pin does not 
affect Loop Mode operation, 

DSR 37 I L DATA SET READY: The logical state of the DSR pin is reflected in 
MSR(5) of the Modem Status Register. DDSR (MSR(1)) Indicates 
whether the DSR pi~s changed state since the previous reading of 
the MSR. When the DSR pin is ACTIVE (low), the modem is Indicating 
that It is ready to exchange data with the 82C50A, while the DSR Pin 
INACTIVE (high) indicates that the modem is not ready for data 
exchange, The ACTIVE condition Indicates only the condition of the 
local Data CommunicallOns Equipment (DCE), and does not Imply that 
a data cirCUit as been established with remote equipment. 
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Pin Description 

PIN ACTIVE 
SYMBOL NUMBER TYPE LEVEL DESCRIPTION 

DTR 33 0 L DATA TERMINAL READY: The DTR pin can be set (low) by writing a 
logic 1 to MCR(O), Modem Control Register bit O. This signal is cleared 
(high) by writing a logic 0 to the DTR bit (MCR(O)) or whenev~ MR 
ACTIVE (high) IS applied to the 82C50A. When ACTIVE (low), DTR pin 
Indicates to the DCE that the 82C50A is ready to receive data In some 
Instances, DTR pin IS used as a power on Indicator The INACTIVE 
(high) state causes the DCE to disconnect the modem from the 
telecommunications circuIt. 

RTS 32 0 L REQUEST TO SEND. The RTS signal IS an output used to enable the 
modem The RTS pin IS set low by writing a logic 1 to MCR(1) bit 1 olthe 
Modem Control Register. The RTS pin IS reset high by Master Reset 
When ACTIVE, the RTS pin indicates to the DCE that the 82C50A has 
data ready to transmit. In half duplex operations, RTS is used to control 
the direction of the line. 

BAUDOUT 15 0 BAUDOUT' This output IS a 16X clock out used for the transmitter 
sec lion (16X ~ 16 times the data rate) TheBAUDOUT clock rate isequal 
to the reference oscillator frequency divided by the specified divisor in 
the Baud Rate Generator Divisor Latches DLL and DLM. BAUDOUT 
may be used by the Receiver section by tYing this output to RCLK. 

--
OUT1 34 0 L OUTPUT 1 This IS a general purpose output that can be programmed 

ACTIVE (low) by setting MCR(2) (OUT1) of the Modem Control 
Register to a high level. The OUT1 pin IS set high by Master Reset. The 
OUT1 pin is INACTIVE (high) dUring loop mode operation. 

OUT2 31 0 L OUTPUT 2. This IS a general purpose output that can be programmed 
ACTIVE (low) by setting MCR(3) (OUT2) of the Modem Control 
Register to a high level The OUT2 pin is set high by Master Reset. The 
OUT2 signal IS INACTIVE (high) dUring loop mode operation. 

RI 39 I L RING INDICATOR. When low, RI indicates that a telephone ringing 
signal has been received by the modem or data set. The Ai signal is a 
modem control Input whose condition IS tested by reading MSR(6) (RI). 
The Modem Status Register output TERI (MSR(2)) Indicates whether 
the Ai Input has changed from a Low to High since th~revious reading 
of the MSR. If the interrupt IS enabled (IER(3)~1) and RI changes from,J! 
Low to High, an interrupt IS generated. The ACTIVE (I~) state of RI 
indicates that the DCE is receiving a ringing signal. RI will appear 
ACTIVE for approximately the same length of time aSJ.he ACTIVE 
segment of the ringing cycle The INACTIVE state of RI will occur 
dUring the INACTIVE segments of the ringing cycle, or when ringing is 
not detected by the DCE. This circuit IS not disabled by the INACTIVE 
condition of DTR. ----

DCD 38 I L DATA CARRIER DETECT. When ACTIVE (low), DCD indicates that the 
data carrier has been detected by the modem or data set. DCD is a 
modem Input whose condition can be tested by the CPU by reading 
MSR(7) (DCD) of the Modem Status Register. MSR(3) (DDCD) of the 
Modem Status Register indicates whether ~CD input has changed 
Since the prevIous reading of the MSR. DCD has no effect on the 
receiver. If the DCD changes state with the modem status interrupt 
enabled, an Interrupt is generated. 

When DCD is ACTIVE (low), the received line signal from the remote 
terminal is within the limits specified by the DCE manufacturer. The 
INACTIVE (high) signal indicates that the signal is not within the 
specified limits, or is not present. 
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Pin Description 

PIN ACTIVE 
SYMBOL NUMBER TYPE LEVEL DESCRIPTION 

MR 35 I H MASTER RESET. The MR input forces the 82C50A Into an Idle mode in 
which all serial data activities are suspended. The Modem Control 
Register (MCR) along with its associated outputs are cleared. The line 
Status Register (LSR) is cleared except for the THRE and TEMT bits, 
which are set. The 82C50A remains in an idle state until programmed to 
resume serial data activities. The MR input is a Schmitt trigger Input 
See the D. C. Electrical Characteristics for Schmitt trigger logic input 
voltage levels. See Table 7 for a summary of Master Reset's effect on 
82C50A operation. 

INTRPT 30 0 H INTERRUPT REQUEST. The INTRPT output goes ACTIVE (high) when 
one of the following interrupts has an ACTIVE (high) condition and is 
enabled by the I nterrupt Enable Register' Receiver Error flag, Received 
Data Available, Transmitter Holding Register Empty, and Modem 
Status. The INTRPT IS reset low upon appropriate service or a MR 
operation. See Figure 1. Interrupt Control Structure. 

SIN 10 I H SERIAL DATA INPUT. The SIN input is the serial data input from the 
communication line or modem to the 82C50A receiver Circuits. A mark 
(1) is high, and a space (0) IS low. Data Inputs on SIN are disabled when 
operating in the loop mode. 

VCC 40 H VCC: +5 volt positive power supply pin. A 0.1J.1A decoupling capacitor 
from VCC (Pin 40) to GND (pin 20) is recommended. 

CSO, CS1 12,13, I H,H CHIP SELECT: The Chip Select inputs act as enable signals for the 
CS2 14 I L write (DOSTR, DOSTR) and read (DISTR, DISTR) input signals. The 

Chip Select inputs are latched by the ADS input 

NC 29 Do Not Connect 

CSOUT 24 0 H CHIP SELECT OUT: When ACTIVE (high), this p!.!!..!.ndicates that the 
chip has been selected by active CSO, CS1, and CS2 inputs. No data 
transfer can be Initiated until CSOUT IS a logic 1, ACTIVE (high). 

DDIS 23 0 H DRIVER DISABLE: This output is INACTIVE (low) when the CPU is 
reading data from the 82C50A. An ACTIVE (high) DDIS output can be 
used to disable an external transceiver when the CPU is reading data. 

ADS 25 I L ADDRESS STROBE: When ACTIVE (low), ADS latches the Register 
Select (AO,A1,A2) and Chip Select (CSO, CS1, CS2) Inputs. An active 
ADS is required when the Register Select pins are not stable for the 
duration of t~ead or write operation, multiplexed mode. If not 
required, the ADS input should be tied low, non-multiplexed mode. 

RCLK 9 I This input IS the 16X Baud Rate Clock for the receiver section of the 
82C50A. This input may be proVided from the BAUDOUT output or an 
external clock. 
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Block Diagram 

117-00 DATA BUS RECEIVER BUFFER RECEIVER SHIFT Sl. 
BUFFER REGISTER 

+5V POWER 
BND SUPPLY .. 
'1 
A2 

C80 
CII SELECT 
Ci2 I 
ADS CONTROL 
M' LOGIC 

0181R LINE STATUS 
0181R REGISTER 

DOSTR 
DDSTR 
D~S 

ClOUT 
lTAll 
XlAl2 

SCRATCH 
REGISTER 

Accessible Registers 
The three types of Internal registers in the 82C50A used in the 
operation of the device are control, status, and data registers. 
The control registers are the Bit Rate Select Register DLL and 
DLM, Line Control Register, Interrupt Enable Register and 
the Modem Control registers, while the status registers are 
the Line Status Registers and the Modem Status Register. 
The data registers are the Receiver Buffer Register and 
Transmitter Holding Register. The Addres •• Read. and Write 
Input. are used In conjunction with the Divisor Latch Acces. 
Bit In the Line Control Regl.ter (LCR(7» to seleclthe register 
to be written or read (see Table 1.). Individual bits within 
these registers are referred to by the register mnemonic and 
the bit number in parenthesis. An example, LCR(7) refers to 
Line Control Register Bit 7. 

TABLE 1 ACCESSING 82C50A INTERNAL REGISTERS 

DLAI I A2 I AI I AD I MNEMONIC REGISTER 

0 0 0 0 RBR Receiver Buffer Register 
(read only) 

0 0 0 0 THR Transmitter Holding 
Register (write only) 

0 0 0 1 IER Interrupt Enable Register 
X 0 1 0 IIR Interrupt Identification 

Register (read only) 
X 0 1 1 LCR Line Control Register 
X 1 0 0 MeR Modem Control Register 
X 1 0 1 LSR Line Status Register 
X 1 1 0 MSR Modem Status Register 
X 1 1 1 SCR Scratch Register 
1 0 0 0 DLL DIVisor Latch (LSB) 
1 0 0 1 DLM Divisor Latch (MSB) 

x = "Don't Care" 0= Logic Low 1 = Logic High 

The Transmitter Buffer Register and Receiver Buffer 
Register are data registers holding from 5-8 data bits. If 
less than eight data bits are transmitted, data is right 
justified to the LSB. Bit 0 of a data word is always the first 
serial data bit received and transmitted. The 82C50A data 
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Line Control Register (LCR) 

The format of the data character is controlled by the Line 
Control Register. The contents of the LCR may be read, 
eliminating the need for separate storage of the line char
acteristics in system memory. The contents of the LCR 
are described below. 

LCR Bits 0 thru 7 

LCR (0) Word Length Select Bit 0 (WLSO) 
LCR (1) Word Length Select Bit 1 (WLS1) 
LCR (2) Stop Bit Select (STB) 
LCR (3) Parity Enable (PEN) 
LCR (4) Even Parity Select (EPS) 
LCR (S) Stick Parity 
LCR (6) Set Break 
LCR (7) Divisor Latch Access Bit (DLAB) 

LCR(O) and LCR(1) word length select bit 0, word length 
select bit 1: The number of bits in each transmitted or re
ceived serial character is programmed as follows 

LCR(1) LCR(O) WORD LENGTH 

0 0 S Bits 
0 1 6 Bits 
1 0 7 Bits 
1 1 8 Bits 

LCR(2) Stop Bit Select: LCR(2) specifies the number of 
stop bits in each transmitted character. If LCR(2) isa logic 
0, one stop bit is generated in the transmitted data. If 
LCR(2) is a logic 1 when a S bit word length is selected, 1.S 
stop bits are generated. If LCR(2) is a logic 1 when either a 
6-, 7-, or 8-bit word length is selected, two stop bits are 
generated. The receiver checks for two stop bits if pro
grammed. 

LCR(3): Parity Enable: When LCR(3) is high, a parity bit 
between the last data word bit and stop bit is generated 
and checked. 

LCR(4) Even Parity Select: When parity is enabled 
(LCR(3)~1). LCR(4)=0 selects odd parity, and LCR(4)=1 
selects even parity. 

LCR(5) Stick Parity: When parity is enabled (LCR(3)~1). 
LCR(5)~1 causes the transmission and reception of a par
ity bit to be in the opposite state from that indicated by 
LCR(4). This allows the user to force parity to a known 
state and for the receiver to check the parity bit in a known 
state. 

LCR(6) Break Control: When LCR(6) is set to logic-1, the 
serial output (SOUT) is forced to the spacing (logic 0) 
state. The break is disabled by setting LCR(6) to a logic-O. 
The Break Control bit acts only on SOUT and has no 
effect on the transmitter logic. Break Control enables the 

CPU to alert a terminal in a computer communications 
system. If the following sequence is used, no erroneous or 
extraneous characters will be transmitted because of the 
break. 

1. Load an all Os pad character in response to THRE. 

2. Set break in response to the next THRE. 

3. Wait for the transmitter to be idle, (TEMT~1), and 
clear break when normal transmission has to be 
restored. 

During the break, the transmitter can be used asa charac
ter timer to accurately establish the break duration. 

LCR(7) Divisor Latch Access Bit (DLAB): LCR(7) must be 
set high (logic 1) to access the Divisor Latches DLL and 
DLM of the Baud Rate Generator during a read or write 
operation. LCR(7) must be input low to access the 
Receiver Buffer, the Transmitter Holding Register, or the 
Interrupt Enable Register. 

Line Status Register (LSR) 

The LSR is a single register that provides status indica
tions. The LSR is usually the first register read by the CPU 
to determine the cause of an interrupt or to poll the status 
of the 82CSOA. 

Three error flags OE, FE, and PE provide the status of any 
error conditions detected in the receiver circuitry. During 
reception of the stop bits, the error flags are set high byan 
error condition. The error flags are not reset by the 
absence of an error condition in the next received charac
ter. The flags reflect the last character only if no overrun 
occured. The Overrun Error (OE) indicates that a charac
ter in the Receiver Buffer Register has been overwritten by 
a character from the Receiver Shift Register before being 
read by the CPU. The character is lost. Framing Error (FE) 
indicates that the last character received contained incor
rect (low) stop bits. This is caused by the absence of the 
required stop bit or by a stop bit too short to be detected. 
Parity Error (PE) indicates that the last character received 
contained a parity error based on the programmed and 
calculated parity of the received character. 

The Break Interrupt (BI) status bit indicates that the last 
character received was a break character. A break charac
ter is an invalid data character, with the entire character, 
including parity and stop bits, logic zero. 

The Transmitter Holding Register Empty (THRE) bit indi
cates that the THR register is empty and ready to receive 
another character. The Transmission Shift Register 
Empty (TEMT) bit indicates that the Transmitter Shift 
Register is empty, and the 82CSOA has completed trans
mission of the last character. If the interrupt is enabled 
(IER(1)). an active THRE causes an interrupt (INTRPT). 
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The Data Ready (DR) bit indicates that the RBR has been 
loaded with a received character (including Break) and 
that the CPU may access this data. 

Reading the LSR clears LSR(1)-LSR(4). (OE, PE, FE & 
BI) 

LSR Bits 0 Thru 7 

LOGIC 1 LOGIC 0 

LSR (0) Data Ready (DR) Ready Not Ready 
LSR (1) Overrun Error (OE) Error No Error 
LSR (2) Parity Error (PE) Error No Error 
LSR (3) Framing Error (FE) Error No Error 
LSR (4) Break Interrupt (BI) Break No Break 
LSR (5) Transmitter Holding Empty Not Empty 

Register Empty (THRE) 
LSR (6) Transmitter Empty (TEMT) Empty Not Empty 
LSR (7) Not Used 

The contents of the Line Status Register are indicated in 
the above table and are described below. 

LSR(O) Data Ready (DR): Data Ready is set high when an 
incoming character has been received and transferred 
into the Receiver Buffer Register. LSR(O) is reset low by a 
CPU read of the data in the Receiver Buffer Register. 

LSR(1) Overrun Error (OE): Overrun Error indicates that 

LSR(5) Transmitter Holding Register Empty (THRE): 
THRE indicates that the 82C50A is ready to accept a new 
character for transmission. The THRE bit is set high when 
a character is transferred from the Transmitter Holding 
Register into the Transmitter Shift Register. LSR(5) is re
set low by the loading of the Transmitter Holding Register 
by the CPU. LSR(5) is not reset by a CPU read of the LSR. 

When the THRE interrupt is enabled (IER(1 );1), THRE 
causes a priority 3 interrupt in the IIR. If THRE is the inter
rupt source indicated in IIR, INTRPT is cleared by a read 
of the IIR. 

LSR(6) Transmitter Empty (TEMT): TEMT is set high 
when the Transmitter Holding Register (THR) and the 
Transmitter Shift Register (TSR) are both empty. LSR(6) 
is reset low when a character is loaded into the THR and 
remains low until the character is transferred out of 
SOUTo TEMT is not reset low by a CPU read of the LSR. 

LSR(7): This bit is permanently set to logic O. 

Modem Control Register (MCR) 

The MCR controls the interface with the modem or data 
set as described below. The MCR can be written and read. 
The RTS, DTR, OUT1, and OUT2 outputs are directly con
trolled by their control bits in this register. A high Input 
asserts a low (true) at the output pins. 

data in the Receiver Buffer Register was not read by the MCR Bits 0 thru 7 
CPU before the next character was transferred into the 
Receiver Buffer Register, overwriting the previous char
acter. The OE indicator is reset whenever the CPU reads 
the contents of the Line Status Register. 

LSR(2) Parity Error (PE): Parity Error indicates that the re
ceived data character does not have the correct even or 
odd parity, as selected by the Even Parity Select bit 
(LCR(4)). The PE bit is set high upon detection of a parity 
error, and is reset low when the CPU reads the contents of 
the LSR. 

LSR(3) Framing Error (FE): Framing Error indicates that 
the received character did not have a valid stop bit. LSR(3) 
is set high when the stop bit following the last data bit or 
parity bit is detected as a zero bit (spacing level). The FE 
indicator is reset low when the CPU reads the contents of 
the LSR. 

LSR(4) Break Interrupt (BI): Break Interrupt is set high 
when the received data input is held in the spacing (logic 
0) state for longer than a full word transmission time (start 
bit + data bits + parity + stop bits). The BI indicator is reset 
when the CPU reads the contents of the Line Status 
Register. 

LSR(1) - LSR(4) are the error conditions that produce a 
Receiver Line Status interrupt (priority 1 interrupt in the 
Interrupt Identification Register (IIR)) when any of the 
conditions are detected. This interrupt is enabled by set
ting IER(2);1 in the Interrupt Enable Register. 

MCR BIT MCR BIT 
LOGIC 1 LOGIC 0 

MeR (0) Data Terminal Ready DTR DTR 
(DTR) Output Low Output High 

MeR (1) Request to Send RTS RTS 
(RTS) Output Low Output High 

MeR (2) OUT1 oun OUT1 
Output Low Output High 

MeR (3) OUT2 OUT2 6iJ'i'2 
Output Low Output High 

MeR (4) LOOP LOOP LOOP 
Enabled Disabled 

MeR (5) 0 

MeR (6) 0 

MeR (7) 0 

MCR(O): When MCR(O) is set high, the DTR output is 
forced low. When MCR(O) is reset low, the DTR output is 
forced high. The DTR output of the 82C50A may be input 
into an EIA inverting line driver as the 1488 to obtain the 
proper polarity input at the modem or data set. 

MCR(1): When MCR(1) is set high, the RTS output is 
forced low. When MCR(1) is reset low, the RTS output is 
forced high. The RTS output of the 82C50A may be input 
into an EIA inverting line driver as the 1488 to obtain the 
proper polarity input at the modem or data set. 
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MCR(2): When MCR(2) is set high, the 00if output is 
forced low. When MCR(2) is reset low, the 0UT1 output is 
forced high. 00"fi Is an user designated output. 

MCR(3): When MCR(3) is set high, the OUT2 output is 
forced low. When MCR(3) is reset low, the OUT2 output is 
forced high. OUT2 is an user designated output. 

MCR(4): MCR(4) provides a local loopback feature for 
diagnostic testing of the 82C50A. When MCR(4) is set 
high, Serial Output (SOUT) is set to the marking (logic 1) 
state, and the receiver data input Serial Input (SIN) is dis
connected. The output of the Transmitter Shift Register Is 
looped back into the Receiver Shift Register input. The 
four modem control inputs (CTS, DSR, DC, and Ai) are 
disconnected. The four modem control outputs (DTR, 
RTS, OUT1 and OUT2) are internally connected to the 
four modem control inputs. The modem control output 
pins are forced to their inactive state (high). In the diag
nostic mode, data transmitted Is immediately received. 
This allows the processor to verify the transmit and 
receive data paths of the 82C50A. 

In the diagnostic mode, the receiver and transmitter inter
rupts are fully operational. The modem control interrupts 
are also operational, but the interrupt sources are now the 
lower four bits of the MCR instead of the four modem 
control inputs. The interrupts are still controlled by the 
Interrupt Enable Register. 

MCR(5) - MCR(7): These bits are permanently set to 
logiC O. 
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Modem Status Register (MSR) 

The MSR provides the CPU with status of the modem in
put lines from the modem or peripheral device. The MSR 
allows the CPU to read the modem signal inputs by acces
Sing the data bus interface of the 82C50A. In addition to 

the current status information, four bits of the MSR indi
cate whether the modem inputs have changed since the 
last reading of the MSR. The delta status bits are set high 
when a control input from the modem changes state, and 
reset low when the CPU reads the MSR. 

The modem input lines are CTS (pin 36), i5'SR (pin 37), R1 
(pin 39), and DCD (pin 38). MSR(4) - MSR(7) are status 
indications of these lines. The status indications follow 
the status of the input lines. If the modem status interrupt 
in the Interrupt Enable Register is enabled (IER(3», a 
change of state in a modem input signals will be reflected 
by the modem status bits in the IIR register, and an 
interrupt (INTRPT) is generated. The MSR is a priority 4 
interrupt. The contents of the Modem Status Register are 
described below: 

Note that the state (high or low) of the status bits are In
verted versions 01 the actual Input pins. 

MSR Bits 0 thru 7 

MSR BIT MNEMONIC DESCRIPTION 

MSR (1) DDSR Delta Data Set Ready 
MSR (2) TERI Trailing Edge of Ring 

Indicator 
MSR (OJ DCTS Delta Clear To Send 
MSR (3) DDCD Delta Data Carrier Detect 
MSR (4) CTS Clear To Send 
MSR (5) DSR Data Set Ready 
MSR (S) RI Ring Indicator 
MSR (7) DCD Data Carrier Detect 

MSR(O) Delta Clear to Send (DCTS): DCTS indicates that 
the ffi input (Pin-36) to the 82C50A has changed state 
since the last time it was read by the CPU. 

MSR(1) Delta Data Set Ready (DDSR): DDSR indicates 
that the DSR input (Pin-37) to the 82C50A has changed 
state since the last time it was read by the CPU. 

MSR(2) Trailing Edge of Ring Indicator (TERI): TERI indi
cates that the Ai input (Pin-39) to the 82C50A has 
changed state from Low to High since the last time it was 
read by the CPU. High to Low transitions on Ai do not 
activate TERI. 

MSR(3) Delta Data Carrier Detect (DDCD): DDCD indi
cates that the DCD input (Pin-38) to the 82C50A has 
changed state since the last time it was read by the CPU. 

MSR(4) Clear to Send (CTS): Clear to Send (CTS) is the 
status of the CTS input (Pin-36) from the modem indicat
ing to the 82C50A that the modem is ready to receive data 
from the 82C50A transmitter output (SOUT). If the 
82C50A is in the loop mode (MCR(4)=1), MSR(4) is 
equivalent to RTS in the MCR. 

MSR(5) Data Set Ready (DSR): Data Set Ready (DSR) isa 
status of the DSR input (Pin-37) from the modem to the 
82C50A which indicates that the modem is ready to pro
vide received data to the 82C50A receiver circuitry. If the 
82C50A is in the loop mode (MCR(4)=1), MSR(5) is 
equivalent to DTR in the MCR. 
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MSR(6) Ring Indicator MSR(6): Indicates the status of the 
Ai Input (Pin-39). If the 82C50A is in the loop mode 
(MCR(4)=1), MSR(6) is equivalent to OUT1 in the MCR. 

MSR(7) Data Carrier Detect (MSR(7)). Data Carrier 
Detect indicates the status of the Data Carrier Detect 
(DCD) input (Pin-38). If the 82C50A is in the loop mode 
(MCR(4)=1), MSR(4) IS equivalent to OUT2 of the MCR. 

The modem status inputs (RI, DCD, DSR and CTS) reflect 
the modem Input lines with any change of status. Reading 
the MSR register will clear the delta modem status Indica
tions but has no effect on the status bits. The status bits 
reflect the state of the input pins regardless of the mask 
control signals. If a DCTS, DDSR, TERI, or DDCD are true 
and a state change occurs during a read operation 
(DISTR, DISTRl. the state change is not indicated in the 
MSR If DCTS, DDSR, TERI, or DDCD are false and a state 
change occurs during a read operation, the state change 
IS Indicated after the read operation. 

For LSR and MSR, the setting of status bits is inhibited 
dUring status register read (DISTR DISTR) operations. If 
a status condition is generated during a read (DISTR, 
DISTR) operation, the status bit is not set until the trailing 
edge of the read (DISTR, DISTR). 

If a status bit is set during a read (DISTR, DISTR) opera
tion, and the same status condition occurs, that status bit 
will be cleared at the trailing edge of the read (DISTR, 
DISTR) instead of being set again. 

Baud Rate Select Register (BRSR) 

The 82C50A contains a programmable Baud Rate Gener
ator (BRG) that divides the clock (DC to 10 MHz) by any 
divisor from 1 to 216-1 (see also BRG description). The 
output frequency of the Baud Generator is 16X the data 
rate [divisor # = frequency input.;- (baud rate x 16)]. Two 
S-bit divisor latch registers store the divisor In a 16 bit 
binary format. These Divisor Latch registers must be 
loaded during initialization. Upon loading either of the 
DIvisor Latches, a 16-bit Baud counter is immediately 
loaded. This prevents long counts on initial load. 

Sample Divisor Number Calculation: 

Given: Desired Baud Rate 1200 Baud 

Frequency Input 1.8432 MHz 

Formula: Divisor # = Frequency Input.;- (Baud Rate x 16) 

Divisor # = 1843200 .;- (1200 x 16) 

Answer: Divisor # = 96 = 60HEX + DLL = 01100000 
DLM = 00000000 

Check: The Divisor # 96 will divide the input frequency 
1.8432 MHz down to 19200 which is 16 times the 
desi red baud rate. 

Divisor Latch Least Significant BYTE 

DLL (0) Bit 0 
DLL (1) Bit 1 
DLL (2) Bit 2 
DLL (3) Bit 3 
DLL (4) Bit 4 
DLL (5) Bit 5 
DLL (6) Bit6 
DLL (7) Bit 7 

Divisor Latch Most Significant BYTE 

DLM (0) Bit 8 
DLM (1) Bit9 
DLM (2) Bit 10 
DLM (3) Bit 11 
DLM (4) Bit 12 
DLM (5) Bit 13 
DLM (6) Bit 14 
DLM (7) Bit 15 

Receiver Buffer Register (RBR) 

The receiver circuitry in the 82C50A is programmable for 
5,6,7 or 8 data bits per character. For words of less than 8 
bits, the data is right justified to the least significant bit 
(LSB = Data BitO (RBR (0)). Data BitO of a data word (RBR 
(0)) is the first data bit received. The unused bits in a char
acter less than 8 bits are output low to the parallel output 
by the 82C50A. 

Received data at the SIN input pin is shifted into the 
Receiver Shift Register by the 16X clock provided at the 
RCLK input. This clock is synchronized to the incoming 
data based on the position of the start bit. When a 
complete character is shifted into the Receiver Shift 
Register, the assembled data bits are parallel loaded into 
the Receiver Buffer Register. The DR flag in the LSR 
register is set. 

Double buffering of the received data permits continuous 
reception of data without losing received data. While the 
Receiver Shift Register is shifting a new character into the 
82C50A, the Receiver Buffer Register is holding a previ
ously received character for the CPU to read. Failure to 
read the data in the RBR before complete reception of the 
next character result in the loss of the data in the Receiver 
Register. The OE flag in the LSR register indicates the 
overrun condition. 

RBR Bits 0 thru 7 

RBR (0) 
RBR (1) 
RBR (2) 
RBR (3) 
RBR (4) 
RBR (5) 
RBR (6) 
RBR (7) 

Data Bit 0 
Data Bit 1 
Data Bit 2 
Data Bit 3 
Data Bit 4 
Data Bit 5 
Data Bit 6 
Data Bit 7 
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Transmitter Holding Register (THR) 

The Transmitter HOlding Register (THR) holds parallel 
data from the data bus (00-07) until the Transmitter Shift 
Register is empty and ready to accept a new character for 
transmission. The transmitter and receiver word length 
and number of stop bits are the same. If the character is 
less than eight bits, unused bits at the microprocessor 
data bus are ignored by the transmitter. 

Data Bit 0 (THR (0» is the first serial data bit transmitted. 
The THRE flag (LSR (5» reflect the status of the THR. The 
TEMTflag (LSR (6» indicates if both the THR and TSR are 
empty. 

THR Bits 0 thru 7 

THR (0) 
THR (1) 
THR (2) 
THR (3) 
THR (4) 
THR (5) 
THR (6) 
THR (7) 

Scratchpad Register (SCR) 

Data Bit 0 
Data Bit 1 
Data Bit 2 
Data Bit 3 
Data Bit 4 
Data Bit 5 
Data Bit 6 
Data Bit 7 

This 8-bit Read/Write register has no effect on the 
82C50A. It is intended as a scratchpad register to be used 
by the programmer to hold data temporarily. 

SCR Bits 0 thru 7 

SCR (0) 
SCR (1) 
SCR (2) 
SCR (3) 
SCR (4) 
SCR (5) 
SCR (6) 
SCR (7) 

Data Bit 0 
Data Bit 1 
Data Bit 2 
Data Bit 3 
Data Bit 4 
Data Bit 5 
Data Bit 6 
Data Bit 7 

Interrupt Structure 

Interrupt Identification Register (IIR) 

The 82C50A has interrupt capability for interfacing to 
current microprocessors. In order to minimize software 
overhead during data character transfers, the 82C50A 
prioritizes interrupts into four levels. The four levels of 
interrupt conditions are as follows: 

1. Receiver Line Status (priority 1) 
2. Received Data Ready (priority 2) 
3. Transmitter Holding Register Empty (priority 3) 
4. Modem Status (priority 4). 

Information indicating that a prioritized interrupt is 
pending and the type of interrupt is stored in the Interrupt 
Identification Register (IIR). When addressed during chip 
select time, the IIR indicates the highest priority interrupt 
pending. No other interrupts are acknowledged until the 
interrupt is serviced by the CPU. The contents of the IIR 
are indicated in Table 2 and are described below. 

IIR(O): IIR(O) can be used in either a hardwired prioritized 
or polled environment to indicate whether an interrupt is 
pending. When IIR(O) is low, an interrupt is pending. and 
the IIR contents may be used as a pointer to the 
appropriate interrupt service routine. When IIR(O) is high, 
no interrupt is pending. 

IIR(1) and IIR(2): IIR(1) and IIR(2) are used to identify the 
highest priority interrupt pending as indicated in Table 2. 

IIR(3) - IIR(7): These five bits of the IIR are logic O. 

Interrupt Enable Register (IER) 

The Interrupt Enable Register (IER) is a Write register 
used to independently enable the four 82C50A interrupts 
which activate the interrupt (INTRPT) output. All 
interrupts are disabled by resetting IER(O) - IER(3) of 

TABLE 2. INTERRUPT IDENTIFICATION REGISTER 

INTERRUPT IDENTIFICATION INTERRUPT SET AND RESET FUNCTIONS 

PRIORITY INTERRUPT INTERRUPT INTERRUPT 
BIT 2 BIT 1 BITO LEVEL FLAG SOURCE RESET CONTROL 

X X 1 None None 

1 1 0 First Receiver OE, PE, LSR Read 
Line Status FE, or BI 

1 0 0 Second Received Receiver RBR Read 
Data Data 
Available Available 

0 1 0 Third THRE THRE II R Read if THRE is the 
interrupt source or 
THR Write 

0 0 0 Fourth Modem CTS, DSR MSR Read 
Status Ai,DCD 

x = Not Defined, May Be 0 or 1 
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the Interrupt Enable Register. Interrupts are enabled by 
setting the appropriate bits of the IER high. Disabling the 
interrupt system inhibits the Interrupt Identification 
Register and the active (high) INTRPT output. All other 
system functions operate in their normal manner, 
including the setting of the Line Status and Modem Status 
Registers. The contents of the Interrupt Enable Register 
are indicated in Table 3 and are described below. 

IER(4} - IER(?}: These four bits of the IER are logic O. 

IER(O}: When programmed high (IER(O}=Logic 1), IER(O} 
enables Received Data Available interrupt. 

IER(1}: When programmed high (IER(1)=Logic 1), IER(1} 
enables the Transmitter Holding Register Empty 
Interrupt. 

IER(2): When programmed high (IER(2)=Logic 1).IER(2) 
enables the Receiver Line Status interrupt. 

DR IlSR BIT 01 -------4 
ERBFI (IER BIT 0) -----' 

THRE IlSR BIT 51 :====~ 
ETBEI (IE8 BIT 1) 

DE IlSR BIT II 
PE IlSR BIT 21 

FE IlSR BIT 31 
BlllSR BIT 41 

ELSI (IE8 BIT 2) ___ J 

oeTS IMSR BIT 01 
OOSR IMSR BIT II 
TERIIMSR BIT 21 

oDeD IMSR BIT 31 
EOSSI (IE8 BIT 3) -------' 

IER(3): When programmed high (IER(3)=Logic 1). IER (3) 
enables the Modem Status interrupt. F(GURE 1. 82C50A (NTERRUPT CONTROL STRUCTURE 

TABLE 3. 82C50A ACCESSIBLE REGISTER SUMMARY 
(NOTE See Table 1 for how to access these registers) 

REGISTER BIT NUMBER 
REGISTER 

MNEMONIC BIT7 I BIT 6 I BITS I BIT4 BIT3 BIT 2 BIT 1 BITO 

RBR Data Data Data Data Data Data Data Data 
(Read Only) Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

(MSB) (LSB)* 

THR Data Data Data Data Data Data Data Data 
(Write Only) Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

DLL Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

DLM Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 

IER 0 0 0 0 (EDSSI) (ELSI) (ETBEI) (ERBFI) 
Enable Enable Enable Enable 
Modem Receiver Transmitter Received 
Status Line Holding Data 

Interrupt Status Register Available 
Interrupt Empty Interrupt 

Interrupt 

IIR 0 0 0 0 0 Interrupt Interrupt "0" 1F 

(Read Only) ID ID Interrupt 
Bit (1) Bit (0) Pending 

LCR (DLAB) Set Stick (EPS) (PEN) (STB) (WLSB1) (WLSBO) 
Divisor Break Parity Even Parity Number Word Word 
Latch Parity Enable of Stop Length Length 

Access Select Bits Select Select 
Bit Bit 1 Bit 0 

MCR 0 0 0 Loop Out 2 Out 1 (RTS) (DTR) 
Request Data 

To Termonal 
Send Ready 

LSR 0 (TEMT) (THRE) (BI) (FE) (PE) (DE) (DR) 
Transmitter Transmitter Break Framing Parity Overrun Data 

Empty Holding Interrupt Error Error Error Ready 
Register 
Empty 

MSR (DCD) (RI) (DSR) (CTS) (DDCD) (TERI) (DDSR) (DCTS) 
Data Ring Data Clear Delta Trailing Delta Delta 

Carrier Indicator Set to Data Edge Data Clear 
Detect Ready Send Carrier Ring Set to 

Detect Indicator Ready Send 

SCR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

• LSB, Data Bit 0 IS the first bit transmitted or received. 
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Transmitter 

The serial transmitter section consists of a Transmitter 
Holding Register (THR), Transmitter Shift Register 
(TSR), and associated control logic. The Transmitter 
Holding Register Empty (THRE) and Transmitter Shift 
Register Empty (TEMT) are two bits in the Line Status 
Register which indicate the status of THR and TSR. To 
transmit a 5-8 bit word, the word is written through DO-D7 
to the THR. The microprocessor should perform a write 
operation only if THRE is high. The THRE is set high when 
the word is automatically transferred from the THR to the 
TSR during the transmission of the start bit. 

When the transmitter is idle, both THRE and TEMT are 
high. The first word written causes THRE to be reset to O. 
After completion of the transfer, THRE returns high. 
TEMT remains low for at least the duration of the 
transmission of the data word. If a second character is 
transmitted to the THR, the THRE IS reset low. Since the 
data word cannot be transferred from the THR to the TSR 
until the TSR is empty, THRE remains low until the TSR 
has completed transmission of the word. When the last 
word has been transmitted out of the TSR, TEMT is set 
high THRE is set high one THR to TSR transfer time later. 

Receiver 

Serial asynchronous data is input into the SIN pin. The 
Idle state of the line providing the input Into SIN is high. A 
start bit detect circuit continually searches for a high to 
low transition from the idle state. When the transition is 
detected, a counter is reset, and counts the 16X clock to 7 
1/2, which IS the center of the start bit. The start bit IS valid 
If the SIN is still low at the mid bit sample of the start bit. 
Verifying the start bit prevents the receiver from assem
bling an incorrect data character due to a low going nOise 
spike on the SIN input. 

The Line Control Register determines the number of data 
bits In a character (LCR(O), LCR(1)). number of stop bits 
LCR(2), if parity IS used LCR(3), and the polarity of parity 
LCR(4). Status information for the receiver is provided in 
the Line Status Register. When a character IS transferred 
from the Receiver Shift Register to the Receiver Buffer 
Register, the Data Received Indication in LSR(O) Is set 
high. The CPU reads the Reclver Buffer Register through 
DO-D7. This read resets LSR(O). If DO-D7 are not read 
pnor to a new character transfer from the RSR to the RBR, 
the overrun error status indication is set in LSR(1). The 
panty check tests for even or odd parity on the parity bit, 
which precedes the first stop bit. If there is a panty error, 
the panty error IS set In LSR(2). There IS circuitry which 
tests whether the stop bit is high. If it IS not, a framing error 
indication IS generated in LSR(3). 

The center of the start bit is defined as clock count71/2.lf 
the data into SIN IS a symmetrical square wave, the center 
of the data cells will occur within ± 3.125% of the actual 
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center, providing an error margin of 46.875% •• The start bit 
can begin as much as one 16X clock cycle prior·to being 
detected. 

Baud Rate Generator (BRG) 

The BRG generates the clocking for the UART function, 
providing standard ANSI/CCITT bit rates. The oscillator 
driving the BRG may be provided either with the addition 
of an external crystal to the XTAL 1 and XTAL2 inputs, or 
an external clock into XTAL 1. In either case, a buffered 
clock output, BAUDOUT, is provided for other system 
clocking. If two 82C50As are used on the same board, one 
can use a crystal, and the buffered clock output can be 
routed directly into the XTAL 1 of the second 82C50A. 

The data rate is determined by the Divisor Latch registers 
DLL and DLM and the external frequency or crystal input, 
with the BAUDOUT providing an output 16X the data rate. 
The bit rate is selected by programming the two divisor 
latches, Divisor Latch Most Significant Byte and Divisor 
Latch Least Significant Byte. Setting DLL=1 and DLM=O 
selects the divisor to divide by 1 (divide by 1 gives maxi
mum baud rate for a given input frequency at XTAL 1). 
The on-chip oscillator is optimized for a 10 MHz crystal. 
Usually, higher frequency are less expensive than lower 
frequency crystals. 

The BRG can use any ofthree different popular crystals to 
provide standard baud rates. The frequency of these three 
common crystals on the market are 1.8432 MHz, 2.4576 
MHz, and 3.072 MHz. With these standard crystals, stan
dard bit rates from 50 to 38.5 kbps are available. The 
following tables illustrate the divisors needed to obtain 
standard rates using these three crystal frequencies. 

TABLE 4. BAUD RATES USING 1.8432 MHz CRYSTAL 

DIVISOR USED PERCENT ERROR 

DESIRED TO GENERATE DIFFERENCE BETWEEN 

BAUD RATE 16 x CLOCK DESIRED" ACTUAL 

50 2304 -
75 1536 

110 1047 0026 
1345 857 0058 

150 768 -
300 384 -
600 192 -

1200 96 -
1800 64 -
2000 58 069 
2400 48 -
3600 32 -
4800 24 -
7200 16 -
9600 12 -

19200 6 

38400 3 
56000 2 286 
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TABLE 5. BAUD RATES USING 2.4578 MHz CRYSTAL 

DIVISOR USED PERCENT ERROR 
DESIRED TO GENERATE DIFFERENCE BETWEEN 

BAUD RATE 18 x CLOCK DESIRED. ACTUAL 

50 3072 -
75 2048 -

110 1396 0.026 
134.5 1142 0.0007 

150 1024 -
300 512 -
600 256 -

1200 128 -
1800 85 0.392 
2000 77 0.260 
2400 64 -
3800 43 0.775 
4800 32 -
7200 21 1587 
9600 16 -

19200 8 -
38400 4 -

After powerup, the 82C50A Master Reset schmitt trigger 
input (MR) should be held high for TMRW ns to reset the 
82C50A circuits to an idle mode until initialization. A high 
on MR causes the following: 

1. Initializes the transmitter and receiver internal clock 
counters. 

2. Clears the Line Status Register (LSR), except for 
Transmitter Shift Register Empty (TEMT) and 
Transmit Holding Register Empty (THRE), which 
are set. The Modem Control Register (MCR) is also 
cleared. All of the discrete lines, memory elements 

TABLE 8. BAUD RATES USING 3.072 MHz Cry.tal 

DIVISOR USED PERCENT ERROR 
DESIRED TO GENERATE DIFFERENCE BETWEEN 

BAUD RATE 18 x CLOCK DESIRED. ACTUAL 

50 3840 -
75 2560 -

110 1745 0.026 
134.5 1428 0.034 

150 1280 -
300 840 -
600 320 -

1200 160 -
1800 107 0.312 
2000 96 -
2400 80 -
3600 53 0.628 
4800 40 -
7200 27 1.23 
9600 20 -

19200 10 -
38400 5 -

and miscellaneous logic associated with these 
register bits are also cleared or turned off. Divisor 
Latches, Receiver Buffer Register, Transmitter 
Buffer Register are not effected. 

Following removal of the reset condition (MR low), the 
82C50A remains in the idle mode until programmed. 

A hardware reset of the 82C50A sets the THRE and TEMT 
status bit in the LSR. When interrupts are subsequently 
enabled, an interrupt occurs due to THRE. 

A summary of the effect of a Master Reset on the 82C50A 
is given in Table 7. 

TABLE 7. S2C50A RESET OPERATIONS 

REGISTER/SIGNAL RESET CONTROL RESET 

Interrupt Enable Register Master Reset All Bits Low (0-3 forced and 4-7 permanent) 
Interrupt Identification Master Reset Bit 0 IS High, Bits 1 and 2 Low 
Register Bits 3-7 are Permanently Low 
Line Control Register Master Reset All Bits Low 
MODEM Control Register Master Reset All Bits Low 
Line Status Register Master Reset All Bits Low, Except Bits 5 and 6 are High 
MODEM Status Register Master Reset Bit 0-3 Low 

Bits 4-7 Input Signal 
SOUT Master Reset High 
Intrpt (RCVR Errs) Read LSR/MR Low 
Intrpt (RCVR Data Ready) Read RBR/MR Low 
Intrpt (THRE) Read IIR/Write THR/MR Low 
Intrpt (Modem Status Changes) Read MSR/MR Low 
Out2 Master Reset High 
RTS Master Reset High 
DTR Master Reset High 
Out1 Master Reset High 
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82C50A 

Programming 

The 82C50A is programmed by the control registers LCR, 
IER, DLL and DLM, and MCR. These control words define 
the character length, number of stop bits, parity, baud 
rate, and modem interface. 

While the control registers can be written in any order, the 
IER should be written to last because it controls the in
terrupt enables. Once the 82C50A is programmed and 
operational, these registers can be updated any time the 
82C50A is not transmitting or receiving data. 

The control signals required to access 82C50A internal 
registers are shown below. 

Software Reset 

A software reset of the 82C50A is a useful method for 
returning to a completely known state without a system 
reset. Such a reset consists of writing to the LCR, Divisor 
Latches, and MCR registers. The LSR and RBR registers 
should be read prior to enabling interrupts in order to 

clear out any residual data or status bits which may be in
valid for subsequent operation. 

Crystal Operation 

The 82C50A crystal oscillator circuitry is designed to 
operate with a fundamental mode, parallel resonant crys
tal. Table 8 shows the required crystal parameters and 
crystal circuit configuration, respectively. 

When using an external clock source, the XTAL 1 input is 
driven and the XTAL2 output is left open. Power con
sumption when using an external cloCk is typically 50% of 
that required when using a crystal. This is due to the sinu
soidal nature of the drive circuitry when using a crystal. 

The maximum frequency of the the 82C50A is 10 MHz with 
an external clock or a crystal attached to XTAL 1 and 
XTAL2. Using the external clock or crystal, and a divide by 
one divisor, the maximum BAUDOUT is 10 MHz, and the 
maximum data rate is 625 Kbps. 

TABLE 8. TYPICAL CRYSTAL OSCILLATOR CIRCUIT 

PARAMETER 

Frequency 

Type 01 Operation 

Load Capacltance(CL) 

Rsenes (Max) 

1 0 to 10 MHz 

Parallel resonant. Fundamental mode 

20 or 32 pF (typ) 

100 ohms (1=10 MHz, CL=32 pF) 

200 ohms (1=10 MHz, CL=20 pF) 

XTALl PIN 16 TO 

.----_-----I'I------T-..- BAUD RATE I L- GENERATOR 1 Cl ~ lOGIC 

XTAl2 PIN 17 

~--~~~-~r~--~ 
fCl RS '-

5-16 

82C50A 



Specifications 82C50A 

Absolute Maximum Ratings 
Supply Voltage ............................... +8.0V: 9jc .....................•. 10.SoCIW (Cerdip Package) 
Input, Output or 1/0 Voltage Applied ........ GND -O.SV to 9ja ....................... 26.7°CIW (Cerdip Package) 

VCC+O.SV Gate Count ............................. 1788 Gates 
Storage Temperture Range ............. -6SoC to +lS00C Junction Temperature ........................ +17SoC 
Maximum Package Power Dissipation ............... lW Lead Temperature (Soldering, lOs) ............. +3000C 

CAUTION: Stresses above those listed In the "Absolute Maximum Ratings" may cause permanent damage to the device. ThiS IS a stress only rating and opera
"on of the deVice at these or any other condItions above those indICated In the operation section of thIS specihcation IS not Implied. 

Operating Conditions 
Operating Voltage Range ............... +4.SV to +S.SV Operating Temperature Range 

C82CSOA-S ........... ' .............. OOC to +700 V 
182CSOA-S ......................... -40OV to +8SoC 
M82CSOA-S ....................... -SSoC to +12SoC 

DC Electrical Specifications vcc = S.OV ± 10%; TA = Ooc to +700C (C82CSOA-S); 

TA = -400C to +85°C (I82C50A-S); 

TA = -SSoc to +12SOC (M82CSOA-S) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

VIH Logical One Input Voltage 2.0 V 182CSOA-S, C82CSOA-S 
22 V M82C50A-S 

VIL Logical Zero Input Voltage 08 V 

VTH Schmitt Tngger LogiC One Input 
Voltage MR Input 

20 V 182CSOA-S, C82C50A-S 
2.2 V M82CSOA-S 

VTL Schmitt Tngger Logic Zero Input 
Voltage 0.8 V MR Input 

VIH(CLK) Logical One Clock Voltage VCC-0.8 V External Clock 

VIL(CLK) Logical Zero Clock Voltage 0.8 V External Clock 

VOH Output High Voltage 3.0 V 10H = -2 SmA 
VCC-O 4 V 10H = -100I-/A 

VOL Output Low Voltage 0.4 V 10L = +2.5mA, 

II Input Leakage Current -1.0 +1.0 I-/A VIN = GND or VCC, DIP PinS 
9,10,12,13,14,18,19,21, 
22, 2S-28, 3S-39 

10 Input/Output Leakage Current -10.0 +100 I-/A VO = GND or VCC, DIP Pins 1-8 

ICCOP Operating Power Supply Current 6 mA External Clock 
F = 2.4S76MHz, VCC = 5.5V, 
VIN = VCC or GND, Outputs 
Open 

ICCSB Standby Supply Current 100 I-/A VCC = S.5V, VIN = VCC or 
GND, Outputs Open 

CapaCitance T A = 2SOC 

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 

CIN Input Capacitance 15 pF FREQ = lMHz, all measure-
ments are referenced to 

COUT Output Capacitance 15 
deVice GND 

pF 

CliO 1/0 Capacitance 20 pF 
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Specifications 82C50A 

AC Specifications VCC = 5.0V ± 10% 
TA = oOC to +70oC (C82C50A-5) 
TA = -40°C to +850C (182C50A-5) 
TA = -55°C to + 125°C (M82C50A-5) 

Timing Requirements 

SYMBOL PARAMETER 

(1) TAW Address Strobe Width 

(2) TAS Address Setup Time 

(3) TAH Address Hold Time 

(4) TCS Chip Select Setup Time 

(5) TCH Chip Select Hold Time 

(6) TDIW DISTR DISTR Strobe Width 

(7) TRC Read Cycle Delay 

(B) RC Read Cycle = TAR +TDIW +TRC 

(9) TDD DISTR DISTR to Driver Disable Delay 

(10)TDDD Delay From DISTR DISTR to Data 

(11)THZ DISTR DISTR to Floating Data Delay 

(12)TDOW DOSTR DOSTR Strobe Width 

(13)TWC Write Cycle Delay 

14) Wc Write Cycle = TAW+TDOW+TWC 

15) TDS Data Setup Time 

(16) TDH Data Hold Time 

82C50A-5 

MIN MAX 

50 

60 

0 

60 

0 

150 

270 

500 

75 

120 

10 75 

150 

270 

500 

90 

60 

UNITS TEST CONDITIONS 

ns 

ns Note 1 

ns 

ns Note 1 

ns 

ns 

ns Note 1 

ns 

ns 

ns 

ns 

ns 

ns Note 1 

ns 

ns 

ns 

NOTE 1: 'When using the B2C50A In the multiplexed mode (ADS operational). It will operate In BOCS6/88 systems With a 
maximum 3 MHz operating frequency." 
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Specifications 82C50A 

AC Specifications vcc = 5.0V ± 10% 
TA = ooC to +70oC (C82C50A-5) 
TA = -40°C to +850C (I82C50A-5) 

Timing TA = -55°C to +1250C (M82C50A-5) 

SYMBOL I PARAMETER 

DEMUL TIPLEXED OPERATION 

(17) TCSC Chip Select Output Delay from Select 

(18) TRA Address Hold Time from DISTR DISTR 

(19) TRCS Chip Select Hold Time from DISTR DISTR 

(20) TAR DISTR DISTR Delay from Address 

(21) TCSR DISTR DISTR Delay from Chip Select 

(22) TWA Address Hold Time from DOSTR DOSTR 

(23) TWCS Chip Select Hold Time from DOSTR DOSTR 

(24) TAW DOSTR DOSTR Delay from Address 

(25) TCSW DOSTR DOSTR Delay from Select 

(26) TMRW Master Reset Pulse Width 

(27) TXH Duration of Clock High Pulse 

(28) TXL Duration of Clock Low Pulse 

BAUD GENERATOR 

(29) N Baud D,v,sor 

(30) TBLD Baud Output Negative Edge Delay 

(31) TBHD Baud Output Positive Edge Delay 

(32) TLW Baud Output Down Time 

(331 THW Baud Output Up Time 

RECEIVER 

(34) TSCD Delay from RCLK to Sample Time 

(35) TSINT Delay from Stop to Set Interrupt 

(36)TRINT Delay from DISTR DISTR (RD RBR) to 
Reset Interrupt 

TRANSMITTER 

(37)THR Delay from DOSTR DOSTR to Reset Interrupt 

(38)TIRS Delay from Initial INTR Reset to 
Transmit Start 

(39)TSI Delay from Initial Write to Interrupt 

(40)TSTI Delay from Stop to Interrupt (THRE) 

(41) TIR Delay from DISTR DISTR (RD IIR) to Reset 
Interrupt (THRE) 

MODEM CONTROL 

(42)TMDO Delay from DOSTR DOSTR to Output 

(43) TSIM Delay to Set Interrupt from Modem Input 

(44) TRIM Delay to Reset Interrupt from DISTR DISTR 
(RD MSR) 

82C50A-5 

MIN I MAX 

125 

20 

20 

80 

80 

20 

20 

80 

80 

500 

40 

40 

1 216_1 

250 

250 

40 

40 

250 

1 1 

250 

250 

8 24 

16 32 

8 24 

250 

500 

500 

500 
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UNITS TEST CONDITIONS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns TXL = SOns 

ns TXH = SOns 

ns 

BAUDOUT 
Cycles 

ns 

ns 

BAUDOUT 
Cycles 

BAUDOUT 
Cycles 

BAUDOUT 
Cycles 

ns 

ns 

ns 

ns 



A.C. Test Circuit 

OUTPUT FROM DEVICE 
UNDER TEST 

VI 

82C50A 

Rl 

TEST POINT 

IOH C1 

-2.5mA 100 pF 

(INCLUDES STRAY AND 
JIG CAPACITANCE) 

TEST CONDITION DEFINITION TABLE 

A.C. Testing Input, Output Waveform 

INPUT OUTPUT 
VIH +O.4V 

VIL ·O.4V 

A.C Testing' All ,nput Signals must switch between VIL ·O.4V and VIH +0 4V Input rise 
and fall tImes are dnven at 1 nsec per volt 

Timing Waveforms 
tXH 

~ 

1-;;;:-1 
~ 

VOH 

VOL 

EXTERNAL CLOCK INPUT AC TEST POINTS 

(29) 
1---- N ----I 

XTALI 

(31)1BHD ~ hoi 
__ (30) ItBLD~1+-1 -I I--IHW(33) 
BAUD OUT lin nln n n 

(+1) L.:.J U L.:.J U U L 
(31I1BHD-l1-1 -l ~ILW(32) 

___ (30IlBLD--H-- -4 I--tLW(32) 
BAUD OUT 

H) 

BAUD OUT 
(+3) 

BAUD OUT 
(-N. N > 3) 

I (31) 
-it--tBHD ~~(3~2~) =~I tLW = 2XTALI CYCLES 

I 
t--"",,(3=3,-) --II tHW = (N . 2) XTALI CYCLES 

BAUDOUT TIMING 

NOTE: tBLO (+1) IS the only spec measure from XTL 1 falling edge. All other 
tBLO's and tBHO's are measured from XTAL 1 rising edge. 
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Timing Waveforms 

82C50A 

--~~-1'~------------~I~ r---
iDs L--' ~ 

j.£lIAS-l-1 tAH(3) 

~ ,X~ 

1 ~lcs"'H tCH (5) H,';i;:(22) 

~ I-:C 
1 CtCSC'-I(17) I-'WCS·...j(23) 

Cs2. CSI. CSo 

--I-----X _______ -'-____ _ 
II' tCSW~25) 1 (14) 

tAW' WC:-.------I 
(24) I-tDOw-l-.-tWC--=-J 

_______ ---.~!13) r: >r:=. ACTIVE 

CSOUT 

iiiiSrii'/OOSTR 

1 I OR 

iiiSriiiOISTR ~~~~~~~~~~~~~~~~~~~~;~~~;~~~~~::: t= ACTIVE 

(15)I-'OS.I-IOH-I(16) 
DATA 
00·07 < VALID DATA }---

• Applicable only when ADS IS tIed low 

WRITE CYCLE 

~
(I)----J 
lAW I 

iDs 
r.:: ::::±ItAH(3) 

A2. AI. Ag ~ ;C 
---'I 'j::1H::i::j~H(5) H IRA'(IB) 

"2. CSI. CSo ~ 1--')(= 
1 F'CSC'-J(17) i'""RCS·:.j(19) 

CSOUT --I"r--''-____ L __ _ 
II--ICSR.~(21) 1 (B) 

IAR·-. RC---"";---ll 
(20)1~: IRCJV4 

iiiiiR/OISTR ===============.X~X ~ >c= ACTIVE 

II II : + 
iiiiiTii/OOSTR _______ ---!_.----_.....:...~;---.... ~.---L ACTIVE 

H 100 (9) H 100(9) 

DillS -----'1""""', \ I r-
1000 (10) ~ IHZ(11) 

DATA 
00·07 ------------\ 

VALID DATA 

• ApplIcable only when ADS IS tIed low 

READ CYCLE 
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82C50A 

Timing Waveforms 

RClK ~ fL ___ --fL 
I' B ClKS;-----1 ~ tSCD (34) 

SAMPLE ClK rL ------
SIN ,--_..g-__ ~ PARITY 

IRE~~~~~ """"'\ START / DAT~ BITS 15·BI ~ 
DATAl 

SAMPLE I 
ClK -'---'----'--ffflr-L----'----'--L-...l---L.-

INTERRUPT --I I;::tSINT(35) 
IDATA READY DR I I \ 

DISTR:~::T~R: _____________ --.1 :::j (36) 1= tRINT 

IREAD REC ________________ ~ 
DATA BUFFER 

OR ROlSRI 

RECEIVER TIMING 

___ ~ START ,--___ PARITY START,--___ _ 

SERIAL OUT \ / D T ~ / ISOUT) (38) ~_ A A 15·BI I\...J STOP 1111 .. ,,21i\ '--''--____ _ 

~ IIRS I-- r;= tSTI(40) 

INTERRUPT (37) 
ITHREI ~ tHR ~-'I 

-DO-ST-R/DOSTR CD ~~~)i 
IWR THRI ~ \'--___ ---' 

·IIIRI~(41) 
DISTR/DISTR 0 

IRDIIRI __________________ rL 

DOSTR/DOSTR CD 
IWR MCRI 

CTS. DSR. DCD 

INTERRUPT 

DISTR/DlSTR CD 
IRD MSRI 

RI 

TRANSMITTER TIMING 

~_VE--------_~~E------_ 
(42)=1 I tMDO (42) =j tMDD l= 

\ I --

~ 

LI(44) 
(43)tSIM -t--i tRI M:11 ,..-_--'-' ...... ""\ 

NOTE 1 See Write Cycle Timing 
NOTE 2 See Read Cycle Timing 

MODEM CONTROLS TIMING 
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m HARRIS 82C52 
REFERENCE APP NOTE 108 
January 1992 CMOS Serial Controller Interface 

Features 

• Single Chip UART/BRG 

• DC to 16MHz (1 M Baud) Operation 

• Crystal or External Clock Input 

• On-Chip Baud Rate Generator - 72 Selectable Baud Rates 

• Interrupt Mode With Mask Capability 

• Microprocessor Bus Oriented Interface 

• SOCS6 Compatible 

• Single +5V Power Supply 

• Low Power Operation ............................ 1mA/MHz Typical 

• Modem Interface 

• Line Break Generation and Detection 

• Operating Temperature Range: 
• CS2C52 ...•.........•.........•.•....•....•....•.. OoC to +700C 

• IS2C52 .•....................................... -400C to +S50C 
• MS2C52 .........•.•..............•..•.•....... -550C to +1250C 

Description 

The Harris 82C52 is a high performance programmable Universal Asynchro
nous Receiver/Transmitter (UART) and Baud Rate Generator (BRG) on a 
single chip. Utilizing the Harris advanced Scaled SAJIIV CMOS process, the 
82C52 will support data rates up to 1 M baud asynchronously with a 16X 
clock (16MHz clock frequency). 

The on-chip Baud Rate Generator can be programmed for anyone of 72 
different baud rates using a single industry standard crystal or external 
frequency source. A unique pre-scale divide circuit has been designed to 
provide standard RS-232-C baud rates when using anyone of three industry 
standard crystals (1.8432 MHz, 2.4576 MHz, or 3.072 MHz). 

A programmable buffered clock output (CO) is available and can be 
programmed to provide either a buffered oscillator or 16X baud rate clock for 
general purpose system usage. 

Ordering Information 

PACKAGE TEMPERATURE RANGE 1M BAUD 

PlaslicDIP 00Clo+700C CP82C52 

-400C 10 +850C IP82C52 

PLCC OOC10 +700C CS82C52 

-400C 10 +850C IS82C52 

Ceramic DIP OOC10 +700C CD82C52 

-400C 10 +850C ID82C52 

-550C 10 + 1250C MD82C52/B 

SMD# 8501501XA 

LCC -550C 10 + 1250C MR82C52/B 

SMD# 85015013A 

Copyrighl © Harris Corporation 1991 
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Pinouts 
28 LEAD DIP 

TOP VIEW 

eso 
VCC 

DO DR 

SOl 

INTR 

RST 

TBRE 

CO 

RTS 

OTR 

OSR 

CTS 

GND 

soo 

28 LEAD PLCC AND LCC 

TOP VIEW 

8 I~ l§ 
() 

c Iff () a: 
> c 

_" L~J L~J tZl t2J L~~ L~J L~f! r'" 
SOl 02 51 12 ... ~ ~ ... 

61 .-
03 _. t~ INTR 

04 RST 

05 TBRE 

06 CO 

07 RTS 

OTR 
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Block Diagram 

DO-D7 

RD 
WR 
AO 
A1 
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IX 
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CO 
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INTR 

~ 
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12 
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21 
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1 
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DATA 
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READIWRlTE 
CONTROL 

LOGIC 

'i 
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LOGIC 
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BUFFER 
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TRANSMITIER 
REGISTER 
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t 

RECEIVER 
REGISTER 1 
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22 

26 

15 

25 

18 
17 
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TBRE 

DR 

SDO 

SOl 

DSR 
CTS 
DTR 
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PIN 
SYMBOL NO. TYPE 

RD 1 I 

WR 2 I 

00-07 3-10 I/O 

AO,A1 11,12 I 

IX,OX 13,14 I/O 

SDO 15 0 

GND 16 

CTS 17 I 

DSR 18 I 

DTR 19 0 

RTS 20 0 

CO 21 0 

TBRE 22 0 

RST 23 I 

INTR 24 0 

SOl 25 I 

DR 26 0 

VCC 27 

CSO 28 I 

ACTIVE 
LEVEL 

Low 

Low 

High 

High 

High 

Low 

Low 

Low 

Low 

Low 

High 

High 

High 

High 

High 

High 

Low 

Pin Description 82C52 

DESCRIPTION 

READ: The RD input causes the 82C52 to output data to the data bus (00-07). The data output 
depends upon the state of the address inputs (AO-A1). CSO enables the RD input. 

WRITE: The WR input causes data from the data bus (00-07) to be input to the 82C52. 
Addressing and chip select action is the same as for read operations. 

DATA BITS 0-7: The Data Bus provides eight, three-state input/output lines for the transfer of data, 
control and status information between the 82C52 and the CPU. For character formats of less 
than 8 bits, the corresponding 07,06 and 05 are considered "don't cares" for data WRITE operations 
and are 0 for data READ operations. These lines are normally in a high impedance state except 
during read operations. DO is the Least Significant Bit (LSB) and is the first serial data bit to be 
received or transmitted. 

ADDRESS INPUTS: The address lines select the various internal registers during CPU bus 
operations. 

CRYSTAL/CLOCK: Crystal connections for the internal Baud Rate Generator. IX can also be used 
as an external clock input in which case OX should be left open. 

SERIAL DATA OUTPUT: Serial data output from the 82C52 transmitter circuitry. A Mark (1) is a 
logic one (high) and Space (0) is logic zero (low). SDO is held in the Mark condition when CTS is 
false, when RST is true, when the Transmitter Register is empty, or when in the Loop Mode. 

GROUND: Powersupplyground connection. 

CLEAR TO SEND: The logical state of the CTS line is reflected in the CTS bit of the Modem Status 
Register. Any change of state in CTS causes INTR to be set true when INTEN and MIEN are true. 
A false level on CTS will inhibit transmission of data on the SDO output and will hold SDO in the 
Mark (high) state. If CTS goes false during transmission, the current character being transmitted 
will be completed. CTS does not affect Loop Mode operation. 

DATA SET READY: The logical state olthe DSR line is reflected in the Modem Status Register. Any 
change of state of DSR will cause INTR to be set iflNTEN and MIEN are true. The state olthis 
signal does not affect any other circuitry within the 82C52. 

DATA TERMINAL READY: The DTR signal can be set (low) by writing a logic 1 tothe appropriate bit 
in the Modem Control Register (MCR). This signal is cleared (high) by writing a logic 0 in the DTR 
bit in the MCR or whenever a reset (RST = high) is applied to the 82C52. 

REQUEST TO SEND: The RTS Signal can be set (low) by writing a logic 1 to the appropriate bit in 
the MCR. This signal is cleared (high) by writing a logic 0 to the RTS bit in the MCR or whenever 
a reset (RST = high) is applied to the 82C52. 

CLOCK OUT: This output is user programmable to provide either a buffered IX output or a buffered 
Baud Rate Generator (16X) clock output. The buffered IX (Crystal or external clock source) output 
is provided when the Baud Rate Select Register (BRSR) bit 7 is set to a zero. Writing a logic one 
to BRSR bit 7 causes the CO output to provide a buffered version of the internal Baud Rate 
Generator clock which operates at sixteen times the programmed baud rate. On reset 07 (CO select) 
is reset to O. 

TRANSMITTER BUFFER REGISTER EMPTY: The TBRE output is set (high) whenever the 
Transmitter Buffer Register (TBR) has transferred its data to the Transmit Register. Application 
of a reset (RST) to the 82C52 will also set the TBRE output. TBRE is cleared (low) whenever data 
is written to the TBR. 

RESET: The RST input forces the 82C52 into an "Idle" mode in which all serial data activities are 
suspended. The Modem Control Register (MCR) along with its associated outputs are cleared. The 
UART Status Register (USR) is cleared except for the TBRE and TC bits, which are set. The 
82C52 remains in an "Idle" state until programmed to resume serial data activities. The RST 
input is a Schmitt triggered input. 

INTERRUPT REQUEST: The INTR output is enabled by the INTEN bit in the Modem Control Register 
(MCR). The MIEN bit selectively enables modem status changes to provide an input to the INTR logic. 
Figure 9 in Design Information shows the overall relationship of these interrupt control signals. 

SERIAL DATA INPUT: Serial data input to the 82C52 receiver circuits. A Mark (1) is high, and a 
Space (0) is low. Data inputs on SOl are disabled when operating in the loop mode or when RST is true. 

DATA READY: A true level indicates that a character has been received, transferred to the RBR, and 
is ready for transfer to the CPU. DR is reset on a data READ of the Receiver Buffer Register (RBR) 
or when RST is true. 

VCC: +5V postive power supply pin. A 0.1 flF decoupling capaCitor from VCC (Pin 27) to GND 
(Pin 16) is recommended. 

CHIP SELECT: The chip select input acts as an enable signal for the RD and WR input signals. 
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82C52 

Reset 

During and after power-up, the 82C52 Reset Input (RST) 
must be held high for at least two IX clock cycles In order to 
initialize and drive the 82C52 circuits to an idle mode until 
proper programming can be done. A high on RST causes the 
following events to occur: 

• Resets the internal Baud Rate Generator (BRG) circuit 
clock counters and bit counters. The Baud Rate Select 
Register (BRSR) Is not affected (except for bit 7 which is 
reset to 0). 

• Clears the UART Status Register (USR) except for Trans
miSSion Complete (TC) and Transmit Buffer Register Emp
ty (TBRE) which are set. The Modem Control 
Register (MCR) Is also cleared. All of the discrete lines, 
memory elements and miscellaneous logic associated 
with these register bits are also cleared or tumed off. Note 
that the UART Control Register (UCR) Is not affected. 

Following removal of the reset condition (RST ... low), the 
82C52 remains In the idle mode until programmed to its 
desired system configuration. 

Programming The 82CS2 

The complete functional definition of the 82C52 is pro
grammed by the systems software. A set of control words 
(UCR, BRSR and MCR) must be sent out by the CPU to 
initialize the 82C52 to support the desired communication 
formal These control words will program the character 
length, number of stop bits, even/odd/no parity, baud rate, 
etc. Once programmed, the 82C52 Is ready to perform its 
communication functions. 

The control registers can be written to in any order. Howev
er, the MCR should be written to last because it controls the 
interrupt enables, modem control outputs and the receiver 
enable bit. Once the 82C52 is programmed and operation
al, these registers can be updated any time the 82C52 is not 
immediately transmitting or receiving data. 

Table A. shows the control Signals required to access 
82C52 Internal registers. 

UART Control Register (UCR) 

The UCR Is a write only register which configures the UART 
transmitter and receiver circuits. Data bits 07 and OS 
are not used but should always be set to a logic zero (0) in 
order to insure software compatibility with future product 
upgrades. During the Echo Mode, the transmitter always 
repeats the received word and parity, even when the UCR is 
programmed with different or no parity. See Figure 1. 

eso A1 AO ,WR 

o 0 o 0 

o 0 o 1 

o 0 1 0 

o 0 1 1 

o 1 o 0 

o 1 o 1 

o 1 1 0 

o 

UCR 

TABLEA. 

RD 

o 

o 

o 

o 

OPERATION 

Data Bus-Transmitter Buffer 
Register (TBR) 

Receiver Buffer 
Register (RBR)-+Data Bus 

Deta Bus-UART Control 
Register (UCR) 

UARTStatus 
Register (USR)-+Data Bus 

Data Bus-Modem Control 
Register (MCR) 

MCR_Data Bus 

Data Bus-Bit Rate Select 
Register(BRSR) • 

Modem Status 
Register (MSR)-+Data Bus 

1071081051041031021011001 

L.J L,-J L----1 4 S;'?&g:! 

PARITY 
CONTROL 

0= 1 STOPBtT 
1= 1.5 STOP BITS (Tx) 
ANO 1 STOP BIT 
(Rx) IF 5 OATA BITS 
SELECTEO 1 = 2 STOP 
alTs FOR 6, 7 OR 8 
OATA BITS SELECTEO 

000 = Tx AND Rx EVEN 
001 - Tx AND RK ODD 
010 - Tx EVEN. Rx ODD 
011 = Tx ODD, R .. EVEN 
100 - Tx EVEN, Rx CHECK 
OISABLEO 
101 = T .. ODD, Rx CHECK 
OISABLEO 
11 X = GENERATION AND 
CHECK OISABLEO 

'-------+ WORO 00 = 5 BITS 
LENGTH 01 = 8 BITS 
SELECT 10 = 7 BITS 

11- BBITS 

'---------. RESERVEO ~~J~E~:g~CT 
UPGRAOE 
COMPATIBILITY 

FIGURE 1. 
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Baud Rate Select Register (BRSR) 

The 82C52 is designed to operate with a single crystal or 
external clock driving the IX input pin. The Baud Rate Select 
Register is used to select the divide ratio (one of 72) for the 
internal Baud Rate Generator circuitry. The internal circuitry 
is separated into two separate counters, a Prescaler and a 
Divisor Select. The Prescaler can be set to anyone of four 
division rates, +1, +3, +4, or +5. 

The Prescaler design has been optimized to provide 
standard baud rates using anyone of three popular crystal 
frequencies. By using one of these common system clock 
frequencies, 1.8432MHz, 2.4576MHz or 3.072MHz and 
Prescaler divide ratios of +3, +4, or +5 respectively, the 
Prescaler output will provide a constant 614.4KHz. When 
this frequency is further divided by the Divisor Select 
counter, any of the standard baud rates from 50 Baud to 
38.4 Kbaud can be selected (see Table B). Non-standard 
baud rates up to 1 Mbaud can be selected by using different 
input frequencies (crystal or an external frequency input up to 
16MHz) and/or different Prescaler and Divisor Select ratios. 

Regardless of the baud rate, the baud rate generator pro
vides a clock which is 16 times the desired baud rate. For 
example, in order to operate at a 1 Mbaud data rate, a 
16MHz crystal, a Prescale rate of +1, and a Divisor Select 
rate of "external" would be used. This would provide a 
16MHz clock as the output of the Baud Rate Generator to 
the Transmitter and Receiver circuits. 

The CO select bit in the BRSR selects whether a buffered 
version of the external frequency input (IX input) or the Baud 
Rate Generator output (16x baud rate clock) will be output 
on the CO output (p in 21). The Baud Rate Generator output 
will always be a 50% nominal duty cycle except when "ex
ternal" is selected and the Prescaler is set to +3 or +5. 

BRSR 

1071061051041031021011001 

~ PRESCAlER 00 == ....;.. 1 
SELECT 01 = -T 3 

10= +4 
11 = "';"5 

~----_OIVISOR 00000= +2 
SELECT 00001 = +4 

00010 = + 1613 
0001'''''' +8 
00100 = + 3213 
00101 = +16 
00110= +58/3 
00111 = -i-22 
01000= +32 
01001 = +64 
01010= +128 
01011 = -;-192 
01100= +256 
01101 == +288 
01110= +352 
01111 = +512 
10000 = "";-768 
11111 == EXTERNAL ( -i- 1) 

'---------.- CO SELECT 0 = IX OUTPUT 

FIGURE 2. 

1 = BRG OUTPUT 
ION RESET. 07 (CO· 
SELECT) IS RESET TO OJ 

TABLE B. 

BAUD RATE DIVISOR 

38.4K External 
19.2K 2 
9600 4 
7200 16/3 
4800 8 
3600 32/3 
2400 16 
2000" 58/3 
1800" 22 
1200 32 
600 64 
300 128 
200 192 
150 256 

134.5" 288 
110" 352 
75 512 
50 768 

NOTE These baud rates are based upon the follOWing input frequency! 
Prescale divisor combinations 
1 8432MHz and Prescale = +3 
2 4S76MHz and Prescale = +4 
3 072MHZ and Prescale = +5 

*AII baud rates are exact except for: 

PERCENT 
BAUD RATE ACTUAL ERROR 

1800 1745.45 3.03% 
2000 1986.2 0.69% 
134.5 133.33 0.87% 
110 109.09 0.83% 

Modem Control Register 

The MCR is a general purpose control register which can be 
written to and read from. The RTS and DTR outputs are 
directly controlled by their associated bits in this register. 
Note that a logic one asserts a true logic level (low) at these 
output pins. The Interrupt Enable (INTEN) bit is the overall 
control for the INTR output pin. When INTEN is false, INTR 
is held false (low). 

The Operating Mode bits configure the 82C52 into one of 
four possible modes. "Normal" configures the 82C52 for 
normal full or half duplex communications. "Transmit 
Break" enables the transmitter to only transmit break char
acters (Start, Data and Stop bits all are logic zero). The Echo 
Mode causes any data that is received on the SOl input pin 
to be retrahSmitted on the SDO output pin. Note that this 
output is a buffered version of the data seen on the SOl 
input and is not a resynchronized output. Also note that 
normal UART transmission via the Transmitter Register is 
disabled when operating in the Echo mode (see Figure 4). 
The Loop Test Mode internally routes transmitted data 
to the receiver circuitry for the purpose of self test. The 
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transmit data Is disabled from the SDO output pin. The 
Receiver Enable bit gates off the Input to the receiver 
circuitry when in the false state. 

Modem Interrupt Enable will permit any change in modem 
status line inputs (CTS, DSR) to cause an interrupt when 
this bit is enabled. Bit 07 must always be written to with a 
logiC zero to insure correct 82C52 operation. 

MeR 

I 07'-00 (05)04 [ D3[ D2[ D1[ DO[ 

Lr' L 
--

REQUEST TO o == AlB OUTPUT HIGH· 
SEND (ATS) 1 = RTs OUTPUT LOW 

DATA TeRMINAL o '"' OTR OUTPtIT HIGH 
READY (OTR) 1 "" oTR OUTPUT LOW 

INTERRUPT 1 - INTERRUPTS ENABLED 
ENIdILE (INTEN) D "" INTERRUPTS DISABLED 

MODE 8E1.ECT 00- NORMAL 

01 = TAANSMrr BREAK 
10 = ECHO MODE 

11 - lOOP TEST MODE 

RECEIVER o = NOT ENABLED 
ENABLE (REN) 

1 - ENABLED 

MODEM INTERRUPT 0= NOT ENABLED 
ENABlE (MIEN) 1- ENABLED 

MUST 8E SET TO A LOGIC 0 FOR 
NORMAL 82CS2 OPERATION 

·See Modem Status Register description for a description of register flag 
images wRh ' •• pactlo output pins. 

SERIAL DATA 
FROM 

TRANSMITTER 
REGISTER 

FIGURE 3. 

ECHO MODE ,--,...--___ .1 

SERIAL DATA 
TO RECEIVER 

REGISTER 

FIGURE 4. LOOP AND ECHO MODE FUNCTIONALITY 

UART Status Register (USR) 

The USR provides a single register that the controlling sys
tem can examine to determine if errors have occurred or if 
other status changes in the 82C52 require attention. For 
this reason, the USR is usually the first register read by the 
CPU to determine the cause of an interrupt or to poll the 
status of the 82C52. 

Three error flags OE, FE and PE report the status of any 
error conditions detected in the receiver circuitry. These 
error flags are updated with every character received during 
reception of the stop bits. The Overrun Error (OE) indicates 
that a character in the Receiver Register has been received 
and cannot be transferred to the Receiver Buffer Register 
(RBR) because the RBR was not read by the CPU. Framing 
Error (FE) Indicates that the last character received in the 

RBR contained improper stop bits. This could be caused by 
the absence of the required stop bit(s) or by a stop bit(s) that 
was too short to be properly detected. Parity Error (PE) indi
cates that the last character received in the RBR contained 
a parity error based on the programmed parity of the receiv
er and the calculated parity of the received character data 
and parity bits. 

The Received Break (RBRK) status bit Indicates that the last 
character received was a break character. A break charac
ter would be considered to be an Invalid data character in 
that the entire character including parity and stop bits are a 
logic zero. 

The Modem Status bit Is set whenever a transition is de
tected on any of the Modem input lines (CTS or DSR). A 
subsequent read of the Modem Status Register will show 
the state of these two signals. Assertion of th is bit will cause 
an interrupt (INTR) to be generated if the MIEN and INTEN 
bits in the MCR register are enabled. 

The Transmission Complete (TC) bit indicates that both the 
TBR and Transmitter Registers are empty and the 82C52 
has completed transmission of the last character it was com
manded to transmit. The assertion of this bit will cause an 
interrupt (INTR) if the INTEN bit in the MCR register is true. 

The Transmitter Buffer Register Empty (TBRE) bit Indicates 
that the TBR register is empty and ready to receive another 
character. 

The Data Ready (DR) bit indicates that the RBR has been 
loaded with a received character (including Break) and that 
the CPU may access this data. 

Assertion of the TBRE or DR bits do not affect the INTR 
logic and associated INTR output pin since the 82C52 has 
been designed to provide separate requests via the DR and 
TBRE output pins. If a Single interrupt for any status change 
in the 82C52 is desired this can be accomplished by using 
an 82C59A Interrupt controller with DR, TBRE, and INTR as 
inputs. (See Figu re 11). 

USR 

07 D6 05 04 03 02 01 DO 

L: 
PARITY ERROR 0- NO ERROR 
(PE) 1- ERROR 

FRAMING ERROR 0- NO ERROR 
(FE) 1- ERROR 

~ OVERRUN ERROR 0_ NO ERROR 
(OE) 1_ ERROR 

RECEIVED BREAK 0- NO BREAK 
(RBRK) 1 _ BREAK 

MODEM STATUS 0- NO STATUS CHANCE 
(MS) 1 - STATUS CHANGE 

TRANSMISSION o - NOT COMPLETE 
COMPLETE (TC) 

1 - COMPlETE 

TRANSMlnER 0_ NOT EMPTY 
BUFFER REGISTER 1- EMPTY EMPTY (TORE) 

DATA READY 0_ NOT READY 
(DR) 1- READY 

FIGURE 5. 
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Modem Status Register (MSR) 

The MSR allows the CPU to read the modem signal inputs 
by accessing the data bus interface of the 82C52. Like all of 
the register images of external pins in the 82C52, true logic 
levels are represented by a high (1) signal level. By follow
ing this consistent definition, the system software need not 
be concerned with whether external signals are high or low 
true. In particular, the modem signal inputs are low true, 
thus a 0 (true assertion) at a modem input pin is represented 
by a 1 (true) in the MSR. 

Any change of state in any modem input signals will set 
the Modem Status (MS) bit in the USR register. When this 
happens, an interrupt (INTR) will be generated if the MIEN 
and INTEN bits of the MCR are enabled. 

The Data Set Ready (OSR) input is a status indicator from the 
modem to the 82C52 which indicates that the modem is 
ready to provide received data to the 82C52 receiver circuitry. 

Clear to Send (CTS) is both a status and control signal from 
the modem that tells the 82C52 that the modem is ready to 
receive transmit data from the 82C52 transmitter output 
(SOO). A high (false) level on this input will inhibit the 82C52 
from beginning transmission and if asserted in the middle of 
a transmission will only permit the 82C52 to finish transmis
sion of the current character. 

MSR 

'-c=r:;I::J-'-II ....... I-C~ CLEAR TO 

I 

SEND (CTS) 

~ DATA SET 
READY (DSR) 

I ~~O 

~~O 
'--________ • UNDEFINED 

FIGURE 6. 

Receiver Buffer Register (RBR) 

0= FALSE 
1 = TRUE 

0= FALSE 
1 = TRUE 

The receiver circuitry in the 82C52 is programmable for 5, 
6, 7 or 8 data bits per character. For words of less than 8 
bits, the data is right justified to the Least Significant Bit 
(LSB = ~O). Bit DO of a data word is always the first data bit 
received. The unused bits in a less than 8 bit word, at the 
parallel interface, are set to a logic zero (0) by the 82C52. 

Received data at the SOl input pin is shifted into the Receiver 
Register by an internal 1 x clock which has been synchro
nized to the incoming data based on the position of the start 
bit. When a complete character has been shifted into the 
Receiver Register, the assembled data bits are parallel 
loaded into the Receiver Buffer Register. Both the DR out-

put pin and DR flag in the USR register are set. This double 
buffering of the received data permits continuous reception 
of data without losing any of the received data. 

While the Receiver Register is shifting a new character 
into the 82C52, the Receiver Buffer Register is holding a 
previously received character for the system CPU to read. 
Failure to read the data in the R BR before complete recep
tion of the next character can result in the loss of the data 
in the Receiver Register. The OE flag in the USR register 
indicates the overrun condition. 

RBR 

10710610'1041031021°'1001 

L: BIT 0 

BIT , 

~ BIT 2 

BIT 3 

BIT 4 

BIT • 

: 

BIT 6 

L-_______ -._ BIT7 

• BIT 
WOAD 

FIGURE 7. 

Transmitter Buffer Register (TBR) 

6 BIT 
wonD 

7 BIT 
WOAD 

...I.. 8 BIT 
WORD 

The Transmitter Buffer Register (TBR) accepts parallel data 
from the data bus (00-07) and holds it until the Transmitter 
Register is empty and ready to accept a new character for 
transmission. The transmitter always has the same word 
length and number of stop bits as the receiver. For words of 
less than 8 bits the unused bits at the microprocessor data 
bus are ignored by the transmitter. 

TBR 

10710610'10'1 031021 0' I 00 I 

L: 
~ 

BIT 0 

BIT , 

BIT 2 

BIT 3 

BIT 4 

aIT 5 

BITB 

aIT7 

• BIT 
wonD 

FIGURES. 

BBIT 
WOAD 

7 BIT 
WORD 

8 eIT 
WOAD 
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Bit 0, which corresponds to DO at the data bus, is always 
the first serial data bit transmitted. Provision is made for the 
transmitter parity to be the same or different from the receiv
er. The TBRE output pin and flag (USR register) reflect the 
status of the TBR. The TC flag (USR register) indicates when 
both TBR and TR are empty. 

82C52 Interrupt Structure 

The 82C52 has provisions for software masking of inter
rupts generated for the INTR output pin. Two control bits in 
the MCR register, MIEN and INTEN, control modem status 
interrupts and overall 82C52 interrupts respectively. Figure 
9 illustrates the logical control function provided by these 
signals. 

The modem status inputs (DSR and CTS) will trigger the 
edge detection circuitry with any change of status. Reading 
the MSR register will clear the detect circuit but has no 
effect on the status bits themselves. These status bits 
always reflect the state of the input pins regardless of the 
mask control signals. Note that the state (high or low) of the 
status bits are inverted versions of the actual input pins. 

The edge detection circuits for the USR register signals will 
trigger only for a positive edge (true assertion) of these 
status bits. Reading the USR register not only clears the 
edge detect circuit but also clears (sets to 0) all of the status 
bits. The output pins associated with these status bits are 
not affected by reading the USR register. 

A hardware reset of the 82C52 sets the TC status bit in 
the USR. When interrupts are subsequently enabled an 
interrupt can occur due to the fact that the positive edge 
detection circuitry in the interrupt logic has detected the 
setting of the TC bit. If this interrupt is not desired the USR 
should be read prior to enabling interrupts. This action 
resets the positive edge detection circuitry in the interrupt 
control logic (Figure 9). 

NOTE: For USR and MSR, the setting of status bits is inhibited during status 
register READ operations. If a status condition is generated during a 
READ operation, the status bit is not set until the trailing edge of the 
Ri5 pulse. 

If the bit was already set at the time of the READ operation, and the 
same status condition occurs, that status bit will be cleared at the 
trailing edge of the RD pulse instead of being set again 

RBRK, TC 
OE. FE. PE 

(USR) 

RD (USR) ___ ..J 

DSR. CTS 
(MSR) 

RD (MSR) 

FIGURE 9. 82C52 INTERRUPT STRUCTURE 

Software Reset 

A software reset of the 82C52 is a useful method for return
ing to a completely known state without exercising a 
complete system reset. Such a reset would consist of writing 
to the UCR, BRSR and MCR registers. The USR and RBR 
registers should be read prior to enabling interrupts in order 
to clear out any residual data or status bits which may be 
invalid for subsequent operation. 

Crystal Operation 

The 82C52 crystal oscillator circuitry is designed to operate 
with a fundamental mode, parallel resonant crystal. This 
circuit is the same one used in the Harris 82C84A clock 
generator/driver. To summarize, Table C and Figure 10 
show the required crystal parameters and crystal circuit 
configuration respectively. 

When using an external clock source, the IX input is driven 
and the OX output is left open. Power consumption when 
using an external clock is typically 50% of that required 
when using a crystal. This is due to the sinusoidal nature of 
the drive circuitry when using a crystal. 

TABLE C. 

TYPICAL CRYSTAL 
PARAMETER SPECIFICATION 

Frequency 1.0 to 16MHz 

Type 01 Operation Parallel Resonant, Fundamental 
Mode 

Load Capacitance (CL) 20 or 32pF (Typ) 

RSERIEs(Max) 100 n (I ~ 16MHz, CL ~ 32pF) 
200 n (I ~ 16MHz, CL ~ 20pF) 

Cl* -c IX 
82C52 

GND C2t-* __ Cl ..... _-t 
OX ---

'CT = C2 = 20pF FOR CL = 20pF 

'CT = C2 = 47pF FOR CL = 32pF 

FIGURE 10. 
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82C52 - 80C86 Interfacing 

The following example (Figure 11) shows the interface for 
an 82C52 in an 80C86 system. 

Use of the Harris CMOS Interrupt Controller (82C59A) is 
optional and necessary only if an interrupt driven system is 
desired. 

By using the Harris CMOS 82C84A clock generator, the 
system can be built with a single crystal providing both the 
processor clock and the clock for the 82C52. The 82C52 

has special divider circuitry which is designed to supply 
industry standard baud rates with a 2.4576MHz input 
frequency. Using a 15MHz crystal as shown, results in less 
than a 2% frequency error which is adequate for many 
applications. For more precise baud rate requirements, a 
14.7456MHz crystal will drive the BOCB6 at 4.9MHz and 
provide the 82C52 with the standard baud rate input 
frequency of 2.4576MHz. If baud rates above 156Kbaud are 
desired, the OSC output can be used instead of the PCLK 
(+6) output for asynchronous baud rates up to 1 Mbaud. 

ADO,AD7 

ADDRESS BUS ~ 
82C88{ IORD-C 

(MAX MODE) IOWA-C 

8OC86 
OR 

8OC88 

SDO r-- SERIAL 
82C52 SOl _ DATA 

INT 1----~JiiINi;;TriliRRiX,11--;.3~-IINTR, DR, TBRE 
82C59A 

CLK INTA jC>"--_·....JDL!!INT~A~.J IX 

J 5MHZ 

,..--,.-""'X""1--=C""'LK'"" 
15MHz5 ~ PCLK~_2_._5M_Hz ______________ ~ 

'~ X2 OSC r-- 15MHz 

~ 82C84A OR 
82C85 

FIGURE 11. 80C86/82C52 INTERFACE 
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SpecificaUons82C52 

Absolute Maximum Ratings 
Supply Voltage ••••••••••••••••••••••••••••••••••••• +8.ov 
Input, Output or va Voltage •••••••••••• GND-O.5V to VCC+O.5V 
Storage Temperature Range ••••••••••••••••• -65"C to + 15O"C 
Junction Temperature. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • + 175°C 
Lead Temperature (Soldering lOs). • • . • • • • • • • • • • • • • • • • +3OO"C 
ESD Classification • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• Class 1 

Reliability Information 

Thermal ReslsIance • • . • • • • • • • • • • • •• 45~'" 
Ceramic DIP Package • • • • • • • • • • • • • \II" 

Ceramic LCC Package ••••••. • • • •• SO.7"CfN 
Maximum Package Power Dissipation at +125"C 

I\: 
8.4"CIW 
5.~ 

Ceramic DIP Package ••••••••••••••••••••••••.••••• 1.lW 
Ceramic LCC Package •••••••.••••••••••••••••••• 986mW 

Gate Count ••••••••••••••••••••••••••••••.•••• 1500 Gates 

CAUTION: s_ abo ... those listed In 'Absolute Maximum Ratings' may cause permanent damags 10 ths davice. This Is a stress only /81ing and opetatlon 
of ths dallice at thes8 or any othsr condll/ons above those indicated In ths O(Je/8t1onaJ sections of this specification Is not implied. 

Operating Conditions 
Operating Voltege Range ••••••..••••••.•••••• +4.5V to +5.5V Operating Temperature Range 

C82C52 • • • . • • • • • • • • • • • • • • . . • • • • • • • • • • . . •• O"C to +70"C 
I82C52 ••••.•••••••••.••••.•.••••.••••••• -40"C to +85°C 
M82C52 •••.•••••••.•.••.•.••••••••••••• -55"C to + 125°C 

DC Electrical Specifications vcc = 5.0V ± 10%; TA = O"C to +7O"C (C82C52); 
TA = -40"C to +85°C (I82C52); 
TA = -55°C to +125"C (M82C52) 

SYMBOL PARAMETER MIN MAX UNITS 

VIH Logical One Input Voltage 2.0 - V 
2.2 

VIL Logical Zero Input Voltage - 0.8 V 

VTH Schmitt Trigger logical One Input VCC-O.5 - V 
Voltage 

VTL Schmitt Trigger logical Zero Input - GND+O.5 V 
Voltage 

VIH (CLK) Logical One Clock Input Voltage VCC-O.5 - V 

VIL(CLK) Logical Zero Clock Input Voltage - GND+O.5 V 

VOH Output High Voltage 3.0 - V 
VCC-O.4 V 

VOL Output Low Voltage - 0.4 V 

II Input Leakage Current -1.0 +1.0 jIA 

10 Input/Output Leakage Current -10.0 +10.0 jIA 

ICCOP' Operating Power Supply Current - 3 mA 

ICCSB Standby Supply Current - 100 jIA 

• Guaranteed and sampled. but not 100% tested. ICCOP Is typically S 1 mAlMHz. 

Capacitance TA = 25"C 

SYMBOL PARAMETER TYPICAL UNITS 

CIN Input Capac~ance 12 pF 

COUT Output Capacitance 15 pF 

CIO VO Capacitance 15 pF 
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TEST CONDITIONS 

I82C52. C82C52 
M82C52 

Reset Input 

Reset Input 

External Clock 

External Clock 

10H = -2.5mA. Except OX. 
10H = -l00jlA. For OX -IOH = -1.0mA 

IOL=+2.5mA 

VIN = GND or VCC. DIP Pins 1. 2. 11. 
12. 17. 18.23.25.28 

VOUT = GND or VCC. DIP Pins 3-10 

External Clock F = 2.4576MHz. 
VCC = 5.5V. VIN = VCC or GND. 
Outputs Open 

VCC = 5.5V. VIN = VCC or GND. 
Outputs Open 

TEST CONDITIONS 

FREQ = 1 MHz. all measurements are 
referenced to device GND 



A.C. Electrical Specifications 

Specifications 82C52 

VCC = 5.0V ± 10%; 
TA = OOC to +700 C (C82C52) 
TA = -400 C to +850 C (182C52) 
TA = -550 C to +1250 C (M82C52) 

Timing Requirements and Responses 

SYMBOL PARAMETER MIN MAX 

(1lTSVCTL Select Setup to 30 
Control Leading 
Edge 

(2) TCTHSX Select Hold From SO 
Control Trailing 
Edge 

(3lTCTLCTH Control Pulse 1SO 
Width 

4)TCTHCTL Control Disable 190 
to Control Enable 

(5) TRLDV Read Low to 120 
Data Valid 

(6) TRHDZ Read Disable 0 60 

(7)TDVWH Data Setup Time SO 

(8)TWHDX Data Hold Time 20 

(9) FC Clock Frequency 0 16 

(10)TCHCL Clock High Time 25 

(11)TCLCH Clock Low Time 25 

(12)TRlTF IX Input Ix 
Rise/Fall Time 
(Extemal Clock) 

(13)TFCO Clock Output 15 
Fall Time 

(14)TRCO Clock Output 15 
Rise Time 
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UNITS TEST CONDmONS 

ns 

ns 

ns Control Consists o! RD 
orWR 

ns 

ns 1, See AC Test Circuit 

ns 2, See AC Test Circuit 

ns 

ns 

MHz TCHCL + TCLCH must 
be ;;.62.5 ns 

ns 

ns 

ns 1 
Ix .. 6FC or SOns 

whichever is smaller 

ns CL = SOp! 

ns CL = SOp! 
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AC Testing Input, Output Waveforms 

PROPAGATION DELAY 

INPUT 

VlH +O.4V 

1.SV~ ~ 1.SV 

VlL - O.4V '----------' 

OUTPUT 
VOH 

VOL 

ENABLE/DISABLE DELAY 

OUTPUT ~_90'1& 
___________ ~~J 10% 

AC Te.ting: All input signals (except IX and RST) must swHch between VIL - O.4V and VIH + O.4V. Input rl.e and fall tim .. are driven at 1 nsec per volt. 

Timing Waveform 

BUS OPERATION 

--NEXT BUS CYCLE 

fill AD.A1 ~ SELECT VALID -
(I) (3) (21 

_ TSVCTL 

~-
TCTLCTH TCTHSX 

~ ~ t (7) 
(8) 

TOVWH 
I 

TWHOX 

VALID X 
(I) (:!I (41 

__ TSVCTL TCTLCTH TCTHCTL_ 

~ 1 "'.!I."" 
(51 I I i61 

TRLOV 
L I 

TRHOZ 

~ VALID 
"'QU'" 

{ 

RO 

;::ATION 

00-07 

AC Test Circuit 

Vl 

TEST CONDITION Vl Rl R2 CL 
OUTPUT FROM 
DEVICE UNDER o-____ -+ ____ ~~----<>TEST 

TEST POINT 
1 I Propagation Delay 1.7V 520 00 100pF 

2 I Disable Delay vee 5K 5K 50pF 
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82C52 

UART Timing Characterization 

All parameters listed in this table were laboratory bench characterized at room temperature on a small sample of parts. No guarantee is 
implied. The main intent here is to clarify functional operation of the 82C52. 

82C52 UART TIMING Characterized with IX = External Clock 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

(15)TSI CO(IX) Delay from IX 

(16)TS2 CO(BRG) Delay from IX 

(17)TCY CO(BRG) Clock Cycle Time 62.5 

(IS)TDTX SDO Delay from CO(BRG) low 

(19)1WlTl WR low to TBRE low 

(20)TClTH CO(BRG) low to TBRE High 

(21)TIHF INTR High on Flag 

(22)TIHM INTR High on MS 

(23)TRLll RD low to INTR low 

(24)TCTHX ~ High to Disable Transmit 4TCY+l0 

(25)TDRH CO(BRG) low to DR High 

(26)TRlDl tID low to DR low 

(27)1WHO WI'! High to R"i"S"/0iR Active 

NOTES: 

1. Prescaler rate of divide by I, Divisor Select rate of "external" 
(divide by 1). The Baud Rate Clock (CO-BRG) operates at 16 
times the user programmed bit rate. For example, at 1200 baud: 
TCY = 1/(16 x 1200) = 52.1~. 

2. A. With TR (Transmitter Register) initially empty, TDTX occurs 
from the 5th falling edge of CO(BRG) after WR goes high. 

B. With TR initially full, TDTX occurs from the trailing edge of 
the 16th CO(BRG) in the last Stop bit provided WR went 
high by the trailing edge of the 12th CO(BRG) in the last 
Stop bit. 

C. With"CTS high (disable transmit) and TBR full, TDTX occurs 
from the 5th falling edge of CO(BRG) after"CTS goes low. 

3. TBRE bit D6 in USR is updated each time TBRE changes state. 

4. A. With TR initially empty, TCl TH(TBRE) occurs from the 4th 
falling edge of CO(BRG) after WI'! goes high. 

B. With TR initially full, TCl TH(TBRE) occurs from the trailing 
edge of the 15th CO(BRG) in the last Stop bit provided WR 
went high by the trailing edge of the 12th CO(BRG) in the 
last Stop bit. 

C. With "CTS high (disable transmit) and TBR full, 
TCl TH(TBRE) occurs from the 4th falling edge of CO(BRG) 
after "CTS goes low. 
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30 ns BRSR Bit D7 = 0 (IX Output) 

SO ns BRSR Bit D7 = 1 (BRG Output) 

ns BRSR Bit D7 = 1 (BRG Output), Note 1 

30 ns Note 2 

50 ns Note 3 

50 ns Notes 3, 4 

50 ns Note5A,5B 

50 ns Note 5 

60 ns 

ns TBR Full, Note 6 

40 ns Note 7 

50 ns Note 7 

50 ns 

5. A. INT on re· INTEN enabled; USR bit D5(TC) is updated at 
this time regardless of interrupt configuration. 

- INT on TC occurs from the trailing edge of the 11 th 
CO(BRG) in the last Stop bit if TBR empty at that time. 

B. INIB on receive flags OE FE PE and RBRK' INTEN 
enabled; Respective USR bits updated at this time 
regardless of interrupt configuration. 

INT on OE, FE, PE, RBRK occurs from the trailing edge 
of the 11th CO(BRG) in the last Stop bit. To avoid OE, 
OO(RBR) must go low by the trailing edge of the Sth 
CO(BRG) in the last Stop bit. 

C. INTR on MS' INTEN and MIEN enabled; USR bit D4(MS) 
is updated at this time regardless of INTEN/MIEN. 

- INTR on MS occurs whenever "CTS or USA" input 
changes state. 

6. TCTHX is time before end of last Stop bit by which "CTS must be 
inactive (high) to prevent transmission of the character waiting in 
TBR. 

7. DR bit D7 in USR is updated each time DR changes state. TDRH 
always from trailing edge of 11th CO(BRG) in last Stop bit. 

(f) 
Z 

~Q 
edt Co 
(f)
OZ 
:::i::l 
o~ 

o o 



UART Timing Characterization (Continued) 

CLOCK (IX) AND CO TIMING 

IX 

CO(IX) 

CO(BRG) 

TRANSMITTER DATA 

CO(BRG) 

82C52 

TCHCL(ll) 

16 CO(BRG) PERIODS 

~ ~_T_DT_X_(_18_) __ ~ __________________________________ ~ 
TX DATA ~ DATA BIT 

RECEIVER DATA 

CO(BRG) 

8 CO(BRG) PERIODS 

RX DATA \ START BIT 

INTERNAL 
SAMPLE 

RX BAUD COUNTER 
STARTS HERE 

16 CO(BRG) PERIODS 

I DATA BIT 

vvvvv 

"~ ~ - '----- '---
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82C52 

UART Timing Characterization (Continued) 

TRANSMIT TIMING 

TBRE Note 1 

I Ie 

Note 2 

-l (18) 
TDTX 

Note 3 

SDO 

I 
LAST STOP BIT I IDLE IDLE I START BIT 

RD j / J (21) (23) fTlHF ( TRLIL 

INTR 

CO(BRG) 

CTS 7 7 f 
Note 4 

ll--~ -... ~~ .I-,.--! --
~ U (18) 

I Ie Note6 -~,..c TDTX 

---------~~-%~--------

I LAST STOP BIT IDLE I START BIT 

TBRE 

SDO 

.. DlSABLED--------o .. o-j 

NOTES: 

1. TBRE bit 06 in USR is updated each time TBRE changes state. 

2. A. With TR initially empty, TCLTH(TBRE) occurs from the 4th 
falling edge of CO(BRG) after Wi1 goes high. 

B. With TR initially full, TCLTH(TBRE) occurs from the trailing 
edge of the lSth CO(BRG) in the last Stop bit provided WR 
went high by the trailing edge of the 12th CO(BRG) in the 
last Stop bit. 

3. A. With TR (Transmitter Register) initially empty, TOTX occurs 
from the Sth falling edge of CO(BRG) after WR goes high. 

B. With TR initially full, TOTX occurs from the trailing edge of 
the 16th CO(BRG) in the last Stop bit provided WR went 
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high by the trailing edge of the 12th CO(BRG) In the last 
Stop bit. 

4. TCTHX is time before end of last Stop bit by which CTS must be 
inactive (high) to prevent transmission of the character waiting In 
TBR. 

S. With CTS high (disable transmit) and TBR full, TCLTH(TBRE) 
occurs from the 4th falling edge of CO(BRG) after CTS goes low. 

6. With CTS high (disable transmit) and TBR full, TOTX occurs from 
the Sth falling edge of CO(BRG) after CTS goes low. 



82C52 

UART Timing Characterization (Continued) 

RECEIVE TIMING 

CO(BRG) 

SOl LAST STOP BIT 

RD 
RBR 

~J ~ TDRH 

-=, F DR 

\ \ START BIT I IDLE 

USR 

I (23) -J (21) 

INTR NOTE 2 
f"" ____________ ~_(mu' 

OTHER TIMING 

WR MCR 7 
(27) 

~TWHO 

RTSIDTR ~ 

RD 

DSRICTS 

(22) 

TlHM 

INTR NOTE 3 

NOTES: 

1. DR bit D7 in USR is updated each time DR changes state. TDRH 
always from trailing edge of 11th CO(BRG) in last Stop bit. 

2. INTR on receive flags OE FE PE and RBRK: INTEN enabled; 
Respective USR bits updated at this time regardless of interrupt 
configuration. 

INT on OE, FE, PE, RBRK occurs from the trailing edge of the 
11th CO(BRG) in the last Stop bit. To avoid OE, m:5(RBR) 
must go low by the trailing edge of the 8th CO(BRG) in the last 
Stop bit. 

f" / 

I 

--I (23) 

TRLlL 

3. INTR on MS: INTEN and MIEN enabled; USR bit D4(MS) is 
updated at this time regardless of INTENIMIEN. 
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INTR on MS occurs whenever CTS or USF! input changes 
state. 



Burn-In Circuits 

VCC 

Q3 

GND 

Q4 

05 

Q8 

07 

08 

07 

08 

01 

02 

FO 

VCC/2 

NOTES: 

1. vee = 5.5V ± O.5V 
GND = OV 

2. VIH = 4.5V ± 10% 
Vil = -0 2V 10 +0.4V 

3. Component Values: 
Rl = 1.2KO. 1/4W. 5% 
R2 = 47KO. 1/4W. 5% 
R3 = 10KO, 1/4W, 5% 
C1 • 1.0/lF nominal 
C2 = O.OlpF minimum 

as 
06 

07 

08 

07 

08 

01 

R2 

R2 

R2 

R2 

R2 

R2 

R2 

82C52 

MD 82CS2 CERAMIC DIP 

R1 

R2 

R2 R1 

R2 R1 

R2 R1 

R2 

R2 R1 

R2 R1 

R2 R1 

R2 R1 

R2 R1 

R2 

R2 

R1 R1 

MR 82CS2 CERAMIC LCC 

VCC 

04GN003 GNO 

11 ., .. 
8' ., .. 
9 • . , 
19 

02 FO VCC/2 GNO VCC 

FO = 100KHz ± 10%, Fl - FO/2, F2 - Fl/2 ••• F12 = Fll/2 
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GND 

VCC 

VCC/2 ~C2 
VCC 

VCC/2 

A 

VCC/2 

VCC/2 

VCC/2 
VCC 

VCC/2 

·i: VCC 

GND 

GND 

VCC/2 

R1 
VCC 

R1 
VCC/2 

A 
R1 

VCC/2 
R1 

VCC/2 
R1 

VCC/2 VCC 
R1 

~"i: 



Metallization Topology 
DIE DIMENSlONS: 

178.7 x 187.0 x 19 ± 1 mils 

METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA 

DIE ATTACH: 
Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 4600 C (Max) 

Ceramic LCC - 4200 C (Max) 

WORST CASE CURRENT DENSITY: 
2.07 x 104 Ncm2 

Metallization Mask Layout 

DO --
01 

02 

1)3 

05 

1)6 

07 

AD 

A1 

...l
RO 

82C52 

82C52 

cso vce 
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HARRIS 
SEMICONDUCTOR 

CDP1854A 
CDP1854AC 

February 1992 

Programmable Universal Asynchronous 
ReceiverlTransmitter (UARn 

Features 

• Two Operating Modes 
- Mode 0 - Functionally Compatible With Industry 

Types Such as the TR1602A 
- Mode 1 - Interfaces Directly With CDP1800-Series 

Microprocessors Without Additional Components 

• Full or Half Duplex Operation 
• Parity, Framing and Overrun Error Detection 

• Baud Rate 
- DC to 200K Bitsls at VDD •••••••••••••••••••• 5V 
- DC to 400K Bitsls at VDD •••••••••••••••••••• 10V 

• Fully Programmable with Externally Selectable Word 
Length (5-8 Bits), Parity Inhibit, Even/Odd Parity, and 
1, 11/2, or 2 Stop Bits 

• False Start Bit Detection 

Ordering Information 
10V/400K 

PACKAGE TEMP RANGE 5V1200K BAUD BAUD 

Plastic DIP -40°C to +85°C CDP1854ACE CDP1854AE 

Burn·ln CDP1854ACEX CDP1854AEX 

PLCC -40°C to +85°C CDPI854ACQ CDP1854AQ 

Ceramic DIP -40°C to +85°C CDPI854ACD CDP1854AD 

Burn·ln CDPI854ACDX 

883B" -55°C to + 125°C CDPI854ACD3 CDP1854AD3 
.. 

"Respective speCifications are Included at the end of thiS 
data sheet. 

Pinouts 
40 LEAD DIP (MODE 0) 

TOP VIEW 
40 LEAD DIP (MODE 1) 

TOP VIEW 

Description 

The CDP1854A and CDP1854AC are Silicon-gate CMOS 
Universal Asynchronous ReceiverfTransmiUer (UART) cir
cuits. They are designed to provide the necessary formatting 
and control for interfacing between serial and parallel data. 
For example, these UARTs can be used to interface between 
a peripheral or terminal with serial I/O ports and the 8-bit 
CDP1800-series microprocessor parallel data bus system. 
The CDP1854A is capable of full duplex operation, I.e., 
simultaneous conversion of serial input data to parallel out
put data and parallel input data to serial output data. 

The CDP1854A UART can be programmed to operate in one 
of two modes by using the mode control input. When the input 
is high (MODE = 1), the CDP1854A is directly compatible with 
the CDP180D-series microprocessor system without addi
tional interface circuitry. When the mode input is low (MODE = 
0), the device is functionally compatible with industry standard 
UART's such as the TR1602A. It is also pin compatible with 
these types, except that pin 2 is used for the mode control 
input instead of a VGG = -12V supply connection. 

The CDP1854A and the CDP1854AC are functionally identi
cal. The CDP1854A has a recommended operating voltage 
range of 4V to 10.5V, and the CDP1854AC has a recom
mended operating voltage range of 4V to 6.5V. 

The CDP1854A and CDP1854AC are supplied in hermetic 
40 lead dual-in-line ceramic packages (0 suffix), in 40 lead 
dual-in-line plastiC packages (E suffix), and in 44 lead plastic 
chip carrier packages (Q suffix). The CDP1854AC is also 
available in chip form (H suffix). 

44 LEAD PLASTIC CHIP CARRIER (0 SUFFIX) 

Rausa 

RBUSS 

RBUse 

" BUS 3 

RBUS2 

TOP VIEW 

"I~ ~ It
i!! 8 \l. - 1.1 ~ 
i''f.~!;i= 

• 30 PI (CS3) 

,. CRL(RDIWii) 

'" TOO57 

36 TBUse 
36 TBUS6 

RBUS111 30 TBUS4 NC 34 NC 

RBUSO 1 TBUS3 ABUS1 33 TOOS4 

IHT 13 28 THUS2 "BUS. TBUS3 
FE 14 TBUS1 PE(lII'Ii 31 TBUS2 

PWE 15 TBUSO 
FE TBUS1 

RSEL 1 25 800 

RCLOCK 17 24iiiS 
OE(PEJOE) TBUSO 

TPB 1 23 C$I 
NOTE: 

l5i1 22 'I'HIiI!' MODE O(MODE 1) 

sot SOl ii1 g II ~ ~ !!~, ~I[ § 
NC = NO CONNECT 

~ d ~ ~ ...I % :::r iIi' 

~ a: Co I ! ! ~ 

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

Copyright © Ham. Corporation 1991 
File Number 1193.1 
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CDP1854A, CDP1854AC 

Mode Input High (Mode = 1) 

SDO 
2S 

TRANSMITTER SECTION 

" 3 
~ 15 t 

40 

TRANSMITTER 

I l~rm~~E 
I ~ III .: 

Ii:: ;! 
l341816 

''1 

RECEIVER" SECTION 

3 
I~ ~ 

TIMING a CONTROL I+-+*--~ 

I 
_.-I 

I 
I 
I 
I 2 

I! 11~~era 

1.2- VOD 
3- Vss 

21-Cl:EAlt 
36-NC 

* I ~ : IE 
TRANSMITTER BUS I RECEIVER BUS 

(26-33) * (S-,12) 

L.L--=-=----.::.= =-:...-..:.::= = =,r:= == == -=---=--:::: = = =.J 
*USER INTERCONNECT I I 92C:"~Z845'R' 

Fig. 1 - Mode 1 block diagram (CDP180o-series microprocessor compatible). 
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Specifications CDP1854A, CDP1854AC 
Maximum Ratings, Absolute Maximum Values 
DC Supply Voltage Range, (VOO): 

(Voltages Referenced to V ss Terminal) 
CDP1854A ................................ -0.5Vto+11V 
CDP1854AC ................................ -O.5V to +7V 

Input Voltage Range, All Inputs .............. -0.5V to Voo +0.5V 
DC Input Current, any One Input. ........................ ±1 OmA 
Power Dissipation Per Package (Po) 

TA = -40 to +BOoC (Package Type E) ................. 500mW 
TA = +60 to +85°C (Package Type E) ......... Derate linearly at 

12mW/oC to 200mW 
TA = -55 to +100oC (Package Type D) ................ 500mW 
TA = +100 to +125°C (Package Type D) ....... Derate Linearly at 

12mWf'C to 200mW 
TA = -40°C to +85°C (Package Type Qt .............. 500mW 

Device Dissipation Per Output Transistor 
TA = Full Package Temperature Range ............... 100mW 

Operating Temperature Range (TA) 
(Package Type D .......................... -55°C to + 125°C 
(Package Type E and Q ..................... -40°C to +85°C 

Storage Temperature Range (Tstg) •••••••.•.•.• -65°C to + 150°C 
Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. 
(1.59 ± 0.79mm) from case for 10s max .............. +265°C 

·Printed CirCUit board mount: 57mm x 57mm minimum area x 1.6mm thick G10 
epoxy glass, or equivalent 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C. unless otherwise noted. 

CONDITIONS LIMITS 

CHARACTERISTIC Vo VIN VDD CDP1854A CDP1854AC 

(V) (V) (V) Min. Typ.· Max. Min. Typ.· Max. 

- 0,5 5 - 0.01 50 - 0.02 200 
Quiescent Device Current, IDD 

- 0,10 10 - 1 200 - - -
Output Low Drive (Sink) Current, IOL 0.4 0,5 5 1 2 - 1 2 -

(Except pins 24 and 25) 0.5 0,10 10 2 4 - - - -
Output High Drive (Source) Current, IOH 4.6 0, 5 5 -0.55 -1.1 - -0.55 -1.1 -

9.5 0,10 10 -1.3 -2.6 - - - -

Output Low Drive (Sink) Current, IOL 0.4 0,5 5 1.6 3.5 - 1.6 3.5 -
Pins 24 and 25 0.5 0, 10 10 32 7 - - - -

Output Voltage Low-Level, VOL * - 0,5 5 - a 0.1 - a 0.1 

- a 10 10 - a 0.1 - - -

Output Voltage High-Level, VOH * - 0,5 5 4.9 5 - 4.9 5 -
- 0, 10 10 9.9 10 - - - -

0.5,4.5 - 5 - - 1.5 - - 1.5 
Input Low Voltage, VIL 

0.5,9.5 - 10 - - 3 - - -

0.5,4.5 - 5 3.5 - - 3.5 - -
Input High Voltage, VIH 

0.5,9.5 10 7 - - - - --

- 0,5 5 - - ±1 - - ±1 
Input Current, liN 

- 0,10 10 - - ±2 - - -

0,5 0,5 5 - - ±1 - - ±1 
3-State Output Leakage Current, lOUT 

0, 10 0, 10 10 - - ±10 - - -

- 0, 5 5 - 1.5 - - 1.5 -
Operating Current, IDD1# 

- 0,10 10 - 6 - - - -

Input Capacitance, CIN - - - - 5 7.5 - 5 7.5 

Output Capacitance, COUT - - - - 10 15 - 10 15 

'TYPlcal values are for TA=25°C. * IOL =IOH=1 /lA. 
#Operating current IS measured at 200 kHz for VDD=5 V and 400 kHz for VDD=10 V In a CDP1800-senes microprocessor system, 

with open outputs. 

RECOMMENDED OPERATING CONDITIONS at TA=Full Package Temperature Range 

UNITS 

J1A 

mA 

mA 

mA 

V 

V 

J1A 

J1A 

mA 

pF 

For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 

CONDITIONS LIMITS 

CHARACTERISTIC VDD CDP1854A CDP1854AC UNITS 

V Min. Max. Min. Max. 

DC Operating-Voltage Range - 4 10.5 4 6.5 V 

Input Voltage Range - VSS VDD VSS VDD V 

5 - 200 - 200 K bits 
Baud Rate (Receive or Transmit) 

10 400 Isec - - -
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CDP1854A, CDP1854AC 

Functional Definitions for CDP1854A Terminals 
Mode 1 
CDP1800-Serles Microprocessor Compatible 
SIGNAL: FUNCTION 
VOO: 
Positive supply voltage 

MODE SELECT (MODE): 
A high-level voltage at this input selects COP1800-series 
microprocessor Mode operation. 

VSS: 
Ground 

CHIP SELECT 2 (CS2): 
A low-level voltage at this input together with CS1 and CS3 
selects the COP1854A UART. 

RECEIVER BUS (R BUS 7 - R BUS 0): 
Receiver parallel data outputs (may be externally connected 
to corresponding transmitter bus terminals). 

INTERRUPT (INT): 
A low-level voltage at this output indicates the presence of 
one or more of the interrupt conditions listed in Table I. 

FRAMING ERROR (FE): 
A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. 

PARITY ERROR or OVERRUN ERROR (PE/OE): 
A high-level voltage at this output indicates that either the 
PE or OE bit in the Status Register has been set (see Status 
Register Bit Assignment, Table II. 

REGISTER SELECT (RSEL): 
This input is used to choose either the Control/Status 
Registers (high input) or the transmitter/receiver data 
registers (low input) according to the truth table in Table III. 

RECEIVER CLOCK (RCLOCK): 
Clock input with a frequency 16 times the desired receiver 
shift rate. 

TPB: 
A positive input pulse used as a data load or reset strobe. 

DATA AVAILABLE (OA): 
A low-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 

SERIAL DATA IN (SOl): 
Serial data received on this input line enters the Receiver 
Shift Register at a point determined by the character 
length. A high-level input voltage must be present when 
data is not being received. 

CLEAR (CLEAR): 
A low-level voltage at this input resets the Interrupt Flip
Flop, Receiver Holding Register, Control Register, and 
Status Register, and sets SERIAL DATA OUT (SOO) high. 

TRANSMITTER HOLDING REGISTER EMPTY (THRE): 
A low-level voltage at this output indicates that the Trans
mitter Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reloaded with a new 
character. 

CHIP SELECT 1 (CS1): 
A high-level voltage atthis inputtogether with CS2 and CS3 
selects the UART. 

REQUEST TO SEND (RTS): 
This output signal tells the pe!!2b.eral to get ready to 
receive data. CLEAR TO SEND (CTS) is the response from 
the peripheral. RTS is set to a low-level voltage when data is 
latched in the Transmitter Holding Register or TR is set 
high, and is reset high when both the Transmitter Holding 
Register and Transmitter Shift Register are empty and TR is 
low. 

SERIAL DATA OUTPUT (SOO): 
The contents of the Transmitter Shift Register [start bit, 
data bits, parity bit, and stop bit(s)] are serially shifted out 
on this output. When no character is being transmitted, a 
high level Is maintained. Start of transmission is defined as 
the transition of the start bit from a high-level to a low-level 
output voltage. 

TRANSMITTER BUS (T BUS 0 - T BUS 7): 
Transmitter parallel data input. These may be externally 
connected to corresponding Receiver bus terminals. 

RO/WR: 
A low-level voltage at this input gates data from the 
transmitter bus to the Transmitter Holding Register or the 
Control Register as chosen by register select. A high-level 
voltage gates data from the Receiver Holding Register or 
the Status Register, as chosen by register select, to the 
receiver bus. 

CHIP SELECT 3 (CS3): 
With high-level voltage at this input together with CS1 and 
CS2 selects the UART. 

PERIPHERAL STATUS INTERRUPT (PSI): 
A high-to-Iow transition on this input line sets a bit in the 
Status Register and causes an INTERRUPT (INT=low). 

EXTERNAL STATUS (ES): 
A low-level voltage at this input sets a bit in the Status 
Register. 

CLEAR TO SEND (CTS): 
When this input from peripheral is high, transfer of a 
character to the Transmitter Shift Register and shifting of 
serial data out is inhibited. 

TRANSMITTER CLOCK (TCLOCK): 
Clock input with a frequency 16times the desired transmitter 
shift rate. 
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CDP1854A, CDP1854AC 

-Table I Interrupt Set and Reset Conditions 

SET" (INT = LOW) RESET (I NT = HIGH) 

CAUSE CONDITION TIME 
DA Read of data TPB leading edge 

(Receipt of data) 

THRE" Read of status or TPB leading edge 

(Ability to reload) write of character 

THRE·TSRE Read of status or TPB leading edge 

(Transmitter done) write of character 

PSI Read of status TPB trailing edge 

(Negative edge) 

CTS Read of status TPB leading edge 

(Positive edge when THRE . TSRE) 

'Interrupts will occur only after the IE bit in the Control Register (see Table IV) has been set 
°THRE will cause an interrupt only after the TR bit In the Control Register (see Table IV) has been set. 

Table II - Status Register Bit Assignment 

Bit 7 6 5 4 3 2 1 0 
Signal THRE TSRE PSI ES FE PE OE DA 

Also Available at Terminal 22' - - - 14 15 15 19' 

'Polarity reversed at output terminal. 

Bit Signal: Function 

O-DATAAVAILABLE (DA): 4-EXTERNAL STATUS (ES): 
When set high, this bit indicates that an entire character has This bit is set high by a low-level input at Term. 38 (ES). 
been received and transferred to the Receiver Holding 5-PERIPHERAL STATUS INTERRUPT (PSI): 
Register. This signal is also available atTerm. 19 but with its This bit is set high by a high-to-Iow voltage transition of 
polarity reversed. Term. 37 (E§!). The INTERRUPT output (Term. 13) is also 
1-0VERRUN ERROR (OE): asserted (INT=low) when this bit is set. 
When set high, this bit indicates that the Data Available bit 6-TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 
was not reset before the next character was transferred to When set high, this bit indicates that the Transmitter Shift 
the Receiver Holding Register. This signal OR'ed with PE is Register has completed serial transmission of a full 
output at Term. 15. character including stop bit(s). It remains set until the start 
2-PARITY ERROR (PE): of transmission of the next character. 
When set high, this bit indicates that the received parity bit 7-TRANSMITTER HOLDING REGISTER EMPTY (THRE): 
does not compare to that programmed by the EVEN When set high, this bit indicates that the Transmitter 
PARITY ENABLE (EPE) control. This bit IS updated each Holding Register has transferred its contents to the 
time a character is transferred to the Receiver Holding Transmitter Shift Register and may be reloaded with a new 
Register. This Signal OR'ed with OE is output at Term. 15. character. Setting this bit also sets the THRE output (Term. 
3-FRAMING ERROR (FE): 22) low and causes an INTERRUPT (INT=lowJ. if TR is 
When set high, this bit indicates that the received character high. 
has no valid stop bit, i.e., the bit following the parity bit (if 
programmed) is not a high-level voltage. This bit is updated 
each time a character is transferred to the Receiver Holding 

IRegister. This Signal is also available at Term. 14. 

i 
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Oescrlptlon of Mode 1 Operation COP1800-Serles Micro
processor Compatible (Mode Input=VoO) 

1. Initialization and Controls 

In the CDP1800-series microprocessor compatible mode, 
the CDP1854A is configured to receive commands and 
send status via the microprocessor data bus. The register 
connected to the transmitter bus or the receiver bus is 
determined by the RD/WR and RSEL inputs as follows: 

Table III - Register Selection Summary 

RSEL RO/WR Function 

Low Low Load Transmitter Holding Register from 
Transmitter Bus 

Low High Read Receiver Holding Register from 
Receiver Bus 

High Low Load Control Register from Transmitter 
Bus 

High High Read Status Register from Receiver Bus 

In this mode the CDP1854A is compatible with a bidirec
tional bus system. The receiver and transmitter buses are 
connected to the bus. CDP1800-series microprocessor 110 
control output signals can be connected directly to the 
CDP1854A inputs as shown in Fig. 2. The CLEAR input is 
pulsed, resetting the Control, Status, and Receiver Holding 
Registers and setting SERIAL DATA OUT (SDO) high. The 
Control Register is loaded from the Transmitter Bus in 
order to determine the operating configuration for the 
UART. Data is transferred from the Transmitter Bus inputs 
to the Control Register during TPB when the UART is 
selected (CS1 . CS2 . CS3=ll and the Control Register is 
designated (RSEL=H, RD/WR=L). The CDP1854A also has 
a Status Register which can be read onto the Receiver Bus 
(R BUS 0 - R BUS 7) in order to determine the status of the 
UART. Some of these status bits are also available at 
separate terminals as indicated in Table II. 

2. Transmitter Operation 

Before beginning to transmit, the TRANSMIT REQUEST 
(TR) bit in the Control Register (see bit assignment, Table 
IV) is set. Loading the Control Register with TR=1 (bit 
7=high) inhibits changing the other control bits. Therefore 
two loads are required: one to format the UART, the second 
to set TR. When TR has been set, a TRANSMITTER 
HOLDING REGISTER EMPTY (THRE) interrupt will occur, 
signalling the microprocessor that the Transmitter Holding 
Register is empty and may be loaded. Setting TR also 
causes assertion of a low-level on the REQUEST TO SEND 
(RTS) output to the peripheral. It is not necessary to set TR 
for proper operation forthe UART. If desired, it can be used 
to enable THRE interrupts and to generate the RTS signal. 
The Transmitter Holding Register is loaded from the bus by 
TPB during execution of an ou~t instruction. The 
CDP1854A is selected by CS1 . CS2 . CS3=1, and the 
Holding Register is selected by RSEL=L and RD/VV"rl=L. 
When the CLEAR TO SEND (CTS) input, which can be 
connected to a peripheral device output, goes low, the 
Transmitter Shift Register will be loaded from the Trans
mitter Holding Register and data transmission will begin. If 
CTS is always low, the Transmitter Shift Register will be 
loaded on the first high-to-Iow edge of the clock which 
occurs at least 1/2 clock period after the trailing edge of 
TPB and transmission of a start bit will occur 1/2 clock 
period later (see Fig. 3). Parity (if programmed) and stop 
bit(s) will be transmitted following the last data bit. If the 
word length selected is less than 8 bits, the most significant 
unused bits in the transmitter shift register will not be 
transmitted. 
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One transmitter clock period after the Transmitter Shift 
Register is loaded from the Transmitter Holding Register, 
the THREsignal will go low and an interrupt will occur (INT 
goes low). The next character to be transmitted can then be 
loaded into the Transmitter Holding Register for trans
mission with its start bit immediately following the last stop 
bit of the prevIous character. This cycle can be repeated 
until the last character is transmitted, at which time a final 
THRE· TSRE interrupt will occur. This interrupt signals the 
microprocessor that TR can be turned off. This is done by 
reloading the original control byte in the Control Register 
with the TR bit = 0, thus terminating the REQUEST TO 
SEND (RTS) signal. 

SERIAL DATA OUT (SDO) can be held low by setting the 
BREAK bit in the Control Register (see Table IV). SDO is 
held low until the BREAK bit is reset. 

NO RSEL 

NI CSI 
VSS RTS 
0 

N2 
CS2 

CS 3 
0 

VOO 
RO/WR MRO 

TPB TPB UART 
CPU INi' --<>. COPI854A 

TNT 
EF, --<f 

EFx ----- THRE 

U" -- - -- DA 
p--- FE 

EFx --< PE/OE '0---
SOO 

BUS T BUS 

R BUS 
CLEAR CLEAR MODE 

92CS-28460RI 

FIg. 2 - Recommended CDPl800-series connectIon, 
Mode 1 (non-interrupt driven system). 

3. Receiver Operation 

The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SDI) input. After detection of the first 
high-to-Iow transition on the SDI line, a valid start bit is 
verified by checking for a low-level input 7-1/2 receiver 
clock periods later. When a valid start bit has been verified, 
the following data bits, parity bit (if programmed) and stop 
bit(s) are shifted into the Receiver Shift Register by clock 
pulse 7-1/2 in each bit time. The parity bit (if programmed) 
is checked and receipt of a valid stop bit is verified. On 
count 7-1/2 of the first stop bit, the received data is loaded 
into the Receiver Holding Register. If the word length is less 
than 8 bits, zeros (lOW output level) are loaded into the 
unused most significant bits. If DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) status bit is 
set. One half clock period later, the PARITY ERROR (PE) 
and FRAMING ERROR (FE) status bits become valid for the 
character in the Receiver Holding Register. At this time, the 
Data Available status bit is also set and the DATA 
AVAILABLE (DA) and INTERRUPT (INT) outputs go low, 
signalling the microprocessor that a received character is 
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ready. The microprocessor responds by executing an input 
instruction. The UART's 3-state bus drivers are enabled 
when the UART is selected (CS1 . CS2 • CS3=1) and 
RD/WR=high. Status can be read when RSEL=high. Data 
is read when RSEL=low. When reading data, TPB latches 
data in the microprocessor and resets DATA AVAILABLE 
(DA) in the UART. The preceding sequence is repeated for 
each serial character which is received from the peripheral. 

4. Peripheral Interface 

In addition to serial data in and out, four signals are 

provided for communication with a peripheral. The 
REQUEST TO SEND (RTS) output signal alerts the 
e!!.!!Pheral to get ready to receive data. The CLEAR TO 
SEND (CTS) input signal is the response, signalling that 
the peripheral is ready. The EXTERNAL STATUS (ES) 
input latches a peripheral status level, and the PERIPHERAL 
STATUs iNTERRUPT (PSij input senses a status edge 
(high-to-Iow) and also generates an interrupt. For example, 
the modem DATA CARRIER DETECT line could be 
connected to the PSI input on the UART in order to signal 
the microprocessor that transmission failed because of 
loss of the carrier on the communications line. The PSI and 
ES bits are stored in the Status Register (see Table II). 

Table IV - Control Register Bit Assignment 

I Bit 

I Signal 

Bit Signal: Function 

a-PARITY INHIBIT (PI): 

171615141312111 a I 
J TR 1 BREAK I IE I WLS21 WLS1 I SBS I EPE I PI I 

5-INTERRUPT ENABLE (IE): 
When set high parity generation and verification are 
inhibited and the PE Status bit is held low. If parity is 
inhibited the stop bit(s) will immediately follow the last data 
bit on transmission, and EPE is ignored. 

When set high THRE, DA, THRE • TSRE, CTS, and PSI 
interrupts are enabled (see Interrupt Conditions, Table I). 

6-TRANSMIT BREAK (BREAK): 
Holds SDO low when set. Once the break bit in the control 
register has been set high, SDO will stay low until the break 
bit is reset low and one of the following occurs: CLEAR 
goes low; CTS goes high; or a word is transmitted. (The 
transmitted word will notbe valid since there can be no start 
bit if SDO is already low. SDO can be set high without 
intermediate transitions by transmitting a word consisting 
of all zeros). 

1-EVEN PARITY ENABLE (EPE): 
When set high, even parity Is generated by the transmitter 
and checked by the receiver. When low, odd parity is 
selected. 

2-STOP BIT SELECT (SBS): 
See table below. 

3-WORD LENGTH SELECT 1 (WLS1): 
See table below. 

4-WORD LENGTH SELECT 2 (WLS2): 
See table below. 

BIt4 BIt3 

WLS2 WLS1 

a a 

a a 

a 

a 1 

a 

a 

BIt2 

SBS 

a 

a 

1 

a 

1 

a 

7-TRANSMIT REQUEST (TR): 
When set high, RTS is set low and da!!.!mnsferthrough the 
transmitter is initiated by the initial THRE interrupt. (When 
loading the Control Register from the bus, this (TR) bit 
inhibits changing of other control flip-flops). 

Function 

5 data bits, 1 stop bit 

5 data bits, 1.5 stop bits 

6 data bits, 1 stop bit 

6 data bits, 2 stop bits 

7 data bits, 1 stop bit 

7 data bits, 2 stop bits 

8 data bits, 1 stop bit 

8 data bits, 2 stop bits 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD ±5%, tr,tf=20 ns, VIWO.7 VDD, VIL=0.3 VDD, 
CL =100 pF, see Fig. 3. 

LIMITS 

CHARACTERISTIC VDD CDP1854A CDP1854AC 

(V) Typ.t Max.* Typ.t 
Transmitter Timing - Mode 1 

5 250 310 250 Minimum Clock Period tcc 
10 125 155 -

Minimum Pulse Width: 5 100 125 100 
Clock Low Lever tCL 10 75 100 -

5 100 125 100 
Clock High Level tCH 

10 75 100 -
5 100 150 100 TPB tTT 
10 50 75 -

Minimum Setup Time. 5 175 225 175 
TPB to Clock tT(~ 10 90 150 -

Propagation Delay Time: 5 300 450 300 
Clock to Data Start Bit tCD 10 150 225 -

5 200 300 200 
TPB toTHRE ITTH 10 100 150 -

-- 5 200 300 200 
Clock to THRE tCTH 

10 100 150 -

tTypical values are for T A=25° C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 

T CLOCK I 

t Tc I I ..... I I 
WRITEt~ I I 

I I 
(TPB) I I lJ I 

:.'TT,I tTTH I I 
_tCTH 

I 
I .... .1 --I r- I I I 

'i'HRE nI I 
II I I 

--I j-tCD I 
I 

) 1ST DATA BIT SDO I 
Ii 

* THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TPB 

** THE TRANSMITTER SHIFT REGISTER IS LOADED ON THE FIRST HIGH-TD-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD + tTC AFTER THE TRAILING EDGE OF TPB. AND 
TRANSMISSION OF A START BIT OCCURS 112 CLOCK PERIOD + ICD LATER 

t WRITE IS THE OVERLAP OF TPB. CSI. AND CS3 • I AND CS3. RD 1 Wl!. 0 .2eM - 31878 

Fig. 3 - Transmitter timing diagram - Mode 1. 
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Max.* 

310 

-
125 

-
125 

-
150 

-
225 

-
450 

-
300 

-
300 

-

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 10 +85°C, VDD ±5%,lr,I,=20 ns, VIWO.7 VDD, Vll=0.3 VDD, 
Cl =100 pF lee Fig 4 , .. 

liMITS 
CHARACTERISTIC VDD CDP1854A CDP1854AC 

(V) Tvp.t Max.* "!H,t 
Receiver Timing - Mode 1 

5 250 310 250 Minimum Clock Period tcc 
10 125 155 -

Minimum Pulse Width: 5 100 125 100 
Clock Low Level tCL 10 75 100 -

5 100 125 100 Clock High Level tCH 
10 75 100 -
5 100 150 100 TPB tTT 

~ 10 50 
Minimum Setup Time: 5 100 150 100 

Data Start Bit to Clock tDC 10 50 75 -
Propagation Delay Time: 5 220 325 220 

TPB to DATA AVAILABLE tTDA 10 110 175 -
5 220 325 220 Clock to DATA AVAILABLE tCDA 

10 110 175 -
5 210 300 210 Clock to Overrun Error tCOE 

10 105 150 -
5 240 375 240 Clock to Parity Error tCPE 
10 120 175 -
5 200 300 200 Clock to Framing Error tCFE 
10 100 150 -

tTypical values are for TA=25°C and nominal voltages 
*Maxlmum limits of minimum characteristics are the values above which all devices function. 

R CLOCK 

-i '--tOC* 
I 

CLOCK 7'1. LOAD HOLDING REGISTER 

I 
I 

Max.* 

310 

-
125 

-
125 
-

150 

150 

-
325 
-

325 
-

300 

-
375 
-

300 

-

SO! ~L. ______ S_T_AR_T_B_'_T ____ -'t~E!iiJ STOP BIT I 

I I 

100- 'TOA""'" 1-1 ,.tCDA 

M ________ ~:----~l~~-----~--------~--------~--------~--------------~----------~~i~,~i-\~-
READ** ___ ~/ ___ -+I~-------\~-----------------'rl ~i--_ 

~~ i, 'I' TPB _____ ....J! IL. ______________________ __. l,....tCOE 

I' 
OEt c= 

lt cPE ' 

PEt --------------------------------+!7·-Li:--'-I tCFE 

FE ______________________________________________ ~!_·~i:_~'_ 

* IF A START elT OCCURS AT A TIME LESS THAN t De BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK. 92CM-31880 
THE STPIRT BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH -TO-LOW TRANSITION OF THE CLOCK 
THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK. 

** READ IS THE OVERLAP OF CSI, CS3, RD/iii" AND m.o. 
IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE 
TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE 

t OE AND PE SHARE TERMINAL 15 AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTFR 

Fig. 4 - Mode 1 receiver timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS al T A = -40 10 +850 C, YDD ±5%, Ir,I,=20 ns, YIWO.7 YDD, Yll =0.3 YDD, 
Cl =100 pF, see Fig. 5. 

LIMITS 

CHARACTERISTIC YDD CDP1854A CDP1854AC UNITS 

(Y) TYII·t Max.* tm,t Max.* 
CPU Inlerface - WRITE Timing - Mode 1 

Minimum Pulse Width: 5 100 150 100 150 
TPB tTT 10 50 

ns 
75 - -

Minimum Setup Time: 5 50 75 50 75 
RSEL to Write tRSW 10 25 

ns 
40 - -

Data to Write 
5 -30 0 -30 0 

tow -1.5 Q 
ns 

10 - -
Minimum Hold Time: 5 50 75 50 75 

RSEL alter Write 
ns 

tWRS 10 25 40 - -

Data alter Write 
5 75 125 75 125 

two ns 
10 40 60 - -

tTypical values are for TA=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 

DYNAMIC ELECTRICAL CHARACTERISTICS al TA = -40 10 +85 0 C, YDD ±5%, Ir,II=20 ns, YIWO.7 YDD, YIL =0.3 YDD, 
CL =100 pF, see Fig. 6. 

LIMITS 

CHARACTERISTIC YDD CDP1854A CDP1854AC UNITS 

(Y) Min. Typ.t Max.* Min. Typ.t Max.* 

CPU Inlerface - READ Timing - Mode 1 

Minimum Pulse Width: 5 - 100 150 - 100 150 
ns 

TPB tTT 10 - 50 75 - - -
Minimum Setup Time: 5 - 50 75 - 50 75 

ns 
RSEL to TPB tRST 10 - 25 40 - - -

Minimum Hold Time: 5 - 50 75 - 50 75 
ns 

RSEL after TPB tTRS 10 - 25 40 - - -
5 - 200 300 - 200 300 

Read to Data Access Time tRDDA ns 
10 - 100 150 - - -
5 - 200 300 - 200 300 

Read to Data Valid Time tRDV ns 
10 - 100 150 - - -

5 - 150 225 - 150 225 
RSEL to Data Valid Time tRSDV ns 

10 - 75 125 - - -

Hold Time: 5 50 150 - 50 150 -
ns 

Data after Read tRDH 10 25 75 - - - -

tTypical values are for TA=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 
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:----- t TT -1 
TPB* __________________________________ ~I I~------------

____ tRSW~ I-tWRS--! 
1 , 

RSEL -------------'X :: : ! X,-----
1 I 

t---- t DW ---I I.-t WD---, 

-------,1 :: ' "r---;r ~~~~- X..: X'-___ _ 

CS3,CS'*~ 

RO/WR,CS2*~~ 

* WRITE IS THE OVERLAP OF TPB, CSt, CS3;; I ANO CS2, RD/WR" 0 

Fig. 5 - Mode 1 CPU Interface (WRITE) timing diagram. 

a.......-- t TT ------.. 

I , 

92CM-31879 

TPB i i 
--------------------~, ~,------------

~tRST---l f---t TRS ----: 

RSEL ------------..* :: )(r-------
1 , 

!--tRSDV~ I 

RBUSO- d==:::==t! J~ ----R BUS 7 -------------t--t-R-D-D-A'~' " 

I --tRDH .... I----tRDv_ -, 

RD/WR."~ " 1 CSI,CS3~ ~ 
I 
I , 

n 

* READ IS THE OVERLAP OF CSI, CS3, RoiwR = I AND CS2 '" 0 

92CM-318el 

Fig. 6 - Mode 1 CPU Interface (READ) timing diagram. 

Mode Input Low (Mode = 0) 
I ~ Vao 

2,3 ~ Vss 
21 = MR R CLOCK 

SDD 

a .. N ~ " H ~ W W W W W W ;3 ~ ~ ~ " ~ 

~ 
~ 

~ 
~ ~ 

~ 
~ 23 ~ m Q. 

~ ~ ~ ~ ~ ~ 0 

~ 
~ ~ ~ ~ 

~ ~ ~ ~ ~ ~ w 
~ ~ 

x i" ~ ~ ~ ~ 
m m m m '" THRL CRL I SFO 

I- DAR '" '" m '" l- I- l- I- l- I- ~ ~ ~ ~ ~ 

TRANSMITTER I RECEIVER 
BUS BUS 

TRANSMITTER SECTION I RECEIVER SECTION 

I 

Fig. 7 - Mode 0 block diagram (Industry standard compatible) 
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Functional Dellnltlons for CDP1854A Terminals 
Standard Mode 0 

SIGNAL: FUNCTION 

VDD: 
Positive supply voltage. 

MODE SELECT (MODE): 
A low-level voltage at this input selects Standard Mode 0 
Operation. 

VSS: 
Ground. 

RECEIVER REGISTER DISCONNECT (RRD): 
A high-level voltage applied to this input disconnects the 
Receiver Holding Register from the Receiver Bus. 

RECEIVER BUS (R BUS 7 - R BUS 0): 
Receiver parallel data outputs. 

PARITY ERROR (PE): 
A high-level voltage at this output indicates that the 
received parity does not compare to that programmed by 
the EVEN PARITY ENABLE (EPE) control. This output is 
updated each time a character is transferred to the Receiver 
Holding Register. PE lines from a number of arrays can be 
bused together since an output disconnect capability is 
provided by the STATUS FLAG DISCONNECT (SFD) line. 

FRAMING ERROR (FE): 
A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. FE lines from 
a number of arrays can be bused together since an output 
disconnect capability is provided by the STATUS FLAG 
DISCONNECT (SFD) Ime. 

OVERRUN ERROR (OE): 
A high-level voltage at this output indicates that the DATA 
AVAILABLE (DA) flag was not reset before the next 
character was transferred to the Receiver Holding Register. 
OE lines from a number of arrays can be bused together 
since an output disconnect capability is provided by the 
STATUS FLAG DISCONNECT (SFD) line. 

STATUS FLAG DISCONNECT (SFD): 
A high-level voltage applied to this input disables the 3-
state output drivers for PE, FE, OE, DA, and THRE, allowing 
these status outputs to be bus connected. 

RECEIVER CLOCK (RCLOCK): 
Clock input with a frequency 16 times the desired receiver 
shift rate. 

DATA AVAILABLE RESET (DAR): 
A low-level voltage applied to this input resets the DA 
flip-flop. 

DATA AVAILABLE (DA): 
A high-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 

SERIAL DATA IN (SOl): 
Serial data received at this input enters the receiver shift 
register at a point determined by the character length. A 
high-level voltage must be present when data is not being 
received. 

MASTER RESET (MR): 
A high-level voltage at this input resets the Receiver 
Holding Register, Control Register, and Status Register, 
and sets the serial data output high. 
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TRANSMITTER HOLDING REGISTER EMPTY (THRE): 
A high-level voltage at this output indicates that the 
Transmitter Holding Register has transferred its contents 
to the Transmitter Shift Register and may be reloaded with 
a new character. 

TRANSMITTER HOLDING REGISTER LOAD (THRL): 
A low-level voltage applied to this input enters the character 
on the bus into the Transmitter Holding Register. Data is 
latched on the trailing edge of this signal. 

TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 
A high-level voltage at this output indicates that the 
Transmitter Shift Register has completed serial transmission 
of a full character including stop bit(s). It remams at this 
level until the start of transmission of the next character. 

SERIAL DATA OUTPUT (SDO): 
The contents of the Transmitter Shift Register (start bit, 
data bits, parity bit, and stop bit(s» are serially shifted out 
on this output. When no character is being transmitted, a 
high-level is maintained. Start oftransmission is defined as 
the transition of the start bit from a high-level to a low-level 
output voltage. 

TRANSMITTER BUS (T BUS 0 - T BUS 7): 
Transmitter parallel data inputs. 

CONTROL REGISTER LOAD (CRL): 
A high-level voltage at this input loads the Control Register 
with the control bits (PI, EPE, SBS, WLS1, WLS2). This line 
may be strobed or hardwired to a high-level input voltage. 

PARITY INHIBIT (PI): 
A high-level voltage at this input inhibits the parity genera
tion and verification circuits and will clamp the PE output 
low. If parity is inhibited the stop bit(s) will immediately 
follow the last data bit on transmission. 

STOP BIT SELECT (SBS): 
This input selects the number of stop bits to be transmitted 
after the parity bit. A high-level selects two stop bits, a 
low-level selects one stop bit. Selection of two stop bits 
with five data bits programmed selects 1.5 stop bits. 

T CLOCK R CLOCK 
PI 

TPA I-----r __ SBS 

WLSI 

WLS2 
SCI 

CPU TPB 
CDPI800 

NO 

RRD 

EPE 
THRL 

UART 
CDPI854A 1-----., TSRE 

DA 

__ .-" T BUS SDI 

SDO 

'----"'...--jR BUS 
MR MODE 

VSS 

92CS-34506 

Fig. 8 - Mode 0 connection diagram. 
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WORD LENGTH SELECT 2 (WLS2): 
WORD LENGTH SELECT 1 (WLS1): 
These two inputs select the character length (exclusive of 
parity) as follows: 

WLS2 WLS1 Word Length 

Low Low 5 Bits 

Low High 6 Bits 

High Low 7 Bits 

High High 8 Bits 

EVEN PARITY ENABLE (EPE): 
A high-level voltage at this input selects even panty to be 
generated by the transmitter and checked by the receiver. A 
low-level input selects odd panty. 

TRANSMITTER CLOCK (TCLOCK): 
Clock input with a frequency 16 times the desired transmitter 
shift rate. 

Description of Standard Mode 0 Operation 
(Mode Input=VSS) 

1. Initialization and Controls 

The MASTER RESET (MR) input is pulsed. resetting the 
Control. Status. and Receiver Holding Registers and setting 
the SERIAL DATA OUTPUT (SDO) signal high. Timing is 
generated from the clock inputs. Transmitter Clock 
(TCLOCK) and Receiver Clock (RCLOCK). at a frequency 
equal to 16 times the serial data bit rate. When the receiver 
data input rate and the transmitter data output rate are the 
same. the TCLOCKand RCLOCK inputs may be connected 
together. The CONTROL REGISTER LOAD (CRL) input is 
pulsed to store the control inputs PARITY INHIBIT (PI). 
EVEN PARITY ENABLE (EPE). STOP BIT SELECT (SBS), 
and WORD LENGTH SELECTs (WLS1 and WLS2). These 
inputs may be hardwired to the proper voltage levels (VSS 
or VDD) instead of being dynamically set and CRL may be 
hardwired to VDD. The CDP1854A is then ready for 
transmitter and/or receiver operation. 

2. Transmitter Operation 

For the transmitter timing diagram refer to Fig. 10. At the 
beginning of a typical transmitting sequence the Transmitter 
Holding Register is empty (THRE is HIGH). A character is 
transferred from the transmitter bus to the Transmitter 
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holding Register by applying a low p'ulse to the TRANS
MITTER HOLDING REGISTER LOAD (THRL) Input causing 
THRE to go low. If the Transmitter Shift Register IS empty 
(TSRE is HIGH) and the clock IS low. on the next high-to
low transition of the clock the character is loaded into the 
Transmitter Shift Register preceded by a start bit Senal 
data transmission begins 1/2 clock penod later with a start 
bit and 5-8 data bits followed by the panty bit (if pro
grammed) and stop blt(s). The THRE output signal goes 
high 1/2 clock penod later on the hlgh-to-Iow transition of 
the clock. When THRE goes high. another character can be 
loaded into the Transmitter Holding Register for trans
mission beginning with a start bit Immediately follOWing the 
last stop bit of the previous character. This process IS 
repeated ul"'til all characters have been transmitted. When 
transmission is complete. THRE and Transmitter Shift 
Register Empty (TSRE) will both be high. The format of 
serial data is shown in Fig. 12 Duration of each serial 
output data bit is determined by the transmitter clock 
frequency (fCLOCK) and will be 16/f CLOCK. 

3. Receiver Operation 

The receive operation begins when a start bit IS detected at 
the SERIAL DATA IN (SDI) input. After the detection of a 
hlgh-to-Iow tranSition on the SDI line. a dlvlde-by-16 
counter is enabled and a valid start bit is venfled by 
checking for a low-level Input 7-1/2 receiver clock penods 
later. When a valid start bit has been verified. the following 
data bits. parity bit (if programmed), and stop bit(s) are 
shifted into the Receiver Shift Register at clock pulse 7-1/2 
in each bit time. If programmed. the parity bit is checked. 
and receipt of a valid stop bit is verified. On count 7-1/2 of 
the first stop bit. the received data is loaded into the 
Receiver Holding Register. If the word length IS less than 8 
bits. zeros (low output voltage level) are loaded into the 
unused most significant bits. If DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded. the OVERRUN ERROR (OE) signal IS 
raised. One-half clock period later. the PARITY ERROR 
(PE) and FRAMING ERROR (FE) signals become valid for 
the character In the Receiver Holding Register The DA 
signal is also raised at this time. The 3-state output drivers 
for DA. OE. PE and FE are enabled when STATUS FLAG 
DISCONNECT (SFD) is low. When RECEIVER REGISTER 
DISCONNECT (RRD) goes low. the receiver bus 3-state 
output drivers are enabled and data is available at the 
RECEIVER BUS (R BUS 0 - R BUS 7 outputs. Appl~a 
negative pulse to the DATA AVAILABL RE E (DAR) 
resets DA. The preceding sequence of operation IS repeated 
for each serial character received. A receiver timing diagram 
is shown in Fig. 11. 



CDP1854A, CDP1854AC 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VOO ±5%, tr,t,=20 ns, V'WO.7 VOO, V,l =0.3 VOO, 
Cl =100 pF, see Fig 9. 

liMITS 
CHARACTERISTIC VOO COP1854A COP1854AC 

(V) Typ.t Max.* Typ.t 
Interface Timing - Mode 0 

Minimum Pulse Width: 5 100 150 100 
CRl tCRl 10 50 75 -

Minimum Pulse Width: 5 200 400 200 
MR tMR 10 100 200 -

Minimum Setup Time: 5 40 80 40 
Control Word to CRl tcwc 10 20 50 -

Minimum Hold Time: 5 100 150 100 
Control Word after CRl tccw 10 50 75 -

Propagation Delay Time: 5 200 300 200 
SFD High to SOD tSFDH 10 100 150 -

5 75 120 75 SFD low to SOD tSFDl 
10 40 60 -

RRD High to Receiver Register 5 200 300 200 
High Impedance tRRDH 10 100 150 -

5 100 150 100 
RRD low to Receiver Register Active tRRDl 

10 50 75 -

tTypical values are for T A=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 

CONTROL INPUT WORD TIMING 

CONTROL WORD ----v X 
INPUT ----1'---------:----------;----..J,'-----

... ,.---------tcwc----~·~i-·-tccw~ 
I 

CRL------i/~--_ _ __ ~\~, _____ _ 
i. teRl • I 

STATUS OUTPUT TIMING 

6(;~~~~s ________ -'~\..------_:--------~ 
~tSFDH ----f tSFDL:--
I I 
I I 
I II I 

SFD ______ .....JI LI ____ _ 

RECEIVER REGISTER DISCONNECT TIMING 

~~~~~- _______ ~~~ _________ :-------J¥~---
--ltRROH~ r-tRROL..l 

RRD ____ ..... I II IL-_____ _ 
92CM-31875 

Fig. 9 - Mode 0 interface timing diagram. 
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Max.* 

150 

-

400 

-

80 

-

150 

-
300 
-

120 

-
300 

-
150 

-

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



CDP1854A, CDP1854AC 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD ±5%, tr,tf=20 ns, VIH=0.7 VDD, Vll=0.3 VDD, 
Cl =100 pF, see Fig. 10. 

LIMITS 
CHARACTERISTIC VDD CDP1854A CDP1854AC 

(V) Typ.t 

Transmitter Timing - Mode 0 

5 250 
Minimum Clock Period tcc 

10 125 
Minimum Pulse Width: 5 100 

Clock low level tCl 10 75 
5 100 

Clock High level tCH 10 75 

'fHRI. 5 100 
tTHTH 50 10 

Minimum Setup Time: 5 175 
THRl to Clock tTHC 10 90 

Data to THAi: 5 20 
tOT 

10 0 
Minimum Hold Time: 5 80 

Data after n:iRL. tTO 10 40 
Propagation Delay Time: 5 300 

Clock to Data Start Bit tco 10 150 
5 200 Clock to THRE tCT 

10 100 

THAi:. to THRE 5 200 
tTTHR 

10 100 
5 200 Clock to TSRE tTTS 

10 100 

tTyplcal values are for T A=2So C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 

*TRANSMITTER HOLDING 
REGISTER LOADED 

** TRANSMITTER SHIFT 
REGISTER LOADED 

T CLOCK 

tcc 
~ 

tCHT0+-4t CL 

I , 
tTHC I ........ : : 

---, I I I h 

Max.* Typ.t Max.* 

310 250 310 
155 - -
125 100 125 
100 - -
125 100 125 
100 - -
150 100 150 
75 
275 175 275 
150 - -
50 20 50 
40 - -
120 80 120 
60 - -

450 300 450 
225 - -
300 200 300 
150 - -
300 200 300 
150 - -
300 200 300 
150 - -

THRL , I I I I 

-tTHTH --.. I""': !+-tCD _tCD 
I I! 11 I 

I I LI~: ____________________ -o __________ ~I~I_~ __ ~ __ B_IT_ 

I I I II 
SDO 

tTTHR --l t4 --I , .. JCT 

THRE--------------rli! ! I~'--------------------I~I--------------------
'-t-;--:-'t 

I ..... [ TTS 
TSRE 

II t tDT....L..tTD-t, 

T BUS 0- DATA X -----~._ r---------------~:il,~--------------TBUS7 ______ -J .L. ____________________ ~I--------------------

* THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF THRL. 
** THE TRANSMITTER SHIFT REGISTER. IF EMPTY, IS LOADED ON THE FIR~ HIGH-to-LOW TRANSITION OF THE 

CLOCK WHICH OCCURS AT LEA~ 112 CLOCK PERIOD+tTHCAFTER THE TRAILING EDGE OF TiiRL. AND TRANS
MISSION OF A START BIT OCCURS 112 CLOCK PERIOD + teD LATER 

92CM-31876RI 

Fig. 10 - Mode 0 trenamitter timing diagram. 
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CDP1854A, CDP1854AC 

DYNAMIC ELECTRICAL CHARACTERISTICS al TA = -4010 +85°C, VDD ±5%, Ir,lf=20 n8, VIWO.7 VDD, VIL =0.3 VDD, 
CL =100 pF see Fig. 11 , 

LIMITS 

CHARACTERISTIC VDD CDP1854A CDP1854AC UNITS 

(V) Typ.t Max.* Typ.t Max.* 

Receiver Timing - Mode 0 

5 250 310 250 310 
Minimum Clock Period tcc ns 

10 125 155 - -

Minimum Pulse Width: 5 100 125 100 125 
ns 

Clock Low Level tCL 10 75 100 - -

5 100 125 100 125 
Clock High Level tCH ns 

10 75 100 - -

5 50 75 50 75 
DATA AVAILABLE RESET too ns 

10 25 40 - -

Minimum Setup Time: 5 100 150 100 150 
ns 

Data Start Bit to Clock tDC 10 50 75 - -
Proeagation Dela:z: Time: 

DATA AVAILABLE RESET to 5 150 225 150 225 
ns 

Data Available tDDA 10 75 125 - -

5 225 325 225 325 
Clock to Data Valid tCDV ns 

10 110 175 - -
5 225 325 225 325 

Clock to Data Available tCDA ns 
10 110 175 - -

5 210 300 210 300 
Clock to Overrun Error tCOE ns 

10 100 150 - -

5 240 375 240 375 
ClocK to Parity Error tCPE ns 

10 120 175 - -

5 200 300 200 300 
Clock to Framing Error tCFE ns 

10 100 150 - -

tTy pica I values are for T A=25° C and nominal Voltages. 
*Maximum limits of minimum characteristics are the values above which all devices functIon. 
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CDP1854A, CDP1854AC 

CLOCK 7 ~2 
SAMPLE CLOCK 7 ~2 LOAD HOLDING REGISTER 

R CLOCK I 2 

"""1 :'-'DC* 
I 

sDI----,L __________ ~S~T~A~RT~B~IT~ ________ ~Pt~ i I 
STOP BIT I 

I I 
:->---'CDV 

~:~~~- --------------------------------------------------------------------;:-+i--~ 

DA 

I I 
I I 
I I 

, iii 

\~--------------~ : I 
I I tCOE~ 
I.--too-------4 I I 

OE** I~ 
--------------------------------------------------------~,~----

tCPE-+--: 
PE __________________________________________________________ -+i __ ~r=== __ __ 

I 

tCFE~ 
FE ______________________________________________________________________ ~: __ _Lt_=__ __ __ 

* IF A START BIT OCCURS AT A TIME LESS THAN toe BEFORE A HIGH-TQ-LOW TRANSITION OF THE CLOCK, 
THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK THE START 
BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK 

* * IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW 
WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE 

92CM- 31877 

Fig. 11 - Mode 0 receiver timing diagram. 

NEXT DATA WORD 

5-8 DATA BITS / I -...I r-STOP 81TS 
DATA I I 1,11/20R2 

MSB --oj ~.PARITY 
BIT 

92CS- <!S463 

Fig. 12 - Serial data word format. 
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HARRIS 
SEMICONDUCTOR 

January 1992 

Features 

• Two Operating Modes 
- Mode 0 - Functionally Compatible 

With Industry Types Such as the 
TR1602A 

- Mode 1 - Interfaces Directly With 
CDP1800 Series Microprocessors 
Without Additional Components 

• Full or Half-Duplex Operation 

• Parity, Framing, and Overrun Error 
Detection 

• Fully Programmable With Externally 
Selectable Word Length (5-8 Bits), Par
Ity Inhibit, Even/Odd Parity, and 1, 11/2, 

or 2 Stop Bits 

Pinouts 
40 LEAD DIP (MODE 0) 

TOP VIEW 

CDP1854A13 
CDP1854ACI3 

High Reliability CMOS Programmable Universal 
Asynchronous Receiverrrransmitter (UART) 

Description 

The CDP1854A13 and CDP1854AC/3 are high reliability silicon gate CMOS 
Universal Asynchronous ReceiverlTransmitter (UART) circuits. They are 
designed to provide the necessary formatting and control for interfacing 
between serial and parallel data. For example, these UARTs can be used to 
interface between a peripheral or terminal with serial 110 ports and the 8-bit 
CDP1800-series microprocessor parallel data bus system. The CDP1854A1 
3 is capable of full duplex operation, i.e., simultaneous conversion of serial 
input data to parallel output data and parallel input data to serial output 
data. 

The CDP1854A13 UART can be programmed to operate in one of two 
modes by using the mode control input. When the mode input is high 
(MODE = 1), the CDP1854A13 is directly compatible with the CDP1800 
series microprocessor system without additional interface circuitry. When 
the mode input is low (MODE = 0), the device is functionally compatible with 
industry standard UARTs such as the TR1602A. It is also pin compatible 
with these types, except that pin 2 is used for the mode control input instead 
of VGG = -12V supply connection. 

The CDP1854A13 and the CDP1854AC/3 are functionally identical. The 
CDP1854A13 has a recommended operating voltage range of 4V to 10.5V, 
and the CDP1854AC/3 has a recommended operating voltage range of 4V 
t06.5V. 

The CDP1854A13 and CDP1854AC/3 are supplied in hermetic 40 lead 
Dual-In-line Ceramic Packaqes (0 suffix). 

40 LEAD DIP (MODE 1) 
TOP VIEW 

NC • NO CONNECT 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I C. Handling Procedures. File Number 1715.1 
Copyright © Harris Corporation t 992 
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Specifications CDP1854A13, CDP1854AC/3 

MAXIMUM RATINGS, Absolute-Maximum Values 

DC SUPPLY-VOLTAGE RANGE, (Voo) 
(All voltages referenced to Vss terminal) 
CDP1854A13 ... .. .... ...... .. . ..... . -05 to !-11 V 
CDP1854AC/3 .. .... . ... ..... .. ... .. .. .. . ....... -05 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS. ... .. .. . ... ... .. . .... -05 to Voo +05 V 
DC INPUT CURRENT, ANY ONE INPUT .. .. .. . ... .. . ±10mA 
POWER DISSIPATION PER PACKAGE (Po) 

For TA = -55 to +100° C (PACKAGE TYPE D) ...... .... ... 500 mW 
For TA ~ + 100 tOt 125°C (PACKAGE TYPE D) ... .. .. Derate Linearly at 12 mW/o C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA ~ FULL PACKAGE-TEMPERATURE RANGE 100mW 

OPERATING-TEMPERATURE RANGE (TA) 
PACKAGE TYPE 0 .. .. ... ......... ...... . ........... .. ... . .. ...... .. . , ... . ....... -55 to +125°C 

STORAGE TEMPERATURE (T",) ............ .... ... .. ............... ... , .... . ... ..... .. .. . ....... .......... -55 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 In (159:t 079 mm) from case for 10 s max .. .. .. ... , .... . ..... ... . ........ .. . +255°C 

STATIC ELECTRICAL CHARACTERISTICS 

CONDITIONS LIMITS 
CHARACTERISTIC Vo V,N Voo -55° C, +25° C +125°C UNITS 

(V) (V) (V) Min. Max. Min. Max. 
- 0.5 5 - 500 - 1000 

QUiescent Device Current, 100 
0, 10 10 - 500 1000 

JiA - -

0.4 0,5 5 0.75 - 0.5 -
Output Low Drive (Sink) Current, 10L mA 

0.5 0, 10 10 1.80 - 1.2 -
46 0,5 5 - -0.5 - -035 

mA Output High Drive (Source) Current, 10H 
9.5 0, 10 10 - -1.0 - -070 

- 0, 5 5 - 0.1 - 02 
Output Voltage Low-Level, VOL' - 0, 10 10 - 0.1 - 0.2 

0,5 4.8 
V 

, - 5 4.9 - -
Output Voltage High-Level, VOH - 0, 10 10 9.9 - 9.8 -

0.5,4.5 - 5 - 1.5 - 1.5 
Input Low Voltage, VIL 

0.5,9.5 - 10 - 3 - 3 
V 

0.5,4.5 - 5 3.5 - 3.5 -
Input High Voltage, V,H 

0.5,9.5 - 10 7 - 7 -
- 0,5 5 - ±1 - ±5 JiA 

Input Leakage Current, liN - 0, 10 10 - ±1 - ±5 

0,5 0,5 5 - ±1 - ±10 
3-State Output Leakage Current, lOUT 

0, 10 0,10 10 ±1 ±10 
JiA - -

Input Capacitance, C 'N - - - - 10 - 10 
pF 

Output Capacitance, COUT - - - - 15 - 15 

'Guaranteed but not tested 

RECOMMENDED OPERATING CONDITIONS at T A = Full Package Temperature Range 

For maximum reliability, operating conditions should be selected so that operation is a/ways within the following ranges: 

CONDITIONS LIMITS 

CHARACTERISTIC Voo _550 C, +25° C +125°C UNITS 

JVl Min. Max. Min. Max. 

DC Operating-Voltage Range - 4 10.5 4 6.5 V 

Input Voltage Range - Vss Vaa Vss Vaa V 

5 - 250 - 215 K bits 
Baud Rate (Receive or Transmit) 

10 - 520 - 430 /sec 
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Specifications CDP1854A13, CDP1854AC/3 

Dynamic Electrical Characteristics I" If = 15ns. V1H = VDo. V1L = Vss. cL = 100pF, see Figure 1 

Voo 
LIMITS 

CHARACTERISTIC -55° C. +25° C +125°C UNITS 
(V) 

Min. Max. Min. Max. 
Transmitter Timing - Mode 1 

Clock Period 
5 240 - 280 

tcc 
10 120 145 

ns 
- -

Pulse Width: 5 105 - 125 -

Clock Low Level tCL 10 55 65 
ns 

- -

Clock High Level 
5 135 - 155 --

tCH 
10 65 80 

ns 
- -

TPB 
5 125 - 165 -

tn 
70 

ns 
10 - 80 -

Propagation Delay Time: 5 - 425 - 485 
ns 

Clock to Data Start Bit tco 10 - 205 - 235 

TPBto THRE 
5 - 315 - 380 

tTTH 
10 155 185 

ns 
- -

Clock to THRE 
5 - 335 - 390 

tenl 
10 160 190 

ns 
- -

Dynamic Electrical Characteristics I~ If = 15ns. V1H = VDo. V1L = Vss. CL = 100pF. see Figure 2 

Voo 
LIMITS 

CHARACTERISTIC _55° C, +25° C +125°C UNITS 
(V) 

Min. Max. Min. Max. 
Receiver Timing - Mode 1 

Clock Period 
5 240 - 280 -

tcc 
10 120 145 

ns 
- -

Pulse Width: 5 105 - 125 -
Clock Low Level tCL 10 55 65 

ns 
- -

Clock High Level 
5 135 - 155 -

tCH 
10 65 80 

ns 
- -

TPB 
5 125 - 165 -

tn 
70 80 

ns 
10 - -

Setup Time: 5 105 - 120 -

Data Start Bit to Clock 10 65 70 
ns 

toc - -

Propagation Delay Time: 5 - 295 - 340 
ns 

TPB to DATA AVAILABLE hOA 10 - 150 - 170 
5 - 305 - 355 

Clock to DATA AVAILABLE teoA 
150 170 

ns 
10 - -

Clock to Overrun Error 
5 - 305 - 330 

tCOE 
10 150 175 

ns 
- -

Clock to Parity Error 
5 - 305 - 330 

tcPE 
10 150 175 

ns 
- -

Clock to Framing Error 
5 - 280 - 330 

tCFE 
10 145 165 

ns 
- -
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Specifications CDP1854A13, CDP1854AC/3 

TCLOCK 1 7~ 
I I' 

I I ~ !---tCD 

WRITE' --.r-l I ~ : 
ITPB) I I ~, --;�1-1�-------------<'>--------4-:------

R CLOCK 

t....:..!.~ tTTH r I .. _tCTH I 
~ ~:~, I 

THAE ~L-----------;~------T'------
_~ ... -Ico I 

,I ) 
sDo-------~IL_ ___________ ;~-----~~~IS-T~D~A~TA~.~IT~_ 

* THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TPS 

'* * THE TRANSMITTER SHIFT REGISTER IS LOADED ON THE FIRST HIGH-lO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 112 CLOCK PERIOD + ITe AFTER THE TRAILING EDGE OF TPB, AND 
TRANSMISSION OF A START BIT occuns 112 CLOCK PERIOD + ICD LATER 

t WRITE 15 THE OVERLAP OF TPB, CS1, AND C53 ~ I AND C53, AD I wn ~ 0 

-~ a-.-1oc* 
I 

FIGURE 1. TRANSMITTER TIMING DIAGRAM - MODE 1 

CLOCK 7'h: 
SAMPLE CLOCK 7Yz LOAD HOLDING REGISTER 

501 ----, STAAT BIT plfmYl STOP BIT I 
,~ 

, 
, I 
I I 

...-110A-.I :--1 ,....t COA 

DA : l----------------------------------~i-iH\ 

READ·· ___ ~/ ___ ~i~-------\~-----------------~!-+1 __ _ 
~~ ! :1 TPe ______ -'! IL. ________________________ -! I .-ICOE 

OEt C --------------------------------------------T.P-CP-E -

;., ~ PEt _________________________________ +--L~ ___ 

I 'eFE 

FE __________________________________ ~~_L~ ___ 

'* IF A START 81T OCCURS AT A TIME LESS THAN toc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 
THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSIT10N OF THE CLOCK 
THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK 

*" *" READ IS THE OVERLAP OF CSI, CS3, ROI ViR, I AND ffi ~ 0 
IF A PENDING OA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLOING REGISTER BY THE 
TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE DE SIGNAL WILL COME TRUE 

t OE AND PE SHARE TERMINAL 15 AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTER 

FIGURE 2. MODE 1 RECEIVER TIMING DIAGRAM 

Dynamic Electrical Characteristics t,. tf = 15ns. V1H = VD[). V1L = Vss. CL = 100pF. see Figure 3 

VDO 
LIMITS 

CHARACTERISTIC -55°C. +25° C +125°C 
(V) 

Min. Max. Min. Max. 
CPU Interface - WRITE Timing - Mode 1 
Pulse Width 5 125 - 165 -

TPB tTl 10 70 -- 80 -
Setup Time 5 20 -- 10 -

RSEL to Write tRSW 10 25 - 25 -
75 5 65 - -

Data to Write tow 10 45 50 - -
Hold Time 5 -10 - -20 --

RSEL after Write tWAS 10 5 -- 5 -
5 95 - 105 --

Data after Write two 10 55 - 55 --
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Specifications CDP1854A13, CDP1854AC/3 

Dynamic Electrical Characteristics I~ If = 15n8, V1H = Voo. V1L = Vss, CL = 100pF, see Figure 4 

Voo 
LIMITS 

CHARACTERISTIC _550 C, +25 0 C +1250 C 
(V) 

Min. Max. Min. Max. 
CPU Interface - READ Timing - Mode 1 
Pulse Width 5 125 - 165 -

TPB tTT 10 70 - 80 -

Setup Time. 5 15 - 0 -

RSEL to TPB tAST 10 20 - 10 -

Hold Time. 5 -10 - -25 -
RSEL after TPB hAs 10 5 - 0 -

Propagation Delay Time: 5 - 360 - 420 
Read to Data Valid Time tROY 10 - 165 - 195 

5 - 250 - 295 
RSEL to Data Valid Time tASDV 

10 125 145 - -

:---t TT---j 
TPB* I I 

-------------------------~-----IA-S-W-~--~I r~-t-W-A-S~---------

ASEL X::: X ______________________ J I I L-____ _ 

'-'DW --oJ--t WD--"1 
--------------------------------~t.~ I Ir------i ~~~ ~- ,~\ I X'-____ __ 

AD/WR.CS2* ~ 

* WRITE IS THE OVERLAP OF TPS. C51,C53:1 AND C52. RD/WR'" 0 

I 
I 
I 

FIGURE 3. MODE 1 CPU INTERFACE (WRITE) TIMING DIAGRAM 

L4---tTT ---. 

TPB ________________________________ --4i rl-------------------
~tRST---4 f---t TRS -: 

RSEL ---------------------""X :: : X,-------------
I I 
~tRsDV~ I 

=~~~~-----------------------~~:========t!===)~---------------I I 

_* }---tRDV----------!!! ~ 
~~i.~~3~11 ~ 

I 
I 
I 

!@&"'=~""" =====7'i. 
u 

* READ IS THE OVERLAP OF CSI, CS3, RD/WR' I AND CS2' 0 

FIGURE 4. MODE 1 CPU INTERFACE (READ) TIMING DIAGRAM 
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Specifications CDP1854A13, CDP1854AC/3 

Dynamic Electrical Characteristics Ir• If = 15ns. V1H = Vo[). V1L = Vss. CL = 100pF. see Figure 5 

Voo 
LIMITS 

CHARACTERISTIC -55°C, +25°C +125°C UNITS 
(V) 

Min. Max. Min. Max. 
Inlerlace Timing - Mode 0 
Pulse Width 5 105 - 125 -

CRL teAL 10 55 65 
ns 

- -

Pulse Width' 5 340 - 385 -
MR tMR 10 160 175 

ns 
- -

Setup Time 5 80 - 85 -
Control Word to CRL 10 40 60 

ns 
tewe - -

Hold Time: 5 65 - 65 -
Control Word after CRL tccw 10 45 45 

ns 
- -

Propagation Delay Time: 5 - 175 - 195 
ns 

SFD High to SOD tSFDH 10 - 105 - 115 

SFD Low to SOD 
5 165 - 195 -

tSFDL 90 105 
ns 

10 - -
RRD High to Receiver Register 5 - 185 - 205 
High Impedance 10 110 130 

ns 
tRRDH - -

RRD Low to Receiver Register Active 
5 165 - 195 -

tRRDL 10 90 105 
ns 

- -

CONTROL INPUT WORD TIMING 

CONTROL WORD ====:¥ 
CONTROL WORD BYTE ¥ INPUT , 

t cwc tccw--': jl ,II , , 
CRl I \ i. tCRl -I 

STATUS OUTPUT TIMING 

STATUS ), II r:=== OUTPUTS 

t----L- tSFDH --+f tSFDl:--
I , 
I , 
I 

II 
, 

SFD I I 

RECEIVER REGISTER DISCONNECT TIMING 

R BUS 0-

>: 
11 

:< R BUS 7 

~tRRDH~ ~tRRDL": 

i D 
I 

RRD I 

FIGURE 5. MODE 0 INTERFACE TIMING DIAGRAM 
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Specifications CDP1854A13, CDP1854AC13 

Dynamic Electrical Characteristics t,. t, = 15n8, VIH = VOl> VIL = Vss, CL = 100pF, see Figure 6 

LIMITS 
Voo 

CHARACTERISTIC -55°C, +25°C +125°C 
(V) 

Min. Max. Min. Max. 
Transmitter Timing - Mode 0 

5 240 - 280 -
Clock Penod tcc 

10 120 145 - -
Pulse Width. 5 105 - 125 -

Clock Low Level tCl 10 55 - 65 -
Clock High Level 

5 135 - 155 -
tCH 

10 65 80 - -

THRL 
5 140 - 165 -

IrHTH 
10 80 85 - -

Setup Time 5 205 - 235 -
THRL to Clock tTHC 10 120 - 140 -

Data to THRL 
5 25 - 30 -

tOT 
10 20 25 - -

Hold Time' 5 60 - 95 -
Data after THRL Iro 10 45 - 75 -

Propagation Delay Time. 5 - 435 - 505 
Clock to Data Start Bit tco 10 - 205 - 235 

5 - 345 - 420 
Clock to THRE leT 10 175 200 - -

THRL toTHRE 
5 - 275 - 325 

IrTHR 
10 145 165 - -
5 - 345 - 405 

Clock to TSRE tns 
10 165 190 - -

THRL~ I I I : : 

o--tTHTH --. :...: :+-tco : 
I I! II -.., :-tCD 

SDO I : Ii /rl:":ST:-:D'"'AT"'A-:e"'IT:-

I I I II 
tTTHR ~ h --I _tcT 

THRE--------------~:~I ! Ir!--------------------~II.---------------------
: '-t-;--7-' 

TSRE ! .... rtTTS 

:tDT..LtTD: 

~:~~~-=======~~~A xt======================:::::==================== 
* THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF THRL 

** THE TRANSMITTER SHIFT REGISTER, IF EMPTY, IS LOADED ON THE FIRST HIGH-TO'LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 112 CLOCK PERIOD"THCAFTER THE TRAILING EDGE OF THRL, AND TRANS· 
MISSION OF A START BIT OCCURS 112 CLOCK PERIOD + ICD LATER 

FIGURE 6. MODE 0 TRANSMmER TIMING DIAGRAM 
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Specifications CDP1854A13, CDP1854AC/3 

Dynamic Electrical Characteristics Ir• If = 15ns. VIH = VoOo VIL = Vss. CL = 100pF. see Figure 7 

Voo 
LIMITS 

CHARACTERISTIC -55° C. +25° C +125°C UNITS 
(V) 

Min. Max. Min. Max. 

Receiver Timing - Mode 0 

Clock Penod 
5 240 - 280 -

tcc ns 
10 120 - 145 -

Pulse Width 5 105 - 125 -

Clock Low Level tCl 10 55 - 65 
ns 

-

Clock High Level 
5 135 - 155 -

tCH 
10 65 80 

ns 
- -

5 75 - 90 -
DATA AVAILABLE RESET too 

10 45 
ns 

- 50 -

Setup Time' 5 105 - 130 -
Data Start Bit to Clock 10 65 85 

ns 
toc - -

Propagation Delay Time. 

DATA AVAILABLE RESET to 5 - 240 - 280 ns 
Data Available tDOA 10 - 130 - 145 

Clock to Data Valid 
5 - 360 - 420 

tcov 195 
ns 

10 - 175 -

Clock to Data Available 
5 - 320 - 375 

tCDA 
10 155 180 

ns 
- -

Clock to Overrun Error 
5 - 365 - 415 

tCOE 10 170 190 
ns 

- -

Clock to Panty Error 
5 - 275 - 320 

tCPE 
10 135 155 

ns 
- -

Clock to Framing Error 
5 - 270 - 320 

tCFE 
10 135 165 

ns 
- -

Icc CLOCK 7 ~2 1-----1 CLOCK 7 Y2 LOAD HOLDING,REGISTER 
tCHt-t-J-1 CL 

SAMPLE 

R CLOCK I 2 3 4 5 6 7 16 I 2 3 4 5 6 7 B 9 

-J I--tDC* 
, , 
I i , 

PABi'J 

, , 
SDI ---, START BIT 

, , 
STOP BIT I I , , 

I I I 
H-itCDV 

R BUS 0- I , x== R BUS 7 , I , , , , 
I I 
I , 
! 

, 
DA , , I , 

I 
~tCDA ~tODA '-' I , , , 

I I I 
DAR \ 1 

, 
I , 

I , tCOE~ 
OE** 

,---too_ l' 

:1 
I 

t CPE --J.---.i 
PE I I , 

I 
tCFE~ 

FE : I 
* IF A START BIT OCCURS AT A TIME LESS THAN tDC BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 

THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK THE START 
81T MAY BE COMPLETELY ASYNCHRONQIJS WITH THE CLOCK 

** IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW 
WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE 

FIGURE 7, MODE 0 RECEIVER TIMING DIAGRAM 
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START 
BIT 

Vss 

CDP1854A13, CDP1854AC/3 

NEXT OATA WORD 

5-B DATA BITS / j ~t ~-STOP BITS 
DATA 1,11/2 OR2 

MSB - - ~~~ITY 

FIGURE 8. SERIAL DATA WORD FORMAT 

I 4 

--'V\/\r- 2 39 

• 38 

4 37 

5 3. 

• ,. 
'V 

'V 7 34 

• " ' V 

• 32 

10 31 

" 3 

12 2. 

13 2. 
,/\ I. 27 ,. 2. 

I. 25 

-A 17 2' 
'--'vvv- I. 23 

I. 22 

20 21 

All RESISTORS ARE 47kn ± 20% 

Type Voo Temp. 

Voo 
VSS 

Time 
CDP1854A/3 11 +125°C 160 hrs. 
CDP1854AC/3 7 +125°C 160 hrs. 

FIGURE 9. BIASISTATIC BURN-IN CIRCUIT 
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HARRIS 
SEMICONDUCTOR 

January 1992 

Features 

• Low Power CMOS Circuitry •.••.•.••• 7.5mW (Typ) at 
3.2MHz (Max Freq.) at Voo = 5V 

• Baud Rate 

- DC to 200K Bitsls (Max) at .•.••••••••..• 5V,85°C 

- DC to 400K Bitsls (Max) at ....•...•.•.•. 10V, 85°C 

• 4V to 10.5 Operation 

• Automatic Data Formatting and Status Generation 

• Fully Programmable with Externally Selectable Word 
Length (5 - 8 Bits), Parity Inhibit, Even/Odd Parity, and 
1,11/2, or 2 Stop Bits 

• Operating Temperature Range 

- CDP6402D, CD .•...•••.•••.•.•• -55°C to +125°C 
- CDP6402E, CE .......•.••••••••. -40°C to +8SoC 

• Replaces Industry Types IM6402 and HD6402 

Ordering Information 

TEMPERATURE 

CDP6402 
CDP6402C 

CMOS Universal Asynchronous 
ReceiverlTransmitter (UART) 

Description 

The CDP6402 and CDP6402C are silicon gale CMOS 
Universal Asynchronous ReceiverITransmitter (UART) 
circuils for interfacing computers or microprocessors to 
asynchronous serial data channels. They are designed to 
provide the necessary formatting and control for interfacing 
between serial and parallel data channels. The receiver 
converts serial start. data. parity. and stop bits to parallel 
data verifying proper code transmission. parity and stop bits. 
The transmitter converts parallel data into serial form and 
automatically adds start parity and stop bits. 

The data word can be 5. 6. 7 or 8 bits in length. Parity may 
be odd. even or inhibited. Stop bits can be 1. 11/2• or 2 (when 
transmitting 5 bit code). 

The CDP6402 and CDP6402C can be used in a wide range 
of applications including modems. printers. peripherals. 
video terminals. remote data acquisition systems. and serial 
data links for distributed processing systems. 

The CDP6402 and CDP6402C are functionally identical. 
They differ in that the CDP6402 has a recommended 
operating voltage range of 4V to 10.5V. and the CDP6402C 
has a recommended operating voltage range of 4V to 6.5V. 
Both types are supplied in 40 lead dual-in-line ceramic pack
ages (D suffix). and 40 lead dual-in-line plastic packages 
(E suffix). 

Pinout 
CDP6402. CDP6402C 

TOP VIEW 
PACKAGE RANGE 5V/200K BAUD 10Vl400K BAUD 

Plastic DIP -40°C to +8SoC CDP6402CE 

Burn-In CDP6402CEX 

Ceramic DIP -40°C to +8SoC CDP6402CD 

Burn-In CDP6402CDX 

CDP6402E 

CDP6402D 

CDP6402DX 

RBR3 

RBR2 

RBR1 

PE 

FE 

OE 

SFD 

RRC 

ORR 
DR 

RRI 

CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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TRC 

EPE 

CLS1 

CLS2 

SBS 

CRL 

TBR8 

TBR7 

TBR6 

TBRS 

TBR4 

TBR3 

TBR2 

TBR1 

TRO 

TRE 

i'iiRL 
TBRE 

MR 

File Number 1328.1 

~
iCC!;;: Co 
CIl
OZ 

== o 



TRE4-~---------, 

TtrRl----t-+ TRANSMITTER 
TIMING 

I AND 
TRC CONTROL 

I 
I 
I 

CDP6402, CDP6402C 

L-----------------------------~TRD 

CLSI--~--~--------~----------~----~--~r---------------------------------------------------~-SBS 
CLS2--L---4----------4----------~ ~--------------------------------------------------_4--EPE 

CRL--r---1----------!----------~ ____ ,_--~r---------------------------------------------------_t-PI 
MR 

,---------------------------------------------~_+--_+-RRI 

SFO - f-----------~--RRD 

OR OE TBRE FE PE RBRe (MSBI RBRffLSB) 

Fig. 1 - Functional Block Diagram 
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Specifications CDP6402, CDP6402C 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltage referenced to VSS Terminal) 

CDP6402 ....•.........................................•.........•....••••••••••..••..•••••••••• -0.5 to +11 V 
CDP6402C ............•. " ••..............•.............•..... , •••.••...•.•••••••.••••••••..••••. -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ............•...........•.•.........•••.••..••..••••.••• -0.5 to VOO +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ......................•...••..........•...•.•..•.•••••••••••••••• ± 100pA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60° C (PACKAGE TYPE E ...................•.•.• , ..••.• , ...•...•..•....••••.•••.•••••• 500 mW 
For TA = +60 to +85°C (PACKAGE TYPE E) ....................•...•..•..• Derate Lineary at 12 mWrCto 200 mW 
For T A = -55 to 100° C (PACKAGE TYPE D) ...•....................•...•..•..•.......•....•..••.•••••••• 500 mW 
For T A = + 100 to +125° C (PACKAGE TYPE D) .. , ......•.................. Derate Lineary at 12 mwr C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .....•..••....••••••••••••••••••• 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE 0 ...................................•.............••....••.•••.••••••••••..•••• -55 to +125·C 
PACKAGE TYPE E .......................................•........•.••...•••••.••..•••..•••.••.••• -40to+85·C 

STORAGE TEMPERATURE RANGE (Tstgl .................•....•..•.....•...••..••.••..•••••••••••• -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ....•.•••.•......•.......•.•.••••.••• +265·C 

OPERATING CONDITIONS at TA = Full Package-Temperature Range. For maximum reliability, operating condlUon. 
should be selected so that operation Is always within the tollowlng ranges: 

LIMITS 
CHARACTERISTIC CDP6402 CDP8402C UNITS 

Min. Max. Min. Max. 
DC Operating Voltage Range 4 10.5 4 6.5 V 
Input Voltage Range VSS VDD VSS VOD 

STATIC ELECTRICAL CHARACTERISTICS at TA=-40 to +85°C, VDD ±10"lo, Except a. noted 

CONDITIONS LIMITS 
CHARACTERISTIC ~V~ ~~ ~~r CDP6402 CDP6402C UNITS 

Min. Typ.· Max. Min. Typ •• Max. 
Quiescent Device 0,5 5 0.01 50 0.u2 zoo pA 

Current 100 - 0, 10 10 - 1 200 - - -
Output Low Drive 0.4 0,5 5 2 4 1.2 2.4 

(Sink) Current Inl 0.5 o 10 10 5 7 - - - - mA 
Output High Orive 4.6 0,5 5 -0.55 -1.1 -0.55 -1.1 

(Source)- Current 101-4 9.5 0, 10 10 -1.3 -2.6 - - - -
Output Voltage - 0,5 5 0 0.1 0 0.1 

Low-Level VOL:!: - 0, 10 10 - 0 0.1 - - -
Output Voltage 

VnHi 
U,5 

1~ 
4.9 

150 
4.9 5 

High Level - 0, 10 9.9 - - - - V 
Input Low 0.5,4.5 5 

~.~itD 
u.a 

Voltage Vll 0.5,9.5 - 10 - - - - -
Input Hlgn 0.5,4.5 

150 
VDD-« VDD-2 

Voltage VI 1-4 0.59.5 - 7 - - - - -
Input Leakage Any 0,5 5 ±1o-4 ±1 ±1 

Current liN Input o 10 10 - ±10-4 ±2 - - - pA 
3-State Output Leakage 0,5 0,5 5 ±1o-" ±1 ±1o-" ±1 

Current lOUT 0, 10 0, 10 10 - ±10-4 ±10 - - -
Operating Current, IDD1i ~'100 1~ 

1.0 1.5 mA - 10 - - - -
Input CapaCitance CIN - - 5 7.5 - 5 7.5 pF 
Output CapaCitance COUT - - - 10 15 10 15 

.Typical values are for TA=25°C and nominal VDD. :j:IOL=IOH=1 pA. 
#Operating current is measured at 200 kHz or VDD = 5 V and 400 kHz for VOO = 10 V, with open outputs (worst-case 

frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 
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CDP6402, CDP6402C 

DESCRIPTION OF OPERATION 

Initialization and Controls 

A positive pulse on the MASTER RESET (MR) input resets 
the control, status, and receiver buffer registers, and sets 
the serial output (TRO) High. Timing is generated from the 
clock inputs RRC and TRC at a frequency equal to 16times 
the serial data bit rate. The RRC and TRC inputs may be 
driven by a common clock, or may be driven independently 
by two different clocks. The CONTROL REGISTER lOAO 
(CRl) input is strobed to load control bits for PARITY 
INHIBIT (PI), EVEN PARITY ENABLE (EPE), STOP BIT 
SELECTS (SBS), and CHARACTER lENGTH SELECTS 
(ClS1 and ClS2). These inputs may be hand wired to VSS 
or VOD with CRl to VOD. When the initialization is 
completed, the UART is ready for receiver and/or transmitter 
operations. 

Transmitter Operation 

The transmitter section accepts parallel data, formats it, 
and transmits it in serial form (Fig. 2) on the TRO terminal. 

5-a DATA BITS 1,1-I/20R 2 STOP BITS 

STARTaIT,\ .--I-----...JI------,I ~ 

1\ ILsal IMSBI X=LLL 
*rF ENABLED PARITY 

92CS-34554 

Fig. 2 - Serial data format. 

Transmittertiming is shown in Fig. 3. (A) Data is loaded into 
the transmitter buffer register from the inputs TBR1 through 
TBRa by a logic Iowan the TBRi:: input. Valid data must be 
present at least tOT prior to, and tTD following, the rising 
edge of "rnJi[. If words less than a bits are used, only the 
least significant bits are used. The character is right 
justified into the least significant bit, TBR1. (B) The rising 
edge of TBRl clears TBRE. Y, to 1 Y, cycles later, depending 
on when the TBRl pulse occurs with respect to TRC, data is 
transferred to the transmitter register and TRE is cleared. 
TBRE is set to a logic High one cycle after that. 

Output data is clocked by TRC. The clock rate is 16 times 
the data rate. (C) A second pulse on TBRl loads data into 
the transmitter buffer register. Data transfer to the 
transmitter register is delayed until transmission of the 
current character is complete. (D) Data is automatically 
transferred to the transmitter register and transmission of 
that character begins. 

A a 

92CS-38054Rl 

Fig. 3 - Transmitter timing waveforms. 

o END OF 
LAST 
STOP 
BIT 

Receiver Operation 

Data is received in serial form at the RRI input. When no 
data is being received, RRI input must remain high. The 
data is clocked through the RRC. The clock rate is 16 times 
the data rate. Receiver timing is shown in Fig. 4. 

RR I 

RBRI-8 ,OE 

DR 

FE ,PE 

BEGINNING OF FIRST STOP BIT ~ 

I DATA I 

~~J 
I 

-A 

-~L~~KT~Y~~is 
I 

14- 112CLOC K 
CYCLE C 

92CS-34559R2 

Fig. 4 - Receiver timing waveforms. 

(A) A low level on 5RR clears the OR line. (B) Ouring the 
first stop bit data is transferred from the receiver register to 
the RBRegister. If the word is less than a bits, the unused 
most significant bits will be a logic low. The output 
character is right justified to the least Significant bit RBR1. A 
logic high on OE indicates overruns. An overrun occurs 
when DR has not been cleared before the present character 
was transferred to the RBR. (C) 1/2 clock cycle later DR is 
set to a logic high and FE is evaluated. A logic high on FE 
indicates an invalid stop bit was received. A logic high on 
PE indicates a parity error. 

Start Bit Detection 

The receiver uses a 16X clock for timing (Fig. 5). The start 
bit could have occurred as much as one cloCk cycle before it 
was detected, as indicated by the shaded portion. The 
center of the start bit is defined as clock count 7 1/2. If the 
receiver clock is a symmetrical square wave, the center of 
the start bit will be located within ±1/2 clock cycle, ±1/32 bit 
or ±3.125%. The receiver begins searching forthe next start 
bit at 9 clocks into the first stop bit. 

CLOCK 

COUNT 7112 
DEFINED CENTER 
OF START BIT 

RRt INPUT~ START 

I .. I... 7112CLOC~ CYCLES 
a 112 CLOCK 

CYCLES 

92CS- 34558 

Fig. 5 - Start bit timing waveforms. 
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CDP6402, CDP6402C 

Table I - Control Word Function 

CI INTRnl wnl In 

CLS2 CLS1 PI EPE 
L L L L 
L L L L 
L L L H 
L L L H 
L L H X 
L L H X 
L H L L 
L H L L 
L H L H 
L H L H 
L H H X 
L H H X 
H L L L 
H L L L 
H L L H 
H L L H 
H L H X 
H L H X 
H H L L 
H H L L 
H H L H 
H H L H 
H H H X 
H H H X 

X = Don't Care 

Table II - Function Pin Definition 

PIN 
1 
2 
3 
4 

5 

6 
7 
8 
9 

10 
11 
12 
13 

14 

SYMBOL 
VDD 
N/C 
GND 
RRD 

RBR8 

RBR7 
RBR6 
RBR5 
RBR4 
RBR3 
RBR2 
RBR1 

PE 

FE 

DESCRIPTION 
Positive Power Supply 
No Connection 
Ground (VSS) 
A high level on RECEIVER REGISTER 
DISABLE forces the receiver holding 
register ouputs RBR1-RBR8 to a high 
Impedance state 
The contents of the RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs Word formats less than 8 or:' :i: :'9h:~::'f"d " RBR1 

A high level on PARITY ERROR 
Indicates that the received panty does 
not match panty programmed by control 
bits The output IS active until panty 
matches on a succeeding character 
When panty IS Inhibited. this output 
IS low 
A high level on FRAMING ERRQR 
Indicates the 'flrst stop bit was invalid 
FE Will stay active until the next valid 
character's stop bit IS received 

SBS 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

PIN 

15 

16 

17 

18 

19 

20 

21 

22 
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DATA BITS PARITY BIT STOP BITfS) 
5 ODD 1 
5 ODD 1.5 
5 EVEN 1 
5 EVEN 1.5 
5 DISABLED 1 
5 DISABLED 1.5 
6 ODD 1 
6 ODD 2 
6 EVEN 1 
6 EVEN 2 
6 DISABLED 1 
6 DISABLED 2 
7 ODD 1 
7 ODD 2 
7 EVEN 1 
7 EVEN 2 
7 DISABLED 1 
7 DISABLED 2 
8 ODD 1 
8 ODD 2 
8 EVEN 1 
8 EVEN 2 
8 DISABLED 1 
8 DISABLED 2 

SYMBOL DESCRIPTION 

OE A high level on OVERRUN ERROR 
Indicates the data received flag was not 
cleared before the last character was 
transferred to the receiver buffer 
register. The Error is reset at the next 
character's stop bit if ORR has been 
performed (Le., ORR; active low). 

SFD A high level on STATUS FLAGS 
DISABLE forces the outputs PE, FE, OE, 
DR, TBRE to a high impedance state. 

RRC The RECEIVER REGISTER CLOCK is 
16X'the receiver data rate. 

DRFf A low level on DATA RECEIVED RESET 
clears the data received output (DR), to 
a low level. 

DR A high level on DATA RECEIVED 
indicates a character has been received 
and transferred to the receiver buffer 
register. 

RRI Serial data on RECEIVER REGISTER 
INPUT is clocked into the receiver 
register. 

MR A high level on MASTER RESET (MR) 
clears PE, FE. OE and DR, and sets TRE. 

i TBRE, and TRO. TRE is actually set on 
'the first rising edge of TRC after MR 
goes high. MR should be strobed after 
power-up. 

TBRE A high level on TRANSMITTER BUFFER 
REGISTER EMPTY indicates the 
transmitter buffer register has 
transferred its data to the transmitter 
register and is ready for new data. 



CDP6402, CDP6402C 

Table II - Function Pin Definition (Confd) 

PIN SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION 
23 TBRL A low level on TRANSMITTER BUFFER 

REGISTER LOAD transfers data from 
inputs TBR1-TBR8 into the transmitter 
buffer register. A low to high transition 
on TBRL requests data transfer to the 
transmitter register. If the transmitter 
register is busy, transfer is automatically 
delayed so that the two characters are 
transmitted end to end. 

24 TRE A high level on TRANSMITTER 
REGISTER EMPTY indicates completed 
transmission of a character including 
stop bits. 

25 TRO Character data, start data and stop bits 

34 CRL A high level on CONTROL REGISTER 
LOAD loads the control register. 

35 PI· A high level on PARITY INHIBIT inhibits 
parity generation, parity checking and 
forces PE output low 

36 sBs· A high level on STOP BIT SELECT 
selects 1.5 stop bits for a 5 character 
format and 2 stop bits for other lengths. 

37 CLs2· These inputs program the CHARACTER 
LENGTH SELECTED (CLsl low CLs2 
low 5-bits) (CLsl high CLs210w 6-bits) 
(CLsllow CLs2 high 7-bits) (CLsl high 
CLs2 high 8-bits). 

38 CLsl· See Pin 37 - CLs2 
appear serially at the TRANSMITTER 
REGISTER OUTPUT. 

26 TBRl Character data IS loaded Into the 
TRANSMITTER BUFFER REGISTER via 
Inputs TBR1-TBR8. For character 

39 EPE· When PI is low, a high level on EVEN 
PARITY ENABLE generates and checks 
even panty. A low level selects odd 
parity. 

40 TRC The TRANSMITTER REGISTER 
formats less than 8-bits, the TBR8, 7, CLOCK is 16X the transmit data rate 
and 6 Inputs are ignored corresponding 
to the programmed word length 

27 TBR2 

1 
28 TBR3 
29 TBR4 
30 TBR5 See Pin 26 - TBRl 
31 TBR6 
32 TBR7 
33 TBRS 

·see Table I (Control Word Function) 
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Specifications CDP6402, CDP6402C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = ·40 to +850 C. VDD ± 5%. t,. tf = 20 nl. 
VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pF 

LIMITS 

CDP6402 CDP6402C 

CHARACTERISTIC t VDD 
TYP.-/ TYP.-/ (V) Max • ./\. 

System Timing (See Fig 6) 

Minimum Pulse Width. 5 50 150 50 
CRL tCRL 10 40 100 -

Minimum Setup Time 5 20 50 20 
Control Word to CRL tcwc 10 0 40 -

Minimum Hold Time 5 40 60 40 
Control Word after CRL tccw 10 20 30 -

Propagation Delay Time 5 130 200 130 
SFD High to SOD tSFDH 10 100 150 -

SFD Low to SOD tSFDL 5 130 200 130 
10 40 60 -

RRD High to Receiver Register 5 80 150 80 
High Impedance tRRDH 10 40 70 -

RRD Low to Receiver Register 5 80 150 80 
Active tRRDL 10 40 70 -

Minimum Pulse Width: 5 200 400 200 

MR 10 100 200 -

-Typical values for T A = 250 C and nominal VDD. 

'/\'Maximum limits of minimum characteristics are the values above which all devices function. 

t All measurements are made at the 50% POint 01 the transition except tn-state measurements. 

CONTROL INPUT WORD TIMING 

Max • ./\. 

150 
-
50 
-
60 
-

200 
-

200 
-

150 
-
150 
-

400 

-

CONTROL WORD------~--------~~~~~~~-------------~---------
INPUT CONTROL WORD BYTE 

1---------tCWC 1" tccw 

CRL Ir----------------~\~ ____________ _ 
-----------------1 .... 

1 
• .._---- tCRL ------"'1 

STATUS OUTPUT TIMING ~9D% 70%~ 
STATUS _______________ ~~----------------_:~_:~ 
OUTPUTS I 10"10 30% 

tSFDH -, --l tSFDL 

~------~R~-----, SFD ____________ ~ 

R BUS 0 

R BUS 7 

RECEIVER REGI~TER DISCONNECT TIMING 

'"" ~ r,~: ~ ')t:=."" 
RRO ________ ~I--~---------------RR------1.I------------

Fig. 6 - System timing waveforms. 
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Specifications CDP6402, CDP6402C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = .40 to +850 C. VDD ± 5%. tr. tf = 20 ns. 
VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pF 

LIMITS 

CHARACTERISTIC t 
CDP6402 I CDP6402C 

~~p Typ.- I Max . .t.1 Typ.-l 
Transmitter Timing (See Fig. 7) 

Minimum Clock Period (TRC) tcc 5 250 310 250 
10 125 155 -

Minimum Pulse Width: 5 100 125 100 
Clock low level tCl 10 75 100 -

Clock High level tCH 5 100 125 100 
10 75 100 -

"f'EiFIT. tTHTH 5 80 200 80 
10 40 100 -

Minimum Setup Time: 5 175 275 175 
TBRl to Clock tTHC 10 90 150 -

Data to Ti3'RL yI tOT 5 20 50 20 
10 0 40 -

Minimum Hold Time: 5 40 60 40 
Data after TBRl " tTD 10 20 30 -

Propagation Delay Time: 5 300 450 300 
Clock to Data Start Bit tCD 10 150 225 -

Clock to TBRE tCT 5 330 400 330 
10 100 150 -

TBRl to TBRE tTTHR 5 200 300 200 
10 100 150 -

Clock to TRE tTTS 5 330 400 330 
10 100 150 -

-Typical values for T A = 250 C and nominal VOO . 

.t.Maximum limits of minimum characteristics are the values above which all devices function. 
t All measurements are made at the 50% pOint of the transition except tri-state measurements. 

** TRANSMITTER SHIFT * TRANSMITTER BUFFER REGISTER LOADED 
REGISTER LOADED 

TRC 

- tcc I-
t CH-r-r+tCL 

I 

Max • .t. 

310 
-

125 
-

125 
-

200 
-

275 
-

50 
-

60 
-

450 
-

400 
-

300 
-

400 
-

I I I I 
I I-i- 1 I 

TBRL-----, rl~I~I-rI--------------------~ft----------~-------

'---------!. 1 I I' : 
t-tTHTH..... 1--/ ~tCD --' I...-tCD 

TRO --------: ..... ...;1-.;11 -, ) 
: : ~1i~----------~~-----~~I~S-T~DA~T~A~B~IT 

tTTH~ ~ --l l--tCT I ~rtT-T-S~~---------~~-------------
TRE------__ :~~I 

I ~--------------------~ft------------------

TBRE 

t: t DT"~-tTD::I 
; ~~Ss ~- -------PATA Xr--------------------fl:,....-------------------

* THE HOLDING REGISTER IS LDADED ON THE TRAILING EDGE OF l'l!l!t. 92eM-'45'. * * THE TRANSMITTER SH 1FT REGISTER,I F EMPTY,IS LOADED ON THE FIRST HIGH- TO-LOW TRAN~N OF THE 

~~OA~~:;~~~~(6nSsfAW~f16t~u~~Ofl2 ~i~b'l<DpWcl'8 ~Ft~~RJ~fRTRAILING EDGE OF AND 

Fig. 7 - Transmitter timing waveforms. 
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Specifications CDP6402, CDP6402C 

DYNAMIC ELECTRICAL CHARACTERISTICS al T A = -4010 +850 C. VDD ± 5°",. Ir• If = 20 ns. 

VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pF 

_LI~'ITS 

CHARACTERISTIC t 
CDP6402 CDP6402C 

:~r ~- M---'!.lt!;. TVD,-
Receiver Timing (~ee Fig. II) 

Minimum Clock Period (RRC) ICC 5 250 310 250 
_in ~ -.1.55. 

Minimum Pulse Width: 5 100 125 100 
Clock Low Level tel 10 75 100 --
Clock High Level tCH 5 100 125 100 

10 75 ~ 

DATA RECEIVED RESET too 5 50 75 50 
10 25 40 

Minimum Setup Time' 5 100 150 100 
Data Start Bit to Clock tnr. 10 50 75 

II-'ropa~a Ion J.le al! Ime: 
DATA RECEIVED RESET to tDDA 5 150 250 150 
Data Received 10 75 125 --

Clock to Data Valid tCDV 5 275 400 275 
10 110 175 --

Clock to DR 
5 275 400 275 tCDA 
10 110 175 --

Clock to Overrun Error tCOE 5 275 400 275 
10 100 150 --

Clock to Parity Error tCPE 5 240 375 240 
10 120 175 

Clock to Framing Error tCFE 5 200 300 200 
10 100 150 --

-TYPical values for T A = 25 0 C and nominal VDD. 

!;.Maximum limits of minimum characteristics are the values above which all devices function. 
t All measurements are made at the 50% paint of the transition except tri-state measurements. 

:1J: tee CLOCK 7 1/2 
SAMPLE 

tCH ~tCL \.. 

RRC~R 

-j i--·oc* 
RRI START BIT PARITY 

CLOCK 71/2 LOAD 
HOLDING REGISTER 

____ 1IlL!;. 

310 

125 
--

125 

75 

150 

250 
--
400 
--
400 
--
400 

375 

300 
--

R BUSO--------------------------------------------------------t-r~~~ 
R BUS 7 

DR --------------,----------------------------------ti-r-----
-j l-'ooA 

oRR------------~--------------r_------------------------_ti_------

~ loo-----l 
OE **--------------------------------------------------~------

PE -----------------------------------------------------i--~---

FE------------------------------------------~~~~~---
* IF A START BIT OCCURS AT A TIME LESS THAN toe BEFORE AHIGH·TO-LOWTRANSITIOH 

OF THE CLOCK, THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-
LOW TRANSITION OFTHE CLOCK THE START BIT MAYBE COMPLETELY ASYNCHRONOUS 
WITH THE CLOCK 

** IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING 
REGISTER BY THE TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING 
REGISTER, THE OE SIGNAL WILL COME TRUE 

Fig. 8 - Receiver timing waveforms. 
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HARRIS 
SEMICONDUCTOR HD-4702 

January 1992 CMOS Programmable Bit Rate Generator 

Features 

• HD-4702 Provides 13 Commonly Used Bit Rates 

• Uses a 2.4576MHz Crystalnnput for Standard 
Frequency Output (16 Times Bit Rate) 

• Low Power Dissipation 

• Conforms to EIA RS-404 

• One HD-4702 Controls up to Eight Transmission 
Channels 

• Initialization Circuit Facilitates Diagnostic Fault 
Isolation 

• On-Chip Input Pull-Up Circuit 

Ordering Information 

PACKAGE TEMP. RANGE ORDER CODE 

Plastic DIP ·40oC to +8SoC H03·4702-9 

Ceramic DIP -40°C to +8SoC HDt-4702-9 

'/883 -SSoC to +t2S0C HOt -4702/883 

SMO# Pending 

Leaded Chip -40°C to +8SoC H04-4702-9 
Carner 

H04-4702-8 

, Respective 1883 specifications are included at the end of this data 
sheet 

Truth Tables 
TRUTH TABLE FOR RATE SELECT INPUTS 

(Using 2.4S76MHz Crystal) 

S3 S2 SI SO OUTPUT RATE (Z) 

L L L L MUX Input (1M) 
L L L H MUX Input (1M) 
L L H L 50 Baud 
L L H H 75 Baud 
L H L L 1345 Baud 
L H L H 200 Baud 
L H H L 600 Baud 
L H H H 2400 Baud 
H L L L 9600 Baud 
H L L H 4800 Baud 
H L H L 1800 Baud 
H L H H 1200 Baud 
H H L L 2400 Baud 
H H L H 300 Baud 
H H H L 150 Baud 
H H H H 110 Baud 

NOTE. 19200 Baud by connecting Q2 to 1M 

Description 

The HD-4702 Bit Rate Generator provides the necessary 
clock signals for digital data transmission systems, such as a 
UART. It generates 13 commonly used bit rates using an on
chip crystal oscillator or an external input. For conventional 
operation generating 16 output' clock pulses per bit period, 
the input clock frequency must be 2.4576MHz (i.e. 9600 
Baud x 16 x16, since there is an internal + 16 prescaler). A 
lower input frequency will result in a proportionally lower 
output frequency. 

The HD-4702 can provide multi-channel operation with a 
minimum of external logic by having the clock frequency CO 
and the + 8 prescaler outputs QQ, 01, 02 available 
externally. All signals have a 50% duty cycle except 1800 
Baud, which has less than 0.39% distortion. 

The four rate select inputs (SO·S3) select which bit rate is at 
the output (Z). See Truth Table for Rate Select Inputs for 
select code and output bit rate. Two of the 16 select codes 
for the HD-4702 do not select an internally generated 
frequency, but select an input into which the user can feed 
either a different frequency, or a static level (High or Low) to 
generate "ZERO BAUD". 

The bit rates most commonly used in modern data terminals 
(110, 150, 300, 1200, 2400 Baud) require that no more than 
one input be grounded for the HD-4702, which is easily 
achieved with a Single 5-position switch. 

The HD-4702 has an initialization circuit which generates a 
master reset for the scan counter. This signal is derived from 
a digital differentiator that senses the first high level on the 
CP input after the ECP input goes low. When ECP is high, 
selecting the crystal input, CP must be low. A high level on 
CP would apply a continuous reset. See Clock Modes and 
Initialization below. 

Pinout 
16 LEAD DIP 
TOP VIEW 

CAUTION- These devICes are senSitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2954 
Copyright © Harris Corporation 1992 5-76 



HD-4702 

CLOCK MODES AND INITIALIZATION NOTE: Actual output frequency is 16 times the indicated 
Output Rate, assuming a clock frequency of 
2.4576MHz . IX ECP 

..11.I1.. H 

X L 

X H 

X L 

CP 

L 

..11.I1.. 
H 

rL... 

OPERATION 

Clocked from Ix 

Clocked from CP 

Continuous Reset 

Reset DUring 1 st CP = High lime 

H = HIGH Level 

L= LOW Level 

X = Don't Care 

J1.IL = Clock Pulse 

NOTE: Actual output frequency is 16 times the indicated Output Rate, assum
Ing a clock frequency of 2.4576MHz. 

rL... = 1st HIGH Level Clock Pulse after ECP 
goes LCJN 

Pin Description 
PIN NUMBER TYPE 

16 

8 

5 I 

4 I 

7 I 

6 0 

15 I 

11,12,13,14 I 

9 0 

1,2,3 0 

10 0 

Block Diagram 
r---------, 
I OSCILLATOR I 
I I 
I I (2) IX I I 

o Ox I J 

o ECp --------1 

o CP~1_------I 

Vee = PIN 16 
V = PIN 8 o = PIN NUMBER 

SYMBOL 

Vcc 

GND 

CP 

Ecp 

Ix 

Ox 
1M 

So- S3 

CO 

00-02 

Z 

• See Figure 4 in Design Information for 
Crystal Specifications. 

DESCRIPTION 

Vcc: Is the +5V power supply pin. AO.1mF capacitor between pins 16 and 8 is 
recommended for decoupllng 

GROUND 

EXTERNAL CLOCK INPUT 

EXTERNAL CLOCK ENABLE: A low signal on this input allows the baud rate to be 
generated from the CP input 

CRYSTAL INPUT 

CRYSTAL DRIVE OUTPUT 

MULTIPLEXED INPUT 

BAUD RATE SELECT INPUTS 

CLOCK OUTPUT 

SCAN COUNTER OUTPUTS 

BIT RATE OUTPUT 

r--- --- ------- rMULT;PLEXER'" 
COUNTER NETWORK I ~ 

...--------, : 1M So S, S2 S3 

I 
I 

5 200 

6 600 

7 2400 

8 9600 

9 4800 

10 1800 

11 1200 

12 2400 

13 300 

14 150 

15 110 

L ________________ ~ _______ ~ 
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HD-4702 

Application Information 

Single Channel Bit Rate Generator 

Figure 1 shows the simplest application of the HD-4702. 
This circuit generates one of five possible bit rates as 
determined by the setting of a single pole, 5-position switch. 
The Bit Rate Output (Z) drives one standard TTL load or four 
low power Schottky loads over the full temperature range. 
The possible output frequencies correspond to 110, 150, 
300, 1200, and 2400 Baud. For many low cost terminals, 
these five bit rates are adequate. 

1M So SI S:! S:! 
cp 

56pF Ecp HD-4702 

F- Ix 

2.4576 MHz 
CRYSTAL 

See Figure 4 

SWITCH POSITION HD-4702 BIT RATE 

1 110 Baud 

2 150 Baud 

3 300 Baud 

4 1200 Baud 

5 2400 Baud 

FIGURE 1. SWITCH SELECTABLE BIT RATE GENERATOR 
CONFIGURATION PROVIDING FIVE BIT RATES. 

Simultaneous Generation of Several Bit Rates 

Figure 2 shows a simple scheme that generates eight bit 
rates on eight output lines, using one HD-4702 and one 
93L34 Bit Addressable Latch. This and the following 
applications take advantage of the built-in scan counter 
(prescaler) outputs. As shown in the block diagram, these 
outputs (00 to O2) go through a complete sequence of eight 
states for every half-period of the highest output frequency 
(9600 Baud). Feeding these Scan Counter Outputs back to 
the Select Inputs of the muHiplexer causes the HD-4702 to 
interrogate sequentially eight different frequency signals. 
The 93L34 8-bit addressable Latch, addressed by the same 
Scan Counter Outputs, re-converts the multiplexed single 
Output (Z) of the HD-4702 into eight parallel output 
frequency Signals. In the simple scheme of Figure 2, input S3 
is left open (HIGH) and the following bit rates are generated: 

QO: 110 Baud Q1: 9600 Baud Q2: 4800 Baud 

Q3: 1800 Baud 04: 1200 Baud Q5: 2400 Baud 

06: 300 Baud Q7: 150 Baud 

Other bit rate combinations can be generated by changing 
the Scan Counter to Selector interconnection or by inserting 
logic gates into this path. 

1M So SI S2 Sa 
cp 

56pF HD-4702 

F~ 
Ix 

Ox Co 00 01 Oz Z 
2.4576 MHz 
CRYSTAL 

FIGURE 2. BIT RATE GENERATOR CONFIGURATION WITH 
EIGHT SIMULTANEOUS FREQUENCIES. 

• See Figure 4 

19200 Baud Operation 

Though a 19200 Baud signal is not internally routed to the 
multiplexer, the HD-4702 can be used to generate this bit 
rate by connecting the O2 output to 1M input and applying 
select code. An additional 2-input NOR gate can be used to 
retain the "Zero Baud" feature on select code 1 for the 
HD-4702 (See Figure 3). 

p:I-::-..... -+--' 
2.4576 MHz 
CRYSTAL 

HD-4702 

FIGURE 3. FIGURE 3, 19200 BAUD OPERATION 

• See Figure 4 

PARAMETERS TYPICAL CRYSTAL SPEC 

Frequency 2.4576MHz "Ar' Cut 

Series Resistance (Max) 250 

Unwanted Modes -6.0dB (Min) 

Type of Operation Parallel 

Load Capecitance 32pF+O.5 

FIGURE 4. CRYSTAL SPECIFICATIONS 
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Specifications HD-4702 

Absolute Maximum Ratings 
Supply Voltage .................•..........••.•..... +8.0V 
Input, Output or 1/0 Voltage ............. GND-O.SV to Vee+O.SV 
Storage Temperature Range ......•.......... -6SoC to +lSOOC 
Junction Temperature ................•............. +17SoC 
Lead Temperature (Soldering lOs) ..........•......... +300oC 
ESD Classification ................................ Class 1 
Typical Derating Factor ............ lmAlMHz Increase in ICCOP 

Reliability Information 
Thermal Resistance 0i. Ojc 

Ceramic DIP Package. . . . . . . • . . . .. 17.1°CfW 7S.7"CfW 
Maximum Package Power Dissipation at + 12SoC 

Ceramic DIP Package ......••.....•.............. 660mW 
Gate Count •................•.................. 720 Gates 

CAUTION: Stresses above those listed in "AbsoluIB Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the dawes at thess or any other conditions above those indicated in the operational sections of this specification is not implied. 

Operating Conditions 
Operating Voltage Range ...•..............•.. +4.SV to +S.SV Operating Temperature Range 

HD-4702-9 .....•...............•......... -400C to +85°C 
HD-4702-8 .•••••.•..•..••....•.....•..•. -SSoC to + 12SoC 

DC Electrical Specifications vee = SV ± 10%, TA = -4OOC to +8SoC (HD-4702-9), TA = -SSoC to +12SoC (HD-4702-8) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

V,H Input High Voltage Vee 70% V Vee = 4.SV 

V,L Input Low Voltage - Vee 30% V Vee = 4.SV 

VOH1 Output High Voltage Vee-0.1 

Vou Output Low Voltage -
I'H Input High Current -1 

I,LX Input Low Current -1 
(Ix Input) 

I,L Input Low Current -
(All Other Inputs) 

IOHX Output High Current -0.1 
(Ox) 

IOHl Output High Current -1.0 
(All Other Outputs) 

IOH2 Output High Current -D.3 
(All Other Outputs) 

10LX Output Low Current 0.1 
(Ox) 

IOL Output Low Current 1.6 
(All Other Outputs) 

Icc Supply Current 
(Static) 

NOTES: 

1. Interchanging of force and sense conditions is permitted. 

-
0.1 

+1 

+1 

-100 

-

-

-

-

lS00 

1000 

V IOH s -lilA, Vee = 4.SV, (Note 1) 

V IOL s; +1 ItA, Vee = 4.SV, (Note 1) 

IlA Y,N = Vee. All Other Pins = OV, Vee = S.SV 

IlA Y,N = OV, All Other Pins = Vee,Vee = S.SV 

ItA Y,N = OV, All Other Pins = Vee, Vee = S.SV 
(Note 2) 

rnA Vour = Vee - O.S, Vee =4.SV,lnputatOVorVee per 
Logic Function or Truth Table 

rnA Your = 2.SV, Vee = 4.SV, Input at OV or Vee per 
Logic Function or Truth Table 

rnA Your = Vee -O.S, Vee = 4.SV, Input atOV or Vee per 
Logic Function or Truth Table 

rnA Your = 0.4V, Vee = 4.SV, Input at OV or Vee per 
Logic Function or Truth Table 

rnA Vour = 0.4V, Vee = 4.SV Input, at OV or Vee per 
Logic Function or Truth Table 

ItA Eep = Vee, CP = OV, Vee = S.SV, 
~II Other Inputs = GND, (Note 2). 

ItA Eep = Vee, CP = OV, Vee = S.SV, 
All Other Inputs = Vee, (Note 2). 

2. Input Current and Quiescent Power Supply Current are relatively 
higher for this device because 01 active pull-up circuits on all 
inputs except Ix. 
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HD-4702 

AC Electrical Specifications vcc = sv ± 10%, TA = -40oC to +8SoC (HD-4702-9), TA = -55°C to +125°C (HD-4702-8) 

SYMBOL A.C. PARAMETER 

tpLH Propagation Delay, Ixto CO 

tpHL 

tpLH Propagation Delay, CP to CO 

tpHL 

tpLH Propagation Delay, CO to an 

tpHL 

tpLH Propagation Delay, CO to Z 

tpHL 

tTLH Output Transition Time (Except Ox) 

tTHL 

t. Set-Up Time, Select to CO 

4, Hold Time, Select to CO 

t. Set-Up Time, 1M to CO 

4, Hold TIme, 1M to CO 

twCp(L) Minimum Clock Pulse Width, Low (Notes 3, 4) 

twCp(H) Minimum Clock Pulse Width, High (Notes 3, 4) 

twCp(L) Minimum Ix Pulse Width, Low (Note 4) 

twCp(H) Minimum Ix Pulse Width, High (Note 4) 

tpLH Propagation Delay Ix to CO 

tpHL 

tpLH Propagation Delay CP to CO 

tpHL 

tpLH Propagation Delay CO to an 

tpHL 

tpLH Propagation Delay CO to Z 

tpHL 

tTLH Output Transition Time (Except Ox) 

tTHL 

NOTES: 

1. Propagation Delays (tpLH and tpHd and Output Transition Times 
(tTLH and tTHd will change with Output Load CapaCitance (Cd. 
Setup Times (t.), Hold Times (th), and Minimum Pulse Widths 
(tw) do not vary with load capacitance. 

2. For multichannel operation, Propagation Delay (CO to an) plus 
Set-Up Time, Select to CO, is guaranteed to be " 367ns. 

LIMITS 
TEST 

MIN MAX UNITS CONDITIONS 

- 350 ns 

275 ns 

- 260 ns 

- 220 ns 

(Note 2) ns 

(Note 2) ns 

85 ns 

- 75 ns 

160 ns 
Vcc= 4.5V 

CL" 7pF on Ox 
75 ns CL = 50pF 

(Note 1) 

350 ns 

0 ns 

350 - ns 

0 ns 

120 - ns 

120 - ns 

160 - ns 

160 - ns 

- 300 ns 

- 250 ns 

- 215 ns 

- 195 ns 

- (Note 2) ns 
Vcc= 4.5V 

CL " 7pFon Ox 
- (Note 2) ns CL = 15pF 

(Note 1) 

- 75 ns 

- 65 ns 

- 80 ns 

- 40 ns 

3. The first High Level Clock Pulse after Ecp goes Low must be at 
least 350ns long to guarantee reset of all Counters. 

4. It is recommended that input rise and fall times to the clock inputs 
(CP, Ix) be less than 15ns. 
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HD-4702 

Capacitance TA = +25°C; Frequency = 1 MHz 

SYMBOL PARAMETER TYPICAL UNITS CONDITIONS 

CIN Input Capacitance 7 pF All measurements are referenced the 
device GND 

COUT Output Capacitance 15 pF 

Switching Waveforms 

co 

r:= tw(H) 

~50% ------' 
T tw(L) ----, ,~----.. 
~ 50% J 50% "'--

NOTE: Set-Up and Hold Times are shown as positive values but may be specified as negative values. 

AC Testing Input, Output Waveform 

INPUT OUTPUT 

VIH ---__.. "...---- VOH 
50% ~ ______________ --'~ 50% 

~ - - ~ 

NOTE: AC Testing: All Input signals must sWitch between VIL and VIH • Input rise and fall times are driven at 1 nsec per volt. 
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m HARRIS HD-4702/883 
January 1992 CMOS Programmable Bit Rate Generator 

Features 
• This Circuit is Processed in Accordance to MIL-STD-

883 and is Fully Conformant Under the Provisions of 
Paragraph 1. 2. 1. 

• HD-4702/883 Provides 13 Commonly Used Bit Rates 

• Uses a 2.4576MHz Crystal/Input for Standard 
Frequency Output (16 Times Bit Rate) 

• Low Power Dissipation 
• Conforms to EIA RS-404 
• One HD-4702/883 Controls up to Eight Transmission 

Channels 

• Initialization Circuit Facilitates Diagnostic Fault 
Isolation 

• On-Chip Input Pull-Up Circuit 

Description 

The HD-4702/883 Bit Rate Generator provides the 
necessary clock signals for digital data transmission 
systems, such as a UART. It generates 13 commonly used 
bit rates using an on-chip crystal OSCillator or an external 
input. For conventional operation generating 16 output 
clock pulses per bit period. the input clock frequency must 
be 2.4576MHz (Le. 9600 Baud x 16 x16. since there is an 
internal + 16 prescaler). A lower input frequency will result 
in a proportionally lower output frequency. 

The HD-4702/883 can provide multi-channel operation 
with a minimum of external logic by having the clock 
frequency CO and the + 8 prescaler outputs 00. 01. 02 
available externally. All signals have a 50% duty cycle 
except 1800 Baud. which has less than 0.39% distortion. 

The four rate select inputs (SO-S3) select which bit rate is at 
the output (Z). See Truth Table for Rate Select Inputs for 

Truth Tables 

S3 

L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 

TRUTH TABLE FOR RATE SELECT INPUTS 
(Using 2.4576MHz Crystal) 

OUTPUT 
S2 Sl So RATE(Z) 

L L L MUX Input (1M) 
L L H MUX Input (1M) 
L H L 50 Baud 
L H H 75 Baud 
H L L 134.5 Baud 
H L H 200 Baud 
H H L 600 Baud 
H H H 2400 Baud 
L L L 9600 Baud 
L L H 4800 Baud 
L H L 1800 Baud 
L H H 1200 Baud 
H L L 2400 Baud 
H L H 300 Baud 
H H L 150 Baud 
H H H 110 Baud 

NOTE. 19200 Baud by connecting 02 101M 

Copyright © HarriS Corporation 1992 

Pinout 
HDl-4702/883 (CERAMIC DIP) 

TOP VIEW 

Vcc 

01 1M 

02 80 

ECp 81 

CP 82 

83 

IX 

GND CO 

select code and output bit rate. Two of the 1 6 select codes 
for the HD-4702/883 do not select an internally generated 
frequency. but select an input into which the user can feed 
either a different frequency. or a static level (High or Low) to 
generate "ZERO BAUD". 

The bit rates most commonly used in modern data terminals 
(110. 150.300. 1200. 2400 Baud) require that no more than 
one input be grounded for the HD-4702/883. which is 
easily achieved with a single 5-position switch. 

The HD-4702/883 has an initialization circuit which 
generates a master reset for the scan counter. This signal is 
derived from a digital differentiator that senses the first high 
level on the CP input after the ECp Input goes low. When 
ECp is high. selecting the crystal input. CP must be low. A 
high level on CP would apply a continuous reset. See Clock 
Modes and Initialization below. 

CLOCK MODES AND INITIALIZATION 

IX ECp CP OPERATION 

.rLr1- H L Clocked from Ix 
X L J1JL Clocked from CP 
X H H Continuous Reset 
X L ...JL Reset During 1 st CP = High Time 

NOTE: Actual output frequency Is 16 times the indicated Output Rate, 
assuming a clock frequency of 2.4576MHz. 

H = HIGH Level 

L = LOW Level 

X = Don't Care 

J"lJ"l.. = Clock Pulse 

s-L = 1st HIGH Level Clock 
Pulse after ECp goes LOW 

File Number 2955 
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Specifications HD-4702/883 

Absolute Maximum Ratings Reliability Information 

Supply Voltage ........................................ +8.0V Thermal Resistance. Junction-to-Case (Oiel 
Input. Output or Ceramic DIP Package ........................... +17.1 0C/W 

I/O Voltage Applied ................ GND - 0.5Vto VCC + 0.5V Thermal Resistance. Junction-to-Ambient (Oia) 
Storage Temperature Range ................. -650C to +1500C Ceramic DIP Package ........................... + 75.70C/W 
JunctionTemperature ................................ +1750C Maximum Package Power Dissipation @ +1250C 
Lead Temperature (Soldering. 10 Seconds) ............. +300oC Ceramic DIP Package· ............................. 660mW 
ESD Classification .................................... Class 1 Gate Count ............................................. 720 
Typical Derating Factor ............ 1 mA/MHz Increase in ICCOP 

CAUTION Stresses above those listed In the "Absolute Maximum Ratmgs" may cause permanent damage to the device This IS a stress only ratmg and 
operation of the device at these or any other condllions above those mdlcated In the operation sectIOn of this specificatIOn IS not Implied 

Operating Conditions 

Operating Voltage Range ....................... +4.5V to +5.5V 
Operating Temperature Range ............... -550C to +1250C 

TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

GROUP A 

D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE 

Input High Voltage VIH Vee ~ 4 5V 1.2.3 -5SoC <TA < +12Soc 

Input Low Voltage VIL Vee ~ 4 5V 1.2.3 -5SoC ~ TA ~ +1250C 

Output HIgh Voltage VOH1 IOH.::: -1 ~A. Vee ~ 4 5V. (Note 1) 1.2.3 -5SDC.s. TA < +12SoC 

Output Low Voltage VOU IOL.::: +1~A. Vee ~ 4 5V.(Note 1) 1.2.3 -55°C < TA < +12SoC 

Input High Current IIH VIN ~ Vee All Other Pms ~ OV. Vee ~ 5 5V 1.2.3 -550e.::: TA.s. +1250e 

Input Low Current IILX VIN ~ OV. All Other Pms ~ Vee. 1.2.3 -55°C ~ TA ~ +1250C 
(IX Input) Vee ~ 5 5V 

Input Low Current ilL VIN ~ OV. All Other Pins ~ Vee, Vee ~ 5 5V 1.2.3 -550e.:': TA.:': +1250e 
(All Other Inputs) (Note 2) 

Output High Current IOHX VOUT ~ Vee - 0 5. Vee ~ 4.5V 1.2.3 -5S0C~TA':::+1250C 

(OX) Input at OVor VCC per LogiC Function 

or Truth Table 

Output High Current IOH1 VOUT ~ 2 5V. Vee ~ 4 5V 1.2.3 -5SoC :s,TA'::: +12SoC 

(All Other Outpuls) Input at OV or VCC per LogiC Function 

or Truth Table 

Output High Current IOH2 VOUT ~ Vee -0 5. Vee ~ 4 5V 1.2,3 -550e:::. TA:::' +1250e 
(All Other Outputs) Input at OVor VCC per LogiC Function 

or Truth Table 

Output Low Current IOLX VOUT ~ 0 4V. Vee ~ 4 5V 1.2.3 -S50e :::'TA:::' +1250e 
(OX) Input at OVor Vce per LogiC Function 

or Truth Table 

Output Low Current IOL VOUT ~ O.4V. Vee ~ 4 SV 1.2.3 -550e :::.TA'::: +1250e 

(All Other Outputs) Input at OVor VCC per LogiC Function 

or Truth Table 

Supply Current Ice Eep ~ Vee. ep ~ OV. Vee ~ 5.5V 1.2.3 -5SoC ::. TA ::. +12soe 
(Stallc) All Other Inputs = GND.(Note 2) 

Eep ~ Vee. ep ~ OV. Vee ~ 5 5V 

All Other Inputs ~ Vee. (Note 2) 

NOTES 

1. Interchanging of force and sense condillons IS permitted 

2. Input Current and Quiescent Power Supply Current are relatively higher for this device because of active 

pull-up Circuits on all inputs except IX 

CAUTION These deVices are sensitive to electrostatic discharge. Proper I C handlmg procedures should be followed. 
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LIMITS 

MIN MAX 

Vee 70% -
- Vee 30% 

Vee-01 -

- 01 

-1 +1 

-1 +1 

- -100 

-01 -

-10 -

-03 -

01 -

16 -

- 1500 

- 1000 

UNITS 

V 

V 

V 

V 

~A 

~A 

~ 

rnA 

rnA 

rnA 

rnA 

rnA 

~ 

~ 



Specifications HD-4702/883 

TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested. 

GROUP A 
LIMITS 

A.C. PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX UNITS 

Propagation Delay, IX to CO tPLH 9,10,11 -550C ~TA~ +1250C - 350 ns 

tPHL 9,10,11 -550C ~TA~ +1250C - 275 ns 

Propagation Delay, CP to CO tPLH 9,10,11 -550C <TA < +1250C - 260 ns 

tPHL 9,10,11 -550C ~ TA~ +1250C - 220 ns 

Propagation Delay, CO to On tPLH 9,10,11 -550C~TA~+1250C - (Note 2) ns 

tPHL 9,10,11 -550C ~TA~ +1250C - (Note 2) ns 

Propagation Delay, CO to Z tPLH 9,10,11 -550C ~TA~ +1250C - 85 ns 

tPHL VCC=4.5V 9,10,11 -550C~TA~+1250C - 75 ns 

OutpulTransilion Time tTLH CL~7pFonOX 9,10,11 -550C~TA~+1250C - 160 ns 
(Except OX} 

lTHL CL= 50pF 9,10,11 -550C ~TA~ +1250C - 75 ns 

Set-Up Time, Select to CO ts (Note 1) 9,10,11 -550C~TA~+1250C 350 - ns 

Hold Time, Select to CO th 9,10,11 -550C ~ TA~ +1250C ° - ns 

Set-Up Time, 1M to CO ts 9,10,11 -550C~TA~+1250C 350 - ns 

Hold Time, 1M to CO th 9,10,11 -550C ~TA~ +1250C ° - ns 

Minimum Clock Pulse Width, twCP(L} 9,10,11 -550C~TA~+1250C 120 - ns 
Low (Notes 3, 4) 

Minimum Clock Pulse Width, twCP(H} 9,10,11 -550C ~TA~ +1250C 120 - ns 
High (Notes 3, 4) 

Minimum IX Pulse Width, Low twCP(L} 9,10,11 -550C ~TA~ +1250C 160 - ns 
(Note4) 

Minimum IX Pulse Width, High twCP(H} 9,10,11 -550C ~TA~ +1250C 160 - ns 
(Note4) 

NOTES: 

1. Propagation Delays (tPLH and tPHL) and Oulpul Transition T,mes (ITLH and ITHL) will change wilh Oulput Load Capacilance (CL). Set-up Times (Is). Hold 
Times (th), and Mmimum Pulse Widths (tw) do not vary with load capacitance. 

2. For multichannel operation, Propagation Delay (CO to On) plus Set-Up Time, Select to CO, is guaranteed to be .s. 367n5. 

3. The first High level Clock Pluse after ECp goes Low must be at least 350n5 long to guarantee reset of all Counters. 

4. It IS recommended that Input rise and fall times to the clock inputs (CP, IX) be less than 15n5. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures s~ould be followed. 
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Specifications HD-4702/883 

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 

LIMITS 

A.C. PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX 

Input Capacitance CIN All Measurements are referenced 1 TA=+2S0C - 7.0 

Output Capacitance CO 
to device ground, f = 1 MHz. 

1 TA=+2S0C - lS.0 

Propagation Delay tPLH 

1 
1,3 -SSoC :5 TA::; +12SoC - 300 

IX toCO 
tPHL 1,3 -SSoC < TA < +12SoC - 2S0 

Propagation Delay tPLH 1,3 -SSOC.:5 TA < +12SoC - 215 
CPtoCO 

-SSoC ::; TA:5 +1250C tPHL VCC=4.5V 1,3 - 195 

Propagation Delay tPLH CL ::;7pFon Ox 1,3 -SSoC <TA < +12SoC - (Note 2) 
COtoQn 

tPHL CL= 15pF 1,3 -SSoC <TA < +1250C - (Note 2) 

Propagation Delay tPLH 

I 
1,3 -55°C <TA < +12SoC - 75 

COtoZ 
-550C <TA < +12SoC tPHL 1,3 - 6S 

Output Transition tTLH 1,3 -SSoC < T A "5. +12SoC - SO 
Time (Except OX) 

tTHL 1,3 -55°C ~TA~ +1250C - 40 

NOTES: ,. The parameters listed In table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon mitlal design and after major process andlor design changes. 

2. For multichannel operation, Propagation Delay (CO to On) plus Set-Up Time. Select to CO, IS guaranteed to be ~ 367n5. 

UNITS 

pF 

pF 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

3. Propagation Delays (tPLH and tPHL) and Output Transition Times (tTLH and tTHL) will change with Output Load Capacitance (eLl. Set-up 
Times (\s), Hold Times (th), and Mmimum Pulse Widths (tw) do not vary with load capacitance. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

In itial Test 100%/5004 -
Interim Test 100%/S004 1,7,9 

PDA 100% 1 

Final Test 100% 2, 3, SA, SB, 10, 11 

Group A - 1,2,3,7, SA,SB,9,10,ll 

GroupsC&D Samples/SOOS 1,7,9 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Burn-In Circuit 

VCC/2 
R1 

VCC/2 
R1 

VCC/2 

GND 

FO 

VCC/2 

GND 

NOTES' FO = 100KHz ± 10%. F1 = FO/2. F2 = F1/2 •.. · 
R1 = 10kO, 1/4 W, ±10% 
Vee = 5.5V ± O.5V, GND = OV 
C1 = 0.01 J.1F minimum 

Packaging 

LEAD FINISH: Type A 

HD-4702/883 

HD-4702/883 CERAMIC DIP 

16 PIN CERAMIC DIP 

.065 

C1~ 

F4 

F12 

F13 
R1 

F14 
R1 

F15 

VCC/2 

VCC/2 

---i .265 I--
I .285 I 

0' 
15' 

• INCREASE MAX UMIT BY .003 INCHES 
MEASURED AT CENlER OF FLAT FOR 
SOLDER FINISH 

MATERIALS: Compliant to MIL-M-38510 
COMPLIANT OUTLINE: MIL-STD-1835, 

GDIP1-T16 

NOTE- All Dimensions are ~~: ,DImensions are in Inches. 
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HD-4702/883 

Metallization Topology 
DIE DIMENSIONS: 

100 x 97 x 19 mils 

METALLIZATION: 
Type: Si - AI 
Thickness: 10kA - 12kA 

GLASSIVATION: 
Type: Si02 
Thickness: 7kA - 9kA 

DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 4600 C (Max) 

WORST CASE CURRENT DENSITY: 
7.1 x 104A/cm2 

Metallization Mask Layout 
HD-4702/883 

Ox IX GND CO 
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Em HARRIS 

January 1992 

Features 

• 8.0MHz Operating Frequency (HD-6402B) 

• 2.0MHz Operating Frequency (HD-6402R) 

• Low Power CMOS Design 

• Programmable Word Length, Stop Bits and Parity 

• Automatic Data Formatting and Status Generation 

• Compatible with Industry Standard UARTs 

• Single +5V Power Supply 

• CMOS/TTL Compatible Inputs 

Ordering Information 

TEMP. 2M Hz = 8MHz= 
PACKAGE RANGE 125KBAUD 500KBAUD 

PlastiC DIP -400 C to +850 C HD3-6402R-9 HD3-6402B-9 
Ceramic DIP -400 C to +850 C HD1-6402R-9 HDI-6402B-9 
* /883 -550 C to + 1250 C HDI-6402R/ HDI-6402B/ 

883 883 
SMD# 5962-9052501 5962-9052502 

MQA MQA 
* Respective 1883 specifications are included at the end of this data sheet 

HD-6402 
CMOS Universal Asynchronous 

Receiver Transmitter (UART) 

Description 

The HD-6402 is a CMOS UART for interfaCing computers 
or microprocessors to an asynchronous serial data channel. 
The receiver converts serial start, data, parity and stop bits. 
The transmitter converts parallel data into serial form and 
automatically adds start, parity and stop bits. The data word 
length can be 5, 6,7 or 8 bits. Parity may be odd or even. 
Parity checking and generation can be inh ib ited. The stop 
bits may be one or two or one and one-half when transmit
ting 5 bit code. 

The HD-6402 can be used in a wide range of applications 
including modems, printers, peripherals and remote data 
acquisition systems. Utilizing the Harris advanced scaled 
SAJIIV CMOS process permits operation clock frequencies 
up to 8.0MHz (500K Baud). Power requirements, by 
comparison, are reduced from 300mW to 10mW. 
Status logic increases flexibility and simplifies the user 
interface. 

Pinout 40 LEAD DIP Control Definition 
TOP VIEW 

VCC IT ~TRC 
CONTROL WORD CHARACTER FORMAT 

CLS CLS START DATA PARITY STOP 
NC ~ ~EPE 2 1 PI EPE SBS BIT BITS BIT BITS 

GND ~ ~CLSI 0 0 0 0 0 1 5 ODD 1 

RRD 8: ~ CLS2 0 0 0 0 1 1 5 ODD 1.5 
0 0 0 1 0 1 5 EVEN 1 

RBR8 ~ ~SBS 0 0 0 1 1 1 5 EVEN 1.5 
RBR7 ~ ~PI 0 0 1 X 0 1 5 NONE 1 
RBR6 l2: ~CRL 0 0 1 X 1 1 5 NONE 1.5 

RBR5 ~ ~TBR8 0 1 0 0 0 1 6 ODD 1 

RBR4 ~ ~TBR7 0 1 0 0 1 1 6 ODD 2 
0 1 0 1 0 1 6 EVEN 1 

RBR3 ~ ~TBR6 0 1 0 1 1 1 6 EVEN 2 
RBR2 ~ ~TBR5 0 1 1 X 0 1 6 NONE 1 

RBRI ~ ~TBR4 0 1 1 X 1 1 6 NONE 2 

PE ~ ~ TBR3 
1 0 0 0 0 1 7 ODD 1 
1 0 0 0 1 1 7 ODD 2 

FE ~ :gJ TBR2 1 0 0 1 0 1 7 EVEN 1 
OE ~ ~ TBRI 1 0 0 1 1 1 7 EVEN 2 

SFD ~ ~TRO 1 0 1 X 0 1 7 NONE 1 

RRC [g ~TRE 1 0 1 X 1 1 7 NONE 2 

ORR ~ ~TBRL 1 1 0 0 0 1 8 ODD 1 
1 1 0 0 1 1 8 ODD 2 

DR ~ ~TBRE 1 1 0 1 0 1 8 EVEN 1 
RRI § ~MR 1 1 0 1 1 1 8 EVEN 2 

1 1 1 X 0 1 8 NONE 1 
1 1 1 X 1 1 8 NONE 2 

CAUTION: These devices are sensitive to electrostallc discharge Users should follow proper I.C. Handling Procedures. File Number 2956 Copyright © Harris Corporation 1992 
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Functional Diagram 

(24) TRE --r------

(23) TaRL 

(40) TRC 

(38) CLSI 

(37) CLS2 

(34) CRL 

(21) MR 

(17) RRC 

(18) ORR 

TRANSMITTER 
TIMING AND 

CONTROL 

(19) DR- __ -"-"-.-" 

CONTROL 
REGISTER 

HD-6402 

(32) (30) (28) (26) 

TaR8 (31) (29) (27) TBRI 

L-.-----------~-~.-(25)TRO 

(36) sas 
(16) SFD 

(39) EPE 

(35) PI 

,------------~~~-t_- (20)RRI 

(16) SFD --~---.~-----. /--.. ---4./-----'1 (4) RRD 

... THESE OUTPUTS ARE 
THREE STATE 

- OE 
(15) 

- FE 
(14) 

- PE 
(13) 
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HD-6402 

Pin Description 

PIN TYPE SYMBOL DESCRIPTION PIN TYPE SYMBOL DESCRIPTION 

1 VCC' Positive Voltage Supply 16 I SFD A high level on STATUS FLAGS DISABLE 
2 NC No Connection forces the outputs PE, FE, OE, DR, TBRE 

3 GND Ground to a high impedance state. 

4 I RRD A high level on RECEIVER REGISTER 
DISABLE forces the receiver holding out-
puts RBR1-RBRS to high impedance state. 

5 0 RBRS The contents of the RECEIVER BU FFER 
REGISTER appear on these three-state 
outputs. Word formats less than Schar-
acters are right justified to RBR1. 

6 0 RBR7 See Pin 5-RBRS 
7 0 RBR6 See Pin 5-RBRS 

S 0 RBR5 See Pin 5-RBRS 

9 0 RBR4 See Pin 5-RBRS 

17 I RRC The Receiver reg ister clock is 16X the 
receiver data rate. 

lS I ORR A low level on DATA RECEIVED RESET 
clears the data received output DR to a 
low level. 

19 0 DR A high level on DATA RECEIVED indicates 
a character has been received and trans-
ferred to the receiver buffer register. 

20 I RRI Serial data on RECEIVER REGISTER IN-
PUT is clocked into the receiver register. 

21 I MR A high level on MASTER RESET clears PE, 
FE, OE and DR to a low level and sets the 

10 0 RBR3 SeePin5-RBRS transmitter register empty (TRE) to a 

11 0 RBR2 See Pin 5-RBRS high level1S clock cycles after MR falling 

12 0 RBRl See Pin 5-RBRS 

13 0 PE A high level on PARITY ERROR indicates 
received parity does not match parity 
programmed by control bits. When parity 
is inhibited this output is low. 

edge. MR does not clear the receiver buffer 
register. This input must be pulsed at least 
once after power up. The HD-6402 must 
be master reset after power up. The reset 
pulse should meet VIH and tMR. WaH lS 
clock cycles after the falling edge of MR 

14 0 FE A high level on FRAMING ERROR indicat- before beginning operation. 
es the first stop bit was invalid. 22 0 TBRE A high level on TRANSMITIER BUFFER 

15 0 OE A high level on OVERRUN ERROR indicat- REGISTER EMPTY indicates the transmit-
es the data received flag was not cleared ter buffer register has transferred its 
before the last character was transferred data to the transmitter register and is 
to the receiver buffer register. ready for new data. 

* A 0.1 pF decoupling capacitor from the vee pin to the GND is recommended. 

PIN TYPE SYMBOL DESCRIPTION PIN TYPE SYMBOL DESCRIPTION 

23 I TBRL A low level on TRANSMITIER BUFFER 31 I TBR6 See Pin 26-TBR1. 
REGISTER LOAD transfers data from 32 I TBR7 See Pin 26-TBR1. 
inputs TBR1-TBR8 into the transmitter 
buffer register. A low to high transition 
on TBRL initiates data transfer to the 
transmitter register. If busy, transfer is 
automatically delayed so that the two char-
acters are transmitted end to end. 

33 I TBRS See Pin 26-TBR1. 

34 I CRL A high level on CONTROL REGISTER LOAD 
loads the control register with the control 
word. The control word is latched on the 
falling edge of CRL. CRL may be tied high. 

24 0 TRE A high level on TRANSMmER REGISTER 
EMPTY indicates completed transmission 
of a character including stop bits. 

25 0 TRO Character data, start data and stop bits 
appear serially at the TRANSMITIER REG-
ISTER OUTPUT. 

26 I TRB1 Character data Is loaded into the TRANS-
MITIER BUFFER REGISTER via inputs 
TBR1-TBRS. For character formats less 
than 8 bits the TBR8, 7 and 6 inputs are 
ignored corresponding to their program-
med word length. 

27 I TBR2 See Pin 26-TBR1. 

28 I TBR3 See Pin 26-TBR1. 

35 I PI A high level on PARITY INHIBIT inhibits 
parity generation, parity checking and 
forces PE output low. 

36 I SBS A high level on STOP BIT SELECT selects 
1.5 stop bits for 5 character format and 
2 stop bits for other lengths. 

37 I CLS2 These inputs program the CHARACTER 
LENGTH SELECTED (CLS110w CLS210w 
5 bits)(CLS1 high CLS210w 6 bHs) 
(CLS1 low CLS2 high 7 bits) (CLS1 high 
CLS2 high S bits.) 

38 I CLSl See Pin 37-CLS2. 

39 I EPE When PI is low, a high level on EVEN 
PARITY ENABLE generates and checks 
even parity. A low level selects odd parity. 

29 I TBR4 See Pin 26-TBR 1. 40 I TRC The TRANSMITIER REGISTER CLOCK is 
30 I TBR5 See Pin 26-TBR1- 16X the transmit data rate. 
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HD-6402 

Transmitter Operation 
The transmitter section accepts parallel data, formats the 
data and transmits the data in serial form on the Transmitter 
Register Output (TRO) terminal (See serial data format). 
Data is loaded from the inputs TBR 1-TBR8 into the 
Transmitter Buffer Register by applying a logic low on the 
Transmitter Buffer Register Load (TBRL) input (A). Valid 
data must be present at least tset prior to and thold 
following the rising edge of TBRL. If words less than 8 bits 
are used, only the least significant bits are transmitted. The 
character is right justified, so the least significant bit corre
sponds to TBR1 (B). 

The rising edge of TBRL clears Transmitter Buffer Register 
Empty (TBRE). 0 to 1 Clock cycles later, data is transferred 
to the transmitter register, the Transmitter Register Empty 
(TRE) pin goes to a low state, TBRE is set high and serial 
data information is transmitted. The output data is clocked 
by Transmitter Register Clock (TRC) at a clock rate 16 times 
the data rate. A second low level pulse on TBRL loads data 
into the Transmitter Buffer Register (C). Data transfer to the 
transmitter register is delayed until transmission of the cur
rent data is complete (D). Data is automatically transferred 
to the transmitter register and transmission of that character 
begins one clock cycle later. 

TRANSMITTER TIMING 
(NOT TO SCALE) 

:::: =lJ I ~ j r----I 

~I I- 0 TO I CLOCKL----~t__ 112 CLOCK 

~:: ---+---t; I! I DATA rh r-
eD ® CD CD C END OF LAST STOP BIT 

Receiver Operation 
Data is received in serial form at the Receiver Register Input 
(RRI). When no data is being received, RRI must remain 
high. The data is clocked through the Receiver Register 
Clock (RRC). The clock rate is 16 times the data rate. A low 
level on Data Received Reset (ORR) clears the Data Receiv
er (DR) line (A). During the first stop bit data is transferred 
from the Receiver Register to the Receiver Buffer Register 
(RBR) (B). If the word is less than 8 bits, the unused most 
significant bits will be a logic low. The output character is 

RECEIVER TIMING 
(NOT TO SCALE) 

RAI 

RBRI·8. OE. PE 

ORR 

OR 

FE 

I 

~J 

right justified to the least significant bit RBR1. A logic high 
on Overrun Error (OE) indicates overruns. An overrun 
occurs when DR has not been cleared before the present 
character was transferred to the RBR. One clock cycle later 
DR is reset to a logic high, and Framing Error (FE) is 
evaluated (C). A logic high on FE indicates an invalid stop 
bit was received, a framing error. A logic high on Parity Error 
(PE) indicates a parity error. 

,:- BEGINNING OF FIRST STOP BIT 

J 
~ I- 7", CLOCK CYCLES 

- -I CLOCK C YCLE 

®CD 

START BIT 5-8 DATA BITS 1. 1'1, OR 2 STOP BITS 

SERIAL DATA 
FORMAT ~\~~IL_SB~I~~~~~IM_SB~I~'~~L 

PARITY "IF ENABLED 
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HD-6402 

Start Bit Detection 

The receiver uses a l6X clock timing. The start bit could 
have occurred as much as one clock cycle before it was de
tected, as indicated by the shaded portion (A). The center of 
the start bit is defined as clock count 7 1/2. If the receiver 
clock is a symmetrical square wave, the center of the start 

bit will be located within ±1/2 clock cycle, ±1/32 bit or 
3.125% giving a receiver margin of 46.875%. The receiver 
begins searching for the next start bit at the center of the 
first stop bit. 

CLOCK 

RRIINPUT 
"--- COUNT 7'1, DEFINED 

~t===:-j;;;C~S~TAtR~TYCLiES====r--- CENTER OF START BIT 
I 7'1, CLOCK CYCLES 
1------- B'I, CLOCK CYCLES ----1 

Interfacing With The HD-6402 

TRANSMITTER RECEIVER 
TBRI RBI 

TBRB TRO RRI RBB 

CONTROL 
DIGITAL HO·6402 HO·6402 
SYSTEM 

CONTROL 

RRI TRO TBRI 

TBRB 
TRANSMITTER 

TYPICAL SERIAL DATA LINK 
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Specifications HD-6402 

Absolute Maximum Ratings 
Supply Voltage ..•.•.••.•.••.....•.•.•••..••........ +B.OV 
Input, Output or I/O VoltageApplied •.•... GND-0.5V to VCC+D.5V 
Storage Temperature Range ...........•..... -S5°C to + 1 SOOC 
Junction Temperature. . . . . . . . . . . . . . • . . . . • . • . . . . . . . . + 17SoC 
Lead Temperature (Soldering 1 Os) .........•.........• +300oC 
ESD Classification ................................ Class 1 
Typical Derating Factor ............ 1rnAlMHz Increase in ICCOP 

Reliability Information 
Thermal Resistance ... . . . • . • . • . . . . . 9", 9-)0 

Ceramic DIP Package ..•........•• 48.:Y'CfW 14.8°CIW 
Maximum Package Power Dissipation at + 1250C 

Ceramic DIP Package .........•.•..••..••.•..••.•. 1.03W 
Gate Count •....•......•........••.....•...... 1643 Gates 

CAUTION: Stresses abo ... thosalisted in "Absolute Maximum Ratings" may cause permanent damage to the davies. This is a stress only IBting and operation 
of the deviee at these or any other condiUons abo ... thosa indieated in the opsrationsl sections of this specificatIOn is not implied. 

Operating Conditions 
Operating Voltage Range •.•.................. +4.5V to +5.5V Operating Temperature Range 

HD-6402R-9, HD6402B-9 ...........•....... -4O"C to +85°C 

DC Electrical Specifications vcc = 5.0V ± 10%, T ... = -4Q°C to +85°C (HD-6402R-9, HD-6402B-9) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS 

VIH Logical "1" Input Voltage 2.0 - V VCC= 5.5V 

VIL Logical "0" Input Voltage 0.8 V VCC= 4.5V 

II Input Leakage Current -1.0 1.0 (1A VIN = GND or VCC, VCC = 5.5V 

VOH Logical "1" Output Voltage 3.0 - v IOH = -2.5mA, VCC = 4.5V 
VCC -0.4 - IOH = -1OOIlA 

VOL Logical "0" Output Voltage 0.4 V IOL = +2.5mA, VCC = 4.5V 

10 Output Leakage Current -1.0 1.0 (1A VO = GND or VCC, VCC = 5.5V 

ICCSB Standby Supply Current - 100 (1A VIN = GND or VCC; VCC = 5.5V, 

Output Open 

ICCOP Operating Supply Current" - 2.0 mA VCC = 5.5V, Clock Freq. = 2MHz, 
VIN = VCC or GND, Outputs Open 

"Guaranteed, but not 100% tested 

Capacitance TA = +2S0C 

LIMIT 

PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

Input Capacitance CIN Freq. = 1 MHz, all measurements are relerenced to de- 25 pF 
viceGND 

Output Capacitance COUT 25 pF 

AC Electrical Specifications vcc = S.OV ± 10%, TA = -40°C to +85°C (HD-6402R-9, HD6402B-9) 

LIMITS HD-6402R LIMITS HD-S402B 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS CONDITIONS 

(1)fCLOCK Clock Frequency D.C. 2.0 D.C. 8.0 MHz CL= SOpF 

(2)tPW Pulse Widths, CRL, ORR, TBRL 150 - 7S - ns 
See Switching Wavelorm 

(3)tMR Pulse Width MR 150 - 150 - ns 

(4) tSET Input Data Setup Time SO 20 - ns 

(S)tHOLD Input Data Hold Time SO - 20 - ns 

(S) tEN Output Enable Time - 160 - 35 ns 
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Switching Waveforms 

tHOlD 
(5) 

CLS1, CLS2, SBS, PI, EPE 
SFD 
RRD 

~AruSOR----+-----~ 
~1 .~ ____ +-____ -/ 

DATA INPUT CYCLE CONTROL REGISTER LOAD CYCLE STATUS FLAG OUTPUT ENABLE TIME 
OR DATA OUTPUT ENABLE TIME 

A.C. Testing Input, Output Waveform 

Test Circuit 

INPUT OUTPUT 

VIH + 2O'!b VIH ---..., ,....---- VOH 

1.5V ~'-_______ X 1.5V 
VIL - 5O'lb VIL 

A C. Testing: All input signals must switch between VIL - 50% VIL and VIH + 
20% VIH. Input rise and fall limes are driven at 1 nsN. 

OUT O--~I--

CL* 

~ 
'" Includes stray and jig capacitance. CL = 50pF 
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~~RIS 
...., SEMICONDUCTOR HD-6402/883 
January 1992 

Features 

• This Circuit is Processed in Accordance to Mil-Std-
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

• 8.0MHz Operating Frequency (HD-6402B/883) 

• 2.0MHz Operating Frequency (HD-6402R/883) 

• Low Power CMOS Design 

• Programmable Word Length, Stop Bits and Parity 

• Automatic Data Formatting and Status Generation 

• Compatible with Industry Standard UARTs 

• Single +5V Power Supply 

• CMOS/TTL Compatible Inputs 

Pinout 
HDl-6402/883 (CERAMIC DIP) 

TOP VIEW 

VCC TRC 

NC EPE 

GND Cl.S1 

Cl.S2 

SBS 

PI 

CRL 

TBR8 

TBR7 

RBR3 TBRS 

RBR2 TBRS 

RBR1 TBR4 

PE TBR3 

FE TBR2 

OE TBR1 

SFD TRO 

RRC TRE 

ORR TBRl 

DR TBRE 

RRI MR 

Copyright © Harris Corporation 1992 

CMOS Universal Asynchronous 
Receiver Transmitter (UART) 

Description 

The HD-6402/883 is a CMOS UART for interfacing com
puters or microprocessors to an asynchronous serial data 
channel. The receiver converts serial start, data, parity and 
stop bits. The transmitter converts parallel data into serial 
form and automatically adds start, parity and stop bits. The 
data word length can be 5, 6,7 or 8 bits. Parity may be odd 
or even. Parity checking and generation can be inhibited. 
The stop bits may be one or two or one and one-half when 
transmitting 5 bit code. 

The HD-6402/883 can be used in a wide range of applica
tions including modems, printers, peripherals and remote 
data acquisition systems. Utilizing the Harris advanced 
scaled SAJI IV CMOS process permits operation clock 
frequencies up to 8.0MHz (500K Baud). Power require· 
ments, by comparison, are reduced from 300mW to 10mW. 
Status logic increases flexibility and simplifies the user 
interface. 

Control Definition 

CONTROL WORD CHARACTER FORMAT 

C C 
L L P E S 
S S I P B START DATA PARITY STOP 
2 1 E S BIT BITS BIT BITS 

0 0 0 0 0 1 5 ODD 1 

0 0 0 0 1 1 5 ODD 1.5 

0 0 0 1 0 1 5 EVEN 1 

0 0 0 1 1 1 5 EVEN 1.5 

0 0 1 X 0 1 5 NONE 1 

0 0 1 X 1 1 5 NONE 1.5 

0 1 0 0 0 1 6 ODD 1 

0 1 0 0 1 1 6 ODD 2 

0 1 0 1 0 1 6 EVEN 1 

0 1 0 1 1 1 6 EVEN 2 

0 1 1 X 0 1 6 NONE 1 

0 1 1 X 1 1 6 NONE 2 
1 0 0 0 0 1 7 ODD 1 

1 0 0 0 1 1 7 ODD 2 
1 0 0 1 0 1 7 EVEN 1 

1 0 0 1 1 1 7 EVEN 2 
1 0 1 X 0 1 7 NONE 1 

1 0 1 X 1 1 7 NONE 2 
1 1 0 0 0 1 8 ODD 1 

1 1 0 0 1 1 8 ODD 2 
1 1 0 1 0 1 8 EVEN 1 

1 1 0 1 1 1 8 EVEN 2 

1 1 1 X 0 1 8 NONE 1 

1 1 1 X 1 1 8 NONE 2 

File Number 2953 
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Specifications HD-6402/883 

Absolute Maximum Ratings 

Supply Voltage ........................................ +8.0V 
Input, Output or I/O Voltage Applied .•.• GND-0.5V to VCC-i;0.5V 
Storage Temperature Range ................. -650C to +1500C 
Junction Temperature ................................ +1750C 
Lead Temperature (Soldering 10 sec) ••.•..••.••.••.•.. +3000C 
ESD Classification .................................... Class 1 
Typical Derating Factor .••.•••...•• 1 mNMHz Increase in ICCOP 

Reliability Information 

Thermal Resistance eja ejc 
Ceramic DIP Package. • . . • • . • • • . . • . • •. 48.30 CIW 14.80 CIW 

Maximum Package Power Dissipation at +1250C 
Ceramic DIP Package •••.•.•.•...•.•...•••••••..•••.• 1.03W 

Gate Count ...................................... 1643 Gates 

CAUTION: Stresses above those listed In "Absolute Maximum Ratings" may cause permanent damage to the device. Th,s;s a stress only rating and operation 
of the device at these or any other conditions above those md,cated in the operational sections of thiS specification is not Implied. 

Operating Conditions 

Operating Voltage Range .•..•..••..•...•....... +4.5V to +5.5V 
Operating Temperature Range .••..•.••..•... -550C to +1250C 

TABLE 1. HD-6402/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested. 

LIMITS 
GROUP A 

D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX 

Logical "1" Input Voltage VlH VCC=5.5V 1,2,3 -550C ~TA~ +1250C 2.3 -
Logical "0" Input Voltage VIL VCC=4.5V 1,2,3 -55°C ~TA~ +1250C - 0.8 

Input Leakage Current II VIN = GND orVCC, 1,2,3 -550C ~TA ~ +1250C -1.0 1.0 
VCC=5.5V 

Logical "1" Output VOH 10H = -2.5mA, 1,2,3 -550C ~TA ~ +1250C 3.0 -
Voltage VCC = 4.5V, (Note 1) 

Logical "I" Output VOH 10H = -1 00jJA, 1,2,3 -550C ~TA ~ +1250C VCC -
Voltage VCC = 4.5V, (Note 1) -0.4 

Logical "0" Output VOL 10L = +2.5mA, 1,2,3 -55°C ~ TA ~ +1250C - 0.4 
Voltage VCC = 4.5V, (Note 1) 

Output Leakage Current 10 VO = GND or VCC, 1,2,3 -550C ~TA ~ +1250C -1.0 1.0 
VCC=5.5V 

Standby Supply Current ICCSB VIN = GND orVCC; 1,2,3 -550C~TA~+1250C - 100 
VCC=5.5V 
Output Open 

TABLE 2. HD-6402/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

LIMITS LIMITS 

A.C. (NOTE 2) GROUP A 
HD-6402R/883 HD-6402B/883 

PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX MIN MAX 

Clock Frequency (1)fCLOCK 9,10,11 -550C~TA~+1250C - 2.0 - 8.0 

Pulse Widths, (2)tpW 9,10,11 -550C~TA~+125OC 150 - 75 -
CRL, ORR, TBRL VCC=4.5V 

Pulse Width MR (3)tMR 
CL=50pF 

9,10,11 -55OC<TA<+1250C 150 - 150 -
Input Data Setup (4)tsET 9,10,11 -550C~TA~+125OC 50 - 20 -
Time 

Input Data Hold (5)tHOLD 9,10,11 -550C~TA~+125OC 60 - 20 -
Time 

Output Enable (6)iEN 9,10,11 -550C~TA~+125OC - 160 - 35 
Time 

NOTES: 

UNITS 

V 

V 

I'A 

V 

V 

V 

JJA 

JJA 

UNITS 

MHz 

ns 

ns 

ns 

ns 

ns 

1. Interchanging of force and sense conditions is permitted. 2. Tested with Input levels of VIH = 2.76V and VIL = 0.4V. Rise and 
fall times are driven at 1 nsN. 
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Specifications HD-6402/883 

TABLE 3. HD-6402/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 

LIMITS 

A.C. PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS 

Input Capacitance CIN f= 1MHz 3 TA=+250C - 25.0 pF 
All Measurements are 

Output Capacitance CO Referenced to Device GND 3 TA=+250C - 25.0 pF 

Operating Supply ICCOP VCC=5.5V, 3 -55°C <:.TA <:. +1250C - 2.0 mA 
Current Clock Freq. = 2MHz 

VIN=VCCorGND, 
Outputs Open 

NOTE" 3. The Parameters hsted In Table 3 are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon initial design and after malor process and/or design changes. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 100%/5004 -

Interim Test 100%/5004 1,7,9 

PDA 100% 1 

Final Test 100% 2,3,BA,B8,10,11 

Group A - 1,2,3,7, BA, B8, 9,10,11 

Groups C&D Samples/5005 1,7,9 

CAUTION: This device is sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
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Burn-In Circuits 

DETAIL 0 vee 
NOTE: One Per Output 

DETAIL~ vee 

NOTE: One Per Board 

14 

4011 
QUAD 13 

NAND 
GATE 

HD-6402/883 

HD-6402/883 CERAMIC DIP 

vee 

~e 

5-98 

NOTES: 

vee = 5 SV ± 0 SV 

FO = 100kHz ± 10% 

R1 = 47kO. 1/4W ± 10% 

C == 0.01 j..IF minimum 

Rl 

Rl 

Rl 

Rl 

Rl 

Rl 

Rl 

Rl 

Rl 

Rl 

Rl 

Rl 

Rl 

Rl 

.... One socket per board should not be loaded, 
but rather have pin 24 go the "C" of the 4011 . 

FO 

vee 
vee 
vee 
vee 
GND 

GND 

vee 
GND 

vee 
GND 

vee 
GND 

vee 
GND 



HD-6402/883 

Metallization Topology 
DIE DIMENSIONS: 126.4 x 134.3 x 19 ± 1 mils 

METALLIZATION: 
Type: Si-AI 
Thickness: 10kA - 12k)l. 

GLASSIVATION: 
Type: Si02 
Thickness: 7kA - 9kA 

DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 4600 C (Max) 

WORST CASE CURRENT DENSITY: 1.42 x 105 Alcm2 

Metallization Mask Layout 
HD-6402/883 

RBR8 RRD GND NC VCC TRC EPE CLS1 CLS2 SBS 

RBR3 

RBR1 

PE 

FE 

OE 

SFD 

RRC ORR DR RRI MR TBRE TBRi: TRE 

5-99 

PI 

CRL 

TBR8 

TBR7 

TBR6 

TBRS 
~-cdt Co 

TBR4 U)-
0 
:::i 

TBR3 0 

TBR2 

TBR1 

TRO 



Packaging 

.005 MIN ~ 
2.035 

2.096 

t rt=====:=j 
.225 MAX j 

j -'-J .015 ] 
.060 

~ 
.1BO 

.065 

LEAD FINISH: Type A 

HD-64 02/883 

40 PIN CERAMIC DIP 

.100 
BSC 

• INCREASE MAX UMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 

o· 
15' 

MATERIALS: Compliant to MIL-M-38510 
COMPLIANT OUTLINE: MIL-STD-1835, 

GDIP1-T40 

NOTE' All Dimensions are ..M.!!!.., Dimensions are In inches. 
Max 
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Features 
• Low Bit Error Rate 

HD-640B 
CMOS Asynchronous Serial 
Manchester Adapter (ASMA) 

Pinout 
24 LEAD DIP 

TOP VIEW 
• Data Rate .••.......•••.•..•........••••.•.•.••. 1 MBltls 

• Sync Identification and Lock-In 
vw Vee 

EC 
• Clock Recovery SCI 
• Manchester II Encoder, Decoder SDO SD 
• Separate Encode and Decode DC ss 
• Low Operating Power ••••••••.•••.•.••.•••••. 50mW at 5V BlI EE 
• Single Power Supply 

• 24 Pin Package 

Ordering Information 
PACKAGE TEMP. RANGE 1M BITls 

Plastic DIP .4QoC to +8SoC HD3-6408·9 

Ceramic DIP ·4Q°C to +8SoC HD1-6408-9 

Description 
The HD-6408 is a CMOS/LSI Manchester Encoder/Decoder 
for creating a very high speed asynchronous serial data bus. 
The Encoder converts serial NRZ data (typically from a shift 
register) to Manchester II encoded data adding a sync pulse 
and parity bit. The Decoder recognizes this sync pulse and 
identifies it as a Command Sync or a Data Sync. The data is 
then decoded and shifted out in NRZ code (typically into a 
shift register). Finally, the parity bit is checked. If there were 
no Manchester or parity errors the Decoder responds with a 

Block Diagrams 
ENCODER 

,. 
DBS 

'3 MR 

SCI 

ESC 

SO 

15 BZo ,. 
iii 

17 iiOO 

EE 

DR 

vw 

TO 

CDS 

DC 

OSC 

.ZI 

801 

UOI 

BOI 

UDi BOO 
601" 

valid word signal. The Decoder puts the Manchester code to 
full use to provide clock recovery and excellent noise immu
nity at these very high speeds. 

The HD-6408 can be used in many commercial applications 
such as security systems, environmental control systems, 
serial data links and many others. It utilizes a single 12 x 
clock and achieves data rates of up to one million bits per 
second with a very minimum overhead of only 4 bits out of 
20, leaving 16 bits for data. 

DECODER 

SOD 

CAUTION: These de\lices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2952 
Copyright © Harris Corporation 1991 
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PIN TYPE SYMBOL SECTION DESCRIPTION 

1 0 VW Decoder Output high indicates receipt of a VALID WORD. 

2 0 ESC Encoder ENCODER SHIFT CLOCK is an output for shifting data into the Encoder.The 
Encoder samples SDI on the low-to-high transition of ESC. 

3 0 TD Decoder TAKE DATA output is high during receipt of data after identification of a sync pulse 
and two valid manchester data bits. 

4 0 Soo Decoder SERIAL DATA OUT delivers received data in correct NRZ format. 

5 I DC Decoder DECODER CLOCK input drives the transition finder, and the synchronizer which 
in turn supplies the clock to the balance of the Decoder. Input a frequency equal 
to 12X the data rate. 

6 I BZI Decoder A high input should be applied to BIPOLAR ZERO IN when the bus is in its nega-
tive state. This pin must be held high when the Unipolar input is used. 

7 I BOI Decoder A high input should be applied to BIPOLAR ONE IN when the bus is in Ks positive 
state, thiS pin must be held low when the Unipolar input is used. 

8 I UDI Decoder With pin 6 high and pin 7 low, this pin enters UNIPOLAR DATA IN to the transition 
finder circuit. If not used this input must be held low. 

9 0 DSC Decoder DECODER SHIFT CLOCK output delivers a frequency (DECODER CLOCK + 
12), synchronized by the recovered serial data stream. 

10 0 CDS Decoder COMMAND/DATA SYNC output high occurs during output of decoded data which 
was preceded by a Command synchronizing character. A low output indicates a 
Data synchronizing character. 

11 I DR Decoder A high input to DECODER RESET during a rising edge of DECODER SHIFT 
CLOCK resets the decoder bit counting logic to a condition ready for a new word. 

12 I GND Both GROUND supply pin. 

13 I MR Both A high on MASTER RESET clears the 2:1 counters in both the encoder and 
decoder and the + 6 counter. 

14 0 DBS Encoder DIVIDE BY SIX is an output from 6:1 divider which is driven by the ENCODER 
CLOCK. 

15 0 BZO Encoder BIPOLAR ZERO OUT is a active low output designed to drive the zero or negative 
sense of a bipolar line driver. 

16 I 01 Encoder A low on OUTPUT INHIBIT forces pin 15 and 17 high, their inactive states. 

17 0 BOO Encoder BIPOLAR ONE OUT is an active low output designed to drive the one or positive 
sense of a bipolar line driver. 

18 I SDI Encoder SERIAL DATA IN accepts a serial data stream at a data rate equal to ENCODER 
SHIFT CLOCK. 

19 I EE Encoder A high on ENCODER ENABLE initiates the encode cycle. (Subject to the preced-
ing cycle being complete.) 

20 I SS Encoder SYNC SELECT actuates a Command sync for an input high and data sync for an 
input low. 

21 0 SD Encoder SEND DATA is an active high output which enables the external source of serial 
data. 

22 0 SCI Encoder SEND CLOCK IN Is 2X the Encoder data rate. 

23 I EC Encoder ENCODER CLOCK is the input to the 6:1 divider. 

24 I Vce Both Vee is the +5V power supply pin. A 0.11lF decoupling capacitor from Vee (pin 24) 
to GND (pin 12) is recommended. 
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Encoder Operation 
The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SClock input. An 
auxiliary divide by six counter is provided on chip which can 
be utilized to produce the SClock by dividing the DClock. 

The Encoder's cycle begins when EE is high during a falling 
edge of ESC (1). This cycle lasts for one word length or 
twenty ESC periods. At the next low-to-high transition of the 
ESC, a high at SS input actuates a Command sync or a low 
will produce a Data sync for that word (2). When the Encoder 
is ready to accept data, the SO output will go high and 
remain high for sixteen ESC periods (3) - (4). 

During these sixteen periods the data should be clocked into 
the SDlnput with every high-te-Iow transition of the ESC (3) -
(4). After the sync and Manchester " encoded data are 
transmitted through the BOO and BzO outputs, the Encoder 

adds on an additional bit which is the (odd) parity for that 
word (5). If ENCODER ENABLE is held high continuously, 
consecutive words will be encoded without an interframe 
gap. ENCODER ENABLE must go low by time (5) as shown 
to prevent a consecutive word from being encoded. At any 
time a low on 01 will force both bipolar outputs to a high state 
but will not affect the Encoder in any other way. 

To Abort the Encoder transmission a positive pulse must be 
applied at MR. Any time after or during this pulse, a low-to
high transition on SCI clears the internal counters and initial
izes the Encoder for a new word. 

TIMING 1.1'1,1 3 1-1 5 1'1'11 15 1,.1 17 1"1,.1 I I 
SCI 

ESC 

EE --l l'//l!/l/nua60~tC:':R:q//////////!7h{ 

ss 7/////AVALlDt/n//l//ff/Ai?<!NTi=ARE;W///////a{ 
so ______ -1---------11 

SOl 

5-103 

{lIU111JlJ1.Jl. 

~ 
VWmm//I//////J 

jw///I//I///IIl!///IIff////!///h , 



HD-640B 

Decoder Operation 
The Decoder requires a Single clock with a frequency of 12 
times the desired data rate applied at the DClock input. The 
Manchester II coded data can be presented to the Decoder 
in one of two ways. The BOI and BZI inputs will accept data 
from a differential output comparator. The UDI input can only 
accept non inverted Manchester II coded data (e.g. from 
BOO of an Encoder through an inverter to UDI). 

The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized (1). the type of sync is indicated by the 
CDS output. If the sync character was a command. this out
put will go high (2) and remain high for sixteen DSC periods 
(3). otherwise it will remain low. The TD output will go high 
and remain high (2) - (3) while the Decoder is transmitting 
the decoded data through SDO. 

The decoded data available at SDO is in a NRZ format. The 
DSC is provided so that the decoded bits can be shifted into 

an external register on every low-to-high transition of this 
clock (2) - (3). Note that DECODER SHIFT CLOCK may 
adjust its phase up until the time that TAKE DATA goes high. 

After all sixteen decoded bits have been transmitted (3) the 
data is checked for odd parity. A high on VW output (4) indi
cates a successful reception of a word without any 
Manchester or parity errors. At this time the Decoder is look
ing for a new sync character to start another output 
sequence.VALID WORD will go low approximately 20 
DECODER SHIFT CLOCK periods after it goes high if not 
reset low sooner by a valid sync and two valid Manchester 
bits as shown (1). 

At any time in the above sequence a high input on DR during 
a low-to-high transition of DSC will abort transmission and 
initialize the Decoder to start looking for a new sync charac
ter. 

TIMING I I 0 1 1 1 2 I 3 1 4 1 5 1 • 1 7 1 ,I 1 ,. 1 17 1 18 1 ,. 1 1 1 1 

DSC 

'01 

'ZI_-L=~. 

TO ___ --l-----I 

~ 

~------------,~ 

CDS _________ -'-1 _____________ ~ ~-----------------~ 

SOD W/////fli'~mIHP7//I//IIIIl 15 I 14 I 13 1 12 I:: 4 I 3 2 I 1 0 V////I/Ih 

vw '@(FMUPREViousRECEPTiONI S\\\'4 

dJ, 
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Specifications HD-640B 

Absolute Maximum Ratings 
Supply Voltage .....•..........•.....•..........••.. +7.0V 
Input, Output or VO Voltage •.........•.. GND-O.3V to Vcc+O.3V 
Storage Temperature Range ..•...........••• -65°C to + t SOoC 
Junction Temperature •....•........................ + 175°C 
Lead Temperature (Soldering lOs) .................... +300oC 
ESD Classification ..•.....................•.....•• Class 1 

Reliability Information 
Thermal Resistance • • . . . . . . • . . . . . . • 910 9)0 

Ceramic DIP Package. . • • • . . . . . . .• 50.4°CIW 11.]OCIW 
Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package ....•...•...••...•......•... 992mW 
Gate Count ••..•............................... 456 Gates 

CAUTION: Slrsssas abatIS lhosa listad in "Absoluta Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the devica at thesa or any other conditions above thosa indicated in the operational sactions of this spscification is not implied. 

Operating Conditions 
Operating Voltage Range. . . . . . . . . . . . . . . . . . . .. +4.5V to +5.5V Ope;ating Temperature Range 

HD-6408-9 ............................... -4O"C to +B5°C 

DC Electrical Specifications V cc = 5.0V ± 10%, TA = -40oC to +BSoC 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

VIH Logical "I" Input Voltage 70%Vcc V 

VIL Logical "0" Input Voltage 20%VCC V 

VIHC Logical "1" Input Voltage (Clock) Vcc -0.5 V 

VILC Logical "0" Input Voltage (Clock) GND+O.5 V 

II I nput Leakage -1.0 +1.0 I1A VIN = Vcc or GND, DIP Pins 
S-8, 11,13, 16, lB, 19,20,22,23 

VOH Logical "1" Output Voltage 2.4 V IOH=-3rnA 

VOL Logical "0" Output Voltage 0.4 V IOL= I.BmA 

Iccss Supply Current Standby O.S 2 rnA VIN = Vcc = S.5V Outputs Open 

Iccop Supply Current Operating" B.O 10.0 rnA Vcc = S.5V,f = 15MHz 

("Guaranteed but not 100% tested) 

AC Electrical Spe.cifications vcc = 5.0V ± 10%, TA = -40oc to +BSoC 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

ENCODER TIMING 

(1) FEC Encoder Clock Frequency 0 12 MHz CL = SOpF 

(2) FESC Send Clock Frequency 0 2.0 MHz CL = SOpF 

(3) TECR Encoder Clock Rise Time B ns CL = SOpF 

(4) TECF Encoder Clock Fall Time 8 ns CL = SOpF 

(S) FED Data Rate 0 1.0 MHz CL = SOpF 

(6) TMR Master Reset Pulse Width ISO ns CL = SOpF 

(7) TEl Shift Clock Delay 125 ns CL = SOpF 

(B) TE2 Serial Data Setup 7S ns CL = SOpF 

(9) TE3 Serial Data Hold 75 ns CL = SOpF 

(10) TE4 Enable Setup 90 ns CL = SOpF 

(11) TE5 Enable Pulse Width 100 ns CL = SOpF 

(12) TE6 Sync Setup 55 ns CL = SOpF 

(13) TE7 Sync Pulse Width ISO ns CL = SOpF 

(14) TEa Send Data Delay 0 SO ns CL = SOpF 

(IS) TE9 Bipolar Output Delay 130 ns CL = SOpF 

(16) TE10 Enable Hold 10 ns CL = SOpF 

(\7) TEll Sync Hold 95 ns CL = SOpF 
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Specifications HD-640B 

AC Electrical Specifications (Continued) Vee = 5.0V ± 10%, TA = -4O"C to +85°C 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONomONS 

DECODER TiMING 

(18) Foc Decoder Clock Frequency 0 12 MHz CL= 50pF 

(19) TOCR Decoder Clock Rise Time 8 lIS CL=50pF 

(20) TOCF Decoder Clock Fall Time 8 lIS CL= 50pF 

(21) Foo Data Rate 0 1.0 MHz CL=5OpF 

(22) TOR Decoder Reset Pulse Width 150 lIS CL= 50pF 

(23) TORS Decoder Reset Setup Time 75 lIS CL= 50pF 

(24) TORH Decoder Reset Hold Time 10 lIS CL=50pF 

(25) TMR Master Reset Pulse Width 150 lIS CL=50pF 

(26) TOl Bipolar Data Pulse Width TDC+10 lIS Note 1, CL = 50pF 

(27) T02 Sync Transition Span 18TDC lIS Note 1, CL = 50pF 

(28) T03 One Zero Overlap Toc-10s lIS Note 1, CL = 50pF 

(29) T04 Short Data Transition Span 6TOC lIS Note 1, CL = 50pF 

(30) T05 Long Data Transition Span 12TOC lIS Note 1, CL = 50pF 

(31) Tos Sync Delay (ON) -20 110 lIS CL= 50pF 

(32) T07 Take Data Delay (ON) 0 110 lIS CL=50pF 

(33) TOB Serial Data Out Delay 80 lIS CL=50pF 

(34) Tos Sync Delay (OFF) 0 110 lIS CL=50pF 

(35) Tol0 Take Data Delay (OFF) 0 110 lIS CL=50pF 

(36) TOll Valid Word Delay 0 110 lIS CL= 50pF 

NOTE: 

1. T DC = Decoder Clock Period = l/FoC' 
(These parameters are guaranteed but not 100% tested). 

Capacitance TA = +25"C 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONomONS 

C1N Input Capacitance - 15 - pF FREQ = 1 MHz, all mea-
surements are referenced 

Co Output Capacitance - 15 - pF to device GND 
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AC Testing Input, Output Waveform Encoder Timing 

INPUT OUTPUT 

VIH~ ~VOH 
50% 50% 

Vll ------ VOL 

AC TESTING: All input signals must switch between VIL and 
VIH. Input rise and fall times are driven at1 ns per volt 

Decoder Timing 

1 (27) NOTE BOI· 0 HZI· 1 FOR NE(27tGRAMS I 
UlJJ~========~TD~2~~====~~====~~T~D2~======~~~~~Zl-

I COMMANDSVNC (27) I 
u,J~'F=======~(~f:i2)~~====~~====~,==~T~~~=======;'EX~%zZz~Z/.Z~~~Z~1-

l DI:::AT=A='v=N=c~(~3~6~)====~====~~'~==~ (29) ~ UI~ T05 ~ ~TD4----i..-I (29) ONE (T) I 
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(14) I 
TE8==t .t::::: SD ______________ -JX~ ____________ __ 

DSC (3i)l I I r_ 
T081 I-----CDS ----LJ= ____________________________ _ 

TD~F~--------------------

DSC~r~~===---~r------1-------1r---
CDS~~~-------------------
TD~ 
vw (36)TD11~ t== 

DSC---,1. __ ~(~23~)~~Ic:~----lL-----~r-
TORS--l I---

DR _____ ~(2~2~)T~D~R~_:fT1___~~~------------
(24)TDRH--j t--
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Features 

• Converter or Repeater Mode 

• Independent Manchester Encoder and Decoder 
Operation 

• Static to One Megabit/sec Data Rate Guaranteed 

• Low Bit Error Rate 

• Digital PLL Clock Recovery 

• On Chip Oscillator 

• Low Operating Power: 50mW Typical at +5V 

• Available in 20 Pin Dual-In-Line and 20 Pad LCC 
Package 

Ordering Information 

PACKAGE TEMPERATURE RANGE 1 MEGABIT/SEC 

Plastic DIP -400C to +850C HD3-8409-9 

SOIC -400C to +850C HD9P6409-9 

Ceramic DIP -400C to +850C HDl-6409 

• /883 -550C to + 1250C HD 1-6409/883 

LCC -400C to +850C HD4-6409-9 

• /883 -550C to + 1250C HD4-6409/883 

HD-6409 
CMOS Manchester Encoder-Decoder 

Description 

The HD-6409 Manchester Encoder-Decoder (MED) is a 
high speed, low power device manufactured using self
aligned silicon gate technology. The device is intended for 
use in serial data communication, and can be operated in 
either of two modes. In the converter mode, the MED 
converts Nonreturn-to-Zero code (NRZ) into Manchester 
code and decodes Manchester code into Nonreturn-to
Zero code. For serial data communication, Manchester 
code does not have some of the deficiencies inherent in 
Nonreturn-to-Zero code. For instance, use of the MED on 
a serial line eliminates DC components, provides clock 
recovery, and gives a relatively high degree of noise 
immunity. Because the MED converts the most commonly 
used code (NRZ) to Manchester code, the advantages 
of using Manchester code are easily realized in a serial 
data link. 

In the Repeater mode, the MED accepts Manchester code 
input and reconstructs it with a recovered clock. This mini
mizes the effects of noise on a serial data link. A digital 
phase lock loop generates the recovered clock. A maximum 
data rate of 1 MHz requires only 50mW of power. 

Manchester code is used in magnetic tape recording and in 
fiber optic communication, and generally is used where 
data accuracy is imperative. Because it frames blocks of 

• Respective 1883 specifications are included at the end of this data sheet. data, the HD-6409 easily interfaces to protocol controllers. 

Pinouts 

BZI 

BOI 

UDI 

SO/CDS 

SDO 

SRST 

NVM 

DCLJ( 

RST 

GND 

20 LEAD DIP 
20 LEAD SOIC 

TOP VIEW 
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Block Diagram 

801 
DATA 

8Z1 INPUT 
LOGIC 

UDI 

RST )-+ RESET 

SO -CDS 

IX 

OX 

HD-6409 

SDO 

NVM 

800 
581TSHIFT OUTPUT 
REGISTER SELECT 

AND DECODER LOGIC 8Z0 

CTS 

SRST 

SO INPUT I 
OUTPUT MANCHESTER 

SELECT ENCODER 

~~----------------------------~~-----------<MS 

~~~~~--------------------------------+EC~ 
~------------------------------------------+DC~ 

CO----c 
SS>----------------~ 

Logic Symbol 

SS CLOCK 
13 

OX 
CO GENERATOR 

12 
IX 

----
SO -CDS 800 

EC~ 8Z0 
ENCODER CTS 

----
MS 

RST CONTROL 

5 ----
SDO 801 
DC~ 

8 
8Z1 

7 
NVM UDI 

SRST 
6 

DECODER 
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Pin Description 

PIN 
NUMBER TYPE SYMBOL NAME DESCRIPTION 

1 I BZI Bipolar Zero Input Used in conjunction with pin 2, Bipolar One Input (BOI), to input 
Manchester II encoded dais to the decoder, BZI and BOI are logical 
complements. When using pin 3, Unipolar Dais Input (UDI) for data 
input, BZI must be held high. 

2 I BOI Bipolar One Input Used in conjunction with pin I, Bipolar Zero Input (BZI), to input 
Manchester II encoded dais to the decoder, BOI and BZI are logical 
complements. When using pin 3, Unipolar Dais Input (UDI) for data 
Input, BOI must be held low. 

3 I UDI Unipolar Data Input An alternate to bipolar Input (BZI, BOI), Unipolar Data Input (UDI) is 
used to input Manchester II encoded dais to the decoder. When using 
pin 1 (BZI) and pin 2 (BOI) for dais input, UDI must be held low. 

4 I/O SO/CDS Serial Data/Command In the converter mode, SO/CDS is an input used to receive serial NRZ 
Dais Sync dais. NRZ data Is accepted synchronously on the falling edge of 

encoder clock output (ECLK).ln the repeater mode, SO/CDS is an 
output indicating the status of last valid sync pattern received. A high 
indicates a command sync and a low indicates a data sync pattern. 

S 0 SDO Serial Data Out The decoded serial NRZ data Is transmitted out synchronously with 
the decoder clock (DCLK). SDO is forced low when RST is low. 

6 0 SRST Serial Reset In the converter mode, SRST follows RST. In the repeater mode, 
when RST goes low, SRST goes low and remains low after RST goes 
high. SRST goes high only when RST is high, the reset bit is zero, and 
a valid synchronization sequence Is received. 

7 0 NVM Nonvalid Manchester A low on NVM indicates that the decoder has received invalid 
Manchester data and present data on Serial Data Out (SDO) is invalid. 
A high indicates that the sync pul~nd data were valid and ~ is 
valid. NVM is set low by a low on RST, and remains low after RST goes 
high until valid sync pulse followed by two valid Manchester bits is 
received. 

8 0 DCLK Decoder Clock The decoder clock is a 1 X clock recovered from BZI and BOI to 
synchronously output received NRZ data (SDO). 

9 I RST Reset In the converter mode, a low on RST forces SDO, DCLK, NVM, and 
SRST low. A high on RST enables SDO and DCLK, and forces SRST 
high. NVM remains low after RST goes high until a valid sync pulse 
followed by two Manchester bits is received, after which it goes high. 
In the repeater mode, RST has the same effect on SDO, DCLK and 
Ni7M as In the converter mode. When RST goes low, SRST goes low 
and remains low after RST goes high. SRST goes high only when 
RST is high, the reset bit is zero and a valid synchronization sequence 
is received. 

(I) Input (0) Output 
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Pin Description (Continued) 

PIN 
NUMBER TYPE SYMBOL NAME DESCRIPTION 

10 I GND Ground Ground 

11 0 Co Clock Output Buffered output of clock input IX. May be used as clock signal for 
other peripherals. 

12 I IX Clock Input IX is the input for an external clock or, if the internal oscillator is 
used,lX and Ox are used for the connection of the crystal. 

13 0 Ox Clock Drive H the internal oscillator is used, Ox and IX are used for the 
connection of the crystal. 

14 I MS Mode Select MS must be held low for operation in the converter mode, and 
high for operation in the repeater mode. 

15 I CTS Clear to Send In the converter mode, a high disables the encoder, forcing 
outputs BOO, BZO high and ECLK low. A high to low transition of 
CTS initiates transmission of a Command sync pulse. A low on 
CTS enables BOO, BZO, and ECLK. In the repealer mode, the 
function of CTS is identical to that of the con.erter mode with the 
exception that a transition of CTS does not initiale a synchroni-
zation sequence. 

16 0 ECLK Encoder Clock In the converter mode, ECLK is a 1 X clock output used to receive 
serial NRZ data 10 SO/CDS. In the repeater mode, ECLK is a 2X 
clock which is recovered from BZI and BOI data by the digital 
phase locked loop. 

17 I SS Speed Select A logic high on SS sets the data rate at 1/32 times the clock 
frequency while a low sets the data rale at 1/16 times the clock 
frequency. 

18 0 BZO Bipolar Zero Output BZO and its logical complement BOO are the Manchester data 
outputs of the encoder. The inactive stale for these outputs is in 
the high state. 

19 0 BOO Bipolar One Out See pin 18. 

20 I VCC VCC VCC is the +5V power supply pin. A 0.1 ~F decoupling capacitor 
from VCC (pin-20) 10 GND (pin-l 0) is recommended. 

(I) Input (0) Output 
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Encoder Operation 

The encoder uses free running clocks at 1X and 2X the data 
rate derived from the system clock IX for internal timing. CTS 
is used to control the encoder outputs, EClK, BOO and SZO. 
A free running 1 X EClK is transmitted out of the encoder to 
drive the external circuits which supply the NRZ data to the 
MED at pin SO/CDS. 

A low on CTS enables encoder outputs EClK, BOO and 
BZO, while a high on CTS forces BZO, BOO high and holds 
EClK low. When CTS goes from high to low <D ,a synchroni
zation sequence is transmitted out on BOO and BZO. A 

synchronization sequence consists of eight Manchester "0" 
bits followed by a command sync pulse. ® A command 
sync pulse is a three bit wide pulse with the first 1 1/2 bits 
high followed by 1 1/2 bits low. @ Serial NRZ data is 
clocked into the encoder at SO/CDS on the high to low transi
tion of EClK during the command sync pulse. The NRZ data 
received is encoded into Manchester II data and transmitted 
out on BOO and BZO following the command sync pulse. 
@ Following the synchronization sequence, input data is 
encoded and transmitted out continuously without parity 
check or word framing. The length of the data block encoded 
is defined by CTS. Manchester data out is inverted. 

I I I 

ECLK h...hJ-~------+----------------------------------, I I 
I I I 

I 
SO/COS ~~~~~~~~~~~~~~~~~~~r 

, I 

I ~ I 

I "I .. COMMANO .. I fo .. ---- EIGHT "0·," ------., .• -.::.::~~=_1-. SYNC; 

I I 
I I 
I I 

; ! 
t CE6 _li-

Ir-.. ..---- SYNCHRONIZATION SEOUENCE ---r, ......... -ll 
I 

--------tCE5--------;--1 
Decoder Operation 

The decoder requires a single clock with a frequency 16X or 
32X the desired data rate. The rate is selected on the speed 
select with SS low producing a 16X clock and high a 32X 
clock. For long data links the 32X mode should be used as 
this permits a wider timing jitter margin. The internal operation 
of the decoder utilizes a free running clock synchronized with 
incoming data for its clocking. 

The Manchester II encoded data can be presented to the 
decoder in either of two ways. The Bipolar One and Bipolar 
Zero inputs will accept data from differential inputs such as a 
comparator sensed transformer coupled bus. The Unipolar 
Data input can only accept noninverted Manchester II 
encoded data i.e. Bipolar One Out through an inverter to 
Unipolar Data Input. The decoder continuously monitors this 
data input for valid sync pattern. Note that while the MED 
encoder section can generate only a command sync pattern, 

DCLK 

UOI 

soo 

RST 

, , 
I • • I 

, .. COMMAND _I 
SYNC 

I I : ! 

the decoder can recognize either a command or data sync 
pattern. A data sync is a logically inverted command sync. 

There is a three bit delay between UDI, BOI, or BZI input and 
the decoded NRZ data transmitted out of SDO. 

Control of the decoder outputs is provided by the RST pin. 
When RST is low, SDO, DClK and NVM are forced low. When 
RST is high, SDO Is transmitted out synchronously with the re
covered clock DClK The NVM output remains low after a low 
to high transition on RST until a valid sync pattern is received. 

The decoded data at SDO is in NRZ format. DClK is provid
ed so that the decoded bits can be shifted into an external 
register on every high to low transition of this clock. Three bit 
periods after an invalid Manchester bit is received on UDI, or 
BOI, NVM goes low synchronously with the questionable 
data output on SDO. FURTHER, THE DECODER DOES 
NOT REESTABLISH PROPER DATA DECODING UNTil 
ANOTHER SYNC PATTERN IS RECOGNIZED. 

o 
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Repeater Operation 

Manchester II data can be presented to the repeater in 
either of two ways. The inputs Bipolar One In and Bipolar 
Zero In will accept data from differential inputs such as a 
comparator or sensed transformer coupled bus. The input 
Unipolar Data In accepts only non-inverted Manchester II 
coded data. The decoder requires a single clock with a 
frequency 16X or 32X the desired data rate. This clock is 
selected to 16X with Speed Select low and 32X with Speed 
Select high. For long data links the 32X mode should be 
used as this permits a wider timing jitter margin. 

The inputs UDI, or BOI, BZI are delayed approximately 1/2 
bit period and repeated as outputs BOO and BZO. The 2X 
ECLK is transmitted out of the repeater synchronously with 
BOO and BZO. 

INPUT 
COUNT 3 

ECLK 

UDI 

BZO 
1 
1 
1 

A Iowan CTS enables ECLK, BOO, and BZO. In contrast to 
the converter mode, a transition on CTS does not initiate a 
synchronization sequence of eight O's and a command 
sync. The repeater mode does recogize a command or data 
sync pulse. SD/CDS is an output which reflects the state of 
the most recent sync pulse received, with high indicating a 
command sync and low indicating a data sync. 

When RST is low, the outputs SDO, DCLK, and NVM are 
low, and SRST is set low. SRST remains low after RST goes 
high and is not reset until a sync pulse and two valid man
chester bits are received with the reset bit low. The reset bit 
is the first data bit after the sync pulse. With RST high, NRZ 
Data is transmitted out of Serial Data Out synchronously 
with the 1 X DCLK. 

5 

I 

BOO ~ 
I 

I 1;-' _--I 
~--~~--~~ ~--~ 

1 ' I 
RST I 

1 

I 
1 

SRST --, 
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Manchester Code 

Nonreturn to Zero (NRZ) code represents the binary values 
logic-O and logic-1 with a static level maintained through
out the data cell. In contrast, Manchester code represents 
data with a level transition in the middle of the data cell. 
Manchester has bandwidth, error detection, and synchroni
zation advantages over NRZ code. 

The manchester II code Bipolar One and Bipolar Zero 
shown below are logical complements. The direction of the 
transition indicates the binary value of data. A logic-O in 
Bipolar One is defined as a Low to high transition in the 
middle of the data cell, and a logic-1 as a high to low mid bit 
transition, Manchester II is also known as Biphase-L code. 

The bandwidth of NRZ is from DC to the clock frequency 
fc/2, while that of Manchester is from fc/2 to fc. Thus, 
Manchester can be AC or transformer coupled, which has 
considerable advantages over DC coupling. Also, the ratio 
of maximum to minimum frequency of Manchester extends 
one octave, while the ratio for NRZ is the range of 5-10 
octaves. It is much easier to design a narrow band than a 
wideband amp. 

Secondly, the mid bit transition in each data cell provides 
the code with an effective error detection scheme. If noise 
produces a logic inversion in the data cell such that there is 
no transition, an error indiction is given, and synchroniza
tion must be re-established. This places relatively stringent 
requirements on the incomming data. 

BIT PERIOD 2 

I 

The synchronization advantages of using the HD-6409 and 
Manchester code are several fold. One is that Manchester is 
a self clocking code. The clock in serial data communica
tion defines the position of each data cell. Non self clocking 
codes, as NRZ, often require an extra clock wire or clock 
track (in magnetic recording). Further, there can be a phase 
variation between the clock and data track. Crosstalk 
between the two may be a problem. In Manchester, the 
serial data stream contains both the clock and the data, with 
the position of the mid bit transition representing the clock, 
and the direction of the transition representing data. There 
is no phase variation between the clock and the data. 

A second synchronization advantage is a result of the 
number of transitions in the data. The decoder 
resynchronizes on each transition, or at least once every 
data cell. In contrast, receivers using NRZ, which does not 
necessarily have transitions, must resynchronize on frame 
bit transitions, which occur far less often, usually on a 
character basis. This more frequent resynchronization 
eliminates the cumulative effect of errors over sucessive 
data cells. A final synchronization advantage concerns the 
HD-6409's sync pulse used to initiate synchronization. This 
three bit wide pattern is sufficiently .distinct from 
Manchester data that a false start by the receiver is unlikely. 

3 4 5 

BINARY CODE I 0 I 0 0 

NON-RETURN 
TOZERO 

BIPOLAR ONE 

BIPOLAR ZERO 

U 
I I I I I 
I I I : I 
I I I I I 
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Using the 6409 as a Manchester Encoded UART 

BIPOLAR IN BZI VCC 

BIPOLAR IN BOI BOO 

UDI BZO 

SO I CDS SS 

SDO ECLI< 

SRST CTS 

NVM MS 

DCLI< 

RST 

GND 

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

PARAlLEL DATA OUT 
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Specifications HD-6409 

Absolute Maximum Ratings 
Supply Voltage .•••..•....••.....•.••..•.....•....•. +7.0V 
Input. Output or 110 Voltage ...•.......•. GND-O.SV to Vee+O.SV 
Storage TemperabJre Range ...•.••...•••••.. -65°C to + 150°C 
Junction Temperature. . • . . . . . • . . . . . • . • . . . . . . . • . . • • • + 175°C 
Lead TemperabJre (Soldering 1 Os) ......••.....••..... +300oC 
ESD Classification ..........•.....•••.....••••.••• Class 1 

Reliability Information 
Thermal Resistance .... .. .. .. .. .. .. .. Oja 

Ceramic DIP Package............... 83°CIW 
Ceramic LCC Package •. . • • . • . . . . • . . 84°CIW 

Maximum Package Power Dissipation at +12SoC 

0", 
230CIW 
24°CIW 

Ceramic DIP Package ............................ 602mW 
Ceramic LCC Package ........................... 59SmW 

Gate Count ••.••..••.......••......•.....•••... 250 Gates 
CAUTION: Strssses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the devica. This is a strsss only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

Operating Conditions 
Operating Temperature Range ...........•..... -4SoC to +85°C 
Operating Voltage Range ..................... +4.SV to +S.SV 
Input Rise and Fall Times .......................... SOns Max 

NOTES: 

1. DBP-Data Bit Period. Clock Rate = 16X. one DBP = 16 Clock 
Cycles; Clock Rate = 32X. one DBP = 32 Clock Cycles. 

2. The input conditions specified are nominal values. the actual 
input wavelorms transition spans may vary by ± 2 I x clock 
cycles (16X mode) or ± 6 Ix clock cycles (32X mode). 

Sync. Transition Span (12) .....•.... 1.5 DBP Typical. (Notes 1. 2) 
Short Data Transition Span (t4) ....•.. O.SDBP Typical. (Notes 1.2) 
Long Data Trans~ion Span (tS) ....•.. 1.0DBP Typical. Notes 1. 2) 
Zero Crossing Tolerance (!cDS) ...•...•••••.••.•..... (Note 3) 

3. The maximum zero crossing tolerance is ± 2 Ix clock cycles (16X 
mode) or ± 6 Ix clock cycles (32 mode) lrom the nominal. 

DC Electrical Specifications vee = S.OV ± 10%. TA = -40°C to +85° (HD-6409-9) 

SYMBOL PARAMETER MIN 

VIH Logical "1" Input Voltage 70% Vee 

Vil Logical "0" Input Voltage 

VIHR Logic "1" Input Voltage (Reset) Vcc -0.5 

VllR Logic "0" Input Voltage (Reset) -
VIHe Logical "1" Input Voltage (Clock) Vcc -0.5 

Vile Logical "0" Input Voltage (Clock) -
II Input Leakage Current (Except Ix) -1.0 

II Input Leakage Current (Ix) -20 

10 I/O Leakage current -10 

VOH Output HIGH Voltage (All except Ox) Vee -0.4 

VOL Output LOW Voltage (All except Ox) -
leese Standby Power Supply Current -

leoop Operating Power Supply Current -

FT Functional Test -

NOTES: 

1. Tested as lollows: 1= 16MHz. VIH = 70% Vee. Vil = 20%Vee• 
VOH <! Ved2. and VOL S Vcd2. Vee = 4.SV and S.SV. 

Capacitance TA = +2SoC. Frequency = 1 MHz 

SYMBOL PARAMETER TYP 

CIN Input Capacitance 10 

COUT Output Capacitance 12 

MAX UNITS (NOTE 1) TEST CONDITIONS 

- V Vee = 4.SV 

20% Vee V Vee = 4.SV 

V Vee = S.SV 

GND+0.5 V Vcc = 4.SV 

- V Vee = S.SV 

GND+O.S V Vec = 4.SV 

+1.0 IlA VIN = Vec or GND. Vcc = S.SV 

+20 IlA V1N = Vce or GND. Vcc = S.SV 

+10 IlA VOUT = Vee or GND. Vee = S.SV 

- V IOH = -2.0mA. Vee = 4.SV (Note 2) 

0.4 V IOl = +2.0mA. Vee = 4.SV (Note 2) 

100 IlA V1N = Vee or GND. Vee = S.SV. 
Outputs Open 

18.0 rnA 1= 16.0MHz. V1N = Vee or GND 
Vee = S.SV. Cl = SOpF 

- - (Note 1) 

2. Interchanging olloree and sense conditions is permitted 

UNITS TEST CONDITIONS 

pF All measurements are relerenced to device GND 

pF 
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Specifications HD-6409 

AC Electrical Specifications vee = S.OV ± 10%, TA = -40"C to +8SoC (HD-6409-9) 

SYMBOL PARAMETER MIN MAX UNITS (NOTE 1) TEST CONDITIONS 

Ic Clock Frequency - 16 MHz -
Ie Clock Period 1lfc - sec -
tl Bipolar Pulse Width le+l0 - ns -
t3 One-Zero Overlap le-l0 ns 

IeH Clock High Time 20 - ns 1= 16.0MHz 

IeL Clock Low Time 20 ns 1= 16.0MHz 

IeEl Serial Data Setup Time 120 ns -
IeE2 Serial Data Hold Time 0 - ns -
tC02 DCLK to SDO, NVM - 40 ns -
tA2 ECLKtoBZO - 40 ns -
tf Output Rise Time (All except Clock) - SO ns From 1.0V to 3.SV, CL = SOpF, Note 2 

tf Output Fall Time (All except Clock) - SO ns From 3.SV to 1.0V, CL = SOpF, Note 2 

If Clock Output Rise Time - 11 ns From 1.0V to 3.SV, CL = 20pF, Note 2 

tf Clock Output Fall Time - 11 ns From 3.SV to 1.0V, CL = 20pF, Note 2 

IeE3 ECLK to BZO, BOO O.S 1.0 DBP Notes 2, 3 

tCE' CTS Low to BZO, BOO Enabled O.S 1.S DBP 

IeE5 CTS Low to ECLK Enabled 10.S 11.S DBP 

tCE6 CTS High to ECLK Disabled - 1.0 DBP 

IeE7 CTS High to BZO, BOO Disabled loS 2.S DBP 

tCOl UDI to SDO, NVM 2.S 3.0 DBP 

Ie03 RST Low to CDLK, SDO, NVM Low O.S 1.S DBP 

tCo. RST High to DCLK, Enabled O.S 1.S DBP 

tAl UDI to BZO, BOO O.S 1.0 DBP 

tA3 UDI to SDO, NVM 2.S 3.0 DBP 

NOTES: 

1. AC testing as lollows: I = 4.0MHz, V1H = 70% Vcc, V1L = 20%Vcc, 
Speed Select = 16X, VOH ~ Vcd2, VOL" Vcd2, Vcc = 4.SV and 
S.SV, Input rise and lall times driven at 1 nsIV, Output load = 5OpF. 

3. DBP-Data Bil Period, Clock Rale = 16X, one DBP = 16 Clock 
Cycles; Clock Rate = 32X, one DBP = 32 Clock Cycles. 

2. Guaranteed via characteristics at initial device design and after 
major process and/or design changes, not tested. 
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HD-6409 

Timing Waveforms 
NOTE: UDI = 0, FOR NEXT DIAGRAMS 

, ~ BIT PERIOD " , ~ BIT PERIOD "I" BIT PERIOD---l 
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Timing Waveforms (Continued) 

ENCODER TIMING (Continued) 

HD-6409 

BZO \\-.......'-__ _ 

CTS~\\ 
BOO: tCE4 

\\J 
tCES ------------~_4~--ECU< __________ \\ ___ .?f 

DECODER TIMING 

I 
I 
I 

I : L-~!~~ 
UDI I MANCHESTER MANCHESTER I MANCHESTER I MANCHESTER I 

I LOGIC·, LOGIC·O I LOGIC·O I LOGIC·, : 

!f-o----------.CD' -II-- 'CD2 I 

~! ~ ~'----: 
I I I 
I I I 
I -1I-'CD2 I 

NRZ 
LOGII:-' 

WM: I i 
I I 

DCLK • .!!?Q, 
NVM 

NOTE: Manchester Data In Is not synchronous with Decoder Clock. 
Decoder Clock is synchronous with decoded NRZ out of SDO. 
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Timing Waveforms (Continued) 

REPEATER TIMING 

HD-6409 

UOI .J \ '---______ I 
MANCHESTER '" MANCHESTER '0' MANeH ESTE R '0' MANCHESTER '1' 

ECLK 

BzO 

~tR2~tR2 
tRI 

II \ '--___ -'1 \'-----11 
I MANCHESTER'1' MANCHESTER '0' 
o • tR3 -j 

MANCHESTER '0' 

soa \'-----
'R3----------------~·~Ir_-----------------------------------_____________ 1 

Test Load Circuit 

DUT~ 

~·t 
.,. INCLUDES STRAY AND JIG 

CAPACITANCE 
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m HARRIS HD-6409/883 
January 1992 CMOS Manchester Encoder-Decoder 

Features 

• This Circuit is Processed in Accordance to Mil-Std-BB3 and is Fully 
Conformant Under the Provisions of Paragraph 1.2.1. 

• Converter or Repeater Mode 
• Independent Manchester Encoder and Decoder Operation 

• Static to One Megabit/sec Data Rate Guaranteed 

• Low Bit Error Rate 

• Digital PLL Clock Recovery 

• On Chip Oscillator 
• Low Operating Power: 50mW Typical at +5V 
• Available in 20 Pin Dual-In-Line and 20 Pad LCC Package 

Description 

The HD-6409/883 Manchester Encoder-Decoder (MED) is a high speed, 
low power device manufactured using self-aligned silicon gate 
technology. The device is intended for use in serial data communication, 
and can be operated in either of two modes. In the converter mode, the 
MED converts Nonreturn-to-Zero code (NRZ) into Manchester code and 
decodes Manchester code into Nonreturn-to-Zero code. For serial data 
communication, Manchester code does not have some of the deficiencies 
inherent in Nonreturn-to-Zero code. For instance, use of the MED on a 
serial line eliminates DC components, provides clock recovery, and gives a 
relatively high degree of noise immunity. Because the MED converts the 
most commonly used code (NRZ) to Manchester code, the advantages of 
using Manchester code are easily realized in a serial data link. 

In the Repeater mode, the MED accepts Manchester code input and recon
structs it with a recovered clock. This minimizes the effects of noise on a 
serial data link. A digital phase lock loop generates the recovered clock. A 
maximum data rate of 1 MHz requires only 50mW of power. 

Manchester code is used in magnetic tape recording and in fiber optic 
communication, and generally is used where data accuracy is imperative. 
Because it frames blocks of data, the HD-6409/883 easily interfaces to 
protocol controllers. 

Block Diagram 

SOO 
NVM 

801 BOO 

8Z1 BZO 

UOI 
eTS 

SRST 

~----------------------~------~-
",--r---, 
ox-, ..... __ .. r:E~================~ 
eo 
SS>-------------~ 

Copyright © Harris Corporation 1992 
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Pinouts 

HD1-6409/683 (CERAMIC DIP) 
TOP VIEW 

VCC 

BOO 

BZO 

SS 

ECLI< 

CTS 

MS 

DCLI< OX 

IX 

GND CO 

HD4-6409/883 (CERAMIC LCC) 
TOP VIEW 

CO N 818 
:::> mill> III 

SO ICDS 

DCLI< 

Logic Symbol 

ss CLOCK 
13 

OX 
CO GENERATOR 

12 
IX 

SO -CDS BOO 
ECLK BZO 

ENCODER CTS 

MS 
RST CONTROL 

SDO 5 
BOI 

DCLI< 8 
BZ1 

NVM 
7 

UDI 

SRST 6 
DECODER 
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Specifications HD-6409/883 

Absolute Maximum Ratings 
Supply Voltage •.••••••••••••.••••••••..••••••.••••••.• +7.0V 
Input, Output or I/O Voltage Applied. • . •• GND-0.5V to VCC+0.5V 
Storage Temperature Range ••.••••••••.••••• -650C to +1500C 
JunctionTemperature ................................ +1750C 

Reliability Information 
Thermal Resistance Bja 

Ceramic DIP Package. • • . . • . • • • . • • • 830CIW 
Ceramic LCC Package. • • . • . • • • . • • • 840C/W 

Maximum Package Power Dissipation at +1250C 
Lead Temperature (Soldering 10 sec) •. " ••••• '" ••...•. +3000C Ceramic DIP Package .............................. 602mW 
ESD Claasificatlon .................................... Class 1 Ceramic LCC Package ............................. 595mW 

Gate Count ....................................... 250 Gates 

CAUTION: Stresses above those listed in "Abso/ute Maximum Ratings" may cause permanent damage to the device. This is a stress only ,ating and operation 
of the device at these Of any other conditions above those indicated in the operational sections 01 this specification IS not implied. 

Operating Conditions 
Operating Temperature Range ............... -550C to +1250C Sync. Transition Span (t2) ........... 1.5 DBPTypical, (Noles 1,2) 
Operating Voltage Range ....................... +4.5V to +5.5V 
Input Rise and Fall Times ............................ 50ns Max 

Short Data Transition Span (t4) ••..•• 0.5 DBP Typical, (Notes 1, 2) 
Long Data Transillon Span (t5). . • • • .• 1.0 DBP Typical, (Notes 1, 2) 
Zero Crossing Tolerance (tCD5) ....................... (Note 3) 

NOTES: 1. DBP-Data BI Period, ClOCk Rate - 16X. one DBP - 16 Clock Cycles; Clock Rate - 32X. one DBP = 32 Clock Cycles. 

2. The .. put conditions spaclfl8d are nominal values, the actual Input waveforms transition spans may vary by :t 21X clock cycles (16X mode) or ± 6 
IX clock cycles (32X mode). 

3. The maximum zero crossing tolerance IS :!: 2 IX clock cycles (16X mode) or ± 6 IX clock cycles (32 mode) from the nominal. 

TABLE 1. HD-6409/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

GROUPA 
LIMITS 

PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX 

logic '1 'Input Voltage VIH VCC=4.5V 1,2,3 -550C~TA~+1250C 70% -
VCC 

Logic 'O'lnput Voltage VIL VCC= 4.5V 1,2,3 -550C~TA~+1250C - 20%VCC 

Logic '1'Input Voltage VIHR VCC= 5.5V 1,2,3 -550C~TA~+1250C VCC -
(ReSei) -0.5 

Logic '0' Input Voltage VllR VCC= 4.5V 1,2,3 -550C~TA~+1250C - GND 
(Reset) +0.5 

Logic '1'Input Voltage VlHC VCC=5.5V 1,2,3 -550C~TAS+1250C VCC -
(Clock) -0.5 

Logic 'O'lnput Voltage VllC VCC=4.5V 1,2,3 -550C ~ TA~ +1250C - GND 
(Clock) +0.5 

Input leakage Current " VIN = VCC or GND 1,2,3 -550C ~TA~ +1250C -1.0 +1.0 
(Except Ix) VCC=5.5V 

Input leakage Current " VIN = VCC or GND 1,2,3 -550C s..TA~ +1250C -20 +20 
(IX) VCC=5.5V 

I/O leakage Current 10 VOUT = VCC or GND 1,2,3 -550C ~ TA~ +1250C -10 +10 
VCC=5.5V 

Output HIGH Voltage VOH IOH=-2.0mA 1,2,3 -550C ~ TA~ +1250C VCC -
(All except OX) VCC = 4.5V (Note 1) -0.4 

Output lOW Voltage VOL IOl=+2.0mA 1,2,3 -550C~TA~+1250C - 0.4 
(All except OX) VCC = 4.5V (Note 1) 

Standby Power Supply ICCSB VIN = VCC or GND, 1,2,3 -550C ~ TA~ +1250C - 100 
Current VCC= 5.5V, 

Outputs Open 

Operating Power ICCOP f=16.0MHz, 1,2,3 -550CS TA ~ + 1250C - 18.0 
Supply Current VIN = VCC or GND 

VCC = 5.5V, Cl = 50pF 

Functional Test FT (Note 2) 7,8 -550C~TA~+1250C - -

NOTES: 1. Interchanging of force and sense conditions IS permitted. 

2. Tested as loIlows: I = 16M Hz. VIH - 70% VCC. VIL - 20% VCC. VOH ~ VCCI2, and VOL S VCCI2, VCC = 4.SV and S.SV. 

CAUTION: These devices are senSitIVe to electrostatIC discharge. Proper I.C. handling proceduras should be followed. 
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Specifications HO-6409/883 

TABLE 2. HD-6409/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

(NOTE 1) GROUPA LIMITS 

PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX 

Clock Frequency fC 9,10,11 -550C.:oTA.:o+1250C - 16 

Clock Period tc 9,10,11 -55°C :'O.TA::;' +1250C 1/fC -
Bipolar Pulse Width t1 9,10,11 -55°C ::;.TA.:o +1250C tC+10 -

One-Zero Overlap t3 9,10,11 -550C::;.TA::;' +1250C - tC-10 

Clock High Time tCH f=16.0MHz 9,10,11 -55°C < TA < +1250C 20 -
Clock Low Time tCL f=16.0MHz 9,10,11 -55°C ::;.TA.:o +1250C 20 -

Serial Data Setup Time tCE1 9,10,11 -55°C ::;.TA:'O. +1250C 120 -

Serial Data Hold Time tCE2 9,10,11 -550C < TA < +1250C a -

DCLK to SDO, NVM tCD2 9,10,11 -550C.:o TA.:o +1250C - 40 

ECLKtoBZO tR2 9,10,11 -550C.:oTA::;' +1250C - 40 

UNITS 

MHz 

sec 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES 1 AC Testing as follows f ~ 4 OMHz, VIH ~ 70% VCC, VIL ~ 20% VCC, Speed Select ~ 16X, VOH -'=: VCC/2, VOL 5 VCC/2, VCC ~ 4 5V and 5.5V, 
Input rise and fall limes d riven at 1 nsN. Output load = 50pF 

TABLE 3. HD-6409/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL CONDITONS NOTES TEMPERATURE 

Input Capacitance CIN VCC = Open, f = 1 MHz 1,2 TA= +250C 
All Measurements 

I/O Capacitance CliO are referenced to 1,2 TA= +250C 
device GND 

Output Rise Time Ir From 1.0 10 3.5V 1,2 -55°C .:oTA::;' +1250C 
(All except Clock) CL= 50pF 

Oulpul Fall Time tf From 3.5 to 1.0V 1,2 -550C.:o TA.:s +1250C 
(All except Clock) CL= 50pF 

Clock Output Rise Time Ir From 1.0 to 3.5V 1,2 -550C.:s TA.:s +1250C 
CL= 20pF 

Clock Output Fall Time If From 3.5 10 1.0V 1,2 -550C:'O.TA.:s+1250C 
CL= 20pF 

ECLK to BZO, BOO tCE3 1,3 -550C.:o TA.:o +1250C 

CTS Low to BZO 
BOO Enabled 

tCE4 1,3 -55°C::;. TA.:s +1250C 

eTS Low 10 ECLK ICE5 1,3 -55°C .:sTA.:s +1250C 
Enabled 

crs High to ECLK tCE6 1,3 -55°C::;. TA.:s +1250C 
Disabled 

CTS High 10 BZO tCE7 1,3 -55°C::;. TA::;' +1250C 
BOO Disabled 

UDI 10 SDO, NVM ICD1 1,3 -55°C::;. T A::;' + 125°C 

RST Low 10 DCLK, tCD3 1,3 -550C ::;.TA::;' +1250C 
SDO,NVM Low 

RST High 10 DCLK, ICD4 1,3 -550C.:s TA.:o +1250C 
Enabled 

UDI to BZO, BOO IR1 1,3 -550C.:s TA.:s +1250C 

UDI 10 SDO, NVM IR3 1,3 -55°C .:sTA::;' +1250C 

NOTES 1. The parameters ilsted In table 3 are controlled via design or process parameters and are not directly tested, 

2 Guaranteed via characteristics at Inillal device design and after maJOr process and/or design changes 

LIMITS 

MIN MAX 

- 10 

- 12 

- 50 

- 50 

- 11 

- 11 

0.5 1.0 

0.5 1.5 

10.5 11.5 

- 1.0 

1.5 2.5 

2.5 .3.0 

0.5 1.5 

0.5 1.5 

0.5 1.0 

2.5 3.0 

3 DBP-Data Bit Penod, Clock Rate = 16X. one DB? = 16 Clock Cycles, Clock Rate = 32X. one DB? = 32 Clock Cycles. 

CAUTION. These devices are sensitIVe to electrostatic discharge Proper 1 C. handling procedures should be followed 
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Specifications HD-6409/883 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initia/Test 100%/5004 -
Interim Test 100%/5004 1,7,9 

PDA 100% 1 

Final Test 100% 2,3,8A,8B, 10, 11 

Group A - 1,2,3, 7,8A,8B,9, 10, 11 

GroupsC&D Samples/5005 1,7,9 

Burn-In Circuits 

HD-6409/883 CERAMIC DIP HD-6409/883 CERAMIC LCC 

vee 

A 

NOTES: 
vee = S.SV ±O.SV 
VIH = 4.SV ±10% 
VIL = -0.2V 10 0.4V 
Rl = 47kO ±S% 
FO = 100kHz ±10% 
F4 = FOIlS 

Rl 

Rl 

Rl 

Rl 

vee 
A 

A 

GND 

A 
GND 

GND 
"ARl 

v 

A 

GND A 

A A 

FO A 

A 
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Ii: Ii:~ Ii: 

l~J LZJ t!J t~ lt9J -. 4' -, -. 
5' -, -. 
6' -, -. 7' -, 
8' -, 

fg' fl-a, f1-11 fl-2! rl-~ 

-~ Ii: " a: 

U 
~ < e < 

vce 

A 

NOTES: 
vee = 5.SV ±o.sv 
VIH = 4.5V ±1 0% 
VIL = -0.2V 10 O,4V 
RI = 47KO ±5% 
FO = 100kHz ±10% 
F4 = FOIlS 

fl"s 
L_ 

fi7 
L_ 

rie 
L_ 

fis 
L_ 

f14 
L_ 

,~l 

Rl 

Rl 

A 

GND 

A 

GND 

GND 



Metallization Topology 
DIE DIMENSIONS: 

88 x 78 x 19 ±1 mils 

METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: Metal 1: 8kA ± 1kA 

Metal 2: 16kA ± 1 kA 

GLASSIVATION: 
Type: Si3N4· SiOx 
Thickness: 10kA ± 2kA 

DIE ATTACH: 

HD-6409/883 

Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 4600 C (Max) 

Ceramic LCC - 4200 C (Max) 

WORST CASE CURRENT DENSITY: 
0.8 x 105 A/cm2 

Metallization Mask Layout 
HO-6409/883 

UOI BOI BZI VCC BOO .... --
so/cos 

SOO 

SRST 

NVM 

OCLK 

RST GNO CO IX OX 
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Z 
0 

~-
SS 
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00 
UlZ 
0:;:) 
:::: 

ECLK 0:: 
0 
0 

CTS 

MS 



HD-6409/883 

Packaging 
20 PIN CERAMIC DIP 

.065 

LEAD FINISH: Type A 

.285 

'r=='+f30=5 =il 

.Q:. 
15" 

• INCREASE MAX UMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOUDER FINISH 

MATERIALSl Compliant to MIL-M-38510 
COMPLIANT OUTLINE: MIL-STD-1835, 

GDIP1-T20 

.006 

".0221 

[.022 r 

LEAD FINISH: Type A 

.028 

.045 

.055 

20 PAD CERAMIC LCe 

.358 

~========:t.::;:;I-Lr 
II n n n n n II 

Jill.TI 
.095 

.064 

.083 

MATERIALS: Compliant to MIL-M-38510 
COMPLIANT OUTLINE: MIL-STD-1835, 

CQCC1-N20 

NOTE: AU Dimensions are ~ • Dimensions are in inches. 
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HARRIS 
SEMICONDUCTOR HD-15530 

January 1992 CMOS Manchester Encoder-Decoder 

Features 
• Support of MIL-STD-1553 
• Data Rate •••••.•..•••••••••••••••••••••••••••••••••• 1.25 MBit/s 
• Sync Identification and Lock-In 
• Clock Recovery 
• Manchester II Encode, Decode 
• Separate Encode and Decode 
• Low Operating Power ••••••••••••••••••••••••••• 50mW @ 5 Volts 

Description 
The Harris HD-15530 is a high performance CMOS device intended to 
service the requirements of MIL-STD-1553 and similar Manchester II 
encoded, time division multiplexed serial data protocols. This LSI chip is 
divided into two sections, an Encoder and a Decoder. These sections oper' 
ate completely independent of each other, except for the Master Reset 
functions. 

This circuit meets many of the requirements of MIL-STD-1553. The 
Encoder produces the sync pulse and the parity bit as well as the encoding 
of the data bits. The Decoder recogn izes the sync pulse and identifies it as 
well as decoding the data bits and checking parity. 

This integrated circuit is fully guaranteed to support the 1 MHz data rate of 
MIL-STD-1553 over both temperature and voltage. It interfaces with CMOS, 
TIL or N channel support circuitry, and uses a standard 5 volt supply. 

The HD-15530 can also be used in many party line digital data 
communications applications, such as an environmental control system 
driven from a Single twisted pair cable of fiber optic cable throughout the 
building. 

Ordering Information 

PACKAGE TEMP RANGE 

Ceramic DIP -400 C to +850 C 
-550 C to + 1250 C 

SMD#' 

LCC -400 C to +850 C 
-550 Cto+1250 C 

SMD#' 

Block Diagrams 
ENCODER 

GND 
12 »)------

MASTER RESET 
13>-------------~--, 

22>----------t--~--t_------_, ,._----...... 

SEND 
DATA 

SERIAL 
DATA IN 

ENCODER ENCODER 
SHIFT ENABLE 
elK 

SYNC 
SELECT 

1.25 MEGABIT/s 

HDl-15530-9 
HDl-15530-8 

7802901JA 

HD4-15530-9 
HD4-15530-8 

78029013A 

Vee UNIPOLAR 
Co< DATA IN 

OUTPUT 
BIPOLAR 

DNEIN 
INHIBrr 

BIPOLAR ,. 
ZERO IN 

17 BIPOLAR 
ONE OUT ,. DECODER 
BIPOLAR elK 
iEROCi'iIT 

MASTER 
RESET 

Pinouts 
24 LEAD DIP 

TOP VIEW 

VALIDWORD 1 

ENCODER SHIFT Ct.K 2 

TAKE DATA 3 

SERIAL DATA OUT 4 

DECODER ClK 5 

BIPOLAR ZERO IN 6 

BIPOlAR ONE IN 1 

UNIPOLAR OATA IN 8 

DECODER StIFT a.K 9 

COMMAND I DATA SYNC 10 

DECODER RESET 11 

28 LEAD LCC 
TOP VIEW 

§ ~ 
~ • e i! ~ ~ 
~ qi P 
hu Jld 

DECODER Q.K ~r~ 1~ .. J.., ~~J I 

Ne ~1 
NC il 

BIf'OI..AR ZERO IN !l 
BI'OLAR ONE IN !l 

UNI'OI..ARDATAIN r 

DECODER 

TRANSITION 
FINDER 

CHARACTER 
IDENTIFIER 

ENCODER CLK 

SEND Cl.K IN 

SYNC saECT 

ENCODER ENABLE 

SERIAL DATA IN 

BIPOLAR ONE OUT 

OUTPUT INHIBIT 

IIII'OU\A ZERO OUT 

SYNC SELECT 

ENCODER ....... 

TAKE DATA 

1 0 COMMAND I DATA 
~-r---r~ .. -s~ 

SERIAL 
DATA OUT 

VALID 
WOfID 

t---+----. ~~~DER 
eLK 

CAUTION: These devices are senSItive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1 992 
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HD-15530 

Pin Description 

PIN 
NUMBER TYPE NAME SECTION DESCRIPTION 

1 0 VALID WORD Decoder Output high indicates receipt of a valid word, (valid parity and no Manchester 
errors). 

2 0 ENCODER SHIFT Encoder Output for shifting data into the Encoder. The Encoder samples SDI on the 
CLOCK low-to-high transition of Encoder Shift Clock. 

3 0 TAKE DATA Decoder Output is high during receipt of dala after identification of a sync pulse and two 
valid Manchester data bits. 

4 0 SERIAL DATA OUT Decoder Delivers received data in correct NRZ format. 

5 I DECODER CLOCK Decoder Input drives the transition finder, and the synchronizer which in turn supplies 
the clock to the balance of the decoder, input a frequency equal to 12X the 
data rate. 

6 I BIPOLAR ZERO IN Decoder A high input should be applied when the bus is in its negative state. This pin must 
be held high when the Unipolar input is used. 

7 I BIPOLAR ONE IN Decoder A high input should be applied when the bus is in its positive state. This pin must 
be held low when the Unipolar input is used. 

8 I UNIPOLAR DATA IN Decoder With pin 6 high and pin 7 low, this pin enters unipolar data into the transtition 
finder circuit. If not used this input must be held low. 

9 0 DECODER SHIFT Decoder Output which delivers a frequency (DECODER CLOCK + 12), synchronized by the 
CLOCK recovered serial data stream. 

10 0 COMMAND SYNC Decoder Output of a high from this pin occurs during output 01 decoded data which was 
preceded by a Command (or Status) synchronizing character. A low output 
indicates a Data synchronizing character. 

11 I DECODER RESET Decoder A high input to this pin during a rising edge of DECODER SHIFT CLOCK resets 
the decoder bit counting logic to a condition ready for a new word. 

12 I GROUND Both Ground Supply pin. 

13 I MASTER RESET Both A high on this pin clears 2: 1 counters in both Encoder and Decoder, and resets the 

- -:- 6 circuit. 

14 0 +60UT Encoder Output from 6:1 divider which is driven by the ENCODER CLOCK. 

15 0 BIPOLAR ZERO Encoder An active low output designed to drive the zero or negative sense of a bipolar 
OUT line driver. 

16 I OUTPUT INHIBIT Encoder A low on this pin forces pin 15 and 17 high, the inactive states. 

17 0 BIPOLAR ONE OUT Encoder An active low output designed to drive the one or positive sense of a bipolar 
line driver. 

18 I SERIAL DATA IN Encoder Accepts a serial data stream at a data rate equal to ENCODER SHIFT CLOCK. 

19 I ENCODER ENABLE Encoder A high on this pin initiates the encode cycle. (Subject tothe preceeding cycle 
being complete.) 

20 I SYNC SELECT Encoder Actuates a Command sync for an input high and Data sync for an input low. 

21 0 SEND DATA Encoder An active high output which enables the external source of serial data. 

22 I SEND CLOCK IN Encoder Clock input at a frequency equal to the data rate X2, usually driven by + 6 output. 

23 I ENCODER CLOCK Encoder Input to the 6: 1 divider, a frequency equal to the data rate X12 is usually input here. 

24 I VCC Both VCC is the +5V power supply pin. AO.1~F decoupling capacitor from VCC (pin 24) 
to GROUND (pin 12) is recommended. 

I = Input 0= Output 
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HD-15530 

Encoder Operation 

The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on chip 
which can be utilized to produce the SEND CLOCK by 
dividing the DECODER CLOCK. 

The Encoder's cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK 0). 
This cycle lasts for one word length or twenty ENCODER 
SHIFT CLOCK periods. At the next low-to-high transition of 
the ENCODER SHIFT CLOCK, a high SYNC SELECT input 
actuates a command sync or a low will produce a data sync 
for the word @. When the Encoder is ready to accept data, 
the SEND DATA output will go high and remain high for 
sixteen ENCODER SHIFT CLOCK periods @. During these 
sixteen periods the data should be clocked into the SERIAL 
DATA input with every high-to-Iow transition of the 

TIMING 

SEND CLOCK 

ENCODER 
SHIFT CLOCK 

ENCODER ENABLE 

SYNC SELECT 

SEND DATA 

ENCODER SHIFT CLOCK so it can be sampled on the low
to-high transition @ - @). After the sync and Manchester II 
coded data are transmitted through the BIPOLAR ONE and 
BIPOLAR ZERO outputs, the Encoder adds on an addi
tional bit which is the parity for that word ®. If ENCODER 
ENABLE is held high continuously, consecutive words will 
be encoded without an interframe gap. ENCODER ENABLE 
must go low by time ® as shown to prevent a consecutive 
word from being encoded. At any time a low on OUTPUT 
INHIBIT input will force both bipolar outputs to a high state 
but will not affect the Encoder in any other way. 

To abort the Encoder transmission a positive pulse must be 
applied at MASTER RESET. Anytime after or during this 
pulse, a low-to-high transition on SEND CLOCK clears the 
internal counters and initializes the Encoder for a new word. 

I 15 I 16 I 17 I 18 I 19 I 

~\\\\\\\\\\\\\\\\\\\\\\\\ '\\\\\\\ '\\\'§ 

I 

SERIAL DATA IN 15 14 13 12 I 11 1,0: ~-I 2 I 1 I 0 I 

BIPOLAR ONE OUT ~-i5T~Ti3J-'2Tl'-G 

U~NC I-S-YNC-I !:_Ll~_L1LL1!._Ll.!_G 

5-129 

~cd;: 
00 
1/)
OZ 
::!i: 
o 



HD-15530 

Decoder Operation 
The Decoder requires a single clock with a frequency of 12 
times the desired data rate applied at the DECODER 
CLOCK input. The Manchester II coded data can be 
presented to the Decoder in one of two ways. The BIPOLAR 
ONE and BIPOLAR ZERO inputs will accept data from a 
comparator sensed transformer coupled bus as specified in 
Military Spec 1553. The UNIPOLAR DATA input can only 
accept non-inverted Manchester II coded data. (e.g. from 
BIPOLAR ONE OUT of an Encoder through an inverter to 
Unipolar Data Input). 

The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized CD, the type of sync is indicated on 
COMMAND/DATA SYNC output. If the sync character was 
a command sync, this output will go high ® and remain 
high for sixten DECODER SHIFT CLOCK periods @, other
wise it will remain low. The TAKE DATA output will go high 
and remain high ® - @ while the Decoder is transmitting 
the decoded data through SERIAL DATA OUT. The 

TIMING 

DECODER 
SHIFT CLOCK 

BIPOLAR ONE IN 

BIPOLAR ZERO IN 

TAKE DATA 

decoded data available at SERIAL DATA OUT is in NRZ 
format. The DECODER SHIFT CLOCK is provided so that 
the decoded bits can be shifted into an external register on 
every low-to-high transition of this clock ® - @. Note that 
DECODER SHIFT CLOCK may adjust its phase up until the 
time that TAKE DATA goes high. 

After all sixteen decoded bits have been transmitted @ 
the data is checked for odd parity. A high on VALID WORD 
output ® indicates a successfu I reception of a word without 
any Manchester or parity errors. At this time the Decoder is 
looking for a new sync character to start another output 
sequence. VALID WORD will go low approximately 20 
DECODER SHIFT CLOCK periods after it goes high if not 
reset low sooner by a valid sync and two valid Manchester 
bits as shown CD. 

At any time in the above sequence a high input on 
DECODER RESET during a low-to-high transition of 
DECODER SHIFT CLOCK will abort transmission and ini
tialize the Decoder to start looking for a new sync character. 

I 16 I 17 I 18 I 19 I 

COMMAND/DATA SYNC ____________________ ~I-------------J ~-----------------~I------

13 12 I~: r~_4~1~3_1~2~1 __ '~~o~I ____ ___ 
VALID WORD @IFROM PREVIOUS RECEPTlONI~ 

dxt 
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How to Make Our MTU Look Like a Manchester Encoded UART 

l VALID VCC ] WORD 

[ DECODER SYNC SEL ) ENCODER CLK 

[ 
_1 

24 t:J 
J BIPOLAR ENCODER 

ZERO IN 

~ 
- 2 23 

~ 
ENABLE 

"'L 22 r-
l BIPOLAR 1-- 3 BIPOLAR ] ONE IN 4 21 ONE OUT 

0 l UNIPOLAR 
_ 5 

20 I- INHIBIT ] DATA IN 

I 
OUTPUT 

8 19 

l COMMAND 7 18 BIPOLAR ] SYNC ZERO OUT 
8 17 

l DECODER 
9 18 r-1 MASTER ] RESET 

I 
RESET 

10 15 

11 14 -

*~ 
12 13 

r r-t""1 I ., I I I A B CK H I A B CK 
OH SHA.D CKSI I OH SHA.DCK I 74LSI64 J 74lS164 J 74165 J 74165 J 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

PARALLEL OUT PARALLEL IN 

Typical Timing Diagrams for a Manchester Encoded UART 

ENCODER TIMING 

ENCODER ENABLE 

SYNC SELECT 

PARALLEL IN 

BIPOLAR ONE OUT 

BIPOLAR ZERO OUT 

DECODER TIMING 

BIPOLAR ONE IN 

BIPOLAR ZERO IN 

COMMAND SYNC __________________________ LI _________ _ 

PARALLEL OUT VALID VZ/ZZZ/OZZZ077Z7/J VALID 

VALID WORD PRl~I~~S RECEPTION I I 
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MIL-STD- 7553 
The 1553 standard defines a time division multiplexed data 
bus for application within aircraft. The bus is defined to be 
bipolar, and encoded in a Manchester II format, so no DC 
component appears on the bus. This allows transformer 
coupling and excellent isolation among systems and their 
environment. 

Words. Terminals respond with Status Words. Each word is 
preceded by a synchronizing pulse, and followed by parity 
bit, occupying a total of 20jJsec. The word formats are 
shown in Figure 4. The special abbreviations are as follows: 

P Parity, wh ich is defined to be odd, taken across all 
17 bits. 

The HD-15530 supports the full bipolar configuration, as- RfT 
suming a bus driver configuration similar to that in Figure 1. ME 
Bipolar inputs from the bus, like Figure 2, are also TF 
accomodated. 

Receive on logical zero, transmit on ONE. 

Message Error if logical 1. 

Terminal Flat, if set, calls for controller to request 
self-test data. 

The signaling format in MIL-STD-1553 is specified on the 
assumption that the network of 32 or fewer terminals are 
controlled by a central control unit by means of Command 

".~.~ 
.. o .. ~ 

FIGURE 1. SIMPLIFIED MIL-STD-1553 DRIVER 

COMMAND 
SYNC 

DATA 
SYNC 

I------- f-------

I-------f-------

~E~~O+E~~D I PE~~~ 
LOGICAL ONE DATA l= 
LOGICAL ZERO DATA I-

BUS 

FIGURE 3. MIL-STD-1553 CHARACTER FORMATS 

The paragraphs above are intended only to suggest the 
content of MIL-STD-1553, and do not completely describe 
its bus requirements, timing or protocols. 

.. , .. 

"0" 

FIGURE 2. SIMPLIFIED MIL-STD-1553 RECEIVER 

COMMAND WORD (FROM CONTROLLER TO TERMINALI 

9--j 5 

SYNC I TERMINAL 
ADDRESS 

I, I 5 I 
I I SUBADDRESS I 
RIT /MODE 

DATA WORD (SENT EITHER DIRECTION) 

5 

DATA WORD 
COUNT 

~ ________ ~'6 ________ ~1~'1 
SYNC I DATA WORD I P I 

STATUS WORD (FRDM TERMINAL TO CONTROLLER) 

FIGURE 4. MIL-STD-1553 WORD FORMATS 

NOTE: This page is a summary of MIL-STO-1553 and is not intended to describe the operation of the HO-15530. 

5-132 



HD-15530 

Absolute Maximum Ratings 

Supply Voltage ...•...•...•.••...•••..•..••••••.•....•• +7.0V 
Input. Output or I/O Voltage Applied ....•• GND-0.3V to VCC+O.3 
Storage Temperature Range ......•..•...•..• -650 C to +1500 C 
Junction Temperature ..••••....•...•..............•.. +1750C 
Lead Temperature (Soldering 10 sec) .•................ +3000 C 
ESD Classification •......•.....••...••.••...••....•.•• Class 1 

Reliability Information 

Thermal Resistance aia 
Ceramic DIP Package. • . . • . . • . • . • . . 5O.40C/W 
Ceramic LCC Package. . • . . . . . . • . . . 71.1 0 C/W 

Maximum Package Power Dissipation at +1250 C 

°ic 
11.70C/W 
16.SoC/W 

Ceramic DIP Package •••.•••••••••••••••••••..••••• 992mW 
Ceramic LCC Package .•.••...••..•...••••.•.•...•• 703mW 

Gate Count •.••.••••••..•.•••••••••••••••••••••••. 456 Gates 

CAUTION: Stresses above those listed In "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the deVIce at these or any other conditions above those md,cated in the operational sections of thiS specifIcatIon IS not implied. 

Operating Conditions 

Supply Voltage ...•...........•................ +4.5V to +5.5V 
Temperature Range (T A) 

HD-15530-9 ......•..••.......•.•.•••.•.• -400Cto+S50C 
HD-15530-S ..••.••..•..•.••.•..•••.•••. -550C to +1250 C 

Encoder/Decoder Clock Rise Time •..............•.... 8ns Max 
Encoder/Decoder Clock Fall Time ••.•.••••.••.••••.••. 8ns Max 

Sync Transition Span (TD2) ...••.•••.•••• 18 TDC Typical (Notel) 
Short Data Transition Span (TD4) •••• • • • •• 6 TDC Typical (Notel) 
Long Data Transition Span (TD5) ••••..•.• 12 TDC Typical (Notel) 

DC Electrical Specifications VCC = 5V ± 10%. TA = -400 c to +S50 C (HD-15530-9) 
TA = -550C to +1250C (HD-15530-8j 

LIMITS 

SYMBOL PARAMETER MIN MAX 

VIL Input LOW Voltage - 0.2VCC 

VIH Input HIGH Voltage 0.7VCC -
VlLC Input LOW Clock Voltage - GND+0.5 

VIHC Input HIGH Clock Voltage VCC-0.5 -
VOL Output LOW Voltage - 0.4 

VOH Output HIGH Voltage 2.4 -
II Input Leakage Current -1.0 +1.0 

ICCSB Standby Supply Current - 2 

ICCOp Operating Power Supply - 10 
Current 

FT Function Test - -
NOTES: 
1. TDC = Decoder clock period = 1/FDC 
2. Interchanging of force and sense conditions IS permitted. 
3. Tested as follows: = f = 15M Hz. VIH = 70% Vce. Vil = 20% Vee. 

el = 50pF. VOH ~ 1.5V and VOL ~ 1.5V. 

Capacitance TA = +250 C; Frequency = 1 MHz 

SYMBOL PARAMETER TYPICAL 

CIN Input Capacitance 15 

Co Output Capacitance 15 
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UNITS 

V 

V 

V 

V 

V 

V 

I!A 
rnA 

mA 

-

UNITS 

pF 

pF 

TEST CONDITIONS 

VCC = 4.5V and 5.5V 

VCC = 4.5V and 5.5V 

VCC = 4.5V and 5.5V 

VCC = 4.5V and 5.5V 

10L = l.8mA (Note 2). VCC = 4.SV 

10H = -3mA (Note 2). VCC = 4.5V 

VI = GND or VCC. VCC = 5.5V 

VIN = VCC = 5.5V Output Open 

VCC = 5.5V. VIN = VCC. f = 15MHz. 
Outputa Open 

(Note 3) 

CONDITIONS 

All measurements are referenced 
to device GND 
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AC Electrical Specifications vee = 5V ± 10%, T" = -4O"C to +85"C (HD-I5530-9) 
T" = -55"C to +1250C (HD-15530-8) 

UMITS 

SYMBOL PARAMETER MIN 

ENCODER TIMING 

FEC Encoder Clock Frequency -
FESC Send Clock Frequency -
FED Encoder Data Rate -
TMR Master Raset Pulse Width 150 

TEl Shift Clock Delay -
TE2 Serial Data Setup 75 

TE3 Serial Data Hold 75 

TE4 Enable Setup 90 

TE5 Enable Pulse Width 100 

TE6 Sync Setup 55 

TE7 Sync Pulse Width 150 

TE8 Send Data Delay 0 

TE9 Bipolar Output Delay -
TEl0 Enable Hold 10 

TEll Sync Hold 95 

DECODER TIMING 

FDC Decoder Clock Frequency -
FDD Decoder Data Rate -
TOR Decoder Raset Pulse Width 150 

TORS Decoder Raset Setup Time 75 

TDRH Decoder Raset Hold Time 10 

TMR Master Raset Pulse 150 

TDI Bipolar Data Pulse Width TDC+ 10 
(Note 1) 

T03 One Zero Overlap -

TD6 Sync Delay (ON) -20 

T07 Take Data Delay (ON) 0 

T08 Serial Data Out Delay -
TD9 Sync Delay (OFF) 0 

TD10 Take Data Delay (OFF) 0 

TOIl Valid Word Delay 0 

NOTES: 

1. TDC = Decoder clock period = l/FDC 

2. AC Testing as follows: Input levels: V1H = 70% Vee, V1L = 20% 
Vee; Input rlselfall times driven at 1 nsIV; Timing Reference 
levels: 1.5V; Output load: CL = 50pF. 

MAX 

15 

2.5 

1.25 

-
125 

-
-
-
-
-
-

50 

130 

-
-

15 

1.25 

-
-
-
-
-

TDC-l0 
(Note 1) 

110 

110 

80 

110 

110 

110 
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UNITS 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

TEST CONDITIONS (NOTE 2) 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, YL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vce = 4.5V and 5.5V, CL = 50pF 

Vce = 4.5V and 5.5V, CL = 50pF 

Vce = 4.5V and 5.5V, CL = 50pF 

Vce = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 

Vee = 4.5V and 5.5V, CL = 50pF 
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Timing Waveforms 

ENCODER TIMING 

SEND CLOCK -.-J I---TEI L 
ENCODER SHIFT CLOCK ~i--'T-=E3-'------' ~ 

SERIAL DATA IN ~"=------------""'~=:::::::::::::::::: 

SEND CLOCK L 
I I ENCODER SHIFT CLOCK 

jTE45 I 
ENCODER ENABLE ---------~~TE~~--'~~T~E6~04;--------

SYNCSELECT ----------------F;~;=f 

ENCODER SHIFT CLOCK 

TEld F---------
SEND DATA 

____________ ~~~;~T~E~9 _________ _,~----L--
BIPOLAR ONE OUT or --V r XL ___ _ 

SEND CLOCK 

BIPOLAR me OUT ---A -

DECODER TIMING 

DECODER SHIFT CLOCK -----,!--,-______ ..J '--____ ...Jr---
TD61 !=== 

COMMANDIDATASYNC -=TD--7:-1+..JI~'l=-=------------------_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-

TAKE DATA I 

DECODER SHIFT CLOCK ----,~r---------' '--______ --'r-
TDI-i l;::=------------_,r---------

SERIAL DATA OUT ==:::x DATA BIT X'-________ _ 

DECODER SHIFT CLOCK -,....,== ____ ___' 
TD9-C ..-:== 

COMMANDIDATASYNC ___ I I 

TDIO=! t---
TAKE DATA ~~~'IL-_______________________________ ___ 

VALID WORD TDII--l F= 

L....-. ____ .... r---DECODER SHIFT CLOCK -,L. ___ --:: __ -.--Il 
TDRS--l I--

DECODER RESET ______________ --=fiDRl---__ ~TDR~~ _____________________ _ 

--I I-- TDRH 
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Timing Waveforms (Continued) 

DECODER TIMING (Continued) 

NOTE' UNIPOLAR IN'" O. FOR NEXT DIAGRAMS 

BIPOLAR ONE IN 

I---- BIT PERIOD ---t--- BIT PERIOD • , • BIT PERIOO----l 

j:'T010:v/Z////7//////'l//////A: r-
I • T02 - lJ:o- TOJ ~ I--- TOJ 

; f:OT01:V~////7////fi7//1 BIPOLAR ZERO IN 

f-- T02 -, 

COMMAND SYNC 
, ' , , 

DATA SYNC , 

BIPOLAR ONE IN j:TOl4Z"'/21 [:T01~A1J r--
--l f-- TD3 ---j f-- TOJ ---j I--- TOJ ~ I-- TOJ ---j I-- T03 

BIPOLAR ZERO IN I ~~ [:T01:r/////.Il 

f----- T04 ---+- T05 • I • T05 • I • T04--j 

ONE ZERO ONE 

NOTE BIPOLAR ONE IN "" O. BIPOLAR ZERO IN = 1. FOR NEXT DIAGRAMS 

UNIPOLAR IN :::Jj::;.======rT~02;::::~'~===:~tl ~. ===~==2!TO~2l======-d~2:'Z2:/'j2/'j2/'j2/'jZ/'jZ/'j2112L 
COMMAND SYNC 

UNIPOLAR IN :::J1' :'======2TQ02C=~===~-FI ;:. :;::::==~==-:r;TOD:2;======::;~~IZ~Z~/'j~2~2~2~Z~Zl~_ 
DATA SYNC 

UNIPOLAR IN -..F== T04 • I . T05 

ONE 

Test Load Circuit 

'Includes stray and jig capacitance 

.1.. TOS 

ZERO 

.1.. T04 • I 
ONE 

T04~ 
ONE 

AC Testing Input, Output Waveform 

INPUT OUTPUT 

VIH~ ~VOH 
J"\: 50% 50% ~ 

V IL ~------- VOL 

AC (Testing: All input signals must switch between V IL and V IH . Input 
rise and fall times are driven at 1 ns per volt. 
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Burn-In Circuits 

NOTES 

Vee = 55V ± 05V 

VIH =45V± 10% 

VIL = -0 2V to +04V 

Rl = 47K!l ± 5% 

FO = 100kHz ± 10% 

el = 001MF Min 

NOTES 

Vee = 5 5V ± 05V 

VIH = 4.5V ± 10% 

VIL = -02V to +04V 

R2 = 18K!l ± 5% 

FO = 100KHz ± 10% 

el = OOMF Min 

HD-15530 

HD1-15530 CERAMIC DIP 

Vee el 

bE--GND 
A Rl Vcc 

A FO 

A 

A A 
RI Rl 

FO GND 
Rl 

Vee 
RI 

GND 
RI 

GND 
RI 

A Vee 

A 
RI 

GND 

GND GND 

Rl 

Rl 

Vee 

.~.' 
Rl 

GND 

HD4-15530 CERAMIC LCC 

R2 vee 
GND 

R2 
CI GND 

R2 ( 
GND ~ R2 

~ GND 

_ .. L~J L~j L~J t 1 J ~~ ~~ L~f;1 r;:' 
Fe -----ll~J - l~:5J--+-'III/v-- GND 

R2 

He~] ~ Ne 
Ne il [~NC 

r--- ~J r~ GND 

r-- !] [~1 Vee 
GND --:R"':"2-+-+--i1g [~GND 
GND 111 rf~ 

-~ f;2f f1-" f;1 f,-"1 f1-" r1-~ f1-d L. 

R2 

GND~~~ GND 
GND 
GND 
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Metallization Topology 
DIE DIMENSIONS: 

155 x 195 x 19 ± 1 mils 

METALLIZATION: 
Type: Si-AI 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 
Type: Si02 
Thickness: BkA ± 1 kA 

Metallization Mask Layout 

TAKE DATA 

SERIAL DATA OUT 

DECODER CLK 

DECODER SHIFT CLK 

COMMAND/DATA SYNC 

ENCODER 
8HIFTCLK 

HO-15530 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 46QOC (Max) 

Ceramic LCC - 4200 C (Max) 

WORST CASE CURRENT DENSITY: 
1.B x 105Ncm2 

LEAD TEMPERATURE (10 seconds soldering): 
<2750 C 

HO-15530 

VAUD 
WORD Vee ENCODER CLK 

SEND DATA 

DECODER RESET GND MASTER +eout 
RESET 
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HARRIS 
SEMICONDUCTOR 

January 1992 

Features 

• Support of MIL-STD-1553 

• Data Rate (155318) ••••••••••••••• 2.5 Megabit/Sec 

• Data Rate (15531) •••••••••••••••. 1.25 Megabit/Sec 

• Variable Frame Length to 32-81ts 

• Sync Identification and Lock-In 

• Separate Manchester II Encode, Decode 

• Low Operating Power •••.••.•.•••• 50mW @ 5 Volts 

Ordering Information 

PACKAGE TEMP. RANGE 1.25MBIT/sEC 2.5MBIT/sEC 

Plastic DIP -40oC to +85°C . HD3·15531B·9 

Ceramic DIP -40oC to +85°C HD1·15531·9 HD1·15531B·9 

-55°C to + 125°C HDI-15531-8 HD1·15531B·8 

/883" HD1·15531/ HDI-15531B1 
883 883 

HD-15531 
CMOS Manchester Encoder-Decoder 

Description 

The Harris HD·15531 is a high performance CMOS device 
intended to service the requirements of MIL-STD-1553 and 
similar Manchester II encoded. time division multiplexed 
serial data protocols. This LSI chip is divided into two sec
tions. an Encoder and a Decoder. These sections operate 
independently of each other. except for the master reset and 
word length functions. This circuit provides many of the 
requirements of MIL·STD·1553. The Encoder produces the 
sync pulse and the parity bit as well as the encoding of the 
data bits. The Decoder recognizes the sync pulse and identi
fies it as well as decoding the data bits and checking parity. 

The HD·15531 also surpasses the requirements of MIL· 
STD·1553 by allowing the word length to be programmable 
(from 2 to 28 data bits). A frame consists of three bits for 
sync followed by the data word (2 to 28 data bits) followed by 
one bit of parity. thus the frame length will vary from 6 to 32 
bit periods. This chip also allows selection of either even or 
odd parity for the Encoder and Decoder separately. 

This integrated circuit is fully guaranteed to support the 
1MHz data rate of MIL·STD-1553 over both temperature and 
voltage. For high speed applications the 15531 B will support 
a 2.5 Megabit/sec data rate. 

"Respective /883 specifications are included at the end of this 
datasheet The HD·15531 can also be used in many party line digital 

data communications applications. such as a local area 
network or an environmental control system driven from a 
single twisted pair of fiber optiC cable throughout a building. 

Pinout 40 LEAD DIP 

YAUDWORD 2 

TAKE DATA' 3 

TAKE DATA 4 

SERIAL DATA OUT 5 

SYNCHR DATA 6 

SYNCHR DATA SEL 7 

SYNCHRCLK 8 

DECODER CLK 9 

SYNCHR CLK SEL 10 

BIPOLAR ZERO IN 11 

BIPOLAR ONE IN 12 

UNIPOLAR DATA IN 13 

DECODER SHIFT CLK 1. 

TRANSITION SEL 15 

COMMAND SYNC 17 

DECODER PARITY SEL 18 

DECODER RESET 19 

COUNT Co 

TOP VIEW 

3 ENCODER CLK 

34 ENCODER SHIFT CLK 

3 SENDCLKIN 

31 ENCODER PARITY SEL 

29 ENCODER ENABLE 

28 SERIAL DATA IN 

27 BIPOLAR ONE oUT 

5 BIPOLAR ZERO oUT 

22 MASTER RESET 

-....---...--

CAUTION: These devICes are sens~ive to electrostabe discharge. Users should follow proper I.C. Handling Procedures. 

Copyright © Harris Corporation 1991 
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Block Diagrams 

ENCODER 

DECODER 

21 :> GND 

22 )-::MAS=;.;.TE;:;R;.;.;.;RE;:;S:;:E:..:T __ ~ .... --. 

Vee <1 
0lJTIIlJT 
INHIBIT 

r-"'::'::'::::;~<26 
U~SE~ND~CLK::..:I~N __ ~ __ ~ __ ~ ________ -, 

+IOUT 
24_----, 

37>--==-...... 

SYNCHRONOUS 
DATA SELECT 

UNIPOLAR 13 
DATA IN 

BIPOLAR 12 TRANSITION 
ONE IN FINDER 

BIPOLAR 11 
ONE IN 

DECODER 
CLK 

DECODER 
CLKSELECT 

SYNCHRONOUS 
CLK 

SYNCHRONOUS 10 
CLKSELECT 

MASTER 22 
RESET 

iiPoi:Aii 
0HEi5iiT 

r'1-...,..-,.......,r- = 
34 26 21 3031 

SERIAL 
DATA IN 

SYNC 
SELECT 

ENCODER 
SHIFT 
CLK 

ENCODER ENCODER 
ENABLE PARITY 

SELECT 

7 SYNCHRONOUS 
DATA 

CHARACTER 
IDENTIFIER 

14 

DECODER 3 
RESET 

Co Cl Ca C3 C. 
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TAKE DATA 

COMMAND SYNC 

DATA SYNC 

SERIAL 
DATA OUT 

VAUDWORK 
PARITY 
SELECT 

DECODER 
SHIFTCLK 

TAKE DATA 



Pin Description HD-15531 

PIN 
NUMBER TYPE NAME SECTION DESCRIPTION 

1 VCC Both Positive supply pin. A 0.111F decoupling capacitor from VCC (pin 1 )to GROUND 
(pin 21) is recommended. 

2 0 VALID WORD Decoder Output high indicates receipt of a valid word, (valid parity and no Manchester errors). 
3 0 TAKE DATA' Decoder A continuous, free running signal provided for host timing or data handling. When 

data is present on the bus, this signal will be synchronized to the incoming data and 
will be identical to take data. 

4 0 TAKE DATA Decoder Output is high during receipt of data after identification of a valid sync pulse and two 
valid Manchester bits. 

5 0 SERIAL DATA OUT Decoder Delivers received data in correct NRZ format. 
6 I SYNCHRONOUS Decoder Input presents Manchester data directly to character identification logic. 

DATA SYNCHRONOUS DATA SELECT must be held high to use this input. If not used this 
pin must be held high. 

7 I SYNCHRONOUS Decoder In high state allows the synchronous data to enter the character identification logic. 
DATA SELECT Tie this input low for asynchronous data. 

8 I SYNCHRONOUS Decoder Input provides externally synchronized clock to the decoder, for use when 
CLOCK receiving synchronous data. This input must be tied high when not in use. 

9 I DECODER Decoder Input drives the transition finder, and the synchronizer which in turn supplies the 
CLOCK ciock to the balance of the decoder.lnputa frequency equal to 12X the data rate. 

10 I SYNCHRONOUS Decoder In high state directs the SYNCHRONOUS CLOCK to control the decoder character 
CLOCKSELCT identification logic. A low state selects the DECODER CLOCK. 

11 I BIPOLAR ZERO IN Decoder A high input should be applied when the bus is in its negative state. This pin must be 
held high when the unipolar input is used. 

12 I BIPOLAR ONE IN Decoder A high input should be applied when the bus is in its positive state. This pin must be 
held low when the unipolar input is used. 

13 I UNIPOLAR Decoder With pin 11 high and pin 1210w, this pin enters unipolar data into the transition finder 
DATA IN circuit. If not used this input must be held low. 

14 0 DECODER SHIFT Decoder Output which delivers a frequency (DECODER CLOCK.,. 12), synchronous by the 
CLOCK recovered serial data stream. 

15 I TRANSITION Decoder A high input to this pin causes the transition finder to synchronize on every transition 
SELECT of input data. A low input causes the transition finder to synchronize only on 

mid-bit transitions. 
16 N.C. Blank Not connected. 
17 0 COMMAND SYNC Decoder Output of a high from this pin occurs during output of decoded data which was 

preceded by a Command (or Status) synchronizing character. 
18 I DECODER Decoder An input for parity sense, calling for even parity with input high and odd parity with 

PARITY SELECT input low. 
19 I DECODER RESET Decoder A high inpulto this pin during a rising edge of DECODER SHIFT CLOCK resets the 

decoder bit counting logic to a condition ready for a new word. 
20 I COUNT CO Both One of five binary inputs which establish the total bit count to be encoded or decoded. 
21 GROUND Both Supply pin. 
22 I MASTER RESET Both A high on this pin clears 2:1 counters in both encoder and decoder, and resets 

the.,. 6 circuit. 
23 I COUNTC2 Both See pin 20. 

24 0 +60UT Encoder Output from 6:1 divider which is driven by the ENCODER CLOCK. 
25 0 BIPOLAR ZERO Encoder An active low output designed to drive the zero or negative sense of a bipolar line 

OUT driver. 
26 I OUTPUT INHIBIT Encoder A low on this pin forces pin 25 and 27 high, the inactive states. 
27 0 BIPOLAR ONE Encoder An active low output designed to drive the one or positive sense of a bipolar line 

OUT driver. 
28 I SERIAL DATA IN Encoder Accepts a serial data stream at a data rate equal to ENCODER SHIFT CLOCK. 

29 I ENCODER Encoder A high on this pin initiates the encode cycle. (Subject to the preceding cycle being 
ENABLE complete.) 

30 I SYNC SELECT Encoder Actuates a Command sync for an input high and Data sync for an input low. 
31 I ENCODER Encoder Sets transmit parity odd for a high input, even for a low input. 

PARITY SELECT 

32 0 SEND DATA Encoder Is an active high output which enables the external source of serial data. 
33 I SEND CLOCK IN Encoder Clock input at a frequency equal to the data rate X2, usually driven by + 6 output. 

34 0 ENCODER SHIFT Encoder Output for shifting data into the Encoder. The Encoder samples SDI pin-28 on the 
CLOCK low-te-high transition of ESC. 

35 N.C. Blank Not connected. 
36 I COUNTC3 Both See pin 20. 

37 I ENCODER CLOCK Encoder Input to the 6:1 divider, a frequency equal to 12 times the data rate is usually input here. 

38 0 DATA SYNC Decoder Output of a high from this pin occurs during output of decoded data which was 
preceded by a data synchronizing character. 

39 I COUNTC4 Both See pin 20. 
40 I COUNTC1 Both See pin 20. 

I = Input 0= Output 
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Encoder Operation 
The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on chip 
which can be utilized to produce the SEND CLOCK by 
dividing the DECODER CLOCK. The frame length is set by 
programming the COUNT inputs. Parity is selected by 
programming ENCODER PARITY SELECT high for odd 
parity or low for even parity. 

The Encoder's cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK CD. 
This cycle lasts for one word length or K + 4 ENCODER 
SHIFT CLOCK periods, where K is the number of bits to be 
sent. At the next low-ta-high transition of the ENCODER 
SHIFT CLOCK, a high SYNC SELECT input actuates a 
Command sync or a low will produce a Data sync for the 
word ®. When the Encoder is ready to accept data, the 
SEND DATA output will go high for K ENCODER SHIFT 
CLOCK periods @. During these K periods the data should 

TIMING 

SEND CLOCK 

ENCODER SHIFT CLOCK 

be clocked into the SERIAL DATA input with every high-to
low transition of the ENCODER SHIFT CLOCK ® - @ so it 
can be sampled on the low-to-high transition. After the sync 
and Manchester II encoded data are transmitted through the 
BIPOLAR ONE and BIPOLAR ZERO outputs, the Encoder 
adds on an additional bit with the parity for that word ®. If 
ENCODER ENABLE is held high continuously, consecutive 
words will be encoded without an interirame gap. 
ENCODER ENABLE must go low by time ® (as shown) to 
prevent a consecutive word from being encoded. At any time 
a low on OUTPUT INHIBIT input will force both bipolar out
puts to a high state but will not affect the Encoder in any 
other way. 

To abort the Encoder transmission a positive pulse must be 
applied at MASTER RESET. Any time after or during this 
pulse, a low-to-high transition on SEND CLOCK clears the 
internal counters and initializes the Encoder for a new word. 

1 N... 1 N-3 I N-2 I N-' I N I 

SYNCSELECT~VALlD~l~ ,_ 

SEND DATA .... 1 _____ _ 

,@ @ ®@ 
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Decoder Operation 
To operate the Decoder asynchronously requires a single 
clock with a frequency of 12 times the desired data rate 
applied at the DECODER CLOCK input. To operate the 
Decoder synchronously requires a SYNCHRONOUS 
CLOCK at a frequency 2 times the data rate which is syn
chronized with the data at every high-to-Iow transition 
applied to the SYNCHRONOUS CLK input. The Manchester 
11 coded data can be presented to the Decoder asynchro
nously in one of two ways. The BIPOLAR ONE and 
BIPOLAR ZERO inputs will accept data from a comparator 
sensed transformer coupled bus as specified in Military 
Spec 1553. The UNIPOLAR DATA input can only accept 
non inverted Manchester 11 coded data. (e.g. from BIPOLAR 
ONE OUT on an Encoder through an inverter to Unipolar 
Data Input). 

The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized CD. the type of sync is indicated by a high 
level at either COMMAND SYNC or DATA SYNC output. If 
the sync character was a command sync the COMMAND 
SYNC output will ~o high ® and remain high for K SHIFT 
CLOCK periods @. where K is the number of bits to be 
received. 11 the sync character was a data sync the DATA 
SYNC output will go high. The TAKE DATA output will go 

TIMING 

SYNCHRONOUS CLOCK 

DECODER SHIFT CLOCK 

BIPOLAR ONE IN 

BIPOLAR ZERO IN 

TAKE DATA 
------------------~ 

high and remain high ® - ® while the Decoder is transmit
ting the decoded data through SERIAL DATA OUT. The 
decoded data available at SERIAL DATA OUT is in NRZ 
format. The DECODER SHIFT CLOCK is provided so that 
the decoded bits can get shifted into an external register on 
every low-to-high transition of this clock ® - ®. Note that 
DECODER SHIFT CLOCK may adjust its phase up until the 
time that TAKE DATA goes high. 

After all K decoded bits have been transmitted ® the data is 
checked for parity. A high input on DECODER PARITY 
SELECT will set the Decoder to check for even parity or a 
low input will set the Decoder to check for odd parity. A high 
on VALID WORD output @ indicates a successful reception 
of a word without any Manchester or parity errors. At this 
time the Decoder is looking for a new sync character to start 
another output sequence. VALID WORD will go low approx
imately K + 4 DECODER SHIFT CLOCK periods after it 
goes high if not reset low sooner by a valid sync and two 
valid Manchester bits as shown CD. 
At any time in the above sequence a high input on 
DECODER RESET during a low-ta-high transition of 
DECODER SHIFT CLOCK will abort transmission and ini
tialize the Decoder to start looking for a new sync character. 

j N-3 I N-2 j N-' I N j 

COMMANOSVNC __________ -'I ______________ ~ ! _____________________ .1..1 ____ __ 

DATA SYNC ____________ ~ : ______________________ .1.1 ___ _ 

SERI"LOATAOUT ~iifiiii{~ MSOjOITK-,jOITK-2FITK-3: : I BIT510lHI BIT31 BIT21 BIT' ~ 
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Frame Counter 

PIN WORD 
FRAME LENGTH 

DATA BITS (BIT PERIODS) C4 C3 C2 C1 Co 

2 6 L L H L H 

3 7 L L H H L 

4 8 L L H H H 

5 9 L H L L L 

6 10 L H L L H 

7 11 L H L H L 

8 12 L H L H H 

9 13 L H H L L 

10 14 L H H L H 

11 15 L H H H L 

12 16 L H H H H 

13 17 H L L L L 

14 18 H L L L H 

15 19 H L L H L 

16 20 H L L H H 

17 21 H L H L L 

18 22 H L H L H 

19 23 H L H H L 

20 24 H L H H H 

21 25 H H L L L 

22 26 H H L L H 

23 27 H H L H L 

24 28 H H L H H 

25 29 H H H L L 

26 30 H H H L H 

27 31 H H H H L 

28 32 H H H H H 

The above table demonstrates all possible combinations of frame lengths ranging from 6 to 32 bits. The pin word 
described here is common to both the Encoder and Decoder 
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How to Make Our MTU Look Like a Manchester Encoded UART 

VAUDWORD 

TAKE DATA 

SYNC DATA 
SELECT 

SYNC 
CLOCK 

DECODER 
CLOCK 

V 
PARALLEL IN 

Vee 

COUNTC, 

COUNTC. 

DATA SYNC 

Typical Timing Diagrams for a Manchester Encoded UART 
ENCODER TIMING 

ENCODER ENABLE 

SYNC SELECT 

PARALLEL IN 

DECODER TIMING 

BIPOLAR ONE IN 

BIPOLAR ZERO IN 

COMMAND SYNC 

PARALLEL OUT 

VALID WORD 

~ ~ 

: : 

____ ....JL ____________________________ LI _________ _ 

VALID 

fROM PREVIOUS 
RECEPTION 

VALID 
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MIL-5TD-1553 
The 1553 standard defines a time division multiplexed data 
bus for application within aircraft. The bus is defined to be 
bipolar, and encoded in a Manchester II format, so no DC 
component appears on the bus. This allows transformer 
coupling and excallent isolation among systems and their 
environment. 

The HD-15531 supports the full bipolar configuration, 
assuming a bus driwr configuration similar to that In 
Figure 1. Bipolar Inputs from the bus, like Figure 2, are also 
accommodated. 

The signaling format in MIL·STD-1553 Is specified on the 
assumption that the network of 32 or fewer terminals are 
controlled by a central control unit by means of Command 
Words, and Data. Terminals respond with Status Words, and 
Data. Each word Is preceded by a synchronizing pulse, and 

BUS 

FIGURE 1. SIMPLIFIED MIL-STD-15S3 DRIVER 

COMMAND 
SYNC 

DATA 
SYNC 

'-------f-------

,-------f-------

~E~~oj_,E~~D I'PE~~~ 

LOGICAL ONE DATA t 
LOGICAL ZERO DATA I 

FIGURE 3. MIL·STD-15S3 CHARACTER FORMATS 

followed by parity bit, occupying a total of 2011 sec. The word 
formats are shown in Figure 4. The special abbreviations are 
as follows: 

P Parity, which is defined to be odd, taken across all 17 
bits. 

RIT Receiw on logical zero, transmit on ONE. 

ME Message Error if iogical1. 

TF Terminal Flag, if set, calls for controller to request self· 
test data. 

The paragraphs above are intended only to suggest the 
content of MIL·STD-1553, and do not completely describe 
its bus requirements, timing or protocols. 

"'" 

"0" 

FIGURE 2. SIMPLIFIED MIL·STD-15S3 RECEIVER 

COMMAND WORD (FROM CONTROLLER TO TERMINAL) 

c::::t--i 5 

SYNC I TERMINAL 
ADDRESS 

1,1 5 

I I SUBADDRESS I 
RIT /MODE 

DATA WORD (SENT EITHER DIRECTION) 

5 

DATA WORD 
COUNT 

~~ _______ ,_6 ________ ~1~,1 
SYNC I DATA WORD I P I 

STATUS WORD (FROM TERMINAL TO CONTROLLER) 

9 

FIGURE 4. MIL·STD-1553 WORD FORMATS 

NOTE: This page Is a summary of MIL·STD-1553 and Is not Intended to describe the operation of the HD-15S31. 
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Specifications HD-15531 

Absolute Maximum Ratings 
Supply Voltage .....••...•........•...••.....••..... +7.0V 
Input, Output or VO Voltage •............ GND-O.5V to Vee+O.5V 
Storage Temperature Range ••.•........•.... -65°C to + 150°C 
Junction Temperature ......•.............•.•......• +175°C 
Lead Temperature (Soldering lOs) .................... +300oC 
ESD Classification .............................•.. Class 1 

Reliability Information 
Thermal Resistance . . . . . . • . . . . . • . . . . . SJ8 SJC 

Ceramic DIP Package............... 34.8°C/W 7.9°CfW 
Maximum Package Power Dissipation at + 125°C 

Ceramic DIP Package ..•...•...................... 1.44W 
Gate Count .................................... 250 Gates 

CAUTION: Stresses abo ... those listed in "Absolute MaxImum Ratings' may cause permanent damage to the davice. This is a stress only ra#ng and operation 
of the deVICs at these or any other condItions abo\19 thoss mdicatsd in the operational sections of thIS specification is not implied. 

Operating Conditions 
Supply Voltage. . . . . . . . . . . . . . • . . . . . . . . . . . . .. +4.5V to +5.5V 
Operating Temperature Range (T A) 

HD-15531-9 .........•..•...............• -40"C to +85°C 
HD-15531-8 •...•....................... -55°C to +125°C 

Encoder/Decoder Clock Rise TIme (TECR, TDCR) ....... 8ns Max 
Encoder/Decoder Clock Fall TIme (TECF, TDCF) ........ 8ns Max 

Sync. Transition Span (TD2) ........... 18 TDC Typical, (Note 1) 
Short Data Transition Span (T04) ........ 6 TDC Typical, (Note 1) 
Long Data Transition Span (TD5) . . . . . .. 12 TDC Typical, (Note 1) 

DC Electrical Specifications vce = 5.0V ± 10%, TA = -400c to +85° (HD-15531-9) 
TA = _55°C to +125° (HD-15531-8) 

SYMBOL PARAMETER MIN 

Vil Input LOW Voltage 

VIH Input HIGH Voltage 0.7 Vee 

VllC Input LOW Clock Voltage -
VIHC Input HIGH Clock Voltage Vce -0.5 

VOL Output LOW Voltage 

VOH Output HIGH Voltage 2.4 

II Input Leakage Current -1.0 

leesB Standby Supply Current 

ICCOP Operating Power Supply Current 

FT Functional Test 

NOTES: 

1. TDC = Decoder clock period = l/FDC 

2. Interchanging of force and sense conditiOns IS permitted. 

Capacitance TA = +25°C, Frequency = lMHz 

SYMBOL PARAMETER TYP 

CIN I nput Capacitance 25 

COUT Output Capacitance 25 

MAX UNITS TEST CONDITIONS 

0.2 Vee V Vee = 4.5V and 5.5V 

- V Vee = 4.5V and 5.5V 

GND+O.5 V Vce = 4.5V and 5.5V 

V Vcc = 4.5V and 5.5V 

0.4 V IOl = +1.8mA, Vce = 4.5V (Note 2) 

V IOH = -3.0mA, Vce = 4.5V (Note 2) 

+1.0 IlA VI = Vcc or GND, Vec = 5.5V 

2 mA VIN = V ce = 5.5V, 
Outputs Open 

10 mA VIN = Vce = 5.5V, f = 15MHz, 
Outputs Open 

(Note 3) 

3. Tested as follows: f = 15MHz, VIH = 70% Vee, Vil = 20% Vee, 
Cl = 50pF, VOH;O: Ved2 and VOl:S Ved2. 

UNITS TEST CONDITIONS 

pF All measurements are referenced to device GND 

pF 
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AC Electrical Specifications vee = 5V± 10%. TA = -400 C to +85°C (HD-15530-9) 
TA = -55°C to +125°C (HD-15530-8) 

I HD-15531 

SYMBOL PARAMETER I MIN MAX 

ENCODER TIMING 

FEC Encoder Clock Frequency - 15 

FESC Send Clock Frequency - 2.5 

FED Encoder Data Rate - 1.25 

TMR Master Reset Pulse Width 150 -
TEl Shift Clock Delay - 125 

TE2 Serial Data Setup 75 -
TE3 Serial Data Hold 75 -
TE4 Enable Setup 90 -
TE5 Enable Pulse Width 100 -
TE6 Sync Setup 55 -
TE7 Sync Pulse Width 150 -
TE8 Send Data Delay 0 50 

TE9 Bipolar Output Delay - 130 

TE10 Enable Hold 10 -
TEll Sync Hold 95 -

DECODER TIMING 

FDC Decoder Clock Frequency 15 

FDS Decoder Sync Clock - 2.5 

FDD Decoder Data Rate 125 

TOR Decoder Reset Pulse Width 150 -
TORS Decoder Reset Setup Time 75 -
TDRH Decoder Reset Hold Time 10 -
TMR Master Reset Pulse 150 -
TOl Bipolar Data Pulse Width TDC + 10 -

(Note 1) 

T03 One Zero Overlap - TOC -10 
(Note 1) 

T06 Sync Delay (ON) -20 110 

TD7 Take Data Delay (ON) 0 110 

T08 Serial Data Out Delay 80 

T09 Sync Delay (OFF) 0 110 

TD10 Take Data Delay (OFF) 0 110 

TOll Valid Word Delay 0 110 

TD12 Sync Clock to Shift Clock - 75 
Delay 

TD13 Sync Data Setup 75 -
NOTES: 

1. TDC = Decoder clock period = l/FDC 

2. AC Testing as follows: Input levels: V1H = 70% Vee. V1l = 20% 
Vee; Input riselfalltimes driven all nsIV; Timing Reference 
levels: Ved2; Oulputload: Cl = 5OpF. 

I HD-15531B 

I MIN I MAX 

- 30 

- 5.0 

2.5 

150 -
- 80 

50 -
50 

90 -
100 -
55 -
150 -
0 50 

- 130 

10 

95 

30 

- 5.0 

- 2.5 

150 -
75 -
10 -
150 

TDC+l0 
(Note 1) 

- TOC -10 
(Note 1) 

-20 110 

0 110 

- 80 

0 110 

0 110 

0 110 

75 

75 ns 
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I 
I UNITS TEST CONDITIONS (NOTE 2) 

MHz Vee = 4.5V and 5.5V. CL = 50pF 

MHz Vee = 4.5V and 5.5V. CL = 50pF 

MHz Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

MHz Vee = 4.5V and 5.5V. CL = 50pF 

MHz Vee = 4.5V and 5.5V. CL = 50pF 

MHz Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. CL = 50pF 

ns Vee = 4.5V and 5.5V. Cl = 50pF 

ns Vee = 4.5V and 5.5V. Cl = 50pF 

ns Vee = 4.5V and 5.5V. Cl = 50pF 

ns Vee = 4.5V and 5.5V. Cl = 50pF 

Vee = 4.5V and 5.5V. Cl = 50pF 
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Timing Waveforms 

ENCODER TIMING I I 
SEND CLOCK ----' I '---I I--TEI 

ENCODER SHIFT CLOCK ~ 
SERIAL DATA IN ~ VALID 

SEND CLOCK L 
ENCODER SHIFT CLOCK 

ENCODER ENABLE ------------------~ 

SVNCSELECT ~~~~~~~~~~~~~~~~~1'-~~ 

ENCODER SHIFT CLOCK 
_______________ T~E~8~ __ ~~-------------------

SEND DATA 

SEND CLOCK L 
______________ ~I~~TE9 

BIPOLAR ONE OUT or ===:x C.:.::.::.-------------X 
BIPOLAR ZERO OUT '--______ --J '---------

DECODER TIMING 
NOTE: UNIPOLAR IN' 0, FOR NEXT DIAGRAMS 

f--- BIT PERIOD - ,- BIT PERIOD - I • BIT PERIOO----l 

_]-Tol-v////////////////////hI: ;-1--BIPOLAR ONE IN 

I • T02 • U:-- T03 -l f- T03 

BIPOLAR ZERO IN _t--_____________ : _____ ~pl-o::..;r=-OI=_=t~~~~~~~~~~~:7h~~~~~~~~::Z~~~~~Z~7h~~~~~~~'l.~~~~~~L_ ___ 

I- T02 '1 
COMMAND SYNC 

, , 
o ~ : 

BIPOLAR ONE IN : F.T01:t"l//Z~~ 
I- T02 -II-To3; t- T03 

BIPOLAR ZERO IN f T01=v////////////////////M: I 

! : I- T02 Ii I 
OATASVNC , , 

BIPOLAR ONE IN .J'iol::t/7A F=T01~ I 
--I I-- T03 --l I-- T03 --l I--T03 --I I-- T03 --I I-- T03 

BIPOLAR ZERO IN ---, ~ I=T01:v////A 

I--- T04 • I • TOS -I • TOS - 1 • T04---J 

ONE ZERO ONE 

NOTE: BIP?LAR ONE IN = 0; BIPOLAR ZERO N' I, FOR NEXT D1AGRAMS. 

UNIPOLAR IN ::Jj:;:.=====:-TT;o;;2==;:' ===:::;:.tl ~'===~=::..!!TO~2~====:::!:'~V6~Z~~~~~~~~~~~~L 
I COMMANOSVNC 

UNIPOLAR IN ::Ji: ::.======":T~O~2-=~===~':lIF·;::::===~=TiToM2;-=====:::::;.;ef02:'l.2:~2'l.2~2'l.2'l.2~:2a.... 
o 
, OATASVNC 

UNIPOLAR IN .J---f. :::::YTD04;::=' 1:1 ::' ===:2!TO~S!..===::::;':f1 ::. ===::r;To~si====:. 1:1 ::' =-T!!D4:!!.:~·:JIF·;:::rTDo44===L=4 
: ONE ZERO ONE ONE 
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Timing Waveforms (Continued) 

DECODER TIMING (Continued) 

DECODER SHIFT CLOCK ~!-"" _______ -' 
Tos--f ~ 

COMMAND/DATA SYNC --c::-----'-liL-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-
TD71 f---

TAKE DATA rl--------------------

DECODER SHIFT CLOCK ~ 
T08--i r= SERIAL DATA OUT DATA BIT 

~ DECODER SHIFT CLOCK 
TD9--i ~ 

COMMAND/DATA SYNC 

Ti>1ii::J I 
f---

TAKE DATA I 
VALID WORD TDll---J I 

DECODER SHIFT CLOCK --, I 
TDRS-----l f--

DECODER RESET ~ 
-j r TDRH 

SYNCHRONOUS INPUT IWITH EXTERNAL BIT SYNCHRONIZATION I 

SYNCHRONOUS 
CLOCK IN ~ T012 I--- '---____ -1 

OECOOERC~~~: ____ -:=-JL-______ ----I 

SYNCHRONOUS 
CLOCK IN 

SYNCHRONOUS ::::x OATAIN . _______ ~~ ______ _J 

L-
:c 

L-

L-

Test Load Circuit AC Testing Input, Output Waveform 

'Includes stray and jig capacitance 

INPUT OUTPUT 

VIH~ ~VOH 
J"'.. 50% 50% ~ 

VIL --------- VOL 

AC Testing: All input signals must switch between VIL and VIH . Input 
rise and fall times are driven at 1 ns per voll. 
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HARRIS 
SEMICONDUCTOR HD-15531/883 

January 1992 
CMOS Manchester Encoder-Decoder 

Features 
• This Circuit Is Processed In Accordance to Mil-Std-S83 and Is Fully 

Conformant Under the Provisions of Paragraph 1.2.1. 
• Support of MIL-STD-1553 
• Data Rate (15531 B) .••.•••••••••••••••••••••• 2.5 Megabit/Sec 
• Data Rate (15531) ••••••••••••••••••••••••••• 1.25 Megabit/Sec 
• Variable Frame Length to 32-Blts 
• Sync Identification and Lock-In 
• Separate Manchester II Encode, Decode 
• Low Operating Power •••••••••••••••••••••••• 50mW @ 5 Volts 

Description 
The Harris HD-15531/883 is a high performance CMOS device intended 
to service the requirements of MIL-STD-1553 and similar Manchester II 
encoded, time division multiplexed serial data protocols. This LSI chip is 
divided into two sections, an Encoder and a Decoder. These sections 
operate independently of each other, except for the master reset and word 
length functions. This circuit provides many of the requirements of MIL
STD-1553. The Encoder produces the sync pulse and the parity bit as well 
as the encoding of the data bits. The Decoder recognizes the sync pulse 
and identifies it as well as decoding the data bits and checking parity. 

The HD-15531/883 also surpasses the requirements of MIL-STD-1553 by 
allowing the word length to be programmable (from 2 to 28 data bits). A 
frame consists of three bits for sync followed by the data word (2 to 28 
data bits) followed by one bit of parity, thus the frame length will vary from 
6 to 32 bit periods. This chip also allows selection of either even or odd 
parity for the Encoder and Decoder separately. 

This integrated circuit is fully guaranteed to support the 1 MHz data rate of 
MIL-STD-1553 over both temperature and voltage. For high speed appli
cations the 155318 will support a 2.5 Megabit/sec data rate. 

The HD-15531/883 can also be used in many party line digital data 
communications applications, such as a local area network or an 
environmental control system driven from a single twisted pair of fiber 
optic cable throughout a building. 

Block Diagrams 

Pinout 

VALID WORD 2 

TAKE DATA' 3 

TAICEDATA 4 

SERIAL DATA OUT 

SYNCHRDATA 

SYNCHR~~ 7 

SYNCHRCLK 8 

DECODER CLK 9 

SYNCIIA CLKSEL 10 

BIPOLAR ZERO IN 11 

BIPOLAR ONE IN 12 

UNIPOLAR DATA 13 

DECODER SHIi!1 14 
CLK 

TRANSITION BEL 15 

NC 16 

COIollllANDSYNC 17 

DECODER PAR~ 18 

DECODER RESET 19 

COUNTCO 2 

40 LEAD DIP 
TOP VIEW 

4 COUNTCI 

3 COUNTCoI 

37 ENCODER CUK 

COUNTC3 

34 ~~DER SHIFT 

SEND CLK II 

32 SEND DATA 

31 ~HfODER PARITY 

SYNCSEL 

29 ENCODER ENABUE 

28 SERIAL DATA II 

27 BIPOLAR ONE OUT 
26 oUTPUt INHIBIT 
25 WLiRZERd 

22 MASTER RESET 

ENCODER DECODER 

21' GND 

22>M~AS~TE~R~R~E~SE~T __ -. __ , OUTPUT 
INHIBIT 

33>=~~~-.--+--4-------, 

24 ..,:;..;:;.;;.;......, 

29 

BIPOLAR 
ONE OUT 

f"lo-,._.,.--,.Ir-r-~~~~T 

28 28 30 31 

SERIAL SYNC 

co Cl C2 C3 Col DATA IN SEUECT 

ENCODER ENCODER ENCODER 
SHIFT ENABUE PARITY 
CLK SEUECT 

~~~.....!J!r---_ 
BIPOLAR 

ONE IN 
BI~~,.... ..... __ ~ 

DECODER 9 ...---", 
CLK 

~~~~,....---... 
S~~ )-'08 ________ __' 

SYNC ~10'----------........ 
~~~22~ ______________ __' 

RESET ...-~~I-... 

~:::;:;':';F-rI 

co Cl C2 C3 Col 

TAKE DATA 

COMMAND 

3 TAICEDATA 

CAUTION: These devices are sensKive to electrostatfc discharge. U ...... should follow proper I.C. Handling Procedures. File Number 2962 
Copyright@HarrisCorporation 1991 
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Specifications HD-15531/883 

Absolute Maximum Ratings 
Supply Voltage ..................................... +7.0V 
Input, Output or I/O Voltage ............ GND-0.5V to VCC+0.5V 
Storage Temperature Range ................. -65°C to + lSOOC 
Junction Temperature .............................. + 175°C 
Lead Temperature (Soldering lOs) .................... +300oC 
ESD Classification ................................ Class 1 

Reliability Information 
Thermal Resistance .•. . . . . . . . . . . . . . . . OJO Ole 

Ceramic DIP Package.... .....•..... 34.8°CIW 7.9°CIW 
Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package ............................. 1.44W 
Gate Count .....................•......•....... 250 Gates 

CAUTION: Stresses above those listed In "Absolute Maximum Ratmgs" may cause permanent damage to the devics. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated In the operational sections of this specification is not implied. 

Operating Conditions 
Supply Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . .. +4.5V to +5.5V Sync. Transition Span (TD2) ........... 18 TDC Typical, (Note 1) 
Operating Temperature Range (TA) ............ -55°C to + 125°C Short Data Transition Span (TD4) ........ 6 TDC Typical, (Note 1) 
Encoder/Decoder Clock Rise Time (TECR, TDCR) ....... 8ns Max Long Data Transition Span (TD5) ....... 12 TDC Typical, (Note 1) 
Encoder/Decoder Clock Fall Time (TECF, TDCF) ........ 8ns Max 

TABLE 1. HD-155311883, HD-15531BI883 DC ELECTRICAL PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITIONS 

Input LOW Volt- VIL VCC = 4.5V and 5.5V 
age 

Input HIGH Volt- VIH VCC = 4.5V and 5.5V 
age 

Input LOW Clock VILC VCC = 4.5V and 5.5V 
Voltage 

Input HIGH Clock VIHC VCC = 4.5V and 5.5V 
Voltage 

Output LOW Volt- VOL 10L = + 1.8mA, VCC = 
age 4.5V (Note 2) 

Output HIGH Volt- VOH 10H = -3.0mA, VCC = 
age 4.5V (Note 2) 

Input Leakage II VI = VCC or GND, VCC = 
Current 5.5V 

Standby Supply ICCSB VIN = VCC = 5.5V, 
Current Outputs Open 

Functional Test FT (Note 3) 

NOTES: 

1. TDC = Decoder clock period = I/FDC 

2. Interchanging of lorce and sense conditions is permitted. 

GROUP A LIMITS 

SUBGROUPS TEMPERATURE MIN MAX UNITS 

1,2,3 -55°C" TA" +125°C 0.2VCC V 

1,2,3 -55°C" TA" +125°C 0.7VCC V 

1,2,3 -55°C" TA " + 125°C - GND V 
+0.5 

1,2,3 -55°C" TA" +125°C VCC- V 
0.5 

1,2,3 -55°C" TA" +125°C 0.4 V 

1,2,3 -55°C" TA" + 125°C 2.4 V 

1,2,3 -55°C" TA" + 125°C -1.0 +1.0 !LA 

1,2,3 -55°C" TA" + 125°C 2 mA 

7,8 -55°C" TA" +125°C 

3. Tested as lollows: 1= 15MHz, VIH = 70% VCC, VIL = 20% VCC, 
CL = 50pF, VOH " VCC/2 and VOL" VCC/2. 
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Specifications HD-15531/883 

TABLE 2. HD-155311883, HD-15531B1883 AC ELECTRICAL PERFORMANCE CHARACTERISTICS 

(NOTE 2) GROUP A I HD-155311883 I HD-15531B1883 I 
CONOI- SUB-

PARAMETER SYMBOL TIONS GROUPS TEMPERATURE MIN MAX MIN MAX UNITS 

ENCODER TIMING 

Encoder Clock FEC VCC=4.5V 9,10,11 ·55°C" TA " +125°C 15 30 MHz 
Frequency and 5.5V 

Send Clock FESC VCC=4.5V 9,10,11 -55°C" TA " +125°C - 2.5 5.0 MHz 
Frequency and 5.5V 

Encoder Data Rate FED VCC=4.5V 9,10,11 -55°C "TA " +125°C 1.25 - 2.5 MHz 
and 5.5V 

Master Reset Pulse TMR VCC=4.5V 9,10,11 -55°C" TA " +125°C 150 150 - ns 
Width and 5.5V 

Shift Clock Delay TE1 VCC=4.5V 9,10,11 -55°C" TA " +125°C 125 80 ns 
and 5.5V 

Serial Data Setup TE2 VCC=4.5V 9,10,11 -55°C" TA " +125°C 75 - 50 - ns 
and 5.5V 

Serial Data Hold TE3 VCC=4.5V 9,10,11 -55°C" TA " + 125°C 75 50 ns 
and 5.5V 

Enable Setup TE4 VCC=4.5V 9,10,11 -55°C" TA " +125°C 90 90 ns 
and 5.5V 

Enable Pulse Width TE5 VCC=4.5V 9,10,11 -55°C" TA " +125°C 100 100 - ns 
and 5.5V 

Sync Setup TE6 VCC=4.5V 9,10,11 -55°C" TA " +125°C 55 55 ns 
and 5.5V 

Sync Pulse Width TE7 VCC=4.5V 9,10,11 -55°C" TA " +125°C 150 150 - ns 
and 5.5V 

Send Data Delay TE8 VCC=4.5V 9, 10, 11 -55°C" TA " +125OC 0 50 0 50 ns 
and 5.5V 

Bipolar Output Delay TE9 VCC=4.5V 9,10,11 -55°C "TA " +125°C 130 - 130 ns 
and 5.5V 

Enable Hold TE10 VCC=4.5V 9,10,11 -55°C" TA " +125°C 10 10 ns 
and 5.5V 

Sync Hold TE11 VCC=4.5V 9,10,11 -55°C" TA " +125°C 95 - 95 ns 
and 5.5V 

DECODER TIMING 

Decoder Clock FDC VCC=4.5V 9,10,11 -55°C" TA " +125OC 15 - 30 MHz 
Frequency and 5.5V 

Decoder Sync Clock FDS VCC=4.5V 9,10,11 -55°C" TA " +125°C 2.5 5.0 MHz 
and 5.5V 

Decoder Data Rate FDD VCC=4.5V 9,10,11 -55°C" TA " +125°C 1.25 2.5 MHz 
and 5.5V 

Decoder Reset Pulse TOR VCC=4.5V 9,10,11 -55°C" TA " +125°C 150 150 ns 
Width and 5.5V 

Decoder Reset Setup TDRS VCC=4.5V 9,10,11 -55°C" TA " +125°C 75 75 ns 
Time and 5.5V 

Decoder Reset Hold TDRH VCC=4.5V 9,10,11 -55°C" TA " +125°C 10 10 ns 
Time and 5.5V 

Master Reset Pulse TMR VCC=4.5V 9,10,11 -55°C" TA " +125°C 150 - 150 - ns 
and 5.5V 

Bipolar Data Pulse TD1 VCC=4.5V 9,10,11 -55°C" TA " +125°C TDC+10 TDC+10 ns 
Width and 5.5V (Note 1) (Note 1) 

One Zero Overlap TD3 VCC=4.5V 9,10,11 -55°C" TA " +125°C TDC-10 TOC-1Q ns 
and 5.5V (Note 1) (Note 1) 
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Specifications HD-15531/883 

TABLE 2. HD-155311883, HD-1553181883 AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 

(NOTE 2) GROUP A HD-155311883 HD-15531 81883 
CONDI- SUB-

PARAMETER SYMBOL TIONS GROUPS TEMPERATURE MIN MAX MIN MAX UNITS 

Sync Delay (ON) T06 VCC=4.5V 9, 10, 11 -55°C,:; TA,:; +125°C -20 110 -20 110 ns 
and 5.5V 

Take Data Delay (ON) TD7 VCC=4.5V 9, 10, 11 -55°C,:; TA,:; + 125°C 0 110 0 110 ns 
and 5.5V 

Serial Data Out Delay TDS VCC=4.5V 9,10,11 -55°C,:; TA,:; +125°C - SO - SO ns 
and 5.5V 

Sync Delay (OFF) T09 VCC=4.5V 9,10,11 -55°C,:; TA,:; +125°C 0 110 0 110 ns 
and 5.5V 

Take Data Delay T010 VCC=4.5V 9,10,11 -55°C,:; TA,:; +125°C 0 110 0 110 ns 
(OFF) and 5.5V 

Valid Word Delay T011 VCC=4.5V 9,10,11 -55°C,:; TA,:; +125°C 0 110 0 110 ns 
and 5.5V 

Sync Clock to Shift TD12 VCC=4.5V 9,10,11 -55'C,:; TA,:; +125'C - 75 - 75 ns 
Clock Delay and 5.5V 

Sync Data Setup TD13 VCC=4.5V 9, 10, 11 -55'C ,:; TA ,:; + 125'C 75 75 ns 
and 5.5V 

NOTES: 

1. TDC = Decoder Clock Period = 1/FDC 

2. AC Testing as lollows: VIH = 70% VCC, VIL = 20% VCC; Input 

riselfall times driven at 1 ns/V; Timing relerence levels: VCC/2; 
Output load: CL = 50pF 

TABLE 3. HD-155311883, HD-15531 B1883 ELECTRICAL PERFORMANCE CHARACTERISTICS 

LIMITS 

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS 

Input Capacitance CI VCC = OPEN, f = 1 MHz, All 1 TA= +25'C 25 pF 
measurements referenced to 
device GND. 

InpuVOutput Capaci- CIO VCC = OPEN, f = 1MHz, All 1 TA = +25'C - 25 pF 
tance measurements referenced to 

device GND. 

Operating Power ICCOP VCC = 5.5V, f = 1MHz 1,2 -55'C" TA" +125'C 10 rnA 
Supply Current 

NOTES: 
1. The parameters listed in Table 3 are controlled via design or pro- 2. Guaranteed but not 100% tested. 

cess parameters are characterized upon initial design and after 
major process andlor design changes. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 100"1015004 

Interim Test 100"1015004 1,7,9 

PDA 100'/015004 1 

Final Test 100"1015004 2,3, SA, SB, 10, 11 

Group A Samples/5005 1,2,3,7,BA,SB,9, 10, 11 

GroupsC & 0 Samples/5005 1,7,9 
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Burn-In Circuit 

NOTES 

vee = 5 5V ± 0.5V 

VIH = 4 5V ± 10% 

VIL = -0 2V to +04V 

R = 47k!1 ± 5% 

FQ = 100kHz ± 10% 
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Metallization Topology 
DIE DIMENSIONS: 

155 x 195 x 19 ± 1 mils 

METALLIZATION: 
Type: Si-AI 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 
Type: Si02 
Thickness: akA ± 1 kA 

Metallization Mask Layout 

TAKE DATA 

SERIAL DATA OUT 

DECODERClK 

DECODER SHIFT ClK 

COMMAND SYNC 

HD-15531/883 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 4600 C (Max) 

WORST CASE CURRENT DENSITY: 
2.0 x 105A/cm2 

HD-15531/883 

ENCODER SHIFT ClK 

SEND DATA 

SYNC SEl 
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HD-15531/883 

Packaging 
40 PIN CERAMIC DIP 

2.035 

I 2.096 I 
.005 MIN-j 

t 
.225 MAX 1. 

I II-r-
.615 

.125 J .09S MAX 

.1S0~. .~~~ 

E~ .~~5~l 
.OOS" _ & 
.015 

023 
.050· 

.065 

LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 

NOTE: All Dimensions are..Mil:!. ,Dimensions are in inches. 
Max 
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HARRIS 
SEMICONDUCTOR HS-31B2 

December 1994 ARINC 429 Bus Interface Line Driver Circuit 

Features 

• TTL and CMOS Compatible Inputs 

• Adjustable Rise and Fall Times Via Two External 
Capacitors 

• Programmable Output Differential Voltage Via VREF 
Input 

• Operates at Data Rates Up to 100 KiiobitslSec 

• Output Short Circuit Proof and Contains Overvoltage 
Protection 

• Outputs are Inhibited (0 Volts) If DATA (A) and DATA 
(B) Inputs are Both in the "Logic One" State 

• DATA (A) and DATA (B) Signals are "AND'd" with Clock 
and Sync Signals 

• Full Military Temperature Range 

Ordering Information 

PACKAGE 

Ceramic DIP 

SMD# 

LCC 

SMD# 

Pinouts 
16 LEAD DIP 
TOP VIEW 

TEMP. RANGE ORDER CODE 

HS1-3182-5 

HS1-3182-8 

Pending 

HS4-3182-8 

Pending 

28 LEAD LCC 
TOP VIEW 

~ Q" ~ ~" " 
V REF r1 iilv1 fA ~ Z > > z z 

:~ ~; .4 .. 3 .. 2"I,.28'PJH.1!i 
GND L!. ~ Ne Ne 5'1 .. -'" ..... "'.", ........ 1;.01 .'" 1..01 p'5 CLOCK 

SYNC [! ~ ~LOCK DATA i1 12~ NC 
DATA '4 i31DATA (A):~ ;r DATA 

(A) ~ =(B) Ne !.l ~3 (B) 

CA~ ~i:. NC !] ~ C. 

AouT [! ~ BOUT CA !] ~I Ne 

-v 11 ~NC NC Ig !O NC 

GND [! ~+v NC 1]] Kg Ne 
'------' rr2j ~3' Ft'4' r1S' 11'61 Fa}' rfi; 

!;! !> ~ !i! ~ g !;! 
~ " ID 

Description 

The HS-3182 is a monolithic dielectrically isolated bipolar 
differential line driver designed to meet the specifications of 
ARINC 429. This Device is intended to be used with a com
panion chip. HS-3282 CMOS ARINC Bus Interface Circuit. 
which provides the data formatting and processor interface 
function. 

All logic inputs are TTL and CMOS compatible. In addition to 
the DATA (A) and DATA (B) inputs, there are also inputs for 
CLOCK and SYNC signals which are AND'd with the DATA 
inputs. This feature enchances system performance and 
allows the HS-3182 to be used with devices other than the 
HS-3182. 

Three power supplies are necessary to operate the 
HS-3182: +V = +15V ± 10%, -V = -15V ± 10%, and VI = 5V 
± 5%. VREF is used to program the differential output voltage 
swing such that VOUT (DIFF) =±2VREF Typically, VREF = VI 
= 5V ± 5%, but a separate power supply may be used for 
VREF which should not exceed 6V. 

The driver output impedance is 750 ± 20% at 25°C. Driver 
output rise and fall times are independently programmed 
through the use of two external capacitors connected to the 
CA and CB inputs. Typical capacitor values are CA = CB = 
75pF for high-speed operation (100KBPS), and CA = CB = 
300pF for low-speed operation (12 to 14.5KBPS). The out
puts are protected against overvoltage and short circuit as 
shown in the Block Diagram. The HS-3182 is designed to 
operate with a case temperature range of -55°C to +1250 C, 
or acc to +70oC. 

Truth Table 

DATA DATA 
SYNC CLOCK (A) (B) AOUT BOUT COMMENTS 

X L X X OV OV Null 

L X X X OV OV Null 

H H L L ov OV Null 

H H L H -VREF +VREF Low 

H H H L +VREF -VREF High 

H H H H OV OV Null 

CAUTION: These devices are sensitive to electrostatic dlscharga. Users should follow proper I.C. Handling Procedures. File Number 2963 
CopYright © Harris Corporation 1991 
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HS-31B2 

Block Diagram 

(4) 
OATA (A) 

CLOCK 
(14) 

VREF 
(1) 

SYNC 
(3) 

OATA (B) 
(13) 

Vl 
(16) 

(9) (5) 

LEVEL SHIFTER 
AND SLOPE 

CONTROL (A) 

LEVEL SHIFTER 
ANO SLOPE 

CONTROL (B) 

-V CB 
(7) (12) 

r------, 
ROUT/2 FA 

I 

(8) 
GNO -= 

ROUT/2 FB 

-= 
I OVERVOLTAGE I 

L P~O!E':~O~ .J 

Typical Application 

PIN NUMBERS INDICATED BY ( ) 

HS-32B2 
31 

42900 
CMOS 
ARINC 32 

CIRCUIT 42900 

(14) 

(3) 

(4) 

(13) 

+5V 

(16) (1) 

Vl VREF 
CLOCK 
SYNC 

OATA (A) 

DATA (B) 

-L 

HS-3182 
ARINC DRIVER 

CIRCUIT 

16 PIN DIP 

GND GND -V 

(7) 

(9) 

+15V 

(6) 
AOUT 

BOUT 
(11) 

} *TO 
BUS 

PIN NUMBER 10. 15 = NC 

* The rise and fall time of the outputs are set to ARINIC specified values by CA and Ca. Typical CA = 
Ca = 75pF for high speed and 300pF for low speed operation. The output HI and low levels are set to 
ARINC specifications by VREP 

5-159 

(6) 
AOUT 

RL 

BOUT 
(11) 



Specifications HS-31B2 

Absolute Maximum Ratings 
Voltage Between +V and -v Terminals .................... 40V 
V1 ..............•........•....••............•....•. 7V 
VREF ...................................•........... 6V 
Logic Input Voltage .................... GND -0.3V to V 1 +0.3V 

Reliability Information 
Thermal Resistance 9ja 

Ceramic DIP Package. . . . . . . . . . . .. 73.50 CIW 
Ceramic LCC Package . . . . . . . . . . .. 54.0oCIW 

Maximum Package Power Dissipation at + 125°C 

91c 

10.9°CIW 
6.l oCIW 

Storage Temperature Range ................. -65°C to +1 50°C 
Junction Temperature •........................••... +1750C 

Ceramic DIP Package .............................. 0.8W 

Lead Temperature (Soldering lOs) .................... +300oC 
Ceramic LCC Package ............................. LOW 

Transistor Count ..................................... 133 
ESD Classification •............................... Class I 
Output Short Circuit Duration ..................... See Note I 
Output Overvoltage Protection .................... See Note 2 

NOTES: 

I. Heat sink may be required for toOK bits/s at + 125°C and output 
short circuit at + 125°C. 

2. The fuses used for output overvoltage protection may be blown 
by a fault at each output of greater than ± 6.5V relative to GND. 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. ThIS is a stress only ratmg and operatIOn 
of the device at these or any other conditions above those Indicated in the operational SectiOns of thIS specification is not implied. 

Recommended Operating Conditions 
Operating Voltage: Operating Temperature Range: 

+V ........................................ +15V± 10% HS-3182-5 .....•.......................... OoC to +70oC 
-V ........................................ -15V ± 10% HS-3182-8 .............................. -55°C to +125°C 
V1 .....•.............•...•...............•... 5V±5% 
VREF (For ARINC 429) ........................... 5V ± 5% 

TABLE I. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

(NOTE I) 
D.C. PARAMETER SYMBOL CONDITIONS 

Supply Current +V (Operating) Iccop (+V) No Load (O-IOOK bits/s) 

Supply Current -V (Operating) Iccop (-V) No Load (O-IOOK bits/s) 

Supply Current V 1 (Operating) leeop (V1) No Load (O-IOOK bits/s) 

Supply Current V REF (Operating) leeop (V REF) No Load (O-IOOK bits/s) 

Logic "I" Input Voltage VIH 

Logic "0" Input Voltage Vil 

Output Voltage High (Output to GND) VOH No Load (a-lOOK bits/s) 

Output Voltage Low (Output to GND) VOL No Load (O-IOOK bits/s) 

Output Voltage Null VNUll No Load (O-IOOK bits/s) 

Input Current (Input Low) III 

Input Current (Input High) IIH 

Output Short Circuit Current IOHse ShorttoGND 
(Output High) 

Output Short CirCUlt Current IOlse ShortloGND 
(Output Low) 

Output Impedance Zo TA =+25°C 

NOTE: 

I. +V= +15V± 10%, -V=-15V± 10%, V1 =VREF = 5V±5%, unless 
otherwise speCified TA = OoC to +70oC for HS-3182-5 and TA = 
-55°C to + 125°C for HS-31 82-8. 

5-150 

MIN 

-16 

-1.0 

2.0 

VREF 
(-250mV) 

-VREF 
(-250mV) 

-250 

-20 

-

80 

60 

MAX UNITS 

16 mA 

- mA 

975 !iA 

- mA 

- V 

0.5 V 

VREF 
(+250mV) 

-VREF 
(+250mV) 

+250 mV 

- !iA 

10 !iA 

-80 mA 

mA 

90 Q 



Specifications HS-3182 

TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

(NOTE I) 
A.C. PARAMETER SYMBOL CONDITIONS MIN 

Rise Time (AouT, BOlJT) tR CA = CB = 7SpF, Note 2 I 

(at TA = ·SSoC Only) 0.9 

CA = CB = 300pF, Note 2 3 

Fall Time (AouT, BOUT) ~ CA = CB = 75pF, Note 3 I 

(at TA = ·SSoC Only) 0.9 

CA = CB = 300pF, Note 3 3 

Propagation Delay Input to Output ipLH CA = CB = 7SpF, No Load . 

Propagation Delay Input to Output ipHL CA = CB = 7SpF, No Load . 

NOTES: 

I. +V = +ISV,'V =-ISV, v. = VREF = 5V, unless otherwise specified 
TA= OOC to +700C for HS-3182-S and TA = -SSoC to +12Soo for 
HS-3182-8. 

2. tR measured SO% to 90% times 2, no load. 

3. tF measured SO% to 10% times 2, no load. 

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 

(NOTE I) 
PARAMETER SYMBOL CONDITIONS MIN 

Input CapacRance CIN TA= +25°C -
Supply Current +V (Short Circuit) Isc(+V) Short to GND, TA = +2SoC -

Supply Current -V (Short Circuit) Isc (-V) Short to GND, TA = +2SoC -150 

NOTE: 

MAX UNITS 

2 I1S 

2.4 115 

9 115 

2 !15 

2.4 !15 

9 I1S 

3.3 I1S 

3.3 !15 

MAX UNITS 

IS pF 

ISO mA 

- mA 

I. The parameters listed in Table 3 are controlled via design or pro
cess parameters and are not directly tested. These parameters 

are characterized upon initial design and after major process 
and/or design changes affecting these parameters. 

Power Characteristics Nominal Power at+2SoC, +V = +ISV, -V = -ISV, V. = VREF = SV, Notes I, 3 

DATA RATE 
(K BITS/s) LOAD +V 

0-100 No Load lImA 

12.S-14 Full Load, Note 2 24mW 

100 Full Load, Note 2 46mW 

NOTES: 

I. Heat sink may be required for I ooK bitsls at + 12SOO and output 
short circuit at + 12SoC. 

POWER DISSIPATION 
V· V1 CHIP POWER IN LOAD 

-IOmA 6OOl1A 32SmW 0 

-24mW 60DllA 660mW 60mW 

-46mW 60DllA I Wall 32SmW 

2. Full Load for ARINC 429: RL = 4000 and CL = 30,000pF In par
allel between AouT and BouT (see block diagram). 

Thermal characteristics: T(CASE) = T(JuncllOn) - 9(Junc1lon • Case) 

P(Dtosopabon)' 
3. Output Overvoltage Protection: The fuses used for output over

voltage protection may be blown by a fault at each output of 
greater than ±6.SV relative to GND. Where: T(JuncllOn Max) = + 17SoC 

9(Junc1lon • case) = 10.9OO/W (6.1 °C/W for LCC) 

9(Juncbon • Amboent) = 73.fI'C/W (S4.00C/W for LCC) 

5·161 



Driver Waveforms 

DATA (A) OV 

DATA (B) OV ----;--i-""""'" 

AOUT OV 

BOUT OV 

DIFFERENTIAL 
OUTPUT 

NOTES: t,. measured SO% to 90% times 2 

It measured SO% to 10% times 2 

V1H = SV VeA.. = -4.7SV to -S.2SV 

VOH = 4.7SV to S.2SV 

Burn-In Schematic 

VI DATA (B) 

DATA(A) 

NOTES: R = 4000 ± S% 

C1 = 0.0311F ± 20% 

C2 = C3 = 500pF. NPO 

+V = +IS.SV ± O.SV 

-V = -IS.SV ± O.SV 

V, = +S.SV ± O.SV 

+V 

-V 

HS-31B2 

SV 

OV 

SV 

~_---,n~ __ 
OV 

Cl 

GND 

+4.7SV TO +S.2SV 

-4.7SV TO -S.2SV 

+4.75V TO +5.2SV 

-4.7SV TO -S.2SV 

+9.SV TO +10.SV 

NOTE: OUTPUTS UNLOADED 
-9.SV TO -10.5 

When the Data (A) input is in the Logic One state and the Data (B) 
input is in the Logic Zero state. AouT is equal to VREF and BouT is 
equal to-VREI'- This constitutes the Output High state. Data (A) and 
Data (B) both in the Logic Zero state causes both AouT and BOUT to 
be equal to OV which designates the output Null state. Data (A) in 
the Logic Zero state and Data (B) in the Logic One state causes 
AouT to be equal to-V REF and BOUT to be equal to V REF which is the 
Output Low state. 

A 

B ______ ..Jnc. _____ ...J1L :1: 

Ambient Temp. Max. = + 12SoC. 

Package = 16 Lead Side Bra2ed DIP. 

Pulse Conditions = A & B = 6.25kHz ± lOOk. B is delayed 
one-half cycle and in sync with A. 

V1H = 2.0V Min. 

VIL = O.SV Max. 

A O.OI1F decoupllng capacitor is required on each of the 
three supply lines (+V. -V and V,) at every 3rd Burn-in 
socket 
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tit HARRIS HS-3282 
REFERENCE AN400 
January 1992 CMOS ARINC Bus Interface Circuit 

Features 
• ARINC Specification 429 Compatible 

• Data Rates of 100 Kilobits or 12.5 Kilobits 

• Separate Receiver and Transmitter Section 

• Dual and Independent Receivers, Connecting Directly to ARINC Bus 

• Serial to Parallel Receiver Data Conversion 

• Parallel to Serial Transmitter Data Conversion 

• Word Lengths of 25 or 32 Bits 

• Parity Status of Received Data 

• Generate Parity of Transmitter Data 

• Automatic Word Gap Timer 

• Single 5-Volt Supply 

• Low Power Dissipation 

• Full Military Temperature Range 

Description 
The HS-3282 is a high performance CMOS bus Interface circuit that is intended to 
meet the requirements of ARINC Specification 429, and similar encoded, time 
multiplexed serial data protocols. This device is intended to be used with the 
HS-3182, a monolithic 01 bipolar differential line driver designed to meet the spec· 
ificatlons of ARINC 429. The ARINC 429 bus interface cirCUit consists oftwo (2) reo 
ceivers and a transmitter operating independently as shown in Figure 7. The two 
receivers operate at a frequency that is ten (10) times the receiver data rate, which 
can be the same or different from the transmitter data rate. Although the two receiv· 
ers operate at the same frequency, they are functionally independent and each 
receives serial data asynchronously. The transmitter section of the ARI NC bus 
Interface cirCUit consists mainly of a First-In First-Out (FIFO) memory and timing 
Circuit. The FIFO memory is used to hold up to eight (8) ARINC data words for 
transmission serially. The timing circuit is used to correctly separate each ARINC 
word as required by ARINC Specification 429. Even though ARINC Specification 
429 specifies a 32-bit word, Including parity, the HS-3282 can be programmed to 
also operate with a word length of 25 bits. The incoming receiver data word parity 
is checked, and a parity status is stored In the receiver latch and output on Pin 
B008 during the 1 st word. [A logiC "a" indicates that an odd number of logic "1"s 
were received and stored; a logic "I" Indicates that an even number of logic "1"s 
were received and storedJ. In the transmitter the parity generator will generate 
either odd or even parity depending upon the status of PARCK control signal. A 
logic "a" on B012 will cause odd parity to be used In the output data stream. 

Versatility is provided in both the transmitter and receiver by the external clock 
input which allows the bus interface circuit to operate at data rates from a to 100 
kilobits. The external clock must be ten (10) times the data rate to insure no data 
ambiguity. 

The ARINC bus interface circuit is fully guaranteed to support the data rates of 
ARINC specification 429 over both the vollage (±5%) and full military 
temperature range. II interfaces with TIL, CMOS or NMOS support Circuitry, and 
uses the standard 5-volt VCC supply. 

Ordering Information 

PACKAGE TEMPERATURE RANGE ORDER CODE 

Ceramic DIP OOCto +700C HSI-3282-5 
-550 C to +1250 C HSI-3282-8 

SMO# 5962-8688001 QA 

LCC OOCto +700C HS4-3282-5 
-550C to +1250C HS4-3282-8 

SMO# 5962-8688001XA 

Pinouts 

N/C !oj 

DJR1 '!J 
DJR2 ~J 

SEL l~J 
EN1 '~~ 
EN2 ''!!J -. 6015 l~J -. 

B014 l~J 

B013 1~] 

6012 ,;} 

B011 '!l 

B013 

B012 

BOll 

BOlO 

B009 

BOOB 

iii :( ~ I<f I<f 
is is is g ~ ~ '" '" z .. 

40 LEAD DIP 
TOP VIEW 

44 LEAD LCC 
TOP VIEW 

~ 
is 0 g) g l!!i 0 .. > z 

NIC 

MR 

TXCLK 

CLK 

N/C 

NIC 

CWSTA 

ENTX 

42900 

42900 

TX/R 

PL2 

Pl1 

BOOO 

BOOl 

B002 

B003 

B004 

6005 

GNO 

:.!~ :.!~ :.~.: :.!.: t3.: i~j ~.: :,:~.: :,'!.2'; :''!.'': :'i°": 

roO, roO, roO' r .... roO, roo, rOo., roO, roO, roO, roO, 
"8111911201 121112211231 1241 1251 126112711281 

t!9 
t!8 
t!7 
t~8 

t!5 
r-
,~ 

t=!3 
t:p 

t!' 
L~ 

t~9 

NiC 
NiC 

CWSTR 

ENTX 

42900 

42900 

TX/A 

PL2 

PL1 

BOOQ 

BD01 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 

File Number 2964 
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Pin Assignment and Functions 

PIN SYMBOL SECTION DESCRIPTION PIN SYMBOL SECTION DESCRIPTION 

Vee RecslTrans Supply pin 5 volts ± 5% 25 BD02 RecslTrans See Pin 11. Conlrol Word function 

2 429011 (A) Receiver ARINC 429 data input 10 Receiver 1. 
not applicable. 

26 BOOI RecslTrans See Pin 11. Conlrol Word function 
3 429011 (B) Receiver ARINC 429 data inpull0 Receiver 1. nol applicable. 

429012 (A) Receiver ARINC 429 data input to Receiver 2. 27 Booo RecslTrans See Pin 11. Control Word funclion 

429012 (B) Receiver ARINC 429 data input 10 Receiver 2. not applicable. 

6 DiRT Receiver Device ready flag oUlput from 
Receiver 1 indicaling a valid data 

28 PLI Transmitter Parallel load input signal loading the 
firsll6-bn word into the Transmitter 

word is ready to be felched. memory. 

7 '1iiR2 Receiver Device ready flag output from 
Receiver 2 indicating a valid data 
word is ready to be felched. 

29 PL2 Transmitter Parallel load input signal loading lhe 
second 16-Bit word into lhe 
Transmitter memory and initiates 
dala lransfer into the memory stack. 

SEL Receiver Bus Data Selector - Input signal 10 
selecl one of two 16-bil words from 30 Tx/R Transmitter TransmlHer flag oUlput to indicate 

either Receiver 1 or 2. the memory is empty. 

EiiIT Receiver Input signal to enable dala from 31 42900 Transmitter Data output from Transmitter. 

Receiver 1 onto the data bus 32 42900 Transmitter Data output from TransmlHer. 

10 EN2 ReceIVer Input signal to enable data from 
Receiver 2 onto the data bus. 

33 ENTX Transmitter Transmitter Enable input signal to 
initiate data transmission from FIFO 

11 B015 RecsITrans Bi-directlonal data bus for fetching memory. 

data from eIther of the Receivers, or 
for loading data Into the Transmitter 

34 CWSTR RecslTrans Control word inpul strobe signal 10 
latch the conlrol word from the 

memory or control word register. 
See Control Word Table for 
desCription of Control Word bits. 

databus into the control word 
register. 

12 B014 RecslTrans See Pin 11. 
35 No connection Must be leH open. 

13 B013 RecsfTrans See Pin 11. 
36 No connection. May be left open or 

tied low bul never tl8d high. 

14 B012 RecslTrans See Pin 11. 37 CLK RecslTrans Exlernal clock input. May be either 

15 BOIl RecsfTrans See Pin 11. len (10) or eighty (80) limes lhe dala 
rale. If using both ARINC data rates 

16 BOlO RecsITrans See Pin 11. It musl be ten (10) limes the highest 

17 B009 RecslTrans See Pin 11. 
data rate, (typically 1 MHz). 

18 B008 RecslTrans See Pin 11. 
38 TXCLK Transmitter Transmitter Clock output. Delivers a 

clock frequency equal to the lrans-

19 B007 RecslTrans See Pin 11. mltter data rate. 

20 B006 RecsfTrans See Pin 11. 39 MR RecslTrans Master Reset. Aclivelow pulse used 
10 reset FIFO, bit counlers,gap timer, 

21 GNO RecslTrans Circuit Ground. word count signal, Tx/R and various 

22 B005 RecslTrans See Pin 11. 
olher flags and conlrols. Master 
reset does not reset the control word 

23 B004 RecslTrans See Pin 11. Control Word funclion register. Usually only used on 

not applicable. Power-Up or System Reset. 

24 B003 AecsITrans See Pin 11. Control Word function 40 No ConnectIOn. 

not applicable. 

Pinout 
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Operational Description 

The HS-3282 is designed to support ARINC Specification 
429 and other serial data protocols that use a similar format 
by collecting the receiving, transmitting, synchronizing, tim
ing and parity functions on a single, low power LSI circuit. It 
goes beyond the ARINC requirements by providing for 
either odd or even parity, and giving the user a choice of 
either 25 or 32 bit word lengths. The receiver and transmit
ter sections operate independently of each other. The seri
al-to-parallel conversion required of the receiver and the 
parallei-to-serial conversion requirements of the transmitter 
have been incorporated into the bus interface circuit. 

Provisions have been made through the external clock input 
to provide data rate flexibility. This requires an external 
clock that is 10 times the data rate. 

To obtain the flexibility discussed above, a number of exter
nal control signals are required, To reduce the pin count 
requirements, an internal control word register is used. The 
control word is latched from the data bus into the register by 
the Control Word StrOtie (CWSTR) signal going to a logic 
"1 ". Eleven (11) control functions are used, and along with 
the Bus Data (BD) line are listed below: 

Control Word 

PIN NAME SVMBOL FUNCTION 

BD05 SLFTST Connects the sell test signal Irom the transmitter directly to the receiver shill registers, 
bypassing the input receivers. Receiver 1 receives Data True and Receiver 2 receives Data Not 
Note that the transmitter output remains active. (Logic "0" on SLFTST Enables Sell Test). 

BD06 SDENBI Signal to Activate the Source/Destination (S/D) Decoder lor Receiver 1. (Logic "1" activates SID 
Decoder). 

BD07 XI II SDENBI = "1" then this bit is compared with ARINC Data Bit #9. II Yl also matches (see Yl), the 
word will be accepted by the Receiver 1.11 SDENBI = "0" this bit becomes a don't care. 

BD08 VI II SDENBI = "I" then this bit is compared with ARINC Data Bit #10.11 XI also matches (see XI), 
the word will be accepted by the Receiver 1. II SDENB 1 = "0" this bit becomes a don't care. 

BD09 SDENB2 Signal to activate the Source/Destination (S/D) Decoder lor Receiver 2. (Logic "I" activates SID 
Decoder). 

BOlO X2 II SDENB2 = "1" then this bit is compared with ARINC Data Bit #9. II Y2 also matches (see Y2), the 
word will be accepted by the Receiver 2.11 SDENB2 = "O"this bit becomes a don't care. 

BOil Y2 II SDENB2 = "1"then this bit is compared with ARINC Data Bit #10.11 X2 also matches (see X2), 
the word will be accepted by the Receiver 2.11 SDENB2 = "0" this bit becomes a don't care. 

BD12 PARCK Signal used to invert the transmitter parity bit lor test 01 parity circuits. Logic "0" selects normal 
odd parity. Logic "1" selects even parity. 

BD13 TXSEL Selects high or low Transmitter data rate. II TXSEL = "0" then transmitter data rate is equal to the 
clock rate divided by ten (10). II TXSEL = "1" then transmitter data rate is equal to the clock rate 
divided by eighty (80). 

BD14 RCVSEL Selects high or low Receiver data rate. II RCVSEL = "0" then the received data rate should be 
equal to the clock rate divided by ten (10), il RCVSEL = "1" then the received data rate should be 
equal to the clock rate divided by eighty (80). 

BD15 WLSEL Selects word length. II WLSEL = "0" a 32-bit word lormat will be selected. II WLSEL = "1" a 25-Bit 
word lormat will be selected. 
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ARINC 429 DATA FORMAT as input to the Receiver and 
output from the Transmitter is as follows: 

TABLE 1. ARINC 429 32 BIT DATA FORMAT 

ARINCBIT# FUNCTION 

1-8 Label 
9-10 SOl or Data 

11 LSB 
12-27 Data 

28 MSB 
29 Sign 

30,31 SSM 
32 Parity Status 

This format is shuffled when seen on the sixteen 
bidirectional inpuVoutputs. The format shown below is used 
from the receivers and input to the transmitter: 

TABLE 2A. WORD 1 FORMAT 

BI-DIRECTIONAL 
BIT# FUNCTION 

15,14 Data 
13 LSB 

12,11 SOl or Data 
10,9 SSM Status 

8 Parity Status 
7-00 Label 

TABLE 2B. WORD 2 FORMAT 

BI-DIRECTIONAL 
BIT# 

15 
14 

13-00 

Receiver Parity Status: 

o = Odd Parity 
1 = Even Parity 

FUNCTION 

Sign 
MSB 
Data 

ARINC 
BIT # 

13,12 
11 

10,9 
31,30 

32 
1-8 

ARINC 
BIT # 

29 
28 

27-14 

If the receiver input data word string is broken before the 
entire data word is received, the receiver will reset and 
ignore the partially received data word. 

If the transmitter is used to transmit consecutive data words, 
each word will be separated by a four (4) bit "null" state 
(both positive and negative outputs will maintain a zero (0) 
volt level.) 

TABLE 3. ARINC 25-BIT DATA FORMAT 

ARINCBIT# FUNCTION 

1-8 Label 
9 LSB 

11 - 23 Data 
24 MSB 
25 Parity Status 

TABLE 4A. WORD 1 FORMAT 

BI-DIRECTIONAL 
BIT# FUNCTION 

15-9 Don't Care 
8 Parity Status 

7-0 Label 

TABLE 4B. WORD 2 FORMAT 

BI-DIRECTIONAL 
BIT# 

15 
14-1 

0 

Receiver Parity Status: 

o = Odd Parity 
1 = Even Parity 

FUNCTION 

MSB 
Data 
LSB 

No Source/Destination (S/D) in 25-Bit format. 

Receiver Operation 

ARINC 
BIT# 

XXX 
25 

1-8 

ARINC 
BIT# 

24 
23-10 

9 

Since the two receivers are functionally identical, only one 
will be discussed in detail, and the block diagram will be 
used for reference in this discussion. The receiver consists 
of the following circuits: 

• The Line Receiver functions as a voltage level transla· 
tor. It transforms the 10 volt differential line voltage, 
ARINC 429 format, into 5 volt internal logic level. 

• The output of the Line Receiver is one of two inputs to 
the Self-Test Data Selector (SEL). The other input to 
the Data Selector is the Self-Test Signal from the Trans
mitter section. 

• The incoming data, either Self-Test or ARINC 429, 
is double sampled by the Word Gap Timer to generate 
a Data Clock. The Receiver sample frequency 
(RCVCLK), 1 MHz, or 125kHz, is generated by the Re
ceiver/Transmitter Timing Circuit. This sampling 
frequency is ten times the Data Rate to ensure no data 
ambiguity. 

• The derived data clock then shifts the data down a 32-
Bit long Data Shift Register (Data S/R1). The Data 
Word Length is selectable for either 25-Bits or 32-Bits 
long by the Control Signal (WLSEL). As soon as the data 
word is completely received, an internal signal 
(WDCNT1) is generated by the Word Gap Timer Circuit. 

• The Source/Destination (S/D) Decoder compares the 
user set code (X and Y) with Bits 9 and 10 of the Data 
Word. If the two codes are matched, a positive signal is 
generated to enable the WDCNT1 signal to latch in the 
received data. Otherwise, the data word is ignored and 
no latching action takes place. The SID Decoder can be 
Enabled and Disabled by the control signal SID ENB. If 
the data word is latched, an indicator flag (D/R1) is set. 
This indicates a valid data word is ready to be fetched by 
the user. 

5-166 



HS-3282 

• After the receiver data has been shifted down the shift 
register, it is placed in a holding register. The device 
ready flag will then be set indicating that data is ready to 
be fetched. If the data is ignored and left in the holding 
register, it will be written over when the next data word is 
received. 

The received data in the 32 bit holding register is placed 
on the bus in the form of two (2) 16 bit words regardless 
of whether the format is for 32 or 25 bit data words. Ei
ther word can be accessed first or repeatedly until the 
next received data word falls into the holding register. 

• The parity of the incoming word is checked and the 
status (Le., logic "0" for odd parity and logic "1" for even 
parity) stored in the receiver latch and output on BD08 
during the Word No.1. 

• Assuming the user desires to access the data, he first 
sets the Data Select Line (SEL) to a Logic "0" level and 
pulses the Enable (EN 1) line. This action causes the Data 
Selector (SEL 1) to select the first-data word, which 
contains the label field and Enable it onto the Data Bus. 
To obtain the second data word, the user sets the SEL 
line to a Logic "1" level and pulse the Enable (EN1) line 
again. The Enable pulse duration is matched to the user 
circuit requirement needed to read the Data Word from 
the Data Bus. The second Enable pulse is also used to 
reset the Device Ready (D/R 1) flip-flop. This completes a 
receiving cycle. 

Transmitter Operation 

The Transmitter section consists of an 8-word deep by 31-
Bit long FIFO Memory, Parity Generator, Transmitter Word 
Gap Timing Circuit and Driver Circuit. 

• The FIFO Memory is organized in such a way that data 
loaded in the input register is automatically transferred to 
the output register for Serial Data Transmission. This 
eliminates a large amount of data managing time since 
the data need not be clocked from the input register to 
the output register. The FIFO input register is made up of 
two sets of 16 D-type flip-flops, which are clocked by 
the two parallel load signals (PL 1 and PL2). PL 1 must al
ways precede PL2. Multiple PL 1 's may occur and data 
will be written over. As soon as PL2 is received, data is 
transferred to the FIFO. The data from the Data Bus is 

clocked into the D-type flip-flop on the positive going 
edge of the PL signals. If the FIFO memory is initially 
empty, or the stack is not full, the data will be 
automatically transferred down the Memory Stack and 
into the output register or to the last empty FIFO storage 
register. If the Transmitter Enable signal (ENTX) is not 
active, a Logic "0", the data remains at the output 
register. The FIFO Memory has storage locations to hold 
eight 31-bit words. If the memory is full and the new data 
is again strobed with PL, the old data at the input register 
is written over by the new data. Data will remain in the 
Memory until ENTX goes to a Logic "1 ". This activates 
the FIFO Clock and data is shifted out serially to the 
Transmitter Driver. Data may be loaded into the FIFO 
only while ENTX is inactive (low). It is not possible to 
write data into the FIFO while transmitting. WARNING: If 
PL 1 or PL2 is applied while ENTX is high, Le., while 
transmitting, the FIFO may be disrupted such that it 
would require a MR (Master Reset) signal to recover. 

• The Output Register of the FIFO is designed such that it 
can shift out a word of 24-Bits long or 31-Bits long. This 
word length is again controlled by the WLSEL bit. The TX 
word Gap Timer Circuit also automatically inserts a gap 
equivalent to 4-Bit Times between each word. This gives 
a minimum requirement of 29-Bit time or 36-Bit time for 
each word transmission. Assuming the signal, ENTX, 
remains at a Logic "1 ", a transfer to stack signal is 
generated to transfer the data down the Memory Stack 
one position. This action is continued until the last word 
is shifted out of the FIFO memory. At this time a 
Transmitter Ready (TX/R) flag is generated to signal the 
user that the Transmitter is ready to receive eight more 
data words. During transmission, if ENTX is taken low 
then high again, transmission will cease leaving a portion 
of the word untransmitted, and the data integrity of the 
FIFO will be destroyed. 

• A Bit Counter is used to detect the last Bit shifted out of 
the FIFO memory and appends the Parity Bit generated 
by the Parity Generator. The Parity Generator has a 
control signal, Parity Check (PARCK), which establishes 
whether odd or even parity is used in the output data 
word. PARCK set to a logic "0" will result in odd parity 
and when set to a logic 1" will result in even parity. 
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Sample Interface Technique 

From Figure 7, one can see that the Data Bus is time shared 
between the Receiver and Transmitter. Therefore, bus 
controlling must be synchronously shared between the 
Receiver and the Transmitter. 

Figure 1 shows the typical interface timing control of the 
ARINC Chip for Receiving function and for Transmitting 
function. Timing sequence for loading the Transmitter FIFO 
Memory is shown in Timing Interval A. A transmitter Ready 
(TX/R) Flag signals the user that the Transmitter Memory is 
empty. The user then Enables the Transmitter Data, a 16-Bit 
word, on the Data Bus and strobes the Transmitter with a 
Parallel Load (PL 1) Signal. The second part of the 32-Bit 
word is similarly loaded into the Transmitter with PL2, which 
also initiates data transfer to stack. This is continuous until 
the Memory is full, which is eight 31-Bit words. The user 
must keep track of the number of words loaded into the 
Memory to ensure no data is written over by other data. Dur
ing the time the user is loading the Transmitter, he does not 
have to service the Receiver, even if the Receiver flags the 
user with the signal D/R 1 that a valid received word is ready 
to be fetched. This is shown by the Timing interval B. If the 
user decides to obtain the received data before the Trans
mitter is completely loaded, he sets the two parallel load 
signals (PL 1 and PL2) at a Logic "1" state, and strobes EN1 
while the signal SEL is at a Logic "0" state. After the nega
tive edge of EN1, the first 16-Bit segment of the received 
word becomes valid on the Data Bus. At the positive edge of 
EN1, the user should toggle the signal SEL to ready the 
Receiver for the second 16-Bit word. Strobing the Receiver 

with EN1, the second time, enables the second 16-Bit word 
and resets the Receiver Ready Flag D/R1. The user should 
now reset the signal SEL to a Logic "0" state to ready the 
Receiver for another Read Cycle. During the time period 
that the user is fetching the received words, he can load the 
transmitter. This is done by interlacing the PI: signals with 
the EN signals as shown in the Timing Interval B. Servicing 
the Receiver 2 is similar and is illustrated by Timing interval 
C. Timing interval D shows the rest of the Transmitter load
ing sequence and the beginning of the transmission by 
switching the signal TX Enable to a Logic "1" state. Timing 
interval E is the time it takes to transmit all data from the 
FIFO Memory, either 288 Bit times or 232 Bit times. 

Repeater Operation 

This mode of operation allows a data word that has been 
received to be placed directly in the FIFO for transmission. 
A timing diagram is shown in Figure 6. A 32 bit word is used 
in this example. The data word is shifted into the shift regi
ster and the D/R flag goes low. A logic "0" is placed on the 
SEL line and EN 1 is strobed. This is the same as the normal 
receiver operation and places half the data word (16 bits) on 
the data bus. By strobing PL1 at the same time as EN1, 
these 16 bits will be taken off the bus and placed in the 
FIFO. SEL is brought back high and EN1 is strobed again 
for the second 16 bits of the data word. Again by strobing 
PL2 at the same time the second 16 bits will be placed in 
the FIFO. The parity bit will have been stripped away leaving 
the 31 bit data word in the FIFO ready for transmission as 
shown in Figure 5. 

eLK eLK Vee GNU 
TX ? 9 r ----------------------- -- -~-.., Rev eLK 37 38 J 21 

WlSEL woeHl 1 RCVSEL Rev IX SLF TST IB005) II 

42901liAI 

429011181 

4290121AI 

429012181 

TXSEL 

CONTROL 
WORD 

REGISTER 

S/OEN81180061 

~;~i~~lI80091 I 
:: :::~:: I 
Y21801l1 I 
PARCK 180121 
TXSEL 180131 
RC'8El180141 I 
WlSEll80151 I 

I 
34 1 CWS'fR 

I 
I 

331 ENTX 

I 
I 

32142900 
I 

11 -1 20 311 42900 
WlSEL WORD GAP WOCHT 2 I 

L 22 - 27 PARCK SELF TEST.J 

..!6-...!~-~~.::.---!6-1-~6-:::I..!~ __ 2 --------

MR OIRI Diii2 SEl ill ill :~;A 8 PIT ill TX/R 

FIGURE 7. SINGLE CHIP ARINC 429 INTERFACE FUNCTIONAL BLOCK DIAGRAM 
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Specifications HS-3282 

Absolute Maximum Ratings 

Supply Voltage ••.•••••..•••..•••••.•••••..•.••.......•• 7.0V 
Input, Output or I/O Voltage Applied 

Thermal Information 

Thermal Resistance 
Ceramic OIP Package ................ . 
Ceramic LCC Package •••.••••.•••.•.• 

Package Power Oissipation at +1250C 

0ja 0jc 
720C{W 120C{W 
650C/W 10.3°C{W (Except Pins 2-5) ..•....•........•.. GNO -0.3V to VDO +0.3V 

Input Voltage Applied (Pins 2-5) .••..•.••.•.•••.•• -29V to +29V 
Junction Temperature .••....•..............••.••.•••. +1750C 
Storage Temperature Range ..•..•........... -650C to +1500C 
ESO Classification .•...••...................••••••.• Class "1" 
Lead Temperature (Soldering 10 sec) ....•...•.•....... +3000C 

Ceramic OIP Package. . . . . . . . . . . . . • . . . . . . • . • • • . . • •. 695mW 
Ceramic LCC Package ..•••...•....•.•......••..... 769mW 

Gate Count ....•.........•..................•..•. 2632 Gates 

CAUTION: Stresses In excess of those listed In "Absolute MaXimum Ratmgs" may cause permanent damage to the devlcs. These are stress only ratmgs and 
operation of the deVice at these or any other conditIons In excess of those mdicated In the operatIonal sectIons of this speCIfIcatIon IS not Implied. 

Recommended Operating Conditions 

Operating Temperature Range Operating Voltage Range •.••••.••...•••••.••••• 4.75Vt05.25V 
HS-3282-5 .........•....•••...••..••.••.••.• OOC to + 700C 
HS-3282-8 ..••.....••••.•.•..••.•..•.•.. -550C to +1250C 

DC ELECTRICAL PERFORMANCE CHARACTERISTICS VOO = 5V ± 5%; TA = OOC to +700C (HS-3282-5), 
TA = -550C to +1250C (HS-3282-8) 

LIMITS 

D.C. PARAMETERS SYMBOL CONOITIONS MIN MAX 

ARINC INPUTS Pins 2-3, 4-5 

Logic "1" Input Voltage VIH VOO= 5.25V 6.7 13.0 

Logic "0" Input Voltage VlL VOO=5.25V -13.0 -6.7 

Null Input Voltage VNUL VOO = 4.75V, 5.25V -2.5 +2.5 

Common Mode Voltage VCH VOO = 4.75V, 5.25V -5.0 +5.0 

Input Leakage IIH VOO=5.25V, - 200 
VIN=±6.5V 

Input Leakage ilL VOO = 5.25V, VIN = O.OV -450 -
Oifferentiallnput RI VOO= 5.25V, 12 -
Impedance VIN = +5V, -5V 

Input Impedance to VOO RH VOO = 5.25V, VIN = OV 12 -
Input Impedance to GNO RG VOO = Open, VIN = 5.0V 12 -
BIOIRECTIONAL INPUTS Pins 11-20, 22-27 

Logic "1" Input Voltage VIH VOO= 5.25V 2.1 -
Logic "0" Input Voltage VlL VOO= 4.75V - 0.7 

Input Leakage IIH VOO = 5.25V, VlN = 5.25V - 1.5 

Input Leakage ilL VOO = 5.25V, VIN = O.OV -1.5 -
ALL OTHER INPUTS Pins 8-1 0, 28, 29, 33, 34, 37,39 

Logic "1" Input Voltage VIH VOO=5.25V 3.5 -
Logic ''0'' Input Voltage VIL VOO= 4.75V - 0.7 

Input Leakage IIH VOO = 5.25V, VIN = 5.25V - 10 

Input Leakage ilL VOO = 5.25V, VIN = O.OV -75 -
OUTPUTS Pins 6, 7, 11-20, 22-27,30-32,38, Supply Pin 1 

Logic "1" Output Voltage VOH VOO=4.75V, 2.7 -
IOH=-1.5mA 

Logic ''0'' Output Voltage VOL VOO=4.75V - 0.4 
IOL=1.8mA 

Standby Supply Current ICC1 VOO = 5.25V, VlN = OV - 20 
Except 9,10,29 = 5.25V 

Operating Supply Current ICC2 VOO = 5.25V, VlN = 5.25V - 20 
Except 8, 33 = O.OV, 
CLK=1MHz 
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Specifications HS-3282 

AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V:I: 5%; TA = (jOC to +700C (HS-3282-5), 
TA = -550C to +1250C (HS-3282-8) 

LIMITS 

A.C. PARAMETERS SYMBOL CONDITIONS MIN MAX 

Clock Frequency FC VDD = 4.75V, 5.25V - 1 

Data Rate 11 FD ! - 100 

Data Rate 21 FD - 12.5 

Master Reset Pulse Width TMR 200 -
RECENER TIMING 

Receiver Ready Time TD/R2 VDD - 4.75V, 5.25V - 16 
From 32nd Bit 11 

Receiver Ready Time TD/R2 - 128 
From 32nd Bit 21 

Device Ready to Enable Time TD/REN 0 -
Data Enable Pulse Width TEN 200 -
Data Enable to Data TENEN 50 -
Enable Time 

Data Enable to Device TEND/R - 200 
Ready Reset Time 

Output Data Valid to TENDATA - 200 
Enable Time 

Data Enable to Data TENSEL 20 -
Select Time 

Data Select to Data TSELEN 20 -
Enable Time 

Output Data Disable Time TDATAEN - 30 

CONTROL WORD TIMING 

Control Word Strobe TCWSTR VDD - 4.75V, 5.25V 130 -
Pulse Width 

~ Control Word Setup Time TCWSET 130 -
Control Word Hold Time TCWHLD 0 -
TRANSMITTER FIFO Write Timing 

Parallel Load Pulse Width TPL VDD = 4.75V, 5.25V 200 -
Parallel Load to Parallel TPL12 

J 

0 -
Load 2 Delay 

Transmitter Ready Delay Time TTX/R - 840 

Data Word Setup Time TDWSET 110 -
Data Word Hold Time TDWHLD 0 -
TRANSMITTER Ou1put Timing 

Enable Transmit to Output TENDAT VDD - 4.75V, 5.25V - 25 
Data Valid Time 1/ 
Enable Transmit to Output TENDAT - 200 
Data Valid Time 21 

Output Data Bit Time 11 TBIT 4.95 5.05 

Output Data Bit Time 21 TBIT 39.6 40.4 

Output Data Null Time 11 TNULL 4.95 5.05 

Output Data Null Time 21 TNULL 39.6 40.4 

Data Word Gap Time 11 TGAP 39.6 40.4 

Data Word Gap Time 21 TGAP 316.8 323.2 

Data Transmission Word to TDTX/R - 400 
TX/R SetTime 

Enable Transmit Turnoff Time TENTX/R 0 -
REPEATER OPERATION TIMING 

Data Enable to Parallel TENPL VDD - 4.75V, 5.25V 0 -
Load Delay Time 

I Data Enable Hold for TPLEN 0 -
Parallel Load Time 

Enable Transmit Delay Time TTX/REN 0 -
NOTES: 1. 100kHz Data Rate. 2. 12.5kHz Data Rate. 
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Specifications HS-3282 

ELECTRICAL PERFORMANCE CHARACTERISTICS Voo = 5V :!: 5%; TA = (lOC to +700C (HS-3282-5), 
TA = -550 C to +1250 C (HS-3282-8) 

(Nola 1) LIMITS 

PARAMETERS SYMBOL CONDITIONS MIN 

Oifferanliallnput Capacitance CO Voo = Open, f = 1 MHz, Note 2, 3 -
Input Capacitance to VOO CH VOO = GND, f = 1 MHz, Note 2, 3 -
Input Capacitance 10 GNO CG VOO = Open, f = 1 MHz, Note 2, 3 -
Input Capacitance CI Voo = Open, f = 1 MHz, Note 2, 4 -
Output Capacitance CO VOO = Open, f = 1 MHz, Note 2, 5 -
Clock Rise Time TlHC ClK = 1 MHz, From 0.7V to 3.5V -
Clock Fall Time THlC ClK = 1 MHz, From 3.5V to 0.7V -
Input Rise Time TlHI From 0.7V to 3.5V, Note 6 -
Input Fall Time THLI From 3.5V 10 0.7V, Note 6 -

3 Pins 2-3, 4-5. NOTES 1. The parameters hsted in this table are controlled via deSign or 
process parameters and are not directly tested These parame· 
tars are charactenzed upon Initial deSign and after major 
process andlor design changes affecting these parameters. 

4 PinS 8-10. 28. 29. 33. 34. 37. 39. 

5. POlS 6. 7. 11-20.22-27.30-32.38. 

2 All measurements are referenced to devtce GND 6. P,ns 8-20. 22-29. 33. 34. 
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HS-3282 

Timing Waveforms 

TX/R 

EN!~LE--'L __________________________________________________________ --J'---
DATA 
BUS 

SEL 

lJl.J 
______________ ~r--l~ ______ ~r_I~ __________ __ 

I TIME INTERVAL A I TIME INTERVAL B I 
I 

~ BUS IS BEING USED AS AN OUTPUT. 

TIME INTERVAL C TIME INTERVAL 0 

x:::x BUS IS BEING USED AS AN INPUT, 

FIGURE 1. TYPICAL INTERFACE TIMING SEQUENCE 

I TIME 
INT~RVAL 

429DI --g:? 
tDIA tENDIR-..J t 

----------~---------!~~------------

SEL 

BD~15----------------------------~ 

---------- --- ----- OR - ------------- ---

jill!! ///!!/l 
BDOO·15 ----------------------------.G:)r------------<G:)>------------

FIGURE 2. RECEIVER TIMING 

f-- lewsrM ---..j 

\'------..il 
Booo·15 

f lewSET ----::j 
----------------( CONTROL WORD 

FIGURE 3. CONTROL WORD TIMING 
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Timing Waveforms (Continued) 

42901 

SEL 

TXlR 

ENTX 

42900 

8000·15 

FIGURE 4. TRANSMITTER FIFO WRITE TIMING 

~~ /, 
\~. ------------------~: 

I I 

--, :0- IENTX/R 
ENTX ~,..-----------------------:-i!-,\ 

I IBIT 0 I '-----

~ -J. tNUl:" 
42900 ENOAT n_~ " : 

\J[j~,~'----------

FIGURE 5. TRANSMITTER OUTPUT TIMING 

~ FOIR~ 
\'-----~ 
~tDIREN ... 

I 
I 
I 

-<of :-- 10TXIR 

IENPL~I- ..j f--'PLEN i 
--------------------~Vl Ir---------t----+i-------------------------------------------

I i 
IENPLU'PLEN 

__________ -4--'-, r-, ITXlR 

\'-------__ --'I. 
,- I 

~ r 'WREN -n t'ENWR 
_____________________ .J ~NDAT ~ I~UL r-
_________________________ ~-~~:-~O------

i, 
-'1 1<4- tDTXlR 

FIGURE 6. REPEATER OPERATION TIMING 
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Burn-In Circuit 

NOTES: 
1. Resistors = 47kO. 5%, 

1/4 Watt (Min) 
2. GNO = Ground 
3. VDD = +5.5V; ±O.5V 
4. -C = 0.01 !Jf/Socket (Min) 
5. FO = 100kHz 

Fl = FO/2 

F15 = F14/2 

NC 

NC 

NC 

F9 

VDD 

F8 

F15 

F14 

F13 

F12 

Fll 

GNO --l 

F4 

GNO 

F4 

GNO 

NC 

NC 

F9 

VOO 

Fa 

F15 

F14 

F13 

F12 

Fll 

FlO 

F9 

F8 

F7 

F6 

HS-3282 

HS-3282 CERAMIC DIP 

Pl2 

PL1 

BOOI 

HS-3282 CERAMIC LCC 
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NC 

F15 

NC 

FO 

NC 

NC 

VOO 

GNO 

NC 

NC 

NC 

Fa 

Fa 

FO 

Fl 

F2 

F3 

F4 

F5 

GNO 

N/c 

N/c 

VDD 

GND 

NC 

N/C 

N/C 

F8 

Fa 

FO 

Fl 



HS-3282 

Metallization Topology 
DIE DIMENSIONS: 

246 x 224 x 19 mils 
(6250 x5700 x 483 11m) 

METALLIZATION: 
Type: Si-AI 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 
Type: Si02 
Thickness: 8kA ± 1 kA 

DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 4600 C (Max) 

Ceramic lCC - 4200 C (Max) 

WORST CASE CURRENT DENSITY: 
2 x 105 A/cm2 

LEAD TEMPERATURE (10 sec soldering) 
< 3000 C 

Metallization Mask Layout 

SEL (8) 

ENl II) 

iNz (10) 

BD15 (11) 

BDl. (12) 

BD13 (13) 

BD12 (14) 

BDll (15) 

BD10 Ill) 

em 
ii;:" 
Q is 
co co .. N ... ... 
!:tr 

g § 
II ID 

HS-3282 

c z 

" 

g 
5 co .. ... 
E 
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(38) H/C 
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(34) CWSTR 

(33) ENTX 

(32) 4iiiiO 
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(30) TX/R 

(29) PL2 

(28) PU 

(27) BDOO 



GENERAL DESCRIPTION 
The ICL232 is a dual RS-232 transmitter/receiver inter

face circuit that meets all EIA RS-232C specifications. It 
requires a single + 5V power supply, and features two on
board charge pump voltage converters which generate 
+ 10V and -10V supplies from the 5V supply. 

The drivers' feature true TTL/CMOS input compatibility, 
slew-rate-limited output, and 300 ohms power-oft source 
impedance. The receivers can handle up to ± 30 volts, and 
have a 3 to 7 kilohms input impedance. The receivers also 
have hysteresis to improve noise rejection. 

Typical Applications 
Any System Requiring RS-232 Communications Port: 
• Computers-Portable and Mainframe 
• Peripherals-Printers and Terminals 
• Portable Instrumentation 
• Modems 

• Dataloggers 

ORDERING INFORMATION 

Part 
Temperature 

Package 
Range 

ICL232CPE O'Cto + 70'C 16 Pin Plastic DIP 

ICL232CJE 16 Pin CERDIP 

ICL232C8E 16 Pin SOIC (W8) 

ICL232IPE - 40'C to + 85'C 16 Pin Plastic DIP 

ICL2321JE 16 Pin CERDIP 

ICL23218E 16 Pin SOIC (W8) 

ICL232MJE - 55'C to + 125'C 16 Pin CERDIP 

CI' CI< 
V< v. 

CI- CI-

C2' 

C2-

v-
120UT 

R21N 

ICL232 
+ 5 Volt Powered Dual RS-232 

Transmitter IReceiver 
FEATURES 
• Meets All RS-232C Specifications 
• Requires Only Single + 5V Power Supply 
• Onboard Voltage Quadrupler 
• Low Power Consumption 

• 2 Drivers 
-±9V Output Swing for +5V Input 
-300 Ohms Power-off Source Impedance 
-Output Current Limiting 
-TTL/CMOS Compatible 
-30 V Ius Maximum Slew Rate 

• 2 Receivers 
- ± 30V Input Voltage Range 
-3 to 7 kohms Input Impedance 
~.5V Hysteresis to Improve Noise Rejection 

• All Critical Parameters are Guaranteed Over the 
Entire Commercial, Industrial and Military 
Temperature Ranges 

CI-

R21N II}-..... ---=i 

Figure 2: ICL232 Functional Diagram 

Va: 

GND 

T10UT 

RI" 

R10ur 

TI," 
T21H 

R20UT 

0100-11 

0100-1 

0100-2 

Outline Drawing (PE, JE) SOIC Package (BE) 

Figure 1: Pin Configurations 

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN UEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE File Number 3020 
NOTE All fypIcal valU6S have been charact6flZ8d but are not test6d 5-176 



ICL232 

ABSOLUTE MAXIMUM RATINGS so Package .................................. 375 mW 

Veetoground ............... (GND - 0.3V) < Vee < 6V derate -7.0 mwrc above 70"C 

Storage Temperature Range ........... - 65°C to + 150"C v+ to ground ................ (Vee - 0.3V) < v+ < 12V 

v- to ground .. " .......... -12V < V- < (GND + 0.3V) Lead Temperature (Soldering, 10 sec) ............ + 300"C 

Operating Temperature Range Input Voltages 
T1in, T2,n ........... (V- - 0.3V) < V,n < (V+ + 0.3V) ICL232C ............................... O"C to + 70"C 

R1in, R2in .................................... ±30V 
ICL2321 ............................ - 40"C to + 85°C 
ICL232M .......................... - 55°C to + 125°C 

Output Voltages 
T10UT, T20UT .. (V- - 0.3V) < VTXOUT < (V+ + 0.3V) 
R10UT' R20UT .................................... . 
............. (GND - 0.3V) < VRXOUT < (V+ + 0.3V) 

Short Circuit Duration 
T1OUT' T20UT ............................ Continuous 

NOTE: Stresses sboV8 those Hsteti under "Absolute M8xJmum Rattngs" 
may CtJUS6 ptIf17IBnant damsge to the daVICS. T1I9s9 IUfJ stress rattngs only 
and functional oparBtton of the daVICS at these or any other condttions 
sboV8 thos8 tndJcated In the oparBtionsl sections of the spacdrcations IS not 
Imphed Exposure to absolute maxtmum rattng contJnJons for sxtendad pen. 
ods mayaHeet daVICS raHsbihty. 

R10UT' R20UT ........................... Continuous 

Continuous Total Power Dissipation (T a = 25°C) 
CERDIP Package ............................ 500mW 

derate -9.5 mwrc above 70°C 

Plastic Package .............................. 375mW 
derate -7.0 mwrc above 70"C 

ELECTRICAL CHARACTERISTICS Test Conditions: Vee = + 5V ± 1 0%, Ta = operating temperature range, 
Test Circuit as in Figure 3 (unless otherwise specified) 

Symbol Parameter Test Conditions 
Limits 

Units 
Min Typ Max 

TOUT Transmitter Output Voltage Swing T10UT and T20uT loaded with 
±5 ±9 ±10 V 

3 kO to ground 

lee Power Supply Current Outputs Unloaded, T a = 25°C 5 10 mA 

VIL Tin, Input Logic Low 0.8 V 

VIH Tin, Input Logic High 2.0 V 

Ip Logic Pullup Current T1 ,n, T2in = OV 15 200 /J-A 

V,n RS-232 Input Voltage Range -30 +30 V 

R,n Receiver Input Impedance V,n = ±3V 3.0 5.0 7.0 kO 

VIN (H-L) Receiver Input Low Threshold Vee = 5.0V, Ta = 25°C 0.8 1.2 V 

VIN (L-H) Receiver Input High Threshold Vee = 5.0V, Ta = 25°C 1.7 2.4 V 

Vhyst Receiver Input Hysteresis 0.2 0.5 1.0 V 

VOL TTL/CMOS Receiver Output Voltage Low lout = 3.2mA 0.1 0.4 V 

VOH TTL/CMOS Receiver Output Voltage High lout = -1.0mA 3.5 4.6 V 

1pd Propagation Delay RS-232 to TTL or TTL to RS-232 0.5 /J-s 

SR Instantaneous Slew Rate CL = 10 pF, RL = 3 kO, 
30 VI/J-s 

Ta = 25°C (Note 1, 2) 

SRt Transition Region Slew Rate RL = 3 kO, CL = 2500 pF Measured 
3 VI/J-s 

from +3Vto -3Vor -3Vto +3V 

Rout Output Resistance Vee = V+ = V- = OV, Vout = ±2V 300 0 

Ise RS-232 Output Short Circuit Current T10ut or T20ut shorted to GND ±10 mA 

NOTE 1: Guaranteed by desogn. 
2: See Figure 5 for dellnlbon. 



+4.5V TO r--------., +5.5V INPUT 

0100-3 

Figure 3: General Test Circuit 

TYPICAL PERFORMANCE CHARACTERISTICS 
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0100-4 

Figure 4: Power-Off Source Resistance 
Configuration 
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DETAILED DESCRIPTION 
The ICL232 is a dual RS-232 transmitter/receiver pow

ered by a single + SV power supply which meets all EIA RS-
232C specifications and features low power consumption. 
The functional diagram (Figure 2) illustrates the major ele
ments of the ICL232. The circuit is divided into three sec
tions: a voltage quadrupler, dual transmitters, and dual re
ceivers. 

Voltage Converter 
An equivalent circuit of the dual charge pump is illustrated 

in Figure S. 

The voltage quadrupler contains two charge pumps which 
use two phases of an internally generated clock to generate 
+ 10V and -10V. The nominal clock frequency is 16 kHz. 
During phase one of the clock, capacitor C1 is charged to 
Vee. During phase two, the voltage on C1 is added to Vee, 
producing a signal across C2 equal to twice Vee. At the 
same time, C3 is also charged to 2Vee, and then during 
phase one, it is inverted with respect to ground to produce a 
signal across C4 equal to - 2Vee. The voltage converter 
accepts input voltages up to S.SV. The output impedance of 
the doubler (V +) is approximately 200 ohms, and the output 
impedance of the inverter (V-) is approximately 4S0 ohms. 
Typical graphs are presented which show the voltage con
verters output vs input voltage and output voltages vs load 
characteristics. The test circuit (Figure 3) uses 22 uF capac
itors for C1-C4, however, the value is not critical. Increasing 
the values of C1 and C2 will lower the output impedance of 
the voltage doubler and inverter, and increasing the values 
of the reservoir capacitors, C3 and C4, lowers the ripple on 
the V + and V - supplies. 

ICL232 

\\".--

0100-7 

Instantaneous Slew Rate (SR) ~ (0.8) (Yoh - Vol) or (0.8) (Vol - Voh) 
tr tf 

Figure 6: Slew Rate Definition 

Transmitters 
The transmitters are TIL/CMOS compatible inverters 

which translate the inputs to RS-232 outputs. The input log
ic threshold is about 26% of Vee, or 1.3V for Vee = SV. A 
logic 1 at the input results in a voltage of between - SV and 
V - at the output, and a logic 0 results in a voltage between 
+ SV and (V+ -0.6V). Each transmitter input has an inter
nal 400 kilohm pullup resistor so any unused input can be 
left unconnected and its output remains in its low state. The 
output voltage swing meets the RS-232C specification of 
± SV minimum with the worst case conditions of: both trans
mitters driving 3kohm minimum load impedance, 
Vee = 4.SV, and maximum allowable operating tempera
ture. The transmitters have an internally limited output slew 
rate which is less than 30V Ius. The outputs are short circuit 
protected and can be shorted to ground indefinitely. The 
powered down output impedance is a minimum of 300 
ohms with ±2V applied to the outputs and Vee = OV. 

., S5 

+ 

~u~ 
"2 S7 

RL- c2-

'" S8 

0100-12 

Figure 5: Dual Charge Pump 

NOTE All typICal values have been charsctenzlKl but are not test6d 
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v+o-------, 

Vee 

TXlNo--..... --I ~~..J.,I.,..,..--<J TOUT 
GND <TXIN < vee 30DJl V-<VTOUT<V+ 

v-o------..J 

0100-13 
Figure 7: Transmitter 

Receivers 
The receiver inputs accept up to ± 30V while presenting 

the required 3 to 7 kilohms input impedance even if the 
power is off (Vcc=OV). The receivers have a typical input 
threshold of 1.3V which is within the ± 3V limits, known as 
the transition region, of the RS-232 specification. The re
ceiver output is OV to V cc. The output will be low whenever 
the input is greater than 2.4V and high whenever the input is 
floating or driven between +O.8Vand -30V. The receivers 
feature O.5V hysteresis to improve noise rejection. 

vee 0-------, 

RXIN ROUT 
-3OV < RXIN < +3OV GND < VROUT < vee 

GNDo--..... ---..J 

0100-14 
Figure 8: Receiver 

Average Propagalion Delay = ~ 
2 

ICL232 

0100-8 

Figure 9: Propagation Delay Definition 

APPLICATIONS 
The ICL232 may be used for all RS-232 data terminal and 

communication links. It is particularly useful in applications 
where ± 12V power supplies are not available for conven
tional RS-232 interface circuits. The applications presented 
represent typical interface configurations. 

A Simple duplex RS-232 port with CTS/RTS handshaking 
is illustrated in Figure 10. Fixed output Signals such as DTR 
(data terminal ready) and DSRS (data Signaling rate select) 
is generated by driving them through a 5 kO resistor con
nected to V + . 

In applications requiring four RS-232 inputs and outputs 
(Figure 11), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res
ervoir capacitors is the elimination of two capaCitors and the 
reduction of the charge pump source impedance which ef
fectively increases the output swing of the transmitters. 

+5V>-----..... -----, 

1CL232 

C2 + 
221'F _ 5 

I 

~ ...... _...,.,It-~DTR (20) DATA 
5k4 TERMINAL READY 

L...vvo._ DSRS (24) DATA 
5 k4 SIGIIAUNG RATE SELECT 

C4 
!C22 1'F 

RS-232 
INPUTS.t OUTPUTS 

N 
T P TO 
T U 

~)-__ +14~ TO (2) TRANSMIT DATA 

L T RTS >-"-+----1 ">4)-~-+ RTS (4) REQUEST TO SENO 
/ S 

C 0 _.;.;;12+-__ -o.C 
M U RD .... RD (3) RECEIVE DATA 

o T 
S ~ CTS '-~-(K J----I-=--< CTS (5) CLEAR TO SEND 

T 
S 

15 t-----< SIGNAL GROUND (7) 

0100-9 
Figure 10: Simple Duplex R8-232 Port with CTS/RTS Handshaking 
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ICL232 

4 

Cl + 1Cl232 +C2 
22~F _ 3 5 _22~F 

I 
N II T1 14 

T P TD TD (2) TRANSMIT DATA 
T U T2 
l T RTS 10 7 

RTS (4) REQUEST TO SEND 
/ S 
C 0 12 

RD (3) RECEIVE DATA M U RD 
o T 9 
S P CTS CTS (5) ClEAR TO SEND 

U 
T 
S 

6 2 +5V 
C4 r1- V- V+ 

-= 47~F 6 2 47~F RS-232 
16 INPUTS I: OUTPUTS 

4 

CI + 
22~F _ 

I 
N 

T P DTR D1lI (20) DATA TERMINAl READY 
T U 
lTOSRS 
/ s OSRS (24) DATA SIGNAUNG RATE SElECT 

C 0 12 
DCD (8) DATA CARRIER DETECT M U DCD 

o T 9 R2 RI 8 
S P RI RI (22) RING INDICATOR 

U 
T 
S 

15 SIGNAl GROUND (7) 

0100-10 

Figure 11: Combining Two ICL232's for 4 Pairs of R8-232 Inputs and Outputs 

NOTE:NlIyp/t:ti ____ but .. ""'_ 
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CMOS MEMORY 
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LOW VOLTAGE DATA RETEtrnON. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-3 

INDUSTRY CMOS RAM CROSS REFERENCE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4 

CMOS MEMORY DATASHEETS 

s1 K - ASYNCHRONOUS RAMs 

COP1821C/3 

COP1822. C 

COP1822C/3 

COP1823. C 

COP 1823C/3 

COP1824. C 

COP1824/3. C/3 

COP1826C 

MWS5101. A 

1 K x 1 Asynchronous RAM ............................................ . 

256 x 4 Asynchronous RAM ............................................ . 

High-Reliability 256 x 4 Asynchronous RAM ............................... . 

128 x 8 Asynchronous RAM ............................................ . 

High-Reliabilty 128 x 8 Asynchronous RAM ............................... . 

32 x 8 Asynchronous RAM ............................................. . 

High-Reliability 32 x 8 Asynchronous RAM ................................ . 

64 x 8 Asynchronous RAM ................................. , ........ , .. . 

256 x 4 Asynchronous RAM ............................................ . 

1 K· SYNCHRONOUS RAMs 

HM-6508 

HM-6508/883 

HM-6518 

HM-6518/883 

HM-6551 

HM-6551 1883 

HM-6561 

HM-6561/883 

1 K x 1 Synchronous RAM ................... , ......................... . 

1 K x 1 Synchronous RAM ................................... , ......... . 

1 K x 1 Synchronous RAM ............................................. . 

1 K x 1 Synchronous RAM ............ , ................................ . 

256 x 4 Synchronous RAM ........................... ,., .............. . 

256 x 4 Synchronous RAM .......................................... , .. 

256 x 4 Synchronous RAM ............................................ . 

256 x 4 Synchronous RAM ....... , . , .................................. . 

4K· SYNCHRONOUS RAMs 

HM-6504 

HM-6504/883 

HM-6514 

HM-6514/883 

4K x 1 Synchronous RAM ............... , .......................... , .. . 

4K x 1 Synchronous RAM ............................................. . 

1 K x 4 Synchronous RAM .... , .............................. , .. , ...... . 

1 K x 4 Synchronous RAM ................ , ...................... , ..... . 

CMOS MEMORY INDEX Continued on page 6-2 
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PAGE 

4K - ASYNCHRONOUS RAM 

MWS5114 1 K x 4 Asynchronous RAM .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-134 

16K - SYNCHRONOUS RAM 

HM-6516 

HM-65161883 

2K x 8 Synchronous RAM. . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 6-138 

2K x 8 Synchronous RAM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-144 

16K - ASYNCHRONOUS RAMs 

HM-65162 

HM-651621883 

HM-65262 

HM-652621883 

2K x 8 Asynchronous RAM ............................................ . 

2K x 8 Asynchronous RAM ............................................ . 

16K x 1 Asynchronous RAM ........................................... . 

16K x 1 Asynchronous RAM ........................................... . 

6-152 

6-159 

6-169 

6-175 

64K - ASYNCHRONOUS RAM 

HM-65642 

HM-656421883 

8K x 8 Asynchronous RAM.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-183 

8K x 8 Asynchronous RAM ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-190 

CMOS RAM MODULES 

HM-6564 

HM-8808, A 

HM-8816H 

HM-8832 

HM-92560 

HM-92570 

HM-91M2 

CMOS PROMs 

HM-6642 

HM-66421883 

HM-6617 

HM-6617/883 

IM6654 

64K Synchronous RAM Module ......................................... . 

8K x 8 Asynchronous RAM Modules ..................................... . 

16K x 8 Asynchronous RAM Module ..................................... . 

32K x 8 Asynchronous RAM Module ..................................... . 

256K Synchronous RAM Module ........................................ . 

256K Buffered Synchronous RAM Module ................................. . 

1 M-Bil Asynchronous RAM Module ...................................... . 

6-199 

6-205 

6-213 

6-218 

6-222 

6-227 

6-232 

512 x 8 Fuse Link PROM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-239 

512 x 8 Fuse LinkPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-246 

2K x 8 Fuse Link PROM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-254 

2K x 8 Fuse Link PROM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-261 

512 x 8 UV EPROM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-268 
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HM-XXXX Series Low Voltage Data Retention 

HARRIS HM-XXXX Series CMOS RAMs are designed with 
battery backup in mind. Data retention voltage and supply 
current are guaranteed over temperature. The following rules 
insure data retention: 

1. Chip Enable (E") must be held high during data retention; within 
VCC to VCC +O.3V 

2. On RAMs which have selects or output enables (e.g. S, ('3), one 
of the selects or output enables should be held in the deselected 
state to keep the RAM outputs high impedance, minimizing pow
er dissipation. 

DATA RETENTION TIMING 

3. All other inputs should be held either high (at CMOS VCC) or at 
ground to minimize ICC DR. 

4. Inputs which are to be held high (e.g. E) must be kept between 
VCC +O.3V and 70% 01 VCC during the power up and power 
down transitions. 

5. The RAM can begin operation one TEHEL (for synchronous 
RAMs) and >5ns (lor asynchronous RAMs) after VCC reaches 
the minimum operating voltage (4.5 volts). 

DATA RETENTION MODE --------1 
vce ------, 

vce"2.0v 

vee TO vee +O.3V 
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Industry CMOS RAM Cross Reference 
HARRIS CMOS RAMs 

FUJI- HIT· MITSU- MOT· NAT· HARRISI TOSH· NMOS, 
DESCRIPTION HARRIS AMD EDI TSU ACHI lOT BISHI OROLA IONAL NEC OKI RCA SMOS IBA OTHER 

lKCMOSRAMs 

1 k x " 16 Pin Synchronous HM·6508 · · 8401 · . 6508 6508 443 . 6508 · 5508 2125,4015 
74C929 1821 

1 K x " 18 Pin Synchronous HM·6518 · · . · . . 6518 6518 . · . . 
74C930 

256 x 4, 22 Pin Synchronous HM·6551 · · . · . . 6551 . 1822 · 5101 2101 
74C920 5101 

256 x 4, 18 Pin Synchronous HM·6561 · - - - - - 2111 

4K CMOS RAMs 

4K x " 18 Pin Synchronous HM-6504 92L44 - 8404 4315 - - 6504 6504 5104 6504 5504 2141,2147, 
6147 315D,4104, 

4404 

1 K x 4, 18 Pin Synchronous HM-6514 91L14 8414 4334 58981 6514 6514 444 5114 5114 6514 5514 2114,2148, 
91L24 6148 5115 2149,4045, 

314A 

'!. 16K CMOS RAMs 

2K x 8, 24 Pin Synchronous HM-6516 - - - - - - 6516 - - - -
2K x 8, 24 Pin Asynchronous HM-65162 - - 8416 6116 6116 5117 65116 6116 446 5128 6116 2016 5517 4802,2116, 

" 
2016,4016 

16K xl, 20 Pin Asynchronous HM-65262 - - 8167 6167 6167 - - 2267 - 2167, 
2367 8167,1400 

64KCMOS RAMs 

8K x 8, 28 Pin Asynchronous HM-65642 99C88 8808A 8464 6264 7164 5164 6164 6164 4464 6264 2064 5564 
HM-8808A" 8808 7M864 2264 5565 
HM-8808* 8M864 

128K CMOS RAM MODULE 

16K x 8, 28 Pin Asynchronous HM-8816H - 8816H 

256K CMOS RAM MODULE 
• 

32Kx8l16Kx 1648 Pin Module HM-92560 - - - - - - - - - -
Asynchronous HM-92570 

32K x 8 28 Pin Module HM-8832 - 8832 - - - - - -
Asynchronous 

lMCMOS MODULE 

• 128 x 8/64K x 16 HM-91M2 - - - - - - - - - · . CMOS RAM Module 



February 1992 

Features 

• Static CMOS Sillcon-On-Sapphlre Clrcultry-CD400o
Series compatible 

• Compatible with CDP1 BOO-Series Microprocessors at 
Maximum Speed 

• Fast Access Time ••.•.•••.... 100ns Typ. @ Vee = SV 

• Single voltage Supply 

• No Precharge or External Clocks Required 

• Low Quiescent and Operating Power 

• Separate Data Inputs and Outputs 

• High Noise Immunity ••••••••••.••.•••. 30% of Vee 

• Memory Retention for 
Standby Battery VoHage Down to 2V @ +2SoC 

• Latch-Up-Free Transient-Radiation Tolerance 

Ordering Information 

PACKAGE TEMP. RANGE ORDER CODE 

Ceramic DIP -55°C to +t25°C CDP1821CD3 

CDP1821C/3 
High-Reliability CMOS 

1024-Word x 1-Bit Static RAM 

Description 

The COP1821C/3 is a 1024-word x 1 bit CMOS silicon-on
sapphire (SOS). fully static. random-access memory 
designed for use in COP1800 microprocessor systems. This 
device has a recommended operating voltage range of 4 to 
6.5 volts. 

The output state of the COP1821C/3 is a function of the 
input address and chip-select states only. Valid data will 
appear at the output in one access time following the latest 
address change to a selected chip. After valid data appears. 
the address may be changed immediately. It is not neces
sary to clock the chip-select input or any other input terminal 
for fully static operation; therefore the chip-select input may 
be used as an additional address input. When the device is 
in an unselected state (CS = 1). the internal write circuitry 
and output sense amplifier are disabled. This feature allows 
the three-state data outputs from many arrays to be OR-tied 
to a common bus for easy memory expansion. 

The COP1821C/3 is supplied in the 16-lead hermetic dual
in-line side-brazed ceramic package (0 suffix) that conforms 
to MIL-M-38510 Case Outline 0-2. 

Pinout Functional Block Diagram 

AD 

A3 

A4 

DO 

Vss 

16-LEAD DIP 
TOP VIEW 

All 

AS 

A7 

AS 

AS 

~o-----------------------------------~ 

R/Wo---------------------------------------~ 

00 
I 
I 
I 
I 
030-------

r!-t--------+-i"o:' I. 
I 
I 
I 

'-I-',......,C""OL~O,..------_ -------""C"'O!-L -;!31 ROW 31 
ROW 

BUFFERS 

FIGURE 1. 

OPERATIONAL MODES 

INPUTS OUTPUT 

READlWRITE CHIP-SELECT 
MODE RiW Cs DATA OUTPUT DO 

Standby X 1 High Impedance 

Write 0 0 High Impedance 

Read 0 Contents of Addressed Call 

X = Don't Care Logic 1 = High Logic 0 = Low 

CAUTION: These devices are aansHive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2983 
Copyright © Hams Corporation 1992 
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Absolute Maximum Ratings 

DC supply Voltage Range, (Voo) 

Specifications CDP1821 C/3 

Device Dissipation Per Output liansistor 
TA = Full Package Temperature Renge (All Voltages Referenced to Vss Terminal) •••••••• ~.5V to +7V 

Input Voltage Range, All Inputs ••••••••••••• ~.5V to Voo +O.5V 
DC Input Current, Any One Input. •••••••••••••••••••••••• ±10rnA 
Power OIssIpetion Per Package (Po) 

(All Package Types) •••••••••••••••••••••••••••••• 100mW 

TA = -55"0 to +1 OO"C. • • • • . • • • • • • • • • • • • • • • • • • • • • • SOOmW 

Operating Temperature Range (T AJ. . • • • • • • • • • • -55"C to +125"0 
Storege Tempereture Range (Totgl •••••••••.•• -55"C to +15O"C 
lead Temperature (During Soldering): 

At distance 1/16±1132 In. (1.59±0.79mm) TA = +100"C to +125"C ••••••••••••••••••• Derate Unearly at 
12mW"'C to 200mW from case for 10s max •••••••••••••••••••••••••••• +265"C 

Recommended Operating Conditions TA = Full Package-Temperature Range, For maximum reffabfffty, nominal operating con· 
dltlons should be selected so that operation Is always within the following ranges: 

UMITS 

CDP1821CD13 

CHARACTERISTIC MIN MAX UNITS 

DC Operating Vottage Range 4 6.5 V 

Input Voltage Range Vss Voo V 

Static Electrical Characteristics Voo = 5V 5% 

UMITS 

_55°C, +2SoC +125"0 

CHARACTERISTIC SYMBOL CONDITIONS MIN MAX MIN MAX UNITS 

Quiescent DevIce Current (Note 1) 100 VIN = OV or Voo - 260 - 1000 IIA 

Output low DrIve (Sink) Current (Note 1) IoL VOUT=0.4V 2.7 - 1.6 - rnA 

Output High Drive (Source) Current IOH VOUT = Voo -o.4V -1.3 - -0.8 - rnA 
(Note 1) 

Output Voltage low-Level VOL - - 0.1 - 0.5 V 

Output Voltage High-level VOH - Voo -0.1 - Voo-o·S - V 

Input low Voltage VIL - - 0.3Voo - 0.3Voo V 

Input High Voltage VIH - 0.7Voo - 0.7Voo - V 

Input Current (Note 1) liN VIN = OV or Voo - 2.6 - 10 IIA 

3-State Output Leakage Current (Note 1) loUT VIN = OV or Voo - 2.6 - 10 IIA 

Operating Current (Note2) 1001 - - 5 - 10 rnA 

Input C8pacltence CIN - - 7.5 - 7.5 pF 

Output Capacitance COUT - - 15 - 15 pF 

NOTES: 
1. Umfts designate 100% testing. All other limits are designer's pe- 2. Measured with 1-118 read-cycle time and outputs floating. 

rameters under given test conditions and do not represent 100% 
testlngs 
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Specifications CDP1821C/3 

Read Cycle Dynamic Electrical Characteristics t" ~ = 10ns, cL = SOpF 

LIMITS 

-55°C, +25°C +125°C 
Voo 

CHARACTERISTIC SYMBOL (V) MIN MAX MIN MAX UNITS 

Data Access Time (Note 1) loA 5 - 190 255 ns 

Read Cycle TIme 4lc 5 190 - 255 - ns 

Output Enable TIme teN 5 65 - 90 ns 

Output Disable TIme tOls 5 65 90 ns 

NOTE: 1. 100% testing. All other limits are designe~s parameters under given test conditions and do not represent 100% testing. 

'OOA 

AO-A9 ~~-------------'RC---------------T~II 

R/W 
(NOTE 3) 

DATA OUT 
(NOTE 5) 

NOTES: 

~----------- 'AA 

1. Chip-Select (CS) permitted to change from high to low level or remain low on a selected device. 

2. Chip-Select (CS) permitted to change from low to high level or remain low. 

3. ReadiWrite (RIW) must be at a high level during all address transitions. 

4. Don't care. 

DATA OUT 
VALID 

5. Data-Out (DO) is a high impedance within loiS ns after the falling edge of RIW or the rising edge of CS. 

FIGURE 2. READ CYCLE TIMING DIAGRAM 
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Specifications CDP1821 CI3 

Write Cycle Dynamic Electrical Characteristics t,. t, = 10ns, cL = 50pF 

LIMITS 

-55°C, +25°C +125°C 
VDD 

CHARACTERISTIC SYMBOL (V) MIN MAX MIN MAX UNITS 

Write Cycle Time twe 5 300 - 420 - ns 

Address Setup Time (Note 1) tAs 5 60 - 84 - ns 

Address Hold Time (Note 1) tAH 5 t30 - 180 - ns 

Input Data Setup Time (Note 1) los 5 90 - 125 - ns 

Input Data Hold Time (Note 1) IoH 5 60 - 84 ns 

Readmnte Pulse Width Low (Note 1) tWl. 5 110 - 155 - ns 

NOTE: 1. 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing. 

CS ~~brfl~~ ~~~{{z(. //// /~-/., "L 

AO-A9 \ 'we I 
I \ 

'wL-
R/W 

'AS ---
'I 

(NOTE 31 t- L.. 'AH-

D1 
_'DS_~'~~ 

?:%¥;)=~,~~ 
NOTES: 

1. Chip-Select (CS) permitted to change from high to low level or remain low on a selected device. 

2. Chip-Select (CS) permitted to change from low to high level or remain low. 

3. Don't care. 

FIGURE 3. WRITE CYCLE TIMING DIAGRAM 
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Specifications CDP1821 C/3 

Data Retention Characteristics 

LIMITS 
TEST 

CONDITIONS -55·C, +25·C +125·C 

VOR Voo 
CHARACTERISTIC SYMBOL (V) (V) MIN MAX MIN MAX 

Minimum Data Retention Voltage Voo - - - 2 - 2.5 
(Note 1) 

Data Retention Quiescent Current 100 2 50 - 200 
(Note 1) 

Chip Deselect to Data Retention Time !cDR 5 450 - 650 -
Recovery to Normal Operation Time tRC 5 450 - 650 -

NOTE: 1. 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 

Burn-in Circuit 

A11 

AO 

A1 

A2 

A3 

A4 

Vor/2 

R=B.2kn 20% 
RI= 2kil 20% 

PACKAGE Voo 

D 7V 

to----DATA RETENTION 
MODE 

VDR 
'COR-1_ .... 

FIGURE 4. LOW Voo DATA RETENTION WAVEFORMS AND TIMING DIAGRAM. 

0 1.6 2.2 5.0 6.6 7.2 
Voo 

A10 

01 01 

A9 

AB 

~~ A7 

A6 

AS 

.,~ 

10.0 

r 
~ 

A1 - A11 ARE DIVISION BY 2 BASED ON AO. 

TEMPERATURE DURATION 

+125·C 160 Hrs. 

FIGURE 5. DYNAMIC/OPERATING BURN-IN CIRCUIT AND TIMING DIAGRAM. 
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HARRIS 
SEMICONDUCTOR 

February 1992 

Features 

• Low Operating Current 

- V DO = 5V, Cycle Time l!!s •••••••••.••••••••• SmA 

• Industry Standard Pinout 

• Two Chip-Select Inputs-Simple Memory Expansion 

• Memory Retention for Standby Battery Voltage of 2V 
Minimum 

• Output-Disable for Common VO Systems 

• 3-State Data Output for Bus-Oriented Systems 

• Separate Data Inputs and Outputs 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 5V lOV 

Plastic DIP -40°C to +8SoC CDP1822CE CDP1822E 

Burn-In CDP1822CEX CDP1822EX 

Ceramic DIP -40"C to +8SoC CDPl822CD CDP1822D 

Burn-In CDPl822CDX CDP1822DX 

*883B -SSoC to +12SoC CDP1822CD3 

Description 

CDP1822 
CDP1822C 

256-Word X 4-Bit 
LSI Static RAM 

The CDP1822 and CDP1822C are 256-word by 4-bit static 
random-access memories designed for use in memory sys
tems where high speed, low operating current, and simplicity 
in use are desirable. The CDP1822 features high speed and 
a wide operating voltage range. Both types have separate 
data inputs and outputs and utilize single power supplies of 4 
volts to 6.5 volts for the CDP1822C and 4 volts to 10.5 volts 
for the CDP1822. 

Two Chip-Select inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output sys
tems. The Output Disable input allows these RAMs to be 
used in common data Input/Output systems by forcing the 
output into a high-impedance state during a write operation 
independent of the Chip-Select input condition. The output 
assumes a high-impedance state when the Output Disable is 
at high level or when the chip is deselected by CSl and/or 
CS2. 

The high noise immunity of the CMOS technology is pre
served in this design. For TTL interfacing at 5V operation, 
excellent system noise margin is preserved by using an 
external pull-up resistor at each input. 

The CDP1822 and CDP1822C types are supplied in 22-lead 
hermetic dual-in-line sidebrazed ceramic packages (0 suf
fix), in 22-lead dual-in-line plastic packages (E suffix). The 

· RespecliVe speclflcalions are Included at the end of thiS datasheet. CDP1822C is also available in chip form (H suffix). 

Pinout 

A3 

A2 

Dll 

001 

012 

22 LEAD DIP 
TOP VIEW 

003 

013 

002 

OPERATIONAL MODES 

INPUTS 

CHIP CHIP OUTPUT 
SELECT 1 SELECT 2 DISABLE 

MODE CSt CS2 00 

Read 0 1 0 

Write 0 1 0 

Write 0 1 1 

Standby 1 X X 

Standby X 0 X 

Output X X 1 
Disable 

Logic 1 = High, Logic 0 = Low, X = Don'l Care 

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

Copyright © Harris Corporation 1992 
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Specifications CDP1822, CDP1822C 

Absolute Maximum Ratings 
DC Supply Voltage Range, (V DO): 

(All Voltages Referenced to V ss Terminal) 
CDPI822 ................................ -{).5V to +l1V 
CDPI822C ................................ -{).5V to +7V 

Input Voltage Range, All Inputs ............. -{).5V to Voo +0.5V 
DC Input Current, Any One Input. ........................ ±IOmA 
Power DlssipallOn Per Package (Po) 

TA = -40°C to +60°C (Package Type E) .............. 500mW 
TA = +60oC to +85°C (Package Type E) ...... Derate linearly at 

12mWt'C to 200mW 
TA = -55°C to +IOOoC (Package Type D) ............. 500mW 
TA = +IOOoC to +1 25°C (Package Type D) .... Derate Linearly at 

12mWt'C to 200mW 

Device Dissipation Per Output Transistor 
TA = Full Package Temperature Range 
(All Package Types) ..........................•... 100mW 

Operating Temperature Range (TA): 
Package Type D. . . . . . . . . . . . . . . . . . . . . . . . . -55°C to + 125°C 
Package Type E .......................... -400C to +85°C 

Storage Temperature Range (T slg) .••••••••••• --<l5°C to + 150°C 
Lead Temperature (During Soldering): 

At distance 1116 ±1/32 In. (1.59± 0.79mm) 
from case for lOs max ............................ +265°C 

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

LIMITS 

CDP1822 CDPI822C 

CHARACTERISTIC SYMBOL MIN MAX MIN MAX UNITS 

DC Operating Voltage Range 4 10.5 4 6.5 V 

Input Voltage Range Vss Voo Vss Voo V 

Static Electrical Characteristics At TA = -40°C to +85°C, Except as Noted: 

CONDITIONS LIMITS 

CDPI822 CDP1822C 

Vo Y,N Voo (Note 1) (Note I) 
CHARACTERISTIC SYMBOL (V) (V) (V) MIN TYP MAX MIN TYP MAX UNITS 

QUiescent Device 100 - 0,5 5 500 - - 500 I1A 
Current 0,10 10 - - 1000 - I1A 

Output Low (Sink) IOL 0.4 0,5 5 2 4 2 4 - mA 
Current 0.5 0,10 10 4.5 9 - mA 

Output High (Source) IOH 4.6 0,5 5 -1 -2 -I -2 - mA 
Current 9.5 0,10 10 -2.2 -4.4 - mA 

Output Voltage VOL - 0,5 5 - 0 0.1 0 0.1 V 
Low-Level - 0,10 10 - 0 0.1 - - V 

Output Voltage VOH - 0,5 5 4.9 5 4.9 5 - V 
High-Level 

0,10 10 9.9 10 - - V 

Input Low Voltage V,L 0.5,4.5 5 - - 1.5 - 1.5 V 

0.5,9.5 - 10 - - 3 - - - V 

Input High Voltage V,H 0.5,9.5 5 3.5 - 3.5 - - V 

0.5,9.5 10 7 - - V 

Input Leakage Current liN 0,5 5 ±5 - ±5 I1A 

0,10 10 - - ±IO - - I1A 

Operating Current 1001 0,5 5 4 8 4 8 mA 
(Note 2) - 0,10 10 - 8 16 - - mA 

3-State Output Leakage lOUT 0,5 0,5 5 - ±5 - ±5 I1A 
Current 0,10 0,10 10 - ± 10 - - ItA 
Input Capacitance C'N - 5 7.5 5 7.5 pF 

Output Capacitance COUT - - 10 15 10 15 pF 

NOTES: 

1. Typical values are for TA = +25°C and nominal V DO-

2. Outputs open circuited; Cycle lime = IllS 
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CDP1822, CDP1822C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +850 C, VOO ±5%, 
Input tr,t, = 20 ns, VIH = 0.7 VDO, VIL = 0.3 VOO, CL = 100 pF 

TEST CONDITIONS LIMITS 
CHARACTERISTIC VOD 

(V) 
Read Cycle Times (Fig. 1) 
Read Cycle tRC 5 

I 10 
Access from Address tAA 5 

10 
Output Valid from 5 
Chip-Select 1 tOOA1 10 
Output Valid from 5 
Chip-Select 2 tOOA2 10 

Output Valid from 5 
Output Disable tOOA3 10 
Output Hold from 5 
Chip-Select 1 tOOH' 10 
Output Hold from 5 
Chip-Select 2 tOOH2 10 
Output Hold from 5 
Output Disable tOOH3 10 

tTime required by a limit device to allow for Indicated function 
'TYPical values are for T. = 25~C and nominal Vee 

CDP1822 
Min.T I Typ.' I Max. 

450 - -
250 - -
- 250 450 
- 150 250 
- 250 450 
- 150 250 
- 250 450 
- 150 250 
- - 200 
- - 110 
20 - -

20 - -
20 - -

20 - -
20 - -
20 - -

1------- 1 RC------~ 

AO - A 7 

CHIP SELECT I 

CHIP SELECT 2 

OUTPUT DISABLE 

READ/WRITE 

OATA OUT DATA CUT 

Mln.T 

450 
-
-

-
-
-

-
-
-
-
20 
-
20 
-
20 
--

COP1822C 
Typ.' I Max. 

- -

- -
250 450 
- -

250 450 
- -

250 450 
- -
- 200 
- -
- -
- -

- -
- -

- -
- -

HIGH 
IMPEDANCE ,---,Vc.:;A.::;;L 1",0 __ ../ I~:~~~NCE 

Fig. 1 - Read cycle timing waveforms. 
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CDP1822, CDP1822C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A : -40 to +850 C, VDD ±5%, 
Input tr,t,: 20 ns, VIH: 0.7 VDD, VIL: 0.3 VDD, CL: 100 pF 

TEST CONDITIONS 
CHARACTERISTIC VDD I CDP1822 

LIMITS 
CDP1822C 

(V) I Mln.T Typ.· I Max. Mln.T I Typ.· 
Write Cycle Times (Fig. 2) 

5 500 
Write Cycle twe 

10 300 

Address Set-Up 
5 200 

lAs 
10 110 
5 50 

Write Recovery tWR 
10 40 
5 250 

Write Width tWRW 
10 150 

Input Data 5 250 
Set-Up Time 

tos 
10 150 
5 50 

Data In Hold tOH 
40 10 

Chip-Select 1 Set-Up tlm',s 
5 200 
10 110 

Chip-Select 2 Set-Up 
5 200 

tes2s 
10 110 
5 0 

Chip-Select 1 Hold tCS1H 
10 0 
5 0 

Chip-Select 2 Hold IcS2H 
10 0 

Output Disable Set-Up 
5 200 

toos 
10 110 

tTlme required by a limit deVice to allow for indicated function 
'Typlcal values are for T. = 25' C and nominal Vee 

* taos IS REQUIRED FOR COMMON I./O 
OPERATION ONLY, FOR SEPARATE I/O 
OPERATIONS, OUTPUT DISABLE IS DON'T CARE 

-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

Fig 2 - Write cycle timing waveforms, 
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- 200 -
- - -
- 50 -
- - -
- 250 -
- - -
- 250 -
- - -
- 50 -
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200 

- - -
- 200 -
- - -
- 0 -
- 0 -
- 0 -
- 0 -
- 200 -
- - -

Max. 

-
-

-
-
-
-
-
~ 

-
-
-

-
-
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-
-
-
-
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CDP1822, CDP1822C 

DATA RETENTION CHARACTERISTICS at TA = -40 to +85°C, see Fig. 3 

TEST CONDITIONS 
CHARACTERISTIC VDR 

(V) 
Min Data Retention 

-
Voltage, VoR 
Data Retention Quiescent 

2 
Current, 100 

Chip Deselect to Data -

Retention Time, tCDR -
Recovery to Normal -
Operation Time, tRC -

Voo to VoR Rise and 
2 Fall Time t"t, 

*TYPlcal values are for T A ;:: 25° C and nominal Voo 

r DATA RETENTION-1 
MODE 

VDO 
':::':::'--~095 VOD 095 VOor---

VOR ~ teDR rtf Ir ---, tRC 

CS2 

ViH\1 1~ 
VI LX'-----------__ """'l¥ V1L 

Fig. 3 Low VDD data retention tlmmg waveforms. 

VDD 
(V) 

-

-

5 
10 
5 
10 

5 

Min. 

-

-

600 
300 
600 
300 

1 

CDP1822 
Typ.' 

1.5 

30 

-
-
-
-

-

WRITE 
ADDRESS 
DECODER 

LIMITS 

Max. Min. 

2 -

100 -

- 600 
- -
- 600 
- -

- 1 

CDP1822C 
Typ.' 

1.5 

30 

-
-
-
-

-

Max. 

2 

100 

-
-
-

-

-

READ 
ADDRESS 
DECODER 

Fig. 4 - Memory cell configuratIOn. 
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CDP1822, CDP1822C 

r,:----- --------- --- ---- - - --- --, 
(5) (32) I 

~ I • 
--!lov 

013 

OI4 

.5 

* I CSt 19 

OECOO· 
ERS 

(8132) 
STORAGE 

(4) 

I 00 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
~Vss 

I 
I 
I 

CS2 17 

00* 18 L ________________________ _ _____ ....1 

.+. f. 
INPUT PROTECTION 

NETWORK 
OUTPUT 

PROt.ECTION 
CIRCUIT 

Fig. 5 - FunctIOnal block diagram for CDP1822 and CDP1822C. 

CS2 

R/W 
20 

19 

17 

r - - -- - - - CONTROL II: I 
I 

I }tHIP.SELECT ):>--+ ___ J... CONTROL 

I 
_I 

P----_--o+1 }gHlf.SELECT flo 

R/W CONTROL 
- - - CONTRoL- CI 

I}C 
OUTPUT 
DISABLE 

1 CONTROL 

Fig. 6 - LogiC diagram of controls for CDP1822 and CDP1822C. 
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HARRIS 
SEMICONDUCTOR 

February 1992 

Features 

• For Applications In Aerospace, Military, and Critical 
Industrial Equipment 

• Interfaces Directly with CDP1802 Microprocessor 

• Very Low Operating Current 

- At VDD = Sv and Cycle Time = 1I1S •••.••• 4mA (Typ) 

• Static CMOS Silicon-On-Sapphlre Circuitry 

- CD4000 Series Compatible 

• Industry Standard Pinout 

• Two Chip Select Inputs - Simple Memory Expansion 

• Memory Retention for Standby •.•••.••••..• 2V (Min) 
Battery Voltage 

• Single Power Supply Operation .•.•...... 4V to 6.SV 

• High Noise Immunity 30% of V DO .•...•••• 4V to 6.SV 

• Output Disable for Common VO Systems 

• 3-State Data Output for Bus Oriented Systems 

• Separate Data Inputs and Outputs 

• Latch-Up-Free Transient Radiation Tolerance 

Pinout 
22 LEAD DIP 

TOP VIEW 

CDP1822C/3 
High-Reliability CMOS 

256-Word x 4-Bit LSI Static RAM 

Description 

The CDP1822C/3 is a 256 word by 4 bit random access 
memory designed for use in memory systems where high 
speed, low operating current, and simplicity in use are 
desirable. The CDP1822 features high speed and excellent 
noise immunity. It has separate data inputs and outputs and 
utilizes a single power supply of 4 to 6.5 volts. 

Two Chip Select inputs simplify system expansion. An output 
Disable control provides Wire-OR-capability and is also 
useful in common InpuVOutput systems. The Output Disable 
input allows this RAM to be u,sed in common data InpuVOut
put systems by forcing the output into a high impedance 
state during a write operation independent of the Chip Select 
input condition. The output assumes a high impedance state 
when the Output Disable is at high level or when the chip is 
deselected by CS1 andlor CS2. 

The high noise immunity of the CMOS technology is 
preserved in this design. For TTL interfacing at 5V operation, 
excellent system noise margin is preserved by using an 
external pull·up resistor at each input. 

The CDP1822C/3 is supplied in the 22 lead hermetic dual
in-line sidebrazed ceramic package (D Suffix) that meets the 
specifications of MIL-M-38510 Case Outline D-7. 

OPERATIONAL MODES 

tNPUTS 

CHIP CHIP OUTPUT READ! 

A7 

voo 
1 A4 

MODE 

Read 

Write 

Write 

Standby 

Standby 

Output 
Disable 

Logic 1 = High, 

SELffi1 
CS1 

0 

0 

0 

1 

X 

X 

Logic 0 = Low, 

SELECT 2 DISABLE 
C~ 00 

1 0 

1 0 

1 1 

X X 

0 X 

X 1 

X = Don't Care 

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

Copyright © Harris Corporation 1992 6-16 

WFii1'E 
Rfii OUTPUT 

1 Read 

0 Data In 

0 High Impedance 

X High Impedance 

X High Impedance 

X High Impedance 
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Specifications CDP1822CI3 

Absolute Maximum Ratings 
DC Supply Voltage Range, (Voo): 

(All Voltages Referenced to Vss Terminal) 
CDP1822C/3 .............................. -Q.5V to +7V 

Input Voltage Range, All Inputs ............. -Q.5V to Voo +0.5V 
Operating Temperature Range (T A) ............ -55°C to + 125°C 

Storage Temperature Range (Tstg) .....••.•••. --65°C to +150°C 
Lead Temperature (During Soldering): 

At distance 1116 ±1132 In. (1.59 ± 0.79mm) 
from case for 1 Os max ............................ +265°C 

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

LIMITS 

CHARACTERISTIC MIN MAX UNITS 

DC Operating Voltage Range 4 6.5 V 

Input Voltage Range Vss Voo V 

Static Electrical Characteristics 

CONDITIONS LIMITS 

TEMP. -55°C. 

Vo VIN Voo 
+2SoC TEMP_ +12SoC 

CHARACTERISTIC SYMBOL (V) (V) (V) MIN MAX MIN MAX UNITS 

Quiescent DeVice Current (Note 1) 100 - 0,5 5 390 - 1000 llA 

Output Low (Sink) Current (Note 1) IOL 0.4 0,5 5 2.6 1.6 - mA 

Output High (Source) Current (Note 1) IOH 4.6 0,5 5 - -1.2 - -0.8 mA 

Output Voltage Low-Level VOL - 0,5 5 0.1 - 0.5 V 

Output Voltage High-Level VOH - 0,5 5 Voo- - Voo - - V 
0.1 0.5 

Input Low Voltage V1L 0.5,4.5 - 5 0.3 Voo - 0.3 Voo V 

Input High Voltage VIH 0.5,4.5 - 5 0.7 Voo 0.7 Voo - V 

Input Leakage Current (Note 1) liN - 0,5 5 - ±3.2 - ±10 llA 

Operating Current (Note 1) IDOl - 0,5 5 6.5 ±10 mA 

3-State Output Leakage Current lOUT 0,5 0,5 5 - ±3.2 - ± 19 llA 

Input Capacitance CIN - - - 7.5 7.5 pF 

Output Capacitance COUT - - 7.5 - 7.5 pF 

NOTE: 

1. Limits designate 100% testing, all other limits are designer's parameters under given test ocndltions and do not represent 100% testing. 
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CDP1822C/3 

Read Cycle Dynamic Electrical Characteristics t,. ~ = 1Ons, cL = 50pF 

LIMITS 

+25°C. -ssoC +12SOC 
VDD 

CHARACTERISTIC SYMBOL (V) MIN MAX MIN MAX UNITS 

Read Cycle (Note 1) lAc 5 370 - 500 - ns 

Access Irom Address (Note 1) tADA 5 - 370 - 500 ns 

Output Valid from Chip Select 1 (Note 1) 1o0Al 5 - 370 - 500 ns 

Output Valid from Chip Select 2 (Note 1) looA2 5 - 370 - 500 ns 

Output Active from Output Disable (Note 1) tOOM 5 170 - 225 ns 

OUtput Hold Irom Chip Select 1 tOOHl 5 10 20 - ns 

Output Hold Irom Chip Select 2 tOOH2 5 10 - 20 ns 

Output Hold Irom Output Disable IooH3 5 10 20 ns 

NOTE: 

1. Limits designate 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 

AD-A7 

~ 
SELECT 1 

CHIP 
SELECT 2 

OUTPUT 
DISABLE 

DATA OUT 
HIGH 

IMPEDANCE 

DATA OUT 
VAUD HIGH 

IMPEDANCE 

• Minimum timing for valid data output. Longer times will initiate an earlier but 
invalid output. 

FIGURE 2. READ CYCLE WAVEFORMS AND TIMING DIAGRAM 
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DECODER 

Voo 

FIGURE 3_ MEMORY CELL CONFIGURATION 



CDP1822CI3 

Write Cycle Dynamic Electrical Characteristics "'It= lOns, CL = 50pF 

LIMITS 

+25°C. _55°C +125°C 

Voo 
CHARACTERISTIC SYMBOL (V) MIN MAX MIN MAX UNITS 

Write Cycle (Note 1) twc 5 400 - 560 ns 

Address Setup (Note 1) tAS 5 160 225 - ns 

Address Hold (Note 1) tAH 5 40 55 ns 

Write Pulse Width (Note 1) tWRW 5 200 280 - ns 

Data in Setup (Note 1) tOIS 5 200 - 280 ns 

Data in Hold (Note 1) tOIH 5 40 55 ns 

Chip Select 1 Setup tesSI 5 200 - 280 ns 

Chip Select 2 Setup IcSS2 5 200 280 - ns 

Output Disable Setup Ioos 5 140 - 225 ns 

NOTE: 

1. Limits designate 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 

'we 
-'AH-

AO-A7 ~V t= --.J 

t'CSSl- =t 'CSIH-
CHIp-SELECT I 

CHIP- SELECT 2 1.. 
t.:, .. 

'CSS2 'CS2H I 

OUTPUT DISABLE 

-- lOIS 'OIH 

011-014 ~ ///~#/8 DATA IN STABLE \(/~ 

I 
'WRW --REAO/ WRITE 

-'AS 

~//;OON'T CARE 

• Ioos is required for common 1/0 operation only; for separate 1/0 operations, output disable is don't care. 

FIGURE 4. WRITE CYCLE TIMING WAVEFORMS 
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CDP1822C/3 

Data Retention Characteristics 

TEST 
CONDITIONS LIMITS 

+25"C, -WC +125"C 
VDR VDO 

CHARACTERISTIC SYMBOL (V) (V) MIN MAX MIN MAX UNITS 

Minimum Data Retention Voltage VOR - - - 2 - 2.5 V 
(Note 1) 

Data Retention Quiescent Current 100 2 - - 70 - 380 IIA 
(Note 1) 

Chip Deselect to Data Retention TIme IeOR - 5 450 - 650 - ns 

- 10 

Recovery to Normal Operation TIme ~c 5 5 450 650 - ns 

NOTE: 

1. LimRs designate 100% testing. Ali other limits are designer's parameters under given test conditions and do not represent 100% testing 

, OATA RETENTlON-
MODE 

VOO 
=----i."O,95 VOO 095 VO/O 1-----

1\ VOR 

'CDR -I--- r-" 'r ----j 1----- 'RC 
CS2 

~ r V'L~ ____________ ~ V'L 

FIGURE 5. LOW VDO DATA RETENTION TIMING WAVEFORMS 

OURATION Voo 
160 hr. 7 VOLTS 

A3- , 22 -VOO 

A2- 2 21 -A4 

AI- 3 20-0' 

o 
01 I 

I 
I 
I 

1.6 ,2.2 5.0 

u 
6.8 7.2 10.0 II' u,..--!-! -:00 

I ,VDO 
~---------~I 0 AO- 4 19 -A9 

A5- 5 18-AII 

A6- 6 17 -AIO R 

A7- 7 16 Jo.A VOO 
2kn 

-.#.1_::-----; 8 15 r-- A8 R 

R A8- 9 14 2kn VOO 
VOO -AAA 10 • '-- AS v2kn 1.,---- -" R 

AS -1-'_' ____ '2..J 2kn"- VOO 

FIGURE 6. DYNAMIC/OPERATING BURN-IN CIRCUIT AND TIMING DIAGRAM 
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HARRIS 
SEMICONDUCTOR 

March 1992 

Features 

• Fast Access Time 
• Voo = SV ••••••••.••••••••••••.••••.•••• 4S0ns 

• Voo = 10V .••• _. _ ..••....•••............ 2S0ns 

• Common Data Inputs and Outputs 

• Multiple Chip Select Inputs to Simplify Memory 
System Expansion 

Ordering Information 

TEMP. 
PACKAGE RANGE 5V 10V 

Plastic DIP -40oC to +85°C CDP1823CE CDP1823E 

Burn-In CDPI823CEX CDP1823EX 

Ceramic DIP -40°C to +85°C CDPI823CD CDP1823D 

Burn-In CDP1823CDX 

'883B -55°C to CDPI823CD3 
+125OC 

'Respective specifications are included at the end of this datasheet. 

Pinout 
24 LEAD DIP 

TOP VIEW 

BUSO~~~VDD FUNCTION MRD 

BUS 1. ~ ~ MAO 
Read 0 

BUS2 3 ~ MAl 

BUS3 ~ ~ MA2 Write 

BUS4 5 ~ MA3 ""i ~~ Stand-By 

BUS6 7 ~ MA5 (Active) 

BUS7 8 ~ MA6 Not Selected X 

CSl ~ ~MWR X 

CS~~ ~MRD X 
Cs3 11 ~ Cs5 
v~~ ffiilc~ X 

X 

Description 

CDP1823 
CDP1823C 

128-Word X 8-Bit 
LSI Static RAM 

The CDP1823 and CDP1823C are 128-word by 8-bit CMOS 
SOS static random-access memories. These memories are 
compatible with general-purpose microprocessors. The two 
memories are functionally identical. They differ in that the 
CDP1823 has a recommended operating voltage range of 4 
volts to 10.5 volts, and the CDP1823C has a recommended 
operating voltage range of 4 volts to 6.S volts. 

The CDP1823 memory has 8 common data input and data 
output t9rminals for direct connection to a bidirectional data 
bus and is operated from a single voltage supply. Five chip
select inputs are provided to simplify memory-system expan
sion. In order to enable the CDP1823. the chip-select inputs 
CS2, CS3 and CSs require a low input signal, and the chip
select inputs CSl and CS4 require a high input signal. 

The MRD signal enables all 8 output drivers when in the low 
state and should be in a high state during a write cycle. 

After valid data appear at the output, the address inputs may 
be changed immediately. Output data will be valid until either 
the MRD signal goes high, the device is deselected. or tAA 
(access time) after address changes. 

The CDP1823 and CDP1823C types are supplied in 24-lead 
dual-in-line ceramic packages (D suffix), and in 24-lead dual
in-line plastic packages (E suffix). 

OPERATIONAL MODES 

BUS TERMINAL 
MwR CSl Cs2 Cs3 CS4 CS5 STATE 

X 0 0 0 Storage State of 
Addressed Word 

0 0 0 0 Input High-Imped-
ance 

0 0 0 High Impedance 

X 0 X X X X High Impedance 

X X X X X High Impedance 

X X X X X High Impedance 

X X X X 0 X High Impedance 

X X X X X High Impedance 

Logic 1 = High, Logic 0 = Low, X = Don't Care 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1198.1 
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Specifications CDP1823, CDP1823C 

Absolute Maximum Ratings 
DC Supply Voltage Range, (Voo): 

(All Voltages Referenced to Vas Terminal) 
Storage Temperature Range (T IIg) • • • • • • • • • • • • -650(; to + 15O"C 
Lead Temperature (During Soldering): 

CDPI823 ••.••..••.••••..•...••.••.•••••. -{).5V to +IIV At distance 1116 ±1132 In. (1.59 ± 0.79mm) 
CDPI823C ..••••.•••••..••.•.••.•..••••..• -{).5V to +7V from case for lOs max ••.•....•••.•.•••••••••••••• +265°C 

Input Voltage Range, All Inputs •••..•••••••• -{).5V to Voo +O.5V 
DC Input Current, Any One Input. •...••..••...••.•..••••. ±10mA 
Operating Temperature Range (TAl: 

Package lYpe D ••.••••...••.••••.•••.••. -550(; to +1250C 
Package Type E .••••.•••.•.•••.•••••.••.• -40"C to +85°C 

Recommended Operating Conditions At TA = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation Is always within the following ranges: 

UMITS 

CDPI823D CDP1823CD 

CHARACTERISTIC MIN MAX MIN MAX UNITS 

Supply Vottage Range 4 10.5 4 6.5 V 

Recommended Input Voltage Range Vas Voo Vas Voo V 

StatiC Electrical Characteristics At TA = -40°C to +850(;, Except as Noted: 

CONDITIONS UMITS 

CDPI823 CDPI823C 

Vo VIN Voo (Note 1) (Note 1) 
CHARACTERISTIC SYMBOL (V) (V) M MIN TVP MAX MIN TVP MAX UNITS 

Quiescent Device 100 · 0,5 5 · · 500 - · 500 jiA 
Current · 0,10 10 · · 1000 - - - jiA 

Output Low (Sink) IOL 0.4 0,5 5 2 4 · 2 4 · rnA 
Current 0.5 0,10 10 4.5 9 · · · · rnA 

Output High (Source) IOH 4.6 0,5 5 -1 -2 - -1 -2 - rnA 
Current 9.5 0,10 10 -2.2 -4.4 - · - · rnA 

Output Voltage VOL · 0,5 5 · 0 0.1 · 0 0.1 V 
Low-Level · 0,10 10 - 0 0.1 - · - V 

Output Voltage VOH · 0,5 5 4.9 5 · 4.9 5 · V 
High-Level · 0,10 10 9.9 10 · · · · V 

Input Low Voltage VIL 0.5,4.5 - 5 · - 1.5 · - 1.5 V 

0.5,9.5 · 10 - · 3 · · - V 

Input High Voltage VIH 0.5,9.5 - 5 3.5 · · 3.5 · · V 

0.5,9.5 · 10 7 · - · - · V 

Input Leakage Current liN Any 0,5 5 · · ±5 · - ±5 jiA 
Input 0,10 10 - · ±10 · · · jiA 

Operating Current 1001 - 0,5 5 - 4 8 · 4 8 rnA 
(Note 2) - 0,10 10 - 8 16 - - · rnA 

3-State Output Leakage lOUT 0,5 0,5 5 · · ±S · - ±5 jiA 
Current 0, 10 0,10 10 - - ±IO - - - jiA 

Input Capacitance CIN · - . · 5 7.5 · 5 7.5 pF 

Output Capacitance COUT · · - - 10 15 · 10 15 pF 

NOTES: 

1. lYPlcaI values are for T" = +2SOC and nominal VOl> 
2. OUtputs open circuited; Cycle time = 111& 
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CDP1823, CDP1823C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = - 40 to + 85 ·C, VDD ± 5%, 
tr,tl = 20 ns, CL = 100 pF. 

VDD LIMITS 
CHARACTERISTIC (V) CDP1823 I CDP1823C UNITS 

Min.t Typ.· Max. Min. t Typ.· Max. 

Read ~ycle (See Fig. 1) 
Access Time From 5 - 275 450 - 275 450 
Address Change, tAA 10 - 150 250 - - -
Access Time From 5 - 150 250 - 150 250 
Chip Select, t DOA 10 - 100 150 - - -
f.ffiD to Output 5 150 250 150 250 

ns - -
Active, tAM 10 - 100 150 - - -
Data Hold Time 5 25 50 75 25 50 75 
After Read, t DOH 10 15 25 40 - - -. TYPical values are at T A = 25·C and nominal voltage. 

tTime required by a limit device to allow for the indicated function. 

-- -IAA 

ADDRESS X 
!---IAM ---

1---I00A 

CSI,CS4 

- tDOH ... ~ 
'/ / / / / VALID DATA ~90% 

HIGH IMPEDANCE ,\ 1""10% 
DATA OUT 

NOTE ,1i1W1l IS HIGH OURING REAO OPERATION 
TIMING MEASUREMENT REFERENCE IS 0.5VOO· 

FIg. 1 - Read cycle tlmmg dIagram 
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CDP1823, CDP1823C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = - 40 to + 85 ·C, VDD ± 5%, 
tr,tf = 20 ns, CL = 100 pF. 

VDD LIMITS 
CHARACTERISTIC (V) CDP1823 CDP1823C UNITS 

Min.t Typ.* Max. Min. t Typ. * Max. 
Write Cycle (See Fig. 2) 

Write Recovery, tWR 5 75 - - 75 - -
10 50 - - - - -

Write Cycle, twc 5 400 - - 400 - -
10 225 - - - - -

Write Pulse 5 200 - - 200 - -
Width, tWRW 10 100 - - - - - ns 
Address 5 125 - - 125 - -
Setup Time, tAS 10 75 - - - - -
Data 5 100 - - 100 - -
Setup Time, tDS 10 75 - - - - -
Data Hold Time 5 75 - - 75 - -
From MWR, tOH 10 50 - - - - -

'Typical values are at TA = 25'C and nominal voltage. 
tTime required by a limit device to allow for the indicated function. 

'we _'AS-----ADDRESS 
~ 

~'wr-
CSI,CS4 -

---, 
cS2.rn.ES5 

tWRw 

'os . 'oH 

BUS 0-7 mtmtf1tttttC_LloDATA~_ 
NOTE· MRD MUST BE HIGH DURING WRITE OPERATION 

Fig. 2 - Write cycle timing diagram. 
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CDP1823, CDP1823C 

DATA RETENTION CHARACTERISTICS at TA = -40 to +B5°C; see Fig. 3 
TEST 
CONDI- LIMITS 

CHARACTERISTIC nONS CDP1823 CDP1823C 
Vo• Voo 
(V) (V) Min. Typ.' Max. Min. 

Min. Data Retention - - - 1.5 2 -

Voltage, Vo• 

Data Retention Quiescent 2 - - 30 100 -

Current, 100 

Chip Deselect to Data - 5 600 - - 600 

Retention Time, teo. - 10 300 - - -

Recovery to Normal - 5 600 - - 600 

Operation Time, t.c - 10 300 - - -

Voo to VO• Rise and 2 5 1 - - 1 

Fall Time t" tf 

"Typical values are for T A = 25° C and nominal Voo. 

r OATA RETENTION =-1 
MODE 

VOO 
=--""""'-095 VOO 095Voor---

VOR h-
'COR rtf tr --1 'RC 

CS1 I 
~~, ------------------------~~ 
Fig 3 - Low Voo data retentIOn timing waveforms 

MAO 

MAl 

MA2 

MA' 

MAO 

MA5-

MA6 

MRO 

CS I 

CS2 
C53 

CSO 

m 

BUFFER 
ANO 

DECODER 

Functional Diagram 

Fig. 4 - FunctIOnal diagram 
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30 100 
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- -
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UNITS 
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CPU 

COPIB02 

CDP1823, CDP1823C 

CPU/ ROM SYSTEM I 

ROM 

COPIB33 

I RAM INTERFACE I I RAM SYSTEM I 

r--t--------l--+iMriii 

t--+--------i-~ MWR 

l!AM. 
CDPIB23 

Fig. 5 - CDP1823 (128 x 8) minimum system (128 x 8) 
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February 1992 

Features 
• For Applications In Aerospace, Military, and Critical 

Industrial Equipment 

• Compatible with CDP1800-Serles Microprocessors at 
Maximum Speed 

• Interfaces with CDP1800-Serles Microprocessors 
without Additional Components 

• Fast Access TIme 
• At Vee = SV, +25°C •••••••.••••••••••••••• 27Sns 

• Single Voltage Supply 

• Common Data Inputs and Outputs 

• Multiple Chip Select Inputs to Simplify Memory 
System Expansion 

• High Noise Immunity •••••••••••••••••• 30% of VDD 

• Memory Retention for Standby Battery Voltage Down 
to 2V at 2SoC 

• Latch-Up-Free Transient Radiation Tolerance 

Pinout 

BUSO 1 
BUS1 
BUS 2 

BUS 3 

BUS4 
BUSS 
BUS 6 

BUS7 8 

24 LEAD DIP 
TOP VIEW 

vee 
AO 

A1 
A2 

A6 

MWii 
S iiRD 

CS5 
CS4 

--,.---~ 

FUNCTION 

Read 

Write 

Standby 

Not 
Selected 

Miffi 

0 

1 

1 

X 
X 
X 

X 
X 

CDP1823C/3 
High-Reliability CMOS 

128-Word x 8-Bit Static RAM 

Description 
The COP1823C/3 is a 128 word x 8 bit CMOs/50S static 
random access memory. It is compatible with the CDP1802, 
COPl804, COP1805, and CDPl806 microprocessors, and 
will interface directly without additional components. The 
COPl823C has a recommended operating voltage range of 
4 to 6.5 volts. 

The CDPl823C memory has 8 common data input and data 
output terminals for direct connection to a bidirectional data 
bus and is operated from a single voltage supply. Five chip 
select inputs are provided to simplify memory system 
expansion. In order to enable the COP1823C, the chip select 
inputs CS2, CS3, and CSs require a low input Signal, and 
the chip select inputs CS1 and CS4 require a high input 
signal. 

The MRi5 signal enables all 8 output drivers when in the low 
state and should be in a high state during a write cycle. 

After valid data appear at the output, the address inputs may 
be changed immediately. Output data will be valid until either 
the MRD signal goes high, the device is deselected, or tAA 
(access time) after address changes. 

The COP1823C/3 is supplied in hermetic 24 lead dual· in-line 
sidebrazed ceramic packages (D suffix) that meet the 
specifications of MiI·M-38510 Case Outline 03. 

Operational Modes 

BUS TERMINAL 
iiWii CSl Cs2 CS3 CS4 Cs5 STATE 

X 1 0 0 1 0 Storage State of 
Addressed Word 

0 1 0 0 1 0 Input High 
Impedance 

1 1 0 0 1 0 High Impedance 

X 0 X X X X High Impedance 
X X 1 X X X 
X X X 1 X X 

X X X X 0 X 
X X X X X 1 

Logic 1 = High, Logic 0 = Low, X = 00n1 Care 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2982 
Copyright @ Harris Corporation 1992 
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Specifications CDP1823C/3 

Absolute Maximum Ratings 
DC Supply Voltage Range, (Voo): 

(All Voltages Referenced to Vss Terminal) 
CDPI823CI3 .....••...••........••••....•. -Q.5V to +7V 

Input Voltage Range, All Inputs ............• -Q.5V to Voo +O.5V 
DC Input Current, Any Onelnput ..................•...... ±10mA 

Operating Temperature Range (T A). . . . . . . . . . . . -55°C to + 125°C 
Storage Temperature Range (T.Ig) •...•.•..... -650C to +1500C 
Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59± 0.79mm) 
from case for lOs max ............................ +265°C 

Recommended Operating Conditions At TA = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation Is always within the following ranges: 

LIMITS 

CHARACTERISTIC MIN MAX UNITS 

Supply Voltage Range 4 6.5 V 

Recommended Input Voltage Range Vss Voo V 

Static Electrical Characteristics voo = 5V ± 5% 

CONDITIONS LIMITS 

Vo V1N Voo -55°C, +25°C +125°C 

CHARACTERISTIC SYMBOL (V) (V) (V) MIN MAX MIN MAX UNITS 

Quiescent Device Current (Note 1) 100 - 0,5 5 - 270 - 1000 IIA 
Output Low (Sink) Current (Note 1) IOl 0.4 0,5 5 2.7 - 1.5 - rnA 

Output High (Source) Current (Note 1) IOH 4.6 0,5 5 - -1.3 - -0.7 rnA 

Output Voltage Low-Level VOL 0,5 5 0.1 0.1 V 

Output Voltage High-Level VOH - 0,5 5 Voo - - Voo - - V 
0.1 0.1 

Input Low Voltage Vil 0.5,4.5 - 5 0.3 Voo - 0.3 Voo V 

Input High Voltage VIH 0.5,4.5 - 5 0.7Voo - 0.7 Voo - V 

Input Leakage Current (Note 1) liN - 0,5 5 - ±2.6 - il0 IIA 
Operating Current (Note 1) 1001 - 0,5 5 - 5 10 rnA 

3-State OUtput Leakage Current lOUT 0,5 0,5 5 ±2.6 - ± 10 itA 

Input CapaCitance CIN - - - 7.5 7.5 pF 

Output Capacitance COUT - - - 15 - 15 pF 

NOTE: 

1. Limits designate 100% testing, all other limits are designer's parameters under given test conditions and do not represent 100% testing. 
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CDP1823C/3 

Read Cycle Dynamic Electrical Characteristics t,,1t = 10ns, cL = 50pF 

LIMITS 

+25°C, ·55°C +125°C 
VDD 

CHARACTERISTIC SYMBOL (V) MIN MAX MIN MAX UNITS 

Read Cycle tRC 5 360 505 - ns 

Access Time from Address Change (Note 1) tAA 5 360 - 505 ns 

Access Time from Chip Select tAc 5 360 505 ns 

Access Time from MRD (Note 1) tAM 5 . 310 435 ns 

Data Hold Time After Read tOH 5 50 70 ns 

NOTE: 

1. Limits designate 100% testing. All other limits are deSigner's parameters under given test conditions and do not represent 100% testing 

'''~" ~- - -- 'AA 

'RC 

1 ~! 
I 

l.-'AM *" I 
MRO 1l1\\\\ 

-1 
'I I II 

, 

rn,m,m \ \ \\\\\ \\\\ 'I I / I I 
-tAC~ 

CSI,CS4 / / / / / / / / / / /, i ~~\\\~\\\ 
I 

"$-
I -I 

~ VALID DATA 
HIGH IMPEDANCE 10% 

"Minimum timing for valid data output. Longer times will initiate an earlier but invalid output 

NOTE: MWR is high during read opration. Timing measurement reference is 0.5VoD-

FIGURE 1. READ CYCLE TIMING DIAGRAM 
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CDP1823C/3 

Write Cycle Dynamic Electrical Characteristics t., ~ = IOns, CL = 50pF 

LIMITS 

+25°C. _55°C +1 25°C 

Voo (NOTE 2) (NOTE 2) 
CHARACTERISTIC SYMBOL (V) MIN MAX MIN MAX UNITS 

Write Cycle twe 5 280 - 400 - ns 

Address Setup Time (Note I) tAS 5 70 - 100 ns 

Address Hold Time tAH 5 70 - 100 - ns 

Write Pulse Width (Note I) tww 5 140 - 200 - ns 

Data to MWR Setup Time (Note I) tDS 5 70 - 100 - ns 

Data Hold Time from MWR (Note I) tDH 5 50 . 70 - ns 

Chip Select Setup tcs 5 210 - 300 ns 

NOTE: 

I. Limits designate 100% testing. All other limits are designer's parameters under given test conditions and do not represent I 00% testing 

2. Minimum timing to allow the indicated function to occur. 

'we 
r--- I AS -

ADDRESS 

fe--IAH -

eSI,CS4 l\ \ \ \ \ \ \ \ \ 
Ie! 

cn.m,~ rlllllill 1III 

~----IWW 

_~Ir=_IDS __ 0
1 ,=_ 

BUS 0-1 ~LlODATA ~ 

NOTE: MAD must be high during write operation 

FtGURE 2. WRITE CYCLE TtMING WAVEFORMS 
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CDP1823C/3 

Data Retention Characteristics 

TEST 
CONDITIONS LIMITS 

+25°C, -55°C +125°C 
VOR Voo 

CHARACTERISTIC SYMBOL (V) (V) MIN MAX MIN MAX UNITS 

Minimum Data Retention Voltage VOR - - 2 2.5 V 
(Note 1) 

Data Retention QUiescent Current 100 2 - - 100 400 ~A 

Chip Deselect to Data Retention Time !cDR 5 450 - 650 ns 

Recovery to Normal Operation Time 4lc - 5 450 - 650 - ns 

NOTE: 

1. Limits designate 100% testing. All other limits are designer's parameters under given test condilions and do not represent 100% testing 

FIGURE 3. LOW Voo DATA RETENTION WAVEFORMS 

PACKAGE TEMPERATURE TIME ~ 
0 IZS·C 160 hra 7V 

R 24 vDD 

AIS 2 23 AD 

3 22 AI 

R 4 21 A2 

AI4 5 20 A3 

G 19 A4 
R 

AI3 
7 18 AS 

8 17 A6 

AI2 9 16 01 

All 10 IS A7 

AID I! 14 A8 

12 13 A9 
-=-

R = 10 kO±~ 

o S.O 10.0 :u-:u-r.62.2 6.67.2 Veo 

I I I 
01 I I I 0 

I I I 

J I ~OVDD 
AD _ . 

I 
LoVDD 

I 
AI-AI! ARE DIVISION BY 2 BASED ON AO. 

FIGURE 4. DYNAMIC/OPERATING BURN-IN CIRCUIT AND 
TIMING DIAGRAM 
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February 1992 

Features 

• Fast Access Time 

• Voo = 5V ••••••••••••••••••••••••••••••• 710ns 

• Voo=10V •••••••••••••••••••••••••••••• 320ns 

• No Precharge or Clock Required 

Ordering Information 

TEMP. 
PACKAGE RANGE SV 10V 

Plastic DIP -40°C to +8SoC CDP1824CE CDP1824E 

Burn-In CDP1824CEX CDP1824EX 

Ceramic DIP ·40oC to +8SoC CDP1824CD CDP1824D 

Burn-In CDP1824CDX -
'883B -SSoC to CDP1824CD3 CDP1824D3 

+12SoC 

'Respective specifications are included at the end of this datasheet. 

Pinout 
18 LEAD DIP 
TOP VIEW 

FUNCTION 
,----, ~ 

MA4 0:: ..., m Veo 
Read 

MA3 !l: 111 MWii Write 

MA2 11 rn Mi'ii5 Not Selected 

MAl [I rn cs Standby 

CS 

0 

0 

1 

0 

Description 

CDP1824 
CDP1824C 

32-Word X 8-Bit 
Static RAM 

The COP1824 and COP1824C are 32-word x 8-bit fully static 
CMOS random-access memories for use in COP-1800 
series microprocessor systems. These parts are compatible 
with the COP1802 microprocessor and will interface directly 
without additional components. 

The COP1824 is fully decoded and does not require a pre-
charge or clocking signal for proper operation. It has 
common input and output and is operated from a single 
voltage supply. The MRO signal (output disable control) 
~es the th~-state output drivers, and overrides the 
MWR signal. A CS input is provided for memory expansion. 

The COP1824C is functionally identical to the COP1824. 
The COP1824 has an operating range of 4 volts to 10.5 
volts, and the COP1824C has an operating voltage range of 
4 volts to 6.5 volts. The COP 1824 and COP1824C are 
supplied in 18 lead hermetic dual-in-line ceramic packages 
(0 suffix), and in 18 lead dual-in-line plastic packages (E 
suffix). 

OPERATIONAL MODES 

MRD MWR DATA PINS STATUS 

0 X Output: High/Low Dependent on Data 

1 0 Input: Output Disabled 

X X Output Disabled: High Impedance State 

1 1 Output Disabled: High Impedance State 

MAO I! ~ BUSO LogiC 1 = High, Logic 0 = Low, X = Don't Care 
BUS 7 [! EJ BUS 1 

BUS6 IT ~ BUS2 

BUSS [! Pl BUS3 

Vss [! ~ BUS4 

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

COPYright © Harris Corporation 1992 
File Number 1103.1 
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Specifications CDP1824, CDP1824C 

Absolute Maximum Ratings 
DC Supply Voltage Range, (Voo): 

(All Voltages Relerenced to V ss Terminal) 
CDPI824 .•...••..•.••..••.•.•••.•••••.•. -<l.5V to +IIV 
CDPI824C •.......••..••.••.•.••••••.••... -<l.5V to +7V 

Input Voltage Range, All Inputs .••....•..... -<l.5V to Voo +O.5V 
DC Input Current, Any One Input. ...........•............ ±10rnA 
Operating Temperature Range (TAl: 

Package Type 0 .......•...•.•........... -55°C to +1250C 
Package Type E ...•...................... -400C to +85°C 

Storage Temperature Range (T 1Ig) .••..••••••• -65OC to + 1500C 
Lead Temperature (During Soldering): 

At distance 1/16 ±1132In. (1.59± 0.79mm) 
from case lor lOs max .•......•....••.•...•...•... +265°C 

Recommended Operating Conditions At TA = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the lollowing ranges: 

CONDITION LIMITS 

CDP1824D CDP1824CD 

CHARACTERISTIC Voo (V) MIN MAX MIN MAX UNrrS 

Supply Vottage Range 4 10.5 4 6.5 V 

Recommended Input Voltage Range - Vss Voo Vss Voo V 

Input Signal Rise or Fall Time (Note 1) 5 - 5 - 5 JIS 

t"t, 10 - 2 - - JIS 
NOTE. 

1. Input signal rise or lall times longer than these maxima can cause loss 01 stored data in either the selected or deselected mode. 

Static Electrical Characteristics At TA = -40°C to +65OC, Except as Noted: 

CONDITIONS LIMITS 

CDP1824 CDP1824C 

Vo VIN Voo (Note 1) (Note 1) 
CHARACTERISTIC SYMBOL (V) (V) (V) MIN TYP MAX MIN TYP MAX UNITS 

Quiescent Device 100 - 5 - 25 50 100 200 J1A 
Current - - 10 - 250 500 - - - J1A 
Output Low (Sink) IOL 0.4 0,5 5 1.8 2.2 - 1.8 2.2 - rnA 
Current 0.5 0,10 10 3.6 4.5 - - rnA 

Output High (Source) IOH 4.6 0,5 5 -0.9 -1.1 - -0.9 -1.1 - rnA 
Current 9.5 0,10 10 -1.8 -2.2 - - - - rnA 

Output Voltage VOL - 0,5 5 - 0 0.1 0 0.1 V 
Low-Level - 0,10 10 - 0 0.1 - - - V 

Output Voltage VOH - 0,5 5 4.9 5 - 4.9 5 - V 
High-Level 0,10 10 9.9 10 - - - V 

Input Low Voltage VIL 0.5,4.5 5 - - 1.5 - - 1.5 V 

1.9 - 10 - - 3 - - V 

Input High Voltage VIH 0.5,9.5 - 5 3.5 - 3.5 - - V 

1.9 10 7 - - - - - V 

Input Leakage Current lIN Any 0,5 5 - ±0.1 ±1 - ±0.1 ±1 j1A 
Input 0, 10 10 - ± 0.1 ± 1 - - j1A 

Operating Current 1001 - 0,5 5 - 4 8 4 8 rnA 
(Note 2) - 0,10 10 - 8 16 - - - rnA 

3-State Output Leakage lOUT 0,5 0,5 5 - ± 0.2 ±2.0 - ±0.2 ±2 J1A 
Current 0,10 0,10 10 - ±0.2 ±2.0 - J1A 
Input Capacitance CIN - - - 5 7.5 - 5 7.5 pF 

Output Capacitance COUT - - - 10 15 - 10 15 pF 

NOTES: 
1. Typical values are lor TA = +25°C and nominal Voo-
2. Outputs open circuited; Cycle time = 1 ~s. 
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CDP1824, CDP1824C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85°C, VDD ±5%, 
Input t r, tf = 10 ns, CL = 50 pF, R L = 200 kD; See Fig. 1. 

LIMITS 
TEST 

CHARACTERISTIC CONDITIONS CDP1824D CDP1824CD 

VDD CDP1824E CDP1824CE 

U 
N 
I 
T 

(VI Min.# Typ.- Max. Min.# Typ.- Max. S 

Read Operation 

Access Time From 5 - 400 710 - 400 
Address Change, tAA ,. 10 - - 200 320 - -

Access Time From 5 - 300 710 - 300 
Chip Select. tDOA 10 - 150 320 - -

Output Active From 5 - 300 710 - 300 
MRD, tAM 10 - 150 320 - -

.:: Time required by a limit deVice to allow for the Indicated function 

• Time re~ulred by a typical deVice to allow for the mdlcated function Ty'plcal values are for 

T A '= 25 C and nominal VOD 

Note: 

MA 

1-. 00:-1 ,-___ _ 
DATA OUT --"HiGIG:;;H"iiIMMipP1E'fiOAiAN",C'EE--«~-----

READ OPERATION TIMING DIAGRAM 

Fig 1 - Read cycle timing diagram. 

• MINIMUM TIMING FOR 
VALID DATA OUTPUT 
LONGER TIMES WILL 
INITIATE AN EARLIER, 
BUT INVALID OUTPUT 

tAS = 4.5 tc 

710 
-

710 
-

710 
-

tDH = 1.0 tc I Data transfers from 

ns 

ns 

ns 

The dynamiC charactenstlcs and timing dia
grams indicate maximum performance capa· 
bility of the CDP1824. When used directly 
With the CDP1802 microprocessor. timing 
will be determined by the clock frequency 
and internal delays of the microprocessor. 

tDS = 5.5 tc 5 CDP1802 to memory 

MRD occurs one clock penod (tc ) earlier 
than the address bits MAO-MA7. 

The follOWing general timing relationships 
will hold when the CDP1824 IS used With the 
CDP1802 microprocessor. 

tWW= 2tc 
tAH = 1.0 tc 
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CDP1824, CDP1824C 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD ±5%, 
Input t r, tf = 10 ns, CL = 50 pF, RL = 200 kSl.; See Fig. 2. 

LIMITS 
TEST 

CHARACTERISTIC CONDITIONS CDP1824D CDP1824CD 

VDD CDP1824E CDP1824CE 

(V) Min.# Typ.- Max. Min.# Typ.-

Write Operation 

Write Pulse 5 390 200 - 390 200 
Width, tWRW 10 180 150 - - -

Data Setup 5 390 100 - 390 100 
Time. tDS 10 180 50 - - -

Data Hold 5 70 40 - 70 40 
Time. tDH 10 35 20 - - -

Chip Select 5 425 210 - 425 210 
Setup Time. ICS 10 215 110 - - -

Address Selu p 5 640 500 - 640 500 
Time. lAS 10 390 300 - - -

~ Time required by a limit device to allow for the Indicated function 

• Time required by a typical device to allow for the Indicated function TYPical values are for 

T A = 25°C and nominal VOO 

BUS -------t- tDS+JC:: 

* tr I ff>IJi.S 

WRITE OPERATION TIMING DIAGRAM 

Fig 2 - Wote cycle timing diagram 

DATA RETENTION 
MODE 

VOR 

Fig 3 - Low VDO data retention waveforms and timing diagram 
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MAO 
MA3 

MA2 
MAl 

MA 0 

CDP1824, CDP1824C 

DATA RETENTION CHARACTERISTICS at TA; -40 to +85°C; See Fig. 3. 

CHARACTERISTIC 

Data Retention Voltage. 

Data Retention QUiescent 
Current, IDD 

Chip Deselect to Data 
Retention Time, tCDR 

Recovery to Normal 
Operation Time, tRC 

BUS BUS BUS BUS BUS BUS BUS BUS 
76543210 

FUNCTIONAL DIAGRAM 

Fig 4 - Functional diagram. 

VDR 

TEST CONDITIONS 

VDR~2.5V 

VDR;2.5V 

VDR ~ 2.5 V 
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VDD 

CDP1824 CDP1824C UNITS 

(VI Min. Max. Min. Max. 

- 2.5 - 2.5 - V 

- - 10 - 40 IlA 

5 600 - 600 -

10 300 - - -
ns 

5 600 - 600 -

10 300 - - -

CPUI ROM SYSTEM I RAM SYSTEM I 

CPU 

CDPI802 

ROM 

CDPI833 

BUSO- BUS7 

RAM 

COl824 

Fig 5 - CDP1824 (128 x 8) minimum system (128 x 8) 
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Features 
• Access Time: 

Description 

CDP182413 
CDP1824CI3 

High-Reliability CMOS 32-Word x 8 Bit 
Static Random-Access Memory 

610ns .............. @Voo=5V 
The COPl82413 and COPl824C13 types are high-reliability CMOS 32-word x 8 bit 
fully static random-access memories for use in COPl800-series microprocessor 
systems. These parts are compatible with the COP1802 microprocessor and will 
interface directly without additional components. 

320ns .••••.•• " •••• @VDD = 10V 

• No Precharge or Clock Required 

Pinout 
18 LEAD DIP 

TOP VIEW 

The COPl82413 is fully decoded and does not require a precharge or clocking 
signal for proper operation. It has common input and output and is operated from 
a single voltage supply. The MAD signal (output disable ~trol) enables the 
three-state output drivers, and overrides the MWR signal. A CS input is provided 
for memory expansion. 

The COP1824C/3 is functionally identical to the COP182413. The COPl82413 has 
a recommended operating voltage range of 4 to 10.5 volts, and the COPl824C/3 
has an operating voltage range of 4 to 6.5 volts. 

The COPl824/3 and COP1824C/3 are supplied in 18-lead, dual-in-line 
sidebrazed ceramic packages (0 suffix) that conform to the requirements and 
dimensions specified in MIL-M-38510 Case Outline 0-6. 

Funtional Diagram 

FUNCTION 

READ 

WRITE 

Not Selected 

Standby 

MA4----..., 

MA3 

MA2 

MAl 

MAO 

Cs 

0 

0 

0 

32 X e BIT 
ARRAY 

BUS BUS BUS BUS BUS BUS BUS BUS 
76543210 

OPERATIONAL MODES 

MRo MWii DATA PINS STATUS 

0 x Output: High/Low Dependent on Data 

0 Input: Output Disabled 

X X Output Disabled: High-Impedance State 

Output Disabled: High-Impedance State 

Logic 1 = High Logic 0 = Low X = Don'1 Care 

CAUTION: These devICes are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1717.1 
Copyright @ Harris Corporation 1992 6-37 



Specifications CDP182413, CDP1824C13 

Absolute Maximum Ratings 

DC Supply Voltage Range, (Voo) 
(All Voltages Referenced to V ss Terminal) 
CDPl82413 ••••••••••••.••••••.••••••••••• -{).5V to + l1V 
CDPl824CI3 ••••••••••••••••••••••••••••••••• -0.5 to +7V 

Input VoItege Range, All Inputs •••••••••.••• -{).5V to Voo +O.5V 
DC Input Current, Any One Input •••••••••••••••••••••.•• ±10rnA 
Power Dlsslpatlon Per Package (Po) 

TA " -55"0 to +1 OO"C •••••••••••••••••••••••••••• 500mW 
TA = +10O"C to +12S"C ••••••••••••••••••• Derate Unearlyat 

12mWI"C to 200mW 

DevIce Dissipation Per Output Transistor 
TA = FuU Package Temperature Range 
(All Package 1YPes) .••......•.....•.....•........ 100mW 

Operating Temperature Range (TAl 
Package "JYpe D. • • • • • • • • • • • • • • • • • • • • • • •• -55"0 to + 125"C 

Storage Temperature Range (Til;! . . . • . . . . . . . . -65"C to + 15O"C 
Lead Temperature (During Soldering): 

At distance 1/16±1132 In. (1.5h 0.79mm) 
from case for lOs max ••••••••••••.••••••••••••••• +265"0 

Recommended Operating Conditions TA = Full Package-Temperature Range. For maximum reliability, nominal operating con
ditions should be selected so that operation is always within the following ranges: 

LIMITS 

CDP182413 CDP1824C13 

CHARACTERISTIC MIN MAX MIN MAX UNITS 

DC Operating Voitege Range 4 10.5 4 6.5 V 

Input VoI1age Range Vss Voo Vss Voo V 

Static Electrical Characteristics 

CONDITIONS LIMITS 

Vo VIN Voo 
_55°C, +25"C +125OC 

CHARACTERISTIC SYMBOL (V) M (V) MIN MAX MIN MAX UNITS 

Quiescent Device Current 100 - 0,5 5 - 50 - 500 jIA 
(Note 1) - 0,10 10 - 500 - 1000 jIA 

Output Voitege Low-Level VOl - 0,5 5 - 0.1 - 0.2 V 
(Note 2) - 10 - 0.1 - 0.2 V 

Output Voltege High-Level VOH - 0,5 5 4.9 - 4.8 - V 
(Note 2) - - 10 9.9 - 4.8 - V 

Input Low Voltege VIL 0.5,4.5 - 5 - 1.5 - 1.5 V 

1,9 - 10 - 3 - - V 

Input High Voitege VIH 0.5,4.5 - 5 3.5 - 3.5 - V 

1,9 - 10 7 - 7 - V 

Output Low Drive (Sink) IOL 0.4 0,5 5 4 - 1.5 - rnA 
Current 

0.5 0,10 10 4 2.9 rnA - -
Output High Drive (Source) IOH 4.6 0,5 5 - -1 - -0.75 mA 
Current 

9.5 0,10 10 -2 -1.5 mA - -
Input Current liN Any 0,5 5 - 1 - 5 jIA 

Input 
0,10 10 - 1 - 5 IIA 

3-Stete Output Leakage lOUT 0,5 0,5 5 - 2 - 5 jIA 
Current 

0, 10 0,10 10 2 5 jIA - -
Input Capacitence CIN (Note 2) - 10 - 10 pF 

Output Capacltence COUT (Note 2) - 15 - 15 pF 

NOTES: 

1. The CDPl824C13 meets all 5 volt Static Electrical Characteristics 2. Guaranteed, but not tested. 
of the CDPl82413 except Quiescent Device Current for which 
the limits are 100 = 200j1A at +25"C1-55"O; 100 = 1 OOOjIA at 
+125"0. 
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Specifications CDP182413, CDP1824CI3 

Read Cycle Dynamic Electrical Characteristics Input 1,.., s 15ns, CL = 50pF 

LIMITS 
TEST 

CONDITIONS -55°C, +25°C +125°C 

Voo 
CHARACTERISTIC SYMBOL (V) MIN MAX MIN MAX UNITS 

Access Time From Address Change 1M 5 610 

10 - 320 

Access Time From Chip Select IooA 5 - 610 

10 - 320 

Output Active From lVrnI5 tAM 5 - 610 

10 - 320 

!---tAA-

------~)(:,----------~---------MA 

I 

DATA OUT 
f--' 00:-1 ,--___ __ 

HIGH IMPEDANCE < 
READ CYCLE TIMING DIAGRAM 
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375 ns 

... MINIMUM TIMING FOR 
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Specifications CDP182413, CDP1824CI3 

Write Cycle Dynamic Electrical Characteristics Input t" ~:S 15n8, CL - 50pF 

LIMITS 
TEST 

CONDmONS -55°C, +25°C +125°C 

VDD (Note 1) (Note 1) 
CHARACTERISTIC SYMBOL M MIN MAX MIN MAX UNITS 

Write Pulse Width tWRW 5 350 - 475 - ns 

10 180 - 220 - ns 

Data Setup Time los 5 400 - 560 - ns 

10 190 - 260 - ns 

Data Hold Time IoH 5 70 - 90 - ns 

10 35 - 45 - ns 

Chip Select Setup Time Ics 5 550 - n5 - ns 

10 340 - 475 - ns 

Address Setup Time tAS 5 550 - 775 - ns 

10 340 - 475 - ns 

NOTE: 1. Tme required by a device to allow for the Indicated function. 

MA ____ ~x~ _____________ >e:: 
1-1 ____ lAS --~.I 

Ltcs~ 
------------------~ 

BUS --------k- lOS ·1· :E 
WRITE CYCLE TIMING DIAGRAM 
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Specifications CDP182413, CDP1824CI3 

Data Retention Characteristics At TA = +25°C 

CHARACTERISTIC SYMBOL 

Data Retention Voltage VOR 

Data Retention Quiescent Current 100 

Chip Deselect ot Data Retention Time tCOR 

Recovery to Normal Operation Time tRC 

VDD 

teD R --+--.., 

* tr ,1t>II'S 

TEST 
CONDITIONS 

VOR VOO 
(V) (V) 

2.5 

2.5 5 

2.5 10 

2.5 5 

2.5 10 

DATA RETENTION 
MODE 

VDR 

LIMITS 

CDP1824!3 

MIN MAX 

2.5 

10 

600 . 

300 

600 

300 . 

LOW V DO DATA RETENTION WAVEFORMS AND TIMING DIAGRAM 

Static Burn-in Circuit 

CDP1824C/3 

MIN MAX UNITS 

2.5 · V 

. 40 J.LA 

600 · ns 

. · ns 

600 · ns 

· ns 

TYPE VDD TEMPERATURE TIME 
VOO VDD 

CDP1824 11V +125°C 160 Hrs., Min. 

CDP1824C 7V +125°C 160 Hrs., Min. 

Vss Vss 

All Resistors 47kn (±20%) 
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Features 

• Ideal for Small, Low-Power RAM 
Memory Requirements In Micropro
cessor and Microcomputer Applica
tions 

• Interfaces with CDP1800-Serles 
Microprocessors Without Additional 
Address Decoding 

• Daisy Chain Feature to Further 
Reduce External Decoding Needs 

• Multiple Chip-Select Inputs for Versa
tility 

• Single Voltage Supply 

• No Clock or Precharge Required 

Ordering Information 

TEMP. 
PACKAGE RANGE ORDER CODE 

Plastic DIP -40°C to COP1826CE 

Ceramic DIP 
+8SoC 

COP1826CO 

Pinout 
22 LEAD DIP 

Description 

CDP1826C 
CMOS 64-Word X a-Bit 

Static RAM 

The COP1826C is a general purpose, fully static, 64-word x 8·bit random-access mem
ory, for use in COPl800-series or other microprocessor systems where minimum compo
nent count and/or price performance and simplicity in use are desirable. 

The COPI826C has B common data input and data-output terminals with 3-state capa
bility for direct connection to a standard bidirectional data bus. Two chip-select inputs -
CS 1 and Cs2 -are provided to simplify memory-system expansion. An additional select 
pin, CSlAS, is provided to enable the COPI826C to be selected directly from the 
COPI800 multiplexed address bus without additional latching or decoding. In an 1800 
system, the CSIAS pin can be tied to any MA address line from the COPI800 processor. 
A TPA input is provided to latch the high-order bit of this address line as ~-select for 
the COPI826C. If this CSIAS input is latched high, and if CS = 1 and CS2 = 0 at the 
appropriate time in the memory cycle, the COP1826C will be enabled for writing or read
ing. In a non-1800 system, the TPA pin can be tied high, and the CSIAS pin can be used 
as a normal address input. 

The six input-address buffers are gated with the chip-select function to reduce standby 
current when the device is deselected, as well as to provide for a simplified power down 
mode by reducing address buffer sensitivity to long fall times from address drivers which 
are being powered down. 

Two memory control signals, MRi5 and MWR, are provided for reading from the writing to 
the COPI826C. The logiC is designed so that MWR overrides MRO, allowing the chip to 
be controlled from a single RiW. 
A CHIP ENABLE OUTPUT is provided for daisy-chaining to additional memories or 1/0 
devices. This output is high whenever the c~-select function selects the COPI826C, 
which deselects any other chip which has its CS input connected to the COP 1826C CEO 
output. The connected chip is selected when the COP1826C is de-selected and the MRi5 
input is low. Thus, the CEO is only active for a read cycle and can be set up so that a 
CEO of another device can feed the MRO of the COPI826C, which in turn selects a third 
chip in the daisy chain. 

The COP1826C has a recommended operating voltage of 4.SV to 5.5V and is supplied in 
22 lead hermetic dual-in-line sidebrazed ceramic packages (0 suffix), in 22 lead dual-in
line plastic packages (E suffix). The COP1826C is also available in chip form (H suffix). 

TOP VIEW CL:EAR WAIT 

l~ BUS 0 Voo 

BUS1 

BUS2 

BUSS 

BUS6 

BUS7 

CS1 

Cs2 
Vss --...---.....--

ROM 

I' 

---AOOR BUS ---
TPA 

RAM 
COPI826C 

MAD 

CEO 

" a-SIT 

r---
N - MR 

ADOR BUS 
TPB 

TPA 
0 

DATA 
-v 

CPU sec SCI 
I/O CDP1BOO INTERRUPT CONTROL SERIES 

MRD OMA-IN ilM.::OUT 

MWR 
EFI-EF4 

Jr II 
BIDIRECTIONAL DATA BUS 

Fig. 1 - Typical CDP1802 microprocessor system 

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

Copyright © Harris Corporation 1992 
File Number 1311.1 
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Specifications CDP1826C 

Absolute Maximum Ratings 
DC Supply Voltage Range, (Voo): 

(All Voltages Referenced to Vss Terminal) 
CDPI826C ................................ -{).SV to +7V 

Input Voltage Range, All Inputs ............. -{).SV to Voo +O.SV 
DC Input Current, Any One Input. ........................ ±10mA 
Power Dissipation Per Package (Po) 

TA = -4Q°C to +60oC (Package Type E) .............. SOOmW 
TA = +60oC to +8SoC (Package Type E) ...... Derate Linearly at 

12mWf'C to 200mW 
TA = -55°C to + 1 oOOC (Package Type D) ............. SOOmW 
TA = +100oC to +12SoC (Package Type D) .... Derate Linearly at 

12mWf'C to 200mW 

Device Dissipation Per Output Transistor 
TA = Full Package Temperature Range 
(All Package Types) ........•..................... l00mW 

Operating Temperature Range (TA): 
Package Type D .••.......••.........•... -SSoC to +12SoC 
Package Type E .•.......................• -4Q0C to +85°C 

Storage Temperature Range (T alg) ............ -6SoC to + lSOoC 
Lead Temperature (DUring Soldering): 

At distance 1/16 ±1132 In. (I.S9 ± 0.79mm) 
from case for lOs max ............................ +26SoC 

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

CDP1826C 

CHARACTERISTIC SYMBOL MIN MAX UNITS 

DC Operating Voltage Range 4 6.S V 

Input Voltage Range Vss Voo V 

Input Signal Rise or Fall Time, Voe = SV 1,,4 10 IJS 

Static Electrical Characteristics At TA = -40°C to +85°C, Voo = SV ± 5%, Except as Noted: 

CONDITIONS LIMITS 

CDP1826C 

Vo VIN (Note 1) 
CHARACTERISTIC SYMBOL (V) (V) MIN TYP MAX UNITS 

Quiescent Device Current 100 0, Voo - S SO I1A 

Output Low (Sink) Current BUS IOL 0.4 0, Voo 1.6 3.2 - rnA 

CEO 0.4 0, Voe 0.8 1.6 - rnA 

Output High (Source) Current BUS IOH Voe -0.4 0, Voe -1.0 -1.S - rnA 

CEO Voe -0.4 0, Vee -0.6 -1.0 - rnA 

Output Voltage Low-Level VOL - 0, Vee ° 0.1 V 

Output Voltage High-Level VOH O,Vee Veo -O.l Voo V 

Input Low Voltage VIL 1.5 V 

Input High Voltage VIH 3.5 V 

Input Leakage Current liN Any Input 0, Voe - ±O.l ± 1 ItA 
Operating Device Current (Note 2) IOPER 

3-State Output Leakage Current lOUT 

Input Capacitance CIN 

Output Capacitance COUT 

NOTES: 
1. Typical values are for TA = +2SoC and nominal Voe-

Signal Descriptions 
AD - A4, CSIAS (Address Inputs): These inputs must be stable 
prior to a write operation, but may change asynchronously during 
Read operations. 

In an 1800 system, the multiplexed high-order address bit at pin CSI 
AS can be latched at the end of TPA. A high level will proVide a valid 
chip select for the CDPI826C. The low-order address bit which 
appears aiter TPA is used for data word selection. In non-1800 sys
tems, TPA can be tied high to disable the latch and allow the CS/A5 
pin to function as a normal address input. 

BUS D - BUS 7: 8-bit 3-state common inpuVoutput data bus. 

TPA: High-order address strobe input. The high-order address bit at 
input CS/AS IS latched on the high-to-Iow transition of the TPA input. 

O,VOD - S 10 rnA 

0, Voe 0, Veo - ± 0.1 ± 1 ItA 
- 5 7.S pF 

- 0, Voo 10 IS pF 

2. Outputs open circuited; Cycle time = IllS. 

Tie TPA high to disable the CS/AS latch feature. 

CS1, CS2 (Chip Selector): Either chip select (CSI or "i5S2), when 
not valid, powers down the chip, disables READ and WRITE func
tions, and gates off the address and output buffers. 

MRD, MWi'i: Read and Write control signals. MWR overrides MRD, 
allowing the CDP1826C to be controlled from a single RiW line. 

CEO (Chip Enable Output): Allows daisy chaining to additional 
memories. CEO is high whenever the CDPI826C is selected. CEO 
is only active (low) for a Read cycle with the CDP I 826C deselected 
and the MRD input low. 

Voe. Vss: Power supply connections. 
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AO----+/ 

AI 

A2 ----I~ 

A3 ----+/ 

A4---+1 

CS/A5 -4'--+1 

TPA 

CSI 

CS2 

MWii 

MRD 

I 

INPUT 
ADDRESS 
BUFFERS 

CDP1826C 

64xB 
MATRIX 

Fig. 2 - Functional diagram 

I 

I 

INPUT IOUTPUT 
DATA 

BUFFERS 
AND 

CONTROL 

M 
I 

A5 

~ 
TPA 

MRD 

CEO 

BUS 

I 

::o----t VALID DATA VALID DATA 

CS I -I , 

RAM CYCLE (RAM SELECTED) ROM CYCLE (RAM DE SELECTE D) 

CS2' 0 

OPERATING MODES 

FUNCTION MRD MWR CSI·C§2 TPA CS/A5# CEO 

WRITE X 0 I ..n. I I 
w READ 
c 0 I I It. I I 
0 DESELECT I I I ..n. I I 
~ 

0 DESELECT I X 0 X X I 
0 

'" DESELECT 0 X 0 X X 0 
ii: ..n.. c DESELECT I X X 0 I u 

DESELECT 0 X x ...rt. 0 0 

0 WRITE X 0 I I X I g 
READ 0 I I I X I o:~ 

~~ DESELECT I I I I X I 

z DESELECT I X 0 I X I 
0 DESELECT 0 X 0 I X 0 z 

# FOR CDPI800 MODE, REFERS TO HIGH ORDER MEMORY 
~~~~~S~L:6~ LEVEL AT TIME WHEN TPA l. TRANSITION 

Fig 3 - Chip Enable Output timing waveforms for CDPl800-based systems. 
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CDP1826C 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to + 85° C, Vee = 5 V ± 5%, 

Input t"t, = 10 ns; CL = 50 pF and 1 TTL Load 

CHARACTERISTIC 

MIN,t 
Read - Cycle Times (Figs 4 and 5) 
Address to TPA Setup 100 

tAS H 

Address to TPA Hold 100 

tAH 
Access from 

-
Address Change TAA 

TPA Pulse Width 200 
tpAW 

Output Valid from 
-

MRD tAM 

Access from 
-

Chip Select tAC 
CEO Delay from 

-
TPA~Edge tCA 
MRD to CEO Delay 75 

tMc 
Output High j! from -

Invalid MRD tRtit 
Output High j! from -
Chip Deselect tSH~ 

tTlme required by a limit deVice to allow for the indicated function 
-TYPical values are for TA = 25°C and nominal VDD 

LIMITS 

CDP1826C 

I TYP .• 

-

-

500 

-

500 

500 

150 

-

-

-

AO-AS LOW ORDER ADDRESS BYTE 

TPA 
-----:-'1 

t AC --------

CSI·CS2 VALID CHIP SELECT 

CEO 

I 

BUS--------------+-~H~IG~H~IM~P~E~D~A~N7C~E--------~ VALID DATA 

'AM _______ ~ 

Fig. 4 - Timing waveforms for Read-cycle 1 
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MAX. 
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1000 
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1000 

1000 

300 

-

125 

225 

UNITS 

ns 
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AO-A5 

CSI'CS2 

HIGH ORDER 
ADDRESS BYTE 

CDP1826C 

LOW ORDER ADDRESS BYTE 

'AA---+1 

_ __________ ~~-2H~IG~H~I!M~PE~D~A~NC~E~----~--~~~~--~ 
BUS VALID DATA 

14----, AM -----I--t 

Fig 5 - Tlmmg waveforms for Read-cycle 2 [TPA-Hlghj. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Voo = 5 V ±5%, 
Input t"t, = 10 ns; CL = 50 pF and 1 TTL Load 

CHARACTERISTIC 

MIN.t 
Wnte-Cycle Times (Figs. 6 and 7) 

Address to TPA Setup. 
100 

High Byte tASH 
Address to TPA Hold 

tAH 
100 

Address Setup 
500 

Low Byte tASL 

TPA Pulse Width 200 

tpAW 

Chip Select Setup 700 

les 
Write Pulse Width 300 

tww 
Wnte Recovery 100 

tWA 

Data Setup 400 

tos 

Data Hold from 100 

End of MWR tOH1 

Data Hold from 125 

End of Chip Select tOH2 

tTlme required by a limit device to allow for the indicated function 
-TYPical values are for TA = 25° C and nominal Voo 
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LIMITS 

CDP1826C 

I TYP .• I 

-

-

250 

-

350 

200 

-

200 

50 

50 

UNITS 
MAX. 

-
-

-
-

ns 
-

-

-

-

-

-



CDP1826C 

AO-AS LOW ORDER ADDRESS BYTE 

~---------IASL----------~ 

TPA ------,!-

CSI.CS2 VAL ID CHIP SELECT 

~tl4----·r---_'DS~_~t=== 
BUS ~ ______ D_A_T_A_IN __ S_TA_B_L_E ______ ~ 

AO-AS 

CSI.m 

Fig 6 - Tlmmg waveforms for Write-cycle 1. 

HIGH ORDER 
ADDRESS BYTE LOW ORDER ADDRESS BYTE 

1-------- IASL---------~ 

VALID CHIP SELECT 

_rro-o------'DS-----.., ~2 
BUS .. ~T7"T7",,..,..,,..,..,,..,~,..----D-AT-A-I-NS-T-A-BL-E------~& 

Fig. 7 - Timmg waveforms for Write-cycle 2 [TPA=High). 
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CDP1826C 

DATA RETENTION CHARACTERISTICS at TA - -40 to +85°C· see Fig 8 -
TEST 

CO NO 1- LIMITS 

CHARACTERISTIC TIONS CDP1826C UNITS 

VOR Voo 
(V) (V) MIN. TYP.- MAX. 

Min. Data Retention 
2.5 V - - - 2 

Voltage VOR 
Data Retention Quiescent 

25 pA 
Current 

- - 5 25 
100 

Chip Deselect to Data - 5 600 
Retention Time 

- -
tCOR 

ns 
Recovery to Normal 

- 5 600 - -
Operation Time tRC 

Voo to VOR Rise and 
2.5 5 1 

Fall Time 
- - ps 

t"t, 

eTYPlcal values are for T. = 25° C and nominal Voo 

FIg 8 - Low Voo data retentIon tlmmg waveforms 
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February 1992 

Features 

• Industry Standard Pinout 

• Very Low Operating Current. •.••...•...•••••• 8mA 
at VDD = 5V and Cycle Time = 11ls 

• TWo Chip Select Inputs Simple Memory Expansion 

• Memory Retention for Standby ••••••••••••• 2V (Min) 
Battery Voltage 

• Output Disable for Common 110 Systems 

• 3-State Data Output for Bus Oriented Systems 

• Separate Data Inputs and Outputs 

• TTL Compatible (MWS5l01A) 

Pinout 
22 LEAD DIP 

TOP VIEW 

Ordering Information 

Description 

MWS5101 
MWS5101A 

256-Word X 4-Bit 
LSI Static RAM 

The MWS5101 and MWS5101A are 256 word by 4 bit static 
random access memories designed for use in memory 
systems where high speed, very low operating current, and 
simplicity In use are desirable. They have separate data 
inputs and outputs and utilize a single power supply of 4 to 
6.5 volts. The MWS5101 and MWS5101A differ in input 
voltage characteristics (MWS5101A is TTL compatible). 

Two Chip Select inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output 
systems by forcing the output into a high impedance state 
during a write operation independent of the Chip Select input 
condition. The output assumes a high impedance state 
when the Output Disable is at high level or when the chip is 
deselected by CS1 and/or CS2. 

The high noise immunity of the CMOS technology is 
preserved in this design. For TTL interfacing at 5V operation, 
excellent system noise margin is preserved by using an 
external pull-up resistor at each input. 

For applications requiring wider temperature and operating 
voltage ranges, the mechanically and functionally equivalent 
static RAM, CDP1822 may be used. 

The MWS5101 and MWS5101A types are supplied in 22 
lead hermetic dual· in-line, sidebrazed ceramic packages (0 
suffix), in 22 lead dual-in·line plastic packages (E suffix), and 
in chip form (H suffix). 

TEMPERATURE 
MWS5101 MWS5101A 

PACKAGE RANGE 250n. 350n. 250ns 350n. 

Plastic DIP oOC to +70"C MWS5101EL2 MWS5101EL3 MWS5101 AEL2 MWS5101AEL3 
Burn-In MWS5101EL2X MWS5101EL3X MWS5101 AEL2X MWS5101AEL3X 

Ceramic DIP OOC to +70OC - MWS5101DL3 - MWS5101ADL3 
Bum-In - MWS5101DL3X - MWS5101ADL3X 

CAUTION: These devices are sensHive to electrostalJe discharge. Users should follow proper I.C. Handling Procedures. File Number 1106.1 
Copyright © Harris Corporation 1992 
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AfMVS5101,AfMVS5101A 

OPERATIONAL MODES 

INPUTS 

CHIP SELECT 1 CHIP SELECT 2 OUTPUT READlWRITE 
MODE CSt C~ DISABLE 00 RiW OUTPUT 

Read 0 1 0 1 Read 

Write 0 1 0 0 Data In 

Write 0 1 1 0 High Impedance 

Standby 1 X X X High Impedance 

Standby X 0 X X High Impedance 

Output Disable X X 1 X High Impedance 

Logic 1 = High, Logic 0 = Low, X = Don't Care 

Functional Block Diagram 

r;:----- --------- -- - --- - - - -- - --1 
(5) ('2) I 

ROW I • 
~v 

A5 

* R/Wcr~------~ 

* I TIT 19 

C$2 17 

00* 18 

DECOD
ERS 

L ________________________ _ 

.+. f f 
INPUT PROTECTION 

NETWORK 
OUTPUT 

PROT.ECTION 
CIRCUIT 
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Specifications MWS5101, MWS5101A 

Absolute Maximum Ratings 
DC Supply Voltage Range, (VDD): 

(All Voltages Referenced tD Vss Terminal) ........ -o.5V to +7V 
Input Voltage Range, All Inputs ............. -o.5V to VDD +ll.5V 
DC Input Current, Any One Input. ........................ ±10mA 
Power Dissipation Per Package (PD) 

TA = -4Q°C to +60oC (Package Type E) .............. SOOmW 
TA = +6QoC to +85°C (Package Type E) ...... Derate Linearly at 

12mWf'C to 200mW 
TA = -55°C to + 1 oOOC (Package Type D) ............. SOOmW 
TA = +1 OOoC to + 125°C (Package Type D) .... Derate Linearly at 

12mWf'C to 200mW 

Device DissipaUon Per Output Transistor 
TA = Full Package Temperature Range 
(All Package Types) .............................. 100mW 

Operating Temperature Range (T A): 
Package Type D ......................... -55°C to +125°C 
Package Type E .......................•.. -400C to +85°C 

Storage Temperature Range (T stg) •••.•••••••• -65°C to + lSOoC 
Lead Temperature (During Soldering): 

At distance 1116 ±1132 In. (1.59 ± 0.79mm) 
from case for las max ............................ +265°C 

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

LIMITS 

ALL TYPES 

CHARACTERISTIC MIN MAX UNITS 

DC Operating Voltage Range 4 6.5 V 

Input Voltage Range Vss VDD V 

Static Electrical Characteristics At TA = OOC to +70oC, VDD = 5V ± 5% 

CONDITIONS LIMITS 

MWS5101 MWS5101A 

Vo VIN (Note 1) (Note 1) 
CHARACTERISTIC SYMBOL (V) (V) MIN TVP MAX MIN TYP MAX UNITS 

Quiescent Device L2 Types IDD 0,5 25 50 25 50 j.lA 
Current L3 Types 0,10 - 100 200 - 100 200 j.lA 

Output Low (Sink) Current IOl 0.4 0,5 2 4 2 4 - mA 

Output High (Source) Current IOH 4.6 0,5 -1 -2 - -1 -2 mA 

Output Voltage Low-Level VOL 0,5 a 0.1 - a 0.1 V 

Output Voltage High-Level VOH - 0,5 4.9 5 4.9 5 V 

Input Low Voltage Vil - - - 1.5 - 0.65 V 

Input High Voltage VIH - - 3.5 2.2 - - V 

Input Leakage Current liN 0,5 - ±5 ±5 j.lA 

Operating Current (Note 2) IDDl 0,5 4 8 - 4 8 mA 

3-State Output L2 Types lOUT 0,5 0,5 - ±5 - ±5 j.lA 
Leakage Current L3 Types 0,5 0,5 - ±5 - ±5 j.lA 

Input Capacitance CIN 5 7.5 - 5 7.5 pF 

Output Capacitance COUT - - 10 15 10 15 pF 

1. TYPical values are for TA = +25°C and nominal VDo- 2. Outputs open circUited; Cycle time = 1 j.lS. 
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Specifications MWS5101, MWS5101A 

Dynamic Electrical Characteristics at TA = O"C to +700C, Voo = 5V ± 5% 

LIMITS (NOTE 1) 

L2TYPES L3TYPES 

(NOTE 2) (NOTE 3) (NOTE 2) (NOTE 3) 
CHARACTERISTIC SYMBOL MIN TVP MAX MIN TYP MAX UNITS 

READ CYCLE TIMES (FIGUI1E 1) 

Read Cycle / 
tRC 250 - - 350 - - ns 

Access from Address 
. , 

tM - 150 250 - 200 350 ns 

Output Valid from Chip Select 1 tOOM - 150 250 - 200 350 ns 

Output Valid from Chip Select 2 tOOA2 - 150 250 - 200 350 ns 

Output Valid from Output Disable tOOA3 - - 110 - - 150 ns 

Output Hold from Chip Select 1 tOOH1 20 - - 20 - - ns 

Output Hold from Chip Select 2 tOOH2 20 - - 20 - - ns 

Output Hold from Output Disable tooHa 20 - - 20 - - ns 

WRITE CYCLE TIMES (FIGURE 2) 

Write Cycle twc 300 - 400 - - ns 

Address Setup tAs 110 - - 150 - - ns 

Write Recovery tWR 40 - - 50 - - ns 

Write Width tWRW 150 - 200 - ns 

Input Data Setup Time tos 150 - 200 - - ns 

Data in Hold tOH 40 - - 50 - ns 

Chip Select 1 Setup tcs1S 110 - - 150 - ns 

Chip Select 2 Setup IcS2S 110 - - 150 - - ns 

Chip Select 1 Hold tcs1H 0 - - 0 - - ns 

Chip Select 2 Hold IcS2H 0 - 0 - ns 

Output Disable Setup Ioos 110 - - 150 - - ns 

NOTES: 

1. MWS5l0l: tp!t=20ns,VIH=0.7VoDoVIL=3Voo;CL=I00pF 2. Time required by a lim~ device to allow for the Indicated function 
and MWS5l01A: 11', ,,=20ns, V1H =2.2V, V1L =O.65V; CL =50pF 3. Typical values are for TA = 25°C and nominal V DO 
and 1 TTL Load. 

r- 'wc 
t+-'WR 

AO-A7 ~ 

~1 
--i; -'CS,S·- 'CSIH :t 

'Re t- f }; CHIP~ SELECT 2 

.0,0 - AT 
'CS2S tCS2H 'l 

OUTPUT DISABLE ft --'ODS*·-~+":-'DS - .. ~ 
----

} '0041- r'lJ1jffi" -CH'P SELECT I 

011-014 ~ ~~ aDATA INSTABLE 

CHIP SELECTZ J!...--1 00A 2 '\-'OOHZ :1.-
~ tWRW 

L OOA3 - F'OOH3-
REAO/WRifE 

OUTPUT DISABLE 

I---'AS· 

.J ~OON'TCARE READ/WRiTE 

'AA-

DATA OUT DATA our - "Ioos is required for common I/O operation only; for separate 110 HIGH VALID 
IMPEDANCE HIGH 

IMPEDANCE operations, output disable is "don't care" 

FIGURE 1. READ CYCLE TIMING WAVEFORMS FIGURE 2. WRITE CYCLE TIMING WAVEFORMS 
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MWS5101, MWS5101A 

Data Retention Characteristics at TA = DOC to +70oC; See Figure 3 

CHARACTERISTIC SYMBOL 

Minimum Data RetentIon Voltage VDR 

Data Retention Quiescent Current L2 Types 100 

L3 Types 

Chip Deselect to Data Retention TIme IeOR 

Recovery to Normal Operation Time tRC 

Voo to VOR Rise and Fall Time !"tf 

NOTE: 

1. TYPIcal Values are for TA = 25°C and nomInal VOD 

TEST 
CONDITIONS 

VDA 
(V) 

-
2 

2 

-

2 

Voo 
(V) 

5 

5 

5 

WRITE' 
ADDRESS 
DECODER 

LIMITS 

ALL TYPES 

(NOTE 1) 
MIN TYP MAX 

1.5 2 

2 10 

- 5 50 

600 - -

600 

1 -

FIGURE 3. LOW Voo DATA RETENTION TIMING WAVEFORMS FIGURE 4. MEMORY CELL CONFIGURATION 

R/W 
20 

19 

,- - -- - - - cONTROL A I 
I 

I }tHIP'SELECT 
P---+-----'- CONT ROL 

I 
I 

1- - - - - - cONTRoL 81 
I I } 

~ _ ! ~H'i'-SELECT" 
- - - - - - - - R/W CONTROL 

I}C 
OUTPUT 
DISABLE 

I CONTROL 

FIGURE 5. LOGIC DIAGRAM OF CONTROLS FOR MWS5101, MWS5101A 
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HARRIS 
SEMICONDUCTOR 

February 1992 

Features 

• Low Power Standby ••.....••••••••...•••• 50~W Max. 

• Low Power Operation • • . • • • . . • . . . • •• 20mWIMHz Max. 

• Fast Access Time •...••.••••••••••.•••••• 180ns Max. 

• Data Retention ••••....••••••••••..•••••.•. 2.0V Min. 

• TTL Compatible Input/Output 

• High Output Drive - 2 TTL Loads 

• On-Chip Address Register 

Ordering Information 

PACKAGE TEMP. RANGE 180n5 250n5 

Plastic DIP -40"C to +85°C HM3-65088-9 HM3-6508-9 

Ceramic DIP -40"C to +85°C HMl-65088-9 HMl-6508-9 

'/883 -55°C to + 125°C HMl-6508B/883 HMl-6508/883 
, .. 
Respective 1883 specifications are Included at the end of thiS 
datasheet 

HM-650B 
1024 X 1 CMOS RAM 

Description 

The HM-6508 is a 1024 x 1 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high 
performance and low power operation. 

On chip latches are provided for address allowing 
efficient interfacing with microprocessor systems. The 
data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 

The HM-6508 is a fully static RAM and may be main
tained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaran
teed over temperature. 

Pinout Functional Diagram 

PIN 

A 

E 

W 

D 

a 

16 LEAD DIP 
TOP VIEW 

DESCRIPTION 

Address Input 

Chip Enable 

Write Enable 

Data Input 

Data Output 

AS 
A6 
A7 
AS 
A9 

AD AI A2 A3 A4 

ALL UNES POSITIVE LOGIC· ACTIVE HIGH 
THREE STATE BUFFERS: 

A HIGH -+ OUTPUT ACTIVE 

ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALUNG EDGE OF E 
GATE ON FALUNG EDGE OF E 

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

Copyright @Harris Corporation 1992 
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Specifications HM-650B 

Absolute Maximum Ratings 
Supply Voltage ....................•....•.........•. +7.0V 
Input, Output or 110 Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to + 150°C 
Junction Temperature .............................. +175°C 
Lead Temperature (Soldering lOs) .................... +300oC 
Typical Derating Factor ........... 1.5mAIMHz Increase in ICCOP 
ESD Classification ...............•...........•.... Class 1 

Reliability Information 
Thermal Resistance . . . . . • . . . . . . . . . . ala 

Ceramic DIP Package. . . . . . . . . . . .. 75°CNV 
Maximum Package Power Dissipation at + 125°C 

aJC 
15°CNV 

Ceramic DIP Package .....•...................... 0.67 W 
Gate Count ................................... 1925 Gates 

CAUTION: Stresses above those listed In -Absolute Maximum Ratings· may cause permanent damage to thB deVlC6. This is a stress only rating and opsration 
of the devlCs at these or any other conditions above those mdicated in the operational SectiOns of this specIfication is not Impllsd. 

Operating Conditions 
Operating Voltage Range. . . . . . . . . . . . . . . . . . . .. +4.5V to +5.5V Operating Temperature Range 

HM-650SB-9, HM-6508-9 ................... -400C to +85°C 

DC Electrical Specifications vcc = 5V ± 10%; TA = -40°C to +S5°C (HM-650SB-9, HM-650S-9) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

ICCSB Standby Supply Current - 10 itA 10 = OmA, VI = VCC or GND, 
VCC =5.0V 

ICCOP Operating Supply 4 mA E = lMHz, 10 = OmA, VI = VCC or 
Current (Note 1) GND, VCC = 5.5V 

ICCDR Data Retention Supply HM-650SB-9 5 itA VCC = 2.0V, 10 = OmA, VI = VCC or 
Current GND, E =VCC 

HM-650S-9 10 itA 

VCCDR Data Retention Supply Voltage 2.0 V 

II Input Leakage Current -1.0 +1.0 itA VI = VCC or GND, VCC = 5.5V 

10Z Output Leakage Current -1.0 +1.0 ItA VO = VCC or GND, VCC = 5.5V 

VIL Input Low Voltage -0.3 O.S V VCC =4.5V 

VIH Input High Voltage VCC-2.0 VCC+0.3 V VCC =5.5V 

VOL Output Low Voltage - 0.4 V 10 = 3.2mA, VCC = 4.5V 

VOH Output High Voltage 2.4 V 10 = -O.4mA, vec = 4.5V 

Capacitance TA = +25°C 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CI Input Capacitance (Note 2) 6 pF f = 1 MHz, All measurements are 
referenced to device GND 

CO Output Capacitance (Note 2) 10 pF 

NOTES: 

1. Typical derating 1.5mAlMHz increase in Iceop. 

2. Tested at inilJal design and alter major design changes 1 
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Specifications HM-650B 

AC Electrical Specifications vcc = sv ± 10%; TA = -40"C to +85°C (HM-6508B-9, HM-6S08-9) 

HM-6508B-9 HM-6508-9 
TEST 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS CONDITIONS 

(1) TELQV Chip Enable Access Time - 180 - 2S0 ns (Notes 1,3) 

(2) TAVQV Address Access Time - 180 - 2S0 ns (Notes 1, 3, 4) 

(3) TELQX Chip Enable Output Enable Time S 120 S 160 ns (Notes 2, 3) 

(4) TWLQZ Write Enable Output Disable Time 120 160 ns (Notes 2. 3) 

(S) TEHQZ Chip Enable Output Disable Time - 120 - 160 ns (Notes 2, 3) 

(6) TELEH Chip Enable Pulse Negative Width 180 250 - ns (Notes 1, 3) 

(7) TEHEL Chip Enable Pulse Positive Width 100 - 100 ns (Notes 1, 3) 

(8) TAVEL Address Setup Time 0 0 ns (Notes 1,3) 

(9) TELAX Address Hold Time 40 - SO - ns (Notes 1, 3) 

(10) TDVWH Data Setup Time 80 110 - ns (Notes 1, 3) 

(11 ) TWHDX Data Hold Time 0 - 0 - ns (Notes 1, 3) 

(12) TWLEH Chip Enable Write Pulse Setup Time 100 130 - ns (Notes 1, 3) 

(13) TELWH Chip Enable Write Pulse Hold Time 100 - 130 ns (Notes 1, 3) 

(14) TWLWH Write Enable Pulse Width 100 - 130 - ns (Notes 1, 3) 

(IS) TELEL Read or Write Cycle Time 280 350 ns (Notes 1, 3) 

NOTES: 

1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: Sns (max); Input and output timing reference level: 1.SV; Output load: 
1 TTL gate equivalent, CL = SOpF (min) - for CL greater than SOpF, access time is derated by 0.1Sns per pF. 

2. Tested at initial design and alter major design changes. 

3. VCC = 4.SV and S.SV. 

4. TAVQV = TELQV + TAVEL. 
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HM-650B 

Timing Waveforms 

READ CYCLE 

--./ 

(8) TAVEL_ 

(7) 
~TEHEl 

HIGH 

_TELA~(9) 
VAllO Jt<l<X 

(8)TAVE~ ~ 
'''-ffij TElEl 

TElEH TEHEL_ (7) 
(6) 

i'-

TEHaz (5) _TELov_(1) 
_ TEHOt(5) - _TELOX ~ 

a 
_TAVOV~ 

VALID OUTPUT 

REF~'~EENCEE-----tf--+ __ (3_) __ t-_--t-----+-----II--tf-
-1 4 5 

TRUTH TABLE 

INPUTS 

TIME REFERENCE E W A 0 

-1 H X X X 

0 "- H V X 

1 L H X X 

2 L H X X 

3 ...r H X X 

4 H X X X 

5 "- H V X 

In the HM-6508 Read Cycle. the address information is 
latched into the on chip registers on the falling edge of E (T = 
0). Minimum address setup and hold time requirements must 
be met. After the required hold time. the addresses may 
change state without affecting device operation. During time 
(T = 1) the data output becomes enabled; however. the data 

OUTPUTS 

Q FUNCTION 

Z Memory Disabled 

Z Cycle Begins. Addresses are Latched 

X Output Enabled 

V Output Valid 

V Read Accomplished 

Z Prepare for Next Cycle (Same as -1) 

Z Cycle Ends. Next Cycle Begins (Same as 0) 

is not valid until during time (T = 2). iii must remain h19h for 
the read cycle. After the output data has been read. E may 
return high (T = 3). This will disable the chip and force the 
output buffer to a high impedance state. After the required E 
high time (TEHEL) the RAM is ready for the next memory 
cycle (T = 4). 
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HM-6508 

Timing Waveforms (Continued) 

WRITE CYCLE 

~-------- TWlEH--

~T7~T7~~~~~~,~ ___ ~(~14~)~lwH--~~~r7~r7~~~~~ 
W ~LL~LL~~~~~~~~--------4~~~~~~~~~ 

(10) ~Hox(ll) a _~H~IG~H~Z~ ________________________ __ 

TIME 
REFERENCE -, I t 

2 3 

TRUTH TABLE 

TIME INPUTS 

REFERENCE E W A 0 

·1 H X X X 

0 "- X V X 

1 L "- X X 

2 L J X V 

3 J H X X 

4 H X X X 

5 "- X V X 

The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the c~le is defined as both E and Vii 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E or Vii. Data setup and hold 
times must be referenced to the terminating signal. 

If a series of consecutive write cycles are to be performed, 
the Vii line may remain low until all desired locations have 
been written. When this method is used, data set~ and hold 
times must be referenced to the rising edge of E. By posi· 

Test Load Circuit 

OUTPUTS 

Q FUNCTION 

Z Memory Disabled 

Z Cycle Begins, Addresses are Latched 

Z Write Period Begins 

Z Data is Written 

Z Write Completed 

Z Prepare for Next Cycle (Same as ·1) 

Z Cycle Ends, Next Cycle Begins (Same as 0) 

tioning the Vii pulse at different times within the E low time 
(TELEH), various types of write cycles may be performed. 

If the E low time (TELEH) is greater than the Vii pulse 
(TWLWH) plus an output enable time (TELQX), a combina· 
tion read write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 
The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after Vii goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 

t····················································· ..................................... . : : 

OUT o-_~_I!-4( I 

• TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 
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HARRIS 
SEMICONDUCTOR 

February 1992 

Features 

This Circuit Is Processed In Accordance to 
MII-Std-883 and Is Fully Conformant Under the Provi
sions of Paragraph 1.2.1. 

• Low Power Standby ••..•.••.•••.••••..• 501lW Max. 

• Low Power Operation ••.••.•••••.• 20mW/MHz Max. 

• Fast Access Time. • . • • . . • . . • . . • . . • . . •• 180ns Max. 

• Data Retention ••••••••••••••.•••••••••• 2.0V Min. 

• TTL Compatible Input/Output 

• High Output Drive - 2 TTL Loads 

• On-Chip Address Register 

HM-6508/883 
1024 X 1 CMOS RAM 

Description 
The HM·65081883 is a 1024 x 1 static CMOS RAM 
fabricated using self·aligned silicon gate technology. 
Synchronous circuit design techniques are employed to 
achieve high performance and low power operation. 

On chip latches are provided for address allowing efficient 
interfacing with microprocessor systems. The data output 
buffers can be forced to a high impedance state for use in 
expanded memory arrays. 

The HM-6508l883 is a fully static RAM and may be main
tained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 

Pinout Functional Diagram 
HM1-6508l883 (CERAMIC DIP) 

TOP VIEW 

PIN DESCRIPTION 

A Address Input 

E Chip Enable 

W Write Enable 

0 Data Input 

Q DalaOUlpul 

AS 
A6 
A7 
A8 
AS 

AO A1 A:J. A3 A4 

ALL UNES POSITIVE LOGIC - ACTIVE HIGH 
THREE STATE BUFFERS: 

A HIGH -+ OUTPUT ACTIVE 

AD~~~H ~J~~~~~~g~~~F~ECODERS: 
GATE ON FALLING EDGE OF E 

CAUTION: These d8\l1C8S are sansrtlYe 10 electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HM-6508/883 

Absolute Maximum Ratings 
Supply Voltage ..................................... +7 .OV 
Input, Output or VO Voltage .•.......... GND-0.3V to VCC+C.3V 
Storage Temperature Range ..•.............. -65°C to + 150°C 
Junction Temperature. . . . . .. • . . . . . • . .. . . • . . . . . . . . • . + 175°C 
Lead Temperature (Soldering lOs) ...............•.... +300oC 
Typical Derating Factor ......•.... 1.5mAlMHz Increase in ICCOP 
ESD Classification .•.....•...•....••....•......••• Class 1 

Reliability Information 
Thermal Resistance .... .. .. .. .. .. .. aJa 9JC 

Ceramic DIP Package............. 75°CNI 15°CNI 
Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package ............................ 0.67 W 
Gate Count ....•.......•...•......•........... 1925 Gates 

CAUTION: Stresses above thos9listed in "Absolute Maximum Ratings" may cause permanent damage to the davice. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

Operating Conditions 
Operating Voltage Range ••.•••.•.........•... +4.5V to +5.5V 
Operating Temperature Range •.••..•••...••.. -55°C to + 125°C 

Input High Voltage •......••.........••.•.. VCC -2.0V to VCC 
Input Rise and Fall TIme .......................... 40ns Max. 

Input Low Voltage .............................. OV to +C.8V 

TABLE 1_ HM-6508J883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 1000/0 Tested 

(NOTE 1) GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE 

Output Low Voltage VOL VCC=4.5V, 1,2,3 -55°C 5: T" 5: +125OC 
IOL=3.2mA 

Output High Voltage VOH VCC= 4.5V, 1,2,3 -55°C 5: T" 5: +125°C 
IOH=-O.4mA 

Input Leakage Current II VCC= 5.5V, 1,2,3 -55°C 5: T" 5: + 125°C 
VI = GND or VCC 

Output Leakage Current loz VCC= 5.5V. 1,2,3 -55°C,; T",; +12SoC 
VO = GND or VCC 

Data Retention Supply Current ICCDR VCC= 2.0V, 
E=VCC, 

1,2,3 -55°C,; T" 5: +125°C 

HM-6508B1883 10 = OmA, 
VI = VCC or GND 

HM-6508/883 

Operating Supply Current ICCOP VCC= 5.5V, 1,2,3 -55°C 5: T" 5: +125°C 
.lNote 2), 
E = 1MHz, 
10 = OmA, 

Standby Supply Current ICCSB VCC=5.0V, 1,2,3 -55°C 5: T",; +125°C 
10=OmA, 
VI = VCC or GND 

NOTES: 

1. All voltages referenced to device GND. 

2. Typical derating 1.5mAlMHz increase in ICCOP 

CAUTION: Theas devices are sensitive to electronic discharge. Proper Ie handling procedures should be followed. 

6-60 

LIMITS 

MIN MAX UNITS 

- 0.4 V 

2.4 - V 

-1.0 +1.0 I1A 

-1.0 +1.0 ~A 

- 5 I1A 

- 10 I1A 

- 4 mA 

- 10 ~A 



Specifications HM-650B/883 

TABLE 2. HM-650Bl883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

LIMITS 

GROUP A HM-6508B1883 HM-650Bl883 
(NOTES 1,2) SUB-

PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX MIN MAX 

Chip Enable (1) TElav VCC=4.Sand 9.10,11 -55°C S TA S +125OC - 180 - 250 
Access Time 5.5V 

Address Access (2) TAVaV VCC =4.5 and 9,10,11 -55°C S TA S + 125°C 180 - 250 
Time 5.5V, Note 3 

Chip Enable (3) TElaX VCC =4.5 and 9,10,11 -SSoC S TA S +12soC 5 5 -
Oulput Disable S.SV 
Time 

Wnte Enable (4) TWlaZ VCC =4.5and 9,10,11 -550C S TA S +125°C - 120 - 160 
Oulput Disable 5.5V 
Time 

Chip Enable (S) TEHQZ VCC =4.Sand 9,10,11 -55°C S TA S +125OC - 120 - 160 
Oulput Disable 5.SV 
Time 

Chip Enable (6) TElEH VCC=4.S and 9,10,11 -55°C S TA S +12SoC 180 - 2S0 -
Pulse Negative S.SV 
Width 

Chip Enable (7) TEHEl VCC=4.S and 9,10,11 -55°C S TA S +12SoC 100 100 -
Pulse Positive S.SV 
Width 

Address Setup (8) TAVEL VCC=4.5 and 9,10,11 -ssOC S TA S +12SoC 0 - 0 -
Time S.SV 

Address Hold (9) TELAX VCC =4.5and 9,10,11 -55°C S TA S +12SoC 40 50 -
Time S.SV 

Data Setup Time (10) TDVWH VCC =4.5and 9,10,11 -S5°C S TA S +12SoC 80 - 110 -
5.SV 

Data Hold Time (11) TWHDX VCC =4.S and 9,10,11 -55OC S TA S +125OC 0 - 0 -
S.5V 

Chip Enable Write (12) TWlEH VCC =4.5 and 9,10,11 -55°C S TA S +12soC 100 - 130 -
Pulse Setup Time 5.5V 

Chip Enable Wnte (13) TElWH VCC =4.5and 9,10,11 -55°C STAS +12soC 100 130 -
Pulse Hold Time 5.5V 

Write Enable (14) TWlWH VCC =4.5 and 9,10,11 -55°C S TA S +125°C 100 - 130 
Pulse Width 5.5V 

ReadorWnte (15) TElEl VCC =4.5 and 9,10,11 -55°C S TA S +12SoC 280 - 350 -
Cycle Time 5.5V 

NOTES: 

1. All voltages referenced to device GND. 

UNITS 

ns 

ns 

n8 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. Input pulse levels: O.BV to VCC-2.0V; Input nse and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
lTTl gate eqUivalent, Cl = 50pF (min) - for Cl greater than 50pF, access time IS derated by 0.15ns per pF. 

3. TAVQV = TElQV + TAVEL. 

CAUTION: Thess devices are sensitive to electroniC dISCharge Proper IC handling procedures should be followed. 
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Specifications HM-650B/883 

TABLE 3. H~ ELECTRICAL PERFORMANCE CHARACTERISTICS 

LIMITS 

PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE MIN MAX UNITS 

Input Capacitance CI VCC = Open, f = 1 MHz, All 1 TA =+25OC . 6 pF 
Measurements Referenced 
to Device Ground 

Output Capacitance CO VCC = Open, f = 1 MHz, All 1 TA = +25°C 10 pF 
Measurements Referenced 
to Device Ground 

NOTE: 
1. The parameters listed In Table 3 are controlled via design or process parameters are characterized upon initial design and after major 

process and/or design changes. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 100%15004 

Interim Test 100%15004 1,7,9 

PDA 100%15004 1 

Final Test 100%15004 2,3, SA, 68,10,11 

Group A Samplesl5005 1,2,3,7, SA, SB, 9,10,11 

GroupsC&D Samplesl5005 1,7,9 

CAUTION: These devices are sensitIve to electronic discharge. Proper IC handling procedures should be followed. 
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HM-6508l883 

Timing Waveforms 
READ CYCLE 

(8) TAV'l_ 

(7) 
r----TEHH 

---./ 

HIGH 

o 

~'lA~o..j(9) 
VALID ~ 

(8)TAV'~ ~ 
NEXT 

TELH (15) 
TELEH TEHEL_ (7) 

(6) 
1'-

-- TEHOZ (5) 
_TElQV_(1) - TEHQZ (5) 
--TElaX (3) 

----.. 
~ VALID OUTPUT 

~ 

_TAVQV~ 

(3) ! t 
REF~I:EENCE.,-----t-----i-----I----+-----+-----I--+t-

4 5 

TRUTH TABLE 

INPUTS 

TIME REFERENCE E W A 0 

-1 H X X X 

0 "- H V X 

1 L H X X 

2 L H X X 

3 f H X X 

4 H X X X 

5 "- H V X 

In the HM-650S/S83 Read Cycle, the address information is 
latched into the on chip registers on the falling edge of E (T = 
0). Minimum address setup and hold time requirements must 
be met. After the required hold time, the addresses may 
change state without affecting device operation. During time 
(T = 1) the data output becomes enabled; however, the data 

OUTPUTS 

Q FUNCTION 

Z Memory Disabled 

Z Cycle Begins, Addresses are Latched 

X Output Enabled 

V Output Valid 

V Read Accomplished 

Z Prepare for Next Cycle (Same as -1) 

Z Cycle Ends, Next Cycle Begins (Same as 0) 

is not valid until during time (T = 2). iN must remain h.!iJh for 
the read cycle. After the output data has been read, E may 
return high (T = 3). This will disable the chip and force the 
output buffer to a high impedance state. After the required E 
high time (TEHEL) the RAM is ready for the next memory 
cycle (T = 4). 
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HM-6508/883 

Timing Waveforms (Continued) 

WRITE CYCLE 
(8) TAVEL (9) 

(7) -----~-----TELEL _ J --T'HEL---
--~,- -.---- -TELEH-

(6) 
, 

------ TWLEH---

-r~-r7l~~~~~~,~---~(~1~rnlwH---~~/~77~77~~~~~ 
W ~~~~~~~~~~~~---------~~~~~~~~~~ 

0 
HIGH l 

(10) 

TIME 1 I 1 REFERENCE -, 2 3 

TRUTH TABLE 

TIME INPUTS 

REFERENCE E W A 0 

-1 H X X X 

0 ~ X V X 

1 L ~ X X 

2 L f X V 

3 f H X X 

4 H X X X 

5 ~ X V X 

The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the c~le is defined as both E and W 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E or W. Data setup and hold 
times must be referenced to the terminating signal. 

If a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data set~ and hold 
times must be referenced to the rising edge of E. By posi-

Test Load Circuit 

OUTPUTS 

Q FUNCTION 

Z Memory Disabled 

Z Cycle Begins, Addresses are Latched 

Z Write Period BeginS 

Z Data is Written 

Z Write Completed 

Z Prepare for Next Cycle (Same as -1) 

Z Cycle Ends, Next Cycle Begins (Same as 0) 

tioning the W pulse at different times within the E low time 
(TELEH), various types of write cycles may be performed. 

If the E low time (TELEH) is greater than the W pulse 
(TWLWH) plus an output enable time (TELQX), a combina
tion read write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 
The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 

......................................................................................... 

OUT o-~t--1-4( 

• TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 

1.SV 

EQUIVALENT CIRCUIT 
~ ......................................................................................... , 
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HM-650B/883 

Burn-In Circuit 
HM-65081883 CERAMIC DIP 

NOTES: 

All resistors 47fN>1 ± 5% 

FO = 100kHz ± 10% 

FO 

F3 

F4 

F5 

F6 

F7 

F2 

F1 = FO+2, F2 = F1 +2, F3= F2+2 ••. F12 = F11 +2 

VCC = 5.5V ± 0.5V 

VIH = 4.5V ± 10% 

VIL = ·0.2V to +0.4V 

C1 = O.OlIlF Min. 

Packaging 

LEAD FINISH: Type A 

MATERIALS: Compliant to MIL·M·38510 

NOTE: All Dimensions are ~ Dlmensiona are in inches. 
Max 

vee C1 

E 
~ F2 

F1 

F11 

F10 

Fa 

16 PIN CERAMIC DIP 

.065 

6-65 

285· 

11==.++305~1 

o' 
15' 

• INCREASE IAAX UIAIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOUDER FINISH 

COMPUANT OUTUNE: MIL-5TD-1835, GDIP1·T16 
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:5 
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tJ) 

o 
:5 o 



Metallization Topology 

DIE DIMENSIONS: 
130 x 150 x 19 ± 1mils 

METALLIZATION: 
Type: Si -AI 
Thickness: 11 kA ± 2kA 

GLASSIVATlON: 
Type: Si02 
Thickness: akA ± 1 kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

WORST CASE CURRENT DENSITY: 
1.342 x 105 A/cm2 

LEAD TEMPERATURE (10 seconds soldering): 
S3000C 

Metallization Mask Layout 

HM-650B/883 

HM-6508/883 
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HARRIS 
SEMICONDUCTOR 

February 1992 

Features 

• Low Power Standby .........•.......... 50~W Max. 

• Low Power Operation ............. 20mW/MHz Max. 

• Fast Access Time ..................... 180ns Max. 

• Data Retention ....................... @ 2.0V Min. 

• TTL Compatible Input/Output 

• High Output Drive· 2 TTL Loads 

• High Noise Immunity 

• On·Chlp Address Register 

• Two-Chip Selects for Easy Array Expansion 

• Three-State Output 

Ordering Information 

HM-6518 
1024 X 1 CMOS RAM 

Description 

The HM-6518 is a 1024 x 1 static CMOS RAM fabricated 
using self·aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high 
performance and low power operation. 

On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 

The HM-6518 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. Data retention 
supply voltage and supply current are guaranteed over
temperature. 

PACKAGE TEMPERATURE RANGE 180n5 250n5 

Pinout 

PIN 

A 

E 

W 

S 

D 

Q 

Plastic DIP -40°C to +85°C HM3-6518B-9 HM3-6518-9 

Ceramic DIP -40°C to +85°C HMl-6518B-9 HMl-6518-9 

"/883 -55°C to +125°C HMl-6518B1883 HM 1-65181883 

" Respective /883 SpeclflCabons are included at the end of thIS data sheet. 

18 LEAD DIP 
TOP VIEW 

VCC 

52 

W 

A9 

AS 

A6 

AS 

DESCRIPTION 

Address Input 

Chip Enable 

Write Enable 

Chip Select 

Data Input 

Data Output 

Functional Diagram 

AS 
A6 
A7 
AS 
A9 

AO Al A2 A3 A4 

ALL LINES POSITIVE LOGIC - ACTIVE HIGH 
THREE STATE BUFFERS: 

A HIGH - OUTPUT ACTIVE 

DATA LATCHES: 
LHIGH - O=D 
o LATCHES ON RISING EDGE OF L 

ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 

CAUTION These devICes are senSitive to electrostatic discharge. Users should follow proper I.e. Handling Procedures. 

Copyright © Harris Corporation t 992 6-67 
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Specifications HM-6518 

Absolute Maximum Ratings 
Supply Voltage ...•.••.•••...••...•.••.••......•••.. +7.0V 
Input, Output or VO Voltage ...•.•...... GND-0.3V to VCC+0.3V 
Storage Temperature Range ..........•...... -65°C to + 150°C 
Junction Temperature. • . . . • . . . • • . . • • . . • . . . . . . . . . • . • + 175°C 
Lead Temperature (Soldering lOs) .....•.••....•...••. +300°C 
ESD Classification ...........••..•••.•.•...•...•.. Class 1 

Reliability Information 
Thermal Resistance 0Ja 

Ceramic DIP Package. . . . . . . . • . . .. 75°C/VII 
Maximum Package Power Dissipation at + 125°C 

Ceramic DIP Package ......•••......•..•.......••. 0.67W 
Gate Count ••...........•............••.•.•... 1936 Gates 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the daviee. This is a stress only rating and operation 
of the deviee at these or any other conditions above those indicated in the operational sections of this specifieation is not implied. 

Operating Conditions 
Operating Voltage Range •.•.••...••.•.•..•••. +4.5V to +5.5V Operating Temperature Range 

HM-6518B-9, HM-6518-9 .......•....•.•..•. -400C to +85°C 

DC Electrical Specifications vcc = 5V ± 10%; TA = -40oc to +85°C (HM-6518B-9, HM-6518-9) 

LIMITS 

PARAMETER SYMBOL MIN MAX UNITS 

Standby Supply Current ICCSB - 10 IIA 

Operating Supply ICCOP 4 mA 
Current (Note 1) 

Data Retention Supply l HM-6518B-9 ICCDR 5 IIA 
Current I HM-6518-9 10 jIA 

Data Retention Supply Voltage VCCDR 2.0 V 

Input Leakage Current " -1.0 +1.0 IIA 

Output Leakage Current 10Z -1.0 +1.0 jIA 

Input Low Voltage VIL -0.3 0.8 V 

Input High Voltage VIH VCC-2.0 VCC+0.3 V 

Output Low Voltage VOL - 0.4 V 

Output High Voltage VOH 2.4 - V 

Capacitance TA = +25°C 

PARAMETER SYMBOL MAX UNITS 

Input Capacitance (Note 2) CI 6 pF 

Output Capacitance (Note 2) CO 10 pF 

NOTES: 

1. Typical derating 1.5mAIMHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I C. handling procedures should be followed. 
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TEST CONDITIONS 

10 = OmA, VI = VCC or GND, 
VCC= 5.5V 

E = lMHz, 10 = OmA, VI = VCC or 
GND, VCC = 5.5V 

VCC = 2.0V, 10 = OmA, VI = VCC or 
GND,E=VCC 

VI = VCC or GND, VCC = 5.5V 

VO = VCC or GND, VCC = 5.5V 

VCC=4.5V 

VCC =5.5V 

10 = 3.2mA, VCC = 4.5V 

10 = -O.4mA, VCC = 4.5V 

TEST CONDITIONS 

f = 1 M Hz, All measurements are 
referenced to device GND 



Specifications HM-6518 

AC Electrical Specifications vcc = 5V ± 10%; TA = -4O"C to +85°C (HM-6518B-9, HM-6518-9) 

LIMITS 

HM-6518B-9 HM-6518-9 
TEST 

PARAMETER SYMBOL MIN MAX MIN MAX UNITS CONDITIONS 

ChIp Enable Access Time (1) TELQV - 180 - 250 ns (Notes I, 3) 

Address Access TIme (2) TAVQV 180 - 250 ns (Notes 1, 3, 4) 

Chip Select Output Enable Time (3) TSLQX 5 t20 5 160 ns (Notes 2, 3) 

Write Enable Output DIsable TIme (4) TWLOZ 120 - 160 ns (Notes 2, 3) 

Chip Select Output Disable TIme (5) TSHQZ 120 - 160 ns (Notes 2, 3) 

ChIp Enable Pulse Negative Width (6) TELEH t80 - 250 ns (Notes 1,3) 

ChIp Enable Pulse Posibve WIdth (7) TEHEL 100 - 100 ns (Notes 1,3) 

Address Setup Time (8) TAVEL 0 - 0 ns (Notes 1,3) 

Address Hold TIme (9) TELAX 40 - 50 ns (Notes 1, 3) 

Data Setup Time (10) TDVWH 80 110 ns (Notes 1,3) 

Data Hold Time (11) TWHDX 0 0 ns (Notes 1,3) 

ChIp Select Wnte Pulse Setup TIme (12) TWLSH 100 - 130 - ns (Notes 1,3) 

ChIp Enable Wnte Pulse Setup TIme (13) TWLEH 100 - 130 ns (Notes 1,3) 

ChIp Select Wnte Pulse Hold TIme (14) TSLWH 100 - 130 ns (Notes I, 3) 

Chip Enable Wnte Pulse Hold TIme (15) TELWH 100 - 130 ns (Notes I, 3) 

Wnte Enable Pulse W,dth (16) TWLWH 100 130 ns (Notes 1,3) 

Read or Write Cycle Time (17) TELEL 280 350 ns (Notes 1,3) 

NOTES: 

1. Input pulse levels: 0.8V to vee - 2.0V; Input nse and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time IS derated by 0.15ns per pF. 

2. Tested at IMial deSIgn and after major design changes. 

3. VCC = 4.5V and 5.5V. 

4. TAVQV = TELQV + TAVEL. 
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Timing Waveforms 

READ CYCLE 

A 

o <>G><.x 

o PR~m.US 

181 
TAVEL-

xxx 

TEHEL 

171 
HIGH 

.J HIGH Z 

HM-6518 

191 181 
r-TELA~-l TAVE~,..== 

VALID AJ<. XXY .JV<..X ~ NEXT 

TELEL WI 
TELEH TEHEL~ 

161 .If' 171 "-

-!ELOV II 1---, 
TAvovI21 ~ HIGHZ 

VALID OUTPUT LATCHED 

TSHOZ 151 TSLOX ~ 151 TSHOZ"I--

Irl>~131 ~ 
REFER:~~: ------II---+I-------1I------+----t..------+I--+t-

-1 5 

TRUTH TABLE 

INPUTS OUTPUTS 
TIME 

REFERENCE E S1 W A D Q FUNCTION 

-1 H H X X X Z Memory Disabled 

0 "- X H V X Z Cycle Begins, Addresses are Latched 

1 L L H X X X Output Enabled 

2 L L H X X V Output Valid 

3 ..r L H X X V Output Latched 

4 H H X X X Z Device Disabled, Prepare for Next Cycle 
(Same as -1) 

5 "- X H V X Z Cycle Ends, Next Cycle Begins 
(Same as 0) 

NOTE: 1. Device salected only if both 51 and S2 are low, and deselected if either Sl or 52 are high 

In the HM-6518 read cycle the address information is 
latched into the on chip registers on the falling edge of E 
(T = 0). Minimum address setup and hold time require
ments must be met. After the required hold time the 
addresses may change state without affecti'!S...devic!. oper
ation. In order for the output to be read 51, 52 and E must 

be low, iii must be high. When E goes high the output data 
is latched into an on chip register. Taking either or both 51 
or 52 high forces the output buffer to a high impedance 
state. !!!.e oute!!! data may be re-enabled I!!. any time by 
taking 51 and 52 low. On the falling edge of E the data will 
be unlatched. 
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HM-6518 

Timing Waveforms (Continued) 

19) 18) 18) WRITE CYCLE 
lAVEd. -TElA>:..-l TAVE~ ::= 

VALID "i(X ..x.. NEXT 

TEHEl 
TELEL 

TE HE l---=-= mr 
TElEH 

III 151 
1131 

111 "--
TWLEH 

1151 TElWH 
lWlWH115) 

(101~ovwH--- ___ TWHOX 1111 

\,dK VALID DATA 
.)()(X 

Q 
HIGHl 

(1~11 TSlWH 

-112) mlSH 

REFER:~~~ -----+I--+-------l-----II--+---+----+-
-1 

TRUTH TABLE 

TIME INPUTS OUTPUTS 

REFERENCE E Sl W A 0 Q FUNCTION 

-1 H X X X X Z Memory Disabled 

0 It... X X V X Z Cycle Begins. Addresses are Latched 

1 L L L X V Z Write Mode has Begun 

2 L ...r L X V Z Data is Written 

3 ...r X X X X Z Write Completed 

4 H X X X X Z Prepare for Next Cycle (Same as -1) 

5 It... X X V X Z Cycle Ends. Next Cycle Begins (Same as 0) 

NOTE: 1. Device selected only if both Sl and S2 are low. and deselected if either Sl or S2 are high 

The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip r~isters. 
The write portion of the cycle is defined as E. W. 51 and 52 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E. W. 51 or 82. Data setup 
and hold times must be referenced to the terminating signal. 

If a series of consecutive write cycles are to be performed. 
the W line may remain low until all desired locations have 
been written. When this method is used. data setup and hold 
times must be referenced to the risino edoe of E. Bv 

Test Load Circuit 

positioning the W pulse at different times within the E low 
time (TELEH). various types of write cycles may be 
performed. If the E low time (TELEH) is greater than the W 
pulse (TWLWH) plus an output enable time (T5LOX). a 
combination read write cycle is executed. Data may be 
modified an indefinite number of times during any write cycle 
(TELEH). 

The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLOZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 

......................................................................................... 

• TEST HEAD 
CAPACITANCE. 
INCLUDES STRAY 
AND JIG CAPACITANCE 

1.SV 

I 
i 
~ 
: 
! 

EQUIVALENT CIRCUIT i 
i. ........................................................................................ J 
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I-IARRIS 
SEMICONDUCTOR 

January 1992 

Features 

This Circuit Is Processed In Accordance to MII-Std-
883 and Is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

• Low Power Standby ............•...•... 50IlW Max. 

• Low Power Operation ••..•.•.•.••• 20mWIMHz Max. 

• Fast Access Time. • . • . • . • . • . • • • • • . . . .• 180ns Max. 

• Data Retention •••..•......•..••...... @ 2.0V Min. 

• TTL Compatible Input/Output 

• High Output Drive - 2 TTL Loads 

• High Noise Immunity 

• On-Chip Address Register 

• Two-Chip Selects for Easy Array Expansion 

• Three-State Output 

HM-6518/883 
1024 X 1 CMOS RAM 

Description 

The HM-65181883 is a 1024 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. 
Synchronous circuit design techniques are employed to 
achieve high performance and low power operation. 

On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 

The HM-65181883 is a fully static RAM and may be 
maintained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 

Pinout Functional Diagram 
HM-65181883 (CERAMIC DIP) 

TOP VIEW 

PIN DESCRIPTION 

A Address Input 

E Chip Enable 

W Write Enable 

S Chip Select 

0 Data Input 

a Data Output 

AS 
A6 
A7 
A8 
AS 

Vi 

AO Al A2 A3 A4 

ALL LINES POSITIVE LOGIC - AC1lVE HIGH 
THREE STATE BUFFERS: 

A HIGH - OUTPUT AC1lVE 

DATA LATCHES: 
LHIGH - Q=D 
Q LATCHES ON RISING EDGE OF L 

ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FAWNG EDGE OFE 
GATE ON FALLING EDGE OF E 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation t 992 
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Specifications HM-6518/883 

Absolute Maximum Ratings 
Supply Voltage ..................................... +7.0V 
Input, Output or 1/0 Voltage ............ GND·0.3V to VCC+O.3V 
Storage Temperature Range ................. -65°C to + 150°C 
Junction Temperature .............................. + 175°C 
Lead Temperature (Soldering lOs) .................... +300oC 
ESD Classification ................................ Class 1 

Reliability Information 
Thermal Resistance ala 

Ceramic DIP Package. . . . . . . . . . . .. 75°C/W 
Maximum Package Power DISsipation at + 125°C 

Ceramic DIP Package ............................. 0.67W 
Gate Count ..............................•.... 1936 Gates 

CAUTION: Stresses above those listed in -Absolute Maximum Ratings· may cause permanent damage to the deVICB. This is 8 stress only rating and operatIOn 
of the device at these or any other conditions above those mdlcated In the operational sectIons of thIS specification IS not implied. 

Operating Conditions 
Operating Voltage Range. . . . . . . . . . . . . . . . . . . .. +4.5V to +5.5V Input High Voltage ........................ VCC • 2.0V to VCC 
Operating Temperature Range ................ -55°C to + 125°C Input Rise and Fall Time .......................... 40ns Max 
Input Low Voltage .............................. OV to +O.BV 

TABLE 1. HM-65181983 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

PARAMETER SYMBOL 

Output Low Voltage VOL 

Output High Voltage VOH 

Input Leakage Current 

Output Leakage Current 10Z 

Data Retention Supply Current ICCDR 

HM-651 BB/BB3 

HM-65191BB3 

Operating Supply Current ICCOP 

Standby Supply Current ICCSB 

NOTES: 

1. All voltages referenced to device GND. 

(Note 1) 
CONDITIONS 

VCC =4.5V, 
IOL=3.2mA 

VCC =4.5V, 
10H =.().4mA 

VCC= 5.5V, 
VI = GND or VCC 

VCC =5.5V, 
VO = GND or VCC 

VCC =2.0V, 
E =VCC, 
10= OmA, 
VI = VCC or GND 

VCC = 5.5V, 
!!'I0te 2), 
E = IMHz, 
10= OmA, 
VI = VCC or GND 

VCC =5.5V, 
10= OmA, 
VI = VCC or GND 

2. Typical derating 1.5mA/MHz Increase In ICCOP 

GROUP A 
SUBGROUPS 

1,2,3 

1,2,3 

1,2,3 

1,2,3 

1,2,3 

1,2,3 

1,2,3 

TEMPERATURE 

-55°C S TA S +125°C 

CAUTION: These devICes are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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LIMITS 

MIN MAX UNITS 

0.4 V 
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Specifications HM-65181883 

TABLE 2. HM-65181883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

LIMITS 

GROUP A HM-6518B1883 HM-65181883 
(Notes 1,2) SUB· 

PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX MIN MAX 

Chip Enable (1) TElQV VCC = 4.5 and 9,10,11 -55°C S TA S + 125°C - 180 - 250 
AceessTime 5.5V 

Address Aceess (2) TAVQV VCC = 4.5 and 9,10,11 -55°C S TA S +125°C - 180 - 250 
Time 5.5V, Note 3 

Chip Select (3) TSLQX VCC =4.5 and 9,10,11 -55°CSTAS+125°C 5 . 5 . 
Output Enable 5.5V 
Time 

Write Enable (4) TWLQZ VCC = 4.5 and 9,10,11 -55°CsTA:S+125°C - 120 - 160 
Output Disable 5.5V 
Time 

Chip Select (5) TSHQZ VCC=4.5 and 9,10,11 -55°C S TA S + 125°C - 120 - 160 
Output Disable 5.5V 
Time 

Chip Enable Pulse (6) TELEH VCC=4.5 and 9,10,11 -550CSTAS+125°C 180 - 250 -
Negative Width 5.5V 

Chip Enable Pulse (7) TEHEL VCC =4.5 and 9,10,11 -55°C S TA:s + 125°C 100 - 100 -
Positive Width 5.5V 

Address Setup (8) TAVEL VCC=4.5 and 9,10,11 -55°C S TA S +125°C 0 - 0 -
Time 5.5V 

Address Hold Time (9) TELAX VCC =4.5 and 9,10,11 ·55°C S TA S +125°C 40 - 50 -
5.5V 

Data Setup Time (10) TDVWH vce =4.5 and 9,10,11 -55°C S TA S +125OC 80 - 110 -
5.5V 

Data Hold Time (11) TWHDX VCC =4.5 and 9,10,11 -55°e :S TA :S + 125°C 0 - 0 -
5.5V 

Chip Select Wr~e (12) TWLSH VCC=4.5and 9,10,11 -55°CSTA:S+125OC 100 - 130 -
Pulse Setup Time 5.5V 

Chip Enable Write (13) TWLEH VCC =4.5 and 9,10,11 -550C:s TA:S +125OC 100 - 130 -
Pulse Setup Time 5.5V 

Chip Select Write (14) TSLWH VCC =4.5 and 9,10,11 -55OCSTA:S+125°C 100 - 130 -
Pulse Hold Time 5.5V 

Chip Enable Write (15) TELWH VCC= 4.5 and 9,10,11 -55°e:s TA:s + 125°C 100 - 130 -
Pulse Hold Time 5.5V 

Write Enable Pulse (16) TWLWH VCC =4.5 and 9,10,11 -55°C:s TA S + 125°C 100 - 130 -
Width 5.5V 

Read or Write (17) TELEL VCC =4.5 and 9,10,11 -55oe S TA:S +125°C 280 - 350 -
Cycle Time 5.5V 

NOTES: 

1. All voltages referenced to device GND. 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. Input pulse levels: O.BV to VCe-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
-1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time Is derated by 0.15ns per pF. 

3. TAVQV = TELQV + TAVEL. 

CAUTION: These devices are sensHIV9 to electrostatic dIscharge. Proper I.C. handling procedures should be followed. 
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Specifications HM-6518/883 

TABLE 3. HM-651B1883 ELECTRICAL PERFORMANCE CHARACTERISTICS 

LIMITS 

PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE MIN MAX UNITS 

Input Capacitance CI VCC = Open, f = 1 MHz, All 1 TA = +2SoC . 6 pF 
Measurements Referenced 
to Device Ground 

Output Capacitance CO VCC = Open, f= lMHz, All 1 T,,= +2SoC . 10 pF 
Measurements Referenced 
to Device Ground 

NOTE: 1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon Initial design and after 
major process and/or design changes. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 100%/5004 

Interim Test 100%15004 1,7,9 

PDA 100%/5004 1 

Final Test 100%/5004 2,3, SA, BB, 10, 11 

Group A Samples/SOOS l,2,3,7,BA,BB.9, 10, 11 

GroupsC&D Samples/SOOS 1,7,9 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HM-65181883 

Timing Waveforms 
READ CYCLE 181 191 181 

A 

TAVEL- I-TELA~ TAVE~..-~ .xx VALID ~X XX)( .xx ~ NEXT 

t;::::=!EHE L 
TELEL WI 

TEUH TEHEL-

171 161 A' 171 f'-
HIGH 

o ( X x 
-TELov(1l----, 

-TAVOVI21 ~ HIGHZ 
o VALID OUTPUT LATCHED PR~X~'l.US "HIGH Z 

TSHQZ "l---TSHOZ 1--151 ~ 
., 

TSLOX 151 ~.<l>~131 ~ 

REFER:~~~ -----.... 1---+1-----11-----+----11-----+1-+1--. 4 5 

TRUTH TABLE 

INPUTS OUTPUTS 
TIME 

REFERENCE E S1 W A 0 Q FUNCTION 

-1 H H X X X Z Memory Disabled 

0 ~ X H V X Z Cycle Begins. Addresses ere Latched 

1 L L H X X X Output Enabled 

2 L L H X X V OUtput Valid 

3 f L H X X V Output Latched 

4 H H X X X Z Device Disabled. Prepare for Next Cycle 
(8ameas-1) 

5 ~ X H V X Z Cycle Ends. Next Cycle Begins 
(8ame as 0) 

NOTE: 1. Device selected only if both 81 and 52 are low. and deselected If either 81 or 82 are high 

In the HM-65181883 read cycle the address information is 
latched into the on chip registers on the falling edge of E 
(T = 0). Minimum address setup and hold time require
ments must be met. After the required hold time the 
addresses may change state without affecti~devic!!. oper
ation. In order for the output to be read 81. 82 and E must 

be low. Vii must be high. When E goes high the output data 
is latched into an on chip register. Taking either or both 81 
or 82 high forces the output buffer to a high impedance 
state. The out~ data may be re-enabled I!!. any time by 
taking 81 and 82 low. On the falling edge of E the data will 
be unlatched. 
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HM-65181883 

Timing Waveforms (Continued) 

181 191 181 WRITE CYCLE 
lAVEd. r-TElA~ lAVEd ~ 

""-I VALID ,'iEJV<. >1'.... NEXT 

TELEl TEHEl--== Wi 
TEHEl TElEH 

171 161 A 171 i"-
1151 

TWlEH 1131 
TElWH 

TWLWHI161 

II 01 t::::::=.TOVWH --- .~TWHoxI111 
o '><'XY iJK VALID DATA 

Q 
HIOHZ 

11411 TSLWH 

51, 
n ~~ 

1121 TWLSH 
~\\\\\\\\\\\ 

REFER:~~~ -----+I--+--------1I--------1I----t----t----t-
·1 

TRUTH TABLE 

TIME INPUTS OUTPUTS 

REFERENCE E S1 W A 0 Q FUNCTION 

-1 H X X X X Z Memory Disabled 

0 """'- X X V X Z Cycle Begins, Addresses are Latched 

1 L L L X V Z Write Mode has Begun 

2 L J L X V Z Data is Written 

3 J X X X X Z Write Completed 

4 H X X X X Z Prepare for Next Cycle (Same as -1) 

5 """'- X X V X Z Cycle Ends, Next Cycle Begins (Same as 0) 

NOTE: 1. Device selected only if both S1 and S2 are low, and deselected If either ST or 52 are high 

The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as E, iN, 51 and 52 
being low simultaneously. iN may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E, iN, 81 or 82. Data setup 
and hold times must be referenced to the terminating signal. 

If a series of consecutive write cycles are to be performed, 
the iN line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the risina edae of E. Bv 

Test Load Circuit 

positioning the iN pulse at different times within the E low 
time (TELEH), various types of write cycles may be 
performed. If the E low time (TELEH) is greater than the W 
pulse (TWLWH) plus an output enable time (T8LQX), a 
combination read write cycle is executed. Data may be 
modified an indefinite number of times during any write cycle 
(TELEH). 

The data input and data output pins may be tied together for 
use with a common 1/0 data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after iN goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 

, ..................................................................................... . 

• TEST HEAP 
CAPACITANCE, 
INCLUPES STRAY 
AND JIG CAPACITANCE 

I 
! 

1.SV 

EQUIVALENT CIRCUIT 
~ ......................................................................................... . 
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HM-6518/883 

Burn-In Circuit 
HM-651B/BB3 CERAMIC DIP 

NOTES: 

All resistors 47kW ±5% 

FO = 100kHz ±10% 

FO 

FO 

F3 

F4 

F5 

F6 

F7 

F2 

Fl = FO + 2, F2 = Fl + 2, F3 = F2 + 2 ... F12 = Fll + 2 

VCC = 5.5V ±0.5V 

VIH = 4.5V ±1 0% 

VIL = -0.2V to +0.4V 

Cl = O.OlIlF Min. 

Packaging 

.005 MIN ~ 
882 

915 

VCC 

Sl VCC 

E S2 

AO D 

Al Vi 

A2 A9 

A3 AB 

A4 A7 

Q A6 

GND A5 

16 PIN CERAMIC DIP 

f ~========~ 

'"' j'::: t 
125 

.180 

.065 

.100 
BSC 

Cl 

E 
FO 

F2 

Fl 

F12 

Fll 

FlO 

F9 

FB 

~ 

o· 
15-

• INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 

. SOLDER FINISH 

LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 

MATERIALS: Compliant to MIL-M-38510 

NOTE: All Dimensions are ~ Dimensions are in inches. 
Max 
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Metallization Topology 
DIE DIMENSIONS: 

130 x 150 x 19 ± 1mils 

METALLIZAnON: 
Type: Si - AI 
Thickness: 11 kA ± 2kA 

GLASSIVAnON: 
Type: Si02 
Thickness: akA ± 1 kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic A"oy 
Temperature: Ceramic DIP - 460°C (Max) 

WORST CASE CURRENT DENSITY: 
1.342 x 1 OS A/cm2 

Metallization Mask Layout 

HM-65181883 

HM-65181883 

E 51 vee 

AO 

A1 

Q AS 

NOTE: Pin Numbers Correspond to DIP Package Only 
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HM-6551 
February 1992 256 X 4 CMOS RAM 

Features Description 

• Low Power Standby •••••••••••••••••••• 5011W Max. The HM-6551 is a 256 x 4 static CMOS RAM fabricated 
using self·aligned silicon gate technology. Synchronous 
circuH design techniques are employed to achieve high 
performance and low power operation. 

• Low Power Operation ••••••••••••• 20mWIMHz Max. 

• Fast Access Time. • • • • • • • • • • • • • • • • • • •• 220ns Max. 

• Data Retention ......................... 2.0V Min. On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 

• TTL Compatible Input/Output 

• High Output Drive - 1 TTL Load 

• Internal Latched Chip Select 

• High Noise Immunity 

• On-Chlp Address Register 

• Latched Outputa 

• Three-State Output 

Ordering Information 
PACKAGE 

Plastic DIP 

Ceramic DIP 

• 1883 

TEMPERATURE RANGE 

-400c to +85°C 

-40OC to +85°C 

-55°C to +125OC 

The HM·6551 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. Data retention 
supply voltage and supply current are guaranteed over· 
temperature. 

220n. 300n. 

HM3·6551B·9 HM3-6551-9 

HMI-6551B-9 HMI-6551-9 

HMI-655181883 HMI-6551/883 

• Respective 1883 specifications are included at the end of this data sheet. 

Pinout 

PIN 

A 

E 
W 

5 
D 

Q 

22 LEAD DIP 
TOP VIEW 

DESCRIPTION 

Address Input 

Chip Enable 

Write Enable 

Chip Select 

Data Input 

Data Output 

Functional Diagram 

32 

Dlo-~~~+-""""""""""""",,~ 

D2 

03 

32x32 
MATRIX 

GATED COLUMN 
DECODER 

AND DATA 110 

QO 

01 

02 

E~~--~~=-~~==~r-~--~-, 

Vi o-cl ~-.... +. ........ --' 
52 

51 0-<0-............ -' 

SELECT LATCH: 
LLOW- 0,,0 
a LATCHES ON RISING EDGE OF L 

ADDRESS LATCHES AND GATED ~CODERS: 

~~~HO~NF:fu~~~~~~'lE 

LATCHED ADDRESS 
REGISTER 

A2 A3 A4 

ALL UNES POSITIVE LDGIC-ACTIVE HIGH 

THREE STATE BUFFERS: 
A HIGK-- OUTPUT ACTIVE 

DATA LATCHES: 
LHIGH- 0=0 
a LATCHES ON FAWNG EDGE OF L 

CAUTION: Th ..... d8\lices are .. ns~i"" 10 electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2989 
Copyright @ Harros Corporation 1992 
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Specifications HM-6551 

Absolute Maximum Ratings 
Supply Voltage ••.......•...........•........•.•.... +7.0V 
Input, Output or 1/0 Voltage .......•...• GND..Q.3V to VCC+O.3V 
Storage Temperature Range .........•.•..... -65°C to + 150°C 
Junction Temperature .••.......•..••.......••...... + 175°C 
Lead Temperature (Soldering 1 Os). . . . . . . . . . . . . . . . . . . . +300oC 
ESD Classification ................................ Class 1 

Reliability Information 
Thermal Resistance ala 

Ceramic DIP Package............. 600CIW 
Maximum Package Power Dissipation at +125°C 

aJC 
15°CIW 

Ceramic DIP Package •.........••........•....•... 0.83W 
Gate Count ............••••...•..•...•........ 1930 Gates 

CAUTION: Stresses abo ... those listed in "Absolute Maximum Ratings" may cause permanent damage to the deviee. This is a stress only rating and operation 
of the devies at these or any other conditions abo ... those indicated in the operational sections of this specification is not impHed. 

Operating Conditions 
Operating Voltage Range. . . . . . . . . . . . . . . . . . . .. +4.SV to +5.5V Operating Temperature Range 

HM-6551 B-9, HM-6551-9 ........•••........ -400C to +85°C 

DC Electrical Specifications vcc = sv ± 10%; TA = -40°C to +85°C (HM-6551B-9, HM-6551-9) 

UMITS 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

ICCSB Standby Supply Current - 10 IlA 10 = OmA, VI = VCC or GND, 
VCC=5.SV 

ICCOP Operating Supply Current (Note 1) 4 rnA E = 1MHz, 10 = OmA, VCC = 5.5V, 
VI = VCC or GND, iN = GND, 

ICCDR Data Retention Supply Current 10 IlA VCC = 2.0V, 10 = OmA, VI = VCC or 
GND,E=VCC 

VCCDR Data Retention Supply Voltage 2.0 - V 

II Input Leakage Current -1.0 +1.0 IlA VI = VCC or GND, VCC = 5.SV 

IOZ Output Leakage Current -1.0 +1.0 IlA VO = VCC or GND, VCC = S.SV 

VIL Input Low Voltage -0.3 0.8 V VCC=4.5V 

VIH Input High Voltage VCC-2.0 VCC+O.3 V VCC=S.5V 

VOL Output Low Voltage - 0.4 V 10 = 1.6mA, VCC = 4.SV 

VOH Output High Voltage 2.4 V 10 = ..Q.4mA, VCC = 4.SV 

Capacitance TA = +2SOC 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CI Input Capacitance (Note 2) 6 pF f = 1 MHz, All measurements are 
referenced to device GND 

CO Output Capacitance (Note 2) 10 pF 

NOTES: 

1. Typical derating 1.SmAlMHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM-6551 

AC Electrical Specifications vcc = 5V ± 10%; TA = -40"C to +85°C (HM-6551B-9, HM-6551-9) 

LIMITS 

HM-6551B-9 HM-6551-9 
TEST 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS CONDITIONS 

(1) TELQV Chip Enable Access Time - 220 - 300 ns (Notes 1,3) 

(2) TAVQV Address Access Time - 220 - 300 ns (Notes 1, 3, 4) 

(3) TS1LQX Chip Select 1 Output Enable Time 5 130 5 150 ns (Notes2,3) 

(4) TWLQZ Write Enable Output Disable Time - 130 - 150 ns (Notes2,3) 

(5) TS1HQZ Chip Select 1 Output Disable Time - 130 - 150 ns (Notes 2, 3) 

(6) TELEH Chip Enable Pulse Negative Width 220 - 300 - ns (Notes 1,3) 

(7) TEHEL Chip Enable Pulse Positive Width 100 100 - ns (Notes 1, 3) 

(8) TAVEL Address Setup Time 0 - 0 - ns (Notes 1, 3) 

(9) TS2LEL Chip Select 2 Output Disable Time 0 - 0 - ns (Notes 1,3) 

(10) TELAX Address Hold Time 40 - 50 - ns (Notes 1,3) 

(11) TELS2X Chip Select 2 Hold Time 40 - 50 (Notes 1,3) 

(12) TDVWH Data Setup Time 100 - 150 - ns (Notes 1,3) 

(13) TWHDX Data Hold Time 0 - 0 - ns (Notes 1, 3) 

(14) TWLS1H Chip Select 1 Write Pulse Setup Time 120 - 180 - ns (Notes 1, 3) 

(15) TWLEH Chip Enable Write Pulse Setup Time 120 - 180 - ns (Notes 1, 3) 

(16) TS1LWH Chip Select 1 Write Pulse Hold Time 120 - 180 - ns (Notes 1,3) 

(17) TELWH Chip Enable Write Pulse tlold Time 120 - 180 - ns (Notes 1,3) 

(18) TWLWH Write Enable Pulse Width 120 - 180 - ns (Notes 1,3) 

(19) TELEL Read or Write Cycle Time 320 - 400 - ns (Notes 1,3) 

NOTES: 

1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TIL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 

4. TAVQV = TELQV + TAVEL. 
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HM-6551 

Timing Waveforms 
READ CYCLE 

i 

181 TAVEL_ 

i'::=:171 TEHEl 

191 
TS2LEL __ 

~11DI 
VALID ~ 

~. 1111 

I 

18hAVEL_ ==-~ NEXT 

1191 TELEL 
TELEH TEHEL-I- 171 

161 % ~ 
I 191 

TS2LEL_ -

-TEL::;;1111 121!-----TAvov 
OO<X VALID OUTPUT 

13hS1LOX F' . ~TS1HOZ 151 

W __ ~HI~GH~ ____________________________________________ _ 

REF~I:EENCE;-------+t -----j---------t-----+--------+-------t---t--, 
TRUTH TABLE 

INPUTS 
TIME 

REFERENCE E S1 S2 W 

-1 H H X X 

0 "- X L H 

1 L L X H 

2 L L X H 

3 ..r L X H 

4 H H X X 

5 "- X L H 

The HM-6551 Read Cycle is initiated by the falling edge of E. 
This signal latches the input address word and 52 into on 
chip registers providing the minimum setup and hold times 
are met. After the required hold time, these "!!!puts may 
change state without affecting device operation. 52 acts as a 
high order address and simplifies decoding. For the output to 
be read, E, 51 must be low and W must be high. 52 must 
have been latched low on the falling edge of E. The output 

A 

X 

V 

X 

X 

X 

X 

V 

OUTPUTS 

0 Q FUNCTION 

X Z Memory Disabled 

X Z Addresses and S2 are Latched, 
Cycle Begins 

X X Output Enabled but Undefined 

X V Data Output Valid 

X V 2!!tputs Latched, Valid Data, 
S2 Unlatches 

X Z Prepare for Next Cycle 
(Sameas-1) 

X Z Cycle Ends, Next Cycle Begins 
(Same as 0) 

data will be valid at access time (TELQV). The HM-6551 has 
output data latches that are controlled by E. On the rising 
edge of E the present data is latched and remains in that 
state until E falls. Also on the riSing ~e of E, 52 unlatches 
and controls the outputs along with 51. Either or both 51 or 
52 may be used to force the output buffers into a high 
impedance state. 
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· HM-6551 

Timing Waveforms (Continued) 

WRITE CYCLE 181~ TAVEL ~ 181~L TAVEL ~ 

VAUD !91;. NEXT 
171 1191 TlLEL 

~EHEL TELEH TEHEL_17) 
16) 

i 18) "-
18) ;::i 

~. 
TlZLEL.,j __ 

ruLEL 
111) 

,I 
DATA VAUD 

lWLEHI15)-rt 117) TELWH 112) '-lWHDX 11 3) 

~""" 
_TDVWH I'l//. 

iI~iH-
116~r -nnWH 

TWU1" 
~ 114) 

1 
TIME t 

REFERENC£ -. 
TRUTH TABLE 

TIME INPUTS 

REFERENCE E Sl 52 W A 

-1 H H X X X 

0 "-- X L X V 

1 L L X "-- X 

2 L L X f X 

3 f X X H X 

4 H H X X X 

5 "-- X L X V 

In the Write 2rcle the falling edge.2f E latches the 
addresses and 82 into on chip registers. S2 must be latched 
in the low state to enable-the device. The write portion of the 
cycle is defined as Ejii, 81 being low and 52 being latched 
simultaneously. The W line may go low at any time during 
the cycle providing that the write pulse setup times (lWLEH 
and TWLS1 H) are met. The write portio!!. o,!.!he ~Ie is ter
minated on the first rising edge of either E, W, or 81. 

If a series of consecutive write cycles are to be executed, the 
W line may be held low until all desired locations have been 
written. If this method is used, data setup and hold times 
must be referenced to the first rising edge of E or Sf. By 

OUTPUTS 

D Q FUNCTION 

X Z Memory Disabled 

X Z Cycle Begins, Addresses and S2 
are Latched, 

X Z Write Period Begins 

V Z Data In is Written 

X Z Write is Completed 

X Z Prepare for Next Cycle (Same as -1 ) 

X Z Cycle Ends, Next Cycle Begins 
(Same as 0) 

£!2.sitioning the write pulse at different times within the E and 
81 low time (TELEH), various types of write cycles may be 
E!rformed. If the 81 low time (T81LS1H) is greater than the 
W pulse plus an output enable time (T81LQX), a combina
tion read-write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 

The HM-6551 may be used on a common VO bus structure by 
tying the input and output pins together. The multiplexing is 
accomplished internally by the W line. In the write cycle, when 
W goes low, the output buffers are forced to a high impedance 
state. One output disable time delay (lWLQZ) must be 
allowed before applying input data to the bus. 

Test Load Circuit I······························· .. ···· .. ······ .. ···· .. · .. · ......................... . 

OUT _ ..... --i-<I( 

* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 

± I.SV 

EQUIVALENT CIRCUIT 
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HARRIS 
SEMICONDUCTOR 

January 1992 

Features 

• This Circuit Is Processed In Accordance to MII-Std-
883 and Is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

• Low Power Standby .................... 50ll W Max. 

• Low Power Operation ..........••• 20mWIMHz Max. 

• Fast Access Time •...••••••••••.•..••• 220ns Max. 

• Data Retention ......•...•........•.•• @ 2.0V Min. 

• TTL Compatible Input/Output 

• High Output Drive - 1 TTL Load 

• Internal Latched Chip Select 

• High Noise Immunity 

• On-Chip Address Register 

• Latched Outputs 

• Three-State Output 

HM-6551/883 
256 X 4 CMOS RAM 

Description 

The HM-6551/883 is a 256 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous cir
cuit design techniques are employed to achieve high perior
mance and low power operation. On chip latches are 
provided for address and data outputs allowing efficient 
interiacing with microprocessor systems. The data output 
buffers can be forced to a high impedance state for use in 
expanded memory arrays. 

The HM-6551/883 is a fully static RAM and may be main
tained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 

Pinout Functional Diagram 
HMl-6551/883 (CERAMIC DIP) 

TOP VIEW 

PIN 

A 

E 

iN 

S 

0 

Q 

S2 

03 

03 

Q2 

D2 

DESCRIPTION 

Address Input 

Chip Enable 

Write Enable 

Chip Select 

Data Input 

Data Output 

AO 
A1 
AS 
A6 
A7 

DO 

01 

D2 

03 

E 

Vi 

S2 

51 e>-<:1 ;>---------' 

SELECT LATCH: 
LLOW~ 0=0 

GATED 
ROW 

DECODER 

o LATCHES ON RISING EDGE OF L 

32 

ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE or:.E 
GATE ON FALLING EDGE OF E 

32x32 
MATRIX 

LATCHED ADDRESS 
REGISTER 

A2 A3 A4 

00 

01 

02 

03 

ALL LINES POSITIVE LOGIC-ACTIVE HIGH 

THREE STATE BUFFERS: 
A HIGH-- OUTPUT ACTIVE 

DATA LATCHES: 
LHIGH~ 0=0 
o LATCHES ON FALLING EDGE OF L 

CAUTION: These devices are senSitive to electrostatic discharge Users should follow proper I.C. Handling Procedures File Number 2988 
CopYright © Harrl. Corporalion 1992 
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Specifications HM-65511883 

Absolute Maximum Ratings 
Supply Voltage ••••••••••••••••••••••••••••••••••••• +7.0V 

Reliability Information 
Thermal Resistance Ilj. 

Ceramic DIP Package. • • • • • • • • • • • • 6O"CNI 
Maximum Package Power Dissipation at +125"0 

Input, OUtput or VO Voltage •••••••••••• GND-0.3V to VCC+O.3V 
Storage Temperature Range ••••••••••••••••• -65"0 to + 15O"C 
Junction Temperature ••••.••••••••.•••••••••••••••• + 175°C 
Lead Temperature (Soldering 1 Os) •••••••••••••••••••• +3OQOC 

Ceramic DIP Package ••••••••••••••••••••••••••••. 0.83W 
Gata Count ••••••••••••••••••••••••••••••••••• 1930 Galee 

ESD Classification • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• Class 1 

CAUT/OII/: Stresses &bowl those Ilstsd In "Absolute MaxImum RaUngs" may cause permenent damage 10 thB device. This Is a sl18ss only rating and operation 
of the device at thBse or any othBr conditions &boWl /hose/ndicatsd In thB operational SBCtions of this specll/catlon Is not /mpHed. 

Operating Conditions 
Operating Voltage Range •.••••••••••••••••••• +4.5V to +5.5V Input High Voltage ••••••••••••••••••••••.•• VCC-2.OV to VCC 
Operating Temperature Range ••••••.••••••••• -55"0 to +125°C Input Rise and Fall Time •.•••••••••••••••.•••••••• 40ns Max. 
Input Low Voltage ••••••••••••••••.•.••••••••••• OV to +O.BV 

TABLE 1. HM-65511883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

LIMITS 
(NOTE 1) GROUP A 

PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX 

Output Low Voltage VOL VCC=4.5V 1,2,3 -55°C S TA S +12SOC - 0.4 
10L= 1.6mA 

Output High Voltage VOH VCC=4.5V 1,2,3 _55°C S TA S +12SOC 2.4 -
10H=-O.4rnA 

Input Leakage Current II VCC = 5.5V, 1,2,3 -55°C S TA S +125°C -1.0 +1.0 
VI = GND or VCC 

Output Leakage 10Z VCC=5.5V, 1,2,3 -55°C S TA S +125°C -1.0 +1.0 
Current VO = GND or VCC 

Data Retention Supply ICCDR VCC = 2.0V, E = VCC 1,2,3 _55°C S TA S +12SOC - 10 
Current 10 = OrnA, 

VI = VCC or GND 

Operating Supply ICCOP y"CC = 5.5V, (Note 2) 1,2,3 -55°C S TA,s; +125°C - 4 
Current E = 1 MHz, 10 =OrnA 

VI = VCC or GND 

Standby Supply ICCSB VCC = 5.5V, 1,2,3 _55°C S TA S +12SOC - 10 
Current 10=OrnA 

VI = VCC or GND 

NOTES: 

1. All voltages referenced to· device GND. 

2. Typical derating 1.5mAlMHz increase in ICCOP. 

CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications HM-6551/883 

TABLE 2. HM-65511883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

LIMITS 

GROUPA HM-6551 B1883 HM-65511883 
(NOTES 1,2) SUB-

PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX MIN MAX UNITS 

Chip Enable (1) TElQV VCC=4.5and 9,10,11 -55°C,; TA ,; + 125°C - 220 - 300 ns 
Access Time 5.5V 

Address Access (2) TAVQV VCC =4.5 and 9, 10, 11 -55°C,; T",; + 125°C 220 300 ns 
Time 5.5V, Note 3 

Chip Select 1 (3) TSllQX VCC=4.5and 9,10,11 -55°C,; TA ,; +125OC 5 5 ns 
Output Enable 5.5V 
Time 

Write Enable (4) TWlQZ VCC=4.5and 9,10,11 -55°C,; TA ,; +125°C 130 - 150 ns 
Output Disable 5.5V 
Time 

Chip Select 1 (5) TS1HQZ VCC=4.5and 9,10,11 -55°C,;; TA,;; +125°C - 130 - 150 ns 
Output Disable 5.5V 
Time 

Chip Enable Pulse (6) TElEH VCC=4.5and 9,10,11 -55°C,;; TA ,;; + 125°C 220 300 - ns 
Negative Width 5.5V 

Chip Enable Pulse (7) TEHEl VCC=4.5and 9, 10, 11 -55°C,;; TA ,;; + 125°C 100 - 100 - ns 
POSitive Width 5.5V 

Address Setup (8) TAVEL VCC=4.5and 9, 10, 11 -55°C,;; TA ,;; + 125°C 0 - 0 ns 
Time 5.5V 

Chip Select 2 (9) TS2lEl VCC=4.5and 9, 10, 11 -55°C,;; TA ,;; + 125°C 0 0 - ns 
Setup Time 5.5V 

Address Hold Time (10) TELAX VCC =4.5 and 9,10,11 -55°C,;; TA,;; + 125°C 40 50 ns 
5.5V 

Chip Select 2 Hold (11) TElS2X VCC=4.5and 9,10,11 -55°C,;; TA ,;; + 125°C 40 50 - ns 
Time 5.5V 

Data Setup Time (12) TDVWH VCC=4.5and 9,10,11 -55°C,;; TA ,;; + 125°C 100 - 150 ns 
5.5V 

Data Hold Time (13) TWHDX VCC =4.5 and 9,10,11 -55°C,;; TA ,;; + 125°C 0 0 ns 
5.5V 

Chip Select 1 Write (14) TWlS1H VCC=4.5and 9,10,11 -55°C,; TA ,;; + 125°C 120 180 - ns 
Pulse Setup Time 5.5V 

Chip Enable Write (15) TWlEH VCC=4.5and 9,10,11 -55°C,;; TA ,;; + 125°C 120 - 180 ns 
Pulse Setup Time 5.5V 

Chip Select 1 Write (16) TSllWH VCC=4.5and 9,10, 11 -55°C,;; TA ,;; +125°C 120 180 ns 
Pulse Hold Time 5.5V 

Chip Enable Write (17) TElWH VCC=4.5and 9,10,11 -55°C,;; TA ,;; +125°C 120 180 - ns 
Pulse Hold Time 5.5V 

Write Enable Pulse (18) TWlWH VCC=4.5and 9,10,11 -55°C,;; TA,;; + 125°C 120 180 - ns 
Width 5.5V 

Read or Write (19) TElEl VCC=4.5and 9,10,11 -55°C,;; TA,;; +125°C 320 400 - ns 
Cycle Time 5.5V 

NOTES: 

1. All voltages referenced to device GND. 

2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
IOl = 1.6mA, IOH = -O.4mA, Cl = 50pF (min) - for Cl greater than 50pF, access time is derated by 0.15ns per pF. 

3. TAVQV = TElQV + TAVEl. 

CAUTION: These devices are sensitive to electronic discharge. Proper Ie handling procedures should be followed. 

6-87 



Specifications HM-6551/883 

TABLE 3. HM·655181883 AND HM·65511883 ELECTRICAL PERFORMANCE CHARACTERISTICS 

LIMITS 

PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE MIN MAX UNITS 

Input Capacitance CI VCC = Open, f = lMHz, All 1 TA = +2SoC . 10 pF 
Measurements Referenced 
to Device Ground 

Output Capacitance CO VCC = Open, f = lMHz, All 1 TA=+2SoC . 12 pF 
Measurements Referenced 
to Device Ground 

NOTE: 

1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon Initial design and after major 
process and/or design changes. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 100%/SOO4 . 

Interim Test 100%lSOO4 1,7,9 

PDA loo%/SOO4 1 

Final Test loo%/SOO4 2,3,BA,BB,10,11 

Group A Saml?leslSOOS 1,2,3,7, BA, 8B, 9,10,11 

GroupsC& D SampleslSooS 1,7,9 

CAUTION: These devices are sensitive to electronic discharge. Proper 10 handling procedures should be followed. 
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HM-6551/883 

Timing Waveforms 

READ CYCLE 
(81 TAVEL_ 

~(71 
TEHEL 

(91 
TS2LEL_ 

~ELA~.j1101 
VALID 

~. (III 

I 

(81 TAVEL_ ~ 
~ ..x.JVVV\. ~ NEXT 

1191 TELEL 
TElEH TEHEl- - 17) 

(61 { r"-(91 
TS2lEl- r-

I--TEL~~111 (21_TAvov 

13lm,ox M VALID OUTPUT 

f--TS1HOl (51 

w --~~---------------------------------------------
TIME t 

REFERENCE 
-1 

TRUTH TABLE 

INPUTS 
TIME 

REFERENCE E Sl S2 W 

-1 H H X X 

0 """'- X L H 

1 L L X H 

2 L L X H 

3 ....r L X H 

4 H H X X 

5 """'- X L H 

Th~HM-6551/883 Read Cycle is initiated by the fallin~dge 
of E. This signal latches the input address word and 52 into 
on chip registers providing the minimum setup and hold 
times are met. After the required hold time, these inputs may 
change state without affecting device operation. 52 acts as a 
high order address and simplifies decoding. For the output to 
be read, E, 51 must be low and iN must be high. 52 must 
have been latched low on the falling edge of E. The output 

A 

X 

V 

X 

X 

X 

X 

V 

OUTPUTS 

0 a FUNCTION 

X Z Memory Disabled 

X Z Addresses and 52 are Latched, 
Cycle Begins 

X X Output Enabled but Undefined 

X V Data Output Valid 

X V Outputs Latched, Valid Data, 
S2 Unlatches 

X Z Prepare for Next Cycle 
(Same as -1) 

X Z Cycle Ends, Next Cycle Begins 
(Same as 0) 

data will be valid at access time (TELQV). The HM-6551/883 
has output data latches that are controlled by E. On the ris
ing edge of E the present data is latched and remains in that 
state until E falls. Also on the rising ~e of E, 52 unlatches 
and controls the outputs along with 51. Either or both 51 or 
52 may be used to force the output buffers into a high 
impedance state. 
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HM-6551/883 

Timing Waveforms (Continued) 

WRITE CYCLE 18) TAVE~ 

17) 

flO) 
~ 

VALID 

18) 
TAVE~l ~ 

NEXT 

119) TELEl r-
t-:::=:EHEL TELEH TEHEl_ 17) 

15) 

191~ TS2lEl ~ 1111 

191 I'-
TS2LEl..:1 t--

DATA VALID 

1171 TELWH TWLEH (151-
!------TDVWH fl2) 

'-TWHDXfl3) 
/'/ ~ ~"" '" 0.:'" 

f--------l1ajH-
115~Ir-TS1'wH 

"""" '" 1141" ]?'/. " 
TIME t 

REFERENCE 
-1 

1 

TRUTH TABLE 

TIME INPUTS 

REFERENCE E Sl S2 W A 

-1 H H X X X 

0 "-- X L X V 

1 L L X "-- X 

2 L L X f X 

3 f X X H X 

4 H H X X X 

5 "-- X L X V 

In the Write Qlcle the falling edge.,9f E latches the 
addresses and 82 into on chip registers. 82 must be latched 
in the low state to enable the device. The write portion of the 
cycle is defined as E, W, 81 being low and 52 being latched 
simultaneously. The W line may go low at any time during 
the cycle providing that the write pulse setup times (TWLEH 
and TWL81 H) are met. The write portio!:!.o.!...!he ~Ie is ter
minated on the first rising edge of either E, W, or 81. 

If a series of consecutive write cycles are to be executed, the 
W line may be held low until all desired locations have been 
written. If this method is used, data setup and hold times 
must be referenced to the first rising edge of E or 81. By 

OUTPUTS 

0 Q FUNCTION 

X Z Memory Disabled 

X Z Cycle Begins, Addresses and S2 
are Latched, 

X Z Write Period Begins 

V Z Data In is Written 

X Z Write is Completed 

X Z Prepare for Next Cycle (Same as -1) 

X Z Cycle Ends, Next Cycle Begins 
(Same as 0) 

~sitioning the write pulse at different times within the E and 
81 low time (TELEH), various types of write cycles may be 
~rformed. If the 81 low time (T81 L81 H) is greater than the 
W pulse plus an output enable time (T81 LOX), a combina
tion read-write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 

The HM-65511883 may be used on a common I/O bus struc
ture by tying the input and output pins together. The multiplex
ing is accomplished internally by the W line. In the write cycle, 
when W goes low, the output buffers are forced to a high 
impedance state. One output disable time delay (TWLOZ) 
must be allowed before applying input data to the bus. 

Test Load Circuit r·· .... ····· .. ·· ........ ·· .. ···· .......... ·· .. ··· .. · .. ·· ...... ··· ........ ··· ....... . 

• TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 

I.SV t IOL 

EQUIVALENT CIRCUIT 
................................................................................... 0'1 
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HM-6551/883 

Burn-In Circuit 
HM-65511883 CERAMIC DIP 

NOTES: 
All resistors 47kn ± 5% 
FO = 100kHz± 10% 

F11 -..I\J\.rv----I 

F1 = FO + 2, F2 = F1 + 2, F3 = F2 + 2 ... F12 = Fl1 + 2 
vec = 5.5V ± 0.5V 
VIH = 4.5V ± 10% 
VIL = -0.2V to +0.4V 
C1 = 0.011!F Min. 

Packaging 

r------- 1.055 
1.085 

VCC 
C1 
( 

I---'V'V'Ir- F8 

I---'V'IIV-- F2 

I---'V'V'Ir- FO 

I---'V'V'Ir- FO 

I---'V'V'Ir- F1 

I---'V'V'Ir- F3 

I---'V'V'Ir- F3 

1--..I\J\.rv-- F3 

I---'V'V'Ir- F3 

I-..JVII\,.- F3 

22 PIN CERAMIC DIP 

100 
SSC 

.065 • INCREASE MAX UMIT BY 003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOUDER FINISH 

LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T22 
MATERIALS: Compliant to MIL-M-3851 0 

NOTE: All Dimensions are ~ Dimensions are In Inches. 
Max 
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Metallization Topology 

DIE DIMENSIONS: 
132 x 160 x 19 ± lmils 

METALLIZATION: 
Type: Si·AI 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 
Type: Si02 
Thickness: 8kA ± 1 kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIp· 460°C (Max) 

WORST CASE CURRENT DENSITY: 
1 .337 x 105 AJcm2 

LEAD TEMPERATURE (10 seconds soldering): 
~OOoC 

Metallization Mask Layout 

AO 

HM-6551/883 

HM·6551J883 

AS A6 

NOTE: Pin Numbers Correspond to DIP Package Only. 
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m HM-6561 HARRIS 
SEMICONDUCTOR 

February 1992 256 X 4 CMOS RAM 

Features Description 

• Low Power Standby •....••....•...••... 50~W Max. The HM-6561 is a 256 x 4 static CMOS RAM fabricated using 
self-aligned silicon gate technology. Synchronous circuit design 
techniques are employed to achieve high performance and low 
power operation. 

• Low Power Operation ...•......... 20mW/MHz Max. 

• Fast Access Time. • . • . . . . . . . . . . . . . . . .. 200n8 Max. 

• Data Retention .••••••.••..••••..••••• @ 2.0V Min. On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. The 
data output buffers can be forced to a high impedance state for 
use in expanded memory arrays. The data inputs and outputs 
are multiplexed internally for common 1/0 bus compatibility. 

• TTL Compatible Input/Output 

• High Output Drive - 1 TTL Load 

• On-Chip Address Registers 

• Common Data In/Out 

• Three-State Output 

• Easy Microprocessor Interfacing 

Ordering Information 
PACKAGE 

Plastic DIP 

Ceramic DIP 

• 1883 

TEMPERATURE RANGE 

-40°C to +85°C 

-40°C to +85°C 

-55°C to + 125°C 

The HM-6561 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. Data retention supply 
VOltage and supply current are guaranteed over temperature. 

220ns 300ns 

HM3-6561B-9 HM3-6561-9 

HMl-6561B-9 HM1-6561-9 

HM 1-6561 81883 HM 1-6561/883 

• Respective 1883 specifications are Included at the end of thiS data sheet. 

Pinout 

A6 

PIN 

A 

E 

W 

S 

DQ 

18 LEAD DIP 
TOP VIEW 

52 

DESCRtPTION 

Address Input 

Chip Enable 

Write Enable 

Chip Select 

Data In/Out 

Functional Diagram 
AO 
Alo----i 
AS 0-----1 
A60----i 
A7 O---iL--,.,J 

000 0---+---::< 

001 0---+-+< 

002 o---..... -+--< 

003 o---+-+-:< 

w 

ALL LINES POSITIVE LOGIC-ACTIVE HIGH 

THREE-STATE BUFFERS: 
A HIGH~ OUTPUT ACTIVE 

DATA LATCHES: 
LHIGH~ 0=0 
o LATCHES ON FALLING EDGE OF L 

32.32 
MATRIX 

GATED COLUMN 

DECODER 

AND DATA 110 

L LATCHED ADDRESS 

REGISTER 

A2 A3 A4 

ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE O~E 
GATE ON FALLING EDGE OF E 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2991 
Copyright © Harris Corporation 1992 

6-93 

~ o 
:E 
w 
:E 
(f) 

o 
:E 
o 



Specifications HM-6561 

Absolute Maximum Ratings 
Supply Voltage •••••••.•••••••••••••••..••.•••••..•• +7.0V 
Input or Output Voltage ••.•••.•.••••••• GND-O.3V to VCC+0.3V 
Storage Temperature Range .••..••••••••.••• -65°C to + 15O"C 
Junction Temperature. • • • • . • • • . • . • . • . • • • • • • • • . • • • • • + 175°C 
Lead Temperature (Soldering lOs) ••.•••••••••.••...•• +300oC 
ESD ClassifICation •• . . • • . • • . • • • • • • . . . • • • • • • • . . • . •• Class 1 

Reliability Information 

Thermal Resistance 9)8 
Ceramic DIP Package............. 74OC/w 

Maximum Package Power Dissipation at + 125°C 

9)0 
180C1W 

Ceramic DIP Package •••••.••.••••••••••••...•••.. 0.69W 
Gate Count .•••.••••.••.•.••..••....•...•••..• 1944 Gates 

CAUTION: Stresses abO\III thess listed In "Absolute Maximum Raffngs" may cause permanent damage to the davies. This is a stress only IBting and opslBtion 
of the devies at thsas or any other condlffons abol/ll those mdicated in the cp6lBtional sscffons of this specificatIOn is not implied. 

Operating Conditions 
Operating Voltage Range ••.•.••••....•••.•..• +4.5V to +5.5V Operating Temperature Range 

HM-65616-9, HM6561-9 .....••...••..••..•• -4()DC to +85°C 

DC Electrical Specifications vcc = 5V ± 10%; TA = -4ooc to +85°C (HM-6561B-9, HM-6561-9) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

ICCSS Standby Supply Current - 10 IIA 10 = OmA, VI = VCC or GND, 
VCC=5.5V 

ICCOP Operating Supply Current (Note 1) - 4 mA E = 1 MHz, 10 = OmA, VCC = 5.5V, 
VI = VCC or GND, W = GND, 

ICCDR Data Retention Supply Current - 10 IIA VCC = 2.0V, 10 = OmA, VI = VCC or 
GND,E=VCC 

VCCDR Data Retention Supply Voltage 2.0 - V 

II Input Leakage Current -1.0 +1.0 IIA VI = VCC or GND, VCC = 5.5V 

IIOZ Input/Output Leakage Current -1.0 +1.0 IIA VIO = VCC or GND, VCC = 5.5V 

VIL Input Low Voltage -0.3 0.8 V VCC=4.5V 

VIH Input High Voltage VCC-2.0 VCC+O.3 V VCC=5.5V 

VOL Output Low Voltage - 0.4 V 10 = 1.6mA, VCC = 4.5V 

VOH Output High Voltage 2.4 - V 10 = -O.4mA, VCC = 5.5V 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CI Input Capacitance (Note 2) 6 pF f = 1 MH~, All measurements are 
referenced to device GND 

CIO InputlOutput Capacitance (Note 2) 10 pF 

NOTES: 

1. lYPical derating 1.5mAlMHz Increase In ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM-6561 

AC Electrical Specifications vcc = SV ± 10"10; TA = -40°C to +8SOC (HM-S561B-9, HM-S561-9) 

LIMITS 

HM-6561B-9 HM-6561-9 
TEST 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS CONDITIONS 

(1) TELav Chip Enable Access Time 220 300 ns (Notes 1,3) 

(2) TAVaV Address Access Time 220 300 ns (Notes 1, 3, 4) 

(3) TSLaX Chip Select Output Enable Time 5 120 5 150 ns (Notes 2, 3) 

(4) TSHaZ Chip Select Output Disable Time - 120 150 ns (Notes 2, 3) 

(5) TELEH Chip Enable Pulse Negative Width 220 - 300 ns (Notes 1,3) 

(S) TEHEL Chip Enable Pulse Positive Width 100 - 100 ns (Notes 1,3) 

(7) TAVEL Address Setup Time 0 · 0 ns (Notes 1,3) 

(8) TELAX Address Hold Time 40 · 50 ns (Notes 1,3) 

(9) TDVWH Data Setup Time 100 · 150 ns (Notes 1,3) 

(10) TWHDX Data Hold Time 0 · 0 ns (Notes 1,3) 

(11) TWLDV Write Data Delay Time 20 · 30 ns (Notes 1, 3) 

(12) TWLSH Chip Select Write Pulse Setup Time 120 180 - ns (Notes 1, 3) 

(13) TWLEH Chip Enable Write Pulse Setup Time 120 · 180 · ns (Notes 1,3) 

(14) TSLWH Chip Select Write Pulse Hold Time 120 · 180 ns (Notes 1, 3) 

(15) TELWH Chip Enable Write Pulse Hold Time 120 · 180 · ns (Notes 1, 3) 

(lS) TWLWH Write Enable Pulse Width 120 180 · ns (Notes 1, 3) 

(17) TELEL Read or Write Cycle Time 320 400 · ns (Notes 1,3) 

NOTES: 

1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output liming reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL - SOpF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 

4. TAVaV - TELaV + TAVEL. 
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HM-6561 

Timing Waveforms 
READ CYCLE 

(7)UVEL_ ~ TELA~ I-!::.(B) (7lTAV£~. -
A VALID 

TELU -:-Ti7i ~6) , EHEL TEUH TEHEL_ 
15) 

l' (6) 
E ~ 

HIGH 
W 

"-TELag!l) 
(2) TAYQV 

HIGH Z I HIGH Z 
DC PREVIOUS DATA VALID DATA LATCHED 

1""'; ~(4) ~ ~TSLQX (4)~~ (3) 

ii.i2 V/7//'&§: 

TIME f f f t t t t REFERENCE -, • , , 3 . 5 

TRUTH TABLE 

TIME 
INPUTS OUTPUT 

REFERENCE !" Sl W A DQ FUNCTION 

-1 H H X X Z Memory Disabled 

0 "- X H V Z C~le Begins, Addresses are Latched 

1 L L H X X Output Enabled 

2 L L H X V Output Valid 

3 J' L H X V Output Latched 

4 H H X X Z Device Disabled, Prepare for Next C~le (Same as -1) 

5 "- X H V Z C~le Ends, Next Cycle Begins (Same as 0) 

NOTE: 1. Device selected only if both Sf and ~ are low, and deselected if either Sf or ~ are high 

The HM-6561 Read Cycle is initiated on the falling edge of The HM-6561 has output data latches that are controlled 
E. This signal latches the input address word into on chip by E. On the rising edge of E the present data is latched 
registers. Minimum address setup and hold times must be and remains latched until E falls. Either or both ~ or ~ 
met. After the required hold time, the address lines may may be used to force the output buffers into a high imped-
change state without affecting device operation. In order to ance state. 
read the output data E, ~ and ~ must be low and W 
must be high. The output data will be valid at access time 
(TELQV). 
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HM-6561 

Timing Waveforms (Continued) 

WRITE CYCLE (7)TAVE~ i"'-"'LAX. r.:. (8) (7)TAVE~ ~ 
VALlO~ NEXT 

~TEHEL 
TELEl (17) 

TELEH TEHEl. -:--::--

(6) (5) (6) '-
TWLEH (13) 

(15) TElWH 
TWLWH 
(16) 

(ll~OVWH_ 
!-TWLOV (9) .tTWHOX (10) 

VALID DATA 

(14) . , TSLWH 

TIME 
REFERENCE 

lWlSH 
(12) //1///1//1 /fA '&'&'\ 'V\\\ 

I fIt 
2 3 • 5 

TRUTH TABLE 

TIME 
INPUTS 

REFERENCE E S1 W A OQ FUNCTION 

-1 H H X X X Memory Disabled 

0 """- X X V X Cycle Begins, Addresses are Latched 

1 L L L X X Write Period Begins 

2 L L J' X V Data In is Written 

3 J' X H X X Write is Completed 

4 H H X X X Prepare for Next Cycle (Same as -1) 

5 """- X X V X Cycle Ends, Next Cycle Begins (Same as 0) 

NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high 

The write cycle begins with the E falling edge latchi~ ~e 
address. The write portion of the cycle is defined by E, 51, 
52 and W all being low simultaneously. The write portion of 
the c~le is termina~d by the first rising edge of any control 
line, E, 51, 52 or W. The data setup and data hold times 
(TDVWH and TWHDX) must be referenced to the terminat
ing signal. For example, if 52 rises first, data setup and hold 
times become TDV52H and T52HDX; and are numerically 
equal to TDVWH and TWHDX. 

Data input/output multiplexing is controlled by iN. Care must 
be taken to avoid data bus conflicts, where the RAM outputs 
become enabled when another device is driving the data 
inputs. The following two examples illustrate the timing 
required to avoid bus conflicts. 

Case 1: Both 51 and 52 Fall Before W Falls. 

If both selects fall before Vii falls, the RAM outputs will 
become enabled. Vii is used to disable the outputs, so a dis
able time (TWLQZ = TWLDV) must pass before any other 
device can begin to drive the data inputs. This method of 
operation requires a wider write pulse, because TWLDV + 
TDVWH is greater than TWLWH. In this case TWL5L + 
T5HWH are meaningless and can be ignored. 

Case 2: W Falls Before Both 51 and 52 Fall. 

If one or both selects are high until W falls, the outputs are 
guaranteed not to enable at the beginning of the cycle. This 
eliminates the concern for data bus conflicts and simplifies 
data input timing. Data input may be applied as early as 
convenient, and TWLDV is ignored. Since W is not used to 
disable the outputs it can be shorter than in Case 1; TWLWH 
is the minimum write pulse. At the end of the write period, if 
Vii rises before either select the outputs will enable, reading 
data just written. They will not disable until either select goes 
high (T5HQZ). 

IF OBSERVE IGNORE 

CASE 1 Both S1 and S2 = Low TWLOZ TWLWH 
Before iN = Low TWLDV 

TDVWH 

CASE 2 W = Low Before Both TWLWH TWLOZ 
S1 and 52 = Low TDVWH TWLDV 

If a series of consecutive write cycles are to be performed, 
W may remain low until all desired locations are written. This 
is an extension of Case 2. 

Read-Modify-Write cycles and Read-Write-Read cycles can 
be performed (extension of Case 1). In fact data may be 
modified as many times as desired with E remaining low. 
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HARRIS 
SEMICONDUCTOR 

February 1992 

Features 

• This Circuit is Processed in Accordance to MII·Std· 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

• Low Power Standby •.•.•.•.•.••.•.••.. • 501lW Max. 

• Low Power Operation ••.•.•.•..••. 20mWIMHz Max. 

• Fast Access Time ........•.•....•..... 200ns Max. 

• Data Retention .••.•••.•••••....•.•.•• @ 2.0V Min. 

• TTL Compatible Input/Output 

• High Output Drive· 1 TTL Load 

• On·Chip Address Registers 

• Common Data In/Out 

• Three-State Output 

• Easy Microprocessor Interfacing 

Pinout Functional Diagram 
HM1-6561/883 (CERAMIC DIP) 

TOP VIEW 
AD 
Alo-----I 
AS 0-----1 
A6o-----f 
A7o-----I 

HM-6561/883 
256 X 4 CMOS RAM 

Description 
The HM·6561/883 is a 256 x 4 sialic CMOS RAM fabricaled 
using self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high per
formance and low power operation. 

On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. The data inputs 
and outputs are multiplexed internally for common i/O bus 
compatibility. 

The HM-6561/883 is a fully static RAM and may be 
maintained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 

32x32 
MATRIX 

'--.....,r-I 
A1 

AO 51 

A6 002 

52 

PIN DESCRIPTION 

A Address Input 

E Chip Enable 

W Write Enable 

S Chip Select 

DQ Data In/Out 

000 

001 

002 

003 

w 

ALL LINES POSITIVE LOGIC·ACTIVE HIGH 

THREE·STATE BUFFERS: 
A HIGH - OUTPUT ACTIVE 

DATA LATCHES: 
LHIGH- 0=0 
o LATCHES ON FALLING EDGE OF L 

GATED COLUMN 

DECODER 

AND DATAIIO 

LATCHED ADDRESS 

REGISTER 

A2 A3 A4 

ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE ol;..e 
GATE ON FALLING EDGE OF E 

CAUTION: These devICes are sensItive to electrostatic dIscharge. Users should follow proper I.e Handling Procedures. File Number 2990 
Copyright © Harris Corporation 1992 6-98 



Specifications HM-6561/883 

Absolute Maximum Ratings 
Supply Voltage ......•....•...•....•......•......... +7.0V 
Input or Output Voltage .•...••.••••..•. GND-0.3V tb VCC+D.3V 
Storage Temperature Range •••.•••..•.•..•.• -65"0 to +lSOoC 
Junction Temperature ••..••...•.•.••...•......••..• + 175°C 
Lead Temperature (Soldering lOs) .......•.......••..• +3OQoC 
ESD Classification ...••..•.•••....•...••......•..• Class 1 

Reliability Information 
Thermal Resistance 9J8 

Ceramic DIP Package............. 74°CfW 
Maximum Package Power Dissipation at +125"0 

a" 
lSOCIW 

Ceramic DIP Package ......•..••.••••.••.••..••••• 0.68W 
Gate Count •••••..••.••..•...•.••••••.••.•••.• 1944 Gates 

CAUTION: Stresses above those listed in "Absolute Ma'(Imum Ratings" may cause psrmanent damage to IhB dsvIca. This Is a stress only mUng and op<lmtlOn 
of the device at these or any other conditions above those mdICated in IhB opemtional secbons of thIS specification IS not impHed. 

Operating Conditions 
Operating Voltage Range ...•••••.........•... +4.5V to +5.5V 
Operating Temperature Range ................ -55°C to + 125°C 

Input High Voltage .••.•••.•....•..•••.•.•. VCC - 2.0V to VCC 
Input Rise and Fall Time •...........•..•..•..••... 40ns Max 

Input Low VoRage ......••..•..•..•...•..••...•. OV to +D.8V 

TABLE 1. HM-6561/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

(NOTE 1) GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE 

Output Low Voltage VOL VCC=4.5V, 1,2,3 -55°C,;; TA ,;; +125°C 
IOL= 1.6mA 

Output High Voltage VOH VCC=4.5V, 1,2,3 -55°C,;; TA ,;; +125°C 
IOH= -O.4mA 

Input Leakage Current II VCC =5.5V, 1,2,3 -55°C';; TA ,;; +125°C 
VI = GND or VCC 

Input/Output Leakage Current IIOZ VCC=5.5V, 1,2,3 -55°C,;; TA ,;; +12SoC 
VIO=GNDor 
VCC 

Data Retention Supply Current ICCDR VCC= 2.0V, 1,2,3 -SSoC,;;TA ,;;+12SoC 
E=VCC, 
IO=OmA, 

Operating Supply Current ICCOP VCC= S.5V, 1,2,3 -SSoC,;;TA ,;;+12SoC 
~ote2), 
E= lMHz, 
W=GND, 
VI = VCC or GND 

Standby Supply Current ICCSB VCC= S.SV, 1,2,3 -SSoC,;; TA ,;; +125°C 
IO=OmA, 
VI = VCC or GND 

NOTES: 

1. All voltages referenced to devICe GND. 

2. TYPical derating 1.SrnAlMHz increase In ICCOP. 

CAUTION: These devICes are sensHIY8 10 eleclroslabc discharge. Proper I.C. handlong procedures should be followed. 
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MIN MAX UNITS 

0.4 V 

2.4 - V 

-1.0 +1.0 IlA 

-1.0 +1.0 IlA 
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Specifications HM-6561/883 

TABLE 2. HM-65611883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

LIMITS 

GROUP A 
(NOTES 1,2) SUB-

HM-6561 B/883 HM-65611883 

PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX MIN MAX 

Chip Enable (1) TELav VCC=4.5and 9,10,11 -55°CSTA S+125OC - 220 - 300 
Access TIme 5.5V 

Address Access (2) TAVaV VCC = 4.5 and 9,10,11 -55°C STA S +125OC - 220 - 300 
Time 5.5V, (Note 3) 

Chip Select (3) TSLaX VCC=4.5and 9,10,11 -55°CSTAS+I25°C 5 - 5 -
Output Enable 5.5V 
Time 

Chip Select (4) TSHOZ VCC=4.5and 9,10,11 -55°CSTAS+125OC - 120 - 150 
Output Disable 5.5V 
Time 

Chip Enable Pulse (5) TELEH VCC=4.5and 9,10,11 _55°C S TA S +125OC 220 - 300 -
Negative Width 5.5V 

Chip Enable Pulse (6) TEHEL VCC =4.5 and 9,10,11 -55OCsTA S+125OC 100 - 100 -
Positive Width 5.5V 

Address Setup (7) TAVEL VCC=4.5and 9,10,11 -55°C S TA S + 125°C 0 - 0 -
Time 5.5V 

Address Hold Time (8) TELAX VCC=4.5and 9,10,11 -55°C S TA S + 125°C 40 - 50 -
5.5V 

Data Setup Time (9) TDVWH VCC=4.5and 9,10,11 _55°C S TA S +125OC 100 - 150 -
5.5V 

Data Hold Time (10) TWHDX VCC=4.5and 9,10,11 -55°CSTAS+125°C 0 - 0 -
5.5V 

Write Data Delay (11) TWLDV VCC =4.5 and 9,10,11 -55°C S TA S +125°C 20 - 30 -
Time 5.5V 

Chip Select Write (12) TWLSH VCC=4.5and 9,10,11 -55°CsTAS+125°C 120 - 180 -
Pulse Setup Time 5.5V 

Chip Enable Write (13) TWLEH VCC =4.5 and 9,10,11 _55°C S TA S +125°C 120 - 180 -
Pulse Setup Time 5.5V 

Chip Select Write (14) TSLWH VCC=4.5and 9,10,11 _55°C S TA S +125°C 120 - 180 -
Pulse Hold Time 5.5V 

Chip Enable Write (15) TELWH VCC=4.5and 9,10,11 -55°CsTAs+125°C 120 - 180 -
Pulse Hold Time 5.5V 

Write Enable Pulse (16) TWLWH VCC=4.5and 9,10,11 -55°C S TA S + 125°C 120 - 180 -
Width 5.5V 

Read or Write (17) TELEL VCC=4.5and 9,10,11 -55°C S TA S + 125°C 320 - 400 -
Cycle Time 5.5V 

NOTES: 

1. A" voltages referenced to device GND. 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. Input pulse levels: O.BV to VCC-2.0V; Input rise and fa" times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
IOL = 1.6mA, IOH = -0.4mA, CL = 50pF (min) - for CL greater than 5OpF, access time Is derated by 0.15ns per pF. 

3. TAVQV = TELaV + TAVEL 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HM-6561/883 

TABLE 3. HM-65611883 ELECTRICAL PERFORMANCE CHARACTERISTICS 

UMITS 

SYMBOL PARAMETER CONDITIONS NOTE TEMPERATURE MIN MAX UNITS 

CI I nput Capacitance VCC = Open, f = 1 MHz, 1 T" = +25OC - 8 pF 
All Measurements 
Referenced to Device 
Ground 

CO Output Capacitance VCC = Open, f = 1MHz, 1 T,,=+25OC - 10 pF 
All Measurements 
Referenced to Device 
Ground 

NOTE: 

1. The parameters lISted in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 
process and/or design changes. 

TABLE 4. APPUCABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 100°/015004 -
Interim Test 100%15004 1.7,9 

PDA 100%15004 1 

Final Test 100%/5004 2,3, SA, 88,10,11 

Group A Samplesl5005 1,2,3,7, 8A, 8B, 9,10,11 

GroupsC& D Samplesl5005 1,7,9 

Test Load Circuit 
r·································u 

................... ···································i 
! i 
i i 

DUT __ .... -!-< 

! 
i 
i 

• TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 

I 
~ 
! 
i 

EQUIVALENT CIRCUIT i 
:. ......................................................................................... : 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HM-65611883 

Timing Waveforms 
READ CYCLE 

(7hA.EL ... ""-TELA'.I-;:.(8) (7hAVE~. I-
A 'ALlO~ ~ 

~(6) 
TEUL (17) 

TEHU TILEH T!HEl_ 
15) if (6) E I ~ 

iii 
HIGH 

_TELQg(1) 
(2) TAVQV 

"GH Z 1 .1 HIGH Z 
DO PREVIOUS DATA VALID DATA LATCHED 

1-~~~ ~TSLQX (4):¥~" (3) 

51." 

TIME t t t t t t t REFERENCI -, • , 2 3 • 5 

TRUTH TABLE 

TIME 
INPUTS OUTPUT 

REFERENCE E If W A DO FUNCTION 

-1 H H X X Z Memory Disabled 

0 ~ X H V Z Cycle Begins. Addresses are Latched 

1 L L H X X Oulput Enabled 

2 L L H X V Output Valid 

3 -F L H X V Output Latched 

4 H H X X Z Device Disabled. Prepare for Next Cycle (Same as -1) 

5 ~ X H V Z Cycle Ends. Next Cycle Begins (Same as 0) 

NOTE: 1_ Device selected only If both If and ~ are low. and deselected if either If or ~ are high 

The HM-65611883 Read Cycle is initiated on the falling The HM-65611883 has output data latches that are con-
edge of~. This signal latches the input address word into trolled by ~. On the riSing edge of ~ the present data is 
on chip registers. Minimum address setup and hold times latched and remains latched until ~ falls. Either or both S'f 
must be met. After the required hold time. the address or ~ may be used to force the output buffers into a high 
fines may change state without affecting device operation. impedance state. 
In order to read the output data ~. S'f and ~ must be low 
and W must be high. The output data will be valid at 
access time (TELOV). 
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HM-6561/883 

Timing Waveforms (Continued) 

WRITE CYCLE r- TELA~ ~ (8) (7) TAVE:.:=1 I-(7)TAVE~. 

~ 
NEXT 

TELEl (17) 

I:::=:..TEHEL TELEH TEHH--=-

(6) (5) (6) i'-
(15) 

TWLEH (13) 
TElWH r- TWLWH 

(16) 

(11~DVWH_ 
'-TWWV (9) . CTWHDX (10) 

Si."I/////////~\\\\\'\\\\~ 

TIME 
REFERENCE I I 

-1 0 

VALID DATA 

(14) 

.1 
TSLWH 

TWlSH 

12 ( ) /I/1//I///I/A~,\~\~,\~ 

I I I t 
TRUTH TABLE 

TIME 
INPUTS 

REFERENCE E Sl W A DQ FUNCTION 

-1 H H X X X Memory Disabled 

0 ""'L X X V X Cycle BeglOs, Addresses are Latched 

1 L L L X X Write Penod Begins 

2 L L ...r X V Data In is Written 

3 ...r X H X X Write IS Completed 

4 H H X X X Prepare for Next Cycle (Same as -1) 

5 ""'L X X V X Cycle Ends, Next Cycle Begins (Same as 0) 

NOTE: 1. DeVICe selected only If both Sl and S2 are low, and deselected If either Sl or S2 are high 

The write cycle begins with the E falling edge latchi~,!!le 
address. The write portion of the cycle is defined by E, S 1, 
S2 and iN all being low simultaneously. The write portion of 
the cl9le is termina~d by the first rising edge of any control 
line, E, S 1, S2 or W. The data setup and data hold times 
(TDVWH and TWHDX) must be referenced to the terminat
ing signal. For example, if S2 rises first, data setup and hold 
times become TDVS2H and TS2HDX; and are numerically 
equal to TDVWH and TWHDX. 

Data inpuVoutput multiplexing is controlled by Vii. Care must 
be taken to avoid data bus conflicts, where the RAM outputs 
become enabled when another device is driving the data 
inputs. The following two examples illustrate the timing 
required to avoid bus conflicts. 

Case 1: Both 51 and S2 Fall Before iN Falls. 

If both selects fall before iN falls, the RAM outputs will 
become enabled. iN is used to disable the outputs, so a dis
able time (TWLQZ = TWLDV) must pass before any other 
device can begin to drive the data inputs. This method of 
operation requires a wider write pulse, because TWLDV + 
TDVWH is greater than TWLWH. In this case TWLSL + 
TSHWH are meaningless and can be ignored. 

Case 2: iN Falls Before Both 51 and S2 Fall. 

If one or both selects are high until iN falls, the outputs are 
guaranteed not to enable at the beginning of the cycle. This 
eliminates the concern for data bus conflicts and simplifies 
data input timing. Data input may be applied as early as 
convenient, and TWLDV is ignored. Since iN is not used to 
disable the outputs it can be shorter than in Case 1; TWLWH 
is the minimum write pulse. At the end of the write period, if 
iN rises before either select the outputs will enable reading 
data just written. They will not disable until either select goes 
high (TSHQZ). 

IF OBSERVE IGNORE 

CASE 1 Both S 1 and S2 = Low TWLOZ TWLWH 
Before Vii = Low TWLDV 

TDVWH 

CASE 2 W = Low Before Both TWLWH TWLQZ 
51 and 52 = Low TDVWH TWLDV 

If a series of consecutive write cycles are to be periormed, 
iN may remain low until all desired locations are written. This 
is an extension of Case 2. 

Read-Modify-Write cycles and Read-Write-Read cycles can 
be periormed (extension of Case 1). In fact data may be 
modified as many times as desired with E remaining low. 
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HM-65611883 

Burn-In Circuit 
HM-65611883 CERAMIC DIP 

NOTES: 

All resistors 47kn ±5% 

FO = 100kHz ±10% 

F6 --v'VV"--; 

F5 --v'VV"--; 

F4 --v'VV"--; 

F3 --v'VV"--; 

F8 --v'VV"--; 

F9 

F10 --V\.!'Ir-t 

FO 

Fl = FO + 2, F2 = Fl + 2, F3 = F2 + 2 ... F12 = Fll + 2 

VCC = 5.SV ±O.SV 

VIH = 4.5V ±10% 

VIL = -O.2V to +O.4V 

Cl = O.OIIlF Min. 

Packaging 

882 

915 

VCC C1 

( 

18 PIN CERAMIC DIP 

F7 ~ 
F1 

FO 

F2 

F2 

F2 

F2 

FO 

.285 

1r==':q:305==J1 
.005 MIN ~ 

rt===========1 , 
'200~MAX015 .l 

.060 

125 

.180 

LEAD FINISH: Type A 

MATERIALS: Compliant to MIL-M-3851 0 

NOTE: All Dimensions are ~ Dimensions are in inches. 
Max 

.050 • 

.065 

.100 
BSC 

O' 
15' 

• INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 

. SOLDER FINISH 

COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-TI8 
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Metallization Topology 
DIE DIMENSIONS: 

132 x 160 x 19± 1 mils 

METALLIZATION: 
Type: Si -AI 
Thickness: 11 kA ± 2kA 

GLASSIVATlON: 
Type: Si02 
Thickness: akA ± 1 kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

WORST CASE CURRENT DENSITY: 
1.337 x 105 Alcm2 

LEAD TEMPERATURE (10 seconds soldering): 
S3000C 

Metallization Mask Layout 

A4 

vee 

A3 

A2 

Al 

AO 

HM-65611883 

HM-6561/883 

003002 

AS A6 A7 

6-105 

DOl 

000 

E 
GND 

> 
II: 
0 
:::!1i 
w 
:::!1i 
U) 
0 
:::!1i 
0 



HARRIS 
SEMICONDUCTOR HM-6504 

February 1992 
4096 X 1 CMOS RAM 

Features Description 

• Low Power Standby ••••••••••••••••••• 125J.lW Max. The HM-6504 is a 4096 x 1 static CMOS RAM fabricated 
using self-aligned silicon gate technology. The device utilizes 
synchronous circuitry to achieve high performance and low 
power operation. 

• Low Power Operation ••••••••••••• 35mWIMHz Max. 

• Data Retention. • • • • • • • • • • • • • • • • • • • • •• @2.0V Min. 

• TTL Compatible Input/Output 

• Three-State Output 

• Standard JEDEC Pinout 

On chip latches are provided for addresses. data input and 
data output allowing efficient interfacing with microprocessor 
systems. The data output can be forced to a high impedance 
state for use in expanded memory arrays. 

• Fast Access Time •••••••••••••••••• 1201200ns Max. Gated inputs allow lower operating current and also elimi
nate the need for pull up or pull down resistors. The 
HM-6504 is a fully static RAM and may be maintained in any 
state for an indefinite period of time. 

• 18 Pin Package for High Density 

• On·Chip Address Register 

• Gated Inputs • No Pull Up or Pull Down Resistors 
Required 

Data retention supply voltage and supply current are guaran
teed over temperature. 

Ordering Information 

PACKAGE TEMPERATURE RANGE 120n. 

Plastic DIP -40°e to +85°e HM3-6504S·9 

Ceramic DIP -400e 10 +85OC HMl-6504S·9 

'/883 ·550e to + 1250e HMl-6504S1BB3 

JAN II 24501BVA 

SMDII 810240IVA 

Lee -40OC to +85OC -
·55OC to +1250e -

'RespectIve /883 specifICations are included at the end of this data sheet. 

Pinouts 
18 LEAD DIP 
TOP ViEW 

PIN 

A 

E 
iN 
0 

Q 

DESCRIPTION 

Address Input 

Chip Enable 

Write Enable 

Data Input 

Data Output 

200ns 

HM3-6504B·9 

HMl-6504B·9 

HMl-6504B1883 

-
8102403VA 

HM4-6504B·9 

HM4-6504B-8 

A2 

A3 

A4 

AS 

Q 

CAUTION: These devices are sansRiw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1992 
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HM3-6504·9 

HM1·6504·9 

HM1·65041883 

8102405VA 

HM4·6504·9 

HM4-6504-8 

18 LEADLCC 
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HM-6504 

Functional Diagram 

D 

GATED 
ROW 

DECODER 

ALL LINES ACTIVE HIGH-POSITIVE LOGIC 
THREE-STATE BUFFERS: 

A HIGH ... OUTPUT ACTIVE 
CONTROL AND DATA LATCHES: 

L LOW ... Q=D 
Q LATCHES ON RISING EDGE OF L 

ADDRESS LATCHES: _ 
LATCH ON FALLING EDGE OF E 

GATED DECODERS: 
GATE ON RISING EDGE OF G 
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Specifications HM-6504-9 

Absolute Maximum Ratings Reliability Information 
Supply Voltage ..........................•.......... +7.0V 
Input, Output or 1/0 Voltage ............ GND-0.3V to VCC+0.3V 

Thermal Resistance . . . . . . . . . . . . . . . . 6Ja 6JC 
Ceramic DIP Package............. 66°CNV 12°CNV 

Storage Temperature Range . . . . . . . . . . . . . . . . . -65°C to + 150°C Maximum Package Power Dissipation at + 125°C 
Junction Temperature .............................. + 175°C Ceramic DIP Package ......................•...... 0.75W 
Lead Temperature (Soldering lOs) .................... +300"C Gate Count ................................... 6910 Gates 
ESD Classification .....•.......................... Class I 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings· may cause permanent damage to the device. This is a stress only tating and opBtation 
of the device at these or any other conditions above those indicated in the operational sections of this specIfication is not implied. 

Operating Conditions 

Operating Voltage Range ....•.•..•.•......... +4.5V to +5.5V Operating Temperature Range 
HM-6504S-9, HM-6504B-9, HM-6504-9 ........ -400C to +85°C 
HM-6504B-8, HM-6504-8 .................. -55°C to + 125°C 

DC Electrical Specifications vcc = 5V ± 10%; TA = -40°C to +85°C (HM-6504B-9, HM-6504-9) 

TA = -55°C to +125°C (HM-6504B-8, HM-6504-8) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

ICCSB Standby Supply Current HM-6504-9 25 ~A 10 = OmA, E = VCC -O.3V, 
VCC =5.5V 

HM-6504-8 50 ~A 

ICCOP Operating Supply 7 rnA E = IMHz,lO = OmA, VI = GND, 
Current (Note I) VCC =5.5V 

ICCDR Data Retention Supply HM-6504-9 15 ~A 10 = OmA, VCC = 2.0V, E = VCC 
Current 

HM-6504-8 25 ~A 

VCCDR Data Retention Supply Voltage 2.0 - V 

II Input Leakage Current -1.0 +1.0 ~ VI = VCC or GND, VCC = 5.5V 

10Z Output Leakage Current -1.0 +1.0 ~A VO = VCC or GND, VCC = 5.5V 

VIL Input Low Voltage -0.3 0.8 V VCC=4.5V 

VIH Input High Voltage VCC-2.0 VCC+0.3 V VCC= 5.5V 

VOL Output Low Voltage 0.4 V 10 = 2.0mA, VCC = 4.5V 

VOHI Output High Voltage 2.4 - V 10 = -1.OmA, VCC = 4.5V 

VOH2 Output High Voltage (Note 2) VCC -0.4 V 10 = -IOO~, VCC = 4.5V 

Capacitance TA = +25°C 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CI Input Capacitance (Note 2) 8 pF f = I MHz, All measurements are 
referenced to device GND 

CO Output Capacitance (Note 2) 10 pF 

NOTES: 

I. Typical derating 5mAlMHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM-6504 

AC Electrical Specifications vcc = SV ± 10%; TA = -40"C 10 +85°C (HMo 6504S-9, HM~-9, HMo 6504-9) 

TA = -Ssoc to +12SOC (HM~-B, HMo 6504-B) 

H~4S HM-6504B H~4 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS 

(1) TELOV Chip Enable Access Time - 120 0 200 300 ns 

(2) TAVOV Address Access Time 0 120 0 220 0 320 ns 

(3) TELOX Chip Enable Output Enable S - S - S 0 ns 
Time 

(4) TEHOZ Chip Enable Output Disable - 50 - 80 - 100 ns 
Time 

(5) TELEH Chip Enable Pulse Negative 120 200 0 300 0 ns 
Width 

(6) TEHEL Chip Enable Pulse Positive 50 - 90 0 120 - ns 
Width 

(7) TAVEL Address Setup Time 0 - 20 - 20 ns 

(8) TELAX Address Hold Time 40 0 SO 0 SO ns 

(9) TWLWH Write Enable Pulse Width 20 0 60 0 80 ns 

(10) TWLEH Write Enable Pulse Setup 70 - 150 0 200 - ns 
Time 

(11) TWLEL Early Write Pulse Setup 0 - 0 0 0 - ns 
Time 

(12) TWHEL Write EnabieRead Mode 0 - 0 0 0 - ns 
Setup Time 

(13) TELWH Early Write Pulse Hold Time 40 0 60 - BO 0 ns 

(14) TDVWL Data Setup Time 0 0 0 - 0 0 ns 

(15) TDVEL Early Write Data Setup Time 0 0 0 - 0 0 ns 

(16) TWLDX Data Hold Time 2S 0 60 - BO - ns 

(17) TELDX Early Write Data Hold Time 2S - 60 0 BO 0 ns 

(18) TELEL Read or Write Cycle Time 170 - 290 0 420 0 ns 

NOTES: 

TEST 
CONDITIONS 

(Notes I, 3) 

(Notes I, 3, 4) 

(Notes 2, 3) 

(Notes 2, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes 1, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

1. Input pulse levels: O.BV to VCC - 2.0V; Input rise and fall times: Sns (max); Input and output timing reference level: I.SV; Output load: 
1 TTL gate eqUivalent, CL = SOpF (min) 0 for CL greater than SOpF, access bme is derated by O.ISns per pF. 

2. Tested at initial design and aiter major deSign changes. 

3. VCC = 4.5V and S.5V. 

4. TAVOV = TELOV + TAVEL. 
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HM-6504 

Timing Waveforms 
READ CYCLE ..:::::1 (7J ll-, 181 ~ ~ TAVEL TelA X ~ Ill±:::: rAVEl . ADD VALID IIIEXT ADD 

bJ~L TElEll181 
~161 THEH 

r 
151 y 

}LI-=-!'E1~11 141 TEHOZ---J 
HIGH-l THOX ~ HIGH-Z 

a VALID DATA OUTPUT -
IV HIGH 

TIME I I I I I I I REFUENCE ., 0 , 1 3 • 5 

TRUTH TABLE 

INPUTS OUTPUT 

TIME REFERENCE E W A Q FUNCTION 

-1 H X X Z Memory Disabled 

0 x.. H V Z Cycle Begins, Addresses are Latched 

1 L H X X Output Enabled 

2 L H X V Output Valid 

3 f H X V Read Accomplished 

4 H X X Z Prepare for Next Cycle (Same as -1) 

5 x.. H V Z Cycle Ends, Next Cycle Begins (Same as 0) 

The address informa!!,.on is latched in the on chip registers enabled but the data is not valid until during time (T = 2). iN 
on the falling edge of E (T = 0). Minimum address set up and must remain hiQ!! for the read cycle. After the output data 
hold time requirements must be met. After the required hold has been read, E may return high (T = 3). This will disable 
time, the addresses may change state without affecting the output buffer and all input and ready the RAM for the 
device operation. During time (T = 1) the output becomes next memory cycle (T = 4). 

EARLY WRITE CYCLE ~ TAVElJ--'ELA~-1181 17!,;;;;::-j TAy'1:= 
AODVALIO @ NEXT ADD 

.~ 

TElEH TElEL 1181 161~TEHEl Y TEHEl~ 161 
151 

l ~ 

...:::;::'iTWlEt f-TELWH ~TWlEl -
1V~//h0..'''l1111 1131 ~~1111 

115t:=lTOVElI-THD~1171 115!.:::::l TOVEL -
DATAVAUD NEXT DATA 

a~ 

a HIGH-I HIGH-Z 

TIME I I I I I I REFERENCE ., a , 1 3 . 
TRUTH TABLE 

INPUTS OUTPUT 

TIME REFERENCE E W A 0 Q FUNCTION 

-1 H X X X Z Memory Disabled 

0 x.. L V V Z Cycle Begins, Addresses are Lalched 

1 L X X X Z Write in Progress Internally 

2 f X X X Z Wrile Completed 

3 H X X X Z Prepare for Next Cycle (Same as - 1) 

4 x.. L V V Z Cycle Ends, Next Cycle Begins (Same as 0) 

The early write cycle is the only cycle where the output ~ state until E return~ high (T = 2). For this cycle, the data 
guaranteed not to become active. On the falling edge of E input is latched by E going low; there!9re data ~t up and 
(T = 0), the addresses, the write Signal, and the d~a input hold times should be referenced to E. When E (T = 2) 
are I~ched jn on chip registers. The logic value of W at the returns to the high state the output buffer and all inputs are 
time E falls determines the state of the output buffer for that disabled and all signals are unlatched. The device is now 
cycle. Since iN is low when E falls, the output buffer is ready for the next cycle. 
latched into the high impedance state and will remain in that 

6-110 



Timing Waveforms (Continued) 

LATE WRITE CYCLE 

HM-6504 

JI('(It:~~: ---+----1f----r------+---+!--+!--+---
] . 

TRUTH TABLE 

TIME INPUTS OUTPUTS 

REFERENCE E W A 0 Q FUNCTION 

-1 H X X X Z Memory Disabled 

0 """"'>L H V X Z Cycle Begins, Addresses are Latched 

1 L """"'>L X V X Write Begins, Data is Latched 

2 L H X X X Write In Progress Internally 

3 J H X X X Write Completed 

4 H X X X Z Prepare for Next Cycle (Same as -1) 

5 """"'>L H V X Z Cycle Ends, Next Cycle Begins (Same as 0) 

The late write cycle is a cross between the early write cycle 
and the read-modify-write cycle. 

between these two cases. With this cycle the output may 
become active, and may become valid data, or may remain 
active but undefined. Valid data is written into the RAM if 
data setup, data hold, write setup and write pulse widths are 
observed. 

Recall that in the early write the output is guaranteed to 
remain high impedance, and in the read-modify-write the 
output is guaranteed valid at access time. The late write is 

Test Load Circuit 

r····················································· .................................. j 

. ! 

• ~no~ o-_,....-;-4( ,m I:i:: 

CAPACITANCE, 

~~~~Eg:::t.~ANCE EQUIVALENT CIRCUIT : _ ......................................................................................... : 
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HM-6504/883 
February 1992 4096 X 1 CMOS RAM 

Features Description 

• This Circuit Is Processed In Accordance to MII-Std-
883 and Is Fully Conforrnant Under the Provisions of 
Paragraph 1.2.1. 

The HM-6504l883 is a 4096 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. The 
device utilizes synchronous circuitry to achieve high perfor
mance and low power operation. 

• Low Power Standby ••••••••••••••••••• 1251'W Max. 

• Low Power Operation ••••••••••••• 35mW/MHz Max. On chip latches are provided for addresses, data input and 
data output allowing efficient interfacing with microprocessor 
systems. The data output can be forced to a high impedance 
state for use in expanded memory arrays. 

• Data Retention. • • • • • • • • • • • • • • • • • • • • •• @2.0V Min. 

• TTL Compatible Input/Output 

• Three-State Output 

• Standard JEDEC Pinout 

• Fast Access Time •••••••••••••••••• 1201200ns Max. 

Gated inputs allow lower operating current and also elimi
nate the need for pull up or pull down resistors. The 
HM-6504/883 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. 

• 18 Pin Package for High Density 

• On-Chlp Address Register 

Data retention supply voltage and supply current are guaran
teed over temperature. 

• Gated Inputs - No Pull Up or Pull Down Resistors 
Required 

Pinout 
HM1-6504l883 (CERAMIC DIP) 

TOP VIEW 

PIN DESCRIPTION 

A Address Input 

E Chip Enable 

W WrileEnable 

0 Data Input 

a Data Output 

Functional Diagram 

LSB 

GATED 
ROW 

DECODER 

ALL UNES ACTIVE HIGH·posmVE LOGIC 
THREE-8TATE BUFFERS: 

A HIGH .... OUTPUT ACTIVE 
CONTROL AND DATA LATCHES: 

L LOW .... Q.D 
Q LATCHES ON RISING EDGE OF L 

ADDRESS LATCHES: 
LATCH ON FALUNG EDGE OFl 

GATED DECODERS: 
GATE ON RISING EDGE OF G 

64 
64x64 
MATRIX 

LSBAll ASA4A3MA10 

CAUTION: Thasa devices ara aans"iva to alectrostatic discharga. Users should Iollow proper I.C. Handling Procedures. File Number 2993 
Copyright @ Harris Corporation 1992 
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Specifications HM-6504/883 

Absolute Maximum Ratings Reliability Information 

Supply Voltage ..................................... +7.0V 
Input, Output or 1/0 Voltage ............ GND-0.3V to VCC+0.3V 

Thermal Resistance .. .. .. .. .. .. .. .. 0Ja 0)0 
Ceramic DIP Package............. 66°CNI 12°CNI 

Storage Temperature Range ................. -65°C to +l50oC Maximum Package Power DissipatJon at +125°C 
Junction Temperature .............................. + 175°C Ceramic DIP Package ............................. 0.75W 
Lead Temperature (Soldering lOs) ........•........... +300oC Gate Count ................................... 6910 Gates 
ESD Classification ................................ Class 1 

CAUTION: Stresses above those fisted in -Absolute Maximum Ratmgs· may cause permanent damage to the device. This is s stress only rating and operatIOn 
of the deVice at these or any other conditions above those indicated in the operational sections of this specification IS not Implied 

Operating Conditions 

Operating Voltage Range ..................... +4.5V to +5.5V Input Low Voltage ............................ -0.3V to +0.8V 
OperatJng Temperature Range ................ -55°C to + 125°C Input High Voltage ................... VCC -2.0V to VCC +0.3V 

TABLE 1. HM-65041883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

L1MrrS 
(NOTE 1) GROUP A 

PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX UNITS 

Output Low Voltage VOL VCC=4.5V, 1,2,3 -55°C" TA " +125°C 0.4 V 
IOL=2mA 

Output High Voltage VOH VCC=4.5V, 1,2,3 -55°C" TA " +125°e 2.4 - V 
IOH=-1.0mA 

Input Leakage Current II VCC= 5.5V, 1,2,3 -55°C" TA " +125°C -1.0 +1.0 ItA 
VI = GND or VCC 

Output Leakage Current 10Z VCC= 5.5V, 1,2,3 -55°e" TA " +125°C -1.0 +1.0 ItA 
VO = GND or vce 

Data Retention Supply Current ICCDR VeC=2.0V, 
E=VCC, 

1,2,3 -55°C" TA " +125°C 

10 = OmA, 25 IlA 

Operating Supply Current ICCOP VCC = 5.5V, 1,2,3 -55°C" TA " +125°C - 7 mA 
i!'Iote2), 
E = lMHz, 
10= OmA 

Standby Supply Current ICCSB VCC =5.0V, 1,2,3 -55°C" TA " +125°C - 50 ItA 
E = VCC -0.3V, 
10 = OmA 

NOTES: 

1. All voltage referenced to device GND. 

2. Typical derating 1.5mAlMHz increase in ICCOP 

CAUTION: These devices are sensitive to electronic discharge. Proper Ie handling procedures should be followed. 
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Specifications HM-6504/883 

TABLE 2. HM-6504I883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

LIMITS 

GROUP HM-6504S/883 HM-6504B/883 
(NOTES 1, 2) A SUe- TEMPERA· 

PARAMETER SYMBOL CONDITIONS GROUPS TURE MIN MAX MIN MAX 

Chip Enable (1) TELOV vee =4.5and 9,10,11 ·55oe,;; TA . 120 . 200 
Access Time 5.5V ,;; +125oe 

Address Access (2) TAVOV Vee=4.5and 9,10,11 .55oe,;;TA 120 220 
Time 5 5V, Note 3 ,;; +125oe 

Chip Enable (5) TELEH vee =4.5 and 9,10,11 ·55°e ,;;TA 120 200 . 
Pulse Negative 5.5V ,; +125oe 
Width 

Chip Enable (6) TEHEL vee =4.5and 9,10,11 ·550e ,;TA 50 90 . 
Pulse Posftive 5.5V ,;; +1250e 
Width 

Address Setup (7) TAVEL vee =4.5and 9,10,11 ·550e,;; TA 0 20 
Time 5.5V ,; +1250 e 

Address Hold (8) TELAX vee =4.5 and 9,10,11 ·55oe ,;;TA 40 50 
Time 5.5V ,;; +125oe 

Wrfte Enable (9) TWLWH vee =4.5 and 9,10,11 ·550e,;; TA 20 · 60 
Pulse Width 5.5V ,;; +125Oe 

Wrfte Enable (10) TWLEH vee =4.5 and 9,10,11 ·55°e ,;;TA 70 150 -
Pulse Setup 5.5V ';;+125°e 
Time 

Early Write Pulse (11) TWLEL vee =4.5and 9,10,11 -55°C,;; TA 0 0 -
Setup Time 5.5V ,; +125oe 

Early Write Pulse (13) TELWH vee =4.5and 9,10,11 -55°C,; TA 40 60 
Hold Time 5.5V ,;; +1250 e 

Data Setup Time (14) TDVWL vee =4.5and 9,10,11 -55°C,;; TA 0 · 0 
5.5V ,;; +125oe 

Early Write Data (15) TDVEL vee =4.5 and 9,10,11 -55°C ,;TA 0 0 -
Setup Time 5.5V ';+125oe 

Data Hold Time (16) TWLDX Vee=4.5and 9,10,11 -55°C,;; TA 25 60 
5.5V ,;; +1250e 

Early Write Data (17) TELDX vee =4.5 and 9,10,11 -55°C,; TA 25 60 
Hold Time 5.5V ,; +1250e 

ReadorWrfte (18) TELEL vee =4.5and 9,10,11 -55°C,;; TA 170 · 290 
Cycle Time 5.5V ,;; +1250e 

NOTES: 

1. All vottages referenced to device GND. 

HM·65041883 

MIN MAX 

300 

320 

300 

120 

20 

50 

80 

200 

0 

80 

0 

0 

80 

80 

420 

2. Input pulse levels: 0 8V to Vee-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load' 
1 TTL gate equivalent, eL = 50pF (min) - for eL greater than 5OpF, access time is derated by 0.15ns per pF. 

3. TAVOV = TELOV + TAVEL. 

CAUTION: These devices are sensitive to electronic discharge. Proper Ie handling procedures should be followed. 
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Specifications HM-6504l883 

TABLE 3. HM-65041883 ELECTRICAL PERFORMANCE CHARACTERISTICS 

HM-6504S1883 

LIMITS 

PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE MIN MAX UNITS 

Input Capacitance CI vec = Open, I = lMHz, All 1 TA = +2SoC . 8 pF 
Measurements Relerenced 
to Device Ground 

Output Capaci· CO VCC = Open, I = lMHz, All 1 TA = +2SoC - 10 pF 
tance Measurements Relerenced 

to Device Ground 

Chap Enable Output (3) TELax vee = 4.5 and 5.5V 1 -55oeSTAS+125°e 5 -
Disable Time 

Chip Enable Output (4) TEHOZ vee = 4.5 and 5.5V 1 -55°C STAS +125°e - 50 ns 
Disable Time HM-6504S1883 

vee = 4.5 and 5.5V 1 -55°CsTA S+125oe - 80 ns 
HM-6504B1883 

vee = 4.5 and 5.5V 1 -55°CSTA<;+125OC - 100 ns 
HM-65041883 

Write Enable Read (12) TWHEL vce = 4.5 and 5.5V 1 -55"C STA S + 125°C 0 - ns 
Mode Setup Time 

High Level Output VOHL VCC = 4.5V, 10 = -IOO1LA 1 -55°CSTA S VCC -0.4 - V 
Voltage +125°e 

NOTE: 

1. The parameters listed in Table 3 are controlled via design or process parameters are charactenzed upon initial deSign and after major 
process andlor design changes. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 100"1015004 

IntenmTest 100%15004 1,7,9 

PDA 100%/5004 1 

Final Test 100%/5004 2,3,8A,8B, 10, 11 

Group A SampleslSOOS 1,2,3,7, 8A, 8B, 9,10,11 

Groups C& D SampleslSOOS 1,7,9 

CAUTION: These devices are sensitive to electromc discharge. Proper Ie handling procedures should be followed. 
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HM-6504l883 

Timing Waveforms 
READ CYCLE 

W HIGH 

TIME 
R(fUlUCE 

111 

"'H1181 
fEUH 

151 

VALID DATA OUT'UT 

141 TEHOl 

I I 
3 • 

TRUTH TABLE 

INPUTS 

TIME REFERENCE E W A 

·1 H X X 

0 "- H V 

1 L H X 

2 L H X 

3 J H X 

4 H X X 

5 "- H V 

The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up and 
hold time reql,lirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 

EARLY WRITE CYCLE 

HIGH-Z 

OUTPUT 

Q FUNCTION 

Z Memory Disabled 

Z Cycle Begins, Addresses are Latched 

X OU1put Enabled 

V Output Valid 

V Read Accomplished 

Z Prepare for Next Cycle (Same as ·1) 

Z Cycle Ends, Next Cycle Begins (Same as 0) 

enabled but the data is not valid until during time (T = 2). W 
must remain hill!! for the read cycle. After the output data 
has been read, E may return high (T = 3). This will disable 
the output buffer and all input and ready the RAM for the 
next memory cycle (T = 4). 

TEUH TUEL (18) 

151 

171 TAVEl 

flEX ADD 

HIGH-Z 

REF~I:EE"CE---I~-+--------+--------IHIf---+-
_I I ] 

TRUTH TABLE 

INPUTS 

TIME REFERENCE E W A 0 

·1 H X X X 

0 "- L V V 

1 L X X X 

2 J X X X 

3 H X X X 

4 "- L V V 

The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E 
(T = 0), the addresses, the write signal, and the data input 
are latched in on chip registers. The logic value of W at the 
time E falls determines the state of the output buffer for that 
cycle. Since W is low when E falls, the output buffer is 
latched into the high impedance state and will remain in that 

OUTPUT 

Q FUNCTION 

Z Memory Disabled 

Z Cycle Begins, Addresses are Latched 

Z Write in Progress Internally 

Z Write Completed 

Z Prepare for Next Cycle (Same as • 1) 

Z Cycle Ends, Next Cycle Begins (Same as 0) 
-state until E returns high (T = 2). For this cycle, the data 

input is latched by E going low; therefore data set up and 
hold times should be referenced to E. When E (T = 2) 
returns to the high state the output buffer and all inputs are 
disabled and all signals are unlatched. The device is now 
ready for the next cycle. 

6·116 



Timing Waveforms (Continued) 

LATE WRITE CYCLE 

TIME INPUTS 

REFERENCE E W 

-1 H X 

0 "- H 

1 L "-
2 L H 

3 -" H 

4 H X 

5 "- H 

HM-6504l883 

TRUTH TABLE 

OUTPUTS 

A D Q FUNCTION 

X X Z Memory Disabled 

V X Z Cycle Begins, Addresses are Latched 

X V X Write Begins, Data is Latched 

X X X Write In Progress Internally 

X X X Write Completed 

X X Z Prepare for Next Cycle (Same as -1) 

V X Z Cycle Ends, Next Cycle Begins (Same as 0) 

The late write cycle is a cross between the early write cycle 
and the read-modify-write cycle. 

between these two cases. With this cycle the output may 
become active, and may become valid data, or may remain 
active but undefined. Valid data is written into the RAM if 
data setup, data hold, write setup and write pulse widths are 
observed. 

Recall that in the early write the output is guaranteed to 
remain high impedance, and in the read-modify-write the 
output is guaranteed valid at access time. The late write is 

Test Load Circuit r .... · .... · .... · .... ··· .. ····· .. -.... · .. -.... · .. -.. ··· .. · .... · .. · .. · .... · .. · .. -. 

OUT --1~--f-< 

• TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 

I.SV IOL ! 
I EQUIVALENT CIRCUIT I 
:. ..............................................................•.......................... : 
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HM-6504l883 

Burn-In Circuit 

HM-65041883 CERAMIC DIP 

NOTES: 

All resistors 47fN'.1 ± 5% 

FO = 100kHz ± 10% 

F3 

F4 

F5 

F6 

F7 

FB 

F2 

F1 

F1 = FO + 2. F2 = F1 + 2. F3 = F2 + 2 ... F12 = F11 + 2 

VCC = 5.5V ± 0.5V 

VIH = 4.5V ± 10% 

VIL = -0.2V to +O.4V 

C1 = O.OlIlF Min. 

Packaging 

.882 

.915 

VCC 

AO VCC 

A1 A6 

A2 A7 

A3 A8 

A4 A9 

A5 A10 

Q A11 

Vi D 

GND E 

1 B PIN CERAMIC DIP 

.005 MIN ~ 
I ~========~ 

'OOT::: t 
125 

.180 

.065 

.100 
SSC 

C1 

E 
F9 

F10 

F11 

F12 

F13 

F14 

F2 

FO 

~ 

----i .285 I--
I .305 I 

o· 
15' 

• INCREASE MAX UMIT BY .003 INCHES 
M EASU RED AT CEN 1ER OF FLAT FOR 
SOLDER FINISH 

LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835. GDIP1-T18 

MATERIALS: Compliant to MIL-M-38510 

NOTE: All Dimensions are Min. Dimensions are in inches. 
Max 
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Metallization Topology 

DIE DIMENSIONS: 
136 x 169 x 19 ± 1mils 

METALLIZATION: 
Type: Si - AI 
Thickness: 11kA ± 2kA 

GLASSIVATION: 
Type: Si02 
Thickness: 8kA ± 1 kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

WORST CASE CURRENT DENSITY: 
1.79 x 105 A1cm2 

LEAD TEMPERATURE (10 seconds soldering): 
";300oC 

Metallization Mask Layout 

A2 

A3 

A4 

AS 

Q 

A1 

HM-6504/883 

HM-65041883 
AO vee AS 

GND E D 

NOTE: Pin Numbers Correspond to DIP Package Only. 
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HM-6514 
February 1992 1024 X 4 CMOS RAM 

Features Description 
• Low Power Standby ••••••••••••••••••• 125j.lW Max. The HM·6514 is a 1024 x 4 static CMOS RAM fabricated 

using self·aligned silicon gate technology. The device utilizes 
synchronous circuitry to achieve high performance and low 
power operation. 

• Low Power Operation ••••••••••••• 35mWIMHz Max. 

• Data Ratentlon • • • • • • • • • • • • • • • • • • • • • •• @2.0V Min. 

• TTL Compatible Input/Output 

• Common Data Input/Output 

• Three-State Output 

• Standard JEDEC Pinout 

On chip latches are provided for addresses allowing efficient 
interfacing with microprocessor systems. The data output 
can be forced to a high impedance state for use in expanded 
memory arrays. 

• Fast Access Time •••••••••••••••••• 1201200ns Max. 
Gated inputs allow lower operating current and also elimi· 
nate the need for pull up or pull down resistors. The 
HM·6514 is a fully static RAM and may be maintained in any 
state for an indefinite period of time. 

• 18 Pin Package for High Density 

• On-Chlp Address Register 

• Gated Inputs· No Pull Up or Pull Down Resistors Required 
Data retention supply voltage and supply current are guaran· 
teed over temperature. 

Ordering Information 
PACKAGE TEMPERATURE RANGE 120ns 200ns 

Plastic DIP -400c to +85°C HM3-6514S·9 HM3-6514B-9 

Ceramic DIP -40°C to +85OC HMl-6514S-9 HMl-6514B-9 

*/883 -5500 to +125°C HMl-6514S1883 HMl-6514B1883 

JAN# 24502BVA -
SMD# 8102402VA 8102404VA 

LCC -400C to +8500 - HM4-6514B-9 

-55°C to + 12SOC - HM4-6514B-8 

* Respective 1883 specifications are Included at the end of thIS data sheet. 

Pinouts 
18 LEAD DIP 
TOP VIEW 

PIN DESCRIPTION 

300ns 

HM3-6514-9 

HMl-6514-9 

HMl-65141883 
. 

8102406VA 

HM4-6514-9 

HM4-6514-8 

18 LEAD LCC 
TOP VIEW 

L.!,J t~J L1.8J L1JJ 
A Address Input -" r-

A4 :u tt6 A8 
E 

W 

D 

Q 

Chip Enable 

Write Enable 

Data Input 

Data Output 

A3 

AO 

A1 

A2 

CAUTION: These devices are sensltiw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1992 
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Functional Diagram 

r 
W--+-~ .... 

HM-6514 

GATED 
ROW 

DECODER 

+-----... 0 
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Specifications HM-6514 

Absolute Maximum Ratings Reliability Information 
Supply Voltage •••••••••••••••••••••••••••• , •••••••• +7.0V 
Input, Output or 1/0 Voltege ••••..•••••• GND-Q.3V to VCC+D.3V 
Storage Temperature Range ................. -65OC to + 15O"C 
Junction Temperature .............................. + 175°C 
Lead Temperatura (Soldering lOs) •••••••••••••••••••• +300oC 

Thermal Resistance 9ja 910 
Ceramic DIP Package............. 660CtN l2"CIW 

Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ............................. 0.75W 

Gate Count ................................... 6910 Gates 
ESD Classilication ................................ Class 1 

CAUTION: SI18sses abow /hose listed in ·Absolute MaxImum Ratings· may cause Pfifmanent damage to the davfce. This is a stress only /Bling and op8/B/ion 
of the davfce at these or any other conditions abowlthose Indicated In the ope/Bliona/ sections of this specification Is not Implied. 

Operating Conditions 
Operating Voltage Range •••.•..•••.••••••••• , +4.5V to +5.5V Operating Temperature Ranges: 

HM-6514S-9, HM-6514B-9, HM-6514-9 .•.•.••. -40"C to +65°C 
HM-6514B-S, HM-6514-S •••..•••..•••..••• -55OC to +1250C 

DC Electrical Specifications vcc = 5V ± 10%; TA = -40OC to +sSOC (HM-6514S-9, HM-6514B-9, HM-6514-9) 
TA = -55°C to +125OC (HM-6514B-S, HM-6514-S) 

UMITS 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

ICCSS Standby Supply Current HM-6514-9 - 25 IIA 10 = OmA, E = VCC-0.3V, VCC = 5.5V 

HM-6514-S - 50 IIA 

ICCOP Operating Supply Current (Note 1) - 7 mA E = lMHz, 10 = OmA, VI = GND, 
VCC= 5.5V, 

ICCDR Dala Retention Supply HM-6514-9 - 15 IIA 10 = OmA, VCC =2.0V, E =VCC 
Current 

HM-6514-S - 25 IIA 

VCCDR Date Retention Supply Voltege 2.0 - V 

II Input Leakage Current -1.0 +1.0 IIA VI = VCC or GND, VCC = 5.5V 

IIOZ Input/Output Leakage Current -1.0 +1.0 IIA VIO = VCC or GND, VCC = 5.5V 

VIL Input Low Voltage -0.3 O.S V VCC= 4.5V 

VIH Input High Voltage VCC-2.0 VCC+D.3 V VCC= 5.5V 

VOL Output Low Voltege - 0.4 V 10 = 2.0mA, VCC = 4.5V 

VOHl Output High Voltage 2.4 - V 10 = -1.0mA, VCC = 4.5V 

VOH2 Output High Voltage (Note 2) VCC-0.4 - V 10 = -100!IA, VCC = 4.5V 

Capacitance TA = +250C 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CI Input Capacitance (Note 2) S pF f = 1 MHz, All measurements are 
referenced to device GND 

CIO Input/Output Capacitance (Note 2) 10 pF 

NOTES: 

1. Typical derating 5mAlMHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM-6514 

AC Electrical Specifications vcc = 5V ± 10%; TA = -40"C to +85"0 (HM-6514S-9, HM-6514B-9, HM-6514-9) 
TA = -55"C to +125°C (HM-6514B-8, HM-6514-8) 

LIMITS 

HM-65148-9 HM-6514B-11 HM-6514-9 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS 

(1) TELQV Chip Enable Access Time - 120 - 220 - 300 ns 

(2) TAVQV Address Access Time - 120 - 220 - 320 ns 

(3) TELax Chip Enable Output Enable 5 - 5 - 5 - ns 
Time 

(4) TEHOZ Chip Enable Output Disable - 50 - 80 - 100 ns 
Time 

(5) TELEH Chip Enable Pulse Negative 120 - 200 - 300 - ns 
Width 

(6) TEHEL Chip Enable Pulse Positive 50 90 - 120 - ns 
Width 

(7) TAVEL Address Setup Time 0 20 - 20 ns 

(8) TELAX Address Hold Time 40 - 50 - 50 - ns 

(9) TWLWH Write Enable Pulse Width 120 - 200 - 300 - ns 

(10) TWLEH Chip Enable Write Pulse 120 - 200 - 300 - ns 
Setup Time 

(11) TELWH Chip Enable Write Pulse Hold 120 - 200 - 300 - ns 
Time 

(12) TDVWH Data Setup Time 50 - 120 - 200 ns 

(13) TWHDX Data Hold Time 0 - 0 - 0 - ns 

(14) TWLDV Write Data Delay Time 70 - 80 - 100 - ns 

(15) TWLEL Early OUtput High-Z Time 0 - 0 - 0 - ns 

(16) TEHWH Late OUtput High-Z Time 0 - 0 - 0 ns 

(17) TELEL Read or Write Cycle Time 170 - 290 - 420 -
NOTES: 

TEST 
CONDITIONS 

(Notes 1, 3) 

(Notes 1, 3, 4) 

(Notes 2, 3) 

(Notes 2, 3) 

(Noles 1, 3) 

(Noles 1, 3) 

(Notes 1, 3) 

(Notes 1, 3) 

(Notes 1, 3) 

(Notes 1, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

(Notes I, 3) 

1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 5OpF, access time is derated by 0.15n5 per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 

4. TAVQV = TELQV + TAVEL. 
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HM-6514 

Timing Waveforms 
READ CYCLE 

2 lAvav 

(7J THEL 

~ --TElA~I" (17) 1 TAVEL ~I I· 
A VALID ADO NEXT ADD 

,F 
lAVOY 1121 

~ HLEH TEHEL __ 

1'1 

III TELOV 
1'1 TEHoz-I.I-_ 

00 
HIGH 1 131-TElOX--l 

VALID DATA OUT HIGH Z 
I~ 

W 

TIME I I I I I I I REFERENCE -I 0 I 2 3 4 , 
TRUTH TABLE 

TIME INPUTS DATA 110 
REFERENCE E W A DQ FUNCTION 

-I H X X Z Memory Disabled 

0 """""'- H V Z Cycle Begins, Addresses are Latched 

1 L H X X Output Enabled 

2 L H X V Output Valid 

3 f H X V Read Accomplished 

4 H X X Z Prepare for Next Cycle (Same as -1) 

5 """""'- H V Z Cycle Ends, Next Cycle Begins (Same as 0) 

The address informa!.!?n is latched in the on chip registers enabled but data is not valid until during time (T = 2). iN must 
on the falling edge of E (T = 0). Minimum address set up and remain high thro.!!.ghout the read cycle. After the output data 
hold time requirements must be met. After the required hold has been read, E may return high (T = 3). This will disable 
time, the addresses may change state without affecting the output buffer and all inputs and ready the RAM for the 
device operation. During time (T = 1) the output becomes next memory cycle (T = 4). 

WRITE CYCLE 
..::;::-t!AVElt-TElAx-:l -~i TEVEL 

A VALID ADO NEXT ADD 

~EHH 
TELEl 

~I TELEH TEHEL 

, 
TWUH - rElWl I-- - TWHEH f--

~ 
TWlWH 

V/. ~~ w~~ 

DO HIGH 2 
f--TWLDv-t 

VALID DATA INPUT -J HIGH Z 

_~TDVWH- TWHOZ 

rELWH 

TlME~~ I 1---1 I t 
REFERENCE ~t {I I 2 3 • , 

TRUTH TABLE 

TIME INPUTS 

REFERENCE E W A DQ FUNCTION 

-I H X X Z Memory Disabled 

0 """""'- X V Z Cycle Begins, Addresses are Latched 

1 L L X Z Write Period Begins 

2 L f X V Data In is Written 

3 f H X Z Write Completed 

4 H X X Z Prepare for Next Cycle (Same as -1) 

5 """""'- X V Z Cycle Ends, Next Cycle Begins (Same as 0) 
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HM-6514 

Timing Waveforms (Continued) 

WRITE CYCLE (Continued) 

The write cycle is initiated by the falling edge of E (T = 0), 
which latches the address information in the on-chip regis
ters. There are two basic types of write cycles, which differ in 
the control of the common data-in/data-out bus. 

Case 1: E falls before W falls 

The oU!Eut buff~s may become enabled (reading) if E falls 
before W falls. W is used to disable (three-state) the outputs 
so if£ut data can be applied. TWLDV must be met to allow 
the W signal time to disable the outputs before applying 
input data. Also, at the end of the cycle the outputs may 
become active if W rises before E. The RAM outputs and all 
inputs will three-state after E rises (TEHQZ). In this type of 
write cycle TWLEL and TEHWH may be ignored. 

Case 2: E falls equal to or after W falls, and E rises 
before or equal to W rising 

Test Load Circuit 

This E and W control timing will guarantee that the data out
puts will stay disabled throughout the cycle, thus simplifying 
the data input timing. TWLEL and TEHWH must be met, but 
TWLOV becomes meaningless and can be ignored. In this 
cycle TOVWH and TWHDX become TDVEH and TEHDX. In 
other words, reference data setup and hold times to the E 
rising edge. 

IF OBSERVE IGNORE 

Case 1 E falls before W TWLDV TWLEL 

Case 2 E falls after Wand TWLEL TWLDV 
E rises before iN TEHWH TWHDX 

If a series of consecutive write cycles are to be performed, 
W may be held low until all desired locations have been writ
ten (an extension of Case 2). 

r························································································1 

OUT O-~~ __ ;-< 

• TEST HEAD 
CAPACITANCE 

I.SV 

EQUIVALENT CIRCUIT 
........................................................................................ .: 
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January 1992 

Features 

• This Circuit Is Processed In Accordance to MII-5td-
883 and Is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

• Low Power Standby ••••••••••••••••••• 125/lW Max. 

• Low Power Operation ••••••••••••• 35mWIMHz Max. 

• Data Retention ••••••••••••••••••••••• @2.0V Min. 

• TTL Compatible Input/Output 

• Common Data Input/Output 

• Three-State Output 

• Standard JEDEC Pinout 

• Fast Access Time .••••••••••••••••• 1201200ns Max. 

• 18 Pin Package for High Density 

• On-Chip Address Register 

• Gated Inputs - No Pull Up or Pull Down Resistors 
Required 

HM-6514/883 
1024 X 4 CMOS RAM 

Description 

The HM-6514/883 is a 1024 x 4 static CMOS RAM fabri
cated using self·aligned silicon gate technology. The device 
utilizes synchronous circuitry to achieve high performance 
and low power operation. 

On chip latches are provided for addresses allowing efficient 
interfacing with microprocessor systems. The data output 
can be forced to a high impedance state for use in expanded 
memory arrays. 

Gated inputs allow lower operating current and also elimi
nates the need for pull up or pull down resistors. The HM-
65141883 is fully static RAM and may be maintained in any 
state for an indefinite period of time. 

Data retention supply voltage and supply current are guaran
teed over temperature. 

Pinout Functional Diagram 
HM1~5141883 (CERAMIC DIP) 

TOP VIEW 

PIN DESCRIPTION 

A Address Input 

E Chip Enable 

W Write Enable 

0 Data Input 

Q Data Output 

E 

GATED 

DE~~ER 64 

..... ----+G 
A 

4 

A 
4 

G 

64x64 
MATRIX 

GATED 
COLUMN 

110 SELECT 

W~~~~~ ______ ~~ 

CAUTION: These devices ara sansltlw to alectrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copvright @ Harris Corporation 1992 
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Specifications HM-65141883 

Absolute Maximum Ratings 
Supply Voltage •••••••.•.•••••••••••••••••••••.••••• +7.0V 

Reliability Information 
Thermal Resistance a.. 

Ceramic DIP Package. • • • • . • • • • • .. 6ff>C1W 
Maximum Package Power Dissipation at + 125°C 

Input, OUtput or 110 Voltage ••••.•.••••. GND-0.3V to VCC+O.3V 
Storage Temperature Range •••.•..•••••••••• -6SOC to + 15O"C 
Junction Temperature ••.••..••••••••..••..••..••••• + 175°C 
lead Temperature (Soldering lOs) ••.••••.•••••....••. +3000C 

Ceramic DIP Package •...•.••.••..••.•.•••••••.••. 0.7SW 
Gate Count .•..••.•••••..••••••••••••••••••••• 6910 Gates 

ESD Classification • • • • . • • . • • • • . • • • • . • • • • . . • . . • . • •• Class 1 

CAUT/OIII: stresses abow thoss lISted in "Absalu'" M8Xlmum Raffngs" may cause permanent damage to the dtwIca. This is a stress only rating and operation 
01 the device at these or any o/lle, conditions abolle Ihosa mdicated in the operational secllons of this spacdication is not ,,,.n;.d. 

Operating Conditions 
operating Voltage Range .........•••.•••••.•. +4.5V to +5.SV 
Operating Temperature Range .••••••...•••••• -SS"C to +12SoC 
Input Low Voltage •••.•••••.•.•.••••.•••.•.••••. OV to +O.BV 

Input High Voltage ••••.•.••..•..•..•..•.••. VCC-2.0V to VCC 
Input Rise and Fall Time .••..•.•••••.•.••••.••.•.• 4Ons Max. 

TABLE 1. HM-65141883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

LIMITS 
(NOTE 1) GROUP A 

PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX 

Output Low Voltage VOL VCC=4.5V 1,2,3 -55°C S TA S +125"C 0.4 
IOL=3.2mA 

Output High Voltage VOH VCC=4.5V 1,2,3 -55°C S TA S +125"C 2.4 
IOH=-1.0mA 

Input Leakage Current II VCC=5.SV, 1,2,3 _55°C S TA S +125OC -1.0 +1.0 
VI = GND or VCC 

InputlOutput leakage IIOZ VCC=5.5V, 1,2,3 -55°C S TA S +125°C -1.0 +1.0 
Current VIO = GND or VCC 

Data Retention Supply ICC DR VCC=2.0V, 1,2,3 -55°C S TA S +12SoC 25 
Current E = VCC-o.3V, 

IO=OmA, 

Operating Supply ICCOP ':!.CC = 5.5V, (Note 2) 1,2,3 -55°C S TA S +125°C 7 
Current E= lMHz 

Standby Supply ICCSB ':!.CC=S.5V, 1,2,3 -55°C S TA S +125"C 50 
Current E = VCC-0.3V, 

IO=OmA 

NOTES: 

1. All voltages referenced to device GND. 

2. Typical derating 1.5mAlMHz increase In ICCOP. 

CAUTION: These devices are sensitive to oI""tronic discharge. Proper Ie handling procedures should be followed. 
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Specifications HM-65141883 

TABLE 2. HM-65141883 A.C. ELECTRICAL PERFORMANCE CHARACTERlsncs 

Device Guaranleed and 100% Tested 

UMITS 

GROUP HM-6S14S1883 HM-6S14B1883 
(NOTES 1. 2) ASU&- TEMPERA· 

PARAMETER S,(MBOL CONDITIONS GROUPS TURE MIN MAX MIN MAX 

Chip Enable (1) TELaV VCC =4.5 and 9.10.11 ·55"C sTA - 120 200 
Access Tome 5.5V S +1250C 

Address Access (2) TAVaV VCC =4.5 and 9.10.11 -55"C sTA 120 - 220 
Time 5.5V, NoIe3 s+125OC 

Chip Enable (5) TELEH VCC=4.5and 9,10,11 -55OCSTA 120 - 200 -
Pulse Negalive 5.5V S +125"C 
Width 

Chip Enable (6) TEHEL VCC=4.5and 9,10,11 -55°CsTA 50 - 90 -
Pulse PosMive 5.5V S +125"C 
Width 

Address Setup (7) TAVEL VCC = 4.5 and 9,10,11 -55oCS TA 0 20 -
Time 5.5V S +125"C 

Address Hold (8) TELAX VCC=4.5and 9,10,11 -55"C sTA 40 50 
Time 5.5V S +125"C 

Write Enable (9) TWLWH VCC=4.5and 9,10,11 -55"CS TA 120 200 
Pulse Width 5.5V S+125OC 

Wrke Enable (10) TWLEH VCC =4.5and 9,10,11 -55"C sTA 120 200 
Pulse Setup 5.SV S +125OC 
Time 

WrHeEnable (11) TELWH VCC=4Sand 9,10,11 -SSoC sTA 120 200 
Pulse Hold Time SSV S +12SoC 

Data Selup Time (12) TDVWH VCC=4.Sand 9,10,11 -SSoCsTA SO 120 
S.SV S+12SoC 

Data Hold Time (13) TWHDX VCC = 4.5 and 9,10,11 -SSoC sTA 0 0 
S.SV S +125"C 

WrHe Dala Delay (14) TWLDV VCC=4.Sand 9,10,11 -55°CsTA 70 - BO -
Time S.SV S +12S"C 

EarlyOutpul (15) TWLEL VCC =4.Sand 9,10,11 -55°CSTA 0 0 
High-ZTime S.SV S +125"C 

Lale Output (16) TEHWH VCC=4.Sand 9,10,11 -55"C sTA 0 - 0 -
High-ZTime S.SV S +12SoC 

Read orWnle (17) TELEL VCC = 4.S and 9,10,11 -55°CsTA 170 290 
Cycle Time S.SV S+l25oC 

NOTES: 

1. All voHages referenced 10 device GND. 

HM·65141883 

MIN MAX UNITS 

- 300 ns 

320 ns 

300 ns 

120 ns 

20 ns 

50 ns 

300 ns 

300 ns 

300 ns 

200 ns 

0 ns 

100 ns 

0 ns 

0 ns 

420 ns 

2. Input pulse levels: O.BV 10 VCC-2.0V; Input rise and fall limes: Sns (max); Input and outputlimong reference level: 1.SV; Output load: 1 TTL gale 
equivalent, CL = SOpF (min) - for CL grealerlhan SOpF, access lime is deraled by O.lSns per pF 

3. TAVaV = TELaV + TAVEL. 

CAUTION' These devices are sensitive to electronIC discharge. Proper IC handling procedures should be followed. 
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Specifications HM-6514/883 

TABLE 3. HM-65141883 ELECTRICAL PERFORMANCE CHARACTERISTICS 

HM-65141883 

LIMITS 

PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE MIN MAX UNITS 

Input Capacitance CI VCC = Open, f = 1 MHz, All 1 TA= +25°e - 8 pF 
Measurements Referenced 
to Device Ground 

Input/Output cia vee = Open, f = 1MHz, All 1 TA = +25°e 10 pF 
CapaCitance Measurements Referenced 

to Device Ground 

Chip Enable Output TElOX vee = 4.5 and 5.5V 1 .55°CSTAS+125°e 5 -
Disable Time 

Chip Enable Output TEHOZ vee = 4.5 and 5.5V 1 -55°eSTAS+125°C 50 ns 
Disable Time HM-6514S1883 

vce = 4.5 and 5.5V 1 -55oeSTAS+125oe - 80 ns 
HM-6514B1883 

vee = 4.5 and 5.5V 1 -55oe sTAS+125oe - 100 ns 
HM·6514/883 

High level Output VOH2 vec = 4.5V, 10 = -1001lA 1 -55oe STAS+125oe VCC-O.4 - V 
Voltage 

NOTES: 

1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon Initial design and after major 
process and/or design changes. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 10001015004 -
Interim Test 100"1015004 1,7,9 

PDA 100%15004 1 

Final Test 100"/015004 2,3,8A,8B, 10, 11 

Group A Samples/5005 l,2,3,7,8A,8B,9,10,ll 

GroupsC & D Samples/5005 1,7,9 

CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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HM-65141883 

Timing Waveforms 
READ CYCLE 1----2 TAVOV --_~I 

I--------+--TELEL---_____ -:-_I 
(17) 7 TAVEl_ 

11" 
~I---------TEL'H---------I___ 

151 

111 --- TELOV 

__ ~~~1~31f==:T~'~lQ~X=_:_=k~~~k=====~~~(·~'~TE~H=QZ=-=-=-==*_-~~---DO HIGH 1 VALID DATA OUT HIGH Z 

w----------------------------------------------
TIME t 
REFERENCE .1 

TIME 
REFERENCE 

-1 

0 

1 

2 

3 

4 

5 

INPUTS 

E W 

H X 

~ H 

L H 

L H 

...r H 

H X 

~ H 

I I 
3 

TRUTH TABLE 

DATA If 0 
A DQ FUNCTION 

X Z Memory Disabled 

V Z Cycle Begins, Addresses are Latched 

X X Output Enabled 

X V Output Valid 

X V Read Accomplished 

X Z Prepare for Next Cycle (Same as -1) 

V Z Cycle Ends, Next Cycle Begins (Same as 0) 

The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 

enabled but data is not valid until during time (T = 2). ijJ must 
remain high throughout the read cycle. After the output data 
has been read, E may return high (T = 3). This will disable 
the output buffer and all inputs and ready the RAM for the 
next memory cycle (T = 4). 

WRITE CYCLE 

TIM' ~~I----I--------+-__+-_+-___f 
REFERENCE _I 0 

TRUTH TABLE 

TIME INPUTS 

REFERENCE E W A DQ FUNCTION 

-1 H X X Z Memory Disabled 

0 ~ X V Z Cycle Begins, Addressas are Latched 

1 L L X Z Write Period Begins 

2 L ...r X V Data In Is Written 

3 ...r H X Z Write Completed 

4 H X X Z Prepare for Next Cycle (Same as -1) 

5 ~ X V Z Cycle Ends, Next Cycle Begins (Same as 0) 
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HM-6514/883 

Timing Waveforms (Continued) 

WRITE CYCLE (Continued) 

The write cycle is initiated by the falling edge of E (T = 0), 
which latches the address information in the on-chip regis
ters. There are two basic types of write cycles, which differ in 
the control of the common data-In/data-out bus. 

Case 1: E falls before Vii falls 

The oU.!.e.ut bu~s may become enabled (reading) if E falls 
before W falls. W is used to disable (three-state) the outputs 
so input data can be applied. TWLDV must be met to allow 
the Vii signal time to disable the outputs before applying 
input data. Also, at the end of the cycle the outputs may 
become active if Vii rises before E. The RAM outputs and all 
inputs will three-state after E rises (TEHQZ). In this type of 
write cycle TWLEL and TEHWH may be ignored. 

Case 2: E falls equal to or after Vii falls, and E rises 
before or equal to Vii rising 

Test Load Circuit 

• TEST HEAD 
CAPACITANCE 

This E and Vii control timing will guarantee that the data out
puts will stay disabled throughout the cycle, thus simplifying 
the data input timing. TWLEL and TEHWH must be met, but 
TWLDV becomes meaningless and can be ignored. In this 
cycle TDVWH and TWHDX become TDVEH and TEHDX. In 
other words, reference data setup and hold times to the E 
rising edge. 

IF OBSERVE IGNORE 

Case 1 E falls before W TWLDV TWLEL 

Case 2 E falls after Wand TWLEL TWLDV 
E rises before W TEHWH TWHDX 

If a series of consecutive write cycles are to be performed, 
Vii may be held low until all desired locations have been writ
ten (an extension of Case 2). 

I.SV 

EQUIVALENT CIRCUIT i 
: •••••••••••••••••••••••••• u ••••••••••••••• u ••••••••••••••••••••••••••• u ••••••••••••••• ~ 
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HM-65141883 

Burn-ln Circuit 
HM6514J883 CERAMIC DIP 

NOTES: 
All resistors 47kn ±5% 
FO=100kHzt10% 

FII -..JV""-~ 

FII -..JV""-~ 

F7 --'V""--I 

Fa -..JV""-~ 

F3 -..JV""-~ 

F4 -..JV""-~ 

F5 --'V""--I 

FO -..JV""-~ 

F1 = FO+2, F2= F1 +2, F3=F2+2 ••. F12 = F11 +2 
VCC = 5.5V t O.5V 

VIH =4.5Vt 10% 

VIL = -D.2V to +O.4V 

C1 = O.01I1F Min. 

Packaging 

.882 

915 

vee C1 

( 

I-""""M..--F10 

_""",""'..-_ F11 

I-""""M..--F12 

t--"II""--- F2 

I--JV'W-- F1 

18 PIN CERAMIC DIP 

--I .285 I--
I .305 I 

O· 

is' 

.065 • INCREASE t.1AX UlAIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 

• SOLDER FINISH 

LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 

MATERIALS: Compliant to MIL-M-38510 

NOTE: All Dimensions are ~ DImensions are In Inches. 
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Metallization Topology 

DIE DIMENSIONS: 
136 x 167 x 19 ± 1mlls 

METALLIZATION: 
Type: SI- AI 
Thickness: 11 kA ± 2kA 

GLASSIVATlON: 
Type: Si02 
Thickness: 8kA ± 1 kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 4600 C (Max) 

WORST CASE CURRENT DENSITY: 
1.79 x 105 Alcm2 

LEAD TEMPERATURE (10 seconds soldering): 
300°C 

Metallization Mask Layout 

HM-6514/883 

HM-6S14/883 

Pin Numbers Correspond to DIP Package Only. 
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February 1992 

Features 

• Fully Static Operation 

MWS5114 

Description 

1024-Word X 4-Bit 
LSI Static RAM 

• Industry Standard 1024 x 4 Pinout (Same as Pinouts 
for 6514, 2114,9114, and 4045 Types) 

The MWS5114 is a 1024 word by 4 bit static random access 
memory that uses the ion-implanted silicon gate comple
mentary MOS (CMOS) technology. It is designed for use in 
memory systems where low power and simplicity in use are 
desirable. This type has common data input and data output 
and utilizes a single power supply of 4.5V to 6.5V. 

• Common Data Input and Output 

• Memory Retention for Standby Battery Voltage as Low 
as2VMln 

• All Inputs and Outputs Directly TTL, Compatible 

• 3 State Outputs 

• Low Standby and Operating Power 

Ordering Information 

PACKAGE 

Plastic DIP 
Burn-In 

Ceramic DIP 
Burn-In 

Pinout 

FUNCTION 

TEMPERATURE RANGE 

O"C to +70"C 

O"C to + 70"C 

18 LEAD DIP 
TOP VIEW 

VDD 

A7 

A8 

AI 

1101 

1102 

1103 

1104 

WE 

Operational Modes 

DATA PINS 

The MWS5114 is supplied in 18 lead, hermetic, dual-in-line 
sidebrazed ceramic packages (0 suffix) and in 18 lead dual
in-line plastic packages (E suffix). 

200ns 250n9 300ns 

MWS5114E3 MWS5114E2 MWS5114El 
MWS5114E3X MWS5114E2X MWS5114E1X 

MWS5114D3 MWS5114D2 MWS5114Dl 
MWS5114D3X MWS5114D2X MWS5114D1X 

Functional Block Diagram 

A4-------t~r_--l 
A5 -------eo 
A6 -------eo ROW 
A7 SELECT 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

Ae-----eO 
A9----C~L__J 

1/°1 ---~-i;:{===1;=::~§'Fl===:ll 
1102 ---.-11-/;>--1 

"03 --,..tt-i--e>--i 
I/~ -.,-t.tt-i--e>--i 

Read o Output: Dependent on 
data 

Write o o Input 

Not Selected x High Impedance 
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Specifications MWS5114 

Absolute Maximum Ratings 
DC Supply Voltage Range, (V 00): 

(All Voltages Referenced to V ss Terminal) •••.•••• -n.5V to +7V 
Input Voltage Range, All Inputs •••.••••.•••• -n.5V to Voo +O.5V 
DC Input Current, Any One Input .••.....•.........•..... ±10mA 
Power DiSSipation Per Package (Po) 

TA = -4O"C to +6OoC (Package Type E) .••........... SOOmW 
TA = +6OoC to +85°C (Package Type E) ....•• Derate linearly at 

12mWI"C to 200mW 
TA = -55°C to +loooC (Package Type D) ..••.•••.•••. SOOmW 
TA = +loooC to +125°C (Package Type D) ..•• Derate linearly at 

12mWI"C to 200mW 

Device Dissipation Per Output Transistor 
TA = Full Package Temperature Range 
(All Package lYPes) •••••.•••••••••••••.•••.••..•• loomW 

Operating Temperature Range (TA): 
Package Type D ••.••••••....•••.••.••••• -5500 to +125°C 
Package Type E. • . • • • • • • . . • . • • . . • . • • • . • •. -40"C to +85°C 

Storage Temperature Range (T sIg) • • . . • . • • • . • . ~5oo to +1 SOOC 
Lead Temperature (During Soldering): 

At distance 1/16 ±1/32In. (1.59± 0.79mm) 
from case for lOs max .•....••..••.••.••.••••••..• +285°C 

Recommended Operating Conditions At TA = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the foHowing ranges: 

LIMITS 

ALL TYPES 

CHARACTERISTIC MIN MAX UNITS 

DC Operating Voltage Range 4.5 6.5 V 

Input Voltage Range VSS VDD V 

Static Electrical Characteristics At TA = ooC to +7ooC, VDD = ± 5%, Except as Noted 

CONDITIONS UMrrs 

MWS5114-3 MWS5114-2 MWS5114-1 

VO VIN VDD (Note 1) (Nolel) (Note 1) 
CHARACTERISTIC SYMBOL (V) (V) (V) MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Quiescent Device 100 - 0,5 5 - 75 100 - 75 100 - 75 250 IIA 
Current 

Output Low IOL 0.4 0,5 5 2 4 - 2 4 2 4 - mA 
(Sink) Current 

Output High IOH 4.6 0,5 5 -0.4 -1 - -0.4 -1 -0.4 -1 - rnA 
(Source) Current 

Output Voltage VOL - 0,5 5 - 0 0.1 - 0 0.1 - 0 0.1 V 
Low-Level 

Output VoDage VOH - 0,5 5 4.9 5 - 4.9 5 - 4.9 5 - V 
High-Level 

Input Low Voltage VIL 0.5, 5 - 1.2 0.8 - 1.2 0.8 - 12 0.8 V 
4.5 

Input High Voltage VIH 0.5, 5 2.4 - - 2.4 - - 2.4 - - V 
4.5 

Input Leakage liN - 0,5 5 - ±D.l ±5 - ±0.1 ±5 - ±0.1 ±5 jlA 
Current (Note 2) 

Operating Current 1001 - 0,5 5 - 4 8 - 4 8 - 4 8 mA 
(Note 3) 

3-State Output lOUT 0,5 0,5 5 - ±D.5 ±5 - ±0.5 ±5 - ±D.5 ±5 IIA 
Leakage Current 
(Note 4) 

Input Capacitance CIN - - - - 5 7.5 - 5 7.5 - 5 7.5 pF 

Output Capacitance COUT - - - 10 15 - 10 15 - 10 15 pF 

NOTES: 

1. Typical values are for TA = 25°C and nominal VDD. 

2. All inputs in parallel 

3. Outputs open circuited; cycle time = 1 !IS. 
4. All outputs in parallel 
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Specifications MWS5114 

Dynamic Electrical Characteristics at TA = ooc to +700C, Voo = 5V ± 5%, Input tr, If = 10ns; CL = 50pF and 1 TTL Load 

LIMITS 

MWS5114-3 MWS5114-2 MWSS114-1 

(Nole 1) (Nole2) (Note 1) (Note 2) (Note 1) (Note 2) 
CHARACTERISTIC SYMBOL MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

READ CYCLE TIMES (FIGURE 1) 

Read Cycle tRC 200 160 250 200 300 250 ns 

Access from IAA - 160 200 - 200 250 - 250 300 ns 
Address 

Chip Selection to tCO 110 150 - 150 200 - 200 250 ns 
Output Valid 

Chip Selection to tCX 20 100 - 20 100 - 20 100 - ns 
Output Active 

Output 3 State tOTO 75 125 75 125 75 125 ns 
from Deselection 

Output Hold from tOHA so 100 50 100 - 50 100 ns 
Address Change 

WRITE CYCLE TIMES (FIGURE 2) 

Write Cycle tWC 200 160 - 2S0 200 300 220 - ns 

Write rN 125 100 - 150 120 200 140 - ns 

Write Release tWR SO 40 - 50 40 - 50 40 - ns 

Address to Chip lACS 0 0 - 0 0 0 0 - ns 
Select Setup Time 

Address to Write lAW 2S 20 - 50 40 50 40 - ns 
Setup Time 

Data to Write tDSU 75 50 75 50 75 50 ns 
Setup Time 

Data Hold from tDH 30 10 30 10 - 30 10 ns 
Write 

NOTES: 

1. Time required by a limit device to allow for the indicated function. 

2. Typical values are for TA = 2SoC and nominal VDD. 

IRe 
ADDRESS 

ADDRESS 

CS--i----.. 

WE-----"""\.I 

DOUT ------~~~K 

NOTE: WE is high during the Read Cycle. Timing Measurement 
Ref. Level is 1.SV 

NOTE: WE is low during the Write Cycle. TIming Measurement 
Ref. Level is 1.5V 

FIGURE 1. READ CYCLE TIMING WAVEFORMS FIGURE 2. WRITE CYCLE TIMING WAVEFORMS 
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MWS5114 

Data Retention Characteristics at TA = OOC to +70OC; See Figure 3 

TEST 
CONDITIONS LIMITS 

ALL TYPES 

CHARACTERISTIC 

Minimum Data Retenbon Voltage 

Data Retention Quiescent 
Current 

MWS5114-3 

MWS5114-2 

MWS5114-1 

Chip Deselect to Data Retention Time 

Recovery to Normal Operation Time 

VDD to VDR RISe and Fall Time 

SYMBOL 

VDR 

100 

tCDR 

tRC 

!r,1f 

NOTE: 1. Typical Values are for T A = 25°C and nominal V DO 

VDD 

VDR 
(V) 

2 

2 

2 

2 

DATA 
RETENTION 

MODE 

VDD 
(V) 

5 

5 

5 

MIN 

2 

300 

300 

-K O.95VDD 

I \ VDR 

O.95VDjf-

- ICDRr-:-1 

-tit--
I .... IRC I-

--;Irl---

CS VIH }~~ ___ V_DR ___ ..Jr=K VIH. 

~ I~ 

FIGURE 3_ LOW VDD DATA RETENTION TIMING WAVEFORMS 
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25 

25 

60 

MAX UNITS 

V 

50 

50 
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HM-6516 
January 1992 2K X 8 CMOS RAM 

Features Description 
o Low Power Standby •••••••••••• 2751lW Max. The HM·6516 is a CMOS 2048 x 8 Static Random Access Memory. 

Extremely low power operation is achieved by the use of 
complementary MOS design techniques. This low power is further 
enhanced by the use of synchronous circuit techniques that keep the 
active (operating) power low, which also gives fast access times. The 
pinout of the HM-6516 is the popular 24 pin, 8 bit wide JEDEC 
standard which allows easy memory board layouts, flexible enough to 
accommodate a variety of PROMs, RAMS, EPROMs, and ROMs. 

o Low Power Operation •••••• SSmWIMHz Max. 

o Fast Access Time ••••••••••• 1201200ns Max. 

o Industry Standard Pinout 

o Single Supply ••••••••••••••••••• 5.0V VCC 

o TTL Compatible 

o Static Memory Cells 

o High Output Drive 

o On.Chip Address Latches 

o Easy Microprocessor Interfacing 

Ordering Information , 
PACKAGE 

Ceramic DIP 

1883" 

JANII 

SMDII 

LCC 

1883" 

JANII 

SMD# 

The HM·6516 is ideally suited for use in microprocessor based 
systems. The byte wide organization simplifies the memory array 
design, and keeps operating power down to a minimum because only 
one device is enabled at a time. The address latches allow very 
simple interfacing to recent generation microprocessors which employ 
a multiplexed address/data bus. The convenient output enable control 
also simplifies multiplexed bus interfacing by allowing the data outputs 
to be controlled independent of the chip enable. 

TEMPERATURE RANGE 120ns 200ns 

-4O"C to +85°C HMI-6516B-9 HMI-6516-9 

-55°C to +125OC HMI-6516B1883 HMI-65161883 

- 291D2BJA 

8403607JA 8403601JA 

-40"C to +85°C - HM4-6516-9 

-55°C to +125°C HM4-6516B1883 HM4-6516/883 

- 29102BXA 

8403607JA 8403601ZA 

" RespecUve 1883 specifications are Included at the end of this data sheet. 

Pinouts 
24 LEAD DIP 

TOP VIEW 

vee 
AI 

AS 

Vi 
G 

5 DOS 

DQ4 

32LEADLCC 
TOP VIEW 

:C~~~~~~ 
_. LSJ LJJ LZJ t!j liW IiW L1PJ po. 

A6 !i.l ~ AI 

AS il ~8 AI 

A4 il ~7 Ne .. 
~6 Vi A3 8' .. 

A2 
.. 

~5 G 9' .. 
AI 9] ~4 Al0 

AO 1j1 ~3 l 
1~] 

.. 
Ne ~ 007 

OQ6 

PIN 

NC 

AO-AID 

E 
VSSlGND 

DOO-D07 

VCC 

W 

G 

CAUTION: These dwlces are aansHiva to electrostatic discharga. Users should follow proper I.C. Handling Procedures. 
Copyright @ Harris Corporation 1992 
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DESCRIPTION 

No Connect 

Address Inputs 

Chip Enable/Power Down 

Ground 

Data In/Data Out 

Power (+5V) 

Write Enable 

Output Enable 
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Functional Diagram 

Al0 
A9 
A8 
A7 
AS 
AS 
A4 

GATED 
ROW 

DECODER 

HM-6516 

128 x 128 
MATRIX 

~~~~ ________ ~L~--~----~----
A3 A2 Al AO 
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Specifications HM-6516 

Absolute Maximum Ratings 
Supply Voltage ••••••••..•..•••...••......•....••... +7.0V 
Input or Output Voltage Applied lor all Grades ..•• : .. GND-0.3V to 

VCC+O.3V 
Storage Temperature Range ••.....•.•......• -65°C to + 150°C 
Junction Temperature. . • • . • • • . . . . . • . • . • . . . . . • . . . . . . + 175°C 
lead Temperature (Soldering lOs) .•••..•...•••....••• +3000C 
ESD Classification ••.•••.•••••....••.....•.....•.. Class 1 

Reliability Information 
Thermal Resistance • • . . . . . . . . • • . • • • &18 

Ceramic DIP Package. . • . . . . • • . . • • 48°C/W 
Ceramic lCC Package ••••.. . . • . • • 66OC/w 

Maximum Package Power Dissipation at + 125°C 

SJC 
8"C/W 
120C1W 

Ceramic DIP Package ..•.....•...•.••........••...•. lW 
Ceramic lCC Package •....••.•••.....••.......... 0.75W 

Gate Count ...•.......•.....•••••..••••...•.• 25953 Gates 

CAUTION: Stresses abo .. those ,listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at the58 or any other conditions abo .. those indicated In the operational ssclions of this specificstion is not implied. 

Operating Conditions 
Operating Voltage Range •..•..............••. +4.5V to +5.5V Operating Temperature Ranges: 

HM-6516B-9, HM-6516-9 •••................ -4O"C to +85°C 

DC Electrical Specifications vcc = 5V ± 10%; TA = -40oc to +85°C (HM-6516B-9, HM-6516-9) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

ICCSB Standby Supply Current - 50 IlA 10 = OmA, VI = VCC or GND, 
VCC = 5.5V, HM-6516B-9 

- 100 IIA 10 = OmA, VI = VCC or GND, 
HM-6516-9 

ICCOP Operating Supply Current (Note 1) - 10 mA 1= lMHz,IO=OmA,G=VCC,VCC= 
5.5V, VI = VCC or GND 

ICC DR Data Retention Supply Current - 25 IIA VCC = 2.0V, 10 = OmA, VI = VCC or 
GND, E = VCC, HM-6516B-9 

- 50 IIA VCC = 2.0V,10 = OmA, VI = VCC or 
GND, E = VCC, HM-6516-9 

VCCDR Data Retention Supply Voltage 2.0 - V 

II Input leakage Current -t.O +t.O IIA VI = VCC or GND, VCC = 5.5V 

IIOZ InpuVOutput leakage Current -1.0 +1.0 IIA VIO = VCC or GND, VCC = 5.5V 

Vil Input low Voltage -0.3 0.8 V VCC =4.5V 

VIH Input High Voltage 2.4 VCC+0.3 V VCC= 5.5V 

VOL Output low Voltage - 0.4 V 10 = 3.2mA, VCC = 4.5V 

VOHI Output High Voltage 2.4 - V 10 = -1.0mA, VCC = 4.5V 

VOH2 Output High Voltage (Note 2) VCC-O.4 V 10 = -IOOIlA, VCC = 4.5V 

Capacitance TA = +25°C 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CI Input Capacitance (Note 2) 8 pF I = I MHz, All measurements are 
relerenced to device GND 

CIO InpuVOutput Capacitance (Note 2) 10 pF 

NOTES: 

1. Typical derating 5mA/MHz increase in ICCOP. 

2. Tested at initial design and after major deSign changes. 
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Specifications HM-6516 

AC ElectrIcal SpecIfIcatIons vcc = 5V ± 10%; TA = -40°C to +85OC (HM-6516B-9, HM-6516-9) 

LIMITS 

HM-6516B·9 HM-6516-9 
TEST 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS CONDITIONS 

(1) TELQV Chip Enable Access Time 120 200 ns (Notes 1,3) 

(2) TAVQV Address Access Time 120 200 ns (Notes 1, 3, 4) 

(3) TELQX Chip Enable Output Enable Time 10 10 ns (Notes 2, 3) 

(4) TWLQZ Write Enable Output Disable Time 50 80 ns (Notes 2, 3) 

(S) TEHQZ Chip Enable Output Disable Time SO 80 ns (Notes 2, 3) 

(6) TGLQV Output Enable Output Valid Time 80 80 ns (Notes 1, 3 

(7) TGLQX Output Enable Output Enable Time 10 10 ns (Notes 2, 3) 

(8) TGHQZ Output Enable Output DisableTime SO 80 ns (Notes 2, 3) 

(9) TELEH Chip Enable Pulse Negative Width 120 200 ns (Notes 1,3 

(10) TEHEL Chip Enable Pulse Positive Width SO 80 ns (Notes 1,3 

(11) TAVEL Address Setup Time 0 0 ns (Notes 1, 3 

(12) TELAX Address Hold Time 30 SO ns (Notes 1, 3 

(13) TWLWH Write Enable Pulse Width 120 200 ns (Notes 1, 3 

(14) TWLEH Write Enable Pulse Setup Time 120 200 ns {Notes 1,3 

(is) TELWH Write Enable Pulse Hold Time 120 200 ns (Notes 1,3 

(16) TDVWH Data Setup Time SO 80 ns (Notes 1,3 

(17) TWHDX Data Hold Time 10 10 ns {Notes 1,3 

(lB) TELEL Read or Write Cycle Time 170 280 ns (Notes 1, 3 

NOTES: 

1. Input pulse levels: O.BV to VCC - 2.0V; Input rise and fall times: Sns (max); Input and output timing reference level: 1.SV; Output load: 
1 TTL gate equivalent, CL = SOpF (min) • for CL greater than SOpF, access time is derated by O.lSns per pF. 

2. Tested at initial design and after major design changes. 

3. vee = 4.SV and S.SV. 

4. TAVQV = TELQV + TAVEL. 
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HM-6516 

Timing Waveforms 

READ CYCLE 

E 
W ---+----~~-----+----------------~--------~-------------------

DO 

-TGLoxl71 

REFER;~~~----------~-----4~--------~I---------f---4I------'I------1-------
345 -1 o. 

The address information is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 
enabled but data is not valid until time (T = 2), W must 

WRITE CYCLE 

remain high throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out
put buffers into a high impedance mode at time (T = 4). G is 
used to disable the output buffers when in a logical "1" state 
(T = -1,0,3,4,5). After (T = 4) time, the memory is ready for 
the next cycle. 

TIME ________ 4-______ +I ____________ +-______ 41----~I----_+I------41-------
REFERENCE -1 0 2 3 4 5 

The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip 
registers. If a write cycle is to be performed where the output 
is not to become active, G can be held high (inactive). 
TDVWH and TWHDX must be met for proper device opera
tion regardless of G. If E and G fall before W falls (read 
mode), a possible bus conflict may exist If E rises before W 

rises, reference data setup and hold times to the E rising 
edge. The write operation is terminated by the first rising 
edge of W (T = 2) or E (T = 3). After the minimum E high time 
(TEHEL), the next cycle may begin. If a series of consecutive 
write cycles are to be performed, the W line may be held low 
until all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising of E. 
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Performance Curve 
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January 1992 

Features 
• This Circuit Is Processed In Accordance to 

MII-Std-883 and Is Fully Conformant Under 
the Provisions of Paragraph 1.2.1. 

• Low Power Standby •••.•..•.•.• 2751LW Max. 
• Low Power Operation ...... 55mWIMHz Max. 

• Fast Access Time ••••.•.•..• 12012oons Max. 

• Industry Standard Pinout 

• Single Supply ••••••••••.••••.••• 5.0V VCC 

• TTL Compatible 

• Static Memory Cells 

• High Output Drive 

• On-Chlp Address Latches 

• Easy Microprocessor Interfacing 

Pinouts 

HM-6516/883 
2K X 8 CMOS RAM 

Description 
The HM-6516/883 is a CMOS 2048 x 8 Static Random Access Memory. 
Extremely low power operation is achieved by the use of complementary 
MOS design techniques. This low power is further enhanced by the use of 
synchronous circuit techniques that keep the active (operating) power low, 
which also gives fast access times. The pinout of the HM-6516/883 is the 
popular 24 pin, 8 bit wide JEDEC standard which allows easy memory 
board layouts, flexible enough to accommodate a variety of PROMs, 
RAMS, EPROMs, and ROMs. 

The HM-65l6/883 is ideally suited for use in microprocessor based sys
tems. The byte wide organization simplifies the memory array design, and 
keeps operating power down to a minimum because only one device is 
enabled at a time. The address latches allow very simple interfacing to 
recent generation microprocessors which employ a multiplexed address! 
data bus. The convenient output enable control also simplifies multiplexed 
bus interfacing by allowing the data outputs to be controlled independent 
of the chip enable. 

HM1-65161883 (CERAMIC DIP) 
TOP VIEW 

HM4-65161883 (CERAMIC LCC) 
TOP VIEW 

DQ2 1 

7 DQ7 

DQ6 

DQS 
4 DQ4 

Functional Diagram 

Al0 
Ai 
A8 
A7 
AS 
AS 
A4 

.... uuul;luu 
-czzz>zz 

•• ~~.: ta.: t2J t!l w..: ruJ :I1P': p_ 

A6 iiJ ~9 AB 

~] ~B A9 

A4 ~7 NC 

l28x128 
MATRIX 

D07 

1~1:> __ ~~ ________ ~L~ 

A3 A2 Al AO 

PIN 

NC 

AO - Al0 

E 
VSS/GND 

DOO-DO? 

VCC 

W 

G 

CAUTION: These devices are sensnive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HM-65161883 

Absolute Maximum Ratings 
Supply Voltage ••••••••••••••••••••••••••••••••••••• +7.0V 
Input or Output Voltage Applied for all Grades •...•.• GND·0.3V to 

VCC+O.3V 
Storage Temperature Range ••••.••••••••.••• -65"0 to + 15O"C 
Junction Tempereture. • • • • • • • • • • • • • • • • • • • . . . . • . . . . . + 175°C 
Lead Temperatura (Soldering His) .•••.••••••••••••••• +3OOOC 
ESD Classification • • • • • • • • • . . • • • • . • • • • • • • . • • • • . • •• Class 1 

Reliability Information 

Thermal Resistance................ .~ ••• 
Ceramic DIP Package. • • • • • • . • • • •• "to"''' 
Ceramic LCC Package • • • • • • • . • • •• 66"C1W 

Maximum Package Power Dlsslpetlon at +125"0 
Ceramic DIP Package ••••••••.•••••••••••••••••••••• lW 
Ceramic LCC Package ••••••••..•••••••••••••••••• 0.75W 

Gate Count ••••••••••••••••.•.••••.•••••.•••• 25953 Gatas 

CAUTION: Stresses aboIIIIlhose hsted In "Absolute Maximum Ratings" may cause permllllflnt damage 10 /he de1Iic:a Th/$ is a .tress only rating and operatkm 
of IIIe device at these or any other conditions aboll8 /hose indicated in /he operational sections of IIIis spec/ficatkm is not i~ 

Operating Conditions 
Operating Voltage Range. • • • . . • • • • • • • • • • • • • •• +4.5V to +5.5V 
Operating Temperature Range •••••••••••.•••• -55"0 to + 125°C 
Input Low Voltage ••••..•.••••••..•••••..••••••• OV to +O.8V 

Input High Voltage .••••••••••••••.•••••••.•••• +2.4V to VCC 
Data Retention Supply Voltage ••••.•••••••••••••• 2.0V to 4.5V 
Input Rise and Fall Time ••••••.••••••••••••••••••• 4Ons Max. 

TABLE 1. HM-65161883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

DevIce Guarantead and 100% Tested 

LIMITS 
(NOTE 1) GROUP A 

PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX 

High Level VOH VCC= 4.5V 1,2,3 -SSoC S T" S +125°C 2.4 -
Output Voltage 10=-1.0mA 

Low Level VOL VCC= 4.5V 1,2,3 -SSoC S TA S +125°C - 0.4 
Output Voltage 10 = 3.2mA 

High Impedance IIOZ VCC =13 = 5.5 V, 1,2,3 -SSoCST"S+125°C -1.0 1.0 
Output Leakage VIO = GND or VCC 
Current 

Input Leakage II VCC=5.5V, 1,2,3 ·SSoC S T" S +125OC -1.0 1.0 
Current VI = GND or VCC 

Operating SUpply ICCOP VCC = 13 = 5.5V, (Note 2) 1,2,3 -SSoC S TAS +125"0 - 10 
Current 1= 1 MHz, VI = GND or VCC 

Standby Supply ICCSBI y'CC = 5.5V, HM~5161883 1,2,3 -SSoC S T" S +125"C - 100 
Current E = VCC-0.3V, 

10 = OrnA, VI = GND or VCC 

VCC = 5.5V, HM~516B1883 
E = VCC-O.3V, 

1,2,3 -SSoC S T" S +125"C - 50 

10 = OmA, VI = GND or VCC 

Data Retention ICCDR y'CC = 2.0V, HM-65161883 1,2,3 -55°C S T" S +125"C - 50 
Supply Current E = VCC-O.3V, 

10 = OmA, VI = GND or VCC 

y'CC = 2.0V, HM~516B1883 1,2,3 -55°C S TA S +125OC - 25 
E = VCC-o.3V, 
10 = OmA, VI = GND or VCC 

Functional T ast FT VCC = 4.5V (Note 3) 7,BA,BB -SSoC S TA S +125°C - -
NOTES: 

1. All voItagas referenced to device GND. 

2. Typical derating 1.5mA/MHz Increase in ICCOP. 

3. Tasted as loIlows: 1= 2MHz, VIH = 2.4V, VIL = 0.4V,IOH = -4.OmA, 10L= 4.OmA, VOH 1.5V, and VOLs 1.5V. 
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Specifications HM-65161883 

TABLE 2. HM-66141883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed end 100% Tested 

UMITS 

GROUP HM-65168/883 HM-6518f883 
(NOTES 1,2) A SUB-

PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX MIN MAX 

ehip Eneble (1) TELaV vee = 4.5 and 5.5V 9,10,11 '55°e S TA S +125"0 - 120 - 200 
Access Time 

Address Access (2) TAvav vee = 4.5 and 5.5V, 9,10,11 -55oe S TA S +l25oe - 120 - 200 
Time (NoIe3) 

ehip Enable (9) TELEH vee = 4.5 and 5.5V 9,10,11 -55oe S TA S + 1250e 120 - 200 
Pulse Negative 
Width 

ehip Enable (10) TEHEL vee = 4.5 and 5.5V 9,10,11 -55oesTA S+125oe 50 - BO 
Pulse Positive 
Width 

Address Set-up (11) TAVEL vee = 4.5 and 5.5V 9,10,11 -55oe S TA S +125"0 0 0 -
Time 

Address Hold (12) TELAX vee = 4.5 and 5.5V 9,10,11 _55°e S TA S +125oe 30 50 -
Time 

Wr~eEnable (13) TWLWH vee = 4.5 and 5.5V 9,10,11 -55°e S TA S +1250e 120 200 
Pulse Width 

Wrne Enable (14) TWLEH vee = 4.5 and 5.5V 9,10,11 -55oeSTA S+1250e 120 200 
Pulse Set-up 
Time 

ehip Selection 10 (15) TELWH vee = 4.5 and 5.5V 9,10,11 -55oe S TA S +1250e 120 200 
End 01 Wrne 

Data Set-up Time (16) TDVWH vee = 4.5 and 5.5V 9,10,11 -55°eSTA S+1250e 50 - BO 

Data Hold Time (17) TWHDX vee = 4.5 and 5.5V 9,10,11 -55°esTAS+125°e 10 - 10 -
ReadorWr~e (18) TELEL vee = 4.5 and 5.5V 9,10,11 -55°e S TA S +125oe 170 - 280 -
eycleTime 

NOTES: 

1. All voltages referenced to device GND. 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. Input pulse levels: O.BV to Vee-2.0V; Input rise and fall times. 5ns (max), Input and output timing reference level: 1 5V; Oulputload' 1 TTL gate 
equivalent, eL = 50pF (min) - for eL greater than 5OpF, access t.me is derated by 0 15ns per pF. 

3. TAVaV = TELaV + TAVEL. 
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Specifications HM-6516/883 

TABLE 3. HM-65161883 ELECTRICAL PERFORMANCE CHARACTERISTICS 

LIMITS 

PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS 

Input Capacitance CI VCC = Open, f = 1 MHz, All 1,2 TA= +25°C - 8 pF 
Measurements Referenced 
to Device Ground 

VCC = Open, f = 1 MHz, All 1,3 TA= +25°C 12 pF 
Measurements Referenced 
to Device Ground 

Input/Output CIO VCC = Open, f = 1 MHz, All 1,2 TA= +2SoC - 10 pF 
Capacitance Measurements Referenced 

to Device Ground 

VCC = Open, f = 1 MHz, All 1,3 TA = +2SoC 14 pF 
Measurements Referenced 
to Device Ground 

Chip Enable to Output (3) TELQX VCC = 4.5 and 5.5V 1 -55°C" TA :;; + 12SoC 10 - ns 
Valid Time 

Write Enable Output (4) TWLQZ vce = 4.S and 5.SV 1 -5Soe:;; TA ,; + 12soe - 80 ns 
Disable Time HM-6516/883 

vee = 4.S and S.5V 1 -ssoe,; TA,; + 12Soe SO ns 
HM-6516B1883 

Chip Enable Output (S) TEHQZ vee = 4.S and S.SV 1 -5Soe,; TA " +12soe 80 ns 
Disable Time HM-6516/883 

vee = 4.S and 5.SV 1 -S5oe,; TA ,; + 125°C SO ns 
HM-6516B1883 

Output Enable (6) TGLQV vee = 4.S and 5.SV 1 -ssoe,; TA ,; +12Soe - 80 ns 
Access Time 

Output Enable to (7) TGLQX VCC = 4.S and S.SV 1 -ssoe,; TA ,; + 125°C 10 - ns 
Output Valid Time 

Output Disable Time (8) TGHQZ vee = 4.S and S.SV 1 -S5oe" TA ,; +125°e - 80 ns 
HM-6516/883 

vee = 4.5 and 5.5V 1 -5Soe,; TA ,; +125oe 50 ns 
HM-6516B1883 

NOTES: 

1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 

2. Applies to LCC device types only. 

3. Applies to DIP device types only. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 100%/SOO4 -
Interim Test 100%/5004 1,7,9 

PDA 100%/5004 1 

Final Test 100%/SOO4 2,3, 8A, 8B, 10, 11 

Group A Samples/SOO5 1,2,3.7,8A,8B,9, 10, 11 

Groups C & D Samplesl5005 1,7,9 

6-147 

~ o 
::il 
w 
::il 
en o 
::il 
(.) 



HM-6S16/883 

Timing Waveforms 
READ CYCLE: HM~5161883 and HM~16B1883 

A 

E 

w---+----~~----+_--------------_r------_1-------------------

DO 

151 
TEHOZ 

_TGLOXI71 

TIME----------~----~----------t--------~--~I------t----~r-----REFERENCE 
-1 o. 

The address information is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 
enabled but data is not valid until time (T = 2), W must 

WRITE CYCLE: H~161883 and HM~16BJ8831 

1 2 3 4 5 

remain high throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out
put buffers into a high impedance mode at time (T = 4). G is 
used to disable the output buffers when in a logical "1" state 
(T = -1, 0, 3, 4, 5). After (T = 4) time, the memory is ready for 
the next cycle. 

TIME ________ ~I------4_----------~------~1 ____ ~I----~I~----~I~-----
REFERENCE -1 0 2 3 4 5 

The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address infom1ation in the on chip 
registers. If a write cycle is to be performed where the output 
is not to becon1e active, G can be held high (inactive). 
TDVWH and lWHDX_mu!! be...!"et for p"2£?8r device 
operation regardless of G. If E and G fall before W falls (read 
mode), a possible bus conflict may exist. If E rises before W 

rises, reference data setup and hold times to the E rising 
edge. The write operation is terminated by the first rising 
edge of W (T = 2) or E (T = 3). After the minimum E high time 
(TEHEL), the next cycle may begin. If a series of consecutive 
write cycles are to be performed, the W line may be held low 
until all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising of E. 
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HM-6516/883 

Test Circuit 

--- ----------------------------------------------j 

OUT O-..... -~I( 

Burn-In Circuits 

'TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 

HM-6516/883 CERAMIC DIP 

NOTES: 

All resistors 47kn ±5% 

FO = 100kHz ± 10% 

VCC = 5.5V ± 0.5V 
VIH = 4.5V ± H)""-

VIL = -0.2V to +0.4V 

C1 = O.OlI1F Min. 

VCC 

EQUIVALENT CIRCUIT 

C 

F11~ 
F12 

F1 AI 

FO Fa 

F13 F7 

FO 
F6 

F5 
F2 

F4 
F2 

F3 
F2 

F2 F2 

F2 
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HM-6516/883 CERAMIC LCC 

r------.-----o VCC 

C~ 
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Metallization Topology 
DIE DIMENSIONS: 

186.6 x 199.6 x 19± 1 mils 

METALUZATION: 
Type:Si-AI 
Thickness: 9kA -13kA 

GLASSIVATION: 
Type: Si02 
Thickness: 7kA ± 9kA 

DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 
0.5 x 10S Alcm2 

Metallization Mask Layout 

A3 A4 AS 

A2. 

At: , 

HM-6S16/883 

HM~5t6/883 

A6 A7 

AO 000 001 002 Glilo 003 
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HM-65161883 

Packaging 
24 PIN CERAMIC DIP 

1.240 

~ 1.270 I 

225-r--(::5 MINL~ f?m 
I I::: 1 II ! il-:Ta MIN 

125 II ~.098 MAX 

016 0 IJ L -I 1-.100 
-' -~ BSC 
.023 

~o 

.180 

.065 

.015 

o INCREASE MAX UMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOUDER FINISH 

O' 
W 

LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T24 

MATERIALS: Compliant to MIL-M38510 

.006 

-:Oz21 

[.022 r 
.028 

.045 

.055 
'-t--ri 

32 PAD CERAMIC LCC 

.458 j .064 

,,--C=======-I::;:;--.l ~ .083 

~ ~ n n n n n II 

LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M38510 

NOTE- All Dimensions are Min, Dimensions are in inches. 
Max 
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HARRIS 
SEMICONDUCTOR 

January 1992 

Features 

• Fast Access Time .•.•••••...•••••••••••• 70/90ns Max 

• Low Standby Current ...•••.••.••••••.••••• SOIlA Max 

• Low Operating Current .••••.•••••••..••••. 70mA Max 

• Data Retention at 2.0 Volts ••••••••••••••..• 20llA Max 

• TTL Compatible Inputs and Outputs 

• JEDEC Approved Pinout (2716, 6116 Type) 

• No Clocks or Strobes Required 

• Equal Cycle and Access Time 

• Single S Volt Supply 

• Gated Inputs 

- No Pull-Up or Pull-Down Resistors Required 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 55nsl4OIlA* 

Ceramic DIP ·40oC to +85°C HM1·65162S·9 

1883-- ·55°C to + 125°C -
JAN# . 

SMD# 

LCC ·40°C to +85°C 

1883-- ·55°C to + 125°C 

JAN# . 

SMD# 

- Access Time/Data Retention Supply Current. 

HM-65162 

Description 

2K X 8 Asynchronous 
CMOS Static RAM 

The HM-65162 is a CMOS 2048 x 8 Static Random Access 
Memory manufactured using the Harris Advanced SAJI V 
process. The device utilizes asynchronous circuit design for 
fast cycle time and ease of use. The pinout is the JEDEC 24 
pin DIP, and 32 pad 8 bit wide standard which allows easy 
memory board layouts flexible to accommodate a variety of 
industry standard PROMs, RAMs, ROMs and EPROMs. The 
HM-65162 is ideally suited for use in microprocessor based 
systems with its 8 bit word length organization. The conve
nient output enable also simplifies the bus interface by allow
ing the data outputs to be controlled independent of the chip 
enable. Gated inputs lower operating current and also elimi
nate the need for pull-up or pull-down resistors. 

70nsl201lA* 90nsl4011A * 90nsl30011A * 

HM1·65162B·9 HM1·65162·9 HM1·65162C·9 

HM1·65162B1883 HM 1·65162/883 HMl-65162C/883 

29110BJA 29104BJA -
8403606JA 8403602JA 8403603JA 

HM4·65162B·9 HM4·65162·9 HM4·65162C·9 

HM4·65162B1883 HM4-651621883 HM4·65162C/883 

29110BXA 29104BXA 

8403606ZA 8403602ZA 8403603ZA 

-- Respective 1883 specifications are included at the end of this data sheet. 

CAUTION: These devtces are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3000 
Copyright © Harris Corporation 1992 
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Pinouts 
24 LEAD DIP 

TOP VIEW 

Functional Diagram 

A1 

A2 
A3 ROW 
A4 ADDRESS 
AS BUFFER 
AS 
A7 

HM-65162 

32 LEAD LCC 
TOP VIEW 

.... t~.: L~J Ll.: t~J L=!.2.l Lt1J LtO,: .... 
AS ~.: t~ AS 

AS !] [~8 At 
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AO 

HC 
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;, 
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il 
_A 

[~7 HC 

[~ W 
[~5 G' 
[i4 A10 

[i3 l 
007 

DQ6 

128 X 128 
MEMORY ARRAY 

l --...---i :::-.---.... 

G'--f--l 

w-----/ 

AO A8 Ai A10 
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PIN NAMES 

PIN DESCRIPTION 

NC No Connect 

AO - Al0 Address Input 

E Chip EnableIPower Down 

VSSlGND Ground 

DQO-DQ7 Data In/Data Out 

VCC Power (+5V) 

W Write Enable 

G Output Enable 

10F8 r----------, 000 
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Specifications HM-65162 

Absolute Maximum Ratings 
Supply Voltage ..••.••...••..•..••••....•..•••.••••• +7.0V 
Input. Output or VO VoHage ......•..... GND-0.3V to VCC+0.3V 
Storage Temperature Range .......•......... -6SoC to + 150°C 
Junction Temperature ..••••••.•..••••....•...•...•. +17SoC 
Lead Temperature (Soldering lOs) •..•...••.•••..•.•.. +3OOoC 
Typical Derating Factor •••..•..... SmA/MHz Increase In ICCOP 
ESD ClassifICation .•••.••.•••..................... Class 1 

Reliability Information 
Thermal Resistance 0Ja 

Ceramic DIP Package. • . . . . . • • . . . . 48°Cm 
Ceramic LCC Package • . • . • . • . . . .. 8SoCm 

Maximum Package Power Dissipation at +12SoC 
Ceramic DIP Package ............................... lW 
Ceramic LCC Package .....•••..•..•.......•...... 0.S8W 

Gate Count ..•.•...........•••.•....•...•.... 26000 Gates 

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

Operating Conditions 
Operating Voltage Range. • . . • • . • . . • . . . • . . . . •. +4.SV to +5.5V Operating Temperature Range 

HM-65162S-9. HM-65162B-9. 
HM-65162-9. HM65162C-9 •................• -400C to +85°C 

DC Electrical Specifications vcc = 5V ± 10%; TA = -40°C to +85°C (HM-65162S-9. HM-65162B-9. HM-65162-9. HM-65162C-9) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

ICCSBI Standby Supply Current - 50 IlA HM-65162B-9.10 = OmA. 
E = vcc -0.3V. VCC = 5.5V 

100 IlA HM-65162S-9. HM65162-9. 
10 = OmA. E = vcc - 0.3V. 
VCC= 5.5V 

- 900 IlA HM-65162C-9. 10 = OmA. 
E = VCC - 0.3V. VCC = 5.5V 

ICCSB Standby Supply Current - 8 rnA E = 2.2V. 10 = OmA. VCC = 5.5V 

ICCEN Enabled Supply Current 70 rnA E = O.8V. 10 = OmA. VCC = 5.5V 

ICCOP Operating Supply Current (Note 1) 70 rnA E = O.8V.10 = OmA. f = lMHz. 
VCC= 5.5V 

ICCDR Data Retention Supply Current - 20 IlA HM-65162B-9.10 = OmA. 
VCC = 2.0V. E = VCC - 0.3V 

- 40 IlA HM-65162S-9. HM-65162-9. 
10 = OmA. VCC = 2.0V. 
E=VCC-0.3V 

- 300 IlA HM-65162C-9. 10 = OmA. 
VCC = 2.0V. E = VCC - 0.3V 

VCCDR Data Retention Supply Voltage 2.0 - V 

II Input Leakage Current -1.0 +1.0 IlA VI = VCC or GND. VCC = 5.5V 

IIOZ Input/Output Leakage Current -1.0 +1.0 IlA VIO = VCC or GND. VCC = 5.5V 

VIL Input Low Voltage -0.3 0.8 V VCC=4.SV 

VIH Input High Voltage 2.2 VCC+O.3 V VCC =5.5V 

VOL Output Low Voltage 0.4 V 10 = 4.0mA. VCC = 4.5V 

VOHI Output High Vottage 2.4 V 10 = -1.0mA. VCC = 4.5V 

VOH2 Output High Voltage (Note 2) VCC-0.4 - V 10 = -1 001lA. VCC = 4.5V 

Capacitance TA = +25°C 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CI Input CapaCitance (Note 2) 10 pF f = 1 MHz. All measurerr Jnts are 

CIO Input/Output CapaCitance (Note 2) 12 pF 
referenced to device SND 

NOTES: 1. Typical derating 5mAIMHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM-65162 

AC Electrical Specifications vcc = 5V ± 10"10, TA = -40"C to +85°C (HM-65162S-9, HM-65162B-9, HM65162-9, HM-65162C-9) 

LIMITS 

HM-651628-9 HM-65162B-9 HM-65162-9 HM-65162C-9 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX MIN MAX UNITS CONDITIONS 

READ CYCLE 

(1) TAVAX Read Cycle TIme 55 70 - 90 90 ns (Notes 1, 3) 

(2) TAVOV Address Access TIme 55 - 70 90 - 90 ns (Notes 1, 3, 4) 

(3) TELOV ChIp Enable Access 55 70 90 - 90 ns (Notes 1, 3) 
TIme 

(4) TELOX ChIp Enable Output 5 5 - 5 - 5 - ns (Notes 2,3) 
Enable TIme 

(5) TGLOV Output Enable Access 35 - 50 65 - 65 ns (Notes 1, 3) 
TIme 

(6) TGLOX Output Enable Output 5 5 - 5 5 ns (Notes 2, 3) 
Enable TIme 

(7) TEHOZ ChIp Enable Output 35 35 50 50 ns (Notes 2, 3) 
DIsable Time 

(8) TGHOZ Output Enable Output 30 - 35 - 40 - 40 ns (Notes 2, 3) 
DIsable TIme 

(9) TAVOX Output Hold From 5 5 - 5 5 ns (Notes 1, 3) 
Address Change 

WRITE CYCLE 

(10) TAVAX Wnte Cycle TIme 55 - 70 90 - 90 - ns (Notes 1, 3) 

(11) TELWH ChIp Selection to End of 45 - 45 - 55 - 55 - ns (Notes 1, 3) 
Wnte 

(12) TAVWL Address Setup TIme 5 10 - 10 10 ns (Notes 1, 3) 

(13) TWLWH Write Enable Pulse 40 40 - 55 - 55 - ns (Notes 1, 3) 
W,dth 

(14) TWHAX Write Enable Read 10 10 - 10 10 - ns (Notes 1, 3) 
Setup Time 

(15) TGHOZ Output Enable Output 30 - 35 40 40 ns (Notes 2, 3) 
DIsable Time 

(16) TWLOZ WrRe Enable Output - 30 - 40 - 50 - 50 ns (Notes 2, 3) 
DISable Time 

(17) TDVWH Data Setup TIme 25 - 30 - 30 30 - ns (Notes 1, 3) 

(18) TWHDX Data Hold Time 10 - 10 - 15 - 15 - ns (Notes 1, 3) 

(19) TWHOX Write Enable Output 0 - 0 0 - 0 - ns (Notes 1, 3) 
Enable Time 

(20) TWLEH Write Enable Pulse Set- 45 - 40 - 55 - 55 - ns (Notes 1, 3) 
upTime 

(21) TDVEH Chip Enable Data 25 - 30 30 - 30 - ns (Notes 1, 3) 
Setup Time 

(22) TAVWH Address Valid to End of 45 - 50 65 - 65 - ns (Notes 1, 3) 
Wnte 

NOTES: 

1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent and CL = 50pF (min) - for CL greater than 5OpF, access time is derated by 0.15ns per pF. 

2. T esled at initial design and after major design changes. 

3. VCC = 4 5 and 5.5V. 

4. TAVQV = TELOV + TAVEL. 
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Timing Waveforms 
READ CYCLE 

ADDRESS 

Q 

HM-65162 

TAVAX (II ----...-..t 

NOTE: W Is High for a Read Cycle 

Addresses must remain stable for the duration of the read low continuously until all desired locations are accessed. 
cycle. To read. G and E must be s VIL and W <!; VIH. The When E is low. addresses must be driven by stable logic 
output buffers can be controlled independentll by G while E levels and must not be in the high impedance state. 
is low. To execute consecutive read cycles. E may be tied 

WRITE CYCLE I 

ADDRESS 

w 

Q 

D 

TAVAX (101-------.-1 

--;-:.~;::::;~:;::;::- TWHAX 
1141 

I17ITDVWH 

t-----122jTAVWH 

NOTE: G Is Low throughout Write Cycle 

TWHDX 
1181 

To write. addresses must be stable. E low and W falling low and input data of the opposite phase to the outputs must not 
for a period no shorter than lWLWH. Data in is referenced be applied. (Bus contention). If E transitions low 
with the riSing edge of W. (TDVWH and lWHDX). While simultaneously with the W line transitioning low or after the 
addresses are changing. W must be high. When W falls low. W transition. the output will remain in a high impedance 
the I/O pins are still in the output state for a period of TWLQZ state. G is held continuously low. 
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Timing Waveforms (Continued) 

WRITE CYCLE U 

ADDRESS 

w 

Q 

D 

HM-65162 

TAVAX 
flDI 

TAVWHI221 ___ "'i 

TDVWH 
1171 

TELWH 
fill 

1211 

In this write cycle G has control of the output after a period, 
TGHQZ. G switching the output to a high impedance state 
allows data in to be applied without bus contention after 

TGHQZ. When W transitions high, the data in can change 
after TWHDX to complete the write cycle. 

Low Voltage Data Retention 

Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 

1. ehip Enable (E"j must be held high during data retentIon; withIn 
vee· O.3V to vee + O.3V. 

2. On RAMs which have selects or output enables (e.g., S, G), one 
of the selects or output enables should be held in the deselected 
state to keep the RAM outputs high impedance, minimiZIng 
power diSSIpation. 

3. Inputs which are to be held high (e.g., "E"j must be kept between 
vee + O.3V and 70% of vee during the power up and down 
transitions. 

vee 
4.5V 

4. The RAM can begIn operation> 55ns after vee reaches the min
imum operating voltage (4.5 volts). 

DATA RETENTION TIMING 

DATA 
RETENTION 

llMING 

vee.,2.0V 

vee -O.3V TO vee +O.3V 
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Performance Curve 
TYPICAL ICCDR lIS TA 
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HARRIS 
SEMICONDUCTOR HM-65162/883 

January 1992 

Features 
• This Circuit is Processed in Accordance to Mil·Std·883 

and is Fully Conforrnant Under the Provisions of 
Paragraph 1.2.1. 

• Fast Access Time ••.••••.••.•....••..•.• 7019Ons Max 

• Low Standby Current .•.••••....•.......... SO~A Max 

• Low Operating Current •...••...••.••..•.•• 70mA Max 

• Data Retention at 2.0 Volts •••..........•... 20~A Max 

• TTL Compatible Inputs and Outputs 

• JEDEC Approved Pinout (2716.6116 Type) 

• No Clocks or Strobes Required 

• Wide Temperature Range ..••......•.. ·SSoC to +12SoC 

• Equal Cycle and Access Time 

• Single S Volt Supply 

• Gated Inputs 
• No Pull·Up or Pull·Down Resistors Required 

Pinouts 

Description 

2K X 8 Asynchronous 
CMOS Static RAM 

The HM·651621883 is a CMOS 2048 x 8 Static Random 
Access Memory manufactured using the Harris Advanced 
SAJI V process. The device utilizes asynchronous circuit 
design for fast cycle time and ease of use. The pinout is the 
JEDEC 24 pin DIP, and 32 pad 8 bit wide standard which 
allows easy memory board layouts flexible to accommodate 
a variety of industry standard PROMs, RAMs, ROMs and 
EPROMs. The HM·651621883 is ideally suited for use in 
microprocessor based systems with its 8 bit word length 
organization. The convenient output enable also simplifies 
the bus interface by allowing the data outputs to be 
controlled independent of the chip enable. Gated inputs 
lower operating current and also eliminate the need for pull· 
up or pull·down resistors. 

HM1·65l621BB3 (CERAMIC DIP) 
TOP VIEW 

HM4·65l621BB3 CERAMIC LCC) 
TOP VIEW 

PIN NAMES 

vcc 
AS 

AS 

Vi 
G 
Al0 

E 
DQ7 

Das 
001 DQS 
002 DQ4 
GND 

000800 
:Czzz>zz 

I 4 I • 3 I I 2 I I 1 I 132' 1311 '30-
... L_..I 10-..1 10_'" L_..I L_OoI 10_", ~_ ... po. 

A6 ~J L~ AS 

AS 

A4 .. 
A3 ~J 

A2 !] 
Al lEJ 

AO l~J 
NC l~J 

AS 

NC 

Vi 
G 
Al0 

E 

DQ7 

PIN 

NC 

AO - Al0 

E 
VSS/GND 

DQO-DQ7 

VCC 

W 

G 

CAUTION: These devICes are senSitive to electrostatIc discharge. Users should follow proper I.C. Handling Procedures. 
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Chip Enable/Power Down 
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Data In/Data Out 
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Write Enable 
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Functional Diagram 

A1 

A2 
A3 ROW 
A4 ADDRESS 
AS 
AS 

BUFFER 

A7 7 

E -_---I ~_---... 

G--t--:l~ 

w----/ 

HM-651621883 

128X128 
MEMORY ARRAY 

AO A8 All A10 
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Specifications HM-65162/883 

Absolute Maximum Ratings Reliability Information 
Supply Voltage •..•.••••••••.••••••.•....•..•••.•••• +7.0V Thermal Resistance S .. SJC 
Input, Output or I/O Voltage .••.••.••••. GND·0.3V to VCC+O.3V Ceramic DIP Package .•••••••••••• 48"C1W ~CIW 
Storage Temperature Range ...••.••••••••••• -65"C to + t 5O"C Ceramic LeC Package •••••••••••• 85"C1W 4O"CIW 
Junction Temperature ••••••••..•..••••••••••••••.•• +175°C Maximum Package Power DIssipation at + 125°C 
Lead Temperature (Soldering lOs) •••••••••.•••••••.•• +3OQOC Ceramic DIP Package •..•••..•••••••••••••••••.••••• 1 W 
Typical Derating Factor ••••••...• 1.5mAlMHz Increase In ICCOP Ceramic LCC Package •..••...•.•••••••••••••..••• 0.58W 
ESD Classification . . • • • . • • • • • • . • • • • • • . . • • • • • • • • • . • Class 1 Gate Count ••••••••••••••••.••••••••••••••.•• 26000 Gates 

CAUTION: Stresses above those listad in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating 
and operation of the device at these or any other conditions above those Indicatad in the operational sections of this specification is not implied. 

Operating Conditions 
Operating Voltage Range ••••••.•••.•••....••• +4.5V to +5.5V Input High Voltage ••••.••..•••.••••••••.•••••• -2.2V to VCC 
Operating Temperature Range ••.•..•..••••••• -55°C to + 125°C Data Retention Supply Voltage ••••••••••••••••••• 2.0V to 4.5V 
Input Low Voltage ••.••..•••••.•••••.••••••••.•• OV to +O.8V Input Rise and Fall lime .•••••••••••••••••.••••••. 4Ons Max. 
Chip Enable High/Low Time •••••••.••.•••••••.••.• 40ns (Min) 

TABLE 1. 651621883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

(NOTE 1) GROUP A 
LIMITS 

PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX UNITS 

High Level Output VOHI VCC = 4.5V, 10 = -1.0mA 1,2,3 -55°C S TA S +125°C 2.4 - V 
Voltage 

Low Level Output VOL VCC = 4.5V, 10 = 4.0mA 1,2,3 -55°C S TA S +125°C - 0.4 V 
Voltage 

High Impedance IIOZ y"CC = 5.5V, G = 2.2V, or 1,2,3 -55°C S TA S +125°C -1.0 1.0 jJA 
Output Leakage E = 2.2V, VIIO = GND or VCC 
Current 

Input Leakage II VCC= 5.5V, 1,2,3 -55°C s TA S +125"C -1.0 1.0 IIA 
Current VI = GND or VCC 

Standby Supply ICCSBI HM-65162B1883, 10 = OmA, 1,2,3 -55°C S TA S +125"C - 50 jJA 
Current VCC = 5.5V, E = VCC -O.3V 

HM-65162188~, 10 = OmA, 1,2,3 -55°C S TA S +125"C - 100 jJA 
VCC = 5.5V, E = VCC - 0.3V 

HM-65162C/883,10 = OmA, 
VCC = 5.5V, E = VCC - 0.3V 

1,2,3 -55°C S TA S +125"C - 900 jJA 

Standby Supply ICCSB VCC = 5.5V, 10 = 0rAA, 1,2,3 -55°C S TA S +125°C - 8 mA 
Current E=2.2V 

Operating Supply ICCOP VCC = 5.5V, G = 5.~, 1,2,3 -55°C S TA S +125OC - 70 mA 
Current (Note 2), f = 1 MHz, E = 0.8V 

Enable Supply ICCEN y"CC = 5.5V, 10 = OmA, 1,2,3 -55°C S TA S +125°C - 70 mA 
Current E=0.8V 

Data Retention ICC DR HM-65162B18..!13, 10 = OmA, 1,2,3 -55°C S TA S +125"C - 20 IIA 
Supply Current VCC = 2.0V, E = VCC - 0.3V 

HM-65162188~,10 = OmA, 1,2,3 -55°C S TA S +125OC - 40 jJA 
VCC = 2.0V, E = VCC - 0.3V 

HM-65162C/883, to = OmA, 1,2,3 -55°C S TA S +125OC - 300 jJA 
VCC = 2.0V, E = VCC - 0.3V 

Functional Test FT VCC = 4.5V (Note 3) 7,8A,8B -55°C S TA S +125OC - - -
NOTES: 

1. All voltages referenced to device GND. 

2. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 
TTL gate equivalent, CL = 50pF (min) - for CL greater than 5OpF, access time by 0.15ns per pF. 

3. TAVQV = TELQV + TAVEL. 
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Specifications HM-65162/883 

TABLE 2. HM-651621883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested. 

LIMITS 

HM-65162B HM-65162 HM-65162C 
GROUP A IB83 IB83 /883 

(NOTES 1,2) SUB· TEMPERA· 
PARAMETER SYMBOL CONDITIONS GROUPS TURE MIN MAX MIN MAX MIN MAX UNITS 

ReadiWnte/ (1) TAVAX VCC=4.5V 9,10,11 -55"C sTA s 70 90 - 90 - ns 
Cycle Time and5.5V +125"C 

Address (2) TAVOV VCC=4.5V 9,10,11 -55°CSTA S - 70 - 90 - 90 ns 
Access Time and5.5V +125°C 

Chip Enable (3) TELOV VCC= 4.5V 9,10,11 -550CSTA S - 70 - 90 - 90 ns 
Access Time and5.5V +125°C 

Output Enable (5) TGLOV VCC=4.5V 9,10,11 -55OCSTA S - 50 - 65 - 65 ns 
Access Time and5.5V +125OC 

Chip Selection (11) TELWH VCC=4.5V 9,10,11 -55°CSTA S 45 - 55 - 55 ns 
to End of Write and 5.5V +125°C 

Address Setup (12) TAVWL VCC= 4.5V 9,10,11 -55°CSTA S 10 - 10 10 ns 
Time and 5.5V +125°C 

Write Enable . (13) TWLWH VCC= 4.5V 9,10,11 -55°CSTA S 40 - 55 - 55 ns 
Pulse Write and5.5V +125°C 

Write Enable (14) TWHAX VCC=4.5V 9,10,11 -55OCSTA S 10 - 10 - 10 - ns 
Read Setup and5.5V +125°C 
Time 

Data Setup (17) TDVWH VCC=4.5V 9,10,11 -55°CSTA S 30 - 30 - 30 - ns 
Time and5.5V +125°C 

Data Hold Time (18) TWHDX VCC=4.5V 9,10,11 -55°CSTA S 10 - 15 - 15 - ns 
and 5.5V +125OC 

Write Enable (20) TWLEH VCC=4.5V 9,10,11 -55OCSTA S 40 - 55 - 55 - ns 
Pulse Setup and 5.5V +125°C 
Time 

Chip Enable (21) TDVEH VCC= 4.5V 9,10,11 -55OCsTA S 30 - 30 - 30 - ns 
Data Setup and5.5V +125"C 
Time 

Address Valid (22) TAVWH VCC=4.5V 9,10,11 -55OCSTA S 50 - 65 - 65 - ns 
to End of Write and5.5V +125°C 

NOTES: 

1. All vollages referenced to device GND. 

2. Input pulse levels· 0.8V to VCC·2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load. 1 TTL gate 
equivalent, CL = 50pF (min)· for CL greater than 5OpF, access time is derated by 0.15ns per pF. 

3. TAVOV = TELOV + TAVEL. 
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Specifications HM-65162/883 

TABLE 3. HM-651621883 ELECTRICAL PERFORMANCE CHARACTERISTICS, A.C. AND D.C. 

LIMITS 

HM-65162B1 HM-651621 HM-65162C1 

TEMPERA-
B83 BB3 883 

PARAMETERS SYMBOL CONDITIONS NOTES TURE MIN MAX MIN MAX MIN MAX UNITS 

Input CIN VCC = Open, 1,2 +2SoC - 10 - 10 - 10 pF 
Capacitance F = lMHz, All 

1,3 +2SoC 8 - 8 - 8 pF Measurements 
Relerenced To 
Device Ground 

I/O CI/O VCC = Open, 1,2 +2SoC 12 12 - 12 pF 
Capacitance F= lMHz, All 

1,3 +2SoC 10 10 10 pF Measurements - -
Referenced To 
Device Ground 

Chip Enable to (4) VCC = 4.SV and 1 -SSoCSTAS S - 0 - S - ns 
Output ON TELQX S.SV +12SoC 

Output Enable (6) VCC = 4.SV and 1 -SSoCSTAS S S - S ns 
to Output ON TGLQX S.SV +12SoC 

Chip Enable (7) VCC = 4.SV and 1 -SSoC STAS 3S SO - SO ns 
High to Output TEHOZ S.SV +12SoC 
In High Z 

Output Disable (8) VCC = 4.SV and 1 -55°CSTAS 3S 40 - 40 ns 
to Output in TGHQZ S.5V +12SoC 
HlghZ 

Output Hold (9) VCC = 4.SV and 1 -SSoC STA S S - S S ns 
from Address TAVQX S.SV +12SoC 
Change 

Write Enable to (16) VCC = 4.SV and 1 -SsoCSTAS - 40 SO - SO ns 
Output in High Z TWLQZ S.SV +12SoC 

Write Enable (19) VCC = 4.SV and 1 -SSoC S TA S 0 0 0 ns 
High to Output TWHQX S.SV +12SoC 
ON 

Output High VOH2 VCC= 4.SV, 1 -SSoC STAS VCC- VCC- VCC- V 
Voltage 10=-100I!A +12SoC O.4V O.4V O.4V 

NOTES: 

1. The parameters listed In Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
charactenzed upon initial deSign release and upon deSign changes which would affect these charactensbcs. 

2. Applies to DIP device types only. 

3. Applies to LCC deVice types only. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 100%/5004 

Interim Test 100%/5004 1,7,9 

PDA 100%/SOO4 1 

Final Test 100%/S004 2,3, 7,8A,8B,10, 11 

Group A Samples/SOOS l,2,3,7,8A,8B,9, 10, 11 

GroupsC &0 Samples/SOOS 1,7,9 
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Timing Waveforms 
READ CYCLE 

ADDRESS 

Q 

HM-651621B83 

lAVAX 111 -----.4 

NOTE: iN is High for a Read Cycle 

Addresses must remain stable for the duration of the read low continuously until all desired locations are accessed. 
cycle. To read, G and E must be s VIL and W ~ VIH. The When E is low, addresses must be driven by stable logic 
output buffers can be controlled independentlx. by G while E levels and must not be in the high impedance state. 
is low. To execute consecutive read cycles, E may be tied 

WRITE CYCLE I 

ADDRESS 

W 

Q 

D 

lAVAX 1101-------~ 

--;-;~:::;:~;:::;=- TWHAX )141 

(17llDVWH 

~----(22jTAVWH 

NOTE: 13 is Low throughout Write Cycle 

lWHDX 
1181 

To write, addresses must be stable, E low and W falling low and input data of the opposite phase to the outputs must not 
for a period no shorter than TWLWH. Data in is referenced be applied, (Bus contention). If E transitions low 
with the rising edge of W, (TDVWH and TWHDX). While simultaneously with the W line transitioning low or after the 
addresses are changing, W must be high. When W falls low, W transition, the output will remain in a high impedance 
the I/O pins are still in the output state for a period of TWLQZ state. G is held continuously low. 
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Timing Waveforms (Continued) 

WRITE CYCLE II 

ADDRESS 

w 

Q 

D 

HM-651621883 

TDVWH 
(171 

TAVAX 
(101 

In this write cycle G has control of the output after a period, 
TGHQZ. G switching the output to a high impedance state 
allows data in to be applied without bus contention after 

TGHQZ. When iN transitions high, the data in can change 
after TWHDX to complete the write cycle. 

Low Voltage Data Retention 

Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 

1. Chip Enable (E"j must be held high during data retention; within 
vee -0.3V to vee + 0.3V. 

2. On RAMs which have selects or output enables (e.g., S, <3\ one 
of the selects or output enables should be held in the deselected 
state to keep the RAM outputs high impedance, minimizing 
power dissipation. 

3. Inputs which are to be held high (e.g., "E"j must be kept between 
vee + 0.3V and 70% of vee during the power up and down 
transitions. 

vcc 
4.SV 

4. The RAM can begin operation> 55ns after vee reaches the min
imum operating voltage (4.5 volts). 

DATA RETENTION TIMING 

DATA 
RETENTION 

TIMING 

vce;;,2.0V 

vee -O.3V TO vee +O.3V 
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HM-651621883 

Test Circuit 

r·--·-·--·-···---·--·-·---·--·-···--·---·-----·-·--

OUT --+--!-<I( 

Burn-In Circuits 

• TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 

HM~162J883 CERAMIC DIP 

i _~~o~: '~I 
~ ......................................................................................... , 

HM~162J883 CERAMIC LCC 

VCC <> r-----~~----oVCC 

C 

F11~ 
F12 

F1 

FO 

F13 

FO 

F2 

F2 

F2 

F2 

F2 

F9 

Fe 

F7 

F6 

FS 

F4 

F3 

F2 

1<: 

... uuu8 zUzu c z z z> 

C~ 

4.SVSL.fUL 
VIN 

OV ~ ~ ~ 

NOTES: 

All resistors 47kW ±5'1'0 

FO = 100kHz ±10% 

Fl = FO + 2, F2 = Fl + 2, F3 = F2 + 2 .•. F13 = F12 + 2 
vee = 5.5V ±0.5V 
VIH = 4.5V ±1 0% 
VIL = -0.2V to +O.4V 
e = O.OlI1F Min. 

NOTES: 

All resistors 47kW ±5'1'0 

FO = 100kHz ±10% 
Fl = FO + 2, F2 = Fl + 2, F3 = F2 + 2 ... F13 = F12 + 2 
vee = 5.5V ±0.5V 
VIH = 4.5V ±1 0% 
VIL = -0.2V to +O.4V 
e = O.OlI1F Min. 
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Metallization Topology 

DIE DIMENSIONS: 
186.2 x 200.1 x 19 ± 1mils 

METALLIZATION: 
Type: Si - AI 
Thickness: 11 kA ± 2kA 

GLASSIVATlON: 
Type: Si02 
Thickness: akA ± 1 kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 
1.7 x 105 A1cm2 

Metallization Mask Layout 

A3 A4 AS A6 

A2 

Al 

AO 

DOO DOl D02 GND D03 

HM-651621883 

HM-651621883 

A7 vee AS A9 Vi G 

D04 DOS D06 
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Packaging 

HM-651621883 

24 PIN CERAMIC DIP 

1.240 

~ 1.270 I 

I lit 
.22S"---fM::5 MIN Lm ~ 

! ~ ] ~ ~ I lli MIN ~~ J .098 MAX 

180~. 'k~~ 
023 

.050· 

.065 • INCREASE MAX WAIT BY 003 INCHES 
MEASURED AT CENl[R OF FLAT FOR 
SOLDER FINISH 

o· 
15" 

LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T24 

MATERIALS: Compliant to MIL-M3851 0 

32 PAD CERAMIC LCC 

LEAD FINISH: Type A 

.045 

.055 

I----~ 
.4.58 

MATERIALS: Compliant to MIL-M38510 

NOTE: All Dimensions are Min. Dimensions are in inches. 
Max 
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HARRIS 
SEMICONDUCTOR HM-65262 

Jan uary 1992 

16K X 1 Asynchronous 
CMOS Static RAM 

Features 
• Fast Access Time •••••.•••••••••..•••••.•...••••..••.••••.•.•••••• 70185ns Max 
• Low Standby Current ••••••••••••••••••.••••..•••••.••...••..•••..••• 501lA Max 
• Low Operating Current ••.••.•••..•••....•...•••.•••..•••••••••••••• SOmA Max 
• Data Retention at 2.0 Volts ••••..•••.•.•••...•••.••••••••••••••..••••. 201lA Max 
• TTL Compatible Inputs and Outputs 
• JEDEC Approved Pinout 
• No Clocks or Strobes Required 
• Temperature Range ••.••••.•••....••..•.••..•••••••••••••••••• + 55°C to +125°C 
• Equal Cycle and Access Time 
• Single 5 Volt Supply 
• Gated Inputs-No Pull-Up or Pull-Down Resistors Required 

Description 
The HM·65262 is a CMOS 16384 x 1 bit Static Random Access Memory manufactured using the Har· 
ris Advanced SAJI V process. The device utilizes asynchronous circuit deSign lor last cycle times and 
ease 01 use. The HM-65262 is available in both JEDEC standard 20 pin. 0.300 inch wide DIP and 20 
pad LCC packages, providing high board-level packing density. Gated inputs lower standby current, 
and also elminate the need lor pull-up or pull·down resistors. 

The HM-{;5262, a full CMOS RAM, ubllzes an array 01 six transIStor (6T) memory cells lor the most stable 
and lowest possible standby supply current over the full military temperabJre range. In addition to this, the 
high stability 01 the 6T RAM cell provides excellent protection against soft errors due to noise and alpha par· 
ticles. This stability also improves the radiation tolerance of the RAM over that 01 four transistor (4T) devices. 

Functional Diagram 

~:::- -
~ * ~ A2o- ROW ROW MEMORY ARRAY 

A3°- I ADDRESS DECODER 128 X 128 
A4°-- I BUFFER "* 

(I OF 128) 
A12- ...L AI3 :v- 7 

.r'28 

D ...- to. 1 coU:f~fi2~ODER ~ --U 

~ 
AND I 0 cIRC~rmY 

E 
..... .... 

A-t7 l·h to" ...... 

I I COLUMN 
ADDRESS BUFFERS 

Vi -r---u - q;;-I-:fi 
..... ClOG» 0_11) co 
cCCC:ccCo( 

Ordering Information 
PACKAGE TEMP. RANGE 70nsl20~A' 'S5ns/201lA • 'S5ns/400~A • 

Ceramic DIP -40°C to +85OC HMI-65262B-9 HMI-65262-9 HM 1-65262C-9 

/883" -55°C to + 125°C HM 1-65262B/B83 HMI-652621883 

JAN # 29109BRA 29103BRA -
SMD# B413203RA 8413201RA -

LCC -400C to +85°C HM4-65262B-9 HM4-65262-9 HM4-65262C-9 

1883" -55°C to + 125°C HM4-652626/883 HM4-652621883 

JAN # 29109BYA 29103BYA 

SMD# B413203YA B413201YA 

, Access Time!Data Retention Supply Current 
., Respective 1883 specifications are Included at the end of this data sheet. 

CAUTION: These devICes are senSitive to electrostatic discharge. Users should follow proper I,e. Handling Procedures. 
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Pinouts 

AO 

AI 

A4 

AS 

GND 

A3 41 

A4 1J 
AS ~] 
A6 i] 

Q !J 

20 LEAD DIP 
TOP VIEW 

20LEADLCC 
TOP VIEW 

vee 
I A13 

A12 

All 

A8 

AS 

A7 

D 

L!J LiJ t!.: L2_oJ t'j.,! 

[{a A12 

[{7 All 

[{s Al0 
r-
ttS Ag 

r-
t1..4 AS 

fg' fio' ~11 ~21 :i;1 

AO - A13 Address Input 

E Chip Enable! 
Power Down 

Q Data Out 

D Data In 

VSSI Ground 
GND 

VCC Power (+5) 

W Write Enable 

File Number 3002 
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o 
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Specifications HM-65262 

Absolute Maximum Ratings 
Supply VoIIage ..•....••..••...•......••......•......•• +7.0V 
Input or OUiput Voltage Applied lor all grades ...... oO.3V to VCC+O.3V 
Storage Temperature Range ...................•• ~"C to + 15O"C 
Junction Temperature ..••......••.........•....•....•.. + 175°C 
Lead Temperature (Soldering lOs) ..•..•........•.•....... +aoooc 
Typical Derating Factor .•.•............ 5mAlMHz Increase in ICCOP 
ESD Classification ..•....•..••...•.............•...... Class 1 

Reliability Information 
Thermal Resistance. • . . . . • . . . • • • • . . . • """~ ••• 

Ceramic DIP Package . • • . . . • • . . . . . . ""-"' .. 
Ceramic LCC Package. . • . . . . . . . . . . • 85°cm 

Maximum Package Power Dissipation at + 125°C 
Ceramic DIP Package ....................••........•. O.75W 

Gate Count ..................................... 26256 Gates 

CAUTION: SI18ss8S 8botie /hose listed In "Absoluls Maximum Ra6ngs" may cause permanent damage to the davice. This is a stress only rating and operation 
of the device at these or any other conditions abo .. those indicatsd in the operational sec60ns of this specification is not impRed. 

Operating Conditions 
Operating Voltage Range •••.••••••.•••••••••• +4.5V to +5.5V Operating Temperature Range 

HM-65262B-9, HM-65262-9, HM-65262C-9 •••.• -40"C to +85°C 

DC Electrical Specifications vcc = 5V ± 10%; TA = -40"C to +85°C (HM-65262B-9, HM-65262-9, HM-65262C-9) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

ICCSBI Standby Supply Current - 50 IIA HM-65262B-9. HM-65262-9, 10 = OmA, 
E = VCC - 0.3V, VCC = 5.5V 

- 900 IIA HM-65262C-9, 10 = OmA, 
E = vcc -0.3V, VCC = 5.5V 

ICCSB Standby Supply Current - 5 mA E = 2.2V, 10 = OmA, VCC = 5.5V 

ICCEN Enabled Supply Current - 50 mA E = 0.8V, 10 = OmA, VCC = 5.5V 

ICCOP Operating Supply Current (Note 1) - 50 mA E = 0.8V, 10 = OmA, f = lMHz, 
VCC=5.5V 

ICCDR Date Retention Supply Current - 20 IIA HM-65262B-9, HM-65262-9, 
VCC = 2.0V, E = vcc 

- 400 IIA HM-65262C-9, VCC = 2.0V, E = VCC 

ICCDAI Data Retention Supply Current - 30 I1A HM-65262B-9, HM-65262-9, 
VCC = 3.0V, E = VCC 

- 550 I1A HM-65262C-9, VCC = 3.0V, E = VCC 

VCCDR Data Retention Supply Voltage 2.0 V 

II Input Leakage Current -1.0 +1.0 IIA VI = VCC or GND, VCC = 5.5V 

IOZ OUtput Leakage Current -1.0 +1.0 IIA VIO = VCC or GND, VCC = 5.5V 

VIL Input Low Voltage -0.3 0.8 V VCC= 4.5V 

VIH Input High Voltage 2.2 VCC-Hl.3 V VCC =5.5V 

VOL OUtput Low Voltage - 0.4 V 10 = 8.0mA, VCC = 4.5V 

VOHI Output High Voltage 2.4 - V 10 = -4.0mA, VCC = 4.5V 

VOH2 Output High Voltage (Note 2) VCC-o.4 - V 10 = -1001lA, VCC = 4.5V 

Capacitance TA = +25°C 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CI Input Capacitance (Note 2) 10 pF f = 1 MHz, All measurements are 

CIO Input/OUtput Capacitance (Note 2) 12 pF 
referenced to device GND 

NOTES: 1. Typical derating 5mAlMHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM-65262 

AC Electrical Specifications vcc = 5V 10%, T A = ·400C to +85oC (HM·65262B·9, HM·65262·9, HM·65262C·9) 

LIMITS 

HM-65262B·9 HM-65262·9 HM·65262C·9 
TEST 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS CONDfT1ONS 

READ CYCLE 

(1) TAVAX Read/Cycle Time 70 - 85 - 85 ns (Notes 1,3) 

(2) TAVOV Address Access Time 70 85 85 ns (Notes 1,3) 

(3) TELOV Chip Enable Access Time 70 - 85 85 ns (Notes 1,3) 

(4) TELOX Chip Enable Output Enable 5 5 5 ns (Notes 2, 3) 
Time 

(5) TEHOX Chip Disable Output Hold 5 5 5 - ns (Notes 2, 3) 
Time 

(6) TAXOX Address Invalid Output Hold 5 5 5 ns (Notes 2, 3) 
Time 

(7) TEHOZ Chip Enable Output Disable 30 - 30 30 ns (Notes 2, 3) 
Time 

WRITE CYCLE 

(8) TAVAX Write Cycle Time 70 85 85 ns (Notes 1,3) 

(9) TELWH Chip Selection to End of 55 65 65 ns (Notes 1, 3) 
Wnte 

(10) TWLWH Write Enable Pulse Width 40 45 - 45 ns (Notes 1,3) 

(11) TAVWL Address Setup Time 0 0 - 0 ns (Notes 1,3) 

(12) TWHAX Address Hold Time 0 - 0 0 - ns (Notes 1,3) 

(13) TDVWH Data Setup Time 30 - 35 - 35 - ns (Notes 1,3) 

(14) TWHDX Data Hold Time 0 - 0 - 0 - ns (Notes I, 3) 

(15) TWLClZ Wnte Enable Output Disable 30 - 30 - 30 ns (Notes 2, 3) 
Time 

(16) TWHOX Wnte Disable Output Enable 0 - 0 0 - ns (Notes 2, 3) 
Time 

(17) TAVWH Address Valid to End of Write 55 65 65 ns (Notes 1,3) 

(18) TAVEL Address Setup Time 0 0 0 ns (Notes 1,3) 

(19) TEHAX Address Hold Time 0 0 0 ns (Notes I, 3) 

(20) TAVEH Address Valid to End of Write 55 - 65 65 - ns (Notes " 3) 

(21) TELEH Enable Pulse Width 55 - 65 65 - ns (Notes 1, 3) 

(22) TWLEH Wnte Enable Pulse Setup 40 45 45 - ns (Notes I, 3) 
Time 

(23) TDVEH Chip Setup Time 30 35 35 0 ns (Notes 1, 3) 

(24) TEHDX Data Hold Time 0 0 0 ns (Notes " 3) 

NOTES: 

1, Input pulse levels: 0 to 3,OV; Input rise and fall times: 5ns (max); Input and output timing reference level: 1 ,5V; Output load: 1 TTL gate 
equivalent and CL = 50pF (min) • for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2 Tested at mltial design and after major design changes 

3. VCC = 4 5 and 5 5V. 
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HM-65262 

Timing Waveforms 

READ CYCLE 1: CONTROLLED BY E 

NOTE: iN is high for entire cycle and 0 IS ignored. Address is stable by 
the time E goes low and remains valid until E goes high. 

READ CYCLE 2: CONTROLLED BY ADDRESS 

A 

o 

.. TAVAX • 
111 

") 
TAVQV 

12) 

"'"",-",- ..... /1'" 
17) -

-

mOX14) 
I---TEHOZ-

- ~TAXOXI6) 
XXXXXXXXXX'x'XI( )l()(XXXXX 

I 

NOTE: iN IS high for the entire cycle and 0 is ignored. E IS stable prior 
to A becoming valid and after A becomes invalid. 

WRITE CYCLE 1: CONTROLLED BY Vi (LATE WRITE) 

A 

iii 

o 

o 

(8) 
r-------TAVAX-----,-~ 

TAVWH 117) 
TWHAX 112) 

TELWH 19) 

NOTE: In this mode, E rises after iN. The address must remain stable 
when- ever both E and iN are low. 
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HM-65262 

Timing Waveforms (Continued) 

WRITE CYCLE 2: CONTROLLED BY E (EARLY WRITE) 

NOTE: In this mode, iN rises after E. II W falls before E by a time 
exceeding TWLaZ (Max) TELaX (Min), and rises alter E by a 
time exceeding TEHQZ (Max)-TWHaZ (Min), then a will 
remain in the high impedance state throughout the cycle. 

Low Voltage Data Retention 

Harris eMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 

1. ehip Enable (E) must be held high during data retention; 
within vee to vee + 0.3V. 

2. On RAMs which have selects or output enables (e.g., S, 
(3), one of the selects or output enables should be held in 
the deselected state to keep the RAM outputs high 
impedance, minimizing power dissipation. 

3. Inputs which are to be held high (e.g., 'E) must be kept 
between vee + 0.3V and 70% of vee during the power 
up and down transitions. 

4. The RAM can begin operation> 55ns after vee reaches 
the minimum operating voltage (4.5 volts). 

DATA RETENTION TIMING 

vee 

DATA RETENTION 
MODE 

VCC"2.0V 

vee -II.3V TO vec +II.3V 
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HM-65262 

Performance Curve 
TYPICAL ICCDR vs TA 

Vee = 2.0V 
-3 

-4 

-5 ~ 

-6 
< 
c:, -7 ..., 
.::! ..., -8 
Cl 
Q 
-' -9 

-10 

-11 

-12 

V "".. 

~ V 
./ ~ 

l/~ 

/' 
/ 

:./ 
-55 -35 -15 25 45 65 85 105 125 

TA (DC) 
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HARRIS 
SEMICONDUCTOR HM-65262/883 

January 1992 

Features 

• This Circuit Is Processed in Accordance to MiI·Std-883 and is 
Fully Conformant Under the Provisions of Paragraph 1.2.1. 

• Fast Access Time .•.••.•.••.••.••.•.••.•.....•. 70185ns Max 
• Low Standby Current ..•.....•.•.......•....•..••• 501lA Max 
• Low Operating Current .•.•..•....••.••••.•.•••••• 50mA Max 
• Data Retention at 2.0 Volts •••••.•••••••.••...•...• 20llA Max 
• TTL Compatible Inputs and Outputs 
• JEDEC Approved Pinout 
• No Clocks or Strobes Required 
• Temperature Range ...•......•............. + 55°C to + 125°C 
• Equal Cycle and Access Time 
• Single 5 Volt Supply 
• Gated Inputs·No Pull·Up or Pull·Down Resistors Required 

Description 
The HM-652621883 is a CMOS 16384 x 1 bit Static Random Access 
Memory manufactured using the Harris Advanced SAJI V process. The 
device utilizes asynchronous circuit design for fast cycle times and ease 
of use. The HM-65262/883 is available in both JEDEC standard 20 pin, 
0.300 inch wide DIP and 20 pad LCC packages, providing high board
level packing density. Gated inputs lower standby current, and also elmi
nate the need for pull·up or pull-down resistors. 

The HM-652621883, a full CMOS RAM, utilizes an array of six transistor 
(6T) memory cells for the most stable and lowest possible standby sup
ply current over the full military temperature range. In addition to this, the 
high stability of the 6T RAM cell provides excellent protection against soft 
errors due to noise and alpha particles. This stability also improves the 
radiation tolerance of the RAM over that of four transistor (4n devices. 

Functional Diagram 
AOo---~~~----~ 

MEMORY ARRAY 
128 128 X 128 

16K X 1 Asynchronous 
CMOS Static RAM 

Pinouts 
HM1-652621883 (CERAMIC DIP) 

TOP VIEW 

HM4-652621883 (CERAMIC LCC) 
TOP VIEW 

:"~.l L3..: t!J :;l_Q: ttj,! 

A3 ~] 
A41] 
AS ~J 
A6 iJ 
Q !:] 

[{s 
[i7 

[{6 
[is 
[{4 

A12 

A11 

A10 

A9 

A8 

fi' fro' ~11 ~21 ~-31 

AO- A13 Address In put 

E Chip Enable! 
Power Down 

Q Data Out 

D Data In 

VSSlGND Ground 

vee Power (+S) 

W Write Enable 

CAUTION: These devICes are sensitive to electroslabe discharge. Users should follow proper I.C. Handling Procedures. File Number 3003 
Copyright © Harris Corporation t992 
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Specifications HM-65262/883 

Absolute Maximum Ratings 
supply Voltage ........................................ +7.0V 
Input or Output VoltageApplied for all grades ....... -O.SV to VCC+0.3V 
Storage Temperature Range ..................... _65°C to +ISooC 
Junction Temperature .................................. +17SoC 
Lead Temperature (Soldering lOs) ..•..................... +3OO"c 
Typical Derating Factor .......•..••.... SmAlMHz Increese in ICCOP 
ESD CIass~ication .............••..•........ , ......... Class 1 

Reliability Information 
Thermal Resistance. . . . . . . . . . . . . . . . . . 9)& 

Ceramic DIP Package. . . . . . . . . . . . . . 6f,oCNJ 
Ceramic LCC Package. . . . . . . . . . . . . . 65°em 

Maximum Package Power Dissipation at + 12SoC 

910 
ISoem 
400em 

Ceramic DIP Package ................................ 0.7SW 
Gate Count ..................................... 26256 Gates 

CAUTION: Stresses abo ... those listed in "Absolute MaxImum Ratmgs" may ceuse permanent damage to the device This IS a stress only rating and operation 
of the device at these or any other condmons abo ... those indICated In the operational sections of this specdlCstlDn is not implied. 

Operating Conditions 
Operating Voltage Range •••.••...•..•.....• " +4.SV to +S.SV Input High Voltage (VI H) •••..••••••.••.•...••. -+2.2V to VCC 
Operating Temperature Range •••.••.•...•..•• -S5"C to +12SoC Data Retention Supply Voltage ••..••.••.•...•...• 2.0V to 4.5V 
Input Low VoRage .•••...••.•...•••••..•..••.••• OV to +a.BV Input Rise and Fall Time ......•........•.......••. 40ns Max. 

TABLE 1_ HM-652621883 D_C_ ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 

(NOTE 1) GROUP A 
D.C_ PARAMETER SYMBOL CONDITIONS SUB-GROUPS TEMPERATURE 

High Level Output VoMage VOHl vee = 4.SV, 10 = -4.0mA 1,2,3 -55·esr AS+ 1 2S·e 

Low Level Output VoRage VOL vec = 4.SV, 10 = B.OmA 1,2,S -SSoCSTAS+ 12SoC 

High Impedance Output 10Z VCC = S.SV, E = S.SV, VO = GND 1,2,S -SSoCSTAs+ 1 2SoC 
Leakage Current orVCC 

Input Leakage Current II VCC = S.SV, VI = GND or VCC 1,2,3 -55°CsTAs+ 12SoC 

Standby Supply Current ICCSBI VCC = S.SV, 10 = OmA, E = VCC- 1,2,3 -SSoCsTAS+12SoC 
O.SV 

Standby Supply Current ICCSB VCC =S.SV,IO = OmA, E =2.2V 1,2,3 -SSoCsTAS+ 1 2SoC 

Operating Supply ICCOP VCC =S.SV, (Note 2), f = lMHz, E 1,2,S -SSoCsTAS+ 1 2SoC 
Current =OBV 

Data Retention Supply ICCDR VCC = 2.0V, 10 = OmA, E = VCC- 1,2,3 -SSoCsTAs+ 1 2SoC 
Current O.SV 

Enable Supply Current ICCEN VCC = S.5V, 10 = OmA, E = O.BV 1,2,3 -55°Csr AS+ 125°C 

Functional Test FT VCC = 4.5V (Note 3) 7, BA, BB -ssocsr AS+ 1 2SoC 

NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating I.SrnAlMHz increase in ICCOP. 
3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = O.4V, IOH = -4 DmA, IOL = 4.DmA, VOH ~ 1.5V, and VOL S 1.5V. 

TABLE 2, HM-652621883 A.C, ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 

GROUP A HM-65262BJ883 

(NOTES 1,2) SUB- TEMPERA- LIMITS 

A,C, PARAMETERS SYMBOL CONDITIONS GROUPS TURE MIN MAX 

ReadlWnte/Cycle (1) TAVAX vce =4 SVand S SV 9,10,11 -55·CsTAs+12Soe 70 
Time 

Address Access Time (2) TAVOV vec = 4SVandS SV 9,10,11 -S5OCsrAS+12SoC 70 

Chip Enable to End of (S) TELWH VCC = 4.SV and 5 SV 9,10,11 -SSoCsTAS+ 125°C S5 
Wrne 

Chip Enable Access (4) TELOV VCC = 4 5V and S.SV 9,10,11 -55°CsrAS+ 1 2SoC 70 
Time 

Address Hold Time (S) TWHAX VCC = 4SVandS SV 9,10,11 -S5OCsTAS+12SoC 0 

Address Setup Time (6) TAVWL VCC = 4.5V and 5.SV 9,10,11 -S5OCsTAS+12SoC 0 

Address Valid to End (7) TAVWH VCC = 4 sV and S SV 9,10,11 -5SoCsTAS+12SoC 55 
ofWrne 

Address Setup Time (B) TAVEL VCC = 4.SV and S SV 9,10,11 -SSoCsTAs+12SoC 0 

Address Hold Time (9) TEHAX VCC = 4 SV and S.SV 9,10,11 -SSoCsTAs+ 1 2S°.o 0 

Address Valid to End (10) TAVEH VCC = 4SVand S SV 9,10,11 -SSoCsTAS+ 12SoC 55 
ofWmes 

CAUTION: These devIces Bre senSItive to electrOniC dIScharge Proper IC handling procedures should be followed. 
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MIN MAX UNITS 

2.4 - V 

0.4 V 

-1.0 1.0 II-' 

-1.0 1.0 II-' 
SO II-' 

S mA 

50 mA 

- 20 II-' 

50 mA 

HM-6S2621883 
LIMITS 

MIN MAX UNITS 

85 ns 

85 ns 

65 - ns 

85 ns 

0 ns 

0 ns 

65 ns 

0 ns 

0 - ns 

65 ns 



Specifications HM-65262/883 

TABLE 2. HM·652621883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Guaranteed and 100% Tested 

GROUP A HM-65262B18B3 HM-6526218B3 

(NOTES 1,2) SUB· TEMPERA· LIMITS LIMITS 

A.C. PARAMETERS SYMBOL CONDITIONS GROUPS TURE MIN MAX MIN MAX UNITS 

Wr~e Enable Pulse (11) TWLWH vee = 4.SV and S.SV 9,10,11 ·SSoe5TA5+12Soe 40 45 ns 
Wrrte 

Data Setup Time (12) TDVWH vee = 4 SV and S.SV 9,10,11 -SSoe5TA,,+12Soe 30 35 ns 

Data Hold Time (13) TWHDX vee = 4.SV and S.SV 9,10,11 -5Soe"TA,,+125oe ° ° . ns 

Enable Pulse Width (14) TElEH vee = 4 5V and 5.5V 9,10,11 ·SSoe5TA5+125oe 55 65 ns 

Wrrte to End of Wr~e (15) TWLEH vee = 4.SV and S.5V 9,10,11 -SSoe"TA5+ 125°C 40 45 ns 

Data Setup Time (16) TDVEH vee = 4.5V and 5.5V 9,10,11 .5Soe"TA,,+125oe 30 35 ns 

Data Hold Time (17) TEHDX vee = 4.5V and 5 5V 9,10,11 -S5oe5TA5+125oe 0 0 . ns 

NOTES: 
1. All voltages referenced to device GND. 
2. Input pulse levels 0.8V to Vee-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 

equivalent, eL = 50pF (min) - for eL greater than 5OpF, access time is derated by 0.1Sns per pF. 
3. TAVOV = TElOV + TAVEL. 

TABLE 3. HM-652621883 ELECTRICAL PERFORMANCE CHARACTERISTICS, A.C. AND D.C. 

(NOTE 1) 
LIMITS 

PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS 

Input Capacftance elN vee = Open, I = 1MHz. All 1,2 TA = +2soe 10 pF 
Measurements Referenced To 
DeVICe Grounds 

vee = Open, I = 1 MHz, All 1,3 TA = +2Soe 6 pF 
Measurements Referenced To 
Device Grounds 

Output eapac~ance CO vee = Open, I = 1 MHz, All 1,2 TA = +2Soe 12 pF 
Measurements Referenced To 
Device Grounds 

vee = Open, f = 1 MHz, All 1,3 TA = +2Soe 8 pF 
Measurements Referenced To 
Device Grounds 

Wr~e Enable to Output in High Z (18) TWlOZ vee = 4.SV and S.SV 1 ·SSoe5TA"+ 12Soe 40 ns 

Wr~e Enable High to Output ON (19) TWHOX vee = 4.SV and S.SV 1 ·SSoeSTA5+12soe 0 ns 

Chip Enable to Output ON (20) TElOX vee = 4.SV and S.SV 1 ·SSoeSTA,,+12Soe S ns 

Output Enable High to Output in (21) TEHOZ vee = 4.SV and S.SV 1 -SSoeSTA,,+12Soe - 40 ns 
HighZ 

Chip Disable to Output Hold Time (22) TEHOX vee = 4.SV and S.SV 1 ·SSoeSTA5+ 12Soe S ns 

Address Invalid Output Hold Time (23) TAXOX vee = 4.SV and S.SV 1 -SSoegA5+12Soe S ns 

High level Output Vottage VOH2 vee = 4 SV, 10 = -100mA 1 .SSOegA5+12soe· vee v 
-0.4V 

NOTES: 
1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are characterized 

upon innial design release and upon design changes which would affect these characteristics. 
2. Applies to DIP device types only. 
3. Applies to Lee device types only. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE 
GROUPS METHOD SUBGROUPS 

In~ial Test 100%lSOO4 

Interim Test 100%lS004 1,7,9 

PDA 100%15004 1 

Final Test 100%IS004 2,3, 8A, 88, 10, 11 

Group A SamplesiSOOS 1,2,3,7, 8A, 88, 9, 10, 11 

Groups e & D SamplesiSOOS 1,7,9 

CAUTION: These devices are sensitive to electronic dIScharge. Proper IC handling procedures shoulo be followed. 
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HM-652621883 

Timing Waveforms 

READ CYCLE 1: CONTROLLED BY E 

A 

E ----""1 
(20) 

TELax 

NOTE: iN is high for entire cycle and D is ignored. Address is stable by 
the time E goes low and remains valid until E goes high. 

READ CYCLE 2: CONTROLLED BY ADDRESS 

A 

a 

(1) 

""""~~~~- TAVAX-~-----t 

---~~-----1~2)--------~~----------
"",,,,~---TAvav----__ ~ 

NOTE: iN is high for the entire cycle and D is ignored. E is stable prior 
to A becoming valid and after A becomes invalid. 

WRITE CYCLE 1: CONTROLLED BY iN (LATE WRITE) 

A ___ ~~~ ___________ ~~~ _______ _ 

E --'tt--.:-+" 

NOTE: In this mode, E rises after iN. The address must remain stable 
when- ever both E and iN are low. 
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Timing Waveforms (Continued) 

WRITE CYCLE 2: CONTROllED BY E (EARLY WRITE) 

A 

"f-----..J 

HM-65262/883 

Q---+----~~~----~----~~~--

NOTE: In this mode, iN rises after E. If W falls before E by a time 
exceeding TWlQZ (Max) TElQX (Min), and rises after E by a 
time exceeding TEHQZ (Max)-TWHQZ (Min), then Q will 
remain in the high impedance state throughout the cycle. 

Low Voltage Data Retention 

Harris eMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 

1. ehip Enable (E) must be held high during data retention; 
within vee to vee + 0.3V. 

2. On RAMs which have selects or output enables (e.g., S, 
<3\ one of the selects or output enables should be held in 
the deselected state to keep the RAM outputs high 
impedance, minimizing power dissipation. 

3. Inputs which are to be held high (e.g., E) must be kept 
between vee + 0.3V and 70% of vee during the power 
up and down transitions. 

4. The RAM can begin operation> 55ns after vee reaches 
the minimum operating voltage (4.5 volts). 

DATA RETENTION TIMING 

- DATA RETENTION 
MODE 

vee;>:2.0V 

vce -O.3V TO vee +O.3V 

6-179 



HM-652621883 

Test Circuit 

OUT o-~~-I!-"·t(-·----·-----·-·--·-----··-·----·-·------I 

~ 

1.5V I 
• TEST HEAD 

CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE . EQUIVALENT CIRCUIT I ,. ......................................................................................... , 

Burn-In Circuits 

HM-652621883 CERAMIC DIP 

F3 

F4 

F5 

F6 

F7 

Fa 

FII 

F2 

Fl 

NOTES: 

All resistors 47kn ±5% 

FO = 100kHz ±10% 

VCC 

F1 = FO + 2, F2 = F1 + 2, F3 = F2 + 2 .•• F13 = F12 + 2 
vee = 5.5V ±O.5V 
VIH = 4.5V ±10% 
VIL = ·O.2V to +O.4V 

e = O.01I1F Min. 

F16 

F15 

F14 

F13 

F12 

Fl1 

FlO 

F2 

FO 

HM·652621883 CERAMIC LCC 

F6 
A3 

F7 

Fa 

F9 

F2 

NOTES: 

All resistors 47kO ±5% 
FO = 100kHz ±10% 

Ie it 0 .... 

u:: ~ 

VCC 

co 
u:: ~C 

'" 0 .... u:: 

F1 = FO + 2, F2 = F1 + 2, F3 = F2 + 2 ..• F13 = F12 + 2 
vee = 5.5V ±O.5V 
VIH = 4.5V ±1 0% 

VIL = ·O.2V to +O.4V 

e = O.01I1F Min. 
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Metallization Topology 

DIE DI:.,ENSIONS: 
186.2 x 200.1 x 19± 1mils 

METALLIZATION: 
Type: Si - AI 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 
Type: Si02 
Thickness: 8kA ± 1 kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 
1.2 x 105 Alcm2 

Metallization Mask Layout 

A2 A1 

A3 

A4 

A5 

A6 

HM-652621883 

HM-652621883 

AO vcc A13 A12 
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Packaging 

LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M38510 

-l 

'--I 

LEAD FINISH: Type A 

MATERIALS: Compliant to MIL-M38510 

NOTE: All Dimensions are Min. Dimensions are in inches. 
Max 

HM-652621883 

20 PIN CERAMIC DIP 

.065 

O' 
15' 

• INCREASE MAX UMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FlNI SH 

COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T20 

20 PAD CERAMIC LCC 

074 
:095 

~-

-I 

_i .420 
050 :440 
BSC 

1-

- -1 

.~~g 

COMPLIANT OUTLINE: MIL-STD-1835, CacC1-N20 
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HARRIS 
SEMICONDUCTOR 

January 1992 

Features 
o Full CMOS Design 

o Six Transistor Memory Cell 

HM-65642 

Description 

8K X 8 Asynchronous 
CMOS Static RAM 

o Low Slandby Supply Current ••••••••••••••••••••• 10011A 

The HM-65642 Is a CMOS 8192 x 8-blt Static Random Access 
Memory. The pinout is the JEDEC 28 pin, 8-bil wide standard, which 
allows easy memory board layouts which accommodate a variety 01 
Industry standard ROM, PROM, EPROM, EEPROM and RAMs. The 
HM-65642 Is ideally suited lor use in microprocessor based 
syslams. In par1icular, interlacing with the Harris 8OC86 and 8OC88 
microprocessors is simplified by the convenient output enable (G) 
input. 

o Low Operating Supply Current ••••••••••••••••••••• 20mA 

o Fast Address Access Time •.••••••.•.•••••••.•••• 150ns 

o Low Data Retention Supply Vollage ••••••.••••••••.•• 2.0V 

o CMOSITTL Compatible Inputs/Outputs 

o JEDEC Approved Pinout 

o Equal Cycle and Access Times 

o No Clocks or Strobes Required 

o Gated Inputs 
- No Pull-Up or Pull-Down Resistors Required 

o Easy Microprocessor Interlacing 

o Dual Chip Enable Control 

Ordering Information 
PACKAGE TEMPERATURE RANGE 

Ceramic DIP -40"C to +85°C 

"/883 -55°C to + 125°C 

JAN# 

SMD# 

LCC, 1883" -5500 to +125°C 

JAN# 

SMD# 

, Access Time/Data Retention Suppiy Current 

The HM·65642 is a full CMOS RAM which utilizes an array 01 six 
transistor (6T) memory cells lor the most slable and lowest possible 
slandby supply current ovar the lull mililary temperature range. In 
addition to this, the high stability 01 the 6T RAM cell provides excel· 
lent protection against soft errors due to noise and alpha particles. 
This stability also improves tha radiation tolerance 01 the RAM over 
that 01 four transistor or MIX·MOS (4T) devices. 

'150nsl7511A '150nsl15011A '200nsl25011A 

- HMl-65642-9 -
HMl-65642B1883 HM1·65642I883 HM1·65642C1883 

29205BXA . . 

- 8552514XA -
HM4-65642B1883 HM4-656421883 HM4-65642C1883 

29205BYA - -
- 8552514YA -

.. Respective 1883 specificatiOns are Included at the end of this data sheet. 

Pinout 
28 LEAD DIP 
TOP VIEW 

E2 

AI 

AI 

E1 
DQ7 

DOS 

DOS 

PIN 

A 

DO 

E1 

E2 

W 

G 

NC 

GND 

VCC 

DESCRIPTION 

Address Input 

Data InpullOUtput 

Chip Enable 

Chip Enable 

Write Enable 

Output Enable 

No Connections 

Ground 

Power 

CAUTION: These davices are sensHova to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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HM-64642 

Functional Diagram 

A9 

A8 '" A 0: 

• w 
A12 "- 0: "-• :;:iil w 256 A7 :;:CI 256 x 256 • CI", CICI 

MEMORY ARRAY A6 0:", 0:"" • w w 
A5 - 0: CI 

• CI 
A4 - CI 

8 ~ 

A3 

256 

A2 '" 0: A w 
"-

Al 2"-:;;=> COLUMN SELECT 
AD - =>'" (8 OF 256) ..... '" A A1D - CI'" ""W 0: 

All CI 
5 CI 

~ 

W 

G 

Ei 

8 
E2 on 

1 OF 8 

TRUTH TABLE 

MODE E1 E2 W G 

Standby (CMOS) X GND X X 

Standby (TTL) VIH X X X 

X VIL X X 

Enable (High Z) VIL VIH VIH VIH 

Write VIL VIH VlL X 

Read VIL VIH VIH VIL 
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Specifications HM-65642-9 

Absolute Maximum Ratings 
Supply Voltage .....•......•.......•................ +7.0V 
Input or Output Voltage Applied lor all grades ....... GND-0.3V to 

VCC+0.3V 
Storage Temperature Range ................. -6SoC to + 150°C 
Junction Temperature .............................. + 17SoC 
Lead Temperature (Soldering 1 Os) .................... +300oC 
Typical Derating Factor ............ SmA/MHz Increase in ICCOP 
ESD Classification ................................ Class 1 

Reliability Information 
Thermal Resistance • • . . . . .. . . . .. . . . 01. OJC 

Ceramic DIP Package. ....... ..... 4SoCfW ff'CfW 

Maximum Package Power Dissipation at + 12SoC 
Ceramic DIP Package ..................•........•. 1.1 W 

Gate Count ..••.•.....•...........••....... 101,000 Gates 

CAUTION: Stresses above those fisted In ·Absolute Maximum Ratings· may cause permanent damage to the device. ThIS is a stress only raUng and operation 
of the device st these or sny other conditIons above those indicated in the operational sections of th;s specification ;s not implied. 

Operating Conditions 
Operating Voltage Range ....•.......•........ +4.SV to +S.SV 
Operating Temperature Range 

Input Low Voltage .•••........................ -0.3V to +D.8V 
Input High Voltage .•.•............•....•. +2.2V to VCC +D.3V 

HM-6S642-9 .....................•....... -40oC to +8SoC 

DC Electrical Specifications vcc = SV ± 10%; TA = -40oc to +8SoC (HM-65642-9) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

ICCSB1 Standby Supply Current (CMOS) - 2S0 ~A E2 = GND, VCC = 5.SV 

ICCSB2 Standby Supply Current (TTL) - S rnA E2 = 0.8V or E1 = 2.2V, VCC = S.SV 

ICCDR Data Retention Supply Current 150 ~ E2 = GND, VCC = 2.0V 

ICCEN Enabled Supply Current S rnA E2 = 2.2V, E1 = 0.8V, VCC = S.SV, 
110 = OmA 

ICCOP Operating Supply Current (Note 1) 20 rnA 1= 1 MHz, E1 = 0.8V, E2 = 2.2V, 
VCC = S.SV, 110 = OmA 

II Input Leakage Current -1.0 +1.0 ~ VI = VCC or GND, VCC = S.SV 

IIOZ InpuVOutput Leakage Current -1.0 +1.0 ~ E2 = GND, VIO = VCC or GND, 
VCC=S.SV 

VCCDR Data Retention Supply Voltage 2.0 - V 

VOH1 Output High Voltage 2.4 - V 10H = -1.0mA, VCC = 4.SV 

VOH2 Output High Voltage (Note 2) VCC-0.4 - V 10H = -100~, VCC = 4.SV 

VOL Output Low Voltage - 0.4 V 10L = 4.0mA, VCC = 4.SV 

Capacitance TA = +2SOC 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CI Input Capacitance (Note 2) 12 pF f = 1 MHz, All measurements are 
referenced to device GND 

CIO InpuVOutput Capacitance (Note 2) 14 pF 

NOTES: 

1. Typical derating SmAlMHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM-65642-9 

AC Electrical Specifications vcc = 5V ± 10%; TA = -40"C to +85°C (HM-65642-9) 

LIMITS 
TEST 

SYMeOL PARAMETER MIN MAX UNrrs CONDITIONS 

READ CYCLE 

(1) TAVAX Read Cycle Time 150 - lIS (Notes I, 3) 

(2) TAVQV Address Access Time - 150 lIS (Notes I, 3) 

(3) TEllQV Chip Enable Access Time I El - 150 lIS (Notes 2, 3) 

(4) TE2HQV Chip Enable Access Time I E2 - 150 lIS (Notes I, 3) 

(5) TGlQV Output Enable Access Time - 70 lIS (Notes I, 3) 

(6) TEllQX Chip Enable Valid to Output On I El 10 - lIS (Notes 2, 3) 

(7) TE2HQX Chip Enable Valid to Output On I E2 10 - lIS (Notes 2, 3) 

(8) TGlQX Output Enable Valid to Output On 5 - lIS (Notes 2, 3) 

(9) TE1HQZ Chip Enable Not Valid to Output Off 1 El - 50 lIS (Notes 2, 3) 

(10) TE2lQZ Chip Enable Not Valid to Output Off 1 E2 - 60 lIS (Notes 2, 3) 

(11) TGHQZ Output Enable Not Valid to Output Off - 50 lIS (Notes 2, 3) 

(12) TAXQX Output Hold From Address Change 10 - lIS (Notes 2, 3) 

WRITE CYCLE 

(13) TAVAX Write Cycle Time 150 - lIS (Notes 1,3) 

(14) lWlWH Write Pulse Width 90 - lIS (Notes 1,3) 

(15) TEllE1H Chip Enable to End of Write 1 El 90 - lIS (Notes 1,3) 

(16) TE2HE2l Chip Enable to End of Write I E2 90 - lIS (Notes 1,3) 

(17) TAVWl Address Setup Time late Write 0 - lIS (Notes 1,3) 

(18) TAVEll Address Setup Time EartyWrite I El 0 - lIS (Notes 1,3) 

(19) TAVE2H Address Setup Time Early Write I E2 0 - lIS (Notes 1,3) 

(20) lWHAX Write Recovery Time late Write 10 - lIS (Notes 1,3) 

(21) TE1HAX Write Recovery Time Early Write I El 10 - lIS (Notes 1,3) 

(22) TE2LAX Write Recovery Time EartyWrlte 1 E2 10 - lIS (Notes 1,3) 

(23) TDVWH Date Setup Time late Write 60 - lIS (Notes 1,3) 

(24) TDVE1H Data Setup Time Early Write J El 60 - (Notes 1,3) 

(25) TDVE2l Data Setup Time Early Write I E2 60 - lIS (Notes 1,3) 

(26) lWHDX Data Hold Time late Write 5 - lIS (Notes 1,3) 

(27) TE1HDX Data Hold Time Early Write 1 El 10 - lIS (Notes 1,3) 

(28) TE2lDX Data Hold Time EartyWrlte I E2 10 - lIS (Notes 1,3) 

(29) lWlQZ Write Enable low to Output Off - 50 lIS (Notes 2,3) 

(30) lWHQX Write Enable High to Output On 5 - lIS (Notes 2,3) 

NOTES: 

1. Input pulse levels: OV to 3.0V; Input rise and lalltimes: 511S (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, Cl = 50pF (min) - for Cl greater than 5OpF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 
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HM-65642 

Low Voltage Data Retention 
Harris CMOS RAMs are designed with battery backup in 2. During power-up and power-clown transitions, E2 must be held 
mind. Data Retention voltage and supply current are guaran- between -O.3V and to% of vee. 
teed over the operating temperature range. The following 3. The RAM can begin operating one TAVAX after vee reaches the 
rules ensure data retention: minimum operating voltage of 4.5V. 

1. The RAM must be kept disabled during data retention. This IS ac
complished by holding the E2 pin between -0.3V and GND. 

vee 
4.5V 

VIH 

DATA RETENTION MODE 

TAVAX 
E2 

VeeOR 
~ ________ .....J _ ___ _ 

GND 

Read Cycles 

READ CYCLE I: ii, E2 HIGH; G, E1 LOW 

TAVAX (IJ 

A __ -u~ __ ~~A~oo~R=ES~S~I~ ____ ~~~~~~~~ ____ ~~ ____________ _ 
TAVOV (2J 

DATA 1 DATA 2 

READ CYCLE II: ii HIGH 

TAVAX (IJ 

A Xl OC 
TAVOV (2J 

~ 
I 

K///////////$///-« 
TEl LOV (3J I TEl HOl (9) 

TEl LOX (6) 

'UiJjj 
TE2HQV (4) I TE2LOl (10) 

E2 

TE2HOX (7) 

~\\\\\\\\\\, 1////////////1. (IIIIII 
TGLOV (5) I TGHOl (11) 

TGLOX (8) I 

o : X)()(; XX f--
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HM-65642 

Write Cycles 

WRITE CYCLE I: LATE WRITE 

TAVAX (131 

A Xi 
TAVWL (171 TWLWH (141 

~~ 

E2 'U11. 
TOVWH (231 

o 
TWLQZ (~l 

Q XXXXXXXXXXX~ 

WRITE CYCLE II: EARLY WRITE - CONTROLLED BY Ei 

A 

Vi 

Ei 

E2 

o 

X, 

~ 

'IJiU 

TAVAX (131 

TAVE1L (II!!. TE1LE1H (151 

-'t-

TDVE1H (241 

I. 
1 

WRITE CYCLE III: EARLY WRITE - CONTROLLED BY E2 

TAVAX (131 

A Xl~ 
TAVE2H (191 TE2HE2L (161 

~ 

~ 

E2 
., 

TDVE2L (251 

o 
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TWHAX (201 

////////////////////L 

.\\\\\\\\\\\\\\\\\\\\\\ 
TWHQX (301 

j}VHOX (m 

~ 

fX 
TE1HAX (2!l 

///////////////J 

-
\\\\\\\\\\\\\\'\ 

TE1HDX (271 

Be 
TE2LAX (221 

//////////////1 

///////////////. 
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TE2LDX (281 



HM-65642 

Performance Curve 

TYPICAL ICCDR VB T" 

-3 
Vee = 2.0V 

-4 

-5 

-6 

"< - -7 
<:; 
it 
(.l:I -8 c .... 

-9 

-10 

-11 

-12 

~ 

~ " 
~ V 

./ " 
./ 

/' 
/' 

./ 
I I 

-55 -35 -15 5 25 45 65 85 105 125 
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Jan uary 1992 

Features 

HM-65642/883 

Description 

8K x 8 Asynchronous 
CMOS Static RAM 

• This Circuit Is Processed In Accordance to MII-Std-
883 and Is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

The HM·656421883 is a CMOS 8192 x 8·bit Static Random 
Access Memory. The pinout is the JEDEC 28 pin, 8-bit wide 
standard, which allows easy memory board layouts which 
accommodate a variety of industry standard ROM, PROM, 
EPROM, EEPROM and RAMs. The HM-656421883 is ideally 
suited for use in microprocessor based systems. In particu
lar, interfacing with the Harris 8OC86 and 8OC88 micropro
cessors is simplified by the convenient output enable (G) 
input. 

• Full CMOS Design 

• Six Transistor Memory Cell 

• Low Standby Supply Current ..••..••••.••••. 1 OOI!A 

• Low Operating Supply Current ••.••••••••••.• 20mA 

• Fast Address Access Time •••.•••...••...••. 150ns The HM-656421883 is a full CMOS RAM which utilizes an 
array of six transistor (6T) memory cells for the most stable 
and lowest possible standby supply current over the full mili
tary temperature range. In addition to this, the high stability 
of the 6T RAM cell provides excellent protection against soft 
errors due to noise and alpha particles. This stability also 
improves the radiation tolerance of the RAM over that of four 
transistor or MIX-MaS (4T) devices. 

• Low Data Retention Supply Voltage •••••.•••••• 2.0V 

• CMOSITTL Compatible Inputs/Outputs 

• JEDEC Approved Pinout 

• Equal Cycle and Access Times 

• No Clocks or Strobes Required 

• Gated Inputs 
- No Pull-Up or Pull-Down Resistors Required 

• Temperature Range -55°C to +125°C 

• Easy Microprocessor Interfacing 

• Dual Chip Enable Control 

Pinouts 
HMI-656421883 (CERAMIC DIP) 

TOP VIEW 

PIN 

A 

DO 

El 

E2 

W 

G 

NC 

GND 

VCC 

DESCRIPTION 

Address Input 

Data InpuVOutput 

Chip Enable 

Chip Enable 

Write Enable 

Output Enable 

No Connections 

Ground 

Power 

HM4-656421883 (CERAMIC LCC) 
TOP VIEW 

N () 
() 

!C C 
() () 

I~ 
N 

Z Z > W 

.... L~.J L.!': L~.J t2J L~':: L~1l L!O.: roo 

A6 ~J t~9 A8 

AS 
-. 
6' -, fiB 

L_ A9 

A4 A11 

A3 NC 

A2 

A1 

AD 

NC 007 

DaD 006 

8 ~ 
Q () 8 g '" Z z 8 CI 

CAUTION: These devices are sensftive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3004 
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Specifications HM·656421883 

Absolute Maximum Ratings 
Supply Voltage ..................................... +7.0V 
Input or Output Voltage Applied lor all grades ••••••• GND-0.3V to 

VCC+O.3V 
Storage Temperature Range •.••••••••••••••• -65°C to +150oC 
Junction Temperature .............................. +1750C 
Lead Temperature (Soldering lOs) •••.•••••••••••••••. +300"C 
Typical Derating Factor •••••••.•••• 5mA/MHz Increase in ICCOP 
ESD Classification ................................ Class 1 

Reliability Information 
Thermal Resistance .... .. .. .. .. .. .. 8p. 

Ceramic DIP Package. • • • • • • • • • • • • 45"CIW 
Ceramic LCC Package •• • • • • • • • • • • 5500fN 

Maximum Package Power Dissipation at +12500 
Ceramic DIP Package • • • • • . • • .. .. • • • .. • • .. • .. • .. •• 1.1 W 
Ceramic LCC Package ........................... 0.90 W 

Gate Count ................................ 101,000 Gates 

CAUTION: SInJsse8 allow those listed In 'AbsoIute Maximum Ratings' may causa permanent dama(18 10 lire d8vica. This is 8 srr.s only rating and operation 
01 lira dallica at U- or any ollrar condilions abowI /hoB.lndlcatad in lira _lionel NCIions 01 this spaciticalion is not i".,tiad. 

Operating Conditions 
Operating Voltage Range ••••••••••••••••••••• +4.5V to +5.5V Input High Voltage ••••••••••••••••••••••• +2.2V to VCC +O.3V 
Operating Temperature Range ................ -55°C to +125°C Deta Retention Supply Voltage ......................... 2.0V 
Input Low Voltage •••••••••••••••••••••••••••• -O.3V to +O.8V Input Rise and Fall Time ..•••••••••.•••••••••••.•. 40ns Max. 

TABLE 1_ HM-656421883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

(NOTE 1) GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE 

High Level Output VOH 1 VCC = 4.5V,10 = -1.0rnA 1,2,3 -55OOSTAS+125°C 
Voltage 

Low Level Output VOL VCC = 4.5V, 10 .. 4.0mA 1,2,3 -5500 S TA S +125°C 
Voltage 

High Impedance IIOZ HM-85842B1883, HM-658421883 1,2,3 -5500 S TA S +125"0 
OUtput Leakage VCC = 5.5V, G = 2.2V, 
Current VVO = GND or VCC 

HM-65842C1883 1,2,3 -5500 S TA S +125OC 
VCC .. 5.5V, G = 2.2V, 
VVO = GND or VCC 

Input Leakage II HM-65842B1883, HM-658421883 1,2,3 -5500 S TA S +125OC 
Current VCC = 5.5V, VI = GND or VCC 

HM-65842C1883 1,2,3 -55OOSTAS+125"O 
VCC = 5.5V, VI = GND or VCC 

Standby Supply ICCSBI HM-65842B1883 1,2,3 -5500 S TA S +125OC 
Current VCC = 5.5V, E1 = VCC -O.3V or 

E2 = GND +O.3V 

HM-658421883 1,2,3 -5500 S TA S +125°C 
VCC = 5.5V, E1 .. VCC -0.3V or 
E2 .. GND +O.3V 

HM-65842C1883 
VCC = 5.5V, E1 = VCC -O.3V or 

1,2,3 -55OOSTAS+125OO 

E2 = GND +O.3V 

Standby Supply ICCSB VCC = 5.5V,10 = OmA, E1 = 2.2V or 1,2,3 -5500 S TA s+125°C 
Current E2=0.8V 

Enable Supply ICCEN VCC = S.SV, 10 = OmA, El =0.8V, 1,2,3 -5500 S TA S +12SoC 
Current E2=2.2V 

Operating Supply ICCOP VCC = S.SV, G = S.SV, (Note 2), 1,2,3 -SSOOSTAS+12SoC 
Current 1= lMHz, El = 0.8V, E2 .. 2.2V 

NOTES: 

1. AU voltages relerenced to device GND. 

2. Typical derating SmAlMHz Increase In ICCOP. 

UMITS 

MIN MAX 

2.4 -
- 0.4 

-1.0 +1.0 

-2.0 +2.0 

-1.0 +1.0 

-2.0 +2.0 

- 100 

- 250 

- 400 

- S 

- S 

- 20 

3. Tested as lollows: 1= 2MHz, VIH = 2.4V, VIL = 0.4V,IOH .. -4.OmA,IOL,. 4.0rnA, VOH ~ I.SV, and VOL S I.SV. 

CAUTION: Thasa d8vicae are sensltiVII to elactronic diacharga. Proper Ie handling proc:acIu ..... 1houId be 1oIIowed. 
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Specifications HM-65642/883 

TABLE 1. HM~5642J8B3 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 

Device Guaranteed and 100% Tested 

(NOTE 1) 
LIMITS 

GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX 

Data Retention ICCDR HM-65642B1883 1,2,3 -55"<: S TA S +125OC - 75 
Supply Current VCC = 2.0V, E1 = VCC -O.3V or 

E2 = GND +O.3V 

HM-65642/883 1,2,3 -55°C S TA S +125OC - 150 
VCC = 2.0V, E1 = VCC -0.3V or 
E2 = GND +O.3V 

HM~5642C/883 1,2,3 -55°C S TA S +125°C - 250 
VCC = 2.0V, E1 = VCC -O.3V or 
E2 = GND +0.3V 

Functional Test FT VCC = 4.5V (Note 3) 7,8A,8B -55"<: S TAs +125°C - . 
NOTES: 

1. All voltages referenced to device GND. 

2. Typical derating 5mAlMHz Increase in ICCOP. 

3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = O.4V, IOH = ·4.0rnA, IOL = 4.0rnA, VOH ~ 1.5V, and VOL s 1.5V. 

TABLE 2. HM~5642J8B3 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

LIMITS 

GROUP A HM-65642B1 HM-65642I HM-65642C1 

(NOTES 1. 2) SUB- 883 883 883 

PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX MIN MAX MIN MAX 

ReadlWrkei TAVAX VCC = 4.5V and 9.10.11 ·55°e:s; TA:S; +1250e 150 150 200 
Cycle lime 5.5V 

Address Access TAVQV vee = 4.5V and 9,10,11 -55°C" TA S + 125°C - 150 - 150 200 
lime 5.5V 

Output Enable TGLQV vee = 4.5V and 9,10,11 -ss°e:S;TAS+1250e - 70 - 70 70 
Access lime 5.5V 

Chip Enable TE1LQV vee = 4.5V and 9,10,11 -55°e:S;TAS+125oe - 150 - 150 200 
Access lime TE2HQV 5.5V 

Wrke Recovery TWHAX vee = 4.5V and 9,10,11 -55oe:s; TA:s; +l25oe 10 10 10 
lime TE1HAX 5.5V 

TE2LAX 

Chip Enable to TE1LE1H vee = 4.5V and 9,10,11 ·55°e S TA S +l25°e 90 90 - 120 -
End-of-Write TE2HE2L 5.5V 

Address Setup TAVWL vee = 4.5V and 9,10,11 -55oe:s; TA:S; +1250e 0 - 0 - 0 -
lime TAVE1L 5.5V 

TAVE2H 

Wrke Enable TWLWH vee = 4.5V and 9,10,11 ·55oe" TA S +125oe 90 - 90 120 
Pulse Width 5.5V 

Data Setup lime TDVWH vee = 4.5V and 9,10,11 ·550e" TA" +125Oe 60 - 60 80 
TDVE1H 5.5V 
TDVE2L 

Data Hold lime TWHDX vee = 4.5V and 9,10,11 -55°e" TA S +125oe 5 5 - 5 -
5.5V 

TE1HDX vee = 4.5V and 9,10,11 -55°C" TA" +125oe 10 - 10 - 10 -
5.5V 

TE2LDX vee = 4.5V and 9,10,11 -55°e:s; TA S +1250e 10 - 10 - 10 -
5.5V 

NOTES: 

1. All voltages referenced to device GND. 

UNITS 

J1A 

J1A 

J1A 

-

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. AC measurements assume transition time s 5ns; input levels = O.OV to 3.0V; timing reference levels = 1.5V; output load = 1 TTL equivalent 
load and CL ~ 5OpF, for CL > 50pF, aeeass times are derated 0.15ns1pF. 

CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procadures should be followed. 
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Specifications HM-656421883 

TABLE 3. HM-656421883 ELECTRICAL PERFORMANCE CHARACTERISTICS 

UMITS 

PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS 

Output High Voltage VOH2 VCC = 4.5V, 10 = -1001iA 1 -55°C S TA S +125°C VCC- - V 
0.4 

Input Capacitance CIN VCC = Open, I = 1 MHz, All 1,2 TA= +25°C - 12 pF 
Measurements Relerenced 
to Device Ground 

VCC = Open, I = 1 MHz, All 1,3 TA= +25°C - 10 pF 
Measurements Relerenced 
to Device Ground 

VO Capacitance ClIO VCC = Open, I = 1 MHz, All 1,2 TA =+25OC - 14 pF 
Measurements Relerenced 
to Device Ground 

VCC = 4.5V, VIIO = GND or 1,3 TA = +25°e - 12 pF 
vee, All Measurements Rel-
erenced to Device Ground 

Write Enable to Output in TWLQZ vee = 4.5V and 5.5V 1 -55°C S TA S +125°e - 50 ns 
HighZ 

Write Enable High to Output TWHQX vee = 4.5V and 5.5V 1 -55°C S TA S +125°e 5 ns 
ON 

Chip Enable to Output ON TE1LQX vce = 4.5V and 5.5V 1 -55°C S TA S +125°e 10 - ns 
TE2HQX 

Output Enable to Output ON TGLQX VCC = 4.5V and 5.5V 1 -55°C S TA S +125°e 5 ns 

Chip Enable to Output in TE1HQZ VCC = 4.5V and 5.5V 1 -55°C S TA S +125°C - 50 ns 
HighZ 

TE2LQZ - 1 -55°C S TA S +125°C - 60 ns 

Output Disable to Output in TGHQZ VCC = 4.5V and 5.5V 1 -55°C S TA S +125°C 50 ns 
HighZ 

Output Hold Irom Address TAXQX VCC = 4.5V and 5.5V 1 -55°C S TA S +125°C 10 - ns 
Change 

NOTES: 

1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char
acterized upon initial design release and upon design changes which would affect these characteristics. 

2. Applies to DIP device types only. For design purposes CIN = 6pF typical and ClIO = 7pF typical. 

3. Applies to LeC device types only. For design purposes CIN = 4pF typical and ClIO = 5pF typical. 

TABLE 4. APPUCABLE SUBGROUPS 

CONFORMANCE GROUPS GROUPS METHOD SUBGROUPS 

Interim Test 1 100%/5004 -
Interim Test 1000/0/5004 1,7,9 

PDA 1 00°/0/5004 1 

Final Test 1 100°/0/5004 2,3,8A,8B, 10, 11 

Group A Samples/5005 1,2,3,7,8A,8B,9,10,11 

Groups C and D Samples/S005 1,7,9 

CAUTION: These devices are sensitive to alectronic discharge. Proper IC handling procedures should be followed. 
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HM-656421883 

Low Voltage Data Retention 
Harris CMOS RAMs are designed with battery backup in 2. During power-up and power-down transitions, E2 must be held 
mind. Data Retention voltage and supply current are guaran- between -O.3V and 10% of vee. 
teed over the operating temperature range. The following 3. The RAM can begin operating one TAVAX after vee reaches the 
rules ensure data retention: minimum operating voltage of 4.5V. 

1. The RAM must be kept disabled during data retention. This is ac
complished by holding the E2 pin between -0.3V and GND. 

vee 
45V 

VIH 

DATA RETENTION MOOE 

TAVAX 
E2 

VeeDR 
'--_______ -1 ____ _ 

GND 

Read Cycles 

READ CYCLE I: W, E2 HIGH; G, E1 LOW 

TAVAX 

A x-. ADDRESS I ~ ADDRESS 2 XX 
TAVQV ~ TAXQX 

X'XXX DATA I fX'IXI DATA 2 XXXXXX 

READ CYCLE II: W HIGH 

TAVAX 

A X fX 
TAVQV 

~ 
I 

#//////////////////. El 
TEl LQV I TEl HQZ 

TEl LQX 

:J!i!f; f ",\ 
TE2HQV TE2LQZ 

E2 

TE2HQX 

~\\\\\\\\\\\ HIIIIIIIIIIII} fllllll! 
TGLQV I TGHQt 

TGLQX I 

7S.X~ XX f.---
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Write Cycles 

WRITE CYCLE I: LATE WRITE 

lAVAX 

A X1 
TAVWl TWlWH 

fi \\\\i 
J 

E2 L!L6 
TDVWH 

o ~ 
TWlQZ 

XX'i"X'XXXXXXXXJXXX 

WRITE CYCLE II: EARLY WRITE - CONTROLLED BY E1 

TAVAX 

A )G 
TAVEll TEIlE1H 

Vi ~ 

-[-

E2 'ff/i/ 

1 
o ~ 

J 

WRITE CYCLE III: EARLY WRITE - CONTROLLED BY E2 

TAVAX 

A XI-
TAVE2H TE2HE2l 

~ 

fi ~ 

-, 
E2 

TOVE1 H 

TOVE2l 
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TWHAX 
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'//LL 

1\\\\\\\\\\\\\ \\\.\\W 
TWHQX 

TWHOX 

~ 

~X 

TEl HAX 

IIIIIIIIIIIIII/' 

-r-

\\\\\\\\\\\\\\'\ 
TEl HOX 

~ 
TE2lAX 

IIIIIIIILfifLIL 
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HM-656421883 

Test Circuit 

............................................................................................ 

OUT 0--+-... 1>-< I 

• TEST HEAD 
CAPACITANCE 

Burn-In Circuits 

HM-656421883 CERAMIC DIP 

NC 

F15 -'VVv-..::;A:.:.:12:..j 

FlO -'VVv-_A",,7~ 

Fe -'Vvv._A;.:;6'-1 

F8 -'VVv-_A:;:;5:..j 

F7 -'VVv-_A:;:;4:..j 

F6 -'VVv-_A:::;3:..j 

FS -'VVv-_A;.:;2:..j 

F4 -'VVv-_A:;:;l~ 

F3 -'VVv-..:..;;A0:..j 

F2 -I\Jv..,.=::..j 

F2 -'VVv-='-I 

F2 -'Vvv..;;;.DQ.;;;;2'-1 

GND 

NOTES: 
FO = 100kHz ± 10% 
All resistors 471<0 ±5% 
e = 0.0111F Min. 
vee = 5.5V ± 0.5V 
VIH=4.5V± 10% 
VIL = -0.2V to +O.4V 

1.SV IOL ! 
~ 

• EQUIVALENT CIRCUIT i 
: ......................................................................................... .. 

C 
E-GND 

Fl 

F16 

Fll 

F12 

F14 

FO 

F13 

FO 

F2 

F2 

F2 

F2 

F2 

HM-65642J883 CERAMIC LCC 

o '" li: u:: 
,..------4r---- VCC ... 

u:: LL 

Fe 
A6 - .. t~J LiJ t~J t!J t!2j t!1J L~~ r- AS 

-'V\i\r-"""-! 51 12~9I-'-"'-'I/V'1r- Fll 

Fa 
AS _. ria A9 F12 

-'V"V'r-A-41- [~7 All F14 
F7 

F6 
A3 

F5 
A2 

F4 

F3 

F2 

NOTES: 
FO = 100kHz ± 10% 

e = 0.0111F Min. 
vee = 5.5V ± 0.5V 
VIH = 4.5V ± 10% 
VIL = -0.2V to +O.4V 
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Metallization Topology 
DIE DIMENSIONS: 

276.8 x 305.5 x 19 ± 1mlls 

METALLIZATION: 
Type: Si - AI 
Thickness: 11 kA ± 2kA 

GLASSIVATlON: 
Type: Si02 
Thickness: 8kA ± 1kA 

DIE ATTACH: 
Matenal: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 460°C (Max) 

WORST CASE CURRENT DENSITY: 
0.9 x 105 Alcm2 

Metallization Mask Layout 

A2 

AI 

Dno 001 Dnl GND on3 

HM-656421883 

HM-65642/883 
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HM-65642/883 

Packaging 
28 PIN CERAMIC DIP 

1.440 

~ 1.470 I 
,.005MIN ~r-~ 

.225 MAX 1.. 
I l-r 

~ I 150 MIN :::~::J~ t",. ~~ . .., 
.065 

LEAD FINISH: 1\Ipe A 
MATERIALS: Compliant to MIL-M385l0 

.045 

.055 

rll-. ___ ~ 
.458 

LEAD FINISH: Type A 

MATERIALS: Compliant to MIL-M385l 0 

NOTE: All Dimensions are ~ Dimensions are in Inches. 
Max 

• INCREASE MAX UMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 

• SOLDER FlNISH 

O' 
is' 

COMPLIANT OUTLINE: MIL-8Te-1835. GDIP1-T28 

32 PAD CERAMIC LCC 
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Features 

• Low Power Standby •••••••••••.•••.•••. 4mW Max. 

• Low Power Operation •••••••••••• 280mWIMHz Max. 

• Data Retention •••••••••••••••••••.••••• 2.0V Min. 

• TTL Compatible In/Out 

• Three State Outputs 

• Fast Access Time ••••••••••••••••••••• 350ns Max. 

• Operating Temperatura Range •••••• -SS"C to +12SoC 

• On Chip Address Reglstera 

• Organizable 8K x 8 or 16K x 4 

• 40 Pin DIP Pinout - 2.000" x 0.900" 

Ordering Information 

PACKAGE 

Module 

Pinout 

NOTES: 

TEMP. RANGE 

·55"C to + 125°C 

40 LEAD MODULE 
TOP VIEW 

350ns 

HM5-6564-8 

00 

DO 

All 

Al0 

AD 

HM-6564 
8K X 8, 16K X 4 CMOS RAM Module 

Description 
The HM·6564 is a 64K bit CMOS RAM. It consists of 16 
HM·6504 4K x 1 CMOS RAMs, in leadless carriers, mounted 
on a ceramic substrate. The HM·6564 is configured as an 
extra wide, standard length 40 pin DIP. The memory appears 
to the system as an array of 16 4K x 1 static RAMs. The 
array is organized as two BK by 4 blocks of RAM sharing 
only the address bus. The data inputs, data outputs, chip 
enables and write enables are separate for each block of 
RAM. This allows the user to organize the HM·6564 RAM as 
either BK by 8 or a 16K by 4 array. 

This 64K memory provides a unique blend of low power 
CMOS semiconductor technology and advanced packaging 
techniques. The HM-6564 is intended for use in any applica
tion where a large amount of RAM is needed, and where 
power consumption and board space are prime concerns. 
The guaranteed low voltage data retention characteristics 
allow easy implementation of non·volatile readiwrite memory 
by using very small batteries mounted directly on the memo 
ory circuit board. Example applications include digital avionic 
instrumentation, remote data acquisition, and portable or 
hand held digital communications devices. 

Functional Diagram 

D4 Q4 05 05 0606 0707 

* Pins 20 and 40 (VCC) are internally connected. Similarly pins 1 and 21 
(Ground) are connected. The user is advised to connect all four VCC pins 
and Ground pins to his board busses. This will improve power distribution 
across the array and W111 enhance decoupling. 

Pin lOis internally connected to pin 11, and pin 30 IS connected to pin 31. 

CAUTION: These devICes are sensrtlV9 to electrostatic Ifischarge. Users should follow proper I.C. Handling Procedures. File Number 3006 
Copyright © Harros Corporation t 992 6.199 



Specifications HM-6564 

Absolute Maximum Ratings 
Supply Voltage •••••..•••••••••••••••••••••••••••••• +7.0V 
Input, Output or va Voltage •••••••••••• GND-O.3V to VCC+O.3V 
Storage Temperature Range ••••••••••••••••• -65"C to + 15O"C 

JlJ'lCIion Temperature •••••••••••••••••••••••••••••• + 175°C 
Lead Temperature (Soldering lOs) •••••••••••••••••••• +3OQOC 
Gate Count ••••••••••••••••••••••••••••••••• 112000 Gates 

CAUTION: Stressse abo"" thDse listed In "'Ab801ul8 Maximum Rallngs" may CSUSfl permanant damage to /he davice. This Is a stress only rating end operation 
of /he device at /hess or any 01lHlr condillons abo"" /hose indicated in /he operational sactions of this spscification is not impHed. 

Operating Conditions 
Operating Voltage Range ••••••••••••••••••••• +4.5V to +5.5V Rise and Fall Time ••••.••••••••••••••••••.•••..• 40ns Max. 
Operating Temperature Range •••••••••••••••. -55"C to +1250C 

DC Electrical Specifications vcc = 5V ± 10%; T" = -5500 to +1250 C (HM-6564-8) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

ICCSB Standby Supply Current - 800 "" 10 = OrnA, VI = VCC or GND, 
VCC=5.5V 

ICCOPl Operating Supply Current (8K x 8) (Note 1) - 58 rnA E = lMHz, 10 = OrnA, VI = VCC or 
GND, VCC = 5.5V 

ICCOP2 Operating Supply Current (16K x 4) (Notes 1, 2) - 28 rnA E = 1 MHz, 10 = OmA, VI = VCC or 
GND, VCC = 5.5V 

ICCDR Data Retention Supply Current - 400 "" 10 = OmA, VCC = 2.0V, VI = VCC or 
GND 

VCCDR Data Retention Supply Voltage 2.0 - V 

IIA Address Input Leakage -20 +20 "A VI = VCC or GND, VCC = 5.5V 

1101 Data Input Leakage (8K x 8) -3 +3 "" VI = VCC or GND, VCC = 5.5V 

1102 Data Input Leakage (16K x 4) (Note 2) -5 +5 "" VI = VCC or GND, VCC = 5.5V 

IIEl Enable Input Leakage (8K x 8) -10 +10 "" VI = VCC or GND, VCC = 5.5V 

1IE2 Enable Input Leakage (16K x4) (Note 2) -5 +5 jIA VI = VCC or GND, VCC = 5.5V 

IIW Write Enable Input Leakage (Each) -10 +10 "" VI = VCC or GND, VCC = 5.5V 

10Zl Output Leakage (8K x 8) -5 +5 "A VO = VCC or GND, VCC = 5.5V 

10Z2 Output Leakage (16K x 4) (Note 2) -10 +10 "" VO = VCC or GND, VCC = 5.5V 

VIL Input Low Voltage 0 0.8 V VCC=4.5V 

VIH Input High Voltage VCC-2.0 VCC V VCC= 5.5V 

VOL Output Low Voltage - 0.4 V 10 = 2.0rnA, VCC = 4.5V 

VOHI Output High Voltage 2.4 - V 10 = -1.0rnA, VCC = 4.5V 

VOH2 Output High Voltage (Note 2) VCC'{).4 - V 10 = -100"", VCC = 4.5V 

CIA Address Input Capacitance (Note 2) - 200 pF f = 1 MHz, All measurements ere 

CIDl Data Input Capacitance (8K x 8) (Note 2) 50 pF 
referenced to device GND -

CID2 Data Input Capacitance (16K x 4) (Note 2) - 100 pF 

CIEI Enable Input Capacitance (8K x 8) (Note 2) - 160 pF 

CIE2 Enable Input Capacitance (16K x 4) (Note 2) - 80 pF 

CIW Write Enable Input Capacitance (Each) (Note 2) - 100 pF 

COl Output Capacitance (8K x 8) (Note 2) - 50 pF 

CO2 Output Capacitance (16K x 4) (Note 2) - 100 pF 

NOTES: 

1. ICCOP is proportional to operating frequency. 

2. Tested at initial design and after major design changes. 
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Specifications HM-6564 

AC Electrical Specifications vcc = 5V ± 10%; TA = -55°C to +12500 (HM-6564-8) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

(1) TELav Chip Enable Access - 350 ns (Notes 1, 3) 

(2) TAVaV Address Access (TAVaV = TELaV + TAVEL) - 400 ns (Notes 1, 3) 

(3) TELaX Output Enable 5 - ns (Notes 2, 3) 

(4) TEHOZ Output Disable - 120 ns (Notes 2, 3) 

(5) TELEL Read or Write Cycle 480 - ns (Notes 1, 3) 

(6) TELEH Chip Enable Low 350 - ns (Notes 1, 3) 

(7) TEHEL Chip Enable High 130 - ns (Notes 1, 3) 

(8) TAVEL Address Setup 50 - ns (Notes 1, 3) 

(9) TELAX Address Hold 50 - ns (Notes 1, 3) 

(10) TWLWH Write Enable Low 150 - ns (Notes 1, 3) 

(11) TWLEH Write Enable Setup 250 - ns (Notes 1, 3) 

(12) TWLEL Early Write Setup (Write Mode) 10 - ns (Notes 1, 3) 

(13) TELWH Early Write Hold (Write Mode) 100 - ns (Notes 1, 3) 

(14) TDVWL Data Setup 10 - ns (Notes 1, 3) 

(15) TDVEL Early Write Data Setup 10 - ns (Notes 1, 3) 

(16) TWLDX Data Hold 100 - ns (Notes 1, 3) 

(17) TELDX Early Write Data Hold 100 - ns (Notes 1, 3) 

NOTES: 

1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns max; Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent and CL = 50pF (Min) for CL greater than 5OpF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V 

Low Voltage Data Retention 

HARRIS CMOS RAMs are designed w~h battery backup in 
mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 

1. Chip Enable (E) must be held high during data retention; 
within VCC +O.3V to VCC. 

2. On RAMs which have selects or output enables (e.g. 5, G), 
one of the selects or output enables should be held in the 
deselected state to keep the RAM outputs high impedance, 
minimizing power dissipation. 

DATA RETENTION TIMING 

3. All other inputs should be held either high (at CMOS VCC) 
or at ground to minimize ICCDR. 

4. Inputs which are held high (e.g. "E) must be kept between 
VCC +O.3V and 700k of VCC during the power up and pow

er down transitions. 

5. The RAM can begin operation one TEHEL aiter VCC 
reaches the minimum operating voltage (4.5 volts). 

----""'-1--:::-:----- DATA RETENTION MODE ------;~_------

vee~2.0V 

vee to vee +O.3V 
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HM-6564 

Read Cycle 

W HIGH 

TIME 
REFERENCE -. t t 

3 4 

TRUTH TABLE 

TIME INPUTS 
REFERENCE E W A 

-1 H X X 

0 ~ H V 

1 L H X 

2 L H X 

3 f H X 

4 H X X 

5 ~ H V 

The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 

Early Write 
Cycle 

OUTPUT FUNCTION 
Q 

Z Memory Disabled 

Z Cycle Begins, Addresses are Latched 

X Output Enabled 

V Output Valid 

V Read Accomplished 

Z Prepare for Next Cycle (Same as -1) 

Z Cycle Ends, Next Cycle Begins (Same as 0) 

enabled but data is not valid until during time (T = 2). W must 
remain high until after time (T = 2). After the output data has 
been read, E may return high (T = 3). This will disable the 
output buffer and ready the RAM for the next memory cycle 
(T= 4). 

TElEll51 
THEH 

161 

W~<.Lo . __ ~+""'T';;~lv"5i-1L f--T"W"Jx~--jUI.LLL. ... LL. . _LL ... LL .. LL<..L. _<L.< _'-L<'-L< _eLL __ .LL __ LL _LL _LLt:.L._<..L._ --j'-"'~"" TT~~"'JJV"J;-dL+-___ -

D~ OATAVALID 

HIGH-Z HIGH-Z 

REF~I:EENCE---tl--+----------+---------+I-+I--+--
-1 2 3 

TRUTH TABLE 

TIME INPUTS 
REFERENCE E W A 0 

-1 H X X X 
0 ~ L V V 

1 L X X X 

2 f X X X 

3 H X X X 

4 ~ L V V 

The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E (T 
= 0), the addresses, the write signal, and the data input are 
latched in on chip registers. The logic value of iii at the time 
E falls determines the state of the output buffer for the cycle. 
Since iii is low when E falls, the output buffer is latched into 

OUTPUT FUNCTION 
Q 

Z Memory Disabled 

Z Cycle Begins, Addresses are Latched 

Z Write in Progress Internally 

Z Write Complete 

Z Prepare for Next Cycle (Same as -1) 

Z Cycle Ends, Next Cycle Begins (Same as 0) 

the high impedance state and will remain in that state until E 
returns high (T = 2). For this cycle, the data input is latched 
by E going low; therefore data set up and hold times should 
be referenced to E. When E (T = 2) returns to the high state 
the output buffer disables and all signals are unlatched. The 
device is now ready for the next cycle. 
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HM-6564 

Late Write 
Cycle 

w 

TIME 
REFERENCE ---+---4----+------1----4--1---+---

TRUTH TABLE 

TIME INPUTS 

REFERENCE E W A 0 

-1 H X X X 

0 "--- H V X 

1 L "--- X V 

2 L H X X 

3 f H X X 

4 H X X X 

5 "--- H V X 

The late write cycle is a cross between the early write cycle 
and the read-modify-write cycle. Recall that in the early write 
the output is guaranteed to remain high impedance, and in 
the read-modify-write the output is guaranteed valid at 
access time. The late write is between these two cases. With 

OUTPUT 
a FUNCTION 

Z Memory Disabled 

Z Cycle Begins, Addresses are Latched 

X Write Begins, Data is Latched 

X Write in Progress Internally 

X Write Completed 

Z Prepare for Next Cycle (Same as -1) 

Z Cycle Ends, Next Cycle Begins (Same as 0) 

this cycle the output may become active, and may become 
valid data, or may remain active but undefined. Valid data is 
written into the RAM if data set up, data hold, write setup 
and write pulse widths are observed. 

NOTE: In the above descriptions the numbers in parenthesis (T = n) refers to the respective timing diagrams. The numbers are located on 
the time reference line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation. 

HM-6504 (One of Sixteen) 

LSBAB~-~

A7 
A6 
AD 

~""--I..:r_ 
64 

64.64 
MATRIX 

LSB A11 AS A4 A3 AS A10 
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ALL LINES ACTtVE HIGH-POSITIVE LOGIC 
THREE-STATE BUFFERS: 

A HIGH -OUTPUT ACTIVE 
CONTROL AND DATA LATCHES: 

L LOW-Q.D 
Q LATCHES ON RISING EDGE OF L 

ADDRESS LATCHES: _ 
LATCH ON RtSING EDGE OF E 

GATED DECODERS: 
GATE ON RISING EDGE OF G 



HM-6564 

Organization Guide 
To Organize 8K x 8: 

Connect: E1 with E3 
E2with E4 
Wl with W2 

To Organize 16K x 4: 

(Pins 9 + 32) 
(Pins 12 + 29) 
(Pins 11 + 31) 

Connect: 00 with 04 (Pins 2 + 39) 
DO with 04 (Pins 3 + 38) 
01 with 05 (Pins 4 + 37) 
01 with 05 (Pins 5 + 36) 
02 with 06 (Pins 16 + 25) 
02 with 06 (Pins 17 + 24) 
03 with 07 (Pins 18 + 23) 
03 with 07 (Pins 19 + 22) 

Optional Wi may be common with W2 (Pins 11 + 31) 

Concerns for Proper Operation of Chip Enables: 

The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 8K x 8 
mode, use the chip enables as if there were only two, E1 and 
E2. In the 16K x 4 mode, all chip enables must be treated 
separately. Transitions between chip enables must be 
treated with the same timing constraints that apply to any 
one chip enable. All chip enables must be high at least one 
chip enable high time (TEHEL) before any chip enable can 
fall. More than one chip enable low simultaneously, for 
devices whose outputs are tied common either internally or 
externally, is an illegal input condition and must be avoid. 

Printed Circuit Board Mounting: 

The leadless chip carrier packages used in the HM-6564 
have conductive lids. These lids are electrically floating, not 
connected to VCC or GNO. The designer should be aware of 
the possibility that the carriers on the bottom side could 
short conductors below if pressed completely down against 
the surface of the circuit board. The pins on the package are 
designed with a standoff feature to help prevent the lead less 
carriers from touching the circuit board surface. 

Board Size Tradeoffs 

Printed circuit board real estate is a costly commodity. Actual 
board costs depend on layout tolerances, density, complex
ity, number of layers, choice of board material, and other fac
tors. 

The following table compares board space for 16 standard 
DIP 4K RAMs to the HM<nd>6564 RAM array. Both fine line, 
close tolerance layout and standard "easy" layout board 
sizes are shown in the comparison. 

The cost of semiconductor circuits decline with time. If actu
al costs were included, they would be out of date in a very 
short time. We urge you to contact your local Harris office of 
sales representative for accurate pricing allowing cost 
tradeoff analysis. In your cost analysis, also consider the 
advantages of a lighter, smaller overall package for your sys
tem. Consider how much more valuable your system will be 
when the memory array size is decreased to about 1/6 of 
normal size. 

64K ARRAY OR 16 4K RAMs ON A PC BOARD vs. THE HM-6564 

PACKAGE CIRCUIT SUBSTRATE SIZE 

18 Pin DIP Standard Two Sided PCB 12 to 15 square inchllS 

18 Pin DIP Fine line or Multilayer PCB 9 to 11 square inches 

18 Pin Leadless Carrier Multilayer Alumina Substrate 3 to 5 square inches 

HM·6564 Two Sided Mounting Multilayer 2 square inches 
Alumina Substrate 
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Features 

• Full CMOS Design 

• 6 Transistor Memory Cell 
• Low Standby Current •••••.••••••••••••. 2501900~A 

• Low Operating Current ••..•.•...•....••••.• 70mA 

• Fast Address Access Time •.••••.•••• 100l1201150ns 

• CMOSITTL Compatible InputS/Outputs 

• JEDEC Approved Pinout 

• Equal Cycle and Access Time 
• No Clocks or Strobes Required 

• Single 5 Volt Supply 

• Gated Inputs - No Pull-Up or Pull-Down Resistors 
Required 

• Temperature Range •.•••...••...•• -55°C to +125°C 

• Easy Microprocessor Interfacing 

• Dual Chip Enable Control (HM-SSOSA) 

Ordering Information 
PACKAGE TEMPERATURE RANGE 

Description 

HM-BBOB 
HM-BBOBA 
8K X 8 Asynchronous 

CMOS Static RAM Module 

The HM-S80S and HM-S80SA are SK x S Asynchronous CMOS 
Static RAM Modules, based on multi-layered, co-fired, dual-in-line 
substrates. Mounted on each substrate are four HM-65162 2K x S 
CMOS SRAMs, a high speed CMOS decoder, and a ceramic decou
piing capacitor, all packaged in leadless chip carriers. The capacitor 
is added to reduce noise and the need for external decoupling. The 
HM-65162 RAMs used in these modules are full CMOS devices, uti
lizing arrays of six transistor (6T) memory cells for the most stable 
and lowest possible standby supply current over the full military tem
perature range. In addition to this, the high stability of the 6T cell 
provides excellent protection against soft errors due to noise and 
alpha particles. This stability also improves the radiation tolerance of 
the RAM over that of four transistor devices. The HM-8808 and HM-
880BA have gated inputs to simplify system design for optimum 
standby supply current. The pinouts of these modules conform to 
the JEDEC 28 pin 8 bit wide standard, which is compatible with a 
variety of industry standard memories. The HM-S808A is pin-com
patible with many standard 8K x 8 RAMs, adding the advantage of 
high performance over the full military temperature range. Also, 
because of the second chip enable (E2), the HM-8808A simplifies 
the design of low-power battery back-up memory systems. 

lOOns 120n5 150ns 

MODULE -55°C to + 12SoC HMS-880BS-8 HMS-8808B-8 HMS-8808-8 

MODULE 

Pinouts 

000 

DOt 

PIN 

A 
DQ 
E 

E1 
E2 
W 
G 

28LEAD MODULE 
TOP VIEW 

DESCRIPTION 

InputAddress nput 
Data InpuVOutput 

0Q6 
DQ5 

Chip Enable (HM-880S) 
Chip Enable (HM-8808A) 
Chip Enable (HM-8808A) 
Write Enable 
Output Enable 

-SSoC to + 12SoC HM5-880SAS-8 HMS-8808AB-S HM5-8808A-8 

AO 

000 

28 LEAD MODULE 
TOP VIEW 

007 

0Q6 

0Q5 

0Q4 

003 

Functional Diagram 

AO· Al0==::;:l=======:::;-l 000·007 

W::;:+t:~====~ G 

CAUTION: These devices are sensibve to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3014 
Copyright © Harris Corporation 1992 
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Specifications HM-BBOB, HM-BBOBA 

Absolute Maximum Ratings 
Supply Voltage •••.••••..•..••.•.•••..•.•••••••••••• +7.0V 
Input or Output Voltage .••••••.•.•••••• GNO-o.3V to VCC+0.3V 
Storage Temperature Range, ••••••••••...•.•. ~5°C to + lSOOC 

Gate Count •.•••••.•.•••.•.••.••.••.•••.•••. 105000 Gates 
Junction Temperature .••.•.•••••••.••••••..••....•. + 175°C 
Lead Temperature (Soldering lOs) ..••..•.••..•••..... +300oC 

CAUTION: Stresses above thoIle/islBd in "Abso/u/9 Msximum Rafngs" may cause permanent damage to the device. This is a stress only rs6ng and operaYon 
of the device at these or any other conditions above those indicated in the operational sections 01 this specilica60n is not implied. 

Operating Conditions 
Operating Voltage Range •.......•.....••••... +4.5V to +5.5V Input Rise and Falillme .....•.....••....••....••. 4Ons Max. 
Operating Temperature Range •...•••.•••••••• -55°C to + 125°C 

DC Electrical Specifications vcc = 5Vt 10%;TA= -55OC to +125OC (HM-8808X-8) 

SYMBOL PARAMETER MtN MAX UNITS TEST CONDITIONS (NOTE 1) 

ICCSBl Standby Supply Current (CMOS) - 250 I1A HM-8808S1AS-8, HM-SSOSB/AB-S 10 = 0, 
E = VCC-0.3V (Note 4), E2 = 0.3V (Note 5) 

- 900 I1A HM-880S-'A-S 10 = 0, E = VCC-0.3V 
(Note 4), E2 = 0.3V (Note 5) 

ICCSB Standby Supply Current (TTL) - 35 rnA 10 = 0, E = VIH (Note 4), E2 = VIL (Note 5) 

ICCEN Enabled Supply Current 60 mA HM-880SS/AS-S, HM-8S0SB/AB-S, 10 = 0, 
E = VIL (Note 4), E2 = VIH (Note 5) 

70 mA HM-880S-'A-S, 10 = 0,"£ = VIL (Note 4), 
E2 = VIH (Note 5) 

ICCOP Operating Supply Current 70 mA 10 = 0, f = 1 MHz, E = VIL (Note 4), E2 = VIH 
(Notes 2, 5) 

ICCDR Data Retention Supply Current 125 IIA HM-880SS/AS-S, HM-880SB/AB-S, 
VCC = 2.0V, E = VCC-o.3V (Note 4), 
E2 = 0.3V (Note 5) 

400 IIA HM-880S -' A-S, 
VCC = 2.0V, E = VCC-0.3V (Note 4), 
E2 = 0.3V (Note 5) 

II Input Leakage Current -1.0 +1.0 IIA VI = GND or VCC 

IIOZ InpuVOutput Leakage Current -1.0 +1.0 IIA VIO = GND or VCC 

VCCDR Data Retention Supply Voltage 2.0 V VCC = 2.0V, E = VCC (Note 4), E2 = GND 
(Note 5) 

VOL Output Low Voltage 0.4 V 10=4.0mA 

VOHl Output High Voltage 2.4 V 10= -1.0mA 

VOH2 Output High Voltage VCC-0.4 V 10 = -l00mA (Note 3) 

VIL Input Low Voltage 0 O.S V 

VIH Input High Voltage 2.4 VCC V 

Capacitance T" = +2SOC (Note 3) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

CE Enable Input Capacitance - 15 pF VE = VCC or GND, f = lMHz (Note 3) 

CW Write Enable Capacitance - 48 pF vw = VCC or GND, f = 1 MHz (Note 3) 

CI Input Capacitance: 'G, A - 35 pF VI = VCC or GNO, f = 1 MHz (Note 3) 

CIO InpuVOutput Capacitance 43 pF VIO = VCC or GNO, f = 1 MHz (Note 3) 

NOTES: 

1. All devices tested at worst case temperature and supply voltage limits. 

2. Typical derating = 5mAIMHz increase in ICCOP, VI = VCC or GND. 

3. Guaranteed but not tested. 

4. Relevant to the HM-8S0S-S only. 

5. Relevant to the HM-SSOSA-S only. 
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Specifications HM-B808, HM-8808A 

AC Electrical Specifications vcc = 5V 10%; T A = -55°C to + 125°C 

HM-8808S1A8-8 HM-8808B1AB-8 HM-8808JA-B (NOTES 1,2) 
TEST 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS CONDITIONS 

READ CYCLE 

(1) TAVAX Read Cycle Time 100 - 120 - 150 - ns 

(2) TAVQV Address Access Time - 100 - 120 150 ns 

(3) TELQV Chip Enable Access Time 100 - 120 150 ns (Note 4) 

(4) TGLQV Output Enable Access Time 50 65 - 65 ns 

(5) TELQX Chip Enable Output Enable Time 20 20 - 25 - ns (Notes 3, 4) 

(6) TGLQX Output Enable Output Enable Time "5 - 5 - 5 ns (Note 3) 

(7)TAXQX Address Output Hold Time 5 - 5 - 5 - ns 

(S) TEHQZ Chip Disable Output Disable Time 0 60 0 70 0 80 ns {Notes 3, 5) 

(9) TGHQZ Output Disable Time 0 40 0 40 0 50 ns (Note 3) 

WRITE CYCLE 

(10) TAVAX Write Cycle Time 100 120 - 150 - ns 

(11) TELWH Chip Enable to End of Write 70 80 - 90 - ns (Note 4) 

(12)TWLWH Write Enable Pulse Width 40 - 55 - 65 - ns 

(13) TELEH Enable Pulse Width (Early Write) 40 80 65 - ns (Notes 3, 4, 5) 

(14)TAVWL Address Setup Time (Late Write) 15 - 15 - 20 - ns 

(15) TAVEL Address Setup Time (Early Write) 0 - 0 - 5 - ns (Notes 3, 4) 

(16) TWHAX Address Hold Time (Late Write) 10 10 - 20 ns 

(17) TEHAX Address Hold Time (Early Write) 30 30 - 45 - ns (Note 3) 

(1S) TDVWH Data Setup Time (Late Write) 30 30 - 35 - ns 

(19) TDVEH Data Setup Time (Ea~y Write) 30 - 30 - 35 ns (Note 5) 

-
(20) TWHDX Data Hold Time (Late Write) 10 - 15 - 20 - ns 

(21) TEHDX Data Hold Time (Early Write) 30 - 30 - 45 - ns (Notes 3, 5) 

(22) TWLEH Write Enable Pulse Setup Time 40 - 55 - 65 ns (Note 5) 

(23) TWLQZ Write Enable Output Disable Time 40 - 40 - 50 ns (Note 3) 

(24) TWHQX Write Disable Output Enable Time 0 - 0 - 0 - ns (Note 3) 

NOTES: 

1. All devices tested at worst case temperature and supply voltage limits. 

2. Input pulse levels: VIL = O.OV, VIH = 3.0V Input rise and fall times: 5ns (max.) VCC = 4.5V and 5.5V. Input and output timing reference 
levels: 1.5V Output load: 1 TTL gate equivalent and 50pF (min, including scope and jig). 

3. Guaranteed but not tested. 

4. "EL" (enable input valid) equivalent to: EL on the HM-S808-S. ElL and E2H on the HM-880SA-S 

5. "EH" (enable input invalid) equivalent to: EH on the HM-8S08-S. EIH or E2L on the HM-SS08A-S. 
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HAI-BBO~HAI-BBOBA 

Truth Table 

HM-8808 HM-8808A HM-8808/8808A 

MODE 1: "El E2 W II 

Standby (CMOS) vee x GND X X 

Standby (TIL) VIH VIH VIL X X 

Enabled (High Z) VIL VIL VIH VIH VIH 

Write VIL VIL VIH VIL X 

Read VIL VIL VIH VIH VIL 

HAI-BBOB Timing Diagrams 
READ CYCLE 1 (Notes 1, 2) 

TAVAX 
III 

A X ADDRESS 1 X ADDRESS 2 XX 
TAVQV TAXOX 

121 I 171 I 
Q XXJ.X;(J; DATA 1 lO<XXXX DATA 2 X ,xx 

READ CYCLE 2 (Note 1) 

TAVAX 
III 

A 

TAVQV 
121 

E 
TELQV 
TELQX 131 

151 

ii 

141 
TGLQV 
TGLQX 191 

161 

Q 

NOTES: 

1. In a read cycle, W is held high. 

2. In read cycle 1, the module is kept continuously enabled. ll, and ~ are held at VIL. 
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HM-BBOB, Hld-BBOBA 

HM-BBOB Timing Diagrams (Continued) 

WRITE CYCLE 1 (Notes 1, 3, 4) 

A 'Xl 
TAVWL 

w (141 

~ 
(III 

I 
o 

TWLQZ --' 
(231 I 

Q . 
WRITE CYCLE 2 (Notes 2, 4) 

A 

TAVAX 
(101 

TWLWH 
(12) 

TELWH 

TOVWH 
(181 

KX 
TWHAX 

1161 

.B//////////////////////////////IJ 
TWHQX 

1241 
TWHOX 

1201 

~ 
~ 

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

w~ ___ ~~ _______________ -l ___ ~~~~ 
e-------...,. 

0---------4==============j-----
NOTES: 

1. In Wrile Cycle 1, the module is first enabled and then data Is strobed (nto the RAM with a pulse on Write Enable (W). Because W becomes 
valid after the part is enabled, this Is sometimes referred to as a "Late Write" cycle. 

2. (n Write Cycle 2, Address (A) and Write Enable (W) are first sel up, and then data Is strobed into the RAM w(th a pulse on E. Because W 
Is valid before the module is enabled, this is sometimes referred to as an "Early Write" cycle. 

3. Output Enable (G) Is normally held stable throughout the entire cycle. 1f'G Is held high, then the outpulS (0) remain In the high impedance 
state. If 'G is held low, then It may be necessary 10 lengthen the cycle to prevent bus contention. This would occur If TWLOZ and TDVWH 
overlapped. 

4. Data InpulS (D) and Data Outputs (0) are connected internally at the DO pins. 

6-209 

ti 
o 
:IE 
UI 
:IE 
(/) 

o 
:IE o 



HM-8808A Timing Diagrams 

READ CYCLE 1 (Note 1, 2) 

TAVAX 
(I) 

A X; ADDRESS 1 

TAVOV 
(2) I 

o XX ,Xit 

READ CYCLE 2 (Note 1) 

HM-8808, HM-8808A 

~ ADDRESS 2 M 
TAXOX 

(7) 

DATA 1 ~)()()(X DATA 2 X ,XX ,X 

TAVAX 

A __ ~~ ____ ~~~ __________________________________ ~~ __ 

Ei 
~~~-------=~~------+-------------------~~~~~~~~ 

.... -----'-------1 (3) 

E2 

O----------------~~t===========~~---
NOTES: 

1. In a read c~e, W Is held high. 

2. In read c~e 2, the module is kept continuously enabled: G and "El are held at VIL. E21s held at VIH. 

3. The AC timing of E2 is the same as that of"El. Only the polarity is reversed. While"El is active low, E2 Is active high. Therefore AC 
parameters that refer to the falling edge of enable, such as TELQV, can be applied to the rising edge of E2, and parameters that refer 
to the rising edge of enable, such as TEHQZ, can be applied to the falling edge of E2. 
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HAf~80~H~8808A 

HAf~808A Timing Diagrams (Continued) 

WRITE CYCLE 1: Controlled by W (Notes 1,3,4) 

A 
(14) TA 

Vi 

~ 

VWL 

~ 

E2 

(NOT E~ 
11 8), 

(10) 
TAVAX 

TWLWH 
(12) 

TELWH 

(11) 
TELWH 

TDVWH 

(23) .. TWLQZ~ 

Q 

WRITE CYCLE 2: Con1rolled by ET (Notes 2, 4) 

liD) 

A X( .... -------:AVAX 

TAVEL- .. mH 

W 

fi 

E2 
(N 

\\\\\. 115) 

~ 

WRITE CYCLE 3: Controlled by E2 (Notes 2, 4) 

A xtTAVEL 
1r'1I: 

W \m\ 
(15) 

\m\. 

E2 
(NOTE 5) 

NOTES: 

(13) 

1191 

E 
TOVEH 

(10) 
TAVAX 

TELEH 
113) 

(19) 

E TOVEH 

;t" 
TWHAX--!(16) 

(11) 

I'\\\: \\\\\' ,\W 

TWHQX_ (241 
TWHOX~ (20) 

~ --...... 

• _TEHAX 
)x 

(17) 

(21) ,\\\\\\\\\\\\\'\ .. .. TEHDX 

3 

.. • TEHAX 
]x 

(17) 

I TEHDX 

1 
(21) 

1, In Write Cycle 1, the module is first enabled and then data is strobed into the RAM with a pulse on Write Enable (W). Because W becomes 
valid alter the part is enabled, this is sometimes referred to as a "Late Write" cycle. 

2. In Write Cycle 2 and 3, Address (A) and Write Enable (W) are first set up, and then data is strobed Into the RAM with a pulse on ET or 
E2. Because W is valid before the module is enabled, this is sometimes referred to as an "Early Write" cycle. 

3. Output Enable (G) is normally held stable throughout the entire cycle. IfG is held high, then the outputs (0) remain in the high impedance 
state. If G is held low, then it may be necessary to lengthen the cycle to prevent bus contention. This would occur if TWlOZ and TDVWH 
overlapped. 

4. Data Inputs (D) and Data Outputs (0) are connected internally at the DO pins. 

5. The AC timing of E2 is the same as that ofET. Only the polarity Is reversed. While ET is active low, E2 is active high. Therefore AC pa
rameters that refer to the falling edge of enable, such as TElOV, can be applied to the rising edge of E2, and parameters that refer to 
the rising edge of enable, such as TEHQZ, can be applied to the falling edge of E2. 
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HM-8808, HM-8808A 

Low Voltage Data Retention 

Harris CMOS RAMs are designed with battery backup in 
mind. Data retention voltage and supply current are 
guaranteed over temperature. The following rules insure 
data retention: 

1. The module must be kept disabled during data retention. 
The Chip Enable (1:) on the HM-8808 must be held 
between VCC-0.3V and VCC+0.3V. Chip Enable 2 (E2) 
on the HM-8808A must be held between -0.3V and GND 
+0.3V. 

HM-8808 Data Retention Timing 

2. During power-up and power-down transitions, E (HM-
8808) must be held between 90% of VCC and VCC 
+0.3V; E2 (HM-8808A) must be held above -0.3V and 
below 10% of VCC. 

3. The RAM module can begin operation one TAVAX alter 
VCC reaches the minimum operating voltage (4.5V). 

DATA RETENTION MODE 

VCC-----__ 

VCCDR W/),IW~W~'fI1_ 

VIL u.u.wu.u.t.IJ 

(11 
TAVAX 

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

HM-8808A Data Retention Timing 

VCC-----....... 

E2 

VCCDR ~~~~~~ 

DATA RETENTION MODE 

(11 
TAVAX 

GND~~~~~~-------------~I/I/Ij.~~ 
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January 1992 

Features 

• Low Standby Supply Current ..•..........•.. 800J.lA 

• Low Operating Supply Current. ...•....••••• 400mA 

• Fast Access Time ...............•........... 70ns 

• Low Data Retention Supply Voltage •..•......•. 2.0V 

• Wide Operating Temperature ....... -SSoC to +12SoC 
Range 

• CMOSITTL Compatible InputS/Outputs 

• JEDEC Approved Pinout 

• Full CMOS - Six Transistor RAM Cells 

• No Clocks or Strobes Required 

• Single SV Power Supply 

• Standard DIP Size •••.....•..••••.•.... 0.6" x 1.S" 

• Easy Microprocessor Interfacing 

• Gated Inputs 

Pinout 
28 LEAD MODULE 

TOP VIEW 
.-----. ..---

NC~ ~VCC 
A12 [! @Vi 
A7~ ~A13 
A6~ ~A8 
A5~ ~A9 
A4 ~ ~All 
A3~ ~NC 
A2 ~ ~Al0 

:~~ ~~7 
000 ill ~ D06 

001 ~ [g! DOS 

DQ2~ ~D04 
GND III ~ 003 

Ordering Information 

TEMPERATURE 
PACKAGE RANGE 70ns 80ns 

HM-8816H 
16K X 8 High Speed Asynchronous 

CMOS Static RAM Module 

Description 

The HM-8816H is a high speed. asynchronous CMOS static 
RAM module. based on a multilayer. co-fired. dual-in-line 
ceramic substrate and eight HM-65262 16K x 1 asynchro
nous CMOS static RAMs packaged in leadless chip carriers. 
The HM-8816H uses on-substrate decoupling capacitors 
packaged in lead less chip carriers to reduce electrical noise 
and improve reliability. The pinout of the HM-8816H 
conforms to the JEDEC 8 bit wide. 28 pin RAM standard. 
which allows the system designer to design sockets that will 
accommodate a variety of industry standard RAMs and 
EPROMs. The HM-8816H also has gated inputs to simplify 
system design for optimum standby supply current. 

The HM-65262 RAMs used in this module are full CMOS 
devices. utilizing arrays of six transistor (6l) memory cells 
for the most stable and lowest possible standby supply 
current over the full military temperature range. In addition to 
this. the high stability of the 6T cell provides excellent 
protection against soft errors due to electrical noise and 
alpha particles. This stability also improves the radiation 
tolerance of the RAMs over that of four transistor devices. 

Functional Diagram 

14/ 14 
AO-A13 ,- ,- AO-A13 

Vi Vi Oil- 007 

oW ~DQ6 
E E - DOS 

-004 
- DOl 

+ AG-A13 

L....- Vi 

-DQ2 

:0---: :: 
E 

TRUTH TABLE 

MODE 

Standby (CMOS) 
Standby (TTL) 
Read 
Write 

E w 
VCC X 
VIH X 
VIL VIH 
VIL VIL 

PIN DESCRIPTIONS 

PIN FUNCTION 

MODULE -55°C to +125°C HM5-8816HB-8 HM5-8816H-8 AO-A13 
000- 007 
E 

Address Inputs 
Data Input/Outputs 
Chip Enable 

Vi 
VCC 
GND 

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

Copyright © Harris Corporation t 992 6-213 

Write Enable 
Power (+5V) 
GND 

File Number 3007 



Specifications HM-8816H 

Absolute Maximum Ratings 
Supply Voltage •.•.••.•••••...••.•.•••.........•.••. +7.0V 
Input, Output or 1/0 Voltage ............ GND-0.3V to VCC+O.3V 
Storage Temperature Range ...••••....•..... -65°C to +1 SOOC 

Junction Temperature •.•.•••.•..••.•..••••••..••.•. + 175°C 
Lead Temperature (Soldering lOs) •..•.••.•.••.••••••. +3OO"C 
Gate Count ••...•..•••..••.....•.•...•.•... 210,000 Gates 

CAUTION: StrllSslIS abo"" those listed in "Absolute Maximum Ratings" mey C8U1ie ~nent damege to the davictfl. This is a stress only rating and operation 
of the devictflat these or any other conditions above those indicated in the op8rational sections of this specification is not impOed. 

Operating Conditions 
Operating Voltage Range ...•••........•.•..•. +4.5V to +5.5V Operating Temperature Range .••.•.•.••..•... -55OC to +125°C 

DC Electrical Specifications vcc = 5V ± 10%; TA = -55°C to +125°C (HM-8816HB-8, HM-8816H-8) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

ICCSBI Standby Supply Current (CMOS) - 800 jIA 10= 0, E = VCC -0.3V 

ICCSB Standby Supply Current (TTL) - 40 mA 10=0, E = VIH 

ICCEN Enabled Supply Current - 400 mA 10 = 0, E + VIL, VIN = VIH or VIL 

ICCOP Operating Supply Current (Note 1) - 400 mA 10 = 0, f = 1MHz, E = VIL, VIN = VCC 
orGND 

ICCDR Data Retention Supply Current - 320 jIA VCC = 2.0V, E = VCC - 0.3V, 10 = 0 

II Input Leakage Current -1 +1 jIA VIN = VCC or GND 

IIOZ VO Leakage Current -1 +1 jIA VIO = VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 - V E=VCC 

VOL Output Voltage Low - 0.4 V IOL=0.8mA 

VOH1 Output Voltage High 2.4 - V 10H= -4.0mA 

VOH2 Output Voltage High (Note 2) VCC-0.4 - V 10H= 100mA 

VIL Input Voltage Low 0 0.8 V 

VIH Input Voltage High 2.4 VCC V 

Capacitance TA = +25°C (Note 2) 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CI Input Capacitance 70 pF f = 1MHz, VIN = VCC or GND 

CIO InpuVOutput Capacitance 25 pF f = 1MHz, VIO = VCC or GND 

NOTES: 

1. Typical derating: 40mAlMHz increase In ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM-8816H 

AC Electrical Specifications vcc = 5V ± 10%; TA = -55"C to +125°C (HM-8816HB-8, HM-8816H-8) 

UMrrs 

HM-8816HB HM-8816H 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS NOTES 

READ CYCLE 

(1) TAVAX Read Cycle Time 70 - 85 - ns 1,3 

(2) TAVQV Address Access Time - 70 - 85 ns 1,3 

(3) TELQV Chip Enable Access Time - 70 - 85 ns 1,3 

(4) TELQX Chip Enable Output Enable Time 5 - 5 - ns 2,3 

(5) TEHOX Chip Enable Output Hold Time 5 - 5 - ns 2,3 

(6) TAXQX Address Output Hold Time 5 - 5 - ns 2,3 

(7) TEHOZ Chip Disable Output Disable Time 0 40 0 40 ns 2,3 

WRITE CYCLE 

(8) TAVAX Write Cycle Time 70 - 85 - ns 1,3 

(9) TELWH Chip Enable to End of Write WContro"ed 65 - 75 - ns 1,3 

(10) TELEH Chip Enable to End of Write E Controlled 65 - 75 - ns 2,3 

(11) TWLWH Write Pulse Width 55 - 50 - ns 1,3 

(12) TAVWL Address Setup Time W Controlled 0 - 0 - ns 1,3 

(13) TAVEL Address Setup Time E Controlled 0 - 0 - ns 2,3 

(14) TWHAX Write Recovery Time W Controlled 10 - 10 - ns 1,3 

(15) TEHAX Write Recovery Time E Controlled 10 - 10 - ns 2,3 

(16) TDVWH Data Setup Time WContro"ed 30 - 35 - ns 1,3 

(17) TDVEH Data Setup Time EControl1ed 30 - 35 - ns 2,3 

(18) TWHDX Data Hold Time W Controlled 5 - 5 - ns 1,3 

(19) TEHDX Data Hold Time E Controlled 10 - 10 - ns 1,3 

(20) TWLOZ Write Enable Low to OUtput Off - 40 - 40 ns 2,3 

(21) TWHQX Write Enable High to OUtput On 0 - 0 - ns 2,3 

NOTES: 

1. Input pulse levels: 0 to 3.0V; Input rise and taU times: 5ns max.; Input and output timing reference level; 1.5V; Output Load: 1 TTL gate 
equivalent and CL = 50pF (mln)- for CL greater than SOpF, access time Is derated by 0.15ns per pF. 

2. Tested at Initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 
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HM-8816H 

Timing Diagram 
READ CYCLE 1: CONTROLLED BY E 

~------TAVAX------~ 

TELOV CD 
@ 

® 
TEHOX 

NOTE: Vii is held high for entire cycle and D is ignored. Address is stable by the time E goes low and remains valid until E goes high. 

READ CYCLE 2: CONTROLLED BY ADDRESS 

CD 
TAVAX ---~ 

A 

~---TAVOV---~ 

CD 
(j) 

TEHOZ 

TAXOX ® 
o 

NOTE: Vii is high for entire cycle and D is ignored. E Is stable prior to A becoming valid and after A becomes invalid. 

WRITE CYCLE 1: CONTROLLED BY Vi (LATE WRITE) 

® 
1----- TAVAX -----00-1 

A 

® 
-~'""':h.I---- TELWH -----.jI~7""7_t?_~----

w 

D 
@ 

o TELOX 

NOTE: In this mode, E rises after Vii. The address must remain stable whenever both E and Vii are low. 
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HM-8816H 

Timing Diagrams (Continued) 

WRITE CYCLE 2: CONTROLLED BY E (EARLY WRITE) 

® 
~~~.------- TAVAX 

A @TAVE:=rt:-~ __ _ 
E----~ 

TWHQX@ 

NOTE: In this mode, iN rises after E. If iN falls before E by a time exceeding 1WLQZ (Max) - TELQX (Min), and rises after E by a time 
exceeding TEHQZ (Max2.: 1W!iQZ (Min), then Q will remain in the high impedance state throughout the cycle. The address must 
remain stable whenever E and Ware both low. 
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Features 

• Full CMOS Six Transistor Memory Cell 

• Low Standby Supply Current ..••..•••••...•. 2S01lA 

• Low Operating Supply Current .•............. 1SmA 

• Fast Address Access Time •••••.•.•••••••.•. 180ns 

• Low Data Retention Supply Voltage ..........•. 2.0V 

• CMOSITTL Compatible InputS/Outputs 

• JEDEC Approved Pinout 

• Equal Cycle and Access Times 

• No Clocks or Strobes Required 

• Single SV Power Supply 

• Easy Microprocessor Interfacing 

• Operating Temperature Range .••••. -SSoC to +12SoC 

• Standard DIP Size - O.S" x 1.4" 

Ordering Information 
TEMP. RANGE 

• Access Time/Data Retention Supply Current 

Description 

HM-8832 
32K X 8 Asynchronous 

CMOS Static RAM Module 

The HM-8832 is a 32K x 8 Bit Asynchronous CMOS Static 
RAM Module based on a multilayered, co-fired, dual-in-line 
ceramic substrate, four HM-65642 CMOS Asynchronous 
Static RAMs, and an HCT-138 high-speed CMOS decoder, 
all mounted in ceramic leadless chip carriers. In addition to 
this, each module is equipped with a ceramic capacitor to 
minimize power supply noise and reduce the need for 
external decoupling. Furthermore, this capaCitor is sealed in 
a ceramic lead less carrier for maximum reliability, even in 
extreme environments. All inputs on the HM-8832 are gated 
by the E input to simplify system design requirements to 
obtain the minimum standby and data retention supply 
current. The pinout of the HM-8832 conforms with the 
JEDEC standard for eight-bit wide, 28 pin RAMs, which 
allows the module to be pin compatible with future 
generations of high density RAMs and EPROMs. 

The HM-65642 RAMs used on the HM-8832 module are full 
CMOS devices, utilizing arrays of six-transistor (6T) memory 
cells for the most stable and lowest possible standby and 
data retention supply current over the full military operating 
temperature range. In addition to this, the high stability of the 
6T cell provides excellent protection against soft errors due 
to power supply noise and alpha particles. This stability also 
improves the radiation tolerance of the module over that of 
RAMs utilizing four transistor (4T) Mix-MOS memory cells . 

Pinout Functional Diagram 
28 LEAD MODULE 

TOP VIEW 

A14 vcc 

AO-A12~~~~~~~~~~~1l OQO-OQ7 
Vi 
G Lr----~ 

A12 Vi 
A7 A13 
AS A8 

AS A9 

A4 All 

A3 G 
A2 Al0 
Al l 
AO 007 

000 DQ6 TRUTH TABLE PIN DESCRIPTION 

001 005 MODE E W G PIN FUNCTION 
002 DQ4 Standby (CMOS) VCC X X AO-A14 Address Inputs 
GNO 003 

Standby (TIL) VIH X X 
DQO·DQ7 Data InpuVOutput 
E Chip Enable 

Enabled (High Z) VIL VIH VIH G Output Enable 
Vii Write Enable 

Read VIL VIH VIL VCC Power (+SV) 

Write VIL VIL X GND Ground 

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

Copyright © Harris Corporation 1992 
File Number 3008 
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Specifications HM-8832 

Absolute Maximum Ratings 
Supply Voltage ••.........•...•..•.•.•.••......•.•.. +7.0V 
Input, Output or I/O Voltage •.••....••.. GND-0.3V to VCC+O.3V 
Storage Temperature Range ....••••.••••.•.• -65°C to + 1 SOOC 

Junction Temperature ....................•..•..•.•. + 175°C 
Lead Temperature (Soldering lOs) .............•.•..•. +300oC 
Gate Count ..•......•...•......••...•.•.... 405,230 Gates 

CAUTION: Stresses above those listed in "Absolute Maximum RaUngs" may cause permanent damage to the davice. This IS a stress only IBting and op6lBtion 
of /he device a/ these or any o/her condiUons abo ... those indlCatad in the OPf/lBtionai sachons of /hIS spaclflcatlOn Is not implied. 

Operating Conditions 
Operating Voltage Range ...•...•......•..•... +4.5V to +5.5V Operating Temperature Range .....••.....•.•. -55°C to +125°C 

DC Electrical Specifications vcc = 5V ± 10%; TA = -55°C to +125°C (HM-8832B-8, HM-8832-8) 

LIMrrs 
(NOTE 1) 

SYMBOL PARAMETER MIN MAX UNrrs TEST CONDITIONS 

ICCSBI Standby Supply Current (CMOS) - 250 I1A HM-8832B, 10 = 0, E = vcc - 0.3V 

- 900 flA HM-8832, 10 = 0, E = vcc - 0.3V 

ICCSB Standby Supply Current (TTL) - 2 rnA HM-8832B, 10 = 0, E = VIH 

- 10 rnA HM-8832, 10 = 0, E = VIH 

ICCEN Enabled Supply Current - 10 mA 10=0, E=VIL 

ICCOP Operating Supply Current (Note 3) - 15 mA 10=0, f= lMHz, E=VIL, VIN=VCC 
orGND 

ICCDR Data Retention Supply Current - 200 flA HM-8832B, VCC = 2.0V, 
E =VCC - 0.3V 

- 750 flA HM-8832, VCC = 2.0V, 
E=VCC-0.3V 

II Input Leakage Current -1.0 +1.0 flA VIN = VCC or GND 

IIOZ I/O Leakage Current -1.0 +1.0 flA VIO = VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 - V E=VCC 

VOL Output Voltage Low - 0.4 V IOL=4.0mA 

VOHl Output Voltage High 2.4 - V IOH=-1.0mA 

VOH2 Output Voltage High (Note 2) VCC-0.4 - V 10H = 100flA 

VIL Input Voltage Low 0 0.8 V 

VIH Input Voltage High 2.4 VCC V 

Capacitance TA = +25°C (Note 2) 

SYMBOL PARAMETER MAX UNrrS TEST CONDITIONS 

CA Address Input CapaCitance 40 pF VA = VCC or GND, f = lMHz 

CDQ,CG Data, Output Enable Capac~ance 45 pF VDQ, VG = vee or GND, f = 1 MHz 

CEN Chip Enable Capacitance 15 pF VEN = vce or GND, f = 1 MHz 

CW Write Enable Capacitance 60 pF vw = VCC orGND, f= lMHz 

NOTES: 

1. All devlC9s tested at worst case temperature and supply voltage limits. 

2. Guaranteed but not tested. 

3. Typical derating 5mA/MHz increase in lecop. 
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Specifications HM-8832 

AC Electrical Specifications vcc = 5V ± 10%, TA = -55°C to +125"C (HM-8832B-8, HM-8832-8) 

UMrrs 

HM-8832B-8 HM-8832-8 (NOTES 1,3) 
TEST 

SYMBOL PARAMETER MIN MAX MIN MAX UNrrs CONDITIONS 

READ CYCLE 

(1) TAVAX Read Cycle Time 180 · 180 · ns 

(2) TAVQV Address Access Time · 180 · 180 ns 

(3) TELQV Chip Enable Access Time · 180 · 180 ns 

(4) TGLQV Output Enable Access Time · 75 · 75 ns 

(5) TELQX Chip Enable Output Enable Time 10 · 10 · ns (Note 2) 

(6) TGLQX Output Enable Time 5 5 · (Note 2) 

(7) TAXQX Address Oulput Hold Time 10 · 10 · ns (Note 2) 

(8) TEHQZ Chip Disable Output Disable Time 0 80 0 80 ns (Note 2) 

(9) TGHQZ Output Disable Time 0 55 0 55 ns (Note 2) 

WRITE CYCLE 

(10) TAVAX Write Cycle Time 180 · 180 · ns 

(11) TWLWH Write Pulse Width 95 · 95 · ns 

(12) TELWH Chip Enable to End of Write W Controlled 95 · 95 · ns 

(13) TELEH Chip Enable to End of Write E Controlled 90 · 90 · ns (Note 2) 

(14) TAVWL Address Setup TIme WControUed 30 · 30 · ns 

(15) TAVEL Address Setup TIIIl8 E ControUed 30 · 30 · ns (Note 2) 

(16) TWHAX Write Recovery Time W Controlled 10 · 10 · ns 

(17) TEHAX Write Recovery Time E Controlled 40 · 40 · ns (Note 2) 

(18) TDVWH Data Setup Time WControUed 65 · 65 · ns 

(19) TDVEH Data Setup Time E Controlled 65 · 65 · ns (Note 2) 

(20) TWHDX Data Hold Time WControlied 10 · 10 · ns 

(21) TEHDX Data Hold Time E Controlled 40 · 40 · ns (Note 2) 

(22) TWLQZ Write Enable Output Disable Time · 15 · 55 ns (Note 2) 

(23) TWHQX Write Disable Output Enable Time 5 · 5 · ns (Note 2) 

NOTES: 

1. Input pulse levels: 0 to 3.0V; Input rise and faM times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent CL = 100pF (min) including scope and jig· for CL greater than 100pF, access time is derated by 0.15ns per pF. 

2. Guaranteed but not tested. 

3. An devices tested at worst case temperature and supply voIIage limits. 
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HM-8832 

Timing Diagram 
READ CYCLE 1: ADDRESS CONTROLLED (Notes 1, 2) 

(1) 
r--- TAVAX-

A X~ ADDRESS 1 VAUD ? 'X 
(2) 

TAVQV 

Q XXXXXX ~ DATA 1 VALID 

READ CYCLE 2: E OR G CONTROLLED (Note 1) 

E S* 

(2) 
TAVQV 

(1) 
TAVAX 

~(3)TELQV ~ 
~~1--~~( .... 5:-) ",TELQl( 1 I 

Q 

READ CYCLE NOTES: 1. In a read cycle, iN is held high. 

ADDRESS 2 VAUD 2V<J5. 
(7) 

TAXQl( 

~X DATA 2 VALID X 

t?'77777 
(8) .-l 

TEHQZ - I 

(9) 
TGHQZ 

2. In read cycle 1, the module is kept continuously enabled: E and G are held low. 

WRITE CYCLE 1: Vi CONTROLLED (Note 1) 

(14) JI • 
~ TAVWL 

I I 

~ 

(18) 

)()()( )()( )()()( 

WRITE CYCLE 1: E CONTROLLED (Note 2) 

(10) 
TAVAX 

(11) 
TWLWH 

(12) 
TELWH 

.. (16) 
.. TWHAX 

~x 
LLLLLLL 

J2;bx ---l 

--t--, (20) --j 
TDVWH TWHDX I 

2Jffi* 

(10) to TAVAX =:;i 

; xt'~Ic~ .. .,t"""_;-_-_-_~_T_~l_~E_)H ____ t :.n. :f88 
Vi '" T /7Z 

(19)t= TDVEH ---\-. TEHDX --j(21) 

o )OOOOOOO(~ ~ 

WRITE CYCLE NOTES: 1. In Write Cycle 1, the module is first enabled, and then data is strobed into the RAM with a pulse on iN. If G is 
held high for the entire cycle, the outputs will remain in the high impedance state. If G is held low, it may be 
necessary to lengthen the cycle to prevent bus contention. This would occur if TWLQZ and TDVWH overlapped. 

2. In Write Cycle 2, Address (A) and Write Enable (iN) are first setup and then data is strobed into the RAM with 
a pulse on E. 
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Features 

• Low Standby Current ••••••••••••••• SOG,JA 

• Fast Address Access Time ••••••••••• 17Ons 
• Data Retention •••••••••••••• 2.0V Min VCC 

• Three-State Outputs 
• Organizable as 32K x 8 or 16K x 16 Array 

• On Chip Address Reglstera 
• 48 Pin DIP Pinout •••••• 2.66· x 1.30· x 0.29· 

• Synchronous Operation ••••••••• 30mAIMHz 
Yields Low Operating Power 

• Operating Temperature Range •••••• -5SoC to 
+l2SoC 

Ordering Information 

PACKAGE TEMP. RANGE 

Module -55OC to +125OC 

Pinout 

150n. 

HM5-92560-8 

ii 
Ii 

DQO 

001 
DQ2 

DQ3 

DQ4 

Description 

HM-92560 
256K Synchronous 

CMOS RAM Module 

The HM-92560 is a high density 256K bit CMOS RAM module. Six
teen synchronous HM-6516 2K x 8 CMOS RAMs in Leadless Chip 
Carriers are mounted on a multilayer ceramic substrate. The HM· 
92560 RAM module is organized as two 16K x 8 CMOS RAM arrays 
sharing a common address bus. Separate data input/output buses 
and chip enables allow the user to format the HM-92560 as either a 
16K x 16 or 32K x 8 array. Ceramic capacitors are included on the 
substrate to reduce noise and to minimize the need for additional 
external decoupling. 

The synchronous design of the HM-92560 provides low operating 
power along with address latches for ease of interface to multiplexed 
address/data bus microprocessors. 

The HM-92560 is physically constructed as an extra wide 48 pin dual
in-line package with standard 0.1' centers between pins. This 
package technique combines the high packing density of CMOS and 
Leadless Chip Carriers with the ease of use of DIP packaging. 

48 LEAD MODULE 
TOP VIEW 

CAUTION: Th_ devices ant sensltiVII to elactrostaUc discharge. Users should follow proper I.C. Handling Procedures. File Number 3009 
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HM-92560 

Functional Diagram 

w'------------------------------------, 
AO-A10-------------------...... ----------+-----------------...., 

000-7 

Organizational Guide 

FOR 32K x 8 CONFIGURATION 

CONNECT: PIN 16 (DOO) 10 PIN 33 (D08) 

PIN 17 (001) 10 PIN 32 (D09) 

PIN 18 (002) 10 PIN 31 (0010) 

PIN 19 (003) 10 PIN 30 (0011) 

PIN 20 (004) 10 PIN 29 (0012) 

PIN 21 (~OS) 10 PIN 28 (0013) 

PIN 22 (006) 10 PIN 27 (0014) 

PIN 23 (007) 10 PIN 26 (0015) 

FOR 16K x 16 CONFIGURATION 

CONNECT: PIN 6 (El) 10 PIN 15 (E9) 

PIN 7 (E2) 10 PIN 24 (El 0) 

PIN 8 (E3) 10 PIN 25 (E1i) 
PIN 9 (E4) 10 PIN 34 (E12) 

PIN 10 (E5) 10 PIN 35 (E13) 

PIN 11 (E6) 10 PIN 36 (E14) 

PIN 12 (El) 10 PIN 39 (E15) 

PIN 14 (E8) 10 PIN 40 (E16) 

PIN 13 (GA) 10 PIN 36 (GB) 

Ga OQ8-15 

Concerns for Proper Operation of Chip Enables: 

The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 16K x 16 
mode use the chip enables as if there were only eight, E1 
thru E8. In the 32K x 8 mode, all chip enables must be 
treated separately. Transitions between chip enables must 
be treated with the same timing constraints that apply to any 
one chip enable. All chip enables must be high at least one 
chip enable high time (TEHEL) before any chip enable can 
fall. As the HM-92560 is a synchronous memory every 
address transition must be accompanied by a chip enable 
transition (see timing diagrams). More than one chip enable 
low simultaneously, for devices whose outputs are tied com· 
mon either internally or externally, is an illegal input condition 
and must be avoided. 

Printed Circuit Board Mounting: 

The leadless chip carrier packages used in the HM·92560 
have conductive lids. These lids are electrically connected to 
GND. The designer should be aware of the possibility that 
the carriers on the bottom side could short conductors below 
if pressed completely down against the surface of the circuit 
board. The pins on the package are designed with a standoff 
feature to help prevent the lead less carriers from touching 
the circuit board surface. 
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Specifications HM-92560 

Absolute Maximum Ratings 
Supply Voltage ..••.••..••...••••...•...•.••........ +7.0V 
Input, Output or 1/0 Voltage ........•... GND-0.3V to VCC+0.3V 
Storage Temperature Range .•...••.........• -65°C to + 150°C 

Junction Temperature ...........••..••.••.•........ +175°C 
Lead Temperature (Soldering lOs) ...•.......•....••.• +300oC 
Gate Count ............•••....••...•....... .415250 Gates 

CAUTION: StressBS above those listed in -Absolute Maximum Ratings' may cause permanent damag. to thB daviee. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in tho operational sections of this specification is not implied. 

Operating Conditions 
Operating Voltage Range. . . . . • . . . . . . . . . . . . . .. +4.5V to +5.5V Operating Temperature Range .•.............. -55°C to + 125°C 

DC Electrical Specifications vcc = 5V ± 10%; TA = -55°C to +125°C ( HM-92560-8) 

SYMBOL PARAMETER MIN MAX UNITS (NOTE 1) TEST CONDITIONS 

ICCSS Standby Supply Current 500 IIA 10 = OmA, VI = VCC or GND 

ICCOP Operating Supply Current (16K x 16) (Note 2) - 30 mA E = 1MHz, 10 = OmA, VI = VCC or 
GND,G=VCC 

ICCOP Operating Supply Current (32K x 8) (Note 2) - 15 mA E = l~z, 10 = OmA, VI = VCC or 
GND,G=VCC 

ICCDR Data Retention Supply Current - 350 IIA VCC = 2.0V, 10 = OmA, VI = VCC or 
GND,E=VCC 

VCCDR Data Retention Supply Voltage 2.0 - V 

II Input Leakage Current -5.0 +5.0 IIA VI = VCC or GND 

IIOZ InpuVOutput Leakage Current -5.0 +5.0 IIA VO = VCC or GND 

VIL Input Low Voltage 0 0.8 V 

VIH Input High Voltage VCC-2.0 VCC V 

VOL Output Low Voltage 0.4 V 10=3.2mA 

VOH1 Output High Voltage 2.4 V 10= -1.0mA 

VOH2 Output High Voltage (Note 3) VCC-O.4 - V 10 = -lOOIiA 

Capacitance TA = +25°C 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

CIA Address I nput Capacitance (Note 3) 200 pF f = 1 MHz, All measurements are 

CIE1 Enable Input Capacitance (16K x 16) (Note 3) - 100 pF 
referenced to device GND 

CIE2 Enable Input Capacitance (32K x 8) (Note 3) 50 pF 

CIG1 Output Enable Input Capacitance (16K x 16) - 150 pF 
(Note 3) 

CIG2 Output Enable Input Capacitance (32K x 8) - 100 pF 
(Note 3) 

CI01 InpuVOutput Capacitance (16K x 16) (Note 3) 150 pF 

CI02 InpuVOutput Capacitance (32K x 8) (Note 3) 250 pF 

CIW Write Input Capacitance (Note 3) 200 pF 

CCVCC Decoupling Capacitance 0.5 IIF 

NOTES: 

1. VCC = 4.5V and 5.5V 

2. Typical derating 5mA/MHz increase in ICCOP. 

3. Tested at initial design and after major design changes. 
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Specifications HM-92560 

AC Electrical Specifications vcc = sv ± 10%; T" = ·Ssoc to +12SoC (HM-92560-8) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

(1) TELQV Chip Enable Access Time 150 ns (Notes I, 3) 

(2) TAVQV Address Access Time . 170 ns (Notes I, 3) 

(3) TELQX Chip Enable Output Enable Time 10 · ns (Notes 2, 3) 

(4) TEHQZ Chip Enable Output Disable Time 70 ns (Notes 2, 3) 

(S) TGLQX Output Enable Output Enable Time 10 ns (Notes 2, 3) 

(6) TGLQV Output Enable Output Valid Time 70 ns (Notes I, 3) 

(7) TGHQZ Output Enable Output Disable Time 70 ns (Notes 2, 3) 

(8) TELEH Chip Enable Pulse Negative Width ISO ns (Notes I, 3) 

(9) TEHEL Chip Enable Pulse Positive Width 80 ns (Notes I, 3) 

(10) TAVEL Address Setup Time 20 ns (Notes I, 3) 

(11) TELAX Address Hold Time SO · ns (Notes I, 3) 

(12) TWLWH Write Enable Pulse Width ISO · ns (Notes I, 3) 

(13) TWLEH Write Enable Pulse Setup Time ISO ns (Notes I, 3) 

(14) TELWH Write Enable Pulse Hold Time ISO · ns (Notes I, 3) 

(IS) TDVWH Data Setup Time 80 · ns (Notes I, 3) 

(16) TWHDX Data Hold Time 20 · ns (Notes I, 3) 

(17) TWLDV Write Data Delay Time 70 · ns (Notes I, 3) 

(18) TELEL Read or Write Cycle Time 230 ns (Notes I, 3) 

NOTES: 
1. Input pulse levels: 0 to 3.0V; Input rise and fall times: IOns (max); Input and output timing reference level: I.SV; Output load: 1 TIL gate 

equivalent CL = 50pF (min) • for CL greater than 50pF, access time is derated by O.ISns per pF. 
2. Tested at Initial design and after major design changes. 
3. VCC = 4.SV and S.SV. 

Read Cycle 
III 

TAVOV 

.r~IADD_ I!'!!..~ TAVE~I!,I) 
A :VALID ADD 

19)- . TEHEl - ·~::I~i~ I,n. 

.-../' 
Vi HIGH 

14)- TEHOZ ~)~tOV-Il) ,J~L 
DO 'I 15ITGLQ)( __ I ;;.::::~::::~::~. VALID DATA OUT 

G ~&~~~"b.. :r~1&tV= "~w~", 
TIME , ! , , , , I 

REFERENCE ., 0 , 2 3 • • 
TRUTH TABLE 

TIME INPUTS 

REFERENCE E W G A DQ FUNCTION 

-1 H X X X Z Memory Disabled 

0 ~ H X V Z Cycle Begins, Addresses are Latched 

1 L H L X X Output Enabled 

2 L H L X V Output Valid 

3 f H X X V Read Accomplished 

4 H X X X Z Prepare for Next Cycle (Same as -1) 

S ~ H X V Z Cycle Ends, Next Cycle Begins (Same as 0) 
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HM-92S60 

Read Cycle (Continued) 

The address information is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 

Write Cycle 

TIME I 
REFERENCE -1 

enabled but data is not valid until time (T = 2). v:; must 
remain high throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out
put buffers into a high impedance mode at time (T = 4). 

TRUTH TABLE 

TIME INPUTS 

REFERENCE E W G A 

-1 H X H X 

0 "-- X H V 

1 L L H X 

2 L f H X 

3 f H H X 

4 H X H X 

5 "-- X H V 

The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip regis
ters. If a write cycle is to be performed where the output is 
not to become active, G can be held high (inactive). TWHDX 
and TDVWH_mus1- be !!let for pro~r device operation 
regardless of G . If E and G fall before W falls (read mode), a 
possible bus conflict may exist. If E rises before v:; rises, ref
erence data setup and hold times to the E rising edge. The 

OQ FUNCTION 

X Memory Disabled 

X Cycle Begins, Addresses are Latched 

X Write Period Begins 

V Data In is Written 

X Write Completed 

X Prepare for Next Cycle (Same as -1) 

X Cycle Ends, Next Cycle Begins (Same as 0) 

write operation is terminated by the first rising edge of v:; (T 
= 2) or E (T = 3). After the minimum E high time (TEHEL), 
the next cycle may begin. If a series of consecutive write 
cycles are to be performed, the v:; line may be held low until 
all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising edge 
ofE. 
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HARRIS 
SEMICONDUCTOR 

January 1992 

Features 

• Low Standby Current •••.•••••. 600IlAl3.5mA 

• Fast Access Time ..•.••...••••.•.•.• 250ns 

• Data Retention •••••.••...•••••••.•.• 2.0V 

• Three-State Outputs 

• Organizable As 32K x 8 or 16K x 16 Array 

• Buffered Address And Control Lines 

• On Chip Address Registers 

• 48 Pin DIP Pinout· 2.66" x 1.30" x 0.29" 

• Operating Temperature Range •••••• -55°C to 
+125°C 

Ordering Information 

PACKAGE 

Module 

Pinout 

GNO 

A7 

AS 

All 

A12 

TEMP. RANGE 250n5 

·55°C to + 125°C HM5·92570·8 

48 LEAD MODULE 
TOP VIEW 

Description 

HM-92570 
256K Buffered Synchronous 

CMOS RAM Module 

The HM·92570 is a fully buffered 256K bit CMOS RAM Module con· 
sisting of sixteen HM·6516 2K x 8 CMOS RAMs, two 82C82 CMOS 
octal latching bus drivers, and two HCT·138 CMOS 3:8 decoders in 
lead less chip carriers mounted on a multilayer ceramic substrate. The 
HM·92570 RAM Module is organized as two 16K x 8 CMOS RAM 
arrays sharing a common address bus. Separate data input/output 
buses allow the user to format the HM·92570 as either a 16K x 16 or 
32K x 8 array. 

On·board buffers and decoders reduce external package count 
requirements. Write enable, output enable and chip enable control 
signals are buffered along with address inputs. Ceramic capacitors 
sealed in leadless carriers are included on the substrate to reduce 
power supply noise and to reduce the need for external decoupling. 

The synchronous design of the HM·92570 provides low operating 
power along with address latches for ease of interface to multiplexed 
address/data bus microprocessors. 

The HM·92570 is physically constructed as an extra wide 48 pin 
dual·in·line package with standard 0.1' centers between pins. This 
package technique combines the high packing density of CMOS and 
leadless chip carriers with the ease of use of DIP packaging. 

vcc 
AO 

Al 

A2 

A3 

A4 

AS 

A6 

NC 

008 

009 

0010 

0011 
0012 

0013 

0014 

OQ15 

GNO 

PIN 

A 

DQ 

GX 

EXX 

W 

NC 

PIN NAMES 

DESCRIPTION 

Address Input 

Data InpuVOutpUl 

Output Enable 

Chip Enable 

Write Enable 

No Connection 

~ ____________________ r-

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

Copyright © Harris Corporation 1992 
File Number 3010 

6-227 

~ o 
:E 
w 
:E 
(/) 

o 
:E 
o 



HM-92570 

Functional Diagram 

W--""7--1 

1iA---'---; 

AD-AIO 

A11 
AU 
AU 
ill 
ill 
EJA 

Organizational Guide 
FOR 32K X 8 CONFIGURATION 

Connect: Pin 16 (000) to Pin 33 (008) 
Pin 17 (001) to Pin 32 (009) 
Pin 18 (002) to Pin 31 (0010) 
Pin 19 (003) to Pin 30 (0011) 
Pin 20 (004) to Pin 29 (0012) 
Pin 21 (005) to Pin 28 (0013) 
Pin 22 (006) to Pin 27 (0014) 
Pin 23 (007) to Pin 26 (0015) 

FOR 16K X 16 CONFIGURATION 

Connect: Pin 9 (E..!&to Pin 40 (Elli 
Pin 10 (E2A) to Pin 39 (E2B) 
Pin 11 <§!A) to Pin 38 j§B) 
Pin 13 (GA) to Pin 38 (GB) 

OQO-7 

Concerns for Proper Operation of Chip Enables: 

The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 16K x 16 
mode, use the chip enables as if there were only three, E1 
thru E3. In the 32K x 8 mode, all chip enables must be 
treated separately. Transitions between chip enables must 

A11 
A12 
AU 
ffi 
m 
ElB 

008-15 

be treated with the same timing constraints that apply to any 
one chip enable. All chip enables must be high at least one 
chip enable high time (TEHEL) before any chip enable can 
fall. As the HM-92570 is a synchronous memory, every 
address transition must be accompanied by a chip enable 
transition (see timing diagrams). More than one chip enable 
low simuHaneously, for devices whose outputs are tied com
mon either internally or externally, is an illegal Input condition 
and must be avoided. To properly decode the chip enables, 
addresses A11, A12, and A13 must be valid for the duration 
ofTAVAV. 

Printed Circuit Board Mounting: 

The leadless chip carrier packages used in the HM-92570 
have conductive lids. These lids are electrically connected to 
GNO.The designer should be aware of the possibility that the 
carriers on the bottom side could short conductors below if 
pressed completely down against the surface of the circuit 
board. The pins on the package are designed with a standoff 
feature to help prevent the leadless carriers from touching 
the circuit board surface. 
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Specifications HM-92570 

Absolute Maximum Ratings 
Supply Voltage •.•.••••• , •••.•..••••••• " ••••••••••• +7.0V 
Input, Output or VO Voltage •••••.••••.• GND-0.3V to VCC+O.3V 
Storage Temperature Range •••••.••••.•••... -65OC to + 15O"C 

Junction Temperature •••••••••••••••••••••.••••••.• + 175°C 
Lead Temperature (Soldering lOs) .....••••••.••• , •..• +3OO"C 
Gata Count ••. '" ••.•.•••••••••••••••••..••• 417200 Gates 

CAUTION: Stresses abo ... thoss listed in ·Absolute Maximum Ra6ngs· may cause permenent damage to ths davies. This Is a stress only /B6ng and op8/B/ion 
of the device at thsse or any other cond,6ons aboWIthose indicated in the Dpfl/BtionsJ sec60ns of this specification is not impNad. 

Operating Conditions 
Operating Voltage Range .••••.••.••...••••.•• +4.5V to +5.5V Operating Temperature Range •••.•••.•••••••• -55OC to +125OC 

DC Electrical Specifications vcc = 5V ± 10%; TA = -55°C to +1250C (HM-9257Q-8) 

SYMBOL PARAMETER MIN MAX UNrrS (NOTE 1) TEST CONDITIONS 

ICCSB Standby Supply Current - 600 jIA 10 = OmA, VI = VCC or GND 

ICCOP Operating Supply Current (16K x 16) (Note 3) - 30 mA E = lMHz, 10 = OmA, VI = VCC or 
GND,G=VCC 

ICCOP Operating Supply Current (32K x 8) (Note 3) - 15 mA E = lMHz, 10 = OmA, VI = VCC or 
GND,G=VCC 

ICCDR Data Retention Supply Current - 450 jIA VCC = 2.0V, 10 = OmA, VI = VCC or 
GND,E=VCC 

VCCDR Data Retention Supply Voltage 2.0 - V 

II Input Leakage Current -1.0 +1.0 jIA VI = VCC or GND 

IIOZ Input/Output Leakage Current -5.0 +5.0 jIA VO = VCC or GND 

VIL Input Low Voltage 0 0.8 V 

VIH Input High Voltage 3.5 VCC V 

VOL Output Low Voltage - 0.4 V 10 = 3.2mA 

VOHI Output High Voltage 2.4 - V 10=-0.4mA 

VOH2 Output High Voltage (Note 2) VCC-Q.4 - V 10=-100jIA 

Capacitance TA = +250C 

SYMBOL PARAMETER MIN MAX UNrrS TEST CONDITIONS 

CIA Address Input Capacitance (Note 2) - 50 pF VI = VCC orGND, f = lMHz 

CIEI Decoder Enable Input Capacitance (16K x 16) - 50 pF VI =VCC orGND, f= lMHz 
(Note 2) 

CIE2 Decoder Enable Input Capacitance (32K x 8) - 25 pF VI = VCC or GND, I = lMHz 
(Note 2) 

CIGI Output Enable Input Capacitance (16K x 16) - 50 pF VI = VCC or GND, f = lMHz 
(Note 2) 

CIG2 Output Enable Input Capacitance (32K x 8) - 25 pF VI = VCC or GND, f = lMHz 
(Note 2) 

CIOI Input/Output Capacitance (16K x 16) (Note 2) - 150 pF VIIO = VCC or GND, f = lMHz 

CI02 Input/Output Capacitance (32K x 8) (Note 2) - 250 pF VIIO = VCC or GND, f = lMHz 

CIW Write Input Capacitance (Note 2) - 25 pF VI = VCC or GND, f = lMHz 

CCVCC Decoupling Capacitance (Note 2) 0.5 - /IF f= lMHz 

NOTES: 

1. VCC = 4.5V and 5.5V. 

2. Tested at initial design and alter major design changes. 

3. ICCOP is proportional to operating frequency. 
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Specifications HM-92570 

AC Electrical Specifications vcc = 5V ± 10%; TA = ·55"C to +125"C (HM·9257()"8) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

(1) TELQV Chip Enable Access Time · 250 ns (Notes 1, 4) 

(2) TAVQV Address Access Time · 270 ns (Notes 1, 4) 

(3) TELQX Chip Enable Output Enable Time 5 · ns (Notes2,4) 

(4) TEHQZ Chip Enable Output Disable TIme · 150 ns (Notes 2, 4) 

(5) TGLQX Output Enable Output Enable Time 10 · ns (Notes 2, 4) 

(6) TGLQV Output Enable Output Valid TIme · 120 ns (Notes 1, 4) 

(7) TGHQZ Output Enable Output Disable TIme · 150 ns (Notes 2, 4) 

(8) TELEH Chip Enable Pulse Negative Width 250 · ns (Notes 1, 4) 

(9) TEHEL Chip Enable Pulse Positive Width 100 · ns (Notes 1, 4) 

(10) TAVEL Address Setup TIme 20 · ns (Notes 1, 3, 4) 

(11) TELAX Address Hold TIme 120 · ns (Notes 1,4) 

(12) TWLWH Write Enable Pulse Width 140 · ns (Notes 1, 4) 

(13) TWLEH Write Enable Pulse Setup TIme 140 · ns (Notes 1, 4) 

(14) TELWH Write Enable Pulse Hold Time 250 · ns (Notes 1,4) 

(15) TDVWH Data Setup TIme 20 · ns (Notes 1,4) 

(16) TWHDX Data Hold Time 70 · ns (Notes 1, 4) 

(17) TWLDV Write Data Delay TIme 120 · ns (Notes 1, 4) 

(18) TELEL Read or Write Cycle Time 350 · ns (Notes 1, 4) 

(19) TAVAV Enable Decoder Address Valid TIme 270 · ns (Applies Only to All, A12, A13) 

NOTES: 

1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 10ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent CL = 50pF (min) • for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3.lncludesAll,A12,A13. 

4. vee = 4.5V and 5.5V. 

Read Cycle 

......IT."'02I..-(4) 

GAO'Gii=~~= All 
A12 
A13 

REFER:~~:----1I'---t----+---1'--+--1--+--., 
TRUTH TABLE 

TIME INPUTS All,A12, DATAI/O 
REFERENCE E W G A A13 DQ FUNCTION 

·1 H X X X X Z Memory Disabled 

0 "- H X V V Z Cycle Begins, Addresses are Latched 

1 L H L X V X Output Enabled 

2 L H L X V V Output Valid 

3 f H X X V V Read Accomplished 

4 H X X X X Z Prepare for Next Cycle (Same as ·1) 

5 "- H X V V Z Cycle Ends, Next Cycle Begins (Same as 0) 
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HM-92570 

Read Cycle (Continued) 

The address information is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 
enabled but data is not valid until time (T = 2), iN must 

Write Cycle 

remain high throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out
put buffers into a high impedance mode at time (T = 4). G is 
used to disable the output buffers when in a logical "1" state 
(T = -1, 0, 3, 4, 5). After (T = 4) time, the memory is ready for 
the next cycle. 

TRUTH TABLE 

TIME 
INPUTS 

A11,A12, DATA I/O 
REFERENCE E W G A A13 DO FUNCTION 

-1 H X H X 

0 "- X H V 

1 L L H X 

2 L ...r H X 

3 ...r H H X 

4 H X H X 

5 "- X H V 

The write cycle is in~iated on the falling edge of E (T = 0), 
which latches the address information in the on chip regis
ters. If a wr~e cycle is to be performed where the output is not 
to become active, G can be held high (inactive). TDVWH and 
TW..!IDX _must ~ met for pl"C!e!'r device operation regardless 
of G. If E and G fall before W falls (read mode), a possible 
bus conflict may exist. If E rises before iN rises, reference 

X 

V 

V 

V 

V 

X 

V 

X Memory Olsabled 

X Cycle Begins, Addresses are Latched 

X Write Period Begins 

V Oata In Is Written 

X Write Completed 

X Prepare For Next Cycle (Same As -1) 

X Cycle Ends, Next Cycle Begins (Same As 0) 

data setup and hold times to the E rising edge. The write 
~ration is terminated by the .!!rst rising edge of iN (T = 2) or 
E (T = 3). After the minimum E high time (TEHEL), the next 
cycle may begin. If a series of consecutive wr~e cycles are to 
be performed, the iN line may be held low until all desired 
locations have been written. In this case, data setup and hold 
times must be referenced to the rising edge of E. 

6-231 



HARRIS 
SEMICONDUCTOR 

Jan uary 1992 

Features 

• Low Standby Current .........•...•....••.•. 9001lA 

• Low Operating Supply Current •..•.•..•.•. . 10/20mA 

• Fast Address Access Time •••••••••..••.•••• 180ns 

• Low Data Retention Supply Voltage .•..•.••.••• 2.0V 

• CMOSITTL Compatible InputsfOutputs 

• Buffered Address and Control Lines 

• 48 Pin DIP Plnout. ..•.............. 2.66 x 1.3 x 0.3" 

• Operating Temperature Range ••.•.• -55°C to +12SOC 

Description 

The HM-91 M2 is a fully buffered 1,048,572 bit CMOS RAM 
module consisting of sixteen HM-65642 8K x 8 CMOS 
RAMs, two 82C82 CMOS octal buffers, and two HCT-138 
CMOS 3:8 decoders in leadless chip carriers mounted on a 
multi-layer, co-fired, ceramic substrate. The HM-91 M2 
CMOS RAM module is organized as two 64K x 8 RAM 
arrays sharing a common address bus and write enable 
input. Separate data input/output buses allow the user to for
mat the HM-91 M2 as either a 64K x 16 or 128K x 8 bit array. 

The on-substrate CMOS buffers and decoders on the HM-
91 M2 reduce the system package count and minimize the 
capacitive load on the system address and control buses. In 
addition to this, the HM-91 M2 has on-substrate decoupling 
capacitors mounted in leadless chip carriers to reduce power 
supply noise and minimize the need for external decoupling 
while ensuring high reliability, even in harsh environments. 

The HM-91 M2 is physically constructed as an extra wide 48 
pin dual-in-line package with standard 0.1" centers between 
pins to combine the high density of CMOS and leadless chip 
carriers with the ease of use of DIP packaging. 

The HM-65642 RAMs used on the HM-91 M2 module are full 
CMOS devices, utilizing arrays of six-transistor (6T) memory 
cells for the most stable and lowest possible standby and 
data retention supply current over full military operating tem
perature range. In addition to this, the high stability of the 6T 
cell provides excellent protection against soft errors due to 
power supply noise and alpha particles. This stability also 
improves the radiation tolerance of the module over that of 
RAMs utilizing four transistor (4T) Mix-MOS memory cells. 

Ordering Information 

PKG TEMP. RANGE 180ns 200ns 

Module -SSOC to +12SoC HMS-91M2B·8 HMS-91M2-8 

Pinout 

HM-91M2 
1 M Bit Asynchronous 

CMOS Static RAM Module 

48 LEAD MODUL 
TOP VIEW 

PIN 

A 

DQ 

GX 

EXX 

W 

NC 

S 

PIN NAMES 

DESCRIPTION 

Address Input 

Data Input/Output 

Output Enable 

Chip Enable 

Write Enable 

No Connection 

Module Select 

VCC 

AO 

Al 

A2 

A3 

A4 

HC 

D08 
DQ9 

DOlO 

OQll 

OQ12 

OQ13 

OQ14 

OQ15 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3011 
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HM-91M2 

Functional Diagram 
w-----I 

Gi-------I 

AO-A 10. A 14. A 15 ----,~,3,.--t 

Al1 

A12 

A13 HCT-138 
ill 
E2A 

ElA 

Organizational Guide 
FOR 128K X 8 CONFIGURATION 

Connect: Pin 16 (000) to Pin 33 (008) 
Pin 17 (001) to Pin 32 (009) 
Pin 18 (002) to Pin 31 (0010) 
Pin 19 (003) to Pin 30 (0011) 
Pin 20 (004) to Pin 29 (0012) 
Pin 21 (005) to Pin 28 (0013) 
Pin 22 (006) to Pin 27 (0014) 
Pin 23 (007) to Pin 26 (0015) 

FOR 64K X 16 CONFIGURATION 

Connect: Pin 9 (El&to Pin 40 (E.1§. 
Pin 10 (E2A) to Pin 39 (E2B) 
Pin 11 !§.A) to Pin 38 .i§B) 
Pin 13 (GA) to Pin 36 (GB) 

Dno 

Concerns for Proper Operation of Chip Enables: 

on, 

The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 64K x 16 
mode use the chip enables as if there were only three, E1 thru 
E3. In the 128K x 8 mode all chip enables must be treated 
separately. Transitions between chip enables must be treated 
with the same constraints that apply to anyone ch ip enable. 
More than one (internal) Chip enable low simultaneously, for 
devices whose outputs are tied together either internally or 
externally, is an illegal input condition and must be avoided. 

DnB 0015 

1--------G8 

Al1 

A12 

HCT-138 A13 

m 
ill 
ffi 

Printed ClrcuH Board Mounting: 

The leadless chip carrier packages used in the HM-91M2 
have conductive lids. These lids are electrically connected to 
GNO.The system designer should be aware that the carriers 
on the bottom side could short conductors below if pressed 
completely down against the surface of the circuit board. The 
pins on the package are designed with a standoff feature to 
help prevent the lead less carriers from touching the circuit 
board surface. 

Low Voltage Data Retention 
Harris CMOS RAMs are designed with battery backup in 
mind. Oata retention voltage and supply current are guaran
teed over temperature. The following rules insure data reten
tion: 

1. The module must be kept disabled during data retention. 
The Chip Enable (E3A and E3B) and module select (5) 
must be between -0.3V and +O.3V. 

2. Ouring power-up and power-down transitions. 5 must be 
held between -0.3V and 10% of vec. 

3. The RAM module can begin operation one TAVI\X after 
VCC reaches the minimum operating voltage (4.5V). 

- DATA RETENTION MooE-
5.5 

4.5 

"'1 
(VI 2.0 

0.0 

\ / 
:--TAVAX-

5.5 

4.5 

",I (V) 
2.0 

0.0 

\ / 

\ / 
\ / 
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Specifications HM-91 M2 

Absolute Maximum Ratings 
Supply Voltage ••••••••••••••••••.•••••.•••••••..••• +7.0V 
Input, Output or 110 Voltage •••••••••••• GND-0.3V to VCC+O.3V 
Storage Temperature Range ••••••••..••••••• -6S"C to +1 sooc 

Junction Temperature .••.•...••..•••••••.•••..••••• + 17SoC 
Lead Temperature (Soldering lOS) .••••.••••••.••••••• +3OO"C 
Gate Count •.•••••••••.•.•••••.•••••••••••• 1619000 Gates 

CAUTION: S/r8sSeS ab""" thtmIlisted In "Absolule Maximum Ratings· may cause permanent damage to the davice. This is a stress only rating and operation 
of the davice at these or any other conditions abo ... thoss Indicated In the operational sectkms of this specification is not impHed. 

Operating Conditions 
Operating Voltage Range •••••••.•••••.••••••• +4.SV to +S.SV Operating Temperature Range •.•••••••••••.•• -SS"C to +12SoC 

DC Electrical Specifications vcc = sv ± 10%; TA = -SS"C to +12SOC (HM-91M2B-B, HM9IM2-B) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS (NOTE I) 

ICCSBI Standby Supply Current (CMOS) - 900 IIA 10 = 0, E3 = S = 0.3V, VCC = S.SV 

ICCSB Standby Supply Current (TTL) - 2.0 mA 10=0, EI = E2=VIH, E3=S=VIL, VCC 
= S.SV, VIN = vec or GND 

ICCEN Enabled Supply Current 12BKxB - s.o mA 10 = 0, EI = E2 = VIL, E3 = VIH, S = VCC 
64Kx 16 10 mA -o.3V, vee = S.SV, VIN = vce or GND 

ICCOP Operating Supply Current 12BKxB - 10 mA 10 = 0, f = IMHz, EI = E2 = VIL, S = VCC 
(Note 2) 64Kx 16 20 mA E3 = VIH, VCC = S.SV, VIN = VCC or GND 

ICCDR Data Retantion Supply Current - 7S0 IIA E3 = S = 0.3V, VCC = 2.0V 

II Input Leakage Current -1.0 +1.0 IIA VI = VCC or GND, VCC = S.SV 

liS Module Select Input Current -S.O S.O IIA VIN = VCC or GND, VCC = S.SV 

IIOZ InpullOutput Leakage Current -S.O +S.O IIA VIO = VCC or GND, VCC = S.SV 

VCCDR Data Retantion Supply Voltage 2.0 - V 

VOL Output Low Voltage - 0.4 V 10L = 4.0mA, VCC = 4.SV 

VOHI Output High Voltage 2.4 - V 10H = -1.0mA, vce - 4.SV 

VOH2 Output High Voltage (Note 3) VCC-0.4 - V 10H = -IOOIlA, vcc = 4.SV 

VIL Input Voltage Low -0.3 O.B V 

VIH Input Voltage High 2.4 VCC+O.3 V 

Capacitance TA = +25"C (Note 3) 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CI Input Capacitance (Except S) 2S pF f = IMHz, VA = vce or GND 

COO Data VO Capacitance ISO pF f = I MHz, VDa and VG = VCC or GND 

CIS Module Select Input Capacitance ISO pF f = I MHz, VEN = VCC or GND 

NOTES: 

I. All d6Ylces tested at worst case temperature and supply voltage limlls. 

2. Typical derating: 12BK x B: SmAlMHz Increase In ICCOP; 64K x 16: 10mAlMHz. 

3. Guarantaed but not tasted. 
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Specifications HM-91 M2 

AC Electrical Specifications vcc = 5V ± 10%; TA = -55°C to +125°C (HM-91M2B-8, HM91M2-8) 

HM-91M2B-8 HM91M2-8 

LIMITS LIMITS TEST 
CONDITIONS 

SYMBOL PARAMETER MAX MIN MAX MIN UNITS (NOTES 1, 2) 

READ CYCLE 

(1 ) TAVAX Read Cycle Time 180 200 - ns 

(2) TAVQV Address Access Time - 180 200 ns 

(3) TEVQV Chip Enable Access Time 180 200 ns (Nole4) 

(4) TSHQV Module Select Access Time 160 180 ns 

(5) TGLQV Output Enable Access Time 120 120 ns 

(6) TEVQX Chip Enable Output Enable Time 25 - 30 - ns (Notes 3, 4) 

(7) TSHQX Module Select Output Enable Time 5 - 5 - ns (Note 3) 

(8) TGLOX Output Enable Time 5 - 5 - ns (Note 3) 

(9) TAXQX Address Output Hold Time 30 30 - ns (Note 3) 

(10) TEXQZ Chip Disable Output Disable Time 0 75 0 85 ns (Notes 3, 4) 

(11) TSLOZ Module Select Output Disable Time 0 50 0 60 ns (Note 3) 

(12) TGHOZ Output Disable Time 0 60 0 70 ns (Note 3) 

WRITE CYCLE 

(13) TAVAX Write Cycle Time 180 200 - ns 

(14) TWLWH Write Pulse Width 100 - 100 ns 

(15) TEVWH Chip Enable to End of Wnte W Controlled 140 145 ns (Note 4) 

(16) TEVEX Chip Enable to End of Write E Controlled 120 - 120 ns (Notes 3, 4) 

(17) TSHSL Chip Enable to End of Write S Controlled 120 - 120 ns (Note 3) 

(18) TAVWL Arldress Setup Time WControlied 40 50 ns 

(19) TAVEV Address Setup Time E Controlled 0 - 20 - ns (Notes 3, 4) 

(20) TAVSH Address Setup Time S Controlled 40 - 40 - ns (Note 3) 

(21) TWHAX Write Recovery Time W Controlled 10 10 ns 

(22) TEXAX Write Recovery Time E Controlled 10 - 10 - ns (Notes 3, 4) 

(23) TSLAX Write Recovery Time S Controlled 10 10 ns (Note 3) 

(24) TDVWH Data Setup Time WControlied 60 60 - ns 

(25) TDVEX Data Setup Time E Controlled 55 - 55 - ns (Note 3, 4) 

(26) TDVSL Data Setup Time S Controlled 55 55 ns (Note 3) 

(27) TWHDX Data Hold Time WControlied 35 35 - ns 

(28) TEXDX Data Hold Time E Controlled 35 - 35 - ns (Notes 3,4) 

(29) TSLDX Data Hold Time S Controlled 35 - 35 - ns (Note 3) 

(30) TWLOZ Write Enable Output Disable Time 95 - 95 ns (Note 3) 

(31) TWHQX Write Disable Output Enable Time 10 10 - ns (Note 3) 

NOTES: 

1. All devices tested at worst case temperature and supply voltage limits. 
2. Input pulse levels: 0 to 3.0V; Input rise and fall times: 10ns max; Input and output timing reference level: 1.5V; Output load: 1 TIL gate 

equivalent and CL = l00pF min including scope and jig - for CL greater than 100pF, access time is derated by 0.15nslpF. 
3. Guaranteed but not tested. 

4. Enable valid (EV) in a parameter is determined by the last transition that results in the combination of ET low, E2low and E3 high. Enable 
invalid (EX) in a parameter is determined by the first transition that results in any other combination than ET low, E2low and E3 high. 
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HM-91M2 

Timing Diagrams 

READ CYCLE 1: ADDRESS CONTROLLED (NOTES 1, 2) 

II) 
1----- TAVAX ------I 

READ CYCLE 2: E, S, or G CONTROLLED (NOTE 1) 

I-------------TAI~~X ___________ ---/ 

A~~--------------------------------------------,b~ 

E3 

NOTES: 

1. In a read cycle, Vii is held high. 

2. In read cycle 1, the module is kept conlinuously enabled: E1, E2 and G are held low; E3 and S are held high. 
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HM-91M2 

Timing Diagrams (Continued) 

WRITE CYCLE 1: Vi CONTROLLED (NOTE 1 ) 

!----------TAVAX (131 --------1 

A~==========~mmm 
fi,E2 

TAVWL --t-----TWL~'H -----1-0--
1181 

TOVWH ---1--
1241 

WRITE CYCLE 2: ET, E2, or E3 CONTROLLED (NOTE 2) 

f----------TAVAX (131---------1 

A~======~==~mm 
AVE'V,,..-I----- TEVEX ----1--- TEXAX 

(161 

E3 
------..... 1 

w.r---~~=e~~ .. TOVEX ---\--
1251 
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HM-91M2 

Timing Diagrams (Continued) 

WRITE CYCLE 1: S CONTROLLED (NOTE 3 ) 

~-TAVS:H---+---------T~~L------__ ~--_TSI 

E3 

w~ ________ ~ ..... 

NOTES: 

1. In Write Cycle 1, the module is first enabled, and then data is strobed into the RAM with a pulse on (iii). If G is held high for the entire 
cycle, the out[puts will remain in the high impedance state. If G is held low, it may be necessary to lengthen the cycle to prevent bus 
contention. This would occur if TWLQZ and TDVWH overlapped. 

2. In Write Cycle 2, Address (A) and Write Enable (iii) are first set up, and then data is strobed into the RAM with a pulse on E. 
3. In Write Cycle 3, Addresses (A), Write Enable (iii) and the Chip Enable inputs (Ei', E2 and E3) are first set up and data is then strobed 

into the RAM with the Module Select (S) input. 

TRUTH TABLE 

INPUTS 

S E1A E2A E3A E1B E2B E3B GA GB W MODE 

GND X X GND X X GND X X X Standby (CMOS) Sides A and B 

VIL X X X X X X X X X Standby (TTL) Sides A and B 

X VIH X X X X X X X X Standby (TTL) Side A 

X X VIH X X X X X X X Standby (TT:L) Side A 

X X X VIL X X X X X X Standby (TTL) Side A 

X X X X VIH X X X X X Standby (TTL) Side B 

X X X X X VIH X X X X Standby (TTL) Side B 

X X X X X X VIL X X X Standby (TTL) Side B 

VIH VIL VIL VIH X X X VIH X VIH Side A Enabled, Outputs High Impedance 

VIH X X X VIL VIL VIH X VIH VIH Side B Enabled, Outputs High Impedance 

VIH VIL VIL VIH X X X VIL X VIH Read Side A 

VIH X X X VIL VIL VIH X VIL VIH Read Side B 

VIH VIL VIL VIH X X X X X VIL Write Side A 

VIH X X X VIL VIL VIH X X VIL Write Side B 

NOTE: 

1. Side A refers to the half of the module that connects to DQO through 007 and side B refers to the half of the module that conncets to 008 
through 0015. When the module is configured as a 64K x 16 array, side A and side B may be enabled either simulaneously or separately. 
When the array is configured as a 128K x 8 array, side A and B should not be enabled simultaneously, as bus contention could result. 
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HARRIS 
SEMICONDUCTOR 

January 1992 

Features 

• Low Power Standby and Operating Power 
- ICCSB ••••••.•••••••••••••••••••••••••• 1 OO!1A 
- ICCOP .•••••••..••••••.••••.•••. 20mA at 1 MHz 

• Fast Access Time •••.••••••...•.......• 120/200ns 

• Industry Standard Pinout 

• Single 5.0 Volt Supply 

• CMOSITTL Compatible Inputs 

• Field Programmable 

• Synchronous Operation 

• On-Chlp Address Latches 

• Separate Output Enable 

Ordering Information 

PACKAGE TEMPERATURE RANGE 

Ceramic DIP -4O"C to +85°C 

1883' -55°C to + 125°e 

SMD# 

SLIM -40"e to +85°e 

1883' -55°C to + 125°C 

SMD# 

Lee -4O"e to +85°e 

1883' -55°e to + 125°C 

SMD# 

HM-6642 
512 X 8 CMOS PROM 

Description 
The HM-6642 is a 512 x 8 CMOS NiCr fusible link 
Programmable Read Only Memory in the popular 24 pin. 
byte wide pinout. Synchronous circuit design techniques 
combine with CMOS processing to give this device high 
speed performance with very low power dissipation. 

On-chip address latches are provided, allowing easy 
interfacing with recent generation microprocessors that use 
multiplexed addresssldata bus structures, such as the 8085. 
The output enable controls, both active low and active high, 
further simplify microprocessor system interfacing by 
allowing output data bus control independent of the chip 
enable control. The data output latches allow the use of the 
HM-6642 in high speed pipelined architecture systems. and 
also in synchronous logic replacement functions. 

Applications for the HM-6642 CMOS PROM include low 
power handheld microprocessor based instrumentation and 
comunications systems. remote data acquisition and 
processing systems. processor control store, and synchro
nous logic replacement. 

All bits are manufactured storing a logical "0" and can be 
selectively programmed for a logical "1" at any bit location. 

120n8 200n8 

HM1-6642B-9 HMl-6642-9 

HMl-6642B1883 HMl-66421883 

5962-8869002JA 5962-8869001JA 

HM6-6642B-9 HM6-6642-9 

HM6-6642B1883 HM6-66421883 

5962-8869002LA 5962-8869001 LA 

HM4-6642B-9 HM4-6642-9 

HM4-6642B1883 HM4-66421883 

5962-88690023A 5962-88690013A 

, Respective 1883 specifications are included at the end of this datasheet. 

CAUTION: Theae davie ... are .. ""Hive 10 electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3012 
Copyright @ Harris Corporalion 1992 6-239 
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Pinouts 

A7 

AS 

AS 

A4 

A3 

A2 

A1 

AO 

00 

24 LEAD DIP 
lOP VIEW 

E 
P 

Q7 

Q8 

Q8 

Q4 

Q3 

Functional Diagram 

A8 

A7 

AS 
AS 
A4 
A3 

A2 
A1 
AO 

A4 

A3 

A2 

A1 

AD 

NC 

HM-6642 

28LEADLCC 
TOP VIEW 

u z 

_. L!J L!J L!J l~J L~8J Lt7J L~J r-
!1 l~ G2 

r-

G3 

i 

P 

NC 

07 

OO 11' '19 Q8 
-.I r-., r-., r-., r-., r--. r-., r-., L_ 

GATED 
ROW 

DECODER 

'12' '13' '14' '15' '16' '17' '18' 

u z 

64x64 
MATRIX 

GATED COLUMN 
DECODER 

PIN DESCRIPTION 

PIN DESCRIPTION 

NC No Connect 

AO-AB Address Inputs 

E Chip Enable 

Q Data Output 

VCC Power (+5V) 

G1,G2,G3 Output Enable 

p. Program Enable 

• P should be hardwired to GND 
except during programming. 

ALL UNES POSmVE LOGIC -ACTIVE HIGH 
THREE STATE BUFFERS: 

A HIGH - OUTPUT ACTIVE 

DATA LATCHES: 
LHIGH - O.D 
o LATCHES ON RISING EDGE OF l 

ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALUNG EDGE OF i 
GATE ON FALUNG EDGE OF i 

P SHOULD BE HARDWIRED TO GND EXCEPT 
DURING PROGRAMMING 

00 01 Q2 Q3 Q4 as as Q7 
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HM-6642 

Programming 

Introduction 

The HM-6642 is a 512 word by B-bit field Programmable 
Read Only Memory utilizing nicrome fusible links as pro
grammable memory elements. Selected memory locations 
are permanently changed from their manufactured state, of 
all low (VOL) to a logical high (VOH), by the controlled 
application of programming potentials and pulses. Careful 
adherence to the following programming specifications will 
result in high programming yield. Both high vee (6.0V) and 
low vee (4.0V) wrify cycles are specified to assure the 
integrity of the programmed fuse. This programming 
specification, although complete, does not preclude rapid 
programming. The worst case programming time required is 
37.4 seconds, and typical programming time can be 
approximately 4 seconds per device. 

The chip (E) and output enable (<3) are used during the 
programming procedure. On PROMs which haw more than 
one output enable control G3 is to be used. The other output 
enables must be held in the actiw, or enabled, state 
throughout the entire programming sequence. The program
mer designer is advised that all pins of the programmer's 
socket should be at ground potential when the PROM is 
inserted into the socket. vee must be applied to the PROM 
before any input or output pin is allowed to rise" . 

OVerall Programming Procedure 

1. The address of the first bit to be programmed is 
presented, and latched by the chip enable (E) falling 
edge. The output is disabled by taking the output enable 
G Low: The programming pin is enabled by taking (P) 
high. 

2. vee is raised to the programming voltage level, 12.5V. 

3. All data output pins are pulled up to vee program. Then 
the data output pin corresponding to the bit to be 
programmed is pulled low for 100ms. Only one bit should 
be programmed at a time. 

4. The data output pin is retumed to vee, and the vee pin 
is returned to 6.0V. 

5. The address of the bit is again presented, and latched by 
a second chip enable falling edge. 

6. The data outputs are enabled, and read, to verify that the 
bit was successfully programmed. 

a). If wrified, the next bit to be programmed is addressed 
and programmed. 

b). If not wrified, the programs verify sequence is 
repeated up to B times total. 

7. After all bits to be programmed have been verified at 6.0V, 
the vee is lowered to 4.0V and all bits are verified. 

a). If all bits wrify, the device is properly programmed. 

b). If any bit fails to verify, the device is rejected. 

Programming System Requirements 

1. The power supply for the device to be programmed must 
be able to be set to three voltages: 4.0V, 6.0V, 12.5V. This 
supply must be able to supply 500mA awrage, and 1A 
dynamic, currents to the PROM during programming. The 
powar supply rise fall times when switching between volt
ages must be no quicker than 1ms. 

2. The address drivers must be able to supply a VIH of 4.0V 
and 6.0V and VIL when the system is at programming 
voltages." 

3. The control input buffers must be able to maintain input 
voltage levels of ~ 70% and s 20% vee for VIH and VIL 
levels, respectively. Notice that chip enable (E) and G 
does not require a pull up to programming voltage levels. 
The program control (P) must switch from ground to VIH 
and from VIH to the vee PGM level." 

4. The data input buffers must be able to sink up to 3mA 
from the PROM's output pins without rising more than 
0.7V above ground, be able to hold the other outputs high 
with a current source capability of 0.5mA to 2.0mA, and 
not interfere with the reading and verifying of the data 
output of the PROM. Notice that a bit to be programmed 
is changed from a low state (VOL) to high (VOH) by 
pulling low on the output pin. A suggested 
implementation is open collector TTL buffers (or 
inverters) with 4.7kO pull up resistors to vee." 

* Never allow any input or output pin to rise more than O.3V above 
vee, or fall more than O.3V below ground. 
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HM-6642 

Background Information HM-6642 Programming 

PROGRAMMING SPECIFICATIONS 

SYMBOL PARAMETER MIN 

VCC PROG Programming VCC 12.0 

VCCN Operating VCC 4.5 

VCC LV Special Verify VCC 4.0 

ICC System ICC Capability 500 

ICC Peak Transient ICC Capability 1.0 

PROM INPUT PINS 

VOL Output Low Voltage (To PROM) -0.3 

VOH Output High Voltage (To PROM) 70%VCC 

IOL Output Sink Current (At VOL) 0.01 

IOH Output Source Current (At VOH) 0.01 

PROM DATA OUTPUT PINS 

VOL Output Low Voltage (To PROM) -0.3 

VOH Output High Voltage (To PROM) 70%VCC 

IOL Output Sink Current (At VOL) 3.0 

IOH Output Source Current (At VOH) 0.5 

td Delay Time 1.0 

tr Rise TIme 1.0 

If Fall TIme 1.0 

TEHEL Chip Enable Pulse Width SOO 

TAVEL Address Valid to Chip Enable Low Time SOO 

TELQV Chip Enable Low to Output Valid TIme 

tpw Programming Pulse Width 90 

tiP Input Leakage at VCC = VCC PROG -10 

TA Ambient Temperature -

6-242 

LIMITS 

TYP MAX UNITS 

12.0 12.5 V 

5.5 5.5 V 

- 6.0 V 

- - mA 

- - A 

GND 20%VCC V 

VCC VCC+0.3 V 

- mA 

- mA 

GND 0.7 V 

VCC VCC+O.3 V 

- mA 

1.0 2.0 mA 

1.0 - lIS 

10.0 10.0 lIS 

10.0 10.0 lIS 

- - ns 

- ns 

- 500 ns 

100 110 lIS 

+1.0 10 ~ 

25 - °c 



HM-6642 

HM-6642 PROGRAMMING CYCLE 

PROGRAMMING VERIFY . 

Vee PROG 
A VIH 

Vil 

E VIH 

Vil 

I 

:f: VAllO VALID 

!--td_ 

~ 
f-- td - -td-----l 

Vee PROG 
VIH 

Vil · / 

Vee PROG 
VIH 

f-- td_ 

V--V I'h 
Vil 

Vee PROG 

Vee Vee 
I 

I--td-

/ " GNO .............. .......................... ... .............................. .. ........................ ................... 

Vee PROG 

Q VIH/vOH 

VILlVOl 

td _ t--td --1- tpw +td~ !-tf 
, 

· VI I' \.......) READ DATA 

· 

HM-6642 POST PROGRAMMING VERIFY CYCLE 

A 
VIH 

Vil VAllO 

TEHEl TEHEl 

VIH 

Vil 

TEHEl 

60V 

50V 

40V 

Vee 

o ov 
TElQV TElQV TElQV 

Q 
VOH 

VOL REAO REAO REAO 

6-243 



Specifications HM-6642 

Absolute Maximum Ratings 
Supply Voltage •..••••••••••••••••••••••.•••••••..•• +7.0V 
Input, output or VO Voltage •..•••••.•.• GND-0.3V to VCC+D.3V 
Storage Temperature Range ••.••.••••••••.•• -6500 to + 15O"C 
Junction Temperature ••••••••.••.•.••••••.••••••••. +1750C 
Lead Temperature (Soldering lOs) ••.•.••••••••••••••. +3OOOC 
Typical Derating Factor ••.••••.•••• 5mAIMHz Increase In ICCOP 
ESD Classification • • • • • . . • • . • • • . • • • • • • • • . • • • • • • • . . Class 1 

Reliability Information 
Thermal Resistance • • • . . • • • • • • • • • • • 0ja 

Ceramic DIP Package............. 5~CIW 
Ceramic LCC Package •••••••••••• 58"C1W 

Maximum Package Power Dissipation at +12500 
Ceramic DIP Package ..••..••••••.••••.••••..••••• 0.96W 
Ceramic LCC Package .•••.••••••.••••••••.••••••• O.SSW 

Gate Count ..•••..•••..•.•.••••....••••••.••.. 1680 Gates 

CAUTION: stresses abo ... those listed in "Absolute Maximum Ratings" may cause permanent damage to the davies. This IS a stress only rating and operation 
of the device at these or any other conditions abo ... those indicated in the operational sections of this specification is not impNed. 

Operating Conditions 
Operating Voltage Range •••••...••••••••••••• +4.5V to +5.5V Operating Temperature Range 

HM-6642B-9, HM-6642-9 •••••••••.•••.••••• -40"C to +85°C 

DC Electrical Specifications vcc = 5V ± 1-%; TA = -40"C to +85°C (HM-6642B-9, HM-6642-9) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDmONS 

ICCSB Standby Supply Current - 100 IlA 10 = 0, VI = VCC or GND, VCC = 5.5V 

ICCOP Operating Supply Current (Note 3) - 20 mA 1= lMHz, 10 = 0, VI = VCC or GND, 
VCC=5.5V 

" Input Leakage Current -1.0 +1.0 IlA GND s VI s VCC, VCC = 5.5V 

10Z Output Leakage Current -1.0 +1.0 IlA GND s VO s VCC, VCC = 5.5V 

VIL Input Low Voltage -0.3 0.8 V VCC=4.5V 

VIH Input High Voltage 2.4 VCC + 0.3 V VCC= 5.5V 

VOL Output Low Voltage - 0.4 V 10L = 3.2mA, VCC = 4.5V 

VOHl Output High Voltage 2.4 - V 10H = -1.0mA, VCC = 4.5V 

VOH2 Output High Voltage (Note 2) VCC-l.O - V 10H = -loollA, VCC = 4.5V 

AC Electrical Specifications 

LIMITS 

HM-6642B-9 HM-6642-9 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS 

(1) TELav Chip Enable Access Tima - 120 - 200 ns Notes 1, 4 

(2) TAVaV Address Access Time - 140 - 220 ns Notes 1, 4 
(TAVaV = TELaV + TAVEL) 

(3) TGVaV Output Enable Access Time - 50 - 150 ns Notes 1, 4 

(4) TGVax Output Enable Tima S 50 5 150 ns Notes 2, 4 

(S) TGXQZ Output Disable Tima - 50 - lSO ns Notes2,4 

(6) TELEH Chip Enable Pulse Negative Width 120 - 200 - ns Notes 1, 4 

(7) TELEL Read Cycle Time 160 - 350 - ns Notes 1, 4 

(8) TEHEL Chip Enable Pulse Positive Width 40 - 150 - ns Notes 1, 4 

(9) TAVEL Address Setup Tima 20 - 20 - ns Notes 1, 4 

(10) TELAX Address Hold Tima 25 - 60 - ns Notes 1, 4 

Capacitance TA = +2SOC 

LIMITS 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDmONS 

CI Input Capacitance (Note 2) - 10.0 pF 1= 1 MHz, All Meesurements Relerence Device 

CO Output Capacitance (Note 2) 12.0 pF 
Ground -

NOTES: 1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.SV; Output load: 
1 TTL gate equivalent CL = 50pF (min) - lor CL greater than SOpF, access time time is derated by O.l5ns per pF. 

2. Tested at Initial design and after major design changes. 
3. Typical derating 5mAIMHz increase In ICCOP. 
4. VCC = 4.SV and 5.5V 
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HM-6642 

Switching Waveform 

READ CYCLE 

121 
191 

A 

Q DATA VALID 

~~ *0 ________ ~~""~~~~ ______________________ ~~~~~~~~~ 

TIME -------------+--r-------~~----~------t---------+t~t~t-------
REFERENCE r 11 

Test Load Circuit 

-1 0 2 3 456 

• G has the same timing as G except signal is inverted. 

~ .......................................................................................... . 
! i 
! i 
~ ~ 
~ i 

DUT _-"_-ii~ I 

• TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 

1.SV 

EQUIVALENT CIRCUIT ........................................................................................... 
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January 1992 

Features 
o This Circuit Is Processed In Accordance to MII-8td-

883 and Is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

o Low Powar Standby and Operating Power 
- ICCSB ••••••••••••••••••••••••••••••••• 100j.lA 
- ICCOP •••••••••••••••.•••••••••• 20mA at 1 MHz 

o Fast Access Time. • . • • • • • . • • • • • • • • • • • •• 1201200ns 

o Wide Operating •••••••••••••••••• -55°C to +125°C 
Temperature Range 

o Industry Standard Pinout 

o Single 5.0 Volt Supply 

o CMOSITTL Compatible Inputs 

• Field Programmable 

• Synchronous Operation 

• On-Chlp Address Latches 

• Separate Output Enable 

Pinouts 

HM-6642/883 
512 X 8 CMOS PROM 

Description 
The HM-66421883 is a 512 x 8 CMOS NiCr fusible link 
Programmable Read Only Memory in the popular 24 pin, 
byte wide pinout. Synchronous circuit design techniques 
combine with CMOS processing to give this device high 
speed performance with very low power dissipation. 

On-chip address latches are provided, allowing easy 
interfacing with recent generation microprocessors that use 
multiplexed addresssldata bus structures, such as the 8085. 
The output enable controls, both active low and active high, 
further simplify microprocessor system interfacing by 
allowing output data bus control independent of the chip 
enable control. The data output latches allow the use of the 
HM-66421883 in high speed pipelined architecture systems, 
and also in synchronous logic replacement functions. 

Applications for the HM-66421883 CMOS PROM include low 
power handheld microprocessor based instrumentation and 
comunications systems, remote data acquisition and 
processing systems, processor control store, and synchro
nous logic replacement. 

All bits are manufactured storing a logical "0" and can be 
selectively programmed for a logical "1 M at any bit location. 

HM1-66421883 (CERAMIC DIP) 
TOP VIEW 

HM4-66421883 CERAMIC LCC) 
TOP VIEW PIN DESCRIPTION 

A7 

AS 

AS 

A4 

A3 

A2 

A1 P 
AO 07 
00 os 

os 
Q4 

Q3 

PIN DESCRIPTION 

NC No Connect 

AO-A8 Address Inputs 

E Chip Enable 

a Data Output 

VCC Power (+5V) 

G1,G2,G3 Output Enable 

P' Program Enable 

• P should be hardwired to GND 
except during programming. 

CAUTION: These """Ices are senaItIva 10 electtoatatlc diac:harge. Usets should follow proper I.C. Handling Procedures. File Number 3013 
Copyright 0 Harris Corporation 1982 6-246 



HM-66421883 

Functional Diagram 

AI A 
A7 

AI LATCHED GATED 
I4xl4 ADDRESS ROW 

AS REGISTER DECODER 14 MATRIX 

A4 
ALL UNES POSlnvE LOGIC -ACTIVE HIGH 

A3 
THREE STATE BUFFERS: 

AHIGH - OUTPUT ACTIVE 

DATA LATCHES: 
LHIGH - O.D 

A o LATCHES ON RISING EDGE OF I: 
A2 LATCHED ADDRESS LATCHES AND GATED DECODERS: 
A1 ADDRESS 3 GATED COLUMN LATCH ON FAUUNG EDGE OFI A 
AO REGISTER DECODER GATE ON FALUNG EDGE OF I: 

3 
P SHOULD BE HARDWIRED TO GND EXCEPT 

DURING PROGRAMMING 

I: 

Gi 

G2 

G3 00 01 Q2 Q3 Q4 os at Q7 
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Specifications HM-66421883 

Absolute Maximum Ratings 
supply Voltage ••••••••••••••••••••••••••••••••••••• +7.0V 

Reliability Information 
Thermal Resistance ••• .. • • • .. • • • • • • 9)11 

Ceramic DIP Package. • • • • • • • • • • • • 52"CNI 
Ceramic LCC Package •••••••••••• SSOCNI 

Maximum Package Power Dissipation at +125"C 

9-JO 
20"CN1 
19"CIW 

Input, Output or 110 Voltage •••••••••••• GND-0.3V to VCC+O.3V 
Storage Temperature Range ••••••••••••••••• -65"C to + l5O"C 
Junction Temperature •••••••••••••••••••••••••••••• + 175°C 
Lead Temperature (Soldering lOs) ••••••.••.••••.••••• +300oC 
Typical Derating Factor •••••••••••• 5mAlMHz Increase in ICCOP 

Ceramic DIP Package ••.••••.•••••••••••••••.••••• 0.96W 
Ceramic LCC Package •••••••••••••••••.•••••••••• 0.86W 

ESD Classification • • • . . • • • . • • . • . • • • • • . . • • • • • . • • • • • Class 1 Gate Count ••••••••••••.•••••••••••••••••••••• 1680 Gates 

CAUTION: Stresses above thoss listed in "Absolute Msximum Ratings" may cause P6fmanent demege to the device. This is a stress only I8Ung and opel8tion 
of the dfwice at these or any other conditions above thoss indicated in the opel8tions1 sections of this specification is not Implied. 

Operating Conditions 
Operating Voltege Range ...•••••.•••.•.••....••••.•••••. ±4.5V 
Operating Temperature Range •••••••••••.•••• -55"C to + 125°C 

Input Low Voltage •••••.•••••••.•••••••••••••• -G.3V to +O.8V 
Input High Voltage ••••••••••••.••••••••••••• 2.4 to VCC+O.3V 

TABLE 1. HM-66421883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 

(NOTES 1,4) GROUP A UMITS 

PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN 

High Level Output VOH VCC =4.5V, 1,2,3 -55"C S TA S +125"C 2.4 
Voltage 10=-1.0mA 

Low Level Output VOL VCC=4.5V, 1,2,3 -55"C S TA S + 125"C -
Voltage 10 = +32mA 

High Impedance IIOZ VCC = 5.5V, G = 5.5V, 1,2,3 -55"C S TA S +125OC -1.0 
Output Leakage WO = GND or VCC 
Current 

Input Leakage II VCC= 5.5V, VI=GNDor 1,2,3 -55°C S TA S +125"C -1.0 
Current VCC, P NotTested 

Standby Supply ICCSB VI = VCC or GND, 1,2,3 -55°C S TA S +125"C -
Current VCC = 5.5V, 10 = OmA 

Operating Supply ICCOP VCC = 5.5V, G = GND, 1.2,3 -55°C STAS +125°C -
Current G = VCC, (Note 3), 

f = IMHz,lO = OmA, 
VI = VCC or GND 

Functional Test FT VCC = 4.5V (Note 5) 7,BA,BB -55°C S TA S +125°C -

TABLE 2. HM-66421883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 

MAX 

-

0.4 

1.0 

1.0 

100 

20 

-

UMITS 

GROUP A HM-6642B1 HM-66421 

(NOTES 1,2,4) SUB- 883 883 

PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX MIN MAX 

Address Access Time TAVaV VCC = 4.5V and 5.5V 9,10,11 -55°C sTAs +125°C - 140 - 220 

Output Enable Access TGVaV VCC = 4.5V and 5.5V 9,10,11 -55"C S TA S +125"C - 50 - 150 
Time 

Chip Enable Access Time TELaV VCC = 4.5V and 5.5V 9,10,11 -55°C STAS +125°C - 120 - 200 

Address Setup Time TAVEL VCC = 4.5V and 5.5V 9,10,11 -55"C S TA S +125"C 20 - 20 -
Address Hold Time TELAX VCC = 4.5V and 5.5V 9,10,11 -55°C S TA S +125"C 25 - 60 -
Chip Enable Low Width TELEH VCC = 4.5V and 5.5V 9,10,11 -55"C S TA S +12S"C 120 - 200 -
Chip Enable High Width TEHEL VCC = 4.SV and S.SV 9,10,11 -S5"C S TA S + 12S"C 40 - ISO -
Read Cycle Time TELEL VCC = 4.SV and S.SV 9,10,11 -SSoC S TA S +125°C 160 - 350 -

NOTES: 
I. All voltages referenced to VSS. 

UNITS 

V 

V 

jlA 

jlA 

jlA 

mA 

-

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. A.C. measurements assume transition time < Sns; input levels = O.OV to 3.0V; timing reference levels = I.SV; output load = lTTL 
equivalent load and CL '" SOpF. 

3. Typical derating = 5mAlMHz increase in ICCOP. 
4. All tests performed with P hardwired to GND. 
S. Tested as follows: f = lMHz, VIH = 2.4V, VIL= O.BV,IOH = -lmA, 10L = +lmA, VOH ~ I.SV, VOLs I.SV. 
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Specifications HM-6642/883 

TABLE 3. HM-66421883 A.C. and D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

LIMITS 

HM-6642B HM-6642 

(NOTES 1,2) 
/883 /883 

PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX MIN MAX UNITS 

Input Capacitance CIN VCC = Open, f = 1 MHz, 2,3 TA =+25°C - 10 10 pF 
All Measurements 
Reference Device 
Ground 

VCC = Open, f = 1 MHz, 2,4 TA = +25°C 12 12 pF 
All Measurements 
Reference Device 2,5 TA = +25°C 5 - 5 pF 

Ground 

I/O Capacitance CI/O VCC = Open, f = 1 MHz, 2,3 TA = +25°C - 12 12 pF 
All Measurements 
Reference Device 
Ground 

VCC = Open, f = 1 MHz, 2,4 TA = +25°C - 14 14. pF 
All Measurements 

2,5 TA = +25°C 8 8 pF Reference Device -
Ground 

Output Enable TGVQX VCC = 4.5V and 5.5V 2 -55°C ~ TA ~ +125°C 5 50 5 150 ns 
Time 

Output Disable TGXQZ VCC = 4.5V and 5.5V 2 -55°C ~ TA ~ +125°C 50 - 150 ns 
Time 

NOTES: 

1. All tests performed with P hardwired to GND 

2. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design changes which would affect these characteristics. 

3. Applies to 0.600 inch Ceramic Dual-In-Une (DIP) device types only. 

4. Applies to 0.300 inch Ceramic Dual-In-Line (DIP) device types only. 

5. Applies to Ceramic Leadless Chip Carrier (LCC) device types only. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 100%/5004 

Interim Test 100%/5004 1,7,9 

PDA 100%/5004 1 

Final Test 100%15004 2,3,7,8A,8B,10,11 

Group A Samples/500S 1,2,3,7, SA, SB, 9,10,11 

GroupsC & D Samples/SOGS 1,7,9 
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HM-66421883 

Switching Waveform 

READ CYCLE 

A 

E 

Q 

G 

TIME 
REFERENCE 

Test Load Circuit 

t t tft 
-1 2 456 

• G has the same timing as G except signal Is Inverted. 

......................................................................................... 

DUT --.---1-<1( 

• TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE EQUIVALENT CIRCUIT 
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HM-66421883 

Burn-In Circuits 
HM·66421883 (0.300 INCH) CERAMIC DIP HM·66421883 (0.600 INCH) CERAMIC DIP 

Fa 

F1 

F6 

F5 
F4 

Fa 

F2 

F1 

VCC/2 

NOTES: 

FO: 100kHz± 10% 

All Resistors: 471<0. 
Unless Otherwise Noted 
vee: 5.5V ± O.5V 

VlL : 4.5V ± 10% 

e: O.01IlF Min. 

F5 

F4 

Fa 

F2 

F1 

v CC 

VCC 

C 

~ 
FlO 

Fa 
F10 Fa 
Fll F1 
F12 F6 
FO F5 
GND 

UK 
F4 

UK 
Fa 

UK 

UK VCC/2 
VCC/2 

UK 

HM·66421883 CERAMIC LCC 

~~ : 
u 

~ 
~ r . 

u z 

_ .. L!': LJ.: LaJ L!J tt8,: Lt?! L16.: p_ 

5' -, ~ 
.AA i1 ~ .A 

'T -, -, p' 
7' 1!3 ., 

'Y il ., fP. ., r' 
9' ., ~t1 NC 

NC 10' fie! -.. 
\'TI ;;Cl " ~21 ~31 ~41 ~~1 ~61 ~;'1 ~i1 ,I 

z -
UK 820 

UK 820 

UK 820 
'Y 

UK 820 

UK 820 
'Y 

1.5K 
,A 

820 

1.5K 820 
,A 

UK 820 
'Y 

Rl R2 
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F11 

F12 

FO 

l-oWlr--F8 

t:!21-W..--Fl0 

l-oWlr-- F1l 

l-oWlr-- F12 

I-"'W'r-- FO 

l-oWlr-- GND 

I-OWIr-....... VCC /2 
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Metallization Topology 

DIE DIMENSIONS: 
136 x 168 x 19 ± 1 mils 

METALLIZATION: 
Type: Si· AI 
Thickness: 11 kA ± 15kA 

GLASSIVATION: 
Type: Si02 
Thickness: akA ± 1 kA 

DIE ATTACH: 
Material: Gold·Silicon Eutectic Alloy 
Temperature: Ceramic DIp· 460°C (Max) 

Ceramic LCC • 420°C (Max) 

WORST CASE CURRENT DENSITY: 
1.7 x 105 A/cm2 

Metallization Mask Layout 

A4 AS 

A3 

A2 

A1 

HM-66421883 

HM-6642J883 

A6 A7 vee A8 G1 Gli 

E 

p 

Q7 
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HM-66421883 

Packaging 
24 PIN (0.300) CERAMIC DIP 

I ~----.... 
005 t.lIN~ 1280 I 

=~~Jt'1CE"'N 180 JL 098 MAX 
016- 100 rn BSC 

~. 

045 
05. 

065 • INCREASE MAX UMIT BY 003 INCHEC'; 

~&"g~:E~N~ CENTER Of FI..A T FOR 

24 PIN (.600) CERAMIC DIP 

• INCREASE MAX UWIT BY 003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FlNISH 

28 PAD CERAMIC LCC 

I ----::Lr :; 
Ilnnnnnnnl'l 

074 Tl 
.095 

NOTE: All DimenSions are Min D Max' ImanSIOns are In inches 
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LEAD FINISH: Type A 

MATERIALS: Compllanl to MIL-M-38510 

COMPLIANT OUTLINE: 

MIL-STD-1835. GDIP3-T24 

LEAD FINISH: Type A 

MATERIALS: Compliant 10 MIL-M-38510 

COMPLIANT OUTLINE: 

MIL-STD-1835. GDIP1-T24 

LEAD FINISH: Type A 

MATERIALS: Compliant to MIL-M-38510 

COMPLIANT OUTLINE: 

MIL-STD-1835. caCC1-N28 



HM-6617 
January 1992 2K X 8 CMOS PROM 

Features Description 

• Low Power Standby and Operating 
Power 

The HM-6617 Is a 16.384 bit fuse link CMOS PROM In a 2K word by 8 bitlword 
format with "Three-State" outputs. This PROM is available In the standard 0.600 
Inch wide 24 pin Ceramic DIP, the 0.300 Inch wide slimiine Ceramic DIP, and the 
JEDEC standard 32 pad Ceramic LCC. 

- ICCSB ••••••••••••••••••••• 100J,1A 
- ICCOP •••••••••••••• 20mA at 1MHz 

• Fast ACce88 Time ••••••••••• 9OI120ns 
The HM-6617 utilizes a synchronous design technique. This Includes on-chlp 
addrass latches and a separate output enable control which makes this device 
ideal for applications utilizing recent generation microprocessors. This design 
technique. combined with the Harris advanced self·aligned silicon gate CMOS 
process technology offers ultra-low standby current. Low ICCSS Is ideal for 
battery applications or other systems with low power requirements. 

• Industry Standard Pinout 

• Single 5.0 Volt Supply 

• CMOSIITL Compatible Inputs 

• High Output Drive •••• 12 LSTTL Loads 
The Harris NiCr fuse link technology Is utilized on this and other Harris CMOS 
PROMs. This gives the user a PROM with permanent. stable storage character
IstiCS over the full industrial and military tamperature voltage ranges. NICr fuse 
technology combined with the low power characteristics of CMOS provides an 
excellent alternative to standard bipolar PROMs or NMOS EPROMs. 

• Synchronous Operation 

• On-Chlp Address Latches 

• Seperate Output Enable 

Ordering Information 
PACKAGE 

Ceramic DIP 
/883. 

SMD. 

SLIM 
/883. 

SMDI 

Lee 

1883· 

SMDI 

All bits are manufactured storing a logical "0" and can be selectively 
programmed for a logical "1· at any bit location. 

TEMPERATURE RANGE 90ns 120ns 

-4O"C to +85oe HMI-6617B-9 HMI-6617-9 

-5500 to + 125"C HMI-6617B1883 HMI-66171883 

5962-8954002JA 5962-8954001 JA 

-4O"C to +85oe HM6-6617B-9 HM6-6617·9 

-5500 10 + 125"C HM6-6617B1883 HM6-66171883 

5962-8954002LA 5962-8954001 LA 

-4ooe 10 +85oe HM4-6617B-9 HM4-6617-9 

-5500 10 + 125"e HM4-6617B1883 HM4-66171883 

5962-8954002XA 5962-8954001XA 

• Respective /883 specifications are included althe end of this data sheet. 

Pinouts 

A7 

AS 

AS 
A4 

AI 

A2 
At 
AO 

00 
at 
Q2 

24 LEAD DIP 
TOP VIEW 

GND -,. ____ ..r-

VCC 

AS 
AS , 
'Ii 
AtD 

I 
or 
Q8 

32LEADLCC 
TOP VIEW 

~ fil fil fil ~ fil fil 
_. LjJ LJJ L2J L 1 J riW :iW 1iUU._ 
iJ - ragAS 

!l al AS 

-. 
A2 !J 

w. NC 

~, 

as G 
At 9] 
AO 

Ne 

PIN DESCRIPTION 

Ne No Connect 

AO-Al0 Address InpulS 

E Chip Enable 

Q Data Output 

vee Power (+5V) 

G Outpul Enable 

p. Oulpul Enable 

-• P Should be Hardwlred to vee Excepl 
During Programming. 

CAUTION: These dwices are aansHiWI to electrostatic discharge. Users should follow proper I.C. Handling Procadures. File Number 3017 
Copyright C Harris Corporation 1992 
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Functional Diagram 

A10 ,. ,. 
A7 
M ,.. 
A4 

MSB 

LSB 

ALL UNES POSI11YE LOGIC: ACTIVE HIGH 
THREE-STATE BUFFERS: 

A HIGH _ OUTPUT AC11YE 

ADORESS LATCHES AND GATED DECODERS: 

LATCH ON FALUNG EDGE OF E 
GATE ON FALUNG EDGE OFG 

HAf-6617 

>---oQO 

>-1--001 

>-r--o Q2 

>-11--0 Q3 

>-11--0 Q5 

>--f--o as 

>-+--ocrr 

A1 
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HM-6617 

Background Information Programming 
Algorithm 

The HM-6617 CMOS PROM is manufactured with all bits 
containing a logical zero (output low). Any bit can be pro
grammed selectively to a logical one (output high) state by 
following the procedure shown below. To accomplish this, a 
programmer can be built that meets the specifications 
shown, or any of the approved commercial programmers 
can be used. 

PROGRAMMING SEQUENCE OF EVENTS 

1. Apply a voltage of VCC 1 to VCC of the PROM. 

2. Read all fuse locations to verify that the PROM is blank 
(output low). 

3. Place the PROM in the initial state for programming: E = 
VIH, P = VIH, G = VIL. 

4. Apply the correct binary address for the word to be programmed. 
No inputs should be left open circuit. 

5. After adelayoftd, applyvollage ofVIL to E (pin 18) to access the 
addressed word. 

6. The address may be held through the cycle, but must be held val
id at least for a ~me equal to td after the falling edge of E. None 
of the inputs should be allowed to float to an invalid logic level. 

7. After a delay of td, disable the outputs by applying a voltage of 
VIH to G (pin 20). 

8. After a delay of td, apply voltage of VIL to P (pin 21). 

9. After delay oftd, raise VCC (pin 24) to VCCPROG with a rise ~me 
of tr. All outputs at VIH should track VCC with VCC-2.0V to 
VCC+0.3V. This could be accomplished by pulling outputs at 
VIH to VCC through pull-up resistors of value Rn. 

10. After a delay of td, pull the output which corresponds to the bit to 
be programmed to VIL. Only one bit should be programmed at a 
time. 

11. After a delay of tpw, allow the output to be pulled to VIH through 
pull-up resistor Rn. 

12. After a delay of td, reduce VCC (pin 24) to VCC1 with a fall time 
of If. All outputs at VIH should track VCC with VCC-2.0V to 
VCC+D.3V. This could be accomplished by pulling outputs at 
VIH to VCC through pull-up resistors of value Rn. 

13. Apply a voltage of VIH to P (pin 21). 

14. After a delay of td, apply a voltage of VIL to G (pin 20). 

15. After a delay of td, examine the outputs for correct data. " any 
location verifies incorrectly, repeat steps 4 through 14 (attempt
ing to program only those bits in the word which verified incor
rectly) up to a maximum of eight attempts for a given word. " a 
word does not program within eight attempts, it should be con
sidered a programming reject. 

16. Repeat steps 3 through 15 for all other bits to be programmed in 
the PROM. 

POST-PROGRAMMING VERIFICATION 

17. Place the PROM in the post-programming verification 
mode: E = VIH, G = VIL, P = VIH, VCC (pin 24) = VCC1. 

18. Apply the correct binary address of the word to be veri
fied to the PROM. 

19. After a delay of td, apply a voltage of VIL to E (pin 18). 

20. After a delay of td, examine the outputs for correct data. 
If any location fails to verify correctly, the PROM should 
be considered a programming reject. 

21. Repeat steps 17 through 20 for all possible programming 
locations 

POST-PROGRAMMING READ 

22. Apply a voltage of VCC2 = 4.0V to VCC (pin 24). 

23. After a delay of td, apply a voltage of VIH to E (pin 18). 

24. Apply the correct binary address of the word to be read. 

25. After a delay of TAVEL, apply a voltage of VIL to E (pin 
18). 

26. After a delay of TELaV, examine the outputs for correct 
data. If any location fails to verify correctly, the PROM 
should be considered a programming reject. 

27. Repeat steps 23 through 26 for all address locations. 

28. Apply a voltage of VCC2 = 6.0V to VCC (pin 24). 

29. Repeat steps 23 through 26 for all address locations. 

6-256 



Programming Cycle 

HM·6617 PROGRAMMING CYCLE 

Vee PROG 

A VIH 

VIL I 
!--td_ 

E VIH 

VIL -
f---td -

Vee PROG -
if VIH -

VIL 

P VIH 

VIL 

Vee PROG 
Vee Vee 

I 

I -

HM-6617 

PROGRAMMING . . VERIFY 

VALID VALID 

~ 
f----

I--td--J 

/ ~h 
_Id_ I 

/ 

I I-'d-

1/ "' GNO -.............. .......................... . ................................. . ...................... ................... 
vee PROG 

Q VIHIVOH 
VILlVoL 

1,_ I-Id --t- tpw -r 'd- f--- If - VI r - "' \....) READ DATA -

HM·6617 POST PROGRAMMING VERIFY CYCLE 

A 
VIH 

VIL VALID 

TEHEL TEHEL 

VIH 

VIL 

6.0V 
5.0V 

4.0V 

Vee 

O.OV ................... ........................................ ............................................ . .................... . 

Q 
VOH 

VOL READ READ READ 
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Specifications HM-6617 

Background Information HM-6617 Programming 
Programming Specifications 

SYMBOL PARAMETER 

VIL Input "0" 

VIH Voltage "I" (Note 6) 

VCCPROG ProgrammIng VCC (Note 2) 

VCCI Operating VCC 

VCC2 Special Verify VCC (Note 3) 

td Delay Time 

tr Rise Time 

If Fall Time 

TEHEL Chip Enable Pulse Width 

TAVEL Address Valid to Chip Enable Low Time 

TELQV Chip Enable Low to Output Valid Time 

tpw Programming Pulse Width (Note 4) 

tiP Input Leakage at VCC = VCCPROG 

lOP Data Output Current at VCC = VCCPROG 

Rn Output Pull-Up Resistor (Note 5) 

TA Ambient Temperature 

NOTES: 

1. All Inputs must track VCC (pin 24) within these limits. 

2. VCCPROG must be capable of supplying 5OOmA. 

3. See Steps 22 through 29 of the Programming Algorithm. 

4. See Step 11 of the ProgrammIng Algorithm. 

5. All outputs should be pulled up to vee through a resistor of value Rn. 

6. Except during programming (See Programming Cycle Waveforms). 
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MIN 

0.0 

VCC-2 

12.0 

4.5 

4.0 

1.0 

1.0 

1.0 

50 

20 

-
90 

-10 

-
5 

-

TYP MAX UN!1'S 

0.2 0.8 V 

VCC VCC+0.3 V 

12.0 12.5 V 

5.5 5.5 V 

- 6.0 V 

1.0 - JIS 

10.0 10.0 JIS 

10.0 10.0 JIS 

- - ns 

- - ns 

- 120 ns 

100 110 JIS 

+1.0 10 J.IA 

-5.0 -10 rnA 

10 15 kn 
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Specifications HM-6617 

Absolute Maximum Ratings 
Supply Voltage (All Voltages Reference to Device GND) ..... +7.0V 
Input or Output VoltageApplied for All Grades ....... GND-0.3V to 

VCC+O.3V 
Storage Temperature Range ................. -6SoC to + 150°C 
Junction Temperature .............................. + 17SoC 
Lead Temperature (Soldering lOs) .................... +300°C 
Typical Derating Factor ............ SmAIMHz Increase in ICCOP 
ESD Classification ................................ Class I 

Reliability Information 
Thermal Resistance . . . . . . . . . . . . . . . . ala 

Ceramic DIP Package. . . . . . . . . . . .. 4,g°CIW 
Ceramic LCC Package . . . . . . . . . . .. SBoCIW 

Maximum Package Power Dissipation at + 12SoC 
Ceramic DIP Package ............................. 1.0 W 
Ceramic LCC Package ........................... 0.B6 W 

Gate Count ................................... 5473 Gates 

CAUTION: Stresses above those listed In -Absolute Maximum Ratmgs· may CBuse permanent damage to the deVice ThiS IS a stress only ratmg and operation 
of the deVICe at these or any other conditions above those indicated In the operational sections of thIS specIfIcation ;s not Implied. 

Operating Conditions 
Operating Voltage Range ..................... +4.SV to +S.SV Operating Temperature Range: HM-6617-9, B-9 ... -40oC to +8SoC 

DC Electrical Specifications vcc ; SV ±IO%; (HM-6617B-9, HM-6617-9) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

VIH Logical One Input Voltage 2.4 VCC+0.3 V VCC ;5.5V 

VIL Logical Zero Input Voltage -0.3 O.B V VCC;4.5V 

VOHI Logical One Output Voltage 2.4 V 10H ; -2.0mA, VCC; 4.5V 

VOH2 Logical One Output Voltage (Note 2) VCC-1.0 V 10H ; -I OO~A, VCC ; 4.SV 

VOL Logical Zero Output Voltage - 0.4 V 10L ; +4.BmA, VCC ; 4.5V 

II Input Leakage -1.0 +1.0 ~A VIN ; VCC or GND, VCC ; 5.5V 

IOZ Output Leakage -1.0 +1.0 ~A VO ; VCC or GND, G ; VCC, VCC ; S.SV 

ICCSB Standby Power Supply Current 100 ~A VIN; VCC or GND, VCC; S.5V, 10; 0 

ICCOP Operating Power Supply Current (Note 3) 20 rnA f; 1MHz, VCC ; 5.5V, 10; 0, VIN ; VCC or 
GND 

AC Electrical Specifications 
HM-6617B-9 HM-6617-9 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS 

(I) TAVOV Address Access Time 105 140 ns (Notes 1,4) 

(2) TELOV Chip Enable Access Time 90 120 ns (Notes 1,4) 

(3) TELOX Chip Enable Time 5 5 ns (Notes 2, 4) 

(4) TAVEL Address Setup Time 15 20 ns (Notes 1,4) 

(S) TELAX Address Hold Time 20 25 ns (Notes I, 4) 

(6) TELEH Chip Enable Low Width 9S 120 ns (Notes I, 4) 

(7) TEHEL Chip Enable High Width 40 40 - ns (Notes I, 4) 

(B) TELEL Cycle Time 136 160 - ns (Notes 1,4) 

(9) TGLOV Output Access Time 40 - 50 ns (Notes I, 4) 

(10) TGLOX Output Enable Time 5 5 ns (Notes 2,4) 

(II) TGHOZ Output Disable Time 40 50 ns (Notes 2,4) 

(12) TEHOZ Chip Enable Disable Time 45 50 ns (Notes 2, 4) 

Capacitance TA ; +25°C 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CIN Input Capacitance (Note 2) 10 pF f; I MHz, All Measurement are Referenced to DeVice GND 

COUT Output Capacitance (Note2) 12 pF f; I MHz, All Measurement are Referenced to Device GND 

NOTES: 

I. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: I TTL gate 
equivalent CL ; SOpF (min) - for CL greater than 50pF, access time IS derated by 0.15ns per pF. 

2. Tested at initial design and alter major deSign changes. 

3. Typical derating SmA/MHz Increase in ICCOP. 

4. VCC; 4.SV and 5.5V. 

6-259 

iI: 
o 
:: 
w 
:: 
(/) 
o 
:: o 



HM-6617 

Switching Waveforms 
READ CYCLE 

ADDRESSES 

t------ TAVOV ------0 .. 00-11 
(II I 

C~V~A~L~ID~J~1l~~~~~~~~~~~~~~-V~A:-:L"';';ID::---3.0V I ,-;.;A;;..DD;;..R;.;E;,;,SS~J ADDRESSES OV 

I TAVEL I- 1 TELEL -1-----------1 .. 1 
1 1--(41---lTELAX f--(51 (81 I 1 
II • TELEH ---'-----<.HII 30V 

_ .:L 1.5V \ 1.5V (61 I f 1.5V ~1.5V . 
E -'f 1 . I· I . \.:.:..:.. OV 

f- TwrL . : • TE~yV • i -I r-Tmyz 
G -----~I----"""'r TGLOV --1 tr---+-I -----3.0V 

: 1.5V l' (91 : I 1.5V i OV 

DATA 
OUTPUT 
00 - 07 

Test Circuit 

I (101 TGlOX --I I-- 1 1 (II) / 
I (3/ I 1 ---I TGHOZ f--
I--- TElOX ~ I 
~ __ ~~~~~j~~_-J~~---------TS 

1-----------

OUT 0-...... ---;-.1( 

• TEST HEAD 
CAPACITANCE 

1.SV 

EQUIVALENT CIRCUIT 
:. ......................................................................................... . 
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HM-6617/883 
January 1992 

Features 
• This Circuit Is Processed In Accordance to MII-Stcl-883 and Is Fully Confor

mant Under the Provisions of Paragraph 1.2.1. 

• Low Power Standby and Operating Power 
• ICCSB ••••••••••••••••••••.••••••••.•••.•••••••••••••••• 100mA 
- ICCOP •••••••••••••••••••••••••••••••••••••••••••• 20mA at 1MHz 

• Fast Access Time ••••••••••••••••••••••••••••••••••••••••• 901120ns 

• Industry Standard Pinout 

• Single 5.0 Volt Supply 

• CMOSITTL Compatible Inputs 

• High Output Drive •••••••••••••••••••••••••••••••••• 12 LSTTL Loads 

• Synchronous Operation 

• On-Chlp Address Latches 

• Separate Output Enable 

• Operating Temperature Range •••..••..•••.••..•.••••• _55°C to + 125°C 

Description 
The HM-6617/883 is a 16.384 bit fuse link CMOS PROM in a 2K word by 8 biVword 
format with "Three· State" outputs. This PROM is available in the standard 0.600 
inch wide 24 pin Ceramic DIP, the 0.300 inch wide slim line Ceramic DIP, and the 
JEDEC standard 32 pad Ceramic LCC. 

The HM-6617/883 utilizes a synchronous design technique. This includes on-chip 
address latches and a separate output enable control which makes this device ideal 
for applications utilizing recent generation microprocessors. This design technique. 
combined with the Harris advanced self·aligned silicon gate CMOS process tech
nology offers ultra-low standby current. Low ICCSB is ideal for battery applications 
or other systems with low power requirements. 
The Harris NiCr fuse link technology is utilized on this and other Harris CMOS 
PROMs. This gives the user a PROM with permanent. stable storage characteris· 
tics over the full industrial and military temperature voltage ranges. NiCr fuse tech
nology combined with the low power characteristics of CMOS provides an excellent 
alternative to standard bipolar PROMs or NMOS EPROMs. 

All bits are manufactured storing a logical "0" and can be selectively programmed 
for a logical "1" at any bit location. 

Functional Diagram 

G'--=LJI--Ir.;::~;:;:~;::;-r +--1:>+_ 
ALL LINES POSITIVE LOGIC: ACTIVE HIGH 
THREE-STATE BUFFERS: 

A HIGH- OUTPUT ACTIVE 
ADDRESS LATCHES AND GATED DECODERS: 

LATCH ON FALLING EDGE Oe.E 
GATE ON FALLING EDGE OF"C 

A3 A2 Al AO 

00 

01 

Q2 

03 

04 

05 

06 

07 

2K X 8 CMOS PROM 

Pinouts 

AS 

AS 

A4 

A3 

A2 

Al 

AO 

NC 

00 

HM1-6617J883 (CERAMIC DIP) 
TOP VIEW 

HM4-6617J883 (CERAMIC LCC) 
TOP VIEW 

AS 

AS 
-, 
7' -" NC 

i1 
-" P 
i1 -" G 

N Al0 

1~ 
-" E 
2' -" 07 

PIN DESCRIPTION 

NC No Connect 

AO·AtO Address Inputs 

E Chip Enable 

Q Data Input 

VCC Power (+5V) 

G Output Enable 

P' Program Enable 

• P should be hardwired to VCC except 
during programming 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3016 
Copyright @ Harris Corporation 1992 6-261 
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Specifications HM-6617/883 

Absolute Maximum Ratings Reliability Information 
Supply Voltage •.••.•..••••••.•.••••••..••..•.•..••• +7.0V Thermal Resistance . . • . . • . . . . . . . . . . 0ja 

Ceramic DI P Package . . . • . . • . . . . • • 48°CNtI 
Ceramic LCC Package ..•.••. . • . .• 5800Nti 

&10 
ff'CNtI 
1900Nti 

Input, Output or VO Voltage ••••••••.•.• GND-0.3V to VCC+0.3V 
Storage Temperature Range •••.•••.••....••• -6SOC to + 15O"C 
Junction Temperature. • . . . • • . . . . • . • • . . • . . • . • . . • . • . . + 17SoC 
Lead Temperature (Soldering lOs) .•.....•.••.•..••••. +300oC 
Typical Derating Factor .•..•.....•. SmAlMHz Increase in ICCOP 
ESD Classification ......••.......•...••••••.•..... Class 1 

Maximum Package Power Dissipation at + 125°C 
CeramicDIPPackage ....•...•.•••...•.••..•.....• l.0W 
Ceramic LCC Package •...•.....•.•.•••.•....••.. 0.86 W 

Gate Count •.•.••...•.....•....••.•.••....•... 5473 Gates 

CAUTION: Stresses abOl/8 those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only raUng and operation 
of the device at these or any other conditions above those indicated In the operational saclions of this spacificetion is not implied. 

Operating Conditions 
Operating Voltage Range •.•..•••.•...••••••.. +4.5V to +5.5V 
Operating Temperature Range •..•....••.••.•• -55°C to + 125°C 

Input Low Voltage .•..•.•.••••.•.•..•....••..• -0.3V to +n.8V 
Input High Voltage. • • . • • • • • • • . • • . . . . • . •. +2.4V to VCC +0.3V 

TABLE 1. HM-66171883 DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 

(NOTES 1, 4) GROUP A 
LIMITS 

PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN 

High Level Output Voltage VOHl VCC = 4.5V, 10 = -2.0mA 1,2,3 -S5°C s TA S + 125°C 2.4 

Low Level Output Voltage VOL VCC = 4.5V, 10 = +4.8mA 1,2,3 -5500 s TA s + 125°C 

High Impedance Output IIOZ VCC = 5.5V, G = 5.5V, 1,2,3 -55°C s TA s +125°C -1.0 
Leakage Current WO = GND or VCC 

Input Leakage Current II VCC = 5.5V, VI = GND or 1,2,3 -55°C s TA s +125OC -1.0 
VCC, is Not Tested 

Standby Supply Current ICCSB VI = vee or GND, 1,2,3 -55°C s TA S +125°C 
VCC = 5.5V, 10 = 0mA 

Operating Supply Current ICCOP VCC = 5.5V, G = GND, 1,2,3 -55°C sTAS +125°C -
(Note 3), f = lMHz, 10 = 
OmA, VI = VCC or GND 

Functional Test FT VCC = 4.5V (Note 6) 7,8A,8B -55°C s TA s +125°C -
TABLE 2. HM-6617I883 AC ELECTRtCAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 

LIMITS 

(NOTES 1, 2, 4) GROUP A HM-6617B1883 

PARAMETERS SYMBOL CONOmONS SUBGROUPS TEMPERATURE MIN MAX 

Address Access Time TAVOV vee = 4.5V and 5.5V 9,10,11 -55°e s TA s + 125°e 105 
(Note 5) 

Output Enable Access TGLOV vee = 4.5V and 5.5V 9,10,11 -SSOC S TA S + 1250e 40 
Time 

ehip Enable Access nne TELOV vee = 4.5V and 5.5V 9,10,11 _ssoe s TA s +12500 - 90 

Address Setup Time TAVEL vee = 4.5V and 5.5V 9,10,11 -ssoe s TA S + 1250e 15 -
Address Hold Time TELAX vee = 4.5V and 5.5V 9,10,11 -ss°e s TA s +125oe 20 -
ehip Enable Low Width TELEH vee = 4.5V and 5.5V 9.10.11 _ssoe s TA S + 1250 e 95 -
ehip Enable Hi9h Width TEHEL vee = 4.5V and 5.5V 9.10.11 _ssoC S TA S + 12SoC 40 -
Reed Cycle Time TELEL vee = 4.5V and 5.SV 9.10.11 -ssoosTAS+12Soe 136 -

NOTES: 

1. All voltages referenced to Device GND. 

MAX 

-
0.4 

1.0 

1.0 

100 

20 

-

LIMITS 
HM'-171883 

MIN MAX 

140 

50 

120 

20 

25 

120 -
40 

160 

UNITS 

V 

V 

jIA 

I1A 

I1A 

mA 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. AC measurements assume transition time s 5ns; input levels = O.OV to 3.0V; timing reference levels = 1.5V; output load = 1 TTL equivalent 
load and CL:; 5OpF. 

3. Typical derating = 5mAIMHz increase in ICCOP. 

4. All tests performed with is hardwired to vec. 

5. TAVQV = TELQV + TAVEL 

6. Tested as follows: f = lMHz, VIH =2.4V, VIL = 0.8V,IOH =-lmA,IOL =+lmA, VOH ~ 1.5V, VOLs 1.5V. 
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Specifications HM-6617/883 

TABLE 3. HM-66171883 AC AND DC ELECTRICAL PERFORMANCE CHARACTERISTICS 

LIMITS LIMITS 
HM.QI17B1883 HM.QI17/883 

PARAMETERS SYMBOL (NOTES 1. 2) CONDITIONS NOTES TEMPERATURE MIN MAX MIN MAX UNITS 

Input Capacitance elN vee = Open, f = 1 MHz, All 2,3 +2soe 10 - 10 pF 
Measurements Referenced to 
Device GND 

vee = Open, f = 1 MHz, All 2,4 +2soe - 12 12 pF 
Measurements Referenced to 2,S +2soe 10 10 pF 
DeviceGND 

VO Capacitance evo vee = Open, f = 1 MHz, All 2,3 +2soe 12 12 pF 
Measurements Referenced to 
DeviceGND 

vee = Open, f = 1 MHz, All 2,4 +2soe 14 14 pF 
Measurements Referenced to 2, S +2soe 12 - 12 pF 
D8IIice GND 

ehipEnableTime TELOX vee = 4.SV and S.SV 2 -ssoe S TA S + 12Soe S - S ns 

Output Enable Time TGLOX vee = 4.SV and S.SV 2 -ssoe sTA s +12Soe S - S - ns 

ehip Disable Time TEHOZ vee = 4.SV and S.SV 2 -ss°e s TA s + 12Soe 45 SO ns 

Output Disable Time TGHOZ vee = 4.SV and S.SV 2 -ssoe s TA S + 12SOC - 40 SO ns 

Output High Voltage VOH2 vee = 4.SV, 10 = 100j1A 2 -ssoe S TA S + 12soe vee- vcc- v 
1V 1V 

NOTES: 

1. All tests performed with P hardwired to vec. 

2. The parameters listed in Table 3 are controlled via design or process parameters and are not direcUy tested. These parameters are char-
acterized upon initial design changes which would allect these characteristics. 

3. Applies to .600 inch Ceramic Dual-In-Line (DIP) device types only. 

4. AppHes to .300 inch Ceramic Dual-In-Line (DIP) device types only. 

5. Applies to Ceramic Leadless Chip Carrier (LCC) device types only. 

TABLE 4. APPLICABLE SUBGROUPS 

CONFORMANCE GROUPS METHOD SUBGROUPS 

Initial Test 1000/"'5004 -
Interim Test 100%15004 1,7,9 

PDA 100%15004 1 

Final Test 1000/"'5004 2,3, SA, SB, 10, 11 

Group A Samplesl50DS 1,2,3,7, SA, SB, 9, 10,11 

GroupsC&D Samplesl5005 1,7,9 
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HM-6617/883 

Switching Waveforms 
READ CYCLE 

I 
I" TAVQV -I 

ADDRESSES" A~~~~SS AD~~~~~ES ::V 

I TAVEL I.. 1 TELEL 1 .. I 
I I.. "ITELAXf-- I 
II .. TELEH -'., 1 3.oV 

-.:f1.5V \ 1.5V 1: 1.5V ~1.5V 
E I I . I \.:.:.:.. ov 

I-- TEHEL .1" TELOV ""I --I j..-TEHOZ 
1 I 1 If-------tl-----,r TGLOV -1 fr---I~----3.0V 
1 1.5V ~ 1 1 1.5V I 
I I· I· I OV 
I TGLOX ---I I-- 1 1 I 
1 I 1 ---l TGHOZ I--

DATA I-- TELOX ~ 1 
OUTPUT -------------~ ~~~I,{' T~~---- TS 
00 - 07 

Test Circuit 

........................................................................................... 
I 
! 

OUT --t--;-4( 

• TEST HEAD 
CAPACITANCE 

i 
: 
; 
i EQUIVALENT CIRCUIT 
!. ......................................................................................... . 
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HM-6617/883 

Burn-ln Circuits 
HM.-17/883 (.300 INCH) CERAMIC DIP HM.-17/883 (.600 INCH) CERAMIC DIP 

18 o-...JVV'Y--I 
f7 o-...JVV'Y--I 
f6 o--J\JVv--4 

15 o--J\JVv--4 

14 o--J\JVv--4 

13 o-...JVV'Y--I 
12 o--J\JVv--4 

11 <>-..JW"v--1 

VCC/2 O-+-'IIVv--4 

GND 

VCC 

....... M--01II 

....... M_-o110 

....... M_-oVCC 

....... M--0112 

....... M--0111 

....... M_-o1O 

:l-Wv-Q--o VCC/2 

GND 

HM-66171883 CERAMIC LCC 

110 VCC 

NC NC NC 
.4- .3 •• 21 111' 

III -'VV'or-1 !] ......... -.. I.." ... 

NOTES: 
10 = 100KHz ± 10% 

f8 !] -. 
f7 -'VV'or-1 !~ 

f6 i] 
f6 -'VV'or-1 

14 -'VV'or-1 

13 -'VV'or-1 

VCC/2 -'VV'or-1 

All resistors = 47kn Unless Otherwise Noted 
vee = 5.5V ± 0.05V 
e = 0.01 IlF min. 

NC 

VCC/2 VCC/2 
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i"""~M....-111 

oI-..JV\I\r- 112 

VCC 

,SI-..JV\I\r- 11 

,4I--'l/\I\r- 113 

; ...... ..JV\I\r- 10 

VCC/2 

VCC 

1--''M-111 

1--''M-112 

I--''M-VCC 

1--''M-11 

1--''M-113 

I--''M_IO 

~ 
o 
:5 
w 
:5 
(/) 

o 
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Metallization Topology 

DIE DIMENSIONS: 
140 x 232 x 19 ± lmils 

METALLIZATION: 
Type: Si -AI 
Thickness: 11 kA ± lSkA 

GLASSIVATION: 
Type: Si02 
Thickness: 7kA ± 9kA 

DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 
1.7 x 105 Alcm2 

Metallization Mask Layout 

A, 

AO 

HM-6617/883 

HM-66171883 
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Packaging 

HM-6617/BB3 

24 PIN (0.300) CERAMIC DIP 

24 PIN (.600) CERAMIC DIP 

• IN~ASE WAX Ut.lIT BY DOl INa-tES 
~~N~ CENl'ER OF FLAT FOR 

...-r=======--dJ ;: 
n n n n n n n II 

.!!lin 
095 

32 PAD CERAMIC Lec 

NOTE: All DimenSIons are Min 0 Ma";;' ImenSlons are In inches 
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LEAD FINISH: 1VPe A 

MATERIALS: Compliant to MIL·M·38510 

COMPLIANT OUTLINE: 

MIL·STD·1835. GDIP3-T24 

LEAD FINISH: Type A 
MATERIALS: Compliantto MIL·M·38510 

COMPLIANT OUTLINE: 

MIL·STD·1835. GDIP1·T24 

LEAD FINISH: Type A 
MATERIALS: Compliant to MIL·M-38510 

COMPLIANT OUTLINE: 

MIL·STD·1835. CacCl·N32 



HARRIS 
SEMICONDUCTOR 

January 1992 

Features 

• Organization ...•.•••.•...•......•.•••.•.. 512 x 8 

• Low Power •••••••••••••.••.•• 770j.! W Max Standby 

• High Speed 
• Access Time for IM6654-AI .....••••..• 300n& 10V 
- Access Time for IM6654-11 •.....••••••• 450ns 5V 

• Single Supply Operation .....•..••..•.....•.•.• 5V 

• UV Erasable 

• Synchronous Operation for Low Power Dissipation 

• Three-State Outputs and Chip Select for Easy System 
Expansion 

Ordering Information 

IM6654 
4096 Bit CMOS UV EPROM 

Description 
The Harris IM6654 is a fully decoded 4096 bit CMOS 
electrically programmable ROM (EPROM) fabricated with 
Harris' advanced CMOS proceSSing technology. In all static 
states this device exhibits the microwatt power dissipation 
typical of CMOS. Inputs and three-state outputs are TTL 
compatible and allow for direct interface with common 
system bus structures. On-chip address registers and chip 
select functions simplify system interfacing requirements. 

The IM6654 is specifically designed for program 
development applications where rapid turn-around for 
program changes is required. The device may be erased by 
exposing its transparent lid to ultra-violet light, and then 
reprogrammed. 

PACKAGE TEMPERATURE RANGE 5V 10V 

Pinout 

Q1 

Q2 

VSS 

Ceramic DIP 

24 LEAD DIP 
TOP VIEW 

--....---~ 

-40oC to +85°C 

-55°C to+ 125°C 

Block Diagram 

AD-AS, E2 

ADDRESS 
LATCH 

IM6654IJG IM6654AIJG 

IM6654·1IJG -
IM6654MJG IM6654AMJG 

VDD r 
II: 
w 
C • 128 X 64 0 • () 
w • ARRAY 

~ • • 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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IM6654 

Program Mode Operation 

Initially, all 4096 bits of the EPROM are in the logic one (out
put high) state. Selective programming of proper bit loca
tions to 'O"s is performed electrically. 

In the PROGRAM mode for all EPROMs, vee and VDD are 
tied together to a +5V operating supply. High logic levels at 
all of the appropriate chip inputs and outputs must be set at 
VDD -2V minimum. Low logic levels must be set at VSS 
+O.BV maximum. Addressing of the desired location in PRO
GRAM mode is done as in the READ mode. Address and 
data lines are set at the desired logic levels, and PROGRAM 
and chip select (8) pins are set high. The address is latched 
by the downward edge on the strobe line (E1)). During valid 
DATA IN time, the PROGRAM pin is pulsed from VDD to -
40V. This pulse initiates the programming of the device to 
the levels set on the data outputs. Duty cycle limitations are 
specified from chip heat dissipation considerations. PULSE 
RISE AND FALL TIMES MUST NOT BE FASTER THAN 
5J.ls. 

Intelligent programmer equipment with successive READ! 
PROGRAMNERIFY sequences is recommended. 

Programming System Characteristics 

1. During programming the power supply should be capable 
of limiting peak instantaneous current to 100mA. 

2. The programming pin is driven from VDD to -40 volts 
(±2V) by pulses of 20 milliseconds duration. These puls
es should be applied in the sequence shown in the flow 
chart. Pulse rise and fall times of 10 microseconds are 
recommended. Note that any individual location may be 
programmed at any time. 

3. Addresses and data should be presented to the device 
within the recommended setuplhold time and highllow 
logic level margins. Both "A" (10V) and non "A" EPROMs 
are programmed at vee, VDD of 5V ±5%. 

4. Programming is to be done at room temperature. 

Erasing Procedure 

The IM6654 is erased by exposure to high intensity short
wave ultraviolet light at a wavelength of 2537A. The recom
mended integrated dose (i.e., UV intensity x exposure time) 
is lOW seclcm2. The lamps should be used without short
wave filters, and the IM6654 to be erased should be placed 
about one inch away from the lamp tubes. For best results it 
is recommended that the device remain inactive for 5 min
utes after erasure, before reprogramming. 

The erasing effect of UV light is cumulative. eare should be 
taken to protect EPROMs from exposure to direct sunlight or 
fluorescent lamps radiating UV light in the 2000A to 4000A 
range. 
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Programming Flow Chart 

IM6654 

I'OWEIlDOWN 
ALL IllPUTI. 

Yee. 
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SpeciflcaUonslM6654 

DC Characteristics for Programming Operation vcc = VDD = SV ±S% VSS = OV, TA = +2S"C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

IPROG Program Pin Load Current - 80 100 

VPROG Programming Pulse Amplitude -38 -40 -42 

ICC vee Current - 0.1 S 

IDD VDDCurrent - 40 100 

VIHA Address Input High Voltage VDD-2.0 - -
VILA Address Input Low Voltage - - 0.8 

VIH Data Input High Voltage VDD-2.0 - -
VIL Data Input Low Voltage - - 0.8 

AC Characteristics for Programming Operation vcc = VDD = SV ±S% VSS = OV, TA = +2S"C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

TPLPH Program Pulse Width trise = tfall = SIiS 18 20 22 

Program Pulse Duty Cycle - - 7S% 

TDVPL Data Setup Tlma 9 - -
TPHDX Data Hold Time 9 - -

TE1HE1L Strobe Pulse Width 150 - -
TAVE1L Address Setup Time 0 - -

TE1LE1X Address Hold Time 100 - -
TE1LQV Access Time - - 1000 

Pin Description 

PIN SYMBOL ACnVELEVEL DESCRIPTION 

1-8,23 AO-A7,A8 - Address Unes 

9-11,13-17 00-07 - Data Out Unes 

12 VSS - Negative Supply 

18 Program - Programming Pulse Input 

19 VDD - Chip Positive Supply, Normelly Tied to VCC 

20 El L Strobe Une, Latches Both Address Unes and Chip Enable E2 

21 S L Chip Select Una, Must be Low lor YaRd Data Out 

22 E2 L Chip Enable Une, Latched by Chip Enable El 

24 VCC - Output Buffer Positive Supply 
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IM6654 

Read and Program Cycle Timing 

ADOfIESS, 

PIIOG ...... --- OV -------,-tV __ 

------------....;~'--

i--____________________ -J! \~-------------

_______ .UD-----_I_.----PIIOG~M---_I-.----.UD-----

Read Mode Operation 

!!) a typical READ operation address lines and chlP enable 
E2 are latched by the falling edge of chip enable E1 (T =0). 
Valid data appears at the outputs one access time (TELaV) 
later, provided level-sensitive chip select line S is low (T =3). 
Data remains valid until either E1 or S returns to a high level 
(T=4). Outputs are then forced to a high-l state. 

Address lines and E2 must be valid one setup time before 
(TAVEL), and one hold time after (TELAX), the falling edge 
of E1 starting the read cycle. Before becoming valid, a out
put lines become active (T =2). The a output lines return to a 
high-l state o!:!.e oU!put disable time (TE 1 Hal) after any 
rising edge on E 1 or S. 

The program line remains high throughout the READ cycle. 

Chip enable line E1 must remain high one minimum positive 
pulse width (TEHEL) before the next cycle can begin. 

Read Cycle Timing 

f, 

OOUTPUTS-----------~ 

PROQR!~---"'t ---... ----;:----!---;:--..:.....---:-"T'~ 

~~~------~;----~--~---~~~:--~~--

FUNCTION TABLE 

INPUTS OUTPUTS 

TIME REFERENCE E1 E2 S A Q NOTES 

-I H X X X Z Device Inactive 

0 ~ L X V Z Cycle Begins; Addresses, E2 Latched 

1 L X X X Z Internal Operations Only 

2 L X L X A Outputs Active Under Control of E 1 , S 

3 L X L X V Outputs Valid After Access Time 

4 f X L X V Read Complete 

5 H X X X Z Cycle Ends (Same as -1) 
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Specifications IAf6654 

Absolute Maximum Ratings (IM6654 I, -11, M) 

Supply Voltages 
VDD - VSS .•••••••••••.••••.•••••••••••••••.•••• +S.OV 
VCC - VSS .••••••••••••••..•.•••••••••••.••.•••• +B.OV 

Input or Output Voltage ••••••••••••••••• VSS-0.3V to VDD+D.3V 
Storage Temperature Range ••••••.••••••.••• _65°C to +15O"C 
Lead Temperature (Soldering lOs) •••.••••••..•••••••• +300"C 

Operating Temperature Range (TAl 
Industrial ................................ -40"C to +85°C 
Military ................................. -55"C to + 125°C 

CAUTION: Stresses 8bave those listed in "Abso/uts MSJdmum Ratings" may cause permanent damage to tha davlce. This Is a stress only rating and operation 
01 the davtce at lhasa or any othar conditions 8bave those indicated in tha operational sections 01 this spaci/ication Is not impHed. 

DC Electrical Characteristics vcc = VDD = 5V ±10% VSS = OV, TA = Operating Temperature Range 

IM6654 I, -11, M 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS 

VIH Logical "1" Input Voltage El,S VDD-2.0 - V 

Address Pins 2.7 - V 

VIL Logical "0" Input Voltage - - O.S V 

II Input Leakage GND s VIN s VDD -1.0 1.0 jIA 

VOH Logical "1" Output Voltage IOH=.{).2mA 2.4 - V 

VOL Logical "0" Output Voltage IOL=2.0mA - 0.45 V 

IOLK Output Leakage GNDsVOsVCC -1.0 1.0 jIA 

ISTBY Standby Supply Current VIN=VDD - 100 jIA 

ICC Standby Supply Current VIN=VDD - 40 jIA 

100 Operating Supply Current (1) f=lMHz 6.0 mA 

CI Input Capacitance Nota 1 7.0 pF 

CO Output Capacitance Note 1 10.0 pF 

NOTE: 1. For design reference only, not 100% tested. 

AC Electrical Characteristics vcc = VDD = 5V ±10% VSS = OV, CL = 50pF, TA = Operating Temperature Range 

IM6654-11 IM6654 I IM6654M 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS 

TE1LOV Access Time From El - 450 - 550 - 600 ns 

TSLOV Output Enable Time - 110 - 140 - 150 ns 

TE1HOZ Output Disable Time - 110 - 140 - 150 ns 

TEl HElL El Pulse Width (PosIUve) 130 - 150 - 150 - ns 

TE1LE1H El Pulse Width (Negaijve) 450 - 550 - 600 - ns 

TAVE1L Address Setup Time 0 - 0 - 0 - ns 

TEl LAX Address Hold Time SO - 100 - 100 - ns 

TE2VE1L Chip Enable Setup Time 0 - 0 - 0 - ns 

TE1LE2X Chip Enable Hold Time 80 - 100 - 100 - ns 
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Specifications IM6654 

Absolute Maximum Ratings (IM6654AI, AM) 

Supply Voltages 
VDD-VSS ••...•••.•..••.•.•..••....•..•.•••••• +11.0V 
VCC-VSS •.....••••.•••.•••...•.•..•....•••••• +11.0V 

Input or Output Voltage ..•••...•••..•••. VSS-O.3V to VDD+0.3V 
Storage Temperature Range .•.••••..••...••. -65OC to + 150°C 
Lead Temperature (Soldering lOs) ••...•••..••...••••• +300oC 

Operating Temperature Range (TAl 
Industrial ..•••..••••.••••••••.•.•••....•• -40"C to +85°C 
Military ...••••....••.••••••••...••••...• -55°C to + 125°C 

CAUTION: Stresses abow those listed in "Absolute MaxImum Ratings" may cause permanent damage to the daviee. This Is a stress only raUng and operation 
01 the device at these or any other conditions abo ... those Indicated In the operational sections 01 this specilication Is not Implied. 

DC Electrical Characteristics vcc = VDD = 4.5V to 10.5V VSS = OV, TA = Operating Temperature Range 

IM66541,AM 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS 

VIH Logical "1" Input Voltage El,S VDD-2.0 - V 

Address Pins VDD-2.0 - V 

VIL Logical "0" Input Voltage - - 0.8 V 

II Input Leakage GND s; VIN s; VDD -1.0 1.0 IJA 

VOH Logical "1" Output Voltage lOUT = 0 (Note 1) VCC-O.Ol - V 

VOL Logical -0" Output Voltage lOUT = 0 (Note 1) - VSS+O.Ol V 

IOlK Output Leakage VSSs;VOs;VCC -1.0 1.0 IJA 

ISTBY Standby Supply Current VIN=VDD - 100 IJA 

ICC Standby Supply Current VIN=VDD - 40 IJA 

IDD Operating Supply Current (1) f=lMHz - 12 rnA 

CI Input Capacitance Note 1 - 7.0 pF 

CO Output Capacitance Note 1 - 10.0 pF 

NOTE: 1. For design reference only, not 100% tested. 

AC Electrical Characteristics vcc = VDD = 5V ±1 0% VSS = OV, CL = 50pF, TA = Operating Temperature Range 

IM6654AI IM6654AM 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS 

TE1LQV Access Time From El - 300 - 350 ns 

TSLQV Output Enable Time - 60 - 70 ns 

TE1HQZ Output Disable Time - 60 - 70 ns 

TE1HE1L El Pulse Width (Positive) 125 - 125 - ns 

TE1LE1H El Pulse Width (Negative) 300 - 350 - ns 

TAVE1L Address Setup Time 0 - 0 - ns 

TEl LAX Address Hold Time 60 - 60 - ns 

TE2VE1L Chip Enable Setup Time 0 - 0 - ns 

TE1LE2X Chip Enable Hold Time 60 - 60 - ns 
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Using IM6654 CMOS EPROM to Extend Program Memory 
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82C52 PROGRAMMABLE UART 

Introduction 
The 82C52 CMOS Programmable UART can be utilized for 
serial communications at data rates from DC to 1 M baud 
using clock speeds in the range of 0-16MHz. In addition, the 
device provides an internal baud rate generator. 

In the following discussion, we will look at the functional 
capabilities of the 82C52, and give information on how the 
device can be programmed. The following topics will be 
discussed: 

(1) Glossary of communications terms 

(2) Control registers 

(3) Status registers 

(4) TransmiVReceive Buffer Registers 

(5) 1/0 Addressing methods 

(6) Reset of the 82C52 

(7) Programming the 82C52 

1.0 Glossary of Data Communication 
Terms 

1.1 Clear to Send (CTS): 

Clear-to-send is an input signal to the 82C52. It is provided 
by the device with which the 82C52 is communicating, such 
as a modem. When this signal is in its active state (active 
low), the 82C52 is being told that the modem will accept data 
sent to it from the 82C52 Serial Data Out (SOO) pin. 

The CTS Signal is specified in the RS-232C protocol and is 
used in conjunction with the Request to Send (RTS) signal. 
This signal is used mainly in half·duplex systems. In a half
duplex system communications can be performed in both 
directions, but in only one direction at a time. 

To illustrate this: Suppose we are using the 82C52 to com
municate over an RS-232C link to a modem. In half-duplex 
operation the UART teils the modem that it wishes to trans
mit a character by putting RTS into its active state (active low 
for the 82C52). The modem, if ready for the data, will 
respond by driving the 82C52's CTS line to its active state 
(low). When the 82C52 recognizes this, it will then begin 
data transmission. 

1.2 Data Set Ready (DSR): 

This is also an input signal to the 82C52. When in its active 
state, it signifies that the device with which it is to communi
cate is powered on and ready for communications. When 
using a modem, an active state for this signal indicates that 
the modem is also connected to a communications line (is 
on line). 

1.3 Data Terminal Ready (DTR): 

This is an output signal generated by the 82C52. Its purpose 
is to inform the target (i.e. modem) that it is ready for 
communications. 

1.4 Framing Error: 

Each time the 82C52 receives a character of data, it will 
check for 3 types of errors: (1) Parity error, (2) Framing error, 
and (3) Overrun error. 

When reading characters through the Serial Data In (SOl) 
pin, the 82C52 will first encounter a start bit. This start bit is 
a logical zero, and is detected by the first falling edge of the 
signal on SOL Next, the 82C52 will see a specified number 
of data bits followed by the parity bit. The parity bit is 
checked for a parity error (see 1.8 and 1.9). The stop bits are 
then checked for a framing error. 

A framing error occurs when an incorrect stop bit is found, or 
if there are too few stop bits. This happens most often when 
the baud rates between the communicating devices differ. 
The data will have a tendency to become skewed. For infor
mation on this skewing problem, see 1.10. 

1.5 Interrupt Driven VO: 

This is a method of handling interaction between a CPU and 
an 1/0 device. In this scheme, the 1/0 device will issue an 
interrupt to the CPU when it requires attention. 

With the 82C52, an interrupt might occur when (1) the device 
receives a character on its SOl pin, (2) the device completes 
transmission of a character, (3) an error is found in a 
received character, or (4) a change was detected in one of 
the modem control lines. 

After the interrupt is recognized by the CPU, it (the CPU) will 
go to the corresponding Interrupt Service Routine(ISR). This 
routine decides how the interrupt should be serviced, and 
then services it. Upon completion of the ISR, execution of 
the user's software will resume at the pOint where the inter
rupt occurred. 

1.6 VO Polling: 

A second method for handling interaction between a CPU 
and an 1/0 device. Rather than waiting for an 1/0 device to 
interrupt the CPU, the software assumes the responsibility of 
checking to see if an 1/0 device needs servicing. 

When the system software needs to output to the 82C52, it 
will poll (look at) the device to see if it is ready to accept 
data. Similarly, in order to receive data from the 82C52, the 
software will poll to see if there is any data waiting to be read 
in. Once read, the software must test the status of the 82C52 
to see if any errors were detected in the data received. The 
software must also look for status changes in the modem 
control lines. 
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1.7 Overrun Error: 

With the 82C52, data is received on the 501 pin. From there 
it is shifted serially into the Receiver Register. Once in this 
register, it will be shifted (in parallel) into the Receive Buffer 
Register (RBR) should this register be empty. Should it not 
be empty, the data cannot be shifted into the RBA. However, 
subsequent data coming in on the 501 pin will be shifted into 
the Receiver Register, overwriting the data already there. 
This causes the B2C52 to flag an overrun error. 

To clear the RBR, data must be read from it by the CPU. This 
data must be read faster than the data is being received on 
501 and written to the Receiver Register. In most cases, this 
problem must be dealt with in software: (1) Either the 
receive data routine must be optimized for better perfor
mance, or (2) The baud rate must be lowered to compensate 
for the data loss. 

1.8 Parity: 

Parity is a form of error detection commonly used in serial 
communications. In parity checking, the sending device gen
erates and sends an extra bit with each character transmit
ted. The state of this bit (0 or 1) is determined by (1) the 
number of 1 bits in the character transmitted, and (2) by 
whether parity was defined to be even or odd. 

With even parity, the parity bit is generated such that the 
number of one' bits in the character (including the parity bit) 
is an even number. For example, if a word has 5 bits that are 
ones, the parity bit must be set to a one so that the total 
number of 'one' bits is an even number. If a character being 
sent has 6 bits set to a one, the parity bit will be zero.This 
still gives an even number of one bits in the character. 

Conversely, in odd parity, the parity bit is generated such that 
the total number of 1 bits (including the parity bit) is an odd 
number. For a character having 5 one bits, the parity bit gen
erated is a zero. For a character having 6 one bits, the parity 
bit is set to one 

(AI 

(EVEN) (000) 
CHARACTER SENT PARITY BIT PARITY BIT 

01101110 1 0 

11111010 0 1 

FIGURE 1. PARITY 

1.9 Parity Error: 

This is caused by an invalid parity bit being detected in a 
character received. The condition occurs when (A) even par
ity is specified and an odd number of 'one' bits are detected 
in the character, or (B) odd parity is specified and an even 
number of 'one' bits are detected. 

For example, if the character 6EH (01101110 b) is received 
by the device, and the parity bit read in is a 1, a parity error 
would be flagged if parity was defined to be ODD. Should 
parity be set to EVEN and the parity bit is a 1 for this same 
character, a parity error will not be flagged. 

1.10 Percentage Error in Baud Rate Generation: 

When exchanging data between two systems through serial 
links (Le. RS-232C) it is important that the baud rates of the 
two systems be as equal as possible. Roughly speaking, 
these baud rates should not differ by more than 2%. For 
example, if system X is using an B2C52 to generate 1200 
bits per second (bps), and system Y with which it is commu
nicating is generating 1244bps, there is a 3.67% difference 
in the baud rates. Errors may occur when data is received by 
system X. 

The 82C52 samples the data being received on the 501 pin 
beginning from when the receiver detects a start bit.This is 
denoted by a high-to-Iow transition on the 501 pin. Based on 
the specified baud rate, the 82C52 will count and sample 
such that each bit is read at the center of a bit period. 
Figure 2 shows a character generated at 1200bps, and sam
pled for 10 bit periods (SO - 510). The character is 1B Hex 
with even parity. 

_-+ __ +-_+--~PARITYL STOP 

.---+--+--. 
BIT I - BIT(S) ~ 

SO SI S2 

START BIT 
DETECTED HERE 

S3 S4 S5 S6 S7 

FIGURE 2. PERCENTAGE ERROR 
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Assume that system X is configured to transmit and receive 
at 1200bps. The system we are communicating with is run
ning slightly faster as stated above (1244bps). Our sampling 
rate will still be based upon 1200bps, but the sampling of the 
incoming signal will be off by a short time period. With each 
sample this error accumulates. Thus, the skewing to the right 
becomes greater over time. By the time we normally would 
be sampling the parity bit (S9), the stop bit(s) would be com
ing in over the SOl pin (see Figure 2A). In this case, the 
82C52 thinks it is sampling the parity bit when in fact, what it 
is seeing is really the stop bit. This could cause a parity error 
to be flagged. 

Conversely, if data is being received at a baud rate slightly 
less than our specified baud rate, we would get a skewing of 
the received data in the opposite direction. From Figure 2C, 
we see that at S10 we are checking the stop bit, but system 
Y is still transmitting the parity bit. Therefore, the Framing 
error will be flagged. 

1.11 Request To Send (RTS): 

This signal is an output of the 82C52. It is used to inform a 
modem or remote system that it wishes to transmit data. The 
modem (remote system) would then respond by activating 
the CTS signal. As with the CTS, this signal is of most value 
in half-duplex communications. 

2.0 Control Registers 

In order for the 82C52 to properly operate in a system, it 
must be configured for the desired form of operation. The 
user must decide how the device will be used in the system, 
and know the communications protocol of the device it will 
be communicating with. For example, in a system communi
cating with a modem we would need to utilize the modem 
control lines. When using the 82C52 in a local area network 
these modem control lines may be of no use to us. 

The 82C52 is initialized and configured by writing a series of 
control words from the CPU to various control registers in 
the device. These registers include the UART Control Regis
ter (UCR), the Baud Rate Selector Register(BRSR), and the 
Modem Control Register (MCR). 

UCR: Defines the format of characters being transmitted. 
The format of the characters includes the number of 
data bits, parity control, and the number, of stop bits. 

BRSR: Used in setting up the internal baud rate generator in 
the 82C52 for a specific baud rate. It will also be 
used to specify what the CO output is to be. 

MCR: Defines which interrupts will be enabled, and will 
also set the modem control output lines (RTS and 
DTR). In addition, the MCR allows the user to select 
one of four modes of communications (normal mode, 
echo mode, transmit break, and loop test mode). 

2.1 UART Control Register 

The UART Control Register (UCR) is a write-only register. 
Writing a command word to the UCR configures the trans
mission and reception circuitry of the 82C52. The command 
word essentially describes the format of characters that are 

to be transmitted or received. The format of these characters 
are made up of (1) a specifiC word length, (2) parity informa
tion, and (3) a selected number of stop bits, used to indicate 
transmission of that character is completed. 

I071D61D5JD4ID3ID21011001 

U U L.J l.STOPBIT 
SELECT 

--PARITY 
CONTROL 

L----+WORK 
LENGTH 
SELECT 

~-----------+RESERVEO 

0= 1 STOP BIT 
1 = 1.5 STOP BITS (T x) AND 

1 STOP BIT (Rx) IF 5 DATA 
BITS SELECTED 

000 = T X AND Rx EVEN 
001 = TxAND RxODD 
010= Tx EVEN, RxODD 
011 = Tx ODD, Rx EVEN 
100 = T x EVEN, Rx CHECK 

DISABLED 
101 = Tx ODD. Rx CHECK 

DISABLED 
11 X = GENERATION AND 

CHECK DISABLED 

00= 5 BITS 
01 =6BITS 
10=7BITS 
11= 8 BITS 

SET TO 00 FOR FUTURE 
PRODUCT UPGRADE 
COMPATIBILITY 

FIGURE 3. UCR FORMAT 

DO - Stop Bit Select. This bit is used to select the number 
of stop bits that the 82C52 will insert into a character to be 
transm itted, and the number to look for in received charac
ters. The stop bit(s) denote where the end of a character 
occurs. The external device must be configured with the 
same number of stop bits as the 82C52. The setting(s) for 
this bit are as follows: 

0- If this bit is set to zero, then a single stop bit will be gen
erated and checked for. 

1 - Setting this bit to a one will cause either of two configura
tions. If we select a character length of 5 data bits, the 
82C52 will generate 1.5 stop bits during transmission, 
and will look for a single stop bit when receiving data. If a 
character length of 6, 7, or 8 data bits is selected, then 
two (2) stop bits will be generated and checked for. 

03, 02 and 01 - Parity Control. These three bits are used 
to control the generation and checking of the parity bit. The 
82C52 can be configured to perform this function one of 
seven ways. These are: 

000 - Even parity is generated for transmitting data, and 
will be checked for when receiving data. 

001 - Odd parity is generated for transmitting data, and 
checked for during data reception. 

010- Even parity is generated for data transmission, and 
odd parity will be checked for during data reception. 

011 - Odd parity is generated for data transmission, and 
even parity will be checked for during data reception. 

100 - Even parity is generated for data transmission, how
ever, the 82C52 will do no parity checking on data 
that has been received. 
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101 - Odd parity is generated for data transmission. The with the Divisor select. This final clock speed will be 16 times 
82C52 will not check parity on data received. the actual baud rate used by the 82C52. 

11X - The generation of a parity bit is disabled. Also, the The 16X clock speed can be output to the CO pin of the 
82C52 will not check for parity on incoming data. D1 device through the CO Select function of the BRSR. If CO 
is not used therefore, it can be either a 0 or a 1. select is not selected, the output of the CO pin will reflect the 

crystal frequency input by the part on the IX pin. Note, this 
TABLE 1. PARITY SELECTION output (CO) is a buffered version of the IX input or 16X baud 

rate 
TRANSMITTER RECEIVER 

000 Even Even [07lD6lD5jD4jo3JD2 01[00j 

I I II~ 001 Odd Odd 
PRESCALER 00=+ 1 

010 Even Odd 
SELECT 01 =+3 

10=+4 
11 =+5 

011 Odd Even 
DIVISOR 00000=+2 

100 Even Disabled SELECT 00001=+4 
00010=+ 16/3 

101 Odd Disabled 00011 =+ 8 
00100=+3213 

llX Disabled Disabled 00101 =+ 16 
00110=+5813 
00111=+22 

05, 04 - Word Length Select. The state of these bits deter-
01000 = + 32 
01001 = + 64 

mines the number of bits that are transmitted as a data word. 01010 = + 128 
The word length can be 5, 6, 7, or 8 bits long. 01011 =+ 192 

01100=+256 

TABLE 2. WORD LENGTH SELECTION 01101 =+ 288 
01110=+352 

05 D4 WORD LENGTH 01111 =+512 
10000=+ 768 

0 0 5 Bits 
11111 =+EXTERNAL(+1) 

co SELECT 0= IX OUTPUT 
0 1 6 Bits 1 = BRG OUTPUT 

1 0 7 Bits FIGURE 4. BRSR FORMAT 

1 1 8 Bits 
01 and DO - Prescaler Select. This allows the user to 
choose one of four values that the input clock frequency (IX) 

07, 06 - Reserved. These bits have been reserved for will be divided by. 

future product upgrade compatibility. To insure that the future 
upgrades of the 82C52 will operate with existing software, TABLE 3. PRESCALER SELECTION 

these bits must both be set to zero (00). PRESCALER 

2.2 Baud Rate Select Register 01 DO DIVISOR 

The Baud Rate Select Register (BRSR) is a write-only regis- 0 0 +1 

ter used to set the internal 82C52 baud rate generator to the 
0 1 +3 

desired data transfer rate. Essentially, this baud rate will 
depend upon the clock speed of the crystal being used with 
the device. However, to provide more flexibility, the 82C52 

1 0 +4 

provides two separate counters for selecting a divide ratio to 1 1 +5 
fit the user's needs. 

These two counters are the Prescaler, and the Divisor 06, 05, 04, 03, and 02 - Divisor Select. The state of these 
select. The Prescaler allows the input clock rate to be bits determines the value of the Divisor select. The possible 
divided by one of four values: 1, 3, 4, and 5. This new data values are as follows in Table 4: 
rate can then be further divided by using the values available 

7-7 



Application Note 108 

TABLE 4. DIVISOR SELECTION 

D6.D2 DIVISOR 

00000 +2 

00001 +4 

00010 +16/3 

00011 +8 

00100 +3213 

00101 +16 

00110 +5813 

00111 +22 

01000 +32 

01001 +64 

01010 +128 

01011 +192 

01100 +256 

01101 +288 

01110 +352 

01111 +512 

10000 +768 

11111 +1 

By using a crystal or extetnal frequency with one of the com· 
mon crystal frequencies (1.8432MHz, 2.4576MHz, or 
3.072MHz) and a prescaler of divide by 3, 4, or 5 respec· 
tively, standard baud rates can easily be generated by 
selecting the Divisor as shown in Table 5 below: 

TABLE 5. STANDARD DIVISORS 

BAUD RATE DIVISOR 

38.4K External 

192K 2 

9600 4 

7200 1613 

4800 8 

3600 3213 

2400 16 

2000· 5613 

1600· 22 

1200 32 

600 64 

300 128 

200 192 

150 256 

134.5· 288 

110· 352 

75 512 

50 768 

NOTE: All baud rates are exact excepl for: 

TABLE 6. PERCENT DIFFERENTIAL 

BAUD RATE ACTUAL % DIFFERENCE 

2000 1986.2 0.89% 

800 1745.45 3.03% 

134.5 133.33 0.87% 

110 109.09 0.83% 

To illustrate how a baud rate can be determined, let us look 
at the following example: 

EXAMPLE 2.1: 

Assume that we are using a clock frequency of 2.4576MHz 
with the 82C52, and we wish to configure the device to run at 
a baud rate of 9600 bits per second (bps). First, select a 
prescaler of divide-by·four. Therefore, bits 01 and DO will be 
set to 1 and O. This will give an effective clock frequency of 
614,400Hz. 

Next, look at Table 5 to determine which divisor is needed to 
generate 9600 bps. The divisor is four (4). Bits 6 through 2 
will be set to 0 0 0 0 and 1. The 614,400Hz clock has then 
been divided by 4 to give the appropriate 16X clock, which is 
153,600HZ (16 x 9600). 

To determine what the actual baud rate is, take 153,600Hz 
and divide It by 16. This will give us our 9600 bits per second 
(bps). A 16X clock rate is required by the internal circuitry of 
the 82C52. That is why the prescaler and divisor are 
selected to yield a clock rate that is 16 times the desired 
baud rate. 

Finally, set the CO Select bit to 1 so that the CO output will 
be the same as the BRG output. This is the 16X frequency 
calculated above (153,6ooHz). 

The command word written to the BRSR will be: 

10000110 or 86 Hex 

07 - CO Select. This tells the 82C52 what the source will be 
for the output pin CO. 

o - The output on CO will be a buffered version of the clock 
input (IX) to the device. The frequency of this signal will 
be the actual crystal frequency (or external frequency) 
used to run the 82C52. 

1 - The output of CO will be a buffered version of a clock 
rate that is 16 times the actual baud rate generated by 
the 82C52. This Signal is suitable for driving a second 
82C52 or UART in a system. 

2.3 Modem Control Register 

The Modem Control Register (MCR) is a general purpose 
register controlling various operation parameters within the 
device. These parameters include: (1) setting modem control 
lines RTS and DTR, (2) Enabling the interrupt structure of 
the device, (3) enabling the receiver on the device, and (4) 
selecting one of four operating modes in the device. 
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REQUEST TO 0 = ms OUTPUT HIGH 
SEND (RiS) 1 = ms OUTPUT LCHI 

DATA 0 = 1'i'fi!i OUTPUT HIGH 
TERMINAL 1 = 1'i'fi!i OUTPUT LCHI 
READY 
(WR) 

INTERRUPT 0 = INTERRUPTS ENABLED 
ENABLE 1 = INTERRUPTS DISABLED 
(INTEN) 

'-----MODE SELECT 00 = NORMAL 
01 = TRANSMIT BREAK 
10 = ECHO MODE 
11 = LOOP TEST MODE 

'------+ RECEIVER 0 = NOT ENABLED 
ENABLE (REN) 1 = ENABLED 

'-------MODEM 0 = NOT ENABLED 
INTERRUPT 1 = ENABLED 
ENABLE (MIEN) 

'--------MUST BE SET TO A LOGIC 0 
FOR NORMAL 82CS2 OPERATION 

FIGURE 5. MCR FORMAT 

00 - Request to Send. This bit allows the user to set the 
state of the RTS output pin. This pin is used as a modem 
control line in the RS-232C interface protocol. It is important 
to remember that the RTS output pin is active low. 

0- Sett!!!a.!.his bit to a zero causes a one (1) to be output on 
the RTS pin. In effect. this is setting the pin to its logical 
false state. 

1 - If this bit is set to a one. the RTS pin will be forced to a 
zero (0). This puts the RTS signal in its logical true state. 

01 - Oata Terminal Ready. This is a modem control line for 
an RS-232C-like interface. It is an output pin and is also 
active low. 

o - A zero in bit 01 causes OTR pin to be put in a logical 
false state. The OTR pin outputs a one (1). 

1 - By writing a one to this bit. the 82C52 5TR output pin is 
set to its logical true state (zero). 

02 - Interrupt Enable (INTEN). This bit is an overall control 
for the INTR pin on the 82C52. With it. all 82C52 interrupts to 
the processor can either be enabled or disabled. When 02 is 
reset to disable interrupts. no status changes including 
modem status changes can cause an interrupt to the pro
cessor. 

o - Interrupts are disabled. The INTR pin will be held in a 
false state (low) so that no interrupt requests to the pro
cessor are generated. 

1 - Interrupts are enabled. Interrupts will be discussed in 
more detail later. 

04 and 03 - Mode Select. These two bits allow the user to 
select one of the four possible operating modes for the 
82C52. These are: 

00 - Normal mode - The 82C52 is configured for normal full 
or half duplex communications. Oata will not be looped 

back in any form or fashion between the serial data 
input pin and the serial data output pin (see Figure 68). 

01 - Transmit break - Selecting this mode of operation will 
cause the transmitter to transmit break characters 
only. A break character is composed of all logical 
zeros for the start. data. parity. and stop bits. 

10 - Echo mode - When this is selected, the 82C52 will 
retransmit data received on the SOl pin out to the SOO 
pin. In this mode of operation, any data written to the 
Transmitter Buffer Register will not be sent out on the 
SOO pin (See Figure 6b). 

11 - Loop Test mode - If this mode is selected, the data that 
normally would be transmitted is internally routed back 
to the receiver circuitry. The transmitted data will not 
appear at the SOO pin. Also. data that is received on 
the SOl pin will be ignored by the device. This mode of 
operation is useful for performing self test(s) on the 
device (see Figure 6cl. 

82C52 

SERIAL DATA FROM 
TRANSMITTER REGISTER -11--...... SDO 

82C52 

82C52 

SERIAL DATA TO 
RECEIVE REGISTER ..... --004 SD1 

Sa. NORMAL MODE 

SERIAL DATA TO 
RECEIVE REGISTER 

r+--E] 

6b. ECHO MODE 

SERIAL DATA FROM 
TRANSMITTER REGISTER ] 

SERIAL DATA TO 
RECEIVE REGISTER 

6c. LOOP TEST MODE 

FIGURE 6. OPERATING MODES 

05 - Receiver Enable (REN). Controls the reception of data 
through the SOl pin into the Receiver Register. Oisabling the 
receiver is useful when performing a software reset on the 
device. This locks out any errant data from being received. 
This would also prevent interrupts from occurring due to data 
reception. Other possible reasons for disabling the receiver 
might be so that sections of software can execute without 
interruption. so that software only accepts data when ready 
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for it, or so that a software reseVreconfiguration can be per
formed. 

0- A zero for this bit prevents the device from recognizing 
data sent to the SOl pin. The recaive circuitry will remain 
In an idle state. 

1 - Writing a one to this bit enables the receiver. Data will 
then be recognized at the SOl pin. 

D6 - Modem Interrupt Enable. Enabling this bit will allow 
any change in the modem status line Inputs (CTS and OSR) 
to cause an interrupt. The Modem Status register (MSR) will 
contain information pertaining to which condition(s) caused 
the interrupt. 

o - Modem interrupts not enabled. 

1 - Modem interrupts enabled. 

07 - This bit must always be set to a logic zero to insure 
device compatibility for future product upgrades. Should this 
bit be set to a one (1)durlng initialization, the device will not 
respond to any data at the SOl pin, and no data will be trans
mitted from the Transmitter Register to the SOO pin. 

3.0 Status Registers 

In addition to the various Control registers, the 82C52 has 
two read only status registers that can be accessed by the 
CPU to determine the status of the device at any given time. 
These are the UART Status Register (USR), and the Modem 
Status Register (MSR). The registers are used for keeping 
track of any changes in (1) the modem lines on the device 
(2) the status of data transmission or reception. and (3) 
whether any error(s) were detected in recaived data. 

The USR deals with the different types of data errors, the 
status of data transmission. as well as data waiting to be 
read. The MSR, on the other hand. reflects the status of the 
various modem control lines in the device (i.e. CTS and 
OSR). 

Normally, in an interrupt-driven system. after an interrupt 
occurs. the user's software would check the status regis
ter(s) to determine what caused the interrupt. The software 
then should deal with the various types of interrupts in an 
appropriate manner. 

3.1 UART Status Register 

The UART Status Register (USR) contains information per
taining to the status of the 82C52 operation. The information 
that is kept in the USR includes: data reception error infor
mation. modem status. and the status of data transmission. 
This register will normally be the first 82C52 register read 
when servicing an 82C52 interrupt, or when polling the 
device. 

NOTE: The USR will be cleared upon reading its contents. 

After reading and clearing the status register. the bits will 
remain as zeros until a status change occurs to set the 
proper bit(s). 

D3i~D1JDOJ 

L. PARITY ERROR 0= NO ERROR 
(PE) 1.ERROR 

~ FRAMING O.NOERROR 
ERROR (FE) 1 = ERROR 

~ OVERRUN 0= NO ERROR 
ERROR (OE) 1.ERROR 

RECEIVED O. NO BREAK 
BREAK (RBRK) 1.BREAK 

MODEM 0= NO STATUS CHANGE 
STATUS (MS) 1 = STATUS CHANGE 

TRANSMISSION 0= NOT COMPLETE 
COMPLETE (TC) 1.COMPLETE 

TRANSMITTER O.NOTEMPTY 
BUFFER 1.EMPTY 
REGISTER 
EMPTY (TBRE) 

DATA READY (DR) O. NOT READY 
1.READY 

FIGURE 7. USR FORMAT 

DO - Parity error (PE). This bit indicates whether a parity 
error was detected in the last character read into the 
Receive Buffer Register. If parity is disabled, this bit will 
always be a zero. 

o - No error detected. 

1 - Parity error detected. 

01 - Framing error (FE). A one in this bit indicates that the 
last character received contained an improper number of 
stop bits. This might be caused by no stop bits being sent. or 
by the length of the stop bits being too short. 

0- No framing error. 

1 - Framing error detected. 

02 - Overrun error (DE). When this status bit is set to a 
one, it indicates that data in the RBR is not being read by the 
CPU fast enough to permit data in the Receiver Buffer to be 
shifted to the RBR before the next character comes in on the 
SOl pin. Data is then lost because it is overwritten by incom
ing characters. 

o - No overrun error detected. 

1 - Overrun error detected. 

03 - Received Break (RBRK). This status bit indicates that 
the last character received was a break character. A break 
character consists of all logic zeros including the parity and 
stop bits. The most common usage of this character is to 
indicate a special condition in the communications taking 
place. For example, the device sending information to the 
82C52 might send a ,break character to it to indicate that it 
has completed transmitting its stream of data. 

O-Nobreak. 

1 - Break detected. 

D4 - Modem Status (MS). This bit indicates whether or not 
there has been a change in the states of any of the modem 
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control lines on the device. These lines include: CTS and 
i5SR. To determine which of these lines has changed, the 
user can read the Modem Status Register (MSR). 

Also, should both the MIEN and INTEN bits be set in the 
MCR register, an interrupt Will be generated when the MS bit 
gets set 

0- No status change. 

1 - Status change detected. 

OS - T'ransmlulon Complete (TC). When a character is 
written to the 82C52 Transmitter Buffer Register (TBR), it will 
be transferred to the Transmitter Register before actually 
being shifted out serially through the SOO pin. When the char
acter has finally been transmitted on SOO, and both the TBR 
and Transmitter Registers are empty, the TC bit Will be set. 

NOTE: The TC bit getting set does not always mean that an end of 
transmission has occurred. It Indicates that both the TBR and the 
Transmitter Register are empty. For instance, if we are running the 
82C52 at a high baud rate, it could transmit data faster than the user's 
software can write characters to the device. In this case, the TC bit 
could get set between each character being transmitted. 

Assertion of this bit will cause an interrupt when the INTEN 
bit of the MCR has been set. 

o - Not complete. 

1 - Transmission complete. 

08 - Transmitter Buffer Reglatar Empty (TBRE). When a 
character written to the TBR has been transferred to the 
Transmitter Register and the TBR is ready for another char
acter, this bit Will get set. 

The user should check the TBRE bit before writing another 
character to the Transmitter Buffer Register. This insures 
that the previous character written to the TBR no longer 
resides there, but is belng shifted out on the SOO pin. 

0- Not empty. 

1-Empty. 

07 - Data Ready (DR). Is set when the Receiw Buffer Reg
ister (RBR) has been loaded with a receiwd character 
through the SOl pin. The CPU can access this data by read
ing the RBA. For example, if the user Wishes to see if there 
is any data waiting to be read from the Receiwr Register, 
this bit can be checked. 

0- No data ready. 

1 - Data ready in RBR. 

NOTE: In an interrupt driven system, interrupts caused by the DR 
signal should have a higher priority than those caused by the TBRE 
signal. This will guard the software against Overrun errors. 'ttIu h_ 
no control aver the information being sent to you, but you can control 
how and when you are transmitting dale. 
3.2 Modem Status Register 

The Modem Status Register (MSR), a read-only register, 
allows the user to determine the status of the Modem Status 
pins. The status of these pins is reflected by the correspond
ing bit(s) being set to a one if the state of the pin is in its true 

state (low), and by being set to a zero if the pin is in its false 
state (high). This will apply regardless of whether the pin is 
set up to be active high or active low. 

A change in any of the status bits will cause an interrupt if 
the INTEN and MIEN bits of the MCR are enabled. 

ID7JDIID5ID4(D31D21D1IDOI 
U,J..J L. CLEAR TO SEND (CTS) 0= FALSE 

1 = TRUE 

~ DATA SET READY (DSR) 0 = FALSE 
1 = TRUE 

L..-..-o 

o 
'------+UNDEFlNED 

FIGURE 8. MSR FORMAT 

DO - Clear to Send (CTS). This is both a status and control 
signal from the modem. It tells the 82C52 that the modem is 
ready to receive data from the 82C52 transmitter output 
(Soo). If this line is inhibited (false), then the 82C52 will not 
be able to begin transmission of data. Should this line go 
false in the middle of a transmission, the UART will only be 
able to finish transmission of the current character. 

0- CTS in false state. 

1 - CTS is true. 

01 - Data Set Ready (OSR). This is a status indicator from 
the modem to the 82C52 indicating that the modem is ready 
to provide data to the 82C52. 

0- DSR in false state. 

1 - DSR is true. 

4.0 TransmitlReceive Buffer Registers 
In addition to the control and status registers, the 82C52 has 
two buffer registers that allow for the actual serial communi
cations to be performed. These registers are used for send
ing characters out to the SOO pin, and for reading data from 
the SOl pin. 

4.1 Receiver Buffer Register 

The Receiver Buffer Register (RBR) is a read-only register 
which contains the character received via the SOl pin. When 
data is received by the 82C52, it is read serially into the 
Receiver Register from the SOl pin, and then transferred to 
the RBR for the CPU's access. This double buffering allows 
for higher transmission rates without loss of data. However, 
should additional characters be received by the 82C52 
before this register is read, then the Receiver Register will 
be OIIerwritten with the subsequent characters. This will 
cause the Overrun Error (OE) flag to be asserted. 

The RBR is 8 bits long and can accept data lengths of 5 to 8 
bits. The data will be right justified in the register. When 
selecting data lengths of less than 8 bits, the 82C52 will 
insert zeros (0) into the RBR for the unused (most signifi
cant) bits. For example, if the 82C52 is configured for 6 data 

7-11 

z o 
-0 
!cc~ 
~O 
~z 
a. 
cC 



Application Note 108 

bits. and the character 31 H is received. the RBR will look as tively be transmitting the character: 
follows when read: 

FIGURE 9. RECEIVED DATA 

Bits 07 and 06 are automatically zeroed out by the 82CS2. 

1D7ID&1D6ID41D3ID2\D1I001 

~BlT2 5 BIT 
6BIT 

L::~l 
WORD 

'----+ BIT 3 WORD 7BIT 

'-----+BIT 4 

'-------+BIT 5 

'-------+BIT 6 

'---------+BlT7 

WORD 

NOTE: THE LSB, BIT 0 IS THE FIRST SERIAL DATA BIT RECEIVED 

FIGURE 10. RBR FORMAT 

4.2 Transmitter Buffer Register 

BBIT 
WORD 

The Transmitter Buffer Register (TBR) is a write only register 
used for sending characters out through the SOO pin. 
Characters to be transmitted should only be written to this 
register when it is empty. This condition can be checked for 
by reading the UART Status Register (USR) TBRE bit, or 
waiting for an interrupt to signal this condition. 

Like the Receiver circuitry. the Transmitter also uses double 
buffering. Here, we are taking advantage of the double buff
ering to increase throughput with the 82CS2. The user would 
first write a character to the TBA. From here it is shifted (in 
parallel) into a second register known as the Transmit Regis
ter. After this transfer has been completed. the TBRE bit is 
set. 

The character shifted into the Transmit Register is then 
shifted serially out onto the Soo pin. Meanwhile, because 
the TBR is empty. another character can be written by the 
CPU to the TBA. In effect. the transmitter circuitry is then 
performing two operations simultaneously. This double buff
ering technique allows continuous data flow transmission. 

The Transmit Buffer Register Is also 8 bits wide. Because we 
can specify data lengths as being from S to 8 bits wide, the 
82CS2 right justifies the data when it is written to the TBR. 
and fills the unused bits with zero·s. In other words. unused 
(most significant) bits are truncated. For example. if we set 
up the device so that 6 data bits are specified and we write 
the character 71H (01110001 b) to the TBR. we will effec-

07 OS OS D4 03 02 01 DO 
t--t--t--t--t--t--t--t---f = 31H 
00110001 

FIGURE 11. TRANSMITTED DATA 

The two most significant bits are zeroed out automatically by 
the 82CS2. 

1D71D61D6ID41D3ID2ID1IDOI 

I L.BITOI 
L...BIT1 

~BIT2 5 BIT 
WORD 

'----+81T3 

L---_+BIT4 

'-----__+BIT 5 

'-------+BIT6 

'-------__+BIT7 

6 BIT 
WORD 7BIT 

WORD 881T 
WORD 

NOTE: THE Lse, BIT 0 IS THE FIRST SERIAL DATA BIT TRANSMITTED 

FIGURE 12. TBR FORMAT 

5.0 va AddreSSing Methods 

To utilize the 82CS2 i.n a microprocessor based system, it is 
necessary for the system to be designed such that we can 
easily access (address) the device. In the following discus
sion. we will look at two 110 device addressing schemes that 
can be applied to the 82CS2: 

- 110 Mapped Addressing. and 

- Memory Mapped 110 Addressing 

We will look at these two modes as they apply to an 80C861 
BOC88-based system. 

5.1 110 Mapped Addressing 

In this scheme of I/O addressing. the microprocessor uses 
one set of instructions for accessing memory. and a different 
set for accessing I/O devices. The CPU will generate differ
ent control signals (101M) to select either memory or I/O 
based upon the type of instruction it is executing. Because of 
this. the system needs two sets of control logic for accessing 
memory and I/O. As we can see in Figure 13. the control 
logic for each is essentially the same. 

When addressing I/O. we would use either the IN instruction 
or the OUT instruction. The port address specified in the 
instruction is placed on the address bus. and the 101M Signal 
selects and activates the control logic for 110. If we used one 
of the memory commands (MOV. CMp, TEST. etc.). the 101M 
signal would activate the control logic for the system 
memory. 
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lOCH 
OR 

lOCH 
CPU 

DATA BUS 

I/O DEVICE 
(82C52) 

FIGURE 13. I/O MAPPED ADDRESSING 

110 

MEMORY 
L-______ ---' 102411' 

FIGURE 14. MEMORY MAPPED I/O ADDRESSING 

5.2 Memory Mapped 110 

Memory Mapped I/O uses the same control logic for 
accessing both memory and 1/0 devices within a system. 
This is illustrated in Figure 14. Because we are using one set 
of control logic, we reduce the number of devices in the 
system, and sall9 board space. 

When 1/0 devices are placed within the Memory Space of a 
system, it is possible to take advantage of the memory 
instruction set. This would now allow us to utilize the full reg
ister set in 1/0 operations, as opposed to only being able to 
use the accumulator (AXIAL) for the 1/0 instructions. Also, 
conditional testing can be applied to the I/O devices (i.e. 
TEST, CMP). When using memory mapped I/o, it should be 
noted that the I/O devices can no longer be accessed 
through the VO instructions (IN and OUT).There are disad
vantages to using memory mapped 1/0 as well: 

- The 1/0 devices are treated as memory, therefore the 
amount of available memory in the system is reduced. 

- Memory instructions will execute slower than the I/O com
mands (IN and OUT). In certain situations (i.e. I/O polling), 
this could lead to loss of data during communications 
(oll9rrun errors). 

5.3 110 Addressing For The 82C52 

The actual addressing of the 82C52 internal registers takes 
place through the address pins AO and A 1. These two sig
nals are taken from the address bus. In the following exam
ple(s), address lines ADO and AD1 from the BOCB6188 drive 
AO and A 1, respectively, on the B2C52. Control logic will 
decode the remaining address lines from the CPU to gener
ate a 'chip select' for enabling the B2C52. The control logic 
consists of a 74XX13B Chip Select Decoder. 

The addresses for the 82C52 set up as described above are 
shown In Table 7. 

TABLE 7. EXAMPLE ADDRESSES 

REGISTER ADDRESS REGISTER TYPE 

Transmit Buffer Register 10H Write only register 

Receiver Buffer Register 10H Reed only register 

UART Control Register llH Write only register 

UART Status Register llH Reed only register 

Modem Control Register 12H Write/Reed register 

Baud Rate Selector Register 13H Write only register 

Modem Status Register 13H Reed only register 

6.0 Reset Of The 82C52 

There are two distinct ways In which the 82C52 can be reset 
to a known initial Slate: (1) By applying a reset pulse for at 
least two clock cycles on the RST pin, or (2) through software. 

A hardwere reset is accomplished by forcing the RST pin to 
a high state for a minimum of two clock cycles. This should 
be for two cycles of the 82C52's IX clock input as opposed to 
the system clock. This reset will cause the UART Status 
Register (USR) to be set to SOH (TC and TBRE bits will be 
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set), and the Modem Control Register(MCR) will be cleared. 
Any lines associated with the bits in the USR and MCR will 
be cleared or disabled. 

During the reset of the device, the Baud Rate Select Regis
ter (BRSR) and the UART Control Register (UCR) will not be 
affected. However, if the reset comes due to power on, these 
registers will have an indeterminate value associated with 
them. After this reset, the 82C52 will remain in an idle state 
until programmed to its desired configuration. 

A second method of resetting the 82C52 is through a soft
ware reset. This will allow the device to be set to a known 
state. The procedure for performing a software reset is out
lined below: 

(1) MCR = OOH. Write a zero to the MCR. This will disable 
the receiver as well as the modem control lines, and 
interrupts. 

(2) Read the RBR to clear out any residual data. 

(3) Read the USR to reset status, thus keeping status lines 
from causing possible interrupts to the CPU. 

(4) Reconfigure the device for the desired mode of opera
tion. 

7.0 Programming The 82C52 

In order to configure the 82C52 for proper operation, three 
separate command words need to be written to the com
mand (control) registers that were specified earlier. 

These registers include (1) the UART Control Register,(2) 
the Baud Rate Select Register, and (3) the Modem Control 
Register. When programming the device, these registers can 
be written to in any order. It is advisable to initialize the 
Modem Control Register last because it controls the 
enabling of interrupts, and the receiver circuitry. Once initial
ized, the 82C52 can be reconfigured at any time by writing 
new command word(s) to the control registers. However, the 
device should not be actively transmitting or receiving data 
when reconfiguring the control registers. 

Addressing of the internal registers on the 82C52 occurs by 
using the address lines Aland AO, as well as the iNA and 
RD lines. A more complete description of this is shown in 
Table 8. 

82C52 Polling Operation 

When utilizing a polling scheme for communications with the 
82C52, it is important to note that the UART status register 
will be cleared of its contents when it is read by the proces
sor. Therefore, subsequent reads of this register will show 
the contents to be OOH unless the status of the device has 
changed between reads. Because of this, it would be neces
sary for a copy of the status to be saved so that the proper 
status can be seen. 

Interrupt Driven Operation 

In this example, the 82C59A Interrupt Controller is being 
used to handle interrupts generated by the 82C52. The 
82C59A then communicates this interrupt information to the 
CPU so that it may be properly serviced. An example of how 
the 82C59A and 82C52 are interfaced to the CPU is shown 
in Figure 15. 

ADDI-------+I 

AD2 

ADl 

AD4 

74XX138 

ADOI-------+I 

AD11-------.... 

BOCBB BOCBB 
ADDRESS 8US DATA BUS 

FIGURE 15. INTERRUPT DRIVEN SYSTEM 

TABLE 8. ADDRESSING THE 82C52 

ALE CsO CS1 A1 AO Wii RD OPERATION 

lor 1- 0 1 0 0 .J 1 Data bus - TBR 

lor 1- 0 1 0 0 1 1- RBR _ Data bus 

lor 1- 0 1 0 1 .J 1 Data bus - UCR 

lor 1- 0 1 0 1 1 1- USR - Data bus 

lor 1- 0 1 1 0 .J 1 Data bus - MCR 

lor 1- 0 1 1 0 1 1- MCR - Data bus 

lor 1- 0 1 1 1 .J 1 Data bus - BRSR 

lor 1- 0 1 1 1 1 1- MSR - Data bus 
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82C59A CMOS PROGRAMMABLE INTERRUPT CONTROLLER 
By J. A. Goss 

Introduction 
The Harris 82C59A is a CMOS Priority Interrupt 
Controller, designed to relieve the system CPU from the 
task of polling in a multi-level priority interrupt system. 
The 82C59A is compatible with microprocessors such as 
the 80C86, 80C88, 8086, 8088, 8080/85 and NSC800. 

In the following discussion, we will look at the 
initialization and operation process for the 82C59A. We 
will focus our attention on 80C86/80C88-based systems. 
However, the information presented will also be 
applicable to use of the 82C59A in 8080 or 8085-based 
systems as well. 

Let us look at the sequence of events that occur with the 
82C59A during an interrupt request and service. In an 
8080/85 based system: 

(1) One or more of the INTERRUPT REQUEST lines (lRO 
- IR7) are raised high, setting the corresponding bits 
in the Interrupt Request Register (IRR). 

(2) The interrupt is evaluated in the priority resolver. If 
appropriate, an interrupt is sent to the CPU via the 
INT line (pin 17). 

(3) The CPU acknowledges the interrupt by sending a 
pulse on the INTA line. Upon reception of this pulse, 
the 82C59A responds by forcing the opcode for a call 
instruction (OCDH) onto the data bus. 

(4) A second INTA pulse IS sent from the CPU. At this 
time, the device will respond by placing the lower 
byte of the address of the appropriate service routine 
onto the data bus. This address is derived from ICW1. 

(5) A final (third) pulse of INTA occurs, and the 82C59A 
responds by placing the upper byte of the address 
onto the data bus. This address is taken from ICW2. 

(6) The three byte call instruction is then complete. If the 
AEOI mode has been chosen, the bit set during the 
first INTA pulse in the ISR is reset at the end of the 
third INTA pulse. Otherwise, it will not get reset until 
an appropriate EOI command is issued to the 
82C59A. 

For 80C86- and 80C88-based systems: 

(1) and (2) same as above. 

(3) The CPU responds to the interrupt request by pulsing 
the INTA line twice. The first pulse sets the 
appropriate ISR bit and resets the IRR bit while the 
second pulse causes the interrupt vector to be placed 
on the data bus. This byte is composed of the 
interrupt number in bits 0 through 2, and bits 3 
through 7 are taken from bits 3 - 7 of ICW2. 

(4) The interrupt sequence is complete. If using theAEOI 
mode, the bit set earlier in the ISR will be reset. 
Otherwise, the interrupt controller will await an 
appropriate EOI command at the end of the interrupt 
service routine. 

1.0 Glossary of Terms for the 82C59A 
1.1 Automatic End of Interrupt (AEOI): 

When the 82C59A is programmed to operate in the 
Automatic EOI mode, the device will produce its own 
End-of-Interrupt (EOI) at the trailing edge of the last 
Interrupt Acknowledge pulse (iiiiTA) from the CPU. Using 
this mode of operation frees the software (service 
routines) from needing to send an EOI manually to the 
82C59A. 

However, using the Automatic EOI mode will upset the 
priority structure of the 82C59A. When the AEOI is 
generated, the bit that was set in the In-Service Register 
(ISR) to indicate which interrupt is being serviced, will be 
cleared. Because of this, while an interrupt is being 
serviced there will be no record In the ISR that it is being 
serviced. Unless interrupts are disabled by the CPU. there 
is a risk that interrupt requests of lower or ~ual priority 
will interrupt the current request being serviced. If this 
mode of operation is not desired, interrupts should not be 
re-enabled by the CPU when executing interrupt service 
routines. 

1.2 Automatic Rotation: 

During normal operation of the 82C59A, we have an 
assigned order of priorities for the IR lines. There are 
however, instances when it might be useful to assign 
equal priorities to all interrupts. Once a particular 
interrupt has been serviced, all other equal priority 
interrupts should have an opportunity to be serviced 
before the original peripheral can be serviced again. This 
priority equalization can be achieved through Automatic 

, Rotation of priorities. 

Assume, for example, that the assigned priorities of 
interrupts has IRO as the highest priority interrupt and IR7 
as the lowest. Figure 1A shows interrupt requests 
occuring on IR7 as well as IR3. Because IR3 is of higher 
priority, it will be serviced first. Upon completion of the 
servicing of IR3, rotation occurs and IR3 then becomes 
the lowest priority interrupt. IR4 will now have the highest 
priority (see Figure 1B). 

There are two methods in which Automatic Rotation can 
be implemented. First, if the 82C59A is operating in the 
AEOI mode as described above, the 82C59A can be 
programmed for "Rotate in Automatic EOI mode". This is 
done by writing a command word to OCW2. The second 
method occurs when using normal EOls. When an EOI is 
issued by the service routine, the software can specify 
that rotation be performed. 

IR7 IR6 IR5 IR4 IR3 IR2 IR! IRo 

IRRp:::~~ I I: I : I ~ I 3 I : I 0 I : I 
LOWEST 
PRIORITY 

HIGHEST 
PRIORITY 

FIGURE 1A. IR PRIORITIES (BEFORE ROTATION) 
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IR7 IR6 IR5 IR4 IR3 IR2 IRI IRO 

ISRp:~:~~~ I : I ~ I 0 I ~ I ~ I ~ I : I : I 
HIGHEST 
PRIORITY 

LOWEST 
PRIORITY 

FIGURE 16. IR PRIORITIES (AFTER ROTATION) 

1.3 Buffered Mode: 

When using the 82C59A In a large system, It may be 
necessary to use bus buffers to guarantee data integrity 
and guard against bus contention. 

By selecting buffered mode when initializing the device, 
the SP/EN Pin (pin 16) will generate an enable signal for 
the buffers whenever the data outputs from the 82C59A 
are active. In this mode, the dual function SP/EN pin can 
no longer be used for specifying whether a particular 
82C59A 15 being used as a master or a slave in the system. 
This specification must be made through setting the 
proper bit In ICW4 during the device initialization. 

1.4 Cascade Mode: 

More than one 82C59A can be used in a system to expand 
the number of priority interrupts to a maximum of 64 
levels without adding any additional hardware. This 
method of expansion is known as "cascading". An 
example of cascading 82C59As is shown in Figure 2. 

In a cascaded interrupt scheme, a single 82C59A is 
utilized as the "master" Interrupt controller. As many as 8 
"slave" 82C59As can be connected to the IR inputs of the 
"master" 82C59A. Each of these slaves can support up to 
8 Interrupt inputs, yielding 64 possible prioritized 
i nterru pts. 

When In cascade mode, the determination of whether a 
device IS a master or a slave can take either of tW9 forms. 
The state of the SP/EN pin will select "master" or "slave" 
mode for a device when the buffered mode IS not being 
used. Should buffered mode be used, then it 15 necessary 
that bit D2 (MIS) of ICW4 be set to indicate If the particular 
82C59A is being used as a "master" or "slave" Interrupt 
controller In the system. 

The CASO-2 pins on the interrupt controllers serve to 
provide a private bus for the cascaded 82C59As These 
lines allow the "master" to inform the slaves which is to be 
serviced for a particular interrupt. 

1.5 End of Interrupt (EOI): 

When an interrupt IS recognized and acknowledged by 
the CPU, its corresponding bit will be set in the In-Service 
Register (ISR). If the AEOI mode is in use, the bit will be 
cleared automatically through the Interrupt acknowledge 
signal from the CPU. However, If AEOI is not in effect, it IS 
the task of software to notify the 82C59A when servicing 
of an interrupt is completed. This is done by issuing an 
End-of-Interrupt (EOI). 

There are 2 different types of EOls that can be issued to 
the deVice; non-specific EOI and specific EOI. In most 
cases, when the device is operating in a mode that does 
not disturb the fully nested mode such as Special Fully 
Nested Mode, we will issue a non-specific EOI. This form 
of the EOI will automatically reset the highest priority bit 
set in the ISA. This is because for full nested operation, 
the highest priority IS bit set is the last Interrupt level 
acknowledged and serviced. 

The "specific" EOI is used when the fully nested structure 
has not been preserved. The 82C59A may not be able to 
determine the last level acknowledged. Thus, the software 
must specify which interrupt level is to be reset. This is 
done by issuing a "specific" EOI. 

\ ADDIIEIIM(1') } 

\ COIITROl", } 

"" ... 
\ DADo_II, } 

- - - - - - - - - - - - ~ -
- -- - - - - - - - - - - -
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I 
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~ 
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FIGURE 2. CASCADING THE 82C59A 
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1.' FuU. Ne.ted Mode: 

By default. the 82C59A operates in the Fully Nested Mode. 
It will remain in this mode until it is programmed 
otherwise. In the Fully Nested Mode, interrupts are 
ordered by priority from highest to lowest. Initially, the 
highest priority level is lAO with IA7 having the lowest. 
This ordering can be changed through the use of priority 
rotation (see 1.2). 

In the Fully Nested Mode, when an interrupt occurs, its 
corresponding bit will get set in the Interrupt Aequest 
Aegister (IRR). When the processor acknowledges the 
interrupt, the 82C59A will look to the IAA to determine the 
highest priority interrupt requesting service. The bit in the 
In-service Register (ISA) corresponding to this interrupt 
will then be set. This bit remains set until an EOI is sent to 
the 82C59A. 

While an interrupt is being serviced, only higher priority 
interrupts will be allowed to interrupt the current interrupt 
being serviced. However, lower priority interrupts can be 
allowed to interrupt higher priority requests if the 82C59A 
is programmed for operation in the Special Mask Mode. 

When using the 82C59A in an 80C86- or 80C88-based 
system, interrupts will automatically be disabled when the 
processor begins servicing an interrupt request. The 
current address and the state of the flags in the processor 
will be pushed onto the stack. The interrupt-enable flag is 
then cleared. To allow interrupts to occur at this pOint, the 
STI instruction can be used. Upon exiting the service 
routine using the tAET instruction. execution of the 
program is resumed at the point where the interrupt 
occured, and the flags are restored to their original values, 
thus re-enabllng interrupts. 

A configuration in which the Fully Nested structure Is not 
preserved occurs when one or more of the following 
conditions occur: 

(a) The Automatic EOI mode is being used. 

(b) The Special Mask Mode is in use. 

(c) A slave 82C59A has a master that is not programmed 
to the Special Fully Nested Mode. 

Cases (a) an9 (b) differ from case (c) in that the 82C59A 
would allow lower priority interrupt requests the 
opportunity to be serviced before higher priority interrupt 
requests. 

1.7 Ma.ter: 

When using multiple 82C59As in a system, one 82C59A 
has control over all other 82C59As. This is known as the 
"master" interrupt controller. Communication between 
the master and the other (slave) 82C59As occurs via the 
CASO - 2 lines. These lines form a private bus between the 
multiple 82C59As. Also, the INT lines from the slaves are 
routed to the master's IA Input pin(s). See Figure 2. 

1.8Sla .. : 

A "slave" 82C59A in a system is controlled by a master 
82C59A. There is but one "master" in the system, but there 
can be up to 8 slave 82C59As. The INT outputs from the 
slaves act as inputs to the master through it's IA Inputs. 

Communications between the master and slaves occurs 
via the CASO - 2 lines. See Figure 2. 

1.9 Special Fully Nested Mode: 

The Special Fully Nested Mode (SFNM) is used in a 
system having multiple 82C59As where it is necessary to 
preserve the priority of interrupts within a slave 82C59A. 
Only the master is programmed for the Special Fully 
Nested Mode through ICW4. This mode is similar to the 
Fully Nested Mode with the following exceptions: 

(a) When an interrupt from a particular slave is being 
serviced, additional higher priority interrupts from 
that slave can cause an interrupt to the master. 
Normally, a slave is masked out when its request is in 
service. 

(b) When exiting the Interrupt Service routine, the 
software should first issue a non-specific EOI to the 
slave. The In-service Aegister (ISA) should then be 
read and checked to see if its contents are zero. If the 
register is empty, the software should then write a 
non-specific EOI to the master. Otherwise, a second 
EOI need not be written because there are interrupts 
from that slave still being processed. 

NOTE: Because the Master 82C59A and Its slave 82C59As must be In Fully 
Nested Mode for this mode to befunctional, we could not utIlize AutomatiC 
EOls. These would dIsturb the Fully Nested structure. as deSCribed 
In sectIon 1.6. 

1.10 Special Mask Mode: 

The Special Mask Mode is utilized in order to allow 
interrupts from all other levels (higher and lower as well) 
to interrupt the IA level that is currently being serviced. 
Invoking this mode of operation will disturb the fully 
nested priority structure. 

Generally, the Special Mask Mode is selected during the 
servicing of an interrupt. The software should first set the 
bit corresponding to the IA level being serviced, in the 
Interrupt Mask Aegister (OCW1). The Special Mask Mode 
and interrupts should then be enabled. This will allow any 
of the IA levels except for those masked off by OCW1 to 
interrupt the IA level currently being serviced. 

Because this disturbs the Fully Nested Structure, it is 
required that a Specific EOI be issued when servicing 
interrupts while the Special Mask Mode is in effect. Before 
exiting the original interrupt routine, the Special Mask 
Mode should be disabled. 

1.11 Specific Rotallon: 

By issuing the proper command word to OCW2, the 
priority structure of the 82C59A can be dynamically 
altered. The command word written to OCW2 would 
specify which is to be the lowest priority IR level. 

This specific rotation can be accomplished one of two 
ways. The first is through a specific EO I. The software can 
specify that rotation is to be applied to the IA level 
provided with the EOI. The second method is a simple "set 
priority" command, in which the lowest priority level is 
specified with the command word. 
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2.0 Initialization Control Words 
The following section gives a description of the Initialization 
Control Words (ICW) used for configuring the 82C59A In
terrupt controller. There are four (4) control words used for 
initialization of the 82C59A. These ICWs must be pro
grammed in the proper sequence beginning with ICW1. If at 
any time during the course of operation the configuration of 
the 82C59A needs to be changed, the user must again write 
out the control words to the device in their proper order. The 
initialization sequence is shown in Figure 3. 

FIGURE 3. 82C59A INITIALIZATION SEQUENCE 

ICW1: The 82C59A recognizes the first Initialization 
Control Word (ICW) written to It based on two crite
ria: (1) the AO line from the address bus must be a 
zero, and (2) the 04 bit must be a one. If the 04 bit is 
set to a zero, we would be programming either 
OCW2 or OCW3 (these are explained later). The 
function of ICWl is to tell the 82C59A how it is being 
used In the system (I.e. Single or cascaded, edge or 
level triggered interrupts etc.). 

ICW2: This control word is always issued directly after 
ICW1. When addressing this ICW, the AO line from 
the address bus must be a one (high). ICW2 is util
ized in providing the CPU with information on where 
to vector to in memory when servicing an interrupt. 

ICW3: This control word is issued only if the SNGL (01) bit 
of ICWl has been programmed with a zero. When 
addressing this word, the AO line from the CPU must 
be high (1). This control word is for cascaded 
82C59A's. It allows the master and slave 82C59As 
to communicate via the CASO-2 lines. With the mas
ter, this word indicates which IR lines have slaves 
connected to them. For the slave 82C59A(s), this 
word indicates to which IR line on the master it is 
connected. 

ICW4: Issuance of this ICW is selectable through the IC4 
(00) bit of ICW4. If ICW4 is to be written to the 
82C59A, AO from the CPU must be high (1) when 
writing to it. This word needs to be written only when 
the 82C59A is operating in modes other than the de
fault modes. Instances when we would want to write 
to ICW4 are one or more of the following: An 
80C86(80C88) processor is being used, buffered 
outputs (00-07) are to be used, Automatic EOls are 
desired, or the Special Fully Nested mode is to be 
used. 

2.11eW1: 

ICWl is the first control word that is written to the 82C59A 
during the initialization process. To access this word, the 
value of AO must be a zero (0) in the addressing, and bit 04 
of ICWl must be a one (1). The format of the command 
word is as follows: 

I • 1'71 ',1 ',1 ' I'TIMIA"lsNul'ccl 
L ~ 

I 
1 .. 1CW4 NEEDED 
.- NO ICW. NEEDED 

1-SINGLE 
0" CASCADE MODE 

CALL ADDRESS INTEAVAL 
1 "IIilTEAVAL OF 4 
o -INTERVAL OF 8 

1 .. LEVEL TRIGGERED MODE 
... EDGE TRIGGERED MODE 

Al - Ai OF INTERRUPT 
VECTOR ADDRESS 
(MCHOIIi MODE ONL V) 

• NOTE: This is an address bH, and not part of the ICW. 

FIGURE 4. ICW1 FORMAT 

07 thru 05 - A7, A6, A5: These bits are used in the 80801 
85 mode to form a portion of the low byte call ad
dress. When using the 4 byte address Interval, all 3 
bits are utilized. When using the 8 byte interval, only 
bits A7 and A6 are used. Bit A5 becomes a "don't 
care" bit. If using an 80C86(80C88) system, the value 
of these bits can be set to either a one or zero. 

03 - LTIM: 
0: The 82C59A will operate In an edge triggered mode. 

An interrupt request on one of the IR lines (IRO - IR7) 
Is recognized by a low to high transition on the pin. 
The IR signal must remain high at least until the falling 
edge of the first slNTA pulse. Subsequent interrupts 
on the IR pints) will not occur until another low-to
high transition occurs. 

1: Sets up the 82C59A to operate in the level triggered 
mode. Interrupts occur when a "high" level Is de
tected on one or more of the IR pins. The interrupt re
quest must be removed from this pin before the EOI 
command is issued by the CPU. Otherwise, the 
82C59A will see the IR line still In a high state, and 
consider this to be another interrupt request 
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1 = ICW4 NEEDED 
0'" NO ICW4 NEEDED 

f = SINGLE 
0" CASCADE MODE 

I CALL ADDRESS INTERVAL -I 1" INTERVAL OF 4 
0'" INTERVAL OF 8 

I f ,. LEVEL TRIGGERED MODE 
0= EDGE TRIGGERED MODE 

I A7 - AS OF INTERRUPT 

I r~g~~;/~o~~~~ONLYJ 

A1S - AS OF INTERRUPT 
VECTOR ADDRESS 
(MeSSD/as MODEl 

T7 - 13 OF INTERRUPT 
VECTOR ADDRESS 
(808618088 MODE) 

1 " IR INPUT HAS A SLAVE 

reWJ (SLAVE DEVICE) 

I 
1 
1 

ICW4 

1 = 8086/8088 MODE 
o '" MCS-80/85 MOD E 

1'" AUTO EOI 
0= NORMAL EOI 

- NON BUFfERED MODE 
- BUffERED MODE/SLAVE 
- BUffERED MODE/MASTER 

1 = SPECIAL FULLY NESTED 
MODE 

0= NOT SPECIAL FULL Y 
NESTED MODE 

0" IR INPUT DOES NOT HAVE 
A SLAVE 

NOTE Slave 10 IS equal to the correspondmg master IR mput 

, , I 

, I I 

I 0 , , , 
I I I 

82C59A INITIALIZATION COMMAND WORD FORMAT 

OCWI 

Dew> 

I ' I ' I"MMI"'MI ,I I I p I R;r "'51 
OCW2 

IA LEVEL TO BE 
ACTED UPON 

o 1 2 J 4 5 6 7 
o 1 8 1 0 , 0 1 

o 0 1 1 0 0 1 1 
o 0 0 0 1 til 

• :'?E~~~C~~:CC~~I'::=AND }-END Of INTERRUPT 

ROTATE ON NON-SPECIFIC EOI COMMAND }-
ROTATE IN AUTOMATIC EOI MODE (SET) AUTOMATIC RDTATION 
ROTATE IN AUTOMATIC £01 MOOE (CLEAR) 

: ;~;::IEO~~T~~~~A~~COMMAND }-SPEClfIC ROTATION 

NO OPERATION 

• LO - LZ ARE USED 

82C59A OPERATION COMMAND WORD FORMAT 
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I 1 - READ REGISTER COMMAND , I , I , 0 I I 

READ READ 
IR REG IS REG 

NO ACTION ON NEXT ON NEXT 
RD PULSE RD PULSE 

1 = POll COMMAND 
0'" NO POLL COMMAND 

SPECIAL MASK MODE , I , t , , I I 

RESET SET 
NO ACTION SPECIAL SPECIAL 

MASK MASK 
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02 - AOI: Call Address Interval (for SOSO/SOS5 use 
only). If using the S2C59A in an SOCS6/8S based 
system, the value of this bit can be either a 0 or a 1. 

0: The address interval generated by the 82C59A is S 
bytes. This option provides compatiblity with the 
RST Interrupt vectoring in 8080/S085 systems 
since the vector locations are 8 bytes apart. This 
vector will be combined with the values specified 
in bits 07 and 06 of ICW1. The addresses 
generated are shown in Table 1. 

TABLE 1. ADDRESS INTERVAL (8 BYTES) 

07 06 05 04 03 02 01 00 

A7 A6 0 0 0 IR7 

A7 A6 0 0 0 0 IR6 

A7 A6 0 0 0 0 IR5 

A7 A6 0 0 0 0 0 IR4 

A7 A6 0 0 0 0 IR3 

A7 A6 0 0 0 0 0 IR2 

A7 A6 0 0 0 0 0 IR1 

A7 A6 0 0 0 0 0 0 IRO 

1 : The address Interval generated by the interrupt 
controller will be 4 bytes. This provides the user 
with a compact jump table for 8080/S085 systems. 
The interrupt number is effectively multiplied by 
four and combined with bits 07, 06 and 05 to form 
the lower byte of the call instruction generated 
and sent to the 8080 or 80S5. Table 2 shows how 
these addresses are generated for the various 
Interrupt request (IR) levels. 

TABLE 2. ADDRESS INTERVAL (4 BYTES) 

07 06 05 04 03 02 02 00 

A7 A6 A5 0 0 IR7 

A7 A6 A5 0 0 0 IR6 

A7 A6 A5 0 0 0 IR5 

A7 A6 A5 0 0 0 0 IR4 

A7 A6 A5 0 0 0 IR3 

A7 A6 A5 0 0 0 0 IR2 

A7 A6 A5 0 0 0 0 IR1 

A7 A6 A5 0 0 0 0 0 IRO 

01 - SNGL: 

O. This tells the 82C59A that more than one S2C59A 
is being used In the system, and it should expect to 
receive ICW3 following ICW2. How the particular 
82C59A is being used In the system will be 
determined either through ICW4 for buffered 
mode, or through the SP/EN pin for non-buffered 
mode operation. 
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1: Tells the 82C59A that it is being used alone in the 
system. Therefore, there will be no need to issue 
ICW3 to the device. 

DO - IC4: Specifies to the 82C59A whether or not it 
can expect to receive ICW4. If this device is being 
used in an SOC86/ 80C88 system, ICW4 must be 
issued. 

0: ICW4 will not be issued. Therefore, all of the 
parameters associated with ICW4 will default to 
the zero (0) state. This should only be done when 
using the 82C59A in an 8080 or 8085 based 
system. 

1: ICW4 will be issued to the 82C59A. 

2.2 ICW2: 

I CW2 is the second control word that must be sent to the 
82C59A. This byte IS used in one of two ways by the 
82C59A, depending on whether it is being used in an 
80S0/85 or an 80C86/88 based system. 

When used in conjunction with the 8080/85 micro
processor, the value given to this register is taken as being 
the high byte of the address in the CALL instruction sent 
to the CPU. 

07 06 05 04 03 02 01 DO 

M5 M4 M3 M2 M1 A10 A9 AS 

FIGURE 5, ICW2 FORMAT 

In an 80C86- or 80C8S-based system, ICW2 is used to 
send the processor an interrupt vector. This vector is 
formed by taking the value of bits 07 through 03 and 
combining them with the interrupt request level to get an 
eight bit number. The processor will multiply this number 
by four and go to that absolute location in memory to find 
a starting address for the interrupt service routine 
corresponding to the interrupt request. 

For example, If we set ICW2 to "00011000" and an 
interrupt is recognized on IR1, the vector sent to the 
SOC86(80C88) will be 00011001 (19H). The processor will 
then look to the memory location 64H to find the starting 
address of the corresponding interrupt service routine. It 
IS the responsibility of the software to provide this address 
in the Interrupt table. 

07 06 05 04 03 02 01 00 

A7 A6 A5 A4 A3 x x x 

FIGURE 6, ICW2 FORMAT (80C86 MODE) 
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2.3 ICW3: 

ICW3 is only issued when the SNGL bit in ICW1 has been 
set to zero. If not set, the next word written to the 82C59A 
will be interpreted as ICW4 if AO = 1 and IC4 from ICW4 
was set to one, or it could see it as one of the Operation 
Command Words based upon the state of the AO line. 

Like ICW2, this control word can be interpreted in two 
ways by the 82C59A. However the interpretation of this 
word depends on whether the 82C59A is being used as a 
"master" or a "slave" in the system. The definition of the 
particular devices role in the system is assigned through 
ICW4 (which will be discussed later), or through the state 
of the SP/EN pin (pin 16). 

82C59A as a MASTER: 

If the given 82C59A is being used as a master, the eight (8) 
bits in this command word are used to indicate which of 
the IR lines are being driven by a slave 82C59A. 

07 D6 05 D4 03 02 01 DO 

FIGURE 7. ICW3 FORMAT (MASTER) 

07 thru DO: 

0: The corresponding IR line to this bit is not being 
driven by a slave 82C59A. This line can however 
then be connected to the interrupt output of 
another interrupting device such as a UART. If 
there are unused bits in this byte because not all 
eight of the IR lines are used, set them to zero. 

1 : The corresponding IR line to this bit is being 
driven by a slave 82C59A. 

The bits in this command word are directly related to the 
IR lines. For example, to tell the 82C59A that there is a 
slave device connected to IR5 (pin 23), bit 05 of the 
command word should be set to a one (1). 

82C59A as a SLAVE device: 

When the device is being used as a slave device, we must 
use ICW3 to inform itself as to which IR line it will be 
connected to in the master. Therefore, only the three (3) 
least significant bits of ICW3 will be used to specify this 
value. 

07 D6 05 04 03 02 01 DO 

FIGURE 8. ICW3 FORMAT (SLAVE) 

These bits are coded as follows: 

TABLE 3. SLAVE 'IDENTIFICATION' WITH ICW3 

MASTER IR number 
IH7 
IR6 
IR5 
IR4 
IR3 
IR2 
IR1 
IRO 

1021 : 
1 
1 
1 
1 
o 
o 
o 
o 

101· 
1 
1 
o 
o 
1 
1 
o 
o 

100 
1 
o 
1 
o 
1 
o 
1 
o 

For example, if the INT output of a "slave" 82C59A is 
connected to the input pin IR5 on the "master" 82C59A, 
ICW3 of the "slave" would be programmed with the value 
00000101 b, or 05H. This informs the "slave" as to which 
priority level it holds with the "master". 

07 thru 03: These bits must be set to zeros (0) for proper 
operation of the device. 

2.4 ICW4: 

This control register is written to only when the IC4 bit is 
set in ICW1. The purpose of this command word is to set 
up the 82C59A to operate in a mode other than the default 
mode of operation. The default mode of operation is the 
same as if a value of OOH were to be written to ICW4 (i.e. all 
bits set to zero). 

I 1 I 0 I 0 I 0 ISFNMIBUF I MIS IAEOI .PMI 

~x 
1 0 
1 1 

l 1" 8086/8088 MODE 
0;; MCS-8D/85 MOOE 

J l' AUTO EO' 
'-----I o· NORMAL EOI 

- NON BUFFERED MODE I 
- BUFFERED MODE/SLAVE 
- BUFFERED MODEIMASTEA 

J 

J 1 = SPECIAL FULLY NESTED I 
MODE 

'--------I~l 0= NOT SPECIAL FULLV 
NESTED MODE 

NOTE Slave 10 IS equal to the corresponding master IR tnput 

FIGURE 9. ICW4 FORMAT 

07 thru 05: These bits must be set to zero for proper 
operation. 

04 - SFNM: This bit is used in the selection of the Special 
Fully Nested Mode (SFNM) of operation. This 
mode should only be used when multiple 82C59As 
are cascaded in a system. It needs only to be 
programmed in the Master 82C59A in the system. 
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0: Special Fully Nested Mode is not selected. 

1: Special Fully Nested Mode is selected. 
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03 - BUF. This bit tells the 82C59A whether or not the There are three different OCWs for the 82C59A. Each has 
outputs from the data pins (DO - 07) will be 
buffered. If they are buffered, this bit will cause the 
SP/EN pin to become an output signal that can be 
used to control the "enable" pin on a buffering 
devlce(s). 

o The device will be used In a non-buffered mode. 
Therefore, (1) the M/S bit In ICW4 IS a don't care, 
and (2) the SP/EN pin becomes an Input pin telling 
the device If It IS being used as a master (Pin 16 = 
High) or a slave (pi n 16 = Low). For systems uSing a 
single 82C59A, the SP/EN Input should be tied 
high 

The device IS used In buffered mode. An enable 
output signal will be generated on pin 16, and the 
M/S bit will be used for determining whether the 
particular 82C59A IS a "master" or a "slave". 

02 - M/S This bit IS of significance only when the BUF bit 
IS set (BUF = 1). The purpose of this bit is to 
determine whether the partlcu lar 82C59A IS bei ng 
used as a "master" or a "slave" In the target 
system. 

o The 82C59A IS being used as a slave 

l' The 82C59A IS the master Interrupt controller In 
the system 

01 - AEOI This bit IS used to tell the 82C59A to 
automatically perform a non-specific End-of-In
terrupt on the trailing edge of the last Interrupt 
Acknowledge pulse Users should note that when 
this IS selected, the nested priority Interrupt struc
ture IS lost 

o Automatic End-of-Interrupt will not be generated. 

Automatic End-of-Interrupt will be generated on 
the trailing edge of the last Interrupt Acknowledge 
pulse 

DO - IlPM This bit tells the Interrupt Controller which 
microprocessor IS being used in the system. An 
8080/8085, or an 80C86/80C88. 

0: The 82C59A will be used in an 8080/8085 based 
system. 

82C59A to be used in the 80C86/88 mode of 
operation. 

3.0 Operation Command Words 
Once the Initialization Command Words, described In the 
previous section, have been written to the 82C59A, the 
device IS ready to accept interrupt requests. While the 
82C59A IS operating, we have the ability to select various 
options that will put the device in different operating 
modes, by writing Operation Command Words (OCWs) to 
the 82C59A. These OCWs can be sent at any time afterthe 
device has been Initialized and in any order. These words 
can be changed at any time as well. Note: If AO = 0 and 04 
of the command word = 1, the 82C59A will begin the ICW 
initialization sequence. 

a different purpose. The first control word (OCW1) is used 
for masking out interrupt lines that are to be inactive or 
ignored during operation. OCW2 is used to select from 
various priority resolution algorithms In the device. 
Finally, OCW3 IS used for (1) controlling the Special Mask 
Mode, and (2) telling the 82C59A which Register will be 
read on the next RO pulse; the ISR (In-service Register) or 
the IRR (Interrupt Request Register). 

3.10CW1: 

This control word IS used to set or clear the masking of the 
eight (8) interrupt lines input to the 82C59A. This control 
word performs this function via the Interrupt Mask 
Register (IMR). In It'S Initial state, the value of this register 
is OOH. In other words, all of the Interrupt lines are 
enabled. Therefore, we need only write this control word 
when we wish to disable specific interrupt lines. 

A direct mapping occurs between the bits In this control 
word and the actual Interrupt pinS on the device. For 
example bit 7 (07) controls Interrupt line IR7 (pin 25), bit 6 
controls IR6, and so on. 

FIGURE 10. OCW1 FORMAT 

Even though the user can mask off any of the IR lines, any 
interrupt occuring during that time will not be lost. The 
request for an interrupt is retained in the IRR; therefore 
when that IR is unmasked by issuing a new mask value to 
OCW1, the interrupt will be generated when it becomes 
the highest requesting priority. 

07 thru DO: 

O' When any of the bits in the control word are reset 
(0), the corresponding interrupt is enabled. 

1: By setting a bit(s) to a one in the control word, the 
corresponding interrupt line(s) is disabled. 

For example, if the value 34H (00110100b) were written to 
OCW1, interrupts would be disabled from being serviced 
on lines IR2, IR4 and IR5. 

3,20CW2: 

In ICW4 bit 01 was used to specify whether the 82C59A 
should wait for an EOI (End of Interrupt) from the CPU, or 
generate its own EOI (Automatic EOI) . If bit 01 of ICW4 
had been programmed to be a zero, OCW2 would be used 
for sending the EOI to the 82C59A. Conversely, if this bit 
had been set to a one, OCW2 would be used for specifying 
whether or not the 82C59A shou Id perform a priority 
rotation on the interrupts when the AEOI is detected. 
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OCW2 has several EOI options. The EOI issued can be 
either specific or non-specific. For each of these EOls, the 
user can specify whether or not priority rotation should be 
performed. 

07 06 05 04 03 02 01 00 

R SL I EOI I 0 I 0 I L2 L1 LO 

FIGURE 11. 

R, SL, and EOI: 

These three bits are used for specifying how the device 
should handle AEOls, or for issuing one of several 
different EOls. They are programmed as shown in the 
followi ng table: 

TABLE 4. ROTATE AND EOI MODES 

R SL EOI 

0 0 1 

0 1 1 

1 0 1 

1 0 0 

0 0 0 

1 1 1 

1 1 0 

0 1 0 

L2, L 1, and LO: 

Non-specific EOI command 

• Specific EOI command 

Rotate on non-specific EOI command 

Rotate in Automatic EOI mode (set) 

Rotate in Automatic EOI mode (clear) 

Rotate on specific EOI command 

• Set priority command 

• No operation 

• LO - L2 are used 

These three bits of the control word are used in 
conjunction with the issuance of specific EOls or when 
specifically establishing a different priority structure. The 
bits tell the 82C59A which interrupt level is to be acted 
upon. Therefore, the software needs to know which 
interrupt is being serviced by the 82C59A. 

TABLE 5. INTERRUPT LEVEL TO ACT UPON 

L2 L1 LO 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

3.30CW3: 

IR level 0 

IR level 1 

IR level 2 

IR level 3 

IR level 4 

IR level 5 

IR level 6 

IR level 7 

There are two main functions that OCW3 controls: (1) 
Interrupt Status, and (2) Interrupt Masking. Interrupt 

status can be checked by looking at the ISR or IRR 
registers, or by issuing a Poll Command to manually 
identify the highest priority interrupt requesting service. 

07: 

07 06 05 04 03 02 01 00 

p 

FIGURE 12. 

Must be set to zero for proper operation of the 
82C59A. 

06 - ESMM: Enable Special Mask Mode - The ESMM bit 
when enabled allows the SMM bit to set or clear 
the Special Mask Mode. When disabled, this bit 
causes the SMM bit to have no effect on the 
82C59A. 

0: Disables the effect of the SMM bit. 

1: Enable the SMM bit to control the Special Mask 
Mode. 

05 - SMM: Special Mask Mode - The SMM bit is used to 
enable or disable the Special Mask Mode. This bit 
will only affect the 82C59A when the ESMM bit is 
set to 1. 

0: Disable the Special Mask Mode. 

1: Put the 82C59A into the Special Mask Mode. 

04, 03: These bits are used to differentiate between 
OCW2, OCW3 and ICW1. To properly select 
OCW3, 04 must be set to zero and 03 must be set 
to one. 

02 - P: Poll Command - This bit is used to issue the poll 
command to the 82C59A. The next read of the 
82C59A will cause a poll word to be returned 
which tells if an interrupt is pending, and if so, 
which is the highest requesting level. 
NOTE The poll command must be issued each time the poll op
eratIon IS deSIred. 

0: No poll command issued to the 82C59A. 

1: Issue the poll command. 

01 - RR: Read Register - This bit is used to execute the 
"read register" command. When this bit is set, the 
82C59A will look at the RIS bit to determine 
whether the ISR or IRR register is to be read. When 
issuing this command, the next instruction 
executed by the CPU should be an input from this 
same port to get the contents of the specified 
register. 
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0: No "Read Register" coml']1and will be performed. 

1: The next input instruction by the CPU will read 
either the contents of the ISR or the IRR as 
specified by the RIS bit. 



Application Note 109 

DO - RIS: This bit is used in conjunction with the RR bit to 
select which register is to be read when the "Read 
Register" command is issued. 

0: The next input Instruction will read the contents of 
the Interrupt Request Register (IRR). 

1: The next Input instruction will read the contents of 
the In-Service Register (ISR) 

The two registers that can be accessed through the Read 
Register command are used to determine which 
Interrupts are requesting serVice, and which one(s) are 
currently being serviced. 

The IRR bits get set when corresponding Interrupt 
requests are received. For Instance, when I R4 is detected, 
bit 04 of the IRR will get set. When an interrupt 
acknowledge comes back from the CPU, the priority 
resolution logic will determine which interrupt request 
Will be serviced. The corresponding bit In the In-serVice 
Register (ISR) will then be set. Clearing of the correct bits 
in the ISR occurs through out use of the AEOI, or by 
Issuing an EOI to the deVice. 

4.0 Addressing the 82C59A 
There are two factors that must be taken into account 
when addressing the 82C59A in a system. To begin with, 
the 82C59A IS accessed only when the CS Pin (chip 
select) sees an active signal (low). This signal IS 
generated using control circuitry In the system. Secondly, 
the various registers within the 82C59A are selected 

based upon the state of the AD (address Pin) as well as 
specific bits in the command words (I.e for ICW1, OCW2, 
and OCW3 AD must be a zero). 

The circuit in Figure 13 shows that the CS signal is 
generated using an HPL-82C338 Programmable Chip 
Select Decoder (PCSD). ThiS device is being used as a 
3-to-8 decoder. Note that the G1 input is active high and 
G2 thru G5 have been programmed to be active low. The 
A, B, and C inputs to the 82C338 correspond to address 
lines AD2, AD3 and AD4 respectively, from the 80C88. 
The AD input to the 82C59A is also taken from the CPUs 
address bus; ADO is used. It should be noted that address 
line AD1 from the 80C88 is not being used in the 
addressing of this particular peripheral. This is done to 
allow other peripheral devices that require two address 
Inputs for internal register selection, to use address lines 
ADO and AD1 from the processor. 

Because the AD1 address line from the 80C88IS not being 
used, the 82C59A will be addressed regardless of whether 
AD1 IS high or low (1 or 0). The remainder of the address 
lines from the 80C88 can either be a zero or one when 
addreSSing the 82C59A. For the examples to be 
presented, It can be assumed that all unused address lines 
will be set to zero when addressing the 82C59A. 

In Figure 13, output Y6 from the HPL-82C338 is being 
used as the CS input to the 82C59A. This line is enabled 
when the inputs on A, B, and C are: A = 0, B = 1, and C = 1. 
Combining this with the AD input to the 82C59A, we get 
the addresses 18H and 19H for accessing the 82C59A. 

SOCSS OATA BUS 

82C59A 

00-07 

�NTAf-_______________ ~IINTA 

M Ro 

IR71--
IR61---
IR51--
IR41---
IR31--
IR21---
IR11--
IRO I--v-c-c-WR WR 

INTR 82C338 INT 

ALE f-----~ 
IO/MJ------o-J 

GND-+--t 

Y61------~ CS 

AD 

ADO 
8DC88 ADDRESS BUS 

FIGURE 13. ADDRESSING THE 82C59A 
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5.0 Programming the 82C59A 
As described earlier, there are two different types of com· 
mand words that are used for controlling B2C59A operation; 
the Initialization Command Words (ICWs) and the Operation 
Command Words (OCWs). To properly program the 
B2C59A, it is essential that the ICWs be written first. When 
writing the ICWs to the B2C59A, they must be written in the 
following sequence: 

(1) Write ICWI to the 82C59A, AO = O. 

(2) Write ICW2 to the 82C59A, AO = 1. 

(3) If using cascaded B2C59As in system. write ICW3 to the 
B2C59A, AO = 1. 

(4)1f IC4 bit was set in ICW1, write ICW4 to the B2C59A. 

NOTE: When using multiple 82C59As in the system (cascaded), 
each one must be initialized following the above sequence. 

Once the 82C59A(s) has been configured through the ICWs. 
the OCWs can be used to select from the various operation 
mode options. These include: masking of interrupt lines, 

<III. ~ 

ADO 

A02 7""fa' 
AOJ 8 Y4 
A04 C 

D~R 

selection of priority rotation, issuance of EOls, reading of the 
ISR andsor IRR, etc. These OCWs can be written to the 
82C59A at any time during operation of the B2C59A. The 
various command words are identified by the state of 
selected bits in the words, rather than by the sequence that 
they are written to the B2C59A; as with the ICWs. Therefore, 
it is imperative that the fixed bit values in the command 
words be written as such to insure proper operation of the 
device(s). 

5.1 Example 1: Single 82C59A 

In Example I, we are using a single 82C59A in a system to 
handle the interrupts caused by an 82C52 Programmable 
UART. The system is driven using an 8OC86 Microprocessor. 
The system configuration is shown in Figure 14. 

Interrupts are initiated by the B2C52 anytime it receives data 
on its Serial Data In pin (501), or when it is ready to transmit 
more data via its Serial Data Out pin (500). 

82C59A 
A-

00-07 
, 

" .. 
AD 

IR2 
CS 

- CS DR 

:J ADO AD 
AD! AI DSR 

INTR 

.. .. 
\ 

00-07 

'I 

82C52 
'III; 

8OC86 ADDRESS BUS 
8OC86 DATA BUS 

FIGURE 14. EXAMPLE 1: SINGLE 82C59A 
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5.2 Example 2: Caacaded 82C59As 

Example 2 illustrates how we can use multiple 82C59As In the 82C52 UART. Except for the fact thallhia system is con
Cascade Mode. Figure 15 shows the interconnections figured with a Master-Slave InterruplllCheme, it is the same 
between the master and slave Interrupt controllers. 10 this as that in Example 1. 
example, only one interrupt can occur. This is generated by 

INTA 
MASTER 
BZC59A SLAVE 82C59A 

ADO AD ADO 
iiil ADI 
WR IR2 INTR 
INT 

VCC 
IRS 

SPIEN 
CAS SP/Eli '1 

o I Z Ci ":" 2K!! 
CS 

8ZC52 
GND 

ADZ A 
AD3 B Vi 
AD4 C Yst-----------1~----~ 

mr--------~ 
'---~ 
DECODER 

FIGURE 15. EXAMPLE 2: CASCADED 12C5tAs 
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6.0 Expansion Past 64 Interrupts 
In some instances, it may be desirable to expand the number 
of available interrupts in a system past the maximum of 64 
imposed when using cascaded 82C59As. The easiest way 
to accomplish this is through the use of the Poll command 
with the 82C59A. Figure 16 illustrates one example of how 
this expansion can be accomplished. Notice that we are 
using two 3-t0-8 decoders to address up to 16 82C59As. 
Selection of which decoder is active takes place using the 
OE pin driven by AD5 from the CPU's address bus. 

With this type of interrupt structure, we are not using the INT 
and iNi'A lines from our processor (80C88 for this example). 
Because of this, no interrupts will break execution of the sys
tem software. Therefore, it is the task of the software to poll 

DECODER 
YO 

AD2-AD4 3_ A.B.C · · OE · AD5 ft 

the various 82C59As in the system to see if any interrupts 
are pending. Once it has been established which interrupt 
requires servicing, the software can take appropriate action. 

There are disadvantages to using the poll mode for the sys
tems interrupt structure: (1) the overhead of polling each of 
the 82C59As reduces the systems efficiency, and (2) real
time interrupt servicing cannot be guaranteed. 

There are several advantages to using the poll mode in this 
manner: (1) there can be more than 64 priority interrupts in 
the system, and (2) memory in the system is freed because 
no interrupt vector table Is required. 

82C59A 

AD 
CS 

8 
IRO·IR7 

82C59A 

AD 
CS 

8 
IRO-IR7 

82C59A 

AD 

8 
IRO·IR7 

82C59A 

AD 
.----+-_ .... cs r-+::8-IRO.IR7 

ADO 

82C59A 

~ u ., , ... ,,' 
· · · · 

FIGURE 16. EXPANDING PAST 64 INTERRUPTS 
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HARRIS 80C286 PERFORMANCE ADVANTAGES 
OVER THE 80386 

Author: Ted Dimbero 

The Harris 80C286, operating at the same frequency as the 
80386, has performance advantages over the 80386 when 
executing 16-bit industry standard 80C86 or 80C286 
code. This is evident in the following areas: 

(1) InpuVOutput Handling 

(2) Interrupt Handling 

(3) Control Transfer (Loop, Jump, Call) 

(4) 286 Protected Mode Systems 

(5) Multi-Tasking and Task Switching Operations. 

This advantage is due to the 80C286 requirement of fewer 
clock cycles to execute the same instructions. In addition to 
these areas, the 80C286 executes many other instructions 
in the same number of clock cycles as the 80386. 

This results in an 80C286 performance advantage in areas 
including: 

• Multi-Tasking Systems. 

• Control Applications - utilizing interrupt and I/O 
instructions. 

• Structured Software - utilizing many Control transfer 
instructions. 

• Operating Systems that rely on interrupts to perform 
functions. 

• Upgrading 16-bit 80C86 applications for increased 
performance. 

The 80C286 can be effectively used as a fast 80C86. How
ever, the 80386 is not a fast 80C286. This study shows that 
software written for the 80C86/80C286 can execute more 
efficiently on the 80C286 than on the 80386. There is no 
significant performance advantage to be gained by simply 
moving a system design from an 80C286 to an 80386 at 
either 16MHz or 20MHz. The 80C286 is the processor best 
suited for executing 16-bit 80C86/80C286 code, which 
represents the world's largest base of microprocessor 
software. 

Architecture Background 

The 80C286 Harris' newest static CMOS microprocessor 
combines low operating and standby power with high 
performance. The Harris 80C286 is available in speeds of 
12.5MHz, 16MHz, 20MHz and 25MHz. 

The 80C286 evolved from the industry standard 80C86 
microprocessor. The 80C286 has vast architectural 
enhancements over its predecessor that allow the 80C286 
to execute the same code with a significant performance 
increase. Disregarding the clock speed increase, when 
upgrading from an 80C86 to an 80C286, the 80C286 can 
execute the same code with an increase in throughput of up 
to 4 times that of the 80C86. This increase is solely due to 
the architectural enhancements. 

It is a common belief that replacing an 80C286 with the 
32-bit 80386 microprocessor will yield similar perform
ance increases. This is not the case. The new architecture 
gives the 80386 32-bit capability and increased protection 
features, but it does not Significantly increase the through
put of 16-bit 8086 or 80286 code. In most cases, when 
executing industry standard 8086 or 80286 code, 
replacing the 80C286 with an 80386 does not result in a 
significant performance increase. In some cases, such a 
replacement will actually cause a performance degradation. 

Figure 1 illustrates a comparison of the number of clock 
cycles needed to execute several instructions available on 
all three microprocessors (80C86, 80C286, and 80386). 
This illustrates the dramatic effect of 80C286 architectural 
enhancements on performance when compared to the 
80C86 and the lack of similar performance improvement 
when executing 8086/80286 code on the 80386. 

With an 80C86 to 80C286 upgrade, system designers 
can execute existing 8086 code on the 80C286 and 
take advantage of an immediate performance upgrade. 
This same benefit is not realized when switching from 
an 80C286 to an 80386. This comparison illustrates 
that changing from an 80C286 to an 80386 does 
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FIGURE 1. ARCHITECTURAL COMPARISON 

not yield increased throughput when executing the same 
industry standard 80C86/80C286 code (the world's largest 
base of microprocessor software). 

Instruction Comparison 

The Appendix in this document illustrates a direct compari
son of the number of clock cycles needed to execute the 
same instructions on the 80C286 and the 80386. The table 

This is vastly different than the previous 86-286 upgrade. 
With that upgrade, the 80C286 exhibits equal or better per
formance than the 80C86 with 100% of the instructions. 
This clearly indicates that the 80C286 is the processor best 
suited for executing industry standard 8086 family code. 

The following discussion groups each of the instructions 
into one of several categories to analyze which applications 
will benefit from utilizing the 80C286. The categories used 

includes examples of instruction timing for all instructions are: 
available on both processors. Several addressing modes of 
each instruction type are included. • Jumps, Calls, Returns and Loops (Real Mode). 

Of the 190 instruction examples analyzed, 74 of the instruc
tions execute faster on the 80C286 than on the 80386; 66 
of the instructions analyzed execute in the same number of 
clock cycles on both processors. This leaves only 50 in
structions with improved performance on the 80386 (See 
Figure 2). Over 70% of the instructions analyzed execute as 
fast or faster on the 80C286 than on the 80386. . 

6OC286 
EOUALTO 

80386 

6OC286 
FASTER THAN 

80386 

80386 
FASTER THAN 

6OC286 

FIGURE 2. EXECUTION SPEED COMPARISON 
(NUMBER OF INSTRUCTIONS) 

• I/O Instructions. 

• Logic, Arithmetic, Data Transfer, Shift and Rotate 
Instructions. 

• Interrupts. 

• Miscellaneous Instructions. 

• Protected Mode/Multi-Tasking Instructions. 

Jumps, Calls and Loops 

In real mode, near calls, jumps, and conditional jumps 
(transfers within the current code segment) all take the 
same number of clock cycles to execute on the 80C286 
and the 80386. Since the segment sizes are larger on the 
80386, the near transfer instructions on the 80386 can 
transfer a greater distance. 

The far calls and jumps (transfers that switch to a new code 
segment; i.e., a code segment context switch) are faster on 
the 80C286: four clocks and one clock respectivley. The far 
return instruction executes in three less clock cycles on the 
80C286, and the near return takes one extra clock cycle. 
The protected mode calls, jumps, and returns are all faster 
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on the 80C286 and are discussed in the section on 
Protected Mode. 

The loop instruction is three clock cycles faster on the 
80C286 than the 80386. Thus, the 80C286 would save 300 
clock cycles over the 386 if a LOOP instruction were 
executed 100 times. 

-ADVANTAGE-

INSTRUCTION 80C286 NONE 80386 

Near JMP and CALL X 

Far CALL, JMP and RET X 

LOOP X 

I/O Instructions 

The 80C286 has a significant advantage with the I/O 
instructions. The IN instruction is almost 2 1/2 times faster 
on the 8OC286; the 80386 takes 7 extra clock cycles to ex
ecute the same instruction. The OUT instruction is over 3 
times faster on the 80C286; again the 80386 takes 7 extra 
clock cycles to execute the same instruction. Executing the 
I/O instructions on the 80386 is equivalent to executing on 
the 80C286 with 7 wait states. 

The string I/O instructions (INS and OUTS) are also signifi
cantly faster on the 80C286. The INS instruction is 10 clock 
cycles faster on the 80C286, and the OUTS instruction is 9 
clock cycles faster. This is particularly important if the string 
operations are going to be used to input or output a large 
block of data using the REP prefix. Inputing 100 words of 
data with the REP INS instruction is 208 clock cycles faster 
on the 80C286. An even more significant difference can be 
seen when outputing 100 words with the REP OUTS 
instruction. In this case, the 80C286 is 800 clock cycles 
faster than the 80386. 

-ADVANTAGE-

INSTRUCTION 80C286 NONE 80388 

IN X 

OUT X 

INS X 

OUTS X 

Logic, Arithmetic, Data Transfer, Shift 
and Rotate Instructions 
Most forms of the logic, arithmetic, and data transfer 
instructions execute in the same number of clock cycles on 
both processors. Certain operand combinations of these 
instructions (immediate to register for example) take one 
extra clock cycle to execute on the 8OC286. 

In real mode, the segment register transfer instructions 
execute as fast or faster on the 8OC286 than they do on the 
80386. For example, using the POP instruction to transfer 
data into a segment register is 2 clock cycles faster on the 
80C286. 

Most of the string manipulation instructions execute in the 
same number of clock cycles on both processors. The 
MOVS and STOS instructions are faster on the 80C286. 

The divide instruction executes in the same number of clock 
cycles on both processors. The number of clocks to 
execute the multiply instruction on the 80386 is data 
dependent; the number of clocks to execute the same 
instruction on the 80C286 is fixed. On average, the multiply 
instruction is five clock cycles faster on the 80386, but 
depending on the data, the 80386 could be as many as 4 
clock cycles slower than the 80C286. 

The rotate and shift instructions are faster on the 80386. 
Unlike the 80C286, the 80386 rotate and shift instructions 
do not depend on the number of bits to be shifted or rotated. 
Thus, the 80386 has the advantage with multi-bit rotate and 
shift instructions. The 80C286 does, however, execute 
single bit rotate and shift instructions faster. 

-ADVANTAGE-

INSTRUCTION 80C288 NONE 80386 

Most Logic and Arithmetic X 

Certain Operand X 
Combinations of Logic 
and Arithmetic 

Divide X 

Multiply X 

Single Bit Shift or Rotate X 

Multi-Bit Shift or Rotate X 

String Instructions X 

Interrupt Instructions 

Interrupts are serviced more quickly on the 8OC286. The 
INT instruction, in real mode, executes 14 cycles faster on 
the 80C286 than it does on the 80386. The INTO, BOUND, 
and other instructions that can cause an interrupt all benefit 
from the faster interrupt handling features of the 8OC286. 
The return from interrupt instruction (IRET) is 7 clock cycles 
faster on the 8OC286. The PUSHA and POPA instructions, 
frequently used by interrupt handling procedures, are both 
faster on the 8OC286. Protected Mode interrupt handling is 
discussed in the Protected Mode section. 

-ADVANTAGE-

INSTRUCTION 80C286 NONE 80386 

INTn X 

INTO X 

BOUND (If Interrupt) X 

Break Point Interrupt X 
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Miscellaneous Instructions 
The BCD instructions, HL T, and CBW execute from 1 to 5 
clock cycles faster on the 80C286. The instructions to set 
and clear individual flags and the CWO instruction all 
execute in the same number of cycles on both processors. 
The ENTER, LEAVE, and BOUND instructions are from 1 to 
3 cycles faster on the 80386. The BOUND instruction is 
only faster if an interrupt is not caused by the instruction. 

- ADVANTAGE-

INSTRUCTION 8OC286 NONE 80386 

BCD Instructions X 

Data Conversion X 
(CBW,CWD) 

Flag Settling and Clearing X 

BOUND (If No Interrupt) X 

Protected Mode/Multi-Tasking 

When executing 80286 protected mode code, the 80C286 
significantly out-performs the 80386. Task switching oper
ations execute 100 to 113 clock cycles faster on the 
80C286. The instruction to return from a called task is 63 
clock cycles faster on the 80C286. This results in a very 
significant performance increase for systems utilizing the 
multi-tasking features. 

Inter-segment JMP, CALL and segment loading instruc
tions also operate faster on the 80C286. The 80C286 saves 
anywhere from 4 to 11 clock cycles depending on the 
particular inter-segment transfer instruction. In protected 
mode, the inter-segment return is also faster on the 
80C286. The 80C286 is 7 clock cycles faster when execut
ing an inter-segment return to the same privilege level and 
is 13 cycles faster on inter-segment returns to a different 
privilege level. 

The instructions to initialize and check the protected mode 
registers execute as fast or faster on the 80C286. The IDTR 
access instructions are an exception to this in that they take 
one extra clock cycle to execute on the 80C286. The 
instruction to switch the processor to protected mode 
(LMSW) is 7 cycles faster on the 80C286. 

80C286 80386 

Most of the 80286 protected mode access checking 
instructions operate as fast or faster on the 80C286 than on 
the 80386. The LAR instruction is one clock cycle faster on 
the 80C286 and the LSL instruction is 5 clock cycles faster. 
The VERW instruction executes in the same speed on both 
processors and the VERR is 5 cycles faster on the 80386. 
The ARPL instruction used in protected mode procedures 
for pointer validation is 10 clock cycles faster on the 
80C286. 

-ADVANTAGE-

INSTRUCTION 80C286 NONE 80386 

Task Switching X 

Segment Register Loading X 

Inter-Segment Transfer X 

System Register Instructions X 

Inter-Segment Transfers X 

Access Checking X 
Instructions 

Subroutine Analysis 

This section lists several subroutines and then compares 
the number of clock cycles each subroutine will take to exe
cute on the 80C286 and on the 80386. 

EXAMPLE 1 

This interrupt routine outputs a character to a terminal via a 
UART. The AL register must contain the character to be 
output. The routine first checks the status of the UART to 
determine if it is busy. If it is busy, the routine loops until the 
UART is free; when the UART is free, the character is output. 
Following is a listing of the code and the clock clycle analy
sis for the OUT_CHAR routine. 

This sample procedure executes about 25% faster on the 
80C286 than on the 386. The advantage is realized through 
the 80C286's faster interrupt handling and faster I/O 
instructions. 

CLOCK CYCLES CLOCK CYCLES OUT_CHARACTER PROC NEAR 

3 4 PUSHF ; save callers flags. 

3 2 PUSH AX ; save data to be output. 

5 12 CLSTATUS: IN AL, PORT_STATUS ; Input UART status. 

6 5 CMPAL,BUSY ; Check If UART Busy 

3/7 3/7 JECLSTATUS ; If busy go check again. 

5 4 POP AX ; If not busy restore AX 

3 10 OUT OUT_PORT, AL ; and output data. 

5 5 POPF ; Restore Flags 

17 22 IRET ; Return. 

23 37 INTx ; Instruction to initiate OUTCHAR 
- - ; Interrupt. 
73 104 Total cycles if UART not busy. 

18 24 Number of cycles added for each loop while UART is busy. 

EXAMPLE 1 
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EXAMPLE 2 

The second example outputs an entire string of characters 
using the previous interrupt routine (denoted by "INT x" in 
the code below). The OS:SI registers point to the beginning 

80C288 80386 
CLOCK CYCLES CLOCK CYCLES 

17 18 
5 5 NEXT: 
3 2 

317 317 
73 104 
7 7 

19 24 DONE: 
15 18 

13 17 
-- --

of the string to be output. The string is variable in length and 
must be terminated with the "$'" character. 

OUT_STRING PROC FAR 

PUSHA ; save caller's registers. 
LODSB ; Load first char to be output. 
CMPAL,"$" ; Check to see if End of string. 
JE done ; If end then goto DONE. 
INTx ; If not end output character. 
JMPnext ; Go get next char to output. 
POPA ; Restore Registers when done. 
RET ; Far Return. 

Call OUT_STRING ; Far Call to initiate 
; OUT _STRING procedure. 

79+91/char 91+121/char Total number of clocks to start and end routine. 
+Number of additional clocks to output each character in the output string 

To output a string of 20 characters, the 80C286 would take 
1 ,899 clock cycles; using the same routine, the 80386 
would take 2,511 cycles. Each time a string of 20 charac
ters is output, the 80C286 will save 612 clock cycles; an 

EXAMPLE 3 

This example adds all the values of a source array in 
memory to the values of a destination array in memory. The 
result is stored in the destination array. Both arrays are 
assumed to be in the current data segment. The count 

80C286 80386 
CLOCK CYCLES CLOCK CYCLES 

17 18 
2 2 
5 4 

5 4 

5 4 

~ 2 
5 5 NEXT: 
7 7 
3 2 

8/4 11 

19 24 
11 10 

80C286 performance increase of almost 25%. The advan
tage is realized through the 80C286's faster interrupt handl
ing, faster I/O instructions, faster FAR transfer instructions 
and faster register saving and restoring instructions. 

(number of words in the array), offset of source array, and 
offset of destination array are all assu med to be placed on 
the stack (in that order) by the calling program. The source 
code for the procedure is listed below: 

ADD...ARRAY PROC NEAR 

PUSHA ; Save caller's registers. 
MOVBP,SP ; Point BP to current stack 
MOV CX, [bp+22J ; Load array size from stack 

; intoCX. 
MOV SI, [bp+20J ; Load offset of source array 

; from stack into SI. 
MOV DI, [bp+ 18J ; Load offset of destination 

; array from stack into DI. 
CLD ; Clear Direction Flag. 
LODSW ; Load the source word into AX. 
ADD [DIJ,AX ; Add source to destination. 
ADDDI,02 ; Point DI to next data. 
LOOP NEXT ; Continue to ADD all elements 

; in the two arrays. 
POPA ; Restore Registers 
RET6 ; Near return. 

; Following is the code necessary to set up and call the above procedure. 

5 5 PUSH count ; Put count parameter on stack 
3 2 PUSH offset SJRRAY ; Put offset of source array 

; on stack. 
3 2 PUSH offset DJRRAY ; Put offset of destination 

; array on stack. 
7 7 CALL ADDJRRAY ; Near Call to initiate 

-- -- ; ADDJRRAY procedure. 
84+(23*CX)-4 84+(25*CX) Total number of clocks to start and end routine. 

+Number of additional clocks for each item in array to be added. 

Both processors take the same number of clock cycles for 
initialization before the call and closing up after the call (84). 
The loop that does the adding is faster on the 80C286. To 
add two 100 word arrays, the 80C286 would take 2,380 

clock cycles; the 80386 takes 2,584 (an additional 204 
clocks) to execute the same routine. In this example, the 
LOOP instruction gives the 80C286 the performance 
advantage over the 80386. 
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EXAMPLE 4 

This procedure is an example of an operating system 
procedure developed for a protected mode multi-privilege 
level system. The procedure INIT _SEGMENT is passed a 
segment selector on the stack and will load that entire 
segment with zero's. The procedure is designed to execute 
at privilege level zero with a call gate at privilege level 3; this 

allows procedures executing at any level to utilize the 
INIT_SEGMENT procedure. INIT_SEGMENT provides 
protection checks to ensure that the procedure passing the 
parameter has valid access to the segment that it is trying to 
initialize. This prevents a procedure at privilege level three 
from initializing a segment at privilege level zero. 

8OC286 80386 
CLOCK CYCLES CLOCK CYCLES INIT_SEGMENT PROC FAR WC=1 

17 18 PUSHA ; save caller's registers. 

3 2 PUSHES ; save ES register. 

2 2 MOVBP,SP ; Point BP to top of stack. 

5 4 MOV AX, [BP+22) ; Load AX with segment selector 

; passed as parameter on stack. 

5 4 MOV BX, [BP+20) ; Load BX with retum CS to 

; determine caller's CPL. 

10 20 ARPLAX,BX ; Adjust the Privilege level of 

; the segment selector according 

; to the caller's CPL. 

16 16 VERWAX ; Test for valid write accass 

3{7 3{7 JNEERROR ; If no valid aCCE\SS goto error. 

17 18 MOVES,AX ; LOAD ES with segment to be 

; initialized. 

14 20 LSLCX,AX ; Load segment size into CX. 

2 2 XORDI,DI ; Load zero Into DI. 

2 2 XORAX,AX ; Load zero into AX. 

2 2 CLD ; Clear decrement flag. 

4+3*cx 5+5*cx REPSTOSB ; Init entire segmentto 00. 

2 2 CLC ; Clear carry to Indicate segment 

; initialized with no errors. 

20 21 DONE: POPES ; Restore ES register. 

19 24 POPA ; Restore Register 

55 68 RET2 ; Ret FAR to different privilege 

2 2 ERROR: STC ; SET carry to indicate error. 

7 7 JMPDONE 

; Code to push selector on stack and initiate INIT SEGMENT via call gate. 

3 2 PUSH DAT"--SELECTOR ; Place Selector on stack. 

82 86 CALLINIT_SEGMENT_GATE ; Instruction to initiate 
- - ; INIT SEGMENT procedure. 

253 283 Total clocks if ERROR because segment not accessible. 

283+(3*S) 321+(5*S) Total number of clocks if segment is initialized to zeros. "S" represents size of segment 

in byles. 

This example shows that when executing instructions used 
for privilege verification and privilege level transitions the 
80C286 is faster than the 80386. Without taking the LODS 
instruction into account, the 8OC286 is 38 clock cycles 

faster when executing the same procedure. With the LODS 
instruction, and assuming a segment size of 100 bytes, the 
8OC286 would execute this routine 238 clock cycles faster 
than the 80386. 
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EXAMPLE 5 

This Procedure is a task dispatcher that is invoked via an 
interrupt to cause a task switch to occur. This procedure 
utilizes a. circular linked list of the tasks that need to be 
executed. A pointer called "CURRENT_TASK" points to 
the data structure for the current task being executed. The 
data structure contains the TSS for the task it is describing 
and a NEXT field that points to the data structure of the next 
task in the list to be executed. When the Task Dispatcher is 
invoked it switches the current pointer to the next task in the 

CURRENT_ TASK-

80C286 80386 

list and then invokes the new task by jumping to the TSS for 
that task. The data structure for the linked list is illustrated 
below. 

The task dispatcher is actually a separate task that is 
invoked via an interrupt that signals that a new task should 
be initiated. Following is a listing for the simple task 
dispatcher. 

CLOCK CYCLES CLOCK CYCLES TASLDISPATCH PROC FAR 

5 4 START: MOV BX, CURRENT TASK + 2 ; Load BX with contents of next 

; field of currentT ASK. BX will 
; contain the address of the data 
; structure for next task to run. 

3 2 MOV CURRENT TASK, BX ; Update Current Task to point to 
; new task to be executed. 

178 279 JMP DWORD PTR [BX-2] ; Start new task by jumping to TSS 
; for new task. 

7 7 JMPSTART ; JUMP to start for next time the 
-- - ; TASK dispatcher is invoked. 
193 292 

The advantage of the 80C286 in this case is in the faster 
task switch instruction. The task switch instruction is 101 
clock cycles faster on the 80C286 than on the 80386. This 

performance increase makes the 80C286 the clear choice 
for muti-tasking applications. 
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Appendix 

This appendix contains a table directly comparing the num
ber of clock cycles necessary to execute all the instructions 
available on both the 80C286 and the 80386. The table 
includes several addressing modes of each instruction. 

The table has five columns. The first column list the instruc
tion being compared. The second column lists the number 
of clock cycles that the 80C286 needs to execute that 
instruction. The third column lists the number of clock 
cycles needed by the 80386 to execute the same instruc-

tion. The fourth column divides the number of cycles 
needed by the 80386 by the number of cycles needed by 
the 80C286. If this figure is greater than one, (see fifth 
column) then the 80C286 is faster than the 80386. For 
example, a 2.0 would indicate the 80C286 executes the 
same instruction twice as fast as the 80386. A 1.0 indicates 
that both processors execute the instruction in the same 
number of cycles. A number less than one indicates the 
80386 is faster than the 80C286. 

80C286 
NUMBER NUMBER FASTER 

CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386/ EQUAL TO 

80C286 INSTRUCTION ON80C286 ON 80386 80C286 80386 

AM 3 4 1.33 v 
AAD 14 19 1.36 v 
AAM 16 17 1.06 v 
AAS 3 4 1.33 v 
ADC reg, reg 2 2 1.00 v 
ADC mem, reg 7 7 1.00 v 
ADC reg, immed 3 2 0.67 
ADC mem, immed 7 7 1.00 v 
ADD reg, reg 2 2 1.00 v 
ADD mem, reg 7 7 1.00 v 
ADD reg, immed 3 2 0.67 
ADD mem, immed 7 7 1.00 v 
AND reg,reg 2 2 1.00 v 
AND mem, reg 7 7 1.00 v 
AND reg, immed 3 2 0.67 
AND mem, immed 7 7 1.00 v 
ARPL reg, reg 10 20 2.00 v 
ARPL mem, reg 11 21 1.91 v 
BOUND (no interrupt) 13 10 0.77 
CALL immed (near) 7 7 1.00 v 
CALL immed (far real mode) 13 17 1.31 v 
CALL immed (far PVAM) 26 34 1.31 v 
CALL gate (same privilege PVAM) 41 52 1.27 v 
CALL gate (different privilege PVAM) 82 86 1.05 v 
CALL TSS (Task Switch PVAM) 177 278 1.57 v 
CALL tasLgate (Task Switch PVAM) 182 287 1.58 v 
CBW 2 3 1.50 v 
CLC 2 2 1.00 v 
CLD 2 2 1.00 v 
CLI 3 3 1.00 v 
CLTS 2 5 2.50 v 
CMC 2 2 1.00 v 
CMP reg, reg 2 2 1.00 v 
CMP mem, reg 6 5 0.83 
CMP reg, immed 3 2 0.67 
CMP mem, immed 6 5 0.83 
CMPS 8 10 1.25 v 
CWD 2 2 1.00 v 
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Appendix (Continued) 

8OC288 
NUMBER NUMBER FASTER 

CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 803881 EQUAL TO 

8OC2881NSTRUcnON ON8OC288 ON 80388 80C288 80388 

OAA 3 4 1.33 v 
OAS 3 4 1.33 v 
DEC reg 2 2 1.00 v 
OECmem 7 6 0.86 
OIV word, reg 22 22 1.00 v 
OIV word, mem 25 25 1.00 v 
ENTER immed1, immed2 (immed 2 = 6) 36 35 0.97 
HLT 2 5 2.50 v 
IOIV word, reg 25 27 1.08 v 
IMUL word, mem 24 19 0.79 
IN 5 12 2.40 v 
INC reg 2 2 1.00 v 
INCmem 7 6 0.86 
INS 5 15 3.00 v 
INT 3 (real mode) 23 33 1.43 v 
INT immed (real mode) 23 37 1.61 v 
INT immed (PVAM same privilege) 40 59 1.48 v 
INT immed (PVAM different privilege) 78 99 1.27 v 
INTTASK-GATE (PVAM Task Switch) 167 280 1.68 v 
INTO (No Jump) 3 3 1.00 v 
INTO (yes Jump real mode) 24 35 1.46 v 
IRET (real mode) 17 22 1.29 v 
IRET (PVAM same privilege) 31 38 1.23 v 
IRET (PVAM different privilege) 55 82 1.49 v 
IRET (PVAM task switch) 169 232 1.37 v 
Jcond label (No jump) 3 3 1.00 v 
Jcond label (yes jump) 7 7 1.00 v 
JMP near-'abel 7 7 1.00 v 
JMP Far-'abeI (real mode) 11 12 1.09 v 
JMP FAFLLABEL (PVAM) 23 27 1.17 v 
JMP CALL-GATE (PVAM same privilege) 38 45 1.18 v 
JMP TASK-GATE (PVAM task switch) 183 288 1.57 v 
JMP TSS (PVAM task switch) 178 279 1.57 v 
LAHF 2 2 1.00 v 
LARreg 14 15 1.07 v 
LARmem 16 16 1.00 v 
LOS (reel mode) 7 7 1.00 v 
LDS(PVAM) 21 22 1.05 v 
LEA 3 2 0.67 
LEAVE 5 4 0.80 
LGOT 11 11 1.00 v 
LlOT 12 11 0.92 
LLOTreg 17 20 1.18 v 
LLDTmem 19 20 1.05 v 
LMSWreg 3 10 3.33 v 
LMSWmem 6 13 2.17 v 
LOOS 5 5 1.00 v 
LOOP (Jump) 8 11 1.38 v 
LOOP (No Jump) 4 11 2.75 v 
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Appendix (Continued) 

80C286 
NUMBER NUMBER FASTER 

CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 803861 EaUALTO 

80C286 INSTRUCTION ON80C286 ON 80386 80C286 80386 

LSLreg 14 20 1.43 V-
LSLmem 16 21 1.31 V-
LTRreg 17 23 1.35 V-
LTRmem 19 27 1.42 V-
MOVreg, reg 2 2 1.00 V-
MOVmem, reg 3 2 0.67 
MOV reg, immed 2 2 1.00 V-
MOV mem, immed 3 2 0.67 
MOV seg_reg, reg (real mode) 2 2 1.00 V-
MOV seg_reg, mem (real mode) 5 5 1.00 V-
MOV seg_reg, reg (PVAM) 17 18 1.06 V-
MOV seg_reg, mem (PVAM) 19 19 1.00 V-
MOVS 5 7 1.40 V-
MULreg 21 15 0.71 V-
NEG reg 2 2 1.00 V-
NEG mem 7 6 0.86 
NOP 3 3 1.00 V-
NOT reg 2 2 1.00 V-
NOTmem 7 6 0.86 
OR reg, reg 2 2 1.00 V-
OR mem,reg 7 6 0.86 
OR reg, immed 3 2 0.67 
OR mem, immed 7 7 1.00 V-
OUT 3 10 3.33 V-
OUTS 5 14 2.80 V-
POP reg 5 4 0.80 
POPmem 5 5 1.00 V-
POP seg_reg (real mode) 5 7 1.40 V-
POP seg_reg (PVAM) 20 21 1.05 V-
POPA 19 24 1.26 V-
POPF 5 5 1.00 V-
PUSH reg 3 2 0.67 
PUSHmem 5 5 1.00 V-
PUSH seg_reg 3 2 0.67 
PUSHA 17 18 1.06 V-
PUSHF 3 4 1.33 V-
RCR or RCL reg, 1 2 9 4.50 V-
RCR or RCL mem, 1 7 10 1.43 V-
RCR or RCL reg, el (el = 4) 9 9 1.00 V-
RCR or RCL mem, eI (el = 4) 12 10 0.83 
RCR or RCL reg, 4 9 9 1.00 V-
RCR or RCL mem, 4 12 10 0.83 
ROR or ROL reg, 1 2 3 1.50 V-
ROR or ROL mem, 1 7 7 1.00 V-
ROR or ROL reg, el (el = 4) 9 3 0.33 
ROR or ROL mem, eI (el = 4) 12 7 0.58 
ROR or ROL reg, 4 9 3 0.33 
ROR or ROL mem, 4 12 7 0.58 
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8OC286 INSTRUCTION 

REP INS (ex = 100) 
REP MOVS (ex = 100) 
REP OUTS (ex = 100) 
REP STOS (ex = 100) 
REP CMPS (ex = 100) 
REPE CMPS (N = 100) 
REPE SCAS (N = 100) 
RET (near) 
RET (far real mode) 
RET (far PVAM same privilege) 
RET (far PVAM different privilege) 
SAHF 
SHIFT reg, 1 (SHIFT = SAL, SAR, SHR) 
SHIFTmem,1 
SHIFT reg, el (el = 4) 
SHIFT mem, el (el = 4) 
SHIFT reg, 4 
SHIFT mem, 4 
SBB reg, reg 
SBBmem,reg 
SBB reg, immed 
SBB mem, immed 
SCAS 
SGDT 
SlOT 
SLOT reg 
SLOTmem 
SMSWreg 
SMSWmem 
STS 
STO 
STI 
STOS 
STRreg 
STRmem 
SUB reg, reg 
SUB mem, reg 
SUB reg, immed 
SUB mem, immed 
TEST reg, reg 
TEST mem, reg 
TEST reg, immed 
TEST mem, immed 
VERRreg 
VERRmem 
VERWreg 
VERWreg 
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NUMBER NUMBER 
CLOCKS TO CLOCKS TO 

EXECUTE EXECUTE 
ON80C286 ON 80386 

405 613 
405 405 
405 1205 
304 505 
905 905 
905 905 
805 805 

11 10 
15 18 
25 32 
55 68 

2 3 
2 3 
7 7 
9 3 

12 7 
9 3 

12 7 
2 2 
7 6 
3 2 
7 7 
7 7 

11 9 
12 9 
2 2 
3 2 
2 2 
3 2 
2 2 
2 2 
2 3 
3 4 
2 23 
3 27 
2 2 
7 6 
3 2 
7 7 
2 2 
6 5 
3 2 
6 5 

14 10 
16 11 
14 15 
16 16 
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80386/ 
8OC286 

1.51 
1.00 
2.98 
1.66 
1.00 
1.00 
1.00 
0.91 
1.20 
1.28 
1.24 
1.50 
1.50 
1.00 
0.33 
0.58 
0.33 
0.58 
1.00 
0.86 
0.67 
1.00 
1.00 
0.82 
0.75 
1.00 
0.67 
1.00 
0.67 
1.00 
1.00 
1.50 
1.33 

11.50 
9.00 
1.00 
0.86 
0.67 
1.00 
1.00 
0.83 
0.67 
0.83 
0.71 
0.69 
1.07 
1.00 

80C286 
FASTER 

THAN OR 
EQUAL TO 

80386 
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Appendix (Continued) 

80C286 
NUMBER NUMBER FASTER 

CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386/ EQUAL TO 

80C286 INSTRUCTION ON80C286 ON 80386 80C286 80386 

WAIT 3 6 2.00 v' 
XCHG reg, reg 3 3 1.00 v' 
XCHG reg, mem 5 5 1.00 v' 
XLAT 5 5 1.00 v' 
XOR reg, reg 2 2 1.00 v' 
XOR mem, reg 7 6 0.86 
XOR reg, immed 3 2 0.67 
XOR mem, immed 7 7 1.00 v' 

-- -- --
TOTAL number clocks to execute all instructions 6978 9048 
AVERAGE 1.24 

Number of Instructions faster on 80C286 74 
Number of Instructions equal on both processors 66 
Number of Instructions faster on 80386 50 --
Total Number of instructions analyzed 190 
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80C286/80386 HARDWARE COMPARISON 
Author: Ted Schaufelberger 

The Harris 80C286 static CMOS microprocessor, available 
with maximum operating frequencies of 16-MHz and 20-
MHz, offers both performance and design advantages over 
the 80386 when operating at the same frequency. When 
both the 80C286 and 80386 are operated on a 16-bit data 
bus, which fully supports industry standard 8086/80286 
code, the 80C286 has better performance, and is signifi
cantly simpler to design with than the 80386. The 80C286 
also uses significantly lower power than the 80386, leading 
to less expensive, more reliable overall system design (see 
Figure 1). 

ICC (rnA) 
550 

500 

450 

400 

350 

300 

250 

200 

150 

100 

50 

550rnA 

BOC286 80386 

L 20MHz-' 

FIGURE 1. 80C286/80386 POWER CONSUMPTION 
COMPARISON 

The following comparison highlights some of the perform
ance advantages that exist on the 80C286: 

Summary of 16-Bit Data Bus 
Performance 

·80C286 

• The 80C286 already has all necessary control lines 
needed to implement a 16-bit data bus (Ref. section on 
Control Signals Required to Implement a 16-Bit Data 
Bus). 

• The 80C286 supports a fully pipelined mode of opera
tion for maximum system performance (Ref. section on 
Pipelined Operation on a 16-Bit Data Bus). 

• The 80C286 remains in a pipelined mode of operation 
even when idle bus cycles occur (Ref. section on Idle 
Cycles). 

• The 80C286 instruction prefetch takes one bus cycle to 
execute, thereby minimizing the time that the processor 
Execution Unit must wait should it need the bus (Ref. 
section on Instruction Prefetching a 16-Bit Data Bus). 

·80386 

• The 80386 requires five additional control lines to be 
generated by external logic in order to implement a 16-
bit data bus (Ref. section on Control Signals 
Required to Implement a 16-Bit Data Bus). 

• The 80386 does not support a fully pipelined mode of 
operation. Some pipelining can be achieved, but to 
accomplish this, external bus 'monitor' logic must be 
added to the system (Ref. section on Pipelined Opera
tion on a 16-Bit Data Bus). 

• The 80386's pipelining is disrupted by idle bus cycles. 
A non-pipelined bus cycle, usually with an additional 
wait state, must be executed before the 80386 can 
return to pipelined mode. Idle bus cycles occur an aver
age of 9% of the time (Ref. section on Idle Cycles). 

• The 80386 instruction prefetch takes two bus cycles to 
execute, which can cause performance degradation by 
forcing the Execution Unit of the processor to wait a full 
bus cycle for use of the bus in order to complete an 
instruction (Ref. section on Instruction Prefetching on a 
16-Bit Data Bus). 

16-Bit Data Bus Operation 

This section will discuss the control signals required to im
plement a 16-bit data bus, as well as pipelined operation, 
idle cycles, and instruction prefetching on a 16-bit bus. 

Control Signals Required to Implement a 
16-Bit Data Bus 

The 80C286 microprocessor has all the control lines 
needed to implement a 16-bit data bus resident on chip, no 
further control lines are required. 
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80386 SIGNALS 16-BIT BUS SIGNALS 

BE3# BE2# BE1# BEO# A1 BHE# BLE#(AO) COMMENTS 

H* H* H* H* X X X X -No Active Bytes 
H H H L L H L 
H H L H L L H 
H H L L L L k 
H L H H H H L 
H* L* H* L* X X X X-Not Contiguous Bytes 
H L L H L L H 
H L L L L L L 
L* H* H* L* X X X X-Not Contiguous Bytes 
L* H* L* H* X X X X-Not Contiguous Bytes 
L* H* L* L* X . X X X -Not Contiguous Bytes 
L L H H H L L 
L* L* H* L* X X X X-Not Contiguous Bytes 
L L L '1 L L H 
L L L L L L L 

BLE# Asserted When 00-07 of 16-BH Bus is Active. 
BHE# Asserted When 08-015 of 16-Bit Bus is Active. 
A 1 Low For All Even Words; A 1 High For All Odd Words. 

Key: X=Oon'tCare 
H = High Voltage Level 
L = Low Voltage Level 
* = A Non-Occurring Pattern of Byte Enables; EHher None are Asserted, or the Pattern has Byte Enables Asserted 

for Non-Contiguous Bytes 

FIGURE 2. A1, BLE#, AND BHE# SIGNAL GENERATION TABLE 

In order to implement a 16-bit data bus with the 80386 
microprocessor, it is necessary to create at least the follow· 
ing five additional cOntrol signals: Address Line 1 (A 1), Bus 
Low Enable (BLE#), Bus High Enable (BHE#), Bus 8ize 
16-Bits (B816#), and Next Address (NA#). 

The first of these Signals, A1, is an additional address line 
required to convert the granularity of the 80386's address 
space from double-word size entities (32-bit) to word size 
entities (16-bit). The second two signals, BLE# and BHE#, 
primarily serve as chip selects which enable the appropriate 
byte or bytes onto the 16-bit data bus. These three signals 
are generated from the four 80386 byte enables (BEO#
BE3#) as shown in Figure 2. The logic to implement these 
signals is shown in Figure 3. 

In addition to these three control signals generated from 
80386 signals as outputs, two input control signals to the 
80386 must be generated by external logic (B816# and 
NA#). 

B816# is used to inform the 80386, on a cycle-by-cycle 
basis, that a 16-bit bus size is to be used for data transfer. 
NA# is used to request that the 80386 put the next cycle 
address on the bus early, thereby pipelining that cycle. 

The 80386, therefore, requires five additional control lines, 
three outputs and two inputs, in order.to implement a 16-bit 
data bus. The generation of these control lines, in turn, re
quires additional 'glue' logic (which also introduces addi
tional signal propagation delay, thereby reducing address 
access time available to the system), and finally, there is ad
ditional bus cycle 'monitor' logic necessary if the 16-bit 
data bus is to be pipelined for higher ~erformance. 
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Plpelined Operation on a 16-Blt Data Bus 

At a given clock frequency, pipelined address operation in
creases a system's performance, while simultaneously allow
ing relatively slower memories and I/O devices to be used. 
Pipelined address operation provides the system increased 
address access time, and increased address decoding time. 

The 80C286 is optimized for, and directly supports, fully 
pipelined bus operations on a 16-bit data bus. In other 
words, the 80C286 performs all bus operations in a fully 
pipelined mode. 

The 80386 does not support fully pipelined operation on a 
16- bit data bus. In order to pipeline a bus cycle on the 
80386, the Next Address (NA#) signal must be asserted to 
the processor. If the Next Address (NA#) signal and the Bus 
Size 16-Bit (BS16#) signal are both asserted in the same 
bus cycle, the NA# signal will not be recognized. Since, the 
BS16# signal must be asserted to the 80386 for many 
patterns of 16-bit and 8-bit transfers to take place correctly, 
the pipelining of transfers over a 16-bit bus is limited. 

To allow pipelining of 16-bit data, external logic must be im
plemented to monitor the type of bus cycle taking place, de
cide if the cycle can be pipelined, and, if 50, negate the 
BS16# signal to the 80386 and assert the NA# signal. Pipe
lining is possible only if the bus cycle is one of the following 
three types: 

(1) A read operand cycle using only the lower half of the 
data bus 

(2) A write operand cycle using only the lower half of the 
data bus 

. (3) A write operand cycle using only the upper half of the 
data bus 

The 80386 will not allow 16-bit pipelining of read or write cy
cles that have byte alignments that do not conform to one of 
the previously mentioned three types. 

The 80C286, then, fully supports address pipelining, yielding 
the highest possible system performance, while using rela
tively lower performance (and therefore cheaper) memories 
and peripherals. The 80386, however, does not support fully 
pipelined 16-bit bus operation, and, to support even partial 
pipelining, requires external bus 'monitor' logic. 

Idle Cycles 

Another factor to consider when evaluating 80C286 and 
80386 performance is the effect of idle cycles on pipelined· 
operation. Calculations have shown that, on average, bus idle 
cycles occur in the system approximately 9% of the time. The 
effect of idle cycles on pipelining is quite different on the 
80C286 than on the 80386. 

The 80C286 pipelined operation is not affected by idle cy
cles. When an idle cycle or cycles occur in a stream of pipe
lined bus cycles, the 80C286 returns to pipelining bus cycles 
immediately after the last idle cycle. In this way, each device 
on the bus (e.g. memory, peripheral) maintains a fixed timing 
associated with that device, and therefore always uses the 
minimum number of wait states required for that device. 

On the other hand, the 80386 pipelined operation is 
disrupted by idle cycles. With the 80386, an idle cycle or 
cycles occurring in a pipelined stream of bus cycles breaks 
the pipelining operation. Once an idle cycle has occurred, a 
non-pipelined bus cycle must always be executed prior to 
resuming pipelining. Since a non-pipelined bus cycle will 
have different timing than a pipelined bus cycle (even to the 
same device), an additional wait state must be added to this 
bus cycle. This not only degrades performance, but requires 
additional extemal logic to differentiate between a pipelined 
bus cycle access, and a non-pipelined bus cycle access, 
even to the same device with the same address. 

From the preceding, it can be seen that when executing 16-
bit code, the 80C286 has a 90/0 performance increase 
over the 80386, due to the manner in which each pro
cessor handles idle cycles alone. Note, that with the 
80386, a pipelined stream of bus cycles will always be dis
rupted when an idle cycle occurs, whether using a 16-bit 
data bus or a 32-bit data bus. In either case, a non-pipelined 
bus cycle must be executed prior to resuming pipelined oper
ation. 

Instruction Prefetching on a 16-Bit Data Bus 

One final factor needs to be considered in the evaluation of 
80C286 and 80386 performance on a 16-bit data bus; the 
effect that prefetching instructions has on instruction execu
tion time. Prefetching of instructions is done by the processor 
Bus Unit on both the 80C286 and 80386. The prefetch is 
done when the bus would otherwise be idle for the upcoming 
cycle, and the prefetch queue is not full. 

The 80C286 doeS word size (16-bit) prefetching of instruc
tions, and therefore completes it's prefetch activities in one 
bus cycle. This minimizes the waiting period to gain access to 
the bus by other processor entities, such as the Execution 
Unit. 

The 80386 does doubleword (32-bit) prefetching of instruc
tions, even on a 16-bit bus. This means that once a prefetch 
has begun execution, two bus cycles are required to com
plete the prefetch. If, for instance, the processor's Execution 
Unit requires the bus for a data fetch or write in order to com
plete an executing instruction, it must wait for the two bus cy
cles of the prefetch to complete before it can access the bus. 
This can substantially degrade instruction execution time. 
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32-Bit Data Bus Operation 
This section discusses operating the 80386 on a 32-bit bus 
in order to overcome some of the handicaps It suffers on a 
16-bit bus. In addition, several advantages and dis
advantages associated with the 80386 on a 32-bit bus are 
considered. 

Hardware Advantages of the 80386 on a 32-Blt Data 
Bus 

There are several advantages to operating the 80386 on a 
32-bit data bus as opposed to a 16-blt data bus. Some of the 
contro/lines that were required for a 16-bit data bus are elim
inated (A1, BLE#, BHE#, and B816#).1t is possible to come 
closer to a fully pipelined mode of operation, although Idle 
cycles will still disrupt the pipelining 9% of the time. Finally, 
prefetching on a 32-bit bus executes in one bus cycle 
Instead of two. Offsetting these advantages, however are 
several major disadvantages. 

Hardware Disadvantages of the 80386 on a 32-blt Data 
Bus 

When using a full 32-bit data bus, the chip complexity of a 
80386 based system Is increased over a 16-bit system. 
Twice as many transceivers (four instead of two) are required. 

In addition, in order to accommodate the additional 16 data 
lines of the 32-bit bus, twice as many memory devices are 
typically required with the 32-bit system as compared to a 
16-blt system. This amounts to an increase In DRAM, alone, 
of from 18 devices in a typical 16-bit system to 36 devices in 
a typical 32-bit system. 

The 16 additional data lines of the 32-bit bus increase the 
EMI problems inherent in the system. The additional coupling 
and crosstalk between data lines must be taken into consid
eration when laying out the system PC board. 

There is a significant increase in the amount of board space 
used as a result of the additional chips required to implement 
a 32-bit bus, as well as the 16 additional data lines. This re
sults in a larger, more complex (and more expensive) PC 
board than with a 16-bit system, often requiring an increase 
in the number of board layers. 

References 
Intel Corporation. 1987. 
80386 Hardware Reference Manual. 
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INTERFACING THE 80C286-16 WITH THE 80287-10 
Author: Ted Schaufelberger 

An important requirement in many systems is the ability to 
off-load numeric data processing. In an 80C286 system, 
this can be accomplished with an 80287 numeric co-pro
cessor. However, as processor speeds increase, it may 
become necessary to interface a high speed 80C286 
processor with a lower speed 80287. This Document will 
briefly describe the interface between a 16MHz 80C286 
(80C286-16) and a 10MHz 80287 (80287-10). 

Interfacing the 80C286 with an 80287 can be broken down 
into three main areas: 

(1) Bus control lines and data lines which coordinate and 
implement the flow of data between the two processors 
(Le. the data lines, chip select lines, and read/write 
lines). 

(2) The clock line(s), which drive the two processors. 

(3) The four status lines through which the 80C286 and 
80287 directly communicate status information to one 
another - comprised of the BUSY, ERROR, Peripheral 
Request (PEREQ), and Peripheral Acknowledge 
(PEACK) lines. 

Bus Control Lines 

The various bus control and data lines in most systems 
would be coordinated by either a bus controller (such as the 
82C288), or a bus controller subsection of an 80C286 
oriented chip set. All requisite bus control timing between a 
16MHz 80C286, and a 10MHz 80287 would then be han
dled by these devices (typically with one wait-state 
inserted to allow for the slower 80287-10). 

Ul 74AC04 

2 (FROM 82C284 OR RESET 
EQUIVALENT) --------~ 

Clock Lines 

A system using a 16M Hz 80C286 with a 10MHz 80287 re
quires separate clock lines for the two processors. The 
32MHz system clock used by the 80C286-16 is too fast for 
the 80287 ± 10, necessitating a dedicated clock driver for 
the 80287. This clock driver should supply a 10MHz clock 
to the 80287 with a 1/3 duty cycle to allow the 80287-10 to 
run at It's full 10MHz capability. One solution for providing 
this clock is the 82C84A-l, which meets this specification 
with either a 30MHz crystal at it's crystal inputs, or a 
30MHz external frequency input to it's EFI pin. In either 
case, a 10MHz 1/3 duty cycle clock is output to the 80287. 
Note that when using a dedicated clock driver such as this, 
the CKM pin of the 80287 must be pulled up. 

Status Lines 

The 80C286 and 80287 communicate status information 
with one another through four signals; the BUSY line, the 
ERROR line, the peripheral request line (PEREQ), and the 
PEACK line. 

The BUSY and ERROR lines can be connected from the 
80287 to a 80C286-oriented chipset, or from the 80287 
directly to a 80C286. In the case of the ch ipset interface, the 
signal timing between the 80287 and 80C286 is coordi
nated by the chipset. In the case of the direct 80287 to 
80C286 interface, the signal timing is handled by the 
80C286, and, since the signal flow direction is from the 
80287 to the 80C286 (i.e. from the slower device to the 
faster device), no additional hardware is required to achieve 
proper timing. 

4 U274ACl12 
U374ACOB 

PEACK 3 

_..w.._ 
PR Q 5 LPEACK 3 GPEACK (TO 80287 

1 
2 __ 

PEACK) (FROM 8OC286) ---..... ---..----IJ 
(32MHz SYSTEM 286_CLK >C 

CLOCK) 2 6 

'"--JVOI/\,--+511 

FIGURE 1. PEACK STRETCH CIRCUIT 
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The peripheral request (PEREQ) line should be connected 
directly from the 80287 to the 80C286, and again, since the 
signal flow direction is from the 80287 to the 80C286, no 
additional hardware is required. 

The peripheral acknowledge (PEACK) line is normally 
connected directly from the 80C286 to the 80287. In this 
case the signal flow direction is from the 80C286 to the 
80287 (i.e. faster device to slower device), and the 
PEACK active time is not guaranteed to meet the require
ments of the slower 80287-10. Worst case timing for the 
80C286-16 reveals that PEACK output could be as short as 
45.5ns (i.e. PEACK (min) = 45.5ns). The 80287-10 input 
requirement is PEACK (min) = 60ns. 

The proper PEACK timing can be achieved using the circuit 
shown in Figure 1 comprised of a 74AC04, 74AC08, and a 
74ACl12. Referring to the timing diagram shown in 
Figure 2, it can be seen that this circuit effectively 
'stretches' the 80C286's PEACK output (in the form of 
GPEACK) to 72.7ns, which satisfies the 80287-10 require
ment. 

The operation of the circuit shown in Figu re 1 is as follows: 

(1) The RESET signal (which is also applied to the 80C286) 
is used to initialize the 'ACl12 to a known inactive state 
(Q = 1). 

(2) When the 80C286 asserts the PEACK signal, the gated 
version of this signal (GPEACK) is asserted with minimal 
delay (7.9ns through the 'AC08). 

(3) On the falling edge of the 80C286 ClK at the beginning 
of Phase 2 of the TS cycle, the low state of PEACK is 
clocked into the 'ACl12. This effectively holds GPEACK 
low for an additional clock cycle longer than standard 
PEACK timing. 

(4) On the falling edge of the 80C286 ClK at the beginning 
of phase 2 of the firstTc cycle, the high state of PEACK 
is clocked into the 'ACl12, which then causes GPEACK 
to go inactive. 

The net effect of this circuit operation is to extend the 
80C286's Peripheral Acknowledge signal to the 80287-10 
sufficiently to meet it's requirements. 

~lc~----------TS-----------·-+I~<------------TC:------------~·~14<-- TC (WAIT) 

80C286 
CLK 

PEACK 

t--- 31.2ns ----.J 
I (32-M-Iz) 1 

1 1 18 1 

I~~~ 1 

1 

1 1 20 

141////// 
1 3.2 25.9 1 4.9 17.3 

GPEACK -!I---"'s;~;S0::S0::S::~:;::~S~~~S"~I~======~7~2!..7~ns~(~m~in~)========k=·?~1~/;:202/::2%~;;P-"T~------
2.7 23.9 1 12.7 25.9 PEACK 

@K 

LPEACK 

awaP" I ~~'h 
2.7 9.4 

~'h 

FIGURE 2. PEACK CYCLE TIMING 
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HARRIS 80C286 PERFORMANCE ADVANTAGES 
OVER THE 80386SX 

Author: Ted Dimbero 

The Harris 80C286, operating at the same frequency as the 
80386SX, can outperform the 80386SX when executing 
software written for the 80286 and 8086, including all 
MS-DOS~, PC-DOS~ and OS/2~ -based programs. This 
performance advantage comes from the 80C286 require
ment of fewer clock cycles to execute the same instructions 
as the 80386SX. 

Industry standard 16-bit 8086/80286 code can execute 
15-25% more efficiently on the 80C286 than on the 
80386SX. There is no performance advantage gained by 
simply moving a system design from an 80C286 to an 
80386SX. The 80C286 is the processor best suited for exe
cuting 16-bit 8086/80286 code. 

The difference in clock cycle requirements is summarized in 
Figure 1. Of the 182 common instructions, the 80C286 exe
cutes 79 instructions faster than the 80386SX. Another 64 
instructions execute in the same number of clock cycles on 
both processors. 

Overall, 143 instructions (78% of all common instructions) 
execute as fast or faster on the 80C286 than on the 
80386SX. 

8OC286 -16 
EQUAL TO 

80386SX -16 

8OC286 -16 
FASTER THAN 
80386SX -16 

80386SX -16 
FASTER THAN 

8OC286 -16 

FIGURE 1. EXECUTION SPEED COMPARISON 
(NUMBER OF INSTRUCTIONS) 

Taking this comparison one step further and looking at the 
performance contribution of each subset of instructions, 
those instructions that execute faster on the 80386SX are 
executed an average of 1.6 clock cycles faster. However, 
the instructions which execute faster on the 80C286 exe
cute in an average of 23.1 clock cycles less than on the 
80386SX. 

Operating Speeds 

The Harris 80C286 is available with operating frequencies 
of 12.5, 16, 20 and 25M Hz. The 80386SX maximum operat
ing frequency is limited to 16MHz. The instruction compari
sons in Figure 1 (and throughout this document) evaluate 
the number of clock cycles required to execute the same 
instructions on both the 80386SX and the 80C286. There
fore, it illustrates the performance differences when the two 
processors are running at the same speed. 

As this analysis shows, the 80C286 has the performance 
advantage when the two processors are running at the 
same speed. This 80C286 advantage is significantly 
greater when speed differences are taken into considera
tion. 

The 80C286-25, for example, can execute 100% of the 
instructions available on both processors faster than a 
16MHz 80386SX. In some cases, a 2X performance in
crease can be seen with the 80C286-25 compared to the 
80386SX-16 (see Table 1). 

This is not a benchmark number that can be credited to 
differences in system design; it illustrates a one-to-one 
comparison of the length of time it takes to execute the 
same instruction on the two processors. That is, given two 
equivalent systems (both having the same disk access 
speed, same number of wait states, similar cache control
lers, etc), the 80C286-25 system would outperform the 
80386SX system on any benchmark. 

PC-DOS"', OS/2'" are Trademarks of International Business Machmes Corporation 
Xenix'", MS-OOS'" are Trademarks of Microsoft Corporation 
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TABLE 1. 

80C286-16 80C286-20 80C286-25 

PER- PER- PER-
80386SX-16 FOR MANCE FORMANCE FORMANCE 

SUB- 80386SX 80C286 EXECUTION EXECUTION INCREASE EXECUTION INCREASE EXECUTION INCREASE 
ROUTINES # CLOCK # CLOCK TIME TIME OVER TIME qVER TIME OVER 
(PGS6-9) CYCLES CYCLES (~sec) (~sec) 80386SX-16 (~sec) 80386SX-16 (~sec) 80386SX-16 

Example 104 73 6.5 4.6 141% 3.6 180% 2.92 223% 
1 

Example 2511 1899 156.9 118.7 132% 94.9 165% 75.9 132% 
2 

Example 2584 2380 161.5 148.7 108% 119.0 135% 95.2 170% 
3 

Example 837 583 52.3 36.4 143% 29.1 179% 23.3 224% 
4 

Example 307 193 19.2 12.1 158% 9.65 198% 7.7 249% 
5 

Table 1 illustrates a performance comparison of the When executing industry standard 8086 or 80286 code, re-
80386SX-16, 80C286-16, 80C286-20 and 80C286-25. placing the 80C286 with an 80386SX does not 
The table lists the number of clock cycles needed to exe- result in a significant performance increase. In many cases, 
cute five different subroutines (see examples 1-5 in such a replacement will actually cause a performance deg-
Subroutine Analysis section) and the total execution times radation. This is evident in the following areas: 
for each subroutine for the two processors at varying oper-

(1) Input/Output Handling ating frequencies. 

In each of these examples, the results show that the (2) Interrupt Handling 

80C286 outperforms the 80386SX. In addition, the (3) Control Transfer (loop, Jump, Call) 
80C286-25 shows performance increases of 170%-250% 

(4) 80286 Protected Mode Systems over the 80386SX-16. The 80C286 not only outperforms 
the 80386SX at similar operating frequencies, it also pro- (5) Multi-Tasking and Task Switching Operations. 
vides a path to increased performance by offering operating 
frequencies up to 25MHz which are not available with the The performance advantage of the 80C286 is especially 
80386SX. evident in areas such as: 

Architecture Background • Protected Mode Operating System - such as OS/2 
and Xenix~. 

The 80C286 static CMOS microprocessor combines low 
• Multi-Tasking Systems. operating and standby power with high performance and 

operating frequencies up to 25M Hz. • Control Applications - utilizing interrupt and I/O in-

The 80C286 evolved from the industry standard 80C86 structions. 

microprocessor and has vast architectural enhancements • Structured Software - utilizing many Control transfer 
over its predecessor that allow the 80C286 to execute the instructions. 
same code with a significant performance increase. 

• Operating Systems that rely on interrupts to perform 
Disregarding the clock speed increase, when upgrading functions - such as MS-DOS, PC-DOS and OS/2. 
from an 80C86 to an 80C286, the 80C286 can execute the 

• Upgrading 16-bit 80C86 applications for increased same code with an increase in throughput of up to 4 times 
that of the 80C86. This increase is solely due to the archi- performance. 

tectural enhancements. 
Figure 2 illustrates a comparison of the number of clock cy-

It is a common belief that replacing an 80C286 with the cles needed to execute several instructions available on all 
80386SX microprocessor will yield similar performance in- three microprocessors (80C86, 80C286, and 80386SX). 
creases. This is not the case. The new architecture gives the This illustrates the dramatic effect of 80C286 architectural 
80386SX 32-bit internal capability but it does not signifi- enhancements on performance when compared to the 
cantly Increase the throughput of 16-bit 8086 or 80286 80C86 and the lack of similar performance improvement 
code. when executing 8086/80286 code on the 80386SX. 

7-48 



Application Note 121 

(125) 

(17) 

(10) 

(25) 

1---------1 (19) 
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~~~;;~~~~ 

(19) 

Ll.l..u..u...u,*!:H:!:!-I.J-.u..J..W (7) 

FIGURE 2. ARCHITECTURAL COMPARISON 

Hardware System Comparison 
P[pelined Operation on a 16-Blt Data Bus 

At a given clock frequency. pipelined address operation 
increases a system's performance, while simultaneously 
allowing relatively slower memories and I/O devices to be 
used. Pipelined address operation provides the system 
increased address access time, and increased address 
decoding time. 

80C286 

The 80C286 supports a fully pipelined mode of operation for 
maximum system performance. 

The 80C286 remains in a pipelined mode of operation even 
when idle bus cycles occur. 

80386SX 

The 80386SX does not support a fully pipelined mode of op
eration. Some pipelining can be achieved, but to 
accomplish this, extemal bus 'monitor' logic must be added 
to the system. 

The 80386SX's pipelining Is disrupted by idle bus cycles. A 
non-pipelined bus cycle, usually with an additional wait state, 
must be executed before the 80386SX can retum to pipe
lined mode. Idle bus cycles occur an average of 9% of the 
time. 

[die Cycles 

Another factor to consider when evaluating 80C286 and 
80386SX performance is the effect of idle cycles on pipelined 
operation. Calculations have shown that, on average, bus idle 

cycles occur in the system approximately 9% of the time. The 
effect of idle cycles on pipelining is quite different on the 
80C286 than on the 80386SX. 

The 8OC286 pipelined operation is not affected by idle 
cycles. When an idle cycle or cycles occur in a stream of 
pipelined bus cycles, the 8OC286 retums to pipelinlng bus 
cycles immediately after the last idle cycle. In this way, each 
device on the bus (e.g. memory, peripheral) maintains a fixed 
timing associated with that device, and therefore always 
uses the minimum number of wait states required for that 
device. 

On the other hand, the 80386SX pipelined operation Is 
disrupted by idle cycles. With the 80386SX, an idle cycle or 
cycles occurring in a plpellned stream of bus cycles breaks 
the plpellning operation. Once an Idle cycle has occurred, a 
non-plpellned bus cycle must always be executed prior to 
resuming pipelinlng. Since a non-pipelined bus cycle will 
have different timing than a pipelined bus cycle (even to the 
same device), an additional wait state must be added to this 
bus cycle. This not only degrades performance, but requires 
additional external logic to differentiate between a plpelined 
bus cycle access, and a non-pipelined bus cycle access, 
even to the same device with the same address. 

From the preceding, it can be seen that when executing 
16-blt code, the 80C286 has a 9% performance 
Increase over the 80386SX, due to the manner In whIch 
each processor handles Idle cycles alone. 
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Instruction Comparison 

The Appendix in this document illustrates a direct compari
son of the number of clock cycles needed to execute the 
same instructions on the 80C286 and the 80386SX. The 
table includes examples of instruction timing for all instruc
tions available on both processors. Several addressing 
modes of each instruction type are included. 

Of the 182 instruction examples analyzed, 79 of the instruc
tions execute faster on the 80C286 than on the 80386SX; 
64 of the instructions analyzed execute in the same number 
of clock cycles on both processors. This leaves only 39 
instructions with improved performance on the 80386SX 
(See Figure 1). Over 78% of the instructions analyzed 
execute as fast or faster on the 80C286 than on the 
80386SX. 

This is vastly different than the previous 8086-to-80286 
upgrade. With that upgrade, the 80C286 exhibits equal or 
better performance than the 80C86 with 100% of the 
instructions. 

This clearly indicates that the 80C286 is the processor best 
suited for executing industry standard 8086 and 80286 
code. 

The following discussion groups each of the instructions 
into one of several categories to analyze which applications 
will benefit from utilizing the 80C286. The categories used 
are: 

• Jumps, Calls, Returns and Loops (Real Mode). 

• I/O Instructions. 

• LogiC, Arithmetic, Data Transfer, Shift and Rotate 
Instructions. 

• Interrupts. 

• Miscellaneous Instructions. 

• Protected Mode/Multi-Tasking Instructions. 

Jumps, Calls and Loops 

In real mode, near calls, jumps, and conditional jumps 
(transfers within the current code segment) all take the 
same number of clock cycles to execute on the 80C286 
and the 80386SX. Since the segment sizes are larger on the 
80386SX, the near transfer instructions on the 80386SX 
can transfer a greater distance. 

The far calls and jumps (transfers that switch to a new code 
segment; i.e., a code segment context switch) are faster on 
the 80C286: four clocks and one clock respectively. The far 
return instruction executes in three less clock cycles on the 
80C286, and the near return takes one extra clock cycle. 
The protected mode calls, jumps, and returns are all faster 
on the 80C286 and are discussed in the section on Pro
tected Mode. 

The loop instruction is three clock cycles faster on the 
80C286 than the 80386SX. Thus, the 80C286 would save 
300 clock cycles over the 80386SX if a LOOP instruction 
were executed 100 times. 

-ADVANTAGE-

INSTRUCTION 80C286 NONE 80386SX 

Near JMP and CALL X 

Far CALL, JMP and RET X 

LOOP X 

I/O Instructions 

The 80C286 has a significant advantage with the I/O in
structions. The IN instruction is almost 2 1/2 times faster on 
the 80C286; the 80386SX takes 7 extra clock cycles to ex
ecute the same instruction. The OUT instruction is over 3 
times faster on the 80C286; again the 80386SX takes 7 ex
tra clock cycles to execute the same instruction. Executing 
the I/O instructions on the 80386SX is equivalent to execut
ing on the 80C286 with 7 wait states. 

The string I/O instructions (INS and OUTS) are also signifi
cantly faster on the 80C286. The INS instruction is 10 clock 
cycles faster on the 80C286, and the OUTS instruction is 9 
clock cycles faster. This is particularly important if the string 
operations are going to be used to input or output a large 
block of data using the REP prefix. Inputing 100 words of 
data with the REP INS instruction is 208 clock cycles faster 
on the 80C286. An even more significant difference can be 
seen when outputing 100 words with the REP OUTS in
struction. In this case, the 80C286 is 800 clock cycles 
faster than the 80386SX. 

-ADVANTAGE-

INSTRUCTION 80C286 NONE 80386SX 

IN X 

OUT X 

INS X 

OUTS X 

Logic, Arithmetic, Data Transfer, Shift 
and Rotate Instructions 

Most forms of the logic, arithmetic, and data transfer 
instructions execute in the same number of clock cycles on 
both processors. Certain operand combinations of these 
instructions (immediate to register for example) take one 
extra clock cycle to execute on the 80C286. 

In real mode, the segment register transfer instructions exe
cute as fast or faster on the 80C286 than they do on the 
80386SX. For example, using the POP instruction to trans
fer data into a segment register is 2 clock cycles faster on 
the 80C286. 

Most of the string manipulation instructions execute in the 
same number of clock cycles on both processors. The 
MOVS and STOS instructions are faster on the 80C286. 

The divide instruction executes in the same number of clock 
cycles on both processors. The number of clocks to 
execute the multiply instruction on the 80386SX is data 
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dependent; the number of clocks to execute the same 
instruction on the 80C286 is fixed. On average, the multiply 
instruction is five clock cycles faster on the 80386SX, but 
in depending on the data, the 80386SX could be as many as 
4 clock cycles slower than the 80C286. 

The rotate and shift instructions are faster on the 80386SX. 
Unlike the 80C286, the 80386SX rotate and shift instruc
tions do not depend on the number of bits to be shifted or 
rotated. Thus, the 80386SX has the advantage with multi
bit rotate and shift instructions. The 80C286 does, however, 
execute single bit rotate and shift instructions faster. 

-ADVANTAGE-

INSTRUCTION 80C286 NONE 80386SX 

Most LogiC and Arithmetic X 

Ceriain Operand X 
Combinations of Logic 
and Arithmetic 

Divide X 

Multiply X 

Single Bit Shift or Rotate X 

Multi-Bit Shift or Rotate X 

String Instructions X 

Interrupt Instructions 
Interrupts are serviced more quickly on the 80C286. The 
INT instruction, in real mode, executes 14 cycles faster on 
the 80C286 than it does on the 80386SX. The INTO, 
BOUND, and other instructions that can cause an interrupt 
all benefit from the faster interrupt handling features of the 
80C286. The return from interrupt instruction (I RET) is 7 
clock cycles faster on the 80C286. The PUSHA and POPA 
instructions, frequently used by interrupt handling proce
dures, are both faster on the 80C286. Protected Mode 
interrupt handling is discussed in the Protected Mode 
section. 

-ADVANTAGE-

INSTRUCTION 80C286 NONE 80386SX 

INTn X 

INTO X 

BOUND (If Interrupt) X 

Break Point Interrupt X 

Miscellaneous Instructions 
The BCD instructions, HLT, and CBW execute from 1 to 5 
clock cycles faster on the 80C286. The instructions to set 
and clear individual flags and the CWO instruction all exe
cute in the same number of cycles on both processors. The 
ENTER, LEAVE, and BOUND instructions are from 1 to 3 
cycles faster on the 80386SX. The BOUND instruction is 
only faster if an interrupt is not caused by the instruction. 

-ADVANTAGE-

INSTRUCTION 80C286 NONE 80386SX 

BCD Instructions X 

Data Conversion X 
(CBW,CWD) 

Flag Settling and Clearing X 

BOUND (If No Interrupt) X 

Protected Mode/Multi-Tasking 
When executing 80286 protected mode code, the 80C286 
significantly out-performs the 80386SX. Task switching op
erations execute 100 to 271 clock cycles faster on the 
80C286. The instruction to return from a called task is 63 
clock cycles faster on the 80C286. This results in a very sig
nificant performance increase for systems utilizing the mul
ti-tasking features. The 80C286 is clearly better suited than 
the 80386SX for running protected mode operating sys
tems such as OS/2 and Xenix. 

Inter-segment JMP, CALL and segment loading instruc
tions also operate faster on the 80C286. The 80C286 saves 
anywhere from 4 to 11 clock cycles depending on the par
ticular inter-segment transfer instruction. In protected 
mode, the inter-segment return is also faster on the 
80C286. The 80C286 is 11 clock cycles faster when exe
cuting an inter-segment return to the same privilege level 
and is 17 cycles faster on inter-segment returns to a differ
ent privilege level. 

The instructions to initialize and check the protected mode 
registers execute as fast or faster on the 80C286. The IDTR 
access instructions are an exception to this in that they take 
one extra clock cycle to execute on the 80C286. The in
struction to switch the processor to protected mode 
(LMSW) is 7 cycles faster on the 80C286. 

Most of the 80286 protected mode access checking in
structions operate as fast or faster on the 80C286 than on 
the 80386SX. The LAR instruction is one clock cycle faster 
on the 80C286 and the LSL instruction is 5 clock cycles 
faster. The VERW instruction executes in the same speed 
on both processors and the VERR is 5 cycles faster on the 
80386SX. The ARPL instruction used in protected mode 
procedures for pointer validation is 10 clock cycles faster 
on the 80C286. 

-ADVANTAGE-

INSTRUCTION 80C286 NONE 80386SX 

Task Switching X 

Segment Register Loading X 

Inter-Segment Transfer X 

System Register Instructions X 

Inter-Segment Transfers X 

Access Checking X 
Instructions 
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Subroutine Analysis 

This section lists several subroutines and then compares 
the number of clock cycles each subroutine will take to exe
cute on the 80C286 and on the 80386SX. 

EXAMPLE 1 

This interrupt routine outputs a character to a terminal via a 
UART. The AL register must contain the character to be 
output The routine first checks the status of the UART to 

80C286 80386SX 

determine if it is busy. If it is busy, the routine loops until the 
UART is free; when the UART is free, the character is output. 
Following is a listing of the code and the clock clycle analy
sis for the OUT_CHAR routine. 

This sample procedure executes about 25% faster on the 
80C286 than on the 80386SX. The advantage is realized 
through the 80C286's faster interrupt handling and faster 
VO instructions. 

CLOCK CYCLES CLOCK CYCLES OUT_CHARACTER PROC NEAR 

3 4 PUSHF ; save callers flags. 

3 2 PUSH AX ; save dam to be output. 

5 12 CLSTATUS: IN AL, PORT_STATUS ; Input UART smtus. , 

6 5 CMPAL, BUSY ; Check If UART Busy 

3/7 3/7 JECLSTATUS ; If busy go check again. 

5 4 POP AX ; If not busy restore AX 

3 10 OUT OUT_PORT, AL ; and output data. 

5 5 POPF ; Restore Flags 

17 22 IRET ; Return. 

23 37 INTx ; Instruction to initiate OUTCHAR 
-- -- ; Interrupt. 

73 104 Toml cycles If UART not busy. 

18 24 Number of cycles added for each loop while UART Is busy. 

EXAMPLE 2 

The second example outputs an entire string of characters 
using the previous interrupt routine (denoted by "INT x" in 
the code beiow). The DS:SI registers point to the beginning 

80C286 80386SX 
CLOCK CYCLES CLOCK CYCLES 

17 18 

5 5 NEXT: 

3 2 

3/7 3/7 
73 104 

7 7 

19 24 DONE: 

15 18 

13 17 -- --

of the string to be output. The string is variable in length and 
must be terminated with the "$'" character. 

OUT_STRING PROC FAR 

PUSHA ; save caller's registers. 

LODSB ; Load first char to be output 

CMPAL,"$" ; Check to see if End of string. 

JEdone ; If end then goto DONE. 

INTx ; If not end output character. 

JMPnext ; Go get next char to output 

POPA ; Restore Registers when done. 

RET ; Far Return. 

Call OUT_STRING ; Far Call to initiate 
; OUT _STRING procedure. 

79+91/char 91+121/char Toml number of clocks to s1art and end routine. 

+Number of additional clocks to output each character in the output string 

To output a string of 20 characters, the 80C286 would take 
1,899 clock cycles; using the same routine, the 80386SX 
would take 2,511 cycles. Each time a string of 20 charac
ters is output, the 80C286 will save 612 clock cycles; an 

80C286 performance increase of almost 25%. The advan
tage is realized through the 80C286's faster interrupt handl
ing, faster VO instructions, faster FAR transfer instructions 
and faster register saving and restoring instructions. 
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EXAMPLE 3 

This example adds all the values of a source array in 
memory to the values of a destination array in memory. The 
result is stored in the destination array. Both arrays are 
assumed to be in the current data segment. The count 

80C286 80386SX 
CLOCK CYCLES CLOCK CYCLES 

17 18 

2 2 

5 4 

5 4 

5 4 

2 2 

5 5 NEXT: 

7 7 

3 2 

8/4 11 

19 24 

11 10 

(number of words in the array), offset of source array, and 
offset of destination array are all assumed to be placed on 
the stack (in that order) by the calling program. The source 
code for the procedure is listed below: 

AOOJRRAY PROC NEAR 

PUSHA ; Save caller's registers. 

MOVBP,SP ; Point BP to current stack 

MOV ex, [bp+22] ; Load array size from stack 

;intoCX. 

MOV 51, [bp+20] ; Load offset of source array 

; from stack into 51. 

MOV 01, [bp+18] ; Load offset of destination 

; array from stack Into 01. 

CLD ; Clear Direction Flag. 

LODSW ; Load the source word into AX. 

ADD [01], AX ; Add source to destination. 

ADD 01,02 ; Point 01 to next data. 

LOOP NEXT ; Continue to ADD all elements 

; in the two arrays. 

POPA ; Restore Registers 

RET 6 ; Near return. 

; Following is the code necessary to set up and call the above procedure. 

5 5 PUSH count ; Put count parameter on stack 

3 2 PUSH offset SJRRAY ; Put offset of source array 

; on stack. 

3 2 PUSH offset DJRRAY ; Put offset of destination 

; array on stack. 

7 7 CALLADDJRRAY ; Near Call to initiate 
-- -- ; ADDJRRAY procedure. 

84+(23*CX)-4 84+(25*CX) Total number of clocks to start and end routine. 

+Number of additional clocks for each item in array to be added. 

Both processors take the same number of clock cycles for 
initialization before the call and closing up after the call (84). 
The loop that does the adding is faster on the 80C286. To 
add two 100 word arrays, the 80C286 would take 2,380 

clock cycles; the 80386SX takes 2,584 (an additional 204 
clocks) to execute the same routine. In this example, the 
LOOP instruction gives the 80C286 the performance 
advantage over the 80386SX. 
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EXAMPLE 4 

This procedure Is an example of an operating system 
procedure developed for a protected mode multi-privilege 
level system. The procedure INIT_SEGMENT is passed a 
segment selector on the stack and will load that entire 
segment with zero's. The procedure is designed to execute 
at privilege level zero with a call gate at privilege level 3; this 

allows procedures executing at any level to utilize the 
INIT_SEGMENT procedure. INIT_SEGMENT provides 
protection checks to ensure that the procedure passing the 
parameter has valid access to the segment that it is trying to 
Initialize. This prevents a procedure at privilege level three 
from initializing a segment at privilege level zero. 

80C288 80386SX 
CLOCK CYCLES CLOCK CYCLES INIT_SEGMENT PROC FAR WC=1 

17 18 PUSHA ; save caller's registers. 

3 2 PUSHES ; save ES register. 

2 2 MOVBP,SP ; Point BP to top of stack. 

5 4 MOV AX, [BP+22) ; Load AX with segment selector 

; passed as parameter on stack. 

5 4 MOV BX, [BP+20) ; Load BX with return CS to 

; determine caller's CPL. 

10 20 ARPLAX,BX ; Adjust the Privilege level of 

; the segment selector according 

; to the caller's CPL. 

16 16 VERWAX ; Test for valid write access 

3n 3/7 JNEERROR ; If no valid access gofo error. 

17 18 MOVES,AX ; LOAD ES with segment to be 

; initlalizad. 

14 20 LSLCX,AX ; Load segment size into CX. 

2 2 XORDI,DI ; Load zero Into 01. 

2 2 XORAX,AX ; Load zero Into AX. 

2 2 CLD ; Clear decrement flag. 

4+3*cx S+S*cx REPSTOSB ; Init entire segment to 00. 

2 2 CLC ; Clear carry to indicate segment 

; initialized with no errors. 

20 21 DONE: POPES ; Restore ES register. 

19 24 POPA ; Restore Register 

55 72 RET 2 ; Ret FAR to different privilege 

2 2 ERROR: STC ; SET carry to indicate error. 

7 7 JMPDONE 

; Code to push selector on stsck and Initiate INIT SEGMENT via call gate. 

3 2 PUSH DATA-SELECTOR ; Place Selector on stack. 

82 98 CALl.INIT_SEGMENT_GATE ; Instruction to initiate 
-- -- ; INIT SEGMENT procedure. 

253 299 Totel clocks if ERROR because segment not accessible. 

283+(3*S) 337+(S*S) Total number of clocks if segment Is initialized to zeros. "s" represents size of segment 
In bytes. 

This example shows that when executing Instructions used 
for privilege verification and privilege level transitions the 
80C288 is faster than the 80386SX. Without taking the 
LODS Instruction into account, the 80C286 Is 54 clock 

cycles faster when executing the same procedure. With the 
LODS instruction, and assuming a segment size of 100 
bytes, the 80C286 would execute this routine 254 clock cy
cles faster than the 80386SX. 
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EXAMPLE 5 

This Procedure is a task dispatcher that is invoked via an 
interrupt to cause a task switch to occur. This procedure 
utilizes a circular linked list of the tasks that need to be 
executed. A pointer called "CURRENT_TASK" points to 
the data structure for the current task being executed. The 
data structure contains the TSS for the task it is describing 
and a NEXT field that points to the data structure of the next 
task in the list to be executed. When the Task Dispatcher is 
invoked it switches the current pointer to the next task in the 

80C286 80386SX 

list and then invokes the new task by jumping to the TSS for 
that task. The data structu re for the linked list is illustrated 
below. 

The task dispatcher is actually a separate task that is 
invoked via an interrupt that signals that a new task should 
be initiated. Following is a listing for the simple task 
dispatcher. 

CLOCK CYCLES CLOCK CYCLES TASK_DISPATCH PROC FAR 

5 4 START: MOV BX, CURRENT TASK + 2 ; Load BX with contents of next 

; field of current TASK. BX will 

; contain the address of the data 

; structure for next task to run. 

3 2 MOV CURRENT TASK, BX ; Update Current Task to point to 

; new task to be executed. 

178 294 JMP DWORD PTR [BX-2) ; Start new task by jumping to TSS 

7 7 JMPSTART ; JUMP to start for next time the 
-- -- ; TASK dispatcher is invoked. 

193 307 

The advantage of the 80C286 in this case is in the faster 
task switch instruction. The task switch instruction is 116 
clock cycles faster on the 80C286 than on the 80386SX. 

This performance increase makes the 80C286 the clear 
choice for multi-tasking applications. 
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Appendix 

This appendix contains a table directly comparing the num
ber of clock cycles necessary to execute all the instructions 
available on both the 80C286 and the 80386SX. The table 
includes several addressing modes of each instruction. 

The table has five columns. The first column list the instruc
tion being compared. The second column lists the number 
of clock cycles that the 80C286 needs to execute that 
instruction. The third column lists the number of clock 
cycles needed by the 80386SX to execute the same 

instruction. The fourth column divides the number of cycles 
needed by the 80386SX by the number of cycles needed by 
the 80C286. If this figure is greater than one, (see fifth 
column) then the 80C286 is faster than the 80386SX. For 
example, a 2.0 would indicate the 80C286 executes the 
same instruction twice as fast as the 80386SX. A 1.0 indi
cates that both processors execute the instruction in the 
same number of cycles. A number less than one indicates 
the 80386SX is faster than the 80C286. 

80C286-16 
NUMBER NUMBER FASTER 

CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386SX/ EQUAL TO 

80C286 INSTRUCTION ON80C286 ON80386SX 80C286 80386SX-16 

AM 3 4 1.33 yo' 

AAD 14 19 1.36 v' 
AAM 16 17 1.06 v' 
MS 3 4 1.33 v' 
ADCreg, reg 2 2 1.00 v' 
ADCmem,reg 7 7 1.00 v' 
ADC reg, immed 3 2 0.67 
ADC mem, immed 7 7 1.00 v' 
ADD reg, reg 2 2 1.00 v' 
ADD mem, reg 7 7 1.00 v' 
ADD reg, immed 3 2 0.67 
ADD mem, immed 7 7 1.00 v' 
AND reg, reg 2 2 1.00 v' 
AND mem, reg 7 7 1.00 v' 
AND reg, immed 3 2 0.67 
AND mem, immed 7 7 1.00 v' 
ARPL reg, reg 10 20 2.00 v' 
ARPL mem, reg 11 21 1.91 v' 
BOUND (no interrupt) 13 10 0.77 
CALL immed (near) 7 7 1.00 v' 
CALL immed (far real mode) 13 17 1.31 v' 
CALL immed (far PVAM) 26 42 1.61 v' 
CALL gate (same privilege PVAM) 41 64 1.56 v' 
CALL gate (different privilege PVAM) 82 98 1.19 v' 
CALL TSS (Task Switch PVAM) 177 285 1.61 v' 
CALL task_gate (Task Switch PVAM) 182 297 1.63 v' 
CBW 2 3 1.50 v' 
CLC 2 2 1.00 yo' 

CLD 2 2 1.00 v' 
CLI 3 8 2.67 v' 
CLTS 2 5 2.50 v' 
CMC 2 2 1.00 v' 
CMPreg, reg 2 2 1.00 v' 
CMPmem,reg 6 5 0.83 
CMP reg, immed 3 2 0.67 
CMP mem, immed 6 5 0.83 
CMPS 8 10 1.25 v' 
CWD 2 2 1.00 v' 
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80C286 INSTRUCTION 

DAA 
DAS 
DEC reg 
DEC mem 
DIVword, reg 
DIVword, mem 
ENTER immedl, immed2 (immed 2 = 6) 
HLT 
IDIV word, reg 
IMUL word, mem 
IN 
INC reg 
INCmem 
INS 
INT 3 (real mode) 
INT im med (real mode) 
INT immed (PVAM same privilege) 
INT immed (PVAM different privilege) 
INT TASK_GATE (PVAM Task Switch) 
INTO (No Jump) 
INTO (Yes Jump real mode) 
IRET (real mode) 
IRET (PVAM same privilege) 
IRET (PVAM different privilege) 
IR ET (PVAM task switchj 
Jcond label (No jump) 
Jcond label (Yes jump) 
JMP near_label 
JMP Far_label (real mode) 
JMP FAR_LABEL (PVAM) 

JMP CALL_GATE (PVAM same privilege) 
JMP TASLGATE (PVAM task switch) 
JMP TSS (PVAM task switch) 
LAHF 
LAR reg 
LAR mem 
LDS (real mode) 
LDS(PVAM) 
LEA 
LEAVE 
LGDT 
LlDT 
LLDT reg 
LLDT mem 
LMSW reg 
LMSWmem 
LODS 
LOOP (Jump) 
LOOP (No Jump) 
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NUMBER NUMBER 
CLOCKS TO CLOCKS TO 

EXECUTE EXECUTE 
ON 80C286 ON80386SX 

3 4 
3 4 
2 2 
7 6 

22 22 
25 25 
36 57 

2 5 
25 27 
24 19 

5 12 
2 2 
7 6 
5 15 

23 33 
23 37 
40 71 
78 111 

167 438 
3 3 

24 35 
17 24 
31 42 
55 86 

169 285 
3 3 
7 7 
7 7 

11 12 
23 31 
38 53 

183 298 
178 289 

2 2 
14 15 
16 16 
7 7 

21 23 
3 2 
5 4 

11 11 
12 11 
17 20 
19 24 
3 10 
6 13 
5 5 
8 11 
4 11 

7-57 

80386SX/ 
80C286 

1.33 
1.33 
1.00 
0.86 
1.00 
1.00 
1.58 
2.50 
1.08 
0.79 
2.40 
1.00 
0.86 
3.00 
1.43 
1.61 
1.77 
1.42 
2.62 
1.00 
1.46 
1.41 
1.35 
1.56 
1.68 
1.00 
1.00 
1.00 
1.09 
1.34 
1.35 
1.63 
1.62 
1.00 
1.07 
1.00 
1.00 
1.33 
0.67 
0.80 
1.00 
0.92 
1.18 
1.26 
3.33 
2.17 
1.00 
1.38 
2.75 

80C286-16 
FASTER 

THAN OR 
EQUALTO 

80386SX-16 

V-
V-
V-

V-
V-
V-
V-
V-

V-
V-

V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-
V-

V-

V-
V-
V-
V-
V-
V-
V-
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Appendix (Continued) 

80C28-16 
NUMBER NUMBER FASTER 

CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386Sx/ EaUALTO 

80C286 INSTRUCTION ON80C286 ON80386SX 80C286 80386SX-16 

LSLreg 14 20 1.43 v 
LSLmem 16 21 1.31 v 
LTRreg 17 23 1.35 v 
LTRmem 19 27 1.42 v 
MOVreg, reg 2 2 1.00 v 
MOVmem, reg 3 2 0.67 
MOV reg, immed 2 2 1.00 v 
MOV mem, immed 3 2 0.67 
MOV se9-reg, reg (real mode) 2 2 1.00 v 
MOV seg_reg, mem (real mode) 5 5 1.00 v 
MOV seg_reg, reg (PVAM) 17 22 1.29 v 
MOV seg_reg, mem (PVAM) 19 23 1.21 v 
MOVS 5 7 1.40 v 
MULreg 21 15 0.71 v 
NEG reg 2 2 1.00 v 
NEGmem 7 6 0.86 
NOP 3 3 1.00 v 
NOT reg 2 2 1.00 v 
NOTmem 7 6 0.86 
OR reg,reg 2 2 1.00 v 
OR mem, reg 7 6 0.86 
OR reg, immed 3 2 0.67 
OR mem, Immed 7 7 1.00 v 
OUT 3 10 3.33 v 
OUTS 5 14 2.80 v 
POP reg 5 5 1.00 v 
POPmem 5 7 1.40 v 
POP seg_reg (real mode) 5 7 1.40 v 
POP seg_reg (PVAM) 20 25 1.25 v 
POPA 19 24 1.26 v 
POPF 5 5 1.00 v 
PUSH reg 3 2 0.67 
PUSHmem 5 7 1.40 v 
PUSH seg_reg 3 2 0.67 
PUSHA 17 18 1.06 v 
PUSHF 3 4 1.33 v 
RCR or RCL reg, 1 2 9 4.50 v 
RCR or RCL mem, 1 7 10 1.43 v 
RCR or RCL reg, el (el = 4) 9 9 1.00 v 
RCR or RCL mem, el (el = 4) 12 10 0.83 
RCR or RCL reg, 4 9 9 1.00 v 
RCR or RCL mem, 4 12 10 0.83 
ROR or ROL reg, 1 2 3 1.50 v 
ROR or ROL mem, 1 7 7 1.00 v 
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80C286 INSTRUCTION 

REP INS (ex = 100) 

REP MOVS (ex = 100) 

REP OUTS (ex = 100) 

REP STOS (ex = 100) 

REP CMPS(ex = 100) 

REPE CMPS (N = 100) 

REPESCAS(N = 100) 

RET (near) 

RET (far real mode) 

RET (far PVAM same privilege) 

RET (far PVAM different privilege) 

SAHF 

SHIFT reg, 1 (SHIFT = SAL, SAR, SHR) 

SHIFTmem,1 

SSB reg, reg 

SBBmem,reg 

SSB reg, immed 

SBB mem, immed 

SCAS 

SGDT 
SIDT 

SLDTreg 

SLDTmem 

SMSWreg 

SMSWmem 

STC 

STD 

STI 

STOS 

STR reg 

STRmem 
SUB reg, reg 

SUB mem, reg 

SUB reg, immed 

SUB mem, immed 

TEST reg, reg 

TEST mem, reg 

TEST reg, immed 

TEST mem, immed 

VERR reg 

VERR mem 

VERWreg 

VERWreg 

Application Note 121 

NUMBER NUMBER 
CLOCKS TO CLOCKS TO 

EXECUTE EXECUTE 
ON 80C286 ON80386SX 

405 613 

405 407 

405 512 

304 505 

905 905 

905 905 

805 805 

11 12 

15 20 

25 36 
55 72 

2 3 

2 3 
7 7 

2 2 
7 6 

3 2 

7 7 

7 7 

11 9 
12 9 

2 2 

3 2 

2 2 

3 2 

2 2 

2 2 

2 3 

3 4 

2 22 

3 2 

2 2 

7 7 

3 2 

7 7 

2 2 

6 5 

3 2 

6 5 

14 10 

16 11 

14 15 

16 16 
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80386SX/ 
80C286 

1.51 

1.00 

1.26 

1.66 

1.00 

1.00 

1.00 

1.09 

1.33 

1.44 

1.31 

1.50 

1.50 

1.00 

1.00 

0.86 

0.67 

1.00 

1.00 

0.82 

0.75 

1.00 

0.67 

1.00 

0.67 

1.00 

1.00 

1.50 

1.33 

1.00 

0.67 
1.00 

1.00 

0.67 

1.00 

1.00 

083 

0.67 

0.83 

0.71 

0.69 

1.07 

1.00 

80C286-16 
FASTER 

THAN OR 
EQUALTO 

80386SX-16 

v 
v 
v 
v 
v 
v 
v 

v 
v 
v 
v 
v 
v 
v 

v 
v 

v 

v 

v 
v 
v 
v 
v 

v 
v 

v 
v 

v 
v 
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Appendix (Continued) 

80C286-16 
NUMBER NUMBER FASTER 

CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386SX/ EQUAL TO 

80C286 INSTRUCTION ON 80C286 ON80386SX 80C286 80386SX-16 

WAIT 3 6 2.00 v 
XCHG reg, reg 3 3 1.00 v 
XCHG reg, mem 5 5 1.00 v 
XLAT 5 5 1.00 v 
XOR reg, reg 2 2 1.00 v 
XOR mem, reg 7 6 0.86 
XOR reg, immed 3 2 0.67 
XOR mem, immed 7 7 1.00 v 

-- -- --
TOTAL number clocks to execute all instructions 6894 8664 
AVERAGE 1.25 

Number of Instructions faster on 80C286 79 
Number of Instructions equal on both processors 64 
Number of Instructions faster on 80386 39 --
Total Number of instructions analyzed 182 
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Harris Semiconductor 

No. 400 Harris Digital 

USING THE HS-3282 ARINC 
BUS INTERFACE CIRCUIT 

Daniel B. Clifton 

Introduction 

The Harris HS-3282 is a high performance CMOS 
programmable bus interface circuit that was designed to 
meet the requirements of ARI NC Specification 429, and 
similarly encoded, time multiplexed serial data protocols. 
Its simple but efficient design allows the HS-3282 to be 
used without major complications in a variety of 
applications. By setting an Internal control register, the 
HS-3282 can be programmed to operate at different data 
rates and with different word lengths, and to transmit 
either even or odd parity. The device can also be 
programmed to operate with or without a unique address 
(SOI- source/destination identifier), and With or without 
its self test mode implemented. Although the HS-3282 
was designed to transmit and receive high-speed data 
rates (100K BPS or 12.SK BPS), standard baud rates of 
9600 or 1200 BPS can be implemented by reducing the 
input clock frequency. The timing requirements of the 
HS-3282 make it compatible with 8086 microprocessor or 
other similarly based systems operating at S MHz or less. 
Oesig ned to meet the critical needs of today's advanced 
aircraft, the HS-3282 IS a cornerstone of reliability for 
systems that cannot tolerate a wide margin of error. 

Functional Operation of the HS-3282 

In order to clarify and expand on the basic details given in 
the data sheet, the following information has been 
provided to pOint out some of the particularities of the HS-
3282. 

Clock Frequencies 

The two receiver output signals, 0/R1 and 0/R2, have a 
minimum pulse width of one clock period. Because of 
this, when using a slower clock rate than 1 MHz to drive 
the HS-3282, these outputs may remain in a low state for a 
few microseconds after the data in the receivers is 
fetched. This could cause the same data to be fetched 
more than once if these outputs are used to drive state 
sensitive interrupt requests; therefore, it is necessary to 
use edge sensitive interrupt requests, as mentioned in the 
typical application of the HS-3282 below. 
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Bi-Directional Data Bus 

Oata transfer to and from the host is accomplished via a 
16-blt bidirectional, three-stated bus. The control of thiS 
bus is completely Internal to the HS-3282. When data is 
written to the transmitter or the control word register, the 
bus is automatically enabled as an input; when data is 
read from the receivers, the bus is automatically enabled 
as an output, at all other times, the bus is in a high impe
dance state and will not interfere with external operations. 

Setting Up the Control Word Register 

When a low to high transition occurs on the CWSTR pin, 
the data on the eleven most significant bits of the bi
directional bus is latched into the control word register. 
The location and function of each of these bits is shown in 
the data sheet. 

Receiver Operation 

Incoming data from the line receiver (or from the self test 
Circuit) is shifted into the data shift register by the word 
gap timer on an edge sensitive basis. This results in a high 
data rate tolerance; although ARINC specification 429 
requires at least a ±1% tolerance, the HS-3282 has at least 
a ±10% tolerance at all data rates. In order to prevent 
reception errors, the word gap timer is designed to disable 
and reset the receiver upon reception of two consecutive 
null times (or two consecutive data times), and re-enable 
the receiver after four additional null times. If a word of the 
proper length (and SOl) has been received by this time, 
the word will be latched and the O/R flag of the 
corresponding receiver will go low to signal the host that a 
valid word is ready to be fetched. (For the most efficient 
operation, the O/R flags should be used to generate 
interrupt requests to the host system.) It should be noted 
that the parity bit that is stored in the receiver latch may be 
different than the parity bit of the word that was received. 
This is because the parity bit that is stored in the receiver 
latch is actually a parity flag, indicating by its status the 
parity of the word that was received: if the parity of the 
word received was odd, the parity flag will be a logic "0"; if 
the parity of the word received was even, the parity flag 
will be a logic "1". 
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Once a word is ready to be fetched, it may be read by the 
host system in two 16-bit parts over the bi-directional bus 
by strobing the appropriate EN line low twice, once with 
the SEL line low to read "word 1" and once with the SEL 
line high to read "word 2". (If preferred, "word 2" may be 
read before "word 1", or the EN line may be held low for 
one long pulse while the SEL input is toggled to select first 
one word and then the other.) The actual ARINC contents 
of these two 16-bit "words" (or the contents of the 25 bit 
word length) is shown in the data sheet. It should be noted 
that the D/R flag will not be reset unless both words are 
read. 

Transmitter Operation 

,As mentioned in the data sheet, the transmitter hasa FIFO 
that can hold up to eight data words. Although the HS-
3282 has two inputs, PL 1 and PL2, used to write data into 
the FIFO, the data is not actually entered into the FIFO un
til the s~cond input (PL2) is pulsed low. Therefore, the 
first half of each data word must be written to the HS-3282 
first. Then, when the PL2 input is pulsed low to write the 
second half of the word, the proper data will be trans
ferred into the FIFO. 

The HS-3282 transmitter is designed to transmit data in 
sets containing from one to eight 32 or 25 bit words. It is of 
primary importance that the transmitter FIFO not be 
disturbed while this transmission is taking place; 
therefore, systems should be designed to disallow writing 
to the FIFO while transmission i~ taking place. The only 
exception to this rule is that words can be written into the 
FIFO while the first word (only) is being transmitted; if 
transmission of a second word is started before the TX/R 
has returned to a high state, the FIFO must remain 
undisturbed until the entire transmission sequence is 
completed and the TX/R flag goes high. The TX/R flag be
comes useful here as an interrupt request output to the 
host system, signaling that the FIFO is ready for another 
set of data words. 

It IS also of primary importance that the ENTX input 
remain high for the duration of the transmission sequence 
or the integrity of the data in the FIFO will be broken. This 
can best be accomplished by feeding the TX/R flag 
through an inverter and back into the ENTX input. This 
application will enable the transmitter as soon as the first 
word is written into the FIFO, and keep it enabled until the 
transmission sequence is completed; since most host 
systems operate at much greater speeds than the trans
mitter, an additional seven words could easily be written 
into the FIFO while the first word is still being transmitted. 

The value of the parity bit as written into the FIFO makes 
no difference since the transmitter sets the parity bit at 
transmission time according to the type of parity that it 
has been programmed to transmit. 

Lightning Protection 

Although the bus driver has been protected by a 100mW 
fuse capable of sinking up to 1 A for short periods of time 
(100ms) and internal zener diodes which saturate at about 
8.7 volts, the bus interface circuit has no such protection 
for its receiver inputs. Because of the possibility of a light
ing strike to aircraft, additional protection should be used 
to protect both the HS-3282 and the bus driver from high 
voltage spikes. External avalanche diodes with high 
power ratings (five or ten watts) should be used to clamp 
the bus at about ±6.8 volts. This will prevent the fuse and 
the zeners in the driver from being burned out by current 
surges, and it will keep the voltage level on the inputs of 
the receiver within acceptable limits. 

A Typical Application of the HS-3282 

The following example shows one possible way to inter
face the HS-3282 with a host system. Although different 
applications may require different approaches, most 
systems will have requirements similar to those that have 
been met here. 

Logical Control 

As shown in Figure 1, the support circuitry necessary to 
integrate the HS-3282 into a system primarily involves a 
logic circuit to drive the control inputs. In most cases, this 
can be achieved using microprocessor RD and WR bus 
control signals and two address lines in conjunction with 
a decoded chip select line and a DEN (data enable) line. 
During READ operations, the particular function (EN1 or 
EN2) is selected when the proper address is present while 
the RD line is low; note that the second LSB of the address 
bus is used to select either word 1 or word 2. The DEN line 
is used to signal the BIU to place its data on the bus. 

Therefore, for read operations, the only timing require
ment the host system must meet is a minimum DEN pulse 
of 200ns plus the propagation delay of the enable gates. 
During write operations, the WR line is inverted and used 
instead of the DEN line to enable the particular function 
(CWSTR, PL 1, or PL2) previously selected by the address 
bus. Since the minimum data hold time of the HS-3282 is 
Ons, the timing requirement for write operations, besides 
the minimum 200ns WR pulse, is a minimum data disena
ble delay equal to the total propagation delay caused by 
the function enable gates. 
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FIGURE 1. TYPICAL HOST TO HS-3282 INTERFACE LOGIC 

Address Decoding 

In the system shown, the transmitter FIFO is decoded as 
addresses F8 (first word) and FA (second word), and the 
control word register is at FC; writing to these addresses 
will load the corresponding registers of the HS-3282. 
Receiver latch #1 is at addresses F8 (first word) and FA 
(second word), and Receiver latch #2 is at addresses FC 
(first word) and FE (second word); reading these 
addresses will load the data from the corresponding 
receiver latch of the HS-3282. Note that an address line 
can be connected directly to the SEL input of the HS-3282 
to perform the receiver latch word select function. Since it 
is impossible to write to the receiver latches or to read the 
transmitter FIFO and the control word register, the ad
dresses of the read functions can overlap the addresses of 

the write functions without presenting a problem. See 
Table 1. 

ADDRESS 

RD Wii F8 FA FC FE 

1 0 PIT PL2 CWSTR CWSTR 

0 1 ENI EN1 EN2 EN2 
(1st (2nd (1st (2nd 

word) word) word) word) 

TABLE 1. TYPICAL HS-3282 FUNCTIONAL DECODING 
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Interrupti 

For the most efficient operation, any system incorporat
ing the HS-3282 should provide conditions by which the 
device can generate interrupt requests to the host system. 
If both receivers are being used, then a minimum of three 
interrupt vectors are needed: one (TX/R) to signal the end 
of a data set transmission, and one for each of the receiv
ers (O/R) to signal the presence of a valid word ready to be 
fetched. Since the TX/R signal can remain high for inde
terminate periods of time while the transmitter Is inactive, 
the requests should be received by the host on an edge 
sensitive basis. 

Software Aequlrem.ntl 

A flowchart of a simple algorithm that the host system 
could use to exercise and monitor the functions of the 
HS-3282 is shown in Figure 2. In order to begin, the 
HS-3282 must be initialized with a control word, then the 
host should set some flag in system memory to indicate 
that the transmitter is available. If data is ready to be 
transmitted, the host should store the data in a temporary 
buffer until the transmitter becomes available. At this 
time, the data is taken from the buffer and loaded into the 
transmitter FIFO (eight 32 bit words maximum). After 
loading the FIFO, the host should reset the flag in system 
memory mentioned previously to indicate that the 
transmitter is no longer available. Unless an interrupt is 
received by this time, the host can move on to other tasks 
or continue storing data in the temporary buffer (as 
shown by the broken arrow). If a i57R Interrupt is received, 
data can be read from the receiver latch and any corres
ponding action taken. If a TX/R interrupt is received, the 
transmitter available flag should be set once again, and 
any ready data in the buffer could be written into the FIFO. 

Adapting the HS-3282 to an 
8-Bit Data Bus 

Although designed for a sixteen bit data bus, the HS-3282 
can be used in systems with an eight bit data bus by 
adding a few external components. The following 
example shows how this can be done. 

Logical Control 

Figure 3 shows the circuitry necessary to integrate the 
HS-3282 into a system that utilizes an 8 bit data bus. The 
circuit is very similar to the one in Figure 1, the primary 
difference being the addition of the logic circuitry neces
sary to drive two input/output latches. The primary pur
pose of this additional circuitry is to latch the high order 
byte of data so that the host system can accomplish each 
16 bit data transfer with the HS-3282 by using two sepa
rate 8 bit operations. Each of the two latches serves a spe
cific purpose: the output latch provides the HS-3282 with 
the high order byte during write operations (PL 1, i5[2, and 
CWSTR), and the input latch receives the high order byte 
during read operations (~ and ~). The outputs on 

FIGURE 2. SIMPLE HS·3282 DRIVER ALGORITHM 

these latches should be three-stated to avoid bus 
contention. The least significant bit of the address bus is 
used to activate the latches onto the host system data bus 
whenever the host system is performing high order byte 
operations, and this same address bit is inverted and 
added as an input to each of the function enable gates to 
prevent the HS-3282 from being activated at the same 
time. During low order byte operations, the outputs of the 
function enable gates are used to activate the latches onto 
the high order byte of the bidirectional bus of the 
HS-3282, allowing the BIU to instantaneously transfer a 
full 16 bit word. Since the latches are automatically 
activated in unison with the BIU during low order byte 
operations, the high order byte must be handled first 
during write operations so that the proper data will be 
present in the output latch when the lower byte is written 
to the BIU. Conversely, the low order byte must be 
handled first during read operations since the high order 
byte is automatically strobed into the input latch when the 
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low order byte IS read. Timing requirements are increased 
by the additional logic gates; read operations now require 
a minimum DEN pulse equal to 200ns plus the propaga
tion delays of two logic gates, a one-shot, and the input 
latch; write operations now require a minimum delay from 
address valid to WR enable equal to the propagation de
lays of two gates and a minimum WR pulse of 200ns plus 
the propagation delays of two gates and the output latch . 

• 07 

I""QiiTiiijT 

f---r!-- LATCH 
DI DO 

Note that one shots are used to drive the strobes on the 
latches. This is necessary so that the falling edge of the 
strobe occurs while the data IS still active on the bus, 
otherwise, the propagation delays of the additional gates 
would cause the latches to close after the data had been 
disenabled. 

• 
IiN'iiUT' 

LATCH 

• 'iB i 
DD 01 • 

~I~ ~ 

Irr--r-~ ;;; ;;; 
AD il il 

L 
DEN 

AI BEL 

RD Q1 -=<r) Eii 

~ ~ w 

~ ~ .... I -::::;f). CWSfoi 
H5-3212 

~ 

-~ PIi 

==L 
~ Pi1 

AZ ~ 
fUNCTION 

fUNCTION 

~ SELECT 
ENABLE 

Al-A7 • DECODE 

lX/R 
CHIPSElECT 

/ DECODE 

INTERRUPT REQUESTS 3 DJRI 

~ ii7R2 

FIGURE 3. TYPICAL HOST TO HS-3282 INTERFACE LOGIC USING AN EIGHT BIT DATA BUS 
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Addre •• Decoding 

The system in Figure 3 will have the same functional 
addresses as the system in Figure 1 except that in this 
case each particular byte of each register has its own 
address. Therefore, the FIFO is still located at addresses 

RD \iii F8 Fe FA 

1 0 PL1 PL1 PL2 

F8 (first word, low byte) and FA (second word, low byte); 
however, the high bytes must be addressed as F9 (first 
word) and FB (second word). The receivers are addressed 
in the same way as shown in Table 2. 

ADDRESS 

FB FC FD FE FF 

PL2 CWSTR CWSTR CWSTR CWSTR 
Low Byte High Byte Low Byte High Byte Low Byte High Byte Low Byte High Byte 

0 1 EN1 EN1 EN1 EN1 EN2 EN2 EN2 EN2 
Low Byte High Byte Low Byte High Byte Low Byte High Byte Low Byte High Byte 
1st Word 1st Word 2nd Word 2nd Word 1st Word 1st Word 2nd Word 2nd Word 

TABLE 2. TYPICAL HS-3282 FUNCTIONAL DECODING USING AN EIGHT BIT DATA BUS 

Conclusion 
Although it was designed for ARINC applications, the 
HS-3282 bus interface circuit is a very versatile device, 
capable of serving any type of communications purpose. 
Its high speed capability and its high reliability make it 
especially useful in scientific and real time operations 

where large volume data gathering and time critical trans
mission of control signals is required. These qualities, in 
combination with the simplicity with which the device 
may be incorporated into a system, make the HS-3282 a 
wise choice for a wide spectrum of applications. 

ARINC Specification 429 A Brief Overview 

ARINC Specification 429, otherwise known as the Mark 33 
Digital Information Transfer System (DITS), is a definition 
ofstandards used extensively by the air transport industry 
for the transfer of digital data between avionics systems 
elements. Systems utilizing this standard have been 
installed in a wide range of aircraft including the Boeing 
737, 747, 757, and 767; the European Airbus; Bell 
Helicopter; and a large number of small aircraft. 
Replacing the earlier ARINC Specification 419 which had 
standardized the various forms of serial transmission 
developed during the emergent period of digital avionics 
technology, Specification 429 eliminates much of the 
previous confusion by defining the standard for a single 
form of serial transmission. 

According to Specification 429, digital data is transmitted 
via a differential signal over a uni-directional bus com
posed of two twisted and shielded wires. The data is sent 

in thirty-two bit words, each word containing a parity bit 
and an eight-bit label that defines the flight function to 
which the remaining data pertains. This data, encoded in 
either numeric (binary or BCD) or alphabetic (ISO No.5) 
format, is further divided into various fields according to 
label type. In order to completely standardize communi
cation and prevent conflicts, all flight functions have been 
assigned a particular label and data format. 

The ARINC Specification 429, by defining a single stan
dard for the transfer of digital information, eliminates the 
need for complex interfaces between avionics systems 
produced by different manufacturers. This provides those 
avionics components that conform to this standard with a 
virtual "plug-In" capability, and gives such components a 
certain measure of universality. For more information 
about this specification, contact Aeronautical Radio, Inc., 
2551 Rlva Road, Annapolis, Maryland 21401. 
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DESIGN OF CLOCK GENERATORS FOR USE WITH COSMAC 
MICROPROCESSOR CDP1802 

Author: D. Hillman 

Introduction 
Clock signal generation for the CDP1802 COSMAC 
Microprocessor is simple and straightforward. The CDP1802 
features of static operation, single-phase clock input, and the 
on-chip oscillator amplifier make practical the use of a low
cost, highly stable, crystal-controlled oscillator as its clock 
generator. The design of external oscillators for this purpose, 
crystal or RC controlled, is equally straightforward and they 
require only minimal circuitry. In addition to the oscillator 
amplifier, the CDP1802 incorporates all necessary start/stop 
logic on-Chip. This application note describes clock genera
tor designs suitable for various applications. 

Crystal Oscillator Design 

The basic oscillator circuit for the CDP1802 consists of the 
on-chip amplifier and an external feedback network as 
illustrated in Figure1. For oscillation to occur, the gain of the 
amplifier (a) times the attenuation (13) of the feedback 
network must be greater than or equal to one. In addition, 
the total phase shift through the amplifier and feedback 
network must be equal to N times 360 degrees, where N is 
an integer. Oscillations occur in any system in which the 
amplified signal is returned in phase to the amplifier after 
being attuned less than it was originally amplified. 

I 1800 
- PHASE SHIFT-I 

Vour 

(GAIN =a) 

(ATTENUATION = ~) 

I 1800 
- PHASE SHIFT-I 

FIGURE 1. BASIC OSCILLATOR CIRCUIT 

The frequency stability of an oscillator is primarily dependent 

Copyright © Harris Corporation 1991 

upon the phase-changing properties of the feedback net
work. Because of their high 0 and inherent frequency stabil
ity, quartz crystals are commonly used in the feedback 
network. 

A parallel resonant oscillator circuit is shown in Figure 2. The 
phase angle for the type of feedback network shown in this 
figure is extremely sensitive to a change in frequency, a con
dition necessary for stable oscillation. If the equivalent resis
tance of the crystal is in fact zero (infinite 0), a change in 
phase angle of the feedback circuit would not cause any 
change in oscillator frequency. Therefore, for an oscillator of 
highest stability, the 0 of the crystal should be as high as 
possible. In general, 0 increases with increasing frequency. 

....................................... , 
OPTIONAL 

············i~~tii············"1 Voo Voo=Vcc 

BUFFERED i 

f' ! .. ~~~.~.~;;.;..:~:] 
CRYSTAL = 10Mnl ,....::=+=~---------. 

....................................... . . 
~ v CC OSCILLATOR ~ 
1 AMPUFIER 1 
1......... . ........ ~!?!?t~!!;L..l 

-I- Cz 

Vcc 

........................................... 

FIGURE 2. PARALLEL RESONANT OSCILLATOR CIRCUIT 

The crystal load capacitance, CL, is defined as the series 
sum of C1 and C2. Higher values of crystal load capaCitance 
generally improve frequency stability, but also increase 
power consumption. The choice of equivalent load capaci
tance (usually specified to the crystal suppliers) only fixes 
the series sum of the two capacitors C1 and C2• The value of 
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the amplifier output capacitance C1 should not be fixed. A 
trimmer should be connected in parallel with, or used in 
place of, a fixed output capacitor to permit compensation for 
variation in stray capacitance and circuit component values. 

The required capacitance range for the oscillator trimmer 
capacitor is determined by the variation in oscillation fre
quency with load capacitance. The total trimming range is 
mainly a function of the crystal characteristics. For a more 
detailed analYSis, see Reference 4. 

Practical Oscillator Circuits 

The amplifier, feedback network, and crystal considerations 
discussed in the preceding paragraphs can be combined for 
the design of a crystal-controlled oscillator for the CDP1802. 
The majority of microprocessor applications do not require 
the frequency of oscillation to be so exact as to require oscil
lator trimming. An ·untrimmed" crystal oscillator will be within 
1 % of its specified crystal frequency. For most microproces
sor applications the following simple guidelines can be used. 

1. The crystal should be connected between terminals 1 
and 39 of the CDP1802. 

2. For crystal frequencies between 100KHz and 6.4 MHz, a 
10 to 22 megohm feedback resistor should be used in 
parallel with the crystal. 

3. Capacitors C1 and C2 are not required but a value of 
between 20 and 30 pF for each is recommended to 
improve stability. 

It should be noted that the on-chip oscillator and timing gen
erator are capable of operating at frequencies higher than 
the microprocessor maximum operating frequency. For reli
able operation, the crystal frequency must always be less 
than or equal to the maximum operating frequency specified 
in the CDP1802 data sheet. 

A practical example, the CDP18S020 Evaluation Kit oscilla
tor, consists of a 10 megohm feedback resistor and a 2MHz 
AT cut crystal, both connected in parallel across terminals 1 
and 39 of the CDP1802. (Crystal: Part No. X023303; 
CL = 15pF; Series M 1; holder, series HC330; made by 
Turotel, Inc., 13402 S. 71 Highway, Grandview, Missouri 
68030.) Provisions for oscillator capacitors are made in the 
Evaluation Kit, but their use is not required. The increase in 
oscillator stability with respect to supply voltage that can be 
obtained by adding the capacitors is shown in Figure 3. 

!5 CRYSTAL· 2 MHz, AT CUT 
:::i IN -I VOLT 
:I: 7 Q-5Q-IOOK, TYPICALLY 

~ 6 
f!! 
~ 
I 5 

~4 

10 15 
LOAD CAPACITANCE - PICOFARADS 

20 2. 

FIGURE 3. STABILITY OF CDP1802 CRYSTAL OSCILLATOR 
AS A FUNCTION OF LOAD CAPACITANCE VALUE. 

The amplifier stability also depends upon the value of the 
resistor in the feedback network. Figure 4 shows the rela
tionship between the feedback resistor value and oscillator 
stability. The curve indicates that 10 megohms is an ade
quate value for the feedback resistor. 

z 3 CRYSTAL", 2 MHz, AT CUT 
...J tN" I VOLT 
3E I Q;50-IOOK TYPICALLY 

~ 
I!! ........ 
~2~+-4-H4~~~++-+~~H-~~~ 

I 
> 
~3~+-~4+~--~~-+~-H+-4-~ 

2 .. 58 2 .. 68 

001 0 I 10 60 
FEEDBACK RESISTANCE - MEGOHMS 

FIGURE 4. STABILITY OF CDP1802 CRYSTAL OSCILLATOR 
AS A FUNCTION OF FEEDBACK RESISTANCE 
VALUE. 
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External Clock Generators 

For low-frequency applications (less than 500KHz) a cost
effective approach may be to use external RC-controlled 
oscillators. Three simple RC-controlled oscillators that may 
be used to clock the CDP1802 are shown in Figure 5. When 
an external clock is used in high-noise environments. a 20 to 
30pF capacitor between terminal 39 (XTAL) of the CDP1802 
and ground may be used to increase the microprocessor 
noise immunity. 

(113 C040608) 

3 

. i\,.R 2 
.-,: 

C 

voo 

C04047A T=4.4RC 

(b) 

~ ..... '"[~J ,w -Q:f 
~ 
(1/4 C040038) 

(e) 

FIGURE 5. THREE SIMPLE RC-CONTROLLED OSCILLATOR 
CIRCUITS SUITABLE FOR USE AS EXTERNAL 
CLOCK FOR CDP1802 MICROPROCESSOR (OUT
PUT CONNECTED TO PIN 1 THROUGH 
EVALUATION KIT P2-W). 
(a) INVERTER TYPE OSCILLATOR (SEE REFER

ENCES 5 AND 6). 
(b) RC OSCILLATOR USING DIGITAL IC CD4047A 

(SEE REFERENCES 5 AND 6). 
(e) SCHMITT-TRIGGER-TYPE RC OSCILLATOR 

(SEE CD4093B DATA SHEET). 

The selection of the Rand C should be compatible with sys
tem requirements. The capacitor should be non-polarized 
and have low leakage. There is no upper limit for either R or 
C values to maintain oscillation. However. C should be larger 
than the inherent stray capacitance. R must be larger than 
the output impedance of the COs/MOS device. which is typ
ically hundreds of ohms. In addition. with very large values of 
R. some short-term instability with respect to time may be 
noted. Based on these considerations recommended values 
for these components are: 

C - greater than 100pF, up to any practical value 

R - greater than 10 kilohms. but less than one megohm 

With large values of Rand C. the circuit in Figure 5(c) can be 
used. This circuit. because of its hysteresis. eliminates multi
ple output pulses caused by noise on the input RC wave
form. For a more detailed analysis. see References 5 and S. 

Clock Buffering 

In some applications it may be desirable to supply the CPU 
clock signal to other system components. In such cases the 
loading on the oscillator circuit should be minimized by buff
ering the clock through a COS/MOS inverter. as shown in 
Figure 2. The loading presented by the inverter will be 
mainly capacitive. about 5 picofarads. and can usually be 
neglected in non-critical designs. The buffer should be 
located close to the crystal in order to minimize stray capaCi
tance. 

When the crystal oscillator is being trimmed to its desired 
frequency. the buffered clock technique should also be used 
to prevent the oscillator from being loaded by the frequency 
counter. 

References: 

1.CDP1802 data sheet. 

2. CD4047A data sheet. File No. 623. 

3. CD4093B data sheet. File No. 83S. 

4. "Timekeeping Advances Through COs/MOS Technol
ogy'·. ICAN-S08S. 

5. "Using the CD4047A in COs/MOS Timing Applications". 
ICAN-6230. 

S. "Astable and Monostable Oscillators Using Harris COS/ 
MOS Digital Integrated Circuits". ICAN-S267. 

7. lJser Manllal for the Harris CPP1802 COSMAC Micro
processor MPM-201. 
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USER'S GUIDE TO THE CDP1879 AND CDP1879C1 CMOS 
REAL-TIME CLOCKS 

Author: D. Derkach 

Introduction 
The CDP 1879 and CDP1879C1 Real-Time Clocks' are 24-
pin devices, each consisting essentially of a long string of 
counters that supply standard clock time and date informa
tion in BCD format, Figure 1. In addition, the CDP1879 fea
tures an alarm circuit that activates the interrupt output pin 
and a separate clock output pin that provides a programma
ble square-wave output signal. Both the internal-alarm and 
clock-out signals can trigger the interrupt output pin, so that 
a status register is available to indicate the interrupt source. 
Users can supply a signal to the power-down pin that allows 
the interrupt-output pin level to control external power-down 
and wake-up circuits. Software generally required by other 
real-time clocks to prevent clock rollover is eliminated by a 
transparent "freeze" circuit that assures data integrity when 
accessing the clock. The clock's counters, plus a control reg
ister that regulates operation, are individually selectable 
using three address lines. Internal control signals governing 
read and write operations are selected through the I-O/MEM 
pin, which places the device in a memory-mapped or 1/0-
mapped mode of operation. 

The real time clocks were designed using Harris PaCMOS 
standard-cell approach and are manufactured under a sili
con-gate CMOS process. Both the CDP1879 and 
CDP1879C1 have guaranteed dc and dynamic parameters 
that allow operation at temperatures of -40 to +85°C in a 
plastic package. In addition, both versions can operate in a 
ceramic package from -55 to 1250C (see data sheet' for 
complete static and dynamic values). 

The CDP1879 operates from a supply of 4 to 10.5 volts. It 
accepts a parallel resonant crystal or will keep time with an 
external clock source. Crystal frequencies are 
1.048576MHz, 2.097152MHz, and 4. 194304MHz. The 
CDP1879C1 is the lower voltage version with an operating 
voltage range of 4 to 6.5 volts. Like the CDP1879, it also 
operates with either an external clock source or at the same 
crystal frequencies. It can also run with a 32,768-Hz crystal. 

Interfacing - Hardware Considerations 
I/O-Control and Device-Enable Pins 

The real-time clocks, shown in block diagram form In Figure 
1, are deSigned to interface directly to Harris CDP1800-
series processors (described briefly below). Therefore, pin 
labels on the clocks, Figure 2, match the pin names of these 
processors. Figure 3 indicates clock I/O control and direction 

Copyrlght@HarrisCorporatlon 1991 

pins; the functions of these pins are explained immediately 
below. Figure 4 is an IIO-control and device-enabled sche
matic. Table 1 shows 1/0 pin connections. 

TPA (TIming Pulse A) - TPA refers to a timing signal from 
the CDP1800-series processors that occurs early in the 
machine cycle, and that is used to latch the processor's mul
tiplexed high-order address. In the real-time clock, this pin 
carries a strobe input used to latch the value of the CS pin. 
In memory-mapped operation, the pin may be tied high, 
requiring that CS be held for the duration of each read or 
write cycle. When the I/O-mapping mode is selected, this pin 
must be pulsed when the CS input is high. 

CS (Chip Select) - The chip-select pin Is an active high input 
that is used to enable the clock. 

l-oiMEM (I/O or Memory-Mode Select) - This pin is tied low 
to place the clock in the memory-mapped mode, and high 
when 1/0 operation is desired. Most processors will use the 
memory-mapped mode of operation. 

AD (Read) - When the clock is in the memory-mapped 
mode, REi is an active low signal that enables data from the 
counters or status register to be placed on the data bus for 
the processor to read. When the clock is in the 1/0 mode, the 
read operation occurs when REi is high; a write operation 
occurs when REi is low and TPBIWR is high. 

TPBlWR (TIming Pulse BlWrlte) - TPB refers to a timing 
signal from the CDP1800-series processors that appears 
late in each machine cycle and that is used to write data into 
accessed peripherals. When the clock is in the memory
mapped mode, TPBIWR is an active low signal used to write 
data into the clock's counters or control register. During 1/0-
mapping, a high level on this pin allows data latched on the 
trailing edge of the signal to be written into the counters or 
register. 

CD1800-Serles Interface 

The clocks Interface to CDP1800-series processors that use 
memory-mapping and I/O-mapping techniques to communi
cate with peripherals and memory. Memory-mapping implies 
address-line decoding to select memory locations and chip 
selects. With this technique, the real-time clock's counters 
and registers are treated as memory locations. Read and 
write signals are active low. The CDP1800-series proces
sors include three separate N-lines that are active during the 
14 I/O instructions. These instructions are memory refer-
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enced so that data traveling in either direction is transferred 
between the peripherals and memory. 
When 1/0 instructions are executed, the memory location is 
the reierence for data transier. Therefore, when an output 
instruction is performed (write cycle) the processor's AD line 

VDD 
0--
~ 

AO 

AI 

A2 

TPA 

TPB/WR 

CS 

POWER DOWN 

ADDRESS DECODE 
AND 

CONTROL LOGIC 

is activated and puts the data in memory onto the data bus. 
Late in the same cycle, the TPB from the processor is used 
to write data into the peripheral. An input instruction (read 
cycle) allows external data to be placed in memory. The pro
cessor's WR line is activated, and the data is written in. 

FIGURE 1. BLOCK DIAGRAM OF REAL-TIME CLOCK 

XTAl CONNECTIONS ClK 
SQUARE-WAVE OUTPUT i<fi\L OUT 

AO 
DATA DIRECTION SIGNALS TWWfl AI 

A2 

SELECTS DEVICE CS TPA 

SELECTS OPERATIONAL INTERRUPT OUTPUT 
MODE 

POWER DOWN SELECT PWR 
DOWN 

DBO BIDIRECTIONAL 
INITIALIZES DEVICE RESET TO DATA BUS 

DB7 

FIGURE 2. REAL-TIME-CLOCK PIN FUNCTIONS 

7-71 



Application Note 7275 

FIGURE 3. UO CONTROL AND DIRECTION PINS 

iffiD------I 

L..--t:~[)-~-o ENABLE OUTPUTS 
REAOREGS 

~ o--;:::::!::~~[>---+=L }>----G ~::Zrl=~GESDGE) 

OFF 

J1..~ 
AD 

TPA 0---...... -+----1 Q 1-------., 

cs 

PROCESSOR 

Harris CDP1800-series 
(Memory-mapped) 

Harris CDP1800-series 
(110 mapped) 

CDP6805 

Zilog Corp. Z-80~ 

80851NSC800 

RESET 

I 
I 

I I 
I I 
I I 
I ___________________ J 

A1 

A2 

"VALID ADDRESS 

'NOTE THAT AN ADDRESS OF 
ZERO WILL DISABLE THE 
READ AND WRITE FUNCTIONS. 

FIGURE 4. U()"CONTROL AND DEVICE-ENABLE SCHEMATIC 

TABLE 1. UO PIN CONNECTIONS 

CDP1879 PIN 

1-0/ 
TPA CS iffi TPB!Wii MeM AD-A2 

TPA (Note 1) Hi or decoded address MRD MWR Vss MAO, MA1, MA2 

TPA N or decoded N lines MRD TPB Voo NO,N1,N2 

AS Hi or decoded address RIW DS Voo BO(Note 2), B 1, B2 

Voo Hi or decoded address RD WR Vss AO,A1,A2 

ALE(Note 1) Hi or decoded address RD WR Vss ADO (Note 2), AD1, AD2 

1. May be connected to VDD when CS IS externally latched. 

2. Latch externally. 
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Figure 5 shows a typical memory-mapped interlace utilizing 
the CDP1802. This interlace places the clock and counter
timer in selectable 4k memory blocks. Figure 6 shows the 

CDPIB02A 
CDPI872 

ADDRESS LATCH 

TPA r-----...... CLOCK 

MAO-MA71-_-----"~ MAB

iV MAI5 

MICROPROCESSOR 

MAB-MAII 

MAI2-~ 
MAI5 iY 

interface of the clock to an 8085 processor, Figure 7 the 
interlace to a CDP6805, and Figure 8 the interlace to a Zilog 
Corporation Z-80~. 

CD74HCI54 COPla7S 

40FI6 
DECODER CD74HC24Q 

Cs-[:::>O----Ics I/O-MEM ~ 

cs --{>o-

cs's 

: : : i 

~ DBO-DB7=-

_,/ MAO-2 

v DUAL 
COUNTER

TIMER 

COP 1879 
DATA BUS 

~ MAO-MA7 

I I 1 I 
I 1 1 1 
: I I I 

cs's /+--_-_-'_1 : : : 
____ I II 

=- =--:::.. -:::"-_1 

I--- cs I10-J.fEIlI~ 

~MAO-2 DBO- DB7 i== 
: v MEMORY 

MATRIX 

CD40117B 

REAL-TIME 
CLOCK 

~D~~~~-ABi6R I I 
~----------~I I~-=====~~~ ______________ ~ 

BIDIRECTIONAL OATA BUS 

BOBS 

ALE 

FIGURE 5. REAL-TIME CLOCK AND COUNTER-TIMER IN MEMORY-MAPPED INTERFACE 

A2 

CDPIB75 
LATCH 
MAO 
MAl 
MA2 

CLOCK 

CDPIB75 
LATCH 
MAO 
MAl 
MA2 

CLOCK 

BOBS 

ALE 

(b) 

ALE ~'--______ _ 

ADBUS~ DATA 

~-------

,--_ ..... 1 

00 00 
FIGURE 6. 8085 INTERFACE AND TIMING: (a) MEMORY-MAPPED INTERFACE, (b) Vo-MAPPED INTERFACE, (e) TIMING CYCLES 
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COPIB79 

I/O-tlE"!.\ vOO 

os TPB/WR 

RIW Ro 
A8 CS AO 

CDPI875 
LATCH 

6805 At 
MAO 
MAt 
MA2 

A2 CLOCK 

(a) 

AS~ ____________ __ 

AOBUS~~_D_AT_A _____ _ 

R/iii :::x' _______________ C 
DS L 

(b) 

FIGURE 7. CDP680S I/O-MAPPED INTERFACE (a), AND 
TIMING DIAGRAM (b) 

READ CYCLE TIMES (Notel ) 

Data Access From Address tDA 
Read Pulse Width tRD 
Data Access From Read tOR 
Address Hold After Read tRH 
Output Hold After Read IoH 
Chip Select Setup to TPA Ics 

Z-80 

INTt---------, COPIB79 

nIT 

WR 

Ro 
AI5 

AO 

At 

A2 

I------f TPB/WR 

1------fiiD 

I------f CS l-O/MEM 

t------jAO 

1------fAl 

1------fA2 TPA 

DATA BUS 

FIGURE 8. ZILOG CORPORATION Z-80~ INTERFACE TO THE 
CDP1879 

Timing Considerations 

Figures 9 and 10 show read and write-cycle timing wave
forms, respectively. The read and write limits shown must be 
observed to successfully access the clock. Three of the 
characteristics, hold after read and write, and read access 
time, may represent critical limit values when the clock is 
interfaced to processors operating at their maximum fre
quency limit. 

LIMITS (ns) 
MINIMUM (Note 2) MAXIMUM 

- 400 

270 -
- 375 

0 

50 230 

50 

NOTES: 1. Charactensncs at TA = -40°C to +85°C; VDD = 5V ±5%; Input t, , ~ = 10ns; CL = 50pF and 1 TIL load. 

2. Time required by a limit device to allow for the indicated function. 

(a) 

TPA I ---, 
- r- tcs f--' RH-

ADDRESS/CHIP SELECT \! \if 
/ 1\ 

'RO 

, 1\ 

\ \11 DATA TO CPU 

/\ 11\ 

, DR 

'DA-- -'DH-

(b) 

FIGURE 9. READ-CYCLE TIMING CHARACTERISTICS (a), AND WAVEFORMS (b) 
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LIMITS (ns) 
WRITE CYCLE TIMES (Note 1) MINIMUM (Note 2) MAXIMUM 

Address Setup to Write tAS 225 -
Write Pulse Width tWA 150 -
Data Setup to Write los 65 -
Address Hold After Write tAH 0 -
Data Hold After Write tWH 150 
Chip Select Setup to TPA les 50 -
NOTES: 

1. Characteristics at TA = -40 to +85°C; VDD = 5V ±5%; Input t,. ,It = 10ns; CL = 50pF and 1 TTL load 

2. Time required by a limit device to allow for the indicated function 

(a) 

J I -- i--'CS -'AH-
TPA 

W \if 
ADDRESS/CHIP SELECT 

11\ 11
\ 

i--'AS 'WR 

I-

DATA TO REAL TIME CLO CK \I \1 
j\ j\ 

-'05- 'WH -
(b) 

FIGURE 10. WRITE-CYCLE TIMING CHARACTERISTICS (a) AND WAVEFORMS (b) 

Output Hold After Read (tdh) 

When multiplexed bus processors, in which address and 
data share the same pins, are interfaced to the clock, the 
output-hold-after-read parameter (230 nanoseconds) may 
cause bus contention. As an example, at 5MHz, the 
CDP6805 requires data to be off the bus within 160 nano
seconds after data strobe. The 8085A operating with a 6-
MHz crystal requires 150 nanoseconds after read. Since the 
clock may hold data for 230 nanoseconds, bus contention 
may occur if these processors are interfaced to the clock at 
their maximum operating frequencies. 

Data Hold After Write (lwh) 

The real-time clocks require that data be held after the trail
ing edge of the write pulse for 150 nanoseconds. Neither the 
8085INSC800, Z-80~ , nor CDP6805 meet this requirement 
at their maximum operating frequencies. 

Data Access From Read (tdr) 

The clock will supply data a maximum of 375 nanoseconds 
from the leading edge of the read pulse. The data set-up 
requirements for processors operating at their maximum 
frequencies may require faster access. 

Hold and Access-Time Solutions 

All of the above parameters are frequency dependent. Often, 
simply lowering the frequency when accessing the clock will 
solve any timing problems. Access times can be extended by 
inserting wait states. Write and read-hold-time problems are 
more difficult to correct; glue parts, such as latches and buff
ers, are required to meet the requirements of these timing 
parameters. 

Interfacing - Software Considerations 

Programming Model 

Figure 11 illustrates the counters. alarm latches, and regis
ters that must be accessed to write in and read out time and 
date information. The functions are selected through internal 
decoding of three address lines. Table 2 contains the register 
access codes for different combinations of address inputs. 
Figure 12, a programming model of the same registers, 
shows their read andlor write availability. These address 
lines and data lines, in conjunction with the I/O control pins, 
constitute the interface to the clock. 

When the clock is configured for memory-mapped operation, 
it can be considered as six memory locations that reside in 
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an area of memory determined by the definitive decoding of 
the upper address bits. The clock's I/O-mapped mode 
utilizes the N-Iines (1/0 lines) and 110 instructions of the 
CDPl80Q-series processor. The processor's N-lines are 
decoded for use as a chip select, and in a two-level scheme, 
are also used as the address input signals. 

When other processors are interfaced to the clock, the clock 
will generally be placed in its memory-mapped mode. An 
exception is interface with the CDP6805, where the clock is 
usually wired for I/O operation. 

Writing to and reading from the clock is as straightforward as 
accessing memory. Software considerations regarding clock 
rollover (when the one-second clock may pulse the counters 
during read or write cycles) are eliminated by utilizing the 
freeze circuit (described below), which requires only one 
additional instruction. Use of the freeze circuit eliminates the 
software burden of looking for a signal or register bit that 
guarantees valid data. A write cycle with address 1 and don't 
-care data before any series of counter accesses (read or 
write cycles) assures that the one-second clock has been 
held and will not interfere with accesses for 250 
milliseconds. 

PWRDWN "I 
t 

Jl..J1.... 
CLOCK OUT 

BIDI~CTIONAL 
DATA BUS 

FIGURE 11. FUNCTIONS THAT MUST BE ACCESSED TO 
WRITE IN AND READ OUT TIME AND DATE 
INFORMATION 

Freeze Circuit 

The freeze circuit is designed to allow the user easy access 
to the real-time clock without the fear that clock rollover will 
cause erroneous time data. Clock rollover problems occur 
during counter reads while the asynchronous one-second 
clock input to the counter-divider chain is ripping through the 
counters. 

As an example. in Figure 13(a), the one-second clock is 
about to set the time to 0 seconds, 0 minutes and 3 hours. A 
read is performed, and the hours counter indicates 2 hours. 

But before the second and minute counters are read, the 
one-second clock ripples through them, with the result that 
the counters hold the time shown in Figure 13(b) . When the 
seconds and minutes counters are read (b), their values are 
correct, but the hours time, read before the ripple, is 1 hour 
off. It is apparent that th is type of error can be a substantial 
problem, particularly if the date and month counters are 
involved. 

WRITE AND REAO REGISTERS 

I : ~IN~TE~ cr++ : I 
I : ~+~C++~ : I 

FIGURE 12. PROGRAMMER'S MODEL OFTHE REGISTERS OF 
FIGURE 

Operation 

The counter-series string is clocked by the negative transi
tion of the one-second clock. This clock transition must pass 
through the freeze circuit before toggling the counter-series 
string, as shown in Figure 14. The freeze circuit creates a 
"window" 250 milliseconds wide shown as time (A) in Figure 
15. If the counter reads or writes (for addresses other than 
address 7) are performed during this window, the clock tran
sition is held and is not allowed through the freeze circuit 
until time (C) Figure 15, when the transition is inserted into 
the counter series string. If counter accesses are initiated 
just before the one-second-clock transition, the clock would 
toggle the counters 250 milliseconds later. Therefore, a 
requirement when using the real-time clocks is to finish 
operations within 250 milliseconds of the initial access. 

If the clock is accessed during time (A), Figure 15, and then 
accessed again at time (C), when the counter is allowed to 
toggle, ripple problems would occur. To preclude this 
problem, a second window is created by the freeze circuit 
during time (B). This window will allow a write to address 1 to 
immediately reset the freeze circuit and clock the counters. 
Subsequent accesses to the real-time clock will occur well 
after the clock has rippled through the counters. 

If read or write operations are performed during time periods 
other than (A) or (B), the freeze circuit is not functional. 

Figure 16 shows a simplified freeze circuit (a), and the 
sequence of freeze-circuit operation (b). 
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0 1 

0 1 

0 1 

1 0 

1 0 

1 0 

1 0 

1 1 

1 1 

0 1 

0 1 

1 0 

1 1 

1 1 
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TABLE 2. REGISTER TRUTH TABLE 

ACTIVE SIGNAL 
BIT 3 CONTROL 

AO TPBIWR RD REGISTER 

0 X 0 

0 X 0 

1 X 0 

1 X 0 

0 X 0 

0 X 0 

1 X 0 

1 X 0 

0 X 0 

0 X 0 

0 X 1 

1 X 1 

0 X 1 

1 X 

1 X 

S9 59 02 00 00 03 

~-~-lSECONO~~ 
CLOCK READ READ READ 

XTAL 
OR 

CLOCK 
IN 

1 SECOND 

(a) (b) 

FIGURE 13. FREEZE-CIRCUIT READ EXAMPLE 

1 1 

FIGURE 14. COUNTER SERIES STRING 

: (2) t I 

!...(A)+(B)..](C) 
I I 

L 
FIGURE 15. FREEZE-CIRCUIT TIMING WAVEFORMS 
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REGISTER OPERATION 

Write seconds counter 

Read seconds counter 

Write minutes counter 

Read minutes counter 

Write hours counter 

Read hours counter 

Write date counter 

Read date counter 

Write month counter 

Read month counter 

Write seconds alarm latch 

Write minutes alarm latch 

Write hours alarm latch 

Write control register 

Read int. status register 
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READ 

1 
SECOND 
CLOCK 

FIGURE 16. SIMPLIFIED FREEZE CIRCUIT (a), AND FREEZE-CIRCUIT OPERATION (b) 

NOTES: 

1. Set freeze during time period A, (one second clock is held high) 

2. Reset freeze at time period C, 

3. or during time period B if address 1 is present during a write cycle 

Restrictions on Accuracy Register Descriptions 

The data sheet for the real-time clock states that when the 
seconds counter is written to, the last 7 stages of the pres
caler are reset, resulting' in a 1 Q-millisecond accuracy. Nor
mally, the seconds counter will be clocked 1 second from the 
time of the write to the seconds counter. However, if the 
freeze circuit has been activated, this sequence may not 
occur, therefore, to assure the 10-millisecond accuracy, the 
following procedure should be used: 

1. Write to seconds counter - don't care data - address 2 

2. Dummy write - don't care data - address 1 

3. Write to seconds counter - valid data - address 2 

The mild restrictions on accesses to the real'time clock 
require no additional software or hardware considerations to 
assure data integrity. In all other known clocks, software 
solutions to clock rollover problems range from reading and 
comparing the time data twice to sampling register values. 
Hardware solutions vary between stopping any internal clock 
updates to monitoring output-pin transitions. The addition of 
an address 1 write operation preceding accesses to the 
CDP1879 real-time clock in conjunction with the require
ments to finish accesses in 250 milliseconds will guarantee 
stable and accurate time data. 

D7 

BIT 

The real-time clock contains a control register to configure 
its operation, and a status register to identify interrupts, five 
registers or counters to hold the time from seconds to 
months, and three additional registers that are referred to as 
alarm latches, which hold the alarm time. 

Control Register 

The control register is a write-only register that shares the 
same address as the status register, address 7. A brief 
explanation of the functions of the eight bits in the control 
register are shown in Figure 17; more detail is given in the 
paragraphs that follow. 

Bits 0 and 1 • Frequency Select - The logic levels in bits 0 
and 1 are decoded and used to select the appropriate input 
to the last 14 stages of the prescaler chain, Figure 18. Their 
selection must match the crystal or external clock source 
used to drive the oscillator selection of the real-time clock. 

Bit 2 • Start/Stop - As shown in Figure 18, a 1 in bit 2 
enables the input to last through 14 stages of the prescaler 
chain. A zero in this pOSition inhibits counting. 

DO 

L..., ....... ..L---'-_..J..-..,.,...-l-,,.-'-,......L...-r--'--r-' SELECTS DIVIDER 
IN PRESCALER 

'--_'-- CHAIN 

DETERMINES DATA TRANSFER TO/FROM 
TIME OR ALARM REG. 
ALSO ENABLES ALARM. 

FIGURE 17. CONTROL REGISTER 
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XTAL _~r------, 

XTAL 

BITO 
1 MHZ 

BIT1 
DECODE 2 MHZ 

4MHZ 

Bit 1 

BIT2 
START/STOP 

Bit 2 

ONE SECOND 
OUTTO 
SECONDS 
COUNTER 

Bit 0 

o 
1 
o 
1 

o 32,768 Hz 
o 1.048576 MHz 
1 2.097152 MHz 
1 4.194304 MHz 

o 
1 

Stop Counter 
Start Counter 

FIGURE 1B. FREQUENCY-SELECT OPERATION 

Bit 3 - Counter/Latch Control - Figure 19 is a simplified 
diagram of the counter/alarm latch access. Bit 3 has two 
functions. First, if set to zero, it directs written data to the 
time counters. If set to 1, data is written into the alarm 
latches. This bit function is necessary because the time 
counters and their comparable alarm latches have the same 
addresses. The second function of bit 3 is to enable the 
alarm-out signal. An alarm signal (interrupt output low and 
bit 7 set in the status register) will only appear if this bit (bit 
3) is a logic 1. 

Bits 4, 5, 6 and 7 - Clock Select - Figure 20 is a block dia
gram of the clock-out select function; Figure 21 is a table of 

clock-out selections. Bits 4, 5, 6, and 7 are decoded, and 
enable the required prescaler or time counter output to tog
gle the clock-out pin. 

Status Register 

The status register, Figure 22, is used to indicate the inter
rupt source. Bits 0 through 5 are held low. Bit 6 high indi
cates that a programmed negative clock-out transition has 
occurred, and bit 7 high identifies the alarm circuit as the 
interrupt source. These bits are reset by an external reset or 
by writing to the control register. Nole, in Figure 23, the delay 
of approximately 30 microseconds before the alarm signal 
sets bit 7. 

ADDRESS 
+----+~--~r+--~~---~~-~~US 

BIT3 
IN --~-r-r+~--~~--~~--~~--~ 

CONTROL 
REGISTER 

RESET 
SET 30H 

IN ALARM LATCH 

::~~~C~O~M~PA~R~A~T~OR~--;-~_.-___ JD 

C 

Q 

ALARM SIGNAL 
TO INTERRUPT 
OUTPUT PIN AND 
MSBSTATUS 
REGISTER 

FIGURE 19. SIMPLIFIED DIAGRAM OF COUNTER/ALARM LATCH ACCESS. 
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XTAL 

81T~ r----~::~~;;;;;:======t...l--- TO CLOCK OUT AND 
INTERRUPT OUT PIN 

6 
7 

CLOCK l 
OUT 

SIGNAL 

1 HZ 18KHZ 

ALARM 
SIGNAL 

FIGURE 20. BLOCK DIAGRAM. CLOCK-OUT SELECT 

COUNTERILATCH CONTROL 
STAWI'ISTOP CONTROL 
FREQUENCY SELECT 

BII F!!!Iuen!!l Clock-Oul W .... lorm 

7 8 ..!. 4 
(10115) 

0 0 0 0 Deselect ---l HIGH 

0 0 0 488.2 /IS ...IUUIIUUl.... '" 
0 0 0 976.5 /IS JlJI..n.. ... 
0 0 1 1953.1 /IS 
0 0 0 3906.2 /IS 
0 0 1 7812.5 /IS 
0 0 15.625 ms 
0 1 31.25 ms 

0 0 0 82.5 ms 
0 0 125 ms 
0 0 250 ms 
0 500 ms 

0 0 Sec. I 
I 

0 1 Min. I 
I 

0 Hour I 

Day ~ 

FIGURE 21. CLOCK-OUT SELECTIONS 

YDD D Q DATABS 

FFI READ STATUS 
REGISTER DATABO 

C 

R 
OATAB1 

DATAB2 
WRITE CONTROL 
REGISTER 
RESET 

S DATA 83 
R 

C 
DATAB4 

Q DATA 87 
ALARM 
STROBE FF2 DATABS 

READ STATUS 
D REGISTER 

READ 
STATUS 

INTOUT 

RESET 
OR WRITE TO 

CONTROL REGISTER 

FIGURE 22. STATUS REGISTER 
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16 KHz 
I 

1Hz 12m I 

I 

R~L---'-_n~ 

tT~~~~ --+---!t 
ALARM 

SIGNAL 

!NT OUT 

I 

+ 

I , 

'--;11----:'--'11----

FIGURE 23. DEBOUNCE WAVEFORMS 

Operating Sequence 

Although accessing of the clock is similar to accessing of 
memory, certain procedures should be followed when writing 
the data to assure correct operation. 

The control register is accessed first to set the operating 
characteristics and to direct subsequent accesses to the 
counters or alarm latches. The upper nibble of the control
register byte selects one of 15 square-wave output signals 
that appear at the clock-out pin. If a clock-out is selected 
before the time counters are accessed and loaded, an inad
vertent interrupt may be generated. To preclude this occur
rence when the interrupt signal is utilized, the upper nibble of 
the control register byte is set to zero during the initial con
trol-register write cycle. The time counters and/or alarm 
latches are then loaded. The control register is then written 
to again, and the value in the upper nibble selects the 
required clock. 

Data Format Required (BCD) 

1. Seconds and Minutes counters and alarm latches 00 to 
59 

2. Hours counter: 01 to 12 for AM/PM 

00 to 23 for 24-hour time 

Bit 7: 0 = AM, 1 = PM 

Bit 6: 0 = 24 hour, 1 = 12 hour 

Hour alarm latch: 01 to 12 for AM/PM, 00 to 23 for 24 
hour. 

12 hour (AM/PM): Bit 7: 0 = AM, 1 = PM 

If the time counter is set for 24-hour time, bit 7 is don't 
care. 

3. Day-of-month counter: 01 to 28,29,30 or 31. 

4. Month counter: Jan. = 1, Dec. = 12 

Bit 7: 0 = No leap year, 1 = leap year 

Setting the Time 

The time counters, from seconds to months, are accessed 
and written into using the procedure described below. Data 
entered is in BCD format. For example, 12 seconds in the 

seconds counter would be represented as 00010010. The 
hours counter, however, utilizes its upper bits for AM/PM 
designation and 12124-hour selection. Moreover, bit 7 in the 
months counter is set by the user to indicate leap year. All of 
these bits must be set as required in addition to the BCD 
hour and month information. For example, if 4 PM is written 
to the hours counter, a BCD code of 00000100 for the hours 
plus a 1 in bits 6 and 7 to enable PM and 12-hour operation 
would require a data byte of 11000100 (Hex C4). 

Procedure to Set the Time 

1. Chip selected and address 7 present on the address lines 
to access the control register. 

2. Write to control register with the required data byte. Bit 3 
must be set to zero. 

3. Use addresses 2 to 6 to access seconds-to-months 
counters, in any order, and load appropriate data byte. 
(BCD data plus bits 6 and 7 in hours counter and bit 7 in 
month counter.) 

4. Writing to the seconds counter resets the last 7 stages of 
the prescaler, thereby setting an accuracy of 10 millisec
onds. 

Setting the Alarm 

Figure 24 shows the alarm logic. As previously described, bit 
3 in the control register must be a 1 to direct subsequent 
data to the alarm latches. A comparator circuit compares the 
time and alarm latch seconds, minutes, and hour outputs. 
When this comparison is true and bit 3 in the control register 
is set to 1, an alarm is generated that activates the interrupt
out pin and sets bit 7 in the status register to a high logic 
level. The two most significant bits in the hours time counter 
are used for an AM/PM indication (User set for AM or PM 
with subsequent toggling every 12 hours) and to set 12124-
out operation. 

If bit 6, the 12124-hour control bit, is set to zero (24-hours), a 
match of bit 7 (AM/PM) between the hours time counter and 
alarm latch is not required to generate a true comparison. 
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FIGURE 24. ALARM LOGIC 

When an alarm occurs, there is a delay of 30 microseconds 
before the alarm bit is set in the status register. The inter
rupt-out pin signal is also delayed for this period. Addition
ally, if a clock out was selected that also activates the 
interrupt-out in coincidence with the alarm-out signal (for 
example, clock-out set for one second and any alarm-time 
set), the status register will indicate a clock-out transition (bit 
6 = 1) 30 microseconds before bit 7 is set to 1 in the status 
register. 

Resetting the Interrupt-Out Signal and Status Register 

There are two methods of resetting the interrupt-out Signal 
and status register once an alarm or clock-out transition has 

change in operating power. The interrupt output will go low if 
an alarm or clock transition (internal clock transition) occurs 
after power down has been initiated. An application using 
the power-down feature to control a microprocessor's clock 
signal is illustrated in Figure 26. This application is especially 
appealing in a CMOS circuit design where only quiescent 
current will be drawn when the processor's clock input is dis
abled. 

occurred. ==,..-;c= CDPI879 

Reset Pin (Schmitt Input) 

A Iowan the reset pin will accomplish the following: 

1. Set the interrupt-out pin high. 

2. Clear the status register. 

3. Place 30 Hex in the hour alarm latch. This entry will pre-
vent an inadvertent interrupt when programming the time. 

Control Register Write 

Writing to the control register sets the interrupt-out high and 
clears the status register. 

Power-Down Operation 

Figure 25 shows power-down input-control logic. A Iowan 
the power-down pin (Schmitt input) activates the real-time
clock's power-down function. This function is enabled at the 
trailing edge of a read or write Signal and, therefore, power 
down will not occur until the read or write cycle is concluded. 

When power down is activated, the following events occur: 

1. Read and write control signals and disabled. 

2. The data bus is placed in an input condition and logic 
transitions are ignored. (Therefore, the bus must be ter
minated.) 

3. The clock-out signal is set low. 

4. The interrupt-out pin is tri-stated. 

The clock continues to keep time and there is no appreciable 

PIN 3 ")cl---1 D 

Q 

WRITE ENABLE 

TO POWER 
DOWN CONTROL 

FIGURE 25. POWER-DOWN INPUT-CONTROL LOGIC 

In an operational sequence utilizing the circuitry of Figure 
26, the serial Q output of the CPU is activated after the clock 
is configured with an alarm time. The oscillator then stops 
and the device enters the power-down mode. When the 
alarm activates and the iNi' output is set low, the CPU resets' 
and polls the EFT flag to determine whether a cold or warm 
start routine is in order. The control register is then written to, 
an event that resets the interrupt requests. 

Any general-purpose microprocessor can utilize the low 
operating power of the real-time clock. Typical operating cur
rent with a crystal-controlled oscillator at 32kHz and 5V is 
100 microamperes, and at 4MHz, 600 microamperes. The 
trade-off between high frequency and accuracy and low-fre
quency operation with lower power consumption must be 
resolved by the user. The ease of programming and the fea
tures offered by the real-time clock aid the designer and 
lower the level of programmed support required. 
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Nor---------------~AO 

NI AI 

N2 A2 

XTALf-_----..-I 

CLOCK t---_~H 

CDPI800 
SERIES 

TO MEMORY 

01-----....... --...... -1 

BIDIRECTIONAL DATA BUS 

CDPI879 
RTC 

Power Considerations 

The COP1879 power requirements are shown in Table 3. 
The values listed are maximum limits with a Voo of ±5% and 
a temperature range of -40 to 85°C. 

Table 4 shows output drive capabilities uncler the same 
conditions. All inputs must meet CMOS requirements with a 
minimum high of 3.5V and a maximum low of 1.5V at a VOO 
of5V. 

Standby Operation (Low Voltage) 

When utilizing an external crystal with its on-board oscillator 
as the frequency source, the COP1879 and COP1879Cl 
can operate at a supply voltage no lower than 4 volts. 
However, if a 32-kHz external frequency source is provided 
at the XTAL input pin, the clock can operate in a standby 
mode down to 2.5 volts at 0 to 70°C, and 3 volts at -40 to 
+85°C. Figure 27 shows the typical minimum standby 
voltage. Figure 28 shows that the real-time clock must be 
disabled by CS (chip-select signal) a minimum of 2 
microseconds before reaching the standby voltage level, and 
enabled again aiter the same period of time then the voltage 
is raised again. 

FIGURE 26. APPLICATION OF REAL-TIME CLOCK THAT USES 
POWER-DOWN FEATURE TO CONTROL A 
MICROPROCESSOR'S CLOCK SIGNAL 

When the clock is in the standby mode, it functions only as a 
timekeeping device; all read/write data accesses are 
disallowed. 

TABLE 3. POWER REQUIREMENTS OF THE REAL-TIME CLOCK 

POWER-SUPPLY VOLTAGE 

MODE INPUT FREQUENCY 5V 10V UNrrs 

Operating current with 32 kHz' 0.25 - miHiamperes 
crystal oscillator 1 MHz 0.5 3.0 

2MHz 0.6 3.5 
4MHz 0.8 5.0 

Operating current with 32kHz 0.15 0.25 mlnlamperes 
extemal clock source 1MHz 1.0 2.0 

2MHz 1.5 3.0 
4MHz 2.0 4.5 

'CDP1879Cl only 

TABLE 4. OUTPUT DRIVE CAPABlunES 

POWER-SUPPLY VOLTAGE 5V 10V UNrrs 

Data-but and Interrupt-out drive milliamperes 
(Sink) 1.8 3.6 
(Source) -1.10 -2.6 

Clock Out (Sink) 0.6 1.2 milliamperes 
(Source) -1.1 -2.6 
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0; 3 
~ 
o 
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TYPICAL MINIMUM TIMEKEEPING 
(STBY) VOLTAGE 
32.768 KHZ EXTERNAL CLOCK , 

---r--r-----
GUARANTED TIMEKEEPING 

VOLTAGE 
-40°C::;T:$85°C yeo", 3V 
O°C<T<70°C -1- 1 VOO 12.5 V 

-40 -20 0 20 40 60 80 
TEMPERATURE (OC) 

-

100 

FIGURE 27. TYPICAL MINIMUM STANDBY VOLTAGE 

VOD ___ """" 

Oscillator Operation 

The CDP1879 operates with a crystal connected to its XTAL 
and Xi'A[ inputs, or accepts an external clock source at its 
XTAL input that has a rise and fall time of less that 10 micro
seconds. Typical oscillator parameters are listed in Table 5; 
suggested circuits are described in Figures 29 through 32. 

VSTBY 

CS 

(a) 

Standby Characteristics - Full Standby Temperature Range 

V CDP1879 CDP1879Cl 

CHARACTERISTIC Voo (STBY) MIN MAX MIN MAX 

Chip deselect to stby voltage time Ic(STBy) 5 2.5,3 2 2 -
10 2.5,3 1 - - -

Recovery to normal operation time tAC 5 2.5,3 2 - 2 

10 2.5,3 1 - -
(b) 

FIGURE 28. STANDBY-VOLTAGE WAVEFORMS AND TIMING DIAGRAM (a), AND CHARACTERISTICS (b). 

CDPI879 

EXTERNAL ...----1+--- FREQUENCY 
PI N 23 SOURCE 

PIN 22 

COPI879CI 

XTAL 

~CL 

RS 
32KHz 

CRYSTAL 

UNITS 

I1S 

FIGURE 29. CONNECTIONS FOR CDP1879 WHEN AN EXTER
NAL FREQUENCY SIGNAL IS SUPPLIED 

FIGURE 30. SUGGESTED OSCILLATOR CIRCUIT FOR 32kHz 
CRYSTAL OPERATION 

CDPIB79 

PIN23 CI 
r--r-'--~-~~ 

PARALLEL RESONANT 
CRYSTAL 

~~-P-l-N~2~2--~-~~ 

t3V 

141----01>--~24 

4 

1/3 C054174HC04 COPI879 

FIGURE 31. SUGGESTED OSCILLATOR CIRCUIT FOR I, 2, OR FIGURE 32. TYPICAL EXTERNAL-CLOCK-SOURCE DIAGRAM 
4-MHz OPERATION 
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Design Considerations for a Stable Crystal Oscillator 

1. Stray capacitance should be minimized for best oscillator 
performance. Circuit-board traces connected to the oscil
lator pins should be kept to a maximum of 1 inch, and 
there should be no parallel traces. 

2. A signal or power-source line must not cross or approach 
the oscillator-circuit line. 

3. It is advisable to put a nonelectrolytic O.1-microfarad 
capacitor between Voo and Vss of the CDP1879. 

Real-Time-Clock System 

Figure 33 illustrates a working system in which the CDP1 879 
is configured for 1/0 operation to display time in minutes and 
hours. Figure 34 shows the real-time-clock flowchart. A 
CDP1B02 processor outputs instructions and data in a two
level device-selection scheme. An output instruction of OUT 
1 (Hex 61) activates the processors N lines, and is decoded 
by the CDP1873C to provide a Chip-select signal to the 
CDP1875C output port. The data present on the data bus 
during the output instruction is latched in the CDP1 875C and 
provides the chip-select signal for the clock or the 
CD22105A LCD driver. 

If no other OUT 1 instruction with different bus data is issued 
by the processor, the device will remain selected. Subse
quent output and input instructions will then address the 
clock, if it is selected, to read or write to its registers. When 
the LCD driver is selected, the processor's OUT 2 instruc
tions load the driver with the display information. 

The backplane signal from the LCD driver is input to one of 
the processor's flag lines, and is sampled to flash the colon 
by placing the colon input, via the processor's Q line, in or 
out of phase with the backplane signal. The CDP1879's 
Clock-out Signal is set for one second, and drives the proces
sor's interrupt to turn the display colon off. A routine in the 
main program turns the colon on when the interrupt is not 
present. 

A sample program that illustrates the CDP1879's clock-out 
signal and alarm capability is listed in Figure 35. The alarm 
routine is written to flash eights when the alarm activates. 
The clock will continue to keep time and will display it along 
with the alarm display. 

Reference 
·CMOS Real-TIme Clock: CDPI879/CDPI879C-l, Harris Data 
Sheet, File No. 1360 

TABLE S. TYPICAL OSCILLATOR-CIRCUIT PARAMETERS FOR SUGGESTED OSCILLATOR CIRCUITS 

OSCILLATOR FREQUENCY 

PARAMETER 4.197 MHz 2.097 MHz 1.049 MHz 32768 Hz· UNITS 

~ 22 22 22 22 megohms 

Co 39 39 39 39 pF 

CI 5 5 5 5 pF 

Rs - - - 200 kilohms 

CL - - - 91 pF 

Crystal Impedance 73 200 200 50K(max.) ohms 

·CDPI879Cl Only 

1'_lel.I_lel 
LJ U"_I LI 

2 I DIGI 

MEMORY Q m CDPI873C BACKPLANE 

T DATA 

-\Vii - MRW AO OUT I 
D7H>o-

NO - l!§ 
NI - AI 

l!§ 

OE4- oun 
N2 A2 --- ~ 

"T -04 

~ TPB CDPI87'C • AO TPBlWR CD2210'A 

'-- AI CS~ 
SELECTION ;> - A2 

CDPI879 61 10 
~t-- MRD RD 

CDPI879 
CD22105A 6180 5 

lIlT ___ CLOCK OUT 

.1 J:-0/i.iEii 

DATA BUS .. ~ VDD g 
FIGURE 33. REAL-TIME CLOCK SYSTEM 
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INTERRUPT ROUTINE 

FIGURE 34. REAL-TIME-CLOCK FLOWCHART 
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... PROGRAM DISPLAYS S:30 A.M. AND FLASHES 

... S'S AND TIME WHEN ALARM ACTIVATES 

... AT S:31:10 . 

... INTERRUPT ON PROCESSOR CONNECTS TO 1 SEC . 

... CLOCK OUT ON CDP1S79. EF2 CONNECTS TO 
.. BACKPLANE SIGNAL ON LCD DRIVER. 

.. INTERRUPT ROUTINE IS USED TO TURN COLON OFF 

... BY SAMPLING EF2 AND TOGGLING Q . 

... TWO LEVEL 1/0 IS USED FOR SELECTION 

... CLOCK IS SELECTED WITH 8110 

... LCD DRIVER IS SELECTED WITH 61 SO, 
. AND 62 INSTRUCTIONS LOAD DRIVER AFTER SELECTION 

DIS; DCOOH 
LDI A 1 (ENTER) ;PHI Rl 
LDI A 0 (ENTER) ;PLO Rl 
OUT 1; DC 010H 
OUT 7; DC 003H 
OUT 2; DC OOOH 
OUT 3; DC 030H 
OUT 4; DC 04SH 
OUT7,DCOOBH 
OUT 2; DC 010H 
OUT 3; DC 031H 
OUT 4, DC 04SH 
OUT 7; DC OCFH 

· SET INTERRUPT POINTER 

SELECT CLOCK 
... LOADC.R. 
.. ZERO SECONDS 
.. 30 MINUTES 
... 8AM . 
... SELECT ALARM LATCH 
. 10 SEC. ALARM 
.. 31 MIN. ALARM 

SA.M.ALARM 
.. ONE SEC. CLOCK 

... ALARM ACTIVATES 1 MIN . 

.. 10 SEC. AFTER START 

INPUT SEX 0; OUTl ;DC 010H 
LDI A.l (MIN), PHI R8 
LDI A.O (MIN); PLO R8 
SEXS 

.. SELECT CLOCK 

HR 

OUT 

CHK 

ON 

ALARM 

BACK 
ENTER 

OFF 
SET 

INP3; PLOR7 
ANIOFH 
STXD; GLO R7 
ANIOFOH 
SHR;SHR;SHR;SHR 
ADI 010H; STXD 
INP4; PLO R7 
ANIOFH 
ADI 020H; STXD 
GLO R7; ANI 030H 
BNZHR 
LDI 03FH; STR RS 
BROUT 

SHR:SHR:SHR:SHR 
ADI030H 
STRRS 
SEXO 
OUT 1; DC OSOH 
SEXS 
OUT 2; OUT 2; OUT 2; OUT 2 
SEX 0 
RET; DCOOH 
DIS; DCOOH 
OUT1,DC010H 
SEXS 
INP 7; XRI OCOH 
BXALARM 
B20N 
REQ,BRINPUT 
SEQ 
BRINPUT 
LDI A.l (MIN); PHI RS 
LDI A.O (MIN); PLO RS 
LDI OOSH; STXD 
LDI 01SH; STXD 
LDI 02SH; STXD 
LDI 03SH; STR RS 
SEX 0; OUT 1; DE OSOH; SEX S 
OUT 2; OUT 2, OUT 2, OUT 2 
BRCHK 
SEP RO 
B2 OFF 
SEQ 
BRSET 
REQ 
LDI A.l (INPUT): PHI RO 
LDI A.O (INPUT); PLO RO 
BR BACK 

HOURS DS3 
MIN DSl 

.. INP MINUTES 
MASK UPPER 

... STR LOW MIN 

... MASK LOWER 

.. ADD CHAR. POS. 
.. INPUT HOURS 
.. MASK UPPER 
· ADD CHAR POS. 
.. MASK 6 BITS 
· CHECK FOR 0 HRS 
.. STR BLANK HRS 

ADD CHAR. POS. 

" SELECT LCD DRIVER 

LOAD DRIVER 

" ENABLE INT TO SAMPLE CLOCK OUT 
.. ISABLE INT 

.. READ STATUS REG 

.. FOR ALARM 
COLON ON 

... REPEAT 

.. LEAD S'S INTO 
. LCD DRIVER 

.. RETURN MAIN 

.. ENTER POINT FOR 
•. INTERRUPT ROUTINE 
.•. COLON OFF 

.•. RESETP.C. 

FIGURE 35. REAL·TIME·CLOCK PROGRAM 
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THE CDP1871 A KEYBOARD ENCODER 
Author: O. Derkach 

The COP1871A Keyboard Encoder1 interfaces directly 
between a COP1800-series (or other) processor and a 
mechanical keyboard array. It services up to 53 ASCIl-coded 
keys and up to 32 Hex-coded keys. This note describes the 
encoder's operation, explains its dynamic electrical 
characteristics, and features those factors that will affect 
device operation when the encoder is used with a non-
1800-series processor. 

Operation 

The COP1871A is made up of two major sections: the 
counter/scan-selection logic and the control logic. Figure 1 
shows a block diagram of the device, Figure 2 the terminal 
diagram, and Figure 3 the control schematic; the Appendix 
contains operational information as well as recommended 
operating conditions and electrical characteristics. 

The counter and scan-selection logic scans the keyboard 
array using the drive lines (01 - 011) and the sense lines 
(S1 - SB). The outputs of the intemal five stage scan counter 

CS2 

CS3 

TPBG~---'! 

Voo 

RX OEBOUNCE 

iiA~~_---I 

ffiC3$----j 

are conditionally encoded by the ALPHA, SHIFT, and 
CONTROL inputs, Appendix Table A-1, and are used to 
drive the 01 - 011 output lines high, one at a time. Each 01 
- 011 output may drive up to eight keys, which are sampled 
by the sense-line inputs (S1 - S8). The S1 - S8 inputs are 
enabled by the intemal three stage scan counter. 

The control logic interfaces with the COP1800-series lio and 
timing signals to establish timing and status conditions for 
the COP1871A. 

The TPB input clocks the scan counters, and is also used to 
reset the data available output (OA). When a valid keydown 
condition is detected on a sense line, the control logic 
inhibits the clock to the scan counters on the next low-to
high transition of TPB, and the iSA output is set low. The 
scan-counter outputs (C1 - C8) represent the ASCII and 
HEX key codes (Appendix Table A-2), and are used to drive 
the BUS 0 - BUS 7 outputs, which interface directly to the 
COP1800-series data bus. 

..r-"""V'0} BUS 0 

>--t-~l!J BUS-7 

VDD-@ 

VSS-@! 

40 LEAD DIP 
TOP VIEW 

01 40 VOO 
02 39 SHIFT 
03 3 3B CONTROL 
04 4 37 ALPHA 
O~ ~ 36 OEBOUNCE 

06 6 3~ iiPT 
07 7 34 TPB 
D8 8 33 !ill 
D9 9 32 BUS 7 

D 10 31 BUS 6 

DII II 30 BUS 5 
51 12 29 BUS 4 

52 13 28 BUS 3 

S3 14 27 BUS 2 

S4 15 2& BUS I 
S5 1& 2~ BUS 0 

S& 17 24 CS4 

S7 18 23 CS3 
S8 19 22 CS2 

VSS 20 21 CS1 

FIGURE 2. TERMINAL 
DIAGRAM 

FIGURE 1. BLOCK DIAGRAM OF THE CDP1871A KEYBOARD ENCODER 

Copyright @Harrls Corporation 1992 
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The BUS 0 - BUS 7 outputs, which are normally tristated, are 
enabled by decoding the CS inputs during a CPU input 
instruction. The low-to~h transition of TPB durina..!!le input 
instruction resets the DA output high. Once the DA output 
has been reset, it cannot go low again until the present key 
is released and a new keydown condition is detected. (This 
arrangement prevents unwanted repeated keycode outputs, 
which may be caused by fast software routines.) 

After the depressed key is released and the debounce delay 
(determined by Rx, Cx) has occurred, the scan clock inhibit 
is removed, allowing the scan counters to advance on the 
following high-to-Iow transitions of TPB. This condition 
provides an N-key lockout feature, which prevents the entry 
of erroneous codes when two or more keys are pressed 
simultaneously. The first key pressed in the scanning order is 
recognized, while all other keys pressed are ignored until the 
first key is released and read by the CPU, at which time the 
next key pressed in the scanning order is detected. 

If the first key remains closed after the CPU reads the data 
and resets the DA output (on the low-te-high transition of the 
TPB), an auxiliary signal (RPT) is generated. This signal is 
available to the CPU, and indicates an auto-repeat condition. 
The RPT output is reset high at the end of the debounce 
delay after the depressed key is released. 

The debounce input (pin 36) provides a terminal connection 
for an external user-selected RC circuit designed to 
eliminate detection of a keydown condition caused by 
keyboard noise. The operation of the debounce circuit is 
explained below with the aid of Figures 1 and 3. 

When a valid keydown is detected, the on chip active-resis
tor device (RN) is enabled, and the external capacitor (Cx) is 
discharged, providing a key closure debounce time of 
approximately RNCX. The discharge of Cx is sensed by the 
Schmitt trigger inverter, which clocks the DA flip-flop 
(Iatch~ the DA output low and inhibiting the scan clock). 
(The DA flip-flop is reset by the low-to-high transition of TPB 
when the CS inputs are enabled.) 

When a valid key release is detected, RN is disabled and Cx 
begins charging through the external resistor (Rx), providing 
a key release debounce time of approximately RxCx. The 
change in charge is, again, sensed by the Schmitt trigger 
inverter, enabling the scan clock to continue on the next 
high-to-Iow transitions of TPB, after the current keycode data 
is read by the CPU. 

Functions of Terminals 

01 - 011 (OutpU1s) 

Drive lines for the 11 x 8 keyboard switch matrix. These 
outputs are connected through the external switch matrix to 
the sense lines (S1 - S8). 

S 1 - S8 (InpU1s) 

Sense lines for the 11 x 8 keyboard matrix. These inputs 
have internal pull-down resistors, and are driven high by the 
drive line when a keyboard switch is closed. 

CSi, CS2, CS3, CS4 (Inputs) 

Chip-select inputs, which are used to enable the tristate data 
bus outputs (BUS 0 - BUS 7),and to enable the resetting of 
the status flag (DA) on the low-to-high transition of TPB. 

These four inputs are normally connected to the N-lines 
(NO - N2) and MRD output of the CDP1800-series 
microprocessor. 

BUS 0 - BUS 7 (Outputs) 

Tristate data bus outputs that provide the ASCII and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUS 0 - BUS 7 terminals of the 
CDP1800-series microprocessor. 

DA (Output) 

The data available output flag, which is set low when a valid 
key closure is detected. It is reset high by the low-to-high 
transition of TPB when data is read from the CDP1871A. 
This output is normally connected to a flag input (EF1 - EF4) 
of the CDP1800-series microprocessor. 

TPB (Input) 

The input clock used to drive the scan generator and reset 
the status flag (DA). This input is normally connected to the 
TPB output of the CDP1800-series microprocessor. 

RPT (Output) 

The repeat-output flag used to indicate that a key is still 
closed after data has been read from the CDP1871A (DA 
high). It remains low as long as the key is closed, and is 
used for an autorepeat function, under CPU control. This 
output is normally connected to a flag input (EF1 - EF4) of 
the CDP180o-series microprocessor. 

Debounce (Input) 

This input is connected to the junction of an external resistor 
to Voo and an external capacitor to Vss. It provides a 
debounce time delay (t = RC) after the release of a key. The 
external pull-up resistor is required under all circumstances. 

Alpha, Shift, Control (Inputs) 

A high on the shift or control input will be internally latched 
(after the debounce time), and the drive and sense line 
decoding will be modified as shown in Appendix Table A-1. 
These inputs are normally connected to the keyboard, but 
produce no code by themselves. The shift and control inputs 
have internal pull-down resistors to simplify use with 
momentary-contact switches. The alpha input is not latched 
and is designed to provide an alpha-lock function when used 
with a standard SPDT switch. When alpha = 1, the drive and 
sense line decoding will be modified as shown in Appendix 
TableA-1. 

VDo. Vss 
V DO is the positive supply voltage input. V ss is the most 
negative supply voltage terminal, and is normally connected 
to ground. All outputs swing from Vss to Voo. The 
recommended input-voltage swing is also from Vss to VOD-

Figure 4 shows a CDP1800-series processor operating in its 
I/O mapped mode with the keyboard encoder. 
CDP1800-series processors have fourteen I/O instructions 
and three dedicated output lines (NO - N2) that are used 
for I/O functions. The N lines are toggled when the I/O 
instructions are used; otherwise, they remain at a low level. 

Unlike memory-mapping, when the processor outputs 
and inputs data, the memory is the source of the system 
data when the input or output instructions are executed. 
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Voo 

'x 

cX6 
VSS 

M 

TPO 

H 
NO-N2 

MWR 
MRO 

TPB 

ffi 
CoPl 800- SERIES 

CPU 

BUSO-BUS7 

TO --' 
EMORY 

Application Note 7374 

KEY DOW" 
DETECT 

FROM 
KEY BOARD 

12-------- 19 

51 ~~::: 58 

11 
DECODERI 
DRIVERS 

TO 
KEY BOARD 
1--- __ 11 31 39 38 

D1 ~I':;~~ 01' ALPHA SHIFT CONTROl. 

FIGURE 3. CDP1871A CONTROL SCHEMATIC 

v DO 

t lOOK O.I~F 

401 1a6 ~ 
21 CSI 

OEBOUNCE 
II 

CONTROL CS2 
OIl 

I ; 
23 CS3 I I 

24 I I 
CS4 I UPTO 11 SETS 

34 I OF 8 SWITCHES EACH 
TPB I I 

I I I OA 01 

1 l~l~l~l~l~l~lrl~ Voo 
CoPI871A 

IT 
SHIFT 

12 r r ~--'-~ SHIFT 
SI 

1 CONTROL S2 '3 

~ --'-0----2!! CONTROL S3 '4 

S4 '5 

S5 '6 
ALPHA LOCK 56 17 

L-..o ...o---E. ALPHA S7 '8 

S8 '9 
NORMAL BUSO- BUS7 

= 
25 132 

8·BIT DATA BUS 

FIGURE 4. TYPICAL CDP180O-SERIES MICROPROCESSOR SYSTEM USING THE CDP1871A 
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For example, an input instruction writes data to the memory 
and the processor; therefore, the read line remains high 
while the write line goes low. An output instruction outputs 
data from the memory. In this case, the read line goes low 
and the write line remains high. 

signal when the encoder is selected. It is synchronous in that 
it must not toggle when the chip is selected and data is being 
read from the encoder. 

The TPB signal is used to strobe data into a peripheral. Note 
in Figure 4 that the read line is used in addition to the N lines 
to select the encode; therefore, the only time the encoder will 
drive the data bus is when the proper input instruction is 
executed. The encoder is not selected until the N lines are at 
the required levels and the read line is high. When a key 

An important input to the encoder is the TPB signal. This 
timing signal occurs at the end of the machine cycle of a 
CDP1800-series processor and is used to clock the 
encoder's scan counter. It also resets the data available 

CURVE No , TPB 

r--'cc--j 
'CWH '---!l"""'",CW",L---.J 

2 KEY CLOSURE--.J 

I 
I 

1/ tt I 
CLOSED OPEN II I 

II-'DAL~ ---I I4-IDAH 

I ~L... ____ ~ ____ ~~I __ ~ __________ I~I;1 

6 

. 1/ II In· 
I 1 1 

1/ I i2 I 
I I I 
t--RNCXj i--RXC..---j 1 

DEBOUNCE ----~'----__<I/~----u~-.:-..-------+:---
,'COll--

DI-DII PRESENT COUNT NEXT COUNT 

CS* I I 
--------~~------~-------;~----~------~ '---+----

--j'CDVl- ~ tCDH -

B BUSD-BUS7 -----~U------ili2~----'IIt_--__riU~----_« VALID >---
*cs.CST. CS2.CS3. CS4 

FIGURE 5. CDP1871 A DYNAMIC TIMING DIAGRAM (NON-REPEAT) 

CURVE No· TPB _____ .... 11 
i2 I~~-----~ 

KEY 
DEPRESSED 

9 OA 

10 APi' 

I 
I 
I 

--J 
CLOSED 

~IDAH 

----l r--'RPL 
----------+1---, 

~'_~I--~--~O~P~EN~-----. II 

~tRP~ 
: u--!i----------
i--RxCx:..j 

II 

DEBOUNCE ~---------
-------------~II~----

DI- DII ___ PR_E_S_E_NT_C_O_U_NT ___ ~:~---_:===::X NEXT COUNT 

I u CS* --.J 
-jtCDV f-

ElUSO-BUS7 ---< 
II 

-i'CDH t-
VALID ~!I-l-----~I/----------

·cs.CSi .CS2.CS3.CS4 
FIGURE 6. CDP1871A DYNAMIC TIMING DIAGRAM (REPEAT) 
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closure is detected by the CDP1B71A. the data available 
signal is activated; the processor is alerted by sensing its EF 
flag input. The processor then performs an input instruction 
to capture the key data. 

Dynamic Electrical Characterlstlca 
The dynamiC electrical characteristics of the CDPl B71 A are 
shown in Table 1. and the timing diagrams in Figure 5. The 
clock cycle time. the first entry. A. Table 1. and curva 1 in the 
timing diagram of Figure 5. TPB. define the high and low lim
its of the clock cycle as tcc + tCWH + lcwL' TPB must remain 
high for at least 100 nanoseconds (B). The low portion of the 
clock cycle (tcwu consists of tco 1 (E) and the keyboard 
capacitance. This parameter is selected to allow the TPB 
clock pulse time to ripple through the scan counters. The 
maximum frequency of TPB is 400kHz at 5 volts Voo and 
BookHz at 10 volts Voo-

Table parameters C and 0 and curva 3 define the data 
available valid and Invalid (reset) delays. The delays are 
measured from the leading edge of the TPB signal. The valid 
delay Signal is activated on the first TPB signal after the 
leading edge debounce time when a key closure is detected. 
and returns high when the encoder is selected on the low-to
high transition of TPB. The valid data out delay and hold 

times from chip select are shown in table entries F, G and 
curva B. The final parameters. Hand J. refer to the repeat 
signal set and reset level delays measured from the leading 
edge of the TPB; curva 10. Figure 6. ' 

Note in Figure 5 that the action starts when a key closure is 
sensed by the encoder; curve 2. On the next low-to-high 
transition of TPB. the debounce time of ANCX occurs as Cx 
discharges through the transistor and the Schmitt trigger 
clocks the data available flip-flop; curve 3. The AN value of 
the transistor is about 200 ohms. so that. with an external 
capacitor of 0.1 micro farads. a 20 microsecond delay can be 
expected. The key release trailing edge debounce time is 
calculated from the values of the external capacitor and 
resistor (Ax. Cx). With a 0.1 microfarad capacitor and a 100 
kilohm resistor. the debounce time will be 10 milliseconds. 

Once the data available signal has been reset (chip selected 
and TPB high). the scan counter operates again on the next 
trailing edge of TPB. curve 6. and table parameter E. Note in 
Figure 6 that the repeat signal is activated when the data 
available signal is reset high while the key is still closed; 
curvas 9 and 10. The repeat signal is reset after the 
debounce time on the next leading edge of the TPB signal 
when the key is no longer closed. 

TABLE 1. DYNAMIC ELECTRICAL CHARACTERISTICS OF THE CD1871A 

Veo 
CHARACTERISTIC (V) 

Clock Cycle Time A Icc 5 

10 

Clock Pulse Width High B IcwH 5 

10 

Data Available Valid Delay C !oAl 5 

10 

Data Available Invalid Delay 0 !oAH 5 

10 

Scan Count Delay (Non-Repeat) E IeOI 5 

10 

Data Out Valid Delay F leov 5 

10 

Data OUt Hold Time G IeOH 5 

10 

Repeat Valid Delay H ~PL 5 

10 

Repeat Invalid Delay J ~PM 5 

10 

*"JYpIcaI Values are for TA = +250C and Nominal Voo 

LIMITS 

CDP1871AD CDP1871ACD 
CDP1871AE CDP1871ACE 

MIN TYP* MAX MIN TYP* MAX UNITS 

. . . . . . Note 1 

. . . . . . 

100 40 - 100 40 - ns 

50 20 - - - -
- 260 500 - 260 500 ns 

- 130 250 - - -
- 70 150 - 70 150 ns 

- 35 75 - -
1900 - - 1900 - - ns 

- 425 950 - - -
- 120 250 - 120 250 ns 

- 60 125 - - -
- 100 200 - 100 200 ns 

50 100 - -
- 150 400 - 150 400 ns 

- 75 200 - - -
- 350 700 - 350 700 ns 

- 170 350 - - -
NOTE: 

1. lec = IeWH + IcwL' IcwL = IeOI + K, k = 0.9 per pF of keyboard 
capacitance 
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Use With Other Processors 

Although the keyboard encoder has been designed to 
operate with CDP1 BOO-series processors. it can be used 
with other processors if certain precautions are followed. 

The encoder is designed as an I/O port; it is not intended to 
operate with its chip selects active at all times. If this feature 
is desired. connect an external Schmitt trigger to the 
debounce pin and place a tristate latch on the data bus. 

The most likely use of the CDP1B71A will be as an 1/0 port. 
and the concern here is the synch ron ization of the TPB 
input. The TPB must be held high when the chip selects are 
active to reset the data available signal. If the TPB is allowed 
to toggle with the chip selected before ij is read. it can hold 
the data available flip-flop in reset continuously. and can 
clock the scan counter. 

Figure 7 shows the encoder connected to a CDP6B05 
processor. It can interface directly in this arrangement since 
the OS output from the CDP6B05 is similar to the timing of 
the TPB timing signal of the CDP1BOO. However. in a 5MHz 
system. OS occurs every microsecond. too fast for the 
encoder's requirement of a TPB input less than 400kHz at 5 
volts. If a divider is used to lower the TPB input. synchroniza
tion will be lost. A way around this problem is to use a NAND 
gate in front of the TPB input and to have one of its inputs 
tied to the active-low chip select; Figure B. Then. when the 
CDP1B71A is selected. the TPB input will be forced high and 
TPB will only toggle again after the encoder is read and the 
chip select signal is again false. 

A12 

All 

Al0 
COP 

6805E2 
OS 

PAO 

CDP1873 
DECODER 

E 

A/D BUS 

COP + 
1871A 

cs 

TPB r 
DA 

8 

FIGURE 7. APPLICATION OF THE CDP1871A AND CDP6805 
PROCESSOR 

CDP1873 
PAO DE~ODER 

Al 2 f------.j 

A llf------.j 

Al0J-----+i 
P-<r-----lcs 

COP 
6805E2 

DSf-----<o-j 

A/D 8US 

HC74 

COP 
l871A 

TPB 

+ 

1 

FIGURE 8. CIRCUIT FOR PREVENTING LOSS OF SYNCHRO-
NIZATION IN CDP1871A1CDP6805INTERFACE 

Note that OS enables the decoder. so that during the time 
that the processor is placing its low address on the data bus. 
the CDP1B71A is disabled. If an asynchronous clock is used 
for the TPB input. as shown in Figure 9. the NAND gate can 
be used to assure that TPB remains high during the 
CDP1871A select times. 

PAO 

A12 

All 

Al0 

COP 
6805E2 

os 

CDP1873 
DECODER 

A/DBUS 

E 

ASYNCHRONOUS 
CLOCK 

DA + 

cs 
COP 

l871A 

I TPB 

8 

FIGURE 9. METHOD OF ASSURING THAT TPB REMAINS HIGH 
DURING CDP1871A SELECT TIMES 

The keyboard encoder can be used to advantage with 
another popular processor. the 8085. Figure 10 shows a 
circuit that interfaces the two devices with an OR gate and a 
NAND gate. In this circuit. the only time the encoder can 
drive the data bus is when it is selected and the read signal 
is active. Since there is no OS equivalent in the 8085 proces· 
sor. the additional device shown in the figure is needed. 

DECODER 
CDP1873 

FIGURE 10. A CDP1871A1CDP6805INTERFACE EMPLOYING 
AN OR AND A NAND GATE 

Figure 11 shows the encoder connected to the 6502 
processor. The timing for this part is similar to that for the 
CDP6805. and the same concerns apply. 

FIGURE 11. A CDP1871A1CDP6502INTERFACE 
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Reference 

1. ·CMOS Keyboard Encoder, CD1871 A; RCA Solid State File No. 
1374. (The CDP1871A comes in two versions: CDPI871A and 
CDPI871AC. The two are identical except lor recommended 

Appendix 

operating voltage range: 4 to 10.5 volts lor the A version, and 4 
to 6.5 volts lor the AC version.) 

TABLE A·l. DRIVE AND SENSE LINE KEYBOARD CONNECTIONst 

SENSE 
UoIES 0 , ~ 03 

S, SP 0 ( 8 

0 8 @ 

S2 ! 1 ) 9 A 

1 9 a 

S3 
. 2 " : B 

2 : b 

S4 # 3 + ; C 

3 ; c 

S5 $ 4 < , D 

4 d 

S6 % 5 = . E 

5 . e 

S7 & 6 > F 

6 I 

S. 7 ? I G 

7 I 9 

I SHIFT" ALPHA" 
KEY: I NORMAL CONTROL" 

"CONTROL Overrides SHIFT and ALPHA 

CJ = No Response 

@ 

NUL 

A 

SOH 

B 

STX 

C 

ETX 

D 

EOT 

E 

ENQ 

F 

ACK 

G 

BEL 

I 
I 

0 4 

H H 

h BS 

I I 

i HT 

J J 

j LF 

K K 

k VT 

L L 

I FF 

M M 

m CR 

N N 

n SO 

0 0 

0 SI 

P 

P 

Q 

q 

R 

r 

S 

s 

T 

t 

U 

u 

V 

v 

W 

w 

DRIVE LINES 

0 5 Os ~ Oat Det D,ot Out 

P X X Space 80'6 88'6 90'6 98'6 

DLE x CAN 

Q Y Y 81 '6 89'6 91 '6 99'6 

DCl Y EM 

R Z Z Une 82'6 8A'6 92'6 9A'6 

DC2 z SUB 
Feed 

S { [ Escape 83'6 8B'6 93'6 9B'6 

DC3 [ ESC 

T I \ 84'6 8C'6 94'6 9C'6 I 

DC4 \ FS 

U } ) Carriage 85'6 8D'6 95'6 9D'6 

NAK ) GS 
Return 

V - t 86'6 8E'6 96'6 9E'6 

SYN t RS 

W DEL - Delete 87'6 8F'6 97'6 9F'6 

ETB - US 

t Showing ASCII outputs lor all combinations with and without 
SHIFT, ALPHA LOCK and CONTROL. 

t Drive lines 8, 9, 10 and 11 generate non ASCII hex values which 
can be used lor special codes. 
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TABLE A-2. HEXADECIMAL VALUES OF ASCII CHARACTERS 

MSD 

b7 • 0 0 0 0 1 1 

b6- 0 0 1 1 0 0 

BITS bS- 0 1 0 1 0 1 

HEX 

b4 b3 b2 b1 r 0 1 2 3 4 S 

LSD 0 0 0 0 0 NUL DLE SP 0 @ P 

0 0 0 1 1 SOH DC1 I 1 A Q 

0 0 1 0 2 STX DC2 . 2 B R 

0 0 1 1 3 ETX DC3 # 3 C S 

0 1 0 0 4 EOT DC4 $ 4 D T 

0 1 0 1 5 ENQ NAK % 5 E U 

0 1 1 0 6 ACK SYN & 6 F V 

0 1 1 1 7 BEL ETB I 7 G W 

1 0 0 0 8 BS CAN ( 8 H X 

1 0 0 1 9 HT EM ) 9 I Y 

1 0 1 0 A LF SUB . : J Z 

1 0 1 1 B VT ESC + ; K [ 

1 1 0 0 C FF FS , < L \ 

1 1 0 1 D CR GS - = M I 
1 1 1 0 E SO RS > N i 

1 1 1 1 F SI US I ? 0 -

TABLE A-3. RECOMMENDED OPERATING CONDITIONS AT TA = -40"C to +8SoC 

For Maximum Reliability, Operating Conditions should be selected so that operation Is always within the following ranges: 

LIMITS 

CDP1871AD 'CDP1871ACD 
CDP1871AE CDP1871ACE 

Voo 
CHARACTERISTIC (V) MIN MAX MIN MAX 

Supply Voltage Range - 4 10.5 4 6.5 

Recommended Input Voltage Range - Vss Voo Vss Voo 

Clock Input Frequency, TPB fCL 5 DC 0.4 DC 0.4 
(Keyboard CapaCitance = 200pF) 

10 DC 0.8 - -
'D in suffix indicates ceramic package; E indicates plastic package. 
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Application Note 7374 

TABLE A-4. STATIC ELECTRICAL CHARACTERISTICS at TA ='-4Q°C to +85°C, Except as Noted 

CONDITIONS LIMITS 

CDP1871AD CDP1871ACD 
CDP1871AE CDP1871ACE 

Vo VIN Voo 
CHARACTERISTICS SYMBOL (V) (V) (V) MIN TYP* MAX MIN TYP* MAX UNITS 

Quiescent Device Current 100 . 0,5 5 . 0.1 50 . 1 200 IlA 

. 0, 10 10 . 1 200 - - -
Output Low Drive (Sink) Current IOl 0.4 0,5 5 0.5 1 - 0.5 1 - rnA 
(except debounce and 01 - 011) 

0.5 0,10 10 1 2 -
Debounce IOl 0.4 0,5 5 0.75 1.5 - 0.75 1.5 -

0.5 0, 10 10 1 2 - -
01 - 011 IOl 0.4 0,5 5 .05 0.1 .05 0.1 

0.5 0, 10 10 0.1 0.2 - - - -
Output High Drive (Source) IOH 4.6 0,5 5 -0.3 -0.6 - -0.3 -0.6 -
Current 

9.5 0, 10 10 -0.75 -1.5 - - -
Input Low Voltage Vil 0.5, - 5 - - 1.5 - - 1.5 V 
(except Oebounce) 4.5 

1,9 - 10 - - 3 -
Input High Voltage VIH 0.5, - 5 3.5 . - 3.5 - -
(except Debounce) 4.5 

1,9 - 10 7 . - - - -
Debounce Schmitt Trigger 
Input Voltage 

Positive Trigger Voltage Vo 0.4 - 5 2.0 3.3 4.0 2.0 3.3 4.0 

0.5 . 10 4.0 6.3 8.0 - - -
Negative Trigger Voltage VN 0.4 - 5 0.8 1.8 3.0 0.8 1.8 3.0 

0.5 - 10 1.9 4.0 6.0 - -
Hysteresis VH 0.4 0,5 5 0.3 1.6 2.6 0.3 1.6 2.6 

0.5 0, 10 10 0.7 2.3 4.7 - - -
Output Voltage Low Level VOL - 0,5 5 - 0 0.05 - 0 0.05 

- 0, 10 10 - 0 0.05 - - -
Output Voltage High Level VOH - 0,5 5 4.95 5 - 4.95 5 -

- 0, 10 10 9.95 10 - - -
Input Leakage Current liN - 0,5 5 - 0.01 1 - 0.01 1 IlA 
(except Sl - S8, Shift, Control) 

0, 10 10 0.01 1 - - - -
3-State Output Leakage Current lOUT 0.5 0,5 5 - 0.01 1 - 0.02 2 

0,10 0, 10 10 - 0.02 2 - -
Pull-Down Resistor Value RPD - - - 7 14 24 7 14 24 kn 
(S 1 - S8, Shift, Control) 

Operating Current IOPER rnA 
(All outputs unloaded) 0.5, 

tCl = O.4MHz 4.5 0,5 5 - 0.6 - - 0.6 -
fCl =O.8MHz 1,9 0, 10 10 - 2.7 - - - -

''TYpical values are for TA = +25°C and nominal Voo-
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Harris Quality & Reliability 

Introduction 

Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today's 
market. It also includes anticipating and accepting the 
challenges of the future. It results from a process of 
continuing improvement and evolution, with perfection as 
the constant goal. 

Harris Semiconductor's commitment to supply only top 
value integrated circuits has made quality improvement a 
mandate for every person in our work force - from circuit 
designer to manufacturing operator, from hourly employee 
to corporate executive. Price is no longer the only 
determinant in marketplace competition. Quality, reliability, 
and performance enjoy significantly increased importance 
as measures of value in integrated circuits. 

Quality in integrated circuits cannot be added on or 
considered after the fact. It begins with the development of 
capable process technology and product design. It 
continues in manufacturing, through effective controls at 
each process or step. It culminates in the delivery of 
products which meet or exceed the expectations of the 
customer. 

The Role of The Quality Organization 

The emphasis on building quality into the design and 
manufacturing processes of a product has resulted in a 
significant refocus of the role of the Quality organization. In 
addition to facilitating the development of SPC and DOX 
programs and working with manufacturing to establish 
control charts, Quality professionals are involved in the 
measurement of equipment capability, standardization of 
inspection equipment and processes, procedures for 
chemical controls, analysis of inspection data and feedback 
to the manufacturing areas, coordination of efforts for 
process and product improvement, optimization of 
environmental or raw materials quality, and the 
development of quality improvement programs with 
vendors. 

At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization's role is 
changing from policing quality to leadership and 
coordination of quality programs or procedures through 
auditing, sampling, consulting, and managing Quality 
Improvement projects. 

To support specific market requirements, or to ensure 
conformance to military or customer speCifications, the 
Quality organization still performs many of the conventional 
quality functions (e.g., group testing for military products or 
wafer lot acceptance). But, true to the philosophy that 
quality is everyone's job, much of the traditional on-line 
measurement and control of quality characteristics is where 
it belongs - with the people who make the product. The 

Quality organization is there to provide leadership and 
assistance in the deployment of quality techniques, and to 
mon itor prog ress. 

The Improvement Process 

1 
CTON IMPA 

PRO 
QUA 

DUCT 
LrrY 

STAGE I 

PRODUCT 
SCREENING 

STAGE III 

PROCESS 
OPTIMIZATION 

STAGE" 

PROCESS 
CONTROL 

SOPHISTICATION OF 
QUALrrY TECHNOLOGY 

STAGE IV I 
PRODUCT J 

OPTIMIZATION 

FIGURE 1. s.T~)iS OF STATISTICAL QUALITY TECHNOLOGY 
/ 

Harris Semiconductor's quality methodology is evolving 
through the stages shown in Figure 1. In 1981 we 
embarked on a program to move beyond Stage I, and we 
are currently in the transition from Stage II to Stage III, as 
more and more of our people become involved in quality 
activities. The traditional "quality" tasks of screening, 
inspection, and testing are being replaced by more effective 
and efficient methods, putting new tools into the hands of all 
employees. Table 1 illustrates how our quality systems are 
changing to meet today's needs. 

Harris Standard Flows 

Harris Semiconductor offers a variety of standard product 
flows which cover the myriad of application environments 
our customers experience. These flows run the gamut of 
low cost commercial parts to fully qualified JAN 
microcircuits. All of these grades have one thing in 
common. They result from meticulous attention to quality, 
starting with design decisions made during product 
development and ending with the labeling of shipping 
containers for delivery to our customers. The standard flows 
offered are: 

Commercial: Electrical performance guaranteed from 
OOCto +700 C 

/883: Mil-Std-883 - compliant product: contact 
the factory or local Harris Sales Office 
for details on availability and specifications 

Details of the individual process requirements are 
contained in the flow charts on the following pages. 
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Harris Semiconductor Standard Processing Flows 

COMMERCIAL I I /883 

PROBE/DICE VISUAL VISUAL 
PREPARATION INSPECTION INSPECTJON 

MODIFIED PER 
JANCLASSB MIL-STD-SS3 MIL-STD-SS3 

HIGH/ROOM METHOD 2010 METHOD 201 0, 
TEMP CONDITION B 50X CONDITION B, 

PROBE TEST WITH QA INSPECT WITH QA INSPECT 

ASSEMBLY (1) 

• OPERATION 

* QAMONITOR 

SILVER GLASS DISPERSAL 
MOUNT 

SILVER GLASS BAKE YES YES 

SILVER GLASS CURE YES YES 

SILVER GLASS FIRE YES YES 

DIE ATTACH * QADIEATIACH 2 HOUR 2HOUR 
CONTROL CONTROL 

WIRE BOND YES YES 

WIRE BOND * QAWIREBOND 2 HOUR 2 HOUR 

CONTROL CONTROL 

PRESEAL CLEAN AS APPLICABLE AS APPLICABLE 

PRESEAL INSPECT YES PER 
MIL-STD-SS3 

ALL PRE-SEAL METHOD 2010, 
OPERATIONS CONDITION B 
IN CLASS 100 

* QA PRESEAL INSPECT YES YES 
LAMINAR 

~~ INSPECT WHEN REQUIRED WHEN REQUIRED FLOW 
PACKAGE SEALING YES YES 

STABILIZATION BAKE NO YES 

TEMPERATURE CYCLE YES (5) YES (50) 
(CYCLES) 

CENTRIFUGE YES YES 

TIN PLATING/SOLDER DIP NO NO 

ADDITIONALLY * QA LEAD FINISH YES YES 
AVAILABLE INSPECT 

100% NONDESTRUCT FINE LEAK TEST YES YES 
BOND PULL GROSS LEAK TEST AS APPLICABLE YES 

PIND TEST 1 00% 20G PIND TEST 100% 10G AS APPLICABLE AS APPLICABLE 

FRAME REMOVAL NO NO 

METHOD 2010 LOAD SHIPPING TUBES YES YES 
CONDITION A 

* QA FINAL INSPECT YES 

(1) Example for a PGA Package Part 
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Harris Semiconductor Standard Processing Flows (Continued) 

~~C~O~M~M~E~R~C~IA~L~~II ~~~~/~8~8~3~~~ 
TEST 

• OPERATION 

* QAMONITOR 

AC/DC SINGLE 
INSERTION TEST 

CAPABILITY; 
HIGH/LOW TEMP 

ELECTRICAL TEST 
SORTING OPERATION 

YES YES 

* QAMONITOR 

SERIALIZE 

NO 

BURN-IN PREBURN-IN ELECTRICAL 
TEST 

YES 

NO 

NO 

QUAL SAMPLES 

YES 

QUALITY 
CONFORMANCE 
BY MIL-STD-883 
METHOD 5005, 
GROUPS A, B, C 

AN D D AS REQUIRED 

DELTAS PER 
SLASH SHEET 

REQUIREMENT 
IF APPLICABLE 

IN HOUSE PACKAGE 
MOISTURE MONITOR 

CAPABILITY 

COMPUTERIZED LOT 
TRACEABILITY 

MONITORING SYSTEM 

BURN-IN (2) 

POST BURN-IN TEST 

APPLY BURN-IN TEST 

APPLY BURN-IN PDA 
(AS APPLICABLE) 

BRAND 

EXTERNAL VISUAL 

* QUALITY 
CONFORMANCE 
INSPECTION 

FINAL DATA REVIEW 

PACKAGE & SHIP 
OR STOCK 

NO 

NO 

NO 

NO 

YES 

YES 
GROUPA 

NO 

160 HOURS @ 

+1250 C,OR 
PER 

SLASH SHEET 
YES 

YES 

YES 

YES 

YES 
GROUPA,B; 

C,D 
(AS APPLICABLE) 

YES 

(2) Burn-in test temperatures can be increased and time reduced per regression tables in Mil-Std-883, Method 1015 

Advantages of Standard Flows 
Wherever feasible, and in accordance with good value 
engineering practice, the Ie user should specify device 
grades based on one of the five standard Harris 
manufacturing flows. These are more than adequate for the 
overwhelming majority of applications and may be utilized 
quite effectively if the user engineer bases designs on the 
standard data sheet, military drawing or slash sheet (as 
applicable) electrical limits. 

Some of the more important advantages gained by using 
standard as opposed to custom flows are as follows: 

• Lower cost than the same or an equivalent flow executed 
on a custom basis. This results from the higher efficiency 
achieved with a constant product flow and the 
elimination of such extra cost items as special fixturing, 
test programs, additional handling and added 
docu mentation. 

• Faster delivery. The manufacturer often can supply many 
items from inventory and, in any case, can establish and 

maintain a better product flow when there is no need to 
restructure process and/or test procedures. 

• Increased confidence in the devices. A continuing flow of 
a given product permits the manufacturer to mointor 
trends which may bear on end-product performance or 
reliability and to implement corrective action, if 
necessary. 

• Reduction of risk. Since each product is processed 
independent of specific customer orders, the 
manufacturer absorbs production variability within its 
scheduling framework without major impact on 
deliveries. In a custom flow, a lot failu re late in the 
production cycle can result in sign ificant delays in 
delivery due to the required recycling time. 

Despite the advantages of using standard flows, there are 
cases where a special or custom flow is mandatory to meet 
design or other requirements. In such cases, the Harris 
Marketing groups stand ready to discuss individual 
customer needs and, where indicated, to accomodate 
appropriate custom flows. 
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Product Flow Chart 
Product Assurance Level 13 

PRECAP PRESEAL SEAL AND LOT 
VISUAL - BAKE - IDENTIFICATION r---

"LSI CRITERIA 

'----
TEMPERATURE - CENTRIFUGE 

FINE LEAK r--CYCLING - GROSS LEAK 

L 160 HR. STATIC POST BURN - IN - SfPC/+ 12fPC 
OR - ELECTRICAL ;---+ TEMPERATURE r--

DYNAMIC BURN - IN TESTING TESTING 

'o/~'o/ 
""-

EXTERNAL 
VISUAL 

Data Supplied 

L.-----r------l 

Optional Groups B, C and D Inspection Lot Conformance Testing 
is performed only if specifically ordered. 

Data Supplied with /3 Product Consists of: 
a) a certificate processing and screening compliance 
b) an attribute summary of Group A results 
c) Group B, C and D attribute test results (when ordered) 

C of C is provided for Generic Data 

* Modified Class B Screening 
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/3 Screening 
Lot Screening Tests 

SCREEN 

Internal Visual 

Pre-Seal Bake 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 
(Centrifuge) 

Seal 
A) Fine 
B) Gross 

Initial (Pre-Burn-In) 
Electrical Parameters 
at+250 C 

Burn-In 
Interim (Post Burn-In) 

Electrical Parameters at +250 C 

Final Electrical Test at 
at -550 C/+1250 C 

Group A Quality Conformance Test 

External Visual 

NOTES: 

METHOD (MIL-STD-883) REOUIREMENT NOTES 

Condition B 100% 1,2 
Modified for LSI Visual 

- 100% 

1008 100% 
Condition C (1500 C Min) 

24 Hours 

1010 100% 
(-650 C to +1500 C) 

Condition C 

2001 100% 4 
Condition 0 or E (30,000 g) 

Y1Dir. 

1014 
AorB 100% 

C 100% 
Per Applicable 100% 

Device Specifications 

1015,160 Hours at +1250 C 100% 3 
Per Applicable Device 100% 

Specifications 

Per Applicable Device 100% 
Specifications 

5005 Sample 

2009 100% 

1. Internal Visual Inspection Modified for LSI 

Internal Visual Inspection is performed to MIL-STD-SS3, Method 2010, Con
dihon B except as follows. 

A. High magnification Inspection IS performed at 200X to 300X and 
applies to the high current areas of the chip. The remainder of the chip is 
inspected at 75X to 150X where high magOlflcation is required. 

2. 50S Technology Devices; CDP182.1, 182.2., 182.3, MWS5114 Only 

A Diffusion faults are not applicable. SOS devices are inspected for com
plete Islands, bridging between islands and miSSing adjacent contacts 
from a row In a contact chain. 

B. Metallization Voids (3.2.1.2) Crderia 3.2.1.1a Metallization Scratches, 
and 3.2.1.28 Metallization VOids shall also apply to metallization over a 
passivation step (3.2.1.1d, 3.2.1.2b) Underlying OXide must also be 
exposed. 

c. Metallization Alignment (3.2.1.7), Diffusion and Passivation Layer(s) 
Faults (3.2.0). 

High magnifICation inspection IS performed at 200X to 300X, applied to 
the center and two OPPosite corners of the chip, consisting only of the 
area exposed to the Immediate field of view 

D. Scribing and Ole Delects (3.2.3) In addItIon: 

A crack that exceeds 5.0 mils In length must also pOint towards or cross a 
sCribe grid hne to be unacceptable. 

Semicircular cracks that point away from the active cirCUit area are 
acceptable. 

B. The 1.0 mil wire clearance criteria IS not applicable. 

C. Passivation faults are not applicable because a second free flow oxide is 
used prior to metallizallon. 

D. Oxide gate bridge Inspection is not applicable. 

E. Semicircular cracks not in an active area which start and end at the pellet 
edge are acceptable. 

3. See Individual Data Sheets for Burn-In Circuits. 

4. Constant acceleration (Centrifuge) Is performed at 20,000 9 Condi
tion 0 for the 40 lead OIC package (CDP1802). 
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Measurement 
Analytical Services laboratory 

Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and instrumentation from both labs 
cooperate In fully integrated approaches necessary to 
complete analytical studies. The capabilities of each area 
are shown below. 

SPECTROSCOPIC METHODS: Colorimetry, Optical 
Emission, Ultraviolet Visible, Fourier Transform-Infrared, 
Flame Atomic Absorption, Furnace Organic Carbon 
Analyzer, Mass Spectrometer. 

CHROMATOGRAPHIC METHODS: Gas Chromatography, 
Ion Chromatography. 

THERMAL METHODS: Differential Scanning Colorimetry, 
Thermogravimetric Analysis, Thermomechanical Analysis. 

PHYSICAL METHODS: Profilometry, Microhardness, 
Rheometry. 

CHEMICAL METHODS: Volumetric, Gravimetric, Specific 
Ion Electrodes. 

ELECTRON MICROSCOPE: Transmission Electron Mi
croscopy, Scanning Electron Microscope. 

X-RAY METHODS: Energy Dispersive X-ray Analysis 
(SEM), Wavelength Dispersive X-ray Analysis (SEM), 
X-ray Fluorescence Spectrometry, X-ray Diffraction 
Spectrometry. 

SURFACE ANALYSIS METHODS: Scanning Auger Micro
probe, Electron Spectroscope/Chemical Analysis, Secon
dary Ion Mass Spectrometry, Ion Scattering Spectrometry, 
Ion Microprobe. 

The department also maintains ongoing working 
arrangements with commercial, university, and equipment 
manufacturers' technical service laboratories, and can 
obtain any materials analysis in cases where instrumental 
capabilities are not available in our own facility. 

Calibration laboratory 

Another important resource in the product assurance 
system is Harris Semiconductor's Calibration lab. This area 
is responsible for calibrating the electronic, electrical, 
electro/mechanical, and optical equipment used in both the 
production and engineering areas. The accuracy of 
instruments used at Harris in calibration is traceable to the 
National Bureau of Standards. The lab maintains a system 
which conforms to the current revision of Mll-STD-45662, 
"Calibration System Requirements." 

Each instrument requiring calibration is assigned a 
calibration interval based upon stability, purpose, and 
degree of use. The equipment is labeled with an 
identification tag on which is specified both the date of the 
last calibration and of the next required calibration. The 
Calibration lab reports on a regular basis to each user 
department. Equipment out of calibration is taken out of 

service until calibration is performed. The Quality 
organization performs periodic audits to assure proper 
control in the using areas. Statistical procedures are used 
where applicable in the calibration process. 

Field Return Product Analysis System 
The purpose of this system is to enable Harris' Field Sales 
and Quality operations to properly route, track and respond 
to our customers' needs as they relate to product analysis. 

The Product Failure Analysis Solution Team (PFAST) 
consists of the group of people who must act together 
to provide timely, accurate and meaningful results to 
customers on units returned for analysis. This team includes 
the salesman or applications engineer who gets the parts 
from the customer, the PFAST controller who coordinates 
the response, the Product or Test Engineering people who 
obtain characterization and/or test data, the analysts 
who failure analyze the units, and the people who provide 
the ultimate corrective action. It is the coordinated effort of 
this team, through the system described in this document 
that will drive the Customer responsiveness and continuous 
improvement that will keep Harris on the forefront of the 
semiconductor business. 

The system and procedures define the processing of 
product being returned by the customer for analysis 
performed by Product Engineering, Reliability Failure 
Analysis and/or Quality Engineering. This system is 
designed for processing "sample" returns, not entire lot 
returns or lot replacements. 

The philosophy is that each site analyzes its own product. 
This applies the local expertise to the solutions and helps 
toward the goal of quick turn time. 

Goals: quick, accurate response, uniform deliverable 
(consistent quality) from each site, traceability. 

The PFAST system is summarized in the following steps: 

1) Customer calls the sales rep about the unit(s) to return. 

2) Fill out PFAST Action Request - see the PFAST form in 
this section. This form is all that is required to process a 
Field Return of samples for failure analysis. This form 
contains essential Information necessary to perform root 
cause analysis. (See Figbre 2). 

3) The units must be packaged In a manner that prevents 
physical damage and prevents ESD. Send the units and 
PFAST form to the appropriate PFAST controller. This 
location can be determined at the field sales office or rep 
using "look-up" tables in the PFAST document. 

4) The PFAST controller will log the units and route them to 
ATE testing for data log. 

5) Test results will be reviewed and compared to customer 
complaint and a decision will be made to route the failure 
to the appropriate analytical group. 

6) The customer will be contacted with the ATE test results 
and interim findings on the analysis. This may relieve a 
line down situation or provide a rapid disposition of 
material. The customer contact is valuable in analytical 
process to insure root cause is found. 

8-8 



7) A report will be written and sent directly to the customer 
with copies to sales, rep, responsible individuals with 
corrective actions and to the PFAST controller so that 
the records will capture the closure of the cycle. 

8) Each report will contain a feedback form (stamped and 
preaddressed) so that the PFAST team can assess their 
performance based on the customers assessment of 
quality and cycle time. 

9) The PFAST team objectives are to have a report in the 
customers hands in 28 days, or 14 days based on 
agreements. Interim results are given realtime. 

Failure Analysis Laboratory 

The Failure Analysis Laboratory's capabilities encompass 
the isolation and identification of all failure modes/failure 
mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. Research vital 
to understanding the basic physics of the failure is also 
undertaken. 

FIGURE 3. NON-DESTRUCTIVE 

Failure analysis is a method of enhancing product reliability 
and determining corrective action. It is the final and crucial 
step used to isolate potential reliability problems that may 
have occurred during reliability stressing. Accurate analysis 
results are imperative to assess effective corrective actions. 
To ensure the integrity of the analysis, correlation of the 
failure mechanism to the initial electrical failure is essential. 

A general failure analysis procedure has been established 
in accordance with the current revision of MIL-STD-883, 
Section 5003. The analysis procedure was designed on the 
premise that each step should provide information on the 
failu re without destroying information to be obtained from 
subsequent steps. The exact steps for an analysis are 
determined as the situation dictates. (See Figures 3 and 4). 
Records are maintained by laboratory personnel and 
contain data, the failure analyst's notes, and the formal 
Product Analysis Report. 

FIGURE 4. DESTRUCTIVE 
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Request # 
Customer Analysis # 

PFAST ACTION REQUEST 

Date' 

ORIGINATOR CuSTOMER 

LoCATION/PHONE No. LoCATION 

DEVICE TYPE/PART No. PURCHASE ORDER No. 
No. SAMPLES RETURNED QUANTITY RECEIVED 

THE COMPLETENFSS AND TIMELY RFSPONSE OF THE EVAWATION IS DIRECTLY RELATED TO THE COMPLETENESS 

OF THE DATA PROVIDED. PLEASE PROVIDE ALL PERTINENT DATA. ATTACH ADDITIONAL SHEETS IF NECESSARY. 

TYPE OF PROBLEM 
DETAILS OF REJECT 

(Wbere appropriate serillize units aDd specify for each) 

I. D INCOMING INSPECTION TFST CONDITIONS RELATING TO FAIWRE 

D 100% SCREEN D SAMPLE INSPECTION D TFSTER USED (MFGR(MODEL) 

No. TFSTED No. OF REJECTS D TFST TEMPERATIJRE -- --
ARE RFSULTS REPRFSENTATIVE OF PREVIOUS LOTS? D TFSTTIME: D CONTINUOUS TFST 

D YES D NO D ONE SHOT (T = __ SEC) 

D BRIEF DFSCRIPTION OF EV ALUA TlON D DFSCRIPTION OF ANY OBSERVED CONDITION TO 

AND RFSUL TS ATTACHED WIIICH FAILURE APPEARS SENSITIVE: 

2. D IN PROCESS!MANUFACTURING FAILURE 

D BOARD CHECKOUT D SYSTEM CHECKOUT 

D FAILED ON TuRN-ON I. D DC FAILURFS 

D FAILED AFTER HOURS OPERATION D OPENS D SHORTS D LEAKAGE D STRESS --
WAS UNIT RETESTED UNDER INCOMING INSPECTION D POWER DRAIN D INPUT LEVEL D OUTPUT LEVEL 

CONDITIONS? D YES D NO D LIST OF FORCING CONDITIONS AND MEASURED 

D BRIEF DFSCRIPTION OF HOW FAILURE WAS ISOLATED RFSULTS FOR EACH PIN IS ATTACHED 

TO COMPONENT ATTACHED D POWER SUPPLY SEQUENCING ATTACHED 
3_ D fiELD FAILURE 2. D AC FAILURFS 

FAILED AFTER HOURS OPERATION LIST FAILING CiIARACTERISTlCS --
EsTIMATED FAILURE RATE __ % PER 1000 HOURS 

END USER locATION 

AMBIENT TEMPERATURE C ADDRESS OF FAILING locATION (IF APPLICABLE) 
MIN_ C MAx. C -- --
REL HUMIDITY % ATTACHED: 

D END USER FAILURE CORRFSPONDENCE ATTACHED D LIST OF POWER SUPPLY AND DRIVER LEVELS 

(Include pictures of waveforms). 
ACTION REQUESTED BY CUSTOMER D LIST OF OUTPUT LEVELS AND LOADING CONDITIONS 

D INPUT AND OUTPUT TIMING DIAGRAMS 

D DFSCRIPTION OF PATTERNS USED 
SPECIFIC ACTION REQUFSTED (If not standard patterns, give very complete 

description including address sequence). 
IMPACT OF FAILED UNITS ON CUSTOMER'S SITUATION: --- 3. D PROM PROGRAMMING FAILURES 

ADDRESS OF FAILURES 

CUsTOMER CONTACTS WITH SPECIFIC KNOWLEDGE OF REJECTS 
PROGRAMMER USED (MFG(MODEL/REV. NO.) 

NAME 4. D PHYSICAIjAssEMBLY RELATED FAILURES 
POSITION PHONE D SEE CoMMENTS BELOW D SEE ATTACHED 

Additional Comments: 

FIGURE 2. PFAST ACTION REQUEST 
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Reliability 
Reliability Assessment and Enhancement 

At Harris Semiconductor, reliability is built into every 
product by emphasizing quality throughout manufacturing. 
This starts by ensuring the excellence of the design, layout, 
and manufacturing process. The quality of the raw materials 
and workmanship is monitored using statistical process 
control (SPC) to preserve the reliability of the product. The 
primary and ultimate goal of these efforts is to provide full 
performance to the product specification throughout its 
useful life. Product reliability is maintained through the 
following sources: Qualifications, In-Line Reliability 
Monitors, Failure Analysis. 

Qualifications 

Qualifications at Harris de-emphasize the sole dependence 
on production product which is only available late in the 
development cycle. The focus is primarily on the use of test 
vehicles to establish design ground rules for the product 
and the process that will eliminate any wearout 
mechanisms during the useful life of the product. However, 
to comply with the military requirements concerning reliabil
ity, product qualifications are performed. (See Figure 5). 

In-line Reliability Monitors 

In-line reliability monitors provide immediate feedback to 
manufacturing regarding the quality of workmanship, 
quality of raw materials, and the ultimate reliability 
implications. The rudimentary implementation of this 
monitoring is the "First Line of Defense," which is a pass/ 
fail acceptance procedure based on control charts and 
trend analysis. The second level of monitoring is referred to 
as the "Early Warning System" and incorporates wafer level 
reliability concepts for extensive diagnostic and 
characterization capabilities of various components that 
may impact the device reliability or stability. The quick 
feedbaCk from these schemes allows more accurate 
correlation to process steps and corrective actions. 

Product/Package Reliability Monitors 
Reliability of finished product is monitored extensively 
under a program called Matrix I, II, III monitor. All major 
technologies are monitored. 

Matrix I - Has a higher sampling size and rate per week and 
uses short duration test, usually less than 48 hours to as
sess day to day, week to week reliability. High volume types 
are prevalent in this data. Stresses - Operating Life, Static 
Life and HAST. TA = +1250 C to +2000 C 

Matrix II - Longer duration test, much like requalification. 
The sample sizes are reduced in number and frequency, 
yet meet or exceed the JEDEC Standard 29. Stresses 
Operating Life, Storage, THB, Autoclave, Temp Cycle, and 
Thermal Shock. 

Matrix III - Package specific test. Tests Solderability, Lead 
Fatigue, Physical Dimensions, Brand Adhesion, 
Flammability, Bond Pull, Constant Acceleration, and 
Hermeticity. 

Data from these Monitor Stress Test provides the following 
information: 

• Routine reliability monitoring of products by die 
technology and package styles. 

• Data base for determining FIT Rates and Failures Mode 
trends used drive Continuous Improvement. 

• Major source of reliability data for customers. 

• Customers have used this data to qualify Harris 
products. 

Reliability Fundamentals 
Reliability, by its nature, is a mixture of engineering and 
probability statistics. This combination has derived a 
vocabulary of terms essential for describing the reliability of 
a device or system. Since reliability involves a measurement 
of time, it is necessary to accelerate the failures which may 
occur. This, then, introduces terms like "activation energy" 
and "acceleration factor," which are needed to relate results 
of stressing to normal operating conditions (see Table 1). 
Also, to assess product reliability requires failures. 
Therefore, only a statistical sample can be used to 
determine the model of the failure distribution for the entire 
population of product. 

Failure Rate Calculations 

Reliability data for products may be composed of 
several different failure mechanisms and requires careful 
combining of diverse failure rates into one comprehensive 
failure rate. Calculating the failure rate is further complicat
ed because failure mechanisms are thermally accelerated 
at varying rates and thereby have differing accelerating fac
tors. Additionally, this data is usually obtained from a variety 
of life tests at unique stress temperatures. The equation 
below accounts for these considerations and then inserts a 
statistical factor to obtain the confidence interval for the fail
ure rate. 

FIT = 

(

B 

L K 
i=1 L 

j=1 

xM 

B = # of distinct possible failure mechanisms 

K = # of life tests being combined 

Xi = # of failures for a given failure mechanism 
i = 1,2, ... B 

TDGj = Total device hours of test time (un accelerated) for 
Life Testj 

AFij = Acceleration factor for appropriate failure mecha
nism i = 1, 2, ... K 

M = Statistical factor for calculating the upper confi
dence limit (M is a function of the total number of 
failures and an estimate of the standard deviation 
of the failure rates) 

In the failure rate calculation, Acceleration Factors (AFij) are 
used to derate the failure rate from thermally accelerated Life 
Test conditions to a failure rate indicative of use tempera
tures. Though no standards exist, a temperature of +550 C 
has been popular and allows some comparison of product 
failure rates. All Harris Semiconductor Reliability Reports will 
derate to +550 C at both the 60% and 95% confidence 
intervals. 
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FLOW - PRODUCT DEVELOPMENT 

I PRODUCT DEFINITION REVIEW I 

I CONCEPT REVIEW I 

I DESIGN REVIEW PART 1 r-

I DESIGN REVIEW PART 2 I 

I LAYOUT REVIEW PART 1 l-

I LAYOUT REVIEW 2 I 

I EVALUATION REVIEW I 

I NEW PRODUCT TRANSFER I 

-l MANUFACTURE l-

I SHIPMENT I 

-l CONTINUOUS IMPROVEMENT I-

RELIABILITY FOCUS 

• Assumes Process Development Required 

• Evaluate Reliability Risks Factors 

• Attain Commitment for Test Vehicle (T.V.) Development 

• Review Test Vehicle Development and Stress Test Plan 

• Review Package Requirements 

• Review Latent Failure Mechanism History for Design Sensitivity and Elimination 

• Review Ground Rules for Design and Elimination of Wearout Mechanisms 

• Review Process Characterization. Statistical Control & Capability which are Design 
Considerations 

• Review Test Vehicle Stress Results 

• Review Device Modeling & Simulations 

• Review Process Variability & Producibility 

• Define Wafer Reliability Monitor Vehicles, Application of Early Warning System 

• Verify Wearout Mechanisms are Eliminated by Design & Process Control 
(Test Vehicle + SPC) 

• Evaluate Design of Chip to Package Risk Factors 

• Review Ground Rule Checks (ORCs) 

• Establish Reliability Test, Stress and Failure Analysis Capabilities. Project Failure Rate 
Based on T.V. Data. 

• Review Burn-In Diagrams for Production and Qualification 

• Review Overall Qualification Plan & Begin Balance of Life Test 

• Review Product Characterization to Data Sheet, ESD, Latch-up & DPA Results & 
Define Corrective Actions 

• Review of Life Test Data & Failure Mechanisms. Define Corrective Actions 

• Utilize Statistical Design of Experiments (DOX) if Required to Adjust Process or Design 

• Define Necessary Changes to Eliminate Any Systematic Failure Mechanism 

• If Mature Process - Grant Generic Release 

• Qualification Requirements Complete and Presented. Meet FIT Rate Requirements 

• Review Infant Mortality (I.M.) Burn-in Results. If Greater Than 1 % at 1250 C 
Determine I.M. Burn-in Requirements 

• Reliabilliy Monitors: 

~ Real Time Early Warning Wafer Level Reliability control 

~ Real Time Reliability Control of Burn-in PDA with Control Charts 

~ Add-On Life Testing: - Mil Std Group C & 0 

- Industrial/Commercial Life Testing 

• Trend Analysis of Reliability Performance Used to Develop Product Improvements 

• Special Studies 

• High Quality and Reliability Products to Harris Customers 

• Failure Analysis - Determine Assignable Cause of Failure 

• Closed Loop Corrective Action Process 

• Continuous Improvement Objectives in Product Reliability & Quality 

FIGURE 5. NEW PROCESS PRODUCT DEVELOPMENT AND LIFE CYCLE 
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Acceleration Factors 

The Acceleration Factors (AF) are determined from the 
Arrhenius Equation. This equation is used to describe 
physiochemical reaction rates and is an appropriate model 
for expressing the thermal acceleration of semiconductor 
failure mechanisms. 

AF= EXP [~G __ 1_) ] 
K C T use T stress 

AF = Acceleration Factor 

Ea = Thermal Activation Energy in eV from Table 8 

K = Boltzmann's Constant (8.62 x 10-5 eV,!OK) 

Both T use and T stress (in degrees Kelvin) Include the 
internal temperature rise of the device and therefore 
represent the junction temperature. With the use of the 
Arrhenius Equation, the thermal Activation Energy (Ea) term 
is a major influence on the result. This term is usually 
empirically derived and can vary widely. 

TABLE 1. FAILURE RATE PRIMER 

GLOSSARY OF TERMS 

TERMS/DEFINITION UNITS/DESCRIPTION 

FAILURE RATE .. FIT - Failure In Time 

For Semiconductors, usually expressed in FITs. 1 AT - 1 failure in 109 device hours. 
Equivalent to 0.0001 %/1 000 hours 

Represents usefullile failure rate (which implies a constant FITs = 
failure rate). # Failures xl09 xm 

FITs are not applicable for infant mortality or wearout failure # Devices x # hours stress x AF 

rate expressions. m - Factor to establish Confidence Interval 
109 - Establishes in terms of FITs 
AF - Acceleration Factor at temperature for a given failure 

mechanism 

MTTF - Mean Time To Failure Mean Time is measured usually in hours or years. 

For semiconductors, MTIF is the average or mean life expectancy 1 Year = 8760 hours 
ofadevice. 

When working with a constant failure rate the MTIF can be 
If an exponential distribution is assumed then the mean time to calculated by taking the reciprocal of the failure rate. 
fail of the population will be when 63% of the parts have failed. 

MTIF = 1/ .. (exponential model) 

Example: =10 ATsat +550C 

The MTIFis: MTIF= 1/ .. = 0.1 x 109 hours 
= 100M hours 

CONFIDENCE INTERVAL (C. I.) Example: 

Establishes a Confidence Interval for failure rate predictions. "10 FITs @ a 95% C.I. @ 550C" means only that you are 95% 
Usually the upper limit is most significant in expressing failure certain the the FITs <10 at +550C use conditions. 
rates. 
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Activation Energy 

To determine the Activation Energy (Ea) of a mechanism 
(see Table 2) you must run at least two (preferably more) 
tests at different stresses (temperature and/or voltage). The 
stresses will provide the time to failure (Tf) for the 
populations which will allow the simUltaneous solution for 
the Activation Energy by putting the experimental results 
into the following equations. 

In (tfl) = C + Ea In (tf2) = C + Ea 

KTl KT2 

Then, by subtracting the two equations, the Activation 
Energy becomes the only variable, as shown. 

In (ttl ) - In(tf2) = Ea/k(1/Tl-l/T2) 

Ea = K* «In(tfl) - In(tf2))/(1/Tl - 1 /T2)) 

The Activation Energy may be estimated by graphical 
analysis plots. Plotting In time and In temperature then 
provides a convenient nomogram that solves (estimates) the 
Activation Energy. 

Table 3 is a summary for the L7 process. 

All Harris Reliability Reports from qualifications and Group 
Cl (all high temperature operating life tests) will provide the 

data on all factors necessary to calculate and verify the 
reported failure rate (in FITs) using the methods outlined in 
this primer. 

Qualification Procedures 
New products are reliably introduced to market by the 
proper use of design techniques and strict adherence to 
process layout ground rules. Each design is reviewed from 
its conception through early production to ensure 
compliance to minimum failure rate standards. Ongoing 
monitoring of reliability performance is accomplished 
through compliance to 883C and standard Quality 
Conformance Inspection as defined in Method 5005. 

New process/product qualifications have two major 
requirements imposed. First is a check to verify the proper 
use of process methodology, design techniques, and layout 
ground rules. Second is a series of stress tests designed to 
accelerate failure mechanisms and demonstrate the 
reliability of integrated circuits. 

From the earliest stages of a new product's life, the design 
phase, through layout, and in every step of the manufactur
ing process, reliability is an Integral part of every Harris 
Semiconductor product. This kind of attention to detail 
"from the ground up" is the reason why our customers can 
expect the highest quality for any application. 

TABLE 2. FAILURE MECHANISM 

FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY CONTROL METHODOLOGY 

Oxide Defects 0.3 -O.SeV High temperature operating life (HTOL) and Statistical Process Control of oxide parameters, 
voltage stress. Defect density test vehicles. defect density control, and voltage strees testing. 

Silicon 0.3 -O.SeV HTOL & voltage stress screens. Vendor Statistical QuaJijy Control programs, and 
Defects (Bulk) Statistical Process Control on thermal processes. 

Corrosion 0.4SeV Highly accelerated stress tesing (HAST) Passivation dopant control, hermetic seal control, 
improved mold compounds, and product handling. 

Assembly 0.5-0.7eV Temperature cycling, temperature and Vendor Statistical Quality Control programs, 
Defects mechanical shock, and environmental Statislcal Process Control of assembly processes 

stressing. proper handling methods. 

Electromlgration Test vehicle characterizations at highly Design ground rules, wafer process statistical 
- AILine O.SeV elevated temperatures. process steps, photoresist, metals and 
- Contact 0.geV passivation 

Mask Defects/ 0.7eV Mask FAB comparator, print checks, defect Clean room control, clean mask, pellicles 
Photoresist density monitor in FAB, voltage stress test Statistical Process Control or photoresist-
Defects and HTOL. fetch processes. 

Contamination 1.0eV C-V stress at oxide/interconnect, wafer Statistical Process Control of C-V data, oxide/ 
FAB device stress test (EWS) and HTOL. interconnect cleans, high Integrity glassivation 

and clean assembly processes. 

Charge 1.3eV HTOL & oxide characterization. Design ground rules, wafer level Statistical 
Injection Process Control and critical dimensions for 

oxides. 

TABLE 3. HIGH TEMPERATURE OPERATING LIFE TEST SUMMARY 

FAILURE 
GENERIC QUANTITY HOURS RATE FITs 
GROUP GROUP NAME PROCESS DESCRIPTION QUANTITY FAILURE @1250C @550C60%CI 

C-10S-S Microprocessor SAJICMOSt7 14S2 0 S.72E+OS 2 
and Peripherels 
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Harris High Reliability Product Specification Highlights 

Harris Semiconductor is a leading supplier of high reliability 
integrated circuits to the military and aerospace community 
and takes pride in offering products tailored to the most 
demanding applications requirements. Our Manufacturing 
facilities are JAN-Certified to MIL-M-38510 and provide 
JAN-qualified and MIL-STD-883 compliant products as 
standard data book items. This Data Book contains detailed 
information on high-reliability integrated circuits presently 
available from Harris Semiconductor. 

The intent of the /883 data sheet is to provide to our 
customers a clear understanding of the testing being 
performed in conformance with MIL-STD-883 
requirements. Additionally, it is our intent to provide the 
most effective and comprehensive testing feasible. 

Document Control 

Harris has established each of the /883 data sheets as an 
internally revised controlled document. Any product 
revision or modification must be approved and signed-off 
throughout the manufacturing and engineering sections. 
Harris has made every effort to ensure accuracy of the 
information in this data book through quality control 
methods. Harris reserves the right to make changes to the 
products contained in this data book to improve 
performance, reliability and producibility. Each data sheet 
will use the printed date as the revision control 
identification. Contact Harris for the latest available 
specifications and performance data. 

/883 Data Sheet Highlights 

Each specific /883 data sheet documents the features, 
description, pinouts, tested electrical parameters, test 
circuits, burn-in circuits, die characteristics, packaging and 
design information. The following are notes and 
clarifications that will help in applying the information 
provided in the data sheet. 

Absolute Maximum Ratings: These ratings are provided 
as maximum stress ratings and should be taken into 
consideration during system design to prevent conditions 
which may cause permanent damage to the device. 
Operation of the device at or above the "Absolute Maximu m 
Ratings" is not intended, and extended exposure may affect 
the device reliability. 

Reliability Information: Each /883 data sheet contains 
thermal information relating to the package and die. This 
information is intended to be used in system design for 
determining the expected device junction temperatures for 
overall system reliability calculations. 

Packaging: Harris utilizes MIL-M-38510, Appendix C for 
packages used for /883 products. The mechanical 
dimensions and materials used are shown for each 
individual product to complete each data sheet as a self 
contained document. 

D.C. and A.C. Electrical Parameters: Tables 1 and 2 
define the D.C. and A.C. Electrical Parameters that are 
100% tested in production to guarantee compliance to 
MIL-STD-883. The subgroups used are defined in 
MIL-STD-883, Method 5005 and designated under the 
provisions of Paragraph 1.2.1a. Test Conditions and Test 
Circuits are provided for specific parameter testing. 

Table 3 provides additional device limits that are 
guaranteed by characterization of the device and are not 
directly tested in production. Characterization takes place 
at initial device design and after any major process or 
design changes. The characterization data is on file and 
available demonstrating the test limits established. 

Table 4 provides a summary of the test requirements and 
the applicable MIL-STD-883 subgroups. 

Burn-in Circuits: The Burn-in circuits defined in the 
individual data sheets are those used in the actual 
production process. Burn-in is conducted per MIL-STD-
883, Method 1015. 

Design Information Sections: Harris provides an 
additional Design Information Section in many of the data 
sheets to assist in system application and design. This 
information may be in the form of applications circuits, 
typical device parameters, or additional device related user 
information such as programming information. While this 
information cannot be guaranteed, it is based on actual 
characterization of the product and is representative of the 
data sheet device. 
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High Reliability Products Information 

Harris' High Reliability Products are all produced In 
accordance with military specifications and standards, 
primarily MIL-M-38510 (General Specifications for 
Microcircuits) and MIL-STD-883 (Test Methods and 
Procedures for Microelectronics). 

MIL-STD-883 contains test methods and procedures for 
various electrical, mechanical and environmental tests as 
well as requirements for screening, qualification and quality 
conformance inspection. Method 5004 of MIL-STD-883 
lists the 100% screening tests which are required for each 
of the product assurance classes defined above. 

Following the device screening, samples are removed from 
the production lot(s) for Quality Conformance Inspection 
testing. This testing is divided into four inspection groups: 
A, B, C and D, which are performed at prescribed intervals 
per MIL-M-38510 to assure the processes are in control 
and to ensure the continued quality level of the product 
being produced. 

Group A electrical inspection involves dynamic, static, 
functional and switching tests at maximum, minimum and 
room operating temperatures. Sample sizes and specific 
tests performed depend upon the particular product 
assurance class chosen. Electrical test sampling is 
performed on all subgroups as defined in MIL-STD-883, 
Method 5005. 

Group B inspection includes tests for marking 
permanency, internal visual and mechanical correctness, 
bond strength, and solderability. It is intended to provide 
assurance of the absence of lot-to-Iot fabrication and 
manufacturing variances. Group B tests are again defined 
in test Method 5005. 

Group C is oriented toward die integrity and consists of 
operating life testing as defined in MIL-STD-883, Method 
5005. 

Group 0 environmental testing is provided to verify die and 
package reliability. Among the Group D tests are lead 
integrity, hermeticity, temperature cycling, thermal and 
mechanical shock, and constant acceleration. 

MIL-M-38510 requires that Group A and Group B 
inspection be performed on each lot, while Group C 
inspection must be done every 3 months and Group D every 
6 months to be in compliance with MIL-M-38510 JAN 
requirements. To limit the amount of testing, MIL-M-38510 
allows the multitude of micro- circuits to be grouped by 
technology, commonly known as "generic families". Thus, 
one group C performed will cover all parts included in that 
generic family for three months. For Group D, which is 
package related, although there are some restrictions, one 
Group D performed on a 24-pin ceramic dual-in-line 
packaged part will cover all devices in the same package 
regardless of the technology group. 

For MIL-STD-883 products, Groups A and B are required 
on each lot, Groups C and D are required every 52 weeks 
by generic die family and package fabricated and 
manufactured from the same plant as the die and package 
represented. 
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,...--------- General Test Philosophy ---------, 

The general philosophy for test set development is to 
supply test software that guarantees the high performance 
and quality of the products being designed and 
manufactured by Harris. The general final test set includes a 
guard banded initial test program and a QA test program for 
the quality test step. Characterization software is an 
additional test program that parametrically measures and 
records the performance of the device under test. This test 
set is used to evaluate the performance of a product and to 
determine the acceptability of non-standard Source Control 
Drawings. BSPEC and RSPEC test programs are custom 
final test programs written to conform to customer 
specifications. 

The general test development strategy is to develop 
software using a "shell" programming technique which 
creates standard test program flows, and reduces test 
development and execution times. Statistically derived 
guard bands are utilized in the "shell" programs to null out 
test system variability. High performance hardware 
interface designs are incorporated for maximized test 
effectiveness, and efficient fault graded vector sets are 
utilized for functional and AC testing. 

The initiai step in generating the test set is the test vector 
generation. The test vectors are the binary stimulus applied 
to the device under test to functionally test the operation of 
the product. The vectors are developed against a behavioral 
model that is a software representation of the device 
functionality. The output of the behavioral model can be 
translated directly to ATE test vectors or prepared for CAD 
simulation. 

The philosophy in the generation of test vectors is to 
develop efficient fault graded patterns with a goal of greater 
than 90% fault coverage. There is no intent to generate a 
worst case or best case noise vector set. The intent is to 
maximize fault coverage through efficient vector use. 
Generally only one vector set will be required to enable 
complete test coverage within a given test program. 

Exceptions to this would be vector generation to test certain 
identified critical AC speed paths or DC vectors for testing 
VIHNIL parameters. These vector sets typically will not 
increase fault coverage and can not be substituted for fault 
graded vector sets. 

The ultimate goal for testing all /883 products is data sheet 
compliancy, thoroughness, and quality of testing. By taking 
this approach to test set generation, Harris is capable of 
supplying high performance semiconductors of the highest 
quality to the marketplace. 

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 
Department is responsible for efficiently expediting your 
SCDs through a comprehensive review process. The 
Customer Engineering Group compares your SCD to its 
closest equivaient grade device type and works closely with 
the Product Engineer, Manufacturing Engineer, Design 
Engineer, or applicable individual to compare Harris' 
screening ability against your non-standard requirement(s). 
For product 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 
sheet as the guideline for your SCD's. In instances where an 
available military specification or Harris /883 datasheet is 
inappropriate, it is Harris' sincerest wish to work closely 
with the buyer 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 acceptable procurement document. 
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Ie Handling Procedures 
Harris IC processes are designed to produce the most 
rugged products on the market. However, no 
semiconductor is immune from damage resulting from the 
sudden application of many thousands of volts of static 
electricity. While the phenomenon of catastrophic failure of 
devices containing MOS transistors or capacitors is well 
known, even bipolar circuits can be damaged by static 
discharge, with altered electrical properties and diminished 
reliability. None of the common IC internal protection 
networks operate quickly enough to positively prevent 
damage. 

It is suggested that all semiconductors be handled, tested, 
and Installed using standard "MOS handling techniques" of 
proper grounding of personnel and equipment. Parts and 
subassemblies should not be In contact with untreated 
plastic bags or wrapping material. High impedance IC 
inputs wired to a P.C. connector should have a path to 
ground on the card. 

HANDLING RULES 

Since the Introduction of integrated circuits with MOS 
structures and high quality junctions, a safe and effective 
means of handling these devices has been of primary 
Importance. One method employed to protect gate oxide 
structures Is to incorporate Input protection diodes directly 
on the monolithic chip. However, there is no completely 
foolproof system of chip input protection In existence In the 
industry. In addition, most compensation networks in linear 
circuits are located at high impedance nodes, where 
protection networks would disturb normal circuit operation. 
" static discharge occurs at sufficient magnitude (2kV or 
more), some damage or degradation will usually occur. It 
has been found that handling equipment and personnel can 
generate static potentials in excess of 10kV in a low 
humidity environment. Thus It becomes necessary for 
additional measures to be Implemented to eliminate or 
reduce static charge. It Is evident, therefore, that proper 
handling procedures or rules should be adopted. 

Elimination or reduction of static charge can be 
accomplished as follows: 

• Use static-free work stations. Static-dissipative mats on 
work benches and floor, connected to common point 
ground through a 1 MO resistor, help eliminate static 
build-up and discharge. Do not use metallic surfaces. 

• Ground all handling equipment. 

• Ground all handling personnel with a conductive bracelet 
through 1 MO to ground (the 1 MO resistor will prevent 
electroshock injury to personnel). Transient product 
personnel should wear grounding heel straps when 
conductive flooring is present. 

• Smocks and clothing of certain insulating materials 
(notably nylon) should not be worn in areas where 
devices are handled. These materials, highly dielectric in 
nature, will hold, or aid In the generation of a static 
charge. Where they cannot be eliminated, natural 
materials such as cotton should be used to minimize 
charge generation capacity. Conductive smocks are also 
available as an alternative. 

• Control relative humidity to as high a level as practical. 
50% is generally considered sufficient. (Operations 
should cease if R.H. falls below 25%). 

• Ionized air blowers reduce charge build-up in areas 
where grounding is not possible or practical. 

• Devices should be in conductive static-shielded 
containers during all phases of transport. leads may be 
shorted by tubular metallic carriers, conductive foam, or 
foil. 

• In automated handling equipment, the belts, chutes, or 
other surfaces should be of conducting non-metal 
material. If this is not possible, ionized air blowers or 
ionizing bars may be a good alternative. 
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ESC Handling Procedures 
Harris has developed a static control program that enables 
employees to detect problems generated by static 
electricity whether on site, in transit, or in the field. 
Controlling the requirements, methods, materials, and 
training for static protection of our products is ongoing and 
updated with new developments in electrostatic prevention. 
Harris has responded with controls and procedures as part 
of daily operations to be followed in all areas. 

The challenge is to insu re all electrostatic control 
procedures are followed throughout the system - from 
manufacturing through end use. Unprotected integrated 
circuits can be destroyed or functionally altered by merely 
passing them through the electrostatic field of something as 
simple as Styrofoam'" or human contact. 

Measures of Protection and Prevention 

When handling static sensitive devices, three standard 
procedures must be followed: 

1. Prior to any handling of static-sensitive components, the 
individual must be properly grounded. 

2. All static-sensitive components must be handled at 
static safeguarded work stations. 

3. Containers and packing materials that are 
static-protective must be used when transporting all 
static-sensitive components. 

Special handling equipment (static-safeguarded work 
stations, conductive wrist straps, static-protected 
packaging, ionized air blowers) should be used to reduce 
damaging effects of electrostatic fields and charges. 

Static-safeguarded work station is an area that is free 
from all damaging electricity, including people. To 
accomplish this, static on conductors and nonconductors 
must be controlled. 

CHAIR 
WITH GND 
(OPTIONAL) ESD PROTECTIVE 

FLOOR MATl ~"~~~....I\;R~,-~(O~P~T~IO:AL) 

Controlling electrically conductive items can be 
accomplished by bonding and grounding techniques. The 
human body is considered a conductor of electricity and is 
by far the greatest generator of static electricity. Personnel 
handling ICs must use con- ductive wrist straps to ground 
themselves. Simple body moves act like a variable 
capacitor, and can create static charges. In addition, 
conductive clothing is recommended for minimizing 
electrostatic build up. 

Static protective packaging prevents electric field from 
influencing or damaging ICs. An effective static-protective 
package exhibits three types of features: 

1. Antistatic protection that prevents triboelectric or 
frictional charging, 

2. DielectriC protection that insulates discharging, and 

3. Shielding or Faraday cage protection that prevents 
transient field penetration. 

Harris uses only packaging that exhibits all three features. 
Employees are required to adhere to the same 
static-protective packaging techiques during handling and 
shipment to assure device integrity is maintained. 

Ionized air blowers aid in neutralizing charges on 
nonconductors such as synthetic clothing, plastics, and 
Styrofoam"'. The blowers are placed at the work site and in 
close proximity to the IC handling area, since 
nonconductors do not lose or drain charges using normal 
grounding techniques. 

By using wrist straps, static-protected work stations and 
static-protected containers, Harris product quality Is 
maintained throughout the product cycle. 

~EP:g:ECTIVE ,. ... _., 

(A) 

WORKBENCH 

BUILDING FLOOR . 

R - 1 MEG.n.± 10'1f0 1/2W 

FIGURE 2. STATIC-SAFEGUARDED WORK STATION 

NOTE 1. All electrical equipment on the conductive table top must be hard grounded and isolated from the table top. 

2. Earth ground Is not computer ground or RF ground or any other limited ground. 

Styrofoam"" Is a trademark of Dow Chemical Corporation 
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ELECTROSTATIC DISCHARGE CONTROL 
A GUIDE TO HANDLING INTEGRATED CIRCUITS 

This paper discusses methods and materials recommended 
for protection of ICs against ESD damage or degradation 
during manufacturing operations vulnerable to ESD expo
sure. Areas of concern include dice prep and handling, dice 
and package inspection, packing, shipping, receiving, 
testing, assembly and all operations where ICs are involved. 

All integrated circuits are sensitive to electrostatic dis
charge (ESD) to some degree. Since the introduction of 
integrated circuits with MOS structures and high quality 
junctions, safe and effective means of handling these de
vices have been of primary importance. 

If static discharge occurs at a sufficient magnitude, 2kV or 
greater, some damage or degradation will usually occur. It 
has been found that handling equipment and personnel can 
generate static potentials in excess of 10kV in a low humidi
ty environment; thus it becomes necessary for additional 
measures to be implemented to eliminate or reduce static 
charge. Avoiding any damage or degradation by ESD when 
handling devices during the manufacturing flow is therefore 
essential. 

ESD Protection and 
Prevention nneasures 
One method employed to protect gate oxide structures is to 
incorporate input protection diodes directly on the monolith
ic chip. However, there is no completely foolproof system of 
chip input protection in existence in the industry. 

In areas where ICs are being handled, certain equipment 
should be utilized to reduce the damaging effects of ESD. 
'TYPically, equipment such as grounded work stations, 
conductive wrist straps, conductive floor mats, ionized air 
blowers and conductive packaging materials are included 
in the IC handling environment. Any time an individual in
tends to handle an IC, in any way, they must insure they 
have been grounded to eliminate circuit damage. 

Grounding personnel can, practically, be performed by two 
methods. First, grounded wrist straps which are usually 
made of a conductive material, such as Velostat or metal. A 
resistor value of 1 megohm (1/2 watt) in series with the 
strap to ground completes a discharge path for ESD when 
the operator wears the strap in contact with the skin. Anoth
er method is to insure direct physical contact with a 
grounded, conductive work surface. 

This consists of a conductive surface like Velostat, covering 
the work area. The surface is connected to a 1 megohm 
(1/2 watt) resistor in series with ground. 

Copyright © Harris CorporatiOn 1989 

In addition to personnel grounding, areas where work is be
ing performed with ICs, should be equipped with an ionized 
air blower. Ionized air blowers force positive and negative 
ions simultaneously over the work area so that any 
nonconductors that are near the work surface would have 
their static charge neutralized before it would cause device 
damage or degradation. 

Relative humidity in the work area should be maintained as 
high as practical. When the work environment is less than 
40% RH, a static build-up condition can exist on 
nonconductors allowing stored charges to remain near the 
ICs causing possible static electricity discharge to ICs. 

Integrated circuits that are being shipped or transported 
require special handling and packaging materials to elimi
nate ESD damage. Dice or packaged devices should be in 
conductive carriers during all phases of transport and han
dling. Leads of packaged devices can be shorted by 
tubular metalic carriers, conductive foam or foil. 

Do's and Don'ts for 
Integrated Circuit Handling 
Do's 

Do keep paper, nonconductive plastic, plastic foams and 
films or cardboard off the static controlled conductive 
bench top. Placing devices, loaded sticks or loaded burn-in 
boards on top of any of these materials effectively insulates 
them from ground and defeats the purpose of the static con
trolled conductive surface. 

Do keep hand creams and food away from static controlled 
conductive work surfaces. If spilled on the bench top, these 
materials will contaminate and increase the resistivity of the 
work area. 

Do be especially careful when using soldering guns around 
conductive work surfaces. Solder spills and heat from the 
gun may melt and damage the conductive mat. 

Do check the grounded wrist strap connections daily. Make 
certain they are snugly fitted before starting work with the 
product. 

Do put on grounded wrist strap before touching any de
vices. This drains off any static build-up from the operator. 

Do know the ESD caution symbols. 

Do remove devices or loaded sticks from shielding bags 
only when grounded via wrist strap at grounded work sta
tion. This also applies when loading or removing devices 
from the antistatic stlcks or the loading on or removing from 
the burn-in boards. 
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Do wear grounded wrist straps In direct contact with the 
bare skin - never over clothing. 

Do use the same ESD control with empty burn-in boards as 
with loaded boards if boards contain permanently mounted 
ICs as part of driver circuits. 

Do insure electrical test equipment and solder irons at an 
ESD control station are grounded and only uninsulated met
al hand tools be used. Ordinary plastic solder suckers and 
other plastic assembly aids shall not be used. 

Do use ionizing air blowers in static controlled areas when 
the use of plastic (nonconductive) materials cannot be 
avoided. 

Don'ts 

Don't allow anyone not grounded to touch devices, loaded 
sticks or loaded burn-in boards. To be grounded they must 
be standing on a conductive floor mat with conductive heel 
straps attached to footwear or must wear a grounded wrist 
strap. 

Don't touch the devices by the pins or leads unless 
grounded since most ESD damage is done at these points. 

Don't handle devices or loaded sticks during transport from 
work station to work station unless protected by shielding 
bags. These items must never be directly handled by any
one not grounded. 

Don't use freon or chlorinated cleaners at a grounded work 
area. 

Don't wax grounded static controlled conductive floor and 
bench top mats. This would allow build-up of an insulating 
layer and thus defeating the purpose of a conductive work 
surface. 

Don't touch devices or loaded sticks or loaded burn-In 
boards with clothing or textiles even though grounded wrist 
strap is worn. This does not apply if conductive coats are 
worn. 

Don't allow personnel to be attached to hard ground. There 
must always be 1 megohm series resistance (1/2 watt 
between the person and the ground). 

Don't touch edge connectors of loaded burn-in boards or 
empty burn-in boards containing permanently mounted 

driver circuits when not grounded. This also applies to 
burn-in programming cards containing ICs. 

Don't unload stick on a metal bench top allowing rapid dis
charge of charged devices. 

Don't touch leads. Handle devices by their package even 
though grounded. 

Don't allow plastic "snow or peanut" polystyrene foam or 
other high dielectric materials to come in contact with de
vices or loaded sticks or loaded burn-in boards. 

Don't allow rubber/plastic floor mats in front of static con
trolled work benches. 

Don't solvent-clean devices when loaded in antistatic sticks 
since this will remove antistatic inner coating from sticks. 

Don't use antistatic sticks for more than one throughput 
process. Used sticks should not be reused unless recoated. 

Recommended Maintenance 
Procedures 
Daily: 

Perform visual inspection of ground wires and terminals 
on floor mats, bench tops, and. grounding receptacles to 
ensure that proper electrical connections via 1 megohm 
resistor (1/2 watt) exist. 

Clean bench top mats with a soft cloth or paper towel 
dampened with a mild solution of detergent and water. 

Weekly: 

Damp mop conductive floor mats to remove any accumu
lated dirt layer which causes high resistivity. 

Annually: 

Replace nuclear elements for ionized air blowers. 

Review ESD protection procedures and equipment for up
dating and adequacy. 

Static Controlled Work Station 
The figure below shows an example of a work bench prop
erly equipped to control electro-static discharge. Note that 
the wrist strap is connected to a 1 megohm resistor. This 
resistor can be omitted in the setup If the wrist strap has a 
1 megohm assembled on the cable attached. 

A 
WRIST STRAP GROUND 
LEAD IS ATTACHED TO 
CONDUCTIVE BENCH TOP 

r--JVlIv-----~""S!J CONDUCTIVE WRIST 
...... STRAP 

ESD WARNING SYMBOLS A 

I 

CONDUCTIVE BENCH TOP 

///////// 

A 

rI CONDUCTIVEFLOOA MAT 

GROUND, I.e. COLD WATER 
PIPE OR EQUIVAl£NT 

R - 1 MEGOHM 

8-21 



Harris Digital Ie Technologies 

Self Aligned JunctIon IsolatIon (SAJI) 

The most prevalent CMOS Technology was patented 
by Harris (#4,135,955) and has been in production at 
Harris since 1980. It incorporates self-aligned guard 
ring techniques and more recently planarization prior 
to first metal into the traditional complementary tran
sistor structures. 

The process begins on 1-0-0 N- type Silicon, 
although a process option is available with N epi over 
N++ starting material to eliminate circuit latch-up due 
to parasitic SCR action. A sequence of oxidation, 
photo resist delineation, Boron implant and diffusion 
create the P well for the N channel devices. A critical 
feature of the diffusion causes all of the silicon crystal 
defects to be annihilated, resulting in a defect free 
zone for the transistors to be fabricated. 

Next, silicon nitride is deposited and etched to define 
the active NMOS and PMOS areas followed by 
implants which create the self aligned guard rings 
around the active devices. These guard rings provide 
electrical isolation between transistors and also raise 
the field thresholds of the parasitic MOS devices to 
allow leakage-free circuit operation. The self aligning 
of these guard rings allows a substantial reduction in 
circuit area. 

Following is the local oxidation and the conventional 
formation of the poly gate MOS transistors. The elec
trical channel length of these all implanted devices is 
1.5 micron. 

The field oxide and metalization structure are based 
on a time proved reflowed glass process with one 
important improvement. Prior to metal deposition the 
surface is planarized and the walls of the contacts 
are sloped which creates a final topography with 
excellent interconnect step coverage. The aluminum 
interconnect is silicon doped to prevent contact 

SOURCE METAL 

spiking and improved reliability. The passivation, 
metalization and layout rules guarantee electro
migration free operation at +1250 C for over ten years. 

The principal advantages of the process can be sum
marized as: • Low leakage operation 

• Latch-up free option 
• Good packing density 
• Excellent step coverage 
• Electromigration free designs 

This process has been successfully applied to numer
ous designs including static RAMs, microprocessors, 
peripherals, and custom ROM circuits. 

L7 

A newer, higher performance process, named L7, 
builds on and enhances the basic CMOS technology. 
This 1.5 micron process has several advantages over 
the older 2.5 micron version. The epi over N++ start
ing material is standard with the epi thickness being 
scaled down in concert with the P well and device 
junctions. This brings even more latch-up immunity to 
all circuits on this technology. 

Transistors achieve electrical channel lengths of 1.0J.l 
typical with the N channel incorporating a double dif
fused LDD structure which eliminates susceptibility to 
hot electron damage. Of greatest impact is the use of 
a planarized double layer metal structure allowing 
greater layout freedom without introducing step cov
erage or electromigration concerns. The low stress 
oxinitride passivation provides moisture protection in 
plastiC packages. 

The L7 process with its added features has been suc
cessfully employed on numerous semicustom and 
standard cell designs as well as supplying production 
quantities of the 80C286 microprocessor. 

DRAIN METAL 

FIGURE 3. SILICON-GATE PFET STRUCTURE 

CROSS-SECTION SHOWS THE HEAVILY DOPED SOURCE AND 
DRAIN REGION. THEY ARE SEPARATED BY THE NARROW GAP 
OVER WHICH LIES A THIN-GATE OXIDE AND GATE MATERIAL. 
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Packagmg Techniques ----------, 

Harris Semiconductor offers Leadless Chip Carriers 
(LCC) as a packaging option on various Digital 
integrated circuits. An LCC is a square or rectangular 
package for an Integrated Circuit (lC) that is manu
factured in the same manner as a conventional 
side-braze dual-in-line package (DIP). The LCC is 
comprised of the cavity and seal ring section of a 
standard DIP and offers the user a means of achiev
ing high density system configurations while retaining 
the reliability benefits of hermetic IC Packaging. 
Figure 1 provides a comparison of the construction of 
an LCC and a conventional side-braze DIP. 

FIGURE 1. EXPLODED VIEW OF CHIP CARRIER AND DIP 

The LCC's two principle advantages over convention
al side-braze DIPs are packaging density and electri
cal performance. Packaging density is the number 
one advantage to an LCC over a side-braze DIP. The 
size of a DIP is governed primarily by the number of 
leads required and not by the size of the IC. As pin 
count increases, more and more of the DIP package 
is used only to provide an electrical trace path to the 
external leads. The size of an LCC is dependent on 
the size of the die not on the number of leads. As pin 
count increases, overall size increases but at a much 
slower rate. Table 1 provides a comparison between 
the areas of 18, 28 and 48 lead LCCs to 18, 28 and 
48 lead side-braze DIPs. 

LEAD 
COUNT 

18 
28 
48 

LCC 
AREA 

0.10 
0.20 
0.31 

TABLE 1. 

DIP 
AREA 

0.22 
0.84 
1.68 

(All Units in Square Inches) 

DIPAREAvs. 
LCCAREA 

220% 
420% 
542% 

The chart indicates a 220% improvement in packag
ing area for the 18 lead LCC, and 542% improvement 
for the 48 lead LCC. Obviously, sizeable savings in 
circuit board area can be achieved with this packag
ing option. The second major advantage of the LCC is 
in electrical performance. The package size and 
geometry also dictates trace length and uniformity. 
Figure 2 provides a comparison between the trace 
lengths for various LCCs and side-braze DIPs. As pin 
count goes up, trace lengths get longer, adding re
sistance and capacitance unequally around the pack
age. As ICs get faster and more complex these factors 
start to become a limiting factor on performance. 
LCCs minimize this effect by maintaining, as close as 
possible, uniform trace length so that the package is a 
Significantly smaller determinant of system perform
ance. 

LEAD LONGEST TRACE DIP LONGEST TRACE 
COUNT LONGEST TRACE LCC SHORTEST TRACE 

Lee DIP 

18 2:1 1.5:1 6:1 

24 4:1 1.5:1 3:1 

40 5:1 1.5:1 6:1 

54 6:1 1.5:1 7:1 

FIGURE 2. ELECTRICAL PERFORMANCE 
(RESISTANCE AND SPEED) 

The LCC also offers environmental advantages over 
"chip-and-wire" manufacturing techniques used in 
high density hybrid circuits. An IC can be fully tested, 
burned-in and processed in an LCC, thereby guaran
teeing its performance. 

The IC is further protected by a small hermetic pack
age in which internal vapor content can be carefully 
controlled during production. 

Harris Semiconductor Leadless Chip Carriers in both 
Ceramic and Epoxy provide reliable, high density, 
high performance packaging options for today's sys
tems. 

Consult the factory or your Harris sales representative 
for pricing and availability. 
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.----------- Ordering Information --------, 

Product Code Harris Semiconductor products are represented by an 
extensive network of factory sales personnel, sales 
representatives, and authorized distributors throughout the 
world. Please contact your nearest sales office, 
representative, or distributor for product information, pricing, 
ordering, or delivery details. A complete list of sales offices 
is available by contacting the Harris Semiconductor literature 
department at (407) 724·3739. Headquarters are also listed 
at the end of this book. 

Harris products are designated by a "Product Code". This 
code includes designators for the product family, device type, 
performance grade, temperature grade and package style. 
Examples of the product codes are shown below: 

80CXXX MICROPROCESSOR/PERIPHERAL PRODUCT CODE 

M D 80C86 -2 /B 

T -- -- T 
TEMPERATURE RANGE 

C: Ooc to +70oC 

PART NUMBER 

80CXXX: CMOS Microprocessor 
82CXXX: CMOS Peripheral 

ENHANCED SCREENING 

18: ·55°C to + 125°C with Burn-In 
1883: Fully Compliant to MIL·STD-883C I: ·40oC to +85°C 

M: ·55°C to +125°C 
X: +25°C 

H 

T 
PREFIX 

H(Harris) 

PACKAGE 

D: Ceramic DIP 
G: Pin Grid Array (PGA) 
P: Plastic DIP 
R: Leadless Chip Carrier (LCC) 
S: Plastic Leaded Chip Carrier (PLCC) 
X: Unpackaged Device 

SPEED DESIGNATION 

PERIPHERALS MICROPROCESSORS 
5: 5MHz Blank: 5MHz 

Blank: 8MHz 2: 8MHz 
10: 10MHz 10: 10MHz 
12: 12.5MHz 12: 12.5MHz 

16: 16MHz 
20: 20MHz 
25: 25MHz 

MEMORY/PERIPHERAL PRODUCT CODE 

M 
-r-

1 

T 
PACKAGE 

1: Ceramic DIP 
3: Plastic DIP 
4: Leadless Chip Carrier 

(LCC) 
5: Ceramic Substrate 
6: Slimline 

9P: Small Outline (~OIC) 
0: Chip Form 

65162 B 

T 
PERFORMANCE 

GRADE 

B: High Performance 
C: Relaxed Specification 
S: Very High Speed 

9 
-r-

FAMILY 

D: Digital 
M: Memory 
S: ARINC 

PART NUMBER 

155XX: CMOS Manchester Encoderl 
Decoder (MED) 

TEMPERATURE 

5: OoC to +70oC 

3X82: ARINC 
47/64XX: CMOS UARTIMED 

65XXX: CMOS RAM 
66XX: CMOS PROM 
88XX: CMOS RAM Module 

9·3 

6: 100% 25°C Probe (Dice Only) 
8: ·55°C to + 125°C with Burn-In 
9: -400C to +050C 

1683: Fully Compliant to MIL·STD-883C 



r---~----- Ordering Information ---------, 

CDP1800-SERIES PRODUCT CODE 

CDP1802AC 

PART NUMBER 

CDP18XX; Mlcroprocessor/PeripheraVRAM 
MWS51 XX; RAM 

ICM 

FAMILY 

ICL; Linear IC 
ICM; Peripheral 

1M; EPROM 

7170 

PART NUMBER 

E 

T 
PACKAGE 

D; Side-Brazed Ceramic DIP 
E; Plastic DIP 
Q; Plastic Leaded Chip Carrier 

(PLCC) 

ICUlCMlIMXXXX PRODUCT CODE 

P 

T -r-

TEMPERATURE RANGE 

C; OOC to +700 C 
I; -400C to +85°C 

M; -55°C to +125°C 

PACKAGE 

x 

T 
ENHANCED SCREENING 

X; -40°C to +85°C with Burn-In 
13; -55°C to +125°C with Burn-In 

G 

T 
NUMBER OF PINS 

E; 16 
G; 24 

B; Small Outline (SOl C) 
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D; Side-Brazed Ceramic DI P 
J: Ceramic DIP 
P; Plastic DIP 



r-------- Package Availability ----------, 

CERAMIC LEADLESS PLASTIC LEADED 
PART NUMBER CERAMIC DIP PLASTIC DIP CHIP CARRIER CHIP CARRIER 

MICROPROCESSORS 

CDP1802A, CDP1802AC 40 LEAD' 40 LEAD · 44 LEAD 

CDP1802BC 40 LEAD' 40 LEAD · 44 LEAD 

CDP1804AC 40 LEAD' 40 LEAD · 44 LEAD 

CDP1805AC 40 LEAD' 40 ,LEAD · 44 LEAD 

CDP1806AC 40 LEAD' 40 LEAD · 44 LEAD 

8OC286 68 LEAD (PGA) · · 68 LEAD 

8OC86 40 LEAD 40 LEAD 44 LEAD 44 LEAD 

8OC88 40 LEAD 40 LEAD 44 LEAD 44 LEAD 

PERIPHERALS 

CDP1851, CDP1851C 40 LEAD' 40 LEAD · · 
CDP1852, CDP1852C 24 LEAD' 24 LEAD · · 
CDP1853, CDP1853C 16 LEAD' 16 LEAD · · 
CDP1855, CDP1855C 28 LEAD' 28 LEAD · · 
CDP1857, CDP1857C 16 LEAD' 16 LEAD · · 
CDP1871A, CDP1871AC 40 LEAD' 40 LEAD · 44 LEAD 

CDP1872C 22 LEAD' 22 LEAD · · 
CDP1874C . 22 LEAD · · 
CDP1875C 22 LEAD' 22 LEAD · · 
CDP1877, CDP1877C 28 LEAD' 28 LEAD · · 
CDP1878, CDP1878C 28 LEAD' 28 LEAD · · 
CDP1879, CDP1879C 24 LEAD' 24 LEAD · · 
CDP1881, CDP1881C 20 LEAD · · 
CDP1882, CDP1882C 18 LEAD' 18 LEAD · · 
CDP1883, CDP1883C . 20 LEAD · · 
ICM7170 24 LEAD' 24 LEAD" · · 
82C237 40 LEAD 40 LEAD 44 LEAD 44 LEAD 

82C284 18 LEAD · · · 
82C37A 40 LEAD 40 LEAD 44 LEAD 44 LEAD 

82C54 24 LEAD 24 LEAD 28 LEAD 28 LEAD 

82C55A 40 LEAD 40 LEAD 44 LEAD 44 LEAD 

82C59A 28 LEAD 28 LEAD 28 LEAD 28 LEAD 

82C82 20 LEAD 20 LEAD 20 LEAD 20 LEAD 

82C83H 20 LEAD 20 LEAD 20 LEAD 20 LEAD 

82C84A 18 LEAD 18 LEAD 20 LEAD 20 LEAD 

82C85 24 LEAD SLIM · 28 LEAD 28 LEAD 

82C86H 20 LEAD 20 LEAD 20 LEAD 20 LEAD 

82C87H 20 LEAD 20 LEAD 20 LEAD 20 LEAD 

82C88 20 LEAD 20 LEAD 20 LEAD 20 LEAD 

82C89 20 LEAD 20 LEAD 20 LEAD 20 LEAD 

DATA COMMUNICATIONS 

CDP1854A, CDP1854AC 40 LEAD' 40 LEAD · 44 LEAD 

CDP6402, CDP6402C 40 LEAD' 40 LEAD · · 
HD·15530 24 LEAD · 28 LEAD · 
HD·15531 40 LEAD 40 LEAD · · 
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....---------Package Availability --------.., 

PART NUMBER CERAMIC DIP 

OATACQMMUNICATIONS (Continued) 

HD-4702 16LEADMSI 

HD-6402 40 LEAD 

HD-6408 24 LEAD 

HD-6409 20 LEAD 

HS-3182 16 LEAD" 

H8-3282 40 LEAD 

ICL232 16 LEAD 

82C50A 40 LEAD 

82C52 28 LEAD 

MEMORY 

CDP1821C 16 LEAD" 

CDP1822, CDP1822C 22 LEAD" 

CDP1823, CDP1823C 24 LEAD" 

CDP1824, CDP1824C 18 LEAD" 

CDPI826C 22 LEAD" 

HM-6504 18 LEAD 

HM-6508 16 LEAD LSI 

HM-6514 18 LEAD 

HM-6516 24 LEAD 

HM-65162 24 LEAD 

HM-6518 18 LEAD 

HM-65262 20 LEAD 

HM-6551 22 LEAD 

HM-6561 18 LEAD 

HM-65642 28 LEAD 

HM-6617 24 LEAD'" 

HM-6642 24 LEAD'" 

IM-6654 24 LEAD' 

MWS5101 22 LEAD' 

MWS5114 18 LEAD' 

, Dual-In-Une Metal-Seal Ceramic Package (Slde·Braze). 
" Available in Plastic DIP and SOIC • 

•• , Available in Slim and Wide DIP. 

PART NUMBER 

RAM MODULES 

HM-6564 

HM·8808,A 

HM-8816H 

HM-8832 

HM-92560 

HM-92570 

HM-91M2 

CERAMIC LEADLESS PLASTIC LEADED 
PLASTIC DIP CHIP CARRIER CHIP CARRIER 

16 LEAD 18 LEAD -
40 LEAD - -
24 LEAD - -

20 LEAD"" 20 LEAD -
- 28 LEAD -
- 44 LEAD -

16 LEAD"" - -
40 LEAD - 44 LEAD 

28 LEAD 28 LEAD 28 LEAD 

- - -
22 LEAD - -
24 LEAD - -
18 LEAD - -
22 LEAD - -
18 LEAD 18 LEAD -
16 LEAD - -
18 LEAD 18 LEAD -
24 LEAD 32 LEAD RECT. -
24 LEAD 32 LEAD RECT. -
18 LEAD - -
20 LEAD 20 LEAD RECT. -
22 LEAD - -
18 LEAD - -
28 LEAD 32 LEAD RECT. -

- 32 LEAD RECT. -
- 28 LEAD -
- - -

22 LEAD - -
18 LEAD - -

MODULE SUBSTRATE 

40 LEAD 

28 LEAD 

28 LEAD 

28 LEAD 

48 LEAD 

48 LEAD 

48 LEAD 
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Package Outlines 

Dual-In-Line Glass-Sealed Ceramic Package, 0.300 
DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 

LEAD COUNT A B·· B1 C·· D E E1 eLL 1 Q 5 51 ex 
16MSI' 0.016 0.050 0.008 0.753 0.265 0.290 0.100 0.125 0.150 0.015 

0.200 0.023 0.065 0.015 0.785 0.285 0.310 sse 0.180 0.060 0.080 

16 LSI" 0.016 0.050 0.008 0.753 0.285 0.300 0.100 0.125 0.150 0.015 

0.200 0.023 0.065 0.015 0.785 0.305 0.320 sse 0.180 0.060 0.080 

18" 0.016 0.050 0.008 0.882 0.285 0.300 0.100 0.125 0.150 0.015 

0.200 0.023 0.065 0.015 0.915 0.305 0.320 sse 0.180 0.060 0.098 

20" 0.016 0.050 0.008 0.940 0.285 0.300 0.100 0.125 0.150 0.015 

0.200 0.023 0.065 0.015 0.990 0.305 0.320 sse 0.180 0.060 0.080 

24 SLIM 0.016 0.050 0.008 1.240 0.285 0.300 0.100 0.125 0.150 0.015 

0.200 0.023 0.065 0.015 1.280 0.305 0.320 sse 0.180 0.060 0.098 

" End leads are half leads where S remains the same and S 1 IS 0.035 . 0.045. 
"" Dimensions Sand e maximum limits are increased by 0.003 for solder dip finish. 

Dual-In-Line Glass-Sealed Ceramic Package, 0.400 
DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 

LEAD COUNT A B· B1 C· D E El eLL 1 Q 8 

22 0.016 0.050 0.008 1.055 0.375 0.400 0.100 0.125 0.150 0.015 

0.225 0.023 0.065 0.015 1.085 0.395 0.420 sse 0.180 0.060 0.080 

Dimensions Sand e maximum limits are increased by 0.003 for solder dip finish. 

Dual-In-Line Glass-Sealed Ceramic Package, 0.600 

LEAD COUNT 

24 

DIM. DIM. DIM. DIM. 
A B" B1 C" 

0.016 0.050 0.008 

0.225 0.023 0.065 0.015 

DIM. 
D 

1.24 

1.27 

DIM. DIM. 
E E1 

0.515 0.595 

0.535 0.615 

DIM. DIM. DfM. DfM. DIM. 
e L L1 Q 8 

0.100 0.125 0.150 0.015 

sse 0.180 0.060 0.098 

0.005 (j' 

15° 

0.005 (j' 

15° 

0.005 (j' 

15° 

0.005 0° 

15° 

0.005 0° 

15° 

DIM. DIM. 
51 ex 

0.005 0° 

15° 

DIM. DIM. 
81 ex 

0.005 0° 

15° 

28 0.016 0.050 0.008 1.44 0.515 0.595 0.100 0.125 0.150 0.015 0.005 (j' 

0.225 0.023 0.065 0.015 1.47 0.535 0.615 sse 0.180 0.060 0.098 15° 

40 0.016 0.050 0.008 2.035 0.515 0.595 0.100 0.125 0.150 0.015 0.005 (j' 

0.225 0.023 0.065 0.015 2.096 0.535 0.615 sse 0.180 0.060 0.098 15° 

DimensIons Sand e maximum limits are increased by 0.003 for solder dip finish. 

e 
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Dual-In-Llne Metal-Seal Ceramic Packages 
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18 LEAD DUAL·IN-LINE METAL·SEAL CERAMIC PACKAGE 
(JEDEC M8-015-AD) 

INCHES MILLIMETERS 

16 LEAD DUAL-IN-UNE METAL-8EAL CERAMIC PACKAGE 
(JEDEC M8-015AC) 

INCHES MIWMETERS 
SYMBOL MIN MAX MIN MAX NOTES 

A 0.085 0200 2.16 5.080 4 
A, 0.025 0.070 0.84 1.78 4 
B 0.015 0.022 0.38 0.56 9 
B, 0.045 0.065 1.14 1.65 
C 0.009 0.015 0.23 0.38 9 
D 0.780 0.820 19.81 20.83 5 
E 0.300 0.325 7.62 826 6 
E 0.280 0.310 7.11 7.87 5 
B 0.100BSC 2.54BSC 

0.300BSC 7.62BSC 6 
L 0.125 I 0.200 3.18 I 5.06 4 
N 16 16 8 

0.005 0.13 12 
0.400 10.16 7 

7 
S, 0.005 0.13 13 

22 LEAD DUAL·IN·LlNE METAL·SEAL CERAMIC PACKAGE 
(JEDEC M8-015-BB) 

INCHES MILLIMETERS 

.. S;.YM~B;.O_L+~M:::-IN=-+-o:iiM~Ai:'!X:-lt-::~M~IN:"-+-oi:M~A~X~I-iN;.O~T:-;;E_S-I .. S;.Y_M~B;.O;.;L+~M:::-IN=-+-o:iiM~Ai:'!X:-It-::~M~IN:"-+-oi:M~AX~+N;.O;.T:-;;E_S-I 
r--7A __ ~~0~.0:::-~~+-~02~00~~~2~.1~6~+-75.~06~~~4~~ ~ __ ~A __ ~~0~.06~5~+-~0.~200~~~2~.1~6 __ +-75.~06~~~4~-I 

A, 0.025 0.070 0.635 1.78 4 A, 0.025 0.070 0.64 1.78 4 
B 0.015 0.022 0.38 0.56 9 B 0.015 0.022 0.38 0.56 9 
B1 0.045 0.065 1.14 1.65 - B1 0.045 0.065 1.14 1.65 
C 0.009 0.015 0.23 0.38 9 C 0.009 0,015 0.23 0.38 9 
D 0.800 0.920 22.35 23.37 5 D 1.060 1.100 26.92 27.94 5 
E 0.300 0.325 7.62 8.26 6 E 0.400 0.425 10.16 10.80 6 

E1 0.280 0.310 7.11 7.87 5 E1 0.380 0.410 9.65 10.41 5 
B 0.100 esc 2.54 BSC - B 0.100 BSC 2.54 BSC 

BA 0.300 BSC 7.62 BSC 6 . BA 0.400 BSC 10.16 BSC 6 
L 0.125 I 0.200 3.18 I 5.08 4 L 0.125 I 0.200 3.18 I 5.06 4 
N 18 18 8 N 22 22 8 
Q, 0.005 - 0.13 - 12 Q, 0.005 0.13 12 
Be - 0.400 - 10.16 7 Be 0.500 12.70 7 
Be f1' - f1' - 7 Be 7 
S, 0.005 - 0.13 - 13 S, 0.005 0.13 13 

NOTES: 

1. Controlling dimension: Inch. In case 01 conflict between English and 
metric dimensions. the inch dimensions control. 

6. E and eA are measured ~h the leads constrained to be perpendIc-

2. Dimensioning and Tolerancing per ANSI YI4.5M-1982. 
3. Symbols era defined in the "MS Series Symbol Us!" in Section 2.2 01 

publicalion No. 95. 
4. Dimensions A, AI and L are measured w~h the package seated in 

JEDEC seating plane gauge G5-3. Dimension A includes the lid 
thickness, and may increase to 0.260 inches maximum when an 
EPROM lid is ~. 

5. D and E1 dimensions do not include particles (burrs and/or projec
tions) 01 package malerial. Such particles shell not exceed 0.010 
inches (O.25mm) par side. Includes allowances for glass overrun and 
meniscus, and Iid-I~ mismatch. 

ular to plane C. 
7. ee and eC era measured altha lead tips w~h the leads unconstrained. 
8. N is the maximum number of terminal leads. 
9. Maximum lead thicknass includes all lead finishes. Minimum base 

material shall be 0.009 inches thick. 

10. Any raised irregulamy on the top surface (step, mass, etc.) sheD be 
symmetrical about the lateral and Iong~udinal package centerfines. 

11. Maximum fillet. including solder coat, ff any. 
12. Measured from the lop of lhe ceramic body to the nearest 

metallization or lead. 
13. Measured from the end 01 the ceramic body to the nearest 

metallization or lead. 
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Dual-In-Line Metal-Seal Ceramic 
Packages (Continued) 
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28 LEAD DUAL·IN·LINE METAL·SEAL CERAMIC PACKAGE 
(JEDEC M5-015-CB) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 
A 0.085 0.200 2.16 5.08 4 
A, 0.025 0.070 0.64 1.78 4 
B 0.015 0.022 0.38 0.56 9 
B, 0.045 0.065 1.14 1.65 . 
e 0.009 0.015 0.23 0.38 9 
D 1.380 1.420 35.05 36.07 5 
E 0.600 0.625 15.24 15.88 6 
E, 0.580 0.610 14.73 15.49 5 
a 0.100B8e 2.54B8e 

eA 0.600 B8e 15.24 B8e 6 
L 0.125 I 0.200 3.18 I 5.08 4 
N 28 28 8 
0, 0.005 . 0.13 12 

as . 0.700 - 17.78 7 

ee 0° 0° 7 
8, 0.005 . 0.13 . 13 

NOTES: 

1. Controlling dimension: Inch. In case of conflict between English and 
metric dimensions, the inch dimensions control. 

2. Dimensioning and Tolerancing per ANSI YI4.5M-1982. 

3. Symbols are defined in the OMS Series Symbol List" in Section 2.2 of 
publication No. 95. 

4. Dimensions A, Al and L are measured with the package seated in 
JEDEe seating plane gauge GS-3. Dimension A includes the lid 
thickness, and may increase to 0.260 inches maximum when an 
EPROM lid is used. 

5. D and E, dimensions do not include particles (burrs andlor projec
tions) of package material. Such particles shall not exceed 0.010 
inches (0.25mm) per side. Includes allowances for glass overrun and 
meniscus, and lid-ta-base mismatch. 

24 LEAD DUAL·IN·LlNE METAL·SEAL CERAMIC PACKAGE 
(JEDEC M5-015CA) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.085 0.200 2.16 5.08 4 
A, 0.025 0.070 0.64 1.78 4 
B 0.015 0.022 0.38 0.56 9 
B, 0.045 0.065 1.14 1.65 . 
e 0.009 0.015 0.23 0.38 9 
D 1.180 1.220 29.97 30.99 5 
E 0.600 0.625 15.24 15.88 6 
E, 0.580 0.610 14.73 15.49 5 
e 0.100 B8e 2.54B8e -

eA 0.600 B8e 15.24B8e 6 
L 0.125 0.200 3.18 I 5.08 4 
N 24 24 8 
0, 0.005 . 0.13 12 

es . 0.700 . 17.78 7 

ee 0" 0° .7 
8, 0.005 - 0.13 - 13 

40 LEAD DUAL·IN·LlNE METAL·SEAL CERAMIC PACKAGE 
(JEDEe M5-015-CE) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.085 0.200 2.16 5.08 4 
A, 0.025 0.070 0.64 1.78 4 
B 0.015 0.022 0.38 0.56 9 
B, 0.045 0.065 1.14 1.65 
e 0.009 0.015 0.23 0.38 9 
D 1.980 2.020 50.29 51.31 5 
E 0.600 0.625 15.24 15.88 6 
E, 0.580 0.610 14.73 15.49 5 
e 0.100B8e 2.54B8e -

eA 0.60088e 15.2488e 6 
L 0.125 0.200 3.18 5.08 4 
N 40 40 8 
0, 0.005 . 0.13 12 

es - 0.700 - 17.78 7 

ee 0° 0° . 7 
8, 0.005 0.13 . 13 

6. E and eA are measured wfth the leads constrained to be perpendic-
ular to plane C. 

7. eS and ee are measured at the lead tips wfth the leads unconstrained. 

8. N is the maximum number of terminal leads. 

9. Maximum lead thickness includes all lead finishes. Minimum base 
material shall be 0.009 inches thick. 

10. Any raised irregularity on the top surface (step. mass, etc.) shall be 
symmetrical about the lateral and longitudinal package centerlines. 

11. Maximum fillet. including solder coat, n any. 

12. Measured from the top of the ceramic body to the nearest 
metallization or lead. 

13. Measured from the end of the ceramic body to the nearest 
metallization or lead. 
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Dual-In-Line Plastic Packages 
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18 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC M5-001-AD) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A - 0.210 5.33 

A, 0.015 - 0.39 

A2 0.115 0.195 2.93 4.95 

B 0.014 0.022 0.356 0.558 

B, 0.045 0.070 1.15 1.77 

e 0.008 0.Q15 0.204 0.381 

D 0.845 0.925 21.47 23.49 

Dl 0.005 - 0.13 

E 0.300 0.32'5 7.62 8.25 

E, 0.240 0.280 6.10 7.11 

e 0.100 BSe 2.54 BSe 

eA 0.300 BSe 7.62 BSe 

es - 0.430 - 10.92 

L 0.115 0.160 2.93 4.06 

N 18 18 

NOTES: 

NOTES 

4 

4 

-

9 

5 

6 

5 

6 

7 

4 

8 

I. Controlling Dimensions: Inch. In case of conflict between English and 
Metric dimensions. the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI YI4.5M-1982. 

3. Symbols are defined in the "MO Series Symbol List" in Section 2.2 of 
Publication No. 95. 

4. Dimensions A. AI and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. 

5. D and E, dimensions do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed 0.01 0 inch (0.25mm). 

16 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC M5-001-AA) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.210 5.33 

At 0.015 - 0.39 

A2 0.115 0.195 2.93 4.95 

B 0.014 0.022 0.356 0.558 

B, 0.045 0.070 1.15 1.77 

C 0.008 0.015 0.204 0.381 

D 0.745 0.840 18.93 21.33 

Dl 0.005 - 0.13 -
E 0.300 0.325 7.62 8.25 

E, 0.240 0.280 6.10 7.11 

e 0.100 BSe 2.54BSe 

eA 0.300 BSe 7.62 BSe 

es 0.430 10.92 

L 0.115 0.160 2.93 4.06 

N 16 16 

20 LEAD DUAL-IN-L1NE PLASTIC PACKAGE 
(JEDEC MS-001-AE) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A - 0.210 - 5.33 

A, 0.015 0.39 -
A2 0.115 0.195 2.93 4.95 

B 0.014 0.022 0.356 0.558 

B, 0.045 0.070 1.15 1.77 

e 0.008 0.015 0.204 0.381 

D 0.925 1.060 23.50 26.90 

Dl 0.005 0.13 

E 0.300 0.325 7.62 8.25 

E, 0.240 0.280 6.10 7.11 

9 0.100 BSe 2.54BSe 

eA 0.300 BSe 7.62 BSe 

9S - 0.430 - 10.92 

L 0.115 0.160 2.93 4.06 

N 20 20 

NOTES 

4 

4 

-
-
9 

-
5 

6 

5 

-
6 

7 

4 

8 

NOTES 

4 

4 

9 

5 

-
6 

5 

-
6 

7 

4 

8 

6. E and eA are measured with the leads constrained to be perpen
dicular to plane C. 

7. eS and eC are measured at the lead tips wnh the leads uncon 
strained. eC must be zero or greater. 

8. N is the maximum number of terminal posnions. 

9. Corner leads (I. N. N/2 and Nl2 + 1) may be configured as shown 
in Figure 2. 
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Dual-In-Line Plastic Packages (Continued) 
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24 LEAD DUAL·IN·L1NE PLASTIC PACKAGE 
(JEDEC M5-011·AA) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A - 0.250 - 6.35 

A, 0.015 . 0.39 -
A2 0.125 0.195 3.18 4.95 

B 0.014 0.022 0.356 0.558 

B, 0.030 0.070 o.n 1.n 
C 0.008 0.015 0.204 0.381 

0 1.150 1.290 29.3 32.7 

01 0.005 - 0.13 -
E 0.600 0.625 15.24 15.87 

E, 0.485 0.560 12.32 14.73 

a O.looBSC 2.54BSC 

eA 0.6ooBSC 15.24BSC 

aB - 0.700 - 17.78 

L 0.115 0.200 2.93 5.08 

N 24 24 

NOTES: 
1. Controlling Dimensions: Inch 

NOTES 

4 

4 

-
-
9 

-
5 

-
6 

5 

. 
6 

7 

4 

8 

In case of conflict between English and Metric dimensions, the inch 
dimensions oontrol. 

2. Dimensioning and loIerencing per ANSI Y14.5M-1982. 
3. Symbols are defined in the "MO Series Symbol List" in Section 2.2 of 

P~icetion No. 95. 

4. Dimensions A, A, and L are meesured with the package seated in 
JEDEC seating plane gauge G8-3. 

5. 0 and E1 dimensions do not include mold flash or protrusions. Mold 
flash or protrusions shaD not exceed 0.010 inch (0.2Smm). 

22 LEAD DUAL-IN·L1NE PLASTIC PACKAGE 
(JEDEC M5-01D-AA) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A - 0.210 . 5.33 

A, 0.015 . 0.39 . 
A2 0.125 0.195 3.18 4.95 

B 0.014 0.022 0.356 0.558 

B, 0.030 0.070 o.n 1.n 
C 0.008 0.015 0.204 0.381 

0 1.050 1.120 26.67 28.44 

0, 0.005 - 0.13 -
E 0.390 0.425 9.91 10.79 

E, 0.330 0.360 8.39 9.65 

e 0.100 BSC 2.54BSC 

SA 0.4ooBSC 10.16BSC 

sB 0.500 - 12.70 

L 0.115 0.160 2.93 4.06 

N 22 22 

28 LEAD DUAL·IN·L1NE PLASTIC PACKAGE 
(JEDEC M5-011·AB) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A - 0.250 - 6.35 

A, 0.015 . 0.39 -
A2 0.125 0.195 3.18 4.95 

B 0.014 0.022 0.356 0.558 

B, 0.030 0.070 o.n 1.n 
C 0.008 0.015 0.204 0.381 

0 1.380 1.565 35.1 39.7 

01 0.005 - 0.13 . 
E Q.600 0.625 15.24 15.87 

E, 0.485 0.560 12.32 14.73 

e 0.100 BSC 2.54BSC 

SA 0.600BSC 15.24BSC 

sB . 0.700 - 17.78 

L 0.115 0.200 2.93 5.08 

N 28 28 

NOTES 

4 

4 

· 
· 
9 

· 
5 

-
6 

5 

-
6 

7 

4 

8 

NOTES 

4 

4 

· 
· 
9 

· 
5 

· 
6 

5 

· 
6 

7 

4 

8 

6. E and eA are measured with the leads constrained to be perpen
dicular to plane C. 

7. lIS and eo are measured at the lead tips w~h the leads unc0n

strained. eC must be zero or greater. 
8. 'N is the maximum number of terminal pos~ions. 
9. Corner leads (1, N, NI2 and NI2 + 1) mey be configured as shown 

in Figure 2. 
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Dual-In-Line Plastic Packages (Continued) 

FIGURe t 

NOTES: 
1. Controlling Dimensions: Inch 

In cese of conflict between English and Metric dimensions, the inch 
dimensions control. 

2. Dimensioning and tolerancing per ANSI YI4.SM-1982. 
3. Symbols are defined in the "MO Series Symbol List" in Section 2.2 of 

Publication No. 95. 
4. Dimensions A, At and Lara measured wfth the package seated in 

JEDEO seating plane gauge G8-3. 
5. 0 and El dimensions do not include mold flash or protrusions. Mold 

flash or protrusions shall not exceed 0.010 inch (0.2Smm). 

40 LEAD DUAL-IN-L1NE PLASTIC PACKAGE 
(JEDEC M8-011-AC) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A - 0.250 - 6.35 

Al 0.015 - 0.39 -
A2 0.125 0.195 3.18 4.95 

B 0.014 0.022 0.356 0.558 

Bl 0.030 0.070 0.77 1.77 

C 0.008 0.015 0.204 0.381 

0 1.980 2.095 50.3 532 

01 0.005 - 0.13 -
E 0.600 0.625 15.24 15.87 

El 0.485 0.580 12.32 14.73 

e 0.100 BSC 2.54BSC 

eA 0.6ooBSC 15.24BSC 

as - 0.700 - 17.78 

L 0.115 0.200 2.93 5.08 

N 40 40 

NOTES 

4 

4 

-
-
9 

-
5 

-
6 

5 

-
6 

7 

4 

8 

6. E and eA are measured wfth the leads constrained to be perpen
dicular to plane O. 

7. eS and eO are measured at the lead tips wfth the leads uncon
strained. eO must be zero or greater. 

B. N is the maximum number of terminal posftions. 
9. Oorner leads (I, N. Nl2 and NI2 + 1) may be configured as shown 

in Figure 2. 
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Small Outline (SO) Plastic Packages 

20 LEAD DUAL·IN·LINE SMALL OUTLINE PLASTIC PACKAGE 
(JEDEC MS-Ol3-AC) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.0926 0.1043 2.35 2.65 

AI 0.0040 0.0118 0.10 0.30 

S 0.013 0.0200 0.33 0.51 9 

e 0.0091 0.0125 0.23 0.32 

D 0.4961 0.5118 12.60 13.00 3 

E 0.2914 0.2992 7.40 7.60 4 

e 0.050 sse 1.27 sse 
H 0.394 0.419 10.00 10.65 

h 0.010 0.029 0.25 0.75 5 

L 0.016 0.050 0.40 1.27 6 

N 20 20 7 

oc 0° 8° 0° 8° . 

NOTES: 

1. Refer to applicable symbol lis\' 

2. Dimensioning and tolerancing per ANSI YI4.5M·1982. 

3. Dimension "D' does not include mold flash. protusions or gate burrs. 
Mold flash, protusion and gate burrs shall not exceed 0 15mm (0.006 
in.) per side. 

4. Dimension "E' does not include interlead flash or protusions. 
Interlead flash and protrusions shall not exceed 0.2Smm (0010 in) 
per side. 

5. The chamfer on the body is optional. If It is not present, a visual index 
feature must be located w~hin the crosshatched area. 

16 LEAD DUAL·IN·LINE SMALL OUTLINE PLASTIC PACKAGE 
(JEDEC MS-Ol3-AA) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.0926 0.1043 2.35 2.65 · 
AI 0.0040 0.0118 0.10 0.30 · 
S 0.0138 0.020 0.35 0.508 

e 0.0091 0.0125 0.23 0.32 · 
D 0.3977 0.4133 10.10 10.50 4 

E 0.2914 0.2992 7.40 7.60 4 

e 0.050 sse 1.27 sse 
H 0.394 0.419 10.00 10.65 · 
h 0.010 0.029 0.25 0.75 5 

L 0.016 0.050 0.40 1.27 6 

N 16 16 7 

oc 0° 8° 0° 8° 

24 LEAD DUAL·IN·L1NE SMALL OUTLINE PLASTIC PACKAGE 
(JEDEC MS-Ol3-AD) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.0926 0.1043 2.35 2.65 

AI 0.0040 0.0118 0.10 0.30 

S 0.0138 0.0200 0.35 0.508 · 
e 0.0091 0.0125 0.23 0.32 · 

D 0.5985 0.6141 15.20 15.60 4 

E 0.2914 0.2992 7.40 7.60 4 

e 0.050 sse 1.27 sse · 

H 0.394 0.419 10.00 10.65 

h 0.010 0.029 0.25 0.75 5 

L 0.016 0.050 0.40 1.27 6 

N 24 24 7 

oc 0° 8° 0° 8° · 

6. "L' is the length of terminal for soldering to a substrate. 

7. "N' is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width "B', as measured O.36mm (0.014 in.) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 in) 

10. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 
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Leadless Chip Carriers 

LEAD COUNT DIM. A DIM.A1 

18 Rectangular 0.054 0.040 

0.075 0.063 

20 Square 0.070 0.050 

0.097 0.080 

20 Rectangular 0.070 0.050 

0.097 0.080 

28 Square 0.070 0.050 
0.097 0.080 

32 Rectangular 0.070 0.050 

0.097 0.080 

44 Square 0.073 0.063 

0.098 0.084 

I. D 

n n n n n n n 

68 Pin Grid Array (PGA) 
aOC286 

DIM.B1 DIM. 0 

0.020 0.280 

0.030 0.295 

0.022 0.342 

0.028 0.358 

0.022 0.280 

0.028 0.296 

0.022 0.440 

0.028 0.460 

0.022 0.442 

0.028 0.458 

0.022 0.643 

0.028 0.662 

~:::~ 
r--___ l •OOO 

ISC 
.-~rr------

1.140 
1.iiO 

o 0 0 0 0 0 0 0 «ooH-l----.
@0000000@ 

00 00 
00 

D 
00 

00 00 
00 00 
00 00 
00 00 
00 00 
0@0000000@o 

00·00000 
0.010 MAX 

1.000 
ssc 

La.D03 
MIN 

9-14 

DIM.E DIM.e DIM.L 

0.345 O.050Bse 0.040 

0.360 0.050 

0.342 O.050BSe 0.045 

0.358 0.055 

0.419 0.050 BSe 0.045 

0.440 0.055 

0.440 0.050BSe 0.045 

0.460 0.055 

0.540 0.050BSe 0.045 

0.560 0.055 

0.643 0.050BSe 0.045 

0.662 0.055 

, ,--JJ 
1 Inn n n n n nil A A1 

Tl 

DIM.L2 

0.090 

0.110 

0.075 

0.095 

0.075 

0.095 

0.075 

0.095 

0.075 

0.095 

0.075 

0.095 



Plastic Leaded Chip Carrier Packages 
0.0421' 07) 004211.071 

20 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE iDii1'f1if 0 ou 11.421 h "N'T"N'nc··""·""· J;7'!Oiiilll (JEDEC MO-047AA) 
\. OOU(064)A INCHES MILLIMETERS t:: J. I _ ~ 00iIllT4i SYMBOL MIN MAX MIN MAX NOTES r Vf TIl ~'~"-~ A 0.165 0.180 4.20 4.57 

----.2" A, 0.090 0.120 2.29 3.04 -'+ ~D2f" D 0.385 0.395 9.78 10.03 -E3 r---- .---., • I 
, lU ~--.. - D, 0.350 0.356 8.89 9.042 2 I Ct:NTflit TO CENTER 0 ... 01 D2 0.290 0.330 7.37 8.38 1 

i i . D3 0.200 REF 5.08BSC -
L~; 3' ~ r··'·'···" E 0.385 0.395 9.78 10.03 ---1 os l MIN. 

01 "'1~_ E, 0.350 0.356 8.89 9.042 2 
D A_ SEATING 

0020 jO $lJ MAX PLANE E2 0.290 0.330 7.37 8.38 1 
:I 'lei 

0.021 (0 R) 
0032 (0 "1 0.013 (0 33) E3 0.200 REF 5.08BSC -

~~~ N 20 20 3 

DIMENSIONS IN PARENTHESES 
~OO2510141 

AAI! MILLiMfTIER EQUIVALENTS ~ ~ 
OF THE ."SIC INCH GIMiNSIO .... S MIN. 

~ 

28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AB) (JEDEC MO-047AC) 

INCHES MILLIMETERS INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES SYMBOL MIN MAX MIN MAX NOTES 

A 0.165 0.180 4.20 4.57 - A 0.165 0.180 4.20 4.57 

A, 0.090 0.120 2.29 3.04 A, 0.090 0.120 2.29 3.04 -
D 0.485 0.495 12.32 12.57 D 0.685 0.695 17.40 17.65 

D, 0.450 0.456 11.430 11.582 2 D, 0.650 0.656 16.510 16.662 2 

D2 0.390 0.430 9.91 10.92 1 D2 0.590 0.630 14.99 16.00 1 

D3 0.300 REF 7.62 BSC - D3 0.500 REF 12.70 BSC -
E 0.485 0.495 12.32 12.57 - E 0.685 0.695 17.40 17.65 -
E, 0.450 0.456 11.430 11.582 2 E, 0.650 0.656 16.510 16.662 2 

E2 0.390 0.430 9.91 10.92 1 E2 0.590 0.630 14.99 16.00 1 

E3 0.300 REF 7.62 BSC - E3 0.500 REF 12.70 BSC -
N 28 28 3 N 44 44 3 

68 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AE) 

INCHES MILLIMETERS 
NOTES: 

SYMBOL MIN MAX MIN MAX NOTES 
1. To be determined at seating plane. 

A 0.165 0.200 4.20 5.08 2. Dimensions D1 and E1 do not include mold protrusions. 
A, 0.090 0.130 2.29 3.30 Allowable mold protrusion is 0.254mmlO.01 0 in. 

D 0.985 0.995 25.02 25.27 3. "N" is the number of terminal positions. 

D, 0.950 0.958 24.13 24.33 2 4. Controlling dimensions: Inch. 

D2 0.890 0.930 22.61 23.62 1 

D3 0.800 REF 20.32 BSC -
E 0.985 0.995 25.02 25.27 -
E, 0.950 0.958 24.13 24.33 2 

E2 0.890 0.930 22.61 23.62 1 

E3 0.800 REF 20.32 BSC 

N 68 68 3 
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Module Substrate 

28 LEAD 
HM-8808l08A, HM-8832 

I l~OO I .:.. ".. ":n 
DDDr~ ~ 0 JU 

40 LEAD 
HM-6564 

.023 

I. 1.980 ·1 
2.020 

a -n DO DDII.s9B 
DO DC]<ongo ~ ~U 

48 LEAD 
HM-92570, HM-91 M2 

I ' 2.556 I 2.608 • '.... -rr D DDr--'D D l~J T 
D D 1.287!.:.lli. 

DDDD~O[[ 

28 LEAD 
HM-8816H 

I 1.490 ., 
1.520 

DDBDJI 

I"~" ~'" T~O 2=== ~ ~~~ A~O 
~M;t~11 

I ,-,- ~~-l ~I: t ---t ~ .048 

II ·looBse :!!!! 
.023 
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SALES OFFICES 
A complete and current listing of all Harris Sales, Representative and Distributor locations worldwide is available. Please order the 
Harris Sales Listing, BR-007 from the Literature Center or Harris AnswerFAX (see page i). 

HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 

U_S_ HEADQUARTERS 
Harris Semiconductor 
2401 Palm Bay Road N. E. 
Palm Bay, Florida 32905 
TEL: (407) 724-7000 

SOUTH ASIA 
Harris Semiconductor H.K. Ltd 
13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon Hong Kong 
TEL: (852) 723-6339 

EUROPEAN HEADQUARTERS 
Harris Semiconductor 
Mercure Center 
100, Rue de la Fusee 
1130 Brussels, Belgium 
TEL: 32 2 724 2111 

NORTH ASIA 
Harris K.K. 
Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo 102 Japan 
TEL: (81) 3-3265-7571 
TEL: (81) 3-3265-7572 (Sales) 

HARRIS TECHNICAL ASSISTANCE AVAILABILITY: 

UNITED STATES 

INTERNATIONAL 

CALIFORNIA 

FLORIDA 

GEORGIA 

ILLINOIS 

INDIANA 

MASSACHUSETTS 

NEW JERSEY 

NEW YORK 

TEXAS 

FRANCE 

GERMANY 

HONG KONG 

ITALY 

JAPAN 

KOREA 

SINGAPORE 

TAIWAN 

UNITED KINGDOM 

Costa Mesa ........................ 714-433-0600 
San Jose .......................... 408-985-7322 

Palm Bay .......................... 407-729-4984 

Duluth ............................. 404-476-2035 

Schaumburg ........................ 708-240-3480 

Carmel ............................ 317-843-5180 

Burlington .......................... 617-221-1850 

Voorhees .......................... 609-751-3425 

Hauppauge ................ " ...... 516-342-0291 
Wappingers Falls .................... 914-298-1920 

Dallas ............................. 214-733-0800 

Paris ............................. 33-1-346-54046 

Munich ............................ 49-89-63813-0 

Kowloon ........................... 852-723-6339 

Milano ............................ 39-2-262-0761 

Tokyo ............................ 81-3-3265-7571 

Seoul ............................. 82-2-551-0931 

Singapore ........................... 65-291-0203 

Taipei ............................ 886-2-716-9310 

Camberley ...................... ,' .44-2-766-86886 

For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS), 
or for immediate fax service using Harris AnswerFAX dial 407-724-7800 
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North American Sales Offices and Representatives December 1994 

Clark Hurman Associates Oasis Sales Giesting & Associates ALABAMA 
Unit 14 1101 Tonne Road 1279 Skyhills N.E. Harris Semiconductor 
20 Regan Road Elk Grove Village, IL 60007 Comstock Park, MI 49321 600 Boulevard South 

Suite 103 Brampton, Ontario TEL: (708) 640-1850 TEL: (616) 784-9437 
Canada L7A IC3 FAX: 708 640 9432 FAX: 616 784 9438 Huntsville, AL 35802 
TEL: (905) 840-6066 TEL: (205) 883-2791 
FAX: 905 840-6091 INDIANA MINNESOTA FAX: 205 8832861 

Harris Semiconductor Oasis Sales 
Glesting & Associates 308 Palladium Drive 

• 11590 N. Mendian SI. 7805 Telegraph Road Suite 200 Suite 15 
Kanata, Ontario Suite 100 Suite 210 

4835 University Square Carmel, IN 46032 Bloomington, MN 55438 
Huntsville, AL 35816 Canada K2B 1 AI 

TEL: (317) 843-5180 TEL: (612) 941-1917 TEL: (613) 599-5626 TEL: (205) 830-4554 
FAX: 613 5995707 FAX: 317 843 5191 FAX: 612 941 5701 

FAX: 205 830 4699 
Giesting & Associates 78 Donegani, SUite 200 
370 Ridgepoint Dr. MISSOURI 

ARIZONA POinte Claire, Quebec 
Carmel, IN 46032 Advanced Tech. Sales 

Compass Mktg. & Sales, Inc. Canada H9R 2V4 
TEL: (317) 844·5222 13755 SI. Charles Rock Rd. 

11801 N. Tatum Blvd. #101 TEL: (514) 426-0453 
FAX: 317 844 5861 Bridgeton, MO 63044 

PhoeniX, AZ 85028 FAX: 514 426 0455 TEL: (314) 291·5003 
TEL: (602) 996-0635 

IOWA FAX: 314 291 7958 
FAX: 602 996 0586 COLORADO 

Oasis Sales 
P.O. Box 65447 Compass Mktg. & Sales, Inc. 

4905 Lakeside Dr., NE NEBRASKA 
Tucson, AZ 85728 5600 So. Quebec SI. 

Suite 203 Advanced Tech. Sales, Inc. 
TEL: (602) 577-0580 Suite 3500 

Cedar Rapids, IA 52402 601 North Mur-Len, Suite 8 
FAX: 602 577 0581 Greenwood Village, CO 80111 

TEL: (319) 377-8738 Olathe, KS 66062 
TEL: (303) 721-9663 

FAX: 319 377 8803 TEL: (913) 782-8702 
CALIFORNIA 

FAX: 303 721 0195 FAX: 913 782 8641 
Harris Semiconductor KANSAS 

• 1503 So. Coast Dnve CONNECTICUT 
Advanced Tech. Sales, Inc. NEW JERSEY 

SUite 320 Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 Harris Semiconductor 

Costa Mesa, CA 92626 Westview Office Park 
Olathe, KS 66062 • Plaza 1000 at Main Street 

Bldg. 2, Suite 1 C Suite 104 TEL: (714) 433-0600 
850 N. Main Street ExtenSion TEL: (913) 782-8702 

Voorhees, NJ 08043 FAX: 714 433 0682 
Wallingford, CT 06492 FAX: 9137828641 

TEL: (609) 751-3425 Harris Semiconductor TEL: (508) 664-0888 FAX: 609 7515911 • 3031 Tisch Way FAX: 203 284 8232 KENTUCKY 
Harris Semiconductor 1 Plaza South Giesting & Associates 

San Jose, CA 95128 204 Pintail Court 724 Route 202 
TEL: (408) 985-7322 FLORIDA 

Versailles, KY 40383 P.O. Box 591 Harris Semiconductor 
FAX: 408 985 7455 • 2401 Palm Bay Rd. TEL: (606) 873-2330 Somerville, NJ 08876 

FAX: 606 873 6233 TEL: (908) 685-6150 CK Associates Palm Bay, FL 32905 
FAX: 908 685·6140 8333 Clalremont Mesa Blvd. TEL: (407) 729-4984 
Tritek Sales, Inc. Suite 102 FAX: 407 729 5321 MARYLAND 

San Diego, CA 92111 Sun Marketing Group 
New Era Sales, Inc. One Mall Dr., SUite 410 
890 Airport Pk. Rd, Suite 103 Cherry HIli, NJ 08002 TEL: (619) 279-0420 1956 Dairy Rd. Glen Burnie, MD 21061 TEL: (609) 667·0200 FAX: 619 279 7650 West Melbourne, FL 32904 TEl: (410) 761-4100 FAX: 609 667 8741 Ewing Foley, Inc. TEL: (407) 723-0501 FAX: 410 761-2981 185 Linden Avenue FAX: 407 7233845 

NEW MEXICO Auburn, CA 95603 Sun Marketing Group MASSACHUSETTS Compass Mktg. & Sales, Inc. TEL: (916) 885-6591 4175 East Bay Drive, SUite 128 Harris Semiconductor 4100 Osuna Rd., N E, SUite 109 FAX: 916 885 6594 Clearwater, FL 34624 • Six New England Executive Pk. Albuquerque, NM 87109 Ewing Foley, Inc. TEL: (813) 536-5771 Burlington, MA 01803 TEL: (505) 344-9990 895 Sherwood Lane FAX: 8135366933 TEL: (617) 221-1850 FAX: 505 345 4848 Los Altos, CA 94022 Sun Marketing Group FAX: 617 2211866 
TEL: (415) 941-4525 600 S. Federal Hwy., Suite 218 Advanced Tech Sales, Inc. NEW YORK FAX: 415 9415109 Deerfield Beach, FL 33441 348 Park Street, Suite 102 Harris Semiconductor 
Vision Technical Sales, Inc. TEL: (305) 429·1077 Park Place West Hampton Business Center 

• 26010 Mureau Road FAX: 305 429 0019 N. Reading, MA 01864 1611 RI. 9, SUite U3 
SUite 140 TEL: (508) 664-0888 Wappingers Falls, NY 12590 
Calabasas, CA 91302 GEORGIA FAX: 508 664 5503 TEL: (914) 298·0413 
TEL: (818) 878·7955 Giesting & Associates FAX: 9142980425 
FAX: 818 878 7965 • 2434 Hwy. 120, SUite 108 MICHIGAN Harris Semiconductor 

Duluth, GA 30136 Harris Semiconductor • 490 Wheeler Rd, SUite 165B 
CANADA TEL: (404) 476-0025 • 27777 Franklin Rd., SUite 460 Hauppauge, NY 11788-4365 Blakewood Electronic FAX: 404 476 2405 Southfield, MI 48034 TEL: (516) 342-0219 Systems, Inc. TEL: (810) 746-0800 FAX: 516 342 0295 #201 - 7382 Winston Street ILLINOIS FAX: 810 746 0516 

Foster & Wager, Inc. Burnaby, BC Harris Semiconductor Glesting & Associates 300 Main Street Canada V5A 2G9 • 11 01 Perimeter Dr., Suite 600 34441 Eight Mile Rd., Suite 113 Vestal, NY 13850 TEL: (604) 444-3344 Schaumburg, IL 60173 Livonia, MI 48152 TEL: (607) 748-5963 FAX: 604 4443303 TEL: (708) 240·3480 TEL: (810) 478-8106 FAX: 607 7485965 FAX: 708 6191511 FAX: 810477 6908 

• 1=leld Application Assistance Available 
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North American Sales Offices and Representatives (Continued) December 1994 

Foster & Wager, Inc. 
OHIO OREGON 

8350 Meadow Rd., Suite 174 
2511 Browncroft Blvd. Glestlng & Associates Northwest Marketing Assoc. Dallas, TX 75231 
Rochester, NY 14625 P.O. Box 39398 6975 SW Sandburg Rd. TEL: (214) 265-4600 
TEL: (716) 365-7744 2854 Blue Rock Rd. Suite 330 FAX: 214 265 4668 
FAX: 716 5861359 Cincinnati, OH 45239 Portland, OR 97223 Corporate Atrium II, SUite 140 
Foster & Wager, Inc. TEL: (513) 385-1105 TEL: (503) 620-0441 10701 Corporate Dr. 
7696 Mountain Ash FAX: 513 385 5069 FAX: 503 684 2541 Stafford, TX 77477 
liverpool, NY 13090 6324 Tamworth CI. TEL: (713) 240-6082 
TEL: (315) 457-7954 Columbus, OH 43017 PENNSYLVANIA FAX: 7132406094 
FAX: 315 457 7076 TEL: (614) 752-5900 Glestlng & Associates 
Trlonlc Associates, Inc. 6200 SOM Center Rd. 

471 Walnut Street UTAH 
320 Northern Blvd. Pittsburgh, PA 15238 Compass Mktg. & Sales, Inc. 
Great Neck, NY 11021 

Sulle 0-20 TEL: (412) 828-3553 5 Triad Cerner, Suite 320 
TEL: (516) 466-2300 

Soion, OH 44139 FAX: 412 828 6160 Salt Lake City, UT 84180 
FAX: 516 466 2319 

TEL: (216) 498-4644 TEL: (801) 322-0391 
FAX: 216 498 4554 

TEXAS FAX: 801 322-0392 

NORTH CAROLINA Harris Semiconductor 
Harris Semiconductor OKLAHOMA • 17000 Dallas Parkway, Sulle 205 WASHINGTON 
4020 Stirrup Creek Dr. 

Nova Marketing Dallas, TX 75248 Northwest Marketing Assoc. 
BUilding 2A, MS/2T08 

8421 East 61 st Street, SUite P TEL: (214) 733-0800 12835 Bel-Red Road 
Tulsa, OK 74133-1928 

Durham, NC 27703 TEL: (800) 826-8557 
FAX: 214 733 0819 Suite330N 

TEL: (919) 405-3600 Nova Marketing Bellevue, WA 98005 
FAX: 919 405 3660 

TEL: (918) 660-5105 
8310 Capitol of Texas Hwy. TEL: (206) 455-5846 

FAX: 9183171091 FAX: 206 451 1130 
New Era Sales Suite 180 
1110 Navalo Dr., SUite 203 Austin, TX 78731 
Raleigh, NC 27609 TEL: (512) 343-2321 WISCONSIN 

OsslsSales 
TEL: (919) 878-0400 FAX: 512 343-2487 

1305 N. Barker Rd. FAX: 919 878 8514 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 

North American Authorized Distributors and Corporate Offices 
Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 

Alliance Electronics Farnell Electronic Services Hamilton Hallmark Zeus Electronics, 
7550 E. Redfield Rd. (Formerly ITT MultlComponents) 10950 W. Washington Blvd. An Arrow Company 
Scottsdale, AZ. 85260 300 North Rlvermede Rd. Culver City, CA 90230 100 Midland Avenue 
TEL: (602) 483-9400 Concord, Ontano TEL: (310) 558-2000 PI. Chester, NY 10573 
FAX: (602) 443 3898 Canada L4K 3N6 FAX: 310 558 2809 (Mil) TEL: (914) 937-7400 
ArrowlSchweber TEL: (416) 798-4884 FAX: 214 343 5988(Com) TEL: (800) 52-HI-REL 
Electronics Group FAX: 416 798 4889 Newark Electronics FAX: 914 937-2553 
25 Hub Dr. Gerber Electronics 4801 N. Ravenswood Obsolete Products: 
MelVille, NY 11747 128 Camegle Row Chicago,lL 60640 
TEL: (516) 391-1300 Norwood, MA 02062 TEL: (312) 784-5100 
FAX: 516 391 1644 TEL: (617) 769-6000, x156 FAX: 312 275-9596 

Electronics Marketing 
Corporation (EMC) 
1150 West Thlfd Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 

FAX: 617 762 8931 

North American Authorized Distributors 
ALABAMA 

ArrowlSchweber 
Huntsville 
TEL: (205) 837-6955 

Hamilton Hallmark 
HuntsVille 
TEL: (205) 837-8700 

Wyle Laboratories 
HuntsVille 
TEL: 205) 830-1119 

Zeus, An Arrow Company 
HuntsVille 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 

• Field AppllCafion Assistance Available 

ARIZONA 
Alliance Electronics, Inc. 
Gilbert 
TEL: (602) 813-0233 

Scottsdale 
TEL: (602) 483-9400 

ArrowlSchweber 
Tempe 
TEL: (602) 431-0030 
Hamilton Hallmark 
PhoeniX 
TEL: (602) 437-1200 
Wyle Laboratories 
PhoeniX 
TEL: (602) 437-2088 

Wyle laboratories 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (408) 727-2500 
FAX: 408 988-2747 

Zeus, An Arrow Company 
Tempe 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 

CALIFORNIA 
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Alliance Electronics, Inc. 
Santa Clanta 
TEL: (805) 297-6204 

ArrowlSchweber 
Calabasas 
TEL: (818) 880-9686 

Fremont 
TEL: (408) 432-7171 

Irvine 
TEL: (714) 587-0404 

Rochester Electronic 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 

San Diego 
TEL: (619) 565-4800 

San Jose 
TEL: (408) 441-9700 

Hamilton Hallmark 
Costa Mesa 
TEL: (714) 641-4100 

Los Angeles 
TEL: (818) 594-0404 

Sacramento 
TEL: (916) 624-9781 

San Diego 
TEL: (619) 571-7540 

San Jose 
TEL: (408) 435-3500 
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North American Authorized Distributors (Contlnuacl) 

Wyle Laboratories Zeus, An Arrow Company Wyle laboratories 
Calabasas TEL: (408) 629-4789 Addison 
TEL: (818) 880-9000 TEL: (800) 52-HI-REL TEL:(708)~ 

Irvine Zeus, An Arrow Company 
TEL: (714) 863-9953 CONNECTICUT Itasca 
Rancho COIdova Alliance Electronics, Inc. TEL: (708) 25().()5()() 
TEL: (916) 638-5262 Shelton TEL: (800) 52-HI-REL 

TEL: (203) 926-0087 
San Diego ArrowlSchweber INDIANA TEL: (619) 565-9171 wallingford ArrowlSchweber 
SaniaClare TEL: (203) 266-n41 Indianapolis 
TEL: (408) 727-2500 Hamilton Hallmark TEL: (317) 299-2071 
Zeus, An Arrow Company Danbury Hamilton Hallmark 
San Jose TEL: (203) 271-2844 Indianapolis 
TEL: (408) 629-4789 Zeus, An Arrow Company TEL: (317) 872-8875 
TEL: (800) 52-HI-REL TEL: (914) 937-7400 Zeus, An Arrow Company 
Irvine TEL: (800) 52-HI-REL TEL: (708) 25().()5()() 
TEL: (714) 921-9000 TEL: (800) 52·HI-REL 
TEL: (800) 52-HI-REL FLORIDA 

ArrowlSchweber IOWA 
CANADA Deerfield Beach ArrowlSchweber 

ArrowlSchweber TEL: (305) 429-6200 Cedar Rapids 
Burnaby, British Calumbla Lake Mary TEL: (319) 395-7230 
TEL: (604) 421-2333 TEL: (407) 333-9300 Hamilton Hallmark 
Dorval, Quebec Hamilton Hallmark Cedar Rapids 
TEL: (514) 421-7411 Miami TEL: (319) 362-4757 

Nepan, Ontario TEL: (305) 484-5482 Zeus, An Arrow Company 
TEL: (613) 226-6903 Orlando 

TEL: (214) 380-4330 

Misslssagua, Ontario TEL: (407) 657-3300 
TEL: (800) 52-HI-REL 

TEL: (905) 67G-7769 Largo KANSAS 
Farnell Electronic Services TEL: (816) 541-7440 ArrowlSchweber 
Burnaby, British Columbia Wyle laboratories Lenexa 
TEL: (604) 291-8866 Fort Lauderdale TEL: (913) 541-9542 
Calgary, Alberta TEL: (305) 42G-OSOO Hamilton Hallmark 
TEL: (403) 273-2780 St. Petersburg Kansas City 
Concord, Ontario TEL: (813) 576-3004 TEL: (913) 889-4747 
TEL: (416) 799-4884 Zeus, An Arrow Company Zeus, An Arrow Company 
V. SI. Laurent, Quebec Lake Mary TEL: (214) 38().4330 
TEL: (514) 335-7697 TEL: (407) 333-3055 TEL: (800) 52-HI-REL 

Napean, Ontario TEL: (800) 52-HI-REL 
MARYLAND TEL: (613) 596-6980 ArrowlSchweber 

Winnipeg, Manitoba GEORGIA Calurrola ArrowlSchweber TEL: (204) 786-2569 Duluth TEL: (301) 596-7800 
Hamilton Hallmark TEL: (404) 497-1300 Hamilton Hallmark 
Misslssagua, Ontario Hamilton Hallmark Baltimore 
TEL: (905) 564-6060 Atlanta TEL: (410) 986-9800 
Montreal TEL: (404) 623-5475 Wyle laboratories 
TEL: (514) 335-1000 Wyle laboratories Calurroia 
Ottawa Duluth TEL: (410) 312-4844 

TEL: (613) 226-1700 TEL: (404) 441·9045 Zeus, An Arrow Company 

Vancouvar, B.C. Zeus, An Arrow Company TEL: (914) 937-7400 

TEL: (604) 420-4101 TEL: (407) 333·3055 TEL: (800) 52-HI-REL 

Toronto TEL: (800) 52-HI-REL MASSACHUSETTS 
TEL: (905) 564-6060 Alliance Electronics, Inc. 

ILLINOIS Winchester 
COLORADO Alliance Electronics, Inc. TEL: (617) 756-1910 

ArrowlSchweber VemonHllls 
ArrowlSchweber 

Englewood TEL: (708) 949-9890 
Wilmington 

TEL: (303) 799-0258 ArrowlSchweber TEL: (508) 658-0900 
Hamilton Hallmark Itasca 

Gerber 
Denver TEL: (708) 25G-OSOO 

Norwood 
TEL: (303) 79().1662 Hamilton Hallmark TEL: (617) 769-6000 
Colorado Springs Chicago 

Hamilton Hallmark 
TEL: (719) 637-0055 TEL: (708) 88O-n80 

Peabody 
Wyle Leboretorles Newark Electronics, Inc. TEL: (508) 532-9893 
Thornton Chicago 

Wyle Laboretorle. 
TEL: (303) 457-9953 TEL: (312) 907-5436 

Burlington 
(617) 272-7300 

• Field Application AssIstance Available 
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Zeus, An Arrow Company 
Wilmington, MA 
TEL: (508) 658-4n6 
TEL: (800) HI-REL 

MICHIGAN 
ArrowlSchweber 
Livonia 
TEL: (313) 462-2290 
Hamilton Hallmark 
Detrott 
TEL: (313) 347-4271 
Zeus, An Arrow Company 
TEL: (708) 25G-0500 
TEL: (800) 52-HI-REL 

MINNESOTA 
ArrowlSchweber 
Eden Prarie 
TEL: (612) 941-5280 
Hamilton Hallmark 
Minneapolis 
TEL: (612) 881-2600 
Wyle Laboratorl •• 
Minneapolis 
TEL: (612) 853-2280 
Zeus, An Arrow Company 
TEL: (214) 36G-4330 
TEL: (800) 52-HI-REL 

MISSOURI 
ArrowlSchweber 
St.Louis 
TEL: (314) 567-8868 
Hamilton Hallmark 
SI. Louis 
TEL: (314) 2!l1-5350 
Zeus, An Arrow Company 
TEL: (214) 36G-4330 
TEL: (800) 52-HI-REL 

NEW JERSEY 
ArrowlSchweber 
Marlton 
TEL: (809) 596-8000 
Plnebrook 
TEL: (201) 227-7880 
Hamilton Hallmark 
Cherry Hili 
TEL: (809) 424-0110 

Pars~pany 
TEL: (201) 515·1641 
Wyle Laboratorie. 
MI.Laurel 
TEL: (609) 439-9110 
Pine Brook 
TEL: (201) 882-6358 
Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 

NEW MEXICO 
Hamilton Hallmark 
Albuquerque 
TEL: (505) 628·1058 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 
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EMC ArrowlSchwwber NEW YORK WISCONSIN 
Alliance Electronics, Inc. Colurrtlus Austin ArrowlSchweber 
Binghamton TEL: (614) 299-4161 TEL: (512) 835-4180 Brookfield 
TEL: (607) 648-8833 Hamilton Hlilmark Dallas TEL: (414) 792·0150 

Huntington Cleveland TEL: (214) ~64 Hamilton Hallmark 
TEL: (516) 673-1930 TEL: (216) 498-1100 Houston Milwaukee 

ArrowlSchweber Colurrtlus TEL: (713) 647-6868 TEL: (414) 780-7200 

Farmingdale TEL: (614) 888-3313 Hamilton Hlilmark Wyle laboratories 
TEL: (516) 293-6363 Dayton Austtn Waukesha 

Hauppauge TEL: (513) 439-6735 TEL: (512) 258-8848 TEL: (414) 521·9333 

TEL: (516) 231·1000 Toledo Dallas zeus, An Arrow Compeny 

Melville TEL: (419) 242·6610 TEL: (214) 553-4300 TEL: (708) 250-0500 

TEL: (516) 391·1276 zeus, An Arrow Company Houston TEL: (800) 52·HI·REL 

TEL: (516) 391·1300 TEL: (708) 595·9730 TEL: (713) 781·6100 
TEL: (516) 391·1633 TEL: (800) 52·HI·REL Wyle Laboratorlea Harris Semiconductor 
Rochester Austin Chip Distributors 
TEL: (716) 427·0300 OKLAHOMA TEL: (512) 345-8853 

ArrowlSchweber Chip Supply, Inc. 
Hamilton Hallmark Tulsa Houston 7725 N. Orange Blossom Trail 
Long Island TEL: (918) 252·7537 

TEL: (713) 879-9953 Orlando, FL32810-2696 
TEL: (516) 434-7400 

Hamilton Hallmark 
Richardson TEL: (407) 298·7100 

Rochester Tulsa TEL: (214) 235·9953 FAX: (407) 290-0164 
TEL: (716) 475·9130 TEL: (918) 254-6110 zeus, An Arrow Company Elmo Semiconductor Corp. 
Ronkonkoma zeus, An Arrow Company 

Carrollton 7590 North Glenoaks Blvd. 
TEL: (516) 737-()6()() TEL: (214) 380-4330 

TEL: (214) 380-4330 Burbank, CA 91504·1052 
TEL: (800) 52·HI·REL TEL: (818) 768-7400 

zeus, An Arrow Company TEL: (800) 52·HI·REL FAX: (818) 767·7036 
Pt. Chester 

UTAH TEL: (914) 937·7400 OREGON Minco Technology Labs,lnc. 

TEL: (800) 52·HI·REL AlmaciArrow ArrowlSchweber 1805 Rutherford lane 

Beaverton 
Salt Lake City Austin, TX 78754 

NORTH CAROLINA TEL: (503) 829-8090 TEL: (801) 973-6913 TEL: (512) 834·2022 

ArrowlSchweber Hamilton Hallmark 
Hamilton Hallmark FAX: (512) 837-6285 

Raleigh Pordand 
Salt Lake City 

TEL: (919) 876-3132 TEL: (503) 526-8200 TEL: (801) 266-2022 Puerto Rican 
EMC Wyle laboratories 

Wyle laboratories Authorized Distributor 
Charlotte West Valley City 
TEL: (704) 394·6195 

Beaverton TEL: (801) 974-9953 Hamilton Hallmark 
TEL: (503) 643-7900 TEL: (809) 731·1110 

Hamilton Hallmark zeus, An Arrow Company 
zeus, An Arrow Company 

Raleigh TEL: (408) 829·4789 
TEL: (408) 829-4789 

TEL: (919) 872·0712 TEL: (800) 52·HI·REL 
TEL: (800) 52·HI·REL South American 

Zeus, An Arrow Company 
WASHINGTON 

Authorized Distributor 
TEL: (407) 333-3055 PENNSYLVANIA AlmeciArrow 

Graftec Electronic Sales Inc. 
TEL: (800) 52·HI·REL ArrowlSchweber 

Bellevue One Boca Place, Suite 305 East 
Pittsburgh 

TEL: (208) 643·9992 2255 Glades Road 
OHIO TEL: (412) 963-6607 Boca Raton, Florida 33431 

Alliance Electronics, Inc. Hamilton Hallmark 
Hamilton Hallmark TEL: (407) 994-0933 

Dayton Pittsburgh 
Sealde FAX: 407 994-5518 

TEL: (513) 433-7700 TEL: (412) 281·4150 
TEL: (206) 881·6697 

ArrowlSchweber zeus, An Arrow Company 
Wyle laboratories BRASIL 

Solon Redmond Graftec Electronics 

TEL: (216) 248·3990 
TEL: (914) 937·7400 TEL: (206) 881·1150 Av. Moema 538 
TEL: (800) 52·HI·REL 

zeus, An Arrow Company 04077-022 Sao Paulo· SP 
Centerville BrasH 
TEL: (513) 435·5563 TEXAS TEL: (408) 829-4789 

TEL: 011 55 11 572 2727 
Alliance Electronics, Inc. TEL: (800) 52·HI·REL 

FAX: 01155 11 5757519 
Carrollton 
TEL: (214) 492-6700 

European Sales Offices and Representatives 
European Sates Headquarters AUSTRIA DENMARK FINLAND 

HarrlsS.A. Eurodle Electronics GmbH Delco AS J. Havullnna .. Son U) 
Mercure Center Lamezanstresse 10 Tltangade 15 Relnikkelan Kartano 1&.1 
Rue de la Fusee 100 A • 1232 Vienna OK· 2200 Copenhagen N SF· 51200 Kangasnlemi ~ u.. B·113O Brussels, Belgium TEL: 43 1 61082-0 TEL: 45 35 82 1200 TEL: 358 59 432031 u.. 
TEL: 32 2 724 2111 FAX: 43 1 610825 FAX: 45 35 82 12 05 FAX: 358 59 432367 0 
FAX: 32 2 724 22051 ... 09 U) 

1&.1 
..J 
c( 
U) 

• Field Application Assistance Available 
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European Sales Offices and Representatives (Continued) 

FRANCE 
Harris SemIconducI8urs SARL 

• 2-4, Avenue de l'Europe 
F - 78941 Velizy Cedex 
TEL: 33 1 34 65 40 80 (Oist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 46 40 54 

GERMANY 
Harris Semiconductor GmbH 

• Putzbrunnerstrasse 69 
0-81739 MOnchen 
TEL: 49 69 63613-0 
FAX: 49 B9 63n691 
HarrIs Semiconductor GmbH 
Kieler Strasse 55-59 
0-25451 Quickbom 
TEL: 49 4106 50 02-04 
FAX: 49 4106 6 66 50 

Harris Semiconductor GmbH 
Wegener Strasse, 5/1 
0- 71063 Sindellingen 
TEL: 49 7031 869 40 
FAX: 49 7031 873849 

Ecker Mlchelstadt GmbH 
In den Oorfwiesen 2A 
Postfach 33 44 
o -64720 Mlchelsladt 
TEL: 49 6061 22 33 
FAX: 49 6061 50 39 

Erwin W. Hildebrandt 
Nieresch32 
o -48301 Nottuln-Oarup 
TEL: 49 2502 60 65 
FAX: 49 250218 89 

FINK Handelsvertretung 
Laurinweg,l 
o -85521 Ottobrunn 
TEL: 49896 09 70 04 
FAX: 49 B9 6 09 8170 

Hartmut Welte 
Hepbacher Strasse 11 A 
o -886n Markdorf 
TEL: 497544 7 25 55 
FAX: 49 7544 7 25 55 

ISRAEL 
Aviv Electronics Ltd 
HayelZlra Street, 4 Ind. Zone 
IS - 43651 Ra'anana 
PO Box 2433 
IS - 43100 Ra'anana 
TEL: 972 9 983232 
FAX: 972 9 916510 

European Authorized Distributors 
AUSTRIA 

Avnet E2000 GmbH 
Waidhausenstrasse 19 
A • 1140W19n 
TEL: 431 9112847 
FAX: 43 1 9113853 

EBV Elektronlk 
• Oiefenbachgasse 35/6 

A-1150Wien 
TEL: 43 1 8941774 
FAX: 43 1 8941n5 
Eurodls Electronics GmbH 
Lamezanstrasse 10 
A-l232Wlen 
TEL: 43 1 610620 
FAX: 43 1 610625 

Spoerle Electronic 
Heiligenstadter Str. 52 
A-1190Wl9n 
TEL: 43131872700 
FAX: 43 1 3692273 

BELGIUM 
Diode Belgium 

• Keiberg II 
Minervastraat, 14/82 
B-193O zaventem 
TEL: 32 2 725 46 80 
FAX: 32 2 725 4511 

EBV Elektronlk 
• Excelsioriaan 35 

B - 1930 zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 

Eurodis Texim Electronics 
• Avenue des Croix de 

Guerre 116 
B - 1120 Brussels 
TEL: 32 2 247 49 69 
FAX: 32 2 215 81 02 

DENMARK 
Avnat Nortec 
Transfonnervej,17 
OK - 2730 Herlev 
TEL: 45 42 84 2000 
FAX: 45 44 92 1552 

Ditz Schweitzer 
Valiensbaekvej 41 
Poslboks5 
OK - 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 

FINLAND 
Avnet Nortec 
Ilaiahdenkatu,18 
SF - 00210 Helsinki 
TEL:358061318250 
FAX: 358 069 22326 

Beub 
Slnlmaentie 10C 
P.O. Box 51 
SF - 02630 ESPOO 
TEL: 358.0.50 23 200 
FAX: 358.0.50 23 294 

• Field Application Assistance Available 

ITALY 
HarrisSRL 

• Vlale Fulvio Testi, 126 
1-20092 Cinlseilo Balsamo, 
(Milan) 
TEL: 39 2 262 07 61 

(Olstl & OEM ROSE) 
TEL: 39 2 240 95 01 

(Olsti & OEM llaly) 
FAX: 39 2 262 22 687 (Oisti) 

39226222 158 (ROSE) 

NETHERLANDS 
Harris Semiconductor SA 
Banelux OEM Sales Office 
Kouterstraat 6 
NL - 5345 AR Oss 
TEL: 31412038561 
FAX:31412034419 

SPAIN 
ElcosS.L 
C/Avda. Europa,3O 1 B·A 
Spain 28224 Pozuelo de Alarcon 
Madrid 
TEL: 34 1 352 3052 
FAX: 34 1 352 1147 

TURKEY 
EMPA 
Besyol Londra Asfalti 
TK - 34630 Sefakoy/lslanbul 
TEL: 90 1 599 3050 
FAX: 90 1 599 3059 

FRANCE 
3D 
ZI des Glaises 
6/8 rue AmbrOise Crolzat 
F - 91127 Palaiseau 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 

Arrow Electronlque 
73 - 79, Rue des Solets 
SlIIc585 
F - 94663 Rungis 
TEL: 33 1 49 78 49 78 
FAX: 33 1 497805 96 

Avnet EMG Frence 
• 79, Rue Pierre Semard 

F-92320 Chatillon Sous Bagneux 
TEL: 33 1 49 65 25 00 
FAX: 33 1 4965 25 39 

CCI Electronique 
• 5, Rue Marcellin Berthelot 

Zone Industrlelle O'Antony 
BP92 
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F - 92164 Antony Cedex 
TEL: 33 1 46 74 47 00 
FAX: 33 1 4096 92 26 
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UNrrED KINGDOM 
Harris Semiconductor Ltd 

• Riverside Way 
Camberley 
Surrey GU15 3YO 
TEL: 44 276 886 666 
FAX: 44 276 682 323 

Laser Electronics 
Ballynamoney 
Greenore 
Co. Louth, ireland 
TEL: 353 4273165 
FAX: 353 4273518 

Comtech House 
Redgate Road 
Soulh Lancashire Indust Eslate 
Ashton-In-Makerfield 
Wigan WN4 80T 
TEL: 44 942 274731 
FAX: 44 942 274732 

Stuart Electronics Ltd. 
PhoeniX House 
Bolhwell Road 
Castlehill, Cariuke 
Lanarkshire ML8 5UF 
TEL: 44555 751566 
FAX: 44555751562 

Harris Semiconductor 
Chip Distributors 

EdgetekIRood Tech 
Zal De Courlaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 46 06 50 
FAX: 33 1 692843 96 
TWX: 600333 

Elmo 
Z. A. De La Tullerie 
B.p.l0n 
78204 Mantes-La.Jolle 
TEL: 33 1 34 n 16 16 
FAX: 33 1 34 n 95 79 
TWX: 699737 

Hybrltech CM (HCM) 
7, Avenue Juliot Curie 
F - 17027 LA Rochelle Cedex 
TEL: 33 46 451270 
FAX: 33 46 45 04 44 
TWX: 793034 

EASTERN COUNTRIES 
HEVGmbH 
AlexanderplalZ 6 
0-10178 Berlin 
TEL: 49302483400 
FAX: 49 30 2463424 
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GERMANY 
Lasl Elettronlca Bexab Sweden AB Mlcromark Electronics 

AvnetlE2000 Viale Fulvio Testi 280 P.O. Box 523 Boyn Valley Road 

Stahlgrubernng, 12 I- 20126 Milano KemisIVagen, lOA Maidenhead 

D - 81829 Munchen TEL: 39 2 66 10 1370 S - 183 25 Taby Berkshire SL6 4DT 

TEL: 49 89 4511001 FAX: 39 2 6610 1385 TEL: 46 8 630 88 00 TEL: 44628 76176 

FAX: 49 89 45110129 Sliverstar FAX: 46 8 732 7058 FAX: 44 828 783799 

EBV Elektronik GmbH Viale Fulvlo Testi 280 Thame Components 

• Hans-Plnsel-Strasse 4 I- 20126 Milano SWITZERLAND Thame Park Rd. 

D - 85540 Haar-bei-Munchen TEL: 39 2 66 12 51 Avnet E2000 AG Thame, Oxfordshire OX9 3UQ 

TEL: 498945610-0 FAX: 39 2 6610 1359 Boehlrainstresse 11 TEL: 44844 261188 

FAX: 4989464488 
CH - 8801 Thalwil FAX: 44 844 261681 

Eurodis Enatachnlk NETHERLANDS TEL: 41 17221330 

Electronics GmbH 
• Aurlema Nederland BV FAX: 4117221340 

Pascalkehre, 1 
Beatrix de Rijkweg 8 Beslx Fur Elektronlk Harris Semiconductor 

D - 25451 Quickborn 
NL - 5657 EG Eindhoven Hardturmstrasse 181 Chip Distributors 
TEL: 31 40502802 CH - 8010 ZOrich 

P.B.1240 FAX: 31 40 510255 TEL:4112761111 
Die Technology Ltd. 

D - 25443 Quickborn FAX: 4112761234 
Corbrook Rd., Chadderton 

TEL: 49 4106 701-0 • Diode Spoerle Lancashire OL9 9SD 
FAX: 49 4106 701268 Collbaan 17 EBV Elektronlk TEL: 44 61 626 3827 

Indeg Industrle ElekIronik NL - 3439 NG Nieuwegeln • Vordstadtstrasse 37 FAX: 44 61 627 4321 

Emil Kommerling Strasse 5 TEL: 31 3402 912 34 CH - 8953 Dletlkon TWX: 668570 

D - 66954 Pirmasens FAX: 31 3402 359 24 TEL: 411 7401090 Rood Technology 
Postiach 1563 Diode Spoerle FAX: 4117415110 Test House Mill Lane, Alton 
D - 66924 Pirmasens Poslbus 7139 Eurodls Electronic AG Hampshire GU34 2QG 
TEL: 49 6331 9 40 65 NL - 5605 JC Eindhoven Bahnstrasse 58160 TEL: 44 420 88022 
FAX: 49 6331 94064 TEL: 31 40545430 CH - 8105 Regensdorf FAX: 44 420 87259 

Sasco Semiconductor FAX: 31 40 53 55 40 TEL: 41184 33111 TWX: 21137 

GmbH EBV Elektronlk FAX:4118433910 

Hermann-Oberth Strasse 16 • Planetenbaan, 2 Fabrlmex Spoerle 
South African D - 85640 Putzbrunn-bei- NL - 3606 AK Maarssenbroek Kirchenweg 5 

Munchen TEL: 31 3465 62353 CH - 8032 ZOrich Authorized Distributor 
TEL: 49 89 4611-0 FAX: 31 346564277 TEL: 41138 68 686 TRANSVAAL 
FAX: 49 89 4611-270 FAX: 4113832379 Allied electronic Components 

Spoerle Electronic NORWAY 10, SkieUood Street 

Max-Planck Strasse 1-3 Avnet Nortec TURKEY lsando, Ext. 3, 1600 

D - 63303 Dreieich-bel- Smedsvlngen 4B EMPA P.O. Box 69 

Frankfurt Box 123 Besyol Londra Asfalti lsando, 1600 

TEL: 49 6103 3 ()4..0 N - 1364 Hvalstad TK - 34830 Sefakoy/lstanbul TEL: 271139238041 . .. 19 

FAX: 49 6106304-201 TEL: 4766846210 TEL: 90 1 599 3050 FAX: 27 11 9749625 
FAX: 47 66 84 65 45 FAX: 90 1 599 3059 FAX: 27 11 9749683 

GREECE 
SemlconCo. PORTUGAL UNITED KINGDOM 

104 Aeolou Street Amltron-Arrow Arrow.Jermyn Electronic Asian Pacific 
GR -10564 Athens Quinta Grande, Lote 20 Vestry Industrial Estate Sales Offices and 
TEL: 30 1 32 53 626 AWragide Sevenoaks 

FAX: 30 13216063 P - 2700 Amadora KentTN145EU Representatives 
TEL: 351.1.471 48 06 TEL: 44 732 743743 NORTH ASIA 

ISRAEL 
FAX: 351.1.471 0802 FAX: 44 732 451251 Sales Headquarters 

Aviv Electronics AvnetEmg JAPAN 

Hayetzira Street 4, Ind. Zone SPAIN Jubilee House, Jubilee Road Harris K.K. 

IS - 43651 Ra'anana Amltron-Arrow S.A. Letchworth Kojlmachi-Nakata Bldg. 4F 

PO Box 2433 Albasanz, 75 Hertfordshire SG6 1 QH 5-3-5 Kojimachl 

IS - 43100 Ra'anana SP - 28037 Madrid TEL: 44 462 488500 ChlyOda-ku, Tokyo, 102 Japan 

TEL: 972 9 983232 TEL: 34 1 3043040 FAX: 44 462 488567 TEL: (81) 3-3265-7571 

FAX: 9729916510 FAX:34 1 32724 72 Farnell Electronic 
TEL: (81) 3-3265-7572 (Sales) 

EBV Elektronlk Components 
FAX: (81) 3-3265-7575 

ITALY • Calle Maria Tubau, 6 Arrnley Road, Leeds SOUTH ASIA 

EBV Elektronik SP - 28049 Madrid West Yorkshire LS12 2QQ Sales Headrbuarters 

• Via C. Frova, 34 TEL: 34 1 3588808 TEL: 44 532 790101 
HONGKON 

I - 20092 Cinisello Balsamo (MI) FAX: 34 1 358 85 60 FAX: 44 532 633404 
HarrIs SemIconductor H.K. LIII. 

TEL: 39 2660 17111 Farnell Electronic 
131F Fourseas Building 

FAX: 39 2 660 17020 SWEDEN 
208-212 Nathan Road 

Avnet Nortec 
Services Tsimshatsui, Kowloon 

Eurelettronica Edinburgh Way. TEL: (852) 723-6339 
Via Enrico Fermi, 8 Englundavagen 7 Harlow FAX: (852) 739-8946 UJ 
I- 20090 Assago (MI) P.O. Box 1830 Essex CM20 2DE TLX: 76043645 W 
TEL: 39 2 457 841 S - 171 27 Solna TEL: 44 279 626777 0 
FAX: 39 2 488 02 75 TEL: 46 8 629 1400 FAX: 44 279 441687 AUSTRALIA u:: 

FAX: 46 8 627 0280 II-
VSI EIecIronics ~ LIII. 0 
Unit C 6-8 Lyon Park Road UJ 
North Ryde NSW 2113 W 
TEL: (612) 878-1299 ..J 
FAX: (612) 878-1266 ~ 

• Field Apphcabon Assistance Available 
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Asian Pacific Sales Offices and Representatives (Continued) 

INDIA 
Intersll Private Limited 
Plot 54, SEEPZ 
Marollndustrial Area I 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 

KOREA 
Harris Semiconductor YH 
RM #419-1 
Korea Air Terminal Bldg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 

Inhwa Company, Ltd_ 
Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 
Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 

KumOh Electric Co., Ltd_ 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 622-279-3614 
FAX: 822-272-8496 

PHILIPPINES 
Intergral Silicon Solution, Inc. 
6th Floor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 
TEL: 832-786652 
FAX: 832-786731 

SINGAPORE 
Harris Semiconductor Pte Ltd. 
105 Boon Keng Road 
#01-18119 Singapore 1233 
TEL: (65) 291-0203 
FAX: (65) 293-4301 
TLX: RS36460 RCASIN 

Asian Pacific Authorized Distributors 

AUSTRALIA JAPAN 
VSI Electronics Ply, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 876-1299 
FAX: (612) 878·1266 

CHINA 
Means Corne Ltd. 
Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Hom, Kowloon 
TEL: (852) 334·8188 
FAX: (852) 334·8649 
Sunnlce Electronics Co., Ltd. 
Flat F, 51F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 
TEL: (652) 790-6073 
FAX: (852) 783·5477 

HONG KONG 
Array Electronics Limited 
24/F., Wyler Centre 
Phase 2 
200 Tai Lin Pai Road 
KwalChung 
New Territories, H.K. 
TEL: (852) 416-3700 
FAX: (852) 481-5872 
Inch cape Industrial 
101F, Tower 2, Metroplaza 
223 Hing Fong Road 
Kwal Fong 
New Temtories 
TEL: (852) 410-6555 
FAX: (852) 401·2497 
Kingly International Co., Ltd. 
Flat 03, 161F, Block A, 
Hi·Tech Ind. Centre 
5·12 Pak Tin Par St., 
TsuenWan 
New Territories, H.K. 
TEL: (852) 499·3109 
FAX: (852) 417-0961 

• Field Application Assistance Available 

Hakuto Co., Ltd. 
1-1-13 Shlnjuku Shlnjuku-ku 
Tokyo 160 
TEL: 81-3-3355-7615 
FAX: 81-3-3355-7680 

Jeplco Corp. 
Shinjuku Dailchi Seimei Bldg. 
2-7-1, Nishi-Shlnjuku 
ShinJuku·ku, Tokyo 183 
TEL: 03-3346-0611 
FAX: 03-3348-0623 

Macnlca Inc. 
Hakusan High Tech Park 
1-22-2, Hakusan 
Midori·ku, Yokohama-shl, 
Kanagawa 226 
TEL: 045·939-6116 
FAX: 045·939-8117 

Micron, Inc. 
DJK Kouenjl Bldg. 5F 
4-26-16, Kouenjl·Minami 
Suginami·Ku, Tokyo 166 
TEL: 03-3317·9911 
FAX: 03-3317·9917 

Okura Electronics Co., Ltd. 
Okura Shoji Bldg. 
2-3-8, Ginza Chuo-ku, 
Tokyo 104 
TEL: 03-3564-6871 
FAX: 03-3564-6870 

Takachiho Kohekl Co., Ltd. 
1·2-8, Yotsuya 
Shinjuku·ku, Tokyo 160 
TEL: 03-3355-6696 
FAX: 03-3357-5034 

KOREA 
KumOh Electric Co., Ltd. 
203-1, Jangsa·Dong, 
Chongro·ku, Seoul 
TEL: 822·279-3614 
FAX: 822-272-8496 

GS Technology Pie, Ltd_ 
Block 5073 #02-1656 
Ang Mo Klo Industrial Park 2 
Singapore 2056 
TEL: (65) 483-2920 
FAX: (65) 483-2930 

TAIWAN 
Harris Semiconductor 
Room 1101, No. 142, Sec. 3 
Ming Chuan East Road 
Taipei, Taiwan 
TEL: (886) 2-716-9310 
FAX: 886-2-715-3029 
TLX: 78525174 

Acer Sertek Inc_ 
3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 
TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 

Inhwa Company, Ltd_ 
Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 
Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 

NEW ZEALAND 
Components and 
Instrumentetlon NZ, Ltd_ 
19 Pretoria Street 
LowerHutt 
P.O. Box 36-099 
Wellington 
TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 

PHILIPPINES 
Intergral Silicon Solution, Inc. 
6th Fioor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 
TEL: 832-766652 
FAX: 832-786731 

SINGAPORE 
B.B.S Electronics Pte, Ltd. 
1 GentingUnk 
#05-03 Perfect Indust. Bldg. 
Singapore 1334 
TEL: (65) 748-8400 
FAX: (65) 746-6466 

Device Electronics Pie, Ltd. 
605B MacPherson Road 
04-12 Cltimac Ind. Complex 
Singapore 1338 
TEL: (65) 288-8455 
FAX: (65) 287-9197 
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Applied Component Tech. 
Corp_ 
8F No. 233-1 
Pao-Chia Road 
Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 
TEL: (886) 2 9170856 
FAX: 886 2 9171895 

Galaxy Far East Corporation 
8F-8, No. 390, Sec. 1 
Fu HSing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: 886-2-708-7901 

TECO Enterprise Co., Ltd_ 
10FL., No. 292 
Min-Sheng W. Rd. 
Taipei, Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 

Wlllas - Array Pie, Ltd. 
40 Jalan Pemimpln 
#04-038 Tat Ann Buildmg 
Singapore 2057 
TEL: (65) 353-3655 
FAX: (65) 353-6153 

TAIWAN 
Acer Sertek Inc. 
3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 
TEL: (886) 2·501-0055 
FAX: (886) 2·501·2521 

Applied Component 
Technology Corp. 
8F No. 233·1 
Pao-Chlal Road 
Hsln Tien City, Taipei Hseln, 
Taiwan, R.O.C. 
TEL: (02) 9170858 
FAX: (02) 9171895 

Galaxy Far East Corporation 
8F-8, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2·705·7266 
FAX: 886·2·708·7901 

TECO Enterprise Co., Ltd. 
lOFL, No. 292, Min-Sheng W. Rd. 
Taipei, TaIWan 
TEL: (886) 2-555'9676 
FAX: (886) 2-558-8006 




