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BIPOLAR LSI PRODUCTS 

PREFACE 

The lSI Division of Signetics designs and manufactures a broad range of Bipolar products 
that includes both standard off-the-shelf devices as well as semicustom parts. Our stan
dard product line is headed by a unique MicroControlier that is specifically designed for 
high-speed control applications. With peripherals that are presently available and those 
planned for the future, the MicroControlier provides a competitive edge in complex con
troller systems where speed, flexibility, reliability, and economy are prime considerations. 

Semicustom products include gate arrays processed in one of four basic technologies -
Integrated Schottky logic (ISl), Composite Cell logic (CCl), Emitter CoupledlCommon 
Mode logic (ECLlCMl), and Complementary Metal Oxide Silicon (CMOS). These products 
provide the designer with various combinations of speed, packing densities, 1/0 capabilities, 
and power dissipation. All semicustom processes and tired-and-proven and Computer Aided 
Design (CAD) assures quick turnaround and error-free products. 

All standard and semicustom products are processed, screened, and tested to the highest 
quality standards and, as indicated in the accompanying specifications, many of the parts 
are qualified for Military applications. 

Signetics is continually developing new products to meet the changing needs of the world 
and the Marketing Department of the Bipolar lSI Division is continually searching for new 
and better ways of serving our customers - this manual being one of those ways. For 
further assistance, please call upon us or your nearest Signetics Sales Office. 

Although every attempt has been made to ensure accuracy of the information contained 
herein, Signetics assumes no liability for errors. Suggestions for improvement in this docu
ment are always welcome. 
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PRODUCT DELETIONS 

DELETIONS 
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BIPOLAR LSI PRODUCTS 

ORDERING INFORMATION 

Package Styles 
CK = Chip "S" visual and glassivation 
0= Microminiature SO molded (epoxy) 
EC = DMOS Products TO-46 header 
EE = DMOS Products TO-72 header 

I = Hermetic laminated DIP 
N = DIP molded (epoxy) 
P = DIP (ground pin) molded (epoxy) 
Q = Hermetic laminated flat pack 

F = Hermetic CERDIP R = Hermetic flat pack BeO base 
FE = Hermetic CERDIP - 8 lead 
G = Chip carrier, leadless, type C 
H = Hermetic metal header 

U = Plastic power (single-in-line) 
W = Hermetic flat pack - CERPAC 
Y = Flat pack leads extended 4 sides 

PART 
NUMBER 

N74160N 
N74161N 

CROSS REF. 
PART NO. 

PRODUCT 
FAMILY 

LOG 
LOG 

PRODUCT 
DESCRIPTION 

Sync 4·Blt Decade Counter 
Sync 4·Blt BI nary Counter 

Lo",,,,,,,,,, ", 
Product Family 

~Product Family-See Table 4 

'----- Industry Standard Part Number 
-Complexity of Logic Parts 

'--- Package Type-See Table 2 

'------Devlce Number 

FOOT 
NOTES 

I 
See 

Table 1 

'------- Device Family and Temperature Range Prefix-See Table 3 

CMOS GATE ARRAY 
PART NUMBERING SYSTEM 

proce~:~::::s~:m_ -_ -_-_ -_ -:_ -_ -_-_ -_ -_ -_ -_ -_ ---,T_S_C---,I ~~ 
M I 

C = CMOS 

BasIc Part Number -------------' 
0330 

'--------- Package 

0440 
0700 
1100 
1700 

Performance Vanallon ----------------' 
M = Medium speed (4fJ.) 
H = High speed (3fJ.) 

Signetics 

I = Ceramic 
N = Plastic 
G = Ceramic 
A = Molded C 
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BIPOLAR LSI PRODUCTS 

ORDERING INFORMATION 

ORDERING INFORMATION 

The Signetics Military Products are available in a variety of dif
ferent process levels and several different packages_ The correct 
ordering code or part number for the devices is an alphanumeric 
sequence as explained below. Not all devices are available in all 

Ordering Code 

1) JM38510107801 BJB 1]T L LEAD FINISH 

L PACKAGE TYPE 

CLASS "B" 

SLASH SHEET NUMBER 
(BASIC DEVICE TYPE) 

'--------- JAN QUALIFIED 

2) JB54S181F 

NOTE 

~~L PACKAGE TYPE 

~ BASIC DEVICE TYPE 

CLASS "S" 

JAN QUALIFIED 

1) and 2) JAN qualified products 
3) and 4) Non-JAN MIL-STO-883 products 

the packages. The ordering codes on the individual data sheets 
indicate the present or planned availability of the products. 
However, availability of specific part numbers can be obtained 
from your local sales office or franchised distributor. 

3) 5545181 F883B 

~~
l..LEVEL"B" 

L MIL.STD-883 

PACKAGE TYPE 

BASIC DEVICE TYPE 

MILITARY TEMPERATURE RANGE 
(-55 TO 125'C) 

4) R B 5 4 5 1 8 1 F 

T~ PACKAGE TYPE 

BASIC DEVICE TYPE 

MIL-STO-883, LEVEL "8" 

For minimum quantity orders, contact your local Signetics sales representative. 

PACKAGES AVAILABLE· 

F = Ceramic DIP 
I = Ceramic DIP 
G = Ceramic Leadless Chip Carrier 
W = Ceramic Flatpack 

* See Package Outlines section for more mformatlon 

For the latast military product information, please request a 
Military Products Guide from Publications Services, 
408/746-2111. 
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BIPOLAR LSI PRODUCTS 

ORDERING INFORMATION 

BIPOLAR LSI ORDERING INFORMATION 
3X300 I/O Peripheral Components 
Various 8X300/8X305 MlcroControlier I/O parts and bus expanders can be ordered with 
an address preprogrammed at the factory or unprogrammed to permit feild address assign
ment. Addresses in range indicated as STOCK in the table below may be ordered in any 
quantity. Addresses outside of the STOCK range but indicated as AVAILABLE require a 
minimum order of 250 pieces per line item per part type. To order, use the part number 
indicated in the table, substituting the desired address of xx or xxx when ordering 
preprogrammed parts. 

PART ADDRESSES ORDER NUMBER 
NUMBER AVAILABLE STOCK UNPROGRAMMED PREPROGRAMMED 

N8T32F 000-255 None N8T32F N8T32F-xxx 
N8T32N 000-255 000-015 N8T32N N8T32N-xxx 
N8T36F 000-255 None NBT36F NBT36F-xxx 
NBT36N 000-255 000-015 NBT36N NBT36N-xxx 
NBX372N 000-255 000-015 NBX372N NBX372N-xxx 
NBX374N 000-255 000-015 NBX374N NBX374-xxx 
NBX376N 000-255 000-015 NBX376N NBX376N-xxx 
NBX3B2N 000-255 000-015 NBX3B2N NBX3B2N-xxx 

MCCAP 8X300/8X305 CROSSASSEMBLER PROGRAM 
MCCAP, the crossassembler program for the 8X300 and 8X305 Micro-Controllers, is sup
plied as a 9-track magnetic tape containing FORTRAN IV source code for the 
crossassembler program. For compatibility with various computer systems, the tape is 
available in various combinations of density and data encoding. To order, use the follow
ing part numbers. 

NUMBER DENSITY ENCODING 

BX300 AS1-1 SS BOO ASCII 
8X300 AS1-2 SS BOO EBCDIC 
BX300 AS 1-3 SS 1600 ASCII 
8X300 AS1-4 SS 1600 EBCDIC 

SINGLEI FLOPPY 
BX300 AS2SS DOUBLE DISK 
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BIPOLAR LSI PRODUCTS 

PRODUCT STATUS DEFINITIONS 

DEFINITION OF TERMS 

x 

Data Sheet Identification 

'a'4in4'4 

Advance Information 

'W",,)ui·'N 

No 
Identification 
Noted 

Product Status 

Formative or 
In Design 

Sampling or 
Pre-Production 

First 
Production 

Full 
Production 

Signetics 

Definition 

This data sheet contains the design 
specifications for product develop
ment Specifications may change In 

any manner wIthout notice. 

This data sheet contains advance 
Information and specifications are 
subject to change without notice 

This data sheet contains preliminary 
data and supplementary data will be 
published at a later date Signetics 
reserves the right to make changes 
at any time without notice in order 
to improve design and supply the 
best possible product. 

This data sheet contains final 
specifications. Signetics reserves 
the right to make changes at any 
time without notice in order to im· 
prove design and supply the best 
possible product. 
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NUMERICAL INDEX 

STANDARD PRODUCTS 

8X300 
8X305 
8X310 
8X320 
8X330 
8X350 
8X353 
8X355 
8X360 
8X371 
8X372/8X376 
8X374 
8X382 
8T31 
8T32/8X36 
8X41 
8X60 
8X01A/9401 
9403 
3001 
3002 
2960 
2964B 

PRODUCT SUPPORT 

8X300KT1SK 
8X300AS155" 
8X300AS255 

MicroController ......................................................... 3·5 
MicroController ...................•.................................... 3·25 
Interrupt Control Coprocessor ........................................... 3·93 
Bus Interface Register Array ............................................ 3·105 
Floppy Disk Controller ................................................. 3·113 
2048·Bit Bipolar RAM (256 x 8) .......................................... 3·130 
Bipolar RAM (32x8) .........•......................................... 3·134 
LIFO Memory (32 x 8) .................................................. 3·135 
Memory Address Director . . . . . . . . . .. . ................................. 3·129 
8·Bit Latched Bidirectional I/O Port ....................................... 3·59 
Addressable/Bidirectional I/O Ports ....................................... 3·66 
Addressable/Bidirectional I/O Port with Parity .............................. 3·75 
4·lnput/4·0utput Addressable I/O Port ..................................... 3·84 
8·Bit Latched Bidirectional I/O Ports ...................................... 3·47 
8·Bit Latched Addressable Bidirectional I/O Ports ........................... 3·51 
Auto·Directional Bus Transceiver ......................................... 7·17 
FIFO RAM Controller (FRC) .............................................. 7·22 
CRC Generator/Checker .................................................. 7·3 
64·Bit FIFO Buffer Memory ............................................... 7·7 
Microprogram Control Unit ............................................... 6·3 
Central Processing Element ............................................. 6·11 
Error Detection/Correction Unit .......................................... 7·30 
Dynamic Memory Controller ............................................. 7·31 

Summary 
8X305 Prototyping System and Memory Expansion ........................... 4·4 
8X305 MCCAP Cross Assembler ........................................... 5·3 
8X305 MCCAP Cross Assembler for ISIS .................................... 5·4 

SEMICUSTOM SERVICE ........................................................................................ 8·3 

SEMICUSTOM PRODUCTS 

ISL-

CCL-
CMOS
ECL/CML (ACE)-

8A 1200 Gate Array ..................................................... 9·28 
8A 1260 Gate Array ..................................................... 9·38 
8A 1542 Gate Array . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ 9·46 
8A 1664 Gate Array ..................................................... 9·56 
8A 1864 Gate Array ..................................................... 9·57 
8A2176 Gate Array . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ 9·58 
CG100l Evaluation Circuit ............................................... 9·59 
FLEXXTM Array ........................................................ 9·26 
Semi·Custom Family .................................................... 9·7 
SCC0330·M, SCC0450·M, SCC0700·M, and SCCll00·M Gate Arrays ............ 9·16 
ACE 600 & ACE 900 Gate Arrays .......................................... 9·3 
ACE 1320, ACE 1400, and ACE 2200 Gate Arrays ............................ 9·5 

"The MCCAP Cross Assembler Manual is available on request. 
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BIPOLAR LSI CROSS REFERENCE GUIDE 

1·2 

BIPOLAR CROSS REFERENCE 

Manufacture AMD I FAIRCHILD I SIGNETICS I 
PACKAGE CROSS REFERENCES 

Hermetic DIP 
Molded DIP 
Mini-Molded DIP 
Metal Can 
Small Outline (SO) 

AMD 
AM8X305 
AM2960DC 
AM29648 

Fairchild 
9401 
9403A 

D 
P 
T 
H 
-

Signetics 

D, R 
P 
T 
H 
-

F-FE 
N 

NE 
H 
D 

SIGNETICS 
8X305 
N2960 
N29648 

SIGNETICS 
N9401N 
N9403N 
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SIGNETICS-PROGRESS IN QUALITY 

INDUSTRY REQUIRES IMPROVED 
PRODUCT QUALITY 

In recent years United States industry, and particularly those 
of you who buy integrated circuits, has increasingly demand
ed improved product quality. We at Signetics believe you have 
every right to expect quality products. If you buy components 
from a quality conscious manufacturer, the reward can be 
summed up in the words, lower cost of ownership. 

Those of you who invest In costly test equipment and engineer
ing to assure that incoming products meet your specifications 
have a special understanding of the cost of ownership. And 
your cost does not end there; you are also burdened with in
flated inventories, lengthened lead times, and more rework. 

Signetics Understands Customers' Needs 

Signetics has long had an organization of quality professionals 
Inside the operating units, coordinated by a corporate quality 
department. This organization provides leadership, feedback, 
and direction for achieving our high level of quality. Special 
programs are targeted on specific quality issues. For exam
ple, a program to reduce electrically defective units improved 
outgoing quality levels by an order of magnitude. 

This graph shows how dramatically electrical, mechanical, and 
visual defects have been reduced across all product lines. 

These improvements result from our emphasis on defect 
prevention which allows us to build quality into the product dur
ing manufacturing instead of relying on screening and sampl
Ing to remove defective parts. 

The corresponding improvement in the estimated process 
quality (which measures the level of defective units produced 
dunng the manufactunng process prior to outgoing quality 
assurance) conclusively supports this fact. 

You benefit from improved and more consistent product con
formance at lower product cost. 

In 1980 (see accompanYing diagram) we recognized that in 
order to achieve outgoing levels on the order of 100 PPM (parts 
per million), down from an industry practice of 10,000 PPM, 
we needed to supplement our traditional quality programs with 
one that encompassed all activities and all levels of the com
pany. Such unprecedented low defect levels could only be 
achieved by contributions from all employees, from the Rand 
o laboratory to the shipping dock. In short, a program that 
would effect a total cultural change within Signetics in our at
titude toward quality. 

This new concept is based on the 14-step quality improvement 
program developed by Phil Crosby and outlined in his book 
Quality is Free~ The program focuses on defect prevention as 
the means of attaining improved quality. 

Quality Pays Off for Our Customers 

Signetics' dedicated programs in product quality improvement, 
supplemented by close working relationships with many of our 
customers, have improved outgoing product quality more than 

Defective Parts Per Million 

6,000 

4,000 

2,000 

1979 

Average 
Outgoing Quality 

1980 1981 1982 1983 1984 

Figure 1. Reduction of Defects 

1985 

twenty-tOld. Today many major customers no longer test 
Signetics circuits. Incoming product moves directly trom the 
receiVing dock to the production line, greatly accelerating 
throughput and reducing inventories. Additional customers 
have pared significantly the amount of sampling done on our 
products. Others are beginning to adopt these cost-saving 
practices. 

We closely monitor the electrical, visual, and mechanical quality 
of all our products and review each return to find and correct 
the causes. Since 1981, over 90% of our customers report a 
significant improvement in our overall quality. 

At Signetics, quality means more than working circuits. It 
means on-time delivery of the right quantity of the right prod
uct at the agreed upon price. Our quality improvement pro
grams extend out from the traditional areas of product contorm
ance into the administrative areas which affect order entry, 
scheduling, delivery, shipping, and invoicing. 
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SIGNETICS-PROGRESS IN QUALITY 

Performance To Schedule 
Signetics' attention to administrative quality has resulted in im
proved performance to schedule DOing it right the first time 

50 

40 

1980 1981 1982 1983 1984 

Figure 2. On Time Delivery 

Signetics is Organized for Quality 

Managing Cultural Change
The "14-Step" Program 
Quality College 
Quality Improvement Teams 
"Make Certain" Program 
Corrective Action Teams 
Error Cause Removal System 

Engineering Quality 
into the Product 
SURE Program 
Manufacturing Plant Product Monitoring 
Qualification Programs 
Vendor Certification Programs 
Product Quality Program 

Supporting 
Quality Maintenance 
Product Line 
Quality and Reliability Assurance 
Corporate Quality and Reliability 
Failure Analysis Laboratories 
Reliability Data Base 
Statistical Quality Control 

Ongoing Quality Programs at Signetics 

The "14-Step" Quality Improvement Program, or 
"Do it Right the First Time" 

The intent of this innovative program is to change the percep
tion of Signetics' employees that somehow quality is solely a 
manufacturing issue where some level of defects is inevitable. 
ThiS attitude has been replaced by one of acceptance of the 

fact that all errors and defects are preventable, a point of view 
shared by technical and administrative functions equally, and, 
we are sure, welcomed by our customers. 

This program is company-wide and top down. It is personally 
led by President Charles Harwood who, with his staff, forms 
the corporate quality improvement team which implements cor
porate quality policy. Supporting the corporate quality improve
ment team are more than 40 quality improvement teams 
representing every unit in the company, each led by the unit 
manager. 

Key components of the program are the Quality College, the 
"Make Certain" Program, Corrective Action Teams, and the 
Error Cause Removal System. 

The core concepts of doing it right the first time are em
bodied in the four absolutes of quality: 

1. The definition of quality is conformance to require
ments. 

2. The system to achieve quality improvement is preven
tion. 

3. The performance standard is zero defects. 
4. The measurement system is the cost of quality. 

Quality College 

Almost continuously in session, the Quality College is a pre
requisite for all management and technical employees. The 
intensive two-day curriculum is built around the four "ab
solutes" of quality; colleges are conducted at company facilities 
throughout the world. More than 3000 employees have 
attended. 

"Making Certain"-Administrative Quality Improvement 

Signetics' experience has shown that the largest source of er
rors affecting product and service quality is found in paper
work and in other administrative functions. The" Make Cer
tain" program focuses the attention of management and ad
ministrative personnel on error prevention, beginning with each 
employee's own actions. 

This program promotes defect prevention in three ways: by 
educating employees as to the impact and cost of ad
ministrative errors, by changing attitudes from accepting oc
casional errors to one of accepting a personal work standard 
of zero defects, and by providing a formal mechanism for 
preventing errors. 

Corrective Action Teams 

Employees with the perspective, knowledge, and necessary 
skills are formed into ad hoc groups called Corrective Action 
Teams. These teams, the major force within the company for 
quality Improvement, resolve administrative, technical, and 
manufacturing problems. 

Error Cause Removal (ECR) System 

The ECR System permits our employees to report to manage
ment any impediment to doing their job right the first time. Once 
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SIGNETICS-PROGRESS IN QUALITY 

reported, management is obliged to respond promptly with a 
corrective program. DOing it right the first time in all company 
activities produces lower cost of ownership through product 
defect prevention and in all other ways meets our customers' 
expectations. 

Product Quality Program 

To reduce defects in outgoing products to nearly immeasurable 
levels, we created the Product Quality Program. This is man
aged by the Product Engineering Council, a task force com
posed of the top product engineering and test professionals 
in the company. This group: 

1) Sets aggressive product quality improvement goals. 
2) Provides corporate level visibility and focuses on problem 

areas. 
3) Serves as a corporate resource for any group requiring 

assistance in quality improvement. 
3) Serves as a corporate resource for any group requiring 

assistance in quality improvement. 
4) Drives quality improvement projects. 

As a result of this aggressive program, every major customer 
who reports back to us on product performance is reporting 
significant progress. 

Standard Quality Programs 

"SURE" -This acronym stands for Systematic Uniform 
Reliability Evaluation and is an on-going product evaluation 
first introduced in 1964. This activity provides our customers 
and us with an ongoing view of reliability performance of all 
generic families of Signetics' products. 

Product Monitor-Each manufacturing facility monitors its 
generic product groups with short term stress tests, pressure 
pot and thermal shock. These tests are performed weekly, and 
performance trends are monitored to ensure that unwanted 
process deviations are spotted quickly and corrected before 
appearing in product received by our customers. 

Qualification-Formal qualification procedures are required 
for all new or changed products, processes and facilities. These 
procedures ensure the high level of product reliability our 
customers expect. New facilities are qualified by the corpora
tion and by the quality organizations of the product line that 
will operate the facility. After qualification, products manufac
tured by the new facility are subjected to highly-accelerated 
environmental stresses to ensure that the products can meet 
rigorous failure rate requirements. New or changed processes 
are qualified similarly. 

Failure Analysis-This vital function is conducted by product 
line and plant failure analysis units coordinated through the 
corporate failure analysis group, a part of corporate reliability 
engineering. Our ten failure analysis groups will be expanded 
to 16 by the end of 1984 in our ongoing effort to accelerate 
and improve our understanding of product failure mechanisms. 

Reliability Data Base-This computerized data base contains 
product reliability information collected from around the world. 

It is updated and published quarterly in "Signetics Product 
Reliability Summary." 

Many customers use this information in lieu of running their 
own qualification tests, thereby eliminating time-consuming and 
costly procedures. 

Vendor Certification Program-Our vendors are taking 
ownership of their own product quality by establishing improved 
process control and inspection systems. They subscribe to the 
zero defects philosophy. Progress has been excellent. Through 
intensive work with vendors, we have improved our lot accep
tance rate on incoming materials as shown in the graph. 
Simultaneously, waivers of incoming material have been 
eliminated. 

Material Waivers 

1983-0 (Goal) 
1982-2 
1981-3 
1980-134 

Higher incoming quality material to us ensures higher outgo
ing quality products for you. 

10.5% 

1980 1981 1982 1983 

Figure 3. Lot Acceptance Rate from Signetics Vendors 

QUALITY AND RELIABILITY ORGANIZATION 

Quality and reliability specialists at the product line level are 
involved in all aspects of the product, from design through 
every step in the manufacturing process, and provide product 
assurance tesling of outgoing product. A separate corporate 
level group provides direction and common facilities. 

Quality and Reliability Function 
• Manufacturing quality control 
• Product assurance testing 
• Laboratory facilities 

-failure analysis, chemical, metallurgy, thin film, 
oxides 

• Environmental stress testing 
• Quality and reliability engineering 
• Customer liaison 
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BIPOLAR LSI PRODUCTS 

SIGNETlCS-PROGRESS IN QUALITY 

Communicating With Each Other 

For information on Signetics' quality programs or for any ques
tion concerning product quality, the field representative in your 
area will provide you with the quickest access to answers. Or, 
write on your letterhead directly to the Corporate Director of 
Quality at the corporate address shown on the back of this 
folder. 

We are Ij!edicated to preventing defects. When product prob
lems do occur, we want to know about them so we can 
eliminate their causes. We are committed to zero defects. Here 
are some ways we can help each other: 

• Provide us with one informed contact within your organiza
tion. This will establish continuity and build confidence levels. 

• Periodic face-to-face exchanges of data and quality improve
ment ideas between your engineers and ours can help pre
vent problems before they occur. 

• Test correlation data is very useful. Line pull information and 
field failure reports also help us improve product 
performance. 

• Provide us with as much specific data on the problem as 
soon as possible to speed analysis and enable us to take 
corrective action. 

• An advance sample of the devices in question can start us 
on the problem resolution before physical return of shipment. 

This teamwork with you will allow us to achieve our mutual goal 
of improved product quality. 

Quality Terms 

Many terms and acronyms for quality have come into common 
use in conversation, in correspondence, and in the many 
reports on the subject in this quality conscious time. To help 
us all speak the same language, we hope the following.9lossary 
is useful to you. 

AQL-

AOQ-

AOQL-

a-

B-

Acceptable Quality Level-the maximum per
cent defective that, for the purpose of sampling 
inspection, can be considered satisfactory as 
a process average. 

Average Outgoing Quality-the average per
cent defective shipped (from accepted tests 
only) using rectifying inspection sampling. Rec
tifying is rescreening rejected lots and remov
ing all defectives. 

Average OutgOing Quality Limit-the worst, or 
limit of, average quality of outgoing product in
cluding accepted lots and rejected lots that have 
been screened. 

Producer's risk of a sampling plan-the prob
ability that a "good" lot will be rejected by the 
sampling plan. 

Consumer's risk of a sampling plan-the prob-

CAT-

Defect-

Defective-

ECR-

EPQ-

Make 
Certain-

LAR-

LRR-

LTPD-

PPM-

Quality

SQC-

SUPR-

SURE-

URR-

ZD-
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ability that a "bad" lot will be accepted by the 
sampling plan. 

Corrective Action Teams-intra- and inter
department teams formed to solve problems. 

Any nonconformance of the unit or product with 
a specified requirement. 

A unit of product which contains one or more 
defects. 

Error Cause Removal-a system allowing all 
employees to communicate problems that pre
vent them from performing their job correctly 
the first time. 

Estimated Process Quality-the measure of the 
performance of the product without rescreens. 
Expressed in percent or PPM. 

An element of Signetics' Quality Program 
established for problem solving in ad
ministrative activities. Make Certain helps peo
ple "do it right the first time." 

Lot Acceptance Rate-the number of lots ac
cepted, divided by the total lots inspected, times 
100. 

Lot Rejection Rate-the number of lots re
jected, divided by the total lots inspected, times 
100. 

Lot Tolerance Percent Defective-the level of 
defectiveness that is unsatisfactory and should 
be rejected by the sampling plan. 

Parts Per Million-a unit of measure of defects 
identified in a product or process expressed in 
defects per million units. 

Conformance to requirements (specification). 

Statistical Quality Control-a process control 
tool used to manage the manufacturing proc
esses to ensure that they do not produce 
defects. 

Signetics Upgraded Product Reliability-a pro
gram offered on commercial products to pro
vide customers with improved, reliable product. 

Systematic and Uniform Reliability 
Evaluation-a program which consists of 
repetitive environmental stress management of 
all Signetics' generic product families. 

Unit Rejection Rate-the sum of all units re
jected, divided by the total number of units 
which were Inspected. Expressed in percent or 
PPM. Under certain conditions, the EPQ or 
AOQ may be the same as the URR. 

Zero Defects-Signetics' quality performance 
standard. 



BIPOLAR LSI PRODUCTS 

SIGNETICS-PROGRESS IN QUALITY 

ASSURING THE QUALITY OF LSI 
DIVISION PRODUCTS 

Quality is built into the LSI Division product. Our in-process 
inspections have gone beyond testing to verify that the prod
uct will meet spec. Instead, all our inspection criteria meet the 
much tighter standard of assuring that the processes used to 
make our products are all in control. By the time the product 
reaches the end of our production line, our process average 
is 99 83/100% good. The final 100% testing sequence im
proves even this level to 99 93/100% (700 "ppm") before the 
product is shipped. 

Figure 1 shows a brief summary of the process. 

TABLE II-LSI QUALITY LEVELS 

The following is a brief glimpse of our actual quality perform
ance. The measure is SOQ. Please contact us for more com
plete information. 

PPM 
Period 1, 1983 1500 
Period 2, 1983 1200 
Period 3, 1983 1124 
Period 4, 1983 1410 
Period 5, 1983 671 
Period 6, 1983 658 

TABLE III-LSI DIVISION RELIABILITY SUMMARY 

For more complete data summaries, please ask for the latest 
LSI Division SURE III Test Program Report. The following cap
sule summary shows process averages for the first half of 1983. 

Failure Rate 
Operating high temperature life test: 0.00%/1000 hrs. 

Storage high temperature life test: 0.00%/1000 hrs. 
Temperature/Humidity Bias Stress: 0.00%/1000 hrs. 

Thermal Shock: 0.68%/100 cycles 
Temperature Cycle: 0.00%/1000 cycles 

Signetics 

The typical process takes over 100 
steps, involving over a dozen masks. 
Statistical Process Control is maintained 
by computer at each process sequence. 

Visual and electrical acceptance testing 
verifies that over 90 of the starting 
wafers have successfully completed the 
entire fabrication sequence. 

Each device undergoes visual and elec
trical testing to assure that all of the 
contacts are goods. Our SURE III Re
liability Program takes random samples 
from production each period and tests 
them to destruction. 

Even after 1000 cycles of temperature 
cycling more than 98112% survive. 

Every device is tested for functional, DC 
and AC parameters. 

If you select the Level B op
tion your parts are burned 
in for the equivalent of 168 
hrs. full power operation at 
125°C. 

Every device is retested for 
functional, DC and AC par
ameters. 

1----- Final sampling tests assure the 
quality level per Table II. Every 
shipment is sealed and identified 
by QA personnel. 

Figure 4. The LSI Process 
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8X374 Addressable/Bidirectional I/O Ports with Panty 3-75 
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Signetics 3-1 





BIPOLAR LSI PRODUCTS 

BIPOLAR MICROPROCESSORS 

FEATURES 

• Minimum Parts Count 

• Bipolar Device Using Low Power 
Schottky Technology 

• High Performance 

• Source/Destination Architecture 

• Design Flexibility 

• After·Sales Support 

8X300 FAMILY 

USER 
SYSTEM 

NOTES 

8X300 FAMILY 

USER BENEFITS 

• Reduced Cost 
• Extended Life of Product 

• Full System Drive Without Buffering 
• TTL Compatibility 
• Proven Reliability 

• Instruction Cycle Time of 200n5 (8X305) or 250ns (8X300) 
• Bit Addressabillty - Instruction Data Formats of 1·to·8 Bits 

Without Added Delay 

• Efficient Use of Fixed Instruction Set 
• Easy to Program 
• Well·Suited for Control Applications 

• Slngle·Chip Processor 
• Full Complement of Support Devices 

• Development System 
• Training 
• Complete Documentation 
• Applications Support from Qualified Field Engineers 

jUSER 
SYSTEM 

DISKETTE 
DRIVE 

RAM 
WORKING 
STORAGE 

1 The shaded devices are designed to take advantage of the Improved performance of the 8X305 
2 Refer to "Reference Table" on next page for a descriptive summary of each part In the 8X300 Family 
3 The actual parts used In a specific system are selected based on the application requirements 
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BIPOLAR LSI PRODUCTS 

BIPOtAR MICROPROCESSORS 

PRODUCT LINE OVERVIEW 

The Bipolar LSI Microprocessor product 
line is centered around two high·speed, 
Schottky· fabricated, MicroControliers and 
a large family of 1/0 devices, support ICs, 
and development support tools to expe· 
dite and simplify system design. No other 
microprocessor product line offers the ad· 
vantages of the 8X300 Family in systems 
requiring intelligent control of high·speed 
data streams. 

The MicroControliers themselves are ca· 
pable of fetching, decoding, and exe· 
cuting each instruction in one machine 
cycle (250ns for the 8X300 and 200ns for 
the 8X305). A single instruction can read 
data from the bus, mask it, shift it, perform 
an ALU operation on it, rotate it, merge it, 
and return it to the bus. The architecture 
and instruction set of each processor are 
designed to provide high data throughput 
with both bit and byte oriented operations. 
The 8X305 offers more on·chip registers 

and significant data handling capability 
improvements over the original 8X300. 

Because of its extremely high speed, the 
8X300 family is able to perform through 
software many operations that would 
otherwise require additional hardware in 
the system. For example, using either 
M icroController, the 8X330 Floppy Disc 
Controller, and other support devices, a 
complete diskette drive controller can be 
built using only 10 Integrated Circuits. The 
resulting controller is programmable and 
capable of supporting multiple drive types 
and formats. Low parts counts typical of 
8X300 Family designs result in reduced 
assembly and testing time, lower power 
consumption, and improved reliability. 

The 8X300 Family is implemented using 
bipolar, Low·power Schottky technology 
to provide TTL speeds and drive capability 
without additional buffering. In addition, 
the family is compatible with most 

8X300 FAMILY REFERENCE TABLE 

PART NO. PRODUCT DESCRIPTION 

8X300 FAMILY 

special·purpose devices often required in 
control applications. The excellent envl· 
ronmental characteristics of the tech· 
nology make the 8X300 family ideal for 
military applications as well. 

A complete complement of development 
support tools are offered to simplify 
design using the 8X300. A self·contained 
universal development system is available 
that supports full speed in·circuit emula· 
tion. Software tools are provided to enable 
use of mainframe or minicomputers to 
generate 8X300 software. Complete docu· 
mentation is in place, including both data 
sheets and comprehensive reference 
manuals. In addition, evaluation and 
demonstration systems are available. To 
supplement these tools, Signetics em· 
ploys a large, professional staff of appli· 
cations engineers both in the field and at 
the factory to support your 8X300 design 
efforts. 

FUNCTION 

8X300 MicroControlier 250ns processor for 1/0 and data control 
8X305 MicroControlier 200ns processor for 1/0 and data control 
8X31 0 Interrupt Controller 3 priontzed interrupts with 4·level stack 
8X320 Bus Interface Array 2·port RAM for 8/16·bit mailbox interfacing 
8X330 Floppy Disk Controller 1 Mblsec data rate, programmable, supports ECC 
8X350 Bipolar RAM 256 x 8 high·speed memory with bus interface 
8X360 Memory Address Director 16·bit address controller for working storage 
8X337 Transparent 1/0 Port High·speed, 8·blt bidirectional, 3·state 
8X372 Addressable 1/0 Port High·speed, 8·bit bidirectional, synchronous, 3·state 
8X376 Add ressable I/O Port High·speed, 8·bit bidirectional, asynchronous, 3·state 
8X382 Addressable 1/0 Port High·speed, 4·in/4-out, 3·state 
8T31 Transparent 1/0 Port 8·bit bidirectional, 3·state 
8T32 Addressable 1/0 Port 8·bit bidirectional, synchronous, 3·state 
8T36 Addressable I/O Port 8·bit bidirectional, asynchronous, 3·state 
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BIPOLAR LSI PRODUCTS 

MICROCONTROLLER 

FEATURES 
• Fetch, Decode, and Execute a 16-bit instruction In a 

minimum of 2SQ-nanoseconds (one machine cycle) 
• Bit-oriented instruction set (addressable slngle-or-

multiple bit subflelds) 
• Separate address, Instruction, and I/O buses 
• Source/destination architecture 
• On-Chip oscillator and timing generation 
• Eight a-bit working registers 
• TTL inputs and outputs 
• BiPolar Low-Power Schottky technology 
• 3-State I/O bus 
• Single +SV supply 

ARCHITECTURAL OVERVIEW 
The Signetics aX300 Microcontroller (Figure 1) is a high
speed bipolar microprocessor implemented with low-power 
Schottky technology. The 8X300 brings together all the 
qualities needed-SPEED, FLEXIBILITY, and ECONOMY
for systems design in the many areas that require reliable bit 
stream management. Considerl-5V operation, TTL bus 
compatibility, and an on-chip clock-the result, a system 
with fewer parts. Considerl-the inherent power of LSI logic 
(programmable Rotate, Mask, Shift, and Merge functions in 
the data-processing path) and the ability to Fetch, Decode, 
and Execute a 16-bit instruction in a minimum of 250-
nanoseconds-the result, a system with superior bit 
handling capabilities. Considerl-the 250ns cycle time in 
conjunction with extended microcode-the result, the flexi
bility of bit-slice devices with the programming ease of MOS 
microprocessors. Now, consider the results!-a device tai
lored to bit-stream management in the areas of Industrial 
Control, Input/Output Control, and Data Communications. 

The 8X300 uses three separate buses-one for 13-bit in
struction addresses, one for 16-bit instructions, and a 
bidirectional a-bit input loutput data bus; except for the 1/0 
bus, there are no time multiplexing of functions. 

PIN CONFIGURATION 

I PACKAGE 

TOP VIEW 

ORDER NUMBERS 

N8X3001, S8X300·1, S8X300·2 

Signetics 

RESET 

MCLK 

8X300 
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Figure 1, CPU Architecture and PIN DeSignations For 8X300 Microcontroller 
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BIPOLAR LSI PRODUCTS 

MICROCONTROLLER 8X300 

:---SER'ES:-PAss--l Q TRANSISTOR 

,.... L~~~~T~~2!~~~!:.U 

1 VCR VR 50 

~A7 A6~ 
~A6 A9~ 
~ A5 Al0 ID----
~ A4 Al1ID--

~A3 A12~ 
~ A2 HALT ID---') CON~~~~LED 
~ A1 RESET ~/ INPUTS 

~ 40 MCLK l'$>!2�_-----, 

~--------.~ Xl WO:ill----- - (OFF-CHIP) '1"'i X2 iV1 ~ 
PROGRAM 
STORAGE 

(REAO-ONLY 
MEMORV)-SK X 16 

ROM/PROM 

~ GNO ~ fV2~ 
~ 10 W",:31~3ID--~~~~~~~~~~~t_========~====: ~ 11 Vcc]I] 1-___________ 1\---{;=1~5 12 IV4 ~ 

L-____ ..J ~ 13 iV5 ID--

NOTE 
Up to 256 bytes can be directly Interfaced 
to each bank With decoders and some 
external logic, the 1/0 complement can 
be expanded to the pOint of cntlcat tlmmg 

~14 iVe~ 
f-m 15 iV7~ 
~16 RB~ 
~ 17 ~@~~1~--~ 

~ 18 wc~~~ol----~ 
~19 SC~~~.~---~ 

=1:;~ :;:~ 
------IE 112 113 ID--j 

PIN NO. IDENTIFIER NAME AND FUNCTION ACTIVE STATE 

2-9/45-49 A0-A12 Program Address Lines: These outputs permit direct addressing of up to 8192 words of program High 
storage. A high voltage level equals a binary "1"; A12 is Least Significant Bit 

13-28 10-115 Instruction lines: These input hnes receive 16-bit Instructions from program storage. A high voltage High 
level equals a binary "1"; 115 is Least Significant Bit. 

33-36 IV0-IV7 Input/Output Bus: These bidirectional three-state hnes communicate with up to 512110 devices (256 Low 
38-41 per bank). A low voltage level equals a bmary "1"; IV7 IS Least Significant Bit 

10 & 11 X1 & X2 Connections for a capacitor, a senes-resonant crystal, or an external clock source with complemen- -
tary outputs. For precise frequency control, a crystal or external source is required. 

42 MCLK Master Clock: This output IS used for clocking 1/0 devices and lor synchronization of external logic. High 

30 WC Write Command: When signal is high (binary 1). data is being output on pins IV0-IV7 of 1/0 bus. High 

29 SC Select Command: When signal is high (binary 1), an address is being output on pins IV0-IV7 of 1/0 High 
bus 

31 LB When the LB signal IS low (binary 0), anyone of up-to-2561!0 devices (or memory locations) in the left Low 
bank can be accessed. When the address of a particular deVice (or memory location) matches the 
address on the IV bus, that particular device (or memory location) is enabled and selected for 
mput I output operations. All addresses on the left bank that do not match are deselected. 

32 RB When the RS signal is low (binary 0), anyone of up-to-256 110 deVices (or memory locations) in the Low 
right bank can be accessed. When the address of a particular device (or memory location) matches 
the address on the 1/ 0 bus, that particular device (or memory location) is enabled and selected for 
input I output operations. All addresses on the nght bank that do not match are deselected. 

43 RESET When reset input is low (binary 0), the microcontroller is initialized-sets Program Counter I Address Low 
to zero and inhibits MCLK output. 

44 HALT When halt input is low (binary 0), internal operation of microcontroller stops at the start of next Low 
instruction. The stop function does not inhibit MCLK or affect any internal registers. 

50 VR Internally-generated reference output voltage for external series-pass transistor. -

1 VCR Regulated voltage input from series-pass transistor (2N5320 or eqUivalent). -

12 GND Circuit ground. -

37 Vee Input connection for +5V power. -

Figure 2. Typical 8X300 System with Pin Definitions 
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MICROCONTROLLER 

TYPICAL 8X300 SYSTEM HOOKUP 
Although the system hookup shown in Figure 2 is of the 
simplest form, it provides a fundamental look at the 8X300 
microcontroller and peripheral relationships. As indicated, 
program storage can be either ROM or PROM and, by using 
various addressing-methods / decoding-schemes, memory 
paging techniques can be easily implemented. Also, by 
proper bit assignment, some external interface logic and, 
under software control, the program memory can be used as 
a storage device for interrupt-service subroutines. The user 
interface (lVQI through IV]) is capable of addressing 256 
Input! Output ports and, with the additional bank-select bit 
(LB and RB), the number of addressable I/O ports is 512-
the left bank and right bank each consisting of 256 ports. 
The I/O ports of each bank can be used in a variety of ways; 
one of these ways is shown in Figure 2. When LB is active 
low, the left bank can be enabled and, providing there is an 
address match, anyone of 128 I/O ports or anyone of 128 
locations within the RAM memory can be accessed for 
input! output operations. When RB is active low, the same 
set of conditions are applicable to the right bank. With some 
sacrifice in speed, any given I/O port can be interfaced to a 
memory peripheral or other I/O device of the user. 

PROGRAM STORAGE INTERFACE 
As shown in Figure 2, program storage is connected to 
output address lines AO through A 12 (A 12 = LSB) and input 
instruction lines 10 through 115. An address output on 
AO / A 12 identifies one 16-bit instruction word in program 
storage. The instruction word is subsequently input on 
10/115 and defines the microcontroller operations which are 
to follow. 

The Signetics 82S115 PROM or any TTL-compatible mem
ory can be used for program storage. (Note. The worst-case 
access time depends upon the instruction cycle time, and 
also, the overall system configuration.) 

1/0 INTERFACE AND CONTROL 
An 8-bit I/O data bus is used by the microcontroller to com
municate with two fields of I/O devices. The complementary 
LB and RB signals identify which field of the I/O devices is 
enabled. 

Both data and address information are output on the I/O 
bus. The SC (Select Command) and WC (Write Command) 
signals distinguish between data and address information 
as follows: 

SC WC FUNCTION 

High Low I/O address is being output on the 
I/O (IV) bus 

Low High I/O data is being output on the I/O 
(IV) bus 

Low Low Input data expected from selected 
I/O device 

High High Invalid (not generated by 8X300) 

DATA PROCESSING 
From a data processing point of view, the 8X300 
microcontroiler chip (Figure 1) contains eight 8-bit working 

8X300 

registers (R 1 through R6, R 11, AUXiliary), an arithmetic 
logic unit (ALU), an overflow register (OVF), rotate/shift! 
mask / merge logic, and a bidirectional 8-bit I/O bus. Internal 
8-bit data paths connect the registers and I/O bus to the 
ALU inputs, and the ALU output to the registers and I/O bus. 
Inputs to the ALU are preceded by the data-rotate and data
mask logic and the ALU output is followed by the shift and 
merge logic. Anyone or all of the logic functions can operate 
on 8-bits of data in a single instruction cycle. Data from the 
source register can be right-rotated (end around) before 
processing by the ALU; external data (I/O bus) can also be 
masked to isolate a portion of the 8-bit field. Since the ALU 
always processes 8-bits of data, bit positions not specified 
by the mask operation are filled with zeroes. 

When less than 8-bits of data are specified as output to the 
I/O bus from the ALU, the data field (shifted and masked, as 
required) is merged with prior contents of the I/O latches to 
form the output data. Bit positions of the I/O data not 
affected by the logic operations are not modified. Depend
ing upon whether an I/O peripheral or an internal register 
is specified in the instruction as the source of data, the 
I/O latches contain, respectively, I/O-bus source data or 
destination data. For instance, when an internal register is 
specified as a source of data and an I/O peripheral as the 
destination, data from the peripheral is read into the I/O 
latches at the start of the instruction cycle; processed data 
is then merged with contents of the I/O latches to form the 
I/O output data at the end of the instruction cycle. When an 
I/O peripheral is specified as both data source and destina
tion, data from the source is used both as the input to the 
I/O latches and as data to be processed; the processed 
data is then merged with data from the I/O latches to form 
the previously-described I/O bus output. If the data source 
and destination are on opposite banks of the 8X300 bus, the 
destination data is written with a full 8-bits, since the prior 
contents were not stored in the I/O latches. 

INSTRUCTION CYCLE 
Each microcontroller operation is executed in a single in
struction cycle. The instruction cycle is divided into quarters 
with each quarter cycle being as short as 62.5-
nanoseconds. Figure 3 shows the general functions that 
occur during each quarter cycle; specifics regarding 
minimum/maximum timing and other critical values are de
scribed under "Design Parameters" in this data sheet. Dur
ing the first quarter cycle, a new instruction from program 
storage is input on signal lines 10 through 115; simulta
neously, new data is fetched via the input / output bus (lVO 
through IV7). At the end of the first quarter cycle, the new 
instruction is latched in the instruction register and the new 
I/O data is present at the input of the chip but is not, as yet, 
latched by the IV latches. 

In the second quarter cycle, the I/O data stabilizes and 
preliminary processing is completed; at the end of this quar
ter, the IV latches are closed and final processing can be 
accomplished. During the third quarter cycle, the address 
for the next instruction is output to the I/O (IV) bus, control 
signals are generated, and I/O data is setup for the output 
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MICROCONTROLLER 8X300 

phase. During the fourth quarter cycle. a master clock signal 
(MCLK) generated by the 8X300 is used to latch valid ad
dress or data into peripheral devices connected to the IV 
bus; MCLK is also used to synchronize any external logic 
with timing circuits of the 8X300. To summarize the action. 
the first half of the instruction cycle deals primarily with input 
functions and the second half is mostly concerned with 
output functions. 

subsequently decoded to implement the events to occur 
during the current instruction cycle. The instruction word is 
formatted as follows: 

LSB 

I 
BIT POSITIONS -

3 4 5 6 7 8 9 10 11 12 13 14 15 

OPERAND(S) 

~ I I I r L- 1ST QUARTER -t- 2ND QUARTER -t- 3RC QUARTER ---I.-......- 4TH QUARTER--I r-- (62 5 nil .. (62 5 nil It (62 5 nal --------:::-- (62 5 nsl J 

Rather than discrete instructions. the three operation code 
(OP CODE) bits specify eight instruction classes. Each in· 
struction class is subject to a number of powerful variations; 
these variations are specified by the thirteen operand bits. 
General areas of control for the eight instruction classes 
are: INPUT INSTRUCTION & 

FETCH NEW DATA 
LATCH & PROCESS NEXT INSTRUCTION 110 ADDRESS OR 

INPUT DATA ADDRESS, GENERATE 110 DATA VALID 
CONTROL SIGNALS, 

~ AND SETUP I/O 

IL _____________ ""_T_A_Fo_R_O_UTl'_uT ...... 1 MCLK-ACTIVE STATE L • Arithmetic and Logic Operations (ADD. AND. AND XOR) 
• Movement of Data and Constants (MOVE and XMIT) 

NOTES • Branch or Test (JMP. NZT. and XEC) 
1 New ms'ructlon must be accepted and latched at end of first quarter cycle 
2 The 1,0 data latches are open for the first two quarter cycles, that IS, for 125· 

nanoseconds 

Basic operations for each of the eight instruction classes 
are as follows; a summary of the instruction set is provided 
in Table 1. 3 The address IS output during third quarter cycle 

4 I/O bus drivers are active (turned on) dunng third and fourth quarter cycles 

Figure 3. Instruction Cycle and MCLK with: Crystal = 8MHz 
and Cycle Time = 250 ns 

MOVE-data in source register or I/O·bus input is moved to 
destination register or I IO·bus output. Data can be shifted 
any number of places and lor masked to any length. 

INSTRUCTION SET 
General Format and Basic Operations 
The 16·bit instruction word (10 through 15) from program 
storage is input to the instruction register (Figure 1) and is 

ADD-data in source register or I IO'but input is added to 
content of AUX (RO) register and the result is placed in the 
destination register or I IO·bus output. Data can be shifted 
and/or masked. as required. 

Table 1. SUMMARY OF 8X300 INSTRUCTION SET 

STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE 

INSTRUC 1/0 CONT INPUT PHASE OUTPUT PHASE 
CLASS OPCOOE FORMATS DESCRIPTION SIG (INSTRUCTION (ADDRESS & 

INPUT & DATA 1/0 BUS) 
PROCESSING) 

MOVE 0 F 1: Reglater to Reglater (5)-0 

I 13 7 18 10 111 12131415 I Move content of Internal register specified by 5C: L H If "0" '" 07a. 17e 
012 4 5 6 9 S-I.ald to mternal register specified by D·I,eld we = L L 

IOPCOOE I 5 
I 

R 
I 

0 
I 

Pnor to the "MOVE~ operation, fight-rotate [8= X H If "0" = 178 
contents of mternal source register by octal LB= X llf"D"=07e 

Invalid values of "5" 
value (0 through 7) defmed by the R·fleld 

07a. 17e. 2Oa-378 
Invalid values of "0" 

IDe. 2°8-378 

F2: liD Bua to Reglater Move nght-rotated 110 bus (source) data SC: L H If ~D" = 07e. 17a 

I 13 4 71 8 10 111 12131415 I speCified by the S-Ileid to Internal register WC = L L 
012 5 6 9 speCified by the D-fleld The L-fleld speCifies [8: L If "S" = 20a-27 a Hlf"D"= 17a 

IOPCOOE I S I L I 0 I 
the length of source data startmg from the [8= H If "S" = 30a-37 a Llf"O" = 07a 
LSB-posltlon and, If less than a-bits. the re-

Valid values of "S" 20a-37 a 
mammg bits are filled with zeroes 

Invalid values of "D" 1°8, 20a -37 a 

F2: Regls'er to 1/0 Bus Move contents of mternal register speCIfied by SC: L L 

I 0123 14 71 8 101" 12 13 14 151 
the S-fleld to the 110 latches Before we = L H 

5 6 9 outputtmg on 1/0 bus. data IS shifted as specl- [8= L If "0" = 20a-27a L If "D" "" 20a -27a 

IOPCODE I S I L I 0 I 
fled by the least Significant octal digit of the 0- [8= H If "0" = 3Oa-37e H If "D" = 308-37 a 
field and the bits speCified by the L·fleld are 

Invalid values of "S" 07e• 17a• 2°8, 37a 
merged With the latched 110 data 

Valid values of "0" 2°8-37 a 

F2: 1/0 BUI to 1/0 Bus Move nght rotated IIO-bus (source) data SC - L L 

I 13 7 18 10 111 121314151 
speCified by the S-Ileid to the 110 latches Be- WC= L H 

012 4 5 6 9 fore outputtmg on 110 bus, shift data as specl- [8:: L If "D" = 20a-278 L If "0" = 2Oa-278 

I OPCOOE I S 1 L I 0 
I 

lied by the D-Ileld. then merge source and iJi: H 11 "D" ::30e-37e H If "0" = 3Oa-378 
latched 110 data as specified by the L (length) 

Valid values of "S" 20a-37 a 
field 

Valid values of "0" 20e-37 a 
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Table 1. SUMMARY OF 8X300 INSTRUCTION SET (Continued) 

INSTRUC 
CLASS OPCOD~ FORMATS 

ADO Same 88 MOVE ,"structlon class 

AND Same as MOVE instruction class 

DESCRIPTION 

(8) plus (AUX) - 0 
Same as MOVE instruction class except that 
conlents of AUX (RO) register are ADDed to 
the source data If there IS a "carry" from MSB, 
then OVF (overflow) = 1, otherwise OVF = 0 

(S) 1\ (AUX) - 0 
Same as MOVE instruction class except that 
contents of AUX (RO) register are ANDed with 
source data 

8X300 

STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE 

I/OCONT 
SIG 

INPUT PHASE 
(INSTRUCTION 
INPUT & DATA 
PROCESSING) 

Same as MOVE Instruction class 

Same as MOVE instructIon class 

OUTPUT PHASE 
(ADDRESS & 

1/0 BUS) 

XOR Same 8S MOVE mstructlon class (5) EB (AUX) - 0 Same as MOVE mstructlon class 

XEC 

NZT 

XMIT 

JMP 

F3: Re"lster Immedlete 

I 0 1 2 13 4 5 6 7 18 9 10 11 12 13 14 15 I 
IOPCOOE I I I 

Invalid values of "S": 
078,178.208-378 

Valid values of "J", 
000S-3778 

F4: 1/0 Bus Immedlat. 

I 0 1 2 13 4 5 8 7 18 9 10 1" 12131415 I 
IOPCOOEI I I I 

Valid values of "S" 20a-37e 
Valid values of "J": 00a-37a 

F3: Aeglster Immediate 

I 012 13 4 5 6 7 18 9 10 11 12 13 14 15 I 
IOPCOOEI I J I 

Invahd values of "S" 07 a' 17 a, 20a-37 a 
Valid values of "J" OOOa-377 a 

F4: 1/0 Bus Immediate 

I 012 13 4 5 6 7 18 9 101" 12131415 I 
IOPCOOEI I I I 

Valid values of "S" 208 -37 a 
Vahd values of "J" OOa-378 

F3: Register Immediate 

InvalId values of "0" 10e.208-378 
Vahd values of "J" 000a-377a 

F4: I/O Bus Immediate 

I 0 1 2 13 4 5 6 7 18 9 10 1" 12131415 I 
IOPCOOElo I I I 

Valid values of "0" 208 -37a 
Vahd values of "J" 00a-37 a 

Same as MOVE Instruction class except that 
contents of AUX (AO) register are exclusively 
ORed with source data 

Execute InstrucUon at current page address 
oUset by J (lIteral) + (8). Return to normal 
Instruction flow unless a branch I, encoun
tered. 

Execute Instruction at an address determined 
by replaCing the low-order S-blts of the Pro
gram Counter With the follOWing derived sum 
• Value of Itteral (J-field) plus 
• Contents of mternal register specified by S

field 
The PC IS not incremented and the overflow 
status (OVF) IS not changed 

Execute instruction at an address determined 
by replacing the low·order 
5-bits of Program Counter With the following 
derived sum 
• 5-blt value of Itteral (J-fteld) plus 
• Value of rotated source deta specified by 

S-fleld (The L-fleld specifies the length of 
source data startmg from the LSB-postlion 
and, If less than a-bits, the remaining bits 
are filled With zeros, the Program Counter 
IS not mcremented and the overflow status 
(OVF) IS not changed) 

If data specified by the $-fleld Is not equal to 
zero. jump to current page address offset 
by value of J.fleld; otherwise, Increment the 
Program Counter. 

If contents of Internal regIster specifIed by S
field IS non-zero, transfer to address deter
mined by replacmg the low-order a-bits of Pro
gram Counter WIth "J", otherwise, mcrement 
PC 

If right-rotated 110 bus data IS non-zero, trans
fer to address determmed by replacmg low
order 5-blts of Program Counter with" J", oth
erwise, mcrement PC (The L·fleld speCifies 
the length of source 110 data startmg from the 
LSB-posltlon and, If less than a-bits, the re
mammg bits are ftlled With zeroes) 

Transmit J -- 0 

Transmit bmary pattern m J-fteld to 1/0 bus 
Before pullmg data on 110 bus, shift hteral 
value" J" as specified by the D-fteld and merge 
bits speCified by the L-fleld With eXisting 1/0 
bus data If the L-fleld speCIfies more than 5-
bits startmg from the LSB,poslllon, all remain
mg bits are set to zero 

F5: Addres. Immediate Jump to address In program storage specified 

I ° 1 2 13 4 5 6 7 a 9 10 11 12 13 14 15 I ~~e~:'=~d~,~~~sr :~~r:hs: ~~~:~:;~~~~t~~e Ad
I~o-P~CO-OE~·I--------A------~I 

Vahd values of A 00000a-17777a 

NOTES • RB is complement of ili, X = Undefined 
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l 
l 
L if "S~ • 20e-27e 
H If "SH ... 30e -37a 

x 

L If "S" = 2°8-278 
H If "S" "" 30a -378 

l 
l 
x 
x 

L If 0 = 2°8-278 
H If D = 30a -37a 

l 
l 
x 

HlfD=07a or17a 
l 
H If 0 = 17a 
L,fD=07a 

l 
H 
L If D = 20a-278 
HIs 0 .. 30a -37a 

l 
l 
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AND-data in source register or I/O-bus input is ANDed 
with content of AUX (RO) register and the result is placed in 
the destination register or I/O-bus output. Data can be 
shifted and I or masked, as required. 

XOR-data in source register or I/O-bus input is exclusively 
ORed with contents of AUX (RO) register and the result is 
placed in the destination register or I/O-bus output. Data 
can be shifted and I or masked, as required. 

XMIT -immediate data field of instruction word replaces 
data in destination register or II O-bus output. 

XEC-executes instruction at the program address which is 
formed by replacing the least significant bits of the last 
address with the sum of: 

• Literal (J) field value of instruction plus, 
• Value of data in source register or I/O-bus input. 

NZT -least significant bits of program address are re
placed by literal (J) field of instruction if the source register 
or II O-bus is not equal to zero. 

JMP-program address is replaced by address field of the 
instruction word. 

Instruction Fields 
As shown in Table 1, each instruction contains an operations 

8X300 

code (OPCODE) field and from one-to-three operand fields. 
The operand fields are: Source (S), Destination (D), Rotate I 
Length (R/L), Literal (J), and Address (A). The OPCODE 
and operand fields are briefly described in the following 
paragraphs. 

Operations Code Field: The three-bit OPCODE field speci-
fies one of eight classes of 8X300 instructions; octal desig- 3 
nations for this field and operands for each instruction class 
are shown in Table 1. 

Source (S) and Destination (D) Fields: The five-bit (S) and 
(D) fields specify the source and destination of data for the 
operation defined by the OPCODE field. The AUXiliary (RO) 
register is an implied second operand for the ADD, AND, and 
XOR instructions, each of which require two source fields. 
That is, instructions of the form: 

ADD X, Y 

imply a third operand, say Z, located in the AUX (RO) regis
ter. Thus, the operation for the preceding expression is 
actually (X + Z), with the result stored in Y. The (S) and I or 
(D) fields can specify an internal 8X300 register or any one
to-eight bit 1/0 field; octal values for these registers and 
Sourcel Destination field assignments are provided in Table 
2. 

Table 2. OCTAL ADDRESSES OF 8X300 REGISTERS AND ADDRESS/BIT ASSIGNMENTS OF 

SOURCE/DESTINATION FIELDS 

Octal Value 8X300 Register Octal Value 

00 Auxiliary (RO) 10 

01 Rl 11 

02 R2 12 

03 R3 13 

04 R4 14 

05 R5 15 

06 R6 16 

07 ·IOl Regisler-left Bank 17 

1/ 0 Address Register; 
Used only as destination 

NOTE 
*If IOl or lOR IS specified as 8 source of data, the source data IS all zeroes 

Note 1 

Note 2 

NOTES: 
Octal Value 1 2°8-278 speCifies the LSB of a variable length field within the 110 port preViously 

selected by the left-bank (IOL) register Length of field 18 determmed by R/L. 

2. 30a-378 performs the counterpart function 

20 - Field within preViously selected port with L$8 position = a 
21 - Field within preViously selected port with LSB pOSitIOn = 1 
22 - Field wlthm preViously selected port with LSB position = 2 
23 - Field wlthm preViously selected port with LSB position = 3 
24 - Field wlthm preViously selected port with LSB pOSitIOn = 4 
25 - Field wlthm preViously selected port with LSB position = 5 
26 - Field wlthm preViously selected port with LSB posilion = 6 
27 - Field wlthm preViously selected port with LSB position = 7 
30 - Field wlthm preViously selected port with LSB position = 0 
31 - Field within preViously selected port with LSB pOSitIOn = 1 
32 - Field wlthm preViously selected port with LSB pOSitIOn = 2 
33 - Field wlthm preViously selected port with LSB position = 3 
34 - Field within preViously selected port with LSB posilion = 4 
35 - Field wlthm prevIOusly selected port with LSB position = 5 
36 - Field wlthm preViously selected port with LSB position = 6 
37 - Field within preViously selected port with LSB position = 7 

for the right-bank register (lOR) 

Signetics 

8X300 Register 

OVF (Overflow Register)-
used only as a source 

Rll 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

·IOR Register-Right Bank 
110 Address Register; 
Used only as destination 

MSB ~ BYTE ----.. LSB 

1012345671 

-
- -
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Rotate (R) and Length (L) Field: The three-bit R/L field 
performs one of two functions, specifying either the field 
length (L) or a right-rotate (R). For a given instruction, the 
specified function depends upon the contents of the source 
(S) and destination (D) fields. 

• When an internal register is specified by both the source 
and destination fields, the (R) field is invoked and it speci
fies a right-rotate of the data specified in the (S) field-see 
accompanying diagram. The source-register data (up to 
eight-bits) is right-rotated within one instruction cycle. (The 
right-rotate function is implemented on the bus and not in the 
source register.) 

RIGHT-ROTATE FUNCTION 

Bit Position - 0 1 2 3 4 5 6 7 

@" t'-'+jJ 
• When either or both of the source and destination fields 

specify a variable-length I/O data field, the (L) field speci
fies the length of the I/O data field-see accompanying 
diagram. If the source field specifies an I/O address (20a-
37 a) and the destination field specifies an internal register 
(00a-06a,07a, 11a, or 17a), the L-field specifies the length 
of source data; the source data is formed by right-rotating 
the I/O bus data according to the source address (Table 2) 
and then masking result as specified by L-field. If length is 
less than eight-bits, all remaining bits are set to zero prior to 
processing data in the ALU. If the source field specifies an 
internal register (008,-068, 1Oa,or 11a) and the destination 
field specifies I/O bus data (20a-37a), the L field specifies 
the length of the destination data. To form the destination 
data, the ALU output is left-shifted according to the destina
tion address (Table 2) and then masked to the required 
length-see DATA LENGTH SPECIFICATION. The destina
tion data is merged with data in the I/O latches to finalize 
the I/O bus data. Hence, a one-to-eight bit destination data 
field can be inserted into the existing eight-bit I/O port 
without modifying surrounding bits. If both the source and 
destination fields specify I/O bus data (20a-37a), the L
field specifies the length of both the source and destination 
data. 

DATA LENGTH SPECtFICATION 

o 1 2 345 6 7 

, I I I I I II I 
I I 1-01""_--------- L = 1 
I 1 I" L = 2 
I I.. L=3 
1 I I.. L = 4 
1 I"" L=5 
1 I.. L = 6 

1 I"" L = 7 
I" L = 0 

8X300 

To form the source data, the I/O bus data is right-rotated 
according to the source address (Table 2) and then masked 
to the required length-see preceding DATA LENGTH 
SPECIFICATION. If length is less than eight-bits, all remain
ing bits are set to zero before processing in the ALU. To 
form the destination data, the ALU output is left-shifted ac
cording to the destination address (Table 2) and masked to 
the required length specification. The destination data is 
then merged into the I/O bus data that was used to obtain 
the source; thus, if the source and destination addresses 
are on the same bank, the I/O bus data written to the desti
nation register appears unmodified, except for bits changed 
during the shift-and-mask operations. If the source and des
tination addresses refer to different banks, the destination 
register is changed to contain the contents of the source 
register in those bit positions not affected by the destination 
data. 

J-Field: The 5-bit or a-bit (J) field is used to load a literal 
value (contained in the instruction) into a register, into a 
variable I/O data field, or to modify the low-order bits of the 
Program Counter. The bit-length of the (J) field is implied by 
the (S) field in the XEC, NZT, and XMIT instructions, based 
on the following considerations. 

• When the source (S) field specifies an internal register, 
the literal value of the J-field is an a-bit binary number. 

• When the source (S) field specifies a variable I/O data 
field, the literal value of the J-field is a 5-bit binary number. 

A-Field: The 13-bit (A) field is an address field which allows 
the aX300 to directly address up 8192 locations in Program 
Storage memory. 

INSTRUCTION SEQUENCE CONTROL 
Formation of Instruction Address 
The Address Register and Program Counter are used to 
generate addresses for accessing an instruction from pro
gram storage. The instruction address is formed in anyone 
of four ways: 

• For all except the JMP, XEC, and a "satisfied" NZT in
struction, the Program Counter is incremented by one and 
placed in the Address Register. 

• For the JMP instruction, the 13-bit A-field contained in the 
JMP instruction word replaces the contents of both the 
Address Register and Program Counter. 

• For the XEC instruction, the Address Register is loaded 
with the high-order bits of the Program Counter modified 
as follows: 
XEC using 1/0 Bus Data: low order 5-bits of ALU output 
replaces counterpart bits in Address Register. 
XEC using Data from Internal Register: low order a-bits 
of ALU output replaces counterpart bits in Address Regis
ter. 
The Program Counter is not modified for either of the 
above conditions. 

• For a "satisfied" NZT instruction, the low order 5-bits 
(NZT source is I/O Bus Data) or low order 8/bits (NZT 
source is an Internal Register) of both the Address Regis
ter and Program Counter are loaded with the literal value 
specified by J-field of the instruction word. 
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Data Addressing 
The source and I or destination addresses of the data to be 
operated upon are specified as part of the instruction word. 
As shown in Table 3, source I destination addresses are 
specified using a five-bit address (OOa through 37a). When 
the most significant octal digit is a 0 or 1, the source and lor 
destination address is an internal register; if the most signifi
cant digit is a 2 or 3, an 1/0 bus address is indicated-2 
specifying a left-bank (LB) address and 3 specifying a right
bank (RB) address. The least significant octal digit (0 
through 7) indicates either a specific internal register ad
dress or positioning information for the least significant bit 
when specifying 110 bus data. Referring to Table I, the 
AUXiliary register (00) is the implied source of the second 
argument for the ADD, AND, and XOR operations. 10L (desti
nation address 07 a) and IVR (destination address 17 a) pro
vide a means of routing address information to 1/0 registers. 
With 10L or lOR specified as the destination address, the 
data is placed on the 110 bus during the output phase of the 
instruction cycle. Simultaneously, a select command (SC) is 
generated to inform all 110 devices that information on the 
1/0 bus is to be considered as an 1/0 address. Since 10L 
and lOR are not harware registers, they should never be 
specified as a source address. 

Control outputs LB and RB are used to partition 110 bus 
devices into two fields of 256 addresses. With LB in the 
active-low state and a source address of 20a-27a, the left 
bank of 110 devices are enabled during the input phase of 
the instruction cycle. With RB in the active-low state and a 
source address of 30a-37a, the right bank of devices are 
enabled. During the output phase, RB is low if the destina
tion address is lOR (17a) or 30a-37a; LB is low if the desti
nation address is 10L (07a) or 20a-27a. Each address field 

DESIGN PARAMETERS 
Hardware design of an aX300-based system largely con
sists of the following operations: 

• Selecting and interfacing a Program Storage device
ROM, PROM, etc_ (Pins 2 through g and 45 through 49 
for 13-bit address interface; Pins 13 through 2a for 16-
bit instruction interface_) 

• Selecting and interfacing Input/Output devices
RAM, Multiplexers, 1/0 Ports, and other eight-bit 
addressable 1/0 devices. (Pins 33 through 36 and pins 
3a through 41 for eight-bit 1/0 interface_) 

• Choosing and implementing System Clock-Capaci
tor-Controlled, Crystal-Controlled, or Externally-Driv
en_ (Pins 10 and 11 for System Clock interface_) 

8X300 

(LB and RB) can have a different 110 device selected; thus, 
two devices can be directly accessed within one instruction 
cycle. 

Table 3. SOURCE/DESTINATION ADDRESSES 

SOURCE ANDIOR 
DESTINATION SOURCEIDESTINATION 
FIELD (OCTAL) 

00 AUXiliary register (RO) 
01-06 Working registers R 1-R6, respec-

tively 
07 10L Left-bank enable (Destination 

only) 
10 Overflow status-OVF (Source only) 
11 Working register R 11 
17 lOR Right-bsnk ensble (Destination 

only) 
2N (N = 0, 1,2,3 If a source, 1/0 data is right-rotated 

4,5,6, or 7) (7 - N) bits and then masked as 
specified by the L-field. LB = low and 
RB = high generated during input 
phase. 
If a destination, 110 data is left-shift 
(7 - N) bits and merged (specified 
by L-field) with data contained in the 
1/0 latches. LB = low and RB = high 
generated during output phase. 

3N (N = 0, I, 2, 3, If a source, 1/0 data is right-rotated 
4,5,6, or 7) (7 - N) bits and then masked as 

specified by the L-field. LB = high 
and RB = low generated during input 
phase. 

If a destination, 1/0 data is left-shift-
ed (7 - N) bits and merged (speci-
fied by L-field) with data contained in 
the 110 latches. LB = high and RB = 
low generated during output phase. 

• Selection of 5-volt power supply and off-chip series
pass transistor_ 

• External logic, as required, to meet the control re
quirements of a particular application_ 

All information required for easy implementation of these 
design requirements is provided under the following cap
tions . 

• DC Characteristics 
• AC Characteristics 
• Timing Considerations 
• Clock Considerations 
• HALT IRESET Logic 
• Voltage Regulator 
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DC CHARACTERISTICS (Commercial Part) 4.75V $ VCC $ 5.25V, O°C $ TA $ 70°C 

LIMITS 
PARAMETER TEST CONDITIONS Min Typ Max UNIT COMMENTS 

VCC Supply voltage 475 5.0 5.25 V 5V ± 5%; pin 37 only 

VIH High level 0.6 2.0 
V 

Xl and X2 
input voltage 2.0 All other pins 

VIL Low level 0.4 
V 

Xl and X2 
input voltage 0.8 All other pins 

VOH High level VCC = min; 10H = -3mA 2.4 3.0 V 
output voltage 

VOL Low level VCC = min; 10L = 6mA 0.39 0.55 AO through A 12 
output voltage VCC = min; 10L = 16mA 0.39 0.55 V All other outputs 

VCR Regulator voltage VCC = 5V 3.1 V From series-pass 
transistor 

VIC Input clamp voltage VCC = min; liN = -lOrnA -1.5 V Crystal inputs X 1 and X2 do 
not have internal clamp diodes. 

IIH High-level input VCC = max; VIH = 0.6V 3.0 rnA Xl and X2 
current VIH = 4.5V 1 50 fJ.A All other pins 

IlL Low-level input VCC = max; VIL = O.4V -3 rnA Xl and X2 
current -0.13 -0.2 IVO-IV7 

-0.67 -1.6 10-115 
-0.23 -0.4 HALT and RESET 

lOS Short circuit VCC = max; VCR = VCRH -30 -140 rnA All output pins 
output current (Note: At any time, no more 

than one output should be 
connected to ground.) 

ICC Supply current VCC = max; VCR = VCRH 160 rnA 

IREG Regulator control VCC = 5.0V -14 -21 rnA 

ICR Regulator current VCC= max 230 mA 70·C 

265 mA 25·C 

290 mA O·C 

NOTES 
1 Operatmg temperature ranges are guaranteed after thermal eqUlhbrlum has been 

reached 

2 All voltages measured with respect to ground termmal 

AC CHARACTERISTICS (Commercial Part) CONDITIONS: VCC = 5V (±5%), VIN = OV or 3V, O°C $ TA $ 70°C 
LOADING: (See test circuits) 

LIMITS (INSTRUCTION LIMITS (INSTRUCTION 

PARAMETER CYCLE TIME = 250 ns) CYCLE TIME > 250 ns) UNITS COMMENTS 
(NOTE 1) Min Typ Max Min Typ Max 

TpC Processor cycle time 250 250 ns 

TCp X 1 clock period 125 125 ns 

TCH Xl clock high time 62 62 ns 

TCL Xl clock low time 62 62 ns 

TMCH MCLK high delay 31 42 52 31 42 52 ns 

TMCL MCLK low delay 31 42 52 31 42 52 ns 

TW MCLK pulse width 55 62 69 T40-7 T40 ns Note 2 

TAS Xl falling edge to 50 63 80 50 63 80 ns Note 7 
address stable 

3·14 Signetics 



BIPOLAR LSI PRODUCTS 

MICROCONTROLLER 8X300 

AC CHARACTERISTICS (Commercial Part) CONDITIONS: VCC = 5V (±5%), VIN = OV or 3V, O°C:S TA:S 70°C 
(Continued) LOADING: (See test circuits) 

LIMITS (INSTRUCTION LIMITS (INSTRUCTION 

PARAMETER CYCLE TIME = 250 ns) CYCLE TIME > 250 ns) UNITS COMMENTS 
(NOTE 1) Min Typ Max Min Typ Max 

TMAS MCLK falling edge to 130 143 160 Tl0+T20 T1Q+T20 T1Q+T20 ns Notes 2, 3, & 7 
address stable +5 +18 +35 

3 
TIA Instruction to address 170 T20+ 108 ns Notes 2, 3, & 8 

TIVA Input data to address 105 105 ns Notes 3 & 9 

TIS Instruction set-up time -7 -7 ns Note 10 
(X 1 rising edge) 

TMIS MCLK falling edge to 20 T1Q-42 ns Notes 2, 4, & 10 
instruction stable 

TIH Instruction hold time 45 45 ns Note 11 
(X 1 rising edge) 

TMIH Instruction hold time) 60 Tl0-2 ns Notes 2 & 11 
(MCLK falling edge) 

TWH X 1 falling edge to 40 49 58 40 49 58 ns 
SC/WC rising edge 

TMWH MCLK falling edge to 125 130 135 T1Q+T20 T1Q+T20 T1Q+T20 ns Note 2 
SC/WC rising edge +5 +10 ns 

TWL X 1 falling edge to 40 49 58 40 49 58 ns 
SC/WC falling edge 

TMWL MCLK falling edge to 5 7 15 5 7 15 ns 
SC/WC falling edge 

TIBS X 1 falling edge to 48 60 70 48 60 70 ns 
LB I RB (Input phase) 

TMIBS MCLK falling edge to 7 17 25 7 17 25 ns 
LB I RB (Input phase) 

TIIBS Instruction to LB I RB 27 35 27 35 ns 
(Input phase) 

TOBS X 1 falling edge to 48 60 70 48 60 70 ns 
LB/RB (Output phase) 

TMOBS MCLK falling edge to 132 137 147 T1Q+T20 T1Q+T20 T1Q+T20 ns Note 2 
LB/RB (Output phase) +7 +12 +22 

TIOS Input data set-up time 25 16 25 16 ns 
(X 1 falling edge) 

TMIOS MCLK falling edge to 65 55 Tl0+T20 T1Q+T20 ns Notes 2 & 5 
input data stable -60 -70 

TIOH Input data hold time 40 30 40 30 ns 
(X 1 falling edge) 

TMOIH Input data hold time 125 112 T1Q+T20 T1Q+T20 ns Note 2 
(MCLK falling edge) -13 

TOOH Output data hold time 55 65 75 55 65 75 ns 
(X 1 falling edge) 

TMOOH Output data hold time 11 20 25 11 20 25 ns 
(MCLK falling edge) 

TOOS Output data stable 74 84 94 74 84 94 ns Notes 12, 14, & 15 
(X 1 falling edge) 

TMOOS Output data stable 150 160 170 T1Q+T20 T1Q+T20 T1Q+T20 ns Notes 2, 12, 
(MCLK falling edge) +25 +35 +45 14, & 15 
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AC CHARACTERISTICS (Commercial Part) 
(Continued) 

CONDITIONS: VCC = 5V (±5%). VIN = OV or 3V. O·C:s; TA:S; 70·C 
LOADING: (See test circuits) 

LIMITS (INSTRUCTION 

PARAMETER CYCLE TIME = 250 n8) 

(NOTE 1) Min Typ Max 

TOO Input data to output 104 120 136 
data 

THS HALT set-up time 0 
(X 1 rising edge) 

TMHS MCLK falling edge to 18 
HALT falling edge 

THH HALT hold time 32 
(X 1 rising edge) 

TMHH HALT hold time 50 
(MCLK falling edge) 

TACC Program storage 80 
access time 

TIO 110 port output enable 30 
time (LS/RS to valid 
IV data input) 

NOTES: 
1. X 1 and X2 Inputa are driven by an external pulse generator with an amplitude of 1.5 

yolts; all timmg parameters are measured at this voltage level. 
2 Respectively, T 10' T 20' T30. and T40 represent time intervals for the first. second, 

third. and fourth quarter cycles. 
3. Capacitive loadmg for the address bus is 150 picofarads. 
4. Same as TIS but referenced to failing edge of MCLK. 
5. Same 8S TIDS but referenced to failing edge of MeLK. 
6. Same 8S THS but referenced to falllno edge of MCLK 
7. TAS IS obtained by forcing 8 valid Instruction and an 110 bus Input to occur earlter than 

the specified minimum set-up time; the TAS parameter then represents the earltest 
time that the address bus IS valtd 

8. TIA is obtained by forcmg a va ltd instruction input to occur earlier than the minimum 
set-up time. 

9. TIVA IS obtained by forcing a valid 110 bus input to Just meet the minimum set-up time. 
10. TMIS represents the set-up time required by Internal latches of the 8X300. In system 

applications, the Instruction Input may have to be valid before the worst-case set-up 
time in order for the system to respond with a valid 110 bus input that meets the 110 
bus input set-up time (TIOS and TMIOS). 

11. TIH represents the hold time required by Internal latches of the 8X300 To generate 
proper LB/RS signals. the instruction must be held valid until the address bus 
changes. 

12 TOOS IS obtained by forcing a valid 110 bus Input to occur earlier than the 110 bus 
input set-up tIme (TIOS); this timing parameter represents the earliest time that the 
110 output data can be valid. 

13. TOO IS obtained by forcing a valid I/O bus input to just meet the minimum I/O bus mput 
set-up lime; thus timmg parameter represents the latest time that the I/O output dsta 
can be valid. 

14. The minimum figure for these parameters represents the earltest time that 1/0 bus 
output drivers of the 8X300 will turn on. 

15. For TIOS ~ 35 ns, TOOS or TMOOS should be used to determine when the output data 
is stable. 

LIMITS (INSTRUCTION 
CYCLE TIME > 250 n8) UNITS 

Min Typ Max 

104 120 136 ns 

0 ns 

TlO-44 ns 

32 ns 

TlO- 12 ns 

ns 

ns 

TEST CIRCUITS 

ADDRESS 
,V 

7aW 

OUTPUT 
UNDER TEST 

t'~P' 379!1 

-1 
OTHER 

OUTPUT 
UNDER TEST 
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DC CHARACTERISTICS (Military Part) S8X300-1 -40°C ~ TC ~ 100°C VCC = 5V ± 5% 
S8X300-2 -20°C ~ TC ~ 100°C VCC = 5V ± 10% 

PARAMETER 

VIH High level input voltage 
XI, X2 
All others 

VIL Low level input voltage 
XI, X2 
All others 

VIC Input clamp voltage 
(Notes 1 & 5) 

IIH High level input current 
Xl, X2 

All others 

IlL Low level input current 
Xl, X2 

IVO-IV7 

10-115 

HALT, RESET 

VOL Low level output voltage 
AO-AI2 

All others 

VOH High level output voltage 

lOS Short circuit output current 
(Note 2) 

ICC Supply current 
(Note 4) 

IREG Regulator control 

ICR Regulator current 

ICR Regulator current 

VCR Regulator voltage 

NOTES 

Crystal inputs Xl and X2 do not have clamp diodes 
Only one output may be grounded at a time 
From senes·passed transistor under the follOWing conditions 
vee = Max, HALT = RESET = ADDRESS = IVX = 0 av, all other pinS open. 

4 Pm 37 only 

LIMITS 
TEST CONDITIONS 

Min Typ Max 
UNIT 

0.6 V 
2.0 V 

0.4 V 
0.8 V 

VCC = min -1.5 V 
II = -10mA 

VCC = max 3.0 
VIH = 0.6V mA 
VCC = max 0.05 
VIH = 4.5V 

VCC = max -3.0 mA 
VIL = 0.4V 

VCC = max 
VIL = 0.4V -0.3 mA 

VCC = max 
VIL = 0.4V -1.6 mA 

VCC = max 
VIL = 0.4V -0.4 mA 

VCC = min 0.55 V 
IL = 4.25mA 
VCC = min 0.55 V 

10L = 16mA 

Vce = min 2.4 V 
10H = -3mA 

VCC = max -30 -140 mA 

VCC = max 160 mA 

VCC = 5.0V -14 -21 mA 

VCC = max 285 mA 

TC ~ 25°C 
VCC = max 330 mA 

TC < 25°C 
(Note 3) 3.1 V 

5 Test each mput one at a time 
6 All voltages are with respect to ground terminal 
7 The operating temperature ranges are guaranteed after thermal equihbrlum has been 

reached 
8. Storage temperature -65°C to +l50°C 
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MICROCONTROLLER 8X300 

AC CHARACTERISTICS (Military Part) CONDITIONS: S8X300-1-VCC = 5V (±5%) -40°C:S TC:S 100°C 
S8X300-2-VCC = 5V (± 10%) -20°C :s TC :s 100°C 

TEST CONDITIONS 
liMITS 

PARAMETER 
(NOTES 1 & 2) Min Typ Max 

UNIT 

Clock: 
TpC Processor cycle time 300 ns 

TCp X 1 clock period 150 ns 

TCH Xl clock high time 62 ns 

TCl X 1 clock low time 62 ns 

Controls: 
THS HALT set-up time (X 1 rising edge) 0 ns 

THH HALT hold time (Xl rising edge) 50 ns 

Instructions: 
TAS X 1 falling edge to address stable CL = 100pF 35 92 ns 

TIS Instruction set-up time (X 1 rising edge) 0 ns 

TIH Instruction hold time (X 1 rising edge) 50 ns 

TMCH MCLK high delay Xl = 2.0V 20 55 ns 

TMCl MCLK low delay Xl = 2.0V 20 55 ns 

TWH Xl falling edge to SC/WC rising edge 80 ns 

TWL Xl falling edge to SC/WC falling edge 80 ns 

TIIBS Instruction to LB I RB (input phase) 52 ns 

TIBS X 1 falling edge to LB I RB (input phase) 24 ns 

TaBS Xl falling edge to LB/RB (output phase) 90 ns 

TIDS Input data set-up time (Xl falling edge) 36 ns 

TIDH Input data hold time (X 1 falling edge) 50 ns 

Taos Output data stable (X 1 falling edge) 125 ns 

TODH Output data hold time (X 1 falling edge) 35 85 ns 

TACC Instruction access time Provided by worst case timing 80 ns 

TIO Data 1/0 access time Provided by worst case timing 40 ns 

NOTES. 
1 Operating temperature ranges are guaranteed after thermal equIlibrium has been 

reached. 
2 Unless otherwIse noted CL = 300 pF, VIN = 3V 

TIMING CONSIDERATIONS (Commercial Part) 
As shown in the "AC CHARACTERISTICS" table for this part, 
the minimum instruction cycle time is 25 ns, whereas, the 
maximum is determined by the on-chip oscillator frequency 
and can be any value the user chooses. With an instruction 
cycle time of 250 ns, the part can be characterized in terms 
of absolute values; these are shown in the first "LIMITS" 
column of the table. When the instruction cycle time is great
er than 250 ns, certain parameters are cycle-time depen
dent; thus, these parameters are specified in terms of the 

four quarter cycles (T 1 0, T 20, T 30, and T 40) that make up 
one instruction cycle-see 8X300 TIMING DIAGRAM. As the 
time interval for each instruction cycle increases (becomes 
greater than 250 ns), the delay for all parameters that are 
cycle-time dependent is likewise increased. In some cases, 
these delays have a significant impact on timing relation
ships and other areas of systems design; subsequent para
graphs describe these timing parameters and reliable meth
ods of calculation. 
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8X300 TIMING DIAGRAM 

I-C -TPC--I·I 

r=TCL~_TCP~ 
Xl ----------------i I 

~TMCH_1 

8X300 

LI ---7----------~---------------~~1 ----I---~LI ______ ___ 
I. ~ITW~ 

MCLK ________ ....J 

ADDRESS --------------~------------~--------------+_------~'"~~Ir-----------------------------------
(AO-A12l ----------------,----------,C-----,---------------'--------' ""==1'--______________________ ,-________ ___ 

I---'---------'----TIA----_k-----TACC.:.I-----'-c.....~ 
I-j .. o---'--TIVA-------.I 

INSTRUCTION '"""""""=.,.",.,.","'*===mm"~'.:.:..:----------'------'---------""""~==,..,.,.,..,.,.,..,.,.========,ir-----------
(10-115) 

TMWL 

I TMIS--1 \.--------'-- TIH -!-: ---------1 

SC/WC ______________ -+l ______ ---"I-I_·':.~~-----------'--TMIH'-:I ------:,----------------"----------J 
1 1 

l ~ I 
~TIBS~I I.-rwH 
I 1-1_0----,-, -------TMWH---"--------~~ 

HALT __________________ T.::M.::HS::....;.-'-_ ;- If I TDD~ ~L-THS ':_ ::i,.~T'D~H ~. '~:=L ___ _ 
I--THH-l : 

• INDICATES CHANGING DATA 

1m INDICATES 3-STATE 

NOTE 
For an instruction cycle time greater than 250 ns. 

the I/O bus can be stable sometime within the 

third quarter (T 30) cycle 

t:= TMHH---.J Ii.-----. _TODS--J: I 
f.~o--------------_TMODS----------------.-~. 

! • INPUT ~HASE • i • OUTPU",: PHASE-----i 
~ln8tructlon reg~ ~Infltructlon address ~MCLK hl9h~ 
I open I I change. I I 

: : I sc = ~1~ tor I/O : 
I III SC = we = "0" _:.. address, we = ~1·for .. I 

: ! I liD ~at8 : 

r II( LB, REi set for input data .. 1 ... LB, REi .8t for output data-----+-] 

: ! 1 i I 
I.. liD drivers, thr •• -atate ----_..-11 110 drivers 8Ctlv~ If output data or ~ 
: I i addreas to 110 BUS; ~hr ••. 8tat. otherwise I 

,", .. 0-----110 recel,vef. open ----o.~: I l : 
I : I ~--~I/Obu.8table-.-l 

: : : NOTEl : 
I It' ,., .. 0---------... , ----ONE CYCLE (",,250 ns)-----+---------.~I 
I I I I 

Timing parameters for the 8X300 are normally measured 
with reference to Xl or MCLK; those referenced to MCLK 
are prefaced with an "M" in the mnemonic-TMAS, TMIH, 
and so on. To determine the timing relationship between a 
particular signal, say "A" and MCLK, the user should, at 
all times, use the value specified in the table-DO NOT 

calculate the value by adding or subtracting two or more 
parameters that are referenced to X 1. When deriving timing 
relationships between two signals (A to B, etc.) by adding or 
subtracting the parameter values, the user must consis
tently use the same parameter reference-MCLK or Xl. 
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System determinants for the instruction cycle time are: 
• Propagation delays within the 8X300 
• Access time of Program Storage 
• Enable time of the 1/ 0 port 
Normally, the instruction cycle time is constrained by one or 
more of the following conditions: 
Condition 1-lnstruction or MCLK to IS/RB (input phase) 

plus II 0 port access time (TlO) ::s IV data set
up time (Figure 4a). 

Condition 2-Program storage access time (TACC) plus 
instruction to LB I RB (input phase) plus 110 
port access time (TIO) plus IV data (input 
phase) to address ::s instruction time (Figure 
4b). 

Condition 3-Program storage access time plus instruction 
to address ::s instruction cycle time (Figure 
4c). 

MCL.K 

SC, we, La or lUi 

, 
I 

10-115 : 

I 
I 

LB, rm: 
I , 

M.m: 

MCLK 

~ 
~r 

i-'-i I~I 
, 'I I 

:-':~-H : 
, I I 

a Condition # 1 

b Condition # 2 

: CD MCLK to Li/'R8 (input 
I phase) or Instruction to 
I [B/I¥i (input pmwa) 

r C~) 1/ 0 port ace ••• (no) 
I ® IV data aat-up time 
: (referenced to MClK) 

I 

I : : I I I I 
,I I 

I: I I I 

~ I I I I I I I 
10-115 

I I I t==m! !:: I I I r I 1 I I 

: :: I : 1 I I I : l r: INSTRUCTION TO: I I I 

I : I ~DDRESSI 1.1 : I : 
I I J 'PROGRAM STORAGE I 

AO·AI2 

ACCESS 

c Condition # 3 

Figure 4_ Constraints of 8X300 Instruction Cycle Time 

8X300 

From condition # 1 and with an instruction cycle time of 
250 ns, the II 0 port access time (TlO) can be calculated as 
follows: 

TMIBS + TIO ::s TMIDS 
transposing, TIO::s TMIDS - TMIBS 
substituting, TIO::s 55ns - 25ns 

result, TIO::s 30 ns 

Using 30 ns for TIO, the constraint imposed by condition # 1 
can also be used to calculate the minimum cycle time: 

TMIBS + TIO ::s TMIDS 
thus, 25ns + 30ns ::s T 10 + T20 - 70 

25ns + 30ns ::s l1! cycle - 70 therefore, the 
worst-case instruction cycle time is 250 ns. With subject 
parameters referenced to X 1, the same calculations are 
valid: 

TIBS + TlO + TlDS ::s l1! cycle 
thus, 70ns + 30ns + 25ns ::s l1! cycle therefore, 

the worst-case instruction cycle time is again 250 ns. From 
condition #2 and with an instruction cycle time of 250 ns, 
the program storage access time can be calculated: 

TACC + TIIBS + TIO + TIVA ::s 250ns 
transposing, TACC::s 250ns - TIIBS - TIO -TiVA 
substituting, TACC::s 250ns - 35ns - 30ns -105ns 

thus, TACC::s 80ns hence, for an instruction cy
cle time of 250 ns, a program storage access time of 80 ns 
is implied. The constraint imposed by condition #3 can be 
used to verify the maximum program storage access time: 

TIA + TACC ::s Instruction Cycle 
thus, TACC::S 250ns - 170ns 
and, TACC::s 80ns, confirming that a program 

storage access time of 80 ns is satisfactory. 

For an instruction cycle time of 250 ns and a program stor
age access time of 80 ns (Condition # 21 Figure 4b), the 
instruction should be valid 10 ns before the falling edge of 
MCLK. This relationship can be derived by the following 
equation: 

250ns - TMAS - TACC 
250ns - 160ns - 80ns 
10ns 

It is important to note that, during the input phase, the begin
ning of a valid LEi I RB signal is determined by either the 
instruction to LB I RB delay (TIIBS) or the delay from the 
falling edge of MCLK to LB/RB (TMIBS). Assuming the in
struction is valid 10 ns before the falling edge of MCLK and 
adding the instruction-to-LB I RB delay (TIIBS) = 30ns), the 
LB/RB signal will be valid 25 ns after the falling edge of 
MCLK. With a fast program storage memory and with a valid 
instruction more than 10 ns before the falling edge of 
MCLK-the LB/RB signal will, due to the TMIBS delay, still 
be valid 25 ns after the falling edge of MCLK. Using a worst
case instruction cycle time of 250 ns, the user cannot gain a 
speed advantage by selecting a memory with faster access 
time. Under the same conditions, a speed advantage cannot 
be obtained by using an 110 port with fast access time (TIO) 
because the address bus will be stable 80 ns (TAS) after the 
beginning of the third quarter cycle-no matter how early 
the IV data input is valid. 
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Internal Timing and Timing Relationships 
All timing and timing-control signals of the 8X300 are gener
ated by the oscillator and sequencer shown in Figure 5. The 
sequencer outputs direct and control all of the timing param
eters specified in the TIMING DIAGRAM. Observe that each 
input quarter cycle bears a fixed relationship to X 1 via the 
propagation delay. 

General and interactive timing relationships pertaining to 
1/0 signals of the 8X300 are shown in Figure 6. Example-in 
the input phase, the switching point of the LB/RB signal is 
caused by the worst-case delay from the instruction to 
LB I RB or from the beginning of the first internal quarter 
cycle to LB/RB; the two arrows pointing to the LB/RB tran
sition indicate this "either lor" dependency. This information 
coupled with tabular values and the TIMING DIAGRAM pro
vides the user with the wherewithal to calculate any and all 
system timing parameters. 

CLOCK CONSIDERATIONS 
The on-chip oscillator and timing-generation circuits of the 
8X300 can be controlled by anyone of the following 
methods: 
Capacitor: if timing is not critical 
Crystal: if precise timing is required 
External Drive: if application requires that the 8X300 be 
synchronized with system clock 

Capacitor Timing: A non-polarized ceramic or mica capaci
tor with a working voltage equal to or greater than 25-volts is 
recommended. The lead lengths of capacitor should be ap
proximately the same and as short as possible; also, the 

Xl 

OSCILLATOR 

X2 

8X300 

,-----MCLK 

SEQUENCER 

FIRST 
QUARTER·CYCLE 

SECOND 
QUARTER-CYCLE 

THIRD 
QUARTER·CYCLE 

FOURTH 
QUARTER·CYCLE 

INPUT 
PHASE 

'--------~£ 

"-:JI _\ )1 }I ~ 
QUARTER-CYCLE QUARTER-CVCLE OUARTER-CYCLE OUARTEA-CYCLE 

1--- :!:t~ ---f--~----j 

Figure 5. Timing and Timing Control Signals of the 8X300 

timing circuits should not be in close proximity to external 
sources of noise. For various capacitor (ex) values, the 
cycle time can be approximated as: 

Cx (in pF) APPROXIMATE CYCLE TIME 

100 300 ns 
200 500 ns 
500 1. 1 /Ls 
1000 2.0/Ls 

aUARTE~~~~~~:~---+-----jl7-----+-----4"""',,----.,$------$-----

MClK 

AODRESS-------+--------.,,£--+""""'m.,,.;;~I_-----------
AO-A12-------+---------/---+..J""'''f'','-------------

SC/WC--------\--",'"' 

rn!~ ________ ~~~,~ __ ~-----~,~--T-------~ 

I/OBUS~~~~==~~c=::)<mmm~;;~~;;~~~~==~~c=)<mmm WO-iV7 0IQj OUTPUT INPUT OUTPUT 

~::----------,\~ ____ I 
~ DENOTES CHANGING DATA 

~ DENOTES HI-Z 

Figure 6_ Timing Relationships 01 8X300 1/0 Signals 
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Crystal Timing: When a crystal is used, the on-chip oscilla
tor operates at the resonant frequency (fo) of the crystal; 
the series-resonant quartz crystal connects to the aX300 
via pins 10 (Xl) and 11 (X2). The lead lengths of the crystal 
should be approximately equal and as short as possible; 
also, the timing circuits should not be in close proximity to 
external sources of noise. The crystal shoufd be hermeti
cally sealed (HC type can) and have the following electrical 
characteristics: 
Type: Fundamental mode, series resonant 
Impedance at Fundamental: 35-ohms maximum 
Impedance at Harmonics and Spurs: 50-ohms minimum 

+ x,=~ 
600 I I I I I I 

PULSE n 8X300 
GENERATOR MICROCONTROLLER 

500 

- X2=~ 

PULSE GENERATOR CHARACTERISTICS 

ZOUT = 50n VOUT = 0·1 VOLT 

RISETIME o;;10r,SEC SKEW",;10n8 

Figure 7_ Clocking with a Pulse Generator 

RESET Logic 
The RESET line (pin 43) can be driven from a high (inactive) 
state to a low (active) state at any time with respect to the 
system clock, that is, the reset function is asynchronous. To 
ensure proper operation, the RESET line should be held low 
(active) for one full instruction time. When the line is driven 
from a high state to an active-low state, several events 
occur-the precise instant of occurrence is basically a 
function of the propagation delay for that particular event. 
As shown in the acompanying RESET timing diagram, these 
events are: 

• The Program Counter and Address Register are set to 
an all-zero configuration and remain in that state as 
long as the RESET line is low_ Other than PC and AR, 
reset does not affect other internal registers_ 

• The input! output (IV) bus goes three-state and re
mains in that mode as long as the RESET line is low_ 

• The Select Command and Write Command signals are 
driven low and remain inactive as long as the RESET 
line is low_ 

• The Left Bank/Right Bank signals are undefined for 
the period in which the RESET line is low_ 

During the time RESET is active-low, MCLK is inhibited; 
moreover, if the RESET line is driven low during the last two 

8X300 

The resonant frequency (fo) of the crystal is related to the 
desired cycle time (T) by the equation fo = 2/T; for a cycle 
time of 250 ns, fo = aMHz. 

Using an External Clock: The aX300 can be synchronized 
with an external clock by simply connecting appropriate 
drive circuits to the XlI X2 inputs. Figure 7 shows how the 
on-chip oscillator can be driven from the complementary 
outputs of a pulse generator. In applications where the 
microcontroller must be driven from a master clock, the 
XlI X2 lines can be interfaced to TTL logic as shown in 
Figure 8. 

.... 
x, = 1}---fl----{l--.. 

vL 'K I I I I I I 
CLOCK- 8X300 

MICROCONTROLLER 
'K ..... 
X2=~ .. 

• = OPEN COLLECTOR 

TTL DRIVER CHARACTERISTICS 

FALL TIME $10r,SEC 

SkEW BETWEEN COMPLEMENTARY OUTPUTS 
.;;10n8 

Figure 8. Clocking with TTL 

quarter cycles, MCLK can be shortened for that particular 
machine cycle. When RESET line is driven high (inactive)
one-quarter to one full instruction cycle later-MCLK ap
pears just before normal operation is resumed. The 
RESET IMCLK relationship is clearly shown by "8" in the 
timing diagram. As long as the RESET line is active-low, the 
HALT signal (described next) is not sampled by internal 
logic of the aX300. 

HALT Logic 
The HALT signal is sampled via internal chip logic at the end 
of the first internal quarter of each instruction cycle. If, when 
sampled, the HALT signal is active-low, a halt is immediately 
executed and the current instruction cycle is terminated; 
however, the halt cycle does not inhibit MCLK nor does it 
affect any internal registers of the aX300. As long as the 
HALT line is active-low, the SC and WC lines are low (inac
tive) and the input 1 output (IV) bus remains in the three-state 
mode of operation. The halt cycle continues until, when 
again sampled, the HALT line is found to be high; at this 
time, normal operation is resumed. Timing for the halt signal 
is shown in the accompanying diagram. 
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RESET TIMING DIAGRAM 

NOTES 

X1_~ 

AO-A12 

IV-BUS 
OUTPUTS 

SC&WC 

MCLK-. 

RESUME NORMAL 
OPERATION 

t 

8X300 

1. A High to low transition of the RESET aignal will force the AddreS8 Bus to an ell-zero 2 The RESET 81gnal can sWitch from Low to High at any pOint within this time mterval and, 
configuration. In all caS8S, MClK will occur at least one-quarter cycle time later 8S shown 

HALT TIMING DIAGRAM 

:~ HALT CYCLE ------.J 
I 
I 

X1 

-----.1 1"'------'- THH 

I I 
Note 1 THS ___ I 1....- I Note 2 

HALT ----------.::.;::,,;::,,~,~,::,:::,;::"""\;::,~,:::.:"""\:::.:::,:::,;::,;::,~,~~ I : -;,-~r_~r::;r:;r;:r_;::;.r-;r":;r:;r:;r~r_;::;.r_:;r::;r::;'=------------
""""',\.\\\'\\'\. / """'/1,///" 

SC&WC----_____ 

\ 

X 
MCLK 

NOTES 

\'\'\""\\\\\\\'\\, /I //////////111// 
'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-f'-'---I' YJ.J....I....I....IJ....I..J...I.../.../....I..JJ 

/ 

X 

I 
I 

:\ 
I 
I 

I I 
I-I 

I 

:~~$~4< 

/ 

X 

1. The HArf signal can switch from High to Low at any tima dUring this interval. THH-hold time from Xl to HALT (independent of instruction cycle time) 

2. The HALT Signal can switch from Low to High at any time dUring this Interval 

Timing Descriptions: 
THS-set-up time from HAlT to Xl (independent of instruction cycle time) 

T MHS-set-up time from MCLK to 'HAiJ' (dependent upon instruction cycle time) 

T MHH-hold time from MCLK to HALT (dependent upon Instruction cycle time) 
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VOLTAGE REGULATOR 
PARAMETER 

h,. 

8X300 
BEON 

+ VCESAT 

NOTE 

T J:.f .V_CR BVCEO 

All internal logic of the 8X300 is powered by an on-chip 
voltage regulator that requires an external series-pass tran
sistor. Electrical specifications for the off-chip power tran
sistor and a typical hook-up are shown in the accompanying 
diagram. To minimize lead inductance. the transistor shoUld 
be as close as possible to the 8X300 package and the 
emitter shOUld be ac-grounded via a O. 1-microfarad ceramic 
capacitor. Typical approved parts-2N5320, 2NS337 
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CONDITIONS LIMITS 

VeE'" 2V, >50 
l00mA "'- Ie < 500mA 

VeE"': 5V, Ie '" SoomA <1V 

Ie = 500mA, Ie '" SOmA <05V 

>15V 

>30MHz 
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FEATURES 
• Fetch, Decode, and Execute a 16-blt Instruction In a 

minimum of 200 nanoseconds (one machine cycle) 
• Bit-oriented Instruction set (addressable slngle-or

multiple bit subflelds) 
• Separate buses for Instruction, Instruction Address 

and Three-State I/O 
• Thirteen 8-blt general-purpose working registers 
• Source/destination architecture 
• Bipolar low-power Schottky technologylTTL Inputs and 

outputs 
• On-chip oscillator and timing generation 
• Single + 5V supply 
• 0.9-in. 50-pin DIP 

PRODUCT DESCRIPTION 
The Signetics 8X305 MicroControlier (Figure 1) is a high
speed bipolar microprocessor implemented with low
power Schottky technology. In a single chip, the 8X305 
combines speed, flexibility, and a bit-oriented instruction 
set'. These features and other basic characteristics of the 
chip combine to provide cost-effective solutions for a 
broad range of applications. The 8X305 is particularly 
useful in systems that require high-speed bit manipula
tions - sophisticated controllers, data communications, 
very fast interface control, and other applications of a 
similar nature. 

The 8X305 can fetch, decode, and execute a 16-bit in
struction word in a minimum of 200 nanoseconds. Within 
one instruction cycle, the 8-bit data-processing path can 
be programmed to rotate, mask, shift, andlor merge 
single or multiple bit subfields and, in addition, perform 
an ALU operation; in the same instruction, an external 
data field can be input, processed, and output to a speci
fied destination - likewise, single or multiple bit data 
fields can be internally moved from a given source to a 
given destination. To summarize, fixed or variable-length 
data fields can be fetched, processed, operated on by the 
ALU, and moved to a different location - all in a time
frame of 200 nanoseconds. To interface with 110 and pro
gram memory, the 8X305 uses a 13-bit instruction ad
dress bus, a 16-bit instruction bus, an a·bit bidirectional 
multiplexed 110 data/address bus and a 5·bit 110 control 
bus. 

A wide selection of 110 devices, interface chips, and 
special-purpose parts are available for systems use. In 
most applications, the more powerful aX305 is function· 
ally interchangeable with its predecessor - the 8X300. 

8X30S 

ASSOCIATED DOCUMENTATION 
Other documents directly relating to design and applica
tions use of the 8X305 MicroControlier are: 

• Product Capabilities Manual 
• 8X305 Users Manual 

These documents and other current literature (Data 
Sheets, Product Bulletins, Applications Notes, etc.) are 
available at all Signetics Sales and Service Offices-see 
rear cover of this data sheet for the office in your locality. 

PIN CONFIGURATION 

N, I PACKAGE 

TOP VIEW 

ORDER NUMBERS 

8X305N, 8X3051 
S8X30511883B. S8X3051/883C 
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iVa 

iV7 
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REGISTER 
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..... ---""1..~ ~ci~~~~t 
D~~~~~~~D / 

LOGIC 

we 

Ui 

~--------------------------------------------------------~.~ .. 
MClK 

NOTE. 1 Registers R1-R6, R11 and R14-R16 are general-purpose working registers 

OSCILLATOR 

Xl -® -I ~~~ET:~~~ 

2 In any instruction where R7 (IVL) or R17 (IVR) IS specified as the destination, the 8-bIt value IS 
output on the IV bus as an IV device enable address (SC~ Hlgh)-R7~left bank and R17~ right 
bank, the results are also stored Into the specified Internal register and may later be accessed 
as source data 

3 R12 and R13 are general-purpose working registers for all operations except transmit (XMIT) 
4 The least significant bit of register R10 (OVF) IS used to reflect the carryout status resulting from 

the most recent ADD operation 
Auxiliary register RD #1 IS a general-purpose working register that holds the Implied operand for 
Arithmetic and Logical operations; the content of thiS register IS repeated In AUX #2 (shown dotted) 
The duplicate register IS phYSically part of the ALU and IS shown separate only for layout 
convenience 

6 Internal working registers cannot be operated on by the MASK logic 
7 DUring NZT Instructions the ALU tests for all bits equal to "0" (Transfer If k"O)-refer to BASIC 

OPERATIONS that follow 

Figure 1. Architecture and Pin Designations for 8X305 MicroControlier 
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VCR~ ~VR 
A1~ ~Aa 
"'C!: ~'" 
A5~ ~Al0 
.. [I ~Al' 
A3~ 

a: 
~A12 

A2IT ~HALT 
A,e! UJ ~RESET 

-I Ao[I -I ~MCLK 
X1~ 0 ~iVii 
x2ffi 

It) a: ~iV1 
aND~ 0"- ~iV2 

loB! ('I)Z ~iV3 
I,~ ><0 ~VCC 
12[!! COo ~iV4 
13 I!! 0 ~iV5 
14@ a: ~iV6 
lsI!! 0 ~M 
la!!! :::!E ~RB 
11~ ~[B 
18~1 ~WC 
Ii~ ~SC 
110~ ~1'5 
11l~ ~1'4 
112~ !!!lIn 

3 

PIN NO. IDENTIFIER FUNCTION 

1 VCR Regulated voltage Input from series· pass transistor (2N5320 or eqUivalent) 

2-9. 45-49 Ao-A'2 Program Address Lines: These active-high outputs permit direct addreSSing of up to 8192 words of program 
storage; A'2 IS least significant bit 

10. 11 X1. X2 Timing generator connections for a capacitor, a senes resonant crystal, or an external clock source with 
complementary outputs. 

12 GND Ground. 

13-28 10-1'5 Instruction Lines: These active-high input lines receive 16-bit instructions from program storage; 1'5 IS 
least significant bit. 

29 SC Select Command: When high (binary 1), an address is being output on pins IVO through IV? 

30 WC Write Command: When high (binary 1), data IS being output on pinS IVO through IV? 

31 LB Left Bank Control: When low (binary 0), deVices connected to the Left Bank are accessed 
the iB signal is tied to the ME input pm of I/O peripherals). 

(Note. TYPically, 

32 RB Right Bank Control: When low (binary 0), devices connected to the Right Bank are accessed (Note TYPically, 
the RB signal is tied to the ME mput pin of I/O peripherals). 

33-36, IVO-IV? Interface Vector (Input/Output Bus) - these bidirectional active-low three-state lines communicate data 
38-41 and/or addresses to I/O deVices and memory locations A low voltage level equals a binary "1 ", IV? IS 

Least Significant BIt. 

3? Vee + 5V power supply. 

42 MCLK Master Clock: ThiS active-high output signal IS used for clocking I/O deVices and/or synchrOnization of 
external logic. 

43 RESET When RESET Input IS low (binary 0), the 8X305 IS initialized - sets Program Counter/Address Register 
to zero and inhibits MCLK For the penod of tlm6 RESET IS low, the Left Bank/Right Bank (LB/RB) Signals 
are forced high asynchronously. 

44 HALT When HALT input IS low (binary 0), internal operation of the 8X305 stops at the start of next instruction; 
MCLK IS not inhibited nor IS any Internal register affected; however, both the Left Bank/Right Bank (LB/RB) Signals 
are synchronously dnven high dunng the first quarter of the instruction cycle time and remain high dunng 
the time HALT IS low 

50 VR Internally-generated reference output voltage for external senes-pass regulator transistor 

Figure 2. Designations and Descriptions for Pins of 8X305 MicroController. 
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FUNCTIONAL OPERATION 

Typical System Configuration 

Although the system hookup shown in Figure 3 is of the 
simplest form, it provides a fundamental look at the 
8X305 MicroControlier and peripheral relationships. As 
indicated, the 8X305 can directly address up to 8K words 
of program storage - either ROM or PROM. The user 
interface (IVO through IV?) is capable of uniquely address-

PROGRAM STORAGE 
(READ ONLY MEMORy) 

8X x 16 ROM/PROM 

a: 
w 
...J 
...J 
o 

Il)a: 
01-
C')Z 
><0 
COC) 

o 
a: 
C) 
:§ 

aX30S 

ing 256 Input/Output locations and, with additional bank 
bits (LB, RB), this number is expanded to 512 - each 
bank comprising 256 addressable locations. The address
able locations of each bank can be used in a variety of 
ways; a simple method of implementation is shown in 
Figure 3. When LB is active low, the left bank is enabled 
and anyone of 256 locations within the RAM memory can 
be accessed for input/output operations. A similar set of 
"enable/access" conditions are applicable to the right 
bank when RB is active low. 

) 
USER 
CONTROLLED 
INPUTS 

Legend: 

• = I/O DATA AND ADDRESS 
= INSTRUCTION ADDRESS 

0; = INSTRUCTION 

8X350RAM 
(256 x 8) 

LEFT BANK 

RIGHT BANK 

1·0F·256 
1 ..... 1.---:--.\ ADDRESSABLE 

LOCATIONS 

Figure 3. Typical 8X305 System Hookup 
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BASIC OPERATIONS OF 8X305 Refer to a later discussion of "Instruction Fields" for a detailed examination of all operand 
fields and subdivisions thereof-"S" (So' 5,), "0" (Do, 0, ), "R", "L", "J", and "A" 

MOVE OPERA nONS 

I"'I __ ----------------REGISTER.TO·REGISTER ----------------__ ~II 

SOURCE DATA PROCESSING AlU DATA PROCESSING DESTINATION 
(pRE·AlU) (POST·AlU) 

RO-R17 as specified by - Right rotate as specified :.... No operation 

f-
No operation r- AD-A?, R11-R17 as 

"5" field of instruction by "R" field of instruction specIfied by "0" field of 
Instruction 

I- REGISTER·TO·IV BUS -I 
SOURCE DATA PROCESSING AlU DATA PROCESSING DESTINATION 

(PRE·ALU) (POST·AlU) 

RO-R17 as specified by 

l-
Na operation r- Na operation 

f-
Shift and merge as r- Vanable length fl~ of TV 

"S" field of instruction specified by "DO" and HL" bus- Left B~ (LB) or 
fields of Instruction Right Bank (AB) as specI-

fied by "DO" and "01" 
fields of instruction 

I- IV BUS·TO·REGISTER "I 
SOURCE DATA PROCESSING AlU DATA PROCESSING DESTINATION 

(PRE·ALU) (POST·AlU) 

Van able length fl~ of TV r- Right rotate and mask as r- No operation r-- No operation 

I--
RO-R7, R11-R17 as 

bus- Left B~k (LB) or specified by "SO" and "L" specified by "0" field of 
Right Bank (RB) as specl- fields of Instruction Instruction 
fled by "S1" and "SO" 
fields of instruction 

1-01 __ ----------------- N BUS·TO·N BUS------------------_~I 

SOURCE DATA PROCESSING AlU DATA PROCESSING DESTINATION 
(PRE·AlU) (POST·AlU) 

Variable length fl~ of iV Right rotate and mask as No operation Shift and merge as Van able length fl~ of iV 
bus-Left Bank (LB) or 
Right Bank (AB) as specl-

r- specified by "SO" and "L" f-+ r- specified by "DO" and "L" I-- bus- Left B~k (LB) or 
fields of Instruction 

fied by "81" and "SO" 
fields of instruction 

ADD OPERATIONS 

REGISTER·lo·REGISTER 

REGISTER·TOW BUS 

N BUS·lo·REGISTER 

iV BUS·lo·N BUS 

AND OPERATIONS 

REGISTER·lo·REGISTER 

REGISTER·TOW BUS 

iV BUS·lo·REGISTER 

N BUS·Io·N BUS 

~} ~ 
~ 
~ 

EXCLUSIVE OR (XOR) OPERATIONS 

REGISTER·lo·REGISTER ~} 
REGISTER·TO·iV BUS ~ 

IV BUS·lo·REGISTER ~ 

N BUS·lo·iV BUS ~ 

fields of instruction 

Same as MOVE operations, excepl 
source data is ADDed to contents 
of AUXiliary Register RO via the 
ALU, if appropriate, Overflow 
Register R10 (OVF) is also set. 

Same as MOVE operations, except 
source data is ANDed with con· 
tents of AUXiliary Register RO via 
the ALU. 

Same as MOVE operations, except 
source data IS Exclusively ORed 
with contents of AUXIliary Register 
RO via the ALU 

Signetics 

Right Bank (RB) as specI-
fled by "DO" and "01" 
fields of instruction 

DEST 

{ 
H POST·AlU t--I 
H POST·AlU f-+I~~D~ES~T;::~ 
H POST·AlU t--I DEST 

H POST·AlU f-.,.t~=~D~E~ST~=~ 
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EXECUTE (XEC) OPERATIONS 

~14'----------------------------------XEC,REGISTER----------------------------------~~~I 

SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 
(PRE·ALU) (POST·ALU) 

AD-All as speCified by No operation. Add source data to B-blt No operation. Replace 8 LSB of Address 
"5" field of instruction r- r- field specIfied by Instruc- f- - Register· with B-blt sum 

tlon literal (as J s 377a) from ALU 

*PGM eTA unchanged 

I" XEC, TV BUS -I 
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 

(PRE·ALU) (POST·ALU) 

Left or Right Bank of IV Rotate and mask as Add masked field of No operation - Replace 5 LSB of Address 
bus as specified by "8" r- specified by "SO" and "L" r-- source data to 5-b.t literal ~ Register· with 5·blt sum 
field of instruction fields of Instruction specified by "J" field of from ALU 

instruction (0 s J :5 378) 
·PGM eTR unchanged 

NON·ZERO TRANSFER (NZT) OPERATIONS 

I" NZT, REGISTER -I 
SOURCE DATA PROCESSING ALU DESTINATION 

(PRE·ALU) 

RD-R17 as specIfied by r- Na operation r- Test contents of source f--------- If S = 0, Increment PC by 
"S" field of Instruction. register for all zeroes 1, If 5*0, replace a LSB 

of AR and PC with literal 
specified by "J" field of 
instruction 

/4 NZT, IV BUS -/ 
SOURCE DATA PROCESSING ALU DESTINATION 

(PRE·ALU) 

Left or Right Bank of IV r- Rotate and mask as - Test contents of masked ------- If S=O, Increment PC by 
bus as specIfied by "5" specified by "SO" and "L" field for all zeroes. 1, If 5*0, replace 5 LSB 
field of instruction fields of instruction of AR and PC with literal 

specified by "J" field of 
Instruction 

TRANSMIT (XM1T) OPERATIONS 

14 XMIT, REGISTER "I 
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 

(PRE·ALU) (POST·ALU) 

O:s J :s 377s-value r- No operation - No operation - No operation - AO-A?, All, A14-Al? 
speCified by "J" field of Load S·blt mteger specl-
instructIOn fled by "J" field Into 

register specified by "0" 
field 

/ .. XMIT 8·BITS IMMEDIATE, IV BUS -I 
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 

(PRE·ALU) (POST·ALU) 

Os J s 377a-value 
specIfied by "J" field of I- No operation ,. No operation - No operation f--- Left (Al~or Alght (A13) 

Bank of IV bus as specl· 
instruction fled by "0" field of 

Instruction 

/4 XMIT VARIABLE·BIT FIELD IMMEDIATE iii BUS -I 
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 

(PRE.ALU) (POST·ALU) 

O:s J :s 37S-value - No operation r- No operation 
f-

Shift and merge source 
f---

Left or Right Bank of IV 
specified by "J" field of data as speCified by "DO" bus as specIfied by "0" 
instruction and "L" fields of field of Instruction 

Instruction 
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JUMP (JMP) OPERATION 

~I·'------------------------------------JMP,ADDRESS--------------------------------~.~I 

SOURCE DESTINATION 

as A::s 17777e-value 
specified by "A" field of 
Instruchon 

---- _____________________ .~I ~~~dp~odgdr~e~Sc~~~~~t~~ith 

Program Storage Interface 

As shown in Figure 3, program storage is connected to 
output address lines Ao through A12 (A12= LSB) and input 
instruction lines 10 through 115, An address output on 
Ao/A12 identifies one 16-bit instruction word in program 
storage. The instruction word is subsequently input on 
10/115 and defines the MicroController operation which is 
to follow - one instruction word equals one completed 
operation. Any TTL·compatible memory can be used for 
program storage provided the worst·case access time is 
compatible with the instruction cycle time used for the 
application - see timing section for appropriate 
calcu lations. 

1/0 Interface and Control 

An B-bit bidirectional I/O bus, referred to as the Interface 
Vector (IV) bus, provides a communication link between 
the MicroControlier and the two banks of 110 devices. The 
LB (Left Bank) and RB (Right Bank) control signals iden
tify which bank is enabled; when both LB and RB are high 
(inactive), neither bank is enabled and the TV bus is inac
tive (three·state). A functional analysis of the Left and 
Right Bank signals is shown below: 

LB RB FUNCTION 

Low Low This state is not generated by the 8X305. 
Low High Enable left bank devices. 
High Low Enable right bank devices. 
High High Disable all devices; ill bus is three-state. 

Both data and I/O address information are multiplexed on 
the iV bus. The SC (Select Command) and WC (Write Com· 
mand) signals distinguish between data and I/O address 
information as follows: 

LB/RB SC WC FUNCTION 

High Low Low The IV bus is three·state and not 
looking for input data. 

Low Low Low The iii bus is reading input data. 
Low Low High Data is being output. 
Low High Low Address is being output. 

X High High This condition is never generated. 

contents of "A" field 

Data Processing 

BaSically, the data processing path of the 8X305 consists 
of the Rotate/Mask logic, the Arithmetic Logic Unit (ALU), 
the Shift! Merge functions, on-chip memory (sixteen 8-bit 
registers), and the bidirectional IV bus interface with its 
associated driver circuits and internal latches. The on· 
board memory and the IV bus are connected to both in
puts and outputs of the ALU via internal 8-bit data paths 
- see Figure 1. Inputs to the ALU are preceded by right· 
rotate and data-mask functions; the ALU output is fol· 
lowed by the left-shift and merge operations. Depending 
on the desired operation, anyone or all of the functions 
(Rotate/Mask/Shift!Merge) can operate on B bits of data in 
a single instruction cycle. For a summary of all data
processing capabilities, refer to BASIC OPERATIONS OF 
THE 8X305 described earlier in this data sheet. 

Instruction Cycle 

Each operation of the BX305 is executed in a single in
struction cycle. The instruction cycle is internally divided 
into four equal parts - each part being as short as 50 
nanoseconds. Figure 4 shows the general functions that 

INPUT 
INSTRUCTION, 

DECODE 
INSTRUCTION 

AND, IF 
REQUIRED. 

FETCH NEW 
DATA 

LATCH AND 
PROCESS 

INPUT DATA 

NEXT 
INSTRUCTION 

ADDRESS, 
GENERATE 
CONTROL 

SIGNALS. AND 
SETUP 1/0 
DATA FOR 

OUTPUT 

LATCH 1/0 
ENABLING 

ADDRESS OR 
1/0 DATA INTO 

SELECTED 
PERIPHERAL. 

I I L 
(ACTIVE--I ~ MCLK I 

Noto.: STATE) 
1 New instruction must be accepted and latched at end of first quarter cycle. 
2 The 110 data latches are open for the first two quarter cycles, that IS, for 100 

nanoseconds. 
3 The address changes dunng third quarter cycle 
4 iV bus drivers are active (turned on) durIng third and fourth quarter cycles 

Figure 4. Instruction Cycle and MCLK with: Crystal = 10MHz 
and Cycle Time = 200 nanoseconds. 
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occur during each quarter cycle; specifics regarding mini
mum/maximum timing and other critical values are de
scribed later in this data sheet. During the first quarter 
cycle, a new instruction from program storage is input via 
' 0-1 15 and decoded. If an I/O operation is indicated, new 
data is fetched from a specified internal register or via the 
fi7 bus. At the end of the first quarter cycle, the new in
struction is latched into the instruction register. 

In the second quarter cycle, the I/O input data stabilizes 
and preliminary processing is completed; at the end of 
this quarter, the IV latches close and final processing can 
be accomplished, thus completing the input phase of the 
instruction cycle. During the third quarter cycle, the ad
dress for the next instruction is output to the instruction 
address bus, TV control signals are generated, and both 
data and destination are setup for the remainder of the 
output phase. During the fourth quarter cycle, a master 
clock signal (MCLK) generated by the 8X305 is used to 
latch either the IIO-enabling address or the I/O data into 
peripheral devices connected to the fi7 bus; MCLK can 
also be used to synchronize any external logic with tim
ing circuits of the 8X305. To summarize the action, the 
first half of the instruction cycle deals primarily with in
put functions and the second half is mostly concerned 
with output functions. 

INSTRUCTION SET 

General Format and Operating Principles 

The 16-bit instruction word (10 through '15) from program 
storage is input to the instruction register (Figure 1) and 
is subsequently decoded to implement the events to oc
cur during the current instruction cycle. 

8X305 

The general format for each instruction word is as fol
lows: 

LSB I 

BIT POSITIONS - 3 4 5 6 7 8 9 10 11 12 13 14 15 

OPERAND(S) 

The 3-bit operation code (OPCODE) define anyone of 
eight classes of instructions; variations within each class 
are specified by the remaining thirteen operand bits. The 
eight instruction classes can be separated into two con
trol areas - data and program; general functions within 
these areas are: 

• Data Control -

ADD } 
AND Arithmetic and Logic Operations 
XOR 

~~~E} Movement of Data and Constants 

• Program Control 

XEC } 
NZT Branch or Test 
JMP 

Instruction Fields 

As shown in Table 1, each instruction word consists of an 
operation code (OPCODE) field and from one to three 
operand fields. The possible operand fields are: Source 
(8), Destination (D), Rotate/Length (R/L), Literal (J), and 
Address (A). The OPCODE and operand fields are de
scribed in the paragraphs that follow the table. 

Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET 

STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE -

INSTRUCTION WORD DESCRIPTION SEE FIGURE 4 

CONTROL INPUT OUTPUT 
SIGNAL PHASE PHASE 

CLASS= MOVE OPCODE=O OPERATION = (S) .... 0 

Register-to-Register Move content of mternal register specIfied by 8C L H If D= 07S. 17S 

\0\1\2\3\4\5\6\7 S \9\10\11\12\13\14\15\ 
S-fleld to Internal register speclfred by D"leld 

WC L L Pnor to the "MOVE" operation, fight-rotate con· 
\ OPCODE \ 8 R \ D \ tents of Internal source register by octal value (0 LB H LlfD=07a 

8-00S-17S D= 00S-07S, IIS-178 
through 7) defined by the R·fleld 

RS H LlfD= 17a 

Reglster-to-IV Bus (Note) Move contents of Internal register speCIfied by the 8C L L 

\0\1\2\3\41 5 1 61 7 8 \9 \10 \11\12\13114\15\ 
S-fleld to the iV bus Before outputtmg on iV bus, 

WC L H 
data IS shifted as speCified by the least Significant I OPCODE I 8 L 1 D 1 octal digit of the D-fleld and the bits speCified by LS L If D = 20S-27S L If D= 20S-27S 

\ D1 : DO \ 
the L-fleld are merged With the latched 110 data 

RS L If D= 30S-37S L If D=308-378 

$-008-17S D-20S-37S 
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Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET (Continued) 

STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE -

INSTRUCTION WORD DESCRIPTION SEE FIGURE 3 

CONTROL INPUT OUTPUT 
SIGNAL PHASE PHASE 

CLASS=MOVE OPCODE=O OPERATION = (S) -+ 0 3 
IV Bus·to·Register (Note) Move nght-rotatediV bus (source) data specliled by the se L H If 0=078, 178 

1 0 l' 1 2 314151617IaI91,01"1'21'31'41'51 S-t.ald to Internal register specified by the D-fteld The WC L L 

I OPCOOE S I L 

I 
0 

I 
L-t.sld specifies the length of source data starting from 

LB LlfD=07a the LSB-poslUOn and, If less than 8 bits, the remaining L If S = 2°8-278 

51 : So 1 bits are filled with zeros AB L If S = 3°8-378 L I' 0 = 178 

S = 2Oa-37a 0=0°8-078,118- 178 

IV Bus·to·1V Bus (Note) se L L 

1 0 1'1 2 I 3 L 4 1 5 1 6 1 7 1 a 1 9 110 I" 1'21131141'51 Move nght-rotated TV bus (source) data specified by the WC L H 
S-fteld to the 110 latches Before outputtmg on iVbus, I OPCOOE I s I L I 0 I shift data as specified by the D-I.ald, then merge source LB L I' S = 2°8-278 L If 0 = 2°8-278 

S, : So 1 1 °1 : DO 1 and latched 1/0 data as specified by the L (length) field 
AB L If S = 3°8-378 L If D = 3°8-378 

S= 2Oa-378 0= 2Oa-37a 

CLASS=ADD OPCODE=1 OPERATION = (S) + (AUX) --0 

Same as MOVE Instruction class Same as MOVE instruction class except that contents Same as MOVE Instruction class 

of AUX (RO) register are ADDed to the source data If 
there la a "carry" from MSB, then R10 (OVF) = 1 
(overflow), otherwise OVF = 0 

CLASS = AND OPCODE=2 OPERATION = (S) A (AUX) --0 

Same as MOVE Instruction class 
Same as MOVE instruction class except that contents 

Same as MOVE instruction class 

of AUX (RO) register are ANDed with source data 

CLASS=XOR OPCODE=3 OPERATION = (5) .. (AUX) __ 0 

Same as MOVE Instruction class Same as MOVE Instruction class except that contents Same as MOVE instruction class 

of AUX (RO) register are ExclusIVely ORed with source 
data 

CLASS=XEC OPCODE=4 OPERATION = Refer to Description 

Regisler Immediate Execute instruction at current page address offset by SC L L 

I ~L~: 1314 I : 16171a 19 110 I"] '2 1'3 H 15 1 
J (literal) + (S) Return to normal mstructlon flow unless WC L L 
a branch IS encountered 

Execute instruction at an address determmed by replac- LB H H 

S=OOa- 17a J = 000a-3778 Ing the low-order 8 bits of the Address Register with 
AB H H 

the following derived sum 

Value of literal (J-held) plus contents of mternal 
register specified by S-fleld 

The PC IS not Incremented and the overflow status 
(OVF) IS not changed 

IV Bus Immediate (Note) Execute Instruction at an address determined by replac-

1 0 l' 1 2 314151617IaI91,01"1'21131'41'51 
mg the low-order 5 bits of Address Register with the se L L 

following denved sum we L L I OPCOOE S I L 

I 
J 

I 
5-blt value of literal (J-fleld) plus value of rotated 

S, So 1 
source data specified by S-fleld The L-fleld specifies LB L If S = 2°8-278 H 

the length of source data startmg from the LSB pOSI-
AB L If S = 3°8-378 H S = 208-37a J = 00a-37a tlCn and, If less than 8 bitS, the remaining bits are 

filled with zeros, the Program Counter IS not incre-
mented and the overflow status (OVF) IS not 
changed 

CLASS = NZT OPCODE=5 OPERATION = Refer to Description 

Register Immediate sc L L 

1 0 1 'I 2 314151617laI91,01"1'21'31'41'51 
If data specified by the S-fleld IS not equal to zero, Jump we L L 
to current page address oNset by value of J-held, other-

I OPCODE S 1 J 1 Wise, Increment the Program Counter LB H H 

S=00a-17a J = 000a-377a If contents of Internal register specified by S-fleld IS non- AB H H 

zero, transfer to address determined by replacmg the 
low-order 8 bits of Address Register and Program 
Counter with "J", otherwise, Increment PC 
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Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET (Concluded) 

INSTRUCTION WORD DESCRIPTION 

CLASS = NZT OPCODE=5 OPERATION = Refer to Description 

TV Bus Immediate (Note) If nght-rotated and masked IV bus IS non-zero, transfer 

01 1 I 2 31 4 1 5 1 6 1 7 8 I 9 1'0 "1'21'31141'5 
to address determined by replacing low-order 5 bits of 
Address RegIster and Program Counter with "J", other-

OpeOOE S L J Wise, mcrement PC (The L-freld specifies the length 

5, So of source 1/0 data starting from the LSB-posltron and, 

If less than 8 bits, the remaining bits are filled with 
5= 208-378 J = 008-378 zeros) 

CLASS=XMIT OPCODE=6 OPERATION=J --0 

XMIT, Register Store S-blt value speCified by "J" Into regIster specIfied 

I ~ie~l: 1 31 41 : I 61 7181 91 '0 1 1' \ 121131141151 

by "0" 

0=008-068.118.148-168 J = 0008-3778 

XMIT, IV Bus Address Enable 1/0 deVIce on the bank specified by "D" I whose 

I ~!C~l: 1 31 41 ~ I 61 7181 91 10 I" \ 121131141151 
address IS the 8-bit Integer specified by "J", Address 
"J" IS stored In register "D" 

0= 078. 178 J = 0008-3778 

XMIT 8 Bits Immediate, IV Bus (Note) Store value of a-bit Integer In the previously enabled 

I ~ic~l: 1 3141 : I 61 71819110111 \ 121131141151 

110 port, at the bank destination (Cft or ~) specified 
by"D" Contents of R12 or R13 remain unchanged 

0= 128-138 J = 0008-3778 

XMIT Variable Bit Field Immediate, IV Bus (Note) Transmit Least Significant "L" bits of "J" field to 
"L-blt" field of iV bus speCified by "0", If "L" IS greated 

\ 0 \ 1 \ 2 3\4\5\6\7 8 \ 9 \10 "\12\13\14\15 than 5 bits, the MSB bits of destination field IS filled 

I OPCOOE L 
with zeros 

0 J 

0, DO I 
0= 208-378 J = 008-378 

CLASS=JMP OPCODE=7 OPERATION = Refer to Description 

Address Immediate Jump to address In program storage speCified by 

I 0 l' I 21 3 I 41 51 6 I 7 I 8 I 9 110 1'1 1121131141151 
A-field; thiS address IS loaded Into the Address Register 
and the Program Counter 

OpeOOE A 

A = 000008-177778 

Note. 

So speCifies the LSB of rotated Input data field 
Sl speCIfies the bank of W bus from which source data will be mput 
DO speCifies bit position In I/O deVice with which LSB of processed data will be aligned and 
01 speCifies the bank ofTY bus which will be the destination 

8X305 

STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE -

SEE FIGURE 3 

CONTROL INPUT OUTPUT 
SIGNAL PHASE PHASE 

5e L L 

we L L 

LB L If 5 = 208-278 H 

RB L If 5 - 308-378 H 

5e L L 

we L L 

Ii3 H H 

RB H H 

SC L H 

WC L L 

LB H LifO=078 

RB H LifO= 178 

SC L L 

WC L H 

LB H LifO= 128 

RB H L If 0=138 

se L L 

we L H 

LB L If 0 = 208-278 L If 0=208-278 

RB L If 0=308-378 L If 0=308-378 

se L L 

WC L L 

LB H H 

RB H H 

Operations Code Field. The 3·bit OPCODE field specifies 
one of eight classes ofaX305 instructions; octal designa· 
tions for this field and operands for each instruction 
class are shown in the preceding table. 

Iy, for whatever operation is defined by the OPeration 
CODE. The "S" and/or "D" fields can specify an internal 
aX305 register or any one·to·eight bit field within an I/O 
device; octal values and source/destination field assign· 
ments for all internal registers are shown in Table 2. 

Source (S) and Destination (D) Fields. The 5·bit "S" and 
"D" fields specify the source and destination, respective· 
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Table 2. OCTAL ADDRESSES AND SOURCE/DESTINATION FIELDS FOR 8X305 REGISTERS 

ADDRESS REGISTER DESIGNATION SOURCE 
DESTI· 

ADDRESS REGISTER DESIGNATION SOURCE 
DESTI· 

NATION NATION 

008 
RO (AUX)-General 

X X 108 
R10 (OVF-Overflow 

X 
purpose register register) 

01 8 
R1-General purpose 

X X 118 
R11-General purpose 

X X 
register register 

028 
R2-General purpose 

X X 128 
R12-General purpose 

X X 
register register (Note) 

038 
R3-General purpose 

X X 138 
R13-General purpose 

X X 
register register (Note) 

048 
R4-General purpose 

X X 148 
R14-General purpose 

X X 
register register 

058 
R5-General purpose 

X X 158 
R15-General purpose 

X X 
register register 

068 
R6-General purpose 

X X 168 
R16-General purpose 

X X 
register register 

R7-Speclal purpose R17-Special purpose 

078 register (refer to next X X 178 register (refer to next X X 
paragraph) paragraph) 

Note 
R12 and R13 function as general purpose working registers for all operations except transmit (XMIT) DUring a transmit Instruction where R12 or R13 IS the destination, the B-blt 
"J" field IS Immediately transferred to the iv bus, for this operation, the contents of the designated register remain unchanged 

In instructions where R7a (IVL) or R17a (IVR) is specified 
as the destination, the a·bit value is output on the iiJ bus 
as an 1/0 device address or memory location; register R7 
selects the Left Bank and register R17 selects the Right 
Bank. The results are also stored into the specified inter· 
nal register (R7 a or R17 al and may later be accessed as 
source data. When the TV bus is specified as a source 
andlor destination, the "S" and "0" fields are split into 
two parts, that is, 
• Source (S) = S1, So and Destination (D) = 0 1, Do where, 

So specifies the LSB of rotated input data field 
S1 specifies the bank of TV bus from which source data 
will be input 
Do specifies bit position in 1/0 device with which LSB 
of processed data will be aligned and 
0 1 specifies the bank of TV bus which will be the 
destination 

DESIGNATES LEFT DESIGNATES LSB OF 

(2) OR RIGHT (3)~ ~"0 DATA-REFER BANK OF ill BUS TO TEXT DESCRIPTIONS 

51 So ~ 
OR OR :; 
0, DO 

10111213141516171 

I 1) 1 

Notes 

20. 
21. 
228 
238 

248 

25. 
268 

278 

1 The field length of O-to-8 bits IS specified by the "L" field 
2 For the Right Bank, 3°8-378 perform equivalent I/O functions 

Rotate (R) and Length (L) Field. The 3·bit R/L field per· 
forms one of two functions, specifying either the field 
length (L) for 1/0 operations or a right·rotate (R) for inter· 
nal operations. For a given instruction, the specified func· 
tion depends upon the contents of the Source (S) and 
Destination (D) fields. 
When an internal register is specified by both the source 
and destination fields, the "R" field is invoked and it 
specifies a right·rotate of the data specified in the "S" 
field - see accompanying diagram. The source·register 
data (up to a bits) is right·rotated during the "input phase" 
of the instruction cycle (Figure 4) and this function is 
always performed prior to any ALU operation. (Note: The 
right·rotate function is implemented on the bus and not in 
the source register.) 

RIGHT·ROTATE FUNCTION 

Bit Position - 0 1 2 3 4 5 6 7 

&+ lit I- 1 ++y 
When either or both of the source and destination fields 
specify a variable·length 1/0 data field, the "L" field speci· 
fies the length of the 110 data field - see following 
diagram. If the source field specifies an iiJ address 
(20a-37a) and the destination field specifies an internal 
register (OOa-07 a, 118-17 a), the "L" field specifies the 
length of source data; the source data is formed by right· 
rotating the TV bus data according to the source address 
and then masking result as specified by the "L" field. If 
length is less than a bits, all remaining bits are set to zero 
prior to processing data in the ALU. If the source field 

Signetics 3-35 

3 



BIPOLAR LSI PRODUCTS 

MICROCONTROLLER 

specifies an internal register (008-178) and the destina
tion field specifies IV bus data (208-378), the "L" field 
specifies the length of the destination data. To form the 
destination data, the ALU output is left-shifted according 
to the destination address and then masked to the re
quired length - see IV DATA LENGTH SPECIFICATION. 
The destination data is merged with data in the I/O 
latches to finalize the iV bus data. Hence, a one-to-eight 
bit destination data field can be inserted into the existing 
8-bit I/O port without modifying surrounding bits. If both 
the source and destination fields specify iV bus data 
(208-378), the "L" field specifies the length of both the 
source and destination data. 

iV DATA LENGTH SPECIFICATION 
(No Rotate Function Specified) 

o 1 234 567 

I I I I I I I I I 
~I~;-~I -t-I -:-1 -:-1 -::1 .. ;:..-------- L = 1 

1 I I I 1-01 .. 1__--------- L = 2 
I I I I.. L = 3 
I I I.. L = 4 
I I.. L = 5 
I I.. L = 6 

I I" L = 7 
I" L = 0 

To form the source data, the iV bus input data is right
rotated according to the source address and then masked 
to the required length-see IV DATA LENGTH SPECIFI
CATION.lf length is less than 8 bits, all remaining bits are 
set to zero before processing in the ALU. To form the 
destination data, the ALU output is left-shifted according 
to the destination address and masked to the required 
length specification. The destination data is then merged 
into the fi7 bus data that was used to obtain the source; 
thus, if the source and destination addresses are on the 
same bank, the 1\7 bus data written to the destination I/O 
Port appears unmodified, except for bits changed during 
the shift-and-mask operations. If the source and desti
nation addresses refer to different banks, the destination 
I/O Port is changed to contain the contents of the source 
I/O Port in those bit positions not affected by the destina
tion data. 

J Field. The 5-bit or 8-bit "J" field is used to load a literal 
value (contained in the instrUction) into a register, into a 
variable I/O data field, or to modify the low-order bits of 
the Program Counter. The bit length of the "J" field is im
plied by the "s" and "L" fields in the XEC, NZT, and XMIT 
instructions, based on the following conditions: 

• When the Source (S) field specifies an internal register, 
the literal value of the "J" field is an 8-bit binary 
number. 

8X305 

• When the Source (S) field specifies a variable I/O data 
field, the literal value of the "J" field is a 5-bit binary 
number. 

A Field. The 13-bit "A" field is an address field which 
allows the 8X305 to directly branch to any of the 8192 
locations in Program Storage memory. 

Formation of Instruction Address 

The Address Register and Program Counter are used to 
generate addresses for accessing an instruction from 
program storage. The instruction address is formed in 
one of the following ways: 

• For all except the JMP, XEC, and a "satisfied" NZT 
instruction, the Program Counter is incremented by 
one and placed in the Address Register. 

• For the JMP instruction, the 13-bit "A" field contained 
in the JMP instruction word replaces the contents of 
both the Address Register and the Program Counter. 

• For the XEC instruction, the Address Register is loaded 
with bits from the Program Counter modified as fol
lows: 

XEC using TV Bus Data - low-order 5 bits of ALU 
output replaces counterpart bits in Address Register 
XEC using Data from Internal Register - low-order 8 
bits of ALU output replaces counterpart bits in 
Address Register 

The Program Counter is not modified for either of the 
above conditions. 

• For a "satisfied" NZT instruction, the low-order 5 bits 
(NZT source is TV bus data) or low-order 8 bits (NZT 
source is an internal register) of both the Address Reg
ister and Program Counter are loaded with the literal 
value specified by the "J" field of instruction word. 

Data AddreSSing 

The source and/or destination addresses of the data to be 
operated upon are specified as part of the instruction 
word. As shown earlier, source/destination addresses are 
specified using a 5-bit code (008-378). When the most sig
nificant octal digit is a "0" or "1", the source and/or desti
nation address is an internal register; if the most signifi
cant digit is a 2 or 3, an iV bus operation is indicated - 2 
specifying a Left-Bank (LB) operation and 3 specifying a 
Right-Bank (RB) operation. The least significant octal 
digit (0 through 7) indicates either a specific internal reg
ister address or positioning information for the least sig
nificant bit when specifying iV bus data. Referring to 
Table 1, AUXiliary register RO (008) is the implied source 

3-36 Signetics 



BIPOLAR LSI PRODUCTS 

MICROCONTROllER 

of the second argument for the ADD, AND, and XOR oper
ations_ IVL register R7 and IVR register R17 (destination 
addresses 07a and 17a, respectively) provide a means of 
routing enabling address information to 1/0 peripherals_ 
With IVL or IVR specified as the destination address, data 
is placed on the IV bus during the output phase of the in
struction cycle; simultaneously, a Select Command (SC) 
is generated to inform all 1/0 devices that information on 
the fi.7 bus is to be considered as an 1/0 address_ Since the 
contents of IVL and IVR are preserved, either register may 
later be accessed as a source of data_ 

DESIGN PARAMETERS 

Hardware design of an 8X305-based system largely con
sists of the following operations; 

• Selecting and interfacing a Program Storage device -
ROM, PROM, etc_ 

• Selecting and interfacing input/output devices - RAM, 
Ports, and other 8-bit addressable 1/0 devices_ 

• Choosing and implementing System Clock - Capaci
tor-Controlled, Crystal-Controlled, or Externally-Driven_ 

• Selection of an off-chip series-pass transistor_ 

VOLTAGE REGULATOR 

All internal logic of the 8X305 is powered by an on-chip 
voltage regulator that requires an external series-pass 
transistor. Electrical specifications for the off-chip power 
transistor and a typical hook-up are shown in the accom
panying diagram_ To minimize lead inductance, the tran
sistor should be as close as possible to the 8X305 pack
age and the emitter should be ac-grounded via a 0_1 
microfarad ceramic capacitor. 

8X30S 

Control outputs LB and RB are used to partition 1/0 bus 
devices into two fields of 256 addresses_ With LB in the 
active-low state and a source address of 20a-27a, the left 
bank of 1/0 devices are enabled during the input phase of 
the instruction cycle_ With RB in the active-low state and 
a source address of 30a-37a, the right bank of devices are 
enabled_ During the output phase, LB is low if the destina
tion address is 07 a or 20a-27 a, whereas RB is low if the 
destination address is 17a or 308-37a- Each address field 
(LB and RB) can have a different 1/0 device selected, that 
is, data can be transferred from a device in one bank to a 
device in the other in one instruction cycle_ 

All information required for easy implementation of these 
design requirements is provided under the following 
captions: 

• Ordering Information 
• Voltage Regulator 
• DC Characteristics 
• AC Characteristics 
• Timing Considerations 
• Clock Considerations 
• HALT/RESET Logic 

8X305 

PARAMETER CONDITIONS LIMITS 

h'e VeE = 2V; > 50 
100mA < Ie < SOOmA 

VBEON VCE=5V; IC=500mA < 1V 

VCESAT Ie = SOOmA; IS = SOmA < O.SV -c..rV
: R BVCEO 

NOTE f, 
Typical approved parts-2N5320. 2N5337 

> 15V 

> 30M Hz 
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DC CHARACTERISTICS (Commercial Part) 4.75V '" Vcc '" 5.25V, O'C '" TA '" 70'C 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature (TSTG) ratings are from - 65 to + 150'C 

PIN DESCRIPTION RATING UNIT PIN DESCRIPTION RATING 

Vcc Supply voltage + 7.0 V All other pins Logic input voltage 5.5 
X1,X2 Crystal input voltage 2.0 V 

PARAMETER TEST CONDITIONS 
LIMITS 

UNIT COMMENTS 
Min Typ Max 

Vcc Supply voltage 4.75 5.0 5.25 V 

VIH 
High level 0.6 2.0 

V 
X1 and X2 

input voltage 2.0 5.5 All other pins 

Vil 
Low level 0.4 

V 
X1 and X2 

input voltage 0.8 All other pins 

VOH 
High level 

Vcc=min; 10H= -3mA 2.4 V 
output voltage 

VOL 
Low level Vcc=min; IOl=6mA 0.55 

V 
Ao through A12 

output voltage Vcc= min; 10l = 16mA 0.55 All other outputs 

VCR Regulator voltage Vcc=5V 
3.1 

V 
TA=O'C 

2.9 TA=70'C 

UNIT 

V 

VIC Input clamp voltage Vcc=min; IIN= -10mA -1.5 V 
Crystal inputs XI and X2 do not 

IIH 
High level 

Vcc= max 
VIH =0.6V 

input current VIH = 4.5V 

III 
Low-level 

Vcc = max; Vil = O.4V 
input current 

Short circuit 
Vcc= max; (Note: At any time, no 

los output current 
more than one output should be -30 

connected to ground.) 

Icc Supply current Vcc=max 

IREG Regulator control Vcc= 5.0V -10 

ICR Regulator current Vcc= max 

Notes. 
1 Operating temperature ranges are guaranteed after thermal eqUilibrium has been reached 
2 All voltages measured with respect to ground terminal 

have internal clamp diodes 

4.0 rnA X1 and X2 
50 I'A All other pins 

-3 X1 and X2 
-0.2 

rnA IVO-IV7 
-1.6 10-115 
-0.4 HALT and RESET 

-140 rnA All output pins 

180 
rnA 

TA=70'C 
195 TA=O'C 

- 25 rnA 
Max available base drive for 
series-pass transistor 

200 
rnA 

TA=70'C 
230 TA=O'C 

AC CHARACTERISTICS (Commercial Part) CONDITIONS: 4.75V'" Vcc '" 5.25V; O'C '" TA '" 70'C 
LOADING: (See test circuits) 

LIMITS (INSTRUCTION LIMITS (INSTRUCTION 

PARAMETER (Note 1) CYCLE TIME = 200ns) CYCLE TIME> 200ns) UNITS COMMENTS 

Min Typ Max Min Typ Max 

Tpc Processor cycle time 200 200 ns 

Tcp XI clock period 100 100 ns 

TCH XI clock high time 50 50 ns 

TCl XI clock low time 50 50 ns 

T MCl MCLK low delay 15 40 15 40 ns 

Tw MCLK pulse width 40 60 T40 -10 T40+ 10 ns Note 2 

T MODO 
Output driver turn on time 125 145 

TlO+ TlO+ 
ns Note 9 

MCLK falling edge T20 +25 T20 +45 
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AC CHARACTERISTICS (Commercial Part) CONDITIONS: 4.75V:5 vcc :5 5.25V; O·C :5 TA :5 70·C 
(Continued) LOADING: (See test circuits) 

LIMITS (INSTRUCTION LIMITS (INSTRUCTION) 

PARAMETER (Note 1) CYCLE TIME = 200n5) CYCLE TIME> 200n5) UNITS 

Min Typ Max Min Typ Max 

TOI 
Output driver turn·on time 

20 20 (SC/WC rising edge) 

Too Input data to output data 85 105 85 105 

TMHS MCLK falling edge to HALT falling edge 30 TlO - 20 

TMHH HALT hold time (MCLK falling edge) 65 T10 + 15 

TACC Program storage access time 60 

TIO 
1/0 port output enable time 

30 
(LR/RB to valide TV data input) 

TMAS MCLK falling edge to address stable 140 TlO+ 
T20 +40 

TIA Instruction to address 140 T20 +90 

TIVA Input data to address 85 85 

TMIS MCLK falling edge to instruction stable 30 T10 -20 

TMIH 
Instruction hold time 

55 T10 +5 (MCLK falling edge) 

TMWH 
MCLK falling edge to SC/WC 

105 125 TlO+ TlO+ 
rising edge T20 + 5 T20 +25 

MCLK falling edge to SCIWC 
5 15 5 15 

TMWL falling edge 

TMIBS 
MCLK falling edge to LB/RB 

10 25 10 25 (Input phase) 

TIIBS Instruction to LB/RB (Input phase) 25 25 

TMOBS 
MCLK falling edge to LB/RB 

115 145 TlO+ T10 + 
(Output phase) T20 + 15 T20 +45 

TMIOS MCLK falling edge to input data stable 55 T10 + 
T20 -45 

TMIOH 
Input data hold time 

115 TlO+ 
(MCLK falling edge) T20 +15 

TMOOH 
Output data hold time 

11 11 
(MCLK falling edge) 

TMOOS Output data stable (MCLK falling edge) 130 150 TlO+ TlO+ 
T20 +30 T20 +50 

NOTES 
Xl and X2 mputs are dnven by an external pulse generator with an amplitude of 1 5V01t5, all tlmmg parameters are measured at this voltage level 
Respectively, Tl0' T20' T30. and T4Q represent time Intervals for the first, second, third, and fourth quarter cycles 
Capacitive loading for the address bus is 150 picofarads 

4 TMAS IS obtamed by forCing a valid mstructlon and an I/O bus Input to occur earlier than the speCified minimum set up time 
TIA IS obtamed by forCing a valid instruction Input to occur earlier than the minimum set up time 
TIVA IS obtamed by forcmg a valid 110 bus mput to meet the mmlUm set up time 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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COMMENTS 

Note 10 

Note 2 

Note 2 

Notes 2, 3 & 4 

Notes 2, 3 & 5 

Notes 3 & 6 

Notes 2 & 10 

Notes 2 & 8 

Note 2 

Note 2 

Note 2 

Note 2 

Note 2 

7. T MIS represents the setup time reqUired by mternallatches of the eX305 In system applications, the mstructlon Input may have to be valid before the worst-case set up time In 

order for the system to respond with a valid 1/0 bus Input that meets the 110 bus Input set up time (TIDS and TMIDS) 
e. T MIH represents the hold time reqUired by Internal latches of the eX305 To generate proper IS/fiB signals, the Instruction must be held valid until the address bus changes 
9 The minimum figure for these parameters represents the earliest time that 110 bus output drivers of the eX305 will turn on 

10 ThiS parameter represents the latest time that the output drivers of the Input device should be turned off 
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TEST CIRCUITS 

ADDRESS OTHER 
5V 5V 

781H 2320 

OUTPUT OUTPUT 
UNDER TEST 

t'~Pf 
UNDER TEST 

t'OOPf 379n 1690 

l l 

ABSOLUTE MAXIMUM RATINGS Storage Temperature (TSTG) ratings are from - 65 to + 150·C 

PIN DESCRIPTION RATING UNIT PIN DESCRIPTION 

Vee Supply voltage +?O V All other pins Logic input pins 
X1,X2 Crystal input voltage 2.0 V 

DC CHARACTERISTICS (Military Part)4.5V" Vee" 5.5V, -55·C" Te" +125·C 

PARAMETER TEST CONDITIONS 

Vee Supply voltage 

VIH High level input voltage 

VIL Low level input voltage 

VOH High level output voltage Vee = min; 10H= -3mA 

VOL 
Low level output Vee = min; 10L = 6mA 
voltage Vee = min; IOL=16mA 

VCR Regulator voltage Vee=5V 

VIC Input clamp voltage Vee = min; liN = -10mA 

IIH High level input current Vee=max 
VIH =0.6V 
VIH =4.5V 

IlL LOW-level input current Vee = max; VIL = 0.4V 

Short circuit output Vee = max; (Note: At any time, 
los current no more than one output should 

be connected to ground.) 

Icc Supply current Vec=max 

IREG Regulator control Vee =5.0V 

leR Regulator current Vee = max 

NOTES 
1. Operating temperature ranges are guaranteed after thermal eqUIlibrium has been reached. 
2 All voltages measured with respect to ground terminal. 
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LIMITS 
UNIT 

Min Typ Max 

4.5 5.0 5.5 V 

0.6 2.0 
V 

2.0 

0.4 
V 

0.8 

2.4 V 

0.55 V 
0.55 

3.5 
3.1 V 
2.6 

-1.5 V 

4.0 mA 
50 p.A 

-3 
-0.3 

mA 
-1.6 
-0.4 

-30 -140 mA 

175 
mA 205 

-10 -25 mA 

180 
mA 

260 

RATING UNIT 

5.5 V 

COMMENTS 

X1 and X2 
All other pins 

X1 and X2 
All other pins 

Ao through A'2 
All other outputs 

Te= - 55·C 
Te=O·C 
Te= 125·C 

Crystal inputs X1 and X2 
do not have internal 
clamp diodes. 

X1 and X2 
All other pins 

X1 and X2 
IVO-IV? 
10-115 
HALT and RESET 

All output pins 

Te= 125·C 
Te= -55·C 

Max available base drive 
for series-pass transistor 

Te= 125·C 
Te= - 55·C 
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MICROCONTROLLER 

AC CHARACTERISTICS (Military Part) CONDITIONS: 4.5V :,; Vcc :,; 5.5V; - 55°C:,; Tc:'; 125°C 
LOADING: (See test circuits) 

LIMITS (INSTRUCTION LIMITS (INSTRUCTION) 

PARAMETER (Note 1) CYCLE TIME = 250ns) CYCLE TIME > 250ns) UNITS 

Min Typ Max Min Typ Max 

Tpc Processor cycle time 250 250 

Tcp X1 clock period 125 125 

TCH X1 clock high time 62 62 

TCL X1 clock low time 62 62 

TMCL MCLK low delay 15 40 15 40 

Tw MCLK pulse width 47 72 T40 -15 T40+ 10 

TMOOO 
Output driver turn·on time 

145 175 T10 + T10+ 
(MCLK falling edge) T20 +20 T2o+50 

TOI 
Output driver turn-on time 

20 20 
(SC/WC rising edge) 

Too Input data to output data SO 115 SO 115 

TMHS MCLK falling edge to HALT falling edge 40 T10 - 22 

TMHH HALT hold time (MCLK falling edge) SO T10 +1S 

TACC Program storage access time 90 

T10 
I/O port output enable time 

40 
(LB/RB to valid TV data input) 

TMAS MCLK falling edge to address stable 160 
T10 + 

T20 +35 

TIA Instruction to address 160 T20 +9S 

T1VA Input data to address 90 90 

TM1S MCLK falling edge to instruction stable 40 T10 - 22 

TMIH 
Instruction hold time 

70 T10 +S 
(MCLK falling edge) 

TMWH 
MCLK falling edge to SC/WC 

127 154 T1Q+ T10 + 
rising edge T20+2 T20 +29 

TMWL 
MCLK falling edge to SCIWC 

5 25 5 25 
falling edge 

TM1BS 
MCLK falling edge to LB/RB 

10 35 10 35 
(Input phase) 

TIIBS Instruction to LB/RB (Input phase) 30 30 

T MOBS 
MCLK falling edge to LB/RB 

140 170 T10 + T10 + 
(Output phase) T20 + 15 T20 +45 

TM10S MCLK faling edge to input data stable 75 
T10 + 

T20 -50 

TM10H 
Input data hold time 

140 
T10 + 

(MCLK falling edge) T20 + 15 

TMOOH 
Output data hold time 

11 11 (MCLK falling edge) 

TMOOS 
Outpu"t data stable 

150 1S0 T10 + T10+ 
(MCLK falling edge) T20 +25 T20 +55 

NOTES 
1 X1 and X2 Inputs are dnven by an external pulse generator with an amplitude of 1.5 volts, all timing parameters are measured at this voltage level. 
2 Respectively, T 10. T2Q, T30. and T4Q represent time mtervals for the first, second, thIrd, and fourth quarter cycles. 
3. Capacitive loading for the address bus IS 150 picofarads. 
4 T MAS IS obtamed by forcmg a valid Instruction and an 1/0 bus mput to occur earlier than the specified minimum set up time. 

5. TIA is obtamed by forCing a valid Instruction mput to occur earlier than the minimum set up time. 
6 TIVA IS obtained by forCing a valid 1/0 bus Input to meet the mlnlum set up time 
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COMMENTS 

Note 2 

Note 9 

Note 10 

Note 2 

Note 2 

Notes 2, 3 & 4 

Notes 2, 3 & 5 

Notes 3 & 6 

Notes 2 & 10 

Notes 2 & S 

Note 2 

Note 2 

Note 2 

Note 2 

Note 2 

7 T MIS represents the setup time required by Internal latches of the aX305. In system applications, the mstructlon Input may have to be valid before the worst-case set up time in 
order for the system to respond with a valid 110 bus input that meets the 1/0 bus Input set up time (lIDS and TMIDS) 

a. T MIH represents the hold time required by Internal latches of the aX305. To generate proper lelA's signals, the instruction must be held valid until the address bus changes 
9 The mmlmum figure for these.parameters represents the earliest time that 1/0 bus output dnvers of the 8X305 Will turn on. 

10. ThiS parameter represents the latest time that the output drivers of the Input deVice should be turned off. 
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TIMING CONSIDERATIONS (Commercial Part) 

As shown in the AC CHARACTERISTICS table for the 
commercial part, the minimum instruction cycle time is 
200 nanoseconds; whereas, the maximum is determined 
by the on-chip oscillator frequency and can be any value 
the user chooses. With an instruction cycle time of 200 
nanoseconds, the part can be characterized in terms of 
absolute values; these are shown in the first "LIMITS" 
column of the table. When the instruction cycle time is 
greater than 200 nanoseconds, certain parameters are 
cycle-time dependent; thus, these parameters are speci
fied in terms of the four quarter cycles (T 10, T 20, T 30, and 
T 40) that make up one instruction cycle - see 8X305 TIM
ING DIAGRAM. As the time interval for each instruction 
cycle increases (becomes greater than 200 nanoseconds), 
the delay for all parameters that are cycle-time dependent 
is likewise increased. In some cases, these delays have a 
significant impact on timing relationships and other 
areas of systems design; subsequent paragraphs 
describe these timing parameters and reliable methods 
of calculation. 

Timing parameters for the 8X305 are normally measured 
with reference to MCLK. 

i I I I I 

~," 
! I I 

MCLK I I I I -a:tl-!:::::: I I I se,we . .!:! I i I I 
orR8 I I I I I 

1--=2 I- 1 : I - I I I I 
1VO .. 1V7 I I I I 

I I I I I 

~-H i I ! 
I I r I I 

G) MCLK to IBiiiii (Input pha •• ) or 
Instruction to Liiiii (Input phase). 

® 1/0 port acc ••• (TIO). 

® iV data set·up time (referenced to 
MCLK). 

a. Condition #1 

System determinants for the instruction cycle time are: 
• Propagation delays within the 8X305 
• Access time of Program Storage 
• Enable time of the 110 port 

Normally, the instruction cycle time is constrained by one 
or more of the following conditions: 

Condition 1 - Instruction or MCLK to LB/RB (input 
phase) plus 110 port access time (TID) :s 
TV data set up time (Figure 5a). 

Condition 2 - Program storage access time (TACC) 
plus instruction to LB/RB (input phase) 
plus 110 port access time (TID) plus IV 
data (input phase) to address :s instruc
tion cycle time (Figure 5b). 

Condition 3 - Program storage access time plus in
struction to address :s instruction cycle 
time (Figure 5c). 

~"iil' I I I I 
MCLK I I I I I I 

~l! i~: 
AO .. A12 I !++-CD--I..! Ii I I i 
ri~I::I: 10 .. 115 I I I lit 
: : 21 Ii:: : 

__ I I I I, I 
LB,RB I I I, I I I I 

I : 1--I®I--@~1 I 

'I'~" IVO-IV7' I: I: I 
I I I I I 

<D Program storage access time. 

® MCLK to IB/R!.!I.'l!?ut pha •• ) or 
Instruction to LB/RB (Input phase). 

@ I/O port acc ••• (TIO). 

® IV data (Input phase to address. 

b. Condition #2 

~\l:1111 I I 1 
MCLK ': I I I I 

IO-115~ 
"'~" i \ \: I:::: 

AO .. A12 I I, I I I I I 

: \ \INSTRUCTION: I \:: 

: ) ITOIADDR~ssl! : l : 
I I I I PROQRAM I 

c. Condition 1#3 

STORAQE 
ACCESS 

Figure 5. Constraints of 8X305 Instruction Cycle Time 
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8X305 TIMING DIAGRAM 

t:----~~--------------------------------Tpe------------------"'I 

r=Tel-----1-Tep~ 
XI ______________ , 

MelK ---------' LI _________________________________ ~I LI _________ ___ 

I ~TW--1 

;" TMAS~~--,----ADDRESS ------------------------...:------------------------------
(AO-A12) ______________________ -, ____________________________ _ 

: ~I"o__-------------------TIA • TAee I 01 
I I~"~------TIVA - I I 

INSJ~I~;:ON~~=~8; '"" ~TDI~t'-' 
se/we ------------------------'F--TM~:.~ '":" }: _: _________ _ 

[jj,Rij -------T--'-,'@----I......,¥.;~ _ Jl ~ , .. :~'----
m-m ~ OUTPUT INPUT ~///h OUTPUT 

J" ITM,DH-----I"I":": 
HALT -------------------T.::;M::.:HS=--'-~r I j , TDD~ 

• INDICATES CHANGING DATA 

.. INDtCATES 3-STATE 

Note: 
For an Instruction cycle time oreater than 200 ns, 
the 110 bus can be stable sometime wIthin the 

thIrd quarter (T 30) cycle 

p,"""=:j I ,,:=-~.I .1 
i " INPUT ~HASE • ! " OUTPU~ PHASE----i 
t..-Inatructlon r~~ :'-,natructlon addr ... ......!..--MCLK hIgh--.J 
I open I I chang.. I 

: : I sc = "1~'orl/o I 
'II SC=WC="O" -III addr ••• ,WC="'''for .1 
: I I 110 ~at. I 

I II [I, q •• t lor Input data .. I II [I, RI ... I~ output data--': 

: I : I I 
I'" lID driV.,S, ttl, ........ --------oo.t, 110 drh, .... .ctIV~" output data Of -....! 
: I i addr ... to 110 BUS; ~r .... tat. othM'WI.. t 

.. : .. 0__-------1/0 , ..... ,y.,. ~ ---------1-011 : 1 I 
I 1 I 14---r+--1/Oa-at.tH--...J 
I I I ---, I 
I : I Note I I 
I I I I I 
,. I ONE CYCLE I ., 
I I I I I 
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From condition #1 and with an instruction cycle time of 
200ns, the 1/0 port access time (TIO) can be calculated as 
follows: 

TMIBS+ TIO 05 TMIDS 
transposing, TIO 05 TMIDS = TMIBS 
substituting, TIO 05 55ns - 25ns 

result, TIO 05 30ns 

Using 30ns for TIO, the constraint imposed by condition 
#1 can also be used to calculate the minimum cycle time: 

TMIBS+ TIO 05 TMIDS 
thus, 25ns+ 30ns 05 T10+ T20 - 45 

25ns + 30ns 05 1/2 cycle - 45 therefore, 
the worst-case instruction cycle time is 200ns. With sub
ject parameters referenced to X1, the same calculations 
are valid: 

TIBS+ TIO+ TIDS 05 1/2 cycle 
thus, 45ns + 30ns + 25ns 05 1/2 cycle therefore, 

the worst-case instruction cycle time is again 200ns. 
From condition #2 and with an instruction cycle time of 
200ns, the program storage access time can be 
calculated: 

TACC+ TIIBS+ TIO+ TIVA 05 200ns 
transposing, TACC 05 200ns- TIIBS- TIO- TIVA 
substituting, TACC 05 200ns - 25ns - 30ns - 85ns 

thus, TACC 05 60ns hence, for an instruction 
cycle time of 200ns, a program storage access time of 
60ns is implied. The constraint imposed by condition #3 
can be used to verify the maximum program storage ac
cess time: 

TIA+ TACC 05 Instruction Cycle 
thus, TACCo5 200ns-140ns 
and, TACC o560ns, confirming that a program 

storage access time of 60ns is satisfactory. 

For an instruction cycle time of 200ns and a program stor
age access time of 60ns (Condition #2/Figure 5b), the in
struction should be valid at the falling edge of MCLK. This 
relationship can be derived by the following equation: 

200ns - TMAS - T ACC 
= 200ns - 140ns - 60ns 

Ons 
It is important to note that, during the input phase, the 
beginning of a valid LB/RB signal is determined by either 
the instruction to LB/RB delay (TIIBS) or the delay from 
the falling edge of MCLK to LB/RB (TMIBS). Assuming the 
instruction is valid at the falling edge of MCLK and 
adding the instruction-to-LB/RB delay (TIIBS = 25ns), the 
LB/RB signal will be valid 25ns after the falling edge of 
MCLK. With a fast program storage memory and with a 
valid instruction before the falling edge of MCLK - the 
LB/RB signal will, due to the TMIBS delay, still be valid 
25ns after the falling edge of MCLK. Using a worst-case 
instruction cycle time of 200ns, the user cannot gain a 
speed advantage by selecting a memory with faster 
access time. Under the same conditions, a speed advan
tage cannot be obtained by using an 1/0 port with fast ac
cess time (TIO) because the address bus will be stable 

8X305 

55ns (TAS) after the beginning of the third quarter cycle 
- no matter how early the IV data input is valid. 

CLOCK CONSIDERATIONS 

The on-chip oscillator and timing-generation circuits of 
the 8X305 can be controlled by anyone of the following 
methods: 

Capacitor - if timing is not critical 
Crystal - if precise timing is required 
External Drive - if application requires that the 8X305 

be driven from a system clock 

Capacitor Timing. A non-polarized ceramic or mica 
capacitor with a working voltage equal to or greater than 
25 volts is recommended. The lead lengths of capacitor 
should be approximately the same and as short as possi
ble; also, the timing circuits should not be in close prox
imity to external sources of noise. For various capacitor 
(Cx) values, the cycle time can be approximated as: 

ex(in pF) APPROXIMATE CYCLE TIME 

100 300ns 
200 500ns 
500 1.11'5 

1000 2.01'5 

Crystal Timing_ When a crystal is used, the on-chip 
oscillator operates at the resonant frequency (fal of the 
crystal; the series-resonant quartz crystal connects to the 
8X305 via pins 10 (X1) and 11 (X2). The lead lengths of the 
crystal should be approximately equal and as short as 
possible; also, the timing circuits should not be in close 
proximity to external sources of noise. The crystal should 
be hermetically sealed (He type can) and have the follow
ing electrical characteristics: 

Type - Fundamental mode, series resonant 
Impedance at Fundamental - 35 ohms maximum 
Impedance at Harmonics and Spurs - 50 ohms 

minimum 

The resonant frequency (fal of the crystal is related to the 
desired cycle time (T) by the equation: fo= 2/T; thus, for a 
cycle time of 200 nanoseconds, fo= 10MHz. 

HALT Logic 

The HALT signal is sampled via internal chip logic at the 
end of the first internal quarter of each instruction cycle. 
If, when sampled, the HALT signal is active-low, a halt is 
immediately executed and the current instruction cycle is 
terminated; however, the halt cycle does not inhibit 
MCLK nor does it affect any internal registers of the 
8X305. As long as the HALT line is active-low, the SC and 
WC lines are low (inactive), the Left Bank (LB)/Right Bank 
(RB) signals are high (inactive), and the IV bus remains in 
the three-state mode of operation. Normal operation 
resumes at the next cycle in which HALT is high when 
sampled - see HALT TIMING DIAGRAM. 

3·44 Signetics 



BIPOLAR LSI PRODUCTS 

MICROCONTROLLER 8X305 

HALT TIMING DIAGRAM 

x, 

I~ HAL.TCYClE ~I 

__ I I...-THH 
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I 

Note 1 THS --.1 1-- I Nole 2 
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'\'\\'"'\"""",, J 111111111111111 
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Notes. 
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1, The HALT Signal can eWltch from High to Low at any time dUring thie mterval. 

2. The HALT 81gnal can 8witch from Low to High at any tima during thl. mtarval 

Timing Oescrlptlons. 

TtH-hold tima from Xl to HACf (Independent of ine.ruction cycle time) 

TMHs-aet-up time from MCLK to HALT (dependent upon instruction cycle time) 

T MHH-hold time from MCLK to HAtl (dependent upon ina'ructlon cycle time) 
THS-a.t-up time trom HALf to XI (Independent of Instruction cycle time) 

aUARTE~~~~~~~~ ---t-------;$------+------ilt-"""",------;+-----;$------

MCLK 

NOTES 

~ DENOTES CHANGING DATA 

mm DENOTES HI-Z 

Figure 7. Timing Relationships of 8X305 110 Signals 
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Using an External Clock. The 8X305 can be synchronized 
with an external clock by simply connecting appropriate 
drive circuits to the X1/X2 inputs. Figure 8 shows how the 
on-chip oscillator can be driven from the complementary 
outputs of a pulse generator. In applications where the 
MicroControlier must be driven from a master clock, the 
XlIX2 lines can be interfaced to TTL logic as shown in 
Figure 9. 

+ x,=~ 
soO 

PULSE n 8X305 
GENERATOR MICROCONTROLLER 

soO 

- x,=~ 

PULSE GENERATOR CHARACTERISTICS 

ZOUT = son VOllT = 0-1 VOLT 

RISETIME .$ 10ns SKEW,;;;10n. 

Figure 8. Clocking with a Pulse Generator 

, .. ,' x,=~ ... 
YL ,K 

CLOCK- 8X305 

,K MICROCONTROLLER 

K 
x,=~ ... 

• = OPEN COLLECTOR 

TTL DRIVER CHARACTERISTICS: 

FALL TIME :$ 10ns 
SKEW BETWEEN COMPLEMENTARY OUTPUTS 
,,;:10u 

Figure 9. Clocking with TTL 

RESET TIMING DIAGRAM 

8X305 

RESET Logic 

RESET (pin 43) can be driven from a high (inactive) state 
to a low (active) state at any time with respect to the 
system clock, that is, the reset function is asynchronous. 
To ensure proper operation, RESET must be held low 
(active) for one full instruction time. When the line is 
driven from a high state to an active-low state, several 
events occur - the precise instant of occurrence is 
basically a function of the propagation delay for that par· 
ticular event. As shown in the RESET TIMING DIAGRAM, 
these events are: 
o The Program Counter and Address Register are set to 

address zero and remain in that state as long as the 
RESET line is low. Other than PC and AR, RESET does 
not affect other internal registers. 

o The input/output (IV) bus goes three·state and remains 
in that condition as long as the RESET line is low. 

o The Select Command and Write Command signals are 
driven low and remain low as long as the RESET line is 
low. 

o The Left Bank/Right Bank (LB/RB) signals are forced 
high asynchronously for the period in which the RESET 
line is low. 

During the time RESET is active-low, MCLK is inhibited; 
moreover, if the RESET line is driven low during the last 
two quarter cycles, MCLK may be shortened for that par· 
ticular machine cycle. When RESET line is driven high 
(inactive)-one quarter to one full instruction cycle later, 
MCLK appears just before normal operation is resumed. 
The RESET/MCLK relationship is clearly shown by "B" in 
the timing diagram. As long as the RESET line is active
low, the HALT signal (described next) is not sampled by 
internal logic of the 8X305. 

~- n 
----------------------------~ ~------Notes: 

1 A High to Low trans Ilion of the RESET 81gnal wdl force the Address Bus to an aU-zero 2 The FiES'Ef 81gnal can SWitch from Low to High at any pOint wlth,n this time Interval and, 
confIguration In all cases, MCLK will occur al least ona-quarter cycle time later 88 shown 
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8-BIT LATCHED BIDIRECTIONAL I/O PORT 

FEATURES 
• Dual bidirectional ports 
• Independent port operation (User-port 

priority for data entry) 
• User data Input synchronous 
• At power-up, User-port outputs are 

high and Microprocessor-port outputs 
are high-Z 

• Three-state TTL outputs for high-drive 
capabilities 

• Directly compatible with 8X300 
Microcontroller 

• Single +5V supply 

PRODUCT DESCRIPTION 
The ST31 is an 8-bit bidirectional data register 
designed to function as Input/Output mterface 
elements m microprocessor systems. 

LOGIC DIAGRAM 

Each part contains eight clocked data latches 
that are accessible from either a microproc
essor port or a user port. Separate 1/0 control 
is provided for each port. The two ports operate 
independently, except that when both are at
tempting to input data into the data latches, 
the User port (UD()'UD7) has priority. The mas
ter enable (ME) signal enables or disables the 
microprocessor bus regardless of the state of 
the other mputs but has no effect on the user 
bus. 

A unique feature of these parts IS their ability 
to start up m a predetermined state. If the clock 
IS mamtained at a level of less than O.S volts 
until the power supply reaches 3.5 volts, all bits 
of the user port will wakeup at a "logiC 1" level 
and those of the microprocessor port will 
wakeup m the high-impedance state 

,-----------------, 

UD 0 

BOC 

BIC 

I I 
I I 
I I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L_ 

ONE OF EIGHT 
BIT SLICES 

FiG 
wc 

MCLK 

ME 

Signetics 

8T31 

PIN CONFIGURATION 

N PACKAGE 

TOP VIEW 

ORDER NUMBERS 

N8T3l N, N8X3l N 
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8·BIT LATCHED BIDIRECTIONAL 110 PORT 

PIN DESIGNATION 

PIN SYMBOL 

1-8 UDO-UD?' 

16-23 IVO-IV? 

10 BIC: 

9 BOC. 

11 ME: 

15 WC: 

14 RC 

13 MCLK' 

24 VCC 

12 GND: 

NAME AND FUNCTION TYPE 

User Data I/O lines. Bidirectional data lines to Acitve high 
communicate with user's equipment three-state 

Microprocessor Bus. Bidirectional data lines to Active low 
communicate with controlling digital system. three-state 

Input Control. User input to control writing into Active low 
the I/O Port from the user data lines. 

Output Control. User input to control reading Active low 
from the I/O Port onto the user data lines. 

Master Enable. System input to enable or dis- Active low 
able all other system inputs and outputs. It has no 
effect on user inputs and outputs. 

Write Command. When WC is high, stores con- Active high 
tents of IVO-IV? as data. 

Read Command. When RC is low, data is Active low 
presented on IVO-IV? 

Master Clock. Input to strobe data into the Active high 
latches. See function tables for details 

5V power connection. 

Ground 

Table 1. USER PORT CONTROL FUNCTION 

- --
BIC BOC MCLK USER DATA BUS FUNCTION 

H L X Output Data 
L X H Input Data 
H H X Inactive 

H = High Level L = Low Level X = Don't care 

Table 2. MICROPROCESSOR PORT CONTROL FUNCTION 

- -
WC MCLK BIC 

MICROPROCESSOR BUS ME RC 
FUNCTION 

L L L X X Output Data 
L X H H H Input Data 
X H L X X Inactive 
X X H X L Inactive 
H X X X X Inactive 
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USER DATA BUS CONTROL 
The activity of the user data bus is con
trolled by the BIC and'BOC inputs as shown 
in Table 1. 

The user data input is a synchronous func
tion with MCLK. A low level on the BIC input 
allows data on the user data bus to be 
written into the data latches only if MCLK is 
at a high level. A low level on the BIC input 
allows data on the user data bus to be 
latched regardless of the level of the MCLK 
input. 

To avoid conflicts at the data latches, input 
from the microprocessor port is inhibited 
when BIC is at a low level. Under all other 
conditions the 2 ports operate independ
ently. 

MICROPROCESSOR 
BUS CONTROL 
As is shown in Table 2, the activity olthe mi
croprocessor port is controlled by the ME, 
RC, WC and BIC inputs, as well as the state 
of an internal status latch. BIC is included to 
show user port priority over the microproc
essor port for data input. 

BUS OPERATION 
Data written into the 8T31 from one port will 
appear inverted when read from the other port. 
Data written into the 8T31 from one port will 
not be inverted when read from the same port. 



BIPOLAR LSI PRODUCTS 

8·BIT LATCHED BIDIRECTIONAL 110 PORT 

DC ELECTRICAL CHARACTERISTICS Vee = 5V ± 5%, O°C":; TA":; 70°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Input voltage: 
VIH High 
Vil Low 
Vie Clamp II = 5mA 

Output voltage: Vec = 4.75V 
VOH High 
VOL Low 

Input current1: Vec = 5.25V 
ilH High VIH = 5.25V 
ill Low VIL = .5V 

Output current2: 
los Short circuit Vce = 4.75V 

UD bus 
IV bus 

Icc VCC supply current Vee = 5.25V 

NOTES 

1 The mput current Includes the three-state/open collector leakage current of the output 
dnver on the data lines 

2 Only one output may be shorted at a time 

PARAMETER MEASUREMENT INFORMATION 

LOAD CIRCUIT FOR THREE-STATE OUTPUTS 

ALL DIODES 
ARE lN914 

390(~ 51 OR EQUIVALENT 52 

Vcc~ 
j-, 

1 ~ ~ 

I 
~7 

TEST 1 Kn 

'r FROM 
OUTPUT L H \ 51 OPEN 

UNDER Z H I 52 CLOSED 

TEST H L I 51 CLOSED 

rCL 
Z L ) 52 OPEN 
L Z \ 51 CLOSED 
H Z ) 52 CLOSED 

NOTE CL Includes fixture capaCitance 

CLOCK PULSE WIDTH 

MCLK 

LIMITS 

Min Typ 

2.0 

2.4 

<10 
-350 

10 
20 

100 

INPUT WAVEFORM 

DATA DELAY TIMES 
Clock Referenced 

_lpO_ ,..------....,. 

8T31 

Max 
UNIT 

V 

.8 
-1 

V 

.55 

f..LA 
100 

-550 
mA 

150 mA 

~":TUAT~I _'PD{-
OUTPUT 1 5V __ 15_V ___ _ 

DATA -

Signetics 3-49 

3 



BIPOLAR LSI PRODUCTS 

8-BIT LATCHED BIDIRECTIONAL 110 PORT 8T31 

AC ELECTRICAL CHARACTERISTICS O°C,; T A'; 70°C, VCC = 5V ± 5% 

PARAMETERS INPUT 
TEST 

CONDITIONS 

UD X 
tpD User data relay1 MCLK CL = 50pF 

tOE User output enable BOC CL = 50pF 

tOD User output disable 
BIC 

BOC CL = 50pF 

IV X 
tpD fiP data delay1 MCLK CL = 50pF 

ME 

tOE fiP output enable RC CL = 50pF 
WC 

ME 

tOD fiP output disable RC CL = 50pF 
WC 

tw Minimum pulse width MCLK 

UD X3 

BIC 

Minimum setup time2 
IV X 

tSETUP ME 
RC 
WC 

UD X3 

BIC 

Minimum hold time2 
IVX 

tHOLD ME 
RC 
WC 

NOTES 
1 Data delays referenced to the clock are valid only If the Input data IS stable at the arrival 

of the clock and the hold time requirement IS met 
2 Set up and hold times given are for "normal" operation BiG setup and hold times arefor 

a user write operation RC setup and hold times are for an I/O Port select operation ME 
and we setup and hold times are for a microprocessor bus write operation 

3 Times are referenced to MCLK 

VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

3-50 

B'C 

DATA AND 
CONTROL 

,.---------
I 

Signetics 

LIMITS 
UNIT 

Min Typ Max 

25 38 
45 61 

18 26 47 

18 28 35 
16 23 33 

38 53 
48 61 

14 19 25 

13 17 32 

40 

15 
25 
55 
30 
30 
30 

25 
10 
10 
5 
5 
5 

OUTPUT ENABLE AND DISABLE TIMES 
(Three-State Outputs) 

ns 
ns 

ns 

ns 
ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

LOW LEVEL 
,,-___ '::;NABLINO 

'I 
HV 

'I 
CONTROL \ 

OUTPUT 15V 

DATA 
OUTPUT 1 

DATA 
OUTPUT 2 

I' 'I ,-__ ...;~;;;~~~~I~~EL L"--I-----..J 1 -

, toE--j ~tOD-I 

I I I 
1 I 

"-"-f-"-"--"--"------+I -T'-''f-''-''-''- -VOL 

f-tOD-l 
WAVEFORM #1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE 
OUTPUT IS LOW WHEN THE THREE-STATE DRIVER IS ENABLED WAVEFORM #215 
FOR THE OPPOSITE CONDITION 



BIPOLAR LSI PRODUCT~ 

8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL 110 PORT 8T32/8T36 

FEATURES 
• Independent port operation (user-port 

priority for data entry) 

• User data input available as synchronous 
(8T32) or as asynchronous (8T36) 

• User data bus available with three-state 
(8T32, 8T36) 

• At power-up, user-port outputs are high 
and microprocessor-port outputs are 
high-z; status latch (from address com
pare) is also cleared at power-up 

• Three-state TTL outputs for high-drive 
capabilities 

• Directly compatible with 8X300 micro
controller 

• Single + 5V supply 

PRODUCT IDENTITY 
8T32- Three-state, field-programmable 

(addresses 0-255), synchronous 
user port. 

8 T 3 6 -Three-state, field-programmable 
(addresses 0-255), asynchronous 
user port 

PRODUCT DESCRIPTION 
8T32/8T36. Each of these 1/0 Bytes is an 
addressable and bi-directlonal register 
designed for use as an interface element In any 
system with TIL-compatible buses. (Note. 
Since these 1/0 Bytes are frequently used with 
the SX300 Microcontroller and its associated 
Interface Vector bus, the ST32-ST3B family of 
parts are commonly called IV Bytes.) Each 1/0 
Byte contains eight identical data latches (Bits 
o through 7); the latches are accessed from 
either of two S-bit ports-one port connecting 
to the microprocessor (SX300) and the other 
port connecting to the user device. 

Separate controls are provided for each port 
and the two ports operate independently, ex
cept when both attempt to Input data at the 
same time; in this case, the user port bus has 
priority. 

The address of each 1/0 Byte is field
programmable and the microprocessor port IS 
accessed when a valid address is received; the 
user port is accessible at all times. A selected 
Byte is automatically deselected when the ad
dress of another 1/0 Byte is sensed on the ad
dressldata bus. A Master Enable (ME) Input 
IS available for use as a ninth address bit, 
allowing direct access to 512 1/0 Bytes without 
address decoding. 

A unique feature of these parts is their ability 
to start up in a predetermined state. If the clock 
is maintained at a level of less than O.S volts 
until the power supply reaches 3.5 volts, all bits 
of the user port will wakeup at a "logic 1" level 
and those of the microprocessor port will 
wakeup in the high-impedance state. 

Signetics 

PIN CONFIGURATION 

vcc 

iV7 

iVa 

iVs 

iV4 

iVa 

iV2 

iV1 

iVa 

wc 

SC 

MCLK 

ORDER NUMBERS 

CONTACT LOCAL SALES REPRESENATIVE 

A stock of 8T32s and ST3Bs with addresses 
"1" through "10" are maintained in Inventory; 
with a longer lead time, a small quantity of ad
dress "11" through "50" are also available. 
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BIPOLAR LSI PRODUCTS 

8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL 1/0 PORT 

TYPICAL BLOCK DIAGRAM 

1-----1~8B1~U~S----, 
I I 
I I 
I I 
I I 

UDO ~ 

BOC 

SIC 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L_ 

SC 
wc 

MCLK 

ME 

'Swltch Indicates synchronous/asynchronous userwnte option SWitch shown for synchronous version 

3-52 Signetics 
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BIPOLAR LSI PRODUCTS 

8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL I/O PORT 8T32/8T36 

PIN DESCRIPTION 

PIN SYMBOL NAME AND FUNCTION TYPE 

1-8 UDO-UD7 User Data 1/0 Lines Bidirectional data lines to Active high 
communicate with user's equipment Either tri-
state or open collector outputs are available 

16-23 IVO-IV7 Microprocessor Bus Bidirectional data lines to Active low 
communicate with controlling digital system three-state 
(microprocessor) 

10 BIC Input Control User Input to control writing Into Active low 
the 1/0 Port from the user data lines 

9 BOC Output Control User Input to control reading Active low 
from the 1/0 Port onto the user data lines 

11 ME Master Enable System Input to enable or dis- Active low 
able all other system Inputs and outputs 
It has no effect on user Inputs and outputs 

15 WC Write Command. When WC is high and SC is Active high 
low, I/O Port, if selected, stores contents of 
IVO-IV? as data. 

14 SC Select Command. When SC is high and WC IS Active high 
low, data on IVO-IV? is Interpreted as an address 
I/O Port selects itself if ItS address is Identical 
to f.l.P bus data; it de-selects itself otherwise 

13 MCLK Master Clock Input to strobe data Into the Active high 
latches See function tables for details 

24 VCC 5V power connection 

12 GND Ground 

Table 1. USER PORT CONTROL FUNCTION 

USER DATA BUS FUNCTION - --
BIC BOC MCLK 

8T32 8T36 

H L X Output Data Output Data 
L X H Input Data Input Data 
L X L Inactive Input Data 
H H X Inactive Inactive 

H High Level L Low Level X Don't care 

Table 2. MICROPROCESSOR PORT CONTROL FUNCTION 

STATUS 1/0 PORT - -
ME SC WC MCLK BIC LATCH FUNCTION 

L L L X X SET Output Data 
L L H H H SET Input Data 
L H L H X X I nput Address 
L H H H L X Input Address 
L H H H H X Input Data and Address 
L X H L X X Inactive 
L H X L X X Inactive 
L L H H L X Inactive 
L L X X X Not Set Inactive 
H X X X X X Inactive 

Signetics 

USER DATA BUS 
The activity of the user data bus is can 
trolled by the BIC and BOC inputs as shown 
In Table 1. 

For the 8T32, user data Input is a synchronous 
function with MCLK. A low level on the BIC in
put allows data on the user data bus to be writ
ten Into the data latches only if MCLK is at a 
high level. For the 8T36, user data Input IS an 
asynchronous function. A low level on the BIC 
Input allows data on the user data bus to be 
latched regardless of the level of the MCLK in
put Note that when the 8T36, is used with the 
8X300 Microcontroller, care must be taken to 
insure that the Microprocessor bus is stable 
when it is being read by the 8X300 
Mlcrocontroller, 

To avoid conflicts at the Data Latches, input 
from the Microprocessor Port is inhibited when 
BIC is at a low level. Under all other conditions 
the two ports operate independently 

MICROPROCESSOR 
BUS CONTROL 
As is shown in Table 2, the activity of the 
microprocessor port is controlled by the ME, 
SC, WC, and BIC inputs, as well as the state 
of an Internal status latch, BIC is included to 
show user port priority over the microprocessor 
port for data input. 

Each 1/0 Port's status latch stores the result 
of the most recent 1/0 Port select; It IS set when 
the 1/0 Port's internal address matches the 
Microprocessor Bus, It is cleared when an ad
dress that differs from the Internal address IS 
presented on the Microprocessor Bus. 

In normal operation, the state of the status 
latch acts like a master enable; the 
microprocessor port can transfer data only 
when the status latch IS set. 

When SC and WC are both high, data on the 
Microprocessor Bus is accepted as data, 
whether or not the 1/0 Port was selected. The 
data is also interpreted as an address. The 1/0 
Port sets its select status If its address matches 
the data read when SC and WC were both 
high; It resets its select status otherwise, 

BUS OPERATION 
Data written into the 1/0 Port from one port will 
appear Inverted when read from the other port. 
Data written mto the 1/0 Port from one port Will 
not be inverted when read from the same port, 
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BIPOLAR LSI PRODUCTS 

8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL I/O PORT 

AC ELECTRICAL CHARACTERISTICS O°C:5T A:5 70°C, VCC = 5V ± 5% 

PARAMETER 

tpD User data delay (Note 1 ) 

tOE User output enable 

too User output disable 

tpD j.lP data delay (Note 1) 

tOE j.lP output enable 

too j.lP output disable 

tw Minimum pulse width 

tSETUP Minimum setup time 

tHOLD Minimum hold time 

• Applies for 8T32. 
t Applies for 8T36. 

INPUT 
TEST 

CONDITION 

UDX 
MCLK" C L = 50pF 
BICt 

BOC CL = 50pF 

BIC CL = 50pF 
BOC 

IVX CL = 50pF 
MCLK 

ME 
SC C L = 50pF 
WC 

ME 
SC C L = 50pF 
WC 

MCLK 
BICt 

UD XD 
BIC" 
WX 

(Note 2) 
ME 
SC 
WC 

UDXO 
BIC" 
iVX 

(Note 2) 
ME 
SC 
WC 

o Times are referenced to MCLK for 8T32, and are referenced to BIC for 8T36. 

NOTES: 

Min 

18 

18 
16 

14 

13 

40 
35 

15 
25 
55 
30 
30 
30 

25 
10 
10 
5 
5 
5 

LIMITS 

Typ 

25 
45 
40 

26 

28 
23 

38 
48 

19 

17 

8T32/8T36 

UNIT 
Max 

38 
61 ns 
55 

47 ns 

35 
33 

ns 

53 
61 

ns 

25 ns 

32 ns 

ns 

ns 

ns 

1. Data delays referenced to the clock are valid only If the input data IS stable at the arrival of the clock and the hold time requirement is met. 
2. Set up and hold times given are for "normal" operation. BIC setup and hold times are for a user write operation. SC setup and hold times are for I/O Port 

select operation. ME setup and hold times are for both IV write and select operations. 
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BIPOLAR LSI PRODUCTS 

8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL I/O PORT 8T32/8T36 

DC ELECTRICAL CHARACTERISTICS ooe '" T A'" 70oe, Vee = 5V ± 5% 

PARAMETER TEST CONDITIONS 
LIMITS 

UNITS 

VIH High-level mput voltage 

Vil Low-level input voltage 

Vel Input clamp voltage II = -5mA 

hH High-level mput current' Vee - 525V 
VIH = 5.25V 

III Low level input current' Vee = 5.25V 
Vil = .5V 

VOL Low-level output voltage Vee=475V 
IOl = 16mA 

VOH High-level output voltage Vee = 4.75V 
10H = -3.2mA 

los Short-circUit output current' 
UD bus Vee = 4.75V 
IV bus Vee = 4.75V 

lee Supply current Vee = 5.25V 

NOTES 

1 The Input current Includes the Three~statelOpen Collector leakage current of the 
output driver on the data lines 

2 Only one output may be shorted at a time 
3 These limits do not apply dunng address programming 

Min Typ Max 

2.0 55 

-10 8 

-1.0 

<10 100 

-350 -550 

.55 

2.4 

10 
20 

100 150 

Absolute Maximum Ratings: 
Supply vOltage3 . . . . • • . . • . . .. 7V 

Input voltage' ............ 55V 

TEST LOAD CIRCUIT 
(OPEN COLLECTOR OUTPUTS) 

TEST LOAD CIRCUIT 
(THREE-STATE OUTPUTS) 

Vcc 
( 

390Q S1 

ALL DIODES 
ARE 1N914 
OR EQUIVALENT S2 

V 

V 

V 

JJ.A 

JJ.A 

V 

V 

mA 
mA 

mA 

390Q 

VCC~ 

TEST 
POINT 

1KQ 1 
OUTPUT o--........... --{) TEST POINT 

t~ 
NOTE: CL includes fixture capacitance. 

VOLTAGE WAVEFORMS 

INPUT WAVEFORM 

FROM 

~~~=~T __ --<>--__ -. L - H 
Z - H 

TEST H - L I CL Z - L 
L - Z 

-= H-Z 

NOTE: CL includes fixture capacitance. 

CLOCK PULSE WIDTH 

Signetics 

S1 OPEN 
S2 CLOSED 
S1 CLOSED 
S2 OPEN 
S1 CLOSED 
S2 CLOSED 
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BIPOLAR LSI PRODUCTS 

8·BIT LATCHED ADDRESSABLE BIDIRECTIONAL I/O PORT 8T32/8T36 

VOLTAGE WAVEFORMS (Cont'd) 

INPUT DATA 

DATA DELAY TIMES 
Input Data Reference 

tpD 
OUTPUT DATA ---+--;-=.., 

OUTPUT 
DATA 

SETUP AND HOLD TIMES 

tpD 

MCLK ,---------

BIC _______ .,,¥'-.5_V _______ _ 

DATA AND 
CONTROL 

3-56 

1-- tSETUP -I- tHOLO-1 

---~. i r ----
,I I 

MCLK 

DATA DELAY TIMES 
Clock Referenced 

INPUT DATA _+ _____ J 

OUTPUT DATA -=t 1.5V 

OUTPUT ENABLE AND DISABLE TIMES 
(Three-State Outputs) 

LOW LEVEL 

CONTROL~\I 1/ ENABLING 

OUTPUT 1,,·5V 'I 1.5V HIGH LEVEL 

'- -1- - - - -.-/ I ENABLING 
I-tOE" rtoD~ 

DATA I I .5V: 

OUTPUT 1 : 

DATA 
OUTPUT 2 

Signetics 

Waveform #1 IS for an output with tnternal conditions such that the out
put IS Low when the three-state driver IS enabled Waveform #2 IS for 
the oppoSIte conditIOn 



BIPOLAR LSI PRODUCTS 

8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL I/O PORT 8T32/8T36 

ADDRESS PROGRAMMING 
The 110 Port is manufactured such that an 
address of all high levels (> 2V) on the 
Microprocessor Bus inputs matches the Port's 
internal address. To program a bit so a low
level input ( < 0.8V) matches, the following pro
cedure should be used: 

1. Set all control inputs to their inactive state 
(BIC = BOC = ME = Vcc,SC = WC = 
MCLK = GND). Leave all Microprocessor 
Bus liD_pins open. 

2. Raise Vcc to 7.75V ± .25V. 
3. After Vcc has stabilized, apply a single 

programming pulse to the user data bus bit 
where a low-level match is desired. The 
voltage should be limited to 18V; the cur
rent should be limited 75mA. Apply the 
pulse as shown in Figure 1. 

4. Return Vcc to OV. (Note 1). 
5. Repeat this procedure for each bit where 

a low-level match is desired. 
6. Verity that the proper address is pro

grammed by setting the Port's status latch 
(IVO-IV7 = desired address, ME = WC = 
L, SC = MCLK = H). If the proper address 
has been programmed, data presented at 
the "p bus will appear inverted on the user 
bus outputs. (Use normal V cc and input 
voltage for verification.) 

After the desired address has been pro
grammed, a second procedure must be fol
lowed to isolate the address circuitry. The pro
cedure is: 

ADDRESS PROGRAMMING PULSE 

vccP /\ ~7.75V 

~--<1 . S --EC-.--L: ov 
I I 

ADDRESS~O% ~18V 
PROGRAMMING I 

PULSE UD O-UD 7 10% 1 I I 

L I I OV 
_Itr r-- 1mS __ 1 

100n8 >tr >1/-15 

Figure 1 

PROTECT PROGRAMMING PULSE 

JL14V 
PROTECT 90% PROGRAMMIN~ ~ I 

PULSE UD O-UD ~! L- I I ov 
I I I 

-llrl- 'r>100"S i--<lmS--l 

Figure 2 

1. Set Vcc and all control inputs to OV. (Vcc = 
BIC = BOC = ME = SC = WC = MCLK 
= OV). Leave all Microprocessor Bus 110 
pins open. 

2. Apply a protect programming pulse to every 
user data bus pin, one at a time. The 
voltage should be limited to 14V; the cur
rent should be limited to 150mA. Apply the 
pulse as shown in Figure 2. 

3. Verify that the address circuitry IS isolated 
by applying 7V to each user data bus pin 
and measuring less than 1 mA of input cur
rent. The conditions should be the same as 
In step 1 above. The rise lime on the 
verification voltage must be slower than 
100"s. 

PROGRAMMING SPECIFICATIONS' 

TEST LIMITS 
PARAMETER CONDITIONS UNITS 

Min Typ Max 

Vccp Programming supply voltage 
Address 7.5 8.0 V 
Protect 0 V 

Iccp Programming supply current Vccp = 8.0V 250 mA 

Max time Vccp >5.25V 1.0 s 

Programming voltage 
Address 17.5 18.5 V 
Protect 13.5 14.0 V 

Programming current 
Address 75 mA 
Protect 150 mA 

Programming pulse rise time 
Address .1 1 "S 
Protect 100 "S 

Programming pulse width .5 1 ms 

NOTE 

1. If all programming can be done In less than 1 second, Vee may remain at 7.75V for the entire programming cycle. 
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BIPOLAR LSI PRODUCTS 

8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL 110 PORT 

APPLICATIONS 
Figure 3 shows some of the various ways to 
use the 1/0 Port in a system. By controlling the 
BIC and BOC lines, the device may be used 
for the input and output of data, control, and 
status signals. 1/0 Port 1 functions bidirec
tionally for data transfer and 1/0 Port 2 provides 
a similar function for discrete status and con
trollines. 1/0 Ports 3 and 4 serve as dedicated 
output and input ports, respectively. 
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APPLICATIONS 

r-

l-. 

" r----
~ 

ME 

" 

ME 

ME 

"' 

ME 

SIGNETICS 
8T32 

I/O PORT 1 

I 
1/0 PORT 2 

l 
1/0 PORT 3 

< 

. 

BO~ BIC 

1/0 PORT 4 < 
B~ BOC 

Figure 3 

8T32/8T36 

UOO-UD7 

UDO-UD7 

VCC 

UDO-UD7 

VCC 

> 

, 

1"> 

~ 

BIC 

BOC 



BIPOLAR LSI PRODUCTS 

8-BIT LATCHED BIDIRECTIONAL I/O PORT 8X371 

FEATURES 

• Two bidirectional 8-bit busses 
• Independent bus operation 

(user-bus priority for data entry) 
• User data Input synchronous with respect to MCLK 
• Three-state TTL outputs with high-drive capabilities 
• Power-up to predetermined logic state 
• Directly compatible with 8X30S (or 8X300) 

MicroControliers 
• Single +SV supply 
• 0.4 inch 24-pin DIP 

PRODUCT DESCRIPTION 
The 8X371 I/O Port is a bidirectional device designed for 
use as an interface element in systems that use TTL-

8X371 PACKAGE and PIN DESIGNATIONS 

PIN. NO. 

1-8 

10 

11 

12 

13 

14 

15 

16-23 

24 

N,IPACKAGE 

TOP VIEW 

ORDER NUMBERS 

N8X371 N, N8X3711 
S8X3711/883B, S8X3711/883C 

IDENTIFIER FUNCTION 

UD7-UDO Three-state, bidirectional User Data (UD) 
bus, UDO and corresponds to Iva 

UOC User Output Control-active low Input to 
enable data output to UDO-UD7 

UIC User Input Control-active low Input to enable 
data Input from UDO-UD7 

ME Master Enable-actlve low Input to enable the 
IV bus for data Input, or data output, UO-bus 
operations are unaffected 

GND Ground 

MCLK Master Clock-active high Input (from 
MicroControlier used to strobe data Into data 
latches from the TV and UD buses 

RC Read Control~ctlve low Input to enable data 
output to IVO-IV7 

WC Write Command-active high mput (from 
MlcroControllerl to enable the writing of data 
Into the data latches from the T\7 bus (provided 
UIC IS not low) 

IVO-IV7 Interiace Vector (Input/Output Bus)-
three-state, bidirectional, MlcroController data 
bus, IVa corresponds to UDO 

Vee +5V power supply 

compatible busses. Typically, the 8X371 is used with the 
8X305 MicroController and its associated Interface Vector 
(iVi bus; however, it can also be used with the 8X300 
MicroControl1er or an equivalent microprocessor. The 
8X371 is functional1y the same and pin-for-pin compatible 
with the older 8T31/8X31 but features improved per
formanceand increased drive current. Asshown in the logic 
diagram of Figure 1, the 8X371 consists of eight identical 
data latches-bits 0 through 7. The latches are accessed 
from either of two 8-bit busses-the MicroControl1er CN 
bus) and the user data (UD bus). Separate controls are 
provided for each bus and both busses operate inde
pendently, except when both attempt to input data at the 
same time; in such situations, the user bus always has 
priority. A Master Enable (ME) input is available for 
additional control over the iV bus. The data latches are 
transparent, in that, while either bus is enabled for input, al1 
input-data transitions are propagated to the other bus, if 
enabled for output. 

uoc 

MCLK 

~--------------~~----~~ 

wc--__ ------------~----~--~ 

ME--+-------------~~>_~--~ 

Figure 1. Logic Diagram for 8X371 1/0 Port 
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BIPOLAR LSI PRODUCTS 

8-BIT LATCHED BIDIRECTIONAL I/O PORT 8X371 

FUNCTIONAL OPERATION 

UD Bus Control 
As shown in Table 1, the User Data (UD) bus interface is 
controlled by the UICand UOC inputs. Data inputto the UD 
bus is synchronous with MCLK, that is, with me low, 
information is written into the data latches only when MCLK 
is high. Output drivers on the UD bus are enabled when 
UOC is low and UIC is high. 

Table 1. INPUT/OUTPUT CONTROL OF UD BUS 

UIC UOC MCLK FUNCTION OF UD BUS 
H L X Output data 
L X H Input data 
L X L Inactive 

H H X Inactive 
X = don't care 

IV Bus Control 
Input/output control of the iV bus is shown in Table 2; this 
bus is controlled by~, WC, 1'iifI:, and MCLK. The iVbus is 
enabled for output (Micro Controller read operation) when 
'I'i1I"E', ~, and WC are all low. Data is written into the data 
latches from the IV bus when ME is low and both WC and 
MCLK are high. To avoid data-input conflicts, inputs from 
the TV bus are inhibited when UIC is low; under all other 
conditions, the iV and UD busses operate independently. 
The MicroControlier Left Bank (LB) and Right Bank (RB) 

DC ELECTRICAL CHARACTERISTICS 

COMMERCIAL 475V 0; Vee 0; 525V, O°C 0; TA 0; 70° C 
MILITARY. 45V 0; Vee 0; 5 5V, -55°C 0; Te 0; 125°C 

Table 2. INPUT/OUTPUT CONTROL OF IV BUS 

FUNCTION 
ME RC WC MCLK UIC OF ill BUS 
L L L X X Output Data 

L X H H H Input Data 
L H L X X Inactive 

L X H X L Inactive 
L X H L H Inactive 

H X X X X Inactive 

outputs can control the ME inputs for two banks of 1/0 
devices, thus acting as a ninth address bit. If more than one 
110 Port (including the addressable parts-8X372, 8X376, 
8X382, etc.) are to be connected to the same bank (LB or 
RB) of the MicroController, selection of each 8X371 must be 
accomplished with external control logic to avoid bus 
conflicts. 

Bus Logic Levels 
Data written into the 1/0 port from either bus will appear 
inverted when read from the other bus. Data written into 
either bus will not be inverted when read from the same bus. 
(Note. A logic "1" in MicroControl/er software corresponds 
to a high level on the UD bus even though the iii bus is 
inverted,) The 8X382 wakes up in the unselected state with 
all data bits latched at the "logic 1" level (UD bus outputs 
high if enabled). 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee Power supply voltage +7 Vde 

V,N Input voltage +55 Vde 

TSTG Storage temperature range -65 to +150 °c 

PARAMETER TEST CONDITIONS 
LIMITS(COMMERCIAL) LIMITS (MILITARY) 

UNIT 

Vee Supply Voltage 

V,H High Level Input Voltage 

V,l Low Level Input Voltage 

Vel Input Clamp Voltage Vee= Min, 1,= -10mA 

IIH High Level Input Current1 Vee=Max, V'H=2 7V 

I,l Low Level Input Current1 Vee= Max, V,l < a 5V 

VOL Lo~ Level..Q.utput Voltage Vec=MIn, 10l= 16mA IV Bus (IVO-IV7) 
User Bus IUD4-UD7I Vee= Min, 10l = 24mA 

VOH High Level Output Voltage Vee= Min, 10H= -3.2mA 

los Sh..Q.rt Clrc!!.!!.. Output Current3 Vee=Max IV Bus (lVO-IV7) 
UD Bus IUD4-UD7I Vee=Max 

Icc Supply Current Vee=Max, ME=UOC=Vee 

Notes 

1 The Input current Includes the Three-state leakage current of the output dnver on the data lines 
2 Only one output may be shorted at a trme 
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Min 

475 

20 

24 

-20 

-10 

Typ Max Min Typ Max 

5 525 45 5 55 V 

20 V 

08 0.8 V 

-15 -1.5 V 

5 100 5 100 p.A 

-350 -550 -350 -550 p.A 

055 055 V 

055 055 V 

24 V 

-20 mA 

-10 mA 

90 150 90 150 mA 



BIPOLAR LSI PRODUCTS 

8-BIT LATCHED BIDIRECTIONAL I/O PORT 

AC ELECTRICAL CHARACTERISTICS (Contld) 
COMMERCIAL: 4.75:5Vcc :55.25V, OOC:5TA :570°C 
MILITARY: 4.5V:5Vcc :55.5V, -55°C:5Tc :5125°C 

PARAMETER 

Pulse Widths: 
tW1 Clock High 

tW2 User Input Control 

Propagation Delays: 
tp01 UD Propagation 

Delay 

UD Clock Delay 

UD Input Delay 

IV Data 
Propagation Delay 

IV Data 
Clock Delay 

Output Enable Timing: 
tOE1 UD Output Enable 

tOE2 UD Input Recovey 

tOE3 IV Data 
Master Enable 

tOE' f'i7 Data 
Read Enable 

tOE5 IV Data 
Wrote Recovery 

Output Disable Timing: 
t001 UD Output 

t005 

Disable 

UD Input 
Overrode 

IV Data 
Master Disable 

IV Data 
Read Disable 

IV Data 
Wrote Override 

Setup Time: 
tS1 UD Clock Setup 

Time 

REFERENCES 

FROM TO 

tMCLK tMCLK 

WIC WIC 

UD 

tMCLK IV 

UD 

tMCLK UD 

tUOC UD 

tUIC UD 

tWC 

tUOC UD 

UD 

tME 

tRC 

tWC 

UD tMCLK 

TEST CONDITIONS 

MCLK = High 

MCLK = High 
RC=WC= ME=UCI = Low 

UD=Stable; 
RC=WC= ME= UIC= Low 

UD = Stable; MCLK = High 
RC=WC= ME= Low 

MCLK=WC = UIC = High; 
ME=UOC=RC=Low 

WC = UIC = High; IV = Stable 
ME=UOC=RC=Low 

UIC=High 

UOC=Low 

WC=RC=Low 

WC=ME=Low 

RC=ME=Low 

UOC=Low 

WC=ME=Low 

UIC=Low 

UD Setup Time UD tUIC MCLK= High 

tS3 User Input Control 
Setup Time 

IV Data 
Setup Time 

IV Master Enable 
Setup Time 

IV Wrote Control 
Setup Time 

tMCLK 

IV 

tMCLK WC=UIC=High 

twC 

Signetics 

8X371 

LOADING. See TEST LOADING CIRCUITS 

LIMITS (Commercial) LIMITS (Military) 

Min Typ Max Min Typ Max 

35 35 

35 35 

30 30 

50 50 

50 50 

45 45 

55 55 

30 30 

30 30 

22 25 

25 25 

25 25 

25 25 

30 30 

20 20 

20 20 

20 20 

15 15 

15 15 

25 25 

35 35 

30 30 

30 30 

UNIT 

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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BIPOLAR LSI PRODUCTS 

8-BIT LATCHED BIDIRECTIONAL I/O PORT 8X371 

AC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER 
REFERENCES 

TEST CONDITIONS 
LIMITS (Commercial) LIMITS (Military) 

UNIT 
FROM TO Min Typ Max Min Typ Max 

Hold Times: 
tHl UD Clock 

.MCLK UD UIC=Low Hold Time 15 15 ns 

tH2 UD Control 
lUIC Hold Time UD MCLK=High 15 15 ns 

tH3 User Input Control 
.MCLK lUIC 0 0 Hold Time ns 

tH4 IV Data 
.MCLK iii WC = UIC = High; ME = Low Hold Time 5 5 ns 

tHs2 IV Master Enable 
tMCLK lME WE = UIC = High 0 Hold Time 0 ns 

tH6 IV Write Control 
.MCLK .WC ME = Low; = UIC = High Hold Time 0 0 ns 

Notes' 
1 These parameters are measured with a capacItive loading of 50 pI and represent the output driver turn-off time 
2. If ME IS to be high (inactive), It must be setup before the rising edge and held aiterthe falling edge of MCLKto aVOid unintended writing Into or selection of the I/O port 
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8-BIT LATCHED BIDIRECTIONAL I/O PORT 

tWl • ~tHJ~1 

MCLK I J I \1 I 

I I-t,,-I'--+-I------
I l-tw2 '.1 
~ J.~-------

I I 

: I tS2: -tH2 --
I I 1 ___ (NOle 2)~1 (Note 3) I 
I I l_ts1_I_tH1~ 

UD (INPUT,,///?;V ~ ~
I ,(Note2) (Note 3) I 

FROM USER -j///~ ~ 
SYSTEM) "'""~""::'I"'~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ I-; tpo1 __ 1 
I (Nole 1) I 

l .... tPD3 (Note 1)-1 

Static Conditions 

Notes 
1 

SC = we = ME 
cJOC -" High 

Low 

8X371 

Legend: 

~ THREE-STATE 

~ CHANGING DATA 

~,-----------~t 
I I 
I I 
I I 
I 
I 
I 
I 
I 
I 
I 

~"---~{ 
I I 
I I 
I I 

[-tP02 (Note 1)---+i 

I 
~tOE1~ l~to02+j I-tOE2~ I- t001--1 

iV (OUTPUT 
10 Microprocessor) -~---

UD 
(OUTPUT 
to User 
SYSTEM) 

a. User Data Input Timing 

MCLK 

WC 

uoc = !..ow 
OTC = High 

UD (OUTPUT 10 User 
SYSTEM) 

c. MicroControlier Write Cycle Timing 

b. User Data Output Timing 

Micro
processor 
Control 
Signal' 

iV 
(OUTPUT to 

processor) 

'PARAMETER KEY 
MICROPROCESSOR 

CONTROL SIGNAL 

ME 
RC 

SC 

AC TIMING PAR",A",M",ET .. E.,.RS"-------,S .. T,,A T ... 'C-,C",O><,N",O",'T"'O",N,,,S_ 

t OE3 t003 

tOE4 t004 

tOES toos 

SC ~WC ~LOW 
SC ~ ME ~ LOW 
RC ~ ME ~ LOW 

d. MicroControlier Select Cycle Timing 

Figure 2. Timing Diagram 
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8-BIT LATCHED BIDIRECTIONAL I/O PORT 8X371 

TEST LOADING CIRCUITS 

iii BUS UDBUS 

+5V +5V 

232 n 160 n 
OUTPUT OUTPUT 
UNDER 0---4----. UNDER 0---40----. 
TEST TEST 

169 n 300 pi 120 n 100 pi 
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8-BIT LATCHED BIDIRECTIONAL I/O PORT 8X371 

APPLICA nONS 

In some applications, performance of a MicroControlier 
system can be enhanced by using the BX371 I/O Port 
instead of an addressable 8X372 port. Using a technique 
referred to as Extended Microcode or Fast ii7 Select, the 
address select cycles which normally precede a read or 
write operation when using an 8X372 can be eliminated by 
use of the 8X371. 

This technique is often used in bit slice microprocessor 
designs and involves widening the program memory beyond 
the normal 16-bit requirement of the MicroController. The 
extra bits are used as enable signals for the 8X371 ports. 
Thus, the 8X371 is enabled during the instruction cycle in 

which it is required for input/output operations. Since the 
software overhead of separate address select cycles is 
eliminated, the overall system performance is improved. 

As shown in the accompanying diagram, the program 
memory is extended by two bit positions (016 and 017), 
permitting anyone of four 8X371 ports to be enabled during 
those instructions that perform input/output operations. 
Because of timing considerations, latches must be used to 
hold the Extended Microcode through the end of the 
instruction cycle. A decoder is used to obtain four enable 
signals from the two extra bits. The decoder outputs are 
ORed with the LB output of the 8X305; thus, all four 110 
ports are placed on the Left Bank of the ii7 bus. 

1/0 PORT SELECTION USING EXTENDED MICROCODE 

••• I1111 ........ �v.o.-W.7----... ,.. 
8X371 

I/O PORT 
#0 rr== ---... wc 

MCLK 

~ r __ .M.E ____ • 

iVii-iii7 ~ .. "II ••••••••••• IIi ••• ce.74Is132- J .... .. _____ -. 
MICRO~~~~ROLLER wc t---------------4 Ivo-iii7 

MCLK r-,;-----------"i~,-..!.......!..-- wc 1/~x:6~T 

PROGRAM MEMORY 
(ROM/PROM) 

Ui I----:-.--:.
E
-.-.-. -. -. -.-.-.-.-0.0:: = J~ ,,~ r .. :·L

•
K 
__ #1 __ • 

~ 1-0F-4 ~II-••• ~:~~ ___ ' -=- DECODER a, r- - 1 ... 
(745139) 0; f-- IVO-IV7 

0; r- = ::II ... 8X371 

"-iiA•O ___ Ajii'_1 1'-:-1-;.1-;.1 ___ .1-----.1 :~LK I/O :~RT 

~3,--2_ ....... r _____ ME 
----

CP2 

'---_~ID, 

'----_ .. 10, 

0, 

o FLIP-FLOP 
(74S74) 

Signetics 

~ •• I~~f·IV·O·.IV·7----.. 
l$>2 _____ ,.. ..... ME 

'----------.JI MCLK 
WC 

8X371 
I/O PORT 

#3 
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ADDRESSABLE/BIDIRECTIONAL I/O PORTS 8X372/8X376 

FEATURES 

• Two bidirectional 8-bit busses 
• Independent bus operation 

(user-bus priority for data entry) 

• User data input synchronous (8X372) or asynchronous 
(8X376) with respect to MCLK 

• Programmed MicroControlier port address 
• Three-state TTL outputs with high-drive capabilities 
• Power-up to predetermined logic state 

• Directly compatible with 8X305 or 
8X300 MicroControliers 

• Single +5V supply 
• 0.4 inch 24-pin DIP 

PRODUCT IDENTITY 

8X372-Synchronous, three-state, bidirectional I/O port 
with programmed address. 

8X376-Asynchronous, three-state, bidirectional I/O port 
with programmed address. 

PRODUCT DESCRIPTION 

Each of these I/O ports is an addressable device designed 
for use as a bidirectional interface element in systems that 
use TTL-compatible busses. Typically, these I/O ports are 
used with the 8X305 MicroController and its associated 
Interface Vector (i\i) bus; however, either port can also be 
used with the 8X300 MicroControlier or an equivalent 

N,IPACKAGE 

microprocessor. The 8X372 and 8X376 are funtionally the 
same and pin-for-pin compatible with their respective 
counterparts, the 8T32/8X32 and 8T36/8X36, however, the 
new parts feature better performance, increased drive 
current, and improved programming procedures. 

As shown in the logic diagram of Figure 1, E'ach I/O port 
consists of eight identical data latches-bits 0 through 7. 
These latches are accessed through either of two 8-bit 
busses-one connecting to the MlcroControlier (IV bus) 
and the other to the user system (UD bus). Separate 
controls are provided for each bus and both busses operate 
independently, except when both attempt to input data at 
the same time In such situations, the user bus always has 
priority. The data latches are transparent, In that, while 
either bus is enabled for Input, all transitions in input data 
are propagated to the other bus, if enabled for output. 

Both the 8X372 and 8X376 are available with preprogrammed 
addresses (010 through 255101, either device can be field
programmed over the same address range. Input/output 
operations can begin once the I/O port is selected and 
appropriate control signals are generated. Port selection is 
implemented by putting the I/O port address (010-255101 on 
the Til bus; once selected, the I/O port remains selected 
until a different "port address" is put on the bus. Thus, 
software overhead is minimized. Data is accessible on the 
UD bus at all times. A Master Enable (ME) input, which is 
typically connected to the Left Bank (LS) or Right Sank 
(lig) output of the MicroController, provides the capability 
of organizing the Til bus into two separate and independent 
banks of I/O devices. 

PIN. NO. IDENTIFIER FUNCTION 

3-66 

TOP VIEW 

ORDER NUMBERS 

N8X372N or N8X376N 
N8X3721 or N6X3761 

SaX3721/8838 or S8X3721/883C 

S8X3761/8838 or S8X3761JS83C 

1-8 

10 

11 

12 

13 

14 

15 

16-23 

24 

UD7·UDO 

UOC 

iJi'C 

ME 

GND 

MCLK 

SC 

WC 

IVO-IV? 

Vee 

Three-state, bidirectional User Data I UD I bus. UDO 
corresponds to Iva 

User Output Control-active low Input to enable data output 
to UDO-UD7 

User Input Control-active low Input to enable data Input 
from UDO-UD7 

Master Enable-active low Input to enable the IV bus for 
data Input. data output or jij address selectlon/deselectlon 
UD~bus operations are unaffected 

Ground 

Master Clock-active high Input from MlcroCQ[ltroller 
used to strobe data Into data latches from the IV bus and, 
for the synchrQ[1ous 8X372 from the UD bus, MCLK also 
synchronizes IV address selection 

Select Command-active high Input from MlcroController 
to enable iV address Input from the IV bus for deVice 
selection 

Write Command-active high Input from MlcroController 
!.Q. enable the wn!.!.!2.9. of data Into the data latches from the 
IV bus, provided UIC IS not low 

Interface Vector Input/Output Bus --three-state, 
bidirectional MlcroController data bus Iva corresponds to 
UDO 

~ 5V power supply 
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ADDRESSABLE/BIDIRECTIONAL I/O PORTS 8X372/8X376 

r------~~~------l 
I I 
I I 
I DATA LATCH I 
I I ~ 
I I 
I I 
I I 

FOR REMAINING SEVEN 1 
BITS, SAME LOGIC AS 

SHOWN ABOVE 

L 

IVREAD 

R S 
ADDRESS 
SELECTION 

QL LATCH Q[ 

WWRITE 

PROGRAMMED 
ADDRESS BIT 

SC --1-------1------1-+4+-1 >-++-H-t-+H-t---' 

WC ~~----------~-ri~-~~~ 

ME ~~----------~~~-~-~--~ 

MCLK~~-------------i~~~~~--~ 

Figure 1. Logic Diagram for 8X372/8X376 I/O Ports 

Signetics 
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ADDRESSABLE/BIDIRECTIONAL I/O PORTS 8X372/8X376 

FUNCTIONAL OPERATION 

UD Bus Control 
As shown in Table 1, the User Data (UD) bus interface is 
controlled by the UIC and UOC inputs. For the 8X372, data 
input from the UD bus is written synchronously with MCLK, 
that is, with UIC low, information is written into the data 
latches only when MCLK is high. In the case of the 8X376, 
data input is asynchronous, in that, with UIC low, data is 
latched in without regard to the level of MCLK (Note To 
avoid the possibility of processor error when using the 
asynchronous 8X376, the ill bus should not be read dUring 
the time the data latches are changing due to user input.) 
Output drivers on the U D bus are enabled when UOC is low 
and UIC IS high 

Table 1. INPUT/OUTPUT CONTROL OF UD BUS 

UIC UOC MCLK 
FUNCTION OF UD BUS 

8X372 8X376 
H L X Output data Output data 
L X H Input data lnout data 
L X L Inactive Inout data 
H H X Inactive Inactive 

x - don t care 

TV Bus Control 
Input/output control of the Wbus is shown in Table 2; this 
bus is controlled by SC, WC, ME, MCLK and the current 
state of the internal address selection latch. AS shown in 
Table 2, UIC is required to indicate priority of the UD bus for 
data input operations. The selection latch in the 110 port 
stores the result of the most recent Ti7 address selection. 
The latch is set when the Internally preprogrammed address 
of the port matches the address on the W bus during an 
address-selection operation (SC = MCLK = High/WC = 
Low). The latch is cleared when the two 8-bit address 
patterns are in disagreement. The Ti7 bus can transfer data 
only when the selection latch is set. As shown in the 
APPLICATION DIAGRAM, the MicroControlier Left Bank 
(LB) and Right Bank (RB) outputs can control the ME inputs 
for two banks of I/O devices, thus, acting as a ninth address 
bit. 

Table 2. INPUT/OUTPUT CONTROL OF IV BUS 

ME SC WC MCLK UIC 
SELECTION FUNCTION OF 

LATCH iV BUS 

L L L X X Set Output Data 

L L H H H Set Input Data 

L H L H X X Input Address· 

L H H 1-1 H X InpVI <:lat~ 
aM Mdr~$s" 

L H H H L X Input Address* 

L X H L X X Inactive 

L H X L X X Inactive 

L L H H L X Inactive 

L L X X X Not Set Inactive 

H X X X X X Inactive 

x = don't care 
* Selection latch IS updated 

Data IS written into the data latches of a selected device 
from the iV bus when WC, MCLK, and UIC are all high and 

ME is lOW. To prevent data-input conflicts, inputs from the 
W bus are inhibited when UIC is low; under all other 
conditions, the Ti7 and UD busses operate independently 
Output drivers on the Ti7 bus of a selected device are 
enabled when ME:, WC, and SC are all low and the address 
selection latch is set. With SC and WC both high (shaded 
entry of Table 2), the bit pattern present on IVO-IV7 is 
interpreted as both input data and TVaddress. Provided UIC 
is high, the data is latched into the data latches whether or 
not the 110 port has been previously selected. If the 
preprogrammed address of the 110 port matches the bit 
pattern on IVO-IV7 when SC and WC are both high, the 

selection latch is set; otherwise, it is reset. (Note The 
MicroController never drives both SC and WC high at the 
same time.) 

Bus Logic Levels 
Data written into the I/O port from either bus will appear 
inverted when read from the other bus. Data written into 
either bus will not be inverted when read from the same bus. 
(Note. A logic "1" in MicroController software corresponds 
to a high level on the UD bus even though the iii bus is 
Inverted.) Both the 8X372 and 8X376 wakeup with the 
address selection latch in the unselected state and all data 
bits latched at the "logic 1" le\(el (UD bus outputs high If 
enabled). 

ADDRESS PROGRAMMING AND ADDRF:SS PROTECT 

Programming Procedures 
Both 8X372 and 8X376 can be programmed to respond to 
any address within a range of 010 through 25510. In an 
unprogrammed state, low level (S;0.8V) inputs on all iV bus 
lines (address 25510) will select the device. To program a 
given address bit to match a high level (2:2.0V) input on the 
corresponding TV pin (a logical "0" to the MicroController), 
the counterpart UD-bus pin must be pulsed according to 
Table 3 and the following procedures: 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Set all control inputs to the inactivestate
UIC=UOC=ME= VCC and SC=WC= 
MCLK = GND; leave the UD andWbus pins 
open. 

Increase VCC to VccP' 

After Vcc has stabilized, apply a single pro
gramming pulse (Figure 2) to the user-bus bit 
that corresponds to the desired high-level W 
address bit. The I/O port is programmed 
from the user bus (UDO-UD7) for addressing 
from the MicroControlier bus (IVO-IV7). 

Return Vee to a-volts. (Note. If the pro
gramming of all address bits is completed in 
less than 1-second, Vee can remain at9.D-volts 
for the required interval of time.) 

Step 1 through 3 are applicable to the pro
gramming of each address bit that requires a 
high-level TV match. 
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ADDRESSABLE/BIDIRECTIONAL I/O PORTS 8X372/8X376 

Table 3. PROGRAMMING SPECIFICATIONS 

PARAMETERS 
LIMITS 

UNITS 
Min Typ Max 

Vccp - Programming supply 
voltage 

Address 8.75 9.0 9.25 V 
Protect 0 V 

MaXimum time Vccp >5 25V 10 Sec 
Programming voltage 

Address 875 90 925 V 
Protect 8.75 9.25 V 

Programming current 
Address 5 rnA 
Protect 50 rnA 

tr - Programming pulselnse 
time 

Address 10 100 J.l.S 
Protect 10 100 J.l.S 

tw- Programming pulse width 05 10 mS 

~~---9.0V 
Veep 

I I OV 
ADDRESS I-S 1.0 sec ---I 
PRO-
GRAMMING 90%~ ~------9.0V 

PULSE ~: '----;r---I! . . !'----OV 
(UD INPUT) -i :- 'L;;7:' 

tr 0.5 ms :-:; tw :-:; 1.0 ms 

Step 6: 

Figure 2. Address Programming Pulse 

To v.erify that the address is properly pro
grammed, return Vee to +5V, set IVO-IV? to 
the desired (inverted) binary address pattern. 
set ME=WC= Lowand SC= MCLK= High. If 

DC ELECTRICAL CHARACTERISTICS 

COMMERCIAL 475V::; VCC::; 5.25V. DoC::; TA::; 70°C 
MILITARY 4.5V::; VCC::; 55V. -55°C::; Tc::; 125°C 

there are no programming errors, subsequent 
data written from IVO-IV? (WC = High) will 
appear inverted on UDO-UD? 

Address Protect 
After programming the I/O Port, steps should be taken to 
isolate the address circuits and make these circuits perma
ently immune to further change. 

Step 1: Set Vee and all control inputs to O-volts (Vee 
=UIC= UOC= ME=SC=WC= MCLK=OV): 

Step 2: 

IVO-IV? = open circuit. 

Taking one pin at a time, apply a protect 
programming pulse (Figure 3) to each user
bus bit (UDO-UD7)-refer to Table 3 for 
min/max specifications pertaining to voltage 
and current. 

90%~ ~-------14V 

~! ~f-----I'1_ . L-- OV 
II ~ 

-It:- LO.S ms::; tw::; 1.0 ms 

Step 3: 

Figure 3. Protect Programming Pulse 

Verify that the address circuits for each bit 
is isolated by applying 9-volts, in turn, to 
each user-bus pin (UDO-UD?) and measur
ing less than 200 microamperes of input 
current. (Note. Setup conditions are the 
same as those in Step 1.) 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vcc Power supply voltage3 +7 Vdc 
V,N Input voltage3 +55 Vdc 
TSTG Storage temperature range -65 to +150 °c 

PARAMETER TEST CONDITIONS 
LIMITS (COMMERCIAL) LIMITS (MILITARY) 

UNIT 

Vcc Su pply Voltage 

V,H High Level Input Voltage 

V,l Low Level Input Voltage 

VCl Input Clamp Voltage Vcc=MIn; 11=-10mA 

IIH High Level Input Current1 Vcc= Max; V'H= 2.7V 

III Low Level Input Current1 Vcc=Max. V'l=0.5V 

VOL Lo~ Level Oute.!:!.! Voltage Vcc=MIn.IOl=16mA IV Bus (lVO-IV7) 
User Bus (UDO-UD7) Vcc=MIn.IOl=24mA 

VOH High Level Output Voltage Vcc= Min; 10H= -3.2mA 

los Short Circuit Output Current2 
Vcc=Max iii Bus (IVO-IV7) 

UD Bus (UDO-UD7I Vcc=Max 

Icc Supply Current Vcc=Max, ME=UOC=Vcc 

NOTES: 
1. The Input current Includes the ThreeMstate leakage current of the output driver on the data lines. 
3 These limits do not apply dUring address programming. 

Signetics 

Min 

4.75 

20 

24 

-20 

-10 

Typ Max Min Typ Max 

5 525 4.5 5 5.5 V 

20 V 

0.8 08 V 

-1.5 -1.5 V 

5.0 100 5.0 100 J.l.A 

-350 -550 -350 -550 J.l.A 

055 0.55 V 

055 0.55 V 

2.4 V 

-20 mA 

-10 mA 

90 150 90 150 mA 

2. Only one output may be shorted at a time. 
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AC ELECTRICAL CHARACTERISTICS 
COMMERCIAL' 475V <S Vee <S 5 25V, 0° C <S TA <S 70° C 
MILITARY' 4.5V <S Vee <S 55V, -55°C=Te<S125°C 
LOADING' See TEST LOADING CIRCUITS 

PARAMETER 
REFERENCES' 

FROM TO 

Pulse Widths: 
tW1 Clock High tMCLK .MCLK 

tW2 User Input Control tUIC tUIC 

Propagation Delays: 
tp01 UD Propagation -

Delay 
UD IV 

tp02 UD Clock Delay 
IMCLK iV 

18X732 only) 

tPD3 UD In put Delay 
.UIC 

-
IV 

tp04 IV Data iV UD 
Propagation Delay 

tp05 IV Data 
tMCLK UD 

Clock Delay 

Output Enable Timing: --
tOE1 UD Output Enable t UOC UD 

tOE2 UD Input Recovery tUIC UD 

tOE3 IV Data 
tME 

-
Master Enable 

IV 

tOE5 IV Data -
Write Recovery .WC IV 

tOE6 IV Data -
Select Recovery tSC IV 

Output Disable Timing: 
t001 UD Output 

Iuoc 
Disable 

UD 

t002 UD Input 
tUIC 

Overnde 
UD 

to032 IV Data 
IME TV 

Master Disable 

tOD42 IV Data 
twc 

-
Write Overnde 

IV 

t0052 IV Data 
Isc 

-
Select Override 

IV 

Setup Times: 
tS1 UD Clock Setup 

tMCLK Time 18X372 only) 
UD 

tS2 UD Control Setup 
UD IUIC 

Time 

tS3 User Input Control -
Setup Time 18X372 only) tUIC tMCLK 

tS4 IV Data -
Setup Time 

IV tMCLK 

tS53 IV Master Enable 
tME t MCLK Setup Time 

tS6 IV Write Control 
twc tMCLK Setup Time 

3-70 

TEST CONDITIONS 

MCLK=Hlgh 

MCLK=Hlgh 
SC=WC=ME=UIC=Low 

UD=Stable, 
SC=WC=ME=UIC=Low 

UD = Stable~CLK = High; 
SC=WC=ME=Low 

MCLK = WC = UIC = High, 
ME=UOC=SC=Low 

WC=UIC=High; IV=Stable, 
ME= UOC=SC= Low 

UIC=High 

UOC=Low 

WC=SC=Low 

-
SC=ME=Low 

SC=ME=Low 

-
UIC=High 

--
UOC=Low 

WC=SC=Low 

SC=ME=Low 

WC=ME=Low 

-
UIC=Low 

MCLK=Hlgh 

WC=Hlgh ~C=Hlgh, 
ME=Low, UIC=Hlgh 

WC = High or SC = High, 
UIC=High 

SC=ME=Low, UIC=Hlgh 

Signefics 

8X372/8X376 

LIMITS (COMMERCIAL) LIMITS (MILITARY) 
UNIT Min Typ Max Min Typ Max 

35 35 ns 

35 35 ns 

30 30 ns 

50 50 ns 

50 50 ns 

45 45 ns 

55 55 ns 

30 30 ns 

30 30 ns 

22 25 ns 

25 25 ns 

25 25 ns 

25 25 ns 

30 30 ns 

20 20 ns 

20 20 ns 

20 20 ns 

15 15 ns 

15 15 ns 

25 25 ns 

35 35 ns 

30 30 ns 

30 30 ns 
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ADDRESSABLE/BIDIRECTIONAL I/O PORTS 

AC ELECTRICAL CHARACTERISTICS (Cont'd) 

tS7 

PARAMETER 

IV Select Control 
Setup Time 

Hold Times: 
tHl UD Clock Hold 

tH2 

Time (8X372 onlyl 

UD Control 
Hold Time 

TEST CONDITIONS 
REFERENCES 

FROM TO 

tsc ,MCLK WC=ME=Low 

UD UIC=Low 

tUIC UD MCLK=Hlgh 

tH3 User Input Control 
Hold Time (8X372 onlyl ,MCLK tUIC 

tH4 

tH6 

tH7 

Notes 

IV Data 
Hold Time 

IV Master Enable 
Hold Time 

IV Write Control 
Hold Time 

IV Select Control 
Hold Time 

,MCLK 

,MCLK 

,MCLK 

,MCLK 

IV 

,WC 

,SC 

WC=High or SC=Hlgh; 
ME=Low, UIC=Hlgh 

WC=Hlgh or SC=Hlgh, 
UIC=Hlgh 

WC=ME=Low 

1 All measurements to the iiJ bus assumes the address selection latch IS set 

LIMITS (COMMERCIAL) 

Min Typ Max 

30 

15 

15 

o 

5 

o 

o 

o 

2 These parameters are measured with a capacitive loading of 50pf and represent the output dnver turn-off time 

8X372/8X376 

LIMITS (MILITARV) UNIT 
Min Typ Max 

30 ns 

15 ns 

15 ns 

o ns 

5 ns 

o ns 

o ns 

o ns 

3 11 ME IS to be hIgh (InactiVe), It must be setup before the riSing edge and held afterthefalltng edge of MCLK to aVOid unintended writing fnto or selection 
of the I/O port. 
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tWl a !- t H3 .. 1 

MCLK 1 --11 \1 1 
1 l-ts3--1'--+-I------
II-tW2 ',I 
~ jr--------

1 I~ __________ +-_J 
1 1 1 
I I tS2 I l-tH2--1 
, I 1-------.(NOle 2)_ (Note 3) 

I I 1_ tsl------.I_IH1_1 

UO(INPUT~ ~ ~
I I (Note 2) (Nole3) I 

FROM USER '/'/.4\. ~ 
SYSTEM) "''''''::'1'"''''!'''''''''':J1'----------' 

1 1 
1 1 
1 1 
I 1 
I 1 
1 1 
1 1 
1 1 
1 I 
1 1 

: ~tpDl-'1 
I I (Note 1) I 

I l __ tpD3 (NOlel)---"1 

l-tPD2 (Nole 1)-..j 

Static ConditIOns 

Notes 
1 

SC we ME 
UOC High 

low 

~"------IV (OUTPUT 
to MiCroprocessor) 

a. User Data Input Timing 

l.---tW1 ---1 

MCLK t '\ -----.,-1-' --~ tS6--1'--------------
I I _tH6 __ 1 

---1 f--!.-tss-! '\ 
1 1 I---t _~I---

WC 

~I : "'. 
I ' ...... ts4-.....-I--tH4--+-1 

TV (INPUT from MiCrOprocessor) m: ~ 

I 1-+--lp04----+-1 

Stallc Conditions 
DOC Low 
UiC High 

UD (OUTPUT to User 
SYSTEM) 

1 1 
1 1 
1 1 
1 1 

I_tpos- ____ I 
~r-----

c. MicroControlier Write Cycle Timing 

Legend: 

~ ~ THREE-STATE 

~ ~ CHANGING DATA 

~'-----------~ 

UD 
(OUTPUT 
to USer 
SYSTEM) 

1 
1 
1 

b. User Data Output Enable 

MCLK 

SC 

iV 
(INPUT 
from 
MIcro
processor) 

--------y 

d. MicroControlier Seclect Cycle Timing 

'PARAMETER KEY 
MICROPROCESSOR 

ME 
WC 
SC 

t OE3 t003 

tOEs to OS 
.OE6 tOD6 

SC~ WC ~ LOW 
SC ~ ME ~ LOW 
WC ~ ME LOW 

e. MicroControlier Output Enable Timing 

Figure 2. Timing Diagram 

3·72 Signetics 



BIPOLAR LSI PRODUCTS 

ADDRESSABLE/BIDIRECTIONAL I/O PORTS 8X372/8X376 

TEST LOADING CIRCUITS 

iVBUS UD BUS 

+5V +5V 

23211 160 n 
OUTPUT OUTPUT 
UNDER 0---+--.., UNDER 0---+--.... 
TEST TEST 

169 n 300 pf 120 II 100 pI 
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ADDRESSABLE/BIDIRECTIONAL I/O PORTS 8X3 72/8X3 76 

APPLICATIONS 

One way of using 1/0 Ports in a microprocessor-based 
system isshown in the following application diagram; there 
are many other ways of implementing 1/0 functions with 
these parts, both singly and in combination. By proper 
control of the UIC and UOC lines, the user can implement 

bidirectional data transfers, exercise system control, and/or 
read system status. In the concept shown here, I/O Port #1 
is setup for bidirectional data transfers and 1/0 Ports #2 and 
#3, respectively, serve as dedicated output and inputdevices. 

... 
~ 

'~ff 
... 

iVii-IV7 
"'(Note 1) 

j]j 

SC 
8X305 WC MICRO CONTROLLER 

MCLK (Note 1) '---I-=: RB 

J 
~ 

-----.-
Notes L-c~ 1 Up to 256 discrete ad..£[esse~ can be 

assigned to each bank I LB or RB I 
2 The 8X376 can be Implemented In an 

Identical manner 
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Ivo-rn UDO-UD7 

ME 8X372 
1/0 PORT uoc sc #1 

WC (Note 2) 
MCLK UIC 

IVO-IV7 UDO-UD7 
sc 8X372 
WC 1/0 PORT 

#2 UOC 
MCLK (Note 2) 
ME iJiC 

IVO-IV7 UDO-UD7 

SC 8X372 
WC 1/0 PORT 

#3 
UIC 

MCLK (Note 2) 
ME UOC 

.!#. 

"'I 

.. 

.. 

I--::J.. Vee 

~ 

.... 
"'I 

r----t. Vee 

~ 

... 
,.. 

... 
,. USER 

SYSTEM 
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ADDRESSABLE/BIDIRECTIONAL I/O PORT WITH PARITY 8X374 

FEATURES 
• Two bidirectional 8-blt busses 

• Independent bus operation (user bus priority for data 
entry) 

• Parity generate/check logic with: 
Odd/Even parity select 
Strobed error flag output 

• Synchronous data input 

• Programmable MicroControlier port address 

• Three-state TTL outputs (for all except parity error flag) 

• High drive capabilities 

• Power-up to predetermined state 

• Directly compatible with 8X30S MicroControlier 

• Single +SV supply 

• 0.6 inch, 28-pin DIP 

PRODUCT DESCRIPTION 
The Signetics 8X374 is an addressable 8-bit I/O Port that 
features on-chip panty generate/check logic. The 8X374 
port is designed for applications that require an 8-bit bi
directional interface element with panty-generate and parity
check capabilities. Typically, the 8X374 is used with the 
8X305 MicroController and its associated Interface Vector 
(IV) bus. 

8X374 PACKAGE AND PIN DESIGNATIONS 
N,F PACKAGE 

UD7 vee 
UD6 IV7 
UD5 IV6 
UD4 IV5 
UD3 IV4 
UD2 IV3 
UDl IV2 
UDO i\R 

PB IVO 
PSL EF 

UOC EFH 
UIC WC 
ME SC 

GND MCLK 

TOP VIEW 

ORDER NUMBERS 
N8X374N, N8X374F 

S8X374F/883B, S8X374F/883C 
Pin 
No. Identifier Function 

1-8 UD7-UDO Three-state bidirectional User Data 
(UD) bus; UDO corresponds to IVO. 

9 PB User port Parity Bit I/O pin. 
10 PSl Parity Select input control; even parity 

= 1 and odd parity = O. 
11 UOC User Output Control - active low input 

to enable data output from UDO-UD7. 

As shown in the logic diagram of Figure 1, the 8X374 con
sists of eight identical latches, bits 0 through 7. These 
latches are accessed throug h either of two 8-bit busses, one 
connecting to the MlcroController (IV bus) and the other to 
the user system (UD bus>. Separate controls are provided 
for each bus and both busses operate independently, -
except when both attempt to input data at the same time. In 3 
such situations, the user bus always has priority. The data _ 
latches are transparent, in that, while either bus is enabled 
for input, all tranSitions In input data are propagated to the 
other bus, if enabled for output. The data latch in Figure 1 is 
common to both busses, that is, data traveling from the IV 
bus to the UD bus, or vice-versa, is latched and applied to 
the parity generate/check logic. The parity-bit latch is inter-
faced to the UD bus and latches the parity bit. The user can 
implement the panty features of the chip by simply select-
ing odd or even parity via the Panty Select (PSU input pin. 
When data IS output to the UD bus, a parity bit is generated 
and appended to each byte of data; for incoming data, par-
Ity IS checked and the result IS transmitted to an error-flag 
latch. The status of the latch (Q = no parity error/1 = parity 
error) is reflected by the Error Flag (EF) output pin. Opera-
tion of the error-flag latch is controlled by the Error Flag 
Hold (EFH) signal. With EFH low, the operation is trans-
parent; when high the contents of the latch are frozen to 
aVOid false errors while data latches are changing. 

12 UIC 

13 ME 

14 GND 
15 MClK 

16 SC 

17 WC 

18 EFH 

19 EF 

20-27 IVO-IV7 

28 Vee 

User Input Control - active low input 
to enable data input from UDO-UD7. 
Master Enable - active low input to 
enable the IV bus for data input, data 
output, or IV address selection/deselec
tion; UD-bus operations are unaffected. 
Ground 
Master Clock - active high input from 
MicroControlier used to strobe data 
into the data latches; MClK also syn
chrOnizes IV address selection. 
Select Command - active high input 
from MicroController to enable IV ad
dress input from the IV bus for device 
selection. 
Write Command - active high input 
from MicroController to enable the writ
i ng of data into the data latches from 
the IV bus, provided UIC is not low. 
Error Flag Hold signal to control error
flag latch. When low, latch operation is 
transparent; when high, contents of 
latch are frozen. 
Error Flag output; no parity error = 0 
parity error = 1. 
Interface Vector (Input/Output Bus), three
state, bidirectional, MicroController data 
bus; IVO corresponds to UDO. 
+5V power supply. 
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3·76 

-
-
-
--
~ 

FROM 1 REMAINING 
SEVEN DATA 
LATCHES. 

SC 

WC 

MCLK 

,---------- - -- ------1 

I A j , I 
I 7 I I I 

Q Q 
I I ONE OF EIGHT I 

I S R BIT SLICES 

I 
.1 

~o_.," ~~ 
L 

I I 
I I 
I I 
I ADDRESS BIT I ....... 
I ~ -e I 
I I 
L ____ ------f----- --__ J 

-

PARITY BIT 
LATCH 

f PARITY + .... 
GENERATE/CHECK 

1" LOGIC 

r -

A 

t ...... 

~-."" t E 
SEVEN PROGRAMMED - ERROR ..... 
ADDRESS BITS, SAME -

1 1-
'--~D FLAG Q 

~ LOGIC AS SHOWN IN - LATCH 
ABOVE DOTTED BOX. _ 

.~ ""''' T UDWRITE I 
L.=IIVREAD 

IV WRITE 

[) d ~o R S 

ADDRESS~ SELECTION 
LATCH _ 

OL QL 

A_ A 

..... ...... ...... 

.... 
..... ..... 1 LOW - VOLTAGE ....... CLAMP 

::: .... 

Figure 1. Logic Diagram for 8X374 I/O Port 
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ADDRESSABLE/BIDIRECTIONAL I/O PORT WITH PARITY 8X374 

The 8X374 is available with either preprogrammed addresses 
(010 to 25510) or unprogrammed; the device can be field
programmed over the same address range as the prepro
grammed port. Input/Output operations to the Mlcro
Controller bus can begin once the BX374 enabling address 
has been selected and appropriate control signals from the 
IV bus are generated. Port selection is implemented by put
ting the 8X374 address (010 to 25510) on the IV bus. Once 
selected, the I/O port remains selected until a different port 
address is put on the bus. 

With appropriate control inputs, data is accessible on the 
UD bus at all times. A Master Enable (ME) input,.which is 
typically connected to the Left Bank (LB) or Right Bank (RB) 
output of the MicroController, provides the capability of 
organizing the IV bus into two separate and independent 
banks of I/O deVices. 

FUNCTIONAL OPERATION 
UD Bus Control 
As shown in Table 1, the User Data (UD) bus and parity-bit 
interface are controlled by the UIC and UOC inputs. Data 
from the UD bus is written synchronously with MCLK, that 
is with UIC low, information is written into the data latches 
only when MCLK is high. Output drivers on the UD bus are 
enabled when UOC is low and UIC is high. 

Table 1. INPUT/OUTPUT CONTROL OF UD BUS 

Function of UD Bus 

UIC UOC MCLK 8-Blt Data Bus Parity Bit 

H L X Output data Output parity 

L X H Input data Input parity 

L X L Inactive Inactive 

H H X Inactive Inactive 

x = Don't Care 

IV Bus Control 

InpuVOutput control of the IV bus is shown in Table 2; this 
bus is controlled by SC, WC, ME, MCLK and the current 
state of the internal address selection latch. As shown in 
Table 2, UIC is required to indicate priority of the UD bus 
for data input operations. The selection latch in the I/O port 
stores the result of the most recent IV address selection. 
The latch is set when the internally preprogrammed address 
of the port matches the address on the IV bus during an 
address-selection operation (SC = MCLK = High; ME = WC 
= Low). The latch is cleared when the two 8-bit address 
patterns are in disagreement. The IV bus can transfer data 
only when the selection latch is set. As shown in the 
APPLICATION DIAGRAM, the 8X305 Left Bank (LB) and 
Right Bank (RB) outputs can control the ME inputs for two 
banks of I/O devices, thus, acting as a ninth address bit. 

Table 2. INPUT/OUTPUT CONTROL OF IV BUS 

Selection Function 
ME SC WC MCLK UIC Latch of IV Bus 

L L L X X Set Output Data 

L L H H H Set Input Data 

L H L H X X Input 
Address' 

L X H L X X Inactive 

L H X L X X Inactive 

L L H H L X Inactive 

L L X X X Not Set Inactive 

H X X X X X Inactive 
x = Don't Care 'Selectlon latch IS updated. 

Data IS written into the data latches of a selected device 
from the IV bus when WC, MCLK and UIC are all high and 
ME is low. To prevent data-Input conflicts, inputs from the 
IV bus are inhibited when UIC IS low, under all other condi
tions, the IV and UD busses operate independently. Output 
drivers on the IV bus of a selected device are enabled when 
ME, WC, and SC are all low and the address selection latch 
is set. 

Parity Generate/Check Logic 

The Parity Bit (PB) pin provides both parity-generate and 
parity-check capabilities according to user data bus con
trols. With UIC low (active), a parity check is performed on 
the input data stream; with UOC low (active) and UIC high, 
the 8X374 generates the parity-bit for the output data 
stream. The user can select odd or even parity via the Parity 
SeLect (PSU input control, 1 = even parity and 0 = odd par
Ity. As data and panty are input to the data latches and the 
parity-bit latch from the UD bus and PB line (Figure 1), par
Ity errors (if any) are continuously detected by the parity
check logic. Parity error status enters the error flag latch (if 
enabled) and appears at the EF output pin. The error latch 
can be strobed by the Error Flag Hold (EFH) control to latch 
in valid error status; otherwise, the error flag is transparent 
to the user. (Note: If the sytem uses less than eight data bits, 
keeping zeros in unused data latches preserves proper par
ity operation.) 

Bus Logic Levels 

Data written into the I/O port from either bus will appear 
inverted when read from the other bus. Data written into 
either bus will not be inverted when read from the same 
bus. (Note: A logic "1" in MicroControlier software corres
ponds to a high level on the UD bus even though the IV bus 
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is inverted,) The 8X374 wakes up with the address selection 
latch in the unselected state, all data bits latched at the 
"logic 1" level (UD bus outputs high if enabled), and the EF 
output high. 

ADDRESS PROGRAMMING AND 
ADDRESS PROTECT 
Programming Procedures 

The 8X374 can be programmed to respond to any address 
within a range of 010 through 25510. In an unprogrammed 
state, low level (S 0.8 V) inputs on all IV bus lines (address 
25510) will select the device. To program a given address bit 
to match a high level (2: 2.0 V) input on the corresponding IV 
pin (a logical "0" to the MicroController), the counterpart 
UD-bus pin must be pulsed according to Table 3 and the 
following procedures: 

Step 1: Set all control inputs to the inactive state, UIC = 

UOC = ME = Vee and SC = WC = MCLK = 0 V; leave the 
UD and IV bus pins open. 

Table 3. PROGRAMMING SPECIFICATIONS 

Limits 

Parameters Min. Typ. Max. Units 

Vcep - Programming supply 
voltage: 

Address 8.75 9.0 9.25 V 

Protect 0 V 

Maximum Time Vcc > 5.25 V 1.0 sec 

Programming voltage: 
Address 8.75 9.0 9.25 V 

Protect 875 9.25 V 

Programming current: 
Address 5 rnA 

Protect 50 rnA 

tr - Programming pulse rise 
time: 

Address 10 100 JJ.s 

Protect 10 100 JJ.s 

tw - Programming pulse width 0.5 1.0 ms 

Step 2: Increase Vee to Veep. 

Step 3: After Vee has stabilized, apply a single program
ming pulse (Figure 2) to the user-bus bit that corresponds to 
the desired high-level IV address bit. The 1/0 port is pro
grammed from the user bus (UDO-UD7) for addressing from 
the MicroControlier bus (lVO-IV7l. 

Step 4: Return Vee to 0 volts. (Note: If the programming of 
all address bits is completed in less than one second, Vee 
can remain at Veep for the required interval of time,) 

Step 5: Step 1 through Step 3 are applicable to the pro
gramming of each address bit that requires a high-level IV 
match. 

Step 6: To verify that the address is properly programmed, 
return Vee to +5 V and set IVO-IV7 to the desired address 
pattern (inverted). Set ME = WC = Low and SC = MCLK = 
High to select the programmed 1/0 port. With ME = SC = 
Low and WC = MCLK = High, write an 8-bit pattern to the 
port. If there are no programming errors, the transmitted 
data pattern Will appear Inverted at UDO-UD7 of selected 
port. 

~ r---\.--vccp 
Vee PIN -'l 1\--,,.....1 '--

/--s 1.0 SEC---i 0 v 
~~

-----vccp 
UO INPUT 90% 

10% L 
=I t, UO.5msStw:~.oms 

Figure 2. Address Programming Pulse 

ADDRESS PROTECT 
After programming the 1/0 Port, optional steps can be taken 
to Isolate the fuse circuits and to make these circuits per
manently immune to further change. 

Step 1: Set Vee and all control inputs to 0 volts, Vee = UIC 
= UOC = ME = SC = WC = MCLK = OV, IVO-IV7 = open 
cirCUIt. 

Step 2: Taking one pin at a time, apply a protect program
ming pulse (Figure 3) to each user-bus bit (UDO-UD7). Refer 
to Table 3 for minimax specifications pertaining to voltage 
and current. 

Step 3: Verify that the address circuits for each bit are iso
lated by applying Veep, in turn, to each user-bus pin 
(UDO-UD7) and measuring less than 200 microamperes of 
input current. (Note: Setup conditions are the same as those 
in Step 1,) 

~O% fC-----vccp 
10% 0 V 

UDINPUT L 
-l tr Uo.5msstwS1.0ms 

Figure 3. Protect Programming Pulse 
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ABSOLUTE MAXIMUM RATINGS 

DC ELECTRICAL CHARACTERISTICS Vee 

COMMERCIAL: Vee = 5 V (±5%); T A 2 0° C 
TA 5: 70°C 

MILITARY: Vee = 5 V (±10%); TA 2 -55°C 
Te 5: 125°C 

Parameter 

Vee Supply Voltage 

VIH High Level Input Voltage 

Vil Low Level Input Voltage 

Vel Input Clamp Voltage 

IIH High Level Input Current[1j 

III Low Leve[ Input Current[1j 

VOL Low Leve[ Output Voltage 
IV Bus (lVO-IV?) 

User Bus (UDO-UD?) and PB 

EF 

VOH High Leve[ Output Voltage EF 

Others 

[os Short Circuit Output Currentl2] 

iV Bus (lVO-[V?) 
UD Bus (UDO-UD7) 

Icc Supply Current 

Notes: 

VIN 

TSTG 

Test Conditions 

Vee = Min; 11= -10 mA 

Vee = Max; VIH = 2.7 V 

Vee = Max; Vil = 0.5 V 

Vee = Min; 10l = 16 mA 

Vee = Min; 10l = 24 mA 

Vee = Min; 10l = 8 mA 

Vee = Min; [OH = -1 mA 

Vee = Min; [OH = -3.2 mA 

Vee = Max 

Vee- Max 

Vee = Max; ME = UOC = Vee 

Parameter Rating 

Power supply 
voltagel3 j +7 

Input voltagel3 j +5.5 

Storage temperature -65 to +150 
range 

Limits Limits 
(Commercial) (Military) 

Min Typ Max Min Typ Max 

4.75 5 5.25 4.5 5 5.5 

2.0 2.0 

0.8 0.8 

-1.5 -1.5 

5.0 100 5.0 250 

-350 -550 -350 -550 

0.55 0.55 

0.55 0.55 

0.55 0.55 

2.4 2.4 

2.4 2.4 

-20 -20 

-10 -10 

90 150 90 160 

1. The input current includes the hlgh-Z leakage current of the output drivers (lVO-IV7, UDO-UD71 on the data lines. 
2. Only one output may be shorted at a time for testing purposes. 
3. These limits do not apply during address programming. 

Signetics 

Unit 

V DC 

V DC 

°C 

Unit 

V 

V 

V 

V 

p,A 

p,A 

V 

V 

V 

V 

V 

mA 

mA 

mA 
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AC ELECTRICAL CHARACTERISTICS 
COMMERCIAL: Vee = 5 V (±5%); TA 2: O°C, TA'" 70°C 
MILITARY: Vee = 5 V (±10%); TA 2: -55°C, Te'" 125°C 
LOADING: See TEST LOADING CIRCUITS 

References 

Parameter From To 

Pulse Widths: 
tW1 Clock High +MCLK +MCLK 

tW2 User Input Control tUIC WIC 

Propagation Delays: 
tp01 UD Propagation UD fiT 

Delay 

tp02 UD Clock Delay +MCLK IV 

tp03 UD Input Delay YUIC IV 

tp04 IV Data IV UD 
Propagation Delay 

tpos IV Data +MCLK UD 
Clock Delay 

tPD6 Error Flag Propagation UD, PB EF 
Delay 

tpO? Parity Generate IV PB 
Propagation Delay 

tp08 Error Flag Strobe tEFH EF 
Delayl3j 

Output Enable Timing: 
tOE1 UD Output Enable tuoc UD, PB 

tOE2 UD Input Recovery WIC UD,PB 

tOE3 IV Data Master tME IV 
Enable 

tOE4 IV Data Write tWC IV 
Recovery 

tOES IV Data Select tSC IV 
Recovery 

3-80 

Limits 
(Commercial) 

Test ConditionS£1] Min Typ Max 

35 

MCLK= High 35 

MCLK= High 40 
SC=WC=ME=UIC= 
Low 

UD = Stable; 50 
SC= WC = ME= UIC = 
Low 

UD = Stable; 50 
MCLK= High; 
SC = WC = ME = Low 

MCLK=WC=UIC= 45 
High; 
ME= UOC = SC = Low 

WC = UIC = High; 55 
iV = Stable, 
ME= UOC= SC= Low 

MCLK= High; 55 
UIC = EFH = Low 

MCLK= WC= UIC = 55 
High; UOC = ME = Low 

20 

UIC= High 30 

UOC= Low 30 

WC=SC= Low 22 

SC=ME=Low 25 

SC= ME= Low 25 

Signetics 

8X374 

Limits 
(Military) 

Min Typ Max Unit 

35 ns 

35 ns 

40 ns 

50 ns 

50 ns 

45 ns 

55 ns 

55 ns 

55 ns 

20 ns 

30 ns 

30 ns 

25 ns 

25 ns 

25 ns 



BIPOLAR LSI PRODUCTS 

ADDRESSABLE/BIDIRECTIONAL I/O PORT WITH PARITY 8X374 

AC ELECTRICAL CHARACTERISTICS (Continued) 

Limits Limits 
References (Commercial) (Military) 

Parameter From To Test Condltlons[1] Min Typ Max Min Typ Max Unit 

Output Disable Timing: 
tOOl UD Output Disable +UOC UD, PB UIC =Hlgh 25 25 ns 

tOD2 UD Input Override +UIC UD, PB UOC = Low 30 30 ns 

tOD3 IV Data Master Disable IME IV WC =SC = Low 20 20 ns 

tOD4 IV Data Wnte Override +WC IV SC=ME=Low 20 20 ns 

tOD5 IV Data Select Override +SC IV WC=ME=Low 20 20 ns 

Setup Times: 

tSI UD Clock Setup Time UD, PB tMCLK UIC = Low 15 15 ns 

tS2 UD Control Setup Time UD, PB IUIC MCLK =High 15 15 ns 

tS3 User Input Control 
+UIC tMCLK 25 25 ns Setup Time 

tS4 IV Data Setup Time IV tMCLK WC = High or SC = High; 35 35 ns 
ME = Low; UIC = High 

tS5 121 IV Master Enable 
tME tMCLK 

WC = High or SC = High, 
30 30 Setup Time UIC = High 

ns 

tS6 IV Wnte Control 
+WC tMCLK SC = ME = Low; UIC = High 30 30 Setup Time 

ns 

tS7 IV Select Control 
ISC tMCLK WC=ME=Low 30 30 Setup Time 

ns 

Hold Times: 

-
tHI UD Clock Hold Time tMCLK UD, PB UIC = Low 15 15 ns 

tH2 UD Control Hold Time IUIC UD, PB MCLK = High 15 15 ns 

tH3 User Input Control 
tMCLK IUIC 0 0 ns 

Hold Time 

tH4 IV Data Hold Time tMCLK IV WC = High or SC = High, 5 5 ns 
ME = Low, UIC = High 

tH5 121 IV Master Enable 
tMCLK IME 

WC = High or SC = High; 
0 0 ns 

Hold Time UIC =Hlgh 

tH6 IV Write Control 
tMCLK tWC SC = ME = Low; UIC = High 0 0 Hold Time 

ns 

tH7 IV Select Control 
tMCLK tsc WC=ME=Low 0 0 Hold Time 

ns 

Noles: 
1 All measurements to the iii bus assumes the address selection latch IS set 
2 If ME IS to be high (inactive), It must be setup before the rising edge and held after the falling edge of MCLK to avoid unintended writing 

into or selection of the 1/0 port. 
3 Parameters are measured by holding Gie = High and MCLK = Low and changing the state of the PSL input before each EFH pulse. 
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ADDRESSABLE/BIDIRECTIONAL I/O PORT WITH PARITY 8X374 

TIMING DIAGRAMS 

USER DATA INPUT TIMING 

I~·----twl .l-tH3.: 

.JI \1 I MCLK I 
I 1-�s3-1'--+-�------
I 1-IW2 '.1,. ____ _ 

----r--t 1 
: I ' 
I I I 
I I IS2' I-'H-I 
I I 1....-{Note·21_ (Not! 3) 
I I 1_1S1_I_IH1~ 

UD, PB (INPUT ~ ~ ~
I I (Note2) (Note 3) I 

FROM USER ~//A. ~ SYSTEM) """:1.:) :':":''-'I<I:':'':'~ 11... ________ _ 

I I t.tpD6~ Static Conditions : : : I SC=WC=ME=EFH=Low, 

I I I I Notes UOC == High 

I I I l,The actual time for stable 
I I _ data on the iilbu5 IS the 
I I latest 
I I 
I I , 

EF 

I I I 

: ~ I tp01 __ 

I I I(Nole 1) ! 
I l~tpD3(Notel)~ 

I-tp02(Notel)~ 

IV (OUTPUT 
to Microprocessor) -----

MICROCONTROLLER WRITE CYCLE TIMING 

I-IW1-1 

MCLK t \ __ ~I~._-J 156----1'--------
I I ~tH6---..t 

--.I ~IS5-1 \. 
1 I 1 ___ 1 _1....-.,,---WC 

'?77'!'7'77'?77'!':>lo: 1 1 "' I 

~ i ~ 
I l-.-tS4-I---tH4--"1 

iV (INPUT from MIcroprocessor) _ ~ 

, '---------
PB 
(OUTPUT 
TO USER 
SYSTEM) 

UD (OUTPUT TO USER 
SYSTEM) 

Stallc Conditions 
UOC = Low 
0iC" High 

: ~lp07___: 

l!~ 
I ~Ipo._-.I 
~lp05-_I 
~..-----

Legend: 

~ ~ HIGH-Z STATE 

~ ~ CHANGING DATA 

MICRO CONTROLLER SE:LECT CYCLE TIMING 

MCLK 

SC 

iV 
(INPUT 
from 
Micro
processor) 

USER DATA OUTPUT ENABLE TIMING 

UD, PB 
(OUTPUT 
TO USER 
SYSTEM) 

I 
I 
I 
I 

MICRO CONTROLLER OUTPUT ENABLE TIMING 

Micro-

processor ~ 

ContrOl \ I 
Signa'· ''------JL,oo• _I 

I--Ioe *--1 I - --. 

iV' ,. ____ "'\ I f!JI:JI:~~~~1!'l!' 
~~r:~UTIO~ ~ 
processor) 

'PARAMETER KEY 
MICROPROCESSOR 

CONTROL SIGNAL 

ME 
WC 
SC 

AC TIMING PARAMETERS STATIC CONDITIONS 

t OE3 t003 se = we = LOW 

tOES taos 
tOEB tOD6 

se ~ ME ~ LOW 
WC~ ME 0 LOW 
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ADDRESSABLE/BIDIRECTIONAL 110 PORT WITH PARITY 8X374 

TEST LOADING CIRCUITS 

OUTPUT 
UNDER 
TEST 

IV BUS 

+5 

2320 

1690 300 pF 

OUTPUT 
UNDER 
TEST 

UD BUS ERROR FLAG 

+5 +5 

l60n 4680 
OUTPUT 
UNDER o-----~~--__, 
TEST 

120n 100 pF 3660 50 pF 

-=-

APPLICATIONS 

As shown In the following diagram, the 8X374 can be used 
with other I/O ports to provide a complete range of Input! 
output functions By proper control of the UIC and UOC 
lines, the user can perform bidirectional data transfers, 

exercise system control, read system status and, by uSing 
the 8X374, Implement a bidirectional panty-controlled data 
stream To use the panty capabilities, the user need only 
select even or odd panty (PSL = 1 or 01 and connect the PB 
pin to the system panty bit The EFH and EF pins can be 
wired according to system requirements 

APPLICATIONS DIAGRAM 

IVO-IV7 UOO-UD7 

ME BX372 
se 1/0 PORT uoe 

we 

,--- MCLK = 

UDO-UD7 

IVO-M PB 
PSL 1-------------

v----1;-==t:::::::::t:::::::::_=.~ ME l/gx~b~T EF 1-----------_ 
v se WITH PARITY EFH 1-_____ _ 

l.------1-----I we uoe 1--_________ _ 
[jj I--->-(N",o",te:...':.c) _1._-' .----- MCLK ule 1-------------
se 1-------1.----< 

MleRo~~~o;ROLLER we f------II---+---< 

Note: 

DOC ~ vr 
j--!--t---t---t~M~E ________ ~U~le:J~ 

IVO-M UDO-UD1 

'--+---1----1 se 

'---+---1 we 

MCKL 

8X372 
I/O PORT 

OR: [-::l..~-J Vee 

'---------1LM~E ________ ~u~o~e~ 

1. Up to 256 discrete addresses can be assigned to each bank ([8 or FiB). 
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4-INPUT/4-0UTPUT ADDRESSABLE I/O PORT 8X382 

FEATURES 
• Bidirectional 8-bit MicroControlier (IV) bus 
• User bus-four input bits and four output bits 
• Independent bus operation 
• Synchronous user data input 
• Programmed MlcroControlier port address 
• Three-state TTL outputs with high-drive capabilities 
• Power-up to predetermined logic state 
• Directly compatible with 8X305 or 8X300 

MicroControliers 
• Single +5V supply 
• 0.4 inch 24-pin DIP 

PRODUCT DESCRIPTION 

The 8X382 1/0 Port is an addressable, three-state device 
designed for use as an interface element in systems that use 
TTL-compatible busses. Typically, the 8X382 is used with 
the 8X305 MicroControlier and its associated Interface 
Vector (iV) bus; however, it can also be used with the 8X300 
MicroControlier or an equivalent microprocessor. The 
8X382 is functionally the same and pin-for-pin compatible 
with the older 8X42; however, the new port features better 
performance, increased drive current, and improved pro
gramming procedures. 

As shown in the logic diagram of Figure 1, the 1/0 port 

8X382 PACKAGE and PIN DESIGNATIONS 

consists of eight data latches-bits 0 through 7. These 
latches are accessed th rough either of two busses-an 8-bit 
bidirectionalTilbus connected to the MicroControlier and a 
User Data (UD) bus consisting offour dedicated inputs (bits 
UDO through UD3) and four dedicated outputs (bits UD4 
through UD7). All eight bits may be read from or four data 
bits (IV4-IV7) can be written into via the Wbus; eight bits of 
1/0 address can be written from the TV bus. Separate 
controls are provided for each bus and both busses operate 
independently. The 1/0 data latches are transparent, in that, 
when either bus is enabled for input, all transitions in input 
data are propagated to the other bus, if that bus in enabled 
for output. 

The 8X382 is available with preprogrammed addresses (010 
through 25510); it can also be field-programmed over the 
same address range. Inputloutput operations can begin 
once the 1/0 port is selected and appropriate control 
signals are generated. Port selection is implemented by 
putting the 110 port address (010-25510) on the iii bus; once 
selected, the 1/0 port remains selected until a different "port 
address" is put on the bus. Thus, software overhead is 
minimized. Data is accessible on the UD bus at all times. A 
Master Enable (ME) input, which is typically connected to 
the Left Bank (LB) or Right Bank (RB) output of the MicroControiler, 
provides the capability of organizing the iiT bus into two 
separate and independent banks of 1/0 devices. 

PIN NO. 

1-4 

IDENTIFIER FUNCTION 

3-84 

N,IPACKAGE 

TOP VIEW 

ORDER NUMBERS 

N8X382N, N8X3821 

S8X38211883B, 8X38211883C 

5-8 

9 

10 

11 

12 

13 

14 

15 

16-23 

24 

UD7-UD4 Three-state, dedicated output lines for user data, UD7 
corresponds to Ti77 

UD3-UDO Dedicated input lines for user data, UDO corresponds to IVO 

GND 

MCLK 

SC 

WC 

Vee 

User Output Control-active low Input to enable data output 
to UD4-UD7 

User Input Control-active low Input to enable data Input 
to UDO-UD3 

Master Enable-active low Input to enable the Wbus for data 
input, data output, or W address selectlon/deselectlon, UD-bus 
operations are unaffected 

Ground 

Master Clock-active high Input (from MlcroControlleri used to 
strobe data Into data latches from the Wbus and bits UDO-UD3 
of the UD bus, MCLK also synchronizes W address selection 

Select Command-active high Input (from MlcroController) to 
enable Waddress Input from the Wbus for device selectIOn 

Write Command-active high (from MlcroControlierJ to enable 
the writing of data Into the data latches from the Wbus, 
prOVided DTC',S not low 

Interface Vector (Input/Output Bus i-three-state, bidirectional, 
data bus, Ti70 corresponds to UDO 

Supply Voltage 
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4-INPUT/4-0UTPUT ADDRESSABLE I/O PORT 8X382 

r - 1 
jl- ...... .. 

UDx 

I '" .. (UD4-UD7) 

I 
Q Q 

I 
~ DATA LATCH I ONE OF I 

~I 
S R FOUR BITS 

I ..L 

(~ iVi I (iV4-iV7) 
I ~ PROGRAMMED I 
I ADDRESS BIT I 
I ...... - I I 
I 

..... 
I 

3 
= 

1. ______ 
r-

_____ .1 

r--------------, 
I j~ L I 

Q I Q 

I 1fas1 ,"OOM""" 
DATA LATCH I 

ADDRESS BIT 

I S R I 
I I 

iVy 
I (iVo-iV3i ... C~ER I ONE OF I 

I FOUR BITS 

~! 
READ 

I I 
I 
I -" UDy 

- ...... (UDo-UD3) 
L ------------- _.I" 1 

~_UOC 
iVWRITE I I IV READ ( 

U~ER 
FOR OTHER SIX {~ WRITE 

BITS, SAME LOGIC l ~ 
AS SHOWN ABOVE l =il 

Y R <]-UIC 

n ( A R S 
ADDRESS 

~"tJIT ( LATCH _ 
QL QL 

n~m 
SC I II ..... 

I! [1 t [I I wc • .1 I> 
1 ME : I I VOLL~~GE I ...... 

1 t MCLK I> I CLAMP 

Figure 1. Logic Diagram for 8X382 1/0 Port 
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4-INPUT/4-0UTPUT ADDRESSABLE I/O PORT 8X382 

FUNCTIONAL OPERATION 

UD Bus Control 
As shown in Table 1, the User Data-bus interface is 
controlled by the UIC and UOC inputs. Data input to UDO
UD3 is synchronous with MCLK, that is, with UIC low, 
information is written into the data latches only when MCLK 
is high. The output drivers of UD4-UD? bus are enabled 
when UOC is low 
Table 1. INPUT/OUTPUT CONTROL OF UD BUS 

FUNCTION OF UD BUS 
UIC UOC MCLK 

UDO-UD3 UD4-UD7 

H L X Inactive Output Data 

L X H Input Data InactIVe 

L X L Inactive Inactive 

H H X Inactive Inactive 

x = don't care 

IV Bus Control 
Input/output control of the iV bus is shown in Table 2; this 
bus is controlled by SC, WC, ME, MCLK and the current 
state of an internal address selection latch. The address 
selection latch in the I/O port stores the result of the most 
recent TV address selection. The latch is set when the 
internally preprogrammed address of the port matches the 
address on the i'i7bus during an address-selection operation 
(SC=MCLK=High/WC=Low). The latch is cleared when the 
two 8-bit address patterns are in disagreement. The iV bus 
can transfer data only when the selection latch is set. The 
MicroControlier Left Bank (03") and Right Bank (R"S) 
outputs can control the ME inputs for two banks of I/O 
devices, thus, acting as ninth address bit. 

Data is written into the data latches of a selected device 
from the i'i7 bus when WC = MCLK = High and ME = Low. 
Output d rivers on the TV bus of the device with the add ress 
latch set are enabled with ME, WC, and SC low. With SC and 
WC both high (shaded entry of Table 2), the bit pattern 
present on IVa-IV? is interpreted as both input data (IV4-IV? 
only) and IV address. The data in IV4-IV? is latched in 
whether or not the I/O port has been previously selected. If 
the preprogrammed address of the I/O port matches the bit 
pattern on IVa-IV? when SC and WC are both high, the 
selection latch is set; otherwise, it is reset. (Note. The 
MicroControl/er never drives both SC and WC high at the 
same time.) 

Table 2. INPUT/OUTPUT CONTROL OF IV BUS 

SEL FUNCTION OF 
ME SC WC MCLK LATCH iV BUS 
L L L X Set OutQut Data 
L L H H Set Input Data (iV4-IV7 only) 

L H L H X IlJ.Q.ut Address· 
L H H H X loput Oata (i\i4-IV7 only) 

and address· 
L X H L X Inactive 
L H X L X Inactive 
L L X X Not set Inactive 
H X X X X Inactive 

X = don't care • Selection latch IS updated 

Bus Logic Levels 
Data written into the I/O port from either bus will appear in
verted when read from the other bus. Data written into either 
bus will not be inverted when read from the same bus. (Note. 
A logic "1" in MicroControl/er software corresponds to a high 
level on the UD bus even though the /V bus is inverted). The 
8X382 wakes up in the unselected state with all data bits 
latched at the "logic 1" level (UD bus outputs high if enabled). 

ADDRESS PROGRAMMING AND ADDRESS PROTECT 

Programming Procedures 
The 8X382 can be programmed to respond to any address 
within a range of 010 through 25510. In an unprogrammed 
state, low level (:S0.8V) inputs on all i'i7 bus lines (address 
25510) will select the device. To program a given address bit 
to match a high level (22.0V) input on the corresponding i'i7 
pin (a logical "0" to the MicroController), the counterpart 
UD-bus pin must be pulsed according to Table 3 and the 
following procedures: 

Step 1: Set all control inputs to the inactivestate
UIC = UOC = ME = Vcc and SC = WC = 
MCLK = GND; leave the UD andTV bus pins 
open. 

Step 2: 

Step 3: 

Increase Vcc to VccP' 

After Vee has stabilized, apply a single pro
gramming pulse (Figure 2) to the user-bus bit 
that corresponds to the desired high-level iV ad
dress bit. The I/O port is programmed from the 
user bus (UDO-UD7) for addressing from the 
MicroControlier bus (IVa-IV?). 

Table 3. PROGRAMMING SPECIFICATIONS 

PARAMETERS 
LIMITS 

UNITS 
Min Typ Max 

Vcep - Programming supply 
voltage' 

Address 8.75 9.0 925 V 
Protect a V 

MaXimum time Veep >5.25V 10 Sec 
Programming voltage: 

Address 8.75 90 925 V 
Protect 8.75 9.25 V 

Programming current: 
Address 5 rnA 
Protect 50 rnA 

tr - Programming pulselrise 
time' 

Address 10 100 !-,S 
Protect 10 100 !-,S 

tw- Programming pulse width 0.5 1.0 mS 

Step 4: Return Vee to a-volts. (Note. If the program
ming of all address bits is completed in less 
than 1-second, Vee can remain at g.O-volts 
for the required interval of timeJ 
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4-INPUT/4-0UTPUT ADDRESSABLE I/O PORT 

Step 5: 

Step 6: 

Steps 1 through 3 are applicable to the 
programming of each address bit that re
quires a high-level 1\7 match. 

To verify that the address is properly pro
grammed, return Vcc to +5V, set IVO-IV7 to 
the desired (inverted) binary address pattern, 
set ME=WC=Lowand sc= MCLK= High. If 
there are no programming errors, subsequent 
data written from iV4-iii'i (WC = High) will 
appear inverted on UD4-UD7. 

v"'~ ~---9.0V 

::I'i-$1.osec.-lY,J "-ov 

~~g.RESS . 90%r-\ .r-"i------ 9.0V 

GRAMMING~: ~/ .... -...IL . r-..--ov 
PU LSE -l :-.. t--z;:;:1 
IUD INPUT) I, 0.5 ms $1. $1.0 ms 

Step 1: 

Step 2: 

Step 3: 

8X382 

Set Vcc and all control inputs to O-volts (Vcc 
= UIC = UOC = ME = SC = WC = MCLK = 
GND = O.OV); IVO-M = open circuit. 

Taking one pin at a time, apply a protect 
programming pulse (Figure 3) to each user
bus bit (UDO-UD7)-refer to Table 3 for 
minimax specifications pertaining to voltage 
and current. 

Verify that the address circuits for each bit 
is isolated by applying 9-volts, in turn, to 
each user-bus pin (UDO-UD7) and measur
ing less than 200 microamperes of input 
current. (Note. Setup conditions are the 
same as those in Step 1.) 

Figure 2. Address Programming Pulse ~O% ~-------14V 

10% : I I 
II ~ OV Address Protect 

After programming the 1/0 Port, steps should be taken to 
isolate the address circuits and make these circuits perma
nently immune to further change. 

....... 1- 0.5ms,:;t,.':;1.0ms , 

Figure 3. Protect Programming Pulse 

DC ELECTRICAL CHARACTERISTICS ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING UNIT 

Vcc Power supply voltage3 +7 Vdc 
VIN I npul voltage3 +55 Vdc 

COMMERCIAL. 4.75V ,:; Vcc':; 5.25V, O'C':; TA':; 70'C TSTG Storage temperature range -65 to +150 'c 
MILITARY' 45V < Vcc < 5.5V, _55' C < Tc < 125' C 

PARAMETER TEST CONDITIONS 
LIMITS(COMMERClAL) LIMITS (MILITARY) 

UNIT 
Min Typ Max Min Typ Max 

Vcc Supply Voltage 475 5 5.25 45 5 5.5 V 

VIH High Level Input Voltage 20 20 V 

Vil Low Level Input Voltage 0.8 0.8 V 

VCl Input Clamp Voltage Vcc=Min, h=-10mA -1.5 -1.5 V 

hH High Level Input Current' Vcc- Max, VIH-2 7V 50 100 5.0 100 p.A 

hl Low Level Input Current' Vcc=Max, Vll=0.5V -350 -550 -350 -550 p.A 

10ZH High-Z State Output Current- Vcc= Max, VOH=2 5V 100 100 p.A I-\jgh Level4 

lozl High-Z State Output Current- Vcc=Max, VOl=0.5V -100 -100 p.A Low Level4 

VOL Lo~ Level~~t Voltage Vcc=MIn; 10l= lSmA 0.55 0.55 V IV Bus (lVO-1 7) 
User Bus (UD4-UD7) Vcc=Min, IOl=24mA 0.55 0.55 V 

VOH High Level Output Voltage Vcc=Min, IOH=-3.2mA 24 24 V 

los Short CirCUit Output Current2 
ill Bus (lVo-iVt) Vcc=Max -20 -20 mA 

UD Bus (UD4-UD7) Vcc=Max -10 -10 mA 

Icc Supply Current Vcc=Max, ME=OOC=Vcc 90 150 90 150 mA 

Notes 
1 The Input current Includes the Three-state leakage current of the output dnver on the data lines 
3 These limits do not apply dunng address programming 

2 Only one output may be shorted at a time 
4 Applies only to pinS UD4-UD7 
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4-INPUT/4-OUTPUT ADDRESSABLE I/O PORT 

AC ELECTRICAL CHARACTERISTICS 
COMMERCIAL: 4.75V:S Vee:S 5.25V, O°C:s TA:S 70°C 

8X382 

MILITARY' 4 5V < Vee < 5 5V -55°C < Te < 125°C LOADING' See TEST LOADING CIRCUITS - - - -

PARAMETER 
REFERENCES' 

TEST CONDITIONS 
LIMITS (COMMeRCIAL) LIMITS (MILITARY) 

UNIT 
FROM TO Min Typ Max Min Typ Max 

Pulse Widths: 
tW1 Clock High tMCLK +MCLK 35 35 ns 

tW2 User Input Control +UIC tUIC MCLK=Hlgh 35 35 ns 

Propagation Delays: 
tp01 UD PropagatIon 

UDo-3 NO-3 MCLK=Hlgh 
30 30 ns 

Delay SC=WC=ME=UIC=Low 

tpo2 UD Clock Delay 
tMCLK iiio-3 

UDo .. 3=Stable, MCLK=Hogh; 
50 50 ns 

SC=WC= ME= UIC= Low 

tp03 UD Input Delay 
+UIC IVO--3 

UDo-3=Stable; MCLK=Hlgh, 
50 50 ns 

SC=WC= ME= Low 

tp04 IV Data N4--7 UD4-7 
MCLK = WC = HIgh; 

45 45 
PropagatIon Delay ME=UOC=SC=Low 

ns 

tpo5 IV Data 
tMCLK UD4--7 

IV4--7=Stable, WC=Hlgh; 
55 55 

Clock Delay ME=UOC=SC=Low 
ns 

Output Enable Timing: 
tOE1 UD Output Enable +UOC UD4-7 30 30 ns 

tOE3 IV Data 
+ME N WC=SC=Low 22 25 

Master Enable 
ns 

tOE5 IV Data 
+WC iii 

Wrote Recovery 
SC=ME=Low 25 25 ns 

tOEe IV Data 
+SC iii 

Select Recovery 
WC=ME=Low 25 25 ns 

Output Disable Timing: 
tOD1 UD Output tuoc 

Disable 
UD4-7 25 25 ns 

tooJ2 IV Data 
'ME iii 

Master DIsable 
WC=SC=Low 25 25 ns 

toos2 IV Data 
twc iii 

Write Overrode 
SC=ME=Low 20 20 ns 

tow IV Data 
tsc iii 

Select Overrode 
WC=ME=Low 20 20 ns 

Setup Times: 
tS1 UD Clock 

UDO-3 +MCLK 
Setup TIme 

UIC=Low 15 15 ns 

tS2 UD Control 
UDO-3 'UIC MCLK=High 15 15 ns 

Setup TIme 

tS3 User Input Control 
+UiC +MCLK 25 25 ns 

Setup Time 

tS4 IV Data iii +MCLK 
WC=Hlgh or SC=Hlgh; 

35 35 ns 
Setup Time ME=Low, 

tS53 IV Master Enable 
+ME +MCLK 

Setup TIme 
WC= HIgh or SC=Hlgh 30 30 ns 

tS6 IV Write Control 
.WC +MCLK 

Setup Time 
SC=ME=Low; 30 30 ns 

tS7 IV Select Control 
tsc +MCLK WC=ME=Low 30 30 ns 

Setup TIme 

3-88 Signetics 



BIPOLAR LSI PRODUCTS 

4-INPUT/4-0UTPUT ADDRESSABLE I/O PORT 8X382 

AC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER 
REFERENCES TEST CONDITIONS 

LIMITS (COMMERCIAL) LIMITS (MILITARY) 
UNIT 

FROM TO Min Typ Max Min Typ Max 

Hold Times: 
tH1 UD Clock 

+MCLK UD UIC=Low 15 15 ns 
Hold Time 

tl-j2 UD Control tUIC UD MCLK=High 15 15 ns 
Hold Time 

tH3 User Input Control tMCLK tUIC 0 0 ns 
Hold Time 

tH4 Data Hold Time tMCLK iii WC = High or SC = High, 
5 5 ns 

ME=Low 

tHs3 Master Enable 
tMCLK tME WC = High or SC = High; 0 0 ns 

Hold Time 

tH6 IV Write Control 
tMCLK tWC SC=ME=Low 0 0 ns 

Hold Time 

tH7 IV Select Control 
tMCLK tSC WC=ME=Low 0 0 ns 

Hold Time 

Notes· 
1 All measurements to the IV bus assumes the address selectIOn latch IS set 
2 These parameters are measured With a capacitive loading of 50 pf and represent the output dnver turn-off time, 
3 If ME IS to be high (inactiVe), It must be setup before the rising edge and held after the failing edge of MCLK to avoid unintended wntlng Into or selection 

of the 1/0 port 
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4-INPUT/4-0UTPUT ADDRESSABLE I/O PORT 8X382 

tW1 • ~tH3.: 

J ' \' I MCLK I 
I 1-153-1'--+-1------
I l~tW2 I II 
~ lr--------

: I I 
I I 152 , 1 __ 1"' ___ 1 
I I 1 __ (Note2)_ (Note 3) 

I I l.._...._tsl_l..--tHl_1 

UD(INPUT ~ ~ ~
' J(Note2) (Note 3) I 

FROM USER ~/~ ~ SYSTEM' "'""0:, "'~, "'~II-________ _ 

I I I 
I I I 
I I I 
, , I 
, , I 
, I I 
I I I 
, , I 
I , , 
, I I 

: : I tpD1-. 

I I frNolel) 1 
I l--tpD3 (NOle 1)---'1 

1.......---lpD2 (Note 1)-1 

iV (OUTPUT 

Static Conditions _ 

Notes 
1 

SC=WC-ME- Low, 
'O'O"C= High 

The actual time for stable 
data on the N bus IS the 
latest propagation from 
tpDl, tpD2. and tpD3 
The UD Input must satisfy 
the setup-lime require
ments for both lSI and tS2 
Minimum hold-time re
qUired for the UD mput IS 
the earlier of the times 
specified by tH1 and tH2 

to Microprocessor) --------a. User Data Input Timing 

I----IW1-1 
MCLK t \ ---I'"'·---J IS6-----j~-------

I I _tHfi __ 1 

---Y ~'ss-i '\ 
1 I I~t _'-:-:,---

WC 

~I 1"-
I t-ts4-+-I---tH4--J 

IV (INPUT from Microprocessor) -.: ~ 

I 1.....-- tpD4 ---'1 

Statrc Condillons 
UOC Low 
me High 

UD (OUTPUT 10 User 
SYSTEM) 

I I 
I I 
I I 
1 I 

!-tPDs-_i 
~r---

c. MicroControlier Write Cycle Timing 

Legend: 

~ ~ THREE·STATE 

~ ~CHANGING DATA 

UD 
(OUTPUT 
to User 
SYSTEM) 

I , 
I 

b. User Data Output Timing 

MCLK 

SC 

iV 
(INPUT 
from 
Micro
processor) 

d. MicroControlier Select Cycle Timing 

Micro-

processor~ f 
Control l-: . 
Signa" 11-----...JI~tOD* ... 1 

I..-toe*--l I 

;,:~UT'O ~ ~"====="" 
processor) 

'PARAMETER KEY 
MICROPROCESSOR 

CONTROL SIGNAL 

ME 
WC 
SC 

AC TIMING PARAMETERS 

tOE3 1003 

tOES 1005 

tOE6 tOD6 

STATIC CONDITIONS 

SC~ WC ~ LOW 
SC~ ME ~ LOW 
WC ~ ME· LOW 

e. MicroControlier Output Enable Timing 

Figure 4. Timing Diagrams 
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TEST LOADING CIRCUITS 

iii BUS UD BUS 

+5V +5V 

I I 3 
232 n 160 n 

OUTPUT OUTPUT 
UNDER + 300 pI 

UNDER + 100 pI 

TEST TEST 

169 n 120 n 

= -= 
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APPLICATIONS 
When compared to other MicroControlier ports in the 
BX370 series, the 8X382 has some unique features that 
provide real design advantages in certain applications. 
Connection of the 110 port to the MicroControlier is simple 
and straightforward in that like pin names are tied together. 
The system designer must also decide on which bank of the 
MicroControlier to place the 8X382 and then connect the 
ME pin of the port to either the LB (Left Bank) or RB (Right 
Bank) of the MicroControlier. 

The 8X382 is unique because it can be used for both 
dedicated input and output operations. In the system 

8X305 '1 ••• IIIIIj~ 
MICROCONTROLLER r 

shown below, the user interface requires nine (9) dedicated 
inputs and eleven (11) dedicated outputs. Observe that by 
using an 8X382, the problem is solved by three devices, 
whereas, four 8X372 ports are required for the same 
solution. 

Another important use of the 8X382 is in implementing a 
handshake interface. Since both input and output bits 
reside in the same port, 1/0 operations can be performed 
without port re-addressing. Users may also find the 8X382 
an advantage in the layout of Printed Circuit boards, since 
random controllstatus signals can be grouped within the 
same device position. 

8X372 110 
PORT 

8X372 I/O 
PORT 

8X372 1/0 
PORT 

8X372 110 
PORT 

EIGHT (8) DEDI- ... CfJ, TED OUTPUTS 

THREE (3) DEDI-
~ CATED OUTPUTS, 

FIVE (5) LINES 
NO CONNECTION 

EIGHT (8) DEDI- +-CATED INPUTS 

~~~~1) DEDICATED :== 
SEVEN (7)LlNES 
NO CONNECTION 

U 
S 
E 
R 

S 
Y 
S 
T 
E 
M 

I 
N 
T 
E 
R 
F 
A 
C 
E 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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8X372 110 
PORT 

8X372 I/O 
PORT 

8X372 110 
PORT 

EIGHT (8) DEDI
CATED OUTPUTS 

THREE (3) DEDI-
CATED OUTPUTS ..... 
ONE (1) DEDICATED ..-
INPUT 

FOUR (4) LINES 
NO CONNECTION --

EIGHT (8) DEDI
CATED INPUTS 

Figure 5. Logic Diagram for 8X382 1/0 Port 
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INTERRUPT CONTROL COPROCESSOR 8X31 0 

FEATURES 

• Three prioritized interrupts 

• Subroutine handling capabilities 

• 4-level LIFO stack for return address storage 

• Interrupt masking by software and hardware 

• Stack fulillag 

• Directly compatible with 8X305 MicroControlier 

• Bipolar ISL (Integrated Schottky Logic) and low-power 
Schottky technology 

INT 2. A low-to-high transition applied to any of these input 
lines latches in an interrupt request which may be serviced 
when sampled by the ICC once each instruction cycle of 
the MicroControlier. When an interrupt request is serviced, 
the ICC forces the MicroControlier to jump to one of three 
fixed locations in program memory; instruction addresses 4, 
5, and 6 correspond to INT 0, INT 1 and INT 2. At each of 
these addresses, the user programs a JMP instruction to 
another address where the user's interrupt service routine 
begins. 

• Single +5 volt power supply 

• 0.6 inch, 40-pin DIP 

PRODUCT DESCRIPTION 
The Signetics 8X310 Interrupt Control Coprocessor (ICC) 
supports the 8X305 MicroControlier in systems that are 
interrupt driven and those that require subroutine handling 
capabilities. 

During interrupt servicing, the ICC also stores the proper 
return address into a four deep, Last-In-First-Out (LIFO) 
stack. At the conclusion of the Interrupt service routine, the 
user program instructs the ICC to return to the main pro
gram at the location previously stored in the stack. The 
return operation is implemented by coding a special 
RETURN instruction which is decoded directly off the 
instruction bus by the ICC. There are five such special 
instructions relating to interrupt and subroutine handling 
functions performed by the ICC. These instruction codes 
are all treated as non-operational instructions (NOPs) by the 
MicroControlier. 

As shown in Figure 1, the ICC provides three prioritized 
interrupt request lines, INT 0 (highest priority), INT 1 and 

lo~115 PROGRAM MEMORY 

INSTRUCTION 
CE 

BUS I 
INTO ROM 

DISABLE 

INT1 

INT2 8X310 
INTERRUPT INTERRUPT CONTROL 

DISABLE 
COPROCESSOR 

10-115 

MCLK 

J 
MCLK 

8X305 
10-115 MICROCONTROLLER 

--
1VO-IV7 

t 
SYSTEM INTERFACE IV BUS 

Ao-A12 

I--- STACK FUI.L 

Ao-A12 

HALT 

I 
HALT 

Ao-A12 

Figure 1. Typical System Connections Using ICC 
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An internal one-bit mask is used to inhibit interrupt servic
ing. Whenever the mask is set, the ICC does not respond to 
any pending interrupt requests; however, any requests 
remain latched for future servicing. The mask can be set 
and cleared either by the user program or automatically dur
ing certain ICC functions. The special instructions SET 
MASK and CLEAR MASK are provided for user control. The 
Interrupt Disable Input also inhibits interrupt request 
servicing. 

The ICC provides a facility for implementing subroutines in 
the user program. A special PUSH instruction directs the 

8X310 PACKAGE AND PIN DESIGNATIONS 

N, I PACKAGE 

Vee 

A, A, 

A, 

A" 

'" A" 

A12 

HALT 

A, 

STF 

INTO 

INT1 MCLK 

INT2 115 

I" 

I" 

I" 

I" 

I" 

GND 

TOP VIEW 

ORDER NUMBERS 

N8X310N, N8X3101 
S8X31011883B. S8X31011883C 

Pin 
No. Identifier Function 

1,20 GND Ground. (Note: The printed circuit 
board should not use the ICC as a 
bridge for external ground.l 

2-9, A7-Ao, Program address Input lines from 
35-39 A12-A8 MicroControlier. Active high. Ao is 

MSB. 

10-12 INT O-INT 2 Interrupt request input pins. INT 0 has 
the highest priority and INT 2 the 
lowest - Edge-triggered on a low-to-
high transition. 

8X31 0 

ICC to store the return address into the stack in a manner 
similar to interrupt servicing. The jump to the subroutine, 
however, is performed by the user program. Subroutines 
may be nested (called from within other subroutines) 
depending on remaining vacancies in the four deep stack. 

In general, the ICC adds some useful and very flexible facili
ties to the 8X305-based system. It offers both hardware and 
software capabilities that can improve efficiency and 
decrease program size. These features, from both a chip 
and system aspect, are described in subsequent 
paragraphs. 

13-19, 10-16, Bidirectional instruction bus; 10 is 
21-29 17-115 MSB. When acting as an input, the 

ICC decodes the instruction flow 
(binary pattern on 10-115) between 
program storage and the 
MicroControlier. During an interrupt 
or return cycle, the ICC outputs a 
JMP instruction to the 
MicroControlier via these lines -refer 
to FUNCTIONAL OPERATION of 
ICC. 

30 MCLK ,lY!aster CLoc~ - active high input 
from 8X305 MicroControlier used for 
a timing reference and system 
synchronization. 

31 RD .B,OM (or PROM) .Qisable - active 
high output used to disable normal 
program storage so that the ICC can 
force an instruction to the 
MicroControlier. 

32 STF STack full - active high output. 
When the LIFO stack is full, STF goes 
high and remains high until at least 
one register in the 4-level stack is 
empty. 

33 10 .!.nterrupt .Qisable - active high. When 
this input pin is driven high, servicing 
of all interrupt requests is suspended. 

34 HALT Active low output. Suspends all 
processing operations of the 
MicroControlier during period when 
the source of instruction data is 
changing between the ICC and 
program storage. 

40 Vee +5 volt power supply. 
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FUNCTIONAL OPERATION 
Basic Functions 
The ICC performs the three general functions indicated 
below. 

Function 1: Provides a means for the 8X305 MicroControlier 
to respond to interrupt requests by diverting the program 
flow of the 8X305 MicroControlier to the proper Interrupt 
service routine or, in the case of a subroutine, the ICC 
stores the return address in the 4-level LIFO stack (Figure 
2), 

Function 2: Returns the user to the proper point in the main 
program for both interrupt and subroutine activities. 

Function 3: Provides both automatic and programmed 
masking capabilities. 

Interrupt Requests and Priority Considerations 
An interrupt is requested when anyone of the ICC input 
pins INT 0, INT 1, or INT 2 undergoes a low-to-high transi
tion; this request is temporarily stored in an internal 
edge-triggered latch that corresponds to the affected inter
rupt input. The interrupt request latches are part of the 
Priority and Mask Logic shown in Figure 2. Unless masked 
or otherwise disabled, the ICC samples these latches once 
each instruction cycle. Any or all of the latches may be set 
when sampled by the ICC; however, only the Interrupt of 

4-LEVEL 
LIFO STACK 

... 
A, 

A, 

A, 

'" 
A, 

... 
A, 

... 
Ag 

A10 

A" 

A12 

INTO 

INT1 
PRIORITY 

AND MASK 
INT 2 LOGIC 

10 

8X31 0 

highest priority will be serviced - the remaining interrupts 
will be held in queue. Thus, if INT 0, INT 1 and INT 2 simul
taneously compete for service, INT ° is the first to be 
serviced followed, in order, by INT 1 and INT 2; likewise, if 
INT 1 and INT 2 compete for service, INT 1, being of higher 
priority will be serviced first. The CLEAR INTERRUPT 
instruction resets all interrupt request latches without affect
ing an interrupt service routine that is already in progress. 

The highest priority interrupt request will be serviced when 
sampled by the ICC provided interrupts in general are not 
inhibited and a previous interrupt of equal or higher priority 
is not currently being serviced. The general masking of 
interrupts is discussed later. To determine priorities, the 
ICC keeps track of any interrupt that is serviced until the 
corresponding service routine returns. A subsequent 
interrupt request may interrupt a service routine In progress 
only if it is of a higher priority than that of the current 
interrupt being serviced. If, for example, INT 1 is requested 
and serviced, then before its service routine finishes, a 
request on INT ° can be serviced as a second level 
interruption. However, a request on INT 2 or a second 
request on INT 1 must wait until the original INT 1 service 
routine returns. The interrupt service routine that was inter
rupted will resume execution at the point of interruption 
when the higher priority service routine returns (i.e. in the 
same manner as when returning to the main program). 

r--CD--GND 

~GNO 

STF 

--@--Vcc 

10 

I. 

I, 

I, 
_-.n"'-__ I, 

" 
--""''''J'--'' 
-",,"'J"--o,o 

--.,.,=---'" 
--"""'F--'12 

'15 

MCKL 30 
* ___________________ -L ___ --1----INTERNALCHIP 
-' CONTROL 

Figure 2. 8X310 Interrupt/Control Coprocessor - Functional Block Diagram 
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Interrupt Servicing 

Interrupts are sampled only at the conclusion of an instruc
tion cycle while the next instruction is being fetched from 
Program Memory. 

When an interrupt request is serviced, the following general 
steps are performed: 

• Address of the instruction that would normally be exe
cuted next is pushed into the 4-level LIFO Stack (Figure 
2) for subsequent return to the main program. 

• The ICC disables program storage and forces a JMP 
instruction onto the Instruction bus of the 8X305 Micro
Controller. (Note: Because of timing considerations, the 
HALT signal is driven low to suspend operation of the 
MicroController for one instruction cycle; this permits 
the source of instruction data to change from program 
storage to the ICC without conflicU The JMP instruction 
from the ICC transfers the MicroControlier to one of the 
three fixed program locations shown below. In each of 
these addresses, the user will normally store a JMP 
instruction to the interrupt service routine for that partic-

Address Instruction 

0 (any) 

• • 
• • 
3 JMP MAIN 

4 JMP SERVO 

5 JMP SERV1 

6 JMP SERV2 

7 MAIN (any) 

• • 
• • 

SERVO (any) 

• • 
• • 

MAIN R6,R6 

SERV1 (any) 

• • 
• • 

MOVE R6,R6 

SERV2 (any) 

• • 
• • 

MOVE R6,R6 

8X31 0 

ular interrupt. Details of these operations are described 
later. 

INTO 
INT1 
INT2 

Return from Interrupt Service Routine 

Address 4 
Address 5 
Address 6 

Upon completion of the interrupt service routine, the user 
codes the special RETURN instruction. When executed, the 
ICC performs the following steps 

• The return address is popped from the LIFO stack. 

• The ICC disables program storage and forces a JMP 
instruction onto the MicroControlier instruction bus with 
the return address from the stack. (The HALT signal is 
driven low for one instruction cycle.) 

• The JMP instruction from the ICC transfers the Micro
Controller to the instruction that was about to execute at 
the time the interrupt was taken 

A typical structure for a user program which handles inter
rupts is shown in the following example: 

Comment 

First instruction executed after system reset 

Jump around interrupt vector locations. 

Service INT 0 interrupt. 

Service INT 1 interrupt. 

Service INT 2 interrupt. 

Continue main program. 

Begin INT 0 service routine. 

ICC RETURN instruction. End INT 0 service 
routine (resume main program execution). 

Begin INT 1 service routine. 

RETURN from INT 1 service routine. 

Begin INT 2 service routine. 

RETURN from INT 2 service routine. 
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Instruction Set 

The five instructions shown in Table 1 allow the user to effi
ciently manage both the interrupt and subroutine 
capabilities of the ICC in an 8X310/8X305-based system. 
When an ICC instruction appears in the program, it is inter-

Table 1. INSTRUCTION SET FOR ICC 

Instruction Codes 

Instruction Assembler Binary 

8X31 0 

preted as a NOP by the 8X305 but is captured and decoded 
by the ICC to perform the desired function. The capture
and-decode functions of the chip are automatic. Assembly 
and object codes for each ICC instruction are shown in 
Table 1. 

8X305 Description 
Operation of ICC Operation 

10= MSB 115 = LSB 
j j 

SET MASK MOVE R5,R5 000 00101 000 00101 NOP When executed, sets 
interrupt mask, thus 
inhibiting all interrupt 
servicing. 

CLEAR MASK MOVE R4,R4 000 00100 000 00100 NOP When executed, clears 
interrupt mask for all 
interrupts 

RETURN MOVE R6,R6 000 00110 000 00110 NOP When executed returns 
program to address at 
top of LI FO stack. 

PUSH MOVE R3,R3 000 00011 000 00011 NOP Pushes "address + 2" 
onto stack if PUSH is 
programmed on odd 
address in program 
memory and "address + 
1" if PUSH is 
programmed on even 
address. 

CLEAR MOVE R2,R2 000 00010 000 00010 NOP Clears all interrupt 
INTERRUPT 

Interrupt Masking Operations 

Certain operations performed by the ICC and also some 
system considerations require that program execution not 
be interrupted for a specified interval of time. The servicing 
of interrupts by the ICC can be inhibited in a number of 
ways. Any time interrupts are inhibited, the ICC ignores any 
latched interrupt requests. However, the interrupt request 
latches are not cleared so that any previously pending 
requests remain latched. Also, during an interval when 
interrupt servicing is inhibited, any new interrupt signals 
received will get latched. As soon as interrupt servicing is 
enabled, any latched requests can be serviced on a priority 
basis. 

The primary means of inhibiting interrupt servicing is the 
internal one-bit mask (Iatchl. This mask can be set (to inhibit 
interrupts) or cleared under control of the user program 
using the special ICC instructions SET MASK and CLEAR 
MASK - See Table 1. With these instructions, segments of 

requests; an interrupt 
service routine that is in 
progress is unaffected. 

the user program can be isolated so as to proceed without 
interruptions. Frequently, uninterruptable segments are 
needed at the very beginning of the user program <initializa
tion routine) and at the beginning of, or throughout an 
interrupt service routine. To facilitate this, the ICC automat
ically sets the mask whenever the MicroControlier executes 
address zero (typically resulting from a system reset) and 
whenever the ICC services an interrupt. The ICC also auto
matically clears the mask after performing a RETURN 
operation from an interrupt service routine; a RETURN from 
a subroutine does not affect the status of the interrupt 
mask. 

The Interrupt Disable (ID) input pin may also be used to 
inhibit interrupt servicing. Interrupt servicing remains dis
abled as long as a high level is applied to the input. The ID 
input has no effect, however, on the status of the internal 
interrupt mask. 
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To ensure proper program flow, the ICC suspends interrupt 
servicing momentarily during certain situations. During the 
cycle in which the MicroControlier encounters an XEC 
(Execute) instruction an interrupt will not be serviced. This 
is because the XEC causes the MicroControlier to issue an 
address of an instruction to be executed out of the 
sequence of normal program flow. This would not be a valid 
address. 

Interrupts are also suspended during execution of a PUSH 
or RETURN Instruction and the instruction immediately fol
lowing. This ensures proper operation of the LIFO stack. In 
addition, no interrupts are latched or serviced and no spe
cial ICC instructions are decoded at address zero which 
resets the ICC. 

Subroutine Calling 
The ICC provides for subroutine calling by storing the 
proper return address into the LIFO stack under control of 
the user program. Two instructions are required to imple
ment a subroutine call - a PUSH instruction executed by 
the ICC and a JMP to the subroutine executed by the 
MicroControlier. The PUSH instruction is normally pro
grammed at an odd-numbered address in program memory 
immediately followed by the JMP. When the PUSH instruc
tion is executed, the ICC finds the address of the next 
instruction (JMP to subroutine) on the MicroControlier's 
address bus. internally changes the least-significant bit to 
one (effectively adds one to the address) and stores this 
into the stack. Program execution proceeds normally and 
the MicroControlier makes the jump to the beginning of the 
subroutine. The subroutine may be located at any conve
nient place in program memory. 

Upon completion of the subroutine, the user codes the 
RETURN instruction in the same manner as for an interrupt 
service routine. At that point, the ICC forces the MicroCon
troller to resume execution of the main program at the 
instruction immediately following the JMP-to-subroutine 
instruction. 

Stack Operation 

The LIFO stack holds up to four 13-bit program addresses 
which allows the ICC to return from a subroutine or inter
rupt service routine. When all four stack locations are filled, 
the STack Full (STF) output pin is driven high and remains 
high until a RETURN (or reset) operation occurs. If an addi
tional interrupt is serviced or subroutine called while the 
stack IS full, the stack will overflow and the oldest return 
address will be overwritten and lost. That is, the stack 
retains the four most recent entries. After an overflow, the 
status of the STF output is not valid (until a reset operation 
occurs). 

To prevent an interrupt from overflowing the stack, the user 
can connect the STF output directly to the Interrupt Disable 
(JD) input of the ICC. Then, even if the internal mask and 
priorities permit interrupt servicing, the interrupt request 

8X310 

The code for a typical subroutine call-and-return is shown 
in the following example. 

Address Instruction Comment 

X (any MOVE R3,R3 PUSH instruction 
odd-numbered initiates subroutine 
address) call by causing ICC 

to push the address 
X+2 onto the stack. 
(The PUSH instruc-
tion is interpreted 
as a NOP by the 
MicroControlier.) 

X+1 (even) JMP SUBR The MicroCon-
troller JMPs to the 
beginning of the 
subroutine. 

X+2 (odd) (any instruction) Main program exe-
cution resumes 
here after RETURN 
from subroutine. 

• • 
• • 
• • 
SUBR (any (any instruction) Execution of sub-
address) routine starts here. 

• • 
• • 
• • 
(any address) MOVE R6,R6 RETURN instruc-

tion causes ICC to 
transfer program 
back to X+2. 

must still wait for the most recent service routine or subrou
tl ne to retu rn. 

Because subroutine calling is controlled explicitly by the 
user software, the user can always ensure that subroutine 
nesting alone could not overflow the stack. However, care 
must be taken whenever calling a subroutine from within an 
interrupt service routine since the number of remaining 
stack locations may vary at the time the interrupt is taken. If, 
for example, three stack locations are already filled (STF is 
low) at the time an interrupt is serviced, then a subroutine 
call executed within the interrupt service routine would 
cause the stack to overflow and the earliest return address 
to be lost. 

As mentioned earlier, whenever a RETURN operation is per
formed from an interrupt service routine, the internal 
interrupt mask is automatically cleared. A RETURN from a 
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subroutine, however, does not affect the status of the mask. 
To accomplish this, a flag bit is added to each of the four 
stack locations which records whether each address 
pushed into the stack is caused by an interrupt or a subrou
tine call. This flag is read dunng a RETURN operation to 
determine whether or not the interrupt mask is cleared. This 
allows interrupt servicing and subroutine calls to be inter
mixed in any order. 

Initialization 
The ICC decodes address zero as a reset command to per
form certain initialization functions. (Zero is the first address 
generated after the MlcroController is reset.! Specifically, 
the Instruction-bus dnvers are placed in a high-impedance 
state, HALT output is set high, RD output is set low, and all 
interrupt request latches are cleared. The interrupt mask IS 
set so that any Initialization routine by the user will not be 
interrupted until a CLEAR MASK instruction (MOVE R4,R4) 
is executed. The LI FO stack is reset to an empty state and 
the STF output is set low. 

SYSTEM TIMING RELATIONSHIPS 
Interrupt Servicing 
Interrupt serviCing begins at the end of a MicroControlier 
instruction cycle when the 8X305's MCLK signal goes from 
low-to-high. Starting from this point, processing of the 
interrupt proceeds as follows: 

From the rising edge of MCLK 1: 
• Interrupt mask is set to inhibit other interrupts. 

• HALT output is driven low to stop internal operation of 
the 8X305 MicroControlier for one instruction cycle; 
MCLK is unaffected. ROM Disable mD) output is driven 
high to disable program memory. 

From the falling edge of MCLK 1: 
• Takes address of next instruction from address bus and 

pushes it onto the top of stack to be used as the return 
address to the main program. 

From the rising edge of MCLK 2: 
• The ICC forces a JMP onto the instruction bus to one of 

three fixed vector addresses: 

8X31 0 

INTO 
INT 1 
INT2 

Address 4 
Address 5 
Address 6 

• Releases HALT (high) which allows the MicroController 
to complete the JMP to the above specified vector loca
tion in program memory. 

From the rising edge of MCLK 3: 
• Instruction-bus drivers of the ICC are disabled. 

• ROM Disable mD) pin is cleared (low) enabling the pro
gram memory which resumes control of the Instruction 
bus. 

Return Operation 

When the interrupt service routine or subroutine is com
pleted, the RETURN Instruction Initiates the following 
sequence of events: 

From the rising edge of MCLK 1: 
• Interrupts are temporarily inhibited through third MCLK 

cycle. 

• HALT output is dnven low to stop MicroController for 
one Instruction cycle. 

• RD output is set high to disable program memory. 

From the rising edge of MCLK 2: 
• HALT output is driven high (clearedl. 

• A JMP instruction to address stored at top of LIFO stack 
is forced onto the Instruction bus by the ICC. (The stack 
is popped,) 

From the riSing edge of MCLK 3: 
• Instruction-bus drivers of the ICC are disabled. 

• RD is cleared enabling the program memory. 

• If returning from an interrupt service routine (condition 
recorded in extra stack bit) the interrupt mask is cleared; 
otherwise the mask remains unaffected. 

Once the preceding return actions are completed, the 
8X305 MicroControlier will resume execution of the instruc
tion at the return address. 
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INTERRUPT CONTROL COPROCESSOR 

APPLICATION HINTS 

• When programming an interrupt service routine or sub
routine, certain system operations tYPically need to be 
considered. In many Interrupt-driven systems, a hand
shake signal IS required to acknowledge the servicing of 
an interrupt request. The acknowledge signal may be 
transmitted by the Interrupt service routine using a 
standard I/O port from the 8X300 Family. 

• If the user wants to allow a higher priority Interrupt 
request to Interrupt a service routine, then the CLEAR 
MASK Instruction should be programmed (perhaps after 
completing any critical operations) 

SUBROUTINE AUTOMATICALL V EXECUTES TWICE 

Address 

X (even) SUBR2 MOVE R3,R3 

X+1 (odd) (start of subroutine) 

• • 
• • 

MOVE R6,R6 

8X310 

• For both service routines and subroutines, the user may 
need to save the contents of some or all of the working 
registers of the MicroControlier so that operation of the 
main program IS not upset. Registers may be written out 
to a working storage RAM such as 8X350 near the 
beginning of the routine, and restored from RAM just 
before returning to the main program. 

• Certain subroutine calling techniques may be used to 
Increase the efficiency of the user program As shown In 
the following examples, a subroutine can automatically 
be repeated two, three or four times, If desired, without 
programming a loop. 

Instruction 

Push X+1 onto stack 

RETURN - First time jumps to X+1, second 
time jumps back to main program 

SUeROUTINE AUTOMATICALLY EXECUTeS THREE TIMES 

X (odd) SUBR3 MOVE R3,R3 Push X+2 onto stack 

X+1 (even) MOVE R3,R3 Push X +2 onto stack 

X+2 (odd) (start of subroutine) 

• • 
• • 
SUBROUTINE AUTOMATICALLY eXECUTES FOUR TIMES 

X (even) SUBR4 MOVE R3,R3 Push X+1 onto stack 

X+1 (odd) MOVE R3,R3 Push X+3 onto stack 

X+2 (even) NOP 

X+3 (odd) (start of subroutine) 

• • 
• • 

• In a manner similar to the MlcroController multi-way branch technique, one of several subroutines can be selected 
according to an Index value. 

SUBROUTINE CALL SELECTED BY VALUE IN 1\1 

Address Instruction 

X (odd) MOVE R3,R3 Push X+2 onto stack 

X+1 (even) XEC TABLE (R1) Execute JMP at TABLE + (R1) 

X+2 (odd) (any) Subroutine returns here 

• • 
• • 
(any) TABLE JMP SUBO Call SUBO If R1 = 0 

JMP SUB1 Call SUB1 If R1 = 1. 

• · 
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INTERRUPT CONTROL COPROCESSOR 8X31 0 

DC ELECTRICAL CHARACTERISTICS COMMERCIAL: Vee = 5.0 V (±5%); 0° C :S TA:S 70° C 

ABSOLUTE MAXIMUM RATINGS 

MILITARY: Vee = 5.0 V (±10%); TA 2 -55°C 
Te:S125°C 

Parameter Rating Unit Parameter Rating 

Vee Power supply voltage +7 VDC Va Off-state output voltage +5.5 

VIN Input voltage +5.5 VDC TSTG Storage temperature range -65 to +150 

Limits Limits 
(Commercial) (Military) 

Parameter Test Conditions Min Typ Max Min Typ Max 

VIH High Level Input Voltage 2.0 2.0 

VIL Low Level Input Voltage O.B 0.8 

VOH High Level Output Voltage Vee = Min.; IOH = -1.0 mA 2.4 2.4 

Vee = Min. COMMERCIAL: 
IOL=8 mA 0.55 

VOL Low Level Output Voltage 
MILITARY: 0.55 
10L = 4.25 mA 

VeL Input Clamp-Diode Voltage Vee = Min; leL = -10 mA -1.5 -1.5 

ilH High Level Input Current Vee = Max; VIH = 2.7 V 100 100 

ilL Low Level Input Current Vee = Max; VIL = 0.4 V -550 -700 

los Short Circuit Output Current Vee = Max; Va = 0 V -15 -80 -15 -80 

Vee = Max; 10-115 = High-Z 

TA= 0°C[2] 200 

lee Supply Current TA = 70°C 185 

T A = -55° C[2] 230 

Te=125°C 170 

AC ELECTRICAL CHARACTERISTICS 
LOADING: See TEST LOADING CIRCUITS 

COMMERCIAL: Vee = 5.0 V (±5%); O°C:S TA:S 70°C 

MILITARY: Vee = 5.0 V (±10%); TA 2 -55°C 
Te:S125°C 

Limits Limits 
References (Commercial) (Military) 

Parameter From To Test Conditions Min Typ Max Min Typ Max 

Pulse Widths: 
tWIH Interrupt High tlNTi IINTi 30 30 

tWIL I nterrupt Low IINTi tlNTi 35 35 

tWMH MCLK High tMCLK IMCLK For all Functions 40 47 

Propagation Delays: 
tPRH RD High tMCLK tRD I nterrupt or Return 70 75 

tPRL RD Low tMCLK IRD Interrupt or Return 15 17 

tPHL HALT Low tMCLK IHALT Interrupt or Return 70 87 

tPHH HALT High tMCLK tHALT Interrupt or Return 65 75 

tpSH Stack Full High IMCLK tSTF Interrupt or Subroutine 105 105 
Call 

tpSL Stack Full Low IMCLK ISTF Retu rn or Reset 110 115 

Signefics 

Unit 

VDC 

°C 

Unit 

V 

V 

V 

V 

V 

p.A 

p.A 

mA 

mA 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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INTERRUPT CONTROL COPROCESSOR 8X31 0 

AC ELECTRICAL CHARACTERISTICS (CONTINUED) 

Limits Limits 
References (Commercial) (Military) 

Parameter From To Test Conditions Min Typ Max Min Typ Max Unit 

Setup Times: 
tSIH Interrupt Input Setup[31 tlNTi tMCLK 35 35 ns 

tSA Address Setup Ao-A13 tMCLK Interrupt, Subroutine 0 0 ns 
Call, or Reset 

tsc Instruction Setupl5] 10-15 IMCLK All Commands Note Note ns 5 5 

tSD Interrupt Disable ID tMCLK 30 30 ns 
Setup[3] 

Hold and Reset Recovery 
Times: 
tHIL Interrupt Low Input tMCLK tlNTi 15 15 ns 

Holdl3] 

tHA Address Hold IMCLK Ao-13 Subroutine Call or Reset 75 90 ns 

tHC Instruction Hold IMCLK 10-15 All Commands 55 55 ns 

tHD Interrupt Disable Holdl3] tMCLK ID 25 25 ns 

tRI Interrupt Reset IMCLK tlNTi Reset or Cancel 70 70 ns 
Recovery! 4] Command 

Output Enable/Disable Delays: 
tOEC Instruction Output tMCLK 10-15 Interrupt or Return 70 87 ns 

Enable 

tODC Instruction Output tMCLK 10-15 Interrupt or Return 40 47 ns 
Disable 

Notes: 
1. All electrical characteristics are guaranteed after power is applied and thermal eqUilibrium has been reached. 
2. The 200 and 230 milliampere values are worst case over the entire temperature range for the Commercial and Military parts, 

respectively. 

3. Parameters tSIH, tHIL, TSD, and tHD are used only to determine whether an interrupt request will be serviced during the current or a 
subsequent instruction cycle The INTi and ID inputs are asynchronous and transitions on either input may safely occur at any 
time with respect to MCLK. A low-to-high transitIOn on INTI occurring after tSIH and before tHIL means only that It cannot be 
determined for sure whether or not the interrupt request will be honored dUring the current instruction cycle. Similarly, transitions 
on ID between tSD and tHD make it uncertain as to whether or not masking applies dUring the current instruction cycle. 

4. When clearing interrupt requests iincludlng a reset operatIOn), any new low-to-high transitions appearing at the INTi inputs that 
occur before tRI risk being cleared and therefore Ignored; however, any transition after tAl is certain to be latched. 

5. COMMERCIAL: tsc Imlnimum) = 15 ns - tPRL iactuall. 
MILITARY: tsc Iminimum) = 17 ns - tPRL lactuall. 
IThe required instruction enable time for the program memory depends on the sum of the tPRL and tsc.l 

TEST SETUPS 

RD, STF, and HALT Outputs -
206 n 

PIN UNDER TEST ~ 2.2V 

J: 50 pF 

10-115 Outputs (tOEC and tODC) tPZH and tPHZ: 
206 n 

PIN UNDER TEST ~ov 

r 50PF 

3-102 

tPZL and tPLZ: 

PIN UNDER TEST 

Notes: 
1. VMEAS = 1.5 V for all input signals and RD, STF, and 

HALT outputs. 
2. For 10-115 itOEc!: VMEAS = 1.5 V 

For 10-115 itoDe): VMEAS ItpLZ) = VOL + 0.5 V 
VMEAS itPHZ) = VOH - 0.5 V 
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INTERRUPT CONTROL COPROCESSOR 8X31 0 

TIMING DIAGRAMS 

INTERRUPT REQUEST TIMING: 

MCLK r---\ 
~------~I \~ ____ __ ={t"~SIH 

tWIL tWIH 

INTO,1 
AND 2 

~---------------------------------

INTERRUPT SERVICE TIMING: 

f*- Q4~~ ~ Q1;~ -i-- ~;~ ------I-- d~~ -i 

MCLK J\ ftlWMH r\ 
~ __________ --JI ~-------------~ ~~-------------{)~----

~NNTD02' ---------~ffi\..-------_I---_+--------_+_-+_---
PUSH THIS ADDRESS INTO LIFO STACK I 

Ise 
AD 

ST' 

10 

CLEAR INTERRUPT INSTRUCTION TIMING: 

MClK ~' ______ .J 

___________ ....:::..1::t====IHe----+i r-l---------, r-------

INT 0, 1, 
AND 2 

MOVE R2, R2 
(CLEAR INTERAUPT INSTRUCTION) 

Signetics 

I",~"",----_-

Legend: ~ HIGHZSTATE 

~ CHANGING DATA 
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INTERRUPT CONTROL COPROCESSOR 8X31 0 

TIMING DIAGRAMS (Continued) 

CALL SUBROUTINE TIMING: 

MelK -0--~Jk-'HA _I) ____ ~I\I......--
AO-A12 

10-115 (FROM 
PROGRAM 
MEMORY) 

STF 

I ODD ADDRESS 
PUSH THIS ADDRESS PLUS ONE 

INTO LIFO STACK 

I------IHC------I 

~------------~ 
MOVE R3. R3 (CALL SUBROUTINE) JMP TO SUBROUTINE 

RETURN TIMING (FROM INTERRUPT OR SUBROUTINE): 

MelK J\ 1\ {\ [\ 
~~'WMH~\-- -----------' '-----

'se 

RD 

I 

_____ 'PSL+--, 
STF ~ 

RESET TIMING: 

MelK .J\------.'Afi=:-'HA __ n_------'AI...-.-_ 

INT 0 1, 

AND2 
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BUS INTERFACE REGISTER ARRAY 8X320 

FEATURES 
• 16·byte/2·port Interface 
• a· or 16·bit primary port (Host) Interface (User selectable) 

Host System (primary port); the host can be almost any bus· 
oriented device-another processor, a minicomputer, or a main· 
frame computer. The host has 8·bit (byte) or 16·bit (word) access 
to the primary port; data can be read·from or written·into any 
memory location as determined by the primary·port address and 
control lines. The secondary port (8X305 bus) consists of eight 
input/output lines and four bus control lines. To implement the 
secondary·port interface, an 8·bit memory location is addressed 
during one machine cycle and, during another cycle, data is read 
or written under control of the secondary (8X305) processor. 
Both primary and secondary ports feature three·state outputs 
and both ports are bidirectional. 

• a·bit secondary port interface 
• Two a·blt flag registers (handshake control) 
• DMA or programmed 1/0 operation 
• Two three·state bidirectional ports 
• Secondary port Is bus compatible with aX305 
• Single 5V supply 
• 40·pln package 

ARCHITECTURAL OVERVIEW 
The Signetics 8X320 Bus Interface Register Array (Figure 1) is a 
dual·port RAM memory designed for use between a host proc· 
essor and a peripheral processor. Specifically, the register array 
provides a convenient and economical interface between the 
8X305 (or 8X300) M icrocontroller (secondary port) and User's 

Besides the convenience and economy of a two·port memory, 
the array also provides simple handshake control via two 8-bit 
flag registers, logic to facilitate DMA transfers, and a write
protect feature for the primary port in both byte and word modes 
of operation. 

BLOCK DIAGRAM 
SECONDARY PORT 

• 
PRIMARY PORT 

~------------------------~ . 
ME 

MeLK --GD----j 
se--"\..'~~~, 

we 

aX305 
PORT LOGIC 

ADDRESS LATCHES 
AND 

DECODE LOGIC 

aX305 
fV3 -(2i)--~~I-4_ DRIVERS/RECEIVERS 

IV"4 

16 X 8 MEMORY 

i FLAG-REGisTER" "-1 i-FLAG REGISTER- - - - -: 
I PRIMARY ADDRESS I I PRIMARY ADDRESS I 

: ~V;:D~_O~otel: ~Y;:D-: 1~ole : 
~ _S~C.9~D!,~Y _ A~~R~S,:; _ 6~8_ ~ L _ s~,:o~~~y ~~~E~S_ 6~ 8_ J 
IGEN PURPOSE"REGISTER: rGEN-PURP-OSE REGISTE~ 
IpRIMARY ADDRESS I I PRIMARY ADDRESS I 

: ~Y;:D-:2~ote : : ~Y;:D-_3~ole 
~~~N~A~Y_A~D~E~ ~2! _: ~E:'O~A~Y~D~R::S~3~ J 
:ciEN-PURPOSE REGISTERI 'GEN PURPOSE REGiSTE~ 
IpRIMARY ADDRESS I : PRIMARY ADDRESS I 
I BYTE- 48 [BYTE- 58 [ 
I WORD _ Nole I WORD _ Note 

~E~O~A~Y ~D~E~ ~4~ ~ ~E~O~A~Y ~D~E~ ~8 _ J 
:<lEN PURPOSE REGISTER: 
IPRIMARY ADDRESS 
I BYTE- 68 
I WORD- Nole 

~E'::O~D~A~ A~D~E~ ~68_ J 

,--------:-1 
,GEN PURPOSE REGISTER, 
I PRIMARY ADDRESS I 

I BYTE - 78 I 
I WORD - Nole I 

~E~O~~R~ A~D~E~ ~':.- J 
:GEN-PURPOSE REGISTE~ rGEN" PURPOSE~ REGiSii~ 
[PRIMARY ADDRE"S I I PRIMARY ADDRESS 
I BYTE _ 108 I I BYTE - 118 
[ WORD - Note I I WORD _ Nole I 

~E~O~A~Y~D~R':'S~ ~8_ J ~E~O!:~O~R~A~D.!!E~S_7~8 _ ~ 

;GEN PURPOSE RE~GiSTER: ~EN PURPOSE REGISTE~ 
IPRIMARY ADDRESS I PRIMARY ADDRESS I 
I BYTE - 128 I BYTE - 138 I 
I WORD - Nole I WORD - Nole 
ISECONDARY ADDRESS 728 I I SECONDARY ADDRESS 738 L __________ ~ ~ ___________ ~ 

~R~:~~~:D~~~S REGISTE~ :~R~::~~:~f;s-REGiSTER: 
I BYTE-148 I I BYTE-158 I 
I WOAD _ Nole I I WORD - Nole I 

~E~~~~ ~D~R':S: ~4~ _ j ~E~<:,N~A~Y ~D~RES:' ~5~ J 
iGEN-PURPOSE -REGlSTE~ ~GEN-PURPOSE-REGISTER: 
IpRIMARY ADDRESS I I PRIMARY ADDRESS [ 
I BYTE _ 168 I I BYTE - 178 I 
I WORD _ Nole I I WORD _ Nole I 

tE'::~':A~Y !D~~E~S _7~8 _ J ~E~~N~A~Y !,':D~E:S _7~ _ J 
Note 
In The Word Mode, The Registers Are Addressed In Specific Pairs -
Byte O/Byte 1, Byte 21Syte 3, Byte 41Byte 5 Byte 14/Byte 15, And 
Byte 16JByte 17 

'6 

USER-PORT 
ADDRESS DECODE 

Figure 1. Block Diagram of 8X320 Bus Interface Register Array 

Signetics 

DMAE 

WS 

R/W 

PIOE 

A3 

A2 

A' 

AO 

B/W 

D7A 

D6A 

D5A 

D'A 

D3A 

D2A 

D'A 

DOA 

07. 

06. 

05. 

0'. 

03. 

02. 

0'. 

OOB 
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BUS INTERFACE REGISTER ARRAY 8X320 

N, I PACKAGE 

GND IT ~vcc 
DMAE IT ~B/W 

D7A IT ~AO 
D6A [I ~A1 

~ D5A II ~A2 w 

~~ D4A II ~A3 
w~ D3A IT fEJ PIDE 
~ D2A IT rm RiW 

01A E2: aX320 ~WS BUS 
DOA ill INTERFACE ~iV7 
07a II! REGISTER ~iV6 ARRAY 

06B@ ~iV5 
'" oss@ ~1V4 

Q~ 048 ill ~iV3 ow 
o~ D3B@ ~iV2 

~ 02e ~ ~iVf 
018 DI ~iVO 
DOe QI tEJwc 
ME[2E ~sc 

GND ill: ~MCLK 
TOP VIEW 

ORDER NUMBERS 

N8X320N, N8X3201 

PIN NO. PARAMETER FUNCTION 

1.20 GNO Ground Circuit ground, 

2 OMAE Direct Memory Enables primary port to facolitate OMA transfers; does not affect secondary port. 
Access Enable 

3-18 00A-07AI Primary Data Port Sixteen 3·state lines used for data transfers to·and·from the primary data port; most 
00e- 07e significant bit is DOs and least significant bit is 07 A' 

19 ME Master Enable Enables secondary port when active low (ME), 

21 MCLK Master Clock When MCLK is high. and 8X320 is enabled (ME = Low). a register location may be either 
selected or written·into under control of se and we, 

22 SC Select Command With SC high. WC low, MCLK high and ME low. data on IVO through IV7 is interpreted as 
an address, If anyone of the 16 register addresses (608-778) matches that on the I I 0 
(IV) bus. that particular register is selected and remains selected until another address 
on the same bank (I.e, ME = low) is output on the 1/0 bus-at which time. the old 
register is deselected and a new register mayor may not be selected, 

23 WC Write Command With WC high, SC low. MCLK high. and ME low. the selected register stores contents of 
IVO-IV7 as data, 

24·31 IVO-IV7 Secondary Data Port Eight 3·state lines used to transfer data or I I 0 address to·and·from the secondary data 
port; most significant bit is IVO and least significant bit is IV7, 

32 WS Write Strobe When active high. data appearing at the primary port (00A-07 A/OOe-07e) is stored in 
the register array if the primary port is in the write mode, 

33 R/W Read I Write Control When this signal is high. primary port is in read mode; when signal is low, primary port is 
in write mode. 

34 PIOE Programmed I I 0 En· When active low, primary port operates in programmed input I output mode with register 
able to be read·from or written· into selected by AO-A3, 

35-38 AO-A3 Primary Port Selects register or register-pair that primary port is to read-from or write-into, Most 
Address Select significant bit is A3; least significant bit is AO. 

39 e/w eyte/Word When signal is high, the primary port operates in the byte (8-bit) mode; when signal is 
low, the primary port operates in the word (16-bit) mode. 

40 VCC Power +5 volts. 

All barred symbols (OMAE, etc) denote signals that are asserted (or active) when low 
(logical 0), signals that are not barred are asserted In the high state (logical 1) 
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BUS INTERFACE REGISTER ARRAY 8X320 

OPERATING CHARACTERISTICS 
Memory Organization 
Memory and address correlation for the 16-reglster array is 
shown in Figure 2. From the primary port, the sixteen a-bit 
registers can be addressed in either (a-bit) or word (16-bit) for
mat; in the word mode, the registers are addressed in pairs-
0a/1a, 2a/3a, 4a/5a, ... 14a/15a, and 16a/17a. From the secondary 

port, all registers are addressed In byte format-60a through 
77a. The m'emory consists of two a-bit flag registers and fourteen 
a-bit general-purpose registers. The flag registers facilitate infor
mation transfers between the two ports and, in addition, they 
protect certain registers from being written into from the pri
mary port. 

SECONDARY 
PORT 

MSB LSB 
iVO rv7 
I I FLAG REGISTER 

MSB LSB 
A3 AD 

11001111 ~~S~E~CON~D~AR~V~P~OR~T~A~O~OR!E=SS~=~.0~8~==j.--;======::;::;::;:::;;:;::;:::;:;:::====:;-l~ I I I!RIMARY PORT ADDRESS = 08 0000 

FLAG REGISTER t 
11001110 ---------------o .. ~S~EC~O~N~OA~R~V~POR~T~A~OD~R~ES~S~=~.~1~8==j r ooox 

L.;..;PR;;;IM;;;;A;;;RV;..PO~RT;..::AO;;:O::.:RE;;:S:;;S_=...;1~8 ____ .J""""""'" 0001 

GENERAL PURPOSE REGISTER 
11001101 ...... SECONDARY PORT ADDRESS 628 

PRIMARY PORT ADDRESS 28 

GENERAL PURPOSE REGISTER . SECONDARY PORT ADDRESS = 638 11001100 ---------------o.~~~~~~~~~~~~:j 
Gi..NERAL PURPOSE REGISTER 

11001011 _ SECONDARY PORT ADDRESS = 648 

PRIMARY PORT ADDRESS = 48 

PRIMARY PORT ADDRESS - 38 

GENERAL PURPOSE REGISTER . SECONDARY PORT ADDRESS = 658 

PRIMARY PORT ADDRESS = Sa 
11001010 ---------------o.~~~~~~~~~~==::J 

GENERAL PURPOSE REGISTER 
11001001 ___ SECONDARY PORT ADDRESS = 66a 

PRIMARY PORT ADDRESS = 68 

GENERAL PURPOSE REGISTER . SECONDARY PORT ADDRESS = 678 

PRIMARY PORT ADDRESS = 78 

11001000 -----------------------------o.~~~~~~~~~~~~:j 
GENERAL PURPOSE REGISTER 

11000111 _ SECONDAR'r PORT ADDRESS 708 

PRIMARY PORT ADDRESS 108 

GENERAL PURPOSE REGISTER . SECONDARY PORT ADDRESS 71 8 

PRIMARY PORT ADDRESS - 118 
11000110 ---------------o.~~~~~~~~~~~~:j 

GENERAL PURPOSE REGISTER 
11000101 ...... SECONDARY PORT ADDRESS = 128 

PRIMARY PORT ADDRESS := 12a 

GENERAL PURPOSE REGISTER . SECONDARY PORT ADDRESS = 736 

PRIMARY PORT ADDRESS = 138 
11000100 -----------------------------o.~~~~~~~~~~==::J 

GENERAL PURPOSE REGISTER 
11000011 ...... SECONDARY PORT ADDRESS - 748 

PRIMARY PORT ADDRESS 148 

GENERAL PURPOSE REGISTER . SECONDARY PORT ADDRESS = 158 

PRIMARY PORT ADDRESS = 158 
11000010 ---------------o.~~~~~~~~~~==::J 

GENERAL PURPOSE REGISTER 
11000001 ...... SECONDARY PORT ADDRESS = 168 

PRIMARY PORT ADDRESS = 16a 

. GENERAL PURPOSE REGISTER 
SECONDARY PORT AljtDRESS = 118 

PRIMARY PORT ADDRESS = 118 

Wi iV6 

}- :::: 
............... 0011 

1 
0100 

OlOX 

0101 

1 
0110 

011X 

0111 

1 
1000 

100X 

1001 

1 
1010 

101X 

1011 

1 
1100 

110X 

1101 

+ 
1110 

~ 
l11X 

1111 

I"~~---- EVEN ADDRESSES -------. I ... r----- ODD ADDRESSES -----.~I 

Figure 2_ Memory and Address Organization for the 8X320 
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BUS INTERFACE REGISTER ARRAY 

In either byte or word mode, the write-protect logic, imple
mented by bits FO and Fl of register 608, inhibits the primary 
port from writing into addresses 168 and 178, respectively. Both 
write-protect bits (FO and Fl) can be read or written from the 
secondary port; the bits are read-only from the primary port. 

As shown in Table 1, flag bits F2 through F7 of 608 and FO 
through F7 of 618 are controlled by the fourteen general-purpose 
registers. When anyone of these registers is written into by 
either port, the corresponding flag bit for that register is 
automatically set by internal logic of the 8x320. When informa
tion is read from any register, the corresponding flag bit must be 
reset by user software. Except for the write-protect bits, all other 
flag bits can be read or reset from the primary or the secondary 
port. Table 2 shows the relationship between bits of the flag 
registers and bits of the primary and secondary ports. 

Table 1. CONTROL OF THE TWO FLAG REGISTERS 

Flag 
60a (Oa) F2 F3 F4 F5 F6 F7 

Registers 61a (la) FO F 1 F2 F3 F4 F5 F6 F7 

Octal 
Address of 

Primary 
Controlling 

2 3 4 5 6 7 10 11 12 13 14 15 16 17 

Byte Secondary 626364656667 70 71 72 73 74 75 76 77 

Table 2_ RELATIONSHIP BETWEEN FLAG REGISTER 
BITS AND THOSE OF PRIMARY 
AND SECONDARY PORTS 

FLAG REGISTER 60s 

PRI~~~i - DO. 01. 02. 03. 04. 05. 06. 07. 

t t ! t t t t t 
REGISTE:~~~ -I F7 1 F6 1 F5 1 F4 1 F31 F2 1 Fl 1 FO 1 

t t ! ! ! ! t t 
SECONg~~i_ IVO ~ ~ ~ ~ ~ ~ IV7 

MSB • LSB 

FLAG REGISTER 61s 

PRIMARY _ DOs D1s D2s D3B D4s D5s D6s D7s 

PORT t I Itt t t t 
REGISTE:~~~ -I F7 1 F6 1 F5 1 F4 1 F3 1 F2 1 Fl 1 FO 1 

llllltll 
SECONDARY _ IVO 1\71 ~ ~ ~ ~ ~ WI 

ro~ ~ ~ 

FUNCTION AND CONTROL OF PRIMARY PORT 
The primary port provides an 8-bit (byte) or16-bit (word) interface 
between the 16·byte memory and the user's host system. If the 
host is an 8-bit system (or 16·bit system operating in Byte mode), 
the sixteen bidirectional I/O lines must be tied together (DOA to 
DOB, Dl A to Dl B, ... and D7 A to D7B); when data is input or out
put on DOA through D7 A, the remaining eight lines (DOB through 

8X320 

Other than the Byte/Word control line, specific operating char
acteristics of the primary port are controlled by two signals
PIOE (Programmed I/O Enable) and DMAE (Direct Memory Ac
cess Enable). When PIOE Is active (low) and DMAE is inactive 
(high), the primary port operates in the programmed I/O 
mode- refer to Table 3; in this mode of operation, the register to 
be read-from or written-into is determined by four address lines 
(AD through A3) and the Byte/Word control line-see Figure 2 
and Table 4. In the DMA mode of operation, Al, A2, and A3 are 
not used; data is read-from or written-into preassigned 
registers: bytes 168 (768) and 178 (778) for the byte mode of 
operation and bytes 148 (748)/158 (758) and 168 (768)/178 (778) for 
the word mode of operation. In both cases, switching between 
bytes 168 and 178 in the byte mode and 148/158 and 168/178 in 
the word mode is controlled by AD (the least significant address 
bit). Refer to Table 5. 

Table 3. MODE CONTROL OF PRIMARY PORT 

MODE PIOE DMAE 

Disabled (output) 1 1 

Programmed I/O 0 1 

DMA X 0 

x = Don t Care 

Table 4 defines programmed I/O operation of the primary port in 
terms of read/write functions and Byte/Word control. I n the byte 
mode, data is read-from or written·into the even addresses (08, 
28,48,68,108,128,148, and 168) via data lines DOA through D7 A; 
data is read·from or written-into odd addresses (18, 38, 58, 78, 
118, 138, 158, and 178) via data lines DOB through D7B. When AD 
is low (logical 0), even addresses are selected and when AD is 
high (logical 1), odd addresses are selected; thus, AD is the LSB 
of a 4·bit address. In the word mode, the state of AD is irrelevant, 
since both the odd and even bytes are, simultaneously, read
from or written·into; thus, a register pair is selected by a 3·bit 
address, A 1 being the LSB. 

In the DMA mode of operation with DMAE set to 0 and other con· 
ditions satisfied, data is directly transferred to·or·from specified 
memory locations under control of Byte/Word, R/W, and AD. The 
state of the Byte/Word control line determines whether the data 
word is 8 bits or 16 bits. The AD address line correlates eight of 

Table 4. PRIMARY PORT OPERATING IN 
PROGRAMMED 1/0 MODE 

DOA-D7A DOs-D7S 
MODE S/W AD (Even Addresses) (Odd Addresses) 

Read o (Word) X Stored Data Stored Data 

Read 1 (Byte) 0 Stored Data HI-Z 

Read 1 (Byte) 1 HI-Z Stored Data 

Write o (Word) X Write Write 

Write 1 (Byte) 0 Write No Change 

Write 1 (Byte) 1 No Change Write 

D7B) are high-Z and vice-versa. x = Don" Care 
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the sixteen data lines (DOA-D7 A or DOB-D7B) with the proper 
byte/word location. Thus, in the word mode, the exchange of 
data between the memory and the primary port occurs via 
DOA-D7 A for bytes 148 and 168 and via DOB-D7B for bytes 158 
and 178. The byte mode of operation is similar, except that the 
unused eight lines are three-stated. 

Table 5. DMA OPERATION OF THE PRIMARY PORT 

FUNCTION AND CONTROL OF SECONDARY PORT 
The secondary port provides an 8-bit interface between the six
teen memory registers and the 8X305 (or other processor). As 
shown in Table 6, the secondary-port interface is controlled by 
five input signals and a status latch. The status latch is set when 
SC is high (MCLK high/ME low) and a valid memory address 
(~-~) is presented to the 8X320 via the secondary data port 
(IVO-IV7). The latch is cleared by internal logic when an invalid 
memory address is presented at the secondary port. In all 
read/write operations from the secondary port, the status latch 
acts like a master enable; data can be transferred only if the 
status latch is set. 

Table 6. FUNCTIONAL CONTROL OF SECONDARY PORT 

STATUS 
ME SC' WC' MCLK R/W LATCH 

MODE 

Read 

Read 

Read 

Read 

Write 

Write 

Write 

Write 

BYTE/WORD AO DOA-D7A 

o (Word) 0 Data stored in 
byte 148 

o (Word) 1 Data stored in 
byte 168 

1 (Byte) 0 Data stored in 
byte 168 

1 (Byte) 1 HI-Z 

o (Word) 0 Write to byte 
148 

o (Word) 1 Write to byte 
168 

1 (Byte) 0 Write to byte 
168 

1 (Byte) 1 HI-Z 

FUNCTION OF SECONDARY BUS 

L L L X X Set Output data from BX320 memory to BX305 

DOB-D7B 

Data stored In 

byte 158 

Data stored in 
byte 178 

HI-Z 

Data stored in 
byte 178 

Write to byte 
158 

Write to byte 
178 

HI-Z 

Write to byte 
178 

L L H H H Set Data from BX305 is input and written·into a previously-selected memory loca-
tion of the BX320 (Note 2). 

L L H H L Set With the primary port in the write mode (R/W = 0), the secondary port is 
overridden and cannot write to the same register addressed by the primary 
port; however, the register addressed by the primary port can be read and 
any other register can be read-from or written-into from the secondary port 
(Note 2). 

L H L H X X Data transmitted to the secondary port via the IV bus IS interpreted as an 
address; if address is within range of 608-778 the memory status latch is 
subsequently set. 

L L H L X X Inactive 

L H L L X X Inactive 

L L X X X Not Set Inactive 

H X X X X X Inactive 

Notes' 
1 The SC and we Imes should never both be high at the same time, the 8X305 proc· 

essor never generates thiS condition 
2 Dunng read or write operations, the same register can be simultaneously ad

dressed from either port. For any write operation by both ports on the same 
register, the primary port has priOrity, other than thiS, the 8X320 does n01 mdlcate 
error conditions or resolve conflicts • 

3. X = Don't Care. ~~~ 
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DC CHARACTERISTICS o·e::5 TA::5 70·e; 4.75V ::5 Vee::5 5.25V 

PARAMETER TEST CONDITIONS1, 2 

Vee Supply voltage 

VIN (L) Low level input voltage 

VIN (H) High level input voltage 

VOL Low level output voltage Vee = 4.75V; 10L = 16mA 

VOH High level output voltage Vee = 4.75V; 10H = -3mA 

Vel Input clamp voltage 11= -5mA 

lee Supply current Vee = 5.25V (Both ports high-Z) 

lOS Short circuit output current3 Vee = 4.75V 

liN (l) we, MeLK, se, & ME Vee = 5.25V; Vil = 0.50V 

liN (l) B/W Vee = 5.25V; VIL = 0.50V 

liN (l) AO-A3 Vee = 5.25V; VIL = 0.50V 

liN (l) DMAE Vee = 5.25V; VIL = 0.5V 

liN (l) WS, PIOE, & R/W Vee = 5.25V; VIL = 0.5V 

liN (l) IVO-IV7 Vee = 5.25V; VIL = 0.5V 

liN (l) DOA-D7A/DOB-D7B Vee = 5.25V; VIL = 0.5V 

liN (H) we, se, MeLK, & ME Vee = 5.25V; VIH = 5.25V 

liN (H) B/W Vee = 5.25V; VIH = 5.25V 

liN (H) AO Vee = 5.25V; VIH = 5.25V 

liN (H) Al-A3 Vee = 5.25V; VIH = 5.25V 

liN (H) DMAE Vee = 5.25V; VIH = 5.25V 

liN (H) WS, PIOE, & R IW Vee = 5.25V; VIH = 5.25V 

liN (H) IVO-IV7 and DOA-D7 A/DOB-D7B Vee = 5.25V; VIH = 5.25V 

Notes 
1 Operating temperature ranges are guaranteed after termmal eqUilibrium has been 

reached 
All voltages are measured with respect to ground termmal 
Short only one output at a time 

TEST CIRCUIT 

Note' 

OUTPUT 
UNDER TEST 

CL includes Jig and probe capacitance 

3-110 
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lIMITS 

Min Typ Max 
UNIT 

4.75 5 5.25 V 

0.80 V 

2.0 V 

0.55 V 

2.40 V 

-1.00 V 

270 rnA 

-20 -100 rnA 

-1.0 rnA 

-1.6 rnA 

-1.0 rnA 

-800 /lA 

-400 /lA 

-400 /lA 
each line 

-400 /lA 
each line 

100 /lA 

240 /lA 

120 /lA 

60 /lA 

120 /lA 

60 /lA 

100 /lA 
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AC CHARACTERISTICS OF PRIMARY PORT o·C ~ TA ~ 70·C; 4.75V ~ vcc ~ 5.25V 
Loading: See Test Circuit 

Legend: WRITE CYCLE 

CHANGING OATA ~ 

Hi·Z I1il!I 

ADDRESS ACCESS TIME 

(A3-AO) _____________ _ AOORESS=f 

T"~ 
OATAIIO ------ -----------

(00. - 07.100. - 07.) 1.. _________ _ 

PRIMARY PORT ENABLEIDISABLE TIMES 

AOORESS 
(A3 - AO) 

OATAIIO 
(00. - 07.100. - 07.) _--'--"''-

PIOE, OMAE & Rliii 

WRITE STROBE (WS) 
---I---JI 

iV(OUTPUTTO 

8X320 

MICROCONTROLLER) .::.:,;=="f"======"'I''-------
OATAIIO ~!$mmD!cjt==~;;;f]!~~ (00. - 07.100. - 07.) 31: 

PARAMETER 

TAA Address Access Time 

TCE Primary port enable time 

TCD Primary port disable time 

TWSA Address setup time 

TWHA Address hold time 

TWSD Primary port data setup time 

TWHD Primary port data hold time 

Twsc Write mode control setup time 

TwHC Write mode control hold time 

Twp Write strobe pulse width 

TpD1 1 Primary port data delay 

TpD2 2 Primary port data delay from WS 

Notes' 

VLZ = VOL + O.SV 
VHZ = VOH - O.SV 

FROM 

A3-AO 

~PIOE 
~DMAE 

tPIOE 
tDMAE 

A3-AO 

~WS 

DOA-07 A/DOe-07e 

~WS 

PIOE 
OMAE 
Riiiii 

~WS 

DOA-07 A/DOe-b7e 

tWS 

1 Measurement with Write Strobe set High and the control signals of the secondary 
port set for output data from the same register 

2 Measurement With primary port data stable and control sIgnals of secondary port 
set for output data from the same register. 

TO 

DOA-07 A/OOe-07e 

OOA-07 A/OOe-D7e 

DOA-07 AIDOe-07e 

~WS 

A3-AO 

~WS 

DOA-D7 AIDOe-07e 

~WS 
~WS 
~WS 

PIOE 
DMAE 
Riw 

IVO-IV7 

IVO-IV7 

Signetics 

LIMITS 
UNIT 

Min Typ Max 

45 ns 

30 ns 

35 ns 

40 ns 

0 ns 

30 ns 

0 ns 

30 ns 
40 ns 
30 ns 

10 ns 
10 ns 
10 ns 

25 ns 

75 ns 

75 ns 
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AC CHARACTERISTICS OF SECONDARY PORT 

Legend: 
CHANGING DATA ~ 

THREE·STATE m 

SELECT CYCLE 

MCLK ---" 

SC 

O°C S TA S 70°C. 4.75V S VCC S 5.25V 
Loading: See Test Circuit 

INPUT CYCLE 

OUTPUT CYCLE 

8X320 

~T_SDl THD1~ 
iV(INPUTFROM "~==,,,,="'//-

MICROCONTROLLER We'/e'e'//e'e'& '-____ _ 

MICROCONTROLLER J J 
CONTROL SIGNAL' 

~ TOD'~ 
iV (OUTPUT TO 

MICROCONTROLLER) 

PARAMETER FROM 

tw MCLK pulse width 

TS01 Data setup time IVO-IV7 

TS02 ME setup time ME 

TS03 SC setup time SC 

TS04 WC setup time WC 

T H01 Data hold time ~MCLK 

TH02 ME hold time ~MCLK 

TH03 SC hold time 'MCLK 

TH04 WC hold time 'MCLK 

T PD3 (Note) IV propagation delay IV 

TOE Output enable ME, SC, orWC 

Too Output disable ME, SC. orWC 

Note: 

'PARAMETER KEY 

MICROCONTROLLER CONTROL SIGNAL 
ME 
WC 
SC 

TO 
Min 

30 

~MCLK 35 

~MCLK 30 

~MCLK 30 

~MCLK 30 

IVO-IV7 0 

ME 0 

SC 0 

WC 0 

DOA-D7 A/DOs-D7 s 

IVO-IV7 

IVO-IV7 

Measured with MCLK = High and control signals of the primary port set for output data from the same regIster 

3-112 Signetics 

LIMITS 

Typ 

STATIC CONDITIONS 
SC=WC_LOW 
SC=ME=LOW 
WC=ME=LOW 

UNIT 
Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

45 ns 

30 ns 

20 ns 
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FEATURES 
• Single or double density 

encoding/decoding 
• On-chip data separator 
• Programmable: 

FM, MFM, and M2FM encoding/decoding 
Preamble Polarity 
Data transfer rate 
Address mark encoding/decoding 
Sector length 
Output port (7-bits disk command) 
Input port (5-blts disk status) 

• Write Precompensatlon 
with on/off control 

• On-chip phase lock loop 
• CRC generator with 

software-controlled error correction capabilities 
• 40-pin package 
• +5 volt operation 

PRODUCT DESCRIPTION 
The Signetics 8X330 Floppy Disk Formatter/Controller is 
a monolithic peripheral device of the 8X300 Family. The 

BLOCK DIAGRAM 

NOTES 
1 Components shown With dotted Imes are located off-chip 

8X330 

chip uses Bipolar-Schottkyfl2L-Technology and some very 
unique features to provide 8X330 customers with a com
petitive edge in both simple and complicated disk
controller designs. The competitive advantage is measur
able in terms of "systems parts count", "error correction 
capabilities", and "overall design concepts" that are 
applications oriented. Except for a crystal, a capacitor, an 
external transistor acting as a series-pass element for the 
on-Chip voltage regulator, an active low-pass filter, and an 
optional off-chip voltage controlled oscillator (refer to 
Features and Option), the 8X330 contains all processing 
circuits and the required control logic to encode/decode 
double-density (MFM/M2FM) and single-density (FM) 
codes. Even the data-separation and write-precompensa
tion logic are located on the chip; in addition, 16-bytes of 
scratch-pad RAM are provided for storage of various con
trol/status parameters. 

OPTION: External Voltage Controlled Oscillator (VCO). For 
critical applications, window margins can be 
improved by as much as 6% with the use of an 
external VCO. 

~£_-r-----' 

2 Certain bits of the status/control registers connected to the I/O bus are 'read-only', this 
distinction IS not shown In the diagram 

1 + l~f 
~~1:~ ri 

3 Greater detail for the more complicated blocks (Phase-Lock Loop, Data Separator, etc) 
are shown In other areas of this data sheet 

DISK 
CONTl'IOL 

Signefics 

I-=-..&.. 1~' 
I ~ 

~!!_l ___ J 

" 
1----__ -CD-~X2--~ 

e, 

~} I--~-_{>o)- .u. 
~-~-_{E}-PIm 

r<Ir-- OND 

~GND 

I---_{D-ffii 

r---------{~---" 
r-J..~-'_'_'_r_- .. 

H-~_{:D_-DW 
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8X330 PACKAGE/PIN DESIGNATIONS 

N PACKAGE 

VCC 

VR 

VCR 

C2 

C1 

CCO 

PUP 

PDN 

8X330 
IV7 FLOPPY DISK 

FORMATTER-
DC3 CONTROLLER iVa 

DC2 iV5 

DC1 iVi 

DSS iVa 

DS4 iV2 

DS3 iV1 

052 iVO 

051 WC 

Po SC 

MCLK 

ME 

TOP VIEW 

ORDER NUMBER 

N8X330N 

PIN NO. MNEMONIC&DEFINITION FUNCTION 

1,20 

2,3 

GND 

X1, X2 

Ground 

Crystal Inputs 

DW Data write 

DR Data read 

6-12 DC1-DC? Disk commands 

13-17 DS1-DS5 Disk status 

Circuit ground 

Inputs from a crystal that deter
mines frequency of an on-chip 
crystal oscillator 

A senes of negative-going pulses 
transmitted to the disk dnve The 
data write signal produces pulses 
(with precompensatlon, If re
qUired) for data and clock In accor
dance with the applicable encod
Ing rules (FM, MFM or M2FMI 

Negative-going pulses transmItted 
from the disk drive to a Schmrtt
trigger Input of the 8X330, these 
pulses represent encoded data and 
clock from the disk media 

Seven outputs from the 8X330 that 
allow general-purpose control, of 
one or more disk drives 

FIVe general-purpose Schmrtt
trigger Inputs from the disk dnve 
(or dnves) that provide status Infor
mation for the 8X300 

8X330 

PIN NO, MNEMONIC & DEFINITION FUNCTION 

18 

19 

21 

22 MCLK 

23 SC 

24 WC 

25·32 IVO-IV? 

33 PDN 

34 

35 CCO 

36-3? C1, C2 

38 VCR 

39 VR 

40 Vee 

Power fall 

Write gate 

Master enable 

Master clock 

Select command 

Wnte command 

Input/output 
lines 

Pump down 
output 

Schmitt-trrgger Input from exter
nal logic that is actIVe (low) when 
the "user-sensed" power supply 
voltage drops below a predeter
mined value 

When active (Iowl, this 40-
milliampere open-collector output 
enables wntlng to the disk media 
When Pi" IS low, the wrrte gate IS 
inhibited during penods of power 
supply uncertainty 

When this Input signal is actIVe 
lIowl, the 8X330 can be accessed 
and enabled by the 8X300 (Refer to 
the LB and RB pinout discriptlons 
of the 8X300 for further detail I 

When active high and with ME rn 
the active-low state, this rnput sig
nal provides a means whereby the 
110 output from the 8X300 IS Inter
preted as an enabling address 
(provided there IS an address 
match) or as mput data (If one of 
the 8X330 registers has already 
been selectedl 

When this signal is active (high), 
the information output on pins IVO
IV? of the 8X300 IS rnterpreted as 
an address Input by the 8X330 

When this signal IS active (hlghl, 
the Information output on pins IVO
IV? of the 8X300 IS Interpreted as 
Input data by the 8X330 

Eight three-state input/output lines 
that provide bldrrectional data 
transfers between the 8X300 and 
the enabled I/O device, IV? IS the 
Least Slgmficant BIt. 

Open-collector output of on-chip 
phase detector which indicates (by 
a negative-going, quantized, 
pulse-width modulated slgnall that 
Internal ceo frequency IS too 
high 

Pump up output Open-collector output of on-chip 
phase detector which rndlcates (by 
a negative-going, quantized, 
pulse-Width modulated slgnall that 
internal ceo frequency is too low. 

Frequency Con- Vanable mput current from ex
trol Input for Cur- ternal low-pass filter that 
rent-Controlled controls the frequency 
Oscillator of the OSCillator 

Capacitor Input Inputs for capacitor that de
terminals termines center frequency of 

the current-controlled OSCillator 

Regulated supply DC voltage rnput from emlt
voltage ter of external senes-pass transIs

tor, this voltage powers Internal 
logic of chip 

Reference volt
age 

Reference voltage output to base 
of senes-pass transistor, this ref
erence controls VCR 

Supply voltage +5 volt power 
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SYSTEM INTERFACE 
A typical floppy disk controller using an 8X300 microcon
troller and the 8X330 is shown in Figure 2. The non-shaded 
portion of this particular configuration can service the 
command, status, and input/output requirements of two 
double-sided disk drives and, under software supervision, 
the system can read/write single-density IFM) or double
density IMFM/M2FM) codes. Interface requirements are 
simple-on one hand, consisting of the 8X300 microcon
troll~r and, on the other, the two disk drives. All 8X330 
control and data registers directly linked to the micropro
cessor interface IFigure 1) are addressable and appear to 
the 8X300 as simple I/O ports; a 13-bit address bus and a 16-
bit instruction bus provide communications between the 
8X300 and up to 8K of microprogram storage. 

The disk-drive interface consists of seven (7) output control 
lines IOC1-0C7), five (5) input status lines IOS1-0S5), a write 
gate IWG), a data- write output (OW), and a data-read input 
lOR), The twelve command/status lines are not dedicated; 

MICROPROGRAM 
STORAGE 

8X330 

thus, the user can assign system functions to best suit a 
given application. As shown in Figure 2, all control lines 
except WG are buffered to accommodate a reasonable 
distance between the controller and the disk media; the 
Write Gate, being a 40-milliampere output, requires no 
buffering. 

As shown by the shaded part of Figure 2, the control and 
status lines can be expanded with peripheral hardware-the 
8T32 (in this example) being only one method of implemen
tation. Using this particular technique, one I/O port is totally 
dedicated to output control, whereas, the other port is 
totally dedicated to input status. With additional hardware 
and supporting software, the disk-drive system can be 
expanded without limit; however, from a point of being 
practical, five or six drives is sufficient for most applica
tions. By using the programmable features of the 8X330, the 
user can emphasize and prioritize those system parameters 
that are most important-economics, reliability and/or 
speed. 

HEAD DIAECTION-----t:>-:--

HEAD STEP t:>-
DI$K SELECT n----t>---:-
DISK SELECT ~2--:-------t:>-
SIDE SElECT-----t:>---:--

HEAD LOAD t:>-
LOW WRITE CURRENT----t>-=--

·---h 

USER-DEFINED 
DRIVE-CONTROL 

FROMDISI( 
DRIVES 

1 "'R-.'''"'. 
DRIVE-STATUS 
SIGNALS 

Figure 2. Typical Interface Using an 8X300 Microcontroller 
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FUNCTIONAL OPERATION 
As shown in Figure 2, the interface between the aX300 and 
aX330 consists of twelve (12) lines-IVO-IV7, SC, WC, 
MCLK, and ME; the Master Enable (ME) input (pin 21) is 
driven from either the LB (Left Bank) or RB (Right Bank) 
output of the aX300. An expanded view of this interface is 
shown in Figure 3 and, as indicated, the aX330 appears as a 
number of addressable registers (1108-1278 and 1328-1378) 
under input/output control of the aX300. These registers are 
used for general-purpose storage, data-transfer operations, 
disk commands, disk status, and various control functions. 
Design-oriented information for these registers and other 
data-processing/logic functions of the aX330 are described 
in the paragraphs that follow; in all of these registers, bit 0 is 
the Most Significant Bit (MSBl. 

IV BUS 

N---sc 
n---wc 

MCLK 
~---iiE 

REGISTER 
CONTROL 

8X330 

NOTE 
When power IS first applied to the 8X330, the Disk Command lines (OC1-DC7), the Wnte 
Gate (WG) output, and contents of Command/Status Register #2 (CSA #2) are set to 1 
(high) The wakeup state of all other bits IS undefined 

General-Purpose Register File 
This general-purpose (scratch pad) memory is directly 
accessible by the aX300 and is used to store system vari
ables such as track address, sector address and other 
necessary parameters. The sixteen a-bit registers (1108-
1278) provide sufficient on-chip memory to accommodate a 
minimum of two disk drives; the maximum numberof drives 
that this non-dedicated memory file can support depends 
on several factors-system configuration, reliability re
quirements, economic constraints, and so on. Because of 
the on-chip file, all other system memory can be dedicated 
to the purpose of handling data to-and-from the disk media. 

>~-----. g~~MANOS 

BYTE 
COUNTER 

CHIP CONTROL LOGIC 

PHASE-LOCK LOOP (PLL) 
and DATA-SEPARATION LOGIC 

SYSTEM CLOCK 

CHIP STATUS 
and CONTROL 

,-----PRECOMPENSATION CLOCK 

,-----DATAfCLOCK WINDOW -----' 

,---- SYNCHRONIZED DATA ------' 

DATA PROCESSING and 
ERROR-CHECK FUNCTIONS 

DISK 
STATUS 

POWER 
FAIL 

READ DATA 
FROM DISK 

WRITE DATA 
TO DISK 

Figure 3. An Expanded View of the 8X330/8X300 Interface 
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Command/Status Register #1 (CSR 1/Address 1328) 
The disk status (read) or disk-command (write) contents of 
this register are interpreted as follows; unless otherwise 
indicated, all bits of CSR 1 are read/write from the I/O bus. 

Bit 0 (W,rlte g,ate ~nable) 
Enables write gate output (WG/pin 19) to disk drive(s)-the 
write gate (WG) cannot be enabled unless the PF input pin 
(18) is high. When the WGE bit is set to a, theWG ouput pin is 
low (enabled); when WGE is set to 1, the WG output is high 
(disabled). If the PF input goes low while the WG output is 
low, the WG output will go high and the Write Gate Enable 
bit is reset to 1. 

Bit 1 (CRC Enable) 
When set to 1, permits internal CRC register to compute 
remainders on the data stream in either read or write modes 
of operation. When set to a, the CRC register becomes the 
source of data. A change in the CRC Enable bit does not 
become effective until the "next BYTRA flag appears" 
following the command bit change-refer to description of 
CSR 1/Bit 6. 

Bit 2 (Qata Beglster ~ontrol) 
When set to a, contents of data register consists of inter
leaved data-and-clock bits; starting from the MSB (IVa) 
position, reg ister contents are: Clock 1, Data 1, Clock 2, 
Data 2, Clock 3, Data 3, Clock 4, and Data 4. When writing an 
address mark, the appropriate data/clock pattern is loaded 
into the data register by the 8X3aa. Since each byte of data 
from the processor becomes an interleaved pattern (4-bits 
of data and 4-bits of clock) in the 8X33a data register, two 
bytes from the processor are required to write each full byte 
of address mark to the drive-eight bit cells with each cell 
containing a possible data and/or clock transition, or a total 
of 16 bit positions. When writing address marks, the normal 
on-chip clock insertion circuitry of the 8X33a is inhibited; 
thus, the user is free to define any clock/data pattern for the 
address mark. 

When reading address marks, the data register is loaded 
with data and clock representing four bit cells from the disk 
media. The information in the data register can then be 
compared with the expected address mark by the 8X3aa on 
a nibble-by-nibble basis. When the DRC bit is set to 1, the 
data register contains separated data (no clocks). A state 
change in this bit does not become effective until the "next 
BYTRA flag appears" following the state-change command. 

Bit 3 (Sync Enable) 
The Sync Enable bit allows the on-chip data separator to 
obtain bit and byte synchronization; this bit also controls 
initialization of the CRC Register. With the 8X33a in Read 
mode and with Bit 3 set to a, bit synchronization occurs. The 
Preamble field is assumed to be all "zeroes" or all "ones" as 
determined by the Preamble Select bit (CSR 2/Bit 4). 

When the proper number of preamble bytes, as determined 
by the disk-control program, have been found, the Sync 
Enable bit should be changed, under program direction, to 

a 1. This puts the 8X33a in the Address-Mark search mode. 
Accordingly, all bits of the CRC Register are preset to 1, the 
BYte TRAnsfer flag is inhibited, and the 8X33a examines the 
data stream for an Address Mark. The Address Mark is 
detected by observing the data and clock bits to find a 
change in the normal Preamble pattern. Byte synchroniza
tion is achieved by assuming that the change occurred in 
the bit cell determined by two Bit Select bits (CSR 2/Bits 2 
and 3), 

When the pattern change is found indicating the start of an 
Address Mark, the 8X33a starts CRC computation and 
synchronizes BYTRA to the byte boundaries. Note that the 
8X33a presumes an Address Mark by finding a change in the 
preamble pattern; however, it is up to the 8X30a to read the 
Address Mark and to establish its validity or non-validity 

In write mode, setting the Sync Enable bit to a presets all 
bits of the CRC Register to 1. Setting the Sync Enable bit to 
1 allows CRC computation to begin at the next byte boun
dary. 

Bit 4 (Load Counter) 
When set to 1, transfers 8-bits of data from Sector Length 
register and 1-bit (MSB) of data from Byte Counter (refer to 
next description) to 9-bit Byte Counter. Loading of the 9-bit 
Byte Counter is effective one bit-cell time after the Load 
Counter bit is set to 1. In both the read and write modes of 
operation, the Byte Counter is incremented by BYTRA. The 
Load Counter bit is self-clearing and always returns a a 
when read. 

NOTE 
The Load Counter bit must be set one or more instruction cycles after setting the Byte 
Counter MSB, that IS, bits 4 and 5 ofeSR 1 cannot beset dunngth same Instruction cycle 

Bit 5 (Byte Counter MSB) 
This bit is used to set and monitor the state of the ninth 
(MSB) bit in the Byte Counter; reading this bit always 
returns the current state of MSB in the Byte Counter. The 
MSB of the Byte Counter is set to the value of CSR 1/Bit 5 
when the Load Counter bit (CSR l/Bit 4) is asserted-refer 
to preced ing description. 

NOTE 
The Byte Counter MSB must be set one or more Instruction cycles before the Load 
Counter bits-bits 4 and 5 of eSA 1 cannot be set dunng the same instruction cycle 

Bit 6 (BYTRA) 
During a disk read operation, the BYte TRAnsfer flag is 
automatically set to a when 8-bits of information are trans
ferred from the Data Shift Register to the Data Register 
-see Figure 1. During a disk write operation, BYTRA is 
automatically set to a when 8-bits are transferred from the 
Data Reg ister to the Data Shift Register. BYTRA (a read-
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only bit> is reset to a 1 when the Data Register(address 1378) 
is selected by the user's program. During read/write opera
tions, the 1-to-Otransition of the BYTRA flag increments the 
Byte Counter to keep count of bytes read or bytes written. 
All read-only bits of the 8X330 are designed to remain stable 
during the monitor period; thus, to read a status change of 
BYTRA, Disk-Status bit, the Byte Counter MSB, or other 
read-only bit requires a two-instruction loop similar to: 

TEST SEL 
NZT 

Bit 7 (Disk Status 1) 

CSR 1 
BYTRA, TEST 

Reflects state (0 or 1) of input DS1 (pin 17); this is a user
definable read-only bit. 

NOTE 
A high Input on anyone of the Disk Status lines oftheBX330 IS read by the 8X300 program 
as a logical 1 and a low Input on the status lines IS read as a logical 0 

Command/Status Register #2 (CSR 2/Address 1338) 

The disk status (read) or disk-command (write) contents of 
this register are interpreted as follows: 

Bit 0 (Precompensation Enable) 
This command bit determines whether or not precompen
sation is applied to the data stream being written onto the 
disk. When set to 0, precompensation is inhibited. When set 
to 1 and with double-density encoding, write precompensa
tion is applied to the following data/clock bit patterns: 

Precomp Dala/Clock Pattern BIIBelng Bits Already Written 
Time (In Dala Shlfl Reg) Written 10 Disk 
2T (Late) 0 1 0 0 0 0 
2T (Late) 0 1 0 0 0 1 
2T (Earlyl .1 0 0 0 0 
2T (Early) 0 0 0 0 0 

where. T = If bit 7 of CSR 2 (1/,F) = 1 
crystal frequency 

2 
T = If bit 7 of CSR 2 (1/2F) = 0 

crystal frequency 

Bit 1 (Read Mode) 
When set to 0, the 8X330 reads data from the disk and 
transfers it to the Data Register; when set to 1, data from the 
Data Register is transferred to the disk, provided the Write 
Gate Enable bit (CSR1/Bit OJ is set to 1. With WGE set to 0 
and the Read Mode bit set to 1, the current-controlled 
OSCillator is forced to lock onto the crystal oscillator; this 
technique is used during a data-read operation to ensure 
rapid acquisition of the disk data. 

Bits 2,3 (Bit Selects 1 and 0) 
Together with the Sync Enable (CSR 1/Bit 3), these two bits 
allow the user to establish byte boundaries for the data 
stream; this is done in the following way. After bit synchron
ization is established, and the preamble pattern is verified, 
the 8X330 looks for a change in the normal preamble 
pattern. As shown in the following truth table, Bit Select 1 

8X330 

(Bit 2) and Bit Select 0 (Bit 3) identifies the bit cell within the 
first nibble of the first Address-Mark byte in which the first 
deviation from the normal preamble is expected. BYTRA is 
always referenced to bit cell O. 

BS 0 

o 
o 
1 

Bit 4 (Preamble Select) 

BS 1 

0 
1 
0 

Bit Cell 

0 
1 
2 
3 

This bit is used only for bit sychronization-refer to CSR 
1/Bit 3. With Bit 1 of CSR 2 set to 0 (Read Mode) and the 
Preamble Select bit set to 0, the preamble field is assumed 
to be all zeroes; with the Preamble Select it set to 1, the 
preamble field is assumed to be all ones. In either case, 
preamble validity is determined by the 8X300. 

Bits 5,6 (El and E2) 
Together, E1 and E2 select the encoding scheme used to 
write data on the disk-refer to truth table that follows. 

El E2 Encodihg Scheme 

1 X FM 
0 0 MFM 
0 1 M2FM 

x = don't care 

Bit 7 (1/2F) 
This bit allows the data transfer rate to be changed without 
modification of the frequency-selective components in the 
data-separation logic; thus, differences in data transfer 
rates between standard-and-mini floppies can be accom
modated via software-no component or other hardware 
changes. Assuming an 8 MHz crystal and with the 1/2F bit 
set to 1, the data transfer rate is 2S0K-bits per second in the 
single-density (FM) mode and SOOK-bits per second in the 
double-density (MFM/M2FM) mode. When set to 0, the 
transfer rates are halved-12SK-bits and 2S0K-bits, respec
tively. When using frequencies other than 8 MHz, the data 
transfer rate is determined as follows: 

Single-Density Double-Density 
Bit 7 (1/2F) (FM) (MFM/M2FM) 

0 xtal freg xtal freg 
64 32 

xtal freg xtal freg 
32 16 

Command/Status Register #3 (CSR 3/Address 1348) 

This register contains seven bits (Bit 0 through Bit 6) which 
determines the state of the disk-command outputs; writing 
to Bit 7 has no effect and reading Bit 7 always returns a zero. 
When a logical "1" is specified by the 8X300 program for a 
given disk-command line, a high will appear at the output of 
the 8X330 for that particular command line. Each bit and the 
output pin it controls are summarized below. 
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Bit (CSR 3) Control Function Pkg Pin No. 

o DC1 Output 12 
1 DC2 Output 11 
2 DC3 Output 10 
3 DC4 Output 9 
4 DC5 Output 8 
5 DC6 Output 7 
6 DC7 Output 6 

Command/Status Register #4 (CSR 4/Address 1358) 

This register contains four bits (Bit 0 through Bit 3) which 
reflect the state of the disk-status inputs to the 8X330; 
reading all other bits (4 through 71 always returns a zero. 
These read-only bits and the reflected status they represent 
are as follows; the information specified by notation for Bit 
7/CSR 1 is applicable to these input lines. 

Bit (CSR 4) Control Function Pkg Pin No. 

0 DS2 Input 16 
1 DS3 Input 15 
2 DS4 Input 14 
3 DS5 Input 13 

Phase Lock Loop (PLL) and Data Separation Logic 
An expanded view of the phase-lock loop and the data
separation logic is shown in Figure 4. Basically, the PLL 
consists of two counters, a phase detector, and a feedback 
loop containing a low-pass filter (off-chip) that controls a 
phase-locked oscillator (CCOI. In simplified form, the data
separation logic consists of data flip-flops (pulse synchron
izer) and other circuits required to separate data and clock 
transitions. In the read mode, the output of the phase
locked oscillator (CCO) is applied to the clock Inputs of 
counter #1, counter #2, and the pulse synchronization 
circuits. Essentially, the frequencies of the two counters are 
identical (phase relationships mayor may not be identical); 
to maintain proper frequencies and to continuously correct 
for any phase deviations, the following actions occur. 

Preset values which represent, respectively, nominal mid
pOints of the clock and data windows are present at counter 

8X330 

Sector Length Register-Address 1368 

This register contains the load value for the lower eight 
(LSBs) bits of the Byte Counter Data is transferred from the 
Sector Length Register to the Byte Counter under control of 
Load Counter Bit in CSR 1. When the contents of this 
register are transferred to another location via a read or 
write commands, the original holding of data is not lost; 
thus, if the same data is to be used more than once, a 
repetitive read or write can be implemented without reload
ing the register. 

Data Register-Address 1378 

Together with the Data Shift Register, the Data Register is 
used for bidirectional transfer of data between the 8X330 
and the 1/0 bus. All transfers to-and-from this register are 
made in conjunction with Bit 6 (BYTRA-Byte Transfer 
Flag) of CSR 1. When the Data Register Control bit (CSR 
1 IBit 2) is set to 0, the content of this register is interleaved 
with four bits of data and four bits of clock. When data is 
transferred from the Data Register to the Data Shift Regis
ter, the original content of the Data Register is not lost. 

#2 and, when an output appears at the pulse synchronizer, 
these preset values are entered. The count sequence for 
both counters is from "0 to F"; hence, the phase difference 
between Carry 1 (counter #1) and Carry 2 (counter #2) 
actually corresponds to any phase deviation between the 
CCO and the synchronized data from the disk. The phase 
detector measures the phase difference between the two 
carry inputs and produces a series of quantized pulses 
whose widths are proportional to the phase error at the end 
of each counting cycle. After integration by the low-pass 
filter, a current proportional to the phase error is applied to 
the current-controlled oscillator. Accordingly, the CCO is 
driven in a direction (pump-up or pump-down) to correct 
any phase difference between the synchronized disk data 
and the feedback-controlled clock. Phase detector charac
teristics for both single-and-double density formats are 
shown in Figures 5 and 6. 
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NOTE 

RAW DATA 
FROM DISK 

~ 

-

r---t 1----, 
I I 

CURRENT-
CONTROLLED 
OSCILLATOR 

(ceo) 

r--1DI--, 
I I 

CRYSTAL 
OSCILLATOR 

DATA 
FLIP-FLOPS 

(PULSE 
SYNCHRONIZER) 

f CLOCK 

Components shown With dashed Imes are located off-chip 

WRITE 

""0-

~AD 

1 
1 LOW-PASS 1 

FILTER 1 
1 (INTEGRATOR) 1 
1 1 ________ 1 

I---
COUNTER #1 
(FEEDBACK) 

PUMP-UP 

DATA ~ f-o-TlME~ CARRV, PHASE 
CLOCK ---0 CARRY 2 

~ 
DETECTOR 

PUMP-DOWN 

LOAD 0 - COUNTER #2 
(REFERENCE) 

CLOCK/DATA 
SEPARATION DATA 

LOGIC 

f DATA/CLOCK 

WINDOWS 

Figure 4. Simplified Block of Phase-Lock Loop 

MAXIMUM 
PHASE DEVIATION 

/ FOR BOTH DATA 
AND CLOCK 

35 PHASE DEVIATION 

-+-+--+-+---t-;;t--+--t-2-+.5--+3 '-'-+5-- ~::~~~~LFROM 
NOMINAL DATA 

(EARLY) 

NOTE 

(LATE) 

MAXIMUM 
PHASE DEVIATION 
FOR 80TH DATA 
AND CLOCk 

All hOrizontal/vertIcal units are speclffed In ceo clock periods, for 
Standard Floppy FM Format, one ceo clock period equals 250 
nanoseconds 

3-120 

Figure 5. Phase Detector Characteristic for 
Single-Density (FM) Format 

NOTE 

MAXIMUM 
PHASE 
DEVIATION 
FOR DATA 

PHASE DEVIATION 

---.+.5-3-+5--+"-+---;4+----'f----4----'uf----< •. -5 _~::~~~~L FROM 
NOMINAL DATA 

(LATE) 

MAXIMUM 
PHASE DEVIATION 
FOR DATA 

(EARLY) 

All hOrizontal/vertical units are specified In CGO clock penods. for 
standard floppy double denSity (MFM/M2FM), one ceo clock penod 
equals 125 nanoseconds 

Signefics 

Figure 6. Phase Detector Characteristic for 
Double-Density (MFM/M2FM) Format 
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Data Processing and Error-Check Functions 

These functions of the 8X330 are summarized in Figures 7 
and 8. The read/write operations are software-controlled by 
previously-described bits of command/status registers 

8X330 

CSR1 and CSR2. For the sake of simplicity, control lines 
and much of the control logic associated with the data 
processing and error-check functions are omitted in the 
read/write diagrams. 

WRITE 
TO DISK 

Figure 7. Simplified Block of Data Processing and Error Check Functions-Write Mode 

-v 

'" 
~~ 

DATA 
REGISTER 

"-

L CRC I-GENERATOR 

CRC -------------------------------ENA(lE BYTE SYNC 

ENrLE 
4-- DATA SHIFT - MULTIPLEXER REGISTER CLOCK/DATA PULSE I+-SEPARATION SYNC 

LOGIC CIRCUITS 

PHASE LOCK LOOP 

--------------------------------

Figure 8. Simplified Block of Data Processing and Error Check Functions-Read Mode 
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DC CHARACTERISTICS vee = 5V (±5%), TA = o·e to 70·e 

PARAMETER TEST CONDITIONS 
LIMITS 

UNITS COMMENTS 
Min Typ Max 

V,H High level input voltage 2.0 Vee V For all inputs except Xl, X2, 

V,L Low level input voltage -1.0 0.8 V el, e2, eeo, and VeR 

Vee Supply voltage 4.75 5.0 5.25 V 5V (±5%) 

VeR Regulator voltage Vee = 5V 3.1 V From series-pass transistor 

VeL Input clamp voltage Vee = Min -1.0 V Inputs Xl, X2, el, e2, and eeo 
"N = -5mA do not have internal clamp 

diodes. 

VOH High level output voltage Vee = Min; 2.7 V De 1 through De7 (Pins 6-12) & 
IOH = -O.4mA OW (Pin 4) 

Vee = Min; IOH = -3mA 2.4 V IVO-IV7 (Pins 25-32) 

VOL Low level output voltage Vee = Min; 0.5 V Del through De7 (Pins 6-12); 
IOL = SmA PUP, PDN (Pins 33, 34); OW 

(Pin 4) 

Vee = Min; IOL = 16mA 0.55 V IVO-IV7 (Pins 25-32) 

Vee = Min; IOL = 40mA 0.55 V WG (Pin 19) 

leE X Open-collector leakage Vee = Min; 100 /LA WG (Pin 19); PUP (Pin 34); 
current with output set to 1. VOUT = Vee PDN (Pin 33) 

I'H High level input current Vee = Max; V,N = 2.7V 20 /LA DS1-DS5 (Pins 13-17); 
PF (Pin 18); DR (Pin 5) 

40 /LA ME (Pin 21); MCLK (Pin 22); 
se (Pin 23); we (Pin 24) 

Vee = Max; With el (Pin 36) under test, e2 
V,N = 5.25V; (Pin 37) is open and, vice-versa. 
eeo (Pin 35) input 4 rnA 
current = OmA 

Vee = Max; Y,N = 5.25V 
eeo (Pin 35) input 2 rnA 
current = 1 rnA 

Vee = Max; 4 rnA With X2 (Pin 2) under test, Xl 
Y,N = 0.6V (Pin 3) is open and, vice-versa. 

Vee = Max; Y,N = 4.5V 50 /LA IVO - IV7 (pins 25-32) 

Veeo Input voltage for Vee = 5V; TA = 25·e 750 mV 
current-controlled eeo input current 
oscillator (Pin 35) = 300 /LA 
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DC CHARACTERISTICS (Cont'd) VCC = 5V (±5%), TA = O°C to 70°C 

PARAMETER TEST CONDITIONS 

IlL Low level input current VCC = Max; 
VIN = 0.4V 

VCC = Max 
VIN = 0.5V 

lOS Output short-circuit current VCC = Max; 
Output = "1"; VOUT = "0". 

(NOTE 
At any time, no more than one output 
should be connected to ground) 

ICC (Pin 40) VCC = Max 

ICR VCC = Max 

IREG (Pin 39) VCC = 5V; VCR = OV & VR = 2V 

NOTES 
1 Operating temperature ranges are guaranteed after thermal equIlibrium has been 

reached 
2 All voltages measured with respect to ground termmal 
3 UnleS8 otherwise specified, each tsat reqUires that VCR be supplied through 8 senes

pass transistor 88 shown In the accompanYing drawing 

Min 

-15 

-30 

-16 

Signetics 

8X330 

LIMITS 
UNITS COMMENTS 

Typ Max 

-400 I'A OS l-DS5 (Pins 13-17); 
PF (Pin 18); DR (Pin 5) 

-800 I'A ME (Pin 21); MCLK (pin 22); 
SC (Pin 23); WC (Pin 24) 

-4 rnA X1 (Pin 2), X2 (Pin 3), with X1 
under test, X2 is open and, 
vice~versa. 

-550 I'A IVO-IV7 (Pins 25-32) 

-100 rnA DC1-DC7 (Pins 6-12) & OW 
(Pin 4) 

-140 rnA IVO-IV7 (Pins 25-32) 

200 rnA 

250 rnA 

-27 rnA 

Vee 

40 
Vee /---t---, 

011'1 
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AC CHARACTERISTICS vcc = 5V (±5%). TA = O°C to 70°C 

MNEMONIC REFERENCE INPUT OUTPUT Min Typ Max COMMENTS 

tpo ~ ~ 60ns 
Refer to Note 3 and Test Loading Circuit # 1. 

tpo ---.IMcLK .!!lQ.J lOOns 

tpo ---.IMcLK ~ lOOns 

tpo -.fMcLK ~ 70ns Refer to Note 3 and Test Loading Circuit #2. 

tpo --.IMcLK ~ 70ns 

tpw ~ 50ns 

tpw ~ 50ns 

tpw \2JlJ Note 1 

tSETUP ~ Input on OS 1-5 55ns Note 2 

tSETUP ~ Input on OS 1-5 55ns Note 2 

tSETUP ~ Input on OS 1-5 55ns Note 2 

tHOLO ~ Input on OS 1-5 Ons Note 2 

tHOLO ~ Input on OS 1-5 Ons Note 2 

tHOLO ~ Input on OS 1-5 Ons Note 2 

tOE-ME. ~ 
SC& WC ~ I/O bus 25ns 

~ 
Refer to Test Loading Circuit #3. 

too-ME. 
ME r 

I/O bus 
SC&WC ~ (three-state) 30ns 

~ 

tw (MCLK JMcLK\..- 45ns 
pulse width) 

tso (data ~ I/O bus 50ns 
setup time) 

tso (ME setup ~ ME 45ns 
time) 

tso (SC setup ~ SC 45ns 
time) 

tso (WC setup ~ WC 45ns 
time) 

tHO (data hold ~ I/O bus Ons 
time) 
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AC CHARACTERISTICS (Cont'd) VCC = 5V (±5%), TA = D'C to 7D'C 

MNEMONIC REFERENCE INPUT OUTPUT 

tHO (ME hold MCi:K\-.. ME 
time) 

tHO (SC hold 
~ SC 

time) 

tHO (WC hold 
~ time) WC 

NOTES 
Wnte pulse width = 2/FXTAl. that IS, for 8MHz c~al, tpw = 25Chjsec (typical) 
Changes on OS 1-5 are not stored In read mode (ME = 0, SC = 0, and we = O) 

Min 

Dns 

Dns 

Dns 

3 DUring the penod when MCLK IS high, measurement IS made with ME = Low, SC = Low, 
and we == High 

TEST LOADING CIRCUIT 

Typ 

CIRCUIT #1 CIRCUIT #2 

8X330 

Max COMMENTS 

CIRCUIT #3 

+5V 
+5V 

POINT 
RL 

110fl 

FROM OUTPUT i1 FROM OUTPUT 
UNDER TEST UNDER TEST 

CL 

r3~F 

TIMING DIAGRAM 

INPUT 

OUTPUT 

PROPAGATION DELAY TIME 

3 15V \ 

:'----------------
:--'Od-] 
I I 

______________ *7v-----· 
SETUP & HOLD TIMES 

REFERENCE *~~--------
----------" I 

r'SETUp~ .... tHOLD-1 

DATA/CONTROL I 15V I 15V ~--"I 1,-----

,---------, 

1 CL 

1'OOoF 

~ 

Signetics 

+5V 

RU 
5050 RL' 

2320 

FROM OUTPUT 
UNDER TEST 

t5~ RL2 RL2 
.. 5n , .. n 

~ 

PULSE WIDTH WAVEfORM 

~ ~ , .. l'\..---......l , .. 
I I 
I I 
t..--tpw~ 
I I 
I I 

OUTPUT ENABLE AND DISABLE TIMES 
iVo-iV7 

~'I , 
~Nc;.~~ROL \1 5V 1 SV 

: '----------': 
DATA 
OUTPUT'" 0 

DATA 
OUTPUT'" 1 

"'OE..I ~ 
I I I 

I I I 5V I 

- ... I-...,I~----... I T~-- VOL 

-"i-..;;.-t"7'-----t ..... ""t'-- VOH 
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CLOCK REQUIREMENTS CLOCKING XTAL OSC WITH PULSE GEN 

+ 

PULSE 
GENERATOR 

*' 
PULSE GEN CHAR 
ZOUT",500 
VOUT",O-2V 
RISETIME~10ns 

SKEW:s10na 
COMPLEMENTARY OUTPUTS 

3 (X1) 

son 

8X330 

son 

2 (X2) 

Crystal Oscillator. The on-chip crystal oscillator circuit is 
designed for operation using an external series-resonant 
quartz crystal; alternately the crystal oscil!ator can be 
driven with complementary outputs of a pulse generator or 
interfaced to a master clock source via TTL logic-see 
accompanying circuits. When a crystal is used, the on-chip 
osci IIator operates at the resonant frequency (f'> of the 
crystal; the crystal connects to the 8X330 via pins 3 (X1) and 
2 (X2). The lead lengths of the crystal should be approxi
mately equal and as short as possible; also, avoid close 
proximity to all potential noise sources. The crystal should 
be hermetically sealed (He type can) and have the following 
electrical characteristics: CLOCKING XTAL OSC WITH OPEN-COLLECTOR 

TTL 
Type: Fundamental mode, series resonant 
Impedance at Fundamental: 35-ohms maximum 
Impedance at Harmonics and Spurs: 50-ohms minimum 

When the crystal oscillator is externally-driven, typical 
waveforms are as follows: 

CLOCK 

TYPICAL WAVE FORM 

X'_ 

X2 _ 

3-126 

1 \'--__ / 

VI:" ISKEW --l \ I 
---Ji r'--------...J!: 

:. IpW ----.~: : 

I I 
;-1 .... , -------- FREQ -------~I'i 

FREQUENCY", 8MHz (TYP)/16MHz (MAX) 
tpw:::: 50% (TYP) 
tSKEW:s10ns 
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Current-Controlled Oscillator (CCO). 
A non-polarized ceramic or mica capacitor is recom
mended for the current-controlled oscillator. The capacitor 
connects to the 8X330 via pins 37 (C2) and 36 (C1); lead 
lengths of the capacitor should be approximately the same 
and as short as possible. When the input currenttothe CCO 
is near zero (maximum frequency), the capacitor value 
should be chosen so that the high-limit rest frequency of the 
oscillator does not exceed 24 MHz. If the rest frequency is 
higher than 24 MHz, synchronization of the CCO with the 
crystal oscillator just prior to the read operation, may be 
impeded. The curves in Figure9 (current-versus-frequency) 
and Figure 8 (capacitance-versus-frequency) show how 
these design parameters affect operation of the CCO over a 
temperature range of O·C to 70·C. A suitable test circuit for 
verification/validation of the current-controlled oscillator is 
also shown in Figure 10. Like the crystal oscillator, the CCO 
can be driven with the TTL output of a pulse generator or 
interfaced to a master clock via TTL logic-see accompany
ing diagrams. 

CLOCKING WITH OPEN-COLLECTOR TTL 
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~ .. o 
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r TO C1 (PIN 38) 

""'I 
CLOCKING WITH PULSE GENERATOR 

+.v 

,"0 
470n 

OUTPUT Of 
PULSE GEN 

--,.--'\N\r-..... ---.. TO C2 (PIN 37) 

.v-+-

.v....J 
.. 0 

r TO C1 (PIN 38) 

""I 
22 .u J..c 21 

"""i ~ 
I .. •c ...,.... '" ~ 

~ 
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\ :\.. 
'\ ..... ·c '5 

,. j\\ 
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i) 

CURRENT IN MICROAMPERES 

Figure 9. Current-versus-Frequency with: V CC = 5V and Capacitance = 25 Picofarads 
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FLOPPY DISK FORMA TTER/CONTROLLER 
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CAPACITANCE IN PICOFARADS 

Figure 10. Capacitance-versus-Frequency with: V CC = 5V, VCR = 2.5V, and I = 300",A 

VOLTAGE REGULATOR ELECTRICAL SPECIFICATIONS 
·PARAMETER CONDITIONS 

hIe 
VSEON 
VCESAT 
BVCEO 

ft 

VCE = 2V 
VCE = SV/lc = SOOmA 

Ic = SOO mAils = SO mA 

8X330 

LIMITS 

>SO 
<1V 
<O.SV 
>8V 
>30 MHz 

All internal logic of the 8X330 is powered by an on-chip 
vOltage regulator that requires an external series-pass 
transistor. Electrical specifications for the off-chip power 
transistor and a typical hook-up are shown in accompany
ing diagrams. To minimize lead inductance, the transistor 
should be as Close as possible to the 8X330 package and the 
emitter should be ac-grounded via a 0.1-microfarad capaci
tor. 

·Medlum power NPN SIlicon (Qo<TA<70°C) recommended parts 2N5320,2N5337 

TYPICAL HOOK-UP 

8X330 
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MEMORY ADDRESS DIRECTOR 

FEATURES 
• Address control for working storage 
• 16-bit addressing capability 
• Byte and word addressing support 
• Automatic Increment and decrement 
• 11 Address and word-count registers 
• Reduces number of 8X305 instructions required 

PRODUCT DESCRIPTION 
The 8X360 Memory Address Qlrector (MAD) is a high·perfor· 
mance member of the 8X300 Family that generates sequential 
memory addresses to facilitate the transfer of data to and from 
memory. The MAD provides a highly-efficient and cost·effective 

BLOCK DIAGRAM OF 8X360 

RSO
RS3 

ClK 

IV BUS 
CONTROL iVo.iV7 

ABORT----~~--_+------------------------~ 

8X360 

solution for DMA and other applications requiring large working
storage memories and high-speed data transfers. Once initial
ized with such information as starting address, ending address, 
byte count, address increment, address decrement, etc., the 
8X360 performs all bookkeeping chores automatically and all 
address-management software is off-loaded from the processor. 
The 8X360 can be addressed by conventional means or by ex
tended microcode; system status is available to the user via I/O 
pins. 

ORDERING INFORMATION 

N8X360N, N8X3601, S8X3601 

ADDRESS 

GENERATION '-=========::> lOGIC ~ 
ADDRESS 

REGISTERS 

ADDRESS 
BUFFERS 

THREE STATE 
CONTROL 

16 

~~~~~~~~ ---------..... --------------------------t ___ _ 

8X360 APPLICATIONS 

J 
IV BUS 

8X30S 

A I-. 

V CONTROL '4 SIGNALS 

.A 

'" ~ -V 

L,...-
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MATRIX 

IT 
ORY 
RESS 

i~ j ~6~~ 
ADD 

COUNT CONTROL 

3-129 

3 



BIPOLAR LSI PRODUCTS 

2048·B11 BIPOLAR RAM (256 X 8) 

FEATURES 
• On-chip address latches 
• 3-state outputs 
• Schottky clamped TTL 
• Internal control logic for 8X300 system 
• Directly interfaces with the 8X300 

bipolar microprocessor with no 
external logic 

• May be used on left or right bank 

APPLICATIONS 
• 8X300 or 8X305 working storage 

DESCRIPTION 
The 8X350 bipolar RAM is designed princi
pally as a working storage element in an 
8X300 based system. Internal circuitry is 
provided for direct use in 8X300 applica
tions. When used with the 8X300, the RAM 
address and data buses are tied together 
and connected to the IV bus of the system. 

The data inputs and outputs share a com
mon 110 bus with 3-state outputs. 

The 8X350 is available in commercial and 
military temperature ranges. For the com
mercial temperature range (O'C to + 75'C) 
specify N8X350·F, and for the miltiary tem
perature range (- 55'C to + 125'C) 
specify S8X350·F. 

TRUTH TABLE Note X = Don'l care 

MODE ME SC WC MCLK 

Hold address 
Disable data out X X X 

Input new address 0 0 

Hold address 
Disable data out 0 0 0 

Hold address 
Write data 0 0 

Hold address 
Disable data out 0 0 0 

Hold address 
Read data 0 0 0 X 

Undefined state '2 0 

Hold address 12 

Disable data out 0 0 

3-130 

TYPICAL 1/0 STRUCTURE 
+V +V 

DISABLE 

3. 70 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC Supply voltage 
Y,N Input voltage 

Output voltage 
VOH High 

Vo Off-state 

Temperature range 
TA Operating 

Commercial 
Military 

TSTG Storage 

BLOCK DIAGRAM 

BUSSED 
DATAl ADDRESS 

LINES 

High Z data out 

Address 
High Z 

High Z data out 

Data in 
sc 

High Z data out .. 
Data out 

High Z data out 

Signetics 
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PIN CONFIGURATION 

F PACKAGE 

Vee 

'. 
As 

'3 

" 

'0 

we MCLK 

TOP VIEW 
F= Cerdlp 

ORDER NUMBERS 

8X350N, 8X350F 
S8X350F/663B 

RATING UNIT 

+7 Vdc 
+5.5 Vdc 

Vdc 
+5.5 
+5.5 

'c 

o to +75 
-55 to +125 
-65 to +150 

MEMORY CELL MATRIX 
32 x 64 = 2048 

00 D1 02 D3 D4 05 06 07 
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2048·BIT BIPOLAR RAM (256 x 8) 

DC ELECTRICAL CHARACTERISTICS2 N8X350: O'C :5 TA:5 +75'C, 4.75V :5 Vcc:5 5.25V 

S8X350: -55'C:5 TA :5 +125'C, 4.75V :5 vcc :5 5.25V 

N8X350 
PARAMETER TEST CONDITIONS 

Min Typ Max Min 

Input voltage 

VIL Low' VCC = Min .85 

VIH High' VCC = Max 2.0 2.0 

VIC Clamp'.3 VCC = Min, liN = -12mA -1.2 

Output voltage VCC = Min 
VOL LOW',4 10L = 9.SmA 0.5 

VOH High'·5 10H = -2mA 2.4 2.4 

Input current 
IlL Low VIN = 0.45V -100 

IIH High VIN = 5.5V 25 

Output current 

10(OFF) High Z state ME = High, VOUT = 5.5 V 40 
ME = High, VOUT = 0.5 V -100 

lOS Short circuit3,6 SC = WC, ME = Low, 
VOUT = OV, Stored High -20 -70 -15 

ICC VCC supply current? VCC = Max 185 

capadtance ME = High, VCC = 5.0V 

CIN Input VIN = 2.0V 5 

COUT Output VOUT = 2.0V 8 

8X350 (T .5.) 

S8X350 

Typ Max 
UNIT 

V 
.80 

-1.2 

V 
.5 

/LA 
-150 

50 

/LA 
SO /LA 

-100 

-85 mA 

200 mA 

pF 
5 
8 

AC ELECTRICAL CHARACTERISTICS 2,9 N8X350: O'C :5 TA :5 +75'C, 4.75V :5 VCC :5 5.25V Rl = 4700, R2= lkO, CL= 30pF 

S8X350: -55'C:5 TA:5 +125'C, 4.75V:5 VCC:5 5.25V 

N8X350 S8X350 
PARAMETER TO FROM 

Min Typ Max Min Typ Max 
UNIT 

Enable time ns 
TEl Output Data out SC- 35 40 
TE2 Output Data out ME- 35 40 

Disable time ns 
TDI Output Data out SC+ 35 40 
TD2 Output Data out ME+ 35 40 

Pulse width ns 
TW Master clockS 40 50 

Setup and hold time ns 
TSA Setup time MCLK- Address 30 40 
THA Hold time Address MCLK- 5 10 
TSD Setup time MCLK- Data in 35 45 
THO Hold time Data in MCLK- 5 10 
TS3 Setup time MCLK- ME- 40 50 
TH3 Hold time ME+ MCLK- 5 5 
TSI Setup time MCLK- ME- 30 40 
TH2 Hold time ME- MCLK- 5 5 
TS2 Setup time ME- SC-,WC- 0 5 
THI Hold time SC- MCLK- 5 5 
TH4 Hold time WC- MCLK- 5 5 

Notes on following page 
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2048·BI1 BIPOLAR RAM (256 X 8) 

TIMING DIAGRAMS 

TRANSPARENT ADDRESS READ CYCLE 

---------------------_. 
MCL.K I '5V-\-

I---TS'_ 

ME 10,12 ~15V 

!--TSA- I--THA 

, 5V -I- ADDRESS DAJ:L~UT 1 5V IV BUS VALID ' 5V 
, 5V 

TH' __ 
r-TE'I !--To,---I 

SC 10,12 '5V /-'5V 

we"" 0 10,12 

LATCHED ADDRESS READ CYCLE 

MCLK I ~'5V 
-+lTH21_ 

ME 10,12 
\"5V 1-1.5V 

1- TE2~ -I T02 

;r;~~E~E~~;r;~~E~~~l;~r~ DATA OUT 
VALID 

__ I TS2 I-
we 11,12 15V"\ 

SC = 0 10,12 

LATCHED ADDRESS WRITE CYCLE 

MeLK f 1.SV '"\ ' 5V 

ME 

I' I. Tfs~TH31 __ 

11 \: 1,5V f 1,5V 

j.--TSD~I THO 1 __ 

WMiwax~ DATA IN VALID 1 ) HI-Z 

--I TH4 1--
WC 1',12 /" \15V 
SC = 0 10,12 

NOTES 

All voltage values are With respect to network ground term mal 
The operatmg ambient temperature ranges are guaranteed With transverse air flow 
exceedmg 400 linear feet per mmute and a 2-mmute warm-up 
TYPical thermal resistance values of the package at maximum temperature are 
tlJA Juncllon to ambient at 400fpm air flow· 50°C/watt 
f)JA Junction to ambIent· stili aIr - 90° C I watt 
@JAJunctlon to case· 20 c C/watt 

3 Test each pm one at a time 
4 Measured With a logiC low stored Output smk current IS supplied through a resistor to 

Vee 
5 Measured WIth a logiC high stored 
6 Duration of the short circuit should not exceed 1 second 
7 ICC IS measured With the write enable and memory enable mputs grounded, all other 

Inputs at 4 5V and the output open 
Mmlmum required to guarantee a Write mto the slowest bit 
Apphed to the 8X300 based system With the data and address pinS tied to the IV Bus 

10 se + ME = 1 to avoid bus confhct 
11 we + ME .., 1 to avoid bus conflict 
12 The se and we outputs from the 8X300 are never at 1 sImultaneously 

I-
) HI-Z 

+3V 

OV 

+3V 

OV 

HI-Z +3V 

OV 

+3V 

OV 

ov 

+3V 

ov 

+3V 

OV 

+3V 

ov 

+3V 

OV 

+3V 

OV 

+3V 

OV 

+3V 

OV 

+3V 

OV 

+3V 

OV 

OV 
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TIMING DEFINITIONS 

TS1 Required delay between beginning 
of Master Enable low and falling 
edge of Master Clock. 

TSA Required delay between beginning 
of valid address and falling edge 
of Master Clock. 

THA Required delay between falling 
edge of Master Clock and end of 
valid Address. 

TH1 Required delay between falling 
edge of Master Clock and when 
Select Command becomes low. 

TE1 Delay between beginning of Se-
lect Command low and beginning 
of valid data output on the IV Bus. 

TD1 Delay between when select Com-
mand becomes high and end of 
valid data output on the IV Bus. 

TH2 Required delay between falling 
edge of Master Clock and when 
Master Enable becomes low. 

TE2 Delay between when Master En-
able becomes low and beginning 
of valid data output on the IV Bus. 

TD2 Delay between when Master En-
able becomes high and end of val-
id data output on the IV Bus. 

TS2 Required delay between when Se-
lect Command or Write Command 
becomes low and when Master En-
able becomes low. 

TW Minimum width of the Master 
Clock pulse. 

TS3 Required delay between when 
Master Enable becomes low and 
falling edge of Master Clock. 

TH3 Required delay between falling 
edge of Master Clock and when 
Master Enable becomes high. 

TSD Required delay between beginning 
of valid data input on the IV Bus 
and falling edge of Master Clock. 

THD Required delay between falling 
edge of Master Clock and end of 
valid data input on the IV Bus. 

TH4 Required delay between falling 
edge of Master Clock and when 
Write Command becomes low. 

VOLTAGE WAVEFORM 

INPUT PULSES 

ALL INPUT PULSES 

+30V~------
90% 

I I '0% 

OV ~ ~5ns ~ ~5ns 
+30V~ .,p;o;:-

ov ---_l~ IL'O% 
-f ~5ns -1 5ns 

Measurements All circuit delays are measured at 
the + 1 5V level of mputs and output 
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2048-BIT BIPOLAR RAM (256 x 8) 

TYPICAL 8X350 APPLICATION 

+5V 

~ 
'\.r--- t~ SIGNETICS 

825115 r5 512X8 
PROM ~ , 

- VCC VA VCR 1 i A4-A12 

rE2 CE, 

STROBE --- iV8Q:iVs7 

AO-A3 == 8X300 
MICROCONTROLLER MCLK. 

sc we --- ~ '-- )l. 10-115 'B 
'--- ~ 

~ lAB 

X'~~~ GND~ ~ 
51GNETICS V A4-A12 

825115 8.0 MHz 
512X8 

18-115 PROM 

CE2 CE, 

8x35Q 
L- 256XB 

RAM 

+5 -=-

~ 

TEST LOAD CIRCUIT 

LOADING CONDITION 

All resistors values are typical and In ohms 

50V 

R, 

C, 

~CAPACITANCE INCLUDING 
SCOPE AND JIG) 

Signetics 
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ME 
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ME 
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I 
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I 
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I 
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8X350 (1.5.) 
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BO 
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BIPOLAR RAM (32x8) 8X353 

FEATURES 
• 32 bytes of storage 

• Dedicated port address 
• Fast select feature for use with extended microcode 

ing storage element in 8X305-based systems. The 8X353 is 
ideal for applications requiring a relatively small amount of data 
storage and maximum I/O flexibility. Since the 8X353 takes 
up 32 of 256 locations on a controller bank, this device allows 
single-cycle, bank to bank data transfer and other implemen
tations in which the user does not wish to dedicate an entire 
110 bank to data storage. Contributing to the versatility of the 
8X353 is a fast select feature which allows the chip to be 
selected externally of the 1\7 bus. A block diagram and sum
mary of operation is shown below. 

• On chip address decoding 

• Separate address input pins 
• Single 5 volt power supply 

• 0.3 inch, slim line package 

PRODUCT DESCRIPTION 
The 8X353 is a 32-byte RAM designed principally as a work-

BLOCK DIAGRAM 

Fs~OD--------~~ 

ME--<D------.... 

MCLK-+{D---------i 

sc~~------~~ 

WC~Ul~l~--------~ 

5-81T 
LATCH 

SUMMARY OF OPERATION 
INPUT 

ME SC WC MCLK FS 

H X X X H 

H X X H L 

H X X L L 

L L L L L 

L L L L H 

L L L L H 

L X L H L 

L L H L X 

L L H H L 

L L H H H 

L L H H H 

L H L L X 

L H L H X 

X H H X X 

Notes' 
Depending on IV bus data X ~ don't care 
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CONTROL 
LOGIC 

SELECT 
LATCH 

X 

X 

X 

X 

L 

H 

X 

X 

X 

L 

H 

X 

X 

X 

DECODER 

IV 
BUS 

Ignore 

Ignore 

Ignore 

Output 

Ignore 

Output 

Ignore 

Ignore 

Input 

Ignore 

Input 

Ignore 

Input 
(Address) 

Not 
Defined 

Signetics 

ORDERING INFORMATION 
Contact Local Sales Representative 

32x8 
MEMORY CELL MATRIX 

RESULTING OUTPUT 

ADDRESS 
DATA 

ADDRESS 
BUS LATCH 

Ignore Keep Keep 

Input Keep Update 

Ignore Keep Keep 

Ignore Keep Keep 

Ignore Keep Keep 

Ignore Keep Keep 

Input Keep Update 

Ignore Keep Keep 

Ignore Update Keep 

Ignore Keep Keep 

Ignore Update Keep 

Ignore Keep Keep 

Input Keep Update 

SELECT 
LATCH 

Keep 

Keep 

Keep 

Keep 

Keep 

Keep 

Keep 

Keep 

Keep 

Keep 

Keep 

Keep 

Update* 
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LIFO STACK MEMORY (32x8) 

FEATURES 
• 32 bytes of storage 
• Cascadable LIFO operation 
• Dedicated port address 
• Fast select feature for use with extended microcode 

• Three state TTL outputs 
• Single 5 volt power supply 
• 0.3 inch, slim line package 

PRODUCT DESCRIPTION 
The 8X355 is a Last In/First Out stack memory designed to 
be compatible with 8X305·based systems. In addition to a 
32·byte storage capacity, the 8X355 contains the necessary 
logic to allow cascaded operation. 

BLOCK DIAGRAM 

FIN~ 

EIN CD-
RESETC]) 

i'Sm CONTROL 

ME~ LOGIC ~ 
MCLK CD 

sc :I: 
wc'Tf' 

~l t r 
I-~ 

I I 3 
UP/DOWN 

LOGIC 

I 

TYPICAL CASCADED CONFIGURATION 

+ t 
INPUT 

~ 

8X355 

The LIFO stack may be addressed using either conventional 
8X305 techniques, i.e., IV bus select, or, in systems where 
extremely high performance is required, extended microcode 
can be implemented. A single enabling address is employed 
so that once enabled, a stack of 8X355s can accept an 
uninterrupted stream of data. By omitting the need for 3 
address select cycles prior to each data access, the LIFO 
stack delivers a much higher performance than conventional 
memories; this feature is particularly valuable for saving 
internal registers during interrupt servicing. 

FULL/EMPTY 
LOGIC 

~ ~ 

H2 

UP/DOWN 
COUNTER 

1 

ORDERING INFORMATION 
Contact Local Sales Representative 

~ ....., 

32x8 

~ MEMORY CELL 

=7=> MATRIX 

• 
• 

RESULTING OUTPUT 

ill FOUT 

3 EOUT 

r@iVO 
r®iV1 
~iV2 
~iV3 
~iV4 
~iV5 
~iV6 
l(illiV7 

®GND 
@vcc 

COMMENTS 

I F~T EIN I EIN FIN EOUT FOUT EOUT FOUT PUSH POP 
#1 

FIN EOUT X X L 

t t L L L 

#2 I F~T EIN I L L H 
FIN EOUT L L H 

t t X H X 

#3 I F~T EIN I 
FIN EOUT H L X 

t .1 H L H 

Notes. 
Status signals and Push/Pop operations reference stack chip #2 
X ~ don't care 

L Not possible Empty and full status 

H Update H Yes No Top of data stack at top of #1 

L H Update No Yes Top of data stack at top of #2 

H Update Update Yes Yes Top of data stack within #2 

X L H No No Top of data stack below #2 

Top of data stack moves from 
H Not defined 

bottom to top 

L H L No No Top of data stack above #2 
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PRODUCT SUPPORT 

SUPPORT FACILITIES 
The 8X300 Family is strongly supported with 
Development Systems, Support Software, 
Applications, Training and Documentation 
Together, this support provides the user with 
a powerful set of tools to evaluate, design, 
debug, and implement a simple or complex 
system. 

DEVELOPMENT SYSTEMS 
EZ-PRO (Manufactured by American AutomallOn) 
• Universal Development System 
• Relocating macroassembler 
• Full speed In-circuit emulator/debugger 
• Maximum memory support 
8X305 ICEPACK (Manufactured by Sigen Corp.) 
• Full speed in-Circuli emulator/debugger 
• RS-232 interface to CP/M or Intellec 
• 4K word memory/8-blt extended microcode 
• Low cost 

Signetlcs BX305 PrototYPlng System 
• Single board module 
• RS-232 Interface 
• Resident monitor 
• 256 to 4096 words of Writable Control 

Storage 
• Minimum cost 

SOFTWARE 
MCCAP CrossAssembler 
• Full function macroassembler 

Free format source code 
Symbolic address assignment 
Nested macro support 
Cross-reference table 
Supports extended microcode 

• Multiple output formats 
• Available in two verSions 

FORTRAN source code 
- Inteliec/ISIS object code 

Signetics 

8X300 FAMILY 

APPLICATIONS SUPPORT 
Field applications engineers 
Product applications engineers 
Application notes 
• Floppy disk controller 
• ECC 
• Hard disk controller 
• Local network interfaCing 

TRAINING AND 
DOCUMENTATION 
• Videocassette training course 
• Designer's seminar 
• 8X305 User's Manual 
• 8X300 Family Product Capabilities 

Manual 
• MCCAP Programming Manual 
• Full complement of Data Sheets 

) 
USER 
SYSTEM 

DISKETTE 
DRIVE 

RAM 
WORKING 
STORAGE 
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PREFACE 

4-4 

8X300KT1SK 

8X305 Prototyping System 

This document provides the information required to understand, set up and operate the 
8X305 Prototyping System It IS recommended that the user become thoroughly familiar 
with the 8X305 MicroControlier and the high speed peripherals that support the device 
For this purpose, the following documents are recommended 

• 8X305 Users Manual - comprehensive functlcnal detail, interface characteristics, 
hardware and software design data, and systems information for the 8X305 
MicroControlier 

• 8X300 Family Product Capabilities Manual - overview of the 8X300 Family of parts, 
Including application information on the 8X305 MlcroControlier and its support 
devices. 

• MCCAP Manual - complete description of the powerful MicroControlier Cross
Assembler Program for the 8X300 and 8X305 

• Data Sheets - electrical and functional characteristics for each member of the 
8X300 Family and related parts. 

- 8X305 MlcroControlier 

- 8X310 Interrupt Control Coprocessor 

- 8X320 Bus Interface Register Array 

- 8X330 Floppy Disk Formatter/Controller 

- 8X338 Local Area Network Controller 

- 8X350 256 Byte Bipolar RAM 

- 8X360 Memory Address Director 

- 8X371 Latched 8-bit Bidirectional I/O Port 

- 8X372/8X376 Addressable 8-bit Bidirectional I/O Port 

- 8X374 Addressable 8-bit Bidirectional I/O Port with Parity 

- 8X382 Addressable 4-IN/4-0UT I/O Port 

- 8X60 FIFO RAM Controller 

Signetics 
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INTRODUCTION 

1.1 SYSTEM DESCRIPTION 

The 8X305 Prototyping System is a 
powerful design support tool that aids 
the engineer in the evaluation, design, 
and prototyping of systems based on the 
Signetlcs 8X305 MicroControlier and 
its family of support devices. Its ad
vanced features permit the development 
of both 8X305 firmware and application 
circuitry. The prototyping systems cap
abilities are adequate to serve as a 
complete development system for sim
ple systems and provide a low-cost tool 
for evaluating portions of more com
plex designs. 

1.2 ARCHITECTURAL 
OVERVIEW 

As shown in Figure 1-1, the 8X305 Pro
totyping System consists of a single 
printed circuit board that includes an 
8X305 MicroControlier and various 
8X305 Family peripheral devices. The 
8X305's microprogram resides In Write
able Control Storage (WCS). A Monitor 
Processor controls operation of the 
8X305 by loading the WCS, activating 
the Run/ Step logic, and directly plac
ing instructions onto the 8X305's In
struction bus. The Monitor Processor 
also controls the User Interface, which 
is through a standard RS-232 connec
tor. The remai nder of the board is 
occupied by power connections and a 
large wire-wrap area for prototyping of 
user-developed circuits. A complete dis
cussion of the operation and interrela
tionship of these functions is contained 
in later chapters. 

1.2.1 USER INTERFACE 

The User Interface of the 8X305 Proto
typing System is accomplished through 
a standard RS-232 connector. Data 
rates from 110 to 19,200 baud are 
switch selected by the user. The moni
tor program contained in the system 
controls all user communication, which 
is accomplished interactively through a 
straightforward and user-friendly syn
tax. While the operation of the system 
requires only a low-cost "dumb" termi
nal, it can be connected to a host 
computer to support more advanced 
developments. Commands are included 
to support up and down loading of 
programs in such applications. 

1.2.2 MONITOR PROCESSOR AND 
RUN/STEP LOGIC 

Operation of the system is controlled 
by the Monitor Processor, which is 
implemented using an 8035 Micropro
cessor. The Monitor Processor is respon
sible for the following functions: 

• User interaction 
• Loading Writeable Control Storage 
• Loading and reading 8X305 registers 

and I/O devices 
• Control of Run/Step logic 

Programming for the Monitor Proces
sor is supplied by Signetics and is 
contained in a PROM. 

1.2.3 WRITEABLE CONTROL 
STORAGE 

8X305 MicroController programs are 
executed from a Writeable Control Stor
age (WCS) that is contained on the 
board. The prototyping system is sup
plied with 256 words of instruction 
memory. An expansion module is avail
able to support address space require
ments of up to 4096 words. The WCS is 
sufficiently fast to permit full speed 
operation of the 8X305. 

Writeable Control Storage words are 25 
bits wide to support advanced micro
programming requirements. Sixteen of 
these bits contain actual 8X305 instruc
tions. Eight of the remaining bits are 
used to support "Extended Microcode" 
designs as described in the 8X305 Users 
Manual. The 25th bit, transparent to the 
user, is set by the Monitor Processor to 
control breakpoints. 

Since the three-bus architecture of the 
8X305 does not permit the Micro
Controller to modify its own program 
memory, the WCS is loaded by the 
Monitor Processor. 

SigneHcs 
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1.2.4 8X305 MICROCONTROLLER 
AND PERIPHERALS 

An 8X305 MicroControlier and various 
8X300 Family peripheral devices are 
included in the prototyping system. 

The Instruction and Program Address 
busses of the 8X305 are connected to 
Writeable Control Storage (WCS) as 
well as an 8X310 Interrupt Control 
Coprocessor (fCC). The interrupt and 
status pins of the 8X310 are available to 
the user for use in prototyping real
time or other interrupt driven systems. 

The 8X305's IV bus is connected to the 
following 8X300 Family peripheral 
devices: 

(1) 8X320 Bus Interface Register 
Array 

(1) 8X350 256 Byte Bipolar RAM 
(1) 8X360 Memory Address 

Director 
(3) 8X372 Addressable 8-bit 

Bidirectional I/O Ports 

IV bus data and control signal connec
tions are also available to the user to 
permit attachment of other devices or 
user developed logic. User interface 
connections to the 8X320, 8X360, and 
8X372's are available adjacent to the 
wire-wrap area to permit prototyping of 
various 8X305 based designs. 

4-7 
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SYSTEM SETUP 

2.1 POWER CONNECTIONS 

CAUTION 

Power connectIOns must be prop
erly made; otherwise, component 
damage will result. 

Power connections to the Prototyplng 
System are made through four binding 
posts located on the left hand edge of 
the board These are labeled GROUND, 
+5, -12, and +12 Without options or 
user circuitry In the wire-wrap area, the 
current drawn from each power source 
IS as follows' 

+5 VDC - less than 2 5 amperes 
+12 VDC - less than 20 milliamperes 
-12 VDC -less than 20 milliamperes 

Additional current must be supplied for 
any options or user circuitry added to 
the board. At the user's option, a DC
to-DC converter ( converts +5 VDC to 
±12 VDCI can be installed In the space 
allotted to the -12 VDC and +12 VDC 
binding posts. Refer to the parts list in 
Appendix B for the manufacturer and 
part number of the recommended 
device 

2.2 RS-232 INTERFACE 

An RS-232 connector is provided In the 
lower left-hand corner of the system for 
Interconnection to the user's CRT ter
minal, and IS connected as shown in 
Table 2-1 

Table 2-1 RS-232 CONNECTOR 

Pin 
No. Signal Description 

1 GND Ground 

2 TXD Transmit Data(ln) 

3 RXD Receive Data(out) 

4 RTS Request to Send(ln) 

5 CTS Clear to Send(out) 

6 DSR Data Set Ready(out) 

7 GND Ground 

8 CAD Carner Detect(out) 

RS-232 specifications call for data com
munications equipment (DCEI, such as 
this system, to be connected to data 
terminal equipment (DTEI, such as the 
user's CRT terminal When connecting 
this system to another DCE, such as a 
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host computer, be sure to Interchange 
TXD (pin 21 with RXD (pin 31, and RTS 
(pin 41 with CTS (pin 51. This can be 
done on the cable or It can be accomp
lished logically by using a Null Modem 
Due to the variety of interpretations of 
RS-232, some terminals may not Imme
diately work with the Prototyplng 
System. If difficulties are encountered, 
first reduce the connections to three 
signals TXD, RXD, and GND Then If 
necessary, interchange TXD and RXD 
signals 

2.3 BAUD RATE SELECTION 

Any of the eight baud rates listed in 
Table 2-2 may be selected by proper 
setting of sWitches B2, B1 and BO 
located near the RS-232 connector 

Table 2-2 BAUD RATE 

Baud 
B2 B1 BO Rate 

0 0 0 19200 

0 0 1 9600 

0 0 4800 

0 1 2400 

0 0 1200 

0 600 

0 300 

110 

(0 = Switch off, 1 = Switch onl 

For hard-copy printing terminals, an 
optional line-feed feature may be select
ed to aVOid over-strike of characters 
after a backspace on error. ThiS feature 
IS selected by setting the LF switch 
located next to sWitch BO to the ON 
position 

2.4 EXTERNAL OSCILLATOR 
CONNECTIONS 

CAUTION 

To prevent possible damage to the 
crystal, never apply an external OSCil
lator signal to X1 or X2 mput with 
crystal Y2 connected to the circuit. 
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The Prototyping System IS supplied 
with a 10 MHz crystal, therefore it 
operates the 8X305 MlcroController at 
ItS full rated speed of 200 nanoseconds 
per Instruction. The crystal may be 
changed by the user to any frequency 
from 4 MHz to 10 MHz Alternatively, 
an external oscillator may be con
nected to the X1 and X2 inputs of the 
8X305, as described in the 8X305 Users 
Manual The external oscillator may 
operate at any frequency between 02 
MHz and 10 MHz Note that the 8X305 
IS capable of running at frequencies 
lower than 02 MHz, but the Prototyp
Ing System's Monitor Processor expects 
the 8X305 to be finished executing an 
Instruction within 10 microseconds, there
by imposing a lower limit of 02 MHz 
Tie points for X1 and X2 are located 
next to crystal Y2 and the 8X305 Be 
sure to disconnect crystal Y2 before 
connecting the external OSCillator Inputs 
to X1 and X2 

2.5 INHIBIT JUMPER FOR 
8X310 ROM DISABLE 

The 8X310 Interrupt Control Coproces
sor connects to the Instruction and 
Address buses of the 8X305 It accom
plishes interrupt and subroutine control 
by disabling the control storage that 
contains the 8X305's microprogram and 
plaCing specific JMP Instructions onto 
the Instruction bus To permit the Pro
totypi ng System to operate either with 
or without an 8X310 in the Circuit, a 
jumper IS incorporated into the ROM 
Disable (RDI circuitry 

When the 8X310 Interrupt Control 
Coprocessor IS phYSically present In 
location U16, the ROM Disable Inhibit 
Jumper located at R14 next to the 
8X310 must not be present so that the 
8X310 can disable WCS and avoid bus 
contention problems When the 8X310 
IS not present, thiS jumper must be 
connected to the board at location R14 
to permanently enable the Wnteable 
Control Store RAMs 
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SYSTEM OPERATION 

3.1 POWER UP AND S 
DIAGNOSTICS 

When power IS applied to the Prototyp
Ing System, resident diagnostic pro
grams are executed to test the Mlcro
Controller and Wrlteable Control Store 
(WCS) The following message IS then 
printed 

8X305 PROTOTYPING SYSTEM 

REV n 

SYSTEM CHECK ON 

where "n" equals the current revIsion 
level 

If the PrototYPlng System IS function
Ing Improperly, either "MEMORY 
ERROR" or "8X305 ERROR" messages 
will be printed Then the "prompt" 
character (") Will be printed and the 
user may examine WCS memory or 
8X305 functions to diagnose the 
problem 

3.2 MONITOR PROGRAM 

With the printing of the "prompt" char
acter ("), system control passes to the 
monitor program The user may then 
enter any of the ten monitor commands 

INPUT 8X305 instructions into 
memory: 
Accepts a starting WCS memory 
address and then permits the 
entering of an 8X305 instruction 
In mnemonic form and an exten
sion instruction In octal notation 

n Register examine/change, where 
un" = register number: 
Displays the register number and 
ItS contents and allows a new 
value to be substituted 

(RO may be accessed by its alter
nate name AUX by entering "A" 
or, R 10 may be accessed by its 
alternate name OVF by entering 
"0" ) 

G GO execute user's 8X305 pro
gram: 
Accepts a starting memory ad
dress and executes at full speed 
until a breakpoint or keyboard 
entry IS reached. Then the con
tents of the registers and the next 
executable instruction are dis
played, and Single stepping can 
proceed 

M 

L 

R 

D 

F 
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STEP, single step user's program: X XCODE, temporarily set extended 
microcode latch: Accepts a starting memory ad

dress and displays the contents 
of the registers and the Instruc-
tion at that memory address The 
instruction IS executed by hitting 
the space bar; and successive 
instructions by successively hit-
ting the space bar 

MEMORY and breakpoint examine/ 
change: 
Accepts a starting WCS memory 
address and then displays the 
contents of that location In 
mnemonic form and indicates a 
pOSSible breakpOint by an ex
clamation pOint A breakpoint 
at thiS location may be set by typ
Ing an exclamation point or 
cleared by typing a backspace A 
new 8X305 Instruction and exten
sion Instruction is then entered 
by typing an I, as with the INPUT 
command. 

LB, left-bank examine/change: 
Accepts a bank address (or the 
currently enabled address, if a 
blank is entered) and displays the 
contents of that left-bank address 
(0-377 octal) A new value may be 
entered to substitute for the orig
Inal content 

RB, right-bank examine/change: 
Operates the same as the LB 
com mand except action IS upon 
the right-bank. 

DUMP memory contents to ter
minal: 
Accepts a starting WCS memory 
address and an ending address, 
and then dumps the memory con
tents from the start address to the 
end address onto the RS-232 port 
in ASCII HEX QUOTE format as 
described In Section 36 

FILL memory contents from ter
minal: 
Accepts a starting WCS memory 
address and fills memory In ASCII 
HEX QUOTE format as deSCribed 
In SectIOn 36 

Signetics 

Accepts a new extension code 
value to be temporarily set In the 
extended microcode latch for con
trol of user circuitry The content 
of the extended microcode sec
tion of WCS IS not changed by 
thiS command 

Although the user need only enter a 
single letter command, the mOnitor Will 
respond by tYPing the whole command
name as Indicated In capitals above 

Any of the commands may be aborted 
before completion by tYPing an ASCII 
"control-C" character While entering 
any number (sequence of octal digits), 
corrections may be made by entering a 
backspace character and then entering 
the correct number 

3.3 COMMAND SYNTAX 
DIAGRAMS 

System commands and monitor 
responses are defined In the syntax 
diagrams In Figure 3-1 a, band c. 

3.4 SAMPLE USAGE 

The sample program in Figure 3-3 IS 
shown to give the user an Idea of a 
typical session and Includes most com
mands used by the PrototYPlng System 
A short program IS Input to WCS via 
the terminal Keyboard that continually 
increments R6 of the 8X305 and writes 
each new! incremented) value to loca
tion 133 of the 8X350 on the Rlght
Bank of the IV Bus and to I/O Port 001 
on the Left-Bank Since extended 
microcode IS not needed In thiS exam
ple, none was entered as indicated by 
"/000" 

3.5 BREAKPOINTS 

BreakpOints are deSigned to halt the 
8X305 just prior to the execution of an 
Instruction on which a breakpOint has 
been speCified If the GO command IS 
Issued to start at an address that has a 
breakpOint set, the system will not stop 
on that address Immediately If the 
8X305 should access that address again 
then a breakpOint stop Will occur 
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0.0 
§l.~ 
CCOiii!i1ii) 

I 
( ) 

@ 
® 
(§ 

(control - C) 

(numbers) 

(bell) c;?)@ 

SPECIFIC CHARACTER STRINGS 

UPPERCASE FOR LITERAL STRINGS 

UNDERLINED FOR MONITOR TYPED STRINGS 

DEFINED ELSEWHERE IN THE SYNTAX DIAGRAMS 

TRANSPARENT OPERATIONS 

CARRIAGE RETURN 

BLANK (SPACE· BAR) 

BACK·SPACE (CONTROL - H) 
(DELETES PREVIOUS KEYBOARD ENTRY) 

BREAKPOINT 

CANCEL COMMAND. RETURNS TO PROMPT (b) 
OCTAL BASE NUMBER SYSTEM USED THROUGHOUT 

MONITOR'S RESPONSE TO INPUT OR SYNTAX ERRORS 

CONNECTOR TO NEXT SYNTACTIC ELEMENT 

Figure 3-1 a. Syntax Definitions 
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Input Instructions 

new extension 

~----------------~------------------{v 

Register Examine/Change 

next register no = contents new value 

breakpoint encountered 

any keyboard entry 

breakpoint display 

= clear, 

= contents new value 

o[!st§o~p~a~d~dr~e~ssQ-----o(cr dump to RS-232 

fin from RS-232 

~:I~a~tc~h~c~ognt~egm~s::~--~~ne~w~ex~t~en~s~lo~n~-----------~cr 

Figure 3·1b_ Syntax Flow 
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4-12 

memory address I, 
start address I, 

breakpomt display 

AUX R1 R2 R3 

377 000 017 037 
00013 - MOV 02 4 37 1244 

022]: 

oS-bit Immediate 

new extension I 

(tYPlcali: 

R4 R5 R6 R7 OVF R11 R12 R13 
--- --- --- ---

000 000 001 222 000 000 000 360 

note - First two lines are column headers, pnnted each breakpoint 
or each 20 single steps 

- Third hne IS register contents 
- Fourth hne IS breakpoint, address - instruction/extenSion 

This IS the next instruction to be executed In single step 

Figure 3-1c. Syntax Flow 

Signefics 
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R14 R15 R16 R17 

300 000 000 000 
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* DUMP 00000 00014 

DUMPING HIGH BYTES 

(STX) 

00'CO'24'B9'CO'AC'68'7 4'01 '1 0'70'11 'F1' 

(ETX) 

DUMPING LOW BYTES 

(STX) 

00'00'08'BF'10'FF'FF'96'06'FF'7D'40'DT 

(ETX) 

DUMPING EXT BYTES 

(STX) 

00'00'00'00' 00' 50' 00' 00' 00' 00' 00' 00' 00' 

(ETX) 

Figure 3-2. Example of ASCII HEX QUOTE Format 

Signetics 
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3.6 ASCII HEX QUOTE 
FORMAT 

Memory contents to and from the ter
minal dUring the DUMP and FILL com
mands are in an object code format 
commonly supported by PROM pro
gramming hardware known as "ASCII 
HEX QUOTE" format. Each block of 
eight-bit wide data is preceeded by an 
STX (ASCII Start of Text) character. 
Then each 8-blt byte is represented by 
2 ASCII HEX characters (0, 1,2, 3, 4, 5, 
6, 7, 8, 9, A, B, C, D, E, FI followed by a 
Single quote ('I. As many bytes as 
necessary may be transmitted until an 
ETX (ASCII End of Textl character ter
minates the block. Three such blocks 
are transmitted for any specified 
memory range. high byte of 8X305 
Instruction, low byte of 8X305 instruc
tion, and extended microcode byte 
Figure 3-2 shows an example of ASCII 
HEX QUOTE format. 

3.7 XEC (EXECUTE) 
INSTRUCTIONS 

When stepping through a user program 
and an 8X305 XEC Instruction is encoun
tered, the system will display an "XR" 
after the next instruction to indicate an 
XEC range of address 

Note that stepping must start on or 
before an XEC instruction for the pro
gram flow to be correct If while running 
a program, a breakpoint or stop occurs 
on an Instruction that is the target of an 
XEC instruction, an "XR" will not be 
displayed and program flow will not be 
correct If Single stepping is then begun. 

It is valid to nest any number of XEC 
instructions Single stepping will work 
properly provided that the user start on 
or before the first XEC Instruction. 

3.8 8X310 
INTERRUPT CONTROL 
COPROCESSOR 
CONSIDERATIONS 

Certain 8X305 "NOP" instructions have 
specific meanings to the 8X310 as indi
cated in the data sheet When using an 
8X310 in the system, the user must 
start running or stepping from an Instruc
tion that IS not an 8X310 instruction It 
IS valid, however, to start running and 
encounter a breakpoint or stop on an 
8X310 Instruction and then continue 
single stepping the program. 
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8X30S PROTOTYP I NG SYSTEM I Power Up Message REV.S 
SYSTEM CHECK OK. 

* 
* INPUT 000 
00000 I, JMP 20 /0 a a • 

I· 

* INPUT 20 
00020 I. XMT 07 133 /000 
00021 I XMT 17 00 1 /00 0 I Program Input 00022 I. XMT 00 001 /000 
00023 I XMT 6 0 /0 
00024 I' ADD 606/000 
00025 I. MOV 6027/000 
00026 I. MOV 6037/000 
00027 I, JMP 00000 /000 
00030 I' 
* ME/IIORY 0 
00000 JMP 00020 1000 
00001 MaV 00 0 00 /000 
* ME/IIOR.Y 20 
00020 XMT 07 133 1000 
00021 XMT 17 00 1 1000 I Display of Program Entered I 00022 XMT 00 00 1 /000 
00023 XMT 06 000 1000 
00024 ADD 06 o 06 /000 
00025 MOV 06 o 27 /000 I' 00025 MOV 06 0 37 1000 1 Change Instruction at Location 27 
00027 JMP 00000 /000 I, JMP 24 1000 • 
* LB 132 347 While Stili In Memory Mode 

LB 133 002 
LB 134 173 Display of Current Data at I * RB 002 000 IIIV Addresses * RB 000 377 
RB 001 377 

* GO 0 I Program Stopped by Hitting I 
RUNN f NG •••• STOPPED • 

AUX RT R2 R3 R4 R5 R6 R7 OVF Rll R12 R 13 R14 R15 R16 R17 
any Key 

--- --- --- ---
001 171 300 132 213 346 263 133 000 037 075 365 246 040 335 001 

I R7 Contains RB Address 133 00027 - JMP 00024 /000 C-
OO 1 171 300 132 213 346 263 133 000 037 075 365 246 040 335 001 

00024 - ADD 06 0 06 /000 I I R6 Increments 
001 171 300 132 213 346 264 133 000 037 075 365 246 040 335 001 

00025 - M)V 06 0 27 / a 00 ~ R17 Contains LB Address 001 
001 171 300 132 213 346 264 133 000 037 075 365 246 040 335 

00026 - wov 06 a 37 /000 I Contents of 133 (LB) and * LB 133 = 264 I· * RB a a 1 = 263 

* 
001 (RB) 

* DUMP 20 40 
DUMPING HIGH ByTES •••• 
C7 'eF'eo 'C6' 26' 06' 06 'EO 'F2 '00' OO'FE'OO 'A2 'FF' 00' 
EF' 
DUMP I NG LOW ByTES •••• 
58'01'01'00'06' 17' lF' 14'B7'OO'OO'8S'OO'83'FF'00' 
FB' 

1-----------11 ASCII HEX QUOTE FormatJ 
I Location 20-40 Octal 

DUMPING EXT ByTES •••• 
00' 00' 00' 00' 00' 00' 00' 00' 00 r 00 rOO' 00' 00' 00' 00' 00' 
EF' • 

*RO=OOl 
.... R6 ;:: 264 
*R7=133 
* R17= 001 

~ 1~'~---------------------------------------------{I}E~x~a~m~l~n~e~R~e~g~1s~t~er~s==~ 
* FILL 00001 
F I LLI NG HIGH BYTES •••• 
20'40'60'EO' 
F I LLI NG LOW BYT~S •••• 
00'01'02'03' 
FILLING EXT ByTES •••• 
OO'FF'FF'OO'. 
* 
.... MEIvk)RY 00000 

Fill Instruction Memoryl 
1------------------------------------------1 Locations 1-4 In ASCII 

HEX QUOTE Format 

00000 JMP 00020 
00001 ADD 00 a 00 

Examination of Memory Verifies 
Fill Operation Above Note 

1------------------------------------------1 Extended Microcode at Locations 
1000 I 
/000 

00002 AND 00 a 01 
00003 XOR 00 a 02 
00004 JMP 0000 3 

/3771 /377 
/000 • 

Figure 3-3. Sample Usage 

Signefics 
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USER CONNECTIONS 

4.1 WIRE-WRAP AREA 

The wire-wrap area located at the top 
of the board provides 26 square inches 
for user prototyping. This space accom
modates standard IC widths from 0.3 to 
0.9 inches and also provides power and 
ground connections. 

4.2 IV BUS CONNECTIONS 

The IV bus is the major communica
tions link between the 8X305 Micro
Controller and its family of peripherals. 
The bus is logically partitioned into two 
banks, referred to as the Left-Bank and 
Right-Bank. In the Prototyping System 
the 8X350 Working Storage RAM is 
connected to the Left-Bank, and the 
8X320 Register Array, 8X360 Memory 
Address Director, and 8X372 1/0 Ports 
are connected to the Right-Bank. All IV 
bus signals are present at connector J2 
as shown in Table 4-1. 

Table 4-1 IV BUS CONNECTOR J2 

Pin 
No. Signal Description 

Iva BUS (MSB) 

3 IV1 BUS 

5 IV2 BUS 

7 IV3 BUS 

9 IV4 BUS 

11 IV5 BUS 

13 IV6 BUS 

15 IV7 BUS(LSB) 

17 vee +5V 

19 Vee +5V 

21 HALT Halt 

23 RESET Reset 

25 MCLK Clock 

27 ill Left-Bank 

29 RB Right-Bank 

31 SC Select Control 

33 WC Write Control 

(All even GND Ground 
pins) 

4.3 1/0 PORTS 

These 8X372 1/0 ports have been pro
vided on the Right-Bank of the IV bus 
for latching of input or output data. The 
ports are programmed for addresses 
000, 001 and 002 and all signals are 
available at connectors J4, J5 and J6 
respectively. Signals on these connec
tors are described in Table 4-2. Note 
that 1/0 port compatibility allows the 
user to substitute an 8X376 or 8X382 
for anyone of the 8X372 1/0 ports. 
(One 8X371 non-addressable 1/0 port 
may be substituted, but ONLY if all 
other components on that bank are 
removedJ 

Table 4-2 1/0 PORT CONNECTORS 
J4, J5, AND J6 

Pin 
No. Signal Description 

2 UD7 User Data (LSB) 

4 UD6 User Data 

6 UD5 User Data 

8 UD4 User Data 

10 UD3 User Data 

12 UD2 User Data 

14 UD1 User Data 

16 UDO User Data (MSB) 

18 UOC Output Control 

20 UIC Input Control 

(All odd GND Ground 
pins) 
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4.4 EXTENDED MICROCODE 
CAPABILITY 

"Extended Microcode" is a technique 
commonly used in 8X305 MicroCon
troller based designs to optimize per
formance. It is implemented by de
signing program memory to be wider 
than the 16-bit instruction word re
quired for the 8X305. The additional 
bits are referred to as the extension 
and can be used for fast 1/0 selection 
or other system control and status 
monitoring purposes. 

The Prototyping System uses a 24-bit 
instruction word, thus providing facili
ties for 8 bits of extended microcode. 
These bits are accessible to the user at 
connector J3 as shown in Table 4-3. 

Table 4-3 EXTENDED MICROCODE 
BITS AT CONNECTOR J3 

Pin 
No. Signal Descri pti on 

1 No Connection 

3 EDO Extended Microcode 
(MSB) 

5 ED1 Extended Microcode 

7 ED2 Extended Microcode 

9 ED3 Extended Microcode 

11 ED4 Extended Microcode 

13 ED5 Extended Microcode 

15 ED6 Extended Microcode 

17 ED7 Extended Microcode 
(LSB) 

19 No Connection 

(All even GND Ground 
pins) 

4-15 

4 



BIPOLAR LSI PRODUCTS 

USER CONNECTIONS 

Table 4-4 8X320 SIGNAL 
CONNECTIONS 

Signal Description 

B/W Byte/Word Control 

AO Pnmary Port Address (LSB) 

A1 Pnmary Port Address 

A2 Pnmary Port Address 

A3 Pnmary Port Address (MSB) 

PIOE Programmed I/O Enable 

R/W Read/Write Control 

WS Write Strobe 

DMAE Direct Mem. Access Enable 

D7A Primary Data Port (LSB) 

D6A Primary Data Port 

D5A Primary Data Port 

D4A Primary Data Port 

D3A Primary Data Port 

D2A Pnmary Data Port 

D1A Primary Data Port 

DOA Primary Data Port 

D7B Primary Data Port 

D6B Primary Data Port 

D5B Pnmary Data Port 

D4B Pnmary Data Port 

D3B Pnmary Data Port 

D2B Primary Data Port 

D1B Pnmary Data Port 

DOB Primary Data Port (MSB) 

4.5 8X310 CONNECTIONS 

The 8X310 is connected to the 8X305 
MicroControlier and the Writeable Con
trol Store RAM to provide interrupt and 
subroutine capability. Five additional 
signals are provided for user interface 
as described in the 8X310 data sheet. 
These signals are accessible at tie 
pOints just to the right of the 8X310 
chip: 

STF Stack Full Status 

ID Interrupt Disable Control 

INTO I nterru pt 0 I n put 

INT1 Interrupt 1 Input 

INT2 Interrupt 2 Input 
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4.6 8X320 CONNECTIONS 

An 8X320 Bus Interface Register Array 
has ben provided on the IV Bus as a 
Right-Bank I/O device for interfacing to 
the user's system. The primary data, 
status and command signals are acces
sible at tie points located between the 
8X320 and the wire-wrap area. A list of 
these signals is provided in Table 4-4. 

4.7 8X360 CONNECTIONS 

The 8X360 Memory Address Director 
has been incorporated into the Proto
typing System design to facilitate imple
mentation of a DMA channel. It is 
connected to the IV Bus as a Right
Bank I/O device. Interconnection to the 
signals listed in Table 4-5 can be made 
at the tie points located between the 
8X360 and the wire-wrap area. 

In applications using extended micro
code to enable 1/0 devices care must 
be taken to avoid IV Bus contention 
with 8X300 Family peripheral devices 
enabled through the more commonly 
used address - select cycle. Refer to 
the 8X305 Users Manual for more infor
mation on extended microcode oper
ations. 

4.8 MEMORY EXPANSION 

The Prototyping System is provided 
with 256 24-blt words of Writeable Con
trol Storage; 16 bits for 8X305 instruc
tions and 8 bits for extended microcode. 
The depth of Control Storage can be 
increased by the connection of an 
expansion module to connector J 1, as 
shown in Table 4-6. A 4096 word 
Writeable Control Storage Expansion 
Module is available from Signetics (Part 
Number 8X300KT2SK). A schematic for 
this expansion module is provided in 
Appendix D. 

Signetics 
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Table 4-5 8X360 SIGNAL 
CONNECTIONS 

Signal Description 

CLK Clock Input 

TC Terminal Count Status 

LABN Loop Abort Control 

TSCL Tn-state Control 

AO Address Output (LSB) 

A1 Address Output 

A2 Address Output 

A3 Address Output 

A4 Address Output 

A5 Address Output 

A6 Address Output 

A7 Address Output 

A8 Address Output 

A9 Address Output 

A10 Address Output 

A11 Address Output 

A12 Address Output 

A13 Address Output 

A14 Address Output 

A15 Address Output (MSB) 

RSO Register Select (LSB) 

RS1 Register Select 

RS2 Register Select 

RS3 Register Select (MSB) 
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USER CONNECTIONS 8X300KT1SK 

Table 4·6 MEMORY EXPANSION CONNECTOR J1 

Pin Pin 
No. Signal Description No. Signal Description 

RAMEN Disables on-board RAM 2 115 8X305 Instruction (LSB) 

3 GND Ground 4 114 8X305 Instruction 

5 GND Ground 6 113 8X305 Instruction 

7 00 Output Disable 8 112 8X305 Instruction 

9 BKPT Breakpoint 10 111 8X305 Instruction 

11 W Write 12 110 8X305 Instruction 

13 No Connection 14 19 8X305 Instruction 4 
15 No Connection 16 18 8X305 Instruction ---
17 No Connection 18 17 8X305 Instruction 

19 No Connection 20 16 8X305 Instruction 

21 CE1 Chip Enable 22 15 8X305 Instruction 

23 AO 8X305 Address (MSB) 24 14 8X305 Instruction 

25 A1 8X305 Address 26 13 8X305 Instruction 

27 A2 8X305 Address 28 12 8X305 Instruction 

29 A3 8X305 Address 30 11 8X305 Instruction 

31 A4 8X305 Address 32 10 8X305 Instruction (MSB) 

33 A5 8X305 Address 34 E7 Extended Microcode 
(LSB) 

35 A6 8X305 Address 36 E6 Extended Microcode 

37 A7 8X305 Address 38 E5 Extended Microcode 

39 A8 8X305 Address 40 E4 Extended Microcode 

41 A9 8X305 Address 42 E3 Extended Microcode 

43 A10 8X305 Address 44 E2 Extended Microcode 

45 A11 8X305 Address 46 E1 Extended Microcode 

47 A12 8X305 Address (LSB) 48 EO Extended Microcode 
(MSB) 

49 Vcc +5 V 50 Vec +5 V 
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THEORY OF OPERATION 

As can be noted with the aid of the 
block diagram in Figure 5-1, the BX305 
prototyping system board contains cir
cuits which may be categorized as 
follows: 

1. Monitor Processor 

2. 8X305 MicroControlier and Family 

3. Writeable Control Store 

4. RunlStep Logic 

5.1 FUNCTIONS OF THE 
MONITOR PROCESSOR 

The Monitor Processor, an 8035 micro
processor and peripherals, controls all 
the commands and operations des
cribed in Chapter 3. The Monitor 
Processor handles all communication 
with the terminal as well as reading and 
writing the 8X305's program storage, 
registers, and I/O port contents. 

The 8X305 can execute instructions 
from Writeable Control Storage or an 
instruction that is latched into the 8243 

fPRoroTYPING AREA- - - -

I 
L __ 
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by the Monitor Processor. Typically the 
instruction in the 8243 will store or read 
an 8X305's register contents, 1/0 Port 
contents, or set the address in the 
8X305 Program Counter. 

The 8243 is also used to read and write 
the contents of Writeable Control Store. 
Since the 8X305 does not have an 
address bus that can be three-stated 
and because a buffer would increase 
the memory access time, to read a spe
cific memory location a JMP is "forced" 
upon the 8X305 by way of the 8243 to 
set the address lines. 

The Monitor Processor reads the regis
ter contents of the 8X305 by forcing an 
XEC Rn, 000, where Rn is the desired 
register. This causes the register con
tents to be placed on the lower eight 
address lines of the 8X305 where it may 
be read by the Monitor Processor and 
sent out on the RS-232 interface. To 
store a value into the 8X305, the Moni
tor Processor will force a XMT Rn, 
XXX, where XXX is the desired register 
contents. (For R12 and R13, this will be 

8X300KT1SK 

accomplished by a XMT followed by a 
MOV., 

5.2 8X305 FAMILY 

With the following two exceptions the 
8X305 MicroControlier and its sup
porting peripherals connect to the 
prototyping system in a conventional 
manner: 

1. Rather than a direct tie to the MCLK 
output of the 8X305, the MCLK input 
to the 8X310 Interrupt Control Co
processor is gated. The gating cir
cuits are required to implement 
correct single-step operation of the 
system. 

2. The HALT and RESET inputs to the 
8X305 are gated. Connected in this 
manner, the HALT and RESET 
signals will only affect the Micro
Controller in the run mode. User 
circuits requiring either or both of 
these inputs should pick up the sig
nals via the IV Bus connector J2. 

IV 

8X305 
MICROCONTROLLER 

BREAKPOINT 

CONTROL 

Figure 5-1. Detailed Block Diagram 

Signetics 
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THEORY OF OPERATION 

5.3 WRITEABLE CONTROL 
STORAGE 

Instead of the usual PROM or ROM 
instruction storage found in a typical 
8X305 based system, a Writeable Con
trol Store (WCS) has been implemented 
with high speed RAM to facilitate pro
gramming via the RS-232 terminal. The 
RAM memory provides 256 x 16 bits for 
8X305 instruction storage, 256 x 8 bits 
for extended microcode, and 256 x 1 
bit for breakpoints. If extended micro
code is not desired the RAM chip at U21 
may be removed and references to the 
extension will be removed from the 
display. Anyone or all memory address 
locations may contain a breakpoint. 

Note that no page decoding is provided 
on the board, so the 256 words of 
instructions will be repeated every 256 
addresses throughout the entire 8K 
memory range of the 8X305. 

The memory may be expanded up to 
the full 8K directly addressable by the 
8X305. A 4K word Writeable Control 
Storage Expansion Module is avail
able from Signetlcs (Part Number 
8X300KT2SK). When the additional 
memory is installed in J1, the RAM 
enable (RAMEN) signal is grounded to 
disable the on-board 256-word memory, 
and the Monitor Processor is signaled 
to provide the correct write cycle at J1 
for the added RAM. See Figure 5-2 for 
the differences: 

WRITE CYCLE FOR 82S212 RAMS 

o0r-L 
w~ 

WRITE CYCLE FOR 1420 RAMS 

CEl r\ r\ 
(U3 PIN 10)...J V \... 

oo~ 

w~ 

Figure 5-2. Write Cycle Variations 
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5.4 RUN STEP LOGIC 

The Run-Step logic consists of com
ponents U5, U6, U7, U9 and U10 on the 
schematic in Appendix A. These cir
cuits provide the control logic required 
to allow the 8X305 to execute instruc
tions at full speed or in a Single step 
mode of operation. This is easily accom
plished since all instructions are 
executed within one machine cycle, the 
time from the falling edge of MCLK to 
the next falling edge of MCLK. The 
HALT input is sampled by the 8X305 
sometime after the falling edge of 
MCLK. If it is low, the address lines of 
the MicroController are held stable; the 
current instruction is executed after the 
HALT input goes high (inactive). Dur
Ing the time that the HALT input is low 
(active), the MCLK output is unaffected. 
Inputs to the Run-Step logic are labeled 
RUN/WAIT, STEP, BKPT and MCLK; 
the output is labeled HALT and con
nected directly to the HALT input of 
the 8X305 MicroControlier. 

Two of the inputs, RUN/WAIT and 
STEP, are controlled by the Monitor 
Processor. The BKPT input connects 
to the extra bit in WCS that is used for 
breakpoints. The MCLK input comes 
directly from the MCLK output of the 
8X305. 

During single stepping the RUN/WAIT 
line is low and a pulse on the STEP line 
causes the 8X305 to execute only the 
current instruction. This is because the 
HALT line will go high for just one 
machine cycle. Entering the run mode 
the RUN/WAIT line is high and a pulse 
on the STEP line causes the 8X305 to 
begin executing instructions from the 
current address at full speed. The HALT 
input will go high and remain so until 
the RUN/WAIT line is brought low or 
until a breakpoint is encountered. 
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APPENDICES 8X300KT1SK 

Appendices 
A. 8X300KT1 SK Prototyping System Schematic 

B. 8X300KT1 SK PCB Layout and Parts Placement 

C. Parts List 

D. Memory Expansion Assembly Schematic 
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APPENDICES 8X300KT1SK 

Item No. Manufacturer Part Number Description Designator Qty. 

1 Signetics MC1488N Quad Line Driver U1 1 

2 Signetics SCN2661 CC1 N2S EPCI U2 1 

3 Signetics N74LS04N Hex Inverter U3, U12 2 

4 Signetics N74LS08N Quad AND Gate U4 1 

5 Signetics N74S74N Dual D-Flip-Flop U5 1 

6 Signetics N74S112N Dual J-K Flip-Flop U6 1 

7 Signetics N74S10N Triple NAND Gate U7 1 

8 Signetics N74S32N Quad OR Gate US 1 

9 Signetics N74S11N Triple AND Gate U9, U10 2 

10 Signetics MC1489N Quad Line Receiver U11 1 

11 Signetics N74LS373N Octal Latch U13 1 

12 Intel P8255A PPI U14 1 

13 Signetics 82S212N 256x 9 RAM U15, U18, U21 3 

14 Signetics N8X31ON Interrupt Control Coprocessor U16 1 

15 Intel 2732A-4 4096 x 8 EPROM U17 1 

16 Signetics SCN8035AC6N40 8-Bit Microcomputer U19 1 

17 Intel P8243 Input/Output Expander U20 1 

18 Signetics N74F373N Octal Latch U22 1 

19 Signetics 8X3051/N MicroController U23 1 

20 Signetics N8X360N Memory Address Director U24 1 

21 Signetics N8X320N Register Array U25 1 

22 Signetics N8X372-000N I/O Port U26 1 

23 Signetics N8X372-001 N I/O Port U27 1 

24 Signetics N8X372-002N I/O Port U28 1 

25 Signetics N8X350N 256x 8 RAM U29 1 

26 ITT CANNON DBP-25SAA RS-232 Connector P1 1 

27 TRW CINCH 252-25-30-360 Edge Connector, 50 Pin J1 

28 Spectra-Strip 800-579 Header, 34 Pin J2 1 

29 Spectra-Strip 800-586 Header, 20 Pin J3, J4, J5, J6 4 

Appendix C. Parts List 
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Item No Manufacturer Part Number Description Designator Qty. 

30 Reliability VA12-12 DC-DC Converter 

31 Saronlx NMP051L Crystal, 5688 MHz Y1 1 

32 Saronlx NMP100L Crystal, 10000 MHz Y2 1 

33 2N5320 Transistor Q1 1 

34 ALCa DSS-4 SWitch, Mini-dip B2, B1, BO, LF 1 

35 Smith 230 Binding Post 4 

36 1N914 Diode CR1 1 

37 CAP, 01 }.IF 28 

38 CAP, 47 }.IF, 20 V C2, C3, C4 3 

39 CAP, 47 }.IF, 6 V C1 1 

40 CAP, 47 pF C5 1 

41 CAP, 01 }.IF C6 1 

42 RES, 1 K, 1 /4 W R19 1 

43 RES, 10K, 1 /4 W R1, R2, R3 3 

44 RES, 390, 1/4 W R4, R5 2 

45 RES, 22K, 1 /4 W R6-R13, R15, 13 
R17, R18, R20, 
R21 

46 RES, 18, 1 W R16 1 

47 H H Smith 2501 Bolt, Nylon 4 - 40 x 3/8" P1 2 

48 H H Smith 2554 HEX Nut, Nylon 4 - 40 Pl 2 

49 BURNDY DILBQ50P-l01 Socket, 50 Pin U23 1 

50 TI C844002 Socket, 40 Pin U14, U16, U19, 5 
U24, U25 

51 TI C842802 Socket, 06" 28 Pin U2 1 

52 TI C842402 Socket, 0,6" 24 Pin U17, U20 2 

53 EMC 17424-01-445 Socket. 04" 24 Pin U26, U27, U28 3 

54 TI C842202 Socket, 04" 22 Pin U15, U18, 4 
U21, U29 

55 TI C842002 Socket, 03" 20 Pin U22 1 

56 Signetics PCB-82001 PC Board 1 

57 H H Smith 2450 Rubber Bumper 5 

Appendix C. Parts List (continued) 
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ICEPACK 

FEATURES 
• Diagnostic Monitor for controlled program execution, 32 

breakpoints, register, memory and I/O port examina
tion/change, download/upload memory 

• In-line assembler/disassembler for fast debugging of 8X305 
code in symbolic assembly language 

• System trace memory for 128 addresses, 12 bites each 
• On-board emulation memory of 4096 x 24 bits 
• Supports all other 8X305 family devices 
• Supports microcoded designs using expanded instruction 

widths 
• Power-on diagnostics 
• Emulator and software runs with other CP/M' or ISIS' based 

systems 

COMPLETE HARDWARE/SOFTWARE 
DEVELOPMENT SYSTEM INCLUDING: 
• 8X305 Emulator module 
• CP/M 2.2 System - Z80A, 64K RAM, dual minifloppies with 

1.6 Mbytes storage 
• Screen oriented editor for easy program development 

Printed with permission from Sigen Corporation. 

8X30S 

• Cross Assembler supporting Signetics standard format 
mnemonics 

• IBM P.C. version available 

FASTER PRODUCT DEVELOPMENT 
Demanding control applications based on the low cost, high 
performance Signetics 8X305 bipolar microcontroller can now 
be developed and implemented quickly and economically with 
the SIGEN 8X305 ICEPACK. 

ICEPACK is a powerful, high performance development and 
in-circuit emulation system for use with the 8X305 series 
microcontroller product family. Designed for CP/M compati
bility, ICEPACK provides a cost-effective means of rapid pro
duct development without the costly dedicated resources 
previously required. 

'CP/M is a trademark of Digital Research Corp. 
'ISIS is a trademark of Intel Corporation. 
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ICEPACK 

PERFORMANCE YOU NEED 
ICEPACK provides both the hardware performance and soft
ware tools needed for efficient 8X305 product development 
throughout a broad range of applications. Designed specifically 
by SIGEN for the development of 8X305 based products, 
ICEPACK performance has been proven throughout a variety 
of products. Its capabilities are especially useful in real time 
control applications. 

The ICEPACK Emulator module simply plugs into the prototype 
system 8X305 socket through a flat ribbon cable. The 
ICEPACK's superior noise immunity eliminates typical pro
blems associated with circuit interfacing. The ICEPACK 
Emulator hardware features high speed electronics supporting 
clock operation up to 10 MHz. Rugged packaging assures long 
life and reliable operation. 

ICEPACK software includes: 
• Powerful screen oriented Editor for easy program 

devlopment. 
• Full featured Cross Assembler supporting standard 

Signetics mnemonics. 
• Powerful diagnostic Monitor enabling controlled program ex

ecution including single stepping, breakpoint setting, 
memory and register examination an modification. 

• In-line assembler/disassembler for easy assembly language 
and debug and patching. 

FITS YOUR REQUIREMENTS 
ICEPACK is available ready to use as a system, or ready to 
interface to your floppy based CP/M system. Either way, you 
get the same powerful ICEPACK System capabilities. The 
ICEPACK System includes a Z80A based, 64K RAM, dual flop-

8X30S 

py system, ICEPACK Emulator, interface adapter, CP/M 2.2 
and alilCEPACK software and manuals. The ICEPACK Sub
system includes Emulator, parallel interface adapter, interface 
cables, ICEPACK software, and user manuals. 

TECHNICAL SPECIFICATIONS 
Power Requirements: 115/230VAC, 100 W 

PhYSical 
Height 
Width 
Depth 
Weight 

Environmental 

(CP/M System) (Emulator) 
7.5 inches 190mm 1 inch 25mm 
9.5 inches 241mm 6 inches 152mm 
14.5 inches 368mm 8 inches 204mm 
13.0 pounds 5.9 kg 1 pound .45 kg 

Operating Temperature: O°C to + 40°C 
Storage: - 40°C to + 85°C 

Cables 
(Target System) 

- 100 wire flat cable, 18 inches long 
- 20 wire flat cable, 18 inches long 

(CP/M System) 
- 37 wire flat cable, 5 feet long 

Enclosure 
(Emulator) 

- Anodized brushed aluminum 

(CP/M System) 
High impact plastic with internal shielding 

Signetics 4-27 

---
4 
------



BIPOLAR LSI PRODUCTS 

DEVELOPMENT DATA 110 PORT PROGRAMMER 8X300/8X305 

Hardware Features 
• Real time in-circuit emulation to 10 MHz without wait states. 
• 8K words of 35ns RAM, 16 or 32-bit words. 
• Memory mapping in 1 K word increments. 
• Compatible with 8X310 Interrupt Control Chip. 
• Trace capability includes 128 cycles of address, IV bus, RB, 

LB, WC, SC, and 3 selectable points in target system. Both 
input and output phases are traced in each cycle. 

• Downloading and Uploading capability provided. 
• 1/0 Port Programmer for 8X372, 8X376, 8X382. 

Software Features 
• Relocating macroassembler compatible with Signetics 

MCCAP. 
• Linking editor permits linking separately-assembled modules 

to form one load module. 
• Debugger program controls single stepping, stopping on a 

specified address, printing trace information, disasembling, 
program patching, changing register contents and memory 
management. Symbolic debug capability is provided. 

• Command file capability provided in the Asembler, Linking 
Editor, and Debugger program. 

• PROM formatting program available. Slices 16 and 32-bit 
words into 4 or 8-bit groups. 

TARGET SYSTEM 

BLOCK DIAGRAM 
The block diagram shows how the 8X300/305 support devices 
are incorporated in an EZ-PRO system. Devices unique to the 
8X300/30S includes the AA-S72-8X3S In-Circuit Emulator, the 
AA-S72-8X3S-M Emulator Extension and the AA-S74-8X37 1/0 
Port Programmer. The Emulator Extension provides an extra 
sixteen bits of word length over the basic sixteen bits required 
for the 8X300/30S processor and mayor may not be required 
in a particular development. Note that the emulator consists 
of three printed circuit board assemblies and the extension, 
two. 

The Address Control assembly incorporates trace memory 
and logic for memory mapping, stopping, and single stepping 
as well as circuitry required to communicate with the User In
terface and Master Processor. Each Emulator Memory 
assembly is eqUipped with 8K 16-bit words of 3S ns memory 
as well as interface circuitry. This memory is loaded and 
unloaded under control of the Master Processor and is ac
cessed by addresses generated by the 8X300/30S. 

The 8X300/30S User Interface has the processor mounted 
on it along with cable termination networks, cable drivers, some 
logic and test points. Test points are provided for the three 
pOints which may be traced in the target system, connection 
to the 8X310 Interrupt Control Chip and oscilloscope sync. 

BLOCK DIAGRAM OF EZ-PRQ CONFIGURED 
TO SUPPORT 8X300/305 DEVELOPMENT 

WITH 32-BIT WORK LENGTH 

Pnnted with permission from Amencan Automation 
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DEVELOPMENT DATA I/O PORT PROGRAMMER 8X300/8X305 

The Extension User Interface is equipped with six DIP 
sockets and cables which permit connection into PROM 
sockets located in the target system. Four of the sockets are 
18 pin (for 4-bit wide PROMs) and two are 24 pin (for 8-bit wide 
PROMs). Either set of sockets and cables may be used. Pin 
outs are compatible with Signetics 82S137, 185, 181, and 191 
PROM types. 

PROM programming is supported in two ways. Both require 
that PMFORM, the PROM formatting program, be utilized. After 
PMFORM has created files consisting of either 4-bit or 8-bit 
wide slices of the object program words, these files may be 
directed to a DATA 110 (or equivalent) PROM programmer con
nected to the RS232 printer port. Alternatively, with 8-bit wide 
slices, the AA-574-27XX EPROM Programmer may be utiliz
ed to write the files into 2716 or 2732 EPROMs. With ap
propriate off-line equipment, information in the EPROMs may 
be transferred into bipolar PROMs. 

The 1/0 Port Programmer consists of a printed board 
assembly, an adaptor that fits into the ZIF socket located on 
the front of the AA-570 Basic Development Unit and a program. 
After checking to see that the 8X372/376,382 is properly 
oriented in the ZIF socket and fuses are unblown, the program 
permits the desired address to be programmed into the 1/0 port. 
Complete checking is then accomplished including validation 
of the address and transfer of information in both directions 
through the port. 

EZ·PRO SYSTEM ELEMENTS 
FOR 8X300/305 SUPPORT 
Model 
AA-570-200 
AA-59X 
AA-572-8X35 
AA-572-8X35-M 
AA-562 
AA-563 
AA-553 
AA-574-8X37 
AA-574-27XX 

Description 
Basic Development Unit 
Dual Disk Unit 
In-Circuit Emulator for ~X300/305 
Emulator Extension 
Printer, RS232 Intertace 
Video Terminal with Screen Editor 
PMFORM, PROM Formatter Program 
1/0 Port Programmer 
EPROM Programmer for 2716 & 2732 

Note that all required programs except PMFROM are supplied 
at no extra cost. 

303A·8X PROGRAMMING TEST ADAPTER 
The 303A-8X Programming Test Adapter is designed to pro
gram address fuses and activate protect fuses for Signetics' 
1/0 Ports 8X372, 8X374, 8X376, and 8X382. Error messages 
are displayed if the programmed part is defective or if am
biguous addresses occur during the programming procedure. 
The test adapter operates in conjunction with the Data 1/0 Logic 
PAK 303A-V01 and various models of the Data 1/0 (System 
19, 29A, and 100A). The Programming Test Adapter is quick 
and easy to use and most Signetics' Franchised Distributors 
provide on-site programming capabilities for customer parts. 
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MCCAP 8X300/8X305 CROSS ASSEMBLER PROGRAM 

The MicroControlier Cross Assembler Program (MCCAP) has 
been developed to support the Signetics 8X300/8X305 
MicroControlier. MCCAP provides many powerful features in
cluding macros, automatic subroutine handling, conditional 
assembly and extended instructions. These features 
significantly reduce the time required to compose and assem
ble MicroControlier programs. When combined with standard 
assembler features such as mnemonic op-codes and address 
labels, these extended features make MCCAP a powerful pro
gramming tool. 

As input, MCCAP accepts source code written according to 
the rules presented in this manual. After assembling the source 
input, MCCAP produces an assembly listing and machine
readable object module. 

MCCAP is written in ANSI standard FORTRAN IV and is 
available on the more popular timesharing services. MCCAP 
is also available as a fully supported product from Signetics 
for use on a user's in-house system. 

MCCAP 8X300/8X305 CROSS ASSEMBLER 
PROGRAM 
MCCAP, the crossassembler program for the 8X300 and 8X305 
Micro-Controllers, is supplied as a 9-track magnetic tape con
taining FORTRAN IV source code for the crossassembler pro
gram. For compatibility with various computer systems, the 
tape is available in various combinations of density and data 
encoding. To order, use the following part numbers: 

NUMBER DENSITY ENCODING 

8X300 AS 1-1 SS 800 BPI ASCII 
8X300 AS1-2SS 800 BPI EBCDIC 
8X300 AS1-3SS 1600 BPI ASCII 
8X300 AS1-4SS 1600 BPI EBCDIC 
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8X300/8X305 CROSS ASSEMBLER INSTALLATION GUIDE 8X300AS2SS 

INTRODUCTION 
The 8X300AS2 runs on an Intel Inteliec™ Microcomputer 
Development System with 64K memory under the contorl of 
ISIS II operating system. 

The 8X300AS2 is composed of a two-pass crossassembler pro
gram and a PROM formatter overlay. Both programs are writ
ten entirely in Intel 8080 Assembly language, and are assembl
ed on the Intel 8080/8085 Macro Assembler version 4.0, link
ed and located to execute in overlay. 

It assembles both 8X300 and 8X305 programs. Also needed 
is at least one single or double density disk drive with the 
PROM formatter overlay always residing in drive zero. 

The 8X300AS2 software is contained on three diskettes. 
Disks 1 and 2 contain the Single Density version and disk 3 
contains the Double Density version. Both versions will be 
shipped when ordered under this part number. 
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MICROPROGRAM CONTROL UNIT S/N3001 

FEATURES 
• Schottky TTL process 
• 45ns cycle time (typ.) 
• Direct addressing of standard bipolar 

PROM or ROM 
• 512 microinstruction addressabillty 
• Advanced organization: 

9·bit microprogram address register 
and bus organized to address 
memory by row and column 

4·bit program latch 
2·flag registers 

• 11 address control functions: 
3 jump and test latch functions 
16 way Jump and test instructions 

• 8 flag control functions: 
4 lIag input functions 
4 lIag output functions 

BLOCK DIAGRAM 

ERA 

1 

FLAG 

FCO 

FC1 

FC2 
CONTROL 

I 
I 
I 

10 
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I '0--ONO 

AC " 
AC 1 

AC 2 

AC 3 

4 

AC , 
6 

H 

F 
LATCH 

t 

j 

N3001 N, N30011, S30011 

DESCRIPTION 
The SN3001 MCU is 1 element of a bipolar 
microcomputer set. When used with the 
SN3002, 54/74S182, ROM or PROM memo 
ory, a powerful microprogrammed com· 
puter can be implemented. 

The 3001 MCU controls the fetch sequence 
of microinstructions from the m;cropro· 
gram memory. Functions performed by 
the 3001 include: 

• Maintenance of microprogram address 
register 

• Selection of next microinstruction address 
• Decoding and testing of data supplied via 

several input buses 
• Saving and testing of carry output data from 

the central processing (CP) array 
• Control of carry/shift input data to the CP ar· 

ray 
• Control of microprogram interrupts 

PIN CONFIGURATION 

I PACKAGE 

TOP VIEW 

ORDER NUMBER 

S/N3001 

MA8 MA7 MA6 MA5 MA4 MA3 MA2 MA1 MAO 

11111 111 I 
ROW l COLUMN 

~ ~ OUTPUT OUTPUT 

l 

h c. Z 
FLAGS 

rl ADDRESS REGISTER 

1- 9 

J 
NEXT ADDRESS CONTROL } 

c.......!'-t---J*- o'UR, t---eo 
LATCH 

,---r-

---- -"-_.-
PX7 PX6 PX5 PX4 

-- - - .-
SX3 SX2 SX1 sxo 
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MICROPROGRAM CONTROL UNIT S/N3001 

PIN DESIGNATION 

PIN SYMBOL 

1-4 PX4-PX7 

5,6,8,10 SXO-SX3 

7,9,11 PRo-PR2 

12,13 FCo-FC3 
15,16 

14 Fa 

17 Fi 

18 ISE 

19 CLK 

20 GND 

21-24 ACo-ACa 
37-39 

25 EN 

26-29 MAo-MA3 

30-34 MA4-MAa 

35 ERA 

36 LD 

40 Vce 

THEORY OF OPERATION 

The MCU controls the sequence of microin
structions in the microprogram memory. The 
MCU simultaniously controls 2 flip-flops (C, Z) 
which are interactive with the carry-in and 
carry-out logic of an array of CPEs. 

6·4 

NAME AND FUNCTION TYPE 

Primary Instruction Bus Inputs Active low 
Data on the primary instruction bus is tested by the JPX function to 
determine the next microprogram address. 

Secondary Instruction Bus Inputs Active low 
Data on the secondary instruction bus is synchronously loaded into the 
PR-Iatch while the data on the PX-bus is being tested (JPX). During a 
subsequent cycle, the contents of the PR-Iatch may be tested by the 
JPR, JLL, or JRL functions to determine the next microprogram address. 

PR-Latch Outputs Open Collector 
The PR-Iatch outputs (SXo-SX2l are synchronously enabled by the JCE 
function. They can be used to modify microinstructions at the outputs of 
the microprogram memory or to provide additional control lines. 

Flag Logic Control Inputs Active high 
The flat logic control inputs are used to cross-switch the flags (C and Z) 
with the flag logic Input (FI) and the flag logic output (Fa). 

Flag Logic Output Active low 
The outputs of the flags (C and Z) are multiplexed internally to form the Th ree-state 
common flag logic output. The output may also be forced to a logical 
o or logical 1. 

Flag Logic Input Active low 
The flag logic input is demultiplexed internally and applied to the inputs 
of the flags (C and Z). Note: The flag input data is saved in the F-Iatch 
when the clock input (CLK) is low. 

Interrupt Strobe Enable Output Active high 
The interrupt strobe enable output goes to logical 1 when one of the 
JZR functions are selected (see Functional Description). It can be used 
to provide the strobe signal required by interrupt circUits. 

Clock Input 

Ground -

Next Address Control Function Inputs Active high 
All jump functions are selected by these control lines. 

Enable Input 
When in the high state, the enable input enables the microprogram 
address, PR-Iatch and flag outputs. 

Microprogram Column Address Outputs Th ree-state 

Microprogram-Row Address Outputs Th ree-state 

Enable Row Address Input Active high 
When In the low state, the enable row address input independently 
disables the microprogram row address outputs. It can be used to 
facilitate the implementation of priority interrupt systems. 

Microprogram Address Load Input Active high 
When the active high state, the microprogram address load input inhibits 
all jump functions and synchronously loads the data on the instruction 
buses into the microprogram address register. However, it does not inhibit 
the operation of the PR-Iatch or the generation of the interrupt strobe 
enable. 

+ 5 Volt supply 

The functional control of the MCU provides 
both unconditional jumps to new memory loca
tions and jumps which are dependent on the 
state of MCU flags or the state of the "PR" 
latch. Each intruction has a "jump set" 
associated with it. This "jump set" is the total 
group of memory locations which can be ad
dressed by that instruction. 

The MCU utilizes a two-dimensional address
ing scheme in the microprogram memory. 
Microprogram memory is organized as 32 rows 
and 16 columns for a total of512 words. Word 
length is variable according to application. Ad
dress is accomplished by a 9-bit address 
organized as a 5-bit row and 4-bit column 
address. 

Signetics 
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MICROPROGRAM CONTROL UNIT S/N3001 

ADDRESSING ORGANIZATION 

-

32 
OWS 

-'-
1-01 ___ --16 COLUMNS----1 .. ooll 

MAO-MA3 

FUNCTIONAL DESCRIPTION 
The following is a description of each of the 
eleven address control functions. The symbols 
shown below are used to specify row and col
unm addresses. 

MNEMONIC FUNCTION 

rown 5-bit next row address 
where n is the decimal 
row address 

coin 4-bit next column address 
where n IS the decimal 
column address. 

Unconditional Address 
Control (Jump) Functions 
The jump functions use the current micro
program address (Le .• the contents of the 
microprogram address register prior to the ris
ing edge of the clock) and several bits from the 
address control inputs (ACO-AC6) to generate 
the next microprogram address. 

Flag Conditional Address Control 
(Jump Test) Functions 
The jump/test flag functions use the current 
microprogram address. the contents of the 
selected fag or latch. and several bits from the 
address control function to generate the next 
microprogram address. 

JUMP FUNCTION TABLE 

MNEMONIC NAME AND FUNCTION 

JCC Jump in current column. ACo-AC4 are used to select 1 of 32 row addres-
ses In the current column. specified by MAo-MA3. as the next address. 

JZR Jump to zero row. ACo-AC3 are used to select 1 of 16 column addresses 
in rowo. as the next address. 

JCR Jump in current row. ACo-AC3 are used to select 1 of 16 addresses in the 
current row. specified by MA4-MA8• as the next address. 

JCE Jump in current column/row group and enable PR-Iatch outputs. ACo-AC2 
are used to select 1 of 8 row addresses in the current row group. specified 
by MA7-MA8• as the next row address. The current column is specified by 
MAo-MA3. The PR-Iatch outputs are asynchronously enabled. 

JUMPITEST FUNCTION TABLE 

MNEMONIC NAME AND FUNCTION 

JFL Jump/test F-Iatch. ACo-AC3 are used to select 1 of 16 row addresses in 
the current row group. specified by MAs. as the next row address. If the 
current column group. specified by MA3• is colo-coI7• the F-Iatch is used 
to select col2 or col3 as the next column address. If MA3 specifies column 
group coI8-col'5' the F-Iatch IS used to select col,o or col11 as the next col-
umn address. 

JCF Jump/test C-flag. ACo-AC2 are used to select 1 of 8 row addresses in the 
current row group. specified by MA7 and MA8• as the next row address. 
If the current column group specified by MA3 is colo-coI7• the C-flag is used 
to selet col2 or col3 as the next column address. If MA3 specifies column 
gorup coI8-col15 • the C-flag is used to select COllO or col11 as the next col-
umn address. 

JZF Jump/test Z-flag. Identical to the JCF function described above. except that 
the Z-flag. rather than the C-flag. IS used to select the next column address. 

JPR Jump/test PR-Iatch. ACo-AC2 are used to select 1 of 8 row addresses in 
the current row group. specified by MA7 and MA8• as the next row address. 
The 4 PR-Iatch bits are used to select 1 of 16 possible column addresses 
as the next column address. 

JLL Jump/test rightmost PR-Iatch bits. ACo-AC2 are used to select 1 of 8 row 
addresses in the current row group. specified by MA7 and MA8• as the next 
row address. PR2 and PR3 are used to select 1 of 4 column addresses in 
col4 through col7 as the next column address. 

JRL Jump/test rightmost PR-Iatch bits. ACo and AC, are used to select 1 of 4 
high-order row addresses in the current row grouP. specified by MA7 and 
MA8• as the next row address. PRo and PR, are used to selec11 of 4 possi-
ble column addresses In col'2 through col'6 as the next column address. 

JPX Jump/test PX-bus and load PR-Iatch. ACo and AC, are used to select 1 
of 4 row addresses in the current row group. specified by MAs-MAs. as the 
next row address. PX4-PX7 are used to select 1 of 16 possible column ad-
dresses as the next column address. SXO-SX3 data is locked in the PR-
latch at the rising edge of the clock. 
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MICROPROGRAM CONTROL UNIT S/N3001 

PX-Bus and PR-Latch 
Conditional Address Control 
(Jump/Test) Functions 
The PX-bus jump/test function uses the 
data on the primary instruction bus 
(P~-PX7)' the current microprogram ad
dress control function to generate the 
next microprogram address. The PR
latch jump/test functions use the data in 
the PR-Iatch, the current microprogram 
address, and several selection bits from 
the address control function to generate 
the next microprogram address. 

Flag Control Functions 
The flag control functions of the MCU are 
selected by the 4 input lines designated 
FCo-FC3. Function code formats are given in 
"Flag Control Function summary". 

The following is a detailed description of each 
of the 8 flag control functions. 

Flag Input Control Functions 
The flag input control functions select 
which flag or flags will be set to the cur
rent value of the flag input (FI) line. 

Data on FI is stored in the F-Iatch when 
the clock is low. The content olthe F-Iatch 
is loaded into the C and/or Z flag on the 
rising edge of the clock. 

Flag Output Control Functions 
The flag output control functions select 
the value to which the flag output (FO) line 
will be forced. 

FLAG CONTROL FUNCTION 
MNEMONIC FUNCTION DESCRIPTION 

SCZ Set C-flag and Z-flag to FI The C-flag and the Z-flag are both set to 
the value of Flo 

STZ Set Z-flag to FI. The Z-flag IS set to the value of FI. The C-flag IS 
unaffected. 

STC Set C-flag to FI The C-flag IS set to the value of FI The Z-flag is 
unaffected. 

HCZ Hold C-flag and Z-flag The values In the C-flag and Z-flag are 
unaffected. 

FLAG OUTPUT CONTROL FUNCTION TABLE 
MNEMONIC FUNCTION DESCRIPTION 

FFO Force FO to 0 FO is forced to the value of logical O. 

FFC Force FO to C. FO IS forced to the value of the C-flag. 

FFZ Force FO to Z FO IS forced to the value of the Z-flag. 

FFl Force FO to 1 FO IS forced to the value of logical 1 

FLAG CONTROL FUNCTION SUMMARY 
TYPE MNEMONIC DESCRIPTION FC1 0 

SCZ Set C-flag and Z-flag to f 0 0 

Flag STZ Set Z-flag to f 0 0 

Input STC Set C-flag to f 1 1 

HCZ Hold C-flag and Z-flag 1 1 

TYPE MNEMONIC DESCRIPTION FC3 2 

FFO Force FO to 0 0 0 

Flag FFC Force FO to C-flag 1 0 
Output FFZ Force FO to Z-flag 0 1 

FFl Force FO to 1 1 1 

LOAD 
NEXT ROW NEXT COL FUNCTION 

LD MAs 7 a s 4 MA3 2 1 0 

0 See Address Control Function Summary 

1 0 X3 X2 Xl Xo 1 X7 Xa Xs X4 

NOTE 
I = Contents 01 the F- latch xn = Data on PX- or SX-bus line n (active low) 

ADDRESS CONTROL FUNCTION SUMMARY 
FUNCTION NEXT ROW NEXT COL 

MNEMONIC DESCRIPTION ACe 5 4 3 2 1 0 MAe 7 e s 4 MA3 2 1 

JCC Jump in current column 0 0 d4 d3 d2 d1 do d4 d3 d2 d1 do m3 m2 ml 
JZR Jump to zero row 0 1 0 d3 d2 d1 do 0 0 0 0 0 d3 d2 d1 
JCR Jump in current row 0 1 1 d3 d2 d1 do me m7 ma ms m4 d3 d2 d1 
JCE Jump in column/enable 1 1 1 0 d2 d1 do me m7 d2 d1 do m3 m2 m1 
JFL Jumpltest F-Iatch 1 0 0 d3 d2 d1 do me d3 d2 d1 do m3 0 1 
JCF Jumpltest C-flag 1 0 1 1 d2 d1 do me m7 d2 d1 do m3 0 1 
JZF Jumpltest Z-flag 1 0 1 1 d2 d1 do me m7 d2 d1 do m3 0 1 
JPR Jumpltest PR-Iatch 1 1 0 0 d2 d1 do me m7 d2 d1 do P3 P2 PI 
JLL Jumpltest left PR bits 1 1 0 1 d2 d1 do me m7 d2 d1 do 0 1 P3 
JRL Jump/test right PR bits 1 1 1 1 1 d1 do me m7 1 d1 do 1 1 PI 
JPX Jump/test PX-bus 1 1 1 1 0 d1 do me m7 me d1 do X7 xe X5 

NOTE Pn = Data In PA-Iatch bit n 
dn = Data on address control line n xn = Data on PX-bus line n (active low) 
mn = Data In microprogram address register bit n I,c,z = Contents 01 F-Iatch, C-IIag, or Z-lIag respectively 
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MICROPROGRAM CONTROL UNIT 

STROBE FUNCTIONS 
The load function of the MCU is controlled by 
the input line designated LD. If the LD line is 
active high at the rising edge of the clock, the 
data on the primary and secondary instruction 
buses, PX4-PX7 and SXO-SX3, is loaded Into 
the microprogram address register. PX4-PX7 
are loaded into MA4-MA7 . The high-order bit 
of the microprogram address register MAs is 
set to a logical o. The bits from primary instruc
tion bus select 1 of 16 possible column ad
dresses. Likewise, the bits from the secondary 
instruction bus select 1 of the first 16 row 
addresses. 

The MCU generates an interrupt strobe enable 
on the output line designated ISE. The line IS 
placed in the active high state whenever a JZR 
to col,s is selected as the address control 
function. Generally, the start of a macroinstruc
tion fetch sequence is situated at rowo and 
col,s so the interrupt control may be enabled 
at the beginning of the fetch/execute cycle. 
The interrupt control responds to the interrupt 
by puling the enable row address (ERA) input 
line low to override the selected next row ad
dress from the MCU. Then by gating an alter
native next row address on to the row address 
lines of the microprogram memory, the 
microprogram may be forced to enter an in
terrupt handling routine. The alternative row 
address placed on the microprogram memory 
address lines does not alter the contents of the 
microprogram address register. Therefore, 
subsequent jump functions will utilize the row 
address in the register, and not the alternative 
row address, to determine the next 
microprogram addess. 

Note, the load function always overrides the 
address control function on ACo-ACe. It does 
not, however, override the latch enable or load 
sub-functions of the JCE or JPX instruction, 
respectively. In addition, it does not inhibit the 
interrupt strobe enable or any of the flag con
trol functions. 

JUMP SET DIAGRAMS 

JCC 
JUMP IN CURRENT COLUMN 

ROW31 --.- LJ.....J...J....J'--""",-.L.J-L..L-I-J.....J.....L-W 

+ + + COLo CURRENT COL,s 
COLUMN 

JPR 
JUMP/TEST PR-LATCH 

S/N3001 

JZR 
JUMP TO ZERO ROW 

JLL 
JUMP/TEST LEFT LATCH 

JUMP SET DIAGRAMS 
The following 10 diagrams illustrate the jump 
set for each of the 11 jump and jump/test func
tions of the MCU. Location 341 indicated by 
the circled square, represents 1 current row 
(row2') and current column (cols) address. 
The dark boxes indicate the microprogram 
locations that may be selected by the particular 
function as the next address. 
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MICROPROGRAM CONTROL UNIT 

JUMP SET DIAGRAMS (Continued) 
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CURRENT 
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MICROPROGRAM CONTROL UNIT 

AC ELECTRICAL CHARACTERISTICS N3001 TA = O°C to + 70°C. vee = 5.0V. ± 5% 
53001 TA = -55°C to + 125°C. Vee = 5.0V ± 10% 

N3001 
PARAMETER Min Typ' Max Min 

tey Cyele Time2 60 45 95 

tpw Clock Pulse Width 17 10 40 

Control and Data Input Set-Up Times: 
tSF lD. ACo-ACa (Set to "1"1"0") 20 3/14 20 

tSK FCo. FC1 7 5 10 

tsx PX4-PX7 (Set to "1"1"0") 28 4/13 35 

tSI FI (set to "1"1"0") 12 -610 15 

tsx SXO-SX3 15 5 35 

Control and Data Input Hold Times: 
tHF lD. ACo-AC6 (Hold to "1"1"0") 4 -31-14 5 

tHK FCo• FC, 4 -5 10 

tHX PX4-PX7 (Hold to "1"/"0") 0 - 4/-13 25 

tHI FI (Hold to "1"1"0") 16 6.5/0 22 

tHX SXO-SX3 0 -5 25 

teo Propagation Delay from Clock Input (ClK) to Outputs 17/24 36 10 
(mAo-mAs. FO) (tPHl/tPlH) 

tKo Propagation Delay from Control Inputs FC2 and FC3 to Flag 13 24 
Out (FO) 

tFO Propagation Delay from Control Inputs ACo-AC6 to latch 21 32 
Outputs (PRo-PR2) 

tEO Propagation Delay from Enable Inputs EN and ERA to 17 26 
Outputs (mAo-mAs. FO. PRo-PR2 

tFI Propagation Delay from Control Inputs ACo-AC6 to 20 32 
Interrupt Strobe Enable Output (ISE) 

NOTE 
1. TYPical values are for TA = 25°C and 5.0 supply vollage 
2. S3001: ICY = tWP + tSF + tCO 

Signetics 
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S3001 

Typ' 
UNIT 

Max 

45 ns 

10 ns 

3/14 ns 

5 ns 

4/13 ns 

-6/10 ns 

5 ns 

-3/-14 ns 

-5 ns 

-4/-13 ns 

6.5/0 ns 

-5 ns 

17/24 45 ns 

13 50 ns 

21 50 ns 

17 35 ns 

20 40 ns 
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MICROPROGRAM CONTROL UNIT 

VOLTAGE WAVEFORMS 

ClK 
CLOCK INPUT 

EN,ERA 
ENABLE INPUTS 

MAo-MAs 
CONTROL MEMORY 
ADDRESS OUTPUTS 

ACo-ACs, LD 
ADDRESS CONTROL 
INPUTS 

PRo PR2 
"PR" lATCH OUTPUTS 

ISE 

FCo-FC3 
FLAG CONTROL 
INPUTS 

FI 
FLAG INPUT 

FO 
FLAG OUTPUT 

INTERRUPT STROBE 
ENABLE OUTPUT 

SXO-PX7 

, 
1\ j 

1/ , 
'cv 

\,1/ 
11\ 

I--'CO I--- 'EO C--

\V 
J~ 

'HF 'SF~ 

'" )1\ 
I---'EO- r--------

~ 'FO I--

\,v 
J'\ 

I--- 'HK 'SK 

\'1/ 
JI\ 

'HI 'SI 

\,v 
11\ 

1--'EO 
I--- 'KO t' 

I---'co 

f'V 
J/\ 
f---'FI-

\,V 

f\ 

S/N3001 

r/ 
1\ -' 
I---'PW-

I---

'Hx----+--1-'SX----i 

~J;~;J~N--------------------------__J ~ ____________________________________ __ 
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BIPOLAR LSI PRODUCTS 

CENTRAL PROCESSING ELEMENT S/N3002 

FEATURES 
• 45ns cycle time (typ) 
• Easy expansion to multiple of 2 bits 
• 11 general purpose registers 
• Full function accumulator 
• Useful functions include: 

2's complement arithmetic 
Logical AND, OR, NOT, exclusive
NOR 
Increment, decrement 
Shift left/shift right 
Bit testing and zero detection 
Carry look-ahead generation 
Masking via K-bus 
Conditioned clocking allowing non
destructive testing of data in accumu· 
lator and scratch pad 

• 3 input buses 
• 2 output buses 
• Control bus 

DESCRIPTION 
The N3aa2 Central Processing Element 
(CPE) IS one part of a bipolar microcom
puter set. The N3aa2 is organized as a 2-bit 
slice and performs the logical and arithmet
IC functions required by microinstructions. 
A system with any number of bits in a data 
word can be implemented by using multiple 
N3aa2s, the N3aa1 microcomputer control 
Unit, the N74S182carry look-ahead unit and 
ROM or PROM memory 

BLOCK DIAGRAM 
(12) 

FUNCTION TRUTH TABLE 

FUNCTION 
GROUP F. F. 

a a a 
1 a a 
2 a 1 
3 a 1 
4 1 a 
5 1 a 
6 1 1 
7 1 1 

REGISTER 
GROUP REGISTER F3 F. 

Ro a a 
R, a a 
R, a a 
R3 a a 
R4 a 1 

I Rs a 1 
Ro a 1 
R7 a 1 
R. 1 a 
Rg 1 a 
T 1 1 

AC 1 1 

II 
T 1 a 

AC 1 a 

III 
T 1 1 

AC 1 1 

(13) (20) (19) 

PIN CONFIGURATION 

I,XL PACKAGE 
F. 

a 
1 
a 
1 
a 
1 
a 
1 

F, F. 

a a 
a 1 
1 a 
1 1 
a a 
a 1 
1 a 
1 1 

TOP VIEW 

a a ORDER NUMBERS 
a 1 53002·1. N3002·1, XL 

a a 
a 1 

1 a 
1 1 

1 a 
1 1 

r-----~~-~~-------4~~~------------, 
"" J. .1 OUTPUT I OUTPUT I ~ 

EA -, I BUFFER BUFFER I r W(231 

, I! 1. t I , I '. , 
I ~~" I 
I ADDRESS I I I I REGISTER AC REGISTER I 

!~I~~~~~f~~t~~~::~~1.~~t~::::~~~~~ I I I I I 

~~~ ~ ARITHMETIC AND 1'"'=_==1~t=t=t=~I~:g;C~1 (10) 
(7) Co lOGIC UNIT t- RD (8) 
~U J 

('8) CLKo---oI I 
(28) Vccc>---t I MUlTIPALEXER J I MULTIPLEXER I I 

(T~)T~NF:O--;,~-+ ___ -f-----' --..t t r r t t B : 

110) F5g:::::::t===l ~ I 
((2174)) ~43'O-t-__ --I FUNCTION I 

DECODER I SCRATCHPAD I I 
(27) F2:~=E==~ REGISTERS (26) F, RO-Rg, T I 
(25) FO I ! t : 

L__________ r--------- ir-., ----____ --' 

(21) (22) (2) (T) (4) (3) 
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BIPOLAR LSI PRODUCTS 

CENTRAL PROCESSING ELEMENT S/N3002 

PIN DESCRIPTION 

PIN SYMBOL NAME AND FUNCTION TYPE 
1,2 10- 11 External Bus Input Active low 

The external bus inputs provide a separate input port for external input devices. 
3, 4 Ko-Kl Mask Bus Inputs Active low 

The mask bus inputs provide a separate input port from the microprogram memory, to 
allow mask or constant entry 

5, 6 X, Y Standard Carry look-Ahead Cascade Outputs Active high 
The cascade outputs allow high speed arithmetic operations to be performed when they 
are used in conjunction with the 74S182 Look-Ahead Carry Generator 

7 CO Ripple Carry Out Active low 
The ripple carry output is only disabled during shift right operations. Three-state 

8 RO Shift Right Output Active low 
The shift right output is only enabled during shift right operations. Three-state 

9 U Shift Right Input Active low 
10 CI Carry Input Active low 
11 EA Memory Address Enable Input Active low 

When in the low state, the memory address enable input enables the memory address 
outputs (Ao - A1). 

12-13 Ao-Al Memory Address Bus Outputs Active low 
The memory address bus outputs are the buffered outputs of the memory address Three-state 
register (MAR). 

14 GND Ground 
14-17 Fo-Fa Micro-Function Bus Inputs Active high 
24-27 The micro-function bus inputs control AlU function and register selection. 
18 ClK Clock Input 
19-20 Do-Dl Memory Data Bus Outputs Active low 

The memory data bus outputs are the buffered outputs of the full function accumulator Three-state 
register (AC). 

21-22 Mo-Ml Memory Data Bus Inputs Active low 
The memory data bus inputs provide a separate input port for memory data. 

23 ED Memory Data Enable Input Active low 
When in the low state, the memory data enable input enables the memory data 
outputs (Do - D1)· 

28 Vcc + 5 Volt Supply 

SYSTEM DESCRIPTION 
Microfunction Decoder and K-Bus 
Basic microfunctions are controlled by a 7-bit 
bus (Fo-Fa) which is organized into 2 groups. 
The higher 3 bits (F4-Fa) are designated as 
F-Group and the lower 4 bits (Fo-F3) are 
designated as the R-Group The F-Group 
specifies the type of operation to be performed 
and the R-Group specifies the registers 
involved. 

A and B Multiplexers Arithmetic/Logic Unit (ALU) 

The F-Bus instructs the microfunction decoder 
to: 
• Select AlU functions to be performed 
• Generate scratch pad register addre$s 
• Control A and B multiplexer 

The resulting microfunction action can be: 
• Data transfer 
• Shift operations 
• Increment and decrement 
• Initialize stack 
• Test for zero conditions 
• 2's complement addition and subtraction 
• Bit masking 
• Maintain program counter 

6-12 

A and B multiplexers select the proper 2 
operands to the AlU. 

A multiplexer selects inputs from one of the 
following: 
• M-bus (data from main memory) 
• Scratchpad registers 
• Accumulator 
B multiplexer selects inputs from one of the 
following: 
• I-bus (data from external I/O devices) 
• Accumulator 
• K-bus (literal or masking information from 

micro-program memory) 

Scratch pad Registers 
• Contains 11 registers (Ro-Rg, T) 
• Scratchpad register outputs are multi

plexed to the AlU via the A multiplexer 
• Used to store intermediate results from 

arithmeticllogic operations 
• Can be used as program counter 

Signetics 

The AlU performs the arithmetic and logic 
operations of the CPE. 

Arithmetic operations are: 
• 2's complement addition 
• Incrementing 
• Decrementing 
• Shift left 
• Shift right 
logical operations are: 
• Transfer 
• AND 
• Inclusive-OR 
• Exclusive-NOR 
• logic complement 

AlU operation results are then stored in the 
accumulator and/or scratch pad registers. For 
easy expansion to larger arrays carry look
ahead outputs (X and Y) and cascading shift 
inputs (U, RO) are provided. 



BIPOLAR LSI PRODUCTS 

CENTRAL PROCESSING ELEMENT S/N3002 

Accumulator Output Buses 
• Stores results from ALU operations 

• Is multiplexed into the ALU via the B multi
plexer A-bus and Memory Address Register 

• The output of accumulator is multiplexed in
to ALU via the A and B multiplexer as one 
of the operands 

K-bus: A special feature of the N3002 CPE 
• During arithmetic operations, the K-bus can 

be used to mask portions of the field being 
operated on 

• Main memory address is stored in the 
memory address register (MAR) 

• Main memory is addressed via the A-bus 

Input Buses 
M-bus: Data bus from main memory 

• Select or remove accumulator from opera
tion by placing K-bus in all "1" or all "0" 
state respectively 

• MAR and A-bus may also be used to gen
erate device address when executing 1/0 
instructions 

• A-bus has Tri-State outputs 
• Accepts 2 bits of data from main memory 

into CPE 

• Is multiplexed into the ALU via the A 
multiplexer 

• During non-arithmetic operation, the carry 
circuit can be used in conjunction with the 
K-bus for word-wise-OR operation for bit 
testing 

D-bus: Data bus from CPE to main memory or 
to 1/0 devices 
• Sends buffered accumulator outputs to main 

memory or the external 1/0 devices 
I-bus: Data bus from input/output devices 
Accepts 2 bits of data from external input/out
put devices into CPE 

• Supply literal or constant data to CPE • D-bus has Tri-State outputs 

FUNCTION DESCRIPTION 

F R 
GROUP GROUP 

K 
BUS NAME EQUATION DESCRIPTION 

0 I' XX - Rn + (AC K) + CI-Rn, AC Logically AND AC with K·bus. Add the result to Rn and carry input (CI). 
Deposit the sum in AC and Rn. 

00 ILR Rn + CI-R, AC Conditionally Increment Rn and load the result In AC. Used to load AC from 
Rn or to increment Rn and load a copy of the results in AC. 

11 ALR AC + Rn + CI-Rn, AC Add AC and CI to Rn and load the result in AC. Used to add AC to a 
register. If Rn is AC, then AC IS shifted left one bit pOSition. 

0 II XX - M + (AC K) + CI-AT Logically AND AC with the K·bus. Add the result to CI and the M-bus. 
Deposit the sum In AC or T. 

00 ACM M + CI-AT Add CI to M-bus. Load the result in AC or T, as specified. Used to load 
memory data in the specified register, or to load incremented memory data 
In the specified register. 

11 AMA M + AM + CI-AT Add the M-bus to AC and CI, and load the result In AC or T, as speCified. 
Used to add memory data or incremented memory data to AC and store 
the sum in the specified register. 

0 III XX - ATLv(IL" KLl-RO None 
LI v [(IH" KH) "AT Hl-ATH 
[ATL" (lL" KLll 
[AT HV (IH "KH)I-ATL 

00 SRA ATL-RO Shift AC or T, as speCified, right one bit poslliOn. Place the previous 
ATH-ATL low order bit value on RO and fill the high order bit from the data on LI 

L,-ATH Used to shift or rotate AC or T right one bit. 

1 I XX - KvRn-MAR Logically OR Rn with the K·bus. Deposit the result In MAR. Add the K-bus 
Rn + K + CI-Rn to Rn and CI. Deposit the result In Rn· 

00 LMI Rn-MARm Rn + CI-Rn Load MAR from Rn' Conditionally Increment Rn' Used to maintain a 
macro-instruction program counter. 

11 DSM 11-MAR, Rn - 1 + CI-Rn Set MAR to all ones. Conditionally decrement Rn by one. Used to force 
MAR to ItS highest address and to decrement Rn' 

1 II XX - KVM-MAR Logically OR the M·bus with the K·bus. Deposit the result in MAR. Add 
M + K + CI-AT the K-bus to the M-bus and CI. Deposit the sum In AC or T. 

00 LMM M-MAR, M + CI-AT Load MAR from the M·bus. Add CI to the M-bus. Deposit the result In AC 
or T. Used to load the address register with memory data for macro-
instructions using indirect addreSSing. 

11 LDM 11-MAR Set MAR to all ones. Subtract one from the M-bus. Add CI to the difference 
M - 1 + CI-AT and deposit the result in AC or T, as speCified. Used to load decremented 

memory data in AC or T. 

Signetics 6-13 
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BIPOLAR LSI PRODUCTS 

CENTRAL PROCESSING ELEMENT S/N3002 

FUNCTION DESCRIPTION (Cont'd) 

F R K 
GROUP GROUP BUS NAME EQUATION DESCRIPTION 

1 III XX - (ATvK) + (ATAK) + CI-AT Logically OR the K-bus with the complement of AC or T, as specified. 
Add the result to the logical AND of specified register with the K-bus. Add 
the sum to CI. DepOSit the result in the specified register. 

-
00 CIA AT + CI-AT Add CI to the complement of AC or T, as specified. Deposit the result in 

the specified register. Used to form the l's or 2's complement of AC or T. 
-

11 DCA AT - 1 + CI-AT Subtract one from AC or T, as specified. Add CI to the difference and depOSit 
the sum In the specified register. Used to decrement AC or T. 

2 I XX - (AC" K) - 1 + CI-Rn Logically AND the K-bus with AC. Subtract one from the result and add 
the difference to CI. DepOSit the sum In Rn. 

00 CSR CI - 1-Rn Subtract one from CI and deposit the difference in Rn' Used to conditionally 
(See Note 1) clear or set Rn to all D's or l's, respecltlvely 

11 SDR AC - 1 + CI-Rn Subtract one from AC and add the difference to CI. DepOSit the sum In Rn' 
(See Note 1) Used to store AC In Rn, or to store the decremented value of AC In Rn' 

2 II XX - (ACA K) - 1 + CI~AT Logically AND the K-bus with AC. Subtract one from the result and 
(See Note 1) add the difference to CI. Deposit the sum in AC or T, as specified. 

00 CSA CI - I~AT Subtract one from CI and deposit the difference In AC or T. Used to condi 
(See Note 1) tlonally clear or set AC or T. 

11 SDA AC - 1 + CI~AT Subtract one from AC and add the difference to CI. Deposit the sum in AC 
(See Note 1) or T. Used to store AC in T, or decrement AC, or store the decremented 

value of AC in T. 

2 III XX - (IAK) - 1 + CI~AT Logically AND the data of the K-bus with the data on the I-bus. 
(See Note 1) Subtract one from the result and add the difference to CI. Deposit the sum 

in AC or T, as specified. 

00 CSA CI - I~AT Subtract one from CI and depOSit the difference In AC or T Used to condi-
tionally clear or set AC or T 

11 LDI I - 1 + CI~AT Subtract one from the data on the I-bus and add the difference to CI. Deposit 
the sum in AC or T, as specified Used to load input bus data or decremented 
input bus data in the specified register. 

3 I XX - Rn + (ACA K) + CI~Rn Logically AND AC with the K-bus. Add Rn and CI to the result. DepOSit 
the sum In Rn. 

00 INR Rn + CI~Rn Add CI to Rn and depoSIt the sum In Rn Used to increment Rn. 

11 ADR AC + Rn + CI~Rn Add AC to Rn Add the result to CI and depOSit the sum in Rn' Used to add 
the accumulator to a register or to add the incremented value of the 
accumulator to a register 

3 II XX - M + (ACAK) +CI~AT Logically AND AC with the K-bus. Add the result to CI and the M-bus. 
Deposit the sum In AC or T. 

00 ACM M + CI-AT Add CI to M-bus Load the result In AC or T, as specified. Used to load 
memory data In the speCified register, or to load Incremented memory data 
In the specified register. 

11 AMA M + AC + CI-AT Add the M-bus to AC and CI, and load the result in AC or T, as specified. 
Used to add memory data or Incremented memory data to AC and store 
the sum In the specified register 

NOTE 
1. 2'5 complement arithmetic adds 111 11 to perform subtraction of 000 01 
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CENTRAL PROCESSING ELEMENT S/N3002 

FUNCTION DESCRIPTION (Cont'd) 

F R K 
GROUP GROUP BUS NAME EQUATION DESCRIPTION 

3 III XX - AT + (1/\ K) + CI-AT Logically AND the K·bus with the I·bus. Add CI and the contents of AC 
or T. as specified, to the result. DepOSit the sum in the specified register. 

00 INA AT + CI-AT Conditionally increment AC or T. Used to Increment AC or T. 

11 AlA I + AT + CI-AT Add the I-bus to AC or T. Add CI to the result and deposit the sum In the 
specified register. Used to add Input data or incremented Input data to the 
specified register. 

4 I XX - CI v (Rn /\ AC /\ K)-CO Logically AND the K·bus with AC. Logically AND the result with the 
Rn /\ (AC /\ K)-Rn contents of Rn' DepOSit the final result in Rn' Logically OR the value of CI 

with the word-wise OR of the bits of the final result. Place the value of the 
carry OR on the carry output (CO) line. 

00 CLR CI-CO.O-Rn Clear Rn to all O·s. Force CO to CI. Used to clear a register and force CO 
to CI. 

11 ANM CI v (Rn A AC)-CO Logically AND AC with Rn. DepOSit the result In Rn. Force CO to one If the 
Rn/\AC-Rn result is non-zero. Used to AND the accumulator with a register and test 

for a zero result. 

4 II XX - CI v(M /\AC /\ K)-CO Logically AND the K·bus with AC. Logically AND the result with The M-bus. 
M/\(AC/\K)-AT Deposit the final result in AC ot T. Logically OR the value of CI with the 

word-wise OR of the bits of the final result. Place the value of the carry 
OR on CO. 

00 CLA CI-CO,O-AT Clear AC or T, as specified, to all O·s. Force CO to CI. Used to clear the 
specified register and force CO to CI. 6 

11 ANM CI v (M A AC)-CO Logically AND the M-bus with AC. Deposit the result In AC or T. Force 
M/\AC-AT CO to one If the result is non-zero. Used to AND the M-bus data to the 

accumulator and test for a zero result. 

4 III XX - Clv(ATA1/\K)-CO Logically AND the I·bus with the K·bus. Logically AND the result with 
AT/\(I/\K)-AT AC or T. DepOSit the final result in the specified register. Logically OR CI 

with the word-wise OR of the final result. Place the value of the carry OR 
on CO. 

00 CLA CI-CO,O-AT Clear AC or T, as specified, to all O's. Force CO to CI. Used to clear the 
specified register and force CO to CI. 

11 ANI CI v (AT /\ I)-CO Logically AND the I-bus with AC or T, as specified. DepOSit the result 
AT/\1-AT in the specified register. Force CO to one If the result is non-zero. Used 

to AND the I-bus to the accumulator and test for a zero result. 

5 I XX - CI v (Rn /\ K)-CO Logically AND the K·bus with Rn' DepoSIt the result in Rn' Logically 
KARn-Rn OR CI with the word-wise OR of the result. Place the value of the carry 

OR on CO. 

00 CLR CI-CO,O-Rn Clear Rn to all O's. Force CO to CI. Used to clear a register and force CO 
to CI. 

11 TZR ClvRn-CO Force CO to one if Rn is non-zero. Used to test a register for zero. Also 
Rn-Rn used to AND K-bus data with a register for masking and, optionally, testing 

for a zero result. 

5 II XX - CI v (M /\ K)-CO Logically AND the K·bus with the M·bus. Deposit the result in AC or T, 
K/\M-AT as specified. Logically OR CI with the work-wise OR of the result. Place 

the value of the carry OR on CO. 

00 CLA CI-CO,O-AT Clear AC or T, as specified, to all O's. Force CO to CI. Used to clear the 
specified register and force CO to CI. 

11 LTM ClvM-CO Load AC or T, as specified, from the M-bus. Force CO to one if the result 
M-AT IS non-zero. Used to load the specified register from memory and test for 

zero result. Also used to AND the K-bus with the M-bus for masking and, 
optionally, testing for a zero result. 
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CENTRAL PROCESSING ELEMENT S/N3002 

FUNCTION DESCRIPTION (Cont'd) 

F R K 
GROUP GROUP BUS NAME EQUATION DESCRIPTION 

5 III XX - CI v (AT "K)-CO Logically AND the K-bus with AC or T, as specified. Deposit the result 
KAAT-AT in the specified register. Logically OR CI with the word-wise OR of the result. 

Place the value of the carry OR on CO. 

00 CLA CI-CO,O-AT Clear AC or T, as specified, to all O's. Force CO to CI. Used to clear the 
specified register and force CO to CI. 

11 TZA ClvAT-CO Force CO to one if AC or T, as specified, is non-zero. Used to test the 
AT-AT specified register for zero. Also used to AND the K-bus to the specified 

register for masking and, optionally, testing for a zero result. 

6 I XX - Clv (ACA K)-CO Logically OR CI with the word-wise OR of the logical AND of AC and 
Rn v (AC" K)-Rn the K-bus. Place the result of the carry OR on CO. Logically OR Rn with 

the logical AND of AC and the K-bus. Deposit the result in Rn. 

00 NOP CI-CO, Rn-Rn Force CO to CI. Used as a null operation or to force CO to CI. 

11 ORR ClvAC-CO Force CO to one if AC is non-zero. Logically OR AC with Rn. Deposit the 
RnvAC-Rn result in Rn' Used to OR the accumulator to a register and, optionally, test 

the previous accumulator value for zero. 

6 II XX - CI v (AC A K)-CO Logically OR CI with the word-wise OR of the logical AND of AC and 
Mv(ACAK)-AT the K-bus. Place the carry OR on CO. Logically OR the M-bus, with the 

logical AND of AC and the K-bus. Deposit the final result in AC or T. 

00 LMF CI-CO, M-AT Load AC or T, as specified, from the M-bus. Force CO to CI. Used to load 
the specified register with memory data and force CO to Ci. 

11 ORM ClvAC-CO Force CO to one if AC is non-zero. Logically OR the M-bus with AC. 
MvAC-AT Deposit the result in AC or T, as specified. Used to OR M-bus with the AC 

and, optionally, test the previous value of AC for zero. 

6 III XX - CI v (I A K)-CO Logical OR CI with the word-wise OR of the logical AND of the I-bus 
ATv(1 A I)-AT and the K-bus. Place the carry OR on CO. Logically AND the K·bus with 

the I-bus. Logically OR the result with AC or T, as specified. Deposit the 
final result in the specified register. 

00 NOP CI-CO, AT-AT Force CO to CI. Used as a null operation or to force CO to CI. 

11 ORI Clvl-CO Force CO to one if the data on the I-bus is non-zero. Logically OR the I-bus 
IvAT- to AC or T, as specified. Deposit the result in the specified register. Used 

to OR I-bus data with the specified register and, optionally, test the I·bus 
data for zero. 

7 I XX - CI v (Rn A AC A K)-CO Logically OR CI with the word·wise OR of the logical AND of Rn and AC 
Rn iii (AC A K)-Rn and the K·bus. Place the carry OR on CO. Logically AND the K-bus with 

AC. Exclusive-NOR the result with Rn' Deposit the final result'" Rn. 

00 CMR CI-CO, Rn-Rn Complement the contents of Rn' Force CO to CI. 

11 XNR CI (RnvAC)-CO Force CO to one if the logical AND of AC and Rn IS non·zero. Exclusive-
Rn iii AC-Rn NOR AC with Rn. Deposit the result in Rn. Used to exclusive-NOR the 

accumUlator with a register. 
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CENTRAL PROCESSING ELEMENT S/N3002 

FUNCTION DESCRIPTION (Cont'd) 

F R K 
GROUP GROUP BUS NAME EQUATION DESCRIPTION 

7 II XX - CI v(M AAC AK)-CO Logically OR CI with the word-wise OR of the logical AND of AC 
M iii (ACAK)-AT and the K-bus and M-bus. Place the carry OR on CO. Logically AND the 

K-bus with AC. Exclusive NOR the result with the M-bus. Deposit the final 
result in AC or T. 

00 LCM CI-CO, M-AT Load the complement of the M-bus into AC or T, as specified. Force CO to CI. 

11 XNM CI (MAAC)-CO Force CO to one if the logcal AND of AC and the M-bus IS non-zero. 
M iii AC-AT Exclusive-NOR AC with the M-bus. Deposit the result in AC or T, as 

specified. Used to exclusive-NOR memory data with the accumulator. 

7 III XX - Clv(ATAIAK)-CO Logically OR CI with the word-wise OR of the logical AND of the specified 
ATe (IAK)-AT register and the I-bus and K-bus. Place the carry OR on CO. Logically AND 

the K-bus with the I-bus. Exclusive-NOR the result with AC or T, as specified. 
Deposit the final result in the specified register. 

00 CMA CI-CO AT-AT Complement AC or T, as specified. Force CO to CI. 

11 XNI Clv(ATAI)-CO Force CO to one if the logical AND of the specified register and the I-bus 
I iii AT-AT is non-zero. Exclusive-NOR AC with the I-bus. Deposit the result in AC or 

T, as specified. Used to exclusive-NOR input data with the accumulator. 

FUNCTION DESCRIPTION KEY 

6 SYMBOL MEANING 

I,K,M Data on the I, K, and M buses, 
respectively 

CI,LI Data on the carry input and left 
input, respectively 

CO,RO Data on the carry output and 
right output, respectively 

Rn Contents of register n Including 
T and AC (R-Group I) 

AC Contents of the accumulator 

AT Contents of AC or T, as specified 

MAR Contents of the memory address 
register 

L,H As subscripts, designate low and 
high ordr bit, respectively 

+ 2's complement addition 

- 2's complement subtraction 

A Logical AND 

v Logical OR 

<I> Exclusive-NOR - Deposit into 

Signetics 6-17 



BIPOLAR LSI PRODUCTS 

CENTRAL PROCESSING ELEMENT 

AC ELECTRICAL CHARACTERISTICS N3001 = TA = OOC to + 70°C, Vce = 5V ± 5% 
S3001 = TA = -55°C to + 125°C, Vec = 5V ±10% 

PARAMETER 
N3002 

Min Typ' Max Min 

tCY Clock Cycle Time 70 45 120 

tWP Clock Pulse Width 17 10 42 

tFS Function Input Set-Up Time (Fo through F6) 48 -23-35 70 

Data Set-Up Time: 
tDS 1o, I" Mo, M" Ko, K, 40 12-29 60 
tSS LI, CI 21 0-7 30 

Data and Function Hold Time: 
tFH Fa through F6 4 0 5 
IDH 10' I" Mo, M" Ko, K, 4 -28--11 5 
tSH LI, CI 12 -7-0 15 

PropagatJon Delay to X, Y, RO from: 
tXF Any Function Input 28 52 
tXD Any Data I n put 16-20 33 
tXT Trailing Edge of ClK 33 48 
tXl leadmg Edge of ClK 13 18-40 70 13 

Propagation Delay to CO from: 
tCl leading Edge of ClK 16 24-44 70 
tCl Trailing Edge of ClK 30-40 56 
tCF Any Function Input 25-35 52 
tCD Any Data Input 17-23 55 
tCC CI (Ripple Carry) 9-13 20 

Propagation Delay to Ao, A" Do, D, from: 
IDl leading Edge of ClK 17-25 40 
IDE Enable Input ED, EA 10-12 20 

"NOTE 
TYPical values are for TA = 25°C and typical supply voltage. 

CARRY LOOK-AHEAD CONFIGURATION 

MCU 

74S08 

FO 

3001 
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S/N3002 

S3002 
UNIT 

Typ' Max 

45 ns 

10 ns 

-23-35 ns 

12-29 ns 
0-7 ns 

0 ns 
-28--11 ns 

-7-0 ns 

28 65 ns 
16-20 65 ns 

33 75 ns 
18-40 90 ns 

24-44 90 ns 
30-40 100 ns 
25-35 75 ns 
17-23 65 ns 
9-13 30 ns 

17-25 75 ns 
10-12 35 ns 



BIPOLAR LSI PRODUCTS 

CENTRAL PROCESSING ELEMENT S/N3002 

TYPICAL CONFIGURATIONS 
J>. MEMORY ADDRESS 

BUS 
(2N LINES) 

r-- / ~ DATA BUS TO , r--- MEMORY 
(2N LINES) 

CLOCK 

Fo-F3 r--- t--

'11 LY:::ru;r t--

I .... I .... 

CO CI -r L 1-
N3002 N3002 N3002 

CARRY TO MCU LI RO ~~ t-

IE 
F4-F6 ue ~f I M K 

I- ~ t- ~ F4-F6 
t-- I-- r- l-

I- ~ t- ~ f-----7' l- t- t-I-
CARRY FROM MCU t-- I-- t-- I-~ L I- r- r--
MICROPROGRAM .1 l- I-- t-- I-~ CONSTANT MASK l- t-
INPUT BUS 
(2N LINES) l- I- l- t--

I- :J DATA BUS FROM , MEMORY 

t-- , 
L (2N LINES) 

6 
, 

L 
EXTERNAL DATA 

Ripple-Carry Configuration BUS 
(2N Bit Array) , 

(2N LINES) 
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CENTRAL PROCESSING ELEMENT 

VOLTAGE WAVEFORMS 

6-20 

CLOCK INPUT 
CLK 

lev 
�,..-------{I-~·Iwp-ll,..·---

I\. r 
I 

r----IFS-I--IFH 
FUNCTION INPUTS ----~II,-- - - - -r-- - 'X. __ 

Fo-Fs __ _ 

J4t-i---tos tOH 

DATA INPUTS --~ ~ - - - - - y. 
10. I,. Ko. K" Mo, M1 __ ..J "- __ _ 

_ lss-l-lsH 

SHIFT AND CARRY ----++1----'""""'- -I- 7.11------
INPUTSLI,CI _ _ _ I- __ oJ '-- - --

r--IXT--;-- j 
IXD~~ I-IXL 

X-X 
-- - tce ---

____ ~~~~§IC~T~~~~~Ij: ICD ICF_ I--ICL 

----X 
CO - - - - - - - ,.J''t---''- - --

CARRY AND SHIFT 
OUTPUTS X, Y, RO __ _ 

ENABLE INPUTS f:----~-----EA,ED ___ -J_ _ 

IDE3 IDL:3c= 
DATA OUTPUTS ------- ,.- - - - - ~ 
Ao,A"Do,D,____ _ _ 

Signetics 
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BIPOLAR LSI PRODUCTS 

CONTROL STORE SEQUENCER 

FEATURES 
• la-Bit Address Generator (1024 Microinstruction 

Addressabillty) 
• Operating Frequency Exceeding 12 MHz 
• Direct Branching Over Full Address Range 
• Conditional Branching 
• Subroutine Branching Capability 
• 4-level Stack Register File 
• loop Control Facility Using Stack 
• Three-State Address Outputs 

8X02A PACKAGE AND PIN DESIGNATIONS 

N PACKAGE 

Ae2 

EN a:: 
AO 

W 
0 

A1 Z 
W 

A2 
::::I 
0 

A3 
W 

<U) 
GNO ('iW 

o a:: 
A. ><0 
AS 

COl-
U) 

A. ..I 
0 

A, a:: 
I-

A. Z 
0 

A9 0 
BO 

TOP VIEW 

ORDER NUMBER 

N8X02AN 

BO 

B, 

B, 

B3 

B. ,. 
BS ,. 
B6 

B, 

B. 

B. 

ACO 27 

AC1 28 

AC2 --o:J--+! 
TEST --Q!!)--+! 
eLK _-"'>-L ........ 

ADDRESS 
MULTIPLEXER 

CONTROL LOGIC 

Ae, 

ACo 

TEST 

eLK 

B9 

BB 

Vec 

B, 

B6 

BS 

B. 

B3 

B, 

., 

PIN NO_ 

1,28,27 

2 

3-6, 
8-13 

7 

14-21, 
23,24 

22 

25 

26 

IDENTIFIER 

AC2-ACO 

EN 

AO-A9 

GND 

BO-B9 

VCC 

ClK 

TEST 

8X02A 

PRODUCT DESCRIPTION 
The Signetics 8X02A Control Store Sequencer generates ad
dresses to access instructions from a microprogram memory (con
trol store). This high-speed device provides an efficient means of 
controlling the flow through a microprogram with a powerful set of 
sequencing functions. The 8X02A can directly address up to 1024 
microinstructions; however, the total address space can be ex
panded by adding conventional paging techniques. Combined with 
memory, the 8X02A forms a powerful control section for CPU's, 
controllers, test equipment, and other microprogram-controlled 
systems. 

FUNCTION 

Inputs used to select anyone of eight Address Control Func
tions-see Table 1. 

Enable three-state address outputs (AO-A9); active-low input. 

Three-state address outputs used to specify microprogram 
address; (AO = LSB, A9 = MSB). 

Ground. 

Branch address inputs: (BO = LSB, B9 = MSB). 

Supply voltage. 

Clock input (positive edge used for all triggering). 

Active-high condition input used to determine conditional 
skips, branches, subroutine calls, and loop termination. 

AO 

A, 

A2 

A3 

ADDRESS 
ADDRESS 
REGISTER 

'0 
OUTPUT DRIVERS 
(THREE~STATE) 

" 
AS 

'0 

STACK 
REGISTER FILE 

(4 X 10) 

A. 

A, 

A. 

A. 

EN 

c--cID--- Vee 

~GNO 

Figure 1. 8X02A Control Store Sequencer-Functional Block Diagram 
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BIPOLAR LSI PRODUCTS 

CONTROL STORE SEQUENCER 

FUNCTIONAL OPERATION 
As shown in Figure 1, the data appearing on the address output 
pins (AO-AS) is the contents of the 10-bit Address Register. On the 
rising edge of the clock input pulse (ClK), a new address is latched 
into the Address Register. This new address is supplied via the 
Address Multiplexer which selects one of five sources: 

• Branch Address Input (BO-BS) 
• Current Address + 1 
• Current Address + 2 (for the SKIP function) 
• Stack Register File (most recent entry) 
• Ait Zeroes (RESET) 

The selection of the next address is de1ermined by the "Address 
Control Function" specified by inputs ACO-AC2 and the TEST input. 
Table 1 defines the eight Address Control Functions. 

The "Reset" (RST) Address Control Function unconditionally forces 
all Address Register bits to zero on the rising edge of ClK. Sequen
tial microprogram flow is provided by the "Increment" (INC) function 
which unconditionally increments the Address Register by one for 
each clock cycle. The Address Register automatically wraps 
around from the highest address (all" 1 s") to the lowest address 
(all "Os"). 

As shown in Table 1, the TEST input is used to conditionally execute 
four of the eight Address Control Functions. If the TEST input is low 
(false), the Address Register is simply IOcremented by one-(for 
the BlT function, the Stack Pointer is also decremented). If the 
TEST input is high (true), the sequencer executes one of the 
following: 

• Skip (TSK)-the Address Register is incremented by two. 
• Branch (BRT)-the Address Register is loaded from the 

Branch Address Inputs. 
• Branch-to-Subroutlne (BSR). 
• Branch-to-loop (BlT). 

The Stack Register File holds up to four 10-bit addresses and 
operates 10 the last-In / First-Out (LIFO) mode. A Stack Pointer 
keeps track of the next register of the Stack File to be written into; 
the pointer is incremented after each "push" and decremented 
after each "pop" -see Table 1. When branching to a subroutine 

Table 1. ADDRESS CONTROL FUNCTIONS 

MNEMONIC AND 
CONTROL LINES 

DESCRIPTION AC2 AC, ACO TEST 

TSK - Test and skip 0 0 0 0 
0 0 0 1 

INC -Increment 0 0 1 X 

BlT - Branch to loop if 0 1 0 0 
Test Condition is True 0 1 0 1 

POP - Pop stack (Return 0 1 1 X 
from subroutine) 

BSR - Branch to Subroutine if 1 0 0 0 
Test Condition is True 1 0 0 1 

PlP - Push for looping 1 0 1 X 

BRT - Branch if Test Condition 1 1 0 0 
is True 1 1 0 1 

RST - Reset Address to Zero 1 1 1 X 

x = Don't Care 

8X02A 

(BSR), the return address (current address + 1) is "pushed" onto 
the stack and the branch address input is loaded into the Address 
Register. To return from a subroutine, the "POP" function pops the 
return address all the stack and loads it into the Address Register. 

The "Push-for-looping" (PlP) function may be specified in the first 
instruction of a loop to "push" the current address onto the stack; 
the Address Register is incremented. A "Branch-to-loop" (BlT) 
function placed at the end of the loop "pops" the stack and condi
tionally branches to the top-of-Ioop address, depending on the 
TEST input. If the test for repeating the loop is satisfied (TEST input 
high), the sequencer causes a branch back to the first instruction of 
the loop in which the top-of-Ioop address is "pushed" back onto the 
stack. If the test fails (TEST input low), the top-of-Ioop address is 
discarded, the stack pointer is decremented and the Address Reg
ister IS incremented. A combination of subroutines and loops may 
be nested up to four levels deep. 

In abnormal circumstances, the Stack Pointer will wraparound from 
the fourth to the first register of the Stack File and vice-versa. If the 
stack is full (four addresses currently stored), an additional "push" 
causes the first (oldest) entry to be overwritten-(the four most 
recent entries are always maintained). If the stack is empty, a 
"pop" Will access the fourth register of the Stack File; however, the 
contents of this register may be unpredictable. 

The three-state address outputs (AO-AS) are controlled by a com
mon enable input (EN). When the enable input is high, the output 
drivers are placed in the high-impedance state allowing alternative 
access to the microprogram memory. Other circuit functions are 
unallected by EN. 

Note 
To implement a RESET externally It is necessary to force all 
Address Control Inputs (ACO-AC2) to the high state until at 
least one rising edge of ClK has occurred. If the AC inputs 
are supplied directly from the microprogram memory, a 
RESET may be accomplished by disabling the memory out
puts. Pullup resistors should be provided to achieve the 
reqUired high voltage level. 

STACK 
NEXT ADDRESS STACK OPERATION POINTER 

Current address + 1 No change No change 
Current address + 2 No change No change 

Current address + 1 No change No change 

Current address + 1 POP (Ignore data) Decrement by 1 
From stack register file POP (Read) Decrement by 1 

From stack register file POP (Read) Decrement by 1 

Current address + 1 No change No change 
Branch address inputs PUSH (Write current Increment by 1 
BO-BS address + 1) 

Current address + 1 PUSH (Write Increment by 1 
current address) 

Current address + 1 No change No change 
Branch address inputs No change No change 
BO-BS 

All zeroes No change No change 
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CONTROL STORE SEQUENCER 8X02A 

ABSOLUTE MAXIMUM RATINGS 

DC ELECTRICAL CHARACTERISTICS 
CONDITIONS: 
Commercial-

VCC = 5.0V (±5%) 
O'C ~ TA ~ 70'C 

PARAMETER DESCRIPTION 

VIH High level Input Voltage 

Vil low level Input Voltage 

VIC Input Clamp Voltage 

VOH High level 
Output Voltage 

VOL low level 
Output Voltage 

II Input Current at 

Maximum Input Voltage 

IIH High level Input Current: 
AC2-ACO, TEST, ClK 

B9-BO, EN 

III low level Input Current: 
AC2-ACO, TEST, ClK 

B9-BO, EN 

lOS Short Circuit Output Current2 

IOZH High-Z State Output 
Current-High level 

10Zl High-Z State Output 
Current-low level 

ICC Supply Current 

NOTES: 
1 Typical limits are Vee = 5 OV and T A = 25°C 

VCC 
VIN 
Vo 
TSTG 

TEST CONDITIONS 

VCC = Min 

VCC = Min 

VCC = Min; II = -18 mA 

VCC = Min; 10H = -2.6 mA 

VCC = Min; 10l = 8 mA 

VCC= Max; VI = 5.5V 

VCC = Max; VIH = 2.7V 

VCC = Max; Vil = O.4V 

VCC = Max 

VCC = Max; VOH = 2.7V 

VCC = Max; VOL = 0.4V 

VCC = Max 

2 For purposes of tastmg, not more than one output should be shorted at a time 

Signetics 

PARAMETER RATING UNIT 

Power supply voltage +7 Vdc 
Input Voltage +5.5 Vdc 
Off-State output voltage +5.5 Vdc 
Storage temperature range -65to+t50 'c 

LIMITS 

MIN TYP' MAX UNITS 

2 

0.8 

-1.5 

2.4 3.4 
V 

0.42 0.5 

1 100 /-LA 

<0.1 40 /-LA 

<0.1 20 

-24 -800 /-LA 

-12 -400 

-15 -60 -100 mA 

20 /-LA 

-20 /-LA 

170 250 mA 

6-23 
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BIPOLAR LSI PRODUCTS 

CONTROL STORE SEQUENCER 

AC ELECTRICAL CHARACTERISTICS 
CONDITIONS: 
Commercial-

VCC = 5.0V (±5%) 
o·C :oS TA :oS 70·C 

Loading-
See TEST lOADING 
CIRCUIT 

REFERENCES 

PARAMETERS1 FROM 

Pulse Width: 
tcw - Clock cycle time IClK 

tpWH - Clock high IClK 

tpWl - Clock low IClK 

Propagation Delay: 
tplZ - low to High-Z lEN 

tpHZ - High to High-Z lEN 

tpZl - High-Z to low lEN 

tpZH - High-Z to High lEN 

tpHl - High to low I ClK 

tplH - low to High IClK 

tHA - Address output hold time3 IClK 

Set-Up/Hold Times: 
tSF - Function set-up time ACO-AC2 

tSK - Branch set-up time BO-Bg 

tSI - Test set-up time TEST 

tHF - Function hold time IClK 

tHK - Branch hold time I ClK 

tHI - Test hold time ,ClK 

NOTES 
1 Parameter definitions are Illustrated In the Tlmmg Diagrams-See Figure 2 
2. Typical limIts are Vee = 5 OV and T A = 25°C. 
3 tHA IS the mlntmum trrne the current address outputs remain stable before chang

mg This delay may be used to provide some of the hold times reqUired for the AC, B, 
and TEST Inputs, It these Inputs are determined by the microprogram memory ad
dressed by the 8X02A 

4 This data supersedes the November, 1980 edItion of this data sheet 

TO 

I ClK 

IClK 

I ClK 

AO-Ag 

AO-Ag 

AO-Ag 

AO-Ag 

I AO-Ag 

I AO-Ag 

AO-Ag 

IClK 

IClK 

IClK 

ACO-AC2 

BO-Bg 

TEST 
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liMITS4 

MIN Typ2 MAX UNITS 

80 ns 

35 24 ns 

15 9 ns 

14 20 ns 

35 42 ns 

10 20 ns 

20 30 ns 

25 45 ns 

25 45 ns 

13 ns 

20 18 ns 

15 7 ns 

20 15 ns 

20 2 ns 

15 9 ns 

12 -2 ns 



BIPOLAR LSI PRODUCTS 

CONTROL STORE SEQUENCER 8X02A 

~1,~------------------------'cW------------------------~'I~ ______________ __ 
CLK_ -' '\ f ~ ________________________ --J, 

,. tpwh ---------., • .,Ifoo.>-------IPW,-------•• t.----'phl----..J 
~~~~ r-____________________________________________ ~~~~~A~~I~ I 

(ENA!~~W) -- ____ ...,rA< FAC 
I-'ok -!-'.k-l 

BO ... ___ --J_m.=============-' : ~1'77.===~ 

1-' .. + ' .. +1 
ACO.AC2 ____ ---'_mm============~1 : ~'"'==='" 

1-'~+'hI-l 
-----"""\ 1'77.'!:'J'l!mm'!:'J'l!mm'!:'J'l!mm'!:'J'l!mm'!:'J'l!mm'!:'J'l!mm'!:'J'l!mm'!:'J'l!mm'-"!o I II m;,",,,"=,",,,"=,", 

TEST--_____ ...J_ I ~ 
a. Clock Synchronization 

ER -- '-------.Jf ~'------.J-I: 
J--.m --I I-- 'PLZ --I I-- 'PZH --I J-- 'PHZ--I 

AO.A._~ ~ __ 

b. Output Enable 

Figure 2. Timing Diagrams 
AC VOLTAGE WAVEFORMS and TEST LOADING 

PROPAGATION DELAY (Typical Example): 
+3V 

INPUT __ 

LEGEND: 

~ -DENOTES CHANGING DATA 

e -DENOTES THE HIQH~Z STATE 

Vee 

OUTPUT 
(51 & 52 ..... 
Closed) 

OV -.I ~:~-------. +15V 

VOH _______ Jf ------- +1 5V 
VOL • 

Pulse widths and setup/hold times are measured uSing the same 
reference pOints shown In the above waveforms 

OUTPUT ENABLE TIMES (Three-State Outputs): 

F~~~E~UTr:s~T __ ... T~E_5_T ... P ... O_'N_T-r __ i<IIl-_-1t: ,~~ ~ y 

~A~:~~~L!:~~::.rONTROL _ +3V , _________________ +15V 

I • OV 

OUTPUT GOING L.OW ..... 
(51 Closed, 52 Open) 

/--'PZL-! 

: \--------- +15V 
I • VOL 

!--'PZH --+I 

;;;;;,45V 

t YaH ______ .....11·--------- +1 5V 
;;;;:.OV • 

OUTPUT DISABLE TIMES (Three-State Outputs): 

OUTPUT ENABLE CONTROL 
(Active Low Input) ~ 

OUTPUT LOW ~ 
(S1 and S2 Closed) 

OUTPUT HIGH ~ 
(51 and S2 Closed) 

+3V 

OV --'--------------- +1 5V 

!--'PLZ --I 
_----"'15V 

: ~-_.:::::.::.{: 05V 

[..-tPHZ ~I 
VOH _________ ...... _________ l 

~-----T 05V 

~15V 

VOL 

5K 

\ 52 (OPEN FOR I",) 

NOTES: 
1. CL Includes probe and 119 capacitance. 
2. All diodes are 1 N3064 or equivalent. 
3. SWitches S1 and S2 are both closed for all measurements except 

Output Enable times - See AC VOLTAGE WAVEFORMS. 
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CONTROL STORE SEQUENCER 

APPLICATION 

FUNCTIONAL DESCRIPTION 
Figure 3 shows a typical configuration of an 8X02A-based control 
section in a CPU application. Microinstructions read from the mem
ory are used to produce control signals for the CPU and to deter
mine the next microinstruction via the 8X02A Address Control in
puts (ACO-AC2). In the case of a conditional branch or skip, the 
status condition applied to the 8X02A TEST input is selected ac
cording to the microinstruction. In a branch-type microinstruction, a 

STATUS 
INFORMATION 

.. m:-:1 

8X02A 

branch field typically supplies the 8X02A Branch Address inputs 
(BO-Bg). (In non-branching instructions, this field may contain other 
CPU control information.) When a macroinstruction is presented to 
the CPU, the starting address of the microprogram routine which 
executes the macroinstruction is presented to the Branch Address 
inputs. Similar configurations may be used for other applications in 
which the Branch Address inputs are typically supplied directly 
from the microprogram memory. 

SELECT TEST CONDITION MICROINSTRUCTION ~ 
DECODE & CONTROL CONTROL 

SIGNALS 

6-26 

MULTIPLEXER 

VCC 

, 
TEST ACO AC 1 AC2 

10 

MICROPROGRAM 
MEMORY 

(ROM/PROM/RAM) 

LOGIC • . . 

V MICROINSTRUCTION 

,.-..,."--• .J ADORESS I / DATA 1-----111 

ClK 
AO-Ag,, ___ 1 

80-89 

MULTIPLEXER 

OUTPUT 
DISABLE 

r 
EXTERNAL 

RESET 

~1>------------1 
MACROINSTRUC
T10NDECODE 
LOGIC 

MACROINSTRUCTION 

STARTING ADDRESS OF MICRO
PROGRAM TO EXECUTE DECODED 
MACROINSTRUCTION 

Figure 3. Control Section of a Microprogrammed CPU 
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Section 7 - Special Purpose Circuits 
Index ................ . 

8X01A 
9401 
9403 
8X41 
8X60 
2960 
29648 

INDEX 

CRC Generator/Checker 
CRC Generator/Checker 
64-Bit FIFO Buffer Memory (16 x 4) .. 
Autodirectional Bus Transceiver .. 
FIFO RAM Controller (FRC) . ..... .. 
Error Detection and Correction (EDC) Unit. 
Dynamic Memory Controller 
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BIPOLAR LSI PRODUCTS 

CRC GENERATOR/CHECKER 
PRELIMINARY 

DESIGN FEATURES 
• TTL Inputs/outputs 
• 12MHz (Max) data rate 
• Separate preset/ reset controls 
• SOLe specified pattern match (8X01A only) 
• Automatic right Justification 
• Pln-for-pln compatibility and functionally Identical with 8X01 

(8X01A only) 

• Vee = sv 
• 14-Pln DIP 

USE AND APPLICATION 
• Floppy and other disk systems 
• Digital cassette and cartridge systems 
• Data communication systems 

PRODUCT DESCRIPTION 
The CRC Generator / Checker (8XO 1 A or 9401) provides error
correction capabilities for digital systems that handle s.erial data. 
The two parts differ in that the 8XO 1 A provides Synchronous Data 
Link Control (SOLC). 

The serial data stream is divided by a selected polynomial; the 
remainder resulting from this algebraic process is transmitted at 
the end of the data stream as a Cyclic Redundancy Check Charac
ter (CRCC). At the receiving end, the same calculation is performed 
on the data_ If the received message is error-free, the calculated 
remainder should satisfy a predetermined pattern. In most cases, 
the remainder is zero; however, where SOLC protocols (8XO 1 A 
only) are used, the correct remainder is 1111000010111000 (XO
X1S). 

Eight polynomials are provided and any of these can be selected 
via a 3-bit control bus. Popular polynomials, such as CRC-16 and 
CCITT are implemented and the one selected can be programmed 
to start with all zeroes or all ones. Right justification for polynomials 
of degree less than 16 is automatic. 

FUNCTIONAL OPERATION 
8X01A and 9401 
The CRC Generator / Checker circuit provides a means of detecting 
errors in a serial data communications environment. A binary mes
sage can be interpreted as a binary polynomial H(x). This polynomi
al can be divided by a generator polynomial PIx) such that H(x) = 
PIx) Q(x) + R(x) whereby Q(x) is the quotient and R(x) is the 
remainder. During transmisSion, the remainder is appended to the 
end of the message as check bits. For a given message, a unique 
remainder is generated. Hardware implementation of division is 
simply a feedback shift register with Exclusive-OR gating. Subtrac
tion and addition in modulo 2 is implemented by the Exclusive-OR 
function. The number of shift register stages is equal to the degree 
of the divisor polynomial. 

The accompanying truth table defines the polynomials implemented 
in the CRC circuit. Each polynomial can be selected via control 
inputs SO, Sl and S2' To generate the check bits, the data stream 
is entered via the Data (D) input, using the high to low transition of 
the Clock (CP) input. This data is gated with the most significant 
output (Q) of the shift register which, in turn, controls the eXClusive 
OR gates. The Check Word Enable (CWE) must be held high while 
the data is being entered. After the last data bit is entered, the CWE 
is brought low and the check bits are shifted out of the register and 
appended to the data bits using external gating-see Check Word 
Generation diagram. 

8X01A/9401 

To check an incoming message for errors, both the data and check 
bits are entered through the "0" input with the CWE input held high. 
The aX01A while not in the data path, monitors the message. After 
the last check bit is entered, in the 8X01A, the ERror output is made 
valid by a high-to-Iow transition of CP. If no error is detected during 
the data transmission, all bits of the internal register are low and 
the ERror output is also low; if an error is detected, it is reflected by 
the bit pattern and the ERror output is high. The ERror output status 
remains valid until the next high-to-Iow transition of CP or until 
initialized by the preset (P) or reset (MR) functions. The PME line 
must be high if the ERror output is used to indicate an all-zero 
result. 

A high level applied to the Master Reset (MR) input asynchronously 
clears the shift register. A low level applied to the Preset (P) input 
asynchronously sets all bits to the appropriate state if the control
code inputs (SO, Sl, and S2) specify a 16-bit polynomial. In the 

8X01A & 9401 PACKAGE/PIN DESIGNATOR 

N, F PACKAGE 

vo< 
ER 

CWE 

TOP VIEW 

ORDER NUMBERS 

N8X01A, N941N. S801AF. S9041F 

50. 5 1.52 

D 
i5' 

eWE 

Q 

ER 

.... 
(aX01A 
ONLY) 

Hie 

.. 8X01A only; for 9401, pin 6 is not connected (N/e) 

BLOCK DIAGRAM OF 8X01A & 9401 

POLYNOMIAL. 
SELECT INPUTS 

DATA INPUTS 
CLOCK INPUT 

(ACTiVe ON 
HIGH-le-LOW 
TRANSITION) 

CHECK WOfID 
ENABLE 

PRESET INPUT 
(ACTiVe LOW) 

MASTER RESET 
INPUT (ACTIVE 
H1GH) 

DATA OUTPUT 
ERflOfI OUTPUT 

(ACTIVE HIGH) 
PATTERN MATCH 

ENABLE (ACTIVE 
LOW) 

- NO CONNECTION 

ewE---------------------------------, 

PME(BX01AONlYl-----------------------, 

~--~~::::::::::;-------~ 

s, 

S2 

16·81T SHIFT 
REGISTER ~~~ -----------------------1 

i5'-----------------~~--~ 

L _____ DATA 

MR __________________________ -J 

+5V.......( 

GHD~ 

NOTE 
Refer to Truth Table on next page for selection of polynomials. 

OUTPUT 
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BIPOLAR LSI PRODUCTS 

CRC GENERATOR/CHECKER 
PRELIMINARY 

FUNCTIONAL OPERATION (cont'd) 

case of check polynomials that are 8-or-12 bits In length, only the 
most significant 8-or-12 bits of the shift register are set; all remain
ing bits are cleared. 

8X01A ONLY 
For data communications using the Synchronous Data Link Control 
(SOLe) protocol, the 8XO 1 A is preset to an all-ones configuration 
before any accumulation is done; thiS applies to both transmitting 
and receiving modes of operation. Using SOLe, the check sum 
shifted out of the 8X01A must be inverted. 

During the receiving mode, a special pattern of 
1111000010111000 (XO_X15) is used In place of all-zeroes to 
check for a valid message. The Pattern Match Enable pin allows the 
user to select this option. If PME is low dUring the last bit time of the 
message, the ERror output IS low providing the result matches the 
special pattern; if an error occurs, ER is high. 

DC ELECTRICAL CHARACTERISTICS FOR 8X01A 

PARAMETER DESCRIPTION TEST CONDITIONS' 

VIH Input high voltage 

VIL Input low voltage 

VIC Input clamp diode voltage Vee = Min, liN = -18mA 

8X01A/9401 

TRUTH TABLE 
SELECT CODE 

52 5, So POLYNOMIAL REMARKS 

L L L X16+X15+X2+ 1 CRG-1S 

L L H X16+X14+X+l CRG-1S REVERSE 

L H L X'6+X'5+X'3+X7 +X4+X2+X' + 1 

L H H X 12 + X 11 + x3 + X2 + X + 1 CRC-12 

H L L xB + x7 + x5 + X4 + X + 1 

H L H xB + 1 LAC-8 

H H L x16 + X'2 + x5 + 1 CRG-CeITT 

H H H X'6 +X 11 +X4+ 1 CRG-CellT REVERSE 

RECOMMENDED OPERATING CONDITIONS 

LIMITS 
PARAMETER 

Min Typ Max 
UNIT 

Vee I Supply voltage 4.75 5.0 5.25 V 

ep I Clock input 0 12 MHz 

LIMITS (COMMERCIAL) LIMITS (MILITARY) 

Min Typ Max Min Typ Max 
UNIT 

2.0 20 V 

0.8 0.7 V 

-0.9 -1.5 -0.9 -1.5 V 

VOH Output high voltage Vee = Min, 10H = -4001tA 2.7 34 2.4 3.4 V 

VOL Output low voltage Vee = Min, 10L = 4.0mA 0.35 0.4 0.35 0.4 V 

Vee = Min, 10L = 8.0mA 045 0.5 - - V 

IlL Input 101,0' current Vee = Max, VIN = O.4V -0.22 -0.36 -0.22 -0.36 mA 

IIH Input high current Vee = Max, VIN = 2.7V 20 20 itA 

IIH Max input current Vee = Max, VIN = 7V 0.1 0.1 mA 

lOS Output short circuit current Vee = Max, VOUT = OV2 -10 -42 -10 -42 mA 

ICC Supply current Vee = Max, inputs open 60 110 60 110 mA 

DC ELECTRICAL CHARACTERISTICS FOR 9401 
LIMITS (COMMERCIAL) LIMITS (MILITARY) 

PARAMETER DESCRIPTION TEST CONDITIONS' 
Min Typ Max Min Typ Max 

UNIT 

VIH Input high voltage Guar. input high voltage 2.0 2.0 V 

VIL Input low voltage Guar. Input low voltage 08 0.7 V 

VIC r Input clamp diode voltage Vee = Min liN = -18mA -0.9 -1.5 -0.9 -1.5 V 

VOH Output high voltage Vee = Min, IOH = -4001'A 2.4 3.4 2.4 3.4 V 

VOL Output low voltage 
Vee = Min, 10L = 4.0mA 0.35 0.4 0.35 0.4 V 

Vee = Min, 10L = 8.0mA 045 0.5 - - V 

IlL Input low current Vee = Max, VIN = O.4V -0.22 -0.36 -0.22 -036 mA 

IIH Input high current 
Vee = Max, VIN = 2.7V 10 40 10 40 itA 

Vee = Max, VIN = 55V 1.0 1.0 mA 

lOS Output short circuit current2 Vee = Max, VOUT = OV -15 -100 -15 -100 mA 

lee Supply current Vee = Max, Inputs open 70 110 70 110 mA 

NOTES 1 CommerCI81-VCC(mm) = 4 75V, VCC<max} = 525V Mlhtary-VCC(mm) = 4 SOY, VCC(max) = 5 SOV 2 No more than one output should be shorted at a time 
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BIPOLAR LSI DIVISION 

CRC GENERATOR/CHECKER 8X01A/9401 

AC ELECTRICAL CHARACTERISTICS FOR 8X01A vcc = 5V, TA = +25°C 

TEST 
LIMITS (COMMERCIAL) LIMITS (MILITARY) 

PARAMETER DESCRIPTION FROM TO 
CONDITIONS Min Typ Max Min Typ Max 

UNIT 

fmax Max clock freq 12 12 MHz 

PULSE WIDTHS: 
tw-CP(L) Clock low See figure 2 35 35 ns 
tw-P(L) Preset low See figure 3 35 35 ns 
tw-MR(H) Master reset high See figure 4 35 35 ns 

SETUP/HOLD 
TIMES: 
ts-D Setup time Data Clock 55 55 ns 
ts-CWE Setup time CWE Clock See figure 5 55 55 ns 
th-D & CWE Hold time Data & CWE Clock 0 0 ns 

PROPAGATION 
DELAY: 

tPLH,PHL Low-to-High and PRESET Data See figures 55 55 ns 
High-to-Low output 1,2, & 3 

tpLH,PHL Low-to-High and Master reset Data See figure 4 55 55 ns 
High-to-Low output 

tPLH,PHL Low-to-High and PRESET Error See figure 3 55 55 ns 
High-to-Low output 

tPLH,PHL Low-to-High and Master reset Error See figure 4 55 55 ns 
High-to-Low output 

tPLH,PHL Low-to-High and CP Data See figure 2 55 55 ns 
High-to-Low output 

tPLH,PHL Low-to-High and CP Error See figure 2 55 55 ns 
High-to-Low output 

tREC Recovery time Preset, MR Clock See fig_ 3 & 4 35 35 ns = 
AC ELECTRICAL CHARACTERISTICS FOR 9401 VCC = 5V, TA = +25°C I 

TEST 
LIMITS (COMMERCIAL) LIMITS (MILITARY) 

PARAMETER DESCRIPTION FROM TO UNIT CONDITIONS Min Typ Max Min Typ Max 

fmax Max clock freq 12 20 12 20 MHz 

PULSE WIDTHS: 
tw-CP(L) Clock low See figure 2 35 35 ns 
tw-P(L) Preset low See figure 3 40 30 40 30 ns 
tw-MR(H) Master reset high See figure 4 35 25 35 25 ns 

SETUP/HOLD 
TIMES: 
ts-D Setup time Data Clock 55 35 55 35 ns 
ts-CWE Setup time CWE Clock See figure 5 55 35 55 35 ns 
th-D & CWE Hold time Data & CWE Clock 0 -8 0 -8 ns 

PROPAGATION 
DELAY: 
tPLH,PHL Low-to-High and PRESET Data See figures 40 60 40 60 ns 

High-to-Low output 1,2, & 3 
tPLH,PHL Low-to-High and Master reset Data See figure 4 30 55 30 55 ns 

High-to-Low output 
tPLH,PHL Low-to-High and PRESET Error See figure 3 40 60 40 60 ns 

High-to-Low output 
tPLH,PHL Low-to-High and Master reset Error See figure 4 40 60 40 60 ns 

Hlgh-to-Low output 
tPLH,PHL Low-to-High and CP Data See figure 2 30 55 30 55 ns 

High-to-Low output 
tPLH,PHL Low-to-High and CP Error See figure 2 40 60 40 60 ns 

High-to-Low output 

tREC Recovery time Preset, MR Clock See fig_ 3 & 4 35 25 35 25 ns 
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BIPOLAR LSI PRODUCTS 

CRC GENERATOR/CHECKER 8X01A/9401 

PRELIMINARY 

TEST CIRCUIT INPUT IOUTPUT STRUCTURES 

Vee ALL INPUTS, EXCEPT CP 

TEST 
POINT 

NOTES 

RL 
2kU 

1 Diodes are lN3064 or eqUivalent 
2 Cl Includes Jig and probe capacitance 

DATA 
INPUT 

CLOCK 

CHECK WORD ---'=====:r=-LoJ ENABLE (NOTES 
1 AND 3) 

NOTES 

DATA PLUS 
CHECK BITS 

1 Check Word Enable IS HIGH whIle data IS bemg clocked, It IS LOW dunng transmiSSion 
of check bits 

7-6 

The 8X01A (or 9401) must be RESET or PRESET before each computation 

CRe check bits are generated and appended to data bits 

Figure 1. Check Word Generation 

!' "'MAX-I 
r--'w(LI-\ I 
I r It 
_~I ,PHL 
CP_ , 13V 

, 
1----.--1 I 

',"!,,~.ov aorER-~ .. -e 
Figure 2. Propagation Oelay-CP to Q and CP to ER 

1- tw(L) ----l 

p - 1 _____ ..Itr'-3-V-------
I, r--- 'REe --I 
'-'--' r-----------~I---------3PLH' I 

aORER - 13V J 

I 
, 

--------------~' 
oj> - \'3V 

Figure 3. Propagation Oelay-P to Q and ER; 

Recovery Time-P to CPo 

Signetics 

CPINPUT OUTPUT STRUCTURE 

MR - }PHL \' 3V 

~ :~--------------
, I 
~ I-- 'REe --I 

QorER _ ,'3V : 

I , 
CP _------------\13V 

Figure 4. Propagation Oelay-MR to Q and ER; 

Recovery Time-MR to CP 

D,eWE _~ STABLE _ 
or PME : I 

; __ ts ---==::- th '" 0 

I 

CP-~ 

Figure 5. Setup and Hold Times-O to CP, 
CWE to CP, and PME to CP 



BIPOLAR LSI PRODUCTS 

64-BIT FIFO BUFFER MEMORY (16 X 4) 9403 

FEATURES 
• 10MHz Serial or Parallel Data Rate 
• Serial or Parallel Input and Output 
• Expandable Without External Logic 
• Three-State Outputs 
• Fully TTL-Compatible 
• Slim (0.4 in.) 24-Pin DIP 

PIN DESIGNATIONS & DESCRIPTIONS 

N PACKAGE 

TOP VIEW 

ORDER NUMBER 
N94D3N 

ORE 

Os 

0, 

02 

CPSO 

TOS 

TOP 

MNEMONIC A.ND FUNCTION 
iRF ::: Input register full output 

PL = Parallel load Input 

00-°3 = Parallel dats Input 

DS ;; Senal data mput 

CPSI ::: Senal mput clock 

rES "" Senal Input enable 

m "" Transfer to stack mput 

MA "" Master Reset 

TOP '" Transfer out paralieimput 

FUNCTIONAL DESCRIPTION 

PRODUCT DESCRIPTION 
The 9403 is an expandable fall-through type First-In First-Out 
(FIFO) Buffer Memory that is optimized for high-speed 
disc/tape controllers and communication-buffer applications. 
In multiples of four, the device can be expanded to any number 
of bits and subsequently, to any number of words. Serial or 
parallel data can be asynchronously entered or retrieved which 
makes the 9403 the cost-effective solution for implementing 
buffer memories. 

DESCRIPTION 
Low when Input register IS full 

High on PL enables 00-03, not 
edge-tnggered, l's catching 

Edge-triggered and activates 
on tailing edge 

When low, senal Input IS en-
abled 

When low, Imtlates fall-through 

Active low 

When high and TOS IS low, 
enables word transfer from 
stack to output register-not 
edge-triggered 

MNEMONIC AND FUNCTION 
TOS ::: Transfer out senal mput 

ON = Senal output enable Input 

= "" Senel output clock IOput 

EO :: Output enable 

00-Q3 "" Parellel data output 

aS "" Serial data output 

ORE "" Output register empty 
output 

GND "" Ground 

Vee "" Supply voltage 

DESCRIPTION 
When low and TOP 18 high, 
enables word transfer from 
stack to output register-not 
edge-triggered 

When low, enables serial 
output 

Edge-tnggered and activates 
on failing edge 

Active low 

When high, output register con
talO8 valid data 

+5 volts 

As shown in Figure 1, the 9403 consists of three parts which 
operate asynchronously and are virtually independent. These 
parts are: 

• FIFO Stack-4-bit wide, 14-word deep fall-through type 
with self-contained control logic . 

• Output Register-with serial and parallel data outputs and 
control signals that permit easy expansion and a handshake 
interface. 

• Input Register-with serial and parallel data inputs and 
control signals that permit easy expansion and a handshake 
interface. 

.-------------------------------------{'I)..w 
Os 

(SERIAL INPUT) 

~
o 

PARALLEL 01 
INPUT D2 

03 

INPUT 
REGISTER 

EO---@-
OES..uD-

TOP--®-

TOS--@-

=--®--
CPSi --cD--- . 
iES--cD--

TfS 

PL 

14 x 4 
STACK 

r---p..------i:>3:>-llRE 

OUTPUT 
REGISTER 

LEGEND. 

OS 
(SERIAL OUTPUT) 

~) PARALlEL 
Q2 OUTPUT 

03 

DATA -_ 

CONTROL -)::::::J 

Figure 1. Simplified Block Diagram of 9403 Buffer Memory 
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BIPOLAR LSI PRODUCTS 

64·BIT FIFO BUFFER MEMORY (16x4) 

INPUT REGISTER 
Data can be entered serially or. using the parallel mode of 
operation. data is entered in 4-bit increments. In either case. 
the data is subsequenlly transferred to the fall-through stack; 

PL 

DO 

0, 

DATA 
INPUTS 

02 

03 

MIl 

Os 

9403 

the functional equivalent of this register is shown in Figure 2. 
The Input Register Full (lRF) status signal is internally generat
ed by the !!egister ~tatus (RS) flip-flop; when initialized. the Q 
(lRF) output of this flip-flop is high. 

DATA INPUTS 
TO STACK 

c~ ==;:==~-:~--1----------1----------1----------l--------~ 

INPUT REGISTER 
TO STACK (DERIVED ~~---------------------------------------------.----------
FOR TTS) 

Figure 2_ Functional Equivalent of Input Register 

Serial Entry (Input Register) 
Senal data IS entered via the DS input and is handled by a 5-blt 
shift register consisting of flip-flops F3. F2. F1. FO. and RS. 
With IES and PL both low. each high-to-Iow transition of the 
serial input clock (CPS!) shifts the input data In dominO order 
from F3 to F2 to F 1 to FO. After the fourth clock transition. the 
four bits of serial data are aligned in F3 through FO and RS is 
set. forCing IRF low and inhibiting CPSI until contents of the 
Input register are transferred to the stack. Figure 3 shows how 
a senal tram of 64-bits would appear in the 9403-four bits 
(860-863) in the input register. 56 bits (84-859) in the stack. 
and four bits (80-83) in the output register. 

Parallel Entry (Input Register) 

DS 

-~~--~j-:--~~-
OUTPUT REGISTER 
fF3l rE"?l [I1J FO 
@J @] [[D BO 

as 
When PL IS high and CPSlls low (Figure 2). flip-flops FO-F3 are 
loaded With data and IRF IS forced low ThiS condition remams 
until current data IS transferred to the stack Once the data IS 
transferred. IRF IS dnven high and new data can agam be 
clocked Into the mput flip-flops If parallel expansion IS not 
being Implemented. IES must be low to establish row 
mastership-refer to discussion of parallel expansion 

Figure 3. Final 8it Positions Resulting from 
a Serial Train of 64-8its 
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BIPOLAR LSI PRODUCTS 

64-BIT FIFO BUFFER MEMORY (16 x 4) 

STACK OPERATION 
As shown in Figure 2, the outputs of FO-F3 are applied to the 
stack under control of a signal derived from TTS. When TTS IS 
low, an attempt to IMitate a fall-through action IS made If the 
top location of stack is empty, data is loaded and the Input 
register is re-initialized provided PL is low. Note that 
Initialization is postponed until PL is again low. Thus, automatic 
FIFO action is achieved by connecting the TTS input to the IRF 
output 

OUTPUT REGISTER 
ThiS register receives and stores 4-blts of data from the bot
tom stack locallon and, on demand, outputs the data onto a 
three-state 4-blt parallel data bus or a three-state serial data 
bus. The Qutput ,t:!eglster Full (ORE) status signal IS Internally
generated by the FX flip-flop, when data IS transferred from the 

9403 

The RS flip-flop (Figure 2) records the fact that data has been 
transferred to the stack; this flip-flop is not cleared until PL 
goes low. Therefore, if a particular data word is transferred to 
the stack and falls to the second location before PL goes low, 
the same word will not be re-transferred even though IRF and 
TTS are still low. Once data enters the stack, "fall-through" is 
automatic; a delay is necessary only when waiting for the next 
stack location to empty. In the 9403, as in most modern FIFO 
designs, the MR input Initializes the stack control section and 
does not clear the data 

Retrieval of Parallel Data 
With the stack empty and MR In the active-low state, the ORE 
output goes low, signifYing that the output register IS also 
empty When new data IS entered and has fallen through to 
bottom location of the stack, It IS automatically transferred to 
the output register, provided the Transfer Out Parallel (TOP) 

DATA ~~ -~~--------'---'~~I t!>---:}, DATA FROM 

FROM OUTPUT REG 
STACK 02 Q1 

03--------------~-. 

~ ~ 
FROM 
STACK 

Figure 4_ Functional Equivalent of Output Register 

stack to the output register, ORE goes high The functional 
equivalent of the output register IS shown In Figure 4 

Retrieval of Serial Data 
When the FIFO stack IS empty and MR IS driven low, the ORE 
output goes low to indicate that the output register IS ready to 
accept new data from the stack After new data IS entered and 
falls through to the bottom stack location, It IS transferred to 
the output register provided TOS IS low and TOP IS high As a 
result of the data transfer, ORE goes high indicating valid data 
In the output register Subsequently, the aS output IS automati
cally enabled and the first data bit IS transmitted to the three
state serial data bus Henceforth, a serial shift of data occurs 
on each hlgh-to-Iow transition of CPSO. On the fourth transI
tion, the register IS emptied, ORE IS forced low, and serial 
output aS IS disabled To request a new word from the stack, 
the TOS Input can be connected to the ORE output 

Input IS high When the data IS transferred from stack-to-regls
ter, ORE goes high and valid data appears at 00-03 (Figure 
4), provided the three-state buffers are enabled, that IS, EO IS 
active-low When TOP goes low, ORE IS driven low which 
Indicates that the data output cycle IS complete; however, 
the original data remains latched In the flip-flops until the next 
word (If available) IS transferred from the stack to the output 
register. 

For parallel operation, CPSO must be low, whereas, TOS 
should be grounded for Single-slice operation or connected to 
the appropriate ORE for expanded operation The TOP input IS 
not edge-triggered, therefore, If It goes high before data IS 
available from stack but data becomes available before it goes 
low, the data Will be transferred to the output register How
ever, Internal control CirCUitS prevent the same data from being 
transferred tWice If TOP goes high and returns to low before 
data IS available from the stack, ORE Will remain low, indicating 
the absence of valid output data. 
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BIPOLAR LSI PRODUCTS 

64-BI1 FIFO BUFFER MEMORY (16 x 4) 

VERTICAL EXPANSION 
In a vertical structure, the 9403 can be expanded to achieve 
greater word capacity without any external parts; a 46-word by 
4-blt FIFO is shown In Figure 5. USing the same technique and 
similar connections, any FIFO of 15n+ 1 words (where n is the 
number of devices) can be constructed. Observe that word 
expansion does not sacrifice flexibility of the 9403 FIFO as 
regards serial! parallel input and output. 

HORIZONTAL EXPANSION 
The 9403 can be hOrizontally expanded to store long words In 
multiples of 4-bits, again without external logic. Connecllons 
reqUired to form a 16-word by 12-blt FIFO are shown In Figure 
6, uSing Similar techniques, any 16-word by 4n-blt FIFO (where 
n IS the number of devices) can be constructed. 

For hOrizontal or bit expansion, It IS good practice to connect, 
respectively, the IRF and ORE outputs of the right-most device 
(most significant device) to the TTS and TOS Inputs of all 
devices to the left (least Significant devices) to guarantee that 
no operation IS Initiated before each and every device is ready 
Word expansion does not affect the ability of the 9403 to 
handle serial! parallel Inputs and outputs, however, the ripple 
form of expansion shown in Figure 6 does extract a penalty In 
speed of operation Whereas a Single 9403 IS guaranteed to 
operate at 10MHz, an array of four FIFOs connected as shown 
IS guaranteed to operate at 43MHz 

SERIAL DATA INPUT 

PARALLEL LOAD 

SERIAL INPUT CLOCK 

SERIAL OUTPUT CLOCK 

MASTER RESET 

ENABLE OUTPUT 

DUMP 

I ~OS 
PL 

CPSI 

CPSO 

II ,p:: iSS 
OES 
MR 

I I 
EO , , I 

l~· 

/ 03-0 0 

---
---

03-0 0 

9403 

03-00 

---
---
---
------
---

9403 

PARALLEL ......... ~ 
DATA INPUT 

SERIAL DATA -----" 
INPUT 

PARALLEL LOAD ====:1 
SERIAL INPUT 
CLOCK 

MASTER RESET 

OUTPUT ENABLE ====::1 
SERIAL OUTPUT 
CLOCK DUMP ___ ---j DATA VALID 

••••• PARALLEL 
.. DATA OUTPUT 

SERIAL DATA 
OUTPUT 

Figure 5_ Word Expansion 

PARALLEL DATA INPUT 

9403 

011-08\ 

03-00 _ I I 
IRF~ 

~. _________ ~ ___ • ________ .A __ __ 

\ Q3-00 011-0 8 / 

I 
PARALLEL DATA OUTPUT 

Figure 6_ Bit Expansion 
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BIPOLAR LSI PRODUCTS 

64-BIT FIFO BUFFER MEMORY (16 x 4) 

HORIZONTAL AND VERTICAL EXPANSION 
In addition to blt-or-word expansion, the 9403 can be used to 
expand 10 both the hOrIZontal and vertical directions; a 31-word 
by 16-blt FIFO IS shown in Figure 7 Using the same or similar 
techniques, any FIFO of 15m+ 1 words by 4n-blts can be con
structed, where m IS the number of devices 10 a column and n IS 

9403 

the number of devices in a row. 

The chart appended to Figure 7 shows the fmal positions for a 
contiguous senal entry of 496 bits. Figures 8 and 9, respective
ly, show the tlmmg relationships mvolved for data-entry and 
data-retneval pertainmg to the 31-word by 16-blt array 

PARALLEL DATA 
INPUT 

I 

~~~L""""~~~~I'~~~~~===F~~~][~lI~~==~~~~~~~~~==~:;~:J~~l===1 INPUT i= 
SERIAL 
INPUT 
CLOCK 

SERIAL 

OK TO 
LOAD 

~~~~~T -t-''--<l 
DATA 
READY 

INPUT 

L.==: SERIAL I-I~E: ... I~~~I~~EI_~~I --.. DATA 
OUTPUT 

UNIT NUMBER & ORDER OF SERIAL BITS 

PARALLEL DATA 
OUTPUT 

OUTPUT UNIT NUMBER & ORDER OF SERIAL BITS 
REGISTER #1 #2 #3 #4 REGISTER #5 #6 #7 #8 

03 BIT 483 
02 ~ 482 
01 481 
DO 480 

CPSI 

DEVICE 1 

iRF 

DEVICE 2 

iRF 

DeVICe 3 

iRF 

DEVICE 4 TTS ALL DEVICES 

iRF 

BIT 487 BIT 491 BIT 495 Q3 BIT 3 BIT 7 BIT 11 BIT 15 

~ 486 ~ 490 ~ 494 Q2 ! ! ! ~ ! ~o ! 14 485 489 493 Ql 13 
484 488 492 Qo 12 

Figure 7_ Horizontal and Vertical Expansion-31X16 FIFO 

II 
II 

to-I t+-

Ii, 
III 

to_Ii-

':i 
I" I II 

tDI1~ 
I I 
I II 
110-11_ ur-

DEVICE 5 

DEVICE 6 

II 
II 

10-1 t--

~------------------~Ii, 
III 

to_ll_ 

::i 
~------------------~:Wl: 

~DE~V~IC~E~7 ________________________ -, tD~l~ 

ORE I II 
I II 

~DE~V~IC~E~B~TO~S~A~L~L~D~EV~IC~E~S ________________________ ~ItD~ l-

IN~~~S 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 )10111 112 113 114 115 I 
ORE SERIAL DATA OUTPUT ur-

00 I 0,1 021031 00 I a'! 0210310' I 011 021031 00 I 01 1021031 --------------STORED IN STORED IN STORED IN STORED IN DEVICE 5 DEVICE 6 DEVICE 7 DEVICE 8 
DEVICE 1 DEVICe 2 DEVICe 3 DeVICE 4 

Figure 8. Entry of Serial Data for Array of Figure 7 Figure 9. Retrieval of Serial Data for Array of Figure 7 
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BIPOLAR LSI PRODUCTS 

64-BIT FIFO BUFFER MEMORY (16x4) 9403 

INTERLOCKING CIRCUITS 
Most conventional FIFO designs provide the status-signal 
counterparts of IRF and ORE. However, when these devices 
are used In arrays, variations In unlt-to-unit operating speeds 

require the use of external gating to ensure that all devices 

have, in fact, completed the last operation. The 9403 incorpo
rates simple but effective master I slave interlocking Circuits to 
eliminate these gating requirements. 

a OUTPUT OF 
FO (FIG 2) _ 

IES --DO-T'-------, 

o a '------1 0 a f---li>>--~ iRF 
RS FF MASTER 

LATCH (FIG 2) 

Wl----r-J 

PL 
INPUT REG TO 
STACK (DERIVED ----+-I 
FROM TTS) a r---t=~D-~ 

REG I 
INIT FF 

OES -----If------------f, 
LOAD OUTPUT 
REG (DERIVED 
FROM TOP & TOS) 

TOS 
TOP 

ORE 
REO FF 

af----.....l 

Figure 10. Functional Equivalent of Interlocking Circuits 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING UNIT 

Vee Power supply voltage +7 Vdc 

VIN Input voltage +55 Vdc 

Vo Off-state output voltage +5.5 Vdc 
TA Operating temperature range o to +70 'e 
T stg Storage temperature range -65 to + 150 'e 

II 

DC ELECTRICAL CHARACTERISTICS Over operating temperature range unless otherwise noted 

PARAMETER TEST CONDITIONS',2 
Min 

VIH Input high voltage Guaranteed input high voltage 2.0 
Vil Input low voltage Guaranteed input low voltage 

VeD Input Clamp Diode Voltage Vee = Min, liN = -18mA 
VOH Output high voltage, ORE, IRF Vee = Min, IOH = -400",A 24 
VOH Output high voltage, 00-03, Os IOH = -5.7mA, Vee = Min 2.4 
VOL Output low voltage, Oo-O;£9s Vee = Min, IOl = 16mA 
VOL Output low voltage, ORE, IRF Vee = Min, 10l = 8.0mA 
IOZH Output off current high, 00-03, Os Vee = Max, VOUT = 2.4V, VE = 2V 
10Zl Output off current low, 00-03, Os Vee = Max, VOUT = 0.5V, VE = 2V 

IIH Input high current Vee = Max, VIN = 2.7V 
Vee = Max, VIN = 5.5V 

III 
Input low current, all except OES & 
IES Vee = Max, VIN = 04V 

lOS Output short Circuit current, 00-03, Os Vee = Max, VOUT = 0, (Note 3) -30 
ORE,OES 

lee Supply Current Vee Max, Inputs open 

NOTES 

LIMITS 

Typ 

-0.9 
3.4 
3.1 
0.35 
0.35 

1.0 

115 

1 Operating temperature ranges are guaranteed after termrnal eqUilibrium has been 
reached 

2 All voltages measured with respect to ground termmal 
No more than one output should be shorted at a time 
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Max 
UNIT 

V 
0.8 V 

-1.5 V 
V 
V 

0.5 V 
0.5 V 
100 ",A 

-100 ",A 
40 ",A 
1.0 rnA 

-0.36 
rnA 

-0.96 
-130 rnA 

170 rnA 



BIPOLAR LSI PRODUCTS 

64-BIT FIFO BUFFER MEMORY (16 x 4) 9403 

AC ELECTRICAL CHARACTERISTICS vee = 5.0V, eL = 15pF, TA = 25° e 

PARAMETER 
FROM TO TEST CONDITIONS',2,3 

LIMITS 
UNIT 

INPUT OUTPUT Min Typ Max 

FALL· THROUGH TIME Positive gomg PL °0·°3 TTS connected to I~ 450 600 ns 

'0FT lOS connected to ORE, 
IES, OES, EO, CPSO low, 
TOP high (f, Fig 11) 

PROPAGATION DELAY ns -
fPLH Low-ta-hlgh Negative gomg TTS IRF Stack not full, PL low 48 64 

fpHL Hlgh-ta-Iow Negative gOing CPSt IRF (a & b, Fig 11) 18 25 

fpLH Low-ta-hlgh 
Negative gOing CPSO - 30 40 ns 

fPHL Hlgh-ta-Iow Os Senal output OES low, 17 28 
TOP high (c & d, Fig 11) 

fpHL High-fe-low Negative gOing CPSO ORE 32 42 ns 

fpLH Low-ta-hlgh --- 40 56 ns 

fPHL Hlgh-ta-Iow Positive gOing TOP °0'°3 EO, CPSO low (e, Fig 11) 31 45 

fpLH Low-ta-hlgh Positive gOing TOP ORE ~a~tput, 51 68 ns 

fpHL Hlgh-ta-Iow Negative gOing TOP ORE EO, CPSO low (e. Fig 11) 40 54 

fpLH Low-ta-hlgh Negative gOing lOS PosItive gOing ORE Data In stack, TOP high, 41 56 ns 
(c & d, Fig 11) 

fpHL Hlgh-ta-Iow Positive gOing PL Negative gomg IRF Stack not full (9 & h, 20 33 ns 
Fig 11) 

fpLH Low-ta-hlgh Negative gomg PL Positive gOing IRF 33 46 ns 

fpLH Low-to-hlgh Positive gOing OES ORE 26 44 -
fPLH Low-to-hlgh Positive gOing IES Positive gOing IRF 31 40 

ENABLE DELAY ns 

fpZH High EO °0·°3 14 

fpZL Low Out of high 
g 

20 
Impedance state 

-
tpZL Low Negative gOing OES Os t3 25 ns 

tpZH High 20 

DISABLE DELAY ns 

tpLZ Low EO °0·°3 7 14 

tpHZ High Into high 
Impedance state 

tpLZ Low 
Negative gOing OES 

ns 

tpHZ High Os 7 14 

APPEARANCE TIME ns - -
fAP Parallel ORE °0·°3 Time elapsed between ORE go- -t2 -5 

'AS Senal ORE Os Ing high and valid data appeanng 6 10 
at output, negative number ..!!!.S!.!.::. 
cates data available before ORE 
goes high 

PULSE WIDT~ ns 

fpWL CPSllow Stack not full, PL low 20 11 

fpWH CPSI high (a & b, Fig 11) 33 19 

fpWL TOP low CPSO low, data available In 30 17 ns 

fpWH TOP high 
stack (e, Fig 11) 26 13 

tpWL CPSO low TOP high, data In stack, 30 16 ns 

tpWH --
CPSO high 

(c & d, Fig 1 t) 32 18 

tpWH PL high Stack not full 40 29 ns 
(g & h, Fig 11) 

tpWL TTS low (senal Stack not full (a, b, g, & h, Fig 20 9 ns 
or parallel mode) 11) 

fpWL MR low (f. Fig 11) 25 13 ns 

SETUP and HOLD TIME ns 

fs Setup time Os ~tlveCPSI PL low (a & b, Fig 11) 28 17 

fh Hold time Os CPSI 0 -6 
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BIPOLAR LSI PRODUCTS 

64-B11 FIFO BUFFER MEMORY (16x4) 9403 

AC ELECTRICAL CHARACTERISTICS VCC = 5 OV, CL = 15pF, TA = 25 0 C (Cont'd) 

PARAMETER FROM TO TEST CONDITIONS1,2,3 LIMITS 
Min Typ Max 

Is Setup time Parallel Inputs PL Length of trme parallel mputs 0 -22 
must be applied prior to rising 
edge of PL 

'h Hold time Parallel Inputs PL Length of time parallel Inputs 2 
must remam applied after failing 
edge of PL 

--
Is Set up time (senal TTS IRF (a, b, g, & h, Fig 11) 0 -20 

or parallel mode) 

Is Setup time Negative gOing ORE Negative gOing TOS TOP high (c & d, Fig 11) 0 -24 

Is Setup time Negative 9.Q!!J9 IES CPSI 
Is Setup time Negative TT8 CPSI 

RECOVERY TIME MR Any Input 

tree 

NOTES 
1 Inrtlallzatlon requires a master reset to occur after power has been applied 
2 TTS normally connected to 'iRF 

DS~~~~~~~ 
~ ___________________________ '~PH~L~~r-

~ 
TTS ___________________________ ~I'_=_O_--F"" tPLH,;,=I=.:..... __ __ 

"tc:::::.J 1 3V 

IPWL-~ CONDITIONS 

Stack Not Full, iES. PL Low 

45 23 
(b, Fig 11) 84 58 

(I, Fig 11) 15 5 

3 If stack IS full, IRF will stay low 

~--------------------------~~77.7\ 

rrs-------------------------------+-,I 
Stack Not Full, iES High When Initialized, PL Low 

a. Serial Input, Unexpanded or Master Operation b. Serial Input, Expanded Slave Operation 

I IPWH t:::::-l I 

CPS5~~~~ 
!PHL -' I-- -" 'PWL I-- I 

as 13V ~ ~ i%m I~ 

OOE----------------------------~~ 

TOS ------------------------------"""' ORE------------------------------~~ 

CONDITIONS TOS------------------------------~~'_, 
Data In Stacie Top High, iES Low When Initialized, DES Low 

CONDITIONS 

Data In Stack, Top High, IES High When Initialized 

c. Serial Output, Un expanded or Master Operation d. Serial Output, Slave Operation 

TOP !-tpw_1 

~ Fr tPHL -}- tPLH 

~ 1,------------

00-03 1 3V-~T 
CONDITIONS 

IES Low When 1!lItlal.zed, EO, CP$a Low, 

Data Available In Stack 

MR I--tpw-I ...... ______________ __ 
~13V 

-1 ',.,1-
PL ~13V ----------1-- tp tpww --r '-------__ tDFT __ 1 

ao-~o'~ ___________________ ~ 

CONDITIONS 

ill Connected to iRF, fO§ Connected to 

ORE, IES, DES, EO, CPSO Low, TOP High 

ao-aIEl" Os ~ S1 

FROM RL 

OUTPUT 2401l 
UNDER 
TEST 

S10'! 

CL 

T15f \"' 
NOTES 
1 CL Includes JI9 and probe capaCitance 
2 All diodes are 1 N3064 or eqUivalent 

TEST 

TPZH 
TPZL 
TPHZ 
TPLZ 
TPLH 
TPHL 

51 

OPEN 
CLOSED 
CLOSED 

I 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

S2 

CLOSED 
OPEN 

CLOSED 

I 

e. Parallel Output, 4·Bit Word or 
Master / Slave Operation f. Fall-Through Time g. Test Circuit for Measurement of AC Parameters 
in Parallel Expansion 

Figure 11. 9403 Timing and Parameter-Measurement Information 
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BIPOLAR LSI PRODUCTS 

64-BIT FIFO BUFFER MEMORY (16 x 4) 

1:::= Ipw =:i 
PL--..,-,J.!---------~~h-----ul--,:;: 

DO-03 STABLE 1.3V 

tPHL----..l iRF ______ "-___ ~I 

\----------~ 
la = 0 ~tPLHI==:j 'i'fS(NOTE 2) ___________ 2':'r ,----"---

L:.::f13V 
CONDITIONS i::=:,PW =I 
Stack Not Full, iES low When Initialized 

h. Parallel Load Mode, 4-BIT Word (Unexpanded) or 
Master ISlave Operation in Parallel Expansion 

PL 
00-0 3 

IES 

IRF 

9403 

I::=::: IPW ~ I fuu-hu \u __________ -F 
---I I, ~ ---I Ih I- - Ih I--

13V STABLE 13V 

-=:::l I. ~ I 13V\ 13V 

I I-- IPHL ::I ~ tPLHf----

"'-13V ~ 
~"- I 

I 

CONDITIONS 

Stack Not Full, DeVice Initialized With iES High 

j. Parallel Load, Slave Mode 

Figure 11. 9403 Timing and Parameter-Measurement Information (Cont'd) 
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BIPOLAR LSI PRODUCTS 

64·BIT FIFO BUFFER MEMORY (16x4) 9403 

LOGIC DIAGRAM 

ec---l>-L{>O------r--------c--------------, 

~ __________ ~ ________________ _,-------------------------------J/ 
TO NEXT WORD -=r IN STACK 

w-----------------------------------1>-----------

---~I>_--- 0, 
, 
~ __ " ______ A'_ ___ 0, 

'-------- -----------<i>---~ 03 

7·16 Signetics 



BIPOLAR LSI PRODUCTS 

AUTODIRECTIONAL BUS TRANSCEIVER 

DESIGN FEATURES 

• Intelligent bidirectional bus repeater with self·generating or 
external control 

• Eight independent channels 
• Open· collector outputs (meets DEC UNIBUS· specifications) 
• TTL compatible 
• High speed (30· nanoseconds max) 
• Expandable to any number of bits 
• High input impedance for every operating value of V cc 
• Low input current (less than 100·microamperes); high output 

current (up to 70·milliamperes) 
• 0.6 in. 24'pin DIP 
• + 5V supply 

USE AND APPLICATION 

• Minicomputers 
• Microcomputers MOS/Bipolar 
• Communications 
• Signal buffer 
• Bus fan·out extensions 
• Distributed processing 
• Bidirectional bus connector/isolator 

PRODUCT DESCRIPTION 

The Signetics 8X41 Autodirectional Bus Transceiver is a general 
purpose asynchronous device ideal for system bus expansion 
applications. The 8X41 consists of eight data channels, each 
with one pair of terminals (A, and B,); each data channel can be 
operated independently. 

The device requires no external controls since all intelligence is 
internally generated; thus, operation of the device is completely 
autonomous. The first logic low signal that occurs on one chan· 
nel terminal (A, or B,) will be repeated on the corresponding ter· 
minal (B, or A,) of the same channel. 

8X41 PACKAGE/PIN DESIGNATIONS 

N PACKAGE 

ORDER NUMBER 

N8X41N 

8X41 

The 8X41 is designed for use in open-collector bus systems 
where high speed and low-current inputs/high-current outputs 
are required. In system configurations, the discrete capabilities 
of the bus transceiver can be expanded by parallel connection to 
service any number of bits. To provide reliable operation and in
tegrity of data transfers, all channels are disabled by an on-chip 
power monitor whenever Vcc falls below approximately 4V. 

FUNCTIONAL OPERATION 

The 8X41 (Figure 1) consists of eight functionally independent 
yet logically identical channels. Each channel consists of two 
bus terminals (A, and B,); each terminal is internally connected to 
an open·collector driver and a high-impedance receiver. The 
monitoring state of each channel is defined when both terminals 
(A, and B,) are "high"; in this state, the internal logic of the 8X41 
continually examines the A and B bus signals to determine 
signal direction-A, to B, or B, to A,. A low signal occurring at 
either of the two terminals causes the open-collector driver on 
the opposite terminal to follow suit; hence, the signal is 
repeated by the BX41. For each channel, latches L 1 and L2 deter
mine signal direction. As shown in the truth table for these 
latches, there is no transmission of data when both signals are 
low, however, this condition should never occur during normal 
system operation. 

The internal automatic direction control can be overridden by 
either or both of the common disable inputs-DBA and DAB. 
When DBA is driven low (DAB= high), the B, to A, path is inter
rupted and the device becomes a unidirectional repeater in the 
A, to B, direction only. With these conditions reversed 
(DAB = low and DBA = high), the A, to B, path is interrupted and 
the chip functions as a unidirectional repeater in the B, to A, 
direction. When both control signals are low, data passage is in
hibited in both directions. Refer to the I/O truth table for all 
possible input/output conditions. 

"Trademark of the Digital Equipment Corporation 

PIN NO. IDENTIFIER FUNCTION 

1 VCC +5V power 
3.5.9.11. Ao-A7 A-bus inpull output 

14.16.20. 
and 23 

2.6.8.12. BO-B7 B·bu. input I output 
13.17.19. 
and 24 

4. 10. 15. GND Circuit ground 
and 21 

7 & 18 DBA & DAB Inpull output control 

22 N/C No connection 

Signetics 7-17 
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BIPOLAR LSI PRODUCTS 

AUTODIRECTIONAL EUS TRANSCEIVER 

.. 

AS 85 

~
GND 

10 GND 

15 GND 

21 GND 

Figure 1. Logic Diagram of 8X41 

INPUT/OUTPUT TRUTH TABLE 
EXTERNAL CONTROLS INPUT SIGNALS OUTPUT DRIVER SIGNALS 

DAB DBA Ai Bi ADi BDi 

H H L L H H 
H Ii L H H L 
H H H L L H 
H H H H H H 
H L L L H L 
H L L H H L 
H L H L H H 
H L H H H H 
L H L L L H 
L H L H H H 
L H H L L H 
L H H H H H 
L L X X H H 

7-18 Signetics 

8X41 

DBA DAB FUNCTION 

0 0 Data transmission 
inhibited 

0 1 Ai-Bi 

1 0 Ai-Bi 

1 1 Ai-Bi 
Ai-Bi 

i = Channel 0,1,2,3,4,5,6, or 7 
Ai - Bi = Data transmission from Ai to Bi 
Ai - Bi = Data transmission from Bi to Ai 

TRUTH TABLE FOR INTERNAL 
LATCHES 

LATCHES 
DIRECTION OF DATA 

L1 L2 

1 1 Monitoring state 
1 0 Ai to Bi 
0 1 Bi to Ai 
0 0 No transmission 

Notes 
AI = External signal 
AD. = Output A driver 
8. = External signal 
SOl = Output 8 dnver 
X= Don't care 



BIPOLAR LSI PRODUCTS 

AUTODIRECTIONAL BUS TRANSCEIVER 8X41 

DC CHARACTERISTICS vee= 5V (± 5%); TA=O'C to 70'C LOAD CIRCUIT FOR OUTPUTS 

PARAMETER DESCRIPTION TEST CONDITIONS 

VOL 
Bus output low IOL = 70 mA; 
voltage (driver ON) Vee = Min 

'VB 
Bus input threshold 
voltage (driver OFF 

VIH (DBA, High level input 
DAB only) voltage 

VIL (DBA, Low level input 
DAB only) voltage 

Vee = Min; 

LIMITS 

Min Typ Max 

0.5 

1.3 1.7 

2.0 

0.8 

-1.5 

UNITS 

V 

V 

V 

V 

V Note· 

vee 

RI 
60n 

Vie Input clamp voltage 
IlL = -18mA CL includes probe and Jig capacitance 

Power ON/OFF 
VPD detector threshold 3.7 4.35 V 

voltage 

IIH (DBA, High level input Vee = Max; 
20 ",A DAB only) current VIN = 2.7V 

.!!!,JDBA, Low level input Vee = Max; -0.4 mA DAB only) current VIN = 0.4V 

Vee = Max; 
100 

II 
Bus input current VB = 2.5V· 
(driver OFF) 

Vee = Max; -20 ",A 

VB = OV· 

IOFF 
Bus leakage current Vee = OV; 100 ",A (power OFF) VB = 2.5V· 

Vee = Max; 
lee Supply current AO-A7 = Low or 145 180 mA 

BO-B7 = Low and 
DBA = DAB = High 

·Va = Veus 

AC CHARACTERISTICS Vee=5V (± 5%); TA= O'C to 70'C 

PARAMETER DESCRIPTION FROM TO TEST CONDITIONS 
LIMITS 

Min Typ Max 

tpLL Propagation delay 
Low Ai Low BDi DBA = DAB = High 30 
Low Bi Low AOi 

tpHH Propagation delay 
High Ai High BDi DBA = DAB = High 30 
High Bi High ADi 

tDHH Propagation delay 
High Ai High BDi DBA = Low; DAB = High 25 

High Bi High ADi DAB = Low; DBA = High 25 

tOLL Propagation delay 
Low Ai Low BDi DBA = Low; DAB = High 25 

LowBi Low ADi DAB = Low; DBA = High 25 

tDEH Propagation delay Low DBA High ADi DAB = Low; Bi = Low 30 

tDEL Propagation delay High DBA Low ADi DAB = Low; BI = Low 30 

tDEH Propagation delay Low DAB High BDi DBA = Low; AI = Low 30 

tDEL Propagation delay High DAB Low BDi DBA = Low; Ai = Low 30 

tr Recovery time (see - - DBA = DAB = High 20 
timing diagram) 

Notes Al = External signal ADI = Output A driver 6 1 = External signal SOL = Output B dnver 

Signetics 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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BIPOLAR LSI PRODUCTS 

AUTODIRECTIONAL BUS TRANSCEIVER 8X41 

8X41 TIMING DIAGRAM 

7-20 

CONDITIONS 
DBA = HIGH 
DAB == HIGH 

CONDITIONS 
DBA = LOW 
DAB == HIGH 

,-~, { DBA == HIGH 
DAB = LOW 

~'~{ DAB = LOW 
B1 = LOW 

,,-, { DBA = LOW 
AI = LOW 

AI (EXTERNAL) -----.. 3V 

15V\ f15V 
I '-____ .J : -----------------------------------. ov 

~ IPLL .j I-IPHH1 
B~16~~r:R~T -------'-5 ..... V '\'-----..J;f-"--, ~-~-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_ ::~ 

1- 1,---1 
B,(EXTERNAL) ___________________ .,. I 3V 

1 5Y ~ t~~ ________ Ov 
I '--____ .J I 

j-IPLL-j 1+ IPHH., 

AD. (OUTPUT ______________________ .... ' , 

A DRIVER) \l :r- VOH 

15VI\ T 151,( 
'-____ -J .------ VOL 

AI (EXTERNAL) -----.. \,15V 
I 

n /15V 
·I------------------------------------OY 

I 

--l lOLL I--
BDI6~~VT~~T B _______ .... : 

\15V 
--I IDHH I-

I 
iLl YOH 

B, (EXTERNAL) 

AO. (OUTPUT A 
DRIVER) 

OSA 

AD, (OUTPUT A 
DRIVER) 

DAB 

BOI (OUTPUT B 
DRIVER) 

\:5V 

I 

T 15V 
'-------' -- -----------------------------. VOL 

n j15V 
. +-------------------------------------ov 

I 

--I lOLL I- --I IDHH I-, 
~"------------------VOH 

I 15V 

'--____ J --------------------------------. VOL 

------""'\' 
\15V 

3V \,15V f15V 
: '-____ .J t------------------------------------- OV 

---J IDEH!- --l IDEL r----
, ,-----.... -}--------------------------------. YOH 

______ -.Jf, 5V '\ '5V 
VOL 

,,-----------------------------------------3V 
\'5V f'5V 

I '--____ J t------------------------------------ OV 

--I IDEH I-- --I 'DEL I-
I , 

I ,.-----.,.-1-------------------------------- VOH ______ -.J!, 5V "\ '5V VOL 

Signetics 



BIPOLAR LSI PRODUCTS 

AUTODIRECTIONAL BUS TRANSCEIVER 

USING THE 8X41 IN A BUS-SHARED CONFIGURATION 

INTERFACING 8X41 TO IEEE 488 BUS 

TALK/LISTEN DEVice 

Signetics 

8X41 DAB --} _ (Noto3) 
DBA ... 

Notes 
1. The bus-control logic can be 

handled as shown here, mte
grated In each system mod· 
ule, or externally situated 

2 The A-port and B-port of the 
8X41 are transparent to ex
ternal connections, that is, 
AO-A? can be connected to 
the 1(0 bus and BO-S7 can 
be connected to the mternal 
bus, and vice-versa 
Refer to Truth Tables adjacent 
to Figure 1 for data control 
capabilities 

COMMANDS 
UNIVERSAL 
COMMANDS 

OTHER 
COMMANDS 

PROTOCOL 
LOGIC 

( AS MANY AS 961 DEVICES CAN ) 
BE CONMECTED TO THE 488 BUS 

8X41 

= 

I 
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BIPOLAR LSI PRODUCTS 

FIFO RAM CONTROLLER (FRC) 8X60 

DESIGN FEATURES PRODUCT DESCRIPTION 
• 12-Bit FIFO Address Generator 
• Data Rate Exceeding 8MHz 
• Asynchronous Read/Write Operations 
• Three-State Address Outputs 
• User-Defined Word Width 
• Specifically Designed for Use with High-Speed Bipolar RAMs 

(Adaptable for Use with MOS RAMs) 

The Signetics 8X60 FIFO RAM Controller (FRC) is an address and 
status generator designed to implement a hlgh-speed/hlgh-capacity 
First-In/First-Out (FIFO) stack utiliZing standard off-the-shelf 
RAMs-see APPLICATIONS on the last page of this data sheet 
The FRC can control up to 4096 words of buffer memory; inter
mediate buffer sizes can be selected-refer to the memory length 
table on the next page. BUilt-in arbitration logic handles read/write 
operations on a first-comelfirst-served basis. • TTL Input and Output 

• 16mA Address-Drive Capability 

USE AND APPLICATION 
• Interface Between Independently-Clocked Systems 
• Buffer Memories for Disk and/or Tape 
• Data Communication Concentrators 
• CPU/Terminal Buffering 
• DMA Applications 
• CRT Terminals 

PACKAGE AND PIN DESIGNATIONS 

PIN NO. 

N, FQ PACKAGE 

2,14,21 
vcc 

3 
AO 

4 
Al 

A2 
5 

A3 6 

0: 

:E~ A4 7 

WRii'E o <C..I AS 8 CD 0:0 
>< 00: GND 
CO LL. I- 9 -z 

FULL LL.o A6 

0 10 HALF FULL A7 

EMPTY AS 11 

LSl A9 

12 
LS2 Al0 

13 
GND All 

15-20 
TOP VIEW 22-27 

ORDER NUMBERS 
NSX60N, RBSX60F 28 

7-22 

As shown in Figure 1, the FRC consists of: 
• A 12-Bit Write Address Generation Counter (Counter #1) and a 

12-Bit Read Address Generation Counter (Counter #2). 
• A 12-Bit Up/Down Status Counter (Counter #3). 
• Twelve Three-State Address Drivers. 
• Control Logic. 
The two address counters, #1 and #2, respectively, are used to 
generate write and read addresses; the outputs of these counters 
are multiplexed to the three-state address drivers. Counter #3 
generates full, empty, and half full status. 

IDENTIFIER FUNCTION 

VBB Supply voltage for internal circuits. 

GND CircUit ground. 

Si Shift-In request for write cycle; active-low input 

SO Shift-Out request for read cycle; active-low input. 

~ Active-low master reset input. 

cr Active-low chip enable Input 

WRi"i'E Write cycle address valid; active-low output 

READ Read cycle address valid, active-low output 

FULL Memory full status output, also, override input capability. 
Active when high. 

HALF FULL Memory half-full status output, active-high 

EMPTY Memory empty status output; also, override Input capability. 
Active when high 

LS1 Least significant bit (LSB) of the memory length select Input 

LS2 Most significant bit (MSB) of the memory length select Input 

A11 -AO Three-state address outputs, AO = LSB 

VCC Supply voltage. 

Signefics 



BIPOLAR LSI PRODUCTS 

FIFO RAM CONTROLLER (FRC) 8X60 

LSl m!ITE 
LS2 IIViI1 
'CE CONTROL Si EMPTY 
~ 

LOGIC 
HALF FULL 

RESET 

r- FULL 

THREE-STATE 
ADDRESS 
DRIVERS 

AO 

... Al 

A2 

~ COUNTER #3 ~ A3 
(STATUS) V 

ADDRESS A4 
MULTIPLEXER 

r-... AS 
~ 

~ COUNTER #1) f+- Aa 
!" (WRITE 

A7 ADDRESS 
GENERATION) V 

AS 
V 

~ COUNTER #2, f+- Ag 

(READ 
Al0 ADDRESS 

GENERATION) V 

All 
V 

Figure 1. Functional Block Diagram of FIFO RAM Controller 

FUNCTIONAL OPERATION CONTROL LOGIC 
The FRC operates in either of two basic modes-write into the FIFO 
buffer memory or read from the FIFO buffer memory. These two opera
tions are described in subsequent paragraphs and the complete se
quence is summarized in Table 1. Typical WritelRead timing relation
ships, arbitration logic, and chip-enable control are shown in the Timing 
Diagrams. 

FIFO BUFFER MEMORY-WRITE CYCLE 
To perform a write operation, SO must be high and SI must be low. 
When these conditions exist and other control parameters (Table 1) 
are satisfied, the write address in Counter #1 (Figure 1) is output to 
the address bus via the multiplexer and WRITE output goes low. (Note. 
Normally, the WRITE output goes low after the address output becomes 
stable-refer to WRITE CYCLE TIMING DIAGRAM. The WRITE out
put may then act as a write or chip enable for the RAMs that are used 
to implement the memory.) 

When the write cycle is ended (Si IS forced high), the WRITE output 
goes high, the address output buffers return to a high-impedance state, 
Counter #1 (Write Address Generation) and Counter #3 (Status) are 
both incremented, and Counter #2 (Read Address GenerallOn) remains 
unchanged. 

FIFO BUFFER MEMORY-READ CYCLE 
To perform a read operation, Si must be high and SO must be low. 
When these conditions exist and other control parameters (Table 1) 
are satisfieci;" the read address contained in Counter #2 (Figure 1) is 
output to the address bus and the READ output goes low. 

When the read cycle is ended (SO is forced high), the READ out
put goes high, the output buffers return to a high-impedance state, 
Counter #2 (Read Address Generation) is incremented, Counter #3 
(Status) is decremented, and Counter #1 (Write Address Generation) 
remains unchanged. 

To prevent the possibility of operational conflicts. Si and SO are treated 
on a first-comelfirst-served basis; these two input signals are controlled ~ 
by internal arbitration logic-refer to the applicable TIMING -7 
DIAGRAMS and AC CHARACTERISTICS for functional and timing 
relationships. If one cycle is requested while the other cycle is In prog-
ress, the requested cycle will commence as soon as the current-cycle 
IS complete (provided other control parameters are satisfied). 

As shown In the accompanying diagram, the buffer length of the FIFO 
memory can be hardware-selected via the Length Select (LS1, LS2) 
inputs. When less than the maximum length is selected, the unused 
high-order bits of the address outputs are held in the high-impedance 
state. 

MEMORY LENGTH 

LS1 LS2 HALF LENGTH FULL LENGTH 

L L 2048 4096 
H L 32 64 
L H 512 1024 
H H 128 256 

Generation of the status output signals (HALF FULL, FULL and EMP
TY) IS a function of the Length Select (LS1, LS2) inputs and the cur
rent state of Status Counter #3. In general, the status outputs reflect 
the conditions that follow: 
• HALF FULL-this status output signals goes high on the positive

going edge of Si if the MSB of the selected length of Counter #3 
becomes a "1". The HALF FULL signal will go from high-to-Iowon 
the positive-going edge of SO when, after the read cycle, the 
selected length of Counter #3 changes from "100 . 00" to 
"Q11 .. 11". For example, if the selected memory length is 256 
words (FULL = 256), then HALF FULL = 128 words; hence, on the 
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positive-going edge of SO when Counter #3 reaches a count of 
127, the HALF FULL output will go from hlgh-to-Iow 

• FULL-this signal serves both as a status output and as an 
override Input The FULL signal goes high on the negative-going 
edge of Si,f all bits of Counter#3 for selected length are equal to 
"1" The FULL output goes from hlgh-to-Iow on the negatlve
going edge of SO 

• EMPTY-this signal also serves as a status output and as an 
override Input On the negative-going edge of SO, the EMPTY 
output IS driven high If Status Counter#3 contains a value of "1 ", 
on the positive-going edge of SO, the counter IS decremented to 
"0" The EMPTY output goes from hlgh-to-Iow on the negatlve
gOing edge of Si 

Once the FULL signal IS high, further Write Cycle Requests (Si 0 

low) are Ignored; Similarly, once the EMPTY signal IS high, further 
Read Cycle requests (SO 0 low) are Ignored. However, to accom
modate diversified applications, the FULL and EMPTY outputs are 
open-collector With on-chlP4 7K passive pull-up resistors If either 
the FULL or EMPTY pinS are forced low via external control, the 
corresponding wnte or read cycle may resume (provided the 

Table 1. Summary of Operation 

8X60 

external FULL or EMPTY input IS held low until the corresponding 
WRITE or READ output goes low) and the address/status counters 
will continue normal operatIOn '-refer to Table 1 

The user must force the RESET Input low to initialize the chip 
(Note. If the RESET signal IS driven low dUring a w(Jte or read cycle, 
the address output may have a short period of uncertainty before 
assuming a high-Impedance state) The following actions occur 
when RESET IS active 
• All Internal counters are set to "0" 
• All address output lines are forced to the high-Impedance state 
• HALF FULL and FULL outputs are forced low 
• WRITE, READ, and EMPTY outputs are forced high 

When CE is high, the address output lines are forced to the hlgh
Impedance state, further w(Jte or read cycle requests are Ignored, 
and all counters remain unchanged If CE sWitches from low-to
high during a w(Jte or read cycle, the cycle In progress IS always 
completed before the disabled state IS entered For details of these 
operations, refer to the timing informatIOn shown later In this data 
sheet 

'Refer to Note on inSide back cover 

INPUTS INITIAL RESULTING OUTPUTS 

RESET CE SI SO CONDITIONS WRITE "R"EAD ADDRESS BUS 

L X X X H H HI-Z 

H X H H H H Hi-Z 

H L L H FULL 0 L L H Write address from 
Ctr#1 

H L L H FULL 0 H H H HI-Z 

H L H L EMPTY 0 L H L Read address from 
Ctr#2 

H L H L EMPTY 0 H H H HI-Z 

H L L ! Write cycle In progress L Write address from 
H 

Ctr#1 

H L ! L Read cycle In progress H L Read address from 
Ctr#2 

H L L L EMPTY 0 H L H Write address from 
Ctr#1 

H L L L FULL 0 H H L Read address from 
Ctr#2 

H L t H Write cycle In progress t H Goes to HI-Z 

H L H t Read cycle In progress H t Goes to HI-Z 

H L t L Write cycle In progress t ! Changes to read 
(Note 1) add ress from Ctr #2 

H L L t Read cycle In progress ! t Changes to write 
(Note 2) address from Ctr #1 

H H ~ H H H HI-Z 

H H H ~ H H HI-Z 

H t L X FULL 0 L, write cycle L H Write address from 
begun (Note 1) Ctr #1 

H t X L EMPTY 0 L, read cycle H L Read address from 
begun (Note 2) Ctr#2 

H ! L L FULL 0 L, - - -
EMPTY 0 L 

NOTES 
1 Wnte cycle will occur If either Si goes low before SO goes low or EMPTY = H when SO goes low 
2 Read cycle will occur It either SO goes low before ST goes low or FULL= H when Si goes low. 
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COMMENTS 

Reset all counters to 0 

No action 

Shift Into FIFO stack (Write Cycle) 

Stack full (Write inhibited) 

Shift out of FIFO stack (Read Cycle) 

Stack empty (Read inhibited) 

Continue write cycle (until SI goes high) 

Continue read cycle (until SO goes high) 

Shift In (Read Inhibited) 

Shift out (Write inhibited) 

Increment write address counter #1 and 
status cou nter #3 

Increment read address counter #2, 
decrement status counter #3 

Increment write address counter #1 and 
status counter #3 

Increment read address counter #2, 
decrement status counter #3 

Chip disabled 

Chip disabled 

Continue write cycle (until SI goes high) 

Continue read cycle (until SO goes high) 

ThiS set of conditions should be avoided 
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ABSOLUTE MAXIMUM RATINGS 
PARAMETER DESCRIPTION RATING UNIT 

Vcc Power Supply Voltage +7 Vdc 
VBB Supply Voltage for Internal Circuits +4 Vdc 
VIN Input Voltage 
Vo Off·State Output Voltage 
TSTG Storage Temperature Range 

DC ELECTRICAL CHARACTERISTICS 

+5.5 Vdc 
+5.5 Vdc 

- 65 to + 150 'C 

CONDITIONS: Commercial
Vcc =5.0V (±5%) 
VBB = 1.5V (±5%)1 
0' C:5T AgO" C 

Military-
Vcc= 5.0V (± 10%)1 
VBB = 1.5V (±10%) 

TA:s -55'C 
Tc :S 125'C 

LIMITS (COMMERCIAL) LIMITS (MILITARY) 

PARAMETER TEST CONDITIONS MIN TYp2 MAX MIN TYP2 MAX 
VIH High level input voltage Note 3 2.0 2.0 

VIL Low level input voltage 0.8 0.8 

VOH High level output voltage: 
All outputs except FULL 
and EMPTY V cc = Min; 10H = - 2.6mA 2.7 3.5 2.5 3.5 

VOL Low level output voltage: 
Address Bus, WRITE, 
READ Vcc= Min, 10L= 16mA 0.38 0.5 0.38 0.5 

HALF FULL, FULL, 
and EMPTY Vcc= Min; IOL=8mA 0.35 0.5 0.35 0.5 

VCD Diode clamp voltage: 
All inputs except FULL 
and EMPTY Vcc= Min; ICD= -18mA -1.5 -0.8 -1.5 -0.8 

IIH High level input current: 
All inptus except FULL 
and EMPTY Vcc= Max; VIH = 2.7V 0.1 20 0.1 20 

FULL and EMPTY Vcc= Max; VIH = 2.7V; 
Stack FULL or Stack EMPTY 

(Note 3) -470 -750 - 470 -900 

IlL Low level input current: 
All inputs except FULL 
and EMPTY Vcc= Max; VIL = OAV -0.17 -004 -0.17 -0.4 

FULL and EMPTY V cc = Max; VIL = 0.4V; 
Stack FULL or Stack EMPTY - 1.12 -1.8 -1.12 -1.8 

10H High level output current: 
FULL, EMPTY Vcc=Min, VoH=Vcc(min) 15 100 15 100 

10ZH High·Z output current 
(HIGH); Address Bus 
(Three·State) Vcc= Max; VOUT= 2.4V 0.9 20 0.9 20 

10ZL High·Z output current 
(LOW); Address Bus 
(Three·State) Vcc= Max; VOUT= 0.5V -0.6 -20 -0.6 -20 

II Input leakage current: 
All inputs except FULL 
and EMPTY Vcc= Max; VIN = 5.5V 0.03 0.1 0.03 0.1 

los Short·circuit output current: 
Address Bus and 
HALF FULL Vcc= Max; VOH = OV -15 -68 -100 -15 -68 -100 

WRITE, READ Vcc= Max; VOH = OV -40 -73 -100 -40 -73 -100 

Vcc= Max; Address O'C-+ 81 140 -55'C -+ 140 
Icc Supply current from Vcc 

Bus= High·Z 70'C-+ 81 110 125'C -+ 100 

O'C -+ 63 95 -55'C 63 100 
IBB Supply current from VBB VBB = Max 

70'C-+ 63 85 125'C 63 90 
NOTES 

UNITS 

V 

V 

V 

V 

V 

V 

p.A 

p.A 

mA 

mA 

p.A 

p.A 

p.A 

mA 

mA 

mA 

mA 

mA 

1 VBa can be obtained from a regulated 15V supply, alternately, proper supply 
current (IBS) can be obtained by connecting a 56-ohm (± 5%,0 5W) resistor In 

senes with Vee as shown later In the APPLICATIONS diagram 

3, Because of the mternal pull-up resistor on the FULL and EMPTY pms, a negative 
current IS reqUIred to force the required voltage 

4. VOL at IOL = 4mA for MIlitary part 
2. TYPical limits are. VCC=50V, TA=25°C 
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CONDITIONS: Commercial- Military- Loading-

AC ELECTRICAL CHARACTERISTICS 

REFERENCES 
PARAMETERS FROM TO 

PULSE WIDTHS 
TLH Si high tSi @ 

TDH SO high tso .SO 

WRITE CYCLE TIMING -
T LA Address stable delay .SI An 

TAW Address lead time An .WRITE 

T LAW WRITE output active delay .SI .WRITE 

T LW WRITE output inactive dalay tSI tWRITE 

TWA Address lag time tWRITE An 

T LT Address output disable tSI An(HI'Z) 

T LF FULL status active delay .SI tFULL 

T LE EMPTY status inactive delay .SI .EMPTY 

T HFH HALF·FULL status active delay tSI tHALF 
FULL 

T DW WRITE output active after read tSO .WRITE 

READ CYCLE TIMING 
T DA Address stable delay .SO An 

TAR Address lead time An +READ 

T DAR READ output active delay .SO +READ 

T DR READ output inactive delay tSO tREAD 

T RA Address lag time tREAD An 

T DT Address output disable tso An (HI'Z) 

T DE EMPTY status active delay .SO tEMPTY 

T DF FULL status inactive delay .SO .FULL 

T HFL HALF·FULL status tSO .HALF 
inactive delay FULL 

T LR READ output active after wlrte tSI +READ 

CHIP ENABLE TIMING (WIRTE) -
THEW Chip enable hold time2 .SI tCE 

TSEW Chip disable setup time3 tCE .SI 

T PEW Chip enable delay time .CE .WRITE 

CHIP ENABLE TIMING (READ) - -
T HER Chip enable hold time2 .SO tCE 

T SER Chip disable setup tlme3 tCE ISO 

T PER Chip enable delay time ICE IREAD 

RESET TIMING 
T RR RESET recovery tRESET IWRITE 

T RL RESET pulse width (low) IRESET IRESET 

FULL/EMPTY OVERRIDE TIMMING: --
T FW Override Recovery for FULL .FULL IWRITE 

TER Overrtde Recovery for EMPTY .EMPTY +READ 

Vcc = 5.0V (±5%) 
Vee = 1.5V (±5%) 
O°C,,; TA,,; 70°C 

Vcc = 5.0V (± 10%) 
Vee = 1.5V (+10%) 
TA ,,; -55°C 

See TEST LOADING 
CIRCUITS 

Tc < 125°C -

LIMITS (Comme~"11 LIMITS (Mllitaryl 
TEST CONDITIONS Min Typ Max Min Typ Max UNITS 

Stack approaching FULL (Note 1) 25 13 25 13 ns 

Stack approaching EMPTY (Note 1) 30 16 30 16 ns 

FULL = Low; SO = High 40 55 40 60 ns 

3 0 ns 

FULL = Low; SO = High 35 51 65 35 51 70 ns 

3 10 3 10 ns 

20 34 10 34 ns 

37 60 37 60 ns 

Stack approaching FULL; SO = High 39 65 39 70 ns 

Stack = EMPTY 40 65 40 65 ns 

Stack approaching HALF·FULL 30 45 30 50 ns 

Both SI & READ = Low 74 95 74 100 ns 

EMPTY = Low; Si = High 40 55 40 60 ns 

-1 -5 ns 

EMPTY = Low; SI = High 30 48 65 35 70 ns 

5 10 5 10 ns 

20 32 10 32 ns 

37 60 37 60 ns 

Stack approaching EMPTY; SI = High 38 50 38 50 ns 

Stack = FULL 38 50 38 65 ns 

Stack exactly HALF·FULL 54 75 54 85 ns 

Both SO & WRITE = Low 70 90 70 100 ns 

FULL = Low; SO = High 10 1 10 1 ns 

FULL = Low; SO = High 10 1 10 1 ns 

FULL = Low; SI = Low; SO = HIgh 69 95 69 110 ns 

EMPTY = Low; Si = High 10 1 10 1 ns 

EMPTY = Low, SI = High 10 1 10 1 ns 

EMPTY = Low; SO = Low; SI = High 64 95 64 105 ns 

-
SI = Low 57 75 57 80 ns 

25 8 25 8 ns 

-
Stack = Full; SI = Low; SO = High 70 95 70 110 ns 

Stack = EMPTY; SO = Low; SI = High 65 90 65 105 ns 

NOTES 1 Such that wrIte/read request IS inhIbIted after stack becomes full/empty - --
3 The latest "sing edge of CE such that the WRITE or 

READ' output never occurs 2 The earlIest "SIng edge of BE such that the WRITE or READ output always occurs 
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TEST LOADING CIRCUITS 

APPLICABLE PINS: WRITE (7), READ (8), HALF FULL (10) APPLICABLE PINS; An (15-20, 22-21) 

TEST POINT VCC TE$TPOINT VCC 
( 

RL 
(Note3) 1K 

FROM OUTPUT 1..0lIl 

to, 
OUTPUT SWITCH 

UNDER TEST I'" STATE POSITION 
~~ 

( S1 

FROM OUTPUT I .... FROM TO S1 S2 
CL 

~~ 
UNDER TEST " r :::!!~ 

Low HIgh Closed Closed 

High Low Closed Closed 
~!'" CL 

1KH 
:::!!~ 

High HI-Z Closed Closed 100pF 

Low HI-Z Closed Closed 
-= 

:::!!~ HI-Z High Open Closed 
APPLICABLE PINS: FULL (9) AND EMPTY (11) HI-Z Low Closed Open 

TEST POINT VCC 

S2 

~~ 62SH J. 
FROM OUTPUT 

UNDER TEST 

CL NOTES 
1 In all cases CL Includes probe and Jl9 capacitance 
2 All diodes are 1N916, 1N3064, or eqUivalent I 30PF 

3 For REAi5 and WRITE outputs, RL = 280 ohms, for HALF FULL output, RL = 2K ohms 

AC TEST WAVEFORMS 

Note 

PROPAGATION DELAY 
(TYPical Example) 

Pulse widths and Setup/Hold times 
are measured uSing the same reference 
POints as above waveform 

3-STATE ENABLE TIME TO LOW LEVEL 
AND DISABLE TIME FROM LOW LEVEL 

3-STATE ENABLE TIME TO HIGH LEVEL 
AND DISABLE TIME FROM HIGH LEVEL 

OUTPUT ENABLE ~ f 
CONTROL (Active ~,-V_M ______ -,: VM 
Low Input) : _ 

~ IPZL f4- --.j IPLZ ~ 

t /"-------3V 
OUTPUT ENABLE 1 
~~wN~:~t~(ACIlVe I'-V_M ______ -'/;--VM 

-----"""'\-:-- ------ - - -- ---- ---1--- -------"'4.5Y 

\VM ~:!--O~V 

...i IpZH ~ ...i IpHZ ~ 05V 
I ,.-_____ ---, , _ .1. -- VOH 

OUTPUT f~~____ _ _____ ~!~~~:v OUTPUT 
- ------T-- VOL 

O.SV 

Signetics 7-27 

T 
= 



BIPOLAR LSI PRODUCTS 

FIFO RAM CONTROLLER (FRC) 8X60 

TIMING DIAGRAMS 

WRITE CYCLE TIMING READ CYCLE TIMING 

r----1LL "I.. tLH----+-l 

~--)~------~t~---------*---
f--- IDL.---~I.::==':'~DH~=~.~I 

so ~'---------Jt "L--
f. IDA~!..~ i---- IDT-----+I J.- ILA~"'--I i----ILT--+! 
I I I I I I I I I I 

ADDRESS~ i i ~ 
I I I I 

ADDRESS~ i! ~ 
f4---ILAW--+{ ~ILw+/-fIWA..j I-- tDAR--+j ~IDRT tRA.J 

__________ ~+! +i~-----------
WRiTE 1.. ___ ",)_ ~ * +~---------

STATUS OUTPUT TIMING-WRITE STATUS OUTPUT TIMING-READ 

# OF ENTRIES 
IN STACK _0" "'1~ ... ~-1"'" -'-t~ .. N-l. 

S1~~~ 
-I ICE I--

EMPTY~~2 ________ ~ ____ ~'~)--~--------
--! tHFH R~;;>'~--'-, __ _ 

HALF FULL -t- -___________ .,.1(:'-' ----------~ --I tLF I--

FULL ------------?()'~()------------~e~ FULL -----i-",' ______________ (;>-__________ _ 
'---..(lc- ({) 

CHIP ENABLE TIMING WRITE' 

CHANGE OF CYCLE TIMING 

I 
I 
i 
! 

: 1 
IAR-..j I- tAW-I I-

~,~-----~------~ ADDRESS ~~ ______ f\it'jf\ ~ 

7-28. 

CHIP ENABLE TIMING READ' 

c.~ 

_ c:;i t~ -.i tSF-
so 

READ 

* The rising edge of Ce should not occur within 
10-nanoseconds before or after a falling edge 

alii or SO. 

FULL OVERRIDE TIMING 

EMPTY OVERRIDE TIMING 

READ I.'ER~ FORCED ::: 

EMPTY~ 

Signetics 

RESET TIMING 

KEY 1m High-Impedance state 

~ Changing data 
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APPLICATIONS 

IMPLEMENTATION OF A FIFO BUFFER USING THE 8X60 AND HIGH SPEED RAM 

56H('±'Snlo) 
O.5W 

REQUEST 
TO WRITE DATA 

INTO FIFO BUFFER 

REQUEST 
TO READ DATA 

FROM FIFO BUFFER 

BUFFER LENGTH { 
SELECTION 

ENABLE FIFO 
CONTROLLER 

RESET FIFO 
COUNTERS 

+5V 

WRITE CYCLE 
ACKNOWLEDGE 

READ CYCLE 
ACKNOWLEDGE 

BUFFER HALF
FULL STATUS 
BUFFER FULL 
STATUS 

BUFFER EMPTY 
STATUS , 

'~';i:{.: --------... 

USING 8X60 WITH HIGH-DENSITY MOS RAMs 

/ DELAY TO EXTEND ADDRESSlWLD TIME .-___ ..., Jf AFTER THE RISING EDGE OF WE 

8X60 

----l 

••• 

}oo~~ DATA 

• • • 

ADDRESS~IIIIIIIIIIIIIIII"IIIIII"IIIIIIIIIIIIII" 

WRITE CYCLE 
REQUEST 

---,.:. 

/

DELAYTO 
EXTEND ADDRESS 
SETUP TIME 

r--------, ~:r3~~~~E 

BX60 
FIFO RAM 

CONTROLLER 

~--~O~F~WE~E~----~~~ 

RAM 

DOUT 

--- ..... 

~--~==~------------t---~~~---------
WRITE 

~Iso----l 

ADDRESS=,~,,~~~~~~====~====~==~jl======================~===============*~~~~~~~~~~~ 
L.EXTENDED ADDRESS--l 
I SETUP TIME -I 

WEIRAM) \~--------------~ 
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ERROR DETECTION and CORRECTION (EDC) UNIT 2960 

FEATURES 
• Boosts Memory Reliability - Corrects all slngle·bit er· 

rors. Detects all double and some triple-bit errors. 
Reliability of dynamic RAM systems is Increased more 
than 60·fold 

• Very High Speed - Perfect for MOS microprocessor 
minicomputer and mainframe systems. 

- Data in to error detect 32ns worst case 
- Data In to corrected data out 65ns worst case 

High performance systems can use the Signetics EDC 
In the check·only mode to avoid memory system 
slowdown 

• Replaces 25 to 50 MSI chips - All necessary features 
are built·ln to the Signetics 2960 including diagnostics 
data in data out and check bit latches 

• Handles Data Words From 8 to 64 Bits - The Signetlcs 
2960 is cascadable: 1 EDC for 8 or 16 bits 2 for 32 bits 
4 for 64 bits 

• Easy Byte Operations - Separate byte enables on the 
data out latch slmplifly the steps and cuts the time 
required for byte writes 

• Bullt·in Diagnostics - The processor may completely 
exercise the EDC under software control to check for 
proper operation. 

LEO"T D----......., 
OE BYTE 0 D"......----, 

PRODUCT DESCRIPTION 
The Signetics 2960 Error Detection and Correction Unit (EDC) 
(Figure 1) contains the logic necessary to generate check bits 
on a 160bit data field according to modified Hamming Code, 
and to correct the data word when check bits are supplied. 
Operating on data read from memory, the EDC will correct any 
single bit error and will detect all double and some triple bit 
errors. For 16-bit words, 6 check bits are used. The 2960 can 
be expanded to operate 32-bit words (7 check bits) and 64-bit 
words (8 check bits). In all configurations, the device makes 
the error syndrome available on separate outputs for data 
logging. 

The Signetics 2960 also features two diagnostic modes, in 
which diagnostic data can be forced into portions of the chip 
to simplify device testing and to execute system diagnostic 
functions. The product is supplied in a 48 lead hermetic DIP 
package. 

~~~KC>~~--4-4---------------, 

7-30 

BITS) DATA 
OUTPUT 
LATCH 
BYTE 0 

A A 
OUTPUT 
LATCH 

LE IN D-++--~ 

LEDIAG D-----S 

CO.E I. 0-4'---..---. 
DIAQ MODE 0-4'----1 
PASS THAU D---" 
GEliiiiAi"EC>----I 

CORRECT 0----1 

SC .. 
SYNDROME 
CHECK BITS 

r-___ ;--<J OESC 

t--o-

t--Olillt'l"!lmlll 

Figure 1. Block Diagram of 2960 Error Detection and Correction Unit 
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DYNAMIC MEMORY CONTROLLER 

FEATURES 

• Operating Flexibility-controls 16K or 64K dynamic 
RAMSs 

• 8-Bit Refresh Counter-refresh address generation, clear 
input, and selectable terminal count (128 or 256) output 

• Row Address Decoder-four active Row Address Select 
(RAS) outputs during refresh 

• On-Chip Latches-dual 8-bit address latches and RAS 
decoder latches 

• User-Selectable Refresh Modes-burst, distributed, or 
transparent 

• 3-port, 8-bit address multiplexer with Schottky speed 

• Non-inverting address for RAS and CAS signal paths 

PRODUCT DESCRIPTION 

The Signetics 2964 Dynamic Memory Controller (DMC) pro
vides address multiplexing, refresh address generation, and 
Row/Column control for MaS dynamic memories of any data 
width. The eight bit address path is designed for 64K RAMs 
but can be used equally well with 16K RAMs. Sixteen address 
input latches and two row address select latches (for higher 
order address) allow the DMC to control up to 256K words of 
memory (with 64K RAMs) by using the internal row address 
decoder to select from one-of-four banks of RAMs. 

MSEL 

~o ~ ROW 
ADDRESS L 

';'7 -V LATCH /8 

t 

As ~ COLUMN 
L ADDRESS 

A~5 V LATCH /8 

%8 

29648 

FUNCTIONAL OPERATION 

The Signetics 2964B Dynamic Memory Controller (Figure 1) 
replaces a dozen MSI devices by grouping several unique func
tions. Two 8-bit latches capture and hold the memory address. 
These latches and a clearable, 8-bit refresh counter feed into 
an 8-bit, 3-input, Schottky speed MUX, for output to the DRAM 
address lines. 

The 2964B also includes a special RAS decoder and CAS buf
fer. PlaCing these functions on the same chip minimizes the 
time skew between output functions which would otherwise be 
separate MSI chips, and therefore, allows a faster memory cy
cle time by the amount of skew eliminated. 

The RAS Decoder allows upper addresses to select one-of
four banks of DRAM by determining which bank receives a RAS 
input. During refresh (RFSH = LOW), the decoder mode is 
changed to four-of-four and all banks of memory receive a RAS 
input for refresh in response to a RASI active LOW input. CAS 
is inhibited during refresh. 

Burst mode refresh is accomplished by holding RFSH low and 
toggling RASI. 

A15 is a dual function input which controls the refresh 
counter's range. For 64K DRAMs, it is an address input. For 
16K DRAMs, it can be pulled to + 12V through 1 K to terminate 
the refresh count at 128 instead of 256. 

~ 

ADDRESS ~o 
MUX 

·7 

LE 
REFRESH 

CLR ADDRESS TC 
GENERATOR 

-
RSELo 

BANK 
RASo 
-

SELECT RAS RAS1 
LATCH DECODE -

RSEL, RAS2 
-
RAS3 

...l 

I CAS I 
BUFFER I 

Figure 1. Block Diagram of 2964B Dynamic Memory Controller 
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SEMICUSTOM LSI 

THE COMPLETE SEMICUSTOM SOLUTION 
To meet your semicustom needs Signetics has developed 
a comprehensive semicustom service that offers one-stop 
shopping with state-of-the-art technology. This service gives 
you a choice of silicon systems ranging from CMOS to T2l 
and ECl, the widest range of semicustom products in the 
industry, with performance capable of meeting all your 
semicustom logic needs. All are supported with complete in
house capability for processing and fabrication, will full ser
vice CAD, which simplifies your design task and guarantees 
first-pass success for your semicustom program. 

ST ATE-OF-THE-ART CAD 
Signetics' CAD system encompasses the complete 
semicustom design process, from schematic input through 
auto place and route, design rule checking and test genera
tion. This fully automated procedure speeds design and 
makes your job easy and guarantees that your semi custom 
chip is developed without error and on schedule. With 
Signetics' CAD you are using the most up-to-date semicustom 
design system available. 

SCHEMATIC INPUT.,.... FAST AND EASY 
In designing a semicustom chip the first step is to enter your 
circuit into the computer. The most advanced method of cir
cuit entry is Signetics schematic input system. This system 
only requires you to enter your schematic by use of a 
keyboard and mouse, which is fast and easy. The computer 
then automatically converts your schematic to a net list which 
is used for simulation and auto place and route. 

For circuit entry Signetics gives you a choice of two schematic 
input systems, one with software originally developed by 
Future Net and one by Mentor. The Future Net system 
operates on a low cost IBM Personal Computer which you 
can use in your own shop or in a Signetics' sales office. The 
Mentor schematic input system operates on an Apollo com
puter which is available in one of Signetics' design centers. 
With either input system you will find the schematic entry step 
fast and easy. 

COMPUTER SIMULATION - EASY AND SURE 
Once your schematic has been entered, the next and final 
step is to simulate the logic using our TEGAS 5 Program. 
To do this you enter your test vectors then submit the job 
from your IBM PC to Signetics' computer via telephone link. 
If you are using one of our design centers the simulation can 
be performed on-site with the Apollo computer. Upon com
pletion of simulation the computer returns to you the resulting 
output vectors to allow you to check your design. Computer 
simulation ensures that your circuit is functioning properly 
before Signetics manufactures your semicustom chip. 

WHAT SIGNETICS DOES - MORE CAD 
After completion of simulation your job is finished. Signetics 
takes over and completes the manufacture of your 
semicustom device, which involves the use of additional 

SEMICUSTOM SERVICE 

Signetics CAD. The effects of wire delay, if any, are compen
sated using our WIDGET program. Using your net list which 
was produced by the schematic input system, Signetics per
forms a comprehensive design rule check, then routes the 
chip automatically. Using your test vectors Signetics 
automatically produces a test tape for final testing using our 
SENGEN program. The routed chip is then masked and pro
cessed using our advanced semiconductor methodology. 

In performing Signetics part of the task, a key step is auto 
place and route, and Signetics has placed a high emphasis 
on developing these programs. The MEDS program 
automatically routes at the gate level and is used for gate 
arrays and creation of macros. The CAlMP program is used 
for more advanced structures, such as Signetics FlEXXTM 
Array. CAlMP assembles macros and gates with automatical
ly variable routing space for optimal packing of the chip. 
These and other similar programs allow Signetics to offer 
comprehensive use of auto-routing in all our semicustom 
products. 

FULL IN-HOUSE CAPABILITY 
As a full capability semiconductor supplier and in semicustom 
since 1975, Signetics has all the in-house support nece.ssary 
for producing your semicustom chip. In addition to a full ser
vice CAD facility, Signetics has complete masking, wafer 
fabrication and processing, including military processing, for 
Source Control Drawing or Mil STD 883B parts production. 
This full capability ensures availability of parts and that your 
semicustom device will be processed according to your needs 
and on schedule. 

A FULL CHOICE OF SILICON 
With Signetics you can implement your semicustom require
ment with silicon that is advanced in technology and architec
ture. In technology you have a choice of three levels of CMOS 
and five kinds of bipolar arrays with gate speed ranging from 
8 nsec to 0.5 nsec and various output drive levels. In architec
ture these products are structured as gate arrays, masterslice, 
composite cell, and FlEXXTM arrays, with up to 5000 gates 
and 128110s. These devices have been configured to encom
pass the complete range of semicustom applications to allow 
Signetics to meet your own specific needs. 

CMOS GATE ARRAYS 
Signetics CMOS gate arrays are oxide-isolated, silicon gate 
devices built on an epi substrate which virtually eliminates 
latch-up. InputfOutput is compatible with CMOS or lSTTl 
logic. These are highly advanced CMOS gate arrays with a 
full selection of technology and architecture. 

M-Series CMOS Gate Arrays Single layer metal, 330 to 1100 
gates, up to 68 1105, with 8 nsec gate delay typical for a 2 
output gate with 5V Voo. 
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BIPOLAR LSI PRODUCTS 

SEMICUSTOM LSI 

H-Series CMOS Gate Arrays Single layer metal, 330 to 1100 
gates, up to 68 1I0s, with 4 nsec gate delay typical for a 2 
output gate with SV Voo. 

SH-8eries CMOS Gate Arrays Dual layer metal, 12S0 to SOOO 
gates, up to 128 I/Os, with 2 nsec gate delay typical for a 
2 output gate with SV Voo. 

BIPOLAR SEMICUSTOM DEVICES 
Signetics bipolar semicustom devices are available with both 
junction isolation and oxide isolation, for T2l and ECl ap
plications. They are designed for high speed and high out
put drive. 

8AXXXX Series ISL Gate Arrays Dual layer metal junction 
isolated Integrated Schottky logic for T2l applications, 1200 
to 2100 gates, up to 761/0s, with 4 nsec gate speed typical. 
Full military criteria. 

VAX 
COMPUTER 

IBM 

I PERSONAL 

1\ COMPUTER 

'\ IBM 
CUSTOMER 3081 

/ COMPUTER 

/ APOLLO 
SIGNETICS COMPUTER 

SEMICUSTOM SERVICE 

Composite Cell Logic Three standard cell dual-layer metal 
libraries ranging from 3.S nsec to S nsec typical gate delay. 
Up to 1000 actual gates, 1I0s limited by packag~. Up to 80 mA 
output drive for T2l applications. Full military criteria. 

8HXXXX Series ISL Gate Arrays Dual layer metal, oxide 
isolated Integrated Schottky logic for T2l applications, 1600 
to 3200 gates, up to 120 1I0s, with 1.S nsec gate speed 
typical. Full military criteria. 

FLEXXTM Array User-created or standard cells, dual-layer 
metal, variable routing space for optimal chip size, up to 2000 
gates, I/Os limited by package. Oxide-isolated Integrated 
Schottky logic for T2l applications, 1.S nsec gate delay 
typical. Full military criteria. 

ACE Mastersllce Array Oxide isolated CMl for ECl 10 K, 
ECl 100 K and T2l applications, 600 to 2200 gates, optional 
RAM on chip, up to 128 I/Os, O.S nsec gate delay, air cooled. 

- AUTOMATED 
PRODUCTION r--- SEMICUSTOM 

DEVICE 

Signetics Computer Aided Design Facility used for design of 
semicustom devices. Provides remote access for schematic 
input and simulation. Signetics completes the design with 
design rule checking, automatic place and route, and 
automatic test tape generation before producing the 
semicustom device. 
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BIPOLAR LSI PRODUCTS 

ADVANCED CUSTOMIZED ECl (ACE) 

FEATURES 
• 3-micron geometry (first metal) 

• Internal gate delays as low as 300 picoseconds 
(average gate delay of 450 picoseconds) 

• Expandable BO-cell MACRO library 
• Mask-selectable rise/fall times for I/O interface cells 

• Bidirectional and TTL interfaces 

• 1 OK/1 OOK ECl compatibility 
• Computer aided design (CAD) for layout, simulation, 

and testing 

• Mature process (SUBllO P) 
• Pin grid array packages for easy socket insertion 

• 25 and 50 ohm drive capability 

PRODUCT DESCRIPTION 
The Signetics Advanced Customized ECl (ACE) family of pro
ducts provides the user with a cost-effective technology, 
futuristic speeds, and other high-performance alternatives for 
the design of lSI-based systems. Basic cell designs are im
plemented with Emitter Coupled and Common Mode logic 
(ECLlCMl) to guarantee the very best compromise between 
speed, power, and interface capabilities-see Figure 1 and 
TECHNICAL SUMMARY that follows. 

At present, the ACE product line is available with gate com
plements of 600, 900,1320,1400, and 2200; the 1320 array 

ACE600 & ACE 900 

MASTER SLICE LOGIC ARRAYS 

actually contains 1000 gates with an on-board 320-bit RAM. 
The 600/900-gate arrays, described in this data sheet, are 
well-suited for low-cost applications and for use in systems 
that do not require 25-ohm terminations. To meet the flexibility 
requirements, the rise-and-fall times for I/O cells of these 
arrays are mask-selectable and bidirectional and TTL inter
faces are standard. 

All ACE arrays are I/O compatible with the 10K/100K ECl 
logic family and all are fabricated with a very mature process; 
thus, even with 3-micron first-metal geometry, first pass suc
cess is a virtual certainty. The speed-power product for 
devices in the ACE family is in the neighborhood of 1 to 3 
picojoules, permitting heat-sink cooling at ambient air 
temperatures. The ACE family and MACRO library is alter
nately sourced by a major supplier of semicustom devices. 

To summarize, the designer, using ACE, is limited only by 
innovation and imagination: 

• ECLlCMl Technology for SPEED and EFFICIENCY 

• Mature process for PRODUCT CERTAINTY 

• Computer aided design for QUICK DELIVERY 

• Pin grid packages (socket insertion) for RELIABILITY 

• Signetics for QUALITY 

ORDERING INFORMATION 
Contact Local Sales Representative 

MINOR 
CELLS LOGIC CELLS INPUT/OUTPUT CELLS 

--~-----.----~~--~---v+ 

Vref 2 

~--------~~----~-----v_ 

Typical ACE Array Showing Cell Locations Typical ACE Cell 

Figure 1. Chip Architecture and Typical Circuit 
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BIPOLAR LSI PRODUCTS 

ADVANCED CUSTOMIZED ECl (ACE) ACE600 & ACE900 

MASTER SLICE LOGIC ARRAYS 

TECHNICAL SUMMARY OF ACE FAMILY 

PARAMETER ACE 600 ACE 900 ACE 1320 ACE 1400 ACE 2200 

Major cells 24 36 48 60 100 

Input/output cells 28 28 96 96 128 

Input cells 30 42 - - -

Worst case noise margin 24 - 45 mV 24 - 45 mV 

Junction temperature range 30 - 125°C 30 - 125°C 

Average prop delay (Internal gate) 0.3 - 0.5 ns 0.3 - 05 ns 

10K LEVEL lOOK LEVEL 10K LEVEL lOOK LEVEL 

Power supply -5.25V ± 5% -4.5V ± 5% -5.25V ± 5% -4.5V ± 5% 

Power consumption 2.1 - 27 mW 18 - 2.3 mW 46 - 63 mW 4 - 55 mW 

ACE PACKAGE TYPE AND THERMAL RESISTIVITY SELECTION 

PACKAGE 
THERMAL RESISTIVITY (OC/W) 

HEAT SINK NO AIR FLOW 5 m/s AIR FLOW 

Yes 25 13 
ACE 600 & ACE 900 64 Pin 

No 50 25 

Yes 12 6 
ACE 1320, ACE 1400 & ACE 2200 144 Pin 

No 24 12 
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BIPOLAR LSI PRODUCTS 

ADVANCED CUSTOMIZED ECl (ACE) 

FEATURES 

• 3-micron geometry (first metal) 

• Internal gate delays as low as 300 picoseconds 
(average gate delay of 450 picoseconds) 

• Expandable SO-cell MACRO library 

• Mask-selectable rise/fall times for I/O interface cells 

• Bidirectional and TTL interfaces 

• 1 OK/1 OOK ECl compatibility 

• Computer aided design (CAD) for layout, simulation, 
and testing 

• Mature process (SUBllO P) 

• Pin grid array packages for easy socket insertion 

• 25-ohm and 50-ohm load drive capability 

PRODUCT DESCRIPTION 

The Signetlcs Advanced Customized ECl (ACE) family of pro
ducts provides the user with a cost-effective technology, 
futuristic speeds, and other high-performance alternatives for 
the design of lSI-based systems. BasIc cell designs are Im
plemented with Emitter Coupled and Common Mode logic 
(ECL/CMl) to guarantee the very best compromise between 
speed, power, and interface capabilities-see Figure 1 and 
TECHNICAL SUMMARY that follows. 

At present, the ACE product line is available with gate com
plements of 600, 900, 1320, 1400, and 2200; the 1320 array 
actually contains 1000 gates with an on-board 320-bit RAM. 

MINOR 
CEllS lOGIC CEllS INPUT/OUTPUT CELLS 

Typical ACE Array Showing Cell Locations 

ACE1320, ACE1400 & ACE2200 

MASTER SLICE LOGIC ARRAYS 

The 1320/1400/2200 gate arrays, described in this data sheet, 
are particularly well suited for complex applications requir
ing relatively high gate counts and considerable design flex
ibility. To meet the flexibility requirements, the rise-and-fall 
times for I/C cells of these arrays are mask-selectable and 
bidirectional and TTL interfaces are standard. 

All ACE arrays are I/O compatible with the 10K/100K ECl 
logic family and all are fabricated with a very mature process; 
thus, even with 3-micron first-metal geometry, first pass suc
cess is a virtual certainty. The speed-power product for 
devices in the ACE family IS in the neighborhood of 1 to 3 
picojoules, permitting heat-sink cooling at ambient air 
temperatures. The ACE family and MACRO library is alter
nately sourced by a major supplier of semicustom devices. 

To summarize, the designer, using ACE, is limited only by 
innovation and imagination: 

• ECL/CMl Technology for SPEED and EFFICIENCY 

• Mature process for PRODUCT CERTAINTY 

• Computer aided design for QUICK DELIVERY 
• Pin grid packages (socket insertion) for RELIABILITY 

• Signetics for QUALITY 

ORDERING INFORMATION 
Contact Local Sales Representative 

--~-----.------~--~---v+ 

Vref 2 

Typical ACE Cell 

Figure 1. Chip Architecture and Typical Circuit 
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BIPOLAR LSI PRODUCTS 

ADVANCED CUSTOMIZED ECl (ACE) ACE 1320, ACE 1400 & ACE 2200 

MASTER SLICE LOGIC ARRAYS 

TECHNICAL SUMMARY OF ACE FAMILY 

PARAMETER ACE 600 ACE 900 ACE 1320 ACE 1400 ACE 2200 

Major cells 24 36 48 60 100 

Input/output cells 28 28 96 96 128 

Input cells 30 42 - - -

Worst case noise margin 24 - 45 mV 24 - 45 mV 

Junction temperature range 30 - 125°C 30 - 125°C 

Average prop delay (Internal gate) 0.3 - 0.5 ns 03- 0.5 ns 

10K LEVEL lOOK LEVEL 10K LEVEL lOOK LEVEL 

Power supply -5.25V ± 5% -45V ± 5% -5.25V ± 5% -4.5V ± 5% 

Power consumption 21 - 2.7 mW 1.8 - 2.3 mW 4.6 - 6.3 mW 4 - 5.5 mW 

ACE PACKAGE TYPE AND THERMAL RESISTIVITY SELECTION 

PACKAGE 
THERMAL RESISTIVITY (OC/W) 

HEAT SINK NO AIR FLOW 5 m/s AIR FLOW 

Yes 25 13 
ACE 600 & ACE 900 64 Pm 

No 50 25 

Yes 12 6 
ACE 1320, ACE 1400 & ACE 2200 144 Pm 

No 24 12 
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BIPOLAR LSI PRODUCTS 

COMPOSITE CELL LOGIC (CCU 

DESIGN FEATURES 

• Customer designed lSI 
• Two celilibraries-EPl and ISl 
• TTL compatible-each cell is functionally similar to 

the equivalent 7400 logic Device 
• Two-layer metal interconnects 
• PN P or diode inputs 
• Open-collector, active pull up, or three-state outputs 
• SO-milliampere sink-current capability for output cells 
• Accommodate custom cell design 
• Most standard packages available 
• - SS·C to +1S0·C junction temperature 
• + SV (:!: 10%) supply voltage; conditions permitting, 

on-chip derivation of VBB (+1_SV) 

PRODUCT DESCRIPTION 

Composite Cell logic (CCl) provides a standard-cell approach 
to semi-custom bipolar logic. Besides the inherent advantages 
of lSI and proprietary design, CCl offers the designer a fast 
turnaround time, a high probability of first-pass success, and a 
die size that exactly meets all functional requirements of the 
logic. The CCl approach is particularly well suited to design 
applications where circuit complexities fall within a range of 
100-to-1000 gates. 

Figure 1 shows the CCl device together with two standard cells 
that might be used in the design process. At present, the avail
able cells form two libraries-the Extended Performance 
Library (EPl) and the Integrated Schottky Library (lSl). Typi
cally, the EPl cell (Figure 2) is used where speed is a critical 
factor-the speed of EPl cells is comparable to that of 
Schottky T2 l logic. Note. Refer to table elsewhere in this data 
sheet for nominal figures pertaining to circuit propagation 
speeds of Schottky, Low-Power Schottky, T2L, and Low-Power 
T2L. All EPl cells are input-expandable with no added delay, are 
highly immune to internal/external noise, and use active 
pullups to reduce sensitivity to lead capacitance and the 
effects of wire-ANDing. 

V 
B 
B 

074CMA (Note) 

NOTE: 

G 
N 
D 

A layout aid (250X) IS available for each cell structure, each aid is 
transparent and adheSive-backed to make CirCUit design on mylar 
layout easy, qUick, and accurate. 

SEMI-CUSTOM FAMILY 

The packing density of an ISlcell (Figure 3) is twoto three times 
greater than that for EPl and the power required is only one
tenth ('/1,) to one-twentieth ('/20) as great. The speed of ISl is 
slightly faster than that of low-Power Schottky logic. For some 
circuits, the propagation speeds for ISl and EPl are nearly the 
same; for other circuits, there are appreciable differences. The 
speed-comparison table shown later in this data sheet provides 
a worthwhile guide for overall circuit design. 

Output cells of both libraries can sink up to SO-milliamperes of 
current and both EPL and ISl cells use a 16-micron grid for easy 
conversion to "Automatic Place and Route" techniques-see 
Table 1 for a technical summary of both libraries. 

Designing with CCl requires a cooperative effort between 
Signetics and the Customer. The contribution of each party and 
the overall development sequence are shown in Figure 4. 

Table 1. TECHNICAL SUMMARY OF 

EPL AND ISL LIBRARIES 

PARAMETER EPl ISl 

Output structure Active pullup Open cOlleCtor 
Input structure Schottky diode Schottky diode 
Worst-case noise margin 300mV (F.O. = 15) 70mV (F.O. = 15) 
Junction temperature range -55' to +155'C -55' to +155'C 
Power supply +5V (±10%) +1.5V (±10%) 

MEDIUM LOW 
POWER POWER 

Max average speed (i n ns) 
F.O. = 1 (TJ = 150'C) 4.5 5.5 6 
F.O. =6 (TJ = 150'C) 5.5 7.5 60r 9" 

Max average power (in mW): 
TJ = 150'C 5.6 2.6 0.3 

Packing density gates/mm" " 14 to 42 26 to 78 

"Average speed of 6ns requires the use of a resistor pullup cell 
(optional). 

""See Note 5 in Selection Guide regarding derivation of maximum 
values 

ORDERING INFORMATION 
Contact local Sales Representative 

025RMA 
(Note) 

Figure 1_ Composite Cell logic Showing Typical Cell Placement with the Use of layout Aids_ 
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BIPOLAR LSI PRODUCTS 

COMPOSITE CELL LOGIC (CCl) SEMI-CUSTOM FAMILY 

9-8 

Vee 

j}OUTPUT(S)' 

-=-
1. Each Input IS dnven by an active pullup, thus, the 

Fan·ln IS basically unrestricted 

1 Vee can be derived on-chip, however, If power dISSI
patton IS a cntlcal factor, It can also be developed 
off-chip 

Outputs of standard cells are limited to a Fan-Out of 
15; however, special-purpose clock buffer cells have 
Fan-Outs of up to 100 

Figure 2. Typical EPl Cell. 

2. For standard cells, up to SIX mputs and/or outputs can 
be supported, special-purpose clock buffer cells may 
have up to 64 outputs 

Figure 3. TypicallSl Cell. 

Note: For optimum efficiency durmg the development cycle, Customer/SlgnetlGs contnbutJOns as specIfied 
by the TEGSIM Interface Bre preferred, the alternate methods achieve the same results but are somewhat 
less effiCient 

Preferred Method- TEGSIM Interface Thecustomer provides a component specification, a schematic, and a 
logic simulation tape, all remaining operations, including layout, are performed by Signetics 

Alternate Method #1- TEGSIM/MYLAR Interface Same as preferred method, except the Customer provides a 
layout USing the Mylar Coding Sheet 

Alternate Method #2- TEGSIMICALMA Interface Resources permitting, the Customer provides a layout In 

the form of a CALMA Data Base 

SIGNETICS 
CONTRIBUTION 

• DESIGN MANUAL 
• ENGINEERING ASSISTANCE 
• TEGAS MACROS 
• CAD SUPPORT 
• FILM CHECK 
• TOOLING 
• 50 ENGINEERING 

PROTOTYPES 

CUSTOMER 
CONTRIBUTION 

• LOGIC DIAGRAM 
• SPECIFICATION 
• LOGIC SIMULATION 

(TEGSIM) 
• CHARACTERIZA

TION DATA 

I WAFER I 
'-_""T"_ ...... I·-----------1FABRICATION 

ASSEMBLY 1 TEST PARTS 1 ..... 1------------1 

I .~----~------------~-----, 
Figure 4. Development Sequence for CCl logic Design 
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BIPOLAR LSI PRODUCTS 

COMPOSITE CEll lOGIC (CCl) SEMI·CUSTOM FAMilY 

TYPICAL PERFORMANCE CHARACTERISTICS 

Note: The Information shown In Table 1 and that In the following 
pages is Intended only as a deSign reference. To Improve CIfCUIt 
performance, sublect values may change. For guaranteed 
values, refer to the individual Cell Data Sheets In the CCL 
DeSign Manual. 

The overall performance of EPl cell structures IS determined by 
the following parameters. 

• Discrete gate delays 
• Junction temperature (TJ) 
• Gate current (Iss) and gate voltage (Vss) 

Gate delays are subject to several variables as shown in the 
accompanying graphs 

iSlLIBRARY 

GATE DELAY VS. IBB ADDED DELAY VS. WIRE LENG. GATE DELAY VS. TJ 
10 10 

I 9 9 

• • "DELAY CAN BE -

17 V' 7 7 VIRTUALLY ElIMI· 

c NATEO WITH A 
c 6 c 6 RESISTOR 
~ 

5 "'" TJ = 150°C 5 PULL UP 

S z CELL 
4 1l. 4 w ::; 0 3 TJ=25°C 3 

2 2 

1 1 k'I 

60 120 160 200 240 2.0 a 50 100 150 200 250 
IBS(mf./A) LENGTH OF INPUT WIRE 

(16"PER GRID) 
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20 

~/~ 
5 

16 'GATE DELAY AS A -

16 ~~~CBT~~~I~~::r~6N Z 4 

~ 14 ~~ ~~~LUUSpE7 c 

~ 
12 

RESISTORS 
c 3 

10 z 
0 

6 1l. ~ 2 
<i 6 <i 

4 1 
2 

1 2 3 4 5 6 7 8 9 10 a 1 2 3 4 5 
NUMBER OF INPUTS NUMBER OF INACTIVE LOADS 

EPLLIBRARY 

ADDED DELAY VS. WIRE lENG. DELAY VS. FAN·OUT 
25 

~II ~o~ I 

10 

~I' ~o~ I r- 9 r-
20 LH POWER r- 6 LH POWER r-

~ 
7 

15 LH ~g~I~: b" p- c 6 LH ~~~I~:: pr-c 
~ ~ 5 
1l. 1l. 4 <i 10 HL (EITHER) 

l\ ... ~ <i HL (EITHER) 

3 
.... 

A' .... A . ... 
as .. ' 2 

bbff'" ~ y .... 
." '.kM 

a 50 100 150 200 250 1 5 10 15 

LENGTH OF OUTPUT WIRE FAN-OUT (ACTIVE OR INACTIVE) 
(161' PER GRID) 

CALCULATION OF POWER DISSIPATION 

At maximum junction temperature (TJ ), the maximum power 
diSSipation (Pd) for any given eCl configuration is determined 
by the following equation' 

thus, 

Pd (ISl) = 

Maximum Power Dissipation (Pd) = (TJ - TA)/BJa 

where, 
TJ = +150 oe 
TA = Ambient temperature 
Pd = Circuit power diSSipation In watts 
BJa = Package thermal resistance In °CIW 

Pd (EPl) = 

Signetics 
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BIPOLAR LSI PRODUCTS 

COMPOSITE CELL LOGIC (CCl) SEMI-CUSTOM FAMILY 

Selection Guide and Limits for EPL Cells1,2 

IlX07 Expandable AND, internal 47.62 0.88 8 15 Ul 
IMX07 Expandable AN D, internal 47.62 2.00 5 15 Ul 
RHX11 Expandable AND, input elK driver 87.30 7.00 12 100 Ul 
RlX07 Expandable AND, input 47.62 0.97 8 15 Ul 
RlXll Expandable AND, Input elK driver 71.42 1.85 7 40 Ul 
RMX07 Expandable AND, Input 47.62 1.80 5 15 Ul 
RMXll Expandable AND, Input elK driver 49.36 4.10 4 40 Ul 
TlX07 Expandable AND, output 63.49 1.50 12 8mA 
TSX07 8.30 9 24mA 

IlX02 2·wlde expandable NOR, Internal 47.62 1.06 5 8 15 Ul 
IlX24 4·wlde expandable NOR, Internal 95.23 1.90 3 7 15 Ul 
IMX02 2·wlde expandable NOR, Internal 47.62 2.50 4 5 15 Ul 
IMX24 4-wlde expandable NOR, Internal 95.23 4.40 4 4 15 Ul 
TlX24 4-wide expandable NOR, output 95.23 2.15 7 9 8mA 
TSX24 4·wlde expandable NOR, output 142.85 10.10 8 5 24m A 
TZX02A 2·wide NOR 83.33 10.10 8 5 24mA 

IlX04 Expandable, Internal 31.74 0.60 4 7 15 Ul 
IMX04 Expandable, Internal 31.74 1.40 4 5 15 Ul 
RlX04 Expandable, Input 47.62 0.60 3 10 15 Ul 
RHX37 Expandable, Input elK driver 95.23 6.50 4 4 100 Ul 
RlX37 Expandable, input, elK driver 63.49 1.20 4 5 40 Ul 
RMX04 Expandable, Input 47.62 1.14 4 5 15 Ul 
RMX37 Expandable, Input, elK driver 71.42 2.60 4 5 55 Ul 
THX04 Expandable, 40mA output 236.08 13.00 11 16 BOmA 
TlX03 Expandable, open-collector, output 31.74 1.18 11 19 BmA 
TlX04 Expandable, 8mA output 63.49 1.20 8 6 8mA 
TSX03 Expandable open-collector, 20mA 55.55 7.30 11 8 24mA 

output 
TSX04 Expandable, 20mA output B7.30 7.30 B 4 24m A 
ZlXQB Non-expandable NAND, 8mA input 71.42 1.50 B B BmA 
ZlX04 3-state expandable NAND, BmA 95.23 3.00 8 7 BmA 

output 
ZSX04 3·state expandable NAND, 119.04 12.30 11 5 24m A 

20mA 

2-wide expandable XNOR, internal 103.70 2.10 19 22 15 Ul 
2-wlde expandable XOR, internal 111.10 1.80 17 19 15 Ul 
2-wide expandable XNOR, internal 103.17 4.40 13 13 15 Ul 
2-wide I internal 95.23 3.80 11 13 15 UL 

IlX74 Negative edge-triggered "D" 261.89 2.80 17 12 15 Ul 
flip-flop, internal 

ILX75 Gated "D" latch, internal 142.B5 1.BO 4 16 15 Ul 
IlX79 NAND latch, internal 79.36 0.88 4 8 15 Ul 
IMX74 Negative edge·triggered "D" 25B.70 5.90 B B 15 Ul 

flip-flop, internal 
IMX75 Gated "D" latch, internal 142.85 3.70 6 12 15 Ul 
IMX79 NAND internal 79.36 2.00 4 5 15 Ul 
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BIPOLAR LSI PRODUCTS 

COMPOSITE CELL LOGIC (CCL) SEMI-CUSTOM FAMILY 

Selection Guide and Design Limits for EPL Cells1,2 (Continued) 

CELL 

I CELL DESCRIPTION I 
CELL AREA3 I IcC MAX4 I IpdHL MAX4 I tpdLH MAX4 I FAN·OUT5 IDENT (MIL2) (inmA) (in ns) (in ns) 

SCHMITT TRIGGER 

RMX14 I Inverting, Input I 87.30 I 1.90 I 3 I 5 I 
HIGH.iMPEOAI'iCE RECEIVER 

RH640 I HI·Z Rcvr, input I 119.04 I 5.20 I 14 I 11 I 
POWEJll<i,lP OLEAR 

POWER I Power-up/clear I 166.66 I 7.80 I - I - I 
DIODE EXPANSiON 

Twenty-sIx (26) diode expansion cells are available ranging In die size from 794 MI12 to 71 42 Mil2 

DUMMY LOAD artdlOfPULLUPS 

Dummy loads or pull-up cells are not reqUired for the EPl Library. 

Notes: 
1. To Improve performance and to meet changing needs, the EPl library IS updated on a continuing basIs via 

additions, deletions, and/or modifications, for the current status of any given cell, contact the nearest 
Signetlcs Sales Office 

2_ Custom EPl cells are available on a "qualification" basIs 
3. To convert MI12 to Micron2, multiply Mil-value by 645.16 
4_ Design limits are based on standard modeling with similar circuits used in Signetlcs standard bipolar lSI 

products Actual simulation limits are maintained to be consistent with charactertzation updates for the 
CCl libraries. 

5. A fan-out Unit load (Ul) corresponds to a load factor of approximately 220 microamperes. 

Selection Guide and Design Limits for ISL Cells1,2 

15 Ul 

15 Ul 

15 Ul 

CELL 
CELL DESCRIPTION 

CELLAREA3 Icc MAX4,5 Iss5,6 IpdI"!LMAX5,7 IpdL.H MAX5,7 FAN-OUT6 
IDENT (MIL2) (inmA) (in UL) (m ns) (m ns) 

MSICELLS 

1511LA 8-to-1 multiplexer 371.46 N/A 15 
161CLA 4-blt counter TBD N/A 60 Refer to individual Data 
1941lA 4-bit left-right shift register 13174 N/A 40 Sheets In CCl Design Manual 
2831lA 4-blt adder 8571 N/A 55 for these parameters 
934CLA 4-blt AlU 16507 N/A 30 

ORGAtE$ 

20RIL 2-wide expandable OR, Internal 317 N/A 3 14 12 6 UL 
30RIl 3-wlde expandable OR, internal 445 N/A 4 16 12 6 Ul 
40NIl 4-wlde NOR/OR, internal 50.8 N/A 5 18 12 5 or 6 Ul 
40RIl 4-wlde expandable OR, internal 50.8 N/A 5 18 12 6 Ul 
60RIl 6-wide expandable OR, internal 1143 N/A 7 22 12 6 Ul 

ANOGATES 

0071H ClK buffer expandable AND, 63.5 18 N/A 19 18 64 Ul 
Internal 

0071l Expandable AND, Internal 254 N/A 2 12 12 6 Ul 
007RH ClK buffer expandable AND, Input 57.1 1.8 N/A 19 18 64 Ul 
007RM Expandable AN D, In put 635 12 N/A 7 9 15 Ul 
007Tl Expandable AND, output (8mA) 63_5 2.0 N/A 13 15 8mA 
007TS Expandable AND, output (20mA) 9523 83 N/A 12 14 24mA 
0091l 2-input expandable AND, internal 254 N/A 2 12 14 6 Ul 
0151l 3-lnput expandable AND, Internal 31.7 N/A 2 12 16 6 Ul 
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BIPOLAR LSI PRODUCTS 

COMPOSITE CELL LOGIC (CCl) SEMI-CUSTOM FAMILY 

Selection Guide and Design Limits for ISL Cells1,2 (Continued) 

CELL 
CELL DESCRIPTION 

CELLAREA3 Icc MAX4,5 IBB5,6 tpd~LMAX5,7 pdL.H MAX5,7 FAN.OUT6 
IDENT (MIL2) (in rnA) (in UL) (In ns) (In ns) 

NOR GATESjANDJQR INVERTERS} 

002TL 2-wide NOR. output (8mA) 635 2.0 N/A 13 9 8mA 
002ZK 3-state 2-wlde NOR, output 133.3 3.9 N/A 20 10 16mA 

(8/16mA) 
027TL 3-wide NOR, output (8mA) 762 25 N/A 13 10 8mA 
2NRCL 2-wlde NOR, clock buffer driver 25.4 Note 8 Note 8 2 12 6 UL 
2NRIH 2-wlde expandable NOR, clock 571 18 N/A 16 18 64 UL 

buffer 
2NRIL 2-wlde expandable NOR, Internal 254 N/A 2 2 12 6 UL 
3NRIL 3-wide expandable NOR, Internal 317 N/A 3 2 14 6 UL 
40NIL 4-wlde NOR/OR, Internal 508 N/A 5 18 12 6 UL 
4NRIL 4-wlde expandable NOR, internal 444 N/A 4 2 16 6 UL 
6NRIL 6-wlde expandable NOR, internal 952 N/A 6 2 20 6 UL 

NAND$ATE\$ 

0031L 2-lnput expandable, Internal 19 N/A 1 4 10 6 UL 
0041H Clock buffer, expandable, internal 50 8 13 N/A 15 13 64 UL 
004RH Clock buffer, expandable, Input 635 13 N/A 15 13 64 UL 
004RM Expandable, Input 571 16 N/A 3 10 15 UL 
004TB Expandable, output (12mA/24mA) 762 34 N/A 17 7 24mA 
004TL Expandable, output (8mA) 571 15 N/A 13 7 8mA 
004T8 Expandable, output (20m A) 762 73 N/A 14 6 24mA 
004ZL 3-state expandable NAND (8mA) 6984 24 N/A 14 8 8mA 
005CL Clock buffer driven, expandable, 19 Note 8 Note 8 2 10 6 UL 

Internal 
0051H Expandable, internal, fan-out = 18 31.7 N/A 3 2 14 18 UL 
0051L Expandable, Internal 19 N/A 1 2 10 6 UL 
0051M Expandable, Internal, fan-out = 12 19 N/A 2 2 12 12 UL 
005RM Expandable, input 698 16 3 3 13 15 UL 
005TB Expandable, output (80mA) 17142 82 N/A 15 25 70mA 

open collector 
005TL Expandable, output (8mA) 317 33 N/A 13 17 8mA 

open collector 
0121L 3-lnput expandable, Internal 254 N/A 1 6 10 6 UL 
368ZL 3-state expandable NAND 7619 34 N/A 17 7 24mA 

(12mA/24mA) 

EXCLUSIVE ORINOR GATES 

1361L 2-wlde expandable XOR, 444 N/A 4 14 14 6 UL 
Internal 

2661L 2-wlde expandable XOR, 381 N/A 3 12 12 6 UL_ 
Internal 

FLlp·FLOPS 

NRLlL NOR latch. Internal 571 N/A 4 2 14 5 UL 
TOGCM Clock buffer driven. toggle FF. 1524 N/A 8 24 18 9 UL 

Internal 
074CL Clock buffer driven "D", Internal 952 N/A 4 22 16 5 UL 

(fan-out = 6) 
074CM Clock buffer driven "D", Internal 1333 N/A 6 24 18 10 UL 

(fan-out = 12) 
0741L Positive edge-triggered "D", Internal 1143 N/A 6 22 16 5 UL 
0751L Gated latch, Internal 76.2 N/A 5 4 16 5 UL 
2791L NAND latch, Internal 381 N/A 2 4 10 5 UL 

POWER·UP CLEAR 

PWRRL Power-Up/Clear 19 07 N/A - - 6 UL 

DUMMY lOADS 

REFIL Internal dummy load 127 N/A 1 - - -
REFIL Output dummy load 19 a 026 N/A - - -

DIODE EXPANSION 

Thirty-five (35) diode expansion cells are available ranging In die size from 635 MI12 to 1905 MI12 
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BIPOLAR LSI PRODUCTS 

COMPOSITE CELL LOGIC (CCU SEMI-CUSTOM FAMILY 

Notes: 
1. To improve performance and to meet changing needs, the ISl library is updated on a continuing basis via 

additions, deletions, andlor modifications; for the current status of any given cell, contact the nearest 
Signetics Sales Office. 

2. Custom ISl cells are available on a "qualification" basis. 
3. To convert Mil2 to Micron2, multiply Mil-value by 645.16. 
4. Maximum values of Icc do not always occur at the same temperature for all ISl cells, thus Icc should not be 

used for calculation of power dissipation for a discrete cell. The tabularized values can properly be used 
for worst-case power supply design. 

5. Design limits are based on standard modeling with similar circuits used in Signetics standard bipolar lSI 
products. Actual simulation limits are maintained to be consistent with characterization updates for the 
CCl libraries. 

6. A Unit load (Ul) for Iss corresponds to a load factor of approximately 190 microamperes; a fan·out unit 
load corresponds to a load factor of approximately 220 microamperes. 

7. The propagation-delay measurements were taken at 150°C with both fan-out and fan-in equal to 1. 
8. The internal Clock Buffer ISl cells listed below are driven by anyone of the special driver cells; to compute 

Icc requirements, refer to appropriate data sheet(s) in CCl Design Manual. 

Driven Cells 

Internal NOR 
Internal D Flip-Flop (Fan-Out = 5) 
Internal D Flip-Flop (Fan-Out = 10) 
Internal Toggle Flip·Flop 
Internal NAND 

-C12NRClA 
-C1074ClA 
-C1074CMA 
-CIT06CMA 
-C1005ClA 

Table 2 Comparison of CCl to 74S/74LS Functions 

Driver Cells (Fan-Out = 64) 

Internal AND -C10071HA 
Input AND -C1007RHA 
Input NOR -C12NRIHA 
Internal NAND -C10041HA 
Input NAND -C1004RHA 

LOGIC DEVICES CCL(ISL CCL (EPL CELLS) 

LOGIC FUNCTION PARAMETERS'·3,6 74SXX 74LSXX CELLS)2 LOW POWER MED. POWER 

Power (in mW) 35.7 4.13 0.31 
NAND (5400) tON (in ns) 5.0 15.0 2.00 

tOFF (in ns) 4.5 15.00 10.00 

Power (in mW) 61.2 9.35 0 
AND (5408) tON (in ns) 7.5 20.00 0 

tOFF (in ns) 7.0 15.00 2.004 

Power (in mW) 50.9 5.91 0.63 
NOR (5402) tON (in ns) 5.5 15.00 2.00 

tOFF (in ns) 5.5 15.00 12.00 

Power (in mW) 68.7 11.00 0.94 
OR (5432) tON (in ns) 7.00 22.00 14.00 

tOFF (in ns) 7.00 22.00 12.00 

EXCLUSIVE OR Power (in mW) 103.00 13.75 1.25 

(5486) 
tON (in ns) 10.00 22.00 14.00 
tOFF (in ns) 10.50 30.00 14.00 

EXCLUSIVE NOR Power (in mW) N/A 17.90 0.94 

(54266) 
tON (in ns) N/A 30.00 14.00 
tOFF (in ns) N/A 30.00 14.00 

AND/OR Power (in mW) 54.70 6.05 0.63 

INVERTERS (5451) 
tON (in ns) 5.50 20.00 2.00 
tOFF (in ns) 5.50 20.00 12.00 

Power (in mW) 137.50 22.00 1.88 
D FLlp·FlOP tON (in ns) 13.50 40.00 22.00 
(5474) tOFF (in ns) 6.00 25.00 18.00 

Fmax (in MHz) 75.00 25.00 30.00 

Notes: 
1. Unless otherwise noted, all sWitching parameters (tON and tOFF) are at 25°C/5V max. 
2. Switching parameters for ISl cells are at 150°C max. 
3. Power = Icce + Icc, x VCC max. 

2 
4. tOFF is 2 ns for each input; tOFF can be reduced to 0 ns with a pullup cell 
5. Fmax is at 150°C min. 
6. ISl and CCl parameter values derived from design limits-refer to Note 4 under "Selection GUide 

and Design limits for EPl Cells." 

Signetics 

2.56 5.61 
3.00 3.00 
6.00 3.00 

0 0 
0 0 
0 0 

4.68 10.45 
3.00 3.00 
7.00 3.00 

6.90 23.90 
4.00 3.00 
8.00 5.00 

9.24 19.00 
13.00 8.00 
15.00 8.00 

10.70 22.00 
14.00 9.00 
18.00 11.00 

4.68 10.45 
3.00 3.00 
7.00 3.00 

15.40 37.10 
12.00 8.00 
11.00 8.00 
25.005 50.005 
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BIPOLAR LSI PRODUCTS 

COMPOSITE CELL LOGIC (CCL) SEMI·CUSTOM FAMILY 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

VCC 
VSS 
EIN 
liN 
Va 

AC AND DC ELECTRICAL CHARACTERISTICS 

Conditions1: VCC = 5.0V (±10%) 

VSB=15V(±10%) 

TJ = O°C to + 150°C 

PARAMETER 

EPL GATE (INTERNAL) 

ICCfG Power supply current per gate 

ILF In put load factor 

Fa Fan-Out 

tpdAV Average gate propagation 
delay = tpdLH +tpdHL 

2 

tpdLH Propagation delay from low-to-
high state 

tpdHL Propagation delay from high-to-
low state 

ISL GATE (INTERNAL) 

ISSfG Power supply current per gate 

ILF Input load factor 

Fa Fan-out 

tpdAV Average gate propagation 
delay = tpdLH + tpdHL 

2 

tpdLH Propagation delay from low-to-
high state 

tpdHL Propagation delay from hlgh-to-
low state 

EPtll$L INPUT CELLS 

VTH Input threshold voltage 

VCD Input clamp diode voltage 

IlL Input low current 

IIH Input high current 

II Maximum input high current 

Fan-out (ISL library) 

FO 
Fan-out (EPL library) 

9-14 

TA 

TSTG 

TEST CONDITlONS2 

Fan-in = 1 EPL gate; 
Fan-out = 1 EPL gate 

Fan-In = 1 EPL gate; 
Fan-out = 1 EPL gate 

Fan-in = 1 ISL gate; 
Fan-out = 1 ISL gate 

Fan-in = 1 ISL gate; 
Fan-out = 1 ISL gate 

IIN= -18mA 

I PNP input 
VIN=OAV I Diode input 

VIN =2_7V 

VIN =5.5V 

Standard cell 

Clock buffer cell 

Standard cell 

Clock buffer cell 

Clock buffer cell 

Signetics 

DESCRIPTION RATING UNIT 

Supply voltage +7.0 V 
ISL gate supply voltage +7.0 V 
Input voltage, continuous -0.5to +5.5 V 
Input current, continuous -30to+1.0 mA 
Voltage applied to open- -0.5 to +7.0 V 
collector output in 
off-state 
Ambient temperature, -55 to +125 °C 
operating 
Storage temperature -65 to +150 °C 

DESIGN LlMITS3 

MIN TYP MAX UNIT 

0.18 0.29 0047 mA 

1 UL 

15 

3 5.5 ns 

4 7 ns 

2 4 ns 

110 150 190 j1A 

1 UL 

6 UL 

3 6 ns 

5 10 ns 

1 2 ns 

0.8 2_0 V 

- 1.2 V 

-20 
mA 

-400 

20 
j1A 

100 

6 

64 

15 UL 

55 

100 



BIPOLAR LSI PRODUCTS 

COMPOSITE CEll lOGIC (CCl) SEMI-CUSTOM FAMll V 

AC AND DC ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER TEST CONDITIONS2 
MIN 

DESIGN LlMITS3 

TYP MAX 

EPWISlw THRU'S-TATIil OUTPUT BUFFERS 

ILF Input load factor 
EPL 1 or 9 

ISL 20r 4 

Military: 4mA 400 

Commercial: 8mA 500 
VOL Output low voltage 

Military: 12 mA 400 

Commercial: 24 mA 500 

Military: 10H = - 400 ~A 2.5 
VOH Output high voltage 

Commercial: Imol = - 400 ~A 2.7 

los Output short circuit current VOUT=OV -15 -100 

10LZ 
Three·state off current 

VOUT=0.4V -20 
(output low) 

10HZ 
Three·state off current 

VOUT=2.4V 20 (output high) 

·.:S;~I4,J$t::O"N~~\i'I!nQ~<>U1P~T···.UFFI\it$ 
B mA output 1 

ILF Input load factor EPL 20 mA output 3 

80 mA output 5 

ISL 2 or 4 

8 mAoutput 500 

20mA 500 
VOL Output low voltage 10L 70mA 500 

80mA 800 

80mA I 2.75 60 
Cells I 5.5V 250 

10H Output leakage current VOUT 
8/20mA 5.5V 100 
Cells 

ACTIVE PU1..LUP OUTPUT BUFFER. 

ILF 

VOL 

VOH 

los 

EPL 1 or 3 
Input load factor 

ISL 20r4 

Output low voltage IOL=8 mAor 20 mA 500 

Military 10H= -400~Aor 2.5 -1.0mA 
Output high voltage 

Commercial 10H= -400~Aor 2.7 -1.0mA 

8 mA output -15 -100 
Output short circuit current VOUT=OV 20mAoutput -40 -100 

Notes. 
1. Maximum power dissipation is determined from individual cell data sheets; the figures are then summed to 

calculate total power for the chip. The total power must be less than the Maximum Power Dissipation 
(Pd) calculated earlier in this data sheet. 

2. For test circuits and timing waveforms, refer to individual cell data sheets in the CCL Design Guide. 
3. Design limits are based on standard modeling with similar circuits used in Signetics standard bipolar LSI 

products. Actual simulation limits are maintained to be consistent with characterization updates for the 
CCL libraries. 

Signetics 

UNIT 

UL 

mV 

mV 

V 

mA 

~A 

~A 

........•... ;.> 

UL 

mV 

~A 

UL 

mV 

V 

mA 
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BIPOLAR LSI PRODUCTS 

CMOS GATE ARRAYS (M-Series) 

FEATURES 
• Customer programmable LSI 
• 330 to 1100 gate complexity 
• Mature silicon gate technology with local oxidation 
• Library of 60 pre-designed, fully characterized 

macrocells avaiiable 
• Full CAD, including auto-place and auto-route, for 

quick error-free design 
• Very low power consumption (e.g. standby power for 

SCC 0700 is 0.25mW) 
• Excellent noise immunity 
• Power supply range 3 to 15V 
• Over 80% utilization typical 
• Fully programmable 1/0 pins, each having a wide range 

of functions 
• Input protection by series resistor and diode clamp 

to Vss 
• TTL outputs (buffers) drive up to four lSTTL loads 
• -55°C to + 125°C operating temperature 
• Plastic and ceramic DIP, ceramic lead less chip carriers, 

and plastic leaded chip carriers available 

PRODUCT DESCRIPTION 
The SCCXXXX gate array family offers the circuit designer 
the facility to create a semi-custom circuit with a unique set of 

a. SCC0700 CMOS Gate Array 

SCC0330-M. SCC04S0-M 
SCC0700-M, SCC1100-M 

CAD (Computer-Aided Design) tools in a well-established 
CMOS process. 

Signetics M-Series CMOS Gate Arrays are single chip pro
grammable devices that allow customization of IJser logic. 
Only metalization and contact are programmed in these 
mature CMOS devices. Thus, fast turnaround from logic to 
completed silicon is achieved. 

Each device in this family of low power gate arrays contains 
numerous identical, uncommitted unit cells (Figure 1) which 
are interconnected by two custom masks (metal and contact). 
Each unit cell contains four pairs of Nand P transistors. 
Access to the transistors is from both the top and bottom of 
the cells and, additionally, there are two poly feed-throughs at 
each side of the cell. This homogenous cell design allows for 
excellent routing flexibility, and many designs result in better 
than 80% utilization of the gates available. 

The M-Series Gate Arrays are built on a mature, state-of-the
art 4-micron Si-gate CMOS process incorporating an epi
substrate, which significantly reduces the potential for latch 
as compared with other bulk CMOS processes. 

Computer Aided Design (CAD) is used throughout the design 
process to ensure accurate implementation of customer logic 
(see Figure 14 for typical process flow). 

ORDERING INFORMATION 
Contact Local Sales Representative 

ROUTING 
CHANNELS 

b. Uncommitted Unit Cell 

SCC0330 SCCQ450 scea700 

Gate equivalents (2 Input) 330 448 704 

Unit cells 165 224 352 

Rows 11 14 16 

Unit cells per row 15 16 22 

PinS (max) 40 28 40 

110 stages (max) 38 26 38 

110 options 

3 stale I/O (max) 34 26 38 

Direct or Inverted Inputs (max) 38 26 38 

Dnvers (max) 38 '4 22 

Buffers (max) 34 12 16 

Schmitt Tnggers (max) 34 10 

Pm pull-up/pull down resistors (max) 34 26 34 

c. Product Matrix 

Vss BUS 

SCC1100 

1116 

558 

18 

31 

68 

66 

66 

66 

66 

66 

66 

66 

Figure 1. Internal Configuration and Functional Characteristics of M·Series CMOS Gate Arrays 
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BIPOLAR LSI PRODUCTS 

CMOS GATE ARRAYS (M-Series) SCC0330-M,SCC04S0-M 
SCC0700-M, SCC1100-M 

ABSOLUTE MAXIMUM RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range Voo - 0.5 to + 1BV 

Voltage on any input when pin pull up/down resistors are: 
Used V, - 0.5 to Voo + 0.5V 
Not used V, -0.5 to + 1BV 

DC current into any input or output ±1 Max.10mA 

Power dissipation per output P Max.100mW 

Power dissipation per package 
For standard temperature range: - 40·C to + B5·C (plastic and ceramic DIP) 

For Tamb = -40·Cto +60·C Ptot Max 400mW 
For Tamb = +60·Cto +B5·C Ptot Derate linearly by BmW/K to 200mW 

For extended temperature range: - 55·C to + 125·C (ceramic DIP) 
For Tamb = - 55·C to + 100·C Ptot Max.400mW 
For Tamb = + 100·C to + 125·C Ptot Derate linearly by BmW/K to 200mW 

Storage temperature range Tstg -65·C to + 150·C 

DC ELECTRICAL CHARACTERISTICS Vss=ov, for all devices unless otherWise specified 

TEMPERATURE RANGEl 
SYMBOL OPERATING SUPPLY TEST 

Tamb=LOW Tamb = 25·C Tamb=HIGH UNIT 
AND PARAMETER TEMP (Tamb)l VOLTAGE CONDITIONS 

MIN MAX MIN MAX MIN MAX 

5 - 50 - 50 - 375 

Standard 10 - 100 - 100 - 750 

100 QUiescent 15 All valid Input - 200 - 200 - 1500 

deVice current combinations, 
15 375 

pA 
5 V,= Vss or Voo - 15 - -

Extended 10 - 25 - 25 - 750 

15 - 50 - 50 - 1500 

5 - 005 - 005 - 005 

VOL Output 10 - 005 - 005 - 005 
voltage Low Both standard 15 V, = Vss or Voo, - 005 - 005 - 005 

and extended 
ranges 5 10 < 1.0pA 495 - 495 - 495 -

VOH Output 10 995 - 995 - 995 -
voltage High 

15 1495 - 1495 - 1495 -
5 Vo=0.5V or 4.5V; - 15 - 15 - 15 

V,L Input 
10 < 10!,A 

voltage Low' 10 - 30 - 3.0 - 30 

INPIIINPB Both standard 15 Vo =10Vor90V. - 4.0 - 40 - 40 V 
and extended 10 < 10pA 

V,H Input ranges 5 35 - 35 - 35 -

voltage High: 10 Vo = 1 5V or 13.5V, 70 - 70 - 70 -

INPIIINPB 15 10 < 1.0!,A 110 - 110 - 110 -

V,L Input 5 Vo=O 5V or 4 5V. - 10 - 10 - 10 

voltage Low 10 10 < 1.0pA - 20 - 20 - 20 
INPA.INPD,INPS Both standard 15 Va = 1 OV or 9.0V, - 2.5 - 25 - 25 

and extended 10 < 10pA 
V,H Input voltage ranges 5 4.0 - 40 - 40 -

High: INPA, 10 Vo= 1 5V or 13 5V; 80 - 80 - 80 -

IN PD. INPS 15 10 < 10pA 125 - 125 - 12.5 -
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BIPOLAR LSI PRODUCTS 

CMOS GATE ARRAYS (M-Series) SCC0330-M, SCC0450-M 
SCC0700-M, SCC1100-M 

DC ELECTRICAL CHARACTERISTICS (Continued) vss=ov; for all devices unless otherwise specified. 

TEMPERATURE RANGEl 
SYMBOL OPERATING SUPPLY TEST 

Tamb=LOW Tamb =25°C Tamb=HIGH UNIT AND PARAMETER TEMP (Tamb)l VOLTAGE CONDITIONS 
MIN MAX MIN MAX MIN MAX 

5 1.1 - 0.9 - 0.7 -
Standard 10 4.0 - 3.3 - 2.6 -

IOL Output (sink) 15 12.0 - 10.0 - 8.0 -
current Low 
d river outputs 5 VI=OV or 5V; 1.2 - 0.9 - 0.6 -

Extended 10 Vo =O.4V 4.2 - 3.3 - 2.2 -
15 VI = OV or 10V; 13.0 - 10.0 - 6.7 -
5 Vo=0.5V 2.2 - 1.8 - 1.4 -

Standard 10 VI = OV or 15V; 8.0 - 6.6 - 5.6 -
IOL Output (sink) 15 Vo =1.5V 24.0 - 20.0 - 16.0 -

current Low mA 
buffer outputs 5 2.4 - 1.8 - 1.2 -

Extended 10 8.4 - 6.6 - 4.4 -
15 26.0 - 20.0 - 13.4 -

5 VI=OVor 5V; 1.1 - 0.9 - 0.7 -
Standard 10 Vo =4.6V 3.1 - 2.6 - 2.0 -

-IOH Output 15 VI = OV or 10V; 12.0 - 10.0 - 8.0 -
(source) 

5 Vo=9.5V 1.2 - 0.9 - 0.6 -current High 
Extended 10 VI = OV or 15V; 3.5 2.6 1.7 

15 Vo= 13.5V 13.0 - 10.0 - 6.7 -
10 - 0.3 - 0.3 - 1.0 

±IIN Input 
Standard VI=OVor 10V 

15 - 0.3 - 0.3 - 1.0 
leakage 

10 - 0.1 - 0.1 - 1.0 current Extended VI =OV or 15V 
15 - 0.1 - 0.1 - 1.0 

IOZH Th ree-state 10 - 1.6 - 1.6 - 12.0 
output and Standard 

12.0 15 Output returned - 1.6 - 1.6 -
open N-channel p.A 
output leakage 10 to VDD - 0.4 - 0.4 - 5.0 

Extended 
current High 15 - 0.4 - 0.4 - 5.0 

-loZL Three-state 10 - 1.6 - 1.6 - 12.0 
Standard output and 15 Output returned - 1.6 - 1.6 - 12.0 

open P-channel 
output leakage 10 to Vss - 0.4 - 0.4 - 5.0 

Extended 
current Low 15 - 0.4 - 0.4 - 5.0 

VTH Upper 5 - -
3.4 } 

- -

threshold 10 - - 6.8 Typical - -values 
voltage 15 Internal Schmitt - - 10.2 - -

Standard 
trigger VTL Lower 5 - - 2.2 - -

threshold 10 - - 3.0 
Typical - - V 

voltage values 
15 - - 3.8 - -

VH Hysteresis 5 - -
0.2} 

- -

voltage - 10 - - - 0.6 Typical - -
values 

input: INPS 15 - - 0.8 - -
NOTES. 
1 Tamb Low' -40°C for standard temperature range Tamb High +85°C for standard temperature range 

_55°C tor extended temperature range + 125°C for extended temperature range 
2. Pin-connected pull-up and pull-down resistors are tYPically 710 78 K-ohms - see PERIPHERY 
3. When puU-up or pull-down resistors are used, current limits for IDO must be extrapolated 
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DC CHARACTERISTICS (Continued) 
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Figure 2. Minimum Output Current LOW as a Function of 
the Output Voltage LOW; Buffer and Driver Outputs 
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Figure 3. Minimum Output Current HIGH as a Function of 
the Supply Voltage Minus the Output Voltage HIGH 

AC ELECTRICAL CHARACTERISTICS Vss= OV; Tamb =25°C 

SYMBOL AND PWR 
MIN TYP MAX 

PARAMETER SUP (VOO) 

fmax Maximum toggle frequency 5 6 12 -
flip·flop GTOO 10 12 24 -
(no set/reset) 15 15 30 -

fs Maximum system frequency 5 3 6 -
(may depend on number 10 6 12 -
of gates in sequence) 15 9 18 -

tp Propagation delays 5 - 8 16 
for 2·input NAND gate 10 - 3.2 6.4 
with fanout of 2 15 - 2 4 

GATE DELAYS 

Nominal Propagation Delay 
In Figures 6 through 12, examples are given of the nominal 
propagation delay times of several library celis, these being 
calculated from the delay figures given in the individual 
macro descriptions. These graphs are intended to provide 
quick-reference data to enable the designer to make an esti-

UNIT 
SYMBOL AND PWR 

MIN TYP MAX UNIT PARAMETER SUP (VOO) 

MHz OUTpUT S"JAGe TflANSlTION TIMES: 
MHz Input trans1llon ,,; 2Ons, C~ .. $()pF: VSS'" QV. T.",I>'" ;W·C 
MHz 5 60 120 ns 

tTHL Dover outputs 10 30 60 ns 
MHz High-to-Low 15 20 40 ns 
MHz 
MHz 

Buffer outputs 
5 30 60 ns 

tTHL 10 15 30 ns 
ns High-to-Low 15 10 20 ns 
ns 
ns Buffer outputs 5 40 80 ns 

tTLH 10 18 36 ns Low-to-Hlgh 
15 12 24 ns 

mate of critical a.c. path without having built or simulated a 
network. 

Accurate delay figures can only be obtained after incorporat
ing the wiring length load automatically calculated by INGATE 
(I.e., the result of the automatic routing program). A maximum 
delay is obtained by multiplying the nominal value by 2.2. 
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GATE DELAYS (Continued) 
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Figure 4. Typical Output Current LOW as 
a Function of the Output Voltage LOW; 
Buffer and Driver Outputs 

20 

15 

! 
:; 

10 J: 

"' J 

./" 
tPLV 

V 
./" .......... /" 

V ../ ViPHL 

V 

o 
o 10 12 

FAN·OUT 

Figure 7. Nominal Propagation Delay as 
a Function of the Fan·Out; GNAND2 
(2·lnput NAND Gate) 

1.5 \ 
\ 
\ 
1\ 

E 
1 1 

"I'.. 
...... 

1"'-..... 
0.5 

o 
o 10 15 

Voo(V) 

Figure 10. Normalized Propagation Delay 
(tpnorm) as a Function of the Supply 
Voltage 

9-20 

30 

24 

« 18 
§. 
~ 

2 
I 12 

10 

VOO-VOH (V) 

Figure 5. Typical Output Current HIGH 
as a Function of the Supply Voltage 
Minus the Output Voltage HIGH 

20 

15 

~ 
:; 

10 J: 

"' J 
tp~ f--

~ --
o 

tjHL-

o 10 12 

FAN·OUT 

Figure 8. Nominal Propagation Delay as 
a Function of the Fan·Out; GIN4 
(Quadruple Inverter) 

200 

150 

" -: 100 

E 

50 

o 
o 

--DRIVER OUTPUT V~o ~ Jv 
-- -BUFFER OUTPUT / 

/ 

V 1/ 
~ ::: 

50 

/ 

/ 

.J' V 
J...-::: I-:::' --

100 

CL (pF) 

10V 

./ ~ 

--~ ", --
150 

./ 

I-;Qv , 
15V 

200 

Figure 11. Output Transition Time (HIGH· 
to· LOW) as a Function of the Load 
Capacitance 

Signetics 

20 

15 

~ 
~ 

~ 10 

1 

o 

SCC0330-M, SCC0450-M 
SCC0700-M, SCC1100-M 

v 
[:7 [7 

tPL~ V 

~ tpHl 

---.;; 

o 10 12 

FAN·OUT 

Figure 6. Nominal Propagation Delay as 
a Function of the Fan·Out; GIN1 (Single 
Inverter) 

./ 

/' 
[7 

E 
1 1 

/' 
V 

:,;? 

" 
05 

- 50 100 150 

Figure 9. Normalized Propagation Delay 
(tpnorm) as a Function of the Ambient 
Temperature 

200 

150 

~ 100 

"' 
50 

o 
o 

/" 
t;:::::: 

50 

V 
V 
l--' l----
J.--

100 

CL (pF) 

vo~ 
5V 

........ ,v 

~ l--' 

J....-~ ~ 

150 200 

Figure 12. Output Transition Time (LOW· 
to·HIGH) as a Function of the Load 
Capacitance for Driver and Buffer Outputs 



BIPOLAR LSI PRODUCTS 

CMOS GATE ARRAYS (M-Series) 

PERIPHERY 
To provide a versatile interface, M-Series CMOS arrays have 
numerous 1/0 pads-see Figure 1 a. These peripheral ele
ments can be configured to match the input or output require
ments of a wide variety of logic families. Accordingly, a 
bonding pad may have one of the following functions 
assigned to it: 

• INPUT STAGE which includes an input protection circuit 
(series resistor and single diode clamp to V S8). The recom
mended maximum load is 260 array gates, or 100 array 
gates for optimum speed performance. Because the input 
voltage is not clamped to Voo, input voltages greater than 
the supply voltage is possible, thus allowing voltage level 
shifting. 

• SCHMITT TRIGGER input stage for noise reduction, pulse 
shaping, or suppression of oscillation spikes associated 
with slow input clock transitions. The recommended maxi
mum load is 10 array gates, or 5 for optimum speed 
performance. 

• TRANSCEIVER inputloutput stage 

• THREE-STATE output with driver or buffer performance 
capability for bussing applications 

• COMPLEMENTARY OUTPUT with driver or buffer perform
ance capability. 

• OPEN DRAIN N- or P-transistor output 

• PULL-UP/PULL-DOWN resistors (see Figure 2 for avail
ability) may be added at various 1/0 stages. The values 
available are 5, 10, 15, 30, 60, 65, 70 and 75 Kohms. 

SCC0330-M, SCC0450-M 
SCC0700-M, SCC1100-M 

TCDI 
TCBI 
TPXl 
TNDI 
TNBI 

reDS 
TPXS 
TNDS 

INPA 
flNPuts 1 r-;:--louT~~:: 

INPI : _ I I'~ I OCBU 
INPD...... GATE ...... OlDR 

INPB, of0+:..... 1 ARRAY ~. ~ OTBU 

INPS t.cr ~ . J"!.. g~~~ 
L __ J L':J ONBU 

'"i:---t--~ t r----~ 
J::!:_,--,,*=_...-+-"'~XT=ODQ-HII ..... :>0-.1-'1:--- i I Vt' } 'I RD 

L f XTOB :CA"I$TALJ'-:: ~ i i f J I 

1_ I ~:\. I I v .. I RU 

OS~iLLATORS -- - ~ESis,:O'"R~ 
RCOD ,R~COB 

0= BONDING PAD 

TCDI complementary driver output 
TCBI complementary buffer output 
TPXI open drain p·channel driver output 
TNDI open drain n-channel driver output 
TNBI open drain n-channel buffer output 

TCDS 
TPXS 
TNDS 

INPUTS 

INPA 
INPI 
INPD 
INPB 
INPS 

OUTPUTS 

complementary driver output 
open drain p-channel driver output 
open drain n-channel driver output 

direct access to array 
inverter 
driver 
buffer 
Schmitt trigger 

FANOIIT: OfflVEIl:';' 4 LS'tTL lOADS @ 4.SV 
BUFFEffr=6 L.STTI.1.0AOS @ 4.6Y 

OCDR complementary driver 
OCBU complementary buffer 
OTDR 3-state driver 
OTBU 3-state buffer 
OPDB open drain p-channel driver 
ONDR open drain n·channel driver 
ONBU open drain n·channel buffer 

oscn.L.AtOR$ 
XTOD 
XTOB 
RCOD 
RCOB 

RESISTORS 

RD 
RU 

crystal oscillator with driver stage 
crystal oscillator with buffer stage 
RC oscillator with driver stage 
RC oscillator with buffer stage 

pull-down resistors 
pull-up resistors 

Figure 13. The SCCXXXX 1/0 Cell Library 
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Table 1. THE SCCXXXX GATE ARRAY CELL LIBRARY 

LIBRARY 
IDENT. LOGIC ELEMENT FUNCTION 
CODE 

Inverters/buffers 

GIN1 Inverter A 
GIN2 Array driver inverting A 
GIN3 Arrey driver inverting A 
GIN4 Array driver inverting A 
GIN6 Array driver inverting A 
GIN8 Array driver inverting A 
GIN12 Array driver inverting A 
G812 Array buffer non-inverting A 
G813 Array buffer non-inverting A 

NAND/AND gates 

GNAND2 2-input NAND A1 0A2 
GNAND3 3-input NAND A10A20A3 
GNAND4 4-input NAND A10A20A30A4 
GAND2 2-input AND A10A2 
GAND3 3-input AND A10A20A3 

OR/NOR gales 

GNOR2 2-input NOR A1+A2 
GNOR3 3-input NOR A1 +A2+A3 
GNOR4 4-input NOR A1 +A2+A3+A4 
GOR2 2-input OR A1+A2 
GOR3 3-input OR A1+A2+A3 

Complex logic functions 

GF01 A1+81 082 
GF02 A1 + 81 081 083 
GF03 A1 oA2+ 81 082 
GF06 A1 +A2+ 81 082 
GF15 

Complex function 
A1 + 81 o(C1 + C2) 

GF51 A1o(B1 + 82) 
GF52 A1o(81 + 82+ 83) 
GF53 (A1 + A2)0(81 + 82) 
GF56 A1oA20(81 + 82) 
GF65 A1o(B1 + C1 oC2) 

GXOR1 EXCLUSIVE-OR A08+A08 
GXNOR1 EXCLUSIVE-NOR A08+Aoa 
GXOR2 EXCLUSIVE-OR A08+A08 
GXNOR2 EXCLUSIVE-NOR A08+Aoa 
GXOR3 EXCLUSIVE-OR A08+Aoa 
Transmission gale latches 

GTLO Strobed D-LATCH without SET 
and RESET 

GTLRP Strobed D-LATCH with RESET 
GTLRN Strobed D-LATCH with RESET 
GTLSP Strobed D-LATCH with SET 
GTLSN Strobed D-LATCH with SET 
GTL2 Strobed D-LATCH with SET and 

RESET 

9-22 Signetics 

NUMBER 
OF 

UNITS 

'AI 
V2 
3A 
1 

1 + 1/2 
2 
3 
1 
1 

V2 
3A 
1 
1 
1 

V2 
31. 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
2 

1 
1 + 1/2 
1+ 1/2 
1 + 'h 
1 + 'h 
1 + V2 

SCC0330-M, SCC0450-M 
SCC0700-M, SCC1100-M 

NUMBER 
OF EQUIV. REMARKS 

GATES 

'h Max. 2 in one un~ 
1 2 times GIN1 

1+ 1/2 3 times GIN1 
2 4 times GIN1 
3 6 times GIN1 
4 8 times GIN1 
6 12 times GIN1 
2 2 times GIN1 
2 3 times GIN1 

1 
1 + V2 

2 
2 Output GIN2 
2 

1 
1 + 'h 

2 
2 Output GIN2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 Unbuffered 
2 Unbuffered 
2 8uffered 
2 8uffered 
4 

2 
3 Positive triggered 
3 Negative triggered 
3 Positive triggered 
3 Negative triggered 
3 
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CMOS GATE ARRAYS (M-Series) SCC0330-M, SCC04S0-M 
SCC0700-M,SCC1100-M 

Table 1. THE SCCXXXX GATE ARRAY CELL LIBRARY (Continued) 

LIBRARY 
IDENT. LOGIC ELEMENT 
CODE 

Compound latches 

GGMO MASTER module without SET and 
RESET 

GGMR MASTER module with RESET 
GGMS MASTER module with SET 
GGM2 MASTER module with SET and 

RESET 
GGSO SLAVE module without SET and 

RESET 
GGSR SLAVE module with RESET 
GGSS SLAVE module with SET 
GGS2 SLAVE module with SET and RESET 

Transmission gate master-slave flip-flop (MD-D·FF) 

GTOO MS·D·FF without SET and RESET 
GTROP MS·D·FF with RESET on MASTER 
GTRON MS·D·FF with RESET on MASTER 
GTRRP MS·D·FF with RESET on MASTER 

and SLAVE 
GTRRN MS·D-FF with RESET on MASTER 

and SLAVE 
GTSSP MS·D·FF with SET on MASTER 

and SLAVE 
GTSSN MS·D·FF with SET on MASTER 

and SLAVE 
GT22 MS·D·FF with SET and RESET on 

MASTER and SLAVE 

DESIGNING A GATE ARRAY CHIP 
The design of a gate array chip can be subdivided into several 
steps, which logically succeed each other, but can sometimes 
be performed in parallel. (See Figure 14.) 

Logic Network Description 
This transfers the user specification into a logic network 
description, using the gate array cells from the cell library. 

The cell library contains several logic functions, ranging from 
simple logic gates (AND, NAND, etc.) to more complex flip
flop functions. For each cell, the logic function and timing are 
known. A macro-facility is available for user convenience. 

SIMON - Logic Simulation 
This step checks the logical behavior of the described net
work against the user specification. The well-proven logic 
simulator, SIMON, is used to simulate the response of the 
network on the user-supplied input stimuli. SIMON is an 
event-driven logic simulator with variable gate delay and uses 
five logic values (HIGH, LOW, UNKNOWN, etc.). 

If the response of the simulated network does not comply with 
the user specification, the network has to be corrected and 
simulated again. 

INGATE, Cell Placement and Routing 
The INGATE step takes care of cell placement and automatic 
routing in accordance with the logic network description. The 

NUMBER NUMBER 
FUNCTION OF OF EQUIV. REMARKS 

UNITS GATES 

) 
2 4 
2 4 All positive 
2 4 triggered 

2 4 

I 2 4 All negative 
2 4 
2 4 

triggered 

2 4 

2 4 
2+ '/2 5 Positive triggered 
2 + V2 5 Negative triggered 

3 6 Positive triggered 

3 6 Negative triggered 

3 6 Positive triggered 

3 6 Negative triggered 

3 6 

gate array cells used in the network have to be placed on the 
chip area in rows. The special construction of the cells results 
in very efficient use of the available chip area. The INGATE 
program calculates the wiring for the entire chip using only 
two mask steps (contacts and aluminum). User interaction is 
possible and useful for extremely dense circuits. 

When large signal tracks occur on a chip, the capacitance of 
these can increase the fan-out driven by a gate output. This 
extra fan-out is computed in the INGATE program and can be 9 
fed back for use in the SIMON program to calculate the extra 
delay values that are necessary. 

Mask-Making 
The INGATE program interfaces directly with the CIRCUIT 
MASK program, which produces the control tapes for the 
mask generators for the two masks. 

Testing 
The logic simulator enables the fault coverage and efficiency 
of the user-supplied test sequences to be determined. The 
program interfaces with a test generation program that adds 
the d.c. parametric test and generates the control tapes to 
enable testing on any of the equipment used in the CAD 
program. 

This equipment includes the following: 
• Sentry VII • Sentry 21 
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PRODUCTION 

Figure 14. Development Flow 

DESIGN PROCEDURE 

Gate Count 

SCC0330-M. SCC0450-M 
SCC0700-M. SCC1100-M 

The following step-by-step procedure is intended to guide the 
designer in determining the correct gate count. 

• Simplify the logic circuit. 
• Prepare a detailed logic drawing using only library cells 

provided in this data sheet. 
• Expand all MSI functions to the level of gates and flip-flops 

(see e.g. the logic diagrams HE4000B family). 
• Eliminate all unused functions and simplify the complex 

functions. Standard off-the-shelf products e.g. up/down 
counters, programmable counters and latches are often 
devices for considerable simplification. 

• Partition the logic into several sections based on the pat
tern of interconnecting wiring. Circuits with numerous 
interconnections should be grouped together and intercon
nections between groups should be kept to a minimum. 

• Examine the logic to see if complex functions can be used 
to reduce the gate count. Reduction can be achieved by 
using GF.. functions and eliminating unnecessary 
inversions. 

• Rearrange the logic into the library cells. When fan-out is 
more than 10 to 15, add or use buffers to minimize delays. 

• One "equivalent gate" is a 2-input device. 
• A rough estimate count can quickly be made by using 

HE4000B family gate count table. 
• Sequential logic is more desirable as extensive, random 

interconnection Yields a lower utilization factor. In addition, 
regular LSI functions, such as memories, may lead to inef
ficient use of a gate array. 

PACKAGING INFORMATION AND PART NUMBERING SYSTEM 

OIL: PLASTIC. CHIP CARRIER: PLASTIC '" (TYPE A) 
CERAMIC 0 CERAMIC'" (TYPE C) 

PART TYPE SCC0330 

PINS: 16 

18 

9-24 

22 
24 

28 

40 

44 

48 
50 
64 

68 

0 

.0 

• 
• 0 

• 0 .0 

.0 

'" 

SCCD450 

0 

.0 

• 
• 0 

.0 

.0 

SCC0700 SCCll00 

• 
.0 

• .0 

.0 .0 

'" '" 0 

• 
0 

... '" 

CMOS GATE ARRAY PART NUMBERING SYSTEM 

SCC 0700 

SEMI·CUSTOM =D 
PRODUCT IDENTIFIER 

PROCESS IDENTIFIER 
C=CMOS 

BASIC PART NUMBER 
0330 
0450 
0700 
1100 

Signetics 

M S LTEMPERATURE RANGE 
5= _40°C to +85°C 
E = - 55°C to + 125°C 

PERFORMANCE VARIATION 
M = Medium Speed Performance 
H = High Speed Performance 
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CMOS GATE ARRAYS (M-Series) SCC0330-M, SCC0450-M 
SCC0700-M, SCC1100-M 

GATE COUNT FOR HE400B FAMILY Preliminary list (use for indication only) 

A gate count is given below of 98 different devices that are 
described in the HE4000B CMOS Family Databook. 

Only the gates to be implemented in the array area are 
given. 

The connections to the 'outside world' are via the inputs or 
outputs located in the periphery area (among the bonding 
pads). 

TYPE 
NUMBER 

NUMBER OF EQUIV. 
GATES 

HEF4000B 
HEF4001UB 
HEF4002B 
HEF4006B 
HEF4007B 

HEF4008B 
HEF4011UB 
HEF4012B 
HEF4013B 
HEF4014B 

HEF4015B 
HEF4017B 
HEF4018B 
HEF4019B 
HEF4020B 

HEF4021B 
HEF4022B 
HEF4023B 
HEF4024B 
HEF4025B 

HEF4027B 
HEF4028B 
HEF4029B 
HEF4030B 
HEF4031B 

HEF4035B 
HEF4040B 
HEF4041B 
HEF4042B 
HEF4043B 

HEF4044B 
HEF4047B 
HEF4049B 
HEF4050B 
HEF4068B 

HEF4069UB 
HEF4070B 
HEF4071B 
HEF4072B 
HEF4073B 

HEF4075B 
HEF4076B 
HEF4077B 
HEF4078B 
HEF4081B 

HEF4082B 
HEF4085B 
HEF4086B 
HEF4093B 
HEF4094B 

* Excluding V I DD and V' S5 
* *Excludlng power-on reset 
.. Located In the penphery 

4 
4 
4 

76 

• 
45 

4 
4 

14 
57 

41 
38 
57 
8 

70 

73 
31 
6 

35 
6 

22 
23 
75 
12 

277 

46 
61 

• 
11 
8 

8 
-

• • 
6 

• 
12 
8 
6 
6 

6 
30 
12 
6 
8 

4 
8 
8 

• 
54 

Signetics 

TYPE NUMBER 
OF EQUIV. NUMBER GATES 

HEF4502B 6 
HEF4508B 12 
HEF4510B 82 
HEF4511B 49 
HEF4512B 26 

HEF4514B 60 
HEF4515B 60 
HEF4516B 82 
HEF4517B 552 
HEF4518B 58 

HEF4519B 27 
HEF4520B 54 
HEF4521B' 128 
HEF4522B 62 
HEF4526B 62 

HEF4527B 60 
HEF4528B -
HEF4531B 36 
HEF4532B 24 
HEF4534B -
HEF4539B 24 
HEF4541 B" 100 
HEF4543B 65 
HEF4555B 16 
HEF4556B 16 

HEF4557B 360 
HEF4585B 40 
HEF4724B 52 
HEF4731B; V 1064 
HEF4737B; V -
HEF40097B • 
HEF40098B • HEF40106B • 
HEF40160B 54 
HEF40161B 54 

HEF40162B 52 
HEF40163B 52 
HEF40174B 34 
HEF40175B 24 
HEF40192B 68 

HEF40193B 68 
HEF40194B 64 
HEF40195B 40 
HEF40240B • 
HEF40244B • 
HEF40245B • HEF40373B 16 
HEF40374B 32 
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FEATURES 
• 1.5 nsec typical gate delay 
• Up to 2000 actual gates 

• 1I0s limited by package 

• 250uW per gate 
• Up to 48 mA output drive 

• TTL Compatible 

• Full CAD support 
• Automatic schematic input 

• Circuit simulation 
• Automatic place and route 

• Automatic macro generation 

• Hard and soft macros 
• Variable die size 
• Plastic and ceramic chip carriers 

• Standard DIPs 

PRODUCT DESCRIPTION 
The FLEXXTM array represents a major advance in 
semicustom technology which combines a new concept in 
architecture with the most advanced CAD available. With it 
you can create your proprietary semicustom LSI device quick
ly and easily, much like gate array or standard cell 
methodology, but with silicon utilization as efficient as stan
dard LSI products designed by traditional hand packing 
methods. As a result of its superior design and silicon utiliza
tion efficiency the FLEXX ™ Array is being used by Signetics 
to develop standard LSI products. The FLEXXTM Array is 
now available to Signetics customers as a semicustom 
development tool. 

FLEXXTM Array Architecture 

As shown in the figure, the FLEXXTM Array is composed of 
macros, which are rectangular assemblies of gates, with ad: 
ditional random gates included as required. The macros are 
variable in length and width for optimum routing efficiency, 
and the routing channel width is variable to accommodate 
only those traces required to route the chip. No unused gates 
are included. As a result of this architecture, the FLEXXTM 
Array is much more efficient in silicon utilization than a gate 
array or standard cell array, which means that the end device 
will have a smaller die and therefore a lower cost. 

Multi-Level Software 

To assembly the FLEXXTM Array Signetics uses multi-level 
automatic place and route software. The first level auto
matically generates the macros; it establishes the macro width 
and interconnects the gates within the macro. The second 
level places and interconnects the macros as well as in
dividual gates; it varies the spacing between macros to ac
commodate the required interconnecting traces. This process 
is fully automatic and can be done quickly which speeds the 
development of your FLEXXTM Array. 

FLEXX™ ARRAY 

BENEFITS 
• Fast, easy design 
• Efficient use of silicon 
• Proprietary LSI device 

• High speed 
• Replaces up to 100 SSIIMSI parts 

• Reduces PCB area 
• Saves manufacturing costs 
• Reduces size, weight and power 

• Improves system reliability 

ORDERING INFORMATION 
Contact Local Sales Representative 

Fully Automatic DeSign 

To design a FLEXXTM Array the user enters the schematic 
and test vectors with a remote terminal then reviews the com
puter simulation of the circuit. In this procedure the user has 
the choice of using established ("hard") macros from 
Signetics computer library, modifying these macros or 
creating new ("soft") macros as required. Once the simula
tion is completed, Signetics takes over and routes the chip 
and procedures prototypes within ten weeks. 

Silicon Technology - Performance 
The FLEXXTM Array is a methodology for assembling a logic 
design on silicon; it is therefore largely independent of the 
particular silicon technology and can be used with CMOS and 
varieties of bipolar technology. 

The first technology used to implement the FLEXXTM Array 
is oxide isolated ISL or Integrated Schottky Logic. ISL pro
vides a superior speed power product with the speed of 
LSTIL at one-tenth the power. With oxide isolation, both the 
speed-power product and the gate delay of ISL are reduced 
by a factor of three, giving the FLEXXTM Array speed ap
proaching ECL and power efficiency that allows large scale 
integration in a plastic package without special cooling. 

With oxide-isolated ISL the gate used in the FLEXXTM Array 
has a typical delay time of 1.5 nsec. Output buffers are 
capable of driving up to 48 mAo The number of actual gates 
which can be placed on the FLEXXTM Array is limited to 
about 2000 by thermal constraints. The number of 1I0s is 
limited only by package pin-out. Available packages currently 
include standard plastic and ceramic DIPs and a variety of 
chip carriers. 
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FLEXXTM ARRAY ARCHITECTURE 

MACRO LENGTH 
VARIABLE AS 

REQUIRED 

'j 

INDIVIDUAL ~ c=::J c=::J c=::J 

I 
GATES AS 
REQUIRED r==J c::::=J r==J 

VARIABLE 
ROUTING SPACE 

~~~ r==J c::::=J r==J 
MACRO WIDTH 

c=::J c=::J c=::J VARIABLE FOR 
SILICON 
EFFICIENCY 

c=::J c::::=J 

9 
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BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 

FEATURES 

• Customer programmable LSI 
• 1144 ISL (NAND) gates 
• Two·layer metal interconnection 
• 52 Schottky buffers 
• 36 I/O buffers 
• LSTTL compatible 
• Standard PNP inputs 
• SmA output current sink 
• - 55°C to + 125°C ambient temperature 
• 4ns gate speed (typical) 
• Speed· power product- 0.7 plcojoules 
• 22, 2S, 40, or 44·pin package 

PRODUCT DESCRIPTION 
The 8A1200 Gate Array (Figure 1) is an uncommitted array of ISL 
gates (Figure 2), Schottky buffers (Figure 3) and LSTTL· 
compatible I/O cells (Figure 4). Thus, up to 1200 gates can be 
custom interconnected to provide the advantages of both Large 
Scale Integration (LSI) and proprietary design. The 8A1200 array 
is based on a technological subset of LSI called ISL (Integrated 
Schottky Logic). ISL combines the best features of low·power 
Schottky and 12L Bipolar technologies. 

361/0 BUFFERS 1144 ISL GATES 52 SCHOTTKY BUFFERS 
BUFFERS & BONDING PADS 26 ROWS X 22 COLUMNS IX2) TWO COLUMNS 
OCCUpy DEVICE PERIMETER 

Figure 1. Internal Configuration of SA 1200 ISL Gate Array 

8A1200 

Designing with the 8A1200 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and custom 
coding of metal interconnections among preprocessed logic 
gates on the array- refer to Table 1 for a comparison of ISL and 
74LS logic functions, The design techniques and the implemen· 
tation processes are analogous to the design of a Printed Circuit 
Board. 

Logic functions are defined by the user and are implemented by 
interconnecting 1144 ISL NAND gates, using two layers of metal 
routing Fifty·two Schottky buffers are provided to drive multi·load 
internal clock or enable signals. For external Interface, up to 36 
LSTTL 1/0 buffers can be specified. As shown in Figure 4, each 1/0 
can be configured to implement anyone of 11 different functions: 
inputs, input/output, totem'pole, open collector, and three·state. 

ORDERING INFORMATION 
Contact Local Sales Representative 

RESISTOR O-JVlIV-+£-~=""--+4<:1--O)OUTPUTS 
INPUT 

DIRECT 
INPUT 

Note: Any four of the five outputs 
can be used but not all five 
at the same time 

Figure 2. ISL Gate-Schematic Diagram 

RESISTOR 
INPUT 

DIRECT 
:=kVBB 

OUTPUT 

INPUT -= 

Figure 3. Schottky Buffer- Schematic Diagram 
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BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 8A1200 

INPUT/OUTPUT CELLS 
All signals within the array interface to external pins via 1/0 buf
fers located around the device perimeter A description plus the 

symbolic logic, and schematic representation for each 1/0 cell 
are shown in Figure 4 

·'NPUT SUFFERS 

DESCRIPTION: 

Low power Schottky input 
buffer with low current PNP 
input transistor. 

SCHEMATIC: 

Vee 

15K 6_5K 

DESCRIPTION: 

Input with three-state driver_ 
This is a back-to-back config
uration of an input buffer and 
and internal three-state driver 
(INB+ 10CD)_ 

SCHEMATICS: 

lOCO Vee 

10K 65K 

SYMBOL & LOGIC: 

r-------, 

:I~: 
I~I 
I I 
L ______ ..J 

TO 
ARRAY 

TO 
THREE-STATE 
BUS 

INB 

DESCRIPTION: 

Input cell with output driver for 
driving the three-state enable 
of three-state output cells_ 

SCHEMATIC: 

Vee 

Vee 

15K 6_5K 

TO 
ARRAY 

Figure 4_ Description and Symbolic, Logic, and 
Schematic Representation of Eleven 1/0 Cells 

Signetics 

TO 

SYMBOL & LOGIC: 

r,-------, 

:E~: 
I~I 
I I 
L ______ ..J 

TH REE-STATE 
BUS 

SYMBOL & LOGIC: 

iIOD--l] 
I I 

:!7n~ 
I~ L ______ -l 
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ISL GATE ARRAY 

OOTPUT BUFFERS 

DESCRIPTION: 

Standard low power Schottky 
output buffer with totem pole 
active pull·up. 

SCHEMATIC: 

vcc 

10K 65K 

1.5K 

Preliminary 
DESCRIPTION: 

Low power Schottky output 
buffer with open·collector 
output. 

SCHEMATIC: vee 

SYMBOL & LOGIC: 

r------..., 
:A~P : 
I I 
I I 
I I L ______ ...J 

50Q 

15K 

SYMBOL & LOGIC: 

r:------..., 

:~i 
I~I 
I I L ______ ...J 

15K 

DESCRIPTION: 

Standard three·state low power 
Schottky output. 

SCHEMATIC: 

15K 

lK 

FROM 
(BASE) 

THREE·STATE 

10K 

FROM 
ARRAY 

8A1200 

SYMBOL & LOGIC: 

rTs---- -, 

~
I Z : 

I I 
I I 
I I 
I I 

I L ______ ..J 

vcc 

6.SK 

1.5K 

SOQ 
(BASE) 

Preliminary 
DESCRIPTION: 

Low power Schottky output 
buffer with open·collector 
output. Enabled from a three· 
state enable signal. 

SCHEMATIC: 

15K 

SYMBOL & LOGIC: 

~
fEOC~---i 

I I 
I I 
I I 
I I 

I 
L ______ --l 

vcc 

10K 6.5K 

THREE.~~T~ ()-<H'NK
'I,-[" 

::~:o---+Q---r----~--~ 

1.5K 

Figure 4. (continued) Description and Symbolic, Logic, end 
Schematic Representation of Eleven 1/0 Cells 
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BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 

TRANSCEIVERS 

DESCRIPTION: 

Open-collector transceiver. 
This is a back-to-back configu
ration of an input buffer and an 
open-collector output buffer 
(INB+OC). 

SCHEMATIC: 

DESCRIPTION: 

Enabled open-collector trans
ceiver. This is a back-to-back 
configuration of an input buffer 
and an enabled open-collector 
output buffer (I N B + EOC). 

SCHEMATIC: 

15K 

1K 

THREE.:T~~~ Q-< ... (",B/'.AS""E_) Hr 

Preliminary 

vee 

1.5K 

Preliminary 

vee 

1.SK 

Figure 4_ (continued) Description and Symbolic, Logic, and 
Schematic Representation of Eleven I/O Cells 

Signetics 

8A1200 

SYMBOL & LOGIC: 

r:-------, 

~
ITOC : 

oc I 

I I 
I I 
I I 
L ______ --' 

SYMBOL & LOGIC: 
r:-------, 
IlEOC I 
I I 

I 
I 
I 
I 
I 
I 

I I 
L ______ ..J 
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ISL GATE ARRAY 

TRANSCEIVERS (Continued) 

DESCRIPTION: 

Three-state transceiver. This is 
a back-Io-back configuration of 
an input buffer and a three
state output in one I/O cell 
(INB+ TS). 

SCHEMATIC: 

1SK 

1K 

Vee 

FROMo-~(B~A~SE~)~~r---r-~ 
THREE·STATE 

OTHER 

DESCRIPTION: 

Same as EOCD, except input is 
aesigned to interface with ISL 
gates. This cell is used inter
nally and does not interface to 
an external pin. 

SCHEMATIC: 

vee 

10K 
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6 SK 

15K 

1.SK 

TO 
THREE·STATE 
BUS 

Figure 4. (continued) Description and Symbolic, Logic, and 
Schematic Representation of Eleven 110 Cells 

Signetics 

8A1200 

SYMBOL & LOGIC: 
r=------..., 
:TTS : 
I I 

I 
I 
I 
I 
I 
I 

I I 
L ______ .J 

SYMBOL & LOGIC: 
r,-------, 

J3
~IOCD i 
I I 
I I 
I I 

Z I 
L ______ ...l 



BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 8A1200 

TYPICAL PERFORMANCE CHARACTERISTICS 
Overall performance of the gate array is determined by the 
following parameters: 

• Discrete gate delays 

Gate delays are subject to several variables, anyone of which 
can affect the overall circuit performance. An analysis of these 
variables is shown in the accompanying graphs. 

• Gate current (lee) and gate voltage (Vee) 

• Junction Temperature (TJ) 

ISL GATE DELAY vs Vee 
10 

9 III 
1 1 1 

I I I 
-I--~ ~.:tiC --I--

~ r T:;:~ 
T~~~5~ ,--' .... = c--I-- I--
i II 

1 

o 
I I I 
1 1 1 

10 

+10 

+8 

+6 

+4 

1.0 1.2 1.4 1.6 1.8 2.0 

Vee (VOLTS) 

TYPICAL GATE DELAY vs 
JUNCTION TEMPERATURE 

c--f-ISLGA~ .-
1--- S~H~TT~Y leUrFE~ I--

c-_. 

-80 -30 0 30 60 90120 ISO 180 

TJUNCTION ('C) 

CHANGE IN GATE DELAY 
FOR INPUT BUFFERS AND 
SCHOTTKY BUFFERS vs 

FAN·OUT 

I 
1 

I 
~ +2 

~ 0 
Lrl -2 

c- IpdHL 

N 
l~dL;;--r-.. c 

1---
....... 

I r--. 
1 

-4 

-6 

-8 

-10 o 1 2 3 4 S 6 7 8 9 10 

NO. OF LOADS 

POWER DISSIPATION 

10 

9 

SCHOTTKY BUFFER 
GATE DELAY vs Vee 

~ 6 

~ S 

_L-
I 

__ TJ~-55'C 

~ TJ~2S'C L-

..J 
W 
C 

1 

o 

\ 
- TJ

1 
IS5'~ 

I 
i 

1.0 1.2 1.4 1.6 1.8 2.0 

Vee (VOLTS) 

ISL GATE DELAY vs FAN·OUT 
20,,-,-,-,-,-,-,-,-,-. 

18 

18 

14~-4-4-4-4~-T~-+~ 
g 12~~~~~-4-+-4-+~ 
~ 10 

J 8 

10 

1 

o 

NO. OF ACTIVE LOADS 

ADDED GATE DELAY 
vs FAN·IN 

1 1 I ! I 1 
(tpdlH not affected 

~y frn"i) I 1 

I 1 

c- .1. 1 .1 . V / 
- Vea ~ 1.3SV/ V 

/ 

/ v.: 
VeB~1.6SV 

'/ , 
o 

NO. OF INPUTS (nol dummy loaded) 
'Dummy loaded inputs cause NO added gate delay 

For the purpose of package selection, the maximum power dissi
pation for any given implementation of the SA 1200 gate array is 
given by the following equation. 

Maximum Power (in mW) = 0.25 mW x number of ISL 
NOTE' 

.. 
oS 
..J 
:z: 
"0 
.5' 

5.0 

4.5 

4.0 

3.S 

3.0 

2.S 

2.0 

I.S 

1.0 

O.S 

o 

ADDED GATE DELAY vs 
INPUT WIRE LENGTH 

v 
V 

./ 
V 

V 
./ 

o 10 20 30 40 SO 60 70 60 90 100 

LENGTH OF INPUT WIRE (GRIDS) 
(1 Grid = 17 Microns) 

plus, 8 mW x number of AP, oe, EOC, TS 
and 100 buffers 

plus, 5 mW x number of EOCD, INB, and 
lOCO buffers 

plus, 0.5V x load current (in rnA) of output 
buffers 

plus, 0.25 mW x number of Schottky buf· 
fers used 

plus, 12 mW x number of TTS, TOC, and 
TEOC buffers 

Load Current = maximum tOl for selected temperature range x the total 
number of output buffers and transceivers that cna Simultaneously be at a 
low output state 
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BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 8A1200 

Table 1. COMPARISON OF ISL WITH 74LS FUNCTIONS 

LOGIC FUNCTION PARAMETERS3 ISL1 74LS LOGIC FUNCTION PARAMETERS3 ISL1 74LS 

NAND (7400) Power (in mW) 0.30 2.00 D FLlp·FLOP (7474) Power (in mW) 1.50 20.00 
TON (in ns) 2.00 15.00 c-a TON (in ns) 28.00 40.00 
TOFF (in ns) 10.00 15.00 TOFF (in ns) 28.00 40.00 

AND (7408) Power (in mW) 0 11.00 o LATCH (7475) Power (in mW) 1.20 30.00 
TON (in ns) 0 20.00 DATA-a TON (in ns) 5.00 17.00 
TOFF (in ns) 22 15.00 TOFF (in ns) 12.00 17.00 

EXCLUSIVE OR (7486) Power (in mW) 1.20 12.50 4·INPUT MUX (74153) Power (in mW) 1.50 25.00 
TON (in ns) 18.00 22.00 DATA-a TON (in ns) 7.00 26.00 
TOFF (in ns) 24.00 30.00 TOFF (in ns) 16.00 26.00 

EXCLUSIVE NOR (74266) Power (in mW) 0.90 18.00 Notes: 
1. Power and delay times are given for 150°C MAX, TON (In ns) 15.00 30.00 

TOFF (in ns) 16.00 30.00 
2. T OFF Is 2ns for each Input; T OFF can be reduced to Ons with a pullup cell which 

uses 0.3 mW. 
3, LS power dissipation Is based on Vee x 'MAX' 

AC AND DC ELECTRICAL CHARACTERISTICS 
Conditions: Commercial

Vcc =5.0V(:t:5%) 
Vee= 1.5V (:t: 10%) 
TA1=0'C to 70'C 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER DESCRIPTION 

VCC Supply voltage 

Vee ISL gate supply voltage 

EIN Input voltage, continuous 

liN Input current, continuous 

PARAMETER 

1$" GATE (Inl_mal) 

lee/G Power supply current per gate 

ILF Input load factor 

FO Fanout 

tpdAV Average gate propagation 
delay 

tpdAV= 
tpdLH + tpdHL 

2 

tpdHL2 High-to-Iow propagation delay 

tpdLH2 Low-to-hlgh propagation delay 

$CHOTTKY 80"1" (Inl,*",al) 

IBB/G Power supply current per gate 

ILF Input load factor 

FO Fanout 

tpdAV Average gate propagation 
delay 

t tpdLH + tpdHL 
pdAV= 2 

tpdHL2 High-to-Iow propagation delay 

tpdLH2 Low-to-high propagation delay 

9-34 

Mllitary-
Vcc= 5.0V (:t: 10%) 
Vee= 1.5V (:t: 10%) 
TAl = - 55'C to 125'C 

RATING UNIT PARAMETER 

+7.0 V Vo 

+7.0 V 

-0.5 to+5.5 V TA 

-30 to +1.0 mA 
Tsm 

DESCRIPTION RATING UNIT 

Voltage applied to open· -0.5 to+7.0 V 
coliector output In off·state 

Ambient temperature, -55 to+ 125 ·C 
operating 

Storage temperature -65 to+150 '0 

TEST CONDITIONS 
LIMITS (COMMERCIAL) LIMITS (MILITARY) 

UNITS 
MIN TYP MAX MIN TYP MAX 

........•. , ..•.. / ...... ', .. ;~.:<?.:,; 
190 190 jJA 

1 1 Unit load 

4 4 Unit load 

Fan·in = one (1) ISL gate or 4 6 4 6 ns 
Schottky buffer 

Fan·out = one (1) ISL gate or 
Schottky buffer 

Delay is inferred from 1 2 1 2 ns 
circuit simulation 7 10 7 10 ns 

" 

190 190 jJA 

1 1 Unit load 

10 10 Unit load 

Fan-in = one (1) ISL gate or 4 6 4 6 ns 
Schottky buffer 

Fan-out = one (1) ISL gate or 
Schottky buffer 

Delay is inferred from 1 2 1 2 ns 
circuit simulation 7 10 7 10 ns 
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BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 8A1200 

PARAMETER TEST CONDITIONS 
LIMITS (COMMERCIAL) LIMITS (MILITARY) 

UNITS 
MIN TYP MAX MIN TYP MAX 

INTERtiiAt. BU"'f'f:AS: lOn, lOCO (lnl.mm) 

ICC lOCO power supply current From array = high 1.38 1.50 mA 

100 power supply current VIN = 3V, from array = high 2.53 2.75 mA 

ILF Input load factor 3 Unit load 

FO Fanout 

To T.S. (1/0 only) (drives 3·state inputs only) 16 16 Inputs 

To Array (1/0 only) (drives internal gates) 10 10 Unit loads 

tpdAV Average propagation delay Fan in = one (1) ISL gate or 10 
Schottky buffer 

14 10 14 ns 

tpdAV= tpdLH+tpdHL Fan out = one (1) from 

2 3·state input of 
an output buffer 

INPUT BUFFEAS: INS. EOCD. TEOC3 (to array), lOD (to atray), Toe (10 array), TTS~ (to array! 

ICC TOC, supply current VIN = 3V, from Array = L 1.76 1.90 mA 

INB, EOCO, supply current VIN=3V 1.15 1.25 mA 

100, supply current VIN=3V, from Array=H 253 2.75 mA 

TEOC, supply current VIN = 3V, from TS= H, from 3.11 3.35 mA 
Array = L 

TTS, supply current From Array = L, from TS = H 3.11 3.35 mA 
VIN=3V 

VTH Input threshold voltage 0.80 2.0 0.80 2.0 V 

VCO Input clamp diode voltage IIN= -18mA -1.5 -15 V 

IlL Input low current VIN =O.4V -20 -20 f/A 

IIH Input high current VIN=2.7V 20 20 f/A 

II Max input high current VIN=5.5V, VCC=Max 100 100 f/A 

FO INB & 100 "to array" outputs 10 10 Unit load 

EOCO & 100 "to 3·state" 16 16 Inputs 
outputs 

tpdLH Propagation delay, low·to-high 
F.O. = one (1) ISL load 

5 8 5 8 ns 

tpdHL Propagation delay, high-to-Iow 2 4 2 4 ns 
F.O. = one (1) ISL load 

See Figure 5a 
tpdLH Propagation delay, low-to-high 3 4 3 4 ns 

F.O. = ten (10) ISL loads 

tpdHL Propagation delay, high-to-Iow 4 5 4 5 ns 9 
F.O. = ten (10) ISL loads 

OUTPUT $Uf'FEA: AP (Active Pullup) 

ICC Power supply current From array = high 1.38 1.50 mA 

ILF Input load factor 3 3 Unit loads 

VOL Output low voltage IOL=8mA 500 mV 

IOL=4mA 400 mV 

VOH Output high voltage 10H = -400f/A 2.7 2.5 V 

lOS Output short circuit current VOUT=OV -15 -100 -15 -100 mA 

tpdLH Propagation delay, low to high 4 8 4 8 ns 
output 

See Figure 5b 
tpdHL Propagation delay, high to low 4 8 4 8 ns 

output 
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ISL GATE ARRAY 

PARAMETER TEST CONDITIONS 
LIMITS (COMMERCIAL) 

MIN TYP MAX 

OpeN COLLECTOR, OUTPUT BUFFERS; OC. TOC (from array). eoe, leOe (from array) 

ICC OC power supply current From array = high 

TOC power supply current From array = low 

EOC power supply current From array = low, 
from T.S. = high 

TEOC power supply current From array = low, 
from T.S. = high 

IlF Input load factor "from array" 

Input load factor "from T.S." 

VOL Output low voltage 10l = 8mA comm 

IOl=4mA 

10H Output high current VOUT= 5.5V 

tpdlH Propagation delay low to high 
output 

See Figure 5c 
tpdHl Propagation delay high to low 

output 

THREE.$TAtE OUTPUT 6UtFER$: "$, TTS (from array) 

ICC TS power supply current From T.S. = high 
From array = low 

TTS power supply current From array = low 
V,N = 3V, from T.S. = high 

IlF Input load factor, either input 

VOL Output low voltage 10l = SmA 

IOL=4mA 

VOH Output high voltage 10H= - 400J.lA 

los Output short circuit current VOUT= OV 

lozl Three·state off current, output VOUT= O.4V 
low 

10ZH Three·state off current, output VOUT= 2.4V 
high 

tpdlH Propagation delay, low to high 
output 

tpdHl Propagation delay, high to 
low output 

tpdzL Propagation delay, HI Z to low 
output 

See Figure 5d 
tpdZH Propagation delay, HI Z to 

high output 

tpdLZ Propagation delay, low to 
HI Z output 

tpdHZ Propagation delay, high to 
HI Z output 

NOTES 
1 Maximum power dlSlpatlon limit of Circuit IS determined by 

package selection 
Guaranteed value IS tpdAV 
For all Input parameters on TEOC and TIS, the "form Three-State" 
Input should be high 
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1.76 

1.96 

3.11 

3 

3 

500 

20 

9 TBD 

S TBD 

1.96 

3.11 

3 

500 

2.7 

-15 -100 

- 20 

20 

4 9 

6 10 

11 14 

10 13 

6 12 

7 7 

8A1200 

LIMITS (MILITARY) 
UNITS 

MIN TYP MAX 

Preliminary 

1.50 rnA 

1.90 rnA 

2.10 rnA 

3.35 rnA 

3 Unit load 

3 Unit load 

mV 

400 mV 

20 J.lA 

9 TBD ns 

S TBD ns 

2.10 mA 

3.35 mA 

3 Unit load 

mV 

400 mV 

2.5 V 

-15 -100 mA 

- 20 J.lA 

20 J.lA 

4 9 ns 

6 10 ns 

11 14 ns 

10 13 ns 

6 12 ns 

7 7 ns 



BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 

TEST SETUP: WAVEFORMS: 

EXTERNAL ~ 8A1200 

8A1200 

EQUIVALENT CIRCUIT OF 
ISL UNIT LOAD: 

-------------3V VBB 

PVOUTI IS~ ~ 
BUFFER LOAD 

VIN --.t-j \1 1 3V 

tpdHL -1---1.. -IIPdLH 

TEST SETUP: 

TEST SETUP: 

TEST SETUP: 

TEST SW1 

tpdZH open 
tpdZL closed 
tpdHZ closed 
tpdLZ closed 
tpdLH closed 
tpdHL closed 

3 STATE 
DRIVER 

SW2 

closed 
open 
closed 
closed 
closed 
closed 

"5pf for tpdLZ and tpdHZ 

1...----1 

VOUT -bO.05V ~02V 

a. Input Buffer 

8A1200 T EXTERNAL 
Vcc 

b. Active Pullup Output 

8A1200 T EXTERNAL 
Vcc 

2K 

r '5Pf 

c. Open Collector Output 

WAVEFORMS: 8A1200+EXTER. 
I NAL Vee 

+ 

WAVEFORMS: 

VIN~ 
ItPdHL L"::= 
~ 'tpdLH-[ 

VOUT~ 

WAVEFORMS: 

VIN~ 
ItPdHL L"::= 
~ "pdLH[ 

VOUT 

i !2K 
I 
I SW1 
IVOUT 

vlNe~ 
IPdZH-1 1_ ~ l-tPdHZ 

~!05V 

vlNe~ 
'PdzLJ-1 -I l-tPdLZ 

VOUT~O.5V VOUT~'.5V ~ 

VIN~ 
I'PdHL L"::= 
~ 'tpdLH-[ 

VOUT~ 

d. Three·State Output 

Figure 5. Test Circuits 
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BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 

FEATURES 
• Customer programmable LSI 

• 1144 ISL (NAN D) gates 
• Two·layer metal interconnection 

• 52 Schottky buffers 

• 60 1/0 buffers 
• LSTTL compatible 

• Standard PN P inputs 
• SmA output current sink 
• -55°C to +125°C ambient temperature 

• 4ns gate speed (typical) 
• Speed· power product-O.7 picojoules 

6S pin package 

PRODUCT DESCRIPTION 
The BA1260 Gate Array (Figure 1) is an uncommitted array of 
ISL gates (Figure 2), Schottky buffers (Figure 3) and LSTTL· 
compatible 1/0 cells (Figure 4). Thus, up to 1200 gates can be 
custom interconnected to provide the advantages of both 
Large Scale Integration (LSI) and proprietary design. The 
BA1260 array is based on a technological subset of LSI called 

8A1260 

ISL (Integrated Schottky Logic). ISL combines the features of 
Schottky and the density of 12L Bipolar technologies. 

Designing with the BA1260 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and custom 
coding of metal interconnections among preprocessed logic 
gates on the array. Refer to Table 1 for a comparison of ISL 
and 74LS logic functions. The design techniques and the imple· 
mentation processes are analogous to the design of a Printed 
Circuit Board. 

Logic functions are defined by the user and are implemented 
by interconnecting 1144 ISL NAND gates, using two layers of 
metal routing. Fifty·two Schottky buffers are provided to drive 
multi·load internal clock or enable signals. For external inter· 
face, up to 60 LSTTL 1/0 buffers can be specified. Each 1/0 can 
be configured as 1·of·4 input buffers, 1·of·4 output buffers, or 
as a combination of one input buffer and one output buffer for 
a transceiver. 

ORDERING INFORMATION 
Contact Local Sales Representative 

RESISTOR O--¥I\r+-E::-~=~--+--i<J-<»OUTPUTS 
INPUT 

DIRECT 
INPUT 

Note: Any four of the ftve outputs 
can be used but not all five 
at the same time 

Figure 2. ISL Gate-Schematic Diagram 

RESISTOR 
INPUT 

DIRECT 

vee 

~OUTPUT 
INPUT -= 

Figure 1. Internal Configuration of SA1260 Figure 3. Schottky Buffer-Schematic Diagram 
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ISL GATE ARRAY 8A1260 

INPUT/OUTPUT CELLS 
All signals within the array interface to external pins via 1/0 
buffers located around the device perimeter 

A description plus the symbolic, logic, and schematic repre
sentation for each 1/0 cell are shown in Figure 4 

INPUT BUFFERS 

DESCRIPTION: 

Low Power Schottky input 
buffer with internal 
feedback and direct output. 

SCHEMATIC: 
Vee 

SYMBOL & LOGIC: 

11------1 
liN I 

i~ 
I I 
L ______ ~ 

TO ARRAY 
OR 

TO THREE·STATE 

DESCRIPTION: 

Low Power Schottky input 
buffer with internal 
feedback and diode output. 

SCHEMATIC: 
vce 

L-t=~==--t--l-oIN FROM ARRAY 

DESCRIPTION: 

Internal driver with 
direct output. 

SCHEMATIC: 
vee 

SYMBOL & LOGIC: 

11-------1 
110 I 

i Qt 
I I 
L ______ ~ 

TO ARRAY 
OR 

TO THREE·STATE 

DESCRIPTION: 

Internal driver with 
diode output. 

SCHEMATIC: 
vee 

'-----t---------t-oIN FROM ARRAY 

Figure 4. Description and Symbolic, Logic, and 
Schematic Representation of Eight I/O Cells 

Signetics 

SYMBOL & LOGIC: 

SYMBOL & LOGIC: 
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ISL GATE ARRAY 

OUTPUT BUFFERS 

DESCRIPTION: 

Low Power Schottky output 
buffer with totem pole 
active pullup. 

SCHEMATIC: 

10K 

SYMBOL & lOGIC: 

vee 

65K 50Q 

15K 15K 

DESCRIPTION: 

low Power Schottky three' 
state output buffer. 

SCHEfvlATIC: 

15K 

1K 

THREE.~ff,.~ 0--<O--"(B",ASI\E~) +---( 

10K 

8A1260 

SYMBOL & lOGIC: 

~
----.-;l Z I TS 1 

I I 
I I 
I . I 
I Ii! I 

L ______ ..-J 
Vee 

65K 

15K 

50Q 
(BASE) 

Preliminary Preliminary 

DESCRIPTION: 

Low Power Schottky output 
buffer with open-collector 
output. 

SCHEMATIC: 

9-40 

SYMBOL & LOGIC: 

Vee 

10K 65K 

DESCRIPTION: 

Low Power Schottky output 
buffer with open-collector 
output. Enabled from a 
three-state enable signal. 

SCHEMATIC: 

15K 

SYMBOL & lOGIC: 

~
-----~ 

Z I EOC I 
i I 
I I 
I . I 
I - I 
L ______ ..-J 

vcc 

10K 6.5K 

TH REE.~ff,.~ D-<H'"K'v-£ 

I:~~o--+O--r--~--£ 

15K 

Figure 4. (continued) Description and Symbolic, logic, and 
Schematic Representation of Eight 1/0 Cells. 
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BIPOLAR LSI PRODUCTS 

ISl GATE ARRAY 8A1260 

TYPICAL PERFORMANCE CHARACTERISTICS 
Overall performance of the gate array is determined by the 
following parameters: 

• Discrete gate delays 

Gate delays are subject to several variables, anyone of which 
can affect the overall circuit performance. An analysis of these 
variables is shown in the accompanying graphs. 

• Gate current (Iss) and gate voltage (Vss) 

• Junction Temperature (TJ) 

ISL GATE DELAY vs Vss 
10 

I I I 

.. 

.s 
~ 
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I I I 
I I I 

~5Olc --j---
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Tj=~5~ -'C ...... =: 
I 1 '1 

I I I 
o 
1.0 1.2 

I I I 
1.4 1.6 1.8 2.0 

10 
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~ 6 

~ 5 
oJ 4 
C 

+10 
+8 
+6 
+4 

~ +2 

5 0 
w -2 
c 

-4 

-6 

-8 

-10 

Vss (VOLTS) 

TYPICAL GATE DELAY vs 
JUNCTION TEMPERATURE 

r-- - ISLGA!S p i.£ 

r-- -

SIH~TT~Yr~FEt r--

-60 -30 0 30 60 90120150180 

TJUNCTION ("C) 

CHANGE IN GATE DELAY 
FOR INPUT BUFFERS AND 

SCHOTTKY BUFFERS vs 
FAN·OUT 

I 
I 
I -

- t~dHIL 

N 
~. 

-r-- IpdL;;' b.. 
........ 

I r---
I 

o 1 2 3 4 5 6 7 8 9 10 

NO. OF LOADS 

POWER DISSIPATION 

10 

SCHOTTKY BUFFER 
GATE DELAY vs Vss 

-r--:s:..IJ=-55"C 
~ TJ=25"~ 

- TJ lk5"6 

I 

1.2 1.4 1.6 1.8 

Vss (VOLTS) 

-

2.0 

ISL GATE DELAY vs FAN·OUT 
20,,-,-,-,-,-,-,-,-,-, 
18 
16 
14~~~~~~~-4·-4~ 

~ 12~~~~~-,-4-4-4~ 
:5 10 

j.. 8 

10 
9 

o 

NO OF ACTIVE LOADS 

ADDED GATE DELAY 
vs FAN·IN 

(l~d~H ~Ol ~tt~cI~d 
by f~n.il) 1 1 1--~ 

.1. 1 .I.J. V ./ ,--t- Vss = 1.35V/ V 

/ 
-

/ ~SS=I.65V 

'/ 
1/ 

o 
NO. OF INPUTS (nol dummy loaded) 

-Dummy loaded Inputs cause NO added gate delay 

The maximum power dissipation for any given implementation 
of the 8A1260 gate array is given by the following equation. 

Maximum Power (in mW) = 0.25 mW x number of ISL gates 

NOTE 

.. .s 
-' 
J: .., 
~ 

5.0 
4.5 
4.0 
3.5 
3.0 
2.5 
2.0 
1.5 
1.0 
0.5 

o 

ADDED GATE DELAY vs 
INPUT WIRE LENGTH 

v 
V 

./ 
I V 

Y 

o 10 20 30 40 50 60 70 80 90 100 
LENGTH OF INPUT WIRE (GRIDS) 

(1 Grid = 17 Microns) 

plus,7 mW x number of IN, IN7, 
10, and 107 

plus, 0.5V x load current (in rnA) of 
output buffers plus, 0.25 mW x number of Sc~ottky 

buffers used 

plus,8 mW x number of AP, OG, 
EOG, and TS 

Load Current = maximum IOL for selected temperature range x the total 
number of output buffers and transceivers that can simutaneously be at 
low output state 
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BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 8A1260 

Table 1. COMPARISON OF ISL WITH 74LS FUNCTIONS 

LOGIC FUNCTION PARAMETERS3 ISL1 74LS LOGIC FUNCTION PARAMETERS3 ISL1 74LS 

NAND (7400) Power (in mW) 0.30 2.00 D FLlp·FLOP (7474) Power (In mW) 1.50 20.00 
TON (in ns) 2.00 15.00 C Q TON (in ns) 28.00 40.00 
TOFF (in ns) 10.00 15.00 TOFF (in ns) 28.00 40.00 

AND (7408) Power (in mW) 0 11.00 D LATCH (7475) Power (in mW) 1.20 30.00 
TON (in ns) 0 20.00 DATA Q TON (in ns) 5.00 17.00 
TOFF (in ns) 22 15.00 TOFF (in ns) 12.00 17.00 

EXCLUSIVE OR (7486) Power (in mW) 1.20 12.50 4·INPUT MUX (94153) Power (in mW) 1.50 25.00 
TON (in ns) 18.00 22.00 DATA Q TON (in ns) 7.00 26.00 
TOFF (in ns) 24.00 30.00 TOFF (in ns) 16.00 26.00 

EXCLUSIVE NOR Power (in mW) 0.90 18.00 Notes 

(74266) 15.00 30.00 1 Power and delay times are given for 150°C max TON (in ns) 
TOFF (in ns) 16.00 30.00 2 T OFF IS 2 nanoseconds for each Input, T OFF can be reduced 

to 0 nanoseconds with a pullup call which uses 0 3 mW 

AC AND DC ELECTRICAL CHARACTERISTICS 
Conditions: 

Commercial- Military-

Vee = 5.0V (± 5%) 
Vss = 1.5V (± 10%) 
TA = O°C to 70°C 

Vee = 5.0V (± 10%) 
Vss = 1.5V (± 10%) 
TA = -55°C to 125°C 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER DESCRIPTION RATING 

Vee Supply voltage +7.0 

Vss ISL gate supply voltage +7.0 

EIN Input voltage, continuous -0.5 to +5.5 

liN Input current, continuous -30 to +1.0 

3 LS power diSSipation IS based on Vee = IMAX 

UNIT PARAMETER DESCRIPTION RATING UNIT 

V Vo Voltage appl ied to open- -0.5 to +7.0 V 

V collector output in 
off-state 

V TA Ambient temperature, -55 to +125 °C 
operating 

mA TSTG Storage temperature -65 to +150 °C 

PARAMETER TEST CONDITIONS 
LIMITS (COMMERCIAL) LIMITS (MILITARY) 

UNITS 
MIN TYP MAX MIN TYP MAX 

ISLGAT! (lniemlll) 

Iss/G Power supply current 190 190 I'A 
per gate 

ILF Input load factor 1 1 Unit load 

FO Fan-out 4 4 Unit load 

tpdAV Average gate propagation Fan·in = one (1) ISL gate 4 6 4 6 ns 
delay or Schottky buffer 

t tQdLH + tQdHL 
pdAV 2 Fan-out = one (1) ISL gate 

or Schottky buffer 

tpdHL High·to·low propagation 1 2 1 2 ns 
delay Delay is inferred from 

tpdLH Low-to-high propagation circuit simulation 7 10 7 10 ns 
delay 
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ISL GATE ARRAY 8A1260 

PARAMETER TEST CONDITIONS 
LIMITS (COMMERCIAL) LIMITS (MILITARy) 

UNITS 
MIN TVP MAX MIN TVP MAX 

SCHOTTKY BUFFeR (Inlemal) 

IBB/G Power supply current 190 190 flA 
per gate 

ILF Input load factor 1 1 Unit load 

FO Fan-out 10 10 Unit load 

tpdAV Average gate propagation Fan-In = one (1) ISL gate 4 6 4 6 ns 
delay t t or Schottky buffer 

tpdAV = PdLH; pdHL 
Fan-out = one (1) ISL gate 

or Schottky buffer 

tpdHL High-to-Iow propagation 1 2 1 2 IlS 
delay Delay is inferred from 

tpdLH Low-to-high propagation circuit simulation 7 10 7 10 ns 
delay 

INPUT BUFFERS: IN, IN1. 10, and 107 

Icc Power supply current VIN=3V(IN from Array=H) 1_30 1.40 mA 

VTH Input threshold voltage 0.80 2.0 0.80 2.0 V 

VCD Input clamp diode voltage IIN=-18mA -1.5 -1.5 V 

IlL Input low current VIN = O.4V -20 -20 flA 

IIH Input high current VIN =2.7V 20 20 flA 

II Max input high current VIN = 5.5V, Vee = Max 100 100 flA 

FO INB & 100 "to array" 10 10 Unit load 
outputs 

EOCD & 100 "to three- 16 16 Unit load 
state" outputs 

tpdLH Propagation delay, low-to· 5 8 5 8 ns 
high F.O. = one (1) ISL load 

tpdHL Propagation delay, high-to- 2 4 2 4 ns 
low F.O.=one (1) ISL load 

tpdLH Propagation delay, low-to- (See Fig. 5a) 3 4 3 4 ns 
high F.O. =ten (10) 
ISL loads 

tpdHL Propagation delay, high-to- 4 5 4 5 ns 
low F.O. = ten (10) 
ISL loads 

OUTPUT BuFFeR: AI' (Active Pullup) 

Icc Power supply current From array = high 1.38 1.50 mA 

ILF Input load factor 3 3 Unit loads 

VOL Output low voltage IOL=8mA 500 mV 
IOL=4mA 400 mV 

VOH Output high voltage IOH=-4OOfiA 2.7 2.5 V 

los Output short circut VOUT=OV -15 -100 -15 -100 mA 
current 

Signetics 9-43 



BIPOLAR LSI PRODUCTS 
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PARAMETER TEST CONDITIONS 
LIMITS (COMMERCIAL) LIMITS (MILITARY) 

UNITS 
MIN TYP MAX MIN TYP MAX 

OUTPUT BUFFER: AP (Active Pullup) (continued) 

tpdLH Propagation delay, low-to- 4 8 4 8 ns 
high output 

tpdHL Propagation delay, high- (See Fig. 5b) 4 8 4 8 ns 
to-low output 

OPEN COLLECTOR. OUTPUT BUFFERS; oc AND fOC (preliminary) 

Icc OC power supply current From array = high 1.38 1.50 mA 

EOC power supply From array = low, 1.98 2.10 mA 
current From T.S. = high 

ILF Input load factor 3 3 Unit load 
"from array" 

Input load factor 3 3 Unit load 
"from T.S." 

VOL Output low voltage IOL=8mA 500 mV 
IOL=4mA 400 mV 

IOH Output high current VOUT=5.5V 20 20 /-,A 

tpdLH Propagation delay, 9 TBD 9 TBD ns 
low-to-high output 

tpdHL Propagation delay, (See Fig. 5c) 8 TBD 8 TBD ns 
high-to-Iowoutput 

THREE·STATE OUTPUT BUFFERS: TS 

Icc TS power supply current From T.S. = high 1.98 2.10 mA 
From array = low 

ILF Input load factor, 3 3 Unit load 
either Input 

VOL Output low voltage IOL=8mA 500 mV 
IOL=4mA 400 mV 

VOH Output high voltage 10H =-400/-,A 2.7 25 V 

los Output short circuit VOUT=OV -15 -100 -15 -100 mA 
current 

10LZ Three-state off current, VOUT= O.4V - 20 -20 /-,A 
output low 

10HZ Three-state off current, VOUT= 2.4V 20 20 /-,A 

tpdLH Propagation delay, low-
RL=2K 4 9 4 9 ns 

to-high output (Note) 

tpdHL Propagation delay, high-
CL = 15pf 6 10 6 10 ns 

to-low output (Note) 

tpdZL Propagation delay, HI-Z 11 14 11 14 ns 
to low output 

tpdZH Propagation delay, HI-Z 10 13 10 13 ns 
to high output 

tpdLZ Propagation delay, LOW (See Fig. 5d) 6 12 6 12 ns 
to HI-Z output 

tpdHZ Propagation delay, high 7 7 7 7 ns 
to HI-Z output 

NOTE Guaranteed value IS tps(Ave) 
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TEST SETUP: 

EXTERNAL -+- 8A1260 

WAVEFORMS: 

3V 

VIN~ 

8A1260 

EQUIVALENT CIRCUIT OF 
ISL UNIT LOAD: 

Vee 

~~ 
eUFFER !L.~--'-- I tpdHL I I 

~_ :rdL~1 
VOUT ~O:05V I---I~ 

~.2V 

TEST SETUP: 

TEST SETUPS: 

TEST SETUPS: 

TEST SWI 

tpdZH open 
tpdZl closed 
tpdHZ closed 
tpdlZ closed 
tpdlH closed 
tpdHl closed 

3 STATE 
DRIVER 

SW2 
closed 
open 
closed 
closed 
closed 
closed 

·5pf for tpdLZ and tpdHZ 

a. Input Buffer 

8A1260 T EXTERNAL 
Vee 

WAVEFORMS: 

VIN~ 
~~ 
~-I rtpdlH-! 

VOUT~ 

b. Active Pullup Output 

8A1260 T EXTERNAL 
Vee WAVEFORMS: 

VIN~ 
~ !..2= 
~! 'tPdiii! 

VOUT~ 

c. Open Collector Output 

8A1260 + EXTER· 
I NAl vee 

i 12K 
, 
, 
,VOUT 

, 
, 

SWI 

5K 

':I*15pf ~ t SW2 

WAVEFORMS: 

d. Three·State Output 

Figure 5. Test Circuits 

Signetics 

VINe~ 
tPdZl~I~1 ~I ,-tPdlZ 

VOUT~.5V 

VIN~ 
~~ 
~! i'pdlH-! 

VOUT~ 
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ISL GATE ARRAY 

FEATURES 
• Customer programmable LSI 
• 1408 ISL (NAND) gates 
• Two·layer metal interconnection 
• 64 Schottky buffers 
• 42 I/O buffers 
• LSTTL compatible 
• Standard PNP inputs 
• 8mA output current sink 
• - 55°C to + 125°C ambient temperature 
• 4ns gate speed (typical) 
• Speed· power product-0.7 picojoules 
• 28, 40, or 44·pin package 

PRODUCT DESCRIPTION 
The 8A 1542 Gate Array (Figure 1) is an uncommitted array of ISL 
gates (Figure 2), Schottky buffers (Figure 3) and LSTTL· 
compatible I/O cells (Figure 4). Thus, up to 1400 gates can 
be custom interconnected to provide the advantages of both 
Large Scale Integration (LSI) and proprietary design. The 8A 1542 
array is based on a technological subset of LSI called ISL (In· 
tegrated Schottky Logic). ISL combines the best features of low· 
power Schottky and 12L Bipolar technologies. 

42 110 BUFFERS 
BUFFERS & BONDING PADS 1408 ISl GATES 64 SCHOTTKY BUFFERS 
OCCUpy DEVICE PERIMETER 26 ROWS)( 22 COLUMNS (X2) TWO VERTICAL COLUMNS 

GLOBAL POWER 
BUS (Vas) 

GLOBAL GROUND 

Figure 1. Internal Configuration of 8A1542 ISL Gate Array 

8A1542 

Designing with the 8A1542 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and custom 
coding of metal interconnections among preprocessed logic 
gates on the array- refer to Table 1 for a comparison of ISL and 
74LS logic functions. The design techniques and the implemen· 
tation processes are analogous to the design of a Printed Circuit 
Board. 

Logic functions are defined by the user and are implemented by 
interconnecting 1408 ISL NAND gates, using two layers of metal 
routing. Sixty·four Schottky buffers are provided to drive multi· 
load internal clock or enable signals. For external interface, up 
to 42 LSTTL I/O buffers can be specified. As shown in Figure 4, 
each I/O can be configured to implement anyone of 11 different 
functions: inputs, input/output, totem· pole, open collector, and 
three·state. 

ORDERING INFORMATION 
Contact Local Sales Representative 

RESISTOR o-""'~+-E-~=~--+--i<l--oIOUTPUTS 
INPUT 

DIRECT 
INPUT 

Note. Any four of the five outputs 
can be used but not all hve 
at the same lime 

Figure 2. ISL Gate-Schematic Diagram 

vee 

RESISTOR~OUTPUT 
INPUT 

DIRECT 
INPUT -=-

Figure 3. Schottky Buffer- Schematic Diagram 
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INPUT/OUTPUT CELLS 
All Signals within the array interface to external pins via 1/0 buf
fers located around the device perimeter. A description plus the 

symbolic logic, and schematic representation for each 1/0 cell 
are shown in Figure 4. 

INPOTIUFFllRS 
DESCRIPTION: 

Low power Schottky input 
buffer with low current PNP 
input transistor. 

SCHEMATIC: 

Vee 

15K 6.5K 

DESCRIPTION: 

Input with three-state driver. 
This is a back-to-back config
uration of an input buffer and 
and internal three-state driver 
(INB+ lOCO). 

SCHEMATICS: 

lOCO Vee 

10K 6.5K 

1.5K 

SYMBOL & LOGIC: 

r--------, 

iIA_: 
I~I 
I I 
L ______ ..J 

TO 
ARRAY 

TO 
THREE·STATE 
BUS 

INB 

DESCRIPTION: 

Input cell with output driver for 
driving the three-state enable 
of three-state output cells. 

SCHEMATIC: 

15K 

vee 

15K 

vee 

6.5K 

6.5K 

TO 
ARRAY 

Figure 4. Description and Symbolic, Logic, and 
Schematic Representation 01 Eleven I/O Cells 

Signetics 

SYMBOL & LOGIC: 

r,--------, 

iE~: 
I~I 
I I L ______ ..J 

TO 
THREE·STATE 
BUS 

SYMBOL & LOGIC: 

i IODU& I I 

:=-~ 
I~ L ______ ...J 
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OUTPUT BUFFERS 

DESCRIPTION: 

Standard low power Schottky 
output buffer with totem pole 
active pull-up, 

SCHEMATIC: 

SYMBOL & LOGIC: 

r------..., 

:~: 
I~I 
I I 
L ______ ..J 

DESCRIPTION: 

Standard three-state low power 
Schottky output. 

SCHEMATIC: 

8A1542 

SYMBOL & LOGIC: 

r;------..., 

~
:TSZ l 
I I 
I I 
I I 
I I 
L ______ .J 

Vce 
Vcc 

15K 

1K 

THREE-~ffT~ o--< .... (-'\BA"'SlyEI-+-__ -I. 

10K 

15K 15K 

6,5K 

1,5K 

50Q 
(BASEl 

Preliminary Preliminary 
DESCRIPTION: 

Low power Schottky output 
buffer with open-collector 
output. 

SCHEMATIC: 

9-48 

Vee 

SYMBOL & LOGIC: 

r------..., 

:~l 
I~I 
I I 
L ______ ..J 

10K 6,5K 

DESCRIPTION: 

Low power Schottky output 
buffer with open-collector 
output. Enabled from a three
state enable signal. 

SCHEMATIC: 

15K 

SYMBOL & LOGIC: 

~
rr:oc~---~ 

I I 
I I 
I I 
I I 
I I 
L ______ -.J 

Vcc 

10K 6,5K 

THREEXf,p,.~ Q-<t--'lA'Kf'y--I: 

::~A~o--iQ--r--~--~ 

15K 

Figure 4_ (continued) Description and Symbolic, Logic, and 
Schematic Representation of Eleven 110 Celis 
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TRANSCEIVERS 

DESCRIPTION: 

Open-collector transceiver_ 
This is a back-to-back configu
ration of an input buffer and an 
open-collector output buffer 
(lNB+OC)_ 

SCHEMATIC: 

DESCRIPTION: 

Enabled open-collector trans
ceiver. This is a back-to-back 
configuration of an input buffer 
and an enabled open-collector 
output buffer (INB + EOC). 

SCHEMATIC: 

15K 

1K 

THREE-~:A~~ D-<.,.(..,BA",S ... E_) Ht"" 

Preliminary 

vee 

6.SK 15K 6.5K 

1.5K 

Preliminary 

vee 

6.5K 15K 6.5K 

:R~~~o-~3--+---+-£ 

1.SK 

Figure 4_ (continued) Description and Symbolic, Logic, and 
Schematic Representation 01 Eleven 1/0 Cells 

Signetics 

8A1542 

SYMBOL & LOGIC: 

~
rlOC----l 

I I 
oc I 

I I 
I I 
I I 
L ______ ...l 

SYMBOL & LOGIC: 
r,-------, 
IlEOC I 

I Z I 

I 
I 
I 
I 

I I 
L ______ ....l 
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TRANSCEIVERS (ContiAu.d) 

DESCRIPTION: 

Three·state transceiver. This is 
a back·to·back configuration of 
an input buffer and a three· 
state output in one 1/0 cell 
(INB+ TS). 

SCHEMATIC: 

15K 

lK 

THREE.::A~~ o-< ... (",BANS ... E)-+--t: 

OTHER 

DESCRIPTION: 

Same as EOCD, except input is 
designed to interface with ISL 
gates. This cell is used inter· 
nally and does not interface to 
an external pin. 

SCHEMATIC: 

vee 

10K 

9-50 

1.5K 

6.5K 

I.SK 

TO 
THREE·STATE 
BUS 

Vee 

Figure 4. (continued) Description and Symbolic, Logic, and 
Schematic Representation of Eleven I/O Cells 
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SYMBOL & LOGIC: 

r:;-------, 
.TTS I 
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I 
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I 
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I I L ______ ...l 

SYMBOL & LOGIC: 
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ISL GATE ARRAY 8A1542 

TYPICAL PERFORMANCE CHARACTERISTICS 
Overall performance of the gate array Is determined by the 
following parameters: 

• Discrete gate delays 

Gate delays are subject to several variables, anyone of which 
can affect the overall circuit performance. An analysis of these 
variables Is shown in the accompanying graphs. 

• Gate current (lee) and gate voltage (Vee) 
• Junction Temperature (TJ) 
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V 
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·Dummy loaded inputl cause NO added gate delay 

For the purpose of package selection, the maximum power dissi· 
pation for any given implementation of the SA 1542 gate array is 
given by the following equation. 
Maximum Power (in mW) = 0.25 mW x number of ISL NOTE' 

5.0 

4.5 

4.0 

3.5 .. 3.0 S. .... 2.5 :z: 
J 2.0 

1.5 

1.0 

0.5 

o 

ADDED GATE DELAY VS 
INPUT WIRE LENGTH 

v 
V 

./ 
V 

V 
./ 
o 10 20 30 40 50 60 70 80 90 100 

LENGTH OF INPUT WIRE (GRIDS) 
(1 Grid = 17 Microns) 

plus, S mW x number of AP, OC, EOC, TS 
and 100 buffers 

plus, 5 mW x number of EOCO, INB, and 
lOCO buffers 

plus, 0.5V x load current (in mAl of output 
buffers 

plus, 0.25 mW x number of Schottky buf· 
fers used 

plus, 12 mW x number of TTS, TOC, and 
TEOC buffers 

Load Current = maximum IOL for selected temperature range x the total 
number of output buffers and transceivers that can simuitaneusly be at 
a low output state. 

Signetics 9·51 



BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 8A1542 

Table 1. COMPARISON OF ISL WITH 74LS FUNCTIONS 

LOGIC FUNCTION PARAMETERS3 ISL' 74LS LOGIC FUNCTION PARAMETERS3 ISL' 74LS 

NAND (7400) Power (in mW) 0.30 2.00 D FLlp·FLOP (7474) Power (in mW) 1.50 20.00 
TON (in ns) 2.00 15.00 C-O TON (in ns) 28.00 40.00 
TOFF (in ns) 10.00 15.00 TOFF (in ns) 28.00 40.00 

AND (7408) Power (In mW) 0 11.00 D LATCH (7475) Power (in mW) 1.20 30.00 
TON (in ns) 0 20.00 DATA-a TON (in ns) 5.00 17.00 
TOFF (In ns) 22 15.00 TOFF (in ns) 12.00 17.00 

EXCLUSIVE OR (7486) Power (In mW) 1.20 1250 4·INPUT MUX (74153) Power (in mW) 1.50 25.00 
TON (In ns) 18.00 22.00 DATA-a TON (in ns) 700 26.00 
TOFF (in ns) 24.00 3000 TOFF (in ns) 16.00 26.00 

EXCLUSIVE NOR (74266) Power (in mW) 0.90 1800 Notes 

TON (in ns) 1500 3000 1 Power and delay times are given for 150°C MAX 

TOFF (in ns) 1600 3000 
2 T OFF IS 2ns for each Input, T OFF can be reduced to Ons with a pullup cell which 

uses 0 3 mW 
3 LS power diSSipation IS based on VCCx IMAX 

AC AND DC ELECTRICAL CHARACTERISTICS 
Conditions: Commercial-

Vcc= 5.0V (± 5%) 
VBB = 1 5V (± 10%) 
TA' =O"C to 70"C 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER DESCRIPTION 

VCC Supply voltage 

VBB ISL gate supply voltage 

EIN Input voltage, continuous 

liN Input current, continuous 

PARAMETER 

ISL GATE (Internal) 

IBBIG Power supply current per gate 

ILF Input load factor 

FO Fanout 

tpdAV Average gate propagation 
delay 

tpdAV = 
tpdLH + tpdHL 

2 

tpdHL2 High·to·low propagation delay 

tpdLH2 Low·to·high propagation delay 

sCHOTTKY SUFFER (Intarnal) 

IBSIG Power supply current per gate 

ILF Input load factor 

FO Fanout 

tpdAV Average gate propagation 
delay 

t _ tpdLH + tpdHL 
pdAV - 2 

tpdHL2 H igh·to·low propagation delay 

tpdLH2 Low·to·high propagation delay 

9·52 

Military-
Vcc= 5 OV (± 10%) 
VBB = 1.5V (± 10%) 
TA' = -55"C to 125"C 

RATING UNIT PARAMETER 

+70 V Vo 

+70 V 

-05 to +5.5 V TA 

-30 to +1.0 mA 
TSTG 

DESCRIPTION RATING UNIT 

Voltage applied to open· -05 to + 7.0 V 
collector output in off·state 

Ambient temperature, -55to+125 "C 
operating 

Storage temperature -65 to+150 "C 

TEST CONDITIONS 
LIMITS (COMMERCIAL) LIMITS (MILITARY) 

UNITS 
MIN TYP MAX MIN TYP MAX 

190 190 ~A 

1 1 Unit load 

4 4 Unit load 

Fan·in = one (1) ISL gate or 4 6 4 6 ns 
Schottky buffer 

Fan·out = one (1) ISL gate or 
Schottky buffer 

Delay is inferred from 1 2 1 2 ns 
circuit simulation 7 10 7 10 ns 

190 190 ~A 

1 1 Unit load 

10 10 Unit load 

Fan·in = one (1) ISL gate or 4 6 4 6 ns 
Schottky buffer 

Fan·out = one (1) ISL gate or 
Schottky buffer 

Delay is inferred from 1 2 1 2 ns 
circuit simulation 7 10 7 10 ns 
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BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 8A1542 

PARAMETER TEST CONDITIONS 
LIMITS (COMMERCIAL) LIMITS (MILITARy) 

UNITS 
MIN TVP MAX MIN TVP MAX 

tNTEJ'iINAL BUFFERS: 100, IOCD (Internal) 

ICC lOCO power supply current From array = high 1.38 1.50 rnA 

100 power supply current VIN = 3V, from array = high 253 2.75 rnA 

ILF Input load factor 3 3 Unit load 

FO Fanout 

To T.S. (110 only) (drives 3-state inputs only) 16 16 Inputs 

To Array (110 only) (drives internal gates) 10 10 Umt loads 

tpdAV Average propagation delay Fan in = one (1) ISL gate or 10 
Schottky buffer 

14 10 14 ns 

tpdAV= tpdLH + tpdHL Fan out = one (1) from 

2 3-state input of 
an output buffer 

INPUT BUfFERS: INB, EOeD, TEOO~ {u. arrayS. 100 (10 array). TOe {to array" rrsa (to alT". 

ICC TOC, supply current VIN = 3V, from Array = L 1.76 1.90 rnA 

INB, EOCO, supply current VIN=3V 1.15 1.25 rnA 

100, supply current VIN = 3V, from Array = H 2.53 2.75 rnA 

TEOC, supply current VIN = 3V, from TS = H, from 3.11 3.35 rnA 
Array = L 

TTS, supply current From Array = L, from TS = H 311 3.35 rnA 
VIN=3V 

VTH Input threshold voltage 0.8 2.0 0.80 20 V 

VCO Input clamp diode voltage IIN= -18mA -15 -1.5 V 

IlL Input low current VIN=0.4V -20 -20 ~A 

IIH Input high current VIN=2.7V 20 20 ~A 

II Max input high current VIN=55V, Vcc=Max 100 100 ~A 

FO INB & 100 "to array" outputs 10 10 Unit load 

EOCO & 100 "to 3-state" 16 16 Inputs 
outputs 

tpdLH Propagation delay, low-to-high 
F O. = one (1) ISL load 

5 8 5 8 ns 

tpdHL Propagation delay, high-to-Iow 2 4 2 4 ns 
F.O. = one (1) ISL load 

See Figure 5a 
tpdLH Propagation delay, low-to-high 3 4 3 4 ns 

F.O. = ten (10) ISL loads 

tpdHL Propagation delay, high-to-Iow 4 5 4 5 ns 
F.O.=ten (10) ISL loads 

. OUTPUT BUFFER! AP (Acttve Pullup) 

ICC Power supply current From array = high 1.38 1.50 rnA 

ILF Input load factor 3 3 Un.t loads 

VOL Output low voltage IOL=8mA 500 mV 

IOL=4mA 400 mV 

VOH Output high voltage 10H= -400~A 2.7 25 V 

lOS Output short circuit current VOUT=OV -15 -100 -15 -100 rnA 

tpdLH Propagation delay, low to high 4 8 4 8 ns 
output 

See Figure 5b 
tpdHL Propagation delay, high to low 4 8 4 8 ns 

output 
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ISL GATE ARRAY 

LIMITS (COMMERCIAL) 
PARAMETER TEST CONDITIONS 

Min Typ Max 

OPEN COLLECTOR. OUTPUT ,BUFfERS: oc. TOe fh'om 8my), IOC. TEOC (from array) 

Icc oe power supply current From array = high 

TOe power supply current From array = low 

EOC power supply current From array = low, 
from T.S. = high 

TEOC power supply current From array = low, 
from T.S. = high 

ILF Input load factor "from array" 3 

Input load factor "from T.S." 3 

VOL Output low voltage 10L = SmA 
10L = 4mA 

10H Output high current VOUT = 5.5V 

tpdLH Propagation delay low to high 
output See Figure 5c 

tpdHL Propagation delay high to low 
output 

THREE-STATE OUTPUT BUFFERS: TS, TIS (from 8mlY1 

Icc TS power supply current From T.S. = high 
From array = low 

TIS power supply current From array = low 
VIN = 3V, from T.S. = high 

ILF Input load factor, either input 3 

VOL Output low voltage 10L = SmA 
10L = 4mA 

VOH Output high voltage 10H = - 400"P- 2.7 

los Output short circuit current VOUT = OV -15 

10ZL Three-state off current, output VOUT = O.4V 
low 

10ZH Three-state off current, output VOUT = 2.4V 
high 

tpdLH Propagation delay, low to high 
output 

tpdHL Propagation delay, high to 
low output 

tpdZL Propagation delay, HI Z to low 
output See Figure 5d 

tpdZH Propagation delay, HI Z to 
high output 

tpdLZ Propagation delay, low to 
HI Z output 

tpdHZ Propagation delay, high to 
HI Z output 

NOTES. 
1 Maximum power dissipation limit of Circuit is determined by package selection 

2 Guaranteed value IS tpdAV. 
3 For all Input parameters on TEOC and TTS, the "from Three-State" Input should be hIgh. 
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1.3S 

1.76 

1.96 

3.11 

500 

20 

9 TBD 

S TBD 

1.96 

3.11 

500 

-100 

-20 

20 

4 9 

6 10 

11 14 

10 13 

6 12 

7 7 

8A1542 

LIMITS (MILITARY) 

Min Typ Max 
UNITS 

~Inary 

1.50 mA 

1.90 mA 

2.10 mA 

3.35 mA 

3 Unit load 

3 Unit load 

mV 
400 mV 

20 "P-
9 TBD ns 

S TBD ns 

2.10 mA 

3.35 mA 

3 Unit load 

mV 
400 mV 

2.5 V 

-15 -100 mA 

-20 "P-

20 "p-

4 9 ns 

6 10 ns 

11 14 ns 

10 13 ns 

6 12 ns 

7 7 ns 



BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 8A1542 

TEST SETUP: WAVEFORMS: EQUIVALENT CIRCUIT OF 
ISL UNIT LOAD: 

EXTERNAL ~ 8AI200 ------------3V 

~Iii_ L
L... __ .... !~-

VIN--.i-I \t: 1.3V 

tpdHl ---1--1.. I tpdlH 

VOUT -\-,-O.05V ..y:=c.. O.2V 

TEST SETUP: 

TEST SETUP: 

a. Input Buller 

8A1542T EXTERNAL 
Vee 

b. Active Pull up Output 

8A1542 T EXTERNAL 
Vee 

2K 

llSpI 
c. Open Collector Output 

+ 

WAVEFORMS: 

VIN~ 
I tpdHl k': 
~j tpdutj 

VoUT~ 

WAVEFORMS: 

VIN~ I tpdHl L'== :::J 'lpdLH-1 
VoUT~ 

TEST SETUPS 8A1542~ EXTER· I NAl Vee 

WAVEFORMS: 

TEST SWI 

tpdZH open 
tpdZl closed 
tpdHZ closed 
tpdLZ olosed 
tpdlH olosed 
tpdHl closed 

3 STATE 
ORIVER 

SW2 
closed 
open 
closed 
closed 
olosed 
closed 

·Spl lor tpdLZ and tpdHZ 

! 12K 

SWI 

, 
':1_ -15pf ~ J. SW2 

vtN~ I tpdHl L'== 
:::J 'iPdLtfl 

VoUT~ 

d. Three·State Output 

Figure 5. Test Circuits 
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BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 

FEATURES 
• Customer programmable LSI 
• 1560 ISL (NAND) gates 
• Two-layer metal interconnection 
• 60 Schottky buffers 
• 64 1/0 buffers 
• LS TTL compatible 
• Standard PNP inputs 
• 8-, or 24-milliamperes output current sink 
• -55°C to +125°C ambient temperature 
• 4-nanosecond gate speed (typical) 
• Speed-power product - 0.7 picojoules 
• 68 pin package 

PRODUCT DESCRIPTION 
The 8A1664 Gate Array (Figure 1) is an uncommitted array 
of ISL gates (Figure 2), Schottky Buffers (Figure 3), and the 
LSTTL compatible I/O cells. Thus, up to 1600 gates can be 
custom interconnected to provide the advantages of both 
Large Scale Integration (LSI) and proprietary design. The 
8A1664 array is based on a technological subset of LSI 
called ISL (Integrated Schottky Logic). ISL combines the 

64110 BUFFERS 

60 SCHOTTKY BUFFERS 

8A1664 

features of Schottky and the density of 12L Bipolar 
technologies. 

Designing with the 8A 1664 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and custom 
coding of metal interconnections among preprocessed logic 
gates on the array. The design techniques and the implemen
tation processes are analogous to the design of a Printed 
Circuit Board. 

Logic functions are defined by the user and are implemented 
by interconnecting 1560 ISL NAND gates, using two layers 
of metal routing. Sixty Schottky buffers are provided to drive 
multi-load internal clock or enable signals. For external 
interface, up to 64 LS TTL I/O buffers can be specified. Each 
8-milliampere I/O site can be configured as 1-of-6 input! 
internal buffers or as 1-of-8 output buffers; each 
24-milliampere I/O site can also be configured as 1-of-6 
input/internal buffers but the output buffer configuration can 
be 1-of-12. For a transceiver, either I/O site can be connected 
in combinations of one input and one output buffer. 

ORDERING INFORMATION 
Contact Local Sales Representative 

v = 0 524V 

RESISTOR C>-'lN\r-+*,:~=+--~I<I-O())OUTPUTS 
INPUT 

DIRECT 
INPUT 

Note. Any four of the five outputs 
can be used but not all five 
at the same time 

Figure 2. ISL Gate - Schematic Diagram 

RESISTOR 
INPUT 

DIRECT 

~VBB OUTPUT 

INPUT -=-

Figure 1. Internal Configuration of SA 1664 Figure 3. Schottky Buffer - Schematic Diagram 
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BIPOLAR LSI PRODUCTS 

ISL GATE ARRAY 

FEATURES 
• Customer programmable LSI 

• 1740 ISL (NAND) gates 

• Two-layer metal interconnection 

• 60 Schottky buffers 

• 72 1/0 buffers 

• LS TTL compatible 

• Standard PNP inputs 
• 8-, or 24-milliamperes output current sink 

• -55°C to +125°C ambient temperature 

• 4-nanosecond gate speed (typical) 

• Speed-power product - 0.7 picojoules 

• 40-, 44-, 50- or 68-pin packages 

PRODUCT DESCRIPTION 
The 8A1864 Gate Array (Figure 1) is an uncommitted array 
of ISL gates (Figure 2). Schottky buffers (Figure 3) and LSTTL
compatible 110 cells. Thus, up to 1740 gates and 60 buffers 
can be interconnected to provide the advantages of both 
Large Scale Integration (LSI) and proprietary design. The 
8A1864 array is based on a technological subset of LSI 
called ISL (integrated Schottky Logic). ISL combines the 

60 SCHOTTKY BUFFERS 

Figure 1. Internal Configuration of 8A 1864 

8A1864 

features of Schottky and the density of 12L Bipolar 
technologies. 

Designing with the 8A 1864 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and coding 
of metal interconnections between preprocessed logic gates 
on the array. The design techniques and the implementation 
processes are analogous to the design of a Printed Circuit 
Board. 

Logic functions are defined by the user and are implemented 
by interconnecting up to 1740 ISL NAND gates, and up to 
60 buffers, using two layers of metal routing. Sixty Schottky 
buffers are provided to drive multi-load internal clock or 
enable signals. For external interface, up to 64 LS TTL 110 
buffers can be specified. Each 8-milliampere 110 site can be 
configured as 1-of-6 inputlinternal buffers or as 1-of-8 out
put buffers; each 24-milliampere 110 site can also be con
figured as 1-of-6 input/internal buffers but the output buffer 
configuration can be 1-of-12. For a transceiver, either 110 site 
can be connected in combinations of one input and one out
put buffer. 

ORDERING INFORMATION 
Contact Local Sales Representative 

v = 0.524 V 

RESISTOR O-'N'~-E-:~-+--+--f<l-O)OUTPUTS 
INPUT 

DIRECT 
INPUT 

Note: Any four of the five outputs 
can be used but not all five 
at the same time 

Figure 2. ISL Gate - Schematic Diagram 

RESISTOR 
INPUT 

DIRECT 

~VBB OUTPUT 

INPUT -=-

Figure 3. Schottky Buffer - Schematic Diagram 
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ISL GATE ARRAY 

FEATURES 
• Customer programmable LSI 
• 2016 ISL (NAND) gates 
• 72 Schottky buffers 
• 76 I/O buffers 
• LS TTL compatible 
• Standard PNP inputs 
• 8 rnA and 24 rnA output current sink 
• -55°C to +125°C ambient temperature 
• 4 ns gate speed (typical) 
• Speed power product -0.7 plcojoules 
• 28, 40, 68, or 84 pin package 

PRODUCT DESCRIPTION 
The 8A2176 Gate Array (Figure 1) is an uncommitted array 
of ISL gates (Figure 2), Schottky buffers (Figure 3) and LSTTL· 
compatible I/O cells. Thus, up to 2016 gates can be custom 
interconnected to provide the advantages of both Large Scale 
Integration (LSI) and proprietary design. The 8A2176 76 ar· 
ray is based on a technological subset of LSI called ISL (In· 

2018 ISL (NAND) GATES 

201elSL (NAND) GATES 

8A2176 

tegrated Schottky Logic). ISL combines the features of 
Schottky and the density of 12L Bipolar technologies. 

Designing with the 8A2176 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and custom 
coding of metal interconnections among preprocessed logic 
gates on the array. The design techniques and the implemen· 
tation processes are analogous to the design of a Printed 
Circuit Board. 

Logic functions are defined by the user and are implemented 
by interconnecting 2016 ISL NAND gates, using two layers 
of metal routing. Seventy-two Schottky buffers are provided 
to drive multi-load internal clock or enable signals. For ex· 
ternal interface, up to 76 LSTTL I/O buffers can be specified. 

Each 8·milliampere I/O site can be configured as 1-of·6 
inputlinternal buffers or as 1·of·8 output buffers; each 
24-milliampere I/O site can also be configured as 1-01·6 
inputlinternal buffers but the output buffer conliguration can 
be 1·01·12. For a transceiver, either I/O site can be connected 
in combinations of one input and one output buffer. 

ORDERING INFORMATION 
Contact Local Sales Representative 

RESISTOR o---""" ...... +~~'t----'iHI<I-°IOUTPUTS 
INPUT 

DIRECT 
INPUT 

Note: Any four of the flv. outputl 
can be uled but not all five 
at the sarna tlma 

Figure 2. ISL Gate - Schematic Diagram 

Vaa 

RESISTOR~OUTPUT 
INPUT 

DIRECT 
INPUT '::' 

Figura 1. Internal Configuration of 8A1276 Figure 3. Schottky Buffer - Schematic Diagram 
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8A1200 EVALUATION CIRCUIT 

FEATURES 

REPRESENTATIVE LOGIC FUNCTIONS: 

• 8 to 1 Multiplexer (Figure 3)-similar to 74152. 
• 4·Bit Adder (Figure 4)-similar to 7483. 
• 4·Bit Universal Shift Register (Figure 5)-similar to 74194. 

SPECIAL TEST CIRCUITS. 

• D·flip flop wired as a toggle flip flop 
• Demonstration of fanout effects on ISL gates 
• Test of fanin and pattern sensitivity effects on ISL gates 
• Ring oscillators which show the basic gate delays of ISL gates 

and Schottky buffers under various layout and logical 
conditions 

8A1200/CG1001 EVALUATION CIRCUIT 

CG1001 

PRODUCT DESCRIPTION 

The BA1200/CG1001 Evaluation Circuit is a committed array of 
ISL gates, Schottky buffers, and LSTTL 1/0 cells, providing the 
user with several logic functions that can be easily and econ· 
omically implemented by the use of semi·custom LSI. Basically, 
the CG1001 provides a demonstration vehicle for characterizing 
design functions of the BA1200 ISL Gate Array; the demonstra· 
tion part contains logic functions that are representative of, and 
can be compared with, those of standard 7400·series parts. 

Also, the CG1001 contains several test configurations that can be 
used in evaluating circuit performance under various logical, 
topological, and environmental conditions. A block diagram of 
the Gate Array Evaluation Circuit is shown in Figure 2 and logic 
representations of each discrete function are shown in Figures 3 
through 6. 

ORDERING INFORMATION 
Contact Local Sales Representative 
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8A1200 EVALUATION CIRCUIT CG1001 

VBB 

C'N/SB TEST 

A0/WA TEST 

B0/FO TEST 

Al/OSC NC4 

81/0SC NC5 

A2/0SC S81 

'1/Ql 82/0SC NC3 

A3/0SC FC3 

'3/°3 B3/0SC S82 

OSL/OSC NC2 

151Y1 OSR/OSC NCI 

16/Y2 SCl/OSC FCI 

'7 /Y 3 SC0/Drv In/Discharge 

COUT CP/OIV Out 

03 MR/OSC FC2 

02 Test> Input 

01 OSC Enable 

00 Test Outputs Enable 

GNO VCC 

Figure 1. Package Configuration and Pin Designators of 
8A1200/CG1001 Evaluation Circuit 

Table 1. PIN DESCRIPTIONS OF EVALUATION CIRCUIT 

Pin No. Description I/O Cell Function 

1 GND -- Ground 

2,3,4 S2' Sl' S0 INB Multiplexer-select and test-select Input 

5 110 control EO CD Three-state control for PinS 7 through 15; H -=;; output/L == Input or 
th ree-state 

6 Y M OC Open-collector multiplexer output 

7,8,9,10 °0,°1, Q2' 03 If Pin 5 = High TTS Three-state shift register output 

10,1 1,1 2, 13'f Pin 5 = Low Multiplexer mputs 

11,12,13,14 Y 0' Y l' Y 2' Y 3 If Pin 5 = High TTS Three-state adder sum 

14,15 ,1 6,1 7 If Pin 5 = Low Multiplexer Inputs 

15 COUT TS Three-state carry out from adder 

16,17,18,19 D3, D2, D l , D0 INB Parallel data inputs for sh 1ft register 

20 GND -- Ground 

21 VCC -- +5V supply 

22 Test output enable 10D Three·state control for PinS 25, 28, and 30 through 38, H ~ output/ 
L == Input 

23 Osc enable INB Ring oscillator enable Input 

24 Test Input INB I nput for fan-out, Wired-AND, and Schottky buffer tests 

25 MR .f Pin 22 = Low TTS ActIve-low Input to reset shift regIster 

Osc FC2 If pin 22 ~ High Far-collector ring oscIllator #2 (output) 

26 CP if pm 22 ~ Low TTS Input clock for shift regIster 

D,v Out If pin 22 ~ High Toggle flip-flop output 

27 SCdDlv In/Discharge INB Input for multiplexer, flip-flop, and wIred-AND 

28 SCl If Pin 22 ~ Low TEOC Input for multIplexer select control W/SC0 

Osc FCl If Pin 22 IS High Far-collector ring oscillator #1 (output) 

29 DSR if Pin 22 = Low TOC Shift right serial Input 

Osc NCl If Pin 22 = HIgh Near-collector ring OSCillator #1 (output) 
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8A1200 EVALUATION CIRCUIT CG1001 

Table 1. PIN DESCRIPTIONS OF EVALUATION CIRCUIT (Cont'd) 

Pin No. Description 1/0 Cell Function 

30 DSL If pm 22 = Low TT5 Shift left serial Input 

Ose NC2 If pm 22 = High Near-collector ring oscillator #2 (output) 

31 63 If pin 22 = Low TT5 Adder Input 

Osc S62 If pm 22 = High Schottky buffer ring oscillator #2 (output) 

32 A3 If pm 22 = Low TTS Adder Input 

Osc FC3 If pm 22 = High Far-collector ring oscillator #2 (output) 

33 62 If pm 22 = Low TT5 Adder Input 

Osc NC3 If pin 22 = High Near-collector ring oscillator #3 (output) 

34 A2 If pm 22 = Low TTS Adder Input 

Osc 561 If pm 22 = High Schottky buffer flng oscillator #2 (output) 

35 6 1 if pm 22 = Low TTS Adder Input 

Osc NC5 If pm 22 = High Near-collector ring oscillator #5 (output) 

36 A1 If pm 22 = Low TTS Adder Input 

Ose NC4 If pm 22 = High Near-collector ring oscillator #4 (output) 

37 60 If pm 22 = Low TTS Adder Input 

F 0 test If pm 22 = High Fan-out test output 

38 A0 If pm 22 = Low TTS Adder Input 

WA test If pm 22 = High Wired-AND test output 

39 CIN If pm 22 = Low TTS Adder carry Input 

S6 test If pm 22 = High Schottky buffer test output 

40 V66 -- 1.5V bias for ISL cells 

FUNCTION TABLES 

8-TO-1 MU L TIPLEXER 
PIN 5 =L (INPUT) 
PIN 22 = L (TEST OUTPUTS OFF) 
PIN 23 = L (OSC OFF) 

Legend 
FUNCTlON~ S2 S1 S0 10 11 12 13 14 15 16 17 YM H= High voltage level 

PIN NO. ~ 2 3 4 7 8 9 10 11 12 13 14 6 h = High voltage level one setup time pnor to the 

L L L L X X X X X X X L 
Low~to-H,gh clock transitIOn 

L= Low voltage level 
L L L H X X X X X X X H 

Q= Low voltage level one setup time prior to the 

L L H X L X X X X X X L Low-to~High clock tranSItion 

L L H X H X X X X X X H dn(qn) = Lower case letters indicate the state of the 

referenced Input (or output) one setup 
L H L X X L X X X X X L time prior to the Low~to~High clock 

L H L X X H X X X X X H 
tranSitIOn 

t= Low-to-High clock transition 
9 

L H H X X X L X X X X L 
x= Don't care 

L H H X X X H X X X X H 
STATES -- H L L X X X X L X X X L 

H L L X X X X H X X X H 

H L H X X X X X L X X L 

H L H X X X X X H X X H 

H H L X X X X X X L X L 

H H L X X X X X X H X H 

H H H X X X X X X X L L 

H H H X X X X X X X H H 
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8A1200 EVALUATION CIRCUIT 

FUNCTION TABLES (cont'd) 

4-BIT SHIFT REGISTER 

FUNCTION --- CP MR S00 

PIN NO. --- 26 25 27 

LOAD --- X L X 

HOLD --- X H Q 

-C 
t H £ 

SHIFT LEFT 
t H £ 

SHIFT RIGHT-C 
t H h 

t H h 

LOAD --- t H h 

PIN 5 = H (OUTPUT) 
PIN 22 = L (TEST OUTPUTS OFF) 
PIN 23 = L (OSC OFF) 

SC 1 DSR DSL 0 0 0 1 O2 0 3 

28 29 30 19 18 17 16 

X X X X X X X 

Q X X X X X X 

h X Q X X X X 

h X h X X X X 

£ Q X X X X X 

£ h X X X X X 

h X X d0 d 1 d 2 d3 

Q0 Q 1 Q2 

7 8 9 

L L L 

q0 q1 q2 

q1 q2 q3 

q1 q2 q2 

L q0 q1 

H q0 q1 

d0 d 1 d2 

PIN 5 = H (OUTPUT) 
4-BIT ADDER (TYPICAL FUNCTION) PIN 22 = L (TEST OUTPUTS OFF) 

PIN 23 = L (OSC OFF) 

Q3 

10 

L 

q3 

L 

H 

q2 

q2 

d3 

FUNCTION-' B3 A3 B2 A2 B1 A1 B0 All CIN Y 3 Y 2 Y 1 Y II COUT 

PIN NO. ~ 31 32 33 34 35 36 37 38 39 14 13 12 11 15 

STATEs-E 

H H L L L H H L L L L H H H 

H L L H H L H L H L L L L H 

L H H L H L L L H H H H H L 

DC ELECTRICAL CHARACTERISTICS 

LIMITS (COMMERCIAL) 

PARAMETER DESCRIPTION TEST CONDITIONS MIN TYP MAX 

ICC Supply current at Vee PinS 5 and 22 = L 56 87 
(OUTPUT ENABLES) 

IBB Supply current at V SB 62 85 

CG1001 

LIMITS (MILITARY) 

MIN TYP MAX UNITS 

59 93 mA 

62 93 mA 

NOTE. All other DC CHARACTERISTICS are specific to the 110 cells and can be found In the Data Sheet pertaining to the 8A1200 ISL Gate. 
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AC ELECTRICAL CHARACTERISTICS 

REFERENCES LIMITS ICOMMERCIALI LIMITS (MILITARY 

PARAMETERS (Note 11 FROM TO TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Propagation delay of 

8-to-l Multiplexer 

tpdHL PINS 7-14 PIN 6 See test setup 40 I1S 

tpdLH PINS 7-14 PIN 6 below 55 ns 

TEST SETUP FOR 8·TO·1 MULTIPLEXER 
piN 5'" L (INPUT) 
PIIII 22 = l. miST OUTPUTS 01'1"1 
PIN 23" L lose 01'1'1 

FUNCTION - S2 S1 S, I, 11 12 13 14 15 16 17 Y M 

PIN NO. - 2 3 4 7 8 9 10 11 12 13 14 6 

L L L In L L L L L L L Out 

L L H L In L L L L L L Out 

L H L L L In L L L L L Out 

L H H L L L In L L L L Out 
STATES - H L L L L L L In L L L Out 

H L H L L L L L In L L Out 

H H L L L L L L L In L Out 

H H H L L L L L L L In Out 

REFERENCES LIMITS (COMMERCIAL I LIMITS (MILITARY I 

PARAMETERS (Note 11 FROM TO TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Propagation delay of 

4-Bit Adder 

tpdHL PIN 39 PIN 15 41 ns 

tpdLH See test setup 40 ns 

tpdHL PIN 39 PIN 11 below 42 ns 

tpdLH 35 ns 

tpdHL PIN 32 PIN 15 40 ns 

tpdLH 35 ns 

TEST SETUP FOR 4.BIT ADDER 
PI'" B ~ H (OUn>UTt 
·PIN 22- L lTt;:sT OUTPUTS OFf) 
piN 23" L lOSCOFF) 

FUNCTION- B3 A3 B2 A2 B1 A1 B. A. CIN Y3 Y 2 Y1 Y, COUT 

PIN NO. - 31 32 33 34 35 36 37 38 39 14 13 12 11 15 

STATES -E L H L H L H L H In X X X X Out 

L L L L L L L L In X X X Out X 

H In L H L H L H L X X X X Out 
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AC ELECTRICAL CHARACTERISTICS (cont'd) 

REFERENCES LIMITS (COMMERCIAL) LIMITS (MILITARY) 

PARAMETERS (Note 1) FROM TO TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Propagation delay of 
Fan-ln/Fan-Out tests 

tpdHL PIN 24 PIN 37 See test setup 37 115 

tpdLH "r" below 36 115 

tpdHL See test setups 38 115 

tpdLH "s" and "t" below 35 n5 

tpdHL See test setups 37 115 

tpdLH "v" and "w' below 33 115 

tpdHL PIN 24 PIN 38 See test setup 744 115 

tpdLH "p" below 737 115 

tpdHL See test setup 39 n5 

tpdLH "r" below 40 115 

tpdHL See test setups 40 115 

tpdLH 
"s" "t", and "u' 

40 n5 
below 

tpdHL See test setups 51 115 

tpdLH 
"v", "w", and "x" 

40 n5 
below 

tpdHL PIN 24 PIN 39 See test setup 35 n5 

tpdLH "r" below 35 115 

tpdHL See test setup 34 115 

tpdLH "s" below 36 n5 

tpdHL See test setup 28 n5 

tpdLH "v" below 38 115 

TEST SETUPS FOR FAN.IN/FAN..QUT TESTS 
PIN 5 " l (INPUT! 
PIN 22 ~ H jTEST OUTPUTS ON} 

(Se~ DELAY COMPARISONS) I'IN 23= L JOSCOFF) 

SELECTOR DISCHARGE TEST FAN-OUT Wired-AND SCHOTTKY 
TEST (NOTE 2) LOAD INPUT TEST TEST BUFFER TEST 

SETUP S1 S0 

PIN 3 PIN 4 PIN 27 PIN 2 PIN 24 PIN 37 PIN 38 PIN 39 

p L L L L In ~ Out ~ 

r L H L L In Out Out Out 

5 H L L L 111 Out Out Out 

t H L \......F H In Out Out ~ 

u H L \......F L In ~ Out ~ 

v H H L L In Out Out Out 

w I H H \......F H In Out Out ~ 

x H H \......F L In ~ Out ~ 
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AC ELECTRICAL CHARACTERISTICS (cont'd) 

REFERENCES LIMITS (COMMERCIAL) LIMITS (MILITARY) 

PARAMETERS (Note 1) FROM TO TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Propagation delay of 

4-81t Shift Register See test setup 

tpdHL PIN 26 PINS 7,8 below 34 ns 

tpdLH 34 ns 

tpdHL PIN 26 PIN 9 37 ns 

tpdLH 34 ns 

tpdHL PIN 26 PIN 10 33 ns 

tpdLH 33 ns 

tpdHL PIN 25 PINS 7-10 33 ns 

TEST SETUP FOR 4·BIT SHIFT REGISTER 
PIN 5" H {OUTpUTI 
PIN 22 ~ L (TEST OUTPUTS OFF! 
PIN 23'" L (ose QFF) 

FUNCTION 
(NOTES 3, 4, & 5) - CP MR SCe SC 1 DST DSL 0 0 0 1 O2 0 3 °0 °1 °2 °3 

PIN NO. - 26 25 27 28 29 30 19 18 17 16 7 8 9 10 

l 
In(t) H H H X X DIN X X X Out X X X 

In(t) H H H X X X X DIN X X X Out X 
STATES 

t - In(t) H H H X X X X X DIN X X X Out 

X In X X X X X X X X Out Out Out Out 

9 
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AC ELECTRICAL CHARACTERISTICS (cont'd) 

REFERENCES LIMITS (COMMERCIAL) LIMITS (MILITARY) 

PARAMETERS (Note 11 FROM TO TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Propagation delay for 

Divider. 

tpdHL PIN 27 PIN 26 See test setup 44 ns 

tpdlH below 39 ns 

Period of R ,n9 Oscillator. 

tosc - PIN 25 108 ns 

tose - PIN 28 109 ns 

tose - PIN 29 107 ns 

tose - PIN 30 106 ns 

tose - PIN 31 See test setup 
101 ns below 

tase -- PIN 32 107 ns 

tose - PIN 33 86 ns 

tose - PIN 34 91 ns 

tose - PIN 35 147 ns 

tose - PIN 36 82 ns 

TEST SETUP FOR DIVIDER/RING OSCILLATORS 
PIN 5 .. I. (INPUT) 
PIN 22 - H !TIiST OUTPuTS ON) 

PIN 23" L joSe OFF) PIN 23 - H {ose ON) 

DIV IN DIV OUT osc FC21 OSC FC1 I OSC NC1 I OSC NC21 OSC SB2 OSC FC31 osc NC31 OSC SB1 I osc NC51 OSC NC4 
PIN 27 PIN 26 PIN 25 PIN 28 PIN 29 PIN 30 PIN 31 PIN 32 PIN 33 PIN 34 PIN 35 PIN 36 

Oscillator Calculations. 
The ten 11-9ate nngs OSCillate With a penod (tosc) equal to 22 gate delays. tosc tpdL H + tpdH L 

t =-= 
In(t) Out Average gate delay (tavg = half pair delay) can be calculated as follows' avg 22 2 

DELAY COMPARISONS 
Notes. 

1. Measure tpdLH and tpdHL from "I~"' to "Out" for each path. Wired·AND Test (Pin 38) 
2. Discharge input (pin 27) must meet both MIN and MAX times for 

setup and hold- see WAVEFORM 1. 

3. 'For 00 and 01 outputs (pms 7 and 8), propagation delay IS 

representative of the delay through an Input buffer, a three-state 
output buffer With a fan-in of 1, and a standard ISL "0"' flip-flop. 

4. For the 02 output (pm 9), the propagation delay will differ from 

that of 00and 01 by the {, time delay caused by the additional 
fan-in of 4 on the three-state output buffer. 

5. For the 03 output (pm 10), the propagation delay will differ 

from that of 00 and 01 by the {, time delay caused by the 
additional fan-in of 2 on the three-state output buffer. 

WAVE FORM 1: Discharge I nput Timing 
IN 

I 

OUT------~~--~I 

tpdHL'::J\ 

COMPARISON 
(Not. 1) 

(r) - (s) 

(r) - (u) 

(s) - (v) 

(u) - (x) 

(r) - (v) 

(r) - (x) 

(t) - (ul 

(w) - (x) 

(s) - (ul 

(vi - (x) 

(p) 
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DESCRIPTION 

Effect of {, fan-In of 4 on ISL gate delay, load 
capacitors precharged 

Effect of {, fan-In of 4 on ISL gate delay, load 
capacitors discharged 

Effect of {, fan-In of 5 on ISL gate delay, load 
capacitors precharged 

Effect of {, fan·in of 5 on ISL gate delay, load 
capacitors discharged 

Effect of {, fan-m of 9 on ISL gate delay, load 
capacitors precharged 

Effect of {, fan-m of 9 on ISL gate delay, load 
capacitors discharged 

Effect of dummy loads, fan-in = 5 

Effect of dummy loads, fan-In = 10 

Effect of worst case pattern sensitivity, 
fan-In == 5 

Effect of worst case pattern sensitivity, 
fan-In = 10 

Delay of 142 IS L gates + input buffer + T .S. 
output buffer 
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DELAY COMPARISONS (cont'd) 

Fan-OUt Test (Pin 37) 

COMPARISONS DESCRIPTION (Note 2) (Note 1) 

Ir) - Is) Effect of /', fan-out of 1 active load on ISL 
gate delay 

Is) - Iv) Effect of /', fan-out of 2 active loads on ISL 
gate delay 

Ir) - Iv) Effect of /', far.-out of 3 active loads on ISL 
gate delay 

Is) - It) Effect of active to passive loading, fan-out = 2 

Iv) - Iw) Effect of active to passive loading, fan-out = 4 

Schottky Buffer Test (Pin 39) 

COMPARISONS 
DESCRIPTION (Note 1) 

Ir) - Is) Effect of resistor input to ISL gate 

Is) - Iv) Effect of /', fan-out of 9 on Schottky buffer 
delay 

Notes: 

1. Letters in parentheses refer to the TEST SETUPS FOR FAN.INI 
FAN-OUT TESTS; actual numerical values are listed in the 
appropriate AC CHARACTERISTICS table. 

2. "Active Load" means both AC and DC loading; "passive load" 
refers only to AC loading. 

FUNCTIONS OF RING OSCILLATORS (Note) 

DESIGJPIN NO. DESCRIPTION 

NC1/PIN 29 Near collector ring oscillator 

FC1/PIN 28 Far collector ring oscillator 

FC2/PIN 25 Far collector ring oscillator with near collectors 
present, but unconnected 

FC3/PIN 32 Far collector ring oscillator with near collectors 
tied together and brought out to an internal 
probe pad 

NC2/PIN 30 Near collector ring oscillator with far collectors 
all tied together and brought out to an internal 
probe pad 

NC3/PIN 33 Near collector ring oscillator with far collectors 
each individually loaded with an ISL gate 

NC4/PIN 36 Near collector ring oscillator with far collectors 
each individually pulled up to V bb with 
separate resistors 

NC5/PIN 35 Near collector ring oscillator loaded with metal 
capacitors 

SB1/PIN 34 Schottky buffer ring oscillator using direct 
input gates 

SB2/PIN 31 Schottky buffer ring oscillator using resistor 
input gates 

NOTE: 
Oscillator enable Ipin 23) enables ring oscillators when high; 
when low, the oscillator is stopped to reduce power supply 
noise for other noise sensitive tests. 

CG1001 

RING OSCILLATOR COMPARISONS 

DESIGNATORS DESCRIPTION 

NC1·FC1 Comparison of near-collector to far-collector 
gate delays. The delta delay is typically less 
than 0.2 ns and is ignored. 

FC1·FC2 Effect that floating collector has upon stored 
charge. This collector can act as a third para-
sitic PNP which can decrease gate delay. The 
delta delay is typically less than 0.3 nS and is 
ignored. 

FC1·FC3 Effect of charge sharing between several gates. 
Common collector acts as a capacitive current 
source which can decrease gate delays. The 
delta delay is typically less than 0.2 nS and is 
ignored. 

NC2·FC3 Comparison of effect of capacitive current 
source charging point. The delta delay between 
near collectors tied together and far collectors 
tied together is typically less than 0.3 nS and is 
ignored. 

NC1·NC3 Effect of farout on average gate delay. The 
delta delay between loaded and unloaded gates 
is typically less than 1.0 nS. Since the speed up 
of a loaded gate is a function of the state of 
logic on the output of the gate, this speedup is 
normally ignored. 

NC3·NC4 Effect of pullup on average gate delay. The 
delta delay between a gate which has a second 
collector connected to a gate mput and one 
connected to a resistor to VSS is typically 
O.OnS. 

NC5·NC1 Effect of metal interconnect capacitors on 
average gate delay. The delta delay between a 
gate driving minimum length metal lines and 
one driving lines 123 grids long is typically 
2.8 nS (.23 nS/grid). This delta must be 
accounted for in logic design Imax spec = .035 
nS/grid). 

SB1·SB2 Effect of resistor inputs on average gate delay. 
The delta delay between gates with and without 
resistor inputs is typically less than 0.6 nS. This 
delay IS due to the current lim iting effect on 
gate delay. This delay is reflected in gate delay 
specs. 

NCl Osc period"," 22 = average ISL gate delay 
IF.O. = 1, F.I. = 11. This gate will typically be 
4.5 nS. 

SBl Osc period"," 22 = average Schottky buffer gate 
delay IF .0. = 1, F.I. = 11. This gate delay will 
typically be 4.0 nS. 
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I 
RING OSC 

(Fig 6c) 

rn---.- GND 

0-1/0 CONTROL 

G--VCC 

~_ TEST OUTPUTS 
~ENABLE 

S-VBB 

°2 

01 

00 

IIim 

B3 

B2 

A2 

B1 

L 

c:c 
ill 
f-
'!? 

"'-w"' 
0: • 
f- S 
CL~ 
-CL 
:1:-
</l 

f-
a;; 

00 

01 

02 

03 

Y0 

Y1 

o: 
w_ 

Y2 0<> 
o· 
<{ S 
!:::~ Y3 "'-

COUT 

A0 CIN 

38 39 

24 ~------------------------------------------~--~ 

L TEST LOGIC (Fig 6) 

DraWing Legend 

Figure 2 - Block Diagram 
Figure 3 - 8-to-l Multiplexer 
Figure 4 - 4-81t Adder 
Figure 5 - 4-81t Shift Register 
Figure 6 (Test LogiC) 

6a Test and DIvider Test 
6b Fan-Out and Wired-AND Tests 
6e Ring Oscillators 

ISL 
Wired-AND 

TEST 
(Fig 6b) 

10 

11 

12 

13 

14 

15 

16 

17 

S2 

0: 
w 
X 
w 
...J_ 
"-<') 

i= e 
...J 0 
:O~ 
:;;~ 

6 
C-

S1 

Figure 2. SA 1200/CGl 001 Evaluation Circuit-Block Diagram 

9·68 Signefics 

CG1001 

YM 

S0 



BIPOLAR LSI PRODUCTS 

8A1200 EVALUATION CIRCUIT 

°0 
(Fig 5) 

0, 

(Fig 5) 

°2 
(Fig 5) 

03 
(Fig 5) 

Y0 

(Fig 4) 

Y, 

(Fig 4) 

Y2 

(Fig 4) 

Y3 

(Fig 4) 

2510 

2509 

2508 

2507 

2408 

2409 

2410 

2411 

Figure 3. 8-to-l Multiplexer 
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Si 
(Fig Sa,6b) 

LOAD 
(Fig 6b) 
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CD 
.:... 
0 

so. 
CO 
::l m. o· 
(II 

TS ENABLE 1 
{fig 5) 

"'- ...... 1942 

fAR COLLECTOR 
RING 3 (Fig 6e) 

j II SCHOTTKY BUFFER 
RING 1 (fig 6e) 

~ NEAR COLLECTOR 
RING 3 (fig 6e) L$21~11 III II I I 

" 
"- , , , , . , , 

Figure 4. 4-Bit Adder 

F£H3'938}-1 

~:m 
1837 1835 TTS (Fig 3) ~Y3P1N14 

1937}::r------J 

Y2 PIN 13 
(Flg3J 

~ VU 
r,;,; 

12137 
---'" 

I r----- r-.. 
Yl PIN 12 

(Fig 3) 

~ I ~ 
2237 

Y@PIN 11 
(Fig 3) 

C» » 
~ 

~ 
0 
0 
m 
< » r-
c: » 
-t 

0 
Z 
0 
;:;0 

0 
c: 
::::j 

o 
G> 
~ 

o 
o 
~ 

OJ 
'0 
0 s;: 
;V 

r-
~ 

-U 
;V 

0 
0 
c 
0 
0 
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50 
PIN 4 >-~Nv'lr---I 
(Flg.3) 

S1 
PIN 3 >-~""''Ir---I 

(Flg.3) 

iN 
PIN 24 ,:>-.---.""''Ir---t 

(Fig.6b) 

DIVIDER 
INPUT 
PIN 27 
(Fig. 5) 

p-~S~.B~.~SE~T~U~p_r_-I2430P-___ -4-4 ___ -I-~ 

2424 

S.B SETUP s. t. u 
2530P-----4-------i-~ 

2524 

2624 

WAND3 

CG1001 

SCHOTTKY 
BUFFER 

LOAD 
TEST 
PIN 39 
(Flg.4) 

DIVIDER 
OUTPUT 

::>0-----+--3> PIN 26 

(Fig 51 

TS ENABLE 2>-__________________________________ -" 

(Flg.6b) 

Figure 6a. Test Logic (Test and Divider Test) 
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5, 
PIN 4 

PRECHARGE 
PIN 27 
(Fig 5) 

OUT 

Figure 6b. Test Logic (Fan-Out and Wired·AND Tests) 

Signetics 

1310 
1311 
1312 
1313 
1314 
1316 
1317 
1318 
1319 
1320 
1321 

1118 
1117 
1116 
1115 

1113 
1112 
1111 
1110 
1109 
1108 
1107 
1106 
1105 
1104 

1101 501 207 
1001 502 208 
1002 503 209 
1003 504 210 
1004 505 211 
1007 506 212 

907 '" 807 401 214 
806 402 215 
805 403 216 
804 404 217 
803 405 218 
802 406 118 
906 407 117 
905 408 116 
904 308 115 
903 307 114 
902 306 113 
901 305 112 
801 304 111 
701 303 110 
702 302 109 
703 301 108 
704 201 107 
705 202 106 
605 203 104 
604 204 103 
603 205 1406 

WA SETUPP 
138 GATES 

CG1001 

1506 
1505 
1405 
1404 
1504 
1503 
1403 
1402 
1502 
1606 
1605 
1604 
1603 
1602 
1601 
1701 
1702 
1703 
1704 
1705 
1706 

IN 

FANOUT 
TEST 

PIN 37 

PIN 38 
(Fig 4) 

TS ENABLE 2 
(Fig Sa) 
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TS ENABLE 2 
IFI 

NOTES. 
1. Near collector IS nearest to base 
2 Far collector IS farthest from base. 
3. Floating mdlcates contact present without metal interconnection. 

CG1001 

NEAR 
COLLECTOR 

RING 1 

PIN 29 
(F 19 5 ~ 

FAR 
COLLECTOR 

RING 1 

PIN 28 
(Fig 5) 

FAR 
COLLECTOR 

RING 2 

PIN 25 
(Fig 5) 

FAR 
COLLECTOR 

RING3 FAR COLLECTOR RING ase 
)r---,'",N'::A",R-"CO",L",L",'C::.T",OR"Sc:.T:.:IE::.O.::To",G",'.::TH:.:'",R,--1 ---l TTS'CX)--l--';> 

NEAR COLLECTOR RING ase 
),-~'F:::.A~R ::;CO~L"LE";C~TO",R~S.::TI"-'O~T-,,O-,,G,,-'T'.CH,-,-'!C!RI-ITTS 

PIN 32 
(Fig 4) 

NEAR 
COLLECTOR 

RING 2 

PIN 30 
(Fig 4) 

NEAR 
COLLECTOR 

RING 3 

PIN 33 
(Fig 4) 

NEAR 
COLLECTOR 

RING 4 

PIN 36 
(Fig 4) 

NEAR 
COLLECTOR 

RING 5 

PIN 35 
(Fig 41 

SCHOTTKY 
BUFFER 
RING 1 

PIN 34 
(Fig 4) 

SCHOTTKY 
BUFFER 
RING 2 

PIN 31 
(Fig 4) 

Figure 6c. Test Logic (Ring Oscillators) 
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MILITARY PRODUCT GUIDE 

MILITARY PRODUCTSI 
PROCESS LEVELS 

The Signetics MIL-M-38510 and MIL
STD-883 Programs are organized to provide 
a broad selection of processing options, 
structured around the most commonly re
quested customer flows. These programs 
are designed to provide our customers. 

• Fully compliant 8831M5004 flows on all 
products. 

• Standard processing flows to help 
minimize the need for custom specifica
tions. 

• Cost savings realized by using standard 
processing flows in lieu of custom flows. 

• Better delivery lead times by minimizing 
spec negotiation time, plus allow 
customers to buy products off-the-shelf 
or In various stages of production rather 
than waiting for devices started 
specifically to custom specifications. 

The following explains the different pro
cessing options available. Special device 
marking clearly distinguishes the type of 
screen Ing performed. Refer to Tables 2 
and 3. 

JAN QUALIFIED (JS and JB) 

JAN Qualified product is designed to give 
you the optimum in quality and reliability. 
The JAN processing level is offered as the 
result of the government's product standar
dization programs, and is monitored by the 
Defense Electronic Supply Center (DESC), 
through the use of industry-wide pro
cedures and specifications. 

JAN Qualified products are manufactured. 
processed and tested in a government certi
fied facility to Mil-M-38510. and appropriate 
device slash sheet specifications. Design 
documentation. lot sampling plans. electrical 
test data and qualification data for each 
specific part type has been approved by the 
Defense Electronic Supply Center (DESC) 
and products appear on the DESC Qualified 
Products List (QPL 38510) 

Quality conformance inspection testing, 
per MIL-STD-883, Method 5005. is perform
ed according to MiI-M-38510 as follows: 

• Group A; each sub lot. (Alternate Group A) 

• Group B; one sublot for each package 
type every week. (Alternate Group B) 

• Group C; one sublot for each microcircuit 
group every 13 weeks. 

JAN SIGNETICS MILITARY PACKAGE TYPES 
CASE OUTLINE CERAMIC 

AND 
LEAD FINISH 8·PIN 14·PIN 16'PIN 18·PIN 20·PIN 24·PIN 

PB FE - - - - -
CB - F - - - -
EB - - F - - -
JB - - - - - F 
DB - W - - - -
FB - - W - - -
RB - - - - F -
VB - - - F - -

All products listed are also available In Ole form. 

Table 1 MILITARY PACKAGE AVAILABILITY 

JS JB RB 

JAN Qualilled 883B 

54 X X X 
54LS X X X 
54S X X X 
82 - - X 
8T - - X 
93XX - X X 
96XX - - X 
Analog - X X 
Bipolar Memory - X X 
M IcroproceBBor - - X 

Table 2 MILITARY SUMMARY 

• Group D. one sublot for each package 
type every 26 weeks. 

NOTE: This category of part conforms to 
Quality Level B (11"0=1.0) of MIL·HDBK· 
2170. 

In addition to the common specs used 
throughout the industry for processing and 
testing, JAN Qualified products also 
possess a requirement for a standard 
marking used throughout the IC industry. 

By implementing this government standar· 
dization program. Signetics complies with 
the trend of reducing the numerous similar 
Source Control Drawings (SCD·s). This 
standardized trend results in a single com· 
plete and comprehensive specification, a 
single product flow. and a single ad· 
ministrative effort-for both the aerospace 
community and for Signetics. Because the 
list of Signetics' qualified products will 
change periodically, you may wish to con· 
tact your nearest Signetics' Sales Office or 
refer to the Products Qualified under 
Military Specification from DESC for our 
current update. 

JAN Class S products are quoted on a unit 
price basis only (similar to present Class B 
programs). There will be no lot charges for 
SEM inspection, electrical testing. or 
Group B or D quality conformance inspec· 
tion. All additional charges are amortized 
in the unit price. 

Signetics 

Package types currently qualified are: 
1) Cerdlp-ceramic dual-in-line 
2) Cerpac-ceramic flat pack 

Government Source Inspection (GSI) is a 
requirement of the JAN 38510 Class S 
specification. No alterations to this 
specification may be instituted Therefore. 
the only allowed customer source inspec
tion option is at pre·shlp (verification only). 

Additional program data options (such as 
wafer lot acceptance, attributes. Group B. 
D. and others) are available upon request 
for a nominal fee. 

MIL-STD-aa3, LEVEL B 

Processing to this option is ideal when no 
JAN slash sheets are released on devices 
required. Product is processed to MIL
STD-883 Method 5004, and is 100% elec· 
trically tested to Signetics data sheets. 

Quality conformance inspection per MIL· 
STD·883, Method 5005. Group A, is perform
ed on each sublot. Group A subgroup elec
trical parameters are those included in the 
detailed Signetics data book. Contact the 
factory for parametriC subgroup 
assignments. 

Generic quality conformance data per 
Method 5005, Groups B, C, and D. is 
generally available on popular device types 
and packages, but availability is not 
guaranteed. The factory must be consulted 

10-3 
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BIPOLAR LSI PRODUCTS 

MILITARY PRODUCT GUIDE 

prior to ordering generic data. When 
available, generic data is defined as 
follows: 

cuit group every 52 weeks of 
seal. 

• Group B: Performed once per package 
type every six weeks of seal. 

• Group 0: Performed once per package 
type every 52 weeks of seal. 

• Group C: Performed once per microcir· 
Quality conformance endpoint electrical 
parameters for Groups C and 0 are the 

DESCRIPTION OF 
REQUIREMENTS 
AND SCREENS 

MIL-M-38510 and MIL-STD-883 
REQUIREMENTS, METHODS AND 

TEST CONDITIONS 

General Mil·M·38510 The Manufacturer shall establish and imp Ie· 
1. Pre·Certification ment a Products Assurance Program Plan and 

A Product Assur- provide for a manufacturer survey by the quali· 
ance Program fying activity. 

B Manufacturer's 
Certification 

2. Certification 

3 Device 
Qualification 

4. Traceability 

Received after manufacturer has completed a 
successful DESC survey. 

Device qualification shall consist of subjecting 
the desired device to Groups A, B, C, and 0 of 
Method 5005. 

Traceability maintained back to wafer produc· 
tion lots. 

5. Country of Origin Devices must be manufactured, assembled, and 
tested within the U.S. or its territories. 

Screening Per 
Melhod 5004 of 
MII·Sld·883 

6. Non·Oestructive 
Bond Pull 

7. Internal Visual 
(Precap) 

8. Stabilization 
Bake 

9. Temperature 
Cycling 

10. Constant 
Acceleration 

2023 

2010, Condo A or B 

1008, Condo C Min 

1010, Condo C; 
(10 cycles,-65·C to + 150·C) 

2001 Condo E; Y1 (30 kg in Y1 Plane) 

11. Visual Inspection There is no test method for this screen; it is in· 
tended only for the removal of Catastrophic 
Failures defined as Missing Leads, Broken 
Packages or Lids Off. 

12. Seal (Hermeticity) 
A. Fine 
B. Gross 

13. Marking 

14. Particle Impart 
Noise Test 

15. Radiographic 

16. Interim 
Electricals 
(Pre Burn·ln) 

17. Burn·ln 

1014 Condo A or B; (5.0 x 10·8CC/Sec) 
1014 Condo C. 

Fungus inhibiting ink 

2020, Condo A 

2012; two views 

Per applicable device specification 

1015, Condo as specified 
(160 hrs. Min at 125·C Min) 

REQUIRE· 
MENT 

100% 

100% 

100% 

100% 

100% 

100% 

100% 
100% 

100% 

100% 

100% 

100% 

100% 

Group A subgroups 1, 2, and 3. 

Copies of generic data, Groups A, B, C, and 
D, may be ordered by customers at a 
nominal charge . 

NOTE: This category of part conforms of 
Quality Level B·2 (11" Q = 6.5) of MIL· 
HDBK-217D. 

JAN 
CLASS 

S 

x 

x 

x 

x 

x 

x 

A 

x 

x 

x 

x 

x 
x 

X 

x 

x 

x 

240 hrs. 

PROCESSING LEVELS 

JAN 
QUALIFIED 

(8) 

x 

x 

x 

x 

x 

N/A 

B 

x 

x 

x 

x 

x 
x 

x 

N/A 

N/A 

Optional 

x 

883 

N/A 

N/A 

N/A 

x 

N/A 

N/A 

B 

x 

x 

x 

x 

x 
x 

x 

N/A 

N/A 

Optional 

x 

Table 3. REQUIREMENTS AND SCREENING FLOWS FOR STANDARD PRODUCTS 
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MILITARY PRODUCT GUIDE 

PROCESSING LEVELS 

DESCRIPTION OF MIL-M-3B510 and MIL-STD·BB3 JAN JAN 
REQUIREMENTS REQUIREMENTS, METHODS AND REQUIRE· CLASS QUALIFIED BB3 
AND SCREENS TEST CONDITIONS MENT S (8) 

18 Final ElectTlcals Per applicable device specification 100% 100% Slash Sheet Data Sheet 
Read & 
Record 

a Static Tests Subgroup 1 x x x 
@2S'C 

b Static Tests Subgroup 2 x x x 
@ + 12S'C 

c Static Tests Subgroup 3 x x x 
@-55'C 

d Dynamic Test Subgroup 4 (for Linear Products only) x x x 
@25'C 

e Functional Subgroup 7 x x x 
Test 
@25'C 

f SWitching Subgroup 9 x x x 
Test 
@25'C 

g SWitching Subgroup 10, 11, (as applicable) x x x 
Test 
@ temperature 

19. Percent A PDA of 10% IS a requirement applied against 10% 5% x x 
Defective the static tests @25'C (A-1) This is controlled 
Allowable (PDA) by the slash sheets for JAN products. For RB, 

10% is standard. 

20 External Visual 2009 100% x x x 

Quality Conform-
ance Inspection ATTRIBUTE DATA ONLY 
per Method 5005 
of Mil-Std 883 

21 Group A Electrical Tests - Final Electricals (#18 above) Each sublot x x x 
repeated on a sample basis (Subgroups 1 
through 12 as specified) performed in line with 
final electricals. 

22 Group B Package functional and constructional related Each pkg Each sublot Each week Generic 
test (package dimensions; resistance to type of seal 
solvents; internal, visual, and mechanical bond 
strength; and solderability). 

23 Group C Die related tests (1,000 hour operating life, Each N/A Each 13 GeneTic 
temperature cycling, and constant acceleration. "cirCUit weeks 

group of seal 

24 Group D. Package related tests (physical dimenSions, Each pkg Each Each Generic 
lead fatigue, thermal shock, temperature cycle, type 26 weeks 26 weeks 
moisture resistance, mechanical shock, vibra- of seal of seal 
tion, variable frequency, constant acceleration, 
and salt atmosphere)_ 

Table 3_ REQUIREMENTS AND SCREENING FLOWS FOR STANDARD PRODUCTS (Continued) 
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BIPOLAR LSI PRODUCTS 

PACKAGE OUTLINES 

INTRODUCTION 
The following information applies to all packages unless other
wise specified on individual package outline drawings. 

General 
1. Dimensions shown are metric units (millimeters), except 

those in parentheses which are English units (inches). 
2. Lead spacing shall be measured within this zone. 

a. Shoulder and lead tip de mens ions are to centerline of 
leads. 

3. Tolerances non-cumulative. 
4. Thermal resistance values are determined by utilizing the 

linear temperature dependence of the forward voltage drop 
across the substrate diode in a digital device to monitor 
the junction temperature rise during known power applica
tion across Vcc and ground. The values are based upon 
120 mils square die In the smallest available cavity for 
hermetic packages. Allunits were solder mounted to P.C. 
boards, with standard stand-off, for measurement. 

PLASTIC ONLY 
5. Lead material: Allow 42 (Nickelltron Alloy) Olin 194 (Cop-

per Alloy) or equivalents, solder dipped. 
6. Body material: Plastic (Epoxy). 
7. Rounded hole in top corner denotes lead No.1. 
8. Body dimensions do not include molding flash. 
9. SO Packages-microminiature packages. 

STANDARD PRODUCTS: 

PACKAGES 
PIN COUNT PART NO. MILITARY COMMERCIAL 

14 9401 N 

20 8X353 & N 
8X355 

22 8X350 F N, F 

24 8X371 , I I, N 

8X372 I I, N 
8X376 I I, N 
8X382 I I, N 
8X41 N 
9403 N 

28 8X374, I N 
8X60, F N, F 
8X02A, I I 
& 3002 I, F I, F, N 

40 8X310, I I, N 
8X320, I I, N 
8X330, N 
8X360, I I, N 
& 3001 I I, N 

50 8X305 1 I, N 

HERMETIC ONLY 
10. Lead material 

a. ASTM alloy F-15 (KOVAR) or equivalent-gold plated, 
tin plated, or solder dipped. 

b. ASTM allow F-30 (Alloy 42) or equivalent-tin plated, 
gold plated or solder dipped. 

c. ASTM allow F-15 (KOVAR) or equivalent-gold plated. 
11. Body Material 

a. Eyelet, ASTM alloy F-15 or equivalent-gold or tin 
plated, glass body. 

b. Ceramic with glass seal at leads. 
c. BeO ceramic with glass seal at leads. 
d. Ceramic with ASTM alloy F-30 or equivalent. 

12. Lid Material 
a. Nickel or tin played nickel, wold seal. 
b. Ceramic, glass seal. 
c. ASTM alloy F-15 or equivalent, gold plated, alloy seal. 
d. BeO Ceramic with glass seal. 

13. Signetics symbol, angle cut, or lead tab denotes Lead No.1. 
14. Recommended minimum offset before lead bend. 
15. Maximum glass climb .010 inches. 
16. Maximum glass climb or lid skew is .010 inches. 
17. Typical four places. 
18. Dimension also applies to seating plane. 

SEMICUSTOM PRODUCTS 

PART NO. PIN CONFIG PACKAGE TYPE 

8A1200 22,24, & 28 F 
24,28, & 40 N 
40 I 

8A1260 50 I, N 
44, 68 G 

8A1542 40, 50 I, N 
44, 68 G 

8A1664 50 I, N 
68 G,Y 

8A1864 68 G, Y 

8A2176 68 G,Y 

Note For package detaIl on other semlcustom products, refer to Data Sheet 
or your nearest Slgnetlcs Sales/ServIce OffIce 

Legend' N = PlasM DIP 
I = CeramIc DIP 
F = CERDIP 
G= Leadless ChIp Carner 
Y = Leaded ChIp Carner 
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LEAO NO 1 .. !} 

F PACKAGE·CERAMIC 
(20·PIN) 

419 (1651 
318Tf251 

F·PACKAGE·HERMETIC 
(22·PIN) 

Signetics 



BIPOLAR LSI PRODUCTS 

PACKAGE OUTLINES 

F PACKAGE-CERAMIC 
(24-PIN) 

LEAD NO 1 [i] 

15 75( 620) 
MAX 

~TT""TrTT""TT"T!""T"r1"r"rT""TrTI....,-!--j I 3277(1 290) l' 40 ( 055) I---1575 ( 620) ---I 

~
313711235) ittJo51(02011ri499(59of 12541'100) 

-0 

~ III ~~~'008) =t 
178(07~) ~ I I \--1765(695)~ 
076(030) r J- r 15241600) 

ill ~ ~~: ~~~: 
0581023) 279(110) 2491098) 419(165) 
o 38 ( 015) 229 ( 090) 1 521060) 3 18 ( 125) 

CONSTRUCTION NOTES lOb, l1b, 12b 

F-PACKAGE-HERMETIC 
(28-PIN) 

I ::::::::::::]£~" .. F ==1i05i"T02cil 
3785 (1 490) 508 (200) 

3658Ti446i tl3 
" "5~~~_I_ 

~ ,.,,,, 
~-!-
020 (008) '93=UII~ rl EJ: I---~ I ...:.l~ f- I 1625 (6401-J 

(Note) 

058(023) 279(110) 254(100) 419(165) 
038 (015)""229TCi9Oi 1 52 (060) 3 05 ( 120) 

Signetics 11·5 
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11·6 

G PACKAGE·CHIP CARRIER 
(44·PIN) 

For current information 
contact local sales offices 

G PACKAGE·CHIP CARRIER 
(58· PIN) 

For current information 
contact local sales offices 

GC·PACKAGE·CHIP CARRIER 
(84·PIN) 

For current information 
contact local sales offices 

Signetics 
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PACKAGE OUTLINES 

I PACKAGE-HERMETIC 
(24-PIN) 

,LEAD NO.1 G] 

D IOI II 
~1-"3"'1"'0"'1"1''''.2'''2';'01''''''''''''''''''''''''''''''''''~1' 78 (.0701 [i] 1'5'74 I 6201 

r-29·9711180113.461.5301~1 IY6t 301 L~_I i4:'99T59oi 

0"3f~IMIN' ~t:~'2'951.5'01 (B~! -'1
1 
112:::.~:0:21 ~m 

IV V V M V V V V V V V V 0.201.0081 

~ I- ~~ 279 I. 11 oUr,;, I I L'6.36 1.6441_1 
0.761.0301 ~ 2.29 (.090Iid, - 1- 14.731.5801 

0.38 (.0151 
1.52 (.0601 3.051.1201 4.451.1751 
1. 14 I. 0451 2:'63i':OBoi 3:iBTiTsi 

I PACKAGE-HERMETIC 
(28-PIN) 

1 LEAD NO 1 

~D~~(JI 
~=-","=....,=...,="""..",.="",,~1'4 73f 5801 

1 
3632 (1 430) I' 78( 0701/t'5 74 (620)~ 
3505(1380) 076(030) 1498(590) 

L'34615301 ,I ~ 1.'34615301.1 
13TI MIN I' 129515101 -' -.L I~I .-L 

T_~ 0.31101~1+T 
16510651~~ U~d~~~~U U U U ~ rl ~ f-U 1603:~~:~ 
07610301 05310211 I' 147315801 "I 

152 (DBO) 038 (015) 279 (110) 305 (120) 445 (175) 
1141'0451 22910901 20310801 31811251 

NON 
CUMULATIVE 
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I PACKAGE-HERMETIC 
(40-PIN) 

[~~~~~~[::::]~~~~~~~ 
'm",." ~:::,::~ -------l no< om, :~ I::: ~I ;::m:Zi:1 JJ ~ "., ". ; I ",mo, ~.t-

TJ ~ ~ t f ; ~u u-+~(012) 
I ~~ ~ ~ 

-'------!- 16361.644) 0201008) l r- 14 731 580) ---i 
~ ~; i ~~~: - ~ ~! i ~:~: ~ ~~ : ~~: 4451175) 

~ ~~: ~~~: CUM~~~TIVE 318 (125) 

I PACKAGE-HERMETIC 
(50-PIN) 

DDDr~;!:~'"' 
I 2337 ( 920) 

-2261 ( 8901-1 
~;~~:~~~~: I I ~ I( ~f 1 
15751620)~~~ rn 
15241600)IIUn~U~nHHH uunr 0311012) T 

1 651 065) I jt' 521 060) 2791110).1' 020 I 008) I 
o 76 ( 030) - - 1 14 ( 045) 229T595i\ru- r-~~ ~~ : ::~:-

053 ( 021) , 78 ( 070) 3 05 ( 120) 

0381015) 0761030) 2031080) 

4451175) 
CONSTRUCTION NOTES lOb, l1b, 12b 318 (125) 
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PACKAGE OUTLINES 

N PACKAGE PLASTIC 
(14-PIN) 

318('25~ 

292 ( 115) I,;~; ~ ~~~;~ 173 (068) 

1 45 ( 057) 

~ 
(Note) 

<--.......... ..L\\ 

343113S)L J 
305 ( 120) 1003 (395) 

216(085\ 762(300) 

279 ( 110) 
2 29 ( 090) 

165 (065) 

N PACKAGE-PLASTIC 
(20-PIN) 
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N-PACKAGE-PLASTIC 
(22-PIN) 

LEAD NO 1 

01 
o ::~: ~!~: 

!-rrr-1rTTr1"TTTTTTTTrTTT1"""~ 
I V V V V 2807(1105)'1...1 V V V \089(035) 

,~rr~~:'" 3341t-~JII~t:..:J ~ ~ l-- UJ .--J I r----~22:71IO::~,--j-
306 ( 120) , 12 I 044) 1= j' I I 1016 (400) 

\ 279(110) 152 (060) 394 (155) 

~~!: ~~~: TI'9T69r5) '02 (040) 368 ( 145) 

N-PACKAGE-PLASTIC 
(24-PIN) 

Signetics 
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PACKAGE OUTLINES 

N-PACKAGE-PLASTIC 
(28-PIN) 

LEAD NO 1 

01 o 1410 (555) 

~n;~TTTOn;~TTTOrnnn~~~545) 
F 36 86 (1455)~~~~: ~~: 

3578 (1 440) ~ r,:'5 49 ( 610)~ 191 (075) 
1499 (590) '65 (065) 

~ 
3941155) -.L 
368 I 145) (Note) 

~ 
038(015) 

I II I 025 {0101 
'32 (0521 __ m~ ~ ~~ 1---'765 (6951------l 
, 12 I (44) ~~ I 135) I 1524 ( 600) I 

053 I 0211 279 I 110) 216 I 085) ~ 
038(015) 229(090) 16510651 

N-PACKAGE-PLASTIC 
(40-PIN) 

LEAD NO 1 

I 1

08910351 
5219 (2055) 038 ( 015) 191 ( 075) 

1------------- 5181 (2040) • ~93 ( 155) I-1549 (610)~ 165 (065) 

3 6~114511r 14 991590)---, I~ 

J ~~ --rT ~ T 
: ~~ 025(010) 

t-- -t 1--: 1 39 (055) 342 ( 135) I I 
~~::~~~: 279(110) 114(045) 304(120) 1765(695) 

229(090) 05(020) 1524(600) 

NON ~ 
CUMULATIVE 
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N PACKAGE-PLASTIC 
(50-PIN) 

For current Information 
contact local sales offices 

Y PACKAGE-CHIP CARRIER 
(68-PIN) 

For current Information 
contact local sales offices 

Signetics 
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BIPOLAR LSI PRODUCTS 

SALES OFFICES 

SIGNETICS NEW YORK IOWA WISCONSIN 
Liverpool Marion Waukesha 

Phone: (315) 451-5470 Rep Associates Corp Mlcro-Tex, Inc 
HEADQUARTERS Melville Phone: (319) 373-0152 Phone: (414) 542-5352 

Phone: (516) 752-0130 KANSAS 
DISTRIBUTORS 811 East Arques Avenue 

Wa~~ingers Falls Kansas City P.O. Box 3409 
one: (914) 297-4074 B. C Electronic Sales ALABAMA Sunnyvale, California 94088-3409 Phone: (913) 342-1211 Phone. (408) 739-7700 NORTH CAROLINA Huntsville 

MASSACHUSEITS Hamllton/Avnet Electronics Raleigh 
Reading Phone: (205) 837-7210 ARIZONA Phone: (919) 851-2013 

Kanan Associates Pioneer ElectrOniCs Phoenix OHIO Phone: (617) 944-8484 Phone: (205) 837-9300 Phone: (602) 265-4444 Worthington MICHIGAN 
CALIFORNIA Phone: (614) 888-7143 

Bloomfield Hills ARIZONA 
Canoga Park PENNSYLVANIA Enco Marketing Phoenix 

Hamilton/Avnet Electronics Phone: (213) 340-1431 Horsham Phone: (313) 642-0203 
Phone: (602) 231-5100 Cu~ertino Phone: (215) 443-5500 

MINNESOTA Wyle Distribution Group hone: (408) 725-8100 TENNESSEE 
Minneapolis Phone: (602) 249-2232 In~ewood Greeneville High Technology Sales hone: (213) 670-1101 Phone: (615) 639-0251 Phone: (612) 888-8088 CALIFORNIA 

Irvine TEXAS 
MISSOURI Chatsworth Phone: (714) 833-8980 

Austin Anthem Electronics (213) 588-3281 
Phone' (512) 458-2591 Bridgeton Phone: (213) 700-1000 

San Diego Richardson B. C ElectrOnic Sales Arrow Electronics Phone: (714) 560-0242 Phone: (2141644-3500 Phone: (3141291-1101 Phone: (2131701-7500 
COLORADO CANADA NEVADA Costa Mesa Aurora SIGNETICS CANADA, LTD. Carson Ci~ Avnet ElectroniCs Phone: (303) 751-5011 Etobicoke, Ontario Magna ales Phone: (7141754·6111 
CONNECTICUT Phone: (4161622-9314 Phone' (702) 883-1471 Hamilton Electro Sales 
Danbury Ottawa, Ontario 

NEW JERSEY Phone: (714) 641·4100 
Tech-Trek, Ltd Culver City Phone: (2031 748-3722 Phone (6131 230-3927 East Hanover Hamllton/Avnet Electronics FLORIDA Emtec Sales, Inc Phone: (213) 558-2121 

Clearwater REPRESENTATIVES Phone' (201) 428-0600 
Hamilton/Avnet Electronics Phone: (8131 796-7086 ALABAMA NEW MEXICO Milltar1 

Ft. Lauderdale Huntsville Albuquerque Phone: ( 131 558·2901 
Phone: (3051486·6300 ElectrOnic Sales, Inc Power Enterpnses EI Segundo 

GEORGIA Phone: (205) 533-1735 Phone: (505) 298-1918 Wyle Dlstnbutlon Group 
ARIZONA Phone: (213) 322-8100 

Atlanta NEW YORK Irvine Phone (4041953-0067 Scottsdale 
Ithaca Schweber ElectrOnics Thorn Luke Sales, Inc 

Bob Dean, Inc Phone: (714) 863·0200 ILLINOIS Phone: (6021 941-1901 
Phone. (6071257-1111 Wyle Distribution Group Schaumburg CALIFORNIA 

Melville Phone: (714) 863-9953 Phone: (312) 843·7805 
Los Gatos Emtec Sales, Inc Sacramento INDIANA Sierra Technology Phone: (5161 752·1630 Hamllton/Avnet Electronics 

Kokomo Phone. (4081354-1626 Phone (916) 920-3150 
Phone: (317) 453-6462 Santa Clara OREGON 

San Diego Magna Sales Hillsboro Anthem Electronics KANSAS Phone' (4081 727-8753 Western Technical Sales Phone: (619) 453-4871 Overland Park San Diego Phone. (5031 640-4621 Arrow Electromcs Phone: (9131341-8181 Mesa Englneenng 
PENNSYLVANIA Phone (619) 565-4800 

MARYLAND Phone' (6191278-8021 
Hamilton/Avnet Electronics CANADA Pittsburgh 
Phone: (6191571-7510 Glen Burnie Covert & Newman Co. Phone: (301) 787·0220 Etobicoke Phone. (4121 531-2002 Wyle Distnbution Group Tech-Trek, Ltd Phone: (6191 565-9171 MASSACHUSEITS Phone. (416) 626-6676 UTAH San Jose Littleton Pointe Claire Salt Lake City Anthem Electronics Inc. Phone: (6171486-8411 Tech-Trek, Ltd. Electrodyne Phone: (4081 946-8000 

MICHIGAN Phone. (514) 697-3385 Phone' (8011486-3801 Santa Clara 
Farmington Hills CONNECTICUT 

WASHINGTON Schweber Electromcs 
Yalesville Phone: (4081748-4700 Phone: (313) 476-1610 

Kanan Associates Bellevue 
W~le Distribution Gr0'lf MINNESOTA Phone' (203) 265-2404 Western Techmcal Sales Pone: (4081727-250 

Edina ILLINOIS Phone. (2061 641-3900 
Sunnyvale Phone: (6121835-7455 

Schaumburg Spokane Arrow Electromcs Western Techmcal Sales Phone: (408) 745-6600 NEW JERSEY Mlcro-Tex, Inc Phone: (509) 922-7600 Phone: (3121 885-1131 Hamilton/Avnet Electronics Parsippany 
Phone: (408) 743-3366 Phone: (2011 334-4405 

12 
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Tustin FLORIDA Minnetonka East Syracuse 
Anthem Electronics Ff. Lauderdale Hamiiton/Avnet Electronics Arrow Electronics 
Phone: (714) 730-8000 Arrow Electronics Phone (612) 932-0666 Phone: (315) 652-1000 
Arrow Electronics Phone: (305) 776-7790 

MISSOURI Hamilton/Avnet Electronics 
Phone: (714) 838-5422 Hamllton/Avnet Electronics 

Earth City Phone: (315) 437-2642 
Woodland Hills Phone: (305) 971-2900 

Hamilton/Avnet Electronics Hauppauge, L.I. Avnet Electronics Hollywood Phone: (314) 344-1200 Arrow Electronics Phone (213) 883-0000 Schweber Electronics Sf. Louis Phone: (516) 231;1000 
CANADA Phone: (305) 927-0511 Arrow Electronics Lionex Corg. 
Calgary, Alberta Palm Bay Phone: (314) 567-6888 Phone: (51 ) 273-1660 Arrow Electronics Sf. Petersburg Hamilton/Avnet Electronics Phone: (305) 725-1480 Liverpool Phone: (403) 230-3586 Hamllton/Avnet Electronics Arrow Electronics 

Zentronlcs INDIANA Phone: (813) 576-3930 Phone: (315) 652-1000 
Phone: (403) 272-1021 Indianapolis GEORGIA 

Melville Pioneer Electronics Atlanta Downsview, Dntario Phone: (317) 849-7300 Schweber Electronics Hamilton/Avnet Electronics 
Cesco Electronics Arrow Electronics Phone: (404) 449-9170 Phone: (516) 454-6012 
Phone: (416) 661-0220 Phone. (317) 243-9353 Norcross Rochester Mistissauga, Ontario . Hamilton/Avnet Electronics 

Arrow Electronics Arrow Electronics Hamllton/Avnet Electronics Phone: (317) 844-9333 Phone: (404) 449-8252 Phone: (716) 275-0300 Phone: (416) 677-7432 
Zentronlcs KANSAS Hamiiton/Avnet ElectrOnics Hamllton/Avnet ElectrOniCs 
Phone' (416) 451-9600 Overland Park Phone: (404) 447-7500 Phone: (716) 475-9130 

Hamilton/Avnet ElectroniCs Schweber Electronics Schweber Electronics Montreal, Quebec 
Phone' (913) 888-8900 Phone (404) 449-9170 Phone: (716) 424-2222 Cesco ElectrOnics 

ILLINOIS Phone: (514) 735-5511 
MARYLAND Chicago Westbury, L.I. 

Zentronlcs Schweber Electronics Baltimore 8ellindustries Phone: (516) 334-7474 Phone. (514) 735-5361 Arrow Electronics Phone: (312) 982-9210 
Nepean, Ontario Phone: (301)247-5200 Elk Grove NORTH CAROLINA Zentronlcs Columbia Schweber Electronics Charlotte Phone: (613) 226-8840 Hamllton/Avnet ElectrOniCs Phone: (312) 364-3750 Pioneer ElectrOnics 
Ottawa, Ontario Phone' (301) 995-3500 Schaumburg Phone: (704) 527-8188 

Cesco ElectroniCs Gaithersburg Arrow Electronics Raleigh Phone: (613) 226-6903 Pioneer Washington ElectrOnics Phone. (312) 397-3440 Arrow Electronics Hamilton/Avnet ElectrOniCs Phone: (301) 948-0710 Bensenville Phone: (919) 876-3132 Phone: (613) 226-1700 Schweber ElectrOnics Hamllton/Avnet Electronics 
Phone. (301) 840-5900 Phone. (312) 860-7700 Hamllton/Avnet Electronics 

Quebec City Phone: (919) 878-0819 
Cesco Electronics MASSACHUSETIS NEW HAMPSHIRE Schweber Electronics Phone: (418) 524-4641 Bedford Manchester Phone' (919) 876-0000 Vancouver Schweber Electronics Arrow ElectrOnics 
Zentronlcs Phone' (617) 275-5100 Phone' (603) 668-6968 Winston·Salem 
Phone: (604) 688-2533 Burlington Arrow Electronics 

Ville Sf. Laurent, Quebec L,onex Corp. NEW JERSEY Phone: (919) 725-8711 
Hamllton/Avnet ElectroniCs Phone: (617) 272-9400 Cherry Hill OHIO 
Phone: (514) 331·6443 Woburn Hamllton/Avnet Electronics Beechwood Arrow Electronics Phone: (609)424-0100 Waterloo Phone' (617) 933-8130 Schweber ElectrOnics 
Zentronics Hamllton/Avnet ElectroniCs Fairfield Phone: (216) 464-2970 
Phone: (519) 884·5700 Phone: (617)273-7500 Arrow ElectrOnics Cleveland 

Winnipeg Phone' (201) 575-5300 Hamllton/Avnet Electronics 
Zentronics MICHIGAN Hamllton/Avnet ElectrOniCs Phone. (216) 831-3500 
Phone: (204) 775-8661 Ann Arbor Phone' (201) 575-3390 Pioneer Electronics 

COLORADO Arrow ElectrOnics lIonex CorporatIOn Phone: (216) 587-3600 
Aurora Phone. (313) 971-8220 Phone. (201) 227-7960 Centerville 

Arrow ElectrOnics Grand Rapids 
Schweber Electronics Arrow Electronics 

Phone (303) 696-1111 Hamilton/Avnet Electronics Phone: (513) 435-5563 
Denver Phone' (616) 243-8805 Phone: (201) 227-7880 

Da~ton Livonia Wyle Distribution Group Hamllton/Avnet ElectrOnics Moorestown amilton/Avnet Electronics 
Phone: (303) 457-9953 Arrow Electronics Phone: (513) 433-0610 Phone: (313)522-4700 Phone' (609) 235-1900 Englewood Pioneer ElectrOnics Pioneer Standard Electronics 
Hamllton/Avnet Electronics Phone: (313) 525-1800 NEW MEXICO Phone: (513) 236-9900 
Phone: (303) 740-1000 Schweber ElectrOnics Albuquerque Solon CONNECTICUT Phone: (313) 525-8100 Hamllton/Avnet Electronics Arrow ElectrOniCs 

Danbury Phone. (505) 765-1500 Phone: (216) 248-3990 
Hamilton/Avnet Electronics MINNESOTA Arrow Electronics OKLAHOMA Phone: (203) 797-2800 Eden Prairie 

Phone (505) 243-4566 Schweber Electronics Schweber ElectrOnics Tulsa 
Phone: (203) 792-3500 Phone: (612) 941-5280 NEW YORK Quality Components 

Wallingford Edina Buffalo Phone: (918) 664-8812 
Arrow Electronics Arrow Electronics Summit Distributors OREGON 
Phone: (203) 265-7741 Phone: (612) 830-1800 Phone: (716) 887-2800 Hillsboro Minneapolis 

Wyle Distribution Group Arrow ElectroniCs 
Phone: (612) 830-1800 Phone: (503) 640-6000 
Hamilton/Avnet Electronics 
Phone: (612) 932-0600 
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BIPOLAR LSI PRODUCTS 

SALES OFFICES 

Lake osw::lj0 Waukesha INDIA PORTUGAL 
Hamilton Avnet Electronics Bell Industries Philips India & Elect. Ltd. Philips Portuguesa SARl 
Phone: (503) 635-8831 Phone: (414) 784·0235 Bombay Llsboa 

PENNSLYVANIA Phone' 91-22-295144 Phone' 351-19·68·3121 

Horsham FOR SIGNETICS INDONESIA SINGAPORE 
Schweber Electronics PRODUCTS P.l Philips-Ralin Electronics Philips Project Dev. Pte., Ltd. 
Phone: (215) 441·0600 

WORLDWIDE: Jakarta Singapore 

Pittsburgh Phone 716 131 Phone: 65-253-8811 

Arrow Electronics ARGENTINA IRELAND 
SOUTH AFRICA 

Phone: (412) 856·7000 Philips Argentina S.A. Philips Electrical Ltd. 
E.D.A.C. (PTY), Ltd. 

Ploneer/Pittsbur~h Buenos Aires Johannesburg 
Phone: (412) 78 -2300 Phone: 541)141 

Dublin Phone: 27·11·614·2362 
Phone: 353.J.69·3355 

TEXAS AUSTRALIA 
ISRAEL SPAIN 

Austin Philips Industries Holdings Ltd. 
Ra~ac Electronics, Ltd. 

Miniwatt S.A. 
Arrow Electronics Lane-Cove. N.S.W. Barcelona 
Phone: (512) 8354180 Phone 61·2-427-0888 el AVIV Phone: 301 63 12 
Hamiiton/Avnet Electronics AUSTRIA 

Phone. 9nJ.477115 
Phone: (512) 837-8911 Osterrichische Philips Bauelemente ITALY SWEDEN 
~uality Components Wien Philips S.p.A. A.B. Elcoma 

hone: (512) 835'()220 Phone. 43-222-93-26·2 Milano Stockholm 

Dallas BELGIUM Phone' 39-2-6994 Phone: 46-08-67-9780 
Arrow Electronics N. V. Philips & MBlE JAPAN SWITZERLAND Phone: (214) 386-7500 Bruxelles Signetics Japan, Ltd. Philips A.C. 
Hamiiton/Avnet Electronics Phone' 32-02-242-7400 Tokyo Zunch 
Phone: (214) 659-4111 BRAZIL Phone 813-2301521 Phone: 41-01-988-2211 
Quality Components Ibrape Osaka 
Phone: (214) 387-4949 Sao Paulo Phone' 816-304-6171 TAIWAN 
Schweber Electronics Phone: 55-011-211-2600 

KOREA 
Philips Taiwan, Ltd. 

Phone: (214) 661-5010 CHILE Philips Elect. Korea Ltd. 
Taipei 

Houston Philips Chilena S.A. Seoul 
Phone' 886-2-56H717 

Arrow Electronics Santiago Phone' 794-4202 THAILAND Phone: (713) 530-4700 Phone. 56-2-39-4001 
MALAYSIA Philips Electrical Co. 

Hamilton/Avnet ElectrOniCs COLOMBIA Philips Malaysia Sdn. Berhad of Thailand Ltd. 
Phone: (713) 780-1771 Sadape S.A. Kuala Lumpur Bangkok 
Schweber Electronics Bogota D E. Phone 77 44 11 Phone: 233-6330-9 
Phone: (713) 784-3600 Phone. 600 600 MEXICO su~r land TURKEY 

uality Components DENMARK Electronica S.A. de C.V. Turk Phili~s 
hone: (713) 491-2255 Miniwatt AIS MeXICO D F. licaret A .. 

Kobenhavn N V. Phone. 52-721-61300 Istanbul 
UTAH Phone 45-01-69-1622 NETHERLANDS Phone: 43 59 10 
Salt Lake Ci~ FINLAND Philips Nederland B.V. UNITED KINGDOM Hamlltonl vnet Electronics Eindhoven 

Phone: (801) 9n4300 Oy Philips Ab Phone 31-40-79-3333 Mullard, Ltd. 
HelSinki London 

Wyle Dlstnbution Group Phone. 358+7271 NEW ZEALAND Phone: 44-01-580-6633 
Phone: (801) 974-9953 Philips Electrical Ind. Ltd. 

WASHINGTON 
FRANCE Auckland UNITED STATES 
R.lC. la Radiotechnique-Compelec Phone. 64-9-605914 Signetics International Corp. 

Bellevue Pans Sunnyvale, California 
Arrow ElectrOnics Phone. 33+355-4499 NORWAY Phone: (408) 739-7700 
Phone' (206) 643-4800 

GERMANY 
Norsk AlS Philips 

Hamllton/Avnet ElectroniCs 
Oslo URUGUAY 

Valvo Phone: 47-2-680200 luzilectron S.A. Phone (206) 453-5844 Hamburg MonteVideo 
Wyle Distribution Group Phone' 49-40-3296-19 PERU 

Phone: 91 43 21 
Phone: (206) 453-8300 Cadesa 

GREECE Lima 
WISCONSIN Philips S.A. Hellenique Phone' 326070 VENEZUELA 

Industrias Venezolanas 
New Berlin Athens PHILIPPINES Philips S.A. 

Hamilton/Avnet ElectrOniCs Phone 9215111 Philips Industrial Dev., Inc. Caracas 
Phone: (414) 784-4510 HONG KONG Makatl-Rlzal Phone: 58-2-36-0511 

Oak Creek Philips Hong Kong, Ltd. Phone: 868951 
Arrow ElectroniCs Kwal Chun~ 
Phone: (414) 764-6600 Phone: 85 -0-245121 
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